Rare Earth Element Concentrations in Phosphate Deposits, Fernie Formation, Southeastern British Columbia, Canada
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Executive Summary

Our research addresses the existence of non-negligible concentrations of Rare Earth Elements (REE) in the sedimentary phosphate deposits of Lﬁgfﬂgg Value
British Columbia (BC), Canada. The Fernie Formation is examined in detail. Currently, the prices of REE are at or near an all time high,

warranting a follow-up study to investigate the economic potential of REE extraction as a by-product of the processing of raw materials into K/lﬁz.perce”t“e
phosphate fertilizers. edian
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Conclusion and Recommendations

The availability of REE raw materials is essential for

Western countries in terms of national security, reducing

ot wsed i calcdlaions environmental impacts and to supply their high technology
Industries. This conceptual study indicates that non-

Comtac v Unoonformity neglible concentrations of REE are present in the Fernie

B.C. Border Whitehorse Formation Calcareous and dolomitic sandstone and

(© - 10 m) siltstone, sandy dolomite and solution breccia Formation, and a follow-up study is justified to assess the
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better quality “phosrock” (fine-grained apatite concentrate, about 70% bone phosphate of lime (BPL); ' ke Upper Cretaceous Alberta Group (0 - 496 m) sandstone of phospha te-bearing e o e s A C,

1% BPL corresponds approximately to 0.458% P,0O,) are shown on Figure 1. The price is currently

estimated around US$135 - 150/tonne FOB, Casablanca. Several new developments may affect the then the reCOV.ery of REE and F as by-pFOdUC_tS should be
seriously considered. Based on currently available

short term phosphate market. Firstly, the Office Cherifien des Phosphates has struck a partnership with
the Banque Centrale Populaire in Morocco to open four new mines by 2016 and upgrade processing information. in southeastern BC. the Fernie Formation
J J

. . . appears to be the most promising. Northeastern BC
medium term phosphate prices are expected to rise.

Similarly, the price of diammonium phosphate (DAP, (NH,),HPQO,, produced by reacting ammonia . ) :
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recovered substantially and are currently around US$600/tonne. 62)F,G b \ \/ & S Rundle Group s | (0 - 240 m) and_phosphatic coquinoids.***

In BC, a number of phosphate occurrences have been investigated as potential sources of T W ] @\ \\ Mississippian Banff and Exshaw Formations
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facilities by 2020 (Feytis, 2009). Secondly, phosphate prices in Russia may be subject to government
G o requires separate investigation.
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Sedimentary phosphate deposits typically consist of apatite group minerals (Ca,(PQO,),(OH, F, Cl),
mainly francolite( (Ca, Mg, Sr, Na),,(PO,,S0,,CO.)F..). These deposits supply most of the raw materials

for the fertilizer industry. The 2010 world phosphate rock production was estimated at 176 million tonnes
(Cordier, 2011). In recent years sedimentary phosphate deposits have also been considered as
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fixing (Hartley, 2009). Third and finally, China may become a significant phosphate importer. Over the
: Fossiliferous limestone and dolomite, sandstone
January 2009 the price decreased to US$250-300/tonne (FOB, Feytis, 2009). Since then prices have RSYTH C
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Exploration Ltd. acquired large phosphate holdings in BC. Work completed at the Wapiti and Tunnel i ‘NGAY - References
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Figure 8: Fernie Formation: A - Average REO concentrations; B - “in the ground values” of individual REO per tonne of phosphate
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Sample No. * Formation P,0s (ppm) § REE (ppm) Y (ppm) Unconformit N=31 Legend Employment and Investment, British Columbia Geological Survey, Bulletin 98,
SBBS61C  Femnie 0.72 1954 462 Todhunter* Brightly coloured silstone, Mean Th: 7.843 ppm 126 Pages.
SBB861D  Fernie 0.79 20266 491 (15-48 m) dolomite and calc. sandstone Mean U: 29 027 ppm

