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AFFIDAVIT OF EXPENSES

I
I

The soil and silt sampling and the geological mapping and
research were carried out on the Swing Group and the Peak
Group of Claims within the Tahtsa Reach area of the Omineca

Mining Division British Columbia to the value of the
following

FIELD July 31 to September 7 1981

Geological Engineer Goldsmith 4 days at 320 day
Geologist Kallock 40 5 days at 270 day
2 assistants 39 days at 120 day
4 wheel drive truck rental 39 days at 80 day
2 wheel drive truck rental 39 days at 50 day
Helicopter
Mob and demob for Kallock
Boat 39 days at 40 day
Airfare and taxi Goldsmith
Room and board 162 days at 50 day
Tatsa Supervisor 1 1 3 months at 2 500 month
Float plane services
Miscellaneous expenseso

n

o

o

n

o

o

o

o

n

Laboratory
Rock assaying soil testing and silt testing
Office September 14 1981 to March 4 1982

Geological Engineer Goldsmith 10 5 days at 320 day
Geologist Kallock 17 5 days at 270 day
Drafting and printing
Air photo work

Report typing photocopying and compilation

Grand Total

70 prorated to Swing Group of Clai s 40 556
30 prorated to Peak Group of CLaims 17 381

I
C JCIIJo

submitted
LTD

Davi G Mark
Pr e ident

1 280
10 935

4 680
3 120
1 950
1 338

420
1 560

360
8 100
3 333

793
1 950

39 819

4 253

3 360
4 725
3 625
1 264

891
13 865

57 937
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SUMMARY

The Tahtsa Mines Ltd property is located in west central British

Columbia 182 km south of Houston B C Approximately 39 square kilometres

comprise the contiguous claims which lie on the south side of Tahtsa Reach

a part of the Nechako Reservoir Geological mapping and soil and slrcam

sediment sampling were conducted during the 1981 field season Sedimentary

rocks of the Lower Cretaceous Skeena Group are overlain by a volcanic pile

of andesitic to rhyolitic composition belonging to the Upper Cretaceous

Kasalka Group Hypabyssal or exhalative andesite diorite

appears to intrude these volcanics and sediments in the vicinity of two

exploration adits These drifts have been driven along sulfide veins

coincident with a north trending shear zone Lenses or pods of galena within

the vein structures contain up to 8 4 ounces Ag per ton 2 62 lead and

1267 zinc in widths up to 0 9 metres The east half of the property is

underlain by volcanic and sedimentary rocks of the Hazelton Group of Lower

Jurassic age Exploration in this area has been initiated A zone of weak

pyrite stockwork veining was discovered in the northern outcrop area which is

coincident with an area of anomalous zinc in soil and stream sediment samples

Additional mapping and a grid layout for sampling are recommended for this

area
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INTRODUCTION

The Sam claims owned by Tahtsa Mines Ltd are located in the Tahtsa

Lake area of the Omineca Mining Division B C The property straddles the

east end of the Kasalka Range bordered on the north by Tahtsa Reach which

is part of the Nechako Reservoir

A gravel road connects the north shore of Tahtsa Reach with Burns Lake

B C 182 km to the northeast or Houston B C 110 km to the north A

short crossing of the Reach by launch or raft is required to arrive at the

camp which is located near the north boundary of the property The 1 10 000

geology map shows the geographic setting of the property

During the 1981 field season a substantial amount of property was added

to Sam claims of Tahtsa Mines Ltd Four large claims and two fractions

were added to the existing claims bringing the total to approximately 39

square kilometres

Between July 30 and September 7 1981 Arctex Engineering Services

conducted a geological survey of the property The two existing adits were

examined and sampled and a geological map of the property was prepared
Recommendations regarding future exploration for lead zinc silvcr veins large

tonnage low grade gold deposits and copper molybdenum porphyry targets are

herein stated

HISTORY

Early work on the property was carried out by George Seel and the Tahtsa

Mining Company during the late 1920 s The upper tunnel was driven along
what is now called the Captain Vein Since 1938 C1Hford Cap McNeil has

prospected the Swing Peak area and is still involved in exploration at the

former Swanell Group of claims A limited amount of diamond drilling has

been conducted from surface on the Captain Vein Evidently Tom McQuillum

directed four short core holes totalling 120 metres during the 1962 field

r
I
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Improvements to the property include the upper circa 1928 adit which

is 115 m 376 long the lower circa 1980 adit and raise which is 27 m

in horizontal length and 24 m vertical a landing at both sides of Ta tsa

Reach a camp consisting of 4 cabins mess hall drying and laundry building

and a machine shop generator shed all located on the south shore of Tahtsa

Reach A four wheel drive road has also been constructed from camp to th

lower adit a distance of 4 3 km with a vertical gain of 550 m 1800

CLAIM STATUS

The accompanying map at 1 10 000 scale shows the Sam 1 and Sam 2

claims which cover the original prospect area and the new claims staked during

1981

The IlSwing 1 through 4 Long Shortll and lIOeucell 1 and 2 Jere staked

in 1981 Total acreage held by Tahtsa Mines Ltd is approximately 3900 hectares

REGIONAL GEOLOGICAL SETTING

The Sam and other claims of Tahtsa Mines Ltd lie on th eastern flank

of the Coast Range Plutonic Complex approximat ly 25 km coast of the main

granitic masses of the range The area near the property is underlain by

sedimentary and volcanic rocks of the Middle Jurassic Hazelton Group Over

lying or in fault contact with Hazelton rocks are Lower to Upper Cretac ous

sedimentary and volcanic rocks of the Skeena and Kasalka Groups They form

the basement and main volcanic assemblages of the Tahtsa property

Intrusive rocks near the map area range in age from Late Cretaceous to

Eocene and vary in composition between diorite quartz diorite granite and

feldspar porphyries Although only one stock of dioritic composition intrud s

the property at Kasalka Butte dikes of basaltic to rhyolitic composition nte

common

II I 11
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ROCK DInTS ON TIIE PROPERTY

Hazelton Group Lower Jurassic

In the eastern part of the property Long and ShoJ t claims sediment

ary and volcanic rocks have been assigned to the Telkwa Formation of the

Hazelton Group A traverse along the eastern flank of Kasa1ka Butte re1eaved

abundant exposures of reddish brown to dark green andesite and andesite tuff

which contained occasional calcite amygdules and locally intense quartz

epidote and hematite Along the south shore of Tahtsa Reach north of Kasa1ka

Butte conglomerate composed predominantly of red to green volcanic clasts

and a greenstone with weak irregular calcite veins nrc exposed Slightly Lv

the west black cherty shales strike northerly and dip nearly vertical near a

fault contact with pale green tuffaceous rocks

Other sedimentary and volcanic rocks have been mapped in the Long claim

but none contained significant mineralization

As can be seen from the accompanying 1 10 000 scale claim and geology

map a major fault has been mapped by Woodsworth 1980 which forms the

western boundary of the Hazelton rocks

Skeena Group Lower or Middle Cretaceous Albian

West of the north trending fault that bisects the Dellce 1 Ind 2 claims

abundant exposures of black fissile shale and siltstone can be seen in the

first major stream east of Swing Creek They commonly display carbonaceous

partings traces of pyrite and calcite veinlets Amnlonoid fossils are also

common

Within the area of the 1 5000 scale geology mnp the dark sedimentary J o ks

of the Skeena Group appear to form a basement for overlying volcanics Black

shale grey siltstone and grey brown sandstone are exposed sporadically along

the lower slopes of the two prominent east west trending ridg s wi thin the

IISam and IlSwing claims and also along a large par tiOll of S J111Creek below

1220 m 4000 feet elevation Bedding attitudes are commonly oriented east

west and dip from 10 to 35 degrees to the south Near faults and dikes

attitudes are more contorted Thickness of the unit may exceed 300 m 1000 feet

as approximated from the Swing Creek exposures

I
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Kasa1ka Group Upper Cretaceous

During mapping at the Tahtsa prop rty a crude subdivision evolv d

within th volcanic pile of the Kasalka Group Although it is far from com

plete it does help to visualize the stratigraphy

At the base of the Group a volcanic conglomerate composed of dark

reddish brown to dark grey gr en clasts of andesite basalt and minor red

to green chert appears to lie conformably upon th Ske na Group This is

especially true in the upper reaches of Swing Cre k and vaguely so on the

north side of the north ridge in the Swing 2 claim

Above th conglomerate is the main volcanic complex hich inc1ud s

andesite andesite tuff breccia dacite dacite porphyry rhyolite and

rhyolite breccia Contacts bet een the units are difficult to disti nguish

no doubt many gradational zones exist Alteration particularly the abundant

limonite oxidation of pyrite and pyrrhotite masks the inherent texture of

the rock The geology map 1 5000 depicts some of the more readily dis

tinguishable units Petrographic samples collected in the vicinity of the

Captain Vein reveal a more intrusive texture to the rocks Porphyritic

dacite hich could be a near surface intrusive or extrusive igneous rock

proximal to its vent has been grouped ithin th map unit termed Andesite

Diorite Previous Geological Survey maps Duffell 1959 indicate a light

coloured porphyritic plutonic rock as outcropping n ar the upper adit and

extending southerly across the peak formerly called S ing P ak This unit

as not identified but it may be part of the andesite diorite of the current

study

Most of the mineralized shear zones hich have been targets uf silvcr

and lead exploration transect the volcanic and intrusiv complex in a

northerly direction and are located on the north slope of the south ridg

Sam 1 and 2 claims At about 1830 m 6000 levation on this ridge a

gently dipping sedimentary unit is encountered It nearly circumvents the

south ridge and is less than 35 metres thick Typically the sediments are

well indurated finely banded si1ic ous shales chert or Rr y siltstone

However in the west central portion of the Sam 111 cla1m on the north side of

the south ridge belo the icefield a dark grey to black conglomerate ith

strong chlorite is exposed It is at the same general horizon as the other

finer grained sediments to the east and southeast

j 1 1
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Above the sedimentary unit are marl volcanicof LntlrmccJID tc to cl lc

composition They are less iron stained and of a fresher nature on the

south ridge and along the st margin of the Tahtsa property A large

proportion of this unit is composed of grey porphyritic andesite or dacite

conglomerate or breccia ith clasts of angulal to e11 rund d I ighter coll Url d

porphyry Near horizontal bedding attitudes are visible in the flows and

beds in the cliffs above the westernmost glaciers

No bedded sedimentary unit was found within the volcanic complex in the

north ridge Swing 1 and 2 claims as was seen on the south ridg therefore

a stratigraphic section above the Skeena Group baselnent is much more question

able Most of the north side of the ridge is similar to the previouly

described porphyritic andesite or dacite conglomerate or breccia Rhyolite

or rhyolite breccia is commonly associated with intense argillic altered areas

and gossanous or ferricrete zones

Intrusives

Only one large intrusive body other than the previously described high

level andesite diorite was seen on the property In the est central part

of the Long claim a northeast trending ridge almost 1 km long shm s a fine

grained diorite with weak chloritic alteration and traces of disseminated

pyrite

Dikes of basaltic to rhyolitic composition ranging in size from a few

centimetres to 10 metres in vluth are common Lhrolgholll lhc property 1111

appear to bisect all rock units Therefore at least some of them may be the

youngest rock types in the area Andesite and basalt are the most common dike

lithologies Occasionally they are amygdaloidal with calcite or quartz

fillings Dacite is also common latite porphyry and rhyolite are infrequent

Felsite dikes also fall into the light cream coloured category

In the 1 5000 geology map area most dikes can be seen to trend in a

northerly direction parallel to the predominant shear and fracture zones

Length of the dikes is certainly variable and continuous exposures are not

seen Nevertheless some are known to exceed at least l km

Of special note is a fine grained diorite dike on the north side of the

north ridge in the Swing 4 claim It has moderate chlorite alteration of

hi

1 1
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mafic minerals traces to 1 pyrite and is moderately magnetic It outcrops

in a stream bed which also shows weak stockwork pyrite veining in fine

grained sediments and or volcanics The dike continues to the northwest to

an area of moderately high values of zinc in soils

In the south central part of the Sam 2 claim a small outcrop of argillic

to weak sericitic altered granitic rock with a trace of disseminated chalco

pyrite was found It may have been a small dike nlthough cxposurcs in

adjacent outcrops were not found

South of the Sam 1 claim numerous boulders of talus ere found hich

have fallen from the very steep slopes in the south est part of that claim

these are of medium grained unaltered granodiorite

STRATIGRAPHY

The oldest rocks on the property are the Hazelton Group sedimentary and

volcanic rocks in the eastern third of the claim 1l
e

l SurvL Y IULlpS hl lIH m

as belonging to the Telkl a Formation of Lm er Jurassic Sinemurldn age

Although the Hazelton Group may exceed 3 000 metres in thickness the thickness

of the Telk a Formation is not kno n

In fault contact ith the Telkwa Formation on the west is the Skeena

Group of Lower to Middle Cretaceous age Middle Albian It is primarily

dark fine grained sedimentary rock and may exceed 300 metres

Lying conformably above the Skeena Group is the volcanic complex of the

Kasalka Group Numerous flo s several sedimentary units and one or more

closely related hypabyssal intrusives arc includL d in th ls grollI The l h i ck

ness of this volcanic pile could be as much as 900 metres in the claim area

In addition to numerous dikes of a ide composition outcropping throughout

the property a stock of fine grained diorite intrudes the Long claim It

has been related to the Kasalka Intrusions Woodsworth 1980 and may be of

Late Cretaceous or Early Tertiary age

STRUCTURE

Fault zones from a fraction of n metre to scvCr 11 Il1t lres ll1 l hicknC ss 1rv

very common in the Sam 111 and Sam 211 claims Their trend is generally 33Sl

to 0250 and dip near vertical In many of these shears carbonate or sulfides
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have formed in or near the ubiquitous clay Topographically these shear

zones have been accentuated and form the strong network of subparallel
drainages on either side of Swing Creek On the south side of the south ridge
these fracture zones reappear and host sporadic sulfide mineralization

Tm ard the head of S ing Creek near the northwest corner of Sam 1 claim
I a very strong east to est trending fault zone di8Pl lYS dbulld

lIll l LI 11111

broken rock cemented by limonite and or silica Although not seen farther to

the east it may contribute to the location of S ing Creek itself and perhaps
could be related to the clay and ferricrete deposits just north and parallel
to S ing Creek

East est trending faults ere also found in the north side of the north

ridges In addition several strong topographic rinear features hich are

parallel to these faults are present on the top of the north ridge
As previously mentioned a strong fault contact appears to have brought

Hazelton Group rock in contact tith the Skeena Group at the cst side of the

Long claim A diorite stock has also been intruded along this fracture zone

A joint system forming tabular rock outcrops parallels the north trending
shear system This is clearly apparent in the cliff faces above the icefield

just est of the Bennett Lead in the central part of the Sam 1 claim

Folding on a small scale can be seen in the Skeena Group near faults or

dikes particularly in S ing Creek belo the road crossing Larger scale

folding as not seen but regional dips of the Skeena Group shm a east est

trend ith southerly dip underlying the north ridge At the south ridge dips
on overlying beds indicate a morL nor LhL rly i lW L i l ll j lll PI rh lp 1

synclinal axis coincides with Swing Creek

MINERALIZATION

As can be seen from tile mineralization and alt rJtion map liNonitc and

iron stain resulting from the oxidation of pyrite pyrrhotite and to a lesser

extent from mafic roclforming minerElls is abundant on the property The

rusty hills and mOllntainsid0s of the Tnhtso prop J ty ore distinctive and con

be seen from many kilometres distOllL

Much of this iron can be attributed to the original composition of the

volcanic rocks Mapping has shown that a band of iron stain immediately belo

I 1111 11 oil II
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the upper sedimentary unit on the south rldgp lPp11 Lo cin lIll1l l ih hI

mountain just as do the shales Strong limonite on the north ridge appears

to follOl certain conglomerate or breccia tongues or flOl featurcs

Pyrite and limonite also coincide ith shear or fault zones Oft0n

brecciation has taken place and surficial oxidation has left gossanous

limonite encrustations In several of these shears particularly the north

trending shears galena sphalerite chalcopyrite and more rarely tetrahedrite

and jamisonite Pb4Fe Sb6Sl4 have formed Manganese is common at the

surface here shears contain polymetallics Calcite or a carbonate breccia

is also common in many of the shear zones

Geology and assay location maps have been dra n of the upper and lo er

adits hich are located on the Captain Vein The lo er adit and raise are

partially blocked ith debris and do not permit a good examination of the vein

and shear zone Only the surface opening of the raise r veaLed gaLena

mineralization The majority of the raise had been filled ith surficial

debris
I
I
I
I

I

The upper adit or drift follo s the shear zone and associated sulfide

mineralization for 87 or its 114 6 metres Galena sphalerite pyrite and

rarely tetrahedrite occur as stringers or veins up to 5 em I lithin the sllLar

zone most commonly on the east all Although shears or leads are continuous

sulfide mineralization is intermittent Most sulfide veins pinch out ithin

5 to 10 metres of length

At 1768 m 5800 elevation 320 metres south and on strike ith Lhe

Captain Vein is the Captain Vein Extension It trends N10E Its orientation

suggests that the t o veins may be continuous beneath the talus cover

Ho ever epidote and sphalerite content are much higher and brecciation is

more pronounced than in the Captain Vein A diamond drill hole had been cored

to intersect this vein at a shallo depth Unfortunately the core as

scattered and incomplete It evidently as drilled during the early 1960 s

hen other holes ere cored on the Captain Vein No mineralization as

observed in the remaining core

The 1 2 vein outcrops near a major north trending strelm 200 metres edSL

of the Captain Vein The vein or veins are exposed sporadically along 150 m

of strike length and 100 m of vertical relief Galena sphalerite and pyrite

ith strong manganese oxide resemble the Captain Vein very closdy The main
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shear zone strikes N20E and as ith the Captain Vein sulfides also occur in

fissures oriented at an oblique angle to the main shear

The Bennett Lead is another vein shear zone located 300 metres soutl1 esl

of the upper adit at an elevation of 1677 m 5500 Only the lower of 4

or 5 trenches is still free of debris Here traces of galena and sphalerite

are visible in two small parallel shears In float above this trench a

boulder of massive galena was found which must have come from a vein at least

15 em thick The zone trends N20E and is at least 35 metres long

At least three other sulfide veins in shear zones are present on the

property and are shown on the 1 5000 mineralization map One of these veins

is in the southwest corner of the Swing 4 claim It trends to the northwest

and contains abundant carbonate and up to 4 zinc Exposcd llonG lhc r Lk

bed where this vein is located is a pervasive weak stoclmork of pyrite

veinlets which continue for at least 400 metres The north end of this zone

of moderately silicified and alteration appears to decrease in exposures to

the north However the presence of a diorite dike and anomalous zinc

geochemistry to the nortlmest may indicate additional mln raJizallon in tlwt

area

Several zones of silicification and argillization may be questionably

attributed to hydrothermal alteration The areas mapped as rhyolite contain

abundant silica and occasionally a e r feldspar phenocrysts S 1I1hul lh

silica may have been introduced subsequent to rhyolite deposition especially

in those areas closely associated with intense clay and or ferricrete formation

For example near Swing Creek in the Soutll side of the nor th ridge and in the

northwest side of the north ridge siliceous rhyolite clay and ferri

crete limonite cemented rock fragments are closely associated

There are also several patches on the north side of the south ridge

which have intense silicification and pyritization However metallic

mineralization other than iron is not present

i
r

I

ASSAYS AND GEOCHEMISTRY

All rock soil and stream sediment samples collected for analysis are

listed in the Appendix A brief description of the important results is as

follO s

III
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The upper adit was sampled along the shear zone at 3 metre intervals

across the back of the drift Of 39 channel samples collected the highest

sample assayed 8 44 ounces silver per ton 2 62 lead 1 26 zinc and

0 09r copper across 0 9 metres The average of samples contained less than

1 ounce silver per ton and less than lr combined lead nd zinc As an

indicator of high grade values a sample of a 5 em galena vein assayed
c o er

56 34 ounces silver per ton 46 6r 1ead 0 OS zinc O lr and 0 006 ounces

gold per ton

The lower adit was also sampled on 3 metre intervals over widths of

approximately 2 5 metres Minor lead and zinc and a high value of 0 44 ounces

silver p r ton were obtained

As can be seen from the assay maps other vein shear zones on the property

contain significant amounts of lead zinc and or silver Of note are the

Bennett Lead which contains up to 103 ounces silver per ton in hlfh grndC

samples the Captain Vein Extension w th greater than lOr sphalerite the H2

vein with up to 11 72 ounces silver ton and on the north side of the north

ridge where a sphalerite carbonate vein assays 4 5 zinc

In at least 3 stream drainages on the slopes or the north ridge a oJhlLC

precipitate is currently being deposited on stream detritus in a restricted

slope length of up to 2QO metres in the channels A geochemical sample of a

small bag of heavily coated pebbles contained 1300 ppm lead 135 ppm z nc and

6 5 ppm silver These values are unexpectedly high The source of metals is

unknown and should be sought

A combined soil and stream sediment sampling survey was conducted along

the north slopes of the property Seventy one samples were collected and

analyzed for copper lead zinc silver molybdenum and gold Locations and

values are plotted on the 1 10 000 map

A probability plot was constructed of the stream sediment and soil

sample geochemical abundances of zinc where n 71 A threshold of 170 to

214 ppm and an anomalous value of greater than 214 ppm were determined Only

two values occur in the high population these being 385 and 390 ppm zinc

Along with 4 of the 7 samples of threshold value the anomalous values H C

grouped in the area belm and to the west of the weak stockwork pyrite zone

in the southeast corner of Swing 4 claim

II
J
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Copper molybdenum and gold did not display two populations or anomalous
geochemical patterns Lead values are slightly elevated in the same locations
as the zinc values Silver appears to confirm the zinc anomaly Hith values
of 3 to 7 imes background Probability plots Here only constructed for zinc
as the other elements did not display a Hide enough range to suggest useful
analysis of data

Fourteen stream sediment samples Here collected on the south side of the
north ridge from drainages which empty into Sw ing Crek 1 110 of thC Rllllples

Here anomalous in zinc with 258 and 310 ppm values

I
I
I

i
IIGEOPHYSICS

Magnetometer and VLF EM surveys Here completed in the vicinity of the
Captain Vein The grid is shoHn on the 1 5000 scale geology map Linear
VLF EM responses correspond to the trench of shear zones Hhich host silver
lead zinc mineralization A separate report of the geophysical interpretations
is being prepared

CONCLUSIONS

During the 1981 field season geological mapping was concentrated in the
area of the adits and the north and south ridges Mineralization had previously
been knoHn in the Captain Vein and its extension and several other similar
shear zones on the north side of the south ridge Hithin the Sam 1 and 2 claims
Shear and vein zones Here also discovered on the south side of the north ridge
suggesting throughgoing mineralized structurcs hich may tral1f c the HOllth

ridge Silver lead and zinc minerc11izLltion 18 limited to these Sl lr Wlh

l idth of sulfide veins seldom exceeds 5 em rare pods may be found which

approach 15 to 20 cm in Hidth Strike Continuity of sulfide veins Hithin shear
zones seldom exceeds 10 metres

As evidenced by the amount of she aring nnd oltcrntion inC llldlng nrgilliC
silicic and carