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Introduction

Siliciclastic sed i men tary rocks con tain sig nif i cant Cu
(Hitzman, 2000), so large cratonic bas ins are good source
re gions for this im por tant re source. Sed i ment-hosted
stratabound Cu de pos its are the sec ond most im por tant
global source of Cu, af ter por phyry Cu de pos its, in terms of
to tal re source (Singer, 1995). Ma jor stratabound Cu de pos -
its lie within the Kupferschiefer belt of Eu rope and the
Zam bian Copperbelt of Af rica (Cailteux et al., 2005). The
Paleoproterozoic Belt-Purcell Ba sin has a sed i ment thick -
ness of at least 19 km within the cen tral part of the ba sin in
Brit ish Co lum bia (Cook and van der Velden, 1995) and up
to 18 km in the United States (Winston and Link, 1993).
This large thick ness of sed i ment was de pos ited in a rel a -
tively short pe riod of time (Ev ans et al., 2000), lead ing to
the for ma tion of nu mer ous sed i ment-hosted stratabound
Cu-Ag oc cur rences in the quartz ite-dom i nated Revett For -
ma tion (Hayes and Einaudi, 1986; Boleneus et al., 2005).
These de pos its, in clud ing the Troy, Rock Creek and
Montanore, are all located in western Montana (Figure 1).

In Can ada, the Mesoproterozoic Purcell Ba sin hosts the
Sullivan mine, one of the world’s top SEDEX past-pro duc -
ers of Zn and Pb (Goodfellow and Lydon, 2007). This de -
posit is hosted in the Aldridge For ma tion of the lower
Purcell Supergroup and, con se quently, these strata have
seen ex ten sive base metal ex plo ra tion. Rocks above the
Aldr idge  For  ma t ion  (mid  d le  and  up  per  Purce l l
Supergroup) have re ceived much less at ten tion in BC, even
though they host polymetallic veins (e.g., Paiement et al.,
2007) and sed i ment-hosted Cu (±Ag±Co) occurrences.

A two-year re search pro ject was launched in 2007 to ex am -
ine the stratabound Cu po ten tial of the Purcell Supergroup.
Field stud ies by the first au thor were con ducted pri mar ily in 
ar eas south and east of Cranbrook (NTS 082G/03, /04,

/05, /06, /12), an area that was pre vi ously mapped by Höy
and Carter (1988). Ap prox i mately 10 weeks of geo log i cal
map ping, in clud ing a fo cused ex am i na tion of the Creston
For ma tion around Yahk Moun tain in the McGillivray
Range, were con ducted in 2007 and 2008. Data and sam -
ples were col lected for mag netic sus cep ti bil ity mea sure -
m e n t s ,  l i t h o g e o c h e m i c a l  s t u d  i e s  a n d  a  p i  l o t
biogeochemical sur vey. The Troy and Montanore
stratabound Cu-Ag de pos its of Montana were vis ited in or -
der to better iden tify ex plo ra tion strategies for this class of
mineral deposit.

Ini tial re sults of a re gional ex am i na tion of known sed i -
ment-hosted Cu oc cur rences from the Purcell Supergroup
were pub lished by Hartlaub and Paradis (2008). The pres -
ent pa per moves to an ex am i na tion of the po ten tial for
‘Revett style’ (Cox et al., 2007) de pos its in the Belt-Purcell
Basin in Canada.

Geological Setting and Regional
Stratigraphy of the Belt-Purcell Basin

The  Mesop ro te ro zo ic  Be l t -Purce l l  Ba  s in  i s  an
intracontinental rift sys tem filled by ma rine and fluviatile
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Fig ure 1. Ap prox i mate ex tent of the ex posed Belt-
Purcell Ba sin in Brit ish Co lum bia, Montana, Idaho and
Wash ing ton (known as the ‘Purcell Ba sin’ in Can ada and 
the ‘Belt Ba sin’ in the United States). The lo ca tion of the
study area (shown by the rect an gle) and known sed i -
ment-hosted Cu de pos its are also shown.
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sed i ments that ex tends from south east ern BC into Idaho,
west ern Montana and east ern Wash ing ton (Höy, 1993;
Elston et al., 2002; Lydon, 2007). It is known as the ‘Belt
Ba sin’ (con tain ing the Belt Supergroup strata) in the United 
States and the ‘Purcell Ba sin’ (Purcell Supergroup) in Can -
ada. The ba sin de vel oped as a branch ing sys tem of sub-bas -
ins along base ment struc tures and was later short ened and
folded dur ing sev eral pe ri ods of de for ma tion (Höy et al.,
2000; Price and Sears, 2000). In south east ern BC, the old -
est rocks of the Purcell Supergroup are ex posed along the
core and west ern mar gin of a large-scale anticlinorium
(Purcell anticlinorium).

