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INTRODUCTION

Iron ox ide cop per gold (IOCG) de pos its are rec og -
nized world-wide and in clude a num ber of world-class,
high-ton nage, low-grade Cu-Au de pos its that are typ i cally
hosted in in tru sive-hy dro ther mal brec cias and in clude the
Mesoproterozoic Olym pic Dam (Aus tra lia) and Igarape-
Bahia Alemao (Brazil) de pos its (Hitzman et al., 1992). In
the Ca na dian Cor dil lera, nu mer ous Mesoproterozoic brec -
cia bod ies in the Yu kon, col lec tively known as the
Wernecke Brec cias, have as so ci ated IOCG min er al iza tion
(Fig. 1; Thorkelson et al., 2001). De spite their eco nomic
sig nif i cance, the or i gins and paragenesis of IOCG de pos its, 
and hence min eral de posit mod els and re lated ex plo ra tion
strat e gies for IOCG de pos its, con tinue to be de bated
(Hauck, 1990). In the Ca na dian Cor dil lera, ex plo ra tion for
IOCG de pos its has fo cused on Pro tero zoic strata in the Yu -
kon and ad ja cent por tions of the North west Territories.

We re port on re cent map ping of the western mar gin of
the Aley carbonatite com plex of north eastern Brit ish
Columbia (Fig. 1, 2). The Aley carbonatite is one of a se ries
of carbonatite com plexes that in trudes lit tle-meta mor -
phosed con ti nen tal mar gin strata of the Ca na dian Cor dil -
lera fore land belt (Fig. 1). Of these com plexes, the Aley
carbonatite com plex is of par tic u lar in ter est due to its an -
oma lously high con cen tra tions of Nb2O5 and its spa tial as -
so ci a tion with the Ospika pipe, an ultra mafic lamprophyric
diatreme brec cia pipe that has been pre vi ously in ves ti gated
as a pos si ble di a mond ex plo ra tion tar get (Fig. 2). Al though
carbonatites have tra di tion ally been ex plored pri mar ily for
their rare earth element (REE) po ten tial, Groves and
Vielreicher (2001), based on their work on the Palabora
carbonatite of South Af rica, re cently pro posed a link be -
tween IOCG de pos its and carbonatites. Af ter sum ma riz ing
the char ac ter is tics of carbonatites and IOCG de pos its, we
pres ent the re sults of re cent de tailed (1:5000-scale) map -
ping across the western mar gin of Aley carbonatite. Should
the Aley carbonatite prove to host sig nif i cant IOCG min er -
al iza tion, it would sug gest that the se ries of carbonatite
com plexes that char ac ter ize the Ca na dian Cordilleran
Fore land Belt may con sti tute a sig nif i cant, newly rec og -
nized IOCG prov ince.

CARBONATITES AND IOCG DEPOSITS

Carbonatites are ig ne ous rocks con sist ing of >50%
mag matic car bon ate. Al though most com mon in Pre cam -
brian cratonic re gions, carbonatites are known world-wide, 
range in age from the Archean to the pres ent (Woolley,
1989) and are in ter preted to be ge net i cally and spa tially as -
so ci ated with con ti nen tal rifts (Bailey, 1977). Burke et al.
(2003), based on a com pi la tion of Af ri can carbonatite oc -
cur rences, have sug gested that de formed carbonatite com -
plexes oc cur along and char ac ter ize relict su tures where
oceans ad ja cent to rifted con ti nen tal mar gins have been
closed. Johnston et al. (2003) sug gested that carbonatite
com plexes of the Cordilleran fore land may lie along and
mark a cryp tic su ture sep a rat ing a far-trav elled rib bon con -
ti nent to the west (Johnston, 2001) from autochthonous
North Amer i can strata to the east. Re peated carbonatite
magmatism span ning hun dreds of mil lions of years char ac -
ter izes some small re gions (Bailey, 1977). All carbonatites
com monly oc cur to gether with al ka line ig ne ous rocks as
part of an al ka line in tru sive se ries that in cludes ol iv ine-free
nephelinites, syenites and pyroxenites. Rarely, carbonatites 
are spa tially as so ci ated with kimberlite.

Carbonatite min er al ogy ranges from cal cite (soivite)
to do lo mite carbonatites (raugaugite). Zoned carbonatite
in tru sions with cal cite rims and do lo mite cores have been
doc u mented. Im por tant ac ces sory phases com monly in -
clude pyroxene, mag ne tite and he ma tite, and ap a tite.
Fenitization, con sist ing of Na metasomatic al ter ation of the
host wallrocks, is com monly ob served ad ja cent to
carbonatite in tru sions. Eco nomic con cen tra tions of REE,
par tic u larly Nb, used in the pro duc tion of stain less steel and 
high-strength me tal lic al loys, make carbonatites at trac tive
ex plo ra tion tar gets. The Palaboro carbonatite of South Af -
rica hosts an eco nomic mag ne tite-cop per-phos phate-REE
de posit (Eriksson, 1989).

Iron oxide copper gold de pos its oc cur in a va ri ety of
brecciated hostrocks, but are all as so ci ated with potassic
anorogenic granitoid plutons, and are spa tially as so ci ated
with crustal-scale faults that mark cratonic mar gins
(Hitzman et al., 1992). Most known IOCG de pos its are
Paleo- to Mesoproterozoic. Host brec cia bod ies are typ i -
cally steeply plung ing pipe-like bod ies that con sist of fresh
to en tirely metasomatized coun try-rock frag ments.
Metasomatism lo cally ex tends into unbrecciated
wallrocks. Hostrocks range from older sed i men tary and
vol ca nic strata to much older gneiss com plexes, and rarely
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comprise co eval anorogenic granitoids. Min er al iza tion is
char ac ter ized by low-grade cop per and gold min er al iza tion 
in mag ne tite and he ma tite. Mag ne tite and he ma tite oc cur as
a ce ment bind ing to gether brec cia frag ments, as brec cia
frag ments, and as a tex ture-de stroy ing metasomatic al ter -
ation of wallrock frag ments. Anom a lous en rich ment in
light REE, F and P, and Ag, As, Ba, Co, Mo, Nb, Ni, Th, and
U is com mon. Ev i dence of early car bon ate al ter ation is
rare, al though car bon ates are com monly re placed by youn -
ger sul phide min er als, and the ex tent of early car bon ate
flux ing may be un der es ti mated. Car bon di ox ide is a com -
mon com po nent of the ore flu ids (Groves and Vielreicher,
2001)

ALEY CARBONATITE

The Aley carbonatite com plex was mapped as part of a
re gional-scale (1:250 000) map ping pro gram by Thomp son 
(1989) and in de tail by Maeder (1986, 1987). The main
com po nents of the com plex are 1) an oval shaped in tru sion
3.0 km in di am e ter along its long north-south axis and char -

ac ter ized by a mas sive, coarsely crys tal line do lo mite
carbonatite core; 2) spa tially as so ci ated lam pro phyre
dikes; 3) a man tle of rocks that have pre vi ously been re -
ferred to as ‘am phi bo lite’ (Mader, 1987; Pell, 1994) and
mapped as a con tin u ous body that com pletely en closes the
in tru sion; 4) an outer fenite zone, pre vi ously in ter preted as
Na-metasomatized wallrocks; and 5) cleaved ar gil la ceous
lime stone and dolomitic lime stone of the host wallrocks
(Fig. 2). We first dis cuss the wallrocks, then the ‘am phi bo -
lite’ man tle, and fi nally the carbonatite and its associated
lamprophyres.

Re gional map ping has es tab lished the strati graphic
suc ces sion into which the carbonatite was in truded, and the
re la tion ship of the carbonatite to re gional fa cies bound aries 
(Thomp son, 1989). Slaty lime stones and cal car e ous slate
of the Cam brian to Or do vi cian Kechika For ma tion host the
carbonatite com plex. Stratigraphically over ly ing the
Kechika For ma tion in the vi cin ity of the Aley carbonatite
are light grey dolostones of the Mid dle Or do vi cian Skoki
For ma tion (Fig. 2). The dolostones in clude a dark green
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Fig ure 1 – Distribution of known carbonatite com plexes in the Fore land and Omineca belts of Brit ish Columbia, in part af ter Pell (1994).
Black di a monds in di cate carbonatites emplaced into lay ered strata thought to have been de pos ited along the an cient con ti nen tal plat form
and slope of west ern North Amer ica, and in clude the Aley carbonatite (cir cled).  Grey di a monds in di cate carbonatites hosted by meta mor -
phosed strata of prob a ble Pre cam brian age.  Dis tri bu tion of the Wernecke Brec cia bod ies is in di cated on the in set map.



weath er ing al ka line ba salt that thins away from the Aley
carbonatite to the north and south (Fig. 2). Pyle and Barnes
(2001) iden ti fied carbonatite ocelli in sam ples of the ba salt
col lected to the north of the Aley carbonatite (D. Canil,
personal communication, 2001). The Skoki For ma tion
passes both upsection and to the west into shales, cal car e -
ous shales and sand stones of the basinal Road River Group
(Fig. 2). The tran si tion from car bon ates of the Skoki For -
ma tion to shales of the Mid dle Or do vi cian to Mid dle De vo -
nian Road River Group has been in ter preted as a fa cies
bound ary where shal low-wa ter plat form and shelf car bon -
ates pass west ward into deep wa ter shales of the con ti nen tal 
slope and ad ja cent ba sin (Ce cile and Norford, 1979; Pyle
and Barnes, 2001). Hence, the Aley carbonatite in truded
along or close to the an cient western mar gin of the North
Amer i can con ti nent.

FENITE ZONE

Kechika For ma tion rocks within 500 m map dis tance
of the in tru sion are char ac ter ized by a bleached to cream-

white weathering col our, have been mapped as ‘fenites’,
and have been in ter  preted as  sed i  men tary rocks
metasomatized dur ing carbonatite in tru sion by the ad di tion
of Na2O, K2O, MgO and Fe2O3 (Mader, 1987; Pell, 1994).
Two dis tinct rock types char ac ter ize the fenite zone:
coarsely crys tal line do lo mite and finely lam i nated
dolostone. Coarsely crys tal line do lo mite is tex tur ally and
min er al og i cally iden ti cal to the dolomitic carbonatite in tru -
sion and oc curs as mas sive, lam i na tion-par al lel lay ers 5 to
100 cm thick that we in ter pret as in tru sive carbonatite sills.
Finely lam i nated dolostones that host the sills are char ac -
ter ized by wavy, anastomosing lami na tions that ap pear
mylonitic. Con tacts with un al tered and nonlaminated
(nonmylonitized?) Kechika For ma t ion rocks are
gradational over short dis tances and are com monly sharp.
These re la tion ships sug gest to us that the fenitized zone is a
struc tur ally dis tinct pack age of rocks with an uncertain re -
la tion ship to ad ja cent rocks of the Kechika For ma tion. We
be lieve that at least some of the fenitized rocks are
mylonitized carbonatite of the in tru sion. In ter leav ing of
mas sive and mylonitized carbonatite sug gests that
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Fig ure 2 – De tailed ge ol ogy of the Aley carbonatite (in part af ter Mader, 1987 and Thomp son, 1989). See Fig ure 1 for lo ca tion. The grey
marker unit con tained in the Skoki For ma tion is an alkalic ba salt layer. The diatreme that in trudes the Skoki For ma tion west of the
carbonatite is the Ospika Pipe. Sche matic cross-sec tion at lower right shows the re la tion ships be tween the fenite, brec cia and carbonatite;
black bars rep re sent 250 m on the cross-sec tion. Ab bre vi a tions: OS, Or do vi cian-Si lu rian; CO, Cam brian-Or do vi cian. 



intrusion was synkinematic and involved the development
of highly strained rocks.

MANTLING BRECCIA

The carbonatite in tru sion is mapped as be ing ev ery -
where iso lated from the fenite zone by a man tle of am phi -
bo lite (Fig. 2; Mader, 1987). Pell (1994) noted that, lo cally
at least, the am phi bo lite was char ac ter ized by brec cia. Our
map ping fo cused on the west ern mar gin of the carbonatite,
where the in tru sion is sep a rated from the fenite zone by a
thick and con tin u ous brec cia body that forms a steeply
west-dip ping sheet. The brec cia is grey, ma trix sup ported
and het er o ge neous (Fig. 3). Clasts range in size from sand-
sized par ti cles to blocks >1 m in di am e ter, are well rounded
but not spher i cal, and are com monly char ac ter ized by
bleached (al tered) mar gins (Fig. 3a). A weak fo li a tion de -
fined by align ment of the larg est clasts is lo cally ev i dent
and par al lels the steep west dip of the brec cia body. The ma -
jor ity of the clasts con sist of quartz ite or microcrystalline
leucosyenite. Lime stone clasts, pre sum ably de rived from
the ad ja cent coun try rocks, are com mon. Nei ther the
quartz ite nor the leucosyenite is mapped in the vi cin ity of
the Aley carbonatite and the source of these abun dant clasts 
is un known. Clasts of he ma tite-mag ne tite, carbonatite and
apha ni tic ‘greenstone’ are rare.

The ma trix var ies be tween a mag matic microsyenite
and a clastic mix of sand-sized par ti cles of quartz ite and
grey, aphanitic lithic clasts of un cer tain li thol ogy. The
microsyenite con sists of in ter lock ing, euhedral feld spar (or 
pos si bly neph el ine) microlites that ap pear ig ne ous in or i -
gin. Both the clastic and microsyenite ma trix are com monly 
char ac ter ized by he ma tite and he ma tite-mag ne tite ce ment.
He ma tite forms asym met ric, lam i nated man tles on many of
the clasts and lo cally pen e trates into clasts along frac tures
(Fig. 3b,c) that cut across ma trix and clasts. Pre vi ous geo -
chem i cal stud ies, sum ma rized in Pell (1994), in di cate that
the syenite clasts are char ac ter ized by light REE en rich -
ment sim i lar to, but not as strongly de vel oped as, the that of
Aley carbonatite. The ma trix is an oma lously Na and K-
rich, but oth er wise geochemically sim i lar to fenite zones
mar ginal to many carbonatite in tru sions (Pell, 1994).

Sheets of highly fo li ated and lineated, or ange-weath -
er ing carbonatite are com mon in the brec cia. These
carbonatite sheets ap pear to lo cally host rare sin gu lar
clasts. The fo li a tion is de fined by wavy lami na tions and by
dis con tin u ous lay ers rich in rods of white, coarsely crys tal -
line sad dle do lo mite. The lineation is de fined by 1–10 mm
long rods of sad dle do lo mite that plunge steeply down-dip
to the west (Fig. 3d). At one lo cal ity, the fo li a tion was de -
f ined by al ign  ment  of  abun dant ,  h ighly  a l  te red
orthopyroxene ‘plates’ 1 cm across. The sheet-like ge om e -
try of the fo li ated carbonatites and the pres ence of al tered
orthopyroxene crys tals im ply that the carbonatite sheets
orig i nated as dikes or sills that in truded the brec cia. In one
in stance a sheet of fo li ated carbonatite rooted into a west-
dip ping extensional shear zone (Fig. 3e). The close spa tial
re la tion ship be tween shear zones and fo li ated carbonatite
sheets may in di cate that carbonatite in tru sion was
synkinematic with extensional (top down to the west)

shear ing and that the pres ence of the carbonatite magma
pro moted and lo cal ized shear zones within the brec cia. In
ad di tion to the sheared carbonatite sheets, or ange-weath er -
ing, dis cor dant dikes and sills of mas sive carbonatite are
com mon through out the brec cia body, al though they ap pear 
more abun dant ad ja cent to the con tact with the main body
of the un der ly ing Aley carbonatite. These carbonatite dikes 
nar row and branch up ward away from the un der ly ing in tru -
sion (Fig. 3f), sug gest ing that the brec cia body pre dated
and formed the roof above the in trud ing Aley carbonatite.

Ar gil la ceous lime stones of the Or do vi cian Skoki For -
ma tion im me di ately west of and in fault con tact with the
man tling brec cia are in truded by a brec cia pipe (Ospika
pipe). Al though dis tin guish able from the man tling brec cia
due to the pres ence of abun dant phlogopite, the Ospika pipe 
brec cia is oth er wise sim i lar to and prob a bly ge net i cally re -
lated to the man tling brec cia. Both brec cias are char ac ter -
ized by a sim i lar suite of clasts, the pres ence of bleached re -
ac tion rims on the clasts, a het er o ge neous ig ne ous ma trix
that lo cally con sists of pyroxene-phyric carbonatite, and
cross cut ting carbonatite dikes that postdate brec cia em -
place ment.

ALEY CARBONATITE

The Aley in tru sion con sists of bright or ange weath er -
ing crys tal line do lo mite, and sits struc tur ally be neath and is
in sharp con tact with the over ly ing brec cia body. The
carbonatite-brec cia con tact con sists of a highly sheared
zone, rang ing from 1 to >10 m wide, of struc tur ally in ter -
mixed brec cia, green schist,  he ma tite lay ers and
carbonatite. Ki ne matic in di ca tors, in clud ing asym met ric
folds, extensional shears, and a crenulation cleav age, im ply 
that de for ma tion oc curred dur ing top-down-to-the-west
shear ing. The pres ence of interfoliated lay ers of highly
strained and un strained carbonatite in di cates that
extensional shear ing was co eval with in tru sion. The core of 
the in tru sion con sists of weakly fo li ated to un strained,
coarsely crys tal line do lo mite. The or ange col our ap pears to 
re sult from abun dant dis sem i nated he ma tite. The fo li a tion
com monly dips steeply to the west to north west, par al lel to
the con tact with the over ly ing brec cia body. Pre vi ous geo -
chem i cal stud ies (Pell, 1994) have es tab lished that the
carbonatite is strongly en riched in phos pho rus (>11%
P2O5) and light REE. Concentrations of Nb2O5 alone lo -
cally ex ceed 2%.

The age of the carbonatite in tru sion is con strained as
be ing youn ger than the en clos ing Late Cam brian to Mid dle
Or do vi cian Kechika For ma tion. An alkalic vol ca nic layer
in the Or do vi cian Skoki For ma tion, which is lo cally char -
ac ter ized by carbonatite ocelli, thins away from the
carbonatite to the north and south. The spa tial as so ci a tion
of this alkalic vol ca nic unit with its carbonatitic af fin ity
may in di cate that vol ca nism and in tru sion were cogenetic,
re quir ing a mid-Or do vi cian age for the Aley carbonatite.
Al ter na tively, the close spa tial as so ci a tion of the vol ca nic
layer and the in tru sion may be an other ex am ple of re peated
carbonatitic magmatism in one locality over long periods of 
time.
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Fig ure 3. a) Rounded, elon gate syenite clasts (light grey) in dark grey, hematitic microsyenite ma trix. b) Syenite and quartz ite clasts en -
closed in lam i nated he ma tite-mag ne tite man tles within a hematitic microsyenite ma trix; note that he ma tite-mag ne tite man tles are asym -
met ric and ap pear to pen e trate into the clasts along frac ture planes. c) Close-up of lam i nated he ma tite-mag ne tite man tle. d) Fo li ated and
lineated or ange-weath er ing carbonatite sheet within the man tling brec cia; light grey sad dle do lo mite forms re sis tant, elon gate lenses that
de fine a steeply west ward plung ing, down-dip lineation. e) Brec cia cut by down-dip to the west extensional shear zone (asym met ric ar -
rows in di cate sense of shear); note extensional dom ino-fault ing of brec cia in the hangingwall of the extensional shear, and the carbonatite
sheet (black ar row) at lower left that de fines the down-dip con tin u a tion of the extensional shear; f) 30 m high cliff face ex po sure of brec cia
im me di ately above the up per con tact of the Aley carbonatite in tru sion; upward-branch ing carbonatite dikes that root down ward into the
carbonatite pluton in trude the grey-weath er ing brec cia.



