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In the south-east part of King Island three skarn tungsten

deposits occur in the contact aureoles of two granitic intrusions. No~.1

and 2 orebodies are associated with the Grassy Adamellitc and Ro.3

orebody with the Bold Head Adamellite. The tv/o intr-clsions are virtually

identical petrologically and geochemically, h~~ce the smaller Bole Head

Adamclli te is believed to be an offshoot of the Grassy Ada':lelli te,

intruded along the zone of lveakness associeted -d.th the Grassy River

Fault.

The age of the intrusions, determined using the Ar4°/J.r39 method,

is about 370 m.y. (late Devonian). This is 25 m.y. to 30 m.y. older th~,

the early Carboniferous ages determined by EcDougall and Leggo (1965) for

the Gr.:!.ssy .Adamellite.

Units of ~~e Mine Seriss of No.1 oreeody are discussed ~~th regard

to petrology and geocher&st~!. The calcareous illlits, especially the

andradite skarn, are diecussed in detail. Textural features of the sk"-rn

indicate that it fomed in two r.ain phases. The first involve:i the fOrl\-

ation of the andradite and the second the partial breakdown of the garnet

due to an increase in P.. ° wi. tr. the conse~uent dep03i tion in sallual1ce of
n 2

clinopyroxene, hornblende and scheeli te follovie<l by the remaini,.,g skarn

minerals. The trace element geochemistFJ of the skarn indicates that it

was formed frot:! impure marble. The posi tive correlation of tin and

germanium wi th tungsten in the skarn, and the anomalously high cone en-

tration of tungst-en in the sphene of the ad().r.1elli te, indicates that t::e

source of the tlmgsten was the adamellite U11d not the sediments of the

Grass,j' Group as suggested by Burohard (1972).

The control on the metasomatic fluids in the Grassy Ad~~ellite

appears to have been the Grassy River Fault which restricted the mineral-

izing fluids to its vicinity. In the co~~try rocks the main control is

the relative per-meabili ty of the: Y:lrious UJ'i ts, the impure "'3.rble ;,einc;
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the !:lost permeable.. From the occurrence of schealite in the skarn con­

tainine; sit;nificnnt clinopyroxene and hornblende, the !llechanism Co

tungsten mineralization is believed to be similar to that proposed by

Bryzgalin (1958). This involves an alkaline solution carrying the

tune;sten as a sodium tungstate ...hich is nI'~utr:llized by tlle fixation of

sodilD!l during the a!:lphibolization of the clinopyroxene. The calcium

released from this reaction cOwbines vnth ~~e tungstate ion to be

precipitated as scheeli teo
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1.1 !.0'RODUC'l'Iotl.

The scheclite deposits near the township of ~rassy in the ~outh-

east part of King Island, Tas~ania (Figs. 1 and 2) consist of three known

orebodies. No.1 orebody was the first discovered and has been mined

intennitte,ntly fcr the last 60 to 70 years. It is being mine'" by open

cut methods at present. However, 11N'rly all the ore has been removed.

No.2 orebody is an extension of No.1 orebody being separated from it by ?

a fault (No.3 fault). Both orebodies occur in the contact aureole of

the Grassy Adamalliteo No.3 or6body occurs in the contact aureole of the

Bold Head Adamellite and is located three kilometers north of the othe~

orebodies. Both Nos. 2 and 3 orebodies are presently being mined by

underground methods.

Tris thesis is prima~ly a geochemical and petrolcgical stucy of

~~e contact met~orphic and metasomatic rocks of the No.1 o~ebody. The

main aim was to determine the mechanism and control of the mine~alization

and also the origin of the mineralizing solutions. In order to e3tablisn

trace ele~ent associations that wotud be indicative of mineralized regions,

areas away from No.1 orebody were also studied. These are the unmineral-

ized sequence in the Investigator 6 area, just to the west of the oper:

cut and the lUllIletamorphosed sec;uence of the. Grassy G::oup and ovel'lying
.' '

volcanics exposed along the coast a few yilometers north of Grassy. The

~rassy Adamallite was studied in a traverse along the coast to the south

of Grassy and compared petrologically and geochemically with the Bold

Head Adamelli teo

1 .2 PRL..-rvrOUS YIOR..'Z.

No.1 orebody of the Y~ng IsI~~d scheelite deposits was discovered

in 1904 by a prospector, Tom Farl'ell, and since then numerous reports,

papers and theses have been written on the deposits. As Nos.2 and 3

orebodies have been discovered comparatively rec7"-tly, most of the previous

work has been on No.1 orebody.

Nyc ~_nd Knight (1943) e;ive a complete lis t of all known reports on

the mine up till 194-3. ';'h~ follo-.7ing li st contains all the known
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l1.terature on the sehp.elite deposits from '191;4 to the present.

Reports:

C.S.I.R.O. Mineragraphic Investigations Reports 411 (1944),

582(1954), 583(1954), 742(1959), 798(1959). (U~published).

FINUC.~JiE, K.J. 1953. Report on King Islanc; Scheelite !.:ine,

Grassy, King Island. (Unpublished).

FINUC/JI,'E, K.J. 1953. Supplementary report on diamond drill

results at YQng Island Scheelite Mine. (Unnublishea).

Papers:

Knight and Nye (1953).

Edwards Baker and Callow (1955).

Knight and Nye (1965).

Large (1971).

Theses:

Y.j.nnane (1%8).

Large (1969).

Burcharcl (1972 ) •

1.3 GENERAL GEOLOGY.

A full description of the general geology of the south-east part
,

of King Island is given by Large (1969). Only a brier'"sUmmaI"J is given

here.

The Sandstone-Siltstone Formation covers ~ost of the area and

consists of alternating beds of sandstone and siltstone with the latter
.

predominating. The age of the formation is probably Precambrian. It

is overlain, possibly conformably, ~y the Grassy Group, a Cambria:l

sequence comprised of a basal tilloid, 60-120 meters thick, of glacio-

marine origin, overlain by 30-120 meters of limestone, dolor.~tes, silt-

stones, shales and minor tuffs. Both the Sanc.stone-Sil tstone Formatio:l

and the Grassy Group have been folded. Axes in the S~~dstone-Siltstone

Formation tren:1 ge:le!"ally N-S but char.ging to SE-NW to the south. The

Grassy C-r-oup, which is of' much smaller exten-t, strikes parallel to these

fold axes.



1.4 MIL~ SElITES lJ-ID P..sSOCI.i'/J."ED ROCKS.

1.~1 Volcanics.

east coast the volcanics appear to lie conform~bly on the Grassy Group.

3.
001015

phlogopi te ± :nagneti teo The asser.;blage of higher silica content consists

In areas of the contact a'..lreole Ivhere metasomatism has occurred,

'- .cer",aJ.n.

distinctly unconformable on the underlying meta.T.orphic equivalents of the

described in the previcus section. In the reeion of No.1 orebody it is

This unit represents the meta'llorphosed sequence of basic volc!illics

resulting in scneelite miner",-lization, the sequence of u.!uts is tenned

except where stated othe~·n3e. The units ~re listed from the top to the

given below. The te~&nology given is that in current use by Geopeko Ltd.

open cut (~ap 2) and a dezcription of each of the ur.its comprising it is

the Mine Series. The Mine Se::-ies of No.1 orebody is fully o.l'osed in the

The area was intruded in the early Carboniferous ()!.cDougall and

pieri tic lavas &'1d pyroclas tic rocI;:s, possibly of C=brian aee. 'i:he

area, the Grassy Giver Fault, passes between the Grassy AdaT.ellite and the

which thermally metaT.orphosed the adjacent rocks to hornfels and developed

volcanic sequence is more extensive than the Grazsy Group and in man;;;

sY~rns in the calcareous units. The two intr~sions are very similar

petrologically ~nd are probably closely related. The ~ajor fault in the

Legeo,1965) by the Grassy Ad&T.ellite and also by the Bold Head AdaT.aD.ite

Overlying t~e Grassy Gro~p is a volc~nic se~uence of s9ilitic and

bottom of the sequence (refer stratigrophic st:ccessioll with l,lap 2).

However, elsewhere they are demonstrably unconformable.

of biotite, actinolite, olieoclase, c,agne':ite and quartz.

morphic assemblage of the volcanics is tremolite, spinel, forsterite,

places directly overlies the Sandstone-Siltstone Fo~~ation. Along ~~e

Bold Head Adamellite, trel~ing N!~1. Its horizontal dis~lace~ent is not

pieri tic conposition of the original lavas. The silica deficient meta-

Grassy Group. Variatiorul~;.Lthin the unit reflect the spili tic and
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1.4.2 Biotite Hornfels.

The Biotite Horm'els is divided into t170 pe.rts by 3 len3, the

upper part refeITed to locally as the Banded Eomfels. The rocks were

,
£+..

originally pelites and l7ere metamol.l'hosed to a toush, fine grdned ho:m-

fels consisting of predominantly biotite, actinolite, quartz, ilmenite

and magnetite. Th.e Biotite Horr.fels may be massive, schistose or com-

positionally banded VQth respect to the proportion of biotite.

1.4.3 BIens.

B lens consists chiefly of marble intersFersec1 In th pyroxene rich

bands locally refeITed to as "tliffite". In parts the marble has been

altered to andradite and grossularite skarns and is mineralized,

especially the andradite skarn, in the eastern section of the open cut.

However, nearly all the I:'ineralized parts have been mined out. The

marble consists of calcite, dolomite, hunite Idnerals, diopside and

magnetite.

1.4.4 Pyroxe'le Garnet Homfels.

The charaoteristic feature of this unit is the occurre'lce of

irregularly shaped and sized ovoids of predominantly calcite set in a

fine grained dark groundmass of clinopyroxene and grossula-~te with rr~nor

quartz and calcite. The ovoids, besides oontaining calcite, also consist

of quartz, actinolite, epidote, vt)suvin.nite, cordierite and sphene 3 and

are sUITounded by a rim of grossulari te and then olinopr.'Oxene. Ir. pal.-ts

the Pyroxene Garnet Hornfels is mineralized. Here the rock approaohes an

andradite skarn, the ovoids becoming less distinct.

1.4.5 C lens Oreoociy.

This is the main orobody and is divided into three parts.

(i) Top Orebody: The andradite skarn comp~ising tris pa!~ of the

orebody is massive, sheIn'll.' no sign of the origi·nal b adding. Its

grainsize varies from fine to COar:l8 and the main cO:lsti tuents are

andradite, clinopyroxene, hornblende, quartz, calcite, epidote, vesuvian-

ite, sphene, scheelite, magnetite and sulphides (mainly pyrite, chalco-



The change fran the andradite skarn to the unce~lying burrer.

pyrite and molybdenite). The average scheeJ..i to content is 0.5 - 1.0;.

The grode tends to be higher ill the coarser grained skarn.

(U) Marble Marker Bed: The Top &"\d Bottom Orebodies are separated

by a thin (about three meters thick) but persistent bed of marble. The

bed only di.sappears in the extreme east of the oreboc.y. It has the "arne

mineral assemblage as t.loe mbrble in BIens.

(iii) Bottom Orebody: This is an andradite ska-~ but, unlike the Top

Orebody, it is usually distinctly banded, reflecting the original tr~n

alternating beds of calcareous and pelitic rocks. The rock consists of

bands of coarse grained andradite, clinopyroxene, calcite and quartz

separated by bands of fine grained grossQlarite and clinopyroxene.

1.4.6 Banded Fcot~all Beds.

hornfels is transitional I'tith the Banded Foatrrall Beds being the tr-"ns­

ition zone. The base of the Bottom Orebody is set ~t the level ~n the

sequence at which the pell tic bands become dominant Over- the calcaxeous

bands in the original roc.<. This boundary, therefore, is not ver:r

distinct except where it can be delineated by the lir..it of netasomD.ti~

effects. Where mineralization ceases at the bese of the Bottcm OreboJy,

Ule Banded Fcot~~ll Beds consist of ve::J distinctive, almost monominer­

alie bands of calcite, melilite, grossularite, clinopyroxene and biotite

hornfels. In parts of the unit, DJldradi te skarn has formed ill the marble

bands. Here the rock grades into the BOttOCl Orebody. In Map 2, the unit

is shown to be especially extensive since it is defined on the presence

of grossulari te in the rock. The grossulal:'i te extends lower in the

sequence than does the distinct banding.

1.4.7 Biotite Actinolite Hornfels. (Biotite Pyroxene llo!'l1fels).

This uni.t is tel'llled the Biotite Pyroxene 'Hor!'J'els unit by Geopeko

Ltd. but, on eYBOination of several samples, the greenish bands in tGe

rock were found te be actinolite. For this reason, the n&~e has been

changed by the author. The a1 terr.o.ting bands of biotite ho!'l1fels and

5.
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'Ilctinolite hornfels are usunll:~: 2 to 10 :::un thick. Other cOllsti tuents

of the unit are quartz, iloe"ite mod. mino~' pyrite. The il.::leni te b

me.inly con<::entrated in the hioti te hornfels end occasionnlly foms

thin bands.itself. The unit is coopletely barren of schcelite as is

the Biotite Eornfels unit.

1.4.8 Older Volcanics.

The rocks of this ur~t were intruded into the Grassy Group at some

time before the emplacement of the Grassy Adamellite anc take the fonn

of a laccolith or lopolith. The metamorphic mineral assemblage of

tremolite, forsterite, phlogopite, spinel and magnetite indicate a

silica deficiency. Therefore, the intrusion was probably an ultrabasic

igneous rock before metamorphis:n.

1.4-.9 Quartzite.

The Quartzite unit is the contact met~orphosed part of the Sand­

stone-Siltstone Formation. It hp.s been brought into the region of No.1

orebody by faulting and is separated from the ot..~er units by No.3 fault.

The unit cor.sists of quartzite and hornfels with quartzite predominating

in the open cut. The mineral assc;nblage in the quartzite is quartz,

Duscovite and pyrite.

1.4-.10 Basic Dykes.

Two basic dykes up to mo meters wide cut the Mine Seri6s. They

Vlere intruded after meta'norphism and are probably related to the basic

dykes intruding the G-ressy Adanellite. The dykes are porphyri.tio wi.th

a groundmass of plagioc'..ase (andesine), hornblende and magnetite, and

phenoc~ysts of plagioclase and ho!'nblende. They are contaminated

slightly with calcite and quartz from the sl:arn and marble beds.

1.4.11 G-rassy Admaell ~ te Contact.

The contact of the intrusion is exposed in the open cut only in

the south west part (Hap 2). Towards the east the contact lies south

of the open cut. From diaoond dril} holes it was found to be moder2.te'..y

steeply dipping (about 1,50
). Em';e'ter, drill hole:; in the region of No.2

001018 6.
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orebody indicate that the contact levels off at depth as does tl-"at of

the Bold Head Ada:"Jelliteo

7.
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The Bold liead 1,dmJelli te is lccated three ki.lometers north of t:le

scrub J outcrop is very poor. The area mapped, therefore, vw.s restricted

8.

trending parts of the cor..ta.ct are both about fi ~le ki10-

Discussed further in Section 2.2.6•.

aureole. They TIere not fOUlld in the 30ld Head Adamellite.

number of basic dykes which intrude the Grassy Adamellite and its contact

con~ct out to sea.

si tuation erists with the Gress~l ..;daI!1el1ite as tr.e fau]_ t intersects its

has not yet been established owing to t..1-le lack of outcrop. A similar

The second and minor phase of intrusion is the injection of a

of the Bold liead Adamellite appears to coincide "~th tte Grassy River

the intrusion was studied from drill ceres alone. The westen1 boundary

dimensions of about 1 x 1.5 kilometers. As outcrop is aL"ost non-existent,

The first and major phase of intrusion in the south-east regio~ of

extends out to sea leaving a roug~~y triangular land exposure (Fig.2).

0010~1

relations~ip between the Grassy River Fault and the Bold Head ;_darnallite

undulating topography of the area and its coverage of moderately dense

section across the intrusion.

meters long and the diameter, as measured along the coast, is e>Jout seven

to the coastal parts where outcrop was very good. This gave a couplete

landmark of Bold Head. It is a comparatively small int:rosion wit..1-l

Fault which passes between the Bold Head and Grassy Adamellites. The

Grassy Adnmelli te and is actually four kilOlJcters north-west of the coastal

Adamellites. The largest of these is the Grassy Adamellite*. Part of it

E-W contact' coming to wi thin 200-300 meters of it. Due to the gently

kilometers. The intrusion lies just south of the township of Grassy, the

King Island resulted in the emplacement of the Grassy and Bold rr",ad

The N-S and

• Referred to in previous literature as the Grassy ,Granodiorite.

2.1 Ii·fl'1l0DUGTIO:'!.



The Grassy Ad2.r.telli te is ~ disti!lctl:f porph~/::y-tic :rock cO~1taicing

the deep reddish brown colour of the biotite, indicates a hi&~ tit~~i~~

variation thrOil[hout the intr..lsion J the only chn..'1ges being the discon-

Pla.te 1.

2.2.1 Fetrogr~ub1.

Samples 100, 115, 142, 155.

is sametiffies associa.ted with partly 0.1terec bioti tcs and tillS J alo~f) \',"5_ th

10-1 ~b orthoclase i,J:tenocrysts in a '"l9r'J CO:lrse gruir~ed. groundl:~a~5. ':2he

the groundmass shows no exsolution textures. Norn~al oscillatory zoning

phenocI"Jstn are rectcngular, up to 6 I'lJll long ar,J shm- well developed

carlsbad twi~~r.g in hand specimen. There is rem;~kably little

tinuous banding (discussed in the next section), nmall regions of finer

001022 9.

plagioclase (3~:'), orthcclase (27,%), ~uartz (2~:),

biotite (15;0, hOl..,-,blende (J,;;-::), m;>.gnetite (25;), c!1lori te (2;;),

sphene (1%), epidote (tr), apatite (tr), zircon (tr).

grained, darker ecnmellite, and conta~t variations.

In thin section the adamellite (100 and 115) consists of the

up to 30 distinct zones. The maximum compositional variation in the

The orthoclas~ phenocrysts are perth~tic e~d poikilitic, contai~ng

smaller grains of predo~inantlyplagioclase end biotite. Orthocl~se in

content. Most of the sphene, however, occu:,s as euheclral double rledges

plagioclase through the intrusion is An 24 to An 38 wpile the ~verage

variation due to zoning is An 27 to p.n 33. The feldspars are usually

partly sericitized, the phenocrysts to a lesser extent than the grounamass.

Biotite oocurs as large well fon,cd grains, often partly altered

follo,nng minerals, lis ted vii th their average modal proportions

along the cleavage planes to iron-rich chlorite and minor epidote. Ephene

is ver-J well de,·eloped in the plagioclase with some Grains c8:1bining

with inclc:sions or in t!'le vicinity of apatite and zircon. The hornblende

is ur..altered anil has a Ug/l'!I;+Fe ratio of 0.45.

CS'f .," ,._'- rT.~2.2 GR!·.w ... ,h.,..LI/:,..: ........ '-".L.aJ..J•.:.;I ..



!iaw£ver, smaller grains increase to a ~igirl.:ficar..t proportion in p:::.rts

and the average grainsize of the gro~~dmass is reduced to about 0.5mm.

meters tride and may conzist of ar.e or several straight bands or !l. mOl'e

In extrene cases, sieve te;ctures

Plate 2.

001023 10.

The bands have no selective grain orientation nnd represent pur~ly

the G-rassy Aci.amelli teo 'l'he cver~ge t;ruinsize of the groundrr,ass is 2-30l'!l.

po=phyry dykes (discussed in a later section). The orthoclase phenocrJsts

A porphyritic hypidiomolphic, ine~uig~nular te;~ure is typical of

Throughout the intrusion there is discontinuous and seemingly

that it was a late stage variant. 'l'hese dykes ere cut by the quart?

Biotite rich (upto 3~;) adamellite bands are most comroan and these

giving the rock a characteristicallJ' stronger grey colou: (142 a~j 155).

are developed in the orthoclase (142). The proportion of incJ usions

Dykes of this rock occa3ionally int~de the nor.nal adamellite indicating

may be associated ,~th bands low in mafic minerals end bands containing

bands have no orthoclase phenocrysts. Possibly rel~ted to the banding nre

decreases as the groundmass becomes coarser.

complex system as shovm. in Plate .;' c

smaller grains near their r.~rgins.

in tha finer grained adamellite usually pl!.!'tially or completely enclose

and surrounded by a rim of' biotite rich rock. l'hese occur at 561600N

pods up to two meters across contairing about 50% ol'thoclase phe.~ocrysts

In these parts grains of nor.nal groundm~ss size becoCle the phenocrysts

randomly ol"iented bandin€;. It may be up to 20 meters lone and several

nonnnl ndamellite except in the proportions of biotite nnd orthoclase

phenocrysts. Edwards et al (1955) described these band~ as "the remnants

2185QOE (Rofer map).

up to 50% orthoclase phenocrysts. 30th the biotite rich and biotite poor

2.2.2 Bonding.

Sa.':lj)les 106, 122, 128.

mOdal composi tionn.l variations. In thin section thAy are the same as the



zircon tr.

during emplacement.

The hornblende is similar to that in the ad~ellite, as shown by

PIa.-te .3 a.

2.2.3 Xenoliths.

crystals enclosed in ql.lartz.

The hieh ti tonitun content of the xenoliths is reflected in the

considerable amount of sphene (55';) I7h,;,ch occurs as well fonned double

the porphyroblasts often incorporate smaller grains near their margins.

irregular and tloikoloblastic. Porphyroblasts of orthoclase 311d plagioclase

occur in most xenoliths, forming <10% of the rock, and in some, very

irregular quartz porphJ.~blasts are present. ~he feldspars are usually

heavily sericitized. Like the orthoclase of the finer grained ad&ffiellite,

the Mg!rig+Fe ratio of 0.42. Biotite is partly altered to chlorite. The

001024

essentially the Se1Je as that of the adamellite, but the proportions are

stage of crjstallization by gr-~n settling in the magma and processes

grades into the adamellite. In thin section the r.li.neral assemblese is

of b~nds does not support this. They [<ppcar to ha~e been fOrEea. in an ~srly

similar to sedimentation, and ha~e subsequently been broken up to some

alignment wi thin them indicetes that they are not flon structure", fomed

throughout the Gressy Ad amelli teo They are slightly rounded but their

Dark xenoliths ~nging in size from 5~m to 2 meters c1ir~eter occur

extent. ~he ir2.~egu1a.r orientation of the bands e:1d the lack of' groin

different. They are hornblende 15%, orthoclase 30;;, plagioclase 15~;,

Samples 114, 143, 169.

margins are usually quite distinct, e.lthough occasiono.lly the xenolith

of Inrge bodies of I',ell-beaded eedi.rr:ents ~5similated b~' the sranodicrite".

