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Introduction

Por phyry Cu-Mo-(Au) de pos its are a sig nif i cant source of
crit i cal met als for tech nol o gies re quired to fa cil i tate a tran -
si tion to ward elec tric ity-based en ergy sys tems. Por phyry
Cu de pos its are the pri mary source of Cu glob ally, but the
world-class dis cov er ies needed to meet in creas ing de mand
are not be ing made. As most near-sur face por phy ries have
likely been dis cov ered, de vel op ing tools for ex plor ing
‘blind’ subsurface por phyry de pos its is vi tal to meet in -
creas ing global resource demand (Sillitoe, 2010).

The Intermontane Belt cor re sponds to the Intermontane
Superterrane, which in cludes the Quesnel and Stikine is -
land-arc ter ranes and the Cache Creek ocean-floor terrane
(Mihalasky et al., 2010). This belt fea tures postaccretion -
ary por phyry Cu de pos its of both calcalkaline por phyry
Cu±Mo±Au and al ka line por phyry Cu-Au sub types. The
Camp Creek pros pect is a calcalkalic por phyry Cu-Mo
pros pect lo cated in the north west ern por tion of the Ca na dian
Cor dil lera of Brit ish Co lum bia (BC; Fig ure 1) with other inter -

montane is land-arc por phyry Cu de pos its, in clud ing the
High land Val ley Cop per Mine, the Gi bral tar Mine and the
Schaft Creek joint ven ture (Mihalasky et al., 2010). The
Camp Creek pros pect is part of the Thorn prop erty, which is 
lo cated ap prox i mately 94 km east of Ju neau, Alaska, 120
km north wes t of Tele graph Creek, BC and 130 km south -
east of Atlin, BC (Fig ure 1a). In 2019, sig nif i cant zones of
por phyry-style vein ing with Cu and Mo min er al iza tion
were in ter sected at Camp Creek at depths of more than
300 m, with fur ther drill ing pro grams in 2021–2024 fo -
cused on dis cov er ing ex ten sions of por phyry-style min er -
al iza tion (Lemiski et al., 2023).

In the early 2000s, a pro ject was ini ti ated by the Min eral
De posit Re search Unit (MDRU) at The Uni ver sity of Brit -
ish Co lum bia to in ves ti gate the late Cre ta ceous ig ne ous
com plexes in the Taku River area of the Stikine terrane in
north west ern BC. This study fo cused on char ac ter iz ing in -
tru sions and es tab lish ing a geo chron ol ogy frame work for
the larger Thorn dis trict (Simmons, 2005; Simmons et al.,
2005). More re cently, MDRU com pleted a fur ther geo -
chem i cal and petrographic study fol low ing the dis cov ery
of Camp Creek, us ing data col lected in 2021, to help dis tin -
guish var i ous in tru sive phases at the deposit (Bouzari and
Barker, 2021).
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This pa per sum ma rizes pre vi ous work, dis cusses pre lim i -
nary field ob ser va tions from field work car ried out in 2023–
2024 and out lines next steps for the com ing year. This pro -
ject, part of the lead au thor’s M.Sc. re search, is un der tak ing 
the first ma jor geo log i cal re view of the Late Cre ta ceous
calcalkalic Cu-Mo-(Au) Camp Creek por phyry pros pect,
fo cused on char ac ter iz ing the al ter ation, min er al iza tion
and time scales of magmatism. On go ing re search is in te -
grat ing pe trog ra phy, mi cro X-ray flu o res cence (mi cro -
XRF) element map ping, shortwave in fra red stud ies, whole-
rock geo chem is try and U-Pb geo chron ol ogy, and will con -
trib ute in sights into po ten tial geo chem i cal vec tors for dis -
cov er ing blind por phyry Cu-Au-(Mo) min er al iza tion.

Regional Geology

The Thorn prop erty is lo cated in the north west-trending
Stikine terrane, the larg est and wes tern most terrane of the
Intermontane Belt in the Ca na dian Cor dil lera. The Stikine
terrane com prises Tri as sic is land-arc vol ca nic rocks and re -
lated sed i men tary se quences of the Stuhini Group, with ac -
cre tion of the Stikine Arc to west ern North Amer ica be ing
as sumed to have taken place in the Mid dle Ju ras sic at
172 Ma (Mihalynuk, 1999). Fol low ing ac cre tion, Late Cre -
ta ceous ig ne ous rocks were emplaced into the Stikine

terrane as part of a con ti nen tal arc, form ing a north-north -
west-trending belt that ex tends for 300 km from Yu kon into
north ern BC (Mihalynuk, 1999; Simmons, 2005).

