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Dominating the topography of the central
north-west coast is a group of peaks and ridges known
as the Dial Range. Along this portion of the eoast,
between Devonport and Burnie, the riech basalt plateau, l
which in places reaches the sea, ascends to a height
of several hundred feet, but the Dial Range because of
its composition of hard West Coast Range Conglomerate
rises to about two thousand feet.

The ecountry flank the range has long been
known as a gotontial mineral field and since Charles
Gould in 1867 first described portion of the field many
geologists have visited the area and many reports
dealing mainly with individual prospects or minerals
have been written but, strange to say, no comprehensive
report of the field has been compiled neither have any
geological maps of the area been prepared.

, This is an area of contrasts. It is probably
the most accessible mineral province in the whole of
Tasmanlag that is to the fringes. But, in the centre
of the area, where roads and tracks do not penetrate,
the country is rough and broken and covered with dense
secondary scrub. Then too, practically every acre of |
the surface has been prospected and small holes, trenches {
and adits abound but scarcely anything has been done to
test potential ore bodies at depth. A wide variety of
minerals of economic importance have been recorded
ineluding those containing copper, gold, zine, lead, tin,
barium, manganese and iron, yet, except for some iron
oxide obtained at the beginning of the century from
Penguin Creek, production has been negligible.

Because of all this, a survey of an area
approximately fifty square miies in extent has been ,
undertaken and a geological map and sections of this ]
country have been prepared. ‘

EREVIOUS LITERATURE |

The first recorded geological report is that
of Charles Gould in 1867. Gould's investigations were
mainly concerned with the north coast line between the “

Forth River and Penguin Creek and he mentions the
occurrence of conglomerates, schists, breccias and clay
slates (all of which he calls Silurian) as well as
Basalt, He gives a list of minerals discovered in the
district ineluding oxides of iron, iron pyrites,
manganese, barytes, copper ores, zinc blende and galena
and states tha this "Distriet appears likely to prove
the most valuable one in the Colony".

Between this time and the visit of Thurean t
in 1881, several g:gspoots had been opened up and
development work taken place at the Penguin, Neptune
and Devon Consols Mines. Indeed most of the workings
at the first two mines were already flooded. Thureau
deseribes these workings and the various lodes and roek
types but makes no correlation between these rock types
in relation to age or structures In 188%, he again
visited the area and wrote a short report in which he
recommends that some diamond drilling be commenced.
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The first comprehensive report on the
district is by Montgomery in 1895 but though he
deseribes the stratigraphy generalli he does not
provide a map, He calls the lowest beds Cambro-
Silurian but does mention the possibility that some
of the lower beds may be Archean, The Cambroe-
Silurkn beds consist of quartzites, schists, sandstones,
slates and limestones and these are overlain by the
Dial Range Series (Upper Silurian to Devonian) of
conglomerates, slates, tuffs, felsites and breccias.
Thus he enlarges the Ordovician beds (his Dial Range
Series) with the addition of certain members, tuffs
and breecias, of the Cambrian (his Cambro-Siiurian)
and places the boundary at the Neptune Mine. He appears
to include the Cambrian lavas and intrusives with the
Tertiary basalt. By this time (1895) the northern
portion of the field was being intensively prospected,
and Montgomery, as well as deseribing the Penguin
Neptune and Devon Consols Mines, writes on sever
prospects particularly those in the pyritic deposits,
south east of Mt. Montgomery and the iron oxide
deposits to the west of the area. He reaches the
conelusion that although not much enecouragement has
been received to continue development work, 1t seems
clear that there are lodes and indications of minerals
and that further prospecting may result in good
discoveries,

In 1898, J, Harcourt-Smith reported on
developmental work that had been undertaken since
Montgomery's visit. This had been carried out at the
Penguin Mine near the Iron Cliffs and at Keddies and
the Dial Mine, Production of hematite from Penguin
Creek had begun.

In 1903 and again in 1905 reports on the
area were made by W.H. Twelvetrees. In his earlier
report, Twelvetrees is the first to mention the
porphyries, which occur so widely to the east of the
Dial Range and the red granite to the west of the Range.
He states that the porphyries are dykes and prolonga=-
tions of the main granite mass and that the quartz veins
at the Neptune and Penguin Mines proceed from the same
souree. The Dial Conglomerates, he considers, differ
from the West Coast Range Conglomerates, although of the
same age (Devonian) and have been laid &own after the
granite intrusion. He describes the mines and prospects
visited by earlier investigators and also some new ones,
viz. Russells, Badgers, Lady Braddon, Copper Creek. He
concludes that although inspeetion only showed superficial
and occasional occurrences geclogical factors are favour-
able for the deposition of ore on a large scales In his
later report, Twelvetrees describes further work done
at Penguin Creek, Iron, Dial, Revells and Russells
Workings. .

In 1909, W.H, Twelvetrees, in Bulletin No. 5,
describes areas adjacent to this bu& touches on the
geology of parts of this field and includes a deseription
of the @opper Creek Mine.

S8ince 1909, no printed reports on this area
speeifically have been prepared but in "The Iron Ore
Deposits of Tasmania", Mineral Resources lo. 6, published
in 1919, Twelvetrees gives an account of the Penguin
Creek Deposits, the Dial Range Deposits, the Iron Cliff
Lode and the Manganese Ore at the Dial ﬁange.
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The following Departmental typewritten
reports have been prepared from time to tine g

Pial Range Iron Cliff Mine, A.M, Reid, 1923.
Barite in Tasmania F. Blake, 1928,
Grooms 8lip, near nigin, P« Bs Nye, 1931,
Land 8lips near Pen ’ P, Bs Nye, 1931.
Manganese Deposits Tasmania, P.B. & ey lgag.
Dial Range Manganese Deposit, F. Blake, .
Penguin Pyrite Deposits, FP. Blake, 1940,
Some iron Deposits in the

vieinity of Burnie, Thomas & Henderson, 1943,
Dial Range Manganese Deposit, " " 1943,
Pyrite Prospect at Dial Creek, Hughes & Everard,l1952.
Iron Deposits at Penguin Creek, Hughes, 1952,

LOCATION AND ACCESS

As some limit had to be imposed on the area
examined, it was decided to adopt the following boundariess-

To the north « Bass Strait

To the east The Leven River

To the west « The basalt plateau, roughly corresponding
to the Penguin - Riana Road

To the south « The area previously mapped about
Gunns Plains.

This, then, an area twelve miles (in a north~south
direction) by six miles, covers all of the known mines
and prospeets in this distriect, but it should be noted
that an extension to this mineral provinece occurs round
the Copper King Mine to the west, separated from the
area investigated by some five miles of basalt plateau,

In the north of the area, almost along the
coast line, run side by side the Bass Highway, a sealed
road, and the main north-western railway line. These
pass thro Penguin, a town of several thousand people,
once a 1 seaport but now, due to the destruetion of
the breakwaetér, dependent for shipping on Ulverstone, six
miles to the east, or Burnie eleven miles west. Penguin
and Ulverstone are also connected by the macadamised
South Road which runs about a mile from the Coast.
Branching from the South Road about a mile from Penguin,
a road runs South along the route of the old Dial Track.
This can be followed by car for three miles, skirting

.the eastern slopes of Mt., Montgomerys From here the

Dial Traek is easily followed to Dial Creek but beyond
this it is entirely overgrown. From Penguin south,

the Iron Cliffs road can be followed for about six miles
psst%ng through some #olated patehes of riech basalt j
counvrye.

From Penguin to the south, on the other side
of Penguin Creek, a sealed road runs to Riana (8 miles)
and beyond this, by macadamised road, a further three
miles to South ﬁiana. Between Riana and South Riana,
various roads lead south and east to farms, abandoned
farms and selections, while beyond South R s roads
lead to Upper Hatone and Lpyetea. There is no direct
road econnection at present between the low lying country
at Gunns Plains and the plateau country south of Riana.
By passing over farm lands, to the south of the area
examined, cars may get through in good weathery a pack
tragic further north is a direct link between these two
settlements,
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In the eastern portion of the areai there is
h

no through road from north to souths From the South
Road, the Lobster Creek Road follows the Leven River
for about two miles to Mr, Bowden's farm. From here,
an old tram route, now very overgrown may be followed
on foot for four and a half miles to Mr, Purdon's farm
situated on a big bend of the Leven and connected by a
good road to North Motton. There are no other roads
on the eastern bank of the Leven until Gunns Plains is
reached but north of this settlement the road runs along
the west bank of the River and at three miles a bridge
erosses to a farm,.

The whole of the central part of the area which
includes the high peaks of the Dial Range and Mt. Duncan
is devoid of car roads but there are certain Forestry
roads and tracks and logging roads, some of which are
passable by Jjeeps.

The Leven, between Ulverstone and Gunns Plains,
is bridged in three places but it should be noted that
the only link over which traffic can pass between the
north west coast beyond the Leven and the rest of Tasmania
is by the bridge at Ulverstone.