SBB863B _ |Femie 217 S804 340 Etherington Fm. Dolomite, crinoidal and oolitic Th—mm—U Cordier, D. J. (2011): Rare Earths, in: Mineral Commodity Summaries, January 2011,
MOUNT LYNE SBB863C Fernie 9.0 420.55 203 (100 - 469 m)* limestones, green and maroon shale,

SBB863D Fernie 2.07 175.53 58.4 anhydrite, sandstone, and siltstone U.sS. Geologlcal Survey, pages 128 -129.
SBB&6 3E Fernie 404 204.38 70.5

Rare Earth Elements Uses

The term “Rare Earth Elements” (REE) includes Y (Yttrium), Sc (Scandium) and the According to Cordier (2011) the USA uses REE extensively as chemical catalysts (22%);
lanthanides (La - Lanthanum, Ce - Cerium, Pr - Praseodymium, Nd - Neodymium, Sm - metallurgical applications and alloys (21%); petroleum refining catalysts (14%); automotive catalytic
Samarium, Eu - Europium, Gd - Gadolinium, Tb - Terbium, Dy - Dysprosium, Ho - Holmium, Er converters (13%); glass polishing and ceramics (9%); as rare-earth phosphors in manufacturing of ,

- Erbium, Tm -Thulium, Yb- Ytterbium and Lu — Lutetium). Promethium (Pm) is a lanthanide,  screens for computers, radar, televisions, and in production of x-ray-intensifying film and lighting : A K Fernie

N\ , s 7 N SBBS64A  Fernie 273 645.59 454 . . Feytis, A. (2009): OCP $1 200 m phosphate hUb; Industrial Minerals, Metal Bulletin P/C.,
but is non-naturally occurring and so is not included in the definition used in this report. Heavy (8%); permanent magnets (7%); electronic devices (3%); and other applications (3%). ' . Y Basin ; - Adapted from table 1 in Monahan (2000), and table 2 in Butrenchuk (1998).

VW)L SNGY A ool \ FORDING RIVER SBB864B Fern?e 21.5 1365.79 805 *Thicknesses reported by Monahan (2000) UK, No. 497, pages 6-7.
rare earth elements (HREE) have atomic numbers of 64 or higher(Gd-Lu) and Iight rare earth % <::1=\ _‘ P ] i) ! \ SBB864C Fernie 26.7 1498.98 **Unconformity reported by Butrenchuk (1998), not confirmed by Monahan (2000).
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) SBB864D Fernie 26.2 1257.44 737 ***Phosphates reported by Butrenchuk (1998), not confirmed by Monahan (2000).
elements (LREE) ha\_/e atomic numbers of less than 64_(La to Eu, Y, _Sg). The REE (r_netal) Market A PR E— s v E——

content of raw materials and products can be reported in parts per million (ppm, equivalent to ‘% ALEXANDER CREEK NORTH SBBS6G6A  Fernie 236 609.18  430| |& Figure 7: Stratigraphy column showing the phosphate-bearing formations in southeastern
g/tonne) or in weight (%). Within the industry REE metal content is commonly converted into \Lai | SBB866B  |Femie 138 99949 545/ |Q B.C..

REO equivalent (conversion factors can be found in Table 1). In this study Sc was not

SHEEP,MOUNTAIN| SBBE66C  Fernie 6.1 2627 139
considered due to low concentrations. SBS6SF  Ranger Canyon 023 12999 297

ARIET UAKE ‘, Harley, R. (2009): Russia awaits fertilizer mineral merger; Industrial Minerals, Metal

Bulletin Plc., UK, No. 497, page 13.