Mesoproterozoic rocks of the Purcell Ba sin in Can ada have
been stratigraphically sub di vided in dif fer ent ways by dif -
fer ent au thors work ing in dif fer ent lo ca tions. A com plete
dis cus sion of strati graphic no men cla ture and changes
within the ba sin is avail able in Höy (1993), Winston and
Link (1993) and Gardner and Johnston (2007). The lower
12 km of the ba sin are ‘rift-fill’ turbidite rocks, the Aldridge 
For ma tion in Can ada, which are in truded by the mafic
Moyie sills, dated at 1468 ±2 Ma (An der son and Da vis,
1995). The Creston, Kitchener and Van Creek for ma tions
over lie the Aldridge For ma tion, and con sti tute the mid dle
suc ces sion of the Purcell Supergroup (Fig ures 2, 3). They

rep re sent the be gin ning of the ‘rift-cover’ se quence
(Lydon, 2007) but pre date the erup tion of a thick pack age
of flood bas alts (the Purcell lavas or the Nicol Creek For -
ma tion). A por phy ritic rhy o lite in the Purcell lavas in
Montana yielded an age of 1443 ±7 Ma (Ev ans et al., 2000). 
Di rectly over ly ing the flood bas alts of the Nicol Creek For -
ma tion are coarse clastic and stromatolitic car bon ate rocks
of the Sheppard For ma tion. The shal low-wa ter, fine-
grained clastic rocks of the up per Purcell Supergroup
include the Gateway, Phillips and Roosville formations
(Höy, 1993).

In south east ern BC, the Purcell Ba sin has been folded along 
a north-north west-trending axis and has been trans ported
eastwards dur ing re gional com pres sion as so ci ated with the
late Cre ta ceous Rocky Moun tain orog eny (Chan dler, 2000; 
Höy et al., 2000; Price and Sears, 2000). A sub-greenschist
grade of meta mor phism ex ists through out much of the
Purcell Supergroup; how ever, the meta mor phic grade is
locally higher.

A gla cial over bur den blan ket of vari able thick ness cov ers
much of the Purcell Moun tains south of Cranbrook. This
over bur den places a se vere lim i ta tion on map ping and pros -
pect ing ac tiv i ties in the re gion. Out crops are lim ited to
steep cliff faces, roadcuts and lo cal ridges. Al though the
lack of ex po sure may have lim ited the abil ity to con duct
pros pect ing and soil sam pling, other meth ods can now be
ap plied to the re gion in or der to iden tify pro spec tive areas
beneath the glacial cover.

Geology and Subdivisions of the Creston
Formation

The Creston For ma tion (Schofield, 1915) has been pre vi -
ously di vided into three units based on li thol ogy and en vi -
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Fig ure 2. Sim pli fied ge ol ogy of the Purcell Supergroup (mod i fied
from Höy et al., 1995), show ing the lo ca tion of the study area (Fig -
ure 4).

Fig ure 3. Sim pli fied strati graphic col umn
for the Purcell Supergroup in the study
area (mod i fied from Höy, 1993).



ron ment of de po si tion (Höy, 1993). These three sub di vi -
sions (C1, C2 and C3) are con sid ered to be roughly
equiv a lent to the Burke, Revett and St. Regis for ma tions in
Montana. On the east ern side of the Purcell Ba sin,
McMechan (1981) fur ther sub di vided the Creston into five
in for mal units. Both the up per and lower con tacts of the
Creston are re ported to be gradational (Höy, 1993). Study
of the Creston For ma tion has been rel a tively lim ited com -
pared to the more than 86 mea sured sec tions and nu mer ous
logged drillcores re ported from the Burke, Revett and St.
Regis for ma tions in Montana and Idaho (Mauk and White,
2004; Boleneus et al., 2005).