JIOPOGRARHY

The Dial Range is a distinet and dominant
physical feature of the north west coast and forms the
highest ground anywhere adjaecent to the ccast itself.
This is largely due to the occurrence of thick beds of
West Coast Range Conglomerate, which, because of its
hard massive character, is the rock comprising the
summits of many western Tasmanian mountains,

The Dial Range itself extends from a point

about three miles inland from Penguin in a direction a
little west of south for six miles, About the centre
it is broken by a deep valley formed by two large faults,
The average height of the Range 1s fifteen hundred feet.
An offshoot from the northern end of the Range is Mt,.
Montgomery, a very distinet peak of over 1,500 feet on
which is a Trig. Station: The highest and most prominent

ak of all is Mt. Dunean which rises to 2,200 feet and
orms an offshoot to the east of the northern part of
Southern Dial Range.

The different structural arrangements of the
rock types in the south of the area give rise to a
different type of topography; that is a series of smaller,
conglomerate topped ridges, more or less parallel in a
general northerly direction. An exception is the rather
prominent ridge whiech rises from the Leven near Purdon's
farm, as this ridge is composed of hard siliceous chert.

The streams are all in a fairly youthful
state and except for small patches along the Leven
River, have no alluvial flats. The Leven is tidal
up to the end of Lobster Creek Road, that is for about
six miles from its mouths In the northern and central
part of the area, all streams to the east of Dial Range
flow into the Leven River and all to the west inteo
Penguin Creek. In the southern part, because of tne
irregular topography, there is no wuli defined stream
pattern, and, while most of the water finds 1ts way into
tge Leven, some to the west eventually goes to the Blythe
River.
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The basalt plateau is a distinet topographical
feature of the north-west coast, The western edge of
this area follows such a plateau, which, with minor
undulations gradually rises from a height of 300 feet
near the coast to 1,000 feet near Riana, eight miles
inland. Another smaller basalt mass parallels the
coast, rising to & maximum height of nearly %00 feet.

The rainfall over this area increases quite
considerably as the coast is left. At Ulverstone, the
average annual rainfall over the past fifty years has
been 3779 points, whereas at Riana, only eight miles
inlard but a thousand feet higher, the average is
4989 points. Records have been kept at Penguin only
from 1937 to 1945, and during this period the average
annual fall was 1.5 inches greater than at Ulverstone.
Penguin stands cecloser to the Dial Range than Ulverstone
and this probably accounts for the slight increase.
Average monthly figures for Ulverstone and Riana are
as follows g=-

Houth Ulverstone Riana
January 125 185
February 166 271
March 137 227
gsril 2 g gg
Tne 883 637
July 482 731
August %33 57%
September 393 531
October 36 395
November 2l 285
December 222 209
Year 3779 4989
GEOLOGY

2}3:239%%*9;. About two miles west of
Ulverstone is & s rocky island, connected at low
tide to the mainlands, This is Goat Island and it

has become gquite famous to geologists because of its
splendid outerops of conglomerates contahing stretched
pebbless These pebbles are mainly gquartzite but the
matrix is a quartz mica schist and the shearing has
affected pebbles as well as matrix. In addition to
the conglomerates, the Pre~-Cambrian beds here consist
of mica-schists and quartze-mica schists containing
narrow beds of quartzite and many irregular veins and
bunches of guartsz. In the conglomerates, the ratio of
pebbles to matrix varies considerably. some places
almost the whole rock is composed of pebbles and then
there is a gradual decrease until the roek can be called
a quartz-mica schist with no pebbles at all. Outerops
of these roeks can also be seen further inland, on
either side of the South Road on the Ulverstone side of
the Lobster Creel Turnoff.

Although generally agreeing in strike with
the rocks that overlie them, these Bre~Cambrian rocks
have suffered such derornation prior to the last great
regional folding, bhat crenulations and minor folds
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are apt to conceal their true strike and dip.
However, generallz speaking they appear to strike
more to the west than the Cambrian eds. On Goat
Island the average strike is about 330, but on the
shore on either side, strikes of 59 to 30° were
recorded. The d4ip is to the west at angles of 45°
to 80°  Inland, near Myrtle Creek, strikes were
fairly constant to the north-west with dips to the
gouth-west of 259,

Beyond saying that they belong to the
Proterozoic Lra, it is not possible to correlate
these rocks with others of exact age groups. It
has been thought that these schists and conglomerates
belong to a series which in the west of the State
are overlain unconformably by quartzites of Pre-
Cambrian Age and therefore they have been placed low
in the Proterogzoic. To the west of this area is a
younger group (the Carbine) which may be the top of
the Pre~Cambrian and are certainly younger than these
Goat Island rocks but here these latter are overlain
by purple Dundas slates.

: . Excellent sections of Cambrian
rocks are exposed along the ccast line from just east
of Lonah Point, where they succeed the Pre-Cambrian
unconformably Eo where at Penguin they are themselves
succeeded with slight unconformity by Ordovician
conglomerates. This section contains the Cambrian
portion of the eastern leg cof the great Dial Synecline
and, even allowing for minor folds and faults, the
thickness of the beds amounts to over ten thousand
feet. The actual contact of the Pre-Cambrian and
Cambrian rocks is obseured by a basalt flow, but, whereas
the predominant strike of the Pre~Cambrian rocks is to
the west of north, that of the Cambrian and Ordovician
is generally east of north. The younger rocks do not
show the contortions and minor foldings and crenulations
of the schistss The lowest Cambrian rocks, then, are
well bedded slates, purple, black and white in colour,
which, near the base of the series, have suffered intense
siliclfieation, so that in places Lhey may be termed
"eherts"., Feirly low in this series are narrow beds
of voleanie breccia, sometimes only an ineh or two in
thickness,

Just opposite Lonah and a little west of the
three islands off Lonah Point, the Cambrian igneous
rocks appear. Although these have been deseribed as
all Cambrian laves, it does seem probable that certain
intrusive members also occurs These igneous rocks are
very widespread in this seetion and outerop along the
coast as far as Barkers Point, that is over a horizontal
distance of 100 chainss The typical rock type is a
dark blue fine grained igneous rock, rather resembling,
in hand specimens, the Tertiary basalts However it is
lighter in ecoloury shows signs of shearing, contains
pyrite inclusions and oecasional narrov quartg veins and
lacks any apparent olivine or zeolites. Inecluded in
these lavas or intrusions are numerous blocks and smaller
pieces of slates, mainly purple slates, in area up to 100
feet square.

Just east of the old Neptune Mine, the lavas
are succeeded by wide beds of volecanic breecia and tuff
again eontaining large blocks of slate. The breeccia
varies greatly in the size of its fragments, grading
from pleces more than an ineh square to a fine grained
tuff. These beds continue for about 40 chains horizontally
when more igneous rocks occur. Near the top of the
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series are again brecclas and tuffs and, right on top,
more slates.

On the western leg of the syncline, the beds
near the top of the Cambrian are rather different.
There are good outcrops of typiecal purple slates but
surrounding them, and sometimes continuous along the
strike with them, are massive white and purple quartz-
ites, often containing hematite. These may represent
silicified tuffs which were laid down on an eroded
slate surface.

The Cambrian rocks, then, in this area
comprise slates, cherts, tuffs, breccias and igneous
rocks, mainly lavas but with some intrusive phases.

The slates are by far the most common rocks,
occurring both at the top and bottom of the series
but in many cases they have been partially or wholiy
gilicified to cherts, These cherts whieh are darkish
in colour, weather to a pure white and partieularly
in the south-east form very distinetive hills and
prominent outcrops. The effects of this silicification
can be clearly seen in cuttings along the Lobster
Creek Roads Where the road first meets the river, are
chogolate slates, sometimes with not well defined
cleavages A few chains further on the first effects
of silicification may be seen where normal slates
occuyr among rather irregular cherty masses, About
half a mile further, however, the silicification is
complete and cherts of a decp grey to purple, but which
weather white, outerop in small cliff faces along the
road, Sometimas, in both slates and cherts, the
eleavage is well developed; sometimes it is hardly
apparente. Jointing, in more than one direction, is
sometimes well developed in the cherts, so that £hey
readily break up into small many-sided fragments.

It is not possible, on this scale at any
rate, to map the breccilas an& tuffs as distinet from
the slates and cherts, This is beenuse, in places

the volecanic material has been deposited round amali
hills and outerops of slate so that not even along the
strike are the beds distinet. These tuff and breccia
beds although sporadic are quite common all over the
area and contain fragments varying in size from micro-
scopic to over an inch in diameters The finer grained
tuffs are often silicified, but rarely is there any [
silicifiecation of the breecia, Although the tuff beds L
are sometimes mineralised (mainly by pyrite) it is in '
the breceia beds that the most intense mineralisaticn |
has occurred, and in places the breccia, both fragments '
and matrix, is almost wholly replaced by pyrite.

