o =
== JAMES COOK

~~ UNIVERSITY

AUSTRALIA

"#$

%! & ' ( %

L) ) )



mailto:researchonline@jcu.edu.au?subject=ResearchOnline%20Thesis%20Incident%20

; Far Southeast
== JAMES COOK i il o

~=~ UNIVERSITY 78T nesounces
‘Eﬁ’;‘gﬁ\ INC. ﬁ

AUSTRALIA

Paragenesis and zonation of alteration minerals, from
root to base of lithocap, of the Far Southeast porphyry
copper-gold deposit, Philippines

Michael Frank Calder
Master of Philosophy

May 2020

James Cook University College of Science and Engineering

Advisors : Zhaoshan Chang, Antonio Arribas, Je rey Hedenquist, Carl Spandler



Statement of Access

e undersigned author of this thesis, understand that James Cook University will make this the-
sis available for use within the university library and allow access in other approved libraries a er
its submission. All users consulting this thesis will have to sign the following statement:

In consulting this thesis | agree not to copy or closely paraphrase it in whole or in part
without the written consent of the author; and to make proper public written acknowl-
edgment for any assistance which | have obtained from it.

Beyond this, | do not wish to place any restrictions on access to this thesis.

Michael Calder
May 4, 2020



Declaration and acknowledgment

| declare that this thesis is my own work and has not been submitted in any form for another
degree or diploma at any university or other institute or tertiary education. Information derived
from the published or unpublished work of others has been acknowledged in the text and a list
of references is given.

Every reasonable e ort has been made to gain permission and acknowledge the owners
of copyright material. Any copyright owner who has been omitted or incorrectly ac-
knowledged can contact the author.

| acknowledge Far Southeast Gold Resources Inc. (FSGRI) for access to drill core and the collec-
tion of key samples. Assistance, discussions and knowledge shared by Alina Gaibor, Peter Dunk-
ley, Glacialle Tiu, Je rey Adalos-Pastoral and other FSGRI sta are greatly appreciated.

| thank Kalin Kouzmanov for the collaboration and assistance for the QEMSCAN study.

Michael Calder
May 4, 2020



Table of Contents

Abstract

5

Chapter 1 — Overview of porphyry systems and introduction to FSE 6
Introduction

General features and characteristics of porphyry ore deposits 6

Geological history of the Philippines and the Mankayan district 9

Exploration history and metal content and of the Far Southeast deposit 12

Past studies on the Far Southest deposit 13

Background on the QEMSCAN technique 14

Chapter 2 — Present study of FSE 15

15

Methodology

Macro- and microscopic determination of minerals and lithogeochistry 15

Results

Short-wavelength infrared (SWIR) spectroscopy 15
QEMSCAN study 16
17

Lithologies observed in drill holes below 700m a.s.l. 17
Lithogeochemistry 22
Characterization of alteration types 26
a. Biotite alteration 28

b. Sericite-chlorite-albite (SCA) alteration 28

c. White mica alteration 29

d. Aluminosilicate alteration 29
Short Wavelength Infra-Red (SWIR) spectroscopy 31
QEMSCAN results 32
a. Intense SCA alteration overprint of Bt alteration; sample MB38 34

b. Ccp-anh-qtz vein with WM halo in SCA alteration; sample JR2 37

c. WM halo overprinting Bt alteration; Sample JR18

40

d. Aluminosilicate alteration; sample MB16

43

Mineral assemblage of alteration types

45

Discussion

47

Spatial extent, paragenesis and mineral assemblage of alteration type 47

Location of economic Au-Cu mineralization 51

Chapter 3 - Implications of the FSE study on ore deposit formation 52
Conclusion 52
References o4
Appendix 1 - Other QEMSCAN results 57
Appendix 2 - in section list 75
Appendix 3 - Optical microscopy 76
Appendix 4 - Short Wavelength Infra-Red (SWIR) spectral_ data 130
Appendix 5 - Drill core log 157




Abstract

Ninety-six underground diamond holes (~102 km) drilled by Far Southeast Gold
Resources Inc. at the Far Southeast Cu-Au porphyry deposit provide a 3-dimensional exposure of
the deposit between 700 and -750m elevations; surface at ~1400m elevation. Drill holes intersect
the base of advanced argillic-silicic alteration that hosts the supra-adjacent Lepanto high-
sul dation mineralization, the top of the porphyry deposit as de ned by stockwork veins, the
main ore body and an underlying subeconomic zone. e 1% Cu equivalent ore shell is mainly

located at 500 to -300m elevation.

