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THE AVALANCHE CREEK PROPERTY 
(Geology and Geochemistry) 

INTRODUCTION 

The Avalanche Creek property l i e s 32 miles (51 km. ) east of 
A t l i n , B r i t i s h Columbia, on the western slopes of Mount Sanford. 
The mineral claims extend from the valley of Gladys River, 
elevation 3000 feet> to the crest of Mount Sanford, elevation 
approximately 5500 feet. Line Lake and Angel Lake occur along 
the r i v e r i n the bottom of the valley. The center of the 
property i s at latitude 59° 1.7 minutes north, longitude 132° 
50 minutes west, on N. T. S. map sheet 1O5N-10W. 

Access must be by helicopter from A t l i n which has a permanent 
helicopter base. Float planes could land in Line Lake or 
Angel Lake. However, this would entail a walk and climb to the 
rock exposures on the mountain. 

This property was o r i g i n a l l y staked as the Boot 1 and 8 mineral 
claims by R. Fleming of Teslin, Yukon Territory in 1967. In 
1969, geologists of Canadian Johns-Manville Limited became 
interested through prospecting and stream geochemical surveys. 
Canadian Johns-Manville Limited staked the properties in 1972 
and 1973. 

In 1973, a s o i l sample program was completed and anomalous t i n , 
tungsten and arsenic were found in some of the rock and s o i l 
pulps. In 1976, additional geochemical sampling was done and 
a geological map was made by Dr. R. Mulligan. 

In 1980, Messrs. Wm. McDonald and J. J. Rankin became inter­
ested i n the property and i n September requested J. R. Woodcock 
to examine the property. Woodcock spent two days (September 
lUth and 15th) on the property. This time was devoted to the 
headwaters of Avalanche and Outwash Creeks in making observations 
on the geology, especially the mineralization and alteration, 
and i n collecting rock chip samples and specimens for geo­
chemical analyses and petrographic work. On the basis of this 
examination and orientation survey, Woodcock recommended ad­
d i t i o n a l similar work. 

Further information on the history of exploration can be ob­
tained from the bibliography with i t s accompanying summaries. 

In August 198l, Messrs. D. Gore, H. Awmack and J. R. Woodcock 
returned to the property to get more information on the geology 
and mineralization and to take additional rock chip samples 
for geochemical analyses and rock specimens for alteration 
studies. 280 rock samples were, analyzed by Vangeochem Lab Ltd. 

A stadia survey (scale 1:1000) made by H. Awmack provided the 
base map for the more interesting lower reaches of Avalanche 
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and Outwash Creeks. 

Note that the stadia stations were not checked and the traverses 
were not closed. Therefore, adjustments for errors could not 
be made; also mistakes may be present. The base map i s considered 
accurate enough for the present work which involves deciphering 
the geology and detecting exploration targets. 

The data from the surrounding area was plotted on an expanded 
aeri a l photograph. Photo B.C. 5677-023, scale 1" - l / 2 mile 
was expanded to approximately 1" = 800 feet. Thus the distor­
tions of the original photograph have been incorporated into 
the resulting map. This map was then enlarged to scale 1:5000 
for this report. 

CLAIMS AND OWNERSHIP 

The central claim groups are held by Canadian Johns-Manvilie 
Limited and include the adjoining Jennifer, Wind and Stormy 
claims and the three Line claims. These claims were staked 
under the two-post system. 

In September 1980, Mr. Clive Aspinall staked three new claims 
under the grid system as agent for John R. Woodcock. These 
new claims are presently in the name of John R. Woodcock. The 
new claims are named the Glad 1, Glad 2, and Glad 3. In August 
198l, Mr. Dennis Gore staked the Glad h claim as agent for 
John R. Woodcock, A l l claims are i n the A t l i n Mining Division. 

The respective positions of the claims are shown on the claim 
map and the claim data is tabulated i n Table I. Note that this 
claim map is an adjusted copy of the government claim map 
which has scale approximately 1:50,000. The adjustments were 
made to conform to f i e l d observations made by D. Gore and the 
base map made by L.W. LeRoy and H. K. Conn. 

REGIONAL GEOLOGY 

The regional geology i s described in G.S.C. memoir 307, A t l i n 
map area (10k N) by J. D. Aiken, 1959 and in several G. S. C. 
reports for neighbouring areas. The regional geology i s in­
cluded in most of the prior reports written for Canadian Johns 
Manville. In particular the report by R. Mulligan discusses 
the significances of some of the regional features. 

The Avalanche Creek area is underlain by rocks of the Upper 
Palaeozoic Cache Creek Group. These rocks occupy part of a 
central trough in northern B r i t i s h Columbia and southern Yukon 
Territories between the Omineca-Cassiar and the Coast Range 
Crystalline Belts. In the Avalanche Creek area this formation 
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TABLE I 

CLAIM DATA 

Name Units Record No. Record Date 

2-post claims 

Jennifer 1 
2 

3 
k 
5 
6 
7 
8 

19338 
19339 
193^0 
193^1 
193^2 
193^3 
193^ 
193^5 

Sept. 21, 1973 

Wind 3 
h 
5 
6 

19027 
19028 
19029 
19030 

Sept. 26, 1972 

Storm 1 
2 

L i n e 1+3 

90 

19202 
19201 

18016 
18018 
18063 

June 29, 1973 
ri ti 11 

Apr. lk, 1972 
n tt 11 

11 if 

grid claims 

Glad 1 
2 

3 
k 

15 
15 
20 
16 

1166 
1167 
1168 
1U81 

Oct. 6, 1980 

Aug. 28, 1981 



i s composed of cherts, a r g i l l i t e s and minor limestone. In 
places of the A t l i n d i s t r i c t some volcanic units are present 
and, in places, some f a i r l y extensive limestone units are 
present. 

Structurally the Cache Creek rocks of the A t l i n terrain are 
folded dominantly on a north-west-trending access; but trends 
are much affected by major plutons, and are complex. On the 
Avalanche Creek property, the dominant strike appears to be' 
northeasterly. Major faults are widespread; possibly the 
Gladys River Valley to the west of the property is controlled 
by a major fault. A strong linear feature in the c l i f f s along 
the north side of Outwash Creek has been interpreted by Mul­
ligan as a thrust fault from the northeast. 

GEOLOGY OF AVALANCHE CREEK AREA 

The Avalanche Creek area i s underlain by cherts, a r g i l l i t e s 
and minor limestone of the Cache Creek Group. These rocks are 
folded, faulted and invaded by small plugs of feldspar-horn­
blende porphyry. 

Cherts and A r g i l l i t e s 

In the lower reaches of Avalanche Creek and Outwash Creek of 
the mapped area, the cherts and a r g i l l i t e s have been meta­
morphosed to brown b i o t i t e hornfels. The characteristics of 
the unmetamorphosed cherts and a r g i l l i t e s have to be drawn 
from observations away from this metamorphic center. 

Cherts are the most abundant of the sedimintary rocks and these 
vary from medium to dark-grey and almost black, with minor 
amounts of light-grey chert. The rock is extremely fine-grained 
and very l i t t l e can be distinguished under the normal petro-
graphic microscope. However, sericite and s i l i c a are the pre­
dominant minerals. The cherts are massive with l i t t l e evidence 
of bedding; occasionally some thin laminations are evident. 
The only r e l i a b l e bedding occurs where there are interbeds of 
a r g i l l i t e . In places, the chert has a microconglomerate or 
c l a s t i c texture with small chert clasts (up to point 0.5 cm 
diameter). Such clasts are sub-angular and generally light 
grey. These clasts are emphasized in the hornfels zone by 
the differences in the content of the secondary biotite. 

The a r g i l l i t e interbeds vary, in thickness from 1 cm to 25 cms 
and generally between 1 cm and 5 cms. Cherts seem to be some­
what argillaceous where there are interbeds of a r g i l l i t e . 

The a r g i l l i t e interbeds are black and the rock i s relatively 
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soft compared to chert. In places, a somewhat planar structure 
has developed giving the rock an almost slate appearance. 

Although the a r g i l l i t e content of the sedimentary sequences 
is r e l a t i v e l y low, there does seem to be an increase in the 
number of these interbeds in a southeasterly direction (the 
upper parts of Avalanche Creek above sample G 753; south of 
sample G 660). There may also be an increase in the northern 
part of the sampled area; however, sample spacing in this area 
i s not p l e n t i f u l . 

Hornfels 

The I98O orientation survey indicated that b i o t i t e hornfels 
was increasing in intensity northwesterly down Avalanche and 
Outwash Creeks. The work done in 1981 confirms this. Specimens 
collected at each of the sample sites were later examined for 
their brown bi o t i t e content (the brown index). This i s c l a s s i ­
fied, according to intensity, from N i l through Low, Medium, to 
High. The results of this work are given in figures 6 and 7 
Several contours seem to be significant, including the line 
separating N i l from Medium + Low and the line separating values 
that are generally Low to Medium from the values that are 
generally High to Medium. These contours again indicate a 
center at the lower parts of Avalanche Creek in the region of 
"erratic drainage". 

The hornfels varies from the light brown to deep chocolate 
brown. However, the degree of brown is quite variable. Within 
the hornfels center, although the browns predominate, there are 
places of very light grey to almost white cherty rock. 

The hornfels is characteristically mottled with very light grey 
mottles, 1 to 5 cms wide and irregularly shaped. Some of these 
mottles are sharply defined and, in places, appear to be re­
lated to bleaching along the minute quartz veinlets. Other 
mottles are less -well defined and the browns slowly grade into 
the l i g h t grey. These appear to be remnants of the rock which 
have resisted hornfelsing and therefore are possibly clasts. 

Two characteristics of the sedimentary rocks appear to 
affect the intensity of b i o t i t e alteration. Outside of the 
main hornfels zone, bioti t e formation is promoted in the v i c i n ­
i t y of limestone horizons. Within the b i o t i t e hornfels zone, 
there does seem to be a decrease in the b i o t i t e content in 
the black carbonaceous (?) a r g i l l i t e s . 

Thin section examination, even with high power, does not give 
much information as the rocks are extremely fine-grained. In 
some sections the b i o t i t e , even in the chocolate brown coloured 
rocks, i s so fine-grained that i t is d i f f i c u l t to detect the 
colour in thin section. Therefore, i t is d i f f i c u l t to distin-
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guish extremely fine-grained b i o t i t e from extremely fine-grained 
sericite. The bleaching which one sees along the quartz vein-
let i s probably s e r i c i t e ; however, i t i s also fine-grained. 
There i s no increase i n grain size as one might expect with 
hydrothermal alteration. The b i o t i t e does seem to increase 
in grain size along some quartz lenses; but whether this i s 
part of the hornfelsing phenomenan or subsequent hydrothermal 
alteration i s not known. In some places, the light grey patches 
are caused by carbonate-rich rock versus the b i o t i t e - r i c h rock. 
In some of the mottled rock, the white mottles are merely 
quartz-rich chert within the brown rock. In a few places, 
quartz-muscovite veinlets are present and in some sections 
there are b i o t i t e - r i c h clasts versus the grey biotite-poor 
clasts. 

These various types of i r r e g u l a r i t i e s in biot i t e content and 
in brown coloration within very short distances, and even 
within some individual thin sections, make the hornfels map 
somewhat erratic in de t a i l . However, the overall picture seems 
to be reliable indicating that this metamorphism was caused by 
a heat source underlying the lower parts of Avalanche and Out-
wash Creeks. The hornfels pattern i s not interrupted by Mul­
ligans thrust fault north of Outwash Creek, although there may 
be some offset. This indicates a thrust fault of small displace­
ment or of pre-hornfels age. 

The secondary b i o t i t e is also abundant within the lowermost 
porphyry on Avalanche Creek, probably indicating that the 
hornfelsing i s related to an intrusion other than this small 
porphyry body. One could also imply this when comparing the 
large size of the hornfels zone with the small size of this plug. 

Pyrrhotite and pyrite always present in the hornfels zone, both 
disseminated and along fractures and quartz veinlets. Pyrrhotite 
predominates over pyrite; small chalcopyrite grains associated 
with the pyrrhotite are quite widespread. The amount of sulp­
hides is not high compared to many porphyry systems; one could 
probably estimate 5$ in places in the lower parts of Avalanche 
Creek. The weathering at the surface has created a gossan and 
probably removed some of the iron sulphide; however, the gossan, 
because of the resistant and unfractured nature of the rock i s 
not well developed or conspicuous. The most conspicuous part 
of the gossan is in the more irregular parts of Avalanche Creek. 

Limestone and Lime Silicates 

The limestone bands are discontinuous and pinch out along strike 
quite sharply. V.Tiether this i s a phenomenon inherited from the 
deposition or whether i t has been superimposed by folding i s 
not known. 

Most of the carbonate members within the mapped area, even out-
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side of the hornfels zone, have been p a r t i a l l y altered to lime 
s i l i c a t e . The s i l i c a t i o n i s not uniform i n the exposures; in 
'places, large blocks of unaltered bluish-grey limestone remain 
r e l a t i v e l y unaltered. In some outcrops there i s more s i l i ­
cation at the contacts of the limestone bands and this grades 
into a r e l a t i v e l y unaltered limestone towards the center. The 
s i l i c a t i o n i s characterized by i t s irregularity. 

The s i l i c a t e d rock i s generally l i g h t green to li g h t grey in 
colour. The li g h t grey rock is predominantly tremolite whereas 
the greenish t i n t i s probably imparted by diopside. In a few 
places, redish garnet crystals are present. In a few small 
outcrops there i s a banding created by variations in garnet, 
tremolite, or limestone content. Dolomite occurs with diopside. 

The limestone bands with the s i l i c a t i o n do have pockets of 
minor sulphides including galena, sphalerite and some chalcopy-
r i t e . Pyrrhotite i s more widespread. 

Within the lower part of Avalanche Creek i s a series of dis­
continuous lenses of massive sulphides which occur within the 
chert but which could possibly be a replacement of the lime­
stone lens. The rock i s largely pyrrhotite with some pyrite, 
abundant chalcopyrite and some sphalerite and galena. 

Feldspar Porphyry 

Five small intrusions of feldspar porphyry have been mapped. 
These include: 

1. In Avalanche Creek (station 2 5 5 ) the dyke or small s i l l 
appears to be gently dipping; but i t has been affected 
by faulting and folding. This may account for i t s occur-
rench i n three separate pieces. 

2 . North of Avalanche Creek at sample G8I-676R a dyke strikes 
O 6 5 0 , dips v e r t i c a l , and i s k to 5 ni thick. It has no 
pyrite. 

3 . Further north at station G 8 I - 6 7 8 R a dyke strikes 0 7 5 ° , 
. has a v e r t i c a l dip, i s 5 meters thick and contains a trace 

of pyrite. 

k. A linear zone of felsenmeer (sample G8I-7IIR) occurs between 
Outwash and Bear Creeks. 

5. A small dyke at the head of Avalanche Creek (sample W8l-
22oR) strikes l 6 0 ° and dips 60° west. It i s only k meters 
thick. It seems to be conformable to fo l i a t i o n in the 
adjacent a r g i l l i t e s ; however, at i t s northwest end the 
a r g i l l i t e s also dip under i t . 
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Two specimens of porphyry were examined in thin section. 
Specimen G678, away from the hornfelsed center, i s a porphyry 
with sparse phenocrysts including 12% hornblende and about 
Q% plagioclase. The matrix i s about 35^ quartz and 65$ feld­
spar, probably plagioclase. A few apatite crystals are present. 
The alteration includes minor chlorite in the hornblende pheno­
crysts and minor s e r i c i t e alteration of the plagioclase pheno­
crysts. Another section (AUlU) from the Avalanche Creek in­
trusion also has mafic and plagioclase phenocrysts. However, 
the hornblende phenocrysts have been completely replaced by 
biotite. Biotite also occurs in veinlets, scattered throughout 
the matrix and in some of the plagioclase phenocrysts. The 
matrix in this case appears to be a l l plagioclase wThich is 
altered moderately to kaolinite, s e r i c i t e and minor bio t i t e . 

Rock Slides and Cemented Gravel 

Along the bed of Outwash Creek are some stream gravels which 
have been cemented by limonite. This limonite cement is dark 
brown to black goethite. The cobbles are rounded to sub-
angular and include chert, and a r g i l l i t e . There i s some in­
dication that the coarser blocks occur at higher elevations. 

Also along the lower reaches of Outwash Creek are some large 
rock exposures which are slump blocks. Most of these occur 
on the north side of the creek. Some of the exposures, on the 
south side of the creek, are resting on gravels. These are 
shown on the geological maps and are indicated on a l l of the 
geochemistry maps. 

Structure 

The massive nature of the chert throughout much of the Avalanche 
and Outwash Creeks drainage basins prevents resolution of the 
structural geology. In some of the area the cherts strike about 
025° and dip about 35° southeast. However, the limestone bands 
have different attitudes with strikes O5O0 to 070° azimuth and 
with steep or v e r t i c a l dips. Many of these limestone bands, 
especially the ones in the lower Avalanche Creek, are very 
discontinuous and pinch out along strike. In places, the cherts 
appear to wrap around the upper parts of these pinch-outs; 
whether this represents the crest of a small fold or whether 
i t is merely the chert wrapping around the limestone lense is 
not known. In addition, some cross-faulting adds to the dis­
continuity of the limestone beds. 

In general, there is more limestone along the southwest side of 
Avalanche Creek than there is north of Outwash Creek; the main 
bands have either thinned or been faulted out. Mulligan shows 
branching limestone bands. Just how accurate this interpre­
tation is with the sparsity of good outcrops and whether i t can 
be attributed to the faulting or to the folding is unknown. 

. . . / 8 
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Small porphyry intrusions which occur at the head of and in 
the lower reaches of Avalanche Creek, have been offset by 
faulting. Some seem to be very thin intrusions which dip 
gently; whether they are folded and faulted s i l l s or dykes 
is not known. 

In addition to numerous faults with small displacements that 
are evident i n the Avalanche and Outwash Creek drainages, 
there are some strong fracture sets. The predominant set 
strikes NNE and dips steeply to ve r t i c a l . Mulligan suggests 
that this pattern may r e f l e c t the influence of the north­
easterly striking fault along the east side of the valley of 
Gladys River. 

Alteration and Mineralization 

The distribution of the b i o t i t e hornfels has been discussed 
and i l l u s t r a t e d on the accompanying figures. Presumably this 
has been caused by an underlying intrusion. 

