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The Jukes- Darwin Mining Field. 

I,-INTRODUCTION, 

(1) GEOGRAPHICAL POSITION. 

The area with which this bulletin deals is situated on the 
West Coast of Tasmania, and is bounded on the south by 
the shores of Macquarie Harbour. The greater portion of 
this region consists of mountain masses, which constitute 
the southernmost portion of the West Coast Range. This 
range of mountains follows a meridional course from Mt. 
Murchison on the north to Mt . Sorell on the south, the 
intervening peaks from north to south being Mts. Geikie, 
'.l'ynda.ll, Sedgwick, Lyell, Owen, Huxley, Jukes, and Dar­
win. The two latter mountain ranges embrace practically 
the whole of the mineral sections in the mining field under 
discussion, as although Mt. Sorell was included in the area 
traversed during this geological examination, no mining 
sections have yet been surveyed thereon. 

The West Coast Ra.nge is, roughly, 20 to 25 miles ctis~ 
tant from the western coast of Tasmania, the foothills of 
the most southerly part of the range running to the shores 
of Macquarie Harbour, in the neighbourhood of Kelly 
Basin and Farm Cove. The area· under examination, 
therefore, is situated nearer to the sea~coast than the 
remainder of the range. 

The Mt. Lyell mining field is situated to t he north of 
this area, being distant about 8 miles from the King River, 
which forms the northern boundary. of the Jukes~Darwin 
mining field. 

It will thus be seen that natural boundaries delimit the 
area. both on the north and south. The North Mt. Lyell 
railway ft:om Kelly Basin to Linda was chosen as the east~ 
ern boundary of the area to be examined, as the whole of 
the surveyed mining leases are situated to the west of this 
line. This railway practically fo1lows the,course of the 
relatively low.lying region included in the va.lley which 
separates the eastern foothil1s of these mountains from 
the Engineer Ra.nge. The latter, running in a meridional 
direction, separates the southern portion of the West Coast 
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Range from the mountain masses situated to the eastward, 
of which the Frenchman's Cap forms the culminating 
peak. 

The western boundary of the area examined is an indefi­
nite line running from the junction of the Newall and 
King Rivers on the north to Kelly Basin on the south . 
The adoption of this purely artificial line is convenient in 
so far as the whole of the surveyed mineral leases and the 
mountains of Jukes, Darwin, and Sorell down to their 
western foothills are thus included in the examination . 
Mt. Strahan, situated somewhat further to the west, was 
not iuel uded in the examination, the approach thereto 
being absolutely impossible without the cutting of a track. 

The area. examined measures approximately 70 square 
miles. 

(2)- GENERAL. 

The geological survey of this region was carried out with 
the assistance of the charts of mineral sections supplied 
by the Mines Department. These are (1) the Huxley and 
Jukes chart, and (2) the Kelly Basin chart. The former 
includes those sections which have been surveyed on Mt. 
Huxley, which lies immediately to the north of the King 
River, but only that portion of the chart was used which 
lies to the south of that river. This mineral chart also 
includes a. great number of the sections situated on Mt. 
Darwin, the remainder of the sections on that mountain 
being shown on the Kelly Basin chart. In the maps 
accompanying this bulletin these two charts have been 
combined as one, and the whole designated by the title of 
the Jukes-Darwin mining field. 

The topographical features have been plotted with refer. 
ence to the surveyed mineral sections, care being taken to 
complete the courses of streams which are only partially 
shown on the abovementioned charts. These have been 
sketched with as great accuracy as was possible under the 
circumstances, and may be taken a8 substantially correct. 
In this connection there is a correction which must be noted . 
In the Kelly Basin chart a river is shown as flowing in a 
southerly direction between ?tits. Darwin and Sorell, and 
is there caned the Clark River. Thi8 river is not charted 
&8 entering M acquarie Harbour, but there is a river named 
Fysh River which is shown flowing in a southerly direction 
into Kelly Basin. through the township reserve of Pillinger. 
As a matter of fact, these two streams are one and the 
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ea.me, ·a.nd the so-called Fysh River is not in the position 
shown in the chart, but is situated more to the west, 
although the position or mouth is correctly charted. The 
writer, therefore, assumes the responsibility of combining 
these two streams under the olle name of the Clark River, 
the ~pproxima.te course- of which is shown ill the accom­
panying maps. 

An alteration has been necessary in the marking of the 
mile-posts on tbe Nortb Lyell railway. In tbe Huxley and 
Jukee chart, the miles are marked as from a point 2 miles 
from the Linda station .. In the K elly Ba.sin clint, th~y 
are shown as from K elly Basin as the starting-point. The 
usage on the railway itself and by the residents generally ~s 
to take the measurements as from K elly Basin. Cons~· 
quent~YJ in the maps accompa.nying t.his buJ1etin the mile­
posts In the Huxley and Jukes chart have been altered to 
conform with this usage . 

Other minor details have been rectified, which do not 
deserve special mention. 

In a region suoh as this, which has beeD very little 
visited or examined, t here must 1\ecessarily be river courses 
and mountain peaks which are not known by any definite 
or descripti ve names. This is especially not.able in this 
field, and the writer , in order to make the following 
descriptive matter perfect1y intelligible with reference to 
the accompanying maps, has been compelled to give Ilames 
to streams and mountain peaks which were previously 
unnamed. 

The geological features have been plotted with reference 
to the side-lines of the 'mineral leases where such have been 
surveyed . Where no such surve.vs have been made, the 
geological data have heen sketched with reference to points 
fixed by triangulation. 

The heights above sea-level have been calculated from 
aneroid readings with reference to three separate points 
on the North Lyell railway as bages. The writer is indebted 
to the officials of the Mt. Lyell rai lway for these beights. 
The heights of the three places, namely, Crotty , Darwin, 
and the 10-mile, are the respective heights of the rails at 
these points above mean sea-level at Kelly Basin. 

On this journey, tbe writer left Launceston on 20th 
February, 1913, a.nd returned to that city on lst May, 
1913- a total of two and a half months. 

Active work was being carried on only Oll one property 
on t he field (Section 6012-M), and this necessitated the ca.r­
riage of food supplies, &tc., from Olle base of operations to 



the next . Altogether, six such bases were used. These 
do not include Crotty and Kelly Basin, where good accoru· 
modation is obtainable. 

The writer was accompanied throughout practically the 
whole of the survey by Mr. J. Cocking, as field assistant , 
whose thorough knowledge of the ' district, together with 
his energy and enthusiasm, rendered it possible to cover 
8uch a. large area of extremely rugged and mountainous 
country in so short a time. The writer wishes here to 
express his appreciation of this assistance, and at the same 
time to place on record his thanks for the hospitality ten­
dered by those in the 6elt!, particularly to Messrs. J. Souter 
and J. Nourse, of the Mt.JukesProprietary, and Messrs. H , 
Thompson and Vincent Bruscoe, two prospectors under 
Mr. Hartwell Conder, M.A., State Mining Engineer . 
Acknowledgment and thanks must also be made to Mr. E . 
Carus Driffield, . Engineer-in-Charge, Mt. Lyell Railway , 
for va.luable information concerning heights of certa.in 
points on the North Lyell Railway, as also to the officials 
on the North Lyell railway for repeated kindnesses . 



II.- THE HISTORY OF THE FIELD AND 
PREVIOUS LITERATURE. 

The history of the Jukes-Darwin field is closely associ­
ated with t hat of the adjoining field of Mt. Lyell . In 
the year 1881 Conrad Lynch Ia.nded at Farm Cove, at 
the hea.d of a party instructed to prospect for gold . 
Thomas Currie was his first lieutenant. Lynch, with one 
aection of the pa.rty, started northwards from Farm Cove, 
skirted the foothills of Mt. Sorell, aud travelled up the 
Clark Valley, crossing over the Slate Spur into the valley 
of the Garfield, ultimately succeeding in finding gold in 
the Queen River , at a point which bas been named L ynch­
ford, in memory of his name . His subsequent movements 
only concern the discovery of the Mt. Lyell ore-body. Suf­
nee it to say that he was the first prospector to enter t he 
district . The section of the party under Currie travelled 
north-e&Sterly along the southern roothills of Mt. Darwin 
to.wards Frenchman's Cap, but apparently failed to observe 
the outcropping ore·bodies which are so numerous on t he 
southern portion of Da.rwin. 

These t,wo men were apparently the first to enter this 
field , as although there was, many years before, a convict 
settlement on Macquarie Harbour (established in 1822) , 
the dense forest growth and the general inhospitable char. 
aeter of the country was instrumental in preventing a.ny 
exploration by the autborities,* \ 

After the discovery of the Mt. Lyell Mine no prospect­
ing was attempted in the Jukes·Darwin field until the 
great excitement incidental to the birth and youth of the 
former field had somewhat subsided and allowed attention 
to be paid by prospectors to the neighbouring fields. 

The first section taken up on the field was Harris' 
Reward , near the junction of the Newall River with the 
King, which reward was granted for gold. This was fol · 
lowed by the pegging of many sections in the immediate 
neighbourhood of the parent property. 

The main deposits of the fiel d were not located until 
the year 1897. The first registered application for a min · 

• In Ifpite of tht' wild and repelling natuN' of the country, 80mt" of the 
('Onyiet~ pre{f'M"f'tl the I'hanee of death ill It to enduring lift" In the settll'J­
ment, and many l'III'<'alled to the bUlh . tlne of these appart"ntty reached 
the lummit of Mt. l.al'"ln, u il' e'ridt'need. b:v the discoYf'!ry (l ( • \"g · iron 
on "bat ill no" Piudoll'$ tectlon. 
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ing lease on ~lt. Jukes was dated. the 23rd February, 1897. 
and the applicant's name was Richard Camm. The loca.­
tion of the section was 'on the northern slope of Jukes, 
and this, in fact, is one of the sections which now are 
included in the consolidated lease, 6012-M. A few days 
after the original application by R. Camm, the section 
was tra.nsferred to J. P. Lonergan, and, together with the 
adjoining section, was worked as' the '!\It. Jukes Pro­
prietary Copper Mine. 

There immediately followed an excited pegging of sec­
tions over the whole area, 811d this continued for the next 
12 months. The first sections taken up on ):U. Darwin 
were applied for in the latter part of 1897. 

After the firSt excitement , matters calmed down some­
what, and it was only when the North Lyell Company 
built their railway from Kelly Basin to Linda, and erected 
their smelters at Crotty, that renewed activity was dis­
played in exploratory work . 
. In April, 1900, Mr. W. H. Tweh'etrees, Government 
Geologist, visited the field, and his report, entitled 
«Report on the Mineral Districts of Mts. Huxley, Jukes, 
and Darwin," is dated the Government Geologist's Office, 
30th November, 1900. 

The closing down of the smelters at Crotty gave the field 
a distinct set-back, from which it has not yet recovered. 
Immediately fonowing the cessation of smelting opera­
tions at Crotty practical1y all mining work was suspended 
in the Jukes-Darwin field. 

The deposits of alluvial gold on M t. Darwin were dis­
covered by the Hudson Bros. about this time, and the 
working of these deposits has kept a few men occupied at 
intervals up to the present time. 

In September, 1903, Mr. G. A. Waller, then Assistant 
Government Geologist, visited Findon's section on Mt. 
Darwin, and his report, entitled II Report on Findon's 
Copper Section, Mt. Da.rwin," is dated at Zeehan, October 
10, 1903. 

Subsequent to Mr. 'V aller's report the field has been 
almost wholly neglected. A few sections were ta.ken up 
from time to time and small syndicates formed in Queens­
town to work them, but these without exception ended in 
failure, either through the non-existence of the imagined 
ore-body or the inability or unwillingness of the share· 
holders to subscribe sufficient capital to continue opera­
tions. 
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A number of the properties were taken up by the com­
panies operating in the Lyell district, and especially by 
the North Lyell Company, who hoped to thus secure sup­
pliee of ore adjacent to their smelting works. Thorough 
surface prospecting of the field was also brought about 
by the vital necessity which arose in connection with the 
working of the smelters of procuring oxide of iron for 
fluxing purposes. Practically the whole of the fiel d wa.s 
scoured in the search for this desirable material. . 

The North Lyell Company utilised the limestone deposits 
at Darwin for fluxing purposes, and the quarry is situated 
a few chains east of the Darwin township reserve . . 

In more recent years & small syndicate, of which Mr. 
W. H. Taylonr, formerly of the Mt. Lyell Compauy, is 
one of the principals, have persevered in carrying out 
exploratory work on several sections. It is this syndicate 
which now holds the greater number of the occupied sec· 
tiona in this field , and their tenacity of purpose and great 
faith in the potentialities of the field are deserving of the 
fruition of their hopes. 

\ 



lII.- PHYSIOGRAPHY. 

(1)--TOPOGR.O\PHY . 

(a)-The ~Vountains. 

The district is one of extremely high relief , and may be 
briefly described as excessively rugged and. precipitous. 

The west Coast Range in this area consists of three large 
distinct mountain masses, an connected by well-defined 
spurs. The most northerly of these is known as Mt. JUkes, 
which is separated from Mt. Huxley (lying immediately to 
the north) by the deep canyon of the King River. This 
mounta.in mass rises abruptly from the K ing River, which 
here is only 160 feet above sea-level, to a height of 3250 
feet at the Proprietary Peak. From this peak the 
mountain range extends southwarrls for a total distance of 
21 miles, rising to its maximum height at the Main Peak , 
which is 3790 feet above sea-level. From the Main Peak 
southwards this mountain consists of a long narrow plateau 
with several prominent peaks rising from its undulating 
surface, which has an average elevation of 3100 feet. The 
width of this plateau is approximately 50 chains, but 
varies from point to point. 

From the edges of the plateau the surface falls steeply 
away in every direction. The eastern face of the mountain 
is very precipitous, there being generally a practically 
vertical drop from the summit to the more gently sloping 
foothills. The hei~ht of this vertical cliff varies, the most 
striking portion bemg in the neighbourhood of Main Peak, 
where the cliff drops 2000 feet vertically into the valley 
of the Traveller River. Another striking cliff is that at 
the foot of which li .. Upper Lake Jukes. The height of 
this vertical cliff, from the surface of the lake to the sum­
mit of Central Peak, is 600 feet . At other points the 
cliffs are not as high, but ·are nevertheless sufficiently 
marked as to give to the whole eastern face of Mt. Jukes 
the effect of an aJmost unbroken line of cliffs. The places 
at w"hich this line of cliff faces becomes broken or less con­
tinuous are the points where spurs run south-eastwards 
down to the comparatively level count.ry, which has an ele­
vation of 500 feet, and which is traversed by the North 
Lyell railway. 

One of these spurs runs from the South Jukes Peak in 
a south-easterly direction down to the 14--mi1e , but throws 
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PLATE ITI. View of Eastern Face of Mt. Jukes, taken from the Track to Crotty. 
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off branches towards the north·east which, approaching 
closely to the south-eastern termination of the Yellow Knob 
Spur, form a deep gorge through which flows Fish Creek. 
This latter spur, which has beeu named the Yellow Knob 
Spur, rUllS from the Central Peak, in a south-easterly 
direction, to the point where the smelter branch of t he 
North Lyell railway crosses Fish Creek. It is a typical 
razor-back spur, the descent on either side being very 
steep. This spur also throws off a north-eastern branch 
froID near its south-eastern termination, which, by 
approaching the southern termiQation of the East Juke8 
Spur, forms a deep gorge for the passage of the wa.ters 
of the Traveller River. 

From the Proprietary Peak the country descends north­
easterly to the saddle in which lie the Jukes Proprietary 
sections, and which is 1850 feet above sea-level. From 
this saddle, the country rises rapidly to the north-east to 
the East Jukes Peak, which is 2290 feet above sea-level. 
From this peak, the surface slopes precipitously to the 
King River 2130 feet below. A main spur, called the East 
Jukes Spur, runs from the peak in a. genetal south-80uth­
east direction, and comes to a termination at the smelter 
site at Crotty. This spur is much steeper on its eastern 
than on its western face. 

The western side of Mt. Jukes is also very precipitous, 
but not to such a marked degree as the east.ern side . 
"Three spurs slope westwards from the western edge of the 
Jukes Plateau , namely the Crown Spur, Newall Spur, and 
Cliff Spur. The northern face of the former is practically 
vertical j between this and Newall Spur is the deep pre­
cipitous gorge of the Little Newall River, and between the 
latter .pur and Cliff Spur i. the gorge of the Big N ewan 
River. The southern side of Cl itT Spur presents a vertical 
cliff face, that portion immediately west of West Peak 
·actually overhanging. 

From South Jukes Peak, which is 3140 feet above sea­
level, the country slopes down to the Intercolonial Spur, 
which forms a connecting saddle between Mt. Jukes and 
Mt. Darwin. This spur has an elevation of 2050 feet, 
and is about 1 mile long by 8 quarter of a mile wide ; 
the surface is slightly undulating, but viewed from South 
Jukes Peak it presents the appearance of a small narrow 
plateau. 

Mt. Darwin may be regarded as consisting of the two 
units--(I) the main mountain mass or ridge, and (2) the 
·southern plateau . The former in generalised shape is 

• 
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conica.l, the summit being 3340 feet above sea-level. The 
surface of this cone-sha.ped mass is deeply dissected and cor­
roded. The eastern face is very steep, but does not pre­
Bent the line of vertical cliffs which characterises the east­
ern face of Jukes. There are two points, however, where 
the eastern face is almost vertical, the first of which is at 
the head of Tunnel Cirque, which is occupied by a. promin­
ent waterfall j the otber is the head of the East Darwin 
Cirque. 

The northern end of Mt. Darwin consists of two peaks, 
with spurs running from these in a north-westerly direc­
tion. The more northerly of these is known a.s Conglomer­
ate Peak, and the spur as the Conglomerate Spur, which 
runs to the junction of Conglomerate Creek with Tony's 
Creek. The other peak is known as Snake Peak, and the 
spur as Snake Spur, which rune north-westerly to the junc­
tion of Tony's Creek with the Currie River. Both these 
.spurs have steep slopes, and may be called razor-back 
ndgee. 

The eutern face of the mountain is very steep, especi· 
ally the walls of the Garfield Cirque. The approach along 
the slope of the conical mass of Darwin towards the South 
Darwin Plateau is only practicable by traversing the comb 
of the most exceptionally acute-angled ridge known as the 
Razor-back, which separates the deep gorge of the Canyon 
Creek from the eastern elope of Darwin. 

The South Da.rwin Plateau has a general elevation of 
2000 feet above .... -level, and po_ a gently undulating 
surface. The length of this plateau is roughly 2 miles, 
and the width is haIC a mile. From the eastern and west­
ern edges of the platea.u the surface falls rapidly down­
wards. At its southern extremity the plateau rises into 
the South Darwin Peak, which is 2450 feet above sea.­
level. From this point southwards to Kelly Basin the 
country consists of a succession of hilla and deep youthful 
valleys, gradually diminishing in height until Kelly Basin 
Ia reached. 

Mt. Sorell is connected with Mt. Darwin by a narrow 
saddle (the Slate Spur) which l.aves the main m .... of the 
latter mountain immediately west of and below the northern 
end of the Razor-Ba.ck, and, running south~westwards, joins 
Mt. Sorell near the northern termination of the main ridge. 
Mt. Sore)) consist. of & long ridge approximately 2 miles 
long, running in a meridional direction. For this dis­
tance the ridge has an approximately uniform height, the 
highest point, which is 3730 feet high) being not more than 



PLAT!': IV. View of Mt. Darwin. taken from the North·east. 
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one or two hundred feet higher than the lowest POjllt in 
this length. From the southern end of this ridge the land 
slopes steeply down to the 8at country in the neighbour­
hood of PilLinger. From the northern end a long con­
tinuous spur slopes away to the nort.hwards between the 

. two branches of the Garfield River ; another spur runs 
north-westerly towards Mt. Strahan. To the east and 
west this narrow ridge slopes steeply downwards, the slope 
on the eastern side being very steep, while that on the 
western side, while llot quite so steep, yet is decidedly pre­
cipitous. 

(b) The Rivers ami Valhys. 

The #river systems ' of this region are somewhat compli­
cated. There are five main systems of drainage, two of 
which have an outlet into the King Ri-.;er , and thus con­
stitute a part of the larger system of that stream ; two of 
the other three river systems 80w into Macquarie Harbour 
at different points in Kelly Basin, while the fifth flows into 
the Franklin River, which is a tributary of the Gordon. 

Tlie first river system is that of the Traveller, Governor, 
and Baxter Rivers. These streams drain the eastern side 
of Mt. Jukes as far south as the South Jukes Spur and 
the western slopes of the Engineer Range. The Traveller 
River has three main branches which junction, and the 
ma.in stream Bows through a narrow gorge 'on to the Bat 
plain at 'Crotty, and. turning northwards, flows into the 
King River. The Governor River rises in the northern 
portion of the Engineer Range, but the Baxter River rises 
further south in this range. These two streams junction 
about 10 chains east of the point of the debouchure of the 
united streams into the King River. which is situate about 
60 chains eastwards of the point of jnnction of the Travel­
ler and King Rivers. 

The second river system is that of the Newall, Currie, 
and Garfield. The Newall River rises in two main 
branches on the Jukes Plateau, which is completely drained 
by this river. These branches flow through their respective 
deep gorges and junction with the main stream at the foot 
of the western cliffs of Jukes, whence it flows in a. north­
westerly direction to the King River. which it joins about 
20 chains east of the confluence of the latter with the 
Queen River. The Currie River drains the south-western 
end of Jukes, the Interoolonial Spur, and the northern 
portion of Mt. Darwin, occupied by Conglomerate and 
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Snake Spurs. These three main branches junct.ion nea.r 
the north-western end of Snake Spur and the combined 
Irt.ream flows north-westerly from this point. The Gar­
field River drains the western slopes of ~H. Darwin as far 
south as Slat-e Spur. the norlhern portion of ~1t . Sorell, 
and the eastern slope of Mt. Strahan. After the junction 
of these feeders, the Garfield flows in a direction a little 
west of north, until it junctions with the Currie, whence 
it flows in a general north-westerly direction to the Kin'g 
River, which it enters some distance west of the point of 
confluence of the King &D.d Queen Rivers. 

The K ing River itself rises in the Eldon Range and flows 
in a. southerly direction at the base of the eastern slope 
of the West Coast Range, until it reaches the north-eastern 
COTDeT of the region under discussion) where it takes a 
sudden turn to the west. and flowing through the flat 
Crotty Plain a.t the foot of the Thureau Hills. enters the 
tremendous gorge between Mts. Huxley and Jukes. This 
gorge retains its profound depth for about 2 miles. and 
for this distance is a. most striking and impressive-looking 
canyon . The total depth from the summit of the East 
Jukes Peak to the river helow is 2130 feet, and the fall 
from the summit of Huxley is ahout 3000 feet. The dis­
tance between these two pea.ks is It mile, which gives the 
sides of the gorge an average slope of 370. The falJ from 
the Proprietary Peak to the river below is 3090 feet, and 
the horizontal distance is 60 chains, which gives an aver­
age slope of 350, or 1 in I!. 

The third river system is that of the Clark River, which, 
rising on the south side of the Slate Spur. drains the 
eastern side of Mt. Sorel1 and the western fall of South 
Darwin, and flows in a general southerly direction into 
Kelly Basin , a little to the east of the township reserve of 
Pillinger. The portion of this river near Keny Basin has 
been known 88 th~ Fysh River, but &8 explained previously, 
it is necessary to discard this name. 

The fourth system of drainage is the Bird River system, 
which drains the extreme southern enrl of Darwin and the 
eastern fall of South Darwin as far north as a line drawn 
west from the 10-mile. The two main branches of this stream 
unite at the 4t-miIe, and from this point it flows beside 
the ra.ilwa.y-line and almost parallel thereto, untH Kelly 
Basin is reached, which it enten about three-quarters of a 
mile east-south-east of tbe moutb of the Clark River_ 

The fifth drainage system is that of t.he Andrew River, 
which drains the south side of South Jukes Spur, the east-

• 
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ern fall of the Intercolonial i>pur, and the whole of the 
eastern side of Mt. Darwin as far south as the IO-mile. 
The Andrew River flows in an easterly to south-easterly 
direction, and joins the Fra.nklin River , thus reaching 
Macquarie Harbour per medium of the Gordon River. 

The whole of the river valleys of this region present those 
features which are characteristic of topographic youth . 
The river courses for the most part are successions of 
rapids and waterfalls, running in valleys with very steep 
walla, and in many cases constitute pronounced and impres­
sive gorges. On the eastern side of Mt. Darwin, south­
west of the Darwin township reserve, is a prominent water­
fall, formed by the waters of Allan's Creek flowing over 
the vertical cliff which forms the head of the Tunnel 
Cirque. There llre really two wa.terfalls here, the upper 
one not being visible from the township. After heavy rain 
these falls present an impressive sight when viewed from 
the plain below. The valley above the falls is a typical 
Of hanging va.lley," which is a. type quite common in this 
district. (') 

The Clark Valley between Mts. Darwin and Sorell is a 
tremendous depression which deserves special mention. The 
centre of this valley is occupied by the Clark River, which 
follows a somewhat meandering course through it for the 
first 3 miles, after which it plunges into the deep pre­
cipitous gorge which constitutes the southern portion of 
the Clark Valley, It is the northern 3 miles of this val­
ley, however, to which special reference is made here. 
This portion of the valley extends from the foot of the · 
southern slope of Slate Spur to a point about due west of 
South Darwin Peak. e) For this distance (about 3 miles) 
the cross section is in the shape of aU, the western limb 
being higher than the eastern. The top of the eastern 
limb is the general level of the South Darwin plateau, 
which has an elevation of 2000 feet: the western limb ter­
minates in the summit of Mt. Sorell, which is 3730 feet 
above sea-leveL The bottom portion of the U has an ele­
vation of approximately 800 feet, and the generally flat 
country is roughly haH a mile wide ; the distance between 
the tops of the two limbs is l~ miles. The general slope 
of each side is not very far from verticaL This is undoubt-

(I) Sef" p. 18. 
(') 1'his "alley is known amongst those who a~'e com'el'sant with the 

field as the" Golden Vallev " or th~" Sheep Run," because of it~ sheit('I· .. d 
pos.ition from pl't'vailing st'orDl8. 
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edly a typical U -shaped glacial valley (') Other evidences 
of this glaciation are afforded by the a.bundant erratics 
strewn over the floor of the valley. 

The only development of flat country of any extent in 
this region is the area in the neighbourhood of Crotty and 
Smelter Junction. The township site of old Crotty is 
situated on a button-grass plain, which has an elevation 
of, roughly, 500 feet, and through which flow the Baxter 
and Governor Ri~rs. This plain is bounded on the 
north by the King River, which flows at about 20 feet 
below its surface. To the south, near the Crotty station, 
this plain is succeeded by undulating hills, which rise to a 
height of about 700 or 800 feet above sea-level. The old 
North Lyell smelters occupy a site on a flat-surfaced ter­
minal moraine,(4) about 140 feet above·the lower Crotty 
Plain. This Smelter Plain runs southwards to the Smelter 
Junction, whence it continues to the 14-! mile ; its maxi­
mum width is half a mile. The townshrp site of Darwin 
is situated on a small area of flat country having an eleva­
t.ion of 560 feet . 

(e) The Lak ... 

There are two la.kes in this region, both of which are 
situated on the eastern side of Jukes, and are within half 
a. mile of each other. They are both situate high up on 
the mountain side at the foot of the eastern cliff face of 
Mt. Jukes.(') The higher or Upper Lake Jukes is about 
2660 feet above sea-level, and occupies an area of approxi­
mately 8 acres. This lake i8 situated directly below the 
Centra.l Peak, and one can look down from that pinnacle 
into the dark waters of the lake 600 reet below.(') The 
second or Lower La.ke Jukes is situate a.t the foot of the 
cliff b'etween Pyramid Peak and South Jukes Peak. It 
is approximately 2350 feet above sea-level, and occupies 
an area of about 10 a.cres. No data are available as to 
the depth of these lakes, as no measurements have been 
made up to the present.(') 

(') See "Characteristics "f Existing Glaciers," by W. H. Hubln. p. 63. 

(.) See p. 67 . 

(0) Se. p. 8. 
et) A notictlllble fe.turf' of the water'! of these lakf!$ is the deep brown­

ish_black colour whf'D oblf'lrved in any thickness. This is pl'obably due to 
the organic compouod!l deri .. ed from the abundant vegetation. 

(') There exists on the fleld the beJi",f that th~86 lakt>s are practically 
bottomless. This is Abl!lolutely improbable. 

, 
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The la;kes are of glacial origin, occupying, in fact, th~ 
rock basms scooped out by the glacier) which was instru ~ 
mental in developing the Lake Jukes Cirque, of which they 
form a. part. 

(d) The Glacial Cirgun 

The mountain ranges of this field have all been subjected 
to glaciation, and some of _their distinctive features have 
been developed by the effect of this geological agent. Chief 
among these topographical features, due to the action of 
glaciers, are the notable amphitheatres or cirques which 
have been exca.vated in the mountain masses. 

The meaning of this term " cirque" is explained in the 
following passage by R. D. Salisbury (') :-" There is 
often a. steep descent of a mountain glacier near its head. 
This steep slope, and especially its lower part, is the site 
of great erosion, which carries the head 01 the valley back 
farther and farther into the mountain , and at the same 
time gives it steep slopes at sides and head. The big, 
blunt, steep~sided heads of valleys dey eloped by th~ erosion 
of valley glaciers are known as cirq Itt'S. " 

W. B. Scott e) explains this topographical feature as 
follows :-" Glaciers flowing from high mountains ba.d 
usually large amphitheatres or 'cirques,' caused by th e 
lateral plucking of the rocky walls by the fields of ice and 
snow. Each cirque slowly retreats upward, thus often 
reducing the divides between them to extremely sharp 
I knife-edges.' " 

There are seven of these cirques on this field, each of 
which forms a prominent feature of the topography. On 
the east side of Mt. Jukes there are two--the Main Jukes 
Cirque and the Lake Jukes Cirque. The former is 
included between the southern slope from the Proprietary 
Peak and the East Jukes Spur on the north, and the 
Yellow Knob Spur on the south, its western or head­
wall being the main cliff of Jukes beneath the Main 
Jukes Peak, which,. as mentioned above, is 2000 feet in 
vertical height. It is reaHy composite, and thus consists 
of two cit'ques of lesser magnitude. Thes-e are 
respectively situated at the northern and southern ends 
of the main cirque, and are now the deep steep-sided 

(') "PhYlSiugraphy ," by R. D. 8alillbury, p. 248. For a cOIt'plete dis· 
cUlIsion of" l'irqnes," the reader is referred to "Characteristics of Existing 
Glaciers," by W. H. Hobbs (Macllul1an & Co. ). 

(')" An introdnction to Gpology," by 'If. B. ::;:cott, p. 164. 
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heads of the gorges of the middle and soufh branches of 
the Traveller River respectively. 

The Lake Jukes Cirque is situated in the depression 
between the Yellow Knob Spur on the north, and the 
South Jukes Spur on the south, thf' western or head wall 
being the steep eastern cliff face of the mountain. This 
again consists of two subsidiary cirques, one of which is 
that portion occupied by Upper Lake Jukes, and the other 
by Lower Lake Jukes. These lakes occupy depressions in 
in the Hoar of the cirque which have been scooped out by 
the action of the glacier. 

The third is much smaller in size, and is situated at the 
head of the gorge of Allan 's Creek. The waterfall 
descri'ged above flows over its head. It is shown on the 
charts accompanying this bulletin as the Tunnel Cirque. 

The next cirque, travelling southwards along the eastern 
face of the range, is the East Darwin Cirque, which occn · 
pies the heads of the gorges of the two branches of 11· 
Mile Creek. This cirque forms a striking feature of the 
eastern face of Mt. Darwin, the main outline being semi · 
circular and the walls practically vertical. 

The South Darwin Cirque is situated to the south of this 
latter cirque, between the steep slope southwards from 
the aummit of Darwin and the Razor-back Spur. It has 
the appearance of a deep gash in the side of the mountain , 
and actual1y represents the youthful stage of the develop. 
ment of a cirque. 

The Clark Cirque is at the head of the main branch of 
the Clark River , the head being situated to the west of 
the head of the South Darwin Cirque. The heads of these 
two cirques approach to within a few yards of each other, 
and the top of the Razorback forms the divide between 
them. 

The seventh cirq ue forms the head of the eastern branch 
of the Garfield River, and is roughly semi-circular , and 
forms a prominent feature of the western side of Mt. 
Darwin. 

It will be at once apparent to the reader that it is within 
these cirques that the prominent cliff faces occur. As a 
ma.tter of fact the formation of these cliff faces has been 
the direct result of the cirque-cutting action of the glacier : 
the recession of the cliff wall iuto the mountain mass being 
an accompaniment of their development and recession . 
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These give interesting illustrations of the different stages 
in the life~history of cirques. The general process of 
their development is indicated by the following passage by 
W. H. Hobbo('O):-

" In this stage (the youthful stage) the cirque will be 
but little, if any J wider than the deepened and widened 
valley below. Later, with the continuation of the sapping 
process, the cirque becomes enlarged to such an extent that 
its sides form recesses in the walls of the valley. Thus, 
in the plan, the glacial valley of this stage bears some 
resemblance to that of a nail with a large rounded head . 
As the upland is still further dissected,. the cirque becomes 
more irregular in outline, and widens into a roughly ellip­
tical form, not infrequently allowing it to be seen that it 
is in reality composite or made up of several cirques of 
a. lower order of magnitude." 

The South Darwin and Clark Cirques are both examples 
'of an early stage of development j the East Darwin and 
Garfield Cirques ha.ve advanced a stage further, and ma.y 
he likened as above to 8 nail with a large rounded head . 
The Main Jukes and the Lake Jukes Cirques are both of 
mature age, and, as explained above, are in reality com~ 
posite in character. 

(e) The Evolution ot the Topography. 

As will be seen subsequently in this bulletill, (lt), the 
conclusion is arrived at that this region occupies part of 
a former central high~level plateau, the drainage from 
which, flowing westwards, fed the ~tream or streams, the 
base~levelling of which developed the generally level plain 
of degradation known as the Henty Peneplain. By a sub~ 
sequent uplift of the whole region the st reams of this pene~ 
plain became rejuvel1ated, and have carved deep steep­
sided gorges; while the central upland region has entered 
upon a period of renewed erosional activity, following 
upon, and in continuation of, that great cycle of erosion 
which, in its previous stage, was able to make only very 
small progress towards the establishment of a base­
leve1.(") 

(WO) Oittd p,·l't)iU1Uly, p. 29. 

(1I) See p. 26. 

(It) The time necessary tor thil development of a bll8e·level throughout 
a dram.~f' basin is known as • cycle of eroNfI. 
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The present stage of this prolonged cycle of erosion has 
only advanced far enougb to produce the appearance of 
high reHer and extreme youth, which characterises the­
topography of the Jukes-Darwin field . This present topo­
graphy is certainly the result of the atmospheric and 
aqueous agencies of erosion accompanied and accentuated 
by the &ction of an epoch of glaciation. 

The evidences of this glaciation are frequent throughout. 
the Seld. The cirques described above--tbe presence of 
terminal moraines and large erratics in the Crotty and 
Smelter Plains and Cl.rk V.lIey, the well-defined l.teral 
moraines in the Mil-in Jukes Cirque, the hanging valleys 
and mountain ta.rns and the rounded rock-masses or 
" roches moutonnes II at Lake J ukes---all these are unmis­
takable indicators of tbe former presence of mountain 
glaciers. Nowhere, however, .could the writer observe 
undoubted examples of ice-grooving or scratching. The 
absence of thiS' general accom paniment of glaciation is 
explained, in the first place, by the ullsuitability of the 
conglomen.te for the registration of these scratches, 
and, in the second place, to the fact that those 
rocks (felsites, &c.), which were liable to receive ~cratche8. 
are subje.ct to rapid weathering, which would be quite 
sufficient to eradicate any grooves that had been fonned. 

The whole of the evidence gathered during the survey 
of this field goes conclusively to show that this glaciation 
was in the form of mountain glaciers, and not of the 
type known as continental. These mountain glaciers were 
generally most probably of the horseshoe type,(13), and 
flowed from the mounta.ins into the valleys below. In the 
case of the Clark Valley they seem to have coalesced and 
flowed down the valley for some distance, thereby excavat­
ing its present U-shaped outline. On the eastern side of 
Jukes and Darwin, however, the " horseshoe glaciers " 
appear to have reached the piedmont plain, and there 
deposited their lodes of morainal matter: the melting seems 
to have taken place as soon 88 the pJain was reached. 

The evidences of glaciation do not extend to sea-level. 
Su.ch evidence terminates in the Clark Valley at 700 feet 
above sea-level , while on the eastern side of the mountain 
range the lowest point at which glacial action has left its. 
imprint is 420 feet .bove the ..... 

There is one smaH portion of the area which has appar­
ently been reduced to base-level. This is the Crotty Plain, 
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:situated in the north·eastern corner of the field. The 
streams which Bow through this plain are sluggish, and 
p088888 all the characteristics of mature rivers. The King 
River itself is about 20 feet below the level of this plain. 
This base-level is purely a temporary one, and has been 
caused by the check to the corrosion of the King River 
Valley, which has been brought about by the passage of 
that river over the extremely hard band of conglomerate 
which extends from the top of Mt. Huxley to the present 
bed of the river in the canyon between that mountain and 
Mt. Jukes. On the western side of this mountain range 
the outlet has been towards the sea, and conseCJuently the 
effect of the progress of the erosion is shown chiefly in the 
deepening of the valleys, which has taken place at such 
a rate as to markedly exceed the process of widening. On 
the eastern side of the King River canyon, however, the 
rate of deepening of the river valley is dependent 011 the 
rate at which the hard rock bar at the head of this can­
yon is cut down. ' This has been a slow process compared 
with the erosion of the relatively softer rocks (sandstones , 
slate, &c.) which lie to the. eastwards. The resultant effect 
of this has been that the King River, east of the moun­
tain range, has had its va.lley made broad. in relation to 
its depth to such an extent as to present the characteris­
tics of a mature valley. The pro.cesses which are instru­
mental in base-levelling any region have had sufficient 
time and opportunity to bring this valley int.o a state of 
maturity, while the river itself has been carving its deep 
-ca nyon through a belt of hanl resistant rock. 

(2)-THE RELATTOS OF TOPOGR ... PHY TO GEOLOGY. 

The general topographic features having been brought 
about by the action of the agents of denudation, the char­
acter of the rock types will determine, to some consider­
able extent, the development of topographic forms, while 
the geological structure will only have an effect on the 
development ot details. This statement must, however, be 
ta.ken as applicable strictly only to the particul ar stage of 
the cycle of erosion whi eh is at present in operation , for. 
as will be seen later,(14) the geologica] structure has been 
instrumental in predetermining the existence of thi~ 
mountain range. 

