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Introduction

Porphyry copper+gold and molybdenum deposits are well
represented in British Columbia, traditionally contributing
the largest copper reserves and significant resources of mo-
lybdenum, and hosting nearly 50% of gold reserves in the
province (Panteleyev, 1995). The Quesnel and Stikine ter-
ranes of BC host belts of calcalkalic and alkalic porphyry
deposits, related to Late Triassic to Middle Jurassic volca-
nic arcs that accreted to the western margin of North Amer-
ica (Figure 1). Related porphyry copper+gold and molyb-
denum deposits are largely restricted to a 15 m.y. epoch
from the Late Triassic to the Early Jurassic, and are a result
of slab subduction (Logan and Mihalynuk, 2014).

These Mesozoic deposits are difficult exploration targets,
with complex alteration and metal-zoning patterns. Post-
emplacement deformation further complicates improved
understanding of these deposits and subsequent explora-
tion decision making. The character, distribution and inten-
sity of hydrothermal-alteration—mineral assemblages in
porphyry deposits reflect the nature and distribution of eco-
nomic metals. Research into the complexity of alteration-
mineral assemblages and their zoning can better define the
deposit and the relationships between alteration and miner-
alization. This is particularly important since hostrocks are
highly altered and can be difficult to identify. Characteriza-
tion of the chemical composition of hydrothermal-alter-
ation assemblages, and isotopic composition of sulphides
and sulphates, provide data on hydrothermal fluids, such as
pH, temperature and oxidation state, that can provide
exploration vectors toward mineralization (Wilson et al.,
2007; Jimenez, 2011; Cohen; 2012; Dilles, 2012).

The Kerr and Deep Kerr deposits are part of the Kerr-
Sulphurets-Mitchell (KSM) property, which represents one
of the largest undeveloped porphyry systems in the world.

Keywords: Stikine terrane, Stuhini Group, Hazelton Group, Texas
Creek Plutonic Suite, porphyry, copper, gold, molybdenum, hydro-
thermal alteration, KSM property, Kerr, Deep Kerr

This publlcanon is also avallable free of charge, as colour digital
files in Adobe Acrobat® PDF format from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.

Geoscience BC Report 2016-1

A research project jointly initiated by the Mineral Deposit
Research Unit at the University of British Columbia and Sea-
bridge Gold Inc., with support from Geoscience BC, will
focus on the characterization and evolution of hydrother-
mal-alteration assemblages and mineralization to provide a
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Figure 1. Porphyry deposits within the Canadian Cordil-
lera, and location of the Kerr deposit in northwestern
British Columbia (modified from Logan and Mihalynuk,
2014). Deposits are colour coded according to age, with
Late Triassic to Early Jurassic porphyry deposits in blue;
initial Srisopleths are those of Mesozoic plutons (Logan
and Mihalynuk, 2014).
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better understanding of their correlation. This will be
achieved through 1) detailed petrographic analysis and
macroscopic observations; 2) shortwave infrared spectros-
copy (SWIR); 3) major- and minor-element geochemistry
and verification of SWIR results through scanning electron
microscopy (SEM), X-ray powder diffraction (XRD), and
electron probe micro-analysis (EPMA); and 4) sulphur-iso-
tope analysis of sulphide and sulphate minerals to identify
variability with respect to mineralization and alteration-
mineral assemblages. This research project aims to contrib-
ute to the improvement of exploration tools and geometal-
lurgical decision making, thereby increasing exploration
and economic success in British Columbia and similar en-
vironments globally.

Fieldwork during 2015 focused on a 2.5 km southeast-
trending cross-section across the north-central Kerr and
Deep Kerr deposits. Nine drillholes were logged and sam-
pled for a total of over 7000 m, with emphasis on detailed
alteration logging and documentation of crosscutting rela-
tionships to establish vein paragenesis. More than 1100
chip samples for SWIR analysis were collected, with an ad-
ditional 152 samples for whole-rock geochemical, petro-
graphic and sulphur-isotope analysis. These observations
will form the basis for ongoing petrographic, SWIR, SEM,
XRD, EPMA and sulphur-isotope analyses in order to char-
acterize the spatial distribution and evolution of hydrother-
mal alteration and mineralization.