In the lower reaches of Outwash Creek there are numerous quartz 
veinlets and along many of these quartz veinlets there i s a 
grey selvage. Some of this i s sericite; and some could be 
carbonate. This bleached alteration is especially noticeable 
between sample sites G720 and G728 on Outwash Creek, with 
almost complete bleached rock in the v i c i n i t y of G728. It also 
occurs on Avalanche Creek in an area bounded by stations 208, 
209, 228 and 230. Between this zone of bleaching and the 
porphyry intrusion upstream there are small pockets of similar 
alteration. 

Abundant quartz veins and veinlets are found throughout much 
of the area; but these appear to be more prevalent i n the 
central part of the hornfels zone. In places, the veinlets are 
abundant enough to form a stockwork over very limited areas. 
Such areas include sample sites G720 to G726 and G695 to G700 
on Outwash Creek. Many of the small quartz veinlets are dark 
grey or black. 

In addition to these quartz veinlets, the c l i f f s along the 
north side of Outwash Creek have abundant vuggy quartz veinlets; 
more accurately described as a network of quartz prisms along 
fractures. 

In the present study, l i t t l e attention was given to the sulphide 
mineralization and so the observations w i l l include some data 
from Mulligan's report. The massive sulphide lenses in the 
lower Avalanche Creek are mainly pyrrhotite and contain chalco-
pyrite, sphalerite and some galena. Other heavy sulphide bands, 
with abundant pyrrhotite, occur below the porphyry intrusion 
(e.g. W250R). These are probably replacement deposits in s i l i -
cated limestone. 
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According to Mulligan, wolframite, scheelite and cassiterite 
occur in some quartz veins. Prior geochemical work and our 
goechemical work indicated high t i n and tungsten content in 
many of the s i l i c a t e d limestone bands. 

The various reports for Canadian Johns-Manville and other 
assessment work reports indicate that traces of cassiterite 
and tungsten are f a i r l y widespread, probably extending beyond 
the zone of hornfels. Our analyses of s i l i c a t e d limestone 
outside of the hornfels zone also suggests widespread traces 
of t i n and tungsten. In addition, copper, lead and zinc 
mineralization occur i n the s i l i c a t e d limestone bands within 
and outside of the hornfels zone. 

There i s a distinct coincidence of fluorine with many of the 
above metallic minerals. Large amounts of fluorite have been 
noted i n some of the s i l i c a t e d limestone bands. This i s con­
firmed by our fluorine analyses. 

GEOCHEMISTRY  

Stream S i l t s 

In an attempt to pinpoint the source of the highly anomalous 
metal values in Avalanche Creek, a series of s i l t samples 
were collected starting i n the overburden area downstream and 
extending upstream to the end of the s i l t s , below the upper 
skarn band. Sample sites have been projected to a pro f i l e 
down Avalanche Creek (A-B-C on Figure 9). The results of the 
s i l t sampling, along with the results of the magnetometer survey 
down this creek and the analytical results for corresponding 
rock samples are presented in p r o f i l e on Figure 9. A number 
of geological rock units have also been added. These include 
the uppermost skarn zone, the porphyry intrusion, the small 
pyrrhotite band, the lower skarn band, and the sulphide band. 

An examination of the sample results for the stream geochemistry 
show that a l l s i l t s are anomalous -in copper, lead, zinc and 
silver, including the uppermost s i l t s of the creek bed and a l l 
of these metals have outstanding downstream decay patterns. 
These downstream decay patterns are interrupted by contributions 
from the non-chert units. 

It i s l i k e l y that much of the Cu, Pb, Zn and Ag is coming from 
the uppermost skarn band; however, this cannot be proven. 
Downstream decay pattern is interrupted by an increase in Cu, 
Pb, Zn, and Ag below the porphyry intrusion and a major in­
crease below the massive sulphide-lower skarn zone * for Cu, 
Zn, Ag; but not for Pb. 

As no s i l t s were obtained between the sulphide band 
and the lower skarn, the contribution could be from 
either one or both of these; but most l i k e l y from the 
sulphide band since i t does contain conspicuous chal-
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Tungsten has background values (19 to 30 PPro) above the 
porphyry, but highly anomalous values (> 600 ppm) in a l l s i l t s 
downstream from the porphyry. 

Fluorine is very high (2250 ppm) below the sulphide-lower skarn 
bands, decreasing to 720 ppm downstream. A l l values above the 
lower skarn-sulphide zone are background, including those 
values below the porphyry. 

Tin does not give such an outstanding pattern. The uppermost 
s i l t and the samples below the porphyry are anomalous (> 80 
ppm). Also three samples taken below the sulphide-lower skarn 
zone are anomalous. 

Arsenic yields erratic high background values with no good 
trends and no relationship to geology. 

Molybdenum is also erratic and a l l values are anomalous. 
There i s no trend or relationship to geology except for a 
sli g h t l y higher value (38 Ppm) below the porphyry. These re­
sults might indicate high background molybdenum values in the 
sedimentary rocks of the Cache Creek Formation. 

So i l and Talus Fines 

S o i l sampling done by Canadian Johns-Manvilie Company Ltd. 
over the mountains extending from Stormy Creek on the south 
to Landslide Creek on the north, and centered on Avalanche 
Creek was controlled by a grid of picket lines. The sample 
media included upland s o i l s , generally on the g l a c i a l debris 
that covers the top of the h i l l s and on the moraine between 
Avalanche and Outwash Creeks, and also talus fines on the 
steep slopes, especially north of Outwash Creek, south of 
Avalanche Creek and at the head of the cirque between Avalanche 
and Outwash Creeks. The samples were submitted to Bondar-Clegg 
and Company Ltd. for analytical work. The results for a number 
of metals are presented, with two per map. A perusal of the 
results shows that in general the anomalous values, especially 
the l i t t l e peaks and single sample anomalies are largely con­
fined to the talus slopes, mainly *in the drainage basins of 
Avalanche Creek and Outwash Creeks. 

Several metals have similar patterns. These include lead, 
?inc, and s i l v e r with the same patterns. Tin,bismuth, fluorine, 
and tungsten have the general same distribution of the anomalous 
peaks'. 

Copper has distribution somewhat similar to the tungsten-tin, 
with some distribution s i m i l a r i t i e s to the lead-zinc pattern. 
Molybdenum and arsenic do not show such good correlation with 
the other metals. 

. . . ''11 
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In g e n e r a l , a l l metals are anomalous i n or around the limestone 
bands. Thus, i n these p l a c e s , the anomalous peaks are a l l super­
imposed. 

Copper has very h i g h background, w i t h most v a l u e s > 50 Ppm 
and w i t h anomalies up t o and exceeding 1000 ppm. 

Lead v a l u e s i n s o i l are a l s o e x c e p t i o n a l l y h i g h ; I am s u s p i c i o u s 
o f them. Many o f these v a l u e s are > 50 ppm; o n l y those values 
> U00 ppm have been c i r c l e d as anomalies. 

Z i n c a l s o has q u i t e h i g h background v a l u e s ; but t h i s could be 
c o n t r i b u t e d by the a r g i l l a c e o u s t e r r a i n . Many o f the v a l u e s 
are > 100 ppm and anomalies are only c i r c l e d when they are 
> 675 ppm. 

S i l v e r i s a l s o very h i g h . Probably these s i l v e r v a l u e s , 
e s p e c i a l l y those t h a t date from the e a r l y p a r t o f the s o i l 
sampling programs, have not had a m a t r i x c o r r e c t i o n . I t i s 
p o s s i b l e t o get v a l u e s o f 1 or 2 ppm from i n t e r f e r e n c e o f other 
metals such as calcium. Most o f the r e p o r t e d v a l u e s are over 
0. 5 ppm w i t h many o f them over 1 ppm. Anomalous v a l u e s are 
> 5.2 ppm which i s abnormally h i g h . There i s , however, some 
c o r r e l a t i o n w i t h the l e a d and z i n c and a l s o w i t h the limestone 
bands. A l s o , the r e s u l t s o f the s i l t sampling p r o f i l e along 
Avalanche Creek done i n 198l, confirmed t h a t s i l v e r i s u n u s u a l l y 
high. 

Tungsten shows background values g e n e r a l l y under 15 ppm and 
anomalous v a l u e s o f up t o and exceeding 120 ppm. This back­
ground range seems t o be reasonable. However, the s i l t s c o l ­
l e c t e d i n 198l d i d show some very h i g h v a l u e s (> 600 ppm) i n 
the lower reaches o f Avalanche Creek. 

T i n i s abnormally h i g h throughout the whole survey area w i t h 
many o f the background valu e s between 30 and 100 ppm. Anomalous 
value s on the map are not c i r c l e d u n l e s s they exceed 300 ppm. 
This i s u n u s u a l l y h i g h f o r t i n , e s p e c i a l l y f o r the background 
v a l u e s . I am s u s p i c i o u s o f the background readings.* However, 
the r e l a t i v e v a l u e s are probably s i g n i f i c a n t as the anomalous 
peaks correspond w i t h the anomalous peaks o f tungsten, e s p e c i a l l y 
where these v a l u e s occur i n limestone bands. 

Molybdenum i s a l s o a metal w i t h a v e r y h i g h background. This 
conforms t o the r e s u l t s o f the s i l t sampling done i n 198l. I t 
could i n d i c a t e a h i g h background molybdenum content of some 
of the Cache Creek a r g i l l a c e o u s rocks. 

