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INTRODUCTION 

Although extensive phosphate deposits occur in British Columbia 
and other regions of Canada, at present all phosphate rock used in Canada 
is imported. The source of most of our phosphate rack is the United 
States; Florida supplies 45 to 50 per cent and the western United States 
50 to 55 per cent. In 1985 Canada imported 2.64 million tonnes of 
phosphate rock (Barry, 1987). Imports are expected to decline through 
1387. From 1988 onwards experts predict that there will be a steady 
growth in demand but prices will not rise substantially until at least 
1990-92 (Barry, 1987). Energy, Mines and Resources Canada predirts that 
by 1990 Canada will require 4.6 to 5 million tonnes of phosphate rock 
annually (Werner, 19823. These additional requirements will probably not 
be available from current sources and Canada will have to look for new 
suppliers or produce phosphate rock within its own burders. 

In 1983 the average cast paid by fertilizer plants in Canada per 
tonne of phosphate rock in Canada was $75 (Frudfhomme and Francis, 1’387). 
Christie (1981) estimated that it would cost approximately 573 per tonne 
to deliver phosphate rock from Baja California to Calgary. It is 
predicted that prices for phosphate rock will remain competitive until 
the end of the 1980s and then rise from the current price of US527.50 
f.o.b. vessel Tampa to US545 per tonne in 1995 (basis 70 per cent bone 
phosphate of lime). Prices approaching 870 to 380 range could make 
deposits in Canada economic (Barry, 1987). 

It is estimated that future annual growth rates of worldwide 
phosphate consumption will be 3 per cent in the fertilizer industry and 2 
per cent in the non-fertilizer sector. Present trends arc toward the 
mining of lower grade deposits resulting in increased interest in 
treating lower grade material at minimal cost (Laws, 1986). The trend 
is for exporting countries to treat their own rock and export products 
with higher added value. Imports of phosphate rock will be increasingly 
limited to those countries that have a supply of sulphuric acid at 
competitive prices (Lavers, 1986). Canada has a more than adequate supply 
of both sulphuric acid and sulphur. 

Phosphate is produced from three wurces: marine sedimentary 
deposi tr, igneous apatite (carbanatites and related alkaline intrusions) 
and guano-derived depusits. Approximately SO per cent of phosphate 
production is from bedded sedimentary rocks and most of the balance is 
from alkaline igneuus rocks or carbonatites. Approximately 90 per cent of 
phosphate rock production is used in the fertilizer industry. 

British Columbia is known to have extensive marine sedimentary 
phosphate deposits although none are considered economic at the present 
time. Recent studies have delineated several carbonatite bodies, some of 
which are reported to contain apatite. 

In 1986 a program funded under the Canada/British Columbia 
Mineral Development Agreement (IIDA) was initiated to study the phosphate 
resource in the province. The 1986 program studied phusphate deposits in 
southeastern British Columbia (Figure 1) and is the subject of this 
report. The program is designed to identify potentially cconomir 
deposits, and to study their chemical and mincralogiral characteristics. 
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Potential beneficiation problems and economic byproducts (rare earths) 
will be identified. Carbonatites and the northern part of the province 
will be investigated in ongoing studies. 
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I’FIHOD OF STUDY 

Since the early work of Telfer (19331, several companies have 
explored for phosphate in southeastern British Columbia. This work has 
delineated the stratigraphic setting of phosphatic horizons and 
identified several significant phosphate occurrences. However, there has 
been no comprehensive review of these occurrences. 

This study is an attempt to collect all available data on 
phosphate resources and compile a comprehensive province-wide inventory. 
The ultimate objective is to identify potentially economic deposits. 

During the compilation stage of the project favourable 
stratigraphic horizons were identified and known phosphate occurrences 
were recorded for follow-up field examination. Fieldwork consisted of an 
evaluation of reported phosphate occurrences and examination of 
stratigraphic horizons known to contain phosphate deposits. Phosphate 
localities were chip sampled and, wherever possible, stratigraphic 
sections were measured. Samplcs were analysed for phosphate, copper, 
lead, zinc and arsenic. Further analyses will be done to determine their 
uranium, vanadium and rare earth content. Specimens were also collected 
for petrographic and X-ray diffraction studies, and whole rock and trace 
element analyses. These studias will help to determine potential 
beneficiation problems and to identify potential byproducts. 

Analytical results are tabulated in Appendix 2 and sample 
locations are shown in Figure 2. 

Seventeen samples were submitted for X-ray diffraction work and 
15 samples for whole rock and trace element analyses. 
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REGIONAL GEOLOGY 

Phosphate deposits in southeastern British Columbia occur in a 
sequence of marine strata ranging in age from Devonian to Jurassic 
(Figure 3). These strata lie within the thrust and fold belt of the Rocky 
Mountains and have generally been thrust eastward unto the craton. Prior 
to the deposition of the first phosphate beds a thick sequence of 
carbonate rocks of lliddle Cambrian to Upper Devonian age was deposited in 
the Alberta Trough OXristie and Kenny, in preparation). Deposition of 
the first phosphate took place in the Upper Devonian-Lower Mississippian 
Exshaw Formation. Mississippian strata of the Rundle Group, consisting of 
crinoidal limestone, argillaceous and chrrty limestone, shale and finely 
crystalline limestone and dolomite, were deposited in a shallow shelf 
environment. In the field these strata are conspicuous by their resistant 
cliff-forming appearance. 

During the Pennsylvanian-Permian, deposition of shallow-marine 
fine elastic and carbonate strata took place under quiescent conditiuns 
(Douglas et al., 1370). Penneylvanian quartzitic sandstnne and chrrt- 
bearing dolomite and limestone were deposited in a ncritic to littoral 
rnvi ronment . The Permian is characterized by low hinterland relief and 
low-energy, shoreline environments (MacRac and McGugan, 1377). During 
this time there were a number of marine transgressions and regressions 
resulting in a number of unconformities. In the waning stages of the 
Permian, sabkha conditions appear to have been present locally, resulting 
in the deposition of evaporitcs. Phosphate deposition occurred at several 
stratigraphic intervals and is frequently associated with unconformities. 
The end of the Permian is marked by a major unconfnrmity. 

Triassic sediments of the Sulphur Mountain Formation were laid 
down during minor marine transgressions and regressions in a dcltaic type 
environment (Douglas et al., 1970). Sediments of the overlying Whitehorse 
Formation were deposited in a more restricted shallow-marine, intertidal 
and/or lagoonal environment with an arid to semi-arid climate (Douglas 
et al., 1370; Gibson, 1974). A major unconformity marks the end of the 
Triassic. 

During the Jurassic, subsidence in the Alberta Trough was 
minimal. Moderately deep-water sedimentation was interrupted by only 
minor regressions. Deposition of widespread phosphoritr and phosphatir 
shales began in Sinrmurian time and phosphatir shales persist into the 
Toarcian. Sedimentation gradually became non-marine at the end of the 
Jurassic . 

The phosphate-bearing sequence is overlain by non-marine 
Cretaceous strata containing extensive cnal mea~ure5. 

Thrust faults with displacements of up to 165 kilometres arr 
important structural features in southeastern British Columbia (Bcnvrnuto 
and Price, 1979; MacDonald, 1985). These thrusts extend for mny 
kilometres in a north-south direction and have generally resulted in 
older rocks overriding younger rocks ta the cast. Notable examples of 
these faults are the Lewis thrust with a displacement of 72 kilometres 
(Christie and Kenny, in preparation), the Homer thrust west of Fernic 
and the Bourgeau thrust along the west side of the Elk River in the 
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northern part of the study area. Folds formed in conjunction with the 
thrust faulting. Other faulting includes northeast-trending transverse 
faults and two ages of north-trending normal faults (Christie and Kenny, 
in preparation). 

A second important structural feature is the Fernie synclinorium 
(basin). This double-plunging synclinal fold <which is delineated by the 
distribution of the Jurassic Fernie Formation) has been the focus of 
phosphate exploration for many years. Several west-side-down normal 
faults cut through the centre of the synclinorium, including the Erickson 
and Flathead faults. 

An important factor in the evaluation of phosphate deposits is 
the structural style of the host lithologies. In southeastern British 
Columbia beds of Triassic or younger age generally have gentle to 
moderate dips. The Fernie Formation, being less competent, has absorbed 
much of the structural deformation and beds may have gentle to vertical 
dips. In many places beds of all ages are overturned and truncated by 
thrust faults. Elsewhere, especially in the Fernie Formation, thrusting 
has caused a repetition of beds, as at the Crow property (Telfer, 19331, 
resulting in a thickening of the phosphate section. Areas where phosphate 
beds have been thickened by repetitive thrust faulting are of particular 
economic significance, as are areas of overturning where competent strata 
of the Triassic Sulphur Mountain Formation overlie the basal phosphate 
and incompetent shale beds of the Jurassic Fernie Formation. Where beds 
are overturned, the more competent Triassic lithologies provide a better 
back for underground mining. 
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Figure 4. Age, nomenclature and stratigraphic relationships - Exshaw 
Formation (modified from MacDonald, 1985j. 
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PHOSPHATE STRATIGRAPHY 

EXSHAW FORMATION 

The first deposition of phosphate took place in the Upper 
Devonian-Lower Mississippian Exshaw Formation (Figure 4). This is a 
distinctive, recessive black shale unit that forms an excellent marker 
(Plate 1). Exposures of Exshaw Formation are restricted tu a narrow band 
in the High Rock Range, locally in the Flathead River area, and in the 
Morrissey Range south of Fernic. The best occurrences of phosphate occur 
north and south of Crowenest Pass. 

Investigation of the Exshaw Formation WPE limited to a single 
outcrop south of Highway 3, at the southwest end of Crowsnest Lake. Here, 
the formation is in fault contact with the underlying Palliser Formation 
(Figure 5). At this locality it is comprised of shale, fine siltstone, 
phosphatic shale and minor phosphate. A limestone band present within the 
unit may belong to the Banff Formation. The overlying shale may be a 
repetition of the Exshaw an a fault occurs at the tup of the limestone. 
Phosphate at this locality is low grade Clcss than 4 per cent P20rj with 
the highest grade (3.60 per cent P204 occurring above the central 
limestone band. 

Phosphate occurs at four horizons within the Exshaw Formation 
(MacDonald, 1985). A basal phosphate is present in sandstone overlying 
the top of the Palliser Formation, but was not ubscrved at the locality 
on Highway 3. Three other phosphate horizons occur in the middle and 
upper portions of the formation. They consist uf pelletal and nodular 
phosphate and a fine-grained phosphorite that are best developed in the 
area between Phillipps Pass and Racehorse Pass north bof Crowsnest Pass 
(Kenny, 1977; MacDonald, 1985). 

A thin section of material taken from the phosphatic horizon 
midway between the base of the Exshaw and the middle limestone unit 
indicates that the phosphate occurs as dispersed pellets 1 millimetre or 
less in size. These pellets are subrounded and constitute approximately 
10 per cent of the rock by volume. Most of the pellets are structureless 
although a few are nucleated. MacDonald (19851 observed that most of the 
phosphate in the lower and middle horizons is prllrtal with nucleated and 
oolitic varieties predominant. Structureless nodules and intraclasts arc 
also present. The basal phosphate consists uf nodules up to 2 centimctrrs 
in size, bone fragments, intraclasts and nucleated and rimmed pellets; 
the uppermost phosphate horzion consists of a canglomeratic mixture of 
nodules, bone fragments and minor pellets and intraclasts (MarDonald, 
1985). 

BANFF FORtlATION 

The Banff Formation of Lower Mississippian age cunfarmably 
overlies the Exshaw Formation. This sequence consisting of interbedded 
limestone, dolomite and shale varies in thickness from 280 to 430 mctrcs. 
No phosphate is known to occur in this unit within the study area. 

17 



Limestone: grey, cherty , contains chert nodules 

Shale : black,, thin bedded, in part calcareous , in par1 
massrve . 

Shale : phosphatic, black, thin bedded, slightly resistant, few 
phosphate nodules . 

Limestone : grey, cherty , resistant . 

Z 0.80 
_ 0.90 

Shale : phosphatic, laminated to thin bedded , black . 
Phosphatic shale : black, pelletal , few phosphate nodules . 

Shale : dark grey to block, thin bedded, platy, few concretions 

Phosphatic shale: ploty at the top becoming more massive at 
the bottom , dark grey to black, recessive _ 

Shale : black, thin bedded, recessive. 

,~,,,=0.70 phosphate : moinly fault gouge . 

Llmestone . 

Figure 5. Stratigraphic section 77: Highway 3, Crowsnest Lake, Alberta. 
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Figure 6. Distribution of Pennsylvanian-Permian strata in mutheastrrn 
British Columbia (Butrrnchuk, 1’387). 
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RUNDLE GROUP 

The Rundle Group of Mississippian age consists of a sequence of 
resistant, thick-bedded crinoidal limestone, fine crystalline limestone, 
argillaceous limestone and shale, which attains thicknesses of 
approximately 700 metros. Deposition is believed to have taken place in a 
carbonate shelf environment. These strata are non-phosphatic in the study 
area. 

TUNNEL MOUNTAIN FORNATION 

The Tunnel Mountain Formation of Lower Pennsylvanian age is 
described as a uniform, monotonous sequence of reddish brown-weathering 
dolomitic sandstone and siltstone CMacDnnald, 1985). It is exposed ar far 
west as the Elk River where it attains thicknesses in excess af 500 
mrtres and thins eastward to a thickness of 18 metres in the Highwond 
Range. Minor phosphate is associated with intrafarmatiunal conglomerate 
(1.22 per cent PzDF. across 10 centimctrcs) within this formation in 
Alberta (MacDonald, 1985). 

