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SUMMARY 

The Fernie Phosphorite Project consists of three properties totaling 48 \lnils. The sediment- 
Law phosphorilr properties lie in the Jurassic Fernie Basin, in the For1 Slrrlr Millilrg Di\pi?iolb 
01 southeastern British Columbia. 

The metallur:~~ 01 the Fernie phosphorites is not conducive to the prrse~il slnildai-d belleli- 
ciation techniques of grinding and flotation. Recent bench scale lesting 01 a IN’W III-ocess. dil-ccl 
leaching 01’ raw phosphate rock, has met with considerable success and III~~ prow 10 be al,- 
plirahle IO thr Frlnie phosphorites. 

Exploration in I996 consisted of staking and prospecting across lhe 48 ~lnils over n 6 day 
period. The prospecting consisted primarily or checking localions of rxislillg olllcrops and 
trenches from earlier mapping and scouting locations for the planned t~-enrhi~~g progralll lo 
obtain melallurgical samples. Existing data was compiled into a complrlr w))orI will1 irlineral 
resources estimates calculated. 

Phase I Property acquisition $10.097 
Phase II Trenching and metallurgical testing $45.678 
Phase 111 - RotaT drilling $281.785 

Total Budgel $337.560 

A staged lht-ee phase exploration program is recommended for thr F~I.III~ phosphorite 
project, Phase I will consist of additional staking to bring the properly basr lo ii Ininimum o1 
I 10 units. Phase II is a program of backhoe trenching to obtain sufficienl phosphor-ile material 
to conduct a series of bench scale leaching tests. Phase III will consist oC 12.000 let (3.660 
metres) of rotary drilling to firm up and expand mineral resource eslilnatrs. Tllr total cost 01 
the this threr phase program is estimated at $337.560. 

The cost of the 1996 exploralion program was $8,395 and has been appot-tioncd across thr 
4 clainl groups Ihr assessment credits. 
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INTRODUCTION 

The Fet-nie Phosphorite Project was initiated after a library search of op(111 itltlllstrial mineral 
projects. Tlir Iphosphorites generated interest because of two key aspecls. First. Canada iIll- 
porls all of its phosphate. Western Canada imports its phosphate front 111c Il~~ited Slates. 
prrtlonlinantly thr western United Slates. Second, these United States rcscwrl-, ;IIP hrinfi trapi+ 
iy tirl~lctetl. Ir;ttlin:: to an anticipated phosphate resource shortfall by III? 1111-11 111 I II? cenl~~iy 

Over $350.000 in prior exploration has been expended on the prope~‘Iic,s 01’ the Fernie 
F’hosphoritr FYoject. These programs included: mapping, sampling, hand I ~-t~t~(~l~in~. backhoe 
~I-enrhing and dl-iuing. 

1970’S 1980’s 1990 
Expenditures Expenditures Expenditures 

Barnes L,lk? $31.166 * $18,266 
Cabin Crwk $2 1,485 
Hunger Lake $32,227 
Cabin and Hunger ‘l* $25,121 $263,644 

* Data Ihenr~ costs) is only wallable after 1975. though program started In 19Gl. 
** D,trinp. Ilxs? p~-o,~~~ms both properties were united and cosls were not separ:~lrtl 

Initial metallurgical testing of the Fernie phosphorites has yielded pool- rrroveries utilizing 
thp standar-d beneficiation techniques for phosphorites. Recent laboralol~ ;~r~ti I~CIICII seal? 
(esls ulilizin:! a val leaching process appears to be more suited to the 01-c ~IIKI [a!~gue sllile 01 
rhr Fernie Basin phosphorites. 

These new metallurgical developments, combined with the previous cxplo~~i~lio~~ rrsulls and 
[he preliminar\, imineral resource make the Femie Phosphorite Project an all IX? ive exploration 
prqjecl. 

The Jilrassic Fernie basin lies in the southeastern corner of British Coltllnbia. within lhe 
FOI-1 Steele Minitlg Division, The area of the basin is bounded by the Albrrl;~ Iwdrr lo the rasl 
and highways 3 and 43 to the west. The basin disappears to the north of I he Intel-national 
Border Lo lhr sollth and disappears north of Elkford to lhe north 

The area is srrviced by the towns of Elkford in the north, Sparwood ill Llw ctnlre and Fernie 
in the sot~lh. A myriad of logging roads provide access to much of the basilr. 



GENERAL INFORMATION ON THE PHOSPHATE INDUSTR\ 

Phospl~orl~s is pt-esent in the earths crust in concentrations averaging 0. IO 10 0.12 percent 
x11(1 is the rlrv?111I1 element in order of crustal abundance. Phosphate is co~i~nl~mtetl in Lhrre 
lllilill vllvir”I1111vr1(s: marine sediments deposited in mid-paleolatiludes WIIIIII r~~1ri~~l~~l basins 
\vhctw there is l~pwelling of cold currents from great depths: in basic and 1111 rilhasic alkaline 
i:nrous rocks: and in deposits of guano. Marine sedimentary ores accolllll 101~ appl-oxi~nalrly 
,X1 1x1~cent 01 lllr wet-Ids phosphale reserves, igneous deposits [or ~~OIIIII~ IS JIC.IWII( azltl lhr 
iwtt>;lirlinc 2 ~CIWIII lrom guano deposits (Krauss el al, 1984: Russell. I987i 

Setlimrnla~~ phosphate “res are commonly referred to as phosphu~-ilrs. Tl~?y are ~londr- 
s(~ipi. whitr I” dark greyish-brown to black, shaley lo sandy rocks and call ~OIII~~II S~I-IIC~III-~- 
lrss pellets or have a nodular texture. A bluish-grey “phosphate bloonl” ~!lily hc present on 
\\wlhered sl~rlxes. 

Deposits are mined which contain between 4 and 38 percent P,O,. III IIIIIS~ casrs. ores 
mined al-r bweiiciated to produce a phosphate concentrale which is ollen r:,irt-red 1” c”~m~w-- 
cially as phosphate rock. Phosphate concentrates commonly contain 29 1” 40 percent PzO,. 
Thy phosphorot~s content of ores and concentrates is often referred I”. it1 lhr industry. as 
“hone phosphate 01 lime” (BPL) or “tricalcium phosphate” (TCP). which ~rt.l’v~.s lo the apalile 
coutenl 01. C;I..(P,O,,)~ rather than the weight percent P,O, (Christie. 1978: I<~;IIISS el al. 1984,). 
Conversion bel\veen Lhe various expressions is as rollows: 

P 

1.0 
0.4364 
0.1997 

p-20, 

2.2914 
1.0 
0.4576 

BPL (or TC‘P) 

5.0072 
2.1852 
1.0 

Mining 
Nearly 88 percent of the phosphate rock produced in markel economy co~inll-ies is recov- 

et-et1 by surface mining techniques, with strip mining and open pit mining I hi. mosl commonly 
used techniqltes. Commonly. between 2 and 7 tonnes of overburden and W~W:IC al-e moved per- 
tonne of ore mined. Run-of-mine ore production capacity is 0.6 to I .O ~~lillion tonnes per 
annum in small operations. 1 to 8 million tonnes per annum in medium-sizrtl operations and 8 
10 25 million tonnes per annum in large operations. In almost all casrs. III? run-of-mine 
l,l~wphnlc 111alvria1 has lo be beneficialed. The basic beneficialion mell~otls ~~~~lployetl al-e six.- 
ing. washing. Ilotation. calcining. and calcining with leaching. A phosphalr Iwlwliciation plant 
~may use one or m”rr al these techniques to produce a marketable protl~~rl IF;~t~lrl el al. 1984: 
Krauss Cl al. 19841. 

Location 

\vestern U.S. 
\\‘estel-n U.S. 
Florida 
T?ll”CSSCC 

Type 

Open pit 
Underground 
Open pit 
Open pit 

Overburden 
Thickness 

5to 10m 

3to 10m 

Ore Grade 
Thicknrss P,% 

9 to I8 111 2 I .3x 
1 to 1.2 11, 3 I?b 
3 to 8 111 7% 
0.6 to I .2 II: 16% 



Phosphal? Irock mined in the weslern United Stales [Idaho, Mont~ana. Wyoming. Ulah) is 
1’1-0111 (he R&or1 and Meade Peak members of the Permian Phosphoria Forn~~;~lion Thr majori(y 
of mines we strip mining operations with ore zones ranging from 9 Lo 18 nwl:-es thick. with an 
a\‘r~-age gratis of 2 I .3 percenl P,O, and over 400 ppm yttrium. Ovrrb~~rdcn Thickness is 
cwi~~norlly 5 10 IO metres (Fantel at al, 1984). Cominco American opcral?s ;I,, ~~t~tlergro~~ntl 
phosphn(e n1i11e in Montana in which the phosphate horizon is 1 to I. 2 Ilwiws Illick rind hns 
ill, avm;~,ce .<I-atlr 01 >3 I percent P,O,. 