An area un der lain by the Creston For ma tion south of
Cranbrook, near Yahk Moun tain, was cho sen for more de -
tailed map ping (Fig ure 4). The area is con sid ered pro spec -
tive for sed i ment-hosted Cu be cause it con tains a sig nif i -
cant thick ness of mid dle Creston For ma tion and hosts a
small Cu oc cur rence, dis cov ered in 2007. The Yahk Moun -
tain area l ies on the east  ern l imb of the Purcell
anticlinorium, about 15 km north of the bor der with
Montana. The Creston For ma tion in this area dips 15–20º
east-north east and is best ex posed at higher el e va tions. For
com par a tive pur poses, ad di tional sec tions of Creston For -
ma tion were ex am ined on the east side of Moyie Lake and
from drillholes west of Cranbrook. More than 50 sam ples
of Creston sed i men tary rocks were col lected for fu ture
detailed petrographic and geochemical analysis.

The Creston For ma tion is no ta ble for its al ter nat ing units of
shal low-wa ter siltstone, argillite, quartz ite and silty quartz -
ite. Rip ple marks and crossbeds are abun dant and con sis -
tent with sed i ment de po si tion in a rel a tively shal low, high-
en ergy en vi ron ment (Fig ure 5A). Flame struc tures, load
casts, scour sur faces, rip-up clasts and des ic ca tion struc -
tures oc cur lo cally. He ma tite and py rite also oc cur lo cally
(Fig ure 5B), but subhedral to euhedral mag ne tite is wide -
spread. Mag netic sus cep ti bil ity read ings for the Creston
range from 0.1 x 10–3 SI units to more than 15 x 10–3 SI, with 
an av er age of ~4 x 10–3 SI. These read ings are much higher
than those of the other strata in the Purcell Supergroup,
which rarely ex ceed 0.2 x 10–3 SI. Meta mor phic bi o tite,
mus co vite and staurolite oc cur spo rad i cally and in di cate
that local conditions may have peaked at middle
amphibolite facies.

Basal, mid dle and up per di vi sions of the Creston For ma -
tions oc cur in the Yahk Moun tain map area and are dis -
cussed in de tail be low. These three sub di vi sions are
roughly the same as those of Höy (1993) and ap pear to be
equiv a lent to the Burke, Revett and St. Regis for ma tions in
Montana:

· The basal Creston (C1) is dom i nated by green-grey
siltstone and argillite with rare thin beds of quartz ite.
Siltite-argillite cou plets are com mon, and a dis tinc tive

dark grey to black fis sile siltstone oc curs. The abun -
dance of syneresis cracks and a lack of des ic ca tion
cracks have been cited as ev i dence that this unit was en -
tirely sub aque ous (McMechan, 1981). The Burke For -
ma tion in Montana is re ported as siltite and argillite that
has a range of colours in clud ing green ish grey, pur ple,
red dish grey and mi nor black and grey (Winston and
Link, 1993). Sev eral Cu oc cur rences were noted within
the up per most part of C1 and are described below.

· The mid dle Creston (C2) con tains interbedded se -
quences of vari ably bleached, me dium- to thick-bed ded
siltstone, quartz ite and silty quartz ite. The base of unit
C2 is dif fi cult to con strain; how ever, the first ap pear -
ance of thick-bed ded white quartz ite is used to mark the
ap pear ance of the Revett For ma tion in Montana (Hayes, 
pers. comm., 2008). The abun dance of des ic ca tion
cracks in the mid dle Creston is con sis tent with re peated
subaerial ex po sure dur ing de po si tion. Siltstone of the
mid dle Creston is com monly light green, grey or pur ple. 
The less abun dant quartz ite beds within the Yahk Moun -
tain area, when com pared to the Troy and Montanore ar -
eas of Montana, may be due to lim ited ex po sure. The
grain size in the mid dle Creston rarely ex ceeds a me -
dium sand, con sis tent with what is de scribed from the
ma jor ity of the Revett For ma tion (Boleneus et al.,
2005). Much of the Revett has been in ter preted to have
formed via flu vial braided chan nels and sheet-flood
deposits (Winston and Link, 1993)

· The upper Creston (C3) re sem bles the lower Creston
in that it is dom i nated by green, len tic u lar bed ded
siltstone and argillite with very few quartz ite beds.
Sil ts tone-argi l l i te  cou plets  are com mon.  The
stratigraphically equiv a lent unit in Montana is the St.
Regis Formation.