----



In general, it may be stated that t he more resistant con­
glomerate, quartzites, and porphyroids occupy the higher 
portions of the region, while the softer rocks, such as the 
Silurian sandstones, slates, and limestones, constitute the 
country of less high relief, but neverthelese deeply dis­
sected, which bounds the mountain range on the east and 
west. 

Coming to the investigation of details, we observe that 
the greater part of Mt. Jukes is covered with conglomer­
ate, 8S also is the whole of the long ridge of Sorell, wherea.s 
Mt. Darwin is wholly composed of members of the porpby­
roid series, with a very small development of conglomerate 
on the peaks which occur on either end of the mountain~ 
The reddish colour which characterises the weathered sur­
face of tbe felsite on Mt. Da~in is the most striking 
feature of that mountain when viewed from a distance, as, 
compared with the uniformly white capping of Soren and 
the variegated 8Spe;ct of JUkes.(I6) All the most promin­
ent spurs of Mt. Jukes are capped by conglomerate as well 
as all the prominent peaks, but this is not solely the result 
of tbe greater resistance of the rock in these neighbour­
hoods, 88 the whole of these mountains was undoubtedly 
at one time completely covered with this conglomerate 
series, Bnd these residual patches are simply the pinnacles 
and comb-like ridges, developed by the" fretting" of an 
original upland surface ; this fretting having, within the 
area. of the cirques, &c., taken place to wch an extent 88 

to remove the overlying conglomerate, and also to some 
extent the unde~lying porphyroids.(") 

The different members of the porphyroid series affect 
the development of topographic details to some extent. 
The softer schistose varieties, being more subject to the 
denudationa,l agencies. are eroded comparatively quickly , 
1eaving the more resistant felsite standing in relatively 
high relief. The granite, which is developed on South 
Darwin Plateau , is a. rock which is disintegrated at a much 
faster rate than the surrounding fel site, and the existence 
of this generally level upland surface is due to this com­
paratively speedy denudation. This is very .clea.rly 

(,') Thi_ rt'fl colour wall in8frullwlltal in !,riving 10 Mt. Dllrwln it s original 
nStme "The Rt>d MOllntain ." 

(- , W. D. JohnilOn, in "Maturity in Alpine Glacial Erosion:' J()fI-rll. 
Geol., Vol. 12, 1904, likened this ·' fretted upland" due to cirque rf'Cfl88ion, 
"to the irreJ[ular remanll! of R sheet of dou~h un the tljQcnit board after 
)hf' bi!leuit tin had done its w(lrk." 
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brought iuto evidence by the included elongated mass of 
felsite within the granite itself. The superior resistant 
character of this inclusion has been instrumental in caus~ 
iug the development of the long na.rrow ridge which rUnS 

in a meridional direction for practical1y the whole length 
of the granite plateau. Its width is about 2 chains, and 
it is wholly composed of the felsiti<; variety of the porphy4 
roids. This ridge forms a notable feature of the plateau. 

The occurr~nce of mineral deposits in the porphyroids 
has affected the topography in only small details. The 
only noteworthy effect is that of the masses of red hema­
tite in the felsite at Sections 5241-93 .. , 3868· .. , and 4414-
9311. The markedly resistant. character of tlie red hema­
tite has been instrumental in developing the serrated crags 
which are prl>minent characteristics of these localities. 
The ore-body at the Jukes Proprietary is seen at the sur­
face as a well-defined ridge with a conspicllously red sur­
face, caused by the weathering of the pyrite into limonite. 

In considering the deeply dissected regions to the east 
and west of the mountain masses, we are at once struck 
by the remarkable regularity with which the limestone is. 
seen at low levels (either outcropping in the alluvial flats 
or in the beds of the streams) as compared with the occu­
pancy of the more elevated portions, by sandstones or 
slates. This fact has been repeatedly remarked in western 
Tasmania, and has always been to some extent a very 
puzzling feature. All the occurrences in this region, how­
ever, are capable of explanation by the readiness with 
which limestone yields to the action of the agents of ero­
Bion, as compared with the rate of erosion of sandstone, 
taken in conjunction with the geological structure in the 
form of anticlines and synclines. In the northern portion 
of the eastern section of this region, the limestone invari­
ably occurs in the beds of the streams or outcropping 
in the fiats. In the southern portioD, however, where the 
limestone forms the predominating rock type, the limestone 
actually constitutes hills of high relief. It i. noticeable, 
nevertheless, that wherever the beds of limestone are of the 
purer variety their outcrops occur in fiat country. It is 
the impure siliceous or argillaceous limestones which con­
stitute the higher land. We see in this, therefore, the 
direct result of the unequal resistance to erosion of the 
rock types. 

It will be .. en subsequently in this bulletin that the 
limestone forms a lower horizon in the Silurian system than 
t.he sandstones, and that these beds have been thrown into 



22 

a series of anticlinal a.nd synclinal folds. Along the aX63 

-of the synclines, the lilllElstone is protected by the over ~ 
lying sandstone. In the neighhourhood of the anticlines, 
however, the limestone bas heen quickly exposed by the 
removal, by erosion, of the anticlinal crest of sandstone.( 11) 
Erosion has subsequently proceeded in this limestone at 
such a rapid rate as to bring the surface at these points 
to a baae-level, and the sandstone has been left as bills 
&Dd ridges. Consequently any outcrops of limestone must 
neceaaarily occupy a position in the low-lying portion of 
the surface. This applies to the northern half of the east 
ern division of the area, but in the southern half the 
erosion has taken place to 8uch an extent as to everywhere 
cut through the upper sandstones into the underlying lime­
atone series, and the effe,ct deacribed above t>f the variation 
of the extent of erosion according to the purity of the 
limestone is apparent. 

The generally Oat surface of the Crotty and Smelter 
Plains, as well as the Bat at Darwin, are covpred for the 
most part by glacial or glacio-fluviatile deposits of recent 
date. 

The structural geological features have influenced the 
topography in some particulars. The East Jukes Spur 
owes its sharp outlines to the band of conglomerate which 
in that locality strikes in the direction of the ridge and 
dips at a high angle of ahout BOO to the south-west. This 
hard conglomerate, practically standing on end, has to 
some extent determined the existence of this ridge. This 
same band of conglomerate, with the same dip and strike, 
runs along nearly the whole of the east,ern side of the 
mountains, and is repeatedly responsible for the develop­
ment of pronounced ridges, '.9., the lO-Mile Hill, &c. 

The whole area is cut by many faults, and these have 
bad some influence on the development of the details of 
the topography. The Central Jukes Fault has thrown up 
the hard white conglomerate beds to the level of the upper 
and softer beds, and as a consequence the white conglomer­
ate stands out as a conspicuous ridge on the Jukes 
Plateau. Other faults have also been responsible for the 
position of this hard. white conglolllerate on the top of 
the mountain, a.nd whenever thiS' happens. the result is the 
development of prominent white knobs or crags. 

--"-----
( 11) This principiI" of the Jltolleuee · IIf lhe ("1· .. Sl8 of the anticline.:; to be 

flroo··rlmOI't' qllkkh' Iluln th .. ".nlf'linpllo j .. A \Veil ""'ahlish",'1 "ne. Ml·d is 
ditlcu .... &1 ill the f'lllUWjll~ ",,,,·kll. ht/,·r "li(1: « Of>ol .... W"y." by r hamh6rlin 
and ~ali!lhll'-'. 1'". Iflrl;-I61, "An Tntl 'lKiurtion 10 (; .... 101(."." h." \\'. 8 . 
&:Oft, PI', 4;"1!-4 -,7. 



( 3)- TBE RELATION OF THE TOPOGRAPHY TO THAT OF 

ADJACENT REGIONS. 

The present state of our knowledge with regard to the 
topography of the country north and east of this region is 
somewhat meagre. The country to the west a.nd north· 
west, however, is better known, and general conclusions. 
regarding the topography of that port,ion of the country 
have been arrived at. The cou~try to the Bouth, south· 
west, and south.east, is almost totally unknown. 

It is important to correlate as far as is possible the topo. 
graphical details of this field with those of the areas which 
surround it, and any general deductions as to the evolu· 
tion of this topography should be made with due regard 
to fa.cts already established in regard to these adjacent 
regions. Accordingly, an attempt is here made to decide 
whether the general facts deduced for this field harmonise 
with those made for neighbouring districts. 

L. K. Ward (U) and Prof. J. W. Gregory (") have both 
recognised the existence of an· extenslve peneplain, which 
extends from the weatern foot of the West Coast Range 
to the coast· line. This peneplain has been called the 
H~nty peneplain by Gregory and the Little llenty pene­
plain by Ward, the latter being the northern continuation 
of the former. The mountain masses of Zeehan, Agnew, 
and Heemskirk represent resldual If monadnocks, lJ which 
rise above the general level of this rlain. A magnificent 
view of this peneplain can, be obtained from the summit 
of Mt. Jukes or Mt. Sorell, preferably the latter. From 
this point, the general level of the plain can be seen 
extending from the foot of the range westwards, north· 
wards, and southwards: the southern portion extending 
south of Ma.cquarie Harbour to beyond Point Hibbs, 
and apparently W the foot of the .Tunction Range. 
The general elevation of this peneplain is given as approxi. 
mately 700 feet. The western part of the area in.cluded 
in this bulletin em braces the extreme eastern portion of 
the peneplain, and it is this portion which is mentioned 
above as being composed of the series of sandstones, slates, 
and limestones, and being consequently more eroded than 
the mountain range. 

(18) See Gool. S.1rv. Tas. Hull, No.8. pp.l1-12. 

( Ie) See "8flme Ff''1tllJ"el! in the Geography of ;\'orth·W,..tern Tumnnia." 
Proc. Hoy. ~Of"., Vic., 1903, pp. 177, rl uq. 
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Mr. L. K. Ward (") has correlated this Henty pene· 
plain ~ith the peoeplaned surfaces at North Dundas, in 
the neighbourhood of Parson's Hood. and at Balfour, and 
has come to the conclusion that they constitute one physio­
graphical unit. Mr. L. L. Waterhou .. (") has recognised 
the sa.me peneplain in the Stanley River district near Par­
BOD'S Hood, and from his observations confirms 'Vard '. 
correlation as regards the nortbern portion. 

The development of such an extensive peneplaned SUl'­

face must ha.ve taken place during a prolonged period of 
relative stability of . land aud sea. The master streams 
Bowed westwards from higher land situated to the east. 
It is the western portion of this central highland or 
plateau that claims our attention as supplying the 
parental mass of the present West Coast Range . 

It is quite appa.rent that the uplift, whi ch has rejuven· 
ated the streams of the coastal peneplain and caused its 
dissection, has had no effect on the general outline of the 
western slope of the West Coast Range, [or this generaJ 
outline must have existed at the close of the period during 
which the procese of peneplanation was in progress, the 
details of the present surface, of course, having been 
determined by the amount of the erosion si~ce that uplift. 
This western steeply-sloping face of t he mounta-in mass. is 
continued northwards along the whole of the length of t he 
range. 

This range, which has a general meridional trend, can· 
sists of an almost unbroken series o[ mountain peaks, 
joined by relatively lower spurs. These undoubtedly can· 
stitute one pbysiographical unit, the causes which were 
instrumental in forming that part of the range, which is 
in.cluded in this field, being precisely the same as those 
which determined the contour and existence of the remain­
ing portion. The depression which separates ?tits. Jukes 
and Darwin from the western outliers of the central 
plateau is continued northwards along the whole eastern 
side of the West Coast Range . That portion of the v&l -
1ey south of Mt. Sedgwick is occupied by the King River, 
and may be regarded as having been caused by the ero­
sional activity of this stream, which for the whole of this 
length bas reached a rna.ture stage.(22) 

('D) See Oeol. Flun. Tu. Bull. No. 10. pp 14-1 5. 

(II) See Gool. Surv. TaB. Bull No. 16. 

(11) See L. K. Ward '!! report on tbe O ... edaori Track in I< R'"port of 
Se<-retary for Mint's," 1007-8. p. 34. 



This, therefore, corresponds with the mature develop­
ment of that river at Crotty. The northern portion of the 
dividing depression is the valley of the Murchison River, 
which has excavated a path across the mountain range in 
a similar manner to the King. 

When we consider the course of the King River from 
its northern portion to the point where it enters its deep 
canyon between Huxley and Jukes, we are at once struck­
by the remarkable fact that the river, tlowing through an 
alluvial fiat, suddenly takes a turn at a right angle while 
still running in its flood plain, and then flows through a 
tremendous gorge. The ordinary explanation by laymen, 
in cases of this kind, is that the gorge is really the site 
of an enormous open fracture. In this case, however, 
there is no evidence whatsoever of any fracture where the 
gorge now exists, and this explanation is certainly not 
applicable here. In the writer'S' opinion, the whole effect 
is due to the action of erosion. The King River orgin­
ally occupied its present course, but at a much higher 
level; this level being as high as, and most probably some­
what higher, than the present summit of the West Coast 
Range. Its present course across the mountain range was 
then determined as au ordinary feature with no accom­
'panying gorge. At this period the central plateau of 
Tasmania was practically continuous with the West Coast 
Range, which did not then exist as a separate mountain 
range. By the erosional activity of the King River, the 
present vaHey and canyon have been developed, the stream 
persisting in retaining its course even in spite of the uplift 
which succeeded the formation of the Henty peneplain. 
The King River is in fact an Hantecedent stream."(23) 

By the excavation of this main valley of the King, the­
West Coast Range was sepa.rated from its parent mass, the 
Central Plateau; and it may be regarded as the western 
outlier of this central mountain region of Tasmania.(24.) 

Tbe evidences of glaciation, establi~bed in this field, cor­
respond with observations made in the other portions of 
the West Coast Range. This question of glacia.tion in 
Tasmania has been weighed a.nd discussed by Prof. J. W. 
Gregory, D.Sc., who quotes the opinions and observations­
of all writers on the subject up to 1904. No discussion 
can be attempted here on the general question as to the 

(-) Set! lwlow p. 67. 

(It) "The Glacial G601. of Tas .. " hy .1. W. (h~())'y (Quar-t . JOUMl ~ 
Gf"ol Soc., pp. 87-f"'. 
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~xtent, &c., of these glaciers, but from the writer 's 
observa.tions in the Jukes-Darwin fi eld, and in the Linda 
Valley J he is of the opinion that tht'rf> is nothing to cOo­
tradict the &88ertion that these glaciers were ("j Mountain 
Glaciers," and that .. Continenlal Glaciers" played no 
part in the phenomena. Consequently there was not a 
glacial epoch in Tasmania, but mpreiy a glacier stage. 

(4)-THE RELATION OF TOPOGRAPHY TO MINING. 

(n) Transportafion Fucili fin. 

The Jukes-Darwin mining field may be reached by two 
main routes , both of which involve the utilisation of the 
North Lyell railway. 

The port of Str&han (Regatta Point), aituate on Mac· 
quarie Harbour, is in communi cation by rail with the 
Tasmanian railway system, and can he reached by boats 
of a maximum draught of 13 fe{'t. 

The first route from Strahan is I'ia Queenstown, which 
is reached by means of the Mt. Lyell railway, 22 miles 
in length. From Queenstown it is necessary to travel by 
road to Linda, which is on the other side of the mountain 
range. This road is about 4 miles in length, and passes 
over the Gormanston Gap, which is a low saddle connect­
ing Mts. Owen and Lyel1. The grade is good, considering 
the rugged country passed over, but to obtain this grade 
the route has had to be made somewhat tortuous. From 
Linda the North Lyell railway is available at present on 
two d&ys per week. This railway is 28 miles long, and fol­
lows the valley of the King River 8S far as the point where 
the latter turns westwards. From this point the raiJway 
continues in a general southerly direction to Kelly Buin . 

The oeoond route by which this field can be reached from 
Strahan is by means of boat, via Kelly Basin, where exten­
sive wharf facilities exist. From this point the North 
Lyell railway is available . 

From this railway the approach to the mining properties 
may be made by steep mountain tracks. There are three 
main points on the line whence these tracks start. These 
are Crotty (1 7 miles from Kelly Basin) , Darwin (l3 miles), 
and the 10-Mite (10 miles). 

From Crotty there is a track cut to the Mt. J t1 kes Pro­
prietary Mine. This track is 3i miles in length. measured 
from the Crotty station. The first mile to the Crotty 
smelters only rises 160 feet, but for the remaining 2 ~ 

, 
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miles the ri3e is 1200 feet, or an average grade of 1 in II. 
This track is well graded, the steepest portion being not 
far from the above grade, but at present it is ill a some­
what rough state owing to the action of the Taimr in wash­
ing away the lighter material and leaving the track covered 
with boulders up to a foot in diameter. In Lhese places. 
the walking is difficult. Tt badly wants att.ention. There 
is a.nother track starting from Crotty. This leads to Lake 
Jukes. This track also was well cut in the first instance, 
but has been allowed to become overgrown and washed out 
in several places. This track is about 21 miles in length 
from the Smelters, and the rise in this distance is 1630 
feet. The average grade is 1 in 9. 

From Darwin station a track has been cut up the steep 
eastern face of the mountain for a total rlistallce of 2t 
miles, the average grade being 1 in 8!. This track is irr 
good order. It gives communication with the Darwin Pro­
prietary and surrounding sections. 

All three of these tracks were cut to a maximum width of 
6 feet, and are designed for the use of pack-borses. They 
are the main lines of access to the mining properties, but 
other tracks have been more or less completely cut out to 
other mining sections from these as starting points. Some 
of these latter have been cleared sufficiently to allow a 
man to carry a pack without undue hindrance. These 
tracks are marked on the maps as foot-tracks. Others 
aTe merely blazed tracks, and 1hese are suitable only for 
travelling without a low. 

From the lO-Mile a track leads to tbe South Darwin 
plateau, and thence to the Clark Valley. ThiS' is a nar­
row foot-track, and rises 500 feet in the first 20 chains, 
corresponding to a slope of 1 in 2~. This pinch is known 
as the lO-Mil. Hill. 

Besides the two main approaches to the field mentioned 
above, there is another route availablp from the Mt. Lyell 
railway. This route starts at J ... ynchford. and after cross­
ing the King River near its point of confluence with the 
Newall, climbs in a zig-zag fashion up the northern end 
of Jukes. This is a. 6-feet track, and was originally well 
cut and of good grade (1 in 12). but has been allowed to 
get into bad order. until at pre~ent it is un~afe to take a 
horse over it. It could, however, be very easily put in 
good order. 

It wi11 be seen. therefore, tha.t tbe nnal approach to the 
mining properties, after leaving the railway, is attended 
by those diffi culties which are insepara.ble from such a 
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mountainous country as this. This field is , however. one 
to which the system of transportation by means of aerial 
ropeways is especially applicable, and in no cases 8re great 
difficulties presented as regards the erection and working 
'Of these aerial rapeways. These will convey the products 
from the mines t(o the valley ·below. Once the mines have 
Teached the productive stage, this conveyance by aerial 
rapeway will undoubtedly be the means by which the 
main part of the transportation between the mines and 
the Bat country below will be effected. 

Such disabilities in the way of communication are 
directly the result of the topoira.phical features, and the 
present inactivity on the field IS to some extent the result 
'Of this resultant great expense of transportation. 

(b) Pro'fleeting and E ",ploitation . 

Since the ore-deposits have had no marked effect on the 
topography of this region, there has been no material aid 
to prospecting from this sonrce . The special prominence 
of the red hematite crags at the Crown Jukes, «C., caused. 
attention to be paid to these occurrences, which was ulti ­
mately proved to be unwarranted. The brown-coloured 
ridge which represents the outcrop of t.he mineralised zone 
at the Jukes Proprietary, eke., has been certa inly instru­
mental in drawing attention thereto. 

The deeply dissected and rugged nature of the surface 
has undoubtedly been instrumental in making the field 
one which is ideally suited for mining by the adit system. 
In the case of no deposit observed up to the present time 
will there be any necessity for sinking shaft.&-at any ra.te , 
until the development of the mine is well advanced. • 

( 5)- RAINFALL AND WATER-SUPPLY . 

The rainfall in the Jukes-Darwin field is undoubtedly 
very heavy, but as no meteorological station exists thereon , 
no accurate statement can be mane as to the precise 
amount of water that annually is precipitated. The near­
.. t recording station is at Kelly Basi.n (Pillinger) , but the 
rainfall at that place is much lowe-r than that in the 
mountain region, as there is frequently a heavy fall of 
raln on the mountains while it is quite fine at sea-level. 
The whole of the West Coast mountain region is character­
ised by a remarkably high annuAl rainfall. and the best 
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means of gamlDg any idea of the amount of water that 
falls on this particular area is by comparison with the 
observed data at Mt. Lvell. The amount of rainfall 
varies with the height of the station on the range, the 
higher the station the greater being the ra.infall. This is 
illustrated by the fact, shown in the following table, that 
the rainfall at Mt. Lyell is much heavier than that at 
Queenstown ; and also by the observations of the writer 
while in the field that it is often raining heavily near the 
summit of the mountains. while it is quite fine half-way 
down the mountain side. 

The following table gives the amount of the rai,Dfal! for 
the last five years at Pillinger, Queenstown, and Mt. Lvell. 

TI .. RainfaU from ht October to 30th September 
(ift. jftche& j. 

1901-8. l~IJ. 1909 .. 10. 1910-11. 1911 -12. 

Pillinger 69'44 8;'4; 72-51 7:1,"23 
QueenQtown 100'10 88'48 103 '70 90'9 99'78 
MI. Lyell 110'24 121'66 105'06 110'94 

August, September, and October are generally the wet­
test months, but there is no general rule in this regard, 
the distribution of the rainfall being very variable. 

Snow falls during the winter months, and the region in 
th&t season is decidedly a cold one. Strong winds and 
violent storm8 from the south, varying to the north-west, 
also make the conditions of living on the exposed moun­
tain ranges somewhat unpleasant. 

The region being oue of extremely high relief, there is 
a quick return of the water to the sea. The result is a 
scarcity of wa.ter on the higher parts of the ridges even 
a.fter a few days' fine weather. In fact , a few weeks" fine 
weather brings about a wonderful diminution of the 
amount of water flowing in all the streams, while a heavy 
fall of rain converts them into raging t,orrents. 

Such being the general character of t,he drainage, no 
reliance could be placed on the water-supply for generat­
ing power. There are only two localities at which natural 
facilities- exist for the storage of water to any extent. 
These are the Lower Lake Jukes and the valley above 
the East Darwin waterfall. A t the former locality the 
building of a dam across the steep-sided gorge, which con­
stitutes the only outlet of the lnke, would enable a con­
siderable amount of water to he stored, In fact some 
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BIDal1 attempt at controlling the waters of t.his lake was 
made by the North Lyell Company in connection with the 
supplying of their smelters with water, but this could be 
vastly improved upon. By the building of a dam across 
the valley at the top of the East Darwin waterfall some 
collffiderable quantity of water could a]89 be stored, if 
d"esired. at a point 1340 feet above the plain directly below. 

The old North Lyell Company, in connection with the 
working of the smelters at Crotty, built several aams and 
races, including one of considerable size in the Traveller 
River. The water thus obtained was utilised for general 
purposes at the smelters and concentrating plant. 

The Lake Jukes Company utilised the water from the 
Upper Lake Jukes in generating power to drive a five­
head battery, and the quantity was quite sufficient for 
that purpose. • 

The water-supply has also been availed of in the work­
ing of the alluvial gold deposits, and h .. heen found to 
be sufficient for these requirements. 

The opinion is expressed in the concluding chapter of 
this bulletin that it is possible for this field to repay any 
outlay, only by being worked on a Ia.rge scale, and in a 
comprehensive manner, and it is therefore evident tha.t it 
i£ impossible to generate sufficient power for these works 
hy the utilisation of the water-supply of the field. There 
will, however, be ample for all general purposes of mining 
and concentrating, as well as for the development of power 
on a moderate scale. 

(6) VEGETATION AND TUI'BER. 

Originally, the whole a.rea was covered with dense forest 
with the exception, of course, of the highest mountain 
crags. This dense vegetation has been to some consider­
able extent removed by bush fires, &c., but in some cases 
the time which has ela.psed since the fire, has been suffi­
cient to a.llow a fresh m&86 of tangled scrub to cover the 
Burface. 

The character of this forest growth is similar to that 
occurring elsewhere on the West Coast, and notable for its 
impenetrability. The commonest trees are the myrtle, King 
Wi1liam pine, Huon or white pine, celery-top pine, gum, 
manuka, blackwood, lea.ther-wood, fagus (the only native 
deciduouB tree in Tasma.nia), and waratah. With these 
grows the well-known horizontal scrub. which, together 
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with the smaller trees and scrubs (e.g., bauers and numer­
-QUI ferns and climbing plants) forme a tangled mass, to 
traverse which it is necessary to cut out a path with the 
aid of the axe. 

The best timbers are the Huon or white pine, King W il­
liam pine, gum, blackwood, celery-top, and myrtle, whilst 
manuka makes the best firewood. The exposed parts of 
the hills and ridges, north of the South Darwin Peak, 
have been practically denuded of their timber, but some 
good mining timber still remains in the gullies and gorges . 
In the southern part of the tiel,d, however, there is every­
where an abundance of good mining timber and firewood. 

The timber industry wu responsible for the fi1'$ settle­
ment of this region by man. In the early days H piners " 
cut tracks in many directions. Some of these still can be 
followed in places. Thus, a track was cut from Farm 
Cove, which traverSed the Clark Valley to the south end 
of Darwin , up the western slope of which it rose, crossed 
the South Darwin Plateau, a.nd then descended to the 
'south branch of the Andrew River, where considerable 
quantities of Huon pine were obtained. ~imilarly in 
other parts of the field as in the Clark Valley, King River 
Valley, &c., the timber industry has been an important 
factor in the general history of the region. 

The higher parts of the mountain ranges are .covered 
with mosses and stunted varieties of Huon and King \Vi l­
liam pine, &C. 

The surface is generaHy covered with a thick 18 yer of 
peaty soil. 

The climate and soil of the piedmont plain are su itable 
for the cultivation of flowers and vegetables, and there 

:are several gardens at Crotty and Darwin .• 

• 



IV.-GENERAL GEOLOGY. 

(I) - THE ROCK TYPES REPRESENTED ON THE FIELD AND> 

THEIR MODE OF OCCURRENCE. 

A. - IGNEOUS ROCKS. 

(I)-The Porphyroid Group. 

There is an abundant development of rocks of igneous 
origin in this district. \Vith the single exception of the 
acid glass, which is quite a rare and unique occurrence, 
and which may be regarded as having no connection with 
the other igneous rock types of the field,e."i) these igneous 
rocks a.ll belong to one great geological group representing 
a prolonged period of igneous activity. 

These rocks may clearly be regarded as consa,nguineous, 
belonging, as they all do, to the important family of rocks 
known as the porphyroids, which are here represetlted as 
a most interesting series of rock types. These types range 
from typical granitic rocks. through quartz porphyry , 
granophyre, felsite. keratophyre, &c., to fragmen! al types 
of all va.rieties. including volcanic breccias and tuffs. The 
original structures have ill most cases been greatly altered 
by the action of dynamic stresses , the metamorphism hav­
ing sometimes advanced to such a sta.ge as to render the 
original structure practically unrecognisable. The original 
character of the rock-mass has been an important factor 
in the development of the schistose structure, and it is 
this variation of the resultant effect of the metamorphic 
action, accord\ng to the differen(,e in the original rock 
type, that explains the remarkable transition from the 
schistose rocks to rocks which megascopically show but 
.slight schistosity~a phenomenon which is to be repeatedly 
observed in the Jukes-Darwin field. 

Applying such a. term as f/ consanguineous" to such 
a. series of rocks which now possess widely different char­
acters, might at first sight appear to have no justification, 

• but the microscopical characters of the rocks, combined 
with their structural relationships to be hereinafter 
described, force us to the conclusion that we have here a 
prolific ' development of varied consolidation products of 
one parent rock-magma. The varying rock facies depend 

(") S .. b<>l"w p. 40. 
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on the .conditions which governed their consolida.tion from 
the original liquid condition) for their distinctive char~ 
acters. The conditions of such consolidation may vary 
from thoSe which produce normal or eugranitic structure 
to those under which the original magma was ejected from 
a volcanic vent in the form of fine ashes and collected as a 
volcanic tufT. It is in such a sense, therefore, that the 
term consanguineous bas been used here. 

The term "porphyroid" is one that has been adopted 
by the Geological Survey as indicating a suite of ancient 
igneous rocks occurring in Tasmania . They are typically 

_developed on the west and north ~west portions of Tas­
mania, being altogether absent from the eastern and 
southern portions of the island, excepting a small develop­
ment l1ear Beaconsfield. Tn previous publications of t he 
Geological Survey their occurrence has been described 
from Mt. Farrell,(26) at Gunn '5 Plains in the Leven 
Basill,(Z7) North Dundas,(2 S) Zeehall,e9

) Mt. Bal­
four,(30) and .Middlesex,(31). A summary of the genera.l 
characters of this series of rocks is given by Mr. Twelve­
trees in the latter bulletin, and the reader is referred 
thereto for such information. The same igneous series is 
developed in the Mt. Lyell field, and a.re there the reposi­
tories of the copper ores. The Mt. Lyell schist belongs to 
this series.(32) 

The rock-types belollging to this series win now be 
described under the respective headings or the more 
important general types. 

The Darwin Granite.- Thi s rock is developed on the 
south end of Mt. Darwin and constitutes the greater por­
tion of the parwin Plateau. The granite outcrop ·is in 
shape an elongated belt measuring 3 miles long by half a 
mile wide. There is a separate occurrence south of this 
plateau which meaS'Ures approximately 25 chains by 10 
chains. As mentioned previously, t he existence of this 
plateau is due to the influence of the granite on the rate 
of denudation. (") 

(") See GP.Ol Surv. Tas. Bull. No.3, pp. 9-19. 
(17) Sr-e Geol. Sm·v. Tas. Hull. No .. '">. pro 11-15. 
(28) See Ge,JJ. SUI·V. Tas. Bull. No.6, PI'. !5-18. 
(-) See Ge ·}!. Surv. Tn Bull. No.8, pp. 15 d, leI). 
(30) "'ell Geol. Sun·. Tal'. Bull. ;\0, 10, TIp. 21 tt ael). 
( II) See Ge,·l. Sur". TH~. Rull. No. 14, rp. 'l:l d IIf:q. 
( - ) ~e(' "The Mount Lyell Mining Field," by J. W. Gl'egory, D.Se., 

Aust. ]n~t. Milling En!!., Melb., 190.\ pp.:H d MfJ. 
(- ) See above p. 2u. 



The granite has the coarsely holocrystalline appearance 
characteristic of that rock species. The felspars are of 
two colours, pink and white. The latter are generally 
stained green by secondary chlorite. Black mica is pre­
sent in relatively small amount, and quartz is abundant in 
clear glassy masses. The whole appearance is particularly 
handsome, the mottled pink, green, white, and black 
colouri.ng giving the granite quite a distin.ctive character. 
This is the normal megascopic character of the rock, but 
occasionally, as in the neighbourhood of Section 1203-M, 
there is a marked variation therefrom. At this point the 
pink felepar is wholly mi88i.ng, and the mica only occurs 
exceedingly sparsely. The result is a white coarse-grained 
admixture of quartz a.nd felepar, and there is no greenish 
chloritic discolouration of the felspar. • 

Microscopic examination shows the rock to possess 
typical granitic structure. The quartz shows marked 
H wavy" or "shadowy" extinction, indicative of the 
rock having been considerably affected by dynamic strain. 
The felspars are mainly orthoclase, but some plagioclastic 
varieties do occur. These latter are considera.bly affected 
by the development of secondary minerals, and extinction 
angles are difficult to measure. What mea.surements could 

. be obtained, however, indicate an' approach to oligoclase. 
These felspars show alteration to an aggregate of kaolin 
and chlorite, t hus explaining their greenish hue. The 
mica. is wholly biotite, no muscovite being present. 

The rock is therefore one which has underg~ne some 
alteration, and has been subjected to considerable pres­
sure. It is a. rock which clearly is distinct from the ordin­
ary granite of Tasmania, which is of Devonian age . The 
nearest development of Devonian granite is that constitut~ 
ing the mountain masS' of Heemskirk. This Darwin 
granite may be classed as t he geological analogue of the 
Dove River granite.(34) 

The boundary-l ine between the granite and the felsites 
which it has iutruded is sharp and well defined. This 
line of .contact has been opened up in several places by 
trenching, and the granite can there be seen in contact 
with the felsite, being quite as coar8e-grained as in the 
interior of the mass, no transition into finer-grained 
varieties being observable at the margins. 

Felaitic and Porphyritic TY1U's.-There is a great variety 
of rocks in this field which may be included under these 

(") ~ee 8ltll . . 'in. 14 referred to above. I). 23. 
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general types. They vary from fine -gra ined homogeneous 
rocks to distinctly porphyritic types ; the phenocrysts may 
be either quartz or ' felspar, or bot.b. All these types 
alternate with each other and with the schists and frag­
mental types to be described subsequently, the strike of 
the various belts varying in different parts of the field 
from North and South to N. 200 W., S. 200 E. 

The most cha.racteristic structural feature is- the OCCur ­
rence in practically vertical bands having an approxi ­
mately meridional strike, and the gradual transition which 
takea place from one band to the other in a horizontal 
direction at right angles to this trend line. This gradual 
mergance takes place from a fine-grained felsitic 
to a porphyritic type, and also from either of these to the 
~histose varieties. No sharp line of demarcation between 
the various types can be observed at SIl Y part of the fieJd, 
excepting at the contact of grey schist with felsite at 
East Darwin. 

The inference to be drawn from this is that none of these 
porphyritic types represent intrusive dykes, bnt that they 
are really extruded Java Oows. This is not contradicted 
by a. microscopic examination of the many types. 

Excellent exposures of these rocks occur on the track 
from the Jukes Proprietary to Lynchford , and also on the 
track from Crotty to Lake Jukes. Both of these tracks 
are sideling cuttings, and the compa.ratively freshly·broken 
rocks offer great facilities for the study of their petro. 
logical characters, ss well as of their interreJations. On 
other parts of the monntain range there are good expo· 
sures, particularly on Mt. Darwin, where tile predomin- · 
ating rock-type is of this general character. 

In general the mineralogical constituents are qua-rtz, 
plagioclue (albite or the more acid varieties), orthoclase, 
chlorite, sericite, and some epidote, and magnetite. The 
relative amounts of these minerals in any 011e rock vary 
within wide limits. 

A rock-type occurring on the Lynchford track consists 
macroecopically of a dense, com pact, Hght green ground­
mass, through which are scattered a.bundant pbenocrysts of 
pink relspar. The weathered surface of the rock is yel. 
lowish white. Microscopically this type is seen t.o consist 
of a groundmass composed of ragged aggregates of chlorite, 
which are arra.nged in streaky lines and patches, through 
an allotriomorphic granular matrix of felspar (the exact 
character of which is undeterminable, but is probably 
albite) aDd quam. ID this grouDdm ... are 9Cattered idio-



morphic phenocrysts of felspar, which is generally remark­
ably clear, but is sometimes slightly clouded. This felspar 
shows albite twinning, and the extinction angles, where 
measurable, indicate a variety approaching albite. This 
rock is evidently one which has undergone great altera ­
tion, the original structure being quite masked by a recon­
stitution of the mineral constituents. The present ground 
m888 is obviously a secondary structure, as are also the 
idiomorphic felspar phenocrysts. The rock is most pro­
bably a keratophyre, but here the necessity is felt of a 
chemical analysis, which would finally determine this 
point. 

The rock at Lake Jukes in which the bornite veins occur 
i9

1 
in the hand 8pecimen, seen to consist of a homogeneous 

pUlkish-red groundmass, through which are distributed 
dark-green phenocrysts of felspar. Under the microscope 
this rock-type is seen to have a typical granophyric ground­
mass, and the phenocrysts show intense altera.tion to kao­
lin, chlorite, and sericite. Its petrological designation 
would be granophyric quartz-porphyry, or simply grano­
phyre. 

Another typical rock-type is that which forms the greater 
part of Mt. Darwin, with the exception of the southern 
end. This is & bright, pinkish-red rock, with phenocrysts 
of felspar, which have been altered to a light-green colour . 
In thin section this rock 900ms to show at first sight a 
granophyric intergrowth of clear, glassy quartz and cloudy 
felspar, with some alteration to chlorite and sericite. On 
clOEr examination, however, this groundmass resolves 
itself into an aggregate of felspar crystals, which have 
been broken down into secondary quartz with remnants 
.of the original felspar still recognisable in the cloudy 
aggregates containing chlorite and sericite. The original 
groundmass is unrecognisable. The phenocrysts are also 
seen to have been partly converted to sericite and chlorite, 
the latter giving the greenish tinge. The nature of tre 
felspar is unrecognisable. Scattered grains of magnetite 
occur in the groundmass. Variants of this type JCcur, 
characterised by a more abundant development of M!lg­

netite and chlorite, which impart to the rock a darker 
hue. 

Still another common type which occurs at the Jukes 
Proprietary is a dense red rock having the appearance of 
a red quartzite in a hand specimen. No porphyritic nys­
tals are visible. Examined in thin section the original 
structure is again masked by secondary alteration and 
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reconstitution. Clouded felspars, partly a.ltered to 8tl.i· 

cite, are Been to have been broken down in places to clear 
glassy quartz in allotriomorphic aggregates, which appear 
in the groundmaas of kaolinised and sericitised felspar . 
The groundmaas here w&s probably originally feisitic, and 
the rock would be called a felsite, or by some petrologists 
a felsophyr ; if the chemical analysie shows predominant 
soda, the rock is a keratophyre . Its field de'Si.gnation is 
felsite. 

Numerous other varieties occur throughout the field . 
Some of these show abundant quartz phenocrysts, and 
some both quartz and felspaf phenocrysts. In thin sec­
tion Borne of these quartz phenocrysts are seen to have 
their outlines rounded and occaaionally deeply embayed ; 
in other cases they possess idiomorphic outlines, and are 
undoubtedly secondary. The absence of undulatory 
extinction in the corroded quartz phenocrysts is due to the 
protective action of the more yielding groundmass. The 
felspars are generally difficult to identify, as they are 
almost invariably altered. They seem, however, to be in 
most cases the more acid varieties of the plagioclases. 

}'Iost of these rocks show signs of mechanical deforma ­
tion, and the whole character of the rock types po int 
unerringly to the action of intensive dynamo or region'll 
metamorphism. 

The weathered surfaces vary in colour. Generally it 
may be stated that those rocks of a. white or greenish 
hue weather to a white argillaceous product, while the 
reddish varieties retain that red tinge in the decomp )qi­
tion product, which is intensified by the presence of "lynt'J 
in the rock . 

Fragmt:-ntal Typrs and Sclu·stB.- As stated previou'i ly, 
these fragmental types and schists are continuous by 
insensible gradations with the felsites, quartz.porphyrit!s, 
&c. It is, in fact, very difficult at t,imes to decide whether 
a certain rock-type was originally a fragmental or a mas­
sive variety . Some indication, however, is afforded by the 
character of the weathered surface, as the unequal resist­
ance to denudation of the included fra.gments results in 
the development of a markedly variegated surface resembl­
ing a brecciated structure. The fresh fracture of lhe 
rock. however, in this case gives not the slightest indica~ 
tiOD of its fragmental character, 

There are a great number of varieties of these frag­
mental types, varying from coarse volcanic breccia, which 



even on a fresh fracture shows the true brecciated charac~ 
ter, to fiu e-grained tuff. These grade into true schists. 

Examined under the .microscope they show distinct evi­
dence of their fragmental character, but the original form 
of the rock is completely masked by the effect )f the sub­
sequent metamorphic action. It is here that we 1ll1.1 :.t 
apply the evidence obtained from the study of the struc­
tural features and field relationships of the .collective Ly fll S 

in order to arrive at some idea of the original character d 
those rocks which are now of a distinctly schistose char­
acter. 

It will be seen at a later stage of this bulletin,(3:i) that 
the means by which the present structure of parallel ver­
tically-disposed beds of the porphyroids in this field has 
been brought about, has been by the development of iso­
clinal folds, since truncated. The deformative forces. 
therefore, acted in a direction a.pproximately east and 
west, and tile whole 0/ the bf'ds /1'('/"1' slI bjuted to this 
comprfSsillP and metamorphic w·t ioll . At East Darwin 
we find the occurrence of grey schist in contact with hard, 
red, felsite rock, the dividing~line betwC'e n them being very 

. sharply defined. As both rocks were under the same con­
ditions of dynamic stress during the process of meta-
morphism. it logically fonows that the original 
char&eters of the rocks must have been markedly 
different, in order that their present distinctive features 
ma.y be explained. We may accept without hesitation 
that the red felsite was originally in the form of a lava 
sheet not markedly dissimilar in character to that which 
now obtains. We are therefore forced to the conclusion 
that the origina.l character of ' the rock-type, from which_ 
the schist has been derived, was some fragmental or loosely 
aggregated deposit, which was especially suited to the 
permeation and circulation of those solutions which, acting 
in conjunction with the compressive forces, have brought 
about the present schistose condition. It thus follows 
that the original rock was either a pyroclastic product 
such as- a tuff or a truly sedimentary rock. The general 
character of the schist. however, would indicate the former 
as its progenitor. This tuff was either spread out on the 
8urfa.-;e of the felsite lava sheet, or the latter was out­
lipread over the former. 

In th0ge cases in which the change from one rock-type 
to another is gradual, we must assume that the nature 

(-) Se .. bdow, p. 64. 
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of the original rock-type likewise gradually varied from 
point to point. Thus on the Lake Jukes track we have 
a dark-red quartzite-like rock, which weathers to the 
appearance of an almost white fissile sandstone, and which 
horizontally gradually merges, by the growth of quartz 
phenocrysts, into what megaacopically would be called a 
quartz-porphyry. It i. very probable that both of these 
types, together with all intermediate variations, are frag­
mentary in their origin. 

Microscopically the East Darwin grey schist consists of 
a quartz mosaic and quartz grains in a ground of sericite 
disposed in wavy lines. Occasional embayed phenocrysts 
are seen, which are now composed of a quartz mosaic. The 
rock shows distinct foliation. This type is very similar 
to the schist of the North Lyell Mine. 

A schist occurring on the Lake Jukes Track has a deep 
purple colour, and is clearly derived from a fragmental 
product, as inclusions of varying character are visible in 
the hand specimen. In thin section it is seen to consist, 
in part, of a quartz mosaic associated with quartz pheno­
crysts, some of which show distinct undulatory extinction , 
while others show none, and are obviously secondary . 
Felapars are seen, but they are so much altered to quartz­
sericite or kaolin sericite aggregates that their character 
is undetenninable. The groundmass of these felspars 
seems to be in places a fine quartz-felspar aggregate. The 
rock is plainly an altered fragmental product, and shows 
marked foliation in places. 

The green chlorite schist of the Jukes Proprietary is 
seen in thin section to consist of a fine obscure ground-
111&88, through which are scattered shreds, patches, and 
streaky masses of green chlorite. At times idiomorphic 
pheno.crysts of quartz are present, which are plainly 
secondary. This rock shows marked schistosity, and is 
generally soft. The original character is not quite clear. 

There is an almost endless variety of these schistose and 
fragmental types, and complete d~scriptions of them are 
unnecessary: suffice it to say that they are all meta­
morphosed conditions of pyroclastic deposits varying in 
texture from fine-grained tuff to qui t.e coarse-grained pro­
ducts. 

The coarseness of some of these fragmental types 'beeomes 
at times 80 pronounced that the weathered surface presents 
a coarse brecciated appearance. This 1S well seen on the 
Lake Jukes track, west of Hanlon's Creek and Snake 
Peak, and on the Prince Darwin section. The occurrence 
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on the Lake Jukes track shows on a fresh fracture no signs 
of this brecciated structure, the component fragments 
having been completely welded rogether as the result of 
the reconstitution of the rock. The breccias at the two 
other localities mentioned, however, generally show, even 
on a fresh fr&eture, the angular fragments disposed in a 
paste of finer grain. Associated with this coarse breccia 
west of Snake Peak, is a. rock of finer grain , which in the 
hand specimen . resembles grauwack~, but microscopic 
examination shows it to be a true tuffaceous product. These 
breccias and tuffs are clearly a dist inct series from the 
brecciated conglomerate at the base of the 'Vest Coast 
Range conglomerate serie8.(38) 

All these fragmental products ma.y be included under 
the term "cJastoporphyroid," which embraces a11 those 
members of the porphyroid series which are fragmental in 
origin. The schists, therefore, are in reality c1asto­
porphyroids, but must retain their designation as schists 
on account of their distinctive lithological characters. 

In all these varieties of the porphyroids, including the 
fragmental types, schists and felsites, &c., a seTies of 
chemical analyses is badly needed, as such is a.bsolutely 
necessary before a complete understanding can be arrived 
at as to their original nature. It may be coniidently 
accepted, however, that the whole of the series now 
described are of igneous origin, as explained in the open­
ing remarks of thi8 chapter. 

(2)-Tke Darwin Gla ... 

This glass occurs on the eastern side of the Jukes-Darwin 
mountain range, as irregularly-shaped fragments lying on 
the surface and disseminated in the upper 9 inches of 
the surface detrital accumulations. Its most plentiful 
development is on the Ten-Mile Hill, where it can be 
picked up in quantity. Its occurrence has also been 
reported from 3 miles west of Mt. Sorell and from Flan ... 
nagan's Flat, west of Mt. Darwin . It does not occur on 
the higher portion of the mountains. 

The gl&SS is vesicular and very acid, containing roughly 
85 per cent. silica. Its mode of occurrence has been 
investigated by the writer, and being of great scientific­
interest, opinions as to itM nature and origin have been 
obtained from eminent men of science of Europe and 

(38) ~e btolo1\, p. 41. 
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United States. Being, however, of a purely scientific 
interest and of no direct economic importance, its descrip . 
tion, history of discovery, and origin are treated in & 

separate publication, which will be issued as a Geological 
Survey Record, to immediately follow the issue of this 
bulletin. Suffice it to say. in this place, that the writer 
has been able to prove the impossibility of any derivation 
other than from a cosmic source, which conclusion .con­
firms the opinion of Professor F. E. Suess, of Vienna, 
that they are to be classed among the tektites, 

The reader is referred to Geological Survey Record 
No.3, to be published shortly, for a complete description, 
&c., of this most interesting substance. 

B.-TRE SEDUIENTARY ROCKS. 

(I)-The Slater a180cialed will. the Porphyroid •. 

Occurring interbedded with the members of the porpby­
'raid series are bands of a dark-coloured slate, black to 
bluish-black in colour. They are only developed to a rela. 
tively small amount on the track from Harris ' Reward to 
the Jukes Proprietary, but occur somewhat more exten­
-sively in the eastern portion of the Clark VaHey and the 
eastern end of Sla.te Spur. In these latter localities there 
is a development of some accompanying coarse-grained 
felspathic sandstones, and the strike can be there seeu to 
be north and south and the dip to the east at 420 

This slate in microscopic section is seen to be a normal 
type with no development of secondary minerals. 

(2)- The W .. I Coasl Rang< Conglomerale Se"'er. 

This series, in the Jukes-Darwin district, consists of two 
divisions, which are mainly differentiated by distinct 
lithological characters, but also are to some extent uncon­
formable to each other. They are-(a) brecciated COn­
glomerate, and (b) the normal conglomerate. These con­
stitute the only development of sedimentary rock On the 
mountain ranges in this field. 

(a) Brrf'riotFrl Conglomera t f .-This actually forms the 
base of the whole West Coast Range conglomerate series 
in this district, being a.lmost invariably found underlying 
the normal conglomerate, a.nd by virtue of the marked 
difference in lithological character, it may be conveniently 
considered as a separate series. 
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This rock series consists of a varying thickness of beds 
composed of angular, sub-a.ngular to partially-rounded 
fragments of those members of the porphyroid series which 
are developed in this field, including, inter alia, fragments 
of the Darwin granite. Some fragments of quartz and 
quartzite are also present, but in the " brecciated conglomer­
ate proper these are present only in a very subordinate 
8qlOunt, the predominant constituents being the porphy­
roids. These fragments are cemented together by a paste 
ot the finer particles of the same rocks. The size of the 
constituent fragments varies from masses approximately 
4 feet in diameter down to the finest material forming 
the cementing paste. The arrangement of the fragments 
is generally tumultuous, but occasionally a distinct strati­
fication is present. This is specially developed , where 
layers of fine·grained material occur, as at South Darwin , 
but a rudely·stratified structure is developed in places 
by the occurrence of a.lternate light and dark coloured 
layers. Although the varying character of the beds is 
thus instrumental in developing a rudely-stratified arrange­
ment, the disposition of the fragments in the beds them­
selves is always devoid of any stratiform character. 

These breccias are seen on the northern end of Mt." 
Jukes, above the Lynchford track, at an elevation of, 
roughly, 2300 feet. They a.re here seen to ,be resting 
unconforma.bly on the upturned edges of the porphyroids 
and show a distinctly stratified arrangement en masu. The 
lower beds are composed of very large masses, the largest 
being 4 feet in length. These coarse-grained bede are over­
lain by beds of finer material, which are again succeeded by 
the nonnal conglomerate beds, which are here conform­
able to the bre.cciated conglomerate. The strike is north­
west; south-east, and the dip is at a low angle (from 5° 
to 100) to the south-west. The constituent fragments are 
tbose members of the porpbyroid series which a.re 
developed in the northern portion of Mt. Jukes ; granite 
could not be observed as a constituent. The thickness of 
the brecciated conglomerate here is roughly 300 feet. 

This series is again seen at the head of the gorge of the 
south branch of the Traveller River, and also along the 
foot of the Main Juke, cliff. In the former locality the 
beds form a vertical cliff , a.nd their connection with the 
overlying conglomerate is again clearly seen. although this. 
is an area of local crumpling. At the foot of the Main 
Jukes cliff the beas ' are seen to be the basal members of 
the .conglomerate serias-, and are rOl1gbly 300 feet thick at 
this point. 
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The largest development of these breccias, however, 
occurs in the southern portion of the field at the South 

. Darwin Peak and 011 Mt. Sorell . At both of the.e locali­
ties the thickness of the series is greater than elsewhere 
in the field, and the sections exposed give interesting 
information as to the connection with the associated nor­
mal conglomerate. 

The development of t he series on South Darwin occurs 
on the western and south-western sides of the South Dar­
win Peak, and the beds here form a prominent cliff face. 
Starting from the northern end of the valley at the west­
ern foot of t he peak, these beds occur in alternating light 
and dark bands of very coarse texture, until towards the 
top of the series expo~d on this cliff there are developed 
several fine-grained beds of the nature of felspathic grits 
or gra uwacke. The strike is thus seen to be north-east, 
south-west., and the dip is to the south-east at 500, Above 
these finer beds, there again recur the alternating bands 
of light and dark-coloured breccia composed of large frag­
ments of porphyroids. When these upper breccIated con ­
glomerate beds are traced in a southerly direction along 
their line of outcrop, they are seen to gradually merge 
into beds of the nonnal conglomerate series. This is 
accomplished by the incorporation of large and small 
boulders up to 8 inches in diameter, which are more or less 
rounded, of white quartz or quartzite. This inclusion of 
the white quartzites gives to the rock a lithological .char­
acter which at once distinguishes it from the brecciated 
conglomerate. When traced still further southwards in 
the direction of the strike of the beds, the lithological 
character changes completely to the normal conglomerate 
by the gradual elimination of the porpbyroid pebbles. 

This change in a horizontal direction from the generally 
dull-coloured aspect of the breccia. to t he white or pinkish . 
white colour of the normal conglomerate, is very marked , 
and is quite a notable feature of the upper portion of this 
cliff face. The lowest bed of breccia which shows this 
longitudinal tran~ition into normal conglomerate is over­
lain by a bed of coarse breccia, which, as far as caD be 
seen, does not merge into conglomerate: the change 
to conglomerate in any case does not take place 
d irectly above the point of change of the under­
lying bed. The next succeeding bed does show a 
horizontal change to white normal conglomerate, 
but the point. at which the prominent white pebbles 
first occur is situated about 15 feet north of the corres-
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ponding point in the lower transition bed. The next suc­
ceeding bed of brecciated conglomerate shows no transi­
tion to normal conglomerate, but the portion of this bed to 
the southwards is covered with debris so that it is impos­
sible to see whether this change does take plactl in this 
d'irection. The overlying breccia bed, however, again 
shows the transition at a point about a chain north of the 
point of change of the first transition bed. There is 
another bed of breccia overlying this , but it is impossible 
to see where a.ny change takes place, owing to the OCCUT­

:renee of large boulders shed from the higher portions of 
the peak, covering the greater portion _of this bed. 
Immediately overlying this last bed of breccia are the beds 
of normal conglomerate which form the capping on the 
peak, the two series being here quite conformable. 

The fragments of this breccia are composed of all 
varieties of the porphyroids, including the schists and the 
Darwin granite, together with some pebbles of hematite 
and magnetite. These are in shape angular to sub-a.ngu­
lar, and are cemented together by a paste of finer material 
of the same character. 

The greatest development of this brecciated congloDler­
ate series occurs on Mt. Sorell.. Sta.nding on the Darv.rin 
plateau and looking westwards towards Mt. Sorell that 
mountain is seen to consist of two portions, the upper por­
tion which occupies a.bout one-half of the total rise from 
the Clark VaHey being white in colour; while the lower 
half of the mountain is a uniform yellow colour. The 
upper white portion is the normal quartz conglomerate, 
while the lower yellow portion consists wholly of brecci­
ated conglomerate. The latter is here generally massive 
in character, and at the best only shows a rudely-strati ­
fied arrangement . In one place, however, there is a bed 
of grey micaceous and ma.rkedly fissile slate intercalated 
between the coarser beds, and the general strike is seen 
to be N. 200 W., with a dip of 750 , to S. 700 W. The 
lithologica.l character is the same as that of the other 
occurrences described, and if there is a.ny outstanding 
feature, it is the relative abundance of blocks of granite 
among the constituent angular fragments. The total 
thickness of this brecciated conglomerate series on Mt. 
SoreH is , roughly, 1500 feet. The overlying conglomerate 
has the same strike as this breccia series, but the angle 
of dip being 450 is less, showing that there is a slight 
unconformity between the two series. These brecciated 
conglomerates occur throughout the whole length of the 
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eastern face of Mt. Sorell, from its southern end to beyond 
the Slate Spur. 

At the outset of any discussion as to the origin of this 
brecciated conglomerate, it must be stated that it con· 
stitutes a series quite distinct from the igneous breccias 
which occur associated with the porphyroid series &8 inter· 
calated bands. The occurrence of the brecciated COD­

glomerate beds lying almost horizontally on the upturned 
edges of the felsites, &e., clearly establishes this fact. 
This latter re~tion is best seen au the north end of Mt. 
Jukes. 

A further interesting and important point is the occur­
rence of granite fragments as part of the masses constitut· 
ing this rock-type. As granite is a rock which owes its 
distinctive characters to having consolidated at some dis­
tance from the surface, we must assume, in order to 
explain the presence of this rock in tlle brecciated con­
glomerate, that a period of denudation ellsued subsequent 
to the gra.nitic intrusion. The amount of this denuda­
tion must have been sufficient to lay bare the underlying 
granite, before even the bottom layers of the brecciated 
conglomerate could have been laid down. This series, 
therefore, must necessarily be of younger age than the 
porphyroids. This occurrence of gra.nite fragments also 
serves to differentiate this rock type from the breccias 
associated with the porphyroids, as the latter have never 
yet been observed to carry such fragments. 

As regards the mode of origin of this bree.eiated con­
glomerate series, t hree distinct prooesses !Juggest them­
aelves. 

The first process to be considered is that of the forma­
tion of fault or crush-breccia along a plane of faulting. 
In this case the structural conditions are such that, in the 
writer's opinion, this view as to the mode of origin is 
untenable. 

The second mode of formation that might account for the 
origin of this series is the process by which volcanic breccias 
in general are formed. This process consists in the ejec­
tion from a volcanic vent, of masses of lava of all shapes 
and sizes, which col1ect on the surface in the neig.bbour­
hood &8 a rudely-stratified deposit. In the cas. under 
discussion, however, the occurrence of granite as a con­
stituent of the breccia at on ce throws this process out of 
consideration. As a matter of fact, this supposition would 
ne"" .. it.te the .seumption that luhsequently to the uplift­
ing of the porpbyroid aeries, a renewed volcanic activity 
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ensued, bllt we have no eviden~ whatsoever to lead us to 
adopt such a view I and considering the presence of grah­
ite fragments, we need not further take this mode of origin 
into account. 

The third process to which this rock type may owe its 
origin consists of a combination of those agencies by which 
conglomerates and breccias in general may be formed. 
This process is caused by atmospheric disintegra.tion of 
Tocks acting in conjunction with the more or less complete 
effect of the a.ction of wa.ter either in rnotitln or stagnant j 
conglomerate being the result of the completed rounding 
and smoothing action of running water or wave-action, 
while breccia is composed of lhe angular fragments on 
which the effect of running water has been inappreciable: 
brecciated conglomerate then being composed of a mix· 
ture of sub-angular to angular fragments. must be the 
result of that stage of the process which is intermediate 
between the above two extremes, Normal breccia may be 
regarded as cemented cliff talus or scree; while normal 
conglomerate is the result of the collection of more or less 
rounded and smoothed pebbles on a sea beach or river bed, 
subsequently firmly consolidated by cementing materi al, 
Brecciated conglomerate would, therefore. be the consoli· 
dated and cemented product of the materials which were 
washed down from mountain ranges on to the piedmont 
plain under conditions which may roughly be described as 
characterised by high relief and comparatively ario 
climate,(37) This Jatter process may, in the writer 's 
opinion, be regarded as explaining the mode of origin of 
the brecciated conglomerate occurring in this field . 

The transition from brecciated conglomerate to norma I 
conglomerate along the line of strike, described. abo\'e as 
taking place at Soutb Darwin. can be explained by tlu" 

<") Since writing the above a paper lin be .. a received. WriUf'D by 
Annr('W C. L8W~1I flf the Univer"it~' of CaliforniA, entitled "The Petro­
g.aphicftl Oeeign>!tioll 01 Allurial Fan Formations." and fiated liTh June, 
1913. In this pApe., f.9w80n ne.eriMls tht' O('cuO""enceof alluvi ... l fan form . 
.IIti008 ill Nevana, Utlth, New Mexico, Arizona, California, "lid Mt'xlco, 
which 81'e r,ow in orncellS of accllmulalioll under condUlonr of high relief 
and cdll .pa.'ativt'ly add climate, Such del>08lh and conditioos a.'I' Ihe 
exact parallt'i fir 'hos.e which have beel! indlcMted above IlfI explaining the 
origin of the brecciated conglomerate He further de.crtbf'tI an occurrence 
of ao ancient 811uvial fan rnrmatinn at Rattle Mountain. :Vevada, which i. 
exactly .nalll~oll" in character to th088 which occur on the JukNl-Darwln 
Reid. 8e further remarks the I'IIrity of thae oecul'renee:A In ~eolOtJical 
formatiOll8 throughout the world, and thuili thlM TulOanian .>ccurreuee i8 
.C peculia,' intt'rt'fot. He dilCU8i1t'8 the nomenclature of this cl~ 1)' 
deposit, and pHlp08~ the term" fanglolllol"8te" a~ a Stlitable desigllatiO/D. 

• 
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change laterally from the conditions governill(T the forma­
tion of brecciated conglomerate to those instrumenta.l in 
developing conglomerate beds. The former conditions 
have been characterised by very little transla.tion 
of material, but the formation of the conglomer­
ate has been aCcompanied by considerable trans­
portation of its constituent pebbles. The normal 
conglomerate in this case has been formed as a 
typical littoral deposit, while the brecciated conglomerate 
bas been formed inland from the shore-line. We can 
therefore clearly understand the ovedapping which occurs 
at South Darwin, for this will evidently occur .when a 
positive or negative movement of the strand line caused a 
recession from or an adva.nce towards the sea of the brecci ~ 
ated conglomerate---normal conglomerate transition zone. 
The repetition of this overlap has been brought about by 
the a.lternation of the changes of the relative positions of 
Jand and sea. 

(6) W est Ooa8t Range Conglol1H'ratt'.- This rock series 
has been referred to previously in this bulletin. as' the nor­
mal conglomerate, but in addition to this typical rock type 
it consists of associated beds of sandstones, quartzites, 
grits, and shales of various colours. These rocks all belong 
to one great period of sedimentation, and therefore must 
be treated as a whole. 

This series occurs on the greater part of Jukes, and 
caps the whole of the long ridge of Mt. Sorell, but is 
absent from Mt. Darwin, with the exception of two small 
isolated patches on the extreme northern and southern 
ends of that mountain. The most complete development, 
however, as regards the thickness and variety of beds 
occurs on Mt. Jukes, where the total thickness is seen 
to be approximately 1600 feet. The serie., as developed 
on this mountain, is divisible into four clearly-marked 
etages, each having a thickness of about 400 feet. 

The lowest stage consists of conglomerates of varying 
degrees of coarseness and colouring. Generally it may be 
stated that the colour is a dark red or brown, a.lthough 
some of the layers in certain parts of the mountain are 
pinkish~white in colour. In places the constituent pebbles. 
of the conglomerate a.re very coarse, the rock being mOre 
of the nature of a. H puddingstone." The size of the 
pebbles varies from this size down to tha.t of peas. The 
reddish varieties owe their colour to the presence of much 
hematite as the cementing material. 
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This lower generally clark-co loured conglomerate is suc­
ceeded by a thick bed of rerl or pinkish quartzite which 
constitutes the second etage. This quartzite is fine ­
grained and very hard, aurt its pronoltnced colour is a 
notable feature of the mountain colouring. In places it 
is characterised by a. network of gash veins filled with 
white quartz. 

Above this red quartzite is the third etage, which con ­
sists of a uniform unstratified deposit of white to pinkish­
white conglomerate, which represents the more typical rock 
type of the whole series as developed in this field. The 
oonstituents are white or pink quartz, quartzite, or quartz­
mica schist pebbles, which are always worn smooth and 
generally well rounded. The cementing material is small 
in amount compared with the number ot pebbles, and con­
sists of quartz grit cemented by silica into & hard resistant 
rock mass . The size of the pebbles varies from about 2 
inches in diameter to not less than 1 inch. 

The uppermOBt etage consists of alternating thin beds 
of conglomerates, quartzite~, grits, sandstones, and shales, 
varying in colour from almost white to a deep chocolate­
brown. The shales are generally greenish-grey in colour . 
These beds, being of a more yielding character than the 
other members of the series, have heen in. many places 
affected by the local squeezing, and at these places they 
are thrown into folds and fine puckerings. 

The whole of these four etages, together with the under­
lying brecciated ' conglomerate, can be seen as one COIl ­

formable series in the Main .Jukes cliff, which, as stated 
above, is approximately 2000 feet high . Standing on the 
Proprietary Peak, and looking southwa.rds towards this 
cliff, a. magnificent view of the whole series can he 
obtained. The different beds are there clearly exposed 011 

the vertical cliff face without any interference from the 
vegetation or soil, and the gradation in colour from one 

·bed to another gives a most striking scenic effect. Th e 
strike is seen to be approximately north-west, south-east, 
and the dip is to the south-west at a comparatively low 
angle. Coming to the development of the conglomerate 
on Mt. Sorell, we see that on that mountain the series 
consists of only one rock type which corresponds to the 
third etage on Mt . Jukes. The thickness of this white 
or pinkish-white conglomerate is approximately 1500 feet. 
and the same rock type persists from the top to the bottom 
for this distance. In the distance no trace of stratifica­
tion can be seen, but on a closer view a division into 
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thick beds can be traced, and the dip is seen to be towards 
the S. 700 \V:, at an angle of 450 , and the strike 13 

N. 200 W. These beds continue on their line of dip to 
the western foot of the mountain. 

The conglomerate occurrences ou Mt. Darwin are ISO­

lated patches, and generally consist of members of the 
lower eta.ges. 

The marked change in the relative proportions of the 
two etages present on Mt. Sorell, as compared with those 
prevailing on Mt. Jukes. is not a surprising feature, for 
breccias a.nd conglomerates in general are recognised as 
being cha.racteristically subject to this rapid change in 
lithological character in a short longitudinal distance.(SS) 

Coming now to a consideration of the structural features 
affecting the West Coast Range conglomera.te series, we 
observe that although a generally uniform strike char· 
acterises. the whole series, there is an infinite varia.tion in 
the amount of dip. The general trend of the series is: 
a.bout N. 250 W., and the dip varies from horizontal 'to 
vertical, with an inclination either to the west or east, but 
is more often in the former direction. This variation in 
the amount of dip is the result of a. combination of foldi.ng 
on a. large scale and repeated block faulting. It is obvious 
that this series was laid down as an approximately hori· 
zontal series, and, therefore, that the tilting and fractur· 
ing are both subsequent. 

These faults can be best studied Oll Mt. Jukes, the 
whole of the conglomerate series on this mounta.in being 
split up into blocks with varying dips, by intersecting 
fault planes. 

We will first consider the main Ulass of conglomerate 
.constituting the Jukes plateau. There are two principal 
strike faults here, which are responsible for much of the 
complexity .of the structural features. One of these is 
situa.ted on the eastern side of the plateau, and runs in 
a direction of N. 200 W . from near Lower Lake Jukes 
to a point about 1 chain west of the adit on Section 5241· 
93M. It is thus traceable for 2 miles. This is the most 
pronounced fracture line in the district, and will be called 
the Central Jukes Fault. The other strike is of lesser 
extent. This occurs on the south·western side of the 
pla.teau near West Jukes Peak, but its effect on the sur· 
face is masked by repeated dip faults towards the north· 

(.~ For a disclIP.sion and explanation of this character refer to: "Text 
Book of Geology ," by Sir A. Geikie, Vol. 1., pp. P51~2. 



west. The effect of the Central J likes Fault has heen 
tia the conglomerate beds at an angle of 500 to S. 700 \V ,. 
and at the same time to throw the white conglomerate 
beds up to the same level as the chocolate-brown sand 
stones of the uppermost etage. The resulting comb of 
white conglomerate. which dips at a greater angle tha.n the 
sandstones to the ea.st, is seen at the surface extending 
from the northern foot of Central Peak to Section 5241· 
93M, on the extreme northern end of the Jukes plateau. 
The effect of the other strike fault has similarly been to 
raise the white conglomerate beds, but the tilting in this 
case has been towards the east, so that the dip is to north­
east at 450 . The line of meeting of these two mutually 
inclined blocks is represented, in the southern portion 
of the Jukes plateau by an area of crumpling, the con~ 
glomerate beds which on the surfa.ce are the dark sand­
stones, occupying indiscriminate vertical, horizontal and 
inclined positions. 

This Central Jukes Fault has also been instrumental 
in r&ising the felsite at Upper Lake Jukes to a position 
which has led many to regard that occurnnce as evidence 
of the intrusive character of the porphyroid series. The 
conglomerate there is seen to be abutting against a mass 
of felsite, as if the latter were an intrusive dyke. This 
structure is, however, the direct result of the upthrust 
along the Central Jukes Fault of t.he conglomerate, together 
with the underlying felsite, the tilted conglomerate heds, 
which were originally overlying the Yellow Knoh and the 
Lake Jukes Hog·Back, having been subsequently removed 
by denudation. This is well seen from the western end of 
the Yellow-Knob Spur, where a magnificent view can be 
obtained of the succession of dip faults which occur in 
addition to the abovementioned strike faults , and compli­
cate the structure resulting therefrom . 
. These dip faults are extremely numeroU.8, a.nd the 
amount of throw va.ries greatly J but at most is not more 
than ahout 100 feet as far as can be observed in the face 
of the East Jukes cliffs. A succession of these dip faults 
can be geen at Lake Jukes as the cliff face is traced from 
the northern foot of Pyramid Peak to the north of Central 
Peak. They are all upthrows on the northern side, 
whereby the red quartzite etage and the next succeeding 
etage of white conglomerate are brought at su ccesaively 
higher levels in this direction . Four such fault planeS' 
can be seen in this locality, the ultimate effect of which is 
a throw of approximatel)' 300 feet. A continuation or 



~he most northerly of these faults has been instrumental 
1n developing by tilting or pivotal faulting, the 
abnormal direction of dip which characterises the can· 
glomerate on the western end of the Yellow·Knob Spur, 
namely. N. 300 E., at an angle of 50°. 

Several dip faults can be seen at the head of the gorge 
of the central branch of the Tra.veller River. Here there 
are two downthrow8 on the northern side of the fault 
planes. The result has been the squeezing of these down· 
thrown blocks, with the accompanying production of the 
synclinal and anticlinal folds which characterise the beds 
at the head of this gorge, and which can be well seen on 
the other side of the mountain to the north·west of this 
point. 

There are numerous minor faults (dips, strike, and 
oblique faults being represented) on the western side of 
the mountain and west of the Central Jukes Fault. These 
have rendered the structural details in this locality very 
complicated. The general direction of dip given above, 
however, prevails on the whole, and takes the conglomer· 
ate series to the western foot of the mountain. 

It will be observed that the greatest angle of dip so far 
mentioned is' 500 , and, as a matter of fact, this angle is 
not exceeded on the central or western portions of the 
mountain. 

Coming to the eastern side of the mountain we first 
notice the East Jukes Peak on which the conglomerate 
beds occur either in horizontal beds or having a slight 
inclination towards N. 200 E. A few chains eaet of this, 
however, the conglomerate series is seen to be dipping at 
angles of from 750 to 850 to S. 650 W., and in places 
vertical with, however, the general strike of N. 250 W . 
In the King River Gorge the beds of conglomera'te are 
seen to continue with this dip from the lip of the gorge 
down to the present river level. It is also seen to con­
tinue across the gorge into Mt. Huxley, where it plunges 
at an angle of 800 from the top of the mountain down 
to the river below, a total depth of over 3000 feet. This 
occurrence of the conglomerate series dipping at this high 
angle continues to the southwards along the line of strike 
through the East Jukes Spur, with very few breaks, to 
the neighbourhood of the lO-Mile. Such breaks in its 
continuity have undoubtedly been caused by denudation . 

On the East Jukes pur the lower members of the con· 
glomerate series are seen on the western side, and' appar-

• 
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ently overlying the higher members which occur to the 
eastward. Loca.lly also the felsite appears to be resting 
on the conglomerate. 

This is a repetition of the structural feature which 
occurs at Mt. Lyell in the vicinity of the ore+deposits On 

that field, and, in fact, we have here the southern COll­

tinuation of what Gregory has termed the Great Lyell 
fault.(") 

The only interpretation of these present structural 
features which Seems feasible to the writer is that the­
mountain masses of this field consist of residual fragments. 
of a fol'mer overturned or inverted anticlinal fold on a 
large scale, the continuity of which has been broken by 
minor faulting. The western is the more gradually slop­
ing limb of this fold, while the hanging portion is now 
represented by the steeply-inclined conglomerate beds of 
the eastern side of the mountain range. This fold has 
been so dissected by denudation that only portions are 
now visible.(·O) The relation between the probable 
original form of this fold and the outline of the present 
topography is illustrated in Plate Vr., which is a section 
across Mt. Jukes in the neighbourhood of the Proprietary 
and East Jukes Peaks. 

There is an interesting and important point in regard 
to the composition and ehara-cter of the lowest beds of the 
bottom etage of the West Coast Range conglomerate series. 
As stated previously, the brecciated conglomerate forms 
the real basal beds of the whole series, and it was also 
pointed out that this rock type varied in thickness from 
point to point. Not only is this the case, however, but in 
places the brecciated conglomerate is wholly missing from 
the base of the conglomerate series. The interesting and 
important point, however, is that where this brecciated 
conglomerate is missing, the lowest bed of the conglomer­
at.e series is very rich in rounded pebbles of the porphy­
roids. This is especially wen seen at the 90uthern foot 

(-) See U The Mount Lyell Mining Pield," b~' J. W. Gl'efiI'ory, D.Sc, !ip. 
i8-80. 

(fO) Joasmu('h aa moat anticlines, &c., 011 a large seale are probably 
neyer continl/uua and unbroken, but consist in Mctual fact of a sedes of' 
fAulted blocks tilted at variolla IIInKlea, fhill overfold and the dip lind Iltrike 
faults mention,.d above become parta of one and the same I'ltrnctuaJ 
feature. Thus the conception of thia "verfold coincides In eff' .. ct with the 
faulted blocka of Profp.allOr Grejlory'a description of )It. Lyell, lind his 
Great Lyell Fault is tlmll ~eell to be c<lntinuoua rill'ht to the touth end of 
Mt. Dal'Win. 



of the Eaat Jukes Peak, where the porphyroid pebbles are­
quite as numerous as those of quartz or quartzite. The 
inference to be drawn from this is obvious, but a full dis­
cussion of this matter is given in a subsequent chapter of 
this bulletin.(") 

There is apparently a complete absence in this series of 
any definite trace of organisms which are of value as. 
paheontological evidence of age. In many of the sand­
stone layers there are numbers of indeterminate and indefi­
nite impressions that may represent traces of organisms,. 
but nothing which could be construed as an undoubted 
organic structure has yet been observed in them. On the 
Jukes plateau, however, in the highest members of the 
conglomerate series there occur an abundant development 
of <I pipestems." These occur in a yellowish sandstone, 
and the whole al?pearance except for the colour is identical 
with the tubicolar sandstone of Zeehan .(4.2) These" pipe­
stems " are supposed to represent the tubicolar casts of 
some annelid. They have been observed in widely-separ­
ated localities in Tasmania,(,,'), but always seem to occur 
either in the uppermost members of the conglomerate 
series or in a. sandstone lying conformably thereon. So 
much so, that the beds in which they occur have been 
accepted as occupying a definite geological horizon which 
is in reality at the tGp of the West Coast Range con­
glomerate series. The nature of the organism producing 
these casts, and the exact stratigraphical value thereof, 
are discussed at some length by Mr. Twelvetrees in Bulletin 
No. 14 of the Geological Survey, and the reader is referred 
thereto for further information as to these" pipestems. " 

Mr. G. A. Waller reports the finding of imprints of 
Rhynchonf'lla on the eastern side of Mt. Jukes, in a sand­
stone interstratified with the conglomerate, but the writer 
was not successful in confirming this discovery. Rhynch· 
onella undoubtedly occurs in the sandstones at Crotty, but 
these a.re not to be regarded a.s part of the conglomerate 
series, being of undoubted Silurian age,(4.4.) although the 
two series seem there to be conformable. 

(41) See below pp . .')8, a9. 
( G ) St't' reporlll of the Secrntary for Lan(l" and :':urveys for lH07-8 and 

1008-9, and .180 Geol. Sun. Tu. Hull., No. 14, "1'he Middlesex, and Mt. 
('laude Mining Fields," pp. 16-20. 

(41 Report on the ~ft. Farrell Mining District, b:v G. A. Waller, ]904. 

(44) See below Jlp. 54-56. 



(3)-The Fos8ilif~rous S~lurian Sediments. 

(a) Limestones with associated ::;lal"',~ {Iud (.IuIIJ'l ~-Iif'.~­
'The greatest development of this series occurs on tHat por­
tion of the field situate south and west of the 5-Mile, but 
they are also present in the country lying at the foot of 
both sides of the mountain range. 

The series is characterised essential1y by the presence of 
extensive beds of limestone, but there are associated there­
with intercalated beds of slate and quartzite. This rela­
tion can be seen to especial advantage in the railway cut­
tings south of the 5-Mile. The series is there seen to con­
·sist of a succession of synclinal and anticlinal folds of 
alternating beds of limestone, slate, and quartzite. The 
limestone variea in purity in the different beds, the purer 
varieties being bluish-grey to black in colour, while. the 
impure varieties are of a greyish hue. These impure 
limestones are either argillaceous or siliceous. 

At the 3!-Mile the anticlines and synclines call be well 
seen, the beds at this point consisting of impure siliceous 
limestone, which has resisted the weathering agents suffi. 
ciently to form high hills, through which the Bird River 
has corroded its present channel. It is in the gorge of 
this river that these folds are so well shown. 

As noted previously ('Ill) the pu;er limestone has been 
so rapidly eroded that it generally occupies low.lying or 
flat country. This is well seen in this district, for, wher­
ever these pure limestone beds occur, the country is 
inclined to be flat. 

At the 4! mile there is a development of caves in the 
limestone, and these are regarded by th~ people in the 
district as of great beauty. They are typical limestone 
caves, but the writer had no opportunity of exploring 
them. 

At the 2!-Mile, the limestone is succeeded by the Ter­
tiary sediments of Macquarie Harbour. 

This limestone series is also seen in the Clark Val1ey~ 
from about 3 miles above the point of the debouchure of 
that river northwards. The same alternation of limestone, 
both pure and impure, with t he quartzites and slates 
occurs here. 

