Mineralogy of the Rock Canyon Creek REE-fluorite deposit, British Columbia, Canada
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Objective

The main objective of this study was to document mineralogy of the rare earth element (REE)
-fluorite zone at the Rock Canyon Creek deposit. This zone was intersected by drilling along
a strike length of 1100 metres and to a depth of more than 124 metres.

Detailed mineral identification was performed using SEM-EDS, Powder XRD, and Raman
spectroscopy on selected mineralized samples from the drill hole RCC-09-14 which

I | Identified minerals: dolomite, fluorite, quartz, K-feldspar, barite, apatite, pyrite, REE-bearing fluorocarbonates [(bastnasite-(Ce), parisite-(Ce) and synchysite-(Ce)], and
REE phosphates [monazite-(Ce) and crandallite group minerals].

Analytical methods and results

In order to characterize REE mineralization we selected 38 samples from borehole RCC-09-14 and fifteen polished thin sections were prepared. Drill hole RCC-09-14 (up to 124.7 m)
generally consists of dolostone and dolostone crackle breccia containing REE mineralization with accompanying fluorite and pyrite (Fig. 3). The detailed description is shown in Table 2.

Discussion L2

L/ REE-bearing fluorocarbonates were identified in 14 samples, and REE phosphates in 9. Both REE carbonates and REE phosphates are commonly spatially associated with

pyrite, barite and fluorite (Figs. 4a-f). ® Synchysite
Table 2 REE minerals in drill hole RCC-09-14 detected by SEM-EDS. +++ major, ++ minor, + trace

L | Representative chemical compositions of REE minerals are summarized in Table 3. ® Bastnasite

