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INTRODUCTION

The Ea glet flu o rite prop erty (MINFILE
093A  016) is lo cated on the north east ern side
of Quesnel Lake in east-cen tral Brit ish Co -
lum bia in NTS area 093A/10W (Fig ure 1).
The his tory, ex plo ra tion ac tiv i ties, geo log i cal
set ting, pe trog ra phy, min er al ogy and es ti -
mated re source po ten tial of the prop erty have
been pre vi ously de scribed in Hora et al.
(2008). That study iden ti fied sev eral min er als
not pre vi ously known from this flu o rite de -
posit, in clud ing pyrochlore, thorite and rare
earth el e ment (REE)-en riched car bon ate. In
this pa per, new data on the chem i cal com po si -
tion, al ter ation and in ter re la tion ships of these
un usual min er als have been col lected. In ad -
di tion, the sul phur iso tope com po si tion of ce -
lest ite and com mon sul phide min er als was
mea sured in sev eral sam ples col lected in the
study area. Min er al og i cal and sul phur iso tope
stud ies were un der taken in Prague at the In sti -
tute of Ge ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, us ing the meth od ol o gies de -
scribed in Hora et al. (2008), and the Czech
Geo log i cal Sur vey, Czech Re pub lic.

NIOBIUM-THORIUM-TITANIUM-
RARE EARTH ELEMENT
MINERALOGY

Pyrochlore ((Na, Ca)2(Nb, Ca)2O6(O,
OH, F)) is the dom i nant min eral in this group;
it oc curs as small (~50 µm in di am e ter) iso -

met ric grains, which com monly have par tially pre served
octahedron crys tal hab its. Pyrochlore also forms crys tal -
line ag gre gates up to 150 µm in width; these ag gre gates are
com monly as so ci ated with zir con, kaolinite and uraninite
in a ma trix of K-feld spar. The most abun dant el e ments
mea sured by the elec tron microprobe are Nb, Ti (Fig ure 2)
and U, which is as ex pected for pyrochlore. The pyrochlore
from the Ea glet prop erty (Ta ble 1) also has rel a tively high
FeO con tents (up to 19.22%). Other no ta ble ob ser va tions
in clude an in verse cor re la tion be tween cal cium and ura -
nium abun dances with ni o bium (Ta ble 1); this is likely the
re sult of al ter ation in ten sity (Fig ures 3a–d). The al ter ation
and par tial re place ment of pyrochlore is es pe cially well-de -
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Fig ure 1. Lo ca tion of study area, north east ern side of Quesnel Lake, east-cen tral
Brit ish Co lum bia.
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vel oped along crys tal mar gins; its de vel op ment im parts a
light grey col our to the crys tal mar gins. Uraninite and an
un iden ti fied highly hy drated min eral with 59.6% ThO2 and
10.1% CaO oc cur as al ter ation prod ucts of pyrochlore. The
iden ti fi ca tion of uraninite as an al ter ation prod uct of
pyrochlore is sug gested by the un usual abun dance of Nb,
Ti, Fe and Ca (Ta ble 1).

A car bon ate min eral com pound of La, Ce, Gd and Sm,
prob a bly bastnaesite ((La, Ce)CO3F), com monly oc curs in
as so ci a tion with pyrochlore (Fig ures 3a–c). Bastnaesite
fre quently forms mi nor in clu sions in pyrochlore (Fig -
ure 3c) and some in di vid ual bastnaesite grains range up to
10 µm in length. It is also found in cav i ties and frac tures in
other min er als such as py rite.

Thorite (ThSiO4) is an other com mon min eral found in
this min eral as so ci a tion from the Ea glet prop erty; it oc curs
as iso met ric grains typ i cally about 100 µm in di am e ter.

Thorogummite ((Th, U)SiO4(OH)4; Fig ure 3f) com monly
forms a re ac tion rim around a cen tral core of thorite.

Titanbetafite, a titaniferous mem ber of the pyrochlore
fam ily, is the least com mon min eral iden ti fied in sam ples
ex am ined from the Ea glet prop erty (Fig ures 2, 3e); it is
pres ent as xenomorphic grains, which can reach up to
100 µm in length. The ni o bium con tent of titanbetafite is
more vari able than that of pyrochlore.

In con clu sion, the Nb-Th-Ti-REE group of min er als
ex hibit ex ten sive re place ment re ac tions along their con -
tacts with ad ja cent sil i cate min er als and al ter ation prod -
ucts. This find ing sug gests that the Nb-Th-Ti-REE group of 
min er als may rep re sent an early stage of the min er al iza tion
pro cess in the de posit.

SULPHUR ISOTOPE GEOCHEMISTRY

The pres ence of ce lest ite (SrSO4) has been rec og nized
at the Ea glet prop erty since the de posit’s dis cov ery. Al -
though early ex plo ra tion pro grams by Ea glet Mines Ltd.
did not in clude anal y sis for stron tium, the sys tem atic in -
duc tively cou pled plasma–mass spec trom e try an a lyt i cal
work con ducted later by Freeport Re sources Inc. led to the
dis cov ery of the wide spread dis tri bu tion of ce lest ite
through out the de posit. Val ues com monly in ex cess of
10 000 ppm Sr were re ported from drillcore sam ples (Hora,
2005). A pre lim i nary sul phur iso tope study of ce lest ite and
sev eral sul phide min er als (py rite and mo lyb de nite) was un -
der taken to pro vide a better un der stand ing of the Ea glet de -
posit.

Ce lest ite-en riched zones were sep a rated from the sam -
ples by a com bi na tion of crush ing and hand-pick ing; the
sam ples were then ho mog e nized in an ag ate mor tar, dis -
solved in di luted HCl and the in sol u ble re sid uum fil tered
off. The dis solved sul phate was then pre cip i tated as BaSO4

by the ad di tion of a so lu tion of BaCl2. The BaSO4 was con -
verted to SO2 gas fol low ing the method out lined in Haur et
al. (1973) with mod i fi ca tions de scribed in Yanagisawa and
Sakai (1983).

Sul phide min er als were hand-picked from crushed
sam ples and ox i dized to SO2 fol low ing the pro ce dure in
Grinenko (1962). The sul phur iso tope com po si tions of the
pre pared SO2 gas sam ples were mea sured us ing a Finnigan
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Fig ure 2. Ter nary Ti-Nb-Ta di a gram (from Godovikov,
1975) of Ea glet de posit min er als, east-cen tral Brit ish
Co lum bia. Points cor re spond ing to titanbetafite were
mea sured within one grain, whereas the clus ter of
points cor re spond ing to pyrochlore rep re sents 15
mea sure ments in mul ti ple ad ja cent grains.

Uraninite

ThO2 0 0.01 0.37 0 0.04 73.73 71.69 66.35 66.18 0.38
TiO2 5.65 7.02 9.68 70.71 93.01 0.72
Nb2O5 70.79 61.72 56.87 19.67 3.65 4.75
Ta2O5 2.17 2.15 0.61 0.69 0.17 0
U2O3 1.27 9.57 6.76 0 0 1.9 2.44 1.85 1.71 92.65

MnO 0.77 0 0.15 0.23 0.02 0
FeO 19.22 0.59 3.55 5.23 1.02 0.01 0.3 0.16 1.17 1.28
CaO 0.12 8.25 4.21 0.05 0.02 0.33 0.32 0.65 2.14 0.91
Na2O 0 0.33 0.4 0.06 0.06 0
SiO2 0 0 2.58 0.42 0.04 18.33 18.19 17.07 15.07 0

Total 99.99 89.64 85.18 97.06 98.03 94.3 92.94 86.08 86.27 100.69

a.p. 4 5 11 12 13 15 16 17 18 x

Explanation: a.p., analytical points from Figure 2; x, not represented on Figure 2; empty spaces, elements not 
analyzed.