The Cambrian igneous rocks, although extensive
along the sea coast are subordinate in extent in all
other parts of the area, except along the Leven just
north of where the Gunns Plains Road descends to it

On both sides of the River are splendid outcrops and
here the rock appears to be a lavaes In places may be
seen pleces of chert and quartzite embedded in the
igneous roeck and in one place a narrow quartz vein
traverses the rock. N

Geologist G. Everard has examined thin
seetions of these (and other rocks from this field)
and he deseribes a piece from the river bank (29U10)
"Fine grained dark greenish-grey rock. Inter-granular
texture. The principal minerals are felspar and
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augite together with a brownish or greenish coloured
glass which has become devitrified to give an obscure
microerystalline texture. The felspar occurs in
laths and needles sometimes in ophitiec relationship
with the augite. The augite is faintly coloured and
shows weak pleochroism in green and neutral tints,

The rock is an andesitiec lava." This piece is typical
of the igneous roeck outeropping in this locality and
this petrographic deseription together with fieid
observations tends to indiecate that these rocks are
indeed lavas. However, examination of sections cut
from rocks along the shore indicated that there are
also intrusive phases, as 29Ul4 "Fine grained panidio-
morphic roeck consisting of;- plagloclase felspar in
short interlocking laths without preferred orientation
lamellar twinnings augite, colourless equidimensional
erystals often showing twinnings echlorite as bright
green ragged patches showing strong pleochroism and
anomolous interference figures; iron ore in opaque
irregular masses and skeletal crystals. The roeck is

a dolerite." However, lavas are also present as 29U15
"Very fine grained contact roeck. The roek is in igneous
contaet with a very fine grained siliceous sediment.
Panidiomorphic texture. Prinecipal minerals areg-
augite in equidimensional erystals, felspar in minute
laths and needles, iron ore in disseminated cubie
crystals, These minerals are in a fine grained matrix
rendered cloudy by alteration products. There are many
small veins and patches of carbonates and felspathie
material."”

At the end of the road leading east from Riana
is an abandoned farm on which there occurs a curious
rock types; not in outerop, unfortunately but in large
boulders scattered over 2 flat area some %0 by 10 chains
in extent. This is a course grain greenish rock
containing large well developed phenocrysts and in thin
section appears as follows « (29U5) "The texture is
hypidiomorphics A serigised felspar in euhedral
erystals is the prineipal mineral, Euhedral augite
often altered to hornblende and chlorite equally prominent.
Interstitial quartz is common. The prineipal accessory
nineral is ilmenite, largely converted to white opaque
leucoxene. The rock is a guartz gabbro."” This rock
has been mapped with the Cambrian as it is most likely
to represent, in spite of its plutonic appearance, an
intrusive phase of the Cambrian lavas.

Orgov;g;gg

gt _Coas Llomerate Scries The
base of this series ¢ ] bserved in two places.
in a railway cutting almost in Penguin to the west of the
synelinal axis, may be seen these rocks striking at 15°
and dipping east at 60° and overlying the Cambrian slates
with slight unconformity. The base of the Ordovieian
contains a narrow breccla bed before passing into the
more normal conglomerates. On the west bank of the
Leven and just north of Bunns Plains is an excellent
section of a folds Here the Cambrian and Ordovieian
rocks appear conformable and a series of samples may be
gathered showing a gradual transition from slate to
conglomerate through first fine and then coarser breccias,
Beyond the end of Iron Cliff Road, where Penguin Creek
flows through a deep gorge, may be seen patches of slate
surrounded by large masses of conglomerate on the same
strike. This seems to indicate that these conglomerate
beds were laid down on an uneven surface.
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At the beginning of this century the Dial
Conglomeratel" as 1t was then called, was thought to
h

differ from the conglomerate forming so many of the
West coast mountains, However, the two agree so well
both lithologically, strueturally and stratigraphically
that there can be 1little doubt that they are cne and the
same series.

This series then, consists prineipally of
conglomerates, often pink or purple in colour, but
sometimes whi%o and the associated quartzite beds.

The pebbles which vary in size up to 2" in diameter
are usually composed of chert and quartzite and are
well rounded except near the base of the series where
they are quite angular. Hematite is common among
these rocks. Sometimes the pebbles, sometimes the
matrix and sometimes both are replaced by the red iron
oxide.

missing in this strict an ¢ West Coast Range
Conglomerate is suecceeded directly by Gordon River
Limestone.

ga;gg% River L;ggggg%g. The outecrops of these
rocks begin in the extreme south of this area and have
been fully deseribed in my report on the Gunns Plains
Area, Any limestone that may have cceurred above the
conglomerate further north has long since been removed

by erosion, Indeed there are no sedimentary rocks,
other than the Tertiary, younger than the Ordoviecian,

Zertiary to Recent

The outpourings of Tertiary basalt along the
0ld sea coast plain blocked the Tertiary Leven at a
point about two and 2 half miles inland. This caused
the River to deviate considerably to the east and left
Tertiary sands and gravels high and dry along the old
course, These may be followed from the Lobster Creek
Road to north of the South Road and their course is
clearly indiecated by numerous gravel pits. On the sea
coast, east of Lonah, the gravels have been baked by the
basalt to form thin beds, immediately below it, of hard,
siliceous, grey conglomerates.

Patehes of recent river alluvium occur from
place to place along the Leven but, except at Gunns
Plains, these patches are never very large in extent.

Lanegous Hocks

nggg;i?. To the south-west of this area and
extending many miles beyond it, a large portion of the
granite batholith appears at the surface. This is a
coarse grained, pink granite, contalning large crystals
of red orthoclase and white plagloclase, as well as
quartz and biotite. This granite is very similar %o |
the well known Coles Bay Red Granite but the orthoclase

is a 1little lighter in eolour and there appears to be a |
higher proportion of plagioclase.

Ihe Porphyries

This is an extremely 1nterest1n§ but rather
puzzling suite of rocks. [Ever since geologists in
Tasmania first commenced the stratligraphical correlation,
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the porphyroids, in which these porphyries were
included, have been the subject of considerable
debate as to their place in the geological succession,.
The precent investigation unfortunately does not
quite elucidate the matter. After examination of
the roeks in fleld occurrence and in thin section,
from a struectural and stratigraphical point of view,
two theories are still tenable. In short, are these
rock apophyses of the granite batholith injected
during the Devonian or are they the product of the
silicification of Cambrian lavas? On the surface,
this apprears an easy question to answerj however,
there are difficulties, In the first place these
rocks weather rather quickly and ezeept at various
places along the Leven and more rarely its tributaries,
they appear very little in outerop and their presence
is often detected merely by boulders on the surface,
Again 1t is not possible to say that becsuse they are
not inter-bedded with the Cambrian rocks, that they
must be Devonian intrusives. The unaltered lavas
themselves are not always inter~bedded but have been
laid down round hills and patehes of slates

Near Keddles Prospect, the Cambrian breccias
in contaet with the porphyries do show some silicification
so that it could be argued that this was the result of
the intrusion of the porphyries,. On the other hand, if
the porphyries are the result of silicifiecation of
Cambrian lavas, then that siliceous front could also
have affeeted the cther Cambrian rocks,

The deeciding factor of course would be, are
the Ordovician sediments intruded as well as the Cambrian?
Over the greater part of the area these roecks 4o only
oceur in association with Cambrlan rocks but to the west
of Mt. Duncan, in partiecularly inaccessible country, 1is
a pateh of porphyry apparently intruding the Ordovieian,
It is Jjust possible, though unlikely, that this is not
an intrusion but an up-faulted block of the Cambrian, and,
with the absence of any outerop showing the relationship
between conglomerate and porphyry, this possibility
ecannot be wholly overlooked. However, it is rather
unlikely and I should mueh rather believe that this
pateh of rocks is Intrusive into the Ordovician and
therefore, I favour the theory that these particular
porphyries are Devonlan intrusives. It should be
noted, too, that these rocks, particularly in the
southern half of the area, are often associated with
large faults, in other words, that they have been intruded
along fault planes. However, to leave the matter still
open I have, on the Geological Map, put these rocks under
the general age group of "Lower Paiaeozoic“.

These porphyrlies then, are fine grained
greyish rocks which in places weather to gquite a pink
colour. Although they are all related, there is
sufficient difference in specimens from various
localities to warrant the quotation of Mr, Everard's
remarks on their petrographic examination,

29U6 Tunnel on old tram line, south of Dial
Creek, on Leven River =

"Fine grained dark grey rock, porphyritic texture with
phenoerysts of sericitised felspar showing zoning and
chloritised ferromagnesium mineral, The groundmass 1s
fine grained quartz and felspar. The felspar shows both
simple and lamellar twinning and lies in the oligoclase
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range. The phenocrysts may show a brownish dis-
colouration. The quartz forms minute ecrystals which
are often gquare in section because of development

of alternate rhombohedral faces and suppression of
priem faces, 1t probably crystallised as beta quarts
at high temperature. The rock is a porphyrite."

2907 Russell's Adit.

"Grey, medium grained rock. The texture is hypidio-
morphic with euhedral felspar, almost completely
sericised, sub-hedral colourless amphibole almost
conpletely altered to chlorite speckled with iron ore,
and anhedral interstitial quartz,. Accessory apatite
and zircon, The rock is probably a fine grained
gramodiorite or mierogranite, the felspars are too much
altered for certain identification."

29U8 Vieinity of Lobster Creek.

"Medium grained grey rock with dark and light phenoerysts
and some interstitial reddish brown material.

Porphyritic texture with large zoned plagioclase erystals
in a groundmass of finer grained but largely euhedral
quartz and felspar and scattered irregular greenish
masses of chlorite and hornblende. Accessory mineral

is opague black iron ore in disseminated cubes, and
inclusions in felspar and ferromagnesium minerals.

he felspars are almost completely sericitised and some
felspar is brown and opaque, suggesting contact
metamorphism, Quartz crystals have square outlines,
with suggestiocn of twinning on the rhombohedron, which
indicates beta gpartz. The rock is a porphyrite.”