Howe~er, the corr:plex strJcture of sone of thc bands systems (Prate 1 c)

their high le.."!gth/width ratio, and the essociation of the different ty;'es

wedges or small ne9dles. Apatite most co~"only occurs as small idioblasti0

feldspars are not as nell formed as in the ada,nelli te, the grons baing

biotite 10;;, quertz 1~~, magnetite 4%, chlorite 5%, sphene 5%, apetite tr.,
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The composition and grain size of the plagioclase is the same as

that in the adS,CleUi teo However, it is partially altered to clinozoisite

as ~oll as s6ricit~. The ffiain difference lies in the assemblage cevelo,ed

be~"eon the feldspar grains. It consists of actinolite, calcite, qu~tz,

sphene and minor magneti te and Bpatiteo The modal proportions of the

ninerals in the contact zone are plagioclase 65%, actinolite 15%, calcite

1~, CJ.uarlz 5;:, sphene l;1;, apatite trace, magnetite trace. ~'he actinolite

OCCu~3 both as prismatic gr~ins up to 2mm long and also as s~al1 needles

Y!here the roe1:s adjacent to tho intrusion are pelitic, the

adaselli te remains almost unllffected composi tiono.lly right up to the

contact. However, where calcareous rocks are in cont!l.ct wi tll the adamellite

II contact zone rich in calcium is deVeloped wi thin the intr.lsion. The

averaGe "idth is about 10 meters. This .type of zone has been described

by Korzb~nskii (1955) as an endoskam.

In thin section, it differs from the nomal ada.rr.ellite in that

plagioclase is the only feldspar developed vel" near the contact (304).

However, orthoclase occurs farther from the contact, still in the contact

zone (307) and increases in propo~cion as the rock grades into the normal

adamelli teo

\
Plato 3 b, c.

The texture and grainsi ~e ir.. generG.l is very similar to th-;.:.t of

the finer grained ~.da';1elliteo It 3ho\7S 1lr, extrer.'ely variable grainsize

~th poiY~loblastie textures ve~J co~monly developed and appears to be

appro~ching a granitic texture due to the hi&~ ~egree of recrystallization.