Tectonic Setting

British Columbia is composed largely of terranes of exotic
crustal fragments that accreted to the ancient North Ameri-
can margin during the Mesozoic era. The Intermontane Belt
comprises much of the accreted material along the Cana-
dian Cordillera in British Columbia and is predominantly
composed of the Stikine terrane, the Quesnel terrane and
the intervening Cache Creek terrane. Porphyry deposits are
concentrated within the Stikine and Quesnel terranes,
which feature nearly equivalent stratigraphy and Devonian
to Early Jurassic evolution (Logan and Mihalynuk, 2014).
The KSM property is hosted within the western margin of
northern Stikinia, in the Sulphurets district. Porphyry min-
eralization in this district has been dated between 197 and
190 Ma (Bridge, 1993; Margolis, 1993; Kirkham and
Margolis, 1995; Febbo et al., 2015).

Regional Geology

The Stikine terrane in northwestern British Columbia is
composed of island-arc volcano-sedimentary successions
that include the Stikine assemblage (Paleozoic), Stuhini
Group (Late Triassic) and Hazelton Group (Early Jurassic).
These successions are overlain by sedimentary rocks of the
Middle Jurassic to Tertiary Bowser Lake and Sustut groups
and the Late Cretaceous to Tertiary Sloko Group, and Ter-
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tiary' Edziza and Spectrum volcanic rocks (Logan et al.,
2000). A regional-scale unconformity between the vol-
cano-sedimentary Stuhini Group and overlying volcanic
and sedimentary Hazelton Group varies from a sharp angu-
lar unconformity to a near disconformity (Kyba, 2014; Nel-
son and Kyba, 2014). The Early Jurassic Texas Creek
Plutonic Suite is comagmatic and coeval with the Lower
Hazelton Group, and comprises I-type, calcalkaline intru-
sive rocks that are cospatial with Hazelton volcanic rocks
(Logan et al., 2000). The Mitchell intrusions of the Sul-
phurets district are considered a subset of the Texas Creek
plutons (Kirkham, 1963; Alldrick and Britton, 1991).

KSM Property Overview and Geology

The KSM property is in northwestern British Columbia,
65 km north of the town of Stewart (Figure 2), and is one of
the largest undeveloped gold projects in the world. The
claims are 100% owned by Seabridge Gold Inc. The KSM
property comprises the Kerr, Deep Kerr, Sulphurets,
Mitchell, Iron Cap and Lower Iron Cap deposits, and has an
estimated total proven and probable reserve of 38.2 million
ounces gold and 9.9 billion pounds copper (Seabridge Gold
Inc.,2015a). The Kerr deposit contains an estimated proba-
blereserve of 242 million tonnes grading 0.45% copper and
0.24 g/t gold (containing 2.4 billion Ib. copper and 1.9 mil-
lion oz. gold; Seabridge Gold Inc., 2015a). The Deep Kerr
deposit, discovered in 2013, had an initial inferred resource
estimate in 2014 and an updated inferred estimate in 2015
of 782 million tonnes grading 0.54% copper and 0.33 g/t
gold (containing 9.3 billion Ib. copper and 8.2 million oz.
gold; Seabridge Gold Inc., 2015b).

The KSM deposits are hosted in volcanic arc—related Trias-
sic to Jurassic volcanic and sedimentary assemblages that
were intruded by Early Jurassic diorite, monzonite and
quartz syenite intrusions. Volcanic and sedimentary rocks
of the Stuhini and Hazelton groups are cut by feldspar por-
phyry intrusive rocks. These Premier and Sulphurets intru-
sive rocks are suites within the Mitchell intrusions, and
therefore part of the Texas Creek Plutonic Suite. Geochron-
ology and crosscutting relationships suggest that the Sul-
phurets suite magmatism postdates, and potentially over-
laps with Premier suite magmatism (Febbo et al., 2015).
The Sulphurets suite fine- to medium-grained diorite to
monzonite porphyry hosts porphyry mineralization in the
district (Febbo et al., 2015). At the KSM deposits, shallow
vein systems and skarns transition to sedimentary- and vol-
canic-hosted porphyry mineralization in the transitional

"“Tertiary’is an historical term. The International Commission on
Stratigraphy recommends using ‘Paleogene’ (comprising the
Paleocene to Oligocene epochs) and ‘Neogene’ (comprising the
Miocene and Pliocene epochs). The author used the term
‘Tertiary’ because it was used in the source material for this

paper.
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Figure 2. KSM property geology with deposit locations (Seabridge Gold Inc., pers. comm., 2015).

environment, and to intrusion-hosted porphyry mineraliza-
tion at depth (M. Savell, pers. comm., 2015).