F’hospl~~lrs inined in Florida and South Carolina are from the Mioceiw ti;iwlllorne Forma- 
~~LJII and III? y~~~tnge~-. reworked deposits of the Bone Valley Formation. 01-r Il~i~~knesscs rnngr 
11.0111 3 lo 8 nwcles. with overburden of 3 to 10 metres. Average grade is 7 )WIWII( P,O,. Flotn- 
iion processes are used to beneficiate the ores. Phosphates mined in Tenrwssrr have a mini- 
n~um cutoff gl-nde of I6 to 17.2 percent P,O, and a minimum thickness of 0.6 lo I .2 melre~s. 
(Fanlel el al. 19841. 

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

Ipercent P,O,) and to reduce the proportion of carbonate, iron and alumina oxides. organic 
,r~aLter or t~~~cc elements. Most phosphate rock requires some beneficiation pi-ior- Lo shipmerll (~0 
processing plants, hence the mineralogical and chemical characteristics 111 III? deposits are 
importanl. 

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

+3l% P, 0 
24% lo 3 I O/n P.‘O’ 
18% to 24”,1, $0” 

w 

Phosphate rock produced in the western U.S. is classified as acid or ler-lilizrr grade. more 
than 31 perrenl P,O,; furnace grade 24 to 31 percent P,O,; and beneficialion grade. 18 to 24 
percent P,?,. Acid-grade rock is used directly in fertilizer plants, furnace-grxlr rock is charged 
10 electric Iul-naces and beneficiation-grade rock is upgraded to acid-gl-adr 01. l’~~rnacr feed. 
Most western C.S. phosphate ore is beneficiated by crushing, washing. classifyill< and drying 
(Slo\\~nsscT. 1985). 

Processing 
The firs1 step in the processing of phosphate rock into fertilizers is prodawing phosphor-ic 

acid This is done by either the “d& or “wet” process. In the dry prowss. plwsphal~e rock is 
roasled to elemental phosphorous. The phosphorous is then oxidized to prodrwe PzOr, and 
linally absorb& in water to yield H,,PO,. This process produces a very high quality acid. 
however. Ihe high cost usually precludes it as the most favored method in 111i11ting I’?!-lilizers. 

The wet process involves acidifying raw phosphate rock (finely grollnd io 200 mesh sieve 
size) with a s11-ong acid as sulphuric, nitric, phosphoric or hydrochloric. S~llphuric acid is 
favored in wes1ern Canada because of its low cost, high availability and Iowrr corrosiveness. 
The resulting crystallized gypsum [CaSO,) is removed and the “Filter Acid” (26% lo 30% P,O,) 
is evaporated render vacuum to produce concentrated “plant phosphoric witI” (40% Lo 44% 
P,O,) or hjQhei grade “commercial” or “merchant” grade acid (45% to 54% PLO!J Plant phos- 
phoric acid is lhrn transferred to the fertilizer production units where villying amo~~nls of 
alnmonia arc added. The final step is the formation of uniform size graniilrs. and the dtying 01 
ihe granules. The over-all production of ammonium phosphate fertilizers I)): I lw we1 process is 
about 88% to 92% efficient in recovering the available P,O, in the raw phosphalr rock. 
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Filter grade phosphoric acid 26% to 30% PLO5 
Plant grade phosphoric acid 40% IO 44% F’, 0 
Merchant grade phosphoric acid 45% IO we r,Loz 

Most comnwl-cial fertilizer plan& use a wet acidulation method in th? initial slage ol ~errliliz- 
er pt-odurlion. Phosphate rock is treated with sulphuric acid to produce phosphor-ic acid and 
~ivpsum (CaSO ) as a waste product. A high calcium carbonate contenl it1 l/l? pllosphale rock ,. 
i~wreases lhe consumption of sulphuric acid while magnesium renders tilr phosphor-ic acid 
llnacceptably viscous. Elevated concentrations of organic matter are also tltltlesil-able (but can 
br removed by calrining). as are trace elements such as cadmium, lead. I~WW!II~. arsenic and 
chromium (Blltrenchuk. 1987; Krauss et al, 1984). 

Phosphate rock lo be used in fertilizer plants must meet the following sprcifi~~nlions: 

-> P,O, rontrnt : 27 to 42 percent 
-> CaO:P,O, ~ralio: 1.32 to 1.60 for apatite 
-> w:.-Fe,Q:,aQQ < 0.1 ,aptim”r” value, 

p,o, 
-> MgO lolerance is approximately 1.0 percent 
-> Cl: < 0.2 percent 
-> BPL:MgO ratio : 170 or higher 
-> BPL:(AI,O,, + Fe,O,, ratio : > 20 

v 
> BPL:CaO Iratio : > I .5 

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

The wel acidulation fertilizer production process involves: 

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

Protlucls I tonne of P, 0, in the form of H.,PO, 
5.5 tonnes of hydrated calcium &fate (phosphofiqxllml 

<8l kg of fluorine as HF or 
102.5 kg of H,SiF, of which 36 kg are recoverablr 

The phosphogypsum is generally considered a waste product as it can1101 compete with 
other commercial sources of gypsum due to its fine grain size and n~~nwrn~~s impllrilies 
(Krauss et al. 1984). 

In North Carolina. phosphogypsum has been mixed with flocculaled colloidal clays pro- 
duced in washing plants and used to backfill mined out excavations: researcll is also undenvay 
LO determine if it could be used as a compacted sub-base for highways. srwrrtlary roads and 

w 
parking lots. The economics of calcining phosphogypsum to produce a cement -Iype clinker and 
sulphur dioxide. from which elemental sulphur could be recovered. are also being examined 
(Stowasser. 19881. 
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End Products 
Four mail, producls are produced from phosphate rock: elemental phospl~u~-(III% phosphoric 

acid. phosphatir fertilizers and phosphate chemicals. The majority of phosphalr ores mined 
(:~~~proxi~~~~alrl~~ 90%) is used in the production of fertilizers: some also gors ill10 the prodtlction 
of deter-gents. allima feed supplements. food preservatives. water treal!nrl,l s~1bslances. anti- 
uwosion ag:rrr(s. cosmetics and fungicides: and minor amounts are usetl ill il~r ~~wlallu~-&y and 
cwamics indusl0es. 

ln westerlr Canada, phosphoric acid is produced at three plants: Cornirwi Lltl al TI-ail. B.C.: 
Esso Chemical Canada at Redwater. Alberta and Sherritt Gordon Minw Lilili(rtl at FOI-( Sas- 
katchewan. Alberta. Most of the product is used in the manufacture of frt-liliwrs. wilh a minor 
amount used lo produce calcium phosphate. Phosphate fertilizers produced arc inainly of lhe 
diammoniunl phosphate (DAP) and monoammonium phosphate (MAP1 \‘a~-irlirs. 

World Supply 
The principle world phosphate producing countries over the last five year-s were the United 

States. China, Morocco and the former U.S.S.R. Jordan, Tunisia. Ismel. So~llh Aft-ica. Srnrgal. 
and Togo also produce significant volumes of phosphate rock. 

Phosphate Rock World Production (thousand tons) by COII~I I>’ 
From: Cantrell I19951 

@Iv 
c:oll”lry 1990 1991 1992 I xl:3 I994 

United States 46,300 48.100 47.000 35.500 41.100 
China 21,600 22.000 23.000 24.000 24,000 
Morocco 21,400 17,900 19.100 18.:500 18,000 
Former U.S.S.R 36,800 28,400 18.500 13.400 1 1,000 
<JoI-dan 6.080 4,430 4,300 3.570 3.500 
Tunisia 6.260 6,350 6,400 5.500 5,500 
Israel 3,520 3,370 3,600 3.590 3.600 
sodh Africa 3.170 3,180 3,080 2.470 2.880 
Senegal 2.150 1,740 2,280 1.670 1.600 
Togo 2.310 2.970 2,080 I.750 I.800 
Remainder- 12,410 11.560 8.060 1 I.250 I I .020 

Totals 162,000 150,000 
_ _ _ _ __ _ _ _ 

141,000 121.000 124.000 

More than 50 percent of the phosphate rock produced in the United S~a[es 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. Asia. weslern Europe, 
Lalin America. Oceania and Canada were the major phosphate importing regions of Ihe 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 fro111 Togo. which has 
recently supplanted the United States as the number one Canadian supplier. A large portion of 

w :,~ \\eslern Canada’s phosphates are still imported from the western United Slalrs. 
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Canada will likeI)< continue to source phosphate rock outside the United Si,ales unless new 
so~~wes. eilher local or foreign. are found. Experts predict by the year 2000 lhe demand on 
ti.S. phosphates will far exceed the capacity. This will also have an effwl ()!I lllr olher major 
illlpor1.vs 01 US. phosphate rock, Japan and Korea. 

The price 01’ phosphate rock showed a dramatic slump in the late I97O’s. 1,111 has subsr- 
q11u111~ sl;ll)iliz?d The present prices (f.o.b. Florida) are from Gurr (1996): 

Local ion December 1994 

Cent ~-al Florida US519.85-24.25/t 
US Gull (68% BPLI US$33.00-35.25/t 
CS Gully (72% BPL) us§.3t3.a0-41.9o/t 
US \Vest (72% BPL) US$37.48/t 

Decerr~lwl- I995 

US$24.25-26.45/t 
USS35.25.37.50/t 
US$39.70-44. IO/1 
US$35.72/1 

After accounting for ship transport to Vancouver. followed by rail transpol-I lo the Albert~a 
planls. III-ices in the range of Cd”570 to Cdn$SO [delivered to plant) co~~ld niake Canadian 
deposils economic. (Bany, 1987). 

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

‘Ir :: 
\\:hich the greatest capacity was in Alberta. At present there is only a single lei-tilizer plant in 
Bntush Columbia, operated by Cominco Limited at Trail. 

By-products that may be recovered from the processing of phosphate rock include uranium. 
vanadium. Iluorine and rare earth elements. Uranium has the best poteniinl 1’01. by-product, 
rrcovery but is generally only recovered at a very few plants. Vanadium. IIW~ ill the iron and 
steel industql. is the only metal currently being recovered as a by-product 01 phosphate extrac- 
tion in the United States. Fluorine is used in the chemical. ceramics and sterl industries and in 
tlw refining of uranium ores. 

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

A \rariety 01 r-are earth metals and yttrium occur In sedimentary phosphacr dcposits. includ- 
ing I he British Columbia deposits. Rare-earth growth in the United States is forecast to be less 
than 3 percent while in Japan demand for yttrium, lanthanum. ceriunl. and ruropium is 
expected Lo increase at the rate of 13 percent compounded annually until lhr yew 2000. The 
aclual growth rate for yttrium in Japan in the past few years has been 35 prrccet~l (King. 1986). 
Al Ihe presenl time world consumption for yttrium is growing at a rate of IO lo I7 percent per 
annum. In 1991 the price of yttrium (99.99% purity) was US$23.63 per kilogt-allI: the price for 
cer-iuln was US$4.05 per kilogram. and the price for lanthanum was US$3.94 per kilogram 
(Castor. 1994). Yttrium. lanthanum and certum are used as dilutents in INWIWI- reaclors. Rare 
eat-lh elemenls are also used in magnetic materials, phosphors, neutron cnplt~~-e applicalions. 
glass. cera~nics. and other uses (Castor. 1994). 
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REGIONAL GEOLOGY 
(Summarized from Butrenchuk. 1987; 1996) 

Sou(heaslern British Columbia is characterized by a sequence of Devonian 10 IOWZI- Juras- 
sic inarine strata deposited in a miogeosyncline along the western edge of Ihe stable prolo- 
Sot-lh Alter-icall c~mlon. Depositional environments Car the different st’q~~l’~wt‘s val-ied f~-onl 
pl;~I~ot-~~~i~l 10 basinal. 

(~‘~IIII~II-~~II 10 Mississippian strata. consisting of shallow-water carbotulc ;~sw~nblages Iha 
p;~ss !vrslwa~-ci illto deeper water. are predominantly limestone. shale and sillslone. Pennsylw- 
Iliar slr;~l;l W’I-c deposited in a shallow marine environment, prodwin:! fill<. claslic alrd car- 
IIIIII;~IV llni1s. Low energy. shoreline conditions characterized the Pertni;lrl. Ilrposilirrg Ifint. 
~~-a?i~wl sa~~ds~one. siltstone. chert and minor shale. The end of the Pet-IIIKIII is mar-ked by a 
Illiljor llrlr”nlol-nlil\‘. 

Triassic sedimentation took place in a stable shelf environment, markrtl by bar and dellaic 
drposits on the eastern limits of the shelf and widespread finer elastic setlimrnts to the west. 
Tlw end of lhr Triassic is also defined by a major unconformity. 

:Voderately deep-water sedimentation, and minimal miogeosynclinal subsidence characl~er- 
~zed the Jur-assic. Deposition of widespread phosphorite and phosphalir shales carried 
Ihroughollt the lower Jurassic. especially at the base of the Femie Formation. wilhin Lhe Femie 
Basin. 

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

w Thrllst fn~~lling. with older rocks overriding younger rocks to the easl is a common phe- 
nomenon of the eastern Rocky Mountains. Further complicating structure. the Fernie Basin 
has been folded in a doubly-plunging syncline. Several west-side-down notm~al fnull,s cut the 
~rnlre of the synclinorium. 

Fernie Formation 
Yllri~lm-t-k-11 phosphatic rocks occur in a number of stratigraphic i111rI-vals within the 

nliogeosyncline: however. the thickest and most continuous phosphate horizon was developed 
al the base of the Jurassic Femie Formation. The basal Fernie phosphalic slraln are generally 
one co (wo melres thick. and contain unusually high concentrations of ytl~ilml. 

The base of the Femie Group is marked by a persistent pelletal phosphor-ite horizon lhat is 
I lo 2 metres in thickness and generally contains greater than 15% P20,. GI-xies in excess 01 
30% P,O, Slave been located. The horizon commonly consists of two pellelal phosphorite beds 
separated by a thin chocolate brown to black phosphatic shale bed. The basal phosphorite 
resls eilher directly on Triassic strata or is separated from the underlying rocks by a thin 
phosphatic conlomerate. Phosphatic shales of variable thickness. genes-ally less than 3 
nretres. overlie the phosphorites. The top of this sequence is locally marked by a yellow-orange 
benlonile bed. 

The enlirr TI-iassic / Jurassic sequence has been structurally deformed. prinlarily by folding 
and th1mst faulting. This structural deformation is important as it can respell irl considerable 
thickening 01’ Ihr phosphorite horizon. either by thrusting one section of lhe hoWon directly on 
LOI) of another. 01. by slumping during folding resulting in increased thicknrssrs al lhe nose of 

w lolds. Thr folding can also bring larger areas of the horizon close to s~~~-liwc. paralleling the 
~opogl-aphy. A combination of any or all of these phenomenon makes an rsprcially attractive 
I il ,qr I 
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REGIONAL EXPLORATION HISTORY 

The explo~-alion hisloxy of the Fernie Basin began in the period 1925 lo I932 when Consoli- 
dated Mining and Smelting Company of Canada, Limited (later Cominco Lltl.) ouLlined various 
phw~phalr hoi-izons in the Devonian to Jurassic stratigraphic successiotl. ilnd defined lhe 
aww whicl~ ~offrt-etl lhe greatest economic potential. Exploration developllwtll work was high- 
li<ll~etl 1)~ 111r upelling of three small exploratory underground mines. Blllk sampling and 
Ilwlallllrgival irsling attempted Lo identify a beneficiation method to upi?;~.;~~Iv lhr phosplralr 
i-<lck. \villloi~~ SIIC~TSS. Cominco obtained mining leases on the imporl~anl cillowitl,~s of lllr linw 
(1<(.1111!‘. 111771. 

The 11r)tl prl-iotl of exploration was again initiated by Cominco Lid. ill llle early Lo mid 
1960’s. Sew!-al oi Llle phosphate leases were further explored to upgrade Conlinco’s dala base. 
hew nxtalllwgical techniques were utilized on bulk samples from some of Lhr lriw and prelinl- 
ina17: frnsil,ilily sl~tdies were conducted on two of the leases. (Kenny. 1977). 

The u~li!-r basin became active in the late 1970’s through to earlier I98O’s. when the explo- 
ration moved fui-Lher souLh as these areas became accessible through lhr conslruction 01 
logging I-rinds. Corninco Ltd. located additional properties, conducling lrenrhing and drilling 
progl-ams. as wll as further metallurgical testing (Kenny. 19781. 

Sex,ernl otl1er companies. including Imperial Oil Ltd. and First Nuclear Co!-poration Ltd. 
weI-e active in the southern section of the Fernie basin, conducting mapping. trenching and 
per-cussion or- cliamond drilling programs (Heffernan. 1978: Van Fraassrrl. 1978: HarL,ley. 
1982). MeLalllll-<ical LesLing was undertaken on samples from the soulhel-II Frrnie Basin by 

w 
both the Fetletml Gove!-nment (Hartman and Wyman, 19741 and industry (Co]-der. 1972). 

Formosa Kesources Corporation explored several of the known showings in the soulherr) 
Fernie Basil) dl~i-ing 1989-1990 (Pell, 1990a. 1990b, 199Oc). These programs consisted 01 
mapping and backhoe trenching. No metallurgical work was completed dut-irlg lhis program. 

Tile pl-ovincial geological survey has directed two recent programs at Lhc phosphate polen- 
Lial of Lhe Fernir Basin, leading to two publications: Butrenchuk (1987) and Butrenchuk 
(I 996). These programs consisted of compilation of known data, supplrnwnled by a fill-in 
mapping and sampling program. 

The exploraLion programs have shown there to be a considerable phosphale Iresource wilhin 
th? Ferni? Basils. eslimated by Butrenchuk (1996) at 340 million tons grading I5% Lo 20% 
P,O;. 

The lasl hIIt-rile lo be overcome is metallurgy. On-going testing by Cominco LLd.. supple- 
menled by olhrrs has not yet reached the point where the phosphorites earl br beneficialed Lo 
produce a saleable concentrate. According to Butrenchuk (1996) the lash Iwlallrlrgical Lesling 
was Cominco Lltl.‘s. now over 10 years old. 

