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Introduction

The Late Tri as sic Nicola Group ma rine arc se quence
in south-cen tral Brit ish Co lum bia and its north ward
con tin u a tion, the Takla Group, largely de fine the
Quesnel oce anic arc terrane (Fig ure 1). The terrane
hosts most of the alkalic cop per-gold de pos its and
pros pects in BC, in clud ing Mount Milligan,
Lorraine, Mount Polley, Afton/Ajax and Cop per
Moun tain. Ad di tional alkalic por phyry cop per-gold
de pos its, most im por tantly Ga lore Creek, oc cur in the 
Stikine Terrane, which is gen er ally ac cepted to rep re -
sent the con tin u a tion of the Quesnel arc (e.g., Nel son
and Colpron, 2007). Por phyry cop per-gold (±sil -
ver±plat i num group el e ment) de pos its re lated to
alkalic magmatism are rare glob ally but well rep re -
sented in BC. They are scat tered over a combined
strike length of approximately 1600 km.

Ex plo ra tion for alkalic por phyry cop per-gold de pos -
its in BC is chal leng ing be cause of poor ex po sure and
lo cally thick gla cial over bur den. More over, un like
their calcalkalic cous ins, alkalic por phyry de pos its
have more cryp tic al ter ation foot prints (e.g., Jensen
and Barton, 2000). This pro ject aims to pro vide new
ex plo ra tion guide lines by look ing at along-strike
vari a tions in the Quesnel vol ca nic arc and iden ti fy ing 
phys i cal, chem i cal and volcanological char ac ter is -
tics unique to ar eas where por phyry cop per-gold min -
er al iza tion is known. Field work ini ti ated in June
2009 and observations presented herein are pre lim i -
nary.

Nicola Group

The Nicola arc se quences are dom i nated by sub ma rine ba -
saltic to andesitic augite±plagioclase–phyric lavas and as -
so ci ated volcaniclastic rocks. The Nicola Group de rives its
name from ex po sures south of Nicola Lake near Merritt
(Dawson, 1879) and has been stud ied in most de tail in
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Fig ure 1. Lo ca tion of ar eas stud ied in 2009 and ma jor alkalic cop per-gold
por phyry de pos its (yel low stars) hosted by the Nicola and Takla groups,
which largely de fine the Quesnel Terrane in cen tral Brit ish Co lum bia. Fig -
ure com piled us ing dig i tal-el e va tion data from GeoBase (Ca na dian Coun -
cil on Geomatics, 2010) with post-pro cess ing by K. Shimamura (Geo log i -
cal Sur vey of Can ada); BC Geo log i cal Sur vey MINFILE da ta base
(por phyry oc cur rences; MINFILE, 2010); and the tec tonic as sem blage
map of the Van cou ver area (Journeay et al., 2000).

http://www.geosciencebc.com/s/DataReleases.asp


south-cen tral BC, where it has been sub di vided into an
east ern, cen tral and west ern belt (e.g., Preto, 1977;
Mortimer, 1987). The east ern belt is dom i nated by dis tal
vol cano-sed i men tary fa cies de rived from augite-por phy -
ritic ba salt and an de site. Compositionally sim i lar prox i mal
de pos its, in clud ing lavas, oc cur in the cen tral belt. The
west ern belt con sists prin ci pally of lavas and volcaniclastic
rocks rang ing from ba salt to rhy o lite. Re cent and on go ing
map ping by the BC Geo log i cal Sur vey (e.g., Schiarizza and 
Blingh, 2008; Schiarizza et al., 2008) north and east of 100
Mile House sub di vides the Nicola Group in that area into a
lower vol cano-sed i men tary unit con tain ing black argillite,
lime stone and volcaniclastic rocks; a mid dle unit con tain -
ing sub ma rine augite-phyric ba salt and ba salt brec cia; and
an up per unit con tain ing par tially subaerial polymictic
volcaniclastic rocks. A com mon char ac ter is tic through out
the en tire strike length of the Nicola Group is the pres ence
of augite(±plagioclase)–phyric ba salt and as so ci ated
monomictic brec cia. Sim i lar rocks are also wide spread in
the Stuhini and Takla groups, the lat ter be ing the north ern
equiv a lent of the Nicola Group (e.g., Mortimer, 1987;
Nelson and Bellefontaine, 1996; Dostal et al., 1999).

