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The South Heemskirk Tinfield.

I.—INTRODUCTION.
(a) General.

Tin was discovered in the Heemskirk district nearly 40
years ago, but, considering the time which has elapsed since
mining operations were commenced, a surprisingly small
amount of work has been done. In the earlier period of its
history the field was boomed, and many thousands of
pounds were spent, a large number of men being employed.
An attempt is made in the course of this bulletin to investi-
gate the resources of the district, to try and determine what
grounds existed for the earlier boom, and to enquire into
the causes of the present inactivity. In conducting such an
investigation, it is essential that the geological structure of
the district should be understood, as also the structure of
the ore-bodies, their relationships to each other and to the
various rock-types, and these problems are discussed in the
course of this report.

The district to the north, comprising the North Heems-
kirk mining properties, has been dealt with by the writer
in a separate publication, to which the reader is referred.(*)

(&) Geographical Position and Access.

The district under review, as will be seen by reference to
the accompanying locality map (Plate 1.), is situated on the
extreme west coast of the island, and comprises a strip of
country extending from the Little Henty River on the
south to a stream known as Granite Creek on the north,
with a width of 5 to 6 miles. The northern and eastern
boundaries are not well defined, for the field adjoins the
North Heemskirk field on the one hand, and the Comstock
on the east, the latter merging into the Zeehan field; con-
sequently, it will be seen that the boundaries are defined
largely as a matter of convenience for descriptive purposes,
although on the east the mineralogical composition of the
lode formations forms an additional reason for the division.

(") Vide Geol. Surv. Tas. Report 6: “ Reconnaissance of the North
Heemskirk Tinfield,” by L. Lawry Waterhouse, 1915.
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With reference to the n_thntr mineral !‘[e-.lriwtl“/je:it\;::le]:
about 7 miles distant by air-line to tl‘w ‘ia;ltl. j\-‘xi-l ey
River field about 15 miles to the north, and Mt. L;

20 miles to the south-east. PE s

The inaccessibility of ll}e district m._lht* r[u' ;\“h.:(:k_g i
exploitation proved one of the most s.ngilmfs‘: rl:\ ]_li.“h{ e
active development, and has h‘nln[uj‘w !'””]":]]..‘l[ M\_\Hw i
the present time. It must be hor‘m- in min 2 .I.m;kirk b
of the discovery and early working of the llvitl]hul'('- e m;
Zeehan was still unknown, aElfI l"(,\lltxl‘(ill][‘l’lt"\;. : .“; . :.;l‘.(u‘(_,_
railway s'-umwvting{(.ll])p West (1”;:: i\l\'illlllll:-hl:n:;h-m lalwzeen

ccess was obtained by way of Triz BEwOR; S : et
a{:wui exposed to the full for;-e m_} bil:lph:’E‘iull:':;gi-ll-::»’:l.;:;l_n\i:il_.]l

rth-west. The coast in the vieimity is trea pre ks
ﬂ::::,ill""'k" points numi“,‘,’ out w;m';n-r?.ﬁ?. lllr ::1(;::::‘-1;:;1511:;;::
covered n‘nl_\' at hiigh tl.ifl(‘=, Hu-rt'\\r;m-l lt‘:-f:\.‘l’.”im,- (.”“_w: -
j  was erected, which carried a tre > - st
'I':.:\l*t(l:uz'::l:]r (\:veilhvr the steamer anwlu-rwi. sulmlu r)ll:;ﬁ:ln;li;-]\:(tr:
The cargo was unloaded on to lighters, an ')r: \[:km . ‘,?5
side llu"”jPl‘T\'; being transferred to v;n'it-‘lli‘ “E_L (‘]‘1 but be
destination. Frequently l’)nnt:- \.n.-.nld' tll’l'r_;:ﬂwi.” et
unable to land their cargo for £~_=r>\'w1'n| r«_l;a__\]a_st. s 1}1;. e
be understood, then, that the inaccessibili }i cl» - e
the early davs must have bw”,“ w-rlun: ‘. rl"t""})‘l]&:hpf[ G
advancement. Later on, when Zeehan \\fis- -“‘b|d ’m.ll }--;;-LH]
necessaries were brought to that town h.\umf - [ = :rrade
hence. The road is very rn}l;;ll at 1ts best, .liu( }q‘mi...;mion
itm'[l in places, the (listat_nw- |T|JIEI /.wvlmjn‘tln‘ ltll(:“ ey
Mine being about 14 miles. lvuuslm!:m.r} §ml b ,,:‘_"_‘use
machinery which can be (‘{ll‘l-l'l' is lm-]m‘:’..f.,'“]\- ],a_,i gl
of vm'lm-g high. These factors Im\: (lll‘ ii_l“”_i(-1
influence in retarding the progress of the '! 1‘1. ‘| SR

At this time Remine (as the s‘utllelm'n‘t dtﬂ' .r‘lr ])I.“:” v
was called) boasted two hotels and a p—osi‘-](.v. ’11; ‘,}, ;.,:[ ot
nected with Waratah (f"”.(-"m'!““ﬂ] |J_\‘ tk] fg:z' ].\tllhc o
considered quite a flourishing little lu\\lli{ll! : TS LR g
ent time desolation reigns supreme. I (.)' .]'..'”\- s
standing, and the site of the township is prac l'u:l e
ated by the dense scrub wlnc}i has_s]fnm-g 'u-pi .111 ';\!']lpn'the
every direction. The reason for t]}le- is "i!lp(;?t n ‘ , e b

Zeehan field was discovered .]{(:.11‘11119 was lﬁ m-”[m {(,'m‘npﬁcia]
was constructed at a cost of £32,000, Hl"rn_l,l ing B e
ﬁ‘ ires, connecting Trial Harbonr w;fh /Jl'i'han. ‘.n g
rf:ul 't‘l;LS since served the H’et-msk::_'k field, ;(11’ 1;'—.1.{] 1::1§Tria]

Zeehan’s early history all necessaries were :'m-. I oDy

IJI' rbour and carted to Zeehan, and there were 1 ) fa:aa

s--nrcl_raga-nl at one time in this work, yet when the railway v
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brought through, first from Strahan to Zeehan, and later
from Burnie to Zeehan, Trial Harbour, having no merits
of its own, fell into disuse, and Remine disappeared. In
the early days Remin= was also cennected with Corinna,
and this old road served the Heemskirk field.

The present condition of the road connecting South
Heemskirk with Zeehan is far from satisfactory. The grade
on the whole is good, although deviations at several points
are required, and would have to be constructed if continuous
heavy carting were required. When the road was origin-
ally constructed, little provision was made for carrying off
the surface-water, which is considerable, as the rainfall
approaches 100 inches per year. The effect of such a heavy
rainfall on a road-surface an which there is not much traffie
will be obvious. Gutters have formed, particularly in the
wheel-tracks, and with continued scour combined with want
of attention these have deepened until in some places the
gutters are from 2 to 3 feet deep. In many places the whole
of the macadam has been sluiced away, leaving the bare
bed-rock. Under these circumstances it is not surprising
that carting is a rather expensive item. The distance by
road from Zeehan naturally varies for
perties, being about 12 miles to the turn-off of the Trial
Harbour Road ; the distance is about 1 mile from here to
the site of the old township of Remine.

Although necessaries are at the present time carted by
road from Zeehan, there is a steel tram-line of 2-f
constructed to Comstock, between 6 and 7
could be utilised if necessary for this distance. A continua-
tion from the present terminus does not appear practicable,
and connection would have to be made af
Zeehan than the terminus.

The want of better facilities has had its effect
ing the progress of the district.

the different pro-
> eet gaqge
miles, which

a point nearer

in retard-




11.—PREVIOUS LITERATURE.

i issued 1 deal-
Several official reports have been issued in the past de
ing b\‘J:'ififl-ll Lli)e \frhole opr portions of the South Heemskirk Tin-
field. :
The list includes the following : — o
t the Mineral Districts of the West Coas
® Regngsag:l]lauiafNo. 1, Pieman River Goldfield;
No. 2, Mt. Heemskirk—June, 1881, by Mr. G.
Thureau. h . "
/9y An Interim Report on the Stanniferous Deposils
" “at th. Heenll)skirk. August, 1882, by Mr. G.
Thureau. ; s
3} Parliament of Tasmania, No. 89, June, ;
i d{Vest’ern Mining Districts, by Mr. G. Thureau.
i ' f the Mineral
4) Interim Report on the Progress o ]
S Fields ofpthe County of Montagu, April, 1893,
by Mr. A. Montgomery, M.A.
J s of ineral Fields of
5) Report on the Progress of the Mme'ral
# %he County of Montagu, May, 1893, by Mr. A.
Montgomery, M.A. bk
6) Report on the Progress of the Mineral I:‘n} ds in the
i e%?eighbourhood of Zeehan, May, 1895, by Mr.
A. Montgomery, M.A. A
7y Report on the Mineral Districts of Zeehan an
i e%eighbourhood, October, 1900, by Mr. W. H.
Twelvetrees. 5
i i i Heemskir
8) Report on the Tin-ore Deposits of Mrt 3
. geptember, 1902, by Mr. G. A. Waller.

Of the above reports, No. 1, by Mr. G. Thureau, in 1881,
is out of print, and no copy was available even for refc-*renceé
The lastnamed, No. 8, by Mr. G. A. \Val‘ler,_ mlthe mos
valuable, dealing with the geology of the district in a m9r§
detailed manner than any of the others. It is accompanie
by four useful plans of mining properties. In some cases
no work of any description has been done on mining p;q-

erties since Mr. Waller’s mspection of the field, and his
report still holds good.

ITI.—PHYSIOGRAPHY.

(1)—ToPoGRAPHY.
(a) General Deseription.

The general topographical features of the district under
review are distinct and easily recognisable, and as such may
conveniently be dealt with separately.

Briefly described, there are two physiographical units;
the Heemskirk Range occupies the eastern portion of the
area, while the western and southern portions are occupied
by the coastal peneplain, which also extends a considerable
distance to the north of the area dealt with in this publi-
cation.

The Heemskirk Range rises abruptly above the level of
the plain to a considerable height, and is striking when
viewed from the sea-coast.

The eastern drainage is divided between the Pieman and
Little Henty Rivers, but belongs mainly to the former.
The Little Henty and its tributaries drain the southern and
south-western area, while the western and part of the north-
ern drainage is carried direct to the sea by a number of
short consequent streams. Tributaries of the Pieman River
drain most of the northern portion of the district.

The coast-line, which forms the western boundary of the
area, is rocky, with numerous jutting reefs exposed at low
tide, but regarded as a whole the coast-line is regular.
There are no true harbours, although Trial Harbhour (so-
called) is an open roadstead which acted as a port for the
district in the earlier portion of its history.

Further comments on the various features will be made
under separate headings.

(8) Mountains.

The mountains of the district belong to one physio-
graphical unit, the Heemskirk Range. Speaking broadly,
the range is simple, with few important spurs. To the
north it is more irregular, but its general features in this
area have recently been described by the writer.(?) The
most important spur to the north is the North Heemskirk
Spur, of which the culminating peak to the south is Gap
Peak. The Spur is connected with the main range by a

(*) Vide Geol. SBury. Tas. Report 6, pp. 1-2.
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saddle, known as ‘“ The Gap,”’ which aneroid readings indi-
cate has an elevation of about 1200 feet above sea-level, or
650 feet above the creek at its base (the aneroid reading at
Granite Creek indicating 550 feet). Gap Peak is about
1400 feet above sea-level.

The main range is about 5 miles in length, and has a
general bearing of north-west. Tt runs approximately
parallel to the coast. As viewed from a distance, it is seen
to have a generally level crest, broken by a few rounded
peaks rising from 100 to 200 feet above the general level of
the range, which is about 2600 feet. The main peaks of the
range are Mts. Agnew and Heemskirk, the southern and
northern culminating peaks, and rising to 2800 and 2700
feet above sea-level respectively. Between these are several
other peaks which have received no names. Mt. Agnew,
2800 feet, appears to be the highest point of the
range. Although a distant view indicates that the crest of
the range is comparatively level, a closer acquaintance very
soon dispels the illusion, and shows that the ** simple ridge ™’
cannot be scaled with impunity. The body of the range is
rugged, and is found to be cut up into gorges by the various
watercourses, and most of these gorges are filled with almost
impenetrable timber and serub. The main range slopes
steeply to the east and west.

Mt. Agnew itself is a rounded conical peak, connected by
a saddle with another peak a short distance to the north,
but otherwise isolated. It forms a prominent landmark for
many miles around. Itssummit is rounded in the manner so
typical of granite peaks. Tt may be well to call attention
at this juncture to an apparent anomaly which has crept
in with regard to the naming of this peak. This matter was
suggested to the writer by Mr. A. Yates. Tt is a matter
of history that two prominent peaks were sighted by Tas-
man in 1642 when sailing along this portion of the coast,
and were named by him Mts. Zeehan and Heemskirk
respectively. Mt. Zeehan is an isolated peak standing out
so prominently that it could scarcely be mistaken, but the
peak now called Heemskirk is at the north end of the field,
and cannot really be called prominent. Tt consists rather
of a ridge with several smaller peaks, and the highest point
appears to be approximately 100 feet lower than Mt.
Agnew. Again, when the range is viewed from the west,
the latter certainly is the prominent peak. From its shape,
too, it would command attention rather than the northern
peak. Tt seems feasible, then, that the peak now known as
Mt. Agnew was the original Mt. Heemskirk of Tasman.
Some confirmation of this view is afforded by the Admiralty
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chart, on which the peak shown as ‘“ Mt. Heemskirk *’ cor-
responds as regards bearings and distances with that now
known as Mt. Agnew. It is interesting to notice that on
this chart the peak is described as being visible for 30 miles.
No change from the established usage 1s even suggested, as
no useful purpose could be served, and only confusion
would result.

It is worthy of note that the Heemskirk Range is approxi-
mately the same height as the Parson’s Hood Range, a few
miles to the north,(*) and that between the two the country
1s comparatively low-lying. Reference is made to this fact
and its significance elsewhere. ()

The Heemskirk Range is composed entirely of granite,
and its rounded peaks owe their form to the characteristic
weathering of this rock. Tt is possible that the outline of
the range may have been somewhat modified by ice action.
The evidence for this assumption is not very strong, but
mention must be made of a peculiar, but economically very
important, feature, i.e., the development of a hanging vai-
ley at a considerable elevation above sea-level. The hang-
ing valley referred to is that in the bed of the Cumberland
Creek, now occupied by the artificially-formed Cumberland
Dam. 1t is situated at the foot of Mf. Agnew, at an eleva-
tion of about 1350 feet above sea-level. Mt. Agnew slopes
steeply and, generally speaking, regularly from the summit
to the valley of the Cumberland Creek. ~To the north and
north-west the range rises steeply, forming an amphitheatre.
Packer’s Creek has cut back .into the range, but not far
enough to capture the head waters of the Cumberland
Creek, and here the divide between the elevated drainage of
the Cumberland Creek and that westward into the ocean 18
lower. Tt rises again to 1750 feet on the highest part of the
Federation property in the vicinity of Munro’s shaft, and
then falls again, averaging about 1550 feet (or 200 feet
above the dam) on the south-west and south. From this
watershed the slope eastward to the creek is gradual. To
the south there are several gorges, nearly at the same level
along the divide, but oue of these formed the natural outlet
for the water of the Cumberland Creek. When a barrier
was built across this creek to dam back the water,(®) a race
but a few feet deep allowed the overflow from the dam to
escape by another creek-channel, showing the difference of
level was small. The fall of the Cumberland Creek to the

() Vide Plate I1., Geol. Surv. Tas. Bulletin 15.
(*) Vide intra, pp- 17-H

\*) For description of Cumberland Lam. see pp- 24-26.
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(*) Vide Plate I1., Geol. Surv. Tas. Bulletin 15.
(*) Vide infra, pp. 17-14.

(") For description of Cumberland baw, see pp. 24-26.
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south, a few chains below the present embankment, is pre-
cipitous. Above the embankment the grade is small, not
more than 25 feet per mile. It extends gradually in this
way northwards to the foot of the hills which rise steeply
to the summit of the main range, from which it is fed. Not
only to the south of the dam, but also to the west, the range
falls away steeply from the *‘ rim " of the hanging valley.
This description of the valley is necessary to make clear the
following discussion. The actual form of the valley is far
more striking than a mere description can be. In seeking
for an explanation of the particular form of the valley, the
writer came to the conclusion that it represents a glacial
cirque, or hanging valley, which has at one time been occu-
pied by a valley glacier. There is practically no evidence to
support this theory. The rounded form of some of the
hillocks on the eastern slope is suggestive, but inconclusive,
evidence of roches moutonnées. It must be borne in mind
that weathering agencies have been at work for so long, and
degradational forces so active, that all positive traces on the
rock surfaces would have been destroyed in the case of such
a rock as granite. There is one other feature which should
be noted. On the Federation lease. No. 3917m, and on the
southern slope of the hill a few chains west of the Long Tun-
nel, is a curious heap of quartz-tourmaline stone, at about
80 feet above the level of the dam. The stones are obvi-
ously from different points, and do not resemble the quartz-
tourmaline outerops immediately at hand. A good deal of
the material resembles that from the vicinity of the Black
Face on the opposite slope of the hill. The boulders are
angular and sub-angular, inclined to be flat, and are roughly
graded. There is practically no very fine material, but a
good deal about 3 or 4 inches, and many boulders from 8 to
10 inches across and up to 18 inches. The heap is, perhaps,
a chain in length, 15 feet in width, and 3 to 4 feet in depth.

‘A somewhat similar heap occurs about a quarter of a mile
to the west, just over the western fall of the hill, and higher
than the heap just deseribed. This heap consists of similar
material throughout, being sub-angular quartz-tourmaline
stone with quartz and green tourmaline. This material is
similar to a quariz-tnurmalinv outerop about 2 chains np the
slope of the hill. The heap is about 1 chain long, 10 feet
wide, and 3 feet deep. There is no fine material, but the
boulders appear to have been sorted, one heap consisting of
stones from about 2 to 6 inches, the other from 6 to 18
inches.

In the case of both heaps there are bushes of some size
growing about and through the heaps in such a way as to
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indicate clearly that they must have been in position for
many years. Theymay possibly be artificial, the stones being
collected and stored for some purpose at the spots noted,
but no information is available concerning them, and it is
difficult to imagine that they could have been collected in
such positions away from any track or tramway, as no use-
ful purpose could possibly be served, and the material for
the heap near the Long Tunnel must have been carried a
considerable distance. They are not in any watercourses,
and a striking feature is that similar material is not found
in any quantity lying about in the vicinity. No other such
heaps were noticed, although most of the country round the
northern end of the dam is very heavily timbered, and could
not be examined.

Can these heaps be remnants of morainal deposits? There
is much against such a theory, and it cannot be insisted on.
Larger heaps would be expected, with larger and more
irregular boulders. If denudation had removed more
extensive portions of such deposits, remnants would be
exposed in the lower part of the catchment ; also other rem-
nants at about the same level would be expected.

However, from the form of the valley the writer is
inclined to assume that it has been formed by glacial
action.

With regard to the mountain range as a whole, a
remarkable feature is its lineal extension in a direction
parallel to the coast-line. The geological structure of the
range is dealt with elsewhere, and it is shown that the
range is composed of granite which has been forced up
into the overlying strata, along a plane of crustal weak-
ness. As described elsewhere, the present coast-line is due
to faulting, although at a much later period than that at
which the granitic intrusion took place, indicating that
the forces acting at different periods set up strains in the
rock-mass which were relieved by parallel fracturing.

The Heemskirk Range is composed almost entirely of
granite.

(¢) Coastal Peneplain.

From any point on the Heemskirk Range from which a
panoramic view of the surrounding country is obtainable,
the observer is struck by the remarkable appearance of the
eountry to the west, south, and east. The same applies
to the country to the north, but a deseription of this area
does not come within the scope of this report. The striking
feature of this country when viewed from a distance is
its remarkably even surface. Mention has already been




10

made of the generally level appearance of the Heemskirk
Range when viewed from a distance: the low country,
however, appears to form an extensive plain, stretching
westwards to the coast, southwards for many miles beyond
the Henty River, eastwards to the foothills of Mt. Zeehan
and Mt. Dundas, and northwards beyond the Pieman
River.

The general appearance of this country has been described
as being that of a continuous plain, when viewed from an
elevation such as the summit of Mt. Agnew, or any of the
higher peaks or spurs of the Heemskirk Range. In reality,
however, in travelling over it, the observer sees little
resembling a plain, as the actual surface is very uneven,
being divided into steep ridges and narrow valleys (towards
its western extension) by the various streams: at close
range it is probably the extremely uneven nature of the
country which most impresses one. In reality, the level
appearance of the country is due to the various ridges being
of sensibly equal height. These ridges in fact represent
remnants of an old peneplain, which has been dissected by
various streams owing to an uplift of the land surface
relative to sea-level.

At this stage it is proposed to deal with the portion of
the old peneplain lying between the Heemskirk Range and
the coast, and its extension to the south and south-west
of the range, to the Little Henty River.

This coastal plain was recognised by Messrs. Twelvetrees
and Ward, and referred to in their bulletin on the Zeehan
Field.(*%)

The general height. of the peneplain at the base of the
range i1s 700 feet above sea-level, and the average height
near the coastal cliffs (which varies from point to point)
may be taken as 500 feet. Thus the average slope sea-
wards would be about 100 feet per mile. The variation at
different points is considerable, some recorded readings
indicating a slope of as much as 80 feet, others 150 feet,
per mile. The figure given above, however, is in the
writer’s opinion about an average value for the gradient.
The variation is caused by the difficulty in determining (a)
the extension of the peneplain eastwards, i.¢., deciding just
where the plain begins and the foothills of the mountain
range end, and () the extension of the peneplain west-
wards towards the coast, on account of the more rapid
wearing down of the coastal cliffs than of the general level
of the peneplain.

(®) Geol. Surv. Tas. Bulletin 8, pp. 10-13.
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The width of the coastal plain varies slightly, but
averages about 2 miles. West of the Gap Peak, however,
the width of the true plain is practically negligible, as a
spur of that peak runs down to the coast, and although
it does not rise much above the general level of the plain,
it is quite appreciable, and formed a ridge when the plain
under consideration formed an area of low relief.

At a few points on the ridges which mark the remnants
of the old peneplain, small accumulations of well-rounded
pebbles were noticed : these are never extensive, sometimes
loose pebbles only remaining to mark the presence of former
beds of gravel. These pebbles are probably remnants of
beds of alluvial material which has been deposited by the
old streams when the grade of their beds became too shal-
low for the material brought down by the streams to be
carried to the ocean. There is nothing to indicate the
extent of such deposits, which have been almost entirely
removed since the uplift, by the rejuvenated streams.
Thus the evidence of these residual deposits of gravel on
the ridges is important, as it indicates that the grade of
the streams had become very flat, and that the area had
been reduced almost to base level. The fact that the pene-
plain near the coast is about 500 feet above sea-level, as
indicated by aneroid readings, shows that an elevation
(relative to sea-level) of at least this amount must have
taken place. Tt must be borne in mind that points now on
the coast may have been some distance inland at the time
of the peneplanation of the area. Again, denudation has
lowered the height of the old surface since its uplift, and
so the actual amount calculated for the uplift, from
observed heights, should be increased.

The form of the coast-line is dealt with below, and it is
pointed out that along the coastal cliffs it would be expected
the denudation would proceed more rapidly, and the level
along the cliffis would be below that of the old peneplain,
as actually is the case.

(d) Rivers.

The drainage of the area is divided between the Little
Henty River (for the southern portion of the distriet),
the Pieman (for the eastern portion), and several short
consequent streams flowing direct to the ocean (for the
western portion). The Little Henty River drains a con-
siderable area of country, of which the southern portion of
this district is but a small area. Tt rises in the spurs of Mt.
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Dundas, and drains the country immediately surrounding
Zeehan. It drains a considerable extent of the peneplaned
surface to the south-east, east, and west of Mt. Agnew,
the southern extension of the same surface being drained by
the Henty River. The more mature condition of the upper
portion of the Little Henty River system, as compared with
the lower portion, has been described by Mr. L. K.
Ward,(’) and attributed by him to the controlling
influence exerted by the West Coast Range conglomerate
through which the river passes. In the lower part of its
course, the river is seen to be immature. The banks
usually slope steeply and are heavily timbered. For about
a mile from the mouth the grade is flat, but then it com-
mences to rise, and at various points (as, for instance, near
the point of confluence of Burnt Bridge Creek) the rocky
bed forms shallow cascades, the rate of erosion being partly
determined by the nature of the bedrock. The beds of
the tributary streams in this part of its course are also
steeply graded as a rule. In some instances hard rock bars
retard the progress of the degradation of the creek beds,
with the result that alluvial deposits of small extent may
be formed above these hard bars. In the case of the main
river, deposits of limited extent may be formed in the
same way at certain spots, but on account of the nature
of the country only isolated points were visited. In the
course of the last mile, where the grade is flat, small
deposits of alluvium have been formed at favourable spots,
as, for instance, in the bends of the river. In the vicinity
of Mt. Zeehan the river was not visited, but a fine view of
the shape of the valley in cross-section at different points
is available from Mt. Agnew and its spurs. The river here
has a typically young valley, with steeply sloping sides,
and in places is a canyon excavated in the old peneplain.
The Little Henty River enters the South Pacific Ocean
at the northern end of Ocean Beach. The periodical shift-
ing of the exact point of emergence of the river deserves
notice. The beach here is from 200 to 300 yards wide, and
is composed at its northern end largely of fairly coarse,
well-rounded, gritty sand grains. Normally the river does
not cut direct through the sand beach to the ocean, but
turns sharply to the south-west, and flows along the beach
parallel to the actual shore-line fqr a considerable distance
(the distance varying up to several miles) before entering
the ocean. A fresh-water or brackish lagoon is sometimes
formed on the beach. Another striking feature is that

(") Vide Geol. Sury. Tas. Bulletin 8, pp. 12, 13.
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the Henty River sometimes bends north-east and travels
! along the sand in a similar manner before entering the
ocean : the waters of the two rivers were not seen to actually
unite on the sand, although they sometimes approached to
within short distances of each other. The sandbank between
the river and the actual shore-line is but a few feet (average
about 10 feet) above the river level, although local dunes
may somewhat increase this amount at different points. At
certain seasons, however, the Little Henty River behaves
in a normal fashion and cuts through the sandbank at its
mouth, entering the sea directly, without wandering along
the beach. ‘

The behaviour of the river at its mouth is determined
essentially by (a) the low sand-dunes which may be banked
up by prevailing winds, other determining factors being (b)
the volume of water in the river, and (¢) the calm or rough
state of the ocean, assisted by tidal effects. =~ The rather
unusually broad beach assists in diverting the river water
from entering the ocean direct.

The remaining streams of the field require little detailed
notice. The western slopes of the mountain range and the
coastal peneplain are drained by consequent streams, which
are usually short and carry a fluctuating (but usually small)
volume of water. None deserve the name of rivers. The
largest of the streams are Packer’s Creek (draining the
country in the vicinity of the Federation Mine) and Gran-
ite Creek (draining part of the western slopes of Mt. Heems-
kirk and of Gap Peak). The creeks have a general west-
erly course to the ocean. Rising in and flowing through
granite country, which is at best covered with an open sandy
soil, which usually supports a growth of peaty button-grass,
it is not surprising to find that the volume of water carried
by most of the creeks fluctuates considerably. The soil
drains fairly rapidly after rain. Where timber occurs (and
thick clumps are not uncommon in the more sheltered val-
leys of the mountain slopes), the moisture is retained longer
by these ‘‘ reservoirs,”’ and given out to the creeks more
gradually.

The valleys of these consequent streams are usually more
or less V-shaped in section, some showing signs of greater
maturity than others. There is a striking tendency for the
northern banks to slope much more steeply than the south-
ern. The explanation of this feature is not quite clear,
unless it be that a slight crustal tilting caused a raising of
the southern or a lowering of the northern portion.

In most instances, while the ridges are covered with but-
ton-grass, the valleys carry more or less scrub, which,
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although stunted, may be thick enough to considerably
hamper the wayfarer.

The coastal cliffs are described elsewhere. As the streams
reach these cliffs they plunge over as falls, the height vary-
ing with the depth to which the creeks have eroded their
beds below the level of the old peneplain. The amount of
erosion is usually less than 200 feet. In the case of some
of the smaller creeks it is considerably less.

The coincidence of the falls with the vertical cliff face,
or the distance inland they occur, also varies considerably,
and depends largely on the volume of the stream and its
eroding power. In the case of the larger creeks the amount
which the stream has cut back into the cliff face is usually
several hundred feet. This action may in certain instances
be assisted by the ocean, as deseribed below under the head-
ing of ** Coast-line."’

It is clear that the streams have been rejuvenated by the
recent uplift of the land subsequent to the peneplanation
of the old land surface. In view of the fact that partieu-
lars are not available with regard to the course of the old
streams on the coastal peneplain before its uplift, no deduc-
tions can be made from the observed amount of erosion of
the beds, or the height of the streams at the coast above sea-
level, as to the actual amount of erosion since the uplift of
the surface. The height of the creek-beds at the top of the
falls is, in the case of larger creeks, about 300 feet above
sea-level, or about 200 feet below the normal level of the
remnants of the peneplain at the present time.

No alluvial deposits have been formed in these streams,
as the rock-waste which finds its way into the creek-beds is
carried seawards since the beds are not yet graded. Allu-
vial deposits of small extent have been located, and in a few
cases profitably worked, on the old peneplain remnants, but
these represent deposits formed by the streams of the old
base-levelled surface, when the grade became too flat to
allow of their being carried to the sea.

(e) Coast-line,

On the whole, the coast-line is very regular, without any
very marked projections (certainly none which can be
definitely named), and without any really important inden-
tations, although two (Granville Harbour and Trial Har-
bour) have been utilised at times commercially. The gen-
eral aspect is that of a barren, wild, inhospitable, rock-
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bound coast. Photo. No. 6 shows a typical peep of the
coast-line of this region.

The general regularity of the coast-line is not surprising
when it is realised that it has been formed by the faulting
of an already peneplaned surface. Tt does not necessarily
follow that the strand-line at the present day represents the
old fault-line. and it is in fact unlikely that it does so, since
marine erosion has been active, and must to some extent
have modified the form of the strand-line. This modifica-
tion has been assisted by the character of the rocks, and also
by their structural features. The granite is usually hard
and resistant, and often the contact-rocks form small pro-
jeeting rocky points along the coast, owing to their hardness
and resistance to the attacks of chemical agencies. The
serpentine has been worn down with comparative ease. The
way the structural features of the rocks may modify the
sculpturing of the coast-line, and assist the ocean in its
work, is well illustrated by Photo. No. 8, which shows how
the parallel fissuring of granite on the coast assists the sea
in its inroads.

The streams are not of sufficient magnitude to have any
very marked effect, but still the effect is noticeable, and
slowly but surely the tendency is to form indentations in
the coast-line where the streams empty from the raised land
surface.

At different points along the coast-line are isolated rocks
separated from the land, but no islands occur.

Flat jutting reefs occur av several points, particularly at
Trial Harbour ; the ‘ harbour '’ is, in fact, formed by two
such reefs. The southern is the more prominent, and
extends seawards for several chains; it is uncovered at low
tide, but always covered at high water, when it forms a
dangerous point. It is really a fat ledge of serpentine
which has been worn down by wave-action. The northern
reef of the ** harbour *’ is not so prominent, and is covered
even at low water, although here, as at several other points
along the coast, the presence of the rocky ledge at no great
depth is made evident by the breaking surf. These jutting
reefs are illustrated in Photo. No. 7, which gives a good idea
of the southern portion of the coast-line. Its nature fur-
ther north is far less hospitable, clifis often rising precipi-
tously within a few yards of the water’s edge. The general
nature of this portion of the coast is illustrated in Photo.
No. 6.

In the early days of mining on the Heemskirk field, and
on the Zeehan field, Trial Harbour was largely used for
landing men, machinery, and supplies. The reefs afforded
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scanty protection, and vessels could only approach in fine
weather, and even then it was necessary for them to anchor
some distance off-shore, a landing being effected by means
of boats and lighters on to a jetty which was erected on the
beach. Thus the so-called ‘‘ harbour *’ is merely an open
roadstead, exposed to the full force of the weather from the
north-west, west, or south-west.

Granville Harbour has certainly a better claim to the
name, although it is not of large size. It belongs in reality
to the North Heemskirk field. No other indentations of
note occur.

The coast-line has a general north-westerly trend.

Sand-dunes oceur to the south, towards the mouth of the
Little Henty River, but are not very extensive ; their effect
in deflecting the mouth of the river is noted elsewhere.

The coastal cliffs" have modified the topography in an
interesting way, viz., in causing the more rapid wearing
down of the edge of the coastal peneplain. It is not sug-
gested that this action has really any causal connection with
the sea coast, for it would have taken place where any such
scarp as that formed by these cliffs was exposed. Where an
edge such as that presented by the top of the coastal cliffs
is exposed to weathering agencies, it must be denuded and
worn down more rapidly than similar rocks outeropping on
a level surface, owing to the additional area exposed to the
weathering action, and to the assistance afforded by gravity
and by surface-waters in rapidly removing the products of
disintegration. The process is hastened by another factor:
at short intervals along the edge of the scarp streams are
engaged in cutting V-shaped valley openings, thus giving
an increased surface for wearing agencies to act upon, and
this must result in the ridges between consecutive valleys
being eroded much more rapidly than would otherwise be
the case. The net result of these processes will be that the
level of the coastal cliffs will be lowered more rapidly than
that of the peneplain further back from the shore, and
therefore the slope of the surface in this vicinity does not
represent the true slope of the old peneplain.

It is interesting to note from the Admiralty Chart of
Tasmania that at a distance of 15} miles due west of
Remine the sounding is given as 85 fathoms, at 31 miles
west of the same point 91 fathoms. In both cases shells
were recorded. At 64 miles north of the latter sounding
the depth recorded was 95 fathoms. At Ocean Beach
the recorded depth is 12 and 13 fathoms at 1} mile from
the shore.
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(2)—TrE RELATION OF THE TOPOGRAPHY TO THAT OF
Apjacent REGIONS.

No discussion of the topography of the district can be
regarded as complete without some reference to adjacent
regions, especially when several of the physiographical
umits are distinetly comparable.

The coastal peneplain which has been described imme-
diately suggests a comparison with the remnants of the
old peneplains which exist in adjacent districts, and such
& comparison serves to confirm the conclusions which have
Seen arrived at for explaining the mode of origin of the
eomstal plain described in this report.

Such a comparison as that suggested has previously
beenn made by Mr. L. K. Ward,(*) who correlates this
swastal peneplain with that of the Balfour field, and con-
eiudes that both belong to the same physiographical
mait as the old flood plain of the Pieman River and its
tmibutaries between Mt. Black and Parson’s Hood, and
Brown’s Plains on the Corinna-Waratah Road. The
extensive peneplanation of the old land surface is
sssumed by Mr., Ward as belonging probably to Pleisto-
eeme time,() on the evidence supplied by the occur-
memce of huge glacial erratics of West Coast conglomerate
sad porphyroid in the old river gravels in the North
Dundas district. The writer has recently examined por-
#on of the north-western extension of the old Pieman
pemeplain,('°) and is quite in accord with Mr. Ward’s
seerelation of this area with the coastal peneplain of Mts.
Balfour and Heemskirk.

Further to the south, the coastal plain is seen to be
sestinuous for many miles, and to extend back to the base
of the West Coast Range. The portion of the plain to
ihe south of that described is drained by the Henty
Biver, but is undoubtedly portion of the same old pene-
md surface. This has been recognised by Mr.

-(**) who also agrees in correlating the plains, and
who states that the coastal peneplain extends southwards
" % beyond Point Hibbs and apparently to the foot of
the Junction Range.”’

Immediately to the north of the area described in
this report, i.c., the North Heemskirk-Pieman district,

(%) Vide Geol. Burv. Tas. Bulletin 10, pp. 14, 15.
(®) Vide Geol Surv. Tas. Bulletin 6, p. 36.

(') Vide Geol. Sury. Tas. Bulletin 15, pp. 4, 5.
(%) Vide Geol. Surv. Tas. Bulletin 16, p. 23.
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dly belongs to the same old , W
il:lge?il:lltj;e(?is:sa:t,ed at the present day owing to the n]e_‘]t};ve%
nation of the streams by a vmnpm"ntn’el_\' recent 1;&)’1 ; o_
the old base-levelled surface .'l‘hm area is act}ua y u'):g
tinuous with that of the Palfour district furt }er nor \:,
forming here really part of the Pieman River componen

[ nit. .
p ’It'ﬁi ::r'ea surrounding Zeehan, to the ‘imme‘dmle we_sl;t t?f
the Heemskirk Range, has been described in clet%i t):
Mr. Ward,('?) and forms part of the Little enty
plain. ]

be:;l]:‘lf‘average height of the Heemskirk cmnpmwut‘ otl tlﬁlT
Little Henty peneplain is 600 feet _abuvt}*l seg;ews
and its slope seawards about 100 feet per [311](‘; t ese btl_lr&
agree fairly well with those established for other portions
] shysiographical unit. _ ‘

% 1119 1]:1(3'9 aet‘:u']ed information bequnws'.'u'asi‘ablt- wlt_h
the extension of the work of the Geological Survey, 1;
becomes more and more certain l‘hut_ the cnrrelat_lon‘ o
various areas of peneplanation is justifiable, and in fact
essential to explain adequately the structural i_eatures.
The importance of this uurr(-]atwn. has b«fen pointed out by
Mr. L. K. Ward, who remarks('?) that if a clos_e compari-
son of the Little Henty and Pieman peneplains can be
made, the remarkable uniformity of helght.s mdlca_tes that
“ the crustal deformation which has revived the river sys-
tems and started the dissection ut"thv peneplains has
caused a simple negative movement of the strand-line such
that a considerable area remained at an approximately
wqual height above sea-level.” o e
9‘11}‘19 wrbiter quoted above has in another publication(**)
called attention to the striking fact that severa]”pe_aks of
the west coast, although widely se]_)arated. rise to
approximately the same altitude, as if they coust-x.tute,d'
residual fragments of a former basp-]_evplled suria.c'e.f
The peaks referred to are Mts. Heemsk]rklalnd Agnew o
the Heemskirk Range; Mt. Zeehan, Mt. Livingstone, and
the Parson’s Hood of the Meredith Range; Mt. Ramsay,
Mt. Bischoff, and various peaks of the Norfolk Range.
The appearance of these eminences when viewed from any
one of them is very. striking, and the suggestion is an
attractive and interesting one, but in view of the tre-

(B Vide Geol. Surv. Tas. Bulletin 8, pp. 8-13.
(®) Vide Geol. Surv, Tas. Bulletin 8, p. 12.
(%) Vide Geol. Sury. Tas. Bulletin 10, p. 15.
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mendous amount of denudation which has taken place
since the formation of the hypothetical peneplain, the
remnants cannot, in light of the information available,
be correlated for certain. As the abovementioned writer
has pointed out, if such a peneplain as that suggested
was developed, it must have been in the period between
the irruption of the Devonian granite, and the formation
of the basal Permo-Carboniferous beds. Obviously, then,
the topography must have been intensely modified since
the base-levelled surface was developed.

(3)—REraTioN oF ToPoGRAPHY TO GEOLOGY.

In the South Heemskirk district the relation of topo-
graphy to geology is not marked. The bulk of the moun-
tain range 1s granite, the coastal peneplain is granite, ser-
pentine, gabbro-amphibolite, and slate and sandstone.
Thus it will be seen that in general the main topographical
features have not been determined by the geological for-
mations,

The structure of the granite massif is dealt with else-
where('*) : the huge mass of granite has been forced up
along a line of weakness into the overlying strata. The
surface of the mass as it consolidated was approximately
dome-shaped, the igneous rock doubtless rising to a much
greater elevation along the line of the present mountain
range than near the sea-coast. In the long cyele of denuda-
tion which followed, the whole of the overlying cover of sedi-
mentary rocks was removed, and the western extension
suffered peneplanation with the surrounding rocks.
Harder and softer rocks alike were worn down to a com-
mon level in this area. The streams cut their wav back
mmto the mountain range, and the form of the massive
dome was modified, but the original iru‘rlualily of the
igneous rock surface was too great to allow of its reduc-
tion to general base level in the time during which degra-
dational forces were active. Had the rock been less stable,
and more readily attacked by weathering agencies, the
range would have been much reduced in elevation. Thus
the formation of the mountain range is due primarily
to the geological structure, and its elevation is greater than
it would otherwise be owing to the resistance of the par-
ticular rock-type to weathering.

In the development of the coastal peneplain, as men-
tioned above, all geological formations have suffered

(®) Vide infra, p. 95.
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degradation. and granite, slate, sandstone, serpentiue, and
1 gabbro-amphibolite have beem worn down to a common
level, giving another indication that the period of denuda-
tion must have been of long duration.

| Since the uplift of the old plain the action of weathering p
on the different rock-iypes has been effectual in carving z
them to a different extent. This is noticeable along the -
coast, where the granite cliffs always are near the water’s S &
edge and slope steeply, while the serpentine hills are back £ 2
some distance from the shore, with a plain of varying 5 T
width from their base to the shore, and only a few feet -
above sea-level. The valleys cut in the serpentine, too, £ E
are wider and shallower than those carved in the granite —_ B
or contact sedimentaries. =

The hardness of the rock-type has in some cases materially St
influenced the rate at which the streams have cut back _5. =
their channels. This is well illustrated by Serpentine -
Creek, which has cut back with comparative ease and 3

=

rapidity through the softer serpentine near the coast, until
reaching a band of very hard diopside rock, which has
retarded the progress of the erosion. Thus falls exist
here, caused by the hard rock encountered. It is notice-
able in this locality that as the stream has cut back more
rapidly, the surrounding rcoks have been more quickly
eroded and removed, and a comparatively broad valley
formed. Somewhat similar effects are noticeable in several
of the other creeks where hard contact rocks are developed.
The hardness of the rock-type has also modified the
sculpture of the coast-line, the resistant contact sedimen-
taries forming rocky points. Calcareous bands have acted
in an opposite way, and have caused a very marked honey-
combed weathering.
The influence of the coastal sand-dunes on the positions
of the debouchures of the rivers has already been noted.
On the hill slopes, and to a less extent on the old pene-
planed surface, the quartz-tourmaline veins and dykes
stand out in marked relief from the weathered surface of
the granite, sometimes standing out in bold relief for 6
or 8 feet. These dykes do not influence to any great extent
the development of the main physiographical units.
Reference has been made to the possibility of the summit
of the Heemskirk Range representing a remnant of a very
old peueplaueci surface: it is worthy of note that this sur-
} face is granite, similar to that occupying a considerable
area of the coastal peneplain. Again, the rock in the creek
| beds and at sea-level along the whole of the northern por-
tion of the old plain is granite. Thus the degradational
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processes at work during the three cycles of erosion of
which records are preserved have acted largely on the
same rock-types.

(4)—TeE RevaTion oF ToroGraPHY TO MINING.

\ ’ It is important to consider the economic bearings which
the topography may have upon the development of the field.
This may conveniently be done under different headings,
considering the topography from different points of view.
The aspects of the question to be dealt with will include
(a) transportation facilities, (#) prospecting and exploita-
tion, (¢) water-supply, (d) power.

(@) Transportation Facilities.

Little need be said under this heading, as the question of
access has already been dealt with.

The topography has on the whole been favourable to
communication and transport. From the description given
above of the physiographical units, it will be clear that one
| unit (the Heemskirk Range) would have proved a seri-
ous obstacle, but fortunately the presence of the other main
unit (the Little Henty peneplain) has provided a compara-
tively easy route of access from the nearest town and rail-
way-station—Zeehan. The main road has been described ;
the grade on the whole is good, as the ridges of the old
peneplaned surface have been followed where possible. In
some places minor deviations could have been made advan-
| tageously. No serious obstacles were encountered, but as is

| to be expected, the dissection of the peneplain by the reju-
venated streams has placed minor difficulties in the way.
As the valleys of these streams are mostly youthful, the
sides slope steeply, and side-cuttings have been necessary,
although no bridges (apart from culverts) have been
required.

In considering a tram route for the South Heemskirk
field, the same dissected peneplain will necessarily have to
be traversed, and the broken nature of the surface presents
obstacles which will probably prove on a close examination
to be much less formidable than they appear at first sight.
No attempt was made to prepare a detailed contour map of
the district in the time available, but from his general
examination of the country which would be traversed the
writer believes that a practicable tram route could be
selected, to enable the field to be connected with Zeehan.
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The influence of the topography has been to lengthen the
route between the Federation and adjacent properties, by
which heavier pieces of machinery could be taken out from
Zeehan, or tin-oxide taken in, since it has been necessary to
follow the old peneplain and wind round the end of the
mountain range. The foothills of the range have some-
what increased the difficulty. A pack-track constructed
over the southern end of the range has shortened the dis-
tance between the Federation Mine and Zeehan by about
2 miles, but the grade is so steep when rising from the plain
on the southern side of the range, and descending again on
the western side, that the utility of the track is limited. ;

Several foot-tracks cross the button-grass plains to vari-
ous properties. The fact of these plains being free of tim-
ber tends to facilitate transportation to properties which
are not connected with the road with well-formed tracks.

(’7;) ['ru.r_ptr‘fing and F rploitation.,

On the whole the topography of the district is favourable
to prospecting and exploitation of the mining properties; in
particular cases it is distinctly unfavourable to exploita-
tion. i

The existence of the old ]_n-lwlll;uu:i{ surface free of tam-
ber, the dissection of this surface by present-day streams,
and the cutting back of these streams into the mountain
range are factors which have d .‘t‘in:'-ll'\' aided prospecting.
Outecrops are located with comparative ease, and they may
frequently be traced on the surface for considerable dis-
tances with a minimum of work and expense. The streams
are usually steeply graded, and do not offer many fut‘tilitrles
for the ]u«'lglmmt of detrital ore derived from the deposits.

Properties on the coastal plain (excepting those at the
edge thereof) are not as a rule helped very much by the topo-
graphical features, as the streams have not _\'u‘i cut down
their channels to a sufficient depth to allow of deep level
adits being driven. Shallow adits have sometimes been
driven to exploit ore-bodies exposed on the surface, in some
cases without justification, owing to the shallow depth avail-
able. Shafts will in most cases be necessary when perman-
ent work is undertaken on these mines.

Properties such as the Cliff Mine, on the sea-coast, hH_lvflt
considerably from the topography, as adits may be driven
from the cliff face with advantage.

Where properties such as the Federation Mine are situ-
ated on the slopes of the range, they derive immense advan-
tages from the topographical features. The oceurrence of
outerops on the hill-slopes, and their dissection by the gorges
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of the creeks, enables the ore-bodies in certain cases to be
tested at considerable differences of level without any
exploitation work. In the case of the property mentioned
above, the locality is particularly favourable for the
development of various ore-bodies from adits, which may be
driven, (@) from the general westerly slope of the hillside,
(£) from either side of two creeks which have cut deep val-
leys in the hillside, (¢) from the eastern slope of the hill
towards the Cumberland dam. The machinery may be
brought by the comparatively level plain, and erected at the
foot of the hill-slope, from which the ore may be lowered
to it by self-acting inclined tramways. There is unlimited
tipping-space for waste material, and water troubles are
reduced to a minimum.

In the case of the higher portions of the mountain range,
the country is rugged and often precipitous, dissected by
various streams, and often overgrown with heavy timber
and thick scrub, and thus serious obstacles are presented by
topographical features to the prospecting and exploitation
of this little-known locality.

(e) Water-supply

The question of rainfall is considered independently in the
section on ‘‘ Meteorology,” which should be read in this
connection : it is shown that the average rainfall is about 100
inches per annum in the district, and that at no season
of the year is the rainfall negligible, the average for the
driest month (February) being over 4 iuches.

The question of water-supply is important to the mining
companies interested in the district.

The influence of the mountain range is in the direction
of increasing the amount of precipitation, but the water
is rapidly conveyed to the sea by the various members of
the drainage system. On account of the nature of the soil,
the tendency is for the water to drain off comparatively
quickly after the cessation of rainfall, although the areas
of timber and scrub tend to act as reservoirs to some extent.

On the whole, the question of water-supply is not one
which need cause serious anxiety to the mining companies
on the field, as the supply is in most cases sufficient for
present purposes.

The question of power is dealt with elsewhere, and in
this respect the field is seen to be favourably situated.

For dressing purposes, the supply of water has proved
sufficient in all properties worked up to the present. If
more water for this purpose be needed in the case of the
Federation Mine, an additional supply may be obtained
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from Packer’'s Creek by means of a race following the
general course of the old West Cumberland Company’s
race, but situated higher up the hill. :

In sluicing some of the detrital material on the higher
ground at the Federation Mine, the question gf water-
supply becomes important, but is best dealt with when
describing that property.(**) :

Small patches of alluvial material have been sluiced from
time to time in different parts of the dieri(_:t‘. but the water-
supply has in most localities proved sufficient for the work
to be done. 1In one locality particularly, however (the
flats near the Agnew Creek, south of Mt. Agnew), the
scarcity of water has hampered operations considerably,
but it is doubtful whether the grade of the deposits would
justify the cutting of fairly long races through heavily-
timbered country to bring water on to the ground.

Although in the North Heemskirk district 'the alluvial
deposits are of great economic importance,('") in the South
Heemskirk district they are small in extent and of minor
importance, and the question of water-supply for working

them is not so urgent.
(d) Power.

The topography of the district has an exceedingly import-
ant bearing on the question of power, and some at least
of the mining companies concerned are exceptionally well
situated. i

In a region where the rainfall is variable, although high
at certain seasons of the year, where the streams do not
carry a large volume of water, and more particularly where
the volume is liable to fluctuate considerably owing to the
fairly rapid draining of the precipitated moisture, t.he,
question of storage becomes paramount in the consideration
of water-supply ; in considering power, an additional factor
demands attention, viz., the storage of the water at as
great an elevation as possible, with a practicable means of
exit from this storage basin. These conditions are satas-
fied in the district under review in an exceptional way.

The Cumberland Creek was of comparatively small
volume and varied with the rainfall, but flowed through a
wide valley (believed to be of glacial origin) at a high
elevation. the outlet to which was a narrow gorge, below
which were falls several hundred feet in height. This
outlet of the creek was dammed by an embankment about.
a chain in length, and about 25 feet in height, with the

(®; Vide infra, pp. 201-295.
(") Vide Geol. Sury. Tas. Report 6.
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result that the water of the creek was thrown back over a
mile, and a large body of water impounded at a consider-
able height, the storage basin being so situated that water
could be delivered on the plain below without difficulty.
Thus the Cumberland Dam was formed. It has been esti-
mated that about 100,000,000 gallons of water are
impounded in the present dam. An accurate contoured
survey of the catchment area was not made, but a general
examination was made, and it is certain that the height
of the embankment could be raised without difficulty, and
that if this were done (with a corresponding increase in
the height of the by-wash, by which the surplus water
escapes by an adjacent gorge) the storage capacity of the
dam would be enormously increased. By such an increase
several mines could be provided with power, and as the
catchment area is about 1600 acres (which could be slightly
increased by cutting short races from the head-waters of
other creeks), such an increase in storage would be advis-
able if the dam were to be largely drawn upon for supplies.

The dam is situated at an elevation of 500 feet above
the coastal plain, and so provides excellent facilities for
the generation of power.

From the deseription given of the rainfall in another sec-
tion of this report, it is clear that at no season of the year
is the rainfall negligible. In such a case as the present,
where mines may be depending on the dam for power, it
i= important that a constant supply of water should be
maintained throughout the year. As the amount of water
flowing into the reservoir depends directly on the rainfall,
it is essential that as much as possible of the surplus rain-
fall of the wet season should be stored to maintain the
supply over any exceptionally dry season which may be
encountered : this has already been shown to be possible
by increasing the height of the embankment and
by-wash.,

In this connection the neavy timber on the slopes of the
catchment area of the dam is an advantage, for it means
that after a period of heavy rainfall the water is retained
longer in the soil; as it drains off more slowly into the
dam it may consequently be utilised to far better advan-
tage than if it ran off rapidly.

Reference has been made above to the possibility of
slightly increasing the catchment. The head-waters of the
Cumberland Creek are separated from those of Packer’s
Creek by a high, narrow ridge: it is possible that by
means of a comparatively short race the head-waters of the
latter creek may be diverted into the Cumberland Creek
and so into the dam.
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Thus it will be seen that the Cumberland Dam offers the
combined advantages of—

(a) Elevation, resulting in maximum power from a
given volume of water:

(4) Catchment in an area of high rainfall during the
major portion of the year;

(¢) Facilities for enormously increasing the storage

capacity at a very low cost;

(d) Proximity to several mining properties on both
southern and western slu]ws of the range, mean-
ing short races and pipe columns.

An interesting point with reference to the drainage of
the area is raised if water from the Cumberland Dam be
used for power purposes at, say, the Federation Mine.
Naturally the Cumberland Creek flows into Pyke’s Creek.
and thence to the ocean by the Little Henty River. From
the Federation plant, however, the spent water would
eltl]'t\' into Packer’s Creek, and would be conveyed by this
creek direct to the ocean, Pmm'inu at a point about 31 miles
north-west of the mouth of the Little Henty.

With regard to the embankment of the Cumberland
Dam, it is worthy of note that it has been constructed and
faced with granite quarried from the immediate vicinity.
The -_frzmnv is the normal coarse pink granite of the dis-
trict, fully described elsewhere, the granite here contain-
ing black tourmaline as well as a small amount of biotite.
The embankment appears to be substantially built, and
the height could be increased without any u-l;m[r[mcr of the
present wall.

Apart from the Cumberland Dam, the steep slope of the
mountain range has been utilised in a small w ay on several
properties for creating a head of water to generate power
on a small scale

Descending from the mountain range, it is noteworthy
that on the dissected coastal pe neplain also attempts have
been made to utilise water for the generation of power.
Water-wheels have been favoured in several cases: in one
instance water has been brought by a short race and utilised
for a breast-wheel ; in another the water has been brought
in by a race, a certain head obtained, and not really
111.ilised, as 1}!9 water !lx+‘r'f‘|.\‘ ch‘i\'vs an U\'E’I'Sh(‘rt water-
wheel. On the plain, however, the streams have not cut
their valleys deep enough to allow of more than a merely
nominal head being developed.

When the relation of the coastal plain to the strand-
line is considered, it is evident that there is opened up a
potential source of power, for the coastal cliffs slope steeply
to the shore, and although the streams have eut their way
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down to varying extents into these cliffs, there is fre-
quently from 200 to 300 feet of pressure available from
the creeks. Unfortunately few of the properties are so
situated that they can take advantage of these natural
facilities, and in no instance, up to the present, has power
been utilised in this way. The plant of the old Cornwall
Company was situated on the shore, but a water-wheel was
mnstalled, which did not make use of the available pres-
sure. In the case of the Cliff Mine, however, instead of
working the battery on top of the cliffs by means of a
water- whvel the p]dnt should unquesti mmhl\' be trans-
ferred to the base of the cliffs, and power rrnumdled by
means of a Pelton wheel which would utilise the avail-
able head of water. Doubtless with this end in view, the
present owners have diverted the water from one or two
smaller creeks, and a site certainly exists which could be
used for the storage of water in a m:mp.ur\twel\ wide and
shallow creek bed on the plain.

(5)—METEOROLOGY

No accurate figures are available with regard to the
rainfall in the Heemskirk district, as no records have been
kept, so far as the writer is aware. The amount of pre-
cipitation is undoubtedly heavy, and approximates closely
to that recorded for Zeehan, which, as will be seen b\'
reference to the accompanying map of the distriet (Plate
IL.) is only about 9 miles distant in a direcc line, about
east-north-east It is likely that the rainfall on the
Heemskirk Range is somewhat heavier than that recorded
at Zeehan, on account of the much greater elevation of
the range, which is about 2000 feet above the town.

The accompanying tables, compiled from the monthly
rain maps supplied by the Commonwealth Meteorologist,
give an .dea of the annual rainfall for several years, aud
also of the annual distribution of this rainfall.

TasrLe I.
A verage Annual Rainfall in Inches at Zeehan.

L O . 101-40
1908 ... . : et Bl 96-78
L ) S S . 108-30
PO o L A e e 116-14
191 . - L 95-97
G A R SR S S A 90-52
e e 104°17
1914 T I T R 80-94

\\G‘II"P (Lnnual o s Oy 97-89
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It will be seen that the average annual rainfall for
Zeehan is 9789 inches. At Heemskirk the average is likely
to be somewhat higher, and would approximate 100 inches
per annum.

Table II. shows the annual distribution of this rainfall,
and makes it clear that at no period of the year is the rain-
fall negligible. February is the driest month of the year,
with an average of 4'24 inches, while July is the wettest
month, with a record of 10°15 inches. It is seen that for
seven months in the year (April to October) the average
rainfall is very high, being 9:52 inches. With such a high
rainfall at one period of the year, it would obviously be a
simple matter, if a storage ared were available, to conserve
sufficient water to tide over the summer months, in the
case of mining companies depending on water for mining
operations. Attention is called elsewhere to the fact that
a magnificent storage area is available on the South Heems-
kirk Tinfield which can be utilised for the purpose men-
tioned

Hail is not uncommon in the winter months, and snow
sometimes falls on the higher ground, where frosts are
frequent and severe in the fine weather. The district
is subject to very boisterous weather, wind from the west
and south-west being very severe, and often continuous
for comparatively long periods.

With the exception of the Little Henty River, drain-
ing the southern part of the field and much of the coun-
try to the west, the streams are short, and comparatively
animportant, rising in the mountain range and flowing
westwards into the ocean. Much of the western slope
of the range is covered with button-grass, and has little
depth of soil. Even this soil is very open, containing
much quartz gravel derived from the decomposition of the
granite, and, in consequence, does not retain moisture for
any length of time after a fall of rain. In some of the
more sheltered valleys are belts of timber and thick scrub,
and such localities would favour the retention of moisture
for a rather longer time: i.e., they would, to some extent,
act as reservoirs for the creeks after a fall of rain. Most
of the streams, however, rapidly show the effects after
a few days’ dry weather. Fortunately, the existence of
an excellent high-level storage basin (the Cumberland
dam) places several of the properties on an excellent foot-
ing with regard to water-supply, and renders them quite
independent of the inevitable fluctuation of the smaller
streams in the summer time.

1914. Average.

1913.

1908. 1909. 1910. 1911. 1012

1907.
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(6)—TIiMBER AND VEGETATION.

Brief reference must be made to the vegetation occur-
ring in the district.

The coastal peneplain is generally covered with button-
grass, through which the underlying granite outcrops at
frequent intervals. The depth of sail is usually small,
and sometimes considerable areas of practically bare
granite are exposed. In the creek beds, however, thick
scrub and stunted shrubs are usually met with. No tim-
ber of any consequence occurs on the peneplain to the
north of the Trial Harbour Road; on the final descent to
the old township there is fairly thick scrub on the north-
ern side of the road, on the southern slope of the spur
along which the road winds. South of the road, towards
the Little Henty River, timber and scrub are abundant.
It is a striking fact that the change in the nature of the
vegetation coincides with the change of soil, resulting from
the decomposition of different rock-types. The Pre-
Silurian slates series vyields a clayey soil, which supports
a luxuriant growth of timber and undergrowth, not only
in the valleys, but also on the sides and summits of the
ridges. This tangled undergrowth is quite impenetrable
in most places. The timbers noticed included myrtle, sas-
safras, leatherwood, horizontal, musk, and dogwood ; some-
times groups of gum and blackwood were noticed (although
comparatively few of the latter). An agreeable change
from the thick undergrowth (with abundant bauera in
places), is an occasional patch of open myrtle forest, with
“man’’ and ‘ cat-head "’ fern.

This class of heavily-timbered country continues along
the valley of the Little Henty River and its tributary
streams, as far eastwards as they were examined.

The serpentine and gabbro-amphibolite, on the other
hand, support rather stunted timber, although in favour-
able localities, such as sheltered flats, the scrub is thick.

In most of this country the serub and undergrowth
become more tangled and impenetrable after a fire has
been through and destroyed the origmal growth, and
under these circumstances the abundance of a shrub known
as ‘‘prickly wattle’’ makes travelling difficult and
unpleasant. -

Mention has been made of the fact that the coastal
peneplain is practically bare of timber in the northern
portion of the area examined. This is partly owing to the
poor soil, but not entirely so, as is clear from the fact
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that on exactly similar granite soil in certain protected
spots on the mountain slopes are clumps of heavy timber.
The scarcity on the plains and on the more exposed hill-
sides is partly owing to the heavy winds, which are almost
continuous in the district. The prevailing winds are from
south-west to north-west, so that there is no protection
on the plain, and none on many of the hill-slopes. Back
in the range, however, and on practically all hill-slopes
protected from the quarters mentioned, belts of excellent
tinuber are to be found. Tt is to be regretted that fires
have been allowed into some of these belts, with the result
that where trees have not been killed outright, many of
the main branches have died, and numerous shoots have
made their appearance practically from ground-level.
Thus trees (gums) which were formerly perfectly sound,
and rose to 40 feet or more without a branch, are useless
as a source of first-class timber. It certainly is advisable
that these timber areas be preserved from fire if possible.

Several timbered areas have been reserved by the
Government. These are shown on the accompanying map
of the district (Plate II.).

The question of timber in relation to mining cannot
be said to have become acute in the distriet. In the
case of properties like the Cliff Mine, on the coast, suit-
able timber would have to be transported some distance,
but if the need arose, light tramways could be run ‘into
the timber belts. Other properties, like the Montagu, on
the old peneplain, have no timber immediately at hand,
but it could be secured within reasonable distance. The
Federation Mine is rather fortunately situated, as a line
of limited length would open up an excellent belt of tim-
ber which clothes the western slopes of Mt. Agnew and
the surrounding peaks and spurs.

The scarcity of timber of any description on the button-
grass plains becomes very evident when camps are erected,
when firewood has to be carried long distances in many
cases. The obvious solution of this difficulty is to pitch
camp near a timber belt: but this is not always practic-
able if the camp is to be at the same time near particular
workings.

Reference may be made in passing to the timbered
sountry in the valley of the Little Henty, to the east of
the district examined, and between the Little Henty and
Henty Rivers. There are thick belts of timber, which do
sot appear to have been exploited, in this locality.




IV.—GENERAL GEOLOGY.
(1)—TrE Rock-rypEs REPRESENTED ON THE FIELD.

Before proceeding to deal in detail with the geology of
the district, it seems advisable to summarise in a general
statement the relations of the various groups to each other,
to enable the reader to more readily understand the fol-
lowing discussion.

Into a series of previously-consolidated sediments, con-
sisting of slates, sandstones, and tuffs, a mass of basie
igneous rock was intruded. Closely following its consoli-
dation, a huge mass of acid igneous rock, which had been
derived from the same magma as the basic rock, was
forf'ed up along a line of weakness in the crust, but con-
solidated deep below the surface. Long-continued
denudation removed much of the overlying cover of sedi-
mentary rocks, and cut deeply into the underlying basic
and acid igneous rocks. Consideration will therefore be
given in this chapter to the igneous rocks, hasic and acid
and then to the sedimentary rocks and their modiﬁcai
tions  Finally, the general sequence of events which has
led to the present geological structure will be described
and summarised.

Basic Group.

The oldest known igneous rocks of the district occur in
the south-east of the area mapped, and in the extreme
southern portion. These form two distinct areas, the
former (near Comstock) being gabhm-amphiboiite.‘ and
the latter (near Trial Harbour) serpentine. Although
these rocks are believed to be closely related, and of
similar age, they may, for the sake of convenience, be
dealt with separately.

Gabbro-amphibolite.—On  proceeding from Zeehan
westwards along the Trial Harbour Road, these rocks are
ﬁrst_- encountered in a road-cutting at Comstock, about 6
chains beyond the spot where the Comstock Creek crosses
the road. On the Comstock side the slates are much
contorted near the junction, frequently dipping at a low
angle to the north-east. At one spot there appear to be
several intrusive sheets of decomposed basic rock in the
slate series, within a short distance of the contact. At
the actual contact, and for some little distance beyond it
the greenish basic rock is a good deal decomposed, and
cannot be determined with certainty in hand specimens.
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From this point onwards for about §-mile is a develop-
ment of altered slates, very difficult to distinguish
from the fine-grained varieties of gabbru-amphibolite,
and impossible to determine definitely without microscopi-
cal aid. The rocks are described elsewhere.(*®) They are
usually very much decomposed, and it is not easy to
obtain fresh specimens. The soil yielded by the slates is
very much ironstained, being reddish-brown in colour, of
a uia_\'u\' nature, and supporting a very luxuriant growth
of vegetation, rendering accurate field work difficult. The
rocks are andalusite slates. They are exposed along the
side cutting of the Trial Harbour Road to within about
9 chains of McIvor’s north-east corner, when fine-grained
gabbro-amphibolites make their appearance.

Although the area of gabbro near the Comstock, and
that near Meclvor’s, are shown as almost separate areas on
the accompanying map,('") if the country is ever made
accessible, even by good bush fires, it may prove that there
is a wider suriace connection. This could not be deter-
mined on this occasion with accuracy.

The gabbro-amphibolite is seen to vary a good deal in
texture from point to point as exposed along the road.

Probably the rock is most typically developed below a
hut known as McIvor's on a hill of the same name, which
is also locally known as ““ The Red Hill,”" on account of
the high iron content of the soil imparting to it a rich
red-brown colour. Below this hill is an extensive marshy
flat (see Plate I1.), and on this flat are abundant outcrops
of gabbro-amphibolite.

The rock is of a gemeral greenish colour when fresh,
weathered specimens showing a reddish-brown crust, which
in the coarser varieties is pitted, owing to the decomposi-
tion of the felspars. Much of the rock is coarse-grained,
and is seen to be composed of abundant greenish-black
prismatic crystals of hornblende, which were observed in
exceptional cases as much as 3 inches in length and 3-inch
in breadth, with varying amounts of light-greenish felspar
forming the groundmass of the rock, and sometimes pene-
trating the hornblende crystals. Owing to the difference
in colour of these two main constituents, the coarser vari-
eties of the rock are strikingly mottled in appearance.
In many instances radiating aggregates of fine, needle-like
crystals of dark-green amphibole are abundant throughout
the rock. The coarser prisms tend sometimes to take a

(%) Vide infra, p. 121, () Plate 11.
C




34

radiating habit. Magnetite is not uncommon, in masses
up to 4-inch in diameter. Sporadic crystals of pyrrhotite
are present throughout the rock, and occasionally tufts of
a soft greenish mineral resembling chlorite are noticeable.

The texture of the rock varies from very coarse to very

fine; in the latter the component minerals sometimes can-
be determined in hand specimens, although this is
rather exceptional.

Towards its western extremity the rock appears as a
compact dark-green rock, with pale-greenish veinlets. In
this locality a noticeable feature at several points is the
abundant iron ore scattered about on the surface. This
18 frequentlly nodular limonite, or consists of grains of
magnetite cemented together by limonite. It appears to
be several feet thick in places. It is secondary iron ore,
derived from the decomposition of iron-bearing minerals
in the gabbro-amphibolite, the included magnetite being
primary, and set free from the body of the rock as it
weathers. The nature of this iron ore appears to have
been misunderstood, and the material mistaken for the
gossan capping of a lode-formation, for several shafts have
been sunk to shallow depths.

The northern and eastern boundaries of the basic mass
were not traversed, as they belong in reality to the Com-
stock district, which is not dealt with in this bulletin.
Part of the northern and the western boundaries are,
however, approximately mapped on the accompanying
general map of the district. Several attempts were made
to trace the south-western and southern boundaries, but
this was found impossible to accomplish in detail, owing
to the dense undergrowth, through which there are no
tracks and few rock outcrops. A passage was forced
through the serub along several lines. and sufficient was
seen to satisfy the writer that no unbroken connection
exists on the surface between the main gabbro-amphibo-
lite mass, and the Trial Harbour serpentine. Tt would
appear, however, that there is a connection at no great
depth below the surface. In at least one locality ap
intrusive mass of igneous rock was observed which merits
special notice. The general nature of the occurrence, and
a description of the surrounding rocks, is given in another
place.(*?). The small onterop exposed indicates dyke form
for the igneous rock, but its structure suggests Plutonic
affinities. The rock is green in colour, and varies some-

®) Vade infra, p. 108,
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what in texture, from close-grained to medium. In the
former variety are fairly abundant inclusions of light-
coloured (Iml\‘ fragments of very irregular shape, up to
about 1 inch across. The U’I‘l)ll[](ll!ldhb is pale-green, but
cannot be definitely resolved. In the medium-grained
variety, however, three minerals are distinguishable in
hand specimens—a pale-green pyroxene or amphibole, abun-
dant grey felspars, and scattered grains and aggregates of
pyrrhotite. Microscopically, further information is
gleaned as to the nature of the rock, leaving little doubt
as to its mode of origin. It is seen to consist of irregular
pale-green masses composed of minute sheaf-like and radi-
ating pleochroic crystals, and of partially-clouded crystal
forms which frequently have a tabular habit. The green
masses are cnmpu\ed of crystals of actinolite, and the
colourless crystal forms are ‘undoubtedly partially decom-
posed felspars. The outlines of the aggregates of actino-
lite are not usually sharply defined. Projecting from
them and penetrating the adjacent felspars are Irequentlv
to be seen minute needles of actinolite. In general habit,
however, the aggregates of actinolite partially surround,
and are moulded on, distinguishable felspars. The latter
sometimes show idiomorphic outlines, although at times
they are penetrated by actinolite needles, as described
above. Although in some cases the original felspars are
represented by cloudy masses resulting from the decompo-
sition of the original mineral, in others the crystals clearly
show multiple twinning after the albite law The twin
lamellz are broad, and extinction angles measured on sec-
tions approximately 'lac*rpen(]izuldr to albite twins, show
that the plagioclase present is the basic lime-soda felspar
labradorite. A little scattered magnetite is visible
throughout the slide, and it is noticeable that a little
sphene is present in aggregates of small, rounded, semi-
opaque aggregates. Apdutp is present in small quantities
in scattered clear ervstals. The rock is evidently a gabbro-
amphibolite, and is to be correlated with the large mass
of this rock exposed about 2 miles to the north-east.
Several thin sections of rocks collected from various points
were examined. and a shight variation was noticed in the
structure of the rock in different localitiss. This, how-
ever, is only to be expected in such an area of rocks, and
it will be seen that the variations are really of minor
importance. the rock retaining its general characteristics
throughout the area. A specimen collected from the cut-
ting on the Trial Harbour Road, just beyond the Com-
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stock, appears in hand specimens dark-green in colour,
with scattered darker-coloured lath—shapéd crystals. Im
t_llin section the rock is seen to be composed essentially of
felspar and hornblende. In addition, a small amount of
quartz is developed, but its habit suggests that it may be
secondary. Tlmenite is fairly abundant, but is largely con-
verted to leucoxene. Scattered grains of rnaguétiie are
also noticeable through the slide. In places, granular epi-
dote is developed as a secondary mineral at the expense
of the felspar. In light-green fibres, actinolite is also
fairly abundant, and is obviously a secondary mineral,
the fibres often penctrating or tlu'i'vinping ;i]nns;* cracks in
the felspar erystals. Although the I‘elspa"rs usually
retain their crystal form, they are too clouded by decom-
position products to be determined. The erystals are usu-
ally hypidiomorphic: their relation to the hornblende is
particularly interesting. They frequently penetrate, and
are sometimes almost entirely included in, crystals of
amphibele. In some cases, however, the form of the fel-
spar is evidently determined by that of the amphibole.
The latter mineral itself is li;_'rinl—x_v1'e-e)11 in eolour. and
strongly pleochroic. Tt occurs in broad prismatic crystals,
which sometimes show signs of twinning. These crystals
have the typical hornblende cleavages in longitudinal and
CI'oss 9{'t’tj(,lzl<. .\lih!lllt_'h the (ll][il'.’ll ]11'!!'1P]‘fil-‘s are cer-
tainly those of hornblende the form of the erystals and
the ophitic structure exhibited by the felspar and horn-
blende are strongly suggestive of monoclinie pyroxene, so
often present in gabbros. In this slide portion of the
amphibole has been converted to a bright-green chlorite.

About three-quarters of a mile on the Remine side of
Comstock is a sharp elbow in the road, and the rocks here
are seen to be light greenish-grey in colour. A thin section
of a rock collected from this point indicates that the rock
has originally been a gabbro. It consists now of a
thoroughly chloritised and aetinolitised groundmass, with
abundant granular aggregates of epidote with some zoisite.
There appears to be also a little dolomite in the ground-
mass. Although at first sight the slide appears to show simply
an aggregate structure, close examination reveals the gen-
eral outlines of felspar erystals in the areas now occupied
mainly by epidote. The relation of these pseudomorphs
after felspar to the surrounding masses of chlorite and
actinolite, and the general shape of these masses, suggests
that amphibole or pyroxene (probably the latter) has been
replaced. The rock appears to be a thoroughly saussuritised
gabbro. ;
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This rock apparently represents an extreme type of alter-
ation. Bands of rock in the same vicinity are of a darker
green colour, and are seen microscopically to be altered,
but not to the same extent as that previously described.
Some of the felspars have undergone a good deal of altera-
tion, while in others broad twinning lamell® are faintly
discernible, but are not distinct enough for the exact plagio-
clase to be determined. The crystals are usually lath-
shaped, and show hypidiomorphic outlines. Abundant
green pleochroic amphibole is present, some crystals fre-
quently surrounding the felspars on three sides, and some-
times completely enclosing them, thus exhibiting typical
ophitic structure. The amphibole has quite irregular out-
lines determined by adjacent crystals of the same mineral or
of felspar; in places it is partly chloritised. The slide is
traversed by veinlets of appreciable width, filled with radi-
ating tufts of light-green pleochroic actinolite. About 1
mile further along the road towards Remine, near a hut
known as McIvor’s, the rock is fine-grained, but still of the
prevailing greenish tint. In thin section this rock is seen
to be composed almost entirely of green amphibole and
lath-shaped felspars. The latter are sometimes idiomor-
phic, usually hypidiomorphie, and where the extinction
angles can be measured are seen to be labradorite, a lime-
soda felspar. Here, as in previous cases, the structure is
ophitic, the amphibole being allotriomorphic. Abundant
grains of magnetite are scattered through the slide, with a
small amount of ilmenite. The amphibole is slightly chlori-
tised in places.

Some of the rock exposed in a quarry on the roadside
opposite MecIvor's hut is extremely fine-grained, and
resembles some of the contact-metamorphic slates which
occur in the district near the granite contact. It is dark-
green in colour, but no constituents can be determined in
hand specimens. This rock is intersected by numerous vein-
lets of quartz, from mere threads up to 1} inch in thickness.
These are evidently fissure fillings, with sharply-defined
walls, and a tendency towards crustification. The metallic
minerals present are magnetite, chalcopyrite, and pyrite.
Sometimes there are several veinlets parallel and adjacent
to each other, with veinlets extending from one to the
other, and enclosing masses of country-rock. In one
instance where a segregation of granular magnetite
occurred in the igneous rock, this was intersected by quartz
veinlets. In some of the veins were disseminated grains of
a fairly soft honey-yellow translucent mineral, with almost
an adamantine lustre, which proves to be siderite. A
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striking fact is the presence of abundant tourmaline in some
of the narrow fissures. On breaking off a specimen alon
a ﬁssm'(f the black tourmaline was seen to oceur in ﬁneg
needle-like crystals, usually with a radiating st-ructure’
some of the needles attaining 1 inch in length. Associated
with the tourmaline is a little quartz, and (:halco-pvrite is
noticeable between some of the tourmaline needles, havin
evidently crystallised later than that mineral. A thin secg-
tion cut through one of these veinlets shows that in addi-
tion to hypidiomorphic quartz, which forms the bulk of the
slide, there are present irregular fragments of felspar, a
good deal kaolinised. From the indefinite extinetion I:jmg’less
observed, 1t appears that some at least of the felspar present
is microcline. The siderite is moulded on the quartz crys-
tals; in one or two cases it is slightly discoloured by limon-
ite, but is usually very fresh. There are scattered aggre-
tg}::.;essii:;i.chlonte, and a few shreds of actinolite present in
171 some of the veins small aggregates of a yellowish-
green mineral are present, which is apparently epidote
None was present in the slide examined. i .
The gabbro-amphibolite is so fine-grained at this point
that it cannot be distinguished in hand sp&oimen; };rom
contact-metamorphic slates which ocenr in the neighbour-
hood. A thin section, however, shows the true nature of the
rock. It consists of abundant minute lath-shaped felspars
vt'lth abundant interstitial pleochroic green amphibo]e,
Several phenocrysts of clear simply-twinﬁed orthoclase feJ:
spar are present, and other crystals appear to be albite-olico-
clase. Scattered through the slide are bright-green chlorigtic
aggregates. In one part of the slide is noticed a granular
aggregate of epidote crystals, and a veinlet adjacent i
filled with the same mineral. ; g
Another section from a slightly coarser-grained rock from
the same quarry also shows some orthoclase as well as plagio-
clase felspar. These minerals are intimately associated “gith
strongly pleochroic green amphibole, which is abundant
and quite irregular in shape, The amphibole is largely
tnguldeld on the felspars, but in many instances the two
minerals are intergrown in s ray 1V iki
“ graphic ”’ effects, recalliu?ruct]:w z?n‘i‘uti\ ta;]‘(:.“:r;g;‘;‘_‘o‘tl'_iklng
g tc graphnic 1nter-
growth of quartz and felspar in certain granites. A slight
variation of the same structure is shown by the |'19\'eio];r113nt
of an imperfect radial structure in the amphibole, different
portions of the aggregate being optically continnous, and
enclosing clear fragments of felspar. This structure is com-
mon in the series, giving some portions of the rockmass a
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typically poikilitic texture. Crystals of clear secondary
albite felspar are not uncommon, and occasional grains of
epidote are distinguishable. Chlorite is developed 1in places
a2 the expense of the amphibole, and magnetite is abun-
dantly scattered through the slide in irregular grains and
granular aggregates. No apatite was noticed.

On the extensive marshy flat below McIvor’s the basic
socks under discussion are well developed. The rocks are
fresher here than at some of the previously-mentioned locali-
ties, but an examination of several thin sections shows that
the features are similar to those already described. No
pyroxene is to be seen, but green amphibole with character-
jstic cleavage and optical properties is abundant. Here,
again, the habit suggests that of pyroxene. Labradorite
felspar is present, and in one slide a little chalcedony was
noticed, but this is probably secondary, as the felspars are
partially saussuritised. Skeleton crystals of magnetite
occur in this slide, as well as grains of ilmenite with
leucoxene.

A rather extreme type occurs on the roadside towards the
western edge of the marshy flat referred to above. This is
about the western limit of the area of basic rocks in this
vicinity. The dark-green rock is seen to be traversed by
veinlets of greenish-grey mineral. In this section it is seen
that felspars, although present, are scarce, and a good deal
decomposed. Crystals of green amphibole are abundant,
while the groundmass is thoroughly actinolitised, a little
secondary silica being noticeable in places. Veinlets
traverse the slide crowded with hypidiomorphic crystals of
the light-coloured monoclinic pyroxene diopside. Aggre-
gates of chlorite are present, and a few scattered grains of
magnetite.

At one point an occurrence was noticed which is of import-
ance in throwing light on the relation of the acid to the
basic rocks. South of Section 6667m, 80 acres, charted in
the name of H. D. Marsh, and between the southern bound-
ary of that section and the Trial Harbour Road, the gabbro-
amphibolite outerops at intervals in a marshy flat. On the
edge of this flat at one point several veins of quartz were
observed, up to 2 inches in width, cutting through the basic
rock. The veins could not be traced far, but apparently had
an approximately east and west strike. The white outerops
showed very distinetly in the dark-coloured basic rock.
From this point the granite contact is distant between 20
and 25 chains, being hidden by dense scrub. Within about
1 chain of the quartz-veins a black vein was noticed, varying
in width from one-half to 2 inches. The vein-filling appar-
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ently consists of one mineral, which seems to form a granular
mass. On close examination abundant minute needle-like
crystals are distinguishable. The mineral proves to be black
tourmaline. In the immediate vicinity of the tourmaline
vein the wall-rock (gabbro-amphibolite) is slightly silicified,
and some diopside is developed.

Even were the quartz veins connected with the basic
magma, and expelled as a result of the ** after-action ** dur-
ing the final stages of consolidation, such a mode of origin
cannot be assigned to the tourmaline, and there can be little
doubt that this is connected with the acid magma, and it is
very probable that the quartz also has been derived from
a similar source. Clearly, then, the gabbro-amphibolite
had consolidated before the final stages of consolidation of
the granite.

Serpentine.—This rock is believed to occur at Com-
stock,(?') but was not detected on this occasion, as no
detailed examination was made of the Comstock district.

There is, however, a development in the vicinity of Trial
Harbour, which merits a detailed description.

Throughout the area, at no point visited was any out-
crop noticed of any unaltered basic igneous rock, to give
a clue as to the nature of the rock from which the ser-
pentine was derived. Microscopical sections, however, give
some valuable information.

Round the borders of the serpentine the rocks are usually
much altered, but it must be borne in mind that the
borders of the granite massif are never far from the edge
of the serpentine, and the intrusion of this huge mass of
acid igneous rock has undoubtedly caused intense meta-
morphic effects on the adjacent rocks.

The rock itself varies in colour a good deal from point
to point. Weathered surfaces are usually grey to brown,
and the rock near the surface is generally greenish-gray
to brownish. The fresh serpentine appears normally to be
dark-blue or black. Some specimens collected show inter-
esting gradations from weathered to fresh rock: the outer
crust is brown, grading into a greenish rock for about
2 inches, the central portion being very dark-blue.

The serpentine is not as handsome as some of the green
varieties oceurring in other parts of the State. It is
usually dense and close-grained, but almost all varieties
show magnetite in streaks and irregular scattered aggre-
gates—partly secondary magnetite set free in the ser-

(M) Vide Geol. Surv, Tas. Bulletin 8, p. 21
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pentinisation of the original igneous rock, and partly
primary.

A very interesting form of magnetite occurs in the ser-
pentine at several points, viz., radiating magnetite.
Irregular masses occur, up to about 12 inches across, and
2 to 3 feet-in length. The radiating habit of the mineral
is rather unusual, and is described below as it occurs at
various localities. Perhaps the most typical specimens
were obtained from the Nickel Reward Mine (Section
892-m), where rosette-like masses of radiating fibres up to
2} inches in length occur. The mineral is brownish-black
in colour, highly magnetic and polar. Filling interstices
between fibres and radial aggregates are masses of white
crystalline arragonite. Tt is not certain whether the mag-
netite is primary or secondary: it may have crystallised
out as a primary mineral from the cooling basic magma,
or have been set free in the serpentinisation of the basic
rock, and thus have been formed by secondary agencies.
The accompanying arragonite certainly is secondary.
Various other secondary minerals occur in the serpentine
which may conveniently be described at this stage. In
using the word ‘‘ secondary '’ it must be understood that
the minerals are regarded as secondary with relation to
the serpentine, itself strictly speaking a secondary rock:
the minerals referred to, however, have ben formed subse-
quently to the serpentine.

Arragonite.—This mineral is fairly abundant in certain
localities: it was noticed particularly in the serpentine
forming the long reef on the southern side of Trial Har-
bour, and in the workings at the Nickel Reward Mine on
the hill overlooking the harbour. In the former locality
it is sometimes associated with oolitic calcite, and ocecurs
in minute, sharply-pointed, transparent, prismatic crystals:
these crystals are usually in radiating aggregates, some-
times at right angles to the walls of the fissures, sometimes
(in the case of narrow fissures) parallel to the walls.
Cavities in some instances are lined with prismatic crystals
projecting at all angles. The arragonite crystals occur in
all sizes from microscopic size up to mu‘e-q.unrter inch in
length: in all cases they appear to terminate in acute,
needle-like points. At the Nickel Mine the serpentine
is traversed by abundant veinlets of this mineral, with a
habit generally similar to that described above. Crystals
are usually transparent and occur in radiating agsregates.
individual crystals attaining a length of 1 inch and
diameter of one-eighth inch. These arragonite veinlets
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attain a width of 1 inch: in the wider veinlets the
crystals are more or less perpendicular to the walls. Closely
associated in some cases with the arragonite are veinlets
of the green deweylite described below.

Calcite.—Although not as common as Arrdgonlte calcite
is present in 1rreuuim masses and in veinlets in the ser-
pentine. The oul\ locality where it was noticed was at
the Nickel Mine. It qppears usually to be associated with
the brown deweylite described below, and good specimens
were collected from the No. 3 Adit. In one instance cal-
cite and arragonite occur in the one veinlet, the latter

L-rupvnw the central portion of the fissure: in this case
the minerals clearly belong to two generations,

Calcite was noticed at one spot as an oolitic encrustation
on the walls of fissures and small geodes. These opaline
translucent oolites are sometimes encrusted with minute
needles of arragonite.

Dolomite.—This mineral was noticed in small quantity,
filling a fissure in the serpentine at the No. 2 Adit of the
Nickel Mine. The width of the vein of dolomite is about
2 inches.

Magnesite. ——Alt}mugh of good quality the magnesite
is not present in sufficient t’ll].l]]tlt\ to be of wmmermal
value. It occurs in the serpentine both in narrow veins
and irregular masses, up to 6 inches in width and a few
feet in leugth It frequently shows slight stains of pyro-
lusite, and the dendritic habit of this hlack mineral shows
out distinetly in the white magnesite. The magnesite is
sometimes traversed by narrow veinlets of a mineral
resembling opal in appearance: it is flesh-pink in colour,
of a pearl\' lustre, hardness about 3'5, and is probably
allied to the magnesium silicates described below.

The magnesite is always massive, and tends to break
with a conchoidal fracture. The specific gravity is 2°44:
it is not completelv soluble in acids, a residue of gelatinous
silica remaining.

Brucite.—This mineral (magnesium hydroxide) occurs
in a rather unusual form. It is fairly abundant on the
brow of the hill overlooking Trial Harbour, near the collar
of the shaft connecting with No. 1 Adit of the Nickel
Mine,(??) and a little lower down the hill in a small open-
eut about 1 chain north of the No. 1 Adit. The mineral
occurs in masses apparently of quite irregular shape,
included in the serpentine, measuring sometimes several

(®) Vide infra, p. 415 et seq.
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feet across. On freshly broken surfaces the mineral pre-
sents a striking appearance, for it occurs in radiating
aggregates of fine fibres, these fibres varying in length fmm
almost microscopic size to 1 inch in length. These aggre-
gates are usually circular in section, although the §hape
is to some extent determined by adjoining aggregates,
and the resulting reck is white with a very faint greenish
tint in places. The lustre is pearly, hardness 2, streak
white, specific gravity 242. Tt 1s not, however, completely
soluble in amda. Before the blowpipe it is infusible and
shows a pink colouration with cobalt nitrate. Included in
masses of radiating aggregates are disseminated tabular
hexagonal er V\ldl\ of a light greenish colour, up to 1
inch across. These crystals hd\'e a perfect basal cleavage,
and resemble in physical characteristics the radiating white
brucite described. Although somewhat resembling mica
in appearance these crystals are of brucite, the mineral
thus occurring in two distinet forms.

The brucite is partly converted to hydromagnesite.

Associated with the brucite are granular aggregates of
magnetite, slight stains of p\ruluq;te and of limonite, a
little opal, and veinlets filled with a brown to black mineral
resembling opal in appearance, but apparently consisting of
a silicate of magnesium similar to those described below.
In some speciméns stains of apple-green garnierite are
noticeable.

Several specimens were obtained on the dump-heap at
the mouth of the No. 1 Adit of the Nickel Mine, and others
at the No. 3 Adit, of a mineral which is pranbl} a form of
brucite which has not been cxposed to weathering agencies
to the same extent as the white variety described above.
The radiating habit of the mineral is similar to that of the
white brucite described, and the association in one speci-
men of greenish hexagonal tabular plates with the
radiating agwreuate- is suggestive. The colour is greenish-
grey, -utreal\ white, hardness 3, specific gra\'{t}* 2:48.
Although not very hard, the mineral is tough. Before
the hluwplpe it is very slightly fusible on thinnest edges:
heated with cobalt nitrate the colour is pink: it yields
water in closed tube. Although it does not exactly cor-
respond in some particulars with the mineral described in
text-books, it appears to be brucite, and the white variety
deseribed above has been bleached by weathering agencies;.
The green brucite from the No. | ;\e{il s ;lr—st)(‘i&li;‘(l with
arragonite (which has crystallised later), and that from the
No. 3 Adit with caleite (also a later formed mineral) and
aggregates of magnetite.
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Brucite is also present in the serpentine, as disclosed
by the microscopical examination of thin sections of the
rock : these are described below.

Opal.—Veins of opaline silica are noticeable in a few
localities: one oecurrence of this mnineral is described in
some detail elsewhere,(**) as in this locality the silica
cements fragments of rock on the surface. Little need
be said at this stage concerning the occurrence.

Chalcedony.—Chalcedonic veins in the serpentine are
not uncommon, and these are believed by the writer to be
due to the extrusion of siliceous solutions during the final
stages of consolidation of the basic magma: this question
has been discussed elsewhere.(*")

Deweylite.—Under this heading will be described second-
ary minerals which occur fairly abundantly in the serpen-
tine exposed in the workings of the Nickel Reward Mine
overlooking Trial Harbour. They were noticed in varying
quantities in Nos. 1, 2, and 3 Adits, but most abundantly
in the No. 1 adit. :

Further investigation is necessary before the minerals can
be positively named. There are two varieties which have
certain features in common, but which may, upon a more
minute examination, prove to be distinet minerals, although
preliminary tests indicate that the colour is the main dis-
tinction, one (the more common) being green and the other
brown. The writer believes they are varieties of deweylite
(hydrous basic silicate of magnesium).

Deweylite (Green).—This green mineral occurs in veins
in the serpentine in such a way as to indicate that it is cer-
tainly a secondary mineral. The veins sometimes attain a
width of one-half inch, though they are usually narrower.
The width may vary from point to point. In some places
several veins of approximately parallel strike may approach
each other, forming a vein-like mass 5 or 6 inches in width.
In such cases the interstitial spaces between individual vein-
lets of the green mineral are filled with crystalline arrago-
nite. Arragonite is a very common associate of the mineral,
and is a later-formed mineral, transparent prismatic crys-
tals, usually radiating from a centre, frequently occupying
cracks. Dendritic inarkings of black manganese minerals
are also frequently noticed, extending outwards from cracks
in the earlier-formed mineral. Veins are not simple, but
branching forms are sometimes noticed, with included
masses of serpentine. In one specimen collected the green

(B Vide infra, p. Y10 (™) Vide infra, p. 57.
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mineral occurs in rather irregular blebs and aggregates
through the serpentine, and not in definite veins. It is
replacing the serpentine in this specimen. As described
elsewhere (*°), the mineral is much stained with garnierite
in the No. 1 Adit of the Nickel Mine, and it appears to be
almost invariably present in the pentlandite-bearing ser-
pentine; in addition, occasional fragments of pentlandite
are noticed included in it. These facts suggest a possible
connection between these veins and the nickel ore, but, as
noted elsewhere, the writer is of opinion that the connection
is rather accidental than essential, and that there is in fact
no genetic connection between them. The colour of the
mineral varies slightly through shades of pale-green and
greenish-grey. It is amorphous and brittle, and has a wax-
like lustre; hardness about 3 to 3'5; streak white. The
gpecific gravity is 2'44. Before the blowpipe it decrepitates,
and is only very slightly fusible on thinnest edges, when it
changes colour to a dirty-brown. This colour rather masks
the colour resulting from an intense heating with cobalt
nitrate, but this colouration is a dirty-pink. When pow-
dered and heated in a closed tube, water is given off. Acids
have little effect, there being a slight action (perhaps due
to impurities), with hot hydrochloric acid. A quantitative
analysis could not be undertaken on account of lack of
apparatus, but some of the mineral was selected as carefully
as possible, and a qualitative analysis made by the writer
to determine the elements present. These were found to be
silica, magnesium, iron, aluminium, and traces of man-
ganese and nickel ; no caleium was present. The manganese
and nickel are evidently impurities, and iron and aluminium
are present in comparatively small quantities, suggesting
that they may be impurities or replacing elements. Appar-
ently the mineral is essentially a hydrous silicate of mag-
nesium. Although it does not correspond in all particulars
with the usual forms of that mineral, it appears to be a
variety of deweylite.

Deweylite (Brown).—A brown mineral which occurs
under similar conditions to the green deweylite described
above, may be a variety of the same mineral. Veinlets
occur in close association with those of the green mineral,
which are sometimes so dark as to be almost black in colour.
The two varieties alternate in some specimens. On the
dump at the mouth of No. 3 Adit of the Nickel Mine, itself
inaccessible, some specimens were obtained which show this
mineral very abundantly. Tt occurs with calcite in veins in

(®) Vide infra, p. 417.
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the serpentine. The two minerals are closely associated,
although the calcite appears to be a later-formed mineral,
the veins being between 3 and 4 inches in width. The min-
eral varies in colour from pale-green through shades of
brown to almost black. Some of the dark amber-coloured
varieties are translucent; it was this variety which was
selected for the qualitative analysis described below. The
mineral has a dull to wax-like lustre, although some frag-
ments are more typically resinous. The physical characters
correspond closely with those described above for the green
mineral. There is a magnesium reaction before the blow-
pipe, and the powdered mineral yields abundant water in
closed tube. Unfortunately a quantitative analysis of the
mineral was not possible with the apparatus available, but
the writer made a careful qualitative analysis of the min-
eral, which showed the presence of abundant silica and mag-
nesium, with small amounts of iron, aluminium, and man-
ganese, and a trace of caleium ; nickel was absent. Although
the mineral was separated from calcite as well as possible by
mechanical means, the trace of lime found is almost certainly
due to an impurity in the shape of calcite. It is question-
able whether the iron, aluminium, and manganese are not
also present either as impurities or as replacing elements,
and whether the mineral is not essentially a hydrous sili-
cate of magnesium. Pending further investigation, the
mineral may be regarded as deweylite, a hydrous basic sili-
cate of magnesium. TIn the writer’s opinion there is no
essential difference between this mineral and the green min-
eral previously deseribed.

Pyrolusite.—Manganese dioxide is not abundant, and
does not call for detailed description. It occurs in small
quantities as an encrusting deposit in open fissures, and
forming dendritic markings on the earlier-formed minerals.

Limonite.—Limonite is abundant on the surface of the
serpentine, derived from the decomposition of the ferri-
ferous minerals. It is described elsewhere as a secondary
iron ore.(*®) Tt is also present in small amount in the ser-
pentine exposed in the workings at the Nickel Reward
Mine, where it is derived from the oxidation of pyritic
minerals.

Selenite.—This mineral is not abundant, but it does
occur in the serpentine. - Although not observed in situ,
crystal plates of transparent selenite about 1 inch across
and one-eighth inch in thickness were found on the dump

(%) Vide infra, p-p- 215-217.
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at the mouth of the No. 1 Adit of the Nickel Mine.
Apparently it occurs as a vein in the serpentine. '%'he
sulphur necessary for the formation of the mineral has
probably been derived from the decomposition of the
pyritic minerals.

C hrysotile.—Fibrous serpentine, vhrysot,ilg (frequently
called asbestos), is not common in the serpentine area. At
several points near Trial Harbour narrow veins of the min-
eral were observed, not more than one-half inch in width.
Sometimes veinlets were noticed traversing the serpentine,
when examining thin sections under the microscope, which
were invisible to the naked eye. The mineral is of no eco-
nomic value in this area.

Garnierite.—The silicate of nickel and magnesium is
developed at two localities, but as an ore of nickel it is
described elsewhere.(*")

Tt is not easy to trace with any degree of accuracy the
boundaries of this serpentine mass. Over the greater part
of the area is a thick cover of vegetation, low scrub and
button-grass to the west, and very thick scrub along the
eastern extension, so thick as to be quite impenetrable in
most places. Several attempts were made to break through
in this vicinity, without success. At Trial Harbour itself
the beach sand covers the outerop ; on the southern side of
the harbour the long jutting reef, which is bare only at
low tide, is composed of serpentine, which is here brown in
colour, and, as one would expect, very soft. g

To the north-west, along the coast towards the granite
contact, the rocks are so highly metamorphosed that the
junction of the original sedimentaries is difficult to deter-
mine. The characters of these rocks are referred to else-
where.(2®) To the south-east the serpentine is bounded by
sedimentaries, and this also is the case on the east.

From a few chains south of the granite-slate contact, and
just north of Trial Harbour, the serpentine contact runs eas
for about a mile, then bends south for less than hglf a mile,
and west again to the ocean, the approximate width along
the coast being three-quarters of a mile. At several points
it extends to within a few chains of the granite, but at no
point was an actual contact observed.

The serpentine mass does ngt appear to be connected on
the surface with the area of gabbro-amphibolite further to
the north-east. The country between the two areas 1s prac-
tically inaccessible, being rough and covered with dense

) Vide infra, p.p. 209, 214, 215. (®) Vide infra, pp. 114-117.
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scrub. By two different routes, however, the writer reached

the Little Henty River from the Trial Harbour Road, and,

although no outerops were visible for some distance, nothing
was seen to indicate the presence of a continuous belt of
igneous rock.

To the south-east is a development of lime silicate rocks,
referred to elsewhere in this report.(2*)

Up to the present a mineral deposit of possible economic
value has been discovered at one locality in the serpentine.
Nickel ore has been located, and some work done, in the
vicinity of Trial Harbour; this is described elsewhere.(*?)
Magnetite is present throughout the mass, but not in suf-
ficient quantity to be of economic value. Secondary iron
ores also occur, and some work has been done on the‘m.("")
but they are of no value. Some of the effects of weathering
are described in another part of this report. The weather-
ing has been responsible for the setting free df certain com-
pounds which have been carried in solution to form new
compounds. Thus, secondary iron ores have been formed
on the surface from the iron set free, and iron, lime, and
silica have assisted in the cementing of unconsolidated sedi-
ments.

Little information with regard to the true nature of the
serpentine and its mode of origin can be learned from an
examination of hand-specimens. No crystalline structure is
noticeable, and the original igneous rock seems to have
altered completely. With the aid of the microscope, how-
ever, some important information is gleaned, and the mode
of origin of the rock becomes clear. Where it is first met
#n situ on the coast to the north of Trial Harbour, in con-
tact with a light-coloured lime-silicate hornstone described
elsewhere (**) (i.e., at its furthest extension north along
the coast), the rock is dark bluish-black in colour on freshly
broken faces, and black on weathered surfaces. The weight
of the rock is at once noticeable, and an examination shows
that it carries abundant magnetite in streaks and segrega-
tions through the rockmass. The rock strongly affects the
magnetic needle, and fragments carry so much magnetite
that they are themselves magnetic.

In thin section but two minerals are seen to be present—
serpentine and magnetite. The serpentine, however, is not
massive, but throughout the slide shows the forms of more
or less rounded grains separated by serpentine-filled vein-
lets producing what is known as ‘‘ mesh structure.”” Many

(®) Vide infra, p. 127. () Vide imfra, pp. 185-188, 415-42i.
(*) Vide infra, p. 216, (*™) Vide infra, pp. 125-126,
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of the rounded grains are surrounded, or partially sur-
rounded, by masses of finely granular magnetite. In some
instances the forms of crystals resembling olivine are brought
into relief by these magnetite rims. Magnetite is also
present in irregular aggregates an.l in the form of irregular
streaks. Beyond the form of crystal grains suggested by the
magnetite and by the structure of the serpentine, there is
nothing to show definitely the nature of the primary igneous
rock.

Included in this serpentine are apparent lenses of a
rock quite distinct in appearance, being yellowish on
weathered surfaces, and greenish-yellow on freshly-broken
faces. This rock proves to be a lime-silicate hornstone, com-
posed essentially of diopside and magnetite. It is described
in detail elsewhere.(*®) Occurrences of a similar rock occur
at different points in the vicinity.

Near its northern extremity, as exposed on the coast, th'e
serpentine has been described as enclosing masses of this
yellow diopside rock. What appears to be a well-defined
band of sedimentary rocks 3 feet wide is noticeable in these
rocks, striking a little north of west. An examination of
freshly-broken specimens of this rock shows that it is an
intensely altered sedimentary, with peculiar reddish and
greenis}; bands. Garnet, biotite, and actinolite are recog-
nisable in the groundmass, but the rock was not examined
microscopically. : '

Southwards very dark-coloured serpentine continues,
carrying very abundant magnetite. In many places the
amount of serpentine present in the rock is subordinate to
the magnetite. Greenish flakes of phlogopite mica up to
1 inch in diameter oceur with masses of magnetite, which
frequently stand out in relief from the weathered rock sur-
faces. The magnetite is frequently crystallised, the dodeca-
hedron being the form usually developed. Crystals occur
up to one-quarter inch across. This magnetite-serpentine
gradually merges into the more normal variety of grey-blue
serpentine, which is a deeper bluish tint below the weathered
erust. The rock is still traversed by veinlets of magnetite,
which stand out in relief, and as the softer rock weathers
sway give the rock surface a peculiar appearance. The rock
Bere is cut through in places by veinlets of chalcedonic and
opaline silica, which also sometimes stand out in relief.
Oecurring in geodes, the silica sometimes takes botryoidal
forms. Nodular masses of magnetite with phlogopite are
still to be seen, cut through by veins of chalcedony. The

(®) Tide infra, pp. 125-126,
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magnetite here sometimes occurs in long radiating fibres,
which form masses up to about 12 inches in diameter. The
radiating magnetite is not only highly magnetic, but alsc
polar. Fibres which form the radiating aggregates are
sometimes several inches in length, aggregates crossing and
recrossing at various angles. Granular magnetite is also
present, phlogopite is common, and irregular veinlets filled
with clear radiating crystals of arragonite are common.
Masses of a white kaolinised mineral frequently occur with
magnetite, sometimes forming interstitial material between
the fibres.

The serpentine here appears normal. It is a dense rock
of a very dark-bluish colour, almost black in places, and
very soft, showing a white streak. Near the surface the
weathered crust is sometimes light-brown.

A thin section of this serpentine was examined micro-
scopically, and gave some interesting information. In
ordinary light the serpentine is of a light-greenish colour;
studded throughout the groundmass are abundant more or
less rounded grains of olivine. A small quantity of fine
magnetite and idiomorphic octahedral crystals of the same
mineral are present. The fine magnetite sometimes occurs
in irregular veinlets traversing the rock; several of these
veinlets, in addition to carrying magnetite, contain
fibrous chrysotile, the fibres being at right angles to the
walls of the fissures. A small quantity of pyrrhotite is
sporadically distributed through the rock. A close examin-
ation of the structure of the serpentine shows that most of
the olivine grains are surrounded by patches of serpentine,
which are either slightly more transparent than the imme-
diately surrounding material, or differ from it sufficiently
to indicate definite crystal forms. In other words, the
olivine grains still unaltered are but kernels of original
grains whose periphery has been changed to serpentine.
Examination between crossed nicols shows that frequently
several adjacent grains extinguish simultaneously, and from
their relation to each other it is quite clear that many of the
groups of grains represent original olivine crystals which
have suffered serpentinisation along cracks; in fact, some of
the larger grains are actually traversed by cracks, showing
incipient serpentinisation. As a result of this action, mesh-
structure is developed. No indication is given by the section
of the presence of any other mineral than olivine (excepting
the pyrrhotite and part of the magnetite) in the original
igneous rock; the latter therefore appears to have been
an ultra-basic rock, peridotite.

