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1. . SUMMARY 

The Cay property is a lead-zinc-germanium prospect located in the 
northern Rocky Mountains of British Columbia. It consists of 13 
claims (168 units) owned by Equinox Resources Ltd. The claims are 
55 kilometres west of Trutch on the Alaska Highway between the 
Muskwa and Prophet Rivers. A road extends towards the property 
from Trutch a distance of 12 km, and it could be extended. 

2. 

The property is underlain by a well bedded sequence of strata 
which includes: limestones, dolomite, shales, sandstone, cherty 
limestone and thick bedded black chert. These rocks range between 
Silurian and Triassic in age. 

Work carried out on the property after it was identified as an 
important germanium target in early 198 6 has involved: 
orientation geochemical work; prospecting and preliminary 
geological mapping in the fall of 1986; detailed geochemical 
surveys; mapping; geophysical work; trenching; and diamond 
drilling in 1987. 

Showings consist of numerous zinc-lead occurences found at or near 
the contact of Middle Devonian Dunedin Fm. limestone with Besa 
River Fm. shales and Stone Fm. limestone. Mineralization occurs 
on both limbs of a tightly folded anticline. Sampling has yielded 
assays of up to 13 percent zinc over several metres and showings 
occur over a strike length in excess of 15 kilometres. 

Zinc occurs as the mineral sphalerite which itself contains 
exceptionally high levels of germanium. Zinc concentrate from the 
Cay property contains 0.03% gallium and 0.25% germanium on 
average. The gallium and germanium occur within the sphalerite 
latice and in the mineral germanite which is present as inclusions 
in sphalerite. Assuming current values for these elements the 
trace element content would add over $1100 ( U . S . )  to the gross 
value of any spha ler i t e  produced in ore concentrate.  

Excellent potential exists for delineating ore reserves by 
drilling down dip and along strike from mineralized exposures on 
the Cay property. 

INTRODUCTION 

In 1986 Beaty Geological Ltd. launched a gallium-germanium 
exploration program. The object was to identify mineral prospects 
in the Western Cordillera of North America with previously 
unrecognized potential to be significant gallium and/or germanium 
sources. Attention was focused on zinc properties. It was hoped 
that a sub-economic deposit would be found which could be elevated 
to an economic category by virtue of its trace element gallium and 
germanium content. 

The program involved an extensive literature search followed by 
the sampling of over three hundred deposits and prospects. 

Y 
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Although several of these were found to have anomalous values in 
gallium and/or germanium, one exceptional property, the Cay, 
located in the Rocky Mountains of northeastern B.C., was 
identified. 

An exploration program was carried out on the Cay property in the 
fall of 1986 and summer and fall of 1987. The 1986 work consisted 
of preliminary geologic mapping, geochemical orientation work and 
prospecting. In 1987 an integrated exploration program was 
carried out starting with detailed grid controlled geological, 
geochemical and geophysical surveys followed by trench sampling 
and diamond drilling. The program was augmented through 
metallurgical studies on a bulk sample, petrological work and a 
study of fossils from the property. 

It has been determined that sphalerite from the Cay prospect 
averages 0.25% Ge and 0.034% Ga. This is very high indeed. By 
comparison the richest source of germanium in a zinc concentrate 
currently being mined is Pennarroya's St. Salvy mine in France, 
which contains about 0.07% Ge. Equally significant is the size 
potential of the Cay. Mineralization has been traced for over 15 
kilometres in a geological environment analogous to that of a 
classic petroleum trap. Furthermore "ore" from the property is 
metallurgically clean and the economics of extraction appear close 
to ideal. 

This report contains a summary of work completed to date on the 
Cay property and recommendations for the next stage of work. 

3. ACKNOWLEDGEMENTS 

The writers would like to acknowledge work by others which has 
assisted in the development of the Cay property. Bruce Mawer of 
Cominco Ltd. should be credited with discovery of the  depos i t .  
Apart from the writers, a number of other field personnel 
contributed to the unraveling of field relations leading toward an 
understanding of geology and mineralization controls. Other 
geologists who worked on the property at various times include 
Ross Beaty, Diane Howe and John Knox. We would particularly like 
to acknowledge the work done by John Knox who contributed 
significantly to geologic interpretation as well as to operations 
in general. 

4. HISTORY 

The discovery of lead-zinc mineralization by Arrow Inter-America 
Corp. near Robb Lake in 1971 sparked a staking rush in the 
northern Rocky Mountains of B.C. that led to the recognition of a 
new lead-zinc belt. Numerous showings were discovered though few 
were sufficiently large or rich enough to merit further 
development . 
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The o r i g i n a l  d i scovery  a t  Robb Lake con ta ins  a proven r e se rve  of 
about s i x  m i l l i o n  s h o r t  t ons  of 7.3% combined lead-z inc .  Other 
s i g n i f i c a n t  p rospec t s  i nc lude  ones l o c a t e d  a t  M t .  Burden, Nabesche 

cons ide rab le  amount of exp lo ra t ion  work w a s  devoted t o  these and 
o t h e r  p rospec t s  i n  t h e  e a r l y  1970's. 

R i v e r ,  M t .  McCusker, Redfern Lake and Richards Creek .  A 

Cominco L t d .  was a c t i v e l y  involved i n  t h e  Robb Lake e x p l o r a t i o n  
rush  and s t a k e d  a number of p r o p e r t i e s  i nc lud ing  Richards Creek 
mentioned above. About 15 k i lomet res  n o r t h  of Richards Creek, 
Bruce Mawer, a Cominco geo log i s t ,  d i scovered  h igh  grade lead-z inc  
m i n e r a l i z a t i o n  a s s o c i a t e d  w i t h  bar i te  a t  t h e  c o n t a c t  of Dunedin 
l imes tones  w i t h  Besa River s h a l e s .  F i f ty - fou r  c l a i m s  w e r e  staked 
by Cominco t o  p r o t e c t  t h e  a r e a  of i n t e r e s t .  The Cominco work 
program inc luded  s o i l  geochemistry and g e o l o g i c a l  mapping i n  1972 
and 1973. The o r i g i n a l  claims were abandoned i n  1974 and allowed 
t o  lapse. 

5. PROPERTY 

5.1 Location and Access 

T h e  Cay p rope r ty  l ies between t h e  Prophet and Muskwa Rivers  i n  t h e  
Rocky Mountains of no r theas t e rn  B.C. Topographic coord ina te s  f o r  
t h e  c e n t r e  of t h e  claim block a r e  approximately 57O45'N l a t i t u d e ,  
123°55tW l ong i tude .  Eleva' t ions range between 900 and 1700 metres. 
The p r i n c i p a l  showings occur about tree l i n e  which occurs  a t  1 5 0 0  
metres (5,000 f t . )  i n  t h i s  a r e a .  

Pract ical  access f o r  purposes of e x p l o r a t i o n  i s  by means of 
h e l i c o p t e r .  The n e a r e s t  s i g n i f i c a n t  town i s  F o r t  Nelson which i s  
50 k i lome t re s  t o  t h e  n o r t h e a s t .  Fo r t  S t .  John, a major supply 
point, is 260 kilometres to the southeast. The most convenient 
s t a g i n g  p o i n t  is Trutch, about 40  k i lome t re s  east of t h e  Cay 
p rope r ty  on t h e  Alaska Highway. I t  would be r e l a t i v e l y  easy  t o  
ex tend  a road t o  t h e  p rope r ty  from t h e  Alaska Highway. 

5.2 Ground Control 

The Cay p rope r ty  covers  an a r e a  of approximately 4200 hectares i n  
a r e l a t i v e l y  remote semi-mountainous a r e a .  Ground c o n t r o l  du r ing  
1986 was provided by a combination of s t anda rd  1:50,000 
topographic maps, government a e r i a l  photographs and a "loose" 
t o p o f i l  grid now referred t o  a s  t h e  "o ld  grid". T h i s  proved 
adequate f o r  o r i e n t a t i o n  geochemical work, p rospec t ing  purposes 
and e s t a b l i s h i n g  t h e  o v e r a l l  geologic  p i c t u r e .  

The 1987 program requ i r ed  r e l a t i v e l y  precise ground c o n t r o l .  
Eagle Mapping Se rv ices  L t d .  of P o r t  Coquitlam, B.C. were 
c o n t r a c t e d  t o  p repa re  a 1:5,000 s c a l e  topographic map wi th  1 0  
m e t r e  contours  of t h e  southern h a l f  of t h e  claims - t h e  p r i o r i t y  
target reg ion .  This map was produced from ae r i a l  photographs.  
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. Also, a new grid was surveyed over a key po r t ion  of t h e  proper ty .  
The b a s e l i n e  f o r  t h e  new grid runs p a r a l l e l  t o  geologic  s t r u c t u r e  
(020° a . s . t . )  . S t a t i o n s  were placed a t  25 m e t r e  i n t e r v a l s  on 
l i n e s  spaced 100 metres a p a r t .  While t h e  o l d  grid was measured 
with a h i p  cha in  t h e  new grid was c a r e f u l l y  chained out  and "s lope 
cor rec ted"  us ing  inc l inometers .  D r i l l  ho le  c o l l a r s  a r e  loca t ed  
r e l a t i v e  t o  s t a t i o n s  i n  t h e  new g r i d  system. 

6. CLAIMS (See Fia. 21 

The Cay property,  owned by Equinox Resources L t d .  of Vancouver, 
B.C., c o n s i s t s  of t h i r t e e n  metric claims comprising one contiguous 
block.  The claims have been grouped, f o r  assessment purposes,  a s  
fol lows : 

a )  North Group 

Claim Group Uni t s  Record No. Record Date Expirv Date 

Cay 3 6 3626 25 Aug. 86 25 Aug. 89 
Cay 6 4 3670 7 O c t .  86 7 O c t .  89 
Cay 7 20 3671 7 O c t .  86 7 O c t .  89 
Cay 8 20 3672 7 O c t .  86 7 O c t .  89 
Cay 9 6 3673 7 O c t .  86 7 O c t .  89 
Cay 10 2 3674 7 O c t .  86 7 O c t .  89 
Cay 11 14 3675 7 O c t .  86 7 O c t .  89 

b) South Group 

Claim Group Units  Record N o .  Record Date Expirv Date 

Cay 1 20 3666 7 O c t .  86 7 O c t .  89 
Cay 2 20 3667 7 O c t .  86 7 O c t .  89 
Cay 4 12 3668 7 O c t .  86 7 O c t .  89 
Cay 5 16 4133 28 J u l y  87 28 J u l y  90 
Cay 12 4 4134 28 J u l y  87 28 J u l y  90 
Cay 13 6 4135 28 J u l y  87 28 J u l y  90 

The Cay mineral  c la ims a r e  a l l  l oca t ed  i n  t h e  Liard  Mining 
Div is ion .  There a r e  90 u n i t s  i n  t h e  North Group and 78 u n i t s  in 
t h e  South Group. 
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7. GEOLOGY 

7.1 

In the Rocky Mountains of northeastern British Columbia, between 
the Peace and Muskwa rivers, an Upper Silurian ( ? )  and Lower to 
Middle Devonian platform carbonate succession, which is 
approximately 1500 metres in thickness, is exposed. The 
succession comprises, in order of decreasing age, the Muncho- 
McConnel and Stone Formations, which consist almost entirely of 
dolomite and sandy or argillaceous dolomite and the Dunedidpine 
Point/Sulphur Point and Slave Point Formations, which contain 
dolomites, limestones and dolomitized limestones (MacQueen and 
Thompson, 1978). The carbonates give way laterally, to the north 
and west, to deeper water shales, siltsones and carbonaceous 
limestones of the Besa River Formation. Most of the lead-zinc 
showings in the northeastern Rocky Mountains 
carbonate succession, near the platform margin, 
shale facies boundary (MacQueen and Thompson, 
zinc showings, the best known of which is the 
after which the belt is named, may occur in 
formations. 

occur within the 
ie. the carbonate- 
1978). The lead- 
Robb Lake deposit 
any of the above 

The characteristics of the lead-zinc deposits in northeastern 
British Columbia may be summarized as follows: 

a) Mineralization occurs in a variety of textures and spatial 
settings, for example as part of a breccia matrix, as vein 
and fracture filling, as fine grained replacements of host 
carbonates, as open-space (eg. vug) fillings or as massive, 
coarsely crystalline pods with uncertain relationships to 
the host rocks (MacQueen and Thompson, 1978). 

b) None of the occurrences show evidence of solution of 
carbonate on any sigificant scale, nor do they show evidence 
of control by overlying unconformities (MacQueen and 
Thompson, 1978). 

c) There is no obvious evidence of control of mineralization by 
late Mesozoic-Tertiary tectonism (MacQueen and Thompson, 
1978). 

d) The main ore minerals present are sphalerite and/or galena 
(average ratio of lO:l), with some pyrite of marcasite. The 
main gangue minerals are sparry white dolomite, bitumen and 
quartz (MacQueen and Thompson, 1978 ) . 

e) Barite and fluorite do not appear to be closely associated 
with the lead-zinc mineralization (MacQueen and Thomson, 
1978). 
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Although it has not been unequivocally established, some workers 
(MacQueen, 1976; MacQueen and Thompson, 1978) believe that 
mineralization took place long after deposition of the host rocks, 
possibly during early Mesozoic times, synchronous with maturation 
of hydrocarbons. 

Folds with relatively minor thrust faults dominate the structural 
style of the northern Rocky Mountains, whereas thrusting dominates 
the southern Rockies. 

7.2 ProDerty Geology 

7.2.1 StratiaraDhv 

The Cay property is the most northerly of the lead-zinc showings 
in the Robb Lake belt. The area is underlain primarily by the 
Stone, Dunedin and Besa River Formations of late Silurian ( ? )  to 
upper Devonian age (Figure 3 and 4). On the eastern side of the 
property, sandstone, cherty limestone and black chert of probable 
Mississippian or Permian age, disconformably overlain by dark grey 
shales of the Triassic Greyling Formation (Leighton, 1987). These 
strata may be in fault contact with the Devonian sequence 
(Leighton, 1987) . 

On the Cay property, the Stone Formation is the oldest outcropping 
unit. Its base is not exposed. Lithologies consist primarily of 
medium to thick bedded, laminated (algal?) dolostones which are 
light grey in colour. Metre thick horizons of sandstone and sandy 
dolomite occur in the lowest beds exposed. The upper few tens of 
metres of Stone Formation strata on the Cay property consist of 
limestones or partially dolomitized limestones and, locally, sandy 
limestones. These lithologies were probably deposited in a 
shallow water, near shore lagoonal environment (Danner, 1986). 

The Stone Formation is conformably overlain by the Dunedin 
Formation. The contact was chosen at the break between medium 
bedded, laminated non-fossiliferous limestones and the overlying 
thin, wavy bedded, medium grey fossiliferous Dunedin limestones 
(Plate 1). Mineralization commonly occurs at or near this 
contact. The Dunedin Formation on the Cay property is 10 to 25 
metres thick. It contains abundant coral, brachiopod, crinoid and 
bryozoan fragments in a matrix of lime mud which is locally 
dolomitized. These strata were likely deposited in a back-reef 
environment (Danner, 1986) . 
The Dunedin Formation is overlain, with apparent conformity, by 
black carbonaceous and locally calcareous shales of the Besa River 
Formation, which were deposited in deeper water and are 
representative of a basinal facies. These shales contain pyrite 
framboids and host some minor copper showings (Leighton, 1987). 
The top of this unit is not exposed on the property. 
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7.2.2 Structure 
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The predominant structure in the area of economic interest on the 
Cay property is a plunging anticline (Figure 4). Stone Formation 
strata are exposed in the core of this structure; Dunedin and Besa 
River formations outcrop along the limbs. The major creeks on the 
property dissect the anticline approximately perpendicular to its 
axis and therefore provide cross-sections through the various 
units. The anticline is an upright box fold with angular hinges, 
steeply dipping limbs and a shallow east-dipping crest region 
(Plate 2, Figure 4). It is a slightly conical fold, with a small 
half apical angle; bedding data do not best fit a great circle 
girdle distribution (Appendix IV, Structural Data Analysis) . The 
axial plane is subvertical and strikes northerly (350O). The fold 
plunges at approximately eight degrees towards the south (170°), 
and opens in that direction, exposing progressively higher 
sections towards the south end of the property. Near the southern 
limit of outcrop (Figure 41, mineralization which occurs along the 
Stone/Dunedin Formation contact is exposed in the crest of the 
fold, which dips parallel to topography and results in a large 
area of mineralized outcrop (Figure 4). Subsurface exploration 
potential exists to the south of the limit of outcrop. Although 
no evidence exists at surface, drilling results indicate that, 
locally, some faulting occurs along the eastern limb of the 
anticline (Figure 7); east-side-down displacements in the order 
of 10 to 12 metres have occurred along steeply dipping breccia 
zones. 

Flanking the central anticline are marginal synclines in which 
Besa River shales are exposed. To the west of the property, a 
thrust fault places Stone and Dunedin Formation carbonates on the 
Besa shales. A second thrust fault is present on the eastern 
portions of the Cay 7, 8, 10 and 11 claims, its trace paralleling 
Crehan Creek, marked by a scarp line of black chert and dirty 
limestone (Leighton, 1987). This f a u l t  places the  mineralized 
Devonion strata upon younger rocks. To the south, the 
displacement along this fault is apparently transferred to a 
series of folds (see GSC Open File Map 606). 

7.2.3 Mineralization 

The lead-zinc showings on the Cay property are carbonate hosted 
and stratabound, ie. confined predominantly to a single 
stratigraphic horizon with only minor crosscutting relationships. 
Mineralization generally occurs along the contact between the 
fossiliferous Dunedin Formation, which is quite porous and 
permeable, and the Stone Formation, which is a much less permeable 
unit. The basal beds of the Dunedin Formatiori are commonly 
brecciated and mineralizaed; less commonly the mineralization 
crosscuts Stone Formation strata. The Dunedin Formation on the 
property is relatively thin, and therefore mineraliztion generally 
occurs within a few metres, stratigraphically, of the overlying 
Besa River shales. The mineralized horizons occur as two parallel 
bands which converge towards the south end of the property, 
outlining the major anticline (Figure 4). 
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Plate 1. Contact betaeel _ _ _  Stone and Dunedin forrat ions 
as exposed on the south bank of Alpha Creek, r e s t  lirb of 
the an t i c l ine .  Photo fac in f  south. Strata are weat 
d i p p i n g .  Uediur t o  thick bedded Stone Forration strata are 
expose on the east ( l e f t )  and thin bedded Dunedin l irestones 
on the pest ( r i g h t )  end of the outcrop. ?he person in the 
center of the photograph is standinf abore tbe contact.  
This i s  the one location on tbe propertr ubere the contact 
is exposed and r inera l i s i t i on  absent. 

Plate 2 .  1he Car Property an t i c l ine ,  outlined by Stone 
Forration s t ra ta .  fhis outcrop occurs on tbe sooth s ide of 
C a m  Creek, and the photograph is taken facing south. fhe 
an t i c l ine  is an upright box f o l d ,  a i th  s teep dipping lirbs, 
a shalloa d i p p i n g  c res t  r e f ion  and subanfular binfee.  
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Plate 3. Si l ic i f ied  Type 1 rineralired boriron elposed on 
the north band of Alpha Creek, photograpbed looking nortb 
Uineraliaation occurs in tbe apparently ~ a b s i v e ,  dark grey, 
resistaat u n i t  ubicb eorprises tbe outcrop 
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Plate 1. Ualacbite/asuri te (turquoise) OJ the seatbered 
surface of outcropping rype 1 rineralixation, Alpba Creek. 
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Plate 5a. Fine grained reddish-orange sphalerite i o  quartz,  
typica! of Iype I r iaera l iaa t ioa ,  rieaed with t ransi i t ted 
light. Scale i s  1 CI : 15 ricrons. 

Plate 5b .  Sale sect ion ,  reflected litht. Dark grey 
aater ia l  is quarts, light grey la spbalerlte a ~ d  blghh 
re f lec t i re  yelloaisb ubite gralas are pyrlte. Scale a# 
above. 
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Plate 6. S i l i c i f i  !ccia, rype 1 riaeraligation Dark 
s i l i c i f i e d  fragrenrs i n  3 quartz, bituren, galena t/- 
spbaieri te  r3 t r ix  f l i gb te r  colouredl 
barite reins present 

Sore crosscutting 

1[1 

I 
Plate 7. Gradational upper contact of rype 1 s i l i c i f i e d  
zone, nortb of dlpba Creek, pboto facing nortb. Dark grey 
s i l i c i f i e d  l i res tones  ai tb bedding preserred ex is t  fro1 the 
lese1 of tbe baarer, downsection 
erpoaed i n  the upper portion of tbe pbotograpb a re  unaltere. 
Dunedin Forration strata 

rbe ligbt grey beds, 

c 
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Plate l a .  lass ive uhite barite replacerent and reining 
I h e  2 r ineral isat ivnl  superirposed on black s i l i c i f i e d  
lgpe 1 al terat ion.  This outcrop occurs on the rest  lirb of 
the anticline, north side of G a m  Creek. 

Plate  Bb. lass ive nhite bar i te  replacenent (Iype 2 
r ineral isat ionj  i n  Stone Fornation. Note the 'islands" of 
unaltered carbonate sithin the h a r i t r  and the fact  that the 
bedding is continuous and uninterrupted betseen the 
'islands' and host s t r a t a .  This photograph nas taken facing 
north; the outcrop is on the nest l l r b  of the ant ic l ine,  
north of Alpha Creek, f e s  r e t e r s  donasection of Plate  2 .  
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Plate 9a. Detailed vies of barite replacerent. Ilaasire, 
c o a r ~ e  grained shi te  bar i te  present i n  the upper right of 
photograph, a zone of radiating acicular barite w s t a l  
rosettes io altered carboaate occur# i n  tbe central portion 
of the photograpb, and fresh carbonate is present i n  tbe 
h e r  l e f t  of tbe photograph. 

II 

Plate 96. Closeup of the radiating acicular barite crystal  
rosettes.  
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Plate loa. Coiourless to pale yelioa spkalerite, t yp ica l  of 
Type 2 rineraliaation. r i m e d  by black, colloforr bituren 
bo sua11 grains of red spkaleritt also present. 
l r a n ~ i t t t d  light Scale is 1 cr : 12 ricrons 

Plate lob. Sare field of viea, reflected light. lote 
abundant srall yellov inclusions of ckalcopprite in larle 
grain of sphalerite. 
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Two types of mineralization occur of the Cay property. Type I 
mineralization consists intensely silicified podiform replacement 
alteration zones up to 10 metres in thickness and generally 
parallel to stratigraphy. Significant amounts of lead and zinc 
occur in these zones, as do extremely anomalous concentrations of 
gallium and germanium. This type of mineralization is absent only 
in one location on the property, where the Stone/Dunedin contact 
is exposed (west limb of the anticline, on the south side of Alpha 
Creek, Figure 4). In outcrop, the alteration zones are massive, 
dark grey to black in colour and resistant (Plate 3 ) .  Locally, 
malachite/azurite and anglesite are present on weathered surfaces 
(Plate 4 )  . Mineralized material consists of quartz, fine-grained 
disseminated sphalerite which has a pinkish to purplish tinge, 
bitumen, some euhedral crystals of galena and minor pyrite 
(sphalerite>>galena). Quartz bitumen veinlets are common. In 
polished section, minor chalcopyrite inclusions in sphalerite, and 
germanite, an germanium sulphide mineral, were identified 
(Bernstein, 1987; Harris, 1987). The sphalerite has a distinct 
reddish-orange colour in transmitted light (Plate 5 ) ,  and scanning 
electron microscopy indicates that it contains almost no iron and 
up to one percent copper (Bernstein, 1987). 

Where sulphides are present in greatest abundance (sphalerite may 
comprise up to 50% of the volume), the rock is masssive and no 
original textures are preserved. In areas of slightly less 
intense alteration, the rock has a distinctly brecciated texture. 
Silicified, angular fragments a few millimetres to a few 
centimetres in size are hosted in a matrix of silica, bitumen and 
disseminated sulphides (Plate 6). Locally breccia fragments are 
replaced by massive pyrite, or replaced or rimmed by sphalerite. 
The silicified breccias locally grade throught partially 
silicified breccias into unaltered carbonate breccias containing 
angular fragments, ranging from a millimetre to a few tens of 
centimetres in size, contained in a vaguely layered matrix. The 
origin of these breccias has not been established; however, they 
are commonly stratabound, predate mineralization and their 
presence appears to be fundamentally important to the localization 
of sulphide mineral deposition. Stratigraphically upsection 
silicified breccias commonly grade into unbrecciated silicified 
limestones which display the thin, wavy bedding characteristic of 
the Dunedin Formation (Plate 7). The dark grey silicified 
limestones are commonly overlain by unaltered medium grey Dunedin 
strata. 

Type I1 mineralization consists of sulphides with barite 
replacements and veining. This type of mineralization postdates 
Type I mineralization and locally crosscuts both silicified zones 
and unaltered strata (Plate 8a C b). Barite may be massive and 
coarse grained (Plate 8 )  or may occur as rosettes of acicular 
crystals replacing the host rock (Plate 9 ) .  Galena, sphalerite 
and galena, or galena and fluorite may occur with the barite. 
Bitumen is also commonly present. The sphalerite associated with 
the barite-type mineralization is honey coloured in hand specimen 
and coarser grained (1 - 5 mm) than the sphalerite associated with 
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the siliceous breccia type mineralization. In transmitted light, 
the sphalerite forms .zoned, yellow to colourless crystals (Plate 
10). Chalcopyrite inclusions are. more abundant in this type of 
sphalerite than in the red-coloured grains. 

The Cay property is the most northerly of the showings in the Robb 
Lake belt, and the one apparently located closest to the platform 
margin. It displays many similarities to the other occurrences in 
the belt; the mineralization is hosted in Devonian carbonates, 
associated with breccia zones, bitumen in present, and sphalerite 
> galena. As well, the age of mineralization and the timing 
relationships between mineralization and deformation are not 
unequivocally established. Fundamental differences do occur, 
however, between the Cay prospect and the other showings in the 
Robb Lake belt, by far the most important of which is the 
anomalous concentrations of gallium and germanium present at the 
Cay. As well, the intense silicification, red sphalerite, barite 
and fluorite are all absent from the other deposits in the belt. 

7.2.4 Trace Element Content 

Representative samples were collected from principal showings and 
drill core during the 1986 and 1987 field seasons. The object was 
to determine the distribution of germanium and gallium. Table I 
summarizes the results from surface sampling and Appendix IIB 
provides assay data from representative diamond drill 
intersections. To provide a basis for comparison, the Ge and Ga 
content of each sample listed in Table I was normalized to that of 
a typical concentrate running 60% Zn (see last two columns). This 
is based on the assumption that essentially all the Ge and Ga in 
zinc ores is present in the sphalerite component. The normalized 
extrapolations derived from the least zinc-rich samples involve 
the largest extrapolations and, hence, the greatest uncertainty. 
However, based on this work the following conclusions can be made: 

(1) Germanium (and gallium) is associated with zinc-specifically 
the mineral sphalerite; 

(2)  The average germanium content in sphalerite is about 700 ppm 
in Type I1 mineralization and 4000 ppm in silica breccia 
Type I mineralization; and 

( 3 )  The average gallium content in sphalerite from the 
property is about 340 ppm. 

7.2.5 Economic Considerations 
url 

The Cay property potentially contains major reserves grading 2 - 
5% zinc and significant areas grading 5 - 10% Zn/Pb The zinc 
contains an average 0.25% germanium. Mineralization is 
stratabound. It occurs mainly in a silicified brecciated unit of 
the Middle Devonian age Dunedin Formation reef complex. Initial 
work on surface showings demonstrated the existence of relatively 
high grade zones with unknown lateral extent. Drilling proved the 
existence of a relatively widespread, lower grade mode of 
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Two types of mineralization occur of the Cay property. Type I 
mineralization consists intensely silicified podiform replacement 
alteration zones up to 10 metres in thickness and generally 
parallel to stratigraphy. Significant amounts of lead and zinc 
occur in these zones, as do extremely anomalous concentrations of 
gallium and germanium. This type of mineralization is absent only 
in one location on the property, where the Stone/Dunedin contact 
is exposed (west limb of the anticline, on the south side of Alpha 
Creek, Figure 4). In outcrop, the alteration zones are massive, 
dark grey to black in colour and resistant (Plate 3 ) .  Locally, 
malachite/azurite and anglesite are present on weathered surfaces 
(Plate 4) . Mineralized material consists of quartz, f ine-grained 
disseminated sphalerite which has a pinkish to purplish tinge, 
bitumen, some euhedral crystals of galena and minor pyrite 
(sphalerite>>galena) . Quartz bitumen veinlets are common. In 
polished section, minor chalcopyrite inclusions in sphalerite, and 
germanite, an germanium sulphide mineral, were identified 
(Bernstein, 1987; Harris, 1987). The sphalerite has a distinct 
reddish-orange colour in transmitted light (Plate 5),  and scanning 
electron microscopy indicates that it contains almost no iron and 
up to one percent copper (Bernstein, 1987). 

Where sulphides are present in greatest abundance (sphalerite may 
comprise up to 50% of the volume), the rock is masssive and no 
original textures are preserved. In areas of slightly less 
intense alteration, the rock has a distinctly brecciated texture. 
Silicified, angular fragments a few millimetres to a few 
centimetres in size are hosted in a matrix of silica, bitumen and 
disseminated sulphides (Plate 6). Locally breccia fragments are 
replaced by massive pyrite, or replaced or rimmed by sphalerite. 
The silicified breccias locally grade throught partially 
silicified breccias into unaltered carbonate breccias containing 
angular fragments, ranging from a millimetre to a few tens of 
centimetres in size, contained in a vaguely layered matrix. The 
origin of these breccias has not been established; however, they 
are commonly stratabound, predate mineralization and their 
presence appears to be fundamentally important to the localization 
of sulphide mineral deposition. Stratigraphically upsection 
silicified breccias commonly grade into unbrecciated silicified 
limestones which display the thin, wavy bedding characteristic of 
the Dunedin Formation (Plate 7 ) .  The dark grey silicified 
limestones are commonly overlain by unaltered medium grey Dunedin 
strata. 

Type I1 mineralization consists of sulphides with barite 
replacements and veining. This type of mineralization postdates 
Type I mineralization and locally crosscuts both silicified zones 
and unaltered strata (Plate 8a & b). Barite may be massive and 
coarse grained (Plate 8) or may occur as rosettes of acicular 
crystals replacing the host rock (Plate 9). Galena, sphalerite 
and galena, or galena and fluorite may occur with the barite. 
Bitumen is also commonly present. The sphalerite associated with 
the barite-type mineralization is honey coloured in hand specimen 
and coarser grained (1 - 5 mm) than the sphalerite associated with 



mi 

Y 

J 

J 

id 

Y 

Y 

hid 

id 

J 

rl 

J 

PJ 

BEATY GEOLOGICAL LTD. - 21 - 
the siliceous breccia type mineralization. In transmitted light, 
the sphalerite forms zoned, yellow to colourless crystals (Plate 
10). Chalcopyrite inclusions are more abundant in this type of 
sphalerite than in the red-coloured grains. 

The Cay property is the most northerly of the showings in the Robb 
Lake belt, and the one apparently located closest to the platform 
margin. It displays many similarities to the other occurrences in 
the belt; the mineralization is hosted in Devonian carbonates, 
associated with breccia zones, bitumen in present, and sphalerite 
> galena. As well, the age of mineralization and the timing 
relationships between mineralization and deformation are not 
unequivocally established. Fundamental differences do occur, 
however, between the Cay prospect and the other showings in the 
Robb Lake belt, by far the most important of which is the 
anomalous concentrations of gallium and germanium present at the 
Cay. As well, the intense silicification, red sphalerite, barite 
and fluorite are all absent from the other deposits in the belt. 

7.2.4 Trace Element Content 

Representative samples were collected from principal showings and 
drill core during the 1986 and 1987 field seasons. The object was 
to determine the distribution of germanium and gallium. Table I 
summarizes the results from surface sampling and Appendix IIB 
provides assay data from representative diamond drill 
intersections. To provide a basis for comparison, the Ge and Ga 
content of each sample listed in Table I was normalized to that of 
a typical concentrate running 60% Zn (see last two columns). This 
is based on the assumption that essentially all the Ge and Ga in 
zinc ores is present in the sphalerite component. The normalized 
extrapolations derived from the least zinc-rich samples involve 
the largest extrapolations and, hence, the greatest uncertainty. 
However, based on this work the following conclusions can be made: 

(1) Germanium (and gallium) is associated with zinc-specifically 
the mineral sphalerite; 

(2) The average germanium content in sphalerite is about 700 ppm 
in Type I1 mineralization and 4000 ppm in silica breccia 
Type I mineralization; and 

(3)  The average gallium content in sphalerite from the 
property is about 340 ppm. 

7.2.5 Economic Considerations 
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The Cay property potentially contains major reserves grading 2 - 
5% zinc and significant areas grading 5 - 10% Zn/Pb The zinc 
contains an average 0.25% germanium. Mineralization is 
stratabound. It occurs mainly in a silicified brecciated unit of 
the Middle Devonian age Dunedin Formation reef complex. Initial 
work on surface showings demonstrated the existence of relatively 
high grade zones with unknown lateral extent. Drilling proved the 
existence of a relatively widespread, lower grade mode of 
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TABLE I 

ANALYTICAL DATA 

- Pb % Ga 
€%!E! 

.59 

.08 
1.62 
1.01 
.64 
.75 
.ll 

.44 
7.31 
.07 
.45 
.15 
.Ol 

2.02 
1.29 

0.36 
0.01 
3.81 

34.80 
0.01 
0.14 

49 
110 
7 
49 
85 
48 

112 

28 
156 
11 

105 
30 
70 
6 

50 
10 
70 
30 
10 
10 
10 
50 

30 
40 
10 
10 
10 
10 

Ge 
FiEE 

510 
92 

134 
112 
1465 
157 

1360 

270 
370 
26 
110 
80 

260 
62 

1080 
80 
620 
80 
10 
30 
120 
70 

400 
1500 

70 
10 
80 
60 

Ga+ 
EEm 

265 
614 
190 
178 
2 63 
170 
335 

650 
466 
118 
300 
218 

(2917) 
78 

211 
0 
666 
287 
(36) 
631 
47 6 
570 

286 
106 
157 
0 
0 
0 

I NOT INCLUDED IN AVERAGES 

ESTIMATED Ga/Ge IN 60% Zn CONCENTRATE 

Ge+ 
ppm 

2750 
513 
3570 
407 

4530 
560 
4080 

6280 
3083 
3060 
312 
581 

(10833) 
807 

5689 
930 

5895 
7 67 
(36) 

1895 
5714 
798 

3822 
4090 
1102 
0 
0 
0 
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mineralization. Given sufficient size (so far unproven) and 
assuming that concentrate could be marketed as a zinc-germanium 
product gross values are sufficient to support an underground 
mine. The lower grade material identified through drilling 
corresponds to a possible "open pit" exploration target with the 
economic advantages inherent with this type of mining. 

Although the Cay property has no proven reserves, work to date has 
demonstrated the main mineralization controls and provided a model 
which will permit development of reserves through detailed 
drilling. This is based on the assumption that zinc produced 
there can be upgraded to economic levels by virtue of its trace 
element content. 

7.3 Drlll Proaram 

7.3.1 General 

Advance drilling Ltd. of Surrey, B.C. were contracted to drill a 
minimum 914.4 m (3000 ft.) and produce B.Q. diameter core on the 
Cay property. The machine used was a Hydra Core 28. Drilling 
commenced on 4 September and was completed 16 October 1987. In 
total 1078 m of core were produced from eight sites and a total of 
21 holes. Location of the drill sites is indicated on 
accompanying geological maps in pocket. All core, except for one 
or two metres selected for study purposes, remains stored on the 
property in a shack constructed for that purpose. Location of the 
core shack is shown in the property index map (Figure 5). About 
72 metres of core was split and assayed for Pb, Zn, Ga and Ge. 
Table I1 summarizes drill hole data. 

7.3.2 Drill Proaram Results 

Drill core from the fall 1987 program was logged on site. Results 
are summarized in Appendix V (logs) and in Figure 8 (drill hole 
sections). Information obtained from the drill work has been 
incorporated into the geologic map and cross-sections (Figure 4 ) .  
The main result was to help clarify mineralization controls. 

8. GEOCHEMISTRY 

8.1 Previous Work 

Y 

J 

4 

Y 

A geochemical survey was carried out over a portion of the Cay 
property by Cominco Ltd. in 1973. About 1000 hectares were soil 
sampled using a 200 x 400 ft. (60 x 122 m) grid spacing. Samples 
were tested for lead, zinc, silver and magnesium. The Cominco 
survey delineated a coincident lead-zinc anomaly 500 x 2000 metres 
in extent. Anomalous silver values turned out to be small and 
scattered and occasional high magnesium samples did not correlate 
with the other metals. Cominco results are reported in assessment 
documents. 
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8.2 1986 Orientation Prouram 

Y 

Y 

Y 

The 1986 geochemical program on the Cay program was primarily an 
orientation survey. The objectives were to identify key trace 
elements, to establish the most effective sampling procedure, and 
to find the parameters crucial to interpretation. In 1986, 194 
soil samples were collected. 

During this phase rock, soil and silt samples were collected from 
various areas including known mineralized zones. Data was 
recorded on parameters such as bedrock character, soil type, 
physiographic features, etc. Sample locations were recorded with 
respect to a loose control grid ("old grid") and samples were 
analyzed for a variety of elements. While the key objective to 
the Cominco work was to find a lead-zinc deposit the emphasis in 
the current program is to find a germanium-zinc deposit. 

Contrary to expectations Ge (and Ga) does not show up in anomalous 
concentrations in soils even over heavily mineralized zones. Zinc 
produces clearly anomalous conditions but tends to be disbursed. 
Lead in soil produced well defined anomalous zones in most, but 
not all, places. Copper was selected as a potentially important 
soil parameter due to an observed mineralogical correlation 
between high copper zinc and particularly high germanium levels. 
Barium was also selected as a soil parameter due to the ubiquitous 
association between lead-zinc mineralization on the Cay property 
with barite. Rock geochemistry was not seen to provide a useful 
guide to ore at least through any of the 30 odd elements 
evaluated. 

8.3 1987 Prouram 

During 1987 a detailed grid controlled soil sampling program was 
carried out over two places of geologic interest. This included 
the anticlinal nose area; a region of extensive overburden but a 
place where surface mineralization is predicted to reappear based 
on geologic projections. The other target area was the surface 
trace of Dunedin Fm. especially on the southern part of the claim 
group where the better mineralization is known to occur. The 
results of the 1986 and 1987 soil sampling are shown in figure 6. 
In 1987, 851 soil samples were collected. 

8.4 Samplinu and Analvtic Procedure 

Soil development on the Cay property has been complicated by 
forest fires. As a result of the burning, in most areas there is 
now as repetition of the various soil horizons. Wherever possible 
soil was collected from the lowest B horizon using special 
shovels. In most cases this layer occurs between 25-35 cm below 
surface. Where no B type soil was present samples were collected 
from the C horizon immediately below organic rich topsoils. 
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TABLE II 

SUMMARY OF HOLES DRILLED IN 1987 

Location Elevation 

L90N-O+52W 1563m 

L89N-O+6OW 1560m 
L8 7 + 65N 1490m 
5+50E 

L8 7 +6 5N 1480m 
5+70E 

L8 7+7 ON 1473m 
6+20E 

L87+85N 1503m 
5+25E 
L87+90N 1520m 
4+60E 
L87+25N 1471m 
5+90E 

H o l e  # 

1 
2 
3 
4 
5 
6 
7 
8 
9 -  
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Be a r inq  

070 
07 0 
040 
070 

250 
250 
250 
250 

250 
250 
250 
250 
250 
280 
250 

--- 

--- 

--- 
--- 
250 
250 

Dip Lenuth 
(core/m) 

-45 36.58 
-7 5 50.29 
-45 47.85 
-45 1.83* 
-90 38.10 
-45 32.61 
-60 23’.l6 
-7 5 28.96 
-80 37.19 
-90 82.60 
-45 55.47 
-80 86.56 
-50 103.93 
-60 131.06 
-7 0 106.68 
-55 82.30 
-45 24.69 
-90 31.10 
-90 29.26 
-45 10.97 
-45 36.88 

1078.01 

* Hole abandoned due to overburden wedging. 
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Samples were sent to Acme Analytical Laboratories Ltd. at 852 E. 
Hastings Street, Vancouver, B.C. for geochemical analysis. The 
analysis method used by Acme is as follows: 

1) Soils are dried at 60°Cand sieved to -80 mesh size. 

2) Pulp is digested with 3 mls 3-1-2 HCl-HN03-HzO at 95OC for 
one hour and then diluted with water. This leach is near 
total. 

3)  In the case of copper, lead and zinc analysis is by Atomic 
Absorption. 

4) In the case of barium, analysis is by ICP. 

8.5 Results 

Results of soil sampling on the Cay property are shown on Figures 
6A-6D (in pocket). These maps show zinc, lead, copper and barium 
in soil. Stream sediment and rock chip orientation work did not 
produce useful data, therefore rather than clutter the maps, 
results from this work are not given. It should be mentioned that 
the commercially prepared indicator "Zinc Zap" proved to be very 
useful. It is common to find that rock with no obvious sulphide 
mineralization assays 1 - 2 percent combined Pb/Zn - its presence 
being flagged with a positive Zinc Zap test. 

There are three main conclusions from the soil sampling work, they 
are as follows: 

(1) The broad anomaly in lead and zinc located on the east side 
of the new grid between lines 80 and 92 north seems to be 
directly related to bedrock mineralization. The area 
contains several significant lead-zinc occurrences and 
abundant mineralized float. Zinc in soil here seems more 
disbursed than lead which likely better reflects proximity 
to mineralization. No useful information is apparent in the 
barium and copper data. 

(2) Highly mineralized bedrock occurs over a broad area in the 
vicinity of grid station OL2OS2+75W. This is referred to as 
the Nose Showing. Mineralization located here is not 
reflected in soil geochemistry in any of the elements tested 
for in either 1986 orientation work or in the more intensive 
grid coverage completed during 1987. This negative result 
is somewhat enigmatic. Possible residual soils were scraped 
off by glaciers and bedrock mineralization has not yet had 
time to generate an anomalous soil signature. As a 
consequence the lack of any anomalous values on the south 
end of the Cay property do not necessarily rule out 
exploration potential. 