KANANASKIS FORMATION 

The Middle Pennsylvanian Kananaskis Formation conformably 
overlies the Tunnel Mountain Formation. It consists of a sequence of 
light grey, silty dolomite and dalomitic siltstone. Chert nodules and 
intraformational chrrt brcccias arc found in the upper part uf the 
section. This unit attains its greatest thickness (approximately 70 
metres) near Fernie and gradually thins eastward. Its contact with 
overlying Permian Ishbrl Group strata is rnnformablc. The contact is 
generally marked by a thin (30-centimrtrr) phosphatic chert-pebble 
conglomerate. Locally, as in the vicinity of the Fcrnic ski-hill, the 
contact zone consists uf a series of concordant beds that are 
differentiated by a change to darker culoured Permian strata and a i- 
centinetre-thick phusphatic conglomerate. 

Phosphate is rare in the Kananaskis Formation, only being 
observed at one locality along the MacDonald thrust fault. Here, 
disseminated phosphate grains and rare nodules or intraclants are present 
in a calcareous siltstollc (Plate 2). Some phosphate also replaces shell 
fragments or sponge apicules. A grab sample uf typical material from this 
locality contained 1.3 per cent PA&;. 

ISHBEL GROUP 

The Ishbcl Group of Permian age (xe Figure 6) is comprised uf 
four formations containing a number of phosphatic horizons (Figure 7). 
Phosphate is present in the Johnson Canyon, Ross Creek and Ranger Canyon 
Formations. The Tel ford Formation is non-phosphatic except for phosphate 
laminae and rarely, a very thin phosphate bed. 
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Figure 7. Nomenclature and stratigraphic correlation chart of the Rocky 
Mountain? Supergroup, Alberta, British Columbia and Montatla 

(MacDonald, 1985). 



Johnson Canyon Format ion 

The Johnson Canyun Format ion, which unconformably overlies 
Kananaskis or Tunnel Mountain strata, consists af a series of thin to 
medium-bedded siltstune and sandstanc with minor shale and rhert. Locally 
these strata arc calcarrous. A phusphatic chert-pebble conglomerate, a 
few sentimctres thick, marks its base (MacRae and McGugan, 1977). 
Phosphate is present as black nodules in distinct hurizons within 
sandstone, siltstune or calcarcous siltstone beds at or near the base of 
the formation. It is also present as phosphate-cemented siltstone oi- a5 
pelletal phosphnrite. Phosphatic intervals range in thickness from less 
than 1 mctrc to a maximum of 22 rnetres near Mount Broadwoad (Plate 3). 

The nodular phosphatic horizons may rontai n true nodules formed 
in situ or intrarlasts that have been transported a short distance. 
Intraclasts arc distinguished fram nodules by the fart that ~cwtaincd 
nuclei differ in size from that nf the surrounding matrix. They may also 
be comprised of several pellets and/or biuclastic debris. 

Pclletal phospharite was observed north of Weigrrt Creek. 
Phosphate pellets 0.1 to 0.5 millimctrc in size comprise 50 to 60 per 
cent uf the rock by volume. The pellets, which are subrounded, ovoid, 
structureless and chestnut-brown to dark brown in coluur, occur in a 
matrix consisting mainly of quartz and r&rite. This phosphmitr is 
interpreted tu occur Non the limbs of an anticline. 

Phosphate as cement in sedimentary rocks was abserved near the 
headwaters of Nordstrum Creek, where phosphate rcmcnt, probably 
fluorapatitc, enrluses quartz grains. Phosphate pellets are alsa present. 
The bed cuntaining this phosphate is 1 nirtre thick and rantains 21.2 per 
cent FL&i. 

Tel ford Formation 

The Tel furd Formation comprises a thick sequence af carbonates 
and sandy carbonates. Much lof this carbonate sequence is thick bedded and 
fussilifernus. These strata arc resistant cliff-forming units that are 
preserved only in the Telfnrd thrust plate (MacEde and McGugan, 1977:). 

Prior to this study, phosphate was thought to be absent in the 
Tel fords Formation. Although rare, som phosphate dues ~~ccur in the middle 
part of the section. Our absrrvations indicate the presence of a single 
nodular phosphate bed, 30 rentimetrcs thick; a sandstone bed containing 
fine phosphate laminae (Flatr 4); and a phosphat ic cnquinoid bed, 5 
rentimetres thick (Flate 5). Although thin, these beds appear to have 
been deposited over a wide area under conditions of wry quiescent 
sedimentation. 

Ross Creek Formation 

The Ross Creek Formation, preserved only in the Trlford thrust 
plate, consists uf a sequence nf recessive thin-bedded siltstnnr, 
argillaceous siltstone, minor #carbonate and chcrt (MarRae and McCiugan, 
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Figure 8. Stratigraphic section 80: Elkfurd zki-hill. 



1377). Nodular phosphate occurs in the upper portion together with 
relatively thin coquinaid horizons. The matrix in the coquinuid horizons 
contains some phosphatic material (Plate 61. Locally, as at the Elkford 
ski-hill, pelletal phosphate is also present (Figure 81. Unlike the other 
occurrences in the Ross Creek Formation, the phosphate at this lucality 
occurs at the stratigraphic base of the formation, in an overturned 
5equence. 

Ranger Canyon Format i an 

The Ranger Canyun Formation, which uncunformably overlies the 
Ross Creek Farmation, consists of cliff-forming chcrt, chcrty sandstane, 
siltstone, fine sandstone and conglameratc. Mi tmr gypsum, as a primary 
cement in sandstone, and dolomite are also present (Rapson-McGugan, 1370; 
MacRae and McGugan, 1977). Rapsun-McGugan (19701 postulated that these 
strata were deposited in two environments: (1:) a shallow marine shelf 
starved of terrigcnnus material but able ta produce elastic and 
authigenic phosphate; or (2:) a shoreline constructed of quartzuse and 
phusphatic detritus. The depositional etwirunmrnt uf the Ranger Canynti 
Fnrmatiun is interpreted to be similar to that of Baja California, where 
she1 f phosphate, with assaciatrd lag gravels, is forming offshnre at the 
present time (Rapson-McGugan, 1970). 

The base of the Ranger Canyon Formation is marked by a 
phasphatr-cemented chcrt-pebble conglomerate containing massive phosphate 
intraclasts. This conglomerate was only observed beneath the MacDonald 
thrust fault in the Cabin Creek area. 

Phosphate also occurs in sandstone beds in the upper part af the 
formation where it is most cummonly present as nodules. Phusphatic 
material is also present as detrital apat.ite, amorphous and crystallized 
fragrwnts of bone material, pellets, rods, spheres and ouli tes (Raps~xv 
McGugan, 19701. Rapsnn-McGugan (19701 also noted that phosphate, after 
quartz, was thr most frequent elastic component, generally comprising 5 
to G per cent uf the rock. 

Phosphate is also present as phosphatic chcrt. Rapson-McGugat~ 
(1970) suggests that much of the chert is a replacement nf pelletal 
phosphurite resulting from solution of phosphate under acidic conditi~xls. 
If the solution becomes slightly alkaline, wme relict phosphate will 
remain in the rhrrt (Rapsnn-McGugan, 19701. The cherts were not studied 
in detai 1, and no prtrographis work was done ut1 them in the course of the 
current study. 

Phosphate hco-izans in the upper part of the Ranger Canycnn 
Fnrmation ratigc in thickness from a few ccntimetres at Mutz Creek to 4 
metres at Fairy Creek, north of Fcrnic. With the exception af a phosphate 
bed in the vicinity of the Frrnie ski-hill, most of the phasphat i c 
horizons were low grade. 
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SULPHUR NOUNTAIN FORMATION 

The Sulphur Mountain Formation unconformably overlies the Ishbel 
Group (Figure 9) and typically consists of a rusty brown-weathering 
sequence of medium-bedded siltstones, calcarcous and dolnmitic 
siltstones, silty dolomite and limestone, and minor shale. This 
formation, which attains thicknesses of 100 to 496 metres, exhibits a 
general thickening northward. Sediments of the Sulphur Mountain Formation 
are postulated to have been deposited in a shallow-water, deltaic 
environment (Gibson, 1974). The formation is non-phusphatic in 
southeastern British Columbia, but northwest of Jasper phosphate occurs 
in the Whistler Member (Hcffernan, 1980; Lcgun and Elkinr, 1986) 
extending from the British Columbia - Alberta boundary to northwest of 
Wapiti Lake. Further to the north phosphate is present in the Toad 
Formation which is stratigraphically currelated with the Sulphur Mountain 
For mat ion. 

WHITEHORSE FORMATION 

The Whi tehorsr Formation in southeastern British Columbia is 
restricted to the areas west of the Elk River north of Elkford; north of 
Grave Lake; and in the Flathcad River area south of Fernie (Gibson, 
1969). It varies in thickness from 6 to 418 mrtrrs and consists of an 
assemblage of pale-weathering, variegated dolomite, limestone, sandstone 
and intraformatiunal breccias (Gibson, 1974). Its contact with the 
underlying Sulphur Wcuntain Formation is gradational and its contact with 
the ~wcrlying Fernic Formation is disconformable. It is non-phosphatic in 
the study area. 

FERNIE FORMATION 

Triassic strata are unconformably overlain by dark grey to black 
shales, phosphate and minor limestone, silt&one and sandstnnc of the 
Jurassic Frrnic Formation (Figure 10) (Freebold, 1957, 19E9). In 
southeastern British Columbia this formation (see Figure 11) attains 
thicknesses of 70 and 37E mrtres with a general thickening westward. A 
persistent pelletal phosphurite bed, 1 ta 2 mrtrcs thick and generally 
containing greater than 15 per cent PA%., OCCUTS at the base of the 
Fernie in strata of Sinemurian age. It rests either directly on Triassic 
strata or is separated from the underlying rorks by a thin phosphatic 
conglomerate. The phosphate interval may also be represented by two 
phosphate beds separated by phosphat is shale. Thicknesses in excess af 2 
metrcs are attained locally, as at Mount Lyne where 3 mctres aof phosphate 
rock arc present (Plate 7). Phosphatic shales of variable thickness, 
generally less than 3 metres, overlie the phosphate. The top of this 
sequence may be marked by a yellowish-orange calcareous bed 2 to 5 
centinctres thick and thin marcasite beds may also be present lucally 
within the phosphatic interval. 

A second phusphate horizon lies approximately 60 mrtrrs above 
the base of the Fernie. It is low grade (less than 1 per cent PROS) and 
may be associated with a belemnite-bearing calcareaus sandstone horizon. 
This horizon was only observed above the railroad tracks suuth of the 
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Highway 3 roadcut at Alexander Creek and in a poorly exposed outcrop 
north of Mount Lyne, where it occurs in shale rather than sandstone. 

Portlandian 

:immetigial 

Oxfordian 

Callovian 

Balhonian 

Bajocian 

Aalenian 

liensbachian 

Sinemurian 

Hettangian 

Fernie Basin/ 
Cmwsnsst pass. 

B.C and Aka 

Passage Beds Passage Beds Equivalent 

Nordegg Basin Cline River Area 
Area (Eastern 

Adams Lookoul. 
(Western Shelf 

Shell Facies) 
Wkllmore Park, 

Margin Facie@ Alberta 

Rock Creek Member 

Poker Chip Shales 

BFP Nordegg 
Member 

Time Interval Possibly Represented, 
No Index Fossils 

Figure 10. Age and nomenclature uf Fernie Grump, Alberta and southeastern 
British Culumbia (modified frnrn Frccbold, 1957). 
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PHOSPHATE DEPOSITS 

Early this century Telfer (1933), while working for the 
Consolidated Mining and Smelting Company of Canada, Limited (now Cominco 
Ltd.), recognized a number of distinct stratigraphic intervals containing 
phosphate. Since this early work a number of authors have recorded the 
presence of phosphate in southeastern British Columbia. MacDonald (1985) 
also completed a cursory evaluation of the phosphate potential of the 
region. Several companies, including Cominco Ltd., Imperial Oil Ltd. (now 
Esno Flinerals Canada), Crows Nest Resources Ltd. and First Nuclear Corp. 
Ltd. have conducted extensive surface exploration for phosphate. 

Phosphate deposition in southeastern British Columbia occurred 
principally in the Exshaw Formation, Ishbel Group and Fernie Formation 
(see map in pocket). MacDonald (1985) reports some deposition during Late 
Pennsylvanian time and Telfer (1933) suggests that some phosphate was 
deposited during the Triassic. Only the Jurassic Fernie Formation and the 
Permian Ishbel Group contain phosphate deposits of some cconomir 
significance while the remaining phosphatir units are of interest as 
marker horizons or as mineralogical curiosities. 

Figure 12 is a diagrammatic representation of an economic 
classification of phosphate rucks developed by MacDonald (1985); 
thickness and grade are used to determine the economic signi firancr for 
any phosphate occurrence. The curves and domains are arbitrary based on 1 
and 2 metres as alternative mimimum mining widths for a phosphate 
orebody. The potential economic importance of a deposit can be quickly 
determined and comparisons made between phosphate occurrences at 
different stratigraphic horizons. This diagram does not take into account 
other economic factors such as mining method and cost, impurities that 
may affect the bcnrficiation (calrite, dolomite) or transportation and 
infrastructure costs. 

With the exception of a few localities, phosphate occurrences in 
the Ishbel Group appear to have little economic potential. While 
thicknesses at many localities are in excess of 2 metres, phosphate 
content rarely exceeds 1 or 2 per cent P,O,. Only occurrences at Weigert 
Creek (58) and Nordstrum Creek (79) may be of possible interest. Most 
thicker sections contain several nodular phoaphatic beds. While the 
nodules themselves may contain in excess of 25 per cent P,Os, this is not 
reflected in the rock as a whole. 

The Fernie Formation has a wide range of values from very high 
to sub-economic. The most significant occurrences are at Mount,Lyne (70) 
and the Crow deposit (4). The Cabin Creek area (represented by samples 
42, 43 and 441 and the Abby Ridge area (sample 13) may also have some 
economic significance. A sample taken from the headwaters of Alexander 
Creek (20) is misleading in that the thickness shown aon the diagram 
represents a minimum thickness. It represents a new phosphate showing and 
is one of the rare dip-slope occurrences that may have apen-pit 
potential. 
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EXSHACS FORMATION 

The Exshaw Formation, although phosphate bearing, does not 
represent a significant phosphate resource in southeastern British 
Columbia. The best phosphate exposures are restricted tu the High Rock 
Range immediately north and south of Crowsnest Pass. Many of the better 
occurrences are in Alberta. 

