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Introduction

Advanced argillic-alteration zones in the upper parts of
porphyry copper systems, also known as ‘lithocaps’, have a
blanket-like geometry with areal extents of >10 km? reach
up to 1 km in thickness and form the largest near-surface
footprints of porphyry copper systems. Indeed, two or more
porphyry copper deposits may underlie some large, co-
alesced advanced argillic zones (Sillitoe, 2010), which may
themselves host high-sulphidation epithermal-type gold
deposits where they are preserved from erosion.

Zones of advanced argillic alteration are formed by an early
stage of intense acid leaching of the wallrocks and a subse-
quent stage of weakly acidic fluid flow, which deposits
sulphides and quartz (Simmons et al. 2005; Heinrich, 2007;
Hedenquist and Taran, 2013). Advanced argillic-altered
rocks contain various proportions of minerals such as seri-
cite, andalusite, pyrophyllite, topaz, diaspore, corundum,
zunyite, dickite, alunite, kaolinite, dumortierite and quartz
(Meyer and Hemley, 1967). Similar to the deeper alteration
in porphyry deposits, the advanced argillic-alteration zones
are typically zoned. Minerals such as diaspore and andalu-
site with pyrophyllite occur at the roots of advanced argillic
alteration above the porphyry system, whereas zones of re-
sidual quartz, quartz-alunite and quartz-kaolinite occur lat-
erally in more permeable hostrocks at higher levels
(Sillitoe, 1993, 2010; Hedenquist et al., 1998; Watanabe
and Hedenquist, 2001).

The recognition of mineralogical and geochemical patterns
within areas of advanced argillic alteration provides a fun-
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damental opportunity to identify the presence of high-
sulphidation epithermal gold and potential underlying por-
phyry mineralization. Advanced argillic-alteration zones
in some porphyry deposits overprint earlier and deeper por-
phyry alteration, a phenomenon called ‘telescoping’
(Sillitoe, 2010) that results from the rapid collapse of the
isotherms (Heinrich et al., 2004) or rapid uplift and erosion
of the volcanic edifice (Sillitoe, 2010). Therefore, identifi-
cation and characterization of advanced argillic alteration
from pre-existing higher temperature alteration is impor-
tant in establishing the vertical profile of the deposit and its
potential hypogene enrichment at depth.

Advanced Argillic Alteration in BC

Advanced argillic alteration is not a common feature in
many porphyry deposits in British Columbia (BC); this is
attributed to the erosion that has destroyed and removed the
shallow parts of porphyry systems in many districts. How-
ever, advanced argillic-alteration zones are preserved in
some locations in BC, typically within districts that are also
highly prospective to host porphyry-type copper mineral-
ization. More particularly, zones of advanced argillic alter-
ation cover large areas in northern BC and Vancouver Is-
land. Studies in the Toodoggone district (Bouzari et al.,
2019), the Bonanza volcanic field in northern Vancouver
Island (Panteleyev and Koyanagi, 1994), Limonite Creek
in central BC (Deyell et al., 2000) and several other loca-
tions in BC have recognized linkages of these altered zones
to porphyry-type mineralization at depth.

Mineral exploration within advanced argillic zones is tradi-
tionally difficult because of the large size of the altered ar-
eas, the intense nature of the alteration and the subtle miner-
alogical changes that can be difficult to identify in the field
or with tools such as a hand lens. Identification of the tex-
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tural, mineralogical and geochemical trends within these
advanced argillic-alteration zones will guide BC explorers
to better identify porphyry copper potential and to provide
tools that point toward associated mineralization.

In this study, alteration-mineral assemblages and composi-
tions across advanced argillic-alteration zones in three BC
mineral properties are characterized: the Tanzilla mineral
property, near Dease Lake, and the Alunite Ridge and
Kemess North mineral properties, both in the Toodoggone
district (Figure 1). The mineralogical and geochemical data
from these locations are used to establish tools and proto-
cols that can be used to explore for porphyry deposits in ar-
eas with advanced argillic alteration anywhere in BC. This
paper provides an update to the Geoscience BC-sponsored
research project on advanced argillic alteration (Bouzari et
al., 2020) and will be superseded by a final report to be
published later in 2021.

