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Executive Summary

Significant concentrations of Rare Earth Elements (REE) exist in the sedimentary phosphate deposits of British Columbia (BC), Canada. This
Is a follow-up study to previous work carried out in southeastern BC. This study documents concentrations of REE in phosphate deposits in
northeastern BC, with emphasis on the Whistler Member of the Sulphur Mountain Formation. Samples collected during the mid 1980's were e
analysed for REE using modern techniques. Currently, the prices of rare earth element oxides (REO) are at an all time high, warranting a 0 phos:hateanfgo“mme
follow-up study to investigate the economic potential for extraction of the REE as by-products of the processing of raw materials into '
phosphate fertilizers.
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Moneith Formation nterbedded finer silliclastios neluding The average concentrations of individual REO in the Whistler Member of the Conclusion and Recommendations

siltstone and fine sandstone. Sulphur Mountain Formation are shown on Figure 9a and the maximum - . e ,
theoretical values (“in the ground”) of these REO are shown on Figure 9b. Previous work has shown that significant concentrations of

The theoretical (maximum) dollar value of an individual REO in the ground is REE exist in the Fernie Formation (Southeastern BC). This
obtained by converting the individual REE concentrations (in weight % or ppm conceptual study indicates that the Whistler member of the Sulphur

(g/tonne)) into REO and reporting them in terms of kg/tonne, and then multiplying - : : . :
these concentrations by the corresponding prices of the REO reported in US$/kg. Mountain Formation contains similar REE concentrations. The

The total gross REE value per tonne can be obtained by adding the “in the relative proportions of the REE may differ substantially between
ground” values of individual REO. This process was completed using REO prices formations (eg_ Sulfur Mountain and Ketchika Formations)_ There

__________________ . N taken on March 7th, 2011 (Table 1). The total in the ground REO values for this : : ; : :
Upper Cretaceous and Cenozoic Reynolds Creek succession, Sifton fm., unnamed strata of Tertiary age, Sustut gp., ) dolomite mall amount NOt used ' CalCUIatlonS > Set Of REO prlces IS US$14283/t0nne Of phosphate rOCk (Table 1) Only the REO IS exce”er.]t .Correlatlon bet\.Neen hIStorlcaI (V0|umetrlc and XRF) and
PP u Ry Ceek succeseon, St I upamed stats of et soe ey dolomitic | GG0TLE: | e which had reliable data surrounding their price and market where used in these modern (lithium-borate fusion followed by ICP-MS) analyses for Y

Brewster | sandstone | Sitstone, zggdi?(')?]fg’itgnd calculations. These values are significant if compared to the average value of and P205 analyses. Historical analytical methods Significanﬂy

Mbr .
ndstone. |j i hosphate concentrate; currently about US$130 -150 /tonne. However, this value : : :
OO e soton Y0, lao, Ce0, PO, NdO, SmO, Eu0, G40, TbO, DyO, HoO,  Er0, TmO,  YbO, w0, | goooh e e ETEE gradye SN O s Gl vErEY 7 GrEe underestimate La content when compared with modern techniques.
Starlight breccia. ’ ’ ’ )

potential fluorine resources (Simandl, 2009) and it is possible that REE may also be recovered from Meh . e S Formati Evaporite metallurgical constraints (processing costs and recovery rate), permitting and There is significant positive polynomial correlation between Y and

some of the deposits as by-products (Simandl|, 2010a, b). Variations in the average annual prices of | S ALASKA HIGHWAY Early Carboniferous-Permian Kindle fm., unnamed volcanic and sedimentary rocks of Permian age, and ormation Mobr environmental restrictions nor the costs of mining, shipping and taxes. A more T :

some of the d phosmck” (%/nr; oducts Ofa rane Ccmcemrat)e /ariations 'n the ¢ hosg > annual rr; o . N | y e i P conventional asaessment considering these faciors is lustfied. P,O., and excellent positive correlation between Y and other REEs.
(quatty b 9 P : ° PADSPRate | ! Ao SBAZAIDIE |\ imestone, silty shale, siltstone, minor — | The “in the ground” value of the REO contents of the Sulphur

