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Abstract

The Enterprise and Potoroo prospects are located in the historical mining district of
the Lisle/Golconda area of northeast Tasmamia, 30km northeast of Launceston, and
gold at both is hosted predominantly in and immediately adjacent to granitic
infrusions.  Mineralisation at the Enterprisc prospect is hosted in Devonian
granodicrite of the Scottsdale Batholith, and ocCurs in several sub-vertical 0.1 — (.5
metrg wide continuos quartz veins, whereas the Potoroo prospect hosts disseminated
and wvein hosted sulphide mineralisation in pervasively altered granodionle, Typical
mincralised intersections at Enterprise included 0.4 metres at 14404 Au, and at
Potoroo 1063 metres at 0.2g/t Au. These sites ocour on the subsurface extension of

the Scottsdale Batholith, which projects 11km west of the mam granite mags.

Geological logging found that initially a 300 metre diameter circular stock of
feldspar-biotite-quartz granodiorite was intruded, and is chemically one of the most
promitive magmas in the Scoitsdale Batholith, It was foilowed by at least two
additional phascs and a series of ‘vein’ dykes and quartz veins. Mineralogy and
geochemical data indicate that a crypiic Si-Na alteration pervasively modified all of
these rocks, prior to the development of the Aw bearing wveins with haloes of

secondary biotite £ pyrrhotite, and subsequent baron gquartz veins.

Magmatic hydrothermal features (quartz-lavered texturcs, aplitc *vein’ dykes, greisen
and myrmekitic textures) in the feldspar-biolite-quartz granodionte, suggest the
evolution of a volatile phase during its crystallisation. However there 15 no specific
gvidence to indicate yold-bearing quanrtz formed from these precise fluids. Rather the
subsequent  alteration  of these rocks provides evidence that similar volatile
development continued at depth across the period of gold formation. The (luid
inclusions at this structural level therefore provide a2 puide but not a direct measure of
fluncds active at the time of gold precipitation. The inclusions in both magmatic and
hydrothermal lithologies compnse three types: Fype § COz-rich, high temperature
(290 1o 450°CY, and low salinity (<14 wt % NaCl equiv); Type 2 HyO-vich, moderate
temperature (160° to 420°C}, low salinity (<12.2 wt % NaCl equiv}, and Type 3 NaCl
rich, with decrepitation temperatures (Ta) up to 420°C and salimties of at least 26,5 wit
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% NaCl e.quiv. The CO;-rich nature and high temperature arc consistent with a
magmatic origin. Moreover, sulphides directly related to ore have 573 = -0.36 to
2.43%q, which is consistent with a magmatic origin, and is sipnificantly different to

most Mathinna Group-hosted gold vein system values.

Based on major and tracc element characteristics, the Enterprise and Potoroo
granodiotites are geochemicaily distinet from the Scottsdale Batholith.  Phase
proportions it COz-rich fluid inclusions, and aluminim-in-hornblende barometry,
estimated pressures of emplacernent of up to 1000 bars or 4 km for the Enterprise
intrusion. By contrast, data for the bulk of the Scottsdale Batholith (as published
elsewhere) ts 100 to 2400 bars, or 5 to %km depth, supporting a much deeper
cmplacement depth. The pressure of cmplacement and chemistry of the Enterpnise
pluton is distinct from the Scottsdale Batholith, supporting that the Enterprise forms a
distinet intrusive body, although the two may be linked along the aforementioned

granite ridge.

Several important features mcluding physiochemical characteristics of the thads,
depth ot emplacements and distribution/style of alerabion and mineralisation make
the LCaterprise and Potoroo prospecls very similar to well characterised intrusion-
related gold deposits, such as Fort Knox and Pogo, Alaska, USA, rather than classic
metamorphic gold systems emplaced into granite. The large resources in some of
these depusits provide optimism, and geometric guides, for future exploration of the

Scoltsdale Batholith.

1




B R

Declaration

This theses containg no material which has been accepted tor the awsrd of any other
degree or diploma in any university, and to the best of the authors knowledge,
contains ne material previously published or written by any other person, except

where due reference is made in the text.

stk
Nicholas Justin Fitzpatrick

MNowvember 2004

iii




Acknowledgements

First and for most [ would like to thank my two supervisors Garry Davidson and

Anthony Harris for their wisdom, advice and support throughout the year.

I extend my gratitude to TasGold limited for the opportunity Lo conduct this project,
and for the logistical and financial support. In particular, T wish to thank Rob Reid for

his assistance.

This would not have been possible if it was not for the assistance provided by the
tcchnical staff including Christine Cook and Keith Harris (sulphur isctopes), Katie
MeGoldnck (reck preparation), Phil Robinson (analytical), David Steel (microprobe)
and Simon Stephens (petrology).

I would also tike to thank Toem and Tira for the loan of their digital cameras, allowing

me to go through the year without purchasing one of my own.

Thanks to all my fellow honours students: Ben, Hugh, Kerrin, Kate, Choppa, Trent,
Ned, Derek, Mick, John and Grace for a great year.

Finally, my famity: Mum, Dad, Jason and Andrew, for their continued support over

the last [our years, making all this possible.

v




PR S VP PP R PO

h

Table of Contents

AUDSEEACTT crrarvnarsrrsssrnssmers emsammss s mek s embtt oni akh s bb 1400 b40E 1 EALE P ALEE AR EEF IS FEATSEet 1 b aabrbassbrrarnanrnrrassrnrars |
DECIAFALION acisracisrrasrrraisrarsrsrsrsnererrersrnnsaveres remtessmmtombtt basttrast s sast sisspusesasssrasaspaassrasasrnas bl
ACKNOW]edZEMENTS oriviiiiiririririrairsssrsisrsassrsssnsransranss somessemes semsmtersmta santa s sbss souss eosssssnss I
Table 0f COMECIES .. ceoreeiismiseicomiristransmassrsssrussrasssrassrsss sersssrrasserassassnsssreassensranes resnsssnerss ¥
LISt 0T FIDUFES crvsiresversrnsrisenrsessomnsssermamns remsssii s sastbass s st possansasasosasnassreas sesanenssssonsssrnasss ¥l
LISt 0f PLAtES o iierirssnrrrssrsarerssnrns rarssnrasenramms s sonssmns smmes swbhd bhks 46041 bk biks s mabtbras s bttsbastnrrastrrsass
List 0f Tables. cciiciinsnissinnimnsiirssosasmssnrns ruesersnss vnns snpnssmey resm s apmsmmms rrim s rsbi biss 1pssiareas 1K

1 Iroduetion .t ra st sas s na s s en s asensprre ranne ranne ranen samense |
T Preanmible. ..o v eern e eaes e s raes e e ne s e erane b atbrare et eae |
1.2 Prospect Location and Access..
1.3 Tenement Details, History and Prevmu-a Expfﬂratmn i er e e enernn s eeans ereen e
Lol OBJEOEIVES ... ceeee o recvs i s cmemress e eseen censerns es cans cans sans s eaea s nansann s ansn rrans rras srananrrnsnres 7
LS VLB IOOS e e e i s er e re s ceeeress et ten s cees stnn sens stnn sean s es cnen s naen s naen s nnsrnen sranar 8

—

2. Regional geology of northeast Tasmania, with emphasis on occurrences of gold
IUMEFAlISATION. e i s s s s s s s ss T prr s en s s nns s prnsanny s rmtnns O
2.1 TIEPOAUCTION ... ce e e e e e e e e e e e dap e shedda s hr s e b s e nanasauran s 9
2.2 The Mathinna Group ... cee e ceerevnren s s s anes ettt e e 12
2.3 The Gramitoqds ... e e vt s rr s s s ns e e 13
2.0 DefOIINALION ... cove e e e rees e ceemene e e sreemscessrrn e es b e b s b s s s ep s e 14

3. Igneous and alteration petrology of the Enterprise Prospect. ..o L8
I B E 43 Ts L T R P OSSO 18
3.3 MO8 i e e s e e e e e ereanspsaphe e 21
3.4 Intrusive charactenistics... et eneanntran e een s ee s an s ran sran eraedrannerrans iR

3.4.1 Feldspar-biotite- Quartf granﬂdmntc PO SRR PP .
3.4.2 Feldspar-homblende-biotite granndmnte .................................................... 29
3.4.3 Quartz—Teldspar granodiorile. . e ceee e e e e e e e e 29
B VI QWK S e eoee et ch oo eieee e ee s tea cns sns e st e bssa s caes cans snne s ensaenntann s annnnnnte 30
35,1 Narrow VeIl dyKes. .o oo e cmee e s e es can snn s crne s en s aene s ene s 30
3.5.2 Narrow porphyritic *vein’ dykes ... 32
3.5.3 Aplite "ein” AVKES o v e s s D 2
3.6 Magmatic-hydrothormal VSIS .o e et e s et o3
3.6.1 Quartz-layered tERIUTCS i e e e e s e svassreesvnnrrse s rrns e 100
3.6.2 Dther textures .. . ISRPRPURRR, 1+
3.6.3 Alkal: feldspar- quurt:z (+ mﬂl}fbdemte + p}'rrhnhte} velns . v riessaen 30
3.6.4 Quartz (+ arsenopyrite = pmhoﬁte L pyrite £ guld} ................................... 38
3.6.5 Quartz veinlets... TSR PRRS (|
3.7 Alteration aswmblages SRRSO 4
3.8 lgncous and alteration pem:rlogy {)f the l"(:-mmn:} Pm*}pect ................................. 41
3.9 SUIMATY ceiitisensres i nrs rirssran rse st s seassrae sreasrans srees rras rrsan rran reasdrced paedatinssebsssnsnson 42




P IO T T

4 Intrusion ChemiSiry .. i s rnsss sens nssseens v e v

5 Flnid Characteristics and Pressure Deter mination . e e e sessessnser s O
5.1 TRtroduchion . . Lt teeteeeeeeentnreieaes saaetares sasasraneerananraneerern 62
. PEEVIOUS SE I o oiitheeieies s it ass st e st is cass ees e e it bnsatans s neas mane s sens nenne s ee s enne s nen 63
8.3 IVICTROAE oo e e e e eer e e e e e et e b et e s besae st e ennt s s nnas s an 64

5.3.2 Hornblende GeobalomEtry .o e e et s st s s 65
5.3.3 Sulphir 1300DES v e e e s s s e 65
5.4 Fluid inclusion elassification.. ... v vees s rrns v snes s rees erssereas reecaeressees serceanas 66
5.4.1 Type 1: Vapour CO; + Liquid CO3 + Liquid [LC inclusions........oweewn.- 70
5.4.2 Type 2: Vapour + liguid inclusions... S 4
5.4.3 Type 3: Vapour + hqmd + zalt {_ ﬂpaquc} mciusmns SO £
3.5 Salinity and Density ... ceraensaeeas e e anne s '?5
5.6 Melt Inclusions.... e aeteensaaeseanes et aeanfanasan s nnsaeansasansanntannnsrannsanessrnnsranasrrnnsrer £ 03
5.7 Geobummetry?ﬁ
5.7 INErOTUCHION ottt e s emcerne s erases cars s ans caen e sne s nna e 76
5.7.2 Fluid inclusion BATOTNEEY o e e e e e ane e e 77
5.7.3 [lomblende geobaTommetTy e e e e 80
5.8 SUIPRUL IS0T0DES oo s eeeee e cee s cem e eee sess e esnn s seees can s etnss sns snns s ennn annssannn s an 83
58,1 INEEOAUCTION oo vseereer et s s ee e ee s e semsaess e s ees can s can s cnna s cnnn smnns s nns 83
582 REEUILS (oo iecree e bt src b ms bt e s e s h st e ene s enns nmns s enns snns snns e 84
5.9 DHECUSSION B SUTIIIIATY .t e ae et e e e e e e stms stmss stsss srns s nnsaensan 85
5.9.1 Fluid features of northeast Tasmanian gold systems ... 85
5.9.2 Fluid fcatures of intrusive related gold systems......vvecvecieci 85
5.9.3 Sulphur isotope evidence for O i s 57

& Origin of the Enterprise/Potoroo gold mineralisation ... 85
6.1 Synopsis and Discussion............... SRR
6.1.1 Detailed comparisons w1th knc-wn 1ntrus1on-rf:1atcd 5011:[ s:,fstems ,,,,,,,,,,,,, 83
£.1.2 Companson to known gold-assoctated granites. .. RSUPUTSUOTRRRPPRIRPRIN. . |

6.2 Conceptual IOUE]. ..o ettt ss e eas e e e ennr s 93
6.3 Major findings of this thesis ... 95
0.4 EXPLOTALIONL 1 ovcverssavcrnes crancorescres crens caes rrans eans raen rassrean resa ben srens breca prees chee sheespussans 97

B BT QINCES 1vsversrrrersnrsrmmnsnnnssnnsstm s mes s dmes s hms e e it i £ i s o 4 5 bt etk e aan sbnamase s smsas T

APPENICeS v csssirisarrisrii s s s s s ssnassnesrsnassrnesvonnssnneve LSS

|




T

List of Figures

Figure 1.1
Figurc 1.2
Figure 2.1
Figure 2.2
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 4.1
Figure 4.2
Figurc 4.3
Figure 4.4
Figure 4.5
Figurc 4.6
Figure 4.7
Fipurc 4.8
Figure 4.9
Figurs 4.10
Fizurc 4.11
Figure 4.12
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Firurc 5.8
Figure 5.9
Figure 5,10
Figure 6.1
Figure 6.2

Location map of the Lisle/Golconda area northeast Tasmania. ..........
Map of the Lisle area showing the prospect locations ...
Generalised geological map of northeast Tasmanis ...
Mineralisation location map of northeast Tasmania ....cocerevvververeees
Cross section through the Enterprise prospect ..o
Modal mineral abundances for the ERLCrprisc prospect. e eervereernens
Schematic cross section through the Enterprise prospect........
Plot down drill hole EDOO2 of assayed gold and arsenic grades ..o,
R I | RO POTOO
Sodic versus poEassic Plot. ... e
Meta-peralutminold PlOt e e s
K/Rb ratic versus refative oxidation s1a1¢ (AOX) e
Bl el veraus Felr o i et i
B versus Al s ———
FeaOnFeld vorsls BB ST e errisinns s rerrrranasas s s v raseeaseaes s
FesO/Fefd varsas Rho .. s e s
Selected trace element abundances for the Enterprise prospect..................
. 6
B9

Schematic sketches of fluld 10Clusion LYBCS ... ceeeereeerreeee e
Point coumt anal¥sis. ...
Homogemsation of the carbonic phase of Type 1 inclusions..............
Total homogenisation of Type § Inelugions. ..o
Total homogenisation of primary Tvpe 2 fluid inclusions..........ouev.-u.
Total hemogenisation of secondary Type 2 fluid inchusions ...
Sketch of a Type 3 flidd I0CIUSION . ... vceeee e s sanssaenen
Pressure versus mole percent COu..
Plot of Pressure against deplli ... crccrrmerseens
Frequency histogram of sulphur isotope values.......o..ovevrveeecceeceens
Schematic illusiration of the Lisle/Golconda area ..o,

fnterpretive model for the pencsis of mineralisation.......ooeeeeereennnnnn

.......... 3
.......... 6

60

71

7

73

.73
75

78

79

84
gS

.4

vil



i el b

List of Plates

Plate 3.1a
Plate 3.1b
PMate 3.1¢
PMate 3.1d
Platc 32 P
Plate 3.3a
Plate 3.3b
Plate 3.3¢
Plate 3.3d
Plate 3.3e
Platg 3.4a
Plate 3.4b
Plate 3.4¢
Plate 3.3a
Plate 3.5b
Plate 3.5¢
Plate 3.6
Plate 3.7a
Plate 3.7b
Plate 5.1a
Plate 5.1b
Plate 5.1¢
Plate 5.1d
Plate 5.2 a
Plate 5.2 b
Platc 5.2 ¢
Plate 5.2 d

Photomicrograph of the feldspar-biotite-quartz granodiorite. ... .........
Photograph of the feldspar-biotite-quartz granodiorite....ccv e,
Photomicrograph of a biotite and magnetite “clot® ..o
Photomicrograph of an alleali-feldspar phenocrysts. e
Photomicrographs of hydrothermal alleration.......eeveecrvecrecncns

MATENEKITIC TOXEUPE 1. e cr et e e e e ran s eras s e seas

26
26

20
27
28

Photograph of the feldspar-hombiénde—himit:: granodiorite................ 28
Photomicrograph of the feldspar-hornblende-quart granodiorite. ... 28
Photograph of the quartz-feldspar granodiotitc ... nvecvnee 28
Photomicrograph of the quartz-feldspar granodionite ... 28
Photomicrograph of a nartow “vein” dyke ... 31
Photograph of & narrow “vein” dyke ..o e e 31
Photomicrograph of a narrow porphyritic “vein’ dyke.....c v 31
Photornicrograph of an aplite “vein;” dyke ... 33
Photograph of an aplite VeIN......ce e e e rae e 33
Photograph OF ZIEISCIL oot e et rn e e e e sevs e nseene B0
Cathodoluminescence image of a quartz layered texture.....c..oeeeee 35
Photograph of a feldspar-quartz vein ... .37
Photograph of a gold-bearing quartz Veitl ..o vereeriecciniciieiene 37
Photomicrograph of a Type LA fluid inclusion......c e 67
Photomicrograph of a Type 1B fluid inclusion......coeveeevrcerrc 67
Photomicrograph of an 1solated Type | fluid inclusion ... 67
Photomicrograph of Type 1 fluid inclusions.......coove e cene e 67
Phatomicrograph of Type 2 tluid inclusion ......covvveveeneccenis s i
Photomicrograph of a Type 2 fluid inclusion trail .......cociveviieee e 68
Photomicrograph of Type 3 fluid inclusion ... .. 68
Photomicropraph of 8 melt 10eluSION oo 08
il

b



List of Tables

Table 1.1
Table 3.1

Tablc 4.1

Table 5.1
Table 5.2

Characteristics of Intrusion-Related Gold Deposits....vveveicvecrrvvernnsneens 2
Summary and Comparison of the Textural Characteristies of the Varous
Intrusive Phases trom the Enterprisc and Potorco prospects ... ... 23

Whole rock geochemical data for granodiorite and ‘vein’ dyke samples

from the Enterprisc and PotoToo PTOSPECts. oo cereree e 45
Results of aluminium-in-hormblende geobarometry ...ooovvevvveveneeenn 82
Results of sulphur is0tope 2nal¥sis (e e e e 84

1%




1. Introduction

1.1 Preamble

Gold at the Enterprise and Potoroo gold prospects occurs within and immediately
adjacent to, granitic intrusions. Mineralisation at the Enterprise prospect is
Devontan granodorite, accurring as quartz veins, whereas the Potoroo prospect hosts
disseminated and vein hosted sulphide ﬁineralisation in pervasively altered
grancdiorite. TasGold Ltd is evaluating these prospects, and scveral others in the
area, for their economic potential. Paragenetic studies incomporating a varety of
petrographic techniques (including microthermometry) help to better constrain
cxploration models. One hypothesis is that the mineralisation is an example of an
‘Intrusion-related gold® style deposit. Several important features (e.g. physiochemical
characteristics of the fluids, depth of emplacements and distribution/style of alteration
and mineralisation) make the Enterprisc and Potoroo prospects very similar to well
characterised intrusion-related gold deposits, such as Fort Knox and Pogo, Alaska,
USA (Table 1.1).

1.2 Prospect Location and Access

The Enterprise and Potoroo prospects form part of exploration licence (EL} 2/92,
located south of Goleconda, approximately 30 km northeast of Launceston (Figure
1.1), Tasmania. Access to the study arca is via the BR1, beginning approximately 7
km north of Launceston at an intersection with the East Tamar Highway.
Approximately 30 km along B81 a sign posted ‘Golconda® leads to several prospects,
including the Enterpnise and Potoroo. Tracks arc unscaled with 4WD transport
recommended on some and others only accessible on foot. The maximum reliel of the
area is 400m. The landscape is covered by open sclerophyll woodland 1o dense wet
selerophyll forest, with minor cleared areas. Due to the long history of mining in the
district, the countryside is covered with abandoned workings including shafts and pits,
although many are now in (lled they still pose a significant hazard to those using the

arcd.
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Chapter 1: [ntroduction

1.3 Tenement Details, History and Previous Exploration

The Denison and Gulconda allovial fields were discovered in 1872 (Coroncus, 1993)
and the Lisle alluvial field in 1878, following the discovery of the Tobacco Creek
Goldfield in 1877 (Dickens, i991). The majority of production, although sporadic,
ocoeurred between 1878 and 1909, with an estimated production of 250,000 ounces of
gold (Twelvetrees, 1909). Minor alluvial mining continued until recent years (Bottrill
et al., 1992). Hard rock mining in the Golconda and Panama goldficlds continued
periodically until the 1920%s,

Modern mineral exploration in the area has been conducted since the mid 1970°s with
an emphasis of targeting high prade and/or high tonnage sources of the alluvial gold.
A number of cxploration licenses have been held by a  variety of
companies/organisations. Between 1976 and 1978 Comaleo undertook a brief review
of the arca including a pancon survey, geological mapping and bedrock sampling.
Subsequently, CRA Exploration (CRAE) undertook stream silt sampling, identifying
arsemc anomaltes in the southermn part of the Lisle arca (Broadbent, 1982). These
anomalies were not followed up. B.P. Minerals (BP) and Selirust carried out a
program of geolopical mapping, reck chip and stream silt sampling, ssromagmetic
geophysical surveying and percussion drilling beiween 1983 and 1986, Argyle
Minerals carried out an aerial photopraph interpretation between 1986 and [988
{Cromer, 1987) followed by limited rock chip sampling and bulk sampling of alluvial
material from the Denison River poldficld. Billiton completed a number of
programmes, from 1990 to 1991 including regional and comprehensive Bulk Leach
Ixtraction Gold {BLEG) stream sediment and so1l geochermeal surveys.  Although
two exploration targets were delineated these were not followed up in any detail.
Belween 1993 and 2001 Macmin completed soil geochemical sampling. power auger
sampling and rock chip geochemical sampling. This was followed by drlling 4
diamond core holes {for 195.3 m), and 4 RC holes (for 359 m). In addilion, several

costeans were trenched across the prospects,
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EL 2/92 includes sites of historical mining including Panama, Virginia Ridge, Gold
Crest, Enterprise, Cradle Creek and Bessells deposits/prospects (Figure 1.1), EL 2/92
cncompasses an area of 12 km® and lies within the larger EL 41/02. In addition to
those listed above, EL 41/02 also includes Lebrina East, Lebrina, Trevors, Titmus,
Wild Knife, Watts, New Bonanza, Lone Star, and Patersonia deposis/prospects.
TasGold Ltd has identified seven new prospects based on detailed gold and or arsenic
soil anomalics. These include Potoroo, Potoroo North, Potoroo West in EL2/92; and
Wild Knife Ridge, Lone Star South (East), Lone Star South (West) and Lebnna South
Prospects in EL 41/02.

TasEx completed an RC drilling program at the Enterprise and Potoroo prospects on
the EL 2/92 in 2002. 15 RC holes (for 571.5 m) at Potoroo identified gold associated
with dissermninated sulphide mineralisation and quartz veining hested in altered
granitoids. 5 RC holes (for 247 m) and one diamond tail {for 122.5 m) at Enterprise
produced best mtersections of 2 m at 2.2 g/t including 0.4 m at 14.4 git. More
recently (2003 to present) TasGold Lid has acquired bwo licences (EL 2/92 and EL
41/02) from TasEx and is continuing to evaluate them for their economie potential,
Since listing on the Australian Stock Exchange in April 2003, TasGold has completed
extensive RC drilling, diamond drilling and trenching pregrams at the Enterprisc,
Potoroo, Junction Star, Panama and Kelly’s prospects. Dhamond drilling at Enterprise
in 2003 retwmned best drill intersection of 0.8 m at 11.2 g/t gold from the West Vein.
Diamond drilling at Potoroo in August 2004 returncd intersections of 106.5 m at 0.19
g/t gold, including a higher-grade zonc containing 6.9 m of 1.8 g/t gold, in altered

granodiorite,
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Figure 1.2 Map of the Lisfe area showing the locations of the prospects relative to the
EL 2/1992 and EL 4172002 exploration ticences (TasGold).
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1.4 Objectives

The aims of this thesis are to investipate and document the features that characterise

hydrothermal alteration and mineralisation at the Enterprise and Potoroo prospects. A

detmled study of this nature has not been previously underiaken, The specific alms

are 1o

log the existing diamond drill holes for structure, mineralogy, lithology and
timing of altcration, mineralisation and veimng events;

determine relative  timing  relationships  between  differen!  intrusive,
hydrothermal alteration and mingralisation cvents and construct & paragenesis;
characterise and compare the mineralisation of the Enterprise and Potoroo
prospects,

compare the composilions of the granodiorites to other granitoids in the
northeast parts of Tasmania;

using  fluid  inclusion microthermometry  determine  physiochemical
characteristics of the hydrothermal fluid responsible for the mineralised veins;
bascd upon the thesis findings, make recommendations to assist further

exploration at TasGolds’ EL 2/92 and EL 41/02 cxploration lcences.
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1.5 Methods

Six diamond drill holes totalling 460 metres were geclogically logged. Constrained
sample matenal was used to make 35 polished thin sections. Prospects werg scouted
for outcrops and mine exposures, with relationships documented by photography and
sketches, but no detailed mapping was possible duc to the sparse and recessive
outcrop.  Polished thin sections were used for mineral identification, mineral
chemistry, composition estimations and paragenetic relationships, In addition, 7 fluid
inclusion thick sections” wcre used for petrography and microthermormetric
experiments on fluid inclusion populations. Hand dritled sulphide samples were
prepared for s analyses at the Central Science Laboratory, University of Tasmania.
16 whote rock geochemical analyses were prepared from crushed and pulverised (1-2
kg} samples, these samples were used to chemnically characterise the intrusive phases.
Five of these whole-rock samples were also analysed for lerrous iron to better
constrain the oxidation state of the granitoids. Data from this study has been
integrated with other geochemical analyses from other gramitic roeks from northeast
Tasmania (obtained from Mineral Resources Tasmania, personal cemmunication M.
McClenaghan). A reconnaissance magnetic susceptibility survey ol each of the
logeed cores was used to evaluate magnetic methods as an exploration tool; this has
Icad to the establishment of a second honours level research study (Benjamin Hey),

and no further magnetics research was undertaken in this project.