Kerr and Deep Kerr Deposits
Deposit Structure and Lithology

The Kerr and Deep Kerr deposits strike north and dip steep-
ly to the west, with the shallower portion of the deposit (up-
per ~500 m) defined as the Kerr deposit and the newly dis-
covered Deep Kerr deposit underlying the Kerr deposit and
open at depth. The steeply dipping ‘F2’ reverse fault
bounds the western margin of the deposit (Febbo et al.,
2014). This structure was previously identified as the
Sulphurets thrust fault (Bridge, 1993), which has subse-
quently been mapped to the west as a moderately west-dip-
ping reverse fault (Lewis, 2001; Febbo et al., 2014). Foot-
wall assemblages are represented by sedimentary and
volcaniclastic rocks of the Stuhini and Hazelton groups.
The F2 fault thrusts Triassic Stuhini Group to Jurassic
Hazelton Group basinal-fill rocks over younger Hazelton
Group rocks in the footwall (Seabridge Gold, pers. comm.,
2015). The Kerr deposit is strongly deformed, as pre-exist-
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ing structures and intense alteration led to the development
of a low-competency zone where Cretaceous compression
was focused (Ditson et al., 1995).

The Kerr deposit is largely hosted by assemblages of the
Stuhini and Hazelton groups, whereas the Deep Kerr de-
posit is largely intrusion-hosted. Late Triassic Stuhini
Group hostrocks are predominantly siltstone, graphitic
shale and mudstone, while Early Jurassic Hazelton Group
volcanic and sedimentary hostrocks are represented by
sandstone, conglomerate (e.g., Jack Formation; Figure 3a)
and lesser volcanic rocks. Synmineralization composite in-
trusions of porphyritic hornblende—plagioclase+K-feld-
spar—biotite are the most abundant intrusions at the Kerr
and Deep Kerr deposits, and constitute the bulk of the Deep
Kerr (Figure 3b). These intrusions crosscut each other, with
multiple overprinting intrusive phases, and are highly al-
tered within the deposit, making recognition of primary
phases difficult. Early Jurassic K-feldspar—-megacrystic
porphyry dikes (Figure 3c) are late mineralization and
overprinted by epithermal gold-silver mineralization
(Bridge, 1993). Postmineralization dikes include Early Ju-
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Figure 3. Key rock types of the Kerr and Deep Kerr deposits (sample number, drillhole number, depth in metres): a) Jack Formation con-
glomerate, featuring mudstone intraclasts and quartz pebbles (2015-062, K-14-37, 388.95 m); b) porphyritic andesite with chlorite/sericite
pseudomorphs after hornblende and feldspar (2014-014, K-13-34, 532.6 m); ¢) postmineralization porphyritic diorite dike with chlorite/seri-
cite pseudomorphs after hornblende and feldspar (2015-091, K-13-31, 517.8 m); d) K-feldspar—megacrystic porphyry (2015-003, K-12-20,
149.4 m); e) aphanitic diorite dike with carbonate amygdules (2014-016, K-13-34, 568.13 m); f) postmineralization biotite porphyry dike
with feldspar (2015-039, K-13-30, 617.3 m). Abbreviations: Bt, biotite; Cb amyg, carbonate amygdules; Fsp, feldspar; Hbl, hornblende; Md
cls, mudstone clasts; Qz, quartz.
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Figure 4. Key alteration assemblages of the Kerr and Deep Kerr deposits (sample number, drillhole number, depth in metres): a) K-feld-
spar—chlorite—magnetite alteration with fine-grained chalcopyrite in hornblende-phyric intrusion cut by quartz vein (K-15-49, 1476.6 m);
b) epidote-chlorite-carbonate alteration within a feldspar-phyric intrusive (K-14-37, 978.4 m); c) pervasive chlorite alteration within a
hornblende- and feldspar-phyric intrusion, and associated quartz-chalcopyrite-chlorite veining (K-13-31, 594.4 m); d) pervasive chlorite-
sericite and disseminated pyrite alteration within a hornblende-phyric intrusion (K-14-39, 952.2 m); e) pervasive, intense quartz-sericite-py-
rite alteration of unknown protolith (2014-023, K-13-31, 1110.9 m); f) intense yellow-sericite alteration of a sedimentary protolith (2015-094,
K-31-34, 447.7 m). Abbreviations: Cb, carbonate; Ccp, chalcopyrite; Chl, chlorite; Ep, epidote; Kfs, K-feldspar; Py, pyrite; Qz, quartz; Ser,
sericite.