Alteration assemblages were determined by drill core logging, Short Wavelength Infra-
Red (SWIR) spectral analysis, a petrographic study and a Quantitative Evaluation of Materials
by Scanning Electron Microscopy (QEMSCAN) study. Alteration is zoned around veins, or
pervasive where zoned assemblages coalesce. Mineral sequence includes early granular grey/white
quartz-rich veins with biotite alteration (biotite-magnetite-K-feldspar), followed by euhedral
lavender quartz-rich veins (color resulting from the presence of hematite daughter minerals in
uid inclusions) with SCA alteration (sericite-chlorite-albite) — associated with the bulk of Cu
deposition as chalcopyrite and bornite — and late anhydrite-rich veins with WM alteration (illite-
muscovite-pyrite). in Cu-sul de rich veins (‘paint’ veins) are associated with SCA alteration
with or without a phyllic halo. Timing between veins is recorded by crosscutting and reopening
textures whereas timing of alteration is recorded in overprinting of assemblages, and mineral

replacement.

SWIR aalyses showed that white mica associated to SCA alteration type contains an
Al-OH 2200nm peak positions with higher wavelength than white mica associated with WM
alteration; mean of 2203nm vs. mean of 2198nm respectively. Automation of measuring this

characteristic could improve determination of alteration type.

Variations in alteration mineralogy are a consequence of a change in temperature and
uid composition of the hydrothermal uids. Shallow aluminosilicate mineral assemblages
(pyrophyllite-diaspore-alunite-kaolinite) overlie SCA alteration and are located in white mica
rich zones indicating formation caused by cooling of an initially white mica-stable uid. Cross-
cutting relations that contradict general observations of timing are the result of multiple pulses of

hydrothermal uid and attest to the dynamism of the system.



Chapter 1 — Overview of porphyry systems and
introduction to the Far Southeast porphyry copper-gold
deposit, Philippines

Introduction

Porphyry systems (including porphyry deposits sensu stricto, shallow high and
intermediate sul dation epithermal deposits, skarn, carbonate replacement and sediment hosted
deposits) provide nearly three-quarters of the world’s Cu, half of the world’'s Mo and about one-

h of the world’s Au (Sillitoe, 2010). As population and living standard rises, access to the natural
resources they provide is necessary for society’s infrastructure needs following economic and
social development. e majority of shallow deposits have already been found (and potentially
mined) therefore exploration for deposits at greater depths is crucial. A thorough description of
hydrothermal events leading to deposit formation is important for better and deeper exploration

e ciency.

i s study presents the Far Southeast porphyry Cu-Au deposit (FSE) and describes the
alteration mineralogy resulting from the hydrothermal events leading to mineralization of this
world-class deposit (Singer, 1995). Lithogeochemisty determined the rock lithology names as
well as the whole rock geochemical signatures resulting from the geologic history of the region.
Hydrothermal alteration paragenesis is determined by core logging to represent the alteration
spatial extent and overprint within the deposit. Microscopic observations of representative
samples determined mineralogy, mineral associations and textures resulting from magmatic and
hydrothermal processes. Short-wavelenth infrared spectroscopy (SWIR) was used to determine
characteristic minerals and nally a Quantitative Evaluation of Materials by Scanning Electron
Microscopy (QEMSCAN) study of 10 samples represented the main hydrothermal events. All these
analyses were important to produce two cross sections to represent lithology and hydrothermal

alteration.

General features and characteristics of porphyry ore deposits

Porphyry Cu systems are large volumes (10-108) kinhydrothermally altered rock

centred on and around intermediate to felsic stocks or dike swarms. Mineralization within



the deeper parts of the system include porphyry Cu £ Mo + Au mineralization and can also
include Cu, Au, and/or Zn, Pb skarn deposits where surrounding carbonate rocks are present.
Shallow mineralization may include high- and intermediate-sul dation Au + Ag + Cu epithermal
orebodies. Other associated mineralization styles include carbonate replacement and sediment
hosted deposits (Sillitoe, 2010).