5l

Continuing the coastal section southwards towards
Trial Harbour, the serpentine for a few chains does
not vary essentially. Nodules of radiating magnetite
still occur at intervals, and in places a few irregular
veins up to 3 inches in width, containing fibrous chryso-
tile with phlogopite and magnetite. The chrysotile is
readily divisible into extremely fine silky fibres, but no veins
carrying fibres of any length were seen. Nodular masses
also occur containing tale in addition to the other minerals.

This belt of what may be regarded as fairly normal ser-
pentine is succeeded by a well-defined belt of rock, appar-
ently consisting of an intersecting network of vein-like
masses of a very dense black rock in a groundmass of a
light-yellowish rock. Close examination shows that the
black” masses are composed of dark serpentine, thickly
impregnated with granular magnetite, which forms the bulk
of the rock. Occasional veinlets of fibrous chrysotile cut
through the rock. The lighter-coloured rock proves to be
granular yellow diopside rock. A description is given below
of the microscopic structure of this rock.(**) It contains
abundant magnetite, and occasional inclusions of a dense
black rock, apparently the black serpentine described above.
The rock varies in colour from greenish-yellow, the tvpical
colour, to greenish-grey.

These rocks mark the junction with a belt of highly meta-
morphosed sedimentaries again. The rocks are extremely
hard and flinty, of a general dark-blue colour, and contain
aggregates of crystals of greenish-black pyroxene or amphi-
bole, and also aggregates of, and irregular fissures filled
with, white tremolite. Occasional irregular light-coloured
siliceous patches occur in these rocks, with included magne-
tite. There are also apparently intrusive masses of black
serpentine with very abundant magnetite. The rocks were
not examined microscopically, but certainly have the
appearance of being highly altered slates. They are banded,
and these bands strike about north-west.

Shingle and talus cover the outcrop for a few yards, but
the rocks deseribed appear to merge into a series of highly
contorted schistose rocks, which are very siliceous, and
contain a little fine disseminated pyrite. The rocks are
apparently schistoss quartzites. They continue for several
chains along the coast, past the mouth of Montagu Creek,
and are very schistose in places. Here and there are large
angular boulders of a striking white rock, and the same rock
appears to be in situ at the base of the ecliffs a little north of

() Vide infra, p. 125-126,
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Montagu Creek. The rock is quite white near the surface,
but is not homogeneous. The groundmass of the rock is a
finely granular white mass, with fairly abundant octa-
hedral ('l‘ysta]s and grains of magnetite. This groundmass
is intersected in all directions by veins of white silica.
Occasionally small geodes are to be seen lined with minute
transparent crystals of quartz, but more usually such linings
are of botryoidal silica which has taken the chalcedonic
form ; the vein-fillings are usually chalcedonic. The micro-
scopical examination of a thin section gives some further
interesting information concerning the original nature of
the rock, and the alteration it has undergone. The general
structure of a large portion of the groundmass closely
resembles that of the normal serpentine described above.(*®)
Crystal forms resembling olivine, sometimes divided into
meshes by fine cracks, stand out clearly. Many of these
crystal forms are partly or wholly surrounded by a very
narrow rim of finely-divided magnetite. This mineral also
occurs in sporadic octahedral crystals. While the general
structure of the slide is so suggestive of the structure of
serpentine when viewed in ordinary light, between crossed
nicols, it is seen that (with the exception of the magnetite)
the rock is completely replaced by silica. In the ground-
mass the silica takes the form of opal, which shows minute
dark crosses whose arms do not rotate with the rotation of
the stage. From this opaline groundmass the forms of the
olivine crystals stand out clearly ; these, too, are replaced by
opal, but the structure of the material is in some almost
indefinable way different. It appears to be of finer texture.
The apparent cracks in some of these crystals are traversed
by opal similar to that forming the groundmass of the slide.
The slide itself is traversed by veinlets which are filled
partly with opal, partly with chalcedony. There can be
little doubt that the rock is an opaline serpentine ; it would
appear that the original peridotite has first suffered serpen-
tinisation, and that subsequently the serpentine has been
replaced by silica.

The schistose rocks referred to above are followed near
the end of the Trial Harbour Road, a few chains above the
site of the old township, by very dense blue rocks, extremely
hard, and showing disseminated pyrite; these rocks also are
metamorphie slates. Their southern extension is a band
of weathered greenish-brown rock, which may be a decom-
posed diopside rock, ‘as the greenish diopside rock with
magnetite, similar to that occurring further north and

(®) Vide supra, p. 5.
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described above, makes its appearance again at the northern
end of the old township site, near the foot of the road.

As the road is on a fairly steep grade up the hillside,
side cuttings for the road have been necessary for some dis-
tance, affording fine sections of the rocks at the surface. A
close examination of these rocks reveals a similar succession
to that on the beach. At the base of the cliffs and near the
bottom of the road is a soft yellow to brown rock, apparently
a thoroughly decomposed serpentine: the rock shows a little
magnetite in scattered grains and streaks. This merges into
undoubted serpentine, greenish when partly weathered, dark
greenish-blue when fresh. For several chains a red iron-
stained soil covers the surface, but it is probable that ser-
pentine exists below, as the sueceeding rocks are of very
dark-coloured (almost black) serpentine, with very abundant
magnetite; the latter mineral sometimes occupies the bulk
of the rock. In places patches of the serpentine are lighter-
coloured, being yellowish, but are always streaked with
magnetite. On the whole, this dense magnetite-serpentine
corresponds closely with that already described on the coast
below.

The serpentine is succeeded by an exposure for about 5
chains of metamorphosed blue slates and reddish quartazites,
much hardened and altered.

The road here takes a bend about north-east, and at this
bend is some massive magnetite, in decomposed rocks,
apparently diopside rocks. The magnetite occurs both gran-
ular and radiating: the granular variety is usually of
medium texture, while in the radiating magnetite the fibres
are fine, and sometimes several inches in length. The
radial aggregates tend to form flat lamina: in some cases
the structure is typically plumose. Granular magnetite is
usually scattéered through the radiating masses.

The magnetite occurs in lenses, the width varying up to
about 12 inches. Greenish stains, apparently due to a trace
of nickel, are visible on some specimens. Magnetite is not
sufficiently abundant to be of economic value.

For the following 6 chains along the road, the cutting
exposes yellowish-green diopside rocks described in detail
elsewhere.(**) Although they vary a little from point to
point, the essential features of these rocks are similar to
those oceurring near the northern extension of the serpentine
along the coast. p g

These rocks are apparently in contact with sedimentaries,
which are exposed on the roadside near the falls on Ser-

(™) Vide infra, p. 126.
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pentine Creek. The rocks are extremely hard and flinty,
pf a general light-greenish to reddish colour. They are
intensely altered, and continue to the granite contact, which
here approaches within a few chains. Abundant pink gar-
net is developed in these contact rocks, sometimes in irreg-
ular veins. Diopside and actinolite aggregates are also
noticeable. Serpentine is not exposed in the road further
north.

Returning to the site of the old township of Remine, at
the northern end of the town site, at the foot of the road,
the greenish-yellow diopside rocks give place to serpentine,
which is exposed on the shore. The rock is light greenish-
grey on weathered surfaces, and very dark blue, almost
black, in fresh specimens. The rock is soft, as usual, but
beyond magnetite in streaks and veinlets through the rock,
no cpnsfiruente; of the serpentine can be determined in hand
specimens.

Serpentine forms the bedrock at Trial Harbour itself.
Adjoining the diopside rocks at the foot of the road, it is
cut through by numerous chalcedonic veins. The long reef
on the south side is exposed at low tide, and is seen to be
composed of the same rock. As is to be expected with a
rock in such a position, the serpentine is a good deal soft-
ened : the freshest specimens obtainable are light-brown in
colour, and are intersected by numerous veinlets filled with
arragonite, frequently in radiating aggregates of minute,
needle-like prisms. The serpentine is exposed along the
coast southwards for about three-quarters of a mile, where
it junctions with altered sedimentary rocks : the latter con-
tinue to the southern limit of the area examined, the mouth
of the Little Henty River. These rocks are described else-
where.

Inland, the serpentine where exposed is normally a dark
blue-grey rock, when fresh, with no distinguishable con-
stituent minerals maecroscopically except magnetite, and
corresponding with the rocks already described from the
coast.

A specimen of serpentine eollected from the upper (No. 1)
adit of the Nickel Mine on the hill overlooking Trial
Harbour, appears dark bluish-green in hand speriuien and
shows darker patches of magnetite at intervals through the
rock. In thin section the rock is pale-green by transmitted
licht, and is seen to contain very abundant magnetite;
part of this is evidently primary, as it shows idioinorphic
outlines, but a good deal is secondary. In the thoroughly
serpentinised groundmass are residual grains of olivine

5

quite similar to those occurring i a slide previously
described(*”) from the beach north of Trial Harbour.
Occurring rather abundantly through the slide, in clear
erystal plates distinctly moulded on olivine crystals, and in
foliated masses, is the mineral brucite. Associated with
the brucite is a little colourless hydromagnesite ; this rock
also appears to represent a serpentinised peridotite.

One other section of serpentine was examined miecro-
scopically, and the examination confirmed the observations
previously made. This section was prepared from a speci-
men collected from the Serpentine Creek near the head of
the falls in the vicinity of Trial Harbour. The rock is grey
on weathered surfaces, but a dark blue-grey colour on
freshly broken surfaces. It is seen to be traversed by
abundant minute veinlets of magnetite. No further infor-
mation as to the structure of the rock can be obtained
from a macroscopic examination. Microscopically it 1is
seen that olivine fragments are abundant right throughout
the slide in a thoroughly serpentinised groundmass. Mag-
netite is very abundant in veinlets, irregular aggregates
and thread-like veinlets surrounding and forming the
skeleton crystals of the partially serpentinised olivine erys
tals. No other minerals are present, and, excepting n
minor details (as, for instance, the amount of magnetite
present), the rock is quite similar to those described from
other parts of the area, and is to be regarded as a serpen-
tinised peridotite.

In places the serpentine from this locality is traversed
by chaleedonic veins striking north-west: the rock itself is
frequently much decomposed, and is usually covered by a
crust of limonite. The serpentine here appears to merge
into a vellowish-green diopside rock with magnetite, which
is very hard : this rock occurs in situ at the head of the Ser-
pentine Creek Falls, and probably accounts largely for the
formation of these falls.

Towards the eastern extremity of the serpentine, on
the high ground forming the Little Henty divide, but on
the slope towards that river, is fairly thick scrub concealing
manyv details of the rocks below. Between the serpentine
and slates there is at several points a development of lime-
silicate rocks. At one point on the borders of the serpentine
is an occurrence worthy of note: the rock outcrops on the
summit of the divide, but its extent could not be deter-
mined. It is pure white in colour, and consequently

(™) Vide supra, p. 50.
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the detrital material lying on the surface can be
traced to its source with comparative ease. The rock is
rather cellular at the surface, owing to the effects of wea-
thering, but is thoroughly silicified : in texture it is granu-
lar, and it carries fairly abundant crystals of magnetite.
Cutting through this rock are abundant veins of chalcedony
and sometimes quartz. Clear prismatic quartz crystals of
small size are sometimes noticed lining small geodes. At
intervals the rock is seen to be encrusted with amorphous
emerald-green garnierite (hydrous silicate of nickel and
magnesium) : a more detailed deseription of this mineral is
given elsewhere.(**) The rock is identical in essentials with
that described(*") from the beach north of Trial Harbour,
and is opaline serpentine. Normal serpentine appears a
few chains to the north-west.

Summary.—It appears advisable to summarise the fore-
going description of the serpentine area, and the rocks
closely associated with it.

The bulk of the rock classed as serpentine is really a ser-
pentinised peridotite, the unaltered grains of fresh olivine
occurring throughout the rocks, with the characteristie
structure of the serpentine and secondary magnetite, giving
a clear indication as to the nature of the primary igneous
rock. Since its formation, secondary lime and 'magnesia
minerals have been developed in the-sarpentine. Part of
the serpentine has been completely silicified since its deriva-
tion from the peridotite. The significance of this observa-
tion is important as throwing light on the cause of the ser-
pentinisation of the peridotite. The structure of the silici-
fied rock makes it clear that it is the secondary serpentine,
and not the primary peridotite, which has been replaced.
Since the chalcedonic and opaline silica is apparently
derived from hot solutions traversing fissures in the rock-
mass, it is clear that the original olivine must have been
hydrated (serpentinised). at least in part, before the intro-
duction of the silica. The source of the silica must be con-
nected with (¢) the weathering of the crust of the rocks
freeing silica from the decomposed rock-forming minerals,
which has been introduced in solution into the still unde-
composed rock below, (%) the intrusion of the acid rocks,
or (¢) the intrusion of the basic rocks themselves.

(a) The introduction by descending solutions of silica
freed in the process of weathering does not appear likely.
A cementing action has taken place in another part of the

®) Vide infra, v. 214. (®) Vide supra, p. 52,
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area, by silica freed in this way,(*?) but the effect is merely
local, and does not appreciably affect the rock more than
a few inches below the surface. In that locality there are
no veins apparent, and the silica has taken the form of
opal, no chalcedony being seen: also, although at the sur-
face the rock is to some extent impregnated, no complete
replacement has taken place.

() It is possible that the silica-bearing solutions may
have been derived from the acid magma which gave rise to
the granite, during its final stages of consolidation. The
chalcedony-filled fissures cannot be traced beyond the ser-
pentine into the sedimentaries which exist between the
serpentine and the granite: at one point at the serpentine
contact the sedimentaries are silicified.(*!') Where siliceous
veins do occur in this zone, they are of quartz, and not of
chalcedony. No minerals are present to indicate granitic
affinities.

(¢) It appears to the writer most probable that the solu-
tions have been derived from the magma which gave rise
to the basic rocks, being expelled from the cooling mass
during the final stages of consolidation, and traversing fis-
sures caused by contraction of the cooled crust. The pre-
sence of scattered idiomorphic crystals of magnetite, and of
nickel stains (garnierite) in chalcedonic veins from towards
the eastern extension of the serpentine belt, certainly indic-
ates affinities with the basic rather than the acid magma.

It seems clear that the silicification is due to magmatic
waters. If these waters were derived, as suggested, from
the basic magma, the serpentinisation of the rock-mass
must obviously have been caused by magmatic waters,
during the latest stages of the consolidation of the magma,
but before the final consolidation, which was marked by the
extrusion of siliceous solutions. Thus the serpentinisation
of the peridotite is not a weathering effect.

A precisely similar conclusion was arrived at by Mr. W.
H. Twelvetrees for the Bald Hill serpentine, where veins
of chalcedony and opaline silica also occur. After discussing
the auestion of serpentinisation Mr. Twelvetrees(**) states:
“ There are good reasons for supposing serpentinisation to
be a deep-seated thermal process. On this hypothesis, the
Bald Hill serpentine is a product of the after-action of the
gabbro-peridotite consolidations; and the opalisation and
chaleedonisation of the rock may be attributed to the same
cause, but later than the serpentinising process.’”

(*) Vide infra, p. 110. (") Vide infra, p 112,
(*¥) Geol, Surv. Tas. Bulletin 17, p. 8.
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Mr. L. K. Ward also concluded(**) that serpentinisation
of the basic rocks was not due to the action of surface
waters, attributing it (on evidence supplied by the alteration
of a mica-gabbro dyke in the summit cutting on the Com-
stock Tramway) ** to the influence of the magmatic emana-
tions given off from the whole surface of the cooling acidic
magma of later date.”

Relationships of the Basic Rocks.—A description has been
given above of the basic rocks, but it remains to briefly dis-
cuss the relation of the gabbro-amphibolite to the serpen-
tine.

As described above, the rocks on the surface occupy dis-
tinct areas, the former south-west of the Comstock, the lat-
ter near Trial Harbour. The country between the two areas
is mostly heavily timbered, and carries abundant thick serub
and undergrowth, rendering a detailed examination of the
area impossible, but at one point at least (in the Burnt
Bridge Creek) gabbro-amphibolite outcrops. Most of this
area is occupied by sedimentary rocks—slates and sand-
stones of Pre-Silurian age. There is no surface connection
between the two rock: types.

Tt is unfortunate that analyses of the rocks are not avail-
able for comparison, but in their absence the microscope has
been requisitioned to disclose the mineralogical composition
of the rocks. The results of the microscopical examination
of thin sections have been recorded elsewhere. It appears
that the gabbro-amphibolite has been originally pyroxene-
bearing, the pyroxene having been converted to amphibole
probably as a result of the pressure exerted by the some-
what later granitic intrusion. The rock carries fairly
abundant felspar, and represents an altered basic rock—a
gabbro. The serpentine, on the other hand, shows abundant
olivine remnants, but no felspar, and represents an altered
ultra-basic rock—a peridotite.

The presence of an outerop of gabbro at one intermediate
point implies connection with an underlying reservoir of
basic rock. There can be little doubt of the connection of
the two rock-masses at a depth. The difference noted in the
exact rock type is not surprising, and can be explained by
the phenomena of differentiation. That such an assumption
is justified is shown by the occurrences of basic rocks else-
where in the State.

At North Dundas (**) similar rocks to those described are
developed, and the structure is in general similar.

(%) « The Origin of Certain Contact Rocks with a High Content of Lime
and Magnesia:” Proc. Secton C, A.A.A.8. Vol XIIL, p. 186.

() Vide Geol. Surv. Tas, Bulletin 6, pp. 18-24.
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In the Wilson River district (*°) a large area of basic and
ultra-basic rocks is exposed, the latter rocks forming the
marginal development of the mass, formed by magmatic
differentiation. e

In the vicinity of the Bald Hill similar rocks are known
to occur again, and from the description given of them (%)
it would appear that here also differentiation accounts for
the different rock types.

In the South Heemskirk district it appears that a huge
mass of basic magma was intruded in Devonian time into
a thick series of overlying sedimentary rocks. The magma
rose to different. heights, and while still deep below the sur-
fs:i.ce, and at a very high temperature, magmatic differentia-
tion caused a partial separation into sub-magmas, one more
basic than the other, and tending to form towards the mar-
gin of the intrusive mass. As the magma cooled and finally
solidified the resulting rocks differed from each other in their
extreme variations, from a basic (gabbro) to an ultra-basic
(peridotite), but gradually merged into each other.

The portion of the rock which would represent an inter-
mediate type between those described is that which did not
originally rise to the same elevation as some other portions
of the magma, and which, in consequence, has not yet been
exposed by the removal of the overlying sedimentary rocks,
i.e., it would be portion of the rock-mass which forms the
base on which the slates between Trial Harbour and the
Comstock rest.

The occurrence of serpentine (*7) to the north of the gab-
bro-amphibolite described indicates that the marginal
development of ultra-basic rocks may be more complete
than has been suspected. >

Age of the Basic Rocks.—There is little direct evidence
in the district to fix the age of the basic intrusives. The
rocks are intrusive into Pre-Silurian sedimentary rocks, and
are consequently younger than these sediments.

In another part of this report (**) the relation of basic
to acid igneous rocks is discussed, and the opinion expressed
that the two are of approximately the same age, being both
derived from the one magma. The evidence available to
fix the age of the granite is rather more abundant than is
the ca.e with the basic rocks, and in view of this evi-
dence (**) the age of the granite is assumed to be Devonian.

(¥, Vide Geol. Sur.. Tas. Bulletin 1., pp. 18-24,
() Vide Geol. Surv, Tas. Bulletin 17, pp. 5-8.
(*) Vide Geol. S8urv. Tas. Bulletin &, p. 21,

(") Vede infra, pp. 97 -100,

() Vide infra, p. 95.
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Thus the basic rocks also are believed to be of Devonian
age, as both groups belong to the one period of igneous
activity.

If the rocks are to be correlated with the basic rocks
occurring in other districts in close association with gran-
ite—and there is good reason to believe that such a correla-
tion is justified—the Devonian age attributed to them coin-
cides with the opinions expressed for the other rocks by
different writers in the Geological Survey publications.

Mode of Origin of the Basic Rocks.—There can be little
doubt but that the different exposures of basic igneous rock
in the district are to be correlated with each other, in spite
of the differences in their mineralogical composition in dif-
ferent localities. The gabbro-amphibolite at the Comstock,
that near McIvor’s east of Mt. Agnew, and the small outerop
of a similar rock further to the south-west in the bed of the
Burnt Bridge Creek, have many features in common, and
probably all are surface outcrops of a single igneous mass.
The Trial Harbour serpentine probably differs little in com-
position from the gabbro-amphibolite, and its occurrence
suggests that it, too, belongs to the same period of intru-
sion. Reasons are given elsewhere for the opinion expressed
that the intrusions occurred in Devonian time.

Unfortunately no analyses of these rocks are available.
From the descriptions given of the mineralogical constitu-
tion and structure of the rocks as determined by micro-
scopical examinations of thin sections, it is clear that the
rocks in their present state are not primary igneous rocks ;
they have undergone a good deal of alteration, and in fact
it would appear that they are really reconstituted rocks.

They occur in a district where the prevailing country
rocks are much metamorphosed, and have undergone intense
crushing, accompanied by folding. It seems clear, however,
that these rocks had already undergone intense alteration
before the intrusion of the basic rocks. No marked schist-
ose structure is anywhere to be seen in the basic rocks, and
at several points the igneous rock occurs in dyke-like intru-
sions in the old sedimentaries, these dykes or tongues con-
forming with the strike of the slates, having apparently
been forced into the bedding-planes of the series. A certain
schistose structure would certainly have been developed in
the rocks had they been subjected to the same intense
regional metamorphism which has so powerfully affected the
surrounding sedimentary rocks.

The relationship of the igneous rocks is discussed else-
where, and the opinion expressed that, although the acid
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and basic rocks are very nearly of the same age, and derived
from the same magma, the acid rocks are slightly later than
the basic ones.

It has been shown that there is a variation at different
points in the basic rock, but that these variations are only
of minor importance, the rock retaining its general charac-
teristics over a considerable area. The serpentine area is
distinct from that of the gabbro-amphibolite, and the fact
that it has altered to serpentine is probably due to the fact
that this particular area consisted of more basic rocks richer
in olivine than the northern areas. The hydration of olivine
would result in the formation of serpentine.

In the North Dundas district is a considerable develop-
ment of basic rocks which have been described by Mr. L.
K. Ward (*") as gabbros and norites (with gabbro-amphi-
bolites and saussurite-norites as modifications), and pyr-
oxenites and peridotites (with serpentine as a modification).
In accounting for the conversion of the gabbro to gabbro-
amphibolite in this district, Mr. Ward says (°*): ‘‘ Certain
modifications of the gabbroid varieties have been effected by
the conversion of the pyroxene into amphibole, but this
alteration has nothing to do with the processes of differ-
entiation. It is commonly effected by dynamic meta-
morphism, but in the present case there has been very little,
if any, actual crustal deformation. In seeking for the cause
of the transformation of the pyroxene to hornblende, the
writer has come to the conclusion that the stresses have
their origin within the rock-mass itself. Tt seems, there-
fore, that the explanation may possibly be found in the pro-
cesses of alteration which have gradually converted con-
siderable masses of basic igneous rocks into serpentine.
This serpentinisation would be attended with a considerable
increase in bulk, and the rocks associated with the serpen-
tine would share in the small differential movements which
occur within the basic mass. This explanation would
account for the presence of the gabbro-amphibolite with the
serpentine on the borders of the granite areas, whatever be
the relation of the granite to the basic types.”’

It must be borne in mind that no granite is present in
this district, although the acid rocks are represented by
dykes of granite-porphvry and pegmatite, the former inter-
gecting the basic rocks.

In the light of present knowledge of the distribution
of the serpentine, it does not appear very likely that the
increase in bulk due to serpentinisation, could have

(*) Geol. Surv, Tas. Bulletin 6, pp. 18-24. (5 Op. cit., p. 81.
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exerted sufficient pressure on the areas now converted tc
amphibolite, to have caused the modification of the orig-
inal gabbro, which is so universally observed in the area
examined. The complete conversion of the pyroxene into
amphibole, the development of secondary albite, and
the saussuritisation of the original felspar noticed in some
cases, certainly indicate that considerable pressure has
been exerted on the igneous rock since consolidation. On
the other hand, a careful microscopical examination of
various thin sections of granite failed to reveal in any
instance evidence that the acid rock had been subjected
to pressure since its consolidation. When the bulk of tha
Heemskirk granite massif is considered, it is clear that
the intrusion of such a mass of rock could not have bean
without its effect on the surrounding rocks. The actual con-
tact-metamorphic effects on the sedimentary rocks adjacent
to the contact are dealt with elsewhere, and are shown
to be due partly to heat and pressure, part ly to the action
of solutions and vapours introduced from the igneous mass.
Further away from the contact, however, although the
same intense effects would not be felt, the pressure of such
a huge mass intruded into a mass of sedimentary rooks,
must have some effect on those rocks, the effect decreasing
with the distance from the contact. Although at no point
was the gabbro-amphibolite seen to be in contact with th:
granite, it is never very far removed, and the rocks
between the two igneous masses are always intensely meta-
morphosed. It seems possible, then, that in this district
the pressure exerted by the intrusive granite mass may
have been sufficient to cause the amphibolitisation of the
gabbro, without being sufficiently intense to convert the
rock into an amphibolite-schist.

Changes such as those described are recognised as hav-
ing resulted from metamorphism, such as that which
would have been caused by the intrusion of such a huge
mass of igneous rock. Harker (**) quotes an example from
Scourie (Scotland) illustrating the effect of the dynamic
metamorphism of diabase. ‘° The augite is transformed
into green hornblende, and the felspar has recrystallised
in water-clear grains, while the titaniferous iron ore has
also been altered, giving rise frequently to granular sphene.
These mineralogical changes may be produced without any
schistose structure.”’

To come nearer home, the oceurrence at North Dundas
has already been referred to.

(57) * Petrolegy for Students” : A. Harker, 3rd Edition. 1902, p, 322.

63

In the North Heemskirk tinfield, the writer recently
recorded (°*) the occurrence of gabbro, in which the mono-
clinic pyroxene is partly uralitised. This occurrence is a
little over 1 mile from the northern boundary of the
Heemskirk granite massif. i

In the Stanley River District (*') Devonian basic rocks—
gabbro, norite, pyroxenite, and serpentine—occur, intrusive
into sedimentary rocks of Pre-Silurian age, adjacent to the
margin of the Meredith Range granite massif, which is of
Devonian age, and slightly later than the basic rocks.
Saussuritisation of the felspars and partial uralitisation of
the pyroxenes have been recorded.(*®)

Further north, near the Heazlewood,(®") are gabbros,
pyroxenites, and peridotites, with serpentine. These are
of similar age, and are also associated with acid igneous
rocks, being just to the north of the Meredith Range massif.
In these rocks saussuritisation of the felspars has heean
recorded, but there is no record of amphibolitisation of
the pyroxene, although actinolite rock is abundant in cer-
tain localities (a contact-rock, apparently, and not an
intrusive igneous rock).

South of Macquarie Harbour, at Asbestos Point, and
near the Spero River, are occurrences of serpentine, gab-
bro, saussurite-gabbro, and bronzite rock, (°7) while in the
neighbourhood are intrusions of acid rocks, which indicate
the presence of a granitic reservoir

At Anderson’s Creek, near Beaconsfield, serpentine
oceurs intruded by granite.(*). The serpentine here bras
been derived from peridotite.(*")

Thus, although there have been several recorded ocecur-
rences of basic and ultra-hasic rocks, under conditions
generally similar to those existing in the area under review,
little information is available to throw light on the par.
ticular subject under investigation.

It must be borne in mind that there was a considerable
thickness of overlying sediments, long since denuded, at

(*) Vide Geol. Surv. Tas. Report 8, pp 5-7.

(%) Vide Geol. Surv. Tas. Bulletin 15, pp. 18-24.

(™) Op. cit,, pp. 20-23,

(%) Fide Sec. for Mines, Tas., Ann. Report, 1890-1900, pp. exlvi, cxlvii,
Also Geol, ~urv. Tas. Bulletin 17, pp. 5-8

(™) Vide tieol. Sury. Tas. Bulletin 18, p. 12.

(*) W_H. Twelvetrees: Report on Mineral Resources of Beaconsfield
and Salisbury, 1903. pp. 3-8. Also Ann. Report SBec. for Mines, Tas., 1801
1900, pp. xxxi-xl,

(™) Idem, p. xxxv.




64

the time of these igneous intrusions. As denudation has
proceeded, more of the underlying plutonic masses have
been exposed, but it is certain that in some districts
plutonic masses exist below the present surface which have
not yet been exposed by denudation. The intrusion of a
huge mass of rock would necessarily exert a considerable
pressure, vertically as well as laterally, the amount of
pressure depending on the resistance offered, i.e., on the
thickness of the overlying rocks. Tt is possible that in
this way masses of basic rocks in some of the areas distant
from surface outcrops of granite masses, may have been
affected by the pressure exerted by massifs still below the
surface, but whose presence is in all cases indicated by
the presence of acid dykes where no surface outcrops are
available.

This might explain some of the apparent anomalies, when
uralitisation has taken place at a distance from an exposed
massif. It is worthy of note that the amphibolitisation of
the original gabbro has been more complete in the area
under review, near Mt. Agnew, than in any other area
of which full details are available, and that the granite
is nearer in this instance, although details are lacking in
one or two lccalities where the granite appears nearer
stall.

It must be borne in mind, however, that there may be
a considerably larger extent of serpentine than is exposed
at the surface near Trial Harbour, and as the two masses
belong to the one igneous intrusion, and are believed to
be continuous at no great depth below the present sur-
face, it may be that the serpentinisation of one portion
of the rock-mass (perhaps the more basic portion, which
has segregated owing to magmatic differentiation to form
an ultra-basic rock-mass) would exert sufficient pressure
to cause the amphibolitisation of the less basic portion.

There is one point on which further information is
required, i.e., as to whether amphibolitisation of portions
of the basic rocks near serpentine has always taken place.
In almost all localities where basic rocks are developed,
some of them are converted to serpentine. If serpentinisa-
tion caused amphibolitisation of the gabbro in one area it
is reasonable to expect that it should have caused similar
effects in other areas where it is developed in quantity.
Owing to the lack of detailed information of all occur-
rences, the matter cannot be finally determined, but
details of other occurrences will doubtless throw light on
the question.
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(2)—Aeid Group.

The acid group of igneous rocks in the distriet includes
granite, granite-porphyry, aplite, and pegmatite, all
closely related.

Granite is extensively developed, and occupies the
largest portion of the area dealt with in this report. The
northern portion of the area has been described in the
writer's report on the North Heemskirk distriet, recently
published.(®*®) The boundary, as shown in Plate II. of
that . report, has been reproduced in the accompanying
general map of the district (Plate II.) to make the latter
more complete. It will be seen that the granite extends
northwards to Granville Harbour, of which it forms the
southern shore. It sweeps about south-east for 1} mile,
then east for 9 miles, beyond the Gentle Annie Rise, when
the line of contact runs about south to the Trial Harbour
Road. Its general course is then a little south of west to the
coast, the actual line of contact being exposed on the cliffs
about 1 mile north-west along the coast from Remine (*).
Along the coast granite is exposed for over 10} miles,
where it forms precipitous cliffs (**) from 100 to 300 feet
above sea-level. The width of the belt, measured from the
coast-line_ attains a maximum of about 6 miles. The same
rock forms the bulk of the Heesmskirk Range and the
coastal peneplain for the length mentioned.

Pink Gramite.—What may be called the normal granite
of the district is pink in colour. owing to the abundance
of pink orthoclase felspar.(**) It forms the bulk of the
granite developed in the district. Typically the rock is
of medium and fairly even grain-size, although it shows
a slight tendency to become vporphyritic.in places. with
phenocrysts of pink orthoclase up to 20 millimetres in
length. Normally, the orthoclase reaches about 10 milli-
metres in length : it is usually fresh in newly-broken speci-
mens, and shows good cleavages. In rather smaller
quantities is present a white plagioclase felgpar, greenish
when partly weathered, as is the case in most specimens
collected, and becoming kaolinised on further decomposi-

(™) Geol. Surv. Report No. 6: Reconnaissance of the North Heems-
kirk Tin Field, by L. Lawry Waterhouse, 1915,

(™) Vide Photo. No. 16,

(™) Vide Photo. No. 6.

(®) A coloured plate of this granite, prepared from a specimen collected
by the writer from Pyke’s Creek, near Sweeney’s Mine, on the southern
slopes of Mt. Agnew, is reproduced in “ Building and Ornamental Stones
of Australia,” by R. T. Baker, 1915, facing page 32.

Puoro. 9—CosrsE- GRAINED PINE GRANITE TRAVERSED BY VEINS D
oF Arrate. Montacu Creeg, SourHn HEEMSKIRK.

L. Lawry Waterhouse, Photo.
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tion. Throughout the groundmass of the r()ck‘ is :au-l;f
abundant glassy quartz, in irregular masses of about 5
millimetres in diameter. In some localities quartz becomes
quite subordinate in amount. Scattered through the rock
are small crystals and crystal aggregates of black biotite
miea : individual crystals are rarely more tha_n 2 1:{11_1[:—
metres in diameter. A mineral often noticed in gdd}tlon
to those named is black l:mrm_uline. It occurs in small
crystal aggregates up to 4 millimetres across. It appears
to be almost unmiversally present, but never in large
amount in the normal granite. - "
A microscopical examination of thin s-lecl‘tlrms_oﬂf this
granite does not give a great deal of .:ul(htu.mal_ informa-
Fiou. The minerals noticed in the slides exar‘nn;e-d were
orthoclase felspar, plagioclase !"elspar. quartz, blgtlte,_tolllr-
maline, apatite, zircon, magnetite, and undetermined inclu-
510:[1'1"3 rock is holocrystalline, relative :’l':lis_l-.al.zv \"»H'-lilhlf_'.
average grain-size medium. The r_n-tln:ri:m_‘ is fairly fresh :
it 1s idioumrphh‘. and shows t'\lHl?ﬂjer—lu‘ -'h’a\';:g__ws and
Carlsbad twinning. The plagioclase is a good deal rlm-nm—
posed. From the extinction angles, measured on the dis-
tinguishable twin lamellations, the felspar 1s mostly albite,
although in a few cases the an.g_vles measured approach
albite-oligoclase ; good crystal outlines are exceptional. The
mineral is partly moulded on the nr(hm"]ase. partly on
biotite. A few inclusions of quartz occur i orthoclase,
The biotite occurs in scattered crystals and in aggregates
of crystals, usually showing good crystal outlines, some-
times with frayed-out ends. In some cases u‘ilomorpl.uc
crystals are included in the felspars Obviously the min-
eral has crystallised out early. Inclusions of magnetite
were noticed in some of the biotite. The quartz appears
to have been one of the last minerals to <-}-}'sta]1;se out.
It has quite irregular outlines, generally -1:1!9['}111!1&-(!.b$
the form of the adjoining minerals .Il fills interstices
between the pther minerals In ;-.‘-l!'1l<‘ll‘lrl!‘ cases, how-
ever, some of the quartz shows idiomorphic outlines: A
striking feature is the presence in most of the quartz
crvstals of abundant minute hair-like crystals of tour-
maline. Although of very small diameter, the 1-?!?9412 of
some of these minute needles 1is .‘||n|-=‘~>z-iu|n|a7_ rem:lazm_f ‘03
inch in some  instances. Althouch sometimes in sm(_t.le«
crystals, they are frequently crowded thickly I(;ger}1§r; in
some cases they cross each other at various angles mnlllﬂ-
criminately : in others they have a well-defined radial
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structure. Most of the needles are straight, but some
are decidedly curved. Frequently they appear to be
crowded more thickly towards the edges of the quartz
grains, but this is not invariably the case. A Very care-
ful examination failed to show any instance of the tour-
maline needles penetrating two adjoining grains of quartz.
In addition to the tourmaline rods, there are in the quartz
abundant inclusions of a dark colour, but too minute to
be resolved with the microscope objectives available. These
inclusions are distributed sometimes quite irregularly,
sometimes in groups, and sometimes in definite lines. It
is noteworthy that occasionally these lines extend, appar-
ently without any interruption, from one crystal of
quartz to an adjoining one, which is not optically con-
tinuous. A close study of the available slides shows that
although the tourmaline needles are so abundant in some
of the quartz grains, they are entirely absent from others.
Further, . one portion of a grain may be crowded with
tourmaline needles, while another portion of the same
grain, optically continuous with it, may be clear, and
contain no distinguishable tourmaline. The minuts inclu-
sions described appear usually to be far more abundant in
the grains and portions of grains which carry the tour-
maline, although never absent entirely from the tour-
maline-free grains. Another feature worthy of note is the
inclusion in some of the clear quartz grains of smaller
crystals of quartz showing idiomorphic outlines, indis-
tinguishable from the host excepting when viewed between
crossed nicols. Tt would appear, then. that the quartz
present in the slide is of two generations. Some has
erystallised out in the earlier stages of the consolidation
of the rock, and has included the needle-like tourmaline
crystals which had already separated out. At a later stage
more quartz has separated out, and, as often happens
under similar conditions, has sometimes formed in optical
continnity with some of the earlier-formed grains. In add-
ition to its occurrence in the form of needle-like erystals
noted above, tourmaline is sporadically distributed through
the rock in shreds and irregular aggregates: sometimes
small aunantities occur between adjacent quartz grains as
an interstitial filling. Tt is usually green in thin seetion,
and distinctly pleochroic, but in a few instances is almost
opaque: it is without well-defined crvstal outline. A
few crystals of magnetite are present. usually closely asso-
ciated with, and sometimes included in, biotite. Apatite,
too, occurs in idiomorphic prismatic crystals, included in
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the later-formed minerals. It is frequently associated
with biotite, some of the prisms penetrating the latter
mineral. Zircon, in highly idiomorphic crystals of minute
size, is present included in the quartz and felspars. In
one slide a little fluorite was noticed, apparently as a
primary mineral, moulded on adjacent biotite and ortho-
clase. In one instance minute threads of tourma-
line were noticed filling cracks in a crystal of fel-
spar. Biotite is scarce: it sometimes shows crystal
outlines, but appears to be partly moulded on the ortho-
clase, and has apparently crystallised after that _mmeral,
Several inclusions of idiomorphic prisms of apatite occur
in the biotite. A little muscovite mica is present in ragged
crystals, which may be of secondary origin. Some of the
qxiart‘z erystals contain abundant inclusions, which are
extremely minute, and could not be definitely rzletermmeq.

The pink granite has been rather fully described, for it
appears to be widely distributed, and can fairly claim to be
the normal granite of the district. TLocal variations in t}:le
amounts of the constituent minerals present cause varia-
tions in the genmeral appearance of the rock. Thus there
is exposed in the side cuttings of the Trial Harbour Road,
on descending from the turn-off to Remine, a llall(!Sn)ln:e grey
granite: quartz is almost entirely absent, and wh_lte felspar
subordinate, the most abundant constituent being ortho-
clase of mole colour, showing very perfect cleavages. Tour-
maline and biotite are present, but are not abundant.
Molybdenite was found in this granite at one spot on the
roadside, but not in sufficient quantities to render it of
economic value. ;

W hite Granite.—A variety of granite which needs special
notice is the ‘* white granite,”” because of the abundance
of quartz-tourmaline nodules in it and the nmni)'er of tin
ore deposits which occur within its boundaries. This granite
is sometimes called the ‘‘ tin granite '’ of Mt. Heem_sklrlrg.
In general appearance the granite, as its name implies, is
of a light colour, the excess of white felspar giving it its
white appearance. Unlike the normal granite, no pl!lk
orthoclase felspar is present. Macroscopically, the white
felspars appear to form the bulk of the rock. Many of
the felspars are distinetly lath-shaped, 5 to 10 millimetres
in length, and show perfect cleavages. Glas:,sy quartz is
present in variable amount Black t.r..mr‘ma.!me is almost
universally present, and a little black biotite is usually dfs-
tinguishable. The rock is medium to fine gramegi. and dis-
tinctly less coarsely crystalline than the normal pink granite
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of the district. Microscopically the rock differs somewhat from
the normal granite previously described. The minerals pres-
ent in the slides examined are orthoclase, quartz, plagio-
clase, tourmaline, biotite, muscovite, apatite. The rock is
holocrystalline, the grain-size being variable. Orthoclase
felspar is abundant in hypidiomorphic erystals throughout
the slide. The plagioclase shows narrow twin lamellz, and
proves to be albite: it usually occurs in idiomorphic crystals
which have evidently partly crystallised before the ortho-
clase, although the crystallisation of these two minerals has
been to some extent contemporaneous. Much of the felspar
is partially decomposed. Quartz is fairly abundant, largely
moulded on the felspars which have crystallised before it.
In one slide, micropegmatitic intergrowth of quartz and
orthoclase is noticeable. Tourmaline is fairly common in
irregular crystal aggregates, appearing blue, brown, or
greenish by transmitted light.

It is not easy to trace the distribution of the °* white
granite '’ in detail. In places it appears to merge gradually
into the ** pink granite,” although usually the outcrops are
not continuous, and this merging cannot be very definitely
traced. Search was made for the boundary between the
two varieties, but in no instance was successful. The bulk
of the Heemskirk Range appears to be composed of the
pink granite, so far as an examination of this rough country
was possible. Tt is well developed along the southern
extremity of the range, and again in the northern portion,
where there appears to be an even larger area. It is not
confined to the elevated ground, however, for at many points
on the coastal peneplain, and along the coastal cliffs, coarse-
grained pink granite outerops.

In the vicinity of the Federation Mine is a belt of nodular
white granite of varying width, from 1 to 2 miles. This
has a general south-westerly trend, and is exposed at points
on the plain and sea-shore as well as in the mountain range.
Several proved tin lodes occur in this belt.

Along the Trial Harbour-Corinna Road, where a fairly
good section is obtained owing to the removal of the button-
grass cover which hides the character of so much of the
granite, it is seen that pink and white granife alternate.

Travelling northwards along the road from the Zeehan
turn-off, it is seen that typical coarse-grained pink granite
forms the bedrock. Near the Montagu Creek this gives
way of nodular white granite, which is exposed for about
2 miles along the road, until descending to Falconer’s
Creek, when a belt of coarse pink granite, 5 or 6 chains in
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width, makes its appearance. From this point there is
seen to be an alternation of the two varieties: the road
passes over 10 chains of white granite, zu_ld then 15 chaii_ls
of pink granite, the two varieties occurring a.p_parently in
bands for a considerable distance along the section exposed
by the road, these bands varying considerably in width.
Pink granite is common along the coast, while an examin-
ation of the outcrops along the track representing the (?1(1
road from Corinna to Remine, shows that white granite
with the usual quartz-tourmaline nodules, occurs as far as
The Gap. In the time available it was not found p()s_Slble
to map the varieties of granite: sufficient has been said to
indicate that the distribution is irregular. Tt is noticeable
that most of the ore-deposits of the district occur in the
white granite,

Fine-grained Tourmaline Granite Still another variet}'
of the granitic rocks which may conveniently be referred
to at this stage is a very fine-grained granite with a dis-
tinctly aplitic facies, usually very rich in tourmaline. T_hls
rock has been called by Mr. Waller a * tourmaline
aplite.”’(%*) Tt is distinct from the aplite to be deseribed
later, and the writer would prefer to call the rock a ﬁ_ne‘
grained tourmaline granite, to distinguish it from the pink
and white granites, and from the true aplite, although it
has been shown that both pink and white granites also carry
tourmaline.

The rock occurs as irregular masses and also as dykes
in the white granite, and also as dykes in the normal pink
granite. _ ‘

Macroscopically the rock is seen to consist of a fine-
grained aggregate of quartz and felspar, abundant tour-
maline, and less abundant biotite. = Microscopically it is
seen that both orthoclase and plagioclase fﬂlspars. are pre-
sent: the plagioclase is albite and oligoclase. Tt is notice-
able that both quartz and felspar are hypidiomorphie,
and that the felspar in some cases is moulded on the quartz,
showing that portion at least of the quartz has crystallised
out from the magma earlier than the felspar. In none
of the quartz -crystals were needles of tourmaline noticed,
although these are so abundant in the pink granite. Tour-
maline is present in allotriomorphic grains monldeg{ on
quartz and felspar, and small quantities of both biotite
and muscovite mica are noticeable. Thus it will be seen
that the rock is really a fine-grained tourmaline granite,

(;) Report on the Tin Ore Deposits of Mt. Heemskirk p. 3.
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although the scarcity of ferro-magnesian constituents gives
it an aplitic facies.

The striking feature of the rock is the abundance of
nodules of quartz and tourmaline which it contains.

Mention has been made above to the occurrence of
quartz-tourmaline nodules also in the white granite, but
they appear to be most abundant in the fine-grained tour-
maline granite. The presence of nodules gives the granite
a striking appearance, which justifies the name ‘* nodular
granite ”’ being given to it. The nodules vary consider-
ably in size: sometimes they are represented by mineral
aggregates in the rock, but a fraction of an inch in
diameter: on the other hand. nodules were observed as
much as 6 inches in diameter. although this was rather
exceptional, 3 inches being a common size. The nodules
are composed almost entirely of quartz and tourmaline.
A little felspar is usually present towards the outer edge,
but apparently belongs rather to the matrix than to the
nodules. Traces of cassiterite are usually present, and in
two specimens collected on the Federation property a little
amethyst-coloured fluorite was present in the centres of the
nodules: this appears to be the exception, as no other cases
were noticed during the examination of the district,
although many nodules were broken. In some specimens
it was noticed that the quartz and tourmaline in the centre
of the nodules were crystallised, the crystals projecting
slightly into a central space. The main mass of the nodule
consists apparently of about equal quantities of quartz and
black tourmaline: A thin section of a nodule from a mass
of aplite shows that quartz-tourmaline and felspar are the
minerals present. In another section the same minerals are
present, with zircon as well, while in a third case only quartz
and tourmaline were observed. The texture of the rock in
each case is holocrystalline, the grain-size being variable,
but small on the average. Quartz is the most abundant
constituent present, and is usually idiomorphic. Tt has evi-
dently erystallised before the tourmaline which frequently
surrounds erystals of quartz or fills interstices between them.,
and is consequently moulded on them. The tourmaline
occurs usually in erystal aggregates, and varies in colour
from brown through green to blue. It is abundant, but in
each case appears to be subordinate in amount to the
quartz Where present the felspar is idiomorphic, and
has crystallised earlier than either quartz or tourmaline.
From the extinction angles measured on sections perpen-
dicular to the albite twin lamellw it is seen that the plagio-
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clase present in each case is albite: the mineral is only
sparingly distributed through the slide. It is interesting
to note that minute, highly idiomorphic prisms of zircon
are present included in the quartz.

In certain localities green tourmaline takes the place
of the black, and in several such cases, particularly in the
vicinity of the Cliff Mine, cassiterite was noticed as well.

Normally the tin content of the nodules is small, although
traces of cassiterite are usually present, particularly in the
central portions. The nodules are so abundant in places,
lying about on the surface where they have weathered out
of the granite, that the question whether they would pay for
treatment naturally suggests itself. From tests made by
the writer, however, it is quite unlikely that such will be
the case: usually tin is present in traces only, and not in
payable quantities, and it is quite exceptional to find rich
specimens.

It has been remarked that the size of these nodules
varies from a fraction of an inch to 6 inches in diameter.
While they ars sometimes scattered quite irregularly
through the rock-mass, in certain localities they are very
abundant, and sometimes several nodules are joined
together to form one irregular mass of quartz-tourmaline.
A striking feature is the manner in which the nodules
resist weathering. The essential constituents, quartz and
tourmaline, are both hard and very resistant to the attacks
of weathering agencies, while the felspars and mica of
the enclosing granite break down much more readily. In
consequence of this difference in mineralogical composi-
tion, the nodules stand out in striking relief from the
weathered surfaces of the granite in which they occur.(®)
Ultimately they become detached from the parent rock,
and accumulate on the hill-sides and in the watercourses
of the neighbourhood. The majority of them are spheroidal,
but some are rather irregular.

Somewhat similar, but less perfect and less abundant
nodules of quartz-tourmaline were noted by the writer in the
Meredith Range granite of the Stanley River Tinfield,(®®)
but probably in no other locality in the State are the
nodules so abundant and so well developed as they are at
South Heemskirk.

Their habitat is somewhat variable. They reach their
maximum development in the fine-grained aplitic tour-
maline granite of the district, but are also extremely well

(™) Vide Photos, Nos. 1 and 10,
(®) Vide Geol. Surv. Tas. Bulletin 15, p. 28.
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developed in the ‘‘ white granite '’ described above. Even
in the coarser-grained normal pink granite, however,
there are small irregular aggregates of quartz and tour-
maline, which, in reality, are identical in composition and
mode of origin with the more easily recognisable nodules.

Among the localities at which the nodules are partic-
ularly well developed may be mentioned The Cliff Mine,
Federation Mine, and Gap Peak.

Before leaving the subject of quartz-tourmaline nodules,
reference must be made to their occurrence under condit-
ions which have not previously been described. Their
home is in the fine-grained tourmaline granite and the
white granite, and it is in the former variety that they
undoubtedly reach their maximum development. Tt is
important to notice, however, that they do occur in the
pink granite, which has been described as the normal
granite of the district. Usually they are not abundant,
although they are not uncommon in some localities, par-
ticularly near the white granite, although it must be
admitted that the most favourable opportunities for exam-
ining the rock usually occurred in the vicinity of the
white granite. 1In the pink variety the nodules are never
well developed. They are small (usually not more than
l inch in diameter), and appear to be more irregular in
shape and composition than those previously described.
They merge into mere crystal aggregates of tourmaline.
On weathered surfaces of the granite they are inclined
to stand out in relief, but on account of their smaller size
are not so noticeable as in the case of the white granite.

G'ranite Porphyry.—At various points throughout the
granitic area, the rock is seen to be fine-grained or
porphyritic, Usnally the constituents of the normal
granite are distinguishable, while in certain cases the
groundmass of the rock is so fine-grained as to be resolved
only with difficulty. The rocks occur as dykes in the
main granite mass, usually not more than a few feet in
width.

Near Sweeney’s Mine is a good example, in which the
rock has a general pink colour, owing to the presence of
orthoclase felspar. The groundmass cousists of an intimate
mixture of quartz and felspar, with smaller amounts
of biotite and a little tourmaline in places, individual
crystals being usually less than 1 millimetre in diameter.
Scattered through this groundmass are phenocrysts of
flesh-pink orthoclase, up to 10 millimetres in length, singly
twinned and showing good cleavages.
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A somewhat different type is developed on the pack-
track across the southern spurs of Mt. Agnew to the
Federation Mine. The rock is a handsome one, consist-
ing of a very fine-grained bluish-grey n|uar1zs,j-t'elsgla‘l"ilw
oroundmass, with biotite and scattered tourmaline. Scat-
tered abundantly through this matrix are phenocerysts of
pink orthoclase -r't-]s!mr in idiomorphie l'll"\'F?leS. averaging
about 4 x 14 millimetres, some individuals measuring
8 x 20 mllimetres These crystals are twinned, _a_n(i
show perfect cleavages. In some inslranf-vs de_(-onqmmtmn
of the felspars has commenced, and it 1s lm%ﬂl(‘ﬁ'?lhl? that
this change commences from the periphery of the crystal
and pro('P_t'-r'i? inwards. ; .

The particular examples of granite E)(!]'!.I]I\'!‘_\' rl.ewrllwd
are f:iil:'i}' typical, but there are intermediate varieties.

A thin section cut from a specimen collected near the
Cumberland dam does not yield very much additional
information. One feature, however, is worthy of special
mention. viz.. the occurrence of minute, needle-like crystals
of tourmaline in bunches and radiating sheaves and aggre-
gates in some of the quartz crystals. These needles are
not confined to one grain of quartz, but pass without inter-
ruption from one grain to another, showing clearly that
they have been introduced subsequently to the consolida-
tion of the quartz. [diomorphic erystals of ::_ir‘u"un_ are also
s primary.

present as inclusions in the quartz, but these a !

A plite—Quite a feature of the ku.p-klr':i granite
massif is the presence of aplite at various points. The rock
varies somewhat, but is typically a fine-grained aggre-
gate of quartz and felspar, of a flesh-pink colour, some-
times carrving a little biotite, and tourmaline may also
be present in appreciable quantities, The ”PHTE occurs
both in the pink and white granites !ll't'\'llnl.\']l\' llf‘S('I"Ih‘t"li‘
in the latter in the form of dykes, and in the normal pink
oranite as irregular masses and nodules, as well as In

dvke form.

“In distribution it does not appear to be limited to any
one part of the distriet. but oeccurs at intervals throughout
the granite area.

A microscopical examination of thin sections shows that
hypidiomorphic quartz is abundant, and that some of it
has crvstallised before the orthoclase, being partly sur-
rounded by, and at times included in, that mineral. While
usually clear, it is noticeable that in some of the quartz
grains are minute, needle-like crystals of tourmaline, sifni-
lar to those noted in the quartz of the normal pink

i

granite. The plagioclase felspar is not very abundant, and
is usuaily a good deal decomposed.. Some of it is albite,
and other crystals appear to be more basic, and to more
nearly approach andesine, although extinction angles are
rather indefinite owing to the decomposition products.
The plagioclase shows by its crystal edges that it has
crystallised before the orthioclase. The latter is fairly
abundant throughout the slide, and gives the rock its
general pink appearance in hand specimens. Fragments of
biotite and tourmaline are present, but are not common.
Occasional idiomorphic crvstals of apatite were noticed,
usually included in biotite

In thin section the rock r«sembles the white granite,
although there are minor difi-rences noted above.

Mention has already been made of the fact that the
aplite occurs in the form of dykes in both the pink and
white granite, as well as ir 'rregular masses in the pink
variety. Both varieties of granite are traversed by numer-
ous fissures only a fraction of an inch in width, and usu-
ally filled with black tourmaline. It is worthy of note
that in Several instances dykes of aplite were seen to be
intersected, and sometimes slightly displaced by tour-
maline-filled fissures, which consequently must be later
than the aplite.

Pegmatite.—Another variety of the granitic rocks not
hitherto described is pegmatite. Although not abundant
or important, it is interesting to note that this rock does
occur in the district. Dykes of pegmatite were noticed
intersecting both the pink and white granites. These
were usually but a few inches in width, varying somewhat
from point to point. The pegmatite consists essentially of
coarse crystals of quartz and felspar (usually orthoclase)
and sometimes a little black tourmaline. Several examples
were noticed in which the pegmatite occurred as a central
seam in a dyke of fine-grained aplite. As a typical
example may be taken an occurrence in the north-western
portion of Section 3917-m (the Federation Mine), on the
northerly slope towards Packer’s Creek. There the out-
crop is very noticeable on the weathered granite surface,
the quartz crystals standing out boldly more than an inch,
owing to their resistance to the attacks of weathering
agencies, to which the surrounding aplite has succumbed.
The pegmatite occurs in a dyke of aplite about 12 inches
in width, which itself intersects the white granite, the
latter rock carrying abundant quartz tourmaline nodules
in the vicinity. The seam of pegmatite is from 3 to 6
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inches in width ; it is composed of quartz and orthoclass,
with accessory black tourmaline. The quartz prisms are
sometimes 3 inches in length, terminated at one end by
pyramidal faces. The orthoclase is intimately associated
with the quartz, having to some extent crystallised before
it. It usually occurs in prisms of, approximately, square
section up to l-inch across and 14 inch in lengtdh. They
are pink in colour, and when fractured longitudinally fre-
quently show simple twinning. The orthoclase is very fre-
quently included in the quartz, and as it weathers much
more rapidly than that mineral, long cavities of approxim-
ately square section, sometimes crossing each other at
various angles, are common in the quartz. Incidentally
it may be remarked that much of the quartz lying abm}é
the surface is derived from these pegmatite dykes in the
granite, and many of the fragments show cavities (the
so-called *‘ negative crystals '’) similar to those described :
cavities of different ~cross-section are caused by the
removal of tourmaline. 3

In the pegmatite dyke referred to, irregular crystal
aggregates of black tourmaline are present, sometimes
interstitial and moulded on the quartz prisms. The tour-
maline aggregates noticed were never more than }-inch
in diameter. In one place this pegmatite dyke and the
enclosing aplite are intersected by a narrow tourmaline-
filled fissure, which passes without interruption into the
granite beyond. Miarolitic cavities into which projected
crystals of quartz were noticed in several places along the
course of this dyke. b

All the pegmatite dykes noticed were of comparatively
small size, and they are not likely to become of any
importance commercially. None of them is known to
be stanniferous. The component minerals of the dykes
are not sufficiently well developed to be of any value, as
sometimes happens where pegmatites occur. :

Quartz-Tourmaline Veins and Dykes.—Throughout the
area occupied in the district by the acid rocks described
above, there are numerous occurrences of tabular deposits
of quartz and tourmaline in varying proportions, sometimes
with accessory minerals as well. When the accessory
mineral is cassiterite, the deposits may become commercially
unportaut - :

An examination of the various occurrences shows that
two classes of deposits are to be distinguished in the dis-
trict, veins and dykes. The veins are characterised by a
central seam of tourmaline with varying amounts of quartz,
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and frequently with cassiterite, bordered on either side by a
tabular mass of quartz and tourmaline, sometimes with
abundant white mica, and with or without cassiterite as
well: pyrite may also be present. The line of contact of
this mass with the granite which forms the country rock
is usually well defined, although sometimes there is a gradual
merging into the granite. The dykes, on the other hand,
while composed essentially of quartz and tourmaline, have
no central seam, and have sharply-defined walls. Both
veins and dykes occur in the surrounding sedimentary rocks
as well as in the granite.

Mr. Waller has called attention to this distinction,(®”)
pointing out that Mr. F. J. Ernst was the first to discover
these dykes. He also remarks that some of the tabular
deposits appear to occupy an intermediate position between
dykes and veins. The writer’s observations confirm those
made by Mr. Waller.

The formations referred to above merit a more detailed
description, as the occurrence of the different types is inter-
esting. Economically the veins are by far the most import-
ant, for they frequently carry cassiterite in such quantities
as to become payable ores of tin. This aspect, however, and
the classification of the vein-types according to the mineral
contents, are dealt with in the chapter on Economic Geo-
logy. The central seam has been called by Mr. Waller(**)
the °° vein-stone,”” and the enclosing quartz-tourmaline
material, extending from the central seam to the walls, the
‘ vein-rock '’: the terms are useful for descriptive pur-
poses. The veins occur most frequently in theyhite granite
and in the fine-grained tourmaline granite which have been
described: a few cases only were noticed in the normal
pink granite. A striking fact was noticed in several instances
where veins occur in nodular granite: quartz-tourmaline
nodules occur unaltered in the vein-rock, itself a granular
mass of quartz and tourmaline, but showing no felspar.
In no instance were nodules noticed in the vein-rock when
they were absent from the surrounding igneous rock. A
miéroscopical examination of thin sections of vein-rock
shows that there are two generations of quartz present, and
close investigation and t“umparisun wit_h slides of the sur-
rounding granite disclose some interesting features. In _t-he
case of vein-rock from a vein traversing the normal pink
granite it is seen that many of the larger allotrmumr_phm
quartz grains include abundant minute needle-like pnsn?a

ol R_e;rl on the Tin Ore Deposits of Mt. Heemskirk, pp. 6 and 7.
(*) Op. cit., p. 6.
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of tourmaline, while the smaller quartz grains, which are
usually hypidiomorphic, are clear and contain no tour-
maline needles. The quartz of the normal granite is quite
similar, being allotriomorphic, and including abundant
tourmaline needles as a rule. It seems clear that the
hypidiomorphic quartz of the vein-rock is secondary, the
grains of primary quartz remaining unaltered. Again,
taking the case of a vein in white granite, although the
distinction is not so sharp, under the microscope the quartz
of the vein-rock occurs in grains of different sizes, the
smaller usunally hypidiomorphic, sometimes idiomorphie,
both larger and smaller grains being free from included
tourmaline needles: it corresponds in this latter respect
with the quartz of the surrounding white granite, and a
comparison shows that the larger grains of the vein-rock
correspond in size with the quartz of the unaltered granite.

In both varieties of vein-rock described it is noticeable
that in certain portions of the slides examined, groups of
the smaller hypidiomorphic quartz grains extinguish simul-
taneously between crossed nicols, suggesting that each
group may represent portion of a replaced felspar crystal.
At least it seems clear that both primary and secondary
quartz are present in both varieties of vein-rock, and that
the primary quartz is really the unaltered quartz of the
granite, of which the felspar has been replaced. No biotite
is present, but tourmaline is usually abundant, occurring
both in ragged crystals and in aggregates of small prisms
showing idiomorphic and hypidiomorphic outlines.  The
later variety is usually closely associated with the secondary
quartz, and sometimes small grains of quartz are included
in tourmaline. It seems clear that some at least of the
tourmaline is secondary, doubtless replacing the biotite as
well as the felspar of the original granite: some of the
ragged fragments may represent the original tourmaline of
the granite which has remained unaltered during the lode-
forming processes. i

The vein-rock described above belongs to the quartz-tour-
maline-cassiterite vein-type, and to the sub-class which Mr.
Waller has termed *‘ quartz-tourmaline veins.”’(*®) TIn the
sub-class ‘‘ greisen veins,”’ however, the structure of the
vein-rock is rather different, as abundant white mica takes
the place of tourmaline. The vein-types are dealt with in
a later part of this report,(*®) but from evidence obtained
the writer believes that a hard and fast line cannot be
drawn between the sub-classes described by Mr. Waller.

(™) Op_ eit., p. 8. (™ Vide infra, pp. 163-177.
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In the extreme type of the greisen vein, muscovite takes
the place of tourmaline, but it may be remarked that in no
instance was tourmaline found to be entirely absent. In
the thin sections examined, in which mica was seen to be
present in hand specimens, the primary quartz surviving
from the original granite has in some cases suffered altera-
tion and pa;'tial :-Fplﬂr'vnwnl by muscovite mica, but has
not altogether lost its individuality: it is still usually
recognisable as quite distinet from the aggregates of small
clear grains which occur in association with muscovite, and
which are clearly secondary. The felspars of the original
granite seem to have been replaced essentially by miea,
which, however, is usually accompanied by small quantities
of quartz of the form described. The muscovite is often
present as shreds, and some of the aggregates show a dis-
tinet radial structure. Small quantities of tourmaline in
hypidiomorphic crystals are usually present.

Pyrite sometimes becomes abundant in the vein-rock,
accompanied by quartz, forming Waller’s ** pyritic veins
these are preferably to be rega rded as belonging to a type
distinet from the quarl?.-1nurmnlim’-—i-u.-:.«-'itw-itv vein-type,
viz., the ‘ pyritic-cassiterite deposits *’ of . |l gl |
Ward.(?') The type does not call for special mention at
this stage.

One slide only of Mr. Waller's fourth ciass, ** pinitoid
veins,”’ was examined. This, again, is certainly only a varia-
tion of the quartz-tourmaline-cassiterite type. The vein-
rock appears to carry less quartz than that of the types
previously described. The structure suggests that while
most of the primary quartz of the granite remains, altered
and partly replaced here and there, that little if any second-
ary quartz has been introduced during the lode-forming
activity. The main change which has taken place has been
in the formation of micaceous aggregates, termed pinitoid,
doubtless at the expense of the felspar.

In all these varieties or sub-classes, there is a well-defined
central seam. forming what Waller(’?) has termed the
“ vein-stone.”” This central seam consists essentially of
tourmaline, usually accompanied by quartz, with or \_vitho_ut-
cassiterite. The vein-stone frequently carries very rich tin.
The tourmaline occurs in long prismatic crystals, frequently
grouped in radiating aggregates, individual crystals some-
times reaching 6 inches in length. TIn one instance where a
vein extended from the granite into the adjacent sedi-

(™) Vide Geol. Surv. Tas. Bulletin 6. p. 86,

) Op. cit,, p. 6.
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mentary rocks, the tourmaline was observed to decrease in
amount as the distance from the granite increased, and
eventually the vein became a quartz vein : although this was
clearly shown in one instance, it perhaps does not oceur
in every case, but it seems likely that the quartz veins of
the sedimentary rocks are but special cases of the quartz-
tourmaline-cassiterite veins of the granite.

The foregoing description has been confined to veins:
mention has already been made of the fact that certain of
the quartz-tourmaline formations appear to be dykes, and
that they have been previously described by Mr. G. A.
Waller as such.(7*) There seem to be three outstanding
features of these dykes to distinguish them from the true
veins already described: (a) There is no central seam, (5)
the texture is even and the composition simple and uniform
(quartz and tourmaline), (¢) the walls are sharply defined.
Examples of dykes were noticed both in the granite and
also in the adjacent sedimentary rocks, sometimes passing
from one to the other without apparent change. No cases
came under the writer’'s notice in which cassiterite was
proved to be present in a dyke of this description. Miero-
scopical examination of thin sections shows that the rock
is composed of quartz and tourmaline. The latter mineral
varies a good deal in habit, usually occurring in idiomorphie
prisms, with associated aggregates and grains, some of the
smaller prisms showing at times a radiating habit. The
quartz is quite allotriomorphic, and sometimes partly
encloses prismatic crystals of tourmaline. Obviously the
tourmaline has crystallised out earlier than the quartz, and
there are probably two generations of tourmaline crystals,
some of the larger idiomorphic prisms having erystallised
out first, and formed nuclei about which the second gener-
ation have gathered in radial aggregates, to be followed by,
and partly included in, the quartz The grains of quartz
are clear and free from noticeable inclusions. Although
there is naturally a variation in different dykes, it is only
of minor importance, the general features being the same
in all slides examined. Mention has been made of the
sharply defined walls there is usually, but not invariably,
an alteration in the wall rock, but apparently never to any
oreat extent: this alteration usually takes the form of
silicification. or silicification and tourmalinisation.

If all the tabular denosits clearly exhibited the features
described above, it would not be a very difficult matter to
classify them as veins or dykes, and such a classification

™ Op. cit,p. 7.
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would perhaps be warranted. In view of all the evidence
available, however, this classification cannot be insisted on,
and it is found in practice that there are some deposits
which do not strictly conform to either type. In referring
to the difficulty of distinguishing between veins and dykes,
Mr. L. K. Ward says(™): ;

‘“ It has recently been urged by many writers on ore-
Eieposits‘ that ilu?re is no es§ential difference between

dykes ’ and * veins ’ of certain types. In the case of
these quartz-tourmaline intrusions the impossibility of
making the distinction is admirably shown. The criteria by
which we judge a tabular ni‘neral aggregate to be a
‘ dyke ' rather than a ‘vein ' are not definitely estab-
lished, nor can they be established in such a way as to limit
both classes by hard and fast lines. ]

““In the latter stages of consolidation the residual portion
of the magma from which the acidic rocks are derived
becomes progressively more siliceous and more aqueous.
And when finally the still liquid material is forced out
through the cooler rocks, there results a rock which often
possesses the characteristics of material which has crystal-
lised out from solution. Thus the phenomena of erustifi-
cation are visible in these rocks.”

In the South Heemskirk district these remarks certainly
apply, and the conclusion arrived at by Messrs. Waller and
Ward, that there is no essential difference between quartz-
tourmaline veins and quartz-tourmaline dykes, has been
verified by the observations made by the writer in this
district. There are in various localities intermediate types
of deposits between the extreme types which have been
described. The granular texture sometimes gives place to
a more irregular arrangement of the quartz and tourmaline,
the latter tending to occur more in radiating aggregates:
in several cases the central portions of ‘‘ dykes ’’ were seen
to be nearly free from tourmaline, while in two cases the
tourmaline occurred centrally almost to the exclusion of the
quartz, in each instance the bulk of the rock being com-
posed of granular quartz-tourmaline, similar to that occur-
ring in the extreme ‘‘ dykes '’ described.

Mention has been made of the fact that so far as the
writer was aware, no cassiterite had been shown to occur
in the so-called ** dvkes ”’ of the district. Naturally this
does not prove its absence, and if the two classes of deposits
grade one into the other. so that the ““ dvkes '’ are but
a variation of the quartz-tourmaline-cassiterite vein-type,

) Geol. Surv. Tas. Bulletin 6, p. 1.
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then there is no sound reason why cassiterite should not
occur also in the deposits of dyke form. It probably does
occur in small quantities, which may not have been recog-
nised in the past: it must be borne in mind that certain
of the veins which show well-defined vein-stone and vein-
rock do not carry appreciable cassiterite.

Basic !)_«f/rr with Axinite, dec.—A very il'zll*l'l—':ili]lg
occurrence was noted at one point on the coastal cliffs near
the southern margin of the granite mass. This was a
basic dyke, consisting essentially of augite, with other
minerals in smaller quantities, traversing the granite. The
dyke occurs between the Cliff Mine and the Pulpit Rock,
apparently on Section 3182-m, and was acecidentally dis-
covered when scaling the steep cliff face, here rising to a
little over 300 feet above sea-level. The granite in the
locality is the coarse-grained pink variety, and is quite
similar to that oceurring in various parts of the district,
carrying a little disseminated tourmaline, and being tra-
versed at times by narrow veinlets of the same mineral.
The dyke is approximately parallel to the cliff face on
which it is exposed, with a strike about north-west; its
dip is about vertical. The width varies from 3 inches to
5 feet. It can be traced for about 50 feet, but is quite
inaccessible for most of this distance, owing to the precip-
itous nature of the cliff face.

The exposed margin of the granite is distant about 15
chains to the south.

A striking feature of the dyke as exposed is its varia
bility in composition. In some parts quartz occupies a
width of 2 feet, while in others this mineral appears to
be absent, and green pyroxene is the predominant mineral.

The abundance of augite in the deposit is an outstand-
ing feature. It sometimes forms dark-green masses which
cannot be resolved without the aid of the microscope, but
which in thin section are seen to be composed of granular
pyroxene, individual grains being of very minute size.
Occasional larger plates of the same mineral may occur,
and in one section several groups of t'('nn;-.qrmi\'ﬁ-i_v large
crystals were noticed in this fine-grained groundmass;
in some cases no other mineral is present. Monoclinie
pyroxene is present not only in granular form; in differ-
ent parts of the formation it occurs in larger erystals and
(‘r}‘ﬁtﬂ] aggregates, and at the particular !mint visited the
individual crystals are exceptionally large. Here the
granite forming the immediate wall-rock is comparatively
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fine-grained and aplitic in character, and white in colour.
Projecting into this white groundmass on the edge of the
formation are abundant large dark-green crystals of mono-
clinic pyroxene, reaching 3} inches in length and 1} inch
in breadth. The crystals are thus prismatic, and com-
paratively long in proportion to their width: of six erys-
tals measured, this proportion was found to vary from
3:1 to 4:1. Cross-sections are nearly square with trun-
cated corners. The forms recognisable are prisms, pina-
coids, and negative and positive pyramids.

Twinning is not easily recognisable, but appears to be
present in a few instances. Typical cleavages are perfectly
shown. Where single crystals are developed they are
idiomorphic, but not infrequently they occur in groups,
in which mutual interference has prevented the perfect
development of some forms. These long finger-like crys-
tals present a very striking appearance. They usually rest
on a foundation of smaller crystal aggregates or grains of
the same mineral. Tt is worthy of note that several of
these crystals are intersected by veinlets filled with aplite
corresponding with that which forms the groundmass in
which the prisms are embedded, clearly showing that the
aplite consolidated subsequently to the formation of the
crystals.

The examination of a thin section of this aplite does
not yield very much information: the felspars show
hypidiomorphic outlines, the interstitial spaces being filled
with quartz. The felspars are usually too decomposed for
determination, although in a few cases indistinct extine-
tion angles are discernible, which indicate that the felspar
is oligoclase. TIrregular shreds of pyroxene are present.

A good deal of the rock forming the mass of the dyke
is granitic in texture, but is impregnated to a greater or
less extent by masses of green pyroxene. The microscopi-
cal examination of a thin section of this material shows
that grains and granular aggregates of pale-green mono-
clinic pyroxene are scattered through a felspathic ground-
mass, now decomposed. Some of the pyroxene is slightly
uralitised. A little quartz is present. Masses of -alsite
are present, some of which have sharply defined outlines,
and are wedge-shaped, others being quite irregular in the
decomposed groundmass. A few tufts of chlorite were
noted, also scattered scaly aggregates of talec. A note-
worthy feature is the presence of small wedge-shaped
crystals and granular aggregates of titanite. Closely
associated with this mineral are colourless erystals and
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crystal aggregates of idocrase. A few erystals of
axinite were noted in one slide, and this mineral
is distinguishable in some of the hand specimens collected.
Axinite occurs in acute-edged crystals of about }-inch in
length, of a clove-brown colour and vitreous lustre. The
crystals show sharp outlines, and are almost invariably
embedded in calcite. Closely associated with these min-
erals are masses of fluorite, and usually some quartz.
The groundmass of the rock is monoclinic pyroxene,
which occurs in granular aggregates and groups of pris-
matic crystals, with a tendency to radiating structure.
No tourmaline was noticed in the formation.

Although the monoclinic pyroxene present in this inter-
esting formation has been called augite, an analysis is
needed before this determination can be regarded as
decisive. The colour is dark-green in hand-specimens and
light-green in thin sections. However, the crystal forms
developed, and the habit of the crystals are noteworthy.
They are not those most commonly developed in augite,
but appear rather to resemble diopside.

The walls of the formation are not well defined. There
is a gradual merging into normal granite.

Mode of Origin.—The mode of origin of the formation
is not clear. It has been called a dyke above, but appears
rather to be a vein than a true dyke. Obviously it was
formed by solutions traversing a fissure in the solid crust
of the granite mass. The writer is of opinion that these
solutions were derived from the cooling granite mass, and
not from any external source.

The abundance of lime-bearing minerals is striking, and
a very noteworthy feature is the evidence of the presence
of boron and fluorine, recognised ‘‘ mineralisers.” It is
pertinent to enquire why this particular vein, if formed
by the action of solutions containing mineralisers, expelled
from the granite during its final stages of consolidation,
differs so essentially from the various quartz-tourmaline
veins, so abundant thromghout the granite area, these
veins having been assigned a similar mode of origin. The
answer to this question is not easily found.

There appear to be no metallic minerals present, hence
it is unlikely that the fissure connected with any of the
reservoirs within which the metallic constituents had
become concentrated. Although none were noted in this
locality, the occurrence of basic segregations in the mass
of granite rocks is well known, and is recognised to be
due to the concentration by magmatic differentiation of
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some of the more basic materials of the still molten rock
mass. If such a reservoir had formed within the mass of the
cooling granite, and the crust had fissured owing to the
contraction caused by cooling, such a fissure might con-
ceivably have tapped this reservoir and allowed the escape
of the basic material to form such a vein as that under
consideration.

The richness in lime-bearing minerals suggests that
there may possibly be some relation between this forma-
tion and the various occurrences of lime-silicates described
fully elsewhere.(’*) These occurrences, however, are never
far distant from the basic rocks, and, as suggested else-
where, the lime and magnesia contents may be derived
therefrom by solutions from the granite traversing fissures
which had during some portion of their course these basic
rocks as walls. In the present instance the occurrence
is within the granite itself. It is, however, adjacent to
the contact of the granite with the sedimentary rocks,
which themselves are in contact with the serpentine at a
short distance further south. The relation of granite,
slates, and serpentine, as interpreted by the writer, is
illustrated in the geological sections published herewith,
and, as indicated there, the slate is believed to be resting
on a foundation of basic rock, which itself is in contact
with the granite at no great depth. Nothing is known
of the underground contour of the contact plane between
these rocks, but it is certain that this is not regular, and
it seems not impossible that there might be a projecting
mass of basic rock vertically beneath the actual surface
contact, partly surrounded by the later granite. If such
were the case, it is conceivable that in this instance solu-
tions derived from the deeper mass of granite might
traverse such basic rock in their upward passage; if such
were the case, possibly more iron and magnesia would
be expected. In the absence of analyses, however, little
is to be gained by pursuing the enquiry further. Analyses
of the granite itself are not available, nor in the slides
examined were the felspars fresh enough for determination,
so that portion of the lime may have been derived from
this source, although there is nothing in other occurrences
of veins in the granite to suggest this.

Mode of Origin and Relationships of the Varous
Granitic Rocks—In the preceding pages an attempt has
been made to describe the leading features of the varieties

(™) Vide infra, pp. 124-143,
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of granitic rocks met with in the district. but no theory
given as to the mode of origin of the different rocks. It
1s important in a discussion of this kind to have analyses
of the various rocks dealt with. but unfortunately no
analyses, even of the normal granite, have been made up
to the present time. ;

From the occurrence of the various types described, their
closer association with, and sometimes merging into, other
types, as well as their similarity of mineralogical compos-
ition, the various rock-types appear to be genetically con-
nected, one with the other. There can be little doubt but
that this really is the case. The writer believes that all the
different rock-types originally formed part of the same mass
of molten igneous rock material, the granitic magma, which
was forced up from below along a plane of weakness into
a thick series of overlying sedimentary rocks, While still
deep below the surface, and under considerable pressure
owing to the thick cover of sedimentary rocks, the mass
gradually commenced to cool. In the meantime the process
known as magmatic differentiation was active. and the
originally homogeneous material separated gradually into
masses or sub-magmas varying slightly in composition. In
one sub-magma the more acid materials tended to segre-
gate with the bulk of the metallic constituents, and this
mass contained more of the water of the magma than the
other, which for this reason would tend to become less
fluid. The more pasty mass would tend to solidify first,
as the temperature gradually lessened, owing to the crystal-
lising out of the mineral constituents which could no longer
remain in solution in a magma which was becoming sup_er-
saturated for that particular temperature. The slow and
gradual cooling of this sub-magma resulted in the formation
of the normal pink granite of the district: this portion of
the granitic magma would naturally be by far the larger.
Within the cooling mass would be smaller reservoirs of
molten material which would be forced through cracks in
the cooling crust to form dykes of granite porphyry. The
masses and nodules of aplite included in this variety of
granite clearly indicate that the normal pink granite sub-
magma must also have heen the parent of this more acid
rock, which was doubtless derived from it by a process of
magmatic differentiation similar to that which had alreadv
taken place on a grander seale. While portions of the
more aqueous and acid material were imprisoned in the
cooling mass, before being able to segresate, in certain
places larger reservoirs were formed. from which at a later
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stage the molten material was forced, as soon as cracks
formed in the cooling crust, and thus the aplite dykes were
formed, iniruding not only the normal pink granite, but
also the white granite which had by this time consolidated.

Meanwh:le, during the consolidation of the larger and
more pasty mass to form the normal pink granite, the more
aqueous (and consequently more fluid) portion was still
molten. As it gradually cooled, certain of the constituents
tended to segregate, and the phenomena of magmatic dif-
ferentiation again played an important part in the forma-
tion of another sub-magma, still more acid and more
aqueous, and containing the bulk of the metallic constit-
uents of the original magma, owing to their tendency to
form volatile miupounds' with such elements as boro_n.
fluorine, chlorine, and sulphur. Probably this differentia-
tion had been going on in place, after the magma had bf;en
forced by a variation of the pressure into a higher position
in the cooling and solidifying normal pink granite sub-
magma : that this was not yet solid throughout is shown
by the presence of dykes of granite porphyry and of aplite,
which appear to have emanated from within this mass.
The pegmatite dykes appear to have been derived from this
source also: they probably represent the final stages of
consolidation, when the still fluid material was extruded
into cracks formed in the solid and cooling crust. Obviously
the pink granite must still have been at a very high tem-
perature when the more acid mass was forced up into it,
and this would mean that the cooling of the latter would
be gradual, and that the eonditions would be favourable
for differentiation such as that indicated above. The larger
mass gradually solidified to form the white granite: in
solidifying it enclosed throughout its mass abundant small
masses of material which had tended to segregate locally,
but which had not been able to unite with the central and
still fluid material, owing to the cooling mass becoming too
pasty. These formed the quartz-tourmaline nodules which
are abundant throughout the white granite: the fact I‘hat
groups of nodules are found in places, actually touching
each other shows that there was a tendency for them to
come together, the actual material forming each nf)r]qle
having been extracted from the magmatic material in its
neighbourhood.

When the white granite solidified, there was s[iAﬂ enclosed
within its mass a quntit_\* of fluid material. relatively more
acid than that which formed the white granite, and which
was itself undergoing further differentiation into two sub-
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magmas, one of which contained much water in addition to
volatile elements and the heavy metals, and was conse-
quently able to remain fluid at the lower temperature pre-
vailing. The magma was intruded into the still heated
but solidifying white granite, and in cooling and solidify-
ing itself included abundant quartz-tourmaline nodules in
a manner quite similar to that described above for the
white granite. The relatively greater abundance of
nodules in this rock, which now forms the fine-grained
aplitic tourmaline granite previously described, is to be
explained by the fact that the boron contents tended to
accumulate owing to the tendency of that element to form
compounds which remained fluid at lower temperatures,
and each succeeding sub-magma must have become rela-
tively richer in that element.

The portion of the magma still remaining fluid was char-
acterised by excess of water and of silica, and contained
the tin and other metals of the original granitic magma,
together with the so-called ‘* mineralisers,”” boron and fluor-
ine. As the huge masses of heated rocks cooled thev con-
tracted, and the crustal rocks fractured in various plﬁces to
adjust themselves to the new conditions which the contraec-
tional strains set up. Into the fissures so formed (which
sometimes extended beyond the limits of the igneous rocks
to the adjacent sedimentaries) material was injected from
the internal reservoir, which formed the quartz-tourmaline
veins and dykes of the district,

The accompanying diagram is intended to illustrate
graphically the relationship of the different types to each
other as explained in this section. Tt must be understood
that the table is merely diagrammatic, and is not quan-
titative, although in the writer’s opinion it serves to
illustrate the main processes which have been opera-
tive in producing the existing acid rock-types. A few
explanations are needed of the table. The two sets of
dykes emanating from the ecooling sub-magma A are shown
to indicate that these dykes penetrate both the outer solid
crust of the pink granite itself, as well as the alreadv
solidified white and nodular granites. Probably similar
dykes emanated from some of the other sub-magmas, pene-
trating the various rock-types, but they have not been
shown, as the diagram would become too complicated and
fail to serve its purpose The quartz-tourmaline veins
intersect all types -of granite, as indicated: they probably
intersect the other dyke rocks, although instances were not
observed excepting in the case of the aplite,

-
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[t must be understood that although separate and dis-
tinet operations are indicated in the diagram, they are not
so in nature. There is in many cases an overlapping, and
the solidification of each rock-type is not necessarily separate
and distinct, as indicated in the diagram.

Weathering.—A feature of the granite which deserves
mention is its behaviour under the attacks of weathering
agencies. Closely examined, the surface of weathered
granite is seen to be very rough, the quartz grains stand-
ing out in relief. This is due to the fact that the felspars
and mica of the granite are attacked first, and succumb
fairly readily, the felspars being converted to kaolin,
which is usually rapidly removed by surface waters. The
plagioclase is usually decomposed before the orthoclase.
The quartz is not only hard, but strongly resistant to the
attacks of solvents, which rapidly decompose other min-
erals of less favourable chemical composition. Conse-
quently, the quartz stands out in relief from the weathered
granite surface, and as the groundmass of the rock
weathers away, finds its way into the watercourses, where
it forms quartz gravel. This effect is particularly notice-
able in the pink granite; although the same change is
taking place in the other varieties, the effect is not so
noticeable, as the rocks are finer-grained.

Taking a broader view of the effects of weathering, it
is seen that typically the rock weathers into more or less
rounded boulders. This is shown in several of the photo-
graphs accompanying this bulletin.("®) When these
boulders are in exposed positions, there is always a ten-
dency for the rock to weather in such a way that the
boulders become ‘‘ perched '’ (i.c., undercut), and in course
of time these boulders roll down the hill-sides. An excel-
lent example of a perched boulder of pink granite is pro-
vided by The Pulpit Rock (see Photo. 12). This stands
on a bluff about 450 feet above sea-level, #-mile north-west
of Trial Harbour, and is little more than }-mile from the
sea-coast. The rock is very conspicuous for miles around,
and is easily distinguishable for some miles out to sea.
The boulder is about 30 feet high, and from 20 to 25 feet
in diameter. There is a horizontal fissure in the granite
at the base of the boulder. and weathering has widened
this, and has tended constantly to wear down any sharp
edges and corners, with the result that the boulder is
undercut, and in course of time must become unstable.

(™) Vide Photos. 1, 6, 10, 11, 12,
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This is but a typical example of the effect of weathering
on the granite, various examples of which were seen in
different parts of the field, though usually on a smaller
scale. The photo. also affords another very typical illus-
tration of the effect of weathering on the granite in the
district, viz., the tendency of the granite to flake off in
thin plates. These plates vary in thickness; they are
usually between }-inch and 1 inch in thickness, but are
occasionally thicker. The flakes decompose readily when
freed from the parent block. The cause of this flaking
is apparently to be found in the expansion and contrac-
tion of the outer crust of the rock, owing to rapidly alter-
nating temperature changes. During a hot day the rock
becomes heated to a limited depth and expands. The rock-
mass below this expanding layer is comparatively cold,
owing to the - poor conductivity, and the result
is that the expanding layer splits off. A cold
night frequently follows a hot day in this district,
and the heated layer contracts, the result being that it
breaks off. It is worthy of note that no instances of this
class of weathering were noticed in localities where the
rock was well sheltered. As evidence in support of the
explanation here given, it may be stated that on several
oceasions when returning to camp on cool nights after
hot summer d ivs, the writer noticéd sharp eracking sounds
coming from exposed outerops, and on one occasion a flake
of granite broke off and fell within reach.

Another factor which doubtless plays an important part
in the weathering of the coarsely-ervstalline pink granite
of the district is the unequal expansion and contraction
of the ecomponent minerals of the rock. As the different
minerals have different coefficients of expansion, it follows
that they must expand unequally under the influence of
heat. If it does not lead at once to the disintegration of
the rock, it must lead to the fracturing of the minerals,
which are consequently rendered more susceptible to the
attacks of weathering agencies.

Another distinctive feature of the weathering of the
granite is worthy of notice: this is the weathering along
approximately parallel lines, which gives the rock the
general appearance, when viewed from a distance. of a
bedded rock. This feature is very striking in certain
localities. and is illustrated in the accompanying photo
(Photo. 8). The picture is taken on the coast at the CIiff
Mine, and shows how the granite weathers and breaks off
in slabs, and also shows what an influence this method of
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weathering eventually has on determining the encroach-
ment of the ocean, and the configuration of the coast-line.
The fissures are in places very closely spaced, and are
parallel, striking a little north of west. It is rather sur-
prising to find that although the fissures appear so well
defined, and certainly have a very marked effect in increas-
ing the rate of disintegration of the rockmass, this effect
is only noticeable near the water’s edge, on the rock which
has long been exposed. Within quite a short distance of
the shore—certainly not more than 5 chains—excavations
have been made ‘n the granite at several points in con-
nection with the old Cliff Mine. Although these excav-
ations expose a fair width across the line of strike of these
fissures, no sign of fissuring can be detected in the fresh
granite. In the writer’s opinion, the effect described is
attributable to a series of joint planes in the granite,
which have probably been caused through strains set up
in the cooling of the rockmass. Although not noticeable
in the fresh rock, the joint planes have been discovered
by the repeated attacks of weathering agencies, and when
the water has gained access, it has rapidly pressed home
its initial advantage by attacking the parent rock forming
the walls of these incipient fissures, and so enlarging the
openings. As larger openings are made, the work of dis-
integration proceeds more rapidly. This work is doubt-
less assisted somewhat by the expansion and contraction
of the slabs owing to changes of temperature. The prox-
imity of the ocean doubtless increases the chemical activity
of the attacking solutions. Actually, on the coast, in a
place such as that illustrated in Photo. 8, the mechanical
force of the waves would be a potent factor in assisting
disintegration, but this cannot be classed as a weathering
effect. In the locality referred to, occasional irregular
horizontal joints occur in the granite, and where such are
present, large flakes of granite break off.

A similar ‘‘ bedded '’ effect to that described above is
noticeable in the pink granite outcropping in the Heems-
kirk Range to the north-west of Packer’s Creek. This is
shown in Photo. 11, which is taken from the old horse
tram on the Federation Mine, facing about north. Tt is
noteworthy that the fissures in this vicinity strike approxi-
mately north and south. The writer believes that here,
tog, this marked ‘‘ bedded '’ effect. so noticeable in the
weathered granite, is due to the presence of a series of
joint-planes, probably caused by strains set up in the
granite mass in cooling.
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The aplite usually weathers more rapidly than the
enclosing granite, and it was found rather difficult on the
field to obtain fresh specimens of this rock.

On the other hand, quartz-tourmaline veins and dykes
almost invariably stand out in relief from the granite
surface, sometimes to the extent of 9 or 10 feet. They
can sometimes be traced for long distances outcropping
boldly on the hillsides, while the surrounding granite is
covered by button-grass. The fact that these quartz-tour-
maline formations stand out so boldly is not to be won-
dered at, when it is remembered that the component min-
erals are themselves very hard and strongly resistant to
the attacks of chemical agencies, and that they remain
undecomposed by weathering, long after the felspar and
mica of the granite have disappeared. From time to time
fragments break off the exposed outerops, and commence
their journey downhill to the creek beds, and eventually
to the sea. In the course of this journey the fragments
gradually become more and more rounded under the
grinding and battering action of other fragments. Their
hardness and chemical stability enables the boulders to
survive, long after fragments of such rocks as granite have
suffered disintegration. This explains the occurrence of
abundant quartz-tourmaline boulders in most of the
creeks, often to the exclusion of other rocks, with the
exception of quartz.

On most of the granite hill-slopes there is scattered
abundant white quartz, usually in angular fragments.
Many of these fragments show ‘‘ negative crystals,” i.e.,
impressions left by the removal of some less stable min-
eral than the quartz itself. In some cases tourmaline is
obviously the mineral which has been removed, but in
others the cavities are approximately square in section,
and in the form of long prisms. At times the quartz
fragments are perforated by these square holes. This
quartz is derived from the pegmatite dykes, and the cavities
referred to are due to the removal of erystals of ortho-
clase felspar, which, in most of the pegmatite dykes
observed in the district, occurs included in the quartaz,
and penetrating it in various directions.

A very striking result of the weathering of the various
types of granitic rocks is the standing out in relief from
weathered surfaces of the contained quartz-tourmaline
nodules. As in the case of the veins and dykes of the
same mineral constitution, the nodules resist the attacks
of weathering agencies, which rapidly attack and remove

the surrounding granite rock, owing to the decomposition
of the felspars and mica. The nodules frequently stand
out several inches in relief, and the appearance is striking.
The effect is illustrated in Photos. 1 and 10.

Akin to this effect, and to that of the quartz-tourma-
line veins and dykes, is the effect produced by weathering
on the narrow tourmaline-filled fissures, which are fairly
common throughout the field. These also resist weather-
ing, and are sometimes seen standing out as thin plites
from the granite surface for a distance of more than a
foot. One of these is shown in Photo. 10 in the right-
centre of the picture, above the scale of inches.

Fissuring of Granite.—It is worthy of note that the dif-
ferent varieties of granite are cut through by fissures which
are often continuous over considerable distances, In this
section veins such as those discussed in the preceding sec-
tion are excluded, although a narrow tourmaline-filled
fissure is similar in mode of origin to a vein, and in reality
is a narrow vein. A study of .these fissures, however, is
interesting, as it throws light on the movements which have
taken place in the crustal portion of the granite after con-
solidation. In many instances the fissures are filled with
black tourmaline, and appear as black threads running
through the granite. In different parts of the district it
was observed that these tourmaline fissures (as they may
be called for the sake of convenience) cut through pink
granite, white granite, fine-grained tourmaline granite,
aplite, granite porphyry, and pegmatite. In several
instances they were seen to cut through quartz-tourmaline
veins, and also through nodules of quartz-tourmaline in the
white granite and in the fine-grained tourmaline granite.
Obvmusl_v then, these fissures were formed and filled with
tourmaline after the consolidation of all the granitic rocks.
In addition to the fissures filled with tourmaline, five
examples were noticed of fissures filled with white mica (which
may for convenience be termed greisen fissures), and numer-
ous fissures in the granite containing, and rendered dis-
tinct by, a small amoullt of kaolinised material, derived
apparently from the felspars of the granite.

An analysis of the results of many observations on the
behaviour of these fissures, and their relations to each
other, is interesting. It indicates that there are two sets
of fissures, and in certain localities one set is distinctly
later than the other, since at the points of intersection the
latter are displaced. The analysis of 50 observations on
fissures belonging to all three ‘classes referred to above,
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shows that 19 strike approximately north and south, nine
strike north-east and south-west, and 22 strike approx-
imately east and west. There would appear to be two main
sets: those approximately north and south vary in three
cases as much as 20 degrees east of the meridian, and in
two cases 30 degrees east, but with these exceptions are all
within a few degrees of magnetic north and south. In the
case of the approximately east and west set, one variation
of 20 degrees south and one of 30 degrees north were noted,
but the strike of the remaining 20 fissures was never more
than a few degrees from east and west. As noted else-
where, many of the quartz-tourmaline veins strike north
and south or east and west.

Whenever intersections were available, care was taken
to determine, if possible, the relative ages of the different
fissures. The results of these observations appear to be
worthy of record. With regard to the tourmaline fissures,
10 instances were noted of their intersecting and being dis-
placed by kaolin fissures, while in no case was the reverse
observed: it seems quite clear that the fissuring of the
granite now represented by the kaolin fissures took place
after the consolidation of the tourmaline in an earlier set
of fissures, as we should expect to find, for the kaolin fissures
probably record disturbances of the crust of the igneous
rock after all igneous activity had ceased: had they been
formed before, and extended to within reach of the still
fluid portion of the cooling magma, they must have formed

channels of escape for some of the heated gases and solu-
tions.

An instance of a greisen fissure cut through and slightly
faulted by a kaolin fissure was also noticed.

Of six intersections of tourmaline fissures noticed, four
occurred without appreciable displacement : there was
usually a bulging caused by the formation of a larger mass
of tourmaline, at the intersections. In one instance a north
and south tourmaline fissure was slightly faulted by a
similar one striking east and west, while at another locality
a single instance of the reverse was noted, the east and
west veinlet being faulted by a north and south one.

With regard to kaolin fissures, four intersections were
noticed in which the north and south were slightly faulted
by the east and west veinlets, while no instance of the
reverse was observed : in three cases. however, kaolin-filled
fissures striking north-east and south-west were displaced
by similar ones striking north and south. Insufficient
evidence has been collected to enable definite conclusions
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to be drawn, and it would not be wise to generanse, but
the features noted in this connection prove that in some
instances at least, the earliest formed fractures of the series
which occurred after the final consolidation of the crust,
were those striking north-east and south-west. Somewhat
later, a series of north and south fractures was developed,
while the latest formed were those striking east and west.

The Structure of the Granite Massif.—In a previous sec-
tion the writer has discussed the mode of origin of the
varieties of granitic rocks, and has expressed the opinion
that all are closely related genetically, and that all have
resulted from the differentiation of a huge mass of igneous
rock material in situ, after it had been forced up into a
thick series of sedimentary rocks. In other words, although
different rocks are noticed, they are but variations of one
main granite intrusion, and all the variations constitute
the one granite massif. It remains to consider the strue-
ture of this massif, and its relationship to other similar
rock-types. }

This question was studied by Mr. L. K. Ward a few years
ago, and the results of his observations and the conclusions
drawn therefrom are incorporated in a valuable paper read
before the Australasian Association for the Advancement
of Science at its Sydney meeting in 1911, entitled ‘* The
Heemskirk Massif—Its Structure and Relationships.”
After careful consideration, and by kind permission of the
author, it has been decided to reprint this paper herewith,
as it deals fully and directly with the subject under con-
sideration, and leaves little to be said. This paper will be
found at the end of this bulletin.(77)

Mr. Ward concludes from a study and discussion of the
question, that the massif is an irregular transgressive intrus-
ive body of limited mass, /.¢., with a definite bottom, and
“ not an ever-expanding mass of granite which is connected
with the deeper portions of the earth.”” He proposes to
give to the mass the name chonolite. which was invented
by Professor Daly to meet such a case.

" After his investigation of field occurrences, in a more
detailed manner than Mr. Ward was able to undertake, the
writer agrees with the views expressed so ably by the above
author. which appear to explain satisfactorily the known
features of the granitic outcrop and the associated dyke
rocks and metal-bearing veins.

Age of the Granite.—It remains to investigate the age of
the granitic rocks which have been described. From what

(™) Vide Appendix IIL., pp. 441-450.
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has already been said it is clear that the different varieties
of granitic rocks all belong to one period of igneous activity.
The rocks have been iel?llui to as Devonian, but no reason
given for this statement.

Lithologically, the rock does not differ in any essentials
from othet untom}m of tin-bearing granites throughout the
State. The pink orthoclase and tnurmalme of the normal
pink variety, and the abundant tourmaline of the white
variety, are certainly not characteristic features elsewhere,
but it is nute\wrth\ that no slides of the various granites
from the district revealed any signs of crushing, a very char-
acteristic feature of the older vmmte of the State, which is
believed to be of Cambro-Ordovician age.

The occurrence of basic rocks towards the margin, and the
nature of the ores associated with the granite are features
which suggest a correlation with similar outerops in other
localities. The development of similar massifs along cer-
tain well-defined lines also suggests a correlation for the
outcrops. In the district itself the plutonic rock is intru-
give into sediments which are of Pre-Silurian age.

The prevalence of dykes of acid rocks within and near
the granite borders has been remarked upon; these dykes
are undoubtedly genetically connected with the main
granite mass, and represent portions of the magma which
have been intruded into the upper portion of the igneous
rock and into the surrounding sedimentaries during the
consolidation of the main mass.

To the west, however, in the Zeehan field. are numerous
dykes of granite porphyry.(’*) These are undoubtedlv
apophyses of the Heemskirk granite massif, which is
believed to underlie this field. These dykes intersect the
fossiliferous Upper Silurian strata,(’*) and some of them
are affected by Post-Silurian faulting. This evidence is
valuable in aHPmplmu to fix the time of the igneous intru-
sions, in the geological column.

In various parts of the State where the basal conglom-
erates of the Permo-Carboniferous system are developed,
this rock is found to contain abundant boulders of granite
which is to be correlated with that under review, but in no
locality is granite known to be intrusive into the Permo-
Carboniferous or later rocks: hence the granite is appar-
ently earlier than Permo-Carboniferous.

It is in view of this evidence that the granite massif is
assumed to be of Devonian age.

(™) Vide Geol, Surv, Tas. Bulletin 8, p. 26. (™) Op. cit., p. 27.
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B.—SUMMARY OF THE SEQUENCE AND RELATIONSHIPS OF THE
IGNEOUS ROCKS.

In different parts of this report assumptions have been
made with 1er__rﬂr¢l to the :elaunnslup of the acid and basic
igneous rocks of the district, but it is necessary to sum-
marise and define more clearly what these relationships
really are. '

In the description of the acid rocks, it has been shown
that differentiation processes have been active in the acid
magma, and have resulted in the formation of closely-
related, yet different, rock-types. ;

Similarly, in the basic magma differentiation processes
have produced related but distinet rock-types.

Just as the white granite and pink granite are related,
both having been derived from one magma, and as gabbro
and peridotite are related. having been derived from
another magma, so, in the writer's opinion, are both acid
and basic groups of rocks related, in having been origin-
ally derived from the one parent magma. There is, how-
ever, a difference in the processes, in that the various types
of acid and basic rocks have been derived from acid and
basic magmas respectively by differentiation in situ: the
acid and basic magmas themselves have not been produced
by differentiation in sifu. The parent magma was intro-
duced from some deeper reservoir, into a position where
it remained for some considerable time, during which
period differentiation caused a separation into two sub-
magmas, differing considerably in composition, one being
basic and the other acid. A partial relief of pressure in
the overlying rocks caused the basic mass to be forced up
into a new position, still deep below the crust, where it
underwent further differentiation, gradually cooling and
solidifying to form the gabbro and peridotite, which were
subsequently exposed by the removal of the overlying
rocks. At a slightly later period, and immediately after
the consolidation of the basic rocks, the differentiated
acidic magma, of immensely greater bulk than the basic
one, was in turn forced up into the overlying rocks, into
a position determined by some crustal weakness. The
acidie magma was still at a great depth below the surface
and after coming to rest, further differentiation resulted in
the formation of the various rock-types described under
the heading of acid igneous rocks.

Briefly, this is believed to be the explanation of the
mode of origin of the different rock-types which the evi-
dence at our disposal indicates.
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Having stated the theory which is believed Eo sﬁatils-
factorily account for the rock-types present in ¢ eh eld,
it remains to indicate the reasons for accepting t-}ns t ec_)(rly.

It is not necessary to again rllscuss‘ the various aclhlc
and basic rocks, and their iuter-_relatmushlp, _but rat e;
to consider the relation of the acid to the basic group o

whole. _ ‘
ro?[lfﬁeaioilstal.?t association of the acid and basie ‘ro(‘ks is
a striking feature of their field ovcurrence.] It is 1.10‘(,;
worthy, too, that the basu'_ rt_mics_ occur near the marglln .
the granite, but never within its borders. In oneto;:he
ity (*°) veins of quartz and of tourmaline intersec ;
basic rocks, showing clearly that t]u? latter had cot}sn;
dated before the final consolidation of t.]}e granite. l\lcir;‘1
of Trial Harbour, although the granite is not seen t.:; defi-
nitely invade the serpentine, the impression gained cer;
tainly indicates a later age for the granite. The veins o
quariz (distinet from the (-}1;AI<'9<’19111(~ silica deseribed elst;e-
where) which traverse the serpentine lle_rf- may perhaps ;‘,
attributed to the granitic intrusion. ll_:e occurrence o
tabular masses of lime-silicate hornstones in the serp'entlne
has been discussed elsewhere; although, perhaps, it can
scarcely be admitted as evidence, not having b_een proved
to be due to the granite, the fact is suggestive. ~ The
amphibolitisation of the gabbro, again, is suggesti\]'le. .5111'ce
no regional metamorphism has taken place since the m]\a-
sion of the Devonian igneous rocks. Tht_a suggestion has
been made by another writer (*') that this amphibolitisa-
tion in another district may have !_wvr} (lufeito {.hq pres-
sure exerted during the serpentinisation of portion _0t
the basic mass. This question has already beel} (i{s-
cussed,(**) and the opinion expressed that the amp]nbo. it-
isation is due to the pressure exerted by the gramtrtic
intrusion. Could this be proved, no I'u-nm‘ v\'nle.ncs- could
be asked for to determine ti_w relative ages of the idw(?
groups of rocks, but the question can scarcely be regarde
2 settled.
= If:'m:llllg of‘curr'em'vs in this distriet are to be correlated
with others in different parts of the State, important con-
firmatory evidence that the two groups of rpt'ks are geneti-
cally related, and that the granite is s!ls:ht.i_v younger
than the gabbro and serpentine, becomes available.

A close examination of the various occurrences .mak_es it
practically certain that such a correlation is Just-lﬁerl_

ot i:ida supra, p. 39. ks
t(‘“i Mr, L. K. Ward : Geol. Sarv, Tas. Bulletin 6, p. 31.
(%) Vide supra. p. 62, et seq.
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Lithologically the rocks are similar. The actual associa-
tion of different rock-types is similar to a remarkable
degree. The intrusion of the rocks has taken place in
many localities along definite lines determined by some
crustal weakness.() In several instances confirmatory
evidence of age is obtainable, showing that different out-
€rops are to be correlated. The ore-deposits in different
districts are similar, or give evidence of being genetically
connected,

Unfortunately, chemical analyses of different rocks are
not available.

Without dealing in minute detail with the different
occurrénces, from the general characters presented above
there can be little doubt of the justification of the cor-
relation of different outcrops.

Some of the known associations of basic with acid
igneous rocks have already been enumerated. (*)

In the North Dundas tinfield basic rocks are traversed
by dykes of granite-porphyry, (**) indicating that the por-
tion of the exposed basic rock was at least solid before the
final consolidation of the granitic magma,

At Anderson’s Creek, the serpentine is intruded by
granitic rocks.(**)

For a more detailed discussion of the question the
reader is referred to recent bulletins of the Geological
Survey.

It is necessary to state clearly that there is no gradual
merging in any district examined of granite into gabbro;
the boundaries of the two rocks are distinct. In one dis-
trict (Stanley River) rocks of intermediate composition
(diorites) occur (*7); they do not occur in contact with
either granite or gabbro, but intrusive into the Pre-
Silurian sedimentaries, and do not represent types which
have resulted from differentiation in situ of the igneous
mass.

This feature of the association of the basic and acid
igneous rocks in so many districts clearly indicates a slight
difference in age of the two groups. In view of the evi-

(™) As pointed out by Mr. Ward: vide “The Heemskirk Mussif—Its

Structure and Relationships,” by L. K. Ward, B.A.. B.E., Proc. ALAAS,
Sect, C. Vol. xiii., p. 172, et #€q.

(*) Vide supra, p, 63.

(®) Vide Geol. Surv. Tas. Bulletin 6, p. 30.

(*) Report «n the Mineral Resources of the Districts of Beaconsfeld
and Salisbury, by W. H. Twelvetrees, 1103, pp. 7-9.

(") Geol. Surv. Tas. Bulletin 15, pp. 24-26.
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dence presented above it seems clear that the acid rocks
are slightly younger than the basic ones, although both
are genetically connected.

C.— SEDIMENTARY ROCKS AND THEIR MODIFICATIONS.
(1)—Pre-Silurian Slates, Sandstones, Breeccias, and Tuffs.

Surrounding the granite, and forming the country-rock
into which all the igneous rocks of the district have been
intruded, is a thick series of slates, sandstones, breccias,
and tuffs. They form part of a series of sediments
which occupy a considerable portion of the West® Coast
country. The sediments in the Heemskirk district appear
to be quite continuous with the older rocks developed in
the neighbourhood of Zeehan.(**) The most abundant
members of the series developed in this district are fissile
blue slates and white sandstones, which are interbedded.
Fine-grained tuffs occur in places intercalated with slates,
and in one locality (to be described) were breccias noted,
interbedded with both slates and sandstones.

All the beds have evidently been subjected to intense
crushing, and, in consequence, they are rendered schistose,
and there has been a considerable amount of contortion
of the beds.

Although strikes and dips were noted at various points
where outcrops were exposed, these were found to be of
no value in determining the strike and dip of the series
as a whole, for the observed bearings varied from north
and south to east and west. This is not surprising when
it is remembered that in the district examined one is
never far distant from the huge granite massif of the
Heemskirk Range, which has highly metamorphosed the
surrounding sediments. In the vieinity of the granite-
contact, the rocks are always intensely altered, the com-
monest effects being silicification and tourmalinisation.
Contact-metamorphic effects are described elsewhere.(*?)
A striking characteristic of the country near the granite-
contact in which these sediments occur, is the presence of
abundant angular quartz on the surface, shed from vein-
lets cutting through the rocks in various directions.
Banded quartz-tourmaline rock (an original sedimentary
in which the bands are replaced alternately by quartz and
tourmaline) is also common,.

e (%) Vide Geol. Sury. Tas Bulletin 8, p_p 35-37.
(®) Vide infra, pp. 111-124.
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In some localities sandstones predominate : here the
soil is open and sandy, and usually supports little vegeta-
tion but button-grass. Where slates are represented most
abundantly, however, there is usually a fair depth of
clayey soil, brown in colour, which supports a luxuriant
growth of scrub and timber. Between the granite-contact
and the Little Henty River, although there are patches
of open myrtle forest with tree-ferns. the slates support a
heavy growth of dense scrub, which is frequently impene-
trable. In fact, careful examination of this portion of the
district was impossible, owing to the thick scrub,

To the eastward the series is overlain in the ieighbour-
hood of Zeehan by fossiliferous Silurian strata. At no
point in the area did any trace of organic life appear to
be preserved, but this is only to be expected when the
altered nature of the sediments is remembered.

Mention has been made of the thick scrub in the viein-
ity of the Little Henty River preventing a detailed
examination of this locality. One traverse made of this
country was down the course of the Burnt Bridge Creek
to the Little Henty River. An examindtion of the rocks
exposed in the bed of the creek disclosed some interesting
information.

About 1 mile below the Trial Harbour Road is a hard
bar of rock crossing the creek, which forms falls about
30 feet in height. This is seen to be a breccia, composed
of angular and subangular fragments, varying in size from
§-inch to 4 inches in diameter, enclosed in a reddish to
greenish-coloured groundmass. The fragments appear to
be distributed quite irregularly through the rock, which
shows no defined banding.  The whole rock is exceed-
ingly hard, and breaks across the fragments with a ten-
dency towards conchoidal fracture in places. The pre-
vailing colour on freshly-fractured faces is a dark-reddish
tint, merging into greenish in places, according to the
nature of the groundmass. The appearance of weathered
surfaces is striking: the groundmass weathers away, leav-
ing the included fragments standing out in relief from
the rock face.

The fragments, which form the bulk of the rock, are
usually very siliceous: the commonest variety is a dense
chert, but some pieces have a chalcedonic facies, and a few
resemble a close-grained igneous rock. The cement is nor-
mally reddish in colour and very siliceous: in places, how-
ever, there are masses of green actinolite up to 1 inch in
diameter. These consist of aggregates of crystals up to 2
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millimetres in length, pale-green and pleochroic in thin sec-
tion, and frequently associated with pyrrhotite: in some
cases irregular cracks running through fragments of chert
are filled with actinolite, which forms continuous veinlets
with similar aggregates in the cementing material.
Obviously the actinolite is secondary, and has been formed
in the rock subsequent to its consolidation. The presence
of this mineral sometimes gives the rock a greenish tint.

The rock is similar in appearance and general character-
istics to a breccia recently described from the Stanley
River district by the writer,(*") and to one described from
North Dundas by Mr. L. K. Ward.(*') Mr. Ward also
compares the latter rock with a conglomerate from the
Dial Range.

The width of the main belt of breccia exposed at this
point is about 70 feet. The strike of the sedimentary rocks
here is N. 65° E., and the dip south. An aneroid reading
showed the height at the top of the falls to be about 400
feet above sea-level.

The breccia varies a good deal in texture from coarse to
very fine. These beds are intercalated with finer-grained
sedimentaries: these rocks are all very much hardened and
silicified. Some are very fine-grained and are indurated
slates: in others coarser grains are distinguishable in a
fine groundmass, and while some bands are doubtless true
sandstones, others appear from the nature of the fragments
to be tuffs. They are exceedingly hard, and break with a
conchoidal fracture. Some bands show lens-shaped inclu-
sions of fine breccias.

Outcropping on the hill side about 2 chains east of the
breceia exposed in the creek is a light-coloured lime-silicate
rock: it was rather too decomposed for sectioning, but
appeared to consist almost entirely of light-coloured diop-
side, with aggregates of pistache-green epidote, and a little
scattered magnetite. On account of the thick undergrowth
in this vicinity it was found impossible to trace the extent
of the lime-silicate rock, or determine exactly its relation
to the breccias: apparently it represents a calcareous band
in the sedimentaries which has been reconstituted as a
result of the metamorphism the rocks have undergone.

Before proceeding to deal with the mode of origin of the
breccia, it seems advisable to refer to the succession of rocks
exposed in the lower course of the Burnt Bridge Creek to
its junction with the Little Henty River, as all belong to

(%) Vide Geol, Surv. Tas. Bulletin 15, p. 40,
(M) Vide Geol, S8urv. Tas. Bulletin 6, pp. 34, 35.
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the one great series, and this was the only section available
in this part of the district.

For some chains below the breccia, the rocks are hard-
ened sedimentaries where they could be examined, similar
to those described above.

This is succeeded for several chains by another band more
intensely altered, until in many places the rock has almost
lost its sedimentary appearance: in places it approaches a
breccia again, containing abundant cherty masses in a
groundmass with abundant green actinolite. These cherty
masses vary in colour from white to reddish, but it is so
altered that a well-defined brecciated structure is nowhere
distinguishable. In one or two places it almost appears as
though there are irregular masses of some basic rock intru-
sive into the sedimentaries: detailed examination is
impracticable, however. It is worthy of note that wherever
these aggregates of actinolite occur, and they are ve
abundant, they are constantly associated with pyrrhotite,
never very abundant, but always noticeable in dissemi.
nated masses. One specimen broken from this localit
showed abundant minute bladed crystals of black horn-
blende facing the walls of a fissure in the rock.

Succeeding one narrow band, which appears to be a true
breccia similar to that higher up the creek, is a horizon
of very dense greenish and reddish slate, much folded, and
showing faulting on a small scale in several places; these
rocks appear to be intruded in several places by small
irregular masses of a greenish igneous rock, with fairly
abundant pyrrhotite in places. A short distance lower down
the creek is a hard bar crossing the creek, iron-stained on
the surface and pale-green on freshly broken surfaces. The
texture is fine to medium, and it proves to be a gabbro-
amphibolite: the rock is described elsewhere in this
report.(**) The walls are ill-defined, and included in the
rock are light-coloured cherty fragments. The mass occurs
in tabular form, width 6 feet, strike N. 53° E._, apparent
dip south-east. The rock is very hard, and the bar cross-
ing the creek bed forms falls about 12 feet in height.

About 3 chains lower down the creek, in the highly
metamorphosed slates and sandstones, now converted to
cherts and quartzites, are noticed several bands of a very
hard greenish rock, which proves to be a lime-silicate horn-
stone, composed essentially of diopside, epidote, and ido-
crase, with a little calcite and quartz. This rock is described
in detail below.(**) It occurs apparently interbedded with

(") Vide supra, p 34. (™) Vide infra, p. 130,
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the sedimentary rocks, but observations are limited to very
few outcrops of the rock.

About quarter of a mile below this cccurrence a branch
creek joins the main creek from the north-east. At this
point a little prospecting work was carried out, although
without success: the work is described in another part of
this report.(**)

From this point onwards to the Little Henty River, the
jocks appear less altered. At the junction of the creeks
a series of pink and white grits and quartzites make their
appearance, forming a steep ridge, through which the creek
has cut its gorge. The beds strike N. 762 W., and dip
north at 30 degrees. This does not correspond with the
observed strike and dip higher up the creek, and the ques-
tion arises as to whether we have here represented a dif-
ferent series of beds, unconformable with those previously
described. The writer prefers, however, to regard them
as belonging to the same series: it must be borne in mind
that we are dealing with an area in which the result of con-
siderable metamorphic action is manifest, and also one in
which continuous observations are impossible owing to the
lack of outerops. The rocks are usually hardened and silici-
fied, and are noticed at intervals for at least 15 or 20 chains.

About the southern extremity of these beds is a band
of greenish quartzite; clear quartz grains are abundant,
but the groundmass cannot be distinguished. - A thin sec-
tion was cut, and shows that many of the quartz grains
are surrounded by green chlorite, which also occurs in
tufted aggregates; a few grains of epidote are present in
these tufts.

At about a quarter of a mile above its junction with the
parent stream, the creek bed is crossed by a band of very
hard quartzite, which causes a small waterfall. This rock
appears to have been crushed, and shows a poorly-defined
schistose structure on weathered surfaces: it carries pyrite
disseminated and in crystalline aggregates throughout its
mass. From this point to the Little Henty River, a con-
siderable thickness of rocks is exposed, well banded, and
varying in strike at different points from N. 13° E. to N.
320 E., but with a constant dip to the east at 45 degrees.
The rocks are bluish in colour, and are usually very fine in
texture, but show bedding planes. They are soft, and
resemble impure limestones in appearance: they contain
harder siliceous bands in places, which strongly resist

(™) Vide infra, p. 423.
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weathering, and stand out as hard bars crossing the creek-
bed,
A sample from these softer beds was submitted to the

Government Assayer for determination of the lime content :
he reported - —

Lime (Ca0) ...... ..... 10'85 per cent.

This figure is equivalent to 19-38 per cent. caleium car-
bonate, and clearly shows that:the beds are impure lime-
stones. This determination of calcareous beds in the old
Pre-Silurian sedimentary series of rocks is important,

(2)—Silurian (7} Sandstones and Grits.

On the accompanying map of the distriet("*) a small
area is shown near the coast between Trial Harbour and
the Little Henty River as being of doubtful Silurian age.
The writer hesitates a good deal about classing the rocks
as Silurian, and admits that the evidence for doing so is
very slight. The rocks form a well-defined hill about 30
chains in length, with a remarkably level crest, the axis
of the hill striking about north and south. It is covered
with button-grass on the summit and western slopes, but at
the foot of the eastern slope heavy serub comes in. This
hill rises to about 300 feet above sea-level: it is 1solated,
and at no other place in the district were similar rocks
found. The general shape of the hill as viewed from the
north-west is shown in Photos. Nos. 7 and 15.

Unfortunately, although the crest and sides of the hill
were covered with abundant debris, no definite outerops,
which could be regarded as certainly in situ, were seen.
Fairly large boulders were seen in places, and these usually
were lying partly embedded in the surface soil, with their
bedding planes approximately horizontal. Tt may be that
they really do represent the disposition of the beds and that
they have become detached from the massive beds in the
ordinary course of weathering without taking up fresh posi-
tions. If the beds be horizontal, they must be lying uncon-
formably on the older sedimentaries which outerop along
the sea-shore.

The rocks are invariably very siliceous sedimentaries,
white in colour, the predominating members being sand-
stones and grits, although sometimes coarser pebbles oceur,

(*) Plate 11
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giving the rock more the features of a conglomerate.
Although hard and usually silicified, there appears to have
been no crushing of the sediments. TIndividual particles
vary in shape from angular to rounded. It is worthy of
note that in many of the finer sandstones, as well as in
the coarser grits, although the bulk of the rock is made up
of grains of glassy quartz, there are softer fragments which
show signs of kaolinisation.

The striking feature of the rocks is the occurrence of
abundant cavities, many of which are strongly suggestive
of fossil impressions, although no definite fossils were found.
Some of the cavities are of quite irregular shape, and are
doubtless caused by the weathering out of some of the
softer constitnents of the rock: others are approximately
circular in plan, but of small thickness, while others again
suggest the forms of brachiopods, although the impressions
are not sharp. Some of the cavities are circular or slightly
oval in shape, about one-quarter inch in diameter, and have
a small circular central pillar, i.e., the cavities are cylin-
drical. These cavities are very suggestive of erinoid stems.
Although they do not appear to be common, one loose frag-
ment of white sandstone was obtained which showed on
weathered surfaces some irregular tubular casts up to about
1 inch in length, all lying parallel with the bedding plane
of the specimen. In general form they resemble the
so-called “‘ pipe-stems "’ of the tubicolar sandstone which
is associated with (and later than) the West Coast Range
conglomerate in various localities on the West Coast.
These casts, however, are rather more indefinite than typical
‘‘ ‘pipe-stems,”” and lie horizontally, and not perpendicu-
larly, with reference to the bedding planes.

Thus it will be seen that there is no positive evidence
for classing the beds as Silurian. Tt is not improbable,
however, that they may be correlated with known Silurian
beds at Zeehan, which are thus described by Messrs. W.
H. Twelvetrees and L. K. Ward in their bulletin on the
Zeehan field : —(*%)

‘ S8andstone, pebbly grit, and greenish-grey slate. The
next succeeding formation to the limestone is a coarse-
grained sandstone, which merges into a grit on the one
hand and into a greenish slate on the other. The coarser-
grained varieties are loosely compacted, and ill-suited to
preserve the details of organic remains, which are conse-
quently lacking in structural details. There are present
in the beds some obscure tubular casts which appear to be

(™) Vide Geol. Surv. Tas. Bulletin 8, pp. 390-40.
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related to, if not identical with, the similar casts more
ab_undant]y represented in the tubicolar sandstone. The
principal point of difference between these tubular bodies
m the two formations is concerned with their relations to
the bedding planes. In the Silurian beds the tubes lie
more or less horizontally, or are inclined at low angles to
the planes of sedimentation, while in the tubicolar sand-
stone they cross the bedding planes approximately at right
angles. In the Silurian beds they are associated with other
organic remains, while in the older formation thev alone
are found.” !

Quartz veins are noticeable in some specimens, cuftting
across the bedding planes, containing a little scattered
pyrite. One specimen was cut through by a veinlet of dark
greenish-black tourmaline in fine radiatiﬁg needles. These
features indicate that the sediments have been influenced
by the granitic intrusion, and that ore-bodies mav be found
in the vicinity. i

(3)—Recent Sediments.

Recent Unconsolidated Sediments.—There are in several
localities in the district accumulations of recent sediments
which are unconsolidated : they are of no importance.

Along the coast there are naturally deposits at various
points of shingle and sand, where conditions have been
favourable for their accumulation. As a general rule,
however, the coast-line is rugged and precipitous: sometimes
there is a narrow strip between high-water mark and the
base of the cliffs, which is covered with talus from the cliffs
above; in other places the sea encroaches right to the
base of the cliffs. At a few points where small bays have
formed there are accumulations of sand or shingle. At
Granville Harbour there is a strip of low-lying land fring-
ing the shore, which is covered with recent deposits of
shingle and sand. At Trial Harbour also, and for a short
distance to the south, there are beach sands, which extend
inland but a short distance. In this locality some of the
recent accumulations both of sand and gravel are becoming
consolidated as deseribed below.

From a short distance north ‘of the mouth of the Little
Henty River, extending for between 15 and 20 miles
southwards, is the magnificent sandy beach known as Ocean
Beach. This is of considerable width, up to one-quarter
mile in places, and is composed at its northern end partly
of well-rounded gravel of about pea size, partly of white
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sand, varying in coarseness. This forms dunes for a short
distance inland from high-water mark. There are recent
alluvial flats of limited extent at several points in the
lower course of the Little Henty River, and a strip of low-
lying ground to the south of the river, about half a mile
in width: this was not visited, but appears to be alluvium.
Inland there are no extensive deposits. Along most of
the creeks are patches of alluvium of limited extent, many
of which have been found to carry payable tin: these are
practically exhausted. At the Agnew Creek, near the point
where it crosses the Trial Harbour Road, is a flat carrying
abundant rounded pebbles and boulders of quartz-tour-
maline forming beds up to 4 feet in thickness. This
alluvium is usually tin-bearing, and has been worked in
various places on the flat: it appears to be of Recent age.
The well-rounded nature of many of the boulders forming
these deposits, and their thickness, suggests that they may
possibly be Tertiary, for the creeks do not carry very much
water; but there is no direct evidence for classing the
deposits as Tertiary. ¥

Recent  Sandstone, Conglomerate, and Breceia.—
Examples occur in the district of the formation of sand-
stones, conglomerates, and breccias at the present time.
Geological processes do not vary with time, and in this case
we have examples of solid rocks being formed at the present
day, although on a small scale, by processes similar to those
which have been active since the beginning of time. By
the processes to be described, loosely aggregated deposits
of sand, gravel, and detritus are becoming consolidated to
form sedimentary rocks.

All the occurrences to be described occur in the vicinity
of Trial Harbour. On the edge of the beach below the site
of the old township of Remine, and from 10 to 20 feet above
high-water mark, are to be seen beds which appear to be
composed of sand similar to that on the beach below, but
which are found to be consolidated. The material is so hard
in places that it forms a true sandstone. Where faces are
exposed, ‘he beds are seen to be distinetly banded, and
cross-bedding is plainly visible in several places. The beds
are never more than a few feet in thickness. Much of the
sand is iron-stained: it rests directly on serpentine. The
mode of origin is not far to seek: the sand is really dune-
sand, blown up from the heach by the prevailing winds.
Changes in the direction and velocity of the wind have
caused the slight cross-bedding effect noticeable in some
places. The cementing is evidently going on at the present
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time. This is due largely to solutions derived from the
serpentine. The latter rock is rich in iron, much of which
is set free as the rock gradually decomposes, and taken into
solution by the surface waters. In the hot and dry weather
the iron-bearing solutions would be gradually absorbed into
the body of the sand, and the evaporation of the water would
leave the iron oxide as a cement. Probably the cementing
material is also partly calcium carbonate : a certain amount
of this substance would also be available in the solutions,
derived from the weathering of the serpentine. Then, again,
reference has been made to the presence of abundant veinlets
of arragonite and of calcite in the serpentine: in the course
of weathering, although some of this would be taken into
solution, a good deal would be included in the sand as
grains derived from the mechanical battering to pieces of
the bedrock. This calcite and arragonite in the beds of
sand would in course of time be dissolved, and would in
part at least be reprecipitated to form a calcareous cement
for the insoluble grains. A certain amount of silica would
also be set free in the decomposition of the serpentine rock,
and portion of this would be absorbed into the beds of sand
by processes similar to those deseribed for the iron oxide,
and would form part of the cement.

About half a mile south-east of Remine, along the
coast, a small creek trickles down on to the beach, after
flowing through a somewhat marshy flat which is on ser-
pentine country. At the mouth of this creek were noticed
thin beds of brown iron-stained conglomerate. The pebbles
are of all sizes up to about 3 inches across, and vary in
shape from angular to rounded. The composition of the
pebbles varies: most of the angular material is serpentine,
very much weathered, while the rounded pebbles are mostly
quartz and quartzite. The cement is almost entirely limon-
ite. The material is quite compact and now forms a solid
rock.. There is no doubt as to the mode of origin of this
rock : it really represents the detrital deposits brought down
by the creek, cemented by iron oxide deposited from solu-
tions which have derived their iron contents from the
decomposition of the iron-bearing minerals of the ser-
pentine. The deposit is of small thickness and extent, and
of no importance, although of interest as showing the pro-
cesses in operation.

A similar result is being effected about a mile further
south along the coast, where the surface debriz near the
base of a hill is being cemented by iron oxide, derived from
the weathering of lime-silicate and other contact rocks.
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Sand blown in from the beach is being cemented in the
same way.

Outcropping and lying about on the surface at the foot
of a hill about }-mile south-east of Remine, near a small
creek flowing into the ocean, is a peculiar rock, different
from any seen elsewhere in the district. It occurs very
near the contact of serpentine and slate rock. The rock
consists largely of opal and limonite. There are abun-
dant irregular veins filled with opal varying in colour
from white, through brown, to black. TInterspersed with
the opal are irregular masses of limonite, usually massive
or earthy. This material, however, is subordinate in
amount, opal forming the bulk of the rock. There are
sometimes included masses, apparently of thoroughly
opalised serpentine. ~ The rock is very light, being of a
very open texture. The masses of opal are usually quite
open towards the centre, the central cavities being lined
with projecting oolitic masses of opal, which has evidently
been deposited from solution. Most of the opaline masses
show a certain banded structure, owing to varying
amounts of impurity included in the different layers
deposited.

In one place the surface of the bed-rock is covered with
a layer of opal varying in thickness from 1/16th to }-inch.
This sheet of opal is divided into rectangles by a series of
intersecting fissures, which have afterwards been filled with
impure opal and iron oxide, the effect being to give the
rock surface a strikingly tessellated appearance, The
opal is distinctly mottled, owing to some patches being
stained reddish-brown by included iron oxide. The rock
itself is thoroughly silicified, and appears to have been a
serpentine, The included fragments are also of silicified
material, apparently serpentine.

The rock is practically a siliceous sinter, but on account
of the included fragments may be classed as an opaline
breceia. The silica is obviously secondary, and has been
deposited from solution. Tt has probably been derived
from the decomposition of the serpentine rock, being
deposited from solutions as the solvent evaporated. It
may have been brought to the surface by hot waters, but
there can be little doubt as to the rock having been formed
in situ, and the included fragments, and the situa-
tion of the deposit indicate that it is of quite recent age.
The extent of the deposit is small, and it is of no economie
importance.
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D.—~CONTACT METAMORPHIC EFFECTS OF THE IGNEOUS
INTRUSIONS.

(1) General.

The South Heemskirk tinfield provides some unusually
interesting contact-metamorphic effects which merit special
description.  Although one very important result of the
mtrusion of the igneous masses has been to form contact-
metamorphic ore-bodies of economic importance, it is not
proposed to deal specifically with these ore-bodies at this
juncture, but rather to discuss the variations caused in the
rock-types in the vicinity of the igneous contacts.

As described above, there have been two intrusions of
igneous rock, both derived from the same source, and fol-
lowing closely upon one another, but of very different com-
position ; the earlier intrusion was of basic material, and
1s represented by areas of gabbro-amphibolite and of ser-
pentine ; the later, of acid material, which formed the
Heemskirk granite massif.

[he igneous rocks have intruded Pre-Silurian sediments,
and it is these rocks which exhibit the contact-metamorphic
efiects to be described. The rocks are described else.
where as forming a thick series of essentially argillaceous
and arenaceous sediments, with definite evidence (*7) of
eertain calcareous beds intercalated with them.

Effects of the Busic Intrusions.—The effects of the basic
intrusions on the sediments appear to have been small.
It must be borne in mind, however, that basic and acid
rocks are not only closely related genetically, but they are
closely associated in the field, and any effect which the
basic intrusion may have had may be quite masked by
the far more intense alteration caused by the subsequent
granitic intrusion. Few alterations which could be
attributed to the basic rocks were observed in the district.
The association in the field of lime-silicate rocks with the
gabbro and serpentine is described below, but their forma-
tion is considered by the writer rather to be due to the
effect of the granite. Along the Trial Harbour Road,
about a mile south-west of Comstock, is a belt of anda-
lusite slate, nearly 1 mile in width, with gabbro exposed
on both sides, but this rock is described in detail below,(*%)
as the alteration is probably due to the granite.

Mention should be made of the fact that at very few
points was the actual contact of gabbro or serpentine with

(") Vide supra, p. 105.

(") Vide infra, p. 121
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sedimentary rocks observed, and any slight effect actually
at the contact might easily be overlooked.

At one point on the clifis north of Trial Harbour, the
sedimentaries in contact with the serpentine are exposed,
and the alteration observed in the rocks appears to be
the result of the basic intrusion. The rocks appear to
have been slates; they are hard and very close-grained,
with no distinguishable constituents in the groundmass.
The rocks are dark-brown in colour, and are evidently rich
in iron. The rocks are traversed in all directions by vein-
lets filled with silica: these veinlets sometimes intersect.
The silica is usually chalecedonic, but sometimes cavities
occur, and their walls are usually encrusted with minute
prisms of glassy quartz. This effect is helieved to be due
to the intrusion of the basic rocks, the silica being derived
from the basic magma, and expelled during the final
stages of cooling and consclidation of the igneous mass.
At this period highly aqueous solutions carrying silica
in solution would be set free, and would penetrate, not
only the already consolidated igneous rocks, but also the
adjacent sedimentaries. From the descriptions given
below, it will be observed that the contact-metamorphie
effects of the acid magma are distinct from those deseribed
above, and that they are intense even at considerable dis-

tances from the exposed granite contact.

Effects of the Acid Intrusions.—In contradistinction to
those of the basic rocks, the contact effects of the acid
intrusives are extensive, and well marked. Where it is
exposed (and there is a particularly fine section on the
coastal cliffs about 1 mile north-west of Trial Harbour,
shown in Photo. No. 16) the actual line of contact between
igneous and sedimentary rocks is sharply defined. At
different places narrow dykes of aplite are noticeable in
the sedimentaries near the contact, and in some cases
these can be distinetly traced back into the mass of the
granite itself. On top of the cliffs a few small irregular
tongues of medium-grained aplitic granite extend a few
yards into the surrounding rocks, gradually tapering out,
different tongues sometimes coalescing, and so inclvding
blocks of slate. Fine examples are to be seen along the
contact, and particularly at the base of the cliffs north
of Trial Harbour, of blocks of country-rock included in
the granite. Xenoliths of 30 to 40 feet in diameter are
sometimes seen. Photo, No. 17 shows one such xenolith,
near the contact, but completely enclosed i1 fairly coarse-
grained granite. . ¢

XENOLITH OF SLATE INOLUDED IN GrANITE NEAR ClontacT, BasE oF Cossrar Crivws, ONE Mine NORTH-WEST

17

Puoro.

oF Trian HARBOUR,

[L. Lawry Waterhouse, Photo,
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The granite itself sometimes does not appreciably differ
near the contact from its normal character: it is usually
medium to coarse-grained right to the contact, clearly indi-
cating that the country-rock itself must have been raised to
a very high temperature; had there been any appreciable
chilling, the igneous rock must have cooled more rapidly,
and have shown the effects of this cooling in finer crystal-
lisation. At some points the pink granite appeared rather
more acid than the normal variety further from the con-
tact. It was lighter in colour, and biotite and tourmaline
were scarce. No analyses of normal or contact granites
are available. A microscopical examination of a thin sec-
tion of granite from within a few inches of the contact
at the top of the clifis overlooking Trial Harbour. where
abundant garnet is developed in the adjoining slate, shows
that the rock possesses some distinctive features not notice-
able macroscopicallv.  Quartz and felspar are present in
about equal quantities. The quartz is in large ailotrio-
morphic grains, partly moulded on the felspars. Tt is
always crowded with abundant minute inclusions, which
cannot’ be definitely determined. The felspars are all
thoroughly kaolinised, and show no distinef extinction
angles, so that it is impossible to determine the variety of
felspar present. The inclusions of quartz in some of the
felspathic matter shows that micro-pegmatitic intergrowth
of the two minerals has taken place. Some of tha felspars
show idiomorphic outlines. Abundantly scattered through
the slide in grains, granular aggregates, and in clusters
of idiomorphic and hypidiomorphie crystals is a slightly
brownish monoclinic pyroxene, augite. This mineral occurs
partly included in the kaolinised felspars, partly in the
quartz, although some fragments show irregular outlines
moulded on the idiomorphic felspars. A few shreds of
light-green pleochroic uralite are noticeable, forming at the
expense of the augite. A noticeable feature is the pres-
ence of abundant yellowish sphene. This mineral is highly
idiomorphic, and occurs in small scattered crystals and
groups of crystals. and in larger crystals throughout the
slide. The crystals are usually wedge-shaped, and vary in
size from ‘002 inch to ‘02 inch. The sphene is pleochroic,
crystals being untwinned, and appearing honey-vellow by
reflected light. In one instance an inclusion of apatite
was noticed. Sphene is included in felspar and quartz,
and is frequently partly surrounded by augite crystals,
which are moulded upon it. Apatite is nof uncommon,
occurring in slender prisms with hexagonal cross-sections :
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it is included in each of the previously deseribed minerals.
A few grains of magnetite are distributed through the
slide, and in one instance a rim of the same mineral partly
surrounds an augite crystal, suggesting that it may be
secondary.

At the slate contact on the beach north of Trial Har-
b.our1 the granite is white in colour, and of medium grain-
size, even when actually in contact with slate. In some
places abundant fragments of slate are included in the
_gm!tlute,i but are converted almost completely (when viewed
in hand specimens) to fine crystalli y
biotite mi](-a. Ai.)such plac?s ttﬁii]ellle'aggl‘eg.ﬁtes e

i suc granite itself usually
carries abundant biotite.

It '-\'d:')l‘lld appear, then, that at the actual contact the
composition of the granite has been slightly modified, and
that certain new minerals have been formed owing t.,o the
assimilation of a certain amount of the slate. This pro-
cess has not been extensive, or its. effects would be more
noticeable in the exposed granite.

Speaking broadly, one of the commonest results of the
granite intrusion appears to have been the silicification of
the sedimentary rocks. In addition, however, other
minerals are developed at different points, among those
observed being biotite, tourmaline, andalusite, hornblende
actinolite, garnet, idocrase, diopside, tremolite, epidot,e'
sphene, chlorite, phlogopite, serpentine, albite, with mag:
netite, pyrite, and pyrrhotite.

It will be seen that many of these minerals are silicates
of lime and magnesia: these ‘‘ lime-silicate hornstones *’
are so extensively developed as to form quite a feature of
the contact metamorphic avreole: they will be dealt with
later on. [

The slates near the contact are usually very dark in
colour, weathering black, and so the contrast with the
white granite is marked. The rocks are always hard, and
usually show very few signs of decomposition, appearing
fresh immediately below the thin black weathered crust.

Reference has been made(®®) to the fact that the granite-
slate contact is well exposed on top of the cliffs overlooking
Trial Harbour. At this point threads and tongues of
granite extend for short distances into the surrounding
slates, which are consequently much altered. Some of
them appear to be more like igneous than sedimentary
rocks, owing to the crystalline structure induced by the
intense alteration they have undergone. On fresh faces the

(") Vide supra, p. 112.
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rock is dark bluish-black, and shows abundant small crystals
of biotite in a quartzose groundmass, and occasionally
erystals of black hornblende up to three-sixteenths of an
inch in length are noticeable. A little scattered pyrrhotite
is present. The rock appears to be massive on fresh faces,
and shows no signs of banding, but on weathered surfaces
a distinet banded structure is noticeable. This may be due
to a slight schistosity developed by the igneous intrusion,
but is more likely due to a slight difference in the composi-
tion of different layers of the original sediment, resulting
in the formation of slightly different contact minerals, which
in turn have weathered at different rates. The examination
of a thin seetion of this rock shows that the recrystallisation
of the original constituents has been complete. The rock
consists of aggregates of hypidiomorphic hornblende, with
a little biotite and magnetite in a groundmass of quartz
grains which form a typical mosaic. The hornblende is
very fresh, and occurs in well-formed greenish-brown crys-
tals which are strongly pleochroic. It is abundant through
the slide. Biotite is scarce, occurring in ragged reddish-
brown pleochroic aggregates, which are usually closely
associated with granular magnetite. There are a few small
granular aggregates of a colourless mineral with high
refractive index and strong double refraction, apparently
monoclinic pyroxene. Quartz mosaic forms the whole of the
groundmass,

On the summit of the coastal cliffs, about 8 chains south-
east of the previously described occurrence, along the con-
tact, is a development of an interesting rock which merits
special description. The granite from the actual contact
at this point has already been described,(*"") and has been
showr to contain quartz, felspar, augite, sphene, apatite,
and magnetite. The sedimentary is very hard and dark
coloured, and on fresh faces shows abundant dark-brownish
patches in an indistinguishable dark-bluish groundmass.
On weathered surfaces, however, the appearance is striking.
Standing out in relief from a dark-grey surface are abun-
dant brownish-black garnets varying in size from one-
sixteenth to one-quarter inch in diameter, and showing
trapezohedral crystal forms. Owing to their hardness and
resistance to decomposition, they have remained unchanged,
while the enclosing rock has gradually weathered away.
A thin section of this rock was prepared, and discloses the
nature of the groundmass. The idiomorphic garnets are
set in a groundmass consisting essentially of granular

(1 Vide supra, p. 113.




116

quartz, with smaller quantities of biotite, magnetite, spinel,
tourmaline, and muscovite. The garnets contain abundant
inclusions of quartz, magnetite, and biotite. They are
sometimes intersected by veinlets filled with quartz or with
biotite, and are usually surrounded by a rim of biotite.
The biotite occurs partly in reddish-brown flakes and aggre-
gates which are pleochroic, and in better formed greenish-
brown crystals which are strongly pleochroic. The mineral
is fairly abundant, being well disseminated through the
groundmass. Magnetite grains are scattered right
throughout the slide, but are sometimes assembled in streaks
and patches through the rock. The other constituents are
much less abundant. A little green spinel appears to be
associated with garnet. Green tourmaline is scarce, but a
few minute prisms and erystal aggregates occur. One or
two shreds of muscovite are present. The groundmass of
quartz forms a fine-grained mosaic with occasional veinlets
filled with rather larger grains.

At sea-level the slates at the contact are fine-grained,
hard, bluish-black rocks with few distingnishable minerals.
Scattered pyrrhotite is noticeable in scattered yrains and
filling minute fissures through the rock. Cutting through
the rock in various directions are veinlets up to 1 inch in
width, filled with crystalline black tourmaline. A thin
section of this rock from the contact shows abundant mag-
netite in fine grains arranged in lines, which give the slide
a banded appearance. The groundmass of the rock is an
extremely fine quartz mosaic. A little actinolite is scattered
through the rock, and grains of pyrrhotite are noticeable.
A vein traversing the slide is filled with hornblende, with
which is associated garnet and a little idoerase with a few
scattered aggregates of pyrrhotite. The hornblende occurs
in light-brown pleochroic crystals, and the garnet and ido-
crase in granular aggregates of very irregular shape.

The slate blocks included in the granite are very similar
to the rock just described, the main difference being that
they usually contain abundant brown biotite.

Similar rocks are exposed for about 10 chains along the
shore (about 5 chains from the nearest point in the con-
tact), with minor variations such as the development of
more abundant garnet or biotite, when a change occurs,
and bands of a very light-coloured hard rock make their
appearance in the dark contact slates. This rfu:‘k W‘eathe_rs
to a vellowish colour. Microscopically examined in thin
section, the rock is seen to be composed of a confused aggre-
oate of crystal grains and irregular masses. Quite irregular
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shreds of a brownish amphibole are present, and abundant
through the slide: they may have been developed at the
expense of monoclinic pyroxene, which is noticeable in
grains through the slide. Rutile is fairly abundant in
brown grains and crystals. The colourless patches forming
the groundmass show mosaic structure, and appear to be
composed mainly of quartz, with perhaps some clear albite:
the individual grains are of microscopic size.  Several
irregular veinlets traverse the section, filled partly with
quartz, partly with vesuvianite. A few scattered grains
of magnetite are noticeable. The rock appears to be a
thoroughly reconstituted sedimentary rock, which has been
altered by the intrusion of the adjacent igneous rocks. It
is succeeded to the south by black serpentine, very rich in
magnetite, and bands of yellowish-green diopside rock,
which have been described elsewhere, ('%!)

From this point southward for about three-quarters of a
mile along the coast, serpentine is exposed, with ocecasional
projecting tongues of sedimentary rocks and bands of
diopside rocks: this section has been described in detail.('"?)

The sedimentary rocks exposed in the side cutting on the
Trial Harbour Road, near the head of the Serpentine
Creek Falls, which are associated with diopside rocks at the
serpentine contact,('*®) are intensely altered. The sedi-
ments are now hardened and silicified, and the general
eolour is light-greenish, with some dark-reddish bands.
The original bedding-planes of the sedimentaries are still
distinguishable by slight differences of composition. A
noteworthy feature is the occurrence of pink garnet, in
veins of irregular course and variable width up to 1 ineh,
cutting across the bedding-planes of the sediments. In
the flinty groundmass are distinguishable aggregates of
light-greenish diopside, and a little actinolite. Irregular
quartzose veinlets traverse the rock. Granite is exposed
but a few chains to the north, and the belt of sediment-
aries is continuous, being a good deal decomposed in the
immediate vicinity of the granite.

Serpentine is developed at the site of the old township
of Remine, but at a rocky point along the coast, about one-
half mile sonth of the old township, sedimentaries once
again make their appearance. These rocks are apparently
portion of the' Pre-Silurian series so extensively developed
m the distriet. i

('™ Vide infra, p. 125, (") Vide supra, pp. 54, b5,
(™) Vide supra, pp. 53, 54,
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As exposed on a rocky point to the south of Remine,
and apparently near the junction with the serpentine, the
rocks are black and fresh right to the surface. They are
extremely hard and flinty, and obviously represent alter-
nate bands of slate and sandstone, intensely hardened and
probably silicified. The slates are black and compact, while
in the sandstones abundant grains of glassy quartz are
visible through the rock-mass. A slight displacement of
some bands by faulting is noticeable.

These rocks are apparently interbedded with a series of
rocks of very different appearance. On weath:red surfaces
they are reddish-brown, but the weathering affects only the

surface crust. On fresh surfaces the rock is very pale
greenish-grey, and appears to be compact, showing a few
scattered aggregates of pyrrhotite. 1In appearance it

resembles a rock described from the serpentine contact to
the north of Trial Harbour.('**) Microscopical examina-
tion 1s necessary to show the structure of the rock, which
effervesces with acid. In thin section it is seen that the rock
is composed essentially of minute prismatic erystals of diop-
side, which show rather irregular outlines, and form a felted
aggregate: there is also tremolite present in minute crystals
of similar habit to that assumed by the pyroxene. A fairly
large proportion of the groundmass nf_the slide is occupied
by brownish allotriomorphic plates entirely moulded on the
pyroxene and amphibole. These plates could not be deter-
mined as a definite mineral : they have a high refractive
index, medium double refraction, and are novn-pleocl_lmllc.
They exhibit no cleavages, and the extinetion is very indis-
tinct, the plates shewing aggregate structure. The material
is apparently a secondary product, composed probably of
some lime mineral which has been formed by the weather-
ing of some of the primary calciferous minerals. In one part
of the slide is an aggregate of idocrase crystals, though the
mineral is not abundant. There is a little calcite forming
irregular plates, and this also mav be a sree()nd_nr_v miner_a[.
A little clear quartz occurs as an interstitial mineral, filling
spaces between pvroxene or amvhibole erystals: 'this h:%s
evidently been one of the last minerals to crystallise, or it
may perhaps be secondary: the amount _present is small.
A few aggregates of pyrrhotite, partly oxidised to limonite,
are noticeable. Tt is not easy to sav positively what the
rock really is. Tt mav be called a lime-silicate rock, and in
the writer’s opinion r@press—nis an original ealeareous sedi-
mentary which has been completely altered and recon-

(") Vide supra, p. 49
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stituted under the action of heat and pressure exerted by
the granite in the contact metamorphic zone. )

There are also lens-shaped bands of a different rock,
weathering brown, but light in colour on fresh faces, with
irregular pale-pink and greenish included aggregates.
This rock is strikingly heavy. Microscopical examination
shows it to be a lime-silicate hornstone, with garnet, diop-
side, idocrase, and a little quartz. The rock is desecribed
in detail elsewhere.(1°%)

On the south side of this point typical quartzites occur,
with abundant fine-grained pyrrhotite in the groundmass.
In these rocks are sometimes noticed small lens-shaped
inclusions of a greenish flinty rock, perhaps narrow slate
bands which have been metamorphosed.

The general strike of these beds is north-west,.

Along the coast to the south is a small beach. succeeded
by a rocky point, where there is exposed a considerable
development of very hard-banded rocks of a general light
colour. Some of these rocks are beautifully polished by
the action of blown sand. They consist of closely-com-
pacted bands of dark, blue-grey, white, and greenish
material. The latter shows a finely crystalline structure,
the white and dark bands being compact and merging
into each other. A careful examination of freshly-broken
specimens shows that the bands ocour in a definite sequence,
and from their structure are evidently of different composi-
tion. The greenish material occurs in vein form, with
fairly sharply defined, though somewhat irregular, walls,
It is bounded always by white flint, which merges outward
mto dark blue-grey material of the same deseription. The
width of these greenish veias varies from a fraction of an
inch to about 1 foot. Sometimes several narrow bands
occur close together, with an intermediate band of white
silicified slate. Where they become wider, the bands usu-
ally include irregular strips, sometimes lenticular, of white
siliceous slate. Sometimes the greenish bands are them
selves traversed by veinlets up to 4-inch wide, filled with
granular pink garnet. The nature of the greenish material
proves, on examination, to be lime-silicate rock. Tt is
described elsewhere.(*”) Some of the flinty bands are
reddish in colour, and are traversed by irregular veinlets
of light-green monoclinic pyroxene.

(") It has been deemed advisable to describe this rock here for the sake
of convenience, rather than with the lime-silicate rocks at a later stage,
(') Vide infra, p. 128, (") Vide infra, p. 127
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The beds, as a whole, are a good deal contorted, but the

general strike is about north-west.
: The occurrence of the greenish lime-silicate rock in vein-
like masses and irregular patches in the hard, flinty, silici-
fied slates, causes curious weathering effects. Owing to
the more rapid decay of certain of these bands and masses,
and the comparatively great resistance to decay offered by
the other portions of the rock, the surface is not only
deeply grooved and carved into ridges and pinnacles, but
the whole rock is honeycombed. Many of the cavities are
coated with an oolitic iron-stained inerustation.

Similar rocks outcrop for about 3 chains beyond the
rocky point described, and extend inland some distance.
They form a well-defined hill a short distance back from
the shore. Here the lime-silicate bands are brick red,
owing to a surface incrustation of limonite. The surface
debris is becoming cemented by the iron leaching out of
the rocks in surface waters. .

A short distance south along the coast, the rocks
described above are succeeded by slightly different con-
tact rocks. They belong to the same series, but the con-
tact effects, although still very marked, are not quite the
same. They obviously represent slates and sandstones,
and are well banded, with 2 south-easterly strike. The
rocks consist of hard, white quartzites and reddish slates:
the latter have been silicified and intensely indurated.
In a fine-grained reddish groundmass (quite similar to
that possessed by some of the rocks to the north of Trial
Harbour. near the granite contact) are sometimes seen
rounded patches of quartz, almost invariably associated
with pyrrhotite. It would appear that at least a partial
recrystallisation of the rock has taken place. These rocks
were not examined microscopically. A few chains south a
continuation of these beds outerops, in the form of white
quartzites and indurated flinty blue slates. Tt is worthy of
note that these beds are intersected by quartz veins,
seldom more than 2 inches in width, a few of which con-
tain limonite in cavities which evidently represent the
decomposition products of pyrite. These rocks outerop
on the coast. A few chains inland rises a steep hill com-
pesed of sandstones and grits, which mav be of Silurian
age (1°%). These appear to be horizontally bedded. and
show few signs of alteration, unlike the rocks described
above,

(%Y Vide supra, p. 105.
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Sand-dunes occupy the coast and adjacent strip of
country southwards for about }-mile to the mouth of the
Little Henty River.

On the Zeehan-Trial Harbour Road, about a mile south-
west of Comstock, a short distance west of a sharp elbow
bend in the road, there is exposed in the side-cutting of
the road a belt of contact rocks which merit special men-
tion. They are exposed for nearly a mile along the road,
being bounded on both sides by gabbro-amphibolite. The
rocks are usually much weathered, and near the surface
have decomposed, yielding a red, clayey soil, evidently
very rich in iron, which supports a luxuriant growth of
thick secrub. Where fresh specimens of the rock are obtain-
able, they are seen to be greenish in colour, and to be
indistinguishable from the fine-grained gabbro-amphibolite
which occurs at its western edge, near Mclvor’s. In
hand specimens the rock is dense, and no constituents can
be determined. With the aid of the microscope, however,
the rock is seen to be an andalusite slate. In thin section,
andalusite is seen to be abundant in long prismatic crys-
tals, with almost square cross-sections, These crystals con-
tain usually small amounts of inclusions, which extend
down the central port-ion of the cr_vst-als. appearing as a
central line of inclusions in the longitudinal sections, and
a small square surrnunded by fresh material in the cross-
sections. In other words, the inclusions frequently form
a core to the andalusite crystals. These inclusions appear
to be not carbonaceous matter, as one would expect with
this mineral, but a light-coloured material, which appears
to be semi-opaque, and shows low order interference
colours between crossed nicols. This is probably kaolin.
The same material is common throughout the slide, form-
ing aggregates, in which small particles of clear mineral
are visible. These aggregates probably represent the
decomposition products of andalusite crystals. In the
longitudinal sections this change appears to extend from
the ends of the crystal towards the centre, as it is notice-
able that in some cases there is a clear area in the centre
of the section, while the alteration products have the
appearance of tapening wedges driven in from each end
of the crystal. The meeting of these ‘‘ wedges '’ forms the
core of the erystal referred to above. In places the crys-
tals are minute, and have a tendency to form sheaf-like
aggregates simulating sillimanite, but possessing all the
optical properties of andalusite. Rounded aggregates of
transparent green chlorite are scattered through the slide.
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A few fragments of actinolite are present in the ground-
mass, which also carries some carbonaceous matter and
scattered grains of magnetite. A little clear albite is dis-
tinguishable, and occasional grains of yellowish epidote,

From the preceding descriptions it will be seen that the
contact effects induced by the granite in the surrounding
sedimentaries vary a good deal from point to point. In
certain localities, however, the alteration has bzen very
different, and has resulted in a tourmalinisation, or silici-
fication and tourmalinisation of the sediments. Perhaps
this effect is most typically developed at Mayne’s Mine.
Here the original slates and sandstones have been very
}virle[_\' replaced by quartz and tourmaline, and the result.-
Ing rocks are very striking in appearance.

It should be borne in mind that in the particular case
under review, the alterations have largely been effected Iy
introduced vapours and solutions, and are not merely the
effects of heat and pressure on the sedimentaries which
have been intruded by the igneous mass. Another point
should be emphasised here: it is not proposed to discuss
the economic aspect of the deposits, which will be fully
dealt with in another part of this report.

The rocks resulting from the alteration varv consider-
ably—from white sandstones with mere traces of tourma-
line, to dense tourmaline rocks with very little quartz.

In some of the least-altered rocks, tourmaline occurs in
narrow veinlets, cutting through the rock, and it is notice-
able that the tourmaline has impregnated the sandstone
to a small extent on either side of the fissure. perhaps to
the extent of l-inch only. That quartz has been intro-
duced with the vapours which have caused the forma-
tion of the tourmaline is evident., for on breaking speci-
mens along fissures, the walls are sometimes seen to he
encrusted with minute singly and doubly terminated
prisms of clear glassy quartz, 1

At times when a fissure crosses the original bedding-
planes of the sedimentary rock, the different lavers of YETE
rock have been replaced to different extents - ‘thus some
bands appear to be unaltered (although even in these
cases ]J:‘thihh‘ a silicification has taken }-fu(”). while others
are completely replaced by tourmaline. This type of
alteration may extend but a few inches from the fissure,
but in extreme cases the whole of the resulting rock for
considerable distances is altered. the resulting rock being
a striking banded black and white rock. It seems clear
that the composition of the sedimentary has determined

the type of alteration. Argillaceous bands have caused
the formation of tourmaline, arenaceous bands being repre
sented by quartz bands, the resulting banded rock being
composed entirely of these two minerals. Microscopical
examination of thin sections did not give much additional
mnformation. The only minerals present are quartz and
tourmaline. The quartz occurs in interlocking grains of
irregular shape, sometimes with hypidiomorphic outlines.
In sume instances the central portions of grains are seen
to be crowded with inclusions, while the outer rims are
clear, the whole being optically continuous. The portion
with the inclusions appears to represent the original sand
grain, the clear portion an addition of secondary silica.
The tourmaline is brown in colour, and occurs in short
prismatic crystals and crystal aggregates, with usually a
very small amount of interstitial quartz. In localities
where the sedimentaries have been contorted, the contor-
tions are faithfully reproduced in detail in the resulting
replacement rock. Thus, specimens were collected show-
ing sharp folds, which have been exactly reproduced in
every particular, alternate bands consisting of quartz and
tourmaline.

These rocks have been referred to elsewhere as banded
quartz-tourmaline replacement rocks.

The rocks were recorded by Mr. Waller,(1°®) and have
been described from the Stanley River by the writer,(1'")
and also from North Heemskirk,(*"') where they are
abundantly developed round the northern boundary of
the Heemskirk granite massif, and as derivatives from
these rocks are abundant in the Tertiary stanniferous river
gravels being worked in both districts just referved to.

Faults on a small scale are sometimes perfectly repro-
duced in these banded rocks.

A variation in the banded quartz-tourmaline rock is one
in which the rock has a general mottled appearance.
Irregular angular fragments of white quartzite are
included in a groundmass of black tourmaline. A close
examination shows that some of the included fragments
are banded quartz tourmaline, and thut some have been
completely replaced by tourmaline. The cementing
material usually carries a little quartz as well as tour-
maline, and varies from place to place. The included
fragments are always angular, with sharply-defined bound-

(") Report on the Tin Ore Deposits of Mr. Heemskirk, p. 6.
(") Geol. Surv, Tes. Bulletin 15, p. 36.
(") Geol. Surv. Tas. Report 6, p. 8,
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aries; in some cases a little tourmaline has been developed
w'n_hm. but near the outside of the quartzose fragments,
giving them a zonal structure on freshly-fractured faces.
This rock may be described as a quartz-tourmaline replace-
ment breccia,”” meaning not a quartz-tourmaline rock which
has been brecciated subsequent, to formation. but a breceia
(3n the instance described originally composed of frag-
ments of slate and sandstone) which has been subjecterd
tf_).rhe action of heated vapours and solutions carrying
silica and boron in solution, and which has consequently
suﬂ'er_orl replacement, the original quartz of the rock
remaining unaltered, while the argillaceous material has
caused the formation of tourmaline, The original breccia
was probably a fault breccia, )

From the same locality as the above rocks g :
recorded .by Mr. L. K, Ward (212) : -+ '.\’t]lob\f'lr':'ii’sraal:
(grossularite ?) oceur at Mayne’s Tin Mine, south of Mt
Heenvskirk: The forms developed are the trapezohedror;
or a combination of this form with the rhombic dodeca
hedron “. . . (Clear blood-red crystals also are found
at Mayne’s Tin Mine.”” No erystals of the mineral were
obtained h;.' writer from this locality. although reddish
aggragates in some of the altered sandstones cer;ain]v sug-
gested the development of garnet. The mineral h‘er‘e His
apparently a secondary mineral developed by the contact-
metamorphic action of the adjacent granite. :

(2)—Lime-Silicate Hornstones.

lThe rocks either entirely composed of, or very rich in
m_:nprals which are silicates of lime or magnesia, or hoth‘
with iron sometimes entering into their “:Jmposition art;
so widely distributed as to form a noteworthy feature of
the contact metamorphic aureole of the Heemskirk massif.
They fll]‘]l‘l a series of rocks known as lime-silicate horn-
91tr:!1r.-:. ,1 }_1(*'\' are pAr‘I"h.ﬂpS most extensively and typically
developed in the vieinity of Trial Harbour. Ser'pemin;-
occurs at the site of the old township of Remine, and
granite about a mile to the north-west along the coast. In
contact with the granite are altered slates which have
ﬂIl'e‘*{s_(i)' been described: between these slates and 71 he ser-
pentine is a belt of lime-silicate hornstanes, which also oceur
in the serpentine here.

(") Quoted by W. F. Petterd : * The Minerals of Tnm-nania.” 1910, p. 81,
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Similar rocks oceur about three-quarters of a mile south-
east of Trial Harbour along the coast, with a series of altered
slates and sandstones.

About 1 mile east of the harbour, near the border of
the serpentine, outerops of lime-silicate rocks were noted,
although their extent could not be determined on account
of the thick scrub.

About 1 mile east of Mayne’s Mine, in the Burnt Bridge
Creek, is an exposure associated with gabbro-amphi-
bolite.(113)

In the western portion of Section 6667-m, H. D. Marsh,
north of the Trial Harbour Road, and to the north of this
section, similar rocks occur. They are associated with
itensely indurated slate, and it is worthy of note that the
granite approaches to within a few hundred yards of the
gabbro-amphibolite. There may be a continuous belt of
similar rocks through to the north, for lime-silicate horn-
stones occur again to the north at the Tenth Legion Mine
(Section 6715-m, B0 acres). Here they are within a few
chains of the granite contact.

Closely associated with the serpentine developed near
Trial Harbour are bands and irregular masses of a lime-
silicate rock which merits detailed description. Near its
northern extension as exposed along the shore-line in the
vicinity of Trial Harbour, the serpentine contains apparent
inclusions of a yellowish rock, readily distinguishable from
the dark-coloured surrounding serpentine. This rock is
greenish-yellow on freshly broken faces, and appears to have
a fine granular structure, crystal faces being sometimes dis-
tinguishable in the groundmass., The rock is strikingly
heavy, and, as in the case of the serpentine enclosing it,
carries very abundant magnetite. This mineral is distri-
buted through the rock-mass in grains, irregular-shaped
granular aggregates, and in veinlets, Some of the masses
of magnetite are rather coarsely granular, and are some-
times associated with green phlogopite mica. Large crystal
plates of greenish chlorite are also present. The weather-
ing of the rock is characteristic, for on all outcrops the vein-
lets and irregular masses of magnetite stand out in relief
from the yellowish surface of the rock

A microscopical examination of a thin section of this
rock shows that it is composed almost entirely of the colour-
less monoclinic pyroxene diopside. Thereare scattered grains
and aggregates of magnetite, which also occur filling vein-

(WY Vide supra, p. 103, also infra, p. 180,
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lets running irregularly through the slide. In the section
examined a veinlet of appreciable width cuts through the
slide and is filled with magnetite and light-green ser-
pentine: the magnetite coats one or both walls of the
fissure, the central portion of it being filled with serpentine.
This fissure cuts through various grains of pyroxene, and has
obviously been formed and filled subsequently to the con-
solidation of the rock. The diopside viewed in ordinary
light appears to be granular, but examined between crossed
nicols is seen to be composed of comparatively large flakes
with irregular boundaries, and in one part of the slide
shows a tendency to assume a radial structure.  Thesge
large crystal plates do not extinguish uniformly, but
include numerous irregular grains of the same mineral
extinguishing in groups independently of the host: there
is apparently an intimate intergrowth of different crystals,
No minerals other than diopside, magnetite, and serpentine
are Lo be seen in the thin section examined.

Another section cut from a similar rock occurring a few
chains further south along the coast-line, just north of the
mouth of the Montagu Creek, fails to disclose any essential
differences in the nature of the rock. The only minerals
shown in this slide are diopside and magnetite. In some
instances intergrowths of different erystals of diopside occur
similar to those described above, but frequently the larger
crystals are hypidiomorphic, and extinguish normally
between crossed nicols. Some of these crystals are twinned,
and fine examples of twinning lamelle are noticeable.
Diopside, as well as occurring in distinet crystal plates, is
abundant in the form of finely granular aggregates in
different parts of the section. Magnetite occurs in secat-
tered grains and aggregates.

On the Trial Harbour Road, near the falls on the Ser-
pentine Creek, contact metamorphic slates occur : these are
very hard and flinty, and are traversed by irregular veins
of garnet and of actinolite, aggregates of diopside being
sometimes noticeable. These rocks are exposed in the side
cutting of the road, and are seen to merge into decomposed
iron-stained clays, beyond which diopside rocks are exposed
for about 6 chains.

These rocks vary a little from point to point, but the
essential features are similar to those already described.
They are pale yellowish-green to greyish-green in colour, and
finely granular to crystalline in structure. Crystals of
pyroxene up to one-half inch in length are sometimes seen :
the rocks may vary in the one specimen from being so fine-
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grained as to be regarded as compact, to a fairly coarsely
erystalline rock. The crystals occur in vein-like masses in
the granular rock. Magnetite is always present. A micro-
scopical examination was made of a thin section cut from
4 medium-grained specimen of this rock. The rock is seen
to be composed entirely of diopside and magnetite. The
diopside is colourless, and occurs in hypidiomorphic crys-
tals and rounded grains. In the particular slide examined
magnetite is not very abundant, occurring in irregularly-
shaped grains throughout. Obviously, there is no essential
difference between this rock and those described from the
beach north of Trial Harbour

Exposed along the coast south of Trial Harbour are con-
tact metamorphic sedimentary rocks which have already
been described. At a rocky point about a mile north of the
Little Henty River is a very interesting occurrence of
lime-silicate rocks in these altered sediments. Reference
has been made to these rocks, and a description given of the
sedimentaries,(''4) which belong to the Pre-Silurian series
so extensively developed in the district. '

The lime-silicate rock here occurs in bands and lenticu-
lar masses, which appear to have been introduced into the
slate series. These bands are of a general greenish colour,
with an ironstained crust on weathered surfaces. They
vary in texture from very fine-grainéd, in which no con-
stituents can be determined, to erystalline in which the com-
ponent minerals are distinguishable. The width of these
tabular vein-like masses of lime-silicates varies consider-
ably. They are sometimes but a fraction of an inch, and
occur up to about 12 inches in width. The walls are always
well-defined, and the effect on the wall-rock is marked.
The slate is hard and flinty, and usually of a dark blue-
grey colour, but where traversed by these green veins the
rock appears to be further hardened, and certainly is
bleached white. Where several of these vein-like masses
approach one another, the intervening strips of slate are
converted to white cherty bands. In most of the widest
bands there are residual fragments, sometimes continuous
narrow bands, sometimes lens-shaped masses, of this
altered slate. The impression gained by an examination of
the occurrence is that the lime-silicates have been intro-
duced by solutions following fissures in the slates, usually
following bedding-planes, sometimes cutting across them.
Veins of granular pink garnet are sometimes noticed trav-
ersing rather irregularly the greenish material. The dis-

) Vide supra, pp. 118-12t,
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tinguishable minerals in the crystalline bands are green']ish
pyroxene, pale-green translucent tetragonal prisms of ido-
crase, granular pink garnet, white to brownish calcite, and
a little wollastonite( ). The peculiar pistache-green of the
granular groundmass in places suggests epidote.

Microscopical examination of a thin section of one of the
finer-grained greenish bands confirms the presence of lime-
silicates. The rock consists essentially of brownish granu-
lar epidote. At intervals through the slide are aggregates
of the same mineral in hypidiomorphic erystals. A little
monoclinic pyroxene diopside is distinguishable. In one
portion of the slide are brownish crystals of garnet in a
groundmass of calcite. These two minerals are intergrown :
associated with the garnet are idiomorphic prismatic crys-
tals of idocrase, also in a groundmass of calcite. The epi-
dote groundmass of the slide shows an almost indefinable
banded structure, and is traversed by narrow darker
stripes, apparently of the same mineral, which run approxi-
mately parallel. The rock i1s a lime-silicate hornstone.

A few chains along the coast to the north-west of the pre-
viously described occurrence is a bold outerop of hard black
slates and sandstones previously referred to.(''*) In th_ese
rocks are lens-shaped bands of a rock somewhat resembling
the lime-silicate rock deseribed above, and closely resem-
bling it in mode of occurrence. It occurs in more or less
tabular masses, which appear to be intrusive. 'Fl_le ruck
is dark reddish-brown on weathered surfaces, which are
very rough owing to the decomposition and removal of cer-
tain constituents. On fresh faces it is light in colour, of
a general pale flesh-pink shade, with greenish aggregates.
It 1s hard and tough, and strikingly heavy. A thin section
cut from this rock was examined microscopically. The rock
is seen to be composed of garnet, diopside, tremolite, ido-
crase, and quartz. Diopside is abundant in crystals of
somewhat irregular shape, which are frequently intergrown ;
associated with it is a little colourless amphibole. Gar-
net is fairly abundant in well-formed erystals and granu-
lar aggregates. It contains many inclusions of the other
minerals. Idocrase, although not very abundant, shows
idiomorphic eutlines. TInterstitial quartz is not uncommon.
The groundmass in places is crowded with decomposition
products, in which calcite seems to be fairly abundant.

Towards the eastern edge of the serpentine, in the
vicinity of the nickeliferous opaline serpentine previously
described,(''*) and about north of the hill of supposed

(") Vide xiipra, p. 118, (") Vide supra, p. 56,
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Silurian sediments, is a fairly extensive development of

lime-silicate rocks. These occur apparently on the bor-

ders of the serpentine, at their junction with the slates.

As exposed in a creek-bed towards the top of the ridge, and

8 few chains south-east of the highest outcrop of the big
chalcedonic ironstained formation described elsewhere, (1)

the rocks show a dark yellowish-brown weathered crust.
They are exceptionally tough, and on fresh faces are pale
greenish-grey. The rocks show a general crystalline tex-
ture, with veinlets in which the light-coloured mineral is
fairly coarsely crystalline. A few aggregates of magnetite
and sporadically disseminated pyrrhotite are noticeable
throughout the rockmass.

In thin section the rock is seen to be composed almost
entirely of diopside. This mineral occurs both in granular
aggregates forming the groundmass of the slide and (more
frequently) in hypidiomorphic prismatic crystals, some-
times of considerable size. Epidote is also present, closely
associated with the diopside. Masses of calcite occur at
intervals, partly moulded on and partly including the
previously mentioned minerals. Seattered irregular aggre-
gates of pyrrhotite are noticeable, and disseminated grains
of magnetite. One portion of the slide is slightly stained
by limonite derived from the partial decomposition of some
of the pyrrhotite.

A little lower down the spur the nature of the rocks
varies slightly. They are yellowish-green on fresh faces,
and are composed essentially of granular diopside, with
scattered aggregates and streaks of magnetite. They are
in general similar to the diopside rocks described from the
coast at Trial Harbour, where they are closely associated
with serpentine. The extent of the rocks in this locality
eould not be determined on account of the undergrowth ;
they occur very close to the contact of the serpentine with
the sedimentary rocks.

On Section 1392m, south-east of Mayne’s Tin Mine, is
&n occurrence of wolfram and bismuth ore, deseribed
below. The workings here expose a belt of lime-silicate
rocks differing somewhat, from those previously described.
The dominant mineral appears to be tremolite. The rock
¥aries in colour from very pale greenish-grey to darker
green, and is usually of a crystalline structure, showing
sbundant fine prismatic crystals of a light colour. A little
magnetite occurs in places, and sometimes pyrite as well.
Microscopically the rock is seen to be composed almost

(') Vide infra, p. 422.
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entirely of colourless crystals of tremolite, w(inc{].h:év?
irregular outlines, as the crystals are a good e; in ;s
grown, and are partly altered to talc. Scattere t,'grai)le
and aggregates of lmagnetxte and pyrrhotite are noticeal
hout the slide. 7
thlirsoilg:ewhat similar rocks were traced down the creek f.o
about 2 chains, into very thick scrub . Here the rock c:ffrrle
a crust of limonite to a depth of half an inch, but oix resh
faces appears to have a quartzose groundmass, L]rol;%e
which are scattered ell)unrlluul‘ ]]):’i]]l;. gtrleouiill]“?gglll'e%ﬁzesi.'mk
atter oeccupying more than half the [ rock.
]\dftati;ﬁet(?s ofp{lu-frtz traverse the rock. A little p}y_nte 18
noticeable. The microscopical examination of a t.lml?ec_'—
tion shows that aggregates of slightly brownish mun:l)c inie
pyroxene are scattered through a quartzose gr(m;] mass.
Aflt'hough in most cases well-defined crystal forms o py!I'?;:-
ene are not distinguishable, in some portions of the stlli
groups and columnar aggregates of h_v_p]r_h_omorphllc c(;'y; ;
occur. A good deal of the pyroxene is slightly clou smm_:
decomposition products. The quartz of the groun .
occurs partly as fissure fillings, irregular ﬁss:ixre? run thf
approximately parallel through the slide, an asoI n .
form of a mosaic of interlocking grains of all sizes. In g(zli e
of the veins showing the coarser quartz erystals, 1 :)-
morphie crystals of pyrite are to be seen. A fewdmlnrl:l:
veinlets are seen to be filled partly with quartz and partls
i cite. : :
“ltkbg?llt-llemile north-east of the previous ocpurl:ence,dm
the bed of the Burnt Bridge Creek, the E.’I'E"-Sllurlaél se_tlh-
ments are much altered. Breccias are intercalate b»;l
sandstones and slates, and at least one intruscon of gab 1r:
amphibolite has been recorded. About 3 chalrll‘s eod
this igneous rock are exposed in the bed of the aree sevexl'
tabular masses of a very hard dense rock, of. a very pale
green colour, which appears to have a crystalline structg:ra
Tt closely resembles rocks which oceur along the coast gi‘
north and south of the Trial Harbour serpentine. }f tluck
section was prepared, and examir ation shows that the r]
is a lime-silicate hornstone. It consists largely of g{lanu ar
gregates of diopside and epidote, with very fres vesu:‘-
vianite in aggregates. A small amount of calcite is prt}a:e:h
and a little clear quartz. The former mineral has pro I'a 3
been set free by the decomposition of some of th}ele lﬁ
bearing minerals. Portion of the groundmass of the g
consists of a very finely granular aggregate, which cannht:
be resolved definitely. The extinction of portions of &
groundmass in distinet patches suggests that it has bees
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derived from some mineral now thoroughly decomposed.

It is worthy of note that no garnet was observed in the

single slide examined.

This lime-silicate rock occurs in narrow bands apparently
interbedded with metamorphosed slates and sandstones.

Near a bridge over the Agnew Creek on an old track
branching off the Trial Harbour Road, near the junction of
the present pack-track to the Federation Mine, is a develop
ment of lime-silicates connected with a contact metamor-
phic deposit described in another part of this report.
The metallic minerals present are magnetite, pyrrhotite,
Pyrite, chalcopyrite, and perhaps a little blende. The most.
abundant gangue mineral is a greenish amphibole, with
biotite and fluorite in Places. A thin section cut from a
band, in which the only distinguishable minerals in hand
specimens are a greenish pyroxene or amphibole and seat-
tered pyrrhotite, was examined microscopically. The strue-
ture of the rock is very similar to that of a tremolite rock
described above from Seetion 1392m. Amphibole varying
from colourless to pPale greenish occupies the bulk of the
rock, with talcose aggregates in places, and a little brown
biotite. Scattered gvams of magnetite and pyrrhotite are
present, and narrow veinlets filled with pyrite cut across
many of the prismatic amphibole crystals.

Another section of fine-grained rock indistinguishable
3 hand specimens is seen to be composed of idiomorphie
srystals of tremolite in a fine-grained talcose groundmass,
with abundant fluorite. Distinguishable scales of tale are
seattered through the groundmass, and sometimes occur in
aggregates.

The country-rock is dark greenish-blue slate, and a thin
section shows that much actinolite ig developed in the
groundmass of the slide, which is traversed by veinlets filled
with abundant flakes of brown biotite
| aggregates in portions of the slide,

About one half-mile north-east of the above deposit,
Between the exposed edges of the granite and the gabbro-
smphibolite, are much altered slates with lime-silicate horn-
sones, Outrrops are scarce, and the luca]ily is covered
®ith very thick scrub and undergrowth. In addition, many
of the rocks are much decomposed at the surface. At one
point a greenish rock outerops, which appears to be com.
posed largely of epidote. A thin section cut from this rock
$hows that the bulk of the rock is composed of yellowish
Pleochroic epidote. This mineral occurs in masses of
®lumnar crystals, crossing each other at all angles, the
srystals occurring in definite aggregates which usually show

. Fluorite is present,
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a radiating structure. Interstitial spaces sometimes occur
between crystals, and these spaces are filled with clear
quartz. In some of them a little colourless idocrase occurs,
which has evidently eryst allised later than the epidote, but
carlier than the quartz.

A somewhat similar rock outerops on the southern bound-
ary of Section 6667, towards the south-western corner of
the section, but is too much weathered for exact identifica-
tion. Tt is certainly a lime-silicate rock.

A short distance to the north, near the centre of Section

6667, lime-silicates occur in the gangue of an ore-body
which consists essentially of blende and magnetite. Lime-
silicates also occur in the country-rock outside the main
ore-body. The ore-body is described elsewhere,(*'*) the
chief metallic minerals being magnetite and sphalerite,
with accessory pyrite. The gangue minerals are mainly
diopside, serpentine, chlorite, and talec. Phlogopite also
occurs in greenish hexagonal plates, sometimes of consider-
able size, both in the ore-body and in the serpentine which
occurs in the wall-rock. The latter is exposed in the open-
cut for several feet, but contains lenses of metallic minerals.
A microscopical examination of specimens is necessary to
distinguish the nature of the gangue and wall-rock in
places. A thin section was cut from a specimen of ore show-
ing both magnetite and sphalerite (blende), and only a small
amount of pale greenish gangue. A little pyrite is seen to
be present in addition to the two metallic minerals men-
tioned. The gangue consists mainly of diopside, which
occurs partly in groups of hypidiomorphic prismatic erys-
tals, but more commonly in aggregates composed of fine
scaly individuals. Scattered through this fine-grained
groundmass are larger colourless crystal plates of chlorite,
this mineral also occurring in aggregates in parts of the
glide. A few scaly aggregates of talc usually associated
with aggregates of chlorite are present. The slide is
traversed by a veinlet which cuts through many of the
larger diopside crystals, and is filled mainly with serpen-
tine, also partly with pyrite.

Another thin section was cut from a band in the ore-
body composed essentially of a light greenish mineral,
apparently pyroxene, and disseminated magnetite and
sphalerite. The metallic appear to be mainly moulded on
the non-metallic minerals. Of the latter, by far the most
abundant is diopside, which occurs in large hypidiomorphie
prismatic crystals and in aggregates composed of small

(") Vide infra, pp. 184-183, 412-415.
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individuals. The larger crystals are frequently twinned
g.‘jremoht,e. occurs also in prismatic crystals, showing hy i-
omorphic outlines, but is not very abundant Somépof
the pyroxene crystals are partly altered to a -light— reen
uralite. Some of the tremolite also has been partly altgred
A few aggregates of greenish chlorite are noticeable in the
groundmass, and scales and rod-like forms (cross-sections)
of talc are also sporadically distributed through the slide
No essential difference is exhibited by a slide cat from a
very close-grained greenish-grey specimen with finely dis-
seminated magnetite, sphalerite, and pyrite. Abu):;dant
erystals of diopside of quite irregular shape occur through-
out the slide, with a few quite irregular patches of clga,r
:;ipt;litil:e.anahfhmeballic minerals tend to form veinlets in
- e 1 3 o g
veié]g o (:lear serpeifﬁil: sometimes intersected by narrow
ands of a greenish serpentinised rock i
the cutting on the southen]1 side of the El;e?l:.jd;xpie%hin
sdectlou was cut from a specimen of this rock, which is ofg
;;‘k-grgen colour, and shows scattered crystals of green
E ogopite mica. Under the microscope the rock is seen to
tg composed almost entirely of a very pale greenish serpen-
ine, thr(_)ugh which are disseminated crystals of magnetite
and]pyrlte. Pale greenish crystals of phlogopi‘oeg oceur
s}asrt- y altered to scaly aggregates of talc; the latter mineral
chlo occurs without any distinguishable mica. Plates of
orite showing little colour by transmitted light are
ent in the serpentinised groundmass. : g
th:"(-zl:f :ame cit-t_ing. some yards away from the ore-body,
il t:lvﬂy-lxl'oc is a tough, close-grained, greenish-grey
R imens xcl_n ltl?liﬁ():e?t]it:yf’flgf‘ are 1r{li:ﬁst-inguishable in hand
B s icnnids with s fou Slons Lete: of rornbased
ofhlrregula_r shape. Through the slide Ere a (%i\:fa?grlr‘:aei;tt{e];e
whose individuals are almost of microscopic size, of agm' ,
eral with a high refractive index, which is appar :111-
isotropic; this is, apparently, garnet. i
. A{Jom a 113;[9_ to the north of the deposit described above
s a large deposit of magnetite on Section 6715-m, 80 acr
formerly known as the Tenth Legion Mine. This pro eref:
really belongs to the Comstock district, and ]wasp i
examined in detail. Tt is worthy of note at this st 111'0
h_owever. that associated with the magnetite are varéi‘;:'
lime and magnesium silicates, the pri;(-ipa] ones not.ioeg
being diopside, serpentine, phlogopite, tremolite, and
rﬁ]orlte. ‘These minerals occur in varying proportions, but
the resulting lime-silicate rock is apparently fairly exten-
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sively developed. The granite contact is dist‘aul about 30
chains to the west of this deposit : the bulk of the country-
rock in the vicinity is quartzite

About 8 chains north-west of the old tunnel (now partly
collapsed) in the western portion of the alhu\'e section, are
some old workings now collapsed. A shaft has been sunk,
a shallow adit driven, and some trenches cut: the country-
rock exposed is quartzite. On 111.6 tlumpf‘heaps. however,
are vughs of crystalline quartz with associated crystals of
sphalerite: fragments of talc are :ll’i;u'hﬁd to some of thes%
geodes. On the tip also are ‘c:'_\'sial_lme aggregates of
phlogopite mica, with decomposing white crystals, appar-
ently of tremolite; green chlorite also occurs, in which are
crystalline aggregates of quartz, sometimes forming small
prismatic crystals projecting into geodes. ‘

On a flat a few chains to the west of these old workings
are more lime-silicate rocks, with highly altered slates and
sandstones. The strike of the beds is approximately north
and south, and their dip is east at a steep angle. Although
in general their strike corresponds, the lime-silicate rocks
appear to be intrusive into the sediments, i.c., they are
crystalline. of rather irregular thickness, and have mno
sh.:i1'1)1\'-(1:"1’11\14'! lines of division: they sr_mletin_ne:a occur as
crystalline masses of irregular shape (mainly diopside) in a
climp-grainml sedimentary rock, and _sv\'vr;al instanc‘vs_ were
noticed of veinlets of diopside cutting across the line of
strike of the sedimentaries, these veinlets being connected
with ‘¢ interbedded '’ masses of the same mineral. Some
of the bands are light-green in colour, and smnmﬂmt
resemble basic igneous rocks: they were not APXH].]lll](I,‘d
microscopically, but no other mineral than «Jlts]lsu_ie is dis-
tinguishable. The slates and sandstones are intensely
a]tgred. but this is not surprising, as granite outerops a f(fvr
chains to the west. Some of the fine-grained ss-(hlm-ni;‘u':es
vary a good deal in appearance: some are very ll}_'_"ht—
coloured on the outerops, others black, the latter occurring
as bands and irregular masses in the former. The eﬁ'ect.s
noted must be regarded as contact ltlei'a_l‘nm‘plnc
phenomena, resulting from the intrusion of the neighbour-
ing granite.

Summary.—Before attempting to discuss the mude.‘ of
origin of the lime-silicate rocks, it seems advisable to hl’?eﬂy
l.'e\'Hiew the leading features of the occurrences described
above in detail. L¥10

On the.beach north of Trial T?:n'hn._u' diopside rf)cks
appear as inclusions in, or intrusions into serpentine:
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abundant magnetite 1s present, and phlogopite mica and
chlorite were observed. Microscopically the rock is seen to
be traversed by a veinlet of serpentine and magnetite, the
vein cutting through diopside erystals. A tongue of meta-
morphosed slate, with garnet, biotite, and actinolite, pro-
jects into the serpentine at this point.

A few chains south along the beach similar diopside rock
oceurs in contact with Sedimcutary rocks in which is
developed tremolite: vein-like masses of serpentine with
abundant magnetite appear to be included in the diopside
rock at this point.

On the Trial Harbour Road, near the Serpentine Creek
Falls, diopside rocks are again in contact with met amorphic
sedimentaries in which garnet, actinolite, and diopside are
developed. The diopside rocks are often granular, but con-
tain veinlets and irregular aggregates of diopside crystals.

South of Trial Harbour bands and lenses of lime-silicate
rocks are developed in the sedimentaries, with a similar
strike, being apparently intercalated with the sediments,
which are altered at the contact. The lime-silicate bands
contain diopside, idocrase, garnet, epidote, wollastonite,
and caleite.

In the same locality, but a few chains to the north-west
along the coast, are similar bands and lenses intercalated
with silicified black slates and quartzites: the minerals
recognised in the lime-silicate bands were garnet, diopside,
tremolite, idocrase, quartz, and calcite.

Towards the south-western edge of the serpentine, about
a mile from the coast, are abundantly developed lime-
silicate rocks consisting essentially of diopside and epidote,
with calcite, magnetite, and pyrrhotite.

South-east of Mayne’s Mine, on Section 1392-u, is a band
of rocks in the old sedimentaries, in which lime-silicate
minerals are developed: no serpentine is noticeable in the
vicinity. The rocks contain abundant tremolite, with
diopside, tale, and calcite, and sometimes abundant chal-
cedonic quartz.

About a mile north-east are tabular masses. apparently
interbedded with metamorphosed slates and sandstones. of
lime-silicate rock containing diopside, epidote, idocrase,
and a little quartz and calcite. Gubbm—am])hibo]ite s
exposed within about 3 chains of this occurrence.

In a magnetite-pyrrhotite deposit on the Agnew Creek
are developed tremolite, biotite, and tale: fuorite is
developed in this rock,
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About half a mile to the north-east quartz-epidote
rocks occur, and lime-silicate rocks v:'hwh are a good deal
weathered : these are very close to, if not at, the gabbro-
amphibolite juniti(m. and are associated with highly altered

imentary rocks. y
seckluiex»' .::hains further north, in a magnetite-blende
deposit, are diopside, tremolite, serpentine, chIorwe‘.phl‘og_
opite, and tale. Some of the wall-rocks carry diopside

nd garnet only. .

% ;El)xgactlv similar minerals (except garnet, Whl'(?h was not
noted) occur in a large magnetite body on Section 6715-u.
This 18 not far from either gabbru—amphlbphbg or granite.
In the same locality tabular masses of diopside rock are
intercalated with highly altered .'-'.edunent.s, some veinlets
filled with diopside cutting heross the bedding-planes of the
quartzites. iml ‘

Mode of Origin.—In discussing the mode of origin of
these rocks, it may be well first of all to consider the
exposures on the coast at Trial Harbour. As descrlbed in
detail above, the rock occurs (a) as lense;-:. in serpentine in
which is included a well-defined band of metamorphosed
slate, (#) as a band (which may EI'N‘]('IS(‘ \‘fﬂn-llke masses oé
serpentine very rich in magnetite), with serpentmls_e
peridotite on one side and intensely altered sedimentaries
on the other. ; . ‘ ‘ "

(a) Lenses in serpentine were noticed in one place only,
near the most northerly extension of the serpentine on the

h of Trial Harbour. .
be?zl; I'i‘c])':‘:lic(;urrence between m*]'[wl_lline and sedimentaries
(not always with included serpentine) appears the more
normal, as at least three such instances were zmted.. It is
a striking feature that magnetite is always ex(.:eptmuallly
abundant in the serpentine most closely associated with
these rocks. Little indication is ui»;;uned from t.hf.- micro-
scopical study of the rocks as to tht.'ll' nmdﬁe of origin. The
fact that in one thin section a \'emlet. of serpentine with
secondary magnetite cuts through perfectly fresh crystals
of diopside, the rock itself being closely associated with
serpentine, indicates that the serpentinisation of the su}:’-
rounding rock may have taken ]'\hlf"? sa‘lhsequent}:\' to the
crystallisation of the diopside. Tf this be so, it would
aﬁpear likely that the diopside ;'()cks must bg conten};
poraneous with or.earlier than the original peridotite, fmd if
so, the granitic intrusions cannot be called on to explain
the mode of origin of the rocks. Obviously, the evgdeno:
for this is not strong, and depends upon the correlation o
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the serpentine forming the vein-filling described above, with
the serpentine of the surrounding rockmass. The ser-
pentine is evidently not derived from the pyroxene of the
rock itself, for this shows no signs of decomposition, and
the walls of the fissure are very sharply defined, and cut
through crystal plates which " are perfectly fresh: the
material has obviously been introduced from without. The
presence of irregular veinlets of magnetite, occurring in e
similar fashion, strengthens the suspicion that the sur-
rounding rock may have supplied the material for both
minerals : serpentinisation of the peridotite must have been
attended with a considerable increase in bulk, and the pres-
sure exerted on the adjoining rockmass would probably have
been sufficient to cause a fractu ring, and so give entrance to
the minerals referred to.

A piece of evidence which appears worth recording
(although negative) is that the serpentine in the vicinity
of the diopside rocks is sometimes intersected by numerous
veins filled with chaleedonic silica, which is believed to be
derived from the ** after-action '’ of the basic magma: in
no instance was a chaleedonic vein seen to penetrate the
diopside rocks.

It must be borne in mind that the granite contact is dis-
tant but a few chains from these occurrences. The contact
metamorphic effects on the sedimentaries are intense, and
it is open to question whether these rocks would not have
shown some signs of alteration, had they been formed prior
to the intrusion of the granite: some indication of the for-
mation of amphibole at the expense of the pyroxene might
perhaps have been expected, but none was noticed, In
some slides examined there was certainly no mashing: in
one, however, where the crystals have very irregular out-
lines, and are extensively intergrown, portions of the slide
show such a fine groundmass of pyroxene grains that there
i8 a little doubt; in the same slide there is a tendency to
shadowy extinction in some crystals, but the structure is
indefinite. k

Viewing the question from another standpoint, it is perti-
nent to ask, in view of their constant association in the field.
what relation do the altered sedimentary rocks bear to the

diopside rocks? The strike of the bands of diopside rocks
i8 approximately similar to that of the sedimentaries. With
regard to the structure of the latter and their relations to
the serpentine, it is unfortunate that lack of outerops,
excepting along the coast and the road-cuttings, prevents
accurate mapping of the exact boundaries of the serpentine.
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On the hill to the north of the road and old township site,
and overlooking the latter, no sign of serpentine was seen :
intensely altered slates outcrop on the hilltop. It appears
that the bands of sedimentary rock referred to are not
isolated, but projecting tongues of the sediments, the line
of contact betwen the two being very irregular and serrated.
Some of the smaller masses of diopside rock, on the other
hand, certainly are surrounded by serpentine, but the rela-
tion of the more extensive developments 1s uneertain,
although it is clear that they are bounded on two sides by
serpentine, and on a third by sedimentary rocks. It is
just possible that they may extend back a short distance into
the sediments, beyond the serpentine contact, but no sign
of them was seen when attempting to trace the boundary
of the two rocks, and the writer believes that they do not
extend any distance back from the contact, and they may
be cut off by the serpentine.

Attention has up to the present been confined to a con-
sideration of the occurrences at Trial Harbour in associa-
tion with the serpentine. As has been pointed out, the
interpretation of the evidence presented there is not a simple
problem, as certain of the features appear to be contra-
dictory. Tt is natural, then, to consider carefully whether
any other occurrences in the district may not throw light
on the problem. The question then arises at once, ** Can
all the occurrences of lime-silicate rocks which have been
described be correlated 7’ If so, the additional evidence
yielded by other occurrences should assist in solving the
problem.

On reviewing the general features of the various oceur-
rences described above, several facts stand out clearly:

(a) The mineralogical composition of the various rocks
at once suggests a correlation of the cccurrences. Although
rather extreme types exist, intermediate types form con-
necting links. Unfortunately, no analyses are available,
and, in consequence, the comparison of different rocks
must be based on the mineralogical composition.

() The structure in most of the localities described is
similar. The rocks usually occur as tabular or irregular
masses, or in both forms. These vein-like occurrences are
never of very great width, bands being frequently meas-
ured by inches, Under the microscope the structure of
rocks from different localities is remarkably similar. The

rocks are always holocrystalline, the groundmass being
both forms

sometimes granular, sometimes crystalline,
being frequently observed in the same rock.
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(¢) In their relation to the sedimentary rocks, the vari-
ous lime-silicates have many points in'cummc;n The
general structure of the various exposures has been noted
ab(_)ve. A striking feature is the agreement of the line of
strike of t‘he tabular and lens-shaphed bodies with that of
the enc!osmg_ sedimentaries. Nor 1s this true in a general
sense only, for the lime-silicates of different localities are
intercalated with the sedimentaries in such a way as to
strongly suggest that the mode of origin in different local
ities has been the same. Also the rﬁ'currmwe of veinleta-i
Cf)lllllt’(:{-Bd. with the lime-silicate bands. and filled with
similar minerals, but cutting across the line of strike of
the be(lls. was noted in more than one locality. The altera-
tion of the ‘ wall-rock * in the vicinity of the lime- l
cates, and the development of nests of crystals of discl) -
side in the sedimentary, are also features sh;lréd va severzi
of the occurrences in different localities. In th'éi;' rela-
tion to the sedimentary rocks, the structure of the llinlze-
silicates is suggestive of intrusions of igneous rock. An
important fact _which should be !‘N':l”l’l? at this st,:mol is
the occurrence in one locality of certain seerlinu-xnfah*?)edq
ac_tu;l_li}' interbedded with the slates and sandstones. dl
;‘:)1};:‘11]111;1_ \l\'it]h them and with the }illlt'-r-i]it.‘.zll.t' ?::nél;i:“]iln
rike, which have an appreciably hich lime : A
content. Although f.!]‘.S]TElllT“fll]'illll:i h'l(-“llrlii}:‘“Il‘zor”'*lt—in’trillmgl']eﬂa
4 i e from
t?le lime-silicate bands, the occurrence of these thin-bedded
limestones is important. { g
(f/)"['he fiegr_l relation of the lime-silicate rocks to the
basic igneous intrusives is iutervsting. The Tria.l i'I'trl)ou
occurrences have been dealt with, and it has been pfoiute(;
out that in one instance vein-like masses of ser entine
appear to be included in a band of diopside rock ‘ 'tllil-munhl
the normal occurrence is that of bands of rIinp»’-‘i:if: r'.o('k of
varying width, appearing as lenses and i:ihn-];lr massz
gsu]aiiy associated with sedimentary rocks, partly or whc:;-x;
:1}112 1{:]&\];!‘ ;11 ‘serpentme. le_ ut_}wr localities from which
the rocks have been recorded indicate that the basic rock is
invariably near at hand, although it may not be actus 117-
n contact .\\'ith the lime-silicates at the surface. In m:-:irl}
alI.('ases either serpentine or g:lbhru-;lmphihn]-iff- outc;'o)ys
quite near at hand; in the others, the basic igneous r }k
must occur at no great depth below the surface. -
th(P)-'gh‘e field relﬂtiqn of the lime-silicate hﬂr‘lﬁt(}]’lt‘& to
. e aci d:gueous rocks is _wortl}}_' of notice. Surface observa-
lons indicate that the lime-silicates are more closely ass
clated with the basic than with the acid ignmlu-s-rm.-kf-
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In some of the instances quoted above, however, the rocks
do outerop near the granite contact. In no instance were
they seen to be in contact with the acid rocks, although
sometimes within a few chains of them. It must be borna
in mind, however, that no single occurrence can be
regarded as beyond the influence of the granitic intrusion.
Even where furthest from the actual granite contact the
lime-silicates oceur in intensely altered sedimentaries.
Although closely associated with the basic rocks, it has
already been noted that the basic rocks themselves are
never far distant from the granite, and never far enough
to be regarded as beyond its influence. The relation of
acid to basic igneous rock is explained elsewhere.

Taking into consideration all the facts noted above,
there can be little doubt about the consanguinity of the
various occurrences of lime-silicate rocks: hence any dis-
cussion of the mode of origin of the rocks must take into
consideration the facts presented by the different occur-
rences described, and cannot be confined to the Trial Har-
bour rocks, which are so closely associated with the ser-
pentire.

The mode of origin cannot be finally decided until analy-
ses of the various rocks are available, and it is a matter
for regret that these particulars are not available at the
present time. It is proposed, consequently, to summarise
the discussion of the mode of origin of the lime-silicates.

The mineralogical composition of the rocks elearly indi-
cates that they are of secondary origin, and not primary
igneous rocks. It would seem, then, that two modes of
formation are open to consideration :—

(«) The recrystallisation of calcareous sedimentary
rocks which have been subjected to intense con-
tact-metamorphic action.

(%) The crystallisation of the lime and magnesia-bear-
ing minerals from solutions which have
traversed older rocks, and which have derived
their lime and magnesia either from the source
whence the solutions originated or from the
rocks traversed by the solutions.

Neither theory can be dismissed as impossible, in view
of the evidence available, which, however, does not appear
to be conclusive.

(a) This theory has a good deal to commend it. It
has been clearly shown that the lime-silicates are closely
associated with sedimentary rocks; that certain beds of
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this sedimentary series are calcareous, and that the sedi-
mentary rocks as a whole have suffered intense metamor-
phism in the vicinity of the known occurrences of the
lime-silicates. The coincidence of the line of strike of the
bands of lime-silicates with that of the recognisable sedi-
mentaries would thus be explicable. The development of
lens-shaped masses and of irregular aggregates of lime and
magnesia minerals would occur in impure calcareous beds.

(8) In considering the possibility of the crystallisation
of the minerals from introduced solutions, it is necessary
to account for the solutions, and for their lime and mag-
nesia content. In connection with intrusive igneous
masses, such as the acid and basic rocks described, it is
now recognised that during the final stages of consolida-
tion heated waters are frequently liberated, which may
traverse both the igneous rock itself and the adjacent sedi-
mentaries. Such solutions might be derived either from
the acid or basic magma, but the effects are always more
intense in the case of the former. Were such magmatic
waters set in motion, it is improbable that the contained
lime and magunesia, if present at all in appreciable quan-
tities, would be sufficient to form the minerals noted. On
the other hand, if such solutions traversed the basic rocks,
the high content of lime and magnesia would be readily
accounted for, as it could be derived from the walls of the
fissures forming the paths by which the solutions escaped.
In a similar manner, if the sedimentary rocks are them-
selves lime and magnesia bearing, they would furnish the
migratiag solutions with the materials necessary for the
formation of the observed mimerals. In this case, also,
the observed position of the lime-silicate bands coincides
with that in which such mineral aggregates would be
formed, for solutions would naturally follow the bedding-
planes of the sedimentary rocks.

Thus, it would appear, taking a general view, that either
of the theories mentioned might be called on to account
for the lime-silicates. It will be necessary, then, to exam-
ine the occurrences rather more minutely to try and obtain
a clue.

The occurrence in serpentine in one instance, without
apparent sedimentaries, suggests the introduction into that
rock by solutions. The fact that wherever the lime-sili-
cates occur in serpentine, the latter rock is exceptionally
rich in magnetite, which is sometimes scarce in the diop-
side rocks, is significant. 1If solutions traversed the ser-
pentine and took into solution lime and magnesia from the
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serpentine wall-rock, to form mnew minerals, it is con-
ceivable that conditions might not have bzen favourable
for the solution of the iron, which would tlen separate
as secondary magnetite. Thin sections actuaily show that
most of the magnetite in this serpentine is secondary. It
is doubtful whether the serpentine filling a minute vein-
let traversing one thin section of diopside rock examined,
can with any degree of osrtainty be correlated with the
serpentine of the adjacent rock-mass, and particularly in
view of the field occurrence, the serpentine cannot be
regarded as later than the diopside rocks,

The apparent inclusions of vein-like masses of serpentine
rich in  magnetite, in diopside rock, can be readily
explained if it be assumed that solutions traverse roughly
parallel fissures in the serpentine, and alter some of it,
leaving residual masses unreplaced, but with concentrated
magnetite content. This occurrence is not easy to ‘explain
on the assumption that calcareous beds of the sedimentary
have been recrystallised under contact-metamorphic action.

The small irregular veinlets filled in some places with
diopside, in others with lime parnet. cuttine across the
bedding-planes of the sedimentary rocks are easily explic-
able if lime-bearing solutions have been introduced.

A feature worthy of note is the comparative scarcity of
pure lime-silicates (one slightly doubtful occurrence of wol-
lastonite only being noted), the abundance of magnesia
bearing minerals, and the comparative scarcity of alu-
minium-bearing minerals. These facts seem scarcely com-
patible with the idea of thermal met amorphism of pure
limestone beds or of impure calcareous beds (when alu-
minous lime and magnesia silicates would have been
formed more abundantly). The metamorphism of dolo-
mite would have produced the abundant diopside which
is present, if beds of dolomite had been present. These
facts appear rather more readily interpreted if the assump-
tion be justified that the rocks have been formed by solu-
tions which traversed the serpentine and derived much of
their mineral content from it.

The constant association with basic rocks is significant
and can scarcely be regarded as an accidental oc:‘nrr?ncet
since no single exception was noticed.

The presence of lime-silicate minerals in ore-deposits has
been noted. Reasons are given elsewhere for connecting
these ore-bodies genetically with the granite. The metallic
minerale ha.» been derived from the acid magma, which
produced the granite as one consolidation prboduct, and
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have been carried to their present positions by solutions.
The gangue minerals are typical of such deposits.

Considering all the evidence, it seems clear that some at
least of the lme-silicate hornstones have been produced
by magmatic waters, derived from the acid magma which
have during their migration traversed the basic rocks and
derived their lime and magnesia content from the basic
rocks themselves. Some of the occurrences could well be
the result of the contact-metamorphism of beds rich in
lime and magnesia, intercalated with the Pre-Silurian
slates and sandstones. Until further evidence is forth-
coming, however, the writer prefers to regard the various
occurrences as being genetically connected, and to have
derived their lime and magnesia from the basic rocks.

In putting forward this theory to explain the mode of
origin of the various minerals rich in lime and magnesia,
the writer does not claim originality. Although he has
attempted to ip\'estigate the matter impartially, the evi-
dence adduced has but tended to confirm the opinion
expressed (''*) by Mr. L. K. Ward, formerly Assistant
Government Geologist of Tasmania, who investigated this
question. Mr. Ward deseribed occurrences from South
Heemskirk, Colebrook Hill, Gormanston Creek (North
vundas), and Anderson’s Creek (Beaconsfield), and, after
a careful investigation of the different rocks in these local-
ities, concluded ('*"):—

““It is to the chemical reaction of the emanations from
the acidic magma hearths upon the walls of fissures which
traverse the basiec rocks that the author wou'd ascribe the
greater part of the lime and magnesia contents of the con-
tact-rocks here deseribed.’”

Thus, it will be seen that the writer has arrived at the
same conclusion as Mr. Ward, with regard to the mode of
origin of the lime-silicates, after a closer examination than
the latter was able to give to this particular district.

(2)—TnrE GENERAL SEQUENCE oF EvEnTS LEADING TO THE
PrRESENT GEOLOGICAL STRUCTURE.

([) The First Period of Sedimentation.—On a floor not
exposed in the district, but consisting probably of Pre-

(%) “The Origin of Certain Contact Rocks with a High Content of Lime
and Magnesa,” by L. K. Ward, 11.A., BE.; Section C, Vol, xiii., Proc.
AAALS,, pp. 171i-1R7.
(#0) Op. vit., p. 184.
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Cambrian rocks, a thick series of sediments was laid down,
which now represent the oldest rocks exposed in the dis-
trict. The nature of the sediments indicates that deep-water
conditions prevailed for a long period, alternating with
shallow-water conditions for shorter periods, There are evi-
dences that very deep-water conditions prevailed at inter-
vals, when the fine-grained calcarcous bands were formed.
During this period of sedimentation igneous activity must
have prevailed, not necessa rily in the limited area described,
the record of this activity being preserved in the inter.
bedded tuffs and breccias of the series. These sediments
were laid down at some undetermined period between the
Upper Pre-Cambrian and the close of the Ordovieian, and
have been described in the text as Pre-Silurian.

(2) The Folding of the Region in Pre-Silurian Times.—
The present crushed and altered state of the sediments
described clearly shows that a period of intense crushing
and folding must have taken place before the deposition of
the Silurian sediments. At this time the fissile structure of
the slates was developed, and the whole of the rocks were
intensely crushed. This process has been very widespread,
and is not confined to this district. ]

(3) The Second Period of Sedimentation.—There is a
little doubt about this chapter of the geologieal history,
depending on the correctness of the assumption that an
area of sandstones and grits near the mouth of the Little
Henty River belong to the Silurian system.

There was proba bly a considerable time-break between
the folding of the region and a depression of part of the
area below sea-level. During shallow-water conditions in
the Silurian ocean the second period of sedimentation per-
sisted for a short time compared with that of the first
period.

(4) Period of lgneous A ctivity,.—In Devonian time, fol-
lowing some time after the previous sedimentation, there
came a period of intense igneous act ivity, which must have
been associated with earth movements. A huge mass of
igneous rock material was foreed upwards as a molten
magma, but remained at rest deep below the crust. suffi-
ciently long for magmatic differentiation to cause a sepa-
ration into two sub-magmas. A partial relief of pressure
resulted in the rising of the basic sub-magma to a higher
position in the crust, where it. came to rest, still deep below
the surface. The magma rose to different heights, but did

not actually reach the surface. As it very gradually cooled
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differentiation caused another partial separation into a
basic and ultra-basic magma, one merging into the other,
but before this separation was complete the mass solidified.
Closely following the consolidation, the huge mass of acidic
material, far exceeding ir bulk that of the basic rock, was
intruded into the overlying rocks, bulging, shattering, and
altering them. This magma took the form of a huge dome-
shaped mass, and came to rest at a considerable depth below
the erust. The mass was still at a very high temperature,
and remained so long enough for differentiation of the mass
fo proceed, and this process resulted in the formation of
several rock-types, all closely related, yet possessing dis-
tinctive features. As the mass gradually cooled and solidi-
fied, various portions of the still molten material were
ejected. It was during this period that the whole of the
primary ore-deposits of the district were formed.

(8) Period of Gradation.—The intense igneous activity
of Devonian time was followed by a long period of tran-
quillity, during which the land surface was considerably
modified by the degradational forces which were constantly
at work. Although in the district examined there is no
record of the formation of any rock (with the exception of
small patches of recent sediments), from the occurrences to
the east it appears that the averlying rocks were removed
and the granite itself more or less deeply dissected before
Permo-Carboniferous sedimentation set in. From the
glacial till developed to the east at the Oonah Hill, Zee-
han,('*') and the Permo-Carboniferous coal measures to the
south-east at Eden,(?*?) it seems possible that this area too
mav have been below sea-level during Permo-Carboniferous
time, and that another period of sedimentation may have
ensued, followed by an uplift: if so, the rocks formed have
been entirely removed, and any faulting which may have
thrown down these beds is masked.

It is possible that at some time during this long period
of degradation, the land surface was worn down to base-
level over an extensive area, and denuded again after
another uplift: the evidence for this is not strong, but the
lavel of the summit of the Heemskirk Range, and its
approximately equal height with other' West Coast moun-
tain peaks, suggests that some such action may have taken
place, and that these peaks now represent residual frag-
ments of the old peneplain. If such be so, it is obvious

(M) Vide Geol, Surv. Tas. Rulletin 8, n. 42. el
(™) Vide * Report on the Mineral Districts of Zeehan and Neighbour-
hood.” by W. H. Twelvetrees, 1900, pp. 105-100.
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that an enormous amount of denudation has sincg taken
place. There is clear evidence that at a later period the
1and surface was worn down to base-lgvel. and an ex.tenswe
peneplain formed, above the genera:. level of wh.Jch the
tHeemskirk Range stood out as a mt?uadnock. This pene-
planation of the surface was extensive, and not confined
solely to this particular district .
(6) Period of Uplift.—The long period of gl:adatmn
described above was succeeded by a period of uplift, when
the whole of the land surface was raised above_sea-level.
Tt may have been at this period also that faul'ting det,ell'-
mined the general configuration of the coast-line.  This
uplift rejuvenated the rivers, “’hof‘e- beds had become very
flat at the close of the pemeplanation of the old land sur-
face, and the regraded streams at once p‘roceedec! to deegen
their channels, and another periud _qf gradation, which
continues at the present time, was initiated.

V.—ECONOMIC GEOLOGY.
{1)-TrE GeENERAL RELATIONSHIPS OF THE ORE-DEPOSITS.

