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SUMMARY 

The Fernie Phosphorite Project consists of three properties totaling 48 IIII~~S. Tile setli~~w~~- 
tary phospborite properties lie in the Jurassic Fernie Basin. in the For1 Slrrlr Millill< Divisioll 
of southraslrrn BI-itish Columbia. 

The melallul-:+g of the Fernie phosphorites is not conducive to the ~IWSCIII sl;uldal-d betrli- 
ciation techniques of grinding and flotation. Recent bench scale testing of a ~ww p~occss. tiil-erl 
leaching of raw phosphate rock, has met with considerable success and ~ilay ~I’OVC to be a),- 
Iplicnble to thr Frmie phosphorites. 

Exploration in 1996 consisted of staking and prospecting across the 48 tillits over a 6 day 
period. The prospecting consisted primarily of checking locations of rxislillg oulcrops and 
Irenches from earlier mapping and scouting locations for the planned Irenchit~g program lo 
obtain metallurgiral samples. Exisling data was compiled into a complrlr 1wp(lr1 wit11 mineral 
resources esiimntes calculated. 

Phase I Property acquisition 
Phase II Trenching and metallurgical testing 
Phase Ill Rotm drilling 

Total Budget 

$10.097 
$45.678 

$281.785 
-------- -------- 
$337.560 

A staged three phase exploration program is recommended for lhe Frt.rlle phosphorilc 
project. Phase I will consist of additional staking to bring the property basr IO a minimum 01 
I IO units. Phase II is a program of backhoe trenching to obtain sufficient phosphorite matrl-ial 
to conducl a series of bench scale leaching tests. Phase 111 will consist of i2.000 feel (3.660 
metres) of rolar\; drilling to firm up and expand mineral resource eslilm\irs. Ttlr lotal cost 01 
Ihe this three phase program is estimated at $337.560. 

The cost of lhe 1996 exploration program was $8,395 and has been appol-liolled across Ihe 
4 claim groups for assessment credits. 



LIST OF FIGURES 

I. Property Localions.. ......................................................................................................... IO 
2. Femie Group Distribution.. .............................................................................................. I2 
3. Barnes Lake Claim Locations.. ........................................................................................ 15 
4. Barnes Lake Geolo&y.. ................................................................................. .................... I7 
5. Cabin Creek Claim Locations .......................................................................................... .20 
6. Cabin Creek Geology ................................................................................ ,, ................. 22 
7. Hunger Lake Claim Locations ......................................................................................... .26 
8. Hl~n@-r Lake Gcolo~ ....................................................................................................... 28 



-4. 

INTRODUCTION 

The Frrnie PhosQhorite Project was initiated after a library search of opc11 ititliwtrial mineral 
f,rojects. Thr Qhosphorites generated interest because of two key asptrls. Firsl. Canada inl- 
QOI-1s all of ils Qhosphate. Western Canada imports its phosphate 1‘1-0111 ihv Ullitrd Slalcs. 
I,rrtlonlinnnlI\~ the western United Stales. Second. these United Stales wsc~vcs ;~w bring raQitl- 
1~ drplcletl. Iznrlin~ lo an anlicipated phosphate resource shortfall by tlic, 1111~11 /II (II? rew III:‘, 

Over 5350.000 in prior exploration has been expended on the ~!‘op1’1’1 its uf the Fernie 
PhosQhorile PI-odert. These programs included: mapping, sampling. IIYIIKI I w~~(~hir~g. backlloe 
II-enchirlf and tit-illing. 

197us 1980’S 1990 
Expenditures Expenditures Expenditures 

Barr1es Lake $31.166 * $18,266 
Cabin Creek $2 1,485 
Hunger Lalie $32,227 
Cabin and Hunger ,** 525,121 $263,644 

* Dntn (hpnw cosls) is only available after 1975, though program started in I ?%!I. 
** Dllrill,@ lhese programs both properties were unlted and costs were not separ:~!r(l 

Initial melnilurgical testing of the Fernie phosphorites has yielded 1,001’ wroveries utilizing 
thr standard beneficialion techniques for phosphorites. Recenl laboraloiy ;~rld henct~ scale 
tests utilizing a vat leaching process appears to be more suited to the 01-c i~ntl gallgue suite 01 
the Fernie Basin phosphorites. 

These ne\v metallurgical developments, combined with the previous e~~Ior;~lion rrs111ts and 
the preliminary mineral resource make the Femie Phosphorite Project an al I I-XI ive exploration 
projw1. 

The J~tmssic Fernie basin lies in the southeastern corner of British Coll!nlbia. within the 
For-l Steele Mining Division. The area of the basin is bounded by the Albrl-i;l Ixwder to the east 
and highways 3 and 43 to the west. The basin disappears to the north of I hr International 
Border Lo thr sorllh and disappears north of Elkford to the north 

The area is serviced by the towns of Elkford in the north. Sparwood II) llw wntrr and Fernie 
in the sollth. A my]-iad of logging roads provide access to much of the basin. 
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GENERAL INFORMATION ON THE PHOSPHATE INDIJSI‘II~’ 

Phosl~ho~-us is present in the earths crust in concentrations averaging 0. IO 10 0. I2 percent 
and is the ele~enlh element in order of crustal abundance. Phosphate is coiiwnlraled in thy-ee 
maiu envirorlnwnts: marine sediments deposited in mid-paleolatitudes willltll IWSI riclrd basins 
\vhrrc Ihrl-r IS ilpwrlling of cold currents from great depths; in basic and ~illrahasic nlkalilrr 
icneous Irocks: and in deposits of guano. Marine sedimentary ores accotI!II 111~ approxilnalely 
SO prrcent 01 (II? wol-Ids phosphate reserves. igneous deposits for arotll1l:l IS 11~wr111 :IIKI llrr 
rrrrii;lirli~lg 2 pr~wrnl from guano deposits (Krauss et al, 1984: Russell. I <IS71 

Setlinwnla~y phosphate ores are commonly referred to as phosphal-ilvs. Tllry i~a!-e II”IKI~- 
wr-ipl. wlli(e 10 dark greyish-brown lo black. shaley to sandy rocks and call (~‘olllilitl SII-IICI~W- 
lrss pellets or have a nodular texture. A bluish-grey “phosphate bloon” III;I~ IIC present on 
\\ealheI-rd sul-lhces. 

Deposits are mined which contain between 4 and 38 percent P,O,. III nlwl cases. ores 
Inlined are brneCiciated to produce a phosphate concentrate which is often I-rlrrred lo commer- 
cially as phosphate rock. Phosphale concentrates commonly contain 29 lo 40 percenl P,O,. 
The phosl~horo~~s content of ores and concentrates is often referred I”. irl ihe industry. as 
“bone phosphate of lime” (BPL) or “tricalcium phosphate” (TCP). which ~-vlt:~-s IO lhe apatitr 
content or Cn..(P,O,,), rather than the weight percent P,O, (Christie, 1978: ICrauss CI al. 1984). 
<:on\,ersion b$iwern the various expressions is as Collows: 

P 

1.0 
0.4364 
0.1997 

PPS 

2.2914 
1.0 
0.4576 

BPL (or TCPI 

5.0072 
2.1852 
1.0 

Mining 
Nearly 88 percent ol the phosphate rock produced in market economy couillries is recov- 

ered by surface mining techniques. with strip mining and “pen pit mining 111,: mosl rommonly 
rlsecl lechniq~~es. Commonly, between 2 and 7 tonnes of overburden and WWT are moved per 
tonne oi ore mined. Run-of-mine ore production capacity is 0.6 to I .O Iilillion tonnes per 
annum in small operations. 1 to 8 million tonnes per annum in medium-sizctl operations ~ancl 8 
lo 25 million lonnes per annum in large operations. In almost all raw% III? run-or-mine 
phosphate nlaterial has Lo be beneficiated. The basic beneficialion melhods <awployed are six- 
ing. washing. Ilotation. calcining. and calcining with leaching. A phosphalr brtwlicialion plan1 
may use one or more or these techniques to produce a marketable prodlwl IF;wlel et al. 1984: 
ICrauss et al. 19841. 

Loralion Tw 

\\‘esleI-Ir U.S. Open pit 
\vesierrt U.S. Underground 
Flol-ida Open pit 
T?nnessee Open pit 

Overburden 
Thickness 

510 10m 

3 to 10m 

OR 
Thickness 

9 LO 18 Ill 
1 to 1.2 I,, 
3 to 8 111 
0.6 lo I .2 II: 

Grade 
P,% 

2 I .3% 
31% 

7% 
I 696 
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Phosphale rock mined in the western United States (Idaho. Montana. Wyoming. Ulah) is 
fro111 the Retort and Meade Peak members of the Permian Phosphoria Fonlr;tliun The majorily 
of lnines are s(t-il) mining operations with ore zones ranging from 9 Lo 18 IIWII’CS Illirk. with an 
;i~r~-age 21.ndc 01’ 2 I .3 percent P,O,? and over 400 ppm yttrium. Ovrl-bili-~lrll Ihickness is 
co~~~monly 5 10 IO metres (Fantel at al. 1984). Cominco American Opel-airs :)II llntlergrolind 
phosphate milw in Montana in which the phosphate horizon is I to I, ‘2 III~II’VS Ihk,k and hns 
~)II avei-k~ge g~-;ltk of >3 I percent P,O,. 

Phosplules Inined in Florida and South Carolina are from the Mioretw t~i:~lwlllorne FOI-tm- 
(ioll and (he yoi~nger. reworked deposits of the Bone Valley Formation. 01-r I Ili<~krwsses range 
from 3 lo 8 rne~res. with overburden of 3 to 10 metres. Average grade is 7 pc~-cw~~ P,O,. Flota- 
tion processes are used to beneficiate the ores. Phosphates mined in Trnnrssrr have a mini- 
1mum cuioif 21.ade of 16 to 17.2 percent P,O, and a minimum thickness ~1 0.6 lo I .2 metres. 
(Fat~lel el al. 1’)841. 

Milling 
The purposr of beneficiation is to raise the P,O, level to commercial standards (30 to 37 

percent P,O,) and lo reduce the proportion of carbonate. iron and alumina oxides, organic 
InxNel- or LI-acr elements. Most phosphate rock requires some beneficialion pl-io!- lo shipment Leo 
processing planls. hence the mineralogical and chemical characteristics of llle deposits are 
impolianl. 

Acid grade phosphate rock 
Furnace grade phosphate rock 
Beneficiation grade phosphate rock 

+3 I “h P, 0. 
24% lo 3 Ioh P,lO:’ 
18% to 24”1, P:O; 

Phosphale rock produced in the western U.S. is classified as acid ol- frr-I iliwr grade. more 
than 3 I lxrcet~l P,O,: furnace grade 24 to 31 percent P,O,: and beneficialion grade. 18 to 24 
percent P,O,. Acid-grade rock is used directly in fertilizer plants. furnace-grade trock is charged 
10 rlectric fut-naces and beneficiation-grade rock is upgraded to acid-gradr or fllrnace feed. 
Most western U.S. phosphate ore is beneficiated by crushing, washing. classifying and drying 
(Stowasser. 19851. 

Processing 
The fig-st slep in the processing of phosphate rock into fertilizers is prodllcing phosphor-ic 

acid. This is done by either the “dly” or “wet” process. In the dry process. phosphale rock is 
roasted to elemental phosphorous. The phosphorous is then oxidized to prodrIce P,O, and 
finally absorbed in water to yield H,PO,. This process produces a velv high quality acid. 
however. the high cost usually precludes it as the most favored method in Illakirly[ fertilizers. 

The wet process involves acidifying raw phosphate rock (finely grollnd 10 200 mesh sieve 
size) with a strong acid as sulphuric, nitric, phosphoric or hydrochloric. Sulphuric acid is 
favored in weslern Canada because of its low cost, high availability and Iwcr corrosiveness. 
The resulting crystallized gypsum (CaSO,) is removed and the “Filter Acid” (26’!/0 to 30% P,O,) 
is evaporated llnder vacuum to produce concentrated “plant phosphoric ~witl” (40% Lo 44% 
P,O,) or high?!- grade “commercial” or “merchanl” grade acid (45% to 54% F’,O,,l. Plant phos- 
phoric acid is then transferred to the fertilizer production units where van’irlg arnounl~s of 
ammonia arr added. The final step is the formation of uniform size gramllrs. and the drying 01 
ihe granules. The over-all production of ammonium phosphate fertilizers by ilw wet process is 
nbnul 88% lo !)2% efficient in recovering the available P,O, in the raw phosphalr rock. 
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Filter grade phosphoric acid 26% Lo 30% P,O, 
Plant grade phosphoric acid 40% IO 44(!/? P, 0 
Merchant grade phosphoric acid 45% IO 54% F’:Oz 

MOST commercial fertilizer plants use a wet acidulation method in Ihr inilial slap of l’erliliz- 
VI- produclion. Phosphate rock is treated wilh sulphuric acid to produce ~~l~nsphoric acid and 
<ypsum [CaSO ) as a waste product. A high calcium carbonate contenl ill 111~ l~lwsphale I-ock 
~~lcreases the consumption of sulphuric acid while magnesium render-s III? phosphor-ic acid 
tlnacceptably viscous. Elevated concentrations of organic matter are also ~t~~tlesirable (but can 
be removetl by calcining). as are trace elements such as cadmium, lead, ~nrr-ct!ry. arsenic and 
cl~~-o~~~iun~ (Bulrenchuk. 1987; Krauss et al, 1984). 

Phosphate rock lo be used in fertilizer plants must meet the following sprcil’icalions: 

-> P,O, conlenl : 27 to 42 percent 
-> CaO:P,O, ratio: 1.32 to 1.60 for apatite 
-’ %Q:.+Fe,Q::- < 0.1 ,optimu1n “due) 

P,O, 
-> MgO tolerance is approximately 1.0 percent 
-> Cl: < 0.2 percent 
-> BPL:MgO rnlio : 170 or higher 
-> BPL:(AI,O,, + Fe,O,, ratio : > 20 
-> BPL:CaO mtio : > 1.5 

BPL = Bone phosphate of lime = (2.1852 * percent P,O,) 

The wet acidl!lation fertilizer production process involves: 

skrting materials: 3.5 tonnes of phosphate concentrate 
1 tonne of sulphur or, 
3 tonnes of sulphuric acid (H,SO,) 

Producls 1 tonne of P,O, in the form of H,PO, 
5.5 tonnes of hydrated calcium sulfate (phospho~ypstlml 

<81 kg of fluorine as HF or 
102.5 kg of H,SiF, of which 36 kg are recoverable 

The phosphogypsum is generally considered a waste product as it cannot rompele with 
other commercial sources of gypsum due to its fine grain size and n~~nw~-n!!s impllrities 
(Krauss et al. I984). 

In North Carolina. phosphogypsum has been mixed with flocculaled co,lloidal clays pro- 
duced in washing plants and used to backfill mined out excavations: research is also underway 
to determine if it could be used as a compacted sub-base for highways. secondary roads and 

b 
parking lots. The economics of calcining phosphogypsum to produce a cemwll -type clinker and 
sulphur dioxide. from which elemental sulphur could be recovered, are also being examined 
(Stowasser. ! 988). 
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End Products 
Four main products are produced from phosphate rock: elemental pl~ospl~~m~~~c. phosphoric 

acid. phosphatic fertilizers and phosphate chemicals. The majority of phw+pl~alr ores mined 
(approximately 90%) is used in the production of fertilizers: some also gors i11lo 111~ production 
of detergents. atlimal feed supplements. food preservatives, water trealmelli sllbslances. anti- 
c~~wxion agrnts. cosmetics and fungicides: and minor amounts are used it1 111r nwlallur~r and 
crwmics indusll-ies. 

In rvester~l Cm~ada. phosphoric acid is produced at three plants: Comirw~ LIII al Tl-ail. B.C.: 
Esso Chemical Canada at Redwater. Alberta and Sherritt Gordon Minrs Lilliilrtl at FOI-1 Sas- 
kalchewan. Alberta. Most of the product is used in the manufacture of Irt-lilizrrs. wilh a minor 
amount used Lo produce calcium phosphate. Phosphate fertilizers produce(l ill-e lnainly 01’ the 
diammonium phosphate (DAP) and monoammonium phosphate (MAP) varirlirs. 

World Supply 
The principle world phosphate producing countries over the last five years were the United 

Stales. China. Morocco and the former U.S.S.R. Jordan. Tunisia. Israel. Sol1111 AfIrica. Senegal, 
and Togo also produce significant volumes of phosphate rock. 

Phosphate Rock World Production (thousand tons) by Counl ry 
From: Cantrell (1995) 

tiniled Slates 
China 
~Morocco 
Former U.S.S.R, 
Jar-dan 
Tunisia 
Israel 
SOII~II Alrica 
Senegal 
7‘0~0 

Remainder- 

To(als 

1990 1991 1992 I993 1994 

46.300 48.100 47,000 35.500 41.100 
2 1.600 22,000 23.000 24.000 24,000 
2 1,400 17,900 19.100 I ti.:SJO I8.000 
36,800 28.400 18.500 13.400 1 1,000 

6,080 4.430 4.300 3.570 3.500 
6.260 6.350 6.400 5.500 5.500 
3,520 3,370 3,600 3.590 3.600 
3,170 3,180 3,080 2.470 2.880 
2.150 1,740 2,280 I.670 1.600 
2.310 2,970 2,080 I.750 1.800 

12.410 11,560 8,060 I I.250 I 1,020 

162,000 150.000 141.000 I2 I .wu 124,000 

More than 50 percent of the phosphate rock produced in the United Slates is exportecl. 
placing it second lo Morocco in exporting countries. Other important exporting countries are: 
Israel. Jordan. the former U.S.S.R.. the Pacific Islands, and west Africa. Asi;~. western Europe. 
Lalin America. Oceania and Canada were the major phosphate importing re$ons of the world. 

Although Canada has substantial phosphate deposits, none are near pro(l~wl ion. Therefore, 
Canada imports all of its phosphate rock. Most of these imports come ~IK~III Togo. which has 
recenllv supplanted the United States as the number one Canadian supplier. A large pm-lion of 

b : ,- : ‘: I\ e\lel n C anxia s phosphates are still imported from the western United Slalrs. 



Canada will likely continue to source phosphate rock outside the United Sl,al,es unless new 
so~~rces. either local or foreign, are found. Experts predict by the year 2000 lhe demand on 
U.S. phosphates will far exceed the capacity. This will also have an effrrl or1 Ilw ol,ller major 
ililport?rs of 1l.S. phosphate rock, Japan and Korea. 

Tllr price of phosphate rock showed a dramatic slump in the late 1970’5. IIII( llas subse- 
q~~vi~l ly slilhiliwd The present prices (f.o.b. Florida) are from Gurr ( ID!ifi): 

Localion December 1994 

Central Florida US$19.85-24.25/t 
US Gull. (68% BPL) Us$33.00-35.25/t 
CS Gulf 172% BF’L) US$38.80-41.90/t 
US \Vest (72% BPL) US$37.48/t 

Decei~ll,r~- I’195 

USW4.2526.45/t 
tiS535.25.37.50/l 
US$3J!J.70-44.10/l 
US$35.72/1 

After accounting for ship transport to Vancouver. followed by rail Lransporl Leo the Alberta 
planls. prices in Ihe range OC Cdn$70 to Cdn$80 (delivered to plant) co111d nlake Canadian 
deposits economic. (Barry. 19871. 

In 1986 the annual capacity of fertilizer plants in western Canada was 724.000 tonnes. of 

bv ,,’ which. the grealesl capacity was in Alberta. At present there is only a sin.$e la!-lilizer plant in 
Bnlish Columbia. operated by Cominco Limited at Trail. 

By-producls that may be recovered from the processing of phosphate rock include uranium. 
vatladium. Ilrlorine and rare earth elements. Uranium has the best poleniial 1’01. by-produc(~ 
recovery but is generally only recovered at a very few plants. Vanadiunl. ~vxtl 111 the iron and 
steel induslty. is the only metal currently being recovered as a by-producl of phosphate exlrac- 
Lion in the United Slates. Fluorine is used in the chemical. ceramics and slerl intluslries and in 
the Irefining of uranium ores. 

US$23.63 per kilogram 
US$4.05 per kilogram 
US$3.94 per kilogram 

cr 

A variety of ~-are earth metals and yttrium occur in sedimentary phospha~r drposils. includ- 
ing Ihe British Columbia deposits. Rare-earth growth in the United Stales is forrrast lo be less 
than 3 percent while in Japan demand for yttrium. lanthanum, C~I-~LIIII. rl11d ruropium is 
expected to increase at the rate of 13 percent compounded annually unLil lhr year 2000. The 
actual gr-owth rale for yttrium in Japan in the past few years has been 35 percent (King. 1986). 
Al the present lime world consumption for yttrium is growing at a rate of 10 10 I7 percent per 
ai~nwn In 199 1 the price of yttrium (99.99% purity) was US$23.63 per kilogram: the price for 
cr~-iunl was tiSs4.05 per kilogram. and the price for lanthanum was US$3.94 per kilogram 
(Caslor. 1994). Yttrium. lanthanum and cerium are used as dilutents in n~~(.lwr reactors. Rare 
ewlh elements are also used in magnetic materials, phosphors, neutron capl~~l’e applications. 
glass. ceranlics. and other uses (Castor, 1994). 
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REGIONAL GEOLOGY 
[Summarized from Butrenchuk, 1987; 1996) 

Soulheaslern British Columbia is characterized by a sequence of Devonian lo lower Juras- 
sic marine s~rala deposited in a miogeosyncline along the weslern edge of III? stable prolo- 
Sol-1 II luliericatl craton. Depositional environments for the different S?~II~‘IKVS val-ird CI-0111 
pl;llhr-Iml IO basinal. 

(‘i~~l~l)~.i;~tl to ~Mississippian strata, consisting of shallow-water carbonatv ;wx~nblages (11;~ 
pass \\~csiwa~l inlo deeper water. are predominantly limestone, shale and sillslone. Prnnsylva- 
rliati SII-ala wc~w deposited in a shallow marine environment, producing fill{. t,laslic and cnl-- 
IJOII;II~ iinils. Low energy, shoreline conditions characterized the Prrrili;irl. ilrpositing finr 
~~-nitwtl sa~~tls~one. sillstone, chert and minor shale. The end of the Periniall is mal-ketl by a 
maim tlllconionnity. 

Triassic sedimentation took place in a stable shelf environment, marked by bar and dellaic 
drposirs on lhe eastern limits of the shelf and widespread finer clastir sedimellls lo lhe west. 
The end of lhr Tt-iassic is also defined by a major unconformity. 

Moderately deep-water sedimentation, and minimal miogeosynclinal subsidence characl~eI-- 
ized the Ju~mssic. Deposition of widespread phosphorite and phosphalic shales carried 
Lhl-ot~ghout the lower Jurassic. especially at the base of the Femie Formalior~. willlin the Fwnie 
Basin. 

Non-marine Crelaceous strata containing extensive coal measures overlir lhr miogeosyncli- 
nal stratigraphy. 

w 
Thrusl I’arllting. with older rocks overriding younger rocks to the east is a common phe- 

nomenon of the eastern Rocky Mountains. Further complicating structu!-r. Ihe Fernie Basin 
has been folded in a doubly-plunging syncline. Several west-side-down no1-111al faulls cul t~he 
cc111 re of thr synclinorium. 

Fernie Formation 
Yllrium-rich phosphatic rocks occur in a number of stratigraphic inlr~~als within the 

miogeosyllcline: however, the thickest and most continuous phosphate horizon was developed 
al Ihe base of the Jurassic Femie Formation. The basal Fernie phosphalic .sll-ala ax-e generally 
one lo two metres thick, and contain unusually high concentrations of ytlriunl. 

The base of the Femie Group is marked by a persistent pelletal phosphorilr 11ori%on Ihat is 
I Lo 2 metres in thickness and generally contains greater than 15% P,O,. Grades in excess 01 
30% P,O, have been located. The horizon commonly consists of two pelletal phosphorile beds 
separated by a thin chocolate brown to black phosphatic shale bed. The hasal phosphorite 
rests either directly on Triassic strata or is separated from the underlyirl:! I-ocks by a thin 
phosphalic conglomerate. Phosphatic shales of variable thickness, ge~~erally less than 3 
melres. overlie the phosphorites. The top of this sequence is locally marked by a yellow-orange 
benlonile bed. 

The enlirr Tt-iassic / Jurassic sequence has been structurally defomwd. primwily by folding 
and IUII-USI faulling. This structural deformation is important as it can reslill ill considerable 
I hickening of lhr phosphorite horizon, either by thrusting one section of the 1101~idon directly on 
top of another or bv slumping during folding resulting in increased thirkrwssrs al (he nose of 

w -~ ,., ‘. ~-. lold~ Thr loltl~rrg van also bring larger areas of the horizon close to SIII-fwc. paralleling the 
topography. A combination of any or all of these phenomenon makes a11 rspecially nltractive 
,al-fJel. 
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REGIONAL EXPLORATION HISTORY 

w 

The explot~tion history of the Femie Basin began in the period 1925 10 I932 when Consoli- 
dated iLlil)illg and Smelting Company of Canada, Limited (later Cominco LLtl.) outlined various 
phusphalr hoi-ixons in the Devonian to Jurassic slraligraphic successiot~. antI defined Ihe 
il~-?as whicll olfrr-rtl lhe greatest economic potential. Exploration developnwrrl work waci higll- 
11<111ul 1,~ (IIT upvtling of three small exploratory underground mines. Blllk sampling and 
IlwlallllrgicaI ~c-sting attempted to idenlify a beneficiation method Lo upfi:‘.i~(lv ll~r phosphalr 
I-l,ck. willw!!1 siux~ss. Cominco obtained mining leases on the imporlanl slllwilqs of lhr linw 
(Krrmy. 19771. 

The rlrsl per-iod of exploration was again initiated by Cominco Ltd. ii1 r11r early Lo mid 
I96O’s. S?ve~-al of lhe phosphate leases were further explored to upgrade Cominco’s data base. 
Nr\v nlelall~l~-gical lechniques were utilized on bulk samples from some of Ihr Itx~sc and prelinl- 
inat>~ feasihilitv sli~dies were conducted on two of the leases. (Kenny, 1977). 

Thr r111irv hsin became active in Lhe late 1970’s through to earlier 1980’s. when Ihe explo- 
rralion IIIOV~XI I~~t-lher soulh as these areas became accessible through lhr conslruction 01 
logging roads. (:on~inco Ltd. located additional properties, conducting trrnrhing and drilling 
[prog~-ams. as well as further metallurgical testing (Kenny. 1978). 

Several other companies, including Imperial Oil Ltd. and First Nuclear. Corporation Ltd. 
were acLi1.e in (he southern section of the Fernie basin, conducting mapping. Lrenching ant1 
pc~~c~~ssion (II’ tiianlond drilling programs (Heffernan. 1978: Van Fraassrn. 1978: Harlley. 
19S2). Melall~~rgiral testing was undertaken on samples from the soulhe~-11 Frrnie Basin by 

b bolh lhe Fedrl-al Government (Hartman and Wyman, 1974) and induslry (Cal-tlrr. 1972). 

Formosa Resources Corporation explored several of the known showings in I he southern 
Fernie Basin tiut-in< 1989.1990 (Pelt. 1990a, 1990b. 199Oc). These p!-og~-ams consisted of 
n~apping ntltl harkhoe trenching. No metallurgical work was completed durirlg lhis program. 

The pt-ovincial geological survey has directed two recent programs al Lhc phosphate polen- 
[ial of thr Frrnie Basin, leading Lo two publications: Butrenchuk (19871 and Bull-enchuk 
(19961. These programs consisted of compilation of known data, supplelnenled by a fill-in 
mapping and sa~npling program. 

Tile exploration programs have shown there to be a considerable phosphate resource within 
thr Ft’tmie Basi~l. estimated by Butrenchuk (1996) at 340 million tons gl-adillg 15% Lo 20% 
P~,O.. 

