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Introduction

Carbonatites are man tle-de rived, sil ica-poor ig ne ous rocks
with >50 vol. % pri mary car bon ate min er als (Yaxley et al.,
2021). De spite be ing sil ica-poor, the modal ra tio of car bon -
ate to sil i cate min er als is highly vari able in carbonatites
(Christy et al., 2021) and is de pend ent on how their pa ren tal 
magma is gen er ated and evolves be fore em place ment. Car -
bona tites are of sig nif i cant in ter est to ex plo ra tion com pa -
nies due to their high con cen tra tions of rare-earth el e ments
(REEs). As carbonatite magma evolves, REEs and other in -
com pat i ble el e ments con cen trate within re sid ual melts
(Anenburg et al., 2021). Anorogenic, rift-re lated set tings
fa cil i tate the em place ment of small-vol ume mag mas
produced by decompressional melt ing of the un der ly ing
man tle. This al lows the em place ment of al kali-rich, sil ica-
under saturated mag mas (which can crys tal lize and form
rocks such as carbonatite, nephe lin ite and phonolite)
within large-scale, intraplate extensional struc tures
(Chakhmouradian and Zaitsev, 2012). Ex am ples of such
anor o genic al ka line rock–carbonatite ig ne ous prov inces
in clude the Kola Pen in sula of Rus sia and the East Af ri can
Rift sys tem. Carbonatites and al ka line rocks in orogenic
set tings may also host con cen trated REEs (Song et al.,
2016). In orogenic set tings, carbonatite em place ment oc -
curs ei ther dur ing postorogenic col lapse or be fore a tran si -
tion from a con ver gent to di ver gent tec tonic set ting (Yaxley 
et al., 2022). The cool ing and crys tal li za tion of carbonatite
mag mas are ac com pa nied by the re lease of al kali-rich flu -
ids, which metasomatically al ter (fenitize) sur round ing
coun try rocks (Le Bas, 2008). Flu ids de rived from carbona -
tite mag mas con tain el e vated lev els of al ka lis and volatiles,
which can trans port in com pat i ble el e ments like REEs
(Elliott et al., 2018). There fore, metasomatically al tered
rocks (fenites) can in prin ci ple pro vide in for ma tion on the

mag mas from which the flu ids were sourced and any as so -
ci ated min eral de pos its.

To form eco nomic con cen tra tions of REEs in ig ne ous
rocks, some sort of evo lu tion ary pro cess (liq uid immisci -
bility, frac tional crys tal li za tion or the re lease of flu ids from
magma) is re quired (Chakhmouradian and Zaitsev, 2012).
Fur ther more, carbonatites are of ten af fected by hy dro ther -
mal flu ids, which fa cil i tate the de vel op ment of late-stage
REE min er al iza tion. The in ter ac tion of pri mary mag matic
REE-bear ing min er als (e.g., burbankite and carbocernaite)
with car bon ate-, chlo ride-, flu o ride- or phos phate-rich hy -
dro ther mal flu ids en ables their dis so lu tion and pre cip i ta -
tion of sec ond ary REE phases (Wil liams-Jones et al., 2012;
Anenburg et al., 2021). The pres ence of fenitized rocks and
REE-bear ing min er als, such as bastnäsite, parisite, synchy -
site, Ba-REE fluorocarbonate and monazite, in di cate REE
en rich ment due to hy dro ther mal in ter ac tion (Wall et al.,
2008; Chakhmouradian and Wall, 2012; Hoshino et al.,
2016). As with hy dro ther mal dis so lu tion-reprecipita tion,
weath er ing can also be re spon si ble for the break down of
pri mary REE phases al low ing the trans port of REEs into
later formed REE phases (Anenburg et al., 2021). Be cause
car bonatites are sus cep ti ble to subsolidus re-equil i bra tion
(Chakhmouradian et al., 2016), un der stand ing how the
min er al ogy of a given carbonatite has been affected by
post mag matic processes is critical for determining its min -
er al i za tion potential.