The occurrence of tin ores in the South Heemskirk dis-
trict in close association with acid igneous rocks is quite
in accord with known occurrences in other distriets, and an
examination will show that the resemblances are not merely
superficial, but are such as to indicate a genetic connection
between ore-deposits ard rock-types, in this as in other
West Coast: mining districts.

Summaries of the relationships of the tin ores to the acid
rocks of Devonian age in different districts have recently
been published,('**) and will not be repeated here.

Concisely stated, tin ore in the South Heemskirk district
occurs in lodes and in veins both within the borders of the
mtrusive granite massif and in the adjacent sedimentary
rocks. The minerals present (both metallic and gangue)
slearly indicate that granite and tin ores are genetically
sonnected, and the coneclusion arrived at is that both the
fin ore and the granite have been derived from a common
magma.

As has been pointed out by Mr. L. K. Ward for the
North Dundas distriet,(***) the occurrence of ores of metals
pther than tin, and the mineral associations of these occur-
rences, suggest a relationship between the tin ores of
Heemskirk and the ores of other metals in neighbouring
districts. Thus the blende and galena which are associated
with a little cassiterite at Sweeney’s Mine, the galena and
fahl-ore with small amounts of cassiterite at the old Globe
Mine, with tourmaline, flunorite, and quartz in each case,
are very suggestive occurrences.

The presence of coatact deposits of magnetite and
hematite round the borders of the granite is noteworthy,
and suggests a possible correlation with the Meredith Range
massif, similar iron ores occurring round its southern bor-
ders on the Stanley River Tinfield.(**")

The question of the inter-relationship of the different
sypes of tin veins cannot be regarded as settled as a result
of the present examination. “No definite intersections of
different types were available for inspection, and hence
there is no proof of the relative ages

(%) Vide Geol, SBurv. Tas. Bulletin 15, p. 61, and Bulletin 6, p. 41,
(™) Vide Geol. Surv. Tas. Bulletin 6, pp. 41-43.
(™) Vide Geol. Surv, Tas, Bulletin 13, pp. 65-104.
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Again, with regard to the possible merging of different
types at a depth, no definite statement can be made. In
the deepest workings below the present surface, no appre-
ciable alteration in the mineralogical composition of the
veins is observable.

With regard to the relationship of the ore-deposits of
the South Heemskirk Tinfield to those of surrounding dis-
triets, it is interesting to note that the Heemskirk granite
massif represents the consolidation product of an igneous
magma which was responsible for the introduction not only
of the tin ores of the South Heemskirk district, but also
of the iron, zine, and lead ores of the Comstock distriet,
and the silver-lead ores of the Zeehan field. Messrs.
Twelvetrees and Ward have shown('?®) that three distinet
zones are recognisable—(a) granite zone, (&) contact
metamorphic zone, (¢) transmetamorphic zone—which may
be subdivided into a pyritic belt and a sideritic belt. The
reader is referred to the publication quoted for a full
account, but the opinions expressed therein have more
recently been summarised by Mr. L. K. Ward thus: —('*7)

* The tin-bearing lodes of the Heemskirk district exhihit
some variety of composition. They are marked in almost
every case by the presence of pyrites, and less often by the
existence of small amounts of bismuthinite, molybdenite,
and wolframite with the cassiterite. Of the gangue minerals
tourmaline is the most characteristic and most widely dis-
tributed. Fluorite is not abundant.

‘* Lying to the eastward (and southward) of this area, in
which cassiterite is the most constant metallic mineral, are
the magnetic masses of the Comstock district. The mag-
netite is found in very large bodies which are seldom free
from admixture with other metallic minerals. Although
often nearly perfectly pure, the magnetite is found asso-
ciated with galena, blende, chalcopyrite, and pyrite,
and one instance is known in which cassiterite accompanies
it.

‘“ 8till further to the eastward lie the large pyritic lodes
of the western portion of the Zeehan field. Pyrites is the
most abundant mineral, and blende and galena are asso-
ciated with it. At one point there is a notable development
of stannite, with which are associated pyrite, chalcopyrite,

(") Vide Geol. Surv. Tas lulletin 8, pp. 63-67.
() “ An Investigation of the Relationship between the Ore-bodies of
the Heemskirk-Comstock-Zeehan Region, and the Associated Igneous
Roek,” by L. Keith Ward, B.A., B.E,, in Proceedings of Australasian Asso-
ciation for the Advancement of Seience, Vol, xiii., Section C, pp. 133-154
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galena: bismuthinite, wolframite, tetrahedrite, siderite. and
sporadic traces of fluorite. '

* The eastern limit of the area under consideration—the
Zeehau field proper—is characterised by lodes of which a
considerable portion consists of siderite, with which are
found galena, blende, and smaller quantities of tetrahedrite
and chalcopyrite.

* Between these broad groups lie many associations which
elearly mark transitional stages. Certain metals have been
proved to exist in almost every type, and as the work of
developing the mines proceeds fresh discoveries are con-
tinually being made of the presence of small proportions
of certain metals in lodes which were formerly not known to
contain them. i

“ The gangue minerals in the lodes are also found to
fransgress the limits of the main groups referred to above.

* There are no known instances in which a lode character-
istic of one zone or group is actually intersected by a lode
belonging to another zone. This evidence, negative though
it may be, is certainly most suggestive, since a very large
number of lodes have been worked from time to time al?d
thus exposed for examination. It appears that the mem-
bers of the different groups belong all to a series (or, at
most, twu series), of which the different components were
formed during a single stage in one metallogenetic epoch.

“ All these phenomena strongly support the view that
the ores which have been mentioned are derived from a
common source, and that the differences between them are
only quantitative variations in the proportions of the con-
stituent elements.”’

Mr. Ward comments on the zonal arrangement of the
ores about the granite, and then proceeds to show that both
igneous rocks and metallic ores have been derived from the
same igneous magma. Applying general principles dis-
cussed to this particular area he states:(12*) ** The author
Bolds the belief that the several ores of this area were mnot
derived from a single point of origin, but that they were
derived from several centres of segregation within the
Beart of the acidic magma. . . . . Ofthe imme-
diate causes of precipitation, the fall in temperature
would seem to have always been the chief. . . . . . (12%)
The feature of greatest prominence which is revealed by the
geological examination of the whole area is that concerned
with the zonal distribution of the different types of lode-
matter about the exposed granite. Yet, from what has

('®) Op. eit., p. 161. ('®) Op. cit., p. 168.
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already been stated, the lodes of the Zeehan field do not
proceed from the centre of the Heemskirk massif, but from
some hidden source below the field itself.”” The author
proceeds to discuss the('*) ‘“ nature of thezonal distribution
of ores, and the significance of the granite at a distance
from the position of the source of the lodes situated (in
Zeehan) on the fringe of the area discussed.”’ pointing out
that both acidic and basic rocks underlie the eastern portion
of the area, that the igneous magma rose to a greater alti-
tude in the Heemskirk area than in the vicinity of Zeehan,
where there is still a great thickness of overlying sedi-
mentary rocks not removed by denudation as those formerly
presm]t. to the west have been: this means that the contact
metamorphic zone dips underground with the surface of
the granite, and ‘‘ thus the geological plan gives precisel_\‘
similar information to that which would be afforded by a
vertical section. So the nature of the variations
in the lode-matter, as observed in a horizontal direetion.
is sensibly identical with that which would be visible in a
vertical direction could we but follow a single lode down-
wards towards its source, if the materials supplied to the
several fissares throughout the area have been approx-
imately the same. The general result appears to have
been that cassiterite ores have been precipitated within the
ieneous boundaries by the ascending vapours and solu-
tions which, as they traversed the successively cooler zones,
have deposited in turn magnetite or mixed magnetite and
sulphides, then pyritic zine and lead ores, and finally
sideritic lead ore. Inequalities in the surface of the granite
mass have caused the precipitation of these different ores at
different levels, and subsequent denudation has exposed the
deposits of different zones of precipitation at the level of
the present surface in zones of distribution which conform
to the boundaries of the granite.’’(131)

The articles quoted above are heartily commended to the
reader who vwishes further information on this interesting
question of the zonal distribution of the various ores of the
Heemskirk-Comstock-Zeehan region. The above quotations
clearly show che relationship of the tin ores to those of the
adjacé—nr area, and the writer’s observations confirm those of
the previous investigators whose work much simplified his
task.

This report deals with the granite zone, with part of the
contact metamorphic zone, and part of the pyritic zone
(the Comstock mines were not examined).

(80y Tdem. () Idem.
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With regard to the comparison of tin ores in the South
Heemskirk district with those of adjacent tinfields, little
need be said at this stage beyond stating that many of the
deposits are distinctly comparable, not only in their mode
of ocenrrence, but also in their mineralogical composition
and svructure, with those of the Stanley River district to
the north, and of the North Dundas district to the east.
Further comparisons of particular types are made below.

{2)—THE RELATIONSHIPS OF THE ORE-DEPOSITS TO THE
SEveraL Rock Groups.

It is instructive to notice the relationship which the
ore-deposits bear to the different rock groups represented
on the field. The rock groups to be considered are the
basic igneous rocks, the acid igneous rocks, and the sedi-
mentary rocks. ]

The only primary ore-deposits which occur within the
borders of the basic rocks are those of nickel, and lenses
of magnetite. Tin ore has been located near the bound-
ary of the basic rock, but there is nothing to suggest a
close genetic connection therewith.

Within the boundaries of the acid igneous rocks, how-
ever, are lodes, veins, and at least one well-defined pipe of
tin ore, also tin-wolfram, tin-bismuth, zine, and silver-lead.
Referring to the acid group in more detail, it is note-
worthy that the deposits are not confined to either the
normal pink granite, white granite, fine-grained nodular
tourmaline granite, or aplite. Deposits of the same type
occur in all varieties, although the three latter rocks
appear rather more favourable for tin ores than the
coarse-grained pink variety of granite, which, however,
contains deposits of zinc and silver-lead. Since ore-
deposits of exactly the same type, with no variation in
mineral constitution, occur in all the varieties of granite
described, since a vein may extend from ome variety to
another without interruption, and since deposits with dif-
ferent mineral groupings occur in the same variety of
granite, it is clear that the particular acid rock type of
this district cannot have any definite connection with the
type of deposit formed.

It appears that all deposits so far located occur within
a limited distance of the edge of the granite, but this
statement is made with reserve because the western edge
of the granite is below sea-level.
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Turning to the sedimentary rocks, it is found that com-
paratively few tin-ore deposits have been located, but that
these do not differ essentially from those found within
the granite borders. Quartz and tourmaline are still the
main gangue minerals, as they are in the granite.

Clearly, then, the nature of the wall-rock does not influ.
ence the type of tin ore deposit formed.

In the sedimentary rocks (slates and sandstones) near
the granite-contact, i.¢., within the contact-metamorphic
aureole of the granite, several deposits of magnetite occur,
sometimes with sulphides (blende and pyrite), and usually
with lime-silicate gangue minerals. These deposits de
not occur within the borders of the granite. Their mods
of origin will be referred to in another part of this report.
The nature of the country-rock has probably influenced
the mineralogical composition of these deposits.

In the same zone is a deposit (***) which carries min-
erals characteristic of contact-metamorphic deposits, buf
in addition wolframite and bismuthinite—unusual min-
erals in a contact deposit. The composition of the gangue
minerals of this deposit suggest that the country-rock has
had some influence on the nature of the deposit formed.

Reviewing the structure of the ore-deposits in the dif-
ferent rocks, as is to be expected, no difference can be
detected in the various acid igneous rocks. The same vein-
type is occasionally continuous from one rock to another
without variation.

When contrasting tin ore deposits in granite and is
sedimentary rocks near the granite-contact, it is clear tha
the structure of the lode-formation, in some cases at least,
has been determined by the country-rock. This is well
shown, for instance, in the case of Mayne's Tin Mine,
where the ore-bearing vapours and solutions have ascended
by fissures which extended to considerable depths, and
were probably continuous through slate and underlying
granite, or at least had connection with fissures in the
granite which themselves were in communication with the
deep-seated source of the metallic ingredients. As the
vapours ascended by these feeders. however, the bedding-
planes of the sedimentaries, and perhaps certain planes
of weakness as well, afforded opportunity for the vapouss
to attack the country-rock surrounding the fissures, with
the result that this rock was mineralised, and irregulas
vughs formed, often with rich tin ore. The country-rock

(™ Vide infra, pp. 180, 181, 399 401
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has been_l tourmalinised and silicified as a result of pneu-
mato[_vtw_ action. Not only is the general nature of the
ore-deposit modified by the structure of the sedimentary
rock, but the exact type of sedimentary rock has a defin-
ite relation to the minerals developed by the pneumato-
lytic agencies at work, the argillaceous bands being more
favourable for the development of dense green tourma-
line, with which the richest tin usually occurs.

So.me outcrops in the contact sedimentaries appear to
he tin ores generally similar to those occurring in the
granite, but no definite opinion can be expressed in the
absence of exploitation work.

(3)—PRrIiMARY ORE-DEPOSITS.

The most important primary ore-deposits of the dis-
trict, discovered up to the time of the writer’s examina-
Sion are undoubtedly those of tin, making the mining
Seld essentially a tin field. At the same time, ores of
other metals have been discovered, and it has been
deemed advisable to deal with these under separate head-
ings for convenience, although in some cases little more
than passing reference is required.

A.—TIN ORES.

In describing the tin ores it is desirable to classify
$hem, and this is best done on the basis of the mineral-
sgical composition of the deposits. This method has been
successfully applied by Mr. G. A. Waller (***) to the tin
wres of the district, and the present classification is based
w0 that initiated by this writer, and elaborated by Mr.

L. K. Ward.(**)

(1)—Quartz-Tourmaline-Cassiterite Type.

The vein-type is more abundantly represented in the
South Meemskirk tinfield than the others to be described
_tha 3

!d becomes of commercial importance in several locali-

(™) Vide * Report Tin O sits of irk,” ¢
. _|9|)-_1, I on Tin Ore Deposits of Mt. Hemuskirk,” by G. A.

(™) Vide Geol. Sl!l‘!f. Tas, Bulletins, No. G, pp. 47-54, No. 8, p. 47, et
., and other publications of the Geological Survay of Tasmania g
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The type has been defined for this district, as follm_\'s.
by Mr. Waller, who calls the veins quartz-tourmaline
veins.(3%)

““ These veins consist essentially of a tabular mass of
quartz or quartz-tourmaline, containing in the centre
vein from which the country-rock on either side has
become mineralised. Either the vein-rock or the vein-
stone may carry tin, but usually the vein-stone is the
richer of the two. Tin appears to ve associated with both
black (iron) and green (alkali) tourmaline; but I think
that of the two, the green is the more favourable. This
is also the case at. Mt. Bischoff. A little iron, copper, and
arsenical pyrites is often present, either in the vein-stone
or in the vein-rock, and in all probability these minerals
will be found in all the veins in depth, their absence from
the upper portions of the veins being due to the oxidising
and leaching action of surface waters. To this list must
be added small quantities of bismuth sulphide, wolframite,
and rarely mclybdenite.”’

Explaining the meaning of the phrases ‘* vein-rock ™
and “ vein-stone,”” Mr. Waller says (**): ** When they
[quartz-tourmaline reefs] occur in granite, they consist of
a tabular mass of quartz, quartz-tourmaline, pinitoid or
greisen (which T propose to call the vein-rock), with a
central vein filled with black or green tourmaline, quartz,
and frequently tin oxide (the vein-stone).”

From his examination of the district, the writer found
the above description to apply to many of the tin ore
deposits, and to represent both the mineralogical composi-
tion and also the structure of the veins.

There are, in the writer’'s opinion, two minerals besides
those mentioned, which should be included in the type
description. These are fluorite and hmatite.

Although not very common in the district, fluorite is well
developed in one vein which belongs to this class (that
exposed in the Long Tunnel on the Federation Mine), and
so must find a place in the description of the vein-type.

Hematite is abundantly developed in one vein (at the
Whip Shaft workings, Federation Mine), which, although
it has affinities with the quartz-quartzose type described
below, apparently belongs to this class. The hzmatite
is massive, and is closely associated with quartz in the
groundmass, through which are radiating aggregates of
tourmaline and some cassiterite.  There can be little

€

(%) Op. eit., pp. 8, 9, (") Op, vit., p 6.
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doubt about its primary nature. Crystals of quartz from
the same formation, which are associated with cassiterite,
contain inclusions of red hamatite, showing that the min-
eral was developed before the completion of the crystallisa-
tion of the quartz.

A similar class of ore to that from the Whip Shaft
workings is found in Yates' level, and exposed in a surface
trench above Fowler and Dunn’s open-cut, both occur-
rences being included in the Western Workings of the
Federation Mine, and within a short distance of the Whip
Shaft. In these occurrences quartz appears to be absent.
The stone consists of tourmaline (black and green) in a
groundmass of hmmatite, with a small amount of cellular
fimonite, probably representing an oxidation produci of
pyrite present in the primary ore. The tourmaline is in
aggregates of small prismatic erystals radiating from a
gommon centre, aggregates being semicircular in cross-
section The hzmatite is in dense masses of quite
wregular shape. Its physical characteristics are normal,
with one notable exception. The mineral is distinetly
magnetic. Tt certainly is more than f-¢3/y magnetic, and
even resembles magnetite, although not quite as strongly
attracted by the magnet as that mineral. Although this
property might be due to a certain proportion of anely-
divided magnetite intergrown with the hematite none of
the former mineral could be isolated, and the writer is of
opinion that the mineral is hematite, and, further, that
this mineral is primary. Tt is interesting to compare this
sccurrence with one recently noted at North THHeems.
kirk (**") although in the latter the magnetic hematite
occurs in a contact-metamorphic deposit in sedimentary
rocks, and of different mode of origin to that of the tin
veins under discussion, although both are genetically con-
nected with the granite. l

Confirmatory evidence of the occurience of h@matite in
& quartz-tourmaline-cassiterite vein was obtained by the
writer at North Heemskirk in the case of Long’s Iron
Blow, where not only massive h@matite, but definite crys-
fals of the same mineral occur. This occurrence has been
described by the writer elsewhere.(1%)

The definition was framed to suit the occurrences of this
particular district but it has since been shown that the
mineralisation of the country-rock is not general enough

(") Vide Geol. Surv, Tas. Report 6, p. 59,
(1) Op. cit., pp. 51-53.
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to be included in the definition of the vein-type. This
exception was pointed out by Mr. L. K. Ward ('*?), after
a detailed examination of the occurrences of tin ore at
North Dundas.

The minerals mentivned by Mr. Waller are all present in
veins in the South Heemskirk Tinfield, but it must be
understood that in no case were all the minerals of the
type seen to be present in the one deposit.

In the discussion of this vein-type the question as to the
distinetion between veins and dykes demands attention, as
many tabular deposits of quartz and tourmaline do not
show the variety of minerals (consisting only of the two
non-metallic minerals mentioned). and do not exhibit the
central seam so typical of the veins. This question has
been fully discussed under the heading of ‘‘ General
Geology,”’(**") the results of microscopical examinations
of thin sections given, and the opinion expressed (as the
result of this investigation) that there is no essential dif-
ference hetween quartz-tourmaline veins and quartz-tour
maline dykes, although the extreme examples of each class
may be differentiated without trouble. Tt is pointed out
that cassiterite may reasonably be expected in these
““ dykes,’” as well as in the more typical quartz-tourmaline-
cassiterite veins.

Some of the veins appear to be of very simple composi-
tion, containing only quartz, tourmaline, and cassiterite,
but Mr. Waller’s caution must be kept in mind—that the
sulphides may have heen oxidised and removed from the
upper portion of the veins. This is certainly true in some
cases, but there appear to be some veins which do not.
even where exposed as primary ore, carry any sulphides.

One example of this vein-type which has some rather
unusual features is worthy of special note. There is a
central vein which is quite distinct from the vein-rock on
either flank, and different from the vein-stone of any
other example noted. Regarded independently of the
main formation in which it occurs. it might be taken to
belong to the quartz-quartzose tvpe Jdescribed below. which
had been introduced into a vein (previously consolidated)
of the quartz-tourmaline-cassiterite vein-type. Further
work in opening up the particular deposit (which occurs
on the Federation Mine) may prove this to be the case, but

(™) Vide Geol. Surv. Tas. Bulletin 6, p. 53.
(") Vide supra, pp. 76-82,
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it seems advisable until such information becomes avail-
able, to class the whole formation with the quartz-tonrma-
line-cassiterite veins. The central portion of the deposit
(vein-stone) consists of quartz and cassiterite, with a little
secondary limonite in places. The vein-rock bordering this
vein-stone is quartz-tourmaline, with rather more quartz
than usual, but otherwise no uncommon features. The
vein-stone shows distinet crustification, quartz and cassiter-
ite forming - alternate layers, and evidently the min-
eral: have been successively deposited, probably irom
gases which were under sufficient pressure to force
aside the walls of the fissure far enough to give
room for crystallisation. The outermost layer, which itself
is bounded by quartz-tourmaline, is composed of finely
granular white quartz. This is followad on either side by
a layer of fine, brown cassiterite. On this are layers of
closely-packed prisms of quartz, which form the
foundation on either side for small prismatic crystals of
cassiterite, which occur in radiating nests and sheaves.
They are brown in colour, translucent, and show terminal
faces. Tle succeeding layers are of prisms of quartz, and
intergrown with them are abundant cassiterite crystals,
which again assume the prismatic hubit, crystals being
up to 5/16th inch in length, and showing perfect terminal
faces. This is the ianermost laysr, but sometimes auartz
disappears, and the inner lining is composed entirely of
erystals of tin oxide. In some instances finely-divided tin
oxide forms the base on which the larger and more per-
fectly formed crystals rest, and occurs in concentric layers
of hemispherical form. The occurrence of the cassiterite
in this form is not common, but may be compared with
the botryoidal cassiterite at the Wakefield Mine, and at
Mayne's Mine.

The occurrence of a central vemn of quartz and cassiterite,
free from tourmaline, in a vein which appears otherwise
to be of the quartz-tourmaline cassiterite type, was not
noticed elsewhere in the district. The width of the central
vein varies from 2 to 5 iuches, and it hos been traced on
the surface for at least 20 feet. The main outerop is more
extensive. but no ceutra! guartz-cassiterite vein is notice-
able. The occurrence, considered in conjunction with that
of veins of white quartz in the qguartz-tourmaline stone
beyond the boundaries of the main central vein, may per-
haps be interpreted to mean (as suggested above) that
these veins belong to the quartz-quartzose class. and have
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been introduced into a normal quartz-tourmazline-cassiter-
ite vein.

Along the same line of outcrop, near Munro’s shaft, on
the highest portion of the Federation lease, is another
interesting occurrence, which may be noted here. There
are on the surface abundant boulders, evidently derived
from this outcrop, of lode material, consisting of tour-
maline, limonite, and quartz. The tourmaline is green
in colour, and very dense, showing no sign of crystalline
structure. It is occasionally traversed by veinlets of crys-
talline quartz, which forms a lining of prismatic erystals
to occasional vughs in the dense tourmaline. Massive
limonite is abundant, and this mineral sometimes takes
the columnar form: this mineral is obviously secondary.
A thin section of some of this very dense tourmaline was
examined microscopically, and it was found that the min-
eral occurs partly in irregular aggregates, frequently
stained with limonite, and in abundant minute needle-
like prisms, which often are grouped radially about some
nucleus, and which frequently penetrate the graing of
quartz which are present in the groundmass. Adjacent
quartz grains are frequently penetrated by these tourma-
line needles, indicating that the quartz first crystallised.
and the tourmaline needles are developed later, and are
partly replacing the quartz. A few minute veinlets of
secondary silica were noted.

The extensive ore-body developed on the Federation
Mine at the Black Face, described in detail elsewhere. is
a variation of this vein-type. The exact conditions
governing the formation of the large ore-body are not
quite clear, but apparently the intersection of two or more
fissures has resulted in a departure at this point from the
normal vein structure.

Mention has beer made (**!) of the variation noticeable
in the mineralogical composition of some of the quartz-
tonrmaline-cassiterite veins as the distance from the
granite increases, and the opinion expressed that some of
the quartz veins of the sedimentary rocks may be but
special cases of this particular vein-type

This vein-type is economically the most important repre
sented on the field. Examples are to be found on the
Federation, Prince George (R. Clarke’s), Cliff, Healev and
MeclIvor’s, Kelvin (Williams, O'Brien. and Buckley’s), and
other mines. d

(M) Vide supra, p. 80,
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Occurrences in this field are to be correlated with repre-
sentatives of the same vein-type in the North Dundas Tin-
field ('**) and the Stanley River Tinfield.(***)

(2)—Quartz-Quartzose Type.

It is not certain that a separate type should be formed
for the veins about to be described, as they are undoubtedly
closely allied to the quartz-tourmaline-cassiterite veins,
and perhaps a more detailed examination, especially when
more work has been done, will show that they should merely
be regarded as extreme types of that class. However, as
several distinet formations were noticed having similar
features, it seemed- advisable to describe them independ-
ently.

The vein-stone is of crystalline quartz, usually showing
comb-structure, and sometimes closely associated with cas-
siterite. In a few examples the central vein is not at all
distinet. The quartz crystals may be translucent or trans-
parent. This vein-stone emerges into the wvein-rock,
which is quartzose. It consists of a granular quartz
matrix, through which are scattered irregular grains
of glassy quartz up to one-quarter inch in dia-
meter. This matrix may also carry a little cassiterite.
Pyrite is sometimes present in the vein-rock in small cubical
erystals up to one-sixteenth inch across, showing sharp
erystal outlines, and not infrequently striated faces. Tt is
not certain that tourmaline should be included in a descrip-
tion of the vein-type. Certain formations which appear
to belong to this type may at certain points on their
outcrop carry veinlets and small vughs of tourmaline
(usually green), indicating a merging into the previously
described type, but the writer prefers to regard tourmaline
as being absent from the typical quartz-quartzose vein-type.
Wolframite was noticed in one instance, in small crystals
(up to one-eighth inch in length and one-sixteenth inch
diameter), associated with fluorite and: fine seales of mica,
which counld not be definitely determined.

No other minerals appear to be present, unless perhaps
hematite be included. The mineral is present (as a primary
mineral) in one vein, which, however, does not certainly
belong to this type. Although very quartzose, this par-
ticular vein carries a little tourmaline. and more likely
belongs to the quartz-tourmaline-cassiterite type.

(") Vide Geol. Surv. Tas. Bulletin 6, pp. 52-54.
(M) Vide Geol. Surv. Tas. Rulletin 15, pp. 63-85.
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(3)—Pyritic-Cassiterite Type.

This vein-type has been previously cles.(-ni)ed. ffoign, ft}:;:
district by Mr. Waller myls-_r 111_9 heﬂdm.g of I_t\r Vit,
Veins.”’(1%3) As this descn!vn:in is not quite comp efe‘tha
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pre;ent in most ‘deposits. The tin ore occurring wi

= i 5 7, 276 W) Op. cit., p. 9.
Wy ide . 158-157, 276, ( ") O
il ‘lr':“) '?r:‘gfr Geol. Surv. Tas, Bulletin 6, p. 48,
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i§ cassiterite, but stannite has been observed in some rare

cases. Of the gangue minerals, the most abundant is quartz,

and with it occurs dolomite. In smaller proportions the

fo[Iowing minerals are also present : —Tourmaline, chlorite,

epidote, and fluorite, Apatite has also been recorded. The
prevailing structure of the vein-filling is massive.”’

In the South Heemskirk distriet the type is not as well
developed as that previously described. No deposits which
belong undoubtedly to this type were available for inspec-
tion in situ, although ore on ‘the dump-heaps of two pro-
perties indicates that at least this number of members of
the vein-type exist.

A vein which should be included in this class, although it
does not conform strictly to the type as described above, is
one which oceurs at Mayne’s Mine (Section 124m) in sedi-
mentary rocks within a few chains of the exposed border of
the granite. The only minerals present are pyrite, tour-
maline, and cassiterite. with some kaolin, which’is probably
secondary. The occurrence is described below,(147) The
general appearance is that of a
maline traversed by veins of pyrite, which give it a general
banded structure, the bands corresponding with the line of
strike of the formation. There is no marked vein-stone or
vein-rock in the sense described above. The tourmaline

appears to be massive, but under a powerful lens is seen to
be composed of minute prismatic crystals: it is green in
colour, none of the black variety being noticed. The tour-
maline occupies the bulk of the vein (about 6 feet in width
where exposed), although pyrite is abundant, and occurs
in cubical and pyritohedral crystals, in some cases encrust-
ing opposite walls of open fissures, with a strike correspond-
Ing to that of the main formation. Cross-fissures filled with
pyrite are also noticed in places. Cassiterite is present in
a very finely-divided form, but is not usually visible to the
naked eve. Irregular masses of kaolin are present in
places. No other gangue minerals were noticed, and even
quartz is not visible: micro-slides were not examined, so
quartz may be present in small amount, A striking feature
is that there are no well-defined walls - the lode material

4ppears to merge into tourmalinised slate, Judging by its

mineralogical composition the formation is evidently
related to the pyritic-cassiterite veins. In mode of origin

it appears to have been formed by the replacement of a
band of country-rock by the mineralising solutions. It is
rather doubtful whether the open fissures with pyrite may

body of massive green tour-
p =]

(") Vide infra, p. 378,
G
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not have been filled with some other mineral now removed
by oxidation, although there is no evidence to support this
theory, and the pyrite itself is fresh within a few feet of
the surface.

Several narrow veinlets on the same property are doubt-
less to be correlated with this formation, and that exposed
in the No. 3 Adit on the adjoining property (the Kelvin
Mine) is apparently quite similar in mineralogical compo-
sition, though its structure cannot be determined in the
present condition .of these workings.

The old Globe Mine (also known as the Mt. Agnew Mine)
produced both copper and silver-lead ore of good grade.
Very little information is available concerning this pro-
perty, and none concerning the ore in situ, but the pro-
perty is described in another part of this report.

The metallic minerals present are galena, tetrahedrite,
chalcopyrite, sphalerite, pyrite, and cassiterite.

The gangue minerals, in the relative order of abundance
as far as can be judged from the dump-heaps, are quartz,
tourmaline, siderite, and fluorite. The nature of the ore
is described below, and it is shown that sometimes vughs
occur, but that the ore is frequently banded. The tetra-
hedrite carries high silver values, and it occurs partly lining
vughs, where it is particularly associated with galena,

sphalerite, and pyrite, with a siderite gangue, partly in
veins with the same minerals, partly disseminated through
a crystalline groundmass of quartz, through which are
scattered siderite and pyrite. Chalcopyrite does nov appear
to be very common, and cassiterite was not noticed in hand
specimens : green tourmaline is abundant.

With regard to the classification of this deposit, it is
rather doubtful whether it should really be included in Mr.
Ward’s pyritic-cassiterite type. Pyrrhotite is absent,
although pyrite is not uncommon in cubical and pyritohe-
dral crystals. At North Dundas pyrrhotite is the most
abundant of the metallic minerals, although pyrite is pre-
sent and in some places predominates. Arsenopyrite, bis-
muthinite, and wolframite have not been noticed, but it
is noteworthy that the two latter niinerals are apparently
absent from the North Dundas deposits. Dolomite may
be present with the siderite, and chlorite is possibly present

with the massive green tourmaline: epidote has not been

noted.
It is unfortunate that the shoot of ore was not available

for examination, to enable some definite statement to be
made with regard to the distribution of cassiterite in this
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writer, however, after a close examination of various spetl::-
mens illustrating its mode of ovcurrence, has come to the
conclusion that the mineral ix primary. The occurrence of
a typical moderate-temperature mineral in a stannfferoua
tourmaline vein would be explained by the theory men-
ioned above
thnother deposit which possesses some rather u.lzﬁsr};ﬂ
features, but which has some features in common wi . e
occurrence described at t-h_e Globe Mine, 18 tha}: eln%
exploited at Sweeney’s Mine, on the southern s opezls(;_
Mt. Agnew. A deseription of the“ property E g:v:uf -
where.(**!) It is situated about 1§ lm‘!e south-wes do :
old Globe Mine described, and well within the borders i)
the granite, the nearest point on t.hf- con‘tact ‘b'le:lhngwm‘:szni'tir3
1 mile to the south-east at the Kelvin Mine. The E,raqt"3
of the district is the normal coarse-grained pllgk granite,
carrying a few scattered aggregates of tourma ufe.h e
The minerals present in the r'lepumt are sp aent .
pyrite, galena, stibmite, chalcopyrite, cassiterite, q‘uartbzé
giderite, and fluorite, with tourmaline and chlorite 1n
; a'i'lh]emt‘lll(z;le of occurrence of theore is described in ]a I::.t-?lr;
part of this report,('**) and it is seen that very h-ttl—f :;\?riq
has been done, and the true structure of t}l? otel- 0 't]u;
not apparent. The or2 exposed in a surface trench n:rite‘
summit of the hill carries abundant sphalerite, some p; is
stibnite, and traces of chalcopyrite and _cassﬂ'.]-erlte. W
quartz the only distinguishable gangue mineral. e
TLower down the hill the exposed ore sh‘ows a'uu];ﬂnd
sphalerite and pyrite in a quartzose ground{nass‘m_ ';.{1
specimens. A thin section was e;-:mnnwr] 1mcrnosw'pt1czlil_y,
and showed that the groundmass is '('()'IIII)USIE(} of crys ah§n£
quartz, which shows 11}'pidinn|m‘phlc_mlthnes. bu’(,t WPI{E
is idiomorphic to most of the nthe:r minerals present. [‘:
exception is pyrite which in a few cases ncrnr}s n{; ;;: 1tﬂ
morphic crystals. These have .nh\'mns]_v been- t}l? T k.
crystallise out from solution, followed closely by 1q,vua.r A
Pyrite and sphalerite are abundant, and are clos:y 3&1{:
ciated. The pyrite includes idiomorphie crystals of quar ®
and some masses are partly moulded on the latter [m‘nﬂ:ll y
showing that the pyrite has crystallised later t';‘;im : he
quarrz._ The same applies to the sphalerite. e W(:
metallic minerals appear to have wrvstall‘xsed (-m.‘%fjtmp}?r
aneously on the whole, although some _ot th.e 11}!1.? t ?s
crvstallised later than the sphalerite, since i1t completely

: FERSEEEE e 369984
(#) Vide infra, pp. 361-368 (%) Vide infra, pp. 362-364
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includes some masses of the latter mineral. The order of
erystallisation is somewhat unusual.

Other ore from the same locality is of a general green
colour, and shows pyrite and sphalerite in a quartzose and
chloritic groundmass. Microscopical examination of a thin
section shows the presence of pyrite, sphalerite, quartz,
and chlorite. As in the previous case, quartz is idiomor-
phic, and has been the first mineral to crystallise. Crys-
tals are included in the pyrite, and also determine the
shape of the sphalerite masses, which are moulded partly
on the quartz. Sphalerite has followed the quartz in crys-
tallisation, and has been succeeded by pyrite, which
includes some of it. Chlorite aggregates are abundant in
the groundmass, as though replacing some earlier-formed
mineral, but there is no indication of what this mineral
was.

What appears to be truly primary ore is that from the
lower adit—handsome ore consisting of sphalerite, pyrite,
and stibnite, in a groundmass consisting essentially of
brown siderite and amethyst fluorite. The two latter min-
erals occur almost to the exclusion of the quartz in the
groundmass, which, however, is present in small quantity.
A thin section under the microscope shows that the quartz
i8 in highly-idiomorphic crystals, and has evidently erystal-
lised first. The pyrite and sphalerite appear to have
crystallised to some extent contemporaneously. Frag-
ments of sphalerite are included in the pyrite masses,
which, however, show idiomorphic outlines to other masses
of sphalerite. The siderite and fluorite are partly inter-
grown, and appear to have crystallised contemporaneously,
but subsequently to the other constituents, which all pre-
sent idiomorphic outlines to them. Inclusions of idio-
morphie crystals of quartz are common, particularly in the
siderite. Of very particular interest and importance in
this slide is the presence of granular aggregates of cassiter-
ite. Individual grains are very minute, but they are fairly
well disseminated through the slide. They usually occur
in association with the quartz, and may have crystallised
earlier than that mineral, although the order is not easy
to definitely decide. Stibnite does not occur in the only
slide available of this ore, but from the occurrence of the
mineral in hand specimens, it is clearly earlier than the
sphalerite, and may even be earlier than the quartz.

In the description of the mining property, the occur-
rence of veins of cassiterite has been described.('**) The

(") Vide infra, pp- 363, 364,




166

cassiterite is associated with both sphalerite al_ld‘galena. ti-,l:
latter in minute quantities only. These vem:‘app?a:ion
be independent of the main formation, but their rela

it 1 well exposed. AL \
"'0:* tl:prils:l piuitoizi vein cut in the lower adit is described
belIor‘L”'t.he zone of kaolinised granite ad_]ace"nl todthel_c;zia;
body, which is itself impregnated with _pyrite an adlular
sphalerite in places, occur extremely mt{»{'est-mg"dnqt L
masses at intervals, composed of murmalme,dsi erlr:. 2
little quartz, and sometimes fluorite. The not ules ;d 9
rather irregular shape, up to 4 inches dl_amet;r, a ok
not visibly connected with veins traversing t_e gr i
The tourmaline is black, and occurs in radia mgdiffn .
up to 3 inches in length. Crystals 1nt-er_sect-. at erai;:h
angles and are closely associated and intergrown wt.g].
translucent brownish siderite. This mineral l];as crys ol
lised slightly later than the tourmaline, but.'t eredcagl .
no doubt about its primary nature. As 1301&%; Tag
ments reached strongly for manganese as well as for :lricg,
fragments of the mineral were separated with 'e.cnl:lilieE n;
culty from the accompanying tourmaline, from ; ere 4
specimens collected, and submitted to the Gox}fmr?]ena
Assayer, who reported for a specimen which showe
trace of manganese by qualitative tests—

50 LT e o e ST 375 per cent.
Manganese ... ... ... 035 per cent.

i i 76 t. carbonate of
This would be equivalent to 77°6 per cen . )
iron ; the remaining impurity is probably calecium, which
was not determined. . _ '

Another sample isolated from a nodule in ~which it
occurred with tourmaline, and which gave decided reac-
tions for manganese, as well as for iron, by quali-
tative tests, was also submitted to the Government Assayer,
who reported—

MEnganess ... ... . i wes 16°6 per cent.

This would be equivalent to 347 per cent. of manganese
cal’i?;\l:tilhe mineral is a manganiferous siderite. :

Where fluorite occurs, it is amethyst in colour, and 111;
present in aggregates included in the siderite. A sma
amount of amorphous quartz is usually present, fogﬁ}ug
a coating to the tourmaline crystals, and sometimes filling
interstitial spaces between adjoining needles.
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The boundaries of these nodular masses are ill-defined,
and siderite is sometimes developed in- the enclosing rock.

In considering the mineralogical composition of the ore
as throwing light on the genesis of the deposit, it is at
once evident that the association of minerals present is not
that which is to be expected in a normal tin vein. The
presence of abundant sphalerite, with galena, pyrite, and
siderite, at once suggest a comparison with the ores of this
composition a few miles to the east. On the other hand,
the cassiterite and fluorite and tourmaline in the wall.
rock, suggest a direct comparison with the normal tin
veins,

It is worthy of note that a small cassiterite content, and
in the same vein fluorite, are present in the pyrite-stannite-
chalcopyrite type of vein developed at the Oonah Mine,
Zeehan. This vein also carries smaller amounts of bis-
muthinite, tetrahedrite. wolframite, antimonial lead ores,
zinc blende, quartz, and siderite. (154)

It is interesting to compare the vein with the pyritie-
cassiterite vein-type of Ward (quoted above), in which the
minerals present are pyrrhotite, pyrite, arsenopyrite,
chalcopyrite, galena, sphalerite, bismuthinite, wolframite,
cassiterite, and rarely stannite, with tourmaline, chlorite,
epidote, fluorite, and sometimes apatite.

The vein under review appears to form a connectin
type between the lead-zine and the tin veins. In the
writer’s opinion it is to be classed as a variation of the
pyritic-cassiterite vein-type. The absence of pyrrhotite
and of tourmaline from the ore, however, which are pro-
bably essential constituents of the vein-type, render such
a classification somewhat doubtful.

The minerals present in the ore are all classed b
Emmons (135) ag belonging to the Deposits of the Deep
Vein Zones,” although all with the exception of cas-
siterite may also belong to the class of * Deposits of
Moderate and Shallow Depth: Igneous Rocks Near-by,”
and, in fact, in several cases are more typical of the latter
class,

There can be no doubt of the genetic connections of the
ore-deposit with the granite in which it occurs, and the
fact of its occurrence in this rock, and the alteration of
the wall-rock clearly proves that at least the outer crust

(™) Vide Geol. Sury. Tas, Bulletin &, pp. 52, 53.
(™) “A Genetic Classification of Minerals. by Williamm H. Emmons
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of the granite had consolidated at the time the ore-deposit
Wd?t-rzgl;::rs to the writer probable that in the deposit in
question, there is not one simple type, but rather al; oveel;i
lapping of types. At the time the deposit wa.sk orm
there was a considerable cover of sedimentary roc s]:,l since
removed by denudation. It is probable, too, that t he suFt-,
face of the granite itself stood at a higher level ¢ aﬂ‘lh
does at the present time. In the deeper zone, wtl:d
was at higher temperature, the cassiterite was depo;l
when such a temperature was reached that it could no
longer be retained in solution. As the ascending solutions
reached the cooler outward zones the sulphides of sz,
lead, &ec., were deposited. Clearly, such z.cmesh n
nature are never sharply defined, and at one locality t er?
may be expected a merging upwards into sqlp]udesuo
zinc, lead, &c., and downwards into tin, carrying su;a e]r
quaﬁtities of the other metals. It is this particular c;;:a -
ity which appears to be represented, the upper zone t:g-
ing been removed by denudation. It may be expected,
then, that if the ore be followed downwards, tin may
become more abundant, the sulphides of the base metals
tending to decrease.

(4)—Pinitoid Veins

Mr. G. A. Waller recognised this vein-type in the dis-
trict, and described it as follows (**%):—

“ These veins have the same general f:haracter as tl_le
quartz-tourmaline veins. They also contain a central vein
of tourmaline, or cassiterite an_d tourmaline, but t-hs; Yem-
rock is much softer, and contains less quartz. Theb elspar
of .the granite has been alter@d' to a massive su sta‘:lce,
which has been termed pinitoid. This is not a
definite mineral, but a complex suhst_ance conta_mlr;%
probably several minerals, all of which approx.*.m.?.
to muscovite in compositrion._ A slice of very mmltl:r
stone from the Ben Lomond district examined ufnderst- Ia
microscope revealed the presence of a good deal of cry ia‘.’;
line mica, together with the amorphpus pinite, or lma.ss x
mica. The vein-rock generally contains the origina l(iloxa]:
of the granite unaltered, but sometimes the quartz'a < as
been replaced. The vein-rock, as well as the \:emjs nni,
is sometimes very rich in tin. The accessory minerals

("“} “Report on the Tin Ore Deposits of Mt Heemskirk,” by G. A.
Waller, 1902, p. 9.
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mentioned as occurring in the quartz-tourmaline veins will
probably also be found in the pinitoid veins, but up to the
present 1 have only observed the presence of a little
pyrite.”’ !

The writer can add little to this description. Some casas
were noticed in which the original quartz of the granite
appears to be unaltered, but in others not only the fel-
spars (which appear to be attacked first), but the quartz
also, has been replaced. A good example of the type is
to be found at Sweeney's Mine.

In the lower adit a vein of cassiterite was intersected,
enclosed in altered granite The rich tin-bearing stone is
almost free of pyrite, although this mineral is abundantly
developed in the adjacent stone on either side. The cas-
siterite is extremely fine, and dark-brown in colour. It
oceurs in a soft, greenish groundmass, in which no con-
stituents other than a small amount of finely-divided pyrite
are distinguishable in hand specimens, A thin section of
this rock shows that it has been converted to massive
mica or pinite, in which are occasional shreds and crystals
of white mica, a few scattered aggregates of quartz, and
a few minute shreds of green tourmaline. Cassiterite is
present in minute grains and granular aggregates, dis-
tributed through the groundmass. Tt is well disseminated
through the slide, but does not occur in veins, outside of
the central vein, traversing che rock. Ineclusions of cas-
siterite occur in the white mica, as well as through the
groundmass of the rock. No pyrite occurs in the slide
examined.

The relation of this vein to the main formation on this
property (described in the preceding section) cannot be
stated with certainty, but it certainly appears to be later
and to intersect the pyritic formation. Further work, if
carried out on the property, should make this relationship
clear.

Examples of the vein-type are to be found on other
properties, but particular reference may be made to the
old Montagu Mine (Section 6660-m, E. Muleahy and M.
Bullen), on which several pinitoid veins oceur.

In the stanniferous pipe on the Federation Mine
(described more fully below), a similar massive micaceous
aggregate, or pinite, is abundantly developed, although
the structure is very different from that of the typical
pinitoid veins.

Examples of quartz-tourmaline-cassiterite veins were
noticed, in which a small amount of pinite was developed,
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and this at once raises the question as to whether a fresh
vein-type should be formed om acrount of the pinitoid
developed. Up to the present the veins which appear to
belong to this class have not been shown to carry the
variety of sulphides found in veins of the types previously
described, but this may be on account of the small amount
of work done on the veins. No work has been done on a
pinitoid vein which can be regarded as below the influ-
ence of ground-water, and consequently the apparently
simple composition of the vein-type may be due to the
oxidation and removal of sulphides which exist in the
rimary ore.

p! Ther};wo types of veins are related, and it may be that
the pinitoid veins should be regarded as merely a variation
of the normal vein-type. Until further work has been
carried out, however, it is deemed advisable, as a matter
of convenience, to retain Waller’s classification, and class
certain of the stanniferous formations as belonging to the
pinitoid vein-type.

(B)—Greisen Veins.

. The vein-type classified by Mr. Waller as greisen is not
very important in the South Heemskirk Tinfield, although
in some of the tin-mining centres of the State it appears
to predominate over other types.

Mr. Waller thus defines the vein-type (**"):—

““ The felspar of the granite has been altered to a white
crystalline fithia-mica, so that the resulting rock (greisen)
consists of a mixture of granular quartz and white mica.
Tourmaline and quartz are present in the central vein,
and both the vein-stone and the vein-rock may carry tin.”

The examples quoted by the above author are pro-
bably the best to be observed in the district, viz., at the
old Orient Mine. In the North Heemskirk district a
good example occurs on the western slope of Donnelly’s
Look Out, exposed in a small side-cutting of the track.

Little is to be seen at the Orient Mine, as the _workmgﬂ
are mostly collapsed, but specimens of typical greisen were
noticed on the dump-heaps. :

At the Federation Mine, too, about 2 chains west of
Munro’s shaft, narrow veins of greisen were noticed in tha
exposed granite surface, containing a central vem'of black
tourmaline, and from 2 to 3 inches of vein-rock, in which

(%) Op. wit., p. 9.
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the felspars had been completely replaced by white mica:
this merged in either side into normal granite

The stone exposed at the old Orient workings was not
tested for tin, but it is at least not very rich if that avail-
able on the dump-heaps is typical.

On the whole, the vein-tvpe has not up to the present
been proved to be of great economic importance in the dis-
trict.

A close examination of various occurrences throughout
the district shows that mica is sometimes present in small
quantities in veins which would be classed with the quartz-
tourmaline-cassiterite veins if classified by the content of
minerals other than mica, and by their structure. This
indicates at once that no very hard and fast line can be
drawn between the two types. While the extreme develop-
ments of both the greisen vein-type and the quartz-tour-
maline-cassiterite vein-type may be readily distinguished,
and for this reason a classification such as that suggested
is advisable, still, it seems clear that intermediate types
do exist, and no arbitrary line of division can be drawn
between them. The presence of muscovite in the massive
pinitoid veins, and of small amounts of pinitoid in at
least one greisen vein, indicates that here, too, there is a
merging of types. The presence of a small amount of
pyrite in all types is worthy of note.

(6)—Pipe Formations.

A very interesting occurrence in the district, and one
unlike any other which has been described from Tasmania,
so far as the writer is aware, is that of at least one
pipe-deposit, which has been worked for some dis-
tance and found to carry rich tin. This pipe
occurs on the Federation Mine, and the work done is
described in detail in another part of this report.(s%)
It is proposed at this stage to consider the general fea-
tures of the pipe, and discuss its mode of origin.

The pipe is far from regular in its strike, dip, or cross-
section. The strike of the main pipe varies from
N. 16°© W. to N. 58° W. (while one branch strikes
N. 47° E.). The dip varies from vertical to within 9° of
horizontal. The cross-section is usual]y oval, sometimes
more nearly lens-shaped, tapering out to nothing, the
cross-section varying from 25 feet by 15 feet near the sur-

() Vide infra, pp. 261-267.
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face, to 5 feet by 1 foot in the face at the deepest point
exposed. It has been followed for a total length of 115
feet, and carried rich tin for the whole distance. A
branch pipe from the main was followed horizontally for
30 feet, and also yielded rich tin. Both main and branch
pipes continue in the respective faces where work has
ceased.

Although the central (softest and richest) portion of
the pipe has mostly been worked out, most of the workings
were fortunately accessible.

The pipe material at the surface was thoroughly kao-
linised. Typically, however, as exposed in the (lee_per
workings, it may be classified as («) true pipe-material,
and (b) wall material, the two classes depending on the
amount of alteration which the granite has undergone.

(@) The true pipe-material, occupving the central por-
tion of the pipe was very soft, and contained the richest
tin. Tt is greenish-grey in colour, has a waxy lustre and
white streak, and feels greasy to the touch. Tt is com-
posed of an aggregate of minute scales, and when scales
can be isolated they are semi-translucent. It is attacked
by, but not completely soluble in, acids. Unfortunately,
no analysis of the material is available, It appears to be
a form of massive mica, allied to paragonite, and similar
to the aggregate which has been termed * pinitoid ™ by
Mr. Waller.(***) Until further information with regard
to its composition is available, it seems advisable to use
the more general name ‘‘ pinite."” Secattered through this
groundmass are abundant crystals of cassiterite and pyrite.
The occurrence of these minerals is described elsewhere. (%)
Quartz and tourmaline were not noticed in this true pipe
material.

(6) This material is bounded by generally similar,
although harder, wall material. The dimensions given
for the pipe do not include the wall material, which has
in most cases not been broken down, as it was too hard
to pay for breaking-down and sluicing by the crude
methods employed by the tributers who worked this por-
tion of the property. The thickness of this material is
seldom exposed, and it grades into normal granite, bt.ttl it
apparently varies from 1 to 6 feet. The lime of division
between true pipe material and wall material appears
fairly well defined. The latter consists essentially of simi-
lar pinite to that contained in the central portion of the

() Op. cit., p. 9.

(%) Vide énfra, p. 263,
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pipe. This substance, however, appears to be rather more
ecoherent and in somewhat larger scales. Crystals of cas-
siterite and of pyrite quite similar to those in the true
pipe materia] are abundant, though somewhat less so than
in the softer material. The most striking difference is the
abundance of quartz and tourmaline. The quartz is
always crystalline, and occurs abundantly through the
groundmass, in geodes forming prismatic crystals, and
occasionally in ill-defined veins. Tourmaline is quite
abundant in places. It is black, and occurs in radiating
aggregates of fibrous crystals, varying from a fraction
of an inch up to 2 inches in length. The mineral some-
times occurs in nodules, composed of radiating fibres.
Geodes of both quartz and tourmaline crystals are not
uncommon, the former up to 2 inches in length. The erys-
tals are mutually intergrown, and must to some extent
have crystallised simultaneously. Crystals of cassiterite are
sometimes included in quartz, and cassiterite, tourmaline,
and quartz are at times all included in pyrite. The order
of crystallisation appears to be (1) cassiterite, (2) tourma-
line and quartz, (3) pyrite. The wall material merges
into granite, which is usually more or less decomposed, as
exposed in the workings. It is the variety described as
“ white ' granite, being medium-grained, and carrying
abundant nodules of quartz and black tourmaline. Cas-
siterite becomes less abundant with increasing distance
from the central pipe.

A thin section was prepared from hard, altered granite
at a point where the wall-rock was merging into granite.
In hand specimens fairly abundant quartz is noticeable in
a greenish pinitoid groundmass. Minute crystals of pyrite
are present in places, but no cassiterite is visible. Micros-
copical examination shows that grains of quartz, usually
with quite irregular outlines, are abundant. A few idio-
morphic erystals of clear secondary quartz are present, but
the whole of the groundmass of the slide is composed of
scaly aggregates of a mineral resembling mica; the scales
are very minute, and exhibit only aggregate structure.
The mineral is evidently a secondary product, resulting
from the replacement of the felspar and mica of the orig-
inal granite. Until more detailed information is available
from analyses, this micaceous aggregate is termed pinite.
This section shows that the aggregates are replacing the
quartz of the granite, some grains being almost completely
replaced. A small quantity of very fine granular cassiter-
ite is present.
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The examination of this slide strengthens the impression
gained by the general examination of the pipe, that the
soft stanniferous lode-material results from a replacement
of the granite. As described in a later part of this
report,(**!) one offshoot from the main pipe has been fol-
lowed for 30 feet, and continues in the face. The general
structure of this offshoot is sumilar to that of the main pipe
which has been described, the central portion being com-
pletely altered, and carrying very rich tin, merging into
harder stanniferous wall material, which, in turn, merges
into granite. The association of a quartz-tourmaline vein
in this connection will be referred to below.

The form of the pipe deserves further comment, as it
gives a clue to the mode of origin. The tortuous course of
the main pipe is fully described below, and need not he
referred to further at this juncture. The cross-section,
however, is worthy of notice. The portion worked by open-
cut methods near the surface 1s said to have been funnel-
shaped, and to have measured as much as 25 by 15 feet.
It i1s somewhat doubtful, however, whether this represented
the size of the true pipe, as the wall material would be
altered and softened near the surface by the action of sur-
face waters, and was doubtless worked with the true central
pipe material, both carrying rich tin. Although not
noticeable in the portion of the pipe which was vertical, as
it became more nearly horizontal in course the pipe showed
well defined *“ wings,”’ i.e., it gradually tapered out along
the greatest diameter of the general elliptical section. The
idea conveyed by this structure is that the pipe really
represents a bulge along a fissure, Exactly the same struc-
ture is noticeable in a small pipe appearing in the wall of
the offshoot, which has been worked to the west of the
main pipe.

An important consideration in discussing the mode of
origin of this deposit is the association with the pipe of
quartz-tourmaline veins. These veins are described else-
where.(***) They belong to two classes—the greisen type,
and the quartz-tourmaline-cassiterite type. The sole
instance of the former vein, however, is somewhat of an
intermediate type, or is at least a greisen vein allied to
the quartz-tourmaline-cassiterite veins. This vein, strik-
ing N. 279 E., and with a vertical dip, adjoins the pipe
as exposed in the open-cut, and merges into granite with-
out sharply defined walls; the vein carries cassiterite. The

(") Vide infra, p. 264.

(") Vide infra, p. 262.
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winze connecting with the pipe workings was sunk on this
vein, and at one point an interesting intersection takes
Place with another greisen vein of about 9 inches, which is
almost horizontal. The exposure is not complete, and it
1s impossible to say which is the later, and whether any
displacement. has taken place.

In the tributers’ tunnel below, a quartz-tourmaline-cas-
siterite vein has been cut, which strikes N. 6°© W., and
dips east at 70°.

In the face of the western branch pipe, a quartz-tour-
maline vein from 1 to 3 inches in width, partly surrounds
the true pipe material. In the section exposed, it is
arched ; on the upper side is a firm brown kaolin, iron-
stained from decomposing pyrite and carrying tin, but
separated from the quartz-tourmaline by a seam of white
kaolin,

Well-defined fissures occur in the granite at different
points, intersecting at various angles, many of them subse-
quent to the formation of the lode-material. Thus, in the
intermediate drive is a well-defined almost horizontal fis.
sure, forming the roof of the drive. In the face of this
drive several more nearly vertical fissures oceur, the main
one striking N. 13° E., and being vertical. In one case
the boundary between altered pinitoid granite and the
normal granite is marked by a fissure, but this is rather
the exception, judging by the few exposures available.

It is reported that during the work on the piffe one
quartz-tourmaline vein was found to cut through the pipe,
and that where exposed the surface of the vein material
was studded with tin. This oecurrence was, unfortunately,
not seen by the writer, being worked out prior to his visit,

With regard to the mode of origin of this interesting
deposit, it is clearly genetically connected with the adja-
cent tin-bearing veins of more normal type. It was
formed after the consolidation of the outer crust of the
granite by the action of highly-heated vapours and solu-
tions rising through fissures in the granite, which may
have been caused by the contraction of the igneous rock on
cooling. The irregular form of the deposit is doubtless
due to the intersecting fissures. The more recent fissures
already described may, perhaps, give a clue to the struc-
ture of the pipe, althongh the fissures which exist at the
present time have certainly been formed since the forma-
tion of the tin-bearing pipe. Tt is not unlikely that the
contraction caused by the cooling of the outer crust would
cause not only vertical, but also more or less horizontal
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fissures.  Solutions rising along a vertical fissure inter-
sected by a horizontal one would follow the path of least
resistance. This might cause them to travel laterally for
some distance, when another intersection might cause a
fresh deviation. The exact causes v:hich have resulted in
the localisation of the ore-forming processes to one par-
ticular portion of the fissure are not clear. Although the
section of the pipe clearly shows that in some localities the
solutions have followed fissures, in others such evidence is
wanting, and in the writer’s opinion the solutions have
during their course found their way in places through
solid granite, altering the original rock and depositing
their burden of metallic compounds. The minerals pre-
sent show that compounds of boron, fluorine, and sulphur
were present, and these ‘‘ mineralisers '’ have played an
important part in the action, ¥

Stanniferous pipes such as that described are not known
to occur elsewhere in Tasmania, and do not appear to be
common in tin-bearing areas elsewhere, and it is there-
fore of interest to note that pipes wﬁich appear to have
many features in common with the one under consideration
are known to occur in New South Wales, and have been
described bv Mr. L. A. C(otton. B.A., B.Sc.('*)
“* Bmith’s Pipe "' was 3 feet in diameter, and was worked
vertically for 8 feet, when it dipped steeply to the north :
it was then worked for 90 feet and abandoned.('**) ** The
central core of the pipe was composed of a highly felspathic
material and contained abundant cassiterite The present
walls of the pipe are soft and kaolinised. This change is
connected with the genesis of the deposit for the kaolinisa-
tion passes gradually from the centre outwards into solid
undecomposed granite a few feet distant.’’ Another pipe
described by Mr. Cotton is ** Hong Hay’s Pipe,”’ which was
worked for about 50 feet. The central core was exception-
ally rich in tin.('%%) ¢ The pipe is oval in shape, being
about 3 feet 6 inches in the long and 2 feet 6 inches in the
short diameter. It oceurs in a hard, fine-grained modifica-
tion of the acid granite, which is here strongly jointed in
two directions. The master-joints bear N. 49° W._ and the
subs:idiary ones N. 559 E. None of these joints were altered
by impregnations at a distance of 3 yards from the pipe.

< ("'lf;‘ Ihe 'I‘El;,l)e-pr:hs of New England, N.8.W " Part L, by I.. 4. Cotton
-A., B-8e., in Proc. Linnean Society of N.S.W .. 1009, V. . XXXIV :
A 77.,4_773' ¥ » Vol. XXXIV., Part
(™) Op. cit., p. 774.
(") Op. cit., p. 775.
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The pipe dips at 49 degrees in the first 12 feet in a direc-
tion 8. 35° W, and then at 35 degrees for the next 40 feet
of descent. It then takes a very steep dip in the same
direction. The central part of the pipe is reported to have
been highly felspathie, soft, and easily mined. The present
walls of the pipe consist of a white, fine-grained, friable
casing of a felspathic nature ‘containing in places a good
deal of cassiterite.”’

These descriptions are sufficient to show that there is a
great similarity between the pipes and the one under con-
sideration. Mr. Cotton also points out that the pipes of the
New England district differ from those described from the
Transvaal,('*") which are characterised by intense altera-
tion of the granite in which they occur. *‘ In many of these
pipes a characteristic zone of tourmaline borders the outer
edge of the pipe, while the central portion consists chiefly of
quartz and mica."’

Thus the Transvaal pipes differ also from the Federation
one, although the presence of quartz and mica, and the for-
mation of a tourmaline ring suggests some points of
resemblance. The work quoted, which deals with the South
African occurrence, was not: available to the writer.

It is interesting to note in passing that in the article
gquoted above, Mr. Cotton proposes the following classifi-
cation for the tin deposits of the New England (N.8.W.)
district : —(1) Quartz-quartzose Veins, (2) Quartzose, (3)
Greisen, (4) Quartz-greisen, (5) Quartz, (6) Quartz-fel-
spar, (7) Chlorite Deposits, (8) Arsenical Lodes, (9) Pipe
Deposits, (10) Cassiterite Veins in Slate, (11) Stannitc
Deposits. Although some classes are not represented in the
South Heemskirk Tinfield, others have points in common,
the most marked difference being the almost complete
absence of tourmaline, which is unusually abundant right
throughout the district under consideration.

B.—WOLFRAM AND BISMUTH ORES.

Adhering strictly to a genetic classification of the ore-
deposits, it is doubtful whether the ores to be deseribed in
the following section should be differentiated from the tin
ores. In defining certain of the latter it has been stated
that wolframite is present in the vein-type in small quan-
tities. It will readily be seen that by a variation in the

(") Quoting Kynaston, H., and Mellor, E. T.: “The Geology of the
Waterburg Tin Fields.” Memoir No. 4, Geol. Surv. of Transvaal, Depart-
ment of Mines.
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type, the cassiterite content may decrease and the wol-
framite content increase to such an extent that economically
the ore may be considered as a wolfram rather than as a
tin ore, although strictly belonging to the type described
for the latter. This is particularly true in the case of the
ore exposed by a trench on Section 5426M, to the south of
the Federation Mine, and west of the Cumberland Dam
embankment. This is a tin-wolfram ore, and belongs to
the quartz-tourmaline-cassiterite vein-type.

The minerals present are wolframite, cassiterite, and pos-
sibly a little pyrite, with abundant quartz, and some green
tourmaline.

Wolframite is apparently not well disseminated through
the ore, but occurs rather as rich patches in the form of
vughs: the formation is partly cut across by a trench, and
no wolframite was seen in this trench in situ, but rich
specimens oceur on the dump-heap. Some specimens would
assay about 20 per cent. wolfram. The mineral occurs in
well-formed ecrystals, the examination of different speci-
mens showing that combinations of prism, pinacoidal, and
dome faces are represented: crystals sometimes attain a
length of 1 inch. Cassiterite is not always noticeable, and
is subordinate in amount to the wolframite, occuring to the
extent of about } per cent. Geodes were sometimes noticed
lined with clear prismatic crystals of quartz associated with
a little green tourmaline, the quartz crystals being in turn
encrusted with cassiterite.

The wolframite is invariably associated with ecrystals of
quartz. The latter oceurs in prismatic crystals up to about
1 inch in length, usually if not invariably singly terminated,
and forming either confused crystalline masses, or linings
of geodes. Sections of crystals indicate that crystals have
grown by several successive additions of silica, forming a
continuous crystal, the additions being rendered distinetly
visible in partially weathered specimens. A small amount
of fine granular quartz forms interstitial material in the
masses of crystalline quartz.

One large specimen of ore lying on the heap apparently
gives the clue to the structure of the main tin-wolfram vein.
This shows a central seam of green tourmaline and cas-
siterite, with no distinguishable wolframite, flanked on
either side by crystalline aggregates of quartz with dis-
seminated sheaves of green tourmaline crystals, and con-
taining geodes of quartz with a little tourmaline and erys-
tals of cassiterite and wolframite. The bulk of the material
exposed in the trench is white quartzose material of medium
grain-size, with larger irregular quartz grains and a little
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disseminated green tourmaline traversed by veinlets of
green tourmaline ; there are also present nodules of massive
green tourmaline pierced by sheaves of radiating brown
tourmaline, sometimes accompanied by quartz. In several
instances the green tourmaline aggregates show outlines
which strongly suggest that they replace felspars of the
original granite.

The formation is evidently one which has been formed by
processes exactly similar to those which have operated in
the formation of the quartz-tourmaline-cassiterite veins:
solutions have ascended by a fissure or possibly more than
one fissure (now represented by tourmaline veins), carrying
with them metallic compounds which have been deposited
partly in the central vein, partly in adjacent rock. The
solutions appear to have been somewhat poorer in boron
compounds and richer in silica than those which have
operated in some of the tin veins of the district.

The oceurrence of fairly abundant wolframite in a creek
bed on the western slope of the range, on the Federation
Tin Mine, is referred to elsewhere. This has been derived
from a formation not yet certainly located in sifu, but
not far distant; the association of cassiterite and quartz-
tourmaline vein-stone is significant, and there can be little
doubt that the wolframite occurs either in a shoot of ore
in one of the located quartz-tourmaline-cassiterite veins, or
in a similar vein not yet discovered.

In a later part of this report a description is given of
the work done on the old Empress Mine (Section 5093x),
and of the ‘“White Face '’ on this section.(*”) Here, in a
yuartz-quartzose formation, wolframite occurs in scattered
erystals and nests of crystals, with cassiterite. Gangue
minerals are quartz, mica, and fluorite. = The mode of
origin is quite similar to that of the cassiterite, and the
occurrence does not call for special comment. To the
writer’s knowledge the presence of wolfram in this ore had
not previously been reported, and although it does not
appear to be present in payable quantities in the ore already
exposed, any samples taken should be tested for wolfram
as well as for tin, as richer shoots may occur. As discussed
elsewhere, this deposit belongs to the quartz-quartzose type,
which may perhaps be an extreme variation of the quartz-
tourmaline-cassiterite vein-type.

Two shoots of bismuth ore occur on the Federation Mine,
which have very promising features, and promise to become
of commercial importance as producers of bismuth. These
sccur in the group of workings known asthe Western Work-

() Vide infra, p. 343.
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ings, and in the No. 1 Adit and the old Cumberland adit,
now known as Yates’ Level. There does not appear to be
any connection between the two occurrences, although they
are not far apart, and are undoubtedly genetically con-
nected. Little detailed information is available concern-
g the nature and structure of the ore-bodies in which
the bismuth occurs, in the present state of the workings,
but it appears in each case that the shoots of ore occur im
normal tin veins of the quartz-tourmaline-cassiterite type.
In one shoot a little bismutite (bismuth carbonate) was
reported to occur, and in both cases bismuthinite (bismuth
sulphide) is present. The gangue minerals are quartz and
tourmaline. Some cassiterite is present in each case. The
ore is partly oxidised, and the limonite present suggests
that pyrite may be found in the primary ore. In the
writer’s opinion these shoots are but local variations in nor-
mal quartz-tourmaline-cassiterite veins, in which one of the
accessory minerals of the typical vein becomes unusually
abundant, and consequently economically important. The
shoots may merge into normal shoots of tin ore, but only
prospecting can determine their extent, and this is recom-
mended.

Another occurrence to which reference must be made
belongs apparently to a different class of deposit to those
mentioned above. Very little work has been done upon it,
and in consequence a detailed discussion of the ore-body 1s
not possible. This work is described in another part of this
report. (1%%)

Although described under the heading of wolfram ores,
the ore should strictly be termed a tin-wolfram-bismuth ore.
as all three metals are present; the tin content, however,
appears low, and wolfram and bismuth appear to have been
the metals sought in the work which has been carried out.

The metallic minerals present are magnetite, pyrrhotite.
pyrite, chalcopyrite, wolframite, bismuthinite, and cas-
siterite. The gangue minerals noted are tremolite, diop-
side, quartz with some secondary tale and calcite. Lime-
silicates also occur in the country rock in the vicinity, this
rock being composed of slates and sandstones of Pre-Silurian
age. The result of a microscopical examination of thin
sections of these rocks is recorded elsewhere. (1%%)

The deposit is a contact metamorphic ore-body, genetic-
ally connected with the intrusion of the granite massif,
which underlies this particular area. The occurrence of
cassiterite, wolframite, and bismuthinite in such a deposit is
unusual. The occurrence of these minerals with quarts

(') Vide infra, pp. 300-401, (') Vide supra, p. 129,
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erystals is suggestive, and it is possible that the x_niuera.ls
may have been introduced by pneumatolytic agencies after
the formation of the main contact ore-body. So little evi-
dence is available as to the occurrence of these minerals
in situ, however, that the matter cannot be finally decided.
It is worthy of remark that no tourmaline was noticed,
and this mineral would be expected had the metals referred
to been introduced by vein-forming processes such as those
which operated in the formation of the tin dgposit-s gt' the
district. The presence of tin, wolfram, and bismuth in the
dense pyritic body recorded in describing the property, is
noteworthy : the relation of this pyritic mass to the main
formation on which work has been carried out, is not clear
in the present dilapidated state of the workings.

C.—MOLYBDENUM ORES.

Up to the present molybdenum ores have not proved to
be of economic importance in the South Heemskirk Tinfield,
although molybdenite has been located at several points,
and discoveries of richer ores may be made, particularly as
the present high price of the mineral justifies the prospector
in keeping a sharp lookout in localities where it is known
to exist. : ki =

Molybdenite is known to occur in the district on Section
4323m near the coast, 6922y charted in the names of Lips-
combe and Hutchinson, about 1 mile west of Gap Peak,
these two localities being well within the granite area, and
at the Kelvin Mine (Section 6095M) in the sedimentaries
within a few chains of the granite contact. In addition to
the above, isolated specimens have been obtained from the
Federation Mine in stanniferous lode-material, from Swee-
ney’s Mine in pink granite, and the mineral was noted in
situ in the granite on the Trial Harbour Road, about 1 mile
from Remine, at the contact of the granite with sedimen-
taries. On Sections 4323m and 6922 molybdenite occurs
in small quantity only, disseminated through stanniferous
lode-material. It is a primary mineral, introduced by the
vein-forming processes, and thus forms one of the com-
ponent minerals of the tin-veins. e

At the Federation Mine the mineral was not seen in situ,
and the writer was unable to discover the exact locality on
the property from which a fine specimen t:f.t.he mineral,
now exhibited in the Geological Survey collection, Launces-
ton, was obtained. On this property the mineral is cer-
tainly not abundant.
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In a side-cutting for the road, on the descent to Trial
Harbour from the main road, and within about a chain of
the exposed contact with sedimentaries, flakes of molyb-
denite were noticed in the granite. The mineral here c):er-
tainly appears to have been introduced after the consolida-
tion of the granite by vein-forming agencies, for it is asso
ciated with narrow and very irregular aplitic,-lookin veins-
These aplitic veins are from one-eighth to one-half ginch in
width, and merge into the granite, molybdenite occupyi
the central portion of the veins. They have no rep{;i:g
strike, but may follow one course for a few inches a.ndgt.hen
bend round almost at right angles, apparently dying out in
a few inches. No microscopical examination of t-l%is rock
was made, but it is possible that the apparent aplitic veins
::t;)oﬁis Ut.rn:slus:phtes._ but t.h;a.t the molybdenite-bearing
) E lons, in ascending t h mi
in the consolidated and cooling (Jtl;tel;rz:;ll?rgt]. grl"”:rlrl;ii{t.i:wm:
only deposited their metallic burden, but also sh ,lll:?'
bleached at:rl altered the granite torming the walls of %hesi
fissures. U nfortunately the molybdenite is not sufficient]
abundant at this point to be of economie importance‘ buz
the occurrence is interesting, and at once suggests,t-hat.
prospecting in the vicinity may disclose localities in which
the vein-forming solutions have been more active, and in
which more of the mineral has been deposited. :

Tl‘w (JE'C:IE'["(‘I[’(.‘P L'ﬂ' _nmiybr]enite at the old Kelvin Mine
?fc?wu 6095M, is distinet from any of those described above’
is to be regretted that the ore was not available for

inspection n situ. As described elsewhere, it occurred
on the dump-heap of an old adit, now completely collapsed
but the specimens available did not indicate that the min-
eral was present in payable quantities.

At Mayne’s Tin Mine a specimen was obtained from the
face of the No. 2 Open-Cut, showing a splash of molybden-
ite in quartz-tourmaline veinstone, which carries tin. No
other occurrences of the mineral were noted on the pro-
perty.  This vein is in sedimentary rocks within a few
chains of the granite contact. : 7

D.—LEAD AND ZINC ORES.

Lead and zinc ores are known to occur in the distriet,
but although small quantities of each appear to have been
sent away, the ores have not up to the present been shown
to be of great economic value.
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Galena is present, with some tetrahedrite, chalcopyrite,
sphalerite, pyrite, and cassiterite, in a gangue of quartz,
sourmaline, siderite, and fluorite, within the borders of the
granite at the old Globe Mine, on the southern slope of Mt.
Agnew. Owing to its affinities with the tin-deposits of the
district, this particular deposit has been described else-
where,('7°) and the opinion expressed that it forms an inter-
mediate type between the tin-veins and the silver-lead veins.
Some silver-lead ore appears to have been hand-picked and
shipped, but apparently the quantity was not large.

Galena also occurs in small quantities at Sweeney’s. Mine,
but it is of no importance commercially. This property has
also been described elsewhere,(”!) and the mode of origin
of the ore-deposit discussed.

Sphalerite (zinc-blende) is present in both the ore
deposits referred to above. At the Globe Mine it is an
accessory mineral, of no importance as an ore of zinc. At
Sweeney’s Mine, however, it is more abundant, and forms
in places the bulk of the deposit, which is being prospected
as a tin mine. The ore is complex, containing abundant
sphalerite and pyrite, with galena, stibnite, chalcopyrite,
cassiterite, quartz, siderite, fluorite, and tourmaline. With
the exception of sphalerite and pyrite (the latter being
fairly abundant), the metallic minerals mentioned are pres-
ent in small quantities only. Sphalerite in places forms
the bulk of the ore. The mode of origin of the deposit has
been discussed elsewhere, and the opinion expressed that it
belongs to the high temperature deposits, and probably
forms an intermediate type between the true tin deposits
and the silver-lead type of the Zeehan field. Very little
work has so far been done on the property to open up the
deposit. From some of the surface exposures it appears
that the ore may have a value as an ore of zine if the demand

arises, but no definite opinion can be expressed until fur-
ther information is available as to the shoots of ore, their
gize, and the distribution of the minerals therein.

About one-quarter mile to the north-west of this deposit,
and apparently on Section 5362w, is a narrow vein of sphal-
erite, width from 1 to 3 inches, exposed in the bed of a
creek. It is of no commercial value, but is interesting and
worthy of record as a local variation in a vein which should
probably be classed with the tin-veins.

About one-quarter mile north-east of Sweeney’'s Mine
another outcrop of sphalerite was reported as occurring in
the bed of a creek, but the writer did not succeed in locat-

(™) Vide pp. 162-104, 407-409. (™) Vide pp. 194-168, 361-368.
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1;19 the outcrop in the thick scrub which covers the hill
g;fpzt:t‘m this vicinity. This outerop is probably on Section
It is noteworthy that the three deposits referred to all
occur within a short distance of each other, and that the
Globe Mine, in the ore of which sphalerite is also present
is only a short distance to the east, while the mineral is not
noticeable in any of the other veins of the district which are
a']]1ed to the tin-veins. (The zinciferous deposits of the
Comstock region, which carry magnetite also, are excluded
and are discussed below.) This association is suggestive
and 1t 1s possible that all have been derived from a sin Ie.
magmatic reservoir in which the processes of differentiat,i%)n
had caused a greater concentration of zine compounds than
occurred in some of the other reservoirs which gave rise to
the more normal tin-veins of the district. x
As 1:ema1_"k§ed above, these deposits of zine ores are. in the
Writer's opinion, genetically connected with the tin veins of
t-he district, and it is doubtful whether in a strict classifica-
tion they should be separated therefrom. Tt has been
noticed in the course of examination of Tasmanian minin
fields by officers of the Geological Survey that any one cc:mg
ponent mineral of a particular vein-type may locally pre-
dominate over the economically important mineral anﬁ Il;l“
give the vein at that particular point a facies distinet from
that of the type-vein. In this case, therefore, the deposits
referred to above should probably be classed as vari%;'
of the pyritic-cassiterite vein-type. o
In the adjoining Comstock district zine ores have been
p1_'oﬁt-ab!y \fvorkt?d in the past, but it is not proposed to deal
with these in this report. On the outskirts of the Comstock
d;str_lct, _however, and really belonging to the IIeemslﬁrk
district, is a deposit to which reference must be made. This
is on .Sect.mn 6667w, charted in the name of H. D '\.{arsh
and situated about 2 miles east of Mt. Agnew The ‘sectim;
has been described elsewhere,('7?) and refere.nc.e is also made
to the ore d.epqsit (*™*) from the point of view of an iron ore
The deposit is a contact-metamorphic one, consisting of
magnetite and sphalerite, with a little pyrite, and dio Eid
serpentine, chlorite, tale, and }1}1]660 )it‘e il
minerals. i L
The magnetite and sphalerite are irregularly distributed
through the deposit, occurring sometimes in fairly pure
aggregates of one mineral or the other, which may be -se\HaraI
m_ches in width, and also closely intergrown. In the course

(") Vide infra, pp. 419-415, (") Vide iwf:a,; !-89:
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of the work carried out in the past, the purer zinc ore was
band-picked, and with satisfactory results so far as the
grade of ore obtained was concerned. The Government
Assayer’s return for a grab sample taken by the writer from
& heap of about 4 tons of picked sphalerite indicated 4081

r cent. zinc and 20'4 per cent. iron. This shows that it
Ezs been possible to hand-pick the ore to a high grade,
although in actual practice it appears to the writer unlikely
that it will pay to work the deposit in this way, as a large
amount of the ore consists of intimately-mixed magnetite
and sphalerite. The ore exposed in the present face over a
width of 10 feet assayed 7'39 per cent. zinc and 23'4 per
eent. iron.

The mode of origin of this deposit is very different to that
of the zinc ores described above, which are allied to the tin
veins. Immediately following the intrusion of the huge
granite mass into the overlying sedimentary rocks, but pro-
bably before its consolidation, mineralising solutions from
the molten mass penetrated the adjacent rocks, carrying
metallic compounds. Probably beds which offered special
facilities to the solutions, which were at a high temperature
and under very high pressure, were penetrated, whilst
others escaped. The metamorphic effects on all the sedi-
mentary rocks near the granite mass must have been intense,
and it is not easy to distinguish between these effects and
those of the mineralising solutions. It seems clear, how-
ever, that certain beds (perhaps more calcareous than the
surrounding ones) were penetrated, and the rock-material
actually replaced, its place being taken by compounds intro-
duced by the solution from the intrusive magma in which
magmatic differentiation had been active in effecting a par-
tial concentration. Thus the ore-deposit was formed by the
replacement of the material of the original sedimentary
rock by metallic and non-metallic compounds derived from
the adjacent intrusive igneous rock-mass. It is clear from
the minerals formed as a result of this action that the
deposit must have been formed at a high temperature. The
magnetite is, of course, a primary mineral, and there is
nothing to indicate that the nature of the deposit would
change in any of its essential features if it were prospected
at a greater depth.

E.—NICKEL ORES.

At one locality in the district (Trial Harbour) a deposit of
nickel ore occurs, on which a small amount of work has been
done.
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Details of the work carried out are given else-
where.('") As remarked there, it is unfortunate that very
little information is available concerning the results of this
work.

The ore present is mainly pentlandite (sulphide of nickel
and iron, Fe Ni 8), with a small amount of pyrrhotite,
these minerals being closely associated with magnetite.
The minerals occur in serpentine on Section 892-m, 80
acres, originally granted as a nickel reward section: it is
about one-half mile east of Trial Harbour.

Serpentine from the locality has been previously
described,(*"®) and a microscopical examination has shown
that abundant residual fragments of olivine are present,
indicating that the serpentine has been derived from a
peridotite : brucite [magnesium hydrate, Mg (OH),|, and
magnetite are present in the slide examined.

Secondary minerals are well developed in the serpentine
exposed by the workings; these are described in more detail
elsewhere,('"®) but may for convenience be briefly enume-
rated at this stage. Those determined wer~ arragonite,
calcite, magnesite, dolomite, selenite, brucite, deweylite,
chrysotile, opal, chalcedony, limonite, pyrolusite, and mag-
netite.

The secondary nickel mineral garnierite (hydrous silicate
of nickel and magnesium) is also present.

A clese examination of various specimens (which carry
up to 20 per cent. nickel) shows that pentlandite is fairly
well disseminated through the specimens. It occurs in
minute grains, in granular aggregates, and in vein-like
streaks, always closely associated with granular magnetite.
The mineral is light bronze-yellow in colour, has a hardness
of about 4, bronze-coloured streak, and metallic lustre.
Some grains show cleavage faces: it is non-magnetic. A
few particles of a mineral which could not be distinguished
with certainty from the pentlandite were found to be mag-
netic: these are doubtless pyrrhotite: they also react for
nickel as well as for iron. The pyrrhotite also appears to
be intimately associated with the pentlandite.

The assay results of samples taken from the heaps of ore
at the mouth of the adit and from the face of the drive are
interesting : (*'") they show that some of the ore is high
grade, and that the serpentine is nickeliferous in places
where no nickel minerals are noticeable in the rock.

As there is no well-defined ore-body exposed in the pre-
sent workings it is important to try and determine what

(™) Vide infra, pp. 415-421.

(™) Vide supra, p. 54.
() Vide supra, pp. 41-41.

(") Vide infra, pp. 418, 419,

187

factors govern the distribution of the ore in the serpentine
rock.

There are no noticeable walls: the ‘‘ ore '’ apparently
merges into the serpentine, and it will be shown that in
reality the terms are interchangeable, and that the
nickeliferous rock is a variety of serpentine. i

On examining the available workings (which are
described elsewhere) (17*) one is immediately struck by the
abundance of secondary minerals developed in the ser-
pentine. The rock is traversed in all directions by veinlets
carrying these (mostly caleium and magnesium) minerals:
many of them are stained with green garnierite (hydrous
silicate of nickel and magnesium). In view of these facts,
one is faced with the question as to whether the deposits of
pickel ore can be of secondary origin. The garnierite cer-
tainly is secondary, but the writer is referring more par-
ticularly to the deposits of pentlandite: can the rich ore
which does exist in places, be the result of the precipitation
of sulphides from solutions which have gathered their
nickel content (just as other solutions have gathered their
magnesium and calcium content) from the serpentine rock ?
The question is an important one. e

At one spot in the No. 1 Adit,('"") where pentlandite 1s
fairly abundant in the serpentine, it is seen to oceur also
included in veins of green deweylite which traverse the
rock. This occurrence in a mineral which is undcub.tedly
secondary does not at first sight appear to be consistent
with a theory of primary origin for the pentlandite. A
closer examination, however, shows that the deweylite
sometimes replaces the serpentine, and hence the sulphide
mineral contained in the serpentine would remain unaltered
and entirely included within the secondary deweylite when
that mineral replaced the serpentine. .

On the whole, the evidence appears to point to the
primary origin of the pentlandite, and the writer is of
opinion that the nickel was present in the original magma,
erystallising as pentlandite in the original basic rock
{peridotite), and remaining in that form during the subse-
quent serpentinisation of the rock-mass. )

Its close association with pyrrhotite, a primary mineral,
and with crystals of magnetite, strengthen this conviction.

Recent authorities do not appear to regard pentlandite
as a mineral which is deposited in zones of secondary enrich-
ment, but rather as a mineral which usually crystallises
from the magma as an original rock constituent, although

(™) Vide infra, pp. 415-421. (™) Vide infra, p. 417.
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It may in some cases be deposited from solutions injected
into fissures in the solidifying rock, the metallie compounds
having accumulated in these solutions owing to the action
of magmatic differentiation.

In his ** Genetic Classification of Miue!'a]s"’(""”) William
H. Emmons places pentlandite among the minerals which
occur in igneous rocks, and doubtfully among these which
occur in deposits of moderate and shallow depth, with
igneous rocks near by: according to this authority it is
not known to occur in deposits formed under any other con-
ditions.

Thus the pentlandite may be regarded in this case as a
true primary mineral, and one which is really a rock con-
stituent just as the olivine is,

It remains to refer to the distribution of the pentlandite
in the serpentine. The factors determining this distribu-
tion are uncertain ; it is clear that a concentration has taken
place in certain localities, while in others the mineral is
almost if not entirely absent from the serpentine. 'This
local concentration, however, does not appear to be con-
nected in any way with vein-forming processes: there is
no well-defined lode-channel which can be recognised and
followed in prospecting operations. The uneven distribu-
tion of the ore has been determined by the operation of
the processes of magmatic differentiation which were active
in the molten magma. Under the action of these pro-
cesses, certain of the more basic constituents. with certain
of the metallic compounds present in the magma, tended
to segregate, and while this action was still proceeding,
cooling of the magma continued, and eventually the whole
mass solidified. Thus the nickel ore is included in the rock-
mass in bodies of irregular shape and size, and no forecast

can be made as to the extent or distribution of the ore-
bodies.

F.—IRON ORES.

The primary iron ores of the
importance.

Irregular masses of magnetite occur in the serpentine,
but not in sufficient quantities to prove of any value as a
source of iron ore on a commercial scale.

At intervals round the edges of the granite massif, con-
tact metamorphic deposits have heen developed, and in most
of these, magnetite 1s abundant

district are not of economic

As magnetite carries up

(%) “ Economie Geology,” Vul. 1I1., No. 7, Oct.-Nov., 1908, p. 620
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to 72 per cent. of metallic irom, it is highly prized by 1;(;1!1'
smelters as an iron ore, when deposits of sufficient size octibe
free from deleterious substances. Hence these m]:.gne 4
deposits were examined. It-_was found, howe\fr. t at“v;';e
the exception of the deposit at the Tenth .eglllon J\ tact’
Comstock (briefly referred to below), none of the C(;Tl' o
ore-bodies was likely to prove of value as a source of ir
0!'9611 Section 1392-m, about threg-qua;‘ters of a Il-lille eas;,;
south-east from Mayne’'s Tin Mine, is an ”,"“""”93”' o
wolfram-bismuth ore, ELSSO(‘]ated_Wlth magnehtgws:n I'J]:‘\'he
rhotite. ~ The property is described elst?where.(h:d) e
magnetite in this deposit is assoglated with sul!.) i les. y
does not oceur in sufficient quantity to be of z.m? va ue.ssure
few chains to the north-east of the workings is A|}h£?x]pcjs o
of a body of dense magnetite with !unolufe. on x\]_tu.’ 10;_ -
old pros'-pecting shaft a few feet d"»‘e‘l’-_ The qﬁ\ Jt_\il Sy
surface material appears good, but it is probab eh ;’;] oo
phides will be encountered at no great depth, _alth mla, h jt.
magnetite itself is primary. The extent of the h%?‘iie
courl‘(l not be determined, as the outcrop occurs on a hillsi H
covered with dense secrub. The situation is ratl_'ler Iiluz:c‘:?ﬁzq
sible with present facilities, and it cannot be .qfud t .arrani
deposit presents sufficiently promising features to wa
itati as an 1ron ore.

EXE}::-‘;;::“X gjlew Creek, north of the Tri.nl ]Ia‘rlmur’Rn?;ll‘;
and neat the pack track to the Federntlon Z\'Imp'mer. -
southern slopes of Mt. Agnew, 1s a contact mlet.fmtoll].iwe
deposit in the slates, almost at the c‘ontact with t u-lm i !} ig
granite. A more complete description of tbls (eposl .
:'i\"en elsewhere,(*?) and although malgnetltrp :tl(‘.(i‘l‘lr._tlis
;[‘al’llllat' aggregates and more or less lenticular l?dll(]b.. l-md
associated with sulphides, and in small qut:n:]t:;leh only, &

£ regarded as of economic importa ce.
(‘d](l)nl?‘h'g:tiofﬁﬁﬁi'-m. charted in the name of H. ]‘-—13131-:}1:‘;
aid situated about 2 miles east of'.\{f. Agnew, ;a.m‘ to e
north of the Trial Harbour Road, is another r,-onta(d! ;ues 3
morphie deposit which appears to have been re,;?;:l.' eél(e fosit
possible source of iron ore. Th_e work dolu:; on lsv‘d}} -
is deseribed in a later part of f.h]S erort.{ ) Thir\n :ite
the deposit as exposed varies from 8 to ]:)_fpet.]_ ;]agn_(:_]_te
is abundant, and is associated with f.phalerlt(.-, a lit P_p__x hes.
and lime-silicates. Pure masses of magnetite a ge\\l 11_1tc -
in width do occur, but as a rule more or less sphalerite

('Y Vide infra, pp. 399-401. (¥ Vide f:gf':'_q. pp. 409-411.
d (" Vide infra, pp. 412-415.
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present. The small width of the pure magnetite bands, and
the presence of sulphides of zinc and iron precludé the
possibility of the ore being utilised for its ir:m content

On the same section, which is covered with very dénse
(and in places impenetrable) scrub, other magnetite-bearin
deposits occur, as indicated by the erratic behaviour of thg
CO};]EL[)}TSS needle, and other deposits may possibly be located
:bolse_ will prove of more value than the one referred to

About a mile north-north-west of Section 6667-u
described above, is an important deposit of iron ore at the
Tenth Legion Mine. Since this mine belongs to the éom-
stock district, it is not proposed to refer to it in detail in
this report. It has been previously described by officers of
the Geological Survey, and the reader is referred to these
reports for further information.(**) At this mine th:re
is a large deposit of magnetite with some lime-silicate
minerals, but where exposed, the ore is free from sulphides
and carries no minerals which could be regarded as detri-
mental to its use as an ore of iron. The magnetite is cer-
tainly primary, and the formation is a contact metamorphie
deposit. Small amounts of sulphides may be found l;!z)low
water-level, but there is no indication of ‘their presence on
the surface, and if a local demand arises for iron ore, this
deposit is certainly worthy of attention. ’

(4)—AvLTERATION OF THE WaLL-RoCK BY THE MINERALISING
SoLUuTIONS.

In dealing with the alteration of the wall-rocks of the
lodes by the mineralising solutions, it seems advisable for
the sake of convenience to deal separately with the ore-
bodies in igneous and in sedimentary rocks, since the effect
produced has been different in each’ case. "This is not su
prising when the differences in the two classes of rocks ar-
kePt in llltnd,'these differences being due totexture. mineral:
ogical composition, and chemical composition, the two latter
being of course to some extent inter-dependent. Variation:
in the nature of the mineralising solutions, and in the conf
iaitt.llnlan:hundeﬁ wh]i(eh t-lllose solutions have been in contact

y e wall-rock, will i i i
s mék]. In certain cases produce different
Report on the Tron and Zine-Lead Ore Deposits of the (‘.nmntm-k

Distriet,” by G. A. Waller, 190¢ g 3 3
Bulletis, 5, pp.,«lﬂ, P r, 1903, pp. 3-10, 14-16.  Also Geol. Surv. Tas.
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(a) Ore-bodies in Igneous Rocks.—This question of the
alteration of the igneous rock when the latter forms the
wall of the ore-body has in reality been referred to in deal-
ing with the different types of ore-bodies. In the case of
the granite, it has been seen that the alteration has been
intense, and that much of the ore is in reality granite which
has been altered by the mineralising solutions. This is the
“ vein-rock ’’ of the tin veins. Vapours ascending by nar-
row fissures not only deposit their load of metallic and
non-metallic compounds, but under the conditions of high
temperature and probably high pressure, which existed at
the time, the chemical activity of the solutions was intense,
and the granite forming the walls of the fissure was
attacked. The felspars and mica of the granite succumbed
to these attacks, and were replaced in different cases by
tourmaline, quartz, white mica, pinite, cassiterite, pyrite,
and small amounts of other metallic minerals. The original
quartz of the igneous rock usually remains unaltered. The
amount of this alteration varies considerably in different
cases. The simplest is that in which a silicification has taken
place, with perhaps a slight tourmalinisation, in which even
the felspars and mica have not been completely altered.
In the extreme case, the bulk of the rock is formed of
irregular masses of tourmaline and quartz, the former
mineral occurring in radiating masses, the latter forming
the groundmass, and the whole rock being altered to such
an extent that mo trace of the original structure of the
igneous rock is retained. Various intermediate types are to
be found, in which the alteration has been more or less
intense.

Ocecasionally the felspars have been replaced by tour-
maline needles in such a way that the erystal form of the
felspar is retained, although the pseudomorph is composed
of aggregates of tourmaline with small amounts of quartz:
cassiterite may also be present. This structure, although
noticeable in a few cases, is not so well developed as in
the Stanley River district, where similar vein-forming pro-
cesses have been active.(*?)

The extent to which this alteration has extended in the
granite on either side of the central fissure by which the
vapours and solutions have been introduced, varies con-
siderably: it may be only about an inch, or as much as 6
feet. - In the true veins the alteration is usually more
intense near the central fissure, and becomes less marked as
the vein-rock merges into granite: in the case of those

(®) Tide Geol. Surv. Ta= Bulletin 15, pp. 32, 104-106.
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deposits which are more nearly related to igneous dykes,
this difference is not appreciable, and when examined in
detail it is seen that the boundaries of the deposit are well
defined, and that the adjoining granite is little altered,
t.e., the true wall-rock in these cases has almost escaped
alteration. Intermediate types exist, but the difficulty of
distinguishing between veins and dykes has been discussed
elsewhere. (‘“)

The presence of cassiterite and other metallic minerals
has been mentioned. These minerals are present in vary-
ing amounts, and minerals developed in the wall-rock of
one vein may be entirely absent from that of another. Of
the minerals which accompany cassiterite, pyrite is the com-
monest: the others have been enumerated in deseribing
the vein-types. The abundance of the metallic minerals in
the wall-rock dd_]()l!‘llllﬂ' the veins varies directly with the
distance from the vein. While there may be rich values
in the wall-rock actually adjoining the central vein, these
may die out altogether a few inches away in the granite, or
they may extend for several feet. There is usually an
appreciable development of cassiterite in the wall-rock, even
when this does not show signs of intense alteration: this is
shown by the results of assays of samples from different
localities.

It is not unusual to notice that the granite in the neigh-
bourhood of the tin veins is a good deal softened, and a
close examination shows that this softening is due to a par-
tial or complete kaolinisation of the felspars of the wall-
rock, where these have not been replaced by the mineralis-
ing solutions. This alteration is undoubtedly partly due
to the action of surface waters carrying carbon dioxide in
solution, but it may also be due in part to the action of
the mineralising solutions.

Mention has been made only of the alteration of the
igneous rock in the case of simple fissures. It sometimes
happens, however, that several parallel fissures have each
allowed of the introduction of mineralising solutions.
Alteration of the granite has proceeded outwards from each
of these fissures as indicated above, with the result that a
broad mineralised zone has been formed. Tt is interesting
to note, however, that in some examples of this class of
mineralisation, the alteration has been different from
adjacent fissures: in one case tourmaline may be abundant
and no mica noticeable. while in another mica may be
abundant and tourmaline quite subordinate in amount.

(')

Vide supra, p. 81,
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This is not difficult to explain, however, for the minerals
developed in any given rock by mineralising solutions must
depend upon the composition of those solutions (as well as
npon temperature and pressure), and a variation in the solu-
tions from point to point is to be expected. It is this varia-
tion which has resulted in the formation of different
minerals adjacent to different fissures.

(5) Ore-bodies in Sedimentary Rocks.—The alteration of
the wall-recks by mineralising solutions when the rocks are
slates and sandstones, has been different to that of the
igneous rocks.

In the case of veins of the various types described, the
noticeable effects are silicification and tourmalinisation.
The locality where these effects are best seen is at Mayne’s
and the Kelvin Mines. Here it is seen that the composition
of the rock has largely determined the nature of the second-
ary alteration which those rocks have undergone. Where
they have been fairly pure sandstones, the rocks have been
hardened and silicified, and occasional vughs of crystalline
quartz developed. When interbedded with more argil-
laceous bands, the latter are replaced by black tourmaline,
while the arenaceous bands are silicified. The result of
this action is that some of the wall-rocks are remarkably
banded, alternate bands consisting of white quartz and
black tourmaline., The extent of this alteration is very
variable, and is determined, at least in part, by the inten-
sity of the vein-forming action in the main fissures which
have given action to the solutions. Thus in some instances
narrow veinlets of quartz and tourmaline, less than one-
half inch in width, were seen cutting across the bedding-
planes of the sedimentary rocks, and extending outwards
from these were bands of black tourmaline (replacing argil-
laceous strata), tapering out within a few inches of the
fissure. With some of the more important quartz-tour-
maline veins, however, the alteration extends for several
feet into the surrounding rock. It is worthy of note that
garnet is developed rather abundantly at some points in the
vicinity of the ore-bodies in this locality, but this may be
a contact metamorphic mineral, tle\elo]wd by the intrusion
of the huge mass of granite a few chains away.

In addition to quartz and tourmaline, small amounts of
cassiterite and pyrite are sometimes developed in the sedi-
mentaries which form the wall-rocks.

With regard to the contact metamorphic deposits, several
of which occur in the district, the alteration of the wall-
rocks is different. The various deposits are described else-

H
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where, and from what is said there, it will be seen that in
most cases the ‘* walls '’ of the deposits are indefinite, and
it is not always easy to say exactly where the deposit ends
and the true country-rock commences, In several cases
these are replacement deposits, and certain bands of the
country-rock are completely replaced, while others, alter-
nating with the former, are little altered. Thus there may
be a gradual merging into the country-rock. Again, these
deposits usually occur in close proximity to the granite,
and in a region in which the whole of the country-rock is
metamorphosed, so that it is very difficult to determine
which of the secondary minerals developed in the sedi-
mentaries are due to the contact metamorphic effects of the
granitic intrusion, and which are due to the action of the
mineralising solutions. Chlorite is fairly abundant in one
instance, while in most cases various lime-silicates (tremo-
lite, diopside, lime-garnet, &c.) are present more or
less abundantly, and it would appear that portion
at least of the lime and magnesia entering into the com-
position of these minerals has been introduced by the ore-
bearing solutions. Amphibole and biotite, which are also
present in some cases, may have been developed by the
mineralising solutions.

(5)—THrE STRUCTURE oF THE LoDE FORMATIONS.

(a) General —On the whole, the structure of the lode
formations of the district is comparatively simple, and has
occasioned the mining companies concerned little trouble,
In a few exceptional cases, however, the strueture is more
complex, and the structural features have not been quite
so readily interpreted.

It is proposed to first touch broadly on some of the gen-
eral structural features, and then deal more in detail with
particular vein-types.

With regard to continuity to depth, always a question
full of interest to the mining community, and one of vital
importance to the permanence of the field, indications are
very favourable so far as the tin lodes of various types are
concerned.  From the discussion of the genesis of the
deposits elsewhere in this report, it will be seen that the
writer’s opinion is that both granite and ore deposits are
intimately related, in that both are believed to have been
derived from the same intrusive igneous magma. The outer
crust of the granite mass is held to have first consolidated,
and into fissures formed in the cooling rock probably by
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contraction, metallic compounds with vapours and solutions
at a high temperature, and of intense chemical activity, were
injected from reservoirs deep in the heart of the igneous
mass, where they had collected under the action of dif-
ferentiation processes. In many cases the vein-forming
processes continued not only to the border of the igneous
rock-mass, but still further outwards into the surrounding
sedimentary rocks. From this general statement it will be
seen that where tin veins occur in the sedimentary rocks
adjacent to the igneous contact, as, for example, at
Mayne’s and the Kelvin Mine, the tin values may be
expected to continue not only to the contact with the
granite, but into the heart of the granite mass itself. It
will be clear from what has been said that there will be a
downward limit to the tin veins in the granite itself, but
that this limit will be at a very considerable depth below
the original surface of the granite; measured from this sur-
face, the limiting depth would not be likely to be reached
by mining operations. In the long period which has fol-
lowed the cessation of igneous activity, the cover of over-
lying rocks has been partly removed by erosion, and in
some cases the granite itself deeply dissected. The ques-
tion then arises: ** Has the granite been eroded so deeply
that only the stumps of the tin veins are left ?’’ The ques-
tion is an important one, and deals directly with the struc-
ture of the tin veins. Tt is not possible to say with any
degree of accuracy the amount of erosion which has actually
taken place, but from a study of the area the writer is of
opinion that the structure on the whole is favourable to the
continuance of the tin ores to considerable depths below the
present surface. The granite has been deeply dissected in
places by the various streams, and where outcrops have been
exposed by such dissection, there is no appreciable change
in their character, from the exposures on the higher ground
several hundred feet above.

The occurrence of minerals such as sphalzrite and galena
in some quantities in certain of the deposits as described
elsewhere('*") is to be regarded as a favourable indication as
to the probable continuance of the tin ores to a depth, for
the occurrences are interpreted by the writer to indicate
a partial overlapping of the zones of high and moderate
temperature minerals, as discussed in another part of this
report. Should this interpretation be correct, the occur-
rences noted must be taken to mean that denudation has
removed the bulk of the deposits formed in the upper zone

(") Vide supra, pp. 162-168, 182-184,
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(situated mainly in the sedimentary rocks overlying the
granite, these sedimentaries havmg _als_o been 1argely
removed), and that the mineral deposit is likely to continue
to considerable depths below the exposed outcrops which
have been located.

Thus the structure of the tin veins is apparently favour-
able for their continuance to depths beyond the reach of
economic mining. ‘

Another important aspect of the question of structure is
the influence of faulting of the lodes. Little definite infor-
mation is available on the subject, owing to the compara-
tively small amount of developmental work carrled. out. Up
to the present time, however, none of the workings have
disclosed any appreciable faults, although some of the sur-
face outerops appear to be displaced a few feet. This is the
case on the Federation Mine, in the central and sou!}h-
\;\'ESTEI‘]I portions of the property, \\‘!IE'I‘E quart.z-founnahpe
outcrops can sometimes be traced for a considerable dis-
tance, when they apparently disappear, button-grass cover-
ing the surface, and fresh outerops of similar mater}a‘l may
reappear a few feet to one side or the other of the line of
strike. These dislocations are of small extent on the sur-
face, and so far as can be judged from information avail-
able, faulting has not occurred to such an _ext&nt as to
impair the value of any of the known ore-bodies.

(b) Veins.—Dealing with the tin ores more in detail, the
internal structure of the various types of veins has already
been described, and the minerals occurring in the central
portion or vein-stone, as well as in the ore bor:‘leriu;g this
central vein, which has been called the \'em—rock.(”_) In
most instances where the various types are developed in the
eranite the structure of the deposit as a whole is not com-
?)Iex, being that of a simple vein. In some examples several
fissures more or less parallel, sometimes uniting, form a lode
system rather than a vein. In such cases strips of granite
between adjacent veins of the system may be so altered as
to form lode material. ") ;

An example in which the mineralogical composition is
that of the quartz-tourmaline-cassiterite veins, but in which
the structure is not that of simple vein-stone and vein-rock,
is to be found in the case of Gray’s Lode, on the Federation
Mine. This.is referred to elsewhere, but as the' occurrence
is unlike any other so far opened up, it merits detailed
description. - The striking features are that rich tin occurs

('®) Vide supra, pp. 153-171.
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in a laminated quartz-tourmaline stone, and that through-
out the whole of the sections exposed, although black tour-
maline is abundant, no green tourmaline is to be seen—an
unusual feature of the ore-deposits in this district. There
are two trenches, each cut partly across the formation, one
slightly lower down the hillslope than the other, the two
being only a few feet apart.

In the lower trench the western zone for & feet is charac-
terised by the presence of muscovite mica, and carries a
series of parallel threads of tourmaline in a vyellowish
groundmass of greisen. These threads sometimes cross each
other, but it is evident that impregnation has spread out-
wards from a central fissure to a rather variable extent.
This greisen merges into a hard white quartzose variety of
lode material with a little black tourmaline. The quartz
often shows idiomorphic outlines. The tourmaline is pres-
ent in scattered crystals and aggregates, in well-defined
nodules, and filling minute fissures which cut through the
rock in all directions. A study of these tourmaline-filled
fissures shows that they generally intersect without displace-
ment ; sometimes, however, there is a noticeable displace-
ment. Two veins may umite for a short distance and then
separate again; at times there is a marked development of
tourmaline, extending for several inches, at the intersection
of two minute veinlets, showing that the action has been
intense at this point. This fact is significant.

In the face of this lower trench is exposed soft, partially-
decomposed, iron-stained granite of fine-grained texture,
cut through by veinlets of black tourmaline.

In the upper trench, 6 feet further south, this ssction is
practically continued, with a slight overlapping at the lower
end, where the tourmaline-bearing white quartzose lode
material is exposed, followed by decomposed iron-stained
granite with tourmaline veins. Some portions are mica-
ceous, and on the southern wall of the trench in particular
18 a mass of yellowish greisenised granite, cut through by
abundant quartz-tourmaline veins, extending for 10 feet.
From this point to the face there is abundant black tour-
maline. This occurs in masses of irregular shape, up to 3
feet in width, with occasional masses of white quartz, which
evidently represent a later filling of cavities in the earlier-
formed tourmaline. These masses of quartz are lined with

glassy prisms of quartz which project inwards, showing that
they are true geodes. Many of the prisms are doubly ter-
minated, resting loosely on earlier-formed crystals. It is
noteworthy that some of the geodes are lined with chalce-
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dony, showing a botryoidal habit, this in turn being in some
instances encrusted with transparent quartz crystals. Most
of the quartz erystals in these geodes are less than one-half
inch in length, and less than one-eighth inch in dlametel:.

The quartz forming the base on which the crystals rest is
penetrated by abundant finely crystallised prismatic needles
of tourmaline. These show terminal faces, and have crys-
tallised out on the inner lining of a cavity which has after-
wards been filled with quartz, including the projecting erys-
tals already formed. It is very noticeable that the masses
of black tourmaline are edged on either side by white quarta
with a very little disseminated black tourmaline. The
quartz is erystalline in structure. On the edge of the quarta
and tourmaline one geode was noticed with a little white
mica and abundant crystals of cassiterite. A good deal of
tin oxide was noticed, too, very finely divided, and forming
threads and strings with quartz in the black tourmaline.

Beyond the white quartz on either side are bands of
quartz-tourmaline stone, the two minerals being present in
about equal proportions, the tourmaline in some cases evi-
dently replacing the felspar of the original granite, and
being pseudomorphous after it.

The quartz-tourmaline in turn merges into decomposed
coarse-grained granite.

It will thus be seen that there is a decided crustified strue-
ture noticeable in this lode.

In one instance the quartz-tourmaline veins splits, and
encloses a lens-shaped block of granite, which appears quite
normal in character, although weathered.

The examination of a thin section of a piece of the richer
tinstone (the material which has been called a °‘ laminated
quartz-tourmaline '’ on account of its banded structure)
shows that only three minerals are presgntl—t.gurma}u:‘te,
quartz, and cassiterite. The tourmaline is in single ld:m-
morphic crystals, and in groups of prismatie crystals, which
tend to arrange themselves in radiating clusters. These
crystals are both brown and blue in colour, and frequently
show zonal banding. The tourmaline has evidently been the
first mineral to crystallise, for the whole slide is traversed
by numerous parallel veinlets of quartz, which cut through
the tourmaline crystals. It is mainly in these veinlets that
the cassiterite occurs. It is in fine grains and granular
aggregates. The cassiterite may in a few cases replace the
earlier-formed tourmaline in the vicinity of the quarts-
filled fissures.
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Regarding the structure of the formation as a whole and
its mode of origin, it would seem that there have been
several distinct periods of mineralisation, caused by
vapours ascending through the same main fissure. These
mineralising vapours being under very considerable pressure
appear to have forced aside the walls, giving space for free
erystallisation of the various minerals. This would account
for the crustified structure noted. From the blocks of
included granite and the ramifying nature of the quartz-
tourmaline stone, it seems that mineralisation has taken
place from several fissures, probably all connected, thus
giving the deposit the character of a lode system rather than
of a simple vein.

The structure of veins of most of the types described
appears to be modified to some extent by intersecting fissures
where such occur. Where a cross-fracture has intersected
the main solution-bearing fissure, there has usually resulted
a local bulge of ore at the intersection, which may or ma
not carry tin values above the average. It seems likely that
the big body of ore developed on the highest portion of the
Federation - property, and known as the Black Face
Lode,('**) has been formed in this way at the intersection
of two well-defined veins of the quartz-tourmaline-cas-
siterite type. Little is known of this large ore-body at
depth, but it should repay prospecting, as it carries rich
tin in places near the surface.

The structure noted above for the tin-veins in the granite
does not vary in essentials for the different types of veins
described.

The absence of a central vein from some formations, and
the apparent merging in some cases from this varicty to
formations which are fairly homogeneous in mineralogical
composition and texture, have been dealt with elsewhere.

In dealing with the tin deposits developed in the sedi-
mentary rocks, the structure is not quite so simple as in the
case where similar vein-types are developed in the granite.
The reason for this is to be found mainly in the structure,
and to a much smaller extent in th~ composition, of the
sedimentary rocks. The only examples available for inspec-
tion were at Mayne’s and the Kelvin Tin Mines, adjoining
properties described in detail elsewhere, situated at the con.
tact of granite and glate country. Owing to the very irregu-
lar nature of the work carried out, and the covering of some
of the exposures with spoil heaps, full details of the strue-
tural features of the lode formations could not be

(") Vide infra, p. 272,
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unravelled, although some interesting and important fea-
tures were observed. The clue to the general structure of
the deposits is given by a study of the wall rocks. The
action noticed there repeatedly on a small scale has taken
place on a larger scale under more fa.voura.b_le conditions,
with the result that ore deposits of commercial value have
med

be%‘%}ic:;)un:ry rocks are slates and sandstones, and they are
much altered in the vicinity, owing partly to the contact
metamorphic action of the adjacent granite and partly t[o
the action of the mineralising solutions. It not infrequently
happens that a narrow vein of tourmaline or quartz and
tourmaline cuts across the bedding-planes of the sediment-
ary rocks. When this happens the effect on alternate bands
of the sedimentary is very different. Siliceous bands show
litile sign of alteration, but argillaceous ba_nds are invari-
ably altered, and partly replaced byiuurgmhne, in f:hc_: vicin-
ity of the main fissure. The extent of this tourmalinisation
of the argillaceous bands varies considerably ; in some cases
the cross-fissures are of minute size only, and it is noticed
that the tourmalinisation of the argillaceous bands extends
for less than 1 inch along the bedding-planes. As the cross-
fissures increase in size, the alteration of the argillaceous
beds become more intense, and extends for a greater dis-
tance along the bedding-planes from the cross-f.iss:,ure. A
noticeable feature, too, is the development .f irregular
bulges and bunches of tourmaline at the point of intersec-
tion of cross-fissures with the bedding-planes of the sedi-
mentaries. These features, in the writer’s opinion, give
the clue to the general structure of the ore depomt.s,.whlch
cannot be worked out in detail in the present condition of
the old workings. _

The occurrence of ore in the worked-out portions of the
deposit appears to have been in the form of nearly hori-
zontal veins of green tourmaline, which widened at intervals
to form ‘‘ vaghs,”’ which usually carried rich tin rv‘alue.
Some of these vughs are described as having been *‘ large
enough to turn a horse and dray in.”” Most of the tin won
from the mining operations on the property appears to have
been derived from these vughs, the cassiterite being mostly
fine, but as much as 15 bags being won from one vugh. The
vughs contained green tourmaline and kaolin with some
limonite (probably derived from the decomposition of
pyrite), the cassiterite being both botryoidal and as slime.
Crystalline quartz also appears to have been present. From
descriptions given of the work carried out, it would appear
that vughs occurred not only on one, but on several, distinet
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flat veins of tourmaline, that the nature of all was similar,
and that all carried rich tin.

In addition to these flat veins with their vughs, nearly
vertical formations occur, and have been partly opened up,
which are really normal quartz-tourmaline-cassiterite veins
There is a central seam of fairly massive green tourmaline
with quartz and cassiterite, forming the vein-stone, bor-
dered by vein-rock of quartz and black tourmaline, carrying
also a certain amount of green tourmaline, with geodes
lined with quartz, and sometimes carrying cassiterite. The
width varies considerably, and bulges of considerable siz
occur at intervals. TIn the tunnel driven through the hill
BATTOW veins occur similar in character to those mentioned
above, and carrying cassiterite, forming, in the writer’s
opinion, the downward continuation of the same veins.

In view of these features of the particular deposit under
review (which is described more fully in another part of
this report,(1*®) the writer submits that the general struec-
tural features of the deposit can be explained. Details
remain to be worked out when further exposures are avail-
able.

The deposit is certainly genetically connected with the
adjacent granite. The intrusion of the latter had heated
the adjacent and overlying sedimentary rocks to a high tem-
perature, and as the igneous rock-mass gradually cooled and
consolidated, the adjacent sediments also cooled, and neces-
sarily contracted. The strains set up by the contractional
stresses resulted in a fissuring of the sedimentaries. Dur
ing the final stages of consolidation of the granite, when
vein-forming processes were active, mineralising vapours
and solutions which had ascznded through cracks in the con-
solidated outer crust of the granite penetrated the overlying
sedimentaries also, along these previously-formed fissures
forming the main tin-bearing veins. As the fissures in many
cases intersected the original bedding-planes of the sedi.
mentary rocks, certain of the beds of the latter in the vicin.
ity of the main feeder (as the vertical fissure may be called)
were attacked by the vein-forming solutions, and more o
less completely replaced for considerable distances, formiwg
vein-like masses corresponding approximately with the
strike and dip of the sedimentary rock. The tendency of
bedding-planes to form paths for the solutions in a series
of sedimentary rocks has also been a factor in the forma-
tion of these flat veins, the sedimentary rock on either side
of the bedding-plane being more or less completely

(®) Vide infra, pp. 368-383,
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replaced. But this process has been complicated by
the occurrence of intersecting fissures, which appear
to have had an important effect on the formation of
the ore-bodies. In some cases fissures more or less approach-
ing the horizontal, yet cutting across the bedding-planes of
the sedimentaries, have intersected the feeders, and have
been traversed by the mineralising solutions, forming off-
shoots from the feeder, with the formation in some cases of
a ‘“ vugh ’’ of ore at the intersection of the fissures, ar_td of
smaller vughs at the intersection of this flat fissure either
with certain beds of sedimentary rock or with other more
nearly vertical fissures.

The intersection of two fissures about vertical appears to
have been responsible in some instances for the formation
of pipe-like bodies of ore, or of bulges in the main feeder.

That some such process of replacement of the country-
rock as that indicated has taken place in the formation of
some of these bulges of ore is evidenced by the occurrence
of unreplaced country-rock in blocks of irregular shape,
faced with crystals of quartz and tourmaline, entirely sur-
rounde.! by quartz-tourmaline lode-material.

Thus the writer would contend that the present structure
of the deposit under consideration is due mainly to the
structural features of the sedimentary rocks, and partly alse
to their chemical composition.

The processes enumerated above appear to have been
operative also in the ore-bodies on the adjacent property,
the Kelvin Tin Mine, so far as can be judged from the avail
able exposures, and little need be added to what has bees
said in connection with Mayne's Mine. On this property
there is at least one quartz-tourmaline-cassiterite vein which
appears quite normal in character, and which appears to
run continuously from the sedimentary into the igneous
rocks. It has not been exposed at the actual junction, but
the corresponding strike of various outcrops, bcth in s_la{ze
and granite, indicates that the vein is continuous. A little
prospecting work at the contact on the line of strike would
yield some interesting and probably useful information.

" With regard to the nature at depth of the deposits
described above as occurring on Mayne’s and the Kelvin
Mines, it is interesting to note that if the deposits are
exploited to a depth, it is not unlikely that granite may be
encountered within the limits of economic mining. In the
writer’s opinion the main tin-veins will be found to be con-
tinuous from slate into granite, and to continue to cunmde!'-
able depths into the heart of the granite itself. This
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opinion is based on the information available as to the mode
of origin of the tin-veins discussed elsewhere. As to
whether tin values are likely to prove high enough as depth
is attained to pay for working, no forecast can be attempted.
This is a matter which prospecting alone can decide. It
may be stated, however, that there is no reason to believe
that tin values will decrease within the depths which are
likely to be reached by mining. It is possible that rich ore
may be located at the line of contact between the two rocks,
as the physical conditions may has= been such as to allow of
the entrance of mineralising solutions, which would then
attack one or both of the rocks forming the walls, partly
replacing them and depositing part of their metallic burden

On the other hand, at some points along the junction tha
slate has been intensely altered, and partly assimilated in
the granite at the actual contact, and the welding '’ of
the two rocks (themselves so distinct in their mode of origin)
is so complete that in the absence of a subsequent fissure the
veins would be expected to pass from slate to granite
through the contact without any appreciable enrichment of
ore. The structural features of the deposits would not be
expected to exhibit any marked changes in the sedimentary
rocks, but in the granite the tendency would be for the
structure to become simpler, and the veins to show normal
characteristics.

(¢) Pipe-formations.—Turning to the stanniferous pipes
in the granite, of which only one example (on the Federa-
tion Mine) is available for inspection, the structure is seen
to differ very materially from that of the tin-bearing veins
described above. Details have already been given of this
pipe, and reference made to its made of origin and neces-
sarily to its structure. Its most marked feature is its
irregularity. Throughout the total length over which it
has been prospected, 1t has been found to vary considerably
in size and also in shape. But this variation is marked not
only on the cross-section of the pipe, but laterally as well.
Its course through the granite is essentially a tortuous one,
and it is apparently impossible to prediet what turns may be
taken within a few feet. The mode of origin has already
been discussed, and the opinion expressed thatthe pipe has
been formed by chemically active vapours and solutions
rising through previously consolidated and fissured granite.
The presence of fissures intersecting at various angles seems
to have been at least partly responsible for the structure of
the pipe, and for the formation of the branch pipes which
are known to occur. It seems possible, however, that in
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some places the pipe results from the alteration of solid
granite, and that fissures have played a very subordinate
part, if any, in its formation. The shape of the cross-sec-
tion, which not infrequently shows a marked tapering out
on opposite sides, clearly indicates that fissures have played
an important part in determining the structure of the
formation, by affording a ready passage to solutions rising
under pressure.

While there can be little doubt about the permanence of
the deposit to considerable depths within the granite, no
forecast can be made as to the structure of the pipe ab
greater depths than it has already been prospected. It is
likely to continue irregularly through the granite, varving
considerably in size from point to point. An attempt was
made by the writer to determine whether there was not a
series of fissures at whose intersection the ore-body was
formed, so that by plotting these some forecast could be
made as to the probable course of the pipe, but this was
found to be impracticable, since, as stated above, in certain
parts of its course there is no clear evidence of fissures hav-
ing played an important part.

(d) Contact Deposits.—Little need be said with regard
to the structure of the contact metamorphic deposits of the
district, as so little work has been done upon any of them
up to the present. Such deposits are notably irregular in
structure, and may vary very considerably within a short
distance. The structure of such deposits in sedimentary
rocks mear igneous contacts, is worthy of note. As they
have been, unlike the normal tin veins, formed prior to
the consolidation of the granite, it is to be anticipated that
if followed to a depth they would be found to cut out when
the contact between igneous and sedimentary rock was
reached : in the case of the tin veins, the deposits are con-
tinuous.

Should prospecting be carried out on any of these
deposits, their irregular nature should be kept in mind,
and the deposits tested even beyond their apparent walls.
Blocks of country-rock included within the boundaries of
the deposits are sometimes encountered, giving a false
impression of the width of the mineralised zone.

The internal structure of these deposits is also somewhat
variable, as a general rule, but sc little has been done to
open up the deposits of this particular district that little
detailed information is available.

(¢) Magmatic Segregation.- —The deposit of nickel ore at
Trial Harbour has been described elsewhere, and little more
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need be said as to its structure. As pointed out previously,
the deposit appears to be a magmatic segregation, and as
such it must be expected that it will be irregular in its struc-
ture. The ore-body merges insensibly into normal ser-
pentine, without any definite walls, and the writer would
maintain that there is no essential difference between ore and
serpentine, the term *“ ore '’ being used to designate serpen-
tine in which the percentage of nickel (occurring in the prim-
ary mineral pentlandite) rises high enough to render the rock
of economic value. One aspect of the question of the strue-
ture of the deposit then resolves itself into an enquiry as
to the distribution of the pentlandite in the serpentine, and
the causes which have operated to bring about a partial
concentration ipto particular localities. It seems clear that
this concentration has been brought about by the operation
of forces of which little is known in reality, the forces of
magmatic gegregation. While the magma was still in a
molten state, portion of the nickel originally disseminated
through the magma became more or less concentrated by
the operation of these forces, and as cooling proceeded the
nickel entered into combination with iron and sulphur, and
crystallised out to form pentlandite. From this explana-
tion it will be clear that no definite forecast can be made as
to the structure of the deposit. The boundaries of the
nickel-bearing serpentine are sure to be very irregular, and
will vary considerably. Little can be said as to its con-
tinuity to a depth. Bodies of payable ore may be found
which will continue to considerable depths, or, on the other
hand, they may cut out (merging into normal serpentine)
at comparatively shallow depths, to be succeeded possibly
by other bodies. Thus the structure is likely to prove very
irregular, and there appear to be no determining factors
to enable any forecast to be made upon which future pros-
pecting work may be based.

(6)—THE SECONDARY ALTERATION OF THE LoDES.

Tt is necessary to say but little under this heading, but
there are certain features to which attention should be called
in connection with the alteration which the lodes have in
some cases undergone. The secondary alteration referred
to is the alteration brought about by oxidising agencies,
chiefly made effective by actual weathering and the circula-
tion of surface waters. The changes are partly physical
and partly chemical, the former being mainly dependent
upon the latter.
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Tin Ores.—As a result of the attacks of weathering
agencies both on the exposed outcrops and on the contain-
ing granite, the granite usually weathers and disintegrates
much more rapidly than the quartz-tourmaline veins,
leaving the latter standing out in relief above the general
surface. These exposed masses are then exposed more com-
pletely to atmospheric changes, and fissures gradually
develop, owing largely to temperature changes. These
fissures give access to surface waters which in their turn
tend always to decompose the lode material. The result
of this action is that fragments are constantly breakin
away from the exposed outerops, and collecting on the hil
slopes, finding their way gradually to the watercourses, and
thence seawards, some fragments suffering disintegration
en route, the contained cassiterite being set free, others
going to form alluvial deposits, or being carried
to the sea, depending on the gradient of the streams.
The manner in which the detrital material from exposed
quartz-tourmaline outerops collects on the hill slopes is
shown in Photo. No. 3. It is worthy of note that in the
granite area, the degradation of the igneous rock‘ is usu-
ally more rapid than that of the quartz-tourmaline out-
crop (although the latter is being degraded in the manner
described above), the net result being that the lode out-
crop usually remains exposed above the general level of the
surrounding granite,

As described elsewhere, this is really due to the resistance
offered by the essential constituents of the lodes, quartz and
tourmaline, to the attacks of weathering agencies. Tt is
usually found, however, that there is an appreciable soften-
ing of the material forming these outcrops. The tour-
maline after long exposure tends to become dull in colour,
and distinetly brittle.

One of the most noticeable and economically important
of the changes resulting from the secondary alteration of
the lodes, is the oxidation and removal of pyrite in the
upper zones. This change becomes important because of
the simpler nature of the residual lode material, resulting
in the production of a higher grade tin concentrate. In
the earlier history of the field the presence of pyrite in the
ore was held to be almost prohibitive, and instances are
on record in which shoots of ore carrving good tin values
were neglected because of the presence of pyrite, and in
which stanniferous pyritic ore has been dumped as useless,
after mining, because of the pyrite. At the present day,
although it is recognised that the presence of pyrite is not
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an insuperable barrier, owing to improved methods of treat-
ment, it certainly is an unwelcome constituent of the ore,
as it adds considerably to the cost of treatment. Thus the
fact that under certain conditions part or all of the pyrite
may be oxidised and removed from the tin ores near the
surface, becomes an important consideration. The presence
of pyrite as an essential constituent of the various vein-
types has been previously noted. It is not always notice-
able near the surface owing to the secondary alteration,
and the depth to which this alteration (s.e., oxidation to
limonite and complete or partial removal in solution) has
been effective, apparently varies considerably in particular
cases. In some instances pyritic ore occurs within a few
feet of the surface, while in others there are clear indica-
tions thaf pyrite has been oxidised and removed from over
100 feet below the present surface. In the present unde-
veloped state of most of the properties, it is impossible to
make any definite forecast with regard to the ores, but it
18 certain that the primary ore in some cases in which only
quartz, tourmaline, and ecassiterite have been observed,
will be found to contain pyrite.

No change takes place in the cassiterite itself, and
although solution and redeposition have been suggested,
there is no evidence whatever for any such change having
taken place. The oxidised outerops may become somewhat
richer, bulk for bulk, than the primary ore, because of the
removal of the pyrite, although the actual tin content
remains about the same: there may be a certain amount of
mechanical concentration of the tin oxide, owing to the
working down of some of the fine cassiterite set free during
the weathering of the exposed outcrops, to lower horizons
of the oxidised lode material. It is unlikely, however, that
this process has been operative to any great extent.

An interesting development, noted in the case of one
outcrop only (on the Federation Mine), is that of chlorite
with limonite along the outcrop of a quartz-tourmaline lode
formation.

In the case of the tin-bearing pipe described as oceurring
on the Federation Mine, the true pipe material appears to
be much softened and kaolinised near the surface, owing to
the action of surface waters. This alteration has been of
advantage in working, the extremely soft nature of the
material greatly facilitating its extraction. Even the
primary pipe material, however, is soft, and offers no draw-
backs to easy working.
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Wolfram Ores.—Although secondary alteration of the
wolfram ore in one locality has been recorded, none was
observed by the writer in the course of his examination.
In connection with the wolfram-bismuth ore on Section
1392-m, described elsewhere, Mr. W. F. Petterd
states : —(1%1)

* Excellent pseudomorphs, partial and occasionally com-
plete, of this mineral [scheelite] to wolframite are not
uncommon at a locality about 1 mile east of south of
Mayne’s Tin Mine, Heemskirk. They are perfect crystals
in form, sometimes only transmuted to a very limited
degree; then again the whole substance of the crystals may
be changed to the iron-manganese tungstate, in which case
they assume the dull surface appearance so generally typieal
of pseudomorphous action. Some very nice crystals of the
pure substance also accompany the rest. These are from
opaque to semi-transparent, and of a pale-yellowish colour.
With this find wolframite also occurs in excellent crystals
both pure and partially so. . A yellowish-brown
substance may occasionally be detected as minute blebs and
veins on the scheelite in connection with this occurrence,
which may be and apparently is the hydrated tungstic
oxide mey}naciie (WO, 2H,0), which is formed by altera-
tion.”’

In referring to the same find under the heading of
wolframite, Mr. Petterd says(*"*) that . . . ‘g4 very
interesting find of partially pseudomorphous wolframite
has been made. The crystals of the original mineral are
extremely well-formed, of the normal character, and fairly
large in size. The whole mass of the crystals is more or less
altered to scheelite. Sometimes the planes are faced by a
thin layer of the tungstate of lime of a glistening pale-
yellow colour, and more rarely one-half of the crystals will
appear to be thus transmuted.”’

It seems clear from this description that the wolfram ore
in this locality has undergone secondary alteration. At the
time of the writer's examination, however, no specimens
of ore similar to that described could be obtained from the
old workings, although the presence of wolfram was shown
by assays.

In the case of the wolfram ore occurring on the Cumber-
land Dam plateau, on Section 5426-m, south of the Fede-

() “Catulogue of the Minerals of Tasmania,” by W. F. Petterd, 1910,

p- 156, :
ot Op. cit., p. 200.
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ration Mine, no secondary alteration of the wolfram is
noticeable. Some of the wolfram erystals are dull after
#xposure to weathering agencies, but there is no marked
alteration.

Nickel Ores.—The nickel ore of the district has under-
ne secondary alteration, with the result that garnierite
been formed, as noted elsewhere. The decomposition
of the sulphides has resulted partly in the formation of
selenite in small quantities, while garnierite has heen
formed by the interaction of nickel and magnesium sili-
eate. The formation of encrusting masses of this green
mineral has resulted in a certain amount of secondary
sarichment of the deposit, as noted elsewhere. Some of the
magnetite in the ore is derived from the olivine, being
set free in the serpentinisation of that mineral. Limonite
s formed in small quantities from the oxidation of the
sulphides.

fron Ores.—The secondary alteration of the primary iron
ores is not very important. In the case of the contact meta-
morphic magnetite deposits, there is usually a small develop-
ment of limonite, derived partly from the oxidation of con-
fained pyrite, and partly from the decomposition of ferro-
magnesian minerals, the magnetite itself being little
changed, even in surface outcrops. It has sometimes a
slight encrustation of hematite and limonite.

(7)—SEcoNDARY ORE-DEPOSITS,

In addition to the primary ore-deposits of the various
metals, which have been described in some detail above,
there are in different parts of the district secondary deposits
of ores to which reference must be made. These will for
sonvenience be referred to under the headings of the differ-
#ot metals. In each case they have been derived from the
primary ores: contrary to the experience of the adjoining
district to the north, the secondary deposits of the South
Heemskirk district have not proved to be of any great
seonomic importance: those of tin have proved to be easily
the most important. Although the output has not been
large, they have kept a few men employed and have enabled
& certain amount of prospecting work to be carried out
which could not have been attempted had they been absent.

The title ** secondary '’ as applied to the ores of tin and
wolfram described in this section is used for convenience:
while the minerals themselves (cassiterite and wolframite)
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certainly are primary. Viewed broadly the * deposits "' are
of secondary origin in that they have been derived from true
primary ore-deposits.

A.—TIN ORES.

The Secondary deposits of tin ores of the district are
not at present of much importance, although they have in
the past given employment to a fair number of men, and
have yielded a small but fairly continuous output of alluvial
tin.

It was the prospecting of the secondary tin ores which
first called attention to the Heemskirk tinfield about 40
years ago. The work carried out since that time by indi-
viduals and small working parties has been somewhat
erratic: a patch of alluvial tin ore would be discovered,
a small party formed to work it, and when this patch was
worked out, fresh prospecting for a new patch would be
initiated.

The secondary tin ores are widely distributed throughout
the district in small quantities, but no important deposits
have been located. The distribution of the tin is not a diffi-
cult matter to explain, when the topography of the district
is kept in mind. The Heemskirk Range, which mainly
determines the drainage system, is of stanniferous granite,
and the degradational forces which have been for long
periods wearing down the exposed areas of granite, have
freed the contained tin oxide, which has naturally accu-
mulated in the watercourses draining the area.

Nearly all the streams heading in the granite country,,

and some of those in the slate, carry more or less alluvial
tin. In their upper reaches, the grade is usually too steep
to allow of any accumulation of the heavy mineral, but
when the grade becomes flatter, which usually happens
when the stream traverses the old peneplaned surface, con-
ditions are more likely to be favourable for an accumulation
of tin ore, and this is actually what has happened. Most
of the deposits of secondary tin ores which have been worked
have been found to occur in the creeks entting through the
old peneplain. As these streams are young, however, in
relation to the present land surface, and are still actively
engaged in grading their beds, it could scarcely be expected
that any extensive alluvial deposits would occur in the
creeks, and it is found to be so in practice: the deposits
are usually of small depth and extent, and consist rather of
detrital than of true alluvial material.
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One of the most extensive deposits of secondary tin ore
in the district is that at the foot of the southern slopes of
Mt. Agnew, in the vicinity of the Agnew Creek. The
average depth appears to be about 4 feet, and the deposit
consists essentially of well-rounded boulders of quartz-
fourmaline veinstone of various sizes, undoubtedly derived
from veins in the granite on the hills above. The flat is
fairly extensive, but has been well prospected, and appar-
ently most of the payable patches have been worked out.

The occurrence of secondary tin ore in the upper course
of Pyke’s Creek, at Sweeney’s Mine, where it has collected
in the spaces between immense boulders of granite, has been
described elsewhere. This cassiterite is detrital, freed by
the weathering of the granite.

On the Cumberland Dam plateau several small patches
have been profitably worked, and where conditions have
been suitable for the lodgment of the heavier material
brought down from the dissected granite by the streams,
deposits of secondary tin ores have been discovered in most
of the consequent streams flowing westward into the ocean.
It has been remarked that two classes of material occur in
some of the deposits which have been worked in the beds
of the creeks cutting through the coastal peneplain, some
of it being sub-angular, other well-rounded. In the case
of the tin won from these patches, the same feature is
noticeable.  In some localities well-rounded quartz and
quartz-tourmaline gravel, sometimes associated with
deposits of tin ore which have been profitably treated by
ground-sluicing, have been noticed on the ridges separating
adjacent creeks belonging to the present drainage system.
These several facts are to be explained by the past geo-
logical history of the district. It has already been explained
that at the close of a long cycle of denudation, during which
the granite itself was dissected, a considerable area of the
district was worn down almost to base-level, forming an
extensive plain; at this stage the grade of the streams was
so flat that the streams were unable to carry to the sea
their loads of detrital material derived from the denuded
land surface. This material was consequently deposited.
A subsequent uplift of this level surface rejuvenated the
streams, which once more commenced to actively erode their
beds, and as the grade increased much of the material which
had previously been deposited was carried seawards, but in
places patches were left at a higher level, and remnants
are found at the present time on some of the ridges. The
thoroughly well-rounded pebbles in the more recently aceu-
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mulated deposits have been derived in part at least from
these old accumulations, which have been cut through and
intermingled with the more recent rock waste. Some of
the more-rounded nuggets of cassiterite and of tin ore have
also been derived from these older alluvial deposits.

With reference to the nature of the tin in these second-
ary ore-deposits, and its source, it is not surprising to find
that in all the deposits worked the tin ore is present partly
in single crystals and crystal aggregates of cassiterite free
from gangue, and partly in specimen pieces with quarts.
tourmaline, or both of these minerals. Although portion of
the tin may be derived from scattered crystals disseminated
through the granite, freed in the course of denudation of
the igneous rock, there can “be little doubt that much of
the valuable mineral is derived from veins and lode for-
mations, both in the granite itself and in the adjacent seds-
mentary rocks. It must be borne in mind that the present
deposits of alluvial tin represent the concentrates from vast
amounts of rock material which have been carried out te
sea under the long-continued action of weathering and
transportat ion agencies.

As a rule the impurities occurring with the tin ore are
not such as to cause any serious trouble in obtaining a clean
marketable product. Tourmaline is always present, bus
gives the experienced tin-dresser no trouble. Pyrite =
sometimes present in small quantities. A little monazte
is sometimes noticed. Where the deposits have been derived
partly or wholly from the contact sedimentaries, or where
the basic igneous rocks have contributed to the drainage
of the streams which have been responsible for the formatios
of the alluvial deposits, magnetite, chromite, and ilmenite
may be present in variable quantities. This, however, is
rather the exception in the district.

It remains to refer to another class of secondary tin ore
which has proved of some importance in the past, and
which has distinet possibilities in certain parts of the dis
triet, for profitable exploitation in the near future. This
is the detrital deposit: the deposits dealt. with above hawe
been essentially alluvial depoists. In certain cases no vers
hard and fast line can be drawn between the two classes.
but in others a distinction is justified in the opinion of the
writer.

In the case of Mayne’s Tin Mine, on Pyke's Creek, =
deposit of detrital tin ore was accidentally discovered whick
was very profitably worked. The tin ore in this instanes
occurred in the form of angular pieces up to several pounds
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in weight, of pure cassiterite and of rich specimen pieces.
These occurred with rock debris on a hill slope and in the
creek below, forming a deposit varying in depth from a few
inches to several feet. The surface was stripped and sluiced
and disclosed the source of the tin, viz., lode-formations in
the country-rock below. The deposits were derived from
these lodes in the process of weathering and denudation,
some of the lighter rock material being carried to the creek
below, the heavier tin oxide forming to some extent a
natural concentrate, although the process of concentration
had not been carried very far.

On the Federation Mine, again, detrital deposits occur
which are likely to pay for working. Some quartz-tour-
maline outcrops on the highest part of the property carry
good tin values, and the material freed from thess out-
erops in the course of weathering has accumulated on the
hillslopes, gradually finding its way down towards the
ereeks. This movement, however, and also the natural con-
centration of the material, are hindered by the growth of
button-grass which protects the deposit. A fair proportion
of the detrital material is stanniferous, and a good deal of
cassiterite has been set free during the gradual decomposi-
tion of the lode material. It is probable that some of these
deposits will be worked.

B.— WOLFRAM ORES.

Secondary wolfram ores are not, on the whole, of com-
mercial importance in the district. At one locality (on the
Federation Mine near the old inclined tra.mway),-a deposit
of alluvial of limited extent was worked, and several bags of
wolfram ore won. The deposit was of detrital rather than
9f true alluvial material, and the wolframite won occurred
m angular and sub-angular form, up to several pounds in
weight. It was associated with a certain amount of tin
ore. Although not definitely traced to its source, there
can be no doubt that it is derived from a lode-formation
in the immediate vicinity. Wolframite has been shown
o be a constituent of certain of the vein-types of tin ore,
and it is not improbable that shoots of ore may oceur in
certain of the veins in which wolframite will locally increase
in amount until it becomes the predominant, and cassiterite
the subordinate mineral of economic importance. In the
course of weathering, the wolframite from such an ore shoot
would accumulate in the creek beds and gradually find
its way seawards. .
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Wolframite in small quantities may be expected with the
secondary tin ores of the district, being derived from the
primary tin ores as above, but the writer was not able to
hear of any secondary deposits of wolfram ores other than
that deseribed above.

C.—NICKEL ORES.

Little need be said under this heading, as the second-
ary nickel ores of the district have not so far been shown
to be of any importance. The presence of primary pent-
landite in the serpentine at Trial Harbour has been dis-
cussed, and reference made to the presence of garnierite.
This mineral, a hydrous silicate of nickel and magnesium,
is undoubtedly secondary, and its presence gives some
of the ore obtained the impress of a secondary nickel ore.

The serpentine is stained green in places with garnier-
ite, which, however, is not sufficiently abundant to be
regarded as an ore of nickel. The mineral occurs as
encrusting green masses in places on the weathered surface
of serpentine, giving a valuable clue to the presence of
primary ore below, as well as in green stainings in the
partially oxidised ore.

Sulphides occur in the serpentine almost to the sur-
face, and hence no description of the ore other than that
already given under the heading of ‘‘ Primary Ores” is
called for.

About a mile east of the Trial Harbour Nickel Mine,
near the eastern extremity of the serpentine, the latter
is silicified in places, and intersected by veins of chal-
cedony. Garnierite was noticed here, and owing to its
close resemblance to some speciments of zaratite from
the Heazlewood district, careful tests were made by the
writer to determine its nature.

The mineral occurs encrusting opaline serpentine, which
Al is honeycombed and ecut through by chalcedonic veins.
Tt is amorphous, and the encrusting masses are of no great
thickness. The colour varies from pale to bright apple-
green. The lustre is resinous, hardness 3, and streak pale-
green. Insufficient pure material could be isolated for
specific gravity determinations. The mineral is friable,
and translucent in thin fragments. Tt is infusible, but
decrepitates and blackens on heating, becoming mag-
netic. Heated in a closed tube it blackens and yields
water. Borax beads are violet hot, and brownish-violet
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cold in the oxidising flame, and semi-opaque grey in the
reducing flame. Microcosmic salt beads are reddish-violet
hot and yellow cold in the oxidising flame, and reddish-
violet hot and semi-opaque greyish-yellow in the reducing
flame ; in the microcosmic salt beads is an undissolved resi-
due of silica. Tt is partly soluble in nitric and hydrochlorie
acids. It does not dissolve readily in hydrochloric acid
even when heated, but is decomposed, leaving a siliceous
residue, which, however, is not gelatinous. It is unctuous
to the taste.

The mineral is garnierite, a hydrous silicate of nickel
and magnesium. It differs from zaratite in its behaviour
with hydrochloric acid, and its silica content. Garnierite
has not previously been recorded from Tasmania, so far
as the writer is aware.

D.—IRON ORES.

As noted elsewhere in this report when describing the
basic igneous rocks of the district, the weathering of iron-
bearing minerals sets free iron compounds, which are fre-
quently deposited as a crust of limonite on the surface.
In this way secondary deposits of iron ores have been
formed, which are deserving of mention, since work has
been done on them in several localities.

On the flat crossed by the Trial Harbour Road to the
south of Mt. Agnew, and just on the Zeehan side of the
Agnew Creek huts, is a fairly extensive superficial deposit
of iron ore. This deposit has evidently been regarded
as a gossan capping a lode-formation, for at several points
shallow shafts were noticed, now partly filled in. The
depth of the deposit is not exposed, but where the road
crosses, it appears to be about 4 or 5 feet. It consists
essentially of limonite, which has usually a nodular struc-
ture. Included in the limonite are fairly abundant grains
of magnetite. The underlying rock, as shown by occa-
sional outcrops, is gabbro-amphibolite. The limonite has
been derived essentially from the ferro-magnesian minerals
of this rock, as they have decomposed under the attacks
of weathering agencies. The primary magnetite of the
rock-mass would be set free, and become mechanically
entangled in the limonite. Although no analysis was
made, it will probably be found that the content of titan-
jum and chromium will be appreciable, and that the phos-
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phorus content will not be negligible, since the com-
position of the residual iron ore will be partly determined
by the composition of the igneous rock from which it has
been derived. The presence of ilmenite, chromite, and
apatite in the basic igneous rocks would be expected te
contribute the impurities mentioned.

Quite similar iron ore to that deseribed above occurs
on the surface of the serpentine area lying to the east of
Trial Harbour. Tt is present sometimes in small frag-
ments, forming a regular ironstone gravel, sometimes im
nodular :wmasses of irregular shape, and sometimes in
cemented masses. The mode of origin is quite similar te
that of the material occurring with the gabbro-amphibe-
lite, being derived from the iron compounds set free in
the weathering of the serpentine, and including residual
magnetite from the same rock, some of which is probabls
itself secondary, having been set free from the olivine of
the peridotite in its conversion to serpentine. On one of the
northern hill-slopes about }-mile east of Trial Harbour,
the iron ore is very abundant, and several shafts have been
sunk. This work appears to have been carried out many
years ago, and the shafts are mostly in a state of disre-
pair; in this case, also, the limonite seems to have been
mistaken for the gossan capping a lode-formation. There
appear to be five or six shafts at this locality, at varying
distances apart, sunk in a line on this hill-slope. The
deepest appears to be over 30 feet, and is in limonite
with magnetite, most of the way. The shaft is inacces-
sible. Fragments of serpentine on the dump-heap indi-
cate that this rock was encountered in sinking, and it is
probable that the shaft bottomed on this rock, which forms
bottom at varying depths below the present surface, If
the limonite cover at this point is as much as 30 feet, the
thickness is probably exceptional, as the serpentine rock
itself outcrops at intervals through the limonite cover.

A sample of the limonite (which carries entangled mag-
netite) from the collar of the deepest shaft, was submittad
to Mr. W. D. Reid, Government Assayer, who reported—

e R R . 5207 per cent,

The grade of ore is certainly satisfactory if quantities
are available, but this fact remains to be proved. The
thickness is likely to be variable. While placing on record
the occurrence of this secondary iron ore, the writer is of
opinion that it can scarcely be regarded as of commercial

importance under existing conditions, although it should
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Be worth further investigation if a local demand for iron
ore arises.

It should be borne in mind that it is not a gossan form-
g a lode-capping.

(8) —SUMMARY OoF THE GENESIS OF THE ORE-DEPOSITS.

As explained in the chapter on General Geology, at the
elose of the Silurian era the area under review was occu-
pied by sedimentary rocks. These rocks belonged to two
distinct periods. The older series (formed, probably, in
Cambrian or Ordovician time) having been intensely
erushed and altered by earth movements, were again partly
or wholly submerged beneath the Silurian ocean, and
formed the bedrock on which further sediments accumu-
fated. The succeeding period of uplift exposed the sedi-
mentary rocks once more at the surface.

Up to this time, no ore-deposits had been formed.

The comparative calm of the Silurian era was succeeded
by a period of intense igneous activity in Devonian time,
when all the primary ore-deposits of the district were
troduced.

Owing probably to some decrease of pressure, a huge
mass of molten rock-material was introduced into the
deeper portions of the earth’s crust. As this mass com-
menced to cool, the processes of magmatic differentiation
became operative, causing a partial separation of the orig-
mally more or less homogeneous mass, into two sub-
magmas, one containing the more basic constituents, and
the other the bulk of the water and more acid constituents.
After a time, owing to some further variation in condi-
tions of pressure, this basic mass was forced up towards
the surface, rising to very different heights at different
points. With this basic material was introduced the
nickel, the magnetite contained in the basic rocks, and the
iron compounds now forming the secondary iron ores
covering the basic rocks. As this molten mass of basic
material gradually cooled there was a tendency for the
more basic material to still further segregate and accumu-
late near the margin of the mass. With this more basic
material the nickel became more concentrated, this
concentration becoming more marked as cooling
proceeded. With the nickel were associated iron and
sulphur compounds, and when such a condition of tem-
perature and pressure was reached that they could no
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longer remain in solution, certain of these elements entered
into combination and crystallised out as pentlandite and
pyrrhotite, just as other of the elements present com-
bined to form other rock-forming minerals (for example, as
iron, magnesium, and silica combined to form olivine).
Thus, the writer believes the nickel ores to have been the
earliest-formed, and is of opinion that the pentlandite is
to be regarded as having become concentrated under the
action of magmatic differentiation processes, and to have
crystallised out as the magma cooled, with the true rock-
forming minerals.

The intrusion of this mass of basic igneous rock must have
had a considerable effect in weakening the crust and causing
fissures in the overlying rocks. It is doubtful whether the
basic rock itself reached the surface at all, though it may
have done so in the form of dykes at isolated points: the
bulk of the rock consolidated at a considerable depth.

Closely following upon the consolidation of the basic rock
the great mass of more acid material was forced up into the
crustal region, and with it were introduced the metals which
enter into the composition of all the ore-deposits of the
district, other than those mentioned above. The acid
magma was introduced at an extremely high temperature,
and the overlying and adjacent rocks were tilted and sub-
jected to great pressure. As the magma gradually cpoled,
magmatic differentiation caused a partial concentration of
certain of the constituents in particular localities. At soms
points the magma became particularly rich in metallic com=
stituents such as iron, zine, and sulphur, and solutions rick
in such elements forced up under considerable pressure
through the overlying rocks which had been previously
fissured, resulted in the formation of the contact meta-
morphic deposits. Tt would seem that in some cases &%
least the solutions traversed fissures in the earlier formed
basic rocks, deriving from them some of the material whick
entered into the composition of the minerals of the ore-
deposits. These deposits appear to have been formed prioe
to the consolidation of the granite. As cooling proceeded
the rock-mass tended to form sub-magmas of slightly dif~
ferent composition, as explained in detail elsewhere, the
metallic constituents from the molten mass tending to aces
mulate at different points. The outer crust of the mas
eventually solidified, and as cooling proceeded, the solid
crust grew thicker. In the meantime the still molten ces-
tral portion of the magma was becoming progressively mome
acid. Contractional stresses induced by cooling caused
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strains in the solidified outer crust of granite, which
eventually resulted in the formation of fissures. These
fissures in some cases allowed the escape of some of the
still molten rock material to form dykes of granite porpnyry
and aplite, and as is of far greater importance from the
economic standpoint, they connected with some of the reser-
voirs in the heart of the molten mass, in which metallic
compounds had become partially concentrated with other
eonstituents of the magma which were soluble in
water at the high temperature, for these reservoirs
appear to have contained much water. Mineralisers
{ecompounds of boron, fluorine, &ec.) were present,
and played a very important part in the formation
of the ore-deposits. Portions of these concentrated
solutions may have been expelled before the magma com-
pletely solidified, but it would seem that solutions became
most active and most of the veins were formed after the
granite had solidified. It must be borne in mind that the
* golutions '’ at this stage were at such high temperatures
and pressures that they must have existed as gases, and
mot as liquids. These volatile compounds (such as borates,
fluorides, tungstates, sulphides, &c., of the metals) were
set free on the final consolidation of the magma, and being
under extremely high pressure and at very high tempera-
tures, were very active chemically. Rising through fissures
which had been formed in the cooling crust, these gases
attacked the walls, and minerals which had consolidated
from the silicate magma were altered and replaced. As the
solutions reached the upper zones, the temperature and
pressure eventually were lowered to such an extent that cer-
%ain of the metals could no longer be retained in solution
and were consequently deposited on the walls of the fissures
and in the adjacent rock which was penetrated by the solu-
gions. Clearly, the substances which were most insoluble
would be deposited first in the deeper zomes, while the
gelatively soluble ones would be retained longer and
deposited only in the cooler upper zones. Thus we should
sxpect to find cassiterite typically deposited in the deeper
fhigher temperature) zones, galena in the shallower (lower
Semperature) zones, the gangue minerals being character-
Stic. It is obvious that no hard and fast lines can be
d@rawn between the two zones, and there will be consider-
able overlapping, minerals characteristic of both zones being
found at certain horizons. Another factor which must be

" saken into account is the progressive cooling of the solidified

pock-mass during this period of mineralising. Thus a par-
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ticular horizon which was at one period at such a high
temperature that typically high-temperature minerals were
deposited, might later be the repository of a different set of
minerals if the same fissure were again traversed by mineral-
bearing solutions. Still another factor worthy of note in
passing is the variation in the composition of these metallie
reservoirs at different points, which would result in varia-
tions in the mineralogical composition of deposits formed
at approximately the same horizon. )

The processes indicated above have operated in t.ha
granite in forming the various mineral deposits, and in view
of what has been said it is not difficult to understand the
variations in composition which are known to occur.

But at the time these mineral deposits were formed the
granite was covered by a thick layer of sedimentary rocks,
which had been disturbed and fissured in various diree-
tions. These rocks had been raised to a high temperature
by the intrusion of the molten magma, and the mineralising
solutions on reaching the outer crust of the granite mass,
in many cases continued outwards into these sedimentary
rocks, the fissures in the rocks giving the solutions the oppor-
tunity to escape. In these rocks they continued their work
of altering the wall-rocks and of depositing their metallie
burden. Thus ore-bodies were formed in the sedimentary
rocks as well as in the underlying igneous rocks, their strue-
ture depending partly on the nature of the rocks them-
selves, and partly on the fissures which had been developed
in them. As the solutions migrated further and further
from the magmatic reservoir into regions of lower tempera-
tures and pressures, the general characteristics of the
mineral deposits which were formed changed from those
of the deposits formed in the heart of the igneous rock, and
typical low-temperature deposits were formed.

In the concentration of the metallic constituents of the
magma by differentiation into particular ‘‘ reservoirs,” it
is certain that such concentration was not complete, and
that small quantities of cassiterite crystallised out from the
silicate magma and were included therein upon its com-
solidation to form the granite rock. This became important
at a later stage

With the close of this period of igneous activity, the
introduction of ore material into the district ceased. The
igneous activity was succeeded by a long-continued period
of quiescence during which degradational forces were active
in wearing down the land surface. The operation of thess
forces had an important effect on the district from the
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economic standpoint, for a great thickness of overlying
rocks was removed and the ore-deposits were exposed at the
surface. As the rocks were more deeply dissected the
upper portions of some of the ore-deposits were removed,
and as a large portion of the area was worn down to a
general base-level, and a river system developed which
differed somewhat from that of the present day, the material
from the higher ground gradually accumulated as the grade
of the streams became too flat to allow of its being carried
%o the sea. With this material was a good deal of cassiterite
derived from the ore-deposits which had been degraded,
and a certain amount from individual crystals set free in
the disintegration of the granite itself. Upon a subse-
gquent uplift of this base-levelled area, the rivers were
rejuvenated, and started cutting down their beds again.
This process has continued up to the present time, and
the older deposits of alluvial material have been dissected
and the heavier constituents reconcentrated to form the
secondary tin-ore deposits of the district.

The secondary iron ores have been formed in recent times
By the action of weathering agencies.

(9)—BuILpING AND ORNAMENTAL STONES.

Although in the past nothing has been done in the way
wf utilising any of the rocks of the district for building or
sruamental purposes, the possibility of such being done i3
worthy of brief mention. In this connection mention may
for convenience be made to the available rocks under sepa-
yate headings.

Granite.—The granite of the district is the only rock
which is likely to be used for building or ornamental pur-
m. although nothing has been done with it in the past.

varieties of granite in the district have been described
= detail elsewhere, and it has been pointed out chat all
are closely related, being derived from the same intrusive
mass. The pink granite, which is of medium to coarse
grainsize, the relative grainsize being even, is a handsome
wock which would make an excellent building stone if more
Savourably situated. It has been shown to take a good
polish, and is a hard rock, its handsome appearance giving
# a possible value as an ornamental as well as a building
wone. An excellent illustration of a polished slab of this
granite, collected by the writer, has been recently repro-
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duced in natural colours in ‘‘ The Building and Ornamental
Stones of Australia,”’ by Richard T. Baker, F.L.S.,(**)
page 32. The rock compares very favourably with other
““red "’ granites of Australia illustrated in the work
named.

Varieties of this rock are typically grey in colour, but the
quantities available are smaller; the rock is handsome, pale
flesh-pink orthoclase felspars showing a tendency to develop
porphyritic erystals.

More abundant than this grey rock, and second only to
the ‘‘ pink " granite, is the ‘* white '’ granite of the dis-
trict (also known as the tin granite). It is a handsome fine
to medium-grained rock of even grainsize, and would prob-
ably take a good polish. The distribution is wide, but the
variety is not quite so accessible as the coarser-grained pink
variety, although if an industry were ever established, it
would almost certainly claim a share of attention.

Although there exist here rocks which would be prized
if they occurred under more favourable conditions, it must
be admitted that at present they can scarcely be regarded
as of economic value. They are far removed from a centre
of settlement, and working costs would be high. Although
the facilities for working are good, the coastal cliffs, rising
to over 300 feet, presenting faces which could be exploited,
the cost of transport would be considerable at the present
time, the unreliability of Trial Harbour (the only port
available) having been explained elsewhere.

The rocks undoubtedly have many distinctly favourable
features. The colours are certainly pleasing and are com-
paratively regular over considerable areas. Tourmaline is
present in small aggregates and sometimes filling minute
fissures in the pink granite, but in this rock its presence
would not detract from the handsome appearance of the
fresh rock. Where exposed, the granite appears to be fairly
free from cracks, and as the rock is usually little altered
even within a few inches of the surface in the cas: of exposed
outcrops, there would be a minimum of waste in working.
This freshness almost to the surface indicates that the rock
would be durable,

There is reason to believe, therefore, that in the future,
when the local demand for such material increases, the
Heemskirk granite may be exploited as a building and
ornamental stone.

(1%3) Published as Technical Edueation Series No, 19 by the Department
o Public Instruction, New South Wales, 1915,
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Serpentine.—This rock is scarcely likely to prove of value
as a building or ornamental stone, judging by its appear-
ance on surface outcrops and in the only mine workings
available (Nickel Reward Mine). It is usually a dull-bluish
colour, sometimes bluish-green, and does not show the bright
tints and variegated effects which render some serpentines
valuable. There appeared to be little variety in the
exposures available for inspection at different points.

Slate.—Mention has been made in the course of this
report of the large development of slates of Pre-Silurian
age. At no point visited, however, did these rocks give
any promise of being of value for flagging or roofing. They
are usually indurated, but are not fissile, and cannot be
regarded as being of any economic value.,

(10)—PossiBILiTiES OF PYRITE CRYSTALS IN WIRELESS
TELEGRAPHY.

The occurrence of abundant erystals of pyrite in the soft
pipe material which has been profitably worked for its
cassiterite content on the Federation Mine, has been noted
elsewhere. Perfect crystals varying in size from J; inch
to over 1 inch across are common. The forms represented
are the cube and the pyritohedron, and combinations of
these forms. The cubes are usually perfectly regular: they
sometimes show striated faces, but not always so. Groups
of crystals intergrown are frequently found, also pyrite
intergrown with cassiterite, tourmaline, or quartz, or with
more than one of these minerals. In many cases, however,
the mineral is pure and fresh and faces regular.

Owing to the reported value of such crystals for use as
detectors in connection with wireless telegraphy, the writer
selected crystals of various sizes and showing various com-
binations, as well as samples showing only cubical and pyri-
tohedral faces, and despatched one parcel to the Wireless
Telegraph Station, Melbourne, and another to the Wireless
Telegraph Station, Flinders Island, with the request that
the officers in charge might test them and express an
opinion as to their value in wireless work.

The officer in charge at Flinders Island wrote:—

“ 1 have forwarded some of your specimens away to be
specially treated: result you will be advised. They are in
the present state semsitive, but below the standard; but
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may be improved witl:lb t,reatmelagt..” I find galena of a par-
icu i ives the best results. y 33 i
tml‘l:Tloa rfﬁrl-ltll(]leﬁ advice was received, although it is posml:)l:
that the crystals were forwarded to Me_]bourne, and t :d
the results were included in the following reply_rec,e];;'l
from the officer in charge, Wireless Telegraph Station, Mel-
b Is of i ite. 1 have
e in receipt of your crystals of iron pyrite. [
triedIaa]t::nilll)le of I:InzenA specimens as detec.t.qra for w1rela:|
receiving, and they are all more or less gensltwe: Howev_':“.
I did not get such good regu]ts as with the iron Ip{;lnk
crystal that we have been using for some months. tl %
the crystal we use comes from Java, and it appears no .
have so much iron in it. I do not think that there wou
be any commercial value for our work, as the demeyn;dl is so
limited, and a crystal practically lasts for ever mtf c;i]ze
and cleanliness. X (') gets Ts. 6d. per crystal for h_e
Java stuff, but the only demand since the war are ship
OP;‘P:;:::‘Sl-he above it would appear that the crysta.ls.:;abvie
at present no value for wir_eiess work. A_lt-hougilé sul }e
crystals bring good prices, it seems that it woube sca;so:eg
pa{v under present cireumstan_ces to ha_vg numbers
in the hope of finding an occasional sensitive one

(") Name suppressed. —L,L.°V,

VI.—THE HISTORY OF MINING ON THE
FIELD.

The early history of mining in the Heemskirk district
makes interesting reading, and the writer proposes to record
the main incidents, so far as they can be ascertained.

Reviewed broadly, several chapters in this history stand
out prominently, indicating the phases through which
mining in the district has passed. These may be called
the periods of (@) prospecting, (6) boom, (¢) collapse, (d)
neglect, (¢) recovery.

(@) Prospecting.—This chapter provides a story of
pioneering work, of courage and hardihood, of indomitable
pluck and endurance in struggling against and overcoming
difficulties, which compels the warmest admiration. What
these difficulties were can only be appreciated by one
familiar with the West Coast of Tasmania. The inacces-
sibility of the district was one of the greatest drawbacks.
The nearest settlement in the early prospecting days was
at Mt. Bischoff, some 35 miles distant. But mere distances
convey little idea of the difficulties which confronted the
pioneers, for nature seemed to have opposed obstacles at
every turn. The nature of the country is f:)rbiddilng, moun-
tain ranges rising to 3000 feet, intersected by deep gorges
earrying streams liable to flooding at short notice, and
oceasional strips of open plain country liable to be con-
verted into marshes in the wet season. The mountain and
hill slopes were usually heavily timbered and almost impene-
frable scrub, in which horizontal, bauera, and cutting-

grass were prominent, covered large areas: the barriers
offered by these shrubs are well known to those familiar
with the West Coast. The climate increased the pros-
pector’s difficulties, as rain was almost incessant, and falls
of snow on the higher ground, dense fogs, and gales of
wind were frequently encountered. Added to these natural
ebstacles, was the scarcity of food in these solitudes. An
sccasional kangaroo on the plains, and wombats which
wsually avoided capture, made welcome if infrequent addi-
fions to the Prospector’s larder. The necessity for carry-
g all supplies on his back obviously hampered the opera-
Sons of the hardy ploneer enormously.

On account of the difficulties of the overland routes 1o
the district, some of the parties travelled by boat, landing

I
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t Macquarie Harbour or the mouth of the Paeﬂ:a::) tl-h:;!i:
: d w;lrking from either of these. places aio a n}: e.ant
:lilethod of travelling was expensive and S0
111\0?1'131'11&-; discovered in the district by the 15“’%%5('33&
S Tn;l:;t“:urveyor in charge of th_e West @oas{;s%lg T t o

Ft:arwz;.rds Surveyor—General) in Apr;l_. rocee;ied P .
. instructions received, Mr. Sprent p aied
up‘?)? Cape to Waratah, and there formed a pa y‘i i
'_I‘a Bof ]ﬁessrs, David Jones, John Bourke, tal.:; oo
g, sting cut y examn wd opet o U 20l

1 © !

e RME:‘LEEISZ}:? La}':; Yellow Band Pllain, over foth;e E:.::
i ’M%[ os Mguntain to the Pieman River near I ']iom
Hon 't?h the Meredith River. Returning for p:o?i;l .
tion wi re joined by Mr. Frank Lempriere, and],ﬁ a:m t,a.gin,
o thlerly course from the Parson’s Hood Mo e
g 50;1 eventually crossed the Plel:nan Rwe:hn -
e Pt i tion with the Heemskirk River from t! glsoﬁm;

e lté !l\lilll:c Heemskirk, and after spending a 11;, e o

reachedﬁ and taking general observations as tot tz ?-:tura

Bt the ngt were compelled by bad weather i

% i ‘ry"['in ore was discovered on this trip, app

- Warat:llié west side of Mt. Heemskil_‘k, gold, Fl;tlﬁl;:

enﬂ}j}')'l{:; osmiridium), and copper belqg re{:g? ea -

e a1 }' lities as a result of the same trip. is }Lpeth

o Oc?} en the first authentic discovery of t11111 1 o

it havli' lfdistrict. and Mr. Sprent’s report of the r:ct,in;

}ie‘irﬁliss 1tt;'ip resulted in the commencement of prosp

of t s

Opel‘atl()sfz"sﬁm :a;gﬁtltﬁree prospecting parties v;mted ntz

5 1k k (;)istrict, on behalf of various’prospectlngt syh“‘

e Il\.r{' ssrs. Owen and George Meredith appea-rbotwu

et t.e:iqbon. the Pieman and in the couniﬁy e re-

fﬁzip:?ver and the Heemskirk Ral;ge.t.?:':?t;}zrgh Iﬁ%ﬁm.
‘ i .ach of B0 acres, for t1 g

i fou'll-_‘]:::gzl;:t‘,igza appear to have been the ﬁrst.f b:h:

klﬂ{- district. About the same time a party o b

B o bl? ‘\Ir. Charles Donnelly, trav_elled per he b

1(1‘19111, 1l13d" fj'l‘Ol'.ll flnbart to the Pieman R]VEI"P aan ;ﬁx
(Horamskirk. and another party, led by Mr. T B
e y Pi*laed through to Heemskirk from New No{' o a
tSrta‘((‘zlﬂir and tEe Eldon Ranges, [:;mgnntghpsr(:zils:gns %‘Mh y
- ; ty returne y 1 . <
1312::1:: 'paIr):i::e:gp:al:‘:rtz have taken up ground for thes

respective syndicates.
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In a recent letter to the writer, Mr. David Jones (now
district surveyor at Waratah) states: ‘“ When we went to
Heemskirk again in 1877 we had a lot of surveys to effect.
Other sections [besides those of the Meredith Brothers.—
L.L.W.] were marked off by Gam. Webster, Con. Curtain,
McCaviston, and further south at Mt. Agnew, Charles
Donnelly, Frank Long, Joseph Harman, and Alex. Teng-
dahl.”” Mr. Jones continues: ‘“ The first tin ore from Mt.
Agnew was obtained by C. P. Sprent and Frank Long and
taken into Waratah' by John Bourke and myse%f. I
obtained a horse from Mr, Kayser, manager of the Mt.
Bischoff T.M. Co., rode to Burnie, and forwarded the tin

ore from there to Dr. Bautler, of Hobart.”’

gard to some of the earliest alluvial work on the
A. S. R. Osborne (now of Ascot, Queensland),

With re
field, Mr.

writes : —

“T call to mind that the first syndicate to prospect for

a payable tinfield that way [i.e., Heemskirk] was formed

in Hobart, that the directors were of that city . . that

about six men were despatched by ketch to Macquarie Har-
bour, thence by land to Heemskirk, with a complete sup-
ply of alluvial mining tools, stores, &c., for six months,
that work was commenced on a creek fed by the mount,
and strongly recommended by the late Mr. Surveyor Sprent
as being rich in tin. A sluicebox was made and placed in
position, and sluicing commenced—taking the whole width
of creek washdirt, perhaps 15 feet wide—and after one
month’s work some six bags (600 1bs.) of tin were recovered.
The owners would not credit the result as reliable, and
operations were continued until the ereek (gully, really)
was scooped out up to the bare rock slope of the mount
without further recovery: about this time one of the
original prospectors put in an appearance to indicate to

e manager where good payable tin was situated, but to
that gentleman’s chagrin he was reluctantly compelled to
acknowledge that he and his mate were in grievous error,
and hence that part of the locality was abandoned and the
men's services transferred to a point about 5 miles beyond
the mount proper towards the Pieman River, to test
another gully for tin recommended by Mr. Sprent and the
prospectors, Frank Long and another, but little tin was
found, and this also was abandoned.”’

About the same time Mr. C. Donnelly went to Heems-
Rirk with a party of 12 men and two horses. on behalf of
the Great Western Prospecting Association, and some allu-
wial work was done ; the Meredith Brothers also took a party
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of men by ketch to the Pieman, Epd staPrted ewzgirllfgorz &hﬂ-ﬁ
: Bay and Pieman River Prosp .
?ifmfhe IEI::H::aithei case, however, did the ground prove pay
a‘bl’t‘!-Somewhere(“’*") about this time Frank_ Long w]ai.[s ;e;;:
with Joseph Harman to prospect at Heemsklrkhforfll rdc;hjp.
syndicate, and their experience illustrates t.he ti e
uj'rhich many of the pioneers had to endure. T B{h ta:t,ora.
overland from Waratah, the arrangement being ’:. =
of provisions should be sent by sea to Maequari -
vessi:el however, did not put in an appea.ra.nct—zk'lslxlt']:le s
montfxs after her due date, and for five wee R
starred travellers had to exist on a very meag: atﬂﬂny
rallabi being near starv g
badgers and wallabies, often being
(])?freaiifg along the coast to Macquall:e, in t‘t]::l}m hvggfe(;fﬁ x
i = 1 with “¢ tucker, ey -
. Mgsho -4y M h mber of Donnelly’s party,
nate enough to meet with a membe g i
t this time were cutting a trac
E:ibgur through Heemskirk bonground Donnelly hatlil thel::
taken up. Accompanying Donne(l}ly v;asvé}ect)rfz %zn;p:ny
g este
d also been sent out by the Grea ;
'11; co?ltinue prospecting while the former startec‘l work;l;ﬁ
the sections already secured. (;]I? bemtg %on.
acquainted with the troubles of Long a.nd is ma ;]e;
necllly supplied the two hungry men with fa ngiolnt- staoptr}:
isions, and generously packed the stores for them
‘];féoanenty raLong and Harman then Fro;%ected ﬁgarﬂl\g:.
: _ 1 . :
w, discovered alluvial tin, anfl selec gro ’
ﬁﬁﬁe;aying to prospect further while h]IEi com]:];a_n}imﬁ c:lr;s:?:
/P ing s the Heemskir a
over Mt. Agnew, proceeding along -
1 v ¢ Sprent and party were su
what is known as the Gap. I o
i by the Emu Bay Company, a
veying ground taken up by t Y g
t i the same wvicinity, ng
after pegging out sections in me iy, S
arted for Macquaire laden with specimens.
:Itl?:f(;tm?e to s;raiu his ankle en route, but managed to
reach his mate near Trial Harbour, and they proceeded to
arie.”’ 3
M?(‘:‘c‘l"l; On December 25, 1877, Mr. Mark Ireland a.'rn:;:
at Macquarie Harbour with a party from Hob:?.rl‘t( }Cn e
ketch ¢ Priscilla.”” They proceeded via Heemsk}r 0 cte
Pieman River, returning to North Heemskirk and prospeet-

7(3;)_Eztrac7tfmm “The Wild West of Tasmania,” by Wilberton Tille,

o i hlished by “ The Examiner,™

X is information culled from articles published by = 1 amin

La(ug:ze'f:l(::m.[‘u%y 5.7, 10, and 12, 1913—* West Coast Pioneering,” by
i 1 )

Mark Ireland.
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ing the Tasman River flats, which it was decided were not
payable. Returning to the Pieman, they prospected unsuc-
eessfully and then worked back, prospecting between Gran-
ville and Heemskirk. They then packed provisions from
Macquaire Harbour, and took a prospecting trip round the
Heemskirk Range, working from the south end, along the
eastern edge of the range and back round the north end,
the trip lasting three weeks. Members of this party were
Messrs. Mark Ireland, George Bell, and John O’Donnell.
Prospecting was unsuccessful, and the party returned to
Macquarie Harbour short of food. Fortunately the ketch
** Starling ' arrived, having on board Mr. Osborne and a
party of men to work ground discovered by Long and Har-
man, The ketch took Mr. Ireland and several members
of the party back to Hobart via the north coast. Tt is
stated that at this time some tons of supposed tin were sent
%o Hobart, but on arrival the mineral proved to be mainly
titaniferous iron ore, and consequently worthless.

The field may now be said to have entered on the second
period of its history.

Although dealing with a locality beyond the boundary
of the Heemskirk field, it is interesting to note that as one
result of the prospecting activity at this period, a dis-
fovery was made which had very far-reaching effects, viz.
the discovery of argentiferous galena at what is now Zee-
han. This discovery was made by Mr. Frank Long on 8th
December, 1882, when prospecting with Mr. John Healey,
Messrs. William Johnston and William Monks being also
prospecting in the neighbourhood. Although some tem-
porary excitement was caused when the result of this dis-
covery became known, its full significance was not realised
for some years, and serious mining does not appear to have
been attempted until 1890,

As everything for the Zeehan field was in its earlier
history landed at Trial Harbour, and carted inland, it will
be seen that the discovery had an influence on the opera-
tions being carried out on the Heemskirk field.

(6) Boom Period.—This was essentially the period when
the lode tin mines were being opened up and to some extent
prospected. Exaggerated reports of their richness were
furnished by some of the prospectors; the field, as already
mentioned, was inaccessible, and the reports received caused
great excitement. After examining the mode of oceur-
rence of the tin ore on the field, the writer is prepared to
believe that many of the reports furnished in these early
days were not wilfully misleading, but that the prospectors
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concerned really believed that their discoveries were of the
utmost importance. The tin oxide does occur (as explained
elsewhere) in rich shoots, and doubtless some of these were
located, and after seeing the rich detrital ore shed by out-
crops at particular points, the finders assumed, without
adequately testing the truth of their theories, that enor-
mous bodies of rich ore existed. There can be little doubt
that in some cases the estimate formed of the actual tin
content of some of the stone was also exaggerated, the
wish being in reality father to the thought. Doubtless the
knowledge that the Mt. Bischoff Mine had about this time
an output of about 250 tons of tin oxide per month, also
led to exaggerated ideas being formed of the value of the
Heemskirk lodes.

There can be no question of the integrity of most of the
directors of these properties, who honestly believed their
mines were as rich as they were represented to be.

The facts are that excitement prevailed, money was forth-
coming in abundance for the new field, and as a conse-
quence, speculation was rife. Undoubtedly many sections
were pegged (and actually floated in some cases) which had
no prospects whatever. An idea of the state of affairs may
be gained by a glance at the mineral charts of the distriet,
accompanying this report. The extremes to which this
pegging-out of ground was carried is shown by the fact that
eight or mnine of the mineral sections extend varying dis-
tances out to sea: in some cases more than two-thirds of
the area of the sections extend out to sea. It is certain
that in some of the sections for which money was forthcom-
ing, a pick had never been put into the ground. There
could eventually be but one result of such wild specula-
tion.

In the case of the properties which had genuine prospects,
however, the period was essentially one of spending money
on surface opeartions—on plant, roads, tramways, &e.—
without due regard to the development of the mining pre-
perties, which should of course have been attended to firsk
There appears to have been quite a stampede to erect bat-
teries, without waiting to determine whether the proper
ties warranted such a procedure. Clearly, this state of
affairs must end disastrously, in some cases at least.

The Montagu Mine was worked in 1879,('*") and tis
ore won therefrom, and about the same time the Montags

(¥) Communication to the writer by David Jones, Esq., District Sur-
veyor, Waratah.
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Extended, Cumberland, West Cumb
gnew, Empress Victoria, Cornwall
Mines started operations, )

élr.lﬁand, Orient, Mt.
i, and Peripatetic
1 In 1880 1 in-mini

tainly attracted attention, and in June.m}gSiml\z;ngng:

reau, then Government @ i

au, . Geologist, report

th}a re'zpqri was not available togthe wrift)fe:" R T

Bboitlstfl_zter?stlug to note that 10 batteries were erected
18 time, and the following list shows the more

important mines, with i
hea,dings of the plant insl;:ﬁ]eeg:cithe” A

Cuu;berl._and Mine.—Manager, A. B. Gallagher :
Westurlél;l;,biol-he;d' le);_ttery, Jigs, and buddles - vy
) rlan ine.—Man :

o wa,terth_aei, 5-head battery, b?lgde(;.l’es - R
tontagu Mine.—Manager, A. R. Iuélet-on- t
. bme._15-head battery, Jigs, and buddles — i
rient Mine.—Manager, T. S. Williams : boil d

steam-engine, waterwheel, 10-head b;ittelerbaltli
dles, and hydraulic concentrator. cvbianied
Cornwall Mme.——l\Ianager, M. Gardiner: waterwheel

stonebreak -
buddle:a er, 10-head battery, Frue vanner, and

CILiff Mine. Manager
& battery, buddles.
eripatetic Mine.—Manager, C H al
] wheel, 10-head battery, buddles (Pt bt
Carn Era,e Mine.——Manager J. T :
wheel, 10-head battery, ’b d '
\’&akeﬁe!d Mille.;Managéf, iy
engine, 5-head battery.
Empress Vlctoria.—Manager. — Gardiner: TFirst

steam hoisting plant, f
ey g p on West Coast, but no treat-

Batteries were afterwards er
_ ected at the New W -
:l;rg.nd. at Sweene_y's. Healey and McIvor's “Kellzrsit;lcuntl
. Clarke’s (old Prince George) Mines. . 4

Early alluvial tin-mini i
p -uning companies were the Mt -
]k’]irk Compan_\', Great Western Company, Emu Bgeeal.?lil
eman River Company, Star of the West Company, Gl
oraTl']I‘anM.mmg Company, and others P
e Orient Company’s battery w'as
: y's battery was the first to st
mhd lglt,t:;grt,::ll geeﬁe]:l,tiat:]ybm 1884, although othero nj::::
' rect their batteries som
Some very interestin i o o
; 3 g particulars concerning this and
mines on the field about this time have bien kindh'o:llll;[-.

, E. Perrow: waterwheel, 5-head

Rabling: water-

portable steam-
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lied to the writer by Mr. Luke Williams .(gow nilanjaige?;
Pflihe Balfour Reward Copper Mine), who v1s_1ted t';keen .
E:n i882. It is interesting to note 1;)ha.tb th:';ﬁeMr 2
L 7'’ (356 tons register), by Ir. d
Ilcihilaer.rlss-st.ravé?lg::{}. was 19 days rJfrom Hobart to Trial Har:
e ingi es and plant to the field
1se of bringing batteries and pls :
ngh:hzipsrlecting them, at this period of 1ti,s hfastglrg,cowr:
ier considerable, and undoubtedly severa {;t,heir s
pa.n);es concerned spent a couside}:a.ble a_l;ounttoof ks
i achinery in the excitemen !
?31111 ‘;\?lll)ilcflilsﬁgu?:{ have b}een available fog dprt(ﬁ.p:cit:lnil :ﬁg
‘ i heir mines. It is fair t-q a a
developlll:ig )t'o‘:)l;blv most cases, the mining managers wen;
castest'oa;)]artle as they did not re(:ommeng‘ thﬂ: erec;i(s)lc:r ezt
ik b s instr by the directors
1 . but were instructed by
ma(;}]lxlirlller)énd dressing plant purchased on account 2£ntt1;e
Smi;uencgn; brought to bear by shareholders‘, who app;wdedy
i:ould not b; convinced that prospecting wlas 5 ert,i“.
This policy was carried out in the ca{lse of sgzﬁrat.,hgse pwhich
1 . v w1
ally good prospects, as well as .
::gltll:litl;gqpr}os;ect-ing would have shown to l;e ttt,)o unpro:
tijn‘ur to warrant any expenditure at all on plant. v
EAt this time there were probably abou;f(}O n};t;,;l ::l;;;r:y -
1 istriet, for Mr. Thureau stated 1n ! rt
IIIéSTLh:hg:-SE);HISBI over 150 miners were employed i)n imt,mghi'
roper and in prospecting.(***) There :)as a;nc:i e
b t the Montagu Mine, a general store -
tlf’rﬁne ; for the field.(***) At Trial Harbour bé
;))orcte of Heemskirk) the tgx_vpship OfthI:eflll:eﬁei ;vg?mnxg
Some idea of conditions on i .
fo?iriled%,hat(()}?‘-‘) wages were eight shillings per shlfﬁ, érz;g]hc:
an stiamer £5 per ton frmq ]?[obart, price of ¢ :to o8
{)t;ed at double rates: still living does not app&za. Pt~
l?een expensive, averaging from ten s]:ulluillgs t.?‘ b::chj_ng_"
lings and sixpence per man per WE?}{. when s
As indicated above, the * _boom sta.gle ‘:11 o ne
rez;sons destined to be short-lived. i!31&:"513 g Oc; ;)he §am-
ti and cammen.cem’ent of wor : A aTie
t}flizn::e‘c::;:l:]e the third period in the history of the distriet.

(¢) Collapse.—About the year 1884 cgrrﬁebt-h}?;.] gzﬁfor'l:
nate event the ** bursting of the }.E[eemsk}r tlt:. . t.h-is .
writer has indicated in the preceding section . a .

1%, Op. cit..p 12, g sl
((“*"; llﬁnrmalzon kindly supplied by Mr. Luke Williams
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was almost inevitable. The tin ore occurs t-hroughout the

district usually in comparatively short but frequently rich
shoots. When batteries were erected, and treatment plants
In position, in most cases available capital was exhausted,
and sanguine shareholders looked to battery returns from
the first few crushings to recoup them for their outlay, and
provide funds for future operations as well as dividends.
In a few instances, if these anticipations had not been
fulfilled, the mines might at least have paid their way, had
sufficient, developmental work been carried out previously,
to open up sufficient ore of a suitable grade, to keep the
batteries working, but this was not done. Tn some instances
shoots of ore which had been located were worked out, but
little was done to locate fresh ones. The concentrating
plants on the whole would appear to have been efficient,

but the operation was usually tedious and costly. High

freights on the tin produced (which in some cases at least

was of the usual battery grade, 68 to 70 per cent. metallic,

as good tin-dressers were employed), combined with a low

market price for the product,(**") also militated against
suceess,

Pyritic ore appears to have been ex
two instances at this stage, and this gave trouble and dis-
couraged the companies concerned, owing to the difficulty
of cleaning the ore (roasting was not practised) and of find-
ing a market for a pyritic concentrate.

Again, in one or two instances- black tourmaline
(extremelv abundant throughout the district) appears to
have been mistaken for cassiterite, with anything but satis-
faction to the shareholders interested, -

The net result of this state of affairs was a loss of confi-
dence on the part of investors in the Heemskirk field, which
meant the collapse, temporarily, of the mining industry of
the district.

The field at this time got a bad reputation, not justly,
which it has never quite outgrown

1icountered in one or

(d) Neglect.—Tt is not surprising to find that the col-
lapse of most of the mining companies was followed by a
period of neglect, during which the field was abandoned to
2 few prospectors. This state of affairs appears to have
eontinued for some years. A few spasmodic attempts were
made to resume work, but nothing of any consequence was
done, as capital was not forthcoming. " Tn 1893 Messrs.
Fowler and Dunn were profitably working the West Cum-

(™) Vide table, p. 300,
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berland property, and about the same time a Htt}e work
appears lt)o ]ll)avey been done on the Cumberland Mine. A
company was formed to take over the old West Cumberlzu}d
properti' a little later, but lmfc_)rtunat‘ely most of the avail-
able capital was spent in bringing water from the Cumber-
land Dam, and in erecting a battery and treatment plant.
Provision does not appear to have been made for a con-
tinuous supply of ore to the battery, and although some
stone was crushed, the quantity appears to have been
small before the mine was once more shut down, and eventu-
ally fell into the hands of the present owners, who hold
the properties of the West Cumberland, Cumberland, and
East Cumberland companies. '

It is uncertain whether this period has not continued
more or less to the present time, but the writer prefers to
regard the present stage as one of recovery. : oA

(¢) Recovery.—Of recent years there has, in the writer’s
opinion, been a tendency for the recovery of the Heemskirk
field from the condition of neglect into wl.nch it had fnllgn.
Although unfortunately little activity is actually being
displayed at the present time, there are indications that at
no distant date there will be many more men employed, and
that several of the mines will be working profitably. After
such a collapse as that which followed the unwarranted
boom of the earlier days, the process of recovery was neces-
sarily slow. ** Prejudice dies hard,”” and public confi-
dence in the field was so completely shaken t.hz}t for some
years the name ‘‘ Heemskirk '’ was alm(_)st sufficient to con-
demn a property : unhesitatingly the writer states that such
feeling is unwarranted, and if the lessons of. ths'z past are
taken to heart. that the Heemskirk tinfield will rise, not to
the dazzling though insecure heights of t_.ht_z bgox_:u per.'lod,
but to the position of stability and productivity it is entitled
to occupy. X

A discoverv which caused some excitement of compara-
tively recent vears, and which for a time put new life mt’o
the field, was the finding of rich tin on Mr. John Mayne’s
farm, 2 miles south of Mt. Agnew. In the earlier his-
tory of the field, this ground formed part of the West
Orient Company’s section, and adjoined the Orient lease.
The rich detrital deposits of tin ore were but 8 chains dis-
tant from the battery of the old Orient Company, and yet
their presence was not suspectred-. This may have begn due
partly to the fact that prospecting was confined mainly to
the granite, instead of being extended to the adjacent slates
as well,
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Long after the Orient Company ceased operations, Mr.

John Mayne established a farm whose boundaries included
the tin deposits, and lived for some years within 5 or 6
chains of the spot where a small forfune lay waiting for
him to claim it, ‘

Referring to the discovery of this rich ore, Mr. Donald
Clark(*"!) says: ‘‘ His [Mr. John Mayne's] boys wanted a
holiday, so he gave a provisional promise that if they could
show him a claim yielding a pound of tin to the dish they
should have it, as well as a cash bonus. The boys never
went more than 300 yards from the house in which they
had lived for years, got a prospect from the base of an
uprooted tree, and earned their reward. The father and
sons started to work, pegging out a Lomparatively small
area, for they then thought that in such a patchy place
they would soon work it out. As time went on discoveries
were made which caused the fortunate owner to form a
different opinion. A small pot-hole on the side of the hill,
only a short distance from his back door, gave nearly £1000
worth of metal. A couple of men could have easily taken
all the stuff out in a day. Lode after lode was opened,
giving pounds weight of oxide to the dish, and without hav-
ing done as much sinking as a wombat would have gone
through in the time, upwards of 30 tons of oxide were
extracted by the most primitive means.”

This version varies slightly from that given to the writer
while on the field, by one who was in the district. which
was to the effect that one day a piece of stone was picked up
on the hillside as a suitable missile to alter the course of a
straying cow belonging to the farm: the ‘* stone ™’ was
found to be very heavy, and its weight led to enquiries
being made in the locality as to its nature, apparently
unsuceessfully for some weeks owing to its unusual colour
and form. Tts subsequent identification as tin oxide led
to the discovery of the detrital ore. The writer cannot
verify either story, but it seems ciear that the discovery
was not due to systematic prospecting, and that its import-
ance was not realised at first. The discovery appears to
have been made about the end of 1901. The first official
record is that of the Secretary for Mines in his report on

the ““ Progress of the Mineral Industry of Tasmania for
the quarter ending 31st March, 1902.”

This discovery led to a decided revival of interest in the
Heemskirk field. The property was sold early in 1903, and

0y € Australian Mining and Metallurgy,” by Donald Clark (Critchley
Parker, Publishers), First Edition, 1904, p. 225.
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a bright future was anticipated for it. Rich tin certainly
was won and dividends were paid for a time.

Unfortunately the mine was shut down after a compara-
tively short life; the careful prospecting of the locality
which might have resulted in the discovery of other ore-
bodies along the line of contact, does not seem to have beeu
carried out.

The adjoining property has been working profitably for
some time, though in a small way only.

The successful operation of several of the smaller pro-
perties on the field, although working under adverse con-
ditions, will assist in this process of recovery, and the opera-
tions of the Heemskirk Tin Syndicate at the north end of
the field(***) should have an influence in restoring confi-
dence.

The presence of pyrite in some of the tin ore treated in
the past has been considered an almost insuperable diffi-
culty, but the successful treatment of densely-pyritic tin
ores elsewhere, by roasting, regrinding, and concentrating
the pyritic concentrates, shows that this difficulty can be
overcome: this fact seems to be realised now, and the
difficulty is after all a minor one, if the tonnages of ore,
and sufficiently high tin content of that ore, are available,
more particularly as the ore is not, as a rule, densely
pyritic.

The writer has derived some of the information con-
tained in this chapter from written communications received
from Messrs. A. 8. R. Osborne, Luke Williams, Mark Ire-
land, and David Jones, to each of whom he would tender
sincere thanks: he has also consulted *“ The Wild West of
Tasmania,”’ by Wilberton Tilley.

(™) Vide Geol Sury. Tas. Report 6, 1015.
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VII.—THE MINING PROPERTIES.

(1)—Consolidated Lease 3917w and Section 57656m, J. H. 8.
Munro. (The Federation Tin Mine. )(*°)

Location.—The Federation Mine 1s situated near the
southern end of the Heemskirk Range, on the western slopes
of the range. It is distant about 7 miles from Zeehan by
air-line, in a south-westerly direction. It is only about 2
miles from the coast, Trial Harbour being 3 miles to the
gouth, and connected by road with the mine,

Access.—Access i+ given by the Zeehan-Trial Harbour-
Corinna road, which approaches within about half a mile
of the property: a branch road connects with the mine.
By this route the distance is 14 miles from Zeehan.
Unfortunately the road is in a bad state at many points,
rendering carting difficult and costly. There is a route
shorter by about 34 miles, available for pack-horses only,
branching off from the main-road about 2 miles beyond the
Comstock, and climbing over a high saddle of Mt. Agnew.
This track is steeply graded in places, but is in fair condi-
tion, with the exception of a few culverts which need renew-
ing.

Although necessaries are at the present time carted by
road from Zeehan, there is a steel tramline of 2-feet gauge,
construeted to Comstock between 6 and 7 miles, which
could be utilised if necessary.

On the whole the grade of the road is good, yet several
deviations would be advisable if there was a prospect of
much heavy carting. When repairs are being effected on
the road, attention should be given to the carrying away of
rain water, for neglect of this precaution in a district of
very heavy rainfall has been largely responsible for the
present. bad condition of the road.

Area of Leases.—The area held at the time of the writer’s
examination was 308 acres, comprised in a consolidated
lease, 3917w, of 268 acres, with an adjoining lease on the
south, 5765m, of 40 acres, both charted in the name of J. S.
Munro. There is also a water-right, 784w, of 15 sluice-
heads, on the Cumberland Dam, also held by J. 8. Munro.

(*™) This report was prepared prior to the writing of the remainder
of the bulletin, as an advance report : it has sinee been slightly modified
in a few places, but has not bren rewritten, hence there is a slight dupli-
cation in some particulars of what has been written.
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The adjoining sections were all vacant at the time of
examination.

Comprised in the present Federation lease are proper-
ties which were previously owned and worked by separate
companies: the West Cumberland. Cumberland, and East
Cumberland properties are all included. also the New Cum-
berland, which was formed to incorporate both the Cumber-
land and West Cumberland properties. Tin was discovered
in 1875, and work has been carried on very intermittently
since that. date.

Since Mr. G. A. Waller, Assistant Government Geolo-
gist, reported on the property in 1902, very little work has
been done excepting at what are known as the tributers’
workings, on the western slope of the hill, where some rich
tin was won, so that this report must necessarily be to some
extent a repetition of what has appeared in Mr., Waller's
report, more particularly in the descriptive section.

Topography and Water-supply. ~Topographically the
mine is very favourably situated, with respect to prospect-
ing, exploitation, and mining: the topography, too, offers
exceptional advantages in allowing of the storage of water at
a high elevation, and its utilisation for power purposes. The
mine is situated on the western slopes of Mt.Agnew, about
2 miles from the main peak. Mt. Agnew slopes steeply to
the west for about 1400 feet to the level of the Cumber-
land Creek, where there is a basin rising again towards the
west, and then falling away steeply again to the coastal
peneplain, about 600 feet above sea-level. West of the
Cumberland Creek in the vicinity of the Federation Mine,
there is practically no timber, the hill slopes being covered
with button-grass, with bold granite outcrops forming pre-
cipitous cliffs in places. The upper slopes of Mt. Agnew,

however, are thickly wooded with splendid timber, which
extends down to the level of the Cumberland Creek: a
large area here has been reserved by the Government from
leasing.

The basin at the foot of the steep western slope of Mt.
Agnew, which really forms a hanging valley, with the Cum-
berland Creek flowing through it, has been turned into an
artificial lake by means of a short embankment across the
rocky defile which forms the natural outlet of the creek.
This body of water, now known as the Cumberland Dam,
is reserved from. leasing. Tt was previously known as the
New Cumberland Dam.

Something of the value of this magnificent body of water
will be realised when it is said that the water is dammed
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back over a mile, and its volume is stated to be about
100,000,000 gallons. The capacity could readily be
increased many times over, by raising the embankment
and by-wash. The embankment is only 1 chain in length;
it is very substantially built and faced with granite, and
on the present embankment as a base, the higher wall may
confidently be erected. The catchment area is certainly
limited, but the rainfall is generally so abundant that by
increasing the storage capacity any dry spell can be safely
negotiated.

Such a body of water stored at an elevation of 500 feet
above the machinery site presents obvious advantages. At
the Federation Mine, 450 feet of pressure can be obtained
at the present battery site, by means of a race 94 chains
in length, and pipe column of little over 1000 feet.

Further reference is made to the Cumberland Dam in
another part of this report.(**)

The old West Cumberland Company brought water from
Packer’s Creek to work their battery by means of a water-
wheel, which, however, was situated at a lower level than
the present battery. This at once suggests that for dressing
water, a race might be constructed from Packer’s Creek,
at a higher elevation than the old one, to the present bat-
tery site—a perfectly feasible plan.

So that with regard to water-supply the Federation Mine
is highly favoured.

The topography of the locality has played an important
part in the prospecting of the property, and is destined to
be of great assistance in its future development. During
the long period of degradation to which the region has been
exposed, the streams have cut deeply down into the granite
mass, dissecting and exposing the lode-formations. The
immense advantage of this state of affairs will be recognised
when it is remembered that towards the centre of the pro-
perty the elevation is nearly 1800 feet above sea-level,
while in the creek bed on the western boundary it is only
about 700 feet. This means that the outcrops of the lodes
are exposed in some instances, at points deep below the
original surface, where they may be attacked and exploited
at a minimum cost by means of adit levels and crosseuts.
80 in this respect nature has done much to assist man to
win some of her hidden treasure, which would otherwise
have been inaccessible without deep mining.

(™) Vide supra, pp. 7, 24-26.
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Geology.—The geology of the locality is comparatively
simple. During Devonian times there occurred a period of
intense igneous activity in different parts of the island. In
the district under review there was developed at this time
a series of sedimentary rocks, now removed by denudation.
Into the rocks, deep below the existing surface, huge masses
of molten material were forced, and cooled and consolidated
gradually, under conditions of high pressure. As the outer
crust of the granite cooled, it also contracted, and fissures
were formed in the solid material, which offered a ready
means of escape to the superheated and chemically active
vapours and solutions which had gradually become concen-
tarted in the heart of the still molten mass, owing to a
process known as magmatic differentiation. These vapours
and solutions carried the metals in solution, and deposited
them with the non-metallic contents, under conditions of
reduced temperature and pressure, nearer the surface, since
the solvent action of the vapours was lessened under such
conditions, These fissures were in many cases minute
originally, but the rock-walls were attacked, some of tl'm
material taken into solution, and other deposited. So in
the actual lodes occurring, we frequently find a central vein,
bounded on either side by altered granite which merges
gradually into normal country-rock. Tt generally happens
that the central vein carries tin oxide, but that the vein
material fringing this central vein, also carries dissemin-
ated cassiterite. . .

The mineralogical composition of the ore is comparatively
simple. Tt frequently consists of quartz, black and green
tourmaline, and cassiterite: pyrite is sometimes present,
In most cases where absent, it is probably only as a result
of weathering, and it will be found in nearly all instances
in the true primary lode-matter. The presence of pyrite
has in some cases been a serious hindrance in the successful
working of the ore-body, and in fact in the earlier history
of the property good shoots of tin ore were regarded a8
valueless when accompanied by pyrite, as a market could
not be found for a pyritic concentrate.

Exceptionally a little fluorite is present. Native hismuth
and bismuthinite have been reported from the propertys
these minerals do sometimes occur in the vein-type.

Mispickel is apparently present in small amount in ome
or two localities.

Wolframite may be found in places: none is known &
occur in sifu on the property, although it has been fou.lﬂ
in the alluvial. Tt dpes occur, however, associated with
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cassiterite on an adjoining section. Blende also oceurs on
an adjoining section, but has not been located on this pro-
perty. Tourmaline is always abundantly represented, both
black and green varieties being present : the latter is usually
the more favourable for tin, but in some cases it is absent,
and yet rich tin occurs, as, for instance, in Gray’s lode.

The cassiterite varies considerably from point to point, in
grainsize and colour. In places it is crystalline, in jet-
black crystals, or again the crystals may be brown and
translucent. It also occurs extremely finely divided, of a
light-brown colour, and apparently without crystalline
{)orm. Various occurrences will be dealt with in more detail

elow.

With reference to the actual distribution of the tin in
the lodes, the work already carried out gives certain defi-
nite information as to (a) the longitudinal, (4) the vertical
distribution of the tin values.

It is evident that the richer tin occurs in definite shoots
in the lodes, different shoots being connected by lode
material which generally carries disseminated cassiterite,
although sometimes not in payable quantities. The longi-
tudinal distribution of the tin in shoots should be always
kept well in mind when carrying out future prospecting
and mining operations. The lode channels are generally
distinet and easily recognisable, and should a lode be cut
at a point where the tin values are low or absent, it does
not necessarily follow that the lode is of no value: prospect-
ing along the length of the lode is to be strongly recom-
mended, to try and pick up a shoot of rich ore. The topo-
graphy of the property has been described, and mention
made of the fact that the granite, with included ore-bodies,
has been deeply dissected by various creeks. One result
of this dissection is that a vertical section of nearly 700
feet at a maximum has been exposed of some of the lodes.
This is a fact of considerable importance, not only scientific-
ally, but because of its practical bearing. Not only does it
mean that the lodes may be worked economically, but
definite information is yielded with regard to the continuity
of tin values to a considerable depth. At the deepest point
at which the lode has been cut, the tin values do not appear
fo have suffered any deterioration. This feature is cer-
fainly encouraging, as there is no evidence to suggest that
faulting may have accounted for the difference in level. In
eases where tin lodes are exposed in granite country, mining
Bas in a few cases proved that denudation has been active
for such a long period, and the heart of the granite mass
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has been cut into so deeply since the formation of the lodes,
that only the stumps of the tin deposits remain, and the
payable ore has cut out at comparatively shallow depths
from the surface existing at the time of their discovery. It
is distinetly encouraging to find that such is certainly not
likely to be true in this case. Apart from the evidence
already noted, it appears from field evidence that there has
not been an excessive amount of denudation, and that in
this locality, although the overlying sedimentary rocks
which probably existed at the time of the formation of the
ore-bodies have been removed, and the granite itself dis-
sected, it is likely that the tin Jodes will be found to con-

tinue from the present surface to depths beyond the reach .

of economic mining.

Apart from the lodes already dealt with, there is at least
one (and possibly more than one) example of a pipe in the
granite. This is approximately oval in cross-section, and
follows a very irregular course, dipping sometimes ver-
tically, then pitehing suddenly at different angles, in very
different directions. It was followed down for some dis-
tance and was found to carry rich tin in the form of coarse
crystals of cassiterite, associated with crystals of pyrite, in
a soft micaceous groundmass, sometimes thoroughly kaolin-
ised.

The cassiterite crystals are frequently twinned, and the
pyrite occurs in perfect crystals, the forms developed being
the cube and pyritohedron, or various combinations of these
two forms: they are sometimes intergrown with cassiterite,
tourmaline, or quartz.

The walls of the pipe are much altered, and carry tin,
but merge gradually into normal non-stanniferous granite.

Further work should certainly be carried out, as the
pinching of the pipe at the spot where work ceased is
probably local, and there is no reason to doubt the con-
tinuance of the pipe with good tin values to a depth.

The Lodes.—A little may be said here with regard to the
character of the lodes; they will be dealt with more in detail
when the various workings are being described. There are
80 many outcrops showing on the property that a consider-
able variation is to be noted in the nature of the lode
material. With the comparatively small amount of work
carried out up to the present, these outerops cannot all be
correlated with each other, and doubtless in some cases a
certain amount of fanlting may have occurred. The out-
crops frequently stand out distinctly above the peaty but-
ton-grass covering the granite, and may be traced con-
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tinuously for considerable distances. When the mineral-
ogical composition of the outcrops is taken into considera-
tion, the reason for their standing out in relief is obvious.
The bulk of the material is quartz in several instances,
although this is frequently accompanied by tourmaline.
Both these minerals strongly resist weathering agencies; in
the case of the granite, the felspar and mica are prone to
decomposition, and consequently the disintegration of the
country-rock is rapid. From their nature, the lode outcrops
tend to break off in pieces rather than to disintegrate
bodily, and one result of this action is that the hillsides
are strewn with these fragments of quartz-tourmaline, and
all the creek beds likewise carry them in abundance. Much
of this detrital material on the hillsides carries good tin
values, which will pay for extraction, according to values
obtained by systematically sampling. Naturally the creeks
received their quota of the heavy metal, but most of the
alluvial patches have been worked out.

Although the quartzose and quartz-tourmaline varieties
of lode material form the bulk of the outerops, white mica
15 sometimes present, forming the variety known as greisen.

Workings and Details of the Lodes.

For descriptive purposes, the workings on the property
may conveniently be divided into three groups, (a) West-
ern, (4) Central, and (¢) Eastern Workings.

(@) Western Workings.—These workings are mainly the
result of operations carried out by the old West Cumber-
land Company and Messrs. Fowler and Dunn. They are
situated in the western portion of the consolidated lease,
and on the western slope of the range. They consist mainly
of adits driven into the hillside, either on the course of the
lodes or through country-rock to intercept them, with
drives and stopes therefrom, some open-cut work, and
several shallow shafts, in addition to surface trenching.

What are known as the Whip Shaft Workings comprise
an adit called the 570-feet level, another higher up the hill,
the 500 feet, and a shaft known as the Whip Shaft, still
higher ap, but conneeting with the two lower tunnels.

In the nomenclature in vogue on the mine, levels are cal-
culated according to their vertical distance below the collar
of Munro’s shaft, a shaft sunk on the top of a hill about
the centre of the property, and which is about the highest
point on the mine. To avoid confusion, this nomenclature
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will be adhered to as far as possible during the course of
this report.

No. 4 Adit, or 570-feet Level.—This level is driven on the
course of a quartz-tourmaline vein which has a general
strike of about N. 50° E. Much of the lode is very quartz-
ose, though it frequently shows a central seam of green tour-
maline with a border of quartz-tourmaline, merging into
ore characterised by quartz, tourmaline, and mica, which in
turn seems to merge into granite. The width varies from
point to point from 6 inches to 6 feet.

On the outerop the lode shows abundant black tourma-
line, often in radiating masses, and does not look very
promising for tin values, which usually accompany green
tourmaline in this district. )

The total length of the drive is 418 feet. No crosscutting
whatever has been carried out. At 237 feet from the
entrance a rise connects with the 500-feet level 70 feeb
higher up the hill, and thence to the surface, the upper por-
tion being known as ‘‘ The Whip Shaft.”” This is inac-
cessible at the present time.

A short length of tramway connects this adit with the
main inclined self-acting tram leading to the battery.

The course of the adit varies, although the reason for
gome at least of the bends is not very obvious. On a bear-
ing of N. 48° E. the drive extends for 82 feet; it then
bends 6° further to the north for 38 feet. It takes then
a course of N. 60° E. for 74 feet before bending 13° fur-
ther north again for 42 feet. Then on a bearing of N.
640 E. it extends for 136 feet, when it bends sharply round
to the east, leaves the lode, and on a bearing S. 74° E.
has been driven for 46 feet through granite.

At the entrance the lode is comparatively narrow, but is
well defined. At 48 feet in is a well-marked vertical fissure
filled with kaolin junctioning with the main vein without
cutting across it from the southern wall. At 88 feet the
vein widened, and a shoot of good tin ore was cut. This was
stoped to the surface for a length of 27 feet. This stope
was inaccessible, but the width is reported to be 20 to 24
inches in the back of the stope near the surface. There is
said to be good tin continuing underfoot here, the width
being about 3 feet. At the end of the stoped ground, in the
back of the drive, there is a narrow central soft seam of
tourmaline, carrying some cassiterite, bordered on either
side with quartz-tourmaline vein-stone, which again merges
into a variety in which white mica is developed. From this
stope some rich ore is said to have been won.

245

At points about 30 and 50 feet respectively beyond this
stope cross-veins with lode material join the main vein from
the southern wall, about 15 and 36 inches wide respectively,
but no crosscutting has been done to prove either of these
formations.

About 100 feet from the entrance a vertical fissure comes
in from the southern wall, and the main vein splits, about
3 feet of lode material crossing into the opposite wall.

At about 140 feet in there is promising looking lode
material showing in the northern wall for 12 feet. It is soft
and rubbly in nature, carrying much kaolin.

Approaching the rise there is on the south wall 10 feet of
similar soft kaolinised lode material. In both these cases
it is uncertain whether it is a local widening in the vein
which has been followed, or whether it is a distinct lode
junctioning with the main one. No attempt has been made
to decide the question by prospecting.

The rise is now filled up, but the writer was informed by
the manager that a vein of good tin in quartzose pyritic
matter occurs about half way between this level and the
next above (500-feet level) in the western corner of the rise.

At 372 feet in the drive makes a sudden deviation, for
no apparent reason, and extends for 46 feet in a direction
8. 74° E. through very hard fresh light-coloured biotite
granite, medium to coarse in grainsize. This granite is a
good deal fissured, and is cut through at various angles by
narrow quartz-tourmaline veins., A fact worthy of note is
that solutions leaching from the present face of the drive
are depositing a good deal of limonite. This limonite is
probably derived from a pyritic formation, possibly tin-
bearing, at no great distance ahead. This drive is worth
continuing for a few feet further. The face is about 11 feet
east of the lode cut in the 400-feet level, driven from Fow-
ler and Dunn’s open-cut, which is 170 feet verticallv above
this drive. The dip of this lode appears to be about vertical
near the surface.

At the point in the 570-feet level where this deviation is
made, 372 feet from the entrance, the lode is left in the face.
It is not even cut across, but remains exposed in the north
wall, a width of 6 feet being here opened. The dip is ver-
tical. The lode material consists of soft rubble, with harder
bands of quartz with black tourmaline. The softer material
is much decomposed and iron-stained, much kaolin being
present. It carries vughs of pyrite, and also of tourmaline.
The average assay value is said to be 1 per cent. metallic
tin.
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For nearly the whole length of the drive lode material has
been left on the northern wall, but at no point has any
crosscutting been done. In most instances the true width
of the lode has not beem exposed.

Samples taken by the manager along the length of the
lode indicate that the average value is over 1 per cent. tin.

As has been remarked, the granite country-rock away
from the lode is fresh, and very hard and tough. Along
the course of the lode, however, it is soft and decomposed,
owing to alteration by the vein-forming processes, and car-
ries a little tin in places.

This adit was driven by the old West Cumberland Com-
pany, and, although it seems that all the stone from the
drive and rise was crushed, there is no record of the bat-
tery-returns.

It is surprising to find that no steps were taken to pro-
spect the lode thus opened up by cutting across it. Such a
course is certainly to be recommended. At a point about
130 feet from the entrance a cut should certainly be put
across the lode to expose the width and value of the stone.
At several other points, too, a little more work could advan-
tageously be carried out.

500-feet Level (No. 3 Adit).—At a point 70 feet above
the No. 4 Adit previously described, and 500 feet below
the collar of Munro's shaft, the No. 3 Adit was driven by
the old West Cumberland Company a total distance of
170 feet. It seems to have been driven to intersect a vein
eut on the surface by trenching.

The level is connected with the main inclined haulage line
by a short branch tramway round the face of the hill, con-
necting with a plat on the main line. This branch line was
construeted to enable the full-sized trucks to bhe brought
in, loaded, and sent down the incline to the battery without
the necessity of rehandling the ore broken. r

The adit is driven 49 feet on a bearing of N. 570 E_, then
62 feet N. 53° E. The course then bends round 12° further
east for 59 feet. The adit intersects a number of narrow
quartz-tourmaline veins which cut through the granite in
various directions. One of these veins has been followed
for some distance, but does not appear Very promising.
Although passing within a few inches of it. as originally
driven the adit does not seem to have exposed the vyritie
lode which was afterwards opened up by tributers, who
came into the old level and commenced to break through to
connect with the Whip Shaft overhead. The ore as exposed
has been slightly opened up. The lode appears to strike
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about N. 30° E., although it is difficult to judge exactly
from the small exposure made.