The Ins1 htIt-dle Lo be overcome is metallurgy. On-going testing by Cominco Ltd.. supple- 
n~enled by 01 hrl-s has not yet reached the point where the phosphoriles GUI be Ixnefiriated lo 
produce a salvable concentrate. According to Butrenchuk I19961 the lasl Ilwtall~lrgical LesL~ing 
was Cominco Lltl.‘s. now over IO years old. 

Recent industry research has been directed at direct leaching of ~-aw phosphate rock. 
Recoveries Iranging from 98% on Phosphoria Formation phosphorite (Judd ~1 al. 1986) Lo 90% 
on Florida plwsphoriles (Wilemon and Scheiner. 1987) have been obtairwl. Habashi (1994) is 

tr, 
also conduclin:! learhing tests on the Florida phosphorites and has designrtl a preliminary 
bench scale 11oxv sheet. Direct leaching of the phosphorites also enhances lhr rare earL,h ele- 
nlenl rrrwrrirs (Habashi. 19941. a key consideration for the Femie phosphotxrs. 
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BARNES LAKE 

The Bat-tars Lakr phosphate occurrence lies within the basal Fernie Folnrlalion phosphor-ile 
krd This ;i!w;l !V;IS first explored in the late 1960’s. Two claim groups (lolalling I8 11ni1s) wwe 
~laktl to CDWI~ I IIC kry areas of the occurrence. The claims lie on sheet 082(;/07E. 

Ciilllll Snme Record Numbers 

\I(‘ :: I-#6 348594-348599 
HLi’l-ii12 348582-348593 

Location and Access 
The Ba~ulrs Lakr phosphate occurrence is located in the Fort Steele Mining Division. ap- 

p~-oxi~na~rly :32 kilonletres south of Sparwood and 27 kilometres east of Fr~wiv The Flalheatl 
For-es1 Scr7.icc Road provides access to the northern section of the properly. Recent flooding 
has washed (1111 lhr Michel Creek bridge, requiring minor repairs to complclr a ford or level 
cl-ossing of lhe cl-wk. As well. two areas of the exploration road on I,he wrsl side of Michel 
C~-wk will rrqlliw some repairs to re-establish four wheel drive access lo Ihr main showing 
a~was. r’t-vserllly. a iour wheel drive ATV could utilize the road as is. 

Elevations ill Lhr area range from 1585 metres to 2255 metres. Stands of spruce and timber 
al-r present al IOWPI- elevations, while alpine terrain predominates as ?lewlion increase. The 
claims al-r treadily accessible from early July to mid-October. Water for dr-illirlg is available from 
numerolv+ wrrks al lower elevations, but likely only from Barnes Lakr ilwlf ill higher elevn- 
iions. 

Previous Exploration 
The Bat-nes Lake occurrence has undergone two periods of exploration. lhr Wrslern Warner 

Oils / Medtwo Exploration programs in the 1970’s and the Formosa Resot~rces Corporat,ion 
lprog~-am in I989 

The Wcslrrn \Varrler / Medesto programs have been poorly documenletl. Exploration activi- 
ty consisling of mapping. trenching, drilling and bulk testing were reported (I 968 Ministry 01 
Mines Annl~;~l Report. 1969 Lhrough Lo 1972 Ministry of Mines Geology. Exploration and 
Mining in BI-ilish Columbia: 1968 MMAR. 1969 GEM to 1972 GEM) bill docltmenlation is not 
avnilnblr rwr- is it in the public domain. 

The fit-St tloc~~mented program was a refraction seismic survey complrlrd in 1975. Four 
seismic linrs IVCI-e Irun. three on the west side of Michel Creek and one on lhr casl side over a 
strike length of 4.5 kilometres. Prior to the field testing of the conclusions. (he suwey was 
deemed 1~0 have located the phosphorite bed on each of the lines. [Dorian. 1975,). 
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Perclission and diamond drilling was undertaken in 1977 to test the phosl~horile to depth 
on two of lhr seismic lines. Neither of the drill holes reached the phosphor-ile l~orizon. the first 
not reaching brtlrork and lhe second falling short of the horizon. Thr dr-illing results cast 
ronsidernblr do11h1 on the conclusions of the 1975 seismic suwey. (Pelze~-. 1!1771, 

RV,,TtY1W Claims Program 

,968 MMAR ~1’.:?2.1 WW (no1 speclfled) 5 miles access I.“Xl 
WW (not specified) 642 feet (7 holes) rll-illiw 

I lx9 GEh, ,‘,‘.::!w::9’1 \w [no1 spec1lIed) 50 ft long bulldozel- lrrorh 
WW (not speclfiedl 1 mile of road cor,s,r,,c,ion 
WW (not specified) 756 feet (6 holes] diatlxond cl~illing 
PH (not specified) 2 drill holes (no Ibol:qrl 

I9iO GEM pl>.5O-l ww (1.40) 8 by 1600 ft trench 
ww 48, 57, 101 217 feet (3 holes) dl.illin< 

,971 GEM ,,,>.46%-16!) WW 46,48,50,102,104 1 mile of road 
WW46,48.50,102.104 20.400 ft trenchln~ 

w W 55,102 207 feet (2 holes) cI~-illli~i: 
PH 8,lO 2000 ft trenching 

,977. GEM ,1,,.(iO~i-605 W’W 102,104 280 kc1 (5 holes) drillitl,g 
PH 10 120 feel (2 holes) drillir~q 

A compilalion ~-t-port (Dales, 19781 described the 1978 drilling program and provided 
minimal Wails on I he programs completed during the early 1970’s. Dales I I9781 reported an 
earlier ~eserrc calculation of 288,000 tons of phosphate rock to a depth of 50 feet (I8 m) 
assuming a Ihickness of 3 feet (1 m) based on bulk testing and diamond drilling. 

Area Block 

Mineral Resource Tonnage Summary 
to 18 

m width % P,O, ppm Y m depth 

From Dalrs ( 1978) 1.00 27.00 “a 288.000 

Formosa Resources Corporation (Pell. 199Ocl explored the Barnes Lake phosphoriles in 
1990. Thq llndrt-look a program mapping, sampling, hand trenching and backhoe trenching, 
Eight backhoe lx-enches and two hand trenches were established along sit-ike on the west side 
of Nlichel C‘r-rrk. The trenching results. summarized below, confirmed lhr corllinuily of the 
~~hosphorilrs ~IIIII I hr continuity of grade along strike. substantiating thr rarlirr work compiled 

w 
I,!. Dales ( I!)78J, 
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Geology (summarized from PeU (199Oc)l 
The Barnes Lake occurrence is underlain by Permian through to JIIrassic slrala. The 

Permian Rangel- Canyon Formation rocks are medium to thick-bedded, CI-CLIIII 10 bun’ to lighl- 
grt-y wea~hel-ing. line-grained sandstones, siltstones and dolomitic sillslonrs. wilh while IO 
lighl grey I’rrsll sllrlnres. 

The Tt-iassic S~~l~hur Mountain Formation rocks are predominantly 1~1111’. yrllowish-brown 
and chocolale brown weathering. thin to medium bedded siltstones and shalely sillstones. 
Dark brown shale horizons with thin siltstone interlayers are common wilhin (he formalion. 
occrtrring conu~~only al the top of the formation. 

Qw Frrnir Gl.oup I-ocks are recessive weathering and poorly exposed. Where lhr base of the 
Fel-nie C.K~II~J is rxQosed. it is marked by a phosphorite horizon that is commonly 1. l-2. I 
metres thick. BIKWII and black shales commonly overlie the phospborilrs. The shales are 
overlain by black. brown and dark grey shales with interbedded buff IO OI-ang!r weathering 
dolos1or1w. 111111’. lirw-grained sandstones and light-grey limestones. 

The basal Qhosphorite horizon generally consists of poorly to well consolirlnlrd. gri(ty. pelle- 
lal QhosQllol-it? anti shalely phosphOrite capped by QhOSQhOrite shale. 

In 11,051 I I-enchrs. the phosphorite horizon overlies orange to yellow clays. or- inlerbedded 
b1111 to br-OWII Triassic shales and siltstones. The phosphorites are generally shalrly 1~0 pellel,al 
irl nalurr and (.xllil>il an increase in grade upseclion unlll a fairly pure ~l~os~l~orile (28% Lo 
32% P,O,) is developed. Commonly, the high-grade phosphorite is black. Qrllelal and overlain 
by increasingly shalely phosphorite and shale. Locally. phosphate nodules hosled in a pelletal 
QhosQhale IIGHI’~X are developed in the high grade beds. 

On the Barrles Lake claims, Lhe stratigraphically complete measured sections average 
22.53% P,O, and TO6 ppm yttrium across an average thickness of 1.43 melrrs. One incom- 
QlHe sec(lon conlalned an average of 30.5% P,O, and 777 ppm yttrium across 0.98 mel~res. 
The values ~rangrd lrom 2.66% P,O, and 98 ppm yttrium in shale layers within lhe Qhosphorile 
St-ction to 32IW0 P,O, and 1065 ppm yttrium in the phosphorite itself. 

The S~I-UCIU!-~ 01 the Barnes Lake area is dominated by a pair of north-~~orll~wesl. trending. 
~l~righl lo overli~rnrd anticlines and the intervening syncline which is cored it1 :he central and 

b 
norlhern Qax-t 01~ lhr Qroperly, by a thrust fault. Small backthrusts occ~~r along Ihe westerrl 
limb or Ihr ~~ISII~I-IIIII~S~ anticline and locally disrupt Qhosphatic slrala. 