124°W

Geological Setting

Advanced argillic-alteration zones occur in several loca-
tions in BC, particularly in porphyry-prospective areas of
northern BC and Vancouver Island (Panteleyev and
Koyanagi, 1994; Bouzari et al., 2020). Tanzilla, Alunite
Ridge and Kemess North are located in the Stikine terrane
of northern BC. The geological setting and mineral occur-
rences of these mineral properties have been described in
several previous studies (e.g., Diakow, et al., 1993, 2006;
van Straaten and Gibson 2017). The geological setting of
these research sites has also been reviewed previously
(Bouzari et al., 2020) and only brief summaries are
provided here.

Tanzilla

The Tanzilla property is underlain by a volcanic succession
assigned to the Horn Mountain Formation (late Early to
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Middle Jurassic; van Straaten and Nelson, 2016) in the up-
per part of the Hazelton Group (Figure 2). The lower part of
the Horn Mountain Formation includes massive green
augite-plagioclase—phyric volcanic breccia (not exposed in
the study area), whereas the middle part is mainly maroon
volcanic breccias, autobreccias and flows, and includes mi-
nor laminated felsic tuffs to bedded lapillistone. The upper
parts of the Horn Mountain Formation consist of a felsic
volcanic unit of mainly aphanitic and plagioclase-phyric
clasts capped by a mafic volcanic unit of augite-plagio-
clase—phyric volcanic breccia and flows (van Straaten and
Gibson, 2017). These units are unconformably overlain by
sedimentary rocks of the Bowser Lake Group. The Late Ju-
rassic Snowdrift Creek pluton cuts the Horn Mountain
strata and the Kehlechoa thrust fault. The Horn Mountain
Formation hosts areally extensive advanced argillic alter-
ation at the Tanzilla-McBride property for at least 17 km
along strike (van Straaten and Gibson, 2017; van Straaten
and Bouzari, 2018). At Tanzilla, the advanced argillic-al-
teration zone is at least 5 by 2 km and overlies porphyry-
style alteration at depth, which is characterized by quartz-
sericite-pyrite to potassic alteration with anomalous copper
and molybdenum hosted in a 173 Ma plagioclase porphyry
intrusion (van Straaten and Nelson, 2016; van Straaten and
Gibson, 2017).

Alunite Ridge

Alunite Ridge is located within the Toodoggone district of
northeastern BC. The district hosts several preserved Early
Jurassic high- and low-sulphidation epithermal-type de-
posits with advanced argillic-alteration zones (Diakow et

al., 1993; Bouzarietal.,2019). The Alunite Ridge area near
Quartz Lake hosts several mineral occurrences, including
Quartz Lake, Alunite Ridge, North Ridge and Sickle Creek
(Figure 3). The underlying geology consists of the Lower
Toodoggone Formation, which is equivalent to the Telkwa
Formation of the Hazelton Group (Diakow et al., 1991),
and consists of andesitic lava flows, tuff, breccia and
epiclastic rocks that are intruded by small dikes and stocks
of monzonite (Figure 3). The Jock Creek monzonitic pluton
forms a large body to the south and east. Zones of intense al-
teration are northwest-trending and about 200 m wide.
Gold mineralization occurs in a 10—15 m wide zone of si-
licified rock with quartz-alunite alteration, locally with
vuggy textures and zones of buff-grey intense diaspore al-
teration (Bouzari et al., 2019). Banded quartz veins with
calcite and K-feldspar host low-sulphidation—type chalco-
pyrite-sphalerite-galena-pyrite mineralization and occur
200-300 m south of the advanced argillic-altered zone at
Alunite Ridge and at the base of the valley near Quartz
Lake.