Two dis tinct pe ri ods of Late Cre ta ceous magmatism have
been rec og nized at the Thorn prop erty, the older mag matic
pulse be ing in for mally re ferred to as the Thorn Stock, with
ex po sure of this unit shown in Fig ure 1 in the study area
(Mihalynuk, 1999; Simmons, 2005). The Thorn is com -
posed of dom i nantly tholeiitic diorite por phyry in tru sions,
which are the ma jor hostrocks for hy dro ther mal min er al iz -
ing sys tems at the Thorn prop erty (Awmack, 2002; Sim -
mons, 2005). The Thorn Stock has been con strained to an
age of 93.3 ±2.4 Ma by U-Pb geo chron ol ogy of zir con from 
mul ti ple in tru sions (Mihalynuk et al., 2003). The youn ger
Windy Ta ble suite was emplaced into the Thorn stock, and
is char ac ter ized by subaerial, dom i nantly fel sic vol ca nic
rocks and as so ci ated calcalkaline, equigranular monzonite
to granodiorite (Awmack, 2002). Windy Ta ble suite vol ca -
nic rocks nonconformably over lie the Thorn stock (Fig -
ure 2). The tuff over ly ing this un con formity has a U-Pb
SHRIMP-RG zir con age of 84.7 ±0.8 Ma, pro vid ing an age
con straint for the onset of Windy Table volcanism (Sim -
mons, 2005).
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Fig ure 1. Sim pli fied ge ol ogy of the Camp Creek por phyry, part of the Thorn prop erty in north west ern Brit ish Co lum bia. The lo ca tion of the
Thorn prop erty is shown on the in set map, out lined in red. All co-or di nates are in UTM Zone 8N (NAD83).



Geology of the Camp Creek Property

Ini tial whole-rock geo chem i cal anal y sis of core sam ples
from Camp Creek by Bouzari and Barker (2021) re vealed
the oc cur rence of at least five por phyry units. These units
are geochemically dis tinct from the Stuhini volcano sedi -
mentary hostrocks, which are char ac ter ized by high Sc
(>10 ppm). These por phyry units have been termed X, Y, Z,
W and V, and are dis tin guished by dif fer ent ratios of sev eral 
trace el e ments, in clud ing Zr, Ti and Sc, as seen in Fig ure 3.
Pe trog ra phy by Bouzari and Barker (2021) pro vided an ini -
tial cor re la tion be tween min er al ogy and geo chem is try, pro -
vid ing pre lim i nary cri te ria for char ac ter iz ing and dis tin -
guish ing each of the por phyry units. Rep re sen ta tive
hostrock sam ples from drillcore were col lected by the au -
thor dur ing 2023–2024 field work for fur ther geo chem i cal
anal y sis to im prove the pre vi ously es tab lished char ac ter is -
tics. Ex am ples are shown in Fig ure 4 and field ob ser va tions
are sum ma rized in the fol low ing sec tion. The ef fec tive sub -

di vi sion of the por phyry stocks is critical to refine the
geological model of Camp Creek and to understand grade
distribution.

Volcanosedimentary Units (Stuhini Group)

The Stuhini Group hostrock at Camp Creek con tains
siltstone and mafic vol ca nic rocks with per va sive bi o tite al -
ter ation. It is ex posed at sur face to the south west of the
study area and is typ i cally first in ter sected at depths of 500–
700 m at Camp Creek. Bed ding is oc ca sion ally pre served
and the unit is cross cut by an in tense quartz-vein stockwork 
when prox i mal to porphyry X.