Grades of 1 to 9 per cent PzOS across 10 to 30 centimetres have 
been reported from the basal sandstone between Phillipps Pass and 
Racehorse Pass (MacDonald, 1985)) while the middle phosphate horizons 
have recorded grades of 6 to 10 per cent PzOs across widths of 1 metre 
(MacDonald, 1985). Grades of 15 per cent PJ, or more across widths of 10 
centimetres or less (MacDonald, 1985) have been recorded from the 
uppermost phosphate horizon. 

In the Flathead River area and Morrissey Ridge, Exshaw exposures 
are restricted and were not examined. MacDonald (1985) recorded values of 
0.28 per cent PSOS across a width of 1.5 metres and 0.16 per cent P=OS 
across 0.8 metre at Mount Broadwood. West of the Elk Valley the Exshaw 
Formation is not exposed. 

18HBEL GROUP 

Phosphate deposits within the Permian Ishbel Group have been 
known since 1916 (de S&mid, 19171. These strata occur extensively 
throughout southeastern British Columbia, with their maximum development 
in the Telford thrust plate west of the Elk River and north of Sparwood 
(MacRae and HcGugan, 1977). The Ishbel Group has been correlated with the 
Phosphoria Formation of the western United States where extensive 
phosphate deposits are mined. 

The Phosphoria Formation covers an area of approximately 130 000 
square miles and underlies parts of Montana, Idaho, Utah, Wyoming and 
Nevada. Facies variations indicate deposition in a basin that was deepest 
in central Idaho and shallower to the north, west and east. It is 
estimated to have a resource potential of 22.5 billion tonnes of which 
1.5 billion tonnes arc considered economic reserves. The phosphate 
content varies between 18 and 36 per cent PxO-, averaging approximately 25 
per cent. Phosphate is typically pelletal and consists of fluorapatitr, 
quartz, minor muscovite and illite, and lesser organic material, 
carbonate and iron oxide. 

The Permian phosphate deposits in southeastern British Columbia 
occur at several stratigraphic intervals. The Johnson Canyon and Ranger 
Canyon Formations are the most significant units with respect to 
phosphate resource potential, because of their widespread distribution. 
Phosphate is also present in the Ross Creek Formation but its 
distribution is restricted and good exposures are rare. Deposition was in 
a shallow shelf environment, with the eastern sequence being deposited 
close to a hingeline parallel to a shoreline trend (MacRae and McGugan, 
1977). Host lithalogies vary from conglomerate to fine-grained sandstone, 
siltstone and shale. Phosphatic intervals vary considerably in thickness 
and grade. 
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Phosphate occurs in a number of furms but nodular varieties are 
the most common. Phosphate nodules may comprise anywhere from 5 per cent 
of the rock by volume to almost the entire rock (Telfer, 19331. While the 
nodules themselves may contain 25 to 32 per cent PzOs, the rock as a 
whole rarely exceeds 2 per cent P20s. The best exposures of nodular 
phosphate lie along the MacDonald thrust fault, particularly near Mount 
Broadwood and in the Connor Lakes area, north of Forsyth Creek. 

Johnson Canyon Formation 

Probably the best potential for Permian phosphate in 
southeastern British Columbia is in the Johnson Canyon Formation. 
De Schmid (1917) suggests that a continuous phosphate sheet may have been 
deposited at the base of the Johnson Canyon Formation and although much 
of it has been removed by erosion, much phosphate is still present. 

Along the MacDonald thrust fault in the Bighorn - Cabin Creek 
area at the southeastern limit of deposition of the Johnson Canyon 
Formation, phosphate occurs almost continuously. Phosphatic intervals 
vary considerably, ranging in thickness from less than 5 metres in the 
southeast to 22 metres at Mount Broadwood (Figure 13). Northwesterly 
along the same trend, in the vicinity of the Fernie ski-hill, phosphate 
horizons vary from 1 centimetre to 1 metre thick. Along this trend, a 
basal conglomerate 25 to 30 centimetres thick cuntains chert and 
phosphate pebbles and has a phosphate content averaging 4.29 per cent 
PzO-,. At the Fernie ski-hill this conglomerate is only 1 tu 2 ccntimetres 
thick. 

Prlletal phosphor i te in the Johnson Canyun Formation was 
recognized only in the Nurdstrum - Brfil6 - Weigert Creeks area. Work by 
the author and MacDonald I1985) indicates the presence of at least one 
pelletal phosphorite bed, ranging in thickness from 0.48 to 2 metres with 
the phosphate content ranging from 12.7 to 22.7 per cent PzOS. 

Along the eastern margin of Permian exposur/rs phosphate occurs 
primarily as nodules in a sandstone matrix (Plates 81 and 91. This section 
is only a few netres thick and ia tentatively assigned to the Johnson 
Canyon Formation. A sample of nodules from an outcrop in the Crowsnest 
ares assayed 24.0 per cent PROS. A sample of sandstone from the same 
locality had a phosphate content of 12.3 per cent P205. This phosphate 
horizon, which is approximately 1 metre thick, can be traced as far south 
as Flathead Pass and as far north as Banff, where grades of 27.63 per 
cent P,Os have been reported (de Schmid, 1917). 

The best phosphate potential in the Johnson Canyon Formation 
appears to be in the Nordstrum - Weigert Creek area and along the 
MacDonald thrust, but estimating of tonnage and grade is difficult. 

Tel ford Format ion 

The Telford Formation has little or no phosphate resource 
potential. 
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Ross Creek Formation 

Phosphate in the Ross Creek Formation was only observed at a few 
localities. Both nudular and pelletal vartieties are present. As already 
indicated, the Ross Creek Formation is restricted in its distribution. 
Phosphate horizons tend to be low grade (less than 5 per cent PJI,) and 
are generally less than 1 netre thick. The potential for economic 
deposits is poor. 

Ranger Canyon Format ion 

The Ranger Canyon Formation is widely distributed. It is 
estimated to outcrop over an area of 150 000 square kilometres (Rapsan- 
McGugan, 1970). In southeastern British Culumbia exposures are thickest 
along the western and southwestern margins of the Fernie basin. 

Phosphate is present in a basal cunglumerate and in the upper 
part of the section where it is typically nodular, although other forms 
are alsu present. Samples from the basal conglomerate in the Cabin Creek 
area returned assays of 9.58 per cent P,Os across a thickness of 0.6 
metre. The phosphate occurs as both c 1 ast 5 and pr i mary cement. 

A phosphate horizon varying in thickness from 0.4 metre to 4 
metres outcrops in the Mutz Creek - Fairy Creek area north of Fernic. 
Phosphate content is low and is not considered economically significant. 
This horizon is believed to extend int a the Hartley Creek area. To the 
west, near the Fernie ski-hill, a phosphate bed assays 13.3 per cent Pz& 
across 0.5 metre and is the best occurrence in this area. 

A well-defined phosphate bed is present in the upper part uf the 
Ranger Canyon Formation in the Cnnnnr Lakes area. A sandstone bed, 1 
metre thick and containing phosphate nodules averaging 6 ccntimetres in 
diameter, occurs on the limbs of a series of anticlinal and synclinal 
folds. Although this bed has an extensive strike length and the phosphate 
nodules contain in excess of 25.0 per cent P20a, the bed as a whole 
(including the nodules) averages less than 5 per cent P,Os. 

The phosphate resource potential for the Ranger Canyon Formation 
in southeastern British Columbia appears to be limited. Most uf the areas 
examined contain extensive occurrences af low-grade phosphate (less than 
2 per cent P,Os across thicknesses of 1 to 10 mctrrs). 

FERNIE FORMATION 

The Fernie Formation occupies a broad canoe-shaped synclinal 
structure known as the Fernie basin covering an area of approximately 
2000 square kilnmetres in suutheastern British Columbia. Prllctal 
phosphorite and phosphatic shale and sandstone occur at the base of the 
formation in strata that unconformably overlie fine elastic or carbonate 
strata of the Triassic Sulphur Muuntain or Whitehorse Formations. This 
contact can be traced for appro%imately 300 kilometrrs. 

38 



LEGEND 
m P/k7s/7mh 

Figure 14. Stratigraphic correlation of the basal Fernie phosphate in 
southeastern British Columbia. 



During Sinemurian time there was a rapid marine transgression. 
Phosphate was deposited as a single bed, or as two beds separated by 
phosphatic shale, during a period of slow elastic sedimentation. The 
environment, although reducing, was not toxic. This phosphatic unit 
extends throughout the basin and is consistently at least 1 to 2 metres 
thick (Figure 141 and reaching thicknesses of 2 to 3 metres locally. As 
much ar 8.4 billion tonnes of phosphate rock may have been deposited, but 
less than 5 per cent of this can be considered a potential resource. The 
resource potential is estimated to be 400 million tonnes with a grade 
between 11 end 29 per cent. P30s and averaging approximately 20 per cent 
PA%. A down-dip extension of 300 metres has been used as a practical 
mining depth in this calculation. 

Surface exposures are invariably weathered and may be enriched 
in phosphate as a result of leaching of carbonates. Weathering of surface 
phosphate has been cited as the reason for differences in grade between 
surface and drill core samples in the Line Creek area (Hannah, 1980) and 
in the Barnes Lake area (Dales, 1978). The presence of blebs of limonite 
replacing pyrite grains indicates that some weathering has taken place. 
It is most pronounced in the Barnes Lake area and at the Lodge phosphate 
occurrence. In thin section there is no indication that weathering has 
affected the phosphate pellets. Only surface exposures were sampled in 
this study and the depth to which the phosphate has been weathered, or 
how much the grade has been affected, was not determined. 

The amount of quartz, calcite and dolomite present is an 
important factor in the processing of phosphate rock. Both calcite and 
dolomite are detrimental minerals. The relative proportions of these 
minerals are summarized in Table 1. Petrographic and X-ray diffraction 
studies suggest that there is a crude zonal distribution of carbonate in 
the basal Fernie phosphate. In the Iran Creek area, and at the Lizard 
deposit, calcite is the dominant accessory mineral, while quartz is rare. 
This trend of abundant carbonate appears to continue into the Fording 
River area and southeasterly int o the Mount Broadwood area. Along the 
southeastern and eastern margins of the Fernie basin quartz is dominant 
and calcite is only a minor constituent, becoming virtually absent at the 
Mount Lyne locality. Dolomite is rare to absent throughout the Fernie 
phosphate. 

Southeastern and eastern exposures of the basal phosphate appear 
to offer the best economic potential. 

The southeasternmost exposures of the basal phosphate occur in 
the Cabin Creek area. Exploration by First Nuclear Corp. Ltd. (Hartley, 
1982), Imperial Oil Ltd. (Van Fraassen, 19781 and the author has 
demonstrated that a phosphate bed averaging 1.5 metres in thickness 
occurs along a strike length of 27 kilometres. Phosphate is present in a 
broad synclinal structure modified by thrust faults and smaller folds. 
Thrust faulting has thickened the phosphate bed at some localities and at 
others, the phosphate has been remobilized into the axial portions of 
folds (Hartley, 1982). Phosphate content is in the range of 13 to 20 per 
cent PZ05. Less silty varieties contain more than 20 per cent Pa& 
(Hartley, 1982). 
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TABLE 1 
HEAN VALUES FOR SELECTED BASE METALS OF 

PHOSPHATE HORIZONS IN SOUTHEASTERN BRITISH COLUMBIA AND 
THEIR COMPARISON TO SOME WORLD PRODUCERS 

Phomphat+ Unit Mean V4lu* (p4rts per million)* 
Copper Lead Zinc Arsenic 

Johnson Canyon Formation 17.5 17 180 (40 
Ranger Canyon Formation ii 10 99 (40 
Fernie Formation 42 18 167 (40 
Phosphuria Formation’ 100 <lO 300 40 
Moroccan Phosphate2 22 144 
Phosphorite (averagc)a 4-40 4-200 5-35 

*Mean values calculated from values in Appendix 2. 

*From Gulbrandsen (1966). 
+From Slansky (1986). 
=From Krauskopf (1955). 

The Cabin Creek area is estimated to have a resource potential 
of 34 million tonnes, calculated to a depth of 300 mrtres, with an 
average grade of approximately 20 per cent P203. There is some untested 
potential immediately west uf the Flathead River in the vicinity of Cabin 
Creek. 

North of Crowsnest Pass, the Crow deposit has been the subject 
of extensive underground work and metallurgical testing by Cominco Ltd. 
The Crow deposit has an estimated resource potential in excess of 2 
million tonnes with an average grade of approximately 25 per cent PzOs. 

In the west Line Creek area the basal phosphate can be traced 
for a strike length of 15 kilomctres, in strata that dip 40 to 75 degrees 
easterly. It varies in thickness from less than 1 metrc south of west 
Line Creek, to more than 3 metres at Mount Lyne. Phosphate content ranges 
from a low of 3.7 per cent P20-, in a diamond-drill hole to a high of 23.7 
per cent Pa& across 1.6 metres in a backhoe trench (Hannah, 1980). At 
Mount Lyne the phosphorite averages 22.95 per cent P20s across 2 metrrs 
or 19.77 per cent PzOs across 3 metrcs. 

Crows Nest Resources Ltd. has calculated a reserve of 972 800 
tonnes to a depth of 30 metres in the west Line Creek area, based on a 
strike length of 5850 mctres and an average thickness of 2 metres. The 
resource potential of the Line Creek area is estimated to bc in excess of 
25.2 million tonnes with a grade of approximately 20 per cent P20s, 
assuming a strike length of 15 kilometres, an average thickness of 2 
metree and a depth of 300 metres. The estimated grade is based on surface 
samples and therefore could be lower, depending on how much weathering of 
the phosphate has taken place. 