From their mineralogy the xenoliths ap~ear to tave originally be~~

a basic rock. The abundance of basic volcanics in the eree of intru:lion

of the Grassy Adamellite implies they ere most likely the source of the

~~~oliths. The distribution of the xenolitr~ throuGh the intrusion is

a result of their detacb~ent from the roof of the ma~a eha"ber and

5ubseCJ.uent sinking into the magma.

2.2.4 Contact Zone.

S~les 184, 185, 304, 307.
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and wedges included in the calcite and quartz. Sphene is more abur&ant

than in the nomal ~d~~cllite, so~e occurrinG as inclusions in the

plagioclase, but nast is in cssoci~tion with the calciQ~ ricn ir.ter­

stiti~ ass~~blage. Thz apatite is associated ~ith the sphene. Calcite

is in a ve!:)' irregular xenoI!lorphic fo=, bei"G controlled entirely by

the for.n of the other minerals. In parts it f'oms intergrowths with the

nctinolite. Fractures in the rock ar~ often filled ~~th calcite. Quartz

has a more distinct grain fo= and is less abundant in the contact zone

than in the nor:nal adar-wlli teo

From the assemblage be~7een the feldspar grains, it is obvious

tr.at there has been an influx of calcium from the adjacent calcareous

rocks. As ~~ere are no xenoliths in B,e contact zone and the contact

itself is sharp, the addition of cclciu.'Il would have occUZ'rec. by mean1' of

diffusion rather than by assimilation. The increase in calcium caused

the develope.lent of actinolite instead of the biotite and hornblende of

the unt.ffected ada,nelli teo As the composition of the plagioclase Vias

unchanged by the influx of c~cilli~, it must have already crystaJ.lized,

along with some sphene, at the time of the emplacement of the ademelli teo

From the proportion of feldspar in the rock, about 65% by volume

of the maQlla vlould have crystallized at this stage. That the magma was

~laced in a well cFystallized state is supported by the fracturing of

the feldspars in the contact zone. This, h~ever, may only apply to the

~rginal zones of the intrusion Vlhich cooled quicker ~,an the rest of

the magma.

Since calci= has diffused into the magma then some co,nponents !C,ay

have diffused outwards into the country rocks. The lo~er proportion of

quartz relative to the unaffected adamellite indicates that 8i0
2

wo.s one

of these cO;"ponents. .Usc, the lac~< of b::'otite ami hornblendo indicates

thnt potassium, and possibly al=iniurn, has also been lost from 'el1e

intrusion. 1'he titanium in these mafic minerals of the ademellite h::s

gone into the sphene.
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contact zones of granitic intrusion.:3. In both these CD.5e3, the im'la~"'t.1

diffusion of Gn hQS ~~d a much greater effect C~ the magna than it has

on the Grassy Adamelli teo The~' observed zones of diopside-garnet, garnet

~u. then pure salite approachi.ng the cor.tc.ct from wi tb..in the [;r~nitc.

The lack of these minerals in the contact zone of the Grassy Adar.-.ellite

is probably due to the higher water pressClre in the magm:l as indicated

by the development of actinolite instead of a pyroxene. The limited

textural change is 11 result of the extent of crystallization of the mat-ma

at the time of the compl&aentary diffusion.

Some diffusion of e15nents across the contact of the udemellit~

adjacent to pelitic rocks has occurred, but not to the same extent as "hen

near calcareous rocks. Glos e to the contact VIi th pelitic rocks there is a

slight decrease in biotite and homblende indicating 11 slaall degree of

outward diffusion of Fe =0. K. The inward diffusion fro"1 the countz:,'

rocks into the intrusion probably consisted of mainly;"1. The main

changes that occur in the adroaellite on.epproaching the contect a~e

texturnl variations (184 and 185). Grains of norroDJ. ground:nass size hmre

become separ('.ted by sm('.ller grains of predouinantly quartz and potash

feldspar in the form of microcline. The ablL~dance of these smaller grains

is due to the injection of late stage liquidS into the earlier mass of

crystals as in the finer grained, greyer coloured adamellite described

previously. These liquids crystallized in the intrusion becl1use of their

inability to escape through the impermeable biotite hornfels.

2.2.5 Anlitic and Quartz Porohyry Dykes.

Samples 101, 125, 175. Plate 3 d, e.

Aplitic e.nd quartz porphyry uykes and numerous veins are distributed

throUgh the Grassy Adamellite and ri1J1ge frem 5= to 5 meters in thiclmess.

They were formed by late stage liquids infilling ,the first set of cooling

rrectures of the main intrusion.

III thin sectio!1 the rnoaal proportions cf' ninerals in the apli tic



1mm in diameter. The texture is gro.nular v:ith grains often interlocEing

with nomative mi'leralogies, and of the contact zone, are shoml in Table 1.

15.001028

The average grain size is 0.3 to 0.5r:L'1 but it is considerably larger

that of the Grassy Adanelli teo

granodio~lte. As the composition of the intltlsion, determined from the

(adamellite) and therefore, Edwards et a1 described it as a contac~p~ted

2.2.6 Geochernistt,y.

results· the rock was classified by Edwards et al as a granodiorite, but

have dcveloped.

l!1ld phenocryst margins very crenulated. In parts, granophyric textures

intr~sion (excepting the contact zone) as indicated by its mineralogy.

et al (1955) and the composition of an average adamellite from N0ckolds

(1954). The analyses by the author shoYf the chcmicll hOElogeneiJ;y of the

dykes (125 and 1(5) are quartz 50;;, pctasll feldspar (orthoclase :;or.d

cline) 357;, plagioclase 1«(, bicti te (mostly chlori tized) ~; and ",aGne~ite

in sOr.le dykes (125). In the quartz pOrph;Y-l:" (101) the ground",ass is

~'1,.,.

Chemical analyses by X.R.t'. of saITples of the G-rassy Ado.me1lite,

lIL-:rilar to this and the rock contains 5>: to 15;' querb phenocrys ts about

(a) Major Elements •.

it vtas stated that in some respects it resembles a quartz monzonite

an average adaneLlite in e.ll respects, sh01rlng some trends towards a

Nockolds quotes for the averat\e grenoCiiori te is 0.42, a figure well below

author's analyses, compares well with that of the average ada.'Ilel1i te of

However, the analysis by Edwards et 0.1 is sigp~ficantly different,

These are compared with an analysis of the Grensy Adamellit~ fro~ Edwa~ds

Nockolds, it has been described as such. nor/ever, the intrusion is not

granodioritic cOr.lpositlon. The average K20~{a20 + CaO ratio is 0.67

17hereaz the value for !!ockolds' average adaroelli te is 0.79. The ratio
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CH1.7'TCAL ,\l'!d;[S~,S 0' G:<.;SSY i'D::~'l'Z.

.lll.Q 181 ill ~ A £! 22.!t

Si02 67.55 69.15 69.59 68.13 , 66.1,1) 69.15 63. 06 180 )
! )

I fU.20
3

14.91 15.00 14.29 15.03 16.35 14.53 11.31 181 ) Normal Grassy Adamellite

~Fe20
3 ~

0.98 1.22 4.80 183
~ 2.88 2.59 2.89 3.33-- FeO 2.1jB 2.27 182 Finer grained, greyer ada~ellite

CaO 2.77 2.65 2.36 2.82 3-37 2.::'5 10.28 ~n Gr~ssy Adamellite

Na20 3.27 3.39 3.41 3,16 4.31 3.35 2.51f.

'. K20 4.09 3.65 4.22 3.90 2.78 1,.58 Nil 304 Conta.ct zone near calcareous rocy..s

MgO 1.40 1.37 1.26 1.4.2 1.1;-5 0.,9 2.65 Analyst P.I!.

no 0.49 0.49 0.44- 0.51 Oc24 0.56 0.622

1:11".0 0.03 0.05 0.03 0.07 0.24 0.06 0.26

P205 0.19 0.18 0.18 0.20 0.14 0.20 0.28 A Grossy Ada.:nelli te fro'" Edwards

L.O.!. 0.73 0.96 0.59 0.73 1.13'~ 0.54- 4.73 et a1 (1955)--- ---- --
Total 98.31 99.48 99.26 99.30 HX).03 100.00 iOO.53 B Average adamellite frcm Nockolds

-- -- -- --
K20 0.68 0.60 0.73 0.65 0.36 0.79 (1954)
Ha2O+GaO

L.O.I.= loss on ignition

" 1.13% L.O.I.= 0.96;; f,20'" + 0.17% H2O-

• C. I. ~.~,·t. I':O:i::.f:: TIVt: HI ?Err:./~LOG-Y•

Qz 25.0 27.8 26.1. 26.2 24.8

Or 24.5 21.7 25.2 23.2 27.2

'eb 28.2 28.8 29.1 26.9 28.2
\

An 12.8 12.0 10.6 12.8 11.1

Go 0.5 1.1 0.2 1.0 Nil

llyp 5.5 4.9 5.2 6.3 4.7

Jo,It 1.5 , 1.5 1.5 1.5 1.9
/'

II 1.0 0.9 0.8 1.0 1. 'I

I
,;p 0.5 0.4· 0.4- 0.5 0.5

7otJ.l "0 c
99.~ 95.4· 99.4 99.5"" .... "

I



Rb e.l'ld Sr determinations were made only on t..I-Jose sample~ suojectcd

Li terature values for the abundance of Sr in granitic rocks vary cor.zidex-

Ifith those of the e.damcllite, ir..dic.:;..tes mor's clearly than the mir..er~loN"

1G.001030

The analysis of the s1LClplc f:;,oCl the contac"!; zone, "hen cOr.1pareM.

content of Ca for which Sr substi tutes. Howcver, high values of Sr in

Tur~<j.an and Kulp (1956) give the.Sr content of Ca-poor granitic reeks.

ably. Vlasov (1964) lists the Sr content as 332 ppm vrith ~Sr as 25 pp~.

adanellite seelOS to be slightly hiGher than average, considerir.g its

""The average Sr cont,mt of the Grassy Adamellite is 490 ppm.

proportion of biotite (10-15~ of the rock) in TIhich ~b can substitute

ratios lie in the lower part. This is due to the relatively r~gh modal

results are internally consistent.

as 170 ppm r,~th the standard deviation, uP.b, as 83 ppm and. the Ilvert'.ge

The abundances of Rb, Sr, ~ ~nd Sn were deteIr~ncd in va!~cus

The average Rb content is 220 ppm ar:d 'o'le 2-vernge K/Rb r~t:!.c is

(b) Trace Elements.

and K/Rb ratios. As expected from the homogeneity of the intrusion the

to major element analysis. The results are sho\ID in Table 2 ri th RbjS:;,

Rubidiwn anc StrontiUfil;

5~les of the G~assy Ademellite and associated rocks.

Fe and Hg appears to have been introduced as well and minor Ifa rEmoved.

of Ca and the removal of Si, K and Al indicated by the mineralogy, so~e

the movement of ~lemcnts.,-across the contact. Besid es tile introduction

Other values vary from eo to 200 ppm. Overall, th5 Sr content of the

for K.

K/Rb ratio as 240 "ith a K/Rb as 88. ,,'he Rb content of the Grassy

Adamellite, therefore, lies in the r~gher part of the range and the K/ab

150. Horstman (1957) gives the ~verae;e value for Rb in granitic roc:,s

,. granitic rocks are not rare, concentrntions up to 2000 ppm having been

recorded in the literature. The relatively high Sr cO:1tent of the

adamellite is responsible for t::e 1071 Rb/s::- mtio co;;:pa::-ed \7i 'eh other

grar~tic rocks.



Rb AND Sr (pDm) III G-MSSY ADA.i:ELLITE.

TABLE 2.
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227

511

0.44­

143

229

449

0.51

153

Analyst p.r;. (X.R.P.)

212

475

0.45

143

181

212

522

0.41

160

Rll

Sr

Rb/Sr

K/Rb
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Tungsten and Tin:

'Vi and Sn de'terr,'!inations 'N8rc mnde on sa~les c~ the adar.:F.J.lite,

contact zone, xenoliths, quartz porphyry and a~lite dykes &On also on

sphene fructions from the ada~ellite and xenoliths. A full list of the

results is given in Appendix 3 and the ranges and average values for tLe

various rock types are shOlm in Table 3.

Since the lo~er level of detection of ~ by X.R.? analysis is

about 20 ppo, the values of 0-10 ppm ootained could be subject to

significant errors. These have been reduced slightly by [lald.ng core then

one analysis of the same rock type. There appears very little variation

between the different rock types. However, the contact zone near t.':1e

calcareous rocks is slightly higher in Vi than elsewhere in the intrusion.

The co~tact zone near the pelitic rocks contair.s the same ccncentr~tion

of TI as the nOr8al ada~ellite.

In relation to the world abundance of' "\7 in gra.."1itic rocks, the

Grussy Adu.'Owllite is higher than average. Kraus~:opf (1970) lists vclues

?ihich vary from 1.3 to 3.7 ppm, the average being 1.5 - 2.0 ppm. However,

granitic rocks associated with ~reo.s of mineralization h~ve higher contents

of \"1. ~effery (1959) gives values of 2.6 - 1.2 ppm from Uganda, 1"I!ule

Ivanova (1969) gives values up to 7100 ppm fro~ eastern Transbaikalia.

The slightly anoQalous .....alues of VI in the Grass,)' ,\.dnrnellite indicate t;lc,t

it could have once contained signific~t ~, but if so, the envlronnent was

unsuitable for m~neralization vdthin the int~lsion in contrast to the

situation in eastern Transbaikalia.
\

The results for Sn were also obtained by X.J.• F. analysis. AlthouGh

the lov,er level of detection is 2 ppm, the accuracy of the results, found

by analyses of rock standards, is not as high as would be expected, the

values tending to be slightly high. As for Vi, the Sn values show li~tle

var..i.a.tion between the various rock types except for :31ient1y hiGher

concentratic'ls in the contact zone near the c[clcareous rocks. The averege

value of 5 ppn for the adame2.1i te compares \'lith the averaGe abur:.dar_c8 cf ~n

in granitic roc;:s, ransing fro", ~ - 15 ppm c_'1d averacing about q- PI'''''



.~alyst P.~. (X.R.F.)

)
~ near Mine Series

g'lrEr3 FR.~CTIONS

ROCK TYPE TCr Sn,.

1 134 118

152 176

2 136 178

4 92 146

68 138

Contact zone - near calcsreous rocks

ApH to dyl:os cutting No.1 orobocy.

Contact zone - Investigator 6 area•

Contact zone - nea1 biotite hornfels

Xenoliths

Quartz porphry dykes

P.GCl' TYPE
W ful

IU~NG:': AVF;RJ;f.E R.tJ.,r~E AThP.i~~~

1 0-9 5 3-7 5

2 5-10 7 9-15 11

3 2-5 4 4-5 5

4 5-7 6 5-10 7

5 3-5 4 3-4 4
,

3-6 4 5-7 60

7 1-4 2 4-5 5

2
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3

4

5

6

7

1 Adame1li te



adcnelli teo This is due to the introduction of these 'elenmts into the

18.001034

Sphene rras O:lC of the ei:.rly forraed minern~s in the maU7l3.

the hornblende lat'cice to the loss of argon th~n that of the bioH te

lattice. HoY/ever, both cates agree to wi thin tbe 8zti!!lo.tGd error of ± 5 rc:.y.

obtained were 376 rn.y. for the hornblende and 374- m.y. 1'01' the biotite.

contact zone near the calcareous roCks is due to the higher proportion of

of feldspar c.nd quartz. The slight1;l' hicher concentrations of \l in the

extent in the biotite ana hornblende anu does not enter into the stl~ctccr~

2.2.7 ~~ic Ace Determinations.

Since sphene fonJs less than q~ of the adamellite, ano~alous v~lues

sphene in this region.

in un~neralized granites. ~he intru~ion, therefore, never contained

The average value for W of 141 ppm in the sphene from the ad~~ellite

in the sphenes.

The rest.:.lts of the analyses of the s!lhe~cs v;cre much n~rc ii":.f"Or'iilQ,~ive

and Ealanova (1768) and 16 ppm from Ivanova and Butuzova (1968) in ~~in-

eralized granites. Therefore, the Grassy Adamellite has, at some stage,

has the ability to concentrate many rare ele~cnts. ~4+ anc ~nl~~ can sub­

stitute for Ti4" in the sphene. Therefo::-e, if any siGnificant conco:m-

is very high 7,hen compared to the mea.'1. vc.lues of 20 ppm frO!l1 Lyakhovich

contained a significant ll."Ilount of Vi. The avel'age Sn content of t~.e sphene

trations of ~.; and Sn existed in the r.lo.grna oriE;inc:.lly, i t ~li.ll be revealed

404 1'1'''' fron Lyolr.hovich and Balanova and 370 1'1'''' from Ivanova ;md Butnzova

of Yi ere not shmm in the rock as a whole. Vi is concentrated to e. sU'.all

fro", the adanelli te is 157 ppm. T!'is is well helow the mean values of'

showed concentrations of V a.'1.d Sn slightly lower thrill that in the

The slightly olCer hornblende date could be due to the ea::-lier closure of

A hornblend~ and a biotite fraction fI~~ sample 183 of the Grassy

Adanellite were dated using the A,J-,0/Ar39 method (Green 1973). The values

si6P~ficant proportions of Sn. The sphene extracted from the xe~ol~th

berren xenoliths froI!l the Oe.gmll er~closing them.



ranges flum An 21 to 1m 24.

~~d biotite were the same. In the samples of the Bold Head Adaoe1lite

Features such as banding and regions of finer grained adamellite

Plate .3 f.

been Imicr th[~n in thQ.,t of the Gre.~sy Ac.~.Inellitc. Le..rce describes anrlr,,\(]ite-

\'later pressure in the contact regions of the Bold He~d ;,damelli te must have

calcereous rocks (endoskarn) by the occurrence of salite. Therefore, the

re?resent the s~all basic xenoliths that also occur in the Grassy Adamellite.
(

The contact zane of the Bold E"ad Ada.~eilite has been described by

LalOGe (1969 and 1971). It differs from that of the Grassy Adamellite ncar

small clusters of hornblende and biotite were found (361) and these

were not observed, probably due to the limited access to samples. H~,ever,

of the unzoned grains is .~ 28 with little vari~tion end the zoned grair~

the Gl'assy .I..danellite and also .i twas slig.lo.tly more sodic. The composition

stUdied, the plagioclase was not zoned to quite the same degree as ti~t in

specirr.en ar,d thin section both intrusions are very similar mineralogically

drill core in order to CO'"'1'[>'l'e them ',Ii th the Grassy i.dnmelli teo In hand

001035 19.

to lose part of their argon in any subsequent tectonic event the dates

McDougall nnd [,cggo (1965) c1'.ted the Gro.ssy Adamelli to and o.ssociatc,,"

Several samples of the Bold Head Adamellite were collected frow

recorded in this thesis are probably more accurate than those given by

and texturally. ~lso, the type and extent of alteration of the feldspars

intrusion is 345 ± 5 m.y. On the basis of the age of the D8VOni~~ -

BOLD E::&AD :~D1J:ELLITE.

In vie~ of the kno~m ability of biotites, and to some extent hornblcndes,

Samples 191, 194, 195.

McDougall and Leggo.

oses given above indicate the intrusion was emplaced in the lc.te DcvoniQn.

aplitic c.ykes by the KIAr filethod and obtained ages ra.!'lging from 342 ;;;.y. "co

Carboniferous boundary of 360 1'1.;". used by !lcDou[;c.ll and Leggo, they placecl

the Grassy ,\da'nelli te in the early Carboniferous. HOrlever, the "1'40/J.139

349 o.y. Therefore, they concluded tr~t the age of the e~placement of D:e
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ss.li te asse;:,!blages az pa.rts of the contact zone enc1os1.:a.m. HOi'I'ever, his

t::.ain criterion for pIE-cinE; these aSDE:iiJblagcs in the en1oske.rn r3.t:-~er th[.....'1.

thc exoskarn, naI7lely the occurrence of sphene suppose:lly derived from the

ini tial adamellite, seems dot:btful since sphene is a co:nmon cons titue".~

ot skarns.

Major- eleme."1t analyses were rnac.e on three sa:-!ples of the 30ld Reud

Ad",,, elli'.; e. These are shovm in Table 4, along with their nOr.l1ative

oineralogy, and are compared ~~th an analysis from Large (1969) and the

average of the author'z analyses of the Grassy Adamellite. Also sho~~ is

Large's analysis of the endoskarn from the Bold ne~d Ad~~ellite compared

wi th that from the Grassy Ldarnelli teo The analyses of the eda.r.;elli te

show little vnri~tion apart ~rom the lou CaO, Na20 ~nd Fe20
3

+ FeD in

Large's anelY3i~ givinG the high.K20/Na20 + C~O ratio of 0.94. The low

total from this analysis indioates trot the percentages of theoe elements

given, especially CaO, ere probably in error. On the basis of chemical

COI:lposition, the Bold Head Adamellite is al:nos t identi cal to the Grassy

.AdC,.Qellite.

Comparison of the altered contact zones of both intrusions, ho-;,ever,
;

shows significant differences, the mcin one being ill the proportions of

A1203• Large's analysis shows A120
3

as higher than the unaltered ada~el1ite

whereas the author's analysis shows it to be less, 'therefore irJpl:r.i.ng

different movements of Al across the contacts. The inward or outward

diffusion of Al probably depends on thc rock t:Yl'e in contact ri th the

intrusion (Section 2.2.4). Other smaller differences b etl'ieE'n the tuo contact

zoncs are lovier proportions of Si02 , flo. 0 and CaC0
3

(indicate,,- by the low
I 2

ignition loss) in the Bold Head Adamellite.

The truce elewents Rb, Sr, W and Sn were detennined in the three

saoples subjected to major elament analysis. The results ere shol'm in

Table 5. They arc, as expected, ver,,' similar to those of the Grassy

Ado.iTIcllite t?nn therefore t~~ same conclusions C2.n be dra\'m from them.

A biotite fr~ction from sample 195 was dated using the Ar40/Ar39
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191 194- 122 !::. q B ~

Si02
69.02 68.07 68.53 68.04- 68.61 59.48 63.06 19'1 )

~
Bold Head Adamellite

ll203 14-.20 14.05 13.76 14.65 14.81 20.22 11.31 194
P.nalyst P.li.

Fc20
3

) ),
3.11 3.0? 3.11 2.53 2.92 4.10 4-.80 195 )I

FeD )

CaO 2.31 2.67 2.4-0 1.26 2.65 8.62 10.28 .P- Bold Head Adamellite

1'a2O 3.4-5 3.47 3.13 2.87 3.31 1.04- 2.54- fron Large (1969)

• K20 3.82 3.81 4.18 3.88 3.97 0.37 Nil

EgO 1.34- 1.31 1.4-1 1.58 1.36 1.86 2.65 GA Averoge of analyses of

Ti02 0.43 0.4-6 0.4-5 0.56 0.48 0.58 0.62 Grossy Adaoellite.

UnO 0.04- 0.04- 0.03 0.03 0.04- 0.15 0.26

P205 0.20 0.20 0.19 0.12 0.19 0,04 0.28 B Contact zone of Bold Head

L.O.I. 1.11 1.23 0.94 1.14 0.75 0,24- 4.73 Ada.rnelli te from Large (1969)

-'- -- 304- Contact zonc of Grassy
Total 99.03 98.37 98.13 96.66 99.09 96.70 100.57

Adamellite near calcareous

K20 0.66 0.63 0.76 0.94- 0.67 rocks.
Na2O-:.CaO

L.O.I. = loss on ignition•• ~P.T':. 1iORNATIn MINERALOGY.

Qz 27.2 25.9 27.1 26.3

Or 22.8 22.9 25.2 23.7

J.b 29.4 29.9 27.0 28.3

1--YJ. 10.2 11.7 10.9 12.0

Co 0.7 Nil 0.2 0.7

Eyp 6.8 5.7 6.0 5.5

n 1.5 1.5 1.5 1.5

II 0.8 0.9 0.9 0.9

A? 0.5 0.5 0.5 0.5

Tc-:~ 99.9 99.0 99.3 99.4-
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T P. B .L E .2

1.21. .:i.2.!t: 122

Rb 243 220 224-

Sr 497 519 501

Rb/Sr 0.49 0.42 0.45

K/?:o 130 144- 155

'if 6 3 2

Sn 5 4- 5

VI in sphene 170 n.d. 158 /

Sn in sphe:v) 164- n.d. 154

n.d. = not dete~ined.

Analyst P.o. (X.R.F.)
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rnethou (G:'cen 1973). 'I'he "-be of 368 ± 5 m.y. obtained agrees wit;' tloc aEes

deterrainee. for the Grassy l..da,r;lCllite within the estir.1uted c).""!'or limits.

From 0.11 the espects of the G:-as,,"' and 301<1 He,,,, ;'-,Ja~;ellites consider-

ed it is cleer that they are closely related ~nd p:-cbebly originated fro~

the S"J:lC source.

I
I

f
t

r
I

f,
.1

•

As there is no outcrop in the areas where the Grassy River Fault

meets the Grassy "nd Bold He~.d :~damellii;es, t;,e relationship bet"leen fe-ult

end intrusives must be inferred from strclcruro.1 eleJ:ients -:Ii thin ghe Grassy

Ad~"ellite. The Grassy River Fault strikes 340
0

magnetic and extends about

five kilometers on land. Its· extent out to se" is unknown.

In the Grc.ssy Ademellite the quartz porphyry dykes c.!1d veins,

intruded along the first formed cooling fractures in the intrusion, were

divided into groups, a.long the section ma.pped, based on outcr'op patter~ls.

'rhe poles of these in each group ,Iere plotted on se:>~rate equal area

stercoGrap~ic nets and contou~ed. These are shorm on Mep 1. The most

northerly group, which is closest to the fault, shows a distinct great

circ13 distribution parallel to the fault ~~d dipping about 500 E (Fig.3).

For the group to the south of this a si~ilarJ out less distinct, pattern

is shown, but the great circle has been rotated 20" - 30
0

(Fig.4). ~he

... grou~s further south show essentially no trends.

Plots of the urrr'illed joints in the intrusion sho~ no significant

patterns. The Danair~ throughout the Grassy Adamellite, when plotted on

an e~ucl area net showed an interesting distribution along a great circle

par0.11el to the fault, but dipping about 400 W (Fig.S).

The above features suggest the Grassy River Fault wa5 in existence

and active durins and probably before the etnplacen:ent of the Grassy and

Bold Head Ad~~ellites. Therefore, the 301d Head Adamellite is probably

a small offsheot froe the GTassy Adaroellite intruded along a zone of weakness

associated with the fault.
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67 re:l:lings

Contours l{0 J

:5'ig. 3. Plot of the poles of the aplite and c:uartz
pOl1lhyry ,1ykes and veinG, group 1.



rOl011

Contours 4;:, 6~" 8;:'

Pig. 4. Plot of the poles of the ~plite and qunrtz pO~Jhyry

dykez a~d veins, group 2.

,lC

I
f
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45 rea::ings.

Fig. 5. Plot of the poles of ~ho banoing in the adamellite.
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.An interesting feature of the Grassy 3.nd Bold J:lcac Ade!lwlli tcs i;3

the difference between ther.! nagnetico.J.ly as revealed by an .:oero",atSnetic

survey. The pattern over the Bold iiead Adc.aelli te is reGular shodng a

s teaOY increase in intensity to·~7c.rds the centre of the intrusion. The

Grassy hda~ellite however, sho~s a much more v~riable pattern, being

magnetically very "noisy". In the section of the ir.trusio~ studied th~