Intrusive Rocks

Al though there are rel a tively few in tru sive rocks in the re -
gion (Fig ure 2), coarse-grained gab bro dikes and sills are
scat tered through out. A sin gle, poorly ex posed gab bro dike
cuts the mid dle Creston in the Yahk Moun tain area (Fig -
ure 4), but other sim i lar dikes lo cally cut the Kitchener For -
ma tion. A U-Pb zir con crys tal li za tion age of 1439 ±2 Ma
(Brown and Woodfill, 1998) for a gab bro sill ex posed east
of Moyie Lake is within er ror of the U-Pb zir con age of
1443 ±7 Ma (Ev ans et al., 2000) for rocks equiv a lent to the
Nicol Creek For ma tion in Montana. There fore, the gab bro
sill is likely part of a feeder sys tem to the over ly ing Nicol
Creek bas alts. An other gab bro dike cut ting the Kitchener
For ma tion near Cranbrook con tains nu mer ous chal co py -
rite-rich veins (Hartlaub and Paradis, 2008); how ever,
‘Revett style’ Cu de pos its have not been linked to any
magmatic events.
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Stratabound Cu±Ag±Co Potential of the
Middle Creston Formation

The min eral po ten tial of an area is com monly re lated to past 
dis cov er ies and cur rently op er at ing mines. By this stan -
dard, any Revett-equiv a lent rocks in the Purcell Ba sin
should be con sid ered to have a high min eral po ten tial de -
spite the lack of sig nif i cant dis cov er ies in the mid dle
Creston north of the Montana-BC border.

Knowl edge of the con di tions re quired to form stratabound
cop per de pos its is im por tant to better un der stand the min -

eral po ten tial of the mid dle Creston. The ma jor ity of sed i -
ment-hosted stratabound Cu de pos its are formed within
con ti nen tal-rift bas ins due to move ment of mod er ately low
pH and ox i dized flu ids within per me able, shal low-wa ter
sed i men tary and, more rarely, vol ca nic rocks (Brown,
1992). Cop per, sil ver, co balt, lead and other met als are
leached from min er als within the sed i men tary and/or ig ne -
ous rocks and car ried else where and pre cip i tated. Cox et al.
(2007) sub di vided sed i ment-hosted Cu de pos its into three
groups, based pri mar ily on how Cu pre cip i tates from the
flu ids. In the re duced-fa cies de pos its, ox i dized min er al iz -
ing brine in ter acts with some form of reductant and de pos -
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Fig ure 4. Sim pli fied ge ol ogy of the Yahk Moun tain area south of Cranbrook. Unit de scrip tions are 
found in the text. Con tour in ter val is 100 feet. Geo log i cal for ma tions in the map area are the
Aldridge (A), basal Creston (C1), mid dle Creston (C2) and up per Creston (C3). See Fig ure 2 for
re gional lo ca tion.



its Cu±Ag±Co above or lat eral to the red-bed sed i men tary
rocks (Fig ure 6). This reductant may be a re duced unit, such 
as black shale, or sul phur de rived by bac te rial re duc tion of
sea wa ter sulphates (Cailteux et al., 2005). It is the pres ence
of the reductant that can lead to large, high-grade de pos its,
such as those in the Kupferschiefer and Cen tral Af rica.
Red-bed–hosted de pos its lack or have lim ited amounts of
re duc ing hostrocks and are typ i cally low grade and small
ton nage (Cox et al., 2007). De pos its in the Revett For ma -
tion can be viewed as their own sub type, since the known
de pos its are hosted in quartz-rich sand stone. Un like the
red-bed de pos its, how ever, a reductant in the form of py -
ritic sand bod ies, or pos si bly hy dro car bon flu ids, is be -
lieved to have lo cal ized Cu and Ag min er al iza tion
(Boleneus et al., 2005; Hayes, pers. com., 2008). The con -
trol that sed i men tary struc tures lo cally pro vide on the dis -
tri bu tion of dis sem i nated sulphides is typ i cally cited (e.g.,
Garlick, 1988; Cailteux et al., 2005) as ev i dence that Cu
min er al iza tion oc curred prior to com pac tion and
lithification of sed i ments. For example, sulphides may
occur within troughs of ripples and ore may show signs of

sedimentary deformation, such as slumping or compaction
(Garlick, 1988).