The phosphate resource potential for the Fernie Formation in the 
Barnes Lake area is estimated to bc 7 million tonnes to a depth of 100 
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metres, based on a 25.5kilometre strike length and an average thickness 
of 1 metre. An additional 4.2 million tonnes may be available to the east 
of the Corbin logging road. 

Christie (1981, in preparation) has suggested that ‘normative 
apatite” or “bone phosphate of lime” could be called “total formational 
apatite” CTFA) and expressed in centisetres by the formula: 

TFA = thickness (metrcc) Y assay (% P105) x 2.10. 

Under ideal conditions, “total formational apatite” can be used to 
indicate where apatite formed, that is, which parts of the basin are most 
phosphogenic. This procedure, although it will not show where the 
phosphate is economic, can be useful in locating target areas within a 
phosphogenic region that may contain economic phosphate. 

Total formational apatite (TFA) has been calculated for several 
localities in the Fernie basin, the results for which are shown in Figure 
15. Their distribution suggests that the eastern margin of the basin is 
the most phosphogenic, and that there are two centres of more intense 
phosphogenesis. These are the Cabin Creek and Crowsnest Pass areas. A 
single value at Mount Lyne southeast of Elkford suggests that 
phosphogenesis was also active in this area. It should be noted that for 
those localities where the section is incomplete, the calculated value is 
a minimum value. These results tend to confirm the hypothesis that the 
eastern margin of the Fernie basin offers the best potential for economic 
phosphate deposits. 
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GEOCHEMISTRY 

All routine phosphate analyses (Appendix 2) were originally done 
using X-ray fluorescence (XRF) techniques. However results were low 
compared with those of others from the same locality. Wet chemical 
techniques confirmed the inaccuracy of XRF analyses and samples with 
values greater than 5 per cent P,OS were re-analysed using the classical 
volumetric method. Emigh (1983) also found the X-ray fluorescence method 
may give inaccurate results. The Geological Survey of Canada has found 
that classical analytical methods are required for phosphate values 
greater than 2 per cent PrzOa (D. Bell, oral communication, 1987). 
Titration is recommended as the best method for exploration and 
development assays. 

Analytical results for routinely collected chip samples indicate 
that phosphates in southeastern British Columbia, independent of their 
age, show no appreciable enrichment in copper, lead, zinc or arsenic. 
Mean values for each of these elements are given in Table 1. The mean 
value for copper in the Fernie phosphate is substantially higher than 
phosphate in the Permian. Lead is low throughout. Both the Johnson Canyon 
and Fernie Formations show local enrichment in zinc, especially in the 
Cabin Creek area. Mean values for copper, lead, zinc and arsenic are 
lower than in the Phosphoria Formation but generally higher than for 
deposits elsewhere in the world. This is particularly true of zinc in the 
Fernie and Johnson Canyon Formations. These same patterns are als~o 
exhibited by specimens submitted for whole rock and comprehensive trace 
element analyses. 

According to Krauskopf (1955) and Gulbrandsen (1966) the 
abundance of trace elements is due to their associatiun with organic 
matter or to integration into the apatite lattice. High concentratiuns of 
arsenic, copper, lead and zinc are principally due to organic matter. 

Fifteen samples were submitted for whole rock and comprehensive 
trace element analyses, six from the Fernie Formation and the remainder 
from various phosphatic horizons within the Ishbel Group. Results of 
these analyses are given in Appendix 3. 

The magnesium content is an important consideration in the 
appraisal of phosphate racks as it seriously affects the acidulatinn 
process. Fertilizer processing plants require an MgO content of less than 
1 per cent. The Highway 3 locality and Crow deposit have a magnesium 
content that exceeds this standard. These high magnesium values would 
have to be addressed during the concentration phase. 

CaO:PzOs ratios for the Fernie Formation range from .a low of 
1.35 to a maximum of 2.92, compared to acceptable values in the range 
1.32 to 1.60. The optimum value for the RZOJ:P20~ ratio is 0.1 (RzOJ 
equivalent to A1201 + FezOl + MgO). With the exception of the Lizard 
deposit, values for both the Fernie Formation and the Ishbel Group exceed 
this value. 

Marine sedimentary phosphate deposits generally contain uranium 
in the range 50 to 300 parts per million, with most containing less than 
100 parts per million (Slansky, 1986). It is believed to replace calcium 
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in the apatite lattice (Altschuler et al., 1958) and varies directly with 
phosphate content. 

The uranium content of seven samples from the Fernie Formation 
ranged from 27 to 42 parts per million and averages 33 parts per million. 
Eight samples from phosphatic rocks in the Ishbel Group returned analyses 
of 4 to 103 parts per million, with a mean of 36 parts per million. In 
comparison, the average uranium content of the Phosphoria Formation is 90 
parts per million Mansky, 19861. 

Thorium content in marine phosphates is generally low, averaging 
6 to 7 parts per million (Altschuler, 1980). The thorium content of 
British Columbia deposits approximates the average, as compared to a mean 
of 11 parts per million in the Phosphoria Formation. 

Selenium generally shows some enrichment in phosphorites as 
compared to the average shale. It is believed to correlate with the 
amount of organic material present. Selenium in p,hosphorites of the 
Fernie Formation and Ishbel Group varies from 1 to 6 parts per million 
with slightly higher values in the Ishbel Group. 

Arsenic in phosphate deposits in southeastern British Columbia 
averages less than 9 parts per million as compared ta a mean of 23 parts 
per million for phosphorites in general (Altschuler, 1990). 

The Fernie Formation contains above average values for strontium 
and barium as compared to the average phospharite as determined by 
Altschuler (1980). Strontium averages 954 parts per million compared t:o a 
value af 750 parts per million for the average phospharite. Barium 
averages 522 parts per million compared to 350 parts per million for ii,+. 
average phosphorite and 100 parts per million for the Phosphoria 
Formation. 
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PETROGRAPHY 

Depending upon its chemical and mineralogical composition 
phosphate rock can occur in a variety of forms. Figure 16 shows a 
classification of phosphates based on their composition, developed by 
Mabie and Hess (1976) while studying the Phosphoria Formation. This 
classification is based on the abundances of three end-members: 
fluorapatite representing the phosphate component, muscavite-sericite- 
clay representing the argillaceous component and quartz-chert 
representing the sand or silt-sized component. This classification can be 
expanded by using the terms “calcareous” and “ferruginous” to describe 
phosphate rock containing more than 10 per cent carbonate and 1 to 2 per 
cent iron respectively. 

Most Fernie phosphates can be described as quartzitic. A sample 
from the Lizard deposit (Liz) is calcareous and one sample from the Cabin 
Creek area (40) is ferruginous. The sample from the Line Creek deposit 
(70) indicates a greater argillaceous component not seen elsewhere in the 
Fernie Formation. Comparing the Fernie and Phosphoria Formations one can 
see that the Fernie Formation is slightly more siliceous. In general, 
phosphates from these two formations appear to be similar. 

For the Ishbel Group most of the phosphate-bearing rocks can be 
classified as phosphatic sandstones or siltstones. The samples from 
Weigert Creek (57) are calcareous. Both the samples from Weigert Creek 
and Nordstrum Creek (79) can be classified as phosphorites. They, too, 
are slightly more siliceous than phosphorite from the Phosphoria 
Formation. 

IBHBEL GROUP 

Phosphate, as fluorapatite, is present in the Ishbel Group as 
nodules, pellets, cement, intraclasts and as replacement of bioclastic 
debris that include brachiopod shells, sponge spiculrs and possibly 
foramini fera. 

The most common form is the nodular variety with nodules 
occurring throughout the Permian section. They appear to be most 
prominent in the Johnson Canyon and Ranger Canyon Formations. Nodules 
commonly occur as ovoid structures that vary from 1 centimetrc to greater 
than 7 centimetres in diameter. Locally they have irregular shapes and 
may be elongated parallel to the bedding. Internally they may contain one 
or more quartz nuclei as well as bioclastic material. Some nodules 
exhibit etching of their external surfaces. 

Pelletal phosphorite was observed only in the Johnson Canyon and 
Ross Creek Formations. Pellets are generally structureless although 
oolitic pellets, and the occasional pellet having a radial structure, 
were also observed. Less than 15 per cent of the pellets are nucleated or 
encased. Quartz, and to a lesser degree rarbonate, form these nuclei. 
Grain size of the pellets varies from 0.1 to 0.5 millimctre. These 
pelletal varieties have semidispersed to dispersed textures. 
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Figure 16. Cmpositimal classification of phosphate ores 
(Mabic and Hess, 1376). 



Phosphate is present as cement throughout the Ishbel Group. 
Primary cenent was observed in the basal conglomerate of the Ranger 
Canyon Formation as well as in fine elastics of the Johnson Canyon and 
Ross Creek Formations. Rapson-McGugan (1970) also reports the presence of 
primary phosphate cement in the Ranger Canyon Formation. In thin section 
phosphate cement generally appears as a brown colour. 

Replacement of bioclastic debris, in whole or in part, by 
phosphate was also observed. It is most prominent in the Ross Creek and 
Johnson Canyon Formations. Intraclasts are not abundant; where observed, 
they may contain quartz nuclei that are different in grain size from the 
surrounding matrix or contain several phosphate pellets. 

Host lithologies in the Ishbel Group are quartz-rich siltstones 
and fine-grained sandstones (see Figure 16). The quartz is subangular to 
subrounded and generally well sorted. Feldspar with varying amounts of 
calcite are also present in the matrix. Dolomite, albite and illite may 
be present in minor amounts. 

FERNIE FORMATION 

The basal phosphate uf the Jurassic Fernie Formation is 
essentially all pelletal phosphoritc, although some nodular is present 
locally at the Crow deposit and Lodge occurrence. Pellets are brown to 
dark brown, occasionally black, well sorted, subrounded to subangular 
with a grain size varying from 0.1 to 0.3 millimetrc. Approximately 95 
per cent of the pellets are structureless and up to 56 per cent nay be 
nucleated. Occasionally, the pellets may have an oolitic structure. 
Pellets are composed of fluorapatite and organic material that gives them 
their colour. The matrix is generally finer grained than the pellets. A 
general molding of pellets is seen suggesting that deposition may have 
been as plastic or gel-like material. 

The phosphorite has a compact to semidispersed texture and 
contains 50 to 85 per cent pellets by volume. auartz is the principal 
component of the matrix except in the Lizard Range - Iron Creek area. 
Here, calcite is dominant and quartz is virtually absent. At the Line 
Creek deposit calcite is virtually absent. In general, there appears to 
be a decrease in carbonate content eastward. Also present in minor 
amounts are feldspar and albite. Illite and sericite are present in trace 
to minor amounts. Dolomite, montmorillonite or mixed clay arc generally 
absent but do occur locally in trace amounts. Limonite, probably after 
pyrite, is usually present in amounts of 1 to 2 per cent. The semi- 
qualitative abundance of minerals present in the basal Frrnie phosphate 
is summarized for 11 samples in Table 2. These minerals were determined 
by X-ray diffraction work. 
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‘TABLE 2 
RELATIVE ABUNDANCE OF MINERALS PRESENT IN BASAL FERNIE PHOSPHATE 

(obtdihed by X-ray diffrdction) 

EidlDplC 
No. 

Liz 

SBBS6-3 

SBBB6-4F 

SBB86- 11 

SBB86-14 

SBBS6-15 

SBBS6-31 

SBBE6-37 

sBBB&38 

SBBB6-42 

SBBS6-7.0 

Mineralogy 

Calcite > f&grrg&& >> quartz > albite + montmorillonite, 
mixed clay 

Fluorapatite 2 calcite 1 quartz > dolomite, albite, 
K-feldspar, illite/sericit,e 

E&gwnj&Ltd > quartz >> K-feldspar, calcite, illite, albite 

Calcite T quartz > f&QraQ&itg >> ,albite > K-feldspar, 
illite 

Quartz > K-feldspar > figgrag&& >> albite > illite 

Fluoraoatjtf >> quartz > K-feldspar, illite, mixed clay 

~&gg~ge&itg > quartz >> dolomite, calcite > albite, illite, 
K-feldspar 

f~ygraoatit~ >> quartz >> K-feldspar, albite, illite 

FLgerae&Ltg > quartz >> calcite, K-feldspar > illite, 
albite + dolomite 

Quartz >> f&graQ&i$r >> K-feldspar, illite 

ElguraQ&ifg >> quartz > K-feldspar, albite, illite 
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BENEFICIATION AND PROCESSING OF PHOSPHATE ROCK 

Host commercial fertilizer plants use a wet acidulation method 
in the initial stage of fertilizer production. Phosphate rock is treated 
with sulphuric acid to produce phosphoric acid and gypsum (CaSO.+l as a 
waste product. A high calcium carbonate content in the phosphate rock 
increases the consumption of sulphuric acid while magnesium renders the 
phosphoric acid unacceptably viscous. 

The purpose of bencficiation is to raise thr PROS level to 
commercial standards (30 to 37 per cent PzOs) and to reduce the 
proportion of carbonate, iron and alumina oxides, organic matter or trace 
elements. Most phosphate rock requires some beneficiation prior to 
shipment to processing plants and the mineralogical and chemical 
characteristics of the deposits are therefore important. Processing plant 
specifications for major impurities are as follows: 

l Pa05 content: 27 to 42 per cent 
l CaO:PzOs ratio: 1.32 to 1.60 for apatite 
.A10 +Fe.O --a-a - --a-a - - - + MgO <O.i (optimum value) 

P2Os 
*fig0 tolerance is approximately 1.0 per cent 
l BPL’:MgCi ratio: 170 or higher 
l BPL:AlzO1 + Fe201 ratio: 320 
l BPL:CaO ratio: P1.5 

‘Bone phosphate of lime (2.1852 x per cent PmOs) 

In 1974 the Department of Energy, Mines and Resources Canada 
carried out a beneficiation test on a sample of Fernie phosphate from the 
Lodgepole Creek area south of Fernie. The sample was from a surface 
trench and averaged 10 to 11 per cent P,Os. It also contained 
approximately 20 per cent calcite with minor amounts of quartz, feldspar 
and traces of mica and mafic minerals (Hartman and Wyman, 1974). The 
results indicated recovery of 31.5 per cent with a maximum grade of 28.5 
per cent P,Os by attrition methods and recovery of 49 per cent with a 
maximum grade of 28.5 per cent PzOs by hot conditioning and flotation 
with soda ash and oleic acid. 