Geoscience BC Report 2016-1 179



Gegscience BC

((G10Z “"wwod ‘siad “pjog) abplqeas) pazijelauab Ajybiy si AB0j0aS) "u0OaS-sS040 UOIBId) e By} 818|dwod 0} yiompjaly Bul
-Inp paule}qo suoleAlasqo oidoasosoew Yym pajesbajul aq |Im (HIMS) Adoosolioads paleljul eaemiioys pue sisAjeue adojosi-inydins ‘AydesBoliad ‘sishjeue [eoiwayo0ab wodj pauie}qo
eleq w0} jo adojaAus uoioas e YlIM ‘NZES6SZ9 ‘31921 27~ U0 paJjuad ‘sjisodap 1oy deaq pue L9y UIaylou 8y} SSOJoe ‘W G Z Bulinseaw pue .Gz~ Bupjlls ‘uonjoas-ssol) *g ainbi4

[ [ 0
e I N
[esauL-e] - aydp Alfydiod spsdoebaw sedspps)- JJ

SEgAR [RIaULE0d - SO0 SAISNUILI [|2400

SEISILTUL [BIBURLIGIAS - 5201 3A)STUL [IBYIIW Lli_

sayp jeisuili-jsod pue-eiui-asd Yood|jem B181g ansng |m\._
SINSEHULIOA ‘SIUSWIPas dnoig uojjazeH

[TH) 23u0|y2 Heap)
[AHNY | Buuias a1pAyuy
(84D) sneuogues |

(AdSD) 595 mojjad-Ad-20
(oHv) 2By
{715) wonEIy g =
(dSD) Ad-425-Z0 Il

(D5) BWofy-a3oLEs

(W) B T 000+ WACWMAYD01S NU.
(dOdd) Bioya-a1opda

(31HD) oo

[L0d) Beyy+spy -aeaipis-y

(WLOd) amaubey

{HIS) BulsjuioH 500

sabe|quiasse uonela)|y

woos

wnool

uclieAa|a woos |

a5

6C-ELN

Ll cm.m—.z\

ZE-ELA

Yee-£Ll-M

9EL-T6
£

SO0-E8)

Naﬁ.‘.mz\’

o f |

YIE-EL-M

|

60-S LY
I\

/

MN

Geoscience BC Summary of Activities 2015

180



/\

Gegscience BC

rassic porphyritic diorite dikes (Figure 3d) and aphanitic
diorite dikes (Figure 3e), and Eocene biotite porphyry
kersantitic lamprophyre dikes (Figure 3f; Bridge, 1993).

Alteration

Alteration at the Kerr deposit is the result of a long-lived,
relatively shallow hydrothermal system produced by intru-
sion of monzonite (Ditson et al., 1995). Alteration at both
the Kerr and Deep Kerr deposits (Figures 4, 5) affects sedi-
mentary and volcanic hostrocks, as well as pre- to synmin-
eralization intrusions, with weaker alteration of postminer-
alization intrusive rocks and very weak alteration of late
postmineralization intrusive rocks. Supergene alteration is
noted in the shallower Kerr deposit to consist of leached
hematite/jarosite, minor native copper and chalcocite/
covellite, with extensive hydration of anhydrite to gypsum
(Bridge, 1993). This hydration has caused an extensive
‘rubble’ zone in the near-surface environment at Kerr.

Early K-feldspar—chlorite—magnetite alteration (Table 1,
Figure 4a) is minor, and preservation is limited to remnant
‘rafts’ in the core of the deposit and at depth in drillhole K-
15-49 (Figure 5). Early epidote-chloritetcarbonate alter-
ation (Figure 4b) is minor, and visible at the eastern and
western margins of the deposit. K-feldspar—chlorite—mag-
netite alteration appears to have been largely overprinted
by dark green, pervasive chlorite alteration (Figure 4c) with
minor remnant magnetite. K-feldspar, chlorite and magne-
tite alteration are associated with chalcopyrite+bornite
mineralization. Pale green, pervasive chlorite-phengite+
illite alteration (Figure 4d) occurs within the deposit and is
abundant peripheral to the deposit on the west and east, and
in shallow hostrocks. This alteration assemblage, as well as
the dark chlorite core alteration, are typically overprinted

by a widespread quartz-sericite-pyrite assemblage (Fig-
ure 4e), which has an extensive distribution overprinting
the core and margins of the deposit. Yellow sericite—py-
ritetquartz alteration (Figure 4f) is typically intense and
pervasive within minor sedimentary rafts at depth in the de-
posit (K-13-23A), and in shallow sedimentary hostrocks
within the deposit. This alteration was noted by previous
workers to be a selective alteration of sedimentary rocks
and, due to its peripheral distribution, to contain the lowest
metal grades among the alteration assemblages (Ditson et
al., 1995).