2909 South of Purdon's Farm, Leven Kiver.

"Medium to fine grained pink rock, Hypidiomorphie
textures The minerals are felspar, quartz, muscovite,
ilmenite in order of abundance. The felspar oecurs
as large crystals alost completely sericitised, and as
smaller twin laths somewhat less altered. guartz is
corroded and often replaced by seriate but separated
fragments show simultaneous extinetion. Some of the
white mica oceurs in larger masses and appears to be
original muscovite. ilmenite is in skeletal and
rectangulsr grains, extensively altered to while opaque
leucoxene. The rock is a microgranite.”

29U11 Logging Road to the south-east of Field.

"Dark grey roek with pink phenoerysts weathering to a

pink rock. The texture is porphyritic. The pheno-
erysts are plagioclase felspar showing some polysynthetie
twinning. Quartz is present in irregular somewhat
corroded grains. The groundmass is fine gquartzoe
felspathic mosaic with felspar largely sericitised.

A green pleochroic micaceous mineral of high birefringence
also occurs disseminated in the groundmass,. The mineral
seems to be the final alteration prodnct of original
ferromagnesians. The rock is a porphyrite.

Zertiary.

The typical Tertiary basalt of the north
west coast 1s well represented in this area. To the
west is an extensive plateau with a well weathered
thick covering of basalt yet still thin enough near
the edges to have small conglomerate peaks sticking
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through 1t. Along the coast, too, the baszalt
rising in places from sea~level 1s up to H00 feet
thicks At other parts, however, there are smaller
remnants of basalt in which the rock, or sometimes
only 3011%h18 very thin and patches of chert ete.

may show through its In most cases, because of
thelr greater susceptabillity to eronion, the basalt
is overlying Cambrian rocks. It is this basalt
which gives the rilch red soil whioh has made the
north west coast so prosperous and wherever it occurs
the land is cleared.

Tnis basalt belongs to the titanaugite group
and a report on a thin sectlon from Kaines Parm, south-
east of Riana is as follows 3« "Fine grained black
rocks The rock is intersertal in texture and there
are phenoerysts of olivines A plagioclase felspar
in polysynthetiecally twinned and unoriented laths 1is
the prineipal mineral. Dark coloured titanaugite in
fine granules and a little glassy material £ill the
interstices. A 1ittle olivine oecurs in the groundmass
but the greater part of this mineral oecurs as large
erystals, usually somewhat rounded. The rock is an
olivine basalt".

Steysture

The struetural pattern of the district may
be divided into two distinet categories, From the
sea coast inland to Riana, & dilstance of eight miles,
the atrata from the Pre Cambrian through the Cambrian
beds to the Ordovieian is folded into one large broad
synoline, The eastern leg of this 1s almost contained
in the aresa examined and the axls runs, a little west
of south, Just to the west of the Dial Range. At
the present stage of erosion, the West Coast Range
Conglomerate beds form the core of the syncline and
beecause of their resistance to erosion, form a prominent
topographloal feature. The base of these rocks is not
far below sea~level and at Penguin very little thickness,
perhaps a thousand feet, remains. There is no sign of
an %gproeiable plunge of the fold either to north or
south.

An excellent section across the fold,
particularly of the east leg, occurs along the sea shore,
No major strike faults or minor folding could be observed,
but there must be some concealment of one or other or
both of these features, ag if not, the Cambrian beds
would have a thickmess of over eleven thousend feet,
which seems a little excessive, A% the top of the
Cambrian, the beds, malnly slates, beeause of their
lesser competency, are folded and puekered against the
more solid Ordovician rocks.

To the south of the area is a dilatinet change
in the structure dus to the intrusion of the large
granite mass south of Riana. This hes not only folded
the strata into a series of small subeparallel folds,
but has uplifted this block in relation to the main
portion so that the base of the Ordoviecian i3 not far
from the surface in the synclinal troughs. The effect
of this folding is shown by a series of small conglom-
erate topped hills, parallel in a general northerly
direction except where faulting has swung round the ends.
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In the extreme south of the area the larger
type folding again commences but with different
atrike, This can be seen mors clearly in the adjoine
ing area of Gunns Plains.

Faulting 18 very prevalent here, but the
major faults, the only ones shown on the accompanying
map, are mainly confined to the southern half. It
would appear that all this major faulting was associated
with the Devonian orogeny and 1s, therefore, contemporan-
eous or nearly so with the grani%e intrusion and
mineralization.

A well developed fault, with extensive
fault breccia, runs in a south-easterly direction from
Riana and 1is the result of the granitic intrusion, so
that it divides the two different structural patterns.
The upthrust block is to the south. Most of the other
faults appeay to be subsequent to this and the most
distinctive are those that divide the Dial Range into
two parts. The faults strike about 110° and have an
upthrust block between them., The northern fault may
be followed east for almost a mile by the evidence of
fault brecclia., A magnificent fault scarp is visible
for many miles round and forms the southern end of the
northern portion of Dial Rangs. On 1t may be seen a
polished face striking at 120° and dipping south at 75°
and carrying many striations. Minor faults, some at
right angles are assocliated with this fault, The
southern fault of this pair may be recognised by fault
breccla, north of Mt, Duncan and by polished movement
planes in conglouerate outcrops near the Riana koad,
There 13 a deal of lateral movement associated with this
fault and this has caused the southern block to move to
the east relative to the northern and given sueh
prominent topographic expression as Mt. Duncan.

All these faults are far more obvious when
they are gontained in the Ordovieian rocks or between
Ordovielan and Cambrian rocks., When they enter wholly
within Cambriazn rocks they appear to beaome dissipated
and some dle out altogether, It 1s interesting to note
that exeept for the northern occurrence, all the
intrusions of porphyry are next %o major faults.

Econonte Geology

In spite of the great diversity of minerals
found in this area, nearly all have a common source and
a rather similar mode of formation. Therefore, instead
of treating each metal or mineral separately, 1% is
proposed to discuss thelr formation under the headings
of source rock, host roek and structure sontrols.

§2¥x%§_§§gg§. With the possible exception

of certain o e hematite deposits, all the metallie
minerals found in this erea have their origin in the
Devonian soid magma, pertion of which outerops as the
pink granite in the southewestern portion of the area,
This magma was very extensive as even the outeropping
portion may be traced for at least 10 miles. The
granite itself does not outorop to the east of the Dial
Range but here are large areas of the roek deseribed as
porphyry. A8 has been mentioned previcusly there is
still some doubt as to the origin and age of this rook,
but I am of the opinion that it is a differentiate from
this acld magma which was intruded during Devonlan times,
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However, it seems probable that the porphyry lntrusions
occurred right at the beginning of the maln intrusion
bafore the mineralization. Indeed they themselves
have been mineralized and they cannot be regarded as
goures rocks for thess minerals.

In attempting to work cut some sort of zonal
arrangenment for the varicus minerals, it can be seen
that the outcrop portion of the magme cannot be used as
a starting point. Although it is reasonably close to
such copper prospects as Russell's and Cépper Creek, the
report of tin in pyrite at Xeddies Prospect, situated
four miles from the nearest granite outecrop, suggests
that the mineralization is connected with some non-
outcropping portion of the magma to the east of the Dial
Range. In the same way the silver-lead deposits on the
coast have their souree in a desp~ssated portion of the
magma and it 1s reasonable to suppose that at depth these
minerals would give way to such high temperature ones
as tin.

An early report of an analysis of samples
from the Penguin Mine, showing, as well as copper, silver
and lead, 2.5% of nickel and 0,88 of cobalt, is interest-
ing, These minerals have basic igneous rocks as their
soures and the nearsest outorop of this rock is some
eight miles tu the easty the serpentine at Clayton
Rivalet, If this analysis is correct, it would appear
thag this rodk also occurs at no great depth below the
surface.

The Cambrian lavas and their associated
intrusives are not considered to have supplied any
mineralizing solutions, nor are any derived from the
Tertiary basalt.

gggg Ro%gs. Here kthe two principal iypes

of mineral deposits are replacement and lode deposits.
The latter are not so common and beyond the fact that
thoy neerly all oecur in Cambrian rocks, the type of
rock does not seem important. At the Neptune Mine,
where at the surface the lode is injJected into coarse
breccia, 1t is stated that at depth 1t traverses slates
and quartzites, Apparently the wall rocks do not have
any special physical or chemical effect on the precipita-
tion of the minerals from their solutions.

In the replaocement deposits, however, the
type of rock 1s very important, Among the Cambrian
rocks, the braecclas are replaced almost wholly to the
exclugion of slates, tuffs and lavas. The prospects
round Dial Creek are all pyrite, with lessep amounts
of more valuable minerals, replacing breccia, Smaller
amognts of pyrite may be found digseminated throughout
slates, cherts and lavas and along Jjoint planaes in the

porphyry.