The authors also report: “The highest grade product was achieved 
using a mechanical treatment: attrition and ultrasonics. This grade 
occurred in the 65- and loo-mesh fractions. Flutation results using hot 
conditioning with soda ash and oleic acid show the importance of 
screening and grinding to free and clean surfaces. Results are even 
better when ultrasonics are included. The approach to beneficiation using 
hot conditioning, although a costly step, appears promising. The results 
suggest that concentration by attrition and/or other mechanical means 
followed by heavy liquid separation should be considered”. This 
investigation was not carried through to completion because of the low 
grade of the sample. 

To the author’s knowledge, Cominco Ltd. is the only company that 
has done beneficiation testing of phosphate from southeastern British 
Columbia. Cominco has tested samples from the Lizard, Crow and Mount Lyne 
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deposits. Work to date has been unsatisfactory as the basal phosphate of 
the Fernie Formation has a strong hydrophyllic character and cannot be 
floated effectively with fatty acid or anionic collectors. A process of 
careful grinding, attrition-scrubbing and elutriation produced the best 
results (J.M. Hamilton, personal communication, 1986; Christie and Kenny, 
in preparation). 

The basal Fernie phosphate has many lithological similarities to 
the Phosphoria Formation. Research on the beneficiation of the 
phosphorite from the Phospharia Formation is ongoing. Recent work by Judd 
et al. (1986) has achieved 98 per cent recovery of phosphate by leaching 
of unbeneficiated phosphate ores, but did not evaluate the cost 
effectiveness of the procedure. Rule et al. (1982) also completed a study 
of flotation techniques on the Fhosphoria phosphates. Their work involved 
a process of depression of the phosphate minerals with fluosilicic acid 
and anionic flotation of carbonate minerals, followed immediately by 
cationic flotation of silica. Results demonstrated a potential for an 
increase of 12 to 15 per cent in total phosphate recovery if the 
flotation process is incorporated into an existing washing-sizing plant. 
Pilot plant tests achieved recoveries from flotation feed in the range of 
73 to 96 per cent. 

Studies on the beneficiation of Brazilian phosphate ores at The 
University of British Columbia (de Araujo et al., 1986) have indicated 
that selective desliming, using selective flocculation followed by a 
conventional single stage anionic flotation of phosphate, gave the best 
results. 

For the basal Fernie phosphate to be economic a suitable means 
of beneficiation that will produce a concentrate grade of 30 per cent 
PAS, with acceptable recoveries, is required. All test work done to date 
is over 10 years old. New methods being developed may be more effective 
for phosphate extraction in southeastern British Columbia. Processes that 
have recently been tried or seriously considered include dense medium 
cyclone preconcentration, high-intensity magnetic separation and 
selective leaching of dolomite from high-grade phosphorites (Hollick and 
Wright, 1986). 
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SUMVARY AND CONCLUSIONS 

The best potential for phosphate in southeastern British 
Columbia occurs at the base of the Fernie Formation. The phosphate 
content averages 18 to 20 per cent P205 across a thickness of 1 to 2 
metres. Locally there has been some thickening of the phosphatic unit. 
Acceptable grades of phosphate vary with mining, beneficiation and 
transportation costs. Mining grade in Florida is as low as 10 per cent 
P=Os or even less. From an exploration perspective the eastern margin of 
the Fernie basin offers the best potential. However, at present this 
phosphate cannot compete with production in the western United States 
where beds grading 30 per cent P&h are selectively mined (Cook, 1976). 

Phosphate deposits in southeastern British Columbia are 
generally low to medium grrdc (18 to 24 per cent PzOS). At present 
commercial plants require a grade of approximately 30 per cent PrzOs for 
processing, Fernie phosphate would therefore require beneficiation. 
Research work to date has been unsatisfactory but recent studies on 
methods to upgrade phosphate rock may offer some encouragement for the 
future recovery of phosphate from the Fernie Formation. 

In addition to the metallurgical problems, mining of phosphate 
in southeastern British Columbia presents other practical difficulties. 
Phosphate beds are narrow and their attitude precludes open-pit mining in 
most locations. However, new developments in hydraulic borehole mining of 
phosphates (Savanick, 1983) suggest that this provides an alternative to 
conventional underground mining techniques. 

The basal phosphate of the Fernie Formation has a significant 
resource potential. Once the problems of mining and beneficiation are 
overcome, these deposits could provide a valuable source of phosphate for 
the fertilizer industry in western Canada. 

The phosphate potential of the Ishbel Group is more difficult to 
access. While phosphate intervals at several localities exceed 5 metres 
in thickness, grades arc generally less than 5 per cent Pa&. Host of 
this phosphate occurs as nodules. While the nodules themselves contain in 
QXCPS~ of 25 per cent PzOJ, the host bed6 have phosphate values of 
generally less than 2 per cent. These nodular varieties may represent a 
potential phosphate resource if an inexpensive method can be found to 
separate the nodules from the fine elastic matrix. 

Two areas offer some exploration potential for Prrmian phosphate 
deposits. These are located along the MacDonald thrust fault and in the 
Nordstrum - Weigert Creeks area west of the Elk River. Pelletal 
phosphorite with grades approaching those of the Fernie Formation were 
recorded in the second of these localities. 

At present phosphate is in oversupply. While reserves are 
sufficient for several years our traditional sources of imports to 
western Canada will begin to decline in the near future. Due to declining 
ore grades the trend in exporting countries is towards more downstream 
processing and sale of higher value-added phosphate products. Canada 
phosphate fertilized plants are dependent on imports for feedstock supply 
and therefore vulnerable to changing trade patterns or a tightening of 
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export markets. The phosphate deposits of southeastern British Columbia 
could provide an alternative source of supply, provided beneficiation 
difficulties can be overcome and suitable mining methods can be found. 
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APPENDIX 1 

PHOSPHATE LOCALITIES IN THE FERNIE BASIN 

PERMAN: ISHBEL GROUP 

Forsyth Creek - Connor Lakes (1) 

Latitude8 50~17’50” Longitude: 11S”02’45” NT81 82312 

Several exposures of phosphate in the Ross Creek and Ranger 
Canyon Formations lie north of Forsyth Creek, in the Connor Lakes area. 
These strata are unconformably overlain by siltstone of the Triassic 
Sulphur Mountain Formation (Plate 10). Two sections were measured in this 
area (Figures 17 and 18). The Ranger Canyon Formation consists primarily 
of a thick, resistant chert horizon that is overlain by a sandstune bed 1 
metre thick containing 10 to 15 per cent phosphate nodules by volume. 
These nodules are black, subrounded and average 5 ccntimetres in 
diameter. They contain 25.8 to 28 per cent PROS but a sample collected 
across the sandstone bed assayed only 1.6 per cent P20zj. A massive to 
nodular phosphate bed, 0.5 metre thick, underlies the chert bed in the 
more northerly section (Figure 181. It contains lG.6 per cent P20s. A 
phosphatic interval, 10 metres thick, lies below the chert horizon. With 
the exception of the uppermost bed, the phosphate content was less than 5 
per cent P=OS throughout the section. 

The geology of this area is complicated by a number of steeply 
dipping normal faults which have caused a thickening of the section, 
particularly in the more northerly section. Several fault repetitions can 
be seen in outcrop, especially in beds beneath the chert horizon. Along 
strike to the north faulting becomes less prevalent and the phosphatic 
interval thins dramatically. 

A number of sandstone beds containing phosphate nodules are 
present in the Rose Creek Formation. The nodules arc a minor component of 
the rock and the phosphate grade is low, averaging approximately 0.9 per 
cent P~05. 

MacDonald Thrust Fault (2) 

Latitude: 49°10’30” to Longitude: 115°49’05” to 
49OlG’OO” 114%c;‘55” 

NTS: S2G/2 

Several exposures of phosphate were examined along the MacDonald 
thrust fault at the southern margin of the Fernie basin. Stratigraphic 
sections were measured at Mount Broadwood (Figure 17), north of Fenstcr 
Creek (Figure 20:) and at a locality approximately 4 kilometres northwest 
of Cabin Pass (Figure 21). 

A phosphate horizon in the basal purtion of the Johnson Canyon 
Formation can be traced almost continuously frum Mount Broadwood in the 
northwest to Burnham Creek in the southwest. It varies in thickness from 
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Figure 17. Stratigraphic section 62, Forsyth Creek. 
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Chert. 

Phosphate : massive to nodular: buff-colored siltstone. phosphate os cement arid nodules. 
Silts&e : buff massive few .phosphote nodules 
Siltstone : black , recessi;e, argillaceous , phasphatic 
Siltstone : buff weathering , dark grey, resistant, phosphate -probably 0s cement and 

rare nodules. 
Siltstone : interbedded chert , buff weathering , grey , recessive, medium bedded (5-IOcm), 

chert - dark grey to black 
Siltstone : buff weathering, grey , slight mottled appearance, rare phorphate nodules. 

Chert : dark grey to black , recessive 

Siltstone - Nodular phosphate : siltstone- buff weathering 
dark grey to black, 

resistant; 
irre@ar shaped, up to b cP,‘“‘/n size 

phosphate nodules- 

Chart : dark grey to black, recessive, phosphatic. 
Siltstone : buff weathering, prey, recessive ; contains few chert and phosphate nodules. 

Chert : dark grey Jo black recessive J contains few siltstone blocks ; base is mainly 
siltstone with black chart nodules. 

Covered interval 

Siltstone : buff- brown weathering , grey , resistant , thick-bedded to massive ; few 
phosphate ovoid nodules (C 5%) 

Siltstone : buff- brown weathering, grey , recessive , contains two very thin shale beds. 

Siltstone : brownish -grey weathering , grey, massive, resistant. 

Siltstone : brownish -prey weathering , prey , massive, recessive 

Siltstone : brownish -prey weathering, grey , resistant, rare phosphate nodules. 

Siltstone 

figure 18. Stratigraphic section 63, Forsyth Creek north. 
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Figure 19. Stratigraphic section 17, Mount Broadwood. 
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Siltstone : black, recessive, non-phosphatic . 

Covered interval . 

Siltstone: black, recessive, phosphatic , coicareous 

Sondstone : caicareous pelletal and nodular phosphatlc material 
present; phosphatic shell fragments also present. 

Siltstone : black, non - phosphatic to very weakly phosphatic . 

Conglomerate : phosphotic , chert pebbles. 

Siltstone : colcareous , resistant , medium bedded, pale brown 
weathering, greyy block chert bands. 

NS q NOT SAMPLED 

Figure 20. Stratigraphic section 84, MacDonald thrust fault at 
Fenster Creek. 
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Siltstone : brownish weathering, grey , medium bedded , resistant. 

Covered interval 

Sandstone : buff to pale brown weathering, buff to pale brown, 
resistant , medium to thick bedded . 
- 5-15 % sub-rounded phosphate nodules , dark grey 
to black . 

Sandstone : fine grained , brownish weathering, grey, recessive , 
weakly calcareaus , few phosphate nodules. 

Sandstone : yellow to reddish brown weathering , buff to pale 
grey, quartzitic, resistant, 
nodules (I-2cm.1, 

IO-20% ovoid phosphate 
medium bedded (5-IOcm. 1 

Covered interval. 

Dolomite -silty dolomite : chalky white weathering , cream to 
chalky white , contains chert nodules 
and layers . 

Figure 21. Stratigraphic section 41, MacDonald thrust fault, Ram. 



less than 1 metre in the Burnham Creek area to 22 metres near Mount 
Broadwood. 

Phosphate is most commonly present as nodules, but also as 
phosphate cement, phosphatic replacement of shell material and rarely, a6 
intraclasts. It also occurs as clasts and cement in a thin basal 
conglomerate that appears to extend along the entire length of the fault. 
Host lithologies are typically siltstones and fine-grained sandstones 
with minor shale. Locally these elastic strata are calcareous. 

At Mount Broadwood, where the thickest phosphatic interval was 
observed, individual phosphate beds contain 0.2 to 1.72 per cent P,OC. 
Phosphate is typically nodular although it is also present as cement. The 
basal conglomerate, which is 30 centimetres thick, contains 3.20 per cent 
P&S. 

At the,Fenster Creek locality, elastic beds are more calcarcous 
and contain relatively abundant bioclastic debris. A calcareous sandstone 
bed 0.5 metre thick contains 11.70 per cent PIOs. The basal conglomerate 
contains 4.0 per cent P,O=. 

Near Cabin Pass only nodular phosphate is present and individual 
beds contain less than 2 per cent PzOs. 

Nodular phosphatic beds of the Ranger Canyon Formation may also 
be present locally. 

Weigert Creek (3) 

Latitute: 49O57’45” Longitude: 114°S6~25” NTS: 826115 

Phosphate is exposed at two localities along a four-wheel-drive 
road that extends nurthward from the main Weigert Creek logging road. It 
is interpreted to occur along the limbs of a north-trending anticlinal 
fold in the Johnson Canyon Formation. Lithologies include sandstone, 
shale, dolomitic siltstone and conglomerate. 

The western exposure consists nf a 2-mctre-thick phosphorite bed 
averaging 14.25 per cent PaO-, and comprised of semidispersed, subrounded, 
generally structureless pellets. Approximately 5 per cent of the pellets 
are nucleated and the occasional pellet is oolitic. Some phosphate cement 
is also present. The pellets, which comprise 40 to 50 per cent of the 
rock by volume, occur primarily in a quartz matrix with some feldspar. 