Going northwards along the North Lyell Railway from 
the to-llile , no limestone is observed until Darwin is 
reached, where it occurs outcropping in flat coun try. At 
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this point the purer limestone beds occur. They have beeu 
worked as a source of limestone for fluxing in connection 
with the North Lyen smelters. At the 14~-Mile the lime· 
stone and quartzites are seen in a cutting about 15 fe-et 
deep. 

Between the 11 and 15 Mile the limestone always 
appears at a lower level than the white Crotty sandstones 
which overlie the series we are now considering. Very 
often the only indication of the presence of the limestone 
is a soft black pug, which represents the residue left from 
the process of decay of the limestone, where such products 
have not had an opportunity of being removed, owing to 
the protective action of the overlying more resistant sand­
stone. 

Northwards of the 15-Mile the limestone solely occurs 
outcropping either in the flats or in the river beds. The 
significance of this has already been discussed. 

This limestone series aloo occurs on the western side of 
Jukes. It can be seen outcropping in the bed of the 
Newall River. and the whole series with the associated 
quart.zites occurs in the neighbourhood of Kallemback' s 
Creek. 

The strike of this series is markedly constant, varying 
from due north to N. 200 W. Only in one case was the 
strike observed to swing to the e8s~ of north, and only 
very occasionally is it as far to tbe west as to give a north­
west strike. The series being folded, the dip varies from 
point to point, being generally vertical, but sometimes 
incl ined to the east or west at high angles. 

The rocks of this series are fossili (erous, the organic 
remains being confined to certain berls of limestone . It. 
is very difficult to collect a representative suite of fossils 
from the limestone, as they are only shown on the 
weathered surface of the rock, and even then only in 
restricted horizons . The best development of these fossils 
occurs at the Darwin qua.rry. From the palreontological 
e;idence here gathered, these limestones may be correlated 
with those occurring at Zeehan (U) and Queenstown. The 
Gordon River limestones also belong to the same horizon. 

(b) Slat.. and SandItQ ..... -Ov.rlying the limestone 
series conformably, is & series of slates and sandstones 
with occa.sional beds of greenish shale. The slates are 
both light and dark-coloured; the sandstones vary from 
white to reddish-brown in colour. 

(.cI) See Geol. SUT". 1'1111. Bul\. No.8. fiji. 38-3f1 
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This series is affected by the same folding as the lime­
stone, and the strike and dip obey the same general rules. 

This series is seen from the 5-Mile northwards, and Call· 

tinues as Car as the King River, and also extends to the 
eastwards of the railway-line, as well as to the north of 
-this area. These rocks are also developed on the western 
side of the mountains. In the neighbourhood of Crotty 
the sandstones form isolated hills, baving an elevation of 
from 600 to 800 feet above sea-level. 

Certain beds of sandstone in this series are fossiliferous, 
there being in places a rich assemblage of casts of brachio­
pods, &c. 

The series of slates and sandstones may therefore be 
correlated with the similar beds at Zeehao, in accordance 
with the palreontological evidence available . The Zeeh&n 
beds occupy a higher geological horizon than the lime· 
stone, and therefore correspond with the relationship 
observed in this field. The Nelson Ri ver, Queenstown, 
and Queen River sandstones may also be cor:relnted with 
this series and that at Zeehan. 

The complete series of limestones, together with the over~ 
lying sandstones and slates, have, on the strength of the 
pa.lreootologica.l evidence contai ned t.herein, been placed 
in the Upper Silurian system. The evidence for this is, 
however) not quite conclusive.(407). 

(4)- The Tertiary Depo.it •. 

These occur exclusively in close proximity to the shores 
of Macquarie Tarbour, extending back therefrom from 1 
to 2 miles. At Kelly Basin they are seen to be about 100 
feet thick, and consist of horizontal beds of clays, sand ~ 
stones, mudstones, and lignite . 

This series has been described by R. M. Johnston,("), 
who has pIa-ced them at th~ base of the Palreogene period , 
'.~., at a lower horizon than the simila.r beds of the Tamar 
and Derwent. 

They are undoubtedly a freshwater series containing no 
traces of marine life, but being replete with traces of 
plants. 

They lie, in this district, unconformably on the Silurian 
limestones. 
---_.---------------------

(4'7) Sea Zeahan Bulletin cit&{( above, pp. 40-41. 

C'-) See "Geology of Tasmania," by R. K. Jnhnston, Pi>. 293-294. 
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At Kelly Basin, the beds of clay in this series have been 
used in connection with the manufa.cture of bricks by the 
North Lyell Company. 

(5)-Glacial Till and Alluvial Depo,it •. 

Generally, these deposit.s occur on the flal country east 
and west of the mountain range, but some alluvial or 
detrital deposits occur high up on the mountains, as for 
instance on the Darwin plateau and above the East Dar· 
win waterfall. 

The glacia.l till occurs on the Crotty and Smelter Plains . 
and extends as far south as the 14!-Mile. This till COll­

sists of a. heterogeneous accumulation of partly Nuncled to 
sub-angular masses of rock (porpbyroids, quartzite, con 
glomerate, &c.), varying in size from three or more feet in 
maximum measurement down to a few inches. Associated 
with this coarse till are beds of sand and clay. showing 
rude stra.tification. These are seen in a cutting on the 
road Dear Crotty Station. In places on the Crotty Plain 
huge erraties of conglomera.te can be seen. The maximum 
height to which this glacial till extends i. 660 feet above 
sea-level. This is the height of the remarkably level sur­
face of the site of the old Crotty smelters. 

These glacia.l deposits have been eroded to some consider­
able extent, the general surface of the Crotty Plain, which 
has been formed as the result of this post-glacial denuda­
tional action, being approximately 140 feet below the 
original upper surface of the moraines. This plain is 
now covered with a coarse alluvial deposit, which has been 
laid down by the streams which have cut their way down­
wards through the true glacial deposits until they have 
reached their present base-levelled condition relative to 
the King River. 

The glacial and detrital deposits of rtft. Darwin are 
nowhere very thick, the thickest layers being about 4 feet 
thick, and they are generally less than this. They were 
formed contemporaneously with the glacier's existence, 
and the capricious distribution of gold in these deposits is 
directly the result of glacial action (U) They consist of 
angular to sub-angular fragments from 1 foot in diameter 
down to coarse gravel. 

From evidence gathered elsewhere in Tasmania the 
glacier stages must have been Post-Tertiary. Further, 

(-> See b< 10" p. 84. 



'since glaciaJ. deposits are found in valleys below the old 
surface of the Henty peneplain,(30) we must admit that 
the period of glaciation succeeded the formation of that 
peneplain . This, according to L. K. Ward 's deductions, 
was accomplished. in Pleistocene time. Since, however, 
this latter estimate is baaed on the assumption of the Pleis4 
tocene age of the glaciers, and there is some difference of 
·opinion &8 to whether the latter were not of more recent 
date, it would be best to rest content for the present in 
placing the glacial deposits and the admittedly later 
alluvial deposits in the Quaternary period, without any 
attempt at locating them in definite subdivisions. 

(2)-THE RELATIVE AGES OF THE PORPHYROIDS AND THE 

VVEST COAST RANGE CONGLOMERATE. 

By regarding the brecciated conglomerate as part of the 
conglomerate series, we must necessarily admit that this 
series is younger than the porphyroids, because of the fact 
that this brecciated conglomerate is composed of frag4 
menta of t~e latter rock series, as fully described above. 
The undoubted occurrence, also described above, of 
porphyroid pebbles in the conglomerate series itself 
must inevitably confirm such a deduction as to 
'the posterior date of the West Coast Range oon4 
glomerate. The a.bsenoe of pebbles derived from the 
porphyroid series ba.s previously been used as strong 
"negative evidence for the placing of the West Coast Range 
conglomerate in a lower scale of the Geological Record 
than the porphyroid series, In his bulletin on the Mt. 
Farrell field, L. K. Wa.rd (31) comments on this notable 
absence and, admitting from stratigraphical evidence the 
younger age of this conglomerate, explains this 
phenomenon as follows :-" One is inclined to suppose that 
a tilting of the region took place at the time of the forma4 
tioD of the conglomerate, which brought the sea4level to 
a line at the base of these quartzites (1".e ., the Pre4Cam4 
brian quartzites lying to the eastwards), and below which 
the slates and porphyroids were so far submerged as to be 
beyond the reach of wave4action, " 

The a.ctual finding by the writer, in the J ukes4 Darwin 
field , of undoubted porphyroid pebbles in the conglomer4 

(10) ~ . , Glacial (~ t>ol. of Tllil .. ·' by J . W. G.'elrory. loe. cit., p. ;)~. 
e') 8e~' Gelli. ~11l'V. TIS. Bull. No.3. by L. K. W8"I1, Ill). i(l-n. 
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ate a.t once shows the unreliability of conclusions based on 
negative evidenc,e. Yet, at the same time, it is quite a 
remarkable fact that it is only in the very lowest beds of 
the conglomerate series tha.t the porphyroid pebbles occur, 
for no trace whatever of these could be found in any of 
the overlying beds. This fact is easily explicable by some 
such supposition as that put forward by Mr. Ward and 
quoted above, for once the felsites, &c., had been rele­
gated to the bottom of the sea or had eveJ;l been covered 
by the lowest beds of the conglomerate series (and this 
seems to have actually taken place, for every indication 
8eems to show that the conglomera,te was once continuous 
over the whole porpbyroid series), they would be com­
pletely prevented from contributing in any way to the 
supply of pebbles, &c., for the sedimentary series then in 
process of formation. 

Wben, however, we attempt to determine the exact ge<l­
logical age of the porphyroids and the West Coast range 
conglomerate, we a.re confronted with some considerable 
difficulties and contradictions. 

It was stated previously that these porphyroilis, as they 
have been termed, constitute a series of old igneous rooka 
which occur together with associated truly sedimentary 
rocks in the western and north-western portions of Tas­
mania. On the alBUmption, which is quite justifiable, tha.t 
this series was contemporaneous in its origin throughout 
the whole of its area of distribution , we are enabled to 
correlate such observations and deductions which have 
been made at localities where this series has been care­
fully studied. 

Thus we have the established fact that in the Leven 
gorge, the porphyroids are older than the limestone, which 
is of undoubted Silurian age. At Lodder's Point they 
are seen to be younger than the Pre-Cambrian schists.(,52) 

From this evidence they must have been formed between 
the close of the Pre-Cambrian and the beginning of the 
Middle or Upper Silurian periods. The evidence gathered 
during the survey of the Jukes-Darwin field has shown 
indisputably, and for the first time, that the West Coast 
Range conglomerate series is younger than the porphy. 
roids. This, therefore, shows the latter series to be con­
siderably older than Middle Silurian. When, however, 
an attempt is made to determine the age of this COD­

glomera.te series we encounter several pnzzling features. 

(") ~ Geol. ~Ul"\'. TIt ~. 8ul1. No.6, p. 10. 
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In this field the Silurian sediments have the same strike 
&8 the conglomerate series, and every indica.tion seems to 
point to the fact that they are to be regarded a. a con­
formable -composite series or system. 

At Zeeh&n (") and Middlesex,(") the conglomerate 
series, together with the conformably overlying tubicolar 
sandstone, appears to be succeeded conformably by the 
undoubted Silurian limestones and sandstones. 

On this evidence, therefore, we would have to regard the 
West Coast Range conglomerate as being of Silurian age, 
but the possibility arise., as suggested by L. K. Ward, 
that this conform ability is only accidental, being caused 
by an uplift subsequent to the Formation of the conglomer­
ate and associated tubicolar sandstone, followed by an 
exact reversal of the movement, no tilting occurring in 
either case. If lucb a supposition is justified the con­
glomerate can on this consideration a.lone be placed in any 
position below the Silurian. 

This allotting of a Pre-Silurian age to the conglomerate 
appears, moreover, to be necessitated by a consideration 
of the fact that in the Florentine Valley, Dikelocephalus 
.andstone has been found, apparently overlying the con­
glomerate. Since these Dikelocephalus beds are of 
undoubted Upper Cambrian age" this would necessitate 
the placing of the conglomerate in the Middle or Lower 
Cambrian periods. The connection of the conglomerate 
with the other more complete development of the true 
Cambrian strata at Caroline Creek, near Latrobe, is very 
obscure, and admits of no definite deductions. 

On the other hand, the finding by Mr. G. A. Waller of 
Rh.'lnchonella in the conglomerate series, seems to preclude 
any justifica.tion of Ward's suggestion. 

The possibility exists, therefore, that the conglomerate 
series is of Silurian age, but, in view of the contradictory 
observations mentioned here, it seems most advisable to 
designate this series tentatively as Pre-Silurian. This 
practice win be followed until more conclusive evidence is 
available. 

It is therefore clear that at present no conclusive deduc­
tion can be drawn as to the exact geological period to 
which the porphyroids are to be assigned, from any con­
sideration of their being of greater age than the C'on-

(ii) &>e" R6purt on the Zeehan Silv6r-lead Mining Field," hy O. A. 
Waller, 1904. 

( ... ) See Geol. Sur. Till'" HIIII. N". 14, p. 21. 
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glomerate. The most that can be said in the present stage 
of this discusslon is that they must be placed in the geo­
logical record between the close of the Pre-Cambrian as 
their lower limit and the base of the Upper Silurian &s 
their uppermost limit. 

Returning now to the porphyrQids themselves as sup­
plying rur 8e any evidence as to their age, we at once 
notice the important And suggestive character of pro­
nounced schistose structure. When contrasted with the 
relatively unmetamorph06ed condition of the conglomera.te 
senes and the Silurian sediments, this schistose character 
must inevitably point to a much greater age . The inter­
val between the deposition or extrusion of the porphyroid 
series and the laying down of the conglomerate, must 
necessarily, therefore, have been characterised by a period 
of diastrophism, which was instrumental in developing to 
lome considerable extent this present schistose structure, 
and a considerable break in the matter of time must ha.ve 
intervened. This metamorphism previous to the forma4 
tioD of the conglomerate is also evidenced by the porphy4 
roid pebbles in the conglomerate possessing apparently a8 

great & schistose character as the porphyroids in situ. 
To allow for such a period of diastrophism, there is no 

absolute necessity to place this rock series as older th&n 
the Ordovician, for the break between this period and the 
Silurian proper has been accompanied elsewhere by a 
period of diastrophism. This consideration, therefore, 
places the upper limit of the possible position of this series 
at the close of the Ordovician period. At the same time, 
it seem8 to the writer that such a period of diastrophism 
followed by a prolonged continuance of denudation would 
point to a somewhat grea.ter a.ge than that indicated by 
placing this rock series in the Ordovician. 

Mr. T. S. Hall (") bas described tbe occurrence of 
graptolites in the Dundas slates, which must be regarded 
as constituting part of this series of porplJyroid ("!i ). On 
the evidence of these graptolite remains he places these 
slates in the Ordovician system. 

Coming now to evidence as to age, which is furnished by 
analogous occunences elsewhere in A ustralia, we find that 
the Heathcotian series of Victoria ba~ close affinities to 
our porphyroids . This series has been closely studied by 
Prof. J. W. Gregory (") and Prof. E . W. Skeats (") , and 

(66) T. S. Hall, " F."I~ltluCell of Graptnlites in TII ~ ," noy. Soc. Tas., 190"2 
(61) Ree Gent. Sur TOle. Bull. N". 6. p. 3:1. 
~ ST I Trlm~. Rn)'. ~ Vic. No\'. 1902. pp. 148-174. 
(") Tt·anil. Roy. Soc. Vic. June. 19C)!~, pp. 303-348, 
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their relationship~' with adjacent fossiliferous sediments 
discussed. There is here, however, a decided difference 
of opinion, for whereas Gregory accOl'ds to them a Pre ~ 
Cambrian age, Skeats assigns to the series a Lower Ordo­
vician age. Even if we were justified in correlating the 
Heathcotian series with the Tasmanian porphyroids, we 
could at present obtain no defiuite fixation of their exact 
position in the Geological Record. 

Summing up the evidence, we see that the lowest position 
they could occupy would be the close of the Pre-Cambrian 
period, and the uppermost limit, the close of the Ordo­
vician. Practically, therefore, it may be said tp&t these 
porphyroids are either Cambrian or Ordovician in age, but 
it is by no means certain that they cannot occupy a high 
position in the Pre·Cambrian. The term Cambro.Ordo. 
vician has been used in previous publications of the Geo. 
logical Survey to indicate the age of thiS' rock series, but 
the writer would prefer to use the term Pre·Silurian as 
indicating the present position of our knowledge as to 
the age of the porphyroids. This nomenclature is adopted 
in this bulletin, and will be adhered to until some more 
definite information is available as to the exact position 
in the geological scale of both the porphyroids and the 
West Coast Range conglomerate series. 

Final1y, therefore, we are quite justified in making the 
statement that the porphyroids are considerably older 
than the West Coast Range conglomerate ; that the con. 
g1omerate, although probably of Silurian age, must at pre. 
sent be regarded as Pre·Si]urian ; that the porphyroids 
cannot be more definitely placed than ascribing a Pre. 
Silurian age to them a180, but that the succession is­
undoubtedly 81 follows:-

( Sandstones and slatel!l. Silurian- J 
( Limestone. 

Problt!matical BrUlk. 

P S'I' { Tubicolar sandstone. re· 1 unan-
West Coast Range conglomerate. 

Pu·tod of Dia,trophi8m. 

Pre.Silurian-Porphyroids. 

Pt!riod 0/ Diastrophism. 

Pre-Cam brian-Quartzites, Quartz-schists, «c. 



{3)-TuE GENERAL SEQUf:NCE or EVENTS LEADING TO THE 

PRESENT GE01.0GICAL STRUCTURE. 

(1) The E",/nuion 01 the Feloi, .. , «r..-The geological 
history of the region began with the outpourings of lava 
which are now represented by the felsit.es, &c., of the 
porphyroid series. It seems probable that some at least 
of these lava flows were submarine, since we find beds of 
alate ploughed a.nd furrowed all the surface by the out~ 
pouring of the overlying lava sheet, accompanied by some 
inclusion of alate particles in the lower part of that sheet. 

The accompanying breccias and tuffs were deposited 
'under similar conditions, these being the fragmental 
products of the volcanic activity. 

The amount of truly volcanic material poured out on 
the surface waa certainly very considerable. III this region 
this rock surface on which the volcanic material was out­
spread cannot be seen. The present tectonic structure of 
these volcanic materials is that of a series of beds or 
strata upturned on their edges,C 9

) and, therefore, by 
measuring the horizontal distance o\'er which these beds 
occur we can obtain an approximate idea of their original 
thickness. In this district these rocks are seen to occur 
over a horizontal distan ce of at least 4 miles. This gives 
the originaJ thickness of the series of superimposed beds 
U, roughly, 21,000 feet. This is almost certainly much 
less than their actual original thickness, for it is certaiu 
that the portion outcropping in this field does not repre­
sent the complete series, for we have this same porp4y ~ 
raids accompanied by associated slates, &c., developed 
Borne considerable distance westwards of the northern con­
tinuation of the line of strike of t~e rocks in this fiE'ld, at 
Zeehan and Dundas. There may, however, be some repeti ­
tion of the beds due to the intense folding, which has 
been responsible for the present vertical position of t~e 
beds . More detailed investigations are necessary before 
any, even approximately, correct estimate of the thicJc,.,. 
ness of this great series can be justified. 

It is quite clear, nevertheless, that this period of vol­
canic activity was a great and prolonged one. 

(2) The U plitt, lnvernon, and M etnmorphi&m 0/ the&e 
Rocks, and the IN'Uption 0/ the Darwin Granite.- This 
period of extrusion of lavas, dec . , was succeeded by one 
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of great diastrophism,(60) by which the whole area was 
uplifted. This was accompanied bv an orogenic crump· 
ling and compression in the ' Vest Coast mountain region 
at least, which was instrumental in developing a series 
of isoclinal (iii) folds in these rocks, and inducing to a 
great extent their present schistose character. 

This intense folding movement was accompanied, or 
immediately succeeded by. the intrusion of the granite, 
which, rising up fro III below and forcing its way between 
the several vertical beds of lava, reached finally a position 
which was yet very far from the surface, which at this 
time was constituted by the crests of the isoclinal folds. 
In its upward passage, this granite magma broke across 
the now vertical beds in places, and rising on either side 
of 8uch a bed was instrumental in bringing in to its present 
position the felsitic rock, which constitutes the pronounced 
ridge running in meridional direction on the Darwin 
platea.u , and completely surrounrled by granite. 

This granite intrusion wa-s the final phase of tha.t pro­
longed period of igneous activity , which resulted in the 
development of our porphyroid series. 

(3) The Formal;on 0/ Ihe Breccialed Oonglomerale and 
Conglomerate Sl"rtf'8.-There then ensued a prolonged 
period of denudation, during which the crests of the iso­
clinal folds were truncated. The erosion was contin ued 
to such an extent a.s to lay bare the granite, which clearly 
must have consolidated at some considerable distance from 
the surface. The assumption of the occurrence of this. 
great amount of denuda.tion is r~udered necessary by the 
p resence of granite boulders in the overlying brecciated 
conglomerate. 

The latter W&8 deposited on this land surface as alluvial 
fan formations and detrital material. 

A fter a few oscillatory movements a general depression 
of the land surface took place, which brought about the 
conditions under which was deposited the conglomerate 
series as littoral deposits, t.e., as deposits of rounded 
shingle, on the shore-line, which was subsequently con­
solidated by the infiltration of cementing materiaL 

(eo) Thia term " diastrophism" il'l uaed to fln1gnate all differential mov~ 
m l'nts of the earth '!! cruat; :. otogenic movement " itl that lllRnifetitation of 
diu-trophi8m whieh effect. crumpling "I narrow belts of land 8u('h .. 
mountain rang"; "e~irngeni(' '' il! applied 10 th,lt/oe lllovements, wbieh 
f!«F'eet the uplift. or depN'lIIIon 01 large continental areu. 

(tI) Isoclinal f.,Jd, are thOflto in which the two Iimba are comprcSlled 10 
.. lolM!Y togtlther that Ihey are both vertical. 



(4) Thr Second Pe1-iod oj Sedimentation.~After the 
deposition of the uppermost beds of the conglomerate 
series, viz., those containing the" pipe-stems, " some con­
siderable downw&l'd movement must have taken place, 
since the next succeeding beds are the Silurian limestones, 
which are typical deep-water deposits. 

This was succeeded by an uplifting movement which 
brought about the conditions necessary for the deposition 
of the overlying slates and sa.ndstones. 

(5) The Poldill[1 G1.~d Prtult infJ oj tfle RFgion In 

lhlJon-ian 71imf'8.- The next importan t.. event in the geo­
logical history of the region was a period of diastrophic 
movement by which the whole of the rocks formed up to 
this time were thrown in a series of folds, this folding 
being necessarily accompanied by some considerable frac­
turing and movement along thrust-planes, which are now 
represented by the faults of the district. This formati on 
of thrust-faults seems to have been especially ma.rked in 
the Mt. Lyell district, for, although the previous exist­
ence of the overturned fold is clearly recognisable, its 
present form is greatly complicated by movements along 
thrust-planes.C~Z) This folding ma.y either have immedi­
ately precaded, or was pra.ctically contemporaneous with, 
the irruption of the Devonian granite , there being. in fact, 
a causal relation between them. 

The compressive forces which were responsible for the 
formation of these folds were certainly very intense, as, in 
addition to the very sharp anticlinal and synclinal folds 
which occur to the east and west , the mountain range 
itself is in reality the remilant of an overturned anticline. 
Since this anticline is overturned towards the east the 
direction of the thrust must have been from west to east. 

This overturned fold seems to have been the largest of 
the individual folds formed at this time, and in the 
writer's opinion was thrust upwarrls to a grea~r height 
than the smaller folds on either side. In this way the 
West Coast- Range was given birth to, the present COll­

figuration having been brought about by the successive 
vicissitudes in its subsequent history. In its infancy, 
therefore. this range, at least in the area under discussion, 
consisted in its highest portion of Silurian sandstones and 
slates with underlying limestones : these in turn were 
succeeded downwards by the tubicolar . sandstone and the 
conglomerate series , under which Ill:' the brecciated con-

(OS) J . W. Gre!lMY, ciled elsewhere. 
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glomerate, and forming the core of the mountain range, 
were the porphyroids. 

(6) Tlte Events Sub,equlJnt to the DevoniM!, Oroglnic 
jl/ovf'mellt.~.-In the Jukes-Darwin fie1d there is a total 
absence of any formation intervening between the Silurian 
sediments and the Tertiary strata. It is quite certain, 
however, that the area has been subjected to an enormous 
amount of denudation subsequent to the formation of the 
folds in Devonian time. This denudation has been suffi­
cient to remove the whole of the Silurian sediments from 
the crest of the great overfaId, and, on 1\H. Darwin itself 
the whole of the congloJQ.erate series, with the exception of 
a few isolated patches. 

It is also quite clear that this cycle of denudation has 
not been continuous, but the evidence leading to such a 
view is to be collected only from localities ouu,ide this 
area. Thus, on Mt. Sedgwick, situated to the north, we 
find a capping of diabase ; in the Linda vaHey Professor 
Gregory records the finding of Permo·Carboniferous F('nn ­
t('lla shales in situ; at Zeehan the basal conglomerates of 
the Permo-Carboniferous system OCCll!', together with the 
coal·measures of the same sY'stem at Eden.(63) Since dia­
base is a rock which has a typical h~Tpabyssal or intrusive 
character, and therefore must have intruded any rocks 
which had been formeq up to the close of the Mesozoic 
period, we must aS13ume that some overlying st!ata have 
been removed from above the present peak of Sedgwick. 
What applies to that locality would in all probability 
apply to the whole West Coast Range, including this neld. 

It seems probable, therefore, that , after having been 
subjected to the action of a prolonged period of denuda­
tion, which was sufficient to bare to the surface the 
Devonian granite (e.g., the fleemskirk massif), the whole 
area sank beneath the sea, on the bottom of which were 
deposited the Permo-Ca.rboniferous basal beds, and su b­
sequently the upper members of the system. Above these 
may have been deposited the Mesozoic sediments, but in 
any case the diabase was intruded into and beneath the 
Permo-Carboniferous beds. This can now actually be 
Been in the central plateau region to the eastward. 

The occurrence of the Permo-Carboniferous beds at 
such a low level at Linda and Eden is striking and puzz] . 

(1IlI) Set' Geol. Sun. Tas. Hull. No.8, p. 44. 
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mg, but the following suggestion may explain this 
feature :-

May not the denudation which took place after the 
irruption of the Devonian granite, and previous to Permo· 
Carboniferous times, have been instrumental-when acting 
on a mountainous region, the general outlines and exist­
ence of which were pre·determin.ed by folding- in develop­
ing a general surface configuration having a close approxi . 
mation to that which now obtains. By a subsequent sink­
ing of the whole area the beds of the Permo-Carboniferous 
system would be deposited and gradually built upwards. 
By 8. subsequent uplift dry land conditions were resumec. , 
and 8. long period of denudational activity recurred, which 
has been sufficient to remove the whole of this Permo­
Carboniferous system, with the exception of a. few ieo 
lated patches. 

This seems very probable, but further research is needed 
before any definite pronouncement thereon can be made. 

The general events which have brought about the pre· 
sent details of the topography have been described pro. 
viou8Iy.(") 

(It) See above, Paces 11·19 inclusive. 



V.-ECONOMIC GEOLOGY. 

(l)-GENERAL REMARKS. 

The discu8sion or description of the economic geology 
is the main raison d' etre. of such a publication as this. 
Thus the whole preceding portion of this bulletin has been 
written with the ODe object of leading up to and supply­
ing the necessary foundation for the complete elucidati)11 
of the factors governing the mode of occurrence and tenor 
of the ore-deposits of this field. Thus it is absolut'.'ly 
necessary that the reader should grasp the meaning ;mel 

.significance of the contents of the chapter~ preceding this, 
and be will tbereby be enabled to benefit to the fulkst 
degree from a perusal of what follows. At the same time, 
it is necessa.ry for the sake of clearness in the presentation 
of the many arguments advanced, that some repetition 
and emphasis should be placed on certain important geo­
logical and physiographical features, and also that some 
explanation be given of certain technical terms used in 
describing ore-deposits. 

The Jukes-Darwin field is essentially a copper millIng 
centre, the copper values being accompanied by certalD 
proportions of gold and silver. In making an investiga­
tion of the mode of origin of these ore deposits carrying 
copper, it is essential, however, that cognizance be taken 
of other are occurrences, which may not be of economic 
value in themselves, but which supply important and indis­
pensable data for studying the genesis of these more import­
ant copper-bearing deposits. Thus the magnetite and 
hematite deposits will most probably never be valuable 
as sources of metallic iron, and the veins carrying epi­
dote are certainly of no commercial value, yet it is advis­
able that a description be given of all these occurrences, so 
that the da.ta for any logi cal deductions be contained 
in toto in thi8 bulletin. 

The problem of determining the genesis of the ore 
deposits of this field, and the factors governing their fan"'] 
and mode of occurrence, is admittedly a very complex one, 
and the complete data necessary for the satisfactory ,>olu 
tion thereof are not wholly contained in this field alone. 

• 
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It is therefore necessary to take advantage of all data 
which are available as to the character and nature of gjmi ­
lar ore-deposits in other parts of Tasmania. This is par­
cularly emphasised also by the absence of any workings 
of considerable extent which would supply any informa­
tion as to the behaviour of these OTe bodies in depth, and 
by the fact that sucb extensive workings do exist else­
where . This, therefore, leads us to an investigation of 
these workings as supplying data missing in the Jukes­
Darwin field alone. In particular, the Mt. Lyell field, 
being a part of the same geological and physiographical 
unit as the Ju~es-Darwin field, ought to supply us, by 
Teason of the relative magnitude of the underground work. 
ings, with an immense amount of information as to the 
features, geological, mineralogical, and structural, which 
characterise the ore deposits of this region. 

The absence of any detailed deecription of the geology 
and ore deposit of the Mt. Lyell field by any offioer of 
the Geological Survey has been severely felt in the com­
pilation of this bulletin. The only availa hIe source of 
information concerning this field is contained in a mono· 
graph by Professor J. W. Gregory, D.Se., entitled" The 
Mount Lyell Mining Field. Tasmania, " and published in 
1905, and a paper written by R. C. Stieht, General Man­
ager of the Mt. Lyell Mining Company, which appeared 
in the" Mineral Industry" for 1908. These have been 
tully availed of, and acknowledgment is here made of the 
information contained therein. The writer's personal 
observations in that field were limited to a few days only. 

Not only should the Mt. Lyell field supply data for the 
elucidation of the problems presented by the Jukes-Dar­
win field, but this latter region has presented features 
which are apparen~ly absent at Mt. Lyell, but which are 
essential for the complete undeI'6tanding of the ore 
occurrences of what is really a composite area, the 
units of which are indissolubly connected and related. 

In the following pages a description of the ore-deposits 
will be given, followed by a discussion as to their genesis, 
which latter must necessarily be incomplete until the Mt. 
Lyell field has been closely studied. As will be seen, how­
ever, several conclusions can be arrived at which, in tile 
writer's opinion, warrant the making of a favourable state­
ment as to the prospects of s,everaJ ore-deposits. 
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(2)- THE ORE DEPOSITS OF THE J UKES-DARWIN MINING 
FIELD. 

(A)- THE MINERALOGY OF THE ORE DEPOSITS. 

(a )- The Copper-Silver-Gold Ore Bodiel . 

There are two distinct varieties of ore occurren<:es m 
this field which contain the three metals, copper, silver, 
and gold, as part of their contents. One of these classes 
is characterised by an abundant development of hematite 
and magnetite. This constitutes a class by itself , and will 
be described separately under the heading If hematite and 
magnetite bodies. " The other class of deposits which 
carry copper, silver, and gold values is decidedly of 
greater importance, and is characterised by the occurrence 
of chalcopyrite and the absence of both hematite and mag­
netite. It is with these comparatively richer deposits that 
this chapter deals. 

The minerals occurring in these deposits are pyrite, 
chalcopyrite, native copper, galena, chalybite, specularite, 
chlorite, limonite, and quartz. 

The relative amounts of these minerals present in the 
different occurrences of are vary veli greatly. There is 
no general type characteristic of the field, for all grada. 
tions exist from the occurrence of almost pure cbalco­
pyrite in veins and blebs in chloritic schists with very little 
quartz, down to almost pure quartz with a few dissemin­
ated grains of pyrite or chalcopyrite. Thus, at the Jukes 
Proprietary mine the are body consists of veins, splasbes, 
and irregular blebs of chalcopyrite, with admixed pyrite in 
a dark cbloritic schist ; while at the Darwin Proprietary 
and neigbouring sections the ore body consists of a meta­
somatic replacement of grey schist by quartz, pyrite, and 
chalcopyrite, the relative proportions of these three min ­
erals varying from place to place in the ore body, some­
times consisting of almost pure quartz, while at other 
points there occurs practically pure chalcopyrite. 

o..nerally it may be stated that pyrite and chalcopyrite 
are the most abundant of the metal1ic minerals present) 
galena and specularite being very limited indeed in 
amount, the only occurrences noted up to the present being 
that of galena on Sections 4615-M and 2585-9311, while 
specuJarite has been noted in very small amount at East 
Darwin. Metallic copper bas also been noted in small 
amount occurring as blpbs in the dark chloritic schista. 
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Of the gangue miuerals present, chlorite certainly is 
the most persistent in ita occurrence. In every ore deposit 
of this type on the field, excepting the siliceous are body 
of East Darwin, t his mineral occurs, and sometimes in 
large amount. Quartz certainly is at times abundant, 
and is almost invariably present. 

It must be specialll noted that chalcopyrite is the 
importa.nt copper-bearmg mineral present, the other two 
minerals which contain copper being present in totally 
insignificant proportions. 

The following is a description of various noticeable char . . 
acteristics of the several mineral species occurring in these 
are deposits :-

Pyrite is generally massive in texture, but in the East 
Darwin aTe body the texture is finely granular. In the 
massive varieties no crystalline structure is visible, but in 
the granular varieties complete cubical crystals can be 
seen, especially where the ore body consists of pyrite dis­
seminated in quartz. This cubical form is the only crys­
talline habit noted in this field. 

Chalcupyrit" is always massive, no crystal outlines being 
distinguishable. The colour is the characteristic bright 
yellow of this mineral species, but this is sometimes dulled 
by admixed pyrite. 

Galen(l occurs as disseminated masses in quartz, which 
are composed of subhedral crystals. The only occurrence 
of this mineral observed by the writer was in the western 
portion of the East Darwin ore body near the contact of 
the grey schist and bard red felsite. It is also reported to 
have occurred on Section 2585-93M, but none was visible 
at the time of the writer's visit. 

Limonit~ occurs as a decomposition product of pyrite or 
chalcopyrite, filling irregular cavities in the schists, which 
undoubtedly were originally occupied by either of these 
two minerals. 

Q'llortz is always massive and. a.nhedral. There is a 
C'omplete absence of cavities lined with euhedral crystal 
forms, excepting in the case of the ore occurrence on Sec­
t ioo 5936-M, which is a fissure -filling. It is always milky 
white in colour. 

Chlorit~ is always in the massive or earthy form, and 
has a characteristic dark olive-green colour. No crystal­
line outlines are visible. The hardness is about 2'5, and 
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the streak is light green or grey. It a.pproaches most 
nearly to the variety delessite. 

(fbalybit, is occasionally present in aggregates of brown 
rhombohedral crystals. 

The gold and silver values are apparently contained in 
the chalcopyrite, and perhaps also the pyrite, but as the 
gold values increase with the copper contents it is most 
probably associated with the chalcopyrite. No free gold 
or sil ver is to be seen. 

(b)- Til t' ff ematitf' and Jlaynetit,. Bodin. 

As mentioned previously, the ore deposits which come 
under this category carry to a varying extent values in 
copper, silver, and gold, but by virtue of their being 
characterised by the presence of hematite and magnetite, 
and of their occurrence in deposits altogether separate 
from the copper-silver-gold ore-bodies &lready described, 
it is necessary to class them as a distinct clASs of deposits. 

The predominating mineral constituent8 are magnetite 
and hematite, and the ore deposits consist of admixtures 
of these two minerals in varying proportions, ranging, in 
fact, from almost pure magnetite to pure hematite free 
from magnetite. Pyrite and chalcopyrite occur aS6OCi ­
ated with these minerals,.as also do the gangue minerals 
quartz and chlorite. The following is a description of 
the leading characteristics of the several minerals. 

Alagnt!tite occurs in the form of aggregates of octa­
hedral crystals of a jet black colour. It is highly para­
magnetic. Complete octahedra can be observed amongst 
the subhedral grains. 

H una.titr occurs in several different habits. The first 
is the micaceous variety, which is specially developed 
on the eastern side of the granite stock at South Darwin, 
and consists of an aggregate of scaly plates having a bright 
silvery lustre. Another variety is the compact non-crys­
talline, red hematite, which occurs in irregular masses in 
the felsiteo. 

Pyritt! occurs as compact irregularly-shaped aggregates 
of euhedral grains in the magnetite and micaceous hema­
tite deposits. It is absent completely from the red hema­
tite masses. Crystal outlines can be distinguished by the 
naked eye. 
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Ohalcopyritl occurs under the same conditions as the 
pyrite, and the two minerals aTe usually admixed III the 
one pyritic aggregate. 

(c)--The Blue Jf tmat'te-Bornite Vein!. 

These veins are wholly confined to ODe locality, namely 
Lake Jukes, on Section 4811-11 and 4812-JoI. They consist 
of admixtures of hematite, bornite, and quartz in varying 
relative proportions in different veins and in different por­
tions of the same vein. The whole composition and mode 
of occurrence of these veins differs widely from any ore­
occurrences elsewhere in t his district. The striking fea­
ture mineralogically is the presence of bornite and copper 
glance, as well as the bluish grey hematite associa.ted 
therewith. In no other part of the field does bornite or 
copper glance occur. 

Hematite is of a characteristic bluish -grey colour, which 
gives, however, the usual red streak. The structure is 
finely granular, and small almost perfect crystals are 
iIOmetimes found lining vughs. 

Bornite and Coppe,. Glanct occur as blebs a.nd larger 
masses in the hematite. These large or small masses of 
bornite are practically pure, no gangue minerals being 
present therein. 

Malachite and A.zurite occur' as superficial alterations of 
the bornite. 

Quartz is present genera.lly in smaH amount, but always 
shows more or less crystal facets. This quartz is always 
associated with the hematite a.nd not with the bornite or 
glance. 

(d)- The Baryt .. Lod ... 