intersected high grade REE mineralization. Drill Hole Rock Type Microscopic observations REE minerals Other minerals REE
content
RCC-09- Dolostone (Fe fg dolomitic limestone; REE dolomite+++, high
- - 14 1 oxide-stained), REE carbonates and carbonate++, barite+++,
ROC k C a nyO n C ree k RE E -fl u O rl te d e pos It weathered phosphates with pyrite, REE fluorite++,
fluorite and barite; late phosphate+++  calcite++,
_ _ calcite vein pyrite+
EJ The Rock Canyon Creek r.are earth .element (RI.EE)_ﬂuqute dep_03|t, apOUt 90 km north- RCC-09- Fluorite-bearing Fe  altered cg dolomitic REE dolomite+++, high
northeast of Cranbrook is in the British Columbia alkaline province (Fig. 1). 14 2.8 oxide stained limestone. REE carbonates  carbonatet barite it
I Most of the 44 REE occurrences reported in British Columbia (Simandl et al., 2012) are dloliosiioie biruseis an,thEEtPh%SPh‘i‘tte occur R}FE N ﬂ‘i"?fi**a = T« : b
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: : : : : : arite; late calcite veinlets pyrite+
series rocks, kimberlite, and many ultramafic and lamprophyre diatremes, breccias,
and dikes (pe” 199 4)_ RCC-09- Fluorite-bearing, Fe  fg dolostone, REE REE dolomite+++, moderate
’ 14 5.8 oxide stained carbonates and phosphates carbonate++, barite++,
I/ The Rock Canyon Creek deposit is hosted by Middle Devonian carbonate rocks of the dolostone occur with pyrite, fluorite  REE fluorite+++,
Cedared and Burnais formations (Pell and Hora, 1986; Green et al., 2017). anfitza:te?r;ai:?%zgte phosphate++ Calr‘iteii Fig. 5. La-Ce-Nd diagram of bastnéasite and
BZin is tige lagtest ’ by ) 15 3 el : k Brt %o s : 2 . _ synchysite in the Rock Canyon Creek deposit.
. . Northwest | : : . 8= TS L | N P N, -' BN There are two distinct clusters (high-La and
" Territories Fig. 3. Representative photograph of core sample in the Rock Canyon Creek. (a) Dolostone crackle . _ . 2R W M R . AT NG | high-Nd) Nd 7 ,. 7 7 7 7 7 7 7 >
\ Pt breccia containing abundant fluorite (F1) and pyrite (Py), cut by calcite vein containing RCC-09- Fluorite-bearing, contact ofal.tered fg | REE dolpm1te+++, low e g B ' PR Y o SRR LS S SRR IR S e R oo L. g _ Ce
] coarse fluorite crystals. 14 6.75 pale gray dolostone  dolostone with calcite vein;  carbonate+ barite++, BEC 15kV WD10mm BEC 19kV WD10mm UL
||\ cut by calcite vein.  REE carbonates occur with fluorite+++, Ca P
| Alberta pyrite, fluorite and barite; calcitet++, crandallite crandallite, goyazite
| - - - late veinlets consisting of fg pyrite++ florencite
\
X-ray diffraction analysis pyrite ageregates
| Wicheeda Core samples, representing 3-metre drill core intervals, from drill hole RCC-09-14 were crushed, RCC-09- | Fluorite-, pyrite- contact of altered fg REE dolomite+++, low
Lake REE split, and milled to make powder samples for powder X-ray diffraction (Powder-XRD). Qualitative 14_8.15 bearing pale gray dolostone with calcite vein.  carbonate+ barite+, svanbergits
powder-XRD analyses were conducted on 38 powdered samples using the Rigaku Smart Lab X-ray S;llfiigl;ﬁut by ?ﬂiecaézz?it:;fggﬁt?th iﬁgﬁ;iT
Rock Canyon diffractometer. The operating voltage and current were 40 kV and 200 mA, respectively, and late veinlets containing fé pyrite+++”
Prince George Creek REE- samples were scanned from 3° to 70° 26 at a step size of 0.02° and scan speed of 10° min'1.The pyrite aggregates K-feldspar+
fwi ‘:“ifjg/‘l*”\ FIuorit‘e sl @i AL el el Nels RTEAUERTA o s i 12iel® 1. RCC-09- Fluorite and pyrite-  altered cg dolostone. REE REE dolomite+++, low | REE N — Sr As . ——— (S