The eastern exposure consists of a i-metre-thick phosphorite bed 
containing 15.8 per cent P.& (Plate 11). The phosphorite is pellrtal, 
with the pellets comprising SO to SO per cent of the rock by volume. They 
are subrounded, brown to dark brown, with a grain size of 0.1 to 0.5 
millinetre. Less than 5 per cent of the pellets are nucleated or encased. 
Rare oolitic radial structures may also be present. The matrix is 
comprised mainly of calcite with minor quartz and clay minerals. 
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Figure 22. Stratigraphic section 8, Fernic ski-hill. 
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Nordstrum Creek (4) 

Latitude: 49°51’50” Longitude: 114°59’55” NTS: 8X/ 15 

Near the headwaters of Nordstrum Creek, at the end of a seismic 
road, three phosphate beds are poorly exposed over a 60-metre width. The 
area between the phosphate beds is cuvered by overburden. The host rocks 
are buff-brown-weathering sandstone and pale grey quartzitic siltstone of 
the Johnson Canyon Formation. 

Phosphate occurs as nodules, pellets and es cement in the most 
westerly exposed bed. This phasphorite bed has an exposed thickness of 1 
metre and contains 21.20 per cent PsOs. The matrix consists of quartz, 
bioclastic debris and minor feldspar. 

The twu easterly beds contain approximately 5 per cent phosphate 
nodules by volume and less than 2 per cent P*OZS. The nodules are composed 
of fluorapatite, quartz, and minur dolomite and potash feldspar. Bath of 
the beds are 1 metre or lens thirk. 

Fernie Ski-hill (5) 

Latitude: 49O27’40” Longitude: 115°0C’30” NTS: 8X/6 

In the Lizard Range, and sprcifically at the Fernie ski-hill, 
Fermian strata are overturned. This locality provided the rare 
opportunity to measure a section across the entire Permian sequence 
(Figure 22). The Johnson Canyon Formation is approximately 100 mctres 
thick and contains a few very thin phosphatic shale beds. The basal 
conglomerate, which occurs throughout the region, is represented by only 
a 2-centimetre-thick bed. 

The Ross Creek: Formatiun is approximately 25 mctres thick and 
contains only a rare very low-grade phosphatic shale bed. Althaugh the 
author has placed these strata in the Ross Creek: Formatian, they could 
also be assigned to the Johnson Canyon Formation or Ranger Canyon 
Formation. 

The Ranger Canyon Formation is approximately 50 metres thick and 
consists of chert and sandstone. Close to the top there is a O.S-metre- 
thick phosphate bed containing 13.30 per cent F,O, (Plate 12). Phosphate 
is present as nodules (Plate 13), pellets and cement. The nodules may 
contain quartz grains and chrrt spicules or may be devoid of any 
extraneous material. The phosphate bed itself is composed of quartz, 
potash feldspar, minor illite, sericite, calcite and albite. Fhosphatic 
sandstone and chert beds underlie the phosphate bed. 
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- 5cm. thick marcasite band at base . 
Siltstone 

Figure 23. Stratigraphir section 70, Mnunt Lyne. 



JURASSIC: FERNIE FOmTION 

Line Creek (6) 

Latitude: 49°S8’OO” Longitude: 1 14°48vOO” NTS: 82G/lSW 

Cominco Ltd. owns six phosphate leases in the West Line Creek 
area east of the Elk River. A phosphate horizon varying in thickness from 
lens than 1 netre to in excess of 3 metres occurs at the base of the 
Fernie Formation. It can be traced along strike for 15 kilometres; 8 
kilometres of strike length are covered by the Cominco leases. 

At Mount Lyne, site of Coninco’s bulk sample (G-L. Webber, 
personal communication, 19861, a 4.9-metre-thick, steep, easterly dipping 
phosphate sequence is present (Figure 23). The base of this sequence is 
marked by a marcasite band 5 centimetres thick and the top by a lO- 
centimetre-thick yellow-orange cherty limestone marker horizon. The basal 
2 metres of the phosphate averages 23.0 per cent PzOS. These strata are 
in turn overlain by a bed of lower grade phosphate, 90 centimetres thick, 
containing 13.4 per cent P-O d 5, and capped by 2 metres of phosphatic shale 
with a phosphate content averaging less than 5 per cent PzO,. 

The phosphorite at Mount Lyne is typically pelletal with a 
compact (Plate 14) to semidispersed texture. The pellets are chestnut- 
brown to dark brown, ovoid, moderately well sorted and generally 
structureless. Less than 5 per cent are nucleated. The matrix is 
comprised almost entirely of quartz, with trace amuunts of sericite and 
illite. Neither petrographic nor X-ray diffraction work reveals the 
presence of any carbonate. 

Along strike to the south, near Harriet Lake, this phosphate 
interval has thinned to 0.59; metre and contains 13.8 per cent P;?OS. Work 
by Crows Nest Resources Ltd., between the Line Creek access road and 
Mount Lyne, obtained values of 3.7 per cent P,OS in a diamond-drill hole 
and 23.7 per cent PIOs across 1.6 metres in a backhoe trench (Hannah, 
1980). The phosphate bed dips between 45 to 70 degrees easterly 
throughout its strike length (see Figures 24 and 25). 

Crow (7) 

Latitude: 49O39’45” Longitude: 114°42Y30” NTS: 82G/ 10 

The Crow property, consisting of seven phosphate leases held by 
Coninco Ltd., is located in the Crowsnest Pass area, 2.5 kilametres north 
of the pumping station on Highway 3. This deposit, discovered by Telfer 
in the early 19OOs, was explored sporadically until the mid-1970s. 
Cominco has completed 600 metres of underground work and shipped a 1800- 
tonne sample to Trail for metallurgical testing in 1931. Further testing 
was done in the mid-1960s. Beneficiation work by Cominco has yielded 
acceptable concentrate grades with recoveries of approximately 75 per 
cent (Kenny, 1977). 

The adit and underground workings are now inaccessible. Only one 
old trench and a few surface exposures south of the underground workings 
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Figure 24. Crose-sections through basal Fernie phosphate, 
west Line Creek. 
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Shale : dark grey , platy , recessive . 
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Phosphate ! fine grained , 
calcareous , 

pelletal (oolitic) , recessive , 
rare phosphate bloom . 

Sandstone : phosphatic , carbonaceous 

Dolomite : buff to pale grey. argillaceous to silty, 
massive , slightly recessive . 

Figure 26. Stratigraphir section 13, Abby Ridge. 



are available for examination. Tclfer (1933) describes the phosphate 
horizon as consisting of three beds: a lower oolitic high-grade 
phosphori te, a shale parting and an upper nodular phosphorite with a 
yellow marker bed at the top. The high-grade phosphorite bed consists of 
structureless pellets with only a rare pellet having an oolitic texture 
(Plate 15). The beds average approximately 1 metrc in thickness, but are 
repeated as many as four nr five times by thrusting in an easterly 
direction (Telfer, 1933). In the trench the phosphate horizon occurs over 
an interval of 19 metrrs within which a phosphorite bed 1 rnetrc thick is 
repeated four times. Sampling indicates an average phosphate content of 
26.20 per cent P,O,. 

This phosphate horizon, although not seen in aoutcrop, is 
believed to be continuous into the headwaters of Alexander Creek where it 
is exposed in two roadcuts. The top and bottom of the phosphorite were 
not ubsrrved, but it has a minimum thickness of 0.3 metrc. The phosphate 
content in these localities ranges froa 27.4 to 29.4 per cent P&;. 
Bedding in this area dips westerly at approximately 25 degrees. 

Lizard (8) 

Lat i tudc: 49V9’22” Longitude: 115°07’40” NTS: 826/l 1E 

The Lizard property, consisting of two phosphate leases, retained 
by Cnminco Ltd., is located on Lizard Creek 5 kilomctres southwest of 
Fernie. Only two caved adits and a dump are available far inspection. The 
area is overgrown by dense alder and thick underbrush with almost no 
outcrop. 

Work by Cuminco has indicated the presence of a phosphorite bed 
averaging 12.90 per cent PzOr-. across 3.4 metrcs (Taplin, 1967). In thin 
section (Plate 16) the phosphoritc is seen trJ consist of brawn to darL: 
brown pellets averaging O.,. + to 0.3 millimetrr in diameter. They are 
generally well rounded and structureless, with approximately 50 per cent 
having a quartz nucleus. The matrix, which comprises 20 per cent of thr 
rnik, is dominantly carbonate with lesser quartz and minor awunts of 
mica and clay minerals. Deposition af phosphate as a gel is evidenced by 
molding of pellets around each other. In thin section there is no 
evidence that the phosphoritr has been subjected to any significant 
weathering, and therefare no upgrading of the phosphate content. 

Abby (9) 

Latitude: 50°18’25” Lungitude: 114°56’05” NTS: 825/7 

The Abby occurrence is located along the Elk River fclrrstry raad 
31. 5 kilometres north of Elkford. It was exposed in a reclaimed trench 
put in by Cominco Ltd. while exploring for phusphatc in the mid-1970s. 

Clastic rocks of the Fernie Formation unconformably nverlic 
dolomite and dolomitic siltstune of the Whitehorse Formatiun. The base c;f 
the Fernie consists of a thin bed of phnsphatic sandstone, overlain by a 
phosphorite bed 1.5 mctrcs thick (Figure 26). The phosphorite is pelletal 
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Shale : recessive, platy, dark grey to black, contorted and 
disturbed sequence . 

Shale : dark grey to black, resistant, calcareous , phosphatic. 

Phosphate: recessive, dark grey to black, pelletal, few nodules . 
Phosphate : recessive, dark grey to black, pelletal - oolitic ; base 

marked by 5-IOcm thick rusty weathering horizon - 
possibly marcasite . 

Shale : recessive, dark prey, papery 

Siltstone : medium bedded (IO-20cm) ; buff to pale brown 
weathering; grey; resistant; shale partings f 2-5cm 1 
(2-5 cm thick) ; occasional bed contains cross 
laminatons . 

Figure 27. Stratigraphic section 3, Highway 3 raadrut, 
approximately 8 kilnmrtrcs east af Michel. 



with an average grain size of 0.1 millimetre. Phosphate content is 21.7 with an average grain size of 0.1 millimetre. Phosphate content is 21.7 
per cent P,O$ phosphate content of the sandstone is 7.43 per cent PIO,. per cent P,O$ phosphate content of the sandstone is 7.43 per cent PIO,. 
Phosphatic shale and shale overlie the phosphorite. Phosphatic shale and shale overlie the phosphorite. 

In thin section the phosphorite can be seen to consist of light 
to dark brown, generally structureless, subangular to subrounded pellets 
0.1 to 0.2 millimetre in size (Plate 17). Less than 5 per cent of the 
pellets are nucleated (generally quartz grains). The occasional pellet is 
oolitic. The matrix is comprised of subangular quartz grains with trace 
to minor amounts of potash feldspar, sericite and carbonate. The pellets 
comprise 50 to 60 per cent of the rock by volume and are semicompact to 
dispersed. 

The phosphatic sandstone (Plate 181 contains 10 to 15 per cent 
fluorapatite pellets. The pellets are subrounded, brown and dispersed. 
Quartz with minor carbonate and trace feldspar, sericite and carbonate 
comprise the sandstone matrix. Quartz grains are subangular and 
moderately well sorted. 

Highwy 3 - Alexander Creek (10) 

Lati tudc: 49O39’ 15” Longitude: 114°44’10” NTS: 826110 

Two outcrops of phosphate are located on provincial Highway 3 
near Alexander Creek. A phosphorite bed 1.2 metres thick is exposed in a 
roadcut (Plate 19) unconformably overlying shale and siltstone of the 
Sulphur Mountain Formation. The phosphorite is overlain in turn by 
phosphatic shale, minor limestone and shale (Figure 27). 

The phosphorite consists of brawn to dark brown, subangular to 
subrounded, structureless pellets that are 0.1 to 0.3 millimetre in 
diameter. Approximately 5 per cent of the pellets have nuclei of either 
quartz or calcite. The pellets are compact to semicompact and sometimes 
molded around previously formed pellets, suggesting that they were in a 
gel-like state when deposited. The matrix jronsists of quartz and calcite 
in equal amounts, with minor dolomite, albite, potassium feldspar and 
trace illite and sericite. 

A second phosphate occurrence outcrops along Alexander Creek 
south of the highway. Here, a phosphorite bed 1 metre thick containing 
23.8 per cent Pros overlies a basal phosphatic conglomerate 5 centimetres 
thick. This conglomerate overlies siltstone and minor shale of the 
Sulphur Mountain Formation (Figure 28). The phosphatic section is 5.5 
metres thick, the upper limit of the phosphatic sequence corresponding to 
a yellowish-orange-weathering limestone bed 3 centimetres thick. Shale 
cut by numerous minor faults overlies the phosphatic sequence. 

Lodge (11) 

Latitude: 49O16’50” Longitude: 114°47’40’ NTS: 82G/7 

The Lodge phosphate occurrence is located immediately south of 
the Lodgepole forestry road, 31 kilometres southeast of Fernie. Previous 
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Paper shale. 

Covered interval . 

Shale: silty, grey, flaggy, fairly resistant ; lower portion is folded ; 
contains a number of minor faults. 

- 3cm. thick yellowish - orange marker bed. 

0.40 Shale : dark prey to black, recessive, in part fissile, contains ---_ limestone bands (2-3 cm. thlck), may be phosphatic . 

7.90 

8.80 

23.80 

Limestone conglomerate : nodular phosphate, argillaceous to sandy 
matrix, phosphate pelletal in part . 

Phosphate : pelletal , dark gray . 

Phosphate : pelletal (oolitic) , dark grey weathering, dark grey , 
bluish weathering tinge , 5cm thick conglomerate at base 

Siltstone : grey weathering, grey , resistant, shale interbeds . 