Sev eral key points from the de posit mod els in di cate the
char ac ter is tics im por tant to stratabound Cu±Ag±Co ex plo -
ra tion in the Purcell Basin:

· rel a tively thick units of ox i dized, shal low-wa ter sed i -
ments

· ev i dence for move ment of brines through these ox i -
dized sed i ments

· ev i dence for lo cal pre cip i ta tion of dis sem i nated
sulphides along early sed i men tary structures

The Yahk Moun tain area (Fig ure 4) en com passes all three
of these im por tant fac tors. Ev i dence for large-scale move -
ment of ox i dized flu ids is noted within the area as scat tered
ex po sures of spec tac u lar pur ple and red he ma tite mot tling
along bed ding planes and frac tures (Fig ure 7A) that oc cur
im me di ately south and east of Cu min er al iza tion. A sim i lar
style of al ter ation oc curs within the Kupferschiefer sed i -
ment-hosted Cu de pos its in Po land (Cox et al., 2007) and
may mark the lo ca tion of a lo cal ized re dox front. Man ga -
nese min er als were noted on many frac ture and joint sur -
faces in the same area (Fig ure 7B). How ever, this al ter ation
pro cess may be re lated to a later event. Boleneus et al.
(2005) in di cated that a lav en der shade to the sed i men tary
rocks is oc ca sion ally ap par ent above and be low, but not
within, the prospective horizons of the Revett Formation.

In 2007, a new oc cur rence of dis sem i nated Cu sulphides
was dis cov ered within the Creston For ma tion along the Te -
pee Creek for estry road (Hartlaub and Paradis, 2008; UTM
593577E, 5454607N). The new show ing, named ‘Te pee
Creek’, con sists of green argillite con tain ing fine bornite
and chal co py rite dis sem i nated along the bed ding planes.
Mi nor amounts of green cop per ox i da tion mark the dis cov -
ery out crop, and two grab sam ples re turned as say re sults
with Cu (564 and 2086 ppm) and Ag (2 and 6 ppm) val ues
(Hartlaub and Paradis, 2008). In 2008, a 30 m sec tion of
out crops along a for estry road was dis cov ered to con tain
trace amounts of dis sem i nated mal a chite and chal co py rite
in siltstone (UTM 592315E, 5452924N). As say anal y ses
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Fig ure 5. A) Crossbedding in quartz ite of the Mid dle Creston For -
ma tion (C2) on Yahk Moun tain (UTM Zone 11, 593687E,
5448550N, NAD 83). B) Euhedral ox i dized py rite in quartz ite of the
Creston For ma tion (UTM 589483, 5465047E).

Fig ure 6. Typ i cal model for the for ma tion of sed i ment-
hosted stratabound Cu de pos its. The scale of the
min er al iz ing sys tem can vary from lo cal to dis trict.



for sam ples from this lo ca tion are un der way. Al though
these Cu show ings do not oc cur within quartz ite, Cu oc cur -
rences have been re ported from both fine and course units
of the Burke, Revett and St. Regis for ma tions (Boleneus et
al., 2005). Along the east side of Moyie Lake, there are sev -
eral lo ca tions where cross cut ting quartz and quartz-car -
bon ate veins and brec cias con tain cop per sulphides (Fig -
ure 8A–C). This cop per min er al iza tion post dates
stratabound mineralization and may indicate later
remobilization of metals.

Key Exploration Strategies

Hav ing iden ti fied a rea son able po ten tial for sed i ment-
hosted, stratabound Cu±Ag±Co min er al iza tion on the Ca -
na dian side of the Belt-Purcell Ba sin, it is use ful to note
some of the key strat e gies that may be uti lized for fu ture ex -
plo ra tion in the re gion. These ex plo ra tion strat e gies were
gleaned by ex am in ing the lit er a ture and vis it ing the sed i -
ment-hosted stratabound Cu de pos its of Montana.