2. Regional geology of northeast Tasmania, with
emphasis on occurrences of gold mineralisation.

2.1 Introduction

The Palasozoic gevlogy of northcast Tasmania is dominated by Early Ordovician to
Early Devonian turbiditic sedimentary rocks {G.alied the Mathinna Group); and Late
Devonian to Early Carboniferous granitic rocks (400-350 Ma; Black, 2001, 2004).
The Devonian-Carboniferous intrusions include the Scottsdale Batholith in the west,
and the Blue Tier Batholith in the east. These are unconformably overlain by late
Carboniferous to Triassic Parmeener Supergroup sedimentary rocks, which are
mtruded by thick sheets of Jurassic dolerite.  Tertiary basult is dispersed throughout
ttie northeast and Tortiary sediments are widespread in lowcer relief arers. Quatermnary
alluvium is common in river valleys and coastal plains. Figure 2.1 15 a gencralised

geologic map of northeast Tasmania.

Mineralisation in northeast Tasmania is widespread, Figure 2.2 is a generalised map
ol the mincralisation in the northeast, showing some of the estimated gold production
{tonnes) for g number of gold ficlds {Bottrill et al., 1992). Gold has historically been
mined {from lodefvein deposits hosted in the Mathinna Group sedimentary rocks and
the contact aureoles to intrusions {e.g., Mathinna, Mangana, and Hogans Road/Golden
ridge), fromm veins in granotoid host rocks (e.g., Enterprise), or from Cuaternary
altuvium {e.g. Lisle). Hardrock gold predominantly occurs in guartz & pyrite and
arscnopyrite veins, but recent exploration has identified significant cxamples of
disseminated sandstone-hosted gold in the Denison area. Disscminated gold-bearing
sulphide mineralisation hosted in granodioritic rocks has been discovered at Poloroo.
Other economic resources include tin-tungsten mineralisation directly related to
intrusions {e.g. Anchor Minc}, and base metal sulphides (copper, lead, zinc and silver)
associated with zoned mineral fields {e.g. the Scamander field, including

mineralisation at Pyramid Fill).
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Chapter 2; Regional geology

Lode gold deposiis are the predominant source of gold mineralisation in northeast
Tasmania (which are all shown on Figure 2.2). Deposits are typically located in
districts occurring along NNW and fo a lesser extent NE trending structurcs that are
interpreted to relate to thrust features (Reed, 2002). Districts include the Mangana-
Alberton-Lyndhurst, Hogans Road (Brilliant Creek), Gladstone, Denison-Lisle-St.
Patrick’s River, Lefroy-Den-Back Creek and Beaconsfield. The Tasmania reef at
Beaconstield s the largest lode gold deposit in Tasmania, with a pre-mining resource
of nearly 2 x 10° ounces (Jones, 2001). The reef is characterised by deformed
Ordovician turbiditic sedimentary host rocks, NE-siriking geometry and a sulphide-

rich mineralogy

2.2 The Mathinna Grotp

The Mathinna Group consists of a sequence of turbiditic sandstone, siltstone and
mudstone ranging in age from Cambro Ordovician to Early Devonian. Banks (1962)
divided the Mathirma Group inlo two subdivisions, a western Ordovician ‘Lulite
Association’ and castern Siluro-Devonian “Arcnite—Lutite Association’. Turner
{1980) interpreted that a fault separated these two units on the basis of structurat
trends, apparent lithological change and lack of known fossils. Mapping by Powell
gnd Baillic {1992) in the Bellingham arca has shown a conformable relationship
between the two associations. They have also suggested the Mathinna Group be

firther subdivided into at lcast three umits (probably four} on the basis of their

mapping.

The Luhte Association consists of argillaceous tocks with lesser arenite, which
outerops between the Tamar River and Nabowla. These rocks are distinguizshed by a
strong tectonic cleavage that is commounly Hat lying, and predatcs a sirong north-
westeriy-trending upright crenvlation cleavage. Powel]l et al. (1993) proposed a
conformable stratigraphy of ~6km thick for the western part, bused on outcrops
between Geergetown and the western margin of the Scottsdale Batholith. Banks and
Smith {1968) documented a single fossil locality containing Ordovician graptolites

(Loganograprus ¢f. logani) of Arenig age.
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Chapter 2: Regional geology

The Arcnite—Lutite association comprise all Mathinna Group sedunents to the east of
Goleonda and consist of interbedded fine to medium grained sandstone and siftstone
deposited by turbadity currents {Williams, 1959). Powell et al. (1993} inferved Situro-
Devonian  age for the Arenite—ILutite Association, based upon Devonian graptolite
ages from near Scamander and Beaconsficld. Silurlan graptolites are alse known

from the central cast at Golden Ridge (Rickards et al., 1993).

2.3 The Granitoids

The granitoids of Tasmania have been divided in thc eastern Bassian and western
Taswegian zones on the basis of minor compositional differences (Chappell et al,,
1988), and intcrpretations of gravity data (Leaman and Richardson, 1989; Leaman et
al., 1980). The Bassian zone of the east Tasmanian terrain compnses S- and l-type
granitoids that wore emplaced between 400 and 350 Ma {Black, 2001, 2004). Thesc
zones arc broadly associated with Eastern and Western mineral provinces of
Tusmania, respectively. According to Groves (1977} Cocker (1982), and Williams
{1939) the granitoids, which have narrow contact metamorphic aureoles, appear to
have been passively cmplaced, although Rickards et al. (1993) documented
substantial reorientation of D» folds around the New Haleys Country Pluion. The
Bassian Zone granitoids form composite tabular bodies outcropping over an area of
approximately 2500 km?®, Quterop is dominated by generally NNE trending batholiths
that have intruded the Ordovician-Devontan Mathinna Group. The main batholiths

are the Ben Lomond, Scottsdale, Bluc Tier, Eddystone, and Furneaux.

Based on gravity intcrpretations, Leaman ct al. (1980) showed that the granitoid
hodies in the Bassian Zone Batholiths amalgamate at depth to form a single batholith.
The vutcropping batholiths are mostly made up of four main types {(Higgins et al.,
1985, Mackenzie et al., 1988; McClenaghan, 1984, 1989, McClenaghan and
Williams, 1982). The order of infrusion according to Gee & Groves (1971) and
McClenaghan (1989) appears to be first: l-type, magnetile-bearing hornblende
granodierites; followed by peralumincus, cordierite-bearing S-type, biotite granites,
then non-cordicrite-bearing biotite granites of both [ and S-type; and finally

peraluminous alkali feldspar granites.
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The Scottsdale Batholith is dominated by granodiorites whereas the Blue Tier and
Eddystone batholiths are predominantly composed of gramite and adamelilite. The
granitoids of the Scottsdale Batholith are I-type, whereas thosc of Eddystone
Batholith and the Furneaux Islands are mostly S-type. The Blue Tier Batholith is

composed of both [ and S-type intrusions.

Goscombe et al. (1994} uscd four different geobarometric methods from several sites
tr conclude that the pressures during emplacement of the Scottsdale Batholith
averaged 1200 £ 500 bars. Varne and Fuilton (1994) used the aluminium-in-
homblende barometer to estimatc pressures for the Scottsdale Batholith, with results
ranging between 100 and 2400 bars, with an average of 1300 bars. Patison (19V9)
noted that the Pyengana Pluton possessed a similar corderite-dominant contact
mctamorphic assemblage in the Mathinna Group to the Scottsdale batholith.
Pressures based on the contact metamorphic assamblage in the Pyengana Pluton
averaged 2460 bars. The St Mary's Porplyrite indicates that at least some of the
Tasmanian granites have erupted equivalents, testifying to some very shallow

etnplacement conditions.

2.4 Deformation

The Mathinna Group scdiments have been metamorphosed to sub- to mid-greenschist
facies (Patison et al., 2001). Field relationships suggest the Mathinna Group has
undergone at least two regional folding events. The first, Dy, is interpreted to have
oceurred during the Ordovician to Devoman. [t is characterised by NE-E directed
thrusts {Powcell and Baillie, 1992; Taylor, 1992). S oceurs as a penetrative cleavage
best preserved in pelitic units.  Patison et al. (2001) described the 8, clesvage as
defined by white mica in both sandstone (spaced to fracture cleavage) and pelite {slaty
cleavage) at a !ocaiity near Scamander. The second fold event, Ds, ocours as SW
dirceted thrusts and upright folds, interpreted to be Middte Devonian in age (Cocker,
1982: Powcll and Baillie, 1992}, [ is interpreted to be associated with the first phase
of the T'abberabberan Crogeny {Rewd, 2001), and is represented by S2 a closely

spaced disjunctive cleavage not clear in outcrop.
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The granitic intrusions produced distinet homnfelsed vomnes in to ~1 km of the
surrounding Mathinna Group. According to McClenaghan et al. {1982) the granitic
rocks appear to post date the folding and syntectonic metamorphism in the Matlinna
Group, however somc workers suggested that the presence of pervasive NW onented
cleavage in some granitoids is consistent with their emplacement during Dz (Varne

and Fulton, 1994),

2.5 Gold Mineralisation

The principle areas of primary gold production in northeast Tasmania occur in several
districts: (1) Mangana-Alberton-Lyndhurst; (2) Hogans Road (Brilliant Creek); (3)
Gladsione; (4) Denison-Lisle-St. Patricks River; (3) Lefroy-Den-Back Creek; and (6)
Beaconsficld (Bottril] et al., 1992}. Thc Mangana-Lyndhurst district forms a strongly
linear belt referred in some literature as “The Main Slide’ or the “Mangana-Lyndhurst
Trend’ (Figure 2.2). Keele et al. {1993) found that mineralisation in this trend was
emplaced post-development of regional 82, through dextral reactivation of this

siruciure.

Muost of the gold mineralisation in northcast Tasmania oceurs in the Mathinna Group
sediments as structurally controfled quartz £ sulphide weins.  In some sreas
mineralisation is spatially associated with and/or hosted in intrusions of hornblende
granodiorite (e.g. Golden Ridge). I[n other areas field relationships, gravity and
magnetics inlerpretations indicate that there is po clear relationship belween
mineralisation and the granitoids {e.g. Mangana-Lyndhurst district; Roach, 1994).
The T'asmania Reef, Beaconsficld, sits within the structural zone that scparates the
gastern and western Tasmania terrains. The reef itsell is hosted in the Ordovician
Denison and Gordon Groups. The NE striking Tasmania Reef is unlike the dominant
NNW structural trend of central, northern, and NE Tasmania. Jones (2001) concluded
that the [asmania Reef is an unusual lode gold deposit, with several unusual features

that make it difficult to fit into the existing scheme for lode gold deposits,
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The most recont A Ar dating by Bietlein et al. (2004) from a number of
sedimentary rock-hosted otogenic lode pold deposits in northeastern Tasmania
constrained meost ore formation to between 395 and 385 Ma. Bierlein et al. {2004)
suggested that most therefore formed late in the Tabberabberan Orogeny, and
correlated in thne with the second major gold mineralising phase in Victoria, which

formed deposits such as Fosterville.

Bierlein et al. (2004) provide age constraints on the emplacement of granites that
show a spatial relationship to gold mincralisation. Gold mineralisalion in the Denison
area was constrained to 385.4 = 2 Ma, from A Ar dating by Bicrlcin et al. (2004).
Mineralisation in the Denison ares is hosted in Mathinna Group twbidites well
outside the contact aurgole associated with Devonian granitoids to the southcast. The
Lisle and Goleonda goldficlds are located several kilometres to the south of the
Denison area, mincralisation here occurs in veins and disseminations within the
Mathinna Group turbidites, contact aurecles and the gramitoids. In comparison
existing zircon ages for the Scottsdale Batholith obtained from the Minersl Resoarces
Tasmania database range between 386.6 £ 2.7 and 390.8 £ 2.2 Ma. Black {2001) has
also detenmined ages for the Scottsdale Batholiths using UF-Pb SHRIMP. Ages for the
Scottsdale Batholith ranged from 388.7 + 2.6 to 391.5 + 2.5 Ma (OZCHRON database

Geoscience Auslralia website).

The Trafalgar deposit occurs within the contact aurecle of the Haleys New Country
Pluton at the southern margin of the Blue Tier Batholith. Gold bearing quartz veins
are hosted primanly in hornfelsed Mathinna Group turbidites, with some veins
extending into and hosted by the grapitoids. Ar/Ar dating by Bictlein et al. (2004)

determined timing for vein emplacement al Trafalgar of 386.6 £ 2.1 Ma.

Bierlein et al. (2004) used their new age data to suggest a difference in formation age
between gramte-related gold at Denison and Tratalgar and deposits in the Eyndhurst-
Mangana district that show no field relationship to the granitoids. Their evidence
illustrated granite-related gold at Denison and Trafalgar to have occurred slightty later
{382 — 385 Ma) than deposits in the Lyndhurst-Mangana district {389 — 394 Ma).
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However, McClenaghan and Higgins (1993) found that the southern portion of the
Blue Ticr Batholith was emplaced from ~398 to ~388 Ma (K-Ar and Rb-Sr
emplacement ages), providing evidence that granitic intrusions were being emplaced
across most of the two intervals nominated by Bierlein et al. (2004). Balck (2001} has
also determined ages from the Bluc Tier Batholith using U-Pb SHRIMP. Analyses

from the Ponrmena Pluton gave results of 383.8 £ 2.0 Ma,

2.6 Sunmimary

The Early Ordovician to Early Devonian turbiditic Mathinna Group sedimentary
rocks and Late Devonian to Early Carboniferous granitic rocks dominate the peology
of northeast Tasmania. The Mathinna Group is the oldest exposed basement rock in
the northeast terrain. The granitoids intrude the Mathinna Group sediments in a scries
of batholiths. This intrusion of the granitoids corresponds to the genesis of intrusion-
related gold mincralisation as supported by age constraints tfrom Bierlein et al (2004).
In g numbcr of occurrences gold has becn noted occurring within intrusions and
recovered at some locations (eg. Enterprise and Trafalgar). Historically the majority
of gold has been recovered from within the Mathinna Groop and ifs assoeiafcd
hornfelsed carapacc. In some areas no relationship exists between (he intrusion of the
gramtoids and mineralisation {eg. Lyndhurst-Mangana district) and Bielein ct al
(2004 has shown this mineralisation cvent to be earler than the latter.  Intrusions can
potentially provide a heal engine and/or fluids to generate mincralisation, and this

could be a factor controlling the distnbution of gold in northcast Tasmama.
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3. lgneous and alteration petrology of the Enterprise

Prospect.

3.1 Introdluction

At the Enterprisc prospect, gold is predominantly hosted in two main veins: the
Enterprize and West veins as illustrated in Figure 3.1. The weins are interpreted to
relate to NS trending SW directed thrusts, which are associated with regional Do in
the northeast of Tasmania. At the Potoroo prospect, gold is hosted in veins or occurs
a8 disscminations in hydrothermally altercd granodiorite.  Veins cuf, and are
associaied with hydrothermal alteration of the intrusions, The Enterprise and Potoroo
prospects are centred on multiple granitic to diontic intrusives that form part of the
Scottsdale Batholith. These intrusive bodics occur as small dykes, cupolas or
porphytitic apophyses that emanate from larger stocks. These bodics intrude the
surrounding Mathinna Group turbidites and locally have hornfelsed them. Intrusion
textures vary from equigranular, plagioclase feldspar-bichie-gnartz granodiorites to
porphyritic, plagioclaze feldspar-homblende-biotite diorites.  Numerous inclustong
(xenoliths} of homitelsed Mathinna Group sediments and dionte enclaves arc common

in the intrusions.

Surface exposure in the vicinity of the gold bearing veins at the Enterprise and
Potoroa prospects is poot, with a subducd topography likely the result ol both Tertiary
and Quatermnary weathering, Typically granitic bodies underlie the weathered valleys,
whereas Mathinna Group homitels forms surreunding more resistant ridges, Access to
the mineralised veins at the Enterprisc prospect was via shafts and pits, though most
are now lilled or have collapsed. The Enterpmise vein is hosted in an approximately
NS striking (350} moderately west dipping (40-50%) thrust fault. The extent of the
Enterprise vein at depth and atong strilke was unknown until recent dotling programs.
The results of this drilting showed that the vein extends over a sinke length of 400m
and to a depth ol 80m below surface. The vein rerains open at depth.  Furthermore
drilling identified a sccond wvein not discovered by historical prospectors, the West

Vein, with intervals of up to 08 metres af 11.2 gt pold (Figure 3.1).
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Chapter 3: Igneous and alicration petrology of the Enterprise Prospect

Geochemical soil sampling initially discovered the potoroo prospect with the only
bedrock discovered through trenching. An RC drilling program in 2003, and diamond
drilling between June and September 2004 has further defined mineralisation at
Potoroo. The lack of easy access has made assessing structural, lithological controls

of gold mineralisation and hydrothermal alteration difficult.

Diamond drill core intersects the veins in a number of holes and these were logged as
part of this project (Appendix C). Although this core was not oriented during drilling,
it allowed relationships between intrusive phases, vein-dykes, vein stages and
alleration assemblages to be investigated. The diamond drill core provided the
material for 35 polished thin sections used in the detailed petrographic descriptions
presented here. Detailed petrographic descriptions of the mineralised intrusives from

EL 2/92 were previously lacking,

Sechon 5441180 N
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Figure 3.1 Cross section through the Enterprise prospect (northing 3441150). This
section shows the position of the Enterprise Vein and West Vein, relative to the
position of various drill holes. Grid spacing is 530 mewes (Modified after TasGold,
2003).
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Chapler 3: Igneouns and alteration petrology of the Enterprise Prospect

3.2 Terminology

The following explanations were deemed o be warranted because of the specialised
termuinology that has developed in the description of magmatic-hydrothermal textures.
It was not deferred to an appendix because 1t 13 essential to the description of the

Enterprise and Potoroo lithologies.

Myrmekitic texture {3 a2 common feature in pegmatitic granites (Marmo, 1971); Le.,
those granites rich in a volatile phase. It refers to a mucroscopic intergrowth of
‘worm-like” or vermicular quartz in plagioclase feldspar, and commonly occurs in
contact with K-feldspar (Phallips, 1974). In scctions perpendicular to the worm-like
rods, quartx may appear as ‘tcar drop’ shaped crystals in feldspar.  Myrmekitic
texturcs may vary significantly in their appearance, which has led to a number of
cxplanations for their origin; however, the commonly repoted moddel s that
myrmekites reflect subsolidus replacement aftects. Other ideas on myrmekitic texture
gencsis include plﬁc-:ﬁsses such as exsolution, mctasomatic replacement and divect

magmatic crystallisation (Hippertt and Valarelli, 1998).

A range of other lexturcs characterise the magmatic-hydrothermal iransition. These
include miarolitic cavities, interconnected miarolitic textures, wnidirectional
solidification textures, pegmatite’s and aplitic vein-dyles. These texlures imply that
intrusives cxsolved volumes of g volatile phase (Candela and Blevin, 1995). These
textures have been documented in pranites associated with some granite-associated
gold deposits, for cxample, Timbarra, Australia (Candela and Blevin, 1995, Mustard,
2001, 2003b, a; Mustard and Ulrich, 2004}, If in sufficient amounts magmatic
volatiles may tlow through cavitics {preserved as miarolitic cavities) and accumunlate
in the ool zone of the mapma chamber (preserved as unidirectional solidification
texturcs). These exsolved magmatic fhuds can potentially carry ore-forming elements
{c.g. An, Cu, Ph, Zn). Thus, these textures commonly arc characteristic of the margin
and apical zones of intrusions. Recognition of these textures is important, as they link

intrusion-refated ove deposats to the magma from which the ore metals were sourced.
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Quartz-layered textures are a type of unidirectional solidification texture, whereby
crystals are oriented approximately perpendicular to the plancs of layering. Thesc
textures are characterised by morphological features indicative of mineral growth in
one direction from # solid substrate {Shannon et al., 1982b). Quartz-layered textures
form during the crystallisation of the host magma, producing layers and multilayer
sequences, predominantly in apical and marginal parts of intrusions. This layering is
gencrally concordant with the intrusive contacts of the stocks in which they formed.
Quartz-layered textures represent onc of the magmaticchydrothermal trangition
textures that provide evidence for their host intrusions exselving large volumes of

aqueous fluids (Candela and Blevin, 1995; Lowenstern and Sinelair, 1996).

Voluminous grefsens are also suggcstive of the host intrusion exselving largc
volumes of aqueous fluids. Greisens are aggregates of quartz and muscovite with
accessory smounts of topaz, fluonle, tourmaline, rutile, cassiteritc and wolframite
formed by the alteration of rock, or crystailising of minerals from late stage fluids
cxsolved from a solidifying magma. Therefore voluminous oreisens suggest

infrusions exselved volatles.

3.3 Methods

The following deseriptions from the Enterprisc prospect are based on macroscopic
observations made from dnll core interscections and microscopic observations and
pelrographic descriptions from thin sections. Unknown accessory miunerals were
identified by David Steel using the Encrgy Dispersive Speciromcter (EDS) on a
Cameca SX100 clectron microprobe at the Ceniral Science Laboratory, University of
Tasmania. Use of a4 portable infrared spectrometer (PIMA) was also trislled and aided
in the identificabion of alteration mineral asscimblages. Composihons wore estimated
for each of the units by visual observation {point counting) under microscope from

thun sections.
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3.4 Intrusive characteristics

Three main phases of intrusions have been distinguished at the Enterprise prospect on
the basis of their primary textural, compositional and morphological featares. Their
modal mineral sbundances are shown in Figare 3.2 and their textural and
compositional characteristics are summarised in Table 3.1. A Schematic cross section
constructed from logging drill holes shows estimated relationships betwecn the

intrusive phascs, mineralised veins and position of a guartz-layered texiure, is shown
in liigure 3.3.
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Figure 3.2 Moduo! mineral abundances for the three intrusive phases at the Enterprise
prospect.

The classification used s from that recommended by the UGS
Subcommission of the Systematics of fgncous Roefks (Streckeisen, 1973),
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Chapter 3; Igneous and alieration petrology of the Enterprise Prospect

3.4.1 Feldspar-biotite-quartz granodiorite

Feldspar-biotite-quartz granodiorite (FBQ) 13 the carliest and most abundant intrusive
phase exposed in drill core from the Enterprisc prospect (Plates 3.1 A and B}. The
stock 13 broadly fine- to medium-grained {Imm-3mm)} composed to subhedral grains,
with an equigranular to sub-porphytitic texture. It has an estimated composition of
50% plagioclase {although variable trace amounts of K-feldspar also occur), 30%
quartz and ~20% biotite, Acccssory minerals include apatite, zircon, and magnetite.
Trace amounts of finely disseminated magnetite are present and to a lesser extent
ggoregatcs of magnetite associated with biotite *clots’ (Plate 3.1 C). Feldspars arc the
dominant crystal phase with an average crystal size of approximately 2 mm up to 5
mm. Plagioclase shows well developed oscillary zoning (Plate 3.1 D). Myrmekitic
texturc {Plate 3.3A) occurs and is particularly well developed along the contlacts with
other units. Background gold concentrations in the FBQ average 0.08 ppm. The
teldspars are weakly to moderately altercd to sericite, with scricite oceurring as both
‘cross hatched” growths throughout entire crystals and/or as selective alteration along
growth zones (Plate 3.2). Biotite oceurs interstitially to dominant crystal phases (both
as primary and secondary growths), and as ‘clots’ approximately 5 mm in diamcter of
secondary ‘shredded” biotitc.  Phlogopile {also known as ‘foxy-red’ biotite) was
identified from hand specimen and thin section by its tmique copper colour and vsing
PIMA, Phlogopite is common in the FBQ granodiorite and can comprisc >50% of the
biotite component m the rock in some intervals, Pyithotite is disseminated in trace
amounts throughout, however, in some zoues up 't 2 % of pyrrhotite is obscrved. The
origin of the pyrrhotite is uncertain; m some occwrences it is interpreted to bo
primary thus magmatic in origin.  In other occurrenccs it is interpreted to be
sccondary, resulting from laler hydrothermal alteration. Mathinna Group xenoliths

{up t0 10cm in diameter) and dioritic enclaves arc common,
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Plate 3.1 (A) Photomicrograph
under cross polarised fight of
the FBQ. Note lhe
subporphyntic texiure (E5.13).
{B) Fhotograph of the FBQ.
{E5.13) Scale bar is in cm.
{C) Photomicrograph of an
aggregate (‘cfol’) of secondary
shredded’ biotite and magnelite
from the FBQ under
normal light (E5.3).
(D) Photomicrograph under
cross polarised light of an
alkali-feldspar phenocryst
showing oscillary zoning
and some internal
complexity (E5.13).
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Piate 3.2 (A) Photomicrograph of
sericite replacing a plagioclase
feldspar phenocryst in the
FBOQ under cross-polarised
light (E5.8). (B) Photomicrograph
of sericite replacing the core
of a potassium feldspar
phenocrysl under
cross-polansed light (ED2.13).
(C) Photomicrograph of
‘cross-hatched' sericite
replacing an
unrecognisable feldspar
phenocryst under
cross polarised light (E5.9).