Composition of the Nicola Group Volcanic
Rocks

A num ber of work ers (e.g., Barrie, 1993; Lang et al., 1995;
Bath  and  Lo  gan ,  2005;  Lo  gan  and  Ba th ,  2005;
Breitsprecher et al., 2007, 2008) have in ves ti gated the geo -
chem is try of the Late Tri as sic and Early Ju ras sic in tru sive
rocks of the Nicola Group and its equiv a lents, many of
which have as so ci ated por phyry cop per-mo lyb de num and
cop per-gold min er al iza tion. Min er al ized alkalic ig ne ous
suites in BC are compositionally var ied and range from sil -
ica-sat u rated monzonite (e.g., Mount Milligan; Barrie,
1993; Jago and Tosdal, 2009) to strongly sil ica-under -
saturated monzonite and syenite (Galore Creek; Schwab et
al., 2008).

In con trast, the geo chem is try of the vol ca nic hostrocks has
re ceived com par a tively lit tle at ten tion. Mortimer (1987)
iden ti fied three compositionally dis tinct but areally over -
lap ping groups of vol ca nic rocks be tween Cop per Moun -
tain and the Iron Mask area. Group 1 is shoshonitic and
com prises strongly augite-por phy ritic ba salt, lo cally anal -
cime bear ing, and picrite. Group 2 con sists of augite- and
plagioclase-phyric ba salt and an de site be long ing to the
low-po tas sium calcalkaline se ries, and group 3 is com -
posed of petro graphi cally het er o ge neous an de site and ba -
salt of tholeiitic to tran si tional af fin ity. Shoshonitic lavas
from group 1 are stratigraphically above group 2 and 3 rocks.

Ba saltic rocks with shoshonitic af fin ity have also been re -
ported from the Mount Polley (Lo gan and Bath, 2005) and
Mount Milligan ar eas (Barrie, 1993); ba salt at Mount
Polley is lo cally analcime phyric. Sim i lar geo chem i cal

char ac ter is tics sug gest a ge netic re la tion ship be tween the
alkalic in tru sive rocks and the ex tru sive shoshonitic rocks
at Mount Polley, and the lat ter are thought to be rel a tively
high in the Nicola Group strati graphic se quence (Lo gan
and Bath, 2005). At Mount Milligan, in con trast, the ca.
186–182 Ma in tru sive rocks are sig nif i cantly youn ger than
the Late Tri as sic vol ca nic hostrocks (Mortensen et al.,
1995; Nelson and Bellefontaine, 1996).

Fieldwork and Preliminary Observations in
2009

Geo chem i cal sam pling con cen trated on co her ent ba salt
flows or large clasts from volcaniclastic brec cias in four ar -
eas (Fig ure 1): 1) around the Mount Milligan de posit; 2)
around the Mount Polley de posit; 3) ar eas north of 100 Mile 
House, in clud ing ex po sures near the Lac La Hache por -
phyry pros pect; and 4) ex po sures east of 100 Mile House
and north of High way 24. The lat ter area has no known
alkalic min er al iza tion. Mag netic sus cep ti bil ity mea sure -
ments were rou tinely taken from co her ent and volcani -
clastic rocks, and sam ples from all ar eas are cur rently be ing 
an a lyzed for phys i cal prop er ties and whole-rock geo chem -
is try. Al though de tailed geo chron ol ogi cal con straints are
scarce, the Late Tri as sic vol ca nic hostrocks at Mount
Polley, which are con strained be tween 204 and 201 Ma
(Lo gan and Mihalynuk, 2005), are tem po rally more closely 
re lated to the min er al iza tion than those at Mount Milligan,
where mineralization significantly postdates the volcanic
rocks.