Kemess North

The Kemess North porphyry is located about 6.5 km north
ofthe main Kemess deposit (Kemess South) in the southern
part of the Toodoggone district. Hostrocks at Kemess North
include Upper Triassic Takla Group andesite/basaltic vol-
canic rocks locally overlain by Lower Jurassic Toodoggone
Formation dacitic fragmental volcanic rocks (Figure 4).
Several Early Jurassic stocks or dikes of quartz monzonite
to quartz rhyolite composition of the Black Lake intrusive
suite have intruded the volcanic succession (McKinley,
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Figure 3. Geology of the Alunite Ridge study area (after Diakow et al., 2006).

2006). The east-trending, south-dipping mineralization at
Kemess North seems to have formed along faults with dis-
tinct sericite-clay alteration near the surface, which transi-
tions to typical K-silicate alteration at depth.

Sampling and Analytical Work

At Tanzilla, advanced argillic alteration was mapped and
sampled across a 3.5 km north—south profile and a 4 km
east—west profile. A total of 54 samples were collected from
surface outcrops. Drillhole TZ15-01 (Barresi and
Luckman, 2016), which tested mineralization below the
Main zone hill to the depth of 840 m (-60°) was examined,
and 20 core samples were collected to characterize alter-
ation and mineralization at depth. At Alunite Ridge, the
footprint of alteration was mapped and sampled along three
northeast-trending profiles with a total length of approxi-
mately 5 km in an area of 2 by 2 km. In total, 63 samples
from surface outcrops ranging in elevation from 1908 to
1560 masl and 10 samples from drillhole SG-04-18 (Kuran
and Barrios, 2005) to a depth of 227 m below surface
(1642 m asl) were collected. At Kemess North, advanced
argillic alteration was mapped and sampled along a north—
south profile of approximately 0.5 km. In total, 18 samples
were collected from surface outcrops. Drillholes KN-01-12
and KN-02-09 (SRK Consulting Inc., 2016), which tested
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mineralization below the advanced argillic alteration to a
depth of ~500 m below surface, were examined and 44 core
samples were collected to characterize alteration and min-
eralization at depth. Surface sample locations are shown on
Figure 5a and results for drillhole samples will be provided
in a subsequent publication.

All rock samples were characterized in the field, and again
after being cut into slabs. To further characterize alteration
assemblages, all samples were analyzed at The University
of British Columbia’s Mineral Deposit Research Unit
(MDRU) using the tabletop version of the Terraspec” by
Analytical Spectral Devices (ASD) Inc., with full range
visible and near-infrared (VNIR) and shortwave infrared
(SWIR) wavelengths for the range of 350-2500 nm.
Petrographic thin-section studies were completed for 56 se-
lected rock samples. A total of 223 whole-rock samples
were analyzed for major- and trace- elements at Bureau
Veritas Minerals (Vancouver, BC). Samples were analyzed
by X-ray fluorescence (XF700 method) for SiO,, Al,O3,
F6203, CaO, MgO, NaZO, KzO, MHO, TiOz, P205, CI'203,
SOj; and Sr; inductively coupled plasma (ICP)-mass spec-
trometry using lithium borate fusion (LF100) for Ba, Be,
Co, Cs, Ga, Hf, Nb, Rb, Sn, Sr, Ta, Th, U, V, W, Zr, Y, La,
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;
multi-acid digestion followed by ICP—emission spectrome-
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try and ICP—mass spectrometry (MA200) for Mo, Cu, Pb,
Zn, Ag,Ni, As, Cd, Sb, Bi, Sc, Se and T1; and Au by fire as-
say/atomic absorption spectroscopy. In addition, magnetic
susceptibility of all collected rocks was measured with a
KT-10 magnetic susceptibility meter manufactured by
Terraplus Inc. Rock density and porosity of all collected
rocks were measured using saturation and buoyancy tech-
niques at MDRU (Ulusay and Hudson, 2007). Results of
the physical properties of the rock samples will be provided
in the final report.