1% BPL corresponds approximately to 0.458% P,0O,) are shown on Figure 1. The price is currently A BN WY Low U and Th concentrations in phosphate rock from the Sulphur Mountain

Llama Member | sandstone, pelletal and nodular _ _ _ _ =S _ : . . .
estimated around US$135 - 150/tonne FOB (free on board), Casablanca. Several new developments phiosphorite, phosphatic limestone and Formation are also very encouraging (Figure 10) since provincial guidelines (as Mountain Formation is comparable to the value of the phosphate
may affect the short term phosphate market. Firstly, the Office Cherifien des Phosphates has struck a

siltstone. set out in the Health, Safety and Reclamation Code for Mines in British Columbia rock products for fertilizer production that it could produce The
partnership with the Banque Centrale Populaire in Morocco to open four new mines by 2016 and

in the British Columbia Mines Act) regulate exploration and mining surrounding t (Julv 2011) REO ori T th Al
upgrade processing facilities by 2020 (Feytis, 2009). Secondly, phosphate prices in Russia may be slightly phosphati, sty dolostone anc rocks with more than 0.05% (500 ppm) U and Th. current (July ) prices are muchn higner than tnose used In
subject to government fixing (Hartley, 2009). Third and finally, China may become a significant ordovician-Devonian Unnamed strata of Ordovician to Devonian age. sandstone and phosphatic pebble

> . A comparison of historical data and modern ICP-MS analysis (Figure 11) the calculations. If reasonable resources of phosphate-bearing raw

phosphate importer. Over the medium term phosphate prices are expected to rise. b : L Jeonglomerate shows that historical analyses slightly underestimate P,O; (~9%, 11A) and that materials are established in BC, then the recovery of REO and F as
Similarly, the price of diammonium phosphate (DAP; (NH,),HPO,, produced by reacting ammonia . TR N Cambrian to Trassic Earn gp., Road River gp., and Beaverfoot f. Disconformity there is excellent agreement for Y (11B). Historical La values show a systematic .. :
with phosphoric acid) increased in 2007 from US$300/tonne tg 2US$14200/tonne (FOB); however, in B 5 il o ; T T T T T T T T 7 T Cyclical alternation of greyish to rusty | and significant underestimation (~33%, 11C). Historical values of REE should be by-products of phosphate mining and processing should be

January 2009 the price decreased to US$250-300/tonne (FOB, Feytis, 2009). Since then prices have » o 0 1 Cambrian-Devonian Unnamed srata of Cambrian- Devonian age. rayling Vega Phroso Member g:grl\llgcvt\aliﬁtsr,]%rci)r;grrﬁi::t?%r;?gaeroe%sl;s quartz treated with caution, and values related to phosphate deposits could represent SeriOUSIY considered.

recovered substantially and are currently around US$600/tonne. " - Lhh N rmation sitstone,sily limestone and shale.” Minor underestimations of actual REE content.

: . . 3 " '. 3 a0 2 B\ — .. Kechika gp., Skoki fm., (_:hushina fm.,, Monkman Quart_ziFe, Survey Peak fm., ) phosphate in lower Part o ega- roso . . . . . . .
In BC, a number of phosphate occurrences have been investigated as potential sources of L N ST EG ? B Cambrian-Ordovician B nnamed sirataof Ordovican age and CombrianOrdovcan age, Atan Gp., Gul | ___________|member and in Upper Grayling Y,0, la,0, CeO, Pr.0., Nd,0, Sm,0, Eu,0, Gd,0, Tb,0, Dy,0, Ho,0, Er0, TmO, Yb,0, Lu0, Slgnlflcapfc positive cqrrelat!on exists between P,O, and Y_ (Flgure 12); |
phosphates for fertilizer manufacturing, but none are in production. During 2008, Pacific Ridge U e e N\a 0 ol AR ’Vvv%(\ Unamed metamorphic rocks of upper paleazolc age, Narchll fm, Gog gp- Regional Unconformity excellent positive correlation exists between Y and 2REE not including Y (Figure References