Lam pro phyre dikes in trude the brec cia body and Or -
do vi cian to De vo nian Road River Group to the east of the
carbonatite. If at trib ut able to the same mag matic event that
gave rise to the carbonatite, these lam pro phyres would in -
di cate a De vo nian or youn ger age of in tru sion. Two K-Ar
ages on phlogopite sep a rates the lamprophyre dikes
yielded ages of 339 ± 12 and 349 ± 12 Ma (Maeder, 1986).
We in ter pret these ages as re flect ing cool ing through the
clo sure tem per a ture for Ar in bi o tite-phlogopite and there -
fore in ter pret 345 Ma (Mis sis sip pian) as the min i mum pos -
si ble age of the lam pro phyres.

STRUCTURAL GEOLOGY

The com plex and its wallrocks are imbricated along a
se ries of steeply west-dip ping, east-verg ing thrust faults.
The carbonatite oc curs in the im me di ate hangingwall of the 
Bur den thrust (Fig. 2), a ma jor northwest-trending thrust
fault that merges with the north-trending moun tain front to
the south where it de fines the east limit of the Rocky Moun -
tain struc tural prov ince (Thomp son, 1989). Kechika For -
ma tion rocks in the hangingwall of the Bur den thrust north
and south of the Aley carbonatite are folded, form ing an
over turned anticline with a steeply west-dip ping ax ial sur -
face. It re mains un clear if the carbonatite is it self tightly
folded in the core of this fold; al though the dolomitic
carbonatite in the core of the in tru sion is weakly fo li ated,
there is no in di ca tion of sig nif i cant strain that one would
com monly as so ci ate with the hinge of a tight, over turned
fold. In ad di tion, the sym met ric ovoid shape of the
carbonatite body and lack of any sig nif i cant pen e tra tive de -
for ma tion or flow within the body ar gue against the in tru -
sion hav ing been tightly folded, and the up ward branch ing
ge om e try of carbonatite dikes that root into the roof of the
in tru sion all point to the in tru sion be ing the right way up.
How then to rec on cile the folded na ture of the Kechika For -
ma tion wallrocks north and south of the in tru sion with the
ap par ent lack of fold ing of the in tru sion it self? It may be
that the tight over turned fold roots into the fenite zone,
which may be a mylonitic thrust, as opposed to a
metasomatic aureole.

The Aley carbonatite and its host Kechika For ma tion
rocks are thrust east over an over turned panel of shale of the 
Road River Group (Fig. 2). A bi o tite lam pro phyre dike that
in trudes the footwall Road River Group shales pro vides a
link with lam pro phyres that char ac ter ize the Aley
carbonatite. To the west, Kechika For ma tion rocks car ried
in the Bur den thrust sheet are in ter preted as be ing
overthrust by youn ger ar gil la ceous lime stones and cal car e -
ous shales of the Road River Group. Interpetation of this
con tact as a fault is con sis tent with the pres ence of fault
rocks (gouge and dis rupted and folded strata) and with the
ab sence of the Skoki For ma tion, which is known to lie be -
tween and sep a rate the Kechika For ma tion and Road River
Group re gion ally. In ter pret ing the con tact as a thrust fault,
how ever, re quires that youn ger (Road River) strata were
thrust over older (Kechika) strata. In ter pre ta tion of the fault 
as a nor mal fault would be con sis tent with the youn ger over
older re la tion ship and with the ab sence of the Skoki For ma -
tion. Extensional, top down to the west shear zones have