(B)

Plate 3.3 (A) Photomicrograph of a
typical myrmekitic texture from in
the FHB under cross-polarised
light (E5.4). (B) Photograph of the
FHE. Scale is in cm (ED2.4).
{C) Photomicrograph of the
FHB CED 6T}
(D) Photograph of the QF
Scale is in cm (E5.4).
{(E) Photomicrograph
under cross polarised light
Af the GF [ES&.Td)
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3.4.2 Feldspar-hornblende-biotite granadiorite

Fcldspar-homblende-biotite -granediorite (FHB) occurs as variable intersections in
drill core, metres to tens of metres wide (Plate 3.3 B and C). Based on observahiens,
the FHB apparently intrudes the FBOQ granodiorite {Figure 3.3). Through drill core, it
is interpreted that the FHB is intruding the FBQ in a series of *fingers’ or dykes of
approximately 3m wide and a strike length of approximately 75m. The FHB has an
equigranular to porphyritic texture.  The FHB granodiorite has an estimated
composition of 50% plagioclase feldspar, 20% quartz, 15% hornblende and 10%
biotite, Groundmass comprises approximately 30% feldspar, 30% quartz, 30% biotite
and lcss than 10% hornblende, Accessory mrinerals include apatite and to a lesser
cxtent magnetitc.  Feldspats occur up to 4 mm in length (when occurring as

phenocrysts) and exhibit well developed oscillary zoning.

Most advanced hydrothermal alteration obscures primary mincralogy. Feldspars have
been weakly altered to sericite, most commonly along growth zones but alsc as cross-
hatched laths throughout entirc crystals. Rare feldspars have been partially to
completely altered to sericite, and only a pseudomorph of the original crystal shape
remains. Secondary ‘shredded’ biotite alleration oceurs and is especially wel
developed surrounding hornblendes.  Horablende and biotite form  discrete
clumps/clots of approximately 3mm in diameter. Approximately ~40% of the biotite

has been altered to chlorte,

3.4.3 Quartz—feldspar granodiorite

Quarlz-feldspar granodiorite (QF) is the youngest and least abundant (in drill core) of
the intrusive phascs (Plate 3.3 D and E). The longest intersections of the QF
granodiorite are approximately Im in DDH E005 and EDO02 (appendix C). The QF
is equigranular with an average grain size of between 100 and 500 pm, approximately
10% of the rock is comprised of megacrysts of plagioclage feldspar up to 700pm I
length. The QF has an cstimated composition of 60% Quartz and 40% feldspar (90%

of which is plagioclase with remainder K-feidspar).
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The QF is moderately to intensely hydrothermally altered. however it s very weakly
mineralised. Approximately 50% of the feldspars have been moderately altered to
sericite, particularly well developed along growth «omes. Greisen has been observed
along the marginsicontacts of the QF, although not m any significant volume {<5cm,
63.53m down drill hole E003; ES.5), Myrmekitic feldspar-quartz mtergrowths are
best observed along contacts with other phases, especially thc FBQ, it is also

moderately developed within the interior of the QF.

3.5 Vein dykes

3.5.1 Narrow ‘vein’ dykes

Narrow ‘vein® dykes (Plate 3.4 A and B), typically 5 to 10 cm in wide, have been
observed to cut the FBQ and to a lesser extent the FHB. At hand specimen scale they
appear to have a mafic composition. In section these *vein’ dykes have a weakly
porphyritic texture composed of <20% phenocrysts of hormnbleade {up to 4nmm} and
biotite {up to 2mm). The fine grained g;muﬁdmass {0.02 mm) is cstitnated to composc
30% feldspar, 40% biotite and 30% quartz. The dykes are characterised by diagnostic
chilled marging (typically 3mm wide) that distinguish them from being xenoliths, with
phenocrysts oriented in one direction indicative of a flow emplacement. The margin
has an equigranular texture that differenfiates 1t fiom the coarser porphyntic dyke

core. All phenocrysts are shaped as elongate needles {i.e. acicular}.

Biotite is partially altercd by chlorite. Sceondary hydrothermal ‘shredded” biotite
oecurs in distinet ‘clumps/clots’. In a single casc a quartz-pyrehotitc vein cross cuts a

narrow-dyke.

30




Plate 3.4 {A) Photomicrograph
under cross polarised light
of a narrow ‘vein' dyke.
Note characteristic
chilled margin, ‘nip up’ clasis
of host granodiorite and
elongale phenocrysis (E5.7).
{B) Photograph of a
narrow ‘vein' dyke (E5.7).
{C) Photomicrograph under
cross polarised light of a
narrow porphyritic ‘vein' dyke.
Phenocrysts of guartz and
feldspar in a2 fine grained
groundmass (ED6.11).
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3.5.2 Narrow porphyritic ‘vein’ dykes

Namrow porphyritic *vein’ dykes (Plate 3.4 C) are typically 10 cm wide, but may be
up to 5 metres widc (as seen in drill hole ED006; Appendix C). Characteristic chitled
margins arc present (typically 3 mm wide). Phenocrysts comprise 60% of the rock
and are composed of equal proportions of guartz and plagioclase feldspar. Subhedral
to anhedral quartz phenocrysts occur up te 0.5em in diameter. Quarts also occurs as
anhedra! clusters. Quartz clusters exhibit rounded margins suggestive of a degree of
remobilisalion after growth. Their origin is unclear, with likely cxplanations being an
existing vein, or a coarse intrusive host. Xenoliths of granitic rock up to 3 om are
common. Feldspars show well-developed compositional zoning and their mteriors arc
altered to sericite. The groundmass is equigranular and has an estimated groundmass
composition of 45% gquartz, 40% biotite and 15% feldspar was made, however due to
the fine grain size this i uncertain. The groundmass also includes zones or clots of

hiotite (secondary “shredded’ biotite).

3.5.3 Aplite ‘vein’ dykes

Aplite vein dykes {Platc 3.5 A and B) averaging 2 cm wide were intersccted in all the
diamond drifl cores logged. The irregular aplitc vein dykes are composed of
saccharoidal (also referred to as equigranular ‘sugary’ texture), alkali feldspar and
gquartz. Typically quartz is more abundant than feldspar (~70:30). The dykes are
characterised by well-developed myrimckitic intergrowths of alkali feldspar and quartz
along the conlacts with the surrounding granodiorite.  This myrmekitic texture is also
weakly developed within the interior ol the vein in rarc cases. A single observation
was made of pyrrhotite along the centre of an aplite vein dyke, the result of a later
hydrothermal overprinting or indicating the fluid responsible for the formation of the
dyke was also carrying metals, The dykes exhibit a similar orientation to the quartz
veinlets and are not cut by any other unit. Aplite vein dykes are present typically
cutting the FBQ granodiorile. It is estimated from these relationships that they
fornmed during the late magmatic to magmatic-hydrothermal transition stage of the

intrusion.
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(C)

Plate 3.5 fA) Photomicrograph of an aplite ‘vein'
dyke (top of photo) composed of
saccrahoid alkali feldspar and quariz.
Minor hydrothermal sericite alteration.
Myrmekitic lexture developed along the
margin of the dykse (ES5.710).
(B) Pholograph of an aplite ‘vein’ dyke (E5.10).
{C) Photograph of a greisen (E5.5).
Scale bar i s in cm
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These dvkes have been passively altered, resulting in radial {pseudo-acicular} sencite
growth occuring throughout the dyke. This scricite alteration comprises
approximately 10% ot the dykes. Thesc laths of sericite are typically 0.5 mm in
l-lzngth.

3.6 Magmatic-hydrothermal veins

Based on apparent cross cntting relationships, a broad vein and alterahon paragenesis

has been established. This is detailed in the following section

3.6.1 Quartz-layered textures

As previously stated quartz-layered textures are part of the family of magmatic
hydrothermal transition texturcs. A quartz-layered texture was observed within the
FBQ granodioritc. The observed texture was a poor example in comparison to those
well documented in the lterature {c.p. from Timbarra). The texiure was first
identified in dril! corc as a continuous 1om thick feature, with apparent guartz growth
in a single direction. The guartz-layered textore was substantiated microscopically
from scanning cathodoluminescence (CL) images (Plate 3.6), acguired by David
Steele using a Cameca SX 100 electron microprobe at the Central Science Laboratory,
University of Tasmaniz, The CL image illustrated a degree of intemal complexity
and demnonstrated a potential growth ongin. From the image it was determined that
the prowth orientation was to the top of the photo. Microscopy identified
characteristic bipyramidal quartz crystals {indicative of f—quartz), with distinet apicai
terminations, and the occurrence of composite melt inclusions. Bipyramidal quartz is
indicative of high temperature growth, and forms at temperatures above 573°C. Faint
primary fluid mclusion trails define an inferred growth enentation/direction.
Accessory minerals included acicular apatite (up to 100pm) and biotitc laths
(approximately 500um). The presence of this texture provides evidence that the FBQ

intrusion phase exsolved a volatile phase.
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Plate 3.6 A scanning cathodoluminescence image of a bipyramidal quariz grain in a
quariz lavered texture (unidirectional solidification texture; EDG). The main crystal
shape coincides with opaque filled diamond of cracks. Faint primary fluid inclusion
trails distinguish internal growth zones. Note the weak internal complexity,
especially developed in the lower right corner of the grain, suggestive of a growth

point of orizin. Inferred growth direction is up the page. The image is 1.25 mm wide.
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3.6.2 Other textures

Small amounts of greisen were intersccted down drill hole EG05 {Appendix C) at the
margins of the QF granodioritc {(Plate 3.6 C). The greisen has an cstimated
composition of 70% muscovite, 20% quartz and 20% chlorite. Acccssory minerals
include apatite and an unidentifiable acicular mineral. The preiscn is mineralised,

contatning approximately 1% arsenopyrite,

3.6.3 Alkali feldspar-quariz {x molybdenite + pyrrhotite} veins

One of the earlicst vein stages in the prospect are alkali feldspar-quartz veins (Le.
siage 1; Plate 3.7 A) that are variably mineralised with molybdenite and lesser
pyrrhotite. These veins have been observed cross cutting all intrusive phases except
the QF. Vein thickness varies from microveing approximatelyl cm wide up to veins
19 cm thick, Yein densities arc typically less than 5% of the rock, although in some

drill core interscetions these veins may make up to 20% of the rock,

The veins comprisc alkali feldspar (~60%,; ranging from crystals approximately 1 mm
to | cm in length). The alkali leldspar occurs as subhedral crystals thal are intergrown
with subhedral to euhedral quartz. The alkal feldspar 13 generally more abundant
than quarlz; quartz is restricted to the margins of veins where it invariably occurs with
sulphides. It is interpreted that the veins opened and were initially filled with quartz,
but later feldspar precipitation prevailed.

Molybdenite typically vccurs as blebs in trace amounts, and rarer dendritic growths
making up ~10% of the vein. Molybdentie is restricted to quartz-rich fine-grained
mosaic lextures predominanily along the margins of veins, and lesser in the vein core.
Pyrrhotitc is fess abundant than moiybdenite, commeonly occuming as fine grains in
' the vein core. Crosscutting relations are not well represented in drill core, but where

seen these stage 1 veins arc cut by all later veln stages.
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(A)

(B)

Plate 3.7 (A) Pholograph of a typical alkali feldspar-quartz vein (+ malybdenite + Arsenopyrite
+ pyrrhotite) with a feldspar- biotite vein selvage (E5.9) Scale bar represents cm infervals.
(B) Photograph of typical gold-bearing quartz vein (+ arsenopyrite = pyrrholite + pyrie).
Assay results for this intersection are 0.4m at 14.4g/t Au.
Hosted with in sericite and chlorite altered granodiorite (DDH E005 93m)
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The veins are characterised by distinet alteration selvages composed of biotite,
feldspar and lesser quartz. Biotite occurs as clusters of approximately 3mm long
laths, forming a 0.5 cm selvage that rims the vein, and to a lesser extent extends into
the margins of the vein. Bordering the biotite selvage is a 0.4 em selvage of anhedral
feldspar (unidentifiable) containing trace biotite laths (approximately 5% of the

selvape). Adjoining the feldspar selvage is a minor subhedral quartz selvage.

3.6.4 Quartz (+ arsenopyrite + pyrrhotite + pyrite + gold)

Stage 2 veins (Plate 3.7 B) are very similar in appearance, occurrence and distribution
to feldspar-quartz (£ molybdenite £ pyrrhotite) veins. The common distinction
between stage | and 2 veins is the absenee of feldspar, more abundant sulphides and
associated alteration selvage associated with stage 2 veins. The veins typically vary
in size from 5 mm, up to 20 cm wide. Sulphide (arsenopyrite * pyrrhotite © pyrite)
content seems to have no relationship to size of the vein. They typically make up less
than 5% of the rock although rare densities of greater than 20% have been observed.
Arsenopyrite, pyrrhotite and pyrite commonly oceur as blebs predominantly along
vein margins and/or as rare veinlets within the quartz veins, and typically make up
«5% of these veins. The occurrence of gold is unclear, although it was not observed,
assay results confirm its presence and concentration. It is assumed to be strongly
correlated with arsenic from assay results.  Rare amounts of chalcopyrite have been
observed. Formation during a brittle deformation event is evident by contact
morphology and the absence of ductile features. For example, vein boundanes are
sharp and extent of the vein along strike. Most fluid inclusions have been destroyed
in the major gold-bearing lodes probably due to post-depositional movement along

these structures.
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This vein stage is characterised by a moderately developed sericite and chlorite
alteration halos. Plagioclase feldspars have been altered, with sericite altering the
cores and or growth zones of phenocrysts. Chlorite is lesser developed and alters
primary and secondary biotite and homblendes. Adjacent to veins alteration is
moderate and rarely texturally destructive. Further from veins alteration is less
developed, however relationships are not well constrained as later veinlets and their

assaciated alteration obscure the earlier formed alteration.

These veins appear to have predominated during gold deposition and most of the gold
is hosted within them. A typical vein intersection possesses grades of 0.4 metres al
14.4 g/t gold (Plate 3.5 A). Although gold was not observed in the veins, ils presence
and concentration is known from assay results. [t appears that elevated gold
concentrations may be related 1o elevated arsenopyrite concentrations. For example,
the 0.4 metres at 14.4 g/t intersected across the Enterprise vein that was 40 cm thick,
but contained ~20% arsenopyrite. By comparison, intersections of 0.2 metres at 3.5
g/t gold in a section of Enterprise vein that was 20 em’s thick, mainly composed of
buck quartz, had only veinlets of arscnopyrite.  Assay results for drill hole EOOS
support this gold-arsenic relationship with elevated gold concentrations corresponding

with elevated arsenic concentrations (Figure 3.4)
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Figure 3.4 Plot down drill hole ED002 of assayed gold and arsenic grades. This plot
shows an apparent correlation between gold and arsenic.
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3.6.5 Quariz veinlets

Quartz veinlets commonly occur and cut all intrusive phases except the guartz-
feldspar granodiorite. The veinlets arc irregular in their morphology and are typically
less than | mun in thickness. The composition of these is inferred to be quartz, as
most veins are too small to identify {even under microscope magnification). These
veins are characterised by narrow halos of intense pervasive sericite and chlorite
aiteration. These altcration halos vary in thickness, typically 5 mm either side of a
vein. Rare occurrences have been ohserved of micro-vein frequencies of ~25% with
veins forming stockworks. These veins commonly crosscut all other units except
where no telationship has been identified, eg. Stage 2 quartz veins and narrow vein

dykes.

3.7 Alteration assemblages

Throe dominant alieration assemblages were observed at the Enterprisc prospect:

(1) Secondary ‘shredded’ biotite and phlogopite rcplacing primary biotite and
hornblende phenocrysts is texturally destructive. This appeats to be in part related to
the first vein stage (feldspar-quartz veins). It may also predate this vein stage, as it is
the most widespread occurring in places distal to these veins.

(2) Sericite-quartz (Jess than 200 pm grain size) replacing plagioclase and alkali
feldspar phenocrysts and usually preserves original textures. This assemblage is
equally as abundant as the first; its intensity vatics from intense texturally destructive
to passive tcxturally preserving, according to proxumity to veins and other units. This
assemblage is associated with stage 2 veins: quartz (& arsencpyrite £ pyrrhotite +
pyrite = gold) and stage 3 veins: quartz veinlets.

(3) Last and lcast developed, chlorite alteration has replaced primary phenoerysts and

carlier formed secondary Fe-Mp minerals (biotite and hornblende).
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3.8 Igneous and afteration petrology of the Potoroo Praospect

Geochemical soil sampling initially discovered the Potoroo prospect, which was not
exposed by historical workers. This was followed up by trenching and RC drilling
that dclineatcd a prospecthive target for mineralisation. More recent diamond drilling
(2004} has fnther exposed the resource potential. Potoroo is one of the most recent
and thus Ieast exposed gold occurrences in the Lisle/Golconda ares,  Although the
mineralisation at the Potoroo prospect isn’t as well represented as the Enterprise,

attempts wiil be made to characterige it.

The granodiorite has an estimated average composiiion of 60% teldspar, 30% quart»
and 10% biotite. Accessory minerals include homblende, apatite, zircon and
magnetitc.  Magnetite occurs interstibial to crystal phascs and has been observed to
coat grain boundanes. The rock bhas a porphyritic texture, with ~10% phenocrysts of
plagioclase. Plagioclase feldspars show well developed oscillary zoning, with sexicite
alteration most commaon along these zones. Sericite alteralion, to a lesser extent, 18
developed in a ‘cross halched® arrangement. Feldspars are typically Smm in size,
however, rare phenocrysts up to Icm have been observed.  Approximately 2 to 3% of
the biotite component has been altered to chlontc. Secondary ‘shredded’ biotite is
common oceurring in clumps or ‘clots” with chloride and sulphides. Arsenopyrite is
the predominant suiphide observed. It occurs as interstilial microscopic apgpregalcs
commonly occurving with bionte and/er chloritc. Based on observations at the
Enterprise, gold is likely to be associated with arsenopyrite.  Accessory sulphides

include pyrite and to a lesscr extent chalcopyrite.

Quarlz veins containing arscnopyritc, pyritc and chalcopyrite cut the Potoroo
granodiorite. Alteration associated with the veins s difficult to interpret duc to poor
drill core recovery. However, it is probably vclated to the porvasive alieration

observed in the granodiorite,
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3.9 Summary

The Enterprise prospect is host to three main petrographically distinet intrusive
phases. Although cross cutting relations are limited and/or obscured, an apparent
parzgenetic sequence of first feldspar-biotite quartz, followed by feldspar-hornblende-
otite and feldspar quartz granodiorite is suggested. The relationship between the
intrusives and mineralised stage 2 veins is not well understood. Primary pyrrhotite
has becn obscrved in the FBQ granodiorite, suggesting a potential magmalic ongin
for at least seme of the mineralisation. More than one intrusive event potentially
denotes multiple minéralising events (volatile exsolution} assuming that metals were
sourced from the inlrusions. At least 4 distinetive magmatic-hydrothermal vein stages

are present coupled with discrete alteration asscmblages.

Evidence for a mapmatic-hyvdrothermal transition 15 in the form of distinguishing
textures and intrusive units. Magmatic-hydrothermal transition textures, including
quartz-layered texiures, aplite ‘vein® dykes and greisens are all cvident at the
Entcrprise prospect, in particular wilhin the FBQ. These textures provide evidence
that individual magma batches exsolved volatile phases. If in significant amounts thig
volatile phase may have been able to fransport large amounis of mrelals, caused
cxtensive hydrothermal alteration and potentially mineralisstion. A fundamental
feature of intrusion-reluted gold deposits is the fact that mietals are sourced from felsic
imtrusion. The rclationship of a volatile phase to mineralising fluids ot Enterprise is
unclear; however, the forthcoming fluid inclusion study will attempl to establish any

relationships {see chapter.s)

Gold 15 primarily associated with one vein stage: quart# (£ arsenopyrite + pyrrhotiie +
pytite t gold), which is primarily hosted in the FBQ granodiorite, and hence postdates
il, or devcloped by exsolution of fluids from it at deeper struclural levels, Gold
mineralisation oceurs in quartz veins that are associated with the most exicnsive
alteration asscmblage, sencite and lesser chlonte. Thesc veins are characterised by
vanzble amounts of arsenopyrite, pyrrhotite, pyrite and trace chalcopyrite.  Visual
relationships between apparent arsenopyriie proportions in quartz veins and assayed

gold values {Figurc 3.4} suggest a correlation. Increasing visual sulphide percentage
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in veins appears to correspond with increasing gold grades. Hypothetically, gold is
likely to be present as microscopie grains within arscnopyrite or incorporated within
its crystal lathice, but this should be tested with micro-analysis. The observation
raises the possibility that higher arsenic zones in soils should be priority targets in
exploration at Enterprise. This also suggests a potential depositional mechanism for

gold, sulphide deposition, a known catalyst for gold deposition.
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4 Intrusion Chemistry

4.1 Introduction

The chemistry of intrusions can be used o attempt to cvaluate the ore-clement
associations of introsion-related ore deposits (Blevin, 2004). An  intrusions
composition, rclative oxidation state and fractionation characteristics can all be
studied using whole-rock chemistty. The Devonian granitoids of Tasmania are
associated with a diverse range of ore~-deposits, e.g., the oxidised S-type granites of
the northwest are e;ssnciated with tin and tungsten {+ gold, silver, lead and #inc), and
reduced pranitoids of the northeast have high background gold (Solomon and Groves,
1994). This chapter will compare analyses from the Enterprisc and Potoroo prospects
te existing datasets of the Scottsdale Batholith and known gold-bearing granitoid
suites from eastern Australia. A considerable database of major and trace element
compositions is available for the Blue Tier and Eddystone Batholiths, and to a lesscr
extent for the Scottsdale Batholith (McClenaghan, 1984), Dala from 91 samples
collected throughout the Scotisdale Batholith were sourced from Mineral Resources
Tasmania (written communication McClenaghan, 2004}, This data represents the

most up-to-date records and covers most tock Lypes from the Scottsdale Batholith.

The timing of wvolalile exsolution with respect to the progress of fractional
crystallisation is very important (Blevin, 2004}, Exsolution of a volatile phase carly
rathor than late may result in a different ratio of compatible to incompatible ore
clements being exsolved, as their concentrations change as a factor of fractional
crystallisation. Therefore frachional crystallisation will have an effect on the amounts
of orc clements being exsolved, thus, the potential to form an ore depesit. 1t has been
shown (Blevin and Chappcll, 1992) that those swtes charaeteriscd by a classic
petrographic and compositional behaviowr, eonsistent with the processes of fractional
crystallisation, are also those suites most commonly associated with signihcant

mineralization
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4.2 Methods

15 samples from the Enterprise and 1 from the Potoroo prospect (for a total of 16)
were analysed at the University of Tasrﬁania using a Phillips PW 1480 X-Ray
fluorescence spectrometer (Appendix E). Samples weore prepared by crushing 1 to 2
kg pieces of drill core in a jaw crusher to reduce the particle size to less than lom.
Samples were pulverised using a chrome still mill for approximately once minute to
produce pulps. Contaminalion associated with a chrome steel mill includes: Fe (up to
0.15%), Cr {up to 150 ppm) and traces of Mn, 5i, C and V. Silica sand cleancrs were

nsed between samples to minimise the risk of contamination.

Of these 16 samples, 5 of them, and a standard sample, were analysed for ferrous iron
{(FeO) using titration methods at Amdels commercial laboratory i South Australia
{Appcendix F), The standard samplc submitted for ferrous iron retumed a result of
2.00% FeO with expected results of between 1.80 and 2.08% FeQ therefore an

estimated error of £0.20% was applicd to these particular results

REcpresentative sample muaterial was collected from drill core that represents the
dominant intrusive units, as described in Chapter 3. Samples were selected that
appeared to be the least altered in the ficld and distal from extensive veining.
However, the samples location within a mineralised sile meant that some samples

were 1 fact altered, Major and selected trace elements and are detailed m Table 4.1.

CAPTION FOR NEXT PAGE

Table 4.1 Whole rock geochamical data for granodiorite and ‘vein’ dyke sampies fram the
Enterprize and Potoroo progpects. Major {wt %) and trace (ppm) elements determined by
¥BF, Feu0y and FeO) determined by titration.
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Chapter 4: [ntrusion Chemistry

4.3 Scottsdale Batholith

Whole-rock geochemical data has been used to assess internal variations in chemistry
of the Scottsdale Batholith (McClenaghan, 1984). The Scottsdale Bathelith is made
up of a number of separate plutons including the Diddleum, Upper Biessington,
Porcupine Creek, Russels Road, Hogarth Road, Tombstone Creek and Mt Stronach.
Broadly, the Scotisdale Batholith is divided into two distinet rock associations divided
by a screen of Mathinna Group sediments (Figure 2.1).  Granodiorite occurs in the
west, and biotitc adamecllite, alkali feldspar and granodiorite to the east. The western
granodiorite suite is called the Diddleurn Pluton, Secatter plols after MeClenaghan
{1984), show two. broad linear trends that arc particularly evident in the casc of Ba
and Zr, and to a lesser extent CaO and MgO, when plotted against Si0» (Figures 4.1,
4.2) u standard analytical prachice for unaltered granitic rocks. McClenaghan (1984)
recognised the flatter slopes for Ba and Zr versus Si(», to consist of data from
granodiorites, whereas the other steeper trend consists of data from adamelliites and
alkali-feldspar granites. The granodierite trend contains data from both sides of the
Mathinna Group screen.  Granodiorites from west of the Mathinna Group screen
typically have Si0, values less than 65 wt % and pranodiorites from cast of the
Mathinna beds screen typically have S10; values greater than 65 wt %. From this,
MecClenaghan {1984} demonstrated that the Scottsdale Batholith is composed of two
chemical suites, the pranodiorite suite predominantly in the west, and the adamellite

and alkali-feldspar suite to the east.

