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Abstract

The southwest Yilgarn Craton has received little attention from mineral explorers, relative to the
eastern part of the craton, due to limited bedrock exposure, private land ownership, and a perceived lack
of prospectivity. In 2010, granite-gneiss-hosted, bulk-tonnage Cu-Mo-Ag mineralization was discovered
at Calingiri, 120 km north-northwest of Perth, adjacent to a domain boundary in the southwest of the
craton. The majority of mineralization is contained within three granite-gneiss-hosted deposits (Bindi,
Dasher and Opie), which have a combined Indicated and Inferred Resource of 529 Mt grading 0.27%
Cu (1.4 Mt contained Cu), 54 ppm Mo, 1.33 ppm Ag and 0.02 ppm Au. The smaller Ninan deposit is
hosted in the ca. 3010 Ma Wongan Hills greenstone belt.

The Dasher mineralization is hosted in a 3010 + 4 Ma (SHRIMP U-Pb zircon) High-Ca biotite
monzogranite that is compositionally banded (Sgan). An early foliation (S1) in the monzogranite is cut
by discrete 3010 + 4 Ma (SHRIMP U-Pb zircon) syenogranite intrusions that are also affected by S;.
The resultant granite-gneiss (sensu lato) was intruded by a pair of ~150 m wide, unmineralized granite
(sensu stricto) dikes at 2673 £+ 5 Ma (SHRIMP U-Pb zircon). D, ~east-west compression and
~synchronous upper amphibolite facies metamorphism occurred after ca. 2673 Ma as indicated by: (1)
peak metamorphic sillimanite in the S; foliation; and (2) trace sillimanite and garnet in the granite dikes.
At Dasher, D; resulted in west-verging F, folds of Sgan, S1 and the granite dikes. The district-scale,
granite-gneiss mineralized corridor (Opie through Dasher to Bindi) was also folded during Da.

Early, Mo-dominant mineralization at Dasher was synchronous with D1, as evidenced by quartz-
feldspar-molybdenite veins being affected by isoclinal F1 folds, and Re-Os geochronology on
molybdenite in that setting giving an age of ca. 2997-2957 Ma. The main stage of copper-dominant
mineralization occurred late- to post-Ds, as evidenced by sulfide stringers and quartz-sulfide stockwork
veins that are parallel to, or cross-cut S;. Mineralization is associated with Dy high-strain zones, at all
scales. All mineralized veins are affected by F folds, confirming implications from geochronology that
Cu-Mo-Ag mineralization at Dasher was pre-D», and pre-peak metamorphic.

Syn-mineralization hydrothermal alteration assemblages at Dasher were recrystallized during
peak metamorphism. A widely developed biotite-garnet-sillimanite-magnetite assemblage represents a
plagioclase-destructive hydrothermal alteration (including original sericite-chlorite) that depleted Na
and Ca in the granite-gneiss, creating Al-rich to peraluminous bulk compositions. Metamorphic
recrystallization produced the observed garnet- and sillimanite-bearing assemblages. A localized
granoblastic quartz-microcline-plagioclase-sillimanite assemblage likely represents recrystallized
hydrothermal K-feldspar alteration. Metamorphosed hydrothermal alteration assemblages suggest peak
metamorphic P-T conditions of ~660°C to 800°C and <10 kbar at Dasher. Dehydration reactions during
peak metamorphism may have initiated partial melting, producing pegmatoidal mineralized leucosome
veins.

The Calingiri Cu-Mo-Ag deposits have grade-tonnage profiles, metal distributions and
hydrothermal alteration characteristics that are comparable to those of Phanerozoic porphyry Cu-Mo
deposits. The discovery of the Calingiri mineralization reveals the latent mineralization potential of

little-explored Archean granite-gneiss terranes.
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Introduction

The Calingiri Cu-Mo-Ag deposits, 120 km northeast of Perth, Western Australia (Fig. 1),
are of a style not recognized elsewhere in the Archean Yilgarn Craton: disseminated, bulk-
tonnage mineralization hosted primarily in garnet-bearing granite-gneiss (sensu lato).
Consolidated Indicated and Inferred Resources for Calingiri currently stand at 529 Mt grading
0.27% Cu (1.4 Mt contained Cu), 54 ppm Mo, 1.33 ppm Ag and 0.02 ppm Au, at 0.15% Cu
cut-off (Caravel Minerals Ltd, 2016). The metal associations and tonnage-grade profile are
comparable to those of Phanerozoic porphyry Cu-Mo deposits (Fig. 2).

The four deposits that make up Calingiri lie along a corridor extending 20 km south from
the Wongan Hills greenstone belt (Fig. 3). Although outcropping Cu mineralization at the
greenstone-hosted Ninan deposit has been drilled sporadically since 1975 (Lipple, 1982), the
larger granite-gneiss-hosted deposits — Bindi, Dasher and Opie — were only discovered recently.
Dominion Mining Ltd intersected primary mineralization at Bindi and Opie (then Bartel and
Chapman, respectively) in 2010, when they drilled coincident Cu and Mo soil anomalies
initially generated from roadside soil sampling that covered ~120,000 km? of the southwest
Yilgarn Craton (Dominion Mining Ltd, 2010). The current project owner, Caravel Minerals
Ltd, discovered the primary mineralization at Dasher in 2013 (Caravel Minerals Ltd, 2013).

The discovery of the Calingiri deposits, on farming land not previously subject to mineral
exploration, illustrates the potential for non-prescriptive exploration, focused on major crustal
structures, to produce discoveries that are unusual in both location and style. It also contributes
to a recent trend of significant mineral discoveries in high-grade metamorphic terranes, where
structural and mineralogical complexity have inhibited previous explorers — e.g. the Tropicana
Au deposit (Doyle et al., 2015) and the Nova-Bollinger Ni-Cu deposit (Maier et al., 2016) in
the Albany-Fraser Orogen, Western Australia, and the Borden Au deposit in the Kapuskasing
Structural Zone, Ontario (Palmer et al., 2015).

The data density (diamond drill holes, outcrop) at Calingiri is sparse, making rigorous
spatial analysis of the mineral system difficult. This study therefore focuses on constraining the
relative and absolute (where possible) timing of lithological, structural, metamorphic and

mineralization events, with an emphasis on the Dasher deposit.
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Fig. 1. Bouger gravity image (data from http://www.dmp.wa.gov.au) showing the Calingiri deposits in
relation to terrane boundaries (thick solid lines), domain boundaries (thick dashed lines), and high-grade
metamorphic rocks (thin dashed lines) in the southwest Yilgarn Craton. Boundaries modified from Wilde et al.
(1996), Cassidy et al. (2006) and Mole et al. (2012). YCRL = Yandanooka-Cape Riche Lineament. Gold and/or
base metal mineral deposits (white circles) and prospects (white squares) are shown. Bd = Boddington, Bg =
Badgebup, CF = Centre Forrest, Df = Deflector, GF = Griffin’s Find, GG = Golden Grove, Ha = Harrisons, MM
= Mt Mulgine, Rv = Ravensthorpe, We = Westonia.
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Fig. 2. Tonnage-grade characteristics of the Calingiri resource, against porphyry Cu and porphyry Cu-Mo

The granitic, volcanic and sedimentary rocks that comprise the Yilgarn Craton formed

principally between 3.0 and 2.6 Ga, and have been divided into a number of distinct terranes

and domains, based on stratigraphic, structural, geochemical and geochronological constraints

(Cassidy et al., 2006). In this paper, the Wongan Hills greenstone belt and the granite-gneiss

rocks to its immediate south, are assigned to the Lake Grace Domain of the South West Terrane

(Fig. 1), based on terrane boundaries proposed in Cassidy et al. (2006) and domain subdivisions

proposed by Mole et al. (2012). The study area is immediately east of the Yandanoooka-Cape

Riche Lineament (YCRL) (Dentith and Featherstone, 2003), a major north-northwest-trending,

east-dipping geological (Wilde et al., 1996) and geophysical feature (Middleton et al., 1995;

Dentith et al., 2000), most clearly defined by a sharp fall in regional Bouger values, going west

to east (Fig. 1). Based on spatial analysis of SHRIMP U-Pb zircon ages of southwest Yilgarn

granites, Mole et al. (2012) proposed that their Balingup and Lake Grace domains were
amalgamated across the YCRL at ca. 2650-2640 Ma, but also noted evidence that the YCRL
had been a significant tectonic boundary at several times ca. 3200 Ma. Nemchin et al. (1994)



proposed that the YCRL marked the western limit of a parallel belt of high-T, low-P granulite
facies metamorphism (Fig. 1) that occurred at ca. 2649-2640 Ma, based on conventional U-Pb

analysis of metamorphic zircons in mafic granulites.
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Late-tectonic granite % F2 fold axis
/

|:| Granite-gneiss % F1 fold axis

. ‘Wongan Hills greenstone belt /GQS/ Dip of compositional layering

. Interleaved greenstone, granite-gneiss // Trend of compositional layering

Geochronology site with crystallization \;" Northern limit of abundant garnet
age (Pidgeon et al., 1990 ¢ (Lipple, 1982)

T
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+

+

Fig. 3. Schematic lithological and structural interpretation of the Calingiri mineralized district, based on

outcrop mapping and drill hole analysis completed in this study, and the interpretation of Lipple (1982).



Geology of the Wongan Hills region

The Wongan Hills greenstone belt (Fig. 3), host to the Ninan deposit, comprises mafic to
felsic volcanic and volcaniclastic rocks, intercalated with metasedimentary rocks, including
banded iron formation (BIF) (Lipple, 1982). A minimum age of 3010 £ 7 Ma is estimated for
greenstone deposition, based on SHRIMP and conventional U-Pb zircon analysis of a felsic
porphyry that intrudes the sequence (Fig. 3; sample ‘W1’ of Pidgeon et al., 1990). Peak
metamorphic P-T conditions of ~660°C and ~2 kbar (Blight, 1977) are estimated to have
affected the highest-grade southern end of the belt, where garnet is most abundant (Fig. 3;
Lipple, 1982). There are no geochronological constraints on the absolute age of this peak
metamorphic event. Greenschist facies retrogression has been dated at 2646 + 11 Ma, based on
conventional U-Pb analyses of cogenetic titanite (Pidgeon et al., 1990). Limited work on the
structural evolution of the Wongan Hills greenstone belt suggests that an early phase of isoclinal
folding, transposition and shearing, has been refolded by north-trending open folds (Fig. 3;
Carter and Lipple, 1982; Lipple, 1982). The absolute ages of these deformation events are
unconstrained.

The granite-gneiss rocks south of the Wongan Hills greenstone belt (Fig. 3), are poorly
exposed, and have not been subject to any detailed studies. Regional 1:250,000 scale mapping
(Carter and Lipple, 1982) describes variation between even-grained, porphyritic and K-feldspar
megacrystic variants of biotite- (primarily) and hornblende-bearing granites in this region.
SHRIMP U-Pb zircon geochronology on a granite-gneiss 5 km northeast of the Bindi deposit
(then undiscovered) resulted in an interpretation of igneous crystallization at 2997 + 47 Ma,
followed by partial anatexis and gneiss formation at 2800 + 9 Ma (Fig. 3; sample ‘W7’ of
Pidgeon et al., 1990). A 2651 + 4 Ma post-tectonic granite intrusion (SHRIMP U-Pb zircon;
sample ‘W6’ of Pidgeon et al., 1990) forms the eastern margin of the Wongan Hills greenstone

belt and the granite-gneiss rocks to its south (Fig. 3).

Gold and base metal mineralization in the southwest Yilgarn Craton

In the southwest Yilgarn Craton (Fig. 1), there are no known mineral deposits that are
directly analogous to Calingiri, in terms of metal association, tonnage-grade profile and host-
rock characteristics (Table 1). However, elements of the Calingiri mineralization are observed
in other deposits in the region — e.g. high grade metamorphic host rocks, and deposits with
significant Cu and/or Mo content (Table 1). Mineralization genetically linked to ca. 3.0 Ga host

rocks is present in the western Youanmi Terrane (Fig. 1), at the Ravensthorpe Cu-Au-Ag-Pb-



Zn deposits (Witt, 1998), and at the Golden Grove Cu-Zn-Pb-Ag-Au VMS deposits (Sharpe
and Gemmell, 2002).

High-grade metamorphic rocks parallel to the YCRL host Au mineralization where the
mineralizing event is interpreted to have occurred prior to, or synchronous with, the ca. 2649-
2640 Ma metamorphic peak (Fig. 1; Table 1). The Griffin’s Find Au deposit was considered
the type-example of ~syn-peak, granulite facies, orogenic mineralization in a crustal-continuum
model (Barnicoat et al., 1991; Groves, 1993), but several workers have since concluded that it
is a lower temperature deposit that has been subjected to granulite facies metamorphism (e.g.,
Alach, 1997; Tomkins and Grundy, 2009). Felsic granulite-hosted Au mineralization at
Badgebup is interpreted to be the result of high-grade metamorphism of existing, lower
metamorphic grade mineralization (Blackburn et al., 1990), though detailed studies are lacking.
Limited exploration of Au-Cu mineralization at the Centre Forrest prospect shows that it is
located in quartz-sulfide veins within mafic granulites, and is of either pre-peak or syn-peak

metamorphic origin (Brauhart and Swager, 2003; May, 2006).

Methodology

Outcrop within the ~20 x 3 km Calingiri mineralized trend was mapped onto aerial photo
bases at 1:5000 scale, with notes and structural measurements (n = 179) recorded at each
locality (Appendix 3). Detailed 1:100 scale mapping was undertaken over a granite-gneiss
pavement 1 km south of Dasher (Appendix 4). Caravel Minerals Ltd provided aeromagnetic
imagery that enabled solid geology interpretation.

There were only four diamond drill holes into the granite-gneiss mineralization at the time
of this study: three from Dasher (12CADDO001, 12CADDO002 and 14CADDO001) and one from
Bindi West (14CADDO002). These drill holes, along with two historic diamond drill holes from
Ninan (0BWHDDHO001 and DWN4), were graphically logged (Appendix 13). Structural
measurements from the core (n = 403; Appendix 6) were recorded using alpha-beta-gamma
angles. Selected samples of the different lithologies, hydrothermal alteration zones and
mineralization styles were taken from the drill core (details in Appendix 5), and these samples
were used for detailed transmitted and reflected light petrography (46 thin-sections, oriented
where possible; Appendix 12), whole-rock geochemistry, mineral chemistry and

geochronology.



Table 1. Characteristics of mineralization in the southwest Yilgarn Craton (Fig. 1). References are: (1)

Cassidy et al. (1998); (2) Barnicoat et al. (1991), Groves (1993), Alach (1997), Tomkins and Grundy (2009); (3)

Blackburn et al. (1990); (4) Allibone et al. (1997), Stein et al. (2001); (5) Sharpe and Gemmell (2002); (6)
Muhling and Low (1977), Doray Minerals Ltd (2016); (7) Savage et al. (1995), Witt (1998); (8) Duuring et al.

(2007); (9) Brauhart and Swager (2003), May (2006); (10) Baxter and Harris (1979).

Locality Host rocks Principal Mineralization style Peak metamorphic grade Timing of mineralization with | Ref.
and status and age metals and age (if constrained) and age respect to peak metamorphism
MINES
Westonia (active) Granitoid, 2808+6 Ma Au Orogenic, >ca. 2637 Ma dykes | Upper amphibolite facies, >ca. Syn-peak to post-peak 1
2637 Ma dykes
Griffin's Find (inactive) | Mafic granulite, <ca. Au Orogenic, > ca. 2627 Ma Granulite facies, 2627+12 Ma Pre-peak or syn-peak 2
2790 Ma metamorphism
Badgebup (inactive) Mafic granulite, <ca. Au Orogenic? Granulite facies, 2629+10 Ma Pre-peak or syn-peak 3
2790 Ma
Boddington (active) | Greenstone, ca. 2714- | Au-Cu-Mo | Orogenic, intrusion-related, | Upper greenschist facies, ca. Pre-peak and post-peak 4
2675 Ma early phase at 272624 Ma, 2640 Ma (inferred from mineralization
late phase at 2629+34 Ma and metamorphic ages)
Golden Grove (active) | Greenstone, ca. 2960- | Cu-Zn-Pb- VMS, ca. 2960-2941 Ma Greenschist facies, <ca. 2941 | Pre-peak (inferred fromVMS | 5
2941 Ma Ag-Au Ma. origin)
Deflector (active) Greenstone, uncertain | Au-Cu Orogenic? Upper greenschist to lower Uncertain 6
age amphibolite, uncertain age
Ravensthorpe (inactive) | Calc-alkaline intrusive/ | Cu-Au-Ag- | Predominantly syn-volcanic, Middle greenschist to upper Pre-peak 7
extrusive, ca. 2950- Pb-Zn ca. 2950-3000 Ma amphibolite facies, prior to ca.
3000 Ma 2650 Ma
PROSPECTS
Mt Mulgine Syenogranite, 2767+10 [ Mo-W Intrusion-related, inferred ca. | Amphibolite facies, uncertain Syn-peak 8
Ma, and adjacent 2767 Ma with granitoid age (syn-intrusion?)
greenstone
Centre Forrest Mafic granulite, Au-Cu | Quartz-sulphide veins in mafic | Granulite facies, likely ca. 2649- Pre-peak or syn-peak 9
uncertain age granulite, uncertain age 2640 Ma event
Harrison's Gneissic greenstone Cu-Mo | Disseminated and stockwork, Lower amphibolite facies Post-peak 10

and granite, uncertain
age

uncertain age




Whole-rock geochemical analysis of 16 samples was completed at ALS Minerals in Perth,
in order to constrain the major oxide, trace element and rare earth element (REE) characteristics
of type lithologies (Appendix 7). Sample preparation involved crushing and pulverizing to a
nominal 85% passing 75 um. Major element oxides were determined by fused disk XRF, while
trace and REE elements were determined by a combination of lithium borate fusion, four acid
digest and aqua regia with ICP-MS or ICP-AES finish (ALS Minerals method CCP-PKGO03).
ALS Minerals conducted QA/QC checks on certified standards and blanks, plus laboratory
duplicates of two samples from this study. All analyses returned results within the laboratory’s
acceptable ranges, defined as ‘“concentration # (precision expectation of method x
concentration)”. Caravel Minerals Ltd provided four-acid digest, multi-element geochemistry
covering part of the logged diamond drill holes (Appendix 8). Mineral chemistry information
from two thin-sections (Appendix 9) was collected on the TESCAN VEGAS3 scanning electron
microscope (SEM) instrument at the Centre for Microscopy, Characterisation and Analysis
(CMCA) at UWA.

SHRIMP U-Pb dating of zircon was completed in collaboration with the Geological
Survey of Western Australia (GSWA), on four samples selected by the author (Appendix 10).
Geotrack International Pty Ltd completed mineral separation on each 2-3 kg sample, and
forwarded the zircons to the GSWA for mounting and imaging. U-Pb zircon analysis was
undertaken on the SHRIMP instrument at the John de Laeter Centre (JDLC) at Curtin
University, Western Australia. Two molybdenite-rich samples were selected by the author for
Re-Os dating at the JDLC (Appendix 11). The Carius tube technique was used, with 80s-1%0s
double spike, and mass spectrometry on a TIMS Triton™ instrument.

Mineral abbreviations used in figures within this paper are:

Ab = Albite

Als = Aluminosilicate
Am = Amphibole

Bt = Biotite

Chl = Chlorite

Cpy = Chalcopyrite
Cpx = Clinopyroxene

Ep = Epidote

Grt = Garnet

Gru = Grunerite

Mc = Microcline

Mo = Molybdenite
Ms = Muscovite

Mt = Magnetite

Opx = Orthopyroxene
Pl = Plagioclase

Po = Pyrrhotite
Py = Pyrite

Qtz = Quartz
Ser = Sericite
Sil = Sillimanite
St = Staurolite
Su = Sulphide



All directions and structural data are relative to GDA94 MGA Zone 50 South. Structural data
are given in ‘dip/dip direction’ format for planar features (e.g., 50/200) and ‘plunge—trend’

format for linear features (e.g., 50—200).

Calingiri District Structural Geology

The ~20 x 10 km granite-gneiss domain south of the Wongan Hills greenstone belt (Fig.
1) is a >3 km true thickness (estimated) granitoid that is compositionally banded (Sgan) and
contains a pervasive biotite-defined foliation (S1) that is variably gneissic. The Wongan Hills
greenstone belt structurally overlies the granite-gneiss domain in the north, based on the
northwest dip of layering present in supracrustal rocks near Ninan, and the plan-view trace of
the north-plunging, second-generation antiform interpreted by Lipple (1982) (Fig. 3). The
southern and eastern margins of the granite-gneiss domain are structurally underlain by a
greenstone sequence that is spatially separated from the Wongan Hills greenstone belt (Fig. 3),
but is similarly dominated by amphibolitic mafic-ultramafic rocks and BIF horizons. A
pervasive foliation developed sub-parallel to layering in all greenstones is correlated here with
S1 in the granite-gneiss domain. The S: foliation is axial planar to isoclinal folds in the
southeastern greenstone sequence (Fig. 3). Greenstone rocks near Ninan deposit have a well-
developed stretching lineation (L1) on the S; fabric.

Fold and deformation fabric relationships observed in the granite-gneiss, the Wongan
Hills greenstone belt, and the southeastern greenstone sequence suggest a significant shared
structural history between these domains. Compositional layering and S; vary in orientation
throughout the district (Fig. 4A), due to the modification by north-south-trending, open folds
(F2), which generally plunge to the north (Fig. 4B) and have a weakly developed axial planar
foliation (S2). The southern tip of the granite-gneiss domain is a kilometer-scale moderately
north-plunging F2 synform, here termed the Opie synform (Fig. 3). A double-plunging F> dome
south of Bindi is here termed the Bindi antiform (Fig. 3). Similar structural features are
observed at deposit scale, and these are annotated with the D1 and D> terminology used here.
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(pole to the great circle) is an approximation of the plunge of regional F; folding.

Geological Setting of the Dasher Cu-Mo-Ag Deposit
The Dasher deposit (Fig. 3) was studied as the type-example of granite-gneiss-hosted Cu-

Mo-Ag mineralization at Calingiri. The lithostratigraphic, structural and metamorphic
characteristics of Dasher are described separately below, followed by a discussion of the

relative timing of these events.

Lithostratigraphy

The Dasher mineralization is hosted by a 100-150 m thick zone of biotite-bearing granite-
gneiss (sensu lato), which is sharply bound on its hangingwall and footwall sides by moderately
east-dipping, biotite granite dikes (sensu stricto; Fig. 5). These units are termed the Dasher
granite-gneiss and Dasher granite dikes, respectively.

Dasher granite-gneiss: The Dasher granite-gneiss is a compositionally and texturally
banded granitoid, which preserves some relict igneous textures. The dominant component of
the granite-gneiss is a variably K-feldspar-phyric, biotite-bearing granitoid that ranges between
monzogranite and granodiorite composition (Fig. 6), based on modal mineralogy of quartz (10-
25 vol%), microcline (15-35 vol%), plagioclase (oligoclase, 30-60 vol%), and biotite (5-15
vol%), with accessory zircon, apatite and monazite. Granoblastic recrystallization is common
(Fig. 7A), but relict subhedral, poikilitic K-feldspar phenocrysts up to 10 mm in size remain
evident as aggregates of microcline grains. Intervals of the typical K-feldspar-phyric granite-

gneiss phase grade in and out of biotite-rich intervals (to 30 vol% biotite), and variably
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megacrystic intervals, with K-feldspar phenocrysts up to 30 mm in size. In 122CADDO001 and
14CADDO001, a distinctive quartz-phyric biotite syenogranite cuts across weak S; foliation in
the monzogranite (Fig. 7B), and is interpreted to be a younger intrusive phase. The modal
mineralogy of the syenogranite (Fig. 6) is quartz (30 vol%), microcline (45 vol%), plagioclase
(oligoclase, 20 vol%) and biotite (5 vol%), with accessory zircon, and it is recrystallized to a
granoblastic texture. The granite-gneiss commonly contains 5-50 mm wide, coarse-grained,
quartz-plagioclase-microcline (biotite-absent) bands (Figs. 7C, 7D). These are most common
in foliated and biotite-rich intervals, and are interpreted to be leucosomes derived from partial
melting of the granite-gneiss.

Dasher granite dikes: The hangingwall and footwall granite dikes are both constrained to
less than ~150 m in thickness, based on drill hole and outcrop observations (Fig. 5), and have
sharp, low-strain contacts with the granite-gneiss (Fig. 7E). The dikes vary between
syenogranite and monzogranite composition (Fig. 6), based on a modal mineralogy of quartz
(25-42 vol%), microcline (35 vol%), plagioclase (oligoclase, 15-32 vol%) and biotite (8 vol%),
with accessory zircon and apatite. Granoblastic recrystallization is evident, but poikilitic quartz
and microcline grains (to 5 mm) in the dikes are interpreted to be relict igneous phenocrysts.
There is no evidence of the compositional banding that is common in the granite-gneiss.

Other lithologies: The Dasher granite-gneiss contains lenses of mafic ortho-amphibolite
(Fig. 7F) that are up to 15 m wide, and have a modal mineralogy of hornblende (55 vol%),
plagioclase (45 vol%) and minor quartz. These mafic lenses are deformed by the earliest
structural events, and may be remnants of the southeastern greenstone belt sequence (Fig. 3)
entrained in the granite-gneiss during its intrusion.

Two generations of granitoid dikes cut the granite-gneiss, but are not observed to cut the
granite dikes. Sub-horizontal and steeply east-northeast-dipping biotite monzogranite dikes, up
to a few meters wide, cut Sgan, S1 and mineralized veins in the granite-gneiss. Irregular dikes
of coarse-grained, biotite-poor granite (sensu stricto), also up to a few meters wide, intrude the
granite-gneiss within and outside of the deposit area, commonly migrating across Sgan. These
dikes may be leucosomes derived from partial melting of the granite-gneiss, or a separate
magmatic event. Subhorizontal, muscovite-bearing pegmatite dikes (up to 3 m wide) are the
youngest likely Archean intrusions at Dasher. Dolerite dikes of interpreted Proterozoic age cut
all other lithologies, and occur in three principal orientations: (1) sub-vertical, north-striking;

(2) sub-vertical, east-striking, and; (3) sub-horizontal.
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Fig. 5. Block diagram summarizing lithological, structural, metamorphic and mineralization relationships

at Dasher, based on a cross-section through 12CADDO01. Other holes are projected to the section. Proterozoic
dolerite dikes are not shown, for clarity.
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Fig. 7. Dasher host rock features. (A) Photomicrograph (cross-polarized) showing polygonal granoblastic
texture of plagioclase, with 120° triple-junctions pinned to biotite grains in places. Sample CALO050. (B) Contact
between monzogranite and syenogranite components of the granite-gneiss, with the syenogranite cutting weak S;
in the monzogranite. SHRIMP U-Pb zircon samples were taken from either side of this contact. 12CADDO001,
138.5 m. (C) Leucosome-melanosome bands in granite-gneiss south of Dasher. 6566260N 463980E. (D) Biotite-
poor in situ leucosome in granite-gneiss, preserving relict S; foliation. 122CADDO001, 288.0 m. (E) Low strain
intrusive contact between the hangingwall granite dike (right) and mineralized granite-gneiss (left). 14CADDO001,
437.3 m. (F) Mafic ortho-amphibolite, with S; crenulated by S,. 14CADDO001, 445.6 m.
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Geochronology

SHRIMP U-Pb geochronology was completed on zircon separates from representative
samples of the monzogranite and syenogranite phases of the Dasher granite-gneiss, and the
cross-cutting Dasher granite dikes. Unpublished data and interpretations by Wingate and Lu
(2016) are in Appendix 10. In all samples, the interpreted igneous zircons have elongate and
subhedral-euhedral morphology, and are concentrically zoned. Average 22Th/?38U ratios (given
in brackets for each sample, below), combined with the zircon morphology, are consistent with
the zircons being of igneous origin (Hoskin and Schaltegger, 2003).

The monzogranite (sample CAL024, GSWA ID 205930) and syenogranite (sample
CAL026, GSWA ID 205931) samples were taken from either side of their observed contact in
12CADDO001 (Fig. 7B). Fourteen analyses of 13 zircons from CAL024 yield a weighted mean
207pp/2%pp age of 3010 + 4 Ma (MWSD = 1.4, average 2%°Th/?®®U = 0.51), which is interpreted
to represent the magmatic crystallization age of the monzogranite (Fig. 8). Twenty analyses of
zircons from CAL026 also yield a weighted mean 2°’Pb/?%Pb age of 3010 + 4 Ma (MWSD =
1.5, average 2*2Th/?8U = 0.50), which is interpreted to represent the magmatic crystallization
age of the apparently younger syenogranite (Fig. 8). The identical ages (within error) of these
granitoid phases are consistent with the Dasher granite-gneiss being the product of multiple
intrusive events at ca. 3010 Ma. The results also suggest that the Dasher granite-gneiss is part
of the same granite-gneiss domain as the quartz-feldspar-biotite gneiss at the ‘W7’ locality of
Pidgeon et al. (1990), although the Dasher granite-gneiss lacks the ca. 2810 Ma zircons
attributed to gneiss-formation in ‘W7°.

The Dasher granite dike sample was taken from the hangingwall granite in 144CADDO001
(sample CAL044, GSWA ID 205932). Nine analyses of seven zircons from CAL044 yield a
weighted mean 2°’Pb/?%Pb age of 2673 + 5 Ma (MWSD = 2.4, average 2?Th/?®U = 0.26),
which is interpreted to represent the magmatic crystallization age of the granite dike (). Thirty
analyses of interpreted older zircon cores from this sample yield inherited ages ranging from
3282-2782 Ma, including significant groups at ca. 3011 Ma (the age of the granite-gneiss) and
ca. 2810 Ma. These crystallization and inherited age characteristics are likely applicable to the

visually and geochemically similar footwall granite dike.
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Fig. 8. SHRIMP U-Pb analytical data for zircons from Calingiri granitoid lithologies. Interpreted magmatic
crystallization ages are given on each plot. Modified from Wingate and Lu (2016) in Appendix 10.

Structural setting

The preserved geometries of lithological and structural features at Dasher are the product
of two significant deformation events, detailed below, and the intrusion of the ca. 2673 Ma
granite dikes.

D: structures: Internal to the granite-gneiss, Sean (compositional banding) dips
moderately east-northeast, sub-parallel to the orientation of the granite dikes (Figs. 5, 9A). The
S: foliation, however, is steeper and more northeast-trending than Sgan and the granite dikes,
with mean orientation of 65°/061° (Fig. 10A). This relationship, where S; is acute to Sgan in a
clockwise sense, is also consistently developed in outcrop proximal to Dasher (Fig. 11A). The
Sean-S1 intersection lineation can be inferred to have a ~steep pitch on the plane of Sgan (Fig.

9B), based on the similar dip, but acute strike, of each element in the Dasher area.
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Fig. 9. Stereonets of early structural features at Dasher, from drill core. (A) Poles to Sgan, the pole to mean
S: from Fig. 10A, and great circles relating to an Sgan/S: ‘pair’, along with its intersectional plunge. Sgan iS
generally more north-striking than S;. (B) F; fold axes from folded early veins, on great circles representing their

axial planes. Plunges are variable, but have some similarity to the Sgan/S1 intersection plunge.

The S; foliation is most clearly defined by the alignment of biotite grains in the granite-
gneiss. Strain in this deformation phase is heterogeneously developed, with increasing strain
characterized by the segregation of biotite-rich bands and quartz-feldspar-rich bands into a
gneissic fabric (Fig. 11B). In high-strain zones affecting porphyritic granite-gneiss, biotite
deflects around microcline phenocrysts, but there is no clear rotation of the phenocrysts, or
asymmetry in the foliation. The L1 stretching lineation was not observed on S; at Dasher.

Early quartz-feldspar + sulfide veins at Dasher are deformed in tight to isoclinal folds
where S; is the axial planar foliation, and these are therefore interpreted to be F1 folds (Fig.
11C). Fold axes of these folded veins show an inconclusive spread of orientations (Fig. 9B) that
is the product of the original, unfolded geometry of the veins (unknown) and reorientation by
F2. No significant Fy folds of granite-gneiss units were recognized. The consistent vergence
relationship between SGN and Sy in core and outcrop around Dasher (e.g. Fig 11A) suggests
that, overall, the deposit is located on a single limb of a kilometer-scale F; fold.

D> structures: At regional scale, Dasher lies on a west-verging F2 limb, with the Bindi
antiform to the west and the Opie synform to the east (Fig. 3). At the deposit scale, this setting
is reflected by the development of open, west-verging F. folds, which have a significant
influence on the preserved geometry of the host rocks (Figs. 5, 11D, 11E). The spread of S:
foliation orientation away from the mean of 65°/061° occupies a fold-related girdle with a beta-

axis orientation of 13°—341° (Fig. 10A). This approximation of the plunge of F. folds at Dasher
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is consistent with measurements of individual F> fold axes, the intersection of the average S:

and S orientations (Fig. 10C), and the district-scale plunge of F> folds (Figs. 3, 4).
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Fig. 10. Stereonets of D; and D, features at Dasher, from drill core. (A) Poles to Si, showing a fold-related
distribution. The pole to the best fit girdle (beta-axis) approximates the plunge of the folds responsible. (B) Poles
to Sy and a late crenulation cleavage. (C) Measured F fold axes, the beta axis from Fig. 10A, and great circles of
mean S; and Sy, from Fig. 10A and Fig. 10B, respectively. All data are consistent with north-northeast-trending,
gently plunging F; folds. (D) Poles to weak foliation in the granite dikes in 14CADDOQO01, showing a fold-related
distribution. The pole to the best fit girdle (beta-axis) approximates the plunge of the folds responsible, and

suggests an F; influence.
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outcrop. 6567756N 465187E. (B) Effects of increasing strain on the same granite-gneiss, including development
of Si-parallel leucosomes at high-strain. 14CADDO001, around 468.0 m. (C) Early quartz-feldspar-sulfide vein
affected by tight-isoclinal, ptygmatic F; folding, where S; is axial planar. Coarse garnet overgrows Si.
14CADDO001, 449.4 m. (D) View north at west-verging F. folds of S;-parallel pegmatoidal veins in drill core,
including refolding of a tight F; fold. 122CADDO001, 54.8 m. (E) Scanned thin-section showing fine west-verging
F, folds of S;-aligned biotite, and light pink garnet overgrowing S:. Sample CAL022. (F) Biotite-chlorite and
sillimanite developed in both the S; and S, orientations in microcline- and sillimanite-rich granite-gneiss.
12CADDO002, 77.6 m.
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In detail, F> folds at Dasher are open, concentric folds, with moderately to steeply west-
dipping axial planes (Figs. 5, 11D, 11E). A weakly developed axial planar foliation, Sy, has an
average orientation of 66°/265° (Fig. 10B), and is defined by alignment of biotite and of
fibrolitic sillimanite masses, where present (Fig. 11F). 122CADDO001 was drilled down the F
long-limb orientation, and intercepts a number of ~50 m long F short-limbs, defined by sub-
horizontal to gently west-dipping S1 (Fig. 5). The orientation of F. folds and the S» foliation are
suggestive of ~east-west compression during the D> event.

Other structural features: In 14CADDO001, S is locally crenulated about ~30° east-
dipping axial planes, to create reclined gently-plunging folds (Fig. 5). The relative timing
between this crenulation and D> is not clear from this study. In 12CADDO001, a 2 m wide
tectonic breccia, oriented ~80°/330°, cross-cuts the mineralized granite-gneiss, and contains
pre-foliated xenoliths of it. The distinctively brittle structural style of this zone, and the
associated retrograde chlorite-sericite-epidote mineral assemblage, indicate that this is a late

feature.

Metamorphism

The granite dikes, and unmineralized examples of the granite-gneiss at Dasher, are
recrystallized and variably granoblastic, as discussed above, but their interpreted primary
igneous mineralogy is generally intact (quartz-plagioclase-microcline-biotite). Proximal to
mineralization, however, the granite-gneiss has an equilibrium assemblage of quartz-
microcline-plagioclase-garnet + sillimanite (Fig. 12A). This is interpreted to be a
metamorphosed hydrothermal alteration assemblage, and is discussed in more detail later in
this paper. Nevertheless, the garnet-sillimanite-bearing assemblage provides general constraints
on peak metamorphic conditions at Dasher, and is supported by the presence of trace garnet and
sillimanite in the unmineralized Dasher granite dikes (Fig. 12B). The presence of sillimanite
suggests high-T, low-P (<10 kbar) series metamorphism (Spear, 1995) that reached at least
middle amphibolite facies (>500°C). The lack of metamorphic pyroxene in the mafic
amphibolite lenses, together with the stability of biotite in the granite-gneiss, suggests that peak
T did not exceed ~800°C (Spear, 1995).
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Fig. 12. Dasher metamorphic features. (A) Photomicrograph (cross-polarized) of typical peak metamorphic
equilibrium assemblage in granite-gneiss, with sillimanite as fine needles on the margins of quartz and feldspars,
but also as fibrolitic pseudomorphs of biotite. Sample CAL019. (B) Garnet and sillimanite in the footwall granite
dike. Garnet from 14CADDO001, 561.9 m. Sillimanite is a photomicrograph (plane-polarized) from sample
CALO45.

Greenschist facies retrograde metamorphism is evident in all Archean lithologies at
Dasher, but its intensity is heterogeneous. In least-retrogressed examples of the granite-gneiss,
biotite is partly replaced by chlorite-sericite-ilmenite, feldspars are dusted with fine sericite,
and garnet (where present) is pristine. More intense retrogression is typically focused around
pre-existing or late-tectonic structures, and is characterized by increasing replacement of biotite

and feldspars by chlorite-sericite + epidote + calcite, and chlorite retrogression of garnet.

Relative and absolute timing of intrusive, deformation and metamorphic events

The D deformation event was likely occurring at ca. 3010 Ma, during the intrusion of
the ~monzogranite pre-cursor to the Dasher granite-gneiss. This is indicated by the CAL026
biotite monzogranite (3010 + 4 Ma; SHRIMP U-Pb zircon) containing foliation that is cut by
the CAL024 syenogranite (Fig. 7B), which itself returned the same magmatic crystallization
age. The Dasher granite dikes are not affected by Si1, constraining the end of D1 event to older
than ca. 2673 Ma (the age of the dikes; SHRIMP U-Pb zircon). Ubiquitous garnet overgrowth
of Si1 (Figs. 11C, 11F) constrains peak metamorphism to a post-D; age. Peak metamorphic
sillimanite overgrows Si-aligned biotite, but also occurs in masses aligned to Sz (Fig. 11F). The
critical latter structural-metamorphic texture indicates that sillimanite grew during or after Do,
and provides a temporal link between high-grade metamorphism and D, ~east-west
compression.

On the present drilling density at Dasher, the relationship between the granite dikes and
deposit-scale F> folding is equivocal. However, a weak foliation developed inside the dikes has
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a spread of orientations that lies on a girdle with a north-plunging beta-axis (Fig. 10D), similar
to Fo-related redistribution of S; orientations in the granite-gneiss (Fig. 10A). That observation,
together with the presence of trace garnet and sillimanite in the dikes, suggests that they are
folded, and likely intruded pre- to syn-D.. On that basis, D, deformation and peak

metamorphism likely occurred at, or after, ca. 2673 Ma.

Mineralization, Hydrothermal Alteration and Modification of the Dasher Cu-Mo-Ag
Deposit

The current Indicated and Inferred resources at Dasher stand at 137 Mt @ 0.30% Cu (0.40
Mt contained Cu), 72 ppm Mo, 1.69 g/t Ag and 0.02 g/t Au, at 0.15% Cu cut-off (Caravel
Minerals Ltd, 2016). Copper has a strong positive correlation with Ag and Au, as well as with
Bi, Te, and Cd (Table 2; Appendix 8). Molybdenum is poorly correlated with Cu, suggesting a

spatial separation between the two elements, internal to the overall mineralized body (Table 2).

Table 2. Metal associations of the Dasher mineralization, based on Caravel Minerals Ltd four-acid digest data
from the granite-gneiss portions of 122CADDO001 and 14CADDO001 (Appendix 8). Elements are in order of their
correlation coefficient with Cu in a 0.1-1.0% Cu subset. The expected ranges of the metals in the potassic and

deep sericitic zones of porphyry Cu deposits are listed at right, modified from Halley et al., (2015).

Granite-gneiss In granite-gneiss with 0.1-1.0% Cu Range in porphyry Cu
Potassic/Deep sericitic
25th 75th Correlation
Element| Median percentile  percentile with Cu Minimum ~ Maximum Low High
Ag 1.25 0.80 1.94 0.90 0.35 7.87 0.5 50
Bi 0.95 0.555 1.525 0.75 0.2 7.16 0.05 10
Te 0.31 0.20 0.52 0.72 0.10 2.44 0.1 5
Au 0.024 0.13 0.039 0.67 <0.005 0.223 - -
Cd 0.06 0.04 0.13 0.52 0.01 0.42 - -
Zn 23 17 35 0.40 10 90 bkgd 1000
Sn 17 1.3 21 0.38 0.6 4.7 0.5 30
Mo 26.8 9.3 61.0 0.14 1.25 1480 0.5 ore
Mn 671 444 1395 0.13 105 9000 bkgd 5000
As 0.3 0.2 0.6 0.09 0.1 9.3 bkgd 50
w 0.5 5.7 9.0 0.03 0.1 9.9 bkgd 20
Pb 9.4 5.8 14.5 0.03 35 28.3 50 1000
Cs 2.06 1.60 2.49 -0.09 0.51 6.32 bkgd 10
Se N/A N/A N/A N/A <1 6 1 20
Sh N/A N/A N/A N/A <0.05 4.1 bkgd 3
N/A = insufficient data above detection limit - = not specified
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The Dasher resource is entirely contained within a ~1500 x ~150 m (true width) tabular
zone of granite-gneiss preserved between the hangingwall and footwall granite dikes (Fig. 5).
The north-striking, ~50° east-dipping geometry of this zone is controlled by the orientation of
the dikes and overprinting F. folds, and therefore does not represent the original geometry or
extent of mineralization. In the three diamond drill holes studied at Dasher, the entire thickness
of the granite-gneiss preserved between the dikes is mineralized, further suggesting that the true
limits of the mineralized system have not been observed. The geometries, textures and mineral
assemblages preserved internal to the Dasher mineralization are also consistent with them being
significantly modified by post-mineralization structural and metamorphic events. The effects

of this modification are discussed here, where applicable.

Mineralization styles

The styles of mineralization at Dasher are described here in order from the interpreted
oldest to youngest events. The sulfide-oxide species present in each style have some common
characteristics that are applicable, unless otherwise stated. The Cu and Mo is hosted within
chalcopyrite and molybdenite, respectively, with no other Cu or Mo phases present. In Mo-
dominant mineralization (>100 ppm) the molybdenite contains fine inclusions and intergrowths
of chalcopyrite-pyrrhotite, suggesting they are cogenetic (Fig. 13A). In Cu-dominant
mineralization, the sulfide-oxide equilibrium assemblage is chalcopyrite-pyrrhotite-magnetite,
and those three phases have a common anhedral and pitted morphology. Chalcopyrite and
pyrrhotite commonly display lamellar intergrowths (Fig. 13B). Pyrite varies from absent up to
a ~50:50 split with pyrrhotite as the dominant Fe-sulfide, and generally occurs in a subhedral
to euhedral form that appears to overgrow pyrrhotite (Fig. 13B).

Early quartz-feldspar-molybdenite veins: The earliest mineralized veins observed at
Dasher, here termed ‘V1°, are Mo-dominant, granoblastic quartz-microcline + plagioclase *
garnet % sillimanite veins containing molybdenite-chalcopyrite-pyrrhotite + magnetite * pyrite
mineralization (Figs. 13C, 13D). The V1 veins are commonly affected by ptygmatic, tight-
isoclinal folds, where Sy is in the axial plane orientation, constraining them to a pre- to syn-D1
timing (Fig. 13D).

Re-Os geochronology: Re-Os geochronology was completed on molybdenite from two
samples of Mo-dominant mineralization. Unpublished data and interpretations by Tessalina
(2016) are in Appendix 11. Sample CAL009 (12CADD002, 66.64-66.74 m) was taken from an
Si-parallel streak of coarse-grained molybdenite through a granoblastic plagioclase-quartz-

microcline-sillimanite-garnet unit of the granite-gneiss (Fig. 13C). The molybdenite contains
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fine inclusions of cogenetic chalcopyrite and pyrrhotite, and all three sulfides are observed as
inclusions inside large garnet grains (Fig. 13A). A single analysis of this sample yielded a model
age of 2963 £ 12 Ma. Sample CAL047 (14CADDO001, 451.70-451.80 m) was taken from a V1
microcline-quartz-molybdenite vein that is tightly folded, with S; as the axial planar foliation
(Fig. 13D). The coarse-grained molybdenite contains fine inclusions of cogenetic chalcopyrite,
and is intergrown with magnetite and pyrite. Repeat analyses of this sample yielded model ages
of 2977 £ 20 Ma and 2975 £ 27 Ma. The structural constraints on the relative timing of the
CALO047 vein, and the dual analyses, make its ca. 2976 Ma age (narrowest range of 2997-2957

Ma) the best estimate for the onset of the Cu-Mo-Ag mineralization at Dasher.
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Fig. 13. Dasher mineralization features. (A) Photomicrograph (reflected light) of molybdenite-chalcopyrite-
pyrrhotite included in a single large garnet grain. Sample CAL009, also shown in Fig. 13C. (B) Photomicrograph
(reflected light) of anhedral lamellar chalcopyrite-pyrrhotite overgrown by subhedral pyrite. Sample CAL048. (C)
Re-Os geochronology sample CAL009. An Si-parallel streak of coarse molybdenite in quartz-microcline-biotite-
sillimanite-garnet granite-gneiss. Fig. 13A shows sulfides inside large garnet grains at bottom left. Yellow
colouration is weak oxidation. (D) Re-Os geochronology sample CAL047. The mineralized vein is affected by

tight-isoclinal F; folding, where S; is axial planar.
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Main stage Cu-dominant mineralization: Chalcopyrite-dominant variants of the V1 veins
(although still containing molybdenite) are the earliest form of vein-hosted, Cu-dominant
mineralization at Dasher, and are similarly observed to be affected by F1 folds (Fig. 11C). The
main stage of Cu-dominant mineralization at Dasher, however, is dominated by disseminated
and stringer sulfide, and quartz-sulfide veins. Disseminated chalcopyrite-pyrrhotite + pyrite
forms up to 2 vol% of typical mineralized granite-gneiss (~0.2-0.5% wt% Cu). Thin (<2 mm)
sulfide-rich stringers, here termed ‘V2’ veins, are either parallel to (most commonly), or cross-
cut S1, and favour development in S; foliation zones, at all scales (Fig. 14A). Clumps and
streaks of biotite-magnetite associated with V2 veins are composed of biotite grains that
overgrow Sp (Fig. 14A).

The most common quartz-sulfide veins at Dasher are 1-10 mm thick quartz-chalcopyrite-
pyrrhotite-magnetite + pyrite veins, here termed V3’ veins (Fig. 14B). These occur at a density
of up to 3 veins per meter in typical mineralized granite-gneiss (~0.2-0.5% wt% Cu), and are
either parallel to, or cross-cut, S1. Although most V3 veins are narrow, a 2 m wide quartz-
garnet-chalcopyrite-pyrrhotite vein in 122CADDOQOL is interpreted to be part of the same vein
event. A brittle stockwork origin for V3 veins is suggested by their unfoliated margins and
overall planar geometries, but sharp vein-wallrock contacts are not evident. Instead, bands of
evenly sized, rounded quartz grains mark the vein locations, and the vein margins are cuspate-
lobate contacts between quartz-sulfide-dominant vein mineralogy and the quartz-feldspar-
biotite-dominant wallrock mineralogy (Figs. 14B, 14CFig. 14). Sulfide within V3 veins is
interstitial to the quartz, ‘mantling’ the rounded quartz grains in a texture that is characteristic
of this vein style (Fig. 14C). The cuspate-lobate vein margins and sulfide mantling of quartz
grains, suggest that V3 veins are recrystallized.

Quartz-magnetite-garnet-biotite-chalcopyrite-pyrrhotite veins, distinctive for their dark
green colour and very high magnetite (up to 40 vol%) and garnet (up to 50 vol%) contents, are
here termed ‘V4’ veins (Fig. 14D). These are a minor component of mineralization (<1% of the
mineralized volume), but are locally associated with Cu grades of >1.0%. Individual veins range
from 5 cm to 2 m in thickness, have sharp contacts with the granite-gneiss wallrock, and were
only observed parallel to S:. The dark green colour of these veins is due to distinctive green

biotite (pale brown to pale blue-green pleochroism) not observed in any other setting at Dasher.
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Fig. 14. Dasher mineralization features. (A) Sulfide veinlets and disseminations parallel to Si, but with

selvedges of garnet and clumps of random biotite. Pale green retrograde chlorite-sericite is focused around sulfide
grains. 14CADDO001, 490.0 m. (B) Quartz-sulfide stockwork vein cuts S; foliation, with sulfides ‘mantling” quartz.
Note the lack of a sharp vein-wallrock contact. Sample CAL011. (C) Photomicrograph (reflected light) of poorly-
defined lobate-cuspate margin of a quartz-sulfide stockwork vein. Vein sulfides are interstitial to rounded quartz
grains. Sample CAL010. (D) Typical quartz-magnetite-garnet-biotite-chalcopyrite-pyrrhotite vein. Note the
mineralogical banding, and sharp contact with the wallrock. Sample CAL028. (E) Pair of mineralized pegmatite
veins within high-strain, biotite-rich granite-gneiss Note the preference of sulfide for the quartz-rich portions of
the veins. Sample CALO027. (F) Photomicrograph (reflected light) of plagioclase from the mineralized pegmatite
vein in Fig. 14E, showing mineralization included in plagioclase twin planes. This suggests it may have been
trapped in plagioclase as it crystallized. Sample CAL027.

26



The Cu-dominant mineralization at Dasher is interpreted to be a progression from the
early Mo-rich mineralization, based on the mineralogical (quartz-feldspar-sulfide) and
structural (affected by F1 folds) affinities between Mo- and Cu-dominant versions of V1 veins.
However, most of the Cu-rich mineralization is interpreted to be late- to post-D,, as evidenced
by: (1) V2, V3 and V4 veins either parallel to, or cross-cutting, Si1; (2) the focus of
mineralization in S1 high-strain zones; and (3) biotite associated with V2 veins overgrowing S.
This temporal separation of the Mo-rich and Cu-rich mineralization at Dasher likely explains
the poor correlation between Mo and Cu in assay data from the deposit.

Mineralized pegmatite veins: Pegmatoidal quartz-microcline-plagioclase-chalcopyrite-
pyrrhotite = garnet + biotite veins, ranging from 5 to 40 mm in thickness, are present within
some Sz high-strain zones at Dasher, and locally relate to high Cu grades (>1.0 wt%; Fig. 14E).
These veins, here termed ‘V5’, form irregular bands parallel to Si, but are not folded or
boudinaged in that foliation, indicating that they formed after Di. Feldspar-rich (generally
margins) and quartz-sulfide-rich domains (generally centres) are evident internal to the veins
(Fig. 14E). Chalcopyrite-pyrrhotite mineralization in V5 veins is in two forms: (1) anhedral
sulfides interstitial to quartz + feldspar; and (2) fine sulfide inclusions entirely within
plagioclase, including selectively along twin planes (Fig. 14F). The latter texture is not observed
in typical mineralization at Dasher, and suggests that the sulfides were incorporated into the
plagioclase as it crystallized.

The V5 veins are either: (1) external pegmatites, unrelated to mineralization, which have
incorporated sulfide mineralization during their passage through the rock; (2) syn-
mineralization pegmatoidal veins that are part of the Cu mineralization event; or (3) partial melt
leucosomes, derived from mineralized granite-gneiss. The latter origin is supported by the
observation that the granite-gneiss hosting V5 veins is generally biotite-rich (i.e., likely a
melanosome), relative to surrounding rocks (Fig. 14E).

Modification of mineralization during D> and peak metamorphism: The geometry of the
mineralization at Dasher is significantly modified by F, folding, at all observed scales. At
micro- and meso-scale, V1 to V4 veins are folded by overall west-verging F. folds, and in
places, Fi-affected V1 veins are refolded in F> (Fig. 11D). At macro-scale, the entire
mineralized body is folded in west-verging F folds (Fig. 5). The deformation of mineralization
during the ~syn-peak metamorphic D2 event, is strong evidence that mineralization was
emplaced prior to the metamorphic peak, and provides independent support to the ‘old’ 2997-
2957 Ma Re-Os age. Present evidence suggests negligible mechanical or hydrothermal

remobilization of mineralization during D2 and peak metamorphism: (1) sulfide mineralization
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and silicate-oxide hydrothermal alteration reman coincident; (2) sulfide mineralization is
retained within veins, even where they are folded or recrystallized (e.g., Figs. 11C, 13D); and
(3) there no apparent increase of mineralization in Sy high-strain zones or F» fold hinges, either

of which may have indicated syn-D> remobilization.

Hydrothermal alteration

Structural, textural and geochronological evidence presented above suggests that the
onset of Dasher Cu-Mo mineralization occurred at ca. 2976 Ma, and that minimum middle
amphibolite facies metamorphism occurred at or after ca. 2673 Ma. Preserved hydrothermal
alteration assemblages described below are, therefore, the metamorphic products of earlier
hydrothermal alteration.

Biotite-garnet-sillimanite-magnetite alteration: Increased biotite, garnet, sillimanite and
magnetite in the granite-gneiss is the most characteristic distal expression of the Dasher
mineralization. The full equilibrium assemblage within granite-gneiss affected by this
hydrothermal alteration is quartz-microcline-biotite-plagioclase-garnet-magnetite * sillimanite
(Figs. 12A, 15A). Garnet was observed over the full width of the mineralized granite-gneiss at
Dasher, suggesting that the granite dikes likely obscure the true extents of this assemblage.
However, garnet was not observed in granite-gneiss outcrops within ~1 km to the east and
southeast of the Dasher deposit.

Biotite is elevated (vol%) in the mineralized granite-gneiss (Fig. 16), but does not
diagnostically indicate hydrothermal alteration, because it is the principal igneous ferro-
magnesian mineral in the granite-gneiss. In the majority of the granite-gneiss, igneous biotite
remains evident as fine, dark green-brown grains that are uniformly aligned to the S; foliation.
Mineralization-related biotite, however, occurs as coarser clusters and streaks of unaligned,
subhedral grains with an interlocking, decussate texture, perhaps indicative of metamorphic
recrystallization (Fig. 15B; Blatt et al., 2006). This form of biotite also has a distinctive light
red-brown colour in thin-section, likely indicating higher TiO> content than the green-brown
igneous biotite (Hayama, 1959). Preliminary quantitative SEM analyses (Appendix 9) confirm
that mineralization-related biotite has higher FeO/FeO+MgO (0.92) and TiO, (3.48 wit%,
respectively) than the igneous biotite (0.82, and 1.90 wt%, respectively).
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Fig. 15. Dasher hydrothermal alteration features. (A) Granite-gneiss altered to quartz-microcline-
sillimanite-garnet-biotite assemblage. Note the near-complete destruction of biotite. 122CADD002, 158.2 m. (B)
Photomicrograph (plane-polarized) of mineralized vein with clusters of light brown, subhedral, decussate biotite
in its selvedge. Sample CALO048. (C) Photomicrograph (plane-polarized) of quartz-microcline-plagioclase-
sillimanite-garnet-biotite assemblage, with fine biotite included in garnet. Sillimanite occurs as fibrolitic
pseudomorphs of biotite, and as fine prisms enclosed in garnet. Sample CAL022. (D) Photomicrograph (plane-
polarized) showing garnets overgrowing a single chloritized biotite grain and sulfide mineralization. The large
garnet at right includes fine chlorite that is optically continuous with the external chlorite, suggesting that it
overgrew chlorite. Sample CALO031. (E) Granoblastic quartz-microcline-plagioclase-sillimanite, with
characteristic low biotite content. The quartz-sulfide stockwork vein is associated with coarse muscovite that is

selectively replaced by quartz-microcline. Sample CALO54. Inset is a photomicrograph (cross-polarized). (F)
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Photomicrograph (cross-polarized) of polygonal granoblastic microcline, displaying 120° triple-junctions, within

quartz-microcline-plagioclase-sillimanite assemblage. Sample CAL053.

Garnet in this assemblage is pink-red almandine that occurs as subhedral crystals up to 5
mm in size. In typical mineralized granite-gneiss, garnet ranges from 1 to 5 vol% of the rock
(Fig. 16). Preliminary quantitative SEM analyses of representative garnets (Appendix 9) show
that their chemistry ranges between 72-80 mol% almandine, 10-20 mol% spessartine, 3-6 mol%
pyrope and 2-4 mol% grossular. Garnet commonly includes small biotite flakes (Fig. 15C), is
generally more abundant in intervals with increased biotite content (Figs. 14A, 16), and
overgrows Si-aligned igneous biotite (Figs. 11C, 11F, 13C). At least some garnet at Dasher has
overgrown chlorite, as indicated by a rare texture where clusters of garnet overgrow large
chloritized biotite grains (Fig. 15D). This chlorite is unlike the fine retrograde form.

The sillimanite content of this assemblage ranges from trace to 15 vol%. Most of the
Dasher granite-gneiss contains fine sillimanite, and trace sillimanite was also observed in the
granite dikes (Fig. 12B). Where in trace amounts, sillimanite generally occurs as fine prisms
within, or on the margins of, quartz and feldspar grains (Fig. 12A). Discrete intervals (<10 m
true width) of pale cream, sillimanite-rich (to 15 vol%) granite-gneiss are developed around
well mineralized intervals (~0.5% wt% Cu), but are themselves not well mineralized.
Sillimanite in these zones occurs as fibrolitic pseudomorphs of ex-biotite (Figs. 12A, 15A,
15C), and the rock is also abnormally low in plagioclase (<5 vol%). Sillimanite does occur
together with garnet, but in the sillimanite-rich granite-gneiss, garnet is volumetrically minor
(<2 vol%). Where both minerals are present, garnet commonly includes fine prismatic
sillimanite (Fig. 15C).

Disseminated magnetite occurs throughout the mineralized granite-gneiss at Dasher, with
a distribution similar to that of garnet, biotite and sulfide mineralization. The occurrence of
magnetite in this assemblage, in textural equilibrium with chalcopyrite-pyrrhotite, and in
magnetite-rich V4 veins (Fig. 14D), suggests that magnetite is part of the mineralization-related
hydrothermal alteration system. Individual magnetite grains are anhedral to weakly octahedral,
and have resorbed margins in places. Significant Ti content in the magnetite is indicated by the

common exsolution of ilmenite lamellae.
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Fig. 16. Graphic log of the granite-gneiss interval of 14CADDOO01. See Fig. 5 for drill hole location. Ductile

strain, garnet abundance, biotite abundance and Na depletion correlate with higher-grade Cu and Mo. Granoblastic

microcline zone correlates with K enrichment. Visual logging from this study (Appendix 13). Geochemistry from

Caravel Minerals Ltd four-acid digest dataset (Appendix 8).

Granoblastic quartz-microcline-plagioclase-sillimanite alteration: This hydrothermal

alteration assemblage was only observed in a low-grade (~0.1 to 0.2% Cu) interval of

14CADDO0O01 (Figs. 15E, 16). The assemblage is expressed as a distinctive ‘whitening’ of the

granite-gneiss, characterized by the absence of garnet and magnetite, and a low biotite content

(2-5 vol%). Metamorphic recrystallization of the assemblage is indicated by the ubiquitous

polygonal granoblastic texture of quartz and feldspar (Fig. 15F). Microcline makes up 50-90%
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of the feldspar component, and the plagioclase is distinctly more sodic (<An20) than
plagioclase in least-altered granite-gneiss (~An25-30). Albitic rims on microcline grains
suggest that an albite component exsolved out of the microcline, possibly during
recrystallization. Sillimanite in this assemblage (<1 vol%) is restricted to fine prisms within, or
on the margins of, quartz and feldspar grains.

In 14CADDO001, V3-style quartz-chalcopyrite-pyrrhotite stockwork veins within the
quartz-microcline-plagioclase-sillimanite assemblage have muscovite grains to 4 mm in their
selvedges (Fig. 15E). Optically-continuous grains of this coarse muscovite are partly replaced
by quartz-microcline. This form of muscovite was only observed within this assemblage, and
is dissimilar in style and timing to the fine-grained retrograde sericitization.

Retrograde hydrothermal alteration and remobilization: The Dasher mineralization is
affected by greenschist facies retrograde metamorphism, but is not significantly modified. The
most widespread effect is the localization of silicate retrogression adjacent to sulfides, resulting
in mm-scale, light green chlorite-sericite haloes around mineralized veins (Fig. 14A) and
individual sulfide grains. Retrograde remobilization of sulfide mineralization, with associated
chlorite-sericite-epidote + calcite hydrothermal alteration, has occurred in rare sulfide-rich
stringers and breccia zones. The sulfide assemblage in these settings in chalcopyrite-pyrite, with
pyrrhotite minor to absent. Remobilized sulfide is a negligible component of the Dasher

mineralization.

Interpretation of metamorphosed hydrothermal alteration assemblages

It is difficult to conclusively determine the pre-peak metamorphic hydrothermal alteration
assemblages in metamorphosed ore deposits (e.g., Corriveau and Spry, 2014), but textural and
geochemical evidence at Dasher allows some of the characteristics of the hydrothermal
alteration to be revealed. The garnet- and/or sillimanite-bearing assemblages at Dasher are its
most striking proximal mineralogical expression. This association between aluminous
metamorphic minerals and mineralization (Fig. 16) suggests that syn-mineralization
hydrothermal alteration produced a granite-gneiss composition that was Al-rich, relative to least
altered variants. Peraluminous, aluminosilicate-bearing rocks are known to result from the
metamorphism of phyllic and argillic hydrothermal alteration assemblages (Corriveau and
Spry, 2014).

Molar ratios of Na2O/Al,O3 and K>O/Al>Osz in the Dasher granite-gneiss confirm that
relative Al enrichment (Na depletion) is associated with rocks affected by the biotite-garnet-

sillimanite-magnetite assemblage (Figs. 16, 17; Appendices 7, 8). Sillimanite-rich granite-
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gneiss samples have the lowest Na>O/Al>Osratios (Fig. 17), suggesting they are the most altered
end-members of this Na-depleted assemblage. Calcium is also depleted in these samples:
CaO+Na20 in the sillimanite-rich granite-gneiss samples ranges from 0.60 to 2.24 wit%,
significantly lower than the 4.95 to 6.50 wt% range in least altered granite-gneiss samples
(Appendix 7). Together with petrographic observations of abnormally low plagioclase content
in the sillimanite-rich granite-gneiss, the Na and Ca depletion is strong evidence that the syn-
mineralization hydrothermal alteration was plagioclase destructive. The petrographic
observation that microcline remains in the sillimanite-rich granite-gneiss, is supported by
K20/Al203 molar ratios that are similar to those in the least altered pre-cursor granite-gneiss
(Fig. 17).

In addition to likely plagioclase destruction, sillimanite abundance in the biotite-garnet-
sillimanite-magnetite assemblage is also linked to biotite destruction, as evidenced by the low
biotite content in sillimanite-rich granite-gneiss, and the fibrolitic sillimanite pseudomorphs
after biotite (Figs 12A, 15A). A common link between plagioclase and biotite destruction, and
Na and Ca removal, is that all can be caused by muscovite/sericite-producing hydrothermal

alteration reactions involving acidic fluids (Jacobs and Parry, 1979; Guilbert and Park, 2007):

(1) Albite + H" + K" — Muscovite + Na* + SiO;
and
(2) Phlogopite/Annite + H* — Muscovite + K* + Mg?*/Fe?" + H4SiO4

In Figure 17, the most sillimanite-rich granite-gneiss examples trend towards the
muscovite mineral node, suggesting they have a geochemical composition where the presence
of sericite would be permissible in a lower temperature assemblage. Sericitization of
plagioclase and biotite during syn-mineralization hydrothermal mineralization would enable
the production of sillimanite during subsequent peak metamorphism, via the “second sillimanite

isograd” reaction (Fig. 18; Spear, 1995):

(3) Muscovite (ss) + Albite (ss) + Quartz — Sillimanite + K-feldspar(ss) + H20

(ss = solid-solution)

This reaction is consistent with the abnormally low plagioclase content (consumed) and
abundant microcline (produced) observed in the most sillimanite-rich granite-gneiss. The

formation of sillimanite directly from such a reaction, inside the sillimanite stability field (Fig.
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18), is suggested by the absence of andalusite and kyanite at Dasher, either as preserved

metamorphic phases or as pseudomorphed pre-cursors to the sillimanite.

1.0

Whole-rock - this study

0.8 F

An3(
= W Granoblastic Mc+Qtz
= E A Grt granite-gneiss
E 06 = Y¥ Sil-Grt granite-gneiss
o granite-gneiss
E \
) - . .
Qo \ 06 e, Granoblastic Mc
= OTA \. N alteration vector
< o4l Ao (14CADDO0T)
@) \ 52
o 18 \
Z. A \
02F
Sil, Grt,
Chl ﬁl@ \I\]_\
L L

02 0.6 0.8 1.0
K20/A1203 (molar)

Four-acid - Caravel
) (12CADDO01 & 14CADDO01)
08k Zf ) A + Absent
\é 7) 8 2 A Weak (trace to 1%)
An30 \Z g ﬁ © Moderate (1 to 5%)
— - Q
= W Strong (=5%)
E 0.6 ., Alteration vector to
= " peraluminous, grt/sil-bearing
5 granite-gneiss (loss of Ca/Na)
R NN ST
g 04 : Granoblastic Mc
] e zone in 14CADDO01
Z
02
Sil, Grt, \
chi W &M\
0. 1 L 1
0 0.2 0.4 0.6 0.8 1.0
K20/A1203 (molar)

Fig. 17. Molar ratios of Na2O/Al,O3 and K,0/Al,O3 from the Dasher granite-gneiss, on diagrams modified
from Davies and Whitehead (2010). Lower Na,O/Al,Oz molar ratios relate to increase intensity of the biotite-
garnet-sillimanite-magnetite assemblage, with sillimanite-rich samples having the lowest values. Higher
K>O/Al,O; molar ratios relate to the granoblastic quartz-microcline-plagioclase-sillimanite assemblage. (A)
Whole-rock geochemical data (Appendix 7) from least altered and altered samples from this study. (B) Four-acid
digest geochemical data (Appendix 8) from the granite-gneiss intervals of 122CADDO001 and 14CADDO001, with
symbols indicating the logged abundance of garnet in the corresponding interval.
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The biotite-garnet assemblage observed proximal to V2 sulfide stringers, and in garnet-
biotite-rich V4 veins may result from metamorphism of a lower temperature, sericite-chlorite

hydrothermal alteration assemblage, via a reaction such as (Blatt et al., 2006):

(4) Chlorite + Muscovite + Quartz — Mg-richer Chlorite + Garnet + Biotite + H,O

This reaction would proceed until all chlorite is consumed (Blatt et al., 2006). Some pre-
peak metamorphic chloritization is suggested by evidence of garnet overgrowing chloritized

biotite (Fig. 15D). This may have occurred via a reaction such as (Spear, 1995):

(5) Chlorite + Quartz — Almandine + H20

The biotite-garnet-sillimanite-magnetite  assemblage, in summary, represents
metamorphosed plagioclase-destructive hydrothermal alteration, which may have included
sericite (now sillimanite-microcline-rich) and sericite-chlorite (now biotite-garnet-rich) zones.
Some of the mineralization-related biotite may also have been an original component of the
hydrothermal alteration phase.

Geochemical and petrographic evidence suggests that the granoblastic quartz-microcline-
plagioclase-sillimanite assemblage represents a distinct precursor hydrothermal alteration style
to the biotite-garnet-sillimanite-magnetite assemblage. On Figure 17, the K>O/Al,O3 molar
ratio of this assemblage is higher than in the least altered granite-gneiss, supporting the
petrographic observation of abundant microcline (Figs. 15E, 15F). The Na>O/Al>,Oz molar ratio
remains unchanged from least altered granite-gneiss, suggesting that removal of Na (breakdown
of plagioclase) is negligible, and Al-rich bulk compositions have not been produced. This is
supported by the trace sillimanite content, absence of garnet, and retention of plagioclase in
thin-section. The low biotite content of the granoblastic quartz-microcline-plagioclase-
sillimanite assemblage, and the absence of other Fe-bearing (e.g. magnetite) or Mg-bearing
minerals, suggests at least localized removal of Fe and Mg. This is supported by whole-rock
geochemistry: a sample of this hydrothermal alteration style (CAL053) contained 5.97 wt%
K20, 0.69 wt% Fe203, 0.1 wt% MgO, while its adjacent least-altered pre-cursor (CAL052)
contained 3.52 wt% KO, 3.93 wt% FeOz and 0.79 wt% MgO (Appendix 7).

Microcline-rich, granoblastic rocks associated with mineralization at the Hemlo (e.g.
Tompkins et al., 2004) and Big Bell (e.g. Phillips and Powell, 2009) Au deposits, are interpreted

to be potassic alteration zones, recrystallized during post-mineralization peak metamorphism.
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The characteristics of the granoblastic quartz-microcline-plagioclase-sillimanite assemblage at
Calingiri suggest a similar origin. Much of the microcline may be hydrothermal K-feldspar
alteration that has recrystallized during peak metamorphism, however trace sillimanite in this

assemblage suggests that some microcline may have formed by reaction (3) or by (Spear, 1995):

(6) Muscovite + Quartz — K-feldspar + Sillimanite + H,O

Muscovite observed in V3 stockwork vein selvedges in the granoblastic quartz-
microcline-plagioclase-sillimanite assemblage (Fig. 15E) may be a remnant of earlier
hydrothermal sericite alteration. The V1 granoblastic quartz-microcline-plagioclase-sillimanite
veins (Figs. 11C, 13D) were also possibly quartz-sericite features, metamorphosed to their
current form via reactions (3) or (6).

Evidence of partial melting within and around the Dasher deposit (e.g. leucosomes, V5
pegmatoidal veins) suggests that peak P-T was above the “wet granite melting” curve (Fig. 18),
which is represented by the reaction (Spear, 1995):

(7) Albite (ss) + K-feldspar (ss) + Quartz + H2O — Liquid
(ss = solid-solution)

At P-T conditions above this curve, the breakdown of pre-cursor hydrous alteration
phases via dehydration reactions (e.g. reactions 3 to 6; Fig. 18), would have resulted in the
direct production of melt, rather than H>O (dehydration melting; Spear, 1995). Any H>O
produced by dehydration reactions below this curve (Fig. 18) may have been retained in the
system, and could later have enabled partial melting as P-T conditions increased (e.g. reaction
7). Itis not clear which path, or combination of paths, produced partial melt features at Dasher.

In combination, the sillimanite-microcline-producing reaction (3) and the partial melting
reaction (7), suggest a minimum temperature of ~660°C for peak metamorphism at Dasher (Fig.
18). A maximum temperature of ~800°C is suggested by the stability of biotite in the granite-
gneiss, and the lack of metamorphic pyroxene in the mafic ortho-amphibolites (Fig. 18; Spear,
1995). The upper pressure limit of peak metamorphism can only currently be constrained to
less than ~10 kbar, by the upper pressure limit of sillimanite stability within than temperature

range.
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Fig. 18. P-T diagram showing metamorphic boundaries (discussed in text) used to infer peak metamorphic
temperatures at Dasher of between 660° and 800°C. Existing P-T estimates for peak metamorphism at Ninan and

Griffin’s Find are shown for comparison. All references indicated on the diagram.

Other Mineralization in the Calingiri District

Characteristics of the Bindi West and Ninan deposits (Fig. 3) are compared to Dasher in
Table 3. There are currently no diamond drill holes into Bindi East or Opie, but at both deposits
mineralization is hosted in garnet-bearing granite-gneiss that is visually comparable to the
Dasher granite-gneiss (Caravel Minerals Ltd, 2016). The Bindi East mineralization is sub-
horizontal, while the Opie mineralization dips ~40° to the north, sub-parallel to S; in nearby
outcrops.

The Bindi West mineralization is hosted in granite-gneiss (sensu lato; Fig. 19A), and is
analogous to Dasher in terms of mineralization style and the relative timing of intrusive,
structural, metamorphic and mineralization events. The most striking visual difference at Bindi
West is the more intense overprint by retrograde chlorite-sericite + epidote + carbonate
hydrothermal alteration, and associated dominance of pyrite over pyrrhotite as the Fe-sulfide
species. The most pervasive retrogression is focused around a ~30 m wide tectonic breccia and
vein zone that marks the hangingwall contact of mineralization (Fig. 19B). As observed at

Dasher, peak metamorphic sillimanite has grown in the S; orientations (Figs. 19C, 20A), which
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is axial planar to F folds of S; and mineralized veins. The west- to northwest-plunging F2 folds
have Z asymmetry (Figs. 19D, 20B) and northeast vergence, consistent with Bindi West lying
on the western limb of the F, Bindi antiform (Fig. 3).

The Ninan deposit is dominantly hosted in dacitic (~66% SiO.) and andesitic (~59%
SiO2) volcanic and volcaniclastic rocks (Fig. 21A). Micro-structures (S-C fabrics, o-type
deformed phenocrysts) show consistent top-to-northwest kinematics on the S foliation, which
IS associated with a pervasive L: lineation, defined by stretching of quartz and feldspar
phenocrysts (Figs. 21B, 22A, 22B). North-plunging, east-verging F. folds of S; and lithological
layering (Fig. 21C) are consistent with Ninan lying on the western limb of the kilometer-scale,
second generation antiform interpreted by Lipple (1982). Microcline-quartz-biotite-sillimanite-
garnet-andalusite schists (Fig. 21D) that were interpreted as meta-sedimentary rocks by Blight
(1977), are interpreted to be metamorphosed shear zones in this study, based on their
gradational contacts into low strain dacitic volcanic rocks. Post-D; peak metamorphism is
indicated by the growth of fibrolitic sillimanite and large (>30 mm) microcline porphyroblasts,
over Sz-aligned biotite and ex-staurolite (Fig. 21D). An earlier metamorphic event is suggested
by garnet grains that are wrapped by the S; foliation and/or display multiple growth phases.

Mineralization at Ninan has geometric (tabular, 30-150 m thick), geochemical (Ag-Au
association) and mineralogical (garnet-sillimanite-biotite-magnetite) similarities to the granite-
gneiss-hosted mineralization (Table 3). A comparable syn- to post-D: timing is suggested by
weakly mineralized veins deformed in F; folds, and main stage actinolite/grunerite-quartz-
magnetite-sulfide veins that run parallel to, or cross-cut, S1 (Fig. 21A). Blight (1977) interpreted
grunerite in Ninan samples to be of meta-ultramafic origin, but its association with mineralized
veins suggest that it is likely metamorphosed hydrothermal alteration (Fig. 21E).

The Ninan host sequence is intruded by numerous 5-300 cm, plagioclase-phyric, granitoid
dikes (Fig. 21F). These are referred to here as the Ninan monzogranite, based on a modal
mineralogy of quartz (40 vol%), plagioclase (35 vol%), K-feldspar (20 vol%) and biotite (5
vol%), with accessory zircon. There is trace garnet in some dikes, and plagioclase phenocrysts
are zoned from Ca-rich cores to Na-rich rims. The dikes contain abundant xenoliths of foliated
and lineated greenstone, constraining them to a post-D: age. A body of visually similar biotite

monzogranite is exposed in a ~500 x 500 m outcrop centred 1800 m south-southwest of Ninan.
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Table 3. Summary of characteristics of the Dasher, Bindi West and Ninan mineralization.

Dasher

Bindi West

Ninan

Resource (Caravel
Minerals Ltd, 2016)

Data sources

Host lithologies and
geochronology

Other lithologies and
geochronology

Structural geometries
(dip/dip direction and
plunge—trend format)

Metamorphic indicator
minerals

Timing constraints on
metamorphism

Mineralization
geometry

Mineralization-related
sulfide-oxide
assemblage

Mineralized veins and
geochronology

137Mt at 0.30% Cu, 72 ppm Mo,
1.70 g/t Ag, 0.019 ppm Au
(0.15% Cu cutoff)

3 x DDH, patchy outcrop

Granite-gneiss after High-Ca
biotite monzogranite and
syenogranite (3010 + 4 Ma,
SHRIMP U-Pb zircon)

Old mafic ortho-amphbolite;
younger granite (2673 =5 Ma,
SHRIMP U-Pb zircon),
pegmatite and Proterozoic
dolerite dikes

S1 foliation 65°/061°; L1
stretching absent; S2 foliation
66°/265°; W-verging F2 folds

13°—>341°; crenulation ~30°/090°

Garnet, sillimanite

Possible ~syn-D1 event, peak
event syn- to post-D2 (sillimanite
in S2 orientation); sillimanite and

garnet in granite dikes indicate

peak at, or after, ca. 2673 Ma

Tabular, ~50°/090° orientation
preserved between granite dike,
likely S1-parallel internally

Chalcopyrite-pyrrhotite-
magnetitexmolybdenitexpyrite
(pyrrhotite dominant Fe-sulfide)

Syn-D1 Mo-dominant quartz-
feldspar-sulfide veins; post-D1
Cu-dominant quartz-sulfide-
magnetite stockwork veins,
quartz-magnetite-garnet-biotite-
sulfide veins, stringer and
disseminated sulfide; quartz-
feldpsar-sulfidexgarnet
pegmatoidal leucosomes

(Bindi total) 317Mt at 0.26% Cu,
49 ppm Mo, 1.14 g/t Ag, 0.018
ppm Au (0.15% Cu cutoff)

1x DDH

Granite-gneiss after High-Ca
biotite monzogranite

Old mafic ortho-amphbolite;
younger granite, pegmatite and
Proterozoic dolerite dikes

S1 foliation 36°/309°; L1
stretching absent; S2 foliation
30°/281°; NE-verging F2
asymmetric Z folds 36°—303°

Garnet, sillimanite

Possible ~syn-D1 event, peak
event syn- to post-D2 (sillimanite
in S2 orientation)

Tabular, ~36°/309° (S1-parallel),
possibly truncated by late
hangingwall fault

Chalcopyrite-pyrite-
magnetite+pyrrhotitexmolybdenit
e (pyrite dominant Fe-sulfide)

Quartz-feldspar-chalcopyrite-
pyritexpyrrhotite+molybdenite
veins (leucosomes?), stringer and
disseminated sulfide

Unpublished 2006 oxide Cu
resource of 1.27 Mt @ 0.83%
Cu (0.25% Cu cutoff)

2 x DDH, patchy outcrop

Schistose volcanic and
volcaniclastic rocks of dacite to
andesite composition

Old BIF, mafic ortho-amphibolite
and quartz-feldspar-phyric dacitic
sills; younger biotite monzogranite
(2670 £ 7 Ma, SHRIMP U-Pb
zircon) and pegmatite dikes

S1 foliation 40°/305° (top to
NW); L1 stretching lineation
36°—313°; S2 foliation steep, ~N-
striking; E-verging F2
asymmetric Z folds gently ~N-
plunging

Garnet, sillimanite, andalusite,
staurolite

Pre- to syn-D1 event (garnet
wrapped by S1), post-D1 peak
event (sillimanite and
metamorphic microcline
overgrow S1)

Tabular, ~40°/305° (S1-parallel)

Chalcopyrite-pyrrhotite-
magnetite+pyrite (no appreciable
molybdenite)

Syn-D1 quartz-hornblende/
acitnolite-sulfide (weak); post-D1
quartz-actinolite/grunerite-
magnetite-sulfide veins, with
biotite-garnet selvedges
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Table 3. (continued)

Dasher

Bindi West

Ninan

Mineralization-related
hydrothermal alteration
assemblages

Mineralization timing
and geochronology

Greenschist
retrogression

Biotite-garnet-sillimanite-
magnetite; quartz-microcline-
plagioclase-sillimanite

Syn- to post-D1, Mo-rich vein
folded D1 dated at 2977 + 20 Ma
(Re-Os on molybednite); folded
in D2 (pre-peak metamorphism)

Patchy, weak; moderate around
late brittle structures

Biotite-garnet-sillimanite-
magnetite

Folded in D2 (pre-peak

metamorphism)

Pervasive, moderate; intense
around late brittle structures

Biotite-garnet-sillimanite-
magnetite

Syn- to post-D1; folded in D2

Patchy, weak

Fig. 19. Bindi West features. (A) Pegmatoidal mineralized vein in granite-gneiss, with near-complete

retrogression of biotite. 14CADDO002, 123.9 m. (B) Three phases of brecciation, as numbered, associated with the

hangingwall fault. Strong retrograde hydrothermal alteration has left no biotite in this granite-gneiss. 14CADDO002,

118.0 m. (C) View down to the west of sillimanite masses aligned in the S; and S orientations, in granite-gneiss.

The vergence is consistent with the observed Z asymmetry of F» folds. 14CADDO002, 168.7 m. (D) Asymmetric
F, Z folds of Sgan and Sy in typical Bindi West granite-gneiss. 14CADDO002, 212.0 m.
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Fig. 20. Stereonets of D1 and D, features at Bindi West, from drill core. (A) Poles to S; and S, showing the
similar dip but more northerly strike of the sillimanite-defined S,. (B) Measured F; fold axes plunge gently west

to northwest, similar to the intersection of mean S; and S, from Fig. 20A.

Geochronology

SHRIMP U-Pb geochronology was completed on zircon separates from a 3 m wide,
xenolith-rich Ninan monzogranite dike in 08WHDDHO001 (Fig. 21F; sample CAL038, GSWA
ID 205933). Unpublished data and interpretations by Wingate and Lu (2016) are in Appendix
10. The interpreted igneous zircons have elongate and subhedral-euhedral morphology,
concentrically zonation, and an average 2*2Th/?%U ratio of 0.58, which is consistent with them
being of igneous origin (Hoskin and Schaltegger, 2003). Nine analyses of zircons from CAL038
yield a weighted mean 207Pb/206Pb age of 2670 + 7 Ma (MWSD = 1.8), which is interpreted
to represent the magmatic crystallization age of the monzogranite (Fig. 8). Twenty analyses of
interpreted older zircon cores yielded inherited ages ranging from 3219-2785 Ma, including
significant groups at ~3012 Ma and ~2977 Ma. The ~3012 Ma group is comparable to the age
of the Dasher granite-gneiss (this study) and the minimum age of the Wongan Hills greenstone
belt (Pidgeon et al., 1990). The dated dike contains isolated blebs of chalcopyrite-pyrite (Fig.
21F), some of which is observed as fine inclusions in the Na-rich rims of plagioclase
phenocrysts. This mineralization is interpreted to have been entrained in the dike during its

intrusion into the mineralized host sequence.
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Fig. 21. Ninan features. (A) Typical feldspar-phyric dacitic volcanic rock. An early quartz-feldspar-
amphibole vein with a silica-feldspar selvedge is deformed in S1, and then cut by S;-parallel sulfide-rich veinlets.
08WHDDHO001, 179.1 m. (B) Photomicrograph (cross-polarized) looking north at a porphyritic dacitic intrusion
strongly affected by D: deformation. Top-to-west kinematics indicated by the asymmetry of a 6-type recrystallized
quartz phenocryst. Sample CAL032. (C) East-verging F, fold train affecting a mineralization-related garnet-
magnetite band in outcrop. 6578819N 465876E. (D) Photomicrograph (cross-polarized) of a large metamorphic
microcline that has overgrown S;-aligned biotite and quartz, and contains abundant fine sillimanite. Sillimanite
also occurs as fibrolitic pseudomorphs of former staurolite and foliation-parallel biotite streaks. Sample CALO066.
(E) Thin-section scan showing a garnet-biotite selvedge adjacent to a grunerite-magnetite-pyrite-chalcopyrite vein.

The grainsize and proportion of biotite in the selvedge increases with proximity to the vein. Sample CAL065. (F)
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Dated Ninan monzogranite sample, with entrained sulfide mineralization that localizes greenish chlorite-sericite

retrogression. Sample CALO038.
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Fig. 22. Stereonets of D features at Ninan, form drill core and outcrop. (A) Poles to Sp and S;, showing a
fold-related distribution. The pole to the best fit girdle (beta-axis) approximates the plunge of the folds responsible,
likely F2. (B) L1 stretching measurements, in relation to mean S; in the deposit area, from Fig. 22A.

Geochemistry of Calingiri Granitoids

The dominant monzogranite to granodiorite (modal mineralogy) component of the
granite-gneiss at Dasher and Bindi West ranges from ~67 to 71 wt% SiO2, while the Dasher
syenogranite component contains ~74 wt% SiO. (Fig. 23; Appendix 7). All analyzed
components of the granite-gneiss show geochemical similarities to the Eastern Goldfields
Province High-Ca granite group of Cassidy et al. (2002) (Fig. 23). The ca. 2673 Ma Dasher
granite dikes and ca. 2670 Ma Ninan monzogranite dikes contain ~72 wt% SiO2, and tend
towards the high Th and Zr limits of the High-Ca granite group (Fig. 23; Appendix 7). The
younger granitoids display a -ve Eu anomaly and flat HREE profile on a chondrite-normalized
REE diagram, in contrast to the fractionated LREE to HREE profile of the granite-gneiss (Fig.
24; Appendix 7).

The High-Ca granites in the Yilgarn Craton are interpreted to have from high pressure
(>10 kbar) melting of a mostly mafic source, either deep in thickened crust (35-50 km), or from
a subducted slab (Cassidy et al., 2002). The higher Th and Zr contents and REE chemistry of
the younger granitoids is more consistent with moderate pressure (<10 kbar) melting in a crustal
environment (Champion and Sheraton, 1997). This origin for the younger granitoids is
consistent with their significant xenocrystic zircon populations (Fig. 8).
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Fig. 23. Geochemistry of Calingiri granitoid lithologies (Appendix 7) in relation to the High-Ca and Low-
Ca granite groups from the Eastern Goldfields Province. Outlines are from data in Cassidy et al. (2002).
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Fig. 24. Chondrite-normalized REE spider diagram of Calingiri granitoids with SHRIMP U-Pb zircon
analyses (Appendix 7). The younger granitoids are distinguished by -ve Eu anomalies and enrichment in HREE,
relative to the older granite-gneiss samples. Normalization values from Sun and McDonough (1989).

Preliminary Descriptive Model for the Calingiri Cu-Mo-Ag Mineralization

A model for the geological evolution of the Calingiri district is proposed below and
summarized in Figure 25, based on the findings of this study, and previous work in the region.

At ca. 3010 Ma (SHRIMP U-Pb zircon; Fig. 8), the Wongan Hills greenstone belt and
southern greenstone belt were intruded by multiple pulses of High-Ca monzogranite to
syenogranite, which formed a banded, sill-like intrusion of >3 kilometers true thickness (Fig.
25A). The intrusion was synchronous with the onset of D1 deformation, characterized by the
formation of ~layer-parallel foliation (S1), a stretching lineation (L1), and isoclinal folds (F1)
(Fig. 25B). The S; foliation formed gneissic high-strain domains in the High-Ca intrusion,
creating the observed granite-gneiss. An early metamorphic event may have occurred during
Ds.

Mineralization in the granite-gneiss-hosted deposits commenced during D1, favouring a
district-scale D1 high-strain zone developed around the contact of the granite-gneiss with the
southern greenstone belt (Fig. 25B). Early Mo-dominant quartz-feldspar veins (V1) within this
mineralization corridor were emplaced at ca. 2997-2957 Ma (Re-Os molybdenite; Appendix
11), and progressed to Cu-dominant V1 veins during D1. The main stage of Cu mineralization
was late- to post-D; (Fig. 25C), and comprised sulfide stringer (V2), quartz-sulfide stockwork
(V3) and garnet-biotite-magnetite-sulfide veins (V4; unlikely the original mineralogy).
Mineralization was accompanied by widespread hydrothermal destruction of plagioclase, and
related removal of Na and Ca, to create Al-rich to peraluminous bulk rock compositions (Fig.
17). Syn-mineralization hydrothermal alteration assemblages likely included sericite (Fig.
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15E), sericite-chlorite (Fig. 15D) and magnetite (Fe addition). Hydrothermal K-feldspar
alteration also occurred in separate zones that lack evidence of plagioclase destruction.

Some granitoid magmatism, and possibly further gneiss formation, occurred at ca. 2.8 Ga
(Fig. 25D; Pidgeon et al., 1990). At ca. 2673 Ma (SHRIMP U-Pb zircon; Fig. 8) renewed
heating generated crustal melts that were emplaced as granite (sensu stricto) dikes and stocks
(Fig. 25D). These granites cut across D features and mineralized zones, entraining some
sulfide. Peak upper-amphibolite facies metamorphism, at ~660°C to 800°C and <10 kbar (Fig.
18), occurred at or after ca. 2673 Ma, based on the presence of garnet and sillimanite in the
granite dikes (Figs. 12B, 25E). Peak metamorphism was broadly synchronous with D, ~east-
west compression, as evidenced by the growth of sillimanite parallel to the north-south striking,
moderately west-dipping S foliation (Figs. 11F, 19C). During D2, pre-existing geological
features were folded by open, generally north-plunging F. folds. At district-scale, the ~15 km
long granite-gneiss mineralization corridor was folded into train of ~30° to 40° north- to
northwest-plunging, kilometer-scale F. folds (Fig. 3). At the Dasher deposit, west-verging F»
folds buckled mineralized veins and the mineralized body as a whole (Fig. 5).

During D, and peak metamorphism, existing mineralized veins (V1 to V4) and
hydrothermal alteration zones in the granite-gneiss were recrystallized into metamorphic
equilibrium assemblages. Aluminium-rich to peraluminous zones (e.g. sericite-chlorite)
produced biotite-garnet-sillimanite-magnetite assemblages (Figs. 12A, 15A), and hydrothermal
K-feldspar zones recrystallized into granoblastic quartz-microcline-plagioclase-sillimanite
(Figs. 15E, 15F). Metamorphic dehydration of hydrous alteration phases released H»O, causing
localized partial melting within mineralized areas, and the production of V5 mineralized
pegmatite veins (Fig. 14E). Syn-mineralization pyrite may have been converted to pyrrhotite as
it heated over ~500°C (Blatt et al., 2006).

The minimum age of D> and peak metamorphism is constrained by the intrusion of post-
tectonic granitoids at ca. 2651 Ma (SHRIMP U-Pb zircon; Pidgeon et al., 1990). Greenschist
facies retrograde metamorphism, accompanied by brittle faulting and hydrothermal chlorite-
sericite-epidote-carbonate + pyrite alteration, followed at ca. ca. 2646 Ma (conventional U-Pb
titanite; Pidgeon et al., 1990).

46



Sill-like monzogranite-syenogranite intrusions into Cu-Mo-Ag mineralization commences with Mo-
A ca. 3010 Ma existing greenstone belts rocks. Onset of D1 deformation. |B ca. 2997-2957 Ma|

dominant veins. D1 deformation ongoing, Si
Metamorphism of mafic rocks to ortho-amphibolites? high-strain zones focus mineralizing fluids.

Greenstone to northwest
WEST EAST kinematics on S1. Isoclinal F1 folds, including of Mo-rich veins
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SBAN (layering)

Progression to post-D1 Cu-dominant quartz- Intrusion of post-mineralization granitoid stocks

|C ca. 2997-2957 Ma sulfide veins, disseminated and stringer sulfide. |D ca. 2673-2670 Ma and dikes.

Plagioclase-destructive hydrothermal alteration
leaves Al-rich assembalge (sericite-chlorite?). Likely Dikes inherit older zircons, entrain minor sulfide
K-feldspar and magnetite hydrothermal alteration. mineralization, mask extent of mineralized bodies.

|E <ca. 2670 to >ca. 2650 Ma D2 ea§t-west compression, and ~upper F ca. 2650 Ma Intrusion of post-tectonic granitoids. Brittle faults a
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Fig. 25. Schematic east-west cross-section showing the interpreted intrusive, structural, metamorphic and
mineralization history of the Calingiri district. Refer to Fig. 3 for plan-view context. The north plunge of F; folds
(Fig. 25A and Fig. 25B) results in Dasher and Bindi being further north than Opie.
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Discussion

There are few analogues to Calingiri Cu-Mo-Ag deposits in the literature: Archean,
granite-gneiss-hosted, and Cu-Mo-dominant. The deposits are of interest because their
discovery demonstrates latent mineralization potential in poorly-explored granite-gneiss
terranes on the Yilgarn Craton, and on other Archean cratons worldwide — e.g. Canada, Brazil.
The Calingiri mineralization also provides insights into the geology and metallogeny of the
southwest Yilgarn Craton, and is an addition to the class of pre-peak metamorphic, epigenetic

mineral deposits (discussed in Appendix 1).

Classification of the Calingiri Cu-Mo-Ag mineralization

Many characteristics of the granite-gneiss-hosted Calingiri mineralization are comparable
to Phanerozoic porphyry-style mineral deposits (e.g., Sillitoe, 2010), including: (1) granitoid
host rock; (2) Cu-Mo-Ag-(Au) mineralization; (3) bulk-tonnage, with stockwork, stringer and
disseminated mineralization styles; (4) separate spatial location of Mo-dominant and Cu-Au-
dominant mineralization (Table 2; Fig. 16); and (5) plagioclase-destructive and K-feldspar-
magnetite-productive hydrothermal alteration. The Calingiri mineralization is distinguished
from the magmatic-hydrothermal iron oxide-copper-gold (IOCG) class of deposits (e.g.,
Richards and Mumin, 2013) by its lack of: (1) sodic-calcic hydrothermal alteration; (2) U or
REE association; and (3) carbonate alteration. Based on this evidence, it is reasonable to
describe Calingiri as ‘porphyry-style’ mineralization. However, it is important to note that this
study has not established any genetic link between particular granitoid intrusions and Cu-Mo-
Ag mineralization at Calingiri: that is, the ca. 3010 Ma granite-gneiss (SHRIMP U-Pb zircon)
should be considered a ‘passive’ host rock, unless evidence to the contrary emerges.

There are few indisputable examples of Precambrian porphyry mineralization (Richards
and Mumin, 2013). Disputed or uncertain Archean to Paleoproterozoic examples include: (1)
the Lac Troilus Cu-Au deposit, Superior Province (Fraser, 1993; Rowins, 2000; Goodman et
al., 2005); (2) the Boddington Au-Cu-Mo deposit, Yilgarn Craton (Allibone et al., 1998; Stein
et al., 1998); and the Malanjkhand Cu-Mo-Au deposit, Central Indian Tectonic Zone (Stein et
al., 2004). The difficulty in establishing genetic links between mineralization and the host
intrusions — a central tenet of the porphyry model (e.g., Sillitoe, 2010) — is a common hindrance
to the definitive classification of these as porphyry, rather than ‘porphyry-style’ deposits. The
Coppin Gap Cu-Mo deposit, Pilbara Craton, is one Archean example where mineralization is
interpreted by several workers to be ~synchronous with the ca. 3314 Ma host intrusion
(SHRIMP U-Pb zircon) (Williams and Collins, 1990; Huston et al., 2002). The Calingiri

48



mineralization will remain ‘porphyry-style’ until a genetic relationship between mineralization

and a particular intrusive phase can be established from further study.

Calingiri in the geological and metallogenic evolution of the southwest Yilgarn Craton

The discovery of the Calingiri Cu-Mo-Ag mineralization has provided detailed geological
information in a little-studied area of the southwest Yilgarn Craton. SHRIMP U-Pb
geochronology on the Dasher granite-gneiss (magmatic crystallization 3010 + 4 Ma) confirms
the presence of ca. 3.0 Ga magmatism in this region (Pidgeon et al., 1990; Mole et al., 2012),
and locally expands the spatial extent of these granitoids (Fig. 3). This granite-gneiss is part of
the oldest suite of granitoid intrusions recognized in the South West Terrane (Mole et al., 2012).
The ca. 2670 Ma (SHRIMP U-Pb zircon) post-mineralization granitoid dikes at Dasher and
Ninan are part of a 2720-2600 Ma granitoid pulse that includes the majority of preserved
southwest Yilgarn Craton granitoids, by volume (Mole et al., 2012). These dikes contain
inherited zircons >3.2 Ga, and as old as 3282 + 3 Ma (CAL044 Dasher granite dike; SHRIMP
U-Pb zircon), potentially indicating an older crustal history for the South West Terrane than the
ca. 3240 Ma limit suggested by Mole et al. (2012). The ca. 2.8 Ga inherited zircons in the dikes
are likely evidence of regional ca. 2.8 Ga granitoid magmatism (Mole et al., 2012) and/or local
gneiss formation (Pidgeon et al., 1990).

The onset of D: ductile deformation at Calingiri (foliation, isoclinal folding, stretching)
has a minimum age of 3010 + 4 Ma (SHRIMP U-Pb zircon), based on the syenogranite at
Dasher cutting an early foliation in adjacent monzogranite (Fig. 7B). This suggests that early
deformation was ~synchronous with the deposition of the Wongan Hills greenstone belt
(Pidgeon et al., 1990) and High-Ca granitoid magmatism (this study). Early deformation with
similar structural characteristics and relative timing is observed in younger granite-greenstone
terranes in the eastern Yilgarn Craton (Swager, 1995; Blewett et al., 2010). The timing (ca.
2670 to 2650 Ma), compression direction (~east-west) and metamorphic grade (upper
amphibolite facies) of the peak metamorphic event at Calingiri suggest it is likely related to the
high-grade metamorphism developed parallel to the YCRL during amalgamation of the
Balingup and Lake Grace terranes at ca. 2650-2640 Ma (Nemchin et al., 1994; Wilde et al.,
1996; Qiu and Groves, 1999; Mole et al., 2012). The influence of that high-grade metamorphic
event is therefore likely to extend further to the northeast than previously known.

This study has shown that the Boddington Au-Cu-Mo deposit (Fig. 1; Table 1), is not
comparable to the Calingiri deposits in terms of host rock type, host rock age, or mineralization
age (Allibone et al., 1998; Stein et al., 2001). However, the Ravensthorpe Cu-Au-Ag-Pb-Zn
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deposits (Savage et al., 1995; Witt, 1999), in the far southwest of the Youanmi Terrane (Fig. 1;
Table 1), do have characteristics in common with Calingiri: (1) ca. 3000-2950 Ma intrusive and
volcanic host rocks; (2) disseminated, vein-poor, ~syn-volcanic mineralization; (3) potassic
hydrothermal alteration accompanied by enrichment of Fe and Mg, and depletion of Ca and Na;
and (4) post-mineralization peak metamorphism, at upper greenschist to upper amphibolite
facies conditions. Together, Calingiri and Ravensthorpe provide strong evidence for the
presence of ca. 3.0 Ga, pre-peak metamorphic, base metal mineralization in the southwest
Yilgarn Craton.

Implications for exploration

The Yilgarn Craton has produced >324 Moz Au, predominantly from greenstone belt-
hosted deposits (93%), and predominantly from the eastern half of the craton (Witt et al., 2013).
This type of mineral deposit has been the focus of much mineral exploration on the craton. The
low Au content of Calingiri (0.02 ppm in the resource; Caravel Minerals Ltd, 2016), its location
in the southwest of the craton, and its dominantly granite-gneiss host rock, may therefore
explain why this vast (~15 x 3 km) mineralized trend was not found earlier, despite sub-
cropping on farm land only 120 km from Perth. Additional Calingiri-style mineralization may
remain undiscovered in the Yilgarn Craton, and on other Archean cratons where granitoid
domains have received relatively little mineral exploration.

Based on the outcomes of this study, criteria for exploration for Calingiri-style
mineralization can be proposed: (1) preservation of ca. 3.0 Ga rocks is fundamental, at all
scales, because rocks younger than the mineralization are implicitly unprospective; (2) of
particular interest are ca. 3.0 Ga High-Ca granite-gneiss domains, and their contacts with
~contemporaneous greenstone belt rocks; (3) within prospective lithological domains, early
high-strain zones may act as fluid pathways; and (4) discrete magnetic anomalies may be
indicators of hydrothermal magnetite alteration. Recognition of hydrothermal alteration
through the masking effects of post-mineralization structural, metamorphic and intrusive events

is a particular difficulty at Calingiri, and will likely apply to analogous mineral systems.

Conclusions
This study of the Calingiri Cu-Mo-Ag deposits has placed initial constraints on the
relative and absolute (where possible) timing of lithological, structural, metamorphic and
mineralization events at Calingiri. The possibility that these deposits represent a new class of

Archean, granite-gneiss-hosted mineralization will ensure continuing interest in their
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characteristics and controls, from both academia and the mineral exploration industry. Areas of
future research on Calingiri should include: (1) detailed geochemical (e.g. mass balance) and
fluid-inclusions studies to characterize the mineralizing fluid composition, and its effects of
host-rock chemistry; (2) direct dating and P-T estimation (geothermobarometry) on the peak
upper-amphibolite facies metamorphic event; (3) characterizing the Bindi East and Opie
deposits, when diamond drill core becomes available; (4) SHRIMP U-Pb geochronology on the
intermediate volcanic rocks at Ninan, to establish the age of the Wongan Hills greenstone belt,
which currently only has a minimum age constraint; and (5) craton-scale investigations into the

extent and nature of the ca. 3.0 Ga mineralization represented by Calingiri and Ravensthorpe.
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Introductory Statement

The recent discovery of bulk-tonnage Cu-Mo-Ag-Au mineralisation in the Calingiri distrct,
120 km northwest of Perth, has renewed interest in the evolution and muneral potential of the
southwest Yilgam craton. The metal association and tonnage-grade profile of Calingin,
together with its location adjacent to major tectonic boundaries, raise that possibility that it may
be a metamorphosed porphyry- or iron oxide-copper-gold (I0CG)-style deposit, formed at an
ancient convergent margin. This study will provide the first constraints on the nature, controls
and timing of the wmsnal Calingiri mineralisation. and will link its formation to the evolution

of the southwest Yilgam craton.
Background

In 2013, Caravel Minerals Limited announced the discovery of broad. low-grade Cu-Au-Ag-
An mineralisation at its Calingin Project, cenfred 120 km northeast of Perth and 10 km
southwest of the town of Wongan Hills (Fig. 1). Smee that time, the same style of mineralisation
has been defined across several separate prospects, within a curved comider of approximately
20 km stnke length. The main individual prospects are, from north to seuth, Ninan, Bindi,
Dasher and Opie (together, “the Calingini mineralisation”). To June 2015, Caravel had defined
a combined Exploration Target for the Bindi, Dasher and Opie prospects of 435-460 Mt i@
0.35-0.37% CuEq (0.30-0.32% Cu, 56-63 ppm Mo, 1.6-1.7 ppm Ag, 31-33 ppb Au). This gives
arange of 1.0-1.4 Mt of contained CuEq, making it already one of the largest bulk-tommage Cu
deposits in Australia.

The mmeralisation 15 of a style that is not known i the Yilgamn craton. and, due to its recent
discovery, no formal studies have been completed on it. This literature review will describe
what is currently known about the local geology and mineralisation, and discuss its regional
context. The final part of the review focuses on the characteristics of hydrothermal ore deposits
that have been subjected to high-grade metamorphism.

Local geology and mineralization

The Calingiri mineralised trend extends southward from the southem tip of the Wongan Hills
Greenstone Belt (host to the Ninan mineralization), and into an area dominated by granite and
gramite-gneiss (host to the Bindi, Diasher and Opie mineralisation) (Fig. 1). Existing knowledgze
on the geology of each area 13 summansed separately below, followed by an outline of what 1s

known about the mineralisation.
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Fig. 1. First vertical denivative, greyscale magnetic image of the study area, showing known mineralised zones,
the outline of the Wongan Hills Greenstone Belt. and key geochronology sites from Pidgeon et al. (1990). Location
is shown on the mset map.
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Wongan Hills Greenstone Belt: The ~30 km long Wongan Hills Greenstone Belt (WHGE)
comprizes deformed and metamorphosed mafic to felsic volcanic and volcaniclastic rocks,
mtercalated with metasedimentary rocks, including banded-iron-formation (BIF) (Lipple,
1982). The minimum age of velcanism in the WHGB is estimated at 3010 = 7 Ma (SHEIMP
U-Pb zircon), based on a felsic porphyry (sample “W1°; Fig. 1) that intrudes the greenstone
sequence (Pidgeon et al., 1990). In this document, the WHGE is assigned to the Lake Grace
Domain of the South West Terrane (Fig. 2), using the terminology and boundaries of Mole et
al. (2012) — see “Fegional context of the Calingiri mineralisation’ for further discussion of the
regional setting.

The structural history of the WHGB is not well constrained, in companson to greenstone belts
elsewhere in the Yilgamn craton. Carter and Lipple (1982) acknowledge that they were unable
to confidently define major fold axes in the WHGE, due to poor exposures. However, outcrop-
scale observations suggested that an early phase of isoclnal folding, associated with
transposition and shearing, has been refolded by north-trending open folds (Carter and Lipple,
1982; Lipple, 1982). Most identifiable folds plunge to the north, and the dominant late faults in
the WHGB are northwest-trending, with variable movement senses.

The rocks of the WEHGB have been metamorphosed to mid- to upper-amphibolite facies, with
patchy development of greenschist facies retrogression (Lipple, 1982). Blight (1977) estimated
pressure-temperature (P-T) conditions of 200 MPa and 700°C for the southem end of the
greenstone belt, and noted that this implied an unusually high geothermal gradient of 70°C/km
in that area. Blight (1978) suggested that the overall metamorphic grade through the WHGB
increases to the south, based on changes in amphibole chemustry and the increasing abundance
of garmet. and that this increase was probably controlled by temperature, not pressure. Some of
the samples that were used to constrain metamerphic conditions in the south of the WHGB
were taken from outerop and dnll core in close proximity to the Ninan mineralisation. the scale
of which was not understood at that time. It is possible that unusually high-T conditions and/or
the abundance of gamet at the southem end of the WHGB are related to the Calingin mineral
system, rather than regional metamorphic gradients.

Gramitic rocks south of the Wongan Hills Greenstone Belf: The granite-gmeiss rocks south of
the WHGE, which host the bulk of the Calingin mineralisation, are poorly exposed and there
is no detailed work published on them. Mapping of the Moora 1:250,000 map sheet by the
Geological Survey of Western Australia (GSWA) describes, in a regional sense, regular textural
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vanations between even-grained. porphymtic, and K-feldspar megacrystic vanants of granite,
with no distinct regional distribution pattern (Carter and Lipple, 1982). Biotite is the dominant
mafic mineral in the granites, though homblende is also common A lack of geechemical data
means these granites camnot be described within the Yilgam craton gramte classification
scheme of Cassidy et al. (2002

The only constraint on the age of the granite-gneiss rocks is from Pidgeon et al. (19907 , who
studied a quartz-feldspar-biotite gmeiss (sample “W7°; Fig. 1) from approximately 3 km
northeast of the Bindi prospect (then undiscovered). These authors interpreted the sample to
represent an early graniteid phase in the region, because it is affected by a complex senies of
stuctural and metamorphic events. One-quarter of the measured zircons defined an age of 2997
£ 47 Ma (SHEIMP U-Pb zircon), with the remainder defining an age of 2800 + 9 Ma. Their
preferred interpretation is of a ~3.0 Ga age of the granitoid parent, followed by partial anatexis
and gneiss formation at ~2.8 Ga. In that scenario, the graniteid parent age would overlap with
the minimum age for volcanism in the WHGE (described earlier), suggesting roughly
contemporaneous granite and greenstone formation If the interpretations of greenstone and
granite ages Pidgeon et al. (1990) are comect, this may constrain the Calingirl mineralisation to
having occurred after ~3.0 Ga.

Characteristics of the Calingiri mineralisation: There are few published studies on the Calingmin
mineralisation. due to its relatively recent discovery and the early stage of current exploration.
The WHGB-hosted mineralisation at Ninan is the best documented, becanse is partly exposed
at surface has been subject to sporadic investigation by mineral exploration compandes since
1975 (Lipple, 1982). The host rocks at Ninan are strongly foliated and lineated schists denved
from ultramafic, BIF and aluminous sedimentary rocks, and the aluminous schists include
metamorphic indicator minerals such as gamet (almandine), fibrolite (sillimanite), andalusite
and cordiente (Blight, 1977; Lipple. 1982). Primary nuneralisation at Ninan is associated with
thin (<13 cm) bands of chalcopymite-almandine+mammetite=fibrolite=biotite, best developed in
the hinge region of a prospect-scale antiform, which plunges moderately to the north-nerthwest,
parallel to a prominent stretching lineation (Lipple, 1982).

Caravel Minerals Limited’s recent releases to the Australian Stock Exchange (ASX) descnbe
the mineralisation at Bindi, Dasher and Opie as being of a common style. The typical
mineralisation consists of chalcopyritermolybdenitezmagnetite, disseminated within a coarse-
grained, gamet-biotite gneiss, of likely granitic ongin. Gamet abundance has a broad spatial
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association with mineralisation. The gamet-bictite gneiss, and assoclated mineralisation,
typically forms tabular zones in the order of 50-130 m true thickness (up to 200 m) through the
core of the main prospects. The mineralised zones at Dasher and Opie dip moderately to the
east and north, respectively, while the Bindi mineralisation is interpreted to be folded (Fig. 1),
resulting in the Bindi West (west-dipping) and Bindi East components (dip currently uncertain).
Drlling has identified amphibolite lenses at all prospects (possible WHGEB equivalents), and
some post-mineralisation granite and pegmatite intrusions. Post-mineralisation dolerite dykes

of assumed Proterozoic age are common

A consultant petrologist, Dick England, has described a suite of 11 polished thin-sections taken
from two diamond drill holes at the Dasher prospect (England, 2013). The main host rocks are
described as low-Ca, high-K biotite monzogranites and grancdiorites, though some K-feldspar
may be of alteration origin. Mineralisation is dominated by anhedral chalcopymite, found
together with gamet and'or magmetite, with munor pymte interpreted to be a product of
refrogression. In one sample, tabular melybdenite is roughly parallel to a biotite-defined
foliation, and in another it contains small chalcopyrite inclusions. England (2013) suggests that
the gamet-rich mineralisation may be the product of metamorphosed phyllic alteration, which
would imply a pre-peak metamorphic crigin for mineralisation.

Regional context of the Calingiri mineralisation

The Calingiri study area is in the southwestem comer of the Archean Yilgam craton (Fig. 2).
The granitic, volcanic and sedimentary rocks that compnise the craton formed principally
between 3.02 and 2.62 Ga, and can be divided into a number of distinct terranes and domains,
based on stratigraphic, structural, geochemical and geochronolegical constraints (Cassidy etal.,
2006). The following section establishes the location of the study area i relation to those
terrane and domain boundaries, reviews the major tectonic events that have affected the area,

and summarises the mineralisation styles present in the southwest Yilgam craton

Terrane amd domain definifions: The study area, using the WHGE as a proxy, 1s in a
complicated location with regards to major tectonic sub-divisions. The WHGB was assigned to
the Murchison Terrane by Wilde et al. (1996), based on 1fs age, location (in relation to major
geophysical features) and constiment lithologies. It was placed immediately east of the Lake
Grace Terrane, the easternmost of the three terranes those authors proposed for the southwest
Yilgam craton (Balingup, Boddington and Lake Grace; Fig. 2). A craton-scale review of
Yilgam tectenic subdivisions conducted by Cassidy et al. (2008) proposed a single South West

b
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Terrane, enveloping the three smaller terranes proposed by Wilde et al. (1996) and tentatively
expanding further eastward, although those authors noted the imprecise definition of that
eastem boundary. This modification placed the WHGB in the South West Terrane, and not in
the Murchison Domain of their Youanmi Terrane (Fig. 2).

Legend

@Ce  Calingin study arca

TERRANE BOUNDARY (based o
nterpretation of Cassidy et al., 2006,
and Mole et al., 2012)

Domain bowndary {based on
interpretation of Mole etal.. 2012}

\ Boelds

------- bo\mzary of Wild: etal. (1996)

(Bd.L¢y  Boddington-Lake Grace termune
"""" boundary of Wilde ¢t al. (1996)

().« Lalkosfiace tossams oxsicon bovuodary
-------- of Wilde ct al. {1996)

YCRL  Yandanooka-Cape Riche Lmeament
. Mineralisstion of mierest

Bd = Boddington Au-Cu-Mo

Bg = Badgebup Au

Df = Deflector'Gullewa Aw-Cu

GF = Griffin's Find Au

GG = Galden Grove Cu-Zn-Pe-Ag-Au
Ha = Harmson's Cu-Mo

MM = Mt Mulgine Mo-W

Nm = Northam Au-Cu

Rv = Ravensthorpe Au-Cu-Po-Zn-Ag
We = Westonia Au

200 Kilometres

Fiz 2. Greyscale gravity image of the southwest Yilzgam craton, annotated with the location of the study area,
More recently, Mole et al. (2012) proposed that the eastern limit of the Lake Grace Termrane, as
defined by Wilde et al. (1996). should be extended to the South West Terrane-Youanmi Terrane
boundary of Cassidy et al. (2006) (Fig. 2). This refinement was based on analysis of the spatio-
temporal distribution of granite emplacement in the southwest Yilgam craton, and confirmed
that the WHGB was part of the South West Terrane. Further, Mole et al. (2012) proposed the
sub-division of the South West Terrane into two domains: the Balingup Domain in the west,
and the Lake Grace Domain in the east (Fig. 2). These correspond to the Lake Grace Terrane
(expanded eastward, as explained above), and the combined Balingup Terrane and Boddington
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Temane of Wilde et al. (1996), respectively. The WHGE, and Calingin study area, lies within
the Lake Grace Domain of the South West Temrane, close to the Balingup Domain boundary.
The Mole et al. (2012) definitions are used throughout the remaining discussions, mmless
otherwise stated.

Significance of the Balingup-Lake Grace domain boundary: The Calingin study area is adjacent
to a significant NINW-trending regional geolegical featwre known as the Yandancoka-Cape
Riche Lineament (YCEL; Fig. 2) (Dentith and Featherstone, 2003; Everingham  1968). The
YCEL has been used as the boundary between the Balinpup and Take Grace domains of Mole
et al. (2012).

The YCRL is most clearly defined by a sharp fall in regional gravity values (Fig. 2) from the
Avon Regional Gravity High to the west, and to the Narembeen Fegional Gravity Shelf to the
east (Fraser and Pettifer, 1980). In the depth dimension, seismic interpretations indicate that the
YCEL is gently dipping to the east, and extends through the entire crust (Dentith et al., 2000;
Middleton et al., 1995; Wilde et al., 1996). The interpretation of Dentith et al. (2000) is based
on the “AOB’ seismic refraction traverse, which crosses the YCEL approximately 150 km
southeast of the Calingin study area.

In the Archean rocks presently exposed, the YCPL does not have a discrete expression — rather,
several different geclogical features have been used to broadly define the zone. The features
mclude:

* East-dipping shear zones at surface, a change in structural style across the zone from
flat-lying nappes (west) to north-plunging upright folds (east), and a concentration of
mafic and ultramafic rocks (Wilde et al., 1996)

* The western boundary of 2649-2640 Ma high-T, low-P granulite-facies metamorphism
(Memchin et al., 1994)

* The westermn extent of 2880-2830 Ma granites and the westem extent of chamockitic
granites (Mole et al., 2012)

The YCRL i3 also expressed in modem, infra-plate seismicity, as a first-order control on the
South West Seismic Zone, adding weight to its interpretation as a major crustal structure
{Dentith and Featherstone, 2003).

Studies of the southwest ¥ilgam Craton have consistently idenfified the YCRL as a major
crustal structure and terrane/domain boundary, but there 15 no definitive view on what it
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represents. Wilde et al. (1996) interpreted the YCEL to be an east-dipping thrust, which
transported a portion of intermediate crust to surface, such that the flat-lying nappes in the
Jimperding Metamorphic Belt in their Boddington Terrane (west of the YCEL) may represent
thrust slices that were onginally part of the Lake Grace Temane (east of the YCRL). They
suggest that the event must have occurred after ~2640 Ma, because there is no evidence of
~2640 Ma gramulite facies metamorphism (which affects the Lake Grace Terrane) in the
Boddington Terrane. The larger-scale nature and duration of tectonism at the YCEL was
discussed by Qin and Groves (1999), who proposed that the YCRL is a suture zone marking a
continent-continent collision event that occurred from 2690 to 2630 Ma. They further suggest
that this event may have triggered lithosphenc delammation melting of the lower crust, and a
craton-wide thermal anomaly, ceincident with the timing of large-scale An mineralisation
across the Yilgam Craton. The timing of the last phase of the collisional event across the YCEL
is refined to ~2650-2640 Ma by Mole et al. (2012), who invoke the event as the cause of
gramulite facies metamorphism (Wemchin et al., 1994), and of ~2650 Ma chamockitic granite

formation in the Lake Grace Domain.

The possibality that the cellision across the YCEL was between confinents that were originally
separated by cceanic crust 1s outlined by Dentith et al. (2000), who note the presence of a high-
velocity zone coincident with the east-dipping YCRL at depth. They interpret this zone
{unexposed at present levels) to be of mafic-ultramafic composition, and suggest that it may
represent a sliver of oceanic lithosphere. This geometrical amrangement raises the possibility
that the YCERL was an east-dipping subduction zone (terminafing in continent-continent
collision), rather than an east-dipping thrust The Calingin study area 15 located above
(northeast of) the YCBRL, within the over-riding klock in a subduction scenario. This setting,
together with the metal association and tonnage-grade profile of the mineralisation, raises the
possibility that Calingiri may be an Archean. subduction-related deposit.

Mineralisation in the southwest Filgamn crafon: There are several styles of mineralisation in the
southwest Yilgarn craton, hosting a range of ore metals. These are summarised in Table 1, and
their locations are shown in Figure 2. The Calingin Cu-Mo-Ag-An mineralisation may have
similarities fo cne or more of these ocowrences, as part of a contimmm of deposit styles across
the region The vamability within the Eavensthorpe area alone (Witt, 1992), with porphyry,
WMS, and “VMS feeder zone’ mineralisation interpreted, demonstrates the complexity in the
deposit-scale expression of large-scale mineralised districts.
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Aspects of the regional metallogeny that are of parficular relevance to the Calingini

mineralisation include the presence of:

+ Significant Cu- and/or Moe-bearing mineral systems

*+  Deposit styles associated with convergent margin environments (porphyry, VMS)

+ Mineral systems within high-grade metamorphic rocks

+  Enown or suspected pre-peak metamorphic hydrothermal mineralisation
The hypothesis that the Calingin Cu-Mo-Ag-Au mineralisation 15 of porphyry- or IOCG-style,
and has been overprinted by high-grade metamorphism, appears to be feasible and worthy of
testing, in light of these observations.

Table 1. Summeary of mineralisation styles in the sonthwest Yilgam craton

Hame Stams Principal metals Style

Griffin's Find Mine (inactive) Au Metamorphosed orogemnic'
Badgebup Mine (inactive) Au Metamorphosed orogenic™
‘Wastomia Mime (active) An Granitoid-associsted orogenic’
Deflector/'Gullewa Mfime {active) Au-Cu Shear-hosted, porphyry-related?
Boddington Mine (active) Au-Cu-Mo Infrosion-relased’

Golden Grove Mine (active) Cu-Zo-Ph-Ag-Au  VMS

Bavensthorpe district  Mine (nactive) Au-Cu-Pb-Zo-Ag  VMS, VMS feeder zones, porphyry®*
Mortham Prospect Au-Cu Gramilite facies, intmsion-related?”
Harmison's Prospect Cu-Mo Unknown, related to Darling Fault®
Mt Mulgina Prospect Mo-W Intrsion-related’

1 = Tomkins and Grandy (2009), 2 = Blackbumn et al. (1990}, 3 = During et al (2007). 4= Watkins and
Hickman (19900, 5 = Hollis et al. (2015), § = Witt (1998). 7 = Brauhart snd Swager (2003), 8 = Baxter and
Harris (1879)

Evidence for pre-peak metamorphic fiming of hydrothermal ore deposits

The spatial coincidence of the Calingini mineralisation with high-grade metamorphic minerals
like garnet and sillimanite (Blight, 1977; England, 2013), suggests that mineralisation occwred
either synchronous with, or prior to, a high-grade metamorphic event. Differentiating between
a syn- and pre-peak ongin for Calingin will influence interpretation of the P-T conditions at the
time of mineralisation, interpretation of the overall P-T-time(f) path of the rocks m the local
district (with implications for tectonic setting), and the comrelation of local events to established

regional events.
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In metamerphosed syngenetic mineral deposits (e.g. VIMS) a pre-peak timing 15 implicit, but
differentiating befween pre- and syn-peak timing for epigenetic, hydrothermal mineralisation
m high-grade metamorphic rocks 1s difficult, and conflicting views are commen (2.g. Phillips
and Powell, 2009). The central problem 15 that many textures of pre-peak metamorphic deposits
can also be explained by a syn-peak onigin. and are therefore not diagnostic.

There are a handful of depesits that have been subject to detailed studies in order to resolve the
guestion of pre-peak versus syn-peak timing — in particular, the Grnffin’s Find Au deposit in the
Yilgam craton, and the Hemlo Au deposit in the Archean Supenior provinee, Ontario. Literature
on a selection of these deposits has been reviewed, in order to establish what arguments have
been advanced for pre-peak timing. The emphasis is on deposits that are Archean, affected by
amphibolite to granulite facies metamorphism, and contam Au=Cuthbdo. The deposits reviewed

are listed here, with a recent reference given for each:

= Griffin’s Find Au. gramulite facies, Archean Yilgam craton, Western Australia
{Tomkins and Mavrogenes, 2002)

+ Hemlo Au, middle amphibolite facies, Archean Supenor province, Ontario (Heiligmann
etal., 2008)

» Big Bell Au, upper amphibolite facies, Archean Yilgam craton, Western Australia
{Phillips and Powell, 2009}

» Challenger Au, granulite facies, Archean Gawler craton, South Australia (Tomkins and
Mavrogenes, 2002)

*» Troillus Au-Cu, lower amphibolite facies, Archean Superior province, Quebec
(Goodman et al.. 20035)

* Malandjkhand Cu-Mo-Au, amphibolite facies, Paleoproterozoic Central Indian
Tectonic Zone, India (Stemn et al., 2004)

The results of the review are summansed in Table 2. Many of these criteria are expected to be

relevant at Calingiri, based on present knowledge of the mineralisation.

In addition to the specific criteria outlined in Table 2, some authers (Phillips and Powell, 2009
Tomkins and Grundy, 2009) have more generally questioned whether it is even possible for
hydrothermal mineralisation to oceur at high temperature. because the addition of hydrothermal
fluids at greater than 600-650°C should induce partial melting of the host rock and prevent flud
transfer.
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Table 2. Summary of evidence nsed to argue for a pre-metamorphic origim of ore deposits (continmed next page)

Class Characteristic Comments Example deposit(s)
Geochronology  Mineralisation age Difficultes in dating some pre-peak Hemlo®,
precedes pazk mineralisation, due to resetting Malanjkhand*
metamorphic age
Siroctural Deaformed Folded or foliated ore zomes, peak Big Bell',
mineralisation metamorphic phases syn- or post-date Challenger-,
"deforming’ fabnc (e.g. growing in Griffin's Find®,
axial planes of folds affecting Hemlo™®,
mineralisation) Malanjkhand”
’ Ore remobilized into E.z short limbs of parasitic folds, Challenger,
low siress sites that boudin nacks Hemla’
SCOOMPany
deformation and peak
metamorphism
Texiural Reaystallised Weins lacking original depositional Big Bell', Griffin's
mineralized veins and  texfures, grain triple-junctions, Find®, Hemlo®
alteration eranoblastic EK-feldspar, idioblastic
DmsCovite
Anomaloushy high Ereakdown of pre-peak hydrous Big Bell',
partial melting around  phases releases HyQ), indtistes partial Challengar,
deposit (lencosomes, melfing in alteration hale Renco'
pegmatoidal veins)
Peak metamorphic Kot applicable if alteration phases are Troibus'
phases overprint recrystallised
alteraton (e g. garnet
aver biotita)
Inchasions of ore Spherical inchisions most definidve - Challenger-,
minerals in peak would be subhedral' enhedral is Griffin's Find®,
metamorphic phases precipitated at peak conditions Rence'

11
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Table 2. {contimned)

Class Characteristic Comments Example deposit(s)
Mineralogical Apparent lack of H:0 lost during metamorphism, Challenges*
hydrothermal anhydrons phases formed CO; lost
alteration, or DATTOW
alteration
Absence of High K activity and & fugscity stabilise  Hemlo®
metamorphic index other assamblages

minerals in ore zone

Lower FeMgratiosin =~ Sulphidation of Fe during Biz Bell', Hemlo®
gamet and biotite, mineralization leaves silicate residue
proximal to sulphide depleted in Fe - reflected in subsequent
ore metamorphic mineralegy
ArsanopyTite- Loellingite-pyrrhotite 'pairs' indicate Challenger?,
loellmgite-pyrrhotite metamorphism and breakdown of Griffin's Find*#
relationships arsenopyTite - if precipitated at peak,

they would not be spatially linked
Stability of quartz- Aczsemblage would form wollastonite in - Griffin's Find®
calcite assamblage preseace of high-T fluid - s0 peak

conditions must have been 'dry’,

mineralization was prior
Crxygen sotope Indicates if exchange occwred in an Griffin's Find®
exchange berwean "open’ (flwid present) or 'closed’ system

mineralisation-related
phasas

(finid absent, mineralisation pre-peak)

1 =Phillips and Powell {2009), 2 = Tomkins and Mavrogenes (2002), 3 = Alach (1997), 4 = Tomkins and Grumdy
(2009}, 5 = Lin (2001}, 6 = Davis and Lin (2003), 7 = Tomkins et al. (2004), 8 = Heiligmann =t al. (2008), 9 =
Stein et al (2004), 10 = Goodman et al (2005)
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Aims

Due to 1ts unusual location and recent discovery, no detailed studies have been completed on
the Calingiri mineralisation of its host rocks. The aims of this study are, therefore, to document:

Host rocks — types, relative iming and geochemistry (magmatic rocks, in particular)
Structural geology — structural elements and kinematics

Metamorphism — prograde and retrograde events, facies (P-T conditions), fiming
relative to structural events and mineralisation

Hydrothermal alteration and mineralisation — mineralogy, texture, paragenesis, fiming
m relation to local stuctural, magmatic and metamorphic events

If swtable rocks and mineral phases are identified. a geochronology study will also be
undertaken This will likely focus on SHEIMP U-Pb zircon dating of host rocks, and direct
dating of mineralisation using Fe-0s on molybdenite.

Significance and Outcomes

The propesed study will document, and place in context, the newly-discovered Calingini Cu-
Mo-Ag-An mmerahisation. There are few global examples of Archean bulk-tonnage, Cu-
dominant mineralisation, so this study will have significance to academia and the nunerals
mdustry.

The potential outcomes of this study for academia are:

Detailed paragenesis of an unusual type of mineralisation

Evaluation of whether the mineralisation has affinities to porphyry- or IOCG-styles
New constraints on the lithological, stctural and metamorphic history of the pootly-
studied region south of the Wongan Hills Greenstone Belt

A well constrained locality to use in future revisions of the evolution and mineral

potential of the southwest Yilgam craton

The potential outcomes for the mineral industry are:

Establish the local confrols on mineralisation, leading to more effective exploration at
the district-scale

Prowide insights on the regional-scale spatial and temporal controls on Calingin-style
mineralization, leading to more effective exploration of the southwest Yilgamn eraton
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» Tentative understanding of the craton-scale controls, which will encourage exploration
for Calingiri-style mineralisation within Archean eratons worldwide

Methodology
The methods applied in this study will include:

» Field work, invelving drill hole legging and outerop mapping
» Transmitted and reflect light petrography

» Scanning electron microscopy

= Lithogeochemistry

+ Geochronelogy

The details and goals of each study phase are outlined below.
Field work

The first aspect of the field work will be graphical logging of relevant diamond dnll holes.
There are currently only four Caravel diamond drill heles into the main Calingiri mineralisation
(three from Dasher and one from Bindi West), and each of these will be logged in detail.
Histonc, unonented diamond drll holes from Minan are also available, and a well-mineralised
example from that prospect will alse be logged. The logging will include detailed observations
of litholegy, stuctural elements, hydrothermal alteration and muneralisation. Magmetic
susceptibility measurements will also be taken down hole.

The majornity of samples for the study are expected to come from the diamond dnll holes. These
will mclude “least-deformed, least-altered” examples of the various host lithologies, deformed
variants of the lithologies, and type-examples of different hydrothermal alteration and
mineralization styles. A small subset of the samples will be taken for their potential to be usad
in geochronelogical studies. Samples will be photographed, and detailed notes on the location,
context. and reasen for each sample will be entered into a database. All samples will be cnented,
where possible, to enable the preparation of oriented thin-sections and miero-structoral analysis.

The second aspect of the field work will be outcrop mapping in the study area, to provide the
regional context to core-scale cbservations. Fegional-scale mapping will be completed at
1:5000 scale, and will focus around the mineralised trend. Detailed outcrop features at “type-
localities” will be mapped at 1:500 scale.
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Petrography

A selection of samples that will give the best constraints on the nature and paragenesis of the
Calingin mineralisation will be submitted for polished thin-section preparation. This wall
melude all samples that will later be submitted for detailed lithogeochemistry and/or
geochronology, to ensure the best possible understanding of those samples. All thin-sections
will be described on an optical microscope, using transmitted and reflected light, as appropriate.
Particular attention will be paid to identifying mineral phases that may be suitable for

geochronolegy, and mineral assemblages that may be used to constrain P-T conditions.
Scanning electron microscopy

A selection of the polished thin-sections will be chosen for study wnder the TESCAN scanning
electron microscope (SEM), which includes energy dispersive X-ray spectrometry (EDS)
capability. The first application of the SEM will be to identify mineral phases that could not be
identified on the optical microscope, using the EDS capability. The second application of the
SEM will be to capture fine textural detail im mineralised samples, because this may be cntical
in distingnishing pre- from syn-peak metamorphic origin for the mineralisation. The third
application of the SEM will be using the EDS capability to caphure mineral chemistry data.
Wavelength-dispersive X-ray spectroscopy (WDS) may be employed for detailed numeral
chemistry work, such as the study of ion-exchange between mineral assemblages, for P-T
estimation (e.g. garnet-biotite thermometry).

Lithogeochemisiry

A limited selection of the samples (up to 20) will be sent for lithogeochemical analysis. The
main focus will be on charactenising different gramific phases, so they can be related to large-
scale magmatic events affecting the southwest Yilgam craton. Some samples from the Wongan
Hills Greenstone Belt (Ninan prospect) may also be submitted for analysis, especially if they
are candidates for geochronology.

Geochronology

SHEIMP U-Pb zircon geochronolegy will be undertaken on selected host rocks. This part of
the study will be conducted in collaboration with the GSWA, who will perform the analysis on
mineral separates provided by the author To directly date the mineralisation, Fe-Os
molybhdenite analysis will alse be undertaken if suitable samples are identified.
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Abstract
The Zijinshan district, Fujian Provinee, southeastern China, is a major mineral field that contains high- and
intermediate-sulfidation epithermal Cu-Au-Ag and porphyry Cu-Mo deposits. This contribution discusses the
structural r and the tectonic regime tdurmlﬁememluaum at Zijinshan. Statistically, the district
is dominated by NWestriking fault systems that dip at moderate angles (40°-50°) to the northeast and south-
west. They played a first-order role in controlling the emplacement of hydrothermal veins and breccias. Most
NW-striking faults were active as oblique normmal/strike-slip faults during mineralization, as evidenced by the
geometry of syntectonic hydrothermal miner] fibers. NE-striking, steeply dipping faolts alse controlled the
emplacement uf]:l}dmﬂwmal veins and breceias, and these faults contain syntectonic mineral fibers indicat-
ing predominantly dextral strike-slip movements. The kinematic and chlm.mlr.' an: Lﬁ’m of fanlt-slip data shows
that the predominant tectonic regime during mineralization was extensional, with subvertical o, and NNE-
to NNW-trending oz Secondary clusters of subhorizontal o) suggest that short periods of fanlt reactivation
under a strike-slip me oceurred Iocally. Ald'luugh the formation of r Cu-Mo systems is commaonly
thought to be famredglhv compressive to transpressive tectonic regimes, to a diminution in the rate
of volcanic output and to the entrapment of magmas and volatiles in the |.:5p-ercrust these results show that at
least medium-sized porphyry Cu-Mo systems can form under extensional conditions in previously thickened
continental crust. This has important exploration implications globally. Based on current peologic knowladge,
the district appears 1o have a.lu.ghe:plmsnm:l potential at depth, mainly for intermediate-sulfidation epithermal

and porphyry-style mineralization

Introduction

Porphyry deposits are the worlds prim source of Cu and
M:,l:l-iih:judinpgsl]ie largest }mwnP:mEmicaﬂy exploitable
accumulations of both elements (Rio Blanco-Los Bronees and
El Teniente, central Chile; Sillitoe, 2010). It has long been
recognized that most of the giant porphyry deposits, particu-
larly porphyry Cu-Mo deposits, were formed in convergent
magmatic arcs under compressional to transpressional con-
ditions, commonly after continental-scale events of crustal
t]'licluening, shorle‘ni.ng: up].ift, and exhumation I,re_g_, Cooke
et al., 2005; Sillitoa, 2010).

This work discusses the district-scale structural geology
and explares the tectonic regime prevalent during formation
of the Zijinshan mineral district. Zijinshan is a major camp
of high- to intermediate-sulfidation epithermal Cu-Au-Ag
and porphyry Cu-Mo deposits located in the mountains of
Fujian Province, southeastern China, approximately 15 km to
the north of the town of Sha.ng]'lsmg [Fig. 1). It is the Iarge-st
epithermal mining district in China (Mao et al., 2007). The
district includes the Zijinshan open-pit Cu-Au mine, which
EI.P]DIIS a I'Ilg'l sulfidation epithermal system and the Yoeyang
underground Ag-Cu-Au mine, which exploits intermediate-
sulfidation veins about 5 km to the southwest of the Zijinshan
open pit (Fig. 1). The Zijinshan Cu-An deposit is the largest
in China, with a total resource of 1.9 Mt Cu and 305 t Au
and an annual production of 16 t Au (Jiang et al., 2013). The

rl:'A:u'|1.'-.'.'l:||:wlr||t:|i|:|g author: a-mail, jose. piquerBuch.cl

daiz 10,5080 ecnmpea 201 74501
0361-0128/1 T/ 105520

1055

district also contains porphyry Cu-Mo prospects at Luchol-
ing and Wuzigilong; porphyry to high-sulfidation epithermal
prospects at Longjiangting and Ermiacgou; a high-sulfidation
prospect at Dajigang; and an intermediate-sulfidation pros-
pect at Gushibei IfFig_ 1}. The entire Zl]msl'um district is esti-
mated to contain 2.36 Mt Cu, 323 t Au, 1 554 t Ap, and 4647 ¢
Ma (Zhong et al., 2014).

Several models have been proposed for the tectonic con-
text of the deposits in the district, including the studies by
Feng (1993), S0 et al. (1998) and Jiang et al. (2015), who
concluded that Cretaceons magmatism coeval with hydro-
thermal activity at Zijinshan oceurred in a subduction setting
under extensional conditions associated with a steepenin
subduction angle. Charvret et al. (1994), instead, propose
the existence of a short-lived compressive event coeval with
mineralization. Existing geologic maps (e.g., So et al., 1008;
Jiang et al.. 2013) show bwo almost arthogonal sets of struc-
tures at Fijinshan, with |:rr0£|.|:||!.l northwest and northeast
strikes, an previous studies have hjghlig]'lled the preferred
northwest trend evident in several veins and breccia dikes at
Zijinshan (e.g., So et al,, 1908). However, no specific stud-
ies have been completed regarding the district’s structural
evolution. Problems such as fault kinematics, stress state
during faulting and mineralization, and the detailed rela-
tionships bebween specific structures and hydrothermal
fuid Alow have not been addressed previously. This study
discusses these topics based on kinematic and dynamic
anal)-'sis of new fau t—s]ip data and the slud_\' of syntectonic
hydrothermal veins.
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Appendix 3 — Outcrop mapping observations

Point [ MGAS0E [ MGA50N Lithologies Strain Feature Dip |Direction Comment
MO-001 | 463564 | 6567177 | Ferruginised granite-gneiss 2 20x20 rubbly patch off side of LAT hill.
MO-002 | 463516 | 6567121 Proterozoic dolerite 0 Coarse prot dyke, 5-10% qz.
MO-003 | 463708 | 6567009 Proterozoic dolerite 0 North-south, at least 20 m wide.
MO-004 | 463747 | 6566989 Biotite monzogranite 0 Fine-med gsz bi monzogranite, with some coarser bi phenocrysts.
MO-005 | 463793 | 6567026 Biotite monzogranite 1 Fracture 87 259  |South tip of pavement, about 20cm spaced fractures, with some PEGs in same ori.
MO-006 | 463887 | 6566972 Biotite monzogranite 1 Fracture 86 281 |Spaced fractures, cut by several thin PEGs.
MO-006 | 463887 | 6566972 Biotite monzogranite 1 Pegmatite 80 246  |Spaced fractures, cut by several thin PEGs.
MO-007 | 464084 | 6566683 Laterite, saprolite 0 Pic of typical laterite over saprolite profile.
MO-008 | 464206 | 6566615 | Ferruginised granite-gneiss, 1 Rubbly ferruginous “gneiss" at tip of laterite hill, close to source?
laterite
MO-009 | 463990 | 6566274 Migmatised K-feldspar 2 Banding 57 86 |Clearly banded kf-phyric bi monzogranite, with zone of migmatisation - clear bi-rich and gz
phyric granitoid fl-rich zones. Dip of banding variable, but always east, and is irregularly wobbled/folded.
PEGs with bi-rich selvedge cuts brittle E-W one. Wobbly Z-vergent folds dominate
outcrop, ~NW-trending axial planes - or dextral kink bands?
MO-009 | 463990 | 6566274 Migmatised K-feldspar 2 Pegmatite 73 85 |Clearly banded kf-phyric bi monzogranite, with zone of migmatisation - clear bi-rich and gz-
phyric granitoid fl-rich zones. Dip of banding variable, but always east, and is irregularly wobbled/folded.
PEGs with bi-rich selvedge cuts brittle E-W one. Wobbly Z-vergent folds dominate
outcrop, ~NW-trending axial planes - or dextral kink bands?
MO-010 | 464044 | 6566416 | K-feldspar-phyric biotite 2 Foliation 62 66 |Weak ductile foln in GT, with gneiss/migmatite to west. Fol goes across trend of unit?
monzogranite
MO-011 | 464006 | 6566481 | K-feldspar-phyric biotite 1 Intense silica alteration associated with irregular pegmatites in GT.
monzogranite
MO-012 | 463980 | 6566478 | K-feldspar-phyric biotite 1 Coarse bi clots in kf-phyric GT, close to gneiss/migmatite transition.
monzogranite
MO-013 | 464001 | 6566404 Migmatised K-feldspar 2 Banding 75 53  |Photo 3510 of typical arrangement of gneissic banding, cut by more NW-trending
phyric granitoid pegmatites - but both are irregularly folded together. Photo 3511 of definite ductile foliation
acute to banding.
MO-013 | 464001 | 6566404 Migmatised K-feldspar 2 Foliation 56 44 |Photo 3510 of typical arrangement of gneissic banding, cut by more NW-trending
phyric granitoid pegmatites - but both are irregularly folded together. Photo 3511 of definite ductile foliation
acute to banding.
MO-014 | 463984 | 6566582 | K-feldspar-phyric biotite 1 Very weakly foliated kf-phyric granite, typical texture, abundant phenos to 12mm. About
monzogranite 30% gz in this rock.
MO-015 | 463769 | 6566656 | Ferruginised granite-gneiss 3 Vein - quartz-sulphide 80 47 [Ferruginous (ex sulphide?) PEG and granite, cut by N-S fractures, right at footwall of
migmatite/gneiss - likely mineralisation zone.
MO-015 | 463769 | 6566656 | Ferruginised granite-gneiss 3 Fracture 77 85  |Ferruginous (ex sulphide?) PEG and granite, cut by N-S fractures, right at footwall of
migmatite/gneiss - likely mineralisation zone.
MO-016 | 463814 | 6566874 | Biotite monzogranite, K- 1 Approx contact into ksp-phyric gneiss package. Coarse biotite clots in massive bi mzGT,

feldspar-phyric biotite
monzogranite

close to contact, as per previous observations.
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MO-038 | 465187 | 6567756 | Banded, K-feldspar-phyric Banding 88 101 |Banded granite, cut by NW-trending fractures with apparent dextral sense. Hints of NW-
granitoid trending fabric also (S2?), unclear dip. Recrystallisation in 070-trending dextral kink
bands/ax planes. Pic 3542 is of divergent banding and foliation (S1) - can't measure dips,
sadly.
MO-038 | 465187 | 6567756 | Banded, K-feldspar-phyric Fracture 56 69 |Banded granite, cut by NW-trending fractures with apparent dextral sense. Hints of NW-
granitoid trending fabric also (S2?), unclear dip. Recrystallisation in 070-trending dextral kink
bands/ax planes. Pic 3542 is of divergent banding and foliation (S1) - can't measure dips,
sadly.

MO-039 | 465081 | 6567821 Banded granitoid, Banding 81 106 |40cm MA band. Highly variable rock with moderate ductile foln, still with Z-vergent or

amphibolite dextral kink bands. Pic 3536 of shallow N-plunging Z-vergent, possible F2 fold?

MO-040 | 464708 | 6567794 Banded granitoid S1 foliation 62 88  |Quite foliated, with coarseish kf phenos.

MO-041 | 464964 | 6567607 Banded granitoid Cleavage 74 219 |Start of higher strain banded granite (to east). Note clotting of biotite, and kinking by NE-
trending cleavage.

MO-041 | 464964 | 6567607 Banded granitoid S1 foliation 72 111 |Start of higher strain banded granite (to east). Note clotting of biotite, and kinking by NE-
trending cleavage.

MO-042 | 465000 | 6567518 Banded granitoid Cleavage 72 331 |In pics 3539 and 3541, note that gz-rich GT/PEGs cut S1, but then all is folded - important
timing constraint!

MO-042 | 465000 | 6567518 Banded granitoid Fold axis 62 53  |In pics 3539 and 3541, note that gqz-rich GT/PEGs cut S1, but then all is folded - important
timing constraint!

MO-042 | 465000 | 6567518 Banded granitoid S1 foliation 62 99  |In pics 3539 and 3541, note that gz-rich GT/PEGs cut S1, but then all is folded - important
timing constraint!

MO-043 | 464717 | 6567429 Banded granitoid Banding 64 92  |East edge of outcrop, quite massive.

MO-044 | 464849 | 6567129 Biotite monzogranite S1 foliation 67 96  [Small outcrop, mod foln, no banding.

MO-045 | 464956 | 6567127 |Biotite monzogranite, banded S1 foliation 55 83

granitoid

MO-046 | 465118 | 6567371 | K-feldspar-phyric biotite S1 foliation 62 89  [Very low strain outcrop with rare banding, no PEGs.

monzogranite

MO-047 | 465327 | 6567924 | Banded granitoid, biotite S1 foliation 68 67 |Representative S1 from adjacent to massive, coarse bi mzGT. S1 very wobbly near

monzogranite contact, chaotic. Pic 3543 of gz-rich GT dyke cutting banded granite. Paragenesis =
Banded granite, then bimzGT, then D1/S1, then late GT - consistent with core obs.

MO-048 | 465900 | 6567281 Banded granitoid Kf-megacrystic bimzGT cuts earlier bi-rich bands - consistent with core obs.

MO-049 | 465943 | 6567240 Banded granitoid 77 85  |Complicated outcrop - fold of bi-rich band (mafic/sed precursor) is possibly F1, and
megacrystic unit post-dates it. Fold may be even earlier than "D1". Pic 3548 of coarse bi
selvedge on contact between biGT and megacrystic GT.

MO-049 | 465943 | 6567240 Banded granitoid Shear 68 129 |Complicated outcrop - fold of bi-rich band (mafic/sed precursor) is possibly F1, and
megacrystic unit post-dates it. Fold may be even earlier than "D1". Pic 3548 of coarse bi
selvedge on contact between biGT and megacrystic GT.

MO-049 | 465943 | 6567240 Banded granitoid Vein - quartz-epidote 84 259 |Complicated outcrop - fold of bi-rich band (mafic/sed precursor) is possibly F1, and

megacrystic unit post-dates it. Fold may be even earlier than "D1". Pic 3548 of coarse bi
selvedge on contact between biGT and megacrystic GT.
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MO-049 | 465943 | 6567240 Banded granitoid 3 Contact 75 289 |Complicated outcrop - fold of bi-rich band (mafic/sed precursor) is possibly F1, and
megacrystic unit post-dates it. Fold may be even earlier than "D1". Pic 3548 of coarse bi
selvedge on contact between biGT and megacrystic GT.

MO-050 | 465873 | 6567166 Proterozoic dolerite, K- 1 S1 foliation 70 71  |At least 10m thick megacrystic granite, very weak foln.

feldspar megacrystic biotite
monzogranite

MO-051 | 463144 | 6573978 Laterite Sump.

MO-052 | 462966 | 6574597 Proterozoic dolerite 0 Very coarse prot dyke in two patches.

MO-053 | 463360 | 6574113 Saprolite 1 Foliation 77 67 |Sump. Weak fabric in saprolite.

MO-055 | 463500 | 6574113 Saprolite 1 Foliation 82 55  |Sump. Weak fabric in saprolite.

MO-056 | 463662 | 6574095 Saprolite 0 Sump. Massive SAP clay.

MO-057 | 463978 | 6572916 Coarse biotite granitoid 2 S1 foliation 75 70  |Cleavage creates vague Z-vergent wobbles of S1. Pic 3561 depicts approx hinge zone in
isolated outcrop block. Pic 3563 of definite fold zone, seem steepish plunging.

MO-057 | 463978 | 6572916 Coarse biotite granitoid 2 Cleavage 68 231 |Cleavage creates vague Z-vergent wobbles of S1. Pic 3561 depicts approx hinge zone in
isolated outcrop block. Pic 3563 of definite fold zone, seem steepish plunging.

MO-058 | 463930 | 6573041 Coarse biotite granitoid 2 S1 foliation 50 278 |Coarse, quite bi-rich GT, similar to stockwork-affected rock at Dasher core. East edge of
outcrop, strongly foliated, possibly some west dips?

MO-059 | 464027 | 6572870 Coarse biotite granitoid 2 S1 foliation 75 305 |Thin fracs/silic zones/veins cut variable foln. Typical 050-trending kinks bands also
present.

MO-059 | 464027 | 6572870 Coarse biotite granitoid 2 Cleavage 82 84  [Thin fracs/silic zones/veins cut variable foln. Typical 050-trending kinks bands also
present.

MO-060 | 463978 | 6572778 | Coarse porphyritic biotite 2 S1 foliation 70 273 |Moderate foln in weakly kf-phyric, coarse granite.

granitoid

MO-061 | 463946 | 6572786 Coarse biotite granitoid 2 S1 foliation 82 87  |Some fractures are discrete brittle-ductile zones. Some silic/altd patches here, like MO-
059.

MO-061 | 463946 | 6572786 Coarse biotite granitoid 2 Fracture 78 208 |Some fractures are discrete brittle-ductile zones. Some silic/altd patches here, like MO-
059.

MO-062 | 463910 | 6572760 | Coarse porphyritic biotite 1 Contact 74 261 |Contact between GT types. Coarse kf-phenos right at margin. The coarser biGT seems

granitoid, biotite younger than the fine stuff.
monzogranite

MO-063 | 463875 | 6572717 Coarse biotite granitoid 2 Back into coarse unit.

MO-064 | 463866 | 6572755 Coarse biotite granitoid 2 S1 foliation 76 53  |Small outcrop patch with very different S1 - fold limb?

MO-065 | 463760 | 6572616 Granitic saprolite, 4 Fault 51 159  |Unusual high strain outcrop, assoc with ferruginisation. Definite granitoid. Rubbly,

ferruginised granite-gneiss ferruginous fault measured, pretty accurate.

MO-065 | 463760 | 6572616 Granitic saprolite, 4 Foliation 82 89  |Unusual high strain outcrop, assoc with ferruginisation. Definite granitoid. Rubbly,

ferruginised granite-gneiss ferruginous fault measured, pretty accurate.

MO-066 | 463565 | 6572573 Saprolite Sump.

MO-067 | 463222 | 6572577 Saprolite Sump. Looks foliated, but inaccessible.

MO-068 | 463044 | 6572584 Saprolite Sump. No fabric.

MO-069 | 462906 | 6574620 Proterozoic dolerite 1 Fracture 82 171 |Clear spaced fracture in gabbroic prot dyke - parallel to dyke ori?
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MO-070 | 471644 | 6572453 | Coarse K-feldspar-phyric 2 Foliation 55 229 |Consistent foln in coarse, true granite? Lots of gz and kf. Kf aligned to strongish foln.
granitoid Later brit-duct fault and Vgz.
MO-070 | 471644 | 6572453 | Coarse K-feldspar-phyric 2 Vein - quartz-epidote 72 273 |Consistent foln in coarse, true granite? Lots of gz and kf. Kf aligned to strongish foln.
granitoid Later brit-duct fault and Vgz.
MO-071 | 471595 | 6572638 Proterozoic dolerite Very thick EW dyke. Some breccia GT rubble to south?
MO-072 | 473956 | 6572600 | Coarse porphyritic biotite 1 320-trending foln, consistently foliated (no dip possible), magnetite-bearing, coarse bi
granitoid granite. Quite a lot of coarse primary (?) magnetite.
MO-073 | 480455 | 6575653 Granitoid 1 Coarse qz-kf-pl granite, mica-poor, otherwise similar to MO-073, but without magnetite.
Weak foln or mineral alignment.
MO-074 | 477655 | 6574828 Biotite granitoid 0 Large, very homogenous outcrop of kf-poor bi GT - very weak fol, no PEGs, no banding.
MO-075 | 473561 | 6583554 Biotite granitoid 0 Christmas Rock granite near town, very plain, equigranular, weakly magnetic, bi GT.
MO-076 | 465439 | 6578556 Intermediate schist 3 S1 foliation 70 239 |Excellent sump with clear S1 and L1, lin defined by feldspars (now clay). Andesitic
parent? Fol clearly cut by abundant fracs and ferrug veins (min-stage, post-D17?).
MO-076 | 465439 | 6578556 Intermediate schist 3 L1 stretching 31 303 |Excellent sump with clear S1 and L1, lin defined by feldspars (now clay). Andesitic
parent? Fol clearly cut by abundant fracs and ferrug veins (min-stage, post-D1?).
MO-076 | 465439 | 6578556 Intermediate schist 3 Fracture 78 303 |Excellent sump with clear S1 and L1, lin defined by feldspars (now clay). Andesitic
parent? Fol clearly cut by abundant fracs and ferrug veins (min-stage, post-D1?).
MO-077 | 465489 | 6578703 | Garnet-sillimanite schist 3 S1 foliation 79 266  [Gt-sm-bearing schist. Note ~3cm mt-rich band left of pencil - this is folded with S1?
MO-078 | 465463 | 6578748 Sillimanite schist 3 S1 foliation 75 254 [Ferrug outcrop.
MO-079 | 465442 | 6578842 Sillimanite schist 3 S1 foliation 78 267 |Sump. White sm-rich schist, fine gsz, consistent.
MO-080 | 465435 | 6579002 Sillimanite schist 3 S1 foliati 78 253
MO-081 | 465417 | 6579046 | Sillimanite schist, granitoid, 4 S1 foliation 78 286 |Red schist in contact with 1m GT dyke (no strain). Sericite-sm rock (?), with rubbly Vgz
quartz vein to west - with old workings? Likely decent fault zone.
MO-082 | 465547 | 6579002 | Garnetiferous mafic schist 3 S1 foliation 82 264  |Finer, mafic (?) rock with bands of garnet.
MO-083 | 465643 | 6578990 Sillimanite-mica schist. 4 Sump. Possibly folded sm-mu-rich schist SAP, greasy, glittery SAP. Can't get in sump to
measure anything.
MO-084 | 465778 | 6578970 | Massive hematite-magnetite | 3 Foliation 23 40  |Massive hm-mt rock trends ~330, but is cut by by shallow foln. Hints of S2 and shallow
rock NW-plunging folds just to south?
MO-084 | 465778 | 6578970 | Massive hematite-magnetite 3 S1 foliation 62 249 |Massive hm-mt rock trends ~330, but is cut by by shallow foln. Hints of S2 and shallow
rock NW-plunging folds just to south?
MO-084 | 465778 | 6578970 | Massive hematite-magnetite 3 S2 foliation 85 59  |Massive hm-mt rock trends ~330, but is cut by by shallow foln. Hints of S2 and shallow
rock NW-plunging folds just to south?
MO-085 | 465832 | 6578867 Quartz vein 3 S1 foliation 71 268 |5m wide coarse (rex?) Vgz seems ~parallel to S1, cut by brittle fracture set.
MO-085 | 465832 | 6578867 Quartz vein 3 Fracture 78 161  [5m wide coarse (rex?) Vgz seems ~parallel to S1, cut by brittle fracture set.
MO-086 | 465876 | 6578819 | Garnet-sillimanite schist 3 Fold axis 36 344 |Qz-fe veins folded into NNW-plunging folds - not clear if S1 also folded, these may be F1?
No clear evidence that gt predates S1 - probably post?
MO-086 | 465876 | 6578819 Garnet-sillimanite schist 3 Vein - quartz 51 293 |Qz-fe veins folded into NNW-plunging folds - not clear if S1 also folded, these may be F1?

No clear evidence that gt predates S1 - probably post?
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MO-086 | 465876 | 6578819 | Garnet-sillimanite schist Vein - quartz 52 29  [Qz-fe veins folded into NNW-plunging folds - not clear if S1 also folded, these may be F1?
No clear evidence that gt predates S1 - probably post?

MO-086 | 465876 | 6578819 | Garnet-sillimanite schist Cleavage 70 268 |Qz-fe veins folded into NNW-plunging folds - not clear if S1 also folded, these may be F1?
No clear evidence that gt predates S1 - probably post?

MO-087 | 465866 | 6578801 | Garnet-sillimanite schist S1 foliation 72 271 [Qz-fe vein cuts S1. S1 measured nearby, not at pic.

MO-088 | 465922 | 6578778 |Massive hematite-magnetite Bedding 72 269 [Massive fmgsz, soft, hm-mt-ch rock, about 3m wide. Low strain. Not sure what this rock

rock is?

MO-089 | 465869 | 6578652 manite schist S1 foliation 45 343 |Pic of possible S1/S2 relations. This end of outcrop definitely on a different ori. VVague fold
axes measured.

MO-089 | 465869 | 6578652 manite schist L1 stretching 40 311 |Pic of possible S1/S2 relations. This end of outcrop definitely on a different ori. VVague fold
axes measured.

MO-089 | 465869 | 6578652 S2 foliation 84 106 |Pic of possible S1/S2 relations. This end of outcrop definitely on a different ori. Vague fold
axes measured.

MO-089 | 465869 | 6578652 Fold axis 38 9  |Pic of possible S1/S2 relations. This end of outcrop definitely on a different ori. VVague fold
axes measured.

MO-090 | 465846 | 6578642 | Quartz vein, ferruginous Vein - quartz-iron 63 293  [Ferrug VVQ with tarnished sulphides present.

schist

MO-091 | 465704 | 6578432 Schist S1 foliation 62 288  [No distinctive sm or gt. Vgz rubble at east outcrop edge.

MO-092 | 465297 | 6578711 | Mafic schist, amphibolite S1 foliati 77 245  [Fairly clear mafic (amphibolite) "schist” with S1 running across more N-S bands. Strongish
rodding/min lin. No gt or sm - mostly chlorite (?), but some dark porphyroblasts, likely mt
(oxidised to hm).

MO-092 | 465297 | 6578711 | Mafic schist, amphibolite L1 stretching 46 325 |Fairly clear mafic (amphibolite) "schist" with S1 running across more N-S bands. Strongish
rodding/min lin. No gt or sm - mostly chlorite (?), but some dark porphyroblasts, likely mt
(oxidised to hm).

MO-093 | 465043 | 6579250 Quartz vein Fracture 65 313 [Big patch of gz and silic GT (?), likely fault.

MO-094 | 464747 | 6579979 BIF, amphibolite Bedding 32 298 [Close-spaced cleavage, forms int lin. S1 and L1 in adjacent wthd MA suggests (together
with S0) that F1 synform is to the west.

MO-094 | 464747 | 6579979 BIF, amphibolite Cleavage 82 198 [Close-spaced cleavage, forms int lin. S1 and L1 in adjacent wthd MA suggests (together
with S0) that F1 synform is to the west.

MO-094 | 464747 | 6579979 BIF, amphibolite S1 foliation 67 274 |Close-spaced cleavage, forms int lin. S1 and L1 in adjacent wthd MA suggests (together
with S0) that F1 synform is to the west.

MO-094 | 464747 | 6579979 BIF, amphibolite L1 stretching 50 335 [Close-spaced cleavage, forms int lin. S1 and L1 in adjacent wthd MA suggests (together
with S0) that F1 synform is to the west.

MO-095 [ 465945 | 6579853 Mafic schist 48 305 |Ferrug schist, typical, probable mafic parent.

MO-096 | 466089 | 6578890 Saprolite, ferruginous S1 foliation 63 286 [Very ferrug sap (after sed/mafic?) overlies leached sap. Possible GT at east outcrop

saprolite edge. Quite low strain. Clear later cleavage creates intersection lin. Pic of clearly banded

sparolite - layered sequence like 0BWHDDHOQ01? Likely same later cleavage as MO-094.
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MO-096 | 466089 | 6578890 Saprolite, ferruginous 2 Cleavage 58 228 |Very ferrug sap (after sed/mafic?) overlies leached sap. Possible GT at east outcrop
saprolite edge. Quite low strain. Clear later cleavage creates intersection lin. Pic of clearly banded
sparolite - layered sequence like 08WHDDHO001? Likely same later cleavage as MO-094.
MO-097 | 465515 | 6578022 Amphibolite, granitoid 2 S1 foliation 76 61 |Sump. Mafic sap/MA mod foliated, looks chloritic, cut by weathered 5cm GT dyke.
MO-098 | 465632 | 6577973 Amphibolite 1 30m wide massive to very weak fol MA trending about 155.
MO-099 | 465486 | 6577997 Amphibolite, schist 3 S1 foliation 44 326 |Very odd S1 ori with faint, brittle "S2" cleavage. S1 highly variable through outcrop, into
NNW-plunging fold of unknown vergence.
MO-099 | 465486 | 6577997 Amphibolite, schist 3 Cleavage 82 243 |Very odd S1 ori with faint, brittle "S2" cleavage. S1 highly variable through outcrop, into
NNW-plunging fold of unknown vergence.
MO-100 | 465448 | 6577995 Amphibolite, schist 3 S1 foliation 50 241 |Vergence just west of MO-099, indicates synform to west, locally. Later 5mm-spaced
cleavage in local zones, similar to observed further north.
MO-100 | 465448 | 6577995 Amphibolite, schist 3 S2 foliation 77 41 |Vergence just west of MO-099, indicates synform to west, locally. Later 5mm-spaced
cleavage in local zones, similar to observed further north.
MO-100 | 465448 | 6577995 Amphibolite, schist 3 Cleavage 80 158 |Vergence just west of MO-099, indicates synform to west, locally. Later 5mm-spaced
cleavage in local zones, similar to observed further north.
MO-101 | 465327 | 6577939 Saprolite 2 Cleavage 84 30 [Unidentified pale saprolite (sed?). Layering/S1 cut by quite strong cleavage/fracture in
zones. Qz rubble to west.
MO-101 | 465327 | 6577939 Saprolite 2 Banding 46 252 [Unidentified pale saprolite (sed?). Layering/S1 cut by quite strong cleavage/fracture in
zones. Qz rubble to west.
MO-102 | 465402 | 6577796 Mafic schist 3 S1 foliation 78 71 |Likely chloritic schist/ MA.
MO-103 | 465394 | 6577855 Mafic schist 3 S1 foliati 82 66 |Ferrug MA likely.
MO-104 | 465405 | 6577633 | Biotite granitoid, chlorite- 3 S1 foliation 69 61  |Sump. Pre-foliated "greenstone™ xenolith in bi GT. Xenolith strongly cooked, with very
biotite schist coarse hiotite, no garnet/sillimanite - so this granite is not responsible for hg
metamorphism! Granite is 5%bi, equigranular GT with occasional coarse gz eyes.
MO-104 | 465405 | 6577633 | Biotite granitoid, chlorite- 3 L1 stretching 18 341 |Sump. Pre-foliated "greenstone™ xenolith in bi GT. Xenolith strongly cooked, with very
biotite schist coarse biotite, no garnet/sillimanite - so this granite is not responsible for hg
metamorphism! Granite is 5%bi, equigranular GT with occasional coarse gz eyes.
MO-104 | 465405 | 6577633 | Biotite granitoid, chlorite- 3 Dyke 57 271 |Sump. Pre-foliated "greenstone™ xenolith in bi GT. Xenolith strongly cooked, with very
biotite schist coarse hiotite, no garnet/sillimanite - so this granite is not responsible for hg
metamorphism! Granite is 5%bi, equigranular GT with occasional coarse gz eyes.
MO-104 | 465405 | 6577633 | Biotite granitoid, chlorite- 3 Contact 78 241 |Sump. Pre-foliated "greenstone™ xenolith in bi GT. Xenolith strongly cooked, with very
biotite schist coarse biotite, no garnet/sillimanite - so this granite is not responsible for hg
metamorphism! Granite is 5%bi, equigranular GT with occasional coarse gz eyes.
MO-105 | 465452 | 6577613 | Biotite granitoid, chlorite- 3 S1 foliation 82 75 [Sump. Mostly bi GT, but invaded by irregular PEG array. Pic of PEGs invading schist with
biotite schist, pegmatite cgsz biotite.
MO-106 | 465698 | 6577780 Amphibolite 2 88 231
MO-107 | 465818 | 6577730 Amphibolite? 2 S1 foliation 78 256 |Leached sap, probable MA.
MO-108 | 465828 | 6577638 Amphibolite? 2 S1 foliation 78 243  |Fairly uniform, likely chloritic MA sap beneath LAT.
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MO-109 | 466236 | 6577623 Muscovite schist. 2 Bedding 75 253 [Pic of definite compositional banding in sed (?) schist - leached, but looks micaceous. S1 is
layer-parallel, and there are no later fabrics present.

MO-110 | 466218 | 6577511 Granitoid 1 Fine, hard, gz-rich sap - granite?

MO-111 | 465974 | 6577565 Quartz-mica schist 3 S1 foliation 62 274 |F-m gsz qz-bearing schist, prob same rock as MO-110, but deformed. Pic 3615 just south
of ferrug band with cgsz elongated white porphyroblasts or phenocrysts - prob former
feldspar, andesite parent?

MO-111 | 465974 | 6577565 Quartz-mica schist 3 L1 stretching 45 337 |F-m gsz qz-bearing schist, prob same rock as MO-110, but deformed. Pic 3615 just south
of ferrug band with cgsz elongated white porphyroblasts or phenocrysts - prob former
feldspar, andesite parent?

MO-112 | 465347 | 6577086 Biotite granitoid 1 Vein - biotite 61 75  [Massive, 5-10% hi GT, equigranular, ~3mm gsz. Interesting coarse biotite alteration bands,
folded, and with foliated biotite selvedges - poss min-related, and preserve stress field in
selvedge? Flattish sweaty PEGs also - cut bi-rich zones?

MO-112 | 465347 | 6577086 Biotite granitoid 1 Fracture 82 38  [Massive, 5-10% bi GT, equigranular, ~3mm gsz. Interesting coarse biotite alteration bands,
folded, and with foliated biotite selvedges - poss min-related, and preserve stress field in
selvedge? Flattish sweaty PEGs also - cut bi-rich zones?

MO-112 | 465347 | 6577086 Biotite granitoid 1 70 67 [Massive, 5-10% bi GT, equigranular, ~3mm gsz. Interesting coarse biotite alteration bands,
folded, and with foliated biotite selvedges - poss min-related, and preserve stress field in
selvedge? Flattish sweaty PEGs also - cut bi-rich zones?

MO-113 | 465360 | 6576975 Biotite granitoid 1 Vein - hiotite 38 261 [Pic of biotite vein with rex+kf halo. Common late fractures measured also.

MO-113 | 465360 | 6576975 Biotite granitoid 1 Fracture 73 41 |Pic of hiotite vein with rex+kf halo. Common late fractures measured also.

MO-114 | 465388 | 6576920 Biotite granitoid 1 Dyke 82 354 |10cm prot dyke cuts GT, sinistrally offsets pegmatites. 3 dykes in vicinity. Main PEG ori
measured.

MO-114 | 465388 | 6576920 Biotite granitoid 1 Pegmatite 70 51  |10cm prot dyke cuts GT, sinistrally offsets pegmatites. 3 dykes in vicinity. Main PEG ori
measured.

MO-115 | 465167 | 6577080 Biotite granitoid 1 Vein - chlorite 65 164 |1m wide zone of anastomosing, chloritic fractures/veins.

MO-116 | 465140 | 6577177 Biotite granitoid 1 Fracture 65 225 [Main spaced fracture set. West tip of this outcrop has freshish material - in case required
for geochem/dating. Rock around 5%bi, 35% gz, 60% fl.

MO-117 | 465410 | 6577267 Biotite granitoid 1 Pegmatite 82 15  [Coarser and kf-phyric bi GT, cut by several coarse, late GT dykes.

MO-117 | 465410 | 6577267 Biotite granitoid 1 Vein - biotite 42 71 |Coarser and kf-phyric bi GT, cut by several coarse, late GT dykes.

MO-118 | 466470 | 6558756 Granitic gneiss 3 S1 foliation 52 9  [Genuine high strain gneiss - very good. Affected by ~N-S cren??

MO-119 | 466317 | 6559148 Biotite granitoid 0 Undeformed 5-10% bi GT, 35% qz, equigranular.

MO-120 | 466361 | 6559217 Diorite 1 Qz-poor, pyroxene-phyric rock, diorite? Sample taken.

MO-121 | 466230 | 6559073 Cranitic gneiss 4 S1 foliation 77 21  [Strongly banded gneiss, with leucosomes sometimes cutting melanosome foliation.

MO-122 | 466196 | 6559043 | Granitoid, granite-gneiss 3 S1 foliation 67 18  |Lower strain version of MO-121, still with leucosome partial melts, but more recognisable
as GT parent?

MO-123 | 466125 | 6559066 Granitic gneiss 4 S1 foliation 72 24 |075-trending fold axis, one example only. High strain gneiss. Hints of 315-trending foln

cutting banding in many areas (pic 3469). Possibly same fabric that weakly affects
regional granites?
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MO-123 | 466125 | 6559066 Granitic gneiss 4 S1 foliation 43 121 |075-trending fold axis, one example only. High strain gneiss. Hints of 315-trending foln
cutting banding in many areas (pic 3469). Possibly same fabric that weakly affects
regional granites?

MO-123 | 466125 | 6559066 Granitic gneiss 4 Foliation 67 41 [075-trending fold axis, one example only. High strain gneiss. Hints of 315-trending foln
cutting banding in many areas (pic 3469). Possibly same fabric that weakly affects
regional granites?

MO-124 | 465998 | 6559216 Doleritic amphibolite 2 73 225 | Thoroughly kf-ep altered doleritic amphibolite, highly foliated/fractured in measured ori -
fault? Pic 3650 of px-phyric "diorite" to south.

MO-125 | 465991 | 6559186 Biotite granitoid 1 56 26  |Coarse bi GT cut by weak foln oblique to trend of rocks.

MO-126 | 466083 | 6558993 Biotite granitoid 1 Foliation 63 21  [Coarse oldish GT again cut by weak foln going across lith trend.

MO-127 | 466108 | 6558943 Granitic gneiss 3 S1 foliation 57 24 |Well-defined band in granitic gneiss, rare folds, but not clearly insitu.

MO-128 | 466274 | 6558907 | Granitoid, granite-gneiss 2 S1 foliati 73 25

MO-129 | 466240 | 6558835 Granitic gneiss 3 S1 foliation 66 15

MO-130 | 465995 | 6558871 Granitic gneiss 3 S1 foliation 56 25

MO-131 | 465771 | 6558964 Granitoid 1 72 21

MO-132 | 465729 | 6558923 | Granitoid, granite-gneiss 3 S1 foliation 77 35  [Likely kf-phyric precursor rock. Note that PD cuts foln thru this area.

MO-133 | 465627 | 6558830 | Granitoid, granite-gneiss 3 S1 foliati 62 39

MO-134 | 465714 | 6558682 Mica schist, saprolite 3 S1 foliation 65 31 [Fm gsz weathered micaceous schist (saprolitic) - greenstone parent, sed?

MO-135 | 466300 | 6558697 Granitic gneiss 4 S1 foliation 53 19 |Typical coarse gneiss.

MO-136 | 466183 | 6558756 Granitic gneiss 4 S1 foliation 68 19

MO-137 | 465031 | 6559531 | Granitic gneiss, saprolite 4 S1 foliation 72 9  [Weathered, banded gneiss.

MO-138 | 468767 | 6560425 Granitoid 0 Sump. Massive granite.

MO-139 | 468821 | 6560538 Granitoid 0 Sump. Massive granite.

MO-140 | 468723 | 6560525 Granitoid 2 Vein 52 148 |Sump. Foliated granite, with limonitic veins/fractures. Sump smells strongly of sulphur.

MO-140 | 468723 | 6560525 Granitoid 2 S1 foliation 46 349 |Sump. Foliated granite, with limonitic veins/fractures. Sump smells strongly of sulphur.

MO-141 | 468807 | 6560688 Biotite granitoid 2 S1 foliation 46 14 |Sump.

MO-150 | 468720 | 6560689 Cranitic gneiss 3 S1 foliation 50 16 [Sump. Gneissic banding measured, smells sulphidic in here.

MO-151 | 468633 | 6560687 Granitoid 1 Sump. Plain, fairly coarse GT.

MO-152 | 468616 | 6560525 | Granitoid, granite-gneiss 2 Banding 66 30  [Sump. Bi-rich band in coarse, low strain GT.

MO-153 | 468666 | 6560423 Granitoid 0 Sump. Coarse, massive granite, quite gz-rich.

MO-154 | 472522 | 6582577 Granitoid 0 Very coarse 5%bi-40%qz GT on edge of town, dated 2651Ma.

MO-155 | 460150 | 6570594 Granitoid 1 77 276 |Fine GT sap, clear fabric/layering.

MO-156 | 460266 | 6570188 Granitoid, quartz vein 4 72 317 |Fracturing on edge of very thick gz blow.

MO-157 | 460384 | 6570195 Granitoid, quartz vein 4 Approx south edge of vein/fault zone, possibly even wider.

MO-158 | 459887 | 6569829 Granitoid, quartz vein 5 28 316  |Strong fault/vein in granite, possible sinistral S-C?

MO-159 | 460503 | 6568922 Granitoid 2 18 346 [Dam. Mostly massive granite sap, but with shallow dipping fol (flatted gz) and veining at
west edge - S1??

MO-160 | 460332 | 6568891 Granitoid 3 S1 foliation 64 285 |Excellent likely F2 folds with shallow north plunge. 64/284 ori is likely long limb - antiform

to east vergence.
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MO-160 | 460332 | 6568891 Granitoid 3 S1 foliation 37 83  |Excellent likely F2 folds with shallow north plunge. 64/284 ori is likely long limb - antiform
to east vergence.

MO-160 | 460332 | 6568891 Granitoid 3 S2 foliation 86 116 |Excellent likely F2 folds with shallow north plunge. 64/284 ori is likely long limb - antiform
to east vergence.

MO-161 | 460147 | 6568834 Biotite granitoid 3 S1 foliation 42 8 Similar setup to MO-160, with clearly two S1 oris (folded). No hinges observable. Short
limb cut by steep likely S2 (axial planar).

MO-161 | 460147 | 6568834 Biotite granitoid 3 S1 foliation 64 286 [Similar setup to MO-160, with clearly two S1 oris (folded). No hinges observable. Short
limb cut by steep likely S2 (axial planar).

MO-161 | 460147 | 6568834 Biotite granitoid 3 S2 foliation 72 273 |Similar setup to MO-160, with clearly two S1 oris (folded). No hinges observable. Short
limb cut by steep likely S2 (axial planar).

MO-162 | 460390 | 6568778 | Granitoid, granite-gneiss 4 S1 foliation 53 251 |Pic of short limb S1/S2 relations - note more NW-trending fractures/kink bands also
(common, sinistral).

MO-162 | 460390 | 6568778 Granitoid, granite-gneiss 4 S1 foliation 37 355 |Pic of short limb S1/S2 relations - note more NW-trending fractures/kink bands also
(common, sinistral).

MO-162 | 460390 | 6568778 Granitoid, granite-gneiss 4 S2 foliation 75 96  |Pic of short limb S1/S2 relations - note more NW-trending fractures/kink bands also
(common, sinistral).

MO-163 | 460305 | 6571971 Coarse biotite granitoid 1 S1 foliation 70 236 |Coarse bi GT, very weak S1 foln, cut by 40cm bi-rich (20%) GT dykes, all cut by WNW-
trending PEGs. Some aplite dykes parallel to S1.

MO-163 | 460305 | 6571971 Coarse biotite granitoid 1 Dyke 34 327 [Coarse bi GT, very weak S1 foln, cut by 40cm bi-rich (20%) GT dykes, all cut by WNW-
trending PEGs. Some aplite dykes parallel to S1.

MO-164 | 460263 | 6573522 Granitoid 1 S1 foliation 70 285 |Low strain GT sap, higher strain GT rubble lies east.

MO-165 | 459292 | 6569592 Granitoid 4 Fault 42 336 | Thick high strain zone.

MO-166 | 459195 | 6568651 Granitoid 1 Med gsz massive bi GT, Pics of fine gsz mafic just north - lots of rubble. Looks like basalt,
possibly even at greenschist facies??

MO-167 | 459023 | 6568841 Mica schist 3 S1 foliation 46 236 |Good outcrop of red, fine-grained micaceous saprolite, likely chloritic mafic. Quite strong
cleavage causes Z-vergent folds with shallow west plunges. Evidence of irregular
folding/interference in rubbly pieces.

MO-167 | 459023 | 6568841 Mica schist 3 Cleavage 82 6 Good outcrop of red, fine-grained micaceous saprolite, likely chloritic mafic. Quite strong
cleavage causes Z-vergent folds with shallow west plunges. Evidence of irregular
folding/interference in rubbly pieces.

MO-168 | 459320 | 6569655 Ferruginous schist 4 Ferruginous fine gsz rubble with quartz veining (sampled).

MO-169 | 459242 | 6569623 Sedimentary schist 3 Rubble of fine sed (?) schist, some bits with altn and oxide Cu? (sampled).

MO-170 | 459888 | 6569526 Quartz-mica schist 3 S1 foliation 41 251 [Very good outcrop of mica+qgz schost with compositional banding. Note pervasive EW
cleavage in pic, also note earlier folding of Vqz. Quite complexly deformed.

MO-170 | 459888 | 6569526 Quartz-mica schist 3 Cleavage 77 349 |Very good outcrop of mica+gz schost with compositional banding. Note pervasive EW
cleavage in pic, also note earlier folding of Vgz. Quite complexly deformed.

MO-171 | 463304 | 6566939 K-feldspar-phyric biotite 1 Small patch west of Dasher, with abundant poikilitic kf phenos to 20 mm, megacrystic.

monzogranite

MO-172 | 470210 | 6575662 | K-feldspar-phyric biotite 2 70 226 |Bi-rich (20%), kf-phyric, moderate strain GT/GN, with thin sweaty PEGs (partial melts?).

monzogranite This is an “old" granite, and is dated at 3.0 Ga (crystallisation), with a 2.8 Ga component

(migmatisation?). Big prot dyke hill to northeast.
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Appendix 4 — Dasher pavement outcrop map

Pavement centred south of Dasher at ~6566260N/463980E (MGA Zone 50).

Folded biotitic bands, Pegmatite vein

Partial melt "sweaty" pegmatite? Youngest Pegmatite steps across unknown 3D geometry.
phase at locality. Biotite-rich residue on margins. to the west, going south.

Very early pegmatite is cut by younger Biotite veinlet

granite phase, and affected by F1 folding.

Contact
Narrow shears

affecting pegamites.

Folded fracture below
young pegmatite remnant -
both likely sub-horizontal.

Compositional banding
Kink band affecting

igneous layering.

S1 foliation

K-feldspar phenocrysts

§/1>/(\F‘/(/(

Pegmatite clearly cuts
granite banding, same
as in outcrop generally.

56
Minor shear with quartz-feldspar
\ recrystallisation in shear plane.

Biotite veinlet - distal
potassic alteration?

ZOGRANITE

Y
\ﬂXK Pegmatite cuts S1 foliation.

Minor shear with quartz-feldspar

S1 foliation oblique \pugs
to granite contact. l
10 metres

Approximately sub-horizontal, /m 3 | |
late pegmatites - resulting in
irregular outcrop patterns.
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Appendix 5 — Drill core sample details

Relevant structure measurements

(dip/dip direction, or plunge-trend) Orientation of thin-section with slide in
Sample Hole ID From (m) | To (m) Structure 1 Structure 2 drilled orientation (notch at top-of-hole)
CAL004 | 12CADDO002 36.26 36.36 S1 81/088 Vcppych 55/83 Looking north
CAL006 | 12CADD002 47.00 47.27 S1 54/062 Kf bands 51/096 Looking north
CALO007 | 12CADDO002 48.60 48.85 S1 46/057 Looking north
CAL008 | 12CADDO002 52.18 52.28 S1/Vcppoch 56/093 Looking north
CALO009 | 12CADD002 66.64 66.74 Vmo 67/031 N/A
CAL010 | 12CADDO002 67.44 67.54 Vcppo 47/096 Looking north
CALO011 | 12CADDO002 72.18 72.28 S1 gneissic 55/026 Vcpmtchpo 35/081 Looking east
CALO012 | 12CADDO002 81.00 81.23 S1 26/022 L1 26-017 Looking east, perpendicular to lineation
CALO017 | 12CADD002 | 134.16 134.26 Banding 59/087 Looking north
CALO18 | 12CADDO002 | 141.26 141.48 S1 gneissic 73/076 Looking north
CALO019 | 12CADD002 | 151.00 151.22 S157/067 S2 90/236 Looking north
CAL020 | 12CADD002 | 155.90 156.00 Looking north
CAL021 | 12CADDO002 | 158.70 158.80 S171/070 Looking north
CAL022 | 12CADDO001 68.28 68.38 S2 69/262 F2 10-176 Looking north
CAL023 | 12CADDO001 | 130.75 130.85 S1 85/260 Looking north
CAL024 | 12CADDO001 | 136.30 136.55 S173/076 Looking north
CAL025 | 12CADDO01 | 149.30 149.40 S1 23/329 Vcppoch 18/043 Looking north
CAL026 | 12CADDO001 | 154.09 154.34 Looking north
CAL027 | 12CADDO001 | 195.00 195.10 Pegmatite vein 80/042 Looking north
CAL028 | 12CADDO01 | 217.14 217.24 Vchgtmtcppypo 83/232 Looking north
CAL029 | 12CADDO001 | 355.20 355.30 Breccia top 80/327 Breccia base 83/330 |Looking north
CALO030 | 12CADDO001 | 370.20 370.30 S1 82/052 Looking NW, right-angles to fabric
CALO31 | 12CADDO001 | 520.40 520.50 \gzgtcppopy 12/097 Looking north
CAL032 |0BWHDDHO001| 92.74 92.97 S1 39/298 Looking down to southwest, perpendicular to stretching lineation.
CAL034 |0BWHDDHO001| 132.23 132.43 S1 37/318 Looking down to southwest, perpendicular to stretching lineation.
CALO035 |0BWHDDHO001| 147.56 147.86 S1 29/302 Looking down to southwest, perpendicular to stretching lineation.
CAL038 |08WHDDHO001| 198.20 198.46 Looking approximately south at very weak fabric.
CAL039 |08WHDDHO001| 202.62 202.73 Shear 43/274 Looking down to southwest, perpendicular to stretching lineation.
CAL044 | 14CADDO00L | 364.75 365.00 Looking north
CALO045 | 14CADDO001 426.78 426.88 Vbimt 52/086 Looking north
CALO046 | 14CADDO01 | 437.29 437.39 Contact 57/083 Looking north
CAL047 | 14CADDO001 | 451.70 451.80 Vgzflmocp 58/073 Looking east
CALO048 | 14CADDO001 | 475.71 475.81 Vqzflcppo 46/059 Looking north
CALO50 | 14CADDO01 | 488.84 488.94 Looking north
CAL052 | 14CADDO001 | 514.50 514.75 S1 10/080 Looking north
CAL053 | 14CADDO001 | 523.35 523.60 S1 74/067 Looking north
CALO054 | 14CADDO001 | 527.21 527.31 Vcpchseqz 64/079 Looking north
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CALO056 | 14CADDO001 | 540.20 540.30 Contact 35/074 Looking north

CALQ57 | 14CADDOQ01 | 549.10 549.35 S1 48/029 TS looking east, best face for north-di

CALO061 | 14CADDO002 | 130.70 130.80 N/A

CAL062 | 14CADDO002 | 149.60 149.85 S1 26/286 Looking north

CALO063 | 14CADDO002 | 164.80 164.90 Vgzamcppygt 26/337 Looking north

CAL064 | 14CADDO002 | 168.60 168.70 S1 35/343 S2 (sm) 26/293 Looking west

CALO065 DWN4 183.07 183.15 Unoriented, likely looking down to southwest, based on fo
CAL066 DWN4 196.73 196.80 Unoriented, likely looking down to southwest, based on foliation ori
CALO067 DWN4 220.90 221.00 Unoriented, likely looking down to southwest, based on foliation ori
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Appendix 6 — Drill core structural measurements

ab = albite
am = amphibole

gt = garnet
kf = K-feldspar

bi = biotite mo = molybdenite
ca = calcite mt = magnetite
ch = chlorite mu = muscovite
cp = chalcopyrite po = pyrrhotite
ep = epidote py = pyrite
fl = feldspar gz = quartz
Hole ID Depth Feature Minerals Dip | Direction [Plunge | Azimuth Comments
12CADD002 | 19.7 S1 foliation 32 7
12CADD002 | 20.1 S1 foliation 27 311
12CADDO002 | 22.75 Contact 72 177 Change from medium to coarse grainsize - possibly a rex front.
12CADDO002 | 24.5 Banding 85 262 Rex banding in GT.
12CADDO002 | 26.5 Vein Cppymo 85 82 1cm diffuse, parallel to S1.
12CADD002 | 28.75 S1 foliation 79 266
12CADDO002 [ 29.95 Vein cpmo 60 81 Dissem sulphide bands roughly follow S1.
12CADD002 | 34.8 Vein kfmocp 71 110 1cm diffuse.
12CADDO002 | 35.3 S1 foliation 81 76 Hint of moderate N-plunging bi-defined mineral lineation.
12CADDO002 | 36.3 S1 foliation 81 88 Diffuse sulphide band cuts S1, causing local ch alteration, plus coarse, random bi (not in S1 ori).
12CADDO002 | 36.3 Vein cppych 55 83 Diffuse sulphide band cuts S1, causing local ch alteration, plus coarse, random bi (not in S1 ori).
12CADDO002 | 38.9 | Min pegmatite 89 76 Pegmatite contains mineralisation.
12CADDO002 | 40.3 Pegmatite 37 137 Late peg cuts S1, which contains diffuse parallel cp-py bands.
12CADDO002 | 40.3 S1 foliation 61 73 Late peg cuts S1, which contains diffuse parallel cp-py bands.
12CADDO002 | 40.75 Vein cppymomt | 64 77 Parallel veinlets of hg cp-py-mt-mo aligned to S1. Magnetite clearly vein-related, not in host rock. Note bi-
destructive nature of alteration.
12CADDO002 | 43.4 Vein cppymoch | 89 234 Microfracture with ch-cp-py-po cuts kf-phyric rock - possibly later mineralisation than mt-cp-py-bi type?
12CADDO002 | 45.1 Contact 80 59 Typical kf-phyric GT appears to intrude an earlier bi-rich unit which is highly mineralised. Xenolith (?) possibly
contains earlier foliation?
12CADD002 47 S1 foliation 54 62 Narrow PEG bands/veins
12CADD002 47 Pegmatite 51 96 Narrow PEG bands/veins
12CADDO002 | 48.2 Contact 60 81 Contact between kf-pyric GT and high strain, bi-rich mineralised zone, fairly sharp.
12CADD002 | 48.6 S1 foliation 46 57
12CADDO002 | 49.2 S1 foliation 25 46 Various mineralised veins cut S1, mostly acute, some high angle. Mo-bearing vein is pegmatitic, roughly parallel
to S1. Coarse bi in selvedges is randomly oriented, associated with magnetite.
12CADDO002 | 49.2 Vein bipycpmt 56 91 Various mineralised veins cut S1, mostly acute, some high angle. Mo-bearing vein is pegmatitic, roughly parallel
to S1. Coarse bi in selvedges is randomly oriented, associated with magnetite.
12CADDO002 | 50.1 Contact 64 59 Lower contact of bi-rich (older?) mineralised zone. Coarse bi rex affects both rocks.
12CADD002 | 515 S1 foliation 56 77 Weak S2 bi alignment, folds S1.
12CADD002 | 515 S2 foliation 86 253 Weak S2 bi alignment, folds S1.
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12CADDO002 | 52.3 Vein cppy 56 93 High-grade vein focuses at strain gradient in GT. But note that vein "breaches" into low strain domain - ie, vein
pst-dates foliation.

12CADDO002 | 59.4 S1 foliation 75 78

12CADDO002 | 61.4 S1 foliation 81 56 Vein parallel to weak S2 fabric, cuts S1. Sulphides mantle silicate grains.

12CADDO002 | 61.4 Vein cppy 75 249 Vein parallel to weak S2 fabric, cuts S1. Sulphides mantle silicate grains.

12CADDO002 [ 63.9 S1 foliation 44 27

12CADDO002 | 66.6 Vein mo 67 31 High-grade mo distributed parallel to S1, but equigranular (later, rex?). Note spatial separation from high-grade
cp.

12CADD002 67.5 Vein Cppo 47 96 Mantle type sulphide vein, definitely pyrrhotite.

12CADDO002 | 71.35 Vein cpmo 62 31 1cm almost pegmatitic vein parallel to S1, with coarse mo.

12CADDO002 | 72.2 S1 foliation 55 26 High-grade vein cuts S1, and associated ch replaces existing bi.

12CADDO002 | 72.2 Vein cpmtch 35 81 High-grade vein cuts S1, and associated ch replaces existing bi.

12CADDO002 | 74.2 S1 foliation 75 42

12CADDO002 | 75.2 Contact 55 60 GT-MA contact. Note high-grade cp-mo vein in GT, mantle type cp vein in MA, plus thin cp-ch stringer that cuts
contact.

12CADDO002 | 81.1 S1 foliation 26 22 Strong S1 zone where sm-ch have preferred linear ori with gentle north plunge. Photo shows "long™ sections at
core BOH line, and "end" sections near side.

12CADDO002 | 81.1 L1 stretch 26 17  |Strong S1 zone where sm-ch have preferred linear ori with gentle north plunge. Photo shows "long" sections at
core BOH line, and "end" sections near side.

12CADDO002 | 82.9 S1 foliation 46 9 Sm clearly defines low-alpha angle S2 fabric.

12CADDO002 | 82.9 S2 foliation 75 7 Sm clearly defines low-alpha angle S2 fabric.

12CADDO002 | 845 Dolerite dyke 46 65

12CADDO002 |116.55| Dolerite dyke 87 80

12CADDO002 |119.57 S1 foliation 52 59

12CADDO002 | 119.57| S2 foliation 82 49

12CADDO002 | 119.8 S1 foliation 73 50 High-grade vein cuts S1, and about parallel to sm-defined S2.

12CADDO002 | 119.8 Vein cpmoch 87 47 High-grade vein cuts S1, and about parallel to sm-defined S2.

12CADDO002 | 120.2 Vein epfl 88 21 Post-min narrow fracture.

12CADDO002 | 123.55 Vein cp 60 88 Up-hole edge of high-grade mantle style vein/swPEG.

12CADDO002 | 125.5 Contact 85 73 Top contact of narrow late GT dyke, which cuts S1, but appear to entrain some mineralisation at margins.

12CADDO002 | 125.5 S1 foliation 90 143 Top contact of narrow late GT dyke, which cuts S1, but appear to entrain some mineralisation at margins.

12CADDO002 126 Banding 68 89 Diffuse grainsize banding.

12CADDO002 | 126.65 Contact 61 81 Lower contact of narrow late GT dyke.

12CADDO002 | 127.6 Vein cpmoch 47 78 High-grade S1-parallel mantle type (rex) veins with thin chloritic selvedges.

12CADDO002 | 128.6 Vein qzfl 56 198 Coarse vein (with cordierite?) cuts S1 and high-grade cp bands, remobs some sulphide. Vein warps S1in a
"south-side-up" sense. Vein margin is diffuse, recrystallised.

12CADDO002 | 128.6 S1 foliation 56 43 Coarse vein (with cordierite?) cuts S1 and high-grade cp bands, remobs some sulphide. VVein warps S1 in a
"south-side-up" sense. Vein margin is diffuse, recrystallised.

12CADDO002 [129.65 Contact 60 102 Lower contact of thin late GT, cuts S1.

12CADDO002 | 129.65 S1 foliation 55 78 Lower contact of thin late GT, cuts S1.
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12CADDO002 |130.35 Vein gzfimu 12 52 Late , coarse vein or PEG.

12CADD002 | 1311 Pegmatite 41 81 20cm PEG.

12CADDO002 | 131.4 Vein ahcp 80 151 Thin, late vein with hard selvedge (albite), remobs (?) some cp, cuts S1.

12CADDO002 | 134.16 Pegmatite 59 87 SWPEGs

12CADDO002 | 134.2 Pegmatite 41 53 Mineralised PEGs parallel to S1, with some megacrystic GT visible on uphole side. Phenocrysts poikilitic and rex.

12CADDO002 | 134.8 S1 foliation 61 69 Part of narrow, finer, high strain section about 1m wide. Several narrow PEGS slightly crosscut foln.

12CADDO002 | 136.25 Vein cppy 49 41 Mantle type vein of PEG or coarse rex GT.

12CADDO002 | 138.6 Pegmatite 45 52 Coarse, random bi on PEG margins - rex, altn?

12CADDO002 | 141.26 S1 foliation 73 76

12CADDO002 | 141.7 S1 foliation 78 95 High-grade cp-mt associated with early (?) bleached or kf-altd veins, some "rootless" - early? Note garnet not
wrapped by foliation, includes cp in places.

12CADDO002 | 147.4 S1 foliation 75 72 S2 high strain zone, only traces of S1, very strong ch-sm-gt altn.

12CADDO002 | 147.4 S2 foliation 86 246 S2 high strain zone, only traces of S1, very strong ch-sm-gt altn.

12CADDO002 | 149.2 S1 foliation 78 96 Very strong, sm-defined S2 zone.

12CADDO002 | 149.2 S2 foliation 80 264 Very strong, sm-defined S2 zone.

12CADDO002 151 S1 foliation 57 67

12CADD002 151 S2 foliation 90 236

12CADDO002 | 154.9 S1 foliation 88 245 Vague banding defined by ch-mt-cp masses.

12CADDO002 | 158.2 S1 foliation 41 51 Pale wisps (former bi/ch) of sericite (?) with patchy internal sm. Light gz-fl matrix, patchy gt. Mineralisation
around faint rex PEG/vein. Praob still granite, just blitzed with altn, rex.

12CADDO002 | 158.2 Vein cpch 65 28 Pale wisps (former bi/ch) of sericite (?) with patchy internal sm. Light qz-fl matrix, patchy gt. Mineralisation
around faint rex PEG/vein. Prob still granite, just blitzed with altn, rex.

12CADDO002 | 158.7 Vein cphimt 56 55 Min vein with abundant coarse bi in selvedge, clearly overprints S1 and earlier, very strong altn.

12CADDO002 | 158.75 S1 foliation 71 70 Weak fabric/banding.

12CADDO001 | 14.95 S1 foliation 71 55

12CADDO001 | 17.4 Dolerite dyke 82 262

12CADDO01 | 48.6 | Dolerite dyke 76 131

12CADDO001 | 50.9 S1 foliation 64 262 High strain zone.

12CADDOQ01 [ 54.8 S2 foliation 55 258 Shallow NNW-plunging fold of S1, PEG and sm?

12CADDO001 | 54.8 F2 axis 5 171  [Shallow NNW-plunging fold of S1, PEG and sm?

12CADDO001 | 617 S1 foliation 76 80

12CADDO001 | 68.8 S2 foliation 69 262 Great F2 folds, weak bi alignment to S2.

12CADDO001 | 68.8 F2 axis 10 176 |Great F2 folds, weak bi alignment to S2.

12CADDO001 | 70.6 Contact 78 244 High strain to low strain change - may not be lith boundary?

12CADDO001 | 73.9 S1 foliation 75 68 Typical S1 in low strain domain.

12CADDO001 | 74.8 S2 foliation 65 266 Folding of mineralised chloritic fractures.

12CADDO001 85 Dolerite dyke 64 327

12CADDO001 | 86.3 Vein chcppy 85 229 Ch-rich stockwork style veinlets - brittle, very different to usual.

12CADDQ01 | 93.2 S1 foliation 77 94
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12CADDO001 | 93.2 Vein cppychmt | 64 232

12CADDO001 98.6 S1 foliation 9 187 Short limb S1.

12CADDO001 | 107.2 S1 foliation 36 245

12CADDO001 | 121.7 Contact 62 279 GT-MA contact, parallel to S1.

12CADDO001 | 130.9 S1 foliation 85 260 S1 folded through MA. Approx hinge area from here onwards.
12CADDO001 | 133.5 Contact 57 259 MA-GT contact, distinctive bi-rich, relatively "old" GT.

12CADDO001 | 134.5 S2 foliation 64 257 Nice folding in approx hinge zone. Weak but consistent S1 through this unit.
12CADDO001 | 136.3 S1 foliation 73 76

12CADDO001 | 138.55 Contact 25 305 Very clear contact into younger(but mineralised) gz-rich GT.
12CADDO001 | 141.8 Vein cpchpo 17 215 Stockwork style vein in low strain domain, most common ori. Definite po.
12CADDO001 | 146.1 Vein cppoch 58 275 Stockwork style vein in low strain domain, both follow and cut S1.
12CADDO001 | 146.1 Vein cppoch 13 196 Stockwork style vein in low strain domain, both follow and cut S1.
12CADDO001 | 146.55 Contact 83 221 Internal contact with younger, massive GT.

12CADDO001 | 149.4 S1 foliation 23 329 Stockwork style vein cuts S1.

12CADDO001 | 149.4 Vein cppoch 18 43 Stockwork style vein cuts S1.

12CADDO001 | 157.8 S1 foliation 62 81 Stockwork style vein cuts S1.

12CADDO001 | 157.8 Vein cppoch 47 6 Stockwork style vein cuts S1.

12CADDO001 | 165.6 S1 foliation 55 9 Strong gneissic fabric.

12CADDO001 | 169.2 | Min pegmatite 58 9 Late PEG cuts mineralised SWPEG.

12CADDO001 | 169.2 Pegmatite 24 9 Late PEG cuts mineralised sSwPEG.

12CADDO001 | 172.8 S1 foliation 38 12 Likely F1 fold of barren, rex gz vein.

12CADDO001 | 172.8 F1 axis 12 298 |Likely F1 fold of barren, rex gz vein.

12CADDOQ01 |174.45 Contact 80 221 Older granite contact into younger gz-rich GT.

12CADDO001 | 180.3 S1 foliation 29 34 Highly variable foln and min ori through here, but dominantly "long limb".
12CADDO001 | 184.5 S1 foliation 27 1 Localised short limb, very irregular S1 ori through this zone.
12CADDO001 | 195.15| Min pegmatite 80 42 Excellent mineralised swPEGs, cp-py-mo, po also?

12CADDOQ01 | 201.2 S1 foliation 58 219 Localised high strain domain.

12CADDO001 | 210.2 S1 foliation 57 84

12CADDO001 | 217.05 Vein chgtmtcppypo| 83 232 Excellent 20cm, well defined vein with mt rims and cp-py-po-ch-am core. Mt-py-po intergrown.
12CADDO001 | 222.3 S1 foliation 82 245

12CADDO001 | 223.1 Vein chgtmtcppypo| 81 81 Excellent 20 cm vein, as at 217.05m.

12CADDO001 | 228.4 S1 foliation 78 55

12CADDO001 | 236.9 Vein pycpbi 88 96 1cm vein parallel to S1.

12CADDO001 | 241.3 S1 foliation 77 84

12CADDO001 243 Vein cppy 84 67 Approx parallel to S1.

12CADDO001 | 250.8 S1 foliation 89 237 Sm-defined.

12CADDO001 | 258.9 S1 foliation 73 234 Sm-defined, with parallel veins and fractures.

12CADDO001 | 262.9 Vein gzcpypo 72 58 Irregular vein/PEG about 2m wide.

12CADDO001 268 S1 foliation 45 22

12CADDO001 | 273.25 Contact 9 20 Narrow, late GT.
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12CADDO001 | 275.3 S1 foliation 46 54

12CADDOQ01 | 286.55 Contact 7 64 Narrow, late GT.

12CADDO001 | 288.9 Vein chmtgtcppy | 42 360 Alteration zone/vein, marks change to much stronger alteration.
12CADDO001 | 294.8 S1 foliation 37 39 Min veins generally parallel, pretty regular foln since 288.90.
12CADDO001 | 298.5 S1 foliation 17 124

12CADDO001 | 305.9 S1 foliation 67 98 Vein with coarse bi flakes cuts, overprints S1 and strong early alteration.
12CADDO001 | 305.9 Vein bicp 61 327 Vein with coarse bi flakes cuts, overprints S1 and strong early alteration.
12CADDO001 | 307.7 Vein cppomt 75 74 Mantle type vein, running down core.

12CADD001 315 S1 foliation 35 37

12CADDO001 | 319.7 S2 foliation 59 284

12CADDO001 | 324.1 S1 foliation 53 28

12CADDO001 | 328.95 Contact 53 200 1.5m well defined PEG, marks start of distinctive megacrystic unit below.
12CADDO001 | 334.3 S1 foliation 46 236 Minor short limb.

12CADDO001 | 343.55 Contact 30 302 Megacrystic GT contact with "older" bi-rich GT, seems to cut old foliation.
12CADDO001 | 345.55| Dolerite dyke 71 285 Top contact.

12CADDO001 | 347.75| Dolerite dyke 77 261 Bottom contact.

12CADDO001 | 348.7 Vein cpchpobi 87 288 High-grade vein, assoc with coarse biotite, start of higher-grade section.
12CADDO001 | 354.45 Breccia 80 327 Top contact of mineralised chloritic breccia, very distinctive.
12CADDO001 357 Breccia 83 330 Bottom contact of mineralised chloritic breccia, very distinctive.
12CADDO001 | 358.9 S1 foliation 29 251

12CADDO001 | 370.2 S1 foliation 82 52 Strong gneissic fabric, with with nice gz-fl lithons.