Ice River Complex

The lead au thor’s grad u ate re search is fo cused on a
carbonatite-as so ci ated REE ex plo ra tion pros pect in the
east ern as pect of the Ice River Com plex (IRC). The pros -
pect is lo cated 42 km south east of Golden, in the Brit ish Co -
lum bian por tion of the Vermillion Range, where it is
sandwiched be tween, and bor dered by, Yoho and Kootenay 
Na tional parks. Since 2003, Ea gle Plains Re sources has
been con duct ing ex plo ra tion on the prop erty. TerraLogic
Ex plo ra tion Inc. (on be half of Ea gle Plains Re sources) ran
six ex plo ra tion pro jects (in 2006–2010 and 2012) to ad -
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vance their un der stand ing of the bed rock ge ol ogy of the
IRC within its con tact au re ole (Brown and Holowath,
2022). The IRC is a late De vo nian to early Car bon if er ous
al ka line in tru sion, which has a J-like out line in plan view
and mea sures ap prox i mately 18 km in length and 29 km2 in
to tal ex po sure. A geo log i cal map and de scrip tion of the
com plex are pro vided in Fig ure 1. Weakly metasomatized
Cam brian and Or do vi cian lime stone, do lo mite and shale
coun try rocks (Chan cel lor and Ottertail for ma tions and
McKay Group) host the in tru sion. The old est parts of the in -
tru sion (here af ter re ferred to as the lay ered se ries) com prise 
a rhyth mi cally strat i fied, feld spar-poor, ultra mafic to mafic
se ries rang ing in modal com po si tion from jacupirangite to
urtite. The lay ered se ries is cross cut by feldspathoid sye -
nites (here af ter re ferred to as the syenite se ries) and carbon -
a tite, which are in turn cross cut by lam pro phyre dikes
(Locock, 1994; Pe ter son and Cur rie, 1994; Mumford,
2009; Brown and Holowath, 2022). Em place ment of the
IRC is believed to have resulted in the formation of a
contact metasomatic skarn at the margins of the complex
(Currie, 1975).

Dur ing the Lara mide orog eny, the IRC and sur round ing
host rocks were thrust ap prox i mately 200 km to the east,
along a west-dip ping décollement sur face (Gabrielse,
1991). The IRC be haved as a rel a tively com pe tent mass
dur ing trans port, whereas the sur round ing hostrocks were
strongly sheared (Locock, 1994). Mar ginal units of the IRC 
show strong de for ma tion (e.g., gneissosity and boudinage;
Mumford, 2009). Both the IRC and hostrocks were af fected 
by re gional meta mor phism of prehnite-pumpellyite fa cies
with pres sures of 2–9 kbar and tem per a tures of 200–400 oC
(Cur rie, 1975; Locock, 1994). Gabrielse (1991) sug gested
that re gional meta mor phism was co eval with the east ward
thrust ing of the IRC. There is a large di ver sity of carbona -
tite types in the IRC, dif fer ing in pe trog ra phy and struc tural
char ac ter is tics. The fol low ing de scrip tion is a sum mary of
pre vi ous work on these rocks. Carbonatites oc cur as dikes
and plugs, in trud ing al ka line ig ne ous, sil i cate ig ne ous and
me ta sedimentary hostrocks (Cur rie, 1975; Pe ter son and
Cur rie, 1994). The carbonatites vary in col our from white
to al most black. Cur rie (1975) iden ti fied three carbonatite
bod ies within the IRC. The larg est one is a len tic u lar plug
(400 by 1500 m) of white- to buff-weath er ing cal cite car -
bonatite (unit 10, Fig ure 1) con tain ing mi nor aegirine-
augite, fluorapatite and phlogopite and ac ces sory pyro -
chlore, py rite, strontianite and il men ite. This larg est car -
bonatite body is vis i ble east of Aquila Moun tain on Fig -
ure 1. Cal cite-carbonatite dikes (thin, elon gate bod ies of
unit 10, Fig ure 1) com monly in trude the lay ered se ries
(units 5–9, Fig ure 1) and the syenite se ries (units 11–15,
Fig ure 1; Pell, 1987). As so ci ated with the large cal cite-
carbona tite body are black-weath er ing dikes with ma jor
cal cite, sid er ite and berthierine; also pres ent are mi nor bi o -
tite, aegirine, edingtonite, perovskite and il men ite, as well

as trace quan ti ties of sphalerite and py rite (Locock, 1994).
A youn ger red-weath er ing carbonatite is min er al og i cally
sim i lar to the black-weath er ing carbonatite, but con tains up 
to 10 vol. % noncarbonate min er als, in clud ing ser pen tine,
pyro chlore and xeno time (Pell, 1987). In ad di tion, car -
bona tites with ropy tex tures, pos si bly in di cat ing duc tile de -
for ma tion, were re ported by Cur rie (1975). More silica-
rich, massive, dark green carbonatites have also been doc u -
mented, but no detailed information on their mineralogy is
currently available.

