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SUMMARY
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Detailed surface map 1ng at the Ruddygore and
Zillmanton Copper liines was oarrleqnful in conjunction with a

geophysical sulvey by the Bureau: OL.L&Lural Resources in
July and August, Jb9 ”;'W_ . L

staee PR I s RN

At the Ruddygore uine, 99,893 tons of hand—plcked ore
with a grade of 3.9% copper were mined (1503 to 1909) from two
open cuts, The copper is in a metasomatized monzonite body in
the Almaden Monzonite of Carboniferous age. Hornblende,
biotite and guartz were found to be variable components of the
monzonite and, based on this, five varieties of monzonite have
been mapped. Stocks of leucocratic microgranodiorite have
been intruded into the mongonite: +the various types of monzonite
are mantled rornd these stocks with the more acid (blotlte—rlch)
types nearest the microgranites, This zoning, together with
flow banding in the monz 1ite. suggests that acid dlffercntl tes
from the original magme streamed into centres of low pressure and
then intruded the zomned, and probably crystalline, mantle
surrounding the centre, The force of the intrusion caused
shattering of the monzonit ~bove the intrusive, Copper-bearing:
solutlons, accumulated with the acid differentiste, rose into the
shattered rock, metasomatized it and deposited copper minerals
in the open spaces, A number of areas of metasomatized monzonite
are known around the Ruddygore Ifine:® -others may be indicated by
the geophysical anomalies found during 1959. A comparison is
nade between the Ruidygo”e area and some American porphyry copper
areas.

The Zillmanton lMine is located along & shear in Silurian
sediments near a contact with the Almaden Monzonite, Vhen, in
1913, the mine collapsed and wa.s floocded, the manager's figures
showed that 30,000 tons of 4% copper had been developed, The
sediments in the area - marble, banded calc-silicate marble,
and silicified siltstone - have been intruded by a monzonite
similar to that at Ruddygore. A mineralized shear, in marble,
is parallel to the contact, The lode which is capped with a
siliceous haematite gossan, has a width of abou? 30 feet anu can
be traced for a length of : The geophysical work ay
indicate extensions of t¥ . .1o0ae to the east and south-east.

INTRODUC ION

The Ruddygore and Zillmanton Copper Mine areas were
mapped -in conjunction with a gecphysical survey by the Bureau of
Mineral Resources, during July and August, 1959, to aid the
interpretation of geophysical rzsults, The geophysical data for
the Ruddygore Mine has been piblished (Horvath, 1959). -

The Ruddyzore Mine is situated one and a half miles
north—east of Chillagoe, and “he Zillmanton ifine two and a half
miles north-west oif Chillagoe, the t . ~7earest the two mines,
Chillagoe lies 139 miles by rail west .. the seaport of Cairns.
A 3'6" gauge railway and a fair to good dirt and bitumen road
connect the two towns, Chillagoe is served by a nearby air-
field which is suitable for light aircraft.

The Chillagoe aren has a mature topography, with an
average relief of 200 feet. Chillagoe Creek, which 1s spring
fed, drains the area and flows into the Walsh River eight miles

north of Chillagoe,

?
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Mapping at the two mines was . ~controlled by a surveyed
grid -with stations every 50 féet on co-crdinnte lines 200 feet
apart. The grid was d: m at a scale. of 200 feet-to one inch
and the geology plotted .a this grid, At the Ruddygore liine
days were spent mapping an area 5400 feet by 3800 feet, and at
the Zillmanton lMine one day to map an arez 4000 feet by 2000 feet,
Underground workings were inaccessible and reliance has been
placed on the observations of others for such details,

-~

GEOLOGY OF THE RUDDYGORE MINE AREA

PREVIOUS MINING AND IMAiPPTNG

.