The length of stope is 16 feet, from 104 feet in. The lode
material is pyritic at this point. It is kaolinised, and carries
a good deal of tourmaline, with muchsoft gossan. Through-
out are geodes of quartz and irregular masses of pyrite,
generally with a little quartz, from about 1 inch to 12 inches
in diameter. These are frequently completely surrounded
by gossan or kaolin, and there are no apparent veins con-
necting them in the ore-body. This habit enabled the more
highly pyritic material to be hand-picked when work was
going on; much of this was picked out, and as the shaft
connacting the 500 and 5/u feet levels was open, this was
used by the tributers as a convenient dumping-ground.

When this portion of the mine was being worked by tribu
ters the pyrite met with caused the party a considerable
amount of worry and anxiety, and eventually led to the
abandonment of the tribute. The stone was crushed in the
battery, but the tin could not be dressed clean, and when a
parcel of pyritic tin concentrates was despatched to the
Bischoff smelting works, it was rejected, as no roasting fur-
naces had been installed at the time. Some time afterwards
the parcel was sold at a remunerative price to a Sydney firm.
This particular parcel is said to have assayed 63'5 per cent.
tin.

The pyrite carries tin, but under modern methods of treat-
ment would not present difficulties such as were involved
in the earlier history of the mine. A good deal of the tin
present in the ore is free. It must be borne in mind that
the ore at this level is not truly primary ore. Near the sur-
face the ore was free milling, owing to the oxidation of the
pyrite.

The length of the shoot of ore is still unknown, as no
work has been done to prove its extent. A width of 6 feet
i8 exposed in the stope, but the full width is probably
greater than this. The average value as exposed has been
shown by battery returns to be 1 per cent. tin. The writer
was informed that over 300 tons of ore were crushed from
these workings, and that the figure quoted represents the
average return from battery treatment of this quantity of
ore.

The opening up of the lode at this level was due to sur
face prospects. After working for some time from the Whip
fhaft, by underhand stoping and hauling, it was decided
to break through to this level, and save hauling charges.
As to the extension of the ore-shoot at a greater depth,
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nothing is known. It seems unlikely that the ore cut in the
lower (570-feet) level is the same lode, and the desirabilty
of cross-cutting from this level has already been noted.
There is no reason to doubt the continuation of tin values
to a considerable depth.

The level is driven mainly through granite, which shows
fissures in different places, generally filled with kaolin, and
sometimes showing slickensides, indicating that some move-
ment has taken place in some instances.

The face of the 500-feet level is in rather coarse-grained
granite showing abundant pi'nk orthoclase felspar, with
some lode material showing.

There appear to be two lodes, one not very promising,
being a hard quartz and black tourmaline vein, but the
other, divided by a narrow strip of granmite, is, in general
respects, similar to that in the rise and stope. It carries a
good deal of gossan and green tourmaline, and looks very
favourable for tin values. The width is not exposed, t,houg'h
a short crosscut is certainly justified here. The lode cannot
certainly be correlated with any other exposure, but may
possibly prove to be continuous with one of the lodes
exposed in the lower level.

Whip Shaft.—The Whip Shaft has already been referred
to in deseribing the two previous levels. It connects the
570 and 500 feet levels with the surface, although not acces-
sible throughout at the present time. A few feet below the
collar of the shaft a very shallow adit was driven, and the
material overhead has now been removed, leaving the exca-
vation as a narrow open-cut, the shaft being filled up. From
fragments of ore left lying about it is seen that there are
abundant masses of erystalline quartz, evidently the filling
of geodes. -Prismatic crystals showing terminal pyramidal
faces, and frequently perfectly clear and transparent, rest
on a quartzose base, included in which is frequently noticed
extremely finely divided brown and black cassiterite.
The quartz crystals often show signs of secondary growth,
a film of red oxide of iron coating the primarv (‘]“\'Sf:-l]. and
showing clearly through the transparent silica forming the
secondary crystal. ! :

A little tourmaline is present in some instances.

One spec.men showed interlacing prisms of quartz one
half inch in length and one-eighth inch diameter, the inters
titial spaces being filled with granular and finely crystal-
lised cassiterite. ¥

At the end of this open-cut is a small cavern worked out,
about 12 feet by 15 feet by 20 feet high. There is about 9
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feet of ore showing in the face, said to assay 1 per cent.
The full width of the ore-body 1s not exposed. In the face
is hard quartz-tourmaline in a softer clayey gossan, pro-
bably representing weathered micaceous material. Pyrite
has been presert, in the primary ore, but has been removed
by oxidising agencies. Some portions of the ore consist of
hard masses ot haematite with radiating black tourmaline,
said to carry from 2 to 4 per cent. tin. This occurrence of
primary haematite, which 1s distinectly magnetic, is interest-
ing, and has been referred to elsewhere.(*"®)

The relation of this ore-body to others exposed is not cer-
tain, but it seems likely that it may junction with a body
exposed, but not yet opened up, on the western side of
Fowler and Dunn’s open-cut, about 13 chain to the south-
east. Prospecting between these points is warrantea.

A few chains to the south-east of the workings described
is another group, including the 530-feet level (No. 2 Adit),
400-feet level (No. 1 Adit), Fowler and Dunn’s open-cut,
and the old West Cumberland Adit, now known as Yates’
Level. From these workings some good tin has been won.

No. 2 Adit.—This adit is also known as the 530-feet
level, from its vertical distance below the collar of Munro’s
shaft. A long approach (65 feet) was cut, and from the
entrance the adit extends for 37 feet 6 inches on a bearing
of N. 84© E.: it then bends to N. 4© W. for 28 feet,
and finally continues 47 feet 6 inches on a bearing N.
340 E. Thus the length of the adit, without considering
the approach, is 113 feet. It was driven by the old West
Cumberland Company, on a lode which outcrops for some
chains on the hillside, and which is about 3 feet wide in
the approach. For some distance the back of the level
is close-lathed, but stone can be seen in places. At 29
feet in, stone seems to be going into the west wall, but
the drive is continued on a vein 4 to 5 feet in width, with
granite on either wall of the drive. At 32 feet there is
a pass, and here granite seems to come in underfoot. This
pass, although now collapsed, connected with the surface,
80 feet. and when the No. 1 Adit was being driven, and
surface work going on here. stone was sent down this
pass, and trucked from the No. 2 Adit to the inclined
tram, and thence to the battery. The drive now continues
on the course of the lode, which has hard granite walls,
much fissured. At 37 feet from the entrance is a short
erosscut, perhaps 15 .to 90 feet, but now collapsed, driven

(%) Vide supra, p. 1565,
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on a bearing N. 44° E., in granite. At this point the
drive intersects a lode about 3 feet 6 inches in width,
composed of soft decomposing lode-stuff with some hard
quartz-tourmaline. The strike is N. 413 W. at this
point, and the dip appears to be south-west, but a heap
of mullock at the entrance to the crosscut partially con-
ceals it.  Unfortunately, the lagging and filling on the
north-west wall make it impossible to examine the inter-
section of this lode with the main one on which the adit
has been driven: the latter certainly widens here, and is
at least 6 feet, perhaps more. The drive continues with
veinstone on the eastern wall and in the back, and granite
on the west wall. At 41 feet from the entrance a cross-vein
was cut, striking N. 600 W. . this is about 15 inches wide in
the granite on the western wall. About 2 feet further in
there is a local development of granite for about 18 inches
on the eastern wall, then a mass of soft, thoroughly kaolin-
ised material with abundant tourmaline in radiating masses,
harder quartz-tourmaline sometimes making its appear-
ance: this material is exposed for 13 feet on the eastern
wall of the drive, but the back is covered in this vicinity.
At 56 feet in another cross-vein was cut, apparently striking
about N. 60°© W.: the relation of this to the main forma.
tion is hidden by the lagging. Beyond this point, no further
stone appears in the level which is driven through hard
granite, much fissured in all directions. At 71 feet is a
well-defined fissure which appears to be a fault plane: the
felspars seem crushed, suggesting that some movement has
taken place. This fissure strikes approximately N. 540 W.
At 100 feet from the entrance is an old rise. At this point
a fissure cut across the drive, differing in no respect from
many others already intersected in driving: it carried a
mere thread of black tourmaline. For some reason now
unknown, it was decided by the old company to rise on this
fissure, through the hard biotite granite. After rising 30
feet, rich stone was met, and between 60 and 70 tons of tin

were taken out. Unfortunatelv these old workings could
not be examined, as they have long since collapsed. Tt is
probable that this rich shoot of ore occurred at the inter-

section of two fissures. The excavation from which this tin

was taken was about 925 feet high, 20 feet wide, and 30

to 40 feet long: it is reported that the ore seemed to cut

right out above and below, a flat fissure forming the roof.

Some time after this ore was worked out, the property was

taken over by Messrs. Fowler and Dunn, and an accidental

fall from the roof disclosed the fact that more ore existed
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higher up. The old workings were in such a precarious
state it was unsafe to work there, and the party came to t_ile
surface, started to sink to locate this ore, struck rich tln‘,
and worked out what is now known as Fowler ':mcl lhum 8
Open-cut, taking out about 60 tons of tin nx.ule. Seeing
that two masses of rich ore were discovered in such cl(_)se
proximity to each other, it is a matter of great surprise
that so little work has been done to try and locate further
shoots of ore. From the old pass, which (‘ounect‘ed these
workings, the No. 2 Adit has been driven about 13 feet in
granite which shows in the face. :

"~ Further prospecting work is certainly recommended here:
the adit might well be continued to the north, and as fm_]!t-
ing appears to have been responsible for the s_uc_]den cutting
out of the shoot of tin, erosscuts should certainly be ariven
east and west.

Fowler and Dunn’s Workings.—When Messrs. FO\:\']@I‘
and Dunn took up the property which had been forfeited
by the old West Cumberland Company they intended
searching for more tin in the neighbourhood of that taken
out by the company, but were ordered out of the excavation
referred to, by the inspector of mines, who conmdered it
unsafe. Tools were left in the workings, but on returning
for these it was found that a fall of the roof‘ had taken
place: this material was found to be rich in tin. Tt was
decided to try and locate this from the surface, and two
holes were sunk, both happening to disclose rich tin. The
ghoot of ore was then opened up and worked out by open-
cut methods; the material was crushed in the old battery
and concentrated by means of buddles, for a return of 6
per cent. tin, altogether about 60 tons of tin oxide being
won. The excavation at present is about 100 feet long,
and about 30 feet broad, narrowing towards the bot.tom to
8 feet: the face is 47 feet 6 inches high, the cut running out
to nothing. It appears that a certain amount of undgr-
hand stoping has been done, and the old workmgs! filled in.

There is not a great deal to see at the present time. The
country-rock is medium to coarse-grained gramite, much
fissured. and intersected by veins of quartz-tourmaline,
some of them mere threads in width: these are hard and
resistant to weathering, and stand out in the 'zaoft-er par-
tially-weathered granite: they are gemerally tin-bearing.
The granite shows irregular seams of brown to reddish
limonite, sometimes inclined to be nodular. ‘ }

Quartz crystals were noticed in places, sometimes fringed
with soft decomposing micaceous material: one specimen
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broken showed cubical cavities which still contained a little
pyritic material, surrounded by a erust of limonite. On the
sides of the cut there is seen to be a floor of limonite on
the under-side of quartz-tourmaline veins which are lying
very flat. The same class of material appears to have heen
worked out, and to have carried good tin. The best ore
18 said to have been always iron-stained, and where the
limonite was absent the tin values were always poor.
Obviously the ore in its primary state has been pyritic,
pyrite and cassiterite having probably been introduced
simultaneously : the oxidation of the pyrite under the action
of weathering agencies has given rise to the limonite encoun-
tered. In the case of some of the nearly horizontal quarvz-
tourmaline veins, the iron oxide leached out in solution
has besn deposited on the lower side of the vein.

"T‘he face of the open-cut is interesting. Tt is 47 feot
6 inches high, 36 feet wide at the top, and about 8 feet
at the bottom. Into this face an adit has been driven
_which will be referred to later. In the granite is a ver;
irregular vein of quartz-tourmaline, about 4 feet 6 inches in
width at the top of the adit, widening to 9 or 10 feet in
places: sometimes it pinches, and in other places it appears
to split and reunite. Near the surface there are severai
comparatively narrow veins branching out from the main
quartz-tourmaline vein. Several of these are exposed on
the sides of the cut, where they appear as veins of uartz-
tourmaline lving very flat: these carry tin. There are
noticeable fissures in places, cutting througch both the
granite and quartz-tourmaline veins. In th;quartz-four-
maline itself, veinlets of black tourmaline stand out dis-
tinetly.

At about 20 feet back from the face a winze has been
sunk on the eastern wall on a quartz-tourmaline vein, and
the lode material underhand-stoped. This winze connects
with the adit below.

On the western side of the cut. about 45 feet from the
face, a small crosscut was driven for 15 feet west, and a veiy
promising body of ore exposed. The lode material consists
of soft vellow-brown kaolin carrying mica, with harder
quartz-tourmaline, some of it much iron-stained: the lode
is said to carry rich tin. Tt is about 5 feet in width where
exposed, but appears to be widening. This lode material
1s said to be very similar to that worked out by Messrs.
Fowler and Dunn from the open-cut, )
}Tothing has been done to prove the extent of this lode,
or its value, beyond this one point. The discovery is import-
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ant, and should be followed up. Two masses of rich ore
have been taken out in close proximity, and it is reasonable
to expect that others may be found. Although the No. 1
Adit has been driven, practically no crosscutting has been
dome. It is possible that the ore exposed on the western
side of the open-cut may junction with that exposed by the
Whip Shaft workings. Prospecting is certainly to be
recommended to test this ore-body and try and locate
others: conditions are favourable for the existence of other
bodies.

No. 1 Adit.—The No.1 Adit, or 400-feet level, was driven
by the New West Cumberland Company, who took over the
property from Messrs. Fowler and Dunn. From the face
of the open-cut, it extends 48 feet on a bearing N. 15° E.,
then bending a little further east, bears N. 292 E. for 40
feet. At this point short crosscuts extend 7 feet east and 12
feet west. On a bearing of N. 49 E., the level has been
driven for 29 feet. Finally, on a bearing N. 15° E., it
extends for 27 feet to the point where a winze was sunk,
and a further 55 feet to the face; thus the length of the
drive is 199 feet.

A few feet from the face, a short drive has been put in
for about 15 feet to the west on lode material, and a rise,
now cullapsed, is said to be up for 30 feet on ore. A body
of ore has been cut here which is said to assay over 05 per
cent. tin oxide. Tt strikes N. 639 W., and appears to dip
at rather a high angle to the south-west. The width varies
a good deal: it is 5 feet 3 inches at the collar of the drive,
widening in a few feet to 7 feet, while in the face it is
8 feet 6 inches. The lod= material appears to be fissured
in all directions: it contains a good deal of gossan and iron-
stained kaolin: also a variety of ore consisting essentially
of hematite and black tourmaline.(**®) On either wallis
soft, thoroughly-kaolinised granite. This lode probably
corresponds with one outeropping at the surface, and also
with that exposed in the adit to the west, now known as
Yates' Level.

There is a short drive (about 9 feet) to the east, now
filled with material from the collapsed rise overhead, said
to-be 30 feet.

The winze referred to, at 144 feet from the entrance, is
full of water and consequently inaccessible. Mr. A. Yates,
mine manager, has kindly supplied the following informa-
tion concerning it.

(*®) Vide supra, p. 155,
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It was cleaned out to 50 feet, but the depth may have
been greater. Although an old report stated that tin and
bismuth ecrystals occurred in the bottom at one stage, the
depth was not stated, and a certain amount of doubt now
seems to attach to the report. Samples from the ends
of the winze showed bismuth but no tin at all. The bismuth
1s reported to occur both as sulphide and carbonate, and to
be associated with quartz and tourmaline. The sides and
ends of the winze are in clean granite, with no sign of a
lenis of ore, although at 48 feet. on the south end, some
limonite had been left from the old workings: the granite
at this point appeared normal: the width of this gossan
was 2 feet. At about 25 feet down. a vertical fissure was
noticed in the granite for a few feet, cut off by a horizontal
fissure above.

The winze is 7 feet 6 inches by 4 feet.

Overhead is a filled-in rise, about 20 feet above the floor
of the level, and some stoping has been done. All the ore
won was crushed, and the bismuth concentrates sent to Eng-
land. Mr, Montgomery reported that 15 cwt. of con-
centrates. assaying 39 per cent. of bismuth., were won.

Further work on this shoot of bismuth ore i1s advisable.

The lode in which this shoot of bismuth occurred, and
on the course of which the adit has been driven, appears
to be quite distinet from that cut towards the end of the
drive, the latter being a cross lode: it is a matter for
regret that the main level has not been continued beyond
the intersection: this work is worth carrying out,

The lode driven on in the No. 1 Adit does not look very
promising towards the entrance. There is a fairly well-
defined fissure with altered granite on either side, and
sometimes quartz-tourmaline veins. At about 88 feet the
width increased to about 16 feet, only to pinch again, It
is said to carry tin at this point: short crosscuts have been
driven east and west, a total distance of about 18 feet.

A noticeable feature in this adit is the fissuring of the
granite. During the first 100 feet many fissures were noticed
cutting through the granite in different directions,

Above the winze the main fissure crosses the level, and
then forms one wall (the western) of the adit. Tt strikes
N. 15° E., and is almost vertical, sometimes dipping east
at a high angle. The fissure shows slickensides in places
and generally about 3 inches of soft kaolin. forming a clay
‘dig.” At 176 feet from the entrance another fissure
appears on the eastern wall. standing vertically,
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ras vith a strike of

At 182 feet a cross-fissure was noted, with
N. 65° E., and dip south at 60 degrees. This appears to
end at the main fissure, being probably earlier and slightly
faulted by it.

The main fissure appears to cut through the c‘ross—lode
exposed in the end of the drive in a somewhat irregular

hion, but without displacing it. !
faBF:'(c);::l the present face of the level, the backs available
would probably amount to about 100 feet.

Yates’ Level.—About 60 feet to th? east of 1!1'8 No. ,]
Adit, and a few feet lower down the hill, is an adit kuf)\xll
as Yates’ Level, driven by the old West Cumberland Crm;
pany, probably with the object of cutting a crossl-igdeloui-;
eropping on the surface. The entrance to the ac}lt is a )out
100 feet south of the face of Fowler and Dunn’s open-cu

: e to No. 1 Adit. :
a!]:;'htel‘el‘eszllt!}asl)‘gg3 feel in length, driven on a bearing of
N. 220 E., and consequently running nearly parallel with
N(')I—‘hlo }lxedvlet‘l has been driven through biotite granite,
generally hard and fresh, but adjacent to lode-formation
it is much softened and decomposed. The granite carri.es;
abundant nodules of quartz and tourmaline, and the leve
exposes many fissures, running at all a‘ngl_es. sometimes
almost horizontal, and forming the roof of the level for

istance.
SOIR[; (;1(‘; ?(:etf‘ from the entrance, a rise was put through to
the surface for air, but is now in;mcf-smble: from this
wooden pipes were carried along the drive. ot A

At about 200 feet a fissure appears, which is ;\Lden Z[
a true fault plane. Tt has a strike of about N. 20° E_, an
the adit has been driven part of the way along the course

i » plane.

OfF;]:JiTefa;ELttg‘liil was cut at 235 feet.: it h.ns \\‘-vl.l-(leﬁm:d
walls in the granite, and has a width of :) feet '3 inches in
the main drive. The strike here is N. 746 W., and dip
vertical. The lode appears to be displaced by the fault
referred to, to the extent of about 3 feet, the fissure bf:llng
traced to the present face, where it .':hH. shows shr*kﬂni[c es,
and deposits of limonite: in the face itself, harder tour-
maline granite is exposed, which does not look unpromising
for tin. The main fissure here dips east at 81 degrees,
this figure representing the average of a number of obser-
yations.

\a’l‘l(:: lode’ material seems to be a good deal shat-
tered, as exposed in the level. but consists essen-
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tially of banded quartz-tourmaline, and abundang
black tourmaline in radiating nests, with some
green tourmaline and quartz. Some bands are very hard
and quartzose, showing a little black tourmaline. The
weight of some of the masses of black tourmaline is strik-
ing, and further examination than has been given is neces-
sary. Prisms of quartz are sometimes present, and some
minute yellow crystals were noted under the magnifying
glass, which have not yet been determined. This material
is said to carry a little pyrite, although none was seen
in the stone broken.

The lode is very wet, and as a result of the soakage
water, a good deal of the lode material is soft and decom-
posed.

At 237 feet from the entrance, a crosscut has been
driven for 75 feet east. Fifteen feet further on is a drive
to the west. Here a winze was sunk on the lode, and
underlies to the west. The depth is unknown. Some
underhand and overhand stoping have been done here,
but the extent of this work, and the extent of the driving
carried out on the lode, are unknown. The lode here is
said to carry bismuth, and it is reported that assays have
shown as much as 8 per cent. over the old winze.

A sample broken over a width of 3 feet from the east-
ern side of the drive, and consisting of soft kaolinised
material with some tourmaline, was submitted for analy-
gis to Mr. W. D. Reid, Government Assayer, who
reported : —

Per cent.
D e e L 046
Bismuth ... ... T T R R 376

Although the tin value is low, the bismuth value must
be considered as very satisfactory, and certainly such as
to justify further work on the shoot of ore. The assayer
reports that the bismuth is present in the ore as bismuth-
inite (bismuth sulphide).

In the northern drive the strike of the lode, as exposed,
appears to be N. 570 W.

It is very probable that this lode is the same as that
cut in the No. 1 Adit, and which outcrops boldly on the
surface. As will be readily seen from the above descrip-
tion, little real prospecting has been done from this adit.
The crosscutting done is insignificant, and even when a
well-defined lode has been cut. no driving has been car-
ried out along its course to prove whether shoots of pay-
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able ore 'do exist within reasonable distance of the main
adit.
Such work is certainly desirable.

Surface Workings on Cross Lode.—The lode, which has
been called the cross lode, and which has been cut in No. 1
Adit, and also in Yates’ Level, apparently outcrops on the
surface, where it has been slightly opened up at one or
two points. It must be borne in mind, however, that with
S0 many quartz-tourmaline outerops as exist on the Fed-
eration property, it is not always possible to correlate
with certainty a particular surface outcrop with
a lode ecut in the underground workings. It is
important in tracing such surface outerops and attempt-
ing to correlate them, to consider the dip of the lode, for
on a steeply-sloping hillside such as this, the dip will
determine the course taken on fhe surface by the actual
outerop. In most cases, too little work has been done
to enable this to be determined with any accuracy, and
it is frequently a matter of conjecture. Few of the lodes
outerop quite continuously for any great length, the peaty
button-grass cover generally encroaching at various points.
In some instances this does not cause any ambiguity, but
frequently one is left in doubt as to whether faulting has
occurred or whether the lode has simply pinched, and the
narrow vein failed to stand out above the granite sur-
face. This is very likely to have happened, and, in fact,
is certain to have occurred in some instances.

Caution, then, must be exercised in attpmpting to trace
out any particular lode.

One or two old trenches have been cut across the lode
outcrop of what appears to be the cross lode, on the rising
ground north and north-east of Fowler and Dunn’s open-
eut. The lode material looks promising, and is said to be
tin-bearing. At one point there is a bold outcrop of
radiating black tourmaline in a groundmass essentially
of h@matite.(?*’) The ore is very dense, and carries a
little tin. Tt is very similar to that cut in the No. 1
Adit, and is probably the same lode. The width is about
5 feet. Just above this is a shaft about 25 feet in depth,
inaccessible. This shaft would appear to be almost over
the old rise referred to, in the No. 1 Adit. but there is no
connection broken through.

On the brow of a spur, and forming a bold outerop,
there is a junction of a north and south lode with the

() Vide supra, p. 155,

J
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one under consideration. Neither seems to be dislocated.
The outcrop consists mainly of white quartzose stone, with
a little black tourmaline, and although such an inter-
section is undoubtedly an extremely favourable place for
the deposition of tin values to have taken place, it must
be admitted that on the surface the stone does not look
very promising. It is probable, from its genera} course,
that Yates’ Level was driven with the object of cutting
this intersection.

About 250 feet further west, on a spur abov_e the horse
tram, is a trench exposing an interesting section, known
as the ““ White Trench.” It is not certain that the lode
exposed is really the cross lode, and the writer is rather
inclined to think it is not, although it is nearly on the
line of strike, y

The trench is 24 feet long, and has been cut to a depth
of about 9 feet. It is seen that there are two distinet
bodies of stone, lying nearly horizontal, perhaps dipping
at a low angle north-east. These are about parallel, and
are separated by 4 feet of decomposed granite. The true
width of stone available is not exposed. In the_ face of
the trench the upper body is 3 feet thick, but this is not
the full width, for it forms a broad outcrop covered with
detrital material, indicating that portion of the lode
has suffered disintegration, The lower body of stone is
only cut into for about 12 inches in the face of the trench.
but continues underfoot. On account of a slight north-
easterly dip at this point, the thickness exposed is greater
at the toe of the trench, where it is at least b feet. So
the width of stone available is probabiy at least 10 feet.
It is said to carry 4 per cent. of tin in a very finely divided
state. The stone consists essentially of white quarta,
which, on a close examination, is seen to be of two gener-
ations. Disseminated through it are irregular aggregates
of black tourmaline. It is also cut through by minute
veins and tlreads of tourmaline, representing fissures
which have been filled under the action of highly-heated
vapours. No tin is visible in the stone. Even on .tht-
surface the lode is pyritic, carrying t'(wllg]}]}' spherical
segregations of pyrite, which occurs in perfect crystals.
On the lower side of the upper body of stone, and form-
ing the boundary between the white lode material and
the gramite band included between upper and lower bodies,
is a narrow quartz-tourmaline vein, carrying a good deal
of green, as well as black, tourmaline. The thickness is
about 1 inch. Bounding the upper edge of the lower
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body of stone is a similar occurrence, but consisting of
two continuous parallel veins 5 inches apart.  Similar
quartz-tourmaline veins sometimes cut across the inter-
vening granite band, connecting the upper and lower
bodies of stone. It is rather to be expected that this
band of granite will carry disseminated tin, but it is said
that tests made have given negative results.

Nearly horizontal quartz-tourmaline veins were noticed
on the sides of Fowler and Dunn’s open-cut, where a body
of rich tin ore occurred. In the end of the cut a ver-
tical vein was noticed, and the emiichment seems to have
occurred at the intersection. Such an intersection is
acknowledged to be a most favourable locality for the depo-
sition of tin.

In the case of the White Trench, described above, we
have nearly horizontal veins carrying tin values, and
the intersection of these with more nearly vertical fissures
would certainly be a favourable spot to prospect for another
rich shcot of ore. As already remarked, the relation of
this lode-formation to the cross lode is not established,
this trench being the only work done in the immediate
vicinity to prove or disprove the theory.

From a point a little west of the oid horse tram, the
strike of the cross lode is seen to be N. 63° W. This cor-
responds with the observed strike in the No. 1 Adit, and
differs little from that in Yates' Level. though it must be
remembered that the latter was taken on a very short
exposure, and that consequently too much reliance cannot
be placed on it.

About 650 feet west-north-west of the entrance to No. 1
Adit, on a spur at a considerably lower level a shaft has
been sunk on what appears to be the cross lode. The
depth is 30 feet, but the shaft was not accessible, The
lode-material here consists of banded quartz-tourmaline.
Both black and green tourmaline are present, and the
stone looks very promising for tin values. Some bands
earry pure black tourmaline. The quartz in the ore is
generally white and saccharoidal in the groundmass, but
also occurs in clear, glassy crystals lining geodes.

The full width of the ore-body is not exposed. A trench
shows that the width is considerable, and that a large
quantity of ore is available. Tt has been proved to be
tin-bearing, assays showing from 05 to 075 per cent. tin.
Some good lumps of cassiterite were found on the surface a
little lower down, and had probably been shed from this
formation. Tt is not unlikely that rich veins will be
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found to occur through the big formation, but the _lmpqrt-
ant question is the bulk value of the ore. The situation
is favourable for economic mining. S 1Ty

Although the samples taken seem to indicate that t:ho
ore-body is low-grade, it must be borne in mind that with
a large body of ore, and facilities for cheap mining, a
low percentage of tin may pay to work.

The cross lode does not outcrop on the low ground
towards Packer’s Creek, nor is it exposed in the bed of
the creek. :

About 800 feet west-north-west from the prospecting
shaft just deseribed, and about 3 chains inside the north-
ern boundary of the lease is an old tunnel, driven appar-
ently to prospect this lode.

The tunnel is now in a state of collapse, and could not
be examined. It is reported to extend for a total length of
about 160 feet. Tt was driven for about 110 feet throu.gh
granite countrv, and then intersected a quartz-tourmaline
vein 18 to 20 inches in width, carrying traces of tin. The
bearing of the tunnel is about S. 66° E. |

About 7 chains east of this tunnel a second one was driven
for a short distance in a southerly direction, apparently
with the object of cutting the cross-lode, but it does not
seem to have been continued far enough to be of any value.
This tunnel has also collapsed, and was too unsafe to inspect.
No lode formation at all seems to have been intersected.

About 8 chains further east still : trench has been cut
across a very promising lode outerop, about 30 feet above
the level of Packer’s Creek. The country to the south and
south-east rises fairly steeply. This trench has been called
the “ Green Trench,” on account of the colour of the
variety of tourmaline abundantly represented. The north
ern boundary of the lease is between 3 and 4 chains distant.
The width of the formation has not been fully expgsed, but
it is quite considerable at this point. The strike 1s N. 11%
W. for 2 chains north of the boundary, when it appears to
bend round to N. 5° E., and cuterops to the summit of the
spur. This bend in the surface outcrop may be due to the
dip, which is not exposed in the green trench at all clearly.
At one point some of the quartz-tourmaline veinstone 1s
banded, and appears to be lying almost horizontally. Tt
may be that the main lode is here joined by one or more
flat veins, but the true structure is not apparent from the
small amount of work done. The class of stone is extremely
favourable, aud, in fact, some of the stone lying on the
heap shows fine brown tin oxide abundantly distributed
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throughout. Geodes of quartz crystals occur, and sometimes
of green tourmaline as well, with a quartzose groundmass
which often carries tin. The general class of ore carries
abundant green tourmaline and some black, with glassy
quartz. A hole, now filled with water, was sunk 9 or 10
feet on good tin ore, but this, with the trench, represents
the extent of the work done. Indications are very encourag-
ing, and further prospecting of this line of lode is to be
recommended.

A few chains up the spur this lode, if continuous, will
junction with the cross-lode, and the vicinity should be
prospected. Where two such tin-bearing veins intersect,
conditions are favourable for a body of rich ore.

Tributers’ Workings.—Returning to the Western Work-
ings, there remains to be deseribed a group of workings now
known as the Tributers’ Workings, on a body of ore of com-
paratively recent discovery. The workings comprise an
open-cut, shaft, and adit, the shaft being sunk from the
floor of the open-cut, and connected by means of rather
tortuous workings and an intermediate drive with the level
below.

From the top of the inclined haulage, near the mouth of
Yates’ Level, the Tributers’ Level is 271 feet in an east-
erly direction. The tributers’ open-cut is above this and a
few feet further east.

It seems that the discovery of this pipe of rich lode-stuff
was made by Mr. Yates in prospecting at the calculated
mtersection of the cross lode with another weeting it at an
angle. There was no lode cuterop, and nothing on the sur-
face to indicate the presence of rich tin below. Some good
tin seems to have been found in the creek below. A pro-
gpecting hole was sunk through the button-grass cover and
underlying detrital material without success. Neither this
nor the underlying granite carried appreciable tin. After
cutting through 18 inches of partially decomposed and
altered fine-grained granite, a mass of soft white clay was
met with, which was found to carry from 7 to 10 1b. of tin
oxide to the dish. This clay was fairly coherent, and could
be readily moulded in the hand, but carried harder lumps
through the mass. A second hole was sunk a short distance
away, with a similar result. This portion of the property
was then let on tribute to a party of four men, who subse-
quently carried out the work deseribed below.

The country-rock is normal. Above the workings are bold
granite outerops on the hillside which consist of rather
coarse-grained granite carrying abundant pink orthoclase
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felspar. This carried a little disseminated black tourmaline
The granite cut through in the tunnel driven by the tribu-
ters 1s rather finer in grain, and carries abundant quarts-
tourmaline nodules, In a few instances a little fluorite
was noticed in the heart of these nodules. [n the immedi-
ate vicinity of the lode the granite is decomposed, being
white and fine-grained, carrying nodules and also narrow
veins and fissures filled with black tourmaline,

The lode-material is of two distinct classes: (&) The
quartz-tourmaline veins; (b) the pipe material.

(a) Exposed in the open-cut is a quartz-tourmaline vein
varying considerably in width from 6 inches to 5 feet. It
strikes N. 27° E., and the dip is about vertical. There is
a well-defined central seam of tourmaline fringed by quarts,
muscovite mica, and tourmaline. It has no very well-
defined walls, merging more or less gradually into altered
granite, and this in turn into more normal granite. The
winze seems to have been sunk on this vein. It is rather
significant that the main vein is intersected by another
greisen vein about 9 inches wide, which lies at a very flat
angle, and is noticed to split in places. The main greisen
vein is tin-bearing, and said to be worth about 1 per cent.
tin.

In the Tributers’ Tunnel, about 104 feet from the
entrance, a quartz-tourmaline vein was cut which does not
appear on the surface. It is of a very promising character,
and carries tin. The width is about 4 feet. It strikes N. 6%
W., and dips east at 70°. A crosscut was driven about 10
feet north, and then a rise put up 30 feet on it to connect
with a winze from the open-cut on the surface. This ore-
body is worth prospecting, and crosscuts north and south
are to be recommended. The possible connection of this
lode with an offshoot, from the main pipe will be referrad to
later.

(b) The pipe material was the source of practically all
the tin won from these workings. It is quite different to the
lode-matter occurring on any other part of the property,
with one possible exception (in the vicinity of the Cumber-
land Dam). Although white in colour at the surface, it is
typically of a greenish-grey colour. It is soft, has a greasy
feel, and waxy lustre, being translucent in fine scales. It
occurs in aggregates of minute scales and flakes, and seems
to be intimately associated with kaolin. The material seems
to be pinite, a mineral which belongs to the mica group,
and is an alteration product of felspar and mica. Crystals
of quartz of siall size occur disseminated throughout the

263

lode material. The lode-matter is only semi-coherent, and
in the pipe proper was extracted by means of mattocks and
shovels. If not amenable to this method of extraction, it
was considered by the tributers to be too hard to pay them
for extraction and treatment by their crude methods.
Through this soft material crystals of cassiterite are abund-
antly scattered in single crystals or groups and aggregates
of crystals. The cassiterite is in tetragonal prisms, with
dominant pyramidal faces (both first and second order pyra-
mids). Frequently prism faces are wanting, the crystals
being doubly terminated pyramids. Twinning is common.
The colour 1s usually brownish-black ; the size varies from
half-inch to less than 1/32-inch. Associated with the tin
are abundant crystals of pyrite, crystals being of all sizes,
from one thirty-second to over 1 inch across, the forms
represented being the cube and pyritohedron, and com-
binations of these two. Crystals are sometimes intergrown.
Many examples were noticed also of crystals of pyrite and
cassiterite intergrown, sometimes also with tourmaline and
quartz.

The pipe proper appears to have had quite well-defined
walls throughout its course, so far as traced. The wall
material, however, also carries rich tin values, and is there-
fore economically important. It is a good deal harder than
the true pipe material, although the mineral constitution
seems similar. The pinite is in rather larger scales, and is
much more compact. Quartz is more abundant, and kaolin
seems absent. It appears to gradually merge into granite,
of which it represents an alteration product. The tin con-
tent decreases with increasing distance from the pipe, as is
to be expected.

Although the two classes of lode material described are
s0 widely different in their general characteristics, the two
are evidently related to each other, and connected with the
introduction of the tin. In the western offshoot of the main
pipe, described below, in the face the true pipe material
which is very soft and very rich in tin is bordered by an
arched quartz-tourmaline vein 1 to 3 inches in thickness.
Veins of quartz-tourmaline, generally narrow, appear in
the walls at different places, and the manager states that
wherever these occurred rich tin was encountered. The
fact is significant.

The main pipe has been followed for a total distance of
about 115 feet, and a branch from the main one for another
30 feet. Throughout the whole length so far worked the
pipe has carried remarkably rich tin values. Its course has,
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up to the present, been so very irregular and tortuous that
the workings have also necessarily been very irregular.
After working out as much as possible by open-cut methods,
it was decided to follow the pipe, and as it was wntlpmng
down vertically, a shaft was sunk. At about 30 feet it was
found to bend sharply, and making an angle of 9° with the
horizontal, it dipped in a direction N. 584° W. for 17 feet
6 inches. At this point a branch or offshoot was 'd1scoyered6
and worked horizontally for 30 feet in a direction N. 470
E., the main pipe bearing N. 79° W., and dipping at 19
for 31 feet. Here there is a pass connecting with the inter-
mediate drive. The pipe then dips at about 11° for 36
feet 6 inches on a bearing N. 16© W. It has not been fol-
lowed further, but continues into the face of the intermedi-
ate drive. . .
After following the pipe down on its course for some dis-
tance, an adit was driven in at about 60 feet below the col-
lar of the shaft. At 104 feet in a crosscut was driven about
10 feet north, and a rise put up 30 feet to connect, with the
shaft from the surface. Owing to a miscalculation, how-
ever, a drive of about 15 feet south from the rise was neces-
sary to connect. The adit has been driven 61 feet on a heal;
ing N. 49° E., and then for 98 feet in a dl‘rect-lo_niﬁ. 65
15° E. The quartz-tourmaline vein cut in driving hu
already been referred to. The adit is driven through white
nodular tourmaline granite. At 159 feet a rise was put up
for 16 feet 6 inches, and an intermediate drive extended for
a total length of 69 feet. For 25 feet it bears N. 14° W,
when it bends to N. 363© W. for 17 feet, and ﬁnally flor 27
feet the bearing is N. 94© W. From the rise the inter-
mediate drive follows an almost horizontal fissure in the
granite, which forms the roof for 34 feet. This fissure dips
east at angles varying from 50 to 12°. At 34 feet a rise of
5 feet was put through to the pipe. This was used as a pass
from which the lode material was trucked through the inter-
mediate drive. The intermediate drive has been continued
for 35 feet beyond the pass to the present face. At the end
of the drive the pipe has been cut through, and dips inte
the face at the ““toe’’ of the drive. The nature of the
harder pinite forming the walls of the true pipe has already
been described. In the work done up to the present only
the very soft true pipe material has been worked out, and
there remains a good deal of payable ore along the course of
the pipe. In the face this is also true. lHere a winze has
been commenced, 8 feet long by 5 feet wide, and has been
sunk for 6 feet in rich lode material. Sinking was not con-
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tinued on account of the water encountered. Rich lode
material continues under foot. From the fines of the stone
taken out from this winze 1 ton of free tin oxide was won
by sluicing, the forkings not being crushed, but stacked for
future treatment. A glance at this material shows that
there is much tin in this heap. Forming the eastern wall of
the winze is a well-defined fissure, which has the appearance
of being a true wall. That it is not really so is shown by
the fact that where it has been broken there has been dis-
closed behind it similar lode material to that already taken
out. This fissure dips vertically so far as exposed, and has
a strike N. 139 E. In the face granite appears; several
intersecting fissures are noticeable here, too, in one case
forming approximately the boundary between hard pinite
lode material and granite, although this is not universally
true, one usually merging into the other. At the end of the
intermediate drive there is exposed 16 feet of the harder
pinite lode material along the length of the drive, carrying
good tin. This is on the lower side of the pipe. In one
place a quartz-tourmaline vein is visible, but it is not suffi-
ciently exposed to enable its strike or dip to be determined.

Similar harder pinite lode material carrying good tin
occurs along the whole length of the pipe as worked, and
also along the offshoot to the south-west previously referred
to, which has been worked for 30 feet. In the face the true
pipe material is associated with a firm brown iron-stained
clay, representing probably kaolin cemented with iron oxide
derived from the decomposition of iron pyrite. The section
here is interesting. The true pipe is oval, 18 inches by 12
inches, being very soft and carrying rich tin, This is sur-
rounded by a vein of quartz-tourmaline 1 to 3 inches thick ;
then comes a zone of soft kaolin and pinite, with firm clay
gossan, which carries tin freely, surrounded by a band of
12 to 15 inches of harder pinite lode material with quartz,
merging into nodular tourmaline granite. Throughout its
eourse the pipe material in this offshoot is deseribed as hav-
ing been very soft, containing much kaolin, as well as pinite,
and abundant crystals of cassiterite and pyrite, and as
having had well defined boundaries. It was oval in shape,
varying in size from about 5 feet by 1 foot to 5 feet by 23
feet. The course as far as explored has been approximately
horizontal, but in the face it appears to be dipping west.
At 18 feet 6 inches from the main pipe, on the south wall
of the offshoot, is another mass of soft white kaolin with
very rich tin, about 2 feet across, depth not exposed. Tt
tapers out on either side, and is surrounded by harder
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quartz-pinite lode material. This is evidently another
branch pipe, and should be followed up. The main pipe
varied considerably in size throughout its course, but after
bending from the vertical it appears to have shown definite
‘ wings,”’ i.e., it was not truly elliptical in section, but
while approximately so, it tapered out on either side along
the direction of the greatest diameter, apparently along a
fissure. In the face of the intermediate drive the pipe 18
about 5 feet long by 1 foot broad. Here the apparent dip
is 290, As cut by the level it was 4 by 2 feet; for 30 to 40
feet back it was about 4 by 4 feet, widening gradually to &
feet by 5 feet, and further on to 12 by 7 feet. In the ver-
tical portion it was 6 by 4 feet, and is described as having
spread out and become ‘‘ funnel-shaped '’ near the surface,
measuring as much as 25 by 15 feet. This portion has all
been worked out, and the measurement could not be veri-
fied. It is probable that the measurement included some of
the harder pinite wall material. The open-cut is about 25
feet by 30 feet by 15 feet high in the face.

It remains to refer to the method of working. This, it
will be seen, was very crude, and the actual tin recovery
only represents a fraction of the original tin content of the
lode as mined. The pipe material was taken out with
shovels, sometimes with the aid of mattocks, but no attempt
was made to crush it. The rough handling it received was
expected to disintegrate it sufficiently. It was trucked from
the workings into a hopper, run out with water on to hopper-
plates with 1 inch holes at the top, and then half-inch, and
all the oversize forked off on to the hopper heaps. The
undersize was box-sluiced in the usual way. The loss in
sluicing must have been excessive, for it must be remem-
bered that no classification was attempted, although the tin
crystals and aggregates of crystals varied so much in size,
and the * puggy '’ nature of the lode material played its
part in increasing the percentage loss of tin. Even a glanee
at the heap of forkings in the vicinity of the old sluice-
boxes is sufficient to convince one that a considerable pre-
portion of the available tin is still waiting extraction by the
crushing of this oversize material. Likewise, the dam in
which portion of the tailings is stored, pending furthes
treatment, tells its own story of a large amount of tin net
recovered in the slnice-boxes.

With the concentrate from the sluice-boxes was a large
amount of iron pyrite in crystal form. A clean separation
was effected by sieving and jigging. An attempt was made
to roast some of this concentrate in a crude way, but with-
out much success.
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From the description given of
given of the method of treatment
adopted for the lode material won, it will readily be under-
itoo;i that no attempt could be made to treat anv of the
.‘aﬁf er lilc',irl:t"l'lal (it must be borne in mind that the word
arder ’ is used simply in a relative sense. to denote
material more compact than the soft kaolinised pipe
8aterlal, most 'of which could be extracted with a shovel)
Lonsequently, in and about the Tributers’ Workings th;ert;
I8 stac ked a large tonnage of stanniferous lode material
:0»\1’14:,1t1ng b.at.t.c?r_v tlreatment. The manager estimates the
lage mined and awaiting treatment at ror
i bl g atment at 800 tons, worth
T; try aqd obtain_some idea of values of the various
EI:a ss of pipe material, samples were taken and vanned
y the manager in the presence of the writer, who after-
Xards subnutted_ concentrates, &c., to the Government
P‘sts.;a.{y_'el' fo;l‘ fvi!ghmg and calculation of values The
yritic material was weighed. :
e g roasted, reground, and
The Government Assaver estj i
) stimated that in the sampl
of pipe materi itt e W, sty
Pyrlitfll_ erial submitted there was about 10 per cent.
A sample of the true pipe material from the face of the
intermediate drive returned 14 per cent. tin oxide.
f:‘roml the tface of the branch pipe west, 30 feet from the
main pipe, true pi eri y 5
oxide.pl ’ e pipe material returned 23 per cent. t'n
: FI'O;I}I) the s_maﬂ offshoot south from this branch 18% feet,
om the main pipe line, true pipe materi irned 5
per cent. tin oxide. s
Another sample of the soft whi i i
: ] 'hite pipe material from the
maml plpfh\;rss ass:jayed by the Government Assayer by the
usual methods and returned 53 per cen i 75
eent. tin oxide). . G i -
?rnmlarl_\'. for a sample of the harder pinite forming the
3‘_3 s of the main pipe, the Government Assaver returned
5 TI{:er cent. Itm (or 6°75 per cent. tin oxide).’
facto:;‘,e results can only be regarded as extremely satis-
mme"nf t-hetl_orle material treated from these workings, 20
ns of free tin oxide were taken, of an averace :
of 70 per cent. metallic tin. et v
Enquiries have been made concerning the value of crys-

tals of pyrite for use in connecti i 1
A on with wireless tele y
and the results recorded elsewhere, (208) graphy,

() Tide fupra, pp. 223-224,
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Water for sluicing was brought round the hillside in a
short race from a small dam of a temporary nature erected
in a break forming the head of a creek just on the western
fall of the range. The capacity is small, but the nature of
the work was intermittent, and it seems to have suited the
purpose for which it was constructed. g :

On the brow of the hill above the Tributers’ Workings is
a trench on a lode-formation of very promising nature.
It consists essentially of quartz and green tourmaline, with
a small amount of black tourmaline as well. Cutting
through it are veins of a soft micaceous mineral, probably
pinite. There are irregular geodes of crystallised quartz.
The width exposed is 12 feet, although the true lode is
wider than this, This lode is worth testing.

Gray’s Lode.—Belonging to the group of workings known
as the Western Workings, there remains to be described
one lode, distinet in several respects from any other on the
property. This is Gray’s lode. It is situated within about
a chain and a half of the southern boundary of the con-
solidated lease 3917m, but actually on section 5765m, which
is also held by Mr, J. 8. Munro. It is on the western
slope of the range, but near the summit of the spur which
forms the divide between Cumberland and Packer’s Creeks.
It was discovered by tracing up the spur tinstone which was
first found in the creek below. The amount of work done
on the lode is very small, consisting of two trenches a few
feet apart, one slightly lower than the other. The lower
cuts only partly across the formation, the upper one, a
few feet south, contipuing the section. The lower trench
bears N. 88° W., has a length of 20 feet, and width of
4 feet, the lower end, owing to the slope of the hill, showing
stone underfoot, the upper a' face of 9 feet of stone. The
upper trench, 6 feet south, is parallel; it is 30 feet long,
and 9 feet deep in the face.

No other work has been done on the lode, although rich
tin has been disclosed in these trenches.

The strike of the lode appears to be N. 10° E., and dip
east at a steep angle.

The formation disclosed is an interesting one, and differ-
ent to other lodes on the property. The tin is associated
with quartz and black tourmaline in the complete absence
of the green variety. The lode consists of a series of quarts-
tourmaline veins, many of them approximately parallel
and impregnations of the granite from these veins
Although the main fissures appear to be parallel, there are
others crossing them at all angles. Some rich stone has
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been exposed, several bags of picked stone sent away return-
ing over 60 per cent. tin. The best ore is a laminated
quartz-tourmaline: there is a black tourmaline ground-
mass, with abundant veinlets cutting through, some filled
with quartz, many of them carrying fine cassiterite, light-
brown in colour, and not noticeable excepting under the
magnifying glass. Crossing these veinlets are minute,
needle-like prismatic erystals of tourmaline, while between
them doubly terminated prisms of quartz were noticed in
some cases. Sometimes the masses of quartz-tourmaline lie
almost horizontally, and are lens-shaped.

The sections exposed by these trenches are fully described
elsewhere, and it is seen that there is a crustified strue-
ture, masses of black tourmaline being edged with white
quartz (usually showing a crystalline structure), and this
in turn by a quartz-tourmaline stone which apparently
merges gradually into granite. Blocks of granite are
included. Tt is shown that the structure is rather unusual
in the district, but that the formation as a whole is really
a variation of a gquartz-tourmaline-cassiterite vein, forming
a lode rather than a simple vein.

Complete assays of the various classes of material are
desirable to show what the distribution of the tin really is.
Although so very little work has been done on it, the lode
has several very encouraging features, and is certainly worth
further prospecting on the surface. Trenches should be
cut east and west of the present ones to get some informa-
tion with regard to the extent of the shoot of ore. If the
bull: value of the formation warrants such work being car-
ried out, an adit could be driven to expose it at depth
from lower down the hillside, but surface prospecting and
sampling must first be undertaken.

The group of workings known as the Western Workings
has been described, and a description given of the lodes and
the work done upon them. Reference should be made to
the means employed for transporting the ore won from the
workings to the battery. The general situation of the work-
ings high up on the spur has been described; the battery
is on a branch of Packer’s Creek, about 450 feet helow
Yates’ Level. Originally an aerial tramway was used for
the conveyance of ore from workings to battery, but this
gradually fell into disrepair, and eventually a self-acting
tramway was constructed. From the station at the mouth
of Yates’ Level the full trucks were lowered under the
control of a strap-brake bearing on the end of the drum,
and by means of a tail-rope, pulled the empties up from the
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battery. The various workings described were connected
with this tramway.

The inclined tramway is at the present time in a state of
disrepair.

Central Workings.—North-east from the Western Work-
ings, the hill rises steeply for about 450 feet vertically,
and on the highest portion of the lease, a distance of about
30 chains north-east of Yates’ Level and the top of the haul-
age, are the Central Workings. Here the work done has
been by means of open-cuts, adits, ana shafts. Tt is safe
to say that the developments on this portion of the property
are of such importance as to practically constitute a mine
of themselves. More work is necessary, as will be seen when
the present workings are described, but the surface pros-
pects are really good, and there is every reason to believe
that further exploitation will confirm surface prospects.

There is a very large outcrop on the hill, which appears
to have been formed at the intersection of several distinet
lodes. The stone is very dark in colour, appearing quite
black when viewed from a short distance away, owing to the
large amount of dark-green tourmaline present. From this
fact the open-cut, which exposes a face of this dark-green
quartz-tourmaline stone, has been rather aptly termed the
*“ Black Face.” ’

For descriptive purposes it seems best to consider first
the most northern of these workings, taking the others in
order from north to south. i

220-feet Level.—This level was commenced at a point 220
feet below the collar of Munro’s shaft on the summit of the
hill. From this point a horse-tram was constructed, wind-
ing round the northern and western slopes of the hill, and
connecting with the main inclined tram to the battery, at
Yates’ Level. The ore mined from the Black Face work-
ings was lowered by an inclined tramway about 6 chains
in length to the horse-tram, trucked round the hillside,
and lowered to the battery.

The 220-feet level appears to have been driven with the
object of intercepting the Black Face lode, and for 200 feet
bears 8. 5 W.: if continued on this bearing, it would in
another 200 feet be directly below Munro’s shaft. Up to
this point it is driven through light-coloured medium-
grained biotite granite. Here, however, a cross-vein was
struck, making an angle of 16 degrees with the course of
the drive, from which the granite is mineralised on either
side.  The drive then bends for no apparent reason,
and bears about 8. 30° E. for the rest of its course (14
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feet) through much-fissured granite which is hard and
fine-grained, and carries pyrite in places.

About 100 feet higher up the hill a tunnel has been
driven for about 45 feet on a bearing S. 520 W. It
appears to be on the wall of the lode, for quartz-
tourmaline stone is showing all along the south-eastern
wall, while on the other wall is fine-grained granite, of an
aplitic nature. The wall exposed stands vertically.

From the mouth of this tunnel along the hillside to
the Eastern Workings (bearing N. 69° E.) the lode out-
crop seems continuous: it is covered here and there by
button-grass.

86-feet Level or Cross Drive.—This is driven through
lode material for about 40 feet: this is somewhat soft
and decomposed in the earlier portion of the tunnel. For
27 feet assays have shown the average value to be } per
cent. tin. Crosscuts have been driven north-east and
south-west for about 20 and 40 feet respectively. In the
north-eastern crosscut is lode material to the face, con-
sisting of hard quartz-tourmaline with some gossan in
places. The south-western crosscut discloses at 25 feet a
mass of quartz-tourmaline going into the south wall: the
true wall does not appear to have been cut. In the end
of this crosscut is a seam of about 3 inches of what appears
to be fairly pure kaolin, which is white in colour, and
quite free from grit when crumbled between the fingers.
1t is striking, occurring in a very dark-coloured stone with
quartz and abundant tourmaline. This seam does not
appear to carry tin. In the main drive at 10 feet from
the face, is a cross-vein of very hard quartz-tourmaline,
the tourmaline being of the favourable green variety.
Tin is present in the stone, and it is stated that assays
show the value to be § per cent. Granite is showing in
the face of the main drive, and here, as in the crosscuts
where exposed in the vicinity of the lode, it is much fis-
sured and carries a good deal of tourmaline.

For some distance to the east of this level there is rich
tinstone showing on the surface. In nearly every piece
examined in this vicinity cassiterite was present. Most
of this was detrital, but some was in situ. The brown
tin oxide occurs in crystals disseminated through the stone,
and in small geodes with quartz.

Above the 86-feet level is a small cut driven for about
15 feet into lode material. The stone carries abundant
green tourmaline here as usual, and good tin values are
present. There are included masses of crystalline quartz
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showing abundant cassiterite crystals, and frequently fis-
sures are filled with the same mineral, and if spec'mens
be broken along the fissure, very showy specimens are
obtained.

No. 2 Bench.—About 20 feet west of the small drive
previously described some of this lode material has been
worked by an open-cut known as the No. 2 Bench: this is
about 30 feet below the Black Face. The dimensions of
the cut are—length 38 feet, width 21 feet at the entrance
and 17 feet 6 inches at the face, height of face about
20 feet. The cut exposes a mass of ore of a general dark-
green colour owing to the abundance of tourmaline of that
colour present. The strike of the formation at this point
appears to be N. 300 E. The ore taken out was erushed with
that quarried from the Black Face. On the western side of
the cut is exposed granite intersected by numerous fissures
parallel with the strike, and cut through by a second series
about at right angles. At the edge of the granite are masses
of soft green tourmaline, with little accompanying quartz,
although the latter is generally present throughout the ore.
In the face is an exposure of 15 feet of banded quartz-
tourmaline, apparently impregnations from a series of
parallel fissures, and showing cross-fissures filled with
limonite, sometimes botryoidal; limonite also oceurs in
nodular form. On the eastern wall, in the south-easterm
corner, is a belt of hard gossan with tourmaline. On this
side of the cut, too, is a band of very soft lode material,
apparently consisting largely of chlorite with kaolin: the
strike is about east and west, and dip north at 45 degrees.
The width is variable, the seam opening out in places into
vughs of considerable size. Rich tin values are present in
this soft lode material, the cassiterite being in a very finely-
divided form. On the same wall, a few feet further north,
is another mass of similar lode material, also carrying very
rich tin. The tin oxide is in the form of slime, and
resembles a light-coloured reddish-brown mud : it is of very
pure quality.

From this cut, values have been traced for at least 30 feet
east.

A sample of the green tourmaline from this formation
was roughly crushed and vanned by the manager in the
writer’s presence, and the concentrate weighed: the result
of this sample was b per cent. tin oxide

Black Face—The excavation known as the ‘‘ Black
Face’’ is an open cut, from which a good deal of lode-
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material was extracted by the present owners of the pro-
perty, and crushed for a satisfactory battery return. From
this cut, and the lower one known as the No. 2 Bench
(previously described), 720 tons of ore were crushed, and
yielded 12 tons 18 cwt. 22 Ib. of tin oxide, assaying from
68'7 to 69'4 per cent. metallic tin. Assuming an average
of the two values given for the grade of tin produced, the
actual battery return is equivalent to 1'24 per cent. metal-
lic tin in the ore treated. Numerous samples have been
assayed from this cut, which have generally indicated a
higher value than that mentioned, but it must be borne in
mind that the concentrating plant available was not cap-
able of effecting a high recovery of values, particularly
when‘ dealing with very fine cassiterite, such as is pre-
sent in the lode-material from this point, and the discrep-
ancy 1s to be accounted for—in part, at any rate—b
actual battery losses. That this is true is shown by the
fact that the tailings were retreated recently at a };roﬁt.
There are two classes of lode-material pre;exlt—rzr) soft,
tiark-gre?ml tourmaline; () hard, lighter-coloured quartz-
tourmaline veinstone, containing green tourmaline. The
former material generally carries the better tin,
It is characterised by the presence of limonite in
aodul_es\ n'.regular veinlets, and compact masses, frequently
Arrying tin. The limonite is a result of the oxidation of
pyrite contained in the primary ore. It is said to assay
about 2 per cent. tin. This softer material is cut through
by the harder quartz-tourmaline veinstone which oceurs
i veins, and in irregular masses enclosed in the dark-green
fourmaline. These masses are encrusted with erystals of
quartz projecting outwards, and with fine needle-like
grisms of tourmaline. These faces are sometimes covered
with crystals of cassiterite, which also occurs in vughs
through the mass of the stone. The general dip of these
quartz-tourmaline bands is east at about 70 degrees.
Occasionally bands of very soft material are noficed lying
8t a very flat angle, or forming vughs several feet across
with narrow connecting veins, filled with very soft, dark:
green amorphous material, apparently chlorite and kaolin.
These bangis and masses carry rich tin values, the cassiter-
#e occurring in the form of light-brown masses of very
‘:nely-dtsvlded Fn}ateria], and never showing any crystal
orm. Some rich assay results q i i
R lode-material_y have been obtained from
The_ writer did not systematically sample the lode-
material exposed here, but submitted a single sample of
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the massive green tourmaline, slightly stained with limon-
ite from the face of the cut. to the Government Assayer,
Mr. W. D. Reid, who reported—

ot O <o« s 1'8 per cent.

The face was sampled by Mr. Waller in 1902, who
eported.(**°
: l‘)‘OI too&: a) bulk sample across 12 feet of the soft lode-
matter at this point, which yielded 2} per cent. metallic
tin. Another sample from the hard bands, tot,alhn_g 5 feet
8 inches in thickness, yielded 035 per cent. This gives
an average of 1'64 per cent. metallic tin for a width of
17 feet 8 inches.” '

The actual battery return quoted above for the crushing
of 720 tons, indicates that Mr. Waller's figure would be
very close to the average value of the ore,

Tn addition to the work described, a winze was sunk
from the bottom of this cut for 9 fest, and a bore-hole put
down 9 feet 6 inches from the bottom, and this work
disclosed the same class of lode-material, carrying similar
values to that already taken out.

A few feet higher up the hill than the Black Face, and
a short distance to the south-west, a short adit has been
driven for about 10 feet on the course of a black vein
5 feet 6 inches wide, carrying good tin. The central
3 feet consists of dense dark-green tourmaline, with regu-
lar lines of cavities caused by the removal of some mineral,
probably pyrite, flanked on either side by very honey-
comi)erl'dﬁrk-grm_’n tourmaline with limonite. This, again,
is flanked by quartz-tourmaline stone of fairly even grain-
size and medium texture, the tourmaiine being the green
variety.

Above this cuddy is some hard gossan exposed, with
green tourmaline, similar to some of that met in the drive,

Munro’s Shaft.-——This is a vertical shaft sunk ov the
lode to a depth of 51 feet. It was sunk in the early his-
tory of the property. At the time of the writer’s visit it
was inaccessible, and for information concerning the work
done he is indebted to Mr. Yates. The shaft is sunk on
lode-material all the way, and from the bottom a drive
was extended eastwards for 16 feet before meeting granite.
The dip appears to be east at 87°. A large sample broken
from 16 feet in this drive by Mr. Yates yielded 1 per
cent. tin. On the west side of the shaft is a vein of

(’_"‘Tﬂepor;m Tin Ore Deposits of Mt. Heemskirk, p. 27.

275

richer tinstone about 1 foot in width, assaying between
5 and 6 per cent. tin. On the surface, over a width of
13 feet, assays have returned over 2 per cent. tin.

The stone here is a rather hard quartz-tourmaline, of
fairly even grainsize, green tourmaline being common.
There is, however, a distinct central seam, consisting
mainly of green tourmaline, with cavities lined with crys-
tals of quartz and cassiterite. The cassiterite oceurs in
radiating needles on a base which generally shows a con-
centric structure. It is also disseminated through the
stone, and is of a light-brown colour. The body of the
stone carries finely disseminated pyrite. Cross-fractures
were noticed, bearing N, 750 E., cutting through the
lode in the vicinity of the shaft.

The shaft is sunk on the highest portion of the pro-
perty, and most of the adits are named from their vertical
distance below the collar of the shaft. The width of out-
erop at this point is 43 feet.

A little to the west of the main line is a bold outerop
for about 2 chains of very quartzose lode-material, with
a little green tourmaline in veins through it, but said to
be poor in tin. The surface outcrop ends abruptly, but
what is probably a faulted portion of the same formation
appears lower down the hill, about 5 chains to the west,
for a short distance. There is also an outcrop on the
northern side of Packer’s Creek for a few chains, which
appears further to the west again.

{7 nderlay Shaft.—About a chain south of Munro’s shaft
another shaft was sunk by the old Cumberland Company,
and is now known as the underlay shaft. A trench on
the surface exposes the lode, which is 36 feet wide. Tt is
quartz-tourmaline, showing pseudomorphs of tourmaline
after felspar, and also some dense green tourmaline bands,

The shaft is inaccessible, having no ladders, and being
partly full of water. It was sunk on the underlay on the
sastern (hangingwall) side of the lode through granite,
antil the main body of stone was intersected. The shaft
was then sunk vertieally in this lode-material for 25 feet.
The total depth of the shaft is said to be 60 feet. The
stone on the dump-heap at the zollar of the shaft does
not look very promising for good tin values. Tt consists
mostly of quartz, with some veins of tourmaline, and car-
ries finely-disseminated pyrite. Tt is said to carry low
tin values,

On the summit of the hill, a few feet west of this shaft,
are scattered on the surface, masses of quartz-tourmaline
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and dense green tourmaline, partly cemented by limon-
ite. Fragments are sometimes well rounded. This appears
to be on a line of lode on which a little work has been
done, and which strikes N. 13° E_. A httle‘ further south
the outcrop is well defined. A vein filled with black tour-
maline and a little quartz is seen cutting through the
main vein, and bearing N. 63° E Ano‘ther smularovem
was noticed still further south, with a strike of N. 74 .E.,
but in this case the main vein is Obx'l_ously the later, since
it cuts through the smaller cross-vein, although no (h&
placement is noticeable. The:re is here a well-defined ve:
carrying crystals of cassiterite, flanked by \felnstoaed
qua;tz and green tourmaline, the latter being pseuﬁ:;
morphous after felspar. In places the green tourmali
is fairly massive, but is cut through by irregular veins
filled with chaleedonic silica, and geodes lmed‘ Wlth: Crys-
tals of quartz. Cassiterite is to be seen disseminated
hrough the stone. _
s A tg're-nch across this lode a few 1'.eet south frorq this
point, but still near the top of the hill, exposes an inter
esting section. The full width is not exposed. There
is a central vein with rich tin, flanked b_\_‘ a banded stone.
generally of fairly dense quartz-tourmaline, but carrying
also bands of white quartz, and of very quartzose
material with a little scattered tourmaline. This stone
without the central vein assays about 2 per cent. tim
The central vein would probably return 10 to 12 pes
cent. tin. It varies in width from 2 t'-cr) 5 inches, and has
been traced for a length of 20 feet. It contams_crys_t.ab
of quartz and cassiterite, and shu.ws distinet crustlﬁcataol.
i.e., the minerals have been deposﬂ;e:d on t.i;e sides of a fis
sure at different times, each deposit forming the base om
which the succeeding deposit rests. This vein has bees
described elsewhere,(*'") and the significance of its occur-
ence noted. '
: A few chains further south, and lower down the hill
the same line of lode is exposed for a width of 29 feet'b_'
a trench. The 5 feet in the centre of the trench is granite
but the trench is shallow, and it is not by any means ees
tain that this is really in situ. It may be a loose block e
granite which has been embedded in the loog.e detrn:
matter, which is abundant here. However, it may&-
a band of country-rock which divides the lode at
point into two bodies of ore, which unite again north amé

(M) Vide supra, pp. 156-157, 160.
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south. On the eastern side the stone js essentially white
quartz, which appears to be of two generations, but con-
tains a little tourmaline, partly in disseminated aggre-
gates, also as a filling of fissures, and in nodules through
the mass. The material has a banded structure, some
bands being of quartz and tourmaline in nearly equal
amounts. Vughs of crystalline quartz with tourmaline
occur throughout the mass. The western section (10 feet)
of the trench exposes dark-green tourmaline, with vughs
containing crystals of quartz, and a band of dark-coloured
very hard quartz-tourmaline stone about 9 feet in width,
on the western edge, this stone also showing miarolitic
cavities,

This trench continues on for ahout 2 chains, but exposes
no further lode. Tt is of value, however, in that it opens
up a quantity of detrital matter, which shows abundant
specimens of good tinstone, and which will probably prove
payable.

About 4 chains further down the hili is another out-
crop of a lode bearing N. 7° E., which, however, appia:-
to end abruptly as though faulted. No work has been
done to prove its continuation or otherwise to the south.
The same lode appears to have been exposed in a trench
on the brow of a spur about 3 chains to the north, and
about 3 chains in a direction 8. 770 W. from the 60-fest
shaft. There is a promising lode exposed here, of quartz
and green tourmaline with vughs of crystalline quartz, tue
width being 23 feet.. The dip appears to be slightly east.

60-feet Shaft.—This shaft is about 4 chains in a dirse-
tion a little east of south from the Underlay Shaft pre-
viously described. Tt is an old shaft sunk on an outcrop
not fully exposed, but apparently about 30 feet wide,
This is only about 1 chain west of the Air Shaft line of
lode (to be described). The lode strikes N. 80 E. " he
shaft is sunk in the eastern wall, and has a slight ander-
lay to the south. Tts depth is said to be 60 feet. but the
skaft was inaccessible at the time of my vigit. Near the
surface there is a vein very dark in colour, and consist-
ing of dark-green tourmaline and quartz in about equal
amounts, with vughs of crystallised quartz and tourma-
line. Tt is said to carry good tin. The width as far as
the vein is visible appears to be fairly regular, and from
6 to 9 inches, excepting near the surface, where it widens
to 18 inches. On the western side of this vein is white
quartzose stone, very similar in appearance to that exposed
in a trench on the Air Shaft line of lode, but with irregu-
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lar veins and lenses of quartz-tourmaline. Tt carries good
tin in nests and pockets with crystallised quartz, and also
in cross-fissures. On the eastern side the main vein merges
into decomposing greisenised granite which carries veins
and nodules of quartz and tourmaline.

The outerop on which the 60-feet shaft has bean sunk
is visible for only about 50 feet on the surface. Qun the
south, a shallow adit extends beyond the point at which
it should have been cut had the lode been consinuaus,
without disclosing any sign of the formation. These is no
sign of any outerop to the north.

Air Shaft Line of Lode.—This line of lode is one of
the earliest prospected on the property, and one on which
further work is destined to be done in the future. The
work done up to the present consists of surface trenching,
a shallow adit, and a shaft connecting with an adit driven
from the low ground near the Cumberland Dam, known as
the Long Tunnel.

About 130 feet south-east of the old 60-feet shaft, and
on the southern slope of the hill, is a trench across the
lode, exposing a width of 30 feet. The stone is essen-
tially a white quartzose material, with crystals of glassy
quartz in a very fine quartzose groundmass. It weathers
very white. There is a small amount of tourmaline pre-
sent, especially near the edges, where nodules with black
tourmaline appear. It carries a little fine tin right
through the stone; also in vughs sporadically distributed,
where the cassiterite is in crystals associated with crystals
of quartz, and in occasional soft seams of kaolin through
the ore. The average value of the stone here is said to
be barely 05 per cent. tin.

Below this trench is a shallow adit driven north-west
for 141 feet. It is difficult to understand why this adit
was driven, for it does not cut the Black Face line of
lode. To do this it would have to be driven another 120
feet, and then the amount of backs obtained would be
too small to justify the work. The air shaft lode is cut
through at the approach, almost below the trench just
described, and giving only about 12 feet of backs. The
width here is 29 feet 10 inches. The stone is quite simi-
lar to that exposed in the trench above, and carries a
little tin right through, occurring as deseribed in the
trench. The main body of stone is free from tourmaline,
although a little occurs in nodules near the edges of the
lode-formation.
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Air Shaft.—About 20 feet to the east of this adit is the
shaft known as the ‘‘ Air Shaft.”” The shaft is at pre-
sent quite inaccessible, but the writer is indebted to Mr.
Yates, who has examined it, for information. The shaft
was sunk partly vertically, partly on the underlay. At
100 feet from the collar there is a crosscut into the lode
(the shaft being apparently sunk in country-rock) for
14 feet, but not exposing the full width at this point.
Assays from here varied from 0'4 to 09 per cent. tin.
A rise was put up from the Long Tunnel, but did not
connect by 15 feet. The work done from this lower adit
on the lode is unknown. The stone taken out seems to
have been crushed by the old Cumberland Company, and
some rich tin ore is said to have been won. The collar of
the Air Shaft is 270 feet vertically above the Long Tun-
nel, that amount of backs being, therefore, available.

About 2 chains to the south is another trench. The
formation has been cut, but the information to be
obtained from the trench is indefinite. The lode out-
crops again further to the south, forming a bold ridge for
a short distance. Again, it disappears under the peaty
button-grass cover, and outeropping again appears to dip
below the tributers’ dam. The strike here is N. 140 E.
The dip appears to be slightly south. North from the
Air Shaft there is a well-defined outcrop bearing N. 14° E.
for about 3 chains, when it appears to bend round to
about N. 74° E. About 6 chains on a small cut exposes
about 5 feet of stone, although this is not the full width.
The stone is similar in general appearance to that at the
air shaft, but carries a little more green tourmaline; it
is tin-bearing where exposed. Between these points any
outerop is completely concealed by button-grass, but there
is a distinct ridge falling away steeply to the south-east,
which probably marks the line of outcrop.

Still further to the east is a small cut on a quartz-
tourmaline formation, which may represent a continua-
tion of the same line. The width exposed is about 4 feet.
The strike is apparently N. 30° E., and dip vertical.
The stone resembles that exposed in the Eastern Workings.
It is partly an open green tourmaline rock, with white
quartz, and there is also exposed a hard, dense variety,
with quartz and green tourmaline in about equal quanti-
ties, and cut through by tourmaline-filled fissures. No
black tourmaline is noticeable in the stone. Tt is tin-bear-
ing, the cassiterite being very fine and reddish in colour.
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This formation did not outerop at the surface, and was
only exposed on sinking through the detrital material,
which is abundant at this point. No attempt has been
made to trace it further, although it should junction with
the line of lode connecting the Black Face and Eastern
Workings, which is distant only about 1 chain to the north-
west. Prospecting at this point is unhesitatingly recom-
mended, for the prospects of locating some good ore at
the imversection of the two lines of lode. both known to
be tin-bearing, are good.

The Long Tunnel—From the southern boundary of the
consolidated lease, at a point on the low-lying ground not
far above the level of the Cumberland Dam, a tunnel was
driven by the old Cumberland Company, apparently with
che object of cutting the Black Face line of lode at a depth:
the tunnel is about 320 feet below the outerops on the hill.
Its total length is 997 feet, and it thus proves a valuable
asset for the future prospecting and development of the
mine. The tunnel was connected by a tramway of about 1
mile in length with the Cumberland Battery, where the
stone won from the stopes was crushed. The battery is
now dismantled, although remnants of the old plant
remain, while the rails have been removed from the tram-
way, and the embankment has suffered considerably from
the long-continued exposure to weathering agencies.

The tunnel is driven for 766 feet on a bearing N. 480
W.; then for 97 feet it bears N. 41° 30' W., and for 134
feet to the face the bearing is N. 35° 30' W. Records of
the old work done are scanty and rather indefinite. The
Air Shaft lode seems to have been cut, and some stoping
done: it seems that the width here was 20 feet, and that a
rise was put up to connect with the Air Shaft sunk from
the surface, but that the two did not connect by 15 feet.
This lode was cut about 700 feet from the entrance. The
extent of work done on the lode is not known: for 24 feet
there is filling overhead.

A cross-lode cut in the tunnel, which may perhaps be the
same as that upon which the 60-feet shaft has been sunk
from the surface, strikes N. 16° E., and dips slightly east:
the width is 12 feet. There is a central vein of black and
green tourmaline, varying in width from 3 to 12 inches,
and carrying good tin. This merges into hard quartz-tour-
maline stone, in which a little fluorite was noticed. but
which is said to carry only very low tin values. There is
a short drive east about 12 feet : this was about 800 feet in.
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At 893 feet from the entrance another lode was cut, on
which a little more work was done by the Cumberland
Company. Crosscuts were driven east and west on the
course of the lode, as rich tinstone was met in the main
drive. The western crosscut extends for 40 feet in lode
material (worth about § per cent. in the face), and here
a winze was sunk. It is said that some driving was done,
but the winze is now full of water, and has not been
examined by the present owners, although a pump and
43 -horsepower Coulson oil engine have been installed. Tt is
reported that good tin exists in the bottom of the winze,
which has been sunk for 80 feet, and would therefore be
about 400 feet below the surface. At the plat some under-
hand as well as overhand stoping were carried out. The
eastern crosscut bears N. 70° E. for 66 feet 6 inches, where
a cross-vein was intersected, then N. 8810 E. for 49 feet
6 inches. Bending round after cutting through the main
lode, for 10 feet the bearing is N. 40° E., while for the
final 15 feet to the face the course of the crosscut is N.
73° W. In the earlier part of its course the crosscut was
driven on the lode, whose strike therefore is represented
by the bearing of the drive, varying from N. 70° E. to N.
384° E. For 33 feet from the main adit it has been stoped
overhead for a height of 35 feet above the back of the level,
and an average width of 6 feet. The value of the stone
is said to be 2 per cent. here. The stone taken out was
all crushed by the old company, although returns are not
available. At 66 feet 6 inches from the main level, a cross-
vein was cut through, of not unpromising appearance. This
appears to cut through the main vein without displace-
ment. The strike is N. 27° E., dip about vertical, and
width 5 feet. This vein should be exposed by driving
along its course north and south.

At 116 feet from the main level the crosscut appears to
have cut through the lode which has been followed, on
account of a variation in its strike. From this point to the
face, the interpretation of the evidence is not very easy,
as no cross-drives have been driven from the crosscut to
expose the various bodies of ore cut through. The facts are
that at the point noted, 116 feet from the Long Tunnel,
granite appears on the southern wall, with lode material
still showing on the northern side for a few feet, when
granite appears here also. At 124 feet in, quartz-tour-
maline stone appears again on both walls for a width of
about 6 feet. Then the drive is through granite again,
out in the face lode material appears again, being hard
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quartz-tourmaline with visible pyrite. The country has
avidently been somewhat disturbed here, but it appears
that three distinet lode-formations have been cut. The
main one, which the crosscut has been t'o]lowing. blends_t.o
the east, striking at this point N. 56°© E.: this diversion
may have been caused by a slight movement along a fault
plane, now represented by the cross-vein encountered a few
feet on, as ore-forming vapours and solutions would natur-
ally find their way along any such plane of weakness.
Whether the deviation of the main vein has really beem
caused in this way cannot at the present time be definitely
determined, but the quartz-tourmaline cut through bat %2;
feet certainly appears to represent a cross-vein abon
feet 6 inchesyiu I\vaidt,h) and striking about N. 154° E, If
each maintains its present course, the two veins should
intersect a few feet in the north wall. TInsufficient evidence
is available to enable a prediction to be made as to what
may be expected at the intersection, but no time should
be lost in deciding the matter by a short crosscut, which
could advantageously be driven along the course of either
vein: it is rather likely that the cross-vein will be found
to cut through the other, without displacing it appreciably.
The granite between the two on the north wall is fine-
graiuéd. and appears to have suffered considerable altera-
tion, much quartz being developed, .apparently' at the
expense of the felspar and mica: this change is to be
attributed to the ore-bearing vapours and solutions. It
is difficult to understand why the crosseut was not com-
tinued a few feet to cut through the pyritic quartz-tour-
maline formation showing in the face. It appears to be
quite a distinct formation to either of the others exppsed,
but nothing definite can be said of its strike, dip, or width,
although it appears to be about parallel to the cross-vein
intersected.

The main vein on which these east and west crosscuts
have been driven, generally shows a central seam filled with
tourmaline and soft kaolin, with varying amounts of qualjt;,
and frequently earries rich tin. The quartz-tourmaline
stone fringing it on either side also carries good tin. Im
such a vein the richest ore is likely to oceur in shoots of
limited length, connected by poorer stone which may or
may not pay to work. It will probably be found that if
worked systematically and on a proper scale, rich tin shoots
worked with the poorer intermediate stone will bring the
average value to a payable figure: on the other hand, the
intermediate stone may bhe almost or quite barren of metal
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values, and the working policy must be based not on theory,
but on actual assay values of a series of samples systematic-
ally taken along the length of the ore-body.

The length of the tin shoot worked by the old company
here appears to have been about 150 feet. It was only by
the merest chance that the Long Tunnel happened to inter-
sect this vein at a point where a shoot of good tin occurred :
had the tunnel maintained its original course, or swung
round a little to the south instead of to the north, the vein
would have been cut at a point where the values were low,
This fact should be borne in mind, and should stimulate
further prospecting of veins which have been cut but 1ot
driven on,

The correlation of this vein with any surface outcrop is
difficult and uncertain. It does not appear to be the Biaick
Face line of lode, which most likely lies in the virgin country
ahead of the tunnel. It seems that no useful purpose can
be served by a discussion of the point as to which surface
outerop is here represented, for the matter at present can-
not be decided, and any opinion expressed would be merely
a surmise,

From the crosscuts described, the Long Tunnel has been
driven for 104 feet through hard medium to fine-grained
white granite, fissured in places, but quite barren of iy
tin-bearing vein or lode-formation.

Assay samples were not taken from the Long Tunnel, but
some of the lode material from the flat-sheet where the
crosscuts were driven east and west, showed a nice prospect
of tin on vanning, probably equivalent to over 1 per cent.
free tin, without considering the coarse rejects. An exam-
ination of the heap of ‘‘ seconds * stacked outside the tun-
nel by the old company shows that a fair proportion of the
stone carries visible cassiterite. The free tin from a sample
vanned from this heap, indicated over 1 per cent. tin, but
this was not a bulk sample: this stone will probably prove
payabie.

Eastern Workings.—About 26 chains east-north-east of
the Black Face workings on the summit of the hill, are some
old workings on a promising - lode-formation, generally
known as the Eastern Workings. The work to be described
was carried out in the early history of the property by the
old East Cumberland Company, which is reported to have
taken out 14 tons of tin oxide. The tin occurs in a well-
defined green tourmaline lode-formation, and to a slight
extent as an impregnation in the adjoining granite: a shaft
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has been sunk from the top of a hill, and a shallow adit
driven to connect with it, the stoping carried out being
very limited in extent.

The lode material is quartz-tourmaline: the latter
mineral is a pale-green colour, and is usually without visible
crystal form, although aggregates are frequently more or
less rectangular in gshape and are probably pseudomorphls
after the felspar of the original granite. T!le quartz 18
generally white and saccharoidal, filling the intermediate
Epaces. " Cavities occur in the lode .s,t.u_ﬁ, and occulqn'ally
green tourmaline of botryoidal habit is seen as a lining.
Quartz crystals sometimes line these cavities, and may or
may not be accompanied by cassiterite, which sometimes
occurs as crystals; in one specimen prisms of quartz were
noticed lining the cavity, covered with cassiterite, showing
that the latter must have been introduced after the for-
mation of the quartz crystals. The tin oxide is nearly
always very finely divided, a good deal occurring as slime
tin. It is generally light-brown or grey in colour, and
occurs lining or filling cavities, also sometimes filling .deﬁmta
fissures. Its home seewns to be in the green tourmaline Ipde
material, although it occurs also in the altered granite.
One specimen of lode material was obtained showing a
minute vein of quartz cutting through crystals of both
cassiterite and quartz. The country-rock here is a coarse-
grained pink granite with abundant orthoclase felspar.

From a small creek flowing into the Cumberland Dam,
and 50 feet below the outcrop on the hill, the adit has been
driven for 90 feet on a bearing N. 75© W., the approach
being 6 feet 6 inches in length. Tt is driven through 'soft
decomposing whitish granite, with pyritic nodules at inter-
vals. At 35 feet 6 inches from the entrance are short cross-
cuts, 7 feet north and 4 feet south. From the latter a
winze has been sunk: its depth is unknown, although it
is at least 10 feet. Here there are two approximately
parallel fisures in the granite, forming natural .walls.. The
face of the north crosscut is said to show a little tin om
assay. At 42 feet 6 inches from the entrance is a quartz-
tourmaline vein of 3 to 12 inches in width, and here the
coarser-grained pink granite is noticed. This seems to
merge, at T9 feet, into a pyritic ]()t{e-f()rmat.‘lou. .At 84
feet 6 inches from the entrance is a connection \\.'lth the
surface, 50 feet up. This shaft was sunk on good tin-bear-
ing lode stuff, the best tin being obtained near the surface,
where the cassiterite occurs disseminated through green
tourmaline lode stuff similar to that described above. The
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shaft was not available for inspection. At the bottom, and
above the level, on the north wall is granite, altered and
carrying pyrite: lode material appears about 3 feet from
the floor, although it does not seem to be continuing under-
foot. The strike appears to be about north-east, and the
dip about north-west at 30 degrees to 40 degrees. From
the face, a short crosscut extends for 6 feet north, and
another for 10 feet about south-west. In the face of the
main drive are irregular lenses of hard quartz and black
tourmaline with pyrite, connected by narrow, thread-like
veinlets: these masses are sometimes several feet in
diameter. The enclosing granite carries pyrite in places,
and is said to show low tin values on assay. In the face
of the north drive is pink granite, readily decomposing to
a soft white granite on exposure. This crosscut should be
continued, as it appears that the true lode has not yet been
cut, but probably lies a little further in, ahead of the pre-
sent drive. In the face of the south-west crosscut is a vein
eutting through pink granite, with a central seam of kaolin,
and altered felspathic material with hard quartz of a
greenish tint, on either side: it appears to carry a little
pyrite. The width is regular, about 4 inches. The strike
8 N. 9° E., and dip vertical. Limonite leaching from the
face indicates pyritic material ahead of the present drive.
The soft, partially-altered granite here is said to be worth
075 per cent. tin.

About 15 feet north of the entrance to this adit, and
outeropping in the creek-bed, is a pyritic band, oxidised
o a gossanous mass in places, evidently a continuation
of the lode-formation cut in the drive. A few feet south of
entrance to the adit, another pyritic formation is exposed
in the creek-bed: a shallow prospecting hole has been sunk
at one point, but no further work done on the formation: it
may be the continuation of a well-defined outerop on the
hill above.

About the collar of the shaft on the hill is a strong out-
erop of the favourable green tourmaline lode material,
showing cassiterite in places. From the shaft a little stoping
was done and the ore extracted sledged to the battery and
erushed. Tt is said that in sinking this shaft, some slabs
of massive cassiterite were obtained at about 20 feet from
the surface. This indicates that some of the narrow fissures
filled with tin oxide noted at the surface widen in places
lower down.

About 1 chain south of the shaft is a bold outerop of hard
lode material consisting of quartz and black tourmaline,
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with occasionally a little green tourmaline. It varies im
texture, approaching that of granite in places, but some
times very much finer. It has not been definitely traced
further east, although the pyritic formation exposed in the
creek below appears to be on the same line of strike, and
may be ‘connected with the same period of ore deposition.
To the west the outcrop is contiruous for a long distance;
it is covered with button-grass in places, but appears to be
continuous right through to the Black Face workings. The
formation has been exposed at one or two intermediate
points, but practically no work has been done on the line
between these Hastern Workings and the Black Face. It
is said to carry a little tin throughout. The strike near the
Eastern Workings is N. 66° E., and dip appears to be
slightly south, but cannot be definitely determined.

The connection of this formation with the one on which
the work described above has been carried out, is not evi-
dent. Two short trenches have been cut in between the twe,
exposing granite with a few narrow veins which may con-
nect the two.

The vein cut in the face of the drive strikes N, 9° E.,
and would therefore junction with this main line.

The deposit of ore is probably connected with the inter-
section of two fissures, although insufficient prospecting
work has been carried out up to the present to enable the
structure to be explained. Further work is certainly
justified here: good tin occurs near the surface and cer-
tainly should continue to a depth: the extent of the lode
is still unknown. The tin oxide is certainly very fine, but
should be saved by an up-to-date plant.

In addition to the work described, a little surface pros-
pecting has been carried out on various parts of the lease.

About 6 chains south of the Long Tunnel is an old shaf,
now full of water, which is over 30 feet deep,
sunk on a quartz-tourmaline vein 12 to 18 inches wide,
which carried rich tin at the surface. Tt is stated that ne
driving has been done, and that one or two attempts te
clean out the shaft have failed on account of the heavy
water encountered.

About 15 feet inside the southern boundary of the con-
solidated lease, and due south of the Eastern Workings, i
a very promising lode-formation, on which no work has
been done beyond exposing the formation. There was no
outerop above the peaty button-grass, but the lode-forma-
tion was exposed in sinking for alluvial. From the little
to be seen in the hole sunk for 2 or 3 feet, the lode-
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material appears to consist of very soft, brownish kaolin,
with a good deal of pinite, and abundant white quartz.
A little black tourmaline is also present, but the green
variety seems to be absent. Tin was present in a sample
vanned. The width is not exposed, nor can strike or
dip be ascertained. Further work is recommended here
to open up and find out something of the size and struc-
ture of the ore-body. It may be another pipe, similar
to that carrying such excellent tin in the western part of
the property, and the good prospects obtained from the
small exposure made of the lode should stimulate further
prospecting. Two samples submitted to the Government
Assayer returned a trace and 0'5 per cent. tin, respectively.
The sample vanned on the property was richer. The
deposit should certainly be exploited.

About 4} chains north-east from this exposure is a
trench across a pyritic lode-formation in the granite, with
a second trench about 1} chain further north. The lat-
ter is on low-lying swampy ground, and, consequently,
water is troublesome. It was sunk to 7 feet. The width
of the formation is about 8 feet, strike N. 80 E., and dip
vertical, as nearly as can be judged. It consists of quartz-
ose material, heavily charged with pyrite in well-formed
erystals, in addition to crystals of quartz and of black
tourmaline. The formation is said to carry no tin.

About 4 chains north is another trench with a hole
8 feet deep on a north and south lode-formation, said
to carry 1 per cent. tin. Little information is obtainable
concerning this lode.

At another point adjacent to the Federation Mine has
a little work been done, which deserves mention. This is
on the summit of the spur south of the battery, round
whose southern and western slopes the old Cumberland
race from the dam has been cut. There are several bold
outerops in this vicinity, usually of very hard quartzose
formations, with a little black and green tourmaline in
varying amounts, and not looking very promising, as a
rule, for tin values. These cannot all be correlated with
each other, or with other noticeable outcrops, but their
gccurrence is certainly suggestive of faulting in this
Iocality.

On the summit of the spur a big trench has been cut
across a favourable-looking quartz-tourmaline formation,
which appears to be about 2 chains in width. The trench
s cut about north-west and south-east. The formation is
much iron-stained, and consists of a series of approxi-
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mately parallel quartz-tourmaline veins, with intermediate
bands of decomposed tourmaline granite. Some of the
quartz-tourmaline stone evidently represents replaced
granite, for the tourmaline aggregates are pseudomorphous
after felspar, which has been metasomatically replaced
Towards the north-west end of the trench is a well-defined
band of dense tourmaline.

The assay value of the lode-material exposed in this
trench is said to be 0'5 per cent. tin over a width of 68
feet. A grab sample taken by the writer from the heap
was reported by the Government Assayer to contain 0-33
per cent. tin.

The strike of the formation appears to be N. 250 E
here, but the outerop is not definitely traceable for more
than a few feet on either side of the trench. It may
be that it represents a continuation of a line of lode which
outcrops for a good many chains on the Federation lease.
and on which the No. 2 Adit has been driven. If sa
some faulting has taken place on the southern portios
of the lode.

The formation is such a large one, and presents such
splendid facilities for mining on an economical scale from
deep-level adits, that a little further surface prospecting
is justified. to enable a better idea to be formed of its
extent and the distribution of values. No underground
work is recommended at the present stage.

Unprospected Outerops.—A description has been gives
of the work done on various portions of the property. It
has been seen that several distinct lode-formations of dif-
ferent types have been prospected with varying success
Brief mention must be made in passing of several other
bold outcrops, which have so far not been prospected.
These are always very quartzose, but generally carry vary-
ing amounts of tourmaline, in addition. Consequently,
they resist the attacks of weathering agencies much more
strongly thau the surrounding granite, and generally stand
out above the general surface as bold outcrops. Some
of these outcrops are of considerable width, and as many
of the exposed portions are on the highest portion of the
property, they present splendid facilities for economical
mining by adits. Under these favourable circumstances, &
low tin content may render some of these formations pay-
able. The usunal strike is a few degrees east of north and
south, although in a few cases the strike is more nearly east
and west. The latter, however, is quite exceptional.
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It would appear that slight faulting has taken place
in a few instances, the hold outcrops ending abruptly, and
perhaps continuing about parallel a short distance east
or west.

The outcrops are most abundant on the highest portion
of the property, and on the western slopes; also on the
western slope of the spur behind (south of) the battery.

It does not seem necessary to comment on the various
outcrops in detail, although the positions of the more
important ones are shown on the plan accompanying
this report. It is highly desirable that in conjunction
with more vigorous developmental work on the property, a
scheme of surface prospecting of these outcrops should be
drawn up and systematically carried out. It does not
necessarily follow that a formation which is non-stan-
niferous at one point, is worthless throughout its whole
length. The work already carried out on the property
indicates that the tin occurs in the lodes in definite shoots
of limited (although sometimes cousiderable) length.
Hence it is recommended that systematic samples should
be taken at regular intervals, and careful records kept,
of results for future guidance. As indicated above, this
work might well be carried out while other work is going
on.
The most favourable points for the occurrence of rich
tin appear to be at the intersection with cross-fissures.
These points may or may not be marked by well-defined
cross lodes.

Alluvial " Deposits.—Although small deposits of true
alluvial material occurred in some of the creeks, these
have been mostly worked out, but there remain on some
of the hillsides fairly extensive deposits of what is really
detrital material, which will probably pay to work. Refer-
ence has already been made in this report, when dealing
with unprospected outcrops, to the typical manner in
which these outcrops of hard quartz and quartz-tourma-
line stand out above the general surface of the granite.
Obviously they, too, are exposed to the same weathering
agencies as the enclosing granite, although the effects in
each case are very different. In the case of the granite
certain minerals (felspar and mica) succumb to the attacks
of wind and weather, and slowly decompose, causing the
gradual disintegration of the rock-mass. Even fragments
of rock, which may be separated from the main mass by
breaking off along cracks in the granite, are subject to
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the same forces, and disintegrate. In the case of the
quartz and quartz-tourmaline _outerops, 110\\'9\'6-1?, lali:
behaviour is very different. The component nu‘nerf
strongly resist decomposition, and the tendency is lor
pieces of the rock to split off along cracks which develop
under the action of atmospheric agencies. These frag-
ments naturally work their way by degrees down the hill-
slopes, where, for reasons giv_en f_llu'_lw. thﬂe_\- occur almest
to the exclusion of the granite facies. Eventually, they
reach the creek beds, and may be carried down to form
alluvial deposits if conditions be favourable. Durmgﬁltl
downward journey, this detrital material naturally suffers
a certain amount of disintegration, and some of the con-
tained tin oxide is set free. . :

Bearing in mind these facts, it is not surprising Ito find
that many of the hill-slopes are covered with detrital
material shed from the lode outerops higher up, in suek
quantity that it will probably pay to treat this material
for contained tin values. From the explanation already
given of their mode of origin, it is lih\_‘lOll‘S: that t'hese are
really ** detrital,”’ rather than * alluvial,” deposits

The most important deposit appears to be that on the
northern slope of the hill, below the Black Face workings,
and down towards Packer’s Creek [his locality has
been systematically sampled and this sampling by rows of
prospe?.'t holes arranged alternately has shown that
although the depth of material varies from point te
point, it will average 2} feet. For a width of 2} chains,
and a length of 10 chainc, the manager estimates from his
sampling that this detrital material will yield 2 1b. of free
tin oxide per cubic yard, for the depth given. But in
addition to the free tin, there is a good deal of specimen
stone carrying visible tin, and it is probable that under
favourable conditions the whole of this n-mterlal could be
crushed at a profit. A test sample of 35 1b. (dry) from
a point where the depth of wash was 34 feet, on beu!g
crushed and vanned by Mr. Yates, yielded 2} oz. of tim
oxide, which is equivalent to about 04 per cent. tim
oxide. _

The size of the material is fine to medium, no very large
boulders being noticed. An examination of the concen-
trates obtained from vanning some of this detrital, s:howed
that the tin is mostly very finely divided. There is an
appreciable amount, however, n.(-currinf_r in granulz‘ir aggre-
gates ur to about }-inch in diameter. The cassiterite is
ustally brown in colour, although a little black and ruby
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oxide were noticed. Associated is very small amount of
yellow sand, apparently monazite: a little pyrite is also
present.

Some of tha specimens of cassiterite show attached
quartz, also tourmaline (both green and black).

No attempt has yet been made to work this detrital
material, although it is a distinct asset,

Method of Working.—With reference to methods of
working this ground, two methods suggest themselves. Tt
must be borne in mind that we are dealing with a steeply-
sloping hillside, and that some of the best material occurs
nearest the lode outcrops, i.e., high up towards the sum-
mit, of the hill. The obvious method of treatment by
sluicing is thus rendered difficult by the situation of the
ground to be treated. Again, the fact that much of the
stone carries good tin values raises the question as to
whether it will not pay to treat this oversize, as well as
to save the free tin. Obviously this involves the use of
some crushing machinery to free the tin oxide and con
centrating plant for saving the tin when freed. Con-
sideration must then be given to two schemes:—

(1) Pumping of water to a height from which it may
be utilised for sluicing in the ordinary way
the material on the slopes below.

(2) Removing the whole of the material to a battery,
crushing, and concentrating.

A third plan at once suggests itself, combining the fea-
tures of the other two, viz., pumping water and sluicing
finer material, stacking oversize, and treating this by
crushing and concentrating,

(1) Water pumped from the Cumberland Dam would
have to be raised about 300 feet to treat the detrital
material near the Black Face. Much of the material is
at a lower level.® Probably about 3000 feet of pipe column
would be required to convey the water to its work. A
nozzle would be used to break down the ground and con-
vey it to sluice-boxes, the coarse material being stacked for
future treatment. The scheme has several marked advan-
tages. The ground is quite free of timber, being merely
covered with button-grass, and so no clearing will be
necessary, and the overburden to be removed is negli-
gible. Again, owing to the steep fall of the hill-side,
there will be no difficulty in getting rid of the tailings:
these might, in an unfavourable locality, need to be ele-
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vated. If this sluicing work were carried outl, dthfe snL:;-

face would be thoroughly prospected}. m‘adt:uy U:ases \.;vl;_m]d
i i 1 ' e above the button-g :

ns which did not outcrop a o 1

ﬁ: di::]osed. Such have already been accmc%eﬁlt-a{?lruéi?f

covered at several points on the pr_operty.‘ 1 i‘\ ue 8

the detrital worked, too, would give allgdmdlcz 12,[;33 iy
1 ! | the adjacent e outerops, I

the richest portions oi ' N

i ial f there has been no 1
rue alluvial formation, tl ‘ ;
ot of material derived from the surroun

srimi tering i
A ly but surely down-

This finds its way slow
i outcrops. This finds its way s ¢ Ry
'lhlilgl fowarclls the creek beds without any great 12{11;:;31";;15&
tribution, and so rich detrital at any pq1tnt :vsl degrlived
: indicati 5§ t whence 1t we y
1 indication as to the shoo v
g’i’?{ﬁ facilities thus offered for prus]?ml.mg'ahould‘ lie ta;ken
full advantage of, if the work indicated is carriec out.
There zm‘;i= certain disadvantages whlchiiar{: at t;mg:
1 mpi : rould necessarily have
bvious. A pumping plant wou ; 3 ' .
zsgcl?el'i near lihe edge of the dam, and steam po:erc}l)l:](])—
ﬁded. Fortunately, timber is‘a\*)u‘ndant.near {def ; %
berland Dam, and a short tramline into tht]s WToll: u;It]i.on
) f y uest:
lv of firewood at a low cost. e q
g i e ';m\\'ever. needs consideration. If the
Cumberland Dam be called upon to supply w.ait-er gotrh%elxiﬁi-
ating power at the battery on the \\'e»stqrn.su.e 0 s ;
as i: undoubtedly will be when wnr_k is L-omm.eln.ch e
').fo ser scale the available water will necessarily a.beb1
%)e Lonserved during the driest months. It ‘-ml]1< pr$nath§
not be sufficient to maintain both classes ofI:{\ or [;bgbl o
wet season, however, the water-sufpply kwt:\(:)l bepzarrie(iy 3
jent to enable both vlass.es? of work to
?;oigidering the present condition of the mine zmdt p%:nt_.
however, it is evident that a good deal of time mu;de 1:::
after operations are commenced before the mine ah. ptime
are able to commence a regular omput. and.t 1sr,h(-mlCl
might be utilised in working the detrital deposits, s
such a course be decided upon. 3
qu??) The suggestion has been made that crustl.ungta!n;
concentratingimitzht be the best method qf trea mend
these deposits. It certainly presen}t}a} {he Imme?;s;ea z:){van-th.
E: t a high percen
e over the last named, tha ¢
:zgal tin contents would be recovered (the actua'] amol:::
depending on the efficiency of the ;:on;:entr:tmgu?d .
i ici lv the free tin co
installed), whereas by sluicing, only ol
blem then resolves itse
.overed. One phase of t.‘h_e pro .
11:2:;0 the determination at different points, of the value of
the detrital as.a whole, coarse and fines.

of water-supply,
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If the idea of crushing be entertained, the position of
the plant is an important point. Should the stone be
crushed in the main battery on the western slope of the
hill, or should a small plant be erected adjacent to the
detrital deposit? In the former case, obviously the
material cou.d not be crushed while the preliminary work
was being carried out, as could be done with a small plant
on the spot. It would be necessary to either haul much
of the material to the present tramline, send it round to
the inclined tram on the west side of the hill, and lower to
the battery, or construct a low-level line of considerable
length, sending material down by some method, such as
an aerial tramway, to hoppers, thence loading into large
trucks, to be sent round the hill to the battery. Actual
crushing costs would be smaller, and probably recovery
would be higher on account of a more efficient concentrat-
ing plant than would be available in connection with a
small battery installed to treat the material on the spot.
A small plant might, however, be erected in Packer’s
Creek, directly below the detrital deposit. In such a case
the head-waters of this creek would supply sufficient
power, unless in very dry weather, when there would pro-
bably be a shortage. The detrital would be sent down
by some style of self-acting tram, probably an aerial tram-
way, and tipped direct into battery hoppers. Thus, costs
of handling and of crushing would be reduced to a mini-
mum. A plant such as would be required for this work
would be inexpensive, and a great advantage would be
that work could be carried on, if thought desirable, while
the main battery was being remodelled. and exploration
work carried on in the mine. Should there be any
overlapping in work here and at the main battery, work
at the latter would not be in any way affected, since the
water required for power in each case would be derivad
from a different source.

It seems scarcely necessary to comment in detail on the
third scheme suggested for working the deposit, combin-
ing, as it does, some of the features of each of the other
methods, for its applicability will at once be evident.

The foregoing remarks will serve to indicate possible
methods of working this portion of the property to advan-
tage. More figures relating to values, particularly of the
detrital as a whole, as distinct from merely the free tin
eontained, are necessary before any final decision can be
arrived at as to the best method to employ. This informa-
fion is essential, because of the variation which is to be
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expected from point to point, according as the r}iletrxtal has
been shed from a richer or poorer portion of t e tl;mtcrolpd.
One would expect, too, that the lighter matel'"lil ,w&?n
work its way down the slope rather more quickly ']?1,
the more hiéhly stanniferous; consequently it 1shp03131
that the coarser material on the upper part of t.ehs ope,
near the outerops whence it has been derived, might Ilaay
well to crush, while that lower down mllght- be 't,oo Fw
grade. Discrimination should be used in working, for
it will be found possible to leave or send to tl'lel-lduml[::
certain patches or strips of Inw-_gradv material whic \;\roube
not pay to handle. Tllluss- points, lwi\wl\:%m(’::n only
ided by careful sampling, as suggested :
de?fdiﬁebi‘)rice of tin bI? satisfactory, this patch of ground
should yield substantial profits over workm_g EXP?J“S?;
and it has been indicated that an output of tin mig t'ed
maintained from here while dead \\:m‘i{ was b'emg f:a};‘rzh
out on other parts of the property in connection wit &
i lant. _ i
"“;1: if)l:nz(-liml with any plan which may be conilde’red
for treating these detrital (lepns‘:t;. the question o o\ber;
burden needs consideration. This is never he:iwy. u
practically the whole of the surface is covered by button-
grass which would necessarily have to _l?e_ removed befg
the material were sent to the battery if it were propo\
to crush it in the ordinary way, on account of the LeIr-
tainty of the grass roots clogging 1'in=‘bai"f.ery screens. Inm
this connection Mr. Luke Williams furnished the wrltg;r
with some interesting notes in a recent lgtter. Mr. Wl_A-
liams says, ‘T saw a useful way of treating such stuﬁh;:
Cornwall, where they used a rill of the fine-crus -
material to bank up the water, and the cru;shed mat(;lrl
could only pass away by floating over the rill. {heThno-
ness was regulated by the height of the rill or bank. e :
retically the efficiency of the stampers was affected by
dropping in water, but the freedom from choking gratings
more than made up the loss. 1In gddlt’l’on, t}lere was
the saving in the cost of buying gratings.” This sugges
tion is worthy of mnsideraliﬂ!llwhen arranging for the
1ent of the surface material.
tre';}tl]; preceding discussion has been c_onﬁnecl' to lthc
detrital deposits on the northern slopes of the }Jlﬂ'. below
the Black Face. On the western slopes also, and, in f?ct.
to a greater or less extent over the whole of the. sur at.;
of the property, lode-material is to be se_?en. Till'.fdls .?th
surprising, in view of what has already been said w
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regard to the number of quartz-tourmaline outerops, and
the hardness and resistance of this class of material to the

attacks of weathering agencies. It is probable that at
intervals will be found patches of detrital material carry-
ng good tin values. In some instances these will be too
small in extent to be profitably worked, but with the
known tin-bearing outerops in the Western Workings, it is
likely that the deposits here may prove payable. Good
tinstone is known to exist in places, but systematic pro-
specting to prove its extent and value has not yet been
carried out.