ese systems are generally found in linear belts in magmatic arc (including back-arc)
environments above active subduction zones (eg. Andes of western South America, belts of New
Guinea and the Philippines) or continent-continent collision zones favourable for emplacement
of magmatic chambers at depths of 5 to 15 km. ey are formed under a variety of regional stress
regimes, ranging from moderately extensional, oblique strike slip and in majority being associated
with contractional settings (Tosdal and Richards, 2001). In a subduction setting and due to
tectonic forces, an oceanic plate is subducted below a continental plate and hydrated minerals
(such as serpentine, amphiboles, lawsonite or talc) dehydrate with increasing pressure due to
deeper subduction. is releases a magmatic uid rich in water (and other components; e.g. S
and CI) which causes melting and metasomitization of overlying rocks forming magma chambers
which contain minerals of economic value. ese chambers feed the porphyry stocks and dikes
and are essential for providing heat and magmatic components necessary for mineralization

(Hedenquist and Lowenstern, 1994).

Sudies on the hydrothermal controls on porphyry systems (reviewed by Kouzmanov and
Pokrovski, 2012) have shown that the deposits form from S- and metal rich, moderately saline
aqueous uids (2-10 wt % NaCl equiv.) exsolving from crystallizing magma chambers. As the
uids ascend to the surface they undergo various processes that can cause metal precipitation
including decompression, phase separation, cooling, host rock interaction and mixing (Fournier,
1999). Changes in conditions (temperature, pressure, pH, redox) and input of uids following
the geodynamique setting causes hydrothermal alteration of originally igneous minerals (from
amphiboles and feldspars to hydrothermal biotite, white mica and albite). e rare una ected

igneous mineral is quartz with its relatively simple elemental content.

Typical hydrothermal alteration types and their key mineral assemblages are commonly
observed in porphyry systems. ey are de ned below based on their common position within
the system, key mineral assemblages, and association with mineralization:

- Sodic-calcic alteration; deep and below ore zone, albite-magnetite-actinolite,
commonly barren



Potassic alteration; deep but in the core zone, biotite-K-feldspar, frequently the main
ore contributor

Chlorite-white mica; upper parts or core zone of the deposit, common ore contributor

- Sericitic (phyllic); ubiquitous, quartz-sericite, commonly barren

Propylitic ; marginal parts of the systems, chlorite-epitote-albite-carbonate, barren
Advanced argillic; above ore zone, quartz-alunite-pyrophyllite-dickite-kaolinite,
constitutes lithocap to porphyry deposit

ese alteration types have been described by geologists observing multiple porphyry

sysems around the world and summarized in the review paper of Sillitoe, 2010 (Figure 1).
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Figure 1: Typical alteration mineralogy in porphyry systems (from Sillitoe, 2010)



A further way of obtaining information on uid evolution and metal transport in porphyry
systems (notably from porphyry to epithermal depths) has been studied using micro-analytical
technigues and in situ characterization of individual uid inclusions trapped within hydrothermal
minerals. Fluid inclusion studies in quartz veins associated with mineralization at the porphyry
deposit at Butte, Montana, USA (Rusk et al., 2008); and Bingham Canyon, USA (Redmond et
al., 2004t.andtwing et al., 2010) have given information on the temperature and the pressure of
mineralization. Conclusions are that the hydrothermal event causing mineralization occurred
exceptionally deep (at 5 - 9 km) with a temperature between 650 °C and 475 °C at Butte and at ~2

km depth with a temperature below 400 °C caused mineralization at Bingham Canyon.

Geological history of the Philippines and geology, geochronology and structural
context of the Mankayan district

e Philippines archipelago is a north-trending mobile belt centred on the Philippine Fault
that is anked by two convergent zones, Manila Trench to the west and the Philippine Trench to
the east. Subduction direction reversal has been debated (from westward subduction along the
Philippine Trench to eastward subduction along the Manila trench in the late Oligocene to early
Eocene) relying heavily on evidence by Lewis and Hayes (1983) but the consensus today is that
only westward subduction is active (Queano et al., 2007; Hadlidys 2011). is subduction is

regarded as signi cant for the formation of hydrothermal events in the region.

e Mankayan district (Figure 2) is located within the Luzon Central Cordillera, Northern
Luzon. e geology of the district has been reviewed by Gonzalez (1956, BEli8)e and
Angeles (1985), Concepcion and Cinco (1989), and Garcia (1991).