been ob served in the brec cia above the carbonatite and
along the brec cia-carbonatite con tact (Fig. 3f). In ter leav ing 
of sheared and un strained carbonatite, the root ing of
sheared carbonatite into dis crete shear zones, and trun ca -
tion of extensional shears by un strained carbonatite dikes
im ply that shear ing was synintrusive and may have ac com -
mo dated em place ment of the Aley carbonatite in tru sion. It
may be, there fore, that the fault zone bound ing the Bur den
thrust sheet to the west is a Pa leo zoic extensional fault that
de vel oped dur ing Aley carbonatite magmatism. Al ter na -
tively, the ob served youn ger over older re la tion ships and
the ab sence of the Skoki For ma tion could be ac com plished
by hav ing a thrust fault cut struc tur ally upsection through
an al ready over turned panel of rock, al though this con flicts
with our in ter pre ta tion of the Aley carbonatite be ing right
way up.

An iso lated area un der lain by rocks of the Skoki For -
ma tion, im me di ately west of the Aley carbonatite in the
hangingwall of the fault form ing the western mar gin of the
Bur den thrust sheet, hosts an ultra mafic diatreme pipe, re -
ferred to as the Ospika diatreme. The diatreme has been
pros pected for di a mond po ten tial. De pend ing upon the na -
ture of the fault bound ing the western mar gin of the Bur den
thrust sheet, the Ospika pipe ei ther orig i nated to the west of
the carbonatite (if the fault is a thrust) or struc tur ally above
the carbonatite (if the fault is a nor mal fault).

ECONOMIC GEOLOGY

Ex ten sive ex plo ra tion of the Aley carbonatite and the
ad ja cent Ospika pipe, in clud ing sur face map ping and di a -
mond-drill ing, has fo cused on the Nb2O5 and di a mond po -
ten tial, re spec tively. Concentrations of >0.6% Nb2O5 char -
ac ter ize large vol umes of the carbonatite in tru sion, with
lo cal con cen tra tions of >2%, com pa ra ble to the 0.5–0.7%
Nb2O5 grade of carbonatite mined near at St. Honoré, Que -
bec (Pell, 1994). High con cen tra tions of light REE and
phos phates fur ther en hance the eco nomic vi a bil ity of the
Aley carbonatite.

Ultrabasic diatremes sim i lar to the Ospika pipe,
located to the south (Golden) and north (Kechika), have
yielded microdiamonds (Simandl, 2004). Ex plo ra tion of
the Ospika pipe has, how ever, so far failed to yield di a -
monds or di a mond-in di ca tor min er als (e.g., G8–G10 gar -
nets).

Creeks drain ing the Aley carbonatite and the man tling
brec cia com prise an iso lated placer gold prov ince; no other
sig nif i cant placer gold de posit is known in Brit ish Co lum -
bia east of the Rocky Moun tain Trench. Placer gold prov -
inces else where in the east ern Cor dil lera are com monly
spa tially as so ci ated with mid-Cre ta ceous granitoid plutons
(Dawson et al., 1991). No mid-Cre ta ceous plutons are
known east of the Rocky Moun tain Trench in northeastern
Brit ish Columbia. The pres ence of the Aley carbonatite at
the head of the creeks char ac ter ized by placer gold makes it
likely that the carbonatite in tru sion or its wallrocks is the
source of the gold.
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DISCUSSION AND CONCLUSIONS

