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ABSTRACT

Contemporary exploration models that link the common characteristics of a certain ore type
depend upon an understanding of the mechanisms of ore formation and how these relate to
the geological environment in which they occur. The Basil Cu-Co deposit located in the Harts
Range, Central Australia. The deposit is hosted by a sequence that has been metamorphosed
to amphibolite and granulite facies conditions twice (480-460 Ma and 450-300 Ma). As a
result, many of the primary mineralisation textures and other characterising features have
been destroyed, thus making it difficult to place the deposit within traditional genetic
categories. Mineralogical, petrographic and geochemical studies of host rocks and sulphides
in the zone of mineralisation, focussing on preserved textures and mineral relationships,
allow some constraints to be placed on the genetic history of the deposit.

Results permit several genetic models to be ruled out. Firstly, whole rock geochemistry and
garnet compositions suggest that the deposit is not a hydrothermal skarn system. Secondly,
the lack of any significant Ni-signature, and presence of abundant zircons in amphibolite
(indicating that not all host rocks are mafic in character), makes a magmatic-hosted Ni-Cu-
(PGE) system unlikely. Tentatively, Basil is assigned to a volcanogenic massive sulphide
(VMS)-style of mineralisation, formed on the seafloor, within basaltic, sedimentary and
mixed tuffaceous host rocks typical of such deposit settings. The lack of a recognisable
hydrothermal alteration zone is consistent either with destruction of the alteration zone during
metamorphism or detachment of the ore from alteration either following formation, or during
syn-metamorphic deformation.

The occurrence of sulphide inclusions within garnet and amphibole infers that the sulphides
must be syn-metamorphic or earlier. Partitioning of trace elements between pyrite and co-
existing pyrrhotite suggests (re)crystallisation occurred under equilibrium conditions. The
composition of sphalerite coexisting with pyrite and pyrrhotite, points to crystallisation at
pressures of 10 kbar.

CU-CO DEPOSIT, HARTS RANGE, REGIONAL METAMORPHOSED, SULPHIDE
PETROGRAPHY, ORE GENESIS, LARAPINTA EVENT, VOLCANOGENIC MASSIVE
SULPHIDE



TABLE OF CONTENTS

The Basil Cu-Co Deposit, Huckitta Project Area, Harts Range, N.T., Australia: a possible
metamorphosed volcanogenic massive sulphide deposit..........ccceecieriieiiiinieeiiieniecieeee e 1
Basil Cu-co deposit: a possible metamorphosed volcanogenic massive sulphide deposit. ....... 1
AADSTIACE ..ottt h et h e bttt e h e bt ettt eb et et she et et 1
Cu-Co deposit, harts range, Regional metamorphosed, sulphide petrography, ore genesis,
Larapinta event, volcanogenic massive sulphide...........ccccooeriiniiiiniiniiniiienecceee 1
List of Figures and TabIes........cc.coiiiiiiiiiieiierie ettt sttt 3
INEEOAUCTION ...ttt ettt et sa e b et et ettt s bt e bt enteebeeas 5
BacK@IOUNd......coouiiiiiiiie ettt ettt et enbeeseeeeteenne 6
RESUILS ..ttt sttt et et b ettt b ettt enne e 16
| 3511110 (07 o OO SUURPRURPRRRRSTR 16
Whole rOCK SEOCHEMISIIY ......uiiiiiiiiiiieeiieiie ettt et e saae e s e e 17
Mineralogy and Petrography..........c.coocueiiiiiiiiiiiiiieetee e 24
Laser-Ablation Inductively-Coupled Plasma Mass Spectroscopy (LA-ICP-MS)................... 27
Electron Probe MicroanalysisS (EPMA) .......c.cooiiiiieiiiiiiieiieie ettt 32
LA-ICP-MS element MapPINg.......c.ccccueeevieruierriienieeitienteeieesteeseesseeenseessseesseesssessseesssesnsesssnes 36
DIISCUSSION ...ttt b ettt et e e b e bt e s e sb e e be e besbtesbeenbeebtesbeesesntenaeenneas 36
Relationships between sulphides and metamorphiSm...........ccceeevieeiieiieniienienieeieee e, 36
GAINEt COMPOSTEIONS ....vieutieiiieiieeiieetieeteesteeeteeteaseteesseessteesseessseeseessseenseessseenseessseenseessseenseens 39
Hydrothermal alteration .............cceocuiiiiiiiiiiiii ettt st e 40
Origin Of the NOSt TOCK ......eiiiiiiiiicie e et 41
GENETIC O TYPES ..vveeiieniieeiiieiee et ette et et e eteeteesete et e sateesbeessbeeseessseenseassseeseessseanseassseeseens 42
CONCIUSIONS ...ttt ettt et b ettt sb ettt e s bt e bt e s tesbe e beestesbe e bt e tesbeenbeenee e 43
ACKNOWIEAZMENLS. .....eouiieiieiiieiieeie ettt ettt et e bt e et e et e sabeesseeenbeeseesnseenseannnas 44
RETETEICES ...ttt ettt b et sttt ae st et enne e 45
Appendix A: Descriptive List of all samples collected .........ccoeoeniininiiiniininiiiniincnienees 48
Appendix B: Sampling and analytical methodology ............ccoceeiiriininiiiniiiiiiincceees 50
Appendix C: photographs of core from Basil.........ccccooeriiriiiiiiiniiniieeeeee 56
Appendix D: Reflected light photomicrographs and back scatter electron images................. 57
Appendix E: Full dataset of LA-ICP-MS analysis of pyrite grains..........cccoeceeevveenverieenneennen. 61
Appendix F: Full data set of la-icp-ms analysis of pyrrhotite grains..............ccccceevvercirenneenee. 63
Appendix G: LA-icp-ms element mapping of a metamorphic garnet grain ...........c.cceeeeveennen. 65

Appendix H: original drillhole logs of diamond drillholes LB027DD and LB035dd............... 1



LIST OF FIGURES AND TABLES

Figure 1: Location and regional geology of the Harts Range Area. Abbreviations in insert: AB — Armadeus
Basin; NB — Ngalia Basin; WB — Wiso Basin; TC — Tennant Creek; GB — Georgina Basin; RTZ — Redbank
Thrust Zone; EPSZ — Entire Point Shear Zone; DMFSZ — Delny-Mount Sandhill Shear Zone; HR — Harts
Range; SR — Strangeways Range; AS — Alice Springs; The small black box inside the inset map shows the
location of the main map within the Arunta Inlier. Modified after Miller et al. (1997) and Buick et al. (2001)....8
Figure 2: Location of the Irindina Sub-basin at the time of the deposition of sediments that are the protoliths to
the Harts Range Metamorphic Complex. AB — Armadeus Basin; Al — Arunta Inlier; CB — Canning Basin; GB —
Georgina Basin; MI — Musgrave Inlier; OB — Officer Basin. Adapted from Buick et al. (2005). .........ccccvevenenne. 9
Figure 3: Location of Mithril’s tenements within the Harts Range. Baldrick and Blackadder are magmatic-
hosted Ni-Cu sulphide deposits. Yoda and Tibbs are vein hosted Gold deposits. Basil is the unknown Cu
deposit. Adapted from Mithril ReSOUIces (2012). ...ccuiiieriieiieiieiieieie ettt sttt esa e e eneesseennesseennes 11
Figure 4: (a) Photograph showing LB035DD looking down strike of the drillhole. (b) Photograph showing the
Riddock Amphibolite in outcrop at the relative location of drill holes LB027DD and LB035DD. (c¢) Photo of
outcrop of Riddock Amphibolite with coarse-grained garnet. (d) Photograph showing the surface expression of
the mineralisation zone as a Gossan. This photograph was taken at Rotten Hill, where the two drillholes of
interest are BOth 1OCALEA. ........ccoouiiiiiiiiiicicc et 12
Figure 5: Location of the 4.5 km drilling program executed by Mithril Resources. LB027DD and LB035DD are
the two drillholes that all samples were selected from. These drillholes are located in Rotten Hill, which was the
first piece of evidence that there was mineralisation on this tenement. Adapted from Mithril Resources (2012).