The remarks already made with regard to the advantages
of exposing the surface for prospecting apply here also.
In other respects, too, conditions are similar. The surface
is free of timber, and has a steep slope. Tin occurs both
free and in specimen pieces of lode-stuff. Being high ap
on the hillside, it would be difficult to get water on. The
remarks made with regard to the distribution of the
detrital, and the relation of the best tinstone to the rich-
est outcrops, also apply here. If this deposit were found
on careful sampling to be rich enough (and there are good
reasons for believing it will be), it will probably be con-
veyed to the main battery by the self-acting tram, and
there crushed, either alone or in conjunction with ore
won by mining operations.

On the southern slopes of the hill, too, are detrital
deposits of considerable extent. In this locality a few
patches have been worked at a profit, but it is likely that
the whole will pay to strip.  Either of the alter-
native schemes suggested for the northern  deposit
might be applied in this case, depending on tin values as
disclosed by prospecting, but if the grade were high enough
to warrant it, a tramline might be run round to connect
with the main inclined haulage, and the detrital sent to
the battery to be crushed.

Before leaving this question of the detrital deposits on
the property, reference must be made to a little work
done on the western slope of the hill, in a creek bed near
the inclined tramway, and below the 570-feet level. Here
some rich specimens of tinstone were found usually oceur-
ring with auartz and tourmaline, and also some free tin.
Although still high up on the hillside. much of this wae
rounded, owing to the pounding and grinding action of
various boulders in the creek. Associated with the tin
was some very fresh wolfram, and the creek bed was
worked for nearly 2 chains, to trace the source of this
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mineral. Water is scarce here, but as a result of the small
amount of work dome, one bag of high-grade wolfram
was won, with five bags of tin oxide. The ground appears
to have become too deep for the water available, and
although wolfram still occurred as far as the work &v:;
continued, operations had necessarily to be suspeped
without locating the source whence the metal was derived.

The Whip Shaft Line of lode outerops on a spur over
looking the creek at the point where work was stopped,
and it may be that a shoot of wolfram occurs in this lode.
Further prospecting is necessary to determine this point,
but the work is justified.

Plant.—The plant installed at the mine will need com-
plete reorganisation before it can be utilised. It is situ-
ated in the western portion of the property, on a branch
of Packer’s Creek, and at the foot of a high spur round
which the old race from the Cumberland Dam was con-

structed. .
The battery consists of 20 heads of stampers, all driven
off one shaft. Fifteen stamps are said to be 800 1b. weight
and five 700 1b., the latter having dou‘ble discharge. Hand-
feeding was employed. The battery is of an old type, t_h:
tappets being screwed to the shanks. The frame is o
wood with steel guides. The main shafting is driven by
a Pelton wheel, 2 feet 10 inches in d1f111153t-er, with a %—mch
jet, which operated under a head of '2:30 feet. This was
not the total available head, water from the end of the
race being led for about 200 feet (vertical height) down
the hill in an open channel before entering the penstock,
at the head of the column of 7-inch pipes. The drawbacks
of such a method are obvious. The ore from the mine was
tipped on to an inclined grizzly, bars being spaced 24
inches apart. The undersize went to the battery hoppers,
the oversize to a jaw-crusher by B. Frey, Melboumg,
driven by a belt from the cam shaft. Unfortunately this
crusher was erected on a platform which was very u.nsul.:-
stantially supported, and, consequently, the vibration s
gaid to have been excessive when the machine was work-
ing. The crushed ore fell into the battery hoppers. The
crusher floor is 30 feet above the main concentrator floor.
The ore was crushed very fine. The screens used appeared
to be 30 or 40 meshes to the linear inch, and these screens
were doubled in actual crushing, which would reduce the
size of the product still further, and obviously reduce alse
the capacity of the battery. The pulp from the battery
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ran to three spitzkastens. The overflow and slimes went
to a slimes dam, thence to one Frue vanner. The sands
were treated on five Frue vanmners, 13 feet long, 4 feet
wide, while two other vanners were used for dressing the
tin. The vanners were all driven by a Pelton wheel 2 feet
4 inches in diameter, with a }-inch jet. The New West
Cumberland Company also used a convex revolving buddle
for treating their slimes. This buddle stood in the open,
and was driven from an intermediate shaft, which itself
was belt-driven from one of the vanmer shafts. A can-
vas strake seems also to have been used.

Although latterly the ore was brought to the battery by
an inclined tram from the Western Workings, previous to
this an aerial rope was used for the purpose. When this
was operating, the rope was wound for several turns round
a horizontal grooved wheel, which operated a vertical shaft
and spur-wheel. By bevel gearing this was connected with
a horizontal shaft, and a belt connected a pulley on this
shaft with one on the battery cam-shaft. This device was
designed to enable the battery to assist the skips when
they got towards the end of their journey, where, owing
to the sag caused by ‘ts weight, the rope was very flat.
Conversely, it was thought that when the full skips were
descending the steeper portion of the stope, they would
assist the battery.

The battery is housed in a galvanised iron shed in fair
repair.

In addition to the plant described, there are several
side and end tipping trucks on various parts of the pro-
perty, together with various mining tools, and several
hundred feet of pipe column.

Past History of the Property.—Before any attempt can
be made to forecast for the future, it is a matter not only
of considerable interest, but of great value, to look
briefly at the past history of the property. Past successes
and failures may prove valuable guides in planning
future operations.

The consolidated lease of 268 acres now charted in the
name of J. H. S. Munro, comprises leases formerly held
and worked by the Cumberland Tin Mining Company,
the West Cumberland Tin Mining Company, and the East
Cumberland Tin Mining Company. The two former were
among the first companies to operate in the district, and
& good deal of the work done on the property was carried
out by these companies, before 1885. The West Cum-
berland Company’s property fell into the hands of Messrs.
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Fowler and Dunn who carriftd_out. further wgkva‘léggli
1893, and eventually sold .the:r interest to the { _i\\ : izr{.
Cumberland Company, which exhanstt_-d most o 15 e.'—J. are_
able capital in surface works. By this ('0.11]‘])311}; 1 pore
sent battery was erected, although very little, 1f :;nl}lr.. :
was crushed. Eventually the whole of the leases fe 1n§
the hands of the present owners, who have spent a goo
: the property.
de‘lTlal(r:?ng a ]geniara]'surwy of the property am_l t}lll wa;;lk
done on it, and in connection with 1t, one 1s stx ulc yb g
fact that a considerable amount of money must have bee

; different times. L
sp?’:bu?;v dbgewell to mention some of the more striking
features of the work carried out by various comp;uue{a_ﬁn
the past. Among these are the road up the sjfeep :1t-
side overlooking the old Montagu Mine, which was (i“ : 3
enable the Cumberland battery to be taken to the selec ed
machinery site, the preparation of the mac‘hmer}' ?te{ an
erection of the plant upon it, the cons‘tructwn of t.w;;e t_tr;inn'-
line connecting the Long Tunnel with the old : ati r):
involving a good deal of cutting and filling, the (oll)lst;lc
tion of the Cumberland Dam and race to the Ol.di attery
site, and later on, the race to the present site, V{Tlt 1t 15-.(;‘:9:-
sary pipe-columns, &c., the erection of t‘he oldk\-e's: g t
berland battery on a branch of Packer’s Creek, with race
from another branch of the same creek ; lz.iter or.a,‘t-lulﬁlerec’
tion of the present battery and plant, with originally ig
aerial tram, and later an inclined tram, to connect wi
it, and the horse tram connecting Central and Western

Torleiticos. .

e 'E;kiH'l,{; connection it must be borne in mind that mucth
of the work was carried out over 30 years ago, ‘w?leu cos:
of transit, &c., were very high. The actual mining “('101"(,
carried out has already been described in detail, an 1!
is apparent that the expenditure involved in carrymgti:ui
the various surface works is quite disproportionate to -t[?
spent on underground works. Here, it appears to the
writer, is one reason why the mine is mot being mo;e
actively worked at the present time. Too much of the
available money has in the past been spent on surface
works, and too little on mining development. .

As a natural counsequence of this course of action, ne
really systematic developmental policy has been followed
in opening up the mine. A little work has been done,
as we have seen, on different parts of the property, these
workings and groups of workings being usually quite dis-
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connected. It is, of course, quite unavoidable that where
there are so many distinct lode-formations as exist on this
property, the work in the prospecting stages should be
very scattered, until some idea of the nature of the lodes,
and the occurrence in them of the values, be obtained.
But as soon as this information is available, it is advisable
to concentrate the work as far as possible, instead of work-
ing from a number of disconnected centres. For example,
if a deep-level adit be driven, as suggested elsewhere, and
various workings in the vicinity be connected by inter-
mediate levels and rises, the concentration thus effected
must result in reduced working costs: Up to the present,
the Long Tunnel is the only piece of work which has been
started with such an object in view, and although this
will be a valuable asset in planning future work, it has
not up to the present been continued far enough to enable
it to be advantageously connected up with the workings
on the hill. Working costs in the past, then, have been
increased through want of concentration of workings.

One of the greatest disadvantages which the companies
had to contend with in the early history of the property
was the inaccessibility of the mine. It must be remem-
bered that the mine was being worked before the dis-
covery of the Zeehan field, and the original plant and
all necessaries had to be landed at Trial Harbour and
earted thence to the property. This so-called *“ harbour **
15 merely an open roadstead, and exposed to the full foree
of weather from south to north-west. Trial Harbour has
been described elsewhere, and the disadvantages accru-
g from such an uncertain harbour in the earlier stages,
and later, from the costly carting of goods from Zeehan,
have been referred to.(*'1) These disadvantages were
partly instrumental in hindering the development of the
property.

In reviewing the past history of the mine, and
moting that from time to time parcels of ore have been
erushed, it is natural to enquire what class of concen-
frating machinery was employed. The earlier plant con-
ssted essentially of buddles and tubs, which must have
Been exceedingly inefficient when viewed from the modern
standpoint, although doubtless quite up-to-date when
mstalled. Unquestionably, the loss of tin was excessive
when treated under these conditions. Later on, Frue van-
sers were installed and used by the New West Cumber-

(") Vide supra, pp. 2, 15 16, 220, 232.
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land Company, but from the fact that only recently a
dam full of tailings from crushings treated in this plant,
was re-treated at a profit, it is apparent that the loss in
this case also was excessive. Clearly, then, with such
treatment losses, whenever ore was crushed, conditions
have been very unfavourable for the ultimate success of
operations.

The actual production of tin oxide leads naturally to a
consideration of the market price of that product. The
accompanying table will be of interest in this connection;
it gives an idea of the fluctuation in the price of the
metal since the discovery of tin on the property.

The Average Price per Ton of Metallic Tin, Colonial
(Australian) in the London Market for each Year from

1875 to 1914:-

Year. . s d. Year. £ &k

IBTR T il e nas B9 B 0L A899... oe i AESUREIEEE
EBE s e dvs it e B 00 o e o R
N o e e B8 EURD TBOL... il es e TR
BEER . L S e BE V0T T8O . o TR
1t e ot - L & ARG Il - S <. 127 848
THBOL. e i ave B8 2D 0 A9MM... ... .o oo 22GIEEE
BB ave. st wen  DRAD B THOB... .o v onn: TERNIEEE
e i e JHR D 6 CEOOB.T. oo ana ok, TR
O e e e ol L -0 EOETCL . e o ok R R
Te8E . v 8L 3 R THUB... ... e or 1 O
1885, ... .. . 8016 85 1909... ... ... ... 15D LN
TBBEBL.. . vsn b, BT 16 B 1900, v sic, o RO
§ a0 i P e 1 | 0 VR 1) AR 1
BB v v e AT O 8 1918, il ..o SO0 I
TERD. . 98 10710 IBIB... .0 oo ... 206
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From years 1875 to 1911, inclusive, the prices are those
of Colonial (Australian) tin in the London market, taken
from a Home Office Blue Book: ‘ Mines and Quarries:
General Report, with Statistics, for 1911: Part ITI.—
Output. Table 275, page 308."’
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The figures for 1912, 1913, and 1914 (*'?) are calcu-
lated from London prices quoted in ‘‘ The Engineering
and Mining Journal.”” These figures do not correspond
exactly with the London prices quoted for Australian tin
up to 1911, but the difference is slight.

The variation in any particular year is sometimes con-
siderable : for instance, in 1912, the average London price
was £191 10s. 4d. for January, and £228 7s. 1d. for Octo-
ber, according to the journal quoted above. These figures
will give an idea of the extraordinary variations in price
to which the metal is subject from time to time.

Judging from the reports of Mr. G. Thureau, most of
the work carried out must have been completed between
the years 1880 and 1884, when the price of tin varied from
£81 to £102 per ton.

Another period of activity seems to have been marked
by the years 1894-1895, when Messrs. Fowler and Dunn,
and the New West Cumberland Company, were at work.
At this time tin was under £70 per ton, and yet work
was carried on at a profit, especially by the former party.

The low price of tin in former years has had its influ-
ence in retarding developmental work, by making investors
diffident about putting money into a property which could
not guarantee immediate returns. If the property were
idle for a few years from such a cause, it would be more
difficult to attract capital even to a genuine property, on
a rise in tin, after such a period of enforced idleness.

A feature of past work which may be emphasised here,
although it has been mentioned in the course of this
report, is the element of chance which seems to have char-
acterised certain of the work. It is safe to say that the
results must have been surprising at times. One or two
examples may be given. In driving the No. 2 Adit, the
West Cumberland Company passed through fissured
granite. At 100 feet in, a fissure was intersected which
appeared in no wise different from many others passed
through, but for some unknown reason it was decided
to rise on this particular one, with the result that a body

+of rich tinstone was won. Again, after this was worked

out, and the old workings deserted, the discovery of a
second body of rich stone was the result of an accidental
fall of roof.

l."'b June and July averages kindly supplied by Mti. Bischoff T.M. Co.
Prices for succeeding months upset by the great European war.
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The discovery of the rich pipe, which yielded such excel-
lent results to a party of tributers, was also made by the
chance sinking of a prospecting hole at a point where no
lode was known to exist.

Another promising ore-body, which has not yet been
prospected, was located near the Cumberland Dam by a
chance prospecting hole sunk to test for alluvial wash,

The cutting of a shoot of rich ore in the Long Tunnel
also appears to have been simply a matter of chance.

Other instances might also be given of a similar nature.
But tha* the element of chance was not always rewarded
is illustrated by the 570-feet level. Here a decided devia-
tion was made from a lode which had been driven on for
some distance, for no apparent reason, with the result
that no other ore-body was located.

Spasmodic work is certainly not to be recommended,
but the fact that many lodes have been located in the
past at unsuspected places, and sometimes when carrying
out prospecting work with a very different object in view,
suggests that in systematically developing the property,
other bodies of ore, at present unknown, may be dis-
covered.

Present Position of Property.—The position at the pre-
sent time is, briefly, that a promising property, on which
thousands of pounds have been spent in the past, is lying
idle for want of capital.

The condition of the mine has been fully described in
the earlier portions of this report. The workings described
are practically all available for inspection, excepting in
a few cases where old stopes and passes have collapsed.
In nearly all levels, rails are laid, and prospecting work
could be continued immediately, if thought desirable. It
seems that for some years several of the old levels were in
a state of collapse, but these have now been picked up,
and are in good working order.

With regard to the plant, however, a good deal of repair
work and actual remodelling will be necessary before work
can be carried on. The battery has been deseribed, but
the advisability of using it in its present condition is very
questionable, and in the writer’'s opinion, not to be recom-
mended. It is out of date; the stamps are too light
for this class of ore. The screwed tappets are now
replaced by keyed ones in more modern batteries. Per-
haps, worst of all, is the arrangement by which the whole
20 heads are driven off the one cam shaft. This means
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that if any accident happens to one stamper, the whole
battery is thrown idle until the damage has been repaired.
Preferably, the heads should be grouped, five in each
mortar-box, each group having its own separate cam-shaft,
belt-driven from a main power-shaft ; then, if one stamper
be accidentally thrown out of action, only one group will
be affected, and 15 heads will still be available for con-
tinuous crushing.

The Frue vanners in the present plant are not in work-
ing order. In some instances the frames require repairs
and renewals; the belts in some cases are perished, and
after a fairly close examination of the more sound-looking
ones, it seems to the writer that the rubber is too perished,
after the long period of idleness of the plant, to stand the
strain of further work, and that new belts would be
required throughout, if it were decided to continue using
this type of concentrator. Before going to such an
expense, the claims, from the point of view of efficiency,
of more modern types of tables should be carefully con-
sidered.

The Peltons are in good order.

The fine crushing adopted previously should not be con-
tinued. A good deal of the tin is actually finely divided,
but it frequently happens that crystals of small size occur
in groups and aggregates, and so actually behave as though
the tin were coarse. It sometimes does also occur in
coarser crystals. It would appear, then, that by first
of all crushing coarse, and concentrating, say, by jigging,
a fair proportion of the tin could be saved. The classified
tailings would be distributed—the fines to concentrating
tables, the coarse to grinding-pans, classifiers, and tables,
An attempt should undoubtedly be made to save as large
4 proportion of the tin as possible before reducing the
product to slime. A certain amount of sliming is unavoid-
able, but with an up-to-date plant and capable supervision
the percentage recovery should be high.

Broad outlines only as to reconstruction of plant are
here indicated, but it is obvious that capital is required
for this work, and that the work is essential to future
economic working.

Reference has been made to the main inclined tramway
connecting the Western Workings with the battery. This,
at present, is in a state of disrepair. Rails are lying along
most of the length, but the sleepers are completealy
perished, and new ones are required throughout, with bal
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lasting, before the line can be utilised. Ropes, also, will
have to be supplied, with accessories,

The horse tramway, winding round the northern and
north-western slopes of the hill, and connecting the Central
Workings with the inclined haulage from the Western
Workings, can scarcely be regarded as more than a tem-
porary expedient for dealing with the big body of ore
exposed by the Central Workings. No rails are laid at
present, and so sleepers ballast and rails will be required
tiere, before any use can be made of the line.

A new race will be mnecessary, from the Cumberland
Dam, and a recent survey has shown that the length would
be 94 chains, and that nearly 20 feet could be gained in
vertical height, owing to the unnecessarily steep fall given
in the old company’s race. About 1100 feet of pipe-
column would be necessary to connect with the battery.

Reference has already been made to the Cumberland
Dam, and the advantage accruing from the raising of the
present embankment. This work, in fact, will be necessary
to ensure a permanent water-supply in dry seasons, if a
big plant is to be kept running continuously. Incident-
ally, the level of the by-wash, as well as the main
embankment, will have to be raised.

With regard to mine timber, attention has been called
in an earlier part of this report to the fact that abun-
dant excellent timber for all purposes is available near
at hand. The method employed in the past for obtain-
ing this (i.e., direct haulage by horse-power over a rough
track), will have to be superseded by a light tramway into
the timber belt, when the demand increases, A saw-bench
will also be found necessary for dressing the timber to
meet various requirements of constructional, as well as of
direct, mining work.

Recommendations.—It seems advisable to make a few
suggestions as to the laying out of future work on the
lodes.

Reference has previously been made to the number
of outcrops of quartzose and quartz-tourmaline rock on the
property, in the form of veins and dykes in the granits,
traceable sometimes for cansiderable distances on the sur-
face. These have certainly been formed in a similar man-
ner to some of the proved tin-bearing formations, and
themselves may or may not carry tin values. It is advis-
able that, in conjunction with other work, these outcrops
be systematically prospected, the results, even if negative,
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being tabulated for future reference. In carrying out this
work, it is important to keep in mind the actual occur-
rences of tin ore in the lodes already partly opened up.
The richer ore frequently occurs in shoots of limited
length, and it appears that different shoots may be separ-
ated by low-grade material ; if, then, payable tin be not
found at one point of an outcrop, it does not necessarily
follow that shoots of richer ore do not occur at other
points along the line of outecrop. Hence, to be of maxi-
mum value, any work carried out should be systematic,
and not spasmodic.

Surface work, however, should not elaim primary con-
sideration, since the underground work carried out has
generally been on, or in the vicinity of, known tin-bear-
ing lodes, and extensions of some of these workings should
first be carried out.

In connection with the Western Workings, definite work
may be carried out in several directions with advantage.

A description has been given of the rich shoots of ore
won in the vicinity of Messrs. Fowler and Dunn’s work-
ings, and the opinion expressed that probably faulting
has been responsible for the sudden cutting out of the
ore-bodies. If so, there is a reasonable prospect of pick-
ing up extensions of these bodies with a little further
work. With this object in view, it is recommended that
the No. 2 Adit be driven north about 40 or 50 feet, and
crosscuts put out east and west. A crosscut west is par-
ticularly desirable, to try and locate the body of ore
slightly exposed on the western side of the open cut. If
intersected at this level, about 140 feet of backs would be
available for stoping. There is the possibility of inter-
secting, not only the particular ore-body referred to, but
other portions of the rich shoot already worked out.

Before this work was carried out, or while it was in
progress, a crosscut might well be put in from the western
side of the open-cut, to expose the body of ore for a few
feet, which is known to exist there. Such a crosscut would
be very shallow, and, consequently, of no value for stop-
ing, but would serve a very useful purpose in indicating
the nature, size, and general course of the lode, and such
paril'.(iculars would be valuable in planning underground
work.

No. 1 Adit.—The ore-body exposed in the face of the
main drive should be cut through by continuing the main
drive a few feet, and as the locality is favourable for a
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shoot of good ore, being at the intersection of two cross-
veins, the main formation should be driven on east and
west to enable an idea of its nature to be formed.

The lode-formation from which the bismuth was wos
in the earlier history of the mine also merits further
attention.

Yates’ Level.—Further prospecting work is desirable
from this level. Two lodes appear to have been cut, bus
little has been done to prove their extent. Drives should
be continued on the course of these, to prove the existence
or otherwise of shoots of payable ore within a reasonable
distance of the level, systematic samples being taken dur-
ing the course of prospecting work. The shoot of bismuth
ore exposed in this level is very promising, and should
certainly be opened up.

No. 3 Adit (500-feet Level).—A short crosscut should be
driven through the pyritic lode partly worked by tributers
from this level, in order to expose its full width and value,
but it is advisable rather to concentrate prospecting work
on the lower adit (No. 4) than to do much here at the pre-
sent time.

No. 4 Adit (570-feet Level).— From the description given
of the work done on this level, it is obvious that further
prospecting is highly desirable. A lode-formation ecarry-
ing fair tin values in places has been: driven on, but for
a considerable distance even its width has not been
exposed. Crosscuts should certainly be driven at intervals,
preferably both north-west and south-east, but particu-
larly north-west. Suitable points would be about 130
feet, 200 feet, and 372 feet from the entrance, or at least
the first and last mentioned. At 372 feet the adit makes
a sudden and inexplicable deviation from the lode, at &
point where it looks very promising. In addition to the
crosscuts—which, however, should claim first attention—
the drive might with advantage be continued for a time
on the course of the lode. There are grounds also for
believing that a pyritic formation may be exposed by con-
tinuing the main drive in its present direction for a few
feet, as solutions leaching from the present face are depo-
siting a good deal of limonite,

Tributers’ Workings.—This group of workings on a pipe
of rich ore of irregular shape is certain to form the scens
of further activities. Not only has very rich ore been
won, but much remains at the present time to be extracted
from the borders of the old workings.
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Apart from this aspect, however, the pipe itself is likely
%o be continuous, and its further prospecting and exploita-
tion must form a feature of future work. The upper por-
tion of the pipe has been very tortuous, and there is no
ground for believing that it will become more regular
85 a greater depth is attained. Consequently, the plan-
ming oi future prospecting becomes difficult. The changes
m the dip from vertical to almost horizontal, and also
the changes in direction, have in the past been so sudden
and unexpected, and guided by factors which so far are
sot definitely recognisable, that it seems that the safest
way to prospect the pipe is to follow it down on its course,
sonnecting up at intervals with systematic levels and cross-
euts, if the size and value of the pipe are sufficient to
warrant the driving of these. At the present stage, in
srder to connect with the pipe exposed in the face of the
sranch drive extending south-west from the main pipe
fdescribed in detail in an earlier part of this report), it
seems advisable to continue the south crosscut from the
main tributers’ level, about 15 feet south, and then rise
% connect. This rise would not only give ready access
%0 this part of the workings, but would serve as a pass
for handling the material. The small branch pipe exposed
#n the south wall of the offshoot. 18} feet from the pre-
sent face, should also be prospected, as it carries rich tin
at this point. This should be followed down, for it is
mot unli%{e]y that it will widen, although on the other
8and it may not be a * feeder,”” but only a short offshoot.
Should any quantity of ore be won from here, the sug-
gested pass could be utilised in handling it, and if neces-
|ry an intermediate drive put in when its course had been
sscertained.

With regard to the main pipe, which is showing good
%n in the face of the intermediate drive, and where a
®inze was commenced but abandoned on account of the
water, the question arises as to how best to continue work.,
4= a temporary expedient a crosscut might be driven
south from the end of the present main adit, and a rise
put up to connect; but when it is remembered that such
& crosseut would be about 65 feet long, and the *‘ backs *’
sbtained only about 10 feet, it is obvious that some other
solution of the problem must be found. The same applies
#o the portion of the ore-body referred to above as the
~ branch-pipe,”’ for even if the crosscut and. rise sug-
gested were put in, the relief would only be temporary.
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In attempting to plan for the future, two alternative
methods suggest themselves: —
(1) Sinking a shaft and driving crosscuts to connect
with the workings.
(2) Driving a deeper level adit, and rising to connect
with the workings.

(1) The former would probably be the most direct method
of getting out the ore. Two methods of working might
be suggested, either sinking from the surface, or sinking
from the present tributers’ level, after working the ore
above. Either plan is open to grave objections. The
constant expense of hauling even to the present adit,
increasing with depth, with the added cost of raising any
water which may be encountered (although this iz not
likely to be heavy) scarcely need comment. But the form
of the pipe it is desired to work must be kept in mind.
Tt is utterly impossible to predict what direction it will
take a few feet ahead, or at what angle it will dip. The
only certain way of determining these important facts
is to follow the course of the pipe for some distance, and
then lay out the work. But if its behaviour in the past
can be taken as any guide at all of its behaviour in the
future, then this method would be open to the objection
that a slight increase in vertical depth of the shaft would
mean a very considerable increase m the length of cross-
cut necessary to connect with the pipe. Basing calcula-
tions on the past behaviour of the pipe, if this were con-
stant, at 100 feet vertically below the present face of the
main pipe, it would be necessary to drive 363 feet to inter-
sect it. Obviously, the more nearly vertical became the
dip of the pipe, the shorter would be the crosscuts
required to intersect it.

(2) In considering the question of a lower adit, it is
at once evident that the objections raised by the irreg-
ularity of the pipe of ore, and the increased length of
drive necessary to intersect at a greater depth on a flat
dip, apply here also. Hence arises the necessity for find-
ing out by prospecting something about the course of the
pipe. In connection with an adit, one naturally looks
to some of the workings to see if a connection is possible
The only one to be considered is the No. 2 (530 feet)
Adit. Tt is unfortunate that in the immediate vicinity of
the Tributers’ Workings, the hill does not fall away very
rapidly. However, the No. 2 Adit has been driven for
113 feet, and from the face a drive might be extended
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due east, to come under the present workings. No nccu-
rate plan is available at time of writing, but it appears
from field observations by compass and aneroid that about
450 feet of driving would be required to come vertically
under the present face of the intermediate drive. where
pipe-material is still showing, and it appears that this
drive would be about 180 feet vertically below the present
face. If further prospecting proves that the pipe
still dips south at a flat angle, it will probably be
better to commence a fresh adit on the opposite side of
the creek, to cut the ore at s satisfactory depth without
such a long drive as would be necessary in utilising the
No. 2 Adit. A contour survey of this portion of the
property is highly desirable before finally deciding on
the exact location of the new drive, for it appears from
the field observations of the writer that a fresh adit driven
from a point east of No. 2 Adit would reach the same
point as that suggested from the present face of No. 2,
with about an equal amount of driving.

Such an adit as that proposed would do valuable pro-
specting work, and any lode-formations exposed should
be carefully tested, and if promising driven oun for a
short distance, and thus opened up and made available
for sampling.

The advantages of working from such an adit in pre-
ference to a shaft, scarcely need detailed mention. There
would be no pumping ard no hauling of ore, which would
be loaded into trucks underground, run around the hill on
a properly graded tramline, and sent direct to the treat-
ment plant without further handling by the main inclined
haulage. The rich ore previously won from these work-
ings, and that at present opened up, certainly justify
active prospecting of this portion of the mine.

Black Face Line of Lode.—This large and important
body of ore has been described, with the work done upon
it in the past, and as it promises to be the biggest ore-
producer on the property in the near future, its develop-
ment and future working need consideration.

It must be recognised at once that little is known of
this ore-body at the present time, and that further pro-
specting is necessary to learn something of its structure
at a greater depth. But surface prospects are so encourag-
ing that further work is certainly justified, and should be
carried on as soon as possible. Whether this huge mass
of ore is a purely local development at the intersection
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of a favourable set of fissures, or whether it will main.
tain its size and value as a greater depth is attained, the
future alone can decide, but progressive work should be
carried out without delay, in order to provide reliable data
for the planning of future work. The writer is of opinion,
after studying the formation, that a strong and well-
defined lode will be encountered, and that it will be per-
manent to a very considerable depth.

Even in its present state, a large body of ore is avail-
able for economic mining by open-cut methods. But it
is advisable, in order that it should not be a burden, that
developmental work should be carried out while the
quarrying of the ore at the surface is in progress.

It i1s natural, then, to examine the various underground
workings carried out in the past, and find out whether
any of them can be advantageously utilised for further
prospecting.

The 220-feet level, driven from the northern slope of
the hill, was apparently commenced with the objeect of
intersecting this lode, but abandoned without reaching
it. If continned on the course it was driven for 200 feet,
the drive would cut the lode at a point vertically beneath
Munro’s shaft; over 200 feet of backs would be available
for stoping. As the dip of the formation has not yet been
determined, the length of drive necessary to intersect it
is rather uncertain, but unless the dip is ieep, it would
be cut with about 200 feet of driving If, however, the
level were continued on its present bearing, the lode would
be cut a few feet south-west of the No. 2 Bench, and
about 140 feet of backs would be available. Moreover,
the driving necessary to intersect the formation should
not exceed about 80 feet. This work is recommended.
The drive should be continued to cut through the forma-
tion and expose its true width, and then it would be
desirable to extend drives north-east and south-west on
the formation, preferably for 50 feet in each direction,
before again crosscutting from wall to wall. While driv-
ing along the course of the lode, it would be advisable
to rise on the formation and break through to the sur-
face. Such a rise would not only give useful information
as to tin values, but would improve ventilation, and could
be utilised as a pass for ore from the surface and stopes
if it were decided to temporarily utilise the horse-tram
while a permanent connection with the battery was being
made, either by continuing the present inclined haulage.
or driving a main working adit. If work on the lines

311

here indicated were carried out, it would afford valuable
information as to the nature of the ore-body, which would
serve as a guide in planning out future work.

A piece of work which will prove very valuable in the
opening-up of this Black Face lode is that carried out by
the old Cumberland Company, and now known as the
Long Tunnel. This adit, driven from the southern slopes
near the Cumberland Dam, has already been described.
As has been stated in the description given of the work
done, the correlation of the lode-formation cut in the
tunnel, with a surface outcrop, is uncertain. It is pro-
bably not the same line of lode as the one under discus-
sion.

If the present tunnel be continued on its present bear-
ing, the Black Face line would be cut probably in less than
100 feet, but about 2 chains south-west of Munro’s shaft.
The formation on the surface is not so wide here, but it
must be remembered that the drive is about 320 feet
below the surface. This renders any prediction of dis-
tances at which the formation should be cut u:certain,
since the dip is not known. This will be evident when
it is stated that a dip of only 10° from the vertical would
result in a horizontal displacement of 56} feet at a ver-
tical depth equal to that of the Long Tunnel, below the top
of the hill. Of course, if the dip be towards the east,
as it appears to be on the hill, the drive will be cor-
respondingly shorter.

The question then arises as to the advisability of con-
tinning the main drive on its present course. By deviat-
ing, and driving on a bearing of about N. 5° E., the
drive would, in 180 feet, be vertically below Munro’s
shaft. As has been explained, the lode might be cut with
less driving than that mentioned. Although it is advis-
able to find out a little more concerning the formation
before finally deciding on the course to be pursued, in the
light of information available at the present time, the
writer would rather favour the idea of driving to cut
the ore-body beneath a known tin-bearing portion of the
outcrop,” even with the added expense of a rather longer
drive. If this big body of ore has really been formed at
the intersection of two distinct fissures in the granite, as
appears to be the case, then the nearer to this inter-
section it is cut, the more favourable will be the condi-
tions for locating a good shoot of ore.

When intersected, the lode-formation should be driven
on, particularly towards the north-east, but preferably, in
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both directions along its line of strike, the full width
being exposed at intervals. At a favourable spot, a con-
nection should be made with the surface, preferably by
rising from the Long Tunnel and sinking from the surface
to connect. From such a rise, which would ventilate the
deeper workings, intermediate levels could be driven, and
the lode-formation systematically developed.

Work such as that indicated would render available for
extraction a large tonnage of ore, and the handling of this
ore cheaply therefore becomes an important considera-
tion The Long Tunnel is not very favourably situated to
form a main working adit, although it could be made
to serve as such by constructing a tramway round the
southern and western slopes of the hill, and connecting
with an inclined tramway to the battery. The question
then arises, as to what is really the most suitable position
for a permanent adit, to serve as the main working adit
for the mine.

The main considerations to be kept in mind appear to
be—

a) Minimum length of drive.

(b) Maximum amount of backs.

(¢) Most central position to suit workings on various
lodes.

(d) Most suitable position for connecting with bat-
tery.

From the topography of the locality, two sites are pos-
sible—one on the northern slope of the hill, and one on
the western.

The northern slope is steeper than the western, hence
an adit to give a certain amount of backs would be shorter
in the former case, and conditions (a) and (%) would be
satisfied. A tunnel could be driven from the northern
side to come vertically below the Black Face workings in
about 800 feet, and such a tunnel would give about 400
feet of hacks. A continuation of this drive could, if
desired, be made to serve the Air Shaft line, but would
not serve the Western Workings. Also the entrance would
not be in a convenient position for direct connection with
the inclined tram to the battery. About 4-mile of well-
graded tramway would have to be constructed to make
this connection.

In the case of a main adit from the western side of
the hill, a longer- tunnel would be neeessary. Such an
adit commenced from near the present Tributer’s Tunnel,
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some distance above the top of the old haulage line, would
be about 300 feet below the Black Face, in about 1600 feet
o driving. Going further west still, the hi]l-s}upe
becomes steeper, and from a point below the present No. 2
(530 feet) Adit, nearly 600 feet of backs could be obtalr{ed
from a drive of 2000 feet. An adit from such a site
would have the advantage that it could be directly con-
nected with an inclined haulage-line to the battery. If
driven from the Tributer’s Tunnel, it would not serve the
Western Workings, but would do so to advantage if brought
in from a lower level. The country passed through here,
judging by surface indications, is rather more promising
for the location of other ore-bodies than that on the north-
ern slope. This aspect is rather important, for the pro-
specting work done by such a deep-level a.dl_t as t}')e one
proposed, would be very valuable. In planning this work
it is important also to keep in mind future requirements.
Although 400 feet of backs would provide ore for some
time, the writer believes that the deposits will be found to
carry satisfactory tin values beyond this depth, and an
adit constructed in the near future should preferably form
but a unit in a complete scheme for the development of
the property on systematic lines.

It may be thought advisable to continue the Long Tun-
nel, and eventually connect with the main working adit
from the western side of the hill.

The writer would urge the advisability of further work
upon the Black Face lode before finally deciding upon the
most suitable position for a main working adit. Only in
the light of further developments can such work be car-
ried out to greatest advantage. It is hoped that the fore-
going remarks may be of assistance, but it must be remem-
bered that they are written with little definite information
of the important Black Face lode, the only sections avail-
able at the present time being those exposed by the sur-
face works deseribed.

In addition to what has beer said, there is scope for
further prospecting in places which scarcely call for more
detailed comment here. The Eastern Workings, the soft
tin-bearing formation exposed on the southern boundary,
near the Cumberland Dam, the lodes cut in the north-east
crosscut from the Long Tunnel, and Gray’s Lode on the
western slope of the hill, all of which have been described,
should be prospected. All show very promising features,
and certainly merit further work being done upon them.




314

Future of the Property.—The future of the property is
still a matter of some uncertainty, owing to the smpll
amount of real developmental work which has been car}‘led
out, this has largely been the result of want of sufficient
capital to carry out the work required, particularly when
such work did not promise an immediate return on the
outlay incurred. Unfortunately the mine is hampered at
the present time for the same reason. It may be of value,
then, to notice some of the general considerations on which
the future depends, and see how they are likely to affect
the property.

The future depends on—

(1) The lodes: (a) value, (b) size, (¢) permanency,
(d) composition, (¢) structural features.

(2) Mining and treatment facilities.

(3) Accessibility.

(4) Management.

(5) Price of tin.

These factors will be briefly considered under separate
headings.

(1) The Lodes.—This is, of course, the essential govern-
ing factor, and may for convenience be considered under
the various sub-headings mentioned above, all these aspects
being important.

}r!) Value.—The tin content of the lodes, considered
apart from the actual market value of tin, is
of little real use as a criterion: the latter will
be considered under a separate heading. In
estimating the tin content, two methods are
useful, and one should always, where possible,
supplement the other. These are the actual
battery returns of ore treated, and assay values
of samples taken systematically as work pro-

gresses. The battery returns from bulk
parcels treated in the past have, I understand,
been quite satisfactory. Actual returns from

the operations of the old Cumberland Company
are not available, but it is known that rich ore
was treated. From the No. 2 Adit and Messrs.
Fowler and Dunn’s workings actual returns
were between 5 and 6 per cent. tin oxide. The
Whip Shaft workings produced about 330 tons
of stone, from which the battery return was 1°1
per ¢cent. From the Black Face workings over
700 tons of ore yielded about 1 per cent. metallie
tin. It must be clearly borne in mind that these

(¢) Permanency.—This aspect is of the
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figures represent actual battery returns, and
that in all cases, owing to the unsuitable plant,
losses in concentration were much heavier than
would be the case with a modern plant under
efficient management. The small amount of
work done on the property has been noted, yet
as a result of this work, over 200 tons of tin
oxide have been produced since the commence-
ment of operations. The writer did not sys-
tematically sample the mine. He did, however,
take occasional sar-vles at doubtful points, and
at others had prospects washed to satisfy him-
self as to the actual tin content. As a result
of this, with a study of results obtained during
previous official examinations, the writer satis-
fied himself that, so far as tin values are con-
cerned, the property is thoroughly genuine.
Viewed as a whole, it is unlikely that the mine
will maintain a continuous output of rich ore,
but that rather it will prove (if worked on
proper lines) a big low-grade proposition, keep-
ing up for a long period an output which, if
the market price of tin be not too low, should
yield a satisfactory margin of profit over work-
ing expenses. Rich shoots of ore have been
found in the past, and it is certain that pros-
pecting will reveal others, but these will not
prove the mainstay of the mine.

(b) Size.—This feature of the lode-formations is

important, as rich tin veins might exist, which
are not payable because of the narrow width.
But on this property, the size of the lodes must
be considered as very satisfactory, and values
quoted are certainly over payable widths. it
seems superfluous to again quote the actual sizes
of the various formations which have already
been described in detail, but there is no question
as to the size of the lodes.

utmost
importance in considering the probable future
of the property. As has been indicated in the
course of this report, most of the work carried
out up to the present has been surface work.
The deepest level driven (the Long Tunnel) has
not been continued far enough to cut the lodes
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exposed on the hill over 300 feet above, although
shoots of rich tin ore have been cut in this
tunnel and are undoubtedly continuing strongly
underfoot. The veins cut in this tunnel are
in no respect different from those exposed
on the surface on other parts of the property.
The 570-feet level also exposes a lode which can
be traced on the surface for a considerable dis-
tance, and the tin contents at the greater depth
have suffered no appreciable diminution.
Although mining has not given much positive
information as to the behaviour of the lodes at
a depth below the present surface, indications
are all favourable to the permanency of the
lodes and of their contained tin values, to con-
siderable depths. The main branch of Packer’s
Creek, which traverses the south-western por-
tion of the property, has cut through a quartz-
tourmaline lode which outerops for a consider-
able distance on the surface. In the creek it
is between 600 and 700 feet vertically below the
highest point on the outerop. The nature of
the stone exposed here is exactly similar to that
higher up: samples do not appear to have been
assayed, but the tin value does not appear to
be high, a fact which is no argument against
the permanence of tin values to depth, as the
tin is known to oceur in shoots, and the point
in question may be beyond the limits of a definite
shoot. In the branch of Packer’s Creek to the
north of the property, too, a lode-formation is
shown to be continuous for between 400 and
500 feet vertically.

In referring to the surface as it exists at the
present time, it must be borne in mind that the
actual surface at the time the lodes were formed
was very different, and that a considerable
thickness (hundreds if not thousands of feet)
of overlying rocks have since been removed by
the long-continued operation of weathering
agencies. Thus rocks which were originally
deep down below the crust are now at the sur-
face. It should be remembered that the .in
lodes have been formed at a certain distance from
the heart of the granite mass whence they were
derived. TUltimately, if a vein were followed
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down the vein itself would disappear on reaching
the rock which represents the now solidified
acid heart of the magma, since this was molten
up to the time when the vein-forming con-
stituents were expelled, but solidified simul-
taneously with their expulsion. It is of the
utmost importance to enquire, then, whether, in
the long-continued period of denudation referred
to, the heart of the granite mass has been so
deeply dissected that only the roots of the tin
deposits remain. If so, the tin values would be
found to cut out at a comparatively shallow
depth below the present surface. The writer
is decidedly of opinion that such a state of affairs
does not exist on the Federation property. A
careful investigation failed to reveal any evi-
dence for this excessively deep dissection, but
rather pointed to the opposite fact. The tex-
ture of the granite is medium and often fine,
but never very coarse. The width of the con-
tact metamorphic zone indicates that the granite
dips at a shallow angle under the surrounding
sedimentaries: the line of contact is about a
mile and a half distant, and a hypothetical
restoration of the original granite surface points
to the fact that the amount of denudation of
the granite itself has not been excessive, and
that the present surface is not very much below
the original granite surface. The abundant
quartz-tourmaline nodules seem to indicate
crustal cooling rather than deep-seated cool-
ing in the heart of the magma. The very
abundant veins and dykes, and fissures cutting
the granite, many of the latter filled with tour-
maline, appear to the writer to indicate con-
traction eracks, which would rather be expected
in earlier cooled and solidified crustal por-
tions, although such cracks might continue
to very considerable distances, and this
criterion is therefore not insisted on. The fact
that sometimes the nodules of quartz-tourmaline
mentioned above, were noticed cut through by
tourmaline-filled fissures, which are continuous
for some distance in the surrounding granite,
certainly proves that this granite, with the
nodules, had solidified prior to the fissuring and
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introduction of the tourmaline; this again indi-
cates a crustal rather than a deep-seated habitat
for the rock under consideration. If this evi-
dence be accepted as bearing on the essentially
crustal nature of the granite, the theory that
excessive denudation may have removed all but
the roots of the tin deposits, is at once put out
of court. This means that there is sound reason
for believing in the continuity of the tin shoots
to a depth. What evidence is available from
actual mining and from natural exposures
owing to topography, points also to continuance
of the lodes at least to several hundred feet
below the present surface, and the deepest
mining work carried out shows satisfactory tin
values.

The writer is of opinion that the lodes and
their contained tin values will be permanent
within the limits of economic mining.

(d) Composition of the Lodes.—This aspect is of

importance, for a lode may be carrying fair tin
values, be of satisfactory size, and perlﬁanent to
depth, and yet it is conceivable that the ore
might be so complex as to prohibit economie
treatment. Viewed from this standpoint, the
lodes cannot be regarded in any but a favour-
able light. The mineralogical composition is
generally simple, consisting in most cases where
ore-bodies have been opened up, of quartz,
tourmaline, and cassiterite. It must be under-
stood, however, that this is not, in most cases
at any rate, true primary ore. In the latter,
pyrite will generally be found in more or less
abundance. 1In the upper zones which have
been subject to the effects of oxidising agencies,
most or all of the pyrite originally present has
been removed in solution, leaving the ore of the
simple composition mentioned above. Should
the ores carry pyrite at depth, they would offer
no serious hindrances to successful metallurgical
treatment by modern methods, although of
course the cost of treatment would be increased.
It is likely, however, with country so well
drained as this appears to be, that large ton-
nages will be available for mining, which will
be simple quartz-tourmaline-cassiterite ore.
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With regard to impurities other than
pyrite, it is possible that small amounts of other
sulphides will be found in the primary ore, but
not to any appreciable extent. Bismuth has
been located in one shoot of ore with cassiterite
(and in one shoot apparently without cas-
siterite), but does not appear to be present in
any other shoots exposed on the property. Its
presence in the shoots noted, however, is likely
to prove of importance in the future working of
the property, for there are indications that it
occurs in payable quantities, and these indica-
tions are sufficiently encouraging to warrant
further work and exploitation of these shoots as
ores of bismuth. Only assays will show whether
the tin occurs in sufficient quantities to be
regarded as of economic importance in these
shoots. Wolfram has been found, associated
with tin, in a formation on a property adjoining
the Federation Mine, but not in situ so far on
the mine itself: an occurrence in alluvial, which
may lead to a shoot of wolfram ore being dis-
covered, has already been described in the course
of this report: such has not yet been located.

A general reference may also be made to the
nature of the tin in the ore: this matter has
already been touched on in dealing with the
different lodes. The tin varies a good deal in
texture from point to point, and is sometimes
extremely finely divided. Even this slime tin,
however, should be saved by suitable concen-
trating appliances, especially if the product from
the battery be properly classified before concen-
tration be attempted.

Of gangue minerals, quartz and tourmaline
are by far the most abundant: a little fluorite
is present in ore from the Long Tunnel work-
ings: muscovite mica is sometimes present, and
pinite and kaolin from the Tributers’ Work-
ings. Heematite is also present in some of the
oxidised ore exposed in the Western Workings.

Thus, so far as composition is concerned, there
is no reason why the ore should not be success-
fully treated.

One point which has not been dealt with, is
the secondary enrichment of the ore. Strictly
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speaking, no actual enrichment takes place, but
owing to the oxidation and removal of pyrite
in the upper levels, the residual ore is lighter
bulk for bulk than the primary sulphide ore,
and so the actual assay value would be higher,
the actual tin content remaining constant.

(e) Structural Features.—it may happen that a lode
is so shattered by faulting due to earth move-
ments since its formation, that its economic
exploitation is impossible. On this property,
however, such is not likely to be the case.
Faulting does appear to have caused slight dis-
placements of portions of one or two of the
ore-bodies, but in many instances the outcrops
can be traced on the surface continuously for
long distances, showing that here, at any rate,
there has been no lateral displacement. In
other cases an outcrop can be traced for several
chains, when it ends abruptly, and another
parallel outerop is traceable, a few feet on one
side of the original. The same may happen
with this second line. In such cases there is
obviously simple faulting. Systematic pro-
specting work will render such of minor import-
ance, and there is no evidence up to the pre-
sent to indicate that economic working will be
seriously hampered by any displacement of
lodes by faulting.

The structure of most of the lodes is simple
and they may be opened up and worked by
ordinary methods. In the case of the pipes,
however, it is not so. Until they have been
followed for some distance and the general
behaviour ascertained, it is impossible to lay
out permanent works. The structure of the
only pipe so far worked on the property has
been previously described, and recommenda-
tions made for its future economic working.

On the whole, the structural features of the
lodes are such as to favour economic working.

(2) Mining and Treatment Facilities.—The future of
the property depends, not only on the lodes themselves,
but to a less extent on the facilities which the property
presents for economically mining and treating the ores.
It is proposed in this section merely to deal in a general
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way with this aspect, as details have been given in pre-
vious sections,

(@) Mining.—The facilities offered for economically

mining the ores are undoubtedly excellent.
Large tonnages are available for working by
open-cut methods, the advantages of which
need scarcely be enlarged upon. It has been
pointed out that there is a considerable auan-
tity of detrital material lying about the snr-
face forming deposits several feet in thickness
in places, which carry excellent tin values, and
are available for immediate battery treatmant,
without any mining whatever.

Even where underground mining becomes
necessary, the property offers unusual advan-
tages for cheap mining. The topography is such
that prospecting and developmental work
may be effectually carried out for a long time
to come, from adits, and shaft-sinking will
not be mnecessary in most cases. It is quite
unlikely that heavy water will be met with in
this class of country, so cut up by gorges, but
even should it be troublesome in any particu-
lar locality, adits will obviate the necessity for
pumping, unless, perhaps, it be necessary to
temporarily raise water from winzes. i

The advantages of working from adits in pre-
ference to shafts need not be enumerated in
detail.

Mining timber may be cheaply obtained.

(&) Treatment.—Treatment facilities also are excel-

lent. The configuration of the surface allows
of economical transport of ore from mine to bat-
tery. There is also a splendid machinery site,
from which there will be no trouble in dis-
posing of tailings. The Cumberland Dam has
been described. The facilities offered for the con-
servation of water at a considerable elevation,
and the generation of cheap motive power, are
almost unique, and treatment costs should be
reduced to a minimum. Certain precautions
are necessary to guard against a possible short-
age of water in dry seasons, as previously
noted, Thus the mine offers unusual facilities
for economically mining and treating the ore.

L
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(3) Aeccessibility.—The accessibility of the property,
which affects the ease (or difficulty) with which stores and
necessaries may be got in, and tin oxide taken out, will
also have a bearing on the future of the mine. At t.hle
present time it is not very favourably situated in this
respect. It is connected with Zeehan and the railway by
a road about 14 miles in length. The pack-track over
the south-western saddle of Mt. Agnew shortens this dis-
tance by about 3} miles, but is not available at its best
for heavy work, being steeply graded, and at the time
of the writer’s examination it was not available for hotrse
traffic at all. Reference has previously been made to the
main road. It is in bad condition, owing largely to
neglect, rendering carting somewhat costly. The writer
was informed that the maximum load which could be car-
ried from the mine to Zeehan was 30 cwt. The mine will
not be served by the present North Heemskirk tram, but
the question arises as to the practicability of constructing
a tram line into the mine in the future. This is scarcely
to be recommended at the present time to serve this mine
only, although it may be warranted by future develop-
ments. Other properties in the vicinity, however, are
being prospected, and a tram would serve these, too. .

The country is a good deal ‘‘ broken’’ in the vicinity
of the mine, and along the route, but the writer is firmly
of opinion that a practicable route can be found. At the
present time the 2-feet tram, constructed by the Govern-
ment to the Comstock, extends to within about 7 miles
of the property, and connection would be established with
this tram rather than direct with Zeehan. The advantages
of a tram connection are obvious, but cantion must be
exercised, as such a piece of work will require a consider-
able capital outlay. The past history of the Heemskirk
field affords eloquent testimony to the inevitable result
of spending available capital in surface works before
underground works are far enough advanced to ensure
that the mine itself is on a permanent footing. When
development work has been carried on far enough to
enable the owners to form definite estimates of tonnage
of ore available for extraction and its value, the owners
will be in a position to consider seriously the question of
a tram.

(4) Management.—The factor of management will have
an important bearing on the future of the property.
Many a mine with distinet natural advantages has been
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ruined by inefficient management. The mine is in such a
state at the present time that the planning and carrying
out of development and mining operations in the near
future in an efficient manner will mean much to it. A
few suggestions have been offered in the course of this
report, which may serve as a slight guide in opening np
the property, but naturally the scope of such a report
1s limited, and the planning and control of operations must
devolve on a manager appointed by the owners. While
no amount of careful management can transform a worth-
less property into a paying one, the greatest care is neces-
sary in the selection of a suitable manager to direct opera-
tions on a property with such splendid possibilities as
the Federation Mine undoubtedly possesses.

The question of efficient management applies equally to
treatment, as well as mining cperations, with finely-
divided tin oxide, even with an up-to-date treatment
plant, the margin between profit and loss may depend
upon the supervision exercised on the running of the
plant, and where big tonnages are being treated, as is
likely to be the case here, the question becomes of great
importance. L

Examples of the result of inefficient management are
not. wanting in connection with the past history of the
South Heemskirk District, hence the reason for calling
attention to this factor, so important in the development
of any mine.

(8) Price of Tin.—To some extent the future of the
property must depend upon the price of tin. Reference
has been made in the course of this report to the fluctua-
tion of prices in the past, and the effect of this fluctua-
tion on the past history of the mine. A table has also
been included showing the variations in prices for many
years past.

The writer is not in a position to predict with any
degree of accuracy what is likely tc happen in the future.

To show what connection the price of tin will have on
the future profitable working of the mine, it is of interest
to note that assuming 1 per =ent. ore, and a basis of 80
per cent. extraction, the averace 1913 price (£206) would
give the ore a value of 33s. per ton. If the price went
back to £135 (the average for 1909) the same ore would
be worth 21s. 7d. per ton. :

A further disemssion of this factor seems unnecessary
here. The price of tin is beyond the control of any con-
ditions which affect this property in particular. The fact
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that this property has heen worked at a profit in the past
with tin at a very low figure is encouraging. It is to be
hoped that in the future the metal will remain at a suffi-
cieutly high figure to ensure at least a reasonable margin
of profit to those concerned in the development of the
mine,

Conclusion.—Although the Federation Mine at the pre-
sent time can scarcely be called a well-developed and
thoroughly equipped mine, it is one which offers some
distinet, inducements to the investor. For the small
amount of development work done, about 200 tons of tin
oxide have been sent away. Sev mal distinct tin-bearing
lodes have been partially opened up. A large tonnage
of ore is available for immediate extraction by open-cut
methods. A large amount of backs can be rendered avail-
able for extraction by stoping, by adits of moderate
length. There is a considerable quantity of detrital
material lying about the surfaca, which is estimated fo
carry highly payable values. The writer considers that
the tin values are likely to be permanent in depth, that
there is no reason for believing that the ore will become
more complex at depth (excepting that pyrite will be
present in at least some of the lodes), and that structural
features are not likely to hinder economic working.

There are exceptionally fine facilities for economicaliy
mining and treating the ore. ;

Although rich ore has been won in the past, it appears
more hkPh’ that the mine will become, on further develop-
ment, a hlg low-grade proposition, rather than a small
producer of rich ore.

Progress has been hampered in the past, and the mine
is at a standstill at the present time, largely for lack of
capital to carry out the necessary developmental work.
One of the chief reasons why the necessary capital has
not been forthcoming, appears to have been that the pro-
perty happens to be situated in a mining field which was
boomed some vears ago. In the boom time ];4[';_.\'9 amounts
of money were subscribed, and wasted mainly in unwar-
ranted and unsuitable surface works. Very little genuine
mining work was carried out, and the inevitable crash
came. Public confidence was severely shaken, and the
few genuine properties have felt the effects ever since.

The time is not far distant when confidence in the
Heemskirk tinfield will be restored, and the Federation
Mine is one of the properties which certainly deserves
further development. If developments continue to be
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satisfactory—and the writer believes they will—the neces-
sary remodelling of surface plant can be confidently
undertaken, and the future of the property saould be
assured.

(2)—Allison’s Workwngs (near Federation Mine) and
Vieinity.

About 20 chains north of the old Prince George (R.
Clarke’s) Mine, and about the same distance south-east
of the south-eastern corner of the Federation lease 3917wm,
is a shaft on a formation which deserves mention. The
shaft is on the summit of a ridge on the coastal pene-
plain, and a few chains north of the Trial Harbour-
Corinna Road. In the district the shaft goes by the
name of ‘‘ Allison’s Shaft,”’ after the man responsible
for the work.

The shaft is 24 feet 6 inches deep. From the bottom is
a drive of 8 feet soutk-east on the formation, which strikes
N. 35° E., and dips south-east at a steep angle. The
width of the formation is 10 feet. The country rock is
white granite of fine to medium texture, carrying nodules
of quartz-tourmaline, and is decomposed where exposed in
the shaft. The ore occurs really as a lode-formation, and
not as a simple vein. A zone of granite has been mineral-
ised by solutions introduced through several small fis-
sures. There are irregular veins and masses of quartz and
tourmaline in a limonite-stained quartzose groundmass,
merging on either side into decomposed granite. Several
soft ham1~ of kaolin were noticed. Some of the veins are
nearly horizontal, and others very irregular, forming large
nodular masses at intervals, Some of the stone carries
abundant green tourmaline, and a little of the black
variety, and looks very favourable for tin, while at times
the white quartz shows no tourmaline at all. The whole
formation is traversed by narrow vertical veins of tour-
maline. The limonite indicates that pyrite may be
expected at depth. Some rich tin ore is said to have been
won from this shaft, but very little work has been done
to prove the continuation of the shoot of ore. The lode-
formation can be traced for about 4 chains north from
the shaft.

About 30 feet distant is a trench exposing 5 feet of
banded ore, similar in general appearance to that in the
shaft, consisting of veins of quartz-tourmaline stone and
of white quartz.
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About 3 chains south of the shaft, some alluvial tin was
won from the bed of a small creek. These workings are
known as Allison’s alluvial workings. The material is
detrital, derived from outecrops in the vicinity, and
although shallow, the patch worked yielded some good
tin ore.

In the granite bottom exposed by the working of this
patch of wash is a pyritic tourmaline vein, striking
N. 58° E., along the strike of which the creek flows.
There is a central vein of tourmaline from 1 to 2 inches in
width, with pyritic material on either side, with parallel
veinlets of tourmaline, this pyritic material merging
into granite. The vein was not' tested for tin.

A few chaine north of Allison’s Shaft, and 1 chain
west of the foot track to the Montagu Mine, is a shaft
sunk to 9 feet, on the summit of a spur, on a lode-forma-
tion which only outerops for about 2 chains on the sur-
face. The strike is N. 77° W., and dip about vertical,
the width being about 3 feet. The walls are well defined,
the country-rock consisting of decomposed fine-grained
granite. There are two parallel veins of tourmaline about
t-inch in the centre of the formation, with quartz and
fairly large crystals of black tourmaline, in addition to
aggregates of the green variety, on either side of the
central veins. The formation is promising.

About 1} chains west of this shaft a trench and shaft
on the line of strike expose several narrow parallel veins,
From about 10 feet in depth is a small drive a few feet
south, but the main formation does not appear to have
been cut. White mica is seen in some of the surface
stone at this point,

On the slope below these old workings, several ‘‘ nug-
gets ’’ of cassiterite, weighing up to 3 oz., were picked
up on the surface by the writer. The mineral is jet
black, and is very pure, showing no attached gangue,
consisting of an aggregate of short prismatic ecrystals
It is not certain thal these nuggets were derived from the
outcrop noted above, although it seems most probab'e
they have been.

(3)—Section 3276m (2 Acres), R. Clarke. (The Old

Prince George Mine.)

This section, comprising 2 acres. is being held and
worked by Mr. Richard Clarke, who has also a;\vater-!‘ight.,
1452w, for five sluice-heads on Packer’s Creek. The mine
is situated about }-mile south-west of the Federation south-
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west corner, the Trial Harbour-Corinna Road passing
through the north-western corner of the section. The
western boundary touches Packer’s Creek a few chains below
the junction of two main branches, the southern one drain-
ing the western portion of the Federation lease, and the
northern branch a good deal of country to the north-west
of the Federation Mine.

The workings and plant are by the roadside, about
134 miles from Zeehan. The state of the road has been
commented upon elsewhere, and the cost of getting sup-
plies out and of carting tin oxide into Zeehan are not
light.

The section 'includes part of the property known as the
old Prince George Mine, worked by the Great Western
Company in the early history of the field. In fact, it
has been stated that tin was first found in the district
on this property.(*'¥)

Very little work appears to have been carried out by
the old company, but the present ovmner has proved pay-
able tin to exist.

On the roadside descending into Packer’s Creek is an
old shaft sunk to a depth of about 40 feet by the old
company. The formation is said to be tin-bearing at
this point.

The main work has been carried out on a quartz-tour-
maline-cassiterite vein, which strikes N. 63° W. Packer’s
Creek here flows about south-west, and has consequently
cut through the vein, which outcrops on both banks, and
has been prospected to some extent on either slope. The
main work was being carried out on the south-eastern
side of the creek, where the vein averages 2 feet 6 inches
in width. An open-cut was being taken into the hillside
at the time of the writer's visit, along the course of the
vein, and had extended for a length of 50 feet. Payable
stone had been encountered for this length and continued
in the face.

From a little above creek level, a lower adit was driven
in on the course of the vein, on a bearing of 8. 63° 30" E.,
for a distance of 131 feet. The width at the mouth of
the adit is 2 feet 6 inches, and along the course of the
drive it varies somewhat from point to point, as is to be
expected with a vein of this class. 1In the face mica makes
its appearance, giving the vein-rock the character of a

(%) “*The Wild West of Tasmania,” by Wilberton Tilley ( Evershed Bros.,
Publishers, Zeehan), 1801, p. 9.
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greisen, which merges into normal white granite. At 75
feet from the entrance is a vein junctioning with the main
vein on the north side of the drive. It is worth prospect-
ing for a few feet to determine its nature. At 105 feet
6 inches from the entrance, a winze has been sunk to a
depth of 38 feet on the vein. This was inaccessible’at
the time of the writer’s visit, but is said to be on tin-
stone.

The structure of the ore-body is typically that of the
quartz-tourmaline-cassiterite vein. Th_et'e is a ceutlral
seam of very rich ore, with sometimes 2 inches of massive
cassiterite, but with usually some tourmaline (either green
or black, or in some cases both varieties), and at times a
little quartz, although the latter mineral does not appear
to be abundant. This central vein (or vein-stone) is
bounded on either side by vein-rock composed of quartz
and tourmaline. Quartz predominates in this stone, and
black tourmaline becomes more common than green. This
vein-rock carries cassiterite, but in smaller quantities than
the vein-stone. The cassiterite is massive to granular, and
usually dark-brown in colour.

About 3 chains south of these workings is a shaft about
15 feet deep on another outerop of promising-looking
stone. The outerop is traceable for some chains on the
surface, and is worth prospecting. Tin oxide shows freely
in some of the surface stone, which consists of crystalline
masses of quartz with a little green tourmaline. The cross-
lode strikes N. 182 W,, and is of considerable width. The
width is not fully exposed. Prospecting is particularly
to be recommended at the point where this lode junctions
with the main one being worked, Tts very quartzose
nature indicates that it is an intermediate variety between
the quartz-tourmaline-cassiterite and the quartz-quartzose
types desecribed. The formation ‘warrants prospecting.
The outcrop crosses the road, a]:ld it is probable that the
specimens said to have been kicked up by pack-horses,
leading to the discovery of the first tin {acc:ordmg to _th.e
authority quoted above), may have been derived from this
outcrop.

The ore is treated by a small plant in the bed of
Packer’s Creek. A battery of 3 heads is driven direct
from a water-wheel 11 feet in diameter, the water being
brought from Packer’s Creek by a race about 3 cllamg i
length, having its intake just below the ?oad crossing,
Thus, variations in the supply of water available directly
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affect the crushing capacity. The crushed ore from
the mortar-box passed into a well, into which additional
water was introduced by two vertical pipes leading to the

bottom of the wall. causing a constant ** boiling " effect,
The tailings passed through a sluice-box, in which the cas-
siterite was concentrated in the usual way. It is ques-

tionable whether losses were not heavier than they should
have been under this system, owing to the sliming of a
certain proportion of the tin oxide, and the angular
nature of the crushed mineral, A Wilfley table was
afterwards installed, and is said to have given great satis-
faction. The vein being worked was very rich, and the
returns from crushing undoubtedly good. Under such
conditions extreme care should be taken to reduce tail-
ings losses to a minimum, and to aim always at a high
percenlage recovery from the ore treated. In this
instance, the writer had no evidence to show that a high
extraction was not being obtained.

The propervy is certainly a sound one, and one which.
with careful management, should yield profits to a small
working party for some time to come, provided the price
of tin does not fall too low. The length of the shoot of
ore being worked had not been proved at the time of the
writer's inspection. Tt must be expected that it will be
limited, but prospecting along the line of strike may

reasonably be expected to locate other shoots. It 1s
advisable, as far as possible, to keep ahead of the actual
workings with prospeeting work. No forecast can be

attempted as to the depth to which the ore-shoot may be
expected to continue. From a study of the ore-deposits
of the district, however, and the factors governing their
distribution, the writer is of opinion that shoots of tin
ore may be expected at considerable depths below the
present surface. As has happened in other properties on
the field, the present shoot may cut out at no very great
depth, but prospecting should be undertaken at greater
depths. Such work will necessarily have a certain ele-
ment of speculation and uncertainty, as, for instance,
with regard to the depth at which the next shoot will be
cut, its extent, value, &e.: but indications are sufficient
to warrant a limited expenditure on such operations.

The backs available from the lower adit are limited,

and arrangements will have to he made in the near future
for working from a main shaft This will, of necessity,
increase working costs, and only future prospecting can
determine how far such work should be carried. b
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Surface prospecting and sampling of the cross-lode is
also recommended, and if surface prospects warrant it, a
prospecting shaft should be sunk to obtain further
information as to the nature and value of the formation
at depth

On the north-western bank of Packer’s Creek, but
apparently a short distance outside the western bound-
ary of the section just described, and in the south-eastern
part of Section 1650w, 20 acres, an adit has been driven
for 41 feet on a bearing N. 620 W. Although the outerop
is not traceable continuously on the surface, it is probable
that the formation exposed is, in reality, a continuation
of that on which work has been done on the opposite bank
of the creek. The adit was driven for 10 feet on the
course of a mnarrow quartz-tourmaline veinlet; granite
appears in the roof. At 10 feet the vein widens, and
has been driven on for another 31 feet. In the face is
a promising vein 3 feet in width, containing quartz, tour-
maline, and white mica, apparently an intermediate type
between the quartz-tourmaline-cassiterite and the greisen
vein-types. The white biotite granite shows tourmaline
in places.

The vein is very likely to carry shoots oi ore. and is
worth prospecting on the surface further up the hill to
the north-west, and sampling where exposed, to determine
the distribution of the cassiterite.

(4)—Section 6660M, 20 Acres. K. Muleahy and M. Bullen.
(0ld Montagu Mine.)

This section was previously numbered 1362-91M, and is
now charted as above, in the names of E. Muleahy and
M. Bullen. It comprises the heart of the property form-
erly known as the Montagu Mine, and includes all the
important workings of the old Montagu Tin Mining Com-
pany. On this account the property is still known locally
as the Montagu Mine. g

The Montagu Mine was one of the earliest worked on
the field, and the company did important work in con-
junction with the old Cumberland Tin Mining Company
(whose property is nmow incorporated in the Federation
Mine) in constructing the Cumberland Dam. From this
reservoir water was drawn by both companies for power
and dressing, but the company’s old pipe-line has long
since disappeared. In the early history of the property an
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expensive plant was erected by the Montagu Company.
which is thus described by Mr. Thureau, in his report of
1884 (314) : —

““ A branch of pipes from the main supplies a smaller
service reservoir constructed about 200 feet below the
former. From the bottom of a ‘‘ clearing”’ tank filled
from the smaller reservoir, another string of pipes has
been laid (partly on the surface and partly on trestles),
tapering from 9 to 5 inches in diameter giving a head of
water of 560 feet vertical, thus conveying at present the
largest and most powerful available water-pressure for
motive-power in Tasmania. The lower 5-inch wrought-
iron pipes connect direct with one of Leffel’s (American)
vertical turbines, 4 feet 6 inches in diameter at the outer
rim, and 3 feet diameter for the working part. By means
of a pulley and gear, an endless Manila rope, working
in five-grooved pulleys, instead of a belt, works the main
gearing, 60 feet distant. The present plant, which, with
the almost unlimited water-power secured by this com-
pany can be considerably added to, comsists of 15 heads
of stampers (with provision for five more), six classifiers,
twelve of Sterry Hunt's (American) double-acting jiggers,
two rotating and two slime tables ditto, or buddles
(cemented bottoms), sizing boxes, labyrinth ditto, gyrating
tubs and strakes, and other fixed ore-dressing appliances.”

This description is interesting for comparison with a

modern tin-dressing plant. The cost of bringing this
machinery on to the property (via Trial Harbour), and
erecting it, must have been very considerable. The

machinery has all been removed, but the excavation for
a battery-site on the creek bank, and the building of a
substantial retaining-well for about 200 feet in length, to
a height of about 15 feet above the creek, the concrete
battery floor, and battery frame of sawn pine (12 by 10,
and 13 by 8 inches, still standing) all indicate that a
large amount of money has been spent. On good author-
ity, the writer was informed that £30,000 was spent by
the old Montagu Company. Unfortunately, the bulk of
this money was spent in machinery and surface operations
generally, and the proportion allotted to genuine develop-
ment of the known tin lodes must have been very small.
Tt seems that the bhattery treated quite an insignificant
amount- of stone before funds were exhausted, and the

(314) ““ Raport on the Western Mining Districts,” by G. Thureau, June,
1884, p. 6.
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mine closed down and it does not appear ever to have
been re-opened. At the time of his examination of the
property in 1902, Mr. Waller was unable to inspect any
of the workings, and had to rely essentially on informa-
tion supplied by gentlemen who were conversant with the
mine in its early history. The writer was similarly situ-
ated, and as no work beyond a little surface fossicking
had been carried out since Mr. Waller’s visit, and as
the present writer had to draw on the same sources of
information as those which were available to Mr. Waller,
the two reports must necessarily correspond.

The 20-acre section, 6660-m, now held by E. Muleahy
and M. Bullen, is situated on the coastal peneplain, at
the foot of the Heemskirk Range, about §-mile south of
the Federation Mine. It is about }-mile north of the
Trial Harbour-Corinna Road, with which it is connected
by a branch road. The western portion of the section is
traversed by a creek flowing about south-west, known as
the Montagu Creek, which has cut through one of the
main tin-bearing formations, and which has itself been
worked for alluvial tin.

There appear to be two main lode-formations on the
property, both stanniferous and belonging to the pini-
toid vein-type, although merging in places into greisen
veins. At the intersection of the two formations, rich
tin occurred.

What is known as the main lode has an average strike
of about N. 75° E. Values taken at different points
exposed varied from N. 74° E. to N. 84° E. It is on
this formation that most of the work has been carried out,
and it appears to have carried rich tin in places. The
width varies a good deal, and in places appears to be as
much as 12 feet. Tt consists of several parallel veins of
the pinitoid vein-type, varying from 3 inches to about
4 feet in width, showing a central vein of tourmaline
(usually black) quartz and cassiterite, with quartz, tour-
maline, and micaceous aggregates (pinite) in the adjoining
vein-rock. The central seam (vein-stone) may be as much
as 9 inches in width, as for instance where it is exposed
in the bhed of the Montagu Creek.

The formation has been prospected at intervals for
several chains, although little real work has been done
on it. This work will be referred to later.

The second lode-formation, and that on which most of
the company’s work was carried out, is known as the cross-
lode. Tt strikes N. 5°© E., and has been traced on the
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surface for about 4 chains. It also is of the pinitoid vein-
type, and appears to vary in width from 1 to 4 feet. It
outerops for some distance in the bed of the Montagu
Creek, where it intersects the main lode. Unfortunately,
the intersection is not available for inspection, as the ore
has all been worked out, and no statement can be made
as to the relative ages of the two intersecting vein sys-
tems. It seems clear, however, that rich ore occurred at
this intersection, and that no appreciable displacement
took place. The cross-lode carried rich tin in places along
the line of outecrop, and after surface prospecting, it was
decided to test the formation at the point of intersection
with the main lode, almost in the bed of the Montagu
Creek. Accordingly, a prospecting shaft was sunk by the
old Montagu Company on a shoot of rich tin ore at this
point, but the shoot of ore appears to have cut out at uo
great depth. A main shaft was then sunk from the creek
bank, a short distance to the south of the old prospecting
shaft. This shaft is now full of water, but is seen to be
lined with sawn timber, and to have been a three-compart-
ment shaft. Hoisting is said to have been carried on by
means of a whim, and pumping by means of an 8-inch
draw lift-pump, operated by a Pelton wheel. This pump
is said to have been able to cope with the water without
any trouble. This shaft was sunk vertically through fine-
grained white nodular tourmaline granite to a depth of
118 feet, and at 100 feet from the surface a level was
driven a little to the north of west, to intersect the cross
lode, and this was done with about 50 feet of driving.
The cross lode was cut some distance to the south of the
prospecting shaft, and at this point is said to have been
about 2 feet in width, but to have carried only low tin
values. The vein here appears to have carried a little
pyrite, but reports on this point are conflicting. The level
was not continued to cut the main lode, but a drive was
extended along the course of the cross lode to its inter-
section with the main lode, when a rise was carried
through to the surface. The main lode at this point is
said to have been from 12 to 15 feet in width, and to
have carried a little pyrite. A drive was extended east
for about 15 feet on the main lode, and although the
ore is said fo have been very promising in appearance at
this point, work was stopped. No driving was done along
the course of the lode-formation to the west. Surface
prospects show that this formation does carry good shoots
of tin ore, and it is to be regretted that more driving was
not done on the 100-feet level.
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The gl‘oss-lmie is said to have carried excellent tin values
at the intersection with the main lode, although the latter
was very low grade. At the intersection a rise was put w
to connect w1t_h the prospect shaft from the surface, aug
al'tlmngh 1}1»9 tin ore appeared to have cut out in the bottom
of the shaft, the rise disclosed rich ore below, evidentl
anot_.her. shoot. The width of the cross-lode al,the inter}i
section 1s said to have been 3 feet 6 inches at the 100-feet
lgve], _a.ud to have carried an average of 3 inches of solid
tin (‘>x1de‘nort.h of the junction. 311: Bullen states that at
the junction the richest ore was in the form of the letter L
carrying about 10 inches of massive cassiterite, and extend-
ing for a length of about 10 feet along each leg. This ore
is said to have merged intv massive tourmaline with cas-
glterlte. The rich shoots of ore are said to have been stoped
1!.01‘ a length of 36 feet, the width of the formation var\'li)nw
iro»m lito 4 feet. The old stopes were worked to w‘lthi;
a few feet of the surface, and the remaining ore in‘ the
back of .t_he stopes was afterwards underhandtstoped from
the surfice. The richest ore was bagged, the seconds
crushed and concantrated. There is slillrabm‘mr] deal of or;‘
scattered about the surface, too poor in tin ?o I;av for hand
treatment, but showing a good deal of cassiterite, This
gives a g:ood i_dea of the class of ore, which cnns-ists; essen-
tially of radiating aggregates of green tourmaline in a
quartzose groundmass, with scattered crystals and aggre-

gates of crystals of pale resinous brown cassiterite. he
:}a,)n}ount of quartz present varies considerably, this mineral
eing s : 3 ir )

ing sometimes almost entirely absent. Small geodes

!med with sn}all prismatic crystals of quartz are noticeable
;ln ome specimens. Small ecrystals of transparent green
¥ s S ) : 4 &
tum.te_\, were noticed lining a vugh in one specimen. This
stone indicates that the formation belongs to the quartz-

tourmaline-cassiterite vein-type. .
Apart from this main group of workings little has been
done to really prove the value of the property, although
prospecting work hn&s shown that tin values exist at different
points. Most of this work has been to the south-east of the
main shaft, as described below. ‘
In the creek near the prospecting shaft referred to above
a narrow vein :_:ul.-k on for 5 feet is said to have wvielded
seven bags of tin oxide. At the head of the workings in
?-hsh (.‘t‘eel_( ..Zlb()lrll 2 vh'c.uns north of the old prospecting ;}’]aft
is a p)‘l"]tlf,‘ vein cutting across the creek-bed, 18 ]‘}Tc}ieq i,-;
wndtlh‘ st.nke N. 589 E. This vein looks promising for\ tin
and is said to carry good values. About 10 feet to the south
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west is another parallel vein apparently of the pinitoid
vein-type.
On the western side of the creek a shaft was sunk on the

-hillside on the main lode to a depth of perhaps 15 feet.

This shaft is now inaccessible, but the tin values are said
to be very low at this point: no further work has been done
to the west, although a lode-formation consisting of green
tourmaline, a little quartz, and good tin values, has
recently been exposed by some alluvial workings in a creek-
bed about 10 chains further west. This may be the same
line of lode, but more work is required to definitely settle
the point : the strike here appears to be N. 61° E.

Bast of the prospecting shaft, the main lode has been
underhand stoped from the surface for about a chain along
the line of strike, t¢ a depth of about 10 feet, only the
richest ore being extracted: this ore was treated by hand,
and is said to have yielded 4 tons of tin oxide. It is clear
that there are shoots of rich ore in this formation.

Further east some trenching has been done over a length
of about 3 chains, the width of the vein being about 2 feet
6 inches. The stone here looks promising, carrying green
tourmaline, quartz, and white mica, in addition to sheaves
of black tourmal ne. It is a good deal stained with limonite
in places, and there can be little doubt but that the primary
ore will be found to be pyritic. The strike at this point is
N. 75° E.

About 1} chain up the hill to the east, is a shallow
shaft on a stanniferous vein which appears to be about
parallel to the main lode. This vein is from 12 to 18 inches
in width. The vein-stone is from 3 to 5 inches in width,
and consists of dense aggregates of radiating green tour-
maline. This central vein is bordered by } to 1 inch
of bluish-black tourmaline, outside of which is a band on
either side varying in width from 3 to 6 inches, consisting
of hard quartz and black tourmaline. This quartz-tour-
maline vein is said to carry good tin somewhat lower down
the hillslope: an old shaft here is completely overgrown
with dense serub.

A short distance higher up the hillslope to the south-
east is a prospecting shaft, depth 8 feet, on the main lode,
which is here 18 inches in width. The stone is promising
quartz-tourmaline rock with limonite, which again sug-
gests the presence of pyrite in the primary ore. This stone
is said to carry between 5 and 6 per cent. tin.

About one-half chain further up the hill, and one-half
chain north-west of the old Montagu Road, on the crest of
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the ridge, is a shaft sunk to about 40 feet on a quartz-
tourmaline vein 18 inches wide. This is probably on a
parallel vein, and not on the main lode.

On the summit of the ridge a patch of rich detrital ore
was discovered and worked. The cassiterite in this stone
was very black. Prospecting revealed a rich tin vein, on
which a shaft was sunk to about 25 feet. The vein was
about 2 inches wide at the surface, the width increasing
to nearly 3 feet at the bottom of the shaft. This stone is
said to assay 2 per cent. tin. The presence of gossan
(limonite) in this stone indicates that p\nte may be
expected at depth. This is probably on the main lode.

A short distance to the north of this is another shaft,
sunk by the old Montagu Company, and said to be on good
tin: this shaft has some water in the bottom, but its depth
is probably less than 20 feet.

Thus it will be seen that although the prospecting work
carried out on this main lode has met with encouraging
results at certain points, nothing has been done to open up
the ore-body.

Reference has already been made to the underground
work carried out on the cross-lode (striking nearly north
and south) and to the surface work at the intersection with
the main lode, in the creek-bed. Very little has been done
on this line of lode to the south of the intersection, and
the formation has not been traced beyond a bend in the
creek to the south-west of the prospecting shaft, in spite
of the encouraging features where work was carried out.
The cassiterite in this stone was usually reddish, the ore
itself carrying abundant black tourmaline, while green tour-
maline was the more abundant in the main lode.

In addition to the work deseribed above, which has been
carried out on the lode-formations on the property, some
alluvial ground has been worked with good results. It
was found by the old Montagu Company that in the bed of
the creek traversing the section, now known as the Mon-
tagu Creek, was a deposit of alluvial and detrital material
which carried good tin values. A narrow strip along the
creek-bed was worked for a few chains: it is reported that
the wash consisted of 4 feet of overburden and 2 feet of
stanniferous material, and that from this small patch 5
tons of stream tin were won by the company. The tin
oxide was both free and in quartz-tourmaline vein-stone:
much of the cassiterite is said to have been grey in colour.
Much of the tin oxide won from the ereek must have been
derived from lode-formations on the hillside which have
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not yet been located. The creek was found to carry tin
beyond the boundaries of this section, and has been worked
for most of its course between this property and the sea-
coast. Since the old company ceased work on the property
small patches of alluvial material have been worked, and it
is doubtful whether any of the remaining patches will pay
for treatment : the resources of the pru[mt\ ate practically
exhausted so far as secondary tin ores are concerned.

Reviewing the position with regard to this property,
and its prospects for the future, one is forced to the con
clusion that although a great deal of money has been spent
in the past, the outlay has not been to best advantage, and
that although it has some very promising features, the
mine has never had a fair trial. The two main tin veins
both carry rich ore in places, but the small amount of work
carried out indicates that the rich ore occurs in shoots of
small extent, both horizontally and vertieally, although this
can searccely be regarded as more than an indication. If
this indication be accepted then it is clear that the value of
the property as a commercial proposition will depend mainly
on the richness of these shoots, and the frequency with
which they occur. The shoots located up to the present
have certainly been rich, and the fact that two were located
so close teﬂe{her in the underground work -arried out is
certainly promising. There is no sound geological reason
for belle\mw that shoots of tin ore will not be found to
oceur at considerable depths: this aspect has been dis-
eussed at some length in another part of this report, and
the writer is of opinion that shoots of ore may be expected
within the limits of economic mining.

Surface indications point clearly to the fact that some
pyrite may be expected to make its appearance as depth
is attained. Although a drawback, the presence of this
mineral is not an insuperab]e difficulty in the question of
treatment at the present time. It is not improbable that
some shoots may be almost free from sulphides.

The nature of the cassiterite occurring in the specimens
of ore lying about the surface, indicates that much of the
mineral is faul\ coarse-grained, and should be compara-
tively easy to save with mmlvt‘ll appliances

It 1s of 1m]:0|tan(~9 to note that the surface proqpoctmv
work carried out has shown not only that the main lode
carries tin values away from the intersection with the cross-
lode (the only pcint where any underground work has been
carried out), but has shown that at least one luslrl”Pl vein
exists which also carries fair values at certain points near
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the surface. Any plan of underground work for the future
should embrace systematic tle\eh)pmental work and pros-
pecting not only of known formations but of the adjacent
country-rock for parallel lodes: it is not improbable that
other shoots of ore may be thus located.

With regard to facilities for working, although an adit
might be driven on the main lode either east or west from
the creek if smrface values warranted it, it is questionable
whether such work will be justified, as the amount of backs
available is small. The main work will have to be carried
out from a shaft, and probably the site of the old main
shaft would be suitable. This work will of necessity be more
expensive than working from adits, but the nature of the
country wil. render amkmu unavoidable. Water will be
encountered m the p(milon of the old main shaft, but is
not likely to’be sufficiently abundant to cause serious
trouble. Tt is reported that an 8-inch draw-lift pump was
used by the old Montagu Company to sink to 118 feet.
and that it was difficult to keep the pump working slowly
enough to cope with the water met to this depth.

Tt must be borne in mind that at the time this mine was
worked, the price of tin was very low, and this factor
doubtless influenced the policy of the management, and
hastened the shutting down of the mine.

When planning work for the future the lessons of past
failure should be taken to heart, and the mine itself given
a fair trial before too much 'money is spent on surface
works, which ean be carried out when underground develop-
ment shows that they are justified

Although no very definite opinion can be given, on
account of the present unsatisfactory state of workings, from
his examination of the property the writer is of opinion
that the mine is worthy of a further trial.

Much of the above information concerning old workings
was supplied by Mr. M, Bullen, to whom the writer would
tender thanks.

(5)—0ld Montagu Extended Mine.

About one-half mile to the west of the old Montagu Mine
is a shaft sunk on the button-grass country forming the
coastal peneplain. It is about one-quarter mile west of the
main road, and is probably in the eastern portion of Sec-
tion 1158, 40 acres. No very definite information could be
obtained concerning this shaft, but it is believed to have
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been sunk by the old Montagu Extended Tin Mining Com-
pany, in the early history of the field. The shaft is full
of water, and its depth is not known, but it would appear
from the dump-heap to be about 20 feet.

The ore on the dump-heap shows that a promising vein
has been located. It consists of quartz-tourmaline, of a
rather different nature to the normal quartz-tourmaline
veins of the district. The groundmass is of erystalline
quartz with varying amounts of tourmaline. The latter
mineral oceurs in fine needles and aggregates of needles,
sometimes projecting into small geodes: it is of the black
variety. Geodes several inches in diameter are not uncom-
mon, lined with prismatic crystals of quartz, which them-
selves are frequently completely encrusted with very minute
prisms of greenish-black tourmaline. Specimens are not
uncommon showing aggregates of interlacing needles of
tourmaline, without any visible quartz. Chalcopyrite shows
rather freely in some specimens, aand several pieces of chal-
copyrite with aggregates of black cassiterite crystals of
small size were noticed.

No information can be given as to the size of the vein,
which would appear to belong to the quartz-tourmaline-
cassiterite type.

A grab sample was taken from the dump heap and sub-

mltied to the Government Assayer, Mr, . D. Reid, for
analysis. Mr. Reid reported—
wme, el e, o] 1003 peT caniti

Qualitative tests showed the presence of copper, anti-
mony, and bismuth, these metals being present in small
amount only, but actual amounts were not determined.
The ore was tested for wolfram, which was not present in
the sample submitted.

As noted elsewhere, small quantities of sulphides of the
various metals occur in tin veins of this type, and although
they were not observed in the ore, it is almost certain that
antimony and bismuth are present as sulphides (stibnite
and bismuthinite respectively). As noted above, a little
chaleopyrite was visible in the ore.

An old trench about 4 chains south of the shaft does
not yield any definite information.

A definite opinion can scarcely be expected in view of the
small amount of information available as to the prospects
of the property. As all work would have to be carried out
from a shaft, there is scarcely sufficient inducement to
recommence work in view of the value of the ore.
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(6)—Section 5093m, 80 Acres (Old Empress Vietoria
Mine /-

The section is vacant, but comprises the workings of the
old Empress Victoria Company. At the time of Mr. Thu-
reau’s examination (1884) the main workings were full of
water, this gentleman remarking that “ o?)erations had
ceased for some time previously.”” As nothing has since
been done. little can be said about the workings at the
present time, the shaft being full of water to the adit level
53 feet from the surface. .

The section is situated on the coastal peneplain, to the
south-west of the old Montagu Mine, and about midway
b_et\}'een that property and the coast. The Trial Harbour-
Corinna Road passes within about 2 chains of the north-
western corner of the section, and was connected with the
workings by a branch track.

_The shaft was sunk on a quartzose outcrop carrying rich
tin, on a ridge overlooking the Montagu Creek, the bed of
which has been worked for alluvial tin

Mr. Thureau, in his report, stated : —(2'%)

e T}ns company has erected the only steam winding and
pumping plant on the West Coast, being supplied with
steam from a Cornish flue boiler—multitubular—for a hori-
zontal 12-inch cylinder engine driving a double winding
gear and pumping gear with 7-inch lifts. The shaft hans
been sunk to a depth of 111 feet, and has been opened out
a* the 105-feet level. Water stood at the time of my visit
at the _ﬁii-feet or adit level, operations having ceased for
some time previously. 1 was informed by “the mining
manager left in charge that the last tin ore beneath thei?'
rich surface outerop had been met with at a depth of only
27 feet in their main shaft, and that from this point the
‘lode’ had been followed vertically without meeting any
more ore. It would thus be seen that ore occurred from
the surface down to 27 feet; none from there to the adit
f'evel (53 feet); and none to and at the bottom level (105
L MR The lode below the 27-feet level is
described as nearly vertical, with an underlay of 1 in 3, and
levels had been driven on its east-by-west course for a.total
length of 160 feet at 105 feet from the surface. In these
levels at 36 feet ‘in ’ from the shaft, the supposed lode
was found to be of the same size, measuring from the hang-

ing-wall, as at the adit or 53-feet level, and that in the

(3%) “ Western Mining Districts.” by G. Thurean, 1884, p- 10,
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soft country to the north the anticipated junction with the
north-and-south lode had not been met with.”” Mr. Thu-
reau then advises prospecting at the 30-feet level, suggest-
ing that as the nature of the ore below the 27-feet level is
different from that which was tin-bearing near the surface,
a fault may have displaced the true tin-bearing lode.
Apparently this advice was not acted upon.

The machinery has long since been removed, and no
opinion can be formed of the property in its present
dilapidated state. The shaft is lined with sawn timber, and
is divided into three compartments. Amneroid readings at
the collar of the shaft indicate that it is about 500 feet
above sea-level. Ore on the heap at the collar of the shaft
indicates that the formation belongs to the griesen vein-
type. Aggregates of white mica and coarse sheaves of black
tourmaline, up to 3 inches in length, are scattered through
a quartzose groundmass, through which is scattered a little
pyrite. A little green tourmaline is sometimes present.
The ore is traversed by irregular fissures at times, filled with
black tourmaline. The stone does not look very promising
for good tin values. The shaft has been sunk apparently at
the junction of two lode-formations, the main one striking
north and south, and outcropping for about one-half mile
down the course of the Montagu Creek. West of the shaft
is another quartz-tourmaline outerop, visible for a short
distance only, striking N, 60° E., which should junction
with the main lode at the shaft, if continuous. Thecountry-
rock in the immediate locality is medium-grained ‘* white ”’
granite with quartz-tourmaline nodules in places, but this
junections a few chains south of the shaft, where a branch
creek joins the Montagu Creek, with coarse-grained
fpink granite, which continues to the coast. It is of
particular interest to note that the main lode continues
without any apparent interruption from the white into the
pink granite. The latter rock here carries veins of aplite,
as illustrated in Photo. No. 9, which was taken in the
Montagu Creek just below its junction with the branch
creek referred to above.

About 100 feet north-west of the main shaft is a pros-
pecting shaft about 20 feet deep and a shallow adit. There
is some rather favourable-looking green tourmaline vein-
stone on the dump-heap.

About 4 chains south of the main shaft is an old trench
cut to a depth of about 12 feet across the ore-body : about
9 feet of stone has been exposed, but it is not certain
whether this is the full width, as the trench is very much
overgrown and partly filled with rubbish.
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.On the western bank of the creek, in a direction S. 53%
‘\\. from _the main shaft, and distant about 4 chains -froﬁm
it, an adit was driven into the hill in a north-wester!r.
direction, apparently to try and intersect a quartzose ou;-
crop exposed on the hill above. An attempt was made bvr
the writer to explore this adit, but the entrance was muek
overgrown and the air bad. The adit appears to have
been driven for about 300 feet in a north-westerly directiof
through white granite with occasional quarty-foumlalin‘
nodu_l.es. but without intersecting the formation. At abou:
250 feet .two narrow parallel tourmaline \'eiuc-; were cut
at_ld a drive extended south-west along their .sn'ike bu£
without encountering anything of a particularly t'cm.lisin
nature. This work seems to have been quite'f!}ljtile a 3
with the gradual slope of the hill at this peint, it is 4 u::
ﬁlon_able whether the small amount of imck.; ohtz:z,j;:l]ab.le
justified the driving of the adit, even had the nature of th
surface outerop warranted it. o
*hjl.:t igr;liouhti_utlh\-.'hei.her any l'}n'liler work is justified on
e ] % on .(T' e property. The property would have to
be worked from a main shaft, as the topography of the
locality would not allow of economical working from adifS'
the backs obtainable would be insufficient to:‘justir"\' thei;
use. '[_'h_er_e is no timber of any deseription in the imme-
d:atc.;1 vicinity, even for domestic use, the nearest belt beiuev
?:“:. e slopes of the Heemskirk Range, about 2 miles dis.

Nm"lth-\\'est of the shaft and main workines deseribed
some ru{‘ther prospecting has been carried outborf a‘n#o';hPr
t-m-bearl‘ng formation, these workings being locally known
as the White Face Workings. The bed of the creek sepa
rating the main shaft from the adit deseribed abéve; }}ms
been \_vorkec! for alluvial tin. Ascending the western slope
there is a fair quantity of white quartzo:e detrital matpri]a]‘
some of which carries visible cassiterite which is ueﬁal]l
very black. The depth of this detrital material varies bu}t
would appear to average between 12 and 15 inches Crystals
of b]a_d{ cassiterite set free from the disinteorat;bu-n.f this

material are not infrequently noticeable 0; the surfaoe‘
Apparently this material could be profitably treated if
water could be got vhenpl_\' on to the propef'tv bm‘thiq
d?e§] r;)cl)t appear practicable, as the quantity of material
:;;L:(]i:urf not sufficient to warrant any considerable

A tt.'enrh on the hillside a few chains north-west of the

old adit exposes a width of 10 feet of a white quartzose for-
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mation. which carries nests of tourmaline and of cassiterite.
The groundmass apparently consists entirely of cassiterite.
The tourmaline occurs in nests, radiating aggregates of
fibres of greenish-black colour sometimes attaining a
length of 3 inches, the groundmass consisting of fibrous
green tourmaline. The cassiterite is very black in colour,
and occurs in nests composed of aggregates of crystals in
a groundmass of crystalline quartz, but without any other
noticeable gangue mineral. These nests of cassiterite
appear to be irregularly dist ributed through the forma-
tion. A width of 10 feet is exposed, but this does not
appear to be the full width of the ore-body.

Higher up the hill slope, and about 10 chains north-west
of the old Empress main shaft, is an outcrop on which a
little work has been done. The lode material consists
essentially of white quartz, and in consequence the work-
ings are locally known as the ‘“ White Face '’ workings.
They are situated in the north-western corner of the sec-
tion. An open-cut has been made into the outcrop, this
cut having a length of 15 feet, a width of 12 feet, the
height of the face being 8 feet. The strike of the formation
appears to be N. 64© W., and if continuous the outcrop
would intersect the main lode-formation worked by the
old company, in the vicinity of the main shaft. It cannot
be traced for any distance on the surface, however, and does
not outerop in “the old road about 2 chains to the west.
The width of the workings is between 15 and 20 feet. The
lode material is not unlike that exposed in the 10-feet
trench lower down the hill. It consists of quartz, appar-
ently of two generations. The groundmass is fine-grained,
resembling a sandstone in general appearance, but consist-
ing of crystalline quartz. Scattered through this are larger
crystals of glassy quartz, and occasional nests of crystals
of the same mineral. A small amount of a soft scaly mica-
ceons mineral, apparently pinite, is present in the ground-
mass in places, and is particularly nohce_ahle where caw
siterite is developed. There is no appreciable tourmaline
developed, but fluorite is present in dark amethyst to lilac,
in pale-green erystals, scattered through

and occasionally 1 ! s, s
the quartzose groundmass. (Cassiterite is present some-
nests of crystals,

times in scattered crystals, and also in
always very black in colour. Much of the stone carries no
visible cassiterite, the nests of crystals being irregularly dis-
tributed through the formation. Wolframite is associated
with the tin, and its mode of occurrence is similar: it 1s

present in sporadically distributed crystals, and in aggre-
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gates of small ecrystals lining vughs, associated with
crystals of quartz and scales of mica. Oceasion-
ally slight stains of copper are noticeable, and the pre-
sence of limonite indicates that pyrite will be encountered
at depth.

About 20 feet north-west of the White Face is a prospect-
ing shaft sunk to a depth of about 15 feet, and now

: partly
full of water. C

The lode material here is quartzose, and
similar in general siructure and appearance to that des-
cribed above, but is pyritic. Chalcopyrite and pyrite are
fairly abundant, disseminated through the (illartzose
groundmass, and a little finely-divided arsenopyrite is
noticeable. The stone shows occasional irregular ‘veinlets
of tourmaline and vughs of prismatic quartz crystals, and
green and black tourmaline, the latter be-in'g coarsely
crystallised. No cassiterite is noticeable in any of the
stone from this shaft. "

From what has been said, it will be seen that the forma-
tion is of considerable size, but little has been done to prove
its value. Tin and wolfram are undoubtedly present ;
although some rich stone is obtainable. the que:‘;tion to be
decided is whether the average grade is high enough to pay
for mining and treatment. Under present conditions
charges would be rather high, and it is questionable whether
the ore in bulk will prove payable. Although for a time
open-cut methods could be employed, the ore to be won thus
would be limited, and work would have to be carried out
from a main shaft. There is nothing at present to warrant
the erection of a plant, but a little further surface pros-
pecting is warranted. The writer would advise a careful
sampling of the exposed face, and assay for tin and wolf-
ram. Two or three trenches to the south-east of the
White Face along the line of strike of the formation would
give some useful information concernine the size and value
of the ore-bodv in that direction. and might result in the

location of better shoots of ore than that which has been
partly opened up.

(TY—Section 4653m, 5 Aeres—J. Campbell and H.
Castle, (0ld CLiff Mine.)

This section is situated on the West Coast, the posi-
tion of the south-west corner being actually out to sea,
It is about .2 miles north-west of Trial Harbour, and
about 15 miles from Zeehan. The Zeehan-Trial Harbour-
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Corinna Road passes within about 2} miles of the property,
with which it is connected by a track over the open but-
ton-grass country, the track being of good grade, and avail-
able for cart traffic.

The section forms part of the property previously known
and worked as the Cliff Mine. A battery and buddles
were erected, and driven by a water-wheel, although the
material mined and crushed appears to have been merely
tourmaline granite, in which tourmaline was mistaken
for tin. Of the old plant, a 5-head battery, with pro-
vision for an additional five heads (shafting, cams, &ec.)
still stands on the summit of the cliffs, 300 feet above sea-
level.

The country-rock is white granite of Devonian age, here
containing abundant black tourmaline, both dissemin-
ated through the rock in small tufts and aggregates, and
also in nodules. The contact between granite and slate
was noted less than }-mile to the south-east of the pro-
perty.

The tin-bearing vein now being prospected by Messrs.
Castle and Campbell outerops on the steeply-sloping cliff
face, and has been prospected to a small extent only, by
means of a shaft and adit.

Although the cliff face is almost precipitous here, at
about 50 feet below the level of the old battery floor, a
point on the outcrop of the vein was located, and a shaft
sunk to a depth of 18 feet on rich stone, clean tin oxide
being broken out by hammer and gad, and bagged direct.
Two bags of tin oxide per week were won for some time
by Mr. Tames, working alone, at this point, by the
laborions method mentioned. No driving has been done
here, although the tin-bearing vein continues into the
cliff face. From the small exposure made, the vein
appears to strike N. 580 W., and dip south at about 809°.

About 50 feet below the collar of this shaft, or 100 feet
below the old battery, is an adit driven by Messrs. Castle
and Campbell on the course of the vein. The bearing is
N. 67° W., and the adit had been extended at the time of
my visit for 36 feet. No crosseutting or stoping had
been done. The adit is driven on a shoot of rich tin ore.
The width is not exposed, but will probably be about 4
feet. There iz a central fissure carrying soft kaolin and
rich tin; less than 2 lb. weight of this material yielded,
on vanning, a little over 2 oz. clean tin oxide. In close
association with this is a well-defined band of varying
width, of erystallised black tourmaline and rich tin. This
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is very rich stone, and is flanked on either side by about
12 inches of quartz and black tourmaline, with tin oxide
visibly disseminated through the stone. This, in turn
merges into quartz-tourmaline vein-stone, with a couf
mder:.ablelquaulit_\- of muscovite mica, also carrying tin,
merging into tourmaline granite. ' ;

Tl_1e tin oxide is brown to black in colour, and of
medium grainsize; it should be readily saved. In the
face, rich tinstone was showing.

About 2 chains south along the cliff face, and at a point
about 70 feet above sea-level, an old adit has been driven
fori about 15 feet in white nodular tourmaline granite. This
adit does not expose any ore. and the reason for driving
1t 18 uncertain, unless tourmraline were mistaken for tin.

On the summit of the cliffs, near the old battery, is an
open-cut in mnodular tourmaline granite, from which, I
understand, the material excavated was crushed, and an
attempt made to save the black tourmaline, thin];iua it to
be tin, B
_It will be seen from the above description that very
little work has been done on the section up to the pre-
sent although the prospects are undoubtedly bright. The
length of the shoot of rich ore has not yet bee?;l proved.
From the present adit, about 100 feet of backs are avail-
able for stoping. From the nature of the occurrence (i.e.
the type of vein and the country-rock in which it occursi
ther"e 1s sound reason for believing that the lode-channel
is likely to be continuous, not onl:\' for some considerable
length, but that it will also continue to depth. The
richer ore will probably oceur in shoots. One such has
been partially opened up. These are likely to be of
1ir.uited length, but prospecting alone can show the dis-
tribution of values throughout the length of the vein.

Not only is the vein-type favourable for a permanent
ore-body, but the nature of the ore is such that it presents
no treatment difficulties. The ore is only moderately hard
and should be inexpensive to mine and crush. The tin'
too, should not be difficult to save if a suitable ireatmrnf.;
plant be installed. In the ore exposed up to the pre-
sent, pyrite has not made its appearance. Such may
occur in the ore at a greater depth, but there are no
g_rmmds for supposing it will be troublesome for some
time to come.

With reference to mining facilities, the property pos-
sesses advantages which will greatly assist in the economie
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development of the mine. Although from the presemt
adit only about 100 feet of backs can be obtained, from
a low-level adit a maximum of 250 feet should be avail-
able, according to heights determined by aneroid baro-
meter. The driving of a low-level adit as soon as possible
is to be recommended. No tedious driving through barren
country-rock is to be faced, but the adit would be on
the course of the vein from the approach.

For power, too, the mine is not unfavourably situated.
Advantage should certainly be taken of natural facilities.
Previously, the battery was erected on top of the cliffis and
worked by water-wheel, water being obtained from three
small dams, one below the other, in a small creek empty-
ing over the cliffs a few yards north of the tin-bearing
vein. The amount of water available from this creek in
its natural state is small, but already races have been con-
structed to divert water from several branches of Packer’s
Creek, into this channel. There is a suitable site for
a dam about 1} mile from the property, which could be
used for storage purposes. Although the amount of water
available would not be sufficient to drive a large plant,
it would probably suffice for the five-head battery it is
proposed to utilise. Were this battery moved from the
top to the bottom of the clifis, a Pelton wheel could be
installed to advantage, to make use of the available head
of 250 feet. The ore, too, would be tipped direct from
the adit into battery hoppers, without any hauling, such
as the present position of the battery would involve. The
pipe-line necessary would not be very long, on account
of the steep slope of the cliff face. A site for the bat-
tery is available, although a limited amount of excavating
and filling will be required.

The property is one which can be heartily recommended
for further prospecting. The developmental work so far
carried out is mnot sufficiently extensive to warrant too
large an expenditure on treatment plant and surface works
at the present stage. Although rich tin-bearing stone
has been exposed, and still shows in the face of the adit,
ite extent is still a matter of some uncertainty. From
considerations already mentioned, it will be seen that fur-
ther developmental work may be carried out at a com-
paratively low cost.