Mining at the Ruddygore liine commenced ~s a small
open cut in 1896. Between 1899 and 1901, three shafts were put
down to 100 feet and cross-cuts developed to connect with winzes
from the open cuts, From 1903 to 1909, the No, 1 open cut was
developed to measure 450 feet by 80 feet and 80 feet deep; a
second open cut, 250 fe:t to the north-east, is 70 feet in

~diameter and 80 feet deep. l

Three diamond drill holes were drilled in 1907; one,
304 feet deep from the Dbottom of the No, 1 open cut, agsayed
13.6% copper and 1.€ oz/ton silver for a three foot length of
core, The location of this sample is not known, but is probably
from the zone of secondery enrichment about the 100-foot level,).
A second hole was drilled horizontally for 514 feet from the south
end of +the 100-foot tunnel lewel, and the third was located north
of the workings and was 300 feet deep. No results for these

holes arc .. ii-"le,

In 1908 & shaft was sunk near the F¥o. T open cut, =nd
levels derrloped ot 125 feet, 225 feet and 325 feet: ore came
from only the 125-1- t level, Work ceesed in October 1909,

Ore from the mine averaged 1.5% copper; total
production was 29,293 tons of haondpicked ore, with the grade
depending on the degree of handpicking, as follows:

Year " Tons | " Coprerd Silver oz/ton
1903 394 5 1.4

1904 4225 5.3 2

1905

1906 5277 4,2 2.1

1907 - 4753 4,8 3.3

1908 4139 3.6 2.5

1909 10505 2.9 1.1

. Broken Hiil South Ltd. held the mine under an Authority
to Prospect from 19..7 to 194%. They put down eight chvrn drill
holes into various »arts of the main metasomatized ore body, and
three holes into & supposed cxtension, The depth of the holes
ranged from cight fecet to 6C feet, and in all the copper values
were low, gencrally in the range 0% to 0,15%, with the highest
assay of 1.33% coprer for a five foot scction, although some
of the holes passed the water table at about 48 feet, none of the
holes penetrated as far as the gone of secondary enrichment shown
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by previous mining to be about 110 feet be]ow the surface. No
devqlopment was carried out after thiS'LLitl 1 investigation.

At the time of thc pre sent- survey, Mount Is Mines held
an Authority to Prospect over the 1r.u.. : U

i

N\,

Mention of the development at the Ruddygore Mine is made
in the IMining Warden's rerorts for the years 1803 to 1909: other
reports are by Jensen (1941); Stillwell (1947); Broadhurst
(1949), and de Keyser et al (1Q58) A :

QENERAL GEOLOGICAL SETTING

The copper is found in a metasomatized monzonite body
in the Almaden Monzonite of ifiddle - Upner Caorboniferous age,
The monzonite, intrusin into Bilurian limestones and caglecareoun

sediments of the Chillzgoe Formation, crops out in a belt 28
miles long, averaglng.thrcc nilcs wide, and trending north-northw
west between Almaden andé the %alsh River (figure 2). On the

western side the monzonite 1s in contact with metamorphosed
Chillagoe Formation; to the cast the percentoge of quartz
increases, and hornblende decreases in the monzonlte, until
about three to five miles from the contact the rock is an
adamellite. This adamellite ~ the Herbert River Granite —~ crops
out over an arez of 1200 sqguere miles south of Almaden, = 1t is
possible that the Almaden Honzonite is a variant of the Herbert
River Grenite, produced by assimilation of limestone of the
Chillagoe Formation, Phyolite dykes intrude the monzonite in tne
mine area, ond five miles to the east the Herbert River Granite
is overlain by Permian a2cid velcanics, '

DETATILED SURF4CE GECLOGY OF THE MINE AREA

Monzonite.

In the mine ares, five varieties of the Almaden
Monzonite have been recogrnised as follows:

Monéonite containing, a) hornblende.
b) hornblende ard gquartz.
c) hornblende and biotite,
d) hornblende, biotite and quartz.
¢) biotite and quzartz.

_ Boundaries between all types are gradational, but by
far the most abundant ars trpces '=' and 'b'. The f‘ollow1ng
general petrographical dboCTlelOP is taken from a report by
Stlllwcll 1947: : .

P grain size about 1.0 to 2.0 mm ,..the rock consists
essentially of qu h el orthoclose, plagioclase, hornblende and
biotite, the hornblionde and biotite showing pnrtial alteration
to. chlorite and epidote. The proportion of guartz is rather
greater than is rcguired for a quartz diorite, and the oroportion
of plaglocl se equels or exceeds the amount of orthoclase.



The hornblende was L”l”lﬁ%llv'“ brown vmrloty, and some:
is préserved as such in the cores of the hornblende_ crystals,
Huch of it, however, is green from pLEJIRl or complete
alter%tion to chlorite,. Vhere it is completcly altered to
chlorite, grains of pale yellow epidote have developed in
association with the chlorit The hornblende terds to occur
associated in clusters Wltb somowhat reoged flakes of chlorltlzed
biotite. : .