( 3 )  Anomalous lead and zinc samples from 1988 sampling in the 
vicinity of OLSN-4fOOW do not conform to mineralization that 
fits the present exploration model. Perhaps, as suggested 



BEATY GEOLOGICAL LTD. - 27 - 

J 

bd 

d 

J 

J 

Y 

Y 

m 

Y 

J 

d 

J 

ui 

9. 

by John Knox, east-west trading structures are involved in 
the mineralizing process one o r  more of which may pass 
through this area. Alternately, the OL5N anomaly, which is 
close to the contract valley axis, might coincide with the 
surface trace of a major thrust fault suspected of occurring 
there. This fault, if it exists, may have been involved 
with sulphide mineral deposition on the Cay property. In 
any case, more detailed soil sampling is merited in this 
area. , 

( 4 )  The west limb of the Cay anticline, mineralized o r  not, does 
now show up in the soil sample results. Drilling in the 
vicinity of the Alpha Creek showing encountered unexpectedly 
deep overburden. This may explain the negative geochemical 
results rather than lack of mineralization. 

As a general conclusion, although the geochemical work did proauce 
some useful results, it cannot be relied on to identify bedrock 
mineralization in areas covered by overburden in the Cay property. 

TRENCHING 

Numerous lead-zinc showings have been found on the Cay property. 
Three that are particularly significant are referred to as the 
Alpha, Wolverine and Nose showings. The main characteristics of 
these are as follows: 

a) Alpha (Grid Location L87N-O+55W) 

Both silicified (Type I) and Barite (Type 11) mineralization 
occur. Site of bulk sample collected in 1986. Barite (Type 
11) mineralization was sampled. Galena and sphalerite occur 
as lenses o r  pods with massive barite within Stone Fm. 
limestone. Little or no silica associated with sulphides. 
Mineralization is typically near Dunedin Fm. contact. 

b) Wolverine (Grid Location L88+5ON-4+5OE) 

Referred to as silica breccia (Type I) mineralization. 
Sphalerite occurs with silica as breccia and/or stratabound 
in Dunedin Fm. reef limestone. Galena present. 

C) Nose (Grid Location OL2OS-O+75W) 

Generally similar to silica breccia mineralization observed 
at Wolverine showing; however, sulphides seem to be more 
clearly zoned with replacement sphalerite. grading through 
galena-sphalerite breccia to galena breccia, going up 
stratigraphically. Same trend is apparent at Wolverine 
showing but pattern less clear. 

The bulk sample collected from the Alpha showing in 1986 was 
subjected to metallurgical tests under the direction of G. 
Hawthorn. The Alpha and Wolverine showing were systematically 
sampled during the summer of 1987 with the aid of a "Cobra" drill. 
Due to the extremely tough character of siliceous type 
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mineralization, blasting is required to obtain anything other than 
hand specimens which are not generally representative of bedrock. 
Trenching at the Nose and Wolverine sites produced enough material 
to permit additional metallurgical test work and gave an idea of 
tenor realistic for this class of mineralization. Results of the 
"bulk" sampling are summarized below: 

Showinq Width - Pb% - Zn% Ga tapm) Ge (ppm) Ge (normalized) * 

Alpha 2.5 m 6.26 30 80 7 67 
Wolverine 2.1 m 0.36 6.28 30 400 3822 
Nose 1.3 m 0.01 22.69 40 1500 4090 

*E. Estimated Ge in 60% Zn concentrate. 

10. METALLURGY 

A 500 kilogram sample was collected from the west limb Alpha Creek 
showing on the Cay property. Mineralization here consists of pale 
honey coloured sphalerite within a gangue of massive barite (Type 
11). Laboratory testing determined that a high grade (60%) zinc 
flotation concentrate could be produced which contained the 
majority of gallium and germanium. This work demonstrates that 
metallurgical problems are not likely, at least from this type of 
material. Furthermore, the material tested was found to be low in 
mercury, iron, and other elements that smelters traditionally find 
undesirable (Hawthorne, 1986). . 
A bulk sample of siliceous breccia (Type I) mineralization was 
collected from the Wolverine and Nose showings during the 1987 
field season. Metallurgical test work will be carried out on this 
material in the future. Since it is the sphalerite from this type 
of mineralization that carries, by far, the greater percentage of 
germanium, r e s u l t s  of test  work on t h e s e  samples a r e  likely t o  
critically affect the economic viability of the Cay property. 

11. CONCLUSIONS 

The Cay property is an important lead-zinc-germanium prospect. 
Mineralization occurs in showings over a wide area as the sulphide 
minerals galena and sphalerite. The germanium, in very 
significant quantities, is contained in sphalerite. Host rocks 
are Middle Devonian age limestones of the Dunedin and Stone 
Formations. Mineralization may have been derived from metal rich 
overlying graphitic shales of the Besa River Formation or a more 
remote source. There are two important types of mineral occurence 
in the property. One style is referred to as Type I1 or barite 
type. In this case lead and zinc are present in large barite pods 
in Stone Formation limestone, albeit typically near the Dunedin 
Fm. contact. Zinc in this environment contains 700 ppm germanium, 
in average. The other style of mineralization (Type I) involves 
highly silicified and frequently brecciated limestone. Sphalerite 
in Type I occurences contains about 4000 ppm Ge. Type I 
mineralization is usually confined to Dunedin Formation rock. 
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Although grades found in the barite pods are often quite high (up 
to 13% Zn) the silica type mineralization (1.5 to 6% Zn) is more 
likely to form ore. This is due to the higher contained Ge 
component plus the potential for open pit mining. The recommended 
follow-up program is to drill untested parts of the property with 
a view to developing ore reserves. The north end of the Cay 
property remains essentially unexplored and a thorough prospecting 
program is merited there. 
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APPENDIX I 

STATEMENT OF COSTS 

1987 Work Prouram 

Wages * $51,780 
Benefits (WCB, CPP, UIC) 12,937 

$ 64,687 

Disbursements 
Transport (mainly helicopter) 
Geochemical and Assay 
Drilling 
Building Supplies 
Groceries (Safeway) 
Topographic Map (Eagle Mapping) 
Expense Accounts (mainly meals, accommodations) 
Expendible Supplies 
Miscellaneous: expediting, secretarial, 
freight, etc. 

$122 , 094 
16,826 

129,056 
11,737 
10 , 231 
3,710 
15,568 
7,982 

5,821 

TOTAL $387,712 

19 8 6 Work Prouram 

Wages $33,500 
Benefits (WCB, CCP, UIC) 8,375 

$41,875 

Disbursements 
Transport (mainly helicopter) 
Geochemical and Assay 
Expense Accounts (mainly mealsfaccommodation) 
Expendible Supplies 
Miscellaneous: secretarial, freight, 
communications, etc. 

Allocation: 

TOTAL 

TOTAL 1986 AND 1987 

$23,140 
11,600 
6,334 
2,489 

1,762 

Cay North Group $ 94,982.40 

Cay South Group $379,929.60 

* Breakdown showing pay rates and days worked follows. 

$87,200 

$474,912 



@ Q P c L L € L 

TIME SHEET SUMMARY 

t L 

GAGE PROJECT - CAY PROPERTY Y e a r 1 9 8 7  

I 

tJ c 
I 

, I- ..,:! !. ....... * : 
3 . 3  

. . . . . . . . . .  
. .  . . . . . .  . .  ..., . . . . . . . . . .  . .,..: , . . , . ,  ., - . 



I tl t t L @. E. L E- li c E 

! 
GAGE PROJECT - CAY PROPERTY 

TIME SHEET SUMMARY 

Year 1987 

I 

w cn 
I 

. . _  

. .  

. . .  



c E. E t & c E E E a L e t e E E E c E 

! 
GAGE PROJECT - CAY PROPERTY 

TlME SHEET SUMMARY 

Year 1987 

_. 



d 

3 

Y 

Y 

BEATY CEOLOCICAI. LTD. 

APPENDIX II 

ANALYTICAL RESULTS 



13 
BEATY CEOLOCICAI. LTD. 

Y 

Y 

Y 

Y 

APPENDIX IIA 

ANALYTICAL RESULTS 

(GEOCHEMICAL RESULTS) 



- 37 - 

ICP - ,500 6RAH SAHPLE IS DIGESTED WITH 3HL+3-1-2 HCL-HNO3-HZO AT 95 DEC. C FOR ONE HOUR AND IS DILUTED TO 10 HL WITH WATER, 
THIS LEACH IS PARTIAL FOR HN FE CA P LA CR HG BA T I  B W AND LIH ITED FOR HA K AND AL. AU DETECTION L I H I T  BY ICP IS 3 PPH, - SAHPLE TVPE: SOIL 

ASSAYER: I dM+@ XI)EAN 'T'lJYEI (XR"TtFIEU €3. C. ASSAYER 

BEA'TY GEOLQG 1 CAL, F j  1. e E3'7--.5(:)i)'7 Page 1 

y 
AUrr ANALYSIS BY FAtAA FROH 10 6H SAHPLE. H6 ANALYSIS BY FLAHLESS AA,  

J 

A (3 
f:: p pi 

1. 
I 2 
I 1. 
" 3. . 1. 
IO 1. 
. I  
" I 
I I 
- 1  

* 3. 
" 1  
" 4:: 
" 1  
" 1  

Y 1. 
" 1  
" 1. 
I 1. 
I :i 

(I 1. 
II 2 
. 1. 
" 1. 
" 1  

" 1  
. 1  
" 1  

" 1. 

1. 
I, :I. 
11 1. 
Y j. . :I. 
I* 1. 

'7 ~ ::; 

,... 

c7 .sL 



- 38 - 

id 

Y 

kid 

J 

Y 

J 

ui 

UJ 

Y 

!3 A PI F' I.. E M 

Page 2 



- 39 - 

_... 
I .$ 

I, 1. 
" 1  . I 
" 1  

Y 1. 
- 1  
" 1. 
" 1  
- 2  

I 1 1. 2 
- 1  Y 
" 1. Y 
.I I. 4 
" :I. I 1 

Cul 

i d  

ir 
'I 1. CI 

/ . 2  4 1. ...* 
.a_. 1 

1. E3 r J  L.. 
'1 



- 40 - 

" 1  
3 

.1 

Y 2.. 

r-, 

I 1 
,-, 
.L 

. :I 
" 1  
* 1. 
8 1. 
I,  1. 

1 
1 

4. 

1 -  
L.J 

* :I 
. 1  
8 ,  1. 
. I  
I, 1. 

" 1  
. 1  
" 1  
I I. 
. 1  

.1  
a 1  

w 

Y 

d 

UJ 

w 



- 41 - 

J 

kd 

J 

J 

ul 

islsi 

rrri 

Lj 

Y 

J 

d 

Y 

ri 

ui 

J 

" 1  4 b 
" 1. 46 1 
~ J. 1 5 4  

1. 1. 1. 
" 1  4 

Page 5 



- 42 - 

E3 AMP L.. E# 

2 1. 
4 

I 
1 

,... 1 c.t 
1 i:) A:: 

1 u 
3. 0 4:: 

t l  .,:: 

'1' 
S 3  

e-, 

1-1 

,I- 



- 43 - 
J 

Y 

4 

Y 

ul 

Y 

d 

J 

irJ 

d 

J 

Y 

Y 

Y 

Y 

d 

Y 

Y 

WG 
p p x+ 



- 44 - 

Y 

d 

Y 

Y 

A I.J * * 
p F' E{ 

1 
:t 
1 
2 
1 

I. 
1 
1 
1. 
I. 

49 
1 
1. 
I. 
.I." 