The predominating and characteristic constituent of 
this type of ore deposit is barite, which occurs in the lodes 
as an aggregate of tra.nslucent, platy crystals arranged in 
parallel groups. The colour is in the purer varieties pure 
white, but grades to pale pink. The white crystals are 
transparent in thin flakes. The other minerals present 
are very small in amount, and consist of pyrite and chalco­
pyrite embedded in, and completely .. rapped round by , 
the barite. This chalcopyrite shows in places a thin coat­
ing of covellite-o These minerals are, however , very rare 
in tbe barytes lod .. , the contents asaaying as high as 97 
per cent. of barium 8ulphate in clean samples, and seldom 
if ever running Iesa than 80 per cent. 
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(.) Th. Quart' Lod ... 

There is only a very subordinate developmeut of t his 
type of ore deposit in this field. The mineralogical char­
acteristics are the predominating quartz gbllgue with asso­
ciated pyrite and chalcopyrite, chalyhite, specularite , and 
limonite. The quartz is apt to assum e crysta l facets where 
opportunitiee were offered for web development in vugha, 
&C. The pyrite occurs as more or less complete crystals 
embedded in the quartz matri x; the cube is the only form 
represented . Chalcopyrite occurs similarly , but without 
definite crystalline form. Cbalyblte occurs as aggregates 
of rhombohedral cry-staJs also embedded in the quartz. 
Specuiarite occurs as blebs having a bright metall ic lustre, 
but is small in &mount. The limonite p088e8 the disJ 
tinctive feature of pronounced botryoida.l form with 
interna.l fibrous structure. The surface of the botryoidal 
masses has a. shining lustre and a jet black colour ; the 
hardness is about 5'5; the streak is yellowish brown. 

There is a variant from this normal type which is char­
acterised by an abundant development of chlorite in mas­
sive earthy aggregates (delessite). This type carries free 
gold as well as a small amount of pyrite and chalco­
pyrite. There is only one marked occurrence of this type, 
namely at Lake J uk .. , but .throughout the field and gener­
ally associated with other types of deposits there occur 
quartz veins with associated dt'llessite. These, however, 
never have the well defined development which character­
ises the occurrence at Lake Jukes, and are included in 
tht'l description of tht'l ore deposits in which they occur. 

In t his place must also be mentioned the OCCUrrence of 
small quartz gash veins in the conglomerate series, which 
are characterised by t he occurrence of well crystallised 
spccularite in white mi lky quartz. They contain no cop­
per, silver , or gold values. 

(f)-Th. Epidot< V.i ... . 

These veins are confined to only one small area in this 
field (Lake Jukes). and are characterised by the abundant 
development of the' mineral epidote , and the complete 
absence of metall ic m.inerals. The associated minerals are 
calcite, quartz, and chlorite. 

The epidote is present in the form of columnar aggre­
gates of well -formed crystals possessing the characteristic 
pistachio-green colour. 
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The ca.lcite is well crystallised, as is' also the quartz. 
Chlorite is in the massive earthy form (delessite), having 
a dark olive-green colour. 

(B)-THE GEOLOGY OF THE ORE DEPOSITS. 

(a) The Distribution 01 the Ore Deposit •. 

It is necessary to determine the relation of the ore 
deposits to the several rock types present in the field 
before any discussion as to the mode of origin can be 
attempted. It is also important that the geographical 
distribution of the ore deposits be described. At this 
stage of the investigation it is only necessary to give a 
purely descriptive account of these factors, the inferences 
to be drawn therefrom being Jeft for discussion in a sub­
sequent chapter. 

It is at once apparent to the observer that the ore 
depoeits are confined in a remarkable way to one series of 
rock types. This is the porpbyroid series, which, as stated 
previously, represents the metamorphosed condition of an 
old suite of igneous rocks. The other prominent rock 
type of the field , conglomerate, is devoid of ore deposits, 
with the exception of the purely local development of gash 
veins containing quartz and specularite. 

Coming now to a consideration of the distribution of the 
I8veral varieties of ore deposits in the different members 
of this porphyroid series, we observe that the copper-silver­
gold ore deposits of any importance are confined wholly to 
those members which possess a marked schistosity, na.mely, 
the grey schist of East Darwin or the green chloritic 
schist at Jukes-Proprietary, Findon's section, R. S. Tay­
lor's section, and Section 4655-M. It does not necessarily 
happen that the whole of · these schistose rocks contain 
luch ore bodies, but it i. certainly. striking fact that they 
are limited to these rocks. Certain small stringers and 
specks of mineralisation do occur in the hard felsite, but 
these a.re very sparsely scattered, and are of no economic 
importance. 

The ore deposits which are characterised by the presence 
of magnetite and hematite apparently occur in rocks inde­
pendently of their hardn'108 or impermeability. Thus, 
several deposits of micaceous hema~ite occur in the granite 
itself on the east side of the South Darwin plateau, and the 
most prominent magnetite deposits occur in the ha.rd, 
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dense, flinty felsite a few chains west of the granite COll­

tact. Similarly, the deposits containing both hematite 
and ma.gnetite in other parts of the field, are found, for 
the most part, in hard, dense felsite, as at the Jukes-Pro­
prietary and neighbouring sections, where they have been 
exposed by surface trenching. 

The hematite-bornite veins occur in hard , dense felsite, 
as also do the epidote veins. 

The quartz lodes, likewise, do not seem to favour the 
more schistose rock, these lodes occurring in hard felsite 
and granite. 

As regards the geographical distribution of the ore 
deposits, the general statement may be made that the V are 
confined wholly to the mountain region. This indicates 
their distribution, with the exception of a few occurrences 
of bog iron in the flat country east of the range, and the 
alluvial deposits carrying metallic gold in the Clark 
Valley. 

The main magnetite deposits occur at South DarwiJl, 
on the western side of the Darwin plateau. The mica ~ 
ceous hematite is limited to the eastern side of the Darwin 
plateau. The massive red hematite is seen at two note~ 
worthy localities, namely, at the old Crown Jukes section 
on the northern end of Mt. Jukes, and on Section 4414~ 
93M, on the south· western end of the same mountain , hut 
occurs also widely distributed throughout the field. 

The hematite·bornite veins and the epidote veins are 
restricted solely to Lake Jukes. 

The copper·silver gold ore·bodies are not restricted to 
any particular portion of the field , and thei r distribution 
will be ful1y described in the chapter under the heading 
of "Mining Properties." 

(b}--Th< StructtJral F<ature& of th. 0" D'po8it8. 

The description of the structural features of are deposits 
includes both an account of the external form and shape, 
as well as the details of the internal structure and int-er· 
relations of the several mineral constituents. In the fo1· 
lowing descriptive matter, therefore, both internal struc· 
ture and external form are noted and discussed . 

It is expedient, however, before proceeding to such a 
description, that the exact meaning and significance be 
definitely indicated of the words I< replacement " and 
" metasomatism, " which will be ! requently used in the 
fan owing pages. ' 
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The word "metasomati!ln" has been adopted to indi­
cate the general process which is responsible for the forma.­
t ion of ore deposits in rock masses1 where there originally 
existed no cavity of the dimensions now represented by the 
ore body. The nw<:fus opf'randi of such process consists in 
the interchange of one or more of t.he constituents of a solid 
and a solution in contact* this mutual exchange being 
accomplished by a migration of the respective molecules 
from the solid to the solution , and l.'ta VI'rSa, which pro­
ceeds so completely a.nd definitely that the resultant new 
solid has an entirely new crystalline structure, which ma.y 
be either that of the original substance or that which is 
cnaracteristic of the solid of new composition. This new 
solid is termed a " replacement ." Perhaps the best illus­
tration of this process is afforded by the replacement of 
the iron of a kpife blade, when dipped into a solution 
containing any copper salt. This change will proceed so 
far &S to ultimately leave a complete replica of the knife 
blade composed wholly of copper. 

It is important to note that the water which brings the 
replacing substance in solution is itself affected by this 
metasomatic action, for the material which leaves the solid 
which is metasomatically replaced is ca.rried a.way in solu­
tion by that water. 

It is also important to consider that the conditions in 
the rock mass must be such that a solution can reach such 
a position as to be in contact with the solid which is to be 
replaced. This necessitates, in the case of most rocks, the 
existence of channels of access, which afford a passage for 
the circulation of mineral-bearing solutions, but which are 
of insignificant width as comparec1 with the resulting 
"replacement deposit." 

Finally, therefore, we may state that, in this bulletin 
the terms" metasomatic replacement" or simply" replace­
ment," are used to indicate deposits which were formed in 
this way, and the term" metasomatism" is employed to 
designate the general process. 

We now proceed to a description of the internal and 
external structure of the several classes of ore deposits 
developed in this field . 

c.) Th e \Ottine prnce8"~ takA!! pi Ice aliOo under Ih~ hllowinl{ conttitiOM : -
Gas and !lu\id in CUllttlct; liquid and liquid in contacT; Irall and Uquid in 
cnnbtct i Rn1solid and sahri in contll.("t, \Llth"u~h this lattel" most probaoly 
lakes place pt'1" mediuIU of H sepuI"lI.ting HIm of liquid . 

• 
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(I)-The Copper-Silver-Gold Ore Bod;« aM Pahl­
bands.-The ore occurrences ~ich come under this head 
aTe somewhat varied as regards the amoUnt of valuable 
minerals present, i.e., the relative amounts of rock and 
pyrite and chalcopyrite vary within rather wide limits. 
All gradations may be tra.ced from the schisto&e rock car­
rying a few grains or vein lets of pyrite or chalcopyrite 
distributed along the planes of schistosity J to deposits con· 
sisting of practically pure pyrite or chalcopyrite. The 
former class really belongs to the type of ore occurrence 
known as j' fahlbands. /. 

Since a Dumber of the ore occurrences of this field 
(which contain values in copper, silver, and gold sufficient 
to render them of possible economic value) consist of the 

• mineral chalcopyrite in veins, blebs, and irregular masses 
in barren rock , they really should be classed and known a.s 
fahlbands, but in this bulletin the practice has been 
adopted of denoting both the lowest-grade deposits and 
those deposits which may be of economic importance by 
the general term fj ore-bodies. JJ The designation of any 
portion of this sulphide-bearing schist as a payable ore­
body is therefore purely arbitrary, being governed solely 
by the metal contents, which render it payable under cer­
tain conditions . These conditions of payability may vary 
from time to time, and, therefore, it is quite possible that 
what is now regarded as a valueless fahlband, may, under 
other conditions, assume the character of a valuable ore­
body. 

The boundaries of these are bodies are irregular, being 
limited in the direction of their width generally by the 
boundary. line separating the schist from hard felsite, the 
change towards this contact being a gradual one character· 
ised by a diminution of the sulphides and a correspond ­
ing increase in the amount of rock. 

This same gradual diminution of the value of the ore· 
body by the decrease in the relative proportions of suI· 
phide and rock also occurs along the line of strike. 

In some cases the schist is mineralised for its whole 
, width , but in other instances only a portion of its width 
is thus affected . In the former case, the mineralisation 
extends in smaller unimportant veinlets for SOme distance 
into the hard adjacent felsite. Thus, the East Darwin 
ore body occurs in grey schist, and has as iu western 
boundary hard, dense, red felsite, aga.inst which the ore 
body ends abruptly. The e~rn boundary of this 
ore body is less sharply delineated and consis~ ' in reality 

• 
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of a gradual diminution of the proportion of sulphides 
pl\,sent. 

The ore-bodies on flections 6012-.. , 5925-><, 3107 -M, 

4655-», and 1594-111, all possess similar characters. The 
ore in these deposits consists of an intimate a.dmixture of 
chalcopyrite and pyrite. These mixed sulphides are 
arr&nged along the planes of fissility of the ",hist. They 
are in the form of irregularly-shaped ma.eses connected by 
.a thin film or veinlet of sulphides traversing the planes of 
'Schistosity. The bunches of ore, tht>refore. are in reality 
the result of the deposition of ore from a. solution which 
traversed these planes and replaced. the schist itself with 
sulphide minerals on either side of such fissures . From 
these, there project tributory veins, which run approxi­
mately at right-angles to the main fracture planes. and 
llltimately connect with similar deposits strung out along 
.a parallel plane of schistosity. In this way there is 
developed the structure of a ramifying system of bulging 
veins of pyrite and cha.lcopyrite, totally enclosing roughly 
circular or polygonal masses of schifft. 

These veins are absolutely devoid of any trace of crusti­
fication. 

Microscopic examination shows the rock to be a schist, 
the original character of which is not perfectly clear. The 
present structure is schistose, with a large dev~lopment of 
irregular aggregates of green chlorit.e. With this are 
associated gra.nular aggregates of secondary quartz, and 
also secondary quartz crystals. The pyrite is seen as 
masses always associated with the chlorite, which it seems 
to have to some extent replaced . 

The origin of the pyrite and chalcopyrite, therefore, is 
clearly due to a replacement of the original schist. 

The constant association of the sulphide minerals with 
chlorite (delessite) is important, for in no case (excepting 
the East Darwin ore-body) is this massive earthy form 
of chlorite absent from those ore bodies containing copper. 
The exact significance of this association is discussed at a. 
later stage of this bulletin.("} 

The East Darwin ore-body is of a somewhat different 
character from the type just described. As stated pre­
viously, this ore body occurs in a grey schist , the western 
boundary of both the schist and the are body being hard 
red felsite. The length of this are booy, or rather the 
length over which the sulphidic mineralisation extends as 
shown by present workings is about 2300 feet. The width 

(-) ~e bel •• , p. 94, I'f ilt:Q. 



of the mineralised belt varies from about 5 feei to 40 feet, 
but a.s stated above the eastern boundary is undefined a.ct 
no hard and fast line can be drawn as W t.o where the ore­
body ceases and passes into barren schist. Certainly the 
greatest lineal dimension is along the line of strike of the 
echist. 

The cha.racteristic feature which differentiates this East 
Darwin occurrence from the other copper-silver-gold Ore 
bodies of the field, is the great amount of si licification that 
has taken place. In the mineraliserl zone the schist is 
almost completely replaced by silica, and the resulting 
rock resembles a hard dense quartzite in general appear­
ance. In this silicified schist are disseminated the sul­
phide minerals whir-h may increase in amount to such an 
extent as to convert the already silicified schist into a solid 
granular aggregate of pyrite or chalcopyrite. 

l\Iicroscopic examination shows in a beautifully clear 
manner the replacement of the schistose structure by the 
secondary quartz, the wavy lines of schistosity being 
accurately reproduced. The sulphides are seen metaso­
maticaJly replacing the quartz, euht-dral grains of pyrite 
occurring in such a manner as to abruptly terminate the 
preserved schistose structure, where a crystal facet is 
placed in a position at right-angles to the plane of schist­
oscity . 

The distribution of copper values in this ore-body is very 
irregular, some portions carrying practically no copper, 
while shoots of almost pure chalcopyrite occur which assay 
up to 31 per cent. copper. 

As regards the existence of fracture planes in the type 
of ore deposit we are now considering, it ma.y be stated , 
as far as is observable from the limited amount of develop­
ment work done on them, that in th~ ore bodies other than 
that at East Darwin, these fracture planes strike about 
N. 200 W., and are vertical or dip at a high angle to the 
south of west. In the East Darwin ore body there are two 
sets of such fracture planes; the main If heads " strike a 
little w .. t of north, and dip to the west ; while another 
set dip at a low a.ngle to the north. It is important, also, 
to note that the plane of contact of the grey schist with 
the hard felsite strikes a. little west of north, but dips at 
a steep angle to the east. 

(2)- TI/f' Hf'mfltitf' and !lfagnetitl' Rodil's. - Tbe general 
outlines of these masses are irregular. The magnetite ore­
bodies of South Da.rwin are thus irreguJar in general out­
line, but their greatest lineal measurement is parallel to 

• 
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t.he granite toutact. The micaceous hematite deposits are 
more indefinitely irregular than this. The red hematite 
masses are also irregular in outline, usually consisting of 
a number of large masses with sharp borders, placed in 
close juxtaposition, a.nd in part connected by thin veins of 
the same mineral. 

The internal structures of the red hematite is massive, 
and the contact between the iron ore and the felsite is a. 
sharp and clearly·cut line, no dissemination of hematite 
occurring in the surrounding felsite . In an examination 
of a microscopic section of this felsite carrying veins of red 
hematite, the latter is seen to have replaced the felsite for 
some distance on either side of a narrow fissure, the ceSS&· 
tioD of iron being quite sharp when traced outwards from 
this fissure, which is sometimes seen to be filled with 
quartz. 

In one locality, namely, on the old Crown Jukes ~ction) 
this red hematite is seen to have been affected by compres* 
sion , and a slightly contorted and schistose mass is the 
result. 

The magnetite_ ore bodies are not characterised by such 
a sharp line at their boundaries as these red hematite 
deposits, the ore body gradually decreasing in mineral oon* 
tents at the margill8 by the increase in the amount of 
country rock. These ore bodies are undoubtedly a meta­
somatic replacement of the felsite, the magnetite clearly 
having been introduced into the rock mass and crystallised 
in euhedral or subhedral grains at the expense of the rock 
constituente. The mode of occurrence of the sulphides in 
this magnetite body is an important point. It is a note* 
worthy fact that these sulphides occur in crystalline aggre­
gates within the magnetite mass. These aggregates con­
tain no magnetite, and the external boundaries thereof 
often present complete crystal facets. At the same time 
there ar~ no disseminated grains of pyrite in the main 
xn-ass of magnetite, the sulphides being wholly confined to 
these crystalline aggregates, which vary in diameter from 
i-inch or less upwards. Tbe line of junction between 
these S1llphide masses and the magnetit.e is sharp and 
abrupt, no embaying or concave surfaces being apparent. 
The possible significance of this will be discussed at some 
length in a later portion of this bulletin.(I6) 

(3)-The Otl<" Lodes and V ,;n8.- For the purpose of 
describing their structural features, the hematite*bornite 
veins, the barytes lodes, the quartz lodes, and the epidote 

(1iIIl) 8e .. bi>!ow, T'P. 104. 1116. 



veins are classed together for the reason that they all pos­
sess the distinctive feature of being fillings of true fissures . 
which existed previously to the introduction of the min ­
eraI-bearing solutions. 

The hematite-bornite veins are simple fillings of jrregu­
larly orientated veins occurring at the summit of the Hog­
Back at Lake Jukes. The width varies from a few inches 
to a few feet, but the dimensions in other directions is very 
limited, the deposits, in fact, being of the nature of lenses. 
The greatest length of anyone vein is about 10 feet, and 
the depth to which it extended from the surface was no 
more than this. These veins, therefore, are fillillgS of 
irregular cracks and fissures in the felsite. Some of lhese 
veins are vertical, others almost horizontal. There is a 
noticeable alter~tion of the country rock at the walls of 
these veins, the alteration consisting of the staining of 
these walls to a deep-brown colour. This alteration pro­
ceeds no further than a mere pigmentation. 

The barytes lodes are true fissure fillings, the most 
important occurrence of this type being on \V. H. Tay­
lour's barium reward section. This is a fissure-filling, 
the width varying from 1 foot to 8 feet, and averaging 
3 feet 6 inch... Tbe length bas been sbown to be at least 
26 chains. Crustification is absent, or at least cannot be 
recognised on the surface outcrop. 

Tbe quartz lode. are also fissure-fillings. Tbose at South 
Darwin have a strike varying from north-west, south-east, 
to east, west, and the dip is roughly 450 northwa.rds_ At 
Lake Jukes the variation of this type, which is character­
ised by the abundant development of the chloritic mineral 
delessite, strikes north-east, south-west, and dips at 400 

to north-west. There are no features of these lodes which 
call for special mention. 

The epidote vein is also a fissure-filling, and in this case 
comb structure is apparent. The width is abou~ 1 foot 
to 15 inches. Tbe strike is approximately north a.nd south , 
and the vein is verticaL The orientation of the epidote 
prismatic crystals is at right-angles to the walls. 

(C)- THE DETRITAL GOJ~D DEPOSITS. 

These deposits are undoubtedly of secondary origin , and 
therefore must be treated of separately. 

The only metal present of value is metallic gold. This 
gold is of good quality, the fineness being very high. The 
remarkable feature of these deposits is the complete 
absence of fine gold, the metal being present in relatively 
.coarse grains. The tRrgest nugget yet found weighed 6, oz. 
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These deposits are who1ly confined to the vicinity of Mt. 
Darwin, only one small patch having been worked at 
Lake Jukes. They have worked on the following 
sections ,- 5207-", 3295->1, 2581-><, 3196-><, 1203-M, 
3352-MJ 4812-M, and in the northern portion of the Clark 
Valley. 

The precious metal occurs in creeks and alluvial ter­
races. A peculiar feature is the promiscuous manner in 
which the gold is distributed in this wash. Where the 
~asb is thickest, gold is usually absent, and the thin layers 
of wash are sometimes rich in gold, although this is not an 
invariable rule. The gold is confined to no particular 
part of the wash, being found in any position from the bot­
tom w the top. The largest nugget, weighing 6! oz., was 
found in the bed of a creek resting on a ledge of rock 
just above a small waterfall . It had apparently been 
freed from the alluvial or detrital matter and washed into 
this positiw by flood waters. Similarly, gold has been 
obtained by cleaning out pot-holes, &c., in the creeks. 
It is quite common to find gold in the cracks in the felsite 
forming the bed of the creeks a few inches down. The 
fractured surface in this case has acted as a natural riffle. 

These deposits are not yet exhausted, although no work 
was being done thereon at the time of the writer's visit. 
In the neighbourhood of Hanlan's Creek, there is some 
considerable amount yet to be worked. 

The origin of this gold has been a subject of much 
surmise in the district, and all efforts to find the source 
in the form of 8. reef or lode have naturally failed. The 
writer believes the occurrence to have originated in the 
manner described hereunder. 

Tt has recently been conclusively shown that gold is 
soluble in alkaline sulphides, and that this alkaline sul­
phide solution is stable to pyrites, but deposits gold by 
exposure to air, the sulphide under these conditions being 
oxidised. (") 

Given, therefore, a solution of an alkaline sulphide, it 
is quite feasible to suppose that this solution will dissolve 
any gold with which it comes in contact. 

In the particular case in queetion, there undoubtedly 
exist deposits carrying pyritic minera.ls which carry gold. 
By the decomposition of these sulphides, free gold in a 
finely-divided state is liberated, and thus we have the first 
essential for the forma"'tion of such a gold-bearing solution. 

( lit) "The 'T1"8nep<H"lation and Depo&itioll of Gold In NMture," by Victor 
Lenher. 1-.,- -'nomic Gef)Jo~y, Dec. , ]91~. 
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The second essential, namely, the alkaline sulphide, is 
more difficult of explanation. Certainly the alkalies are 
present as constituents of the igneous rocks, which by their 
decomposition can supply carbonates of the alkalies. The 
conversion of these alkaline carbonates to sulphides could 
possibly be effected by contact with the uHdecomposed iron 
sulphide of the ore deposits.(") The exa~t mechanism of 
this process is not quite clear, and needs experimental 
investigation, but it must be admitted that the formatibn 
of alkaline sulphides is quite probable, since we have the 
alkaline ca.rbonates and sulphides of other metals present 
in contact. The exact conditions under which such inter· 
action takes place, followed by the upward passage of the 
resulting alkaline sulphide solution, were~ of a somewhat 
exceptional character. It must be presumed, for instance, 
that free H:SO" is absent . An important piece of col· 
lateral evidence in this connection is availabl~ ill the fact 
that these occurrences of alluvial gold are wholly confined 
to the neighbourhood of the barytes lodes and veins. Thus, 
the presence of barytes has been assured, whereby any 
free H~SO I could be I< fixed " and thrown out of action. 

On the assumption, therefore, t,hat this alkaline suI · 
phide solution with its dissolved gold reaches the surface 
in the manner described, the precipitation of the gold will 
take pla.oe as soon as such solution is exposed to the air, 
for it has heen conclusively proved that pyrite cannot pre· 
cipitate the gold from a solution of this character. The 
gold, therefore, being precipitated under these conditions, 
is more likely to accumulate in relatively large masses, 
rather than in fine specks. 

The subsequent removal by glacial action of the gold, 
and their consequent dropping from the ice·sheet, would 
explain their present erratic distribution . 

(D)- THE GENESIS OF THE O'RE DEPOSITS. 

-(a)-Compa'rison bf'fll'l'lm the Jfint'ralogical Comp08ition 
and .~l odr oj OcrurrfnCf of tlif'8f Orr Deposits and 
othfr sim·ilar Ore Deposits in Wt'stern and Nnrth­
lV rstfrn Tasmania. 

In describing tbe copper lodes at Mt. Balfour, L. K. 
Ward draws attention to the repeated occurrence of cop­
per ores in association with hematite and magnetite.( . ') 

(B') Thi@ re.ction tak"fI; place In th~ treat-nf'nl by Ihe cyanide proceM of 
meR cllt'ryillg sulphid&t. 

(-) See Geol. Surv. Tss. Bllll. No W, p. W. 
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"The Mt. Ba.lfour copper lodes themselves are cha.racterised 
by their association with these minerals. Copper ores 
associated with deposits of hematite and magnetite occur 
.at Mt. Farrell, Red Hills, ~1t. Lyell, Mt. Huxley, Dial 
Range, and Blythe.(") 

At Mt. Balfour the copper deposits are invariably in 
fissure lodes, and thereby differ from those of this field, 
which are. with & few minor exceptions, replacement 
dopoeits. 

At Mt. Farrell the occurrences are very similar to those 
in the Jukes·Darwin field. for the described deposits of 
.copper.bearing ore bodies show them to be separate from 
the main shoots of massive hematite. In this district also 
.occur veins of pure barite, which are the counterpart of 
similar deposits on Darwin . 

The deposits at Red Hills are altogether similar, the 
magnetite and hematite ore bodies in that district carry­
ing blebs and masses of sulphides similarly to those occur­
:ring on South Darwin. 

At tho Dial Range the iron deposits (hematite) are dis · 
tinct from those carrying copper, although occurring in 
dose proximity thereto. 

On the Blythe field, also, the large hematIte deposits are 
quite distinct from the copper-bearing lodes, although situ­
ated in the same locality and in juxta.position. 

In the Mt. Lyell field also, the iron deposits are quite 
a distinct occurrence from the copper-bearing ore 
bodies.(H) 

One great point of similarity between all of these occur­
Tences in the several fields mentioned is the fact that the 
>ore deposits, whether characterised by the presence of 
copper-bearing sulphides 01' hematite and magnetite, occur 
in, and are confined to, the rocks of the porphyroid series. 
In the case of Mt. Balfour, a.lthough the connection 
between the "Balfour slates and sandstones" with this 

(70) The references to dellcriptionl of theat> deposit!! are fully eet out ill 
. :;ur. "Bull. Nn. 10, above refene(i to, and need Dot bt- nlp~ated here. 

rl) The " hon Blow " from .... hich the Mt. Lyell Mine clt>ri,..e.s its col­
loquial name, consistefi of ma.ssiye barytic hematite. Thi. has bet'n 
regarded ~ the oxidiP>et! outCI'OP of the pyritic ore-bod.v. but as a mattel' 
-of fact the juxtllp08ition wa ... nly fortuitous, ant! the iron depa.it really 
was lIitulitod, not above the orf'·bod~, but .lightJ~ fO one side of it, and 
t'l:tends 10 some c .. nsiderable di8tan~ away from the pyritic df'cposit. (See 
" Mining aud Smelting at Mt. Lyell, TIl!!.," by R. C. Stlcht, The Minera l 
lndu!!try, 1907, p. 4-(0) It way be regarded &8 conclr.llively established 
that this hematite deposit i. not "onnected with the pyritic ore-body in 
the respective roles of gOllSan and undel'lying unoxidised ma!!s. 
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porphyroid series has not been definitely proved, yet in all 
probability they do belong to thls great period of com. 
bined extravasation of lavas, &c., and sedimentation, and 
in that case the occurrences in that field are wholly 
analogous to these otbers. There is Olle special point to 
note here, at the Blythe field and the Dial Range the 
Devonian and porphyroid granite occur in close proximity 
to the iron and copper deposits in such a way as to suggest 
the genetic connection between either of these intrusions 
and the ore-depotlil8.(") 

As regards the gangue minerals, there is some simi­
larity between tile ore-deposits of this field and the cop­
per lodes of Balfour, in that the mineral chlorite is char­
acteristic of both. In the Jukes-Darwin field, however, 
the variety of chlorite present is delessite, while at Bal­
four the chlorite is always scaly, and therefore is a dif­
ferent variety. 

It is especially noteworthy that the mineral sericite is 
almost absent from the ore deposits of this field, where&s 
it is a prominent mineral associate of the copper oree; in 
the North Lyell ore bodies, and is present to some extent 
at Balfour. The significa.nce of this will be discussed at 
a later stage of this bulletin. 

As noted above, the mAin, and really the only important, 
mineral of copper present in the ore deposits of this field 
is chalcopyrite, the occurrence of bornite at Lake Jukes 
being purely a local and unimportant occurrence. At Bal­
four the primary mineral is chalcopyrite, which, however, 
is altered by seconda.ry actions to covellite. In all of the 
other districts mentioned above, chalcopyrite is the main 
copper-bearing mineral. The Korth Lye}] ore bodies must 
be excepted, as these deposits are characterised by the 
presence of bornite and copper glance, as wen as chalco­
pyrite. In the M.t. Lyell ore body, pyrite with some 
chalcopyrite is the predominant mineralogical composi­
tion. 

(b)-The Gene,.al Relation betwan Ore Depo&it& and 
I gneou& Magmas. 

It has been recognised in recent years , and is now gener­
ally accepted by the ablest economic geologists of the 
world, that there is a close genetic connection between 

~) See" Rep.-'ft on th .. ~. W. Cout ~Jjner.1 Depo@iu," by W. 1-1 . 
Twelvetreel!, 1905, )l 36. 
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igneous rocks and ore deposits. Since this causa.l rela­
tion will figure somewhat largely in the following discus­
sion, it is necessary to give at this stage some concise 
exposition of the general outline of the process of the 
derivation of metallic ores from an igneous magma. 

The term" magma" is used here to denote the original 
liquid mass which contains in its composition the whole 
of the elements which are sftbsequently to be found in the 
many rock facies and in the varied ore depoeitl which 
result from its consolidation. 

The tint stage of the derivation of ore deposits from this 
magma consists in its injection into the solid rocks of the 
earth's crust., from the molten reservoir beneath. The 
particular form assumed by this irruptive mass varies 
greatly.(") Its liquid state is not due to dry fusion , but 
to aqueo-igneous fusion, which is characterised by the 
presence of water under conditioDs of great pressure .C I) 

Under its new conditions of complete envelopment by 
cold rocks the liquid magma begins to cool. This cooling 
is accompanied by a progressive process of differentiation 
and segregation, by virtue of which certain compounds 
begin to crystallise out from the liquid mass as definite 
mineral species, the water and residual compounds being 
thus concentrated in the" mother-l iquor. " This cooling 
proceeds, accompanied, pari 1)(18'11, by tbe crystallisation of 
minerals and the concentration of remaining elements. 
either free or combined, in a solvent (water), which is 
gradually increasing iQ amount. 

A definite stage in this progressive crystallisation is the 
consolida.tion of the plutonic rock corresponding with the 
particular composition of tbe magma in question. Thus, 
for example, granite consolida.tes. This consolidation will 
first take place on the outer edges and upper portion of 
the irruptive massif. 

The cooling process then coutinues in the interior and 
deeper portion of the lIIa8~if. The cooling and contraction 
of the already consolidated portion is accompanied by the 
development of cracks, which are filled with materia.l 
derived and injected into them from the still fluid nucleus . 

The differentia.tion and resulting concentration of cer­
tain components of the original ma.gma in a residual 
nucleal sub-magma is characterised by two' leading 

0') It, may be i .. tht· forlll of :-(1) Ratbolith, (ll) Stock, (3) Lacoolite, 
(4) Hoss, &c. 

('4) Under the.!'e aqll,.o~igneou8 conditlonll Ihe lSolidifyin, potbt 18 far 
below wbat it w()uld be if dry tu.ion conditions prevai18d . 
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features-(l) the tendency of the silica. and siliceou&o 
materials to become segregrated into this sub-magma; and 
(2) the concentration therein of the metallic constituents, 
together with the non-metallic elements which are neces. 
sary for the formation of the metallic ores and gangue 
minerals, such as sulphur, fluorine, boron, &0. 

In t his lub-magma, also, there is a differential segregation, 
which is essentially that of the separation and subsequent 
consolidation of the siliceous portion, accompanied by the 
still further concentration of the metallic constitutents, 
still, however, associated with some silica. It is thus 
clearly seen why the material which fills the fissures in the 
granite mentioned above is always of a more acid chara­
acter than the enclosing rock. 

The cooling has now reached that stage wherein there 
exists a. soldified, but still highly heated, mass of igneous 
rock. in the deeper or central portion of which there exisi:6 
a nucleps. still in a Buid condition and under high pres-
8ure, which contains the greater part of the water con­
tained in the original magma, together with the whole of 
the metallic constituents and certain volatile non-metals, 
such as sulphur, boron, fluorine, &c ., and a greater or 
less amount of silica . 

The progressive cooling of the already solidified rock 
and of those rocks in its neighbourhood which have been 
considerably raised in temperature by conduction, pro­
duces cracks and fissures therein. This results in the pre­
sentation to the fluid nucleus of a lPeans of exit and relief 
from the high-pressure conditions . Consequently, the solu­
tionk are ejected from this uucleal portion into these veins 
and fissures. The decrease in temperature and pressure as 
distance is gained from this nucleus must necessarily result 
in the creation of conditions under which certain constitu­
ents of these solutions are rendered insoluble. These are 
therefore deposited, and there resu Us a n ore deposit. 

There are many factors which will influence the exact 
nature of the ore deposit thus formed. Amongst these, 
temperature and pressure are mentioned above, and these 
certainly are leading control1ers of the formation of these 
deposits. Since all minerals are deposited under difterent 
conditions of temperature and pressure, and since this 
temperature and pressure in general decreases with 
increase of distance from the nucleus, it can be thus­
clearly seen that the character of the minerals deposited 
will vary with this dista nce from their nuc1eal origin . 
Thus there result.s the zonal distribution of ore'. 
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A t the Same time, the nature of the fissures and the 
-character of the countrv rock have a decided influence on 
the form, structure, a;ld composition of the ore body. 
Thus, in the case where the fissures are narrow a,nd 
nume rous, there exist conditions under which metaso­
matic replacement of the rock may take place, and a 
repla,(.'emeut deposit. results. The distinction between a 
replacement deposit and a true fissure-filling has been pre­
viously d_ribed.( " ) 

Returning now to the zonal distribution of Ofe deposits, 
it is pertinent to mention at this point that there is 
recognised a particular variety of are deposit which occurs 
at or near the contact of igneous m({n~ils. Such ore 
deposits are charad.erised by the presence of certain min­
erals, chief amongst which is magnetite, and are almcst 
invariably repla.cement deposits. These are produced by 
the action of the ejected solutions while still at a ven 
high temperature and pressure, and probably even in a 
gaseous state. In the sense that are deposits, being con· 
nected with an igneous magma as now described, are a.ll 
essentia.lly derived from the effect of solutions owing their 
origin to this igneous mos~i/, we must undoubtedly regard 
them as contact· metamorphic deposits if this term is used 
in its broadest sense. It is generally agreed, however, to 
restrict this term as applied to ore deposits to those at 
or near igneous contacts. 

It is important to note that the qualification "at or 
near" is used in regard to the igneous contact. From 
what has been said previously as to the origin of the frac· 
tures, jt is apparent that such fissures may exist either 
within the igneous mass or in its immediate neighbour. 
hood. Contact· metamorphic deposits al'e, therefore, not 
necessarily confined to the actual contact, but may occur 
in immediately surrounding fractured rock or within the 
igneous rock itself. 

The corollary can be drawn from all this that ore 
deposits are not derived from igneous rocks, but that 
igneous rocks and ore deposits are the products of a 
magma which contained within it the material s necessary 
for the composition of both. 

Returning now to a consideration of the parent magma, 
we observe that such intrusions of plutonic ntffsfli/s may 
occur at different and widely separa1 ed geological periods. 
Thus we realise the occurrence of mf'!rt!'nf!"n"lir "porhs; 

('S) ~ee above, p. 76. ef 11'1]. 
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that is the existence of different series 
each genetically connected with igneous 
ing geologica.l age. 

of arc 
massifs 

deposits,. 
of vary-

Viewing the broader significance of geogra.phically dis~ 
tinct igneous m(l.~8?f8, we are led to the natural inference 
that these are only upward offshoots of an underlying 
continuous magmatic hea.rth or reservoir. A similar pro­
cess of differentiation is going on in tbis larger magma, 
as in the case of the offshoot previously studied. Further 
than this, there is the tendency, in such a large 
mass, for the metallic constituents to segregate 
into a number of nuclei. Further still, each metal 
bas a predisposition to become concentrated in one 
nucleus in preference to the others. Thus is devel . 
oped the conception of 11utallifnoug provin('f's, whjch 
result from the upward irruption qr portions of 
this magma reservoir, which have already become char­
acterised by a preponderance of one particu)ar metal. 

The reader will now have obtained a thorough grasp of 
the in herent connection between igneous magmas and ore 
deposits, but he must not lose sight of the fact that any 
ore-deposit thus formed is subject to subsequent altera-" 
tion, even to the extent of solution followed by migra­
tion, and consequent deposition unde-r totally new con­
ditions, These processes take place through the agency 
of circulating meteoric waters, and will be somewhat more 
fully discussed at a later stage of this bulletin. 

(c)-Tht Significance oj tilt' IgnPnus Rocks of this Field 
{md N tighbouring R t'gions 1'n connection with tht 
Origin of th" Ort'-bf'Oring Solutions, 

In pursuance of the lines of investigation suggested by 
the preceding cha-pter, we immediately turn our attention 
to the occurrence in this field, and in others in close prox­
imity thereto, to see whether there exist any exposures 
of igneous rocks of such a character as to indicate their 
possible consanguinity with any or all of the ore deposits 
of the field. 

Accordingly, we immediately recognise from our know­
ledge of the general geology of the field fully described 
above, that there is an abundant development of rocks of 
igneous origin, Therefore, we now proceed to discuss the 
possibility or otherwise of the existence of a genetic 
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Telation between the ore deposits and the several igneous 
Tock types of the field . 

In addition, we must not ignore the possibility of the 
existence of plutonic maln/s beneath the present surfacE' 
of this region, which, although still invisible, may , never­
theless, have a causal relation to the ore deposits. Hence 
it will be necessary to tUfn to adjacent regions and see 
whether there exist therein any exposures of plutonic 
igneous rocks which would indicate t he possibility of such 
an occurrence. 