Alteration Mineralogy

Tanzilla

Tanzilla includes two alteration zones: the Main zone
(>4 km®) and the West zone (Figure 2). Field and SWIR
data (Bouzarietal., 2020) show that alteration at Tanzilla is
characterized by a green sericite-chlorite—assemblage (Fig-
ures 6e, 7a) zone that grades, toward the zones of advanced
argillic alteration at the hill in the Tanzilla Main zone, to a
pale green sericite and then to a white sericite assemblage

Geoscience BC Report 2021-01

(Figures 6c, 7¢) with pyrophyllite and topaz (Figure 5b). In
more central locations and commonly at higher elevations,
the alteration is characterized by highly silicified rock with
remnant sericite, pyrite, and locally abundant pyrophyllite
and topaz (Figures 6a, 7d). The sericite at the Main zone is
typically muscovite and strongly crystalline (Bouzari et al.,
2020). Alteration outside of the green sericite-chlorite as-
semblage zone is dominantly darker green chlorite-sericite
(Figure 6f) and more distal patchy chlorite-epidote alter-
ation occurs within the volcanic rocks (Figure 5b). The
chlorite alteration is pervasive and locally alters an earlier
biotite alteration.

Alunite Ridge

Advanced argillic alteration in the Alunite Ridge area oc-
curs for over 2 km along a north-northeast-trending ridge
(Alunite Ridge) and extends further to the north along
North Ridge and to the east along East Ridge (Fig-
ures 3, 5b). Field observations backed by SWIR data indi-
cate that the central part of the Alunite Ridge property is
characterized by an alteration zone of strong silicification
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with alunite, kaolinite, dickite, sericite and locally
pyrophyllite. The sericite is typically poorly crystalline
illite (Bouzari et al., 2020). This zone is surrounded by an
alteration zone of pale green pervasive sericite with weakly
altered to intermediate, fine- to medium-grained chlorite
and pyrite, which is generally disseminated but also occurs
in thin veinlets largely oxidized to jarosite and hematite
(Figures 6d, 7b). This alteration gradually transitions to the
north and east to darker green alteration of chlorite-sericite
and locally epidote occurs more distally (Figure 5b).

Kemess North

The alteration zone exposed at the surface at the north-
trending Kemess North ridge is hosted by basaltic flows of
the Takla Group and is distinctly zoned from south to north
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(Figures 4, 5b). In the southern parts of the ridge, alteration
is characterized by green sericite-chlorite and gradually
transitions northward to a green-grey sericite (illite) assem-
blage and then to grey-white sericite-dickite-kaolinite typi-
cally with pervasive silicification and quartz veins (Fig-
ure 5b). Clay alteration of kaolinite and dickite forms along
fractures, and vugs fill with sericite associated with the sili-
cification (Figure 6b). The silicification can reach as much
as 30 vol. %, with clay alteration making up the remaining
volume. This strongly argillic-altered Takla rock is in fault
contact with the chlorite-epidote—altered volcanic rocks of
the Toodoggone Formation to the north. Illite crystallinity
increases northward (Bouzari et al., 2020). Pyrite is abun-
dant (>2%), occurring as disseminations and stockwork of
quartz veins.

Geoscience BC Summary of Activities 2020: Minerals
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Hostrock Composition

Hostrock composition affects the type and intensity of al-
teration assemblages. Therefore, it is important to charac-
terize hostrocks and their influence on alteration to identify
alteration-related vectors. Data from available geological
maps as well as field observations have been used to clas-
sify rock types. Geochemical trace-element data can also be
used to characterize the hostrocks following methods de-
scribed by Halley (2020). A V versus Sc scatterplot has
been used to distinguish volcanic rocks of the Takla Group
from those of the Hazelton Group (Figure 8a). Both V*"and
Sc** have similar behaviour and substitute for Fe in amphi-
bole, pyroxene and biotite during crystallization (Li and
Lee, 2004; Halley, 2020). All hostrocks show a positive
trend of Sc against V (Figure 8a); however, the slope of the
trend is slightly different, with the Takla Group showing the
least amount of change with increasing V compared to the
Toodoggone Formation rocks, which display the highest
degree of change. The Horn Mountain Formation rocks
plot between the other two units.