REE production in China started in the late 1970's. Since then, China has become the
dominant REE/REO producer (Simandl, 2010a) in the world. In 2009, more than 95% of the world's
rare earth raw materials originated from China. Over the last 10 years, rapid economic
development in China has increased internal demand for REE, causing the Chinese government to
introduce export quotas on REE to secure a stable supply and provide a competitive edge to its
Geology domestic high technology industries. Western governments consider REE essential for developing
REE are known to be concentrated in a variety of geological environments. Most of the high technology industries, maintaining their national security and reducing greenhouse gas
“hard rock” deposits of economic interest are located in continental settings. Economic or sub- emissions. High prices are encouraging exploration for REE-bearing deposits (Simandl 2010a, b,
economic REE concentrations are known in a variety of deposits including carbonatites and C).
carbonatite complexes (Mountain Pass, California; Daluxiang and Maoniuping, China),
peralkaline complexes (Thor Lake, NWT, Canada; Strange Lake, Que., Canada; Kipawa, Que,

- : - : : D L X ; N : ermie . : o : : : : Resources, Petroleum Geology Special Paper 2000-2, 68 Pages.
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Macdonald, D.E. (1987): Geology and Resource Potential of Phosphates in Alberta;
Alberta Geological Survey, Earth-sciences Report 87-2, 35 pages.

4“44 SB86 8K Ranger Canyon 13.55 300.48 119

444 SB86 8L Ranger Canyon 241 180.92 . . . .

S G ‘ ! A B CDE 8869  |Ranger Canyon Log 146,45 Massey, N.W.D., Macintyre, D.G., Desjardins, P.J., and Cooney, R.T. (2005): Digital
e P et SBS69B  Ranger Canyon 084 8939 2. Conce ptua| Considerations Geology Map of British Columbia, British Columbia Ministry of Energy Mines and
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N : Fi 8 d th ' th tical val “in th d”) of th REO h : :
IR ) SBE611A  |Femie 151 482.38 gure oa and the maximum theoretical valles SRS Gl HEfinEEs are shown Monahan, P.A. (2000): The Geology and Oil and Gas Potential of the Flathead Area,
| ;X SB&612  Femie 0.15 %1 5 on Figure 8b.

SBS613A  Femnie 420.49 The theoretical (maximum) dollar value of an individual REO in the ground is obtained Southeastern British Columbia; BC Ministry of Energy, Mines, and Petroleum

¥ . and reporting them in terms of kg/tonne, and then multiplying these concentrations by the : : :
- . P g SBS614A  Fernie . 1032.7 : : : Norman, G. and Renning, M. (2009): 2008 Reconnaisance Exploration and Hand

Blue, Yukon, Canada)and as veins (Hoidas, Saskatchewan, Canada), Economic conditions Sﬁrr:\)éoe?’o?g:n (;Ir::k, and Telford Formations. The “n” refers to the HART %t SBBSGA0A  Femie 90,96 corresponding prices of the REO reported in US$/kg. The total gross rare earth element

permiting, Olympic Dam-type Iron-Oxide Copper-Gold (IOCG) deposits, peraluminous '
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: : p B Trenching Assessment report on the Wapiti phosphate project Wapiti & W2-W15
SBB8641D  Johnston Canyon 4637 4. value per tonne can be obtained by adding the “in the ground” values of individual REO. L . e . :

SBB8642A  Fernie 868 2 This process was completed using REO prices taken on March 7", 2011 (Table 1). The I(\)ﬂlalmts, Sl;t;:_m'tted bAy//I'Pamfm;;__()jgte IlEprorlgtlon Ltd. ar;\d LateegratGoId r(t:%r(r))7 1?' Cé6
SBB86A28  Fernie 891.72 ' total in the ground REO values for this set of REO prices is US$169.38/tonne of INIStry or Energy, Mines ana I=etrolelum kesources, Assessment repo :

SUMMIT LAKE
W SBBS662F  Ross Creek 19 12439 34, o : pages plus maps and appendices.
“ ~_ <BBeE e Ross Creek 086 e phosphate rock (Table 1). These values are significant if compared to the average value of