( 1) The Extru.;v, Porphyroid •. -·It has been deduced 
in a previous part of this bulletin that the main portion 
of the porphyroid suite exposed on this fi eld, with th~ 
exception, of course, of the granite, was originally 
extruded as lava flows or volcanic ash, &c. Since the 
conditions necessary for the differentiation, which is an 
essential process in the concentration of the metallic COll ­

stituents of a magma, a:re characterised by slow cooling, 
it can be clearly seen that t hese extrusive lava flow s which 
suffer rapid cooling cannot fill t he same role as a plutonic 
.ma8ll. 

We therefore need not further consider these members 
of the porphyroid series in regard to the origin of the ore­
bearing solutions, 

(2) Th e Porphyroid (Darwin) Gron1'tl'.- -The structure 
of this rock is that of a typical plutonic type, and,as 
explained previously, its present position at the surface 
is due to denudation.(6

) 

\Ve may therefore safely regard t he magma from which 
this granite massif has been derived as quite capable of 
filling t he role of parental source of ore-bearing solutions, 

(3) The Devon ian G1'onit.e of Heemskirk , d'c, - The 
granite which constitutes the 'massifs of H eemskirk, Mere­
dith Range , and Grani te Tor, is lithologically quite dis­
tinct from the Darwin granite, and is also of mUlCh 

-you nger a.ge, 
In d iscussing the origin of the present geological struc­

tUre of this area, it was mentioned that this was due in 
great measure to the intrusion of the Devonian granite, 
more especially the anticlinal and. synclinal fol ding of 
the conglomerate and Silurian sandstones, &c. It is clear, 
therefore, that there exists a line of crustal weakness in 
.this West Coast mountain region, which has been demon-

(") See above, p. 64, 
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strated by the recurrence of several diastrophic and' 
co-ordinate igneous periods. It is therefore quite feas ­
ible to suppose that there might exist at some distance 
beneath this region a graniti(' batholith of Devonian a.ge. 

We must be quite prepared, therefore, for the discovery 
of criteria which will indicate a genetic connection 
between the ore deposits and such a hypothetical granite 
batholith. No signs, however , have as yet been observed 
of such gra.nitic rock, or even of apophyses therefrom, 
either in t he Jukes-Darwin held or at any part of the 
'Vest Coast Range south of Granite Tor. 

This Devonian granite has in other regions been proved 
to be consanguineous with many valuable and important 
ore deposits, particularly tin and lead. Mr. L . K. Ward 
has expressed his opinion to the effect that all of the ore 
deposits of Tasmania are genetically connected with this . 
Devonian granite.( 7

) If this is provf"d to be the case, 
then we have in the region now under consideration a 
metalliferous province characteriserI by a predominant 
presence of copper. 

Finally , therefore, it may be stated that there exist 
in this region two magmatic hearths from which the ore 
deposits of the field may have been perived. These are 
separated as to the periods of their irruption bv an 
immense interval of time. One of these (that of Devonian 
age) is known to be genetically connected with valuable 
ore deposits, while the other, of an uncertain Pre-Silurian 
age, has yet to be proved to be causally related to ore 
deposite of value. In other words, t,here is the possibility 
of the existence of two metallogenetic epochs, one of Pre­
Silurian and the other of Devonian age. 

(d) The Importance of the Rerognition of Two .If,- talln­
.'I('nf'.tic Epochs, and thrir Ormnf'ctlon with tlit' Cop­
per Depo3ifs. 

It will be perfectly realised that the older an ore deposit 
is, the greater is the probability of considerable changes 
resul ting in its form and composition. It may even happen 
that an ore deposit may be so old as to have been com­
pletely removed and -deposited elsewhere in a new form 
and of a new composition. This change in composition may 

(77) Geol. Surv. Tas. Bull. No.6, pp. 40-4:?; ditto, No.8, 1'. 99; ditto, 
No. lH, p. 72. Alia is discussed at IpDgth ill " The Heemskirk Masaif," 
by L. Keith Wa"d, B.A., RE, AU f;tr. A~8OC. Art\'. Scienct', 19JI. 
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result either ill a. concentration of the valuable metals or 
an impoverishment thereof. 

Van .Rise has investigated the conditions under which 
such previously existing ores may be thus aITected. .L.I.lS 

most instructive exposition ell) of these processes was 
written with the object of upholding bis contention that 
all valuable ore deposits have their origin in such a pro­
cess. While this conten.tion has not been (uny substanti­
ated, and a great number at least of important Ofe deposits. 
are undoubtedly connected with igneous intrusions as pre­
viously described, yet this essay of Van Hise has supplied 
us with most important information concerning the method 
by which new ore deposits ca.n be derived from those 
already deposited by igneous agencies. 

In general, it may be st.a.ted that this process depends. 
for its modu8 operandi on two factors-(l) the descent of 
meteoric water to the lower limit of the zone of fracture 
of the earth's crust, followed by a lateral movement, which 
is succeeded by the ascent of this water to the surface; and 
(2) the increase in temperature as depth is gained, com­
bined with the increase in temperature caused by the 
generation of heat by diastrophic movem ent.s. The rise in 
temperature in general increases the solvent power of the 
water, and in this way ores already in existence may be 
dissolved a.nd earned away in solution. The exact point 
at which metals in solution may be cieposited as definite 
mineral species in the form of ore deposits will vary accord­
ing as, the particular conditions essential for such pre(;ipita­
tioD are afforded in different parts of the circulatory chan­
nels. 

When we take into consideration the number of cycles 
of erosion and periods of sedimentation which have taken 
place since the intrusion of the Darwin granite, there is 
clearly borne in upon us the conviction that if any ore 
deposits owe thei r origin to the inlrusion of the magma 
now represented by that granite, then these ore deposits 
will bave been subjected to such prolonged action of cir­
culating waters that they' (more particularly those carry­
ing copper) are very unlIkely to be now in the same form 
and of the same composition, or even in the same position 
as they were originally. There exists, therefore, the pos­
sibility that ·rich or payable ore bodies in this and neigh­
bouring fields represent the concentration a.t certain points 
of the copper contents of pre-existing low-grade ore bodies. 
formed during the Pre-Silurian metallogenetic epoch. 

1111) Kee "Genf'8ia of O1'6-Deposiui," pp. 21'l:l-4:12. 



Since the period which succeeded the irruption of t.he 
Darwin granite and preceded the layi ng down of the con. 
glomerate was characterised by high relief and comparative 
aridity,(n) such alterations and reconcentrations will have 
had more opportunity of being brought about than in 
the caee of ore deposits belonging to the Devonian metal. 
logenetic epoch. Since, moreover, the laws governing the 
distribution and values of such ore deposits will differ 
from those which regulate such as result from the direct 
deposition from juvenile or magmatic waters, the ~reat 
economic importance will be clearly understood of deciding 
to which of these modes of origin the ore deposits are to 
be 88signed. 

There exists also the possibility that both the poasibJe 
metallogenetic epochs have been characterised by the pres· 
ence of copper minerals. In this case it may so bappen 
that one of such epochs was characterised by a. more abund . 
ant accompaniment of copper. If these facts are estab· 
Hshed, then it is of vast importance to the mining industry 
to know by what criteria such richer copper deposits may 
be recognised . 

From all this. it will be now perfectly clear that the 
investigation which has for its object the elucidation of 
the genesis and life.hi8tory of the ore deposits is fraught 
with inestimable potential benefit to the mining industry. 

We now proceed to give a general statement and dis. 
cussion of the criteria which, in view of our knowledge 
of the general gealogy of the region, would enable a deci . 
sian to be arrived at as to such genesis. Immediat.ely fol . 
lowing will be given an exposition of such of these criteria 
as are known to actually exist in this field and in those in 
close proximity. 

("') See above, p. oW. (II) See abo~e, p. 79. 
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Van Rise states (U) that chlorite develops especially in 
the upper physical-chemical zone, and particularly in the 
belt of cementation. The same authority states (82) that 
muscovite, of which sericite is a particular variety, is 
formed as an alteration product of other minerals under 
deep-seated conditions. 

Van Rise further points out (83) that in the zone of 
katamorphism, i.f., the upper belt of metamorphic action, 
complex hydrous ~ilicates , e.y., chlorites form, while in the 
zone of anamorphism, ';.1'., the deep-seated zone, such mill ­
erals as muscovite (sericite) form. 

Charles T. Kirk (84) has recently shown lhat chloritisa­
tioD and sericitisation are the resultant products of the 
different phases of hydro-thermal alteration; sericite being 
the final and complete result of such action, while chlorite 
(and epidote) represents only the initial efleet of the pro­
cess, and further, that sericite is formed nearer the source 
of such heated solutions, and chlorite further removed 
therefrom (this latter deduction being applicable to solu · 
tions circulating in open fissures) . 

Since the conditions of Van Hise's zones of katamorph· 
ism and anamorphism are function s of the depth beneath 
the surface, and therefore are functions of temperature 
and pressure, it is seen that Kirk 's results agree in general 
with those of Van Hise. 

When, however, we consider the data given by these 
authorities as to the temperature necessary for such forma· 
tion, a difference of opinion is founrl. Kirk gives a tern· 
perature of between 4000 C. and 5000 C as necessary for 
chloritic and sericitic 8A?tion, these figures being based 
on the sulphidation of the accompanving iron compounds. 
He is thus in opposition to W . H. Weed, who has stated 
that sericite may deposit from waters of very low pressure, 
and a.t a temperature not above ~30 C.(IS). This state· 
roent is, however, strongly refuted by Kirk. The general 
conditions indicated by Van Rise would necessitate a Wm· 
perature approximately that given by Kirk , but distinctly 
higher than that ascribed by W eed. 

(II) '1'reatif!e on MpfaQlOrphlsm." p. 347. 

(f.) "Tr~ati~ on Metamorphism," p. 3.'38. 

(-) "Treatille 011 Metamorphism." p. ]80. 

(") " Millf'ralisation in ('oPIMlr Veins at Uune, MOlltana." &.'On. Goo\. 
Vol . VII., No. I, U)]2, PI>. 3.')·82. 

(15) W. H. Wf'ed. 21fOt Ann. Rpt. U.:-<. Geol. :'lun. 1900, II .. pp. 137 
and 'U6. 



In our case the chlorite occurs in such positions, r .g., ill 
definite vein fillings associated with quartz, and also in veins 
in the felsites, that it must have been deposited from solu­
tion. The sericite occurs similarly at North Lyell. We 
must therefore assume that the circulating water which 
incidentally carried the copper and iron which have been 
precipitated' as sulphides, also contained the constituents 
of these minerals. These materials would have been derived 
by the action of such waters on the mjneral constituents 
of the rocks through which they passed, such as ortho­
-elaea, plagioclase, biotite, or ferro-magnesium minerals , to 
be subsequently precipitated when conditions were suitable. 

Kirk, in the article above referred to, has laid emphasis 
on the fact that the formation of chlorite and epidote or 
sericite are simply phases of th~ one general process, and 
not of different conditions of temperature and pressure . 
T hus, he explains that sericite is produced from chlorite 
or epidote by the continuance of the same process by which 
these two latter minerals were formed. It is thus seen 
that the question whether the process will result in the 
prodnction of sericite or chlorite is simply a. matt·er of 
thl!. total timf' during whirh that pr()(,,1'88 hns f>.,>,n in 
action. 

Now, it may be accepted 8S a postulate that the fonna­
tion of la rge massive replacement deposits , whether such 
be the result of eitber sulphidation or silicification, or both , 
is dependent upon the existence of conditions which favour 
the slagnatt.rl1/- 0/ thl!. orr-beoring 301uliom. Th us we see 
the time element entering into the quest jon of the form a­
tion of a large massive replacement deposit. 

It must logically follow from ' these considerations that 
chlorite will not be characteristic of ma.esive replacement 
deposits, and that sericite may be so characterist:c, for 
if the ma.terials which are essential to the formation of 
these minerals are present, then , while the solutions are 
stagnant and producing large masses of minerals by replace~ 
ment, the chlorite or epidote which is first form en. will be 
converted to sericite. 

The presence of chlorite may t·herefore be accepted as 
indlcating that that particular deposit has been formed 
by rapidly circulating solutions, and therefore that the 
relative amount of country rock wi1l be large. Whether 
'Such deposit will be of value will simply depend on whether 
the sulphides present are mainlv those of copper. Tt is 
-a significant fact in the one ore deposit on the Jukes~nar­
win field where the most intense mineralisation. i .f. , sul-
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phidation and silicification, has occurred, chlorite is con­
spicuously absent. The writer has not observed sericite 
to be be present in tha.t ore body, but. this no doubt is 
due to the coating of all faces in the workings with a thick 
deposit of slimy ferric hydroxide. 

Finally, therefore, we may state that those deposits 
cha.racterised by the presence of chlorite will consist of 
sulphides, &c.) in a relatively larger proportion of barren 
rock, although at a much greater depth the conditions 
necessary for a stagnation of the ore-bearing solutions may 
have existed, and consequently massive mineralisation may 
occur. On this consideration, t1H:~refore, there is encoura.ge­
ment for testing at a greater depth. 

\\.ihen we proceed to use this chloritisation process as a 
criterion in connection with the genesis of the ore deposits 
we a.re enabled to make one step towards the 801ution of 
the problem facing us. Accepting what may be regarded 
as the most reliable result as to the temperature of forma­
tion of chlorite or sericite, namely, that of between 
400oC. and 5000 C., given by Kirk, we are enabled to 
calculate the depth at which such temperature would exist 
if due solely to the normal increa.se of temperature with 
depth. 

Assuming the raJ..e of 8uch increase to be 10 C. for every 
80 feet, we find that 4000 C. will be reached in a depth of 
approximately 32,000 feet. Van Hi"" gives the depth at 
which rock flowage occurs as somewhat below 30,000 feet,­
that is, that a.t this depth an fractures and openings are 
completely closed.(") 

Since we must accept the general principle that new ore 
deposits in general are the result of ascending solutions, 
the precipitation therefrom being due in the main to 
decrease of temperature and pressure, we can clearly see 
that there has beeu no opportunity at the depth of 32,000 
feet for the circulation of such solutions, 88 all fissures 
and fractures have been closed under these conditions. 
The total thickness of sediments which at one time over­
lay this area, namely, the conglomerate series and the 
Silurian limestone and sandstones, may have been suffi­
cient to bring about such conditions of temperature a.nd 
pressure, but in view of the non-existence of circulatory 
channels such ore deposits had no chance to form. 

If we attempt to ascribe to igneous agencies the open­
ing of sl~h fissures and rise in temperature, then we are 

(III) "Some principlee controlling the De,)O.~ition of Ores," in "GplIt"ais 
of Ore-Deposita," cited el.-ewherl", pp. '2Ail-283. 



really dealing with the Devonian granitic magma, to which 
the source anu formation of such ore deposits under those 
conditions could be directly ascribed. 

We are therefore forced to the conclusion that the cop­
per ore bodies are not due to migration and redeposition 
of ores of Pre·Silurian age, and we must confine our COIl­

sideration in this regard t.o the effect of orriinary down­
ward secondary enrichment to ore deposits of that age. 

(I) Th~ ('rimary or Suondary Cltara,.!"" of the rho/I'o­
pyrit~. 

In dealing with the mineralogical composition of the 
Balfour copper lodes in a previous page (87) it bas been 
stated tbat the chalcopyrite is the primary cupriferous 
mineral. This is the expressed opinion of L. K. Ward, 
who discu86e8 the question of this primary character in his 
bulletin dealing with that field .(") 

It has, however, been conclusively proved in several 
parta of the world that cbalcopyrite does exist &8 a mineral 
of secondary origin. By this statement it is implied that 
cupriferous pyrite has been decomposed by the action of 
meteoric waters with the production ~f copper sulphate, 
which, migrating elsewhere (generally downwards), has 
combined with pyrite to form chalcopyrite.(It) Thus, an 
occurrence has been noted (,0) in which the following pro­
gressive changes have been established :- (1) Bornite, (2) 
covel lite and limonite, (3) chalcocite, (4) chalcopyrite and 
chalcocite. 

Other instances could be cited, but are unnecessary. here, 
for it is only desired for the purposes of this stage of our 
discussion, to recognise the fact that chalcopyrite is not 
necessarily primary, and tha.t the possibility of its second­
ary origin must not be overlooked. 

In summing up the position in regard to the primary 
or secol}dary character of chalcopyrite, J. F. Kemp 
says ('1) : _" In passing from chalcopyrjte one may again 
remark that there is no doubt of its occurrence, so far as 

(") ~f>e abovt', p. 84. 
(-) See Geol. Sur\'. 're •. Rull. 'lo. W, pp. 52_-,4. 

(If) Me above, p. 93. 
(to) Thi. reaction may be 1'6preseDleil by slich 8n e~tuHfi/)n &iI Ihiiil: 

2 Fe S~ + 2 Cn SO. = Cu~ S, Fe') S. + :! SO') + '2 0') . 

(II).' Copper Mountain. Britis\, ColulIlhia," by JUlt'lI Catherlnet. Eng .• 
allli .\fining Journ., June 19, 190.:', p. 125. 
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our observations go, as an original mineral in many ore 
bodies ; but enough is now known to prevent us attributing 
this character to it in new instances without close observa­
tion and interpretation." 

(g) The Criteria lor the Pr<-Silurian M etallogenetic 
Epoch. 

CnteNOf1, I.-Since it has been clearly established that 
the West Coast Range conglomerate series has been laid 
down subsequently to the irruption of the Darwin granite, 
it naturally follows that if there were ore deposits genetic­
ally connected with that intrusion, then fragments of such 
ore deposits are likely to be included in this overlying 
senes. It must be specially noted, however, that inasmuch 
as the normal conglomerate is markedly devoid of porphy­
roid pebbles it is proportionately unlikely to contain frag­
ments of ore deposits. The occurrence of such fragments, 
therefore, may be expected to be confined to the brecciated 
conglomerate. It may also be accepted that the greater 
probability exists that such fragments will consist of the 
more nurable character of ore deposit, such as' hematite 
and magnetite. 

Criterion 2.- Based on the same fact of the younger age 
oi the conglomerate series, there is the deduction that no 
ore deposits belonging to this epoch can possibly extend 
iuto the brecciated conglomerate or normal conglomerate. 
This criterion must, however, be used with rliscrimination 
and with due regard to other important factors. Thus it 
is quite possible that the fissures along which the ore-bear­
ing solutions travelled from the Devonian magmatic hearth 
may not have extended into the conglomerate series. 
There also exists the possibility that secondary downward 
migration of ores of either Pre-Silurian or Devonian age 
may have resulted in the deposition on the conglomerate 
wall or even in the conglomerate itself in the neigh.bour­
hood of the overhanging limb or the reversed anticline 
described above. 

Criterion 3.-From what has been said previously as to 
the mode of origin of ore deposits from igneous magmas 
and from the exposition of the seq uence of the igneous 
rocks of this field, it will be seen tha.t such ore deposita 
which resulted from the Pre-Silurian metallogenetic epoch 
will be found in the porphyroid series and in the Darwin 
granite itself . 
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Criterion 4.- Furthermore, it may be accepW as a cri. 
terion for this epoch if there occur deposits, associated 
with the Darwin granite, p086essing the characteristics of 
contact-metamorphic deposits, both in composition aud In 
position. 

Criterion 5.-It is an accepted principle that periods of 
diastrophism are concomitant with great igneous intru­
sions. Since the formation of ore deposits is the final 
effort of this cooling magma, it follows that these ore 
deposits will not be involved in the crushing and folding 
resulting from the diastrophic movements. In the case 
we are now considering, therefore, Pre-Silurian ore 
deposits will not have been affected by the intense com­
pression, which would be partly anterior to, and partly 
coincident with, the porphyroid granitic irruption. Such 
ore deposits may, however, be expected to have been 
affected by the folding and compression which occurred in 
Devonian times. 

Any signs of crushing in the ore-deposits may, there­
fore, be accepted as a criterion for this metallogenetic 
epoch. 

However, the occurrence of faults affecting both the rock 
and the enclosed ore body need not necessarily indicate the 
connection of that ore body with the Pre-Silurian metal­
logenetic epoch, as such may have occurred during the final 
adjustments after the period of Devonian ore-deposition. 

Crift!Tinft 6.-A significant fact, although not necessarily 
constituting a hard and fast criterion, would be the can· 
stant association of ore deposits, similar to those in this 
region, with outcrops of the porphyroid granite. 

(h) The Crileria for Ihe Devonian Metallogeml;c Epoch. 

Cl'it"l'ioll 7.- The occurrence of a granite masffi/ of 
Devonian age or of apophyses therefrom in the neighbour­
hood of this region, would conclusively point to the asso­
ciation of some at least of the ore deposits with that, 
magma. At the same time, additional conclusive evidence 
could be adduced therefor if a zonal succession such as 
that already .. tablished for the Heemskirk-Comsto<:k-Zee. 
han region by L. K. Ward (") could be observed. 

(") ~e Geo1. Su··v. 1'ao3. Hull. ~·o, 8, p, 64, d '''''I., »1111 "An IlH,.-"t i_ 
~ation of the Relatiollllhip hetwr>t'n the nJ'f'-Borlie" of the H61!1t,J;kiJ'k­
Coml'ltoek-Zf"ehan Re2ion nnrl the .4.J;I!f)Clat.,d TlZ'nl'nu~ Rork." hy L. Keith 
Ward, B.A., B.E., Tim". AUlt. ,hIOC, Ad •. :"iocient'e, WI]. 
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Criterion S.-The Darwin granite has so far not been 
observed to be associated with deposits containing such 
pegmatitic minerals as fluorspar a.nd tourmaline. The 
recognition, therefore, of either of these minerals in an 
ore deposit of this region would be strong presumptive evi­
<\ence of its connection with the Devonian granite, since 
such minerals are known to characterise Ore deposits gen­
etically connected therewith. 

Criterion 9.- The extension of ore deposits locally, and 
to a very small extent into the conglomerate series in the 
neighbourhood of the overhanging limb of the anticlinal 
fold, as already pointed out, cannot be accepted a8 a cer­
tain criterion for their Devonian age, if we accept the pos­
sibility of the partial downwa.rd migration of pre-existing 
ore deposits. In general, however, it may be stated that 
ore oeposits of Devonian age will or may occur in any 
me'mbers of the porphyroid series, in the conglomerate 
series or in the Silurian sediments. The occurrence of any 
well-defined or persistent lodes or ore bodies in the con­
glomerate or Silurian strata would indicate their connec­
.tion with the Devonian granitic magma. 

Oriterion lO.-If it can be shown that the poeition and 
existence of the ort' bodies are governed by faults which are 
demonstrably Devonian in age, such faults being the 
channels along which the ore-bearing solutions have been 
introduced , then it must inevitably follow that those ore 
deposits belong to the Devonian metallogenetic epoch. 

(i) - The Ea:illtftCe 0/ M <tallognelic Cntcna in the Juk .. · 
D~n and N "g1lO",,';ng F.cUU. 

Cri t l rion I.- The writer has fou nd fragments of both 
hematite and magnetite in the brecciated conglomerate. 
These occur in such a. way as to at once throw out of the 
question the possibility of their being replacements of 
origina.l quartz or porphyroid pebbles by hfmatite or mag­
netite, as the case may be. They are irregularly-shaped, 
partly-rounded pebbles up to 2 inches in diameter, com­
pletely embedded among, and surrounded by , the porphy­
roid fragments . In no case, how,ever, could any pyrite be • 
observed associated with the iron ox ide of ~hese pebbles. 

CritlMo 2 and 9. In the Jukes-Darwin field the on1y 
occurrences of ore deposits of a.ny ki nd in the conglomer­
ate consist of : - (1) small veins of quartz and specularite 
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occurring on the northern end of Jukes, but only in the 
lowest members of the series; and (~) quartz veins carry­
ing cubical pyrite, and some free gold a.t Sailor Jack's, on 
the western foot of Jukes. 

In the Lyell field the ore bodies, although near the 
conglomerate " , foot-wall," i.e., the overhanging limb of 
the reversed anticline, and in general following the con­
glo.merate If contact" very closely, yet only exception­
ally actually touch or penetrate the conglomerate . This is 
exemplified by the following p .... ge by R. C. 
Sticbt (") :-" The deposits all lie wholly within the 
schists, although the conglomerate locally comes close 
enough to the Mt. Lyell pyritic body to be quite tangent 
to it, on the one hand, though there is no actual contact; 
while on the other. almost the same thing may be said 
about the North Mt. Lyell deposits. In a few instances 
in the latter. however, the contiguity is still closer, for' 
occasionally bornite is found practically frozen on to the 
conglomerate wall, if not actually behind it." 

Crit~rion 3.-As mentioned previously, the ore deposite 
occur within the porphyroid series. In the Darwin gran­
ite occur micaceou~ hematite deposits. 

Criterion 4.-The magnetite and hematite deposits of 
South Darwin, as mentioned previously, are typical Con­
tact-metamorphic deposits. 

Criterion 5.-The only case in which an ore deposit­
shows signs of crushing in the Jukes-Darwin field is at the 
Crown Jukes section, where the massive red hematite is 
much crushed and crumpled. The workings on this field 
are not extensive enough to give information as to how the 
many faults of the area affect the ore bodies. 

The Mt. Lyell ore body, according to R. C. Sticht, is 
traversed by fracture planes showing slickensides in many 
directions, none of the heads, however, extending into the 
adjacent rocks. These -movements, therefore, must be 
internal. 

Critf'rion 6.-It has been pointed out previously that 
altogether similar ore deposits occur at other localities in 
Tasmania, intt>r alia, at Farrell, Dial Range, and Blythe . 

. At each of these three localities the porphyroid granite is 
developed, in each case closer to the ore deposits than any 
Devonian granite. 

(93) Ciled ei5ewhere, pp. 399-400. 
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Criterion 7.- There have been observed DO signs what· 
ever of D evonian granitic rocks or their hypabyssal rela· 
tives nearer to this field than Heemskirk, which in a direct 
line is 30 miles away. Any aseertion as to the genetic counec· 
tion of the are deposits of this field with the Devonian 
granite is based on the purely presumptive evidence of 
such granitic mass beneath the West Coast Range, which 
hypothesis is founded upon the general principle meo­
tiolled above of the coincidence of orogenic movements and 
igneous invasions. In this case, certainly, the pre-deter­
mining folds of the mountain range originated in Devonian 
times,(94) and are referable to the general effect of the 
diastrophism, of which the granite irruptions aTe only paT­
tial manifestations. There may certainly be a granite 
mOS3ij beneath this mountain region, but the definite proof 
thereof is as yet unavailable. 

As regards the zonal distribution of ores, it is generally 
accepted that the galena-blende zone is vertically above the 
cupriferous-pyrite zone. Why, ~hen , if these ore bodies 
are connected with the Devonian metallogenetic epoch 
does the galena-blende zone in the Mt. Lyell pyritic body 
underlie the cupriferous pyrite zone 1(96) 

Criterion B.- Neither Huorite or tourmaline has been 
observed in the Jukes-Darwin field . 
- In the North Lyell mine a few small but sporadic occur­
rences of fluorite have been noted. 

Criterion lO.- According to Professor Gregory ('is) the 
ore deposits of Mt. LyeJl are closely related to the OOCur­
·rence of definite fault planes, which cut both the porphy­
roids and conglomerates. He states that the ore-bearing 
solutions were introduced along these fault planes. 

In the Jukes-Darwin field there certainly occur a series 
of faults, which have been formed since the formation of 
the conglomerate, and which have been previously 
described. (97) ihey are explained as being the result of 
the orogentc movements which were causally connected 
with the irruption of the Devonian granite, but in no case 
do such faults visibly affect the location of the are deposits 
of this field. The amount of work done on these are 
deposits is not at present sufficient to give the fullest 

( 4, &e al)(),e, p. 6.5, ,.t Sf'Ij. 

(11&) ::!t-e II rt lcle liy R. C. StIch I, cited abuvo::. p. 400. 

(lIS) C,t.-d abov"" pp. 11 j -1213. 

(111) :-'ef' aboY6, p. -49, et Uf). 
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information on this point, but what work has been done 
bas proved that the circula.tory channels of the ore-bearing 
solutions have been the pronounced fracture planes of the 
schist which are parallel to the strike thereof, and are 
vertical or dip at high angles to the west. The East Dar­
win ore body seems to owe ita present position to the exist­
ence of a marked contact line between the grey schist on 
the east and hard red felsite on the west. The ore deposits 
in this field are totally independent of the overhanging 
limb of the reversed anticline. 

(j)-Summary 01 the Gen .... of t"e Ore-Depo';t •. 

It will thus be seen that the data available are not suffi­
ciently complete to enable any definite pronouncement to 
be made concerning the life-history of the ore deposits of 
this field, or to warrant any statement as to which metal­
logenetic epoch the copper deposits belong. Certa.in facts 
have, however, been established in the preceding dis<?us­
sions which provide a distinct step forward in our know­
ledge of these ore deposits. It is the object of this epi­
tome to bring together such established facts, and to point 
out the direction in which other indications lead in regard 
to this question of genesis. 

One fact is perfectly clear, namely, that the present 
position of the ore deposits at the surface is due to the 
direct action of denudational erosion, which has removed 
the masses of rock which originally overlay them, for &11 01 
th686 deposits were primarily formed at some considerable 
distance beneath the surface. 

It may be taken as conclusively proved that the Darwin 
granite is genetically associated with a metallogenetic 
epoch which is responsible for the origin of the magnetite, 
micaceous hematite, and red hematite deposit~ Since the 
magnetite deposits carry copper, the question at ouce arises 
AS to whether they have been subsequently introduced. 
If the former conclusion is justifiable, then we establish 
the existence of a Pre-Silurian copper epoch. The struc­
ture certainly gives one the impression of a metasomatic 
replacement of the magnetite by sulphides. Even if these 
sulphides are subsequent to the magnetite, it does not fol­
low that they belong to a different meta1logenetic epoch 
than the magnetite, for it is quite possible that, after 
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the high tempera.tures accompanying the formation of the 
latter, there followed the ejection of solutions at a lower 
temperature which deposited sulphides j the two actions, 
in fact, being different phases of the ODe period of ore­
deposition. The writer holds the view that these ore 
bodies, as they now stand, are wholly genetically connected 
with the Darwin granite. 

It is a peculiar fact that these hematite and magnetite 
deposits, with the Bingle exception of the m&S8ive red 
hematite, carry sulphides, and contain a certain propor­
tion of copper. It is further remarkable that these 8ul­
phide-bearing hematite-magnetite deposits are in every 
caae quite distinct from the main ·copper-silver-gold ore 
bodies, although often in very close proximity thereto. 
It is equally remarkable that they occur almost invariably 
in ba.rd felsite, whereas the copper.silver-gold ore bodies / 
invariably occur in the softer schists. 

The questions, therefore, that are suggested by a COIl ­

sideration of such facts are these: -

(I) Are th ... chalcopyrite-pyrite deposits in the soft 
schists the result of the decomposition of the 
sulphides in the he~atite·magnetite 8ulpblde 
bodies, 8uch solutions following the most acces· 
sible J.lllth, l1amely, t;hrough the schistose rocks, 
and depositing their sulphides as metasomatic 
repl~menu. of the 8Chi.t~' 

(2) Are the chalcopyrite-pyrite deposits the result of a 
phase of ore-deposition immediately subsequent 
to the intense action of contact· metamorphism, 
the solutions then following the more e88ily 
fractu red schiata' 

As seen above,(tI) question 1 must be answered in the 
negative. 

However probable question 2 may seem, a positive state· 
ment that thi8 is the mode of origin of the ore bodies is at 
preoent not justifiable. 

The evidence which is available for the establishment of 
a genetic connection between these ore deposits and a 
hypothetical underlying Devonian granitic massif is incon­
clusive being baaed at present on the wholly exceptional 
contact of the ore bodies at Lyell with the conglomerate, 
the general conformity between the. boundaries of the ore 
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bodies and the conglomerate .. contact" and the occurrence 
of sporadic and very limited fluorite in the North Lyell 
mine . In opposition to this is t he reversal in the Mt. 
Lyell ore body of an established zonal dist ribu t ion in COD ­

nection with an origin fl-om this granitic magma. If Pro­
feseof Gregory'S' contention is confi rmed that the ore bodies 
in the Lyell field have been formed in their preseot posi­
tions t'/(l. fault planes of Devonian age, then they are cer­
tainly genetically connected with the Devonian granite. 
The rest of the evidence on which such a connection is 
based is purely suppositive and hypothetical. 

Strong presumptive evidence of the genetic connectiou 
between the ore deposits and the Darwin granite is cer­
tainly afforded by the rema.rkable association of iron and 

• copper deposits with this porphyroid granite ill other 
regions. 

However, the evidence is so incomplete one way or the 
other that no definite expression of opinion is justifiable 
at present, and further consideration of this question of 
genesis must be postponed until a thorough examination of 
the adja.oent and similar field of Mt. Lyen be concluded. 

In one case, however, the mode of origin of the ore­
deposit is, in the writer's opinion, quite clear. This is the 
occurrence a.t Lake Jukes of the blue hematite-borni ta 
veins. These are clearly the result of secondary deposi­
tion , from a solution high in iron and low in sulphu r and 
copper, in small irregular open veins at the summit of the 
Hog-Back. This solution filterin g down from above (being 
derived from t he decomposition of an overlying copper· 
iron deposit since removed), reached these open fissures 
and there deposited its mineral contents as a true fissure 
fining . It is a well -established principle that sulphur 
has a greater affi nity for copper than iron , either under 
conditions of dry fusion or in aqueous solution . The sul­
phur, therefore, took up all available copper in the form 
of cuprous sulphide, thus effecting its most economical 
utilisation. The remainder of the sulphur then cOTnbined 
with iron to fo rm ferric sulphide, which, combining with 
three molecules of the cuprous sulphirle, formed bornite . 
The remainder of the iron was deposited as blue hematite. 
Where the sulphur was locally deficient, chalcocite, glance, 
or pure cuprous sulphide was deposited ; at other points 
there apparently was just enough sulphur and copper pre· 
sent to form three molecules of cuprous sulphide to one 
of ferric sulphide. 
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(E)-THE PERSISTENCY OF THE ORE DEPOSITS. 

We have now before us the total amouut of data at 
present available which will enable us to discuss the pro­
bable extent of the ore deposits of this field. It wiJl have 
been seen that such da.ta are not complete, yet they are 
sufficient, in the opinio-n of the writer, to enable us to 
formulate some general deductions as to the persistency 
of the ore deposits in depth. 

It has been seen that the important copper-silver-gold 
ore bodies are confined to the schistose porphyroids. It 
has further heen deduced that the copper mineralisation 
has had its origin primarily in a8('~nding solutions, whether 
these have been derived from the Darwin or Devonian 
granitic irruptions. The question, therefore, as to whether 
,these ore bodies will continue to a depth is inherently 
connected with the question of the extent of these schist 
belts in a vertica.l direction or in the~r direction of dip. 

We have also a.rrived at the conclusion that these schists 
were mo.st probably originally deposited as pyroclastic 
products, 8Uch as tuffs, &c. We may justifia.bly assume 
that such products are not very limited in extent, and that 
the finer va.rieties are especially prone to cover compara­
tively large areas. There is every reason, therefore, for 
reg&rding these schists as likely to extend to some distance 
downwards, since it has been explained previously that the 
respective porphyroids in this field are in the form of 
almost vertically-upturned beds. (") 

It conclusively follows, therefore, that these ore bodies 
in the schists, will in all probability persist to some con­
siderable depth. 

Having thus deduced this corollary as to the persistency 
in depth of the ore body of whatever tenor or value, we 
pass on to the consideration of the persistency of value8 as 
depth is gained. 

It has been specially pointed out ("') that the mineral 
chalcopyrite, which is the most importa.nt cupriferous min ­
eral in the field, can in some cases be the undoubted result 
of aecondary enrichment. . The question then at once 
arises--" Is the chalcopyrite of the Jukes-Darwin field a 
primary or secondary mineral ~ " This certainly is a 
most difficult question to answer, and it must be here 
admitted that at present a definite statement thereon can-

<-:> See above. pp. 63·64. (100) &e page 98. 

• 
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Dot be made, as no indication 10 this matter is afforded 
by the mineral associations. 

This question, in fact, is inherently connected with that 
of the genesis of the ore deposits . If these belong to the 
Pre-Silurian metallogenetic epoch, then it is, in the 
writer's opinion, very probable that this cbalcopyrite is 
of secondary origin, for ore deposits of this age would 
have been subjected to conditions which were eminently 
favourable to secondary conoentration.COl) If it sub3e­
quently eventuates that the Deyonian age of the ore 
dep08itB is conclusively established, then this chalcopyrite 
may he regarded as mainly of primary origin, although 
thia is by no means quite certain, as we are here in some 
doubt 8S to the topographical history since Devonian 
times.(l02) 

The final answer to this question, therefore, must be 
postponed until furth er investigations will have enabled us 
to definitely determine the age of the ore deposits of this 
field, and the complete details of their life-history. 

From the point. of view, however, as to wheth~r justifi ­
cation exist.6 for the initiation of a bold policy of exploita­
tion, the effects of both of these modes of origin coincide 
to some extent. The cycle of denudation, during which 
the abovementioned secondary enrichment of ore deposits 
of Pre-Silurian age was effected, would :Jvdoubtedly have 
favoured the development of a very deep zone of second­
ary alteration and enrichment, as the ground water-level 
of a region characterised by high relief and comparative 
aridity would have been a considerable distance beneath 
the surface. The amount of erosion of .the ore deposits 
which bas been effected during the present cycle of denuda­
tion may be calculated in this connection by observing how 
far the present surface exposures are below the base of ·the 
conglomerate series, which was once above t hem , but is nOw 
removed. This distance, where greatest, is not more than 
one, or at most two, hundred feet. Such being the case , 
it may be expected that even secondary chalcopyrite wi ll 
in this case persist to an appreciable depth, and will n ot 
be a thin surface featu re. The change in the character 
of the mineral constituents of the ore deposits of Devonian 
age will most probably be such as is characteristic of th~ 
zonal distribution which is spread vertically over appreci ~ 
able distances. 

(M!) 'rhl. 18 fully di·cUMed 011 page 94. 
(lot) See abuYe, p. 67. rt #Irq. 
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Thus the statement is justified that there exists every 
inducement to test these ore bodies at & greater qepth 
than has been attempted up to the present time. This is 
confirmed by the experience gained at Lyell as to the 
depth to which the OTe deposits exte-nd, as these in general 
must obey the same broad laws 8S those in this neld. 

As regards the consideration of the persistency of the 
deposits of magnetite and hematite, the following state· 
ment is justified :- Since theae ore bodietr are contact­
metamorphic deposits, and therefore their present position 
at the surface is quite a fortuitous circumstance, due to 
the particular extent of erosion in that locality: and also 
because the format ion of such deposits is dependent on 
the position of the granite periphery, and in no wise COIl­

nected with the proximity of a land surface ; and since 
luch line of contact in this case will descend almost ver­
tically for some considerable distance, the conclusion 
inevitably results that these contact-metamorphic deposits 
will continue to appreciable depths. 