Wi wNoN, | L - 14 8.5 bearing whitish carbonates and REE carbonate+, barite+, florencite svanbergite arsenoflorencite-(Ce)
\ | NAfR~ ) —
Pa Cl:ﬁC A\ ; *’]gr;;f; Br J t'Sh S E M = E D S a n a Iys Is limestone, calcite phosphates occur with REE fluorite+++, arsenoflorencite-(Ce) goyazite
"F %1:{5: /Co lumbia _ - _ - _ _ _ vein pyrite, fluorite and barite; phosphate+ calcite+,
Ocean 'S Following the qualitative analysis, quantitative analysis of minerals was conducted using SEM- late veinlets containing fg pyrite+++
N O Kamloops, EDS (JEOL JSM-6610LV). SEM-EDS analyses were carried out on 15 thin sections (Table 2). pyrite aggregates S S
%%’% Cranbrook Cobalt (Co) standard was used for quantitative analysis. The minerals identified by SEM-EDS are - 3 , SEPVRY AN
Ty, \ﬁj ,, i shown in Table 2. RCC-09- Fluorite-bearing altered fg dolostone; REE REE dolomite+++, low L. T ny O X - ‘ Dol
Mgy, \r““f\}ff‘:”%'\-@i;&vanco uver ____—— 14 37.3 dolostone; cut by cg  carbonates and phosphates ~ carbonate+, barite+++, #, V. § A
v;f *“*——""" \h '-HII Table 1 List of minerals in drill hole RCC-09-14 detected by Power-XRD. calcite vein with fluorite, barite, and REE fluorite+++, ' - ‘ e : SEC 15KV WD1O ' 120 100 oy
PG U SA " Depth (m) Dol Cal Fl Brt Py Mc OQtz Ap Bas Mnz pyrite phosphate+ I AAE oe o ' i
\ | \Vﬂ \ e 16 P + P P —I— I o I K-feldspar++, svanbergite woodhouseite svanbergite
Fig. 1. Location of the Rock Canyon Creek REE-fluorite deposit. 6-9 e e N . N N Cal‘f’ite;:z _ | | - o _ _ | | |
The British Columbia Alkaline Province, as defined by Pell (1994), - pyrite Fl_g. 4, Back-scat’ger-electron images of representa_tlve textures in drill hole RCC-O_9-14_1. a) RC_C_-09-14-1 m, bastnaS|te-(Ce_) with _pyrlte, hematlte, b_arlte, and crandallite. b) RCC-_09-14-1 m,
is shown in red. 9-12 4+ 4+ 4+ + 4+ + . . » . mixture of monazite-(Ce), bastnasite-(Ce) and barite. ¢) RCC-09-14-1 m, late calcite-filled hairline fractures cut fractures filled with fluorite and barite. d) RCC-09-14-80.1 m, pyrite aggregates
1215 P L N L N RCC-09- | Fluorite- and pyrite- ~ altered fg dolomitic dolomite++, low with bastnasite-(Ce), crandallite and synchysite-(Ce). e) Euhedral pyrite aggregates with altered apatite, synchysite-(Ce) and barite in dolomite. f) RCC-09-14-121.2 m, late calcite veins
14_40.4 bearing grey limestone; apatite grains are barite++, cut barite and synchysite-(Ce) vein. Dol: dolomite, FI: fluorite, Py: pyrite, Hem: hematite, Brt: barite, Bas: bastnasite, Syn: synchysite, Crd:crandallite group mineral, Ap: apatite. | REE Sr Ca Sr
o 5 ngm o 15-18 +++ ++ + + +t limestone cut by fluorite-filled apatite+++, florencite goyazite Sandellts © 0 \goy\azite
M N e ral IZEd ZO n e a n d pOS Itl O n Of d Il I I h O I eS 18-21 4t 4t 4t 4 4 4t fractures fluorite+++, arsenoflorencite-(Ce)
quartz++,
The main REE-fluorite mineralized zone (Fig. 2) was investigated at depth by 17 diamond ;411'34 L L i T * K-feldspar-++, Table 3 Representative compositions of REE-bearing minerals from RCC-09-14. Fig. 6. Ternary diagrams of crandallite group minerals from the Rock Canyon Creek.
' - iahi =27 +++ ++ + + + pyrite+-++
2l Ineles heteliling 121 £, e ImEIEs (=gl & &l-, 2019 27-30 i 4t n 4 n RCC-09- | Fluorite- and pyrite- altered fg dolostone; REE REE dolomite+++, moderate RCC-09- CO n CI us i oNns
. . . 14_69.6 bearing grey carbonates occur with carbonatet+  baritet, RCC-09-14-1m RCC-09-14-5.8m RCC-09-14-80.1m RCC-09-14-121.2m