12CADDOQ01 | 377.8 S1 foliation 46 69 Weak S2 crenulation.

12CADDOQ01 | 377.8 S2 foliation 75 272 Weak S2 crenulation.

12CADDO001 | 384.6 Vein chcpmtgt 68 78 20cm vein.

12CADDO001 | 389.4 S1 foliation 86 229

12CADDO001 | 391.8 Vein chgt 7 127 Lower margin of strong altn zone, possibly unreliable, a bit hazy.
12CADDO001 | 398.7 S1 foliation 58 76

12CADDO001 | 404.9 S1 foliation 59 68 Min veins dominantly parallel.

12CADDO001 | 417.5 S1 foliation 69 56

12CADDO001 | 433.4 S2 foliation 65 274

12CADDO001 | 434.8 Vein chgtcpmt 77 238 10cm vein.

12CADDO001 | 449.45 Contact 85 83 Start of high strain zone - possibly MA?

12CADDO001 | 451.6 S1 foliation 74 60 In high strain bit. Possibly some early veins folded by S1?

12CADDO001 | 459.8 Contact 38 356 Bottom edge of high strain and altn zone.

12CADDO001 | 470.3 S1 foliation 10 260 Sub-horizontal short limb now.

12CADDO001 | 4814 S1 foliation 13 344

12CADDOQ01 | 488.2 S1 foliation 35 82 Minor long limb.

12CADDOQ01 | 492.7 S1 foliation 67 78 Minor long limb.

12CADDO001 | 495.2 Vein chgtmtcp 82 69 Sharp start of altn zone.

12CADDOQ01 [ 498.6 S1 foliation 87 254 Foliation internal to altn zone.
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12CADDO001 | 503.2 S1 foliation 7 267

12CADDO001 | 508.5 Vein cppy 14 40 10cm, S1-parallel vein.

12CADDOQ01 | 518.7 S1 foliation 7 184

12CADDO001 |519.05 Vein cppypomt | 12 97 Thick, very sulphidic rex vein or swPEG.

12CADDOQ01 | 528.85 Contact 15 54

12CADDO001 | 534.8 Contact 7 302 MA-GT contact.

12CADDO001 537 S1 foliation 79 54 Hole ends on "long limb" of uncertain extent.
08WHDDHO001 | 82.8 Contact 43 312 Contact between coarse schist (AN) and fine mafic (?). S1 and sulphide stringers are parallel.
08WHDDHO001 | 85.8 S1 foliation 30 316 Typical bi-defined stretching lineation present throughout top of hole, about 30 to NW.
08WHDDHO001 | 85.8 L1 stretch 29 308 |[Typical bi-defined stretching lineation present throughout top of hole, about 30 to NW.
08WHDDHO001 | 88.35 Contact 41 310 Qz porphyry contact. Mineralised veins cut S1, but associated bi selvedge grows in S1 ori.
08WHDDHO001 | 88.35 Vein gzchbicp 53 278 Qz porphyry contact. Mineralised veins cut S1, but associated bi selvedge grows in S1 ori.
08WHDDHO001 | 92.45 Contact 32 305 Qz porphyry contact.
08WHDDHO001 | 92.74 S1 foliation 39 298
08WHDDHO001 | 95.3 Vein gzambi 40 282 Veins both parallel to and cutting S1.
08WHDDHO001 | 95.3 Vein gzambi 39 325 Veins both parallel to and cutting S1.
08WHDDHO001 | 96.55 Contact 31 347 Mafic dyke contact, oblique to S1, but affected by it.
08WHDDHO001 [ 97 S1 foliation 40 286
08WHDDHO001 [ 97 L1 stretch 40 293
08WHDDHO001 | 100 Vein gzbiab 40 309 3 vein types. VVgz and Vqzbi subtley cut S1, but bi grows parallel to it. \/gzabbi earliest vein type?
08WHDDHO001 | 100 Vein qz 37 299 3 vein types. VVqz and VVqzbi subtley cut S1, but bi grows parallel to it. \/qzabbi earliest vein type?
08WHDDHO001 | 100 Vein bigz 31 297 3 vein types. gz and VVgzbi subtley cut S1, but bi grows parallel to it. \/gzabbi earliest vein type?
08WHDDHO001 | 101.6 Contact 40 321 Qz porphyry contact, parallel to S1.
08WHDDHO001 | 102.75 Contact 36 297 Discrete ep-mt altered shear on porphyry contact - reactivated?
08WHDDHO001 | 109 S1 foliation 39 299 Stretching lin about 30 to WNW.
08WHDDHO001 | 109 L1 stretch 39 296 |Stretching lin about 30 to WNW.
08WHDDHO001 | 124.05 Contact 33 330 Late granite contact, post-dates S1 but approx parallel.
08WHDDHO001 | 126.1 Vein amepcppomtbi| 38 316 Sl-parallel "Dasher-style" mineralised vein, with coarse bi selvedge.
08WHDDHO001 | 127.3 Contact 19 354 10cm GT dyke in albitic zone. Note that dykes cut albitic altn front, and include albitised xenoliths.
08WHDDHO01 | 129.65 Contact 63 298 Pegmatite.
08WHDDHO001 | 132.23 S1 foliation 37 318 Faint layering.
08WHDDHO001 | 133.7 Vein gzamab 39 321 Irregular, boudinaged (?) vein.
08WHDDHO001 | 135 S1 foliation 32 317 About 20 to NW strecthing lineation. Photo shows *christmas tree" Vgzgtambi. Gt and am (ch?) clearly

intergrown.
08WHDDHO001 | 135 L1 stretch 31 322 |About 20 to NW strecthing lineation. Photo shows “christmas tree" \VVgzgtambi. Gt and am (ch?) clearly
intergrown.

08WHDDHO001 | 144 Shear 31 320 Core of approximate 2m wide bi-ch shear zone.
08WHDDHO001 | 147.56| S1 foliation 29 302
08WHDDHO001 | 153.6 Bedding 38 301 Bedding/layering, coarse porphyryitic stuff to fine massive stuff, typical example.
08WHDDHO001 | 156.55 Contact 40 302 Qz porphyry.
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08WHDDHO001 | 159.15 Contact 50 288 Cranite.
08WHDDHO01 | 160.45 Contact 37 318 Qz porphyry.
08WHDDHO001 | 162.45 Contact 66 251 Granite contact. Foliated xenoliths at lower contact (ie. Post S1 dykes).
08WHDDHO001 | 165.9 Vein gzambicpab | 35 306 Typical vein orientation.
08WHDDHO001 | 177.7 S1 foliation 36 323 About 30 to NW stretch lin. Vgzambi vein folded in S1 (F1?). Also photo of grey gz veins both with and without
selvedges - one exploiting an old one?
08WHDDHO001 | 177.7 L1 stretch 32 290 |About 30 to NW stretch lin. VVgzambi vein folded in S1 (F1?). Also photo of grey gz veins both with and without
selvedges - one exploiting an old one?
08WHDDHO001 | 179.1 Vein cpch 38 284 Excellent pics of "Dasher style" min veins cutting S1 and VVgzambimt, which is folded into ~20 to NW F1 fold.
08WHDDHO001 | 179.1 S1 foliation 47 289 Excellent pics of "Dasher style" min veins cutting S1 and VVgzambimt, which is folded into ~20 to NW F1 fold.
08WHDDHO001 | 179.4 Vein gzambipy | 35 302
08WHDDHO001 | 184 Vein cpch 34 298 Typical min vein ori. 20 to W F1 fold of grey gz vein, which itself cuts VVqzamab veins?
08WHDDHO001 | 184 F1 axis 33 312 [Typical min vein ori. 20 to W F1 fold of grey gz vein, which itself cuts Vgzamab veins?
08WHDDHO001 | 186.5 Vein cpch 44 273 Parallel to S1.
08WHDDHO001 | 187.4 Vein cppyammtab | 40 282
08WHDDHO001 | 189.1 S1 foliation 42 302 Mineralised vein cuts S1 in al
08WHDDHO001 | 189.1 Vein cppyepmt 42 274 Mineralised vein cuts S1 in al
08WHDDHO001 | 191.5 S1 foliation 30 335 Vein cuts S1, L1 dips plunges about 20 to NW.
08WHDDHO001 | 191.5 L1 stretch 26 304 |Vein cuts S1, L1 dips plunges about 20 to NW.
08WHDDHO001 | 191.5 Vein ammtcppy | 55 346 Vein cuts S1, L1 dips plunges about 20 to NW.
08WHDDHO001 | 196.6 Contact 44 1 Qz porphyry contact, a bit deformed.
08WHDDHO001 | 197.2 Vein ambicppopy | 49 329 High-grade vein with 3 sulphides?
08WHDDHO001 | 202.3 Shear 39 270 Strong shear, a bit off normal S1 - younger, | think.
08WHDDH001 | 202.62 Shear 43 274
08WHDDHO001 | 203.4 Shear 44 278 Strong biotite wraps garnet in shear zone, accumulate in shadow. Note strong sm/mu (?) increasing to RHS.
08WHDDHO001 | 205.3 Shear 35 314 Strong cp-py min in shear, mixed with mu/sm (retrogression?).
08WHDDHO001 | 205.95 Pegmatite 27 335 PEG marks end of SZ, contains some remob sulphide.
08WHDDHO001 | 208.5 Vein ampocpbimt | 23 316 20cm high-grade vein. Note that thin GT is also mineralised, with mt-cp-po.
08WHDDHO01 | 212.1 S1 foliation 45 298
08WHDDHO001 | 214 Contact 24 314 Granite.
08WHDDHO001 | 216.3 Bedding 44 303 Layering/bedding in interpreted interflow chert.
08WHDDHO001 | 221.4 S1 foliation 40 292
08WHDDHO001 | 226.1 Pegmatite 64 179 Irregular, brittle PEG contact, not exact.
08WHDDHO001 | 227.2 S1 foliation 51 273 Very weak S1 in dolerite.
14CADDO001 | 334.6 S1 foliation 63 85
14CADDO001 | 345.6 S1 foliation 33 92
14CADDO001 | 357.4 Vein bi 28 111 10cm bi-defined foliation band.
14CADDO001 | 360.65 Pegmatite 56 10
14CADDO001 | 363.2 Pegmatite 76 217 2cm PEG with coarse bi-mt masses.
14CADDO001 | 365.1 S1 foliation 52 55
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14CADDO001 | 368.6 Vein qzkfchep 8 325 Very thin gz stringer with kf-ch-ep selvedge, late.

14CADDO001 | 369.5 S1 foliation 38 354 Different S1 ori here, no clear point of change.

14CADDO001 372 Dolerite dyke 85 122

14CADDOQ01 | 377.2 [ Dolerite dyke 90 116

14CADDO001 | 380.75 Pegmatite 74 38 Irregular PEG with coarse bi-mt masses.

14CADDO001 | 384.2 S1 foliation 37 57 Coarse, random bi-mt vein cuts S1 foliation.

14CADDO001 | 384.2 Vein bimt 45 134 Coarse, random bi-mt vein cuts S1 foliation.

14CADDO01 [397.15 Pegmatite 56 301

14CADDO001 | 402.5 Vein bimt 38 92 Series of bi-mt veins/fol zones 402.4-402.6 + recrystallisation zone. Cuts acute to very faint earlier foliation
(S1?).

14CADDO001 | 402.5 S1 foliation 38 53 Series of bi-mt veins/fol zones 402.4-402.6 + recrystallisation zone. Cuts acute to very faint earlier foliation
(S1?).

14CADDO001 | 409.4 Vein bimt 8 195 Vein/foln/rex zone 409.3-410.3, similar to previous.

14CADDO001 [411.35 Pegmatite 65 298

14CADDO001 | 414.2 Pegmatite 58 290

14CADDO001 | 4185 S1 foliation 54 9 South-side-up displacement of strongish foln across thin PEG. Foln poss not S1?

14CADDO001 | 418.5 Pegmatite 53 192 South-side-up displacement of strongish foln across thin PEG. Foln poss not S1?

14CADDO001 | 424.6 Banding 59 97 Acute relationship between grainsize banding and S1 foliation.

14CADDOQ01 | 424.6 S1 foliation 61 66 Acute relationship between grainsize banding and S1 foliation.

14CADDOQ01 | 426.7 Vein bimt 52 86

14CADDOQ01 | 427.7 Banding 56 99 Same BAN/S1 relationship as at 424.60, suggests F1 synform to the west, NW-plunging.

14CADDO001 | 427.7 S1 foliation 60 66 Same BAN/S1 relationship as at 424.60, suggests F1 synform to the west, NW-plunging.

14CADDO001 | 430.5 Vein cppymtch 56 95 Mineralised vein in hangingwall granite, cuts weak bi foln. Typical ch-type vein, wih definite pyrite.

14CADDO001 | 430.5 S1 foliation 57 58 Mineralised vein in hangingwall granite, cuts weak bi foln. Typical ch-type vein, wih definite pyrite.

14CADDO001 | 432.3 Banding 59 97 Excellent example of BAN/S1 vergence relationship.

14CADDO001 | 432.3 S1 foliation 74 75 Excellent example of BAN/S1 vergence relationship.

14CADDOQ01 | 437.2 Vein bimtcp 46 86 Critical contact zone, clearly showing bi-cp-mt veinlets affecting hangingwall rock.

14CADDO001 |437.35 Contact 57 83 Critical contact zone, clearly showing bi-cp-mt veinlets affecting hangingwall rock.

14CADDO001 | 437.6 Vein flgzmtmo 61 70 Typical gzflmo vein, with mt also, approx parallel to S1.

14CADDO001 | 438.1 Banding 46 86 Thin megacrystic band.

14CADDO001 | 438.6 Vein cppobiam | 86 61 Vein cuts S1.

14CADDO001 | 439.1 Banding 53 83 Two foliations? Gneissic banding, plus later "S1".

14CADDO001 | 439.1 S1 foliation 50 54 Two foliations? Gneissic banding, plus later "S1".

14CADDOQ01 | 440.2 Contact 54 56

14CADDO001 | 441.5 S1 foliation 51 59 Amphibole-defined foliation, no lineation on this fabric.

14CADDO001 | 445.6 S1 foliation 36 88 Spaced S2 crenulation cleavage in S1 high-strain zone.

14CADDO001 | 445.6 S2 foliation 58 286 Spaced S2 crenulation cleavage in S1 high-strain zone.

14CADDOQ01 | 446.5 Vein cpch 15 280 Late vein cuts mineralised, gt-bearing PEG, typical late/remob vein.

14CADDOQ01 | 447.2 Vein eppy 76 96

14CADDOQ01 [ 447.9 S1 foliation 68 81 Foliation with parallel pegmatitic gz-fl veins.
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14CADDO001 | 448.75 Vein gzflgtmocpmt | 51 97 Unusual, banded 20cm vein.

14CADDO001 | 449.4 S1 foliation 58 64 Photo of "F1" folding of VVgzflcpmo veins - can't measure plunge, but look moderate E-plunging, with no clear
vergence.

14CADDO001 | 451.7 Vein qgzflmocp 58 73 Typical mo-rich veins folded by S1 fabric, or else wobbling across it.

14CADD001 454 S2 foliation 77 264 Weak crenulation.

14CADDO001 | 455.2 S1 foliation 78 84

14CADDOQ01 | 456.6 Vein gtchcp 73 87 Rich vein approx parallel to S1. Note hazy F1-folded gzfl vein at left - \Vgtchcp post-dates it.

14CADDO001 | 459.2 S1 foliation 73 64 Highly contorted early gzfl vein, minimal sulphide. Fold plunging about 45 to SE.

14CADDO001 | 459.2 F1 axis 41 139 |Highly contorted early gzfl vein, minimal sulphide. Fold plunging about 45 to SE.

14CADDO001 | 460.7 Contact 69 64 High strain contact.

14CADDO001 | 464.55 Contact 72 80

14CADDO001 | 465.1 S1 foliation 60 59 Excellent F1-folded Vqzflmocp example, plunging about 60 to ENE.

14CADDO001 | 465.1 F1 axis 60 63 |Excellent F1-folded Vgzflmocp example, plunging about 60 to ENE.

14CADDO001 | 466.3 S1 foliation 60 71

14CADDO001 | 468.5 Vein gzgtcppymt | 64 65 15cm mantle-type vein.

14CADDO001 | 468.9 Vein gzflgtmocpmt | 50 64 15cm gt-rich, but su-poor vein.

14CADDOQ01 | 472.6 Vein capy 79 256 Very late, open-space calcite-pyrite vein with fe-carbinate selvedge.

14CADDOQ01 | 475.2 S1 foliation 73 61 Folded Vgzflcp with no obvious moly. Plunge about 45 to E.

14CADDO001 | 475.2 F1 axis 42 135 |Folded Vazflcp with no obvious moly. Plunge about 45 to E.

14CADDOQ01 | 475.7 Vein cpozfl 46 59 Good cp min in S1-parallel gzfl veins or miniPEGs.

14CADDOQ01 | 477.6 S2 foliation 62 267

14CADDO001 | 478.35 Contact 78 52

14CADDOQ01 | 480.25 Contact 41 177

14CADDO001 | 481.5 S1 foliation 5 311 Very irregular S1 through here. Vein cuts S1, but is also wobbly.

14CADDO001 | 481.5 Vein mtcp 42 36 Very irregular S1 through here. Vein cuts S1, but is also wobbly.

14CADDO001 | 482.3 Vein cpch 34 35 Late stringer, note mt-bi masses in pic also.

14CADDO001 | 484.1 S1 foliation 58 53 Part of noticeable low alpha angle zone.

14CADDO001 | 487.8 S1 foliation 45 39 Part of noticeable low alpha angle zone.

14CADDO001 490 Vein bimtcp 35 71 End of higher strain zone, series of stringers and foln. Note general low strain and alteration here.

14CADDO001 | 492.2 S1 foliation 39 64 Narrow high strain band.

14CADDO001 | 492.9 S1 foliation 32 69

14CADDO001 | 494.3 Banding 39 26 Grainsize/altn change.

14CADDO001 | 494.6 Vein cppybi 63 17 Rich 2cm vein.

14CADDO001 | 496.7 S1 foliation 7 354

14CADDO001 |498.45 Contact 32 357 Contact/banding.

14CADDO001 | 500.3 S1 foliation 53 31

14CADDO001 | 502.8 S1 foliation 54 83

14CADDO001 | 503.1 Banding 50 36 Change to high strain zone - finer grainsize?

14CADDO001 | 505.3 S1 foliation 32 357

14CADDO001 | 505.6 S1 foliation 35 31 Late (remob?) stringer cuts foln in otherwise barren unit.
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14CADDO001 | 505.6 Vein qgzcppych 20 157 Late (remob?) stringer cuts foln in otherwise barren unit.

14CADDO001 [ 510.5 Contact 74 66

14CADDOQ01 | 511.2 S1 foliation 54 32

14CADDO001 | 513.3 Contact 41 289

14CADDO001 [ 514.6 S1 foliation 10 80 Variable foliation.

14CADDO001 | 514.9 S1 foliation 36 71

14CADDO001 | 515.6 Contact 70 64

14CADDO001 | 517.1 S1 foliation 63 56

14CADDO001 | 517.95 Contact 41 101 Foln in high strain zone runs straight down core. Note first appearance of "S3" axial planar fabric.

14CADDOQ01 |517.95| Crenulation 29 133 Foln in high strain zone runs straight down core. Note first appearance of "S3" axial planar fabric.

14CADDO001 | 519.8 Crenulation 31 66 Shallow east-dipping "S3" is axial planar to irregular folds.

14CADDO001 | 520.55 Contact 56 74 Change into strong kf alteration zone - not necessarily a textural change.

14CADDO001 | 521.8 Crenulation 34 113 S3 folding of existing foliation, likely S1, abundant feature through this zone. Ph3811 section veiw suggests F3
antiform uphole?

14CADDO001 | 523.2 S1 foliation 68 54 Irregular S1 all throught this zone, but "trying" to be this ori (F2 long limb).

14CADDO001 | 523.5 S1 foliation 74 67

14CADDO001 | 524.6 Contact 51 90 Alteration front.

14CADDO001 | 525.3 Contact 54 42 Alteration front, note garnet in pic.

14CADDO001 | 526.9 Contact 28 80 Alteration front.

14CADDO001 | 527.1 Vein cpchmugz | 64 79 Late stringers cut kf alteration - clearly gzmuchcp veins.

14CADDO001 | 528.25 Contact 56 78

14CADDO001 | 529.8 Contact 51 52

14CADDO001 | 532.3 S1 foliation 14 303

14CADDO001 | 532.9 S2 foliation 54 274 Standard F2 setup.

14CADDO001 | 532.9 F2 axis 24 345 |Standard F2 setup.

14CADDO001 | 535.7 S1 foliation 73 65

14CADDOQ01 | 536.35 Contact 34 89

14CADDO001 | 537.4 S1 foliation 22 66

14CADDO001 |538.75 Contact 52 78

14CADDO001 | 539.6 Contact 15 111

14CADDO001 | 540.3 Contact 35 74

14CADDO001 | 547.3 S1 foliation 55 24

14CADDO001 | 547.9 S1 foliation 64 45

14CADDO001 | 548.3 Contact 80 60 Aplite dyke.

14CADDO001 | 549.2 S1 foliation 48 29 Very weak fabric.

14CADDO001 | 550.1 S1 foliation 45 21

14CADDO001 | 552.5 Vein bimt 31 25 Foliation, veins.

14CADDO001 | 552.9 Vein bimt 14 173

14CADDO001 | 553.2 Vein bimt 25 291 Foliation, veins.

14CADDO001 | 559.9 S1 foliation 52 76 Weak bi-defined foln, with some bi-mt wisps.
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14CADD001 | 561.2 S1 foliation 37 42 S1?

14CADDO001 | 561.9 S1 foliation 61 45 S1? Garnet mass associated with gz in foln zone.

14CADDO001 | 563.5 Vein bimt 40 90

14CADDO001 | 565.2 S1 foliation 76 52 S1?

14CADDO002 | 34.9 S1 foliation 33 303

14CADDO002 | 43.55 Contact 46 340

14CADD002 | 65.5 Banding 34 291 Coarse-to-fine amphibolite banding, with parallel foliation.

14CADDO002 | 68.3 S2 foliation 35 270 Local F2 folding, no clear vergence, gentle W plunge.

14CADDO002 | 68.3 F2 axis 33 292 |Local F2 folding, no clear vergence, gentle W plunge.

14CADD002 | 76.9 S1 foliation 37 349

14CADD002 83 S1 foliation 43 331

14CADD002 | 90.8 Banding 42 281 Fine banding in amphibolite near contact - interflow sed? Mafic-derived sed package?

14CADD002 | 96.2 S1 foliation 38 314

14CADD002 | 100.2 Contact 35 278

14CADDO002 | 1214 S2 foliation 41 269 Folded mineralised banding/S1 foliation, cut by epidote stringers.

14CADD002 | 121.4 F2 axis 40 282  |Folded mineralised banding/S1 foliation, cut by epidote stringers.

14CADDO002 | 123.7 S1 foliation 44 298 Typical mineralisation parallel to S1.

14CADDO002 | 149.4 S1 foliation 39 307

14CADD002 | 149.7 S1 foliation 26| 286 Gneissic foln/banding.

14CADDO002 | 152.9 Vein chamcp 46 320 Mineralised veins follow S1, but likely post-date (unaligned amphiboles).

14CADDO002 | 158.3 S1 foliation 52 302

14CADDO002 | 159.8 S2 foliation 37 228 F2 gentle west-plunge, approximately.

14CADDO002 | 159.8 F2 axis 25 281 |F2 gentle west-plunge, approximately.

14CADDO002 | 164.8 Vein gzamcppygt | 26 337 Nice vein, note association of gt with min.

14CADDO002 | 168.7 S1 foliation 35 343 Sm-defined folitation (S2?) overprints S1, garnet likely post-S1 also.

14CADD002 | 168.7 S2 foliation 26 293 Sm-defined folitation (S2?) overprints S1, garnet likely post-S1 also.

14CADDO002 | 168.8 S2 foliation 34 247 Gentle west-plunging F2 folds.

14CADD002 | 168.8 F2 axis 33 262 |Gentle west-plunging F2 folds.

14CADDO002 | 172.8 S1 foliation 36 271

14CADD002 | 177.2 S1 foliation 49 281

14CADDO002 | 198.7 S1 foliation 30 336

14CADD002 | 203.4 S2 foliation 23 330 Axial plane, can't measure a solid gamma for plunge. Pic looking west at core - these are shallow W-plunging Z
folds, pic looking approx down plunge.

14CADDO002 | 207.8 Vein gzcppych | 37 308 Mantle-style (rex) vein with definite purple bornite, approx parallel to S1.

14CADDO002 | 212 S2 foliation 40 291 Gentle W-plunging Z folds.

14CADD002 | 212 F2 axis 37 317 |Gentle W-plunging Z folds.

14CADDO002 | 213.7 S1 foliation 46 333
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Appendix 7 — Whole-rock geochemistry

PUL-QC | ME-XRF26 | ME-XRF26 | ME-XRF26 [ ME-XRF26 | ME-XRF26 | ME-XRF26 | ME-XRF26 | ME-XRF26 [ ME-XRF26 | ME-XRF26 | ME-XRF26 | ME-XRF26
SAMPLE Pass75um Al203 BaO CaO Cr203 Fe203 K20 MgO MnO Na20 P205 Si02 Sro
DESCRIPTION % % % % % % % % % % % % %
CAL006 94 15.24 0.11 2.24 <0.01 2.94 2.93 0.66 0.04 4.26 0.08 70.85 0.03
CALO007 15 0.08 2.45 <0.01 5.71 1.87 0.89 0.26 4.12 0.06 68.68 0.01
CALO012 14.18 0.09 0.67 <0.01 4.01 3.78 0.33 0.12 1.57 0.02 74.01 <0.01
CALO018 15.62 0.04 3.99 <0.01 6.81 1.88 141 0.33 2.92 0.25 65.95 0.02
CALO019 12.02 0.05 0.13 <0.01 4.36 2.63 0.2 0.23 0.47 0.01 78.64 <0.01
CAL024 15.53 0.18 1.67 <0.01 5.55 5.28 111 0.08 3.28 0.11 66.99 0.02
CAL026 13.54 0.17 1.1 <0.01 1.81 4.96 0.29 0.02 3.27 0.03 74 0.01
CAL032 14.71 0.12 1.01 <0.01 3.98 2.94 0.77 0.04 5.46 0.07 70.21 0.01
CAL034 15.04 0.03 3.05 0.02 12.7 2.74 2.7 0.25 2.77 0.16 58.99 0.01
CALO035 15.24 0.05 2.07 <0.01 6.9 1.82 1.44 0.07 5.18 0.1 65.71 0.01
CALO038 14.36 0.08 1.68 <0.01 1.29 3.45 0.19 0.02 4.43 0.02 73.27 0.02
CAL044 14.62 0.1 1.76 <0.01 2.11 4.01 0.51 0.03 4.05 0.06 71.99 0.02
CALO052 14.66 0.13 2.16 <0.01 3.93 3.52 0.79 0.06 3.7 0.08 69.48 0.02
CALO053 13.94 0.21 1.1 <0.01 0.69 5.97 0.1 0.01 3.08 0.04 74.75 0.01
CALO057 14.84 0.16 1.81 <0.01 2.11 4.24 0.55 0.04 3.87 0.08 71.38 0.03
CAL062 14.08 0.09 1.33 <0.01 5.86 3.59 0.99 0.12 2.81 0.09 69.24 0.01
ME-XRF26 | ME-GRA05| ME-XRF26 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81
SAMPLE TiO2 LOI Total Ba Ce Cr Cs Dy Er Eu Ga Gd Ge
DESCRIPTION % % % ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
CALO006 0.28 0.25 99.97 880 87.1 20 1.62 1.92 0.97 0.95 21.3 2.57 <5
CALO007 0.38 0.29 100.5 636 42.2 20 1.85 1.44 0.93 0.74 20.3 1.61 <5
CALO012 0.16 0.74 100.4 781 22.4 20 1.38 0.77 0.59 0.46 23.8 1.14 <5
CALO018 0.64 0.31 100.55 312 117 30 3.86 1.91 0.9 1.63 23.1 3.65 <5
CALO019 0.11 0.18 99.18 397 48.6 10 1.68 0.99 0.68 0.4 19.2 1.37 <5
CAL024 0.48 0.2 100.75 1525 69 20 4.27 113 0.66 0.74 25.1 1.91 <5
CAL026 0.14 0.23 99.78 1525 29.9 10 2.64 0.93 0.5 0.52 19 1.17 <5
CAL032 0.31 0.28 100.05 974 48.7 20 4.22 1.24 0.77 0.49 17.7 1.82 <5
CAL034 0.78 0.72 100.15 189.5 56.8 110 8.08 3.74 2.37 1.44 19.8 3.97 <5
CALO035 0.5 0.47 99.63 370 41.2 30 1.84 1.48 0.86 0.68 18 1.76 <5
CALO038 0.08 0.27 99.26 >10000 42.7 10 7.71 4.92 3.88 0.69 23.6 3.73 <5
CAL044 0.24 0.2 99.76 879 71.2 10 2.04 2.76 1.43 0.66 21.8 3.44 <5
CAL052 0.33 0.24 100.25 1105 46 10 2.2 1.14 0.53 0.61 21.1 1.63 <5
CALO053 0.04 0.12 100.35 1680 15.8 10 0.86 114 0.76 0.37 13.7 1.23 <5
CALO057 0.26 0.24 99.67 1420 103 20 2.38 1.08 0.45 0.87 22.1 2.07 <5
CAL062 0.44 1.36 100.2 690 68 20 1.36 1.47 0.79 0.78 18.5 2.16 <5
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ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81
SAMPLE Hf Ho La Lu Nb Nd Pr Rb Sm Sn Sr Ta Th
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
CAL006 4.6 0.37 53.2 0.1 9.1 26.5 8.91 91.9 3.76 2 208 1.4 0.41
CAL007 3.8 0.27 26.6 0.14 4.6 13.3 4.34 75 1.99 2 94.6 0.4 0.23
CALO012 3.3 0.18 14.7 0.06 5.1 6.7 2.4 80.6 1.13 1 319 0.3 0.18
CALO018 4.8 0.33 63.5 0.12 7.1 40.5 13 97.4 5.62 4 116.5 0.5 0.43
CALO019 3.7 0.21 29.5 0.1 35 14.3 4.96 61.3 1.92 1 9 0.2 0.18
CAL024 4.7 0.25 41.6 0.08 5 215 7.32 166 2.8 2 118.5 0.3 0.25
CAL026 2.9 0.17 18.5 0.05 5.4 8.8 3 118 1.65 1 90.7 0.5 0.17
CALO032 3.8 0.28 30.7 0.1 6.5 14 4.73 71.1 2.07 2 46.6 0.7 0.23
CAL034 4.6 0.79 33.2 0.33 9.3 20.9 6.28 114 3.84 6 46.9 0.7 0.62
CALO035 34 0.34 26 0.12 5.1 13.8 4.25 44.5 2.24 2 42.9 0.5 0.3
CALO038 5.2 12 18.3 0.8 134 12,5 3.77 168 3.21 2 346 4 0.66
CAL044 4.6 0.57 415 0.24 8.9 23.2 7.49 135 3.95 2 184 13 0.52
CALO052 3.8 0.21 29.4 0.07 7.4 135 458 116.5 1.83 2 163 11 0.21
CALO053 2.1 0.25 9.7 0.08 11 5.4 1.67 115 1.28 <1 111 0.2 0.18
CALO057 6.1 0.21 65.5 0.05 6.4 28.6 10.05 129 3.76 1 212 0.4 0.22
CALO062 4.3 0.29 43.3 0.12 7.3 18.7 6.72 138.5 2.97 2 75 0.7 0.32
ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-MS81 | ME-Ms81 | ME-MsS81 | ME-MS81 [ME-4ACD8IME-4ACDSIME-4ACDSIME-4ACDSIME-4ACDS1
SAMPLE Th ™Tm U \Y W Y Yb Zr Ag Cd Co Cu Li
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
CAL006 17 0.11 12.95 30 <1 10.2 0.7 175 <0.5 <0.5 8 7 50
CALO007 11.15 0.13 1.47 48 1 8.4 0.92 149 <0.5 <0.5 22 429 40
CALO012 7.35 0.06 2.18 18 1 5.4 0.47 100 <0.5 <0.5 17 478 30
CALO018 8.71 0.12 2.86 74 1 9.6 0.78 184 <0.5 <0.5 13 666 60
CALO019 14.7 0.09 141 6 1 6 0.69 103 <0.5 <0.5 8 123 20
CAL024 10.95 0.09 1.99 54 1 6.4 0.58 182 <0.5 <0.5 15 193 60
CALO026 9.51 0.06 30.9 12 1 5.2 0.44 84 <0.5 <0.5 5 211 30
CAL032 15 0.11 3.78 34 1 7.9 0.74 146 <0.5 <0.5 8 232 30
CAL034 11.55 0.35 2.9 120 3 23.3 2.3 189 <0.5 <0.5 26 211 80
CALO035 10.45 0.13 2.73 70 2 8.7 0.81 138 <0.5 <0.5 14 25 40
CALO038 18.45 0.66 19.1 9 1 39.2 4.66 170 <0.5 <0.5 4 65 20
CAL044 21.8 0.21 7.64 25 <1 16.2 1.58 148 <0.5 <0.5 4 3 30
CALO052 8.91 0.06 2.63 34 1 6.5 0.39 148 0.5 <0.5 13 1580 40
CALO053 5.68 0.1 2.46 <5 <1 7.7 0.56 38 <0.5 <0.5 3 514 10
CALO057 27.4 0.05 2.62 23 <1 5.4 0.42 211 <0.5 <0.5 5 4 40
CAL062 13.15 0.1 2.89 45 4 8.5 0.74 172 <0.5 <0.5 47 269 10
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ME-4ACD8IME-4ACD8IME-4ACD8IME-4ACDSIME-4ACD8] ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42 | ME-MS42
SAMPLE Mo Ni Pb Sc Zn As Bi Hg In Re Sh Sc Se
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
CAL006 18 6 22 3 27 11 0.02 <0.005 0.015 0.014 0.7 3.2 0.3
CAL007 22 4 9 5 35 0.3 0.08 0.006 0.045 0.009 <0.05 3.3 0.5
CALO12 6 3 8 2 12 0.4 0.3 <0.005 0.009 0.001 <0.05 1.3 0.4
CALO18 7 14 7 6 23 0.6 0.49 <0.005 0.032 0.001 0.09 4.2 0.3
CAL019 1 4 3 2 8 0.3 0.1 <0.005 0.026 <0.001 <0.05 0.6 <0.2
CAL024 <1 5 9 5 21 0.1 0.08 <0.005 0.036 <0.001 <0.05 5.9 0.3
CAL026 93 1 20 2 9 0.2 0.11 <0.005 0.008 0.009 0.05 2 0.2
CALO032 1 9 6 4 8 0.5 0.24 <0.005 0.012 <0.001 <0.05 4.6 0.2
CALO034 6 61 6 12 16 0.3 0.05 <0.005 0.019 0.001 <0.05 9.6 0.5
CALO035 1 20 3 8 4 0.2 0.06 <0.005 0.02 <0.001 0.05 9.2 0.3
CALO038 1 2 29 2 6 0.4 0.05 <0.005 0.005 <0.001 <0.05 2.2 0.2
CAL044 <1 4 35 3 24 0.2 0.01 <0.005 0.011 <0.001 <0.05 3.5 0.2
CALO052 3 7 18 3 41 0.1 0.3 <0.005 0.063 <0.001 <0.05 4.5 0.5
CALO053 6 6 21 <1 11 <0.1 0.18 0.005 0.018 0.001 <0.05 0.5 <0.2
CALO057 <1 4 34 2 22 0.2 0.01 <0.005 0.008 <0.001 <0.05 2.4 <0.2
CAL062 115 12 10 5 81 0.2 0.35 <0.005 0.016 0.03 <0.05 3.2 0.3
ME-MS42 | ME-MS42 S-IR08 C-1R07
SAMPLE Te Tl S C
DESCRIPTION ppm ppm % %
CAL006 <0.01 0.22 0.01 <0.01
CALO007 0.09 0.24 0.19 <0.01
CALO12 0.11 0.05 0.2 <0.01
CALO18 0.06 0.29 0.08 <0.01
CAL019 0.03 0.05 0.03 <0.01
CAL024 0.03 0.4 0.08 <0.01
CAL026 0.03 0.12 0.06 0.01
CAL032 0.01 0.1 0.04 <0.01
CALO034 0.01 0.31 0.03 <0.01
CALO035 <0.01 0.06 <0.01 0.04
CALO038 0.01 0.17 0.02 0.05
CAL044 <0.01 0.26 <0.01 0.02
CAL052 0.3 0.31 0.34 <0.01
CALO053 0.07 0.04 0.07 <0.01
CALO057 <0.01 0.24 <0.01 0.02
CAL062 0.2 0.06 0.04 <0.01
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Appendix 8 — Caravel Minerals Ltd four-acid digest geochemistry

Hole_ID From To Garnet | Al K Na | Au | Ag As Cd Cs Cu | Mn | Mo Pb S Sh Se Sn Te W Zn