Porphyry Z

Por phyry Z is a quartz-bi o tite-hornblende-plagioclase por -
phyry. Di ag nos tic fea tures of por phyry Z in clude abun dant
me dium-grained hornblende pheno crysts, me dium- to
coarse-grained bi o tite and 1–4 mm rounded quartz pheno -
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Fig ure 2. Camp Creek field area: a) Camp Creek look ing north east, high light ing quartz diorite (Thorn stock) out crop; b) Camp Creek val ley
look ing east; c) un con formity at the base of the Windy Ta ble suite, pre vi ously sam pled by Simmons (2005); d) Windy Ta ble vol ca nic strata
look ing east.



crysts. Bi o tite pheno crysts are 1–4 mm, typ i cally coarse
and com monly re placed by fine-grained seri cite and rutile.
Hornblende is the next most abun dant phase af ter plagio -
clase, typ i cally tab u lar and com monly re placed by chlorite.
Por phyry Z is dis tin guished by its high Ti (>0.2%) and Nb
(>5 ppm; Bouzari and Barker, 2021), and is the least al tered
and min er al ized of the por phyry phases, dom i nantly py rite
(1–5%) with trace chalcopyrite (<0.1%).

Porphyry Y

Por phyry Y is a hornblende-quartz-bi o tite-plagioclase por -
phyry and is min er al og i cally and tex tur ally sim i lar to por -
phyry Z but with sig nif i cantly less hornblende pheno crysts. 
Por phyry Y typ i cally has stron ger al ter ation and con tains
higher amounts of sul phide (5–10%) and Cu grades
(>0.1%) when com pared to por phyry Z. Geochemically,
por phyry Y has lower Ti (<0.2%) and lower Zr (<40 ppm)
than por phyry Z (Bouzari and Barker, 2021). Por phyry W
was orig i nally dis tin guished by slightly el e vated Zr con -
tents com pared to por phyry Y, but is min er al og i cally and
tex tur ally in dis tin guish able and has been clas si fied as part
of por phyry Y dur ing core log ging. There were no clear cross -
cut ting re la tion ships ob served be tween por phy ries Y
and Z.

Porphyry X

Por phyry X is a hornblende-quartz-bi o tite-plagioclase por -
phyry. Di ag nos tic fea tures in clude coarse bi o tite books,
quartz-rich groundmass and strong K-feld spar al ter ation,
dom i nantly within the groundmass. It is cut by a stockwork
of A-type gran u lar quartz veins and has the high est con cen -

tra tion of Cu min er al iza tion among in tru sive units
(>0.2%). Geochemically, por phyry X is dis tin guished by
its low Zr (<20 ppm) rel a tive to por phy ries Y and Z (Bou -
zari and Barker, 2021). No clear cross cut ting re la tion ships
were ob served be tween porphyry X and porphyries Y
and Z.

Porphyry V

Por phyry V is a bi o tite-hornblende-plagioclase por phyry,
typ i cally oc cur ring as smaller dikes that cross cut por phy -
ries Z, Y and X. Di ag nos tic fea tures in clude fresh to weakly 
al tered bi o tite pheno crysts, 3–5% dis sem i nated mag ne tite
and rare quartz pheno crysts. It is weakly al tered and con -
tains trace py rite but no Cu-bear ing min er al iza tion.
Geochemically, por phyry V is char ac ter ized by its high Zr
con cen tra tion (>75 ppm), which is sig nif i cantly higher
than the other por phyry phases ob served at Camp Creek
(Bouzari and Barker, 2021). Clear cross cut ting re la tion -
ships were ob served between porphyry V and porphyries Z, 
Y and X.

Polymictic Diatreme Breccia (Oban breccia)

The Oban zone is a por phyry-re lated diatreme brec cia host -
ing polymetallic (Ag-Au-Pb-Zn-Cu) min er al iza tion within
the brec cia ma trix. The Oban brec cia var ies sig nif i cantly,
and typ i cally con tains subangular and well-rounded frag -
ments of fine- to me dium-grained quartz-diorite por phyry
with al tered bi o tite-feld spar-quartz pheno crysts. Por phyry
clasts host quartz veins with rem nants of K-feld spar al ter -
ation that re sem ble A-type quartz veins, which sug gests the
pres ence of por phyry min er al iza tion at depth. Weakly al -
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Fig ure 3. Clas si fi ca tion of hostrocks at Camp Creek based on Zr, Ti and Sc trace-el e ment data from whole-rock
geo chem i cal anal y sis: a) Sc ver sus Ti; b) Sc ver sus Zr; c) Ti ver sus Zr (Bouzari and Barker, 2021; re pro duced with
per mis sion).



tered vol ca nic and sed i men tary clasts are hosted within
rock flour, and frac tures are com monly filled with sul -
phides and sulphosalts. Gen er ally, the con tact of the Oban
diatreme brec cia with the hostrock is poorly con strained.
Dom i nant al ter ation min er als in clude seri cite and
pyrophyllite with mi nor dia spore, sug gest ing shal lower
depths of a por phyry en vi ron ment. The brec cia is het er o ge -
neously al tered and lo cally con tains frag ments that have
vari able de grees of seri cite-pyrophyllite-dia spore al ter -
ation (Lemiski et al., 2023). Min er als such as pyrophyllite
and dia spore in di cate an ini tially hot, acidic hy dro ther mal
system on the order of 250 °C or greater (Hedenquist et al.,
2000; Simmons, 2005).

Alteration

Ob ser va tions from drill ing in the Camp Creek por phyry in -
di cate mul ti ple dis tinct types of al ter ation that are ev i dent
in the clas sic por phyry-al ter ation model of Sillitoe (2010).
At Camp Creek, pyrophyllite with rare dia spore oc curs at
the roots of the pre served ad vanced argillic zone (see Fig -
ure 5), with re sid ual quartz and quartz-kaolinite oc cur ring
at higher lev els. Zones of ad vanced argillic al ter ation oc cur
in the up per part of por phyry Cu de pos its that can form a
large near-sur face foot print of the hy dro ther mal sys tem,
pro vid ing a vectoring tool to ward con cealed por phyry Cu
min er al iza tion at depth (Bouzari et al., 2022). A chal lenge
to es tab lish ing al ter ation zon ing is the sub tle min er al og i cal
changes across por phy ritic units that can be dif fi cult to
iden tify (Bouzari et al., 2022). MicroXRF is an ef fec tive
tool to gauge modal abun dances and re view min er al ogy by
el e ment map ping, par tic u larly when phases are dif fi cult to
dis tin guish by eye. Based on pre vi ously an a lyzed short -

wave in fra red (SWIR) data, a va ri ety of downhole al ter -
ation trends and observations is shown in Figure 5 (from
Bouzari et al., 2023).

Seri cite al ter ation in creases in in ten sity with depth, be ing
weaker in por phyry Z and typ i cally in creas ing in por phyry Y
be fore transitioning to a dom i nantly K-sil i cate al ter ation in
por phyry X (Bouzari et al., 2023). Sericitic as sem blages
are typ i cally clas si fied by a quartz-seri cite-py rite as sem -
blage, which tran si tions into zones of in tense chlorite re -
place ment of bi o tite and hornblende with depth. K-sil i cate
al ter ation is clas si fied by per va sive fine-grained K-feld spar 
al ter ation (Fig ure 6), com mon 1–3 mm K-feld spar ha loes
and oc ca sional bi o tite al ter ation. Propylitic al ter ation is
char ac ter ized by abun dant epidote and chlorite oc cur ring
dis tally to Camp Creek.

Mineralization

Camp Creek is a blind por phyry tar get, and ex plo ra tion drill -
ing in ter sected por phyry-style min er al iza tion in 2019. Drill 
pro grams from 2021 to 2024 aimed to push holes be yond
1000 m depth, tar get ing deeper Cu-Au-Ag-Mo min er al iza -
tion (Lemiski et al., 2023). Cop per min er al iza tion is pre -
dom i nantly hosted by a coarse-grained feld spar-quartz-bi -
o tite por phyry, with in ter vals of Stuhini in ter me di ate
vol ca nic and sed i men tary rocks. Por phyry-type vein den -
sity, fol low ing the model of Gustafson and Hunt (1975), in -
creases grad u ally with depth. An ex am ple in ter val with
high er grade min er al iza tion oc curred in hole THN22-201
from 335 m to 1302.71 m, with 967.71 m of 0.25% Cu,
0.09 g/t Au, 2.39 g/t Ag and 186 ppm Mo (Lemiski et al.,
2023). Min er al iza tion as sem blages com prise mainly chal -
co py rite, py rite and mo lyb de nite within por phyry-style
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Fig ure 4. Ex am ples of hostrocks ob served at Camp Creek, with cor re spond ing scale card shown to the right of each sam ple: a) siltstone
with per va sive and veinlet-con trolled bi o tite al ter ation over printed by chlorite and seri cite, THN23-261 841.20 m; b) quartz-bi o tite-
hornblende-plagioclase por phyry (por phyry Z) with per va sive and phenocryst-re place ment seri cite al ter ation, THN23-277 348.60 m;
c) hornblende-quartz-bi o tite-plagioclase por phyry (por phyry Y) with per va sive and phenocryst-re place ment seri cite al ter ation, over printed 
by chlorite, THN23-276 875.25 m; d) hornblende-quartz-bi o tite-plagioclase-por phyry (por phyry X) with per va sive K-feld spar al ter ation and
quartz-vein stockwork, THN23-276 1235.80 m; e) bi o tite-hornblende-plagioclase por phyry (por phyry V), THN22-201 845.97 m. Min eral
ab bre vi a tions: Bt, bi o tite; Chl, chlorite; Hbl, hornblende; Ilt, illite; Pl, plagioclase; Py, py rite; Qz, quartz; Ser, seri cite.



quartz and quartz-anhydrite veins, as well as dis sem i nated
sulphides.

Sampling and Analytical Work

De tailed ob ser va tions of, and sam ple se lec tion for, fur ther
geo chem i cal anal y sis were com pleted over two sum mer
field sea sons in 2023 and 2024. Four drillholes were
relogged to cap ture ad di tional in for ma tion on min er al ogy,
al ter ation, vein ing and cross cut ting re la tion ships (Ta ble 1).
De tailed ob ser va tions in drillcore have been re corded fol -
low ing log ging ad vice from Wil liams (2022), aid ing in the
con sis tent char ac ter iza tion of in tru sive units. As of Oc to ber 
2024, 40 sam ples have un der gone whole-rock geochem ical
anal y sis. From this sam ple set, 20 were se lected for petro -
graphic anal y sis. MicroXRF anal y sis was com pleted on
14 sam ples to as sess zir con con tent prior to U-Pb geo chron -
ol ogy and hostrock clas si fi ca tion. Four sam ples of

postmineral dikes, each of ap prox i mately 2 kg, were sub -
mit ted for U-Pb geo chron ol ogy.

More than 400 rocks were sam pled from drillcore for fol -
low-up anal y sis. The ma jor ity of these sam ples have been
col lected at 50 m in ter vals to be sent for whole-rock geo -
chem i cal anal y sis and thin-sec tion prep a ra tion. These sam -
ples came from the least-al tered sec tions with the least
quartz vein ing and will be used to un der stand downhole
trends and as sist in dis tin guish ing in tru sive phases. A short
field work stint in Au gust 2024 fo cused on in ves ti gat ing the 
unconformity be tween the Thorn stock and the over ly ing
Windy Ta ble volcanics, with three sam ples col lected for U-Pb
geo chron ol ogy (lo ca tions in Fig ure 1). A com plete suite of
Shortwave In fra red (SWIR) data has been gath ered for 14 pri -
or i tized drillholes at Camp Creek, and fur ther work will
aim to con strain pre vi ously iden ti fied zones of al ter ation.
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Fig ure 5. Downhole shortwave in fra red data on drillcore sam ples col lected in 2019–2022, plot ted along north ward-fac ing drillcore cross-
sec tions (also shown is the cor re spond ing lo ca tion of the cross-sec tion shown in Fig ure 1 [mod i fied from Bouzari et al., 2023]): a) li thol ogy;
b) chlorite to seri cite ra tio, show ing the rel a tive abun dance of chlorite to seri cite us ing the spec tral depth of the min er als; c) illite to seri cite
ra tio, with mus co vite abun dance in creas ing with depth rel a tive to illite; d) seri cite com po si tion, dom i nated by paragonite illite near sur face
and transitioning to illite and then phengitic illite with depth; e) seri cite crystallinity in creas ing with depth to ward zones of K-sil i cate al ter -
ation; f) pyrophyllite oc cur ring at shal low lev els with rare dia spore.