Recent induslry research has been directed at direct leaching of raw phosphale rock. 
Recoveries r;lngin:! from 98% on Phosphoria Formalion phosphorite (Judd ?I al. 1986) Lo 90% 
on Florida pllosphoriles (Wilemon and Scheiner. 1987) have been oblained Habashi (1994) is 

w 
also conductin:! leaching tests on the Florida phosphorites and has designed a preliminary 
benrh scale Ilo\v sheet. Direct leaching of the phosphorites also enhances Ihe r-are ear1.h ele- 
men1 rerwrrirs (Habashi. 19941, a key consideration for the Fernie phosphorilw 
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BARNES LAKE 

The Bwnes Lakr phosphate occurrence lies within the basal Fernie Fonr~alion phosphorile 
Iw11. This a~-t-;~ was lil-st explored in the late 1960’s. Two claim groups (lolallin:. 18 units) were 
ilalwd 10 cows I iw kry areas of the occurrence. The claims lie on sheel 082(;/07E. 

(‘iililll Name Record Numbers 

UC‘ i I -#6 348594.348599 
liL?i-#I2 348582.348593 

Rrrol-ti Dnie 

July 15. 1996 
JIII~ Ifi. I996 

Location and Access 
The Bat-nes Lake phosphate occurrence is located in the Fort Steele Mininz Division, ap- 

pt-oximairly 32 kilometres south of Sparwood and 27 kilometres east of Fr~ni~. The Flal~heatl 
FOI-es1 S?wice Road provides access to the northern section of the properly. Recent flooding 
has washed 0~11 ~hr Michel Creek bridge, requiring minor repairs to complrtr a ford OI- level 
cl-ossing of lhe creek. As well, two areas of the exploration road on I,he wcsl side of Michrl 
Creek will rwrluire some repairs to re-establish four wheel drive access to Ihr main showing 
aleas. PI-rsen~ly. a Ibtlr wheel drive ATV could utilize the road as is. 

Elevalions in the area range from 1585 metres to 2255 metres. Stands of spruce and Limber 
are presenl al lowrr elevations, while alpine terrain predominates as elevnlion increase. The 
claims al-e ~reatlily accessible from early July to mid-October. Water for drilling is available from 
nt~mero~~s crrrhs al lower elevations, but likely only from Barnes Lakr ilsrlf al higher eleva- 
tions. 

Previous Exploration 
The Bar-nrs Lake occurrence has undergone two periods of exploration. lhr Wwtern Warne! 

Oils / M?drsto Exploration programs in the 1970’s and the Formosa Resui~rces Corporalion 
1pro@7m in I989 

The \Veslrl-n \Varner / Medesto programs have been poorly documente~l. ExploraUon aclivi- 
1~ consislillg ol Illappin,. 0 trenching, drilling and bulk testing were repot-ted ( I968 Minislly 01 
Mirles Annual Report. 1969 through to 1972 Ministry of Mines Geology. Exploration and 
Mining in Brilisll Columbia: 1968 MMAQ 1969 GEM to 1972 GEM) bul dorilmrnlation is nol 
availablr no!- is it ill the public domain. 

The fit-s1 dorunlenled program was a refraction seismic survey con~plrlrtl in 1975. Foul 
srislnic Iirws wv~-e run. three on the west side of Michel Creek and one on lhr cast side over a 
slrike length of 4.5 kilometres. Prior to the field testing of the conclusions. ihe survey was 
deemed 1~0 have located the phosphorite bed on each of the lines. (Dorian. 1975). 
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Pet-cussioll and diamond drilling was undertaken in 1977 to test the pt~osphorite lo depth 
on IWO 01 IIW scislllic tines. Neither of the drill holes reached the phosphor-ile tlorizon. (he first 
riot I-encllirl:! Iwdnrck and Lhe second fatting short of the horizon. Thr cl!-illitlg resulls rash 
cnrlsideral~lr tio11l11 on the conclusions of the 1975 seismic survey. (Pelze!-. 1?177t. 

Rl.li.Wll(.C ClGllIIlS Program 

I ‘.lOS MMAR pl).:?Z??J WW (not specified1 5 lllltes access wild 
WW (not specinedl 642 feel (7 holes) d~‘illini: 

tCX9 GEM p~~..‘~OS~X~!l WW (not specified) 50 rt tong bulldozer 1rrnct1 
WW (not speclfted) 1 de of road comll’~mion 
ww (not specified) 756 feet (6 holes) dimmnd drittlnF! 
PH (not speclfiedt 2 drltl holes (no Ibolaqel 

19io GEM pp.5o-l ww (1.40) 8 by 1600 ft trenrh 
WW 48. 57, 101 217 feet (3 holes) drillin: 

IS?)? I GEM ,‘,~.‘““~46!~3 WW 46,48,50,102,104 I mne of road 
WW46.48,50,102.104 20,400 ft trenching 

w 
WW 55.102 207 feet (2 holebt cll-illlrlt: 
PH 8.10 2000 ft trenching 

I972 GEM pp.GO(i~FOS WW 102,104 280 feet (5 holes) dl-illine. 
PH 10 120 feet (2 holes) drilling 

A rolllpitalioll Ireport (Dales. 1978) described the 1978 drilling program and provided 
minimal de~aits on rhe programs completed during the early 1970’s. Dales I I9781 reported an 
earlier rese~n’r calculation of 288,000 tons of phosphate rock to a depltl of 50 feel I18 m) 
assuming a Ihirknrss of 3 feet (1 m) based on bulk testing and diamonct tlrillirlg. 

AI-ea Block 

From Dalrs I I ‘17X) 

Mineral Resource Tonnage Summary 
Lo 18 

m width % P,O, ppm Y m depttl 

1.00 27.00 na 288.000 

FOI-mesa Resources Corporation (Pelt. 199Oc) explored the Barnes Lake phosphoriles in 
1990. They tlrldrr(ook a program mapping, sampling, hand trenching and backhoe trenching. 
Eighty backhoe II-enches and two hand trenches were established along slrikr on Ihe west, side 
of Michet CI-wk. The trenching results, summarized below, confirmed thr corllinuity of Lhe 
phosphoriles and lhr continuity of grade along strike, substantiating thr eartirr work compiled 

w 
hy Dales ( 1978). 





Geology (summarized from Pell(199Oc)J 
Tile Barrlrs Lake occurrence is underlain by Permian through to J~~rassic strata. The 

Permian Raq!$~ Canyon Formation rocks are medium to thick-bedded. CI’C~UII 10 buff lo lighl- 
2w-y w~a~h~~-in~, linr-grained sandstones. sillstones and dolomitic sillslor~rs. with while lo 
Ii@1 grey I’I-es11 slirfaces. 

The TI-iassic Slllphur Mountain Formalion rocks are predominantly 1~111’1’. yrllowish-brown 
and chocolnr~ brown weathering, thin to medium bedded siltstones and shalely siltstones. 
Dark brown shale horizons with thin siltstone interlayers are common wilhin Ihe formalion. 
occllrring co111mor11y at the top of the formation. 

w Fernir GI-O~II rocks are recessive weathering and poorly exposed. Where (hr base of the 
Fernie Grollp is exposed. it is marked by a phosphorite horizon thal is commonly I, l-2. I 
metres thick. Drowr~ and black shales commonly overlie the phosphorilrs. The shales arc 
overlain by black. brown and dark grey shales with interbedded buff lo I)IK\II~P weathering 
dolostones. 1x111’. fitwgrained sandstones and light-grey limestones. 

The basal phosphorile horizon generally consists of poorly to well consolidnlrd. gritty. pelle- 
cnl phosphol-ire and shalely phosphorite capped by phosphorite shale. 

In mos1 ~renchrs. the phosphorite horizon overlies orange to yellow clays. or inlerbedded 
buff to brow1 TI-iassic shales and siltstones. The phosphorites are generally shal?ly lo pelletal 
in nature and exhibit an increase in grade upsection until a fairly pure phosphorite (2.8% to 
32% PzO,) is tleveloped. Commonly, the high-grade phosphorite is black. prllelnl and overlain 
by i~lcrensirl<ly shnlely phosphoril~e and shale. Locally, phosphate nodrllrs hoslcd in a pellelal 
phosphate malrix arr developed in the high grade beds. 

On lllr B;~I-11~s Lake claims, Lhe slraligraphically complete meas~~rrtl swlions average 
22.53% P,,O, and 606 ppm yttrium across an average thickness of 1.43 ~~lelrrs. One incom- 
plete sect~oon conlained an average of 30.5% P,O, and 777 ppm yttrium ace-ass 0.98 metres. 
The values rangrd from 2.66% P,O, and 98 ppm yttrium in shale layers willlill lhe phosphorite 
section lo 32. I8(“0 P,O, and 1065 ppm yttrium in the phosphorite itself, 

The struci~~~-r of the Barnes Lake area is dominated by a pair of north-northwest trending, 
ilprighl to owr111rnrtl anticlines and the intervening syncline which is corfxl. ill !he central and 
norll~rrt~ pii~-l ol’ tllr properly. by a thrust fault. Small backthrusts O~CIII- along the western 

u limb of th? raster-nmost anticline and locally disrupt phosphatic strata. 

Prll lI99Ocl identified an area, on the west limb of the easternmost antirlirw where the dip 
of the plwspl~i~lr hrd and the hillside are roughly parallel. 