The fcldspars are clear to cloudy, the. orthoclase
being the more altered. The alteration, hoercr, is not severe.'
CoL . ) | e .

.......

Distribution of the monzonite Varlbt“GS is’ shown in
figure 3. South and west of the mine, hornblende monzonites
are common: for erample, between 10C0E and 1000W, quartz
hornblende patches are distributed through hornblende monzonite. -
Between 1000W and 3000W there are small areas where a low
percentage of biotite is found in the (quartz) hornblende
monzonite. Similarly, east and north-east of the mine, hornblende
and quarvz hornblende monzonites crop out and there are a few
patches. where biotite is a major conctltuert Some Xenoliths
of dolerlte and hornfelsed sedimen’s are found in the monzonite.

North and north—wcst of the mine there is a major change
in the type of monzonite Here biotite is the diagnostic
mineral: it is oc'”clonally combined with hornblende, and '
always with quartz. This biotite~rich area is probably associated
with stocks of 1eucocratlc microgrznite (the relationship is
discussed late

Two structures are found in the mongzonite: jointing and
flow bandlng. Two directions of steep-dipping jointing =a
present, but some arezs are rccognised where only one of the
two is well developed. One s2t of joints striike about 35
degrees, and the other 065 degrees: both dip between 60 znd
90 degrees, either side of the vertical. A third set is an
undulating shallow-dipping joint, with an average dip of 15 degrecs.

Flow banding is most pronounced in the mine arca, The
banding is regular, though Wlupj, and seems to be due to bands of
leucocratic quartz monzonite in the normal rock type. The bands
average two inches wide and may be traced across a single outcrop.
It appears that the bands arc sevregdtiens Trom the monzonites
the boundury between the two rock types is diffuse, but the
transition is restricted to a zonz one eighth of an inch wide.

Leucocratic llicrogranodiorite.

In the arce mansed (f gure 3) there are two areas of
outcrop of a leucocratic microg:anodiorite; one, a2bout 800 fewt
by 400 fcat, is north-west of tne mine; the second, 1400 feet by
700 feet, is north to north-cast of the minc. The rock was
called an aplite by Broadhurst (*1949).

Stillwell (1947) has deseribed the rock as being similax
to the monzonite, but contnining,

~

"less and suall ferrvomagrnesian mlncrals and perhaps

more quartz., . In the hand sxeo ‘1mcn it appears...rather finer-

grained than the other rocks' (monzonite).

‘
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altered, !

Compared with the monzonite,

'the ferromagnesians,..are finer grained...and are
completely altered to chlorife, iron ore and epidote, Some of

‘the chlorite is bleached almost colourless. The original

mineral appears to have been largely biotite, but some hornblende

may have been present, The orthoclase crystals eare so cloudy
as to be almost opague, The plagioclase is rather less

Jointing in the microgranodiorite generally trends 335
degrees and dips betwecn 60 degrees and 90 degrees either side of
the vertical, Both the 065 degree joints and the flat joints
are founé in the microgranodiorite as in the monzonite,

The rclationship between the monzonite and leucocratic
microgranodiorite is not known because 21l contact zones are
covered by talus or soil. Flow panding has not been found in
the microgranodiorite: - the banding (in the monzonite) generally
is parallel to the contact. One noteable feature is the absence
of monzorite xenoliths in the microgranodiorite, or vice versa,
but xenoliths of dolerite and hornfcls are found in both.,

-

Ictasomatised rocks,

Alteration products of monzonite and microgranodiorite
meke up the third group of rocks which crop out in the area,
Metasomatized monzonite has attracted atterntion because .copper
mineralization at the Ruddygore Miuc is associated with this rock.

The mine is located towards the north-western end of a
metasomatized monzonite body which trends 335 degrees and crops
out over a length of 1800 feet and a2 width of 400 fect. Three

-narrow dykes of metasomatized monzonite, r.presented by a few

outcrops trending 065 degrees away from the north-western edge

of the main body, follow approximately the lines 100S; 7005 and
1300S,.. The southern drke is the longest with a length of 1300
fect and a width of 30 fccet.