Figure 28. Stratigraphic section 31, Alexander Creek at Highway 3. 







exploration for phosphate in this area was done by Imperial Oil Ltd. A 
phosphorite bed occurs in brown and black shale and siltstone at the base 
of the Fernie Formation. These strata unconformably overlie fine 
siltstone of the Sulphur Mountain Formation. The only outcrop of 
phosphate is strongly weathered and the thickness of the phosphorite was 
not determined. A large grab sample from this locality contained 29.5 per 
cent PIOs. In hand specimen the phosphate is both pelletal and nodular 
(Plate 20). Drilling intersected 2.44 m&t-es of phosphate averaging 17.33 
per cent P,O. (Heffernan, 1978). 

Iron Creek (12) 

Latitude: 49°31’30” Longitude: 11S010~40” NTS: 82G/11 

Two phosphate occurrences in partially slumped trenches were 
briefly examined along the powerline in the Iron Creek area, west of 
Frrnie. These trenches are believed to have been put in by Crows Nest 
Resources. At both localities a phosphorite bed 1 metre thick with 
phosphate values ranging from 13.2 to 15.4 per cent PzOs occurs at the 
base of the Fernie Formation. The phosphorite is pelletal with a matrix 
of by calcite with lesser quartz. Minor albite and trace amounts of 
potash feldspar and illite are also present. 

Barnes Lake (13) 

Latitude: 49??7’ 10” Longitude: 114*40’50” NTS: 82G/7 

A phosphorite bed 0.8 to 1.2 metres thick is exposed at the base 
of the Fernie Formation on the limbs of a series of northerly plunging 
folds in the Barnes Lakes area (Figure 29). It unconformably overlies 
siltstone of the Sulphur Mountain Formation and is overlain by paper 
shales of the middle Fernie Formation. Exploration work by Western Warner 
Oils Ltd. and Medesto Exploration Ltd. consisted of geological mapping, 
trenching, seismic surveys and drilling (Dorian, 1975; Pelzer, 1977; 
Dales, 1978) and outlined 262 000 tonnes of phosphate to a depth of 18 
mefres (60 feet). Phosphate grades in surface trenches were reported a6 
27.0 to 33.0 per cent P20s. Sampling by the author gave a value of 22.7 
per cent PzOs across 0.80 metre. 

In the same area nodular phosphate is present in sandstone in 
the Johnson Canyon Formation. This phosphate-bearing sandstone bed is 30 
to 40 centimetres thick with’s phosphate content of 1.7 per cent P=O*. 
There appears to be very little economic potential for phosphate in the 
Permian in the Barnes Lake area. 

Fording River (14) 

Latitude: 49O54’20” Longitude: 114°50’55” NTS: 82G/ 15 

The Fording River phosphate occurrence, which has been known for 
a number of years, has been explored by both Crows Nest Resources and 
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Figure 30. Stratigraphic section 6, Fording River. 



Cominco Ltd. Work by Cominco included mapping, trenching and a 12-metre 
adit. 

A shallow southwest-dipping pelletal phosphurite bed occurs at 
the base of the Fernie Formation and is overlain by phosphatic shale and 
limestone. These strata are of Sinrmurian age. The phosphate sequence is 
conformably overlain by belemnitic shales of Toarcian age and underlain 
by siltstone and minor shale of the Sulphur Mountain Formation (Figure 
30). 

In outcrop the phosphorite bed is 80 centimetres thick and 
contains 19.10 per cent P-OS. It is overlain by 74 cantimotree of 
phosphatic shale containing 6.64 PAIs. Similar results were obtained by 
Cominco in the adit where a pelletal phosphorite bed 1.2 metres thick 
containing 21.3 per cent PA:. is overlain by 51 centimetres of phosphatic 
shale containing 6.5 per cent PAS (Webber, 1975). The phosphorite is 
typically pelletal with pellets of fluorapatite present in a matrix of 
calcite and lesser quartz [Plate 21). 

A diamond-drill hole completed by Cominco to the northwest, 
intersected 1.76 metres of phosphate containing 18.57 per cent P=O, at a 
depth of 49.4 metres (Webber, 1976). This phosphate horizon is believed 
to continue into the Grave Creek area where drilling (Figure 31) 
intersected 1.5 metres of phosphate containing 16.93 per cent PrrOs 
(Webber, 1976). 

Bingay Creek (15) 

Latitude: 50°12’OO” Longitude: 115°00100” NTS: 82J/2 

This phosphate occurrence is located on Bingay Creek, 2.4 
kilometres upstream from the Elk River forestry road, 19 kilometres north 
of Elkford. Vertical-dipping conglomerate, phosphorite, sandstone and 
shale of the Fernie Formation unconformably overlie silty dolomite of the 
Whitehorse Formation (Figure 32). The phosphatic sequence consists of a 
phosphorite bed 1.04 metras thick containing 11.80 per cent PzOs, 
phosphat ic sandstone and shale. The phosphatic sequence is marked by 
conglomerate (4 centimetres thick) at its base and is capped by an 
orange-weathering calcareous bed, 2 centimetres thick. The phosphorite is 
pelletal and contains a few shell fragments. 

Cabin Creek (161 

Latitude: 49°06’40” Longitude: 114°40’45” NTS: 82G/2 

Exploration for phosphate in the Cabin Creek area began in 1978 
when Imperial Oil Ltd. completed a program of geological mapping and 
drilling (Van Fraassen, 1978). In 1982 First Nuclear Corp. Ltd. 
reassessed the potential in this area, completing radiometric surveys, 
geological mapping and trenching (Hartley, 1982). 

The Cabin Creek area represents the southernmost exposures of 
phosphate in both Permian and Jurassic strata in southeastern British 
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Metres 
I 

% P2O5 
COMINCO DDH FP 75-l 
GRAVE LAKE AREA 

-- - ---- _ - __ 
rr--: ---- ----- 

i;J 

---- _ _--.. ---- _- -. ----- -_ --- -_--- 

Shale : black , grey seams, belmnites . 

Shale : black . 

Limestone :’ black , disseminated phosphate gmIUles. 

16.93 Phosphorits . 
- 

Siltstone : grsy , dolomitk 
, 

Metrer 

h % P2O5 --- - ---- 20 -;_ __--- ---- __ --- --- --- ---- COMINCO DDH FP75-5 
FORDING RIVER AREA 

Shale : black , fisrila 

2 

-6 

16 

.50 

.03 

.57 

Shale : block, occa~ionol siltstone band , few 
brachiopods . 

Shale : limey, black. 
Limestone : black, scattered phosphate granules. 

Phosphofite : massiVe . 

SlItstone 

Figure 31. Diamond-drill hole SeCtionS, Fording River - Grave Lake area. 
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% PzOs 

Shale: platy, silty, dark grey , recessive . 

0.16 Shale: pkty, silty, dark grey, recessive . 

- 2-3cm orange marker bed . 
1.79 Shale : phosphatlc, dark grey, recessive, platy, thin bedded, 

2-4cm. phosphate bed at top. 
1.48 Sandstone : (coarse siltstone), phosphatlc, brownish grey weathering 

dark grey, slightly recessive. 
11.80 Phosphorite : massive, resistant, dark grey , pelletal (oditlc) . 

- 4cm thick conglomerate at base . 

Dolomite : silty , resistant, buff to very pale brown . 

Figure 32. Stratigraphic section 14, Bingay Creek. 



Metres %P,O, 

i 
J k 
U 

UNCONFORMlTY 

8 
F-l 

_-- - 
--- -- - 

6 

- 

4 

2 

0 

0.3 Shale: dark grey to black, platy, recessive. 

9.99 
2.4 

18.0 

Phosphate : pelletal and nodular some shearing . 
Bentonite: brown to grey , smooth weathering surface . 

Phosphate : black, pelletal , bluish weathering surface. 

Dolomite : silty, vories to dolimitic siltstone , resistant, 
in part has a cherty appearance . 

Figure 34. Stratigraphic section 38, Cabin Creek. 
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Columbia. These occurrences correspond to the southern limit of the 
Fernie basin. A total of 18 phosphatic sections were measured by First 
Nuclear Corp. Ltd., some of which were re-examined in the course of this 
study. 

Permian strata are represented by the Ranger Canyon Formation 
above and below the HacDonald thrust fault and the Johnson Canyon 
Formation above the fault. Phosphate in the Johnson Canyon Formation is 
typically nodular with occasional pelletal phosphate present in a lower, 
dark grey to black, calcareous siltstone unit. The pelletal phosphate 
consists of dispersed pellets, 0.3 to 0.5 millimetre in diameter, in a 
matrix of calcite and quartz. Phosphatized shell material is also 
present. A thin phosphatic conglomerate occurs at the base of the Johnson 
Canyon Formation. 

Phosphate is present in the Ranger Canyon Formation in a basal 
chert-pebble to cobble conglomerate (Plate 22) and as pellets or nodules 
in the upper part of the section. Within the conglomerate phosphate 
occurs both as phosphate pebbles and as cement. The conglomerate, at the 
one locality observed, is in excess of 2 metres thick and contains a CO- 
centimetre-thick horizon at the top containing 9.58 per cent P&la. Only 
minor phosphate is present in the upper portion of the Ranger Canyon 
Formation. 

In the same area, the phosphate horizon in the basal portion of 
the Fernie Formation is exposed at several localities (Figure 33). A 
phosphorite bed averaging 1.5 metres thick, and consisting of compact to 
semicompact pellets, occurs along a strike length of approximately 27 
kilometres. The pellets are typically subrounded to subangular, 
structureless, well sorted and 0.1 to 0.3 millimetre in grain size. Less 
than 2 per cent of the pellets are nucleated. There has been some molding 
of pellets, suggesting deposition in a gel or plastic state. The matrix 
consists of quartz, calcite, minor potash feldspar, and trace amounts of 
albite, dolomite and illite. Although subordinate to quartz, calcite may 
be abundant locally. 

In the measured section (Figure 34) two phosphorite beds are 
separated by a thin brownish coloured shale that may have a substantial 
bentonite component. The presence of bentonite in the Fernie Formation 
has been reported at a number of localities throughout the Fernie basin 
(Newmarch, 1953; MacDonald, 1985). To the north of this locality, in the 
Storm Creek area, the phosphorite bed thins to 1 metre with a phosphate 
content of only 14.0 per cent P&e;. Here, the phosphorite is badly 
weathered and contains 2 to 3 per cent’limonite. Further to the north, 
west of Hunger Lake, the phosphorite is at least 1 metre thick, but the 
grade is approximately 29 per cent PsOS. 

Phosphate is located both above and below the MacDonald thrust 
fault. Below the fault the phosphorite varies in thickness between 1 and 
2 metres and contains phosphate values from 18.4 to 27.5 per cent P&Z. 
Above the fault the phosphorite is 1 netre thick with a grade of 9.51 per 
cent PaOs. 

Work by First Nuclear Corp. Ltd. in the Burnham Creek area 
indicated the presence of phosphorite with grades in excess of 29 per 
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FERNIE FORMATION 0.7 
m Shole : block, phosphotic , ploty 

El Shale : brown, weakly phosphotic, highly crenuloted 

m Phosphorite : pelletol 

SULPHUR MOUNTAIN FORMATION 

El Dolomite 

FAULT - 0 I 2 3 4 

?7.1 % p205 
0.7 metres METRES 

Figure 35. Cross-section through trench on Zip property. 





Sample Latitude Longitude Age Formation Width p2°5 Cu Pb Zn 
Number (N) (WI (metres) (0) (ppm) @pm) (ppm) 

SBBB6-BA 
SBBS6-SB 
SBBS6-SC 
SBBS6-SE 
SBB86-8F 
SBBB6-BH 
SBSS6-SK 
SBB86-8L 
SBBB6-9A 
SBBS6-9B 
SBBB6-9C 
SBBS6-9D 
SBBS6-IOA 
SBBS6-IIA 
SBBS6-12 
BBBS6-13A 
SBBS6-13B 
SBBBb-13C 
SBBB6-14A 
SBBB6-148 
SBBS6-14C 
SBBS6-14D 
SBB86-ISA 
SBBB6-ISB 
SBBS6-15C 
SBBS6-15D 

49.27’40” 
49.27’40” 
49.27’40” 
49.27’40” 
49.27’40” 
49.27’40” 
49.27’40” 
49.27’40” 
49.32’02” 
49.32’02” 
49.32’02” 
49.32’02” 
49"31'40" 
49"31'50" 
49-5s'so" 
50*18’25” 
50'18'25" 
SO* 18'25" 
SO"l2'00" 
50"12'00" 
50*12'00" 
50'12'00" 
49.16'05" 
49"16'05" 
49"16'05" 
49"16'05" 

115"06'30" 
11S006'30" 
llS"06'30" 
llS"06'30" 
115"06'30" 
llS"06'30" 
llS"06'30" 
llS"06'30" 
115"04'55" 
115"04'55" 
115"04'55" 
115"04'55" 
115"10'40" 
115"10"45" 
114"4B'40" 
114"56'05" 
114"56'05" 
114"56'05" 
115"00'00" 
115"00'00" 
115"00'00" 
115"00'00" 
114"36'00" 
114*36'00" 
114"36'00" 
114*36'00" 

PerllIiSll Johnson Canyon 0.90 1.53 6 12 159 
PerrmiSn Johnsun Canyon 0.50 1.65 13 25 300 
Permian Johnson Canyon 0.60 1.04 11 64 330 
Permian Ranger Canyon 0.50 0.64 43 14 366 
PeISliSn Ranger canyon 0.50 0.19 17 14 IS6 
Pelmian Ranger Canyon 0.30 0.08 6 12 133 
Permian Ranger Canyon 0.50 13.3 12 11 24 
Permian Ranger Canyon 0.70 2.38 5 S 24 
Permian Ranger Canyon 1.00 1.77 9 24 59 
Permian Ranger Canyon 1.00 0.92 6 11 54 
Fermian Ranger Canyon 1.00 0.29 11 13 10s 
Permian Ranger Canyon 1.00 0.35 10 9 120 
Jurassic Fernie grab 13.2 28 17 117 
JU-SSSiC Fernie grab 15.4 25 20 69 
JurSssiC Fernie grab 0.10 36 20 24 
JUrSSSiC Fernie 0.35 7.43 26 14 39 
JlXSSSiC Fernie 1.50 21.7 46 19 60 
JUrSSSiC Fernie 1.00 29.4 35 20 72 
Jurassic Fernie 1.04 11.8 31 14 77 
J~assic Fernie 0.65 1.48 28 15 66 
Jurassic Fernie 0.85 1.79 28 10 60 
JUXLtMiC Fernie 1.00 0.16 54 17 7s 
JurSSSiC Fernie 0.70 23.9 43 23 108 
Jurassic Fernie 0.60 0.52 87 21 132 
Jurassic Fernie 1.30 8.46 31 13 103 
Jurassic Fernie 0.70 27.1 40 27 121 