-19- 

CABIN CREEK 

The C:abirl Creek tphosphate occurrences lie within the basal Femie Forn~nlion phosphorite 
but. Three tliclirrl bands or zones, represented by slructural repeats have been identified. This 
area was fitw esptol-ed in the late 1970’s. Three claim groups (totalling 16 IIII~~S) were slaked IO 
cmr~- t hr krv i~r-t:as 01 the occurrence. The claims lie on sheet 082G/02E. 

(‘tiiilll Name Record Numbers 

c‘c: !4 I-#9 348600.348608 
(~TC #IO-#15 348609.348614 
DC*’ 348615 

Rrcord Dal? 

July I:$. 1996 
Jllty 14. 1996 
Jtily 14. 1996 

Location and Access 
The C:ahiu <:I-eeli phosphate occurrences are located in the Fort Slerlr Milling Division. 

about 45 kitolnetres southeast of the town of Fernie in southeastern British Columbia. The 
claims arr ;rcessible by maintained then secondary logging roads with thr Iuninlained logging 
road leavirlg Highway 3 al Lhe Morrissey Road turnoff. 

The acl~lal ctaims lie on Lhe north slope of Cabin Creek Valley, accessiblr via the Cabin 
Cl-eek For-rslry Road and its spurs. though the spurs are now cut by reg111arly spaced Walter 
bars or dilrhrs. wqltiling a 4X4 vehicle for access. 

Elevalions ~-n~~~gr from 1675 m&es Lo 2135 m&es. Large areas have recently been clearcut: 
,CI-asses. SII~II plants. fireweed and stumps characterize these areas. Untagged parts of the 
claims hosl stands of spruce and fir. The properties are snow-covered from n~icl- lo late- Octo- 
be!- lo tale-May IO early-June. Water for drilling is available from creeks in Lhe lower elevations. 
11111 signifirnrlt tenglhs of waterline may be required for drilling higher on (hr hilts. 

Previous Exploration 
Imperial Oil Linlited (Van Fraassen, 19781 explored the Cabin Creek phosphorites in 1977 

and 1978. Imper-ial Oil undertook a program of mapping, sampling and percllssion drilling. The 
sampling ws11tls are summarized below. The percussion drilling results. based on a total of I9 
tioles. wrr t~oor~. Sllbsequcnt examination of Lhe plots of the hole locations. sit-ongly suggests 
several of ~hr l~olrs were collared in Ihe footwall of the phosphorites. One inlerseclion was 
oblained: Hotr 2%70. 2 I .8% P,O, from 5.7 Lo 6.5 metres depth. 

First N~!cltwt- Corporation Limited (Hartley. 1982) explored the Cabin Crrrk llhosphorit,es in 
I98 I. ~lntlen;~krr~ a program of prospecting, mapping, hand-trenching and c-al Irenching. The 
prospeclin tj!-ocr-am consisted of scintillometer surrey to trace the surfac? projection of Lhe 
phosphor-iles. hllitizing the low-grade uranium content of the higher grade phosphorile. A total 
of I2 (I-enchrs wrrr excavaled either by hand or by D7 cat to sample the plwsphoriles al semi- 
rrpular in(cr\.ats along strike. Further exploration. consisting of seismic s~~neys and drilling 
was I-ecotIItIlrllttr.(t. 1x11 never followed through. 
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Formosa Rrso~lrres Corporation (Pell, 1990a) explored the Cabin Crerk phosphorites in 
1989. They lilltirrtook a program of mapping, sampling, hand trenching and backhoe trench- 
ing, Six hand l~wnches and five backhoe trenches were established, essentially confirming the 
rontinuily of s~n~rl~~re and grade from the earlier work completed by Imperial Oil Limited (Van 
Ft-aassen. 19781 and First Nuclear Corporation (Hartley, 1982). 

Geology (summarized from PeU (1990a)) 
The Cabill Cl-eek occurrences are underlain by Permian through to JlII-assic stl-ala. The 

F’rrnlian Rnrlget- Canyon Formation rocks are medium to thick-bedded. c~-wm 10 buff (0 ligh- 
,grey. or- locally lpink weathering. fine-grained sandstones, siltstones and dolomilic sillstones. 
wilh white lo li,<lll grey fresh surfaces. 

The Tr-iassic S~llphur Mountain Formation rocks are predominantly buff. yrllowish-brown 
and chorolal? III-own weathering, thin to medium bedded siltstones and shalely siltstones. 
Dark browse sl~iilr horizons with thin siltstone interlayers are common willlirl lhr formation, 
p;~riic~~l;~!-l~ ICY I II(* solllh of Cabin Creek. 
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Fernir Groul~ rocks are recessive weathering and poorly exposed. Whrre lhr base of lhe 
Fernie GI-oup is exposed. it is marked by a phosphorile horizon that is conunonly 1.15-3.5 
nletrcs thick Brown and black shales commonly overlie the phosphorilrs. The shales are 
o\.ct-Iail 1~ l~lack. brown and dark grey shales with interbedded buff lo <:)ra~~r[e weal~hering 
dolosto~w~. 1111l’l. litwgrained sandstones and light-grey limestones. 

The b;~sal pl~osphorite horizon generally consists of two poorly consolitl;~l~tl. gritty, pelletal 
phosphor-ilr I;I~?I-s separated by 15cm to 60cm of brown shale containing a Ihin. intermedialy 
phosphalic Ilol-izoil. 

III mosl t~wnches. the phosphorite horizon overlies buff to grey Triassic sillstone or sand- 
stone. The base of the phosphor&! horizon is a 25cm to 86cm silty to shalely phosphalic hori- 
zon. gradin:! 6.5’X 10 13.25% PzO,. Immediately above is a +60cm. poorly consolidated. pelletal 
pllosphoriir !I-adin< 23.5% to 26.2% P,O,. A thin chocolate shale horizon. 35~111 to 60cm thick 
oxsrrlies lhr Iow?r phosphorile. A second 15cm to 135cm phosphorite horizotl. gl-nding 20.7% lo 
27.7% P,O,. uvrt-lirs the shale. The phosphatic sequence is capped by a 2r11l Lo 151x1 thick 
yellow helllolliir bed 

On thr Cabin Creek claims, the stratigraphically complete measured serlions average 17% 
10 20.5% P,O; and 540 ppm to 710 ppm yttrium across an average thicklxss of I. 15 lo 3.51 
me1 ,-es. 

The siruc(~~re of the Cabin Creek area is dominated by a series of northwesl-southeasl 

w : .’ 
~lendlng folds and thrust faults. Two anticlines. cored by thrust faults, and the intervening 
syncllne havc brrn mapped. Surface mapping has detailed an outcrop pallrrrr. indicative of a 
d011ble plungin anlicline. 

Pell (l990a) identified an area, on the limb of an anticline. where the dip of the phosphate 
bed and the trillside are roughly parallel. A second area. a large flat bench whc~-r the phosphor- 
ice is horizonlnl llnder 1 to 3 metres of overburden was also identified. 

Preliminary Mineral Resource 
A preliminary mineral resource has been calculated for the Cabin Creek phosphale hori- 

zons. This rtxo~~rce is cursory in nature and is meant to only give a prelhninary estimat.e of 
contained metal values. The resource has been calculated based on 1:20.000 CI-oss sections 
spaced al 500 nlelre intervals. The P,O, and Y values assigned to the blocks are calculated 
based on thv alot-edescribed sampling programs (Van Fraassen. 197S: Harlley. 1982: Pell. 
1990a). 

Values havr hcrn calculated lo depths of 25, 50 and 100 metres. Earlier work has concew 
[rated on locaring a near surface. open-pittable or strippable deposit. The srclions at this scale 
clearly show lillle malerial is available for open-pit mining. Sections of smaller areas at a more 
detailed scalr (cc. I : 1000 to 1:2000) may locate such a zone. 
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Preliminar? Mineral Resource Tonnage Summary for Cabin Creek Pl~osphorites 

to 25 IO 50 to 100 
AI-ra Block m width % P205 ppm Y m depth 11, drplll 1~11 depth 

Cabin Cl-wh \\:rsi Bu~d 
I ooooi\’ , (1 sooo’v 1.20 na na 16,800 33.600 67.200 
5000X 10 fjOOOS 1.87 18.59 607 28.760 57.51:) I 15,038 
fi0OON 111 .iT,OON 1.41 19.68 598 36.390 72.77s) 145.558 

10000K ,<i .s500 0.63 22.21 675 6,174 12.3‘lti 24.696 

CAbin C:I-reh C:er~l~-r Band 
95OON lo 8OOON \v 1.63 20.00 591 20,538 4 I.076 82,152 
8000N lo fj3OON \Y 1.50 “a na 17,850 35,700 7 1,400 
!XOON lo 8OOON E 1.50 “a “a 18,900 37.POrl 75.600 

\Vesl Band SIIII-Total 1.47 19.57 614 88.123 17B,24fj 352.492 
Crntre Band SibTotal 1.55 20.00 591 57.288 Il4.57fi 229.152 

Cabin Creek Total 1.50 19.74 605 145.411 290.822 581,644 

The gl-ades al-e clearly within the range of operating phosphate mines in tbr western United 
States. The abow average yttrium values may very well enhance the overall slur ol’ the depos- 

w i’, 
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HUNGER LAKE 

Record Numbers Reco~rl Date 

348616.348627 .llllY I,. 1996 

Location and Access 
The Hlirrgrr Lakr occurrence is located in the Fort Sleek! Mining Division. nbo~lt 45 kilome- 

11-t-s so~~lhrnsl of lhe town of Fernie in southeastern British Columbia. The occurrence is 
awrssiblv 1)~ Il,;liruained then secondary logging roads with the mainlainrrl lozing road lea\,- 
it12 Highw;~y 3 at ihc Mortissey Road turnoff. 