A r s e n i c analyses were a l s o obtained f o r some o f the samples. 
The v a l u e s range from non-detectable t o > 680 ppm. L i t t l e can 
be concluded from these v a l u e s as the number o f analyses are 
too l i m i t e d . A g a i n , the anomalous valu e s appear very h i g h ; 
however, as s t a t e d p r e v i o u s l y such very h i g h values can be 
o b t a i n e d i n t a l u s f i n e s . 

.../12 

Analyses f o r Sn and W are d i f f i c u l t and v a r i o u s l a b s r e p o r t 
d i f f e r i n g r e a d i n g s , e s p e c i a l l y i n the background ranges. 
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The number o f analyses f o r bismuth i s not s u f f i c i e n t t o 
e s t a b l i s h background away from the anomalous zone. Values o f 
nd (not detected) t o 115 ppm are common and peak anomalies are 
> 115 ppm. 

F l u o r i n e shows normal background values (300 t o 700 ppm) w i t h 
extremely high values (up t o 16000 ppm) a s s o c i a t e d w i t h the 
s i l i c a t e d limestone bands. 

The I98O o r i e n t a t i o n s t u d i e s i n d i c a t e d t h a t the s o i l geo­
chemistry was enhanced i n the t a l u s f i n e s . This i s a common 
c h a r a c t e r i s t i c o f s o i l geochemistry i n mountainous areas. The 
f i n e s i n the t a l u s i n c l u d e m e c h a n i c a l l y abraided s o f t m i n erals 
such as l i m o n i t e s and s u l p h i d e s which do c a r r y a l a r g e pro­
p o r t i o n o f the metals. A d d i t i o n a l work i n 198l comparing s o i l 
geochemistry w i t h adjacent rock geochemistry confirmed t h i s . 
However, t h i s phenomenon o f enhanced t a l u s f i n e s i s superimposed 
on another u n d e r l y i n g c o n c e n t r a t i n g medium and th a t i s the 
s i l i c a t e d limestone. Outstanding metal values occur i n most 
of these s i l i c a t e d bands and most o f the l o c a l h i g h peaks i n 
the s o i l geochemistry are a s s o c i a t e d w i t h s i l i c a t e d limestone 
bands. 

Rock Geochemistry 

The geochemical work done by Canadian J o h n s - M a n v i l l e , mainly 
s o i l geochemistry, but i n c l u d i n g some s i l t samples and some 
rock samples, i n d i c a t e d a l a r g e t a r g e t h i g h l y , but e r r a t i c a l l y , 
anomalous i n a number o f elements i n c l u d i n g Cu, Pb, Zn, Ag, 
Mo, As, W, Sn, B i , and F. Woodcock's o r i e n t a t i o n study on the 
rock geochemistry was an attempt t o d e f i n e the t a r g e t more 
c l o s e l y ; t h i s work d i d i n d i c a t e a h o r n f e l s zone i n the lower 
reaches o f Avalanche and Outwash Creeks and some corresponding 
anomalous rock geochemistry. The rock geochemistry o f the 
c h e r t s , a r g i l l i t e s and h o r n f e l s showed t h a t the best element 
t o p i n p o i n t t h i s center i s f l u o r i n e . The other elements t e s t e d 
d i d not g i v e any c o n c l u s i v e t r e n d s i n the chert s and h o r n f e l s . 
However, the s i l i c a t e d l i mestones t h a t were t e s t e d d i d show 
h i g h l y anomalous metal v a l u e s . 

In the I 9 8 I f i e l d work, rock c h i p samples were c o l l e c t e d over 
a l a r g e p a r t o f the t a r g e t area, w i t h c l o s e r spacing i n the 
more i n t e r e s t i n g lower reaches o f Avalanche and Outwash Creeks. 
At each o f these sample s i t e s a hand specimen was c o l l e c t e d 
f o r estimates o f b i o t i t e , (brown index) and f o r p o s s i b l e 
p e t r o g r a p h i c s t u d i e s . 

In a d d i t i o n t o the rock samples, twelve s i l t samples were c o l ­
l e c t e d along Avalanche Creek i n an attempt t o c o r r e l a t e the 
anomalous s i l t samples w i t h the rock geochemistry along the 
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same stream. The r e s u l t s o f the rock geochemistry and o f the 
stream geochemistry are given i n F i g u r e 9. 

A l l rock samples, i n c l u d i n g c h e r t s , h o r n f e l s e s , p o r p h y r i e s , 
and s i l i c a t e d l i m e s t o n e s , were analyzed f o r f l u o r i n e and the 
r e s u l t s o f t h i s are g i v e n on F i g u r e 10. I n a d d i t i o n , about . 
30 samples i n the p r o f i l e down Avalanche Creek were analyzed 
f o r W, Sn, Cu, Pb, Zn, Mn, Ag, and F . Seven samples o f por­
phyry were a l s o analyzed f o r W, Sn, Cu, Pb, Zn, Mn, and As. 
Because the skarn samples c o l l e c t e d p r e v i o u s l y d i d show 
anomalous v a l u e s , an a d d i t i o n a l 35 samples o f s i l i c a t e d l i m e ­
stone were submitted f o r analyses f o r Sn, W, Cu, Pb, Zn, Ag 
i n a d d i t i o n t o the F. These are p l o t t e d on Figures 12, 13, 
and 1̂ . S i x rock samples o f a v a r i e t y o f ty p e s , i n c l u d i n g 
h o r n f e l s , bleached h o r n f e l s , grey l i m e s i l i c a t e s , and massive 
s u l p h i d e s were submitted f o r a n a l y s i s f o r B i , B, Sb, and Mo, 
i n a d d i t i o n t o other elements. 

F l u o r i n e i n Rock 

The f l u o r i n e technique i s g e n e r a l l y e f f e c t i v e i n a p p r a i s i n g 
a l a r g e gossan area and d e t e c t i n g an u n d e r l y i n g i n t r u s i v e center 
F l u o r i n e values f o r a l l r o c k types are presented i n Figu r e s 
10 and 11. On both o f these f i g u r e s the value s f o r the h o r n f e l s 
and the a r g i l l i t e s have been contoured, n e g l e c t i n g any o f the 
hi g h and e r r a t i c v alues f o r the lime s i l i c a t e s and sulphide 
bands and the somewhat lower v a l u e s f o r the f e l d s p a r porphyry. 
The contours o f the d e t a i l e d sampling i n lower Avalanche and 
Outwash Creeks ( F i g u r e l l ) has been reduced and i n c o r p o r a t e d 
i n the s m a l l s c a l e map ( F i g u r e 10). 

A comparison o f the contour p a t t e r n o f t h i s map w i t h the con­
t o u r s on the map of "Brown B i o t i t e Index" ( F i g u r e 7) r e v e a l s a 
s i m i l a r i t y i n o v e r a l l d i s t r i b u t i o n and i n the l o c a t i o n o f the 
c e n t r a l high. When more d e t a i l i s added the contours become 
e r r a t i c (e.g. lower Avalanche Creek). The data could probably 
be contoured i n d e t a i l i n a nur±>er o f ways; however, the over­
a l l p i c t u r e and the c e n t r a l h i g h w i l l remain the same. I n the 
case o f Avalanche Creek, incomplete data t o the southwest pre­
cludes r e l i a b l e completion o f the contours, even the 2000 ppm 
contour. 

Avalanche Creek P r o f i l e 

A p r o f i l e o f rock chip samples down Avalanche Creek was taken t o 
determine i f elements, other than f l u o r i n e , could be used t o 
e s t a b l i s h trends across the zone of m i n e r a l i z a t i o n ; and t o cor­
r e l a t e the rock geochemistry w i t h the s i l t geochemistry. The 
r e s u l t s o f t h i s rock c h i p sampling are p l o t t e d on Figure 9. 

.../ik 
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This work confirmed t h a t other elements, i n c l u d i n g the sulphur, 
do not g i v e good trends i n the c h e r t - a r g i l l i t e h o r n f e l s u n i t . 
The r e s u l t s prove t h a t much o f the anomalous metal content i n 
the s i l t samples i s c o n t r i b u t e d by the zone between the Lower 
Avalanche porphyry i n t r u s i o n and the massive s u l p h i d e band. 
The r e s u l t s i n d i c a t e t h a t the s i l i c a t e d l i mestone h o r i z o n s , 
and the massive s u l p h i d e s c o n t r i b u t e most o f the metal values. 

Except f o r moderately anomalous tungsten v a l u e s , the porphyry 
i s not p a r t i c u l a r l y anomalous i n any o f the metals. 

The v e r y h i g h tungsten values i n s i l t do s t a r t j u s t below the 
s m a l l porphyry i n t r u s i o n . However, whether the porphyry i s 
an important c o n t r i b u t o r or whether the c o n t r i b u t i o n s j u s t 
below t h i s i n t r u s i o n are from s u l p h i d e - r i c h or a l t e r e d h o r i z o n s 
i n the h o r n f e l s i s not known. In regard t o t h i s , note t h a t a 
h o r n f e l s sample (G 81-7̂ +0) from Outwash Creek i s from any area 
of abundant q u a r t z v e i n l e t s . I t has about k^>00 ppm W. 