Three arcas of metasomatized monzonite are known.,
The most important is that in which the minc is located,
The ‘sccond area is exposed in three small pits at about 1800S,
2600W; and the third, with an arca equivzlent to that of the
main body, is outside the area mapped, about 700 to 1000 feet
north-east of 500N, 2400E,

Various degrees of metasomatism have been noted. As the
ore body is approached the hornblende and biotitc in the
nonzonite arc altered firstly to epidote and chlorite and
finally to an sggregation of bleached chlorite in fibrous
clusters. Similarly, the feldspars bicome cloudy and where
metasomatism 1is intense, the orthoclase, aond some of the
plagioclase, is replaced by massive sericite,.

'"The imprcssion is thus gained that the area originally
consisted of a uniform igneous rock type '(monzonite)' and that
it has undergone locally an intense metasomatism, with
conversion of the farromagnesinns to chlorite zind the feldspars
to sericite, thus darkening the colour of the-rock, and blurring
the outlines of the ferrom-gnesian mincrels in the hand specimen.
The transition from slightly altered to intensely altcred rock
is gradational.' (Stillwell,  1947). .

R,
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. The outer boundary of the notuoomntlacd rock shown on
figure 3 indicates where the ¢ lLC_WESDN fix%t becomcs notlceablp.
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- Other smell bodies of metasd xﬁ“lond rock =re gencre 11y
restricted to the microgranodioritc. The metasomutlzod
microgranodiorite bodies average 700 feet in length, 50 fect
in. width, and trend 065 degrees. They cron out ‘in a swarm
north of the main metosomatized ﬂonvonltc.

. R

The trends of the various mbt wsormatized zones follow
the main vertical joint dircctions commop to the monzonite and
microgrencdiorite, that is 335 degrees and 065 degrees., Best
development of the ncsa horﬂzontn1 301nt rarely found in the
unaltcred rocks, is in +the main mgtasomatlzcd monzonite body
and this joint has been claimed by Brozdhurst (1949) to be one
of the main controls of ore deposition.

Another type of alteration of the monzonite is found
in outcrops about 2555, 2600W, Here the rock is made up of a
nosaic of fine calcite crystals surrounding rare phenocrysts-
of quartz and biotite (some altered to chlorite). Apparently
all feldspars in the rock have been replaced by calcite.
Weathering of the rock has given rise to the calcareous crust
in this area. \ -

Mineralization o o

The Ruddyg ore Mine is situcted 2t the northesrn end of
the largest mess of metasomntized monzonite in the area mapped.
“8ize ~nd shape of the ore body can be ¢.uged from the di.ucnsions
of the twe open cuts: No, 1 is 450 feet oy 80 feet by 80 feet
decp and the Mo. 2 is 70 feet in—diamcter-o—nd 80 feet deep,
although some of the upper parts of the open cuwvs, particularly
in No. 2, must have bcen overburden. As shown in the cross-
section of the mine (ilgure 4), low grazde mineraiization
surrounded the areas of better grnde ore. Lssea:r results were
given in the section 'Previous Mining and M”ppan'.

At the surface the ore is generally lcached, although
in some places carbonates occur at the surface, The most
conspicuous occurrence of carbonate was apourrently the original
gossan, which Dr. Lognn Jaock reported as o mass o0f 'porphyry'
rlch in-carbonnte ~nd several feet high, '

Carbonntes predominnte to a depth of 40 feet, below
which is cholcopyrite ores; sulphides can ocen 51op“lly be found
at- the surfrce when they ~re associated with caleite veins,
About the 100-foot level uhC chalcopyrite is reported to be
~ccomprnied by 'black ore'y, ond Broocdhurst (1949) suggested
this was bornitce. The prlmury ore is associnted with euhedral
guartz in ennstomosing veins, two to six inches wide, 1n the
metasomatised monzonite.

There is evidence of SuthldC enrichment ot the water
toble becnuse the best ore in the mine cnme from an underhond stop
below the 100-foot lavel. Here the orc wns reported to bulk
5% copper in somc places. However, the ernriched minernlization
was-round to cnd on » flat floor just aobovc the 125- foot level.