REE are also present in secondary environments, such as ion adsorption clay deposits , -
(also referred to as “weathered crusts”), which overlie granitic rocks (Xinxiu and Heling, China), V " : b, . phosphate concentrate: currently about US$130 -150 /tonne. However., this value does not Figure 9: Th and U concentrations in 31 samples from the Fernie Formation are low. The red dotted line at 0.05% (500 ppm)
as well as laterites and karst that are associated with carbonatites (Mount Weld, Australia). lon il A / ARTEN zggg Eangergnvon (1)841 22;-;2 =5 e d,e shape of the deposit, variability in Qra de mefallurgical corresponds to a threshold above which special safety procedures are required under the Health, Safety and Reclamation Code Simandl, G.J. (2009): World Fluorspar Resources, Market and deposit examples from
i ' i i i ioni o oppiiiaasasas . L { G \ = b ‘A angeranyon : : : : 1 e ’ A ) - for Mines in British Columbia (British Columbia Mines Act). iti ' * Briti ' ' ' '
aldsorptlo? plgy dggg SlE a:etal rIT_\:aEJEr source O.;HREE' Undedr thg_rlght dﬁ'r%TOStanceS’ onic ’ el 7 i & - B 8 e SBB8663C  Ranger Canyon 5.01 16693 €48 constraints (processing costs and recovery rate), permitting, environmental, mining, ( ) British Columbia, Canada; British Columbia Geological Survey, Information Circular
PO y be yp . y Sanas/p paleop 9 N S S S Er I e GOy : N 4 <BBSE A Telfir ; 4 e o 527 assessment is justified. Low U and Th concentrations in phosphate rock from the Fernie
tBhCe: processTg of u;fgqlur? IglrEeES and ph?s;;hatetfenl'tlllé?r productlog. Depoilts |r;] s;)uth-easte.rn RO &L ’ 249% a\ S - 3 SR Y ) SEREBGEA  Telfor 1e e Formation are also very encouraging (Figure 9).
may contain sufficien concentrations to justify recovery during phosphate processing. Ho NG = N Wk

EZ Simandl, G.J. (2010a): Rare Metals and Their Importance — Potential Impact of the TGI-4
_ — : : : : : — . * 0 sennie o (2 LN S SBBS670B  Femnie 24.2 977.28 597 Significant positive correlation exists between P,O, and Y; excellent positive Table 1: Average REE concentrations in the Fernie Fm and their “Theoretical” (in the ground) Values™ Initiative: in Int ti | Worksh the Geol fFR Metals. Si d. G.J
Figure 2 : Variation of Cerium Oxide and Neodymium Oxide prices with time. To aaen REE *'.49'230/0 : — AN fd Ag\V & S SBB8670C  Fernie 132 82 M correlation exists between Y and *REE (Figure 10). Historical reports on phosphate m(;alefe ,bm . eDrr\]/a IEZ? OlrE . OZ Oc;] Abe ot 0\Sayl0 a;\le N abs, 9I rq?)nZ(:HO. |
oy 0.56% BI:E))I; (.)11 0(/30.72 Yo o \ ' ISLAND L/EKE ONE xb\ iﬁﬁigﬁ Eemie Z;i ziﬁ; 1;;? deposits from BC do not include analysis for REE except Y (as exemplified by Butrenchuk, Element | Average REE | REO | REE to REO REO Prices as of "Theoretical” Value® 3” t .e eCure,d : B - ll:o;s,l th.n (e; | st.racl;t; 0 umg, ov|§r1 2eor1 O— 10, ~
% O - =\ V. : "\ B ~ emie - : : ictoria, Canada; British Columbia Geological Survey, Open File -10, pages 1-2.
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Alberta bord Ph hate is f din at | £ 33 strati hi : : - ‘ 5 7 PODGEPOLE GREEK g - SBBS680A  Ross Creek 4.92 32733 165| |,

erta border. osphate is found in at leas stratigraphic zones e - ' < Ve e , W 3 Iz ;

7o T =35 73 12073 9370 1380 their Availability — A Canadian Perspective.; in Proceedings of the Twenty-First

| SBBS68OB  Ross Creek 5.69 14463  539| | : A : : : - ' f Markets for | ial Mi s, V. B

within the Canadian Cordillera (MacDonald, 1987). The Devonian- NJ& - j f | SBBSSB3A  Kananaskis 1y 100 #9 1600 35 1620, 2010, 12 pages. o o ndusttiaHinerals, Yaneouver, B, Delober
Mississippian Exshaw Formation, the Permo-Pennsylvanian Rocky Y | ‘