1. 
1. 
1. 
4:: 

1. 

r:: 

1 
1 

3. 

1 
j. 

1. 
4 
1 

1 
1 
1. 

.rl (.I 
5 

,... 

,... 

...,. 
i 

"1 - 

t i G  
F"P E 

5 

5 
5 

1:: CJ 

e 
..J 





uri 

Lssi 

M 

J 

3 

Y 

J 

3 



,500 GRAH SMPLE IS DIGESTED WITH 3ML 3-1-2 HCL-HNO3-HPO AT 9 5  DEGeC FOR ONE HOUR AND IS DILUTED TO 10 HL WITH WATER, 
THIS  LEACH IS PARTIAL FOR NN FE CA P LA CR H6 BA TI B W AND LIEIITED FOR NA AND K, AU DETECTION L IN IT  BY ICP IS 3 PPII. - SbHPLE TYPE: P I  TO PO-SOIL P9-ROC s 

I . IIEAN "I"c:)YE~ cx:wrxu.tx~ B. c. NSBI~SYER 

PagE 1 

A8SAYE:R t n n d+ m 

BERTY OEOL#[$ I CAL. I"F:;.!!lJE:C:'T-- 1 biS F j. i e 14 8'7-24'74 

759 
3 .L. I 
1-'7 5 
8 7 

42'7 

"'1' *-I 

488 \Lo 
L 





.1.I 
7 J. I::: r3 '3 ..I,.., 



Y 

J 

J 

brJ 

J 

Y 

J 

d 

Y 

d 

u 

Y 

U 

s A M F:' i... E :  



Y 

s A PI P L- E t 

1.32 181 
7 9 8 

vrrl 

Y 

Y 

iri 



Y 

B E5 8'1" Y Page h 

Y 





- 54 - 

rsri 

irri 

d 

Y 

J 

3 

Hi 

w 

J 

w 

J 

id 

d 

M 

ui 



- 55 - 
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PETROLOGIC AND MINERALOGIC ANALYSES OF SOME SAMPLES 
FROM THE CAY PROSPECT, BRITISH COLUMBIA 

Lawrence R. Bernstein, Ph.D. 
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May, 1987 

These analyses, opinions, and interpretations are based on observations and 
material supplied by the client for whom this report is made. The interpretations 
and opinions expressed represent the best judgment of Mineral Search, but Mineral 
Search and its employees assume no responsibility and make no warranty or 
representations as to the productivity, proper operations, or profitableness of any 
mineral property, plant, or process in connection with which such report is used or 
relied upon. 
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PETROLOGIC AND MINERALOGIC ANALYSES OF SOME SAMPLES 
FROM THE CAY PROSPECT, BRITISH COLUMBIA 

Lawrence R. Bernstein, Ph.D. 
Mineral Search 

380 Willow Road, Menlo Park, CA 94025 

INTRODUCTION 

The Cay prospect consists primarily of zinc and lead sulfide mineralization 
within fossiliferous back-reef facies Middle Devonian limestone (Dunedin 
Formation). This formation is overlain by Upper Devonian or Mississippian 
graphitic shale (Besa River Formation), and underlain by the Middle Devonian Stone 
Dolomite. Structurally, the mineralization is concentrated towards the crest of a 
southward plunging anticline in a lltrapll-like configuration. The mineralization is 
of particular interest due to its high concentration of germanium (as much as 1500 
ppm) and, to a lesser extent, of gallium (as much as 160 ppm). Knowing the 
mineralogic locations of the G e  and Ga is essential to further prospecting and to 
mapping of the ore, and to the development of optimal ore processing and 
extractive metallurgical methods. The focus of this preliminary study is to 
determine the mineralogy of the ore, and the likely sites for the Ge and Ga. 

MATBRIALS AND METHODS 

Three hand samples from the  Cay prospect were received for study: (1) 
reddish-brown to black, fine-grained siliceous rock (labelled #1827) (high Ge and 
Ga); (2) pale-gray carbonate rock containing abundant white barite crystals and 
pale brown sphalerite crystals (no sample number) (moderate Ge and Ga); and (3) 
dark gray t o  black siliceous rock containing abundant galena (labelled S-6) (very 
low Ge and Ga). Two polished thin sections were received for sample 1, and two 
more were prepared. An additional thin section (labelled BG-3) was received, 
which appears very similar to sample 2. As sample 1 represents the high Ge-Ga 
ore, it was given the most detailed study. 

The polished thin sections were observed in both transmitted and reflected 
light in a petrographic microscope. The sections were also observed in a scanning 
electron microscope (SEM) equipped with energy dispersive x-ray elemental 
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analysis equipment (EDX). A few rough samples were also examined this way. In 
addition, the samples were analyzed by powder x-ray diffraction, using an 
automated diffractometer with monochromatized C U K ~  radiation. In the 
descriptions below, minerals confirmed by powder x-ray diffraction are indicated 
by an Itxvt, and those confirmed by SEM-EDX analysis are indicated by an r r ~ v r .  

DESCRIPTIONS 

Sample 1 (#1827) 
Megascopic: This is a fine-grained dark reddish-brown to black highly 

siliceous rock. Indistinct to distinct, highly irregular boundaries separate zones of 
concentrated reddish-brown fine-grained sphalerite (ranging in size from less than 
1 m m  to several cm across) from black, carbonaceous siliceous material containing 
disseminated fine grains of the red-brown sphalerite, which forms the matrix of the 
rock. Some wispy, distorted relict foliation appears present at various orientations 
throughout the rock, suggesting that the rock is a silicified argillite or shale 
breccia. Discontinuous veins and irregular segregations of white quartz (as much 
as 1 cm across) are common. These contain abundant black, coal-like carbonaceous 
matter ranging from tiny specks to masses several mm across, as well as scarce 
pyrite crystals. Small vugs in the quartz are common, in places containing 
terminated prismatic quartz crystals. The rock is very tough, and has a strong 
sulfurous odor, particularly when freshly broken. 

Microscopic: The sample consists predominately of varying proportions of 
intergrown anhedral reddish-orange sphalerite (x,d and quartz (x,s). The grain size 

is fairly homogeneous, ranging mostly from 20 to 100,um. Where abundant, the 
sphalerite grains commonly coalesce and form a loose network. The sphalerite 
contains almost no Fe ((500 ppm to about 0.5%), but does contain about 0.5 - 1% 
Cu, which probably gives it the distinct reddish color. No other elements were 
detected in the sphalerite, including Ge and Ga, at the detection limit of about 500 

ppm. Disseminated subhedral to euhedral cubic pyrite (x,s) crystals 10-150pm 
across are fairly common, and are locally concentrated. No minor elements were 
detected in the pyrite ( 4 5 0 0  ppm). Some of the pyrite crystals are partially 
altered to iron oxides. A few elongated, corroded areas of pyrite appear 
pseudomorphous after a bladed mineral (barite?). Finely disseminated black 
carbonaceous matter (s) ( <l,um - 100,um) is common throughout the rock, and is 
locally concentrated. Also fairly common, generally surrounding sphalerite, - is 
material containing mostly Si with lesser Al, S, Fey and Ca (s). This is probably a 
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cryptocrystalline to amorphous mixture of silica, clays, calcite, pyrite, and organic 
matter. A few tiny ( c20)m) grains of barite (s) and galena (s) were also observed. 

The quartz segregations consist mostly of intergrown subhedral to euhedral 
quartz (x,s) crystals 0.1 to several mm across. Grains of the black carbonaceous 
material (s) as much as several mm across and of pale yellow to colorless 
transparent sphalerite (x,s) as much as 1 mm across are common. A few of the 
smaller red-orange sphalerite grains are also present. The carbonaceous material 
generally occurs in rounded colloform shapes. In reflected light it has a beige 
color, and most of it is highly anisotropic from light yellow to gray, with a 
polycrystalline texture similar in appearance to thermally altered coal (or coke). 
Some of the carbonaceous matter, however, is isotropic with no evident 
crystallinity. The two varieties are commonly concentrically layered, though 
elsewhere occur in irregular shapes. Shells of the polycrystalline material 
commonly form around the coarse sphalerite grains. Most of the carbonaceous 
material has a high S content (about 5-15%), though some of the isotropic material 
has less. Powder x-ray diffraction of the carbonaceous matter showed no 
diffraction peaks, indicating an extremely small grain size. The sphalerite contains 
no detectable minor elements (< 500 ppm), though it does locally contain tiny (1- 
5 p) spindle-shaped exsolution blebs of chalcopyrite (s) and, more rarely, tiny 
crystals of pyrite (s). These can be observed in both reflected and transmitted 
light. The sphalerite crystals have highly irregular edges that commonly appear 
broken or corroded. Many crystals are contained wholly or partially in the 
carbonaceous material, Small anhedral (5-50pm) to larger euhedral (0.1-2 mm) 
pyrite (x,s) crystals are fairly common in the quartz segregations. Significantly, 
small (5-40 ,om) anhedral, nearly isotropic grains of yellow-orange germanite (s) are 
fairly common in these segregations. These grains are always found with the 
carbonaceous material, though they can be adjacent to quartz, sphalerite, or 
pyrite. They contain a large amount of Cu, with several percent each of Ge, Zn, 
and generally of Fe and V. In some grains, As and Sb are also present. The usual 
composition is probably something like Cu1oGegZn2(FeyV)2S16 to 
CuloGe2Zn4(FeyV)2S16 (see Fig. 1). A few grains, as much as l50,4m across, 
associated with carbonaceous material on a rough sample observed in the SEM, 
were found to have 8 composition of about CuloZn3Ge2S12 (see Fig. 2). A few 
bladed crystals of barite (s) (as much as 200bm) were also observed, always highly 
corroded and porous. 
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Figure 1. Energy dispersive x-ray spectrum of a 30pm 
germanite grain in sample 1, adjacent to carbonaceous matter. 

Figure 2. Energy dispersive x-ray spectrum of a l O / m  grain 
of a Ge-rich sulfide adjacent to carbonaceous matter in 
sample 1. The grain has a composition of approximately 
Cu10Zn3Ge2S12, and is probably related to germqnite. 
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Sample 2 (unlabelled) 
Megascopic: The rock consists mostly of massive fine-grained gray calcite 

(x) and quartz (x). Yellow-brown, nearly equant, subhedral sphalerite (x) crystals 1- 
5 mm across are abundantly disseminated and locally concentrated. Thin tabular 
white barite (x) crystals, 0.2-3 m m  thick by 3-20 m m  long, are common. These 
generally occur as radiating to subradiating aggregates. A few coarse (up to 1 cm) 
subhedral galena crystals are also present. Concentrations of black carbonaceous 
material, as wispy stringers and as blebs a few m m  across, are fairly common. A 
few segregations of fine-grained pyrite a few m m  across were also observed. No 
trace of any foliation or other original texture remains in this sample. 