-

At the sovth-cnstern erd of the mﬁin metnsomatized

‘body (about 10003, 1200E), away from the moin workings of the

Ruddygorec Minc, there ~re numcrous small shafts and pits. Other
small arecs of mctascmatizced rock, are: olong 12505 from 500E to
100%; about 160035, 2600%W; «~t 1300N, 500E. There is also the

N
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lorge body north-east of the nren mOQTIOD\d earlier; and

s
d

P Broadhurst suggests r~nother ICm, bn;t GOON, 400E, covered
, by soil, but shown to be mc+huom°tlzﬁ\ W°or1+o bv thv drllllng
g : of B.H. P. (1948). SR :;fun-;~ S B

The finding of smnlW Dltu, sunk prob bIV\on copoor
stained rock, associnted with the widcespread occurrence of
i . metasomntized monzonite indicates the relationship between copper
minerclizetion and metasom~tized rock.. To see if there was
any copper in thc unaltered rock, samplcs were tested chemically
in the Bureau of Mincral Riosourcces, The résuies are:—

i -

3

Spccimen. Cdppor in pon, Roek type ' Grid Ref,

A346 14 Quartz trochyte 12508, 2100W
A34T 24 Hornblonde biotite 6008, 2250W
© lMonzonite -
A348 4 32 Coleified Honzonite 2555, 2575W
4349 ': , 18 Hornblcnde Mo?zonite 050N, 600E
A350 28 Quartz Hlonzonitc 1503, 1600E
A351 24 Microgranodiorite 900K, 16758
A352 | 760 Motasomntized
lonzonite 050N, 1100F
. K353 22 lotrsomntized
- _ Microgronodiorite 6508, 18508

All thc copper voalues are low, cven thnt of A352 which
camc from ncar the MNumber 1 open cut, but it is not kncown whether
these low values indicate ~ lock of coppcr in thc monzonitc, or
- are duc to surfacc lcnching.

Hypothoesis on rolotionshivs uvetween the ignecous rocks,
The proposcd gcologicnl history of the arco is:

1. In thc Carbonifcerous, the Herbert River Gronite
intruded Silurinsn limestone ond cnlcarcous scdiments. Assimilation
‘ of these scdiments left an cxecess of lime in the mmgun:  some

wos taken into the feldspar molcecule to oroduce o more cnlcic
. plagioclose thon in the surrounding gronite, and the rest
- combincd with some of the silicrn to producc = calcic hornblende.
’ - Sonmc of the silice silicificd contret rocks, The finel product
. wns n monzonitic mogma. '

2. Howcver, mixing in thce mogme chamber was not

complcte, and during cry t“lll“,tlon ccid froetions moved through N
the cryst .1 mesh into rbglons 0f low pressurc. gvidence for

thls differentotion is scen ine :

~) The zoning found in the monzonitc. The leucocratio
T -microgranodiorite iu certoinly the most acid phase and  the morc
“01dlc types of monnonite ~ro montled cround this. Also, the

t
|
i
|
l
| ; nd bl . .
' stocks of microgronodioritc are minor bodics in the main monzonite
‘ c intrusion.
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e—~= b) The flow bvanding in thé mcnzonite, This
represents blebs of the differentiate moving towards one of the
centres of accumulation, but trapped in the crystal mesh of the
monzonite. Later forces, described below, have drawn out
the blebs and orientated some of them Pormal to the original
direction in which they were streamlng \

3. Whlle the lower levels of the monzonite intrusion
were still in a plastic condition and the upper levels were
crystallized, some of the accumulaticns of mafic poor, guartz-
rich, magma differentiate commenced to rise through -the zoned
mantles surrounding them and into the crystalline hornblende

monzonite. Here they crystallised as small stocks of leucocratic

microgranodiorite, The force of intrusion caused shattering

of the monzonite above the rising cupolas of acid magma. It
was this intrusion which orientated the blebs of differentiate
in the monzonite normal to the outward pressure of the intrusive
force: the flow banrding now generally conforms to the outline
of the microgranite stocks, and in places is contorted near them.