Figure 6: Regional migrated seismic section from Georgina-Arunta seismic line 09GA-GA1 showing
interpretation and key provinces. The Basil Prospect is in direct contact with the Basil Fault. Adapted from
(KOTSCI € L 20T 1), oottt ettt ettt et e et e e e te e e abe e teeeabeeteeeabeessseeaseessseeaseeteseabeessseenseessseenseesses 14
Figure 7: Diagrammatic interpretation of the zones of mineralisation that are present in drillholes LB027DD and
LBO035DD. The next set of drillholes on the outer edges of the zone of mineralisation do not pick up any
mineralisation horizons. Cross-section adapted from Mithril Resources (2012). ........cocevirenenenieiieneneniniencnnens 14
Figure 8: Transmitted light microphotographs illustrating important silicate mineral textures. (a) The occurrence
of the mineral leucoxene. (b) Brown and green hornblende. (¢) Sulphides forming a matrix around garnet grain.
(d) Inclusions of sulphide, hornblende and quartz in garnet grain. (e) Coarse grained mineral assemblage of
epidote, hornblende and quartz. (f) Occurrence of zircon. (g) Occurrence of kyanite. (h) Chlorite alteration
accompanied with the presence of magnetite. Abbreviations: al=albite, chl=chlorite, cpx=clinopyroxene,
ep=epidote, gnt=garnet, hb=hornblende, mg=magnetite, qtz=quartz, sul=sulphide, ti=titanate, zr=zircon.......... 19
Figure 9: Descriptive log of drillhole LB027DD with information about the lithologies, the presence and
abundance of sulphides (yellow pentagons), and structural features. Red labels on left hand side of stratigraphic
column indicate where samples KS-1 to KS-14 was selected. Abbreviations: cpy — chalcopyrite; po — pyrrhotite;
py — pyrite. The appearance of symbols for sulphides or minerals indicate their presence in the core................. 20
Figure 10: Descriptive drillcore log of LB035DD with information about lithologies, the presence and
abundance of sulphides (yellow pentagons), and structural features (i.e. veining and alteration). Red labels on
left hand side of stratigraphic column indicate where samples KS-14 to KS-36 was selected. Abbreviations: cpy
— chalcopyrite; po — pyrrhotite; py — pyrite. The appearance of symbols for sulphides or minerals indicate their
PIESENCE 1N thE COTE. ..o uiiiieiiiitieieeiiete st et ette e et e te et e e et et e esee st esaeeseensesseensesssensessaenseessenseessanseensenseensenseensesseenses 21
Figure 11: (a) Distinct boundary between coarse-grained pyrite (left) and fine-grained pyrrhotite (right). (b)
Disseminated texture of sulphides. The amphibolite (dark grey) has had the sulphides invade any available
space, “squeezing” into the host rock. (c) Late carbonate-sulphide vein cross-cutting the foliation of the
AMPRIDOLILE. ..eniiiiiiiiieiiet ettt ettt et ettt st a e et s bt e s bt e b sttt ettt e et e et e enaeennes 22
Figure 12: Back-scatter electron images illustrating relevant relationships between minerals. (a) Abundant
inclusions of titanite within garnet and amphibole. (b) Inclusions of zircon within titanite. (c¢) Inclusion of zircon
within pyrite. (d) occurrence of apatite grains as inclusions within hornblende, which is included within garnet.
Abbreviations: ap=apatite, hb=hornblende, gnt=garnet, py=pyrite, qtz=quartz, ti=titanate, zr = zircon. ............. 26
Figure 13: Reflected light photomicrographs illustrating relevant ore textures. (a) Typical euhedral pyrite and
characteristic intergrowths of chalcopyrite and pyrrhotite in the matrix enclosing the pyrite. (b) Fine-grained
secondary pyrite at the margins of coarse deformed pyrrhotite. (c) Gangue inclusions suspended in a matrix of
pyrrhotite. (d) Exsolution of two Fe-(Ti)-oxides (hematite and ilmenite). Back-scatter electron images
illustrating relevant mineral interactions. (e) Inclusions of sulphide in garnet. (f) Occurrence of baryte. (g)
Occurrence of molybdenite. (h) Occurrence of sphalerite. Abbreviations: bar=baryte, CaO=calcite,
cpy=chalcopyrite, gnt=garnet, he=hematite, il=ilmenite, mo=molybdenite, po=pyrrhotite, py=pyrite,
SPRTSPRALETILE ...ttt ettt ettt et e te et e st e e ee s st enbeese e s e e st et e ese e st e st e st ens e st enteeneenseeneenseenaeseennens 28