A Th versus Sc scatterplot is useful to characterize mafic to
felsic composition of the hostrocks. The Th versus Sc dia-
gram (Figure 8b) shows that all rock units have similar Sc,
except some Takla samples that display the highest Sc val-
ues; higher Sc means lower Si in the rock. There is a weak
negative correlation between Sc and Th values, especially
for Takla Group and Toodoggone Formation rocks. How-
ever, the Th content shows some distinct variations: Takla
Group volcanic rocks, relative to Hazelton Group rocks
(Toodoggone and Horn Mountain formations), have lower
Th concentrations; within the Hazelton Group, the Horn
Mountain Formation has the largest degree of scatter rela-
tive to high Th values. The Sc concentration corresponds to
high-Fe rocks and Th, an incompatible element, stays in the
melts and incorporates into late-stage crystalizing mineral
phases (Pearce and Norry, 1979). Therefore, the trend from
high Sc to high Th reflects a change in composition from
more mafic Takla volcanic rocks to mafic-intermediate fel-
sic rocks of the Toodoggone and Horn Mountain forma-
tions. A similar diagram of Th versus Sc colour-coded by
alteration assemblage (Figure 8c) shows that there is no dis-
tinct hostrock influence and that the fluids dictate the distri-

»
»

Figure 6. Representative rock samples of alteration assemblages
from the study areas: a) plagioclase-phyric volcanic rock from
Tanzilla with pervasive silicification, minor vuggy texture and pale
yellow to grey alteration of pyrophyllite and topaz; b) Takla Group
volcanic rock from Kemess North with strong kaolinite-dickite alter-
ation and silicification; ¢) plagioclase-phyric volcanic rock(?) from
Tanzilla with pervasive white sericite (muscovite) alteration; d)
Toodoggone Formation volcanic rock from Alunite Ridge with per-
vasive pale green sericite alteration and silicification cut by quartz
veinlets; e) plagioclase porphyry from Tanzilla with green sericite-
chlorite alteration and remnants of fine-grained disseminated bio-
tite cut by a quartz-pyrite vein; f) plagioclase porphyry from the
margin of the advanced argillic-alteration zone at Tanzilla, with
strong pervasive chlorite-sericite alteration.

Geoscience BC Report 2021-01

bution of alteration assemblages. Although rocks with
higher Th (>~8 ppm) do not show signs of chlorite-domi-
nated alteration, they still show biotite and sericite-chlorite
alteration. Therefore, it is possible that more felsic rocks of
the Hazelton Group have developed weaker chlorite-type
alteration, but the available data suggest that this was not
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Figure 7. Photomicrographs of selected alteration assemblages from the study areas: a) pervasive texturally destructive green sericite-
chlorite alteration of groundmass showing chlorite after mafic phases, with remnants of feldspar grains altered to fine-grained sericite (sam-
ple from Tanzilla intrusive rock); b) pale green sericite alteration showing pervasive fine-grained sericite with quartz, hosted in volcanic rock
from Alunite Ridge, and with remnant sulphide and magnetite still present as opaque phases; c¢) white sericite alteration showing coarse
muscovite with quartz, hosted in volcanic rock (sample from Tanzilla volcanic breccia) ;d). veinlet-controlled topaz and pyrophyllite alter-
ation with pyrite (sample of felsic crystal tuff from Tanzilla). Mineral abbreviations: Chl, chlorite; Ms, muscovite; Prl, pyrophyllite; Py, pyrite;
Qz, quartz; Ser, sericite; Tpz, topaz.

significant and alteration types are scattered throughout
various rock units.

