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Figure 3: Crows phosphate occurrence: A - Bulk sample pit; B - Collapsed historic adit; C - Crushed phosphate rock, shovel 
for scale; D - Crushed phosphate-bearing rock, detail;  E -Phosphate-bearing clasts in a sandstone matrix (conglomerate);   
F - Fragment of crinoid stem in phosphate-bearing rock. 

Figure 4 : Quartile plots of REE (A) and P O  (B) concentrations in 2 5

samples from Fernie, Johnson Canyon, Kananaskis, Ranger 
Canyon, Ross Creek, and Telford Formations. The “n” refers to the 
number of samples.
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Adapted from table 1 in Monahan (2000), and table 2 in Butrenchuk (1998).  
*Thicknesses reported by Monahan (2000)
**Unconformity reported by Butrenchuk (1998), not confirmed by Monahan (2000).
***Phosphates reported by Butrenchuk (1998), not confirmed by Monahan (2000).
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Siltstone, sandstone, mudstone, shale, coal

Fine to medium sandstone with conglomeratic 
beds in the upper part and rare mudstone, 
siltstone and coal

Dark shales, sandstone, siltstone, limestone, 
basa; coquina and phosphate pebble 
conglomerate

Calcareous and dolomitic sandstone and 
siltstone, sandy dolomite and solution breccia
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sandstone

Fossiliferous limestone and dolomite, sandstone  
(with phosphatic laminae***), siltstone, chert 
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Phosphatic siltstone, chert, limestone and 
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Sample No. * Formation P2O5 (ppm)       REE (ppm) Y (ppm)