magnetic highs and 10Vis do not correlate with any petrologicwJ. variation

or the basic dykes. The basic xenoliths could be the cause of the magnetic

irregularities but they appear too small und too unifo~ly districuted to

cause thcll. This problem is discussed further in the next section.

2.6.1 Generation.

Normative Ab + Or + Qz makes up 76 - 81~; of the Grassy am :Sold

Head Ademellites and a plot of the Ar - Ab - Qz ratios arc sho~ in Pig.5.

Also shown are the ternary minima o.t 2, ), 5 and 10 kb PM 0 (after Luth,
·-2

Jahns and Tuttle 1964). The plots shou little variation ~~d the plotteu

points lie close to the minimum at 2 kb PH
2
0'

"Ihich generated the magma occurred at a water

• 2 kb. However,

precision since

PH ° durinG melting cannot--2

there is likely to be some

indicating trzt the ~elting

nressure of or less then. ,

be fixed with this de6ree of

error in the proportion of

normative feldspars due to the presence of biotite end minor hornblende

in the ad~lellites. Also, this determination of PH °assumes there has
2

been no corotalr.ination after melting has cease1.

Fie. 7 is a plot of the same s~mples on the Si02 saturated surf~ce

of the Or - J.b - An - 8i02 system, projected onto the Or - Ab - 1m face of

the tetrahedron. The lines dr,,~n represent the boundary curve bet-aeen the

plagioclo.se and orthoclase fielus ~t different PH
2

0 (after Tuttle anil DO'"en

1958). The lower solid line applies for PH~O of, 1 kb and the upper solid
."

line for PH20 of 10 kb. This range covers all pressures in the crust at

which gr:l!1i. tic mc.g::les are generated, The (lotted 1:ne5 mark the liloli ts
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ani: Bold Head Adwoelli tes in the S::5 ter.l
and cor:lpr:.rison \':ith the f!'l.inima. A.t 2, 3, 5
( ~t L'~' J' - d m "-~l 1or4'& er UI"J1, aa."1S ~n .:. v.", .. 0, .... 0').

eOl014
Qz

;/

2 ,.-,
3. I t.. ~· ....

5 '--

10

Plot of G-rc.ss~l

Or - Ab - Si02
and 10 kb ?H 0

-2

L ..)" Or

.-L ....:...:-::.....O::::::~_._.::;::::...~~ ......l OrAb

J..b

Fig. 7. Plot of Gra~3Y end Bold Head Ada.-oelli tes on the Si02
saturated s~rface of the Or - Ab - i~'system and
comI?arisor~ rrl th the n.i.nim;~. froD 1 to 10 kb PH 0
(after Tuttle "-!leI corlen, 1958). ·2
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of possible ans.lytical e!-ror in (~eten.lining the position c;;;-' the bO:..J.EC.Ul"y

curve. Since J,;ho boundary curte re!Jl'ese."1ts 0. ter:;pera:ture 'valle:l', the

curves in Fig. 7 deline~te a lo~ tempe~ature trough into .mich t~e

co~~ositions of all grenitic melts should fall regardless of the P.- 0
I'"J.2

at which they are generated. However, the Grv.ssy end Bold Eeac J\dc:nelli ten

plot well outside this trough, in the plagioclase field. E::-ro:cs in the

determination of nor.native feldspars are unlikely to have cho.n,,;e;} the

ratios sUfficiently to allow for this. Therefo:ce, it appeeIs trst the

magma was contaminated.

Considering crystallization of the magma, if begiPRing at the

present composition of the ada~ellites, tha~ pla3iocl~se would have been the

first mineral to rom. However, the occurrence of large orthoclc.se

phenocrysts indicates tllat potash feldspar crystallized first. Therefore,

at sone stage,the composition of the magma lay in the orthoclase field

but since the crystallizaticn of the orthoclase it was contaminated,

renul ting in an increase in Cil.. The occurrence of basic xenoliths in the

Grassy Adm~cllite provides a possible source for the contam~inaticn. During

recr;)rstalliza.tion of the xenoliths elements l70uld mOle diI'fuseii from the

basic rock into the ma@r~ and vice versa. This then is praoably ~es~on3iDle

for the tendency of the adamelli ten to\':aro.s a granouiorite in some respects.

2.6.2 Emnlacement.

(a) Depth.

BUddington (1959) considered the depths of ~~placement of granitic

rocks and recognized three depth levels. These are:

1. Epizone (0 - 4 rr~les).

2. ~csozone (5 - 9 miles).

3. Catazone (7 - 12 mile~).

wi th transi tionol zones betl7een the.-r.. In deb,rr.lining the depth of emplace-

rnent of the Grassy Ac.i.amellite and also the Bold Head l:.darJelli te, the

following I'es tures are si;;nificant in the light of Buddinctor.' s wod::

1. The intrl.1sio!lS 9.re disco::::'unnt with the country roc~:s.

2. 'i.'he C-r83sy i~d:tmcl.litc is virtually hO:Jogeneou~1 in \:o:'"n-posi tion.
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3. No lineations or foliations OCCU1~ throu{jh tr..e intrllsior;..

4. Basic xe:lo1i ths are disi:ributed throuc" the intrusior..

5. The contact ~ith the country rocks a~e very sha~.

6. The country rock cut~i:1e the contact met:t."::or"hic zone is

u~etamo~hosed.

7. Associated basic dykes a!'e COITu'Jon.

8. SODe aplite dykes and veins occur but distinct peg:n3.ti te

veins have not fcrmed.

FrorJ the above it is concluded that the Grassy and Bold Eead

Adamellites were emplaced in the epizone.

The occurrenc,e of contact metesor.13.tism aa.je.cent to the int!"'usic1ns

i.r.Iplies that the present erosional sul'"face is clcse to the top of the

intrusions. It is difficult to determine an accurate depth of elilplace­

mant by stratigraphic means as the thickness of the sequence of basic

volcU-.tti.cs and the proportion of it into ";lhich the plutor~ have in.J.;ru.ded

is un.1mm1n. Also, there is the possibility tho. t fOrlilatio!'ls cvcrlying ti,c

volc~~cs at the time of intrusion have since been removed by erosion.

Badgley (1965) related the crustal level in which pluton is

emplaced and the time of emplacemed VIi th rci'erence to an crogel".ic period.

High level intrusions in which the ma@n" has moved considerably from the

source region are regarded e.s post orogenic. The Grassy and Bold Heed

Adamellites are of this type. The isotopic aGe determinations indicate

that they were intruded soon after the close of the ':::abberabberan O:,:,ogeny.

(b) Mechanisr.l.

Badgley (1965) gives three possible mechanisms for the emplacemc~t

of hiGh level plutons. 7hese are :

1. Forceful lrije~tion. .Active rise of an intrusive maGma. together

VnU, its outward expansion and pushing aside of the count~J

rock.

2. Pennissive EmplaccQent. Active I'"lse of the mago:'. but with no

active pushinG aside or the wall rockz.
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3. !;isQ"natic Stoping. Pe.ssive rise of the i:12.gma by ffi8un,S of sinking

of the root blod<:s thrQl..igh the magrr.c..

P. characteristic feature of plutons e>:'plo.ced by either of the first

t\10 mecho.nisms, i~volvint; act::"ve nagma rise, is tho devclop~oi.1-: of' linear

or platy flow structures. ~he banding, as discussed previou~ly, in the

~rassy Ad&aellitc is considered not to be a flow structure but an early

crystallization feature. Its preservation would imp}.y a passive ernplace-

::lent of the intrusion. ~he first mechanis8 is further ruled cut by the

lack at dcfoxma:tion of the country rocks near the contact, as a. result of

the intl~sion. This leaves ma~tic stoping as the mochanism. Other than

the features already mentioned, this i!lechanism is further supported by

the very sharp contacts and the occurrence of xenoliths through the Grassy

Adar.:ellite.

tia~atic stoping involves firstly fracturins of the overlyin3 rocks

due to stress caused by the intrusion and subsequent founderir.g of the

fracture controlled blocks i!1 the roof of the magma chUJUber. The bloc..1.cs

sink as their specific gravity is higher than that of the ~gma end the

ma~"a tha~ rises to occupy the vacated spaces.

Since the basic volcanics were the upyeroost.!~cks to be intruded,

xenoli ths of these are highest in the intrusion. Assimilation is minimal

as the ma@l1a temperature rlas well below the meltir,g temperature of the

basic volcanics. Due to lo~er resistance to movement in the magma it is

likely that the larger xenoliths sank faster than the smaller ones v:hich are

now exposed on the present erosional surface. Therefore, the existence of

larger xenoliths below the surface could provide an explanation for the

magnetically "noizy" nature of the Grass;)' !,dai!lellite. The lack of magnetic

anomalies vQthin the Bold Head Adamellite implies it contains no large

basic xenoliths. TIns is due to the small 5i 2e of the intrusion C'.nd also

to its intrusion along a well brecciated fault zone where xer.oliths

produced during ernplacc:aent would have b oen too small to be detected on

an aero~cgnetic zu:~ey.
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Follol'ling the Tabberaboer::m Orogeny in TaS::lunia, a nur.:ber of acid

to intennediate plutonic roc;,s ",ere intruded. Their radio,c;ctric ages, f=-oc,

Rb-Sr and K-Ar method~, range from 326 to 375 million years. The intrusions

are of the alkaline to cue-alkaline t~'Pe and S1107/ cross cutting relatlor.-

ships, sharp contacts e.n::l. r..a.rrov: contact aure,jlcn. The mas t aburldant rock

types nre granodiorites end ad&~ellites with quartz diorite ~nd diorite

developing in partse Granites ure ~el~tively rare. Several of the

intrusions contain, or are associated ~~t~, tin deposit~ and also some

tungsten (l'Io1fra~te) and sulphide mineralization.

KlO!ninsky ana Groves (1970) list the averac;e chemicul cOlil;.osi tio,,-,s

of various tin bearing intrusions j~l Tas~ania. They show little variatio~

but differ significantly from the Grassy and Bold Head Adamellites.

Typical examples are the Heredith anci Pine Hill intrusives. Their average

chemical compositions ClOd Rb, Sr and Sr. contents are sho\'m in To-ble 6

alone 'with the averaGe v~ues fo:" the King Island :c'ocks. The tin grC--L."2tes

contain more Si02 end K20 and less CaO, 1.:g0 and ]'e203 + FeO then the Gro.ssy

and Bole Heed Ad~~ellites. The difference in CeO and K
2

0 contents is

reflected in the lower anorthite content of the plagiocl~se (kn 6 - An 9

in the Pine r~ll Co~plex) and the highe~ proportion of orthoclase relative

to plagioclase (Or 1,2J; and Pl 15% in the l.Iel"edith GrClCi te) in the tin

granites.

The Rb and Sr contents differ in the tin Grani tes in that Rb is

higher and Sr is lower then in the GrassJ' and Bold Head Adamelli tes as

shown by the 1.1e1'odi th and Pine }iill intrusives. Tin mineralization

associ6.ted with the Meredi th Granite is less ttan that a::;sociated i'n. th

the Pine Hill Complex. This is show'1 in their respective Sn contents.

It is interesting to note ti'.at the Rb e.nd Sr conte'1ts of the l.!eredi th

Grani te, whose Sn content is s5.milar to those of the GrG.ssy and Bold Head

Adamellites, al'proach the !ell ,.EO Sr contents of the Y~ng Island rocks Lore

closely than do those of the relore ninsralized Pine 1Iill Complex.



TAgLE 6. -

AVER.tlGE CEE:·:::rCtL 1':l]{[:..LY3ES OF :;::'.:2.EDITH ~'~r-w PIr-s

;JiD BOLD m;;.D ADA!3LLI'ES.

8. !l. G-BA

Si02
73.28 73.30 68.58

AJ.203
13.67 14.85 14.46

?e203
)
) 2.03 2.64 2.99

FeO )

Cao 0.58 0.61 2.57

lie.2O 3.30 1.86 3.33

K_O 4.55 4.30 3.96
"-

J<gO 0.77 0.63 1.36

TiO 0.25 0.04- 0.472
rnO 0.03 0.05 0.04

P205 0.03 0.03 0.19

" 0+ ) 0.69 1.16·'2

~
0.90

F.2O- 0.28 0.17

F <0.2 0.40 n.c1.

Total 99.46 100.06 98.85

Rb 263 768 224

Sr 47 7 496

Sn 4 43 5

n.d. = not detennined.

A lJ"redi th G-rani t e )
) From G-roves et ~l (1972)

B Pine Hill Complex )

G-BA G-rassy and Bold Hea-:l ldsmelli tes.
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~[here are two possible expl::..r18.tions fer the dif:!'erences oet"\':ecn the

Grassy ~!1.d Bold Head Adalilelli tes and the Tasmanian tin gro.ni tes. One is

that there has bea~ contamination of the ~~ng Islc~d roc~~ rdth baeic

mate~ial. Tne other possibility explai~s the differences on the basis of

a lesser degree of diffe~entiation thsn in the tin gr~~tes. 'Sr isotope

date .would resolve these problems but, as disclwsed i,-:t section 2.6.

contamination seems a more likely explanation.

From isotopic a6e deteminations on gr:mitic rocks from Ta.smania,

lJcDougall and Leggo (1965) recognizee two phases af granitic emple.cement

in the !,riddle Palaeozoic. One was durine; the late Devonion (centred ""aut

370 m.y.) and the other during the early C~'boniferous (centred about 340

m.y.). They placed the Grassy Adamellite in the second phase. Ho~eve~,

the AJ!+O/Ar59 ages indic~te that the Grassy and Bold Head _!..dv.mellites

belong to the first phase. Trt8 :.'[iddle Palaeozoic gr:mitic rocks of nor"'~h

east TaSriiania were apparently emplaced predomino.ntly in the first phase [;nd

cost of those in the north west in the second phase. No signific[~t

distinction can be made between intrusior~ of the first ~nd second phases

and tin ane tungsten mineralization is associated wit!". g:renitic rocj:s

emplaced during both phases.

Comparison of the K/Ar and the Rb/Sr res·J.lts quoted by UcDou[o.ll

and Leggo for the Housetop Granite suc;gest to the author that the young8r

K/Ar ages are due to the loss of areon froQ the biotite as a result of ~

tectonic event nfter emplacement. Therefore, the Rb/Sr u;5es are more

accurate. If tbis applies to all the intrusions apparently ~~ple.ced in

the second phase in the early Carboniferous then in fact there '<as only one

phase of intrusion in the Ide Devonian. Hence the Grossy and Bold Head

Adamellites were emplaced at "bout the s~~e time as the rest of the

l,Iiddle Pe.laeozoic granitic rocks in Tas::nania.



formed as e. result of th", calcitL'"1 release froc, t~e al ter2.tion of the

The GrLl.Ss~r ..:;'dc!:.:~ellite 3.1"'_6. !lart cf it:3 C(l1·~t[:.ct aureole has been

2C,
~.

Plate 4.

t~nating minerals show signs of resoYption. In the basic d~kes i~~ruJl~g

hornblende. These dykes ere conto_minated vlith seric~tized orthoclase [I.,no

the :::ine Series of 1;0.1 orebody (75 and 76) 'elle ab\.mdar.t calcite haz for:c:ed,

of about )..n 35. The mars sadie riiltS havP- (j, CC!ilpos3.tion 0:" An 20.

chlori te and r:.inor epj.dote. I:l parts J horn'Jlende is pSeU::lo::lo1-phed by

of hornblenr.e alterntion varies t~~roIj6h the d:,.rkl';Z, some con tai.nir...g frc3h

especieJ.ly the p!'~enocr:lst.s. 'l'he j::g/EG + Fe r~tio if; 0.25. The Geg~cc

The hornblende is bro\'.rn and usually well fc:"':r.ed ar~d tV!ir.nc1c3.,

intruaed by basic dy~:es up to three mctl')I":J wi8."3. In thirr s80ti:m, "tr.cir

The grouncillass plagioclase is \'Iell twinned a'll also zoned. The

composi tion is quite vari£<.ble. The le.rger grG-ins in tn8 graundr;1~ss heve

£. core of CO::lpClsi tion abou~ An 50 whereas the 3r:1O.11e1"' gr:·,~;ls ha.ve 0. core

horablende ~nu others ~itil hornblenJe co~pletely altered to iron rich

magnetite. Ir:. the dykes i:ltrLlding the o.durnelli·te (149 8.nd 165) where

basic I~ineralog,y consists of a. groundmo.ss of plac::ioclase, hornbl-snd.e end

plagioclase, quartz and ~inor sphene froi.l the a.d~el1ite. All the con-

alters.tion is si5!lifice.nt, calci te OCt':l~rs e.s a late st3.6e ;:line!"e.l. It

wagneti te, s.r.cl phenocr,Ys ts of hornbl ene e.

Sw-nples 75, 76, 149 J 165.

2.0 Bj'.SIC J~':.~S.

more e.s a result of contarni~ation from the calcc:.reous um -ts than by

alteration of the hornhlende. 'Che quartz in bese dykes has also coDe

from the ilir:e Seri es ro cks.

From the mi!leralocy of the basic dykes, they are cescrib ed as

la~rophyres. 7he only exception to this obsel~ed is the cost westerly

banic dyke (75) ir:trudins the :,.[inc S61'ies of No.1 orebody. It cO!1ta.ins

phenocrysts cf plaGioclase up to 5rmn in dial1'.eter ar.d hwce c~not be

te=.ed a lS'''Prophyre. 'Che plagioclase is pc-rUy serici tized c.nd slte:ccd.

to zcisite ~~d docs no~ ~ppear to De n contc~inant IT~~crel.
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indicatc~ ·~h~ir genel's.J. L" - S trend. Howcvel', they lie o··.rc::r a ',:ide :;rJ:'eL~cl

(Fit> 8b). 'l'Lis is pnru.llel to the Gl"WS~' I:iyer 1<'sult. 1'0 the soutb tJ:c

tren(~ of the aykes changes throuGh 30° to o..bout 10° as shO-I,rn in Pig. ee. .i::S

indicated by the quartz pOx-p!1Y.cy dykes, tl;is .in tiue to a chLnGd in U1C'

~trj_ke of the rault.

method (Green 1973). The result obtainGo r:2.S G!l age of 31!-5 ± 5 m.y" "11':"Lch

is only 25 n.,Y. to 30 m"y. :'oune;ex' than the G·r;:.:S3Y lLYJ.c1 Bole. Head .i\.c~J:le:l:_tc3.

Therefure the uasic dykes W8!'e prubably intruded in tbe saEIB tect0n:' c phase

as the Grassy and Bold HCE.d icdamellites.
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a. Total Dyk~s
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b. Northern Dykes c, Southern Dyl<es
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(~oo, cro3s00 polars, ~:: 13).

n01U54

(1 '5 - 1 ... .,.\i , crosson po_er~, x I:;; ..

P 1: !, '1\ 1: 1._....~--_ .•.."".-

ort:noclr"s8, PI - plagiocl[-,s'3J~z - guo.rtz, Bi - biat.:lte) ..

in tha gl"OW1u.n:2.ss of' the norTJul 8.ua-::elli te.

grc.i:ned aoaiilelli te.

(100, x 0,9).

[-".'LinD more intc'1se in cc.c-'c2.in zones.

I'Ie11 developed o8cillato:ty zon:"ns .:i.n plo'Giocle8e r,.-ith scrici.tlz-c •

d. Finer g:ce.ineu nL1c.;:lellite. C·r2ins grade up to the Bize of those

•

•
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a~ Straight bend l'ich in hi.otitc and con-tuining 110 ort..hocl.Qse

phenocry~tL.

(56 i 500N 218·l ()()j<~) •

b. Straight b<L'lds both rich in bi-vU t.o (dal'lJ and containiJ:l.fl littl e

bioU te (light).

(5G090OH 217900;;).

c. L~ore cO?;'lplex s y st~;"3 of bi 0 ti i;e-rieh burlds res e:JblinG cros s b edding.

(560900N 217850E).

d. Band eonb.il'.ing a higher proportion of' orthoclase phenocrysts

than the normal admnellite ard sandwiched between two thi.n biotite-

rich bands.

Texture of a. biotite··rich be-l1d as seen in tilin section.

(106, crossed pola2~, x 13).
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and ma.-ny gC;lins he...ve a. i'inbl.v poikilobla.stic t8xture~

(114, crosscl, },olars, x 13),

b 0 Cont.ac t zone n ert!..'" _ca.l c['~:ceous rocks shovang th e calc.areous

ass emblage of coJ.cite (Cal), fie tinolite (Act) ar...d sphene (~J!h)

d 6voloped b etl}een the large plc.g:i.ocl~so grains (P1).

(3°4, crossed po1ars, x 13).

Co Contact zone near pelitic rocks. ~he texture is sL~ar to that

in the fine grained ail aDe1lite with grains of normal gr01,llldmass

size becoming the phenocr.ysts,

(185, crossed polars, x 13).

d. .''111ite witil occasional quartz phenocr;ysts. Poor1:; developed

granophyti. c t 8XtUl""es in pc.rts ..

(175, crossed polars, x 13).

e. qUf'..rtz poryhy:r·y. Grounc.mass sirr~lar to aplite but grO-..l1ophyric

textures are not developea ~ Pres ence of nic rocline is sho\'jn bJ'

the crcss-hatched·· twip..ninS'-

(101, crossed polurs, Yo 13).

f ~ Bold Head Ada:~leJ.lite 3~10wing gre~t similaritJ.. 1'.1. th the Grassy

At1ar(Jell i te ..

(195, crossed polars, x i3).
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of hornblende.

the country rocks. Dark greins are chlorltc formed by alteration
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(165, crossed polal~, x 13).

(5598001\ 2i 6400J':).

(76, crossed polars x 13).

intru_(l~ed by a Ip-rge rLumb ex of the aykes~ The,Y nIl strike rouGbJ.y

gr-ained groundmass of mainly plagioclas e laths a.nd hornblende.

Lmaprophyre in a dyke intruding the Hine SCl"'"ies of No. i o:ceboc.y.

It has b ecn conte.-ninated with caIdtc (Cd) and quartz (Qz) from

0.

c. r,a'Jl.lrophyre showing euhedraJ. hOI'nb1 end e ph enocry"ts set in a fine

b'F Scyoral b~sic dykes in e.,'"! area Yfhere the (.'.rnssy j·.d~~.cllite has bee!l
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CHAPTER .2.

PETROLOGY OF THE

CALCAREOUS UNITS

OF THE MINE SERIES
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examined were those near the top of the unit where marble bands still occur

this chapter are only a discussion of the significant aspects of their

Detailed thin secticn descriptions of typical e:~mples of each of

7 (Map 2).

the open cut and also from drill core of diamond drill holes along section

deposi t of No.1 orebody the main rock types of interest are t!le calcareous

units. These are the marble beds, pyroxene garnp.t ha!'lli'els, andraditE>

marker bed in C lens. The andradite skarn came from both orebodies in C

The marble studied occurs in beds within B lens and also in the thin

the calcareous units are giva~ in Appendix 2. The foJ2owing sections of

skarn and the banded footwall beds. Sanples of these were collected from

was not studied in detail. The only unmineralized b=ded footwall beds

petrology.

and not to metamorphic or metasomatic m'fects. In B lens the andradite

skarn is not very extensive and has been almost completely "ined out, sO it

orebodies as the differences that do e:d.st are due to the origi.:o.r.l bedding

been studied as a whole with no distinction3 oade-between the top &nd bottom

lens and also in the mineralized parts of the banded footl'lall beds. It ha.s

in the rock.

II""
IU
p,

liP
,~

I
,;,.1 IfITRODUC'l'ION.

In studying the minercli~ation of the reeks fOI~ing the scheeJ.ite

In disoussing the types of skarn at ICing Island, with respect to t..l:le

processes that formed tha'll, the terminology of Korzhinskii (1955) is used.

Korzhinskii distinguishes two t;ypes of rr.etasomatism. These are :

1. diffusive metasomatism which involves ions in the saturated

pore spaces of tce rock moving in the direction of decreasing

concentration.

2. infiltration metasomatism in which ions are transported by

solutions invading the rock.

At King Island, two way diffusion (bimetasomatic) of ions has resulted

in the fomation of the ennC'skl'.rn z,one in the Grassy i.de.mellit<:, as dis-



Pla'ce 5.Samples ]4, 42, 205, 259, 273, 317, 322, 331.

of variable size and often poikiloblastic.

Fors.teri te ane. the hU:lli te minerals have similat' forms anJ occur as

Textures are variable, even Over the small distances in a tl~n

series (0-27I), :ungncti te (2-5;~) and apatite (trace) are alst) pres0nt.

?hs ce.rbor.:.a.te cCJnt:.:mt of the marble is usually 60 -70:;'; cs.lc.i to v:i t.h

f,owatic w.ffusion ~":-13 fOl'j!.IE:::l. thl1 mine.ralized and.radite skarn (exoskA.rr;,)

S!!1211 U,.Ti1ounts of dolol~lite (identified fro!":'! X.R.D.). 'llhe :3ilicatG mincrals

(0-27:) und vesuvie.'L;. te (trace). Green spinel of the spinel-h"rcyni t e

section. In parts, the marble is granuloblastic with distinct polygonal

observed by t.he au~~or in t.h9 ITIEtrble ..

hUIfiitc minerals (0-15;:;), <1io[;side (2-55~), quartz (0-5];), xG-nthoph.yllit#3

calci te era-ins but in other part5, the culci te fcrr,15 large in'egular t;r8,ins

present, in dec:ce':"5ing order of c.bunda.ncc are forsteri te (0-157;), t~e

K~.n1w_ne (1968) ):'f'CC1"'CS t·he oceurrence of bruci tee Hm'~ever, this was not

• roun(led eguidimensional grains. Symplectic intergrowths wi til calcite are

cor.J,lOn \1i th the larGer [;Y'eins (34 and 205). However, forsteI'"l te is most

abW1dant where there is little of" the humite mincrals (3/.) and vice versa

(205), reflecting variations in the proportions of Q}( and F. The

pleor.hroisC! of th" bu;nite minerals,« pale yellow to go] nen yellow, f3

colourless to lemon yellow, 6' coloUl'less to pale yello\'!, indic,;.tes a

variation fmC! cho,,,lrodi te to clinohl'lIli teo The high optic oxial anel"

(eOo
- 90

0
) of the colourless erains of the SrullC fom as the hCLl1i te

mineral::> indicc.tes thi'lt they are forsteri tc and not norbcrgite. The

htLlli te minerals 801'8 most abundr_nt n.ea,r fractures in t~1e ffir...rblc, expccis.ll..,y

the clinchumi te (25~). The d::.opside is more a~u.nu311t v.'i th the tor"steri tE
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and similarly occurs as small grains but vrith a more prismatic fonn.

In one of the samples studied (205) a few grains of scneelite werc

found. They are xenoblastic, well rounded and appear to have grown at

the expense of the calcite.

In the Investigator 6 area, the marble is similar to that in the

Mine Sel~es. However, the development of the humite minerals is not as

extensive although some occurs around fractures (331). Bedding is visible

where impure bands occur (317 and 321). In parts these have reacted vrith

the marble to produce grossularite and diopside bands (321) as in the

banded footwall beds.

3.2.2 Petrogenesis.

From the J.!g content of the marble, it is clear that most of the b'Jds