% % | ppm | ppb | ppm | ppm | ppm | ppm | ppm | ppm | % | ppm | ppm | % | ppm | ppm | ppm | ppm | ppm | ppm
12CADDO01 | 324.2 325 Mod | 7.19 | 2.23 [22700| 62 | 417 | 1.8 | 227 | 0.17 | 1.58 | 5780 | 0.196 | 86.6 | 20.8 | 0.79 | 1.2 2 22 [ 056 | 31 50
12CADDO001 | 325 326 Mod | 7.04 | 2.41 | 22000 42 | 335 | 57 | 193 | 0.14 | 1.33 | 4690 | 0.199| 25 | 24.7 | 0.59 [ 4.1 1 19 [ 051 04 | 44
12CADDO001 | 326 327 Mod | 7.29 | 1.92 | 26800 27 | 255 | 25 | 121 | 0.17 | 1.45 | 3850 | 0.081 [ 114.5| 26 05 | 1.49 1 18 | 0.44 1 53
12CADDO01 | 327 328 Mod | 6.94 | 1.68 | 25700| 17 18 | 26 | 073 ]| 01 | 1.6 | 2490 |0.051| 48.9 | 16,5 | 0.31 | 0.69 1 23 [ 029] 03 28
12CADDO001 | 328 329 Mod | 7.18 | 1.43 | 27300 24 | 155 | 1.1 | 0.64 | 0.12 | 2.27 | 2130 | 0.062 [ 152.5| 17.3 | 0.27 | 0.51 1 28 [ 021 ] 15 | 41
12CADDO001 | 329 330 | Weak | 491 | 2.58 |15300| 25 [ 022 ] 1.2 | 013 | 005 | 1.09 | 222 |0.028| 1.95 [ 21.3 | 0.04 | 065 05 | 1.8 [0.025| 04 | 46
12CADDO001 | 330 331 | Weak | 6.97 | 3.25 |22400| 7 0.63 | 0.8 | 0.47 | 0.06 | 298 | 836 [0.027| 10.2 | 22.7 [ 0.1 | 047 | 05 | 22 | 0.09 | 2.1 30
12CADDO001 | 331 332 | Weak | 814 [ 2.89 |28800| 2.5 [ 065 | 1.4 | 0.4 | 007 | 3.9 | 749 | 0.044| 6.65 | 22.9 | 0.09 | 0.43 1 28 | 01 | 11 38
12CADDO001 | 332 333 | Weak | 7.57 [ 3.15 |26300| 2.5 [ 019 | 0.6 | 0.61 | 0.01 | 235 | 174 |0.031| 797 | 178 | 0.03 | 0.44 | 05 | 1.8 [0.025| 2 22
12CADDOQ01 | 333 334 | Weak | 75 [ 35 |24600| 25 [ 013 ] 0.7 | 01 | 002 ] 1.75| 264 |0.021) 659 [ 165 | 001 ) 027 [ 05 | 14 |0.025[ 0.3 20
12CADDO001 | 334 335 | Weak | 7.72 | 3.76 |24700| 2.5 | 068 | 1.2 | 0.36 | 0.04 | 1.68 | 757 [0.026 | 7.65 | 184 [ 0.11 | 0.39 | 05 | 1.4 | 0.1 | 0.9 19
12CADDO001 | 335 336 | Weak | 9.07 [ 3.39 |32400| 25 [ 015 | 15 [ 025 | 004 | 1.9 | 127 |0.049| 51 [ 173 | 0.02 | 035 05 | 1.4 [0.025| 05 14
12CADDO001 | 336 337 | Weak | 877 | 3.6 |30000] 5 05 | 14 | 028) 003 | 1.76 | 572 | 0.05 [10.95] 17.1 | 0.09 | 0.84 1 15 [ 007 1.2 20
12CADDOQ01 | 337 338 | Weak | 6.61 [ 39 |18700| 8 0.82 | 0.7 | 049 | 0.03 | 1.28 | 1140 [ 0.069 | 51.4 | 16.3 [ 0.24 | 0.43 1 13 | 016 | 0.3 16
12CADDO001 | 338 339 | Weak | 6.19 [ 3.72 |17900| 8 058 | 0.3 | 035 0.02 | 1.11 | 726 [0.039| 41.2 | 149 | 0.12 | 023 | 05 [ 09 | 0.09 | 0.9 11
12CADDO001 | 339 340 | Weak | 6.61 [ 2.89 |21800| 24 [ 1.85| 1.4 | 1.17 | 0.07 | 1.36 | 2400 | 0.035| 101.5| 13.9 | 0.37 | 0.2 1 17 | 03 [ 03 22
12CADDO001 340 341 Weak | 6.66 | 3.69 | 19000 9 086 | 01 | 045 0.03 | 1.73 [ 1240 | 0.04 | 354 | 159 | 0.28 | 0.21 1 17 |1 018 [ 1.6 23
12CADDO001 | 341 342 | Weak | 6.34 [ 392 |18200|] 30 [ 225 | 04 | 1.55| 0.09 | 1.47 | 3250 | 0.027| 42 | 169 | 05 | 0.19 1 13 03[ 08 ] 21
12CADDOQ01 | 342 343 | Weak | 6.64 | 3.97 |19200| 26 22 | 1.6 | 1.24 | 0.08 | 1.48 | 2960 | 0.049 [ 106.5| 15.3 | 0.43 | 0.18 1 15 [ 034 [ 03 18
12CADDOQ01 | 343 344 | Weak | 7.4 | 327 |22400] 20 [ 114 ]| 18 | 0.74 | 0.05| 2.09 | 1690 | 0.058| 105 | 145] 0.31 | 0.16 1 2 025 | 15 | 27
12CADDO01 | 344 345 Mod | 6.7 | 1.84 [21700| 39 | 281 | 0.8 | 1.47 | 0.21 | 2.3 | 5310 |0.098| 593 | 11.7 | 0.97 | 0.22 2 29 | 068 | 1.4 | 47
12CADDOQOL | 347.75| 349 | Weak | 6.46 | 2.58 19200 90 | 3.94 | 0.4 | 272 | 0.25 | 1.38 | 8310 | 0.122| 21.2 | 11.7 | 1.7 [ 015 | 2 2.8 | 0.86 1 55
12CADDO001 | 349 350 | Weak | 6.79 [ 3.17 |11500| 157 [ 468 | 1.4 | 489 | 0.27 | 3.63 | 9930 | 0.437 | 66.3 | 12.2 | 1.72 | 0.13 2 47 | 112 ]| 13 69
12CADDOQ01 | 350 351 | Weak | 7.68 [ 445 |21300| 25 [ 012 | 05 | 011 | 0.01 | 2.08 [ 123.5]0.032| 1.64 | 19.1 | 0.02 | 0.13 1 15 [0025( 1.3 15
12CADDO001 | 351 352 | Weak | 6.87 [ 1.91 |22200| 140 | 452 | 0.7 | 296 | 0.15 | 1.11 [ 9540 | 0.09 | 31.3 | 12.2 | 1.24 | 0.11 2 27 | 077 | 0.6 45
12CADDO001 | 352 353 | Weak | 7.2 | 1.94 |27700| 93 [ 247 | 0.3 | 2.21 | 0.04 | 0.53 | 6180 | 0.047 | 68.1 | 13.2 | 0.75 | 0.09 1 26 | 058 | 0.8 25
12CADDO001 | 353 354 | Weak | 7.3 [ 2.03 |29100| 57 [ 197 | 11 | 181 | 005] 0.64 [ 6370 |0.039| 543 | 16 | 0.71 | 0.16 1 25 [ 052 ] 05 | 24
12CADDOQ01 | 354 355 | Weak | 5.76 [ 2.03 |19000| 2.5 [ 061 | 0.5 | 0.51 | 0.02 | 0.79 | 3480 | 0.053) 244 | 8 0.36 | 0.11 1 14 | 018 | 13 25
12CADDO001 | 355 356 None | 4.01 | 0.92 | 2400 [ 25 | 0.35 | 0.4 | 0.29 | 0.02 | 0.67 | 3110 | 0.07 [15.45| 5.1 | 0.38 | 0.21 1 13 [ 01 [ 05| 34
12CADDO001 | 356 357 None | 6.56 | 1.39 | 14000( 2.5 | 0.18 | 0.4 | 0.71 | 0.01 | 0.67 | 721 | 0.078| 1.5 | 10.3 | 0.46 | 0.16 1 24 | 0.16 1 46
12CADDOQ01 | 357 358 None | 7.81 | 1.59 |32700( 35 | 1.86 | 09 | 1.71 | 0.05 | 0.51 | 6240 | 0.049( 356 | 10.8 | 0.8 [ 0.16 2 28 [ 043 ] 0.6 27
12CADDOQ01 | 358 359 None | 7.28 | 3.23 | 22800 37 2 02 | 137|006 | 1.3 [3760|0.046| 58.7 [ 159 | 0.51 | 0.12 1 21 [039] 05 | 25
12CADDO001 | 359 360 Mod | 7.28 | 1.93 | 15200( 44 | 0.73 | 0.4 | 0.43 | 0.05 | 1.96 | 1380 | 0.647 | 55.4 | 9.9 | 0.62 | 0.18 1 29 [ 055 ] 11 40
12CADDO001 | 360 361 Mod | 7.39 | 1.67 |17800f 27 | 072 | 11 | 05 | 0.05| 1.56 | 1740 | 0.597 | 51.7 | 6.6 | 0.76 | 0.17 1 2 0.65 [ 0.8 23
12CADDO001 | 361 362 Mod | 7.86 | 2.08 [21200| 19 [ 041 | 04 | 04 | 0.02 | 1.25| 841 |0.335| 6 55 | 0.33 ] 0.11 1 17 | 026 | 1.2 28
12CADDOQ01 | 362 363 Mod | 7.18 | 1.32 |22300( 25 | 1.31 | 0.9 | 0.66 | 0.05 | 1.12 | 2540 | 0.175| 50.1 | 8.8 | 0.7 | 0.15 1 18 | 042 [ 06 25
12CADDO001 | 363 364 Mod | 8.05 | 2.36 |24600f 18 | 1.17 | 0.3 | 0.76 | 0.05 | 1.88 | 2030 | 0.111| 413 | 85 | 057 [ 0.11 1 15 | 034 [ 06 21
12CADDOQ01 | 364 365 | Weak | 8.08 | 2.27 |26500| 22 | 0.96 | 0.4 | 0.76 | 0.04 | 2.07 | 1510 [0.098( 81 | 7.1 [ 0.24 | 0.09 1 13 | 018 | 04 18
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12CADDOQO01 [ 365 366 Weak | 7.94 | 2.71 [24700| 116 | 842 | 0.1 | 482 | 0.27 | 1.57 [15700]|0.062 | 76.9 | 83 | 1.84 [ 0.1 3 27 | 136 | 0.6 57
12CADDOQO1 [ 366 367 Weak | 7.76 | 2.38 {24300 20 [ 1.15] 0.1 | 0.81 | 0.04 | 1.79 [ 1720 | 0.092 [ 409 | 51 | 0.23 | 0.08 1 15 [ 021 | 0.6 15
12CADDQO1 | 367 368 Weak | 7.72 | 242 [23800] 17 | 1.13 ) 03 | 0.71 | 0.04 [ 1.71 [ 1690 | 0.099| 9.97 | 52 | 0.26 | 0.09 1 15 1021 ] 06 14
12CADDQO1 | 368 369 Weak | 7.51 | 1.54 [22900] 28 | 2.36 | 0.6 | 1.53 | 0.08 [ 1.47 [ 4170 | 0.239 | 54.6 9 0.69 [ 0.11 1 23 [ 034 ) 13 20
12CADDQO1 | 369 370 Weak | 8.29 | 2.81 [24100] 12 | 099 | 0.2 | 0.66 | 0.04 [ 1.3 [ 1660 |0.197| 105 ] 55 | 0.29 | 0.07 1 21 | 0.16 1 15
12CADDQO1 [ 370 371 Weak | 7.83 | 1.9 [24500] 13 | 134 ) 03 | 0.75 | 0.04 [ 1.27 [ 1830 | 0.118 | 424 | 54 | 0.25 | 0.12 1 24 1 015] 05 20
12CADDQO1 | 371 372 Weak | 7.72 2 [23200] 26 | 254 03 | 211 | 0.08 [ 1.13 [ 4200 | 0.139 | 20.6 5 0.57 | 0.13 1 19 [ 035 04 19
12CADDQO1 | 372 373 Weak | 7.29 | 1.47 [20100] 34 | 274 | 02 | 1.92 | 0.08 | 1.18 | 4660 | 0.174| 265 | 48 | 0.8 | 0.1 1 21 1036 | 13 21
12CADDOQO01 [ 373 374 Weak | 7.33 | 1.99 [19100| 22 | 206 | 0.2 | 1.41 | 0.06 | 1.03 | 3650 | 0.162 | 27.8 | 5.8 | 0.85 | 0.13 1 1.9 | 039 1 17
12CADDQO1 [ 374 375 Weak | 7.77 | 1.53 [18700| 18 13 [ 03 [ 087 | 005] 1192480 ) 03 | 142 | 55 [ 0.71 [ 0.13 1 2 0.28 1 16
12CADDQO1 [ 375 376 Weak | 7.48 | 2.35 [19000| 26 [ 204 | 0.1 | 1.48 | 0.05| 1.3 [ 3160 |0.157 | 444 | 54 | 0.61 | 0.14 1 17 [ 031 ] 09 15
12CADDQO1 | 376 377 Weak | 7.52 | 2.33 [19400| 36 | 3.08 | 08 | 24 | 0.1 [ 1.68 [ 4950 |0.122]| 214 | 51 | 0.71 | 0.09 1 2 0.49 1 20
12CADDQO1 | 377 378 Weak | 7.74 | 2.46 [19500| 57 38 [ 02 | 283 ] 011 ] 1.83 [ 5730 (0.133|12.25| 7.1 | 0.87 | 0.08 1 21 [ 053] 11 19
12CADDQO1 [ 378 379 Weak | 7.62 | 2.14 [19300] 20 | 1.06 | 46 | 1.05| 0.03 [ 2.11 [ 1560 | 0.22 | 6.89 | 6.5 | 0.25 | 0.05 1 22 1013 ] 14 15
12CADDQO1 [ 379 380 Mod 7.6 | 1.75|19400| 14 | 063 | 39 [ 045 0.03 | 214 ] 1070 |1 0.276) 238 | 54 | 025 [0.025| 1 23 |1 014 ] 15 16
12CADDOQO1 [ 380 381 Mod | 751 | 1.38 |18600| 11 | 0.39 [ 51 | 044 | 0.03 | 2.72 | 664 |0.276 | 24.7 5 0.52 | 0.07 1 21 | 025 ] 45 17
12CADDQO1 | 381 382 Mod | 7.58 | 2.89 | 15800 18 | 0.89 [ 41 | 055 | 0.04 | 2.1 | 1590 [0.221| 66 4.4 ] 0.44 | 0.05 1 18 [ 017 | 12 13
12CADDOQO01 [ 382 383 Mod | 7.56 | 3.45 |14000{ 18 | 0.75| 1.3 | 0.62 | 0.03 | 1.98 | 1120 | 0.147| 356 | 39 | 019 |0.025]| 05 | 21 | 015] 17 11
12CADDOO01 [ 383 384 [ Strong [ 749 | 1.9 [13000] 30 | 1.41| 1.2 | 1.02 | 0.04 [ 1.84 [ 2350 | 0.35 | 33.6 | 3.6 | 0.52 | 0.05 1 25 1024 4 14
12CADDQO1 | 384 385 | Strong [ 7.01 | 1.56 | 11200| 37 | 2.08 | 1.2 | 1.36 [ 0.08 | 1.79 | 3490 | 0.414] 126 | 51 | 0.59 [ 0.05 1 27 [ 029 ] 26 23
12CADDOQO1 [ 385 386 | Strong | 7.76 | 2.62 | 15500 32 | 258 | 0.9 [ 151 | 0.08 | 1.38 | 3670 | 0.242[12.35| 46 [ 051 |0.025]| 1 21 | 03 | 12 18
12CADDQO1 [ 386 387 | Strong | 7.6 | 3.22 113400 18 | 1.25 | 0.6 [ 0.87 | 0.04 | 1.37 | 1740 | 0.295]| 4.28 | 44 | 042 | 0.05 1 17 [ 021 | 07 15
12CADDQO1 | 387 388 | Strong | 7.35 | 2.58 | 15100 27 | 1.51 [ 0.6 [ 0.78 | 0.06 | 1.27 | 2200 | 0.204] 2.21 | 41 | 0.56 [ 0.05 1 19 [ 04 | 12 16
12CADDQO1 [ 388 389 | Strong | 7.22 | 3.13 |10700| 10 | 0.79 [ 1.3 [ 0.26 | 0.05 | 1.55 | 2510 | 0.424| 7.13 | 43 | 122 | 0.05 1 22 | 06 | 0.6 20
12CADDOQO01 [ 389 390 | Strong [ 5.69 | 2.36 | 5000 | 65 | 1.97 | 0.8 | 1.12 | 0.09 [ 2.59 [ 4600 | 0.472| 158 | 53 | 1.42 | 0.06 2 21 | 075 ] 0.6 26
12CADDOO01 [ 390 391 [ Strong [ 583 | 1.35 | 2500 | 19 | 0.66 | 1.3 | 0.57 | 0.07 [ 2.63 [ 1270 | 0.833|16.45]| 3.5 | 0.18 | 0.07 1 11 [ 019 | 06 17
12CADDO01 [ 391 392 [ Strong [ 6.46 | 3.25 | 6500 | 35 | 091 | 16 | 0.88 | 0.09 [ 3.49 [ 1830 | 0.713]|13.45| 7.7 | 0.43 | 0.12 1 13 [ 028 | 12 19
12CADDQO1 | 392 393 Weak | 7.86 | 2.83 [27100] 25 | 0.03 | 0.8 | 0.08 | 0.02 [ 45 [ 26.1 |0.028| 5.06 | 125 ] 0.01 ] 0.09 | 05 | 1.5 [0.025] 138 14
12CADDOO1 [ 393 394 Weak | 7.31 | 2.86 [20300| 15 | 0.68 1 0.76 | 0.05 | 558 | 1310 [0.285( 90.2 | 11.9 | 0.38 | 0.09 1 16 [ 028 | 22 19
12CADDQO1 [ 394 395 Weak | 74 [ 3.9 [19700] 19 | 151 ) 09 | 1.19 | 0.07 | 5.84 | 2590 | 0.092| 63.9 | 189 | 045 | 0.1 1 18 [ 028 | 26 24
12CADDQO1 [ 395 396 Weak | 7.82 | 2.64 [25500| 24 | 145] 11 | 1.22 | 0.08 | 6.32 [ 2600 | 0.073| 37.7 | 14 | 045 | 0.12 1 24 1037 | 25 29
12CADDQO1 [ 396 397 Weak | 7.57 | 2.16 [26000| 29 | 263 | 1.3 | 1.62 | 0.13 | 5.33 [ 4400 | 0.071 | 36.2 | 10.8 | 0.66 | 0.12 1 26 | 043 ] 18 35
12CADDQO1 | 397 398 Weak | 754 | 2.8 [25000| 40 [ 253 ]| 0.9 | 2.15| 0.16 | 3.58 | 4460 | 0.038 [ 42.6 | 10.1 | 0.62 | 0.08 1 19 [ 046 | 07 28
12CADDOQO01 [ 398 399 Weak | 7.27 | 1.91 [26500| 23 17 [ 05 [ 121|012 ] 317 | 2900 | 0.036| 189 | 7.3 | 0.44 | 0.08 1 16 [ 03 [ 05 28
12CADDOQO1 | 399 400 Weak | 7.32 | 2.99 [23100| 135 | 7.87 | 0.6 | 469 | 0.36 [ 3.5 [ 9330 | 0.051|179.5| 8.4 | 1.51 | 0.09 2 22 | 129 0.6 49
12CADDQO1 | 400 401 Weak | 7.72 | 218 [27300] 36 | 192 | 05 | 1.27 | 012 | 3.71 | 3130 | 0.069| 789 | 95 | 045 ] 0.1 1 15 [ 039 | 08 29
12CADDQO1 | 401 402 Weak | 7.75 | 2.38 [28600| 8 056 | 04 | 048 | 006 [ 291 [ 792 | 0.034| 6.46 | 101 ) 0.09 |0.025| 05 | 1.2 [ 01 | 05 20
12CADDQO1 | 402 403 Weak | 7.75 | 2.28 [27300] 22 | 137 | 09 | 1.15]| 0.12 [ 4.75 [ 2200 | 0.051| 23.1 | 10 | 0.33 | 0.09 1 15 [ 024 ] 12 25
12CADDOQO1 | 403 404 Weak | 7.54 | 2.09 [26400] 51 | 316 | 05 | 231 | 0.17 [ 3.35 [ 5220 | 0.099| 321 | 57 | 0.67 |0.025| 1 14 [ 052 03 31
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12CADDQO1 [ 404 405 Weak | 7.96 | 2.29 [28500| 34 | 243 | 0.2 | 1.69 | 0.13 | 3.33 [ 4020 | 0.065| 599 | 5.7 | 052 [0.025] 1 14 [ 04 | 03 25
12CADDOQO01 [ 405 406 Weak | 7.72 | 2.1 [27500| 15 1 05 ] 069 ] 009 | 346 | 1690 [0.093| 86 | 6.7 | 028 | 006 | 05 | 1.2 | 019 | 03 25
12CADDOQO01 [ 406 407 Weak | 7.51 | 1.63 [29300] 35 [ 193 | 0.3 | 1.54 | 0.12 | 3.08 [ 2980 | 0.049| 1.25 | 55 | 0.35 [0.025] 1 09 ]1033] 03 23
12CADDQO1 | 407 408 Weak | 7.23 | 2.04 [27000] 34 | 164 | 04 | 1.3 | 0.1 [ 3.04 [ 2490 | 0.058|15.35] 56 | 0.32 10.025| 1 09 [ 028) 02 19
12CADDQO1 | 408 409 Weak | 7.58 | 2.2 [28500] 24 | 139 | 03 | 1.14 | 0.04 [ 2.91 [ 2200 | 0.046| 782 | 58 | 0.29 |0.025| 1 1 022 { 0.3 18
12CADDQO1 | 409 410 Weak | 7.43 | 211 [27400] 48 | 332 ) 05 | 24 | 011 [ 25 [5410 |0.043]| 422 | 72 | 0.75]0.025| 1 12 1 049 ] 02 25
12CADDQO1 [ 410 411 Weak | 741 | 2.79 [27100] 12 | 0.81 | 05 | 0.66 | 0.03 [ 2.32 [ 1110 | 0.036| 8.09 | 104 | 0.15 ) 0.025| 05 | 1.2 [ 0.13 | 04 17
12CADDQO1 | 411 412 Weak | 7.57 | 2.22 [28700] 19 | 153 | 0.3 | 1.12 | 0.05| 2.08 [ 2180 | 0.046 | 131.5] 8.2 | 0.29 [0.025] 1 11 [ 023 | 04 18
12CADDQO1 | 412 413 Weak | 7.56 | 2.61 [27000| 26 [ 222 | 0.3 | 16 | 0.07 | 2.28 [ 3720 | 0.037 | 60.9 | 6.9 | 0.5 | 0.06 1 11 [ 035 03 18
12CADDOQO1 [ 413 414 Weak | 7.75 | 2.02 [29200| 40 | 164 | 0.6 | 1.54 | 0.05| 435 | 2730 | 0.064 | 165 | 6.8 | 0.39 | 0.06 1 14 [ 031 | 07 18
12CADDOQO1 [ 414 415 Weak | 7.52 | 2.06 [28200| 16 [ 1.11 ] 04 | 0.84 | 0.04 | 2.05 [ 1810 ) 0.039| 2.11 | 51 | 0.23 |0.025| 05 [ 09 | 019 [ 0.3 15
12CADDQO1 | 415 416 Weak | 7.45 | 1.63 [29000| 12 | 0.79 | 04 1 0.03 [ 1.38 | 1500 | 0.063 ] 22.2 | 47 | 0.26 [0.025[ 1 1 031 04 14
12CADDQO1 | 416 417 Weak | 7.95 | 1.81 [29200] 25 | 0.27 | 04 | 023 | 0.02 [ 1.51 [ 559 |0.114| 40.3 | 52 | 018 |10.025| 05 | 1.2 [ 014 | 04 14
12CADDQO1 | 417 418 Weak | 7.32 | 2.34 [24300] 10 | 0.72 ) 0.3 | 1.64 | 0.03 [ 1.56 [ 1300 | 0.151| 62.1 | 52 | 05 |0.025| 1 14 [ 035 03 15
12CADDQO1 [ 418 419 Weak | 7.13 | 1.52 [25900| 12 | 0.86 | 0.4 | 0.6 | 0.04 [ 2.16 [ 1240 | 0.15 | 487 | 56 | 0.27 | 0.025| 1 15 [ 016 | 05 16
12CADDQO1 [ 419 420 Weak | 7.16 | 1.55 [27000| 38 | 2.44 | 0.5 | 2.67 | 0.09 | 2.24 | 4120 | 0.067 [ 31.7 | 8.7 | 0.57 | 0.05 1 2 055 | 0.7 21
12CADDOQO1 [ 420 421 Weak | 7.28 | 1.84 [27600| 10 [ 0.73 | 0.1 | 055 | 0.02 | 2.03 [ 969 | 0.042| 465 | 51 | 014 [0.025] 1 1 012 | 04 14
12CADDOQO1 | 421 422 Weak | 7.22 | 1.56 [28300| 23 17 [ 01 | 137 | 0.06 | 2.08 | 2420 | 0.037]16.45| 51 | 0.31 [ 0.05 1 1 0.27 | 05 16
12CADDQO1 | 422 423 Weak | 7.12 | 2.02 [26500| 35 | 207 | 0.1 | 1.63 | 0.08 | 1.92 [ 3040 | 0.054| 20.1 | 56 | 04 [0.025] 1 12 [ 031 ] 04 17
12CADDQO1 | 423 424 Weak | 7.08 | 2.01 [26000] 25 | 1.45) 0.2 | 1.15| 0.05 [ 1.85 [ 2090 | 0.076|13.15] 6.1 | 0.26 | 0.025| 1 11 1021 ] 05 15
12CADDQO1 | 424 425 Weak | 7.18 | 1.8 [27200] 31 | 211 ) 0.1 | 164 | 0.08 [ 2.06 [ 3050 | 0.085| 13.7 | 6.1 | 0.38 |0.025| 1 12 1029 ] 06 17
12CADDQO1 | 425 426 Weak | 7.11 | 2.01 [26600] 31 | 242 | 0.2 | 191 | 0.07 [ 1.89 [ 3420 | 0.046| 37.3 | 6.2 | 0.45)0.025| 1 12 1 045] 05 18
12CADDQO1 [ 426 427 Weak | 6.53 | 1.93 |24100| 86 43 ] 03 | 386 | 013 [ 1.39 [ 7110 | 0.033|1725] 82 | 1.01 |0.025| 2 13 [ 08| 04 24
12CADDQO1 | 427 428 Weak | 6.73 | 1.51 [26900] 15 | 1.17 | 04 | 1.17 | 0.02 [ 1.08 [ 1840 | 0.05 | 20.9 | 6.4 | 0.27 | 0.025| 1 11 [ 028 | 04 12
12CADDQO1 [ 428 429 Weak 7 1.69 [26800| 58 | 242 | 0.2 | 1.93 | 0.07 [ 1.25 [ 3640 | 0.056| 821 | 81 | 051 |0.025| 1 12 [ 049 | 04 17
12CADDOQO1 [ 429 430 Weak | 7.61 | 2.04 [28900| 40 [ 213 ]| 03 | 1.75] 006 | 1.2 [ 3420 |0.064| 47 | 11.8 | 056 [0.025] 1 13 [ 048] 05 15
12CADDOQO01 [ 430 431 Weak | 7.33 | 2.26 [25900| 12 [ 086 | 0.2 | 0.63 | 0.03 | 1.56 [ 1190 | 0.069 | 15.95]| 7.4 | 0.18 [0.025] 1 13 [ 018 | 05 13
12CADDOQO01 [ 431 432 Weak | 7.06 | 2.65 [22800| 16 | 1.03 | 0.3 | 0.83 | 0.02 | 2.03 [ 1620 | 0.094 | 91.4 | 74 | 035 [0.025| 1 14 [ 035 09 14
12CADDQO1 | 432 433 Mod | 6.01 | 1.17 | 11100| 16 06 | 04 [ 051 ]| 0.04 ] 1.45] 1240 10.686| 181 | 52 [ 045 |0.025] 1 15 ) 04 | 07 20
12CADDQO1 | 433 434 Mod | 575 | 1.29 |15500( 88 [ 1.79 | 04 | 1.17 | 0.06 | 1.14 | 3690 [0.309| 40.1 | 4.9 | 1.01 |0.025] 2 17 1 069 ] 038 20
12CADDQO1 [ 434 435 Mod | 6.09 | 09 |16600f 26 [ 1.08 | 0.9 | 1.45] 0.03 | 2.06 | 2320 {0.264| 284 | 42 | 1.35 |0.025] 2 22 | 101 ] 16 22
12CADDQO1 [ 435 436 Weak | 7.17 | 2.8 [22900] 26 | 1.73 | 0.2 | 1.21 | 0.04 [ 1.64 [ 2700 | 0.062 | 67.6 | 59 | 0.41 | 0.025| 1 15 [ 05 | 03 16
12CADDQO1 [ 436 437 Weak | 6.27 | 21 [20800) 27 [ 192 ]| 0.9 | 1.68 | 0.06 | 1.27 [ 2960 | 0.073 [ 12.75]| 4.9 | 0.49 | 0.05 1 14 [ 055 07 16
12CADDQO1 | 437 438 Weak | 6.13 | 1.59 [22300] 28 | 1.35| 0.8 | 1.12 | 0.03 | 1.94 | 2280 | 0.067 [ 29.6 | 5.7 | 0.42 | 0.08 1 13 [ 043 ] 13 14
12CADDOQO01 [ 438 439 Weak | 7.38 | 1.59 [28700| 17 [ 097 | 0.3 | 0.88 | 0.03 | 1.97 [ 1600 | 0.052 | 9.02 | 52 | 0.23 [0.025] 1 11 [ 02 | 04 14
12CADDOO01 [ 439 440 Weak | 7.21 | 2.07 [26800] 19 [ 121 | 0.3 | 1.15| 0.04 | 1.67 | 1880 | 0.038 | 17.45]| 5.7 | 027 [0.025] 1 1 021] 04 13
12CADDQO1 | 440 441 Weak | 7.24 | 1.84 [27900] 11 | 0.76 | 0.4 | 069 | 0.04 [ 1.9 [ 1090 |0.042| 65 | 79 | 0.14]0.025| 05 1 012 [ 04 16
12CADDQO1 | 441 442 Weak | 6.91 | 2.35 [25400] 32 | 163 | 0.6 | 1.45]| 0.05 [ 1.75 [ 2750 | 0.036| 30.2 | 12 | 0.36 | 0.07 1 11 )1 028 ] 0.6 14
12CADDQO1 | 442 443 Weak | 7.36 | 217 [27100] 62 | 3.89 | 04 | 387 | 007 [ 1.7 [ 4670 |0.051| 228 | 8.2 | 0.72 | 0.05 1 14 | 157 ] 07 21
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12CADDOQO1 [ 443 444 Weak | 6.93 | 2.03 [25500| 37 | 162 | 0.3 | 1.82 | 0.04 | 1.37 [ 2700 | 0.048 | 39.5 | 7.8 | 0.33 [0.025] 1 12 [ 031 ] 04 15
12CADDQO1 [ 444 445 Weak | 7.07 | 2.19 [25800| 22 12 [ 04 [ 119 ] 0.04 | 1.19 | 1990 | 0.049| 26 83 |1 027]0025| 1 12 [ 025| 04 13
12CADDQO1 | 445 446 Weak | 6.69 | 1.85 [22800| 56 | 2.47 | 0.2 | 2.42 | 0.09 | 0.97 | 4540 | 0.151 | 67.7 8 0.66 [0.025( 1 1.3 1 078 ] 03 18
12CADDQO1 | 446 447 Weak | 6.91 | 2.12 [23600] 41 | 156 | 0.3 | 1.33 | 0.05 [ 0.93 [ 2790 | 0.118 | 34.3 9 042 10025| 1 09 |1 043 ] 03 13
12CADDQO1 | 447 448 Weak | 6.1 | 1.74 [14700] 35 | 065 | 05 | 0.7 | 0.04 [ 0.54 [ 1270 | 0.486 | 14.55] 5.8 | 0.36 | 0.025| 1 09 | 027 ] 03 26
12CADDQO1 [ 448 449 Weak | 6.42 | 3.54 [15400] 36 | 099 | 05 | 1.06 | 0.11 | 2.19 [ 1880 | 0.179| 485 | 6.7 | 0.35 | 0.05 1 13 [ 038 07 15
12CADDQO1 [ 449 450 Weak | 7.38 | 1.29 [24000| 25 | 1.83 | 0.2 | 2.08 | 0.11 | 2.12 [ 3300 | 0.135| 853 | 6.7 | 0.46 [0.025] 1 19 | 047 1 23
12CADDQO1 [ 450 451 Mod | 6.86 | 0.96 | 19300| 47 | 164 | 0.1 | 238 | 011 | 1.82 | 3010 [0.109] 3 64 10390025 1 26 | 036 | 24 21
12CADDQO01 [ 451 452 Mod | 7.08 | 0.95 |20900| 57 | 1.96 | 03 | 27 | 0.21 | 1.86 | 3520 | 0.072] 5.69 [ 65 | 0.55 |0.025| 1 28 | 057 | 21 34
12CADDQO1 [ 452 453 Mod | 6.63 | 0.76 | 18600 120 | 2.78 | 0.2 | 7.16 | 0.3 | 2.05 | 5100 | 0.095]| 339 [ 6.8 | 0.65 |0.025| 1 32 1068 | 1.7 42
12CADDOQO1 [ 453 454 Mod | 7.13 | 2.26 |19900| 32 | 1.26 [ 04 | 1.73 | 0.09 | 2.23 | 2190 | 0.084|13.95( 9.4 | 0.27 |0.025| 1 2 0241 13 20
12CADDQO1 | 454 455 Mod | 7.06 | 1.54 | 18000 48 [ 124 | 03 | 182 ] 011 ) 3.05| 2380 | 0.26 | 598 | 6.7 | 0.37 |0.025] 1 25 [ 038 ) 12 24
12CADDQO1 | 455 456 Mod | 6.56 | 2.25 |16700( 35 [ 1.84 | 0.7 | 1.39 | 0.09 | 2.9 | 3140 [0.068 [ 13.65| 7.2 | 0.76 | 0.06 1 21 [ 079 ] 05 21
12CADDQO1 [ 456 457 Mod | 6.48 | 1.72 |17200( 75 [ 233 | 0.2 | 2.09 | 013 | 2.28 | 4910 [0.135| 441 | 7.8 | 1.21 |0.025] 2 18 [ 086 | 05 23
12CADDQO1 | 457 458 Mod 6.6 | 291 |15800| 26 | 061 [ 05 [ 0.89 [ 0.06 | 28 | 1370 |0.125) 34 | 102 | 03 [0.025| 1 17 [ 03 | 05 17
12CADDQO1 [ 458 459 Mod | 6.76 | 1.99 | 18300 30 | 1.17 1 152 | 0.07 | 3.13 | 2510 | 0.176| 6.97 [ 83 [ 047 | 0.1 1 22 |1 055] 07 20
12CADDOQO1 [ 459 460.3 Mod | 6.36 | 0.84 | 20200{ 59 | 1.92 | 0.3 | 219 | 0.12 | 2.54 | 3660 | 0.175] 34.1 9 0.54 | 0.07 1 2 064 | 1.2 23
12CADDOQ01 | 460.3 | 4615 | Weak | 7.65 | 2.42 |26200| 25 [ 015 ) 0.3 [ 0.18 | 0.01 | 2.42 | 209 | 0.023[1165] 11.1 | 0.03 | 0.025| 05 [ 1.6 |0.025| 1 15
12CADDQO1 | 461.5 462 Weak | 6.14 | 1.61 [17700| 168 | 598 | 0.1 | 6.33 | 0.31 | 2.62 [12200]| 0.194 | 22.6 | 9.9 | 1.67 [0.025| 2 38 | 19 | 14 58
12CADDQO1 | 462 463 Weak | 744 | 1.6 [25800| 70 | 2.08 | 05 | 2.01 | 0.08 [ 2.86 [ 4050 | 0.103| 52.8 | 10.5 | 0.51 | 0.06 1 26 | 059 | 13 32
12CADDQO1 | 463 464 Weak | 7.07 | 3.31 [22200] 22 | 112 | 0.2 | 095 | 0.04 [ 1.91 [ 1950 | 0.03 | 15.05] 123 | 0.23 | 0.025| 1 12 [ 026 | 0.6 18
12CADDQO1 [ 464 465 Weak | 81 | 1.65[33200] 25 | 017 | 05 | 0.17 | 0.01 [ 2.01 [ 237 |0.037| 2.58 | 13.6 | 0.03 | 0.025| 0.5 | 1.2 [ 0.06 [ 0.7 16
12CADDQO1 [ 465 466 Weak | 8.04 | 2.55 [30900| 15 0.7 | 06 | 047 | 0.05 [ 1.52 [ 1270 | 0.069 | 485 | 155 | 0.17 | 0.025| 1 1 016 | 0.7 14
12CADDQO1 [ 466 467 Weak | 6.7 | 2.55 [23900| 12 [ 065 ]| 0.2 | 053 | 0.03 | 1.11 [ 1110 ) 0.031| 163 | 123 | 0.14 | 0.025| 05 [ 09 | 017 [ 03 11
12CADDQO1 | 467 468 Mod | 6.64 | 2.04 |23300] 42 | 1.73 | 0.2 | 1.64 | 0.06 | 0.93 | 3110 | 0.094| 22.8 [ 122 | 042 |0.025| 1 09 | 044] 04 12
12CADDOQO01 [ 468 469 Mod | 6.42 | 249 |18300{ 23 | 1.01 | 0.2 | 0.88 | 0.04 | 0.83 | 1970 | 0.18 | 10.8 [ 11.1 | 0.38 |0.025| 1 06 | 033 ] 04 10
12CADDOQO01 [ 469 470 Mod 6.1 | 2.05]16900] 59 | 155 | 0.6 [ 1.61 [ 0.05 1 [3010]0.217]| 68 8 053 ]10025| 1 1 063 | 0.4 12
12CADDQO1 | 470 471 Mod | 7.16 | 2.33 |21600( 49 [ 1.02 | 0.2 | 147 ] 0.05) 1.37 | 1830 [0.254| 20.6 | 6.7 | 0.31 |0.025] 1 12 1027 ] 04 15
12CADDQO1 | 471 472 Mod | 7.19 | 2.83 |22100( 11 [ 052 | 0.3 | 048] 0.03 | 1.76 | 863 [0.128| 949 | 7.6 | 013 |0.025] 05 | 1.1 | 015 | 04 13
12CADDQO1 | 472 473 Mod | 7.41 | 2.52 | 24900 27 [ 0.92 | 0.2 | 0.87 | 0.04 | 2.02 | 1480 [0.042| 9.12 | 6.2 | 0.19 |0.025] 05 | 1.3 | 0.2 | 05 15
12CADDQO1 [ 473 474 Mod | 7.06 | 2.09 | 24500 110 | 1.03 | 0.4 | 1.01 | 0.04 | 2.1 | 1650 |0.057] 6.1 [ 6.1 | 0.24 |0.025| 1 14 [ 021 | 07 15
12CADDQO1 [ 474 475 Mod | 7.24 | 1.98 | 25500 22 | 0.96 | 0.3 | 0.88 | 0.05 | 2.52 | 1630 | 0.06 | 4.25 5 022 10025| 1 14 | 018 1 16
12CADDQO1 [ 475 476 Mod | 685 | 21 |24700| 35 | 143 | 0.2 | 1.44| 0.05 | 1.55 | 2500 | 0.026 | 3.9 [ 49 | 036 |0.025| 1 11 [ 037 ] 04 13
12CADDQO1 [ 476 477 Mod | 7.35 | 2.65 |23900| 26 | 1.21 | 04 | 1.42 | 0.04 | 2.16 | 2200 | 0.089| 46.8 | 58 | 0.39 | 0.06 1 14 [ 029 | 11 14
12CADDQO1 | 477 478 Mod | 7.34 | 2.2 |22600( 19 [ 0.63 | 0.4 | 0.65| 0.04 | 2.01 | 1270 [0.179| 309 | 52 | 0.37 | 0.025]| 1 14 | 027 ] 0.7 14
12CADDQO1 | 478 479 Mod 74 | 218 | 25000 6 043 ] 05 [ 039 0.03 | 1.83 ] 627 |0.059| 3.76 | 44 [ 01 |0.025] 05 | 11 | 008 | 04 11
12CADDQO1 | 479 480 Mod | 7.37 | 2.56 | 22200 64 [ 1.96 | 0.2 | 242 ] 0.08 | 2.19 | 3590 [0.133| 124 | 47 | 057 |0.025] 1 16 | 044 ] 038 16
12CADDQO1 [ 480 481 Mod | 7.34 | 2.21 | 22000 13 07 ] 03 1071001221 [1180|0.166| 389 | 6.6 | 0.24 | 0.025| 1 13 | 018 1 14
12CADDQO1 | 481 482 Mod | 8.08 | 2.08 | 25400( 40 [ 151 ] 01 | 136 ] 01 | 26 | 2810 (0.107| 178 | 47 | 042 |0.025] 1 17 [ 042 ] 038 19
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12CADDQO1 | 482 483 Mod | 7.72 | 3.57 | 20700| 41 12 [ 01 [ 115] 0.05] 23 | 2240)0.028] 9.73 5 045 10025| 1 14 [ 042 | 0.6 14
12CADDOQO01 [ 483 484 Mod | 7.73 | 2.26 | 25300{ 29 | 0.62 | 0.1 | 0.64 | 0.02 | 1.88 | 987 |0.063]| 298 | 42 | 0.14 |0.025| 05 | 1.4 [ 014 | 0.6 13
12CADDOQO1 [ 484 485 Mod | 853 | 3.27 |23800| 21 | 046 | 0.1 | 037 | 002 ] 232 | 730 | 0.1 | 58| 52 | 013 |0.025| 05 | 16 | 012 ] 0.8 14
12CADDQO1 | 485 486 Mod | 7.02 | 2.17 | 14200 45 [ 127 | 0.6 1 0.06 [ 1.89 | 3370 | 0.673 | 66.7 | 56 | 1.22 [ 0.06 2 15 ] 05 ] 038 22
12CADDQO1 | 486 487 Mod | 6.94 | 298 |15900( 19 [ 0.63 | 0.2 | 0.65 ] 0.02 | 254 | 1900 {0.331| 73.1 | 65 | 1.21 |0.025] 2 16 | 052 ] 0.8 17
12CADDQO1 | 487 488 Mod | 7.66 | 2.24 |24900( 17 [ 1.07 | 01 | 09 | 0.05) 2.26 | 1670 [ 0.087 [ 19.75| 51 | 0.27 | 0.025] 1 13 |1 017 ] 06 17
12CADDQO1 [ 488 489 Mod 83 | 223 |27100] 19 | 114 [ 01 [ 0.97 [ 0.05 | 2.22 | 1800 | 0.059)18.85| 49 | 022 [0.025| 1 12 [ 018 | 0.6 23
12CADDQO1 [ 489 490 Mod | 752 | 1.91 |26700| 24 | 1.15| 0.1 | 0.91 | 0.05| 1.91 | 1850 | 0.055]| 3.4 [ 44 | 024 |0025| 1 09 | 016 ] 04 17
12CADDQO1 [ 490 491 Mod 7.8 | 1.75 |127600| 6 049 ] 01 | 033 ] 003 | 19 [ 613 |0.075| 137 4 0.08 10.025| 05 | 0.8 [ 0.06 | 0.4 16
12CADDOQO01 [ 491 492 Mod | 8.18 | 1.79 | 28100 8 067 ] 01 | 051 | 004 [ 203 [ 936 [0.063| 286 | 46 | 012 10.025| 05 | 09 [ 0.09 [ 0.3 15
12CADDOQO1 [ 492 493 Mod | 7.69 | 1.74 | 27000] 25 | 1.39 | 0.3 | 1.11 | 0.06 | 2.24 | 2370 | 0.065]| 2.88 [ 42 | 0.28 |0.025| 1 1 021] 03 17
12CADDQO1 | 493 494 Mod | 861 | 2.1 |27200( 33 [ 0.67 | 0.2 | 054 ] 0.04 | 3.38 | 1270 {0.171[16.35| 11.6 | 0.18 | 0.05 1 18 | 013 ] 07 22
12CADDQO1 | 494 495 Mod | 7.48 | 2.22 |22600( 29 [ 111 | 0.2 | 096 | 0.04 | 2.15 | 2260 [0.173| 725 | 6.7 | 0.36 | 0.025] 1 17 1029 ] 05 21
12CADDQO1 | 495 496 Mod | 6.95 | 2.14 |14200( 128 | 417 | 0.6 | 3.01 | 0.17 | 1.39 | 8800 [0.727 | 235 | 6.8 | 1.38 | 0.05 2 18 [ 099 | 0.6 37
12CADDQO1 [ 496 497 Mod | 6.64 | 2.85 | 12400 120 | 477 | 01 | 3.73 | 0.21 | 1.43 | 9790 [ 0.554 [ 132 7 153 {0.025] 3 16 [ 1.39 | 04 30
12CADDQO1 | 497 498 Mod | 6.27 | 2.77 | 7100 | 162 | 3.85 | 03 | 322 | 0.16 | 144 | 7910 | 0.9 | 665 6 1.65 | 0.08 3 13 [ 145 12 27
12CADDQO1 [ 498 499 Mod | 419 | 2.02 | 7100 | 301 | 12.65| 0.3 |11.45| 0.54 | 0.95 | 28200| 0.382| 98.2 | 47 | 443 | 0.11 8 23 | 484 | 05 63
12CADDOQO1 [ 499 500 Mod | 7.14 ] 1.93 |19200{ 38 | 1.11 | 0.1 | 1.07 | 0.03 | 1.32 | 2370 | 0.415] 638 [ 6.3 | 1.26 |0.025| 2 1 079 ] 04 14
12CADDOQO01 [ 500 501 Mod | 6.72 | 3.01 |16300| 48 | 1.07 [ 0.2 | 0.76 | 0.02 | 1.85 | 2480 [ 0.296 | 81.7 8 129 10.025] 2 1 0.66 | 0.6 13
12CADDQO01 | 501 502 Mod | 755 | 3.32 |17500( 62 [ 1.34 | 04 | 1.12 ] 0.06 | 1.98 | 2810 [ 0.413| 89.3 | 10.1 | 0.65 | 0.05 1 12 | 0.54 1 18
12CADDQO1 | 502 503 Mod | 7.89 | 273 |23000( 24 [ 111 | 01 | 089 ] 0.04 | 2.34 | 1910 [0.121 | 12.2 | 6.8 | 0.27 | 0.025] 1 16 | 025 ] 0.6 18
12CADDQO1 | 503 504 Mod | 7.74 | 2.24 |24700( 12 [ 0.68 | 0.1 | 051 ] 0.03 | 2.3 | 1130 [0.094| 42.1 | 106 | 0.15 |0.025] 05 | 1.8 | 0.13 | 04 18
12CADDQO01 [ 504 505 Mod | 7.93 | 2.07 |25300( 27 [ 1.64 | 0.1 | 1.09 | 0.07 | 2.37 | 2480 [0.117| 473 | 95 | 035 0.025] 1 22 |1 028 ] 04 25
12CADDQO1 [ 505 506 Mod | 7.19 2 [23100] 22 | 107 ) 0.1 | 0.88 | 0.02 [ 223 [ 1680 | 0.09 | 70 55 1 023]0025| 05 | 1.3 [019 ] 038 17
12CADDQO1 [ 506 507 Mod | 7.74 | 222 | 25100| 36 | 1.84 | 0.1 | 1.63 | 0.05 | 2.05 | 3050 | 0.065]| 185 [ 56 | 0.38 |0.025| 1 13 [ 038 ] 05 20
12CADDQO1 [ 507 508 Mod | 7.86 | 2.04 | 26600| 22 | 1.18 | 0.1 | 0.84 | 0.03 | 2.3 | 1880 | 0.071)| 278 | 54 | 0.24 |0.025| 05 | 15 | 021 | 0.6 18
12CADDOQO01 [ 508 509 Mod | 7.61 | 2.34 | 24600| 64 33 | 01 | 268 | 012 | 242 | 5460 [0.079| 326 | 6.1 | 0.76 |0.025] 1 19 [ 09 1 29
12CADDOQO01 [ 509 510 Mod | 751 | 22 |25600{ 17 | 1.11 | 0.1 | 0.83 | 0.03 | 2.12 | 1760 | 0.045]| 288 [ 52 | 0.21 |0.025| 1 12 [ 016 | 05 15
12CADDQO1 | 510 511 Mod 81 [ 17728100 17 | 107 ] 01 | 0.79 [ 0.04 [ 2.19 | 1680 | 0.074]15.75] 54 | 0.2 [0.025( 05 | 1.2 | 018 ] 05 15
12CADDQO1 | 511 512 Mod | 7.44 | 1.68 |26900( 65 [ 258 | 0.2 | 2.39 | 0.08 | 1.77 | 4550 [ 0.054 | 26.7 | 52 | 054 | 0.025] 1 14 1042 ] 04 21
12CADDQO1 | 512 513 Mod | 7.22 | 1.54 |26300( 35 [ 177 | 04 | 146 ] 0.06 | 1.75 | 2940 [0.046| 848 | 52 | 0.36 [ 0.025] 1 12 [ 026 | 04 16
12CADDQO1 [ 513 514 Mod | 7.61 | 1.74 | 26600| 23 12 | 01 | 0.93 | 0.05 2 |1850]0.054]1255| 56 | 023 [0.025( 05 [ 11 | 017 | 0.6 15
12CADDQO1 [ 514 515 Mod 75 | 224 122100 36 | 1.26 [ 0.1 [ 0.81 [ 0.04 | 2452320 |1 0.177) 255 | 51 | 037 [0.025| 1 18 [ 033 ] 0.9 20
12CADDQO1 [ 515 516 | Strong 8 2.34 [19500] 16 | 0.69 | 0.1 | 0.37 | 0.03 [ 2.93 [ 1440 | 0.384| 175 | 49 | 046 |0.025| 1 23 | 0.26 1 22
12CADDQO1 [ 516 517 [ Strong [ 7.34 | 3.11 |15000] 26 | 058 | 0.5 | 0.4 | 0.03 [ 2.71 [ 1150 | 0.294] 953 | 41 | 0.34 | 0.025| 1 24 1023 1 20
12CADDQO1 [ 517 518 | Strong | 6.74 | 3.06 | 9300 | 34 14 [ 02 [ 069 | 0.05] 267 | 3140 |0.579| 31.4 | 51 | 0.69 [ 0.06 1 26 | 074 ] 11 29
12CADDQO1 | 518 519 | Strong | 7.14 | 2.37 | 21500 72 ] 097 | 0.1 [ 0.63 | 0.05 | 2.26 | 1910 | 0.101 | 8.98 5 04 [0025( 1 1.9 1037 ] 09 21
12CADDQO1 | 519 520 | Strong | 488 | 0.5 |12600] 55 | 2.81 [ 0.1 2 0.08 [ 1.11 | 7420 | 0.464] 6.65 | 64 | 479 [0.025[ 6 12 1 209 ] 0.6 29
12CADDQO1 | 520 521 | Strong | 4.69 | 0.81 |14000| 248 [ 6.18 [ 1.1 | 573 | 0.39 | 0.48 |16800]|0.332| 419 [ 78 | 391 ] 0.1 5 2 3.02 [ 04 62
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12CADDQO1 | 521 522 [ Strong [ 6.01 | 0.97 |15600| 235 | 857 | 0.3 [ 6.39 [ 0.47 | 2.62 |19300]| 0.439 | 14.6 7 3.81 | 0.06 5 35 | 35 | 0.8 88
12CADDQO1 [ 522 523 Mod | 749 | 1.1 |26700] 34 | 1.09 | 03 | 1.13 | 0.07 | 242 | 2180 | 0.14 | 299 | 9.4 | 0.33 | 0.09 1 12 [ 048] 11 21
12CADDQO1 | 523 524 Mod | 7.09 | 1.62 | 25200 6 021 ] 04 [ 021|003 | 218 | 451 |0.074] 28 | 79 [ 009 | 006 | 05 | 08 | 0.1 | 0.8 11
12CADDQO1 | 524 525 Mod | 759 | 2.09 |22200( 11 [ 077 | 01 | 057 ] 0.05) 291 | 1680 [0.269| 7.88 | 9.2 | 0.87 | 0.025] 1 17 [ 037 | 08 25
12CADDQO1 | 525 526 Mod | 811 | 1.7 |26200f 9 035 ] 03 [ 028 | 0.04 | 265 ] 695 |0.226| 3.54 | 10.2 [ 0.21 | 0.025]| 1 17 1 011 ] 038 24
12CADDQO1 [ 526 527 Mod | 8.05 | 2.29 |25600( 22 [ 119 | 0.1 | 1.02 | 0.07 | 2.5 | 2330 [0.115[11.95| 9.6 | 0.39 | 0.025] 1 19 [ 025] 04 30
12CADDQO1 | 527 528 Mod | 769 | 14 |25700] 25 | 1.03 | 0.3 | 0.78 | 0.05 | 3.05 | 1960 | 0.191)16.35| 9.5 | 0.29 | 0.05 1 2 021] 0.7 25
12CADDQO1 [ 535 536 Weak | 7.12 | 1.69 [25200| 43 | 228 | 04 | 1.49 | 0.17 | 2.38 | 4510 | 0.039 | 38.6 | 14.2 | 0.57 | 0.07 1 22 | 0421 07 42
12CADDOQO01 [ 536 537.1 | Weak | 7.17 | 1.39 [24900| 55 | 254 | 04 [ 181 | 0.17 | 2.63 | 4960 | 0.066 [ 99.5 | 11.1 | 0.69 | 0.06 1 34 1049 ] 05 51
14CADDOQO1 | 437 438 Weak | 6.37 | 1.96 [24100] 53 | 057 | 04 | 0.2 | 001 | 243 [ 1710 | 0.032| 320 | 26.1 | 056 [0.025] 1 2 0221 0.2 61
14CADDOQO1 [ 438 439 Weak | 7.23 | 1.88 [26300] 24 [ 099 | 0.7 | 0.52 | 0.06 | 3.49 [ 1750 | 0.091 | 40.7 | 20.2 | 0.6 [0.025| 1 29 | 04 | 06 45
14CADDOQO1 | 439 440 Weak | 7.11 | 2.23 [25000] 65 | 259 | 04 | 1.45| 0.14 [ 2.92 [ 4380 | 0.052 | 159.5] 16.4 | 0.68 | 0.025| 1 17 [ 061 | 03 32
14CADDQO1 | 446 447 Weak | 6.84 | 1.18 [19900| 52 | 2.66 | 0.2 | 277 | 0.12 [ 5.04 [ 4330 | 0.064 | 64.2 | 11.8 | 0.63 | 0.025| 1 18 | 0.36 1 37
14CADDQO1 | 447 448 Mod | 7.11 | 1.67 |23700( 39 [ 143 | 03 | 207 ] 028 ) 1.71 | 2730 | 0.1 | 267 | 109 | 0.87 | 0.025] 2 21 | 068 | 04 28
14CADDQO1 [ 448 449 Mod | 595 | 2.8 |15200| 6 061 ) 06 | 064 | 0.01 [ 2.02 [ 1900 | 0.172| 546 | 157 | 1.9 |0.025| 4 2 06 | 05 24
14CADDOQO1 [ 449 450 Mod | 6.67 | 2.02 |20100| 17 | 1.24 | 04 | 0.62 | 0.05 | 2.03 | 3420 | 0.194| 233 [ 10.6 | 1.53 | 0.025| 3 19 [ 055 05 23
14CADDOQO1 [ 450 451 Mod | 547 | 2.02 | 15100 20 | 219 | 1.2 | 147 | 005 | 23 | 6750 | 0.11 | 168 [ 102 | 25 |0.025| 5 25 109 | 0.7 28
14CADDOQO01 | 451 452 Mod | 6.45 | 2.24 |19300| 23 | 098 | 05 | 0.72 | 0.01 | 2.84 | 2720 | 0.111) 1480 | 13.3 | 1.24 | 0.05 2 23 |1 073 ] 0.8 24
14CADDOQO1 [ 452 453 Mod | 7.48 | 24 |25100| 27 | 0.88 | 0.4 | 0.61 | 0.06 | 257 | 1620 | 0.05 | 113 | 21.8 | 0.29 | 0.06 1 24 1023 | 0.6 28
14CADDQO1 | 453 454 Mod | 7.14 | 2.47 |24200( 14 [ 086 | 05 | 056 | 0.02 | 1.65 | 1510 | 0.03 | 279 | 265 | 0.21 | 0.025] 1 23 1 015] 03 24
14CADDQO1 | 454 455 Mod | 6.72 | 1.73 | 22800 223 [ 6.24 | 0.3 | 6.19 ]| 015 | 2.77 | 6690 [0.059| 277 | 133 | 1.1 |[0.025] 2 33 [ 244 ] 06 43
14CADDQO1 [ 455 456 Mod | 7.16 | 1.84 | 24500( 36 [ 1.88 | 0.2 | 1.09 | 0.07 | 2.29 | 3090 [0.083 | 59.2 | 8.7 | 0.49 | 0.025] 1 22 |1 0451 03 26
14CADDQO1 [ 456 457 Mod | 7.18 | 2.25 |21700| 22 | 112 | 0.2 | 0.72 | 0.05 | 2.48 | 2000 | 0.183] 739 [ 65 | 0.52 |0.025| 1 2 036 | 0.3 21
14CADDQO1 | 457 458 Mod 6.6 | 215 |21300] 221 | 1.5 [ 0.1 [ 0.91 [ 0.05 | 2.66 | 2340 | 0.087 | 225 | 12.6 | 045 [0.025| 1 18 [ 035 04 23
14CADDOQO1 [ 458 459 Mod | 574 | 1.67 |19600| 19 | 0.93 | 0.4 | 0.66 | 0.07 | 2.54 | 1670 | 0.064| 51.2 [ 135 ] 0.39 |0.025| 1 24 1023 | 0.6 24
14CADDOQO1 [ 459 460 Mod | 7.23 | 1.89 | 26300| 18 | 0.67 | 0.2 | 0.43 | 0.03 | 2.61 | 1220 | 0.062| 94.7 [ 181 | 0.35 |0.025| 1 3 021] 04 29
14CADDOQO01 [ 460 461 Mod | 7.08 | 2.3 |23800] 26 | 1.07 | 0.3 | 0.82 | 0.1 | 2.68 | 2150 | 0.085]| 169 [ 28.3 | 0.89 |0.025| 2 33 1044 ] 07 36
14CADDQO1 | 461 462 Mod | 5.73 | 1.82 | 21000| 37 19 | 04 ] 106|009 1.6 | 3530 |0.032] 647 | 17 | 0.85[0.025[ 2 23 [ 053] 04 26
14CADDQO1 | 462 463 Mod | 6.48 | 252 |21500( 24 [ 144 | 01 | 1.01 ] 0.09 | 2.11 | 2400 [ 0.063 [109.5| 17 | 0.37 |0.025] 1 26 | 031 ] 05 28
14CADDOQO1 [ 463 464 Mod | 6.37 | 2.35 | 22700 47 [ 186 | 0.3 | 1.39 ] 0.09 | 1.19 | 3000 [0.068| 77 | 16.1 | 047 |0.025] 1 15 [ 053] 03 18
14CADDQO1 [ 464 465 Mod | 6.45 | 2.04 |23100] 91 | 328 | 0.7 | 272 | 019 | 1.81 | 6340 | 0.061| 89 [ 146 | 0.89 |0.025| 2 25 | 066 | 04 28
14CADDQO1 [ 465 466 Mod | 7.16 | 1.52 | 24600 29 | 1.11 | 0.1 | 0.7 | 0.06 | 2.42 | 2370 | 0.122| 128 8 0.82 10.025| 2 18 [ 046 | 08 22
14CADDQO1 [ 466 467 Mod | 7.38 | 242 | 24700| 43 | 186 | 0.3 | 1.28 | 0.09 | 2.56 | 3330 | 0.091] 50.8 [ 10.3 | 0.44 |0.025| 1 2 035] 04 22
14CADDQO1 | 467 468 Mod | 7.09 | 1.71 | 25100| 45 17 [ 05 1 0.08 | 231 | 3170 | 0.097) 9.73 | 86 [ 05 [0.025| 1 22 1034 ] 04 23
14CADDQO1 | 468 469 | Strong | 6.53 | 1.54 | 17600| 53 | 3.34 2 17 | 018 | 2.2 | 6610 |0.588| 575 | 56 [ 1.91 [0.025| 3 23 | 1.23 ] 0.6 31
14CADDQO1 | 469 470 Mod | 7.17 | 1.69 |24500( 37 [ 161 | 19 | 127 ] 005) 2352690 | 01 [ 734 | 58 | 04 [0025] 1 17 1 041] 05 20
14CADDQO1 | 470 471 Mod | 6.99 | 1.72 | 23800 51 [ 214 | 59 | 152 | 011 | 2.84 | 4110 [0.066| 769 | 6.8 | 0.58 | 0.025] 1 22 |1 042 ] 06 29
14CADDQO1 | 471 472 Mod 57 | 1.16 |18200| 47 17 [ 93 [ 149 ] 0.08 | 1.86 | 4880 | 0.226| 270 | 9.4 | 1.81 [0.025| 3 24 | 183] 05 32
14CADDQO1 | 472 473 Mod | 6.01 | 2.83 |17600( 17 [ 0.62 | 3.1 | 0.42 | 0.06 | 1.64 | 1400 [ 0.064 | 135 | 239 | 0.54 | 0.025] 1 14 [ 029 ] 03 19
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14CADDQO1 [ 473 474 Mod | 6.81 | 2.17 | 22800 39 | 158 | 1.2 | 0.95 | 0.09 | 2.77 | 3420 | 0.052|179.5[ 22.2 | 0.56 |0.025| 1 25 1039 ] 04 36
14CADDQO1 [ 474 475 Mod | 7.13 | 2.37 | 22900 71 | 289 | 1.2 | 1.79 | 0.13 | 2.78 | 5830 | 0.086] 379 [ 11 | 0.92 |0.025| 2 22 |1 052 ] 04 31
14CADDQO1 [ 475 476 Mod 6.5 | 1.97 |20800| 108 | 438 [ 0.6 [ 2.64 [ 0.24 | 2.49 | 9100 | 0.098| 105 | 12.4 | 1.35 [0.025| 2 3 082 | 0.7 44
14CADDQO1 | 476 477 Mod | 6.59 | 1.86 | 21500 25 1 05 [ 06 | 0.07] 193] 2170 |0.178| 130 | 9.8 [ 0.72 ]0.025] 1 18 | 05 ] 06 22
14CADDQO1 | 477 478 Mod | 7.04 | 2.02 | 25000 22 [ 1.67 | 0.6 1 0.13 [ 2.11 | 3380 | 0.068 | 101 | 159 | 0.58 [0.025( 1 22 |1 059 | 04 33
14CADDQO1 | 478 479 Mod 6.3 [ 212 |20600] 40 | 218 | 0.7 | 1.33 [ 0.19 [ 1.75 | 4990 | 0.106] 43.5 ] 169 | 0.95 [0.025( 1 2 081 ] 03 41
14CADDQO1 [ 479 480 Mod | 547 | 2.45 |17600( 52 [ 485 | 0.6 | 3.4 | 048 | 1.15 |10100{0.027 | 34 | 19.2 | 212 | 0.05 3 2 184 | 0.2 72
14CADDQO1 [ 480 481 Weak | 6.95 | 2.81 [23300] 24 | 154 | 05 | 091 | 0.14 | 2.07 [ 3140 | 0.033 | 30.8 | 249 | 045 [0.025] 1 2 052 | 0.3 38
14CADDOQO1 | 481 482 Weak | 5.92 | 3.96 [16000| 36 | 245 | 04 | 167 | 024 | 1.1 [5460 |0.034| 43 | 231 | 075 [0.025] 1 13 [ 069 | 01 35
14CADDQO1 | 482 483 Weak | 6.58 | 3.18 [21100| 25 18 [ 0.6 [ 1.28 | 0.19 | 1.56 | 3800 | 0.048| 49.8 | 18.7 | 0.54 [0.025| 1 16 [ 045 03 37
14CADDOQO01 [ 483 484 Weak | 7.34 | 2.38 [26400| 25 [ 037 ] 05 | 021 | 0.01 | 224 | 673 | 0.03 [ 422 | 155 | 0.11 |0.025| 05 [ 1.5 | 01 | 03 26
14CADDQO1 | 484 485 | Strong | 6.72 | 2.04 | 21400| 17 | 148 | 0.6 [ 1.05| 0.16 | 1.96 | 3830 | 0.219103.5| 12.7 [ 0.99 | 0.025]| 1 22 [ 073) 03 48
14CADDQO1 | 485 486 | Strong [ 7.09 [ 2.23 | 22500 7 076 | 0.6 [ 057 | 0.07 | 1.61 | 2240 | 0.26 | 56.7 | 13.2 [ 1.03 | 0.025]| 1 17 1 053] 0.2 39
14CADDQO1 | 486 487 Weak | 7.13 | 2.11 [24800] 16 | 1.33 | 05 | 091 | 0.13 [ 1.96 [ 3180 | 0.063 | 8.24 | 124 | 0.78 | 0.025| 1 18 [ 057 | 0.2 36
14CADDQO1 | 487 488 Weak | 6.2 | 1.62 [21400| 38 | 454 | 04 | 25 | 0.32 [ 1.59 [10650| 0.063 | 42.8 | 11.2 | 2.01 | 0.025| 2 2 1.63 | 04 48
14CADDQO1 [ 488 489 Weak | 6.81 | 0.69 [22600| 48 | 2.67 | 0.3 | 242 | 0.26 | 1.53 [ 6400 | 0.051 | 561 | 7.7 | 1.57 [0.025] 1 23 | 148 | 0.6 47
14CADDOQO1 [ 489 490 Weak | 6.84 | 0.8 [25100] 41 | 202 | 03 | 1.64 | 0.18 | 1.56 | 4610 | 0.064 | 40.3 | 10.3 | 0.92 [0.025] 1 2 087 | 04 44
14CADDOQO1 [ 490 491 Weak | 7.36 | 2.33 [25400| 8 072 01 | 053 | 0.07 [ 248 [ 1600 | 0.049| 6.25 | 142 | 0.33 | 0.025| 1 17 [ 022 | 04 35
14CADDOQO1 [ 491 492 Weak | 7.11 | 2.52 [24400| 13 | 1.05]| 0.3 | 0.73 | 0.14 | 2.13 [ 2330 | 0.049| 26.6 | 17.6 | 0.37 [0.025] 1 16 [ 024 | 03 39
14CADDQO1 | 492 493 Weak | 6.83 | 2.97 [21600] 21 | 1.75) 0.2 | 1.21 | 0.23 [ 2.14 [ 3780 | 0.054|17.75] 155 | 0.7 | 0.025| 1 1.9 1 055] 03 52
14CADDOQO1 | 493 494 Weak | 6.85 | 2.56 [22600] 23 | 153 | 05 | 1.26 | 0.23 [ 2.05 [ 3350 | 0.052 | 6.49 | 15.6 | 0.56 | 0.025| 1 2 041 ] 03 60
14CADDQO1 | 494 495 Weak | 7.27 | 2.38 | 25500 7 097 ] 03 [ 047 | 014 | 215 ] 3040 | 0.059| 9.55 | 16.2 [ 0.89 | 0.025]| 1 16 [ 024 | 03 48
14CADDOQO1 [ 495 496 Weak | 6.97 | 3.02 [23700] 25 | 018 | 05 | 0.13 | 0.04 [ 1.89 [ 245 | 0.028 | 2.94 | 186 | 0.03 | 0.025| 0.5 | 1.1 [0.025] 0.3 23
14CADDQO1 [ 496 497 Weak | 6.82 | 2.51 [24500] 11 | 092 | 03 | 0.73 | 0.16 [ 1.66 [ 2020 | 0.035| 2.35 | 16 | 0.26 |0.025| 05 | 14 [ 016 | 04 35
14CADDQO1 | 497 498 Weak | 7.39 | 2.8 [25700|] 25 [ 009 ]| 0.1 | 0.04| 002 | 23 [ 276 |0.042| 055 | 184 | 0.01 |0.025| 0.5 [ 1.7 |0.025[ 0.3 34
14CADDOQO1 [ 498 499 Weak | 6.99 | 2.51 [23600| 11 [ 094 | 0.3 | 0.85| 0.13 | 2.02 [ 2300 | 0.046| 299 | 20 | 0.63 [0.025] 1 17 [ 054 ] 05 40
14CADDOQO1 [ 499 500 None | 6.93 [ 1.96 [23500] 25 | 018 | 0.1 | 0.11 ) 004 | 1.8 [ 395 |0.043| 561 | 11.9 ] 0.1410.025| 05 | 1.2 [ 011 | 04 30
14CADDOQO01 [ 500 501 None | 7.16 [ 2.16 (22100 7 056 )| 01 | 055 0.15 | 1.89 [ 1380 | 0.043| 746 | 9.1 | 0.26 |0.025| 05 | 1.2 [ 03 | 05 36
14CADDQO01 | 501 502 None | 7.05 | 1.53 |24000] 12 [ 1.36 | 02 | 091 ] 0.27 | 1.62 | 2700 [ 0.042| 26.4 | 108 | 0.34 | 0.025] 1 16 | 037 ] 99 46
14CADDQO1 | 502 503 None | 7.33 | 23 [23300] 15 [ 144 | 01 | 112 ] 0.33 ] 1.94 | 3090 [0.044| 28.1 | 11.9 | 041 | 0.025] 1 14 1036 ] 03 60
14CADDQO1 [ 503 504 None | 7.21 | 1.46 [24500] 19 | 1.48 | 0.3 | 1.07 | 0.36 | 1.62 [ 3220 | 0.046| 39.8 | 10.6 | 0.45 | 0.025| 1 16 [ 034 ] 05 70
14CADDOQO1 [ 504 504.6 [ None [ 6.73 | 0.91 [20300] 28 | 2.36 | 0.2 | 1.79 | 0.39 [ 2.14 [ 5230 | 0.046| 497 | 9.2 | 1.2 |0.025| 1 2 091 ] 15 90
14CADDQO01 | 504.6 505 None | 7.87 [ 1.79 [29900] 25 | 01 | 0.2 | 0.02 | 0.04 | 271 | 55.6 | 0.047| 1.54 | 144 ] 0.01 |0.025| 0.5 | 1.6 [ 0.05| 0.4 58
14CADDQO1 [ 505 506 None | 7.8 [ 2.04 [28700] 25 | 019 ) 0.1 | 0.04 ) 0.03 | 279 [ 150 | 0.038| 0.57 | 145 ] 0.02 | 0.025| 0.5 | 1.3 [0.025| 0.4 47
14CADDOQO1 [ 506 507 None | 7.7 [ 2.05[28900] 25 | 0.08 | 0.1 | 0.01 ) 0.02 | 296 [ 21.3 |0.043| 055 | 142 ] 0.01 |0.025| 0.5 | 1.5 [0.025| 0.4 51
14CADDQO1 [ 507 508 None | 7.73 [ 2.24 {28200] 25 | 023 | 0.2 | 0.09 | 0.04 | 273 [ 289 | 0.043| 2.84 | 189 | 0.04 | 0.025| 1 21 10.025] 0.2 51
14CADDQO01 | 508 509 None | 7.59 | 2.05 |27200] 2.5 [ 0.09 [ 0.1 | 0.01 ] 0.03 | 2.85 6 [0.044) 032 ] 135] 0.01 {0.025[ 05 | 1.6 [0.025] 0.4 50
14CADDQO1 | 509 510 None | 7.65 | 2.2 |[28200] 25 [ 0.08 | 0.1 |0.005] 0.02 | 284 | 3.7 [0.044| 0.26 | 148 | 0.005]0.025] 0.5 | 1.4 [0.025| 0.3 44
14CADDQO1 [ 510 511 None | 7.09 | 2.28 |25200] 25 [ 061 | 0.1 | 039 ] 0.11 | 2.68 | 1130 [ 0.041| 2.09 | 134 | 0.15 ] 0.025] 0.5 | 15 | 014 | 0.3 48