A V/Sc versus Sc diagram is also used to discriminate be-
tween rock types (Halley, 2020) and to determine this fac-
tor’s possible influence on alteration intensity. A slight de-
crease in V/Sc ratios in all rock units is associated with a
lower Sc content (Figure 8d), corresponding to higher
Si0,. This decrease is attributed to the crystallization of
magnetite, which incorporates V (Halley, 2020). A similar
diagram, but colour-coded by intensity of alteration (Fig-
ure 8e), shows that hostrocks exercise no distinct control on
intensity of alteration (e.g., alteration intensities from weak
to very strong occur in all rock units). However, there is an
increase in the V/Sc ratio at lower Sc concentration. A high
V/Sc ratio has been used to indicate early crystallization of
hornblende and clinopyroxene in fertile hydrous magmas
(Loucks, 2014). Given the limited number of samples, it is
difficult to argue that some of the hostrocks in the study
area had originated from more fertile magmas. Comparing
the values from Figure 8d with those representing the inten-

98

sity of alteration (Figure 8e), it appears that in this dataset,
the high V/Sc values may have been caused by intense ad-
vanced argillic alteration, especially intense silicification.
Therefore, it is possible that strong alteration in advanced
argillic-altered rocks can increase the V/Sc ratio of the
rock.

Geochemical Vectors

Trace-element geochemical data can be used in the ad-
vanced argillic-alteration environment to provide vector-
ing guidance that can assist in indicating proximity to por-
phyry copper mineralization. Copper is not present in
notable concentrations in advanced argillic-altered rocks of
the study areas. In fact, Cu seems to have been depleted
(<100 ppm) within the zones of strong advanced argillic al-
teration relative to the rocks associated with distal sericite-
chlorite alteration (Figures 5b, 9a). The supergene oxida-
tion may have further contributed to the low copper con-
centration at near surface. Gold locally shows weak anoma-
lies (~0.1 ppm) in advanced argillic-altered rocks at

Geoscience BC Summary of Activities 2020: Minerals



PN

Geoscience BC

Toodoggone Formation
Dacite sill

Dacite tuff
m Andesite lava flow
Debris flow

@ Feldsphatic sandstone

Takla Group
B Basaltic flow

0 50 100 150 200 250 300 350 400

Horn Mountain Formation
Tanzilla quartz diorite
Tanzilla plagioclase porphyry

@ Augite plagioclase-phyric

intrusive

Felsic crystal tuff -
Upper unit

m Plagioclase-phyric flow -
Middle unit

V (ppm)
40 b) 40|™ \\ C) Alteration assemblage
35 35 \\
30 30| Wogm
= A25 \\ \\\
£2 % ézo "
320 ) o \L)/ -* on \\\ -] o
& 15 » 15 T adN
[ ﬁ“‘ N *
10 e 10 o ] *
", v IF \
e = 5 ‘g ¢S
= .\\ 0 L] A\l \\
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Th (ppm) Th (ppm)
Alteration intensity
50 . d) 50 e) strong - silicification
o strong
© moderate
40/° m, 40 .
A n &
g 30 | 330
Imgm
e n_g
0 e T I=| . 20
n L ] y
™ ] B g wol glin BESAN = o alsa
10 -.![ ™ !__ u_.l:‘ E! '. ony, ¥ omy - 10 | 74 §orEalf ,,h n eEy
n
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Sc (ppm) Sc (ppm)
@ biotite-chlorite-sericite @ chlorite sericite-chlorite sericite-chlorite-clay @ chlorite-epidote-(sericite)
sericite sericite-clay clay pyrophylite-(topaz) @ topaz-(alunite) @ alunite carbonate

B volcanic rock 4 porphyry @intrusive rock

Figure 8. a) Scatterplots used to distinguish rocks of the Takla Group from those of the Hazelton Group in the study areas: a) V versus Sc di-
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composition (dashed lines separate the main compositional changes); ¢) same diagram as in (b) but colour-coded by alteration assem-
blages; d) V/Sc versus Sc scatterplot showing hostrock composition; ) same diagram as in (d) but colour-coded by alteration intensity.