Vein Paragenesis

Early magnetite veins (Table 2, Figure 6a) have a limited
distribution within the core and at depth at the Kerr and
Deep Kerr deposits, and are associated with K-feldspar—
chloritetmagnetite alteration. Alteration of magnetite to
pyrite may obscure the original extent of these veins.
Quartz-chalcopyrite-pyrite veining (Figure 6b, ¢) is exten-
sive and intimately associated with copper and gold miner-
alization, forming dense stockworks within the core of the
deposit. Extensive quartz-pyrite veining (Figure 6d) over-
prints earlier veining and is associated with chlorite-seri-
cite and quartz-sericite-pyrite alteration assemblages.
These veins are typically planar, with 2-20 mm sericite ha-
loes indicating disequilibrium with surrounding pervasive
alteration. Late, white quartz—chalcopyrite—carbonate+
chlorite veins (Figure 6e) are distributed throughout the de-
posit, with higher chalcopyrite contents in higher grade ar-
eas suggesting local remobilization. A high-sulphidation
overprint is visible as bornite, tennantite/enargite and
dickite/pyrophyllite overprinting core stockwork zones
(Figure 6f). Anhydrite veining is dominated by late, white
to grey veins that overprint quartz-stockwork zones and

Table 1. Overview of alteration assemblages at the Kerr and Deep Kerr deposits; vein-type analogues are derived from Sillitoe (2010),

modified after Gustafson and Hunt (1975).

Alteration Sulphlde Vein types and Alteration
assemblage assemblage analogues’ Distribution assemblage
9 9 qu analogue
K-felds par—chlorite— Pyrite- Cuariz-sulphides Limited distribution; occurs at depth (DDH K-15-48), with K-silicate
magnetitethiotite chalcopyritet (A and B types). only remnant rafts within deposit, where magnetitezK-
bornite magnetite feldspar alteration has been largely overprinted
Epidate—chloritet Pyrite Quartz-pyiite-epidote  Limited peripheral distribution; occurs at eastern and Propylitic
carbonate western margins of deposit
Chloritetmagnetite  Chalcopyrite- Cuartz-sulphides Throughout the deposit, with the maost intense chlorite Chlorite
pyrite {A and B types). alteration within the core of the deposit; potential artifact of
magnetite associated  K-feldspar—magnetitexbiotite alteration
Chlorite—phengite Pyrite Quartz-pyrite (O type}  Throughout the depasit, abundant peripheral to core, and Sericite-chlorite
illite overprinting earlier chlorite alteration
Quartz—sericite Pyrite Quartz-pyrite (D type}  Abundant throughout the deposit, commaonly overprinting Phyllic
chlarite alteration in the core, and peripheral sericite-chlorite
alteration
Yellow Pyrite Quartz-pyrite (D type)  Limited distribution: occurs extensively within sedimentary -
sericitezquartz units peripheral to deposit, and within sedimentary rafts

Geoscience BC Report 2016-1
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Table 2. Overview of vein types at the Kerr and Deep Kerr deposits; vein-type analogues derived from Sillitoe (2010), modified after Gustafson

and Hunt (1975). Abbreviation: PCD, porphyry copper deposits.

Mineral-sulphde Vein selvage Description Alteration Distribution PcD veln-ty;pe
assemblage assemblage analogueg
Magnetitexpyrite- None 3=30mm; sharp, sinuous K-feldspar—chlonite- At depth (K-15-4%), with minor M type
quartz margins; alter to pyrite magnetite and remnant magnetite within
chlorite-magnetite  chloritic alteration in the core of
the deposit
Quartzchalcopyrite  Typically none; Kfs  Granular ta translucent,  K-feldspar—hlorite—  Cammean in deposit core, A& Btypes
+pyrite-barnite- locally {B veins)  white to gray/pink; magnetite and associated with grade and
molybdenite 5=40 mm; & veins chlorite-magnetite  guartz-stockwork veining
sinuous, B veins more
planar and may contain
sulphide centreline
Quartz—pyritet Sericiterquartz:  2-10 mm; parallel Sericite-chlorite and  Throughout the deposit, with D type
sphalerite—galena pynte margins. wide selvages  quartz-senicite-pyrite  sphalerite/galena common on
marging of deposit into
wallrock
Anhydrite None Grey. white or pink; Anhydrite Late stage. overprinting quartz- -
1T mmito =1 m; stockwork zones in core of
recassively weathered, deposit, and above core to
alter to gypsum surface, where they are mainly
altered to gypsum
Quartz-bornite—  Quartz-pyropyllite/  5-40 mm; crackle High sulphidation  Overprinting quartz-stockwork -