110



14CADDO01 | 511 512 None | 7.39 | 2.56 [26000( 14 [ 145] 04 | 072 ] 021 | 271 | 2880 | 0.04 | 3.82 | 193 | 0.37 | 0.025| 1 23 1 032 ] 03 55
14CADDOO1 | 512 513 None | 7.19 | 251 (26300 11 | 089 | 0.4 | 0.49 | 0.15 | 2.65 [ 1850 [0.035| 9.8 | 23.6 | 0.25 10025 1 19 | 019 ] 04 39
14CADDO01 | 513 514 None | 6.75 | 2.17 [25100f 5 077 ] 03 | 048] 01 | 2.3 [1240(0.038| 61.2 | 184 ] 017 |0.025] 05 | 21 | 025 | 0.2 42
14CADDO01 | 514 515 None | 7.03 | 2.58 {26200 10 1 01 ) 031] 014 | 223 [1970 [0.043]| 404 | 169 ] 0.32 10025 1 22 1 024 ] 01 48
14CADDO01 | 515 516 None | 6.73 | 2.69 [24600( 22 | 142 ] 01 | 06 | 0.2 | 258 [ 2930 [ 0.041| 47.4 | 18.2 | 0.41 | 0.05 1 26 | 031 ] 02 51
14CADDO01 | 516 517 None | 6.85 | 4.1 [20000f 15 | 1.25] 0.3 | 054 | 0.18 | 2.83 [ 2650 [ 0.044 | 11.3 | 25.9 | 0.38 | 0.07 1 25 [ 024 ] 05 49
14CADDO01 | 517 518 None | 7.06 | 2.7 [26000f 17 | 146 ] 02 | 0.7 | 0.21 | 2.72 | 2960 [ 0.048 | 10.65| 12.2 | 0.41 | 0.025| 1 24 1038 ] 02 52
14CADDOQ01 | 518 519 None | 7.16 | 3.07 [26400( 11 | 1.31] 01 | 055 ) 0.17 | 2.28 | 2460 [ 0.037 | 2.12 | 141 | 0.36 | 0.05 1 17 1027 ] 02 41
14CADDO01 | 519 520 None | 7.14 | 2.56 [27300( 9 1.06 | 01 | 047 ] 012 ) 241 | 1770 | 0.048 [ 15.15( 10.7 | 0.28 | 0.025| 1 17 1027 ] 02 41
14CADDO001 | 520 521 None | 6.37 | 3.68 [22100( 14 | 148 | 01 | 0.73] 0.29 2 13080 |0.026)| 41.8 | 145 | 0.51 | 0.05 1 12 1035 ] 02 37
14CADDO01 | 521 522 None | 6.09 | 3.75 | 21400 13 13 ] 05 ) 057 ] 021 ] 166 | 2350 (0015 388 | 185 | 0.39 | 0.07 1 08 | 026 | 04 28
14CADDOO1 | 522 523 None | 6.42 | 455 [20900( 16 [ 167 | 0.3 | 1.15] 025 | 1.74 | 3510 {0.011 | 159 | 188 | 0.49 | 0.05 1 1 054 [ 05 26
14CADDOO01 | 523 524 None | 6.65 | 4.07 [22900| 7 082] 01 ) 045 013 | 1.69 [ 1600 [0.016 | 239 | 17.7 ] 024 |1 005 05 | 09 | 02 | 0.1 21
14CADDOQO1 | 524 525 None | 6.78 | 3.49 [23900( 11 11 | 02 | 054017 | 248 | 2130 | 0.028 | 26.8 [ 17.8 | 0.37 |0.025]| 05 | 16 | 0.26 | 0.2 39
14CADDOO01 | 525 526 None | 6.81 | 3.53 [24000( 11 | 113 | 02 | 0.7 | 0.2 | 2.06 | 2140 [ 0.024 | 68.8 | 20.2 | 0.39 | 0.025| 1 14 | 03 | 02 35
14CADDO01 | 526 527 None | 6.62 | 3.66 {23500 10 | 0.78 | 0.1 | 0.39 | 0.16 | 2.24 | 1610 [ 0.027 | 7.16 | 17.8 | 0.27 | 0.06 1 12 | 021 ] 04 29
14CADDOO1 | 527 528 None | 6.14 | 3.25 [23400( 11 | 0.79 | 0.2 | 0.46 | 0.28 | 0.98 | 1580 [0.014| 96.1 | 18 | 0.28 ] 0.05] 05 | 06 | 024 [ 0.1 23
14CADDO001 | 528 529 None | 6.89 | 3.1 [25300( 12 | 1.18 | 0.1 | 051 ) 0.22 | 2.39 [ 2080 [ 0.025| 24.7 | 163 | 03 0025 1 17 1023 ] 02 38
14CADDO01 | 529 530 Weak | 743 | 2.98 |[28200] 11 | 0.88 | 0.3 [ 051 | 0.15 | 2.29 | 1700 | 0.039 [ 40.3 | 17.8 | 0.24 | 0.025] 05 | 16 | 018 [ 0.3 34
14CADDO001 | 530 531 Weak | 6.69 | 3.65 [23500| 41 | 267 | 03 [ 112 | 042 | 1.76 | 4750 | 0.023 | 17.8 | 17 | 0.66 | 0.05 1 14 1043 ] 02 50
14CADDO001 | 531 532 Weak | 6.85 | 2.36 |[26200| 12 | 1.02 | 0.1 [ 054 ] 0.15 | 2.46 | 2030 | 0.039| 7.55 | 139 [ 0.33 | 0.025| 1 17 [ 021 ] 02 41
14CADDO01 | 532 533 Weak | 7.01 | 2.39 |27000| 6 048] 01 | 025]| 007 [ 234 [ 904 [0.036| 1.34 | 141 ] 014 ]0025) 05 | 1.7 | 01 [ 01 35
14CADDO001 | 533 534 Weak | 7.09 | 1.89 |28200| 13 09 | 04 |1049 ] 017 [ 218 [ 2400 [ 0.061 | 245 | 133 | 048 |0.025| 1 1.8 | 027 ] 0.2 47
14CADDOO1 | 534 535 Weak | 6.41 | 2.24 |24200| 14 | 069 | 06 [ 038 [ 0.12 | 2.62 | 1580 | 0.045] 30.8 | 138 | 0.21 | 0.07 [ 05 | 16 | 016 | 04 34
14CADDOO01 | 535 536 Weak | 6.73 | 2.76 |24500] 94 | 1.38 | 04 [ 0.75 [ 0.14 | 2.58 | 2790 | 0.048 | 52.9 | 16.8 | 0.42 | 0.05 1 2 029 [ 0.3 36
14CADDOO01 | 536 537 Weak | 552 | 2.46 |18700| 167 | 846 | 0.6 [ 499 | 0.88 [ 2.8 |20800| 0.07 | 395 | 19.4 [ 2.74 | 0.08 5 47 |1 233 | 06 | 118
14CADDOO01 | 537 538 Weak | 5.89 | 1.97 |23700| 44 | 312 | 02 | 171 [ 037 | 1.35|7880|0.075] 126 | 19.2 | 1.06 | 0.08 2 19 | 08| 03 49
14CADDOO01 | 538 539 Weak | 6.46 | 2.37 |24800| 35 | 161 | 04 [ 093 [ 0.19 | 1.34 | 3480 | 0.092] 90 | 22.8 | 0.52 | 0.05 1 15 |1 047 ) 02 35
14CADDO001 | 539 540.3 | Weak | 6.68 | 2.95 | 24600| 14 09 ] 02 ]045] 0214|197 [1790 [0.034| 27.2 | 255 ] 0.25]0.025] 05 | 1.7 | 017 | 0.2 46
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Appendix 9 — SEM data
Note: limited SEM data was collected, seeking to establish the suitability of the samples for
garnet-biotite thermometry and/or garnet-aluminosilicate-silica-plagioclase barometry
(GASP). However due to uncertainty over the applicability of those methods to rocks with
igneous and secondary biotite, metamorphosed hydrothermal alteration zones, and rocks

containing significant sulfide and/or magnetite, this work was not continued.
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CALO022 igneous/metamorphic biotite

CALO009 hydrothermal alteration biotite

Garnet calculated to 12 oxygens, plagioclase to 8 oxygens, biotite to 24 oxygens

Not certain that 24 oxygens is correct for biotite.

Average FeO/(FeO+MgO) =0.82 Average TiO2 =1.90

Average FeO/(FeO+MgO) =0.92 Average TiO2 = 3.48

Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
STANDARD 78 Garnet MgO 10.11 0.11 1.18
Al203 21.86 0.16 2.02
Sio2 36.93 0.21 29
CaO 1.1 0.06 0.09
MnO 1.2 0.1 0.08
FeO 27.44 0.28 18
SUMS 98.63 8.09
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
STANDARD 79 Garnet MgO 10.15 0.11 1.18
Al203 21.96 0.16 2.02
Sio2 37.2 0.21 291
Ca0 1.06 0.06 0.09
MnO 1.27 0.1 0.08
FeO 27.36 0.29 1.79
SUMS 99.01 8.08
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 80 Garnet MgO 1.19 0.07 0.15
Al203 20.09 0.15 1.99
Si02 34.43 0.2 2.9
CaO 1.05 0.06 0.09
MnO 8.84 0.17 0.63
FeO 33.21 0.31 2.34
SUMS 98.81 8.1
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 81 Garnet MgO 122 0.07 0.15
Al203 20.07 0.15 2
Sio2 34.08 0.2 2.88
CaO 0.98 0.06 0.09
MnO 8.68 0.17 0.62
FeO 33.56 0.31 2.37
SUMS 98.6 8.12
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 82 Garnet MgO 122 0.07 0.15
Al203 20.26 0.15 2.01
Sio2 34.25 0.2 2.89
CaO 0.99 0.06 0.09
MnO 8.43 0.17 0.6
FeO 33.43 0.31 2.36
SUMS 98.57 8.1
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Sample_site Analysis No.[ Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 83 Garnet MgO 1.19 0.06 0.15
Al203 20.3 0.15 2.02
Sio2 34.07 0.2 2.88
CaO 0.96 0.06 0.09
MnO 9.27 0.17 0.66
FeO 32.86 0.31 232
SUMS 98.65 8.11
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 84 Biotite MgO 5.42 0.09 1.44
Al203 18.72 0.14 3.94
Sio2 31.3 0.19 559
K20 8.42 0.09 192
CaO 0.75 0.06 0.14
TiO2 1.74 0.1 0.23
MnO 0.52 0.09 0.08
FeO 255 0.28 3.81
SUMS 92.36 17.16
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 85 Biotite MgO 5.31 0.09 141
Al203 18.41 0.14 3.86
Sio2 31.66 0.19 5.63
0 0.03 0.03
K20 9.37 0.09 2.13
TiO2 2.14 0.1 0.29
MnO 0.29 0.09 0.04
FeO 25.72 0.28 3.83
SUMS 92.91 17.18
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 86 Biotite MgO 5.9 0.09 157
Al203 18.9 0.15 3.98
Sio2 30.83 0.19 5.51
0 0.03 0.03
K20 8.22 0.09 1.87
Tio2 1.67 0.09 0.22
MnO 0.36 0.09 0.05
FeO 26.68 0.28 3.98
SUMS 92.55 17.19
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 87 Biotite MgO 5.49 0.09 1.46
Al203 18.51 0.14 3.9
Sio2 31.22 0.19 5.58
K20 8.77 0.09 2
TiO2 2.07 0.1 0.28
MnO 031 0.09 0.05
FeO 25.68 0.28 3.84
CoO 0.49 0.16 0.07
SUMS 92.53 17.19

114




Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 88 Plagioclase Na20 8.93 0.1 0.8
Al203 23.55 0.15 1.28
Sio2 58.65 0.24 2.7
K20 0.18 0.04 0.01
CaO 521 0.09 0.26
FeO 0.69 0.1 0.03
SUMS 97.21 5.07
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 89 Plagioclase Na20 8.81 0.1 0.79
Al203 2342 0.15 1.28
Sio2 58.44 0.24 2.7
K20 0.17 0.04 0.01
CaO 5.13 0.09 0.25
FeO 0.54 0.1 0.02
SUMS 96.51 5.06
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 90 Plagioclase Na20 8.83 0.1 0.8
Al203 235 0.15 1.29
Sio2 57.95 0.24 2.69
K20 0.17 0.04 0.01
CaO 5.22 0.09 0.26
FeO 0.52 0.1 0.02
SUMS 96.19 5.07
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma | Number of lons
CAL022-site3 91 Plagioclase Na20 8.56 0.09 0.77
Al203 23.48 0.15 1.29
Sio2 58.15 0.24 2.7
K20 0.2 0.04 0.01
CaO 5.16 0.09 0.26
FeO 0.59 0.1 0.02
SUMS 96.15 5.05
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma No. of lons
CALO009 alteration 36 Biotite MgO 2.35 0.14 0.61
Al203 18.7 0.27 3.87
Sio2 32.52 0.36 5.7
K20 8.94 0.17 2
TiO2 3.35 0.2 0.44
FeO 29.28 0.53 4.29
SUMS 95.14 16.92
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma No. of lons
CALO009 alteration 37 Biotite MgO 2.35 0.14 0.61
Al203 18.7 0.27 3.87
Sio2 32.52 0.36 5.7
K20 8.94 0.17 2
TiO2 3.35 0.2 0.44
FeO 29.28 0.53 4.29
SUMS 95.14 16.92
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Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma No. of lons
CALO0Q9 alteration 38 Biotite MgO 2.53 0.14 0.66
Al203 18.79 0.27 3.86
Sio2 32.53 0.36 5.67
K20 8.96 0.17 1.99
TiO2 3.64 0.21 0.48
FeO 29.19 0.53 4.26
SUMS 95.64 16.92
Sample_site Analysis No.[ Mineral Oxide Oxide % Oxide % Sigma No. of lons
CALO009 alteration 39 Biotite MgO 2.57 0.14 0.69
Al203 18.09 0.27 3.82
Sio2 31.8 0.36 5.69
K20 9 0.16 2.06
TiO2 3.43 0.2 0.46
FeO 28.38 0.52 4.25
SUMS 93.27 16.96
Sample_site Analysis No.| Mineral Oxide Oxide % Oxide % Sigma No. of lons
CALQ09 alteration 40 Biotite MgO 257 0.14 0.68
Al203 18.2 0.27 3.79
Sio2 32.27 0.36 5.7
0 0.06 0.06
K20 8.72 0.17 1.96
TiO2 3.54 0.21 047
FeO 28.97 0.53 4.28
SUMS 94.27 16.87
Sample_site Analysis No.[ Mineral Oxide Oxide % Oxide % Sigma No. of lons
CALO009 alteration 41 Biotite MgO 2.61 0.14 0.69
Al203 18.62 0.27 3.9
Sio2 31.66 0.36 5.62
K20 8.81 0.17 1.99
TiO2 3.58 0.2 0.48
FeO 28.74 0.53 4.27
SUMS 94.02 16.95
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Appendix 10 — SHRIMP U-Pb zircon geochronology data

Unpublished Wingate and Lu (2016) report is included here, followed by the SHRIMP
analytical data provided by those authors. In the “Group ID” field of that data: | = igneous, X

= xenocrystic, D = discordance >5% and P = radiogenic Pb-loss.
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Geological Survey of
Western Australia

PRELIMINARY REPORTS
ON
U-Pb GEOCHRONOLOGY SAMPLES

GSWA ID rock type details

205930 metamonzogranite | DDH 12CADDOD1, 136.55 — 137.55 m, Dasher prospect
(Caravel Minerals), sample CALD24

205931 metasyenocgranite | DDH 12CADDOD1, 154.34 — 15534 m, Dasher prospect
(Caravel Minerals), sample CALD2G

205932 metamonzogranite | DDH 14CADDOD1, 385.00 — 366.00 m, Dasher prospect
(Caravel Minerals), sample CALOD44

205933 metamonzogranite | DDH 08WHDDOD1, 188.70 — 200.20 m, Ninan prospect
(Caravel Minerals), sample CALO38

by
MTD Wingate & ¥ Lu

Monday, 27 June 2016

Citable final wersions of these resuits will be published through the Geochronology Record Series
avoilable online ot http:/fwww.dmp . wa.gov.au/gecchron

Confidentiality: client internal use only

The information provided is interpretive. The information is made available
in good faith and derived from sources believed to be reliable and accurate
at the time of release. Every effort has been made to make the information a
useful reference. However, you should not rely solely on this information

when making commercial decisions.
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205930 (OUTHWAITE: metamonzogranite, GOOMALLING):
17 analyses of 17 zircons

DDH 12CADDOO1, 136.55 — 137.55 m, Dasher progpect {Caravel Minerals)
South West Terraneg, Yilgarn Craton

+ Fircons from this sample are colouress to pale brown, and subhedral to

euhedral. Concentric zoning is ubiguitous, and a few crystals appear to
contain older cores

+ One analysis =5% discordant (Group D) is not considered further

. Fourteen analyses of 13 zircons (Group |) vield a weighted mean
Top+r*®pp* date of 3010 + 4 Ma (MSWD = 1.4), interpreted as the
magmatic crystallization age of the monzogranite

* One analysiz of a zircon core (Group X) yields a Tpp+"®pp* date of
3105 £ 13 Ma (1ag), interpreted as the age of an inherited component

One analysis (Group P) yields a 2" Pb*"°Pb* date of 2995 + 4 Ma (1g),
interpreted to reflect minor loss of radiogenic Pb

5%
1 205930
\ 17 analysas of 17 zircons
024 F
\
§ naal
5 @ i
02z
1 i 1
2 14 Z0 232

Fliguira 1. U-Pb analytical data for rcons from sampls 205530: GCUI..‘-‘I.I.LI‘JG Yallow
squares Indicats Group | (magmatic Zrcons); mummg:p p:mm
core); black aquars Indcates Group P (radicgsnic-Pb loss); crossed
[dlacordancs =5

2055300, doc Geochronalogists: Wingate, Lu 1
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205931 (OUTHWAITE; metasyenogranite, GOOMALLING):
28 analyses of 28 zircons

DDOH 12CADDOOT, 154.34 - 155.34 m, Dasher prozpect (Caravel Minerals)
South West Terrane, Yilgarn Craton

+ Zircons from this sample are colouress to dark brown, and subhedral to
euhedral. Most crystals exhibit concentric zoning
+ FEight analyses =5% discordant (Group DY) are not congidered further

« Twenty analyses (Group |) yield a concordia age of 3010 = 4 Ma (MSWD
= 1.5), interpreted as the magmatic crystallization age of the syenogranite

028 5
1509 205931
I8 analyses of 28 dreans
024
J.lu;ufi
i
L nEEf 0500
'Y
;3 o &
E iz Ly —E—
02z
1
zs.r.nﬁ'
- AIJ.‘I%
mni
030 p i { : i ; g . i g .
1.0 1B 20 2.8 3m a5 4.0 45

o

Figure 1.  U—Pb analytical data for zircons from sampls 205531 metasysnogranits, GOOMALLING. Yallow
pﬁmlﬂﬂn&ml (magmatic drcons); crossed squarss Indlcate Group D [discordancs

205031p.goc Geochronalogists: Wingate, Lu 1

120



025
205931
024/
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Figurs2.  Expandsd view
GOOMALLING.

205931p.doc

of U-Pb analytical data for zircons from sample 20553 1: metasyenogranits,
Symbols 33 In Figurs 1.

Geochvonologisis: Wingate, Lu

121

21



205932 (OUTHWAITE: metamonzogranite, GOOMALLING):
45 analyses of 37 zircons

DDH 14CADDOOY, 365.00 — 366.00 m, Dasher progpect {Caravel Minerals)
South West Terraneg, Yilgarn Craton

g R

Zircons from this sample are colourless to dark brown, and subhedral to
euhedral. Most crystals exhibit concentric zoning, and many appear to
contain older cores

Two analyses are =5% discordant, and one analysis indicates high within-
run variation of izotope ratios. These three analyses (Group [V) are not
considerad further

Mine analyses of seven zircons (Group 1) yield & weighted mean
Mo 2®py* date of 2673 + 5 Ma (MSWD = 2.4), interpreted as the
magmatic crystallization age of the monzogranite

Thirty analyses of 29 zircon cores (Group X) yield M op+"®pp* dates of
3282-2T82 Ma, including age groups at c. 3011 and 25810 Ma, interpreted
as the ages of inherited components

Three analyses of two high-U zircons (Group P) yield T+ pp* dates
of 26342627 Ma, interpreted to reflect minor loss of radiogenic Pb

028

“\
nmi‘ 205932
026 e 45 mralyses of 37 Slrcons
L 3200%
\
o34 15"
-4
022 0
=
r ooy ¥
. W
020
]
i
018 2700
24 \.q‘
046 L TR, SR B -
1.0 1.2 1.4 1.8 18 20 2.2 24 26
U o
Figure 1.  U-Pb analytical data for zircons from sample 205532 metamonzograntte, GOOMALLING. Yellow
Wmawﬂunm;mummum:m i Zircon
cOfes]; biack squares Group P [radlogenic-Pb less) crossed squarss: Group D

(discondancs =5% of high within-run wariation).

2055320 doc Geochronalogists: Wingate, Lu 1
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205933 (OUTHWAITE: metamonzogranite, WONGAN):
34 analyses of 34 zircons

DDH 08WHDDO0M, 199,70 — 200.20 m, Ninan prospect (Caravel Minerals)
South West Terraneg, Yilgarn Craton

pp M MPE”

Zircons from this sample are colourless to dark brown, and subhedral to
euhedral. Most crystals exhibit concentric zoning, and many appear to
contain older cores

Four analyses =5% discordant (Group D) are not considered further

Mine analyses (Group 1) yvield a weighted mean oy *Epp* date of 2670
=7 Ma (MWD = 1.8), interpreted as the magmatic crystallization age of
the monzogranite

Twenty analyses of Zircon cores (Group X} yield oy "®pp* dates of
3219-2T8S Ma, including age groups at c. 3012 and 2977 Ma, interpreted
as the ages of inherited components

One analysis (Group P) yields a =" Pb**™Pb* date of 2653 + 5 Ma (1g),
interpreted to reflect minor loss of radiogenic Ph

028 -
1
“W\ 205933
sk 4 3 analyses of 34 Fircons
\®
L 3200
034 '.}
IG
| \
oozt ¥
i 200 &
naof \
zsm‘h‘"
W
[RT
Zmﬂikhh
e ERP TR R S S

1.0 12 1.4 1.E 1a 20 2.2 24 26

U o

Figura 1.  U—Pb analytical data for ircons from sample 205533 metamonzogranite, WOMNGAN. Yellow

squarss Indicats Group | (magmatic drcons); red droiss Indicats Group X (xenccrystic zircon
cores); biack square Indlcates Group P [radogenic-Pb loss); crossed squarss Indicate Group D
{diBCondanes =5%).

2055330 doc Geochronalogists: Wingate, Lu 1
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GSWA ID 205930, CAL024, 12CADDO001 136.55-137.55 m

207 Pb/ 206 Pb -

tlo

0.22238
0.22287
0.22318
0.22400
0.22367
0.22376
0.22386
0.22412
0.22456
0.22438
0.22436
0.22498
0.22526
0.22634

207 ppyx) 26 ppyx _

0.22215
0.22265
0.22278
0.22337
0.22347
0.22352
0.22380
0.22394
0.22402
0.22427
0.22441
0.22495
0.22506
0.22518

207 ppyx) 26 ppyx

Age

3000
3001
3005
3006
3006
3008
3009
3010
3012
3013
3016

Error

Disc

0.8
-0.2
2.8
2.2
-0.4
-1.1
3.7
2.4
4.5
-0.8
15
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Group Grain 207pp/ 26 pp 207 ppyx/ 26 ppy* 27pp*/ 26 pp* .. Disc

GSWA ID 205931, CAL026, 12CADDO001 154.34-15.34 m

ID .spot tlo tlo Age Error (%)

| 931-13.1 0.22150 0.22081 2987 10 -2.4
| 931-6.1 0.22211 0.22118 2989 12 0.8
| 931-11.1 0.22240 0.22240 2998 6 0.1
| 931-4.1 0.22314 0.22306 3003 7 2.2
| 931-23.1 0.22325 0.22310 3003 10 0.5
| 931-12.1 0.22318 0.22356 3007 11 -1.9
| 931-15.1 0.22377 0.22377 3008 6 -1.1
| 931-9.1 0.22377 0.22387 3009 8 -0.1
| 931-28.1 0.22409 0.22408 3010 5 -0.4
| 931-19.1 0.22437 0.22410 3010 5 2.2
| 931-8.1 0.22445 0.22440 3013 6 0.9
| 931-18.1 0.22456 0.22456 3014 8 -0.7
| 931-22.1 0.22526 0.22473 3015 27 -0.2
| 931-27.1 0.22514 0.22541 3020 10 0.3
| 931-14.1 0.22602 0.22577 3022 9 0.0
| 931-21.1 0.22572 0.22587 3023 10 0.5
| 931-25.1 0.22704 0.22594 3024 48 14
| 931-20.1 0.22587 0.22603 3024 10 1.9
| 931-7.1 0.22475 0.22618 3025 9 0.5
|

931-1.1

0.22638

0.22686

3030

-1.5
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GSWA 1D 205931, CAL044, 14CADDO01 365.00-366.00 m (1 of 2 pages)

o
2
@
<
o

oTF

126



GSWA ID 205931, CAL044, 14CADDO01 365.00-366.00 m (2 of 2 pages)

date (Ma) +1 o

0.18124 0.18124

0.18393 0.18303
0.18340 0. 0.18328

|
| 0.18190 0.18158
| 0.18243 0.18190
| 0.18294 0.18271
| 0.18266 0.18272
| 0.18322 0.18291
| 0.18312 0.18299
|
|
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GSWA 1D 205933, CAL038, 08WHDDHO001 199.70-200.20 m

207 Pb/ 206 Pb

+tlo

0.18122
0.18168
0.18129
0.18470
0.18172
0.18606
0.18273
0.18316
0.18353

207 ppx/ 206 ppox

0.18053
0.18106
0.18145
0.18145
0.18168
0.18215
0.18268
0.18325
0.18330

207 Pb*/ 206 Pb*
date (Ma) +1 o
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Appendix 11 — Re-Os geochronology data

Report with methods and results is from Dr. Svetlana Tessalina (JDLC, Curtin University).

m Curtin University

g’ GEOLDGICAL SURVEY
WESTERN AUSTRALIA

csinn

THE UNIVERSITY OF
WESTERN AIISTRALIA

JOHN DE LAETER CENTRE FOR ISOTOPE RESEARCH
Department of Imaging & Applied Physics, Curtin University
GPO Box U 1987, Perth, Western Australia 6845

Phone: +51 8 5256 2108

Report: Re-Os dating of molybdenite (Samples ID: 14CA0Q001 [451.7 — 451.8] and 12CA00002
[66.64 — 66.74])

Methods

Sample material and preparation

Sample was crushed using hydraulic press and then molybdenite grains have been picked up using
binecular microscope.

12CA00002 [66.64 — 66.74] 14CA00001 [451.7 - 451.8]

12 C ATODZ

6664 - CCY

Analytical methods

Chemistry

Molybdenite separate was precisely weighed (roughly 20 mg) and transferred via funnels
into Carius tubes resting in liquid nitrogen, followed by a weighed amount of the spikes (mixed
1220s-1%°0s and Re spikes). To this is added 1 ml concentrated, Teflon-distilled HCI and 3 ml
concentrated, distilled HNOs. The sealed tubes were placed in oven at 220° and reacted for 48
hours. After sample digestion, the tubes are refrozen and opened. Os is separated by solvent
extraction, with a final purification of the Os by microdistillation. Rhenium was separated from a
portion of the residuum liquid using anion exchange chromatography.

Estabiished through the WA State Government Centres of Excelence & innovation Program
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Mass spectrometry

Isotopic measurements were made by Thermo-lonization Mass-Spectrometer (TIMS)
Triton™ instrument for both Os and Re. All Re and most Os measurements were made using the
Faraday cup collectors. Re and Os aliquots were loaded onto Pt filaments and covered with the
Ba(OH)z/NaOH activator. The multiple measurements of natural Re was within uncertainty of
*2*Re*®"He = 0.59; therefore, no fractionation correction was applied. Measured Os isotope ratios
are first corrected for contributions from natural Os (based on preliminary isotope dilution
calculations), then corrected for mass fractionation based on the ®'0s/%20s ratio of the spike.
705 s determined from the *70s/%80s of the mixture and corrected for minor contributions
from total common Os (Blank plus sample).

Data reduction

Rhenium and osmium concentrations are determined by isotope dilution using measured
isotopic ratios for Os and spikes weight. Concentrations of common Os and radiogenic *¥70s are
then calculated using the isotope dilution equations. Note the nil concentrations of common Os
relative to that of radicgenic Os in this molybdenite.

Error propagation on individual analyses includes the uncertainties on the spike
calibrations, the uncertainty on the mass spectrometric measurements, an error magnification
factor, uncertainties on blank corrections and, for the age determination, uncertainty in the decay
constant for **'Re. Analytical blanks are essentially insignificant for the age calculations, given the
Re and *¥0s concentrations of the studied molybdenites and the sample size used in the analyses.
Blank values were 10 pg for Re and 0.5 pg for Os with **70s/*%¥0s of 0.23+0.01.

Because of the essentially mono-isotopic nature of Os in molybdenite (nearly all *370s), the
error magnification is insignificant for the determination of **0s concentration for molybdenites.
Essentially, most of the quoted error in both the Re and Os concentrations is from the uncertainty
in the Re and Os spike calibrations, and weighing errors for spikes and sample. The weighing error
of the sample does not contribute to the uncertainty on the ages.

Data quality

Data quality was verified by the measurement of international reference material of
Henderson molybdenite with known age (see the Table). The age returned for molybdenite
standard material is within the error of certified value.

Results
For Re-0s age determination in molybdenite, there is no need in isochron because the
initial *70s is nil. The results are presented in the Table.

Table. Re-Os age and abundance results for analyse of studied molybdenite samples and
Henderson maolybdenite Reference Material (RM] using **#¥0s5-**0s double spike. The age of
Reference Material molybdenite (RM) is within the error of the certified age of 27.66+0.02 Ma.

705 (pphb)
Sample Re (ppm) £2o | **'Re (ppm) +20 t9g Model Age (Ma) 220
Reference Material | 11 182007 7.0220.04 3.2310.01 27.6520.02
Col 12CA 277.9%0.7 174704 8838.1=0.6 2963112
Col 14CA 270103 17.0=0.1 8626101 2977120
Col 14CA repeat 25.4+0.2 16.0=0.1 210.7+0.1 2075+27

Estabilshed through the WA Sfate Govemment Centres of Excelence & innovation Program
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Appendix 12 — Thin-section descriptions

Sample ID: CAL004
Hole ID: 12CADD002
Depth: 32.26-36.36 m

Reason for sample: Nature of common stringer style mineralisation. Two biotite types — foliated and
unoriented.

Transmitted Light
Parent rock is typical biotite monzogranite, as described in CALO06.

Widespread chloritisation of biotite, mainly replacing igneous form but also replacing salmon-pink unaligned
alteration biotite. Chloritisation inevitably associated with sulphide patches.

Pale yellow feldspar patches in hand specimen are slightly oxidised granoblastic plagioclase (85%), quartz
(10%) and biotite (5%), with irregular grain boundaries.

Widespread sericite dusting of feldspars, along with selective chloritisation.
Some replacement of plagioclase by coarser sericite/muscovite.

Coarse, unaligned biotite in “veins” is associated with rounded high-relief mineral, likely monazite.

Reflected Light
Cleavage planes in large magnetite grains replaced by chlorite.

Subhedral cubic pyrite the dominant sulphide, with lesser chalcopyrite — no pyrrhotite. Chalcopyrite is pitted,
intergrown with magnetite in places, and as fine inclusions within sericitised feldspars, especially around biotite
vein.

Very little sulphide in granoblastic plagioclase domains.
Summary and comments

No quartz vein associated with mineralised biotite vein.

No clear evidence of S2 biotite alignment.

131



Sample ID: CALO006
Hole ID: 12CADD002
Depth: 47.00-47.27 m

Reason for sample: Type example of K-feldspar-phyric biotite monzogranite.

Transmitted Light
Biotite (10%) is subhedral to euhedral, with abundant zircons.

Quarts (25%) is irregular and anhedral, with poikilitic inclusions of biotite and plagioclase. Sub-grains are
common in larger grain, and have undulose extinction.

Plagioclase (50%) An24-27, some polysynthetic twinning, and definite areas of 120-degree triple junctions
(polygonal granoblastic texture).

Microcline (15%) as large anhedral phenocrysts that are poikilitic with biotite and quartz inclusions. Also occurs
as anhedral grains in groundmass.

Traces of fine sillimanite, in random orientations inside feldspar grains.

Usual retrogression of biotite to chlorite-sericite-magnetite and sericite-chlorite-epidote overprint of feldspars.

Reflected Light

Trace opaques. Subhedral magnetite within and adjacent to retrogressed biotite. Tiny trace of subhedral
chalcopyrite associated with unaligned biotite clump, causes localised retrogression to chlorite, both within
biotite and in adjacent microcline.

Summary and comments

Rock is a microcline-phyric biotite monzogranite with granoblastic recrystallisation textures and chlorite-
sericite-epidote retrogression.
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Sample ID: CALOQ7
Hole ID: 12CADD002
Depth: 48.60-48.85 m

Reason for sample: High-strain variant of CAL006. Timing between garnet and foliation.

Transmitted Light

Rock is porphyritic, but phenocrysts now recrystallised into poikilitic feldspar-garnet masses (pale patches in
hand specimen).

Biotite (10%) in two forms: (1) Finer, subhedral light-dark brown igneous grains in groundmass; (2) Masses of
decussate (?) larger subhedral to euhedral grains, light to dark brown. Zircons in both forms.

Garnet (2%) is light pink, relatively clean and of consistent grainsize. Not affected by the foliation, clearly
overgrows and is distributed throughout the rock.

Plagioclase (58%) An27, coarse recrystallised phenocrysts (poikilitic with quartz and biotite), and abundant in
groundmass. Anhedral in both settings.

Microcline (5%) is anhedral, rare in groundmass, more common as recrystallised phenocrysts. No association
with mineralised vein.

Quartz (25%) in groundmass only, hard to pick from plagioclase. Lack of sericite dusting used to identify.

Biotite to chlorite retrogression is focused around sulphides, and dusting of sericite is ubiquitous. Coarser masses
of sericite and chlorite are focused around mineralised vein.

Reflected Light
Opaques are 1% overall.

Chalcopyrite (50%) in disseminated form is subhedral, weakly pitted and intergrown with pyrite and pyrrhotite.
Clusters occupy grain boundaries, wholly included in quartz or feldspar, and also replace biotite lamellae.

Pyrite (35%) generally cleaner and more euhedral than other sulphides. One diffuse vein of intergrown, pitted
chalcopyrite-pyrrhotite-magnetite is overgrown by cleaner pyrite. Vein is a focus for very localised muscovite-
chlorite retrogression, but adjacent silicates are no more affected by retrogression that elsewhere in the rock.

Pyrrhotite (15%) is pitted and euhedral, intergrown with chalcopyrite.

Magnetite in pitted subhedral grain grains is disseminated through the rock, usually associated with biotite.

Summary and comments

Formerly K-feldspar-phyric biotite monzogranite, now recrystallised to poikilitic plagioclase-microcline
blotches. Disseminated chalcopyrite-pyrite clusters and diffuse vein have no obvious silicate alteration, but are a
focus for localised retrogression.

Within reason that this is the same rock as CALO06 least-altered variant.
Garnet post-dates S1 foliation.

Weak secondary alignment of biotite in S2 orientation (moderate west dip).
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Sample ID: CALO008
Hole ID: 12CADD002
Depth: 52.18-52.28 m

Reason for sample: Effects of strain gradient on textures. Sulphide-rich stringer cuts foliation.

Transmitted Light
Parent rock is CAL006 biotite monzogranite.

Only about 10% retrogression of biotite to chlorite (<< than CAL004), focused around sulphide patches and vein
that “breaches” foliation. Weak to moderate sericitisation, but with no spatial relationship to mineralisation.

One patch of garnet associated with mantle-style mineralised vein — no retrogression in garnet, but >sericite in
adjacent feldspar.

Portion of mineralised vein that “breaches” foliation is clearly associated with very localised chlorite-sericite
retrograde alteration (1-2 times vein width).

Foliation-parallel mineralised zones are associated with thin quartz veins.

Reflected Light

Breaching vein is chalcopyrite-rich (90%), with lesser pyrrhotite, and there is also fine pyrrhotite-chalcopyrite in
the retrograde selvedge.

Remaining mineralisation (bulk) is anhedral chalcopyrite-pyrrhotite interstitial to silicate grains (mantling them).
Both sulphides are pitted and dirty, with minor euhedral pyrite overgrowth. Minor tabular molybdenite in the
mantle-style veins.

Chalcopyrite-pyrrhotite also invade cracks in the garnet — i.e. remobilised post garnet formation? Minor sulphide
inclusions within garnets.

Notably very little magnetite in this sample.

Summary and comments

Likely example of remobilised type of mineralisation in breaching vein, associated with retrogression,
remobilised into grain boundaries and cracks.
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Sample ID: CALO0Q9
Hole ID: 12CADD002
Depth: 66.64-66.74 m

Reason for sample: Alteration associated with high-grade molybdenite, possible Re-Os age.

Transmitted Light

Quartz (30%) to 3 mm in anhedral, irregular cuspate-lobate crystals with lots of sub-grain boundaries
(recrystallised?)

Plagioclase (45%) to 3 mm in anhedral, irregular cuspate-lobate texture with quartz and K-feldspar, little primary
texture. Most twinned examples are ~An23.

Microcline (10%) mainly in large masses to 4 mm that may be relict phenocrysts. Patchy retrogression to
sericite, and also replaced by fine sillimanite in places.

Garnet (5%) to 7 mm, larger grains have inclusions of pale brown-green biotite, quartz-feldspar, and sulphides.
Minor retrogression to chlorite. Some inclusions also of coarse, clean white mica.

Sillimanite (2%) in two forms: (1) Fibrolitic foliation-parallel bands pseudomorphing biotite, but not necessarily
aligned with biotite; (2) Prismatic needles inside feldspar crystals (pervasive through sample).

Biotite (3%) is very minor, little remaining. Vast majority is deep red-brown alteration-related form, associated
with foliation bands containing magnetite and sillimanite. Some green-brown primary biotite remains, including
within and around large garnets.

There is weak sericite-chlorite retrogression throughout.

Reflected Light

Molybdenite, magnetite, chalcopyrite, pyrite and pyrrhotite all present. Large aggregates of molybdenite (to 3
mm) comprise subhedral laths, with intimately intergrown chalcopyrite-pyrrhotite (all cogenetic). Chalcopyrite-
pyrrhotite aggregates are also coarsely associated with molybdenite chunks. Coarse garnet contains inclusions of
molybdenite-chalcopyrite-pyrrhotite, including well away from cracks — mineralisation cannot be post garnet
growth. Magnetite and minor chalcopyrite-pyrrhotite are associated with foliation-parallel red-brown biotite-
sillimanite streaks, as observed in normal Cu-rich mineralisation. Rare euhedral pyrite overgrowths of pyrrhotite
are observed.

No silicate “vein” controls high-grade molybdenite, and it is not clear why the coarse molybdenite is
concentrated in this band.

Summary and comments

High-grade dated Mo-rich mineralisation also contains chalcopyrite-pyrrhotite — i.e. is part of the overall Cu
event, not separate. This mineralisation event must pre-date garnet growth (all sulphides observed as inclusions
in garnet).

Biotite-magnetite-chalcopyrite-pyrrhotite vein/streak seems to pre-date sillimanite growth also — i.e. sillimanite
replaces alteration. Sillimanite also replaces feldspars and quartz in isolated occurrences.
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Sample ID: CALO010
Hole ID: 12CADD002
Depth: 67.44-67.54 m

Reason for sample: Characterise “mantle” textured veins. Why is garnet associated with mineralisation?