Chemically the granodiorites from the Enteiprise and Potoroo prospects form part of
the western granodiontie suite of the Scottsdale Batholith as expected from their
physical location {Figure 2.2}. Samples of the host granodiorites from the Enterprise
and Potoroo prospects analysed by this project have Si0O; values ranging trom 38.38
t0 79.20 wt %. Values between 38.58 and 67.89, are sinmilar to the overall suite range
inhicated by McClenaghan (1984). My initial interpretation of the Si0: values greater
than 70 wt % was addition of quartz through altcration becausce they excced all values
collected previcously. The samples with 5i0; values greater than 70 wit % include

aplite ‘vein’ dykes, narrow *vein’ dykes and QF.
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Figure 4.1 Zr versus SIO; for the Scortsdale Batholith including the Enterprise and
Fotoroo prospects. Note the two trends for the fwo different snites as defined by
MeClenaghan (1984).
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Figure 4.2 Mg versus 8i0s for the Scotisdale Batholith including the Enteiprise and
Potoroo prospects. The plof shows the positions of the two different suites as defined
iy MeClenaghan (1954).
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Although only a small sample size, the data from the Enterprise and Potoroo prospects
congistently plots across the 65 wt % $510; boundary, a value thal approximately
reflects the spatial boundary between granodiorites either side of the Mathinna Group
screen.  This could support an argument for the Lisle/Golconda granodiorites
(including the Enterprise and Potoroo prospects) constituting a separate body, distinet
from other plutons in the Scottsdale Batholith. The name ‘Lisle Pluien’ was
suggesied by Roach (1994) for grancdioritic rocks that outcrop at Lisle, Golconda,
Lone Star and Panama on the basis of petrological, geochemical and petrophysical

characteristics. In the following section, data review will further evatuate this theory.

4.4 Classification

Classification based on composition is important as 3 guide to the abundance of
elements and volatiles in intrusions and their behaviour during the fractionation
proccsscs.  The intrusions that comprise the Scottsdale Batholith have all been
classified as [-type (McClenaghan, 1984), being intrusions with an ignoous source.
Characteristics that define I-type intrusions include: homblende and biotite as the
mafic minerals, high concentrations of calcium, low potassium to sodium ratio
{(K70/N3,0), typically less than 1, low molecular AlxO4/ (NapO + KaO 4 Ca0), and a
low initial *'Sr/*Sr ratio (Chappell and White, 1974).

Samples trom the Entcrprise and Potoroo prospect, as with the rest of the Scottsdale
Batholith are broadly classified as I-lype intrusions on the basis of thesc criteria
While major element data from the Enterprise and Potoroo prospects appear to plot
similarly to data from the Scottsdale Batholilh, some of the data diverges markedly
(Figure 4.4 and 4.5). Data below 70 wt % 510 broadly plots along side the Scottsdale
Batholith, data greater than 70 wt % Si0; does not. This is probably also reflecting
the affects of alteration as previcusly indicated. Howewver, those data points that
appear to be least altered (less than 70 wt % Si1Q;) plot within the sodic and

peraluminous fields (Figure 4.3, 4.4)
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Figure 4.3 Sodic versus potassic plot for the Scottsdale Batholith including the
Enterprise and Potoroo prospects (Ferris and Schwarz, 2004).
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Figure 4.4 Meta-peratuminous plot for the Scotisdale Batholith including the
Enterprise and Potoroo prospects (Ferris and Schowarz, 2004).
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4.5 Oxidation State

Oxadation state of magmas plays a major role in controlling the compatible or
ingompatible nature of many ore elements. Oxidation state is largely inherited from
the magma source region, although the effects of wall-rock intcraction can be locally
important. Oxidation state can be measured through a number of means, including:
whole rock Fe,0OuyFeQ ratio; mineral assemblages {magnetite and titamte versus
pyithotite stable mineral asscimblages); mineral chemistry (FE:'H in biotitc and
ilmemte, Mn in apatitc); mineral colours {eg. pink potassiom feldspar in oxidised
rocks, foxy-red biotite in reduced rocksy, and through magnetitic susceptibility
{Blevin, 2004).

The ratio of Fea Oy to Fe? provides a measure of the oxidation state of the magma and
increases with increasing oxidation. FeO was analysed for 5 samples from the
Enterprise and Potoroo prospects, and was used to calculate the ratio of FeyO; to FeO,
Two samples produced negative Fex(D: concentrations; this was attributed to
analytical ceror associated with using two methods for obtaining total Fe as Fex0; and
Fe(. Wegative values were intcrpreted to represent an absence of FeOs {i.e. all Fe
occurring as [eQ) and were converted to zero, or 100% reduced. The results
produced three Fe.0; to FeO ratios of 0.02, 0.03 and 0.75. The value from the
Potoroo prospect {0.75) is comparably higher than those ratios determined from the
Entcrprise prospect intrusive tocks.  Given that the FeaOs to FeO ratios for the
Scottsdale Batholith range from 0.01 to 1.00, with an average of 0,27, the results from
the Enterprise and Potoroo prospects lie within this range. Roach (1994) attributed
higher Fex(05 to FeQ ratios for samples in the Lisle area to the presence of magnetile
rather than ilmenile as an aceessory phase. Down drill hole magpetic susceplibility of
the granodiorites from the Enterprise and Poloroo prospocts averaged 0.51 x 107 $1

units, consistent with the ‘non-magnetic * granodioritc described by Roach (1994).

An oxidation parameter {AOx} developed by Blevin (2004) based on FeaOy/FeO and

FeQO* can be used to classify oxidation state:

AOx =logy (Fe;04FcO) + 0.3 + 0.03%¥FeO*
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Whete FeO* = ((.9%Fe;03) + FeO, and Fg;0s, FeO and FeO™* are in weight percent.

Five oxidation classes are recognised (Figure 4.6): very strongly, strongly and
maoderately oxidised, and moderate and strongly reduced, The four samples from the
Enterprise prospects all gave results within the strongly reduced field {-1.40 1o 0.30;
Figure 4.5). The singlc data point from the Potoroo prospect plotted in the strongly
oxidised field, An average AOx value Jor the Scottsdale Batholith of -0.27 was
caleulated, which plots in the modcrately reduced oxidation ficld. DBy using this
measure of oxidation state, granediorites from the Enterprise prospects were
estimated to be strongly reduced. This conforms to observation of a rcduced
mineralogy (Chapter 3) including presence of anomalous molybdenum {incompatible

in oxidised melts), foxy-red biotite (phlogopite), and pyrrhotile (Blevin, 2004).
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Figure 4.5 K/Rb ratic versus relative oxidation siate (AOx) for the Scoftsdale
Batholith including the Enterprise and Poloveo prospects.  Plot shows the
approximate positions of Ordovician and Stluro-Devonian granftoids from the
FLachian Fold Belt (Blevin, 2004},
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The Potoroe prospect is characterised by a mineral assemblage of arsenopyrite, pyrie
and trace chalcopyrite. Potoroo produced a log(Fe,0:/FeO) value of -0.13, almost
identical to that of the Stanthorpe Lencomonzogranite, the host of the Timbarra
deposit (~0.02; Mustard, 2001). Both the Potoroo prospect and Timbrrra deposit are

hosts to disseminated gold mineralisation in granodiorite.

However, one explanation for Potoroo plotting in the strongly oxidised field may be
that very felsic granitcs usually have exaggerated Fes03/Te0 ratios and are
susceptible to alleration cffects, and other methods need to be emploved to determine
oxidation statc (Blevin and Chappell, 1992). Contamination by the Mathinna Group
sedimentary rocks may also have had a localised effect (Mathinna Group intersected
in Potoroo prospect drill core), and/or subsolidus reactions caused by magmatic
phases. However, the oxidation state of the Jocal Mathinna Group was not

determined.
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Figure 4.6 Fep0yFeQ versus FeQ for the Scoitsdale Batholith including the
Enterprise and Pororao prospect, Afso shown is the Sranthorpe Leucomonzogranite,
host to the Timbarra deposit, NSW (Mustard, 2001). Abbreviations: VSO = Very
strongly oxidised, SO = swongly oxidised, MO = moderately oxidised, MR =
moderately reduced, SR = strongly veduced (Blevin, 2(004).
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4.6 Fractionation

The degree and type of fractionation is important in determining both the potential for
mineralisation and the typc of mineralisation that & granite suite is associated with
{Blevin, 2004). Fractional crystallisation can preferentially change the abundance of
elements iz 4 granitc suite by removing compatible clements and concentrating
incompatible ones. Fractional crystallisation can be measured by using
compatible/incompatible element ratios {e.g. Rb/Sr ratio), and the behaviour of
selected trace clements that indicate the incoming or outgoing of crystal phases (e.g.
variations i Ti, Mg, Ca, Bu, Zr, Y ete). Suites that show classic petrographic and
compositional behaviour consistent with the processes of fractional crystallisation are
also thosc suites most commeoenty associated with significant mineralisation (Blevin,
2004). The presence of porphyritic rocks at the Enterprise and Potoroo prospects may
suggest that fractional crystallisation has occurred at least to some degree, and could

also explain the large variation in $10: values across the whole Scottsdale Batholith.

Globally, individual granite suites show distinctive trends when clements are plotted
on vanation diagrams against Si0» wt % or total Fe (as [e0*) {(Blevin and Chappell,
1992), for example, Figure 4.7. Curved trends are characteristic of fractional
crystallisation, whereas straight-line trends have been attributed to varying degrees of
mixing betwesn melt and the solid resmidual fraction {restite) carricd up from the
source.  In the latter, fractional crystallisation may neverthcless occur in the more
felsic membors of suites that have eliminated their restite component.  Figure 4.7
lustratcs a subtle curved trend for the Scottsdale Batholith; the Enterprise and
Potoroo prospect analyses show a discrete straight-line trend highly divergent the
main trend. However, it is more likely that the low Rb values at 5107 values greater
than 70 wt % are the resnlt of alteration cffects, causing the dilution of Rb by the
addition of quartz (verbal communication Berry, Crawford and Roach, 2004).
Therefore 1t is likely that the Enterprise and Potoroo prospect data would exhibit a
similar trend to the Scottsdale Batholith on the basis of the remaming data, and
represent altered versions of the most mafic compositions in the batholith. Blevin
{1992) preferrcd Rb as an indicator of fractionation in the Lachlan Fold Belt, as

concentrations above 250 ppm could be used to indicate significant K-teldspar

54




Chapter 4: Intrusion Chemistry

fractionation, Low SiO» samples (1.¢. least altcred) from the Enterprise prospect gave
Rb concentrations of between 40 and 94 ppmm.  This narrow range of low

concentrations is interpreted to indicate a low degree of fractionation.
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Figure 4.7 Rb versus Si0; for the Scottsdale Batholith including the Enterprise
prospect and Potovoo prospects.

On K;0O versus AlyO; and Sr versus Rb plots (Figures 4.8, 4.9), the Enterprise and
Potorco prospect granitoids are chemically distinet from those of the rest of the
Scottsdale Batholith. The Enterprise and Polorco granodiorites have low KO and
high AlOs concentrations in comparison t0 the Scollsdale Batholith.  The
granodiorites also have comparatively high Sr and low Rb concentrations. Roach
{1994) concluded on the basis of similar findings in the district that samples from the
Lisle area were geochemically distinel and the least fractiomated of the Tasmanian
gramtoids. Geochemical data lor the Enterprise and Potoroo prospects support this
theory that these granodioritcs are chemically distinct and appear to be the least
fractionated of the Scottsdale Batholith. This observation supports the theory that the
granitoids in the LislefGolconda arca arc part of a separate body distinet from the

Scottsdale Batholith.
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Figure 4.8 K0 versus Al:0; for the Seotisdale Batholith ineluding the Enterprise and
Potoroe prospects. Unaltered samples delineated by the civcle.
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Chapter 4: Intrusion Chemistry

Incompatible element ratios {e.g. Rb/81r) can be used as momtors to trace evolution of
the magma, while Feo0s/FeO is a measure of rclative oxidation state. Figure 4.9
summarises the distribution of rocks from the Scottsdale Batholith relative to analyses
from elsewhere in eastern Australia (Blevin et al., (996).  Samples from the
Enterprise Prospect appear to be slightly more reduced than the rest of the Scottsdale
Batholith {as previously noted) and least fractionated in comparison to the rest of the
batholith (Figure 4.10). The Potoroo prospect appears to be distinet from the
Enterprise, it is more oxidized and fractionated, and plots closest to the ore-element
associations defined by Blevin {1996). Only thrce samples from the Enlerprise
prospect were used in these analyses, more analyses would constrain the relationship
berween the Enterprise and Potoroo prospect pranodiorites and lhe ore-element
assoclalions for eastern Australia. However, even with a small number of analyses

they plot in a restricted area, therefore the values appear to be consistent,
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Figure 4.10 Fe;05/Fe( versus Rb/Sr for the Scottsdale Barholith including the
Enterprise and Potoroo prospects. Plot shows the dominant ore element associarions,
hased on granite analvses from eastern Australia (Blevin ef af., 19946).
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Chapter 4: Intrusion Chenmstry

Geochemical data from the Scottsdale Batholith were plotted on graphs of
logFe:04/Fe versus total FeO*® {Fipure 4.6) and Fe;04/FeQ versus Rb (Figure 4.110.
Total FeC and Rb provide an indication of degree of fractionation while FexOa/FeO is
a measure of oxidation. The gold bearing granitoid field is showmn, determined from
the Lachlan Fold Belt data of Blevin and Chappell (1992), Least altered samples
from the Enterprise prospect plot outside the field, whereas the Potoroo prospect plots
within the field (¢.g. Figure 4.11). The Potoroo has an oxidation state comparable to
the Tunbarra deposit and thus, plois along side its host granediorite (Figure 4.6). The
samples from the rest of the Scottsdale Batholith arc typically less oxidised than
Potoroo and more oxidised than the Enterprise, but span 4 wide range of fractionation
degrees. On the basis of the few analyses for ferrous won, it appears the Potoroo
prospect shows the best correlation with widely recognised gold bearing granitoids
from ihe Lachian Fold belt as defined by Blevin & Chappell (1996). Notably the
Enletprise samples arc far more reduced than the regional Scotisdale Batholith,
supporting their status as reflecting a separate pluton. In contrast, this could also
potentially be a factor of local wall-rock reduction effects, or reduction through high

temperature alteration

j . Gold mingralised granites
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Figwre 4.11 Fe;03FeQ versus Rb for the Scottsdale Batholith including the
Enterprise and Potoroo prospects. The sample from the Pororoo prospect plot within
the field for gold bearing granitoids from the Lachlan Fold Belt (Blevin and Chappell,
1992}, The Enterprise plots away from the field, and is disdnct from the Scotisdale
Bathkolith,
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4.7 Trace elements

Specific clements cited in the literature as significant in intrusive-related gold systems
are discussed here, e.g. As, Bi, Te, W, Mo, Sn and Pb. Trace element data fraim the
Enterprise prospect (Table 4.1) has been plotted against the average abundance for
pranodiorite (Figore 4.12; Levinson, 1974) to assess any major divergence from
average concentrations. In general many of the metals here show a “spiky’
enmichment that would not be consistent with typical intrusive rocks. Samples were
selected to illustrate the variations in trace element concentrations (Figure 4.12), and
included:

s ED2.4 = Unaltered feldspar-hornblende-biotite granodiorite

¢ E5.4 = Altered quartz-feldspar granodiorite

¢ E5.13 = Unaltered feldspar-biotite-quartz granodiorite

« [DG6.14 = Unaltered feldspar-hombiende-biotite granodiorite

Average global granodiorite Mo is Ippm {Levinson, 1974). Maolybdenum at the
Enterpnse prospect has an erratic distribution across the samples (Table 4.1). A high
comeentration (71ppm) oceurs in a porphyritic ‘vein” dyke, interpreted to be a late
feature that has components of the host pranodiorite included within it. This may
imply that the molybdenum in this “vein” dyke was sourced from the inlrusion and
concentrated in the dyke. Other high concentrations (23-95ppm} occur in all the
intrusive units in samples interpreled to have been altered to some extent. In contrast,
unaltcred samples (on the basis of $i0:) had concentrations less than Sppm.
Therefore, an alteration process secms to be responsible for concentrating
molybdenmm. The eratic distribution in the granodiorites may be attributed to a

prirnary magmatic effect and or later alteration.

Background plobal granodioritc As is 2ppm (Levinson, 1974). Most samples have
arsenic concentrations below the detechon limit (<3ppm). A single altered

granediorite (QF) samplc has an arsenic valuc of #0ppm, as did the Potoroo

granodiorite {Sppm).
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Rb shows irregular concentrations across the samples, however, all are less than the
average abundance for global granodiorite (120ppm; Levinson, 1974). Alteration e.g.

addition of quartz and dilution of trace elements may account for these values,

Sample ED6.14 (Table 4.1) was interpreted to be unaltered very mafic parent material
(personal communication Berry and Crawford, 2004). This sample also corresponds
with the highest concentrations of copper and zinc observed in the analyses. This
may be interpreted o imply that the parental magma has clevated concentrations of
copper and zine.  Comparably high concentration of copper and tungsten were
observed in sample E5,13, an unaltered feldspar-biotite-quartz granodiorite. This may
also suggests that the intrusions were a source of at least some of the metals found at

the Enterprise and Potoroo prospects.

Concantralion (ppm)

0 H : : :
Sc V W Ni Cu2n As Rb St Y Zr Nb Mo Sn Sb Ba Pb Bi Th U
' Element

 E54 —E5.13 —EDG.14

— Gioba! g!ranodion'te —ED2 4

Figure 4.12 Selected trace efement abundances for fouwr samples from the Enterprise
prospect plotted against the average abundance for global granodiorite {Levinson,
1974). Trace elements in order of atomic number from left to right.
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4.8 Summary

The significant finding of this chapter is that the Enterprise and Potoroo prospects appest
ta be chemically distinet from the rest of the Scottsdale Batholith. Samples appear 1o be
chemical cnd members when major and trace elements (Figures 4.8, 4.93 were plotted
alongside analyses from the rest of the Scottsdale Batholith, Samples from the Enterprisc
prospect are disiinetively more redoced and appear to be less fractionated than the rest of
the Scottsdale Batholith with the lowest 502 and Sr contents of the whole Batholith

{unattered samples only), (Figure 4.10).

The paramecters discussed: clagsilication, oxidation state, and degree of Iractionation;
have been successfully used to study metallogeny of granitic rocks (Blevin, 2004). Each
purametcr i3 important when assessing a granitoids potential for mineralisation. Analyses
from the Entcrprise and Potoreo prospects were plotted agaiost known gold bearing
aranitoids from castern Austraba, When plotted on graphs of Fe-04/Fe() against Rb, total
FeD and Rb/Sr samples rom the Enterprise prospect intrusives appear to plot outside
these lelds whereas the Polorop prospect plots withinek The reduced signature of the
Enterprise prospoct observed frorn the Fe.OuFeO ratio and mincralogy (foxy-red biotite
(phlogopite) and pyrrhotite) of the intrusions, indicate that a reduced state existed or was

imposed dunng fovmation.

Trace elemoent and some major elemont variations across the samples chosen appear (o be
the result of alicration cttects. These cliects were not recognised in the mineralogical
analysis, and suggest that amall-scale subtle silicilication occurred at some point In the
intrusion history. particularly affecting the host intrusions.  The addition of quarte
corrclates with dilution in some elements (c.g. Rb and Sr), this suggests that these traces
were immobile during quartz addition, though they arc not classic” high field strength
elements.  Zr, however, showed the same features (Tigure 4.1, In contrast, samples
iterpreted to be unaltered also appear to have Ma, Zn, Cu valucs much greater than the
rest of the samples and for the average granodionte abundance, I the Enterprise and
Potoroo granodiorites boast low degrees ol fractionation as previously suggested,
variations in minor clement abundances may be sirongly controlled by alieration cffects.
Cverall, the chemistry of these rocks is very distinctive, and this should be a very uselul

criterion for recognition of Au-associated intrusive in the arca,

&l




5 Fluid Characteristics and Pressure Determination

5.1 Introduction

Fluid inclusion analyses can provide useful information regarding fluid composition,
temperature, pressure and the volatile evolution in hydrothermal sysiems. They can
also assist discrimination of deposit types. At the Enterprise and Potoroo prospects,
probable deposit models arc réasonably confined to classic lode gold (metamorphic
fluid) versus intrusive-related gold modcels. In addition to exploring the evolution of
the local fluids a secondary aim is to use the fluid properties to help assign the

mineralisation to one or other of the above models,

The evolution of fluid composition in intrusion-refated gold deposits is intluenced in
patt by depth, pressure, temperatore conditions, and the effects that the behaviour ol
{0y will have on other volatiles m the melt (Baker, 2002). Intrusions that are
emplaced in deeper environments appedr to exsolve abundant COz, whereas shallower
syslerns typically exsolve saline HxO-rich fluids more readily. The fluids associated
with intrusive-rclated deposits are interpreted to have a magmatic origin, although
contamination from mcteoric sources has also been suggested {e.g., Donlin Creek,
SW Alaska; Goldfarb et al., 2004). Evidence for thc passage of such fluids can
logally be found in fluid inclusions trapped in veins and magmatic-hydrothennal

tratsition textures.

n contrast, most mesothermal vein-hosted gold deposits are believed to have formed
from fluids with temperaturcs between 200 and 400°C, low salinitics (less than for
scawater), and commonly unusually high  carbon  dioxide content, largely
metamorphic in origin (Robert ot al., 1995). Phasc analysis has revealed the presence
of coexisting immiscible carbonic and agueous phases in mesothermal deposits. COy
18 a common component of these fluids, and in carbon bearing lithologies the
existence of carbonic phases such as methane and carbon dioxide is often interpreted
as evidence for fluid interaclion with carbonacecus wall rock. In addition, fluids
derived from metamorphic sources are believed to contain carbon dioxide gencrated

during prograde metamorphisn,
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Chapter 5: Fluid Characteristics and Pressure Determination

This chapter will focus on fluid inclusions in samples taken at the Enterprise prospect
by studying the charscteristies of fluid inclusions from threc important stages in the
intrusive history: magmatic, magmatic-hydrothermal transition and hydrothermal.
Pctrographic observations, combined with a detailed microthennometric study of fluid
inclusions found in quartz, is impertant o identitying any discrete fluid melusion
popwlations {and therefore magmatic-hydrothermal  batches). Furthcrmore,
observations of the fluid inclusions, make it posstble to characterise the pressure and
termperature conditions of the sssociated ore fluids. Finally the {luid features are

compared to those of the deposit models discussed above.

5.2 Previous slidies

In order to better understand the fluids present al the Enterprisc prospect previous
studies it the area were considercd. Previous fluid inclusion studies on intrusion-
related pold muineralisation arc sparse. Mesothermal lode gold style deposits are the
most common gold deposit type in northeast Tasmaniz and therefore most studied. A
prelimmary fluid inclusion study was carried out by Tahen and Boitrill {1994} on
samples from 22 different gold prospects in nr:-rthéast Tasmania. Two types of tluid
inclusions were recoguised: COz-bearing fluwd inclusions {with varighle amounts of
CO; vapour = H2O component) and two phase (liquid + vapour) H; O fluid inclusions,
Total homogenisation (Ty) tor COz-tich fluid inclusions ranged between 16.5° and
28.0°C, with HyO-beanng COy-rich (luid inclusions having Ty between 2457 to
335°(C, with a significant population between 2807 and 320°C. T, for the H»O-rich
inclusions ranged hetween172° and 269°C. Based on CO; contents an estimated
pressure of between 400 and 550 bars was determined. This fluid inclusion study
identified a HyO-COx-rich flwnd, inferred io be metamorphic in ongin, that boiled,
causing mold precipitation. 1l addition, other mechanisims such as wall-rock

inleractions may have contributed, to further gold deposition.

The Tasmania Reef at Beaconslicld is the largest lode gold deposit in Tasmania and
one of the more studicd examples. The Tasmania Reef at Beaconsficld hosts two
types of fluid inclusions (Jones, 2001} HaO-rich, and COp-rich. COs-rich Mluid

inclusions are nearly pure CO,, and have no detectable CH,y, Early gold-beariog
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quartz hosts coexisting HaO-rich and COs-rich fiuid inclusions that suggest phase
separations to be an important mechanism for gold deposition. Later gquartz and
sphaleritc contain only HyO-rich flwd inclusions. The fluid inclusion data indicate
initial fluids with temperatures up to 274°C and low salinities mixed with later more
saline fluids (11 to 21 eq. wt % NaCl), with temperatures up to 466°C. The high
salinities identified at this site cansed fones to speculate that a magmatic fluid may

have at least partially contributed to the deposit.

5.3 Methods

5.3.1 Fluid inclusions

A total of 130 quartz-hosted fluid inciusions from 7 approximately 1530-pm-tinck
double polished scetions were analysed during this study (sample numbers E5.0, E5.9,
ED2.1, ED2.5 and ED6). Thesc samples were selected to provide the most complete
history, from magmatic, lransitional, to hydrothermal dominated states, within the
granodiorite at the Enterprise prospect. Of these, 5 samples were used In heating and
freezing experiments, including: a quartz-layered texture; Stage 1 quartz-feldspar vein
{molybdenite  pyrrhotite); and a late stage barren quariz vein, all of which were from
within the granodioritc. The main gold-bearing quartz veins (£ sulphides) did not
preserve good fluid inclusions and therefore were not vsed for heating and freezing
experiments. This may be duc to reactivation of faults that arc paraltel to the main

gold-bearing veins,

Fluid inclusion microthermometry was performed by the author using a LINKAM
MS600 heating/freezing stage (<196 to +600°C) mounted on an Clympus BX60
microscope at the Centre for Ore Deposit Research, University of Tasmania, Al
heating and freering measurements were made at x 200 magnification. Teimperatures
represent homogenisation temperature prior to any pressure correction  unless

otherwise stated. Fluid inclusion data is documented in Appendix [
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5.3.2 Hornblende Geobarometry

Homblendes from three granodiorite samples (ED2.2, ED2.12 and ED6.14) were
analysed by David Steele using a Cameca SX100 electron microprobe at the Central
Science Laboratory, University of Tasmania (Appendix H). Probe data was obtained
using a 10pm beam at 15Kv positioned to acquire mineral chemistry from the core
and mms of homblende phenocrysts, The freshest primary magmatic hornblendes in
equilibrium with a quartz, plagioclase, K-feldspar, biotite assemblage at the time of
crystallisation were selected for analyses. Due to the nature of the rocks and their
associated potassic alteration assemblage many of the hornblendes had weak biotile
ang chlorite alteralion selvages along marging and in fractures. Best attempts were
made to discard such hormbliendes but due to the limited sample size, some analyses
were conducted on altercd homblendes. Ron Berry and Russell Fulton helped to

source relevant information from the literature for this technique.