The two main hematite deposits consist of the
replacement of two different types of host rock, At
Penguin @reek, although little can be seen in the way
of outerop, 1t ap.ears as though the iron replaced
slates and quartzites, themselvas the result of some
earlier silica replacement, On the Dlal Range, and at
numerous other places in the area, iron oxide has
replaced either wholly or in part, the West Coast Hange
Conglomerates,
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%?uq§;gggg_gggsz¥1. in order for the
golutions toc have aceess from their source to their

host rocks, it is necessary for some channel ways to

be in existence; that is unless the host rock is in
contact with the magma and is wholly replaced. The
extensive faulting, durinz the granite intrusion,

seams to have supplied the rocks with a network oi small
openinga through which the solutions could pass. The
larger faults with thelr sxtensive filling of fault
breecia do not seem to have provided much in the way of
chamigls. An exception i1s the major fault north of

Mt. Dunean where manganese deposits are developed in the
fault zone. Hovever, the enrichment of these daposits
ogeurred at a much later stage than the original fault-
ing and mineral deposition of the Devonian, Another

is the fault up Copper Creek, Not only does the Copper
Creek Mine Jorkings show pyrite in cracks 1in slates and
tuffs, but all along the Creek, which follows the fault
zone, are signs of mineralization,

The veln deposits at the Penguin and Neptuns
Mines are associated with minor faulting and signs of
movement can be seen on the surface outcrop af the
Neptune. A curious occurrence at the Devon Consols
Mine is the report of sensible proportions of copper
assoalated with iron pyrites but oecurring in the West
Coast Range Conglomerate series. The pyrites oceurs
in small amouhts in pug filling a well defined fault.

The conglomerate, although not normally
susesptible to mineralization, may aect strongly as an
impounding structure and aoneeutratzons of economic
value may be located near the boundaries of this roek.
In the southern part of the area, the base of the
conglomerate 1is not far below the surface. The fault
pug, toe, in the larger faults, may fulfll the same
funetion.

Ihe Mines and Prosoects

Although the wvariocus shafts, adks etc. put
in to develop the various prospects are of very limited
extent most of them, in perlods of up to 80 years, have
begoise inaecessibles Consequently, mueh 1nforma€1
used hers is gathered from old reports. Hovever, it
should be noted that 50 to 70 years ago, when the early
geologiats visited these prospects, many were even then
insccessible. Consequently, much of their information
is based on hearsay.

5 Uune a2 igudn Mings. All along the coast
line from jus] P 0 Barkers Point (more than
a mile) the Cambrian serles of slates, tuffs and breccias
havae been more or less silicified and later mineralised.

Consequently there can be seen stringers and disseminations

of quartz and pyrite, sometimes containing more valuable
sulphides. These were mentioned by Charles Gould in
1867 and he talks of a lead vein of one foot in thickness.
By 1881, when Thureau visited the district, development
had taken place in two localities, where the concentration
of minerals seemed greatest, Probably the one foot sean
of galena became the Neptune Mine and closer to Penguin,
at the Penguin iine, development had not only been
commenced but the workings were already flooded and
inaccessible,



16, 93

At the HNeptune, too, the earllest shaft
the Peart Shaft and its workings, commenced in 1858,

were floodeds By 1884 the main shaft was down fifty

feet and at 75 feet in the east crosscut a lode thirty
inches wide containing antimonial silver was cut. By
1895 when Moantgomery vislted the district, all the
workings were flooded. The shaft had reached 100 feet
and levels had been put ocut at 50 feet znd 100 feet.

The shaft was designed to cut the lode at %00 feet and

at the Y00 feet level crosscuts were put out 175 feet to
the northeeast and 75 feet to the south without cutting
the lode. In 1891, Mr. Ellis extended tle botiom level
in the hope of reaching the lode but only a2 vein 1% inches
wide was ecut. During the 1914-18 war, tie nince was again
worked. Mr. wW.B. Revell of rPenguln worked in the mine

at that time and states that 1t was visited by A.M. Heid,
but there is no resort by him and no details of work done
are avallable.  However, most of the development secems

to have been in the Pcart 3Shaft workingsy and there was

no production.

Little can be seen of any workings or lode today.
The course of the lode 1 to 3 feet in wldth can be traced
by surface cuts in the btuffs and brecclas, now filled bg
sand and gravel, the main lode strikes at 320° to 330
and dips to the southewest at 75° and it is joined near
an old shuft by a smaller fissure at 305°, In the
garlier reports, the lode is stated to consist of dolomite
6 feet wide at the surface (with 3 inches of galena on
the foot and hanging walls) but diminishing to 3 feet at
depthe ¥r. Revell states that the lodes increased in
width at depth but that the values declined. Today &
little pyrite and galena may be scraped olf the breccia
hanging wall at the surface but there is no sign of any
dolomite. Samples taken at various times show that there
is about ¥ oz, of silvor for cach unit of lead.

Signs of faulting at the surface suggest that
the lode occurs in a minor fault, striking northe-west
and dipping to the souathewest at 75%°%  Apparently
although a main shaft was commenced the lode was never
intersected at depth. These workings, being practically
at sea-level and in a disturbed zone, are at all times
liable to flooding. Apparently in the old days there was
a 1little production and it is said the ore was smelted
on the beach,

Three quarters of a miie to the west is the
Penguin Mine, Whereas tue Neptune consists of one well
defined lode, this locality contains a network of small
non-persistent veins. Thurezu describes four such veins
striking at 200 to 300 and dipping steeply to the wests
Montgomery talks of a stockwork of veins containing
sulphidas of lron, lead, zinc and copper and doljomite,
trending in a north to northe-east directlonjy while
Twelvetrees mentions a rectangular system of veins in
cardinal. directions. Little can e seen today and the
workings have long sinee been filled in. On the beach
outerops of quartzites (probably silicified tuffs) and
breccias are sporadically mineraliseds. A narrow formation
of a few inches of decomposed iron-stained material
strikes at 209 with a stee; dip to tihe west.

In 1898, J. Harcout Smith visited the workings,
which a company had just unwatered. The shaft was
70 feet deep and development was proeeoding both %o the
north and the south at the 60 foot level., The rock he
desceribed as a nard siliceous dolomite, inpregnated with
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pyrite, and, due to differential movement, broken

into several smooth ™heads", which had been mineralised.
Some hundred feet of driving as well as the sinking

of two winzes apparently merely followed these *"heads"
in all sorts of directions,

This mine was considered, as was the Neptune,
as a silver mine, but this one contained a greater
variety of minerals. In 1895, Montgomery picked up
some pleces of ore round an old shaft and had them
assayed as follows =

Gold 1 dwt. 1% grns. per ton
Silver 27 oz« 1§ dut, 8 grns. per ton
Lead 10.8¢

Copper 3.

Nickel 2.5%
Cobalt Qe % ;
Antimony Trace "

0f course it is dangerous to place credence
in any samples picked up from ground but it should be
noted that the ratio of silver to lead is much greater
than at the Neptune. -

The 0l1d geologists all had an idea that this
irregular network of mineralization would coalesce at
depth and form one great big lode. They of course
incloded the tuffs and breccias with the Dial formation
and assumed that the slates etc. below would be more
supceptible to lode formation., It seems likely that
the silicified dolomite described by Smith is a chert
or sillicified slate and in the area examined this showved
Just as much mineral dlssemination as the tuffs. I
see no reason to suggest that the network of veins would
make intc one payable lode.

gg;&gg;g_gzgﬁngﬁﬁ. On the west bank of Copper
Creek and near 1ts headwatars and not far from the road
to Kaines farm is a short adit (30 feet) put into black

slates., These 2lates are rather cherty and heady and
contain a little p.rite, At the entrance is a shallow
shaft, now filled with water. Mr. Kaine states that
many years ago he has seen galena from this show, it
80, it must have come from the shaft as there is no sign
of lode or any mineralisation other than pyrite in the
adlit and an assay showed silver and lead nil, This may
be the prospect mentioneddby Twelvetreoes as "Huttons Out
crop® although he does mention a quartz vein and some
galena in the slates. In any case there 1s nothing to
indicate an economle prospect herae,

%ggggigﬁﬁéggo Upstream from "Ferndene" a
pienic spot on the Iron Ckiff Road are several adits
driven in et creek level to the hill on either side.
Most of these tunnels are now fallen in and are
inaccesslible but from the bright red mullock coming
from them, it seems that there is some mineralization.,
In his report in 1903, Twelvelrees mentions two adits,
The upper one followed a vein of galena (4 to 2 inches
wide) and some stopes were opened out and three tons

of galena obtained.
per unit of lead.

The ore contained og. of ailver
A second adit was driven for 400 feet

without encountering the lode.

I have been unable to

identify theae two adlts today (there are at least three
fallen in) but the area is a favourable one for minerale
isation. It 1s not many c¢chains from the conglomerates

and g:ite close to the celebrated Iron Cliff outorop.
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Jthe +» Some 60 chains south of
the South Hoad ins east of the Dial Road is
an old adit, now fallen in which has been put into a
serles of tuffs and brecclas similar to those outcropp-
ing at the Neptune Mine, Mr. Revell, who sl.owed me
this stated that a lode of black material earrying galena
had been cut in the adit. He also states that a barium
lode 6 feet wide was encountered in the footwall of a
small galens lode. Barium may be seen on the surface
but there is no sign of any galena. However, the
structural set up may be the same as al the Neptune and
it 1s worthy of further investigation.

Copper and Gold Deposits.