SBB86 1C Fernie 0.72 195.4 46.2

SBB86 1D Fernie 0.79 202.66 49.1

SBB86 3B Fernie 21.7 509.04 340

SBB86 3C Fernie 9.09 420.55 203

SBB86 3D Fernie 2.07 175.53 58.4

SBB86 3E Fernie 4.04 204.38 70.5

SBB86 4A Fernie 27.3 645.59 454

SBB86 4B Fernie 27.5 1365.79 805

SBB86 4C Fernie 26.7 1498.98 871

SBB86 4D Fernie 26.2 1257.44 737

SBB86 4E Fernie 28 936.88 594

SBB86 6A Fernie 23.6 609.18 430

SBB86 6B Fernie 15.8 999.49 545

SBB86 6C Fernie 6.1 296.27 139

SB86 8F Ranger Canyon 0.23 129.99 29.7

SB86 8K Ranger Canyon 13.55 300.48 119

SB86 8L Ranger Canyon 2.41 180.92 71.2

SB86 9A Ranger Canyon 1.98 146.45 42.6

SB86 9B Ranger Canyon 0.84 89.39 22.5

SB86 9D Ranger Canyon 0.37 96.32 22.6

SB86 10A Fernie 12.8 255.71 149.5

SB86 11A Fernie 15.1 482.38 302

SB86 12 Fernie 0.15 99.1 5.9

SB86 13A Fernie 7.07 420.49 269

SB86 13B Fernie 20.7 498.16 370

SB86 13C Fernie 26.8 654.64 482

SB86 14A Fernie 12.4 1032.7 555

SBB86 40A Fernie 15.05 782.96 440

SBB86 41D Johnston Canyon 2.26 146.37 44.1

SBB86 42A Fernie 17.55 868 511

SBB86 42B Fernie 17.8 891.72 508

SBB86 62F Ross Creek 1.9 124.39 34.9

SBB86 62G Ross Creek 0.86 124.07 32.1

SBB86 63A Ranger Canyon 18.1 287.26 108.5

SBB86 63B Ranger Canyon 0.41 48.86 15.3

SBB86 63C Ranger Canyon 5.01 166.93 64.8

SBB86 63D Ranger Canyon 4.25 272.18 125

SBB86 65A Ranger Canyon 3.82 214.87 71.4

SBB86 66A Telford 11.05 122.59 52.7

SBB86 70A Fernie 22.3 727.01 460

SBB86 70B Fernie 24.2 977.28 597

SBB86 70C Fernie 13.2 811.42 432

SBB86 70D Fernie 7.26 338.3 171.5

SBB86 70E Fernie 4.31 241.59 109.5

SBB86 71A - 14.1 595.59 253

SBB86 71B - 24.9 494.28 217

SBB86 74A Fernie 21.3 506.49 321

SBB86 80A Ross Creek 4.92 327.33 165

SBB86 80B Ross Creek 5.69 144.63 53.9

SBB86 83A Kananaskis 1.94 170.06 82.9

SBB86 84A Johnston Canyon 4.82 190.64 101.5

SBB86 84B Johnston Canyon 5.03 238.62 102

SBB86 84C Johnston Canyon 11.4 811.19 340

SBB86 85A Ranger Canyon 9.33 204.62 67.2

SBB86 86A Fernie 29.2 1434.22 819

* - Samples are named on the map without the SBB86 preceding 
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Rare Earth Concentrations in Phosphate Deposits, Fernie Formation, South-Eastern 
British Columbia Canada

Figure 9: Th and U concentrations in 31 samples from the Fernie Formation are low. The red dotted line at 0.05% (500 ppm) 
corresponds to a threshold above which special safety procedures are required under the Health, Safety and Reclamation Code 
for Mines in British Columbia (British Columbia Mines Act). 

Figure 8: Fernie Formation: A - Average REO concentrations; B - “in the ground values” of individual REO per tonne of phosphate 
rock.

Figure 6: Geology of the Fernie area , showing the names and locations of phosphate occurrences and samples that were re-analyzed. (simplified from Massey et al., 2005)

Figure 7: Stratigraphy column showing the phosphate-bearing formations in southeastern 
B.C..

Figure 5: Pie chart showing relative abundances of the REE from 
samples in the Fernie Formation. Averages are based on 31 
samples

Figure 2 : Variation of Cerium Oxide and Neodymium Oxide prices with time.

Figure 1: Average annual prices of phosphate rock concentrate over a 50 year period, 
32-33% P O  (~70% BPL) FOB Morocco. Source for historical data is Fertilizer week 2 5

and other research publications, British sulphur consultants, a division of CRE 
International Ltd. 

Executive Summary
Our research addresses the existence of non-negligible concentrations of Rare Earth Elements (REE) in the sedimentary phosphate deposits of 
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 
phosphate fertilizers.  

Phosphate Occurrences
In BC,  phosphorite deposits are located within pericratonic terrains 

adjacent to the western margin of ancient North America  near the BC – 
Alberta  border.  Phosphate is found in at least 33 stratigraphic zones 
within the Canadian Cordillera (MacDonald, 1987). The Devonian-
Mississippian Exshaw Formation, the Permo-Pennsylvanian Rocky 
Mountain Supergroup, the Jurassic Fernie Formation and the Triassic 
Spray River Group contain most of these zones and the grades and 
thicknesses vary considerably. The occurrences on the Alberta side of 
the provincial boundary were reviewed by MacDonald (1987) and those 
on the BC side were reviewed by Butrenchuk (1996). 

Crows occurrence (MINFILE No. 082GNE025), located in the 
Fernie area, gives an example of phosphate-bearing rocks (Figure 3) in 
southeastern B.C.. 

Fifty three samples of phosphate-bearing rock collected in 
southeastern B.C. by Butenchuk (1986) were re-analysed using modern 
ICP-MS methods. Based on this very limited data set, Fernie Formation 
has relatively high P O  and REE content (Figure 4). 2 5

Relative proportions of the REE content in Fernie Formation, based 
on 30 samples, is shown on Figure 5. 

The geology of the Fernie area was summarized by Butrenchuk 
(1996) and Monahan (2000). Unfortunately, their maps are not 
georeferenced. Instead, the readily available Digital Geology Map of 
British Columbia (Massey et. al., 2005), which can be downloaded from 
MapPlace, was used as a base map before sample locations were 
plotted (Figure 6).  This highly generalized map is sufficiently detailed 
for the purpose of this report. The subdivision of the Rocky Mountain 
Supergroup is schematically depicted on Figure 7 (modified from 
Butrenchuk, 1996 and Monahan, 2000).  