Pell Il99Ocl identified an area, on the west limb of the easternmost anliclillr. where lhe dip 
01 the QlrosQl~ale bed and the hillside are roughly parallel. 



-19. 

CABtN CREEK 

The Cahill (‘l-rrk phosphate occurrences tie within the basal Femie Fort~v~l ion phosphorile 
but. Thrrc rlislillcl Ix~rlds or zones. represented by ~Lru~tural repeats have twf’rl identified. This 
a~wa was lit-st ~.xp/o~-ed in the late 1970’s. Three claim groups (totalling 16 \it~iis) were slaked to 
cover lhr hr!, :iiwils of the occurrence. The claims lie on sheet OSZC/OZE. 

(‘lililll Name Record Numbers 

c:c: c- I -#9 348600-348608 
c:c: *lo-#15 348609-348614 
DC: It I 348615 

Rr(wrd Dalr 

July I:$. 1996 
July 14. 1996 
J11ly 14. 1996 

Location and Access 
The Cabin (::I-rek phosphate occurrences are located in the Fort Sleek Milling Division, 

about 45 kilomel!-es southeast of the town of Fernie in southeastern BI-ilish Columbia. The 
claims are awrssibte by maintained then secondary logging roads with lhr Iwinlained logging 
t-oad leaving Higtlway 3 at the Morrissey Road turnoff. 

The actual rlaims lie on the north slope of Cabin Creek Valley, accessible via the Cabin 
Creek Form ry Road and its spurs. though the spurs are now cut by regtrtarly spaced water 
bar-s ox- ditches. rreqtliring a 4X4 vehicle for access. 

Elevations ~rang;r from 1675 metres to 2 135 metres. Large areas have ~rewnlty been clearcut: 
.grasses. small plants. fireweed and stumps characterize these areas. Unlogged parts of the 
claims hosl slands of spruce and fir. The properties are snow-covered Cram Illi& lo late- Octo- 
ber lo tat?May IO ewly-June. Water for drilling is available from creeks in the tower elevations, 
1~x11 signilicalll Irn<ihs of waterline may be required for drilling higher on ttlp Ilills. 

Previous Exploration 
Impel-ial Oil Limited (Van Fraassen. 1978) explored the Cabin Creek phosphoriles in 1977 

and 1978. Inllxriat Oil undertook a program of mapping, sampling and pcrc!wsion drilling. The 
sampling I-CSIIIIS ar-e summarized below. The percussion drilling results. based on a tot~at of 19 
t~oks. were ~mo!~. Sllbsequenl examination or the plots of the hole locations. sli-ongly suggests 
several of Ihe holes were collared in the footwall of the phosphorites. Onr inlersrction was 
ol)lainrrl: tlolv 2~3-78. 2 1.8% P,O, from 5.7 to 6.5 m&es depth. 

Firs1 N~wlrar Corporation Limited (Hartley. 19821 explored the Cabin Crrrk llhosphorites in 
I!18 I. ~~i~tle~-l;~krt~ a program of prospecting, mapping, hand-trenching and cat Irenching. The 
prospecting p,roal-am consisted of scintillometer survey to trace the surface projeclion of the 
phospboriles. ~~~iliz.ing the low-grade uranium content of the higher grade phosphorite. A t,otat 
of I2 lrericlws wcw excavated either by hand or by D7 cat to sample thr ptwsphorites at semi- 
regular irrtenxls along strike. Further exploration, consisting of seismic stlneys and drilling 
was wco~~~mr~~drd. 1x11 never followed through. 
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Formosa Rrsoi~rces Corporation (Pell. 1990a) explored the Cabin Crrrk phosphorites in 
1989. They llrltlel-took a program of mapping, sampling, hand trenching at~d backhoe Lrench- 
ing. Six hami lrrnches and five backhoe trenches were established, essentially confimling the 
cwllim~ily of SIIII(:~II~~ and grade Cram the earlier work completed by Imprt-ial Oil Limiled (Van 
Fraassen. 197s) and First Nuclear Corporation (Hartley. 1982). 

Geology (summarized from Pell (1990a)) 
The Cabill Creek occurrences are underlain by Permian through Lo Jurassic slrala. The 

Pvmian Rarlr(er C;myon Formation rocks are medium to thick-bedded, cream lo buff Lo ligh- 
grey. or locally pink weathering. fine-grained sandstones, siltstones and dolomilic siltstones. 
wilt] while to liphi grey fresh surfaces. 

The Tr-iassic S~~lphur Mountain Formation rocks are predominantly bluff. prllowish-brown 
and chocolalr I~I-OIYII weathering, thin to medium bedded siltstones and shalely siltstones. 
Dal-k brows shalr llnrizons with thin siltslone interlayers are common willlirl ~hr formation, 
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Fernir C;I-IJII)I rocks are recessive weathering and poorly exposed. Whrre lhr base of I~he 
Fernie CI-OII~’ is exposed. il is marked by a phosphorile horizon that is colmnonly 1, I5-3.5 
metres thick. Bro\\:n and black shales commonly overlie the phosphorilrs. The shales are 
o\.rrlaill by I)lack. bt-own and dark grey shales with interbedded buff lo ~I-;IIIC~ weathering 
doloslorws. b1111. fill?-grained sandstones and light-grey limestones. 

In most ti-ellchrs. the phosphorite horizon overlies buff to grey Triassic sillstone or sand- 
slone. The base of the phosphorite horizon is a 25cm to 86cm silty to shalely phosphatic hori- 
zon. grading 6.5% 10 13.25% PzOs, immediately above is a +60cm, poorly consolidated. pelletal 
phosphor-itr $atliqg 23.5% to 26.2% P,O,. A thin chocolate shale horizon. 35~111 to 6Ocm thick 
overlies Lhe Iowcr phosphor&e. A second 15cm to 135cm phosphorite horizon. grading 20.7% to 
27.7% P,O,. wel-lies the shale. The phosphatic sequence is capped by a 2~111 lo I5cm thick 
yellow benlollilr bed. 

On lhe C:abi!l Cr-eek claims. the stratigraphically complete measured swiiorls average 17% 
(0 20.5% P,O; and 540 ppm to 710 ppm yttrium across an average thickness of I. 15 to 3.51 
me1res. 

The s~ruclure of the Cabin Creek area is dominated by a series of northwest-southeast, 
trending folds and thrust faults. Two anticlines. cored by thrust faults. and the intervening 
syncline Iraw brrrl mapped. Surface mapping has detailed an outcrop pallrr-n. indicative of a 
dorlble phlngin nnlirline. 

Pell (199Oal identified an area. on the limb of an anticline. where the dip of the phosphate 
bed and Ihe hillside are roughly parallel. A second area, a large flat bench whrr-e Ihe phosphor- 
ite is horizonlal 11nt1er 1 to 3 metres of overburdenwas also identified. 

Preliminary Mineral Resource 
A prrliminaty nlineral resource has been calculated for the Cabin Cl-eek phosphate hori- 

zons. This I-CSOIII-ce is cursory in nature and is meant to only give a preliminary estimat.e of 
contained nleial values. The resource has been calculated based on 1:20.000 cross sections 
spaced al 500 melt-e intervals. The P,O, and Y values assigned to the blocks are calculated 
based on the aloredescribed sampling programs IVan Fraassen. 1978: Harlley. 1982: Pelt. 
I 99Oa). 

Values have been calculated to depths of 25. 50 and 100 metres. Earlirr work has concen- 
trated on localin:! a near surface. open-pittable or strippable deposit. The sections at this scale 
clearly show little material is available for open-pit mining. Sections of smaller areas at a more 
delailrd scnk let. I : 1000 to 1:2000) may locate such a zone. 
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Preliminq Mineral Resource Tonnage Summary for Cabin Creek Phospborites 

An-n Block m width % P205 

~‘ilhirl ~:wrh \Vr,si Billld 
I oooori IO SOOON 
SOOON Iv fjOOON 
fi000N f” .l5OOK 

10000~ IO sT,ooi\; 

1.20 na 
I .87 18.59 
1.41 19.68 

0.63 22.21 

Cabin CI-reli CCIII~W Band 
95OON 10 YOOON \v 
SOOON lo 6300N \V 
1)500N lo XOOON E 

West Band S~~bTolnl 
Crnfre Band S1ibTolal 

Cabin Creek Total 

1.63 20.00 591 20.538 
1.50 na na 17,850 
1.50 “a na 18,900 

I .47 19.57 614 88.123 
1.55 20.00 591 57,288 

1.50 19.74 605 145.411 

to 25 to 50 1~0 too 
ppm Y m depth 11, Itr~lltl 111 deplh 

6:; 28,760 16,800 

598 36,390 
675 6.174 

33,600 67,200 
57.5 I<) I 15.038 
72,77!1 145.558 
12.348 24.696 

4 I.076 82,152 
35.700 71.400 
37.800 75.600 

176,246 352,492 
I14.57f~i 229.152 

290,622 581,644 

The grades are clearly within the range of operaling phosphale mines in Lhe western Uniled 
Slales. The above average yttrium values may very well enhance Lhe overall wlue 01’ Lhe depos- 

u it. 
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HUNGER LAKE 

The tillrlgrl- Lakr l~hosphate occurrence lies within the basal Fernie Fora~~ll ion phospborite 
bed Ttlis i,l-vi~ \!‘;I!+ lir-sl explored in the late 1970’s. One claim group (rol;llitlg I2 Ilnits) was 
clakrtl 10 C~WI I hr slrike projeclion of Lhe phosphorite lhrough the Leslie Cl-wk Valley. 