Geochemistry o f the Lime S i l i c a t e s , S u l p h i d e s , and Porphyries 

Because the l i m e s i l i c a t e s and the a s s o c i a t e d s u l p h i d e l e n s e s show 
v e r y h i g h m e t a l v a l u e s i n comparison t o the c h e r t s and a r g i l l i t e s 
throughout the area, samples o f these rocks were analyzed f o r a 
v a r i e t y o f elements ( F i g u r e s 12, 13, and Ik) i n an attempt t o de­
v e l o p t r e n d s . 

The samples o f lime s i l i c a t e and o f r e l a t i v e l y massive sulp h i d e s 
show e r r a t i c v a l u e s f o r Pb, Zn, Ag, i n c l u d i n g some very h i g h 
values. The f e l d s p a r p o r p h y r i e s ; however, are mainly background, 
i n c l u d i n g the i n t r u s i o n i n Lower Avalanche Creek. The only ex­
c e p t i o n i s i n the s m a l l i n t r u s i o n i n the c i r q u e a t the head o f 
Avalanche Creek i n which the three metals are o b v i o u s l y anomalous 
( F i g u r e 12). 

Copper i s g e n e r a l l y p a r a l l e l t o Pb, Zn ( F i g u r e 13). The s i l i c a t e d 
l i m estone has ve r y e r r a t i c v a l u e s , mostly moderately anomalous but 
up t o 1680 ppm. The s u l p h i d e s have some v e r y h i g h v a l u e s , e s p e c i a l ­
l y the main s u l p h i d e band i n Lower Avalanche Creek. The f e l d s p a r 
p o r p h y r i e s n o r t h o f Outwash Creek have very low background values 
(up t o 13 ppm). The h i g h e s t values found i n p o r p h y r i e s are i n 
Lower Avalanche Creek (up t o 212 ppm). S l i g h t l y lower values occur 
i n the "Cirque Porphyry" at the head o f Avalanche Creek. 

Manganese i s a l s o p a r a l l e l t o Pb, Zn, and Cu. I t i s very e r r a t i c . 
The f e l d s p a r porphyry i n the lower Avalanche Creek has v e r y low 
values (up t o 185 ppm). 

Tungsten has only background values i n samples from the southwest 
p a r t o f the sampled area. Many o f the remaining c a l c - s i l i c a t e 
samples are very e r r a t i c w i t h values up t o 350 ppm. The sulphides 
have v e r y h i g h values w i t h some > 600 ppm i n Lower Avalanche Creek. 
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In c o n t r a s t , the s u l p h i d e - r i c h skarn band j u s t below the Lower 
Avalanche Creek porphyry i s not anomalous. Feldspar porphyries 
g e n e r a l l y have background v a l u e s (< 20 ppm). However, the 
Lower Avalanche Creek porphyry does have values up t o 200 ppm. 

Tin i s g e n e r a l l y low i n the lim e s t o n e s and the s i l i c a t e d l i m e ­
stones (< 50 ppm) but does have a few e r r a t i c highs (up t o 
350 ppm). The s u l p h i d e s are not p a r t i c u l a r l y anomalous; the 
hi g h e s t v a l u e obtained i s 70 ppm. Fe l d s p a r porphyries are not 
anomalous and a l l va l u e s are < 5 ppm. 

In g e n e r a l , although v a l u e s are e r r a t i c , t h e r e i s a g r e a t e r pre­
ponderance o f h i g h l y anomalous v a l u e s i n Lower Avalanche Creek. 
'This c o n t r a s t s w i t h some o f the o u t l y i n g areas, e s p e c i a l l y 
samples o f s i l i c a t e d l i m e s t o n e and limestone from the southwest 
p a r t o f the map, where v a l u e s are g e n e r a l l y background. 

MAGNETOI^ETER SURVEY 

In a d d i t i o n t o the geochemical p r o f i l e s down Avalanche Creek, 
magnetometer readings were taken. These are a l s o i n c l u d e d on the 
p r o f i l e s o f F i g u r e 9. This p r e l i m i n a r y work i n d i c a t e d low values 
(725 gamas a c c o r d i n g t o our l o c a l a r b i t r a r y base l e v e l ) i n the 
upstream t a l u s a rea, g r a d u a l l y i n c r e a s i n g t o about lUOO gamas at 
the lower s i d e o f the porphyry i n t r u s i o n . I n the zone between 
the porphyry and the lower s u l p h i d e zone, the hi g h e s t values (1375 
t o 1600 gamas were obtained. Eelow the lower sulphide zone, 
values g e n e r a l l y decrease t o 1250 gamas near the lowermost out­
crops i n the creek bed. Downstream, i n the area of i n c r e a s i n g 
overburden, values are between 1210 and 1250 gamas. Thus i t 
appears t h a t , f o r a widt h o f about 170 meters, values have i n ­
creased and t h a t the v a l u e s g r a d u a l l y drop o f f both downstream 
and upstream from t h i s c e n t r a l h i g h . However, r e s u l t s from such 
l i m i t e d work may not be s i g n i f i c a n t . 

Two a d d i t i o n a l l i n e s o f magnetometer readings were taken at 
r i g h t angles t o Avalanche Creek; these d i d not add much t o the 
p i c t u r e . Damage t o the magnetometer c u r t a i l e d t h i s work. 

P r i o r t o t h i s work, M u l l i g a n i n 1976, d i d a s m a l l magnetometer 
g r i d over the area o f the s u l p h i d e and lower skarn (No. 1 l i m e ­
stone). This d i d not show any l o c a l anomalies. A l s o , i t d i d 
not i n d i c a t e any l a r g e r s c a l e t r e n d because the survey was too 
l i m i t e d . 

The magnetometer map * submitted by C. A s p i n a l l (Assessment 
Report 1+912) has been contoured t o emphasize the l o c a l n orth­
e a s t e r l y s t r a t i g r a p h i c bedding. P o s s i b l y a s t a t i s t i c a l analyses 
designed t o separate l o c a l t r e n d s due t o bedding from s i g n i f i ­
cant l o c a l anomalies, and at the same time e l i m i n a t e the s i n g l e 
or double s t a t i o n e r r a t i c h i g h s , might g i v e a more s i g n i f i c a n t 

.../16 
* The assigned base l e v e l f o r the Avalanche Creek p r o f i l e 

i s 68O gar-mas h i g h e r than t h a t used i n the A s p i n a l l survey. 



p a t t e r n . A rough estimate o f t h i s type of treatment can be done 
by c o l o u r i n g the i n d i v i d u a l s t a t i o n s a c c o r d i n g t o a c o l o u r 
c h a r t , before a t t e m p t i n g t o p l a c e contours. 

Woodcock has superimposed more g e n e r a l i z e d contours on A s p i n a l l ' s 
map and the map i s i n c l u d e d ( F i g u r e 15). The r e s u l t i n g map has 
r e p l a c e d some o f the s t r a t i g r a p h i c and " c r o s s l i n e " b i a s e s w i t h 
Woodcock's biases.' This map s t i l l r e f l e c t s the n o r t h e a s t e r l y 
t r e n d , w i t h low v a l u e s i n the southeast corner o f the survey area, 
i n c r e a s i n g t o r e l a t i v e l y h i g h values i n the northwestern area. 
In the lowermost outcrop area o f Avalanche Creek ( i n the area o f 
e r r a t i c drainage p a t t e r n ) extending south from t h i s t o Wind Creek 
i s a p o s i t i v e magnetic anomaly. This magnetic anomaly i s about 
3 0 0 meters wide and about 6 0 0 meters long. One might ask whether 
t h i s i s a c t u a l l y an anomaly w i t h some s p e c i f i c u n d e r l y i n g cause 
or whether i t i s merely a c o n t i n u a t i o n o f the h i g h s t r a t i g r a p h i c 
values o f the n o r t h p a r t o f the surveyed area. Such a southwest 
c o n t i n u a t i o n i s i n t e r r u p t e d by some c o m p l i c a t i o n s (magnetic lows) 
i n the lower reaches o f Avalanche Creek and terminated s h a r p l y 
on the west a g a i n s t a f a u l t ( r) which l i e s along the s i d e o f the 
v a l l e y o f Gladys R i v e r . 

C O N C L U S I O N S A N D R E C O M B I N A T I O N S 

The r o c k geochemistry and p e t r o l o g y have i n d i c a t e d anomalous 
f l u o r i n e and c o - e x t e n s i v e b i o t i t e formation i n h o r n f e l s over an 
area, about 1 6 0 0 meters i n diameter. I r o n s u l p h i d e s ( p y r r h o t i t e 
and p y r i t e i n the more c e n t r a l zone) are a l s o present although 
not i n l a r g e amounts (0 . 5> t o !>). In t h i s anomalous gossan-
h o r n f e l s area and extending outward f o r at l e a s t another ^00 
meters, the limestone bands are s i l i c a t e d and h i g h l y anomalous 
i n a number o f metals. 

W i t h i n the c e n t r a l p a r t o f the anomalous area i s a zone, 7 0 0 
meters i n diameter, w i t h more intense m i n e r a l i z a t i o n , i n c l u d i n g 
f l u o r i n e (> 2 0 0 0 ppm), abundant secondary b i o t i t e i n h o r n f e l s , 
some p y r i t e along f r a c t u r e s and some grey a l t e r a t i o n selvages t o 
some o f the quartz v e i n l e t s . The l i m e s i l i c a t e and massive 
sulph i d e bands and l e n s e s w i t h i n t h i s c e n t r a l zone have extremely 
high metal v a l u e s . 