As, however, contact-metamorphic deposits in general 
are characterised by much irre~ularity of outline and 
extent, it must be expected that tnstead of one ore depo9it 
thus penisting, it will father be found that such persis­
tency will consist in the occurrence of a succession of 
irregularly-shaped deposita, irregularly distributed . ­
Exploitation. therefore, will in this case be more difficul t 
than in the previous class of deposits. 

As ' regards the question of the persistency of values of 
these contact-metamorphic deposits , it may be stated that 
the values at present disclosed are in no way enrichments, 
and may, to some extent, be the result of impoverishment. 
There certainly exists the possibility that certain portions 
of these deposits may be found to be much higher in value . 
It may definitely be accepted that they will not decrease 
in value. 

• 
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VI.- THE MINING PROPERTIES. 

A great number of properties have been forfeited on 
this field, and are at present vacant. Since these were 
originally known by definite names, the practice on the 
field is to designate all sections by those names which they 
originally held, irrespective of their present state, whether 
vacant or otherwise. This does not clash with existing 
usage, as no property has been refloated under a new name. 
To facilitate reference to the mineral charts, however, 
the practice has been adopted in this bulletin of designat­
ing each section by its present number. 

(A)- SECTIONS ON THE NORTHER.S END OF MT. JUKES. 

(I)-Section 6012-M. 

The present lessee is H. H. Souter, and the property 
consist of one 80-acre section, which comprises two 40-acre 
aections, one originally held by the Mt. Jukes Proprietary 
Copper Mining Company, and the other by the Jukes 
Comstock Compa.ny. 

This property is situated on the northern end of Jukes, 
on the saddle which connects the Proprietary Peak to the 
East Jukes Pea.k. It is 1850 feet above sea· level, and 
1690 feet above the King River, which flows immediately 
below. 

It may be reached by pack·track from two points, viz., 
Crotty and Lynchford . The former route is at present 
ueed. 

This is the only section on the field on which an., work 
was being carried out at the time of the writer's vIsit. 

On this property there occur several outcrops of ore 
bodies of greater or less "alue. The most prominent, and 
what has proved up to the present to be the only OCcur­
rence of value, is indicated by a well-defined brown ridge, 
the colour being due to the oxidation of the pyrite to 
limonite. This outcrop is seen at the surface to have a 
strike of a little east of north . 

An adit has been driven in a due westerly direction to 
cut this ore body. This was effected at 18 feet in. The 
ore body was passed through and proved to be 18 feet 
wide, carrying veins, bunches and blebs of chalcopyrite 
and pyrite, for this distance, in a dark chloritic schist. 
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'The adit was continued for a further 154 feet, but no fur­
ther mineralisation of value was met with, the country 
consisting of alternating bands of dark and light-coloured 
schist with, in places, some disaeminated 8ulphides. 

A winze was sunk on the ore body from this adit to a 
total depth of 122 feet. At 52 feet a drive was cut along 
the hanging wall of the ore body in a southerly direction 
for 50 feet. At a point 26 feet from the winze a crosscut, 
was driven across the ore body for 26 feet, which was thus 
shown to be here 24 feet wide. A sample taken across the 
whole width at this point by Mr. Souter is stated to bave 
8-ssayed :-

Copper = 4·10 per cent. 
Silver = 0·53 oz. per ton. 
Gold = 0·27 oz. per ton . 

The ore body here undoubtedly shows nice mineralisa­
tion , The winze below this level was full of water at the 
time of the writers' visit, and consequently could not be 
inspected. It was stated, however, that the ore body was 
just as good in appearance in the bottom as at the 52-feet 
level. This No. 1 adit is 1850 feet above sea-level. 

At 310 feet below the level of this No.1 adit and situ­
ated to the north-north-east thereof, another crosscut tun­
nel (No.2) was driven apparently with the object of inter­
secting the northern extension of the same ore body. The 
first 407 feet of this adit have a bearing of 1880 , and is 
in hard green felsite, showing a few sporadic splashes of 
sulphides, generally in veins associated with quartz and 
chlorite in more or less definite .. heads" ; some veins coo­
sist wholly of chlorite (delesaite). These occurrences are 
partly fissure fillings and partly replacements. Tbe sul­
phidic mineral present is generally almost pure chalco­
pyrite. The bunches and vein lets are, however , so widely 
scattered as to render this portion of the workings value­
less. 

The next 108 feet of this adit has a bearing of 2370 , 

and still continues in hard felsite of a general greenish 
colour, but with splashes of red felsite towards the end. 
In this portion of the adit there also occur occasional 
makes of sulphides, which are, however, too small to he 
valuable. 

At 515 feet in, a well-defined head was encountered 
which carried as a vein-filling and metasomatic replace­
ment about 4. feet of good ore. This was followea by a 
drive of 79 feet in length, the general bearing being 1600. 
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ThE make of ore soon petered out, and the end is in hard, 
red felsite, showing a few veinlets of quartz and chalco­
pyrite. The eastern wall of this head is green felsite. and 
the western wall is red felsite. 

The main adit was continued for a. further dist&llce of 
117 feet, with a bearing of 2300, in mottled green and 
red felsite, and a few sporadic splashes of sulphides were 
observed. The end is in red felsite, carrying pyrite, 
hematite, and magnetite, which is evident1y the downward 
extension of a similar deposit seen outcropping in the 
creek directly a.bove this point. 

It is thus seen that in this adit there have been dis­
closed no ore deposit. of value. In the past there have 
been published ...... y resulta ... high ... 29 per cent. cop· 
per in a.smplee taken from this adit. Such certainly mILy 
have been the results from picked specimens carrying 
much chalcopyrite, but it would be imposaible to get bulk 
aamplee: representing any ore occurrence other than a thin 
minger to give resulta appreciably high in copper. 

The ore body shown in No. 1 adit baa not been cut in 
the No.2 adit. It would be necessary 00 drive a dis· 
tance of 162 feet in a S. 200 \V . direction , in order to 
reach a point vertically below the winze. 

The present owners have started the driving of an inter­
mediate a.dit 127 feet below No. 1 adit and .bout 320 
feet in a. direct line therefrom. · The adit is in a direct 
line therefrom. This adit is in soft green cbloritic schist, 
.howing marked fisaility and schistoeity. The total dis­
tance driven is at present about 80 feet, and for this dis­
tance shows appreciable copper values, in the form of 
chalcopyrite and native copper. Much of the copper has, 
however, been leached out. The intention is to ('ut the 
are body shown on the surface. This should require about 
130 feet of driving, but as it !ias eventuated the whole of 
the country passed through by this adit is very promis· 
ingly mineralised. Tt will, therefore, very probably be 
impossible to tell when the objective ore body has been 
reached, and in this case a drive will be commenced 
towa.rds the winze when a point 130 feet in is reached. 
When the are body is cut a drive 200 feet in length wiJ1 
bring the end 5 feet vertically below the bottom of the 
winze. The ore-body can be thus exploited at that depth . 

This are· body , shown in No. 1 adit , the winze, and the 
intermediate adit, is the only one yet disclosed of any 
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present economic importance on this property. Ther03 is .. 
however, on this and neighbouring sections a belt of min· 
eralised country, indicated by a more or less prominent 
limonite-stained rock surface, roughly triangular in shape, 
and near its ba.se measuring about 20 chains in width. 
The character of the enclosing rock and of the aTe dep06it..a 
varies from place to place within this belt, hard, dense 
felsite giving place to relatively soft chloritic schist, both 
along the line of strike and a.t right-angles thereto. The 
extent, therefore, of any promising ore formations is thus 
limited by the abrupt termination of the congenial rock­
mass. 

Such ore bodies have been exposed by surface trench­
ing in different pa.rts of the property, but in every case 
have proved to be of very low value. Thus, in creeks both 
east and west of No.2 adit there are seen belts of replace. 
ment .deposits consisting of pyrite, a. little chalcopyrite in 
places, and hematite and magnetite in hard felsite. None 
of these have proved of value. In the north·west COrner 
of the section there occurs an outcrop of massive hematite 
accompa.nied by some barite . This, as will have been 
gathered by studying the chapter on economic geology J 

ma.y be regarded a.s of no value, and indicating no improve. 
ment in depth. 

About 300 feet below the No.2 adit is a tunnel driven 
by the Jukes Comstock Company in ha.rd felsite, showing 
splashes of sulphides. Nothing of value bas been dis. 
closed. Approximately, 250 feet below this is another 
tunnel driven into an almost vertical cljff a little east of 
south for about 80 feet. The face of the clifT shows copper 
carbonate stains on hard, red felsite. Some small veins 
of quartz and chalcopyrite were met with, but nothing of 
value was opened up. The country rock in this locality 
is mostly hard, dense felsite. 

The only ore body of value on this property, therefore, is 
that on which work is now being done. The average assay 
taken across a width of 14 feet at the 52· feet level is very 
promising, and is specially notable by reason ''Of the high 
content of gold. At parcel of 20 tons of 'ore from this aTe 
body was sent to the Mt. Lyell Company, being sledged 
down to Crotty. The assay of this parcel was practically 
identical with that of the assay previously mentioned, 
which may be regarded as very satisfactory. The writer 
is indebted to lir. H. H. Souter, the present leasee, for 
t.hese assa.y returns. 
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(2)- 8ect.01I 5936-M. 

The present lessee is E. Slater, and the area is 40 acres. 
'This was originally the northern of the two sections COIl~­
prising the King Jukes Mine. No work was being done 
at the time of the writer 's visit. The Lynchford track 
passes through the centre of this section from east to west . 

Above this track an adit has been driven for about 87 
feet in a south-easterly direction in bard, grey felsite. 
No mineralisation is shown. 

Below the track, and just within the north sideliu~ of 
this section, another tunnel has been driven in a direction 
"200 east of south for a distance of 190 feet, and a furth er 
20 feet in a due southerly direction . At 123 feet in , a 

'cr08SCut was driven (or 40 feet ; at 156 feet a 60-feet 
-crosscut was driven. This ad it was driven in the first 
instance on a definite band of mineralisation, which was 
identical in strike with wel1-defined fracture planes or 
heads, which run a little west of north. The end of the 
tunnel shows a considerable development of sulphides. 

'The eastern wall of the adit shows abundant leachings of 
copper sulphate and carbonate, but the western wall shows 
none. 

No.1 cr088Cut shows very little mineral, the end being in 
hard red felsite . No.2 crosscut shows sulphides for the 
whole length . No assays are available as to the value in 
bulk samples along this crosscut, but most probably they 
would not be very high. 

There is a small stack of ore at the mouth of this lower 
'adit which shows some good cha.lcopyrite contents. Th e 
ore consists of quartz, chlorite, And chalcopyrite and 
pyrite, and here certainly the structure is that of a vein­
filling rather than a metasomatic replacement. The nature 
of the rock here is such that such veins will only be of 
small extent. Consequently J no important continuation 
thereof may be looked for. Any p088ible ore body of 
value will be in the form of a metasomatic replacement. 
As this will depend on the existence of tf congenial" schist, 
and as no such rock-type has been shown to exist on this 
section, the indications are not very favourable. 

(3)-8ect.on 2699-93 .. . 

This section, at preseot vadant, was originally held by 
the North Mt. Jukes Company. It is situate north of 
.and adjoining the former section. One a.dit has been 
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dri"ven in hard felsite, and a little mineral is shown on the 
tip at the mouth of the adit, but owing to the presence of 
a considerable stream of water in this tunnel, and the 
partial ca.ving in of the roof at the mouth , entrance thereto 
was imposs.ible. 

(4)-Sect.on 3526-93 ... 

This section was originally known as the Jukes Consols, 
but is now vacant. The area is 80 acres. The King River 
traverses it from east to west. At a point about 20 feet 
above the King River, and about 1660 feet below No.1 
adit at the Proprietary, a tunnel has been driven for about 
80 feet in a southerly direction in dark-green felsite. Some 
veins and blebs of sulphides are to he seen here, but 
nothing of value was disclosed. 

(5)-Section 2547-93><. 

This was originally held by the Imperial Jukes Com­
pany, but is now vacant. It is situated east of Section 
6012*M. The only work consists of a short tunnel driven 
in an easterly direction in a grey felsite. No mineralisa* 
tion whatever is visible. 

(6)-S«t'on 5241-93M. 

This was formerly known as the Crown Jukes section, 
but is now vacant. The area is 40 acres. It is sit.uated 
on the extreme northern end of the Jukes plateau. and 
due west of the Main Peak. A tunnel at an elevation of 
2950 feet above sea*level has been driven in a southerly 
direction for about 60 feet, with the object of cutting the 
downward extension of prominent crags of red hematite in 
felsite.C(l3) It was evidently thought th&t these were the 
oxidised outcrops of copper ore bodies, but such has been 
distinctly proved not to be the case. This section there* 
fore possesses no feature of promise. 

(7)-Section 3530-93M. 

Now vacant, but formerly known as the Queen Jukes 
property. It is situated at the head of the .southern 
branch of the Traveller River. An adit has been driven 
in a westerly direction for 50 feet in hard, pink felsite. A 
very small amount of sulphide is showing in small veins, 
but nothing is visible to warrant any further exp1oitation. 

(103) See shove, p. 81. 
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(8)-Sect;on 1596-11. 
This section is also vacant. It was formerly knowu as 

the Crotty Jukes, and is situate south of the former sec­
tion. A small adit has been driven beneath the Yellow 
Knob, which is' on this section, but nothing of value was 
disclosed. The country ,'ock is a felsite, which has 
weathered to a yellow colour. No indications of miu­
eralisation of importance exist in this section. 

(B)- SECTIONS AT LAKE JUKES. 

(9)-Section. 4811-M and 4812·". 

The former of these two sections has an a.rea of 40 acres 
and the "latter 80 a.cres. They are situated in the Lakes 
Jukes glacia.l cirque, and are practically at the foot of 
the cliff. They were last charted in the name of E. F . 
Ryan, who forfeited them six months ago, but were pre­
viously to that known as the Lake Jukes Copper Mining 
Company's sectioI16. This property is reached from Crotty 
by a pack track, which is described above,(io.) and is at 
present in rather a bad state. 

The ore deposits on these sections are confined to a 
prominent ridge or hog-back of granophyre, between which 
and . the mountain cliff lies Upper Lake Jukes. The main 
workings are in Section 4812-H. 

At the eastern foot of the Hog-Back, No. 1 ad it has 
been driven in a direction 100 south of west. The total 
length i. 400 feet. The approach is 2490 feet above sea­
level. The only ore-deposit disclosed in this adit was a 
fissure lode of quartz and delessite, which dips to the 
north-west at an angle of 400 , and is from 2 feet wide 
downwards. This lode has been followed upwarcle for 10 
feet, and stoped to this height for a few feet . In the 
direction of dip the lode has been stoped underhand for 
.a depth of about 10 feet . The lode petered out in ali 
directions. This lode was tested, and statements were 
made to the effect that it would butk 10 dwt. gold per 
ton. A five-head battery w&s erected to treat the product. 
Only one crushing was put through, and the yield worked 
out at about 2 dwt. per ton. This did not pay expenses. 
It was found impossible to keep t,he battery going on the 
product from the lode alone. Consequently, a quantity 
of the adj acent felsite rock was crushed at the same time . 

C~) Pogo 27. 

'. 
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The object of driving this adit in the first place was to 
cut the downward extension of veins of blue hematite and 
-bornite shown on the summit of the ridge. None of these, 
however J were met with. 

These blue hematite-bornite veins occur as irreguhr fis· 
sure fillings, a.nd are shown at the summit of the knob to 
be extremely rich. No. 3 arlit, about 100 feet above 
No.1, was driven on one of these veins near the summit 
in a westerly direction for a distanoe of about 20 feet. 
In this adit the pornite vein was 2 feet wide, and phe­
nomenally rich, but petered out in every direction. This 
al80 occurred ill the cage of every such vein followed . 

No.4 adit tras driven near the top of the ridge in hard 
felsite , and followed a small vein of hematite and bornite, 
which, however. dwindled to nothing. This ad it is about 
50 feet above No.2. 

No.2 &dit, which is 30 feet below No.1, and is situate 
due south thereof, has been driven for 200 feet , evidently 
with the object of intenecting the downward continuation 
of the bornite veins. The only minera.l met with , how­
ever, was & small bunch of chalcopyrite on the northern 
side of the adit. The country rock is hard, dense felsite, 
rather dark in colour. The direction is westerly , but 
towards the end it swinga towards the south-west, And then 
.wings back toward. the north-west. 

On the western side of the ridge is a small adit about 
30 feet in length driven in a south-easterly direction. The 
approach is in conglomerate and felsite wash , but the end 
of the tunnel is in hard felsite. No mineral was 
encountered. 

In a trench a few chains north-west of this latter adit 
a few vein lets of bornite are exposed, but here the char­
acteristics of those on the ridge are repeated, namely, 
irregularity and inconstancy. 

The abovementioned five -head battery was erected on 
the western portion of Section 1592-11.. It was driven by 
a waterwheel . The power was obtained by tapping Upper 
Lake Jukes at its southern end, and the water thus 
obtained was led by a race and Burning to the battery. 
The amount of water proved .ufficient for the purpose . 

This property was first exploited in connection with the 
bornite veins, but. on the failure to locate any valuable 
depoeits thereof , attention was paid to the quartz-delessite 
vein for its gold contents, and the battery was erected. 
Only one crushing was put through, and turned out unpay­
able , and operations then ceued . 
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Subsequently. G. Hyde erected a short aerial wireway 
. from No. 3 ad it to the more level country east of the 

ridge, and gouged out the contente of some of the bornite 
veins. The ore was lowered in bags by means of the wire. 
way and sledged to Crotty, and thence to Mt. Lyell. 

The indications on this property are such as to warrant 
the expression of opinion that no further expenditure of 
capital is justifiable. 

(10)-Seclion 1594-M. 

This was origina.lly charted ill the names of Bean and' 
Thow, and consists of 37 acres situate east pf Lake Jukes 
Company 's sections. The Lake Jukes track passes through 
it. On this section is seen a baud of green chloritic schist, 
which carries sulphides in an altogether similar manner to 
that at the Jukes Proprietary. A few shots have heen 
put in west of the track, and some. good mineralisation 
exposed. South of this, two trenches, each 20 feet in 
length and 6 feet deep, ha.ve been cut across the schist 
belt. Here there are veins and bunches of irregu lar shape 
in the schist carrying chalcopyrite, but a.t the dept.b 
exposed a great deal of the sulphides have been leached , 
and only fillings of limonite remain. The schist belt is. 
Been to have a strike of Dorth·west, south·east, and runs 
persistently to the Yellow-Knob. This belt is ravourable 
for mineralisation, particularly on this section, a.nd 
deserves exploitation, as the work done on it at present 
is trifling. The relief of the surface in this locality is not, 
high, and conseq uently facilities for arlit driving are not 
great ; but the ground falls away to the BOuth·east, and 
aD adit could be driven from that direction along l,JJe 
schist belt and crosscuts put out at intervals. Otherwise 
a shaft would be necessary. 

This property certainly deeerves attention in preference 
to the oection last described. 

(C)-SECTION ON SOUTH Esn OF JUKES. 

(ll)-Section 4414 -93M. 

This is now vae&nt, but was formerly known as the Lake 
Jukes Proprietary, and was owned by a Queenstown syndi. 
ate. 

There occur on this property prominent serrated crags 
of massive red hematite, which, as in the case of the simi. 

• 
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lar occurrence at Crown Jukes were taken as the oxidised 
portion of a pyritic ore body. 

The section is situated all the precipitous western rue 
-of Mt. Jukes, and there is no track leading to it. Access 
may be obtained to it either by climbing the slightly 
broken cliff face south of Upper Lake Jukes, to the 
plateau, and then crossing the same aDd descending the 
.steep western face of the mountain ; or by following side· 
lines from the Intercolonia.l spur. Both of these rout-es 
involve arduous climbing. 

At an elevation of 2750 feet above sea· level a tunnel 
has been driven for 234 feet in a north·easterly direction 
through the red hematit.e masses, with the object of strik­
ing the conglomerate contact which it was presumed would 
be vertically beneath the conglomerate cliff situated to the 
north-east of the mouth of the tunnel. It was hoped to 
disclose an ore body at this contact. 

What W&S thought to be the contact was struck, but 
no ore body was opened up. It is doubtful, however, 
whether such a contact was encountered, as the rock in the 
end is a variety of the porphyroids which possesses distinct 
banding. A. will be gathered from tbe description of the 
general geology in a previous portion of this bulletin, the 
conglomerate does not in this locality extend downwards, 
being here merely a more or less horizontal capping of 
conglomerate lying on the upturned edges of the porphy­
roid series. 

There is no inducement whatsoever to warrant the 
expenditure of more capital on this property unless the 
.object is to develop a source of hematite . 

(D)- SECT ION S OX THE INTERCOI.OXIAJ, SPL·R. 

( J 2)- (8"'li"" 5925·>1). 

R. S. Taylor is the present lessee. The area. is 40 &eres. 
Situated on the western slope of the Intercolonial spur. 
No work was being carried out at the time of the writer 's 
visit. 

This section was originally known as the Hal Jukes, but 
subsequently was prospected by G. Hyde, and worked by 
the Mt. Lyell Blocks Copper Mining Company, who are 
.tated to bave spent about .£1000 on it. 

The Hal Jukes Company drove a short tunnel near the 
eastern boundary of the section for a. length of 50 feet. 
This tunnel is 1420 feet above sea-level, and is driven in 
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a direction 600 eaat of north. A belt of dark-green. 
schistose felsite was passed through in tbis tunnel , carry­
ing splashes of chalcopyrite and pyrite. 

Subsequently G. Hyde showed, by putting in several 
shots in the steep cliff bank of the creek further to the 
north, that there exists a belt of green cbloritic schist 
highly impregnated with chalcopyrite and pyrite for a 
width of about 100 feet. The strike of this sulphidised 
belt is north and south, and it appe ..... to be vertical. The 
surface outcrop is marked by the brownish colour of the 
rock-surface, although, as is usual in this field, no gOsaall 
hkS been formed. 

An adit was started at a lower level in the creek to cut 
this belt at a depth. Here a mistake was made in the 
first place, for instead of driving due east, which would 
have cut the mineralised belt in the shortest distance, the 
adit was driven in a direction 400 east of north. The total 
distance driven was 120 feet , which was not sufficient to 
cut the sulphide belt shown in the creek. The country 
rock is hard, green felsite, varying to dark chloritic schist . 
Some splashes of sulphides occur near the mouth and along 
the drive, but do not seem to be plentiful. It is stated, 
however. that a bulk sample for the whole length assayed 
1 per cent. copper. It is certain, however, that the more 
important minerali&ed belt was not intersected. 

Some portions of the mineralised belt are very rich, and 
assays high in copper could be obtained in picked samples, 
but the bulk average over any considerable distance win 
probably not be very high , although the indications seem 
to the writer very promising. One grab sample which 
by it:6 general appearance seemed to be representative of 
the poorer portions of the mineralised bands when assayed 
by Mr. J . Levings, Aseistant State Mining Engineer, 
gave the following result:-

Copper = 1'4 per cent. 
Silver = O' 5 oz. per ton. 
Gold = trace. 

This property certainly deeerves attention, which at pre 
sent is not at present being paid to it. The work already 
done has not served to establish the value of the deposit. 
The longer .. clit should be continued until the main min ­
eralised belt is intersected . Wha.t appears to the writer to 
be the best method of establishing some idea of the value 
of the deposit wouJd be to drive an adit at a point about 
50 feet helow the old Hal Juk .. tunnel in a northerlY' 
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direction, following the western wall of the schist. Cross­
c~ts put out a.t intervals across the ore body would give 
the requisite information as to its value. 

(13)-8«1.""" 1900-34 and 1900-35. 

These are a.t present vacant. Each has an area of 10 
acres. They were originally taken up for gold, and 
worked as the Sailor Jack Gold )[ine. All the workingi:'! 
are DOW under water. An inclined shaft was put down 
to an unknown depth. 

The country rock is sandstone belonging to the con~ 
glomerate series. This carries velDS of quartz III wIndt 
occur well-formed crystals of pyrite. These vems 
carry some free gold, but the qua.ntity IS yery 
small, and under present conditions could not possibly 
be worked profitably. The situation also militates against. 
cheap mining, as the property is situated in flat country 
at the western foot of Mt. Jukes, and at an elevation of 
810 feet above sea-level. 

At the time of the writer's visit some prospecting was 
being carried out on these sections by a Sta.te prospecting 
party, but nothing was disclosed beyond the exist-ence of 
a small content of free gold, which did not warrant fur­
tber attention. 

(14)-8«1'0" 3868-... 

This section was granted- to W : H. Taylonr as a barium 
sulphate reward. The area is 80 acres'. It is situated 
at the southern end of the Intercolonial Spur, at an eleva.­
tion of 2000 feet above sea-level. It is reached by means 
of two tracks, the more direct of which leaves the North 
Lyell railway at the 14~-mile, and which winds upwards 
to the summit of the Intercolonial Spur. To reach the 
barytes lode a deviation from this track is neoessary at a 
point where a blazed track from Darwin joins it. This 
latter track has been cut from the Darwin township, and 
following a somewhat tortuous route, passes close to the 
barytes lode. The former track could possibly, in good 
weather, be used for sledging, but the latter is merely a 
foot-track. This section is, roughly, a. mile and a half in 
a direct line from the railway, and is 1450 feet above it. 

The barytes lode is seen outcropping at the surface) and 
is noticeable by reason of its white colour. It is first 
seen about 2 chains west of the eastern boundary of the 
'section, and then can be traced continuously in a due west-
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erly direction until the western boundary is reached. It 
continues past this boundary to an undetermined distance. 
The lode is vertical. 

The width varies from 8 feet to ] foot, and averages 
about 3 feet 6 inches for the 26 chains. The lode has been 
opened up by a few shots at various points, and has been 
stripped of superficial cover for practically the whole 26 
chains. The deepest hole sunk is 8 feet. 

It is a true fissure lode. The walls are bard, dense fel · 
site. The quality of the barytes is good, picked samples 
containing up to 97 per cent. BaSO., while bulk samples 
have a88ayed from 80 to 86 per cent.. It is white to pale­

. pink or purple in colour. 
At its western end this lode carries & considerable pro­

portion of sulphides, both chalcopyrite and pyrite being 
present. The remainder of the lode on this section seems 
to be very free from sulphides, at, least from present sur· 
face appearances . 

The conditions for cheap mining are certainly very 
favourable. An adit could be driven along the Jade in a 
}\'esterly direction, and plenty of backs thus obtained in 
the 26 chains of length of lode. 

Barium sulphate i8 widely used in manufacturing pro· 
oeases of many kinds. It is used in weighting paper and 
leather; also as a fiHing in flannelette. Its most extensive 
use, however, is in the paint trade, the product called 
lithophone finding its special application therein. In 

;addition, it is used in the manufacture of rubber articles, 
linoleum, oilcloth, sealing wax, &:c. It is also used as a 
source of barium sulphide, which is the basis of self-lumin ­
ous painte. It is also used in the manufacture of barium 
peroxide, which is now having an extended use as an oxid­
ising agent, and as a means of manufacturing oxygen. 

Thus, the uses of barite are seen to be manifold . The 
price is, however, rather low, and the ruling price for­
crude barytes in U.S .A. is from 155. to 205. per ton at the 
shipping port. In A ustralla the price is from 35s. to 40s. 
per ton &t the shipping port. 

All attempts at obtaining a profitable market for this 
mineral in the case under review have failed . This is 
due to the high transport charges. It is certainly impos­
sible to work this deposit profitably under present circum ­
stances. 

The facilities for the placing_ of an aerial ropeway down 
to the railway are suitable, and in this way the heaviest 
item ill the transport charges ma.y be eliminated. 
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If there is sufficient demand for barytes in Australia, then 
it is an economical problem as to whether the expenditure 
on such a ropeway is justified. 

It is a belief held by many people that this barytes lode 
will carry high copper values in depth . Therl is nothing, 
however, which in the writer's opinion justifies such a 
belief. 

(E)-SECTIONS ON EAST DARWIN. 

(15)-8.ctio .. 4655-)( . 

The preeent lessee is J. Wood, and the area is 40 acres. 
It was originally held by the l\It. Darwin Proprietary 
Company. No work is being done at present. 

In the bed of & creek which flows in a deep gully through 
this section from west to east there has been exposed a belt 
of schist carrying veins and masses of chalcopyrite and 
pyrite. Picked samples of this gave very high values in 
copper, gold, and silver, the gold in particular being 
remarkably high. 

An adit was driven at a point lower down this creek 
in a direction 300 south of west, with the object of inter­
secting this ore body. At 130 feet 10 a south drive Wag 

put in 90 f~t, and then a crosscut started parallel to the 
main adit. The country rock is greyish-coloured schist. 
Little bunehee of good copper are were met with all along 
the drive. The end of the main adit is in green felsite 
carrying chalcopyrite. This is the belt of mineralisation 
seen in the creek above. On the eastf'rn side of this ore 
body there occurred a make 4 feet wide of qua.rtz and 
hematite carrying chalcopyrite and pyrite. Assays as 
high as 15 dwt. of gold per ton, and 15 per cent. copper 
have been obtained in picked samples. Since work was 
abandoned on this section the roof at the end of the adit 
has fallen in, and the creek above now finds a partial pas· 

·sage through this ad it. 
The main adit is 580 feet above the railway, which is 

·70 chains to the east thereof . 
The ore body on this section most decidedly warrants 

exploitation. The work already dOlle is not in any way 
sufficient to give the requisite information as to extent 
and value . The surface falls away very steeply to the 
east, and there is every facility for the driving of an a.dit 
at a much lower level to test the ore body at a consider­
.ably greater depth than haa been done as yet. 



As explained below, this ore body is probably an exten~ 
sion of the important bea of mineralisation in the two 
sections now to be described, and therefore the remarks 
made in connection therewith may be taken as applicable 
to this section al80. 

(16)-8«t;0 ... 4615-1( and 4654-". 

The present lessee is J. Wood. Both these sections have 
an area of 40 acres. Section 4654.}t was originally held 
by the Mt. Darwin Proprietary. Section 4615-M formerly 
belonged to the South Mt. Lyell Company. 

These sections are situated to the south of the last sec. 
tion described, and on the eastern slope of Mt. Darwin 
about 700 feet above the ra.ilway. Acceaa i. poseible to 
them by meana of a well-graded pack-track (''') from the 
Darwin station, which follows a somew hat tortuous route 
up the lI10untain side. A foot track diverges from ihis 
track a few chains from the railway , and is a short cut, 
but much steeper. The East Darwin waterfall is situ. 
ated in the southern portion of these se<:tions. 

In the eastern portion of these sections the country 
rock is dark.green chloritic schist. This is succeeded on 
the west by a grey ICbist , which is identical with the schist 
which i. the repository of the ore bodiea at North Lyell. 
W estward, this acbist is succeeded by hard, dense, red fe1 · 
site. The schist belt strikes almost due north and south . 

The ore body occurs in this grey schist as a metasomatic 
replacement. Its characteristic is the st rong silicifiCltion 
which has taken place in addition to the sulphidation. 
The general characters of the ore body have been previously 
described. ("') 

The ore body is shown in several surface trenches, and 
cut.6 in both these sections, and it is notable that no g0S8a.n 
capping OOCUI'S, the fresh sulphides persisting right to the 
surface. In one trench just south of the north side·line 
of Section 4615-1( the ore body is partly expoaed, and here 
is seen to consist of 5 feet of solid pyrite, with some chalco. 
pyrite. A aample taken from this trench i. stated to have 
a.aayed 33 per cent. ""Iphur. At a point higher up the 
same ore body is Been on the track, where a. hole has been 
sunk. on it for a few feet, which at preaent is full of water. 
The development of sulphides is, however, very pro· 
Ilounced. At many other pointe the same belt of sulphide. 

(lOt.) S .. e abfJt'e, p. 27. ('1.'6) :O:f'e .00\''', pp. 70. @O. 
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bearing schist can be seen, and a few shots at each point 
disclose the sulphide ore body. 

Adits have been driven at several points to cut this are 
body. They will be described hereunder in the order of 
their relative heights from top to bottom. 

Dillon', No. 2 Tunftt!l. - This is situated in Section 
4615-111, about 5 chains east of the centre of the west side­
line thereof, and about 840 feet above the railway-line at 
Da.rwin. It bas been driven in a due westerly direction 
for a total length of 120 feet. Country rock is grey schist. 
At 90 feet in a.n ore body 2 feet wide was encountered 
striking north-west, carrying a oonsiderable amount of 
chalcopyrite. This breaks into several veins, but is sohd 
underfoot. One ron of ore sent away from here is stated 
to have assayed 9 per cent. copper. 

Souter' 8 Tunnel.- This is situated to the east of and 
90 feet below the former tunnel. It is driven in a westerly 
direction for 180 feet in grey schist. The end is in hard 
red felsite. The contact of this felsite with the grey schist 
was foHowed by a drive in a northerly direction for 180 
feet. A crosecut W&8 driven in &n 6&Sterly direction for 
170 feet . At 30 feet from the contact drive a ahort drive 
of 40 feet was put in, in a north·westerly direction, and 
one 10 feet in length in a south-easterly direction. All 
these workings a.re in grey schist. 

In the main adit splashes of chalcopyrite occur. A 
6-inch sea.m of solid chalcopyrite was passed through about 
10 feet back from the end. 

In the contact drive a formation consisting of quartz 
. carrying cha.lcopyrite a.nd galena from 3 feet to 4 feet wide 

was encountered. T his practically followed the contact 
with the bard felsite, which courses a little west of north, 
and dips at a high angle to the 6&atwards. A sample from 
here is stated to bave assayed 6 per cent. copper and 20 
grains of gold per ton. 

In the crosscut seams of chalcopyrite occur at intervals 
until the north-west south-east drive is met with. At this 
point a 6-ioch vein of solid chalcopyrite occurs, which 
assayed 31 per cent. copper. This seam ~tered out in the 
roof of the crosscut, but is slightly wider on the floor. 

In the north-west Bouth-east drive a belt of sulpbides 
varying from 1 foot to 4 feet, carrying chalcopyrite, was 
followed. Bulk samples from here are stated to have 
aasayed 6 per oont. copper. The strike of this sulphide 
belt is north-west, and it dips to the south-west at 600 . 
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As it W8.8 followed to the north-west it got lower and lower 
in the drive, cutting out above, until in the end it is only 
seen in the floor of the drive. There are in this locality 
two sets of fracture plan_(1) the normal fractures, 
which are coincident with the planes of schistosity; and 
(2) a set which bas an east and west strike, a.nd dip at a 
very low angle to the north. These latter heads appear 
to cut off the ore channels upwards, and in the north­
west drive described above it is a pronounced head of this 
description which truncates the sulphide belt upwards. 

In the cr"",,cut about 15 feet east of the north-west 
drive is & seam of solid chalcopyrite about 1 inch wide, 
succeeded hy 12 feet of sulphidised and silicified ochist, 
mowing a faiT amount of copper. About 5 feet further 
to the east is a similar belt of sulphides about 2 feet wide. 
A sample taken over a width of 15 feet on this mineralised 
belt assayed 6 per cent. '"'pper and 1 01. lilver per ton. 

The whole of the schist in this crosecut and north·west 
drive is strongly silicified, and may in places be taken to 
be a quartzite. Microscopic exa.n1ination, however, proves 
that it is a metasomatic replacement of the schist by silica. 
All the developments of sulphides show nice copper Con­
tents, and some wonderfully pure seams occur. Iu every 
case also the belts of sulphides are wider in the Boor of 
the drive than above. 

In the contact drive some of the chalcopyrite has a thin 
coating of covellite, and a sample taken has assayed copper 
23 per cent, and silver 22 oz. per ton, 

The contact between the grey schist And the bard red 
felsite to the west is seen in this tunnel to be striking a. 
little west of north, and dips at a high angle to the east .. 

Dillon's No. 1 Tunnel.- This is situate due north of 
Souter's tunnel, and 60 feet below it. It is just within 
the north side-line of Section 4615-1<. 

It has been driven in a direction 200 south of west for 
a total length of 312 feet. The end is in hard, red felsite, 
the remainder of the drive being in grey schist. 

At the mouth of the adit is & belt of sulphides carrying 
BOrne oopper. 4t a.bout 100 feet in, an ore body 28 fe'et 
wide was pa~hrough. This is of exactly similar char­
acter to those met with in the other tunnels, namely, 
pyrite and chalcopyrite, with silica as a metasomatic 
replacement of tbe schist. Mr. W. H. Taylour, who has 
had numerous usays made of these ore oocurrences, states 
that this 28 feet will bulk 4 per cent. copper . Certainly 
the chalcopyrite is plentiful in amount. 
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At 130 feet in a winze was sunk on this ore body. The 
depth is 40 feet, and is in ore all the way down. The ore 
body has a dip towards the west, and consequently in the­
bottom of this wiDze it is going out to the west. 

In the adit at a point about 15 feet west of the winze 
is & seam of chalcopyrite and pyrite 1 foot thick, which 
a·ssays in bulk 5 to 6 per cent. copper. . 

Pearse's Tun.nel. - This is situate a little east of north 
of the former tunnel, and about 7 chains distant there­
from in Section 4654-11. It is 80 feet Dillon's No. 1 
tunnel. 

This crosscut adit has been driven in a wuth-westerly 
direction. The approach and the first few feet are in 
green schist, which further in gives place to the grey schist. 
Incidentally, this main adit is the cleanest and neatest 
piece of tunnel-driving the writer has yet seen, the work 
being a credit to the man who was in charge of it (Mr. 
B. Pearse). 

The total length driven in the south-west direction is. 
443 feet. It then turns to the west for 54 feet. At 45() 
feet in a drive h88 been put in for 80 feet ill a northerly 
direction, and for 159 feet in a southerly direction. The 
north drive is in the ore body for the whole distance j at 
a point 30 feet from the main ad it a crosscut in an easterly 
direction 35 feet in length has been driven, and is wholly 
in the ore body. At 70 feet from tbe main &<lit a westerly 
crosscut was put in for a distance of 27 feet, and ends 
in hard, red felsite, but the first 4 feet are in the ore body, 
which is thus seen to be here 40 feet wide. Its character 
at this point is simila.r to the other exposures in this local­
ity . It is, however, very difficult to form any opinion 
a.s to the amount of chalcopyrite present, as the whole of 
the faces are now covered by a thick layer of slimy red 
ferric hydroxide, which has been formed by leaching and 
subsequent oxidation taking place for a period of about 
12 years, during which the workings have lain idle. This 
slimy mass has collected in places in the workings to about 
three feet thick. Some idea of the value, however, can be 
obtained by examining the tip (\utside, and also by the 
returns of ore sold, which are given below. The copper 
contents are certainly appreciable. 