. 4. Copper-bearing solutions accumulated with the
d1fferent1a+e and rose into the shattered rock above the stocks
of micrograncdiorite. These solutions metasomatized the rock,
and depcsited copper and silica in the open spaces. Possibly
there was a decrease in volume of the monzonite accompanying
the metasomatic reactions (Locke, 1926): +this would allow the
collapse of the metasomatised rock and the formation of flat
tension joints. As Broadhurst (1949) suggested, the upver
limit of the flat jointing would limit the collapsed body and the
mineralization. %
in the 325 foot level under the Number 1 open cut ternds to
confirm +this hypothesis: figure 4. T he swarm of metasomatized
microgranodiorite dykes may represent the lower levels of a
major altered body, now eroded,

Rhyolite dvkes.

A number of glassy rhyolite dykes, cften flow banded,
was found in the area. Most of them are only a few feet in

. length, but one was traced for a length of 4700 feet and had
an average width of 20 feet. This dyke trends 065 degrees along

1200S, and over this distance it grades from a grey glass,
through a porphyritic rhyolite, to a porphyritic quartz trashyte.
The dykes are probably Upper Fermian.

GEOLOGICAL SIGNIFICANCE OF GECPHYSICAL ANOMALIES.

The electromagnetic (Turam) anomalies shown. in f1 sure 3
are taken from a revort by Horvath (1959). :

Between OOU and 240CE there are a number of weak to
zedium anomalies, all trending about C65 degrees, parallel to
the long axis of the main metasomatized body: those anomalics
near this body are probably related to it. The anomaly from
1500N, 125QE to T7OON, 1250E may represent a northern extension
of the main body.

The four anomsa lief'along 2000E are approximately at
right angles to the swarm of metasomatised microgranodiorite
dykeu~ They may indicate a2 metasomatised bOdJ beveath, or in,
the microgranodiorite intrusion, liowever, it is more probable
that the dryke swarm represents the rewnants cf a major altered
body, now eroded.

The finding cf 'aplite' - my microgranodijorite -



— The other areca w1tn geoy nyq1@al anomalies is between

1000W and 3000W, The auomalle' -~ suoue are strong- - trend
340 degrees and are mz:nlJ in soll ¢overed areas, They may be

related to0 calcified : v ite which is. eithor e
mineralized oY else is a good aqunfer.: SR

RECOMMENDATIONS o . L ‘ o .
1., The ares between 1500% and 2000W, and 400N and 15C0S

should be costeaned and drilled to detexmlre *he cause of the
strcng anomalies in this area. , P

2. Exploratory drilling should be.carried’out in the
area from 800E to the eastern limit of <+he second major

metasomatized body, about 1500 feet north-east of the area mapped.

A number of the holes should be about 500 feet deep.

Firstly the grade of copper throughout the metasomatized

bodies should be found; for example, Jensen (1941) reported
that the early management of the mine proved the existence Qf
chalcopyrite-bearing 'porphyry' (metasomatized monzonite) for

360 feet between the two open cuts, on +the 100 foot level, The

possibility of low grade copper ore beneath about 2000D should
be explored. .

GEOLOGY OF THE ZILLMANTCN MINE AREA

PRE VLOUS HINING AND MAPPING

This data was taken mainly from a report by Jensen
(1941, p.34 ). About 1902 the Chillagoe Company sank three
shafts on the Zillmanton Lode: two were at least 350 feet

deep 2nd connected by a level at that depth, and the third, Reid's

Shaft, which was further tc the west, was sunk to 375 feet,

Earlier shallow workings were west of Reid's Shaft. No total

produdtlon figures are given, but in 1610, the Zillmanton Mines
roduced 2 2Sz 96 tons of ore containing 96 96. tons of copper
4.3%) and 3,200 oz. of silver (1.4 oz, silver per ton). In
1913, the Zillmanton Shafts twisted and the lower workings
collapsed through an inrush of water: the mine was abandoned.
The manager's report for 1913 irdicated 30,000 tons of 4 to 5%
copper ore developed and proved in the mine.

Since 1913 a number of mining companies have -held
authorities to prosvect the area, but no development has been
attempted. In 1941. Jensen rade a brief survey of the mine;
in 1957 Langron putl.shed the resilts of. a geophysical survey
of the western part of +the lode, o : :

GENERAL GEOLOGICAL SETTING.

The mine is located along a shear in Silurian
sediments near a contact with the Almaden Monzonite (figure 2).