The steeply dipping REE fluorite zone extends along strike for more than 1100 metres, to 30-33 -+ ++ ++ + e dolostone, calcite fluorite, barite and pyrite. fluorite+++, 14-108. 1m
a depth greater than 124 metres: it remains open along strike and dip and, at least locally, _ inlets, with Late veinlet taining f; tz++, .o . . . . . e s . . . e s e s . . . .. . . . . . . .
is mgre tghan 50 metres thick P J P y 33-36 L T i T U T IVIEISISTVZ ;)Zzlrite p;riet;’?gngfesggtzg s Iq(liefl‘er:lflsparJrJr wt % |Bastnisite | Synchysite | Monazite | Synchysite | Monazite | Crandallite| Bastnisite | Synchysite | Synchysite | Crandallite| Bastnésite | Bastnisite | Synchysite | Crandallite Mineralization consists of dolomite, fluorite, quartz, K-feldspar, barite, porous apatite, pyrite, REE-bearing
' 36-39 +++ ++ o+ + + + + pyritet p 13 03 12 33 997 11.55 1125 Il fluorocarbonates [bastnasite-(Ce), parisite-(Ce), synchysite-(Ce)], and REE-bearing phosphates
39-42 +++ ++ + ++ + + . ' ' ' ' ' [monazite-(Ce), crandallite group minerals] in various proportions.
42-45 +++ ++ + + + + 4+ RCC-09- Fluorite- and pyrite- altered fg dolostone; REE REE dolomite+++, moderate S1
§ \ 45-48 o 4 n n n 14_80.1 bearing grey carbonates and phosphates  carbonate++,  baritet, Al 6.35 533 16.76 0.51 17.88 17.77 Barite and fluorite veinlets_ and tho_se co_ntaining REE minerals, fluorite, barite and pyrite are g:ut by calcite-
\_ @ RCC 09-14 5760 L e N . N dolostone e apatite ++-, N2 L/ filled fractures. Cross cutting relationships and replacement textures suggest that REE-bearing carbonates,
o 06, 12@/\ 60-63 s . N N N N gifggfi;l;aft;;;ﬁe BIOSPIET E“gf;‘;;r’H fluorite, barite and pyrite are of hydrothermal origin.
(% REC 09-13 i ’ e ’ Mg
T aggregates rite+++ : : : : : :
63-66 +++ ++ + ++ + sete by Ca 14.42 1.6 14.56 133 613 1.76 15.53 14.37 335 7 81 1.19 11.19 73 E Thimonazne-(Ce) grains contain Al, and Ca, suggesting that monazite-(Ce) is altered or formed
. @.RCC 09-11 66-69 T+t ++ + + + + RCC-09- | Fluorite and pyrite-  fg dolostone; REE REE dolomite+++ high In the supergene environment.
N - ’ - - ’ Sr 1.63 2.82 3.09 5.49 6.22 1.01 10.74
69-72 . 4 4+ 4 + 4+ 14_108.6 rich grey dolostone  carbonates accompanied by  carbonate+++,  barite++, ' ‘ ' ‘ ' ' '
N L Y N 7975 L L N N N fluorite, pyrite and barite; fg REE fluorite++, Mn Ll Presence of uncommon Nd-rich bastnasite and Nd-rich synchysite may have important genetic and economic
o L o ) pyrite aggregates phosphate+ pyrite+++ ramifications
= \\--RCC 09-8 = 75-78 -+ ++ ++ + + As
c% @g . . § RCC-09- Whitish dolostone cg dolostone; REE REE dolomite+++, moderate
e /I Main REE-fluorite zone © 78-81 T T T T T 14 120 carbonates and phosphates  carbonate++, barite++, Fe
5564000 N R1-84 +++ ++ + ++ occur with fluorite, pyrite, REE fluorite++,
5564000 N + “(RCC 09-9 + R4-87 4oy 4 n 4y n n and barite; apatite 1s phosphate+ pyrite++ £ ACknOWIedgments
ED ) 8700 L i N i N common Y 2.13 This study is a result of cooperation between the Geological Survey of Japan, British Columbia Geological Survey
M o - . | | Ia 19 81 12.82 14.15 11.16 15.69 0 {3 ) 573 13.85 19.05 24 93 2023 35 (also part of the Specialty Metal Qomponent of the Target_ec_i Geoscnenc_e Initiative 5; spearheaded by Natural
RCC ds‘a*-qpf%\ 90-93 +++ + + ++ RCC-09- | Whitish dolostone g dolostone; REE REE dolomite+++, high Resources Canada), and Mr. Chris Graf and Spectrum Mining Corporation, the owners of the Rock Canyon Creek
RCC 09-7&h 93-96 T + 4t 14_121.2 Cafbona@ﬁ ?lnd phosphates %Eonateﬁﬂ barite++, Ce 33.83 23.35 21.69 23.82 22.64 38.31 24.31 17.68 19.18 6.37 27.92 32.44 24.09 3.7 deposit. We thank Mr. Chris Graf for guidance in the field, permission to sample the core, and enriching discussions.
W, RCC09-2 : occur with tluorite, pyrite, apatite ++, Ms. Fiona Katay (British Columbia Ministry of Energy and Mines, Cranbrook) provided invaluable field survey and core
\RCC 09- RCC 09-16 _ N : Pr 3.38 2.92 4.72 2.81 | y y gy ar ' P . y
—_—_, \ 502902-1 I%\C 09-15 oot e " " o " and barite; apatite is phosphate+ fluorite+, logging support. We are grateful to Ms. Suzanne Paradis (Geological Survey of Canada), and Mr. Craig Green
® \Vertical drill hole RPN/ 99-102 e - - n n common; fg pyrite pyrite-++ Nd 10.6 6.95 5.32 10.21 5.72 24.06 18.5 9.49 8.69 8.32 8.34 (University of Victoria) for their useful comments and suggestions made during the preparation of this poster.
©/ Vertical and inclined drill holes f t T 102-105 | +++ =+ o+ 4t + TR Gl Sm 2.84
(D/\ e -lca an. INcline ril NOIES Trom same setup o RCC.09-17 105_108 4 4 n 4t n veinlets Th 1 89 1 54 2 3 2 82 3 34 6 88 Refe rences
inclined dril hole 108-111 4+ ++ + ++ + RCC-09- | Fluorite-bearing cg dolostone; REE REE dolomite+++, high ' ' ' ' ' ' i Pgll_, J., 1994, Carbor)atites, nepheline syenites, kimberl_it_es and rela’_ced rocks i_n British Columbig. British Columbia
0 200 m 111-114 e + 4t + 14 121.6 whitish dolostone carbonates and REE carbonate+++,  barite++, O 22.43 33.72 34.28 28.64 31.55 35.78 22.85 33.49 33.27 52.79 24.55 21.58 29.18 48.68 Ministry of Energy, Mines, and Petroleum Resources, British Columbia Geological Survey, Bulletin 88, 44p.
——— N ) phosphates with fluorite REE fluorite++, S 0.76 0.78 1.59 1.85 207
114-117 +++ ++ + + + + coexist pyrite and barite; fg  phosphatet+++  pyrite++ ‘ ' ' ' ' E| Pell,J., and Hora, Z.D., 1986. Geology of the Rock Canyon Creek fluorite/rare earth element showing southern Rocky
117-120 N 4t 4 4 44 pyrite aggregates; late F 8.33 6.86 6.56 6.18 8.43 6.74 5.99 9.09 8.73 6.96 Mountains (82J/3E). In: Geological Fieldwork, 1986,British Columbia Ministry of Energy, Mines and Petroleum
Fi%. I2. Aﬁproxirps_te vert(;cgl_pl)lrﬁjelctiog ofth_le rdn?in RE_E-;I_uorziBe1rginl\e/lr_alizelc_l zodne to the surfacte 120-123 4t 4 + 4 G calcite vein Total 100.0 100 100 100 100 100 100 100 100 100 100 100 100 100 Resources, British Columbia Geological Survey Paper 1987-1, pp. 255-258.
32 tr?gic;loanlir? Slt?ir;g?n I;Ortlh di?eecs’[iongmglriﬁ hOrI(;chlg_(l)g_(M th)é mlaniﬁrsbl'zeect égphei;ssfupden : 123-124.7 | +++ T T T T T RCC-09- | Whitish dolostone  cg recrystalized dolostone; ~ REE dolomite+++, ~ high Il Pighin, D.L., 2010. Assessment Report Rock Canyon Property, British Columbia Geological Survey Assessment
. tp ted hi % g : lizat .d' fthe t ,th th.” ol Y, Dol: dolomite. Cal: calcite. Fl: fluorite. Brt: barite. Pv: te. Mc: m T 14 124.7 REE carbonates with carbonate+++  barite++, Report 31435.109p.
intersected high-grade mineralization and is one of the two northernmost drill holes. ol: dolomute, Cal: calcite, Fl: fluorite, Brt: barite, Py: pyrite, Mc: microcline, T it A
Qtz: quartz, Ap. fluorapatite, Bas. bastnasite, Mnz: monazite apatite 1s common fluorite+, I/ Simandl, G.J., Prussin, E.A., and Brown, N., 2012. Specialty metals in Canada. British Columbia Ministry of Energy,
+++ : peak high, ++:peak middle, +:peak low pyritet+ Mines and Natural Gas, British Columbia Geological Survey Open File 2012-7, 48p.
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