The Chief mineralisation in tAis district is the
deposition and concentration of iron pyrites, éither by
displacement of the breecias or in jJoints and smsall
fault planes in the slates and tuffs, Associated with
this pyrite are small concentrations of other more
valuable minersls and many of these pyrite deposits
have bsen developed because of their copper and gold
content,

Reven Consolg Mine

This prospeet which is located on the head-
waters of & branch of Myrtle Creek betwees the Iron
Cliffs and Dial Roads, was oommenced before Thureau's
visit in 1881 aend by the time of his second visit in
1884 a shafthad deen sunk 50 feet and a drive put in
75 feeat. In 1895 Montgomery reports that the adit was
extended to 170 feet with a winze, 30 feet deep, at 40
feet and a shaft 49 feet deep at the entrance. Both
the shaft and winge were filled with water, Today the
adit is only accessible for 60 feet and is not really
safe at all. A4 shaft 18 feet from the adit mouth and
another at the approach are both filled.

This is & most unusual type of mineral deposit
in that it oecurs in the Wext Coast Range Bonglomerates.
The reason is that it is near the bottom of the series
and the mineralisation has taken place in a well defined
fault plane, This fault, which strikes at 311° and dips
to the northeeast at 800 1s filled with 2 to 3 feet of
fault pug, plentifully impregnated with iron pyrites, f
particularly on the footwall sidse. Although this pyrites {
is clesarly visible, there 1is no sign of any copper minerals |
and Montgomery, who took a sample all - 3long the adit, ;
quotes the assay as a trace of copper and gold and 1 oz, i
of silver per ton, Thureau mentions grey and black ;
oxides of copper and native copper in the shaft, but it
is not possible to confirm this, It appears that the .
fault pug contains plentiful pyrite but little copper and f
as it 13 not expected that the fault zone would increase
very much in width at depth, this prospeet is not
considered very favourable.

U H e,

Over a considerable area round bhoth branches 3
of Dial Creek and below thelr junetion sre breccla beds, ’
which have been largely replaced by pyrite and lesser
amounts of more valuable minerals. In the nineties,
eonsiderable prospecting worlt was carrled cut by means
of ghafts, trenches and small adits to investigate these
pyritic deposits, The leases were originally taken up
for silver, but later (in the nineties) for copper.
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Probably the best developed was at Keddies,
where an adit was driven 200 feset, from the level of
Dial Creex, in a southerly directlon and two shallow
shaftsi now fallen 1§i were put down 75 feet and 160

feet higher up the hill.

Here a breccia bed in contact with porphyry
hag been partially silicified and mineralised., The
pyritic replacement of this bed, which e¢an best be seen
in the adit over a width of forig feet, continues
along the strike, here about 330", for more than twenty
chains. This deposit has lately been the subject of
investigation in conneetion with its sulphur eontent
and samples showed that approximately 50f of the breccia
had been replaced by iron pyrites or that it contained
about 254 sulphur.

In 1895, Smith took chip samples from the
pyrite, which showed no silver or copper and 1 dwt.
.15 grns., of gold per ton and later Twelvetrees took
a sample which showed a trage of gold and noc silver.
A sample taken during the present investigation aeross
8ix feet of the outorop on the road above the adit
showed no gold or tin or copper. Geologist G, Bverard
has lately been ilnvestigating the reported occurrence of
tin in the pyrite and has taken a series of samples in
the &dit s well as from outerops as {ollowsgw

sSsmple Geld Silver Iin  Copper
Track W. of Adit., Oxidised il Nil Nil Under 0.1%
Zona.

d0. Nil Nil Trace " "

do. Nil Nil Nil " "
151 ielow traok, above Adit Nil Nil Nil u "
Track above Adit Nil 18 grns. N1l " "

per ton

do.‘ Hil Hil Nil " H

Adit, West Wall 6' -~ 13¢
from end Nil Nil 0.1% 0.1%

Adit, 13' across back Nil Nil Nil 0s2%

Although valuable metaliic substances do exist
in the pyrite of this replacement zone, they appear to
be of academie Interest only, and the only substance that
appears likely to be in sconomic quantitles is sulphur,

Revells Prospegt

Half & mile up Dial Creek from Xeddies and
Just beyond the first crossing af the ereek by the
logging road is & short adit driven into the east bhank
of the creek for 50 feet first on a bearing of 125" and
then swinging round to 2509, The adit, which is
almost filled with water shows slate and breccia beds
atriking at 15°. The breccims which are similar,
though not the same beds, to those at Keddies have been
partly replaced by pyrite, which according to the
staining, ocontains small amounts of copper. This is a
similer, though narrower deposit to Keddies.
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Rial e

Some twenty chains up Stanton Creek (the
next creek south of Dial Creek) from the Leven
River, are three adits, now falien in, which together
formed the Dial Mine, This was visi%ed by Harcourt
S8mith in 1895, who describes the first two adits,
one on a bearing of 3409 for 70 feet and the other at
1709 for 120 feet, In the first adit he took = sample
over 6 feet of a pyritic formation which contained 3.2%
copper and traces of gold and silver. By 1903, when
Twelvetrees visited the mine, a winze had been sunk to
13 feet on this formatlon, sgated by him to be 13 feet
wide., A sample taken from the bottom of this showed
1.64 copper and a trace of gold and silver. He quotes
many assays reported to him that contain on the average
158 ecopper and 2 oz, silver to the ton but little or
no gold, Too much credence should not be placed on
these figures as they are all hesarsey, but he doves mention
a parcel of 6 owt, of crude ore, whioh was sent to the
Smelting Company of Australia and showed & return of
9,1% copper, % dwt. of gold per ton and no silver.

A winge was also put down 18 feet in the
segond ddit, a few feet from the entrance on a copper
pyrite formation but no percentages are quoted. A
good deal of soft clay was passed through in this adit,

By 1909 when Twelvetreea again visited the
mine these two adiis had becn abandoned and a third
driven 20 feet down the creek from the second adit on
a bearing of 250° for 130 feet mainly in soft clay and
with seams of pyrite in the end. Today liitle can
be seen of the 0ld workings, the first and third adits
are eompletely fallen in ané the second partially so.
Breceia beds similar to those at Keddies heve again
been replaced by pyrite but according to the old assays
there are sensible percentages of copper assceiated
with it, This is probably because the country is
faulted here, the white clay and pug mentioned by
earlier writers, which caused the complete collapse of
the adits, is probably fault pug and a glance at the
map will show that the large fault so well indicated
by the scarp on Dial Ran:e probably continues, though
somewhat abated, through this place. Enrichment has
therefore ocecurred vhere this fault intersects the
breccia beds and further development of these at depth
is warranted.

Copper Cregic Ming

A pack track leads from Kalnes Faram, south-
east of Riana to (unns Plains. Just before this
erosses the divide to descend to the Plains a foot
track leads off to the left and descends very rapidly
to Copper {or Walloa) Creek, Some chains below where
this track erosses the Creek are a group of workings
onee known as the Copper Creek or Applebee':s Mine.

_ In Geological Survey Bulletin No. 5,
Twelvetrees gives a long description of these small
adits and cuts, Unlike many others they are stilil
agesssible but the present examination revealed uobhing
of promise although the structural set-up is rather
favourable.

Just above Creek Level an adlt has been driven
on a bearing of 160° for 118 feet, At 90 feet &
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drive (?) has been put out for 200 feet iné south-
westerly direetion. At 100 feet 1s a fault (Twelve-
trees calls this a lode) striking at 160° and dipping

to the north-east at 60°. The rocks intersected by

this adit are a series of slates and tuffs striking

at 60°} dipping south at 709, and showing moderate

silicification. There 1s 1little pyrite visible; it
is very scattered and there is no sign of any lode or
replacement gone or indeed of any breccia beds. Forty
feet above the adit are two smell cuts in which some
replacement by pyrite can be sesn, A sample from a
bunch of pyrite and hematite showed copper 2.5%, zine
0.6% and no gold, silver or lead.

Another adit, 110 feet up the hill has been
driven at 2450 for 59 feet. At 30 feet there is a
drive at 1400 for 20 feet. Although Twelvetrees talks
about a drive on a lode, there appears to be 1little
sign of any mineralisation here and the country rock
(slates and tuffs) is much contorted. Twenty feet
above this adit 1s a small open cut showing a little
mineralisation.

All along the bed of Walloa Creek, which more
or less follows a fault, may be seen evidence of
aineralisation but the past development has not proved
anything of economic value. Perhaps where the fault
intersects breccla beds as at the Dial, more hopeful
results may be axpected.

Not far from the mouth of Kussells Creek
which enters the lLeven near Mr. Russell's house, are
two adits and several surface cuts which, through the
years, have been variocusly known as Hardstaff's, Roger's
and McKenna's and Russell's, This property was visited
by Twelvetrees in 1903 and again in 1905, and he described
the two adits, both of which are still accessible. The
Nos, 1} Adit, about 20 feet above creek level, has been
driven 200 feet in a nortih-westerly direction. At 110
feet a small lode has been followed south for 20 feet.
Russell's Adit lower down the c¢reek has been driven in
the same direction for nearly 300 feet without intersecting
any formation,

The country rocks are slates, tuffs and
breccias intruded by porphyry which has been intersected
in No, 1 adit, The porphyry has silicified the rocks
near its contact. The sedimentary series is striking
at 15° and dipping west at 40©, ,

The lode 1s contained in a fissure 18 inches :
wide striking much the same as the country rocks (259 ;
dipping north-west at 500) and consisting of a quarts -
reef carrying minor amounts of pyrite, arsenopyrite, 1
copper pyrites and carbonates, This has been exposed !
on the surface by a series of shallow cuts extending ;
north from No. 1 adit for several hundred feet.  Sixty !
foet below the outerop the lode 1s intersected in the :
adit but it shows a dimunition both in width and value.