The arl~~al claims lie in the valley of upper Leslie Creek, accessible \‘ia lbe Ram Creek 
Forestry Koatl a11t1 its spurs. This road has been washed out approximately 3 kilometres 1’1.0111 
10le Cabin Cr-rek Fol-estry Road and will require some excavator work to n-establish 4X4 road 
access. Tllr (,laitns are presently accessable by fool or by 4 wheel drive ATV’s. 

Elevations ran? from 1675 metres to 2135 metres Large areas have recently been clear- 

fw 
crlt: grasses. small plan@ fireweed and stumps characterize these areas. Unlogged parts of the 
claims hosl srar~tis ol’spruce and fir. The Leslie Creek valley is snow-bound from mid- to late- 
Oclober- (0 ?a!-ly-,Jl~ne. Water for drilling is readily accessible from Leslie Crerk. 

Previous Exploration 
Ilnpet-ial Oil Limited (Van Fraassen. 1978) explored the Hunger Lake phospbol-ites in 1977 

and 1978. Impwial Oil undertook a program of mapping, sampling and percussion drilling, The 
sampling results are summarized below. The percussion drilling results. based 011 a total of 13 
boles. were poor. Subsequent examination of the plots of the hole locations. sll-ongly suggests 
srveral of lhv boles were collared in the footwall of the phosphorites. One inlrrsrclion was ob- 
iainrd: Holr 2% 12. 13.5% P,O, from 45.3 to 46.0 metres depth. 

Fil-sl N~~clral- Cur-poralion Limited (Hartley, 1982) explored the Hungel- Lake pllosphol-it,es in 
1% I, Ilntlet-takc,n ;I program of prospecting. mapping. hand-trenching and rat It-enching. The 
pr-ospectit~g pru:ran~ consisled of scintillomeler survey to trace the surface projection of the 
pbospborites. ulilizing the low-grade uranium content of the higher grade phosphorile. A total 
of 6 lrenrhes were excavated either by hand or by D7 cat to sample lhe phosphorites at sem- 
rrgular inl~nxlc along slrike. Further exploration. consisting of seismic s~~wrys and drilling 
was I-rco~n~~wntlrtl. 1,111 never iollowed through. 
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I, Formosa Rrsour-ces Corporation (Pell. 1990b) explored the Hunger Lake phosphorites in 
1989. tlntlel-taking a program or mapping, sampling, hand trenching and harkhor trenching. 
Eight hand II-c~~chrs and nine backhoe trenches were established, essenlially conrirming the 
conlinr~ity ui sll-lrl~~re and grade from Lhe earlier work completed by Imper-ial Oil Limited (Van 
FI-nassen. 1978) and First Nuclear Corporation [Hartley. 1982). 

Geology (summarized from Pell(199Ob)) 
The Hilncl- Lake occurrence is underlain by Permian through to Jurassic strata. The 

Prrrnian Ranger Canyon Formation rocks are massive, medium-bedded. whilr. grey or cream 
wealhe~-ir1.2. vex? line-grained quartzose sandstones, siltstones and dolomitic sillstones. 

Tlw Tri;lssi(: SIII~IIIIT Mounlain Formation rocks are predominantly li,ghl y~~ll~,wish-brown lo 
medium brown weathering. medium- lo thin-bedded siltstones. and calcarro~~s or dolomitic 
liglll crcy sil~siwws~ In some areas. fine sandy beds are present within (he sills(ones. in others. 
dark br-own shales and silty shales occur. 

Fernie Group Irocks are recessive weathering and poorly exposed. Where the base of the 
Fernie Group, is exposed, it is marked by a phosphorite horizon that is commonly I metre 
chick. OvrrlyinC lhe phosphorites are monotonous fissile black shales. Much Illrlher up in the 
sequence. creal~~ lo light grey weathering siltstones and silty limestones, as well as shales and 
silty shnlrs aw pwsrnl. 

The basal pllosphorite horizon generally consists of two poorly consolidated cri(ty. pelletal 
~phosphoril? Iayrr-s srparaled by 5cm to 25cm of chocolate brown shale. 
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On 01v IIII~I<,.I~ L;~ke claims, the stratigraphically complete measured swli~~~~s ;we~-ages 2 I% 
PLO- and 620 y! I lrilltn across an average thickness of 1 .OO metres. 

Thr SI~IJC’I~IW of the Hunger Lake area is domlnated by a series of IIOI-lliwe.sl-so~~ll~rasl 
1 rending loIds atltl lhrust faulls. The aclual claims cover the northeast limb of a syncline. thnl 
is pa11 of a scr-ie~~ of trorlhwest southeast series of anticlinal and synclinal folds. 

Thr plros~~l~;~lr horizon al the Hunger Lake occurrence outlines broad. open folds and 
Ih~-o\tgho\~l IIIOZ~ of Ihe area, is present as a shallow, southwest dipping Iaye!-. On the eastern 
hail of lhe ,wr,p?r-~y Pell (1990b) mapped the phosphate horizon in a near dipslope sitnal,ion. 
dipping inlo I/I? vallry at an angle which is slightly steeper than the hillsidr. 

Preliminary Mineral Resource 
A preliminal~ nlineral resource has been calculated for the Hunger phosphate horizon. This 

I-esource is c~~l-so~~ in nature and is meant to only give a preliminary eslimale of contained 

w metal val\~rs;. Tile resource has been calculated based on 1:20,000 cross sections spaced al 
500 melre inlrr-\-als. The P,O, and Y values assigned to the blocks are calcuklled based on lhe 
albredescl-ihrri sampling programs IVan Fraassen, 1978. Hartley, 1982: Peil. 19901,). 

Prclii~~iw~~~ Mineral Resource Tonnage Summary for Hunger Lake P!w~phol-iles 

AI-ea Block 

Hrin,@ Lakr Band 
205OON 1” I’fOOOK 
190001\’ 1” I7OOOK 
I70001\’ IO I 5YOON 

Hunger Lake Total 

m width % P205 

0.84 19.32 
I .03 19.80 
1.19 21.26 

1.05 20.24 

to 25 (0 50 
ppm Y m depth m deplh 

567 8,820 17.640 
565 17.276 34.552 
617 15.044 :w.OH!l 

586 41,140 82.281 

to loo 
m depth 

35,280 
69.104 
60.178 

164,562 

Values Ilave hren calculated to depths of 25, 50 and 100 metres. Eat-lie!- work has concen- 
Iraled on loc;~tirr< :I near surface. open-pittable or strippable deposit. The swI,ions at this scale 
cleat-ly show liillr material is available for open-pit mining. Sections of smallr~- areas al a more 
delailed scalr (~2. I : 1000 to 1:ZOOO) may locate such a zone. 

The <I-xI(.N ax clearly within the range of operating phosphate mines in lhr western United 
Stales. Thr ahow nvrrage yttrium values may very well enhance the overall vallie of the depos- 
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1996 EXPLORATION PROGRAM 

The aim 01’ fhr I996 exploration program was two-fold. First. to acquirr by slaking the key 
sections of (II? Barnes Lake. Cabin Creek and Hunger Lake phosphate ocr~~rrrnces. Secondly. 
111r rxislill< tllirt)t)iil< was checked, as were previous trench locations. Tllr (.l;lims wew alsu 
tli-ostwrird to XVII! o111 locations for the planned 1997 Lrenching program iii t)!-widp Ihr malr- 
i-iat ior illt.liltlllii(,ilt Lesting. 

Orcllrl-rr1rr UT5 SheeL Claims Record Numbers Expily Date 

Barnrs L;lkr 082G/07E BL#l-#It2 348582.348593 .Jklty 16. 1997 
MC #I-#6 348594-348599 <ILIlY 15. 1997 

Cabin Cwrk 082G/02E cc # l-#9 3486CG348608 .Jltty 13. 1997 
cc #IO-#15 348609.348614 .July 14. 1997 
DC #I 348615 July 14. 1997 

H~lnger Lake 082G/02E LC #l-#12 348616-348627 .July 12, 1997 

The proper(irs were walked and examined as part of the staking pl-ocess. verifying the 
trench tocnliolls and verifying the competent geological mapping completed by Jennifer Pelt for 
FOI-mesa RPWIII-crs Corporalion (Pell. 1990a: 1990b: 199Oc). 

Very tiLLte of the basal phosphoriles actually outcrop on the properlies. Uo samples were 
taken tt\lt-itrk 1tle slaking phase. The sampling program was planned dlit,ing the backhoe 
sampling program when Lhe basal phosphoriles would be opened in Lhe cl-enches. Therefore. 
tiLlte new informalion was added to the present knowledge base at the complelion of Lhe slak- 
in:! phase. 

The rxislinz data was compiled into a series of plans and sections. wilt1 initial mineral 
!WSO~II-W &ima~rs calculated for Lhe properties. 