The anomalous metals i n the main t a r g e t and the o u t l y i n g lime 
s i l i c a t e bands, i n c l u d e Sn, W, 7, As, 5 i , KO. Pb, Zn, Ag, Cu. 

The b i o t i t e h o r n f e l s rone and i t s co-extensive f l u o r i n e anomally 
were formed by an u n d e r l y i n g heat center ' i . e . a steel:). This 
stock i s unroofed; the depth t o i t s apex i s unknown. Ifowever, 
one would expect b e t t e r metal c o n c e n t r a t i o n s at i t s i n t r u s i v e 
c ontact w rith the h o r n f e l s and w i t h the limestone bands. 

Four models f o r p o s s i b l e comparison are presented i n Appendix I, 
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i n c l u d i n g porphyry t i n d e p o s i t s , porphyry molybdenum d e p o s i t s , 
a s p e c i f i c f a m i l y o f t u n g s t e n - t i n - s k a r n d e p o s i t s , and the 
Logjam tungsten-molybdenum d e p o s i t . 

Porphyry r e l a t e d d e p o s i t s , i n c l u d i n g the copper, the molyb­
d e n i t e , and the t i n d e p o s i t s and the Logjam tungsten-molybdenum 
deposit are a s s o c i a t e d w i t h s t o c k complexes which have diameters 
ranging from 500 meters t o 1000 meters, averaging about 800 
meters. 

In c o n t r a s t tungsten skarn d e p o s i t s are a s s o c i a t e d w i t h the 
contacts o f much l a r g e r p l u t o n s . sometimes even s m a l l b a t h o l i t h s . 
The tungsten skarn d e p o s i t s g e n e r a l l y l i e along these c o n t a c t s , 
although they can be concentrated along s i l i c a t e d l i m y beds t h a t 
l i e a few hundred meters away from the contact. The plutons and 
the environment o f the skarn d e p o s i t s are not " j u i c y " ; the ex­
t e n s i v e b i o t i t e h o r n f e l s zones w i t h i r o n s u l p h i d e s t y p i c a l o f 
porphyry d e p o s i t s and the a l t e r a t i o n and the r e s t r i c t e d "heat 
center" are l a c k i n g . T h e r e f o r e , although the metal mineralogy 
i n the Avalanche Creek t a r g e t are i s s u i t a b l e f o r t h i s Russian 
type o f t u n g s t e n - t i n - s k a r n d e p o s i t (Model 3) other f e a t u r e s are 
not t y p i c a l . 

Some of the c h a r a c t e r i s t i c s at Avalanche Creek f i t the t i n model, 
e s p e c i a l l y the a s s o c i a t e d metals i n c l u d i n g s i l v e r and bismuth. 
However, the p u b l i s h e d d e s c r i p t i o n s o f the porphyry t i n d e p o s i t s 
do not mention a s s o c i a t e d p y r i t e h a l o s although I would suspect 
some p y r i t e i s present. Moreover these d e s c r i p t i o n s do not men­
t i o n the widespread b i o t i t e h o r n f e l s . The hydrothermal a l t e r a ­
t i o n a s s o c i a t e d w i t h the porphyry t i n d e p o s i t occurs w i t h i n the 
stock. The st o c k i s not exposed so no comparison of a l t e r a t i o n 
can be made. 

The prophyry-molybdenite model does i n many aspects f i t the 
Avalanche Creek p i c t u r e . The s i m i l a r i t i e s i n d i c a t e widespread 
h o r n f e l s , the a s s o c i a t e d f l u o r i n e metasomatism, the a s s o c i a t e d 
tungsten and t i n and some anomalous molybdenum values ( i . e . the 
stream s i I t s ) . Hov . Tever, the a r s e n i c i s not p a r t i c u l a r l y char­
a c t e r i s t i c o f the stockwork molybdenite d e p o s i t s ; moreover 
stockwork molybdenite d e p o s i t s g e n e r a l l y have a much hi g h e r 
p y r i t e content i n the i r o n s u l p h i d e h a l o near the ore zones. 

The Logjam Creek model, which i s e s s e n t i a l l y a molybdenite de­
p o s i t w i t h u n u s u a l l y r i c h t u ngsten h a l o , lower than normal i r o n 
p y r i t e content and somewhat lower than normal molybdenite content 
and abundant f l u o r i n e f i t s the Avalanche Creek p i c t u r e remarkably 
w e l l . S i m i l a r i t i e s i n c l u d e the h i g h tungsten v a l u e s , the other 
a s s o c i a t e d metals, the b i o t i t e h o r n f e l s zone and the tungsten-
b e a r i n g skarn bands. Moreover both p r o p e r t i e s are i n the same 
region. 

The anomalous metal v a l u e s w i t h i n t h i s l a r g e t a r g e t area are 
outs t a n d i n g , the center o f t h i s system has been p i n p o i n t e d by 
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t h e 198l f i e l d v:ork. I t i s now important t o l e a r n the metal 
content at the contact or apex o f the i n t e r p r e t e d u n d e r l y i n g 
stock. Therefore, a deep d r i l l h o l e (about 700 meters) i s 
recommended. 

The topography i n t h i s area precludes s e t t i n g up a d r i l l h o l e 
i n many p l a c e s ; however, s u i t a b l e l o c a t i o n s are present, i n ­
c l u d i n g the bench south o f Avalanche Creek and the i n t e r f l u v e 
area between Avalanche and Outwash Creeks. A h o l e c o l l a r e d on 
the bench (between survey s t a t i o n s 31 and 32) and d r i l l i n g along 
azimuth ^5° and d i p 65° would reach the center o f the f l u o r i n e 
anomaly. The upper p a r t o f the hole would a l s o i n t e r s e c t some 
of the e n r i c h e d s i l i c a t e d limestone bands south o f Avalanche 
Creek. Although t h i s d i r e c t i o n i s not p a r a l l e l t o some o f the 
observed bedding i n the c h e r t s and a r g i l l i t e s , i t i s p a r a l l e l 
t o many o f the limestone bands. Another p o s s i b l e d r i l l s i t e 
i s i n the v i c i n i t y o f the J e n n i f e r c l a i m p o s t s ( J e n n i f e r 3, 
5, 6) d r i l l i n g w i t h azimuth about 20° and d i p 75° t o 80°. 
U n f o r t u n a t e l y t h i s i s p a r a l l e l or s u b - p a r a l l e l t o a main f r a c ­
t u r e system i n the area. Both o f these l o c a t i o n s must be gi v e n 
f u r t h e r c o n s i d e r a t i o n . P o t e n t i a l campsites are present near 
both l o c a l i t i e s . 

November 30, 1981 
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MODELS FOR COMPARISON 

Porphyry T i n Model 

The B o l i v i a n T i n - S i l v e r B e l t i n c l u d e s two main types o f t i n 
d e p o s i t s , t h e t i n - t u n g s t e n d e p o s i t s i n the n o r t h e r n p a r t 
( C o r d i l l e r a R e a l ) , a s s o c i a t e d w i t h b a t h o l i t h i c i n t r u s i o n s and 
the t i n - s i l v e r d e p o s i t s o f the c e n t r a l and southern p a r t s o f 
the b e l t , a s s o c i a t e d w i t h s u b - v o l c a n i c i n t r u s i o n s . The geolog­
i c a l f e a t u r e s o f the southern s u b - v o l c a n i c d e p o s i t s posses 
s i m i l a r i t i e s t o porphyry copper d e p o s i t s , although they d i v e r g e 
even more than do the porphyry molybdenite d e p o s i t s from the 
c l a s s i c a l porphyry-copper model. The data f o r t h i s t i n model 
i s taken from the paper "Porphyry T i n Deposits i n B o l i v i a " 
by R. H. S i l l i t o e , C. H a l l s and J. N. Grant, 1975 Economic 
Geology page 913-927. Although the f o l l o w i n g c h a r a c t e r i s t i c s 
are t a k e n from a number o f the d e p o s i t s , the L l a l l a g u a , the 
P o t o s i and the Oruro d e p o s i t s are the main examples. 

The s t o c k s are multi-phase and commonly one t o two square 
k i l o m e t e r s i n area. They have the form o f i n v e r t e d cones r a t h e r 
than u p r i g h t c y l i n d e r s . For example, the Salvadora stock at 
L l a l l a g u a has dimensions o f 1700 meters by 1000 meters at the 
s u r f a c e but d i m i n i s h e s i n c r o s s - s e c t i o n downward t o 1000 meters 
by 700 meters. Below t h i s depth the w Talls appear t o become 
v e r t i c a l , and some authors have suggested t h a t t h i s v e r t i c a l 
column w i l l extend downward t o the apex o f a stock. 

The s t o c k s are s u b - v o l c a n i c i n c h a r a c t e r and are beneath the 
vent r e g i o n s o f volcanos. Coeval v o l c a n i c s are preserved 
adjacent t o s e v e r a l d e p o s i t s . The s t o c k s possess sharp c o n t a c t s 
w i t h t h e i r w a l l r o c k s , but c o n t a c t s are complicated by dykes 
and s i l l s p r o j e c t i n g outward. The stocks wrere, emplaced 
p a s s i v e l y , although l o c a l evidence o f a f o r c e f u l l component 
t o i n t r u s i o n i s present i n p l a c e s . The i n t r u s i v e r o c k s are 
h i g h l y a l t e r e d ; however, by comparison w i t h dykes, they are 
thought t o c o n s i s t o f q u a r t z - l a t i t e porphyry. 