Figure 2 (next page): Geological map of the Mankayan district showing volcanic units (modi ed from
Chang et al., 2011). e surface projection of the Lepanto high-sul dation epithermal, Far Southeast
(FSE) porphyry, and intermediate sul dation Victoria veins are shown. A 6-km long section across the
district is represented by the dashed line and shown in Figure 3. e A-A and B-B’ black lines represent
the position of the cross-sections constructed in this study. PRS 92 UTM grid datum is used
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e lithological succession, represented by a long section through the district (Figure 3)
contains with decreasing age the Lepanto volcanic unit (LVU), the Balili volcaniclastic unit, the

Imbanguila pyroclastic unit and the Bato pyroclastic unit.

At its base, the LVU consists of a thick sequence of basaltic pillow lavas, hyaloclastites
and reworked tu aceous rocks. Dating was determined by providing U-Pb radiometric ages on
zircon separates from two rhyolite sheets intruding into the unit and have yielded ages of 35.27
+ 0.97 Ma and 33.69 + 0.72 Ma (Dunkley, 2015). e sheets are believed to be coeval with the
basalts in the upper part of the Lepanto metavolcanic unit. If this interpretation is correct, these
radiometric dates indicate an uppermost Eocene — basal Oligocene age for the upper part of the
LVU.

I s unit is uncomformably overlain by the Balili volcaniclastic unit comprised by very
poorly sorted epiclastic volcanic breccias, conglomerates and volcanic sandstones. e breccias
and conglomerates are mainly composed of polymictic clasts of di erent types of andesite with

minor dioritic and granitic clasts and rare clasts of limestone. Based on fossil evidence, Maleterre
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(1989) assigned a Late Oligocene - Early Miocene age to the Balili volcaniclastic unit.

Two pyroclastic units of andesitic-dacitic composition, the Imbangulia and Bato units,
follow and cover previous units. Both are similar in lithology and consist of massive and poorly
strati ed dacitic tu -breccias and ne-ash tus also including beds with accretionary lapilli.

e tus and tu -breccias contain angular to sub-rounded lithic blocks and lapilli of diverse
composition as well as clasts containing porphyry style mineralization and hydrothermal
alteration. e Imbanguila unit is a host to the Lepanto enargite mineralisation and is widely
a ected by strong argillic — advanced argillic alteration. e younger Bato unit is syn- to post-

mineralization in age and tends to be less a ected by hydrothermal alteration (Gaibor et al. 2013).

e older Imbanguila pyroclastic unit has yielded zircon ssion track ages of 1.97 to 1.78
Ma (Sajona et al., 2002) and four K-Ar ages on hornblende from 2.19 + 0.62 to 1.82 £ 0.36 Ma
(Arribas et al. 1995). For the younger Bato pyroclastic anit)as et al (1995) also obtained
K-Ar ages of 0.96 £ 0.29 Ma and 1.18 £ 0.08 Ma, on hornblende and igneous biotite respectively.

e Far Southeast intrusive complex is the main host to the FSE copper-gold porphyry
deposit. It is concealed and consists of several dacite and diorite bodies intruding the LVU. Several
syn- to post-mineralization phreatic and phreatomagmatic breccia pipes cross-cut the complex,

one of which has a surface outcrop.
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Figure 3: Schematic NW-SE long section through the Lepanto enargite Au high-sul dation epithermal
deposit, the FSE porphyry deposit and the intermediate sul dation Victoria veins (Chang et al., 2011).
Location seen on Figure 2
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e district lies near the eastern limb of a broadly NS-trending anticline. e hinge
corresponds the Bagon intrusive complex of tonalite composition, found along the western side
of the district (Figure 2). It intrudes the Lepanto volcanic unit and forms part of the much larger
Central Cordillera diorite complex or Agno batholith that crops out along the high ground of
much of the Cordillera of northern Luzon. Dunkley et al. (2015) has provided U-Pb zircon ages
of 34.51 + 0.53 Ma and 34.75 + 0.69 Ma for the Bagon intrusive complex.