In 19%9, the Electrolytie Zine Company
investigated this prospect and took a series of samples
along the lode. An average of 9 samples, seven from
surface, 2 in adit, showad l.24% Cu, 2.3% oz. Ag,

O.% dwt. gold.
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This deposit differs from the ones further
north in that 1t is a fissure. type and not a replace-
ment one. Indesd the breccias do not seem to show
any replacement. The extent and value of the deposit
do not suggest tnat it could be developed as a commercial
proposition,

iron Oxide

This 1is the most ubiquitous mineral of the
field and the only one which has been economically won,
It occurs in both the Ordovician and Cambrian strataj
as a replacement deposit and in reef-like formationg
as hematite and as limonite.

C 1 osits

As the hematite ap.ears as buulders on the
surface, these deposits, situasted along Penguin Creek
about three miles from tne sea, have been known for a
lonz time &nd in 189%, when Montgomery visited the
arez it had already been partly trenched, By 1897,
two quarries md been opened, a tramway comnenced and some
ore sold. dhen Twelvetrees made his report in 1903
the tramway had been built to Penguin wharf, 20,000 %ons
of hematitemd been obtalined from quarrles on the east
side of the ereek and others were being ooened on the :
west side. Thirty tons of ore per day, averaging 684 !
iron and under 2% silica were being shipped by Mr. J.C. !
Ellis to New South Wales. By 1905, however, the output :
had dropped to 150 tons a week and by 1999 i% had
stopped altogether, It has been estimated that altogether
40,000 tons of ore were exported.

The ore which can be seen in the quarry faces
consists of angular and rounded lumps of hematite set in
a matrix of soft clayey hematite and limonite., The
matrix does not contain sufficient iron to use and the amount
of 4t can be judged by the huge dumps left, The
hematite boulders, however, are very pure, averaging .
over 974 Fep03 witn negligible amounts of sulphur and \
phosphorous, 3

The origin of the iron is interesting. It is
certainly a replacement deposit but there has been some :
doubt as to the rocks replaced and the time of the |
replacement, Twelvetrees at first eounsidered the i
hematite as a replacement of the Dial Conglomerates
and then of the sub-basaltic wash, Thomas and
Haenderson (1943) considered these deposits identical
in character to those at the Blythe River, Natone and
Highelere and therefore replacement of the Cambro-
Ordoviecian roeks (now Cambrian) along fault zones. There
is little in the way of outerop near the gquarries but
perhaps the rocks replaced are similar to those out-~
8ropping on the bold headland west of Fenguin., These
rocks, deseribed in an earlier part of the report, are
quartzises at the top of the Cambrian and they contain
appreciable patches of hematite. Thomas and Henderson
also think that the iron was injected at an earlier
period than the general Devonlan metallogenetie epoch
but that the iron-silieca sclutions continued to flow
through lines of weakness over many epochs,

Although there has been no production of
hematite sinee 1909, of recent years Mr. A. Pearson
has been selling small quantities of limonite. Singe
1946, 2,000 tons have been obtained from shallow pits
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to the scuth of the main quarries. The limonite

is present mixed with hematite only to shallow denth
and 1s the result of the weathering of the hematite
and also the re-precipitation of iron oxide from
sclutions,.

It appears that although limonite, in
limited quantiﬁies, can be produeed from this deposit,
it is doubtful if the hematite lumps can now be
comuercially exploited.

=3 L0 03

Here and there tihe West Coast Nange Conglome
erates have been partielly replaced by iron solutions
and lumps of hematite may be picked up from the surface
or broken from outerops in many loealities. Perhaps
the most complete replacement has occourred near the top
of the Dial Range in the northern part of the southern
sectlon, where leases have been held at varicus times
by different individuals. This place 1s rather
inaccessible being nearly 1,400 feet above sea level
and a mile east of the nearest road - the Rians Road,

_ The main workings conslst of two adlts. The
first, on a bearing of 2209, hng now fallen in and the
other, a few chains to the north-west has been driven
30 feet on a bhearing of 2400, Therse apparently has
been ne production of iron from this locality. These
workings have been visited and reported on by Twelvetrees
and others who have had a series of samples essayed.
Unfortunately in a deposit of this type, ilndividual
samples do not mean very much. It 1s possible to get
a sample of almost pure hematlte and within a few feet
one containing 504 silica, One thing, however, that
the samples do show 1ls that whether there is much
5ilica or not the amounts of sulphur and phosphorous
are very low,. The nature of the deposit 1s well
1llustrated by lumps of matsrial lying on the adit
dumps. Here may be seen conglomerate in whiech sometimes
the pebbles have been replaced, sometines the matrix and
sometimes hoth. It has been suggested that the hematite
pebbles are original bat this is not certain,

It is doubtful irf any use could be made of these
deposits, partly because of their silica content and
partly because of their location,. There may be sonme
limited use ir the manufscture of such materials as ferro
silicon where the high silica content does not matter
but it should be remembered thet the Blythe Iron Deposits
are of better grade, larger, more accessible and better
developad,

Qther Deposits

A very accesslble deposlit of hematite has been
openad up within a couple of miles of Penguin and only
5 chains from the Iron Cliffs Road, Here a pit some
30 by 40 by 10 feet has been opened on the top of a hill
and it is seid that many years ago some 80 tons was
shipped to the B.H.P. for use as a flux, Unfortunately
this deposit is very limited and the replacement is
rather sporadie so that the ore would have to be hand
picked.

Another small quarry showing hematite and
limonite was commenced to the west of the South Riana
Road Jjust south of Riana., This 1s hardly of economic
interest,
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dron CLiffs

Of a totally different character is the huge
limonite "lode" known as the Iron Cliffs. Although
some iron ore was shipped from here, it could never
be regarded as an iron proposition, However, it may
turn out that at depth it contains much more valuable
minerals. This deposit which consists of limonite
sometimes massive, sometimes botryoidal, fibrous and
stalactitic, containing plentiful quartz, outcrops
boldly in small e¢liff faces along the Creek 20 chains
from the Ferndene pienic ground.

Various geologists have visited this deposit
and formed different theories as to its origin.
Twelvetrees considered it to be the oxidatiocn of a
huge sulphide deposit. Reild flatly contradicted this
and stated that the iron oxide is primary. I do not
think there can be mueh doubt that this is the surface
expression of a sulphide lode, Traces of gold and
silver have been recorded from assays, reef quartz is
plentifully associated with it and the iron oxide 1is
limonite, a secondary oxide and not hematite a primary
one, IHowever, oxidation must have proceeded to a great
depth as the Lady Braddon Company put in an adit a few
feet above creek level and 120 feet below the top of the
hill and it was still in the oxide as was a winze sunk
to 15 feet below this level.

The adit was driven on a bearing of 110° for
290 feet and is remarkably dry and well preserved.
The country rock consists of Cambrian slates and quartzites,
dipping at steep angles to the east. From 146 feet to
257 feet are numerous bands of iron oxide, rather
‘'silliceous, in puggy slates and at 257 reoﬁ a shallow
winze has been sunk on the footwall of the main iron
lode, which strikes at 25° and dips east at 85°. The
end of the adit is still in the iron which, on the
surface, has a width of over 100 feet.

Although samples taken on the surface and
in the adit show little or no gold, silver or copper
the nature of this deposit suggests that deeper develop-
ment would be warranted.

Manganese

This deposit is situated a few chains to
the east of the headwaters of Dial Creek and on the
northern foothills of Mt, Dunecan. It may be reached
by following a cart road for three miles from the end
of the Lobster Creel Road, This cart road follows
Dial Creek up from the Leven and crosses it several
times. All the bridges need renewing. The workings
have been fully deseribed by both Blake (1940) and
Thomas and Henderson (1943) in comprehensive reports
on the prospect.

This prospect is an iron-manganese aggregate
oceurring in a brecciated fault zone which strikes
about 1109, The workings, which consist of three
trench shaped cuts reaching a maximum depth of 14 feet
and two shallow shafts, 15 feet and 17 feet deep,
streteh aeross this fault zone for over one hundred
feet and expose the manganese deposits, These consist
of nodules and lumps of psilomelane-type oxides, as
well as the soft wad-type, set in a matrix of clay and
limonite. The richest ore occurs near the surface
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and as the cute become deeper they get poorer in
manganese until at the bottom of the shafts only
slates are present.

To the north of the fault are the Cambrian
beds of slates, tuffs and breccias, to the south the
West Coast Range Conglomerate series. These mangan=-
ese deposits are the result of secondary enrichment,
at the surface, due tc the precipitation of manganese
and limonite from the ground waters. The fault zone |
is an excellent passage way for the eirculation of
these waters and the main deposits will be found a
little down hill, that is north, of the fault itself.