Record Numbers Recol-d Datr 

3486 16-348627 <J!lty I,. I996 

Location and Access 
The Hl!rlgrr~ Lakr occurrence is located in the Fort Steele Mining Division. abouL 45 kilome- 

ores sollltlpasl oi ltle Lawn of Fernie in soulheaslern British Columbia. The occurrence is 
xrrssiblr by tll;lirllained lhen secondaT togging roads with the maintainr~l Ingillg road leav- 
inp HiCh\vily :i ;I( 1 hr Morrissey Road turnoff. 

The arlllat claims lie in Lhe valley of upper Leslie Creek. accessible via lhe Ram Creek 
Foresl? Hoad ;~nd its spurs. This road has been washed out approximalely 3 kitonretres from 
1l1e Cabin Ctwek Forestry Road and will require some excavator work Lo I-e-esmblish 4X4 road 
acress. Thr (.I:I~IIIS are presently accessable by foot or by 4 wheel drive AWs. 

Elevaiions orange from 1675 metres Lo 2135 metres Large areas have rcrently been cteal-- 
cul: grasses. small plants, fireweed and stumps characterize these areas. Untagged parLs of the 
claims hosl stands of spruce and fir. The Leslie Creek valley is snow-bollntl from mitt- to IaLe- 
October- lo WI-I~-JIIw Water for drilling is readily accessible from Leslie CI-ok. 

Previous Exploration 
Inpet-ial Oil Linliled IVan Fraassen. 1978) explored the Hunger Lake phosphoriles in 1977 

and 1978. tmlrr-ial Oil undertook a program of mapping, sampling and percussion drilling. The 
sampling results are summarized below. The percussion drilling results. based on a LoLaI of 13 
holes. wer-e l)oo~~. Subsequent examination of the plots of the hole tocat~ions. slrongly suggests 
several 01 lhr holes were collared in the footwatt of the phosphorites. One inlerseclion was ob- 
Iaillrd: Holr 2% 12. 13.5% P,O, from 45.3 Lo 46.0 metres depth. 

First S~~clral- C‘orporalion Limited (Hartley, 1982) explored the Hunger Lilkr pllospborites in 
I98 I, I~ntte~-lakvr1 ;I program of prospecting. mapping. hand-trenching and ca1 (renching. The 
pt-ospec~ir~g prug~-anl consisled of scintillometer survey to trace the s~irfacc projccLion of Lhe 
phosphor-iles. ulilizing Lhe tow-grade uranium content of the higher grade phosphorile. A total 
of 6 lrenrhrs w?r-r excavated either by hand or by D7 cat to sample lhe pho.sphoriles at semi- 
regular inlenxls along strike. Further exploration, consisting of seismic siil~rys and drilling 
was I-rCollll~ll(.tltl,‘rt, t,llt never followed through. 
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Formosa Rrsourres Corporation (Pell. 1990b) explored the Hunger Lake phosphorites in 
1989. undwcaking a program of mapping, sampling. hand trenching and I~arkboe Irenching. 
Eight hand II-erwhrs and nine backhoe trenches were established, essenlially confirming the 
cun(inuily of sl~n~c’l~~re and grade from the earlier work completed by Impwial Oil Limited (Van 
Fr-nassen. 1978) anti First Nuclear Corporation (Hartley, 1982). 

Geology (summarized from Pell(199Ob)) 
The H~lilgvr Lake occurrence is underlain by Permian through to Jurassic strala. The 

Permian R;rng:rr- Cwyon Formation rocks are massive, medium-bedded. while. grey or cream 
wenlhel-inc. YCIT line-.crained quarlzose sandstones. siltstones and dolomitic sillstones. 

The Tr-iassic St~lpl~ur Mountain Formation rocks are predominantly lighl yellowish-brown lo 
medium brown w?nthering. medium- to thin-bedded siltstones, and calcal-eotls or dolomitic 
ligbl grey sillslo~~es. In some areas. fine sandy beds are present within lb? sillstones. in others. 
dark bl-own shales and silty shales occur. 

Fernie GI-oup tracks are recessive weathering and poorly exposed. \Vhere the base of lhe 
Fernie Group is exposed. it is marked by a phosphorite horizon that is commonly I metre 
Ihick. Overlyin:: (he phosphorites are monotonous fissile black shales. MIK-II l’llrther up in the 
sequence. ~~-WIII Lo light grey weathering sillstones and silty limestones. as well as shales and 
Sill\’ shnks ;I,-? ]>‘Psrnt. 

The basal phosphorite horizon generally consists of two poorly consolidaled. crilty. pelletal 
phosphnrilt~ I;~y?l-s srpnrated by 5cm lo 25cm of chocolate brown shale. 
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In lnost Irrnrhes. the phosphorile horizon overlies buff to grey Triassic sillstone or sand- 
stow Tllr II;IW of ftlr phosphorile horizon is a 25cm to 86cm pelletat phosl)l~~~rilr lo phosphat- 
K shale horizon In~~nediately above is a 5cm to 23cm chocolate Lo black shale. A second 18cm 
10 77r111 pvll~~lal. or ir, some cases nodular phosphoriCe horizon. overlies (II~, sl~ale. The phos- 
IlI1;Ltic s~‘~l~~rr~r(’ is cwcrlain by slightly phosphalic black 01' brown shales. I Ililt g~-;ltle II~)W~IK~S 
iii[u i~~i~~-j~l~(is/)I~;~li(~ rocks. 

The S~I-II(‘IIIK? of [he Hunger Lake area is dominated by a series of rlul-ltlw~sl-sol~llheasl 
tt-ending folds ;IIKI I hi-us1 faults. The actual claims cover the northeast limb of :I synctine. Ihat 
is pal-~ of a wl-ivs of rlorthwest southeast series of antictinat and synclinat fuitls. 

Thr pl~osl~l~i~ir tlorizon al the Hunger Lake occurrence outlines br-ontl. open folds and 
ltlrougtlolll IIWSI of 111e area, is present as a shallow. soulhwest dipping toyet-. On lhe eastern 
hat1 of tllr ~IUI~JYI-I~ rwl (1990b) mapped Lhe phosphate horizon in a near dipslope situation. 
tlippir~lg itllo I tlv wttry al an angle which is stighlty steeper than the hillsidr. 

Preliminary Mineral Resource 
A l~I-elilllill::t:~ Ininerat resource has been calculaled for the Hunger phosphate horizon. This 

resource is rrll-sol? in nature and is meant to only give a preliminary esl,imale of conlained 

w 
nwlnl vatuw. Ttlr resource has been calculated based on 1:20,000 cross scclions spaced at 
500 meIre inl?l\.ats. The P,O, and Y values assigned Lo the blocks are calc~ilaled based on the 
aforedescribrd snmpting programs (Van Fraassen. 1978, Hartley, 1982: Pelt. I WOb). 

Pl-etilnina!y Ylineral Resource Tonnage Summary for Hunger Lake P!losphot-iles 

AI-ea Block m widlh % P205 
to 25 10 50 lo loo 

ppm Y m depth 111 del,lll 1x1 depth 

Hun<rr Late Baiid 
205ooi\ IO I 9000x 0.84 t 9.32 567 8.820 t 7.640 35.280 
I WOON Iu I 700ON I .03 19.80 565 17.276 3 4 r, 5 2 69.104 
t 70001v ((1 I 5:iOON 1.19 2 1.26 617 15.044 :m.ox!l 60. t 78 

Hunger Lake Total 1.05 20.24 586 41,140 62.261 164,562 

Values haw been catculaled to depths of 25, 50 and 100 metres. Eartici- work has concen- 
~ralrd on loc;llirrr[ a near surface. open-pittabte or strippabte deposit. The scclions at this scale 
clearly show till te maleriat is available for open-pit mining. Sections of Smalley- areas al a more 
delailed scat? I?,<. I: 1000 to 1:2000) may locate such a zone. 

The g;l-adrs we clearly within the range of operating phosphate mines in lhr western Uniled 
Slates. Ttlr atmv? average yttrium values may very well enhance the overall val~re of Ihe depos- 
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1996 EXPLORATION PROGRAM 

OC~lll-lWllCt NTS Sheet Claims Record Numbers Expiry Date 

Ba~nlrs Lakr O;C;X/07E BL#I-#12 348582-348593 <July 16. 1997 
MC #l-#6 348594-348599 .ILlly 1.5. 1997 

Cabin Creek 082G/02E cc # l-#9 348600-348608 ,Jllly 13. 1997 
CC#lO-#15 348609.348614 .July 14. 1997 
DC #l 348615 July 14. 1997 

H~~nger Lake 082C/02E LC #l-#12 348616.348627 .Illly 12. 1997 

The p~-ope~-~~es were walked and examined as part of the staking pi-ocess. verifying the 
trench locations and verifying the competent geological mapping compleled by Jennifer Pell for 
Fo~nuosa R~WIII-ces Corporation (Pelt, 1990a: 1990b; 199Oc). 

VPT little of the basal phosphorites actually outcrop on the properties. No samples were 
lake” drll-in;i lllr staking phase. The sampling program was planned dtlring the backhoe 
sampling propram when the basal phosphorites would be opened in the trenches. Therefore, 
little new infornlation was added to the present knowledge base at the completion of the stak- 
ing phase. 