were fonned from dolomitic limestone. Most of the Ug became incorporated

into the humite minerals and the diopside. In the alteration of the

marble little silica was introduced as indicated by the lack of ~uartz in

the fractures and the occurrence of magnetite and spinel near them.

Therefore, the silica now present was originally presa~t in the limestone.

In some of the. marble beds exoess silica formed quartz and the coexistence

of this with calcite indicates that the temperature was too low and/or

Peo Was too 'high form the formation of' wollastonite. The metamorphism
2

of the beds tendec to purify the marble on a microscopic scale. Iron ::L'1d

aluminium impurities were expelled from the carbonate and deposited as

magnetite and spinel between tre calcite grains.

During metasomatism, the ~~rble bedS were affected to some extent

by thc intl~duction of the volatiles P, OR and F. These infiltrated

through the marble, especially OR and F ions. Larger elements (eg. Fe)

in the metasomatic fluids, however, were unable to pass through the marble

and entered only along fractures.

The textures of the marble indicate that e,quilibrium waS attained

only in parts of the rock, ie. where a granulo,blastic texture occurs.

Regions showing large, ir",egular, poikiloblastic calcite grains Md



resul ts obtained using the pE':t'centage of J-..ig in c~lci'tG as a geothermometcr.

The ratios for four samples, along TIith the corresponding temperatures

That this, in fact, is the more common situation is shoom by the errotic

33.
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(detemined from G-ra.f' and Goldsmith (1958) a:.'e sholm below:

c:' !'( Temo ersture (oC)~.

1. (238) 1 .. lr <3000

2. (2°4) ., .. 2 _ 4000

3. (273) 1.4 <3000

4. (258) 4.8 5000

symplectic intergl'o~,;ths ere indicative of non equilib:-iUl!l aS3e::1blo.ge~.

• The temperatures, except for sample 4, arc well belol7 those expected.

Sample 4 shOITS a more well developed granuloblastio texture than the other

samples and therefore has approached equilibri~~ more closa2y.

The simHari ty between the marble in the Ir.ves tiga tor 6 area ane':

that in the Uine Seri"s indicates that the marble o:ltside the mineralized

region has also suffl;red fluorine metasomatism but perhaps to a lessel'

extent. The texture of the marble is distinctly ;;',oro granuloblastic than

in the Mine Series marble representing a closer approach to e<iuilibriUT"

•
probably due to the lesser degree of metasomatism•

Samples 50, 51, 53, 54, 343A and B. Plate 6.

In hand specimen the rock eonsisb of irregular shaped and sized

ovoids of predomino.ntly celci te set in a dark, usually fine grained ground-

mass. The proportion of ovoids is varia.ble anu may be up to 257'~.

In thin section the ovoids consist of the following minerals in

general decreasir.g order of abunoance: calcite, qu~rtz, actinolite, epidote,

vesuvianite,. cordierite, sphm:e and minor scheelite. Where mineralization

in the ovoi:is is significant, sulphides such as chalcopyrite, p;yrrho tite

an1 minor molybdenite has been recorJe1 by Edwards et al (1955). Calcite

and quartz are invariebly prcse~t ~lile the other minerals n~y or m~y r.ct



by a rim of pyroxene often encloses the larger ovoids.

pyroxene is diopsidic and appears to have formed from the breakdovnl of

and diopside.

34.
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be depending on the original cmoposi tiOll of the ovoids. In sose ovoids

q~artz predominates over calcite. Actinolite, when present, occurs as

the ba"ded footwall beds (ie ~ 75% grossulari te and 25T; andradite). The

The groundmass cOi1sists of predominantly garnet and pyroxene I"li th

Some parts of the pyroxene garnet horrSels have been mineralized to

the unit. Quertz and calcite occur interstitially be~.een the grossularite

vianite is often associated vrrth the cordierite. A rim of garnet surrounded

and cordierite however, usually occur as larger well fo~r.ed grains. Vesu-

(53). Sphene and scheelite are simHarly included in these grains. Epidote

long fine needles and wedges grol'rrng in the large quartz and calcite grains

subordinate quartz. The garnet is essentially grossulari te as is that in

the grossularite. The dominant mineral in the groundmass varies throughout

groundmass, showed a very different assemblage. The groundmess consists

6 area an iron rich rock (343A and B) containing ovoids in a fine dark

and the rock approaches an andradite skarn. In general, it becomes more

an econoaic grade. ·,'.bere this has occu;:,red, the ovoids become less distinct

iron rich and is therefore discussed "~th the skarn. In the Investigator

of hornblende and quartz and the ovoids consiot of calcite, garnet, cordie!~te,

quartz, chlorite, epidote, vesuvianite, x~~thophyllite, and ere rimmed by

diopsidic pyroxene. From the colour of the garnet, it appears to contain

more of the andradite component than that in the pyroxene garnet hornfels.

FroD textural ft:atures, the pyroxene garnet hornfels is con'elated

wi th the carbonate-bearing tilloid of the Grasey Group outcropping along

the coast to the north of Grassy. It is poorly sorted and consists of

angular snd subangular fragmen·ts of limestone, dolomitic limestone and

smaller proportions of quartzites end siltstones set in a matrix which

varies from predominantly calcite to chlori~e-rich or iron ox.i.de-::ich.



The variations in the tUloid are probably responsible for variationz

through the pyroxene garnet hornfels. ?he carbonate fraGments fOr:!!ed t"e

calcite rieh ovoids whereas the quartzite and siltstone fragmen';s fomec

the siliceous and more al~.inous ovoids. The pyroxene and garnet gro~nd­

mass formed from an impure carbonate matrix. The mi~er~li7.ed parts of

the pyroxene garnet hor~els represents parts that were mere accessible

to the mineralizing solutions than were the comparatively barren parts.

This could be due to compositional and textural varia';ions or poss·.ibly

structural control.

During metamorphism, <1olomi te and impurities sach as iron, aluminium

and titanium in the fragments resulted in the development of epidote,

actinolite, cordierite and sphene. In many ovoids the calcite and quart3

probably fomed a gel-like medillin in which the earlier formed mineral~,

actinolite, sphene enol seheclite gre" (53). Epidote, eord5.eri te and

vesuvianite appear to have formed later, at about the time the quartz ~~ol

calcite crystallized. In the grounc1oass, grozsularite. was fi:-st fonned

but began to break do,TIl, forminG the diopside. Silica must have been

introduced from the intrusion since the silica content of ~~e tillite matrix

is lower thun that of the pyroxene garnet hornfels. The Fresence of minor

scheelite in the ovoids indicates that mineralizing solutions have passed

through the rock.

The iron-rich rock in the Investigator 6 area is probably the product

of metamorphism but little or no metasomatism. The matrix must have been

initially siliceous and low in calcium as indicated by the formation of'

hornblende and quartz. The caloareous fragments, however, have developed

a no=al skarn assemblage. Cordieri te fomed in the more !1luIIlinous fragment".

•

•
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3.l, MEn?:]) FOOTVIALL !)EDS.

3.4.1 Petroerauhy.

S&I:lple 56 • Plate 7 a, b, c, d.

The banded footwcJ.l beds, situated direc~ly belo\'l the C lens ore"::>odie5,



•

•
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consist of a series of bands of different ffiinc~ls perallel to ~~c o~ddi~g.

The full sequence of oands are marble, melilite, grossularite, diop"i~ic

pyroxene and biotite hornfels. This range may not be ccmpletely developed,

~'J.e end members, marble and biotite hornfels being absent in parts, dopending:

on the abundance of the calcareous and pelitic beds. The thickness of the

bands may be up to several centimeters but is usually less than 3 em.

The marble bands are relatively pure, containing Over 95;; calei',;e

with a granuloblastic to decussate texture. The melilite bands are not

as pure, VQth large well twinned grains of melilite (34f; akermanite, 66;~

gehlenite) often intergrown ~Qth c~lcite w~ich also occurs along fractures

through these large grllins. G-rain shape and size is very irreguler

throughout the bands. Minor constituents are quertz a~d clinopyroxene.

The grossularite (73% grossularite, 27% andradite) is similar in composition

to that in the lmminemlized pyroxene garnet hOrnfels. The bands I:ley be

very distinct and pure but often the grossularite contains inclusions of

clinopyroxene and the bands grade into the'dio1'side bends as the proportion

of inclusions increases. In the diopside band, the purity is \'"arieble.

Some bands contain alI:lost solely dio1'side \'Q th a granuloblestic texture.

However, most of the bands contain some magnetite or grossularite. The

bands grade into or abutt the fine grc.ined biotite hornfels bands and often

contain pyrite. Similar banded rocks have been observed in the Investigator

6 area but they are not developed as extensively es in the Mine Series.

Often, thin l'eli tic bands in the Ii1arble beds show these diffusion bands.

In parts, the banded footwall beds are I:linerelized with andradite

skarn having formed in the marble bands. The fine grained biotite hornfels,

diopside and grossulari te bands have reotained unaffected and are therefor",

barren of scheclite. This rock 6rades into the bottom orebody as the

proportion of calcareous bends increases.
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The miner(~ banns in the banded footwall beds have formed as a result

of bil!letasomatic diffusion between the thin calcareous and pelitic beds.

Calcium has diffused from the marble into the biotite hornfels while iron,

aluminium and silica have diffused the other I",ay. This is sho':m by the fact

that the minerals formed, in passing from biotite ho~els to marble, show

an increase in calcilli~ and a decrease in silica and iron. Hetasomatisci in

the banded footwall beds has been entirely internal with no elements

introduced from the intrusion except where the andradite skarn has formed

in the marble bands •

Large (~969 and 1971) described these bimetasomatic banded rocks

from No.3 orebody. The mineral sequence he lists is more extensive than,
that in the Uine Series of No.1 orcbody. From the pelitic to the calcareous

bands it is biotite, anthophyllite(?), actinolite, tremolite, clinozoisite

and hornblende, diopsidic clinopyroxene, grossularite and vesuvianite,

akermanite and calcite.

"

3.5 ANDRCJ)ITE SI:'ARN.

3.5.1 mrcgrallhy.

Samples 1,2,13,18,20,27,31,32,33,211,246,270,281,294,

• 321, 335• Plate 7 e, f and Plate 8.

In hand specimen the skarn is a derk brol'1!lish green rock, very dense

and consisting principally of garnet. The grain size varies from fine

grained up to garnet crystals over a centil!lcter in diameter. The larger

garnet crystals are usually set in calcite or quartz.

In thin section the skarn shows considerable variation throughout

the ooit. The roinerals, in general decreasing order of abundance, are

andradite, clinopyroxene, calcite and quartz, hornblende epidote, actinolite,

magneti te, sphene, schcelite and SUlphides (mLinly pyrite, chalcopyrite,

pyrrhoti te nnd molybdenite). 'l'he composition of' ,the andrndi te (detemined

from refractive indices and ooit cell size) is a.bout nib andradite, 271;

grossularite. Its n.bundance :'n tl,e skarn usually depends on t'le development
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of the clinopyroxene. ~here interstitial quart~ and calcite is present,

the garnet for.ns idiobla.stic crystals corrJnody zor.ed (1). 'i'he zocing is

indicated by vurlations in the colour of the (la.rnet. Very fine zoning

has developed at the mergins and the (l.r~sotrcpy of some of these zones

indicates that hydrogrossular has foniled (13 and 32). In som" parts of

the skarn, almost the entire garnet grains are composed of h,ydrogrossular

wi th zoning very Vlell developed (2 and 27). The andradite is rarely pure

and contains grains of clinopyroxene, hornblende, calcite, quartz and

scheelite. Fractures in the garnet are commonly infilled with those

minerals. In regions where interstitial materiel is la~~ing the garnet

grains are not as well formed and contain a hi&~er proportion of inclusions•

This garnet shoVis no zoning.

In the skarn exposed in the ope.'l cut at present, the andradite is

usually subii!ioblastic to idioblastic, but closer to the intrusio:l"the

garnet beco:nes xe110blastic and contains a greater proportion of clino­

pyroxene. The variation of the form of the garnet "ith distance from the

intrusion is sho'n1 by the samples 270, 246, 281, 294 and 211, collected

from drill core from the diamond drill holes along sectio!! 7.

The clinopyroxene is distributed tp~oughout the skarn but is best

developed as a granuloblastic mosaic between the garnet grains. Its com­

position (determined from refractive indices e.~d 2V) in relation to the

formula (Ca Mg Fe)2 Si206 is Co. ~, Mg 27% and Fe 31% which places it in

the ferro-augite field. It is partly altered to hornblende, the degree of

alteration varying throughout the skarn. The deep blue-green to olive­

green pleochroism of the hornblende indicates its high iron content which

is further shown by the M~Jg + Fe ratio of 0.22. Therefore, it is a

f errohas tingsi teo

Most of the calcite and quartz in the skarn occurs in intersti. tial

positions relative to the garnet. U~ually the garnet grains are separated

by one large grain of calcite or ~lartz. Occasionally small needles of

actinolite have gro\'m in the intel'sti tial material J especially the qUe.l..tZ.

J
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Epicote, vesuvianite c.nd sphene ho.ve gro\'m e.ITIOnc;zt the interstiti.'ll t1iatcl'ici

but not as inclusionz. :Except for the ve3uvianite, they occur as ~'1ell

formed grains. The sulphides, apal't from molo-bdeni te occ"o:- in a simi leo:­

form to the calcite and quartz.

Scheeli te is distributed throuc;h the garnet anJ amongs't the pyroxene

and hornblende grailOs. It is most abundant in the okarn where hornblende

r~s developed. It occurs as small rounded grains, usually less than 1 ~~.

across, and shows no si.gns of breakdo,m or replacerr-ent. ',7hen viewed undeo:­

short wavelength ultraviolet radiation the scheeli te appeao:-s to dust the

rock. It rarely occurs in a massive form. Its fluorescence varies fI~3

blue (pure scheelite) to yellow. According to Edwards et al (1955) the

yellow fluorescence is due to minor amounts of powel1i to ir. tee sch",,,li te

strueture and also to small inclusions of molybdenite in the scheelite.

Alteration of ,"inerals in the skarn to a brol'm iI'on cxide is very

common. Hornblende is most affected by the alteratiolO, closely followed by

the clinopyroxene. The andradite is altered to a les~er extent, u~ually

along fractures.

In parts of the orebodies a siliceous s!~arn has developed (20 and 31).

It graJes into the nOrflal andradite skarn but the pure siliceous skarn COn­

sists of almost solely andradite and quartz. ~he garnet occurs as ve~J

well formed crystals containing less clinopyroxene, hornblende, calcite

and iron oxide alteration products as the garnet in the t~?ical skarn.

It is zoned but only rarely shows hydrogrossular rims. The quartz foms

large irregular grair.s up to several centimeters across and is very clean

apart from the nU~erous garnet grains it encloses.

In other parts of the skarn there are bMds containing a significantly

different mineralogy (18 and 33). They contain no garnet and only a sClall

amount of well oxidized pYI~xene and hornblende. The main constituents

are arnall, irregular bands of calcite, ~uartz, chlorite, cordierite "lOd



izaticn in these bands.

bimetascmatic diffusion of elements across the contact of the int,~sion

Series.

40.(:0·1/\"''), '-I ~ tl-'

irregular grains partially replaced by pyrite. Of the sulphides, the

sulphides (mainly pyrite, \'lith some molybdenite). The calcite is very

From textural features, the fonr.ation of the skarn is seen to involve

on the marble wss only locallized. Therefore, the role of this process in

the formation of the skarn c~ generally be considered insignificant.

the Grassy Adamellite permeating and reacting with the warble be<1s. The

The andradite skarn formed as a result of hydrothc~al fluids from

similar to that in the Mine Series. Andradite is well developed and in

growing through many othcr grains. There is 15. ttle scheeH te minezoal-

The andradite skarn in the Investigator 6 area (321 and 335) is

GhlOl~te occurs mainly as rosettes~ while cordierite occurs cs large

nUDerous small inclusions of actinolite, apatite and xanthophyllite.

parts clinopyroxene is abundant. However, the alteration of the clino-

probably occurred before the introduction of these fluids but the effect

pyrite is often interstitial and the molybdep-i te forllls elongate crys tals

irregularly shaped ~nd the quartz occurs in ~ granuloblastic fonl ~Qtn

pjTOXene to hornblende is not as extensive as in the skarns of the lune

3.5.2 Petrogenesis.

•
two main phases. The first phase involved the introduction of iron and

silica resulting in the fOl~ation of andradite. Accoluing to Sp~J (1969)

garnet is usually difficult to nucleate, so only a small number of

nucleation points fonn. Therefore, idioblastic grains Can develcp from

these. However, where nucleation is easi er due to (l greater proportion of

impurities, the large number of nucleation points result in the development

of xenoblastic garnet grains. Hence the variable fO:rn1 of the andradite in

the skarn. Small variations in the relative proportions of iron and

altu:liniUJ:l are responsible for the zonation of the garnet, as shmm by

colour variation viithin the grains.



The amlradite in the siliccO\.is sl:3rn closely rese;nbles that at the

blastic garnet grains. FoUowing this, the garnet became unstable 11"d was

end of the first phase of the formation of the skarn. rhe influx cf e;ccess

41.0010/4

virtually "freezing" them and preventing any subsequent el teration.

partially replaced by iron-rich clinopyroxene. In this environment the

hydrogrossular \'las the more stable garnet and hence was not replaced to

silica resulted in the crystnlliLation of quartz arotL~d the garnet grains,

In the second phase of the skarn fom,,,tion P" 0 increased. Tllis
n 2

first caused the development of the hydrogrossular rims around the idlo-

•
the same extent as the andradite. Y~ere the garnet TIas zoned, replacement

was more intensive in the more iron-rich zones. The clinopyroxene was

subsequently partially altered to hornblende. Deposition of t.l;e scheeli.te

also occurred in this phase. Its occurrence in the skal'l1 containing

hornblende indicates its deposition was associated ,dth the formation of

the hornblende. The scheelite enclosed in the garnet was deposited there

while the garnet "as breaking dorm. The lack of scheelite in the garnet

of the siliceous skarn indicates that the garnet formed in the first phase

in a tungsten free environment. Epidote and vesuvianite fo~ed shortly

•
after the pyroxene, hornblende and scheeli teo

The final stage in the second phase was the formation of the

interstitial minerals such as calcite, quartz and also the sulphides.

Calcium carbonate a..'"ld silica vras present in the skarn throughout the second

phase but did not crystalli~e till the end of it. The silica probably

existed in a gel state in which cctino~ite could grow before crystallization

of quartz. Calcium and quartz don't occur to a large extent in the skarn

where the garnet is poorly formed since in these parts, there nere sufficient

impurities to incorporate the calci~~ and silica in the formation of the

andraditeo

The ba~ds through the skarn, co~taining quart~, calcite, chlorite,

cordierite, SUlphides and little or no garnet probably formed from very fine

interbedded pelitic and cclc[1I'eous rock. The higher proporti.on of alurrinium
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in these ban3s than in the andradite ska.l-rl is indi.cuted by the occurrence

of cl-.lori';;e and cordierite. The fine bedc.ing must have proyj.ded an easy

channelway for the meta.soroatic fluids since a large proportion of sulphides

have formed in thin bands. However, the environment vms unsuitable for the

deposition of scheelite due to the lack of garnet.

The skarn in the Investigator 6 area is not cineralized, it appears,

due to the lack of rnineralizinu; solutions in this region. Con3itions for

mineralization hera are virtually the sarne as those in the Hine Series.

Therefore, the location of the orebodies depended to a large extent On the

distribution of the hydrothemal fluids emanating from the Grassy AdclJellite•



CHAPTER It

GEOCHEMISTRY OF THE

MINE SERIES

001076



(31,., c"osseu poJ.are, x 50).

(34, cross"d palm':;, x 50).
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Coarser rlO:ce i:cref;ule.r texture ':"n ths .s':~j:JC nc.:j}ple [~.G 31)0-,·2.

l:e.inJ.~{ cfllcite \'r~ th a. l:i.. tile f'orsterl te 2.r:~~ dicpsir1e.

(31" crossed polcrs, x 50).

(205, ulane light, ;" 50).

}31cbs of nagneti te occur n. t calcite grail! J::=-~.rgins ..

ana .luck of colol)i.~ r;ls ew-IJerc.

(dar::) ucveloped in its vicini t.r..

a.

b.

c.

G. Gra..in of' bumite shoning di.stinct plecchI'cism 5.n p:lrts (~2.rk)

e. . ~'ractur8 :i.n the m~~l·":.:>le v;ith spinf':l (blaek) and clinoh"u.c':."(,e
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grsins in the ovoids.

(51, cr~ssed polars, x 13).

(53, crossed polars, x 13).

(50, crossed polars, x 13),

(51, crossed polars, x 13;.

set in. a fine grnin€d uD.rl-': grounUlus,ss ~

P"'rc'xen e CarJ,1 ~::t EornfDIn in t}~G j·.~ine S r.;,ri es •..-.. __ ~_••_~~__• -. •__• ~._~ ~L _

e. T3'P1cal fin e graincd p;yroxene (light) end garnet ( c..<U'k) grr)undmass,

d. Ne~3dles end wedges of actinolite that have gr~)T.'ll in large qur-:.rtz

o. Epidote (:sp), oordi erl to (Gord) and ycsuvlani7.£ (Vos) in the ovoi<1s.

b, Typical texture of calc:i.te a.."ld quartz in the ovoids.

"
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(18, crossed polars, x 13).

aistinct~

(20, plane light, x 13).

Calcite (Cal), quartz (Qz), chlorite (Chl) and pyrite (Py)

coarse grained quartz.

ass e,,-,blagc develop ed locally in prl.l'ts of' the skar!l. Banding is

grains.

str.o.ng fracturing .wiill cp~cite infillings.

Intergro\'ith of a melili te gruin (at extinction) '7i th calcite

hornfels (PR), pyro;{ei1e (n), garnet (Car), melilite (lJel) and

(56, crossed polars, x 50).

(56, crossed polars, x 13) •

(56, crossed polar~., x 13).

calcite (Cal).

(56, x 0.9).

e. SiIic e-ou s skarn showing i di0 bl~stic ga:rriet grains s et in v ery

d. Pyroxene bands bordering a thin garnet band.

f.

c.

b. Melilite bend ;·rlt.lJ. grains showing broad lamellar t'ilinning and

a~ Section .l~:hrouch a han;1 specirJ1Cfl 8howin/j distinct bands or pelitic

. l
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a~ I dioblastic zor.:.(P-'1. gal~i1 et &rain s et in quartz •

(32, crossed pcls.rs, x 50).

Scheelite in the skarn is u3ua11yrounded like the larger grain.

(dark) •

(1 ,crossed polars, x 13)•.

Typical schee1ite grains (Soh) in a clinop;p'oxene garnet assemblage.

(13, crossed polars, x 1.3)•

is interstitial to the garnet.

O· {\ ~ (' <:;:<)
.v .i. v U ,)

(27, crossed polars, x 1.3).

grossular rim. In parts granular aggregate of clincpyroxene

clinopyroxene due to a lacle of zoning !!'part from the hydro-

(32, crossed polars, Yo: 1.3).

Garnet sinUar to above but with a more randcm replacement by

Hydrogrcssular rim (birefringent) de·le1oped.

(1, planelight, x ·1.3).

'by mainly clinopyl"'Oxene. Replacement more complete in scme zones.

e. Elongate well fcrmed epidote (Ep) interstitial to the. garnet

f.

c.

b. Idioblastic zcned garnet set in calcite and extensively replaced

. d. . Hydrogrossuls.r garnet show·lug distinct birefrL'lgence and zcning.
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nll'RODUC'l'IOH.

A major and trace element fltudy was made of the !.line Series of No.1