tennantitefenargite dickite sulphides within quartz

VEINS

zones in centre of deposit

7 Sillitoa {2010), modified from Gustafsan & Hunt (1875)

shallower areas of the deposit, where they alter to gypsum
(Table 2).

Mineralization

Mineralization at the Kerr and Deep Kerr deposits is pres-
ent as disseminations and within veins as fine-grained
hypogene chalcopyrite, bornite, molybdenite and pyrite,
with the occurrence of gold and silver intimately associated
with sulphide mineralization (M. Savell, pers. comm.,
2015). Mineralization is controlled by permeability, and is
therefore more homogeneous within deeper, intrusion-
hosted portions of the system and more erratic in shallower,
mixed sedimentary, volcanic, and intrusion-hosted por-
tions of the deposit. Mineralization is associated with early
K-feldspar, chlorite and magnetite alteration, although later
mineralization, such as evidenced by the high-sulphidation
overprint of earlier stockworks, may have locally enriched
metal grades.

Discussion

To characterize the spatial and temporal distribution of al-
teration and mineralization, and their relation to hostrock
lithology, fieldwork focused on relogging more than
7000 m of core on a cross-section across northern Kerr/
Deep Kerr. Crosscutting relationships were utilized to de-
velop a vein paragenesis, and will be corroborated with re-
sults from sulphur-isotope and petrographic analyses. Sul-
phur-isotope analyses will also substantiate correlation of
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alteration assemblages with vein types and validate timing,
such as the high-sulphidation overprint of quartz-
stockwork zones. Field observations, such as the link be-
tween sedimentary rocks and yellow sericite alteration, and
remnant K-feldspar—-magnetite—chlorite alteration, will be
characterized by whole-rock geochemistry, petrography
and SWIR analysis. Samples collected for whole-rock geo-
chemistry and petrographic analysis will be utilized for
characterization of hosting rock types and alteration assem-
blages, which will aid in identification of altered hostrocks
within the deposit. The more than 1100 chip samples col-
lected will be utilized for SWIR analysis, which will be
used in conjunction with geochemistry, petrography and
field observations to produce a cross-sectional alteration
model. The SWIR analysis will be verified through in-
depth analyses by SEM, XRD and EPMA to provide
confidence in this method as a rapid and reliable explora-
tion tool.

The combination of these methods will enable the develop-
ment of a hydrothermal-alteration cross-sectional model
for the Kerr and Deep Kerr deposits that encompasses the
spatial and temporal evolution of the ore system. It is antici-
pated that the results will provide a foundation for a better
understanding of the complex hydrothermal alteration as-
sociated with porphyry deposits and lead to improved ex-
ploration success and geometallurgical decision making,
both in British Columbia and in other porphyry districts.

Geoscience BC Summary of Activities 2015
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Figure 6. Overview of vein types at the Kerr and Deep Kerr deposits (drillhole number, depth in metres): a) magnetite-pyrite vein with alter-
ation of magnetite to pyrite (K-13-32, 635 m); b) early granular milky quartz—chalcopyrite—pyrite A-type vein (K-13-34, 483.4 m); c) quartz-
chalcopyrite-pyrite stockwork veining in core of deposit (K-13-31, 590 m); d) quartz-pyrite vein with wide sericite halo overprinting chlorite-
sericite alteration (K-13-30, 749.6 m); e) late white quartz—chalcopyrite—carbonate vein (K-13-30, 598.6 m); f) high-sulphidation bornite—
tennantitexdickite/pyrophyllite overprint of quartz stockwork with chalcopyrite in core of deposit (K-13-30, 567.2 m). Abbreviations: Bn,
bornite; Cb, carbonate; Ccp, chalcopyrite; Chl, chlorite; Dck, dickite; Mag, magnetite; Prl, pyrophyllite; Py, pyrite; Qz, quartz; Ser, sericite;
Tnt, tennantite.
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