The existing data was compiled into a series of plans and sections, with inilial mineral 
rrso~~n~e rslimnirs calculated for the properties. 

Barnes Lake 
Threr days w?rr spent on the Barnes Lake properties, one day on l,he MC claims and two 

days on Ihr BL rlnims. The previous trench locations were examined and found to be back- 
filled Samplirlg was not possible, as the phosphate horizons do not outcrop on Ihe property. 

The location and description of outcrops from the 1990 mapping (Pell. 1990~) were periodi- 
cally checked. Based on these checks, the mapping was found to be sound. requiring little if 
ans roi~o~~~-lll~. 



Hunger Lake 
One day was spent on Cbe Hunger Lake property. The previous trenrl~ locations were 

exnminetl. 1~111 ~~IIIKI to be backfilled. As at Barnes Lake and Cabin Creek. IN sampling was 
r~ntlel-lakrri clllr lo lack of phosphor&e outcrop. 

Again. the location and description of outcrops from the 1990 mapping IF’ell. 199Obl were 
checked and lii~~nd 1o be competently done. 
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DISCUSSION 

The 1ws11l[s obtained Lo date on each of the phosphate properties warm-anls further work. 
Litlie adtlilioll;~l qeological mapping should be required, as the Formosa Reso~~t-c-es Corporation 
19S9- 1990 Illil~)l)ir~~ program was competently done. The hand and backllur ~~-r~~rhin~ rom- 
IIICIIYI II!. FIII~IIIIIW Rrsorlrces Corporation both confirmed the resulls of earlivl. rxploratioll. ;anO 
i<lrllliiitJd I;II:V~ ,IW;IS within the pbosphorite beds on each of the proprriirs. 

Pl-rlilninary Shallow Mineral Resource Tonnage Estimate S~~rnrni~~y 

F’l-opel-ly sui,rre width %P205 PpmY to ‘25 111 

Barnes Lake Dales (19781 1.00 27.00 6:: 288.000 :ti 
Cabin Cwek Illis report 1.50 19.74 145.41 I 
HII”@I Lake lhis report 1.05 20.24 586 41.140 

:I Barnes Lake resource estimate is to 18 metres deplh 

CII BtlIr-rnchrIk i 1996) expanded on this work in a general way. estimaling lhe total mineral 
IWSOLII-CP pulrrltial of the phosphorite horizons for each of the areas based on total exposed 
strike len,!$h and nvwage width. The calculations were based on a specific grnvily of 2.8. He 
cwnbinetl 111~ Czibin Creek and Hunger Lake occurrences to obtain one esl inwle for the enlil-e 
Cabin CI-rrk iiwil. 

Cabin / HIII~I:~~- ieso~~rce potential 34 million tons to 300 metres depth 
Barr1es rrsollic’c pcllrlllial 11 million tons to 100 melrrs tlrj~lh 

Working Ixwkwards from the resource total, a figure for potential tonnage per claim unit 
can be oblairlcd III ilizing Butrenchuk’s data in combination with some silllplr assumplions. 
Thr firs1 nss~~n~ption is the phosphorile horizon strikes continuously across the enlire claim 
tinit roughly parallel lo one of the boundaries. yielding a length of 500 uleires. The second 
nssump(ion is tllr srq~~ence is not repeated (meaning two or more horizons 1~ clniml. 

Based on ll~rsr assumptions, one 500 metre claim unit could conlain 420.000 tonnes of 
phosphorile Iresot1rces to a depth of 300 metres. or 140.000 tonnes of phosphorile resources t,o 
r? depth of 100 nletrrs. 

w 

Threr asprc~s lleetl lo be addressed in bringing these deposits along Io lhe production 
stage: a p~-o~ra~l~ of further property acquisition, an increase in the coilfidr!we level of the 
prcliminar~ wsu~~rw estimates through a combination of percussion or rolary drilling and bulk 
~rst irl!. ;IIKI Iwllf.liwlion Leslir~g of the phosphate rock to produce saleable p~-nrl~~cls. 

A minln:: sillulioll on any of the three properties will more than likely lx. ill least initially. a 
stri11 minin,g / trprl~ cul operation. The phosphorite will be mined along slrikc lo a shallow 
depth (+25 !nel~ws or 75 feet). This will likely result in one or more long. nan-row trenches, 
followings I tlr philsphoril~e bed across lopography. 
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A mining pian could easily be realized where the overburden and wnslr ahead is used Lo 
backfill ~IIP opus c-111 behind, in much the same manner as placer mining follows the pay streak 
,111 the CI-eck \~:~llry. This type of mining plan will have minimal environnwnlal impact. This 
platl ~vill. l~owr\~t~r. require long claim blocks along the surface strike pro,jc’cl ions of lhe phos- 
,,ll,~il-it,’ lx.tls 

:\r~ ;l<<r(.isi\.i’ pri,jiram of property acquisition should be underlaker) Ii; ricqllil-e and hold 
I<III~:. (,olllitlll,alls w’(‘~ions of the phosphorite horizons along strike. Thel-r is lilllr Iwed lo hold 
llwr-e ~IKIII olw u,- ~WG claim lengths of width across the phosphorite beds. Therel’o~-e. the acqui- 
sitiolx sh~~1111d u~~rr~~l~-ate on two-post claims centred on lhe phosphorile beds. following them 
along slrikr. IJlilizi~~g the phosphorile tonnage per claim unit figures. a ~~~~nimum of eighty 
clailxl IIII~I~ \vi/l Ix rrquired Co acquire Bulrenchuk’s (1996) Cabin Creek area Iresource. A 
mi~~imun, of riglrty rlnils will also be required to encompass Bulrenchuk’s (1996) Barnes Lake 
IWSOIII~P. ~IIOII$I 50 llnits in each area would be sufficient at this stage, 

The second nspecl (confirmation of resource estimate) and third aspect (beneficiation) are 
essentially itII~rclrar~geable,though al this stage the beneficiation shollltl be addressed first. 
Adtlressit~~ ii will also complete much of the resource estimate confirma(ioll. 

The rrcenl ~rrsrarch and development in leaching of phosphate ores (~J~!dtl et al. 1986: 
\\Qlemon alltl Sc,lleilwt-. 1987: Habashi. 1994) should be vigorously invesligaletl. 

w Sufficienl pll,,sphorite material from each of the properties will be requirwl to early out the 
testing reql!ilwd to ascertain lhe merits of leaching the Fernie phosphorites. I1 is imperative lo 
obtain represcn~a~i~e samples from each of the properties. The best way to s~~pply an adequate 
sllpp1y of I-ep!-rsenlnlive phosphorile material is to open a number of Lrenchrs al regular inler- 
~11s along slrike. across the phosphorite horizon. A similar amount of phosphorile. for example 
I or 2 five Qallorl pails. would be collected from each trench. This material can lhen be mixed 
and ;I nrunbrr III ~111s from the mixed pile can be taken for testing. 

Each of lhr ~~-ewhes will be mapped, photographed, sampled, and assayed lo complete pall 
of Ihe resrwr cotliil-nlation program. 

Positive ~-rs~~lis Strom the metallurgical testing and trenching should IrcslIII in a pilot scale 
1~51. \vJlrw lar-$lr wlllmles of phosphorile material will be required. 

Ailer VOIII~)~<.I iol1 of the trenching, only the continuation of the pbosplrol-ilr down dip (to 
deplh) will wed 10 I~? evalualed. The longer term mining plan will envision either deepening the 
open cc~ls 01 going llnderground. A program of percussion or rotary drilling shotlId be tinder- 
Lakrn lo Lrsl lhr pllosphorites to depth. Previous exploration progrants ill lhr Fernie Basin 
have had Illixed rrsulls with diamond drilling, so rotary drilling (whrre all lhe cutting are 
I~rollght IO 111~ s~~~-hce) should be the method of choice. 

Therr is sane tlrbale at present with respect to decreases in P,O, gradr wilh depth. In his 
I996 co111pi1i11 iolt. Blitrenchuk (19961 reports that there are large discrepancies between SII!-- 
face samples wld tit-ill intersections at both Line Creek and Barnes Lake. suggesting a phe- 
nomenon wh?w PLO, content is enhanced in the zone of weathering when soluble gangue 
milwrals a!-? dissolved and carried away. A review of all properties desct-ibed in Butrenchuk 
I I9961 show I lw!-r are as many or more properties where the surface grade and drill hole inter- 
seclion gt-ade (oi- llnderground grade) is similar (for example, Crow. Fording River, Cabin 
C~wrk]. FIII-I IWI- Imrrsligation is required. as the possibility exists these discrepancies are due lo 
I lw ~nelhntl of dt-illit~lc! (diamond drilling versus rotary drilling versus percllssiorl drilling]. 
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CONCLUSIONS AND RECOMMENDATIONS 

Three intl~~stt-iat mineral properties have been acquired in the Jurassic Frrnie Basin 01 
so~llhenstrrtl Bl-itish Columbia. The Barnes Lake, Cabin Creek and Hunget- Lake sedimenl~ary 
pt1ospt1ot~ilr tlorizor1s contain a combined potential mineral resource ill cxccss 01 45 million 
~o~,ncs. arrrri-[tin< to the recent government publication of British Cotllmhia phosphor-il?s 
(BIIIl-rllctillh. l!K!til~ 

Eat-tivi (~\~I/,IIGII LOII programs on t~he Barnes Lake, Cabin Creek and H~~!ljirr Lake ctailll 
<l-w~ps (WIW<‘III r;liut on the near surfxe slrippable or open-cuttabte poir~~li;ll ol’ I hr phospho-- 
ilrs. Matrt~itl~. sillllplin,. fl hand trenching and backhoe trenching provrd lhe I .Onl to 1.5111 
phospllol~ile IIO~I~OI~ al the base of the Jurassic Fernie Formation Lo tx wr~linuous along 
strike. Averilr grades in the range of 20% P,O, and 600 ppm yllrium were’ obtained. Prelim- 
naq minel-at I-esour-ce estimates in the range of 50.000 to 300.000 tonnes we~-c calculated to 
25 melI-rs drt1t h 

Melatl~lr-$~~;li icsling lo date has no1 yet produced satisfactory c~ncer~lrales. Most of the 
~rs(ing has w~we~rtt-aled on grinding and flolation. Recent research and developmenl has 
foc~~ssrd 011 Irartrin~ the raw phosphoriles to recover both the phosphate anct the containecl 
rain= earth ettww~ls. tpredominantly yttrium. with reasonable success. 