In the east ern part of the IRC (the Moose Creek val ley
[MCV], out lined in pur ple in Fig ure 1), the carbonatites
have com plex, poorly un der stood struc tural and tem po ral
re la tion ships to the syenites (Mumford, 2009); carbonatite
and syenite bod ies lo cally cross cut each other. This am big -
u ous struc tural re la tion ship may be due to mul ti ple phases
of carbonatite em place ment (Pell, 1987). It has also been
pro posed that syenite-as so ci ated carbonatites are re lated to
the red-weath er ing carbonatite de scribed above (Pe ter son,
1983). Syenite-as so ci ated carbonatites are dis tinct due to
low abun dances of sil i cate min er als in these rocks, and the
pres ence of an ker ite, barytocalcite and strontianite in ad di -
tion to cal cite (Pe ter son, 1983; Pell, 1987). As so ci ated sil i -
cate min er als in syenite-as so ci ated carbonatites in clude
phlogopite, al kali feld spars (dom i nantly al bite with mi nor
mi cro cline) and zeolites (nat rol ite, analcime and mi nor
eding tonite; Pell, 1987). Whole-rock geo chem i cal anal y -
ses of the carbonatites show vari able Nb and REE con tents
(Pell, 1987). The syenites are rel a tively more en riched in
Nb, but relatively less enriched in REE in comparison with
the carbonatites (Brown, 2013).

The aims of this study are to 1) de scribe the min er al ogy and
para genetic char ac ter is tics of the dif fer ent carbonatites in
the MCV, with an em pha sis on REE-bear ing phases and
2) iden tify dis tinct min er al iza tion styles, which cor re late to
geo chem i cal vari a tions and anom a lies in the hostrocks. Us -
ing new an a lyt i cal data, an at tempt will be made to con -
strain the source of REE min er al iza tion in the east ern part
of the IRC and iden tify the re la tion ships be tween min er al -
iza tion styles and carbonatite interaction with their host -
rocks.

Methodology

Iden ti fi ca tion of paragenetic se quences is fun da men tal in
un der stand ing the REE-min er al iza tion styles in the IRC
and has im pli ca tions for the petro gen esis of the com plex.
For this study, there is a par tic u lar em pha sis on the iden ti fi -
ca tion of REE-bear ing min er als and the pro cesses that have 
led to their for ma tion. An in-depth un der stand ing of their
compositional and paragenetic char ac ter is tics is es sen tial
to de ter min ing the eco nomic po ten tial of the IRC. For this
pur pose, 57 rock sam ples were col lected dur ing the 2022
field pro gram. Sam ple sites were se lected based on field
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Fig ure 1. Ge ol ogy of the Ice River Com plex (IRC) show ing the ma jor units in the com plex. The study area (the ex tent of Ea gle Plains Re -
sources’ [EPL] ten ure) is shown as a black out line along the east ern mar gin of the com plex. The area of the Moose Creek val ley (MCV), as
con sid ered for this study, is out lined in pur ple. The orig i nal field map ping was un der taken by Cur rie (1975), later dig i tized by TerraLogic Ex -
plo ra tion Inc. Geo log i cal data from Cui et al. (2017) has been added. BC MINFILE en tries: Moose Creek, MINFILE 082N 027; Shin ing
Beauty, MINFILE 082N 025; Waterloo, MINFILE 082N 028; Yip pie, MINFILE 082N 097; Zinc Creek, MINFILE 082N 026 (Brown and
Holowath, 2022; BC Geo log i cal Sur vey, 2024). All co-or di nates are in UTM Zone 11N, NAD 83. Leg end on the fol low ing page.



3
8

G
e

o
s
c
ie

n
c
e

 B
C

 S
u

m
 m

a
ry o

f A
c
 tiv

 i tie
s
 2

0
2

4 Fig ure 1 (con tin ued). Leg end for ge ol ogy of the Ice River Com plex, show ing the ma jor units in the com plex.



ob ser va tions and the re sults of a scintillometer-as sisted
sur vey (Brown and Holowath, 2022), which tar geted
anom a lies out lined in Brown (2013). From this sam ple
suite, a to tal of 35 pol ished thin sec tions were pre pared
from se lected sam ples cho sen on the ba sis of whole-rock
geo chem i cal data (ma jor- and trace-el e ment con cen tra -
tions), us ing such geo chem i cal in di ca tors as to tal REE, Ba,
Zr, Nb, Th, SiO2 and Al2O3 con tents. The in com pat i ble
trace el e ments were cho sen for their as so ci a tion with man -
tle-de rived mag matism and gen er ally low lev els in meta -
sedi mentary host rocks, whereas the SiO2 and Al2O3 val ues
are use ful for dis crim i nat ing between carbonatites, alkaline 
silicate rocks and their metasomatically modified variants.

The pol ished thin sec tions were ex am ined us ing a Leica
Mi cro sys tems Leica DM750 P po lar iz ing mi cro scope to
iden tify ma jor con stit u ent min er als and tex tural char ac ter -
is tics. The sec tions were then ex am ined us ing a va ri ety of
an a lyt i cal tech niques, in clud ing cathodoluminescence
(CL) and back scat tered-elec tron (BSE) im ag ing, en ergy
dis per sive X-ray spec trom e try (EDX) and wave length-dis -
persive X-ray flu o res cence (WDXRF), and Raman vi bra -
tional microspectroscopy (Raman). By us ing a com bi na -
tion of im ag ing and quan ti ta tive tech niques, a com pre-
 hen sive un der stand ing of tex tural (BSE and CL) and
compositional (EDX, WDXRF, Raman) char ac ter is tics of
the se lected sam ple suite was achieved.

Cold-cath ode CL im ag ing is used for lu mi nes cent min er als
(such as cal cite, ap a tite and flu o rite; Mitch ell et al., 2017) to 
iden tify trace-el e ment-in duced compositional vari a tions
and zonation, which would be un de tect able in BSE im ages,
in clud ing vari a tions aris ing from REE sub sti tu tions in
these min er als. In tan dem with CL im ag ing and EDX, BSE
im ag ing was used to elu ci date in ter re la tions among dif fer -
ent min er als, and in par tic u lar, microtextural char ac ter is -
tics be yond the res o lu tion of an op ti cal mi cro scope (such as 
exsolution lamellae and symplectic inter growths). Op ti cal,
CL and BSE im ag ing were also used to iden tify and map
representative areas of interest for further quantitative
analysis.

Quan ti ta tive microbeam tech niques en able ma jor- and
trace-el e ment compositional vari a tions to be de ter mined

in situ and with a spa tial res o lu tion of 10–30 mm. A non de -
struc tive microbeam tech nique ca pa ble of de tect ing ma jor
and mi nor el e ments in min eral grains at con cen tra tions
>200 ppm is WDXRF. For ac cu rate petrographic char ac ter -
iza tion of all rock types in this study, WDXRF was used to
de ter mine the ma jor-el e ment com po si tion of all con stit u ent 
min er als (feld spars, clinopyroxenes, cal cite, etc.) and REE
phases. Raman was used to iden tify poly morphs and
compositionally sim i lar phases that can not be re li ably dis -
crim i nated us ing a com bi na tion of EDX and CL im ag ing.
To en able ac cu rate beam po si tion ing, match ing BSE and

reflected-light microscopic images and maps of target areas 
were used.

Moose Creek Valley

Structure

Ig ne ous rock ex po sures in the MCV are abun dant at higher
el e va tions in the west ern flank of the val ley, where they are
hosted within the Ottertail For ma tion and McKay Group.
Ig ne ous rock ex po sures in the MCV gen er ally dip gently
west ward. Through out the MCV, three phases of de for ma -
tion are rec og nized. Fold ing F1 is char ac ter ized by small-
scale, tight folds around the mar gins of the syenite se ries.
This de for ma tion event was prob a bly caused by syenite
em place ment. Fold ing F2 rep re sents a struc tur ally dom i -
nant com pres sive event caused by the Lara mide orog eny,
and is char ac ter ized by open, north- to north west-trending
ax ial traces. In the MCV, the main ex po sure of F2 is a
sigmoidal-shaped, open- to iso cli nal-plung ing anticline,
which trends north-north west to west-north west. Post -
orogenic dextral shear ro tated the jacupirangite–urtite lay -
ered se ries, carbonatite plug and sur round ing hostrock
~30° and is also re spon si ble for the sigmoidal shape of the
F2 anticline and lo cal ter tiary fold ing (F3; Currie, 1975).

Late-Stage Igneous Features of the MCV

Nu mer ous syenite, lam pro phyre and carbonatite dikes and
sills are ex posed within the MCV. Three dis tinct groups of
in tru sions were iden ti fied: 1) a neph el ine syenite–nephe -
lino lite group, 2) a syenite–monzodiorite group and 3) an
al ka li feld spar gran ite dike. The syenite dikes are typ i cally
grey, fol low a north-north west trend, and dip be tween 35°
and 65° (Fig ure 2a; Mumford, 2009). Their tex ture is fine
grained to peg ma titic and com monly inequigranular; in di -
vid ual bod ies range from 0.20 m to sev eral metres in width
and may be traced in out crop for ~200 m. Syenite bod ies,
which in trude the Ottertail For ma tion, gen er ally con form
to bed ding in the hostrock and, there fore, can be clas si fied
as sills. Syenite in tru sions are strongly de formed, which is
ob served as boudinage at the out crop scale and as fo li ated
bi o tite ag gre gates at the thin-section scale (Mumford,
2009).

An other abun dant ig ne ous rock type in the MCV is lam pro -
phyre. It oc curs as dark grey to dark green dikes rang ing
from 0.15 to 5 m in width. The dikes cross cut both the IRC
and sur round ing metasedimentary se quence, fol low a
north west trend and have sim i lar dips to the syenite in tru -
sions (Fig ure 2b). Two prin ci pal va ri et ies of lam pro phyre
have been iden ti fied: apha ni tic to fine-grained, am phi bole-
rich sannaite and con spic u ously por phy ritic, bi o tite-rich
mi net te. The lam pro phyres are lo cally de formed, as in di -
cated by cal cite-filled ten sion gashes and boudinage.
Mumford (2009) noted iso to pi cally in dis tin guish able sye -
nite-lam pro phyre dike as sem blages oc cur ring through out
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the MCV, and pre sum ably they were de rived from the same
source as the lam pro phyres. Both lam pro phyre and syenite
in tru sions ex hibit a sim i lar ori en ta tion with re spect to the
re gional tec tonic fab ric, in di cat ing their postem place ment
ro ta tion into the main fo li a tion plane (S3; Figure 2c).

Carbonatite Field Relationships

The least abun dant in tru sive rock in the MCV (both in vol -
ume and num ber of mapped bod ies) is car bona tite. This
rock is typ i cally found as sills or dikes mea sur ing from 0.10 
to 2 m in width. How ever, nu mer ous thin ner cross cut ting
veins and vein lets com pris ing sim i lar min eral as sem blages
are also ob served in the syenites and metasedi mentary host -
rocks (Fig ure 3a–c). For this study, large carbonatite bod ies 
and per va sively metaso ma tized rocks were pref er en tially
sam pled be cause they can be more readily rec og nized in the 
field based on their dis tinc tive struc tural char ac ter is tics
(such as cross cut ting re la tion ships or re cessed units). Also,
a scintillometer-as sisted sur vey in the MCV showed the ra -
dio met ric re sponse from the carbonatites was low but
greater than the hostrock back ground (Brown and
Holowath, 2022). Ar eas of el e vated ra dio met ric re sponse
were tar geted for sam pling. The sam pled in tru sions are

mod er ately to steeply dip ping (24–90°) bod ies that gen er -
ally fol low a south-southwest trend and range from 2 to
>50 m in exposed length.

Three va ri et ies of carbonatite were iden ti fied on the ba sis
of field, geo chem i cal and petrographic char ac ter is tics: pale 
grey ish do lo mite carbonatite; white to light grey, sac cha -
roi dal, cal cite carbona tite; and cream to pink, barytocal cite
car bona tite. Ox i dized carbonatite va ri et ies are or ange-
brown to dark brown ow ing to the re place ment of ac ces sory 
py rite by Fe-oxyhydroxides. Po ten tially re lated to the bary -
to cal cite carbonatite is a frac ture-hosted hy dro ther mal car -
bon ate-rich as sem blage ob served in both cal cite carbona -
tites and syenites. The tex ture of carbonatites ranges from
fine to coarse grained and from subequigranular to brec -
ciated. All sam ples show some tex tural ev i dence of post -
emplacement ductile and brittle deformation.

Mineralogy of the Eastern Ice River
Complex Carbonatites

Dolomite Carbonatite

Do lo mite carbonatite is in ter preted to be the ear li est phase
of carbonatite magmatism in the east ern IRC, where it is
con fined to the area sur round ing the Yip pie min eral show -
ing (MINFILE 082N 097, BC Geo log i cal Sur vey, 2024;
Fig ure 1). Of par tic u lar note in this area is an anastomosing
carbonatite-syenite sill (Fig ure 3a) as so ci ated with the
great est REE en rich ment re corded on the prop erty (Brown
and Holowath, 2022). This carbonatite is com posed pre -
dom i nantly of mo saic-tex tured, fine- to me dium-grained
do lo mite (Fig ure 4a). Its most no ta ble petrographic fea ture
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Fig ure 2. Pho to graphs of late-stage ig ne ous fea tures in the
Moose Creek val ley, south east ern Brit ish Co lum bia: a) ridge be -
tween But tress Peak and Man ga nese Moun tain (look ing south)
show ing syenite dikes em a nat ing from the syenite se ries into sur -
round ing Ottertail For ma tion lime stone (unit 2, Fig ure 1); b) mi -
nette dike (out lined with yel low dashed line) on the ridgeline be -
tween Sen try Peak and Zinc Moun tain (look ing south) in trud ing
meso- to melanocratic syenite (unit 12, Fig ure 1); c) carbonatite
dike cross cut ting car bon ate metasedimentary rocks south of the
ridge be tween Man ga nese Moun tain and But tress Peak (note F3

fold ing in the hostrock).
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Fig ure 3. Pho to graphs of carbonatite dikes in the Moose Creek
val ley (MCV), south east ern Brit ish Co lum bia: a) carbonatite–sye -
nite sill at the Yip pie show ing (MINFILE 082N 097, BC Geo log i cal
Sur vey, 2024), as so ci ated with the great est rare-earth-el e ment en -
rich ment within the study area; b) brown, ox i dized, cal cite car bon -
ate dike, viewed look ing north ward to ward Sen try Peak; c) white,
cal cite carbonatite brec cia cross cut ting the McKay Group, south -
east of Mount Mollison.

Fig ure 4. Im ages of do lo mite and cal cite carbonatites, Ice River
Com plex, south east ern Brit ish Co lum bia: a) back scat tered-elec -
tron (BSE) im age of do lo mite (Dol) carbonatite in truded by cal cite
(Cal) carbonatite; b) BSE im age of rel ict ac ces sory monazite (Mnz) 
sur rounded by a poikilitic re ac tion rim com pris ing fluorapatite
(Fap), ancylite (Anc) and strontianite (Str); c) cathodolumines -
cence im age of b) and sur round ing area show ing yel low-lu mi nesc -
ing cal cite cross cut ting do lo mite and blue lu mi nesc ing fluorapatite
rims on nonluminescent monazite. Ab bre vi a tions: Bbn, bur -
bankite; BCal, barytocalcite; Ca, cal cium; Sr, stron tium.



is ac ces sory equant monazite, which is par tially re placed by 
secondary REE-Sr-Ba phases (Figure 4b, c).

Calcite Carbonatite

The most com mon va ri ety of carbonatite found through out
the MCV is cal cite carbonatite. The best-stud ied ex am ple is 
a dike com posed pre dom i nantly of mo saic-tex tured, fine-
to coarse-grained cal cite, mi nor platy phlogopite and fi -
brous magnesioarfvedsonite near fenitized con tacts. To -
ward the rim, there is a de crease in Mg con tent in cal cite
grains, which in di cates their crys tal li za tion from an ini -
tially Mg-rich source (Viladkar, 2000; Chakhmouradian et
al., 2016). Phlogopite crys tals are also zoned and char ac ter -
ized by Mg en rich ment in their cores rel a tive to more Fe-
rich rims (Fig ure 5a). Ac ces sory phases in clude monazite
and burbankite, which oc cur as ovoid in clu sions en cap su -
lated in cal cite, pyrrhotite or sphalerite (Fig ure 5b). Mona -
zite and burbankite ap pear to have re acted with postmag -
ma tic flu ids (ev i denced by the pre cip i ta tion of hy drous
min er als), pro duc ing re ac tion rims or pseudo morphs com -
posed of ancylite, ap a tite, strontianite, bar ite and cal cite
(Fig ures 4b, c, 5c). Sil i cate-rich va ri et ies of cal cite carbon -
a tite con tain ing el e vated lev els of SiO2, K2O, FeO and
MgO con tents are typ i cally weath ered to an or ange-brown
col our ow ing to ox i da tion of ferro mag nesi an sil i cates (in
par tic u lar, re place ment of bi o tite by chamosite and, to a
lesser ex tent, clinochlore). Through out the MCV, sil i cate-
rich cal cite carbonatite is more abun dant than silicate-poor
calcite carbonatite and contains brecciated fragments of the 
country rocks (Figure 5d).

Barytocalcite Carbonatite

A vein of cream to pink barytocalcite carbonatite with a
glim merite con tact mar gin was ob served at the in ter sec tion
be tween jacupirangite and melasyenite units. Its as so ci a -
tion with glimmerite in di cates con tact-metasomatic
changes sim i lar to those re ported for other carbonatites in
Brit ish Co lum bia (Chakhmouradian et al., 2015; Rukhlov
et al., 2018). Barytocalcite carbonatite is a newly rec og -
nized rock type for the IRC, mak ing it one of just a few lo -
cal i ties world wide where barytocalcite has a rock-form ing
sta tus (Zaitsev et al., 1998; Reguir, 2001). Whole-rock geo -
chem i cal anal y sis of the sam ple col lected from this car -
bona tite shows an oma lously high con cen tra tions of Ba, Sr
and REE (~12.5, 1.9 and 1.4 wt. %, re spec tively). Fine- to
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Fig ure 5. Im ages of cal cite carbonatite as sem blages, Ice River
Com plex, south east ern Brit ish Co lum bia: a) back scat tered-elec -
tron (BSE) im age of zoned phlogopite (Phl) in cal cite (Cal) car bon a -
tite; b) BSE im age of ovoid monazite (Mnz) and ti ta nium-rich mag -
ne tite (Ti Mag) in clu sions in pyr rho tite (Po); c) BSE im age of a
pseu do morph af ter burbankite com posed of ancylite (Anc), stron -
tia nite (Str), ap a tite (Ap), bar ite (Brt) and par tially resorbed do lo -
mite (Dol); d) crossed-po lar ized light im age of comb-tex tured cal -
cite car bon a tite con tain ing xe no liths of fo li ated McKay Group
me ta sedi mentary rock. Ab bre vi a tion: Gn, ga lena.



me dium-grained barytocalcite makes up the bulk of this
vein and is also de vel oped in ter sti tially within the glimmer -
ite (Fig ure 6a, b). The re main der of the vein is com posed of
ac ces sory strontianite and ancylite, which are found as very 
fine-grained overgrowths on in cor po rated bar ite and il -
men ite grains. In CL im ages, barytocalcite lu mi nesces dull
to bright yel low; smaller patches of red-lu mi nesc ing cal cite 
are found within the glimmerite and at its contact with bar -
yto calcite (Figure 6a).

Hydrothermal Carbonate Assemblages

Min er al og i cally com plex hy dro ther mal car bon ate as sem -
blages are hosted in thin veinlets cross cut ting syenites (Fig -
ure 7a) and carbonatites (Fig ure 7b, c). These as sem blages
share many sim i lar i ties with the barytocalcite carbonatite,
in par tic u lar, an abun dance of Ba and Sr car bon ate phases.
The prin ci pal dif fer ence be tween the as sem blages and the
baryto calcite carbonatite is the abun dance of chlorite
(dom i nantly chamosite) in the for mer. The in sta bil ity of bi -
o tite, pau city of he ma tite and abun dance of chamosite, il -
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Fig ure 6. Im ages of barytocalcite carbonatite vein, Ice River Com -
plex, south east ern Brit ish Co lum bia: a) cathodoluminescence im -
age of barytocalcite (BCal) show ing trace-el e ment zon ing, which
is un de tect able op ti cally; note red-lu mi nesc ing cal cite (Cal) near
the glimmerite–barytocalcite vein con tact; b) cor re spond ing
plane-po lar ized light im age of the barytocalcite vein and glim -
merite com posed of phlogopite (Phl) and il men ite (Ilm).

Fig ure 7. Im ages of veinlet-hosted hy dro ther mal car bon ate
as sem blages, Ice River Com plex, south east ern Brit ish Co -
lum bia: a) back scat tered-elec tron (BSE) im age of frac ture
infill of baryto calcite (BCal), strontianite (Str), ancylite (Anc)
and thorite (Thr) in K-feld spar (Kfs)–rich syenite with mi nor
bi o tite (Bt); in syenites, smaller-scale frac tures are com -
posed of thor ite ‘rims’ sur round ing frac ture edges, strontia -
nite and ancylite ‘block ages’ in fluid path ways, and baryto -
cal cite form ing around the strontianite-ancylite block ages;
b) BSE im age of frac ture infill of alstonite (Asn), ancy lite,
stron tia nite and thor ite in carbonatite; in com par i son with a),
there is more ancy lite and less thorite in this as sem blage;
the al ston ite pres ent in this as sem blage is a polymorph of
bary to cal cite; the frac ture infill in carbonatites is dis tinctly
less or dered, com pared to a); c) cathodoluminescence im -
age of zoned ap a tite (Ap) oc cur ring close to the hy dro ther -
mal as sem blage shown in b); wave length-dispersive X-ray
flu o res cence anal y sis of the ap a tite in di cates light rare-
earth-el e ment en rich ment in blue-lu mi nesc ing zones. Ab -
bre vi a tion: Cal, cal cite.



men ite and lo cally sid er ite in this hy dro ther mal as sem blage 
im ply acidic con di tions con du cive to K+ and Fe2+ mo bil ity
(Mücke, 2005; Chakhmouradian et al., 2015). The frac ture-
in fill ing ma te rial is very fine grained and typ i cally com -
prises alstonite, strontianite, ancylite, bi o tite, chamosite
and il men ite; thorite, pyrrhotite, sphalerite, ga lena, mona -
zite, kukharenkoite, synchysite, euxenite and al la nite are
much less abun dant. Min er als such as bi o tite, chamosite
and il men ite are par tic u larly abundant in thicker veinlets
associated with pervasive alteration and oxidation.

Fenite

Metasomatic min eral as sem blages that can be con fi dently
in ter preted as fenite were ob served along frac tures and in
xe no liths hosted by carbonatites and syenites. All known
ex am ples of fenitization in the MCV sam ples are sodic.
These metasomatic rocks are com posed pre dom i nantly of
al bite and aegirine (Fig ure 8a), with magnesioarfvedsonite
(Na am phi bole) ob served only in the endocontact zone of
cal cite carbonatite. At the con tact be tween syenite and
fenitized jacupirangite, pri mary K-feld spar is rimmed by
hya lo phane and Ba-rich phlogopite (Fig ure 8b), in di cat ing
Ba mo bil ity. In ad di tion to Na- and Ba-sil i cate phases,
fenitization pro duced sev eral ox ide min er als (Fig ure 8c).
Oikocrysts of thorutite (ThTi2O6) are intergrown with Nb-
bear ing ana tase (tetragonal TiO2), whereas pyrochlore (Na-
Ca-Nb ox ide) oc curs as in clu sions in Nb-bear ing brookite
(orthorhombic TiO2). Ti tan ite crys tals in the pre cur sor rock 
were re placed by il men ite and cal cite. Mi nor quan ti ties of
very fine-grained cal cite, ancylite and barytocalcite also
occur in the fenitized rocks.