While no definite forecast can be made as to the future
of the mine, the outlook is undoubtedly very encouraging,
and prospects appear bright. A vigorous campaign of
developmental work is warranted.
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(8)—Section 6206M, 80 Acres--J. (_'er.uf)r[/_

Partly adjoining Section 4653m on the east, is an
80-acres section, 6206m, charted in the name of J. Camp-
bell, which, T understand, it is proposed to work in cor
junction with Messrs. Castle and Campbell’s property,
described above. ‘

Traceable throughout almost the whole length of the
section is the outerop of a large lode-formation, which has
a general strike of about N. 170 E,, varying slightly from
point to point. The lode is very quartzose, and carries
abundant nodules of quartz and tourmaline (black and
green), with some scattered aggregates of black tourmaline.

Very little work has been done on this line of lode,
although it presents some very encouraging features. The
width is not exposed, but is probably 15 to 20 feet.

About the centre of the section are some shallow work-
ings, known as Spencer Brothers’ workings. These con-
sist of a trench on the lode about 30 feet long, 3 feet
wide, and 4 to 5 feet deep, with a second shallow trench
cut at right-angles for about 1} chain. From this excava-
tion, I am informed that between 2 and 3 tons of clean
tin oxide were taken. On the heaps thrown out, some
very rich specimen stone was noticed. The tin is very
black, and occcurs in masses of crystals oceupying vughs
in the white quartzose lode-material, frequenth: with pris-
matic crystals of quartz, and sometimes with crystals of
green tourmaline also. Tt is usually of medium erain-
size. The tin oxide is sometimes well disseminated
through the lode-material, oceurring also with tourmaline
and white mica (muscovite). A striking occurrence noted
here is that of rich tin in some of the green tourmaline
nodules, quartz also being always present.

Ten chains south, along the line of strike. annther
trench, 15 feet long, by 3 feet 6 inches deep, partly exposes
the lode outcrop. g

Seven chains further south still, and almost on the
southern boundary of the section, several narrow parallel
pyritic quartz-tourmaline veins, some of which carry
arsenopyrite, are exposed in the bed of a creek. These
have a slightly different strike, N. 11° E., and pro-
bably belong to a different lode system to that desecribed
above. No tin was noticed in any of the veins which
aggregate 11 feet, over a total width (regarding vein and
country-rock) of 20 feet. : '
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Seven chains due north of Spencer Brothers’ workings
are some old workings, known as Wooding’s. Here a
patch about 150 feet square has been stripped and sluiced,
water being brought by a race, about 14 mile in length,
from a branch of Packer’s Creek. The material sluiced
consists of detrital matter, and not true wash, and is com-
posed almost entirely of round quartz-tourmaline nodules.
Some rich specimen tinstone was noticed on the heaps of
tailings, similar to that at Spencer Brothers' workings;
although the depth is shallow, good tin is said to have been
won from the alluvial treated. The source of this tin is
not far to seek, for just above the sluiced ground, which
is on a sloping hillside, is a well-defined lode outcrop, of
similar character to that of the big lode described, being
very quartzose, with abundant nodules, sometimes stun-
niferous. The outcrop is about 25 feet wide here, and
apparently strikes north and south. On the western side
of the outerop the lode is pyritic, consisting of glassy
quartz and scattered erystals of pyrite, in a fine ground-
mass of quartz, with a little green tourmaline ; muscovite
mica is sometimes present. On this portion of the ore-
body a shaft was sunk, but is now full of water. Fron
the amount of material on the surface the shaft is pro-
bably not more than about 20 feet in depth. No
tin was seen in this pyritic ore, although it may be pre
sent. The outcrop of this lode does not appear further
to the north. Tt is connected with the main lode pre-
viously described, although the outcrop cannot be con-
tinuously traced. While the main outerop apparently
lies about 3 chains to the east, it is seen, on plotting,
that this lode, if continuous, would junction with the
main channel in the vieinily of Spencer Brothers' work-
ings. The rich tin occurring here may be at the inter-
section of two lode-systems. 1

About 3 chains east of Wooding’s workings there is a
lode outerop on the summit of a low hill, about 25 feet
wide, striking N. 132 E. Junctioning with this is
another outcrop of nodular quartz tourmaline, showing
on the surface for 21 chains, and striking east and west.
This has not been ])r‘i_)s!lPl'ini

It will thus be seen that beyond the old workings
described as Spencer Brothers’ and Wooding’s, no work has
been carried out on this section to exploit the known tin-
bearing lodes. They certainly are worth prospecting. It
is quite unlikely that payable tin values will be found
along the whole line of outerop. but the fact that in places
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rich ore does occur, should stimulate further work. It
is probable that shoots of good ore will be found.
After locating them by trenching, further prospecting and
developmental work will have to be carried out from a
shaft, unless the lode can be traced to the cliffs, as the
country is comparatively level along and near the out-
(‘rops.

The width of the main lode is considerable. Although
at certain points the whole may be impregnated with tin
to a sufficient degree to render the whole width payable,
it -is more likely that the payable tin will be confined to
a smaller width within the ore-body. Obviously, too
little has been done in the way of opening up the pro-
perty to allow of any confident prediction being made as
to its future, but the judicious expenditure of additional
money is warranted by present prospects.

(9)

The main workings on this section are those of the old
Cornwall Tin Mining Company, and were carried out in
the early history of mining on the field.

As wiil be seen by reference to the general map of the
district, the section is situated on the coast, at the mouth
of Packer’s Creek. The actual position of the workings
on the section could not be determined, as no r_-orner-pe;_zs
were available, but the work has been confined to the
south-western portion of the area. The old Cornwall
Company fell into the serious error (unfortunately, only
too prevalent on the South Heemskirk tinfield) of spend-
ing a considerable amount of money on the purchase and
erection of plant before having sufficiently devaleped
their property to ensure a supply of ore to keep the plant
working. From the description given below of the actual
work doue, it will be seen that the expenditure on surface

Section 3224m, 20 Aecres. (The old Cornwall Mine. )

works was certainly not justified. Further, the actual
surface work done has nct been carried out to the best
advantage.

The plant of the old company was placed at the foot
of the coastal cliffs. Of this plant, Mr. G. Thureau
reported,(*'*) ‘‘ An overshot water-wheel 40 feet in
diameter, 4 feet breast, works a 10-head battery, from
which the crushed ore is fed to two Frue's vanning con-
centrators. . . . The thereby impoverished sands are

(™) « Report on the Present Condition of the Western Mining Districts,”
by G. Thureau. June, 1884, n. 9,
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then supplied to two of Borlase’s buddles, the four arms
of which are furnished with split canes, instead of bag
ging or iron scrapers, and finally, cleansing the ore and
of slimes are effected on a third Borlase’s or slime-table,
followed by a treatment in a hydraulic ‘‘ cleaner,”’ and
a series of settling-boxes.”

The cost of such a plant must have been considerable
at the time when it was erected, particularly when the
inaccessible situation is considered. The old water-wheel
has been burnt out, and the plant, as a whole, is in ruins.

For driving the water-wheel, water was drawn from
Packer’s Creek, which was dammed, the water being taken
round the hill in a flume for 2 or 3 chains, and then
through the hill by means of a tunnel about 80 feet long.
Thence it was led to the plant, more than 100 feet below,
no use whatever being made of the available pressure.
Water could have been brought.from both Packer’s and
Gap Creeks, and a head of probably 250 feet obtained
for a battery on the sea-shore. Referring to the work
carried out, it was noticed that the tramline by which
ore was trucked from the open-cut to the battery, had
an up-grade to the battery, involving unnecessary work.
Again, one of the adits is driven on a down grade, but as
it is only a short distance below the brow of the hill,
water has not been heavy.

The section is situated well within the granite area,
the rock here being medium-grained, and carrying abun-
dant nodules of black tourmaline, and sometimes sheaves
of coarse pencil-like crystals of the same mineral.

Advantage has been taken of the topographical features
in carrying out mining work, although little real exploita-
tion work has been carried out.,

On the north-western bank of the creek, within a few
chains of the edge of the cliffs, some open-cut work has
been carried out on nodular tourmaline granite; no lode-
formation is exposed.

On the opposite bank of the ereek, and about 20 feet
above creek-level, an adit was driven east. This is inac-
cessible, as a fall has nearly blocked the entrance, and
the adit contains a considerable quantity of water.

About 40 feet higher up the hill is another adit, driven
in a very irregular fashion on a down grade. The adit
has a total length of 55 feet. Although of irregular width,
the general bearing for a distance of 20 feet is €. 46° E.,
and for the remaining 35 feet to the face, the bearing is
S. 63° E. Near the entrance, the drive cut through a
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flat quartz-tourmaline vein of irregular width, whose dip
cannot be definitely determined on the exposure avail-
able for inspection. It consists of hard stone, of white
quartz, and disseminated black tourmaline, and nodules
of the same mineral. The formation does not look very
promising for tin.

At 15 feet from the entrance a mass of black tourmaline
was encountered, and some of it appears to have been
mined, and from the state of the heap outside, it would
appear that it has been regarded as ore, and some, at
least, of it has been sent to the battery. The full extent
of this mass of tourmaline .> not exposed. Tt is exposed
for a height of 9 feet, and a width of 10 feet. The mass
18 intersected by veinlets of green tourmaline, with a
general strike of about 8. 50° E. The tourmaline occurs
In aggregates, sometimes with granular white quartz, and
often in masses of slender prismatic crystals radiating from
a centre. These crystals sometimes attain a length of
4 inches, and these radiating and intergrown masses form
very handsome cabinet specimens, the finest seen by the
writer in a district where tourmaline is exceptionally well
developed. Photo. No. 20 shows two specimens from this
spot. The spaces between intersecting tourmaline crystals
are sometimes occupied by small geodes of quartz, which
are lined with minute prismatic crystals of tlie same min-
eral. No pyrite was observed, but a small amount of
limonite suggests that it may be present.

The last 15 feet is driven through nodular tourmaline
granite, with fissures on both walls, the latter being some-
what kaolinised, and showing some muscovite mica ; no ore
is exposed.

These workings are in very bad repair.

The reason for driving this adit at this point is not
clear, for it would not yield more than about 20 feet of
hacks.

On the dump-heap at the mouth of the adit are abun-
dant specimens of radiating black tourmaline in a gronnd-
mass of quartz and black tourmaline. To try and deter-
mine whether tin was present in the varieties of stone. a
sample of the vein-stone, consisting of quartz and black
tourmaline was broken from the stone exposed on the
heap, and submitted to the Government Assayer, who
reported—

Tin ... i 0-48 per cent.

A second sample was broken from the exposed aggre-
gates of black tourmaline, as distinct from the veinstone
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referred to above, as it was reported that much fine tin
was present with the radiating tourmaline. This sample
was assayed by the Goverument Assayer, with the follow-
ing result:—

R e e 0-24 per cent.

These values are certainly not encouraging.

On top of the hill are two trenches, exposing similar
quarvz-tourmaline stone, consisting of white quartz and
black tourmaline, and rather more green tourmaline than
e shown by the stone exposed in the adit below. The
strike of this formation appears to be about north-west.

The ore from the workings described was taken across
the creek in trucks, which were pushed on an up-grade
to the tunnel, through the western hilltop, and through
this tunnel to the battery below.

In this tunnel, which also provided a path for the water
utilised for the waterwheel below, the granite is seen to
be traversed by a number of narrow pyritic veins. About
a dozen of these were noticed, varying in width from 3
to 12 inches, and approximately parallel, with a strike of
N. 83° W. These are worth testing for tin.

On this hillside (the north-western) there has been a
little desultory shallow trenching on a white vein of
quartz, which carries nests of coarse radiating black tour-
maline,

The tunnel mentioned above was utilised in recent years
as a convenient channel by which the creek water was
diverted. Then the natural bed of the creek below this
point was worked, and some good alluvial tin won. ™his
is not surprising, when it is remembered that the creek
heads and flows during its whole course through tin-bear-
ing country.

About 6 chains north-east from the workings described
above, are several trenches on the bank of Packer’s Creek,
exposing a very promising-looking vein of quartz and
green tourmaline. Some cassiterite was noticed in some
of this stone, and the formation is worth exposing fur-
ther.

(10)—Section 4323m, 80 Aeres.

Some old workings were noticed at a point about 13
mile north-west from the Cornwall Mine, along the coast.
A hurried visit only was paid to the locality.  Although
10 corner-pegs were seen, the workings appear to be on
Section 4323m, and consist of a small open-cut, some
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trenching, and a shaft (now full of water). Some of the
quartz-tourmaline stone looks rather promising for tin,
but it is worthy of particular note that molybenite occurs
in some of the lode-material on the surface. It is dis-
seminated through the rock in the specimens, no pure
mineral being seen. It was not located in situ. A look-
out should be kept in the vicinity, as rich patches may
occur, but unless richer material occurs than that seen
in the loose material referred to, it will not pay to work.

No information is available with regard to any tin won
from the section.

(11)—S8ection 463 p.c.—R. Clarke.

This section is situated about a mile south of the Fed-
eration Mine, and comprises a strip 1 chain in width and
40 chains in length, along the course of the Wakefield
Creek. It is on the button-grass plain, but at the foot
of the Heemskirk Range, and immediately below the old
Wakefield Company’s workings. A small area of alluvial
ground at the head of Mr. Robert Clarke’s section was
worked by the old Wakefield Company, and more has
since been worked by the lessee. The ground varies in
depth from point to point, but would, perhaps, average
between 8 and 10 feet in the exposed portions. The over-
burden varies in thickness from a few inches to several
feet. The surface is covered with a thick growth of
button-grass, and scrub is fairly thick in places towards
the head of the section, although the lower part is free
from scrub.

The wash is of the usual nature in the distriet, con-
sistine of sub-angular and rounded fragments of quartz
and E[uart.z-tournialine. usually of medium to small size.
No large boulders were noticed.

The tin appears to be present mainly in the lower layers
of wash, which rest on a granite bottom. The tin is
partly granular, varying from brown to black in colour,
and partially-rounded nuggets of pure oxide are some-
times found. Specimen pieces of tin oxide, with attached
quartz-tourmaline veinstone, indicate clearly the source
of part, at least, of the tin values of the wash. It has
been derived from tin veins in the surrounding granite.
Some specimens show botryoidal cassiterite, very similar
in appearance to some of that found at Mayme's Mine.
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The extent of the wash is small, being confined to the
bottom of the valley, and its average width would pro-
bably be less than }-chain.

The supply of water available for working is small,
being that of the Wakefield Creek, an insignificant stream
in this locality. Tt heads in granite country, ahd the
supply of water rapidly decreases in dry weather, being
insufficient to enable work to be carried out on a proper
scale. Even were water available, the extent of ground
would not warrant dredging operations. The actual tin
values are not known to the writer, but do not appear
to be very high, and although rich patches may be found
at intervals, it is unlikely that under the existing condi-
tions the deposit will pay to work

Reference may be made to the prevailing idea that cer-
tain clumps of bushes growing on the hillslops just above
the alluvial ground described above, indicate the pre-
sence of further alluvial ground. After examining the
locality, the writer is of opinion that there is nothing
unusual in the occurrence of the clumps of bushes, and
that they cannot be regarded as indicative of alluvial
deposits.

(12)—0ld Wakefield Mine.

The workings of the old Wakefield Company (now
deserted) were visited by the writer. They are situated
in the dense bush on the southern slopes of the range,
about }-mile south-west of the Cumberland Dam embank-
ment, though at a considerably lower level, aneroid read-
ings showing about 920 feet above sea-level at the old
battery site. The workings may be reached by a track
turning off the old Montagu Road, which was constructed
at considerable expense up the steep hillside, being situ-
ated only a few chains to the east of this road. S

Alluvial tin was found on the flat below, and this appears
to have been traced up the spur until the lode-formation
which has been worked was located. Some more recent
workings in this alluvial ground are described below.(*'7)

The Wakefield Company acted as many other of the
earlier-formed companies on the South Heemskirk field,
and erected a plant to treat tin ore, which had not been
sufficiently opensd up by mining cparations. As a result
of this short-sighted policy, t"- came fate overtook this

3y Vide infra, p. 368,
¢ ¥
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company as overtook so many others in the distriet, and
although a very promising tin-bearing formation was
exposed, little real mining work was carried out before
the available capital was exhausted. The plant has been
removed, but consisted of a 5-head battery worked by a
10-horsgpower portable engine, one buddle being used as
a concentrator.

Lode.—The workings are but a few yards above the site
of the old battery, and are partly open-cut, and partly
underground. . ,

The formation belongs to the quartz-tourmaline-cassiter-
ite vein-type, although in places it carries a little white
mica in addition to the three minerals mentioned in the
designation of the vein-type. No pyrite was nntm:erl,
The strike of the vein varies a little from point to point,
but on the average is north and south, and judging by the
exposures available, the dip is about vertical.

On the western side of the open-cut is a vein left stand-
ing in several places, varying in width from 6 to 15 inches.
Tt shows a narrow central vein of tourmaline, with vein-
rock of quartz, green tourmaline, and sume.white mica
on either side, which merges on either wall into altered
granite, in which the felspars h:n'_p I)gerl replaced. by
aggregates of green tourmaline. This mlmt‘ral sometimes
forms the bulk of the rock, and occurs in massive form.
Some quartz is present, and the stone shows fairly abun-
dant cavities, which may be partly due to the oxidation
and removal of some constituent, although many are true
miarolitic cavities, encrusted with minute glassy prismatic
crystals of quartz. 7

On the surface above the adit, about 15 feet of lode-
material is exposed. There is a narrow central vein‘, this
vein-stone consisting of dense green tourmaline with a
little quartz, succeeded on either side by a band from 3
to 4 inches wide, composed of quartz, with both black and
green tourmaline, and in places of crystalline white
quartz. This is followed on either side by vein-rock, com-
posed essentially of dense green tourmaline, but with a
little quartz, the latter frequently showing skeleton forms,
apparently of felspar. These forms suggest that the outer
portion of the felspar crystals has been replaced by quartz,
the central portion by green tourmaline. The stone is
quite similar to that which is exposed in the Eastern
Workings at the Federation Mine. Outside this zone the
vein-rock again alters somewhat in character, although
still composed of quartz and green tourmaline. The latter
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here occurs in aggregates, which clearly replace the fel-
spars of the original granite, retaining the crystal form
of the felspar crystals. The rock here contains scattered
micaceous aggregates (pinite). This band is several feet
wide on either side, and merges into soft, altered granite,
carrying a little green tourmaline, this, in turn, merging
into the normal granite of the district. Cassiterite shows
freely in some of the stone, and the formation of the whole
18 very promising. At this spot it has been trenched
along its course for about a chain, and partly opened up,
but the scrub in the locality is dense, and the full width
of the formation has not been exposed. It appears to be
about 15 feet. A hole sunk to a depth of about 6 feet is
said to have exposed good tin, but is now overgrown, and
partly filled with rubbish.

Just above the site of the old battery is an open-cut, in
the form of a long trench, on the course of the vein,
taken out in several benches up to 9 feet in depth. For 57
feet this cut bears N. 10° W,, when it bends somewhat to
the east. On a bearing N. 120 E., it continues for 41
feet to the mouth of an adit continued on the bearing on
the strike of the vein. Unfortunately, the bottom of the
cut is not available for inspection, as it is partly filled
with water and with surface rubbish. As nearly as can
be judged, the average width of the vein has been about
20 inches in this part of its course. Reference has
already been made to a vein left standing un the west wall
of this cut. This appears to junction with the main tin
vein at the mouth of the adit, forming a body of stone
about 5 feet wide.

The adit is inaccessible, being partly collapsed, and
holding a good deal of water in the bottom. Information
given the writer by one who was familiar with the work-
ings indicates that the adit was driven a total distance of
between 45 and 50 feet: that it takes a bend to the east
about 20 feet from the entrance; and that the vein in the
face is about 3 feet wide.

No other work:appears to have been done on this pro-
mising lode-formation. No record is available as to the
tonnage of ore crushed, or the amount of tin won. The
heap of tailings is not large, and some attempt has been
made recently to re-treat them in a crude way, apparently
with little success.

Alluvial.—The curscry examination made of the sur-
roundings indicates that there is a good deal of stan-
niferous detrital material scattered about on the hillside
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below the old lode workings, a good deal of which has been
derived from the lode described.

About 6 chains below the old battery site a small area,
about 14 by 3 chains, has been worked in comparatively
recent years. The writer was informed that this work was
carried out by Mr. U. Gillham. The alluvial—or, strictly
speaking, detrital—material varies in depth round !he
edges of the worked paddock from 1 to 2 feet, averaging
about 20 inches. The material is angular and sub-angu-
lar, and consists mainly of quartz-tourmaline and quartz,
resting on a soft, coarse granite bottom. Some good tin
was won from here, some of it being fine, but the majority
of it in the form of angular nuggets, and sometimes in
slabs, grey to reddish in colour, without attached gangue,
the largest slab measuring 5} by 11} inches, and being
Z-inch in thickness. These slabs have evidently been
derived from veins of cassiterite, freed during the degra-
dation of the containing lode-formation. A good deal
of the cassiterite has probably come from the lode-forma-
tion described, as narrow veins of cassiterite were noticed
in the quartz-tourmaline lode-material. This patch of
detrital material was ground-sluiced.

Although the thickness of material is not great, thetre
is a good deal of tin contained in the detrital material
lying about on this hillside which would pay to work
if water could be got on to the ground cheaply. This
does not seem practicable, however. :

Facilities for economically working are fairly good, and
although the vein was not sampled, it is sufficiently pro-
mising to warrant this work being carried out on the
exposed portions. If values are sufficiently encouraging,
the outerop should be traced further 15113.1‘1 it iz at present
exposed, before commencing exploitation at a depth. No
question of a plant should be considered until preliminary
sampling and prospecting work have l{een carried out,
and supplies of ore ensured by exploitation work.

(13)—Section 5426m, 40 Aeres.

This seetion is on the Cumberland Dam plateau, about
1-mile west of the embankment, and adjoins Section
5766m (J. H. 8, Munro), on the south. The section is
entirely within the granite area. ‘

Theionly work done has been r-upﬁned to a surface
trench on a tin-wolfram lode-formation. About 8 chains
from the northern boundary, and bearing about 8. 32° E.
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from the north-western corner-peg, is a trench cut into a
white quartzose formation, which carries a little green
tourmaline, and both cassiterite and wolframite, the former
in small amounts only, so far as opened up. The trench
aas not been extended completely across the formation, the
width of which cannot be definitely stated, but is about

60 feet. The outerop is near the summit of a ridge, and

the trench has been extended for 45 feet for a maximum

depth of 9 feet, when 4 feet of stone is left underfoot, and
the trench continued nearer the surface for another 8 feet
in length.

Wolframite is not noticeable in situ in the trench, but
some rich ore is lying on the heap, evidently won from
one portion of the formation exposed. Some of this stone
assays as much as 20 per cent. tungstic acid. The tin
content would be about } per cent., although some rich
specimens were noticed. The wolframite occurs in masses
of crystalline quartz, and is in moderately coarse crystals.
Cassiterite is in granular form in green fourmaline veins,
and in small brownish crystals encrusting prisms of quartz,
which project into geodes.

A more detailed description of the lode-material, and
a discussion of the mode of origin, is given elsewhere.
It has been shown that the ore-body is closely allied to
the more normal tin veins of the district.

It will probably be found that the wolframite is not
evenly distributed over the whole of the quartzose
material, for that on the edges of the formation repre-
sents altered (silicified) granite. There may be one or
more central veins filled with tourmaline or quartz and
tourmaline, which represent the fillings of fissures by
which the cassiterite and wolframite have been introduced,
and the richest ore is likely to be found in the vicinity
of these veins. A little pyrite may also be present.

The formation strikes N. 80° W., and, as exposed in
the trench, it appears to dip south at 28°. Tt is, how-
ever, not certain that this is the n~rmal dip of the forma-
tion.

No further work has been done on the formation. The
outcrop east and west of the trench is covered with button-
grass, but the well-marked ridge formed by the hard
quartzose material is very distinct for about a chain east
and 30 feet west.

Too little is known to enable a very definite opinion
to be expressed, but the formation has distinct possi-
bilities, and as a purely prospecting proposition is worthy
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of a little further attention on the surface. It is worth
while completing this trench and exposing the outerop
at one or two points east and west along the line of
strike, to try and determine whether a definite shoot of
ore exists, and what its length may be

Underground work is not warranted at the present
stage, but should surface prospects be sufficiently encourag-
ing to justify such work in the future, the property is
admirably situated to allow of exploitation by deep-level
adits. )

There are several other outerops on the property which
have not been prospected, but which may carry values.
A parallel outcrop about 1} chain south also  strikes
N. 80° W., and may represent a faulted portion of the
formation exposed. It is well marked for 3 chains.

A few chains to the south-west is another similar out-
crop, exposed for 4 chains, striking N. 29° E. T\

About 4 chains south from the wolfram trench is still
another quartz-tourmaline outcrop, which bends into an
arc of a circle. This does not appear to have been tested.

(14)—Seetion 5360Mm, 80 Acres.

This section is not held at the present time It is to
the north-east of Sweeney’s Mine, and is situated immedi-
ately to the south-east of, and adjacent to, the Cumber-
land Dam. The country-rock is granite, mainly of the
pink variety, with veins and irregular nodular masses of
aplite, and veins of tourmaline. The section is tr_aversed
in its northern portion by the pack-track connecting the
Federation Mine with the main road near the Agnew
Creek, and it is on the side of this track that the only
work known to the writer has been carried out. This is
a small cut of a few feet into a big pyritic formation
about 2 chains within the northern boundary of the sec-
tion. This formation strikes north-west, and appears
to be from 30 to 40 feet wide, but has not been cut across.
It cannot be traced on the surface to the north-west or
south-east, but no further prospecting has been carriad
out. The lode-material is densely pyritic, the pyrite being
in well-formed crystals. In the pack-track several nar-
row pyritic veins are noticed, striking north and south.

This formation is worth exposing and sampling in sec-
tions, and if values are satisfactory, it should be pro-
spected [or along the line of strike.
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(15)—Sweeney’s Mine : Sections 1141y, 1 142y, 1187m, and
1188m.

As will be seen by reference to the accompanying map
of the district. this property is situated on the southern
slopes of Mt. Agnew, about }-mile south of the Cumber-
land Dam embankment. There are four sections forming
a single group, comprising 80 acres. The individual sec.
tions are 1141m, 20 acres, and 1142m, 20 acres, »ach
charted in the name of D. SEweeney, joined on the south
by 1187w, 21 acres, and 1188w, 19 acres, each chart:d
in the name of D. B. Sweeney.

Most of the work carried out has been about the centre
of the group, and about on the boundary-line between
1141m and 1187wm.

The country-rock is the normal coarse-grained pink
granite of the district. As well as a little biotite, it sar-
ries aggregates of black tourmaline. Flakes of molyb-
denite have been reported from the granite on this pro-
perty, although none was seen in situ by the writer. A
coloured plate representing granite from this mine has
recently appeared in a book on the ‘¢ Building Stones of
Australia.”’(*'®)  The specimen figured was collected by
the writer from Pyke's Creek, below the workings
described.

The topographical features of the locality favour sco-
nomical working, although making the property difficult
of access. Near the northern boundary of the sections
precipitous cliffs rise to a height of about 350 feet. Over
these cliffs the water of the Cumberland Creek, being the
overflow of the Cumberland Dam through the by-wash,
plunges into the valley below. From this point the creek
is known as Pyke’s Creek. These falls have not been
utilised for power purposes, since the flow of water woulid
obviously vary considerably, and almost, if not entirely,
cease if the dam were at all largely drawn upon by com-
panies on the western slope of the range. Below the falls,
however, a small race has been constructed, giving a head
of 90 feet at the battery in the creek.

According to aneroid readings, the lower tunnel being
driven at the time of the writer’s examination is abont
320 feet above the coastal plain, or, approximately, 1100
feet above sea-level.

Timber and serub are abundant in the locality.

(*8) *“The Building Stones of Australia,” by R. T. Baker.
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Access to the property is given by a pack-track con-
necting with the Zeehan-Trial Harbour Road, a f{?w chains
west of the turn-off to Mayne’s Mine, on the hill to the
west of Pyke’s Creek. This track is steeply graded after
leaving the plain. Ftores and tin, as the case may be, are
packed or sledged up or down this track from the road.
There is also a steeply-graded foot-track connecting to the
north-west with the old Cumberland tramway, and so with
the Federation pack-track. This route is seldom used.

A plant has been erected in the bed of Pyke's Creek, l?ut
is, unfortunately, in a bad state of repair. It_ consists
of a 5-head battery (the stamps being 1'at.her light and
of an old pattern, with screwed tappets) driven by a Pel-
ton wheel. The latter is operated by water from the race
referred to, under a head of 90 feet. A Wilfley table was
used for concentrating, and was driven off an eccentric.

Laode-formation.—The lode-formation, upon which some
work has been done, is of complex nature, cgntammg
abundant sphalerite (zinc blende) and pyrite, with small
quantities of galena, stibnite, chalcop_vnt_e. and cassiterite,
the gangue minerals being quartz, siderite, ﬂun?rlt‘e. tour-
maline, and chlorite. The formation occurs in granite,
which has been altered by the ore-bearing solutions.

The lode-formation was located through the tracing of
alluvial tin, which oceurred in the bed of the creek. The
work done on the alluvial is described below.

On top of a hill, rising a little over 100 feet above the
creek, the formation was exposed in a shallow trench.
This trench does not expose the full width of the fonnE}-
tion, which may be from 15 to 20 fizet. This trench is
about 15 feet west of the corner-peg in the centre of the
group of sections described. No other ’rrem_'hiug has been
done to expose the true line of striks, which appears to
be about north and south. There is nothing to show
the dip of the formation.

The‘ore, as exposed in this trench, con_si§ts essentially_
of black sphalerite in a groundmass consisting partly of
quartz and partly of a soft brownish decomposed mineral.

A little crystalline pyrite is noticeable in some specimens,
while in others fine radiating aggregates of stibnite (sul-
phide of antimony) are abundant with the spha]erite: the
needle-like radiating crystals attaining a length of }-inch.
These crystals are usually tarnished, and the ore is fﬂl a
good deal weathered. Some of the sphalerite is tarnished
to a purple colour, and has been mistaken for bornite.
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Chemical tests show that traces of copper are present. It
is worthy of particular note that this sphalerite ore carries
tin. No cassiterite was visible in the ore sxamined from
this trench, but assays have shown that tin is present to
the extent of about ‘75 per cent.

The hillside here slopes at about 309, and at several
points on the slope, almost along the east and west bound-
ary-line separating Sections 1141m and 1187w, a little sur-
face work has been carried out. This has taken the form
of shallow trenching, and the cutting of one or two small
cuddies in the hillside.

Although granite, which appears to be normal, is visible
on the surface below the brow of the hill, lower down a
formation has been cut, but not fully exposed, which
appears to be about 20 feet wide. It carries abundant
sphalerite and pyrite, but on the average is low in tin
values. Aneroid readings indicats that this is about 60
feet above the lower tunnel, and it is probably continuous
with the formation passed through in that adit. As
exposed at the surface, the ore is evidently partly oxidised.
Copper stains are noticeable in places, derived from the
oxidation of a small amount of chalcopyrite and partly
from the pyrite, which appears to carry traces of copper.
The groundmass in which the crystals of pyrite and blende
are embedded is mainly quarta.

An interesting occurrence on the hillsids is that of a
series of narrow veins filled with sphalerite and cassiterite,
sometimes with pyrite, and a little galena is sometimes
present. Quartz may or may not be present. The granite
is usually altered in the vieinity, being kaolinised and
chloritised. These veins may be as much as 14 inch in
width, and assays up to 63 per cent. tin are reported in
some instances. These veins appear to cut through the
large pyritic formation referred to. The occurrence of
cassiterite with sphalerite, pyrite, and galena is unusual.

A few feet above the crezk level an adit was being
driven at the time of the writer’s visit, with the object of
cutting at a depth the stanniferous sphalerite ore-body
exposed in the trench on the summit of tha hill. It is
assumed that this will be intersected at 200 feet, but this
is obviously uncertain, as the dip of the ore-body had not
been determined. This adit had been driven 150 feet in
a general northerly direction at the time of the writer’s
visit to the property.

For 4 feet from the entrance the adit hears N. 120 E.,
and for the following 45 feet, due north. Tt then bears
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to the east again, and the bearing to the face was
N. 92 E.

For 40 feet the adit was drive. through normal pink
tourmaline granite. This marges into an altered granite
carrying abundant erystals of pyrite. From this point
to the face, the granite is altered Quartz grains &re
usually distinguishable, and occasional fragments of black
tourmaline, but the groundmass of the rock is converted
to a greenish-yellow mass of kaolin. In this rock very
interesting nodular masses occur at intarvals, containing
tourmaline, siderite, fluorite, and quartz. These nodules
have been described in greater detail in anothar part of
this report.(*'®)

Where the alteration has been most intense in this zone,
no quartz remains in the rock, which is thoroughly kao-
linised In such cases, however, pyrite is usually abun-
dant in well-formed pyritohedral and cubical erystals, and
aggregates of amethyst-coloured crystals of fluorite are
not uncommon. Sphalerite is sometimes present.

At 99 feet a short crosscut has been driven west for 12
feet in altered granite. At this point some promising
tinstone was met with. It occurred as a narrow vein in
the roof of the drive, and a few inches of rich tinstone
in the floor. The cassiterite is very fine, and brown in
colour. Associated with it is a very small amount of
fine pyrite. The stone on either side of this vein carries
abundant cubical and pyritohedral crystals of pyrite. The
width of the formation appears to be about 3 feet Iis
strike is north and south, and dip about vertical. Micros-
copical examination (**°) has shown that the tin is
extremely fine, and that it is disseminated through a
micaceous groundmass, in which shreds of white mica,
quartz, and a very small amount of tourmaline, are pre-
gent. It is a pinitoid vein. The tin appears to have been
introduced by a narrow fissure, and from this to have
impregnated the rock on either side. Careful and sys-
tematic sampling is recommended to determine the extent
of this impregnation, and to determine whether the tim
values are concentrated over a width sufficient to pay for
extraction. -

From this point to the face of the drive, the granite
is much altered. Tourmaline-siderite-fluorite nodules
occur at intervals

Some specimens of ore passed throngh in this particular
zone were given the writer. Although not very wide,

(M) Vide dupra, p. 166, (™) Vide supra, p. 169,
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these evidently are from a vein or veins, which may be
continuous with the formation exposed on the hillside.
The vein-filling is composed of black sphalerite, crystal-
lised pyrite, radiating stibnite, and traces of chalcopyrite
and cassiterite (the latter not visible, but shown by tests
to be present), in a groundmass of light-brown siderite
and amethyst fluorite. The ore is very striking in appear-
ance. Reference is made to it in another part of this
report. Tin is present, but apparently in small amount
only, and it is questiouable whether it will pay to treat,
occurring in such a complex onz. Richer veins may, how-
ever, be intersected as work proceeds.

In cutting a channel for the water, on the opposite hill-
slope to that on which the work described had been car-
ried out, a formation was discovered a few feet above the
penstock. This is of considerable width, but had not
been completely exposed at the time of the writer’s visit.
Fairly abundant sphalerite and pyritohedral crystals of
pyrite are scattered through a chloritised groundmass, in
which a little quartz is distinguishable.

The formation is certainly well worth trenching across
and sampling to determine the tin content. The central
fissure from which the mineralisation has taken place may
be located, and it is not unlikely that it may be found to
carry good tin values. The oxidised outcrop only was
seen, but the formation appears to be of the same type
as that on the opposite bank of the creek. It appears
to be about parallel to the latter. If surface prospacts
warrant it (but not before the formation has been tested
on the surface) an adit could be driven to intersect it at
about 90 feet below the surface.

With reference to further work, the writer would recom-
mend that attention be confined to the surface for the
present. Systematic surface trenching along the line of
gtrike of the lode-formation should be carried out, and
underground work remain in abeyance until some further
information has been obtained as to the behaviour of the
formation at the surface. Information is required, not
only with reference to the structural features of the
formation, but also with regard to the lateral distribution
of the tin values. In an ore-body of this particular type,
it. is possible that shoots of tin ore may occur which will
be comparatively free from the sulphides occurring so
abundantly in exposed outcrop, or in which at least the
tin values may be higher than in the ore exposed up to
the present. Such information would obviously be of
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immense value in planning further underground work, and
should be carried out without delay. It is warranted, and
the occurrence of boulders of rich tin oxide in the ereek
(described below) should encourage such prospecting, as
they have been derived from some formation not far dis-
tant, and their nature indicates that the formation may
be identical with the one already exposed. Such a forma-
tion must be expected to vary from point to point, and
while richer tinstone may be found, the ore may become
also less complex. -

. If surface prospecting be not successful in yielding
information which will enable further underground work
to be planned, the lower adit being driven at the time of
the writer’s visit should be continued to eut the formation
exposed on the hill above, and drives might well be
extended along the course of the formation ii both diree-
tions to determine the length of the shoot, and any varia-
tion in the metallic contents. 3

‘It is important in conducting such underground opera-
tions, to crosscut at regular intervals in order to make
certain that no tin veins, which may be more or less
parallel to the course of the drive, are missed. This
applies particularly to the altered granite zone, to which
reference has already been made, and the importance of
crosseutting is emphasised by the rich tin vein which was
intersacted in the drive.

While it is unfortunate, from the point of view of treat-
ment, that nature has been so lavish in concentratine so
many metals in this particular formation, the ]1!‘()}1(E’El‘ty
possesses some promising features, and work on the lines
indicated is justified to try and debtsrmine whether ths
particular metal sought is not more abundant in shoots not
yet located.

Alluvial —A good deal of alluvial tin has been won from
Pyke’s Creek below this group of sections, although its
winning has proved peculiarly difficult and even dangerous.
The bed of the creek is choked with boulders of all sizes,
some of them weighing probably 100 tons, and the creek for
some distance flows underground. After examinine the
occurrence, the writer is inclined to agree with the exph]ana-
tion given by Mr. Waller to explain the cause of the creek
having found an underground passage. Mr. Waller
says : —(221)

“ The granite has weathered for some distance below the
surface, leaving great boulders of undecomposed rock as

(™) * Report on the Tin Ore Deposits of Mt. Heemskirk.” ]Bﬂ:?, p. 40. :
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hard kernels in the otherwise completely decomposed
granite. The creek has cut down its channel into the soft
rock, sluicing away the fine detritus, and permitting the
solid kernels to come together. These eventually formed
a massive covering over the water-channel, and on the sur-
face became covered up with soil and vegetation.”

Mr. Waller describes(**?) an attempt which was made
to work some of this ground lower down the creek by Mr.
A. Tengdahl, by bringing a tail-race up between the
boulders, working rich pockets, and catching a good deal
of tin oxide after floods by ripples placed across the race.

Somewhat higher up the creek Mr. Sweeney won a good
deal of alluvial tin from similar heavy ground. He worked
along the bed of the creek for some distance below che huge
boulders, hauling the alluvial to the surface: some rich
pockets of tin were encountered and worked out, but the
work was necessarily very precarious, and much of the tin
present could not be removed owing to the dangerous state
of the ground, and the risk of a sudden collapse.

Some of the tin won was granular, but a considerable
number of nuggets and boulders of tin-stone, usually
smooth but sub-angular, was recovered. Some of these
nuggets are of pure cassiterite, a few of them showing
botryoidal cassiterite similar to that occurring at Mayne's
Mine. Others are evidently derived from veins of the
quartz-tourmaline-cassiterite type. Some large boulders of
tinstone, usually worn smooth, although angular to sub-
angular, have been located from time to time, and some
have been collected and erushed : one boulder was pointed
out to the writer, which would weigh about 1 ton, and would
assay about 15 per cent. tin. Some of the smaller specimens
would assay as much as 25 per cent. tin. Most of these
gpecimens contain a quartzose groundmass, and contain
abundant cavities, resulting from the decomposition and
removal of some constituent. Some of them are stained
with limonite. Some of the cavities are encrusted with
clear prismatic erystals of quartz. A study of the specimens
collected convinces the writer that some at least of them
have been derived from the lode-formation being opened up,
or one similar in character to it. Some of the finer tin
oxide may be derived from disseminated mineral through
the groundmass of the granite, set free in weathering : some
of the nuggets and specimen pieces are undoubtedly derived
from tin-bearing formations in the drainage area of the
creek. Although it is likely that small quantities will be

) Idem.
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won from time to time from accessible patches between the
boulders, it is unlikely that it will ever pay to systematically
work the creek, on account of the number and size of the
granite boulders present. Small quantities of alluvial tin
will continue to be washed down into the lower course of the
creek by flood waters, and it will doubtless be found that
from time to time sufficient will have collected to pay for
recovery.

(16)—Section 124m, 18 Aeres—J. H. S. Munro (Mayne’s
Mine ).

This section is situated rather more than 2} miles due
south of Mt. Agnew, and one-quarter mile south of the
Zeehan-Trial Harbour Road where the latter crosses Pyke'’s
Creek: it is connected with the main road by a branch
road running along the summit of a ridge to the west of
Pyke’s Creek which flows in a somewhat tortuous course
through the section from north-east to south-west. The
mine is about 8 miles south-west of Zeehan. The general
topographical features are shown in Plate VI.. which is, as
the title indicates, a sketeh map only.,

The section includes part of the property which formerly
was included in Mr. John Mayne's farm, and was in the
earlier history of the field the West Orient Company’s
section. At this time the presence of the rich tin ore after-
wards won was not suspected. The tin ore, which was of
an unusual form and colour, was discovered accidentally.
The rich detrital deposits must have been walked over scores
of times: the history of their discovery is dealt with else-
where, (***) and need not be repeated here. The rich ore
near the surface was worked out in a comparatively short
time, and the mine shut down without (in the writer’s
opinion) adequate prospecting having been carried out.

The area included in the section is slate and sandstone
of Pre-Silurian age, considerably metamorphosed (par-
ticularly silicified and tourmalinised) by the intrusion of the
granite massif of Devonian age, which outerops within about
6 chains north of the northern boundary, and within 2
chains of the north-western corner: the approximate
boundary of the granite is shown in Plate VT.

A good deal has bheen written in connection with the
structure of the ore-bodies on this property in another
chapter of this report,(***) which should be read in con-

() Tide supra, p. 234 (™) Vide supra, pp. 19(-203.
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junction with this section, which is intended to be rather
descriptive of work domne, with recommendations, &c., as
to future operations. The reader is also referred to Photo.
No. 21, and uotes thereon in Appendix No. 1.

The ore first discovered was on the surface, and very
little prospecting was necessary to show that the surface
rubble and soil carried payable tin values. In treating this
material the outcrops of the lode-formations were exposed,
and afterwards worked, as they were found to carry rich tin
values.

Pyke’s Creek, in this vicinity, after running due south
on the northern boundary of the section, bends sharply
east for 3 chains, then south for 5% chains, and west for
5 chains. TIn the elbow thus formed is a projecting spur
rising to nearly 100 feet above creek-level. composed mainly
of indurated sandstones, forming the country-rock of the
lode-formations. The northern, eastern, and southern
slopes of this spur were found all to be covered with stan-
niferous detrital material and rubble which was derived
from the lode outcrops immediately below, in the ordinary
course of weathering. Naturally the tin oxide was not con-
fined to the hillslopes, but much of it found its way into
the creek-bed, which on this section and immediately below
it, yielded handsome returns to working parties. The
slopes of the spur were stripped of overburden, which was
not of great thickness, and the soil and rubble treated in
sluice-boxes. From descriptions given to the writer of this
work, it appears that the sluicing both of this detrital
material and later of the lode material mined, was not done
in a scientific fashion, no attempt being made to classify
the material, and the whole of the slimes allowed to go to
waste. From the nature of the occurrence, the amount, of
fine tin oxide present must have been considerable. Tt
seems that a dam was erected some little distance down the
creek at one stage of the work, but that this broke away
with a fresh in the stream, the whole of the contents being
washed away. Nevertheless, by sluicing the detrital
material a large quantity of tin oxide was won, much of it
in the form of nuggets of tin oxide of a high grade. The
depth of this detrital material varied considerably, but had
all been worked at the time of the writer’s visit: some of
it appears to have been exceptionally rich.

In the report of the Secretary for Mines on the Progress
of the Mineral Industry of Tasmania for the quarter end-
ing 31st March, 1902, in the first official reference made
to this discovery, it is stated: ‘‘ Out of a space 12 feet
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square about £1500 of ore was taken. From a 14-1b. sample
of dirt taken from the grass roots, 1 1b. 10 oz. tin ore was
washed, assaying 74 per cent., and from 69 1b. clay, 5 Ib.
4 oz. of T4 per cent. tin ore was taken. Large lumps of
cement carrying half their weight in tin ore have been
brought to town in specimens.’’

Mr. Waller visited the property shortly after work was
commenced, and states(**®*): ‘“ At the time of my visit a
small piece of ground on the north slope was being stripped,
and the surface soil and rubble therefrom was being washed
in a couple of sluice-boxes. I tried two dishes of this wash
which weighed together 26 1b., and obtained just 2 1b.
weight of dressed tin ore. This prospect is equivalent to
about 2 bags of ore to the cubic yard of dirt. The rubble
on this side of the hill is rather shallow, and probably
will not average more than 12 or 15 inches. On the south
side of the spur several dishes were washed. . . . In
each case both the amount of rubble taken and the prospect
obtained were carefully weighed. The results were very
uniform, the average coming to almost the same as that
obtained from the rubble on the north slope. On this slope
however, the depth of the rubble is much more than on the
north slope. TIn no case has it actually been bottomed,
although the deepest hole reaches a depth of over 3 feet.”

Mention has been made of the fact that the cassiterite
was of a rather unusual form. It is grey in colour, and
amorphous in form, usually occurring in botryoidal masses.
A few small pieces only were seen by the writer, and Mr
Waller’s description of the ore may be quoted(**®) :—** The
tin ore itself is grey in colour, and much of it is quitecoarse-
grained. Nuggets occur from the size of a walnut up to
20 1b. and more, and quite a large proportion of the tin
won to date has been in this form. Most of the nuggets
have on one side at least a curious botryoidal structure; the
central portion is granular, but towards the outside the tin
oxide has been deposited in thin concentric layers,
resembling the structure of an agate; frequently the strue-
ture of the layers is radiating. In no case that I observed
are the nuggets completely surrounded by these concentrie
layers. They are angular, and have the appearance of
having been broken off from a larger mass. The nuggets
contain no veinstone, nor any visible fragment of country-
rock ; they contain from 68 to 70 per cent. of metallic tin."’

(*) Vide *“ Report on the Tin Ore Deposits of Mt. Heemskirk,” bv 3. A.
Waller, p. 13.
(™) Op. eit., p. 18,
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A microscopical examination of thin sections of this
botryoidal cassiterite do not yield much additional informa-
tion. The only gangue mineral present is tourmaline, and
this is very scarce, occurring only in minute disseminated
crystals included in the granular cassiterite. The bulk of
the cassiterite is granular, but at intervals are open spaces
lined with amorphous cassiterite, showing no sign of crystal-
line structure, but with a concentric structure which shows
clearly owing to some of the layers being slightly more
opaque than others ; these are white in reflected light. These
curved bands of cassiterite (sometimes semi-circular) at
times show a tendency towards a radial strueture, but this
is not very marked: they merge into granular cassiterite
at the base. Cross-sections of these ‘* nodules '’ are more
or less oval in shape, the central portion being filled with

granular cassiterite. No quartz was present in the slides

examined.

Very little prospecting was required after removing the
surface rubble, to show that outcrops of tin ore oceurred,
which carried rich tin at the surface, and a start was at
once made to work them. The ore was found to occur
ewentially in vughs of various sizes, the cassiterite being
associated with kaolin and with green tourmaline. These
vughs were followed and worked out as they occurred, and
this led to a very irregular set of workings. With the excep-
tion of the tunnel through the hill (to be referred to later),
and a few winzes, the work done was all from the surface
by means of open-cuts. Tt is proposed to describe these
open-cuts separately, in their present condition, and for
gonvenience they have been numbered by the writer, No. 1
being that on the eastcrn slope of the hill, No. 2 the adjacent
eut taken into the southern slope of the hill, No. 3 a branch
of No. 2 to the north-west, extending almost to the summit
of the hill, and No. 4 the most western cut, on the south-
western slope, and connected with No. 3. No. b cut is on
the south side of Pyke’s Creek. The positions of these
cuts will be made more clear by reference to Plate VI. and

Photo. 21

No. 1 Open-cut.—About 2 chains north of this cut is a
promising green tourmaline vein which does not appear
to have been prospected, about 9 inches in width. Tt strikes
N. 740 E., and apparently has a dip of about 55 degrees,
but it has not been exposed. It is not obvious for what
reason the cut itself was driven: nothing remains to show
the class of ore extracted. The length of the cut is 58 feet:
height: of face about 40 feet; width at bottom varies from
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10 to 15 feet, average about 13 feet, and about 35 feet at
the top. At 35 and 44 feet respectively from the entrance
to the cut, two pyritic veins are to be seen: these are nar-
row, but may represent ‘‘ feeders '’ to some of the vughs
which occurred above. The walls are altered sandstones
.}nd slates: these are fissured in different directions, and it
is noteworthy that they are traversed by occasional narrow
threac!~like veinlets of green tourmaline, which at intervals,
when intersected by other fissures, bulge and form irregular
shaped masses several inches across, or along their general
course widen to lens-shaped masses of the same mineral.

No information was available as to the tin extracted
from this cut.

~ No. 2 Open-cut —This cut (well shown in Photo. No. 21)
is of rather irregular shape, and the largest on the property.
Some rich tin was won from this excavation. The length
is 120 feet, width varies from 10 to 30 feet, and height of
face about 55 feet. The cut appears to have been worked
along the course of a main quartz-tourmaline lode, which
wi@ened to form vughs containing -ich ore at intervals.
Veins of green tourmaline with a very flat dip have been
intersected at intervals, and from accounts given of the work
done, it would appear that the main vughs occurred in con-
nection with these flat veins. The writer’'s interpretation
of these vughs has been giver elsewhere. They varied in
gize, for while some were only a few feet, others are said
to have been ‘‘ large enough to turn a horse and dray in.”
Always they appear to have carried rich tin. Thej} con-
sisted mainly of green tourmaline and kaolin, sometimes
with limonite.

At the entrance to the cut, the ore has been taken out 5
feet below the level of the floor, and then a winze sunk
from here, depth not known to *he writer, but probably
not more than 15 or 20 feet. The lode material appears
to be pyritic at this point.

At‘16 feet from the entrance to the cut on the eastern
wall is a narrow pyritic vein of quartz and black tour-
maline,

At 50 feet is a side-cut to the east, which cuts through
a flat vein of green tourmaline, which strikes about north
.fmd sputh. and dips east at 10 degrees. The country-rock
in this branch has been impregnated to some extent with
ﬁ{le. needle-like aggregates of green tourmaline, and also
with quartz and black tourmaline. At 47 feet east from
the wall of the main cut is a vertical shaft, now filled with
water, whose depth could not be determined. Some rich
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slime tin was noticed on the tip, having been concentrated
by the action of water running over the heap since the
material was mined. The width of this side-cut is 6 feet
at the bottom, 15 feet at the top.

At 90 feet from the entrance, the main cut has been
worked for a width of 34 feet, a big excavation being taken
into the eastern wall. The masses of dense green tour-
maline left standing carry a good deal of slime tin, and it
is noticeable that blocks of included country-rock are
enclosed in the lode material. The lode material has been
worked out here to an unknown depth (probably not more
than a few feet) below the level of the floor of the cut,
leaving the overhanging wall rock. The old excavation has
been filled up. There appears to have been a fairly large
“ make '’ of lode material here; it has been worked at
intervals from this point to the face; the strike appears
to be north-north-east, and underlay to the east at about
10 degrees.

At 110 feet rrom the entrance is a winze, apparently on
lode material, sunk to 12 feet. Above this is a vugh 3 feet
by 2 feet by 2 feet 6 inches, of rather irregular shape.

From the floor at the face of the cut, 120 feet from the
entrance, a winze was sunk to a depth of 20 feet. The
width at the bottom of the winze is said to be between
4 and 5 feet: almost vertically overhead near the surface,
the width of the cut is about 50 feet, and it is said that most
of this material was stanniferous. From this winze the lode
material is pyritic; crystals of pyrite up to nearly one-
quarter inch across occur with green tourmaline: the
material is said to carry good tin values. In one instance
a splash of molybdenite was noticed in lode material
of this descripfion, but apparently the mineral is
uncommon. The width of the main quartz-tour-
maline vein here is from 3 to 6 feet: ite strike at this point
is north-west, and dip north-east at 60 degrees. The walls
are not well defined, but appear to merge into impregnated
zones of country-rock. It is of interest to note that the
flat tourmaline vein partly worked, and still showing on the
eastern wall, does not show on the western wall of the cut,
beyond the main vein. The latter appears to have been
irregular in course and structure, consisting essentially of
bulges or vughs of irregular size and shape, filled with green
tourmaline and kaolin and carrying rich tin values. The
vein stuff forming the walls of the vughs frequently carries
dense masses of green tourmaline, and is usually encrusted
with minute prismatic crystals of quartz: this lode material
also carries fine cassiterite.

3 I
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Latue can be gathered as to the condition underfoot,
owing to the accumulations of broken material. but it is to
be expected that the winzes have been sunk on the most
promising ore exposed

In the face, the width of the softer tourmaline lode
material decreased, and the country wall was hard quartz-
ite, so this cut was not continued.” Further to the north-
west, along the line of sirike, another mass of lode material
has been worked, from what has been called No. 3 Cut,

No. 3 Open-cut.—As indicated above, this is divided
from the No. 2 cut by a block of ore and mineralised
country-rock. This block is 15 feet in width. The hard
white quartzite of this band carries fairly abundant tour-
maline: veinlets of this mineral show vughs in places,
several inches in diameter, encrusted with abundant
minute prismatic crystals of black tourmaline, and at times
small prisms of quartz. This bridge of stone has been
extracted to a depth of 15 feet from the surface.

The No. 3 Cut is the most northern of the group, and
extends almost to the summit of the spur. The tourmaline
vein appears to have consisted of irregular masses of black
tourmaline and chalcedonic silica, and included blocks
of white quartzite. It is said that vughs of green tour-
maline carrying rich tin quite similar to those encountered
in the No. 2 Cut were worked here, and there are remnants
of such bodies of ore visible in some parts of the workings.
A small amount of pyrite was noticeable in some of the
black tourmaline in this cut.

The length of the cut is 86 feet from the bridge sepa-
rating it from the No. 2 Cut: the width varies from 14 feet
at the dividing bridge to 35 feet at the point where it con-
nects with No. 4 Cut. For the last 34 feet to the northern
face, however, the width averages 5 feet. As much loose
detrital material has been tipped into the excavation the
depth and condition of the floor material are unknown.

At 33 feet from the southern end is a narrow cut 1nto
the north-eastern wall, apparently on soft green tourmaline
lode-stuff, which has been tested by a shallow prospecting
hole in the face.

At 36 feet in, is a winze, now filled in, which gave con-
nection with No. 4 Cut. Exposed in the wall of the cut
above this winze is a vertical fissure st riking about east and
west, filled with quartz and black tourmaline, which inter-
sects the flat vein on which most work has been done. Tt
is noticeable that this vein widens in places to form small
vughs carrying green tourmaline. There is no sign of
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the continuation of this vein on the opposite (eastern) wall
of the cut. It is not unlikely that this may be one of the
““ feeders '’ which have introduced some of the tin values.
At 66 feet in, is a winze said to be 35 fe¢ ¢ in depth: it was
inaccessible. \ )

From this point onwards to the face the lode m:ﬁer;al is
said to have been stoped underfoot to 35 feet. The flat
vein cut appears to strike about north and south and dip
east at 20 degrees. There is a central vein of tour‘tnalm_e,
bounded on either side by tourmaline with masses of kaolin
in places. In the face the main lode channel is not very
well defined, and does not appear on the upper. portion of
the face: the ore consists of very soft kaolin and green
tourmaline, with fine cassiterite, occurring in the form of
rather irregular vughs. Very rich tin is said to have been
won from here. '

Xo. 4 Open-cut.—This is a very irregular exeavation,
forming the most western of the group of workings. For
the sake of convenience in deseribing the wnrkmg.s. the
ofishoots from the main-cut are called side-cuts, Nos. 1,
9, 3, and 4. From one of these, as described below, a
connection has been made with the No. 3 Open-cut. The
length of the main cut is 90 feet; the width varies con-
siderably, but would average about 20 feet. The height
of the face is 32 feet. ) .

The material excavated from the main-cut and .\lde-cu‘ts
appears to have been largely altered vo_untryfrock_‘b‘ut ia
reality a flat tourmaline vein, similar in general respects
to those met in the other workings, was worked, and good
tin won. This occurred largely in vughs, as in other parts

he property. : v
N ;tt] 2!6 f]eel };'rum the entrance, the No. 1 side-cut 1s
driven to the east, and extends for about 45_ feet f'rom (he
centre of the main-cut. A vertical tourmaline vein, \_wth
a general strike east and west, _has aPparentl_\' been driven
on in this cut, at its intersection with a flat green tour-
maline lode-formation, whose strike appears to be a few
degrees west of north, and dip east at a very low angle.
The latter is continuous throughout the cut, and appears
to have been the main source of the tin won. It is exposed
on the eastern wall. The normal width appears to be from
2 to 9 inches, but throughout the whole of its course it
tends to bulge at short intervals, furqung \'1_1g11s, some-
times of considerable size. The flat vein consis’s of mas-
sive green tourmaline, with impregnations of quartz and
black tourmaline on either wall. As exposed in this side-
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cut, it sometimes appears as a mere thread, but often
bulges to 3 feet or more. In such places it may include
masses .of country-rock converted to quartzite, traversed by
veinlets of tourmaline. Thes2 included fragments are usu-
ally encrusted with small prismatic quartz crystals, and
not infrequently with tourmaline as well. Cassiterite may
also be present. In some cases these fragments are com-
pletely surrounded by green tourmaline, and this, in turn,
by limonite, doubtless derived from the oxidation of a
small amount of pyrite present in the ore. A good deal of
fine tin is present in the green tourmaline. Kaolin is
frequently present with the green tourmaline, and appears
usually to be regarded as a favourable indication. The
vertical vein referred to above varies considerably, as
still exposed in the cut. At one point it is 4 feet wide,
while 5 feet away it is only 1 foot. There is a well-defined
central vein of fairly massive green tourmaline, and a little
quartz, up to 18 inches wide, borderad with a vein-rock
consisting esseutially of quartz and black tourmaline. with
fairly abundant green tourmaline near the central seam,
and with geodes of chalcedonic silica. This vein-rock and
vein-stone are hard, but carry good tin values in places.
The No. 1 side-cut has apparently been driven to allow
of the extraction of ore from the junction of these two
veins, where good tin is said to have been found. The
width of the side-cut is 5 feet at the bottom and 10 feet
at the top. Near the face, a hole has been sunk a few
feet, and filled in. In the face a comparatively narrow
vertical vein appears to cut through the flat formation,
showing a marked bulging vertically near the intersection.

At 57 feet from the entrance to the main cut is No. 2
side-cut, extending for 35 feet to the north-east, and con-
necting in the face with the No. 3 Open-cut. The average
width is 6 feet, and height about 20 fset. This side-cut
has been driven on the course of a flat tourmaline vein
carrying tin values, although much of the material taken
out was country-rock. At 20 feet from the main cut a
large vugh was encountered extending to the south-east,
and was extracted for 14 feet. Rich tin is said to have
been won from this part of the workings. This mass ot
lode-material seems to have occurred at the inter-
section of two fissures. Exposed in the floor (which
is 8 feet above the level of the side-cut) and
face are masses of soft green tourmaline associated
with crystalline quartz and ageregates of black tourma-
line. The richest tin occurs in the soft masses of green
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tourmaline. The walls of these vughs are lined with green
tourmaline and crystals of quartz. This vugh of lode-
material does not appear to have reached the surface. In
the face of this south-eastern branch, the upper portion is
hard white quartzite, traversed by three parallel veinlets
of quartz and black tourmaline, about 7 feet apart, appar-
ently striking a little east of north, and dipping east at
109, A green tourmaline vein is exposed at the entrance
to this branch, near the floor, and appears to be dipping
west at a low angle. The lode-material worked in this
branch apparently dips to the north-west. On the north-
ert. side of this No. 2 side-cut, opposite this excavation,
on a big vugh of ore, a winze was sunk to a depth of 30
feet. Soft tourmaline lode-matter (with cassiterite) is said
to have been passed through in this winze, being almost
certainly a continuation of the vugh worked above. In
the face of this side-cut is country-rock blocking tha pas-
sage, which was broken through to connect with the No. 3
Open-cut.

At 57 feet in from the entrance to the No. 4 Open-cut,
on the south-western wall, is rich lode-material, consisting
of soft green tourmaline. This is about 15 inches wide,
and occurs 3 feet above the floor.

At 86 feet from the entrance, and 4 feet from the face
of the cut, a winza has been sunk to a depth of 28 feet.
The floor of the cut here has risen about 12 feet in the
length of the drive. The width of the main cut here is
about 12 feet at the bottom, owing to a small side-cut
taken in to the east. The face is in tourmalinised country-
rock, said to carry a little tin.

Yo. 5 Open-cut.—This open-cut is sitnated on the oppo-
site side of Pyke’s Creek to the workings described above
i.€., on the south side, and is distant about 2 chains due
south of the No. 2 Cut. The length of the cut is 37 feet,
with an additional 18-feet cut as approach to a tunnel
which was driven in below the lode-material exposed in
the cut. The width is 7 feet at the entrance, widening
to 24 feet. The height of the face is about 25 feet. It
is said that this work was done by tributers, who started
sluicing, discovered a vugh of rich ore. and then com-
menced working it. The cassiterite is said to be very light-
coloured, approaching white, and to have been so fine that
it was difficult to save by sluicing. The tin won seems to
have been from wvughs of white kaolin and green
tourmaline, and from what could be learned of
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the occurrence, it appeared to be quite similar to those
on the opposite side of the creek. From the south-western
corner of the vpen-cut a winze was sunk, though the depth
is not known. On the eastern wall a drive has been put
in for 12 feet on a slope of 25°. Some tin appears to
have been won from here. There is a narrow vein of
tourmaline dipping vertically exposed over the entrance
to this drive, In the face of the cut two tourmaline veins
are exposed, about 6 feet apart, striking about north and
south, and dipping east at about 20°. The upper of these
shows irregular vughs of green tourmaline and kaolin
throughout its course. From the lower end of the cut an
adit was driven for a short distance, but has now collapsed.
The approach is 18 feet. A tourmaline vein with a very
flat dip, containing abundant limonite (apparently from
the oxidation of contained pyrite) was cut in the approach,
and is stanniferous.

In addition to the workings deseribed above, a little
open-cut work has been done on a pyritic formation on
the north side of Pyke’s Creek, at the southern entrance
to the tunnel described below, and immediately below
the entrance to the No. 4 cut. The strike is apparently a
little south of east, and dip not exposed. The width is
about 6 feet. The formation may be continuous with a
pyritic body exposed further to the east, and on which a
winze was sunk. The lode-material is banded, and con-
sists essentially of green tourmaline and pyrite, with
cassiterite. The tourmaline is green, and appears to be
massive, but under a powerful lens it is seen to occur in

minute needle-like prismatic crystals. The pyrite is abun- -

dant, and is in dense aggregates and in well-defined bands
through the tourmaline. It is well crystallised, cubical,
and pyritohedral forms being common, crystals measuring
up to }-inch across. In some cases ﬂwy.lmg and project
into open fissures. No crystallised cassiterite 18 notice-
able, but a little very fine grey slime tin is seen in some
specimens. Cross fissures are to be seen in places, also
filled with pyrite. The walls are not well defined, but
the formation appears to merge into slate impregnated
with tourmaline. An open-cut, width 5 feet, has been
taken along tha course of the lode for 25 feet, and irregu-
lar workings for a further 10 feet. In the face of the cut
is kaolin, with the tourmaline and pyrite. It is reported
that this formation carries good tin values, and that am
effort was made to treat some of it in a ernde way by
roasting on a flat sheet, but without great success.
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Another piece of work carried out on the property has
been the driving of a tunnel through the hill, below the
surface workings. This tunnel was driven about creek-
level, to connect two sharp elbows in the creek. The
length is about 200 feet, and the bearing N. 27° E.
Unfortunately, the whole of the southern half of the
tunnel could not be examined, owing to the accumulated
water, the outlet being blocked. The tunnel, so far as
it could be examined, is through tourmalinised and silici-
fied sandstones and slates similar to those occurring on the
surface. Several veins have been intersected, some of
which are tin-bearing, but no crosscutting has been done.
Measuring from the northern entrance, at 23 feet in is a
formation of small width striking about east and west,
and dipping north at 739, At 41 feet is a vein 1 inch in
width filled with kaolin; also with a strike about east and
west, and dip north at 41°. At 48 feet is a very pro-
mising vein of quartz and black tourmaline, with kaolin,
width 1} inches, dipping north at 59°. This is seen to
be cut through by a vertical fissure filled with
kaolin, without displacement. At 52 feet from the
northern end is a formation, which should be tested, as it
was found to carry tin. The strike is N. 72° E. and
lip north at 45°2. The width varies from 3 to 18 inches.
There are two parallel veinlets of tourmaline, the wall

wck being much kaolinised. Limonite indicates the pre-
sence of pyrite. This may be one of the *‘ feeders’’ for
the ore-bodies discovered above, and should be driven on.
At 58 feet in, is a lode-formation 9 inches in width,
striking N. 62° E., and dipping north at 479, In this
formation there is no continuous vein of tourmaline.
There ars impregnations of tourmaline at intervals, and
masses of kaolin, with some quartz. The lode-material is
soft, and carries tin. A little pyrite is present. This
formation also is distinetly promising, and should be
prospected. At 63 feet in is a narrow veinlet of green
tourmaline, striking east and west, and dipping north
at 52°. It is a matter for regret that the southern por-
tion of the tunnel could not be examined, owing to the
water which had collected in the bottom of the drive.

This tunnel served a very useful purpose, for it not
only served to prospect the country-rock passed through,
and disclosed several tin-bearing veins, but the creek was
diverted through it, allowing the whole of the bend around
the foot of the spur on which the rich detrital ore was
found, to be worked without any trouble. A quantity of
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rich tin ore was obtained from this portion of the creek-
bed,

Method of Treatment.—Other than sluice-boxes, no
plant was erected for the treatment of the ore on the
property. No attempt was made to crush any of the ore
From the description given above of the occurrencs of the
ore, it is clear that much of the richest material was sofi
and required little crushing, and this feature of the ore
suggested the method of trmatment adopted. The writer
has had to rely on information supplied for these par-
ticulars. The material was broken in the face, water
turned on, the coarse material trucked to spoil, likely-
looking lode-matter biing roughly broken. The coarser
tin collected on the ground, the tailings being run through
sluice-boxes, and the forkings rejected. Obviously, such
a method of treatment was crude, and the loss must have
been considerable. Records show that a considerable
amount of tin was won, but naturally thece are no records
to indicate what the losses were. It must be borne in
mind that no classification was attempted. It would seem
that considerable losses must have occurred (a) from the
slime tin, (4) from coarser pieces of country-rock with
attached cassiterite, rejected during the operations indi-
cated. The slime tin has apparently gone beyond recovery.
The dam, which is said to have been constructed lower down
the creek to store the ilimes with their contained tin for
future treatment, broke away with a fresh in the stream,
and the contents carried down towards the Little Henty
River. It is unlikely that any accumulation has occurred
lower down stream, as the creek has, on the whole, a
steeply-graded bed. The question then arises as to
whether any of the tin rejected in specimen pieces can
be recovered. The surface is covered with numsrous
dump-heaps, which must, in the aggregate contain several
hundred tons of broken stone. Undoubtedly, some of this
is stanniferous. It appears from information supplied,
howaver, that since regular work on the mine ceased, the
property has been let on tribute, and the dump-heaps
picked over. Tt is questionable, then, whether the aver-
age value of the stone, as it lies, would bz sufficiently
high to pay for treatment. Careful sampling is needed
to definitely settle the point, but, in the writer’s opinion,
the heaps as they stand apz hardly likely to carry high
enough vaiues when taken in bulk 3 -

Tin Output—Exact figures as to the tin output from
the property are not available. Official records of the
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Mines Department show that at least 164 tons of tun
oxide are recorded as having been sent out from Mayne's
Mine. In addition to this, for several quarters when the
property was being worked no record is given of the out-
put from individual mines, the amount being recorded
as from ‘‘ Heemskirk,” or ‘* West Coast,”” and given as
a total amount. Forming an estimate for these quarters,
based on the amounts produced in other quarters as com-
pared with the total for the district, the writer estimates
that about 200 tons of tin oxide have been produced from
the property with the small amount of work which has
been done.

The dividends paid, as officially recorded, amounted to
£4875 between 1904 and 1906.

Future of the Property.—The fact that so much tin
sxide has been produced from the property with so little
work, immediately suggests that it may not have reecived
quite a fair trial. Rich detrital ore-deposits were dis-
covered on the surface. They were worked, and other
deposits discovered in situ, which were also worked to a
shallow depth. @ When these vughs pinched. work was
stopped, a few winzes being sunk to comparatively shallow
depths. In the tunnel driven through the hill, several
very promising formations were intersected, which carry
good tin values, but no attempt was made to drive along
the course of these formations. From the shallower
workings it is very probable indeed that other vughs would
be met with at no great distance along the course of the
veins. Even were other local vughs met with, however,
the backs available would be small from such a drive,
espacially from a drive east from the tunnel. A drive
west would prospect virgin country, and is recommended.
If permanent work is to be undertaken, however, it will
have to be from a main shaft. Before deciding on such
work, the nature of the occurrence of tin ore, as dascribed
elsewhere, must be carefully considered. The presence
of vughs of very rich ore, sometimes of large size, so
near the surface, as disclosed by past workings, and the
hope of locating other such vughs in future operations,
certainly offer an inducement to further work. The writer
would unhesitatingly say that the prospects of encounter-
ing other such vughs really are good. The lessons of past
workings should, however, be kept in mind, which show
that the vughs occur irregularly. The writer’s study of the
old workings, while indicating in a general way the factors
governing the formation of the vughs, as explained else-
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wherz,(**") did not give information which would enable
any definite forecast to be made as to the occurrence of
other vughs. By prospecting the more nearly vertical tin-
bearing veins, several of which have been exposad, it is
to be expected that whenever conditions are favourable—
i.e., when these ‘‘ feeders’’ are intersected by other fis-
sures, or themselves intersect beds which are more easily
replaced by the vein-forming solutions—that vughs may be
met with. The carrying out of costly mining operations
merely in the hope of meeting enrichments is not to be
recommended without reserve; but the ‘° feeders '’ them-
selves, although frequently narrow, often carry rich tin,
and the wall-rock has been impregnated to some extent.
It is a matter of careful investigation, mainly of sampling
and assaying, to determine whether some of these forma-
tions cannot themselves be profitably exploited. The key
of the situation appears to lie here. If these formations
can be exploited without expense, or with little expense,
then the work should be undertaken without hesitation,
for the almost certain occurrence of vughs at different
points is likely to yield handsome profits. These ‘* feed-
ars,”” or tin veins of the quartz-tourmaline-cassiterite
type, are likely to be permanent to a depth within the
limits of economic mining. Tt must be expected that they
will vary somewhat in size, and experience has shown that
considerable variation may be expected in a very short
distance, as the nature ot the wall-rock has had an influ-
ence in determining the precipitation of the metals from
the vein-forming solutions. The granite contact is not
far distant, and it is not impossible, if systematic mining
were undertaken, that it might be encountered at a depth.
Without hesitation, the writer expresses the opinion that
the tin veins are likely to continue from the slate into
the heart of the granite, without interruption (possibly
with the formation of rich ore at the junction), and that
the veins will not cut out when granite is reached. In
the granite the veins are likely to prove more regular, and
assume more normal habits than they hawa done in the
sedimentary rocks.

There are indications that pyrite will be encountered in
several of the veins as depth is attained.

The pyritic formation near the southern entrance to the
tunnel possesses promising features, and is worth investi-
gating. The tin values and their distribution can only

(P Vide supra, pp. 199-203,

I ;
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be determined by sampling, and it is not unlikely that
they may be high enough to cover the cost of treatment
ot the pyritic ore. The formation is of an encouraging
width, and there is every indication that it will prove
conunuous, as in the case of the quartz-tourmaline-cas-
siterite veins described above, well into the heart of the
anderlying granite. This ore-body should be prospected.
If it were decided to work it, such work would have to
be carried out from a shaft, and it would naturally be
exploited from the main shaft sunk to work the othar ore-
bodies on the property, if this shaft were determined upon.

With regard to surface prospecting, it is adwisable to
prospect further to the west and north-west, and try and
pick up a continuation of the ore-bodies worked. A few
surface trenches might yield valuable information, and
such work is to be recommended.

In the south of the section, too, there are indications
which should not be lost sight of. In the bend of the
creek, below the tin store, and opposite the southern
entrance to the tunnel, in the cutting for the fluming is
exposed a nearly horizontal pyriuc vein, which widens to
form small vughs at intervals. This is a very promising
vein, and might, with advantage, be tested. In the same
locality are ssveral vertical veinlets of green tourmaline,
one of which showed tin oxide. The conditions here are
clearly favourable for the formation of similar deposits of
ore to those encountered on the opposite side of the creek.

Almost on the southern boundary of the section, at the
mouth of the cut which has been made in the creek bed,
similar indications were noted. Here a vein of dense
pyritic material strikes about north and south, and dips
east at 109, Vertical veinlets of tourmaline ware also
noted, and conditions here are also favourable for deposits
of tin ore. This portion of the section should certainly
be prospected.

On the whole, the section is one which is full of pos
sibilitizs, and further work upon it is justified, on the
lines indicated above.

(17V—Section 3915Mm, 2 Aeres—J. H. 8. Munro.

This section forms a buffer strip about 2 chains in width
between the Kelvin Mine (Section 6095M) on the north,
and Mayne's Mine (Section 124m) on the south. No work
has been done on the section, and its potential value lies
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in the amalgamation with either its northern or southern
neighbour. It is held by Mr. J. H. 8. Munro, who also
holds Section 124wm.

The country-rock is silicified and tourmalinised slate and
sandstone exactly similar to that on the adjoining sections,
and it is probahie that whew the lode-formations are more
fully prospected on those sections, some of_ them -will b‘e
found to pass through this one. The flat veins at Mayne’s
Mine may do so, but their lateral extent has not yet been
proved. 3

The section includes portions of both eastern and western
slopes to Pyke's Creek, the creek flowing through the
eastern half of the section.

(18)—Section 6095m, 40 Acres—H. V. Williams, 6.
O'Brien, and T. Buckley (Old Kelvin Mine. )

This section is situated immediately to the north of, and
partly adjoining Mayne's Mine (Section 124m). The 2-acre
section 3915m partly separates the two properties. The sec-
tion is 2} miles due south of Mt. Agnew. The Zeehan-Trial
Harbour Road passes through the north-western corner of
the section : the branch road to Mayne’s Mine runs through
the property along the top of a ridge on the western side of
Pyke’s Creek, but this eastern slope is steep and the work-
ilfgs are connected with the main road by a branch road
running almost due north outside the eastern bom}dar.y of
the section. Pyke's Creek flows through the section in a
very tortuous course, entering near the north-western cor-
ner, ﬂowing east-south-east until within 3 chains of the
eastern boundary, when it takes a general southerly course
(with several bends) to the southern boundary. A branch
creek also flows about south, just within the eastern bound-
ary. These creeks are cutting into the old peneplain,
reiadering the surface very uneven, and :d-d\’il]]tﬂgt" has been
taken of this feature in mining operations.

Reference should be made to Plate VI., in which is
included a sketch map of this property.

This section includes part of the old Orient Company’s
ground, and some of the workings carried out by this com-
pany in the early history of the field are now within its
boundaries. Later the property seems to have been worked
for a time by the Kelvin Company.

The south-eastern corner of the property is on Pre-
Silurian sedimentaries, the remainder being granite of

; .
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Devonian age, which has intruded the older sediments.
The latter are much altered, being silicified and tourmalin-
ised in a smiilar manner to those at Mayne’s Mine. The
old Orient Company’s workings were mainly in granite
(though never far from the contact), while those of the
present owners have been almost entirely confined to the
slate and sandstone country. Lode-formations oceur in
both areas, and in one instince a quartz-tourmaline vein
appears to be continuous from igneous into sedimentary
rock : this still requires proof. Speaking generally, the
lode-formations in the granite are normal, while those in
the sedimentary rock have many features in common with
those at Mayne’s Mine.

The workings and plant of the present owners are all
situated in the southern portion of the section, and on the
western side of Pyke’'s Creek. The workings consist of four
adits, two open-cuts, some underhand stopes from the sur-
face, and trenches.

At the time of the writer's visit work was only being car-
ried out in the No. 4 adit, driven from a small (No. 2)
open-cut, within about 2 chains of the southern boundary
of the section.

No. 1 Adit, a little above battery-level, is inaccessible,
and no information is available concerning it.

No. 2 Adit, higher up the hill, has been driven for 25
feet on a bearing N. 480 W | through altered sedimentary
rocks. This was driven to connect with some surface work-
ings above, and it was proposed to make it the main work-
ing adit for this part of the property. A narrow pyritic
vein was cut in the face, carrying good tin values. An
aneroid reading indicates that this adii is about 80 feet
below the summit of the hill, but this figure needs check-
ing.

On the hillslope above this adit are surface workings on
good tin ore. About 25 feet above the adit is a surface cut
exposing some rich tin ore. There is a narrow vertical
seam with kaolin and cassiterite, and it was noticed that
this intersected several narrow veins dipping only at a very
flat angle: good tin values are said to have been obtained
from the intersections. The main vein on the hillside in
this vicinity, on which small open-cuts and narrow under-
hand stopes have been taken out, has a bearing of N. 650
W., and dip apparently about vertical.

On the same line near the top of the hill are workings
for about 3 chains: rich ore occurred here, consisting of

N
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grey cassiterite in green tourmaline, and has-been taken
out for an average depth of between 10 and 15 feet. The
formation here is very promising, and is undoubtedly worth
prospecting at a lower level. _

On top of the hill are more shallow surface worku!gs on
good ore. A flat vein of green tourmaline about 12 inches
in thickness has been partly opened up, and carries goud
values: there appears to be a vertical vein going underfoot.

By the side of the branch road to Mayne’s Mine along the
crest of the ridge, the shallow workings expose green tour-
maline veins carrying good tin. Some specimens obtained
here showed botryoidal grey cassiterite quite similar to
that described from Mayne’s Mine. The sandstones form-
ing the country-rock in this vieinity are silic.iﬁed and tour-
malinised. The actual granite contact is distant about 3
chains to the west and about the same distance to the north,
the line of contact making a bend in this vicinity. On the
opposite (western) side of the road and distant 1 chain
from the workings described, is a shallow trench, partly
filled in with loose surface material, which does not give
any definite information.

About 10 feet south of the No. 2 Adit, and on the same
level, on the eastern slope of the ridge, is a small cut of
14 feet, and a drive 17 feet south, on a flat seam of tour-
maline, which widened from 12 inches to 6 feet, and then
appeared to cut out, although a vertical vein ot: green
tourmaline continues in the face, with a strike N. 550 W.
Rich tin was got at the intersection of the vertical with
the flat seam. On the surface the outerop of the flat seam
indicates that it is dipping west at a low angle. In the face
of the cut is a second vertical vein parallel to that met in
the drive, which seems to be continuous through the cut.
The nature of this occurrence does not seem to have been
understood, but the bulge of ore which apparently eut out,
was a vugh formed (by processes explained ¢_=Ise‘:\'he=re) at
the intersection of a vertical ‘‘ feeder ' vein with a flat
fissure. Further prospecting in the vicinity may be expected
to disclose other similar *“ makes ' or vughs along the course
of the vein.

No. 1 Open-cut 1s about 100 feet south of the ocecurrence
noted above. The material from this cut was exr'a\'atecl_b)'
the Kelvin Company, who drove into the hill, got rich
tin, and sluiced the lode material, which seems to have
been oxidised. The cut extends almost to the summit of
the ridge. At the lower end there is a narrow cut of 100
feet inh]ength. probably representing the old drive: the
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main cut then opens out to between 15 and 20 feet. the
bottom being fairly level for 16 feet. From the edge of
this level, the distance is 100 feet to the top of the cut, on
a slope of 35 degrees, the width at the top being from 50
to 60 feet.

The lode-formation here appears to have been quite
similar to that elsewhere on the property and at Mayne'’s
Mine, viz., intersecting flat and steeply dipping veins of
soft green tuormaline and kaolin, with vughs of various
sizes at the intersections and frequently rich tin. The main
““ flat *’ vein driven on, appears to strike about east and
west and dip north at 25 degrees: it is said to have varied
from 2 to 6 feet in width, and to have vielded 6 per cent.
of tin in the portion worked. It is reported that 14 toms
of tin oxide were won by the Kelvin Company from this
No. 1 Cut by sluicing. From the southern wall of the main
open-cut is a drive, now collapsed, said to have exposed
good tin values in a pyritic formation : this appears to be at
the intersection of a flat and vertical vein of small width.
From the south-western corner of the open-cut a drive was
extended for 31 feet on a tortuous but general westerly
course through a series of veins of tourmaline with kaolin
and rich tin, apparently striking about north-west, and
dipping north-east at 10 degrees. 1In the face of the cut is
a narrow vein of green tourmaline striking N. 80° E., and
dipping south at about 70 degrees.

From the northern side of the No. 1 Open-cut an adit
has been driven on a pyritic formation, and this has been

called the—

No. 3 Adit.—This was driven to prospect a pyritic for-
mation which is said to carry an average of 6 per cent. tin.
The workings are in a very bad state of repair, and the
formation could not be examined in detail. - The drive
extends 24 feet north: at 16 feet from the entrance are
crosscuts 5 feet east and 21 feet west. From the western
crosscut is a drive 6 feet south, and from this again another
drive 12 feet west to the face. Some stoping has been done,
particularly from the end of the 21-feet drive west, but it
is probable that the amount of ore taken out has been small.
The lode material consists of kaolin with a little tourmaline
impregnated with pyrite, which occurs. in cubical and
pyritohedral crystals rarely reaching one-eighth inch in
diameter. - The tin content is estimated by the owners at
6 per cent. Owing to the state of these workings, the strue-
ture of this formation was not clear, but it appears to be
a flat vein with vughs at intervals,
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No. 2 Open-cut.— This cut is also on the eastern hill-
slope, about 90 feet south of No. 1 Cut, and
about 1} chain from the southern boundary qf the
section. Some good tin values were won from this cut,
which is taken for 19 feet into the hillside. The width of
cut is 25 feet, and height of face 15 feet. In the face are
exposed three tin-bearing formations, two nearly vertical,
and one with a flat dip to the east: the country-rock is
tourmalinised quartzite. On the southern side of the cut
is a vein of irregular width which reaches the surfaqe, where
its width is 12 inches. It increases to 18 inches in a few
feet, and then splits and includes a ‘‘ horse ' of country-
rock : the width of vein about 6 feet above the floor of !:hﬁ
cut is 6 feet. The vein here has split, one branch extending
to the surface, tapering out to a narrow \'eil?]et. The lode
material is of the usual green tourmaline variety, with some
kaolin and a little limonite in places. The strike is east
and west and dip south at 50 degrees. On the northern
side of the face is another similar formation of irregular
width. A drive has been commenced on this, but extended
only 3} feet. A second drive has been commenced in the
face and taken in for 6 feet on a vein of green tourmaline,
with kaolin and nodules of limonite (derived from the wea-
thering of pyrite). This vein appears to strike about north
and south and dip east at 40 degrees. Exposed in the

face of the cut near the present floor is a vein carrying -

abundant green tourmaline and kaolin, with nodules of
limonite, and fine grey cassiterite. This appears to strike
about north and south and dip east at from 10 degrees to
15 degrees. In the south-western corner of the cut a winze
was sunk 5 feet on rich tin ore of the variety described
above. Over this winze an adit was being driven at the
time of the writer’s examination of the property, called
the No. 4 Adit.

No. 4 Adit.—This was driven on the flat vein cut in the
face of the No. 2 Open-cut near the floor of the cut. Tt
had been driven 23 feet in a rather irregular course of
8 feet south and then 15 feet nearly west. The width of the
formation exposed by this drive varied from 1} to 5} feet,
and was similar in nature to that exposed in the cut.
Nodules of limonite are not infrequent with the green tour-
maline and kaolin, and these sometimes carry rich tinm,
usually finely divided. This limonite is almost certainly
derived from the oxidation of pyrite which will be found
to be present in the primary ore. A narrow vein exposed
in the face was carrying good tin values: the strike was
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north-west and dip south-west at 70 degrees. In this adit
only the richest ore was being extracted. This was being
wheeled in barrows to the edge of the open-cut, tipped
into a chute, and again wheeled by barrow to the battery.
The stone being crushed was certainly carrying good tin
values.

On the summit of the hill above the No. 2 Open-cut, on
the western side of the branch road to Mayne’s, and within
a chain of the southern boundary of the section, is a shallow
trench running east and west, with a branch north and
south from the western extremity. A good deal of surface
material had accumulated in the trench, preventing a
detailed examination, but no lode material appears to have
been exposed. The sandstones are silicified and tourmalin-
ised as on other parts of the property.

Most of the other workings on the property appear to
have been carried out by the old Orient Company, but
reference may be made to them, although little is to be
seen in most instances at the present time.

The site of the old Orient battery is in the south-eastern
portion of the section, and about 2 chains from the eastern
boundary. All the machinery has long since been removed,
and the battery site is a good deal overgrown, which is not
surprising as it is 30 years since the old mine shut down.
On the southern wall of the excavation is a promising ore-
body exposed in the sedimentary rocks. This is a vein of
the quartz-tourmaline-cassiterite type, apparently striking
about north and south, and dipping about vertically. This
vein appears to be worth testing. It ecannov be followed on
the surface, and it is uncertain whether it is the same for-
mation which was intersected in the old ‘‘ mica tunnel *’ a
few chains south, which is referred to below.

On' the northern side of the battery site some rich tin ore
was located. It is said that 1 ton of tin oxide was taken
from this spot. The old water-wheel was erected here, and
one of the old bed-logs is resting in green tourmaline, which
is stanniferous: at this point there are vughs similar to those
on other parts of the property, connected with a flat tour-
maline vein. There is a narrow cut, from the end of which
a shaft has been sunk, and the cut itself continued in the
form of a drive. This work was done on a massive green
tourmaline wvein of the type so favourable for tin in the
locality, this vein having a strike N. 78° W., and dip
about vertical. A shaft is said to have been sunk, a drive
put in to connect, and the lode material above stoped to
the surface, but not underfoot. Tt is 40 feet from the
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entrance of the cut to the shaft, which is said to be 16
feet below the bottom of the cut: no work appears to have
been done from the shaft below the present level. The
drive on the course of the vein just beyond the shaft has
now collapsed: this drive is said to have been continued
from the face for 30 feet. The face is 20 feet high. The
width of this vein as exposed varies from 3 to 6 feet. The
ore won is reported to have been sluiced, with the result that
1 ton of tin oxide was recovered. This ore-body should
certainly receive further attention: not only is the main
vein irni)ortant-, but the presence of at least one flat vein
near the surface, which carries good tin values, indicates
that vughs of rich ore may be expected at intervals as
work proceeds.

Mica Tunnel.—This is so called because of the large
masses of mica encountered. The adit was driven about east
into the hill from a point on the creek-bank about 2 chains
a little south of west from the old Orient battery site.
Unfortunately the adit has now completely collapsed, and
there is only the old approach and dump-heap to indicate
that such work had been carried out.

Mr. G. Thureau, Government Geologist, examined the
Orient Mine in 1884, and in the course of his report gives
the following description, which apparently refers to this
adit, as no other was noticed by the writer which would
correspond in position, as referred to the battery.

(***)* Their deep adit, which has been started consider-
ably below the hoppers at the battery, has been driven for
a distance of 300 feet, and it will eventually give 50 feet
under the present bottom of the whim shaft in this drive.
Thorne’s lode, it is believed, was cut at 250 feet, very
regular and fairly tin-bearing; further on the Wheel lode,
which was exposed when making room at the hillside for the
ore-crushing and dressing machinery, was intersected at 250
feet in from the entrance for a width of 12 feet, carrying
a little tin ore, but not at all tested further. Awnother
small lode, one foot wide, designated the Dam lode,
also somewhat stanniferous, and at the end of this
adit promising spurs 3 inches thick were discovered, il
Tt should be mentioned that the Wheel lode, where inter-
sected in the deep adit, though greatly decomposed and con-
taining much soft argillaceous vein-matter, still yielded
fair prospects of ore.”

(™) Vide “ Report on the Western Mining Districts,” by G. Thureau,
1884, p. 11.
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This information is interesting and points to the advisa-
bility of an investigation of these ore-bodies. The only
other information available was contained in a letter to the
writer concerning the old Orient Mine, with which he was
familiar in the early days of its history, by Mr. Luke
Williams, who states: —‘‘ There is a strong lode which was
cut when putting up the battery; it carried payable tin
at the battery, and in the tunnel driven from the creek
(Pyke’s Creek) just below the battery, the lode
was from 9 to 12 feet wide, mostly rank-smelling
iron pyrites and much mica, but only carrying
traces of tin. This lode is worth further prospecting.”’
This description apparently refers to the lode-formation in
question. The specimens on the old tip are interesting, and
it is a matter for regret that the formation from which they
were derived was not available for inspection. There are
three varieties of material, two of which are obviously con-
nected, and from the same formation, the other appears dis-
tinet. A striking feature is the occurrence of large masses
(up to 12 inches in diameter) of aggregates of phlogopite
mica. This mineral occurs in hexagonal plates reaching
13 inch across. The only noticeable mineral present with
the mica is a little white tremolite. Specimens are usually
partially weathered from lying exposed on the heap for so
long. Attached to some of the aggregates of mica is white
quartz with finer crystals and aggregates of phlogopite dis-
seminated through it. This forms the connecting link with
the second class of material on the heap, viz., translucent
white quartz, showing at times a crystalline structure, with
disseminated phlogopite, which sometimes becomes abun-
dant, fluorite both lilac and greenish, in aggregates, and
molybdenite in crystals up to one-quarter inch diameter
scattered through the mass of quartz or in small crystal
plates with fluorite, lining the walls of fissures which tra-
verse the quartz. The occurrence of molybdenite is of par-
ticular interest, but unless further work shows it to be more
abundant than it is in any of the specimens seen, it can-
not be regarded as of economic importance. The richest
specimen collected would not assay more than 1 per cent.
molybdenite. The third class of material on the heap con-
sists of a dense aggregate of greenish crystals forming a
dark-green rock, with scattered pyrrhotite distinguishable.
The green mineral was determined as hornblende in hand
specimens. Occasional crystals reach a length of one-half
inch and width of one-quarter inch, while in some specimens
crystals cannot be distinguished in the fine-grained black




392

aggregates impregnating quartzite, evidently the country-
rock. A thin section was prepared from a variety of
medium texture, and a microscopical examination showed
that the bulk of the slide was occupied by hypidiomorphie
crystals of colourless to very faint-greenish amphibole,
Aggregates of olivine crystals with irregular outlines are
common, showing rough cracks along which incipient ser-
pentinisation has taken place. Magnetite is abundant in
ragged grains and aggregates, frequently included in both
the other minerals mentioned: associated with the mag-
netite are aggregates of pyrrhotite which sometimes includes
small quantities of chalcopyrite. No quartz or mica are
present in the slide examined. The rock is not derived from
a normal tin-vein, and would appear to be more closely
allied with the contact metamorphic deposits. Whether
it is derived from the same formation as the quartz-mica-
fluorite rock described is somewhat uncertain, but the mat-
ter must be left in abeyance until some exposure of the
material n situ is available,

The amount of backs available from this adit would be
small, unless a fairly long adit were driven, but a little
further prospecting of the formations is justifiable to deter-
mine their nature. Although molybdenite was not pre-
gent in any quantity in the specimens on the tip, richer
bunches may occur in the formation, which appears to be
very favourable for its development. Tin may also occur.

About the centre of the section, on the eastern slope
towards Pyke’s Creek, a very promising lode-formation has
been exposed in the granite country, within less than 2
chains of the contact. Below the water-race a cut has been
put in for 10 feet on the course of the formation: this is
the only work done. At this point the strike is N. 700 30’
W., and dip vertical. The width varies from 4 to 6 feet,
but will probably average 4 feet 6 inches. The ore-body is
a typical quartz-tourmaline-cassiterite vein. The central
veinstone varies from 6 to 9 inches in width, and is com-
posed of an intimate mixture of black and green tour-
maline, bordered on either side by 12 to 18 inches of green
tourmaline. This material carries no visible quartz: the
central seam is sometimes intersected by horizontal veinlets
of green tourmaline which may attain a width of 1 inch.
The outer portion of the vein-rock consists of hard quarta-
tourmaline. The quartz grains are fairly coarse, and both
green and black tourmaline are present in dense aggre-
gates: the green variety in places is pseudomorphous after
felspar, while the black not infrequently occurs in radiating
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aggregates. The walls are fairly well defined. The granite
i_n the vicinity is the medium-grained white varietv,ccarrv-
ing disseminated black tourmaline and narrow veinlets of
the same mineral.

A few feet above the race the outerop has been exposed
again, but no work done. The outcrop cannot be traced
fu{'ther west. This vein should be sampled at the different
points exposed, and if surface indications warrant it, an
adit could be driven from creek-level along the course of
the formation, and would vield valuable information with
regard to the shoots of ore.

: What appears to be a continuation of the same forma-
tion, is an outcrop exposed on the summit of the ridge
to the east. The outcrop has not been cut across, and it
1s impossible to tell its width or structure in detail. Masses
of green tourmaline with vughs of crystalline quartz occur,
also harder quartz-tourmaline stone with abundant green
tourmaline and a little of the black variety in sheaves and
radiating aggregates. The outcrop is said to carry good
tin values at this point. The position of this uut;:rotiJ i8
shown in Photo No. 22, on the summit of the hill in the
left centre of the picture. There is more quartz-tour-
maline rock showing, about 2 chains north of this, which
has not been prospected.

On the western slope of the hill towards the branch of
Pyke’'s Creek which traverses the eastern portion of the
section is an old adit driven by the Orient Company in
granite. This is about 1 chain inside the eastern boundary,
and 94 chains from the south-eastern corner. The old adit
has collapsed and partly filled with water, and was quite
inaccessible. Its bearing is N. 420 E. On the tip is pyritic
ore, consisting essentially of quartz with a little scattered
tourmaline and some pyrite. In the old race above, a
quartz-tourmaline vein 18 inches in width has been cut,
but no work done on it.

Several outcrops occur on the summit of the hill just
east of the eastern boundary of the section.

Exposed on the northern boundary of the section in the
rua_d_(-ul,tmg is a series of parallel quartz-tourmaline veins
st:rlklng about east and west. One of them attains a width
of 3 feet, and carries pyrite. The locality is worth a little
prospecting.

Plant and Treatment.—A small treatment plant was

erected by the present owners of the property on the
western bank of Pyke’s Creek at the foot of the hill, and
about 4 chains west of the old Orient battery site.

A
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general view of the plant is shown in Photo. No. 22, which
was taken facing a little east of north. Water is brought
from Pyke’s Creek by a race which has its intake on the
northern boundary of the section. The water is utilised to
drive a water-wheel, which in turn drives a small three-
head battery, which has very light stampers. Hand-feeding
is employed for this battery. The pulp is fed on to a small
Wilfley table, also driven by the water-wheel. A fairly
high grade product is produced, the middlings being
re-treated, and the slimes passing overa canvastable, thence
into a box sump, overflowing to waste. The fine slime tin
from the canvas tables is found to be purer than that from
the Wilfley. Mr. Williams states that the former assays
about 70 per cent. tin, and the latter over 60 per cent.
The chief impurity is iron oxide (limonite) from the nodules
occurring in the ore. With regard to quantities treated,
Mr. Williains stated that in April, 1914, the plant had
been crushing for about eight months, that 300 tons of
ore had been treated, producing concentrates worth approx-
imately £800 net.

Future of the Property.—This property is worth the
attention of investors. It has been shown that on more
than one part of it formations carrying good tin values
exist, although practically no developmental work has been
done to open them up and allow of any estimate being
formed of quantities available for treatment. The erection
of a crushing and concentrating plant to treat the ore is
certainly an advance on the sluicing methods previously
employed, and is to be commended. But the present plant
cannot be regarded as satsifactory for continuously work-
ing the property. The battery serves well as a purely
prospecting mill to test small parcels of ore, but it will
not be found economical when mining is undertaken on a
larger scale. The question of available power was not
closely investigated, but it seems likely that it could be
utilised to better advantage by installing a Pelton wheel
instead of the water-wheel at present in use. This would
enable the Wilfley to be run at a higher speed, with the
result that a cleaner separation would be possible. Tt is
advisable, too, to instal a classifier to deal with the crushed
battery product, as a concentrating table cannot efficiently
deal with an unclassified product: comparatively large
lumps of the impurities will always tend to find their way
into the concentrate with smaller fragments of the cas-
giterite, since two particles of unequal size of minerals of
very different specific gravities may have the same weight.

AND CoNCENTRATING TaBLES,

22—BATTERY
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The canvas strakes employed at present are saving a good
deal of very fine slime tin, but the writer would “advise a
careful test being made without delay to determine defi-
nitely the tin oxide still present in the slimes going to
waste. These were not sampled by the writer, but it will
probably be found advisable to instal longer tables.

The present system of working out only the very richest
patches of ore, leaving all the Test for future treatment,
is to be deprecated, particularly when the profits from such
treatment are not being utilised in developing fresh podies
of ore, or providing for a more efficient treatment plant.
Such a policy if continued is likely to end disastrously.

Mining can for a time be carried on from adits, but
when serious mining operations are commenced, provision
will have to be made for. sinking a main shaft. It is
scarcely possible at the present stage of the work to select
the most suitable site for such a shaft, so that it could
serve the greatest number of ore-bodies. Further work on
these will indicate more clearly their relative value.

With regard to the nature of the ore, there are indica-
tions that in most cases the primary ore will prove to be
pyritic, but this fact, while increasing the cost of treatment,
does not under modern conditions prove an insuperable
barrier. There is nothing definite to indicate at what depth
pyritic ore will be encountered in those ore-bodies which at
present are being exploited in the oxidised zone, but appar-
ently the depth will not be great.

The structure of the ore-deposits in the sedimentary rocks
on this property is apparently quite similar to that of the
corresponding deposits on Mayne’s Mine adjoining to the
south, and the remarks made in connection with that pro-
perty as to the structure, continuation to a depth, &ec.,
apply with equal force to this section. While vughs of rich
ore may be encountered at any time, the conditions govern-
mg their occurrence cannot be determined with sufficient
accuracy to enable any forecest to be made as to where
they may be expected: in planning future work, therefore,
no allowance should be made for such vughs, when esti-
mating the probable amount of ore available.

In the immediate future a main adit will have to be
driven into the western slope, from somewhere about bat-
tery-level, and this work should not be delayed too long
until all the rich patches of free milling ore near the surface
are exhausted. At the same time, as opportunity offers,
the other ore-bodies on the property should be prospected
and sampled: that at the old Orient battery site in the
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sedimentary rocks, and that crossing the race on the
western side of the creek, in granite rock, are worth imme-
diate attention.

Thus the property, while not yet beyond the prospecting
stage although it is producing tin ore, has very decidedly
encouraging prospects.

If it were possible to effect an amalgamation between the
Kelvin and Mayne’'s Mines, including the intermediate
2-acre section held by Mr. J. 8. Munro, it seems to the
writer possible that both properties might be systematically
prospected, and eventually worked, in a more compre-
hensive way than would be possible with each mine in a
smaller way independently.

(19)—Tfn Old Orient Mine.

Part of the workings of the old Orient Tin Mining Com-
pany are now included in Section 6095m, held by H. V.
Williams, G. O’Brien, and T. Buckley (the old Kelvin
Mine), which has been described above. The workings
within the boundaries of that section have already been
deseribed, and it seems desirable to refer briefly to other
workings which were examined.

‘-aome interesting particulars concerning the old Orient

Mine have recentl} been furnished to 1he writer by Mr.
Luke Williams, who was on the mine in the early days
of its history. As Mr. G. Thureau, Government Geologist,
described the property as he found it, in his report of
1884, it seems scarcely ne(esmw to rewrite this descrlp—
tion. Mr. Williams states, ‘‘ Like all the other mines
at Heemskirk it [the Orient Mine] was not a success.
The tin did not live more than 30 feet below the surface
in the surface shoots of ore, and sufficient development
work had not been done, consequently, with the high
freights . . . and tin at about £45 per ton for oxide
S the mine eould not be worked at a profit.
The lodes were strong and well defined, but only carried,
as a rule, from 4 per cent. to 1 per cent. metallic tin, but
the prospectors had ° estimated ’ ,them at 4 per cent.
metallic tin.””

The writer of this letter goes on to say that the share-
holders refused to believe that their property needed
developing, and insisted that a battery and treatment
plant should be erected to treat the ore they were satis-
fied existed. As a result, this battery was the first on
the field to start crushing, early in 1884. Mr. Thureau,
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in his report, states, ‘‘ 360 tons of ore gave 55 bags, or
2 tons 15 ewt. of cleaned ore.’

With regard to the workings other than those described
in connection with Section 6095Mm, little is to be seen at
the present time.

About 53 chains south from the north-eastzrn corner of
Section 6095M, and about 1 chain east of the eastern
boundary, is a short adit driven into the western slope of
the hill. This is in granite country. The workings were
in a state of partial collapse, and could not be examined
in detail. The adit has been driven for about 40 feet
on the hanging-wall side of a quartz-tourmaline vein, which
strikes N. 62° E., and- dips south at 65°. At 30 feet
from the entrance was a rise to the surface, only about
15 feet. From the stone exposed in the approach there
appears to be a narrow central vein of black and green
tourmaline, with quartz-tourmaline vein-rock on either
side. This is rather close-grained, with abundant gieen
tourmaline, scattered radiating sheaves of the blask
variety, and some of a light-brown ecolour. Occasional
geodes occur lined with small prismatic crystals of quartz,
and not infrequently geodes lined with chalcedony, a
rather unusual occurrence in these veins. Some fine brown
cassiterite was noted in one specimen. Some of the stone
on the tip is pyritic.

This formation outerops on the hillside for 53 chains,
the width varying from 6 to 10 feet. At about 3 chains
from the adit are a trench and shallow shaft on the
formation, and this appears to be the only prospecting
work carried out on a promising vein.

About 3} chains on is another quartz-tourmaline out-
crop, which does not appear to have been prospected,
striking N. 400 W.

On the summit of the hill is a big guartz-tourmaline
outerop, striking N, 50°© W., probably that called
‘“ Thorne’s Lode,”” by Thureau.

There is a good deal of lode-material lying on the sur-
face, about }-chain south. This is not seen definitely
an situ; andt may represent either (a) loose detrital, (4) a
parallel formation, or (¢) a faulted portion of the main
lode.

About 9 chains east of the north-eastern corn:r of Sec-
tion 6095m is an old shaft by the side of the branch road
into the Kelvin Mine. This shaft is timbered, but no
information is available as to its depth, or the work car-
ried out from it.