orebody. The procedure for the trace elements involved firstly a prelim-

inary sur'ley of the units exposed in the open cut in order to obtain an

idea of the distribution of several eler.:ents through these units. This

was followed by a more detailed examination of the Volcanics, Biotite and
•

Biotite Actinolite Hornfels, Marble beds, Pyroxene Garnet Hornfels and

especially the andradite skarn, based on the results of the preliminary

survey. The samples for this were pieces of drill core from diemond

drill holes 106, 112, i25, 174, 207 and 422 located along section 7 (!.lap 2).

For purposes of comparison, samples of unaltered volcanics, shales

and tillite, from the Grassy Group exposed along the coast to the north of

Grassy, and also samples of met~~orphosed unrrineralized rocks in the

Investigator 6 area to the west of the open cut, were also analysed for

selected trace ela~ents.

4.2 M.A.JOR ELEl/:Er:TS.

Most of the major element analyses of the various rock types in +.he

1une Series were obtained from Edwards et al (1955). Three analyses by

the author were made on the andradite skarn 1'1'0,"1 drill holes on section 7.

These are shown in Table 7. No significant variation in major elements

with increasing distance from the contact was observed. ~~ interesting

feature of the skarn is its lack of K. The chemical analysis of the contact

zone of the Grassy Adamellite near calcareous rocks indicated that K

diffused from the intrusion into the country rock. This would have occUl'red

during the formation of the alldradite in the skarn and conditions were

apparently unsuitable for the deposition of K. It was either lost from

tho system or incorporated into the biotite in the pelitic horru~els.

The compositions of the units are best shown on the ACF, AF!,; ~.,d

SCM triangular diagrams ~s i.ll Fig.9. 'I'hese are s,tandard plots the cOr.Jponents

being calculated as in TU1~or (i968). Since the rocks analysed, except for

the pelitic hornfels, did not CQ:1~ist of equilibrium a.sscmblagss as sho,·.n



r C01CbG
TABLE I

9§!.!ICAL ANALYSES OF L"!DRADn'E SK.,;RN

L.O.I. = loss on ignition.

Analyst P.li.

W03 assay - King Island Schcelite (1947) Ltd.
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in Table 9.

the limestone. As the skarn is low in /.Ig it appears to have fanned frorr,

the andradite skarn. Differznces in the Hg content of the marble are sho\'m

alld F~20-, due to slight differences
. ;;

trotions in the various units, but i.t does ir:dicate the order of' the values.

The resul t5 of the preliminaI"J survey are shown in Appendix 3.

average trace element abundances in each unit are shown ill Tlible 8.

a limestone tQth little dolomite. The pelitic hornfels show some variation

in composition, mainly in Si0
2

, A1
2
0
3

in the original rock.

variationS appear to exist wi thin the units along the strike. Cu value5

The three plots show clearly the consistency in the ccmpocition of

001088
by texturul features, tie lines ~ere not dra'Tn as they would be misleadin6'

Obviously this is not an accurate average of the trace element concen-

best in the .~M diagr~". This reflects the original dolomite content of

are very erratic due to the distribution of sulphides along fractures and

In addition to these data, trace element date, from Burchard (1972) is shoim

4.3.1 Results.

frot~ the western end of the open cut. No significant trace element

TRACE ELEl,!:i':NTS.

bedding planes a!').d hence are of little meaning in most of the unita. The

For each unit studied two samples were taken, one from the eastern nnd one

The results of a detailed study of several of the units are shom'.

in Appendix 3. Variations in trace element concentrations moving away from

the contact are er:-atic and show nO defi:1ite trends. T!'is is prObably due

to the small dist~~ce along tile section of the contact aureole to wh~ch

sampling was restricted. Trace el~ent concentrations in the UTh~inera1ized

rocks of the contact aureole in the Investigator 6 area are also sholVll in

App eniiix 3.

Co.) Volcanics.

The W content of th<l Volcanics is varic.ble wi tll values usulllly le5s
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TAB L E 8

~.GE TIL·~C:~ EI.S,,;:::r·,1T .!~BUND.i\NC:SS (:>pm) IN UNITS O~ THE

MINE SERES OF i'o.1 02C30DY.

II Ho §.!! Ge Ti~ I,!n.::=

Volcanics 45 {10 ( 20 {1O 0.74- 710

Biot.Hfls. (20 (10 (20 (10 1.31, 285

Ue.rble <20 (10 ( 20 (10 0.18 1260

po",.Garn.Ufls •+ 2400 150 120 80 0.20 3000
..

Px.Garn.Hfls. 50 20 40 20 1.08 1200

Skarn 8700 450 150 95 0.17 3000

Biot.Act.Hfls. <20 (10 ( 20 ( 20 1.63 420

Older Vole. ( 20 (10 ( 20 ( 20 0 .. 32 470

Quartzite { 20 <10 <20 ( 20 0.19 125

~ Cr Co Cu Ph f~

Volcanics 35 85 55 40 ( 20 70

Biot.lifls'. 55 120 90 60 20 55

Marble 25 35 <20 40 50 20

Px.Garn.!Ifls. + {1O 50 70 5 40 20
,.

Px.G-e.rn.Ei'ls. 50 80 100 5 20 lj.0

Skarn (10 65 85 35 40 30

Biot.Act.F.f'ls. 40 70 95 120 20 70

Older Vole. 580 1380 105 20 15 10

Quartzite 10 90 <20 5 (20 25

+ minernlized.

c. Ill'lIilinerali zed.

Analyses by J.lcPhar Geophysics Pty.Ltd.



E Mo ill:.. Go fE TiO';;

volcanics 2-40 5-30 60-680 40-110 840

Actinolite Hornfels 45 40 773 2800 0.25

Actinoli te Biotite Hornfels 30 35 835 70 0.37

Hanging TIall Hornfels 2-30 2-5

Biotite P;yroxene Hornfels 2-40 2-40 36-50 46-345 1.86-3.52

Older Volcanics 2 2-3 820 80 340 0.6

t;:uartzite 2-20 2-120

Marble (B lens) 20 15

?~oxene Garnet Hornfels 850 50

Skarn 7400 500 22 36 0.42

TRACE ELrrm;,l'S (pum) IN ur1I1'S OF TEE HINE SER.::"I:S PRW

Marble

Skarn

160

75

TABLE 2.

BURCH..4.RD (1972)

220

90
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in the Volcanics are 101"Ier than in the unaltered basic volcanics but the

in the Volcanics slightly lower .than in their unaltered equivalents.

previously been regarded as an indicator of the l.Iine Series, shows values

0.48

0.63

Ni/Co

0.37

Ni/cr

Unaltered

Metamorphos ed

Cr and Co during meta~orphism.

an open texture or fracturing,were more receptive to the \'/" Hi, Cr and Co

Ni/Cr and Ni/Co rntios are similar sho\7ing the similar behaviour of lli,

001091
than 20 ppm but in parts sisni..ficantly highe:-. It appear::; that the~ e rocks

were generally impermaaole to the mineralizing solution::; but some, cue to

Burchard's results, however, indicate that in parts Ni and Cr in the

Volcanics reach values of 680 and 840 ppm respectively. Zn, which has

f
f
I.,
!
!

Therefore, Zn has been removed slightly during metamorphisP.1.

(b) Biotite and Biotite Actinolite Hornfels.

From the author's results, the pelitic hornfels are barren of~.

However, Burchard's results show concentrations up to 45 ppm. This could

be due to deposition of scheelite along minor fractures in the rock.

•
Similarly, his high values for ~o could be due to the sporadic occurrence

of molybdenite in the rocks. When results from the pelitic hornfels are

compared _Qth those of the unaltered sedi~ents, there is little difference

be~~een the ~ffO with regards to many of the trace elements studied.

Mn, Ni, Co and Ph show little variation. Burchard's very high values for

Ni and Cr appear rather doubtful. Ti is generally higher in the hornfels

than in the sediments, but this is probably a result of differences before

alteration'since Ti usually remains imnobile during metamorphism. The Zn

content of the biotite hornfels is similar to that of the sediments, but

it is higher in some of the biotite actinolite hornfels due to the

preferential incorporation of Zn into the actino~ite.



In the pelitic hornfels in the Investigc.tor 6 area Zn and Ti values

are comparable with those in the unaltered sediments.

(c) Older Volcanics.

The Older Volcanics are easily distinguished from the Volcanics by

their higher Ni, Cr and Co content. The average Hi/Cr ratio of 0.36 i~

similar to that for the Volcanics, but the average NilCo ratio of 5.5 is

much higher. Therefore, the Older Volcanics appear tc haOle origine.lly bee~

more basic than the Volcanics, possibly \mtrabasie. The unit is barren of

VI and appears to have been unaffected chemically by the metamorphism.

(d) Quartzite.

As expected, the quartzite is low in most of the elements studied,

indicating its relative purity and chemical inertness throughout rneta-

morphism. The somewhat high Cr values are probably due to contamirw.tion in

crushing the samples by the author.

(e) Marble.

Concentrations of certain minor elements in the marble ere variable,

probably reflecting the extent of metasomatic alteration. Cne semple wlrich

showed the highest i'l content (30 ppm) also showed higher concentrations of

Ni, Co, Ti and Ca than the barren ma:role. From thin section e:w.mino:tion

this sample contains higher than usual proportions of impurities such as

silicates and magnetite. The high Ni, Co and Ti values suggest that the

impurities existed in the original limestone before metamorphism since Ni,

Cr and Ti are hiGher in pelitic than in calcareous rocks. Therefore,

metasomatism appears to have occu~.ed more readily where the marble was

originally inpure. The high },in content of most of the marble samples

suggests that mete.somatic fluids have infiltrated tr.e marble beds to SO[l\e

extent. This is also shown by the fluorine in the marble, bound in the

hUlDite group of minerals. However, the lack of suf)"icient impuriti es ";lhich

can nucleate the growth of neri minerals has limited the eA~ent of meta-

somatism of new minerals.
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(f) Pyro:<ene Garnet Hornfels.

Of the sB!:!ples of the Pyroxene Garnet Hornfels unit analysed in the

preliminary sU~ley, one was metasomatized and mineralized, shov~ng sioilar

results to the skarn and therefore, will be discussed ;'lith it. One sample,

typical o~ most of the Pyroxene Garnet Hornfels unit, has not unde:-gone

metasomatism to the same extent. The small degree cf infiltrntion meta-

sOGlaHsm is shovm by the W, !.io, Sn and Go concentrations of' 50, 20, 40 and

20 ppm respectively. These values are intermediate be~1een the barra~

pelitic hornfels and the minernlized s"arn and pyroxene garnet hornfels.

IJn has a similarly intermediate value. Ni, Cr and Co contents in the

unrninernlized pyroxene ga.~et hornfels are typical of those in the pelitic

hornfels. Therefore, it appears to have originally been a verJ impure

calcareous rock. Its trace clement ccmposition is similar to that of the

tilloid in the Grassy Group as would be expected if the two units are

correIated. Zn is 1011er in the pyroxene garnet hornfels but tIllS is

probably due to its mobilization during metamorphism and subsequent

metasomatist:!.

In the Investigator 6 area, a rock of the same origin as the Pyroxene

Garnet Hornfels unit (ovoids of calcite, clinopyroxene and garnet in a

mainly hornblende groQ~dmass) had similar trace element concentrations

as the \ll1IUineralized pyroxene garnet hornfels. However, its Sn and Ge

content is lower, reflecting a lesser degree of infiltration metasomatism.

The Zn content is comparable to that of the unaltered tilloid.

The pyroxene garnet hOrnfels sampled from drill core along section 7

are metasomatized as shovm by the concentrations of Sn, Ge a~d !.In. Mineral-

ization has occurred but only to a small extent « 0.2% \103). The s::uuples

analysed consisted meinly of groundrnass ITlth no ovoids. Mineralization

occasionally occurs in the ovoids, but Burchard's results do not shol7 t!us
•

feature (W - 55 ppm, Mo - 2 ppm). The geocheoical results are discussed

further with those of the skarn.



somatis!!1 Co und Ti ;';ere une.ffected, Cr v:as reooved to some extent and Ni

and Ge contents are the highest of all the units. According to Nesterenko

From their study of the skarns of the Tyrny-Auz deposit. Nestereruco

48.
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In the prclir.dnary survey the at,dradi te skarn and also the meta-

element geochemist~ from the other units in the Mine Series. Apart

(g) Andradite Skal~.

Ni at a slower rate and Go remains virtually irr.mobile. 'lhe results for

was readily re~oved.

the original limestone before metamorphism, as shown by the trace elements

the King Island Gkarns indicate that throU@lout meta~orphi5m and meta-

et 81 concluded thnt Ti and Gr are readily removed during skarn formation,

et al.

et al (1958) Sn and Ge are concentrated in the garnet, pyroxene end

Ti is low. being simlaI' to the marble beds ":here [,fn is higher

vesuvianite. However~ the concentration of Sn in garnet, pyroxene an~

none was observed in tr~n section. Ge follo~s Sn closely, but most of

and Ti02 than those discussed above. but Ni is still depleted relative

to Cr. The Gr and Go v8.2ues for t!le skarn indicate the impure nature of

that a significant part of the Sn occurs elsewhere. It probably occurs

whereas Ni is very low, Gr values lie betwe~~ those for the marble and

somatized pyroxene garp.et hcrnfels shol';ed significantly different trace

pelitic horr£els end Go is equal to the values in the pelitic hornfels.

are about 40'''; pyroxene. 2551, garnet and 15% hornblende, it is obvious

as finely disse~nated cassiterite which is cow"~on in skams, al~~ough

also hornblende from a sample which contained 110 ppm Sn was 58. 11 an.d

from the high Wand Ho values the differences are as follows. The Sn

Burchard's analyses of the skarns show slightly lower Gr and hig.."er Ni

They a.lso bear similar relationships to the unmet2Jllorphosed shale3.

in the marble.

40 ppm respectively. As the proportions of these minerals in the skarn

in the skarn than in the marble. Hi, Cr and Go are interesting in that

it would probably be contained in the garnet as indicated by Nestere:u-:o



with minerali zaticn.

}~n shows a sCf'.tter of vc.lue~ ~or the poorl~T mineralized skarn, but wr.-ere

8n and Ge shOW definite positive correlations with~. A negative

49.001083
In the deta.iled study of tho skarp, samples of mineralized nni

ization oce-urred J prorJucing the correlation bev.ljecn Un and -ll~ contents.

of Un are not restricted solely to the mineralized skarn. A possible

have been associated with the mineralizing fluids but hi8-~ concentrations

mineralizing fluids. Un is more difficult to interpret. It appears to

nanely the'Grassy Adwne11ite. The lower concentrations of Zn in the

mineralized skarn is probably c.ue to its removal by the infiltrating

mainly due to the scatter of Zn values at low Wconcentrations. SiI:lilarly,

elements were t~~en from only part of this interval. However, toe plots

elements (ppm) a.gainst the pe!'Centage of TI0
3

as in Figs. 10 to 14. It

must be noted that the %"i0
3

quoted for each sample may not be strictly

accurate since toey were determined from assays of samples of drill core

up to more than one meter long whereas the samples analysed for the trace

correlation could exist between Zn and YI but this is not very dj.stin.::t,

unminera1ized rock were analysed for selected clements. The results ~e

best illustrated in a number of graphs of the concentrations of tho trsce

the \I concentration is higher, I.1n increases significantly anel is usuall.)'

above 4000 ppm. eu is very erratic and shows no correlation with ~.

The assocL~tion of 8n and Ge ,lith W indicates that they were c.epo;;i ted

in the skarn at the same time and probably originated fror.! a C012"]On source,

However, if it is assumed that the 1m was deposited~in the skarn only

durinll the early metasomatism (1. e. deposited entirely in the andradite)

!!Xe sufficiently accurate to show definite correlation of SC1:1e elements

exp1e.nation for this is that !;!n was not only associated with the c.i.neral­

izing fluids but also permeated the rocks in the early metasornatisQ before

,mineralization i.e. during the formation of the andradite, producing an

irregular distribution of Mn. ~urther Hn was deposited where minera1-
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then it <JIJpears that mineralization occurred only Vlhere the concentration

of l.!n Vias sufficiently high, but did not ree-ch all partB of the ske.rr. high

in Y.!n.

In the Investi6ator 6 area ~~o Ekarn s~~ples Vlere analyEed. The

skarn in this area is predowin..-mtly unminernlized. The bck of' W is due,

not to an unsuitable enviroruaent for mineralization, but to n lack of

mineralizing fluids as sho'ill by the loVi concentrations of Sn, Ge and Kn

compared to the mineralized skarn. Zn in these rocks is similar to that

in the IJine Series sl<arn.
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CHAPTER 2.

TUNGSTEN llINERALIZATION
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tungsten then follows the same course as in 1.

in the appropriate carbonate horizons.

formed and was then concentrated through differentiation into

51.

The typical association throughout the world of most tungsten

001101

skarn deposits with granitic bOdies implies a genetic relationship

the Volcanics unit in ·the mine series) \7hich were extruded over the

From his study of the ?JLng Island scheelite deposit, Burchard (1572).

granitic ir..trusion serving only to mobilize and concentrate it

concluded that the tungsten was contained originally in the sediments of

roc..1<s into the magma or by assimilation of the country roc):s. The

1. The tungsten was incorporated into the magma when it was first

possibilities as to the source of the tungsten. These are

between the two. However, ass~~r~ this is so, there are still several

through, the country rocks.

the hydrothermal liquids which wore injected into, or permeated

mobilized and deposited in its present location as a result of the heating

of the sediments, not long after deposition, by basic lavas (now formi!lg

the Grassy Group before metamorphism. Moreover, he states that it was

Grassy Group. Therefore, according to Burchard's hypothesis, the intrusion

3. The tunGsten was contained solely in the country rocks, the

·"2. The magma obtained the tungsten by its diffusion from the country

5. 1 SOURCE OF IDNGS"-'EN.

of the Grassy Ad=ellite only served to reCI'".{stallize the alrea.dy present

orebodies. His main argument for this is the apparent lack of significant

mineralization in the faults and in association with the aplite dykes

cutting the mine series. Although mineralization in the faults exposed

at present is not abundant, Burchard's argument seens erroneous since,

according to Knight and Nye (1953) "The YJ.ng Island scheelite deposit••••

••••••• was discovered in 1904 by a prospector, Tom Farrell, while tracinG

inland a scheelite bearing fonnation in a fault (the No.3 Fault), that

outcropped on the beach at tho low water mark".



If the tungsten w:;.s originally in the sediments and mobilized by

the heat from the basic lavas, then there should be some signs of contact

mataclOrphism and mobilization il'. areas uncl'fected by the intrusion cf the

Grassy or Bold Head Adamelli tes. In the exposures alO:lg the coast to the

north of Grassy, thi.s is not evident and therefore, does not support

Burchard's theory (assuming the rocks of th'3 Mine Series can be correlated

v.ith these sediments and Volcanics). Also, analyses of four samples of

unaltered shale for tungsten failed to show anomalous concentrations.

The high concentrations of ttmgsten found in the sphenes from the

Grassy and Bold Head Adamellites (Sections 2.2.6 a~d 2.;) indicate tr~t

the intrusions, at some time, contained a significant concentration of

tungsten and therefore, are most likely the sources of the tungsten in

the scheelite deposits. The direct correlation of tin and gen"aniu~ vnth

tungsten fn the skarn (Section 1•• ;.2) indicates a common origin for all

three elements and since tin and ge~~anium are knofm to have becn deposited

from fluids "deri'led from granitic intrusions; the Gressy and Bold Head

Adamellites must have been the source of the ttmgster. in the King Island

deposits.

The stage at which the tungsten was incorporated into the magma

eannot be determined with certainty from the prese:1t study. The magma

has been contaminated as shown in Section 2.6.1 but the material ~.ncorpor­

ated into it was probably basic and is unli:<:ely to have been a source for

the tungsten. Therefore, it is most likely that the tungsten was incor­

porated into the magma during its formation or shortly after it before

crystallization commenced.

5.2 CONTROLS ON THE l.lETASOl,!A'i'IC FLUIDS.

In the ~\ine Ser-les of No.1 orebody, and also the other orebodies,

infiltration metasomatism is restricted to the very_calcareous units.

Other than the introduction of minor sulphides el?ng fractures and bedding

planes, the pelitic hornfels and metavolcanic3 are unaffected by the

metasomatism. The metamorphism recI"'Jstallized the pelitic sediments ana

volcanics into compact, massive rocks imperneable to metasomatic fIllids.

00t102 52.
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The only rel¢.on where the pelltic hornfels has been metasoQati zed is

Ylherc it is adjacent to a calcareous bed. However, the alteration is

biroetasomatic, resulting from the ~ao way diffusion of elements across

the boundary and only a r.dnor contribution from the infiltrating fluids

from the intrusion.

Metasomatic fluids have clearly favoured the beds which now form

the andradite skarn. The present marble beds have been comparatively

unaffected except for minor alteration restricted mainly to small

fractures. This could be due to the relative permeabilities of the

skarn and £larble during metasomatislL. The metamorphism preceding the

metasomatism recrystallized the pure limestone to a massive mosaic of

mainly calcite grains and therefor", its permeability decreased. On

t!1e other hand, the impure limestor.e recrystallized to a rock containing

calc-silicate minerals as well as calcite and this greater degree of

mineralogical change resulted in its permeability being greater than

that of the pure marble. The metasOl1latic. fhtids have therefore, shown.

a preference for the impure marble beds and altered them to andradite

skarn, leaving the more i£lpermeable purer marble beds almost unaffected.

The permeability of the skarn is an import~~t feature in determin­

ing the extent of mineralization. A well known feature of the King

Island skarn deposits is that the grade of the ore increases with the

grain size of the skarn. This result is expected since the permeability

would increase with grain size allowing more mineralizing solutions to

pass through the coarser grained skarn.

The location of the orebodies at their present sites reflects

structural control on the mineralization. Carbonate beds occur in the

contact aureole of the Grassy Adamellite on the western side but

exploration as yet has failed to find mineralization of the S(U!1e extent

as that in the present. ol'ebodies. The beds present a suitable

environment for mineralization, forming skarn in parts, but have not

been mineralized due to a lack of tur~sten rich metasomatic fluids.
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The most proILinent feature which appears responsible for the localization

of the orebodies is the Grassy River Fault which lies just east of aos.

1 and 2 orebodies and west of No.3 orebody. The control of the fault on

mineralization is further implied by the general increase in the grade

of the ore in Nos. 1 and 2 orebodies from west to east i.e. approaching

the fault. Since the fault is essentially strike-slip in character and

was in cJP.stence and active while the magma was emplaced, lateral stress

applied to the crystallizing magma would have been released along the

fault plane. This stress release would have caused the migration of the

late stage liquids containing the tungsten towards the fault. Mineral­

ization was therefore, concentrated in regions near the fault and

reduced in extent farther away. On this basis, mineralization should

have occurred in the fault unless it was very tight due to compression.

5.3 llECHANISM OF MINERALIZATION.

Before discussing the actual mechanisI:l by which the scheelite was

deposited in the skarn, the fonn in which the tungsten was transported

in the mineralizing solutions must be considered. The oldest view is

that tungsten is transported in the form of halides since the halogens,

especially fluorine and chlorine, are abundant in late stage magmatic

fluids. However, Barabanov (1971) states that on the basis of the heats

of formation of tungsten chlorides tungsten cannot be transported in

the form of halides or oxyhalides. He also states that under the

appropriate conditions the partial pressures of various tungsten halides

and oxyhalides ·are too low for than to be transported in significant

quantities. Barabanov concludes that the tungsten is transported in the

high temperature solutions in the form of hit;hly soluble potassium

tungstates and therefore, the solutions are alkaline.

Bryzgalin (1958),fromo his study of the Tyrny-Auz skarns, also

regards thc tunes ten bearing solutions as alkal~ne but, as sodium pre­

dominates over potassium in the skarns, he assumed the tungsten was

transported as a sodiUJ:l tungstate uhich l.s of similar solubility to



aluminium content is much lower. This is reflected in the aL~ost

a potassium or soditm1 tungstate is most likely. Analyses of the Kine

Island skarn sholv essentially no potassium, so it appears the tungsten

was transported as sodium tungstate.

In studying the mechanism of the deposition of the scheeli te in

the Tyrny-Auz skarns Bryzgalin noted that the scheelite bearing skarns

contain sodic plagioclase and amphibolitized pyroxene. He therefore,

concluded that scheelite deposition was accompanied by albitization of

calcic plagioclase and amphibolitization of pyroxene. The mechanism

proposed involved the cation exchange reaction 2Na+ ; Ca2
+. Sodium

from the mineralizing solutions beca~e incorporated into the plagioclase

and the altering pyroxene and the calcium from t.'lese minerals cOI:lbined

with the tungstate anion to form the scheelite. Precipitation of the

scheelite resulted from a drop in the pH of the solutions due to the

fixation of sodium in the plagioclase and the amphibole. Experimentcl

work has sho\7ll that scheelite will precipitate when the pH cr the

alkaline tungsten-bearing solutions drops to 6 to 7. Experimental

hydro~ermal work using calcic plagioclase and solutions of N~ UC4
showed thatscheelite can be precipitated by the above mechanis:n. The

possibility that calcium in the scheelite has come from the calcium

carbonate in the skarns is argued against by the fact that scheelite

is never found associated with the calcite and also the pH of the

solutions would not be lowered sufficiently to precipitate the scheelite

(Barabanov 197·1). Therefore, Bryzgalin's theory explains the deposition

of scheelite in the Tyrny-Auz deposits very well.

Application of this I:lechanism to the King Island deposits seems

possible, but some changes must be made. Unlike the skarns of the

Tyrny-Auz deposit, the King Island skarn formed only from the very

calcareous beds and not the pelitic hornfels and therefore, its

001105
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potassium tur~state.

Transportation of the tungsten in an alkaline solution as ci ther
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complete lc.ck of plagioclase. H011ever, o.n:phibole that has for"oo froin

calcic clinopyroxene is present and is alllost invariably associated \",cLth

mineralized parts of the skarn. The scheeli te is rarely associated with

the calcite in the skarn and so the precipitation of the scheelite

appears to have been due to the release of calcium and the drop in pH

of the mineralizing solutions resulting from the alteration of clino-

pyroxene to amphibole. Also a necessary prerequisite in the deposition

of scheelite is the breakdo~m of the garnet to produce the clinopyroxene.

The occurrence of scheelite completely enclosed in gu-~et is probably

due to the deposition of the scheelite in spaces thAt had formed in the

garnet while breaking dorm since scheelite doesn't occur in the unaltered

garnet in the siliceous skarn.

The alterntion of the andradite garnet lmd its replacement by

clinopyroxene suggests that the calcium in the scheellte came directly

from the garnet breakdown, since as can be seen fI'<T.ll the respective

fonnulae, the garnet is richer in calcium than the clinopyroxene.

However, if this is the case, then it is difficult to justify the drop

in pH to precipitate the scheelite. Also, Garnet commonly reacts to

give c:linopyroxene where the skarns show little sign of mineralization.

The location of the mineralized regions of the sk$xn away from the

Grassy Adamellito oontact reflects unfavourable conditions for the

deposition of soheelite olose to the intrusion. This is probably due

to the verJ alkaline nature of tho metasomatic fluids just after their

liberation from the orystallizing magma. In order for the pH to drop

to a value suitable for the preoipitation of soheelite,the solutions

travelled sane dist~~oe along the beds now forming the andradite skarn.

The shape of the orebodies, wedged out ag~nst the intrusion (refer

cross section 7 of the open out) suggests that the solutions travelled

more readily along the central parts of the units since these regions

generally oontain the highest grade ore.
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CHA?TER .2

COMPARISON WITH OTHER

~JOR SKARN TUNGSTEN DEPOSITS
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Skarn tungsten deposits are found in numerous lcc~ties throu&hcut

the world. They are almost invariably MsociO-tee. with granitic intrus­

ions. In this chapter the King Island deposit is compared with two areas

of significant tungsten mineralization in skarn, viz. the deposits of

the BishCJl: district, California,U.S.A. a.nd the Tyrny-Auz deposit in

Soviet Amenia. These, along with the King Island deposit, are among

the largest tungsten producing areas of the world.

6.1 BISHOP DISTRICT.

The skarn tungsten deposits of the Bishop district al'e located in

roof' pendants set in the Sierra Nevada batholift. The pendants consist

of predominantly interbedded quartzite and pelitic end calcareous

hornfels. They range up to several miles long. Most of the commercial

deposits are located ill the Pine Creek pendent and the Tungsten Hills

pendants.

The intrusive rock responsible for "the metasomatism and mineraJ.­

i:o:ation of the marble in the pendants is a grenite which consists" of

orthoclase (58%), oligoclase (18%), quartz (18f~), biotite (5,(;),

accessories (zirc!;n,sphene, apatite and pyrite) (1%) and hornblende

(trace) (L~non 1941b). This is possibly similar to the c~mpositicn of

the Grassy end Bold Heed Ademellites before their contamination.

Skarn has formed in the marble beds close to the contact with the

granite. Its mineralogy is similar to that of the King Island skarn.

In the Tungsten Hills deposits the minerals comprising the skarn, in

approxima.te decreasing ord er of abundance, are gO-'"J1et (mainly andradite

with subordinategrossularite), amphibole, pyroxene, epidote, chlorite,

quartz, phlogopite, scheeli te and sulphides (pyrite, sphalerite and

chalcopyrite). The skarn in the Pine Creek pendant consists of garnet

(as above), diopside (varying toward hedenbergite), epidote, hornblende,

clinozoisite, vesuvinnite, quartz, fluorite, sphene, scheelite and

sulphides (pyrite, p;yrrhotite, chalcopyrite, molybdenite nnd bornite).
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.The garnet for:ns large idioblas tic zoned crys tals and t!1e pyroxene and

hornblende usually occurs as dark green aggregates as in the King

Island skarn. The scheelite, however, is often idioblastic with

crystals 3 to 25 t:Un in dia.lletcr. The sulphides, apart from molybdenite,

are absent from most of the ore indicating that, as at Y~ng Island, the

scheelite and sulphides fOrQed at different stages.

The petrogenesis of the skarns of the Bishop district, given by

Bateman (1965), differs from that proposed by the author for the King

Island skarn. Bateman states that the first minerals to develop in

the skarn, garnet, pyroxene. and scheelite, fanned simultaneously and

that the proportion of garnet and pyroxene were determined by the

relative abundance of silica. Apparently, there ia no evidence of

garnet altering to pyroxene as in the King Island skarn. The later

fomed, lmver temperature minerals developed in a similar manner in

both skarn areas.

As the skarn in the pendants is observed to grade into pure marble,

it is clear that it fomed from this•. However, at King Island the skarn

is believed to nave fonned from impure marble.

Lemmon (1941b) and Bateman (1965) suggest that in the deposits of

the BishOp district metasomatic fluids were introduced prioa..."ily along

fractures and that the extent of skarn development depended on the

intensity of fracturing in the marble. At King Island these fluids are

believed to have moved mainly along the bedding planes \vith Ol'~y minor

ehannelling along fractures. Geochemical data on the deposits of the

Bishop district were not available.

6.2 TYRNY-i;UZ DEPO§I1:.

The Tyrny-Auz skarn tungsten deposit is situated in the Tyrnyuuz-

Pshekish mobile zone which runs along the north slopes of the Front

Range of the Caucasian Mountains. Granitic bodies have intruded the

zone una. the largest of these, the El'dzhurtie biotite granite, is



believed to be responsible for the mineralization of the deposit.

The deposit is distinctly different fr:>m both the Kin3 Island

deposit and those of the Bishop distriot. The skarn has for.ned in an

anticlinal fold along a strotigraphic boundary between marble and

biotite hornfels. Therefore, the metasomatic fluids moved along tr~s

boundary so that 8~ of the skarns are in hornfels ("ho",nf'els" skarn)

and 2CF,~ in marble ("limestone" skarn). There is a definite zonation

developed parallel to the boundary. Approaching the boundary, the

zones in the hornfels are biotite hornfels, amphibole-biotite hornfels,

pyroxene hornfels, pyroxene-garnet and garnet-pyroxene s..1<:arns. In the

marble the zones are marble, vesuviani te-wollastonite skarn, pyroxene

and pyroxene-garnet skarns. Therefore, only near the marble hornfels

boundary does the composition of' the skarns approc.ch that of the King

Island skarn. At King Island, this range of skanlB has not developed

since the biotite hornfels has remained relatively inert to the meta­

somatic fluids and the development of sJr.11rn has therefore been restricted

to the marble. The occurrence of' wollastonite in the Tyrny-Auz deposit

indicates that the skarns probably fonned at a higher temperature than

that of King Island.

Comparison of the compositions of the biotite hornfels and the

hornfels skarn indicates that during skarn fonnation Fe, lIn and Co.

were introduced and A1, Ti and alkalis were removed. The development

of' skarn in the marble was accompanied by an increase in Fe, Mn, A1, Mg,

Ti and 8i and a decrease in Ca. Therefore, Fe and LIn must have been

introduced to both skarn types from the metasomatic flcids froD the

intrusion. Bimetasomatic diffusion, as in the banded footwall beds

of' the King Island deposit, as well as infiltration metasomatism, was

significant in the formation of the zoned skarns of Tymy-Auz deposit.

Besides the zonation parallel to the marble nornfels boundary,

there is also a zonation along it. The 10l1er parts of the 'fyrny-Auz

deposit are nearest the intrusion und are enriched in Fe and 1.1n while

•

•

001110
59.



•

001 t 1 J GO.

the upper parts are enriched in A1, Ti and alkalis. The zonation is

dependent on the relative proportions of the eIe:nents in the mete-somatic

fluids and the countI"J rock. Fe anl1 I:in are higher in the fluids end

therefore are deposited mostly near the intrusion and in decreasing

amounts away f!'om it. .....1, Ti and alkalis, however, are higher in the

hornfels so they are removed by the· metasomatic fluids near the

intrusion and are redeposited farther away in the upper parts of the

deposit. At King Island zonation of this nature has not developed

since the skarn formed only in the marble beds which are low in all

the above elements relative to the metasomatic fluids.

Comparison of several trace elements in the skarns of the Tyrny­

Auz and the King Island deposits have been made in section 4.3.

,
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In the souta-eas t part of Kine Island the Grassy and Bold Eead

Adamellites have intruc1ec1 the Preccr.lbrian Sa!ldstollc-Siltstone Formation

and the Co.mbr-ian Grassy Grou!l and o'lerlying b:lsic volcanics. Petrological

and geochemical r'eatures of the intrusions indicate th:lt they od.gi.r>:l ted

from a COlll.'IlOn source, the Bold Head Adarnelli te being an offshoot cf the

Grassy Adamellite and intruded along the Grassy River Fault. Structural

elements within the Grassy Adamellite sUGgest that the Grassy River Fault

was active during the emplacement of the intrusions and also at the time

of the intrusion of basic dykes into the Grassy Ad~ellite.

Ar40/Ar?9 age determinations reveal a late Devonian age (about 370

ill.y.) for the adamellites and an early Carboniferous age (345 m.y.) for the

basic dykes. From this it appears that the Grassy ana Bold Head Adamellites

were intruded shortly after the close of the Tabberabbe:>:an Orogeny. This

is consistent with the post orcgenic ti;ne of intrusion indicated b~.. the

shallow depth of emplacement and the discordant relationship of the

intrusions wi th the country rock. The :ldnmellites were intruded in the

same tectonic phase as the Middle Palaeozoic Tasmanian tin gr<!ull tes ar::.d

are similar to them in many respects.

From a petrological study of the calcareous units Or' the Uine Series

the following conclusions were dra,vn. The marble beds have undergone

mild fluorine metasomatism and have not attained equilibri.um as is typical

of most metasomatized rocks. The pyroxene garnet hornfels Wes formed by

metamorphism and metasomatism of a calcareous tilloid, the unaltered ~arts

of which arc exposed to the north of Grassy. Variations throughout the

pyroxene·garnet hornfels are due to variations in the cooposition of the

tilloid. The banded footwall beds originally consisted of thinly inter-

bedded pelitic and calcareous roc~~ ann were formed by thc process of

bimetasor.1ati.c diff'usion (defined by Korzhlnskii, 1955 and used by Large,1969

and 1971 in desoribinG the formation of similc.r rocks in the oontact

aureole of the Bold Head Adamellite). This involved diffusion of calcium
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into the pelitic bE'Jld.s r.nd silico., iron c...'1d aluminiUIil into the coJ.c~rcous

bands. Ir~~iltration metaso~atism ~~S negligible except uhere ~iTIcrnlization

ha.s occurred in the calcarecus ba.'lds.

The !l-"ldraci te sl:c.rn was fanned by id'il tre.tion metasomat.i.sz:l of

calcareous beds. This consisted of t~o main phases. The first involved the

introduction of iron and silice with the foroatian of nndreoite. In the

second phase the andradite \'las replaced by predcmina."ltly clinopyroxene which

was alr.ost immediately altered in parts to hornblende. Scheelite ~as

deposited Dot this stage. FoJ~o\'ling this, the remaining sl:arn minerals were

foroed.

Geochemical data supports many of the petrological oonolusions.

Comparison of traoe element distributions in the marble, pelitio horrSels,

andradite skarn and unaltered eC!.uivalents suggests that the skarn \'ISS fomed

from an iopure marble. The dete~ning factor in the metasomatism uas the

relative perrneabilities of the marble beds, the impure marble being the

more peroeable rock.

The positive oorrelation of tin and gemanium with tunesten in the

andradite skern indicates that these elements oriGinated I~rom the sane source,

viz. the OOa:ne11ite intrusions. This is further indicated by the !l-'1omalousl:;'

high concentration of tu..'1gsten in the sphene from the ad ar.:telli teo

The control on the loca.tion of the o:cebodies appears to have bee.."1 the

Grassy Piver Fault. Stress release along the fault plane during the

ClTIplacailent of the adamellites caused the locallization of the hydrothermal

fluids to parts near the fault.

The occurrence of schee1ite ir.. parts of the skarn containing hornble...""lc.e

indicates that the deposition of the scheelite was probably associated with

the alteration of clinop~70xene to hornblende. Therefore, the mechanism

of mineralization is believed to be similar to that proposed by Bryzgalin

(1958). B:r this mechanism tungsten is trans)orted in all:aline hyd,:othemal
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solutions as sodium tungstate which is very soluble in sucn an envirc~u~nt.

During the metnsomatlSUl the clinop2t-roxene is partly amphibolitizcd and the

calcium rele.:'1.scd by this res.ction COfJbines with the tungstate ion. 1'he

fixation or the sodiu,-;] from the solutions into the hornblende results in

tne lowering of the pH allo\ring the deposition of tne scheelite when it

reaches 6 to 7.
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The traverse through the ~rassy ~d~~ellite ~as mede usinG n

1.5000 be.se r.Hlp 110.6016 provided by Ceopeko Ltd. Snwplinc; in '.;he open

cut (Uo.1 ol"'cboC:.y) vas undert3l:en using an open cut ecolcsic.:ll plan

also provided b~·· G-eopeko Ltd. ~h(: co-orc1in!."rta 3YSte8 u~ed in both

raa.ps is the integrated co-ordinate systen b2.sed on J~ustr.Jli('.n geodetic

datum•

Thi:l sections ';'jere ct:.t in order to maJ-:e det·riled petroc;rfl.phic

studies of tne 1"OOJ:5. n7ent~r thin sections TIcre c~t by th8 technic.rtl

staff of' the Geolagy Dcpa.rtmEint.

High dis?e~sion oils ~erc used to dete~ine ref~~ctive indices

at the minercls gfl.rnet, cli~opyroxene, hornblende, actinolite CZ1C,

oelilite. !.:ineral cot".positions y;ere determined :{'roo [jte.r.d~rd plots of

refractive index cgainst co~position in Doer et al (1966) and ~oorehouse

(1959). PIC'giocluse compositions were determined by the Eichel Levy

Method involvins the necsureocnt of the exti~ctlon ~~gles in the zone

nornal to 010. The plot of extillction ~nb'lc c.ge.inst co:nposi tion in Deer

et al (1966) enabled the anorthite conte~t of the plegiaclase to be

dete2'mined ..

The modal propo~tions of tne ~iner~ls were estimated visually.

!lock ~&ll?les v"ere c=-'''''..1Shcd ini tie.lly in a jan crusher 2JtG then

in a chroi:!c steel ternc.. to reduce th0 raine:-cJ.s -t;o eo size suitable for

ane.lyticc.l i"IOn-:. Ui!1ercl fr.;ction~ ,"jere obt~incd using a. Frantz

Iso~:~~~ic ~cpcrator. In SOT:9 inst~nces the he~~J liquids broooform

~nd methylene iouidc ficre u~ed to obt~n pure fro.ctions.
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X-ray diffractometry vras used for the determination of n.e mag:1eSi\l:l

content of c.?lci te and the detection Dr dolora5.te in samples of mirble.

It 1'1aS also used for the deter:!'.ination of the cell dimensions of garnets

in order to dete:''"'minQ, with their rcfr~cti~le indices, the occurrence of

components other th.?n "--"dradi te and gro:,;sul"ri teo In all cases Cu l~",

radiation was used.

3.5 X-ILLY FLUOr3SC~'[CE SP3C'fROSGOPY.

Mo.,jor Elernents:

Eleven total rock saIrlples 17ere subj ected to major elc;nent analysis

by X-ray fluorescence spectroscopy. Si0
2

, A1
2

0
3

, Fe20
3

, Ce.O, N"20 , K
2
0,

I.lgO, Ti02 , MnO, P205 and S were deternineCl using the fused borate diroo

method of Norrish ~T)d Cr2ppell (1967). The international geochemical

rock ste.ndards G-2 and BCR-1 were used. Readings were computerized

using a proemmme supplied by Mr. A.S. BadglC'J of the Geolof,y Depa!"tment.

Trace Elenents:

Rb, Sr, Ii and 3n were determined by X-ray fluorescence spectroscoPJ'

on the intrusive rocks using pressed po~er discs with cellulose as t~e

backing.

Many samples were analysed for selected trace elements by !'!cPhar

Geophysics Pty.Ltd. \7, Mo, Sn, Ge, Ti, Hi, Cr and Co were determined

using X-ray fluorescence spectroscopy. Cu, Pb, Zn and 1,J1 were dete::-mined

usinG atomic absorption spectroscopy.
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Samnle 100.

SECTION DESCRIPTIons

j

POl~hyritic Lda~ellite.

Texture: Po~hyritic, hypidior.Io~hic.

•

•

Groundrnass coarse grained and inequigranular.

PlaRioclase (30%): 0.5 - 5 mm, average 2 mm.

Anhedral to subhedral. Lamellar twinning and no~l oscillatory

zoning well developed. Average extinction angle norrrAl to 010 is

o13 , therefore average composition is JUl 30. Partly sericitized

especially along selected zones. Fracturing CODmon.

Orthoc~ (25;-;): Phenocrysts (155[,), Groundnass (1<0).

Phenocrysts: Several centimeters lone. Subhedral, distinct

rectangular form but margins irregular and acco~~odate smaller

grains. '.'Jell developed carlsbad t-win:'ling. Perthitic texture.

Poikilitic, contain mainly plagioclase and biotite grains. VeYJ-

little sericitization.

Groundmass: 0.5 - 7 mm, average 3 mm•

Anhedral, very irregular form. Perthitic and poikilitic li}:e the

phenocr)~ts and slightly more sericitized.

Quartz (20%): '0.2 - 4 mm, average 1 ~~.

;1Uledral. Some Grains show irregular extinction indicating strain.

Bioti te (17;;): Up to 4 mm, average 1.5 mm.

Anhedral, platy. Strongly pleochroic, ..: pale broml, fJ bro.m,

Y dark reddish brol'm, therefore rich in ti tanium. ~lost grains

partly altered to chlorite and occasicnally epidote and sphene.

Some grains completely altered to chlorite.

HOl1lbl€nde (5%): Up to 3 m:n, averaee 1 on.

Subhedrd, prismatic. Pleochroic, -<. light bro>m, f!' liGht Grec!1-
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brolm, 't olive Green. Refractive indices, f3 = 1.671, therdore

1,1t0~g+Fe = o. 54.

Anhedral.

Up to 0.4 r.~, average 0.2 ~".

Usually associated I~th the mafic minerals.

S"hene (1;:-;):

Euhedral, double wedge form. SliGhtly pleochroic, broIl!> to derkcr

brovm, therefore contains iron. Often contains or is associeteu

wi. th ma,gnetiteo

Sample 114.

Xenoli tho

Texture: Porph.yri. tic. Approachir~ a decussate texture. Meny grains

•

poikiloblastic.

Orthoclase (25);): Phenocrysts (5%), groundme.ss (20};).

Phenocrysts: About 5 rom. Subidioblastic. Similar to orthoclase

in adamellite.

Groundmass: Up to 1 r._", average 0.4 mm.

Xenoblastic, very irregular fonn.

Poikiloblastic, contair1s inclusions of ape.tite J sphene a..."1d

·zircon. Changed in parts to microcline (cross-hatched t\Tinr~nG).

Partly sericitized•

Hornblende (20}~): Up to 1 rom, average 0.5 1l'.I:i.

Xenoblastic to subidioblastic, prismatic.

Pleochroic, 0( pale brolm, f' olive green, /( green. Refractive

indices, f3 = 1.683, therefore J,lefl::g+Fe = 0.42.

Occurs in parts as clusters of almost pure hornblende.

Biotite (15%): Up to 1.5 rom, average 0.7 mm.

Xenoblllstic, platy. Strongly pleochroic, 0<. pale brm'm, f3 darker

brol'm, ¥ dark reddish bro':m, therefore rich in titanium. ],lcst

grains partly or completely ,,1 tered to chlorite.

quartz (17%): Up to 2 rom, average 0.5 mm.

Xenoblnstic. Poikiloblastic, contains inclusions of a?atite,

sphene end zircon.



•
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S"!lene (85:): up '.;0 0.4 rru~, average 0.2 r.L':l.

Xenoblastic to 5ubidioblastic. Dark bro~~ colour. Often

occurs as incl~sions.

~ite (5);): Up to 0.5 lIlfil, a"lem"e 0.3 rnm.

Idioblastic, elcngate with perfect he;.::agonal transverse section.

Occurs only as inclusions.

Zircon (trace): Up to 0.2 ~m, average 0.1 mm.

Xenoblastic. Associated v~th sphene ~d apatite.

Sample ).01••

Contact Rock - Endoskcm.

Texture: Similar to that for the adamellite apart from the interstit;.al

calcareous asser:>blage ,:hich is very i=egular, poikilitic aml

typical of the textures in the metaso:r.atized rocks •

.!~..hedra1. \"fell twinned &nd zoned. a.."a saI:ie co=tpozi tion as

ple.gioclase in normal adamellite. ·,Tell fractured and partly

altered to sericite and zoisite especially along the fractures.

Actinoli te (155£): Up to 3 nun, average 1 mm.

Subhedra1., prisr.latic to fibrous. Associated ,n. th calcite and often

grows through it. Faintly pleochroic, 01. colourless, p verJ pale

green, y pale green. Refractive indices, p = 1.665, thereforc

Mg/!,lg+Fe = 0.38.

Calcite (1S;~): Anhedral, very irregular form. Poikilitic, contains

inclusions of actinolite, sphene and apatite. Interstitial to

plagioclase grains •

. Sohene (57;): Up to 1 mm, average 0.2 r:lfO.

Anhedral to euhedral. Associ:, ted ..ri til calcite an,l actinolite.

Contains inclusions of magnetite. Distinctly pleoc~roic, light

brO"lm to dark brown, therefore contains iron.

Quartz (Z~): Up to 1 nun, average 0.5 rrn.

Anhedral.
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Occurs a3 poorly ~ormeG rosettes. ~noD~lous blue interference

COlOU1'S. Associated wi th calcareous e.sse~,'.blage betvleen

plagiocl;lse grc.ins.

An3.ti te (1~O: Up to 0.3 ITln, averc.ce o. ~ wn.

Ew.cclrcl. Occurs in the ~D.2.co..reous asserr.bl:3.[e.

Biotite (tr~ce): 0.2 mm. Anhedral.

Associ~teu und incluGed in plaGioclase.

S~~C as in no~~l ada~ellite.

•
1:!afineti te (truce:

sphene•

Sa.'UD1 e 1i2..
Lanprophyre.

0.1 rom. Anhedral. Usually ~ssociate1 with

Texture: Porprlj-ri tic. Groundmass fine grained '.r1 th a typica.l bnse..ltic

texture.

Subhedrel, lath sha~ec;. Lamellar ane c,~rlsba.d twinning COOInon.

Normal zoning. oExtinction ~n0les nOr.70al to 010 vary fro8 17

I

I
•

to 270 (An 35 to An 50) in the core of the grains 7Qth the largGr

grc.ins being more calcic. In the rLns of the grains the extinct.i.on

~nele is 30
(An 22) •

PhCJ!.ocr~rsts: 0.3 to 4 DP.l, a'/erage 0.7 mm.

Subhedral to euhearal, prism:J.tic elongate. Some gr~ins show c~rlsba,'.

twinning. Pleoc!1Y'oic, .,( pale brorm, f' light bro',"", 't darker

brol'm. Refractive indices, f3 = 1.697, therefore Mg/?,:g-;-Fe = 0.25.

SOf!lG grains partly ~l tered to chlorite with the liberation of calcite.

Groulldmass: Up to 0.3 mm, (Ivornge 0.2 mm.

Anhedral to subhedral. Similar to the phenocr'Js ts.

Up to 0.5 r:'J.1 J u-,.terage 0.2 mrn.

ArJledrDJ. J vel"J' irregular for;;;. Occurs in gro.in elus terz.
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intensely scriciti3eu. Qu~rt~, ~~ to 0.3 ili~, ~vcr~ce 0.1 ffiD, cccurs

in grain clusters. Also traces of epidcte and sphene.

Hames Eiven al'e the unit names.

~amnlc m.
Volcanics (silica deficient).

Texture: Gr~noblastic, ~ine ~raine~.

Tre'noli te (6~:): Up to 0.4 rom, ~ver~ge 0.2 m~.

•
Xenoblastic to subidioblast~c, prismatic to fibrous.

Randomly oriented •

Xenoblastic, veFJ il're5U1ar form. Dark green colour, thercfol"C

spinel-hcrcynite cornposi tion. Altered in parts to €'. brO":in

~~orphous ~aterial.

Phlor:onite (13"·),:"-'-'=""- , 0.1 to 1 mm, averaGe 0.4 ~".

Xenob~.nstic, platy. Fe.intl:;r pleochl~oic, 0-:. pale b:r-o·...,n, f3 pale

brown, r colourless. Poikiloblastic, conte-illS inclusions of

Xenoble.stic,. granular. G:r-llin2 often occur i:n clusters \'ri th sn!~e

tremolite und magnetite.

•
E£.rstcri te (55;): 0.1 to 1 lilI!l, a-,erae;e O.le :nIn •

optic orientation. Poikiloblastic, contcins smull inclusions of

magnetite.

Up to 0.1 n~, averae;e 0.05 "~.

Xeno~lastic to subidioblas tic, occ~sionn.lly in the rom of small

cubes. Usually occurs as inclusions.

l ' 1 . (" I" "1 '~ 0 CLi!LLCS :a l.ea r~c 1; ..

~,turc: Bla3to-nQygdu1o~dal. Gro~~dmass fine Gr~ined, &ranobl~stic.

AnY5c1ales porphyritic.

J

n to "., .-; ,1 - (-0':)".. 0 -,,_-,~_~ J ,.I • 0 0 5 to 3 rnm~ avcrnEe 1 .. 5 m1TL •

Less :h::.11 C.Os run .. pl'edo:..i 11:J.ntly. Xenoblns tic, !~:r~'!.m.:.lc.l~.



Seric"l. te (,i 5<~,: ~xtrer:181y fi;'lC .p:r-,"·incc1. Xc""'ool~sLic 'n",nl,oL l" .J·i ~ ~____ ' ...... ,. ~ l. , ....... " ......; ... l.......~_.

'" ""' ('Cf')·.!J..l..c .._ue I ,J •----. 0.05 to 0.2 [~:, ~v8r~ge 0.1 ~lm•

Xenablustic to subidioblastic, pl.a.t;y.

Up to 0.2 n"" averac" less than 0.05 P.t11.

Xenoblastic, rounued.

Quartz (2:;;:;): Up to 0.2 mm, leverage O. G'5 Dl'l.

Xenoblastic, granular. ?oikiloblc.stic, contains s~Jall rounded

inclusions of magnetite.

rounded inclusions of' quartz and !TIG.gneti tee

Biotite (1~:): Up to 0.2 !TI!i'1, averc.ge 0.1 nun.

•
Xenoblastic to subidiobl~stic, pIety. Po~ki..loblustic, L •con ...r.J.i1::;

Actina' i te (1 C5:;) : Up to C.2 P.ta, evcr~ge 0.1 rom.

Xenoblastic to subidioblas tic, prismc.tic.

J• • L '5"'"\,agneti ,,~ lie): Up to 0.2 om, average 0.05 m8.

Xenoblastic to slloidioblestic, squ~re tJ rounded sha~e. Smaller

grains usually occur as inclusions.

Bioti te (1;.0;;): Up to 0.1 mm, averc.ge 0.05 =. Xenoblastic to 5ubidio-

Biotite hornfels.

grained.•
Te:cture: Gre.noblastic, approaching e.. typical ho~ele te:ctlU'"e. "' ...L ~ile

bl~3tic, platy. Random orientation.

Currrtz (30;.:): Up to 0.1 mm, average less the.n 0.05 rnm. Xenoblastic,

granular. Poikiloblastic, contoins sm~l rounded. inclusions of

magneti te. SOriiC gr3ins occur in elongate groin clusteT'S.

Tremolite (1S;:-~): 0.1 to 0.3 mr:1, aVeJ."'age 0.2 rnm"

Subidioblestic, fibrous. Fibres usually radiatinG.

Up to 0.1 rom, ~veruge lcs~ th~n 0.05 mm. Xenobl~stic,

rounded. S[~al1.est grains often occur 3.S inclu3ions.
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§ample 62.

Biotite Actinolite Hornfels.

Texture: Granoblastic. Compositionnlly banded, b<Jllds 1 to I. m;n thicl:,

average 2 mm.

! Biotite (3C5S): Up to 0.1 mm, average 0.05 rom. Xenoblastic to
I

sUbi~ioblastic, platy. Randomly oriented. In biotite-rich b&nds,

up to 6C5; biotite. In biotite-poor bands, up to 157; biotite.

Actinolite (3C5S): Up to 0.2 rom, average 0.1 ~n. Xenoblastic to

subidioblastic, prismatic, elongate. Randomly oriented. In

actinolite-rich bands, up to 50}S actinolite. In actinolite-poor

• bands up to 15% actinolite•

Up to 0.1 a~, average 0.05 nw.

Evenly distributed through the bands.

Xenoblastic, granular.

Ilmenite ("iC!%): j.bout 0.1 =. Xenoblastic to subidioblastic, elongate.

RandOl!lly ori ented. Restricted to biotite-rich bands. Occasionally

forms thin bands itself up to 0.1 a'll thic..1<:.

Sample 66.

Older Volcanics.

subidioblastic, prismatic. Occasional inclusions of magnetite

Tremolite (50%):•
Texture: Grancblastic, medium grained.

0.1 to 1 mm, average 0.4 mm. Xenoblastic to

and spinel,

Forstorite (200): 0.1 to 0.5 mID, average 0.3 mm. Xenoblastio, ve~J

irregular form. Poikiloblastic, contains smull inclusions of

magneti teo

. Spinel (155;): Up to 0.3 mm, average 0.1 mm. Xenoblastic. Shape

controlled by other minerals. Dark green colour, therefore

spinel-hercynite composition. Altered in parts to bro\7n

amorphous material.

PhloGonite (1~): 0.2 to 0.6 mm, ~veraGe 0.4 m~. Xenoblastic J pl~ty.

Occasional inclusions of' magr.eti te Wld trc",oli teo Faintly



Quartzi teo

Usually associated with spinel.

001129

Up to 0.2 rom, average 0.1 mIn. Xenoblastic, platy.

Up to 0.3 nun, average 0.1 mIn. Xenoblastic, grllI'.ular.

In parts occurs as verJ fine grained interstitial material.

Poikiloblastic, contains very small inclusions of muscovite,

rutile and magnetite.

Sample 68.

Texture: G-ranoblastic, approaching granuloblastic. Fi!1e graine2-.

pleochroic, .,I.. pale brO'.ffi, (3 pale brown, 1( colourless.

Hagueti te (10;;): Up to 0.2 rom, averaee 0.05 ron. Xenoblastic, rou!1ded.

Hu..~ccviteo (187;):

Quartz (80;:;):

• Magnetite (1i~): Less than 0.05 mIn. Xenoblastic, rounded. Occurs

almost entirely as inclusions in quartz.

Pyrite (17;): Up to 0.1 mIn, average less than 0.05 @In. Idioblastic,

square.

Rutile (trace): Less than 0.05 mm. Subidioblnstic, rectangular. Occurs

only as inclusions in quartz.

Sample .?!t.

Marble - C lens.

grained granoblastic •

Calcite/dolomite (75;;): Up ,,02 rom, average 0.1:_ rom. Xenoblastic.•
Texture: In parts granuloblastic, fine gmine<!. In other parts coar·ser

Granular calcite about 0.3 rom. Irregular grains larger and

poikiloblastic, contain inclusions of forsterite und magnetite.

Forsterite (15j~): 0.05 to 0.3 mIn, average 0.1 rom. Xenoblastic, granular,

usually rounded. Distinguished from humite l;linerals by lack of

I d "" 80°.co our an '"r''''' Intergrowths form with calcite grains.

Up to 0.1 mIn, average less than 0.05 run. Xenoblastic,

rounded. Occurs mostly along fractures and bevneen calcite grains.

Some occurs as inclusions.



UaItle - BIens.

llost abundant near spinel.

yellow.

0.05 to 0.3 ~n, average 0.2 mm. Xenoblastic,

1 to 10 m:n, :?veraee 5 rom. Similar fona to qua"',;z.

2 to 4. mm, average 3 ~". , SUbicioblastic, elongate.

1 to 10 rom, average 5 =. Xe:loblastic.

Up to 0.1 ~~, average less than 0.05 ~~. Xenoblastic.

Up to 0.3 rom, average 0.1 rom. Xenoblastic, granular.

Granoblastic, approaching e;ranuloblastic. Medium grained.

rock.

Calcite (25;;):

Enidote (10;;):

Cunrtz (40%):

p lemon yellOW, r pale yellow. ~ost abund~lt near fractures.

Ovoids coarser grained with a more irregular texture.

been preserved. as ovoids. Groundmass granoblastic, medium grainea.

granular, ro':!nded. Distir.ctly pleochroic, '" golden yellow,

Pyroxene Garnet Hornfels.

001J30

subidioblastic, platy. Colourless, non-pleochroic.

Green colour, therefore spinel-pleonaste composition. Contains

minerals below are given in relation to the ovoids and not total

sli&ltly pris~atic, usually rounded.

Ver~' faintly pleochroic, ,{ colourless, f3 colourless, rver::; pale

inchlsions of magneti teo Most abundant near fractures.

Poikiloblastic, contains inclusions of actinolite anu pyroxene.

granular, often polygonal.

GlinohUf'lite (20%): 0.05 to 0.3 mm, average 0.1 rom. Xenoblastic,

Ovoids (1~;): Up to 3 em, average 1.5 em. Percentages of constituent

Galci teliJolomi t'!. (65;;):

Xanthophyllite (3~): Up to 0.4 rom, average 0.1 mm. Xenoblastic to

Diooside (~;): 0.05 to 0.3 rom, average 0.1 mID. Xenoblastic, granular to

Texture:

Spinel (1 cr,:;) :

Sample 259.

Texture: Blastopsephitic, calcareous fragments in the original rock have

Sarno!.e .21.
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Cordierite (1Cf,): O.S to 2 O\!D, nvoI'e.ge 1 rrt:!l. Xenoblastic, ver::

il'regular form. Lamellar twinning develcped.

Vesuvio.n~ (Sn: Up to O.S rom, average 0.3 m!". Xonoblastic.

Anomalous blue interference colours. Associated with cOl·dicrite.

Actinolite (5;6): Up to 1 =, average 0.3 l1llll. Subidiobh.stic,

needle to fibrous ~orm. Often occurs as inclusions in quartz

and cald teo

Pyro~ (~): Up to 0.6 =, average 0.3 mr.l. Xenoblastic,

granular. Occurs usually as inclusions in quartz and calcite.

Scheelite (1%): 0.1 to 0.3 IIlIJ, average 0.2 mm. Xenoblastic,

granular, rounned.

Groundoass (857;): Percentages D-ven in rclatio!:! to groundmass.

Garnet (6q%): Up to 1.5 rnm, average 0.5 rom. Xenoblastic,

granular. Pale brown colour, therefore predominantly grosnulnrite.

Poikiloblastio, contains nunerous inclusions of clinopyroxene and

quartz.

~oFyroxeno (30%):· Up to 0.4 ~~, average 0.2 rom. Xeno~l~stic,

grcnular. Very pale green colour, theretore diopsid1c. In parts

grains occur in aggregates.

Quartz (1C~E): Up to 0.3 nun, average 0.1 ~'rr. Xenobh.stic.

Interstitial to garn.et.

Sample ;&.

Banded Footwall Beds.

Texture: COfJposi tionelly banded \'lith bands O. S to 1 cm thick. Host

bands have a granoblastic texture with the marble al'ld clinopyroxene

bands approaching a granuloblastic tcxture. Pelitic hornfels bandn

have a tJ~ical hornfels texture.

Marble Bands:

Calcite (9~j): 0.1 to 1 ron, average 0.3 mm. Xenoblastic, polygonal.

Poikiloblas tic, contains small inclUsions 'of magnetite and clino-

pyroxene.
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Clinopyroxene (1;;): Up to 0.1 mm, average less than 0.05 tnm.

Xenoblastic, grenular. Pale green colour, therefore diopsid:'c.

l.iae;netite (1~;): Up to 0.1 l!1r.1, average less than 0.05 I!'"'11.

Xenoblastic.

Helilite Bands:

Melilite (80%): Up to 4 ~'11, average 1 rom. Subidioblastic,

prismatic. Some grains show wice lamellur twinning. Associated

"IIi th calcite. Intergrowths with calcite occur. Calcite also

occurs in fractures in the melilite. Refractive indices,

~ = 1.659, therefore composition is 34 mol% ckermanite, 66 mol%

gehlenite.

Calcite (15%): Xenoblastic.

Hydrogrossular (~;): Up to 2 ~, average 0.5 mo. Xenoblastie,

granular. Identical to grossuluri to with uncrossed polars but

under crossed polars shOWS a 10,1 birefringence und is uniexial

negative. Occurs I'.ear boundar,)' of melili te and garnet bands.

Garnet Bands:

Rarely pure except occasionally in thin bands less than 1 r.Jl!l thick.

Bands usually consist of garnet and clinopyroxene. Grade into

clinopyroxene bands •

Garnet: Up to 1 mm, average less than 0.05 ~'11. Xenoblastic,

granular•. Refractive index is 1.777, therefore composition is

72 mol% grossularite, 28 mol% andradite •

.9linopyroxene Bands:

,There garnet disappears completely the bands are very pure.

Clinopyroxene: Up to 1 mm, average 0.2 rom. Xenoblastic granular.

Pale green colour, diopsidic composition.

Pelitic Ho~Sels Bands:

Very altered to iron oxides mainly. Only ~raees of biotite re~ains.

Actinolite foms near the clinopyroxene bund.



Skarn - C lens.

Poikiloblastic textures co~on.

in the rock. Thin hydrogrcssular rims around large idioblastic

Up to 1 mm, average 0.2 =. Xenoblastic, gmnular

granular. Poikilobh.stic, contains grains of all other minel:'als

hornfels, therefore richer in the andradite component.

grains. Darker brol'm colour than garnet in pyroxene garnet

0011
Swoule 2l.

Texture: Porphyroblaztic. Smaller grains usually granoblastic.

Clinopyroxene (2:£;):

Garnet (50%): Up to 5 mm, average 2 a~. Xenoblastic to idioblastic,

and occasionally prismatic. Light grea~ colour, non-pleocc~oic.

Smaller grains occur as inclusions in ganlet. Larger grains

usually interstitial to garnet. Partly altered to iron-rich

material.

Calcite (1Of;): Up to 3 mm, average 0.5 mm. Xenoblastic. Hainly

interstitial to garnet grains.

Hornb'ende (5%): Up to 1 mm, average 0.2 rom. Xenoblastio to subidio-

blastic, prismatic. Strongly pleochroic, 0< light green. - hrol"m,

•
~ olive green, 't -deep blue green. Associated with the clino-

pyroxene from which it has formed. Partly alterod to iron-rich

material.

guartz (4;';): Up to 1 nnn, average 0.3 mm. Xenoblastic. Similar form

to calcite.

Scheelite (2,%): 0.1 to 0.6 nm, average 0.2 mm. Xenoblastic, gl:'anul~r,

rounded. Colourless, very high relief. Scattered through all

parts of rock except interstitial calcite and quartz.

Opacues (2%): Up to 1 mm. Xenoblastic. !.lainly l'yri te with a littl€

molybdenite (platy). Interstitial to garnet.

Actinolite (trace): Up to 1 mm, average 0.3 rom. Subidioblastic, needle

and wedge forms. Completely enclosed in quartz interstitial to

garnet.
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9£.lcitc (5/;): Xenoblast5..c. Associated rri th ga:cr:et in the fractures.

Clinollvroo<cne (2;%): Xenoblas tic. Associated ;'rith garnet an" usually

enclosed in it. Partly altered to iron-rich material.

!lomb' cnde (2;;): Xenoblastic. Similar association as clinopyroxene.

Epidote (1;n: Xenoblastic. Interstitial to ga.-net. So;ne occurs in '::he

fractures.



Skarn - C lens.

hastingsi teo

Granoblastic, poikiloblastic. Very coarse grained.

Clinopyro"ene (45;';): f3 = 1.713, 'Z'll = 550, therefore composi tion in

relation to the formula (Ca Fe :,[g)2 (Si1'.l)206 is Ca 0.42, Fe 0.31

and Mg 0.27.

001135

place selectively along certain zones, mainly those richer in iron. Com-

Sil'lilar to sQ.'1lple 13 but the garnet h"s been more extensively

replaoed by clinopyroxene. Also zonation is visible through the garnet

greillll as \'Iell as the hydrogr03sular rim. In parts, replacerJent has tak~~1

Sample 2.£.

Hornblende (8/;): f3 = 1.711, therefore J;;g/Ug+Fe = 0.1, 1. e. ferro-

Quartz (570.

Soheelite (51';).

Opagu,es (2)')'

Texture:

Actinolite (trace).

Garnet (~;): R.I. = 1.842, therefore con~ositicn is 71 mol~ andradite,

29 mol% grossularite.

Samnle 20.

Skarn - C lens (siliceous).

·positions cf the major minerals \'Iere dete~ned from refractive indices.

Quartz (50%): Up to several em across. Xenoblastic. Poikiloblastic,

contains many ~ell formed garnet grains. Othertdse very clean.

i
f

Garnet (I.OJO: 0.1 to 3 rom, average 1 mIn. Idioblastic. Zoning and

hydrogrossular rim indistinct. BrOl"ffi colour indicates a predom-

inantly ~~dradite composition as in other skarn described. Replaced

to a small extent by clinoPJ70xene, hornblende and calcite. TIell

fractured in parts.
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.I.PPZNDIX ..2.

GEOCHI1·,:ICAL R~SUL~S.

3.1 W lJ\'D Sn (u'Jm) IN GRASSY 1Jm BOLD IIJ.':;·~ ;.DA1'1:LLI'l'2S.

Analyses by author (X.P-.F.)
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3.2 PREUViELRY 3iJ:\\~[ 07 1.:rrE SU'.IE::O OF i:o.1 0;l330DY

Ane~yses by L~cPho.r Geophysics Pty.Ltd.

Sar7t"Jle 1';0. \7 Ho Sn Ge tin '['id
~1.:=i2.

1 6800 360 190 90 3400 0.17
32 10600 540 110 100 2600 0.17
34 <20 (10 ( 20 (10 580 0.06
35 50 (10 < 20 (10 600 0.38
38 4D <10 <20 (10 820 0.59•.
41 (20 (10 <20 <10 600 o. '16

i·

~.
42 30 (10 ( 20 <10 2600 0.33
44- (20 (10. (20 (10 280 1.07

f 46 (20 (10 (20 (10 290 1.60

f. 49 2400 150 120 80 3000 0.20

t 53 50 20 40 20 1200 1.CO

't:" 62 ( 20 (10 {20 (10 270 1.54
:roo '. 64 <20 (10 (20 (10 190 1.72

66 < 20 (10 (20 (10 780 0.48
67 (20 (10 ( 20 <10 160 0.15
68 <: 20 (10 (20 <10 220 0.17
69 <20 (10 <20 <10 60 0.19
70 (20 (10 <20 (10 120 0.20

Sample No. Ni .£!: Co ~ ~ fn

1 (10 70 90 60 50 15.
32 (10 60 80 10 30 40
34 (10 30 (20 5 30 15
35 50 80 70 5 (20 80
38 20 4D 40 70 ( 20 60
41 (10 30 (20 10 60 10
42 60 40 20 100 60 3 0
44- 60 130 80 110 30 55

• 46 50 110 100 5 ( 20 60
49 (10 50 70 5 40 20
53 50 80 100 5 20 40
62 4D 80 80 10 20 60
64 40 60 110 230 20 80
66 J 180 700 100 10 (20 10
67 190 2100 110 ' 25 20 10
68 <10 100 ( 20 20 (20 3°
69 10 70 <: 20 10 (20 10
70 10 100 (20 10 (20 30
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SkD.rl! end Pyroxene G:e.rnet Hornfels:

Sa.r.mlc ~!o. §!! Ge eu Zn ••~

321 20 20 190 35 1100
335 30 15 10 50 2600
343 <20 (1O 110 100 1000

[ I 3.5 UIITIET:J!OI1FHOSED ROCKS:,

Volcanics:r
-"f Sa:!lple Ho. t,· Cr ~ !dl,).

f' 340 70 200 120 65
f 31..1 55 170 120 85
! 343 45 75 100 70

.'[T
L •\:';"
;.~ Sediments:r:;
tl~

Semple lIa. E Sn M.!:! T'd
~

353 <20 (20 380 0.83
354 (20 (20 870 0.L..3
356 <20 <20 260 0.60
357 ( 20 (2O 1200 0.53

•
Samule No.

353
354
356
357

Tilloid:

Sc.mule No.

1:2:. £2. ~

60 65 130
65 65 95
65 85 120
40 70 80

345
350

730
760

35
60

40
95

60
100

U, Mo, Sn, Ge, Ti, Ni, Cr and Co were ar,alysed by X.E.?

Cu, Pb, Zn and Un Vlere ano.lysed by A.A.S. following hot

t L d <rCI 1 hi d ;;CI ;'-"0 1 h' . tl 1 t L t f'n'rconcc...'1 ral..e J,.l. ec.c n6 tl.."1 •. ttL:... 3 _ooc... l:lg J.n 1e _8. loer 5 e.ges ........

one hour of 0.25g of s~ple.
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The Ar4.
O
jJ..r39 methocl is clescribecl by Green (197) ",no. only b. b:--ief

numr:1U.ry is gi VCl"!. here.

The 5[Jilples anted were subjected to ne~ltron irl"'9.c':'n.t.Lon in thc lIIF.~_it

reactor at I,ucas HeiGhts. 1'1'1e ratio of radiogenic J_r1r.o ('9rocll.:ced by c~ecay

reaction 1(39 (n,p) Ar39 iueall~r) fOi-O each ~D.mpJ.e Has neasured with n. u:.c-ss

sp&ctrOffiGter. Comp~rison of these value3 rrith L}~O/f~39 ratios of s~~ple3

of' knO'.'!n "-gGS subjeete:J. to ide!ltic"l irre.jie.tio!l enabled the ages cf the

unkno·,'m se.rnples to be c1eterininr:d .

.Assur~ng no inter:t"'erence frorJ the Ca42 (n,a) I:..r39 re<=lction end

simil3.r reacticns, the age of a s[l~ple can be d~t€rmined by ~he equation

9 10':' 79:1
t " 4. 34:i x 10 log [1 + J (Ar" jAr;) )J

where J is a measure of the neutron a.bsorption by K39 and is given by

nhere tstd is the age of the standar-J sar.iple dated by conventional mf?...'l:.~S J

The follo-aing t2.ble lists t~ne results obtainec1 in c1etemining the

ages of the samples.

S"'"ple Hincral Meo.sured Ratios
'. 40 JxW-3No. 10 -9

;.r37jAr39 <:",r ( ) Age (m.y.)
iiI'I- /Lr) Po 36/" 39' rad.r "'"1.1"

183 Biotite 158.77 0.017 0.0311- 93.5 1.11-53 368

183 Hornblcnu.e 15-i .41 8.81 0.102 80.6 1.718 37 ',0

195 Biotite 143.53 0.037 0.052 89.1 1.718 3711-

165 Eo rnh 1 end e '193.19 5.63 0.123 81.0 1.272 3~5
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APPF.N;JIX

~OGUE OF 3,;'.}f?L:8S.

Sample locations ;,;;re ShOi',j.1 O!1 l,'!apfi 1 and 2 ana. the eccoiTIlJan;yir!g

section.. Thc-5.r co-on:1inates Rx'e bnsed on t:te integrated survey grid 8yr.tC!1!.

Y;here a sc.mple v,'as collect~d from drill C01~E; the co-orJinates of the drill

hole are given and cino the munbel' of the ,,"'ill hole follcwed by the dept.h

of the sample in I!Ieters. For the c..rill holes in the open cut howeve:c', tLe

co-ordinates are not given.

•
Preparations:

a. Thin section•

b. Mineral prepar&tion.

c. Photc~icrograph.

d. Y..-raJr diffraction.

e. j-.Iajor element analysis (X.R.F.) )

~
by author.

f. JICinor element analysis (X.R.F. )

g. Optical analysis of mineruln.

h. Ar40/Ar39 age determination.

•
All samples lin ted have been sl:bjeotec. to minor eJ.eI;Jent row.lysin by

McPhar G-eophysics Pty. Ltd •

Preparation Locali ty.

a c 560250N 217200~

abe f h 559800"1 215650JC

561600,'; 213550::

a C 563050N 219950B

abe r

a c 561000H 2177503

abe f 563600N 21%50r;
18-1/64

abe f 562950N 2187001

"

"

"

"

"
11

Coarse grained porphyritic
a<lamelli teo

Mediwn gr'ained porphy:ritic
a(laloelli teo

Catalogue Field
No. Ne.

35055 100

35056 115

35°57 180

35058 181

35059 183

35060 11,2

35061 155

35°(,2 182



['(\A1'<),,: 'v \ I'.)'-- .L _,,- .a..

.Ceot~.logue Fie'd FrJile.• Prepc.I'atic!l Lac:'";} :~.-:~r.-_._._,---
£lE.. I2..'?.-

35063 106 Biohte adamellite H 0 5632501; ~: ;:~;OO:~~

35064 122 " " 0. 562250n 2~ c:leGE

35065 128 StronGly porphyritic a <j61850N 2'!B750r:
edD.l1lelli te.

35066 111, Basic xenolith. 0. b c f g 563000t! .~i 99503

35067 143 " " a b f' 569950ll 21755QE

35068 169 " " D. b f' 559900:'; 2~ S9:-iJE

35069 304 Endoskn.rn. a b c e f G 276/143

35070 3°7 " a 276/148.5

35071 184 I,licroadamellit c a 406/259• 35072 185 Porphyritic rrJ.croD.damelli t e D- c 406/261

35073 101 Quartz porphyry a c f' 563,.5ON 2"j 98~,O::;

35074 125 Aplite a f 562000N 216800;.;

35°75' 175 " a c 559350N 215550E

35076 191 Coarse grc.ined pO!'j1hyritic p. "h e f 56721 ON 2201055~

adamelli te. 247/65

35077 194 " ab e .p 5(,706'ji'; 220145:8•
303/151,

35078 195 " a b c e f ')6721Oii 220035:8
g h 361/57

35079 75 Contaminated honlblende D- .56i;.280H 2"i9537.8• basalt.

35080 76 Contaminated lamprophyre a c 56~266H 219614?

35031 149 Lamprophyre a 560600N 21770QE

35082 165 " a b c g h 55960011 2163~OE

35083 35 Metavolcunic a 564070N 219940E

35081. 237 " Do 125/29.5

35°[35 li-h Biotite hornfels. a 564163N 2"i9501B

35086 62 Biotito actinolite hornfels D. 56430711 219497E

35087 66 Metavolcanic a 56l,278N 21947lrT!.

35088 68 Quartzite D. 56i;.256;,! 219S98J~

35089 3~- I.';arblc c. c 56l~0!+N 2195251:

35090 I~ " a 564075N 219727=r<-

r.
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CcteJ.Or'Ol8 field H~. PreuD.ration .. Lcc~~lit'l~
---~. -----!.!.£• kL~·

35091 204· llarblc a d 106/J~2

35092 205 " a c 106/4-2. .5

35093 238 " a a 125/59, 35094- 258 " e- el -'74/82.5

i 35095 259 " a c 17V85i

f 35096 273 " a- d 207/}1
...

564390H35°97 317 " a 210910""i:
" 113/1-i1

35°98 322 " e. 554-280]>; 218580'.2:
127/110.5

35099 331 " a 56429011 218395L:. 136/151.5

35100 50 Pyroxe..11 e garnet horm"els a c 561.:.170"t; 219567}:

35101 51 " " " a c 56!c1 i,6N 219c62:.~

35102 53 " " " a C 5G4-075N 2~~189SE

351°3 54 " " " a 5G4~56N 2199421;

35104 343 Hornblei1de hornfels a 5644751; 2186653
I6-2/38

351 05 56 Bandd skarn a b c g 564155H 219786E

35106 1 Andradi te skarn 0. c 5641 63N 219934."8

35107 13 " ". a c 564092]) 2198543

• 35108 32 " " a b c d f g 561,215N 2194T!F.

35109 211 " " a e 106/73

35110 228 " " a e 112/130

35111 2/.,6 " " a e 125/S2.5

35112 270 " " a 17/./115

35113 21}1 " " a 207/58

35114 294 " " a 422/19.5

35115 2 Hyc1rogrosnuJ.2.r skarn a 564171N 219929:8

35116 27 " " 11 c 564195H 2195433

35117 20 8ilicoous nndr:.1cJi te ske.rn a c 564178Il 2197°4.:.,



564193N 219!,l,£E

56h2801r 218580E
127/70

"O~<··~~:; " ~ ~ /1' ,'-' .L _..... ' - (J

0.

a

a c

a

a

Cc..t::l.lo:~ue Pi elJ. NIl::1e.----No. ~J.9...

35116 31 Silic80liS andracite sknrn

35'1 'i9 18 Banded aJ.Ui,unous sk:;.rn

35120 33 " " "

35121 321 Andradite skc.rn

35122 335 II "

".
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