5.3.3 Sulphur Isotopes

Gold bearing quartz veins from the Enterprisc Prospect contain variable amounts of
arsenopyrite, pyrholite and pyrite.  Samples of each sulphide were selected for
isolope analysis to represent a origin of sulphide and potentially the associated gold.
Other samples included: molybdenite from quartz-teldspar veins and a pyrrhotite
aggregate within the granodiorite. A total of 12 sulphides were extracted by hand
drilling and analysed by Kecith Hams and Christine Cook at the Central Science
Laboratory, University of Tasmania. A combustion with cuprous oxides techmque
was uscd, and sample were quantitatively measured by a VG Sirn H) mass

spectrometer.

65




Chapter 5: Fluid Characteristics and Pressure Determination

5.4 Fluid inclusion classification

Fluid inclusions were classified as primary, pseudo-primary or secondary according to
the Roedder {1984) definition. Primary inclusions form during the crystal growth of
precipitated minerals from & fluid: the crystals show imperfections on their surfices,
which can be filled with swrrounding flnd and sealed off during erystal growth. The
trapping of fluids along growth discontinuities due to processes that disturb the crystal
growth is the most commeon process in the formation of primary inclusions. The
geometry of the entrapped inclusions varfes depending on the style of entraproent. In
contrast, secondary inclusions are trapped afier crystal growth. Deformation in brittle
and ductile environments causes vory small cracks in crystals, which are then likely to
fill with fluid present during or after deformation. Fluids are then trapped when the
fracture heals. Pseudosecondary inclusions form along micro fractures during crystal
growth. They form by the same mechanism as the sceondary inclusions, but have the
same significance as primary inclusions. They are commonly recognized by their

ocomrences on planes that are over grown by later hydrethermal phases.

Three main types and six subtypes of fluid inclusions were recogniscd based on phase
relationships at room temperature (~20°C) and the above classification. The threc
main types of inclusions (Figure 3.1} consist of COz-bearing inclusions (Dype 1),
H;O-rich inclusions (Type 2), apd halite bearing H;O-rich inclusions (Tvpe 3).

Photamicrographs of the fluid inclusion types are localed in Plates 5.1 and 5.2.
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Plate 5.2 {A)Type 2 V+L fluid inclusion from an isolated population in a
quartz-layered texture. (B) A secondary fluid inclusion trail of Type 2 inclusions.
(C) A Type 3 fluid inclusion with a distinctive halite salt phase. (D) A composite
melt inclusion from a quartz-layered texture. Its vapour and silicate melt
component are indicated. Scale bars are 10 pm.
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A point count analysis was conducted on fluld inclusions in samples of quartz from
within the intrusion itself, as well as (rom a quartz-layered texture (magmatic-
hydrothermal transition texture) and various hydrothermal veins. The aim was o
obtain a simple idca of the proportion of fluid inclusion types (Dpey 1, 2 and 3) at
these three stages in the evolution of the intrusion complex. The method involved
counting ai least 200 individual inclusions from each of the 3 sample types.
Randomly selected fields of view under 40x magmification were used and only fluid
inclusions large enough (typically = ~3-4ium) to identify phase relations at room
temperature were chosen., The resulis of the point count analysis are represented in

the following Figure 5.2.

CO,ich
a Figure 5.2 Point count analysis.
Showing the relative proportion of CCk
™, rvich (Type 1), HaQ-rich (Type 2) and

i NaCl-rich (Tyvpe 3) inclusions, from
TR guartz in granodiorite (A), a guartz-
T lavered texture (B) and in

iB _?'x\_ hydrothermal veins (C). Secondary

L inclusion trafls were not used in this

G anclysis,

NaClich ' H,O-fich

Point count analyses could be interpreted to show a change from CQO; rich ro Hz0 rich
types as the complex evolved from a magmatic to hydrothermal statc. However, the
data shows no defimte trend, vather it illustrated the ratio of inclusion types at each of

the threc important stages in the evolution of an intrusion.
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5.4.1 Type 1: Vapour CO, + Liquid CO; + Liquid H-0 inclusions

Type 1 inclusions are interpreted to be primary, occurring as isolated inclusions or
grouped in three-dimensional arrays. To a fesser extent thesc inclusmions have been
observed in small trails ocenrring along possible healed fractures and or growth zoncs
and these werc thereforc interpreted to be pscudosecondary. Twpe ! inclusions
typically range from 4 to 10um in size (Plate 5.1 D} At ambient temperatures,
inclusions containing both COs» and Hz;O commonly contain three phases; liquid and
gaseous € and liguid H2O (Roedder, 1984). Type ! inclusions are three phase
inclusions at room temperature (~20°C). Type [ inclusions arc further divided into
two subtypes: Type 14 that contain g smaller CO3 bubble {(vapour and/or hquid) than
agqueous fluid {~>50% of the inclusion volume by visual estimate); Type 18 containcd
a larger COy bubble than the aqucous hiquid {~<30% of the inclusion volure by

visual estimate).

fype I inclusions arc characterised by variable CO4 contents, which reflects the range
in homogenisation of the CO» vapoor phase {Treo2) (Figure 5.3). Homogenisation of
the CO2 vapour phase has a distinet bimodal distribubion, interpreted to define the two
subgroups of Type [ (fd and 18} 1t could also be argued that this bimodal
distribution for Tpooo appears to comvelate with the bimodal distribution for total
homogenisation temperatures (1)) in Figare 5.4, Tucos ranges between 14° and 29°C
with a mean of 22.5°C and a significant peak at 27°C. Homogenisation was by
critical behaviour (fading of the meniscus} rather than to the liquid phase {(bubble

point} or vapoar phase {dew point).

The range of Ty, was from 290° to 450°C with a mean of 362°C and a significant peak
at 380°C.  All measured samples homogenised to the lHquid phase. Ty for Type |

inclugions in Figure 5.4 cxhibits a slightly skewed to symmetrical distribution,
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Figure 5.3 Microthermometric data for homogenisation of the carbonic phase of tvpe
I inclusions within guarez from a quariz-layered texture and guariz-feldspar vein.
Population size is 55 measwrements.
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Figure 5.4 Micyothermomeiric data for total homogenisation of type 1 inclusions
within quartz from a quariz-lapered fexture and gquariz-feldspar vein. Population size
iy 34 measurements,
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5.4.2 Type 2: Vapour + {iquid inclusions

Type 2 fluid inclusions are the predominant inclusion type in the majority of samples.
Type 2 commonly oceur in trails and are intcrpreted to be secondary inclusions. To a
lesser extent Type 2 inclusions vary widely in size, with inclusions ~3pm most
commen. Microthermometric analyses divided Type 2 inclusions into those existing
in 15olated groups in three-dimensional arrays (pnmary) and those in secondary trails.
Tvpe 2 inclusions oceur as isolated groups im three-dimensional wrays and at times
cocxisting with Type 7, therefore interprcted to be primary in origin.  Type 2
inclusions frequently ocour along healed fractures that have been observed to traverse
across grain boundaries, which make it uncertain if these inclusions are secondary or
pscudosecondary. Type 2 are two phase liquid and vapour (L+V) and can also be
subdivided into two types: 2A containing a smatler vapour bubble than aqueous liguid
{over 30 percent of inclusion volume by visual estimation); type 2B which contam a
larger vapour bubblc than the agueous liguid (up to 50 percent of inclusion volume by
visual estimation). Unidentificd daughter crystals have becn observed in Type 2
inclustons, characterised by their yellow colour and smatl short ‘stubby” merphology.
A second unidentifiable solid phase was observed and interpreted to be biotite or

rutile due to its opaque colour and elongate bladed habit.

Fype 2 inclusions in iselated groups homogenised over temperatures between 2909
and 420°C, with a mean of 368°C and a significant peak at 400°C (Figure 5.3). Type
2 inclusions in isolated groups could be interpreted to show a skewed distribution
with a significant population between 380° and 400°C. These results correlatc well

with thase of Tvpe ! inclusions, confirming that Fipe 2 inclusions arc largely primary.

Tvpe 2 inclusions in trails homogenised over a wider range of temperatures betweoen
160° to 370°C with a mean of 273°C and a significant peak at 300°C {Fipure 5.6).
Lower homogenisation temperatures compared with Type 24 unequivocally
distinguishes the two types and supports their subdivision. Homogenisatton
temperatures for Type 2 inclusions in trails display at least 3 prominent populations:
160% to {180°C, 2707 to 310°C and 330° 1o 330°C. Multiple populations are mterpreted

to represent rultiple generations evident from crosscutting relations in section.
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Frequency
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Figure 5.5 Microthermametyic data for total hamogenisation of tvpe 2 fluid inclusions
occurring in isolated groups within quariz from a guartz-lavered texture and guartz-
Jeldspar vein, Population size is 28 measurements,

Temperalure (G}

Figure 5.6 Microthermomeiric data for total homogenisation of type 2 fluid inclusions
occtrring i trails within guartz from a quartz-fayered texture and quariz-feldspar
vein, Popufation size s 30 measurements.
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5.4.3 Type 3: Vapour + liquid + salt (+ opaque) inclusions

Type 3 fluid inclusions are the least abundant type and are exccedingly rare in all
samples. Type 3 can also be subdivided into two types: Type 34 are typical three
phase inclusions consisting of a liquid, vapour bubble and salt crystal (L. + V -+ §), 3B
is a four phase inclusion similar to Type 34, but contains an additional opaque
daughter crystal (L +V +5 -+ opaque). Type 34 is more sbandant than fype 3B; Type
3B is very rarc and sthsequently poorly represented and documented in the samples,
only a single inclusion was found with this composition. Halite is the predominant
salt phase and was identified by its cubic habit. lowever, some of the identified salts
did not display a cubic habit, they posscssed an clongale shape with a yellowish
colour and were interpreted to be sylvite.  Dype 3 inclusions were typically between 5

and 10pm in size.

Heating of Type 3 inclusions vielded poor resulls. In initial experiments, the
inclusions decrepitated before any vapour or sall phase homogenised. Temperatures
of decrepitation ranged between 220° and 300°C. Initial interprctations were that
these inclustons had a high intermal pressure.  Therefore, thicker sections
{approximately 200pm) were prepared. Subsequént experiments were performed at a
slower rate (3° to 10°C per manute). Experiments were conducted on a single salt
bearing fuid inclusion (Figure 3.7).  This inclusion yielded a similar result to
previous atternpts, although decrepitution temperature was higher, at 420°C.
Temperatures of first zalt dissolution were obscrved: St BO°C, S2 150°C and 83
340°C. 51, with its cubic habit, was interprcted to be halite. 82 was interpreted to be
sylvite due to its elongate habit; 1t was the only solid phase noted to disappear at
353°C. It was concluded that on the basis of decrepitation before salt disappearance
combined, with a boiling-like assemblage (i.¢, cocxisting with Type 2 inclusions), that

these were leaked inclusions.
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Figure 5.7 Sketch of a Type 3 fluid inclusion from «
gquariz-layered texture. Sketeh illustrates the presence of
3 salt phases: 81, 52, 53, a vapour phase (V) and a liquid
! ophase (L) The inclusion is approximately 10pm wide
i observed at room temperature (~20°C),

5.5 Salinity and Densily

BvTx {(by LINKAM) software modelling for fluid inclusions (Version 2.1) was used
to generate density and salinity {wt % NaCl eguiv) estimations for cach of the fluid
inclusion types, The software automatically caleulates salinity and density using a
number of variables including: type, origin, shape, size, fill, temperature of eutectic,
temperature of last ice melt (Timy.), homogemisation of the aqueous phase or Thegs,
homogenisation phase, Toiguwae and Tno Salinity variations for Type I inclusions
were obtained from a sample population of 53 measurcments, results ranged from 0 to
14 wt % NaCl equiv, with an average of 4.7 wt % NaCl equiv. Salinity variations for
Type 2 inclusions in isolated groups trom a sample population of 17 measurements,
ranged from 0.8 1o 11.7 wt % NaCl equiv, and had an average of 7.2 wt % Na(l
equiv. Salimty variations from Fwpe 2 mclusions in secondary trails from a sample
population of 17 measurements ranged from 2.5 to 12.2 wt %% NaCl equiv, with an
average of 9.1 wt % NaCl equiv. Due lo the lack of data obtained from fipe 3
inclusions the software was unable to determine a salinity and density, On the basis
of halite as the predominant salt bearing phase, the salinity must exceed 26.5 wt %

NaCl equiv (halite saturation solubility).

Densily cstimates for cach fluid inclusion population were also calculated. Fype !
inclusions produced density estimates ranging from (.15 and (.86 gfcrrﬁ’ with an
average of 0,70 giom®. Type 2 interpreted to be primary in isolated groups produced
densities betwoen 0.30 and 1.05 giom® and an average of 0.63 g/em’, whereas thosc
Type 2 inclusions interpreted to be secondary ranged from 0.6! to 0.95 g;’cm3 and

averaged 0.81 giem’™.
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5.6 Meit Inclusions

Melt inclusions were observed in samples from within the granite, and from within a
quartz-layered texture. The melt inciusions are composed ol a vapour phase and a
silicate aggregate/melt phase when observed at room temperature (~20°C} (Plate 5.2
D). Melt inclusions were extremely rare, and consequently did net provide a

comprechensive view of the melt history.

A single melt inclusion from a guartz-laycred texture was used in some preliminary
microthermometry experiments.  Little or no response was observed when heated
using a LINKITAM high temperature heating stage lo ~650°C at a rate of 50°C per
minute. At 650°C it was noted that vapour bubbles had possibly began to relocate
and the silicate aggregates maj,;r have began melting, however this was uncerlain. The
same inclusion when heated in a furmace o 650°C for an extended period of time
{>=8hrs), unfortunately showed no change in phase relations. The lack of response te
heating resulted in melt inclusion microthermomctry to be abandoned, but 6307 likely

represcnts a minimum constraint on the formation ternperaturc of this quantz,

5.7 Geobaromeltry

5.7.1 Introduction

Determination of the cmplacement pressures and, subsequently, emplacement depths
of granitic rocks, is vital in understanding the emplacement history of an intrusive
complex. It iz also important in interpreting conditions of ore deposition and
formation of intrusion-related gold where the deposit-magma link is proven. COs-rich
fluid inclusions occurring in magmatic texfures provide an exccilent means of
oblaining reliable pressure and subsequent depth of emplacement estimates. A second
geobarometric method was tested in this study, homblende geobarometry. The aim

was to obtain robust estimates of emplacement pressure of observed tithologies.
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5.7.2 Fluid inclusion barometry

In most fluid inctusion work, the composition of the inclusions is unknown or is
imprecisely known from volume measurements. Type [ inclusions contain three
phases: liquid and gascous CO; and Hquid H-O. The phases are esgentially pure
{relative to each other), so by measaring the volumes of the three phascs at a known
temperature and using the density data for €0; and H;0, Roedder (1984), was able to
caleulate the mole percent CO» (and thus H;O) in the inclusion. The CO; sotubility
diagram (igure 5.6; Rocdder, 1984) provides an cmpirical model for estimating
pressure from the mole percent/volume percent (at 25°C} of liquid-vapour CO: and

temperature of homogenisation of inclusions containing both CO, and H>O.

Type [ inclusions, when primary and oceurring in quartz-layered textures, are inferred
to represcnt a fluid trapped during the final stages of crystallisation and emplacement
of the host intrusion.  The moele percent CO; content for Tvpe f inclusions 18 cstimated
to range from 25 to 66 mole percent CO; based on visual obscrvations coupled with
the inset from Figure 5.8 of two-dimensional appearances for cylindncal melusions.
Type I mclusions have a Ty, ranging from 290° to 450°C as previously stated.
According to the CO» solubility diagram, combined with the above parameters, an

approximate pressure of formation from 400 to 1000 bars is suggested.

1000 bars of hydrostatic pressure equates to a depth of approximately 4 km for a
gramtic rock, as 1 km of granitic rock cxerts a lithostatic pressure of 264 bars {Figure
5.9). 400 bars of hydrostatic pressure also equates to an approximate depth of 4 km,
as 1km of water exerts a hydrostatic pressure of 98 bars per kilometre of depth.
Therefore if the intrusion was emplaced at 1000 bars it would reflect of depth of ~
3.79 km.
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Figure 5.8 P-X plot of isotherms showing compositions of coexisting phases in the
system F120-C0O2, using date of Todheide and Franck (1963) and Greenwood and
Barnes ({966). The upper abscissa of CO2 liquid, CO2 vapour, and H20 figuid of
74 024 and L0 giom3, respectively (Newitt et ql, (1958); Keenun et al. (1969)).
The inset shows the two-dimensional appearance at the stated conditions for three
evlindrical inclusions having compositions as given (Hguid CO2 shaded), which are
aiso shown on the diagram. The 250°C isotherm of @ 6 wi % NaCl soluiion from
Takenouchi and Kennedy (1963) is shown for comparison. Affer Roedder (1984).
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P . . .
Pressura 7
3 kb 3 kb 6 &kh

figure 5.9 Plot of Pressure (kbar)
£ against depth (k). Showing the
& 10km positions  of  lithostatic and
hvdrostatic stress conditions.
20 km

Most CO;-bearing thud inclusions contain an agqucous salt solution rather than pure
HyO. When NaCl is added to the CO;-HzO system, the crilical solubility of CO; at a
given tomperature and pressure decreascs, and the miscibility gap 1s widened. TFor
example, Roedder (1984) illustrated this using a 10 moele % CO; inclusion that had a
Ty of 250°C, trapped as a homogencous fluid. Figure 5.8 shows that it would have
had a mimmum pressure of trapping of 750 bars, assuming that the inclusion consists
of pure CO; and H;O. However, if the H2O phase contained & wt % NaCl equiv, the
minirum teapping pressure would have been ~2500 bars, determined by extrapolating

the 250°C, ¢ wt %4 NaCl isotherm of Takenouchi and Keunedy (1963) to higher

pressure.

Type § fluid inclusions salinily estimations ranged trom 0 to 14 cq wi % NaCl equiv,
with an avorage of 4.7 eq wt % NaCl equiv. Pressure estimations using Figure 5.8
assume a pure CO» and HyO solation.  Therefore the pressures calculated using this
model represent minimum constraints on pressure of emplacement,  As the Fype /
fluid inclusions have been shown to have a NaCl component, true values must have

been greater than those estimated.
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5.7.3 Hornblende geobarometry

Fluid inclusion barometry based on CO,-rich inclusions, as illustrated above, is an
accurate method of obtaining minimum emplacement pressure estimates.  Another
method that has been widely used as a barometer since the early 1980°s is hornblende
geobarometry.  The homblende barometer corrclates the alumimurn content of
magmatic hornhlende linearly with the crystallising pressure cr;f an intrusion. By
adopting this methoed, it was aimed to compare the results with the more ‘reliable’
fluid inclusion pressure estimations snd other hornblende based data sets from
northeast Tasmanian granitoids (Goscombe et al., 1994, Patison, 1999; Varne and
Fulton, 19943, The use ot two mecthods for obtaining a pressurc cstimate will better
constrain 4 sel of results and test the vahlidity of aluminiumi in homblende as an

effective geobaromcter.

The application of aluminium-in-hornblende to barometry has been the subject of
debate since Hammarstrom and Zen {1986} showed that the aluminium content of
hornblende coexisting with quartz, plagioelase, K-fcldspar, biotite, titamile, Fe-Ti
oxides, supercritical fluid, and melt could be used to calculate the pressure at which

the assemblage eguiltbrated.

To calculate pressures from the aluminiuwm content, four best-fit equations were used,
as documenled in the literature. They represent best-fit equations for real world and
experimentally derived data for the relationship between aluminium content in

homblende and pressure. The equations are as follows:

1. P{x3kbar} =-3.92+5.03A™, ¥ =0.80; Hammarstrom and Zen (1986);
P (i 1 kbar) = -4.76 + 5.64A1", ¥ = 0.97: Hollister et al. {1987,

P (£ 0.5 kbar) =-3.46 +4.23Altot, 12 - 0.99: Johnson and Ruthertford (1989);
P (+ 0.6 kbar} =-3.01 + 4.76A1"", i = 0.99: Schmidt (1992).

Ao M
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The resulis are summarised in Table 5.1, Each equation was used to calculate
pressure (bars) for all the hornblende data points. Data for each equation and for cach
data point were averaged to remove any anomalous inconsistency. The most recent
cahbration for aluminivm-in-horoblende by Schmidt (1992) also has the smallest
associated error (£ 600 bars). The results obtained using this calibration (Equation 4}
show the closest corrclation with the nambers obtained from the fluid inclusion
barormetry. Fluid inclusions produccd pressure estimates from 400 and 1000 bars, and
the aluminiwm-in-hornbleade geobaromcter between -100 and 920 bars. However,
equation 4 was considered to be the most valid and yielded results averaging 920 bars,

on the basis of arguments put by Schmidi {1992).

The relationship bebween aluminium content of magmatic hornblendes and pressure is
clearly shown in the literature (Ague, 1997; Hamimarstrom and Zen, 1986; Hollister et
al., 1987; Johnson and Rutherford, 1989; Schmidt, 1992). However, its application to
natural geologic setiings remains controversial.  Ague, J (1997) gutlined four
important questions and made attempts to address them. They include the effects of
equilibration in supercritical fluid and melt; cffects from temperature varnations,
effects from magma bulk composition, fluid composition, mineralogy and oxygen
fugacity; pressure sensitive chemical reactions that control hornblendc chemisiry in
granitic rocks. A better undersianding of the impact of these variables on hornblende
geobarometry would improve its application to natural geologic settings. Due to these
wnknown elfects daty obtained using this method must be treated with caotion, but the
similarity of results by methods at this site does correlale the validly of the techmque.
Moreaver, it provides evidence supporting & magmatic connection between Type |
fuid inclusions and magmatic cxsolution proccsses, since the inclusions have similar

pressures to the magmas at the thme of erystallisation.
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Chapter 5: Fluid Characteristics and Pressure Deternunation

5.8 Sulphur Isotopes

5.8.1 Introduction

Stable isotopes have become an important tool for studying ore deposits. They
provide key data on the sources of solphur in hydrothermal ore deposits, and can
discriminatc: magmatic sulphur, marine sulphate, and sedimentary sulphide sources.
Sulphur in magmatic systems may be released into a fluid phase or sulphide melt via
magmatic exsolution, or crystallised as magmatic sulphide or sulphates. The source
of magmatic sulphur in hydrothermal ore deposits may therefore he from the original
magma or by leaching of other sources. In this study, sulphur isotopes werc
undertaken to determine whether sedimentary sulphur may have contributed to the
mineralisation, which would assist discrimination of magmatic and metamorphic
madels.  Sedimentary sulphur in northeast Tasmania and Palaeczoic Vicioria is
generally in the range 10-30%, (personal communication Davidson, 2004), but no data
was collected as part of this study. In sulphide-dominated melts, little fractionation
ocours between the melt, crystals, and fluid phases under reduced conditions: all
typically have 5**S valucs in the range of -2 to +2 per mil (%o) {Campbell and Larson,
1998). Under oxidising conditions, the 8*'8 cxsolved magmatic fluid may range up to

+5 %e (Ohmoto, 1972).
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5.8.2 Results

The results for 6*S (Table 5.2) ranged from -0.3 to 2.4 % with a mean of 1.1 %o

{Figurg 5.10). Pyrite values are slightly more positive within this group,

Table 5.2 Results of sulphur isctope analysis.

Sampla (D DriiHole  Depth Mineral 85
{m) {wert COTY permil
81 EQ05 85 molybdenite D7
52 EQ05 85 molyhdenite G.83
53 EDOS 93.8 arsenopyrite -0.36
54 EQ0s 838 arsanopyrite 0.28
85 EQ05 111.5 pyrotite .44
56 EDD5 111.5 pyrrhetite 1.78
=7 EGaS i41.5 pyrite 2.25
58 ED0S 145 myrite 2.43
55 ED0s 145 arsencpyriie 2.07
510 E0GS 147 maolybdenite 1.40
51 EDQOE G4 pyrihotite 0.93
512 EBDDZ 77.4 _ pyrrhotite 1.31
6 - — — - —
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Figure 5. 10 Frequency histogram of sufphur isotope values from the Enterprise

prospect compared to fthase from Mangana (Manzi, 1995).
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5.9 Discussion and Summary

5.9.1 Fluid features of northeast Tasmanian gold systems

A widespread fluid inclusion study has been conducted on lode-gold style
mineralisalion in northeast Tasmania (Taheri and Bottrll, 1994}, Two types of fluid
inclusions were recognised, COu-rich and HzO-nch,  Inclusiops  yielded Ty,
temperaiures of less than 355°C, on average much cooler than those identified at the
Enterprisc prospect (up to 430°C). COa—rich inclusions from their study produced

pressure estimations of 400-550 bars, compurably Jower than those estimated at the

Enterprise, of up o 1000 bars.

Ty, lemperaturcs higher than those measured by Taher and Bottrill (1994) have been
ohserved at the Tasmania Reef, Beaconsficld. COw-rich fluid inclusions with Ty
temperatures up to 466°C have been identified with salinities between 11 and 21 wt %
WNaCl equiv (Jones, 2001). Type ! COg-rich fluid inchusions from the Enterprise
prospect with comparable Ty, temperatures have salinities with an average of 4.7 wi %

NaCl equiv, substantially lower than those from Beacounsfield.