The Aley carbonatite com plex shares many of the traits 
of IOCG de pos its. In tru sion was ac com mo dated by and
synkinematic with crustal ex ten sion. Spa tial as so ci a tion
with a long-lived, Pa leo zoic car bon ate-to-shale fa cies
bound ary im plies prox im ity to a ma jor, con ti nent-bound -
ing fault sys tem. The carbonatite post dated and was
emplaced into and be neath a steeply plung ing body of mag -
matic brec cia. The spa tially and ge net i cally re lated Ospika
pipe, lo cated to the west of the carbonatite, also forms a
steeply plung ing brec cia pipe. Sig nif i cant metasomatism
at tended brec cia em place ment: clasts of coun try rock ex -
hibit bleached al tered rims, and are man tled by, shot
through and par tially to wholly re placed by lam i nated to
mas sive he ma tite and he ma tite-mag ne tite. He ma tite and
he ma tite-mag ne tite also oc cur as dis crete frag ments within
the brec cia, and as a ubiq ui tous ce ment phase pres ent
through out the ma trix. Lo cally, the brec cia ma trix con sists
of sheared carbonatite, im ply ing sig nif i cant car bon ate-
flux ing dur ing brec cia em place ment. The pres ence of a
‘fenite zone’ host ing the brec cia may in di cate that
metasomatism ex tended into the unbrecciated coun try
rock. Al though potassic anorogenic granitoid plutons were
not mapped in the vi cin ity of the carbonatite body, the pres -
ence of abun dant microsyenite clasts in the brec cia and the
syenite-nephe lin ite char ac ter of the brec cia ma trix imply
the pres ence of as so ci ated anorogenic magmatism. Pre vi -
ous ex plo ra tion has dem on strated that the carbonatite is an -
oma lously en riched in light REE, as well as phos pho rus.
No vis i ble gold min er al iza tion has been re ported in the
carbonatite or the man tling brec cia. Low-grade gold
mineralization is, however, implied by the presence of
significant gold placers on the creeks draining the intrusive
complex. 

In ter pre ta tion of the Aley carbonatite as host to sig nif i -
cant IOCG min er al iza tion re mains a largely un tested
model. The ex tent of re lated cop per min er al iza tion, a hall -
mark of IOCG de pos its, re mains en tirely un known, as does
the amount of en rich ment in other IOCG-as so ci ated el e -
ments (F, Ag, As, Ba, Co, Mo, Th and U). Fun da men tal
con straints, such as the age of brec cia for ma tion and sub se -
quent carbonatite in tru sion, are lack ing. It seems likely that
the struc tural evo lu tion of the carbonatite and the man tling
brec cia in volves a synmagmatic extensional event and Late 
Cre ta ceous dis place ment along east-verg ing thrust faults.
The ge om e try of extensional and thrust struc tures is, how -
ever, only broadly con strained, and the re la tion ship of the
carbonatite to these struc tures re mains poorly un der stood.

Our ob ser va tions from the Aley carbonatite lend sup -
port to the sug ges tion, first made by Groves and Vielreicher 
(2001), that carbonatites are an end mem ber of the IOCG
fam ily of min eral de pos its. All pre vi ously doc u mented oc -
cur rences of IOCG min er al iza tion are Pro tero zoic or older.
Con fir ma tion of sig nif i cant IOCG min er al iza tion at the Pa -
leo zoic Aley carbonatite would make it the youn gest
known IOCG oc cur rence in the world, and would im ply
that ex plo ra tion for IOCG de pos its should ex pand into
post-Pro tero zoic ter ranes. From a Ca na dian per spec tive,
the Aley carbonatite is but one of a se ries of Pa leo zoic

carbonatites and al ka line com plexes that ex tend the length
of the Fore land Belt of the Cordilleran orogen, all of which
may po ten tially host IOCG min er al iza tion. Hence, ex plo ra -
tion pro grams for IOCG de posits, which have to date fo -
cused on the Mesoproterozoic Wernecke Brec cias of the
Yu kon and North west ter ri to ries, might now find en cour -
age ment to ex pand into Pa leo zoic strata along the length of
the Cordilleran Fore land.
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