e structure of the district is dominated by a complex zone of north to northwesterly
trending faults of the Abra River fault system (Figure 2) running along the length of the Cordillera
of Northern Luzon and a major branch of the Philippine Fault (Barrier et al., 1991). is system
has undergone sinistral strike-slip movement since the Miocene and exerted controls on the
sedimentation, volcanism and mineralisation within the region (Gaibor et al. 2013). e NW-SE
trending Mankayan fault is a major strand of the system and is the largest fault in the district.
NW-SE and E-W trending secondary faults (Lepanto, Hatakazawa and Imbanguila faults; Figure
2) splay from the main Mankayan fault and are primary controls for emplacement of the enargite
lodes of the Lepanto mine and the FSE porphyry (Dunkley et al. 28 15)W trending
Imbanguila fault zone is especially signi cant as it controls the emplacement of the FSE intrusion
complex. e Imbanguila fault coincides with a strong E-W trending gravity gradient and is

therefore considered to be a deep-rooted basement structure (Gaibor et al. 2013).

Exploration history and metal content and of the Far Southeast deposit

e FSE porphyry was discovered by geologists working on the overlying high-sul dation
Lepanto mine by observing clasts containing porphyry mineralization. ey interpreted the clasts
resulted from phreatomagmatic explosive activity resulting from a covered porphyry deposit. A
subsequent induced polarisation (IP) survey de ned a chargeability anomaly which contributed
to the discovery of the underlying FSE deposit in 1980 (Gaibor et al. 2013).

Drilling of 102 km of core in the early 2010’s by Far Southeast Gold Resources, Inc (FSGRI)
a joint venture between Gold Fields Limited and Lepanto Consolidated Mining Company de ned
892 Mt of ore at 0.7 g/t Au and 0.5 % Cu (19.8 Moz of Au and 9,921 MIb of Cu) (gold elds.com/
far-southeast-philippines.php). e porphyry deposit is part of the larger FSE porphyry system
that also includes the overlying Lepanto high sul dation epithermal deposit and the intermediate

sul dation epithermal Victoria and eresa veins (Figure 2).
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Past studies on the Far Southest deposit

e FSE system has already revealed a great deal on the processes leading to mineralization
in magmatic-hydrothermal systems. Past studies by Hedenquist et al., 1998 looked at hydrothermal
vein and alteration paragenesis, K-Ar datinghbybas et al., 1995, stable isotope (O, H, and S)
analysis of hydrothermal and igneous minerals and microthermometry of uid inclusions from
hydrothermal quartz of the porphyry environment. e study also incorporated epithermal
enargite uid inclusion data from Mancano and Campbell (19%5inain conclusions of the

study are the following:

- An early magmatic uid exsolves within the two-phase (hypersaline liquid and vapor)
eld of the H,O — NaCl system. e hypersaline liquid phase rises to and remains within
the porphyry environment to produce potassic alteration within the surrounding host
rocks. e low-density vapor phase rises to the epithermal environment and mixes with
groundwater to form acidic condensate. is condensate leaches and causes advanced
argillic alteration of the surrounding host rock. ese two alteration styles are synchronous

and formed around 1.4 Ma.

- As isotherms retract (following the deeper crystallization front of the magma chamber
with time), exsolution of magmatic uids occurs at greater depth and pressures. A single-
phase, intermediate density uid that takes a pressure-temperature path not intersecting
the immiscibility surface is responsible for sericite alteration at porphyry levels and
mineralization in the porphyry and epithermal environments. is second stage occurs

around 1.3 Ma, implying 100’000 year duration of hydrothermal activity.

- e switch in alteration style (and uid properties) is thought to be due to a drastic change
in pressure regimes, from lithostatic to hydrostatic conditions due to temperature decline

of the system.

- e genetic link shown between the FSE porphyry and overlying high-sul dation Lepanto

epithermal deposit has led to a worldwide amendment of mineral exploration strategy

Hydrothermal alteration at FSE was dated between 1.45 + 0.04 - 1.41 £+ 0.04 (n=6) to 1.37
+ 0.05-1.22 + 0.06 (n=10) Ma; respectively by K-Ar on secondary biotite and illite (Arribas et al.,
1995) and mineralization was dated at 1.50 + 0.01 and 1.48 £ 0.02 Ma by Re-Os on molybdenite
(Dunkely, 2015).

e FSE system is extensively studied as it is a relatively simple system with little post-
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mineralisation intrusive or metamorphic events.