Transmitted Light
Parent rock is CAL006 biotite monzogranite.

Pale uphole end is granoblastic microcline (85%) with minor plagioclase, quartz and biotite. Likely K alteration
zone, recrystallised. Pale downhole end granoblastic also, but plagioclase dominated (low An) with 20% quartz
and trace biotite, but no microcline. Vein through the centre is dominantly untwinned feldspar with faint perthitic
texture (K-feldspar), with minor clean quartz.

Clumps of unaligned biotite are distinctly reddish brown, as usually observed.

Feldspar is very weakly sericitised. Pervasive weakish sericitisation is clear greater around sulphide grains, and
weakish chlorite throughout affects biotite and feldspars.

Reflected Light

Main vein opaques are chalcopyrite (50%), pyrrhotite (40%), magnetite (10%) molybdenite (trace) and euhedral
pyrite (trace). Sulphides are anhedral, dirty and mantled around silicate grains.

Remnants of cubic to octohedral magnetite are evident, but eaten away by fine chlorite (?) and chalcopyrite.
Outside of the vein, magnetite is more abundant than chalcopyrite-pyrhhotite, but disseminated sulphides are still
evident.

Chalcopyrite and pyrrhotite have two relations with garnet: (1) Fine inclusions; (2) More commonly, along
cracks in grains

Summary and comments

Vein is quartz-K-feldspar, with chalcopyrite-pyrrhotite-magnetite equilibrium assemblage. Garnet likely post-
dates mineralisation, evidenced by fine sulphide inclusions in it.
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Sample ID: CALO11
Hole ID: 12CADD002
Depth: 72.18-72.28 m

Reason for sample: Characterise increasing gneissic fabric.

Transmitted Light
Parent rock is CAL0O06 biotite monzogranite.

Fibrolitic sillimanite is focused in foliation-parallel biotite bands at the top of hole end. One biotite streak at the
uphole end has fibrolitic sillimanite growing at an acute angle (~40 degrees) to the streak, consistent with the S2
fabric orientation.

Brighter white patches at downhole end are highly sericitised plagioclase, while more translucent parts are
untwinned, weakly perthitic K-feldspar and microcline, as seen in CAL010. These feldspars are in a granoblastic
texture.

Yellowish uphole end is 80% granoblastic K-feldspar, with lesser quartz, biotite and rare plagioclase.

The centre of the slide is a vein of mainly coarse quartz, plus opaques as described below.

Reflected Light

Central vein is chalcopyrite (90%), pyrrhotite (3%), pyrite (3%), magnetite (3%) and molybdenite (1%) in usual
habits (pyrite clean, euhedral)

Magnetite in wallrock clearly was euhedral/octohedral, but is now corroded and replaced, including by needle-
like ilmenite lamellae, in cleavage orientations.

Summary and comments

Clearly significant K added to this rock in relation to CAL006 parent, based on the much greater amount of K
feldspar.

Sillimanite grows both parallel to (pseudomorphing) and acute to biotite streaks, with the latter form here in the
s2 orientation.
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Sample ID: CALO012
Hole ID: 12CADD002
Depth: 81.00-81.23 m

Reason for sample: Characterise garnet-sillimanite gneiss — same parent as other rocks?

Transmitted Light

Biatite (5%) in irregular anhedral-subhedral grains aligned to the foliation, with margins eaten away by
sillimanite and chlorite-sericite retrogression. Traces of zircons. There was probably much more biotite in the
original rock.

Sillimanite (20%) as clumpy fibrolitic masses, with brownish tinge due to remnants of the biotite it has replaced.
Second form is clear to pale green prismatic crystals with microcline (most commonly) or quartz.

Quartz (40%) and microcline (35%) form weakly granoblastic leucosomes. Microcline is variously clean, partly
replaced by randomly oriented sillimanite needles (most strongly near fibrolite bands), and in places completely
altered to sericite.

Trace garnet mainly in a large light pink grain that is moderately cracked and poikiloblastic with inclusions of
biotite, quartz, microcline, and sillimanite-bearing quartz.

Retrograde sericitisation is common and nearly wholly replaces some microcline. Usual biotite to chlorite
retrogression is most common adjacent to sulphides.

No clear shear sense on foliation. Most sillimanite aligned with biotite (pseudomorphs), but is random when in
microcline.

Reflected Light
Magnetite looks old — skeletal remnants restricted to mica/sillimanite bands.

Pyrite, pyrrhotite and chalcopyrite restricted to leucosomes, and in usual forms. Fine chalcopyrite sometimes
enclosed in coarse silicates (mainly quartz), but mostly interstitial, dirty, pitted intergrowths with pyrrhotite.
Pyrite cleaner and more subhedral. All sulphides associated with chlorite retrogression of biotite.

Summary and comments

Rock is a microcline-quartz-sillimanite-garnet-biotite gneiss with well defined leucosomes and melanosomes,
with strong sericite retrogression. Garnet and biotite in textural equilibrium. K-enriched parent rock (all
microcline). Sillimanite replaces existing biotite melanosomes. Magnetite looks old, eaten away.
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Sample ID: CALO17
Hole ID: 12CADD002
Depth: 134.16-134.26 m

Reason for sample: Study mineralised pegmatite vein and margin.

Transmitted Light
White zones of pegmatite vein are granoblastic microcline (85%) with lesser quartz, plagioclase and biotite.

Mineralised band of pegmatite is similar, but microcline (30%)-quartz(50%)-plagioclase(20%). Plagioclase
preferentially sericitised and also contains abundant fine sulphide inclusions (much greater than quartz and
microcline, which basically have none).

Residuum zone on margin are very poor in microcline (none), roughly plagioclase (30%)-biotite(15%)-
quartz(55%) in even grained granoblastic texture. Much weaker retrogression than inside pegmatite vein.

Reflected Light

In residuum domain very fine chalcopyrite-pyrrhotite inside silicate grains (plagioclase and biotite), plus lesser
magnetite with relict subhedral outlines (resorbed/altered).

Pegmatoidal mineralisation is chalcopyrite-pyrrhotite dominant, with minor molybdenite. Chalcopyrite-
pyrrhotite is in two forms: (1) Larger interstitial anhedral masses; and (2) Very fine inclusions within heavily
retrogressed plagioclase (but not quartz of K-feldspar).

No mineralisation in microcline band — why?

Summary and comments

Sulphide inside plagioclase in pegmatite has possibly been trapped inside in during crystallisation of the vein,
followed by barren quartz and K-feldspar.
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Sample ID: CALO018
Hole ID: 12CADD002
Depth: 141.26-141.48

Reason for sample: Study higher-strain, biotite-rich granite-gneiss, and relationship of garnet to foliation?

Transmitted Light

Biotite (15%) as small subhedral flakes in groundmass (dark brown), plus as coarser, subhedral decussate masses
with random orientations (lighter orange-brown). Zircons with rad damage are common in both forms.

Garnet (1%) irregular light pink, weakly cracked and generally not retrogressed, fairly clean. Larger grain
poikiloblastic (feldspar and quartz).

Plagioclase in two forms: (1) An25 phenocrysts, large white patches poikilitic with plagioclase, quartz, garnet
and biotite. Generally quite retrogressed to sericite; (2) An40 in groundmass, weakly developed granoblastic
texture, generally equant, anhedral.

Quartz (10%), but not much convincing, mostly plagioclase in groundmass. Large anhedral grains in vein.
Pale green sillimanite needles in minor amounts?

Weakly pegmatoidal vein of quartz and plagioclase is difficult to follow, but very large, irregular quartz grains
and lack of biotite mark its location. Minor garnet in there, including with chalcopyrite inclusions.

Sericite retrogression pervasive but weak, except for phenocrysts, where noticeably stronger. Biotite to chlorite
is focused around sulphide.

S2 biotite ori running down length of thin section.

Reflected Light

Chalcopyrite(70%)-pyrite(20%)-pyrrhotite(10%), with negligible magnetite. Two mineralisation forms: (1)
Patches of fine, anhedral chalcopyrite and very minor pyrite, at or around grain boundaries, sometimes internal
or replacing lamellae in biotite; (2) Pegmatoidal vein, dirty, pitted chalcopyrite-pyrrhotite interstitial to silicates,
overgrown in places but clean sub-euhedral pyrite.

Summary and comments
Formerly K-feldspar phyric biotite monzogranite, now distinctly poor in quartz and K-feldspar.
Garnet not wrapped by S1.

Biotite in poikilitic silicates is randomly oriented, suggesting likely igneous phenocrysts (not post-S1
porphyroblasts).
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Sample ID: CALO019
Hole ID: 12CADD002
Depth: 151.00-151.22

Reason for sample: Understand origin of garnet-sillimanite rocks. S1 and S2 fabric relationships.

Transmitted Light

Sillimanite (15%) as fibrolitic masses after biotite, and finer needles marginal to fibrolite clumps, replacing both
microcline and quartz.

Biotite (3%) is rare, mostly pseudomorphed by sillimanite. Generally light-dark brown but distinctly pale to
moderate green in proximity to garnets, including as inclusions in garnet.

Microcline (35%) and quartz (45%) form moderately granoblastic bands between sillimanite-biotite
melanosomes, with both anhedral. Quartz has quite irregular shapes and typically coarser than microcline. Rare
larger microcline grain are poikilitic and may be ex-phenocrysts.

Garnet (2%) as light pink grains with inclusions of chlorite/green biotite and quartz. Not affected by S1 or S2 in
any way.

Chlorite-sericite retrogression focused in biotite adjacent to mineralisation blebs.

Weak S2 biotite alignment. Sillimanite mimics S1 and S2-aligned biotite, but is can be random within those
bands — i.e. post D2?

Reflected Light

Magnetite as scattered, heavily pitted, subhedral grains in between silicates. Chalcopyrite and pyrite intergrown
in dirty, pitted masses, with pyrite generally cleaner and subhedral. Can be internal to garnet and on cracks,
interstitial to silicates, or replacing biotite lamellae.

Summary and comments

Quartz-microcline-sillimanite-biotite-garnet gneiss with sillimanite-biotite melanosomes and mineralised quartz-
microcline-garnet leucosomes. Likely after K-feldspar-phyric granitoid.
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Sample ID: CAL020
Hole ID: 12CADD002
Depth: 155.90-156.00 m

Reason for sample: Characterise intense magnetite-chalcopyrite-garnet-hornblende(?) veins.

Transmitted Light

Uphole end is quartz(55%)-magnetite(40%)-green biotite(5%) with trace high relief, colourless elongate crystals
with low biref and retrogression to sericite — sillimanite?

Downhole end is garnet (45%)-quartz(35%)-biotite(5%)-plagioclase(2%)-opaques(18%).
No silicate retrogression associated with chalcopyrite-pyrite remob veinlet.

Some garnets have magnetite inclusions.

Reflected Light

In uphole half, opaques are ~38% magnetite and 20% chalcopyrite-pyrrhotite with clear pyrite overgrowth, with
magnetite-chalcopyrite-pyrrhotite appearing in equilibrium.

Downhole half is all magnetite, apart from thin remobilised chalcopyrite-pyrite veinlet.

Summary and comments

Vein as described. Green colour is green biotite, not hornblende.
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Sample ID: CAL021
Hole ID: 12CADD002
Depth: 158.70-158.80 m

Reason for sample: Characterise intense feldspar-garnet alteration.

Transmitted Light

About 50:50 granoblastic mix between plagioclase and quartz, with essentially no K-feldspar. Very nice triple
junctions between plagioclase grains.

Traces of biotite with minor chlorite retrogression. Sericite retrogression also minor.

One large garnet grain appears to overgrow coarse chlorite.

Reflected Light

Weak chalcopyrite-pyrrhotite-pyrite interstitial to silicates and fine within plagioclase. Subhedral interstitial
magnetite to 1%.

Summary and comments

Where has all the K gone in this rock? Alteration is plagioclase dominated? Good evidence also of garnet
replacing earlier chlorite.
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Sample ID: CAL022
Hole ID: 12CADDO001
Depth: 68.28-68.38 m

Reason for sample: Microstructure of F2 folding, relationship to garnet development.

Transmitted Light
Biotite monzogranite parent rock, here in gneissic form.

Melanosomes dominated by dark brown biotite, pretty much no retrogression. Leucosomes are biotite (5%)-
plagioclase(10%)-quartz(40%)-microcline(55%) and are equigranular and slightly granoblastic.

Clear second biotite orientation axial planar to folds, most evident in leucosome domain. Difficult to say much
about garnet relationship to S2.

Quite a lot of granular, high-relief monazite. Fine sillimanite in feldspars and rare coarser fibrolitic replacement
of biotite, with no clear preferred ori.

Reflected Light

Around 1% disseminated subhedral magnetite. Trace chalcopyrite in fine disseminations.

Summary and comments

S2 alignment of biotite, garnet relationship to this fabric unclear.

Quite high microcline to presumed parent — alteration?
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Sample ID: CAL023
Hole ID: 12CADD001
Depth: 130.75-130.85 m

Reason for sample: Type-example of amphibolite, with weak biotite alteration.

Transmitted Light

Hornblende(50%) is dark green, stubby and aligned to fabric. Plagioclase (45%) the same grainsize, in
interlocking texture.

Biotite (5%) mostly aligned to foliation in elongate sheets, mostly at uphole end (i.e. alteration). Odd patch of
muscovite — after biotite? Biotite appears to replace hornblende in many places, likely post foliation. Hints of a
second biotite orientation, but poorly developed.

Very little retrogression.

Reflected Light

Trace sub- to euhedral magnetite, and a few specks of chalcopyrite.

Summary and comments

Definitely mafic amphibolite. Biotite post-dates amphibolite formation.
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Sample ID: CAL024
Hole ID: 12CADDO001
Depth: 136.30-136.55 m

Reason for sample: Type-example of biotite-rich granite-gneiss, older relative to CAL024.

Transmitted Light

Biatite (15%) is dark khaki brown and subhedral, with abundant zircons associated with rad damage. Chlorite
retrogression completely absent. Clear preferred alignment of grains.

Microcline (35%) is poikilitic, tends to form larger granoblastic masses, possibly former phenocrysts. Anhedral
to subhedral.

Plagioclase (30%) is ~An23, poikilitic (biotite), anhedral and even grained. Untwinned feldspar is also likely
plagioclase, sometimes has albite (?) rims against microcline.

Quartz (20%) is anhedral, even grained and poikilitic (biotite).
Zircons in and outside of biotite. Monazite also common.

Rare retrogression tightly focused around sulphide grains.

Reflected Light

Magnetite as dirty, pitted grains, commonly overgrown by clean pyrite. Pyrite as distinctly clean grains
overgrowing dirty magnetite-chalcopyrite in a variety of settings. Some clean pyrite cores with dirty pyrite rims.
Chalcopyrite as isolated, anhedral, dirty grains.

Summary and comments

Weakly K-feldspar-phyric biotite monzogranite with biotite foliation and weak retrogression.
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Sample ID: CAL025
Hole ID: 12CADD001
Depth: 149.30-149.40 m

Reason for sample: Typical stockwork-style veining in syenogranite.

Transmitted Light
Unaltered parent is CAL026.

Compositionally very similar to CAL026, but perhaps more microcline (~50%). Minor chloritisation of biotite
outside vein area, plus weak sericite dusting.

Vein is a poorly defined band of coarse quartz, microcline and minor muscovite (possibly primary vein
mineral?). Distinctly more quartz (and coarser) than host rocks, but vein margin is not sharp.

Reflected Light

Vein sulphides are chalcopyrite(60%)-pyrrhotite(40%) with trace molybdenite and pyrite. Most sulphide is sub-
to anhedral and interstitial to silicates, but some is very fine-grained in and around degraded feldspar to
muscovite aggregates. Basically no magnetite, and very little sulphide outside of vein area.

Summary and comments

No major compositional variation from unaltered version.

Why no magnetite in rock here?
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Sample ID: CAL026
Hole ID: 12CADDO001
Depth: 154.09-154.34 m

Reason for sample: Type-example of syenogranite, “younger” relative to CAL024.

Transmitted Light

Biotite (5%) is subhedral, isolated or within clumps with muscovite, dark brown, and patchily altered to chlorite-
magnetite-ilmenite(? Needles). Weak preferred alignment parallel to thin section.

Muscovite (1%) as subhedral, rare grains intergrown with biotite, appearing primary? Largeish, optically
continuous grains.

Quartz (30%) as several large anhedral poikilitic phenocrysts (microcline inclusions), plus in groundmass.

Microcline (45%) is rarely perthitic. Grain boundaries between microcline, plagioclase are commonly hazy.
Microcline possibly replaced plagioclase in places — possibly mixed igneous and hydrothermal origin?

Plagioclase (19%) ~An20, rare anhedral grains with albite twinning, and some with no twinning at all.
Some alteration of primary (?) muscovite to K-feldspar?
Zircons fairly rare in biotite.

Sericite-chlorite retrogression of biotite and feldspars is widespread, weak to moderate strength.

Reflected Light

Trace overall. Magnetite as subhedral, pitted grains associated with retrogressed biotite. Chalcopyrite as
subhedral inclusions in untwinned feldspar, with pyrite, localises retrogression. Magnetite-pyrite rarely as
lamellae within chloritised biotite. Pyrite also occurs as fine lamellae in muscovite and biotite, and filling grain
boundaries.

Summary and comments

Quartz-phyric, biotite syenogranite, granoblastic, with some K-feldspar possibly of alteration origin. Possibly
traces of primary muscovite.
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Sample ID: CALO027
Hole ID: 12CADD001
Depth: 195.00-195.10 m

Reason for sample: Type-example of mineralised pegmatoidal vein.

Transmitted Light
Parent is ~CAL024 biotite monzogranite.

Residual monzogranite is ~10% biotite, 2% microcline, 30% plagioclase and 58% quartz, with biotite proportion
increasing to pegmatite margin. Quartz and feldspars are anhedral, with irregular grain boundaries and hints of
granoblastic texture. Microcline-poor in relation to parent rock.

Coarsest pegmatite areas are 70% quartz, with microcline, plagioclase and sulphide interstitial and moderately
sericitised. Some coarse sericite/muscovite may be primary. Margins of pegmatite (and other patches) that are
milkier white are ~90% feldspar (70plag/30kspar) with much less quartz, and lack significant sulphide. These

may be earlier crystallised rims of the vein. Minor biotite in pegmatite zones.

Reflected Light

Residual monzogranite has ~1% disseminated chalcopyrite with rare clean pyrite overgrowths, plus <1%
magnetite.

Pegmatite mineralisation is chalcopyrite-dominant, with pyrrhotite occurring as lamellar intergrowth.
Chalcopyrite is dominantly anhedral and interstitial to coarse silicates, rarely as intergrowths with biotite. Traces
of magnetite in pegmatite sulphide.

Some lamellar pyrrhotite-chalcopyrite inside plagioclase twin planes.

Summary and comments

Pegmatoidal vein is zoned, with much more sulphide is last-crystallised (?) quartz-rich part?
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Sample ID: CAL028
Hole ID: 12CADDO001
Depth: 217.14-217.24 m

Reason for sample: Type-example of magnetite-garnet related high-grade mineralisation.

Transmitted Light

Whole slide is a ~50-50 split between quartz and distinctly green biotite (pale brown to blue-green pleochroism),
with biotite being more abundant in dark green, sulphide-poor downhole end.

Coarseish, granular apatite is common, and zircon is abundant in biotite.

Large quartz crystal at downhole end is actually several large grains, with one clear garnet inclusion and weakly
poikilitic with biotite.

Some remnant colour banding in biotite may indicate pseudomorphing of an earlier phase? Some fine, hair-like
sillimanite wisps in biotite.

Reflected Light

Pyrrhotite dominant sulphide, in anhedral interstitial masses with chalcopyrite, with pyrite as clean subhedral
overgrowths. Pyrrhotite-chalcopyrite-magnetite in textural equilibrium. Magnetite has extensive exsolution of
ilmenite along cleavage planes.

Summary and comments

Origin as a potassic quartz vein? Why green (low Ti?) biotites? Has titanium gone into magnetite instead?
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Sample ID: CAL029
Hole ID: 12CADD001
Depth: 355.20-355.30 m

Reason for sample: Characterise late, retrograde breccia mineralisation.

Transmitted Light

Clasts of quartz-microcline-plagioclase-biotite granitoid with total biotite to chlorite retrogression and extensive
sericite-chlorite-epidote retrogression of feldspars.

All silicate grains show strong deformation effects: internal grain boundaries, bent grains, fracturing etc.

Clasts are separated by up to 5 mm wide fine-grained breccia zones with chlorite-calcite-epidote cement, with
angular grains and rock fragments of all sizes.

Reflected Light

Opaques are 100% chalcopyrite, and focused within breccia fragments at all scales, rather than in cement —i.e.
this is brecciated mineralisation, rather than a young event.

Summary and comments

Brecciated mineralisation — not a younger min event. Deformation and retrograde alteration clearly linked.
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Sample ID: CAL030
Hole ID: 12CADDO001
Depth: 370.20-370.30 m

Reason for sample: Characterise proto-gneiss formation, with leucosome-melanosome banding.

Transmitted Light

Generally a weakly granoblastic quartz(45%)-plagioclase(45%-biotite(10%) rock, with An content greater than
typical? One band of microcline, but otherwise quite poor in that mineral. 10 mm white patch at uphole end is
coarse quartz and heavily sericitised K-feldspar.

Biotite streaks/clumps are same composition as remainder (dark brown), with abundant zircons and rad damage.

Weak to mod localised chlorite-sericite retrogression.

Garnet clearly post-dates biotite foliation, not wrapped by it at all.

Reflected Light

No mineralisation. Traces of subhedral magnetite.

Summary and comments

Garnet clearly post-S1. Poor in microcline and >An than usual — why?
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Sample ID: CAL031
Hole ID: 12CADD001
Depth: 520.40-520.50 m

Reason for sample: Characterise wide “mantle-style” high-grade quartz-garnet vein.

Transmitted Light

Rock is a quartz-garnet-microcline-biotite/chlorite vein with fine retrograde needles (?) and some epidote and
tourmaline (?).

Microcline heavily retrogressed to sericite.

Garnet seems to overgrow coarse, earlier chlorite, and contain fine chlorite grains. But chlorite also occurs as
retrogression of biotite.

Reflected Light

Chalcopyrite-pyrrhotite dominant, between quartz and garnet grains, with some clean pyrite. Fine sulphide
inclusions in garnet grains, especially where marked, but also inside coarse quartz.

No significant magnetite.

Summary and comments

Mineralisation clearly pre- or syn-garnet. Likely origin as a recrystallised vein.
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Sample ID: CAL032
Hole ID: 08WHDDH001
Depth: 92.74-92.97 m

Reason for sample: Type-example of early quartz-feldspar porphyry sills.

Transmitted Light

Biotite (10%) subhedral dark green-brown, focused into well defined foliation, bands of coarse crystals, with
much finer grains intervening. ~20% of grains altered to chlorite.

Quartz (45%) as phenocrysts to 7 mm, now recrystallised into aggregates with varying extinction directions.

Feldspars ~45% overall split between plagioclase (~5% convincing) and microcline (15% convincing). Overall
texture is likely quartz- and feldspar-phyric igneous rock. Phenocrysts now highly strung out into granoblastic
quartz and mixed feldspar aggregates, the latter cloudy with sericite.

Zircons common inside and outside of biotite.
Retrograde sericitisation of feldspars is pervasive, and ~20% of biotite is chloritised.

Structurally, biotite deflects around quartz phenocrysts. Top to the west sense of movement suggested by sigma-
type deformed quartz phenocrysts. Retrograde sericite in feldspars aligned in flatter foliation than main foliation
(~subhorizontal).

Reflected Light

Magnetite as subhedral equigranular crystals, likely grown post foliation (?) — foliation doesn’t deflect around or
rotate them. Some larger grains appear to have have euhedral biotite growth in their strain shadows?

Summary and comments

Quartz-feldspar porphyry, now highly flattened and stretched.
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Sample ID: CAL034
Hole ID: 08WHDDHO001
Depth: 132.23-132.43 m

Reason for sample: Characterise more mafic variant of Ninan volcanic sequence.

Transmitted Light

Biotite (25%) as ragged subhedral crystals strongly aligned in foliation, likely pre-dates more variable
amphibole.

Actinolite (20%) as subhedral ragged grains mostly aligned to foliation, but variable end-sections visible and
some end-sections visible, likely grew post-foliation?

Hornblende (1%) as ragged blue-green crystals altered to biotite or actinolite. Probably an earlier metamorphic
mineral?

Plagioclase (50%) as laths aligned to foliation, rare twinning, strongly interlocking with biotite-actinolite.
Possibly some is quartz?

Quartz (1%) as constituent of foliation-parallel veins with actinolite, which are at core of actinolite-rich band in
slide centre.

Garnet 1% as one large strongly poikiloblastic (biotite, plagioclase, actinolite) grain. Abundant cracks are
retrogressed to chlorite.

Possible tourmaline spatially associated with large garnet grain.

Reflected Light

Opaques ~2% overall. Magnetite as cubic, pale crystals clearly more abundant in actinolite-rich layers and veins.
Largest grains seem to deflect biotite foliation, remainder not really. Disseminated form most common, but also
as lamellar inclusions in garnet. Largest grain has exsolved ilmenite on cleavages.

Chalcopyrite in fine masses associated with quartz-actinolite veins.

Summary and comments

Biotite-plagioclase-hornblende schist of likely mafic-intermediate parent, altered to actinolite around quartz-
actinolite-magnetite-chalcopyrite veinlets, all overgrown by garnet.

Amphibole seems to post-date biotite — biotite alteration, amphibole metamorphic?
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Sample ID: CAL035
Hole ID: 08WHDDH001
Depth: 147.56-147.86 m

Reason for sample: Type-example of andesite-dacite host rock at Ninan.

Transmitted Light

Biotite (25%) as dark green-brown subhedral grains strongly aligned to foliation, though some grains are
oblique.

Plagioclase (75%) is ~An25. Possible some other feldspar or quartz, but most grains seem to show twinning and
sericitisation. Two forms: (1) Phenocrysts are white spots in the rock, elongate masses of plagioclase that is
recrystallised/granoblastic, with laths broadly aligned in foliation, though some is oblique. Biotite foliation
deflects around these, no sense of asymmetry; (2) Groundmass, weakly granoblastic, even grained, likely some
quartz in here also?

Retrogression of biotite to chlorite-magnetite/ilmentite, all feldspars to sericite. Retrograde minerals have no
preferred ori, except where pseudomorphing other minerals.

Minor epidote.

Reflected Light
Magnetite as weakly pitted subhedral grains.

Chalcopyrite-pyrite together as pitted, interstitial, anhedral grains (trace). Straight edges defined by bounding
biotite/chlorite. No associated vein/crack or alteration, though retrograde chlorite generally focused around
sulphides.

Summary and comments

Feldspar-phyric intermediate volcanic rocks, strongly flattened, with chlorite-sericite retrogression. Biotite
probably not primary. Probably more quartz than recognised here.
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Sample ID: CALO38
Hole ID: 08WHDDHO001
Depth: 198.20-198.46 m

Reason for sample: Type-example of Ninan post-S1 monzogranite dykes, with sulphide blebs.

Transmitted Light

Biotite (5%) as subhedral, dark brown grains with rare small zircons. ~25% of grains show retrogression to
chlorite-magnetite/ilmenite.

Quartz (40%) is anhedral in groundmass, no phenocrysts.

Plagioclase (35%) is ~An25, compositionally zoned to Na-rich rims? Ubiquitously sericitised, strongly favouring
cores. Poikilitic with biotite, quartz, opaques.

K-feldspar (20%) generally unzoned, untwinned, but rare simple twinning and microcline hatching.

In main mineralised area, opaques are internal to silicate minerals, not controlled by any clear fracture or vein
(i.e. a bleb). Muscovite very localised around sulphides (retrograde), but adjacent feldspars are not any more
altered than distal examples. Chunky monazite crystals in mineralised patch also.

Trace epidote and very fine sillimanite?

Reflected Light

Chalcopyrite in disconnected patches of dirty, pitted grains, interstitial to and internal to silicate grains. Pyrite in
the same setting, but some cleaner subhedral grains may be later overgrowths. Magnetite is minor, but in the
same setting.

Summary and comments

Plagioclase-phyric biotite monzogranite with extensive sericite retrogression of plagioclase cores. Sulphide
likely entrained during intrusion, trapped in silicate grains.
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Sample ID: CAL039
Hole 1D: 08WHDDHO001
Depth: 202.62-202.73 m

Reason for sample: Establish timing of garnet to S1 fabric development.

Transmitted Light
Rock is quartz(50%)-biotite(30%)-muscovite(10%)-garnet(10%)-sillimanite schist, after intermediate rock?

Biatite is light brown to dark green pleochroic. Garnets clearly wrapped by pervasive biotite-muscovite defined
foliation. Muscovite in granular masses, possibly after feldspars seen in parent rock?

Garnets are messy, irregular, poikilitic and a bit retrogressed to chlorite.
Sillimanite in rare ribbons within biotite bands.

Some coarse epidote, likely retrograde.

Reflected Light
Abundant fine magnetite aligned to foliation.

Negligible sulphide.

Summary and comments

Foliation definitely post-dates this garnet phase, which is altered/retrogressed since formation (i.e. likely early
phase).
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Sample ID: CAL044
Hole ID: 14CADDO001
Depth: 364.75-365.00 m

Reason for sample: Type-example of Dasher hangingwall granite.

Transmitted Light
Biotite (8%) as subhedral primary flakes with rare zircons with dark brown rad damage.

Quartz (25%) is anhedral, has irregular grain boundaries, and is common in groundmass, but also as large
poikilitic (biotite microcline) phenocrysts. Some phenocrysts have very irregular intergrowths with plagioclase.
Some recrystallisation into aggregates of smaller grains.

Plagioclase (32%) is ~An20, anhedral, only in groundmass, other than intergrowths with large quartz grains.

Microcline (35%) can be weakly perthitic (orthoclase), anhedral to subhedral, common in groundmass, but also
several large poikilitic phenocrysts (biotite, quartz and plagioclase inclusions). Some perthitic bands are
wavy/kinked.

No signs of alteration, deformation, or peak met phases.

Widespread retrogression of biotite to chlorite-sericite-magnetite/ilmenite. Sericitisation of feldspars throughout,
focused on cleavage and twin planes.

Reflected Light

Magnetite lamellae in retrogressed biotite, and also as subhedral disseminated grains interstitial to silicates,
commonly adjacent to biotite grains.

Trace chalcopyrite in one interstitial crack extending from biotite.

Summary and comments

K-feldspar and quartz-phyric biotite granite with retrograde chlorite-sericite.
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Sample ID: CAL045
Hole ID: 14CADDO001
Depth: 426.78-426.88 m

Reason for sample: Typical biotite-magnetite veins affecting hangingwall granite.

Transmitted Light
Parent rock is CAL044 granite. Mineralogy as per parent rock, but fine sillimanite is present.
Vein biotite is same colour/composition as igneous biotite.

Pale garnet or apatite (?) in vein?

Reflected Light

Trace subhedral magnetite focused around the vein, but no sulphide.

Summary and comments

Sillimanite in this rock appears to confirm peak metamorphism post-dates this granite.
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Sample ID: CAL0O46
Hole ID: 14CADDO001
Depth: 439.29-437.39

Reason for sample: Precise contact between hangingwall granite and granite-gneiss.

Transmitted Light

Granite is as per CAL044 type example (microcline-rich), with no distinguishing differences. Lots of zircons and
apatite (?).

In contrast old granite-gneiss is plagioclase-rich, with 5-10% microcline.

Vein biotite is distinctly more red-brown than dark green-brown igneous biotite present in both ages of granite.
Narrow vein in hangingwall granite is the colour of igneous biotite, perhaps therefore schlieren, rather than vein?

Reflected Light
Vein at contact is associated with magnetite-chalcopyrite-pyrite.
No mineralisation in young granite.

Weak chalcopyrite-magnetite in old granite.

Summary and comments

No mineralisation in hangingwall granite. No contact metamorphic effects of young granite, and no strain
increase on contact.
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Sample ID: CAL047
Hole ID: 14CADDO001
Depth: 451.70-451.80 m

Reason for sample: Type-example pre-S1 high-grade molybdenite veining.

Transmitted Light
Three components of thin-section:

(1) Late pegmatite is microcline-quartz and possibly primary muscovite, with fairly straight contact with granite-
gneiss.

(2) White vein is trace green-brown biotite in quartz(30%)-microcline(70%) mixture. Some quartz optically
continuous to 5 mm, microcline variable to 1 mm, weakly to moderately granoblastic. Trace very fine sillimanite
throughout vein. Sericite retrogression pervasive at weak-mod intensity.

(3) Wallrock has green-brown biotite (15%), subhedral, with zircons and rad damage, in quartz(40%)-
plagioclase(45%) matrix, with basically no K-feldspar — i.e. vein is definitely different composition. Strong
preferred ori of biotite, with limited chlorite retrogression.

Noteably, coarse moly is associated with coarse biotite that has limited zircons or rad damage (alteration
origin?).

Reflected Light

In vein, fine sulphide patches throughout, strongly dominated by chalcopyrite, with trace pyrite, no pyrrhotite.
Coarse molybdenite at both margins of mineralised vein but little internally. Molybdenite has fine chalcopyrite
inclusions, but is also associated with adjacent pyrite and magnetite (minor).

Summary and comments

Vein pre-dates peak metamorphism, because sillimanite overprints it.
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Sample ID: CAL048
Hole ID: 14CADDO001
Depth: 475.71-475.81 m

Reason for sample: Typical high-strain zone mineralisation.

Transmitted Light
Parent rock is typical microcline-poor granitoid with 20% biotite, 30% quartz and 50% plagioclase.

Veins are moderately granoblastic microcline(40%)-plagioclase(30%)-quartz(30%) with trace biotite. Either K is
higher or K now in K-feldspar.

Garnet in wallrock on vein margin, none in veins.
Nothing of note in accessory minerals.

Weak S2 biotite alignment.

Reflected Light
Main vein is chalcopyrite-pyrrhotite-pyrite-magnetite-molybdenite, in usual forms.

Fine, lamellar intergrowths of chalcopyrite-pyrrhotite are widely developed, in places overgrown by clean pyrite.

Summary and comments

Molybdenite definitely in these veins.

K added to create veins? Or biotite just broken down?
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Sample ID: CALO50
Hole ID: 14CADDO001
Depth: 488.84-488.94 m

Reason for sample: Characterise greenish alteration associated with strong chalcopyrite.

Transmitted Light
Parent is CAL052.

Light to dark green-brown biotite (10%)-garnet(2%) in strongly granoblastic groundmass of plagioclase(58%)-
quartz(20%)-Kspar(10%) groundmass. Plagioclase distinctly Ca-rich.

Roundish, high relief apatite (?) is abundant.

A ~2 mm quartz vein persists across the slide, composed of a few very large grains — late style, not
recrystallised?

Little retrogression.

Reflected Light

About 50:50 pyrrhotite-chalcopyrite split in sulphides, spatially associated with quartz veins, plus as anhedral
disseminations. Lamellar intergrowths of the two are common.

Disseminated subhedral magnetite with some ilmenite exsolution on cleavage planes.

Summary and comments

Not sure why this appears as a “sick” green colour — alteration hard to recognise.

Very calcic rock though — more plagioclase and greater Ca content than typical.
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Sample ID: CAL052
Hole ID: 14CADDO001
Depth: 514.50-514.75 m

Reason for sample: Type-example of least-altered granite-gneiss parent from this hole.

Transmitted Light

Biotite (5%) is a mix of primary fine-grained dark brown biotite, and masses of distinctly lighter brown euhedral
biotite, intimately associated with opaques. Some very coarse zircons associated with primary type, but also in
other type.

Quartz (10%) as irregular anhedral grains, hard to pick from untwinned feldspar.
Microcline (25%) with tartan cross-hatching sometimes evident.

Plagioclase (60%?7?) is ~An27 and anhedral grains of varying size. Larger ones can be poikilitic (biotite). Have
included here ~50% untwinned to vaguely twinned feldspar that s granoblastic with abundant 120-triple
junctions.

Some largeish apatite grains associated with radiation damage?

Biotite to chlorite-magnetite/ilmenite retrogression is present, but rare.

Reflected Light

Magnetite mostly as anhedral, pitted grains intimately associated with clumps of light brown biotite, with or
without sulphides.

Chalcopyrite as some discrete, subhedral grains, some small grains intergrown with magnetite, traces intergrown
with pyrrhotite.

Pyrite sub- to euhedral cubic forms, usually together with chalcopyrite, possibly overgrowing magnetite?
Distinctly clean and euhedral cf. other opaques.

Summary and comments

Granoblastic plagioclase-K-feldspar-quartz-biotite granitoid. Though may have overestimated plagioclase
content.
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Sample ID: CALO053
Hole ID: 14CADDO001
Depth: 523.35-523.60 m

Reason for sample: Characterise intense white feldspar alteration zone.

Transmitted Light

Biotite (2%) is dark brown-red, some lighter brown in masses. Subhedral normally, nearly euhedral in masses, as
seen in CALO52. No clear preferred alignment. Zircons pretty rare.

Microcline (35%) anhedral with textbook granoblastic texture. Seems to overgrow plagioclase in places.
Plagioclase (43%) is vaguely twined to untwinned — close to An20, so more sodic than usual?

Quartz (20%) anhedral, part of granoblastic texture.

Possibly some fine sillimanite. Trace zircon, monazite, apatite also.

Chlorite-sericite retrogression is weak, concentrated next to opagque masses.

Reflected Light

Chalcopyrite and pyrrhotite intergrown and texturally similar: dirty, anhedral, pitted, and interstitial to well-
formed silicates, which seem to impose their outlines on sulphide.

No pyrite or magnetite — very unusual.

No silicate alteration immediately evident with sulphides.

Summary and comments

Granoblastic K-feldspar-plagioclase-quartz-biotite rock of likely granitic origin.

Lack of magnetite and biotite is highly distinctive.
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Sample ID: CALO54
Hole ID: 14CADDO001
Depth: 527.21-527.31 m

Reason for sample: Characterise typical mineralised vein through white feldspar alteration.

Transmitted Light
CALO053 is weaker mineralised parent example.

As for CALO053, essentially a granoblastic K-feldspar(65%)-quartz(30%)-biotite(5%) rock of recrystallised
origin. More than 90% of feldspar is microcline, possibly some other types, but minor.

Same albitic reaction rims as observed in CAL053, but less developed.
Moderate chlorite-sericite retrogression throughout.

Mineralised vein is vague corridor of greater quartz content, plus coarse, optically continuous muscovite flakes
that are strongly replaced by quartz-microcline.

Trace sillimanite, no garnet.

Reflected Light
Mineralised vein is anhedral chalcopyrite-pyrrhotite (50:50) with clean pyrite overgrowth.

Basically no magnetite in sample — either stripped or sulphidised.

Summary and comments

Coarse muscovite good evidence of early white mica assemblage.

Where is all Fe gone? Low biotite, no magnetite, as for CAL053.
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Sample ID: CALO056
Hole ID: 14CADDO001
Depth: 540.20-540.30 m

Reason for sample: Study exact lower contact of granite-gneiss with footwall granite.

Transmitted Light
Far uphole end is coarse quartz-microcline (white band in gneiss).

Biotite is brown-green throughout the remainder, including vein area. Some very coarse monazite in central vein
areas, with radiation damage of biotite.

Main difference between old granite and young granite is >microcline:plagioclase ration in the latter — this is
quite clear.

Weak chlorite-sericite retrogression.

Traces of very fine sillimanite in young granite.

Reflected Light

Vein is chalcopyrite-pyrrhotite with lamellar intergrowths and minor magnetite, minor clean pyrite overgrowth.
No mineralisation is young rock, weak disseminated mineralisation in old rock.

Summary and comments

Contact low strain, marked by clearly >microcline in granite dike.

Definite sillimanite in young granite.
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Sample ID: CALO57
Hole ID: 14CADDO001
Depth: 549.10-549.35 m

Reason for sample: Type-example of footwall granite.

Transmitted Light

Biotite (8%) is subhedral to euhedral, uniform grainsize, with some zircon inclusions, light to dark brown with
pretty clear preferred alignment.

Quartz (42%) as abundant anhedral grains in groundmass, traces of undulose extinction and granoblastic texture.

Plagioclase (15%) is ~An20, anhedral in groundmass, with much less twinning and less abundant overall that in
CALO044.

Microcline (35%) is anhedral, common in groundmass, more rarely as large poikilitic phenocrysts (biotite,
quartz). Very rare perthitic K-feldspar.

Trace zircon associated with biotite, some apatite.

Retrogression of biotite to chlorite-sericite-magnetite/ilmenite is common, as is sericitisation of feldspars (usual
forms).

Reflected Light

Trace magnetite as lamellae in retrogressed biotite and coarser subhedral form still spatially associated with
biotite. Some tiny pyrite inclusions.

Summary and comments

Weakly microcline-phyric biotite granite.

Same rock as CAL044 though that example is more porphyritic and has >plagioclase and <quartz.

169



Sample ID: CAL061
Hole ID: 14CADDO002
Depth: 137.70-130.80 m

Reason for sample: Characterise multiple phases of brecciation in hangingwall fault.

Transmitted Light
Quartz-microcline-plagioclase-biotite granitoid, with near complete biotite retrogression to chlorite.

All minerals show strong deformation effects: very undulose extinction, bent/cracked grains, fracturing of rock,
grains and grain boundaries.

Early brecciation accompanied by chlorite-sericite-epidote-carbonate retrogression especially around central
quartz vein.

Retrograde sericite focused around fractures, but in detail is randomly oriented within individual grains.

Reflected Light

Trace chalcopyrite inclusions in quartz grains. A little bit of hematite?

Summary and comments

Likely multiple deformation phases. No association of mineralisation with late breccia zones.
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Sample ID: CAL062
Hole ID: 14CADDO002
Depth: 149.60-149.85 m

Reason for sample: Type-example of Bindi West host granite-gneiss.

Transmitted Light

Chlorite (10%) as anhedral to subhedral grains aligned to S1 fabric, likely replacing biotite (full of zircons with
rad damage)

Amphibole (actinolite?) (7%) randomly oriented (i.e. post-S1) colourless high relief crystals with some elongate
grains showing inclined extinction.

Garnet (1%) as round grains partially to wholly replaced by chlorite and/or actinolite. Some actinolite clumps
have rounded garnet-like outlines. Garnet not wrapped by S1.

Quartz (35%)-microcline(20%)-plagioclase(27%) form mosaic of irregular anhedral grains, quartz with undulose
extinction, feldspars cloudy with extensive sericite-chlorite retrogression.

Some quite calcic (?) plagioclase phenocrysts are large white patches in rock, and have crossing plag twins. They
are extensively replaced by actinolite blades, and also heavily retrogressed to sericite.

Trace fine sillimanite, and also carbonate associated with vein.

Weak secondary alignment of chlorite/biotite in S2 ori, antiform east vergence. Actinolite unaligned, must be
retrograde.

Reflected Light

Chalcopyrite in fine downhole end is in typical form but lacks pyrrhotite or pyrite. Irregular, anhedral, pitted and
interstitial, rarely within silicates., including in actinolite. Mineralisation vaguely aligned in concentrations
parallel to S1, but no vein or alteration associated, besides usual retrogressive alteration around blebs.

At uphole end, coarse pegmatoidal vein has near-pure chalcopyrite interstitial to quartz, including some enclosed
within a single large grain. Very rare pyrite and magnetite in the same setting. One small molybdenite grain in
this vein also.

Summary and comments

Plagioclase-microcline-quartz-chlorite/biotite-sillimanite gneiss after biotite equivalent, with retrograde
unaligned chlorite-actinolite.
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Sample ID: CALO063
Hole ID: 14CADDO002
Depth: 164.80-164.90 m

Reason for sample: Characterise typical Bindi West mineralisation.

Transmitted Light
Quartz-microcline-plagioclase-biotite(chlorite)-garnet gneiss.

Strong retrogression by chlorite-sericite-epidote: biotite to chlorite and coarse muscovite, feldspars to sericite-
chlorite-epidote, garnet to chlorite. The only clean garnets are isolated inside larger silicate grains.

Strong deformation effects evident in some quartz grains, undulose extinction, some kinked mics also.
Some K-feldpsar is hazy microcline/orthoclase mix?

Some amphibole was possibly present, now retrogressed to chlorite masses.

Reflected Light

No pyrrhotite. Chalcopyrite-pyrite veins associated with retrograde assemblage but chalcopyrite also observed in
large garnet grain, suggesting low-temp mineralisation is remobilisation of earlier high-temp assemblage.

Summary and comments

Likely remob of earlier mineralisation, strongly retrogressed.

Garnets overgrow foliation, then all retrogressed.
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Sample ID: CAL064
Hole ID: 14CADDO002
Depth: 168.60-168.70 m

Reason for sample: Study relationship of garnet and sillimanite to main foliation.

Transmitted Light
Moderately granoblastic quartz-microcline-plagioclase-biotite-garnet-sillimanite gneiss.

Intense sericite-chlorite-epidote retrogression of biotite-garnet-sillimanite assemblage, intense pervasive
sericitisation of feldspars.

Sillimanite in foliation bands near-totally retrogressed to fine sericite mess, but fine sillimanite internal to
silicates (quartz-feldspar) is well preserved as small needles, in random oris.

Retrograde sericite is in random oris unless pseudomorphing biotite/chlorite.
Main foliation clearly kinked/folded, by S2.

Some clean garnet, some retrogressed.

Reflected Light
Trace chalcopyrite in clean silicates, with or without clean pyrite.

No pyrrhotite.

Summary and comments

Sillimanite either pseudomorphs S1-aligned micas, or is occasionally in S2-aligned masses. My feeling is it
actually post-dates both fabrics.
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Sample ID: CALO065
Hole ID: DWN4
Depth: 183.07-183.15m

Reason for sample: Typical higher-grade mineralised vein and garnet-biotite selvedge.

Transmitted Light
Proximal vein/selvedge is grunerite (and other amphibole?), with some retrogression to chlorite (30%).

Sharp change moving away into quartz-plagioclase-biotite-garnet domain. Quartz as polygonal interlocking
matrix to coarse light brown to dark green-brown biotite and pink garnet.

Garnet shows clear evidence of multiple growth and retrogression events: newest outer garnet overgrows chlorite
pseudomorph of earlier garnet, but that original garnet still present in the core.

All garnets overgrow/include biotite, and become finer and cleaner away from the vein. Uphole end is same
assemblage as near vein, but just much finer.

Biotite foliation deflects around garnets.

Late veinlet of stilpnomelane.

Reflected Light

Vast bulk is grunerite zone. Euhedral magnetite is dominant, finely disseminated. Sulphide is pyrite and just a
little bit of chalcopyrite, mostly fine disseminations, with larger grains aligned to foliation.

Summary and comments

Vein is alteration-derived grunerite.

Potassic altn (biotite) pre-garnet — includes biotites. But foliation at vein margin is also deflected around garnets.
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Sample ID: CAL066
Hole ID: DWN4
Depth: 196.73-196.80 m

Reason for sample: Characterise mineralogy of typical high-strain zone, with garnet-sillimanite alteration.

Transmitted Light

Rock structure is very coarse microcline crystals (greater than thin section width, likely metamorphic origin) full
of fine biotite and quartz that preserved S1 foliation. This is full of fine sillimanite in a variety of orientations.
Between microcline grains are bands of quartz-biotite-chlorite-sillimanite-andalusite and streaks/clumps of
fibrolitic sillimanite, mostly after biotite, but also after diamond shaped staurolite in places.

Reflected Light

Trace disseminated ilmenite, associated with biotite-sillimanite bands.

Summary and comments

Microcline-quartz-biotite-sillimanite-andalusite-staurolite schist. Very coarse microcline is certainly of
metamorphic origin, probably from quartz+muscovite origin, to produce sillimanite also.

Probably a ~sericite-chlorite shear zone, metamorphosed.

175



Sample ID: CALO067
Hole ID: DWN4
Depth: 220.90-221.0 m

Reason for sample: Characterise mineralogy of late (post-S1) sulphide-rich veinlets.

Transmitted Light

Quartz-plagioclase-biotite-grunerite schist. Grunerite is light brown, moderate to high relief, variable extinction
and int colours dur to different grain orientations.

Reflected Light

Very fine magnetite throughout. Pyrrhotite-chalcopyrite in places, most strongly developed around a clearly
retrogressive chlorite stringer — total chloritisation around narrow selvedge.

Summary and comments

Grunerite of alteration-metamorphic origin. Vein is late/retrograde.
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Appendix 13 — Drill core graphic log sheets
A3 graphic log sheets for 12CADDO001, 12CADDO002, 14CADDO001, 14CADDO002,
08WHDDHO001 and DWN 4. Structural readings are in alpha/beta/gamma format. Structural
features are drawn as though looking north at an east-west cross-section, with the hole aligned
at its drilled dip — i.e. for 122CADDOQO01 (drilled to 090), bottom of hole is the left hand side.
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The Calingiri Cu-Mo-Ag deposits are located in the South West
Terrane of the Archean Yilgarn Craton, about 120 km northeast
of Perth. Mineralization formed at about 2997-2957 Ma
(Re—0s molybdenite), during early deformation of the high-Ca,
granite—gneiss host rocks, which are dated at
3010 = 4 Ma (SHRIMP U-Pb zircon). East-west
compression at ¢c. 2670 Ma was accompanied
by additional granite magmatism, dated at
2673 + 5 Ma (SHRIMP U-Pb zircon), and
upper amphibolite facies metamorphism.
The Cu-Mo-Ag mineralization was deformed
during the c. 2670 Ma event, and proximal
hydrothermally altered rocks were
recrystallized into garnet- and sillimanite-bearing
assemblages. Calingiri is an Archean example
of metamorphosed porphyry-style mineralization. -
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Further details of geological products and maps produced by the
Geological Survey of Western Australia are available from:

Information Centre

Department of Mines, Industry Regulation and Safety
100 Plain Street

EAST PERTH WA 6004

Phone: (08) 9222 3459 Fax: (08) 9222 3444

www.dmp.wa.gov.au/GSWApublications
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