The south drive has been extended for a total length of 
159 feet. At 69 feet from the main adit an easterly cross­
cut was driven for 30 feet, and a. westerly crosscut for a 
distance of 39 feet. The orebody at this point is shown to 
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be split, as it occun in both the east a.nd west croSBCutat. 
with a blank band of schilt between. The total width, 
exclusive of the blank band, corresponds with tbat shown 
in the north drive. 

Both the ends of the main adit and of the west eros&-­
cut from the north drive are in hard , red felsite , which 
show8 a little sulphide in patches. The contact of the 
schist and felsite runs a little west of north, and dips !() 

the aaatwarda. This contact is very clearly marked . 
It is thua seen that at this point, which is that at which 

the ore body has been cut at the greatest depth , its dimeo7 
sioDs a.re greatest. This seems to agree with the observa.­
tions made in the upper tunnels that the ore bodies are 
wider underfoot. 

This belt of grey ochiot can be t raced for more tha.n half 
a mile in the direction of ita strike, and the minerali8&tion 
which, 88 described above, occun in this schist has been 
shown to extend for about 2300 feet in that direction. 
Whether the mineralised belt is continuous over this length 
has not yet been conclusively sbown, but it has certainly 
been proved to occur at frequent intervals throughout 
this length. The wjdth of the mineralised belt has 
been shown to vary from about 5 feet in the highest levels 
to 40 feet in the bottom workings . If the are occurrences 
in the section immediately to the north (4655· .. ) are con · 
tinuous with this belt (which is very probable) then the 
totel length is ahout 2600 reet . 

Although four adits in all have been driven on this ore­
body on theee two sectioDS, it certainly cannot be said that 
ite va.lue a.nd extent have been fairly tested. This should 
be undertaken in a bold manner, as half-measures on such 
an are body &S this are fruitless and abortive. Facilities 
exist for the driving of adits at much tfeeper levels than 
thoee aJready driven, particularly ee..st of and below 
Souter'. tunnel. When such an adit has inteJ'8eCted the 
ore belt a drive could be driven along it, and crossct.}te 
put in at intervals would test the extent and value at that 
depth. Preferably, however, prospecting should, in the 
writer's opinion, be carried out by means of the diamond 
drill . This question of exploitetion hy mea.n. of the 
diamond drill is mentioned in the concluding chapter of 
this bulletin, but it ma.y be stated here that this property 
is one in particuJ&!' to which mch a method is eminently 
suited. A combination of both these methods may, how­
ever, be advisable, namely, the driving of an adit and main 
drive, with the employment of the diamond drill to test 
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the width and value at various points along that drive. 
This resolves itself virtually into a question of economics, 
and ita consideration belongs rather to the provlnce of the 
mining engineer than to that of the geologist. 

Accese at present from the railway is not very difficult, 
.as a well-graded track exists from Darwin station, but if 
work on any considerable scale is attempted a.n aerial 
rapeway or haulage will have to be constructed. Facilities 
for either of these exist, .as the property is, roughly, 700 
feet above the railway, which is only 60 chains distant. 

The only 'output to da.te from these three sections 
(4655-M, 4654-", and 4615-.. ) consisted of a parcel of 
9! tons , which was obtained (rom the various workings ill 
the process of driving. This parcel was made up of the 
following amounts and values from the several work-' 
iugs :-

Source. Amoullt. '\silay. 

TOIlIiI. CII. A!! . Au . 
Workillgf;l in c reek , Sec-

tioll 4,li55-" . . . . .. .... ... . 2 6-30 tntce 8 dwt~. 
Dillon'!! No.1 tlnd PeHrce'.s. 

tUIIII(>I!' ................. , ... 5·5 4·00 10 dwt. ... trace 
Dillon's No, 2 tunnel and 

wim:e 011 truck ......... ". 2 9-0 traetJ trltWe 

The writer would here state his opinion that the ore 
body on these sections is the most promising on the field , 
and most decidedly warrants the adoption of a bold and 
progressive policy of exploitation, 

(17)-Section 2161-93,L 

This section is now vacant, but originally constituted 
-Dne of the sections of the Hector Darwin Company. The 
area is 40 acres. Several cha.ius> of trenching have been 
done in green felsite and chloritic schist, but no minera.lisa­
tioll of value was encountered. Further work on this 
section is at present not justified. 

( IB)- Section 3109-M. 

The area is 40 acres, It was originally held by the 
Mt. Lyell Extended Company, but is now vacant, It is 
situate south of the former sections, two 40-acre vacant 
sections int.ervening between this section and the most 
southerly of J . Woods. It is higb up on the precipitous 
eastern face of Mt. Darwin , and is 1470 feet above the 
Tailway-line. 
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The country rock here is mainly chloritic schist, which 
in places shows some disseminated pyrite and chalcopyrite. 
Two cuts have exp08ed a small belt of sulphides, but of no 
appreciable value . An adit has been driven in a direction 
BOuth 250 west for a total length of 300 feet. A belt of 
mineralisation was passed through in the mouth of this 
tunnel, which proved to be about 10 feet thick, but at 
this point is low grade, giving an assay J according to Mr. 
Souter, of 1 per cent. copper. The remainder of the adit 
shows a few occurrences of mineral, but Of no value. The 
end is in light-grey felsite . 

A t present there is little inducement to do any further 
work on this sectioD, although ideal facilities exist for the 
driving of an ad it at a deeper level, when the progress of 
the field might wa.rrant the exploitation of the lower-grade 
dep08ita. 

(19)-8«tio" 2585-93,.. 

The area is 80 acres, and was Cormerly held by the Lyell 
Coneols Company, but is now vacant. It is situate south­
west of and adjoining the former section. The elevation 
is about 1720 feet. The surface rises steeply to the south 
towards the summit of Mt. Darwin. 

A tunnel has been driven in a direction 200 east of south 
for a total length of 130 feet. The rock is a harn, light­
coloured, flinty, quartzite-like rock, which is apparently a. 
siEcified felsite. At 60 feet in, a formation was met with 
consisting of a scaly variety of chlorite and white unctuous 
sericite (If pug :'). This Connation carries a little sul­
phide, and galena is stated to have been ob&erved in it, 
hut none could be seen by the writer. This chlorite-seri­
cite formation has been followed by a crosscut to the west, 
but no sulphides oC value were observed. 

There appears on this property to have been some exten­
sive mineralising action, although in the workings at pre­
sent, no sulphidising action action to any extent has 
occurred. In depth this formation of sulphides may have 
occurred, hut a.t present the writer doeS' not feel justined 
in recommending the expenditure of capital on this 
section. 

(F)- SECTIONS ON NORTH - WEST DARWIN. 

(20)-8tctio" 2101-93,.. 

The area is 79 acres. It is at present vacant, but was 
originally held by C. J. Miles. It is situated on the west-
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ern slope of Snake Spur, at about 1300 feet a.bove sea­
level. 

A trench 5 chains ill length has been driven in a direc­
tion 600 east of north, cutting bands of the porphyroid 
series, which strike north 400 west, which are thus exposed, 
and afford a good illustration of the relations of the severa.l 
memben of this suite of rocks. A wonderful variety of 
these rock-types are here shown in the relatively short dis­
tance of 5 chains, va.rying from green chloritic schist to a 
rock baving the appearance of a fissile sandstone. These 
bands merge imperceptibly one into the other at right­
a.ugles to their strike. 

At various points in these belts of various rock-types' 
occur splashes of pyrite, chalcopyrite, specuiarite, and red 
hematite. The writer was not favourably impressed with 
the amount of mineral showing. It is stated, however, 
that Mr. Miles sampled every 5 feet of this trench, and 
obtained assays from 5 per cent. copper downwards, and 
half an ounce of gold per ton downwards. 

(21)-Sutio .. 3107·" . 

This section is now vacant, but was formerly held by 
J. Findoll, a.nd is genera.lIy known as " Findon's Section. " 
It is situate due west of Snake Peak, and at an elevation 
of 1880 feet a.bove sea· level. It can be reached from Dar· 
win station by means of the pack·track to just south of 
Snake Peak, whence the approacb to the section ma.y be 
made by an ill·defined loot·!reck. 

This property was reported on by Mr. G. A. Waller in 
1903. Since tha.t time very little work has been done. 
Consequently, Mr. Waller's description still obtains for 
the greater portion of the workings. His report, as far 
88 it bea.rs on the workings, is repea.ted below, and is fol­
lowed by a description of the work carried out since the 
writing 01 that report. Some of the holes which Mr. Wal. 
ler examined were, at the time of the writer's visit, full 
of water. Therefore, Mr. Waller saw more than is at 
present visible. 

R.port b" G. A. waUu. 

"Geological Feature,.-The country rock consis1:6 of a 
somewhat dense felsite, rendered partia.Jly schistose in many 
places. The planes of lamination strike about 300 west 



of north, and dip to the west at an angle of 60°. The 
copper-bearillg formation, which has been _ exposed by 
trenches from about the centre of the section northwards, 
appears to conform in strike and dip with these planes of 
lamination. It consists of schistose fe lsite, more or less 
completely co",·ert~d into ch:oritic rock, and im pregnated 
with copper and iron pyrite. The pyrites is fine-grained 
and fa.irly evenly distributed through the stone. The 
width of the formation cannot be accurately ascertained 
at the present time. It appears to vary from 20 to 60 
feet, but sufficient work has not been done to enable the 
full width of the fonnation to be examined. For some 
feet from the surface the greater part of the copper has 
been leached out of the srone, leaving small iron-stained 
cavities, and it is only from th0ge trenches which have got 
below this leached zone, which, natura.lly, is deeper in some 
places than in others, that the best copper-bearing stone 
has been obtained. 

"No. 1 I·ro.~pf'd lloh.- This is the most southerly opell ~ 
iug which has been ma.de on the formation, and is situated 
a little to the north of the centre of the section. It is 
8 feet long, measured across the lode, and 3 or 4 feet deep. 
All the stone at grass carries nice copper pyrites distributed 
through it. A bulk sample taken by me and submitted 
to Mr. W . F. Ward, Government Analyst, yielded 2'9 
per cent. of copper. It is probable that this result would 
have been somewhat higher had the sample been taken 
from the bottom of the trench, as, having been taken from 
the whole of the stone at graas, it included a good deal 
of surface stone from which the copper had been leached. 

" No.2 T1'fnc/t..-This trench is 1 chain north-west from 
No.1 prospect hole. It is 60 feet in length, and has been 
put right across the formation. The western half of this 
trench is quite shallow, and has not got below the leached 
zone. The stone, however, looks as if it would make into 
copper at a short depth. A couple of shots put into the 
bottom of this portion of the trench revealed small quan­
tities of copper pyrites in a favourable chlorite rock, with 
native copper in the jointB. At about the centre of the 
trench a shaft 20 feet deep has been sunk. Unfortunately, 
owing to the heavy rain which fell on the da.y I arrived 
fin the section, this shaft was full of water, and could. not 
be examined. Mr. Findon tells me that a short distance 
from the surface the stone was very good. . Then an 
, intrusion' of barren rock came in, but this was passed 
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through, and there is good stone showing in the bottom 
of the shaft at the present time. I took a bulk sample 
of the copper·bearing stone in the tip from the sbaft, and 
this yielded 3-0 per cent. of copper. Another sample from 
the shaft consisting of about 20 lb. of larg~ lumps of ore 
selected by Mr. Findon yielded 5·0 per cent. of copper. 

"To tbe east of the shaft the trench cuta into rising 
ground, and is 8 feet deep in tbe end. Only tbe tint 7 
feet , however , contain appreciable copper, and tha.t only 
on the south side of the trench. A head appears to cross 
th,e formation at this point, and temporarily cuts off the 
good stone. For 3 feet to tbe east of the shaft I could 
not get at the side of the trench to sample it. It looks 
fair stone, and I should judge it to contain 3 per cent. 
of copper. The next 4 feet was bulked, and yielded 1·9 
per cent. of copper, and a selected sample taken from the 
bottom of the trench yielded 4·1 per cent. of copper. The 
next 5t feet bnlked yielded only 0·5 per cent. copper. The 
remaining 6 feet to the end of the trench is also poor, and 
I did not think it worth sampling. It thus appears that 
the principal copper-bearing formation, where exposed in 
this trench, is 43 feet wide. Of this, 20 feet should bulk 
from 2 to 3 per cent. of copper. The remaining 23 feet 
is not exposed at a sufficient depth to warrant any estimate 
being formed as to its copper contents. 

" Xo. 3 TrttU'h.-Tbis is a shallow trench 45 feet to the 
north-west of No.2, and, except in a sink at the west 
end, has not got below the leached zone. ThiS' sink was 
full of water, but in one place the copper-bearing stone 
was showing above wa.ter-Ievel, and a sample from 18 
incheS' of stone yielded 3'2 per cent. of copper. 

" .l\T o. 4 Tanrll.- This trench was put in at the time of 
my visit, under the direction of Mr. Orange. It is about 
5 cbains north -west of the workings already described, and 
is situated on the east side of a prominent knob in the 
north end of the section. The trench is in a favourable­
looking chlorite rock, which, however, has been for the 
most part leached of its copper content... In the deepest 
part of the trench, at the west end, some nice-looking cop­
per is showing, and a bulk sample of 2 feet of stone yielded 
2'5 per cent. copper. The width of the forma.tion here i~ 
not determined . The trench is 14 feet long, and all of 
tbis will , I think, be copper-bearing at a short distance 
from the surface. A fter my sample was taken, another 



shot exposed 2 feet more of similar stone, and this still 
continues in the face. 

(f Mr. Orange propoees to put in a prospecting tunnel 
below the formation at this point . From the level of the 
spot which has been chosen for the approach about 30 or 
40 feet of backs will be obtained with 120 feet of dri ving. 
The backs will then be increased by driving southward on 
the formation . If the copper contents prove satisfactory 
at this level, then it is proposed to bring in a low-Jevel 
tunnel from tbe otber (west) side of the spur . 

.. Thf! K nob .- There appears to be 80me probability of a 
parallel fonnation being discovered a couple of chains to 
the west of the present workings. On the top of the knob 
mentioned above there is a good deal of iron-stained chlor­
itic rock, which is in all probability the capping of a cop ­
per-bearing formation. Indeed , a few shots put in under 
Mr. Orange's direction revealed the preeence of a little 
native copper in the joints of the stone, the whole of the 
pyrites having been leached away. This formation would 
be tested by the deep-level tunnel from the west side of 
the ridge, or by continuing the proposed pros-peding tun­
nel from the east side. 

n Although there is not sufficient work done on this sec­
tion to warra.nt any reliable estimate being made of the 
amount or value of the stone present, from the indications 
I have seen, and from the samples I have taken, which I 
believe fairly represent the bulk values of the stone 
exposed, there appears to me to be a reasonable prospect 
that further work a.t a moderate depth will sucoeed in dis­
closing large bodies of stone carrying from 2~ to 3~ per 
cent. of copper . I am inclined to think tha.t as depth is 
gained t he average stone will assay somewhat better than 
my samples, owiog to the fact that the copper has been 
leached out near the surface, and it is probable that some 
of this leached stone was included in all my samples. E ven 
allowi.ng for this, however, the proposition must be 
regarded as a low-grade one, and can only be dealt with 
profitably if operations are carried out on a scale which 
will allow of t he most economica.l methods of mining and 
handling the stone . I may here mention that the stone 
only carries small quantities of the precious metals. 1\.'1y 
samples were not assayed separately for gold a.nd silver, 
but equal quantities of each of the eight samples were 
taken and assayed as one sample. This yielded: gold, 
trace ; silver, 2 dwt. per tou. 



" The facilities for mining the deposit by means of tun. 
nelling are good. On the west side of the knob there is 
a deep gorge, from which 700 or 800 feet of backs are 
obtainable. The slope of this hill is about 1 in 2, but 
no back. would be gained for the last 300 leet of tunnel­
ling, as the deposit is on the east side of the knob, which 
is about 300 feet in width. The formation, however, pro. 
bably dips westward at about 600 , so that for the deeper 
levels this will not make so much difference. The product 
from the mine would be brought to the surface on the west 
slope of the main ridge, and might, as stated above, be 
conveyed by means of a self· acting ropewa.y over the sa.ddle 
into the valley on the east aide, where I think it probable 
that water· power would be available. Certainly, abund­
ant timber both for mining and steam-production is a.vail­
able iIll either valley. 

H As regards prospecting and development, I think the 
right thing is being done in putting in first of all a shallow 
level tunnel from the east side of the spur. This tunnel 
should be extended south wards as a drive along the lode,. 
crosscuts being put in at short intervals. This will give 
a gooo idea of the value and width of the deposit, and 
enable further development work to be laid out to the 
greatest advantage. At the sa.me time, surface pr08pect­
ing along the course of the lode should not be neglected. 
There is at present no reason to believe that the deposit 
does not extend beyond the present workings, &Od it would 
be well to ascertain its extent in this direction as soon as 
pneeible. If this work gives satisfactory results, then 
development work should be laid out with a view to pro­
vid~ng for a large output." 

The tunnel recommended by Mr. 'ValIer to be driven On 
the east side of the spur has since been driven in a south· 
westerly direction for 130 feet_ The approach to the tun­
nel is in hard, pink felsite. The end is in green chloritic 
schist, showing sulphides similar to the surface exposures. 
This mineralised belt has been driven on for 10 feet. Sul­
phides are showing, but the va.lues do not appear to be 
as rich as they are in the surface workings. 

Operations were suspended when the developmenUi to 
be expected by further work- namely, d1'iving along the 
strike of the schist belt to reach If. point vertical1y below 
the main surface outcrops--were well within reach. 

The writer is of the opinion that this property deserves 
and warrants exploitation on somewha.t the lines suggested 
by Mr. W aller. 
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(G)~SECTlONS ON SOU'l'H DARWIN. 

(22)-8ection 1203-",. 

This section (area 40 acres) is now vacant, but was form­
erly held by the Thompson Prospecting Association. It 
is situated on the northern end of the South Darwin 
plateau, at about 2270 feet a.bove sea-level. The country 
rock is hard felsite, slightly schistose in patches. An adit 
has been driven in a westerly direction for 220 feet. At 
the entrance there is some hematite and pyrite, with a 
little copper. In the remainder of the drive patches of 
native copper are sparsely scattered in the rock. About 
50 feet below this is a tunnel about 50 feet in length, 
which also shows a little mineral at the entrance. 

There do not seem to be any indications here which 
would encourage prospecting at present. 

In the section adjoining this to the west there occur two 
quartz lodes, which carry a little sulphide mineral. These 
have been prospected at the surface by means of two small 
trenches and one short tunnel (10 feet). Nothing to war~ 
rant further expenditure was encountered. It does not 
appea.r to the writer that these lodes are likely to contain 
sufficient values to justify exploitation , in the present 
state of the field, although when access w the field and 
facilities generally a.re more favourable there would be 
some inducement to test them below the surface. 

(23)-8«tion 3867-11. 

This was formerly held by the Prince Darwin Copper 
Mining Company, but is now vacant. The area is 80 acres. 
Tt is situated on the precipitous slope which descends 
from the western edge of the South Darwin plateau down 
w the Clark valley. 

This section is reached from the lO·:Mile by a foot.trMk, 
which surmounts the 10~Mile Hill, subsequently rising to 
the plateau, which it crosses, and then descends the steep 
western slope. Its distance in a straight line from the 
railway is l~ mile, but the distance by track is mnch more 
than this. 

The country rock on this section is hard, dense, felsite, 
with some development of the igneous breccia. The ore 
deposit is seen at the surface, and consists of a large belt 
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of magnetite and hematite carrying some pyrite and 
chalcopyrite, traversing the section from north w south. 

The upper or northern tunnel is 50 feet in length in a 
north-easterly direction. It was not extended far enough 
to intersect the ore body. 

The main adit is situated to the south of the former 
tunnel, and is about 10 feet lower. It bas been driven 
in an easterly direction from a point in an almost vertical 
cliff face for a total distance of 140 feet . ThiS' adit is 
1820 feet above sea-level, and therefore 260 feet below the 
plateau and 980 above the 10-Mile. The whole length of 
this adit is in the ore body which contains an appreciable 
proportion of sulphides. The end is still in ore. ~:fo 
886&YS are available which represent the average along this 
ad it, but samples are stated to have assayed as high as 
7 per cent. copper and 3 oz. silver and 1 dwt. gold per 
ton. The a.verage certainly could not nearly approach 
this, and would, in the writer's opinion, be not higher 
than in the neighbourhood of 1 per ceni. It should, how­
ever, be carefully sampled. 

The general character of this type of ore deposit has 
been funy described in a previous portion of this bulletin . 
It is a typical contact-metamorphic deposit, being a meta­
somatic replacement of the felsite by the respective metal­
lic ores, and in th is case is 15 chains from the granite con­
tact as seen on the surface. The width of the ore body 
is up to 200 feet on the surface, and in the main adit is 
seen to be greater than 140 feet. Its length is undeter­
mined. Tn general such ore deposits as this are irregular 
and inconstant in shape, and their thorough exploitation 
is therefore somewhat difficul t. 

There is a deposit of hematite about 3 chains east of the 
west side-line of this section which , up to the present, bas 
had no work done on it. 

The facilities for mining on tbis section are certa.inJy 
very good, as the surface is almost vertical for several 
hundred feet. Its position , however, on the western side 
of the mountain is a drawback. 

T his ore deposit is an important one, but will, in the 
writer's opinion. prove to be of comparatively low grad.e. 
It should be exploited at lower levels, and its longitudinal 
dimensions should be investigated. This property will in 
.n probability not pay to exploit until lhe opening up of 
some of the richer deposits have improved the means of 
a.ceess to the field, and ha.ve provided greater general facil­
ities for the field as' & whole. 
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(24)- Section 5561-M. 

This is charted in the name of H. Hessenauer. The 
area is 40 acres. No work was being done at the time of 
the writer 's visit. It is situate on the southern portiou 
of the Darwin plateau, Ilear its eastern boundary. 

On this section the ridge of included felsite which runs 
persistently from north ~o south aio)1g this plateau has 
been partially trenched across, disclosing a soft schistose 
rock ca.rrying pyrites. Very little copper is visible . 

There is just sufficient indication here to warrant some 
further attention at this point, hut the prospects are cer­
tainly not as good as in many other properties previously 
described. 

East of this ridge, Bnd just within t he granite bounda.ry, 
is a body of micaceous hematite carrying some pyrite., 
This is a metasomatic replaoement of granite. No work 
has been done on it. It is essentia.lly an iron-ore deposit. 

(25)-Soction 5560-11. 

This section (a.rea 80 acres) is charted in the name of 
Herman Hessenauer. It is situated on the western slope 
from the Darwin plateau, and at the southern end thereof . 
It includes what was formerly koown as the Tasman Da.r-
win. No work is at present being done. 

This section is reached from the lO-Mile by the same 
track as that which leads to Section 3867 -H, a branch 
leaving the latter track on the platea.u and, running in a. 
south-westerly direction, reaches the edge of the plateau 
and then descends by a path which is followed by instinct, 
passing, as it does, over hackly bare felsite to the sections 
below. Access to this property is certainly the most diffi­
cult of any in the field, excepting the Lake Jukes Pro­
priet&ry. 

A tunnel has been driven in a south-easterly direction 
for ·50 feet. Apparently the object was to cut a hematite 
aTe body seen on the surface above, which is from 3 to 4 
chains wide. The distance driven, however, was not great 
·enough. 

On this section, and also on neighbouring sections, oCCUr 
a large- number of magnetite or hematite ore bodies, some 
of which carry sulphides. These having been described 
-as to their ~eneral character previously, they need not 
here be specially mentioned. Their positions are shown 
on the geological map a.ecompanying this bul1etin . One 
in particular, however, has had a few shots put into it . 
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This is an ore body of magnetite with some pyrite and 
chalcopyrite, which can· be traced for a length of 5 chain:, 
with an average width of 30 feet. Samples have assayed 
from 0'5 to 1-0 per cent copper. The remarks made OU 

the ore body on section 3867 - J( apply here also. A notable 
body of hematite occurs just eut of the west side-line of 
this section. This is 5 chains in length, and averages 
10 feet in wid th. 

Facilities for driving adits or for testing by means of 
the diamond-drill are very favourable here, and when 
access to this locality is made easier there will be no diffi ­
culties on that acore. 

(26)- 8.ctiOft 5562-" . 

This is charted in the na.me of H. Ressenauer, and has 
an area of 40 acres. It is situate on the southern end of 
the Darwin plateau , and is wholly in granite country. It 
is reached by making a detour from the track to the pre· 
vious section. 

In a. creek there h&s been exposed an irregular quartz 
vein in granite carrying a considerable quantity of coarsely 
crystalline pyrite, which has assayed 7 oz. of silver per 
ton, with no gold or copper. The lode can be traced for 
no distance, and facilities for adit driving are absent. It 
should be tested, however, to some extent in summer time 
by sinking & few feet on it to see how--it behaves in that 
dIstance. 



VIl.- CONCLUSION. 

( I)- ExPLANATORY RE)lARKS. 

It may be thought that these bulletins contain a dis­
proportionate amount of theoretical matter whIch is apt 
to be disappointing to the miller who, above all, looks 
for defini~ practical information and a precise pronounce­
ment of opinion concerning the value and permanency of 
the ore-bodies of the field described. 

This latter demand is quite a legitimate and justifiable 
one, and it certainly is the highest aim of the economic 
geologist to thus supply the practical miner with exact 
information as to the extent, structural relations, and 
genesis of the ore body which he intends to exploit. It 
must be remembered, however, that every region possesses 
its own peculiar aspect, which is generally very different 
from others in other parts of the world. Thus, as stated 
by De La-Ulla.y (07): .. If a miner were transported from 
the ba.sin of the Mediterranean to Norway he would fail 
to recognise the types to which be had been accustomed , 
and if he endeavoured to apply brusquely the empirical 
results of his previous experience to these new types, he 
would have every chance of going wrong." 

The neces.sity will be realised, therefore, of making a 
thorough investigation of the ore deposit6 of a new region. 
Further, it cannot be expected that a complete under­
standing shall have been obtained of such ore deposits after 
a few visits to widely-scattered units of that region. It 
is only by gradually building up piece by piece and unit 
by unit the information thus gained at different times and 
by different observers tha.t a final and complete elucidation 
can be boped for. If such information is not put on 
record it will not be available for future investigators. 
In addition, if definite statements are made and opinions 
expressed without giving the grounds on which such 
opinions are based, then they degenerate into dogmatic 
assertions which are as va.lueless to the miner as they 
are objectionable to the conscientious investigator. 

Though, therefore, it may appear to the practica.l mining 
man that some of the subject-matter of these bulJetins is 
irrelevant to the investigation of ore deposits. he must 

(1111)'< 'rile Form.lion flf Met.lIifel'ou8 D;J>OIil.8,' by M. De LauDay , 
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:accept the assurance tha.t such recorded details a.re pub­
lished to supply for future investigations that complete 
information which will be necessary for a final elucidation 
of their genesis, character, and extent. The greatest value 
of some of these bulletins lies, therefore, in the future , 
ra.ther than in the immediate present. 

In every bulletin, however, an endeavour is made to use 
such deductions, as on the evidence ava.ilable Beem justifi­
able, in directing the operations of the miner. The writer 
proposes, therefore, to include in this final chapter a COll­

cise epitome of the net results of the investiga.tion of the 
field, and to point out as shortly as possible the policy 
which, in his opinion, is most likely to enable progress to 
be made in the exploitation of the ore deposits and the 
development of the field. In no way, however, must this 
be regarded as displacing the main portion of the bulletin, 
a complete study of which is essentia.J to a full under­
standing and appreciation of the 'Potentialities of the field . 

(2)- SUMMARY OF RESULTS OF THE PRESE~T 
INVESTIGATION. 

The present investigation has resulted in the establish­
ment of the following:-

(1) The important part played by glacial action in 
the development of the present topography of 
the region. 

(2) The establishment of the younger age of the West 
Coast Range conglomerate, as compared with 
the porphyroid series. 

(3) The establishment of a genetic connection between 
the Darwin granite and certain of the ore 
deposits of this region. These are the mag­
netite-pyrite-cha,lcopyrite deposits, the mica­
ceouS' hematite deposits, and the red hematite 
deposits. 

(4) The secondary origin of the bornite veins at La.ke 
Jukes, and the deduction that they are of nO 

economic importance. 
{o) The present values near the surface of the main 

ore deposits o.f the field are not superficial 
enrichments. 

<") The secondary ongm, by deposition from solu­
tion , of the a.lluvial gold on Mt. Darwin. 

• 
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It has not heen conclusively shown, however, whether 
the main copper deposits of the field are genetically coo· 
neeted with the Darwin granite or the Devonian granite, 
that is whether they are of Pre-Silurian or Devonian age. 
The conclusion has, however , been deduced that there is 
every inducement for the exploitation of the deposits to 
an appreciable depth. 

It has been shown that out of a total of approximately 
200 sections which have been surv~yed on this field and at 
one time held, there are only +0 which the writer CaJl 

recommend as warranting the adoption of a progress-ive 
policy of development work. The most important of theee 
contain the East Darwin ore body, which is shown on sec­
tions 4615-M, and 4655-M. 

(3)~THE MINERAL. RESOUR CES OF THE REGION. 

It has been seen that the present values of the ore 
deposiUi of this field will continue to depths which would 
enable mining to be carried on on a considerable scale. 
It is rather difficult to gain any conception of the exact 
value of those deposits which have been more or less opened 
up, owing to the absence of assays of samples taken system­
atically. What 8888y8 are available, however, give a 
metallic content which may be regarded as very encourag­
ing. The returns from the parcels of ore sent 
away from the field, totalling in an about 30 tons, show 
the following average values:-

Copper = 5·38 per cent: silver = 6·99 dwt.; gold = 
4·03 dwts. per tOil. 

In the writer's opinion the most important occurrence on 
the field is the ore body on Sections 4615-M, 4654-M, and 
4655-)( (J. Wood, l .... e) , wbich seems to be of consider­
able extent, but which has not yet been fairly exploited . 
The ore bodies on the following sections poesess features 
which ma.y be described as indicating the existence of 
considerable amounts of copper, silver, and gold, but which 
have not as yet been exploited to the extent which they 
seem to warrant: --6012·,. (H. H. Souter, lessee), 5925·,. 
(R. S. Taylor, l .... e), 3107·,. (now vacant, but formerly­
known a. Findoo'.), 1594·" (also vacant), 3867·,. (also 
vacant, formerly Prince Darwin), and 5560-M (H. H es­
sena.ner, lessee) . 

In all of these sections the ore bodies contain the valu­
a.ble metals, copper, silver, and gold. The relative pro­
portions of these three metals vary J but the general not-
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able feature is the rela.tively high content of gold. This 
is Dot regularly characteristic of all the depositB, but seems. 
to be more pronounced in Sections 6012·)( aod 4655-11. In 
general, therefore. the value of these ore-deposits may be 
expected to lie in all three of the metals copper, silver, and 
gold. There are no meta.ls present. which will have any 
deleterious effect on these three metallic products. 

The field possesses one notable barium sulphate deposit, 
which is capable of supplying large quantities of that min. 
eral. This is on Seetion 3868-.. (W. H. Taylour, le .... e). 

There are undoubtedly on this field large deposits of 
iron ore, but these are, in the writer's opinion, not destined 
to play any important part in the iron industry, since they 
are to a. considerable extent contaminated by sulphur a.nd 
some copper, and are, in addition, 90 far removed from a 
sea.port as compa.red with other larger and purer deposits. 
that they will be ignored for generations at least . They 
may, however, have some application as a basic flux in 
metallurgical operations. . 

The output of al1uvial gold is difficult, to estimate, but is 
sta.ted to have been at least 500 oz. up to the present date. 
It is certain, however, that the greater part of this al1uvial 
gold has already been won, and that the portion yet await­
mg exploitation is relatively small. 

There also exist on this field immenee quantities of pure 
limestone. 

In the writer IS opinion, all occurrences of ore, other than 
those on the sections specifically indicated above, are not 
dest,ined to play any P&rt in the development of the field 
tor some considerable period, and therefore they may for­
the present be neglected, thus allowing attention to be 
concentrated on those deposits which are mentioned above 
as possessing decided promiee. 

( 4)-METALLURGI CAL TREATIlENT OF THE ORES. 

Any discussion of the metallurgical treatment of ores 
does not rightly come within the province of the Geological 
Survey. Yet, in dealing with this field. which has suffered 
to a marked degree from metallurgical disasters in connec­
tion with the North Lyell smelters, it seems advisable to 
mention in a very brief manner the direction in which a. 
solution of the metallurgical and freight problems should 
be looked for. 



The ores of the field, with the exception, perhaps, of the 
siliceous ore body of East Darwin and the magnetite bodies 
<of South Darwin, are characterised by the relatively large 
amount of igneous rock in their constitution. Thus is 
explained the high alumina content of the OTes, which at 
the Jukes Proprietary averages about 18 per cent. 
AlzO ,. This alumina, as is well known, offers consider­
able difficulty, and entails extra expense in smelting. In 
addition, 88 will be pointed out subsequently, the freight 
chargee to the 11ft. Lyell omelten are rather heavy. 

Consequently, the necessity will be realised of eliminat­
ing this excessive a lumina conteot, and at the same time 
reducing the tonnage of valueleee, and even delet.erious, 
gangue tr..aterial. 

It may be stated, at once, however, that ordinary water 
concentration will be sure to end in failure. 

The process which suggeste itself as a very probable solu· 
t.ion of t.he problem is that of .flotation, which is at present 
being successfully employed in different. parts of the world 
on low-grade copper deposits. At the present time the 
Mt. Lyell Company are conducting exteusive experimental 
-research into this question of flotation in connection with 
the treatment of their low-grade siliceous, and especially 
a luminous, ores. 

The results of web investigations into the applicability 
of this process to the treatment of such ores as occur on 
this field will be of vast importance to the Jukes-Darwin 

·field. If the process proves 8uccessful on these ores, and 
there is every reason to expect that this will be so, thell 
it seems to the writer that the ores as mined should be 
thus concentrated into a high-grade copper ore, the freight 
on which to the Mt. Lyell smelters, which are destined to 
be the centre of smelting in this region, will be much lower 
per ton of copper than if sent away unconcentrated. 

In view of the relatively high freight charges, it is in 
such a procedure as this that the salvation of the. field lies. 

(5)- CAUSES OF THE PRESENT INACTIVITY. 

The Jukes-Darwin field is at present in a comatose con· 
dition , and has been so for some considerable time. At 
present there are onl y 10 sections being held . and of these 
work is only being earried out on one (Jukes Proprietary), 
which is employing two men only. There certainly must 
be some definite cause or causes which have led up to this 
·deplorable position. The writer regards the following fae· 

• 
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tors as baviug been instrumental in bringing about this 
period of stagnation and inactivity; -

(1) The difficulties of access to the mining sections, and 
the excessive cost of transporting tools, material , supplies, 
&c., to the mine workings, together with the prohibitive 
freight charges on the crude ores obtained on the field. 

(2) The closing down of the North Lyell smelters at 
Crotty and tbe consequent removal of a convenient market 
for copper ores. This gave the field a distinct set-back, 
which was accentuated by the resultant withdrawal of the 
incentive to North Lyell investors to peJ."'Severe in the 
attempt to locate sources of ore adjacent to their smelting 
works. 

(3) The mistaken assumption which has been fully 
explained in this bulletin, that all hematite deposits were 
the cap pings of sulphide ore bodies led to the expenditure 
of testing such outcrops at a deeper level. This capital 
was wasted, and the lIloral effect of these failures has been 
the neglect of the field by ca.pita.lists. 

(4) The formation of small local syndicates with a small 
capital generally followed the hysterical announcement of 
the discovery of the outcrop of a professedly rich ore body. 
The expectations of such a syndicate felJ short of nothing 
less than a phenomenally rich deposit. The failure to 
locate such a deposit before the limited funds ran out, dis­
gusted the shareholders, who then refused to persevere. 
The failure of these small syndicates, together with the 
non-SUCC686 of Lhe larger companies in locating ore bodies 
of exceptional value, has also bad a bad moral effect on the 
mining community. 

All these factors combined have been instrumental in 
bringing about the disinclination of capitalists to investi­
gate tlle field- an investigation which bas been now shown 
to be warranted by geological considerations. 

(6) POLICY FOR THE FUTURE. 

Knowing, then, that the geological conditions of the 
ore deposits on the sectioll s mentioned in this cbapter a.re 
favourable, there exists every inducement for the expendi­
ture of capital in exploiting such deposits. This work of 
development should be undertaken in a bold and cour­
ageous manner. but. withal, must be characterised by a 
due regard to economic and scientific principles. It is 
only by attacking this problem in such a comprehen sive 
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manner that success may be expected: half measures are 
futile. 

The topographical feat.ures and the structural relations 
of the ore bodies coincide in presenting conditions which 
are eminently suitable for the employment of the diamond­
dril1 in exploitation. The writer wishes to lay emphasis 
on the desirability of adopting this means of exploitation. 

When the producing stage is reached and the meta.l ­
lurgical investigations bave resulted in the decision to 
adopt such a process as that of flotation , then the ore mllst 
be conveyed by means of aerial rapeways to the plain at 
the eastern foot of the mountain range , where the treatment 
plants should be located. 

The concentrates from the concentration processes should 
be sent to the Mt. Lyell smelters, as (rom all points of 
view this is' preferable to an attempt at the erection of a 
local smelting works. 

By sending the concentrates tn'" Linda the ex~ve cost 
of carting to the foot of the Mt. Lyell haulage is neces­
sitated. The practice of the Mt. Lyell Company has been , 
in moving material from the Crotty smelters to Queens­
town, to rail to Kelly Basin, thence by boat to Regatta 
Point, and thence to Queenstown, and thus right to the 
smelta",. Tbe freigbts from Darwin or Crotty to Kelly 
Basin are respectively 9s. 6d. and lOs. IOd. per ton. These 
rate. are, of courae, IUbject to negotiation on the basis of 
large and regular consignment6, 

If such a scheme is inaugurated, it will most proba.bJy 
result that improvemente and economies in the mode of 
working, 88 the outcome of experience, will enable 
deposits to be worked at a profit which were, at the incep­
tion of operations, regarded as unpayable. 

LOFTUS HILLS, M.Sc., 
Assistant Goyernment Geolo~ist. 

LAUnceston, 24th October, 1913. 
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