Barnes Lake 
Three days !~cl’e spent on the Barnes Lake properties. one day on the MC claims and Iwo 

days on (he BL ctailms. The previous trench locations were examined and follnd Lo be back- 
filled. Samptirlz? was not possible, as the phosphale horizons do not outcrop on Ihe propelly. 

The location and description of outcrops from the 1990 mapping (Pelt. t 99Oct were periodi- 
catty checked. Based on these checks, the mapping was found to be sound. Irequiring litLIe if 
arls rotto~~s-lllr. 
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Hunger Lake 
One day was SQPCIL on lhe Hunger Lake property. The previous tre~~ch localions were 

examined. 1~111 iol111t1 (~0 be backfilled. As at Barnes Lake and Cabin Ct’erk. IIO sampling was 
11nderlak11 dtlr Iu lark of QhOSQhOrik OUtCrOQ. 

Again. 111~ localion and description of outcrops from the 1990 mappin:: (I’ell. I990b) were 
clwcked awl liriir~d 10 be COmQ&ntl,’ done. 
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DISCUSSION 

The res111[5 obc;~iwxi lo date on each of the phosphate properties warrnnls fllrlher work. 
Lilt le atltlilion~~l <rokrl(ical mapping should be required. as the Formosa Rrs~u~~r’rs Corporal ion 
I%Y- 1990 ul:lllpill: program was competently done. The hand and backlllw lwnchinl: com- 
~~lr~rtl I)? F~I~IIW;I Rrsources Corporation both confirmed the results of eat-li(.l. rxplol-alioln. and 
i~lrllliiir(l r;,r<tv ,I~W;ICI wilhin the phosphorite beds on each of the properliw 

Thr cxplot~;~~i~~t~ lwograms completed to dale have generally been concer~lrnLetl on the readi- 
1~ iiccvssil~lt~. IIY~I- S\II-face sections of lhe phosphorites. This is reflecletl in lhe mineral re- 
SOIII-W rri~i~~la~~x itwlllding only the first 25 metres of depth. 

PI-rliillinary Shallow Mineral Resource Tonnage Estimate S~~mrnnty 

F’l-oprl-lv SoIlI-re widlh %P205 wmY lo 25 111 

Barnes Lakr Dales (I 978) 1.00 27.00 288.000 ik 
Cabin 0erk lhis report 1.50 19.74 6:: 145.41 I 
Hllnger Lake Illis report I .05 20.24 586 31.140 

:@ Barnes Lake resource estimate is to 18 metres depth 

w B~lLrenchlIk (1996) expanded on this work in a general way, estimaling (he total mineral 
resoui-ce poIrn[ial of the phosphorite horizons for each of the areas based on total exposed 
sl!-ike len,glh and avel-age widlh. The calculations were based on a specific gravity of 2.8. He 
colnhined Ihr C;lbin Creek and Hunger Lake occurrences to obtain one eslimalr for Lhe enl~ire 
Cabin CreYk i,lWii. 

(tallin / Itl~~iIzer ~reso\lrce potential 34 million tons to 300 melres deplh 
Barnes WsoIIIcr polential 11 million tons to 100 mel res drpl h 

Working Ix~ckwards from the resource total, a figure for potential tonnage per claim uniL 
can be oblaiw~l r~lilizing Butrenchuk’s data in combination with some siillplr assumpl~ions. 
The fit% assunlpIion is the phosphorite horizon strikes continuously across Lhe entire claim 
unil roughly )~arallel Lo one of the boundaries, yielding a length of 500 ~nrlres. The second 
asswupLior~ is Ihc srquence is not repeated (meaning two or more horizons per claim). 

Based uu Lhrw assumplions. one 500 metre claim unit could conlair~ 420.000 Lonnes of 
phosphorite ~resources Lo a depth of 300 metres. or 140.000 tonnes of phosl)horile resources 1~0 
a deplh of 100 n~elres. 

Thrrr ~S~PCIS need Lo be addressed in bringing these deposits along io lhe production 
sLage: a pro<~-a~r of furlher property acquisition. an increase in the co~~fitlence level of Lhe 
prrliminat~ resoul-ce eslimates Lhrough a combination of percussion or rotan: drilling and bulk 
Irslin<. and hrnr+caLion testing of the phosphate rock to produce saleable prntl~~c~s. 

A minina +lrlation on any of the lhree properties will more than likely be. ;ii IeasL initially. a 
sIri)> mirlirl~ / l~pen cut operation. The phosphorite will be mined along slrikr Lo a shallow 
tleplh (+25 IllpiI-cs or 75 feel). This will likely result in one or more long. narrow trenches. 
following [lie phusphorite bed across topography. 
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A minirl:! plan co~lld easily be realized where the overburden and waslc ahead is used Lo 
barkfill the olw~ cl11 behind. in much the same manner as placer mining follows the pay streak 
III) lhe ctwrh \-alIvy. Tllis type of mining plan will have minimal environlnclllal impacl. This 
plan will. l~u\vw~~r rrquire long claim blocks along the surface strike l~ro,jrclions of lhe phos- 
plNwl~c 01.(15 

,Arl ;ig:l-rssivv pln,g!-am of property acquisition should be undertaken lo wcluire and hold 
I~IIC. ~OI~(~I~IIOIIS swlions of the phosphorile horizons along strike. There is lillk twrd lo hold 
IWW ~II~II orw or IWO claim lengths of width across the phosphorite beds. TIwI-rforc. the acqui- 
sillon sho~~ltl collccrltrale on two-post claims centred on the phosphorile beds. following them 
al011g sll-ike. Ul~lizillg the phosphorite tonnage per claim unit figures. a ~ll~ninlum of eighty 
claim units \vill be required to acquire Butrenchuk’s (1996) Cabin Creek area resource. A 
Imininlun1 of riglIly units will also be required to encompass Butrenchuk‘s ( I9961 Barnes Lake 
~~so,~~-rc. ~II~II$I 50 llrlits in each area would be sufficient at this stage. 

The scco~~d aspect (confirmation of resource estimate) and third aspecl (beneficiationl are 
essenlially itll~i-~llarl?;eable,though at this stage the beneficiation shotlid be addressed first. 
~dd~-essit~g it \vill also complete much of the resource estimate confirmaliolb. 

The rrcrnl ~resear-cl1 and development in leaching of phosphate ores (.li~tld el al. 1986: 
\Vilemon and Schrine~-. 1987: Habashi. 1994) should be vigorously investigaled 

Qv 
S~~ll’icir~~l pl~splronle material from each of the properties will be requil-ed lo cany out the 

trsling recltliwtl lo ;lscertain lhe merits of leaching the Fernie phosphoril~es. II is imperative lo 
oblain I-epresrnlalive samples from each of Lhe properties. The best way lo supply an adequate 
stlpply of I-epresrnta(ive phosphorile material is to open a number of trenchrs al regular inler- 
\-als alon:! strike. XI-ass the phosphorite horizon. A similar amount of phosphorile. for example 
I or 2 five gallor~ pails, would be collected from each trench. This material can then be mixed 
and a ~IIIIIIIXI- oI’c111s from the mixed pile can be taken for testing. 

Each of lllr !I-enches will be mapped, photographed, sampled, and assayed lo complete pa11 
01 the reserw (confirnation program. 

F’osili\,r I-rs~llls 11rom the metallurgical tesling and trenching should IWSIIII in a pilol scale 
1~. wl~et-r I;I~.YI. vr~l~lines of phosphorile material will be required. 

/\l’ler vo111l>l,.liorl of Lhe lrenching. only the conlinuation of the pl~ospl~ot’ilr down dip (lo 
tlep(h) will nretl 10 be evaluated. The longer term mining plan will envision rilhrr deepening the 
open culs or .<oinf tInderground. A program of percussion or rotary dl-illin,!? .shm~ltl be tinder- 
Iakrn lo lrsl Lhc phosphoriles to depth. Previous exploration programs ill lhr Fvrnie Basin 
ha\.e had Inixrtl tresults with diamond drilling. so rotary drilling (whr~w all Ihe cutting are 
brought to t11r SIII-face1 should be the method of choice. 