A slaged. (tlrer phase exploration program is recommended for the Fvr-rlir Phosphorite 
Project. The lirst stage is additional properly acquisition. The present properly base of 48 units 

rv sh&lltl bc expanded Lo aL least 110 units to cover most of the Butrenchuk (1996) phosphor0 
resor~rce. Tht, cost ol’ucquirtng the additional claim units is estimated al $10.097. 

The s~contl pt1ase involves metallurgical testing. A series of backhoe lrenrhes wilt be opened 
ai t-egutal- inlervats along the strike of the phosphorite horizon. TWO 5 gallon pails of phosphor-- 
ile ~nalrrial \vitl be gathered for each trench. Att trenches will be mapped. pholographed and 
sampled Thr sel-ies of pails from each property will be mixed to supply lhe material required 
for two txnct~ scatc metallurgical tests for each of the three properties. Phase It is estimated Lo 
cm1 S45.67X. 

The I tlird ptlase involves proving up the near surface resources and expanding them to a 
deplh of al trasl 50 melres by rotary drilling. A total of 4.000 feet (1220 metres) is budgeted for 
eactr of ItI? lllwr t,t-opellies. Total cost of the drilling is eslimated at $28 t ,785. 

Phase I PI-operty acquisition 
Phasr II Trrnching and metallurgical testing 
Phase III 1?10atl\l drilling 

810.097 
.$45.678 

$281.785 
-------- 

Total Bl!d~el $337.560 

Al lhc~ cwwlllsion of phase Ill. a decision can be made on conducting a pilot scale lest of the 
beneficial ion t)j-ocess and subsequently a decision on initiating a preliminai~ feasibility study 
call he m1tlr. 

Thr r’osi III llre 1996 exploration program was $8.395. 
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COST ESTIMATES 

53.025 
$3.600 
s I .200 

W50 
$700 
$‘!‘L:l 

$ I O.O!)i 

$3.025 
$9.000 
53.600 
$1.500 
$ I .890 
$2.100 
52.714 

$4.000 
517.850 

$45.678 

Phase III Tot;11 $28 I.785 

TOTAL BUDGET $337,560 
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STATEMENT OF COST FOR 1996 EXPLORATION PROGRAM 

Barnes Lake IJuly 16, 17) 
Tim Hrnnrlx~n~ 

\‘rhirlr 

I days 0 $300 /day 
1 days 0 $200 /day 
2 days Q $60 /day 
1 days Q $50 /day 

1 days 0 $300 /day 
1 days Q $200 /day 
2 days Q $60 /day 
1 days Q $50 /day 

2 days 0 $300 /day 
2 days 0 $200 /day 
4 days Q $60 /day 
2 days 0 $50 /day 

2 days Q $300 /day 
2 days 0 $200 /day 

1 lrip Q $35 /trip 

Docr~men~a~io~~ 
Tim Hrnnrhrrn~ 10 days Q $300 /day 

Tolal I996 Cosls Ibt- Assessmenl Credits 

Breakdown for Assessmen Credils 

Total 

$4,020 
$1.375 
$3.000 

$8,395 

Cabin 

$1.340 
$344 

$1.000 
_ _ _ _. 

$2.684 

Hunger MiClllZl 

$670 $670 
$344 $343 

$1.000 $300 

$2.014 $I.:3I:3 

$400 
$240 
$100 

$300 
$200 
$120 

$50 

$300 
$200 
$120 

$50 

$600 
$400 
$240 
$100 

$600 
$400 
$195 

$35 
$145 

$3.000 

$8.395 

$2.384 
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STATEMENT OF QUALIFICATIONS 

I. R.TinI H~~r~twh~~~r~y. am the principle of Mammoth Geological Ltd.. ii <rolof$rnl consulling 
lirlll will1 ull’iws al 9250 Carnarvon Road, Port Hardy. B.C. The mailing address is Box 5250. 
Pal-l Harilv. 11.C \:ON 2P0 

I all recistrretl with the Association of Professional Engineers and Gcoscirntisls in the 
Province 01 Bt-ilish Columbia as a Professional Geoscientist. I am also a Fcllo~v 1~1 the Geological 
Assoria(ioll (~l’(:;~l~;~da. 

I a.111 the rreistered owner of the rollowing claim groups: BL #l-# 12 (record numbers 
348582-348543). MC # I-#6 (record numbers 348594-3485991, CC # I -# 15 (record numbers 
348600-34861-i). DC: #I (record number 348615) and LC #l-#12 (record nu~nbers 348616- 
3486271 

I slahrd ;III~ rwmined the aforementioned claim groups between .JIIIV I I and J11ly 17. 
1996. 

This repot-l !llay be used for any purpose normal to the business 01 Maom~ol~h Geological 
~ttl.. provided no par1 is used in such a manner to convey a meaning tlilrcl-ml Ihan that set 

v 
OII( in lhr ~~1~01~~. 

Dated this R/ST day of 
Columbi;~. 

in the Town or Port Hardy. British 
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APPENDIX 



CABIN CREEK MINERAL RESOURCE 

Area Block m width 
West Band 

1OOOON to 8000N 1.20 
BOOON to 6000N 1.87 
6000N to 4500N 1.41 

IOOOON to 8500N 0.63 

Sub-Total 

centre Band 
9500N to BOOON W 1.63 
8000N to 6300N W 1.50 
9500N to 8000N E 1.50 

Sub-Total 

CABIN CREEK TOTAL 

$ P205 

--.-- 
18.59 
19.68 
22.21 

19.57 

20.00 
--.-- 
--.-- 

20.00 

19.74 

PPm y 

_-- 16,800 33,600 67,200 
607 28,760 57,519 115,038 
598 36,390 72,779 145,558 
675 6,174 12,348 24,696 

614 88,123 176,246 352,492 

591 
___ 
___ 

591 

605 145,411 290,822 581,644 

25 50 100 
m depth m depth m depth 

20,538 41,076 82,152 
17,850 35,700 71,400 
18,900 37,800 75,600 

57,288 114,576 229,152 



CABIN CREEK MINERAL RESOURCE 

Qw West Band Calculations 

w 

10000N to 8000N 
m length 200 

8000N to 6000N 
m length 220 

6000N to 4500N 
m length 370 

1OOOON to 8500N 

m length 140 

1.20 

1.87 

1.21 
1.15 
1.60 
3.51 

1.41 

1.86 
0.95 

0.63 

0.63 

Centre Band Calaculations 
9500N to 8000N W 

m length 180 1.63 

1.98 
1.28 

BOOON to 6300N W 
m length 170 1.50 

9500N to BOOON E 
m length 180 1.50 

18.59 607 28,760 57,519 115,038 

17.08 537 
18.93 546 
15.38 479 
20.47 709 

19.68 

18.59 
21.81 

22.21 

22.21 

20.00 

19.90 
20.16 

598 36,390 72,779 145,558 

607 
579 

675 6,174 12,348 24,696 

675 

591 20,538 41.076 82,152 

602 
573 

16,800 33,600 67,200 

17,850 35,700 71,400 

18,900 37,800 75,600 



Area Block 

20500N to 19000N 
19000N to 17000N 
17000N to 15300N 

HUNGER LAKE TOTAL 

HUNGER LAKE MINERAL RESOURCE 

m width 

0.84 
1.03 
1.19 

25 50 100 
% P205 ppm Y m depth m depth m depth 

19.32 567 8,820 17,640 35,280 
19.80 563 17,276 34,552 69,104 
21.26 617 15,044 30,089 60,178 

20.24 586 41,140 82,281 164,562 



HUNGER LAKE MINERAL RESOURCE 

Hunger Lake Calculations 
20500N to 19000N 
m length 150 0.84 19.32 

0.46 22.36 
1.08 17.25 
0.98 20.18 

19000N to 17000N 
m length 240 1.03 19.80 

0.98 20.18 
1.20 16.25 
1.32 14.25 
1.07 22.67 
0.78 22.56 
0.82 27.07 

17000N to 15300N 
m length 180 1.19 21.26 

1.66 21.74 
1.08 21.64 
1.26 18.95 
1.13 25.16 
0.84 18.03 

567 8,820 17,640 35,280 

665 
559 
529 

565 17,276 34,552 69,104 

529 
508 
399 
660 
653 
751 

617 15,044 30,089 60,178 

635 
575 
591 

722 
535 
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