. . . . ey ic-Pal i ariboo gp., Misinchinka gp., Ingenika gp., Hyland gp. and younger clastics, an A A A A A A A ™ A A A A A e e e A A A e A e A A
0 0 Exploration Ltd. acquired large phosphate holdings in BC. Work completed at the Wapiti and Tunnel Proterozoic-Paleozolc (mnamed sirata of Proteroric t paleasbic age. o1 oo esice and 13).
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Sedimentary phosphate deposits typically consist of apatite group minerals (Ca,(PQO,),(OH, F, Cl),
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According to Cordier (2011) the USA uses REE extensively as chemical catalysts (22%); | |s5234 subhurMountain 169 2320 4316 046 Ut NI

Regional Unconformity

8524 2A Sulphur Mountain 22.1 468.0 894.9 1.04F <

Rare Earth Elements metallurgical applications and alloys (21%); petroleum refining catalysts (14%); automotive catalytic 852428 SulphurMountain  23.6 5560  892.9 Lo % \\\(
The term “Rare Earth Elements” (REE) includes Y (Yttrium), Sc (Scandium) and the converters (13%); glass polishing and ceramics (9%); as rare-earth phosphors in manufacturing of sz lsuphurvourain| 35l das| 1es0 104 ) L
lanthanides (La - Lanthanum, Ce - Cerium, Pr - Praseodymium ,Nd - Neodymium, Sm - screens for computers, radar, televisions, and in production of x-ray-intensifying film and lighting 852518 SulphurMountain 89 618  123.2 L

. . E . . . . 85252 Sulphur Mountain 17.3 156.0 290.2 .76 8 - AAAAA i AA% 5
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processing of uranium ores or phosphate fertilizer production from either igneous or Figure 2 : Variation of Cerium oxide and Neodymium oxide prices with time. Figure 3: Geology of northeastern BC (simplified from Massey et al., 2005), showing the names and locations of phosphate occurrences and samples abgundances - the Health, Safety and Reclamation Code for Mines in British Columbia (British Columbia Mines Act). 200 300 400 500 Simandl, G.J. (2010a): Rare Metals and Their Importance — Potential Impact of the TGI-4
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Victoria, Canada; British Columbia Geological Survey, BCGS-Open File 2010-10, pages 1-2.
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PhOSphate OCCurrenCeS Legend Legend of the Sulphur 19:20% Table 1: Average REE concentrations in the Whistler Member of the Sulphur Mountain Formation and their Linear: Simandl, G.J. (2010b) : Geological Constraints on Rare Earth Element Resources and
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were reviewed by Butrenchuk (1998). Forty two samples of phosphate-bearing rock collected in northeastern B.C. by il i B ten. - 5 N Ao A R PR T i T [g/tonne] [kg/tonne] [US$/kg] [US$/tonne of phosphate rock] 00 200 300 400 500 600 700 Volume, November 9-10, 2010 Victoria, Canada; British Columbia Geological Survey,BCGS-