Rare Earth Elements

Geology

The term “Rare Earth Elements” (REE) includes Y (Yttrium), Sc (Scandium) and the 
lanthanides (La - Lanthanum, Ce - Cerium, Pr - Praseodymium, Nd - Neodymium, Sm - 
Samarium, Eu - Europium, Gd - Gadolinium, Tb - Terbium, Dy - Dysprosium, Ho - Holmium, Er 
- Erbium, Tm -Thulium, Yb- Ytterbium and Lu – Lutetium). Promethium (Pm) is a lanthanide, 
but is non-naturally occurring and so is not included in the definition used in this report. Heavy 
rare earth elements (HREE) have atomic numbers of 64 or higher(Gd-Lu) and light rare earth 
elements (LREE) have atomic numbers of less than 64 (La to Eu, Y, Sc). The REE (metal) 
content of raw materials and products can be reported in parts per million (ppm, equivalent to 
g/tonne) or in weight (%). Within the industry REE metal content is commonly converted into 
REO equivalent (conversion factors can be found in Table 1).  In this study Sc was not 
considered due to low concentrations. 

REE are known to be concentrated in a variety of geological environments. Most of the 
“hard rock” deposits of economic interest are located in continental settings.  Economic or sub-
economic REE concentrations are known in a variety of deposits including carbonatites and 
carbonatite complexes (Mountain Pass, California; Daluxiang  and Maoniuping, China),  
peralkaline complexes (Thor Lake, NWT, Canada; Strange Lake, Que., Canada; Kipawa, Que, 
Canada), in metasomatic  zones with or without exposures associated with igneous activity 
(Bayan Obo(Fe–Nb-REE), China; Rock Canyon Creek (REE-F) BC, Canada), in skarns (True 
Blue, Yukon, Canada) and as veins (Hoidas, Saskatchewan, Canada). Economic conditions 
permiting, Olympic Dam–type Iron-Oxide Copper-Gold (IOCG) deposits, peraluminous 
complexes and granitic pegmatites may also contribute REOs to the market.

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), 
as well as laterites and karst that are associated with carbonatites (Mount Weld, Australia).  Ion 
adsorption clay deposits are a major source of HREE. Under the right circumstances, ionic 
clays containing 500 ppm total REE are considered ore grade (Simandl, 2010a).
REE can potentially be derived as a byproduct of Ti - heavy sands/placer/paleoplacer mining, 
the processing of uranium ores and phosphate fertilizer production. Deposits in south-eastern 
BC may contain sufficient REE concentrations to justify recovery during phosphate processing. 

Conclusion and Recommendations
The availability of REE raw materials is essential for 
Western countries in terms of national security, reducing 
environmental impacts and to supply their high technology 
industries. This conceptual study indicates that non-
neglible concentrations of REE are present in the Fernie 
Formation, and a follow-up study is justified to assess the 
economics of the recovery of REE as part of phosphate 
mining and fertilizer manufacturing. If reasonable resources 
of phosphate-bearing raw materials are established in BC, 
then the recovery of REE and F as by-products should be 
seriously considered. Based on currently available 
information, in southeastern BC, the Fernie Formation 
appears to be the most promising. Northeastern BC 
requires separate investigation.
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Disclaimer (Exclusion of Liability) 
This study is purely conceptual. Neither the British Columbia Ministry of Energy and 
Mines nor the authors shall be liable for any claims, expenses, damages (including 
direct, indirect, special or consequential damages), loss of profits, opportunities or 
information arising from the use of, or reliance on, information contained in this 
document. This document is based on a limited number of chemical analyses. The 
information regarding resource, continuity and thickness of phosphate horizons is 
not available. Furthermore, this study does not consider metallurgical, 
environmental, mining and permitting limitations, taxation, shipping costs, etc.

Phosphate
Sedimentary phosphate deposits typically consist of apatite group minerals (Ca (PO ) (OH, F, Cl), 5 4 3

mainly francolite( (Ca, Mg, Sr, Na) (PO ,SO ,CO ) F ). These deposits supply most of the raw materials 10 4 4 3 6 2-3

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 
potential fluorine resources (Simandl, 2009) and it is possible that REE may also be recovered from 
some of the deposits as by-products (Simandl, 2010a, b). Variations in the average annual prices of 
better quality “phosrock” (fine-grained apatite concentrate, about 70% bone phosphate of lime (BPL); 
1% BPL corresponds approximately to 0.458% P O ) are shown on Figure 1. The price is currently 2 5

estimated around US$135 - 150/tonne FOB, Casablanca. Several new developments may affect the 
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 
facilities by 2020 (Feytis, 2009). Secondly, phosphate prices in Russia may be subject to government 
fixing (Hartley, 2009). Third and finally, China may become a significant phosphate importer. Over the 
medium term phosphate prices are expected to rise. 