Figure 14: Diagram depicting LA-ICP-MS spot analytical data for Ni and Co in pyrite and pyrrhotite
(logarithmic scales). Pyrrhotite is anomalous in Ni relative to pyrite, with lower concentrations of Co, whereas
pyrite is enriched in Co with generally low concentrations of Ni. ......ccccceceviririniineninineneneeeeeeeeeeceeees 29
Figure 15: mol.% FeS vs. temperature diagram modified after Scott (1976) showing electron probe
microanalysis of data for sphalerite (from Table 3) as red circles. A peak metamorphic temperature of 580 °C
has been assumed. Assuming equilibrium crystallisation with pyrite and pyrrhotite, the lower values of mol.%
FeS indicate mineralisation pressures of >10 kbar. Sphalerite with higher mol.% FeS are suggested to represent
re-equilibration during the retrograde metamorphic path. ...........cccivieiiiiieiiiieece e e 34
Figure 16: LA-ICP-MS element maps of a metamorphic garnet grain. Note that Y, HREE (Dy, Er, Yb and Lu),
Cr and V all show compositional zoning, with a marked enrichment around the rim of the grain. In contrast,
elements which usually define compositional zoning in metamorphic garnet, such as Al, Ca, Fe and Si, are
UNIFOIMIY QISTEIDULEA. ...oeiiiieiiei ettt ettt et e s ae et e s e ense s e esbeeseenseeseenseenseseensesseennes 37

Table 1: Lithological unit description of units present within drill holes LB027DD and LB0O35DD. .................. 18
Table 2: Whole rock geochemistry of each rock unit recorded in the two sampled drillholes. Analysis included
one representative sample for each rock unit and was selected from both drill holes. An average value was
calculated for each rock unit from the two samples that were selected. Note that characteristically mobile
elements such as Na, K and Sr are significantly lower in the zone of mineralisation whereas there is only
negligible change in characteristically immobile elements such as Zr and Ti. Abbreviations: SMS=semi-massive
SUPNIAE; AVEAVETAZE ....veeiiiiiiieiiiieiieeite ettt ettt et e st e bt e eab e e bt e et e e bt e s et e enbeesat e e beesabe e bbeeabeenbeesabeenstesateenstesaneenses 23
Table 3: Summary of LA-ICP-MS spot trace element analytical data for pyrite grains from 4 representative
samples. Euhedral pyrite grains were targeted. For each sample, a mean concentration value, standard deviation,
maximum and minimum is given. Cobalt is the only element displaying strong enrichment.............c...c.coene.e.. 30
Table 4: Summary of LA-ICP-Ms spot trace element analytical data for pyrrhotite grains from 6 representative
samples. For each sample, a mean concentration, standard deviation, maximum and minimum is given. Nickel
and cobalt are the only elements displaying strong enrichment. ............ccccoecuerierierierieniereeieeeeee e 31
Table 5: Mean EPMA data for pyrrhotite grains in 6 representative samples. Spot analysis of pyrrhotite was
undertaken to determine the ratio of Fe:S throughout the zone of mineralisation and as inclusions in garnet.
Green-shaded columns indicate pyrrhotite that has formed throughout the mineralised system and the blue —
shaded column indicates pyrrhotite grains occurring as inclusions within garnets. There is no significant

difference in the element wt. % values or Fe:S ratio of the two populations. ..........cccceeveveeieniecienieciere e, 32
Table 6: Mean EPMA data for sphalerite in 4 representative samples. Spot analysis of sphalerite was undertaken
for the application of mol.% FeS as @ ZEODATOMELET. .........c.ccverierieriiiieie ettt ettt e e seaenseeenens 33

Table 7: Electron probe microanalysis of 4 representative garnet grains in sample KS-23b. Each mean value
given represents a 30-point transect across €ach garnet Grain. ...........coceveeveerieiieneiniinienienieeee e 35



	Sharrad KA
	Sharrad KA.2
	Sharrad KA.3
	Sharrad KA.4
	Sharrad KA.5
	Sharrad KA.6
	Sharrad KA.7
	Sharrad KA.8
	Sharrad KA.9
	Sharrad KA.10
	Sharrad KA.11
	Sharrad KA.12
	Sharrad KA.13
	Sharrad KA.14
	Sharrad KA.15
	Sharrad KA.16
	Sharrad KA.17
	Sharrad KA.18