Many o f the s t o c k s i n t r u d e sedimentary s t r a t a of the S i l u r i a n -
Devonian age. The thermal metamorphic au r e o l e s are narrow and 
not v e r y h i g h grade. 

Hydrothermal i n t r u s i o n b r e c c i a i s commonly developed at the 
c o n t a c t o f the s t o c k w Tith the surrounding c l a s t i c sediments and 
Is a l s o p r e v a l e n t w i t h i n both the stock and i t s host rocks. 
The b r e c c i a occurs as i r r e g u l a r p i p e - l i k e bodies up t o 50 meters 
across and as narrow dykes. Fragments are angular t o sub-rounded 
and rounded and c o n s i s t o f porphyry or sedimentary rocks i n a l l 
p r o p o r t i o n s . The m a t r i x o f the b r e c c i a c o n s i s t s o f f i n e l y com-



minuted porphyry and sedimentary rock. B r e c c i a t i o n spans the 
p e r i o d o f m i n e r a l i z a t i o n : the emplacement o f economic amounts 
of c a s s i t e r i t e i n the b r e c c i a s was e v i d e n t l y synchronous w i t h 
t h e i r f i n a l stages o f emplacement; b r e c c i a s c o n t a i n i n g f r a g ­
ments o f p y r i t e w i t h some c a s s i t e r i t e are seen at s e v e r a l 
l o c a l i t i e s ; and p y r i t e v e i n l e t s and t i n v e i n s cut the b r e c c i a s . 

The q u a r t z - l a t i t e porphyry and some sedimentary r o c k s , m a r g i n a l 
t o the s t o c k , have been p e r v a s i v e l y a l t e r e d t o s e r i c i t e . The 
broad geometry o f the a l t e r a t i o n zone i s not c o n t r o l l e d by 
f r a c t u r e s or v e i n s . T h i s a l t e r a t i o n has r e s u l t e d i n the con­
v e r s i o n o f the s t o c k t o an aggerate o f q u a r t z , s e r i c i t e and 
tour m a l i n e . P y r i t e and c a s s i t e r i t e occur i n a stockwork o f 
m u l t i - d i r e c t i o n a l v e i n l e t s up t o two centimeters wTide and 
as d i s s e m i n a t i o n s i n the a l t e r e d rock. P y r i t e i s , at l e a s t 
l o c a l l y , more widespread near the borders o f the s e r i c i t i c 
zone. I n the main hydrothermal b r e c c i a s a l t e r a t i o n i s pre­
dominantly t o q u a r t z and to u r m a l i n e . C h l o r i t e has r e p l a c e d 
mafics i n porphyry dykes beyond the c e n t r a l zone o f a l t e r a t i o n . 

Patches o f s i l i f i c a t i o n a l s o occur w i t h i n the s e r i c i t e zones. 
In some d e p o s i t s a zone o f f i n e - g r a i n e d s i l i c a t i o n occurs near 
the Apex o f the s t o c k above t h e s e r i c i t i z e d zone. The K - f e l d s p a r 
a l t e r a t i o n found i n porphyry molybdenite and many porphyry 
copper d e p o s i t s i s l a c k i n g . 

Through going v e i n s w i t h i n p e r i p h e r a l t o the stocks postdate 
the s e r i c i t e a l t e r a t i o n and the disseminated and stockwork t i n 
m i n e r a l i z a t i o n . The v e i n s are a l s o l a t e r than the main p e r i o d 
o f b r e c c i a t i o n . S e v e r a l stages o f m i n e r a l i z a t i o n occur i n 
the l o d e s . In the e a r l y stages of m i n e r a l i z a t i o n , q u a r t z , 
p y r i t e , c a s s i t e r i t e , a r s e n o - p y r i t e and b i s m u t h i n i t e are formed. 
In subsequent stages s t a n n i t e , s p h a l e r i t e , and c h a l c o p y r i t e are 
int r o d u c e d . Subsequently t e t r a h e d r i t e , s p h a l e r i t e , s i d e r i t e , 
and p y r i t e are i n t r o d u c e d , f o l l o w e d by ruby s i l v e r s i n some 
d e p o s i t s , and f i n a l l y hydrous phosphates or a l u n i t e and white 
c l a y are formed. I n the m a r g i n a l zones, p y r i t e occurs i n the 
v e i n s a l o n g 'with some s p h a l e r i t e and b a r i t e . 

Porphyry Molybdenite Model 

Another model t h a t one should c o n s i d e r i s t h a t o f the stock-
work molybdenite d e p o s i t w T i t h i n an a r g i l l i t e t e r r a i n . The main 
example f o r t h i s model i s the K i t s a u l t Mine at A l i c e Arm w i t h 
a d a p t a t i o n s from other s t o c k - r e l a t e d porphyry-molybdenite de­
p o s i t s . 

The s t o c k complex i n t r u d e s an area o f a r g i l l a c e o u s rocks and 
these are converted t o chocolate-brown b i o t i t e h o r n f e l s f o r 
s e v e r a l hundred f e e t outward from the stock. Tract amounts of 
p y r r h o t i t e are formed by t h i s contact metamorphism. Adjacent 
t o the s t o c k and e s p e c i a l l y surrounding the molybdenite ore 
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d e p o s i t , the b i o t i t e h o r n f e l s i s bleached t o a s e r i c i t e - r i c h 
zone. This i s e s p e c i a l l y e v i d e n t as selvages along f r a c t u r e s , 
along p y r i t e v e i n l e t s and along some quartz v e i n l e t s . 

The ore d e p o s i t occurs near t he border and/or apex o f the 
st o c k , g e n e r a l l y c o i n c i d e n t w i t h the zone o f s e r i c i t e a l t e r ­
a t i o n and the outer p a r t s o f a zone o f K - f e l d s p a r - q u a r t z 
a l t e r a t i o n . Underneath the umbrella-shaped ore d e p o s i t or 
i n s i d e o f the r i n g o f m i n e r a l i z a t i o n , the roc k has been con­
v e r t e d t o t a l l y t o K - f e l d s p a r p l u s quartz and t h i s corresponds 
w i t h the massive s i l i c a zones which u n d e r l i e the Climax ore 
bodies i n Colorado. Some c l a y or a r g i l l i c a l t e r a t i o n can oc­
cur i n the outer p a r t s o f the s e r i c i t i z e d zone; however, much 
o f the c l a y a l t e r a t i o n i s r e l a t i v e l y l a t e stage and occurs i n 
c r o s s - c u t t i n g f a u l t s . 

M e t a l zoning i s p a r t i c u l a r l y c h a r a c t e r i s t i c w i t h the molybdenite 1 

b e i n g c e n t r a l and w i t h o v e r l a p p i n g and s u c c e s s i v e h a l o s o f cop­
p e r , p y r i t e , f l u o r i n e . Some o f these a s s o c i a t e d elements, 
e s p e c i a l l y t he f l u o r i n e , can be used t o g i v e t r e n d s toward the 
cent e r o f a l t e r a t i o n and m i n e r a l i z a t i o n . T h i s i s v e r y u s e f u l 
i n e x p l o r i n g f o r b u r i e d ore d e p o s i t s . 

Other a s s o c i a t e d metals i n c l u d e l e a d , z i n c , and bismuth which 
occur i n l a t e stage v e i n s o f carbonate or qu a r t z . These occur 
w i t h i n the ore zone, e s p e c i a l l y i n the outer p a r t s o f the ore 
zone. By comparison w i t h porphyry copper d e p o s i t s these base 
metals are suppose t o form a h a l o ; however, t h i s h a l o aspect 
i s somewhat i r r e g u l a r and l e s s d e f i n i t e i n porphyry molybdenite 
d e p o s i t s . Tungsten a l s o i s l a t e r than the molybdenite although 
i t does occur b e f o r e t he l e a d and z i n c phase. I t forms another 
somewhat i n d e f i n i t e h a l o o u t s i d e o f the molybdenite zone. 

Scarn Tin-Tungsten Model 

Good examples o f d e p o s i t s o f t i n - t u n g s t e n i n s c a r n are found 
i n R u s s i a and are d e s c r i b e d i n the Russian l i t e r a t u r e . The 
Lost R i v e r d e p o s i t s i n A l a s k a are somewhat s i m i l a r . 

B a t h o l i t h i c p l u t o n s i n t r u d e dolostones or d o l o m i t i c limestones 
r e s u l t i n g i n scarn a l t e r a t i o n w i t h a s s o c i a t e d t i n and tungsten 
m i n e r a l i z a t i o n forming a t the contact. T i n and tungsten 
m i n e r a l i z a t i o n can be a s s o c i a t e d w i t h t h i s scarn. The a l t e r ­
a t i o n and the m i n e r a l i z a t i o n are best developed i n areas o f i n ­
creased f r a c t u r i n g or i n i r r e g u l a r i t i e s and reentrances i n the 
contact o f the b a t h o l i t h . 

Most o f the d e s c r i p t i o n s d e s c r i b e dolomites and manganeseum 
scarns i n which the a s s o c i a t e d t i n m i n e r a l z i n c l u d e t i n s u l f i d e s 
as w e l l as c a s s i t e r i t e . Some o f the Russian papers separate 
out s c a r n d e p o s i t s which occur w i t h l i m e s t o n e s and l i m y s h a l e s , 
i n which case most of the t i n occurs i n c a s s i t e r i t e a s s o c i a t e d 
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v i t h abundant magnetite. 