A study byChang et al., 2011 showed that mineral vectors in the lithocap indicate
proximity to the FSE porphyry. Alunite chemistry, speci cally the decrease in Pb and increase
in Ca content, as well as alunite short-wavelength infrared (SWIR) spectroscopy, the increased

abortion peak at ~1,480nm, indicate the direction of the underlying intrusive centre.

Background on the QEMSCAN technique

A major part of this study concerns visualization of remnants of hydrothermal events using
the QEMSCAN instument. Mineralogy is determined by digital processing of a combination of
backscattered electron (BSE) signal and energy dispersive (EDS) X-Ray spectrometric signal of
millions of sample points. is technique provides comprehensive and high-resolution mineral
identi cation as well as information on mineral textures, shapes, and chemical and mineralogical
associations with great clarity and detail (Gottlieb et al., 2000). Important but easy to overlook
minerals can also be identi ed. e mineral content (as area percentage) of distinct zones can be
determined (for example, a vein or vein halo), allowing quantitative mineralogy associated with

a hydrothermal event.

e main aim of using this technique is to visualize textures and assess the mineralogy
of the dierent hydrothermal alteration types. All samples were previously examined by
optical microscopy, with QEMSCAN con rming mineralogy and adding further observations.
Distinguishing the spatial distribution of mineralogy that cannot be easily assessed with traditional

microscopy (e.g., albite in the rock matrix) was also an aim of the study.

14



Chapter 2 — Present study of the Far Southeast deposit

i s chapter will present the methodology and results of the various techniques applied

in this study. A discussion will follow based on the outcomes of the study.

Methodology
Macro- and microscopic determination of minerals and lithogeochistry

Far Southeast has been studied by logging and sampling 10.3 km of drill-hole intervals
representing a volume of ~2.5 knis volume corresponds to elevations of ~700m a.s.l. to -750m
a.s.l., with top of the study volume approximately 700m below the surface. Igneous mineralogy
and hydrothermal mineral assemblages, paragenesis, extent and overprint were determined
macroscopically during core logging. Logging of drill core intervals allowed the production
of two lithology sections and two alteration extent and overprint sections. Petrography was
enhanced using a Leica DM2500P microscope with a Leica DFC420 camera attached to observe

and describe 40 polished thin sections.

XRF major and trace element geochemistry was determined for representative fresh

rocks.

Short-wavelength infrared (SWIR) spectroscopy

Alteration mineralogy was further de ned by short-wavelength infrared (SWIR)
spectroscopy. e technique consists of shining a light on a de ned area and detecting and
recording the spectra of the re ected light. Minerals that conta@, ®OH, CQ?*, CQ, NH,
groups provides a specic re ected SWIR spectra and can be identi ed. Minerals such as
pyrophyllite, diaspore, alunite, kandite minerals, illite and gypsum were determined by this

method.

e characteristic spectra of minerals frequently de ned are present on Figure 4. e
obtained spectra for an analysed rock area contains the combination of the mineral spectra

present in the sample.

15
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Two or more SWIR spectra were collected for every sample obtained approximately every
20 m down drill hole (a total of 682 samples counting for 1917 SWIR spectra). e PIMAlId

spectrometer by Spectral International Inc. was used for spectra acquisition and processing.

QEMSCAN study

Ten samples of diverse elevations and hydrothermal stages, quantitative mineralogy and
mineral ratios were determined using quantitative evaluation on mineralogy by scanning electron
microscopy (QEMSCAN instrument) providing a better description of hydrothermal alteration
assemblages. Analyses were performed using the FEI QEMSCAN Quanta 650F facility at the
Department of Earth Sciences, University of Geneva, Switzerland. e system is equipped with
two Bruker QUANTAX light-element energy dispersive X-ray spectrometer (EDS) detectors.
Analyses were conducted at high vacuum, accelerating voltage of 25 kV and a beam current of 10

nA on carbon-coated polished thin sections. Fieldlmage operating mode (Pirrie et al., 2004) was
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used for analyses. In total 221 individual elds were measured per sample, with 1500 um per eld
and point spacing of 5 um. e standard 1000 counts per point were acquired, yielding a limit

of detection of approximately 2 wt% per element for mineral classi cations. Measurements were
performed using iMeasure v5.3.2 so ware and data processing using iDiscover® v5.3.2 so ware
package. Final results consist of: i) high-quality spatially resolved and quanti ed mineralogical
maps; ii) BSE images with identical resolution as the mineralogical maps; iii) X-ray element

distribution maps.