The grade of ore is not high though by hand
picking this can be greatly beneficlateds Blake took
seven samples from the upper (or richer) layer - that
is down to 7 feet below the few inches of overburden - :
and the average of these are as follows 3= ;

19+5% Mn, 26.6% Fe, 10,6§% 8102, 9.1% Al203, and
small amounts of P205, TiOp, 5, Ca0, MgO0 and BaO.

A hand picked sample of psilomelano-tgpe showed 43.8%
Manganese, 10§ Iron, 2,87 Silica and 6.6f alumina,

During the present investigation a channel sample over *
several feet showed 28.44 of manganese.

It ean thus be seen that although this
manganese zone has a wide lateral extent, the portion
containing an appreciable manganese content is only
a few feet deep and even this ore would have to be
cleaned up considerably before it could be sold as a
manganese Ore.

Qther Deposits

Across Russell's Creek from Russell's Prospect
three shallow shafts (about 25 feet deep) have been
sunk very close together. Material on the dumps show
a boxwork of silica with limonite and manganese oxide.
The amount of manganese in these samples appears to
preclude the material being considered an ore of
manganese.

Near the base of the dam for the Penguin
Water Supply (old scheme) situated on a branch of
Penguin Creek near the Iron Cliffs Hoad a plece of
wad was found. A sample of this showed 20§ manganese.

On the beach east of Penguin, Twelvetrees
reports the oceurrence of psilomelane-type boulders
‘half hidden by the sand. These now appear to be
entirely concealed.

Barite.
Kaine's Prospect

Two and a half miles south-sast of Riana, 1
and half a mile from the nearest road is a deposit of ;
barite on property owned by Mr. M. Kaine. The country |
rocks are breccias with minor slate beds, not silicified, !
striking at 350° and dipping east at 45°, The barite
is exposed in a narrow cut one chain in length, It is
apparently interbedded with the breccias and varies in
width from 2 to 12 inches with some lesser veins. |
Twenty feet to the east of the south end of the cut is i
a shailow shaft with water at 6 feet, designed to cut I |
the barite at about 25 feet but apparently hbt reaching /

e ————
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this depth. To the north are other small cuts with
barite on the dumps but now filled with water. The
barite is good white clean-looking stuff, oecasiocnally
stained slightly a yellowish brown c¢olour by iron
oxides An analysis of a chip sample taken across the
lode showed g=

gasgu 93.%
82523 O:g%

and its brightness value as determined with a "Photovolt®
meter was 63.

These deposits, even though they appear to be
interbedded with the country rocks, are probably vein
deposits and are interesting for two reasons, One for
the commercial produetion of barite should the vein
increase in width at depth and secondly for the possib-
1lity of the vein earrying metallic minerals as well as
barytes.

Qther Deposits

Barite is found, usually only as lumps on
the surface in two places behind Mre Revell's house
between the South and Dial Roads, This is much
greyer in colour than the Riana barite and does not
seem of such good quality.

Sulphar

The pyrite deposits in the vieinity of Dial
Creek have already been mentioned under "Copper and
Gold" and they may be consldered as a potential source
of sulphur. Another place to keep in mind is the Iron
Cliff where the huge limonite deposit may be the
oxidised portion of a large pyrite deposit.

Iin

Although granite outerops over a wide area
that impinges on the southe-west corner of this district
it does not seem to give rise to a very important tin
province. The only tin lodes found associated with this
granlte are some poor grade quartz stringers in aplite
differentiated from but contained in the granite. Some
small patches of alluvial tin have been worked, all
outside this district, the closest being on tributaries
of the Blythe River, west of the road between Scuth
Riana and Loyeteay but they never seem to have amounted
to very much. Some dishes were washed during this
investigation near the edge of the granite in tributaries
of Adam and Pine Creeks but although a plentiful concen-
trate of ilmenite was obtained there was no tin.

It has been menticned that traces of tin have
been found in the pyrite in the vicinity of and at
Keddies prospect. Although many samples have been
taken at various points, nothing like economic quantities
of tin were found. There is a possibility that greater
percentages of tin may be found in these replacement
deposits nearer the source magma, which must underlie
the country somewhere at depth, but there is no
guarantee of this.

=
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Saqds and Gravels

A mention should be made of these non-
metallic deposits for two reasonsj firstly because
they constitute a greater economic asset to the
district than metallic deposits ever have and secondly
because of the variety of rocks from Pre-Cambrian to
Tertiary which provide their source. In a quarry on
the banks of the Leven, south of the South Road near
the Lobster Creek turnoff may be seen the results of
the weathering of Pre-Cambrian quartzites and conglome
erates. The hill is very stoog and covered with
several feet of rubble, very illsorted, ranging from
sand to pieces up to 12 inches across, and is quite
favourable for the opening of quarries.

The Cambrian cherts because of combined
cleavage and jointing are apt to weather to small
sharp angular pieces and these are guarried extensively
particularly in the hills forming the angle between
the South and Dial Roads. The weathering of the
West Coast Range Conglomerates form quite a different
type of gravel the smoothe rounded pebbles simply
falling out of the sandy madrix., Sometimes they are
recemented by oxides of iron, The principal quarries
put in for this gravel are west of the Iron Cliff Road
a couple of miles from Penguin,

The most extensive gravel quarries, however,
utilise the Tertiary wash left high and dry when the
basalt flow along the ecoast diverted the Leven River
to the east. These deposits extend over a width of
about twenty chains for nearly two miles in a northerly
direction from the Lobster Creek Road, crossing the .
South Road to the basalt. The principal quarries have
been opened up on the hillside above the Lobster Creek
Road, but others are worked both north and south of
the éouth Roads Being an alluvial deposit as opposed
to the others, which are detrital, the gravels are not
of such an even grade. Some beds contain guite coarse
material and others are almost clay but the operators,
agparently, only open the type of materlal which suits
them.

CONCLUSIONS

Upon studying these notes upon the various
mines and prospects it can be seen that irrespective
of the metal involved they fall into two main categories,
replacement deposits and fissure filling lodes. of
the first type, not much hope can be held out for
finding much o} economic importance. The main replacing
substance is iron either in the form of pyrite in the
Cambrian breccias or oxide in the West Coast Range
Conglomerates.

The fissure type of depisit may be associated
with a major or minor fault and the mineralization
becomes concentrated if some impounding structure, such
as fault pug or impervious rock, is present. Beforo
considering the individual areas it should be streesed
that nothing that has been seen during this investigation
or reported with any authanticit{ in the old reports
could by any stretch of imagination be called a payable
ore body. However, the fact that this is a mineral
province of wide variety, the nearness of a great granite
mass, the presence of a vast thickness of the Dundas
Group, which are the State's most favourable host rocks,
the occurrence of such massive impounding beds as the
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conglomerates and more especially the favourable
structural featuresy all these things, then, tend

to suggest that valuable mineral deposits no{ only
should but probably do occur in this neighbourhood.
Nothing more can be done about surface prospecting,
The area has been too well combed by diteh and trench,
shallow shaft and shoft adit and in reminding that
nothing of value has been found in the past it must
be remembered that only the surface has been scratched
and mime ral wealth may well be hidden by a hundred or
so feet of sediments.

The areas most favourable to future modern
prospecting by geophysical methods and drilling areg=-

l. Irom Cliff, I have long been fascinated by this
huge outerop of limonite, seemingly the surface
expression of an immense sulphide deposit, The fact
that on its eastern flank a galena deposit was partly
prospected and that a few chains further east is a
great wall of conglomerate make the deposit ev@n more
promising. The whole area bounded by the creek to
the west of the Iron Cliffs and the West Coast Range
Conglomerates to the east should be investigated.

2+ The Heptune Area, The old werkings, even surface
trenches, are completely filled in, but from accounts

in old roporis it would appear that the very definite

lode outeropping on the beach was never cut in the

deeper (100 feet) workings. Although this lode near

the surface only contained a few inches of galena on

the walls, it is in a well defined f{issure of 1 to 3

feet in width and the amount of galena eould guite easily

improve considerably at depth. This could easily be

tested by boring.

3« The Dial Mines. The lo€al structure of the rocks

at this prospect and the host rocks themselves, both
favourable for ore deposition, rather confirm the better
assays obtained from these adits compared with neighbour-
ing shows, It seems that here the crossing of a major
fault zone (though at this point rather curtailed) with
certain breccia beds has resulted in the conecentration
of copper minerals and further investigation is warranted.

%, Other Areas, As the West Coast Range Conglomerate
is such an efficient impounding medium, wmineral
deposits, though perhaps the surface indication of them

is oconcealed, may be sought in the Cambrian near the
boundarles and particularly at the conglomerates base.
In the southern part of the area; where the rocks are
fairly closely folded, the base of the Ordovieian is not
fer from the surface and although few mineral deposits,
with the exception of the barite prospect, have been
found near the base, it is reasonable to suppose that
they may exist there, In the extreme north, that is
near the coast line, just to the east of Penguin the
base of the conglomerates is fairly close Lo the surface.
On the eastern flank of these beds, the rock has been
weathered awaz but further east minerslisation is common
and it is quite probable that this has be:zn concentrated
against the conglomerate wall, that is in Lhe vicinity
of Watecombe's Beach and within the town boundary.

(Sgd.) Terence D, Hughes

The Department of Mines,
)

gng gctober, 1953,