The gossan outcrop of the lade ranges in width from 20 to 60 feet,

and can be traced for about one mile. The lode strikes 290
degrees and, on the evidence of underground workln"s, dips south
at about 55 degrees (Jensen, 1941). ‘
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DETAILED SURFACE GEOLOGY OF THE MINZ ARDA

. Sediments

The scedimentary succession in the area mapped (figure 5),
is:

Marble: A white, saccharoidal marble, generally massive,
with occasional evidence of bédding. The
bedding generally strikes 290 degrees, and dips
south at 75 degrees. Zstimated thickness of
the marble is 500 feet,

Banded calc~silicate marble: This rock interfingers with,
i and overlies, the marble; its prominent
outcrops appear iron stained and well banded.
In the hand specimen the rock consists of
saccharoidal marble, siderite, quartz, and
calc~-silicates. Thickness is about 400 fect.

Silicified siltstone: O-.casicnal lenses of siltstone
are found in the banded calc-silicate marble.
The rock is generally mottled purple (weathere >d )
and grey (fresh), and contains scattered
crystals of calcite and pyrite.

Marble: The saccheroidal marble reappears at the top
of the section. .

The sediments are Silurian dnu are part of the Chillagoe
Formation; the beds strike about 270°, and dips south at 750.
They have been metamorphosed by the Caroonlfbrovs Almaden Monzonite

Monzonite

Intruding the sediments is a monzonite - the Almaden
lionzonite - petrologically similar to that at Ruddygore. The
monzonite has been described carlier in this paper under
'Detailed Surface Geology of the iiine Area' for the Ruddygore .
ling, and only the ‘main characteristics will be mentioned.

Of the five varieties of monzonite at Ruddygore, four
crop out here; all contain hornblende; guartz and biotite are
sometimes present; and the biotite/quartz variely of the Ruddygore
arca 1s absent. Three directions of jointing are 360 degrees,

335 degrees, and 270 degrees; and dips range from 60 degrses to -
80 degrees. A fourth joint dips between 10 degrees and 30
degrees and has an irrcecgular strike. The monzonite is not

flow banded.

Siliceous haecmatite lode.

Scattered outcrops-of siliceous haematite cap the
lelmanton Lode and parallel the edge of outcrop of the monzonite;
the outcrops are separated from the monzonite by 50 fent of
either soil or martle. Hand specimens of -the hacmatitce consist
of vesicular silicificd hacmatito, with gocthitce lining the
larger vugs, and limonitce on cxposed surfacces,
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A continucus hacmatite lode extends from 000 to 2000F
along about 650S; the width of the ldde 1s wncertain because of
the wide spread of haesmatite rubble, but it does not cxceced 200
feet, and is probably about 60 feet.,  Other small arcas of
hacmatite outcrop are at 11005, - 24008: 15005, 2400E%; and at
18505, 2500E, a large volume of haematite rubble has been shed
from north of 00035, 34003, on $othe areca mapped. :

In many places, a surface crust of travertinc is
associated with the haematite rubble, Possibly this crust is a
residual from the weathering of a calcite-garne*-magncotite rock
simila.: to that found in small pits west of the arsa mappcd. The
source for the iron along this line is unknown: it might have boen
introduaccd into a shear from the granite, or it may have come
from a mctamorvhosad, impure sodiment. #here purc limestone was
in contact with the monzonite it was recrystallized, but. no naw
‘minerals wore added. t

Mincralization.

The Zillmanfon lode has beéen described as,

. - 'ranging up to 60 feet in width., It has a dangerous
clay hanging wall, and a2 running mud zone batwecen the iron-garnct
lode and limestone. This clay carriss sccondary copper mincrals
through it. It is understood that the most consistent and
richest zone of the lode was adjacent to the footwall, where
chalcopyrite occurcd in the kaolin and keolinized granite.'
(Janscn, 1941),

The average grade was 4% copper and 1.35 oz. silver per

ton. A sample of monzonite from 450S, 1200EZ was tezted
chemically and gave 22 ppm copper.