Slide BG-3 (very similar to Sample 2) 

Microscopic: The sample consists primarily of intergrown subhedral to 
euhedral quartz (s) and anhedral calcite (s) with varying amounts of bladed barite 
(s), all about 50-200,um in grain size. Some patches of calcite are as much as 1 

m m  across. No minor elements could be detected in the calcite (including Fe and 
Mg) and barite (including Sr) (<500 ppm). Also in this matrix are fairly common 
grains (as much as 2 0 0 p n )  of the barium feldspar celsian (s), and scarce grains of 
orthoclase (s) containing a trace of Ba. Coarse (as much as several mm) anhedral 
crystals of sphalerite (s) are abundant, containing irregular colorless and pale 
yellow zones. These grains hvae irregular, corroded-appearing edges. They 
commonly contain tiny ( L: l p m  to 5 p m )  inclusions of subhedral pyrite (s) and, 
more rarely, of chalcopyrite (s). A few coarser (to 200,um) cubic pyrite (s) 
inclusions also occur. Pyrite (s) also occurs as scarce cubic crystals as much as 
l O O r m  across throughout the sample. A coarse (1 cm)  galena crystal is present 
that has irregular, corroded-appearing edges against the quartz, barite, and calcite. 
Finer galena is common throughout the sample, locally intergrown with sphalerite. 

Sample 3 (S-6) 

Megascopic: This is a massive, black, cherty siliceous rock containing mostly 
quartz (x) with abundant coarse (1-10 mm) anhedral grains of galena (x). Relict 
textures indicate argillite or shale breccia, with clasts ranging from less than one 
m m  to many cm across. Abundant fractures, veinlets (from wispy to 3 mm wide), 
and rounded vugs (1-4 mm) are filled with fine-grained anglesite (x) and lesser 
barite (x). Some fractures and parts of fractures are open, covered with drusy 
quartz crystals. The black color suggests abundant carbonaceous matter; pyrite 
was not detected by powder x-ray diffraction. 
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Sample 1 represents a pervasively silicified breccia. The protoliths of the 
clasts could not be determined, though they were probably very fine grained 
(possibly argillite or limestone), and were probably carbonaceous. The rock was 
altered by siliceous solutions that contained abundant Zn and S, with lesser Bay Cu, 
Pb, Ge, Gay V, As, and Sb. Silicification took place along with deposition of fine- 
grained red-orange Cu-bearing sphalerite and lesser pyrite. (Note that 
silicification is commonly associated with mineralization at many Mississippi 
Valley deposits, such as the Picher field briefly discussed below). Sphalerite-rich 
areas could represent pre-existing reactive limestone clasts while quartz-rich areas 
could represent pre-existing argillite clasts. Some of the metals, particularly those 
with high organic affinities such as Ge, Gay As, Ag, and V, may have been derived 
in part, however, from the carbonaceous material and not from outside solutions. 
The mineralizing solutions may have leached out these elements and redeposited 
them as sulfides, as discussed below. 

In sample 1, the segregations of coarse, vuggy quartz with coarse 
carbonaceous material and pale yellow sphalerite indicate a later period of 
remobilization and redeposition. Exsolution blebs of chalcopyrite in the sphalerite 
indicate initially moderate temperatures, probably at least 125OC, during 
crystallization. Fairly slow cooling with some re-equilibration is indicated by the 
exsolution blebs and the slightly corroded sphalerite grain boundaries. Partial 
solution of the pre-existing fine-grained sphalerite would have concentrated the 
less compatible elements, such as Cu and Ge, into the solutions and thus into the 
quartz segregations. Carbonaceous material could have aggregated into large 
clumps, and some of the contained metals such as Ge, Gay As, and V could have 
been removed and redeposited in sulfides such as germanite. That these metals 
were at  least partially derived from the carbonaceous matter is strongly suggested 
by the fact that germanite is only observed adjacent to the carbonaceous matter. 
It is also possible that the carbonaceous matter served as a reducing agent to 
precipitate the germanite. 

Late concentration of Ge and Ga is observed at the St. Salvy deposit in 
France. A t  this deposit, early bedded sphalerite contains relatively low amounts of 
Ge and Ga (generally <SO0 ppm Ge and<l00 ppm Ga), whereas late, reworked 
sphalerite-quartz veins contain several hundred ppm Ga and as much as 3000 ppm 
Ge (Geldron, 1981; Barbanson and Geldron, 1983). Carbonaceous material is 

Y 
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abundant in the calcareous shale host rock at St. Salvy, as are organic-rich 
phosphate nodules. 

The nature of the carbonaceous matter at the Cay prospect requires further 
investigation. A preliminary examination showed that this material has l i t t le if 
any solubility in methanol or acetone, and is therefore not typical rrbitumenr'. The 
polycrystalline texture, as mentioned, is very similar to that of thermally altered 
coal, and probably reflects a period of elevated temperatures, possibly from hot 
mineralizing solutions. The temperatures apparently were not high enough, 
however, to produce graphite. The high sulfur content (5-1596) is typical of marine 
or brackish peat deposits, and has also been found in some Mississippi Valley 
organics that were probably derived from oil. It is possible that both the metals 
and the sulfur were partially derived from the carbonaceous matter at the Cay 
prospect. Such material is probably the single best indicator for high Ge 
concentrations, followed by Cu, V, and As. 

The presence of 0.5 to at least 1% Cu in the fine-grained reddish sphalerite is 
unusual, and would not generally be stable. I have observed at other localities that 
the concentrations of Cu and Ga are correlated in sphalerite, with Cu(I)+Ga(III) 
substituting for 2Zn(II), thus balancing the valences. Although Ga was not detected 
in the SEM, it actually may be present in small quantities. Unfortunately, the 
Cukp fluorescence partially obscures the G a b  fluorescence. Ga may also be 

present in germanite, though probably less than 0.5%. It  is also probable that Ga is 
present in the aluminous clay minerals of any relict argillite or shale, substituting 
for Al. 

A t  the Picher field in Oklahoma and Kansas (a highly silicified, high-Ge and 
Ga  Mississippi Valley deposit), red "ruby jack" sphalerite was found to contain as 
much as 0.2% Cu, and only about 0.1-0.3% Fe (McKnight and Fischer, 1970). This 
red variety of sphalerite has particularly high Ge and Ga concentrations: as much 
as 1000 ppm and 600 ppm Ga. It is also notable that coal beds are present in the 
stratigraphic section at the Picher field, commonly in close proximity to ore 
bodies. 

A t  the Cay prospect, germanium appears to be present predominately in 
germanite (and related Cu- and Ge-rich sulfides), which contains several percent 
Ge. These phases are  always closely associated with the carbonaceous matter. As 
much as 500 ppm Ge may also occur in the sphalerite and carbonaceous matter, 
though it could not be detected in this study. 

Sample 2 was probably a fairly permeable carbonate breccia that was a host 
for barite, sphalerite, and galena mineralization, and partial silicification. 
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Germanium and to some extent gallium should be most concentrated in late veins 
or segregations in this material, and with high concentrations of Cu and 
carbonaceous matter. Gallium may also be concentrated in the most sphalerite- 
rich zones. 

Sample 3 is a pervasively silicified shale or argillite breccia that was host to 
galena and lesser barite mineralization. Some brecciation may have occurred after 
galena deposition, and late solutions deposited some anglesite. If reworked veins 
containing late sphalerite, chalcopyrite, and coarse organic material can be found 
in this rock, they may contain higher Ge and Ga concentrations. Otherwise, this 

rock is not likely to have much Ge or Ga. Unsilicified aluminous shales may, 
however, contain elevated Ga concentrations. 

iplj 

td 

d 

url 

hi 



- 82 - 

SUMMARY AND CONCLUSIONS 

ivvj 

rJ 

Y 

lplll 

d 

J 

Y 

J 

d 

1. Sample 1 (#1827) is a fine-grained pervasively silicified breccia 
containing abundant though inhomogenously distributed fine-grained reddish Cu- 
bearing sphalerite and sulfur-rich carbonaceous material, with lesser pyrite and 
barite. Quartz-rich segregations contain coarser pale yellow sphalerite with tiny 
exsolution blebs of chalcopyrite, masses of carbonaceous material, and lesser 
pyrite. Germanite, containing Cu, Ge, Zn, and commonly Fe, V, As, and Sb, is 
fairly common as tiny grains always associated with the carbonaceous material. 

2. The quartz-rich segregations in sample 1 represent remobilization and 
recrystallization of pre-existing material at moderate ( > 125OC) temperatures. 
Some of the metals (particularly Gel, and perhaps some sulfur, were probably 
derived from the carbonaceous matter. Much of the carbonaceous matter is highly 
anisotropic with a polycrystalline texture, suggesting thermal alteration. 

3. The germanium in the ore is concentrated in germanite (several percent 
Ge), primarily in the quartz-rich segregations. As much as several hundred ppm Ge 
may also exist in all the sphalerite, and some may remain in the carbonaceous 
matter, though this needs to be investigated. 

4. Germanium should be highly correlated with the carbonaceous matter, 
and fairly well correlated with Cu, V, and As. It will not, however, consistently be 
correlated with Zn, Pb, or Ba. 

5. Gallium was not directly detected, but probably is concentrated in the 
Cu-rich reddish sphalerite. It may also occur in the germanite, and in any 
aluminous clay minerals in shales or argillites. Correlations with Cu or A1 may be 
present. 
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SUGGESTIONS FOR FURTHER WORK 

1. Mineral separates should be obtained from the high Ge-Ga ore to 
determine the Ge and Ga contents of the sphalerite and carbonaceous matter. 

2. The carbonaceous matter could be further investigated to determine if 
it is derived from coal, oil, or another source. 

3. Complete chemical analyses should be obtained on the samples, 
particularly for Cu, As, V, Sb, Hg, Ag, and Fe in addition to Ge, Ga, Zn, and Pb. 
This could lead to better correlations being derived. Analyses for Ge and Ga must 
be done carefully, as both form volatile fluorides and chlorides, particularly if 
heated. Solutions containing HC1 or HF should be avoided. Emission spectroscopy 
may be useable, as it has a sensitivity of a few ppm for Ge and Ga. 

4. Fluid inclusion studies could be undertaken to get a rough idea of the 
salinities and deposition temperatures of the  ore-forming fluids. The presence or 
absence of hydrocarbon inclusions in the sphalerite could also be established, thus 
determining whether hydrocarbons were a part of these fluids. 
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BEATY GEOLOGICAL LTD. 