Similarly, the price of diammonium phosphate (DAP, (NH ) HPO , produced by reacting ammonia 4 2 4

with phosphoric acid) increased in 2007 from US$300/tonne to US$1200/tonne (FOB); however, in 
January 2009 the price decreased to US$250-300/tonne (FOB, Feytis, 2009). Since then prices have 
recovered substantially and are currently around US$600/tonne. 

In BC, a number of phosphate occurrences have been investigated as potential sources of 
phosphates for fertilizer manufacturing, but none are in production. During 2008, Pacific Ridge 
Exploration Ltd. acquired large phosphate holdings in BC. Work completed at the Wapiti and Tunnel 
zones yielded values up to 29.1% P O  over 3 metres and 19.4% P O over 3 metres respectively. Five 2 5 2 5 

other targets where thicker and higher grade zones of phosphate are exposed were selected for future 
tonnage and grade definition (Norman and Renning, 2008). Phosphate occurrences are also known in 
south-eastern BC, and have been explored from the 1930's until as recently as 2007 (Paget Resources 
drilling). These and other phosphate occurrences in British Columbia are reviewed by Butrenchuk 
(1987, 1988 and 1998). 

Uses

Market 

According to Cordier (2011) the USA  uses REE extensively as  chemical catalysts (22%); 
metallurgical applications and alloys (21%); petroleum refining catalysts (14%); automotive catalytic 
converters (13%); glass polishing and ceramics (9%); as rare-earth phosphors in manufacturing of 
screens for computers, radar, televisions, and in production of  x-ray-intensifying film and lighting 
(8%); permanent magnets (7%); electronic devices (3%); and other applications (3%).

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 
domestic high technology industries. Western governments consider REE essential for developing 
high technology industries, maintaining their national security and reducing greenhouse gas 
emissions. High prices are encouraging exploration for REE-bearing deposits (Simandl 2010a, b, 
c). 
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Conceptual Considerations
The average concentrations of individual REO in the Fernie Formation are shown on 

Figure 8a and the maximum theoretical values (“in the ground”) of these REO are shown 
on Figure 8b. 

The theoretical (maximum) dollar value of an individual REO in the ground is obtained 
by converting the individual REE concentrations (in weight % or ppm (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. The total gross rare earth element 
value per tonne can be obtained by adding the “in the ground” values of individual REO. 

thThis process was completed using REO prices taken on March 7 , 2011 (Table 1). The 
total in the ground REO values for this set of REO prices is US$169.38/tonne of 
phosphate rock (Table 1). These values are significant if compared to the average value of 
phosphate concentrate; currently about US$130 -150 /tonne. However, this value does not 
consider tonnage, grade, shape of the deposit, variability in grade, metallurgical 
constraints (processing costs and recovery rate), permitting, environmental, mining, 
shipping and taxation costs. Nevertheless, it suggests that a more conventional 
assessment is justified. Low U and Th concentrations in phosphate rock from the Fernie 
Formation are also very encouraging (Figure 9).

Significant positive correlation exists between P O  and Y; excellent positive 2 5

correlation exists between Y and ΣREE (Figure 10). Historical reports on phosphate 
deposits from BC do not include analysis for REE except Y (as exemplified by Butrenchuk, 
1986, 1987 and 1996). Given these relationships and the availability of historical data, Y 
concentrations in phosphate could be used as a pathfinder for the remainder of the REE. 
Samples with high Y are expected to indicate favourable sites for all REE.

Table 1: Average REE concentrations in the Fernie Fm and their “Theoretical” ( ) Values* in the ground

Figure 10: The relationship  between Y and remaining REE (A) as well as Y and P O (B) in concentrations 2 5 

from samples taken from the Fernie Formation 
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