On the basis of the flud physiochemical characteristics, the Enterprise prospect

appears to be distinet from the widespread mesothenmal lode-gold style mincralisation

in northeast Tastnania,

5.9.2 Fluid features of intrusive related gold systems

Intrusion-relaied gold deposits as documented in the literature show that intrusions
emplaced in deeper enviconments {1.e. primitive high temperature) appear to exsolve
abmdant CO;, whercas shallower (more evolved lower temperaturc) systems
typically exsolve saline H;O-rich fluids more readily. The poeint count analyscs
{Figure 5.2 could be mterpreted to sugyest this chasge occurred at the Epterprise
prospect, from COz-rich to 11,0-rich inclusions as the system evoelves from magmatic
through magmatic-hydrothermal {ransition to the hydrothermal stages.  Salinity

estimations from fluid inclusions at the Enterpnise prospect indicale later secondary
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Chapter 5: Fluid Characteristics and Pressurc Determination

inclusions {Type 2 in trails) having highcr salinities (average 9.1 equiv wt % NaCl)
than earlier primary inclusions (Type f and Type 210 isclated populations; average 4.7
and 7.2 wt % Nalll equivy. Homogenisation temperaturcs also indicate an ¢volving
fluid. Early prumary inclusions cxhibit higher T+ temperatures (290°-450°C) than

later secondary inclusion (160°-370°C).

The imtial volatile content of most biotite and hornblende-bearing felsic magmas is
~2-7% H3O {Bumham, 1979}, but becausc most of the crystals forming from the
magma have only trace volatile constituents in their structure (e F, Cl, O, CO;
etc.), the volatile conceniration of the residual melt increases as crystallisation
continues (Rocdder, 1992). Pressure-depth constraints play an important role in
determining whether or not a magmatic fluid will exsolve. This s becavse at deep
crustal levels, H-O is typically incorporated in to hydrous magmatic minerals and is

not released as a separate volatile phase

Pressures estimated from CO--rich fluid inclusions and zluminium-in-hornblende
geobarometry ranged from 400 to 1000 bars. The pressurcs estimated from COq-vich
fluid inclusions can be interpreted to represent both lithostatic and hydrostatic
pressure conditions at similar depths. Therefore, the fluid inclusions may represent
fluid trapped during periods when the intrusion carapace was under preater pressurc,
solidifying. At times when the pressure was reduced potennally through fracturing, a
fluid was released. This process could have resulted in sigmficant cooling and/or
wall-rock interaction, a key mechanism for orc precipitation in many deposit types,
including porphyry Cu-Au and Jode gold (Cooke et al., 1998; Yeats and Vanderhor,
1998). Thereforc, a poswible key process related to ore deposition may be a
temperature and pressure reduction associated with the nse of an intrusion and to a

lesser extent fractunng of the carapace.

The intrusion-related gold deposit model, as documented in the literature, proposes an
entirely magmatic ongin for the vre fluids and their associated components that form
spatially associated gold deposits (Thompson and Newberry, 2000). The presence of
Type 1 COsrich inclusions at all stages in the evolution of the Enterprise intrusion is
similar to observations of intrusion-rclated gold deposits, and supports a simitar fluid

being respunsible for their formation. Homogenisation termperatures for Type |
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inclusions range between 290 and 450°C. The initial postulation was that these are
indicative of magmatic fluids (stmilar to those found in porphyry Cu-Au deposits), too

hot to be from most other sources {Cooke et al., 1998).

5.9.3 Sulphur isotcpe evidence for origin

The results for sulphides {rom the Enterprise prospect sit within the known range for
magmati¢ sulphur. The only sulphide phase interpreted to be a primary magmatic
aggregate from in the granodiorite was pyrrhotite and yielded a ™S of 0.44 %o, also
indicating a magmatic source. An alternative is that magmatic bR components were

derived by fluid eirculation through magmatic wall rock.

Sulphur isotope values for pyrite associated with mineralisation from Mangana
(Figure 2.2} tange from 5.3 to 13.6%: with a mean of 9.5%: (Manvi, 1995). The
spread of this data (Figure 5,10} was attnbuted to diffcrent mineralisation events
and/or a combination of sulphur sources. Sulphur isotopes values from the
Beaconsficld and Lefroy deposits {Figure 2.2), range from 7 to 11.]1 and 12.1 to 12.7
{Russell and Van Moort, 1992}, The sulphur from these deposits has been interpreted
to derive from the mixing or fractionation of Devonian seawatcr or connate fluids
derived from seawater (Russell and Van Moort, 1992). The narrow range of values
for Lelroy was interpreted to represent & single sulphur source. In contrast the spread
of values for Mangans and Beaconsfield was interpreted to represent mixing of

multiple sulphur sources.

Forphyry copper deposits most likcly have a magmatic source of sulphur, with 58
values for sulphides falling in the narrow range of =3 to -+l %o, close to the accepled
mantle range (Rollinson, 1993). Intrusion-related gold deposils such as the Shotgun
deposit produced 3™'S values of between —5.5 to —5 %o {Rombach and Newberry,
2001), and the Clear Creek deposit —2.9 to 1 0.4 %o (Marsh et al., 2003). My resuoits
are noted to be consistent with intrusion-related gold deposits in southwest and

interior Alaska, where an igneous source for the sulphur has been concluded.
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6 Origin of the Enterprise/Potoroo gold mineralisation
6.1 Synopsis and Discussion

Gold in the Lisle/Golconda arca was first discovered in the early 1870°s. Much of the
gold was recovered from historical alluvial workings, with little known sbout its
source. The Enterprise and Potoroo prospects are two occurrences in the arca, and
gold at both is hosted predominantly in, and immediately adjacent to, granitic
intrusions. The intimate link between the distribution of hypogene gold and the
infrusions implies that the granitoids may be the gold source. Several important
features {e.g. host infrusions, physiochemical characteristics of the fluds, depth of
emplacement and distribution/style of alteration and mincralisation} make the
Enterprisc and Potoroe prospects very similar fo well characterised intrusion-related

gold deposits as outlmed in Table 1.1.

6.1.1 Detailed comparisons with known intrusion-related gold
systems

Depth of magma emplacemen! has been shown to have a systematic effcct on
mineralisation style in introsion-relatcd gold deposits (Baker, 2002).  Deposits in
shallow crustal settings (<5 km) include sheeted veinlcts associated with stocks, sills,
dykes and voleanic domes (e.p., Korm Kollo, Brewery Creek, Donlin Creek and
Shotgun deposits} and include systems with stock-works shmilar to those in porphyry-
type settings, and to epithermal-like veins and breccias. Decper systems {=5km) have
characteristics of mesothermal environment deposits, in that the host pluton contains
sheeted veins, flat lenses, greisen-style and disseminated gold {e.p., Fort Knox, Pogo,
Salvae and Timbaira). Depth of emplaccment also has a systematic effect on the
physiochemical nature of the ore-fluids, i.e. intrusions that are emplaced in deeper
environmenls appear to exsolve abundant COy ez Timbarra), whereas shallower
systems typically exsolve saline HaO-rich fluids more readily (e.g Korri Kollo,

Bolivia) (Baker, 2002}.
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Chapter 6: Origin of the Enterprise/Potoroo gold mineralisation

Pressure of emplacement calculations using both COs-rich fluid inclusions, and
aluminivm-in-hormblende barometry, estimated pressures of up to 1000 bars or 4 km
for the Enterprise intrusion. In contrast, aluminium-in~-hormblende geobarometry for
the western margin of the Scottsdale Batholith ranged from 1300 to 2400 bars or
between approximately 3 and 9 km (Vame and Fulton, 1994), Thus, the intrusives in
the Lisle/Golconda area were potentially emplaced at comparatively shallower crustal
levels than the Scottsdale Bathelith, implying relative uplift of the western margin
comparcd to more penipheral western granites, syn- or post- the Devonian intrusion
cpisode (Figure 6.1). At Enterprise, mineralisation is hosted within sub vertical
sheeted veins in & pranodionte intrusive, typical of deep intrusion-related deposits
{Table 1.1}, Sub-vertical xones of mineralised quart» veins oceur in some of the best
documented examples of intrusion-related gold style deposits. The pressure and depth
constraimts from the Enterprise prospect are comparable with similar examples of
these at Doniin Creek, Dublin Guich and Kidston. Donlin Creck is charactensed by
near-vertical veins/vcinlets in rhyolite silis/dvkes, Dublin Gulch by near-vertical
sheeted veins in granodiorite and Kidston by breceia and shected veins in a rhyvolite
porplyry stock (Table 1.1). The fluid inclusions at the Enterprise prospect associated
with but not within gold beaning quartz, are COy-rich, having Ty, temperatures up to
450°C and with salimties less than 14 wt % NaCl equiv. These characteristics are
comparable to those from Dublin Gulch, Fort Knox and Timbarra, i.e. the deeper
deseribed intrusive-related deposits (Baker, 2002).

..... Figmre 6.1
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Chapter &: Origin of the Enterprise/Potoroo gold mineralisation

Fluid physiochemistry and pressure estimates were not made for the Potoroo prospect.
However, two examples from the literature, Brewery Creek and Timbarra, posscss a
deposit style comparable to the Potoroo prospect (Table 1.1). Potoroo consists of
disseminated mineralisation in pervasively altered granodiorite that is eut by minor
sulphide-beanng guartsz veins. Brewery creek comprises disseminated orc and
veinlets in monzonite sills whereas Timbarra consists of disseminated ore in
erancdicrite (Baker, 2002). Based on fluid inclusion investigations, Brewery Creek
has been estimated to have formed at pressures of approximately 500 bars or 2 km
(slightly shallower than Enterprise} from immuiscible brine (NaCl eq wt % > 40). in
conrast, Timbarra formed at approximatcly 2000 bars or 7 km from fluids wvery
gimilar to that of the Enterprise prospect. Pressure, depth, and volatile content may
have been factors in conirotling the two mineralisation styles present at the Potoroo
and Enterprise prospects. Pressurc cstimations and a fluid inclusion study at Potoroo
would better constrain the affects of emplacement depth on mineralisation style in the

Lisle/Goleonda area.

6.1.2 Comparison te known gold-associated granites

The name ‘Lisle Pluton® was suggested by Roach (1994} for granodioritic rocks that
outcrop at Lisle, Golconda, Lone Star and Panama on the basis of distinctive
petrological, geochemical and petrophysicat characteristics. The presumption that the
intrusives in the Lisle/Goleonda area form part of a separate body to the Scottsdale
Batholith is supported by findings from this project,  Ewvidence includes the
distinctively shallower pressurc/depth cstimations for the Enterprise intrusives
compared to the Scottsdale Batholith, distinctive geochemistry, and the physical
location (Figure 6.1).

Oxidation slate of magmas plays a major role in controlling the compatible or
incompatible nature of many ore elements {Blevin and Chappell, 1992). Intrusion-
related gold deposits are charactensed by an association with reduced granitic
intrugions and by their reduced sulphide mineralogy (Lang and Baker, 2001). The
ratio of Fe,(5 to FeO, coupled with mineralogy, was used to evaluate the oxidation

state of the Enterprise and Potoroo host granodiorites. However, localised alteration
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Chapter 6: Crigin of the Enterprise/Potoroo gold mineralisation

atfects {e.g. from Mathinns Group sedimentary rocks or anocther source), may also
have had an cffect. The Enterprise mincralisation is characterised by a reduced orc
and alteration mineralogy consisting of molybdenite, phlogopite and pyrrhotite. This
supported by a low Fez0; to FeO ratio that plots in the strongly reduced oxidation
field. Potoroo is charactenised by a mineral assemblage of arsenopyrite, pyrite and
lesscr chaleopyrite. Potoroo has a much higher Fe;05 to FeO ratio, which plots at the
moderately to sirongly oxidised boundary, Mineralogy and the Fex(w/FeQ ratio
indicate that the oxidation state during the mincralising event was higher, however,
the reason bchind this is pot understood. On the basis of oxidation state, the
Enterprise and Potoroo prospects are distinet. This is evidence that oxidation states
varied between adjacent mineralised sites in the area. Potoroo plots closest to the

field of known pold mineralised granitoid suitcs {e.g. the Timbarma host granodioritc).

fractional crystallisation has been shown to concentrate pold so long as gold behaves
incompatibly {Cygan and Candela, 1993). Discoveries of gold in silicate-melt
inclusions from primarily the most fractionated stages of the Timbarra deposit
granodiorite, support a model of incompatible enrichment of gold in late stage granitic
melts {Mustard et al., 2004}, Geochemistry from the Enterprise and Potoroo prospect
has shown the host pranodionites to be the lcast fractionated of the Scotlisdalc
Batholith. This was also shown by Roach (1994} on similar rocks from the
Lisle/Golconda arca.  If fractionation of the magma was a principle mechanism for
gold concentration at Enterprise and Potoroo, it may have not been sufficient cnough
to concentrate enough gold to form a large tonnage and/or grade deposit {(e.g

Timbarra).

A poor example of a quartz-layered texture (in comparison to those documented in the
literature; Shannon et al, 1982a) was identfied in the F3Q from the Enterprise
prospect.  [ts occurrence, combined with the presence of aplites and cxtensive
alteration, may suggest that magmatic volatiles were exsolved during the evolution of
the Enterprise pluton from levels deeper than coarrently cxposed. The discovery of
further magmatic-hydrothermal transition textlures would better constrain the extent of
volalile exsolution and help target intrusion-rctated geld deposits. The melt and fluid
inclusion rclationships at Timbarra are consistont with entrapment of late stage melt

with an associated high magmatic volatile content (Mustard, 20033} Candela and
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Chapter 6: Origin of the Enterprise/Potoroo gold minexalisation

Blevin (1995) suggested for high temperature magmatic hydrothermal mineral
deposils to develop in, or near, the apical regions of a pluton {including introsion-
related gold systems such as Timbarra), large quantities of the magmatic volatile
phase need to be channelied to the apical region. This in turn must occur before
significant cooling crystallisation ocours to prevent dilution of the aquecus phase, and
to ensure that imporiant ore forming elements are not trapped in the crystallising
phascs. They also 1llustrated that early establishment of connectivity Huid pathways
within melts is favoured by higher initial water concentrations and lower confining

pressurcs,

Mincralisation style and fluid physiochemistry (fluid inclusions and sulphur isotopes}
suggest an intrusive source for the Au at the Enterprise and potentially the Potoroo
prospect.  If an intrusive was the source of Au, an intrusion at a deeper level than
currently exposed, may account for gold in veins at the current level and cryptic Na
and Si gltcration. Na and 51 alteration was evidemt in the inirusions chemistry,
however, this was not accounted for by any petrographic textural feature, Potentially
this alteration may have ocowred post intrusion cmplacement and pre gold
mineralisation, suggesting 2 later intrusive phase at depth cxsolving fluids. [If this is
the case, gold sourced from a decper intrusion, it is likcly that Timbarra-stvie
disseminated Au is ocourring deeper within this pluton.  Disseminated mineralisation
could ccear if any Au was deposited prior to brittle failure of the crystallising

eranadiorite and emplacement of the observed veins.
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Chapter 6: Onigin of the Enterprise/Potoroo gold mineralisation

6.2 Conceptual modef

The rclease of magmatic fluids dudng fractionation 15 widely accepted as the primary
mechanism that initlates ore deposition in porphyty deposits, In porphyry deposits
this process is dramatic, commenly producing multiple sets of multi-directional quartz
veins, A similar process is postulated for intrusion-related gold deposits, however, the
result is usually more passive, resulting in sheeted or poorly developed stock works,
with little evidence for multiple events (Thompson and Newberry, 2000). Features
from the Enterprise and Potoroo prospects, combined with observations reported in
the literature, have been used to construct an interpretative model for the genesis of
this style of mineralisation on the margin of the Scottsdale Bathohth (Figure 6.2),

which is discussed here in a combination of text and figurcs.

A number of changes in fluid conditions are argued to cause gold deposition. Four
potential mechanisms responsible for gold deposition at the Enterprise prospect
include, pressure reduction (decompression), cooling, boiling and/or sulphide
deposition. Pressure estimates ranging from 400 to 1000 bars can be interpreted to
suggest decompression. Such a range can be inferred to represent both lithostatic and
hydrostatic stress regimes at similar depths. Early primary inclusions exhibit higher
Thw tetnporatures (290°-450°C) than later secondary inclusion {(160°-370°C). This is
sugpgestive of cooling over time and also sapports decompression. The presence of
coexisting Lhiquid rich {Fype 24) and vapour rich {(Zwpe 28) fluid inclusion in
hydrothermal veins is mdicative of boiling.  The strong correlation between gold and
arsenic/arsenopyrite indicated from mincralogy and assay rcsults suggest that the

deposition of arscnopyrite may have been a catalyst for gold deposition.

93




Chapter 6: Origin of the Enterprise/Potoreo pold mineralisation

[1] Figure 6.2 Interpretive model for
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Chapter 6; Origin of the Enterprise/Potoroo gold mineralisation

6.3 Major findings of this thesis

= A detailed ipneouns and alteration petrology exemplified the inhomogeneous
nature of the host intrusion. Three intrusive phases were rccogmised along with a

series of ‘vein’ dykes and veins.

+ A distinct ven stage associated with gold mineralisation was investigated. A
relationship between gold and arsenic was made based on miseral proportions

and agsay results from the veins.

»  Magmatic-hydrothermal transition textures were recognised: a quartz layered
texture, aplite vein dykes, greisen and mymmekiies. These textures suggest that
the host granodiorites exsolved a volatile phase. However, pold was likely
somrced from cxsolution at deeper structural levels, based on the highly

discordant and straight vein margins.

* The Enterpnse and Potoroo granodiorites are geochemically distinet from the
Scottedale Batholith based on a major and trace element characteristics,

supporting the findings made by Roach {1994} on rocks from the samc area.

e {ranodiorites andfor their altered equivalents from the Enferprise prospect,
appear to be less evolved {fractionated} and more reduced, than gold bearing

granitoid suites from eastern Australia. Granodiorites from the Potoroo prospect

arc slightly more evolved and oxidised than the Enterprise, and are comparablc to
gold bearing grapitoid suites from eastern Australia {c.g. Timbarra). The cxtent
to which these oxidation states reflect magmatic character over high temperature

magmatically induced alteration was not established.
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e A detailed fluid inclusion study of pre- and post-Au veins identified three
inclusion types: COs-rich, HxO-rich and salt bearing, Primary COy-rich and
HzO-rich inclusions with total homogenisation temperatures from 290° to 450°C
were identified in all the stages of the intrusion, from magmatic, through the
magmatic-hvdrothermal transition and hydrothemmal. This supports a common

fluid type present throughout the evolution of the intrusive.

s  Two geobarometry methods were used: liquid-vapour CO» {luid inclusions and
aluminivm-in-horablende,  These methods were used to estimate a pressure of
intrusion emplacement of up to 1000 bars, or approximately dkm (assuming

lithostatic conditions).

»  Sulphur isotopes from the Enterprise prospect were congistent wiath a magmatic
source for sulphur.  Sulphur isotope valees from the Enterprisc fonmed a
distinctive Hghter population (EMS of -0.6 to 2.43%.) when compared to values
from lode gold style deposits hosted o sedimentary rock from northeast
Tasmania (c.g. Beaconsfield and Mangana, 5*'S of 7 to 11.1% and 5.3 to
13.6%0). A wider range of heavier values for Beaconsfield and Mangana was
attributed to mixing of multiple sulphur sources including cxlemal sedimentary
sulphur by other authors (Russell and Van Moort, 1992). The narrow range of
lighter isotope values for the Enterprisc prospect was attributed to an origin from

onc sulphur source,
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Chapter 6: Origin of the Enterprise/Potoroo gold mineralisation

6.4 Exploration

The following points may assist better exploration for intrusive-rclated gold deposits

in the greater Lisle/Golconda area:

«  (Geochemical surveys should focus on the key pathfinder elements, Au and As, in
addition to those documented i the literature, however, it is not clear if As halos
the gold zones, and this is important to determine for exploration. Bi, Teand to a
lesser extent W, Mo, Sn and Pb are all known to be enriched in intrusion-related
gold deposits, and should be included in future analytical work. Au has been

Nustrated to correlate best with As.

* The following magmatic-hydrothermal features were observed in the intrusives
associated with Au veins: umidirectional solidification textures, myrmekatic,
textures, gretsen and ‘vein” dykes. These textures ali require development of

exsolution of a volatile phase during magma crystallisation.

s The tollowing alteration is spatially associated with gold quantz veining:
moderate to intense sericite + chlorite alteration. The prescnce of pyrrhotire is
suggestive of a reduced tluid, with a component that may have been deposited as
halpes around veins. Magnetic susceptibility has shown to detect pyrrhotitc
haioes around gold-bearing veins at small scales. The use of magnetic methods

may be useful in defining these »ones.

e In peneral, intrusion-related gold plutons are moembers of suites that are highly
fractionated and reduced. However, Au mineralised suites from eastern Australia !
arg predominantly associated with highly [ractionated oxidised suites (e.g. Cadia,
NSW)  The evidence at Enterprise ts that the host intrusions are the least
fractionated and most primitive 1n the Scoltsdale Batholith, 1If these magmas
follow the principles seen in other intrusion-related plutons, than there may be
more fractionaled source phases at depth in the Lisle/Goleonda ares. However,
empirically, gold in the Lisle/Golconda area is associated with the most mafic

inttusives,
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Intrusions with low concenirations of Rb and K, high Sr and 5i02 delineate the
most prospective units in the Scottsdale Batholith, and these features appear t
related 10 eryptic 5i-Na alteration sourced from deeper levels in the Enterprise

pluton.

Better understanding of the structural environment of magma emplacement is a
potential key to predictive exploration along the margin of the Scottsdale
Batholith. The EW granite ridge extending from the main Scottsdale Batholith

toward the Enterprisc area (Figure 2.1) is very anomalous in the area.

The EW nature of dilation, evidenced by the regional EW pranite ridge, may be
repeated #t a deposit scale, and suggests that some NS dnll holes should be

undertaken to explore for veins at EW orientation in the Enterprize pluton.

If an underlying magma sourced the gold into velns at the Enterprise mine level,
this magma may still contain some disseminated mineralisation at depth, i.e.

Timbarra-style gold,

The pressures curremily available suggest the Scottsdale Batholith is greatly
uplificd compared to the Enterprise area. This needs verification. Assunnng
grcater amounts of erosion along the granite ridge to the east {Figure 6.1), then
similar systems may be exposed herc at a level appropriate for mining. In
contrast, systems developed to the west may provide views to even higher orustal
levels. Theretore, the 1u.'.flmlre granite ridge 1s worthy of exploration, on the
principle that different volatile contents lead to emplacement of magmas at

different levels.
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1. Introduction

A new class of magmatic-hydrothermal gold deposits has recently been defined in the
litcrature. Thesc deposits are primarily hosted within or in the immediate wall rocks
to intrusions. In the past this deposit style has had a number of names given by a
variety of authors, including Porphyry Gold {(Hollister 1992), Fort Knux-style Gold
{Bakke 1995), Intrinsic Geold (Newberry, McCoy & Brew 1993}, Pluionic Gold
{McCoy et al. 1997), Granitoid Gold (Goldfarb et al. 2000) and Intrusion-related Gold
{Lang & Baker 2001; Lang et al. 2000, Sillitoe 1991; Thompson et al. 1999). Morc
recently, the rerm “Intrusion-related gold™ has become the most widely used and
accepted although it was first used by Sillitee (1991),  This deposit class is
economically significant with a larpe number of deposits containing a gold resource
of greater than 100 tonnes.  Although the deposits themsclves have been known and
mingd for sometime the characteristic featurcs of this class of deposits have only
surfaced in the last ~5 years. Intrusion-related gold mineralisation possesses features
comnon to other deposit classes, namely ‘porphyry copper- gold, ‘orogenic lode
rold’ and ‘reduced tin-tungsten rich’ magmatic hydrothermal systems. These
deposits are globally widcspread, with several of the most documented examples

deriving from the Tintina gold belt in the Yukon (Canada) and Alaska (USA).

In the past, intrusion-related gold deposits have been referred to as ‘porphyry-related
gold deposits’ (Bakke 1995; Hollister 1992) however, recognition that these are
separale types with common fealures has led to an improved understanding. They
share similarilies in generative processes such as formation from magmatic fluids that
commonly underwent separation of an immiscible phase, and in complexity of deposit
types and their zoning patterns {(Lang et al. 2000). In contrast io classic porphyry-
related deposits, intrusion-related gold systems ave characterised by CO; rich fluids, a
metal assemblage characterised by Au, Bi, As, and Te (with lesser W, Mo, Sn, Pb and
Sh), low sulphide volumes and small volumes of hydrothermal fluid.  Intrusion-
related systems are also characterised by a close association with reduced intrusions

and restncted alteration, compared to the kilometre-scale alteration associated with

porphyries.



The ‘orogenic lode gold” or ‘mesothenmal’ style deposits also have similar features to
intrusion-related gold systems. Common features shared between the two deposit
¢lasses include dominance of CO; rich fluids, and a similar metal assemblage (e.g.
Au, As, Te £ W, Mo and Sb). The two deposit styles have differing alteration
assemblages; intrusion-related gold deposits are typically fracture controlicd and have
rargr pervasive alteration that can include felspathic, sericitic, silicic, preisen, cale-
gilicate, andfor advanced argillic types; orogenic lode gold deposits have halos of
strong sericite-ankeritic carbonate alieration, and alkali feldspar alteration is generally

moderately developed or absent (Lang & Baker 2001).

Intrusion-related gold deposits also poszess similarities to reduced tin-tungsten rich
magmatic hydrothermal systems {Thompson & Newberry 2000). Their similarities
inchide the reduced composition of the intrusion, the prescnce of COn-rich fluids,
similar tectonic sctting, and similar depths of formation (<-8km}). The man
differences arc that intrusion-related gold deposits have fesser amounts of fluid, less
alteration, intrusions are not as consistently peraluminous, greater lateral extent and

diversity of deposit styles (Lang & Baker 2001).