APPENDIX V 

DIAMOND DRILL RECORD 
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10 p o i n t s  

' I t  NOTE: 
C a l c u l a t e d  d i s t r i b u t i o n s  may r i o t  be s t a t i s t i c a l  l y  v a l i d  
w t h  less t h a n  3 3  d a t a  p o i n t s  $ 8  

rui 

U n i f o r m i t y  tes t :  
hi 

T h o  d a t a  d i f f e r  s i g n i f i c a n t l y  f r o m  u n i f o r m  at. t h e  " 9 5  l e v e l  

irpi T e s t  of d i s t r i b u t i o n :  

E D€?Cted t y p e  o f  d i s t r i b u t i o n :  C l u s t e r  
mi 

Data h a v e  w e a k  p r e f e r e n t i a l  o r i e n t a t i o n  

T e s t  o f  s p h e r i c a l  v a r i a n c e  ( S O ) :  
SO =; * # # # O #  
T h i s  is not. s i g n i f i c a n t l y  d i f f e r e n t  f rom a s t r o n g l y  c l u s t e r e d  d i s t r i b u t i o n  
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caydata S1 and a x i a l  p l a n e s  
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P l o t t i n g  of  data p o i n t s  a n d  i n k e t - p r e t a t i o n  nn a n  e q u a l - a r e a  s t e r e o n e t  
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9 Single p a i n t s  : f Mu1t.ipl.e points : 2 - 
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DESCRIPTION F R O M  10 1 
0 /8.3 I O V E R &  MAD.€/V 

I II c 

SAMt'LtS 
N U M B E R  FROM TO WIDTH I 

@L E L 'E E 

1 I 

BEATY GEOLOGICAL LTD. DIAMOND DRILL RECORD 
&nrulririg Ceulogintl Servecer 

Logged by 3. G. L W j A k  Hole Bearing O 7 0 "  

83 Dip Test: Depth so Angle 45" 
Date Logged / * r C ' J f  
Drill in g 6 e g u n -6 -rr.ny 
Drilling Finished lo r5* T? Total Depth s'?. 9 

a7 Collar Dip Angle - fc5 "0 15-63 m .  

I 

E L E I E E 

Hole No. 3.2H *. s/.& #/ 
Core size BQ. 
Claim Group 
Location ~ P o M -  0 952 t+/ 

. . _^. -- I 1 

I 

of ' 1 Sheet 
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SAMPLES F R O M I  TO DESCRIPTION ' NUMBER FROM TO WIDTH 
0 I / % /  O V € R 4 3 ~ ' / ? € 4 P  

I I 

c 

Z6.L 6c.;/[ & I 
I 

E t Ih. E t 

-3. G . Le,;4& 

Drilling Begun S e ~ t  z-7 

Logged by 
Date Logged /8 Serf.' %F 

Drilling Finished /a r<Dv 277 

DIAMOND DRILL RECORD 

Hole Bearing 070* 

Dip Test: Depth 54.9 Angle -7s 
Total Depth su-? 
Collar Dip Angle -75"P 1s 63 h 

Property C A Y -  E?j-ea- 1 

17./ 3 3 . 0  

~ 

I =I= /.37 o.oo/ 
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D I A M O N D  DRILL RECORD 

Hole Bearing Of'o" 
Collar Dip Angle -+yap /563 h-, 

Dip Test: Depth d9s Angle -9.T" 
Total Depth g 2 5 h  fzz61/ j (_ )  
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DIAMOND DRILL RECORD 

Hole Bearing 070" 
Collar Dip Angle - '5'5' @ ' 5 6 0 b  
Dip Test: Depth - 
Total Depth J5-h 
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DIAMOND DRILL RECORD 

Hole Bearing G - f i C J  

Collar Dip Angle - 9 0 (i3 / f ( 9 0 +  
Dip Test: Depth /w.. Angle 
Total Depth (/+Of7f_l 
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Logged by 
Date Logged z 6  Sqnq . 1 9 8 7  
Drilling Begun L O  (;.,~f w 
Drilling Finished ry.p9" 83 

L 

DIAMOND DRILL RECORD 

Hole Bearing 5 0 
Collar Dip Angle - 60' 8 / Y P O h  
Dip Test: Depth 3 O - O  
Total Depth 70.5 </ 

L IE 
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Logged by 
Date Logged sc,o% 1987 

Drilling Finished 2.2 -ye,o 7 
Drilling Begun a/ r~p v. 9L. '87 . 

P 

-27.8 

C E E E L a E Y L 

Property CAY l 3 . A  24 DIAMOND DRILL RECORD 

Hole Bearing 250' Hole No. 32t;/%3 s-72 *3 
Collar Dip Angle -75" @ /?+Urn Core Size 3.4. 
Dip Test: Depth 3 5 b  An le -7.5" Claim Group Z O a f k .  
Total Depth 35. ( 1 0 0  2?-). Location L e7 + 65N - 5f5045 
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Property CAY H ~ e o - 2  BEATY GEOLOGICAL LTD. DIAMOND DRILL RECORD 
~ o r u ~ f l l l g  Gculnsicul Servses 

a- G. A e , ; l k T  Hole Bearing A? 50" Hole No. VDH#+9  skd3 
Logged by 
3ate Logged a7 r<~ /  . 1987- Collar Dip Angle - 80' @ / .Y90~.k Core Size 
Drilling Begun a.2 ye./3+ 'r7 Dip Test: Depth Angle - Tu" Claim Grou ca* S O k f i  
'>rilling Finished r p , n  ' 8 7 Total Depth 9 3 . 4  h ( /Y3+/%)  Location ~!83/;65/2/- 5 ~ 5 0 ~ 5  

.. 
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DIAMOND DRILL RECORD Property 

iio g g e d b Y Hole Bearing 
Date Logged Collar Dip Angle Core Size 
3rilling Begun Dip Test: Depth Angle Claim Group 
3riIIing Finished Total Depth Location 

Hole No. z ? H # i O  $./f 9 6 e/) r( 1 

I I I I 

I 
I 1 

I I 

Sheet of 2 
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DIAMOND DRILL RECORD 

Hole Bearing 2s0" 
Collar Dip Angle - 80" (i3 /.CfBom 
Dip Test: Depth Angle - *a' 
Total Depth 93.3 h-, f 3 0 6 / ; ( )  
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DIAMOND DRILL RECORD Property 

.ogged by Hole Bearing Hole No. p n H  #/.A ( c o d )  
la te  Logged Collar Dip Angle Core Size 
killing Begun Dip Test: Depth 
IriIIing Finished Total Depth Location 

Claim Group Angle 

FROM TO DESCRIPTION 

f 

I 

SAMPI 
NUMBER F R O M  
6506 2 5 8 . 5  
L S O 6 3  59.5 
6 S o  6 4  60.5 
6 S o  6 5  6LS 
6 ~ 0 6 6  62.5 
650  6 7  63. C 
65068 67,s 
6 5 0 6 3  6 6 . S  
6 5 0 7 0  67. 5 

ES 
TO WIDTH P4.A 

5 9 . 5  /& 0.03 
do-s /b 0.01 
6 L S  / h r  O . O /  

62.5 / m  0.0 / 
63.5 1k.r 0.02- 
6 9 s  / m  0.0 / 
bs.s / m  o . o /  
67.5- / h  0 . 1 0  
623.5 I,.. 1 0.06 

- 
/. o e 

J . 4 Z  
/. 0 L 
/. 08 
0.31 
0 . 9 6  
I .  6 7  
/- 96 
/. Y o  

_I 

7 

Sheet 

Gag G c %  
O.OO/  6.002- 
0 . O O l  0 . 0 0  t 
O . O O /  0 . 0 0  1 
0.00 I 0.00  1 
0.002 0 . 0 0 1  

o.oo/ a.oo/ 
o.oo/ o.oo/  
6 . O O f  l o -ooz l  
O . O O /  /0.003 1 1 

I I 
I I 
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CAY G e e ,  2 DIAMOND DRILL RECORD Property 

Logged by 3 . G .  ke,qkkk Hole Bearing Hole No. 3?/7 #/3 [ce- d )  
Date Logged 3 O  s . , f i e f  l q X 7  Collar Dip Angle Core Size B 
Drilling Begun ’ Dip Test: Depth 
grilling Finished ’ Total Depth Location 

Claim Group Angle 
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DIAMOND DRILL RECORD 

c 

enr , r l rec ,a  Property 

o . o /  o .o /  
0 . ~ 9  0.06 
0.46 3.56 
0.5.z O . B /  
0 . 2 0  0.99 

0.09 1.50 

0 . 0 s  0.55 
0 . 0 7  3.89 

0.09 6 . 6 3  

0.09 0.77 

Sheet. 
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BEATY GEOLOGICAL Lm. 
Coerullttl~ t i e u l ~ l  sewfce. 

Logged by 3. G. L e 1 4 i k  
Date Logged 4 O c f  ' 1 9 . 9 7  
Drilling Begun 1 o6f '83 
Drilling Finished Z o c f  'g? 

DIAMOND DRILL RECORD 

Hole Bearing asoo 
Collar Dip Angle - 6 0  a 

Dip Test: Depth Angle 
Total Depth /37. 3 k  

e I 

Pr oper C A 7  /%ea d Y 

Hole No. aaH#/./ G o o d )  
Core Size 
Claim Group 
Location 
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SAMPLES 
DESCRIPTION NUMBER FROM TO WIDTH EROM TO 

~ o G.Y OV€KBMRDfU 

E. t 

24% &*/- GC 7! 1 
t 

t € t c. aE t L L 

DIAMOND DRILL RECORD 

Hole Bearing 2?50" 

Dip Test: Depth 1/27 Angle -70" 
Collar Dip Angle -7 0" 63 /+?3.k 

Total Depth //s 9 (3 80&) 

El E e E Ih L L 

I 
I 

I 

=I=- 

* 
I 



Q L L c c E € E k E L B E E EL L L r. 

T F  
62. s 
6 3 .  s . 

I I 
I I 

S h e e t A  of- 
- 



E L e t 

I 

I 

I 

I 
I 

I 
I 

c 

I I 

I 

I 

I 

I 
I I I I 
1 

€ c c mc P 
3 

E E c L E E E e 



L. L t E c 
i .  

c c E E G E Q Q Q a 



E s & f t c € c e c L L E & E e Q 



e Q 
1 

i 

f f c. c E L c L E li K E IE: c t 

DIAMOND DRILL RECORD 

Hole Bearing asoo  
Collar Dip Angle - 95 8 @  /5aoc17 

Dip Test: Depth u.73 Angle 
Total Depth / 9 3  {YgRfi) 

C A f  /$?-Ad Property 

a3HRCao 9;Af *TL Hole No. 
Core size ZQ- 
Claim Group sok* 
Location 8 # + 9 a U -  =Sl+ 6 0 s  

* 



DIAMOND DRILL RECORD 

Hole Bearing a s o 0  
Collar Dip Angle -%Sa @ / 9 7 / k  
Dip Test: Depth m~ Angle M4' 
Total Depth (55.4 Z / & f d )  
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