· Stream and biogeochemical sam pling: Pros pect ing
stream geo chem i cal anom a lies led to ini tial dis cov er ies
at most of the stratabound Cu de pos its in Montana
(Hayes, pers. comm., 2008). Al though a BC Geo log i cal
Sur vey da ta base of re gional stream sam pling ex ists, a
more de tailed study will need to be car ried out in se -
lected parts of the Creston For ma tion out crop area.
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Fig ure 7. A) Red and pur ple iron-ox ide al ter ation pat terns within
sand stone of the mid dle Creston For ma tion (UTM Zone 11,
594161E, 5453650N, NAD 83). This al ter ation is es pe cially strik -
ing due to the white bleach ing (argillic al ter ation) of the rock.
Bleach ing may in di cate leach ing of Cu and other met als from the
rock, as has been seen in the Revett For ma tion. B) Man ga nese ox -
ide, l ikely pyrolusite, on a joint sur face (UTM 594038E,
5453531N).

Fig ure 8. A) Brec cia com posed of siltstone-argillite clasts in a
quartz vein ma trix. The brec cia lo cally con tains chal co py rite and is
ex posed in a roadcut on the east side of Moyie Lake (UTM Zone 11, 
585407E, 5466634N, NAD 83). B) Quartz, iron car bon ate, chal co -
py rite and mal a chite ce ment ing joint sur faces in the Creston For -
ma tion (UTM 585475E, 5467010N). C) Silty quartz ite and argillite
from the mid dle Creston For ma tion cut by a quartz-car bon ate vein
(UTM 585059E, 5464231N).



Biogeochemical sam pling may also help pro vide tar gets 
in ar eas of poor ex po sure.

· Trac ing of pro spec tive strata: Sev eral of the de pos its
in Montana were dis cov ered by a sim ple strat egy of ex -
plor ing along pro spec tive strati graphic ho ri zons af ter
traces of min er al iza tion had been dis cov ered (Hayes,
pers. comm., 2008). Thick-bed ded quartz ite is the typ i -
cal hostrock for the Revett de pos its of Montana (Fig -
ure 9A), but the finer grained sed i men tary rocks should
not be ruled out. The dis sem i nated na ture of the min er al -
iza tion is not al ways ap par ent, es pe cially where li mo -
nite has par tially re placed chal co py rite (Fig ure 9B, C).

· In duced-po lar iza tion sur veys: De spite the low of con -
cen tra tion of sulphides, stratabound Cu de pos its should
pro duce IP anom a lies due to the oth er wise re stricted
pres ence of sulphides and graph ite within the Creston
For ma tion.

· Aero mag net ic map ping: The abun dance of mag ne tite
within the Creston For ma tion in di cates that de tailed
aero mag net ic im ag ery would be use ful for trac ing con -
tacts in ar eas of poor ex po sure. A full eval u a tion of mag -
netic sus cep ti bil ity mea sure ments col lected in 2008 has
not yet been com pleted; how ever, ini tial re sults in di cate
that both min er al ized and nonmineralized Creston For -
ma tion rocks have similar magnetic susceptibility
values.

Future Products and Research Directions

· Re lease of a GIS map dataset in clud ing out crop lo ca -
tions, lithological in ter pre ta tions, struc tural mea sure -
ments, mag netic-sus cep ti bil ity mea sure ments and
georeferenced photos

· Pub li ca tion of mea sured sec tions from pro spec tive ar -
eas of the mid dle and up per Purcell Supergroup;
lithological de scrip tions will be fur ther con strained by
petrographic anal y sis of ref er ence samples

· Pub lic re lease of the com plete biogeochemical and
lithogeochemical da ta base

· Pub li ca tion of new geo chron ol ogi cal data

· Com ple tion of fluid in clu sion stud ies on min er al ized
quartz veins from the Creston and Sheppard for ma tions; 
this study will be com pleted in or der to con strain the
tem per a ture and chem is try of min er al iz ing fluids
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Fig ure 9. A) Thick-bed ded quartz ite of the lower Revett For ma tion. 
B) Li mo nite spots re plac ing chal co py rite in lower Revett For ma tion 
quartz ite. C) De tail of li mo nite spots re plac ing chal co py rite and
chrysocolla al ter ation. All three pho tos were taken at ex po sures of
the Montanore de posit on the north shore of Rock Lake, Montana.
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