Butenchuk (1987) and Legun and Elkins (1985) were re-analysed using modern ICP-MS methods. In addition, four samples 165.71]  Lay0s 1173 0.1943 93.10 18.09 Yippm) Open File 2010-10, pages 7-8.
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The Wapiti (MINFILE No. 0931 008) and Wapiti east (MINFILE No. 093] 022) occurrences are located near most of the s 2 0T s - s 'TAr‘].CanVtVIedg Tentsbl oy oartial funding throuah the TGI4 o Natural
samples taken by Buttrenchuk (1988) and Legun (1985) from the Whistler member of the Sulphur Mountain Formation. Other 167 Tb203 176 0.0055 812.00 246 | | 'S project was made possibie by partial funding through the 1251-4 program 1rom iNatura
Phosphate occurrences near samples re-analysed in this report include Meosin Mountain North and South (MINFILE No. 093l 27.62] D 4o7 148 0.0319 475.00 1517 100 150 200 Resources Ganada, Microphotos provided by Nicholas Brown (British Golumbia Geological
020 and 093l 021 respectively) in the Vegaphroso member of the Sulphur Mountain Formation and the Grey Peak occurrence ' o ' ' ' ' Survey, Victoria BC). Reviews from Stephen Rowins, Sarah Meredith-Jones, and Emrys
(MINFILE No. 094F 019) in the Kechika Formation 6.29) Ho,0; 146 0.0072 La (ppm) 2009 Analysis Prussin (of the British Columbia Geological Survey, Victoria BC) are greatly appreciated.
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Worldwide, REE in phosphate rocks likely substitutes for Ca in the crystal structure of francolite, however, some of the samples in the Figure 11A,B,C: Relationship between historical
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occurrences of REE appear to also be spatially linked with fluorite occurrences (Figure 5). Kechika (volumetric and XRF) and modern (lithium-borate . : : SRIT
# e WE o) 11.63, ¥b,0q 139 0.0132 49.00 065 fysion followed by ICP-MS) analysis for P,0., Y and Disclaimer (Exclusion of Liability)

Based on this very limited data set, the Whistler Member of the Sulphur Mountain Formation has relatively high P,0, and S T S R formation (Based 150 Lu0, T SO TS e Thi . . /. e
: i i i i s study is purely conceptual. Neither the British Columbia Ministry of Energy and
REE content (Figure 6). Relative proportions of the REE content in the Whistler Member (based on 20 samples) are shown on  Figure 5: Photomicrographs of phosphorites from the Whistler Member of the Sulphur Mountain Formation. All photos taken in Figure 6: Concentrations of P,O, (A) and REE (B) in samples from the Vega Phroso and Whistler ~ ©N 5 Samples) 313.78|  Y,0, 1.270 0.3985 130.00 51.80 Lla, res$e1ct|vel>l;. Thectlhfeoregcal dottec\}vl;}ne Wt':]h a Mines norythepauth)!)rs shalli) be liable for any claims, expenses dam;:,;es (incllflglling
Figure 7. Relative proportions of the REE content from near the Grey Peak occurrence in the Kechika Formation (the only plane light. A - Phosphate grains in carbonate matrix; B - Fluorite replacing a fossil. Fluorite is not commonly reported in members (Sulphur Mountain Formation, Spray River Group), Toad, Kindle, Besa River, Kechika Total: 866.67"" Total: 1.0494 Total: 142.83*** ;8;’; gf th;arr(]agrz::iin Iﬁ\rer?)eetrvsggﬁ-histo(reizzeal aen g direct, indirect, special or consequential damages),,loss of prc;fits, opportunities or
major Cambrian occurence in BC according to Buttrenchuk (1998)), based on 5 samples, is shown on Figure 8. The Sulphur phosphorites. In this particular case it is associated with elevated concentrations of REE. and Road River Formations. - Part of the Sulphur Mountain formation of the Spray River Group modern data is greater 1, historical results are information arising from the use of, or reliance on, information contained in this

Mountain Formation is of lower to middle Triassic age, while the Kechika Formation is of upper Cambrian to lower Ordovician *. Refers to the value of the REO (including Y,O,) per tonne of the phosphate rock, assuming 100% extraction rates. overestimates relative to modern analysis, and vice- document. This document is based on a limited number of chemical analyses. The

age. Most phosphate-bearing formations displayed a pattern similar to that of the Sulphur Mountain Formation, and are similar #_ Cumulative “in the ground” value of LREO, Gd,O,, Tb,O,, Dy,O., and Y,O,. Other Elements had unreliable price data and limited versa. The outliers are shown in blue are were information regarding resource, continuity and thickness of phosphate horizons is

In age. walues reported as elements, not in oxide form markets. excluded from the P,O, regression line. not available. This study does not consider metallurgical or environmental factors,
’ mining and permitting limitations, taxation, shipping costs, etc.
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clays containing 500 ppm total REE are considered ore grade (Simandl, 2010a). REE can R R RS > / | \
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