Some o f the papers a s s i g n t he skarn formation t o the magmatic 
(c o n t a c t metamorphic) stage and some o f the subsequent a l t e r ­
a t i o n and t i n m i n e r a l i z a t i o n t o a post-magmatic (hydrothermal) 
stage. Other papers r e f e r b o t h phases t o post-magmatic 
stages. In t h i s paper I w i l l r e f e r t o the magmatic ( c o n t a c t 
metamorphic) and the subsequent hydrothermal stages. 

In the magmatic stage a l a r g e v a r i e t y o f mi n e r a l s may form i n ­
c l u d i n g s p i n a l d i o p s i d e , f o r s t e r i t e , magnetite, p e r i c l a s e and 
garnet. R e l i c d o lomite i s a l s o present. 

The post-magmatic o r hydrothermal stage o f m i n e r a l i z a t i o n i s 
d i v i d e d , by some au t h o r s , i n t o an e a r l y a l k a l i n e stage, an 
a c i d stage, and a l a t e a l k a l i n e stage. The " e a r l y a l k a l i n e " 
stage i s c h a r a c t e r i z e d by i n t e n s i v e f l u o r i n e - b o r o n metasomatisim 
which transforms the e a r l y s c a r n m i n e r a l s i n t o p h l o g o p i t e ( m i c a ) , 
s e r p e n t i n e , humites, magnetite and ferromegnesian borates. The 
" a c i d " stage o f m i n e r a l i z a t i o n i s marked by the d e p o s i t i o n o f 
abundant f l u o r i t e and o f di s s e m i n a t e d c a s s i t e r i t e . A l s o , some 
o f the R u s s i a n a u t h o r s , a t t r i b u t e the s u p e r i m p o s i t i o n o f c a l -
c a r i o u s skarns t o the a c i d stage o f hydrothermal a c t i v i t y . 
During the l a t e a l k a l i n e stage o f m i n e r a l i z a t i o n , the p h l o g o p i t e 
i s p a r t i a l l y hydrated. 

These d e p o s i t s are c h a r a c t e r i z e d by abundant boron i n boro 
s i l i c a t e s ( a x i n i t e ) , b o r a t e s , e t c . Tourmaline, a boron-bearing 
m i n e r a l common i n the B o l i v i a n d e p o s i t s i s not mentioned. 
F l u o r i n e i s a l s o v e r y abundant i n the form o f f l u o r i t e and i n 
a number o f s i l i c a t e d m i n e r a l s . T i n occurs i n some s i l i c a t e 
m i n e r a l s ( g a r n e t ) , i n a number o f boron m i n e r a l s , as s t a n n i t e , 
and e s p e c i a l l y as c a s s i t e r i t e . Other somewhat unique a s s o c i a t e d 
minerals i n c l u d e bismuth, b i s m u t h i n i t e , and a r s e n o p y r i t e and 
some molybdenite. Other common a s s o c i a t e d m i n e r a l s i n c l u d e 
s p h a l e r i t e , p y r r h o t i t e , p y r i t e , c h a l c o p y r i t e , and galena. 

Logjam Creek Tungsten-Molybdenum Deposit 

Th.e Logjam Creek d e p o s i t o f Logtung Resources Ltd. l i e s on the 
B r i t i s h Columbia-Yukon boundary. The pr o p e r t y was optioned by 
AMAX M i n e r a l s E x p l o r a t i o n L t d . and t h i s company has conducted the 
la r g e e x p l o r a t i o n programs. The f o l l o w i n g data has been taken 
from t e c h n i c a l t a l k s , s h o r t government p u b l i c a t i o n s and press 
r e l e a s e s o f work done p r i o r t o 1 9 3 0 . 

The d e p o s i t i s southwest o f the C s s s i a r B a t h o l i t h and along 
the southwest s i d e o f S e a g u l l Creek B a t h o l i t h . The S e a g u l l 
Creek B a t h o l i t h i s an unusual p l u t o n , about 16 k i l o m e t e r s l o n g 
and 11 k i l o m e t e r s wide. I t i s composed o f g r a n i t e c h a r a c t e r i z e d 
by numerous m i a r o l i t i c c a v i t i e s , by a s s o c i a t e d t o u r m a l i n e , f l u o r ­
i t e , topaz and a r s e n o p y r i t e , and by a s s o c i a t e d t i n - t u n g s t e n 
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m i n e r a l i z a t i o n . 

The Logjam Creek d e p o s i t i s a l o n g the southwest s i d e o f the 
S e a g u l l Creek B a t h o l i t h where i t i s a s s o c i a t e d w i t h a s t o c k 
composed o f b i o t i t e quartz-monzonite w i t h s l i g h t l y p o r p h y r i t i c , 
medium p h a n e r i t i c t e x t u r e . The s t o c k c o n t a i n s m i a r o l i t i c cav­
i t i e s , f l u o r i t e v e i n l e t s , quartz v e i n l e t s and smoky quartz. 
A p l i t e , p o r p h y r i t i c quartz-monzonite, and p o r p h y r i t i c a l a s k i t e 
dykes occur as o f f shoots. 

This s t o c k i n t r u d e s a h o s t t e r r a i n c o n s i s t i n g o f Carboniferous 
sedimentary rocks and some d i o r i t e s i l l s or dykes. The i n t r u s ­
ions metamorphosed the sedimientary r o c k s , c o n v e r t i n g the a r g i l ­
l aceous r o c k s t o h o r n f e l s and the l i m y rocks t o skarn. 

There are t h r e e modes o f m i n e r a l i z a t i o n . These i n c l u d e the 
porphyry system, the skarn m i n e r a l i z a t i o n , and l a t e v e i n m i n e r a l ­
i z a t i o n . 

The main m i n e r a l i z a t i o n i s e s s e n t i a l l y a tungsten-molybdenum 
porphyry system w i t h s c h e e l i t e and molybdenite i n narrow quartz 
v e i n l e t s and a l s o as f r a c t u r e c o a t i n g s . The most i n t e n s e 
m i n e r a l i z a t i o n occurs i n the stockwork of the porphyry, but 
s i m i l a r m i n e r a l i z a t i o n a l s o extends over a much l a r g e r area i n 
l a r g e q u a r t z v e i n s . There i s a d e f i n i t e zoning t o the porphyry 
system. The core o f i t has some molybdenite and molybdo-scheelite 
Outward from t h i s c e n t r a l zone, t h e r e i s a g r a d a t i o n t o s c h e l l i t e 
o f a pure v a r i e t y , w i t h the molybdenite f a l l i n g o f f . On the 
f r i n g e s are s t i l l t r a c e amounts o f s c h e l l i t e ; however, s p h a l e r i t e 
and galena b e g i n t o appear. T h i s porphyry center accounts f o r 
about 75$ o f the s c h e e l i t e and 90% o f the molybdenite r e s e r v e s . 

Skarn m i n e r a l i z a t i o n , w Thich can f a l l o u t s i d e o f the c e n t r a l 
stockwork zone, c o n s i s t s l a r g e l y o f the m o l y b d o - s c h e e l i t e , e i t h e r 
the y e l l o w or the white v a r i e t y . The molybdo-scheelite i s g e n e r a l 
l y w i t h pyroxene-garnet skarn w i t h a low s u l p h i d e content ( l - 2 $ ) . 
In 1978, i t was estimated t h a t the skarn would c o n t r i b u t e about 
10^ o f the t o t a l s c h e e l i t e , but n e g l i g i b l e amounts o f molybdenite. 
There i s a l s o a base metal skarn which c o n t a i n s s p h a l e r i t e , galena 
arid some s c h e e l i t e . 

The t h i r d mode o f m i n e r a l i z a t i o n i n c l u d e s the v e i n type, This i s 
a s t r o n g set o f p a r a l l e l s t e e p l y - d i p p i n g quartz v e i n s t r e n d i n g 
n o r t h e a s t and c u t t i n g r i g h t through the center o f the stockwork. 
These are r e l a t i v e l y young and cut the stockwork and a l s o the 
f e l s i c dykes. The v e i n s are l a r g e r than the v e i n l e t s o f the 
quartz stockwork, g e n e r a l l y from 1 cm t o 1 m i n width. Many o f 
them are pure q u a r t z , but a l a r g e number c o n t a i n a v a r i e t y of 
m i n e r a l s i n c l u d i n g p y r i t e , p y r r h o t i t e , minor c h a l c o p y r i t e , white 
s c h e e l i t e , molybdenite, b e r y l , f l u o r i t e , b i s m u t h i n i t e , arseno­
p y r i t e , and galena. These quartz v e i n s were estimated t o con­
t a i n 15$ o f the tungsten and 10% o f the molybdenum. 
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The porphyry zone of mineralization measures 700 meters in 
diameter and extends to a depth of over 300 meters. In a report 
published in September, 19&0, AMAX had defined geological 
reserves of 163 million tons grading 0,1% WOg + 0.05$ M0S2, 
including a central zone within quartz feldspar porphyry which 
contains 27 million tons grading 0.1% M0S2 and having a tungsten 
halo which averages 0.3$ WO3. Bench scale metallurgical tests 
on core samples indicated recovery of 80% of the scheelite and 
85$ of the molybdenite. 