' Analyses done by XRF 
Error 2 1% Absolute for values 

Remaining samples analyzed by volumetric method 



Sample 
Nmh?x 

Latitude IPngitude 
(N) (WI 

Age Formation Width P*O&j cu Pb zn 
(metres) (a) (Ppn) (ppn) (ppm) 

SSBS6-27A 
SBBS6-27B 
SBBS6-26 
SBBS6-29A 
SBBS6-30 
SBBSb-31A 
68886-3 1B 
SBBS6-3 1c 
SBBS6-3 10 
SBBS6-36A 
SBBS6-37A 
SBBS6-3SA 
BBBS6-3SB 
SBBB6-3SC 

2 
SBBS6-360 
SBBS6-40A 
SBBS6-4 1A 
SBti6-41B 
SBBS6-4 1C 
SBBS6-4 10 
SBBB6-42A 
68886-428 
SBBS6-43A 
SBBS6-44A 
SBELS6-47A 
SBBS6-478 
SBBS6-47C 
SBBS6-470 
SBSS6-47E 

49.06’20” 
49.06’20” 
49.05’03” 
50”07’00” 
49.39’ 05” 
49.39’ 10” 
49.39’ 10” 
49.39’ 10” 
49.39’ 10” 
49.27’ 30” 
49.27’ 10” 
49.06’40” 
49.06’40” 
49.06’40” 
49.06’40” 
49.09’30” 
49*09’00” 
49.09’ 00” 
49.09’00” 
49.09’00” 
49.09’30” 
49.09’ 30” 
49*05’20” 
49*05’05” 
49.06’20” 
49.06’20” 
49.06’20” 
49*06’20” 
49.06’ 20” 

114.40’45” 
114”40’45” 
114.39’30” 
114’45’30” 
114*44’00” 
114.44’00” 
114.44’00” 
114.44’00” 
114”44’00” 
114.41’40” 
114”41’50” 
114”40’45” 
114”40’45” 
114.40’45” 
114.40’45” 
114°46’00” 
114”46’20” 
114”46’20” 
114”46’20” 
114”46’20” 
114.46’ 15” 
114.46’ 15” 
114”36’05” 
114”39’20” 
114”42’45” 
114”42’45” 
114”42’45” 
114”42’45” 
114”42’45” 

Fermian Ranger canyon 1.00 
Permian Ranger Canyon 1.00 
Jurassic Pertlie 2.00 
Permian 7 grab 
Jurassic Fernie grab 
JWassiC Fernie 1.00 
Jurassic Fernie 1.00 
Jurassic Fernie 0.60 
Jurassic Fernie 2.00 
Permian Johnson Canyon grab 
Jurassic Fernie 0.60 
Jurassic Fernie 1 .oo 
Jurassic Fernie 0.20 
Jurassic Fernie 0.60 
Jurassic Fernie 1.50 
Jurassic Fernie 1.20 
Femafan Johnson Canyon 1.00 
Permian Johnson Canyon 1.00 
Permian Johnson Canyon 1.50 
Permian Johnson Canyon 1.50 
Jurassic Fernie 1.00 
JUrsssiC Fernie 1 .oo 
Jurassic Fernie 1 .oo 
Jurassic Fernie 1.00 
Jurassic Fernie 1.00 
JuraSsic Fernie 1.00 
Jurassic Fernie 1.00 
Jurassic Fernie 1 .oo 
Jurassic Fernie 1.00 

l Analyses done by XRF 
Error + Absolute for values 

Remaining samples analyzed by volumetric method 

1.1 l 10 8 16 
1.3 l 14 7 33 

13.7 64 22 195 
2.1” 7 15 24 
0.4 l 13 31 525 

23.6 38 20 714 
6.6 35 15 140 
7.9 32 20 80 
0.4 l 46 26 246 
1.7” 5 6 24 

22.4 45 22 144 
16.0 37 25 204 

2.4 l 65 20 585 
9.99 250 41 1500 
0.3 l 73 23 204 

15.7 28 13 134 
1.6. 4 10 47 
0.3 l 5 109 65 
1.1’ 6 9 114 
1.8’ 4 10 140 

18.4 28 11 91 
18.6 25 23 62 
22.2 40 20 175 
27.5 31 16 110 

9.51 46 14 141 
0.4 l 61 16 91 
0.4 l 62 34 167 
0.2 l 54 16 189 
0.4 l 59 14 257 



Sample Latitude Longitude Age Formation Width P*O5 cu Pb Zn 
Number (N) (WI (metres) (%) (p&ml) (ppm) (ppm) 

SBBSG65A 
SBBBG66A 
SBBS6-70A 
SBBS6-70B 
SBBS6-70C 
SBBB6-70D 
SBBB6-70E 
SBBB6-71A 
SBBS6-71B 
SBBB6-72A 
SBBB6-73A 
SBB86-74A 
SBBS6-76A 
SBBB6-76B 
SBBS6-76C 
SBBB6-76D 
SBBS6-76E 
SBBS6-76F 
SBBS6-77A 
SBB86-77B 
SBBS6-77C 
SBB86-77D 
SBB86-77E 
SBBS6-7SA 
SBBB6-79A 
SBBB6-79B 

50’19’20” 
49048’05” 
49~58’00” 
49058’ 00” 
49058’00” 
49-5s’ 00” 
49~58~00” 
49039’ 10” 
49039’ 10” 
49’44’25” 
49044’20” 
49O 36’ 05” 
49019’50” 
49019’50” 
49019’50” 
490 19’ 50” 
49019’50” 
490 19’50” 
49037’20” 
49037’20” 
49037’20” 
49037’20” 
49037’20” 
49051’45” 
49051’ 50” 
49051’50” 

115~02’50” 
115~03’00” 
114~48’10’ 
114048 10” 
114048’ 10” 
114048 10” 
114@48’ 10” 
114°42’30” 
114°42’30” 
1 15°02’50” 
115*03’00” 
115004’30” 
114057’00” 
114~57’00” 
114057’00” 
114057’ 00” 
114~57’00” 
114Q57’00” 

Permian 
Permian 
Jurassic 
Jurassic 
Jurassic 
JllrdSSiC 
Jurassic 
Fermian 
Permian 
Permian 
Permian 
Jurassic 
Jurassic 
Jurassic 
Jurassic 
Jurassic 
JurasSiC 
Jurassic 

Ranger canyon 
Telford 
Fernie 
Fernie 
Fernie 
Fernie 
Ferllie 

Ross Creek 
ROSS Creek 
F.%Yli.=Z 
Fernie 
Fernie 
Fernie 
Fernie 
F.Z?rllie 
Fernie 

1 .oo 
grab 
1 .oo 
1.00 
0.90 
1.00 
1.00 

grab 
grab 
0.90 

grab 
0.50 
1.00 
1.00 
0.30 
1.00 
1 .oo 
0.80 

114°39’30” Mississippian Exshaw 0.50 
114O39’30 Mississippian Exshaw 0.90 
114°39’30’ Mississippian Exshaw 0.70 
114°39’30” Mississippian Exshaw 0.50 
114°39’30” Mississippian Exshaw 1.50 
114059’50” Permian Ross Creek grab 
114059’55” Permian Johnson Canyon 1.00 
114059’55’ Permian Johnson Canyon 0.50 

3.0’ 8 9 55 
11.4 6 9 19 
23.2 73 16 272 
22.7 50 17 165 
13.4 53 *1 137 

5.45 61 14 141 
3.56 38 8 144 

14.5 6 7 54 
25.7 5 11 132 

0.9 l 16 10 195 
0.5 * 34 11 428 

21.5 40 11 136 
<O.l l 10 20 58 
(0.1 l 10 20 56 
<O.l * 14 22 59 
<O.l l 13 22 60 
<O.l l 11 20 60 

0.5 * 9 20 55 
0.7 * 85 22 533 
0.2 l 50 18 340 
0.9 l 24 10 59 
0.8 * 30 10 78 
3.6 * 58 12 236 
0.1 l 24 12 43 

21.2 9 12 54 
1.5’ 6 12 31 

l Analyses done by XRF 
Error + 1% Absolute for values 

Remaining samples analyzed by volumetric method 



OarpIe 
No. 

Liz 
SBBB6-3 
SBBBb-4 
SBBBb-6 
SBBBb-BJ 
SBBBb-13D 
SBBBb-17 

0‘ SBBBb-40 
SBBBb-41 
SBBBb-57 
58086-62 
SBB86-70 
SBBBb-71 

RPPENDIX 3. WDLE ROCK AND TRACE ELENENT ANALYSES 

Btrrtiprrphic Location SiO 
l2 

CaO P 0 
5” 

II 0 
s3 

F? 0 
Unit % zr3 

Na 0 
x2 

NqO 
K20 1 

TiO 
x 2 

IlnO 
2 2 

Fernie 
Fernie 
Fernie 
Fernie 
Ishbel 
Fnnie 
Irhbel 
Fernie 
irhbel 
lshbel 
Ishhbel 
fernie 
Ishbel 

SBBBb-7911! Ishbel 
SBBBb-B4 Ishbel 

Lizard 10.16 47.78 24.71 1.04 0.25 0.62 0.65 0.05 0.04 0.02 1.93 O.OB 0.29 14.09 
Highway 3 16.49 43.13 27.28 1.91 0.29 0.43 !.3B 0.34 0.09 0.02 1.5B 0.13 0.29 8.68 
Crow 19.64 41.07 22.33 1.90 0.34 0.40 1.47 0.33 0.09 0.03 1.83 0.17 0.44 11.97 
Fording River !6.66 39.29 13.41 1.99 0.44 0.44 0.94 0.20 0.08 0.93 2.92 0.25 0.30 21.15 
Fernie Ski Hill 59.59 20.47 14.63 1.62 0.31 0.15 0.27 0.Z 0.13 0.01 1.40 0.15 0.25 1.69 
Rbby Ridge 35.06 34.11 23.19 1.69 0.42 0.39 6.43 0.38 0.07 0.02 1.47 0.11 0.42 4.71 
Ht. Broadwood 79.14 5.57 1.65 1.99 0.55 0.17 2.63 0.70 O.lB 0.02 3.38 3.13 0.23 6.70 
Cabin Creek 74.65 10.22 7.29 2.49 l.lB 0.22 0.32 0.B7 0.41 0.03 1.40 0.55 0.20 2.04 
Cabin Creek 66.16 B.95 2.70 3.64 0.72 0.06 4.44 1.47 0.31 0.04 3.31 3.26 0.19 LO.38 
Yeipert Creek lb.BB 43.65 14.71 1.57 0.25 0.31 0.66 0.!5 0.06 0.04 2.96 0.17 0.24 21.26 
Fwsyth Creek 61.92 12.85 3.21 1.48 0.69 0.05 5.83 0.47 0.11 0.13 4.00 2.49 0.32 13.07 
Line Creek 20.51 38.33 28.43 3.59 0.88 0.31 0.58 1.30 0.19 0.02 1.35 0.18 0.80 5.37 
Cromest Pa65 64.18 20.49 14.41 0.66 0.33 0.14 0.23 0.19 0.07 0.02 1.42 0.08 0.17 1.44 
Nordstrw Creek 37.41 33.90 24.59 1.50 0.76 0.35 0.34 0.48 0.11 0.01 1.38 0.11 0.21 1.77 
HacDonald Fault 30.83 28.48 0.44 4.BO 1.41 0.45 1.16 0.84 0.18 0.03 64.72 6.14 0.39 26.13 



APPENDIX 4 

DEFINITION OF PETROLOGIC& TERMINOLOSY USED IN THIS REPORT 

Pellet.: 

Nodule: 

Oolite: 

Nut 1 eat ed 
pellet: 

Encased 
pellet: 

1ntrac1ast: 

Conpac t ed 
texture: 

Semidispersed 
texture: 

Dispersed 
texture: 

Phosphate grain less than or equal to 2.0 millimetres in 
size. 

Phosphate grain greater than or equal to 2.0 centinetres 
in size. 

Pellets that contain concentric structures. 

Pellet that has centre of non-phosphatic material with a 
diameter of less than one-half the minimum diameter of 
the pellet. 

Pellet with core-diameter equal to or greater than one- 
half of the minimum diameter of the pellet. 

Reworked fragment of a contemporary sediment of the same 
depositional basin. 

Texture in which more than one-half of the fluorapatite 
occurs as pellets that are mostly adjoining. 

Texture in which one-half of the fluorapatite occurs as 
pellets that are only partially adjoining. 

Texture in which gangue is dominant or where greater than 
one-half of the fluorapatite occurs interstitially as 
pellets. 

Phosphate rock: Term applied to phosphate-bearing rock that is mined or 
mined and beneficiated and used as a raw material for the 
next stage of manufacturing. 

Phosphor i te: A deposit of phosphate rock of sedimentary origin, which 
is of economic interest. It is generally assumed that the 
rock contains a minimum of 18 per cent Pz05 or SO per 
cent apatite by volume. For purposes of this report ther 
term phosphorite is applied to those rocks having a 
pelletal texture and containing greater than 7 per cent 
PZOS. 

Bone Phosphate Expression of the calcium phosphate content of phosphate 
of Lime (BPL): rock. 

Phosphatic Rock with arenite grain size that contains less than 5 
sandstone: per cent PdoJ. 

Phosphatic Rock with rudite grain size that contains less than 5 per 
shale: cent P20s. 
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