Conclusions and Future Work

Do lo mite, cal cite and barytocalcite carbonatites have been
iden ti fied through out the Moose Creek val ley (MCV). The
most abun dant carbonatite type, cal cite carbonatite, is com -
posed of cal cite and mi nor pro por tions of do lo mite and
ferro mag nesi an sil i cate min er als. Pre dom i nantly dolomitic 
or barytocalcitic rocks are less com mon through out the
MCV; how ever, mi nor quan ti ties of do lo mite and baryto -
cal cite are ob served in cal cite carbonatites. In MCV do lo -
mite carbonatites, monazite and burbankite are pri mary,
early-crys tal liz ing rare-earth-el e ment (REE)–bear ing min -
er als. Both min er als show ev i dence of a re ac tion with post -
mag matic flu ids, which pro duced a tex tur ally com plex sec -
ond ary min eral as sem blage of Sr-Ba car bon ates, bar ite and
ap a tite. In this as sem blage, the prin ci pal REE host is
ancylite. Monazite is an early-crys tal liz ing REE phase in
both do lo mite and cal cite carbonatites, as in di cated by its
euhedral equant mor phol ogy, oc cur rence as in clu sions in
other min er als, and the pres ence of late-stage re ac tion as -
sem blages de vel oped at the ex pense of monazite. All ex am -
ined cal cite carbonatites con tain ancylite and ap a tite; these
min er als are most abun dant in sam ples where the re place -
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Fig ure 8. Im ages of fenite as sem blages, Ice River Com plex,
south east ern Brit ish Co lum bia: a) plane-po lar ized light im age of
aegirine (Aeg)- and al bite-rich fenite over print ing syenite; b) back -
scat tered-elec tron im age of the con tact be tween syenite (at left)
and fenitized jacupirangite; note a re ac tion rim of hya lo phane
(Hya) and phlogopite (Phl) be tween the two rocks; c) BSE im age of
thorutite (Thrt) oikocrysts intergrown with ana tase (Ant) and
rimmed by brookite (Brk) con tain ing pyrochlore (Pcl) in clu sions;
the iden tity of ana tase and brookite was con firmed by Raman
micro spectroscopy. Ab bre vi a tions: Ab, al bite; Anc, ancylite; Ap,
ap a tite; Cal, cal cite; Chl, chlorite; Ilm, il men ite; Kfs, K-feld spar; Ntr, 
nat rol ite; Ttn, ti tan ite.



ment of monazite or burbankite is ob served. The na ture or
source of a fluid re spon si ble for this hy dro ther mal over -
print is at pres ent un known. It can be hy poth e sized that it
was carbonatitic, given the ab sence of other vo lu mi nous
intrusives en riched in Sr, Ba and REE in the study area.
How ever, the rel a tive con tri bu tion of nonmagmatic
sources to this fluid remains to be determined. A study of C-
O stable isotope variations in the MCV rocks is presently
underway to address this question.

Sil ica-rich va ri et ies of cal cite carbonatite are wide spread
through out the MCV; it is not clear if these rocks rep re sent
prod ucts of sil ica con tam i na tion or crys tal lized from a sil -
ica-rich melt. These rocks are per va sively al tered, which
re sulted in bi o tite re place ment by chlorite and de po si tion of 
di verse sec ond ary REE-bear ing min er als (monazite,
kukharenkoite, synchysite, euxenite and al la nite) in as so ci -
a tion with chlorite. The late-stage REE-bear ing min er als
are less abun dant than monazite and ancylite. An in ves ti ga -
tion of compositional vari abil ity of these min er als, with
em pha sis on petrogenetically sen si tive trace el e ments (Mn, 
REEs, Th and U) is cur rently un der way to an a lyze the dis -
tri bu tion of REE among dif fer ent con stit u ent min er als in
the carbonatites and constrain the processes of their
formation.

This study rec og nized barytocalcite carbonatite as a new
rock type for the Ice River Com plex (IRC). Barytocalcite is
ac com pa nied by strontianite and ancylite (as a ma jor REE
car rier), which is min er al og i cally akin to frac ture-hosted
hy dro ther mal as sem blages ob served through out the MCV.
It is there fore pos si ble that this type of carbonatitic mag -
matism had a larger foot print prior to the ex hu ma tion and
ero sion of the IRC dur ing the Lara mide orog eny. The prov -
e nance of barytocalcite is pres ently be ing in ves ti gated us -
ing C-O sta ble iso tope, Sr ra dio genic iso tope and trace-
element geochemical analyses.
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