= WARS , O i e Py 116.98 CeQ, 1.228 0.1437 96.10 13.81 19-20, 2010., 12 pages.
. ‘ ; ! 3 : S | a0 \ O\ : d v ohnston Canyon . . !
: : : : C) ) 7 - L, DN il 33.87 Pr:O; 1.208 0.0409 140.50 5.75
Mountain Supergroup, the Jurassic Fernie Formation and the Triassic e Lo " ; 37.01% LA \\A\ o i | =y Johnston Canyon B =~ Zh6A P o 611 . _ . .
Spray River Group contain most of these zones and the grades and e £ o . MOUNT~BROAD0D i JEad ‘ 1 \\, | / Johnston Canyon 11.4 811.19 6374(2) 14007 |inear- 30 Linear: 147 81 Nd,0;, 1166 01724 156.00 26.90 Simandl, G.J. (2010c): Geological Constraints on Rare Earth Element Resources and
thicknesses vary considerably. The occurrences on the Alberta side of ¥ & b o - 14.32% k. K '
the provincial boundary were reviewed by MacDonald (1987) and those : .

Ranger Canyon 93 0482 y=1.5899x+ y=0.0349x+ 30.04]  Sm,0; 1.160 0.0348 85.10 2.06 Their Availability — A Non Partisan View; in International Workshop on the Geology of
| Fernie 292 14342 819 =1 ' ' ' ' '
on the BC side were reviewed by Butrenchuk (1996). | \ i \\
Crows occurrence (MINFILE No. 082GNEO025), located in the — e P e R

1200  48.637 o5 20312 279 Eu,0; 1158 0.0090 815.00 735 Rare Metals,, Simandl, G.J. and Lefebure, D.V., Editors, Extended Abstracts
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Fernie area, gives an example of phosphate-bearing rocks (Figure 3)in  F%. : _ L R = . RS ﬁ'p »
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Relative proportions of the REE content in Fernie Formation, based i ‘ LR i \ s : I‘i4oo y 361 LuO; 1137 0.0041 424.00 1.74 |

on 30 samples, is shown on Figure 5. | ; | ZQ§ e 9 382 08 Y-0 1270 0.4852 130.00 63.08 : : : : .

The geology of the Fernie area was summarized by Butrenchuk S R AR b N N R BN T . ‘ NG N 200 — Total: 1032.41 = Total: 1.2506 Total: 169.38* DI.SCIaImer (EXCIUSIOn Of.LIabIIIty.). e
(1996) and Monahan (2000). Unfortunately, their maps are not A s 7 @ N Ny o BEy " B Figure 5: Pie chart showing relative abundances of the REE from : st This study is purely conceptual. Neither the British Columbia Ministry of Energy and
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for the purpose of this report. The subdivision of the Rocky Mountain Figure 3:. Crows phosphate occurrence: A - Bulk sample pit; B - Collapsed _historlc aQit; C - Crushed phogphate rock, shovgl -115.75° -115.50° -115.00° -114.75° informa.tion regarding resource, continuity and thick_ness of phosp_hate horizons is
Sa’ﬁz;gcrr?glf i1S gsgcg er?j :\ijlzc?rl:gr? :n?iztggoc))h FIUTE & (R inse) e 1|c_9r Eigl;’ngn} g{%?gi?dp;?rf?r? fﬁggﬁﬂgﬁ;ﬁgg;ﬂgtfg’cf “Phosphate-bearing clasts in a sandstone matrix (conglomerate), Figure 6: Geology of the Fernie area (simplified from Massey et al., 2005), showing the names and locations of phosphate occurrences and samples that were re-analyzed. Figure 10: The relationship between Y and remaining REE (A) as well as Y and P,O, (B) in concentrations not available. Furthermore, this study does not consider metallurgical,

from samples taken from the Fernie Formation environmental, mining and permitting limitations, taxation, shipping costs, etc.

* - Values reported as elements, not in oxide form O 25
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