whereas the As concentration at Kemess North is low
(<2 ppm; Figure 9c¢). This suggests a deeper setting for the
alteration at Kemess North relative to Tanzilla and Alunite
Ridge, as predicted from the alteration mineralogy (Bou-
zari et al., 2020). Zinc is largely depleted from the zone of
advanced argillic alteration at Tanzilla and from the zone of
intense sericite-clay alteration at Kemess North (<30 ppm).
At Alunite Ridge, zinc distribution is variable within the

Tanzilla and Alunite Ridge, but the data do not reveal a
clear trend. At Kemess North, there are higher concentra-
tions of Au occurring within the sericite-chlorite—altered
rocks in the southern parts of the ridge, whereas Au values
are < 0.1 ppm in the sericite-clay—altered rocks on the
northern side of the ridge (Figure 9b). Anomalous As con-
centrations occur with the advanced argillic alteration at
Alunite Ridge (23 to 236 ppm) and Tanzilla (14 to 23 ppm),
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Lateral (MPIx-Lateral), and c) the Na-Ca depletion index.
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East Ridge, distal to the main area of Alunite Ridge, which
shows the highest concentration (>700 ppm; Figure 9d).

MPIx

Whereas the concentration of metals can provide evidence
for mineralization, its applicability to vectoring is affected
by the intensity of mineralization. Therefore, a ratio of the
sum of selected elements provides a more robust vectoring
indicator for mineralization. The MDRU Porphyry Index
(MPIx; Bouzari et al., 2019) compares the relative propor-
tion of elements occurring at deeper levels of porphyry de-
posits (Cu, Mo, Sn, W) to those occurring at shallower lev-
els (Sb, As, Ag, Tl, Li). Application of this index to the
current study (Figure 10a) shows that, on a vertical profile,
Kemess North has the highest MPIx and therefore repre-
sents a deeper level of alteration relative to Tanzilla, or to
Alunite Ridge that shows the shallowest geochemical sig-
nature. The MPIx ratios vector toward the zones of intense
central alteration, especially toward the northern side of the
ridge at Kemess North and toward the hill in the Tanzilla
Main zone. At Alunite Ridge, the MPIx shows the main
central parts of the alteration but the vectoring signature is
weak and dominated by very low MPIx values.

MPIx-Lateral

The MPIx provides a powerful tool to map the vertical
proximity and vector to porphyry copper mineralization.
However, at very shallow levels of porphyry copper sys-
tems, especially within areas of strong advanced argillic al-
teration, elements such as Cu, Mo, W and Sn are typically at
very low concentrations over much of the altered area and
the resulting MPIx value may not provide a lateral vector
toward the top-central parts of the porphyry system. To
complement the MPIx, the MDRU Porphyry Index-Lateral
(MPIx-Lateral) is introduced, which compares metals that
are enriched in the shallow parts of a porphyry system (Sb,
As, T1) to those that are more laterally dispersed (Halley et
al., 2015) and typically have higher concentrations in more
distal parts of the porphyry system (Zn, Mn). Element con-
centrations are multiplied or divided by an appropriate
factor for normalization:

(5xSb) + (20X TIl) + As
Zn | Mn
10 50

MPIx-Lateral =

The MPIx-Lateral (Figure 10b) maps the advanced argillic
alteration at the hill in the Tanzilla Main zone, where its
footprint shows gradually decreasing values to the east and
south. It also shows the Alunite Ridge central zone with de-
creasing values toward North Ridge. At Kemess North, the
MPIx-Lateral values are weaker relative to Tanzilla and
Alunite Ridge but still vector toward the more intensely al-
tered parts of the ridge.
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Na-Ca Depletion Index