Future Work

On go ing stud ies will uti lize a range of tech niques to in ves -
ti gate the evo lu tion of the Camp Creek por phyry pros pect.
A sub se quent de tailed petrographic study will pro vide in -
sight into the tex tural, min er al og i cal and al ter ation vari a -
tions of the dif fer ent por phyry phases downhole. Ad di tional 
sam ples have been se lected for whole-rock geochem istry,
and a com plete geo chem i cal anal y sis will be per formed on
the col lected data. Fur ther SWIR data will be pro cessed to
build an un der stand ing of the al ter ation model. More
microXRF scans will be col lected from ex ist ing sam ples to
gain in sight into modal abun dance of min er al ogy and tex -
tural re la tion ships. Fur ther U-Pb dat ing will be com pleted
for in tru sive phases, to better con strain the tim ing and for -
ma tion of the por phyry stocks at Camp Creek. Re search
out puts will fo cus on es tab lish ing the evo lu tion ary model
of the sys tem, as well as de vel op ing an al ter ation model of
the dif fer ent por phyry phases.

This pro ject will in form min eral-ex plo ra tion de vel op ment
by add ing vectoring tools to as sist in more ef fi cient ex plo -

ra tion pro grams, en abling more ef fec tive ex plo ra tion of
subsurface cryp tic and ‘blind’ min er al iza tion that may con -
sti tute fu ture high-grade Cu-Mo-(Au) dis cov er ies. Fea si ble 
pro grams may help to boost in vest ment in Brit ish Co lum -
bia’s min eral-ex plo ra tion in dus try and en able more rapid,
cost-ef fec tive ex plo ra tion across the prov ince. Fur ther -
more, un der stand ing the ge om e try of these por phy ries and
the spa tial as so ci a tion of in tru sive phases can help pre dict
where min er al iz ing phases are likely to be en coun tered at
the de posit scale, in creas ing the like li hood of ex plo ra tion
suc cess. Al ter ation foot prints can be linked to mul ti ple por -
phyry phases and help distinguish the paragenetic evo lu -
tion of intrusive phases at Camp Creek.

Conclusions

Min er al iza tion is hosted pri mar ily as dis sem i nated and
vein-hosted chal co py rite in por phyry X, as well as siltstone
and mafic vol ca nic rocks of the Stuhini Group. Por phyry Z
has the weak est seri cite al ter ation, transitioning to more in -
tense seri cite al ter ation and over print ing chlorite al ter ation
in por phyry Y, and weak seri cite al ter ation in shal lower zones

Geoscience BC Re port 2025-01 13

Fig ure 6. Flat bed op ti cal scans and microXRF el e ment maps of hostrocks at Camp Creek: a) scan of por phyry X at 1013.30 m in drillhole
THN23-261; b) microXRF el e ment map of por phyry X at 1013.30 m in drillhole THN23-261, with a leg end show ing el e ments and their cor re -
spond ing colours; c) scan of siltstone at 1340.23 m in drillhole THN23-261; d) microXRF el e ment map of siltstone at 1340.23 m in drillhole
THN23-261, with a leg end show ing el e ments and their cor re spond ing colours; Min eral ab bre vi a tions: Bt, bi o tite; Pl, plagioclase; Hbl,
hornblende; Qz, quartz; Mol, mo lyb de nite; Py, py rite; Ccp, chal co py rite; Cb, car bon ate.

Ta ble 1. Di a mond-drill hole data for THN22-213, THN23-161, THN23-276 and THN23-285 (Lemiski et al.,
2023). All co-or di nates are in UTM Zone 8N (NAD83).



of por phyry X. These por phyry units over lap in time, based
on U-Pb dat ing, and fur ther an a lyt i cal work will be needed
to re solve un cer tain ties on tim ing. Ad di tion ally, cross cut -
ting re la tion ships do not pro vide in for ma tion on the rel a -
tive ages of por phy ries Z, Y and X through ev i dence gath -
ered to date. Por phyry V clearly post dates por phy ries Z, Y
and X, with ob served postmineral dikes clearly post dat ing
all other in tru sive phases. SWIR data show mul ti ple al ter -
ation zones, with min er al ogy dom i nated by pyrophyllite at
shal low lev els, transitioning to illite and then mus co vite at
greater depths, and even tu ally to K-feld spar in por phyry X.
Fu ture char ac ter iza tion work will aim to con strain field ob -
ser va tions by de tailed pe trog ra phy, ad di tional SWIR anal -
y sis and geo chem i cal analysis.
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