Snce the compositions of illite and muscovite are very similar, QEMSCAN de ned white
mica as muscovite, and this identi cation is used for the results of the QEMSCAN study. lllite and
muscovite have distinctive SWIR spectra; illite has a lower Al-OH (2200 nm) peak position and
deeper Hull quotient calculated,® (1900 nm) peak. erefore, SWIR was used to distinguish

di erent minerals typically grouped under the terms ‘white mica’ (or sericite).

Results
Lithologies observed in drill holes below 700m a.s.I.

e earliest unit, Lepanto volcanic unit (LVU), consists of volcaniclastic rocks including
tus, tu aceous siltstones, tu aceous sandstones, tu -breccias and reworked hyaloclastites.
e tu aceous rocks include thinly bedded sequences (with or without convoluted bedding) or
are massive (Figure 5a). e tu -breccias consist of polymictic clasts supported by a matrix of
tu and ne reworked hyaloclastite (Figure 5b). Although dominantly basaltic in composition
(lithogeochemistry was determined as basalt and trachybasalt by Dunkley, 2015), some clasts are

more felsic, potentially of andesite or dacite composition.

e LUV is cut by the Imbanguila porphyritic diorite. e unit contains abundant
subhedral to euhedral phenocrysts of plagioclase and hornblende generally up to 6-7mm in size,
as well as lesser amounts of subhedral to anhedral quartz phenocrysts (accounting for 1-3% of the
rock) in a matrix consisting of ne crystalline felsic minerals. A key aspect of this rock type is the
presence of ma c inclusions that are sub rounded to rounded in shape, <2-10 centimetres in size

and frequently contain ne-grained chilled margins (Figure 5c).

e FSE diorite complex, the main host of porphyry mineralization, is characterised by a
porphyritic to equigranular texture. Far Southeast Gold Resources Inc. has divided the complex

into three units based on varying granulometry, matix/phenocryst ratios and phenocryst mineral
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ratios (quartz, plagioclase, hornblende). Firstly, the undi erentiated diorite (Figure 5d) has a
porphyritic texture with 10% quartz, abundant plagioclase (70%) and minor hornblende (20%)
phenocrysts. Cross-cutting this unit is the dark diorite which also has a porphyritic texture with
less abundant quartz phenocrysts (<5%) and similar plagioclase and hornblende ratios (Figure
5e). Finally, the youngest unit, named as the light diorite mainly has an equigranular texture with
<5% quartz, 75% plagioclase and 20% hornblende crystals (FipWMatsix/phenocryst ratio

and mineral content is the main cause of colour di erence leading to their nomination.

All the mentioned lithologies are cross-cut by numerous breccia bodies. On the drill-
hole intervals logged, two categories of these breccia bodies have been de ned. Firstly, numerous
phreatic breccias are characterized by polymictic (some are hydrothermally alterated and with rare
presence of mineralization) and breccia clasts (Figure 5g). e phreatic breccia has a ne grained
felsic rock matrix. Secondly, a syn-mineralization hydrothermal breccia with hydrothermally
altered clasts (some containing mineralized truncated veins) and a matrix of hydrothermal

quartz, anhydrite, chalcopyrite or pyrite (Figure 5h).

Figure 5 (next page): Macroscopic images of relatively unaltered lithological units and syn-hydrothermal
event breccia types. a. Massive basalt of the Lepanto Volcanic Uaitbbeccia consisting of

polymictic clasts of the Lepanto Volcanic UnitTgpical basic inclusion with rounded, chilled

margins in the Imbanguila porphyritic diorite. dndi erentiated diorite. e Porphyritic dark diorite.

f. Equigranular light diorite. g. Phreato-magmatic breccia with hydrothermally altered clasts of sercite-
chlorite-albite (green) and advanced argillic (pink) mineral assemblages. h. Hydrothermal breccia with
a pyrite rich matrix and hydrothermally altered clasts of sercite-chlorite-albite and white mica alteration
with a truncated vein.

18



19



Lithology of FSE within a 2.5 Rnvolume is represented by two sections (Figure 6)
according to elevation and easting. e temporal relations of lithologies are de ned by cr