Zones of advanced argillic alteration are characterized by
intense removal of many rock-forming elements, particu-
larly Ca and alkali metals such as K and Na, due to leaching
of the hostrock by low-pH fluids. Therefore, zones of ad-
vanced argillic alteration and areas with the highest inten-
sity of alteration will be characterized by elemental loss.
Potassium is usually fixed with the formation of pervasive
sericite alteration but Ca and Na depletion, in most cases,
correlates with the intensity of advanced argillic alteration.
The following elemental ratio is suggested to map the Na-
Ca depletion using the sum of the rare-earth elements
(REE) as an immobile factor (all values in ppm):

REE 100
a

o X
Na- I =
a-Ca depletion index Ca I N

The application of the Na-Ca depletion index to the study
sites shows that the zones of most intense advanced argillic
alteration have the highest level of Na and Ca depletion,
with the index gradually decreasing distally (Figure 10c).
At Kemess North, where sericite-clay alteration is domi-
nant, the Na and Ca depletion is less intense compared to
the advanced argillic alterations at Tanzilla and Alunite
Ridge but still vectors, with increasing Na-Ca depletion
northward, toward the zone of more intense clay alteration.

Conclusions

Mineralogical and geochemical data and information can
all be used individually or integrated to characterize the ad-
vanced argillic-alteration environment and to provide tools
that identify zoning within the study sites. Variations in al-
teration assemblages and geochemical signatures suggest
that the study sites represent different levels of advanced
argillic or shallow-level alteration potentially above a por-
phyry copper system. Alunite Ridge represents the shal-
lowest levels among the study sites, with abundant silicifi-
cation, alunite, arsenic, local pyrophyllite and low MPIx
ratios. Tanzillarepresents slightly deeper levels, with abun-
dant pyrophyllite and topaz alterations, moderate As con-
centrations and moderate MPIx ratios. Kemess North prob-
ably represents a relatively deeper environment, with
abundant sericite and dickite alterations and the highest
MPIx ratios. High-level lateral zoning is characterized in
this paper, in which the following characteristics have been
shown to be useful as vectoring tools to identify trends to-
ward the central parts of advanced argillic-alteration zones
and potentially the region above the underlying porphyry
copper mineralization:

1) Regions of advanced argillic alteration are mineralogi-
cally zoned. The central parts of the advanced argillic-
alteration zone typically contain variable zones of
strong silicification. Topaz, andalusite, alunite and
pyrophyllite occur within the silicified rocks and vari-

Geoscience BC Summary of Activities 2020: Minerals



Geoscience BC

able types of sericite typically occupy the central and
most intensely altered parts of advanced argillic-alter-
ation zones. These are zoned outward (distally) to seri-
cite and clay (kaolinite-dickite) mineral assemblages,
forming white to grey sericite-(clay) alteration. This al-
teration is surrounded by a zone of pale green sericite al-
teration, which transitions outward to zones of green
sericite-chlorite alteration. The SWIR data have shown
that the sericite composition varies from K-rich to
phengitic (Bouzari et al., 2020). More distally, the pro-
portion of the chlorite increases and chlorite-epidote-
(sericite) occurs near the least altered rocks.

2) A Na-Ca depletion index was developed to map Ca and
alkali depletion within and around zones of advanced
argillic alteration. Mapping of various intensities of Na-
Ca depletion provides a vector toward zones of high
fluid flow and potentially to the more central parts of al-
teration above a porphyry centre.

3) Anew tool, the MDRU Porphyry Index-Lateral (MPIx-
Lateral) was developed to map the geochemical vectors
on a horizontal profile of shallow-level porphyry alter-
ation. This index uses elements that are dispersed dis-
tally at shallow levels of porphyry deposits (Zn, Mn)
relative to those occurring above a porphyry deposit
(Sb, As, Tl) and, therefore, provides a complement to
the MPIx as well as being useful for vectoring in the
horizontal shallow-level space.

Further characterization of alteration mineralogy, quartz
types and chemistry, determination of mineral abundance
and mass gain/loss as well as work on the physical proper-
ties of the rock samples and mineral chemistry are under-
way, all of which will contribute to improving the toolbox
used in the exploration of advanced argillic-alteration
zones in BC.
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