GEOLOGICAL SIGNIFICANCE OF GEOPHYSICAL ANOMALIZS

Elcctromagnetic anomalics trend across the arca from
west to zast, and arc continuations of anomalice found by Langron
(1957) along the western cxtension of the Shamnon - Zillmanton
lode, A weak to medium anomaly follows the Lince of siliceous
hacnatits from 6505, 000Z to 8003, 2100E. Here the intensity
incriases to strong and the anomaly trends south-cast across
hacmatite rubble, marble, and banded calc-silicate marble to
13008, 3000E; and then mainly over soil to 16003, 4000E. At
12008, 2800E a modium anomaly branches from the main anomaly
and trendg cast, mainly over soil and merble rubble, to 16003,
4000%., A third, mcdiuvm to weuk, anomaly trends from 19005, TOOE,
cast to 18508, 3400L. For thec most part, the anomaly trcnds
over, or ncar, a marblc - soil boundary (at 18503, 2500E a
marble - hacmatite boundary), but from 2650E to 3400E it tronds
over marbloe outcrop.

All thrce enomalics lic mainly over soil or rubble arcas.
Lack of outcrop may indicate shoaring along these lincs, with a
possibility of mincralization in the shoars, as at the Zillmanton
Minec. T - .
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RECCMMENDATIONS

1. Costeaning along thc geophysical anomslics and
drilling to intorscct possibvlo lodcs at depths of 150 feet and
300 feotois warranted. Pcssible shearing would parallel the
bedding and dip scuth at 50 to 70 degroecs. The point of
branching of the main lodec at 12005, 2800E should be investigatoed
first.

2. If sufficient orc is proved in these investigations,
then it may Dbe cconomical to re-open the Zillmanton kine.

CONCLUSIONS

Individvually, the¢ mines of ths kungana - Chillagoc -
Aimacden district are small, However, w:cn considercd as a
mincral province in relation to the low grade cop~ - deposit: af
the PVddynorb Mine, a parallecl with Amcrican Porpuy:y Coppor
arcas is scen.

The charactprlotlco of the An.rican dcposits can be
sumsariscd as follows

1. Chalcopyritc or bornite is usually the principal
mineral. Scecondazry cnrichment zcts to concentrate the cernor.

2., Mctascmatic alteration is goencrally ceuse? by the
introduction of sulpaur and potassium. The list c¢f hypogcne
minerals includes gquartz, sericite ¢, alunite, kaolin, chlorite,
feldspars, hydromuscovite, and tourmalinc. The highly altercd
rock gradcs into unaltered rock. :

3. Therec is intense shattoring of th: host rock, and
brbCC’W pipes arce present in most, but not all, arcas.

4. Oxidation of thce orc leoads to the developmeont of
'live limonite' at the surface,

5. " Many porphyry districts contain commercial deposits
of lcad, zinc, gold, and silvcer ocutsidc tho porphyry zone proper.

6. Porphyry coppcers ar: found in Muosczoic rocks,

For comparison, thce charactoeristics of the RUDDYGORD

Min: and areca ara:

1. From she small deposits mincd, there is svricdcaco
of widcspread chaleopyrite/pyrite mlnuralizatiop, vparsicularly
in the metasomatized nonéonltu of the fuddygorce Minc. Ore “rom
the mine ave ragcd 1,5% copper small arcas, probal.y in the
zonc of sccondary cnrichment, %”Uayod 2s high as 13.8% copper.
The grade of copper in developmont headings is not krown.

. 2. The intenscly metasom od rock at the Ruddygore
Mine congists of fibrous bleached chiceitce, massive scricite
and some plagioclasc. This rock gradcs into unaltcrced monzonite.

3.- Posesibly the roctanguler and irrcgularly shaped arcas
of intensely metasomatized monzonite represcnt broccia pipes.

4, ‘'Idve limonite' is possibly proscnt 1n um%l] VUES
in thce outcrop of the metasomatized monzonitc.



I U TUC S S S

13-

5. Small, commorcial dovosits of lead, zinc, gold, and
silver have been worked to the west and south of thv uddyboru
arca--(sce figure 2, and the ulilman on.vcpoxt) :

e

- - o
'

6. The Almadcen Monvonltu is, Carboniforous. - The
granites and monzonite cf this arca are Carboniferous and Permian,
and arc among the youngest granites in Quoensland. The

toctonic history of the arca has a2llowed these granites to only
now be cxposed at the same lovel of intrusion as Mesozceic
granites in America. ‘ <o

B cause of the similarities in this an“rallSCd
comparison with American Forvayry coppers, some consideration
should be given to the p09810111ty of dlscovering a low gradec
disseminated copper ore in the Ruddygore Arca
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