Thel-e is sonw &bate at present with respect to decreases in P,O, gl-adr with depth. In his 
1996 colllpililt ion Blltrenchuk (1996) reports that there are large discrepnnries between sur- 
face samples aiitl di-ill intersections at both Line Creek and Barnes Lake. suggesting a phe- 
inomenon wl~rt-r f,O, content is enhanced in the zone of weathering wbrn soluble gangue 
~minerals ~I-C dissolved and carried away. A review of all properties desct-ibetl in Butrenchuk 
j I9961 s11ow rlwr-r are as many or more properties where the surface grade and drill hole inter- 
scclion gr-stir (ol- ilnderground grade) is similar (for example, Crow, Foi-ding River. Cabin 
Crrek). FIII-111rr irlvc%igation is required. as the possibility exists these cliscl-rpancies are dlle lo 
thr nrtl~od 01’ tit-illilr< (diamond drilling versus rotary drilling versus perclxssion drilling]. 
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CONCLUSIONS AND RECOMMENDATIONS 

Three it1(1t1stI-ial mineral properties have been acquired in the Jurassic Fvrnie Basin 01 
so~~lhenslr~-II Brilish Columbia. The Barnes Lake, Cabin Creek and Hungry- Lake sedimenl,ary 
~~11uspl1ot~i!v Illil.ixorls contain a combined polenlial mineral resource in cxwsis of 45 million 
~o~,r~rs. ;IWIII-~~~IIC III lhe recent government publicalion of British Colllmbia phosphor-ites 
(BIIIl-rIrcli~lk. I!I<W 

E;il-lic,t. ~~xpl~~l~iliiorl programs on the Barnes Lake, Cabin Creek and HIIWW Lake claim 
-ro,~ps WIK~~II~I~GII~(~ on the near surface slrippable or open-cuttable polrnli;~l 01 I he phosphor- 
ilt‘s. :M~~I~IIII<. x~~l~l)ling, hand trenching and backhoe trenching provrd lhr I .Om lo I .5111 
phospho~il~~ Ilot-izoll al the base of the Jurassic Fernie Formation lo lx conl~irluous alor 
strike. Aver;l~e $adcs in lhe range of 20% P,O, and 600 ppm yllrium were oblained. Prelimi- 
rlaly mineral ~rrsou~-ce estimates in the range of 50,000 to 300,000 Lcmrrrs werr calculated Tao 
25 !ll~lIWS dPpIl1. 

Melallllr-gical iesling to dale has not yet produced satisfactory concerrl~-ales. Most of Lhe 
Irsling has cwt~cet~(t-ated on grinding and flotation. Recent research and development has 
focussed 011 Iravllil~lg lhe raw phosphorites to recover both the phosphate and I~he contained 
rare eaxlh el~mrnls. predominantly yttrium. with reasonable success. 

A s(ag?d. l111.c~ phase exploration program is recommended for l~hr Frrnie Phosphorilr 
Pmject. The lit-SI stage is additional property acquisition. The present properly base of 48 units 

w 
shollld be expa~~lrtl lo at least 110 units to cover most of the Butrenchuk (1996) phosphorite 
I~SOII~CP. Thr COSI of acquiring the additional claim units is estimated at $ t 0.097. 

The svcontt phase involves metallurgical testing. A series of backhoe trenches will be opened 
a1 regular illienxts along the strike of the phosphorite horizon. Two 5 gallon pails of phosphor- 
it? ~nalenal \\:ill lx galhered for each trench. All trenches wilt be mapped. plwlographed and 
sampled. Thr series of pails from each property will be mixed to supply the material required 
fat- two b~nc11 scale metallurgical tests for each of the three properties. Phas? II is estimated lo 
COSI $45.67?. 

The Ibird II~I;IS? involves proving up the near surface resources and expanding them lo a 
depih of aI lrast 50 metres by rotary drilling. A total of 4.000 feet (1220 melt-es) is budgeted for 
~~KII of I I](, 111~~~ l)t~operties. Total cost of the drilling is estimated at $28 t ,785. 

Ph;w I Properls acquisition $ IO.097 
Phas? II Trenching and metallurgical testing $45.678 
Phasr Ill Rwa~>, drilling $28 1.785 

Total Bl!d?W $337.560 

Al 111e cot~cl~~sio~~ of phase 111. a decision can be made on conducting a pilol scale tesl of the 
beneficial ion III-ocess and subsequently a decision on initiating a pretiminat? feasibility sl~udy 
c-i,,, be Illildr, 

Ttlr COSI 01’ llw I996 exploration program was $8,395. 
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COST ESTIMATES 

Phase II Tolal 

TOTAL BUDGET 

53.025 
$3.600 
s I.200 

*fjY,O 
$700 
.N!23 

$i IO.097 

53.025 
$9.000 
53.600 
5 I .500 
$1.890 
52.100 
$2.714 

$4.000 
$17.850 

545.678 

$3.025 
$182.700 

$13.950 
S27.000 

.w).ooo 
$4.500 
55.250 

$36.360 

$2S I .7s5 

$337,560 

w \‘ole : lhe I-olaty (Ii-illing cost for only one or the three properties would be $95,945 
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STATEMENT OF COST FOR 1996 EXPLORATION PROGRAM 

Barnes Lake (July 16, 17) 
Tim Hennebern>r 

\?rhick 

I days 0 5300 /day 
1 days 0 $200 /day 
2 days 0 $60 /day 
1 days Q 550 /day 

1 days 0 $300 /day 5300 
1 days 0 $200 /day 5200 
2 days Q 560 /day $120 
1 days 0 $50 /day 550 

2 days 0 $300 /day 5600 
2 days 0 $200 /day 5400 
4 days Q 560 /day 5240 
2 days 0 550 /day $100 

2 days 0 5300 /day 
2 days 0 $200 /day 

I trip Q $35 /trip 

Doclmlrn(ation 
Tin] Hrnr~riw~-13 10 days 0 $300 /day 

Tolal I996 Costs Ibr- Assessment Credits 

Breakdown for Assessment Credits 

Total Cabin 

$4,020 $1.340 
$1,375 $344 
53.000 $1,000 

_ _ _. _. _ _ _ _ _ 
$8,395 $2,684 

Hunger Michel 

5670 5670 
5344 5343 

$1,000 5300 
_ _ __ _ _ _ 

$2.014 $ I .:3 I 3 

$400 
5240 
5100 

5300 
5200 
5120 

550 

$600 
5400 
5195 

535 
5145 

53.000 

$8.395 

B?WIles 

$1,340 
$344 
$700 

$2,384 
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STATEMENT OF QUALlFlCATlONS 

I. R.Tim Hrv~nehrr~y, am the principle of Mammolh Geological Ltd.. a geological consulling 
fi~-nl with olficrs al 9250 Camarvon Road, Port Hardy, B.C. The mailing address is Box 5250, 
POI-I Hard\,. B.C:. \/ON 2P0 

I ~~III w~is[~rrd \\rilh the Associalion of Professional Engineers and Grosrirnl isls in lhe 
Pn,virre 111 Bl-itisll (:olumbia as a Professional Geoscientist. I am also a Frllow (11’ the Geological 
Associaliorr of C;~t~xla. 

I am ll~e rc~~stered owner of the following claim groups: BL #l-# 12 (record numbers 
348582.3485:):~). MC #I-#6 (record numbers 348594-348599). CC #I-# I5 Irrcord numbers 
348600.348614). DC #I (record number 348615) and LC #l-#12 (record n~~mbers 348616. 
3486271 

I sialirtl ;~nd rxamined the aforementioned claim groups between .JIIIV I I and J11ly 17, 
I996,. 

this WIIO!-I allay be used for any purpose normal to Lhe business 01 Manm~ol.h Geological 
Lld.. pro~idrtl no part is used in such a manner Lo convey a meaning diffrrenl Ihan that xi 

w 
0111 in lht- \vllolr. 

Dated lhis _ 
Columbia. 

day of in the Town of Port. Hardy, British 
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APPENDIX 



CABIN CREEK MINERAL RESOURCE 

25 50 100 
Area Block m width % P205 ppm Y in depth m depth m depth 

West Band 
1OOOON to 8000N 1.20 --.-- __- 16,800 33,600 67,200 

8000N to 6000N 1.87 18.59 607 28,760 57,519 115,038 
6000N to 4500N 1.41 19.68 598 36,390 72,779 145,558 

1OOOON to 8500N 0.63 22.21 675 6,174 12,348 24,696 

Sub-Total 19.57 614 88,123 176,246 352,492 

Centre Band 
9500N to 8000N w 1.63 20.00 591 20,538 41,076 82,152 
BOOON to 6300N W 1.50 --.-- ___ 17,850 35,700 71,400 
9500N to 8000N E 1.50 --.-- ___ 18,900 37,800 75,600 

Sub-Total 20.00 591 57,288 114,576 229,152 

CABIN CREEK TOTAL 19.74 605 145,411 290,822 581,644 



CABIN CREEK MINERAL RESOURCE 

Qu West Band Calculations 
1OOOON to EOOON 
m length 200 

EOOON to 6000N 
m length 220 

6000N to 4500N 
m length 370 

1OOOON to E500N 
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 EOOON W 

m length 180 1.63 

1.98 
1.28 

EOOON to 6300N W 
m length 170 1.50 

9500N to EOOON 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 

607 
579 

675 

675 

591 

602 
573 

36,390 72,779 145,558 

6,174 12,348 24,696 

20,538 41,076 82,152 

16,800 33,600 67,200 

17,850 35,700 71,400 

18,900 37,800 75,600 



HUNGER LAKE MINERAL RESOURCE 

25 50 100 
Area Block m width % P205 ppm Y m depth m depth m depth 

20500N to 19000N 0.84 19.32 567 8,820 17,640 35,280 
19000N to 17000N 1.03 19.80 565 17,276 34,552 69,104 
17000N to 15300N 1.19 21.26 617 15,044 30,089 60,178 

HUNGER LAKE TOTAL 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 1700ON 
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 fJ.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 
57s 
591 
722 
535 
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Cabin Creek Phosphate Project 
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Cabin Creek Phosphate Project 

Regional Section 8000N 
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Cabin Creek Phosphate Project 
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Cabin Creek Phosphate Project 
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Cabin Creek Phosphate Project 
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