In the ex po sures around Mount Polley and the Lac La
Hache prop erty, weakly al tered co her ent vol ca nic rocks
have rel a tively high mag netic sus cep ti bil i ties of 35–
85 H 10-3 SI units, ex cept where af fected by chlorite and
epidote al ter ation. In those cases, mag ne tite is de stroyed
and sus cep ti bil i ties are com monly be low 5 H 10-3 SI units
(Fig ure 2A, B). This con trasts with the Mount Milligan area 
and north east from Lac La Roche, where rel a tively un al -
tered co her ent ba salt has low mag netic sus cep ti bil i ties of
0.3–2 H 10-3 SI units. Only two sam ples from Mount Milli -
gan have high val ues of 20–25 H 10-3 SI units.

The groundmass and some pheno crysts (pos si bly for mer
ol iv ine) within vol ca nic rocks are com monly he ma tite
stained in the Mount Polley and Lac la Hache ar eas but rare
in the other ar eas stud ied. Red sand stone and polymict
brec cias and con glom er ates have been mapped near these
de pos its and are in ter preted to have been subaerially de pos -
ited (Fig ure 2; Lo gan and Bath, 2005; Schiarizza and
Blingh, 2008).

Analcime-phyric ba salt that is mac ro scop i cally iden ti fi able 
as alkalic in com po si tion has been ob served only in the
Mount Polley area thus far, but whole-rock geo chem is try is
ex pected to pro vide fur ther insight.
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Discussion and Possible Implications

The higher mag ne tite con tent of co her ent ba salt near ar eas
with cop per-gold min er al iza tion may in di cate that the arc
has been more ox i dized in those ar eas com pared to else -
where. Al ter na tively, there may also be a gen eral evo lu tion
from lower to higher mag ne tite con tent as the arc evolves
and de pos its are as so ci ated with the stratigraphically
higher portions of the arc assemblage.

Highly mag netic vol ca nic hostrocks in some ar eas may ob -
scure aero mag net ic sig na tures of mag ne tite-rich al ter ation
zones as so ci ated with alkalic por phyry cop per-gold de pos -
its. How ever, both dis tal propylitic and seafloor al ter ation
can in tro duce epidote and chlorite, and de stroy mag ne tite.
Ex ten sive dis tal propylitic al ter ation may have the po ten tial 
for gen er at ing dis tinc tive mag netic lows in the pe riph ery of
the min er al iza tion. In con trast, where the de pos its sig nif i -
cantly post date the host vol ca nic rocks and where these
have low mag netic sus cep ti bil ity, mag ne tite in tro duced

dur ing hydrothermal alteration can be more evident in
aeromagnetic data.

Outlook

De spite the lim ited data avail able at this point, arc seg ments 
host ing min er al iza tion are ap par ently dis tinc tive based on
mag netic sus cep ti bil ity and dis tri bu tion of alkalic ba salt.
Whole-rock geo chem is try and ad di tional phys i cal prop erty 
data from sam ples of all ar eas vis ited will pro vide fur ther
con straints on po ten tially pro spec tive vol ca nic rocks. De -
ter mi na tion of fer ric/fer rous iron ra tios will be rou tinely
per formed on least-al tered co her ent vol ca nic rocks to es -
tab lish the re la tion ship be tween mag netic sus cep ti bil ity
and ox i da tion state of the mag mas. De tailed petrographic
work will be un der taken to iden tify the na ture and type of
mag ne tite-de struc tive al ter ation, which will be cru cial for
in ter pret ing aeromagnetic signatures around alkalic
porphyry copper-gold deposits.
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Fig ure 2. Rock types from the study ar eas in cen tral Brit ish Co lum bia, show ing mag netic sus cep ti bil ity val ues (x 10-3 SI units): a) ba salt with 
lo cal chlorite and epidote al ter ation, pos si bly re flect ing pil low mar gins, north east of Lac La Hache (UTM Zone 10, 605473E, 5773358N,
NAD 83); b) co her ent pyroxene- and plagioclase-phyric ba salt near Mount Polley (UTM 591321E, 5814995N); c) pos si ble subaerially de -
pos ited volcaniclastic con glom er ate, 10 km north east of Mount Polley, (UTM 582376E, 5827795N); d) co her ent augite-phyric ba salt,
2.5 km south of Mount Milligan (UTM 433079E, 6105548N).
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