ThorogummiteOxide 

(%)

Pyrochlore Titanbetafite Thorite

Table 1. Major-element content of representative minerals of niobium, thorium and
uranium, Eaglet prospect, east-central British Columbia.
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Fig ure 3. Scan ning elec tron mi cro scope pho to mi cro graphs show ing a) par tially re placed pyrochlore (Pch) crys tals in host sil i cates with al -
tered rims (dark shade); white dots are bastnaesite (scale bar 100 µm); b) cor roded and al tered crys tal of pyrochlore; large white grain cor re -
sponds to bastnaesite; an a lyt i cal points 4 and 5 (dark field), 6 (pale grey field) (scale bar 20 µm); c) typ i cal oc cur rence of pyrochlore; small
white grains cor re spond to bastnaesite (scale bar 20 µm); d) par tially re placed pyrochlore rimmed by darker al tered zones cor re spond ing to
al tered pyrochlore; en closed white grain (an a lyt i cal point 9) is un iden ti fied hy drated min eral close to thoria nite; an a lyt i cal points 7, 8, 9, 10
and 11 (scale bar 50 µm); e) titanbetafite (Tb) with vari able con tents of ni o bium; an a lyt i cal points 12, 13 and 14 (scale bar 20 µm); f) thorite
(Th) re placed by thorogummite (Tg); an a lyt i cal points 15, 16, 17 and 18 (scale bar 50 µm).



MAT 251 mass spec trom e ter in the lab o ra to ries of the
Czech Geo log i cal Sur vey, in Prague. Over all un cer tainty in 
an a lyt i cal mea sure ments of d34S from both sul phate and
sul phide min er als is ±0.2‰. Anal y ses are re ported rel a tive
to the Can yon Diablo troilite (CDT) stan dard.

RESULTS

The sul phur iso tope anal y ses yielded the data pre -
sented in Ta ble 2.

DISCUSSION

Mea sure ments of d34S from ce lest ite that range be -
tween 6.00 and 12.91‰ (CDT) ex clude the pos si bil ity of
pre cip i ta tion from meta mor phic flu ids mo bi liz ing ma rine
evaporites or of hy dro ther mal mo bi li za tion of sul phate
min er als from evaporites of ma rine or i gin. Through out the
Earth’s his tory, ma rine evaporites have had sul phate d34S
val ues greater than 10‰ (greater than 25‰ dur ing the Late
Pro tero zoic) and dur ing the Mis sis sip pian, the pre sumed
age of the Ea glet pros pect host in tru sion, d34S val ues were
greater than 20‰ (CDT). Only mi nor sul phur iso tope frac -
tion ation is im parted dur ing meta mor phism of mas sive ac -
cu mu la tions of evaporitic sul phate min er als or dur ing hy -
dro ther mal mo bi li za tion of sul phate min er als fol lowed by
sul phate pre cip i ta tion (in the or der of a few sul phur iso -
topes per mil). The only ex cep tion is a high-tem per a ture
sul phur iso tope ex change be tween sul phide and sul phate
min er als, which can sig nif i cantly al ter the iso tope com po -
si tion of both min er als.

The sul phide min er als (py rite and mo lyb de nite) have
d34S val ues of -4.8‰ (CDT). The dif fer ence be tween the
d34S val ues of sul phide min er als and those of sul phate min -
er als is ~12–15‰. Iso tope frac tion ation be tween sul phate
and sul phide min er als can be used as a geothermometer
(Ohmoto and Rye, 1979); when re duced and ox i dized, sul -
phur min er als reach iso tope equi lib rium and the sul phide-
sul phate frac tion ation re ported here cor re sponds to tem per -
a tures of 450–540°C. More work is re quired to ver ify the
oc cur rence of iso tope ex change equi lib rium in sul phide
and sul phate min er als; in the ab sence of such ver i fi ca tion,
there are sev eral ways to in ter pret the data:

· the sul phate min er als (e.g., ce lest ite) and sul phide
min er als (py rite and mo lyb de nite) were formed in de -
pend ently, at dif fer ent stages of the ore-form ing pro -
cess;

· the sul phate min er als and sul phide min er als formed
fol low ing the mo bi li za tion of sulphur from dif fer ent
crustal res er voirs; and

· the sul phate min er als and sul phide min er als were in -
flu enced by high-tem per a ture (~450–540°C) iso tope
ex change be tween re duced and ox i dized sul phur spe -
cies.

SUMMARY

In con clu sion, the Nb-Th-Ti-REE group of min er als
may rep re sent an early stage of the min er al iza tion pro cess
in the Ea glet de posit. The sul phur iso tope stud ies al low for
sev eral in ter pre ta tions of the re sults and more work is re -
quired to ver ify which in ter pre ta tion ap plies to the Ea glet
de posit.
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Table 2. Sulphur isotope data, Eaglet property, east-central British Columbia.