Although intrusion-related gold deposits do possess similar features to other morc
conventional deposit classes their differcnces as depicted in the literature do warrant a
separate classification, The new classification class, ‘intrusion related gold’, has led
to improved understanding of common features through additional studies, with the
benefits including advancements in developing a more comprehensive exploration

modzl.



2. Geological features of major examples

The best documented examples of intrusion-related gold style deposits are from the
Tintina Gold Belt in the Yukon (Canada) and Alaska (USA); they include Fort Knox,
Donlin Creek, Pogo, Dublin Guich, True North and Brewery Creek. Other examples
include Mokrsko (Czech Republic), Vasilkovskoe {Kazakstan), Salave (Spain), Korri

Koo (Bolivia) and from Auvstralia, Kidston and Timbarra,

It is agreed upon in the literature (Goldfarb et al. 2000; Hollister 1992; Lang & Baker
2001; Lang et al. 2000; Lang et al. 1997; McCoy et al. 1997; Newbcrry 2000;
Newberry et al. [988; Newberry, McCoy & Brew 1995; Sillitoe 1991; Thompson et
al. 1999) that there are several featurcs comumon among intrusion-related gold

deposits/provinces:

1. A spatial and temporal association with predominantly motalominous, subatkalic
intrusions of felsic to intermediate composition that span the boundary between
ilmenite and magnetitc sertes.

2. A metal assemblage characterised by Au, Bi, As, and Te and to a lesser extent W,
Mo, Sn, Pb and Sb.

3. A reduced sulphide mineral assemblage commonly including pyrchotite, pyrite,
arsenopyrite, and locllingite,

4. Low sulphide mineral volume (typically lcss than 5 vol% of veins).

5. Comparatively (e.g. to porphyry style) restricted zones of predominantly fracturc
controlied hydrothermai alteration.

6. CO»-rich hydrothermal fluids.

7. Formation within a continent, well inboard of infeited or rccognised convergent

plate boundaries.




The characteristics of intrusion-related pold deposits with resources >0.5 million
ounces are summariscd in Table | (Baker, T. 2002). The deposits are listed in order
of depth {km) of formation. Depth of formation ig an important faclor controlling a

number of features, in particular flmd composition and deposit style.

Depth of magma emplacenent has a systematic effect on mineralisation style

{Figure 1). The deposits exhibit a range of characteristics that vary over a wide range
of emplacement depths (<1 to =7 km} and pressures (<(L.5 kbar to >2 kbar) {Baker, T.
2002y, Deposits in shallow crustal settings (~=53 km) are associated with sheeted
veinlets, stocks, sills, dykes and volcame domes {(e.g. Koni Kollo, Brewley Creek,
Donlin Creck and Shotgun deposits) and include systems with epithermal-like veins
to breccia and stockworks similar to porphyry type settings. Decpar systems (~>5km)
have characteristics of mesothermal environment deposits, and are hosted by plutons
containing shected veins, flat lenses, greisen and disseminated gold {eg Fort Knox,

Pogo, Salvae and Timbarra).

Daia on gold-bismuth correlation from the Fairbanks district indicates the Fort Knox
deposit to have the stromgest and highest comelation (McCoy et al. 2002) which in
relation to other deposits in the district is the deepest emplaced, contains the most
garly high temperatures sheeted andior stockwork veins and has the least shear hosted
gold ore in smrounding schist. This observation is In agreement with the fact that
gold and bismuth have paired mineralogy at hiph temperatures and are (hus best

correlated in deep and/or infrusion proximal deposits.
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As previously stated, intrusion-related gold mineralisation has a “spatial and temporal’
relationship with its associated intrusion. Intrusion-related gold deposits have a range
of hosts. They range from entirely intrusion-hosted, such as Fort Knox (Bakke 1995}
and Dublin Gulch (Lang et al. 2000), to sysiems hosted by both intrusions and wall
rocks, such as Mokrsko (Moraveck 1995), Salvae (Harris, M. 1980) and Vasilkovskoe
{Spindinov 1996), to deposits primanily hosted by country rocks, such as Brewery
Creele (Diment & Craig 1998), True North {Harmris, R. & Gorton 1998), and Pogo
(Smith et al. 1999). According to Mustard (2001), Timbarra (Australia) lies at the
‘intruston-hosted end of this continaum, and is similar to meost other intrusion-hosted
deposits, which are genetically associated only with particular phases of composite
intrusive bodies’. For example the Timbarra deposit 1s predominanily associated with

coarser-grained intrusive units within the interior of the pluton.
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3. intrusion characteristics

Intrusions associated with intrusion-related pold deposits are relatively reduced [-type
felsic intrusions {Thompsen & Newberry 2000). The intrusions being predominantly
felsic, are typically granite to granodiorite in composition (Thompson et al. 1999),
The igoeous centres assoclated with intrusion-related gold deposits typicatly form
multiphase complexes that were rapidly emplaced and cooled quickly (Lang & Baker
2001} Thesc complexes include batholiths, large or small plutons, imregular plugs,
dome complexes, or swarms of dykes and sills (Lang et al. 2000; Newberry 2000;
Thempson et ak. 1999}, Intrusions are surrounded by contact metamorphic aureples

that vary widcly in size {Figure 4).

3.1 Tectonic Setting

It i5 agreed upon in the literature {Baker, T. 2002; Baker, T. & Lang {999; Lang &
Baker 2001; Lang et al. 1997; MceCoy et al. 2002; Thompson et al. 1999} that
intrusion-related gold deposits occur in a continental setting well inboard of
convergent plate margins, however, the tectonic envirenment in which these deposits
form is poorly understood. Other proposed lectome settings have included back-arc,
foreland fold-thrust, collisional, post collisional and magmatic arc environments
{Goldfarh el al. 2000; Thompson et al. 1999} Studies on the Tintina pold belt by
Flanigan et al. (2000} have illustrated spatial and temporal variations in the tectonic
environment across 4 plutonic province containing multiple intrusion-related gold
deposits.  According to Thompson ct al (1999) most intrusion-related gold deposits
formed above or within old, typically cratonic, continental crust. It can be assumed
that no one tectonic regime can model the formation of intrusion-related gold deposits
across or within individual plutonic provinces, Thompson (1999} supgested that
siliciclastic {meta)sedimentary sequenccs scem to provide particularly favourable sites
for generation of such magmatic provinces, which range in age from Precambrian to
Tertiary. A generalised mode] for the generation of magmas assomated with intruston

related gold systems s illustrated in Figure 2.




3.2 Role of Contamination

Felsic magmas thal have high CO» contents commeonly contain a significant amount
of agsinilated crust {Baker, T. 2002). This is applicable to those associated with
intrusion-related gold deposits (Lang et al. 2000; Lowenstern 2001). Evidence exists
for involvement of continental crust in magmas from at least several of the major
decumented examples, however its alfect on metal sourcing, cspecially gold, is
unclear (Thompson et al. 1999). Such magmas will have low CWH2O ratios, <1035
(Candela & Piccoli 1995). Therefore, the bulk magmatic composition of magmas
agsociated with intrusion-related gold may be at the lower end of the typical NaCl
range (~2-10 wt %) and this likely restricts the amount of chlorine available to form

brines utdder immiscible conditions.
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Figare 2 Schematic model from Lang & Baker (2001} illustrating the important
processes responsible for genevating magmas associated with intrusion-related gold
systems. 3. Generation of primitive melts (dark shades) during partial melting of sub
continental lithosphere andior asthenosphere. 2. Magmua vises through crust and
undergoes substantiol assimilation and fractional erystallisation inferred from Nd
and Sr Isofopes and geochemistry (Lang et al. 20000 1. Magma emplacement, further
fractionation, and exsofution of COs-rich volatile phase resulting in intrusion-refated
yold mineralisation (Baker, T. & Lang 2004 McCay et al. 1997 Mustard 2001},




3.3 Oxidation Siales

Major deposits of porphyry type (Cu-Au and Au only) are typically assoctated with
highly oxidised, calc-alkaline to alkaline, intermediate {dionte-monzonite) [-type
intrusions (Sillitoe 1993). Kaszuba and Wendlandt (2000) have proposed that CO;
may play an important rolc in the production of alkali-rich magmas. Intrusion-related
eold deposits are related to broadly sirmlar 1-type intrusions. However, Thompson
(1999) sugegested that the relatively reduced character of the gold bearing suites may
reflect their passage through thick, upper-crustal scquences of reduced marine
siliciclastic rocks. Several of the best documented intrusive-related gold deposits are
hosted within rock units of this type. However, the oxidation state of the intrusions
associated with intrusion-related gold deposits varics significantly from provinee to
province. Some intrusions contain magnetite whereas others arc ilmenite bearing.
Thompson et al. {(1999) classified most intrusions associated with these deposits as
‘reduccd, subalkalie, metaluminous, I-type ntrusions’, with ‘intermediate oxidation
states arcurnd the boundary between the magnetite and ilmenite series’ (Figure 3).
Magnetitc is absent in the Fairbanks district granites, and rare in those in the Yukon,
whereas minor amounts of ilmenite arc common throughout, suggesting that the
intrusions arc moderately reduced and assignable to the ilmenite series (MeCoy ct al.
1997). Low sulphidec mineral volume is a comumon trait of many intrusion-related
gold systems. Intruston-related gold systems are shown to have a reduced lithophile
element assoctation (Thompson et al. 1999} as illustrated in Figure 3. This contrasts
with deposit types such as porphyry Cu (-Mo-Au), which have higher sulphide

contents and a more oxidised chalcophile element assoeciation {Figure 3}.
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3.4 Textures

Magmalic-hydrothermal  transition  texiures, including  nuarelitic  cavities,
interconnccted marclitic textures (IMT's), unidirecttonal selidification textures
(UST’s), pegmatites and vein-dykes have been documented in granites associated
with deposits, for example Timbarra {Candela & Blevin 1995; Mustard 2001, 2003b,
2003a; Mustard & Ulrich 2004). Magnatic-hydrothermal transition textares suggest
evolution of magmatic volahle phases during crystallisation, and suppott a magmatic
origint {Mustard 2003a). The occarrence of large miarolitic cavities {locally 1 t0 2 m
in diameter) at Emerald Lake, {Tombstone Plutonic Suit, Yukon, Canada) arc
interpreted as indicative of late stage volatile refease while an intrusion was
solidifying (Baker, T. & Lang 2001). Th¢ occurrence of magmatic-hydrothermal
textures implies that these reduced granitoids exsolved magmatic velatiles, which
were able (o tlow through cavities and accumulate in the roof zone of the magma
chamber. The occurrence of Au-rich UST s {e.g., Timbarra) implics that these huge
volumes of magmatic volatiles carrled signilicant concentrations of metals, Candela
and Blevin {1993) proposed that interconnected miarelitic textures develop at
pressures less than approximately 2-3 kbars and that the fexture is better developed at
lower pressures.  The major recognised infrusion-rclatcd pold depesits all are
associated with intrusions that crystallised at pressures less than approximately 2.2

kbars, thercfore conforming to this proposal.




4. Fliid/melt characteristics

The evolution of fluid composition m mtrusion-related gold deposits is o result of
depth (pressure-lemperature conditions), and the effects that the behaviour of CO;
will has on other volatiles in the melt (Baker, T. 2002). For example,

Webster and Holloway (1988) have shown that CO; in magmatic volatiles incrcases
the solubility of chlorine and water and therefore the initial fluid exsolved from the
raelt will be more Cl-rich than later exsolution products. Ewvidence for such {luid
evolution is present at the Emerald Lake and Dublin Gulch deposits, where moderate
to high salinity fluids appear to have post-dated earlier low salinity COs-rich fluids
{Baker, T. & Lang 2001). Nablck & Temnes (1997) documented similar evolution of
hydrothermal fluid in the Hamey Peak Granite, South Dakota. They interpreted the
org fluid to be cntirely derived from magma, based upon isotope data indicating

magmatic tluids and comparison with experimental work.

Thompson {1999) preferred a magmatic ongin for COz-rich fluids in the intrusion-
related deposits because of the tluids spatial relationship to intrusions (Figure 1). The
presence of CO» in melt nclusion, from. the Timbarra deposit, Australia (Mustard
2003h) provides direct evidence {or a magmatic origin for CO.. Expenmental studies
on thyolitic mclts have shown that [LO is ten times more soluble than COy {Fogel &
Rutherford 1990%.  CO» will therefore cxsolve froam felsic melts earlier and under
higher pressures than [0 (Mustard 2003a). Lowenstern (2001) demonstrated that,
after watcr, C(» is the most common gas in volcanic exhalations. It has theretore
been suggested by Nablek & Terncs (1997) that when such melts attain fluid
saturation, the initial flnd relecased must be COs-rich. Subsequent fluid evolved trom
the magma will become HyO-rich and more saiine due to higher chloride solubility i
aqueous as opposed to carbonie fluid.  Ilntrusions thal arc cmplaced in decper
covironments appear to exsolve abundant CO,, whereas shallower systerns typically

exsolve saling HyO-rich (luids more readily (Figure 4).
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The effcet of depth on an evolving intrusion’ fluid chemistry has been documented in
deposits from the Tombstone plutonic suit, Yukon, Canada. Sheeted veins at Mike
Lake formed at less than ! kbar and contain abundant high salinity brines in addition
to COzrich fluids. Veins at Emerald Lake and Dublin Gulch contain moderate to
high salinity fluids and formed at pressures of =1 kbar, whereas those at Scheclite
Dome and MacTung coniain only low salinity CO»-rich fluids and formed at pressures

=2kbar (Baker, T. & Lang 2001).

Metal concentrations in melt and fluid mclusions from Timbarta, show Mﬂ., W, 5n, Bi
and Au partitioming toward the melt and Cu, Zn, As and Pb (£5b) modcratcly to
strongly toward the aqucous flwid (Mustard, Ulrich & Mernagh 2004). The
characteristic metal assemblage for intrusion-related gold deposits of Ao, Bi, As, and
Te and to a lesser extent W, Mo, Sn, Pb and Sb, corresponds with this finding. It is
theretore logical to assumc that these metals would have a common set of genetic

processes (source, transport, concentration and deposihon).
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5. Genesis

5.1 Gold source

According to Thompson et al. {1999}, the distinct spatial associabion with felsic
intrusions, combined with the consistent mctal signature, suggest a magmatic-
hydrothermal origin for infrusion-related gold depostts. Evidence from fluid/melt
studies, as previously mentioned, also provides convincing evidence for 1 magmatic-
hydrothermal fluid source. The presence of 2 Bi-W-As assemblage in several
intrusion-related gold regions worldwide is suggestive that a common set of genctic
processes was n effect. A range of data including field relationships, geochronology,
stable isotopes, flwd inclusions, metal associations and magmatic hydrothermal
textures all provided compelling evidence of a magmatic ongin for gold at the
Timbarra deposit, Australia. The recent detcetion of gold in silicate-melt inclusions
from Timbarra provides yet more eritical evidence for this magmatic origin (Mustard

& Ulrich 2004).

5.2 Gold concentration

fractionation of felsic magma may conccntrate gold so long as it behaves
weompahbly {Cyzan & Candcla 1995}, Bumows and Spooner (1989) have showed
that pold was progressively enriched through fractional crystallisation processes m the
Val d'Or and Timumins intrusions, Canada. The discovenies of gold in silicate- mclt
inclusions at the Timbarra deposit, Australia (Mustard, Ulrich & Mernagh 2004)
suggest pold preferentially partitioning toward the melt. The prescaoce of gold within
melt inclusions from primarily the most fractionated stages of the pluton: support this

model of ncompatible enrichment of gold in late stage granitic melis.
Candela and Blevin (1995) suggested for a high temperature magmatic hydrothermal

mincral deposits in, or near, the apical region of a pluton (including intrusion-related

gold systems such as Timbarra, Australia) large quanhties of the magmatic volatile
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phase need to be channelled to the apical region. This in tum must oceur before
significant cooling to prevent dilution of the aqueous fluid and subsequent dispersal of
the ore material. They also illustrated that early establishiment of conneetivity within
melts is favoured by higher initial water concentrations and lower pressures (i.e.

higher molar volumes for water).

The degree of entichment in different metals in and around the intrusions may reflect
magma chemistry, proximity of peripheral mincralised zones to intrusions and local
conditions of ore formation (Thompsen et al. 1999), Evidence for magmatic
concentration of gold 13 the metal association, especially high bismuth (>=100ppm and
in many cases > 1000ppm}. The gold-bismuth correlation common in many intrusion-
related gold deposits, and vertical and lateral zoning of metals around intrusions
support a magmatic hydrotherinal origin for nuneralisation and COp-rich fluids
{ Thompson et al. 19949),

5.3 Gold transport

Heinrich et al (1999} suggested that Na, K, Fe, Mn, Zn, Rb, Cs, Ag, Sn, Pb, and T
partitioned into brme {probably as a chionde (C17} eomplex), whereas Cu, Au and As
preferentially partitioned inte both the brine and vapour (probably as a bisulphide
{HS) complex) from micro-analvtical studies on inclusions from a range of
magmatic-hydrothermal ore deposits. At Timbarra, all inclusions are low salinity thus
Au transport as # €17 complex i8 unlikely. However, in shallow systems (e.g. Korri
Kollo) saline fluids arc much more sbundant and thes Au transport by a 17 complex
15 feasible. 8 preferentially [ractionates into the vapour phase and thercfore Aun
transport as an HS™ complex is probable (Mustard 2003b). Seward (1991) proposed
Aun as likely to be transported as a bisulphide complex due to the reduced conditions
and low salinity of the fluids. Bismuth is likely to be transported and precipitated in a
simalar way, given its strong corrclation with gold in deeper systems such as Fort
Knox, Dublin Guleh and Pogo (Baker, T. 2002). Chlonde complexing may be
impottant in shallow systems such as the Shotgun deposit (Baker {(2002). A strong
corrclation exists between gold and bismuth regardiess of fluid type. A potential

increase in metal (zold) bearing bisulphide complexes can oceur due to the sarly
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release of CO; from a melt (Baker, T. 2002). Cre forming fluids may therefore be
generated over a range of depths {pressurcs and temperatures). CO; in ore Torming
systems may promote umnixing and the formation of a vapour phase, causing HaS to
fractionate 1w to the vapour phase and act as a ligand for metals inciuding Au

{Lowenstern (2001},

5.4 Gold deposition

The importance of magmane-hydrothermal transition textures on gold deposition 18
highlighted by the presence in many Yukon systems (Lang & Baker 2001; Lang et al.
2000} and at Timbarra (Mustard 2001} of late stage, minerahsed aplites and
pecmatites that grade laterally, and with time, to gold bearing quartz veins. ‘Thesc
observations suggest that the ore-forming fluids were concentrated in late phases of
crystallising intrusions’ (Lang & Baker 2001). The melt and fluid inclusion
relationships at Timbarra (Mustard 2003a) arc consistent with entrapment of late stage
melt with an assoctated high magmatic volatile content.  Gold is likely to be
transported as an HY complex in the vapour phase and deposited by crystallisation
processes. Coulson et al. (2001) has shown that substantial changes in volatile
activities accompany even subtle igneous fractionation in these systems and may

account for instability in gold complexing and tesult in deposition.

Candela {1991) detailed three possible models for the behaviour of the magmatic

volatile phase during crystallisation:

1. Rise of buoyant plumes of bubbles + liquid + crystals in the crystallisation
interval, transporting volatifes toward the top of the chamber;

2. Counnectivity ol magmatic volatile-phase volumes in the crystallisahon interval,
which may also promote upward flow of the magmatic volatile phase near the
solidus; and

3. Little to no bugyancy or connectivity occurs; the magmatic volatile phase remains
in a dispersed, trapped state in the crystallised pluten; the cooled, subsolidus
mapmatic volatile phase may mix with exogenous aqucous fluids when the

pluton reaches temperatures low enough for thermoelastic cracking.
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Raker & Lang (2001) have suggested that a variety of fluid processes may have been
responsible for gold precipitation in the Tombstone-Tungsten magmatic belt including
immiscibility and/or releasc of an evolving magmatic fluid. This may also be the case
for other documented intrusion-retated gold deposits. The most studied gold bearing
species Au(HS)y, AuHS and AuCly will all precipitate out gold as a result of
decreasing temperature, for example, during crystallisstion {cooling). HS as the
likely transport complex for gold in these systems in addition will precipitate pold as a

result of an O, decrease (reduction) and/or sulphide deposition.

The sulphide and ore minersl paragenesis within fractures from Dublin Gulch
comprises carly molybdenite, followed by galena, lead-bismuth + aptimony sulfosalts,
bismuthinite, native bismuth, and gold. The late fractures and associated fill contain
scheelite, arsenopyrite, pyrrhotite, and pyrite. Therefore, the gold and related bismuth
minerats are interpreted to have formed after initial quartz-K-feldspar veining event,
and its associated scheelite and early sulphide minecrals. This 15 consistent with the
hypothesis that deposition of carly sulphides rmay have been a catalyst to gold
deposition,

In the Fairbanks district, Alaska, gold first occurs in greater than ppm concentralions
in pegmatitc veins within the “cansative” intrusions {(McCoy et al. 1997; McCoy et al.
2002}, Timbarra (Mustard 2001} and Fort Knox {Bakke 1995), among other deposits
{Lang et al. 2000} sharc a similar paragenetic sequence for structurally controlled
mineralisation, including early aplite dikes, vein-dikes and quartz-molybdenite veins,
followed by fracturing and formation of later comb and chalcedonic quartz veins.
This magmatic hydrothermal evolution is typical of intrusion-related gold deposits
(Lang et al. 2000, Thompson et al. 1999), ie, from truly magmatic textores

(nuarolitic cavities and UST's) to magmatic-hydrothermal veins.

5.5 Alteration

Typical alteration assocated with intrusion-related gold systems 13 fracture controlled
and rarer pervasive alteration that can include felspathic, sencitic, silicie, greisen,

cale-silicate, and/or advanced argillic. Systems dominated by shected veins {e.g. Vort

Knox and Mokrsko) are characterised by macroscaopically visible alteration restricted
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to narrow enveiopes around individual sheeted veins. This implies a very confined
fhud flux. However, in some deposits {c.g. Salave) intemsely pervasive alteration
zones are widespread and textually destructive, implying that less focussed flukd flow

also DCCUrS.

At the Dublin Guleh deposit (Yukon, Canada) therc are consistent variations in vein
assemblages and alteration throughout the sheeted vein complex. Varations along the
length of veins suggest progressive changes in flnid chemistry and subsequent mineral

deposition during a single vein forming event {(Maloof, Baker & Thompson 2001).

5.6 Conclusion

The agueous complexes responsible for metal transport i these deposits are uncertain
due to the presence of variable fluid types 1., high salinity, low salinity and COz-11ch
etc. However, it scems reasonable to assume that gold in shallow systems {e.g., Korro
Kollo} where saline fluids prevail, ts transported as a chloride complex, and gold n
deeper systems {c.g. Fort Knox), that lack saling tluids and i{s transported as a

bisulphide complex.

Metal concentration processcs are important in restricing dispersal of ore matenal
and formation of uneconomic disseminations, o the case of Timbarmra, timing of
magmatic volatile migration and crystallisation was an imporiant factor. A number of
factors, including magma compositton, distances from mineraliscd zones to the
intrusion, and Huid composition, seem to play important roles wn ore concentration.

Gold deposition appears to he the result of magma fractionation and crystallisation
processes.  Cooling may be the primary depositional mechanism assuming goid is

transported as an HS™ complex in the vapour phasc.

The effect of structural controls on intrusion-related gold depesits is lacking,
Knowledge from more studicd structurally controlied deposit types such as orogenic
lode pold, suggest deposit location and peometry (on all scales), fluid pathways,
emplacement of inlrusions, localisation of alteration and ore, could all be influenced
by tegional and local stress regimes. Structural controls ave worthy of further study

with respect to intrusion-related gold mineralisation.
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6. Exploration strategies

6.1 Regional Scale

Prospective regions may be cvaluated and potentially determined using a gevgraphic
informafion systom (GIS) and/or data base approach. The inputs being paramcters of’
inttwsive-related gold deposit, commen features including: tectonic setting, favourable

intrusive bodies/provinces, and/or intrusion-related tungsten-tin provinces.

Exploraton for intrusion-related gotd should be conducted in continental scttings well
inboard of a convergent plule marging, however, considerations should also inelude
back-are, foreland fold-thrust, collisional, post collisional and magmatic avc
covironments.  Duc to the level of uncortainty, teclonic setiing should nol be
constdered crucial in delining an exploration mode! but could be utifised in initial

regional based inveshigation,

Felsic magmatic provinces would be most prospeclive, in which intrusions arc
characterised by a lower oxidation slate spanning the boundary between magnetits
and ilmenitc series.  Adrbome geophysical technigques may be useful in locating
favourable gramic tyvpes, For cxample lmenive serics pranites can be dentificd

through their low magnetic signalure.

Known imtrusion-related tungsten-hn provinces represent highly prospechive arcas for
intrusion-rclated gold mineralisation because the presence of lithophle mctals

(Figure 3) shows that magmatic and post-magmatic processes lavourable W metal
concentration were active at the present crosion level {Thompson ot al, 1999), These
arcas typically Tack previous cxploration targeting of intrusive-related gold siyle
mineralisation. Arcas of alluvial gold workings in particular determining their sowree

of gold also represcnt potential targers.
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Multiple mineralised centres n any province would require screening, as examples of
intrusion-related pold suggest that major gold concentrations may be restricted to an
imdividual deposit (g.g. Korri Kollo}, discrete parts of provinces (eg. Georgetown
block in northern Queensland) or mineralisation may be widespread {c.g. Tombstone
Plutonic Suite, Yukon and Ataska). Screening would be required at variable scales,

more detailed where mmineralisation is widespread to prioritise fargoets.

6.2 Local scale

Geochemical prospecting should focus on key pathfinder elements in addition to gold
itself that collcetively characterise intrusion-related gold mineralisation.  Elements
most useful would include Au, Bi, As, and Te and to a lesser extent W, Mo, Sn, Pk
and Sh. Awu and Bi would be especially useful due to their documented correlation in
many infrusion-related gold deposits (eg. Dublin Gulch, Fort Knox and Pogo). Gold
and hismuth have paired mineralogy at high lemperatures and are best correlated and
maost useful in exploration for deep and/or intrusion proximal deposits (McCoy et al.
2002y, Intrustve umnits spanning granite to granodiorite in composition are most
favourable targets. Whole rock geochemistry should also focus on targeting those
clements (in addition to gold itself) characterishc of intrusion-related gold andfor

which correlate best with gold as menhioned above.

Use of ground bascd peophysical techmques, such as magnetic susceptibility surveys,
could potentially delineate and map infrusions undercover. Somc deposits, for
cxample Timbarra, form in the apical region of intrusions due to the migration and
entrapment of the magmatic volatile phasc transporting metals.  Mapping and
identification of this region through magnctic surveys could potentially identify such

zones and/or most fractionated parts of an intrusion.

Field recognition of magmatic-hydrothermal transition textures including miarolitic
cavities, interconnected miarolitic texturcs, unidirectional solidification textures,
pegmatites and vein-dykes. These textures are important tor looking at fractionation,
magmatic-hydrothermal transition, alterstion and vein generation history.  For

cxample miaroliic cavitles, interconnected wmiarclitic textures, wunidirectional
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solidification textures, pegmatite’s and vein-dykes present in many intrusion-related
gold deposits suggest evolution of magmatic volatile phases during crystaltisation and
support a magmatic origin. In some intrusion-related gold deposits ore minerals are
found m thesc zones, for example, mineralisation occurs in miarolitic cavities at

Timbarra (Thompson et al. 1999).

Fluid inciusion studies have useful implications for ore deposit research and
exploration. Fluid inclusion studies can be used to determine temperature, salinity
pressure and depth of formation. Melt jnclusions are also important in these systerns
aird can give important information on magma composition, metal source and on the
volatile phase. Studies of volatile composition may be useful in determining key
factors responsible for metal transport and ore deposition, and identify chemical
disequilibrium. Intrusion-related gold mineralising fluids are typically characterised
by early CO» nich fluids of between ~300-~400°C and later cooler {~<300°C) salinc
brines of between ~5-15 wit% NaCl.  Fluid inclusion studics should focus on
determining composition {ef multiple generations if present), pressure {depth of
formation) and temperature of entrapment. Fipure 4 (Baker, T. 2002} illustrates the
relationship between deposit styles, paicodepth, and hydrothermal fluid types and may

be essentially nsed as a basic exploration model for this style of depuosit.

[dentification of alteration assemblages surrounding veins and rarer pervasive
altcration could be vsed to delineatc prospective vein generations. Recognition of
mietal beanng fluid compositions would determine likely alteration assemblages.

With possible altcration assemblages including feldspathic, sericitic, silicie, greisen,
calc-silicate, and/or advanced argillic differentiation of bawen compared to mctal
bearing veing (or »ones), exploration based solely on alteration, would be difficult. A
more typical alteralion assemblage of carbonate and feldspar 13 common with the
addition ol clay alteration typical of shallow systems {<3km, <1 kbar). The restricted
nature of altergtion in most mtrusion-relaled goid systems makes alteration a less
effective tool for targeting prospeclive zones. Further detailed study into alteration
assemblages within these systems may however, improve the effoctiveness of

alteration as an exploration tool.
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Sericite altered granodiorite, Qfz veins with traces of

1228 123 2|VEIN tzVn | 30|5eq Py ] t0{Py 1vn Mo Tr Po andfor Mo
123.2] 127 2JGRAND SerfPv| 2 Weakly Sericite altered granodiorite
Mafic xenokith cut by Qtz vein which it's self is cut by a
127.2| 139.8/GRAND Qidvn| 5|Fo|B Z itz vein
139.8]  140|GRAND Qtzrvn | 95]SenSv]| 5 Qtz vein and veinlets sericite selvage in granodiorite
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Appendix D

Magnelic Susceptibiity

« FE005

» EDO002
= EDO0OO6
« PDOOM
« PDOO2




:

DDH E005: MAGNETIC SUSCEPTIBILITY 17 S| UNITS

(m)
56
57
58
59
&0
&1
G2
63
B4
65
B&
&7
68
69
70
71
7o
73
74
75
76
77
78
79
80
81
go
83
B4
B5
B6
87
88
89
an
o
oz
83
B4
g5
a5
g7
o8
99
100
11
102
103
104
105
106
107
108

107 51 units
2,63
1.19
0.16
0.27
0.13
0.28
0.18
0.03
0,19
0,32
0.13
0.20
0.07
0.03
0.00
0.12
Q.16
0.43
0.24
0.10
0.08
0.16
0.20
0.15
(.55
0.31
Q.22
1.49
0.79
0.59
1.59
0.94
1.33
3.22
2.84
2.56
0.60
0.22
0.08
262
1.18
1.98
288
1.12
0.94
037
0.45
1.22
0.71
1.10
1.34
1.23
0.77

{m)
109
110
111
112
113
114
115
118
117
118
19
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

102 Sl units
1.48
1.08
1.64
0.76
2.37
0.89
0.80
0.41
279
1.42
277
1.07
0.35
1.83
0.27
1.15
273
0.08
0.58
0.96
0.55
0.22
0.70
0.24
1.29
0.14
1.51
0.70
0.79
179
0.23
0.98
0.95
0.93
0.88
0.08
0.41
0.60
0.14
0.18
0.60
1.15
1,24
2.07
1.08
0.81
1.85
241
1.51
1.9
211
0.85
1.69

(m)
182
163
164
165
166
167
188
168
170
171
1r2
i73
174
175
176
177
178
179

107 81 units
1.01
0.68
1.88
1.97
0.40
1.75
0.78
0.62
(140
.48
1.82
0.40
0.28
1.31
014
042
1.58
0.78



DDH ED002: MAGNETIC SUSCEPTIBILITY 10° S| UNITS

(my 10 Sl units {m} 1075l units
36 0.27 89 0.11
37 0.33 90 0.27
38 0.28 a1 0.62
_ 39 0.15 92 0.19
£ 40 0.25 93 0.24
- 41 0.23 ad 0.58
42 0.38 95 0.61
43 0.57 95 0.53
44 0.4 97 0.93
; 45 0.62 ag 0.21
J 46 o114 a9 0.14
: 47 0.12 100 0.23
48 0.26 101 054
49 0.14 102 0.38
50 0.23 103 0.52
g 51 0.3 104 0.63
§ 52 0.19 105 0.5
4 53 0.14 106 0.43
¢ 54 0.2 07 0.12
55 0.2 108 1.32
56 0.13 109 0.28
57 Q.22 110 0.2
58 Q.11 111 0.32
59 017 112 0.4
60 0.21 113 0.32
61 0.19 114 0.12
B2 0.7 115 (1
63 0.21 118 0.12
6d 0.16 117 0.09
65 0.27 118 0.08
66 0.7 113 0.08
657 0.02 120 0.17
51 0.59 121 0.25
B9 0.66 122 017
i 70 (.09 123 017
3 71 0.3 124 0.18
A 72 0.37 125 0.13
- 73 .52 126 0.12
74 0.21 127 0.28
f 75 0.7% 128 0.11
% 76 0.21 129 0.4
77 0.25 130 0.12
78 0.67 131 0.02
3 79 0.76 132 0.12
: 80 021 133 0.16
g1 0.21 134 0.15
ap 1.05 135 0.1
83 0.17 136 .11
84 0.13 137 0.17
85 0.12 138 0.1
86 0.13 139 0.11
97 0.27 140 017

28 0.24




DEH EDO0S: MAGNETIC SUSCEPTIBILITY 107 SI UNITS

{m)  10-3 Sl units {m) 10-3 Sl units
41 Dz a4 0.27
42 017 a5 0.48
43 016 296 d.18
44 .18 gy Q.06
45 .18 a8 0.3
Af .55 2] .25
A7 0.2 100 0.23
48 0.09 11 1
49 Q12 102 011
50 013 103 0.46
51 Q.07 104 3
52 0.1 105 0.45
53 0.03 106 1.12
b4 Q.15 107 0.23
BS 0.12 108 0.04
&6 0.06 109 0.5
&7 Q.07 110 .35
58 0.09 111 .39
59 0.01 112 0.26
&0 .12 113 1.09
g1 0.52 114 0.49
62 .14 115 0.27
63 0.14 116 0.11
64 0.14 117 0.23
&o 015 118 01ig
66 0.13 113 06
&7 Q.22 120 085
68 0.08 121 0.29
[2t] 0.2 122 041
T 0.4 123 (.56
71 0.08 124 0.53
72 0.21 125 0.24
73 0.1 126 0.55
7d 016 127 0.4
7o 0.23 128 0.29
T 013 129 0.33
IEi .09 130 0.79
78 0.3 131 0.23
79 (.06 132 015
50 Q16 133 G114
g1 0.18 134 0.08
g2 013 135 0.73
B3 0.26 136 0.08
B4 022 137 0612
85 Q.15 138 015
86 Q12 139 o1t
a7 15
84 .26
89 0.25
90 0.24
@1 012
92 0.83

83 017




DDH PDO01: MAGNETIC SUSCEPTIBILITY 10 SI UNITS

(m) 107 Sl units (m}y 107 Sl units
13 0.06 6% .01
17 0.12 70 0.58
18 0.15 71 1,35
19 0.07 72 271
22 0.05 73 0.81
23 0.12 74 2.84
24 0.15 75 0.4
25 0.38 76 0.38
26 0.24 77 0.16
28 0.13 78 0.22
29 a.11 7% 0.3
30 0.34 80 0.25
31 0.38
a2 0.25
325 0.14
33 Q.57
33.5 1.35
34 0.16
35 0.32
26 0.27
a7 0.26
38 0.28
39 0.2
40 0.27
41 .26
42 017
43 0.13
44 0.29
45 0.59
46 0.12
47 0.2
48 0.18
49 0.22
50 0.28
51 0.27
52 0.42
53 0.25
54 0.18
55 0.4
56 .46
57 0.63
58 0.92
59 0.29
60 0.42
61 0.33
62 061
63 214
63.5 0.27
§ G4 0.29
: 85 0.36
66 0.87
a7 1.1

3 658 .31




DDH PD002: MAGNETIC SUSCEPTIBILITY 10 S1 UNITS

L (m)  10°Sl units

28.5 0.1

29 0.03

205 0.19

30 0.18

: 30.5 0.08

1 31 0.07

: 315 0.03

32 0.03

325 0.16
: a3 0.1
; 33.5 0.1

! 34 0.09

: 343 £.08

! 346 0.0B

34.9 013

35.2 012

35.5 0.26

358 0.06

36.1 0.11

36.6 0.1

1 305 0.43

- 37.1 0.15

37.25 0.12

374 .15

37.55 0.16

37.7 0.16

38 0.12

38.3 0.09

8.6 0.14

389 0.15

40 0.18

40.1 0.12

408 g.12

40.95 0.15

41.3 p.2

41.4 0.18

41.9 0.14

424 0.12

429 011

3 431 0.08
5 43.35 0.5

43.5 0.38

4 a4 0.19
; 45 0.31
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XRF method
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i

Summary of X-Ray Fluorescence (XRF) Analysis

Schisl of Earth Sciences, University of Tasmania Phil.Rohinson 29/03/2000
Instrument FPhilips PW 1480 X-Rav Spectrometer
X-Rav Tubes IEW max. SedMo anode side window,

Elements analysed: Majors, 5 and Y, Rh, U, Th, Cu, Pb, Za, Ni. As, Br, Co,
{ra, T), Se, W, Br

3EW max. Au anode side window.
Elsmenis analysed: Nh, Zr, Sr, Ba, Cr, ¥, Se, La, Ce, Nd, Sh, 5n

IKW roax. Bh anode stde window.
Elementy anatysed: Mo, occasionally Wb

Cryslals: LiF 200, LiF 220, PX-1 (for Na and Mg, PEOOZ, Gelil
Collimators: Coarse (0, 7mm) and fine (0 3mm) with suxiliary (0. 14mm}
Detectors: Gras fiow proportional counter wirk P10 gas (10% methane in argon}

and Scintillation Counter.

Sample Changer: Philips 30 position sample holder

Sample Preparation

Major Flements: Fusion discs prepared at 1100 degreesC in 3%4A0/9 5%t erucibles
(.77 sample, 4,125 Noermsh Flux {Lithium borates/T.a203 mix), 0.053g
LiNO3 for silicates. Plabmim pold monlds used for cooling,
Sulphide bearing samples have a mix with move TAiNO3 as oxidising agent
and the s 15 preigaited at 700 degreesC for 10 minuees, Ore samples and
ironstones wse 12722 flux and o higher flux/sample racio, Dolomites and
limestones need pure lithium tetraborate as a flux,

Trace Rlements  Pressed powder palls (3.5 tonnes/om ) with 10 grams sampls.,
Binder used 1z PYP-MC,

Corrections

Corrections for mass absorption are cafculated using Philips X490 softwars with De Jongh’s calibration
model and Phalips {or CSIRCY) alpha cosfRcicnts. Complon scattering is alse used for many race
clements.

Calibration

Pure element oxide mixes in pure silica, along with international and Tasmanian standard rocks are
used. Muierous checks of standard rocks and pure silica blanks are run with each propram,
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FeO method
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FeO analysis method

Conducted by Amdel Limited

FeO analysis was achieved by digesting a known weight of sample in a reducing
atmosphere with Hydrochloric Acid and a few drops of Hydrofluoric Acid. Thisis
attained by adding a scoop of Sodium Bicarbonate to the sample before adding the
acid. A rubber bung is fitted to the flask this has a vent opened to the atmosphere.
After digestion it is cooled and titrated with standard Potassium Dichromate solution

using Barivm Diphenylamine Sulphonate Indicator as an indicator.
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Appendix H

Microprobe data

+ Plagiociase feldspar
+» Biotite

« Hornblende amphibole




b

S D P

At e e

Flagioclase feldspar

Sample # ED2.2 ED2.2 D212 ED212 ED212 ED2.12  ED614 EDB.15

Hale EDOGZ EDOO2  EDOOZ  EDQ0O2  EDOOZ EDO02 EDQ0B ELOdE

Bepth 44 44 §7.2 97.2 97.2 97.2 103.7 103.7
Py 00079 D023 00097 00283 Q.0012 00058 -0.0057  0.0167
S 58.0352 57.0894 60,9766 57.7434 S3.8063 #0273 55957 59.3882
TiG; 0.00&81 0163 00114 00228 -0.0016 -Q.017% Q0048 00198
AlLO, 242129 2578965 236423 2553006 27.8861 240612 266483 24.4235
CraOy 0.0035 -0.005 0.004  -0.0005  -0.0229 0.006 0007  0.0005
Fe,O, 0.0746  0.1039 0064 02728 00848 00762 01084 0.086%
MgO 0012 00074 00082 Q0224 00044 00083 -0.0224 0
cad 66895 84795 57853 Y9128 1084989 62275 91546 £.5716
hnQ 0.0157  -0.0253 0.0087 30135  0.0052  0.0053 0.0196 -0.0126
S0 00098 00158 00024 0.0581 0084 00238 006855  0.0286
Ba® .089% 0.0888 01368 0.0875 0.0304 00362 010090 00578
Na,O 74282  6.3898 78707 67036 5.0008 77096  6.143%  7.5354
KO 03703 0.2823 03083  0.2651 01542 0.3149  (0.1651 0.1341
Total Ox 97 8573 9BMM32 98820 98.72V6 97877  98.6019  OR.3¥32 0B 2621
= 0 o 0 0 0 g 0 0
Total Ox 97.9573 83.0132 9RA28 BBFIYE 97877 98.6019 98.2732 58.2521
P 0.001 0.004 0.001 0.004 G 2.001 0 0.003
Si 10,754 10.428 109684 10473 8.917 10.853 10.225 10,782
Ti .01 0.002 0.002 0.003 0 0 0.001 0.003
Al 5158 5.564 5.01 5479 6.057 5118 5,739 5.218
Cr 0.001 0 0.001 0 " 0.001 0.0 0
Fe 0.0 0.014 0.009 0.037 .009 0.0 0013z 0012
Mg 0.003 0.002 0.002 0.006 0.001 0.002 o g
Ca 1.308 1.601 1.115 1.538 2.142 1.204 1.792 1.276
Mn 0.002 o 0.0 0 0.001 £.0m 0.003 g
Sr 0.0 0.002 o 0.0046 0.007 0.002 0.007 0.003
Ba 0.005 0.006 0.01 0.005 0.002 0.003 0.007 0.004
Ma 2.624 2.267 2.744 2.357 1.78 2.638 2177 2.648
K 0.0B6 0.068 £.071 0.061 0.036 0.073 0.038 g3
Total Cat 19.993 18.948 18.93 19.8969 19963 19986  20.005 19.957




R 2

Biotite mictoprabe

Sample # ED2.2  ED2.2  ED22  ED22  ED2.12  ED2.12 EDB.14

Hole EDOOZ  EDO0Z  EDG0OZ  EDOO2  EDOOZ  EDQO2  EDODG

Dapth 44 44 44 44 97.2 97.2 103.7
VO 0.002 -0.0076 00199 -0.0033 -0.0116  0.0054 -0.0065
80, 356241 36.8034 354610  36.203 358763 363024 356637
TiO, 24655  3.1163 37925 39672 35697  2.3065  4.5746
20, 0.0224 -00568 -0.0222 Q1779 00669  0.0223  -0.0223
AlOy 13.941 138472 136181 13.9356 13.9478 14.2008 13.473
CrCs 0.0431 00098 00292  0.0723  -0.0084 -0.0194 -0.0098
MO 10.9797 10725 10.2622 100026 10.3671 102372  0.6926
Cal 0.0363 0.0156  0.0034 -0.0259 00294 (0449 -0.0345
Mn0 0.3037 03309 0.3965 042689 02249 02275  0.2202
FeO 19,3453 19.0963 190583 10432 191035 204986 19.5224
Zno 00183  -0.0162 00465 -0.0233 00386 0.0354 00253
Bald 0.1403  0.313 023084 02522 04072 0.1433 04317
H,0 31846  3.2004 3202 33209 32286  3.2061 22767
NaO 00983 0093 01075 00791 00612  0.1298 01068
K:O 82555 92022 93558  9.3025 95648  9.5061  9.0989
F 04501  0.5472 04348 03057 04367 04977 03112
Cl 01118 0.1259 01345 01388 04442 01674  0.139
Total Ox___ 950036 97.0261  96.0296  97.7156  97.0002  07.7204 _ 96,5261
O=F, Cl 0.2148  0.2588  0.2134 0.16 00164 02474 _ 0.1624
Total Ux___ D4.78688  96.0673  06.0162  97.5555 96,7838 97.4731  96.3637
vV 0 D002 0002 0004  0.002 0.001 0.004
Si 6235 6286 6.7 6.2 6.196 6248  6.182
Ti 0.324 0402 0.497 051 0.464  0.299 0596
Zr 0.002 o 0 0015 0 0.002 0
Al 2876 2803 2796 2806 2839 2899 2752
Cr 0006  0.001 0.004 0.01 0 0 0
Mg 2865 2746 2665 2548 2669 @ 2627 2502
Ga 0.007 0003 0.001 ¢ 0005 0008 0
Mn 0.045 0048 0059 0062 0033 0033 0032
Fo 2,831 2743 2777 2776 2759  2.951 283
Zn 0 0 0.008 0 0005 0005 0002
Ba 0.01 0.021 0.021 0017  0.028 0.0 0.029
OH 3718 3666 3721 3795 3719 368 3789
Na 0.033  0.031 0.036 0026  0.021 0.043  0.035
K 1843 20168 2079 2027 2107 2,11 2.012
F 0248 0.207 0.24 0165 0238 0271 0.171
Gl 0.033  0.037 0.04 0.04  0.042 0049 0041
Total Cat _ 21.077 21102 2112 21 21128 21.236  20.979




Hernblande amphibols

Sample # ED2.2  ED2.2  ED2.2  ED22  ED212  E£D2.12 ED212  ED2.12

Hole ED002  EDOD2  EDO0Z  EDOD2  EDOOZ  EDODZ | EDOOZ  EDO02

Depth 44 44 44 44 97.2 7.2 97.2 7.2
Si0, 42,7848 46.0098 50.3885  40.305 495675 50.6 50.6897 49.8835
TiO, 16189  1.2175 0587  0.6159 05944 01073 0357t  0.4002
Zro., 002001 0.0852 0.005 00402 00452 -0.0101 00805  0.0555
AlLO, 124092  7.7341  3.1887 42211  3.1967  3.0321 35185 37044
Cr.04 00582 00225 00246 00263 00103 00094 -0.0094  0.0038
MgC 138071 115273 127886 12,3971 116228 12.0765 128916 124041
Cal 11.0703  10.0885 11.2272 106812 10.0183 107452 105691  10.2606
MnO 0.1752 058  0.8152 08982 04601 05352 07692  0.7789
FaO 11.3044 16.2535 156875 16.183 185273 1684563 16.4108 167136
Zn0 00061 00435 00184 00564 00129 0.0225 00293 0.0661
Sr0 -0.0345  -0.0624 -0.0141 00777 0037 -0.0632 -0.0353 -0.0371
Ba® 01002 00817  0.0781 0.094 01188 0.081 00822  (0.0882
H.0 17507 17256  1.8321  1.7788 17518  1.7944 17638  1.7857
Na, O 247 14831 04831 05519 07164  0.3854  0.6695  0.6386
KO 0.3149  0.2634  0.2656 03346 02708 0.1954 02565  0.2815
F 0.3493 03242 Q1486 02276  0.2392 01759  0.3016 02137
Cl 0.0251  0.0287 00185  0.0424  0.0438 00356  0.0422  0.0282
Tolal O 98.1283 07.5484  D7.5567  07.4518  97.1963 96,0428 98.4114 07,3165
O=F , Gl 0.1527 0.143 _ 0.0868 _ 0.1054  0.1108 _ 0.0821 _ 0.1365 _ 0.0064
Total OX 979766 97.4054 074850 97.3464  07.0867 06.60607  U8.0749  97.2201
Bi 6672 7.327 7.921 7.799 7021 5.041 7.927 7.396
Ti 019 0146 0069 0073  0.07 0.013  0.042 0.048
Zr 0 0.005 0 0.003 0.004 0 0005 0004
Al 2,281 1.449 0.591 0787 0602 0568  0.648  0.691
Cr 0.007 0.003 0.003 0.003  0.001 0 0 0
Mg 3,163 2,731 2 997 2.923 2769 2.861 3.005 2.927
Ca 1.85 1.718 1891 1.81 1715 1.829 1.771 1.74
M 0.023 0.078 0,109 0.12 0.062  0.072 0.102 0.104
Fe 1.486 2,16 2.062 2.14% 2.476 2.239 2.146 D212
Zn 0D 0.005 0.002 0.007 0.002 0.003 0.003 0.008
Sr D 0 0 a 0 0 0 0
Ba 0008 0006  0.D05 0006 0.007 0.005 0.005 0.008
OH 1.821 1.829 1.921 1.875 1.867 1.902 1.84 1.885
Na 0.747 0457 0147 0168 0222 0122 0203 0.196
K 0.063 0.053 0053  0.068 0.055 0.04 0.051 0.057
F 0.172 0.163 0.074 0.114 0.121 0.088 0149 0107
cl 0.007 0.008 0.005 0.011 0.012 0.01 0.011 0.008
Total Cat 18.488  18.138  17.852 17.91  17.908  17.792 _ 17.909 17.89




Hormblende amphibole

Sample # EDE.14 EDE 14 ED6.14 EDG.14
Hole EDOOG ER0oG EDGOG EDQ0S
Depth 1057 1037 103.7 103.7
Sic2 48.9082 51,9247 kD585 51.3442
T2 0.6164 0.4083 04708 0.3829
22 00252 G050k -0.0109 0.0808
Al2O3 50493 215849 2.5282 2.6297
Cr203 ~03.0113 00009  -0.0009 0.00159
Mg 124234 137076 13.2075 13.231
Cal 10,7087 M2 103501 10.98946
M 0.6085 06464 0.8327 0.6055
Fe( 15,7463 149007 168172 15540
Fdgl ! 0.0259 00034 0.0675 GOo232
S 00372 -0.01048 -.0035 -0.0352
Bal 1005 0.0669 0.0682 91111
H2( 1.7904 1.8205 1.7981 1.8299
Ma2O 08216 0.4384 04762 04758
Kack 0.3219 018358 L1341 1925
F 0.2127 02053 01958 0.1745
Cl 0.0334 0.0234 0036 0.0134
Total 97 3895 O7.70B4 069408 §7.6312
D=F , Cl 0.0971 0,07 0.0908 {07650
Total g7 2925 976167 95.8502 975547
55 ¥.718 8.093 8.041 8.035
Ti 0.073 G048 0055 0.045
£r 0.002 0.004 0 0.006
Al 0.938 0,403 047 0,485
Cr )] Q fl 0
g 2.923 3.185 3.107 3.067
Ca 1.811 1.858 1.75 1.843
[Tyl 0.081 0.085 11 0.08
Fe 2078 1.342 2.0a87 2034
an 0003 0 0.008 0003
Sr 0 { 0 ]
Ba 0.008 0004 0004 0007
OH 1,885 1.893 1,853 1.91
Ma N.251 132 0146 0.144
b 0es Q.038 0,027 0.038
[- 0106 0101 {.098 0.086
] 0,003 hO0G 0.a1 0.004
Total 17 962 17,783 17.808 17.808
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Fluid inclusions
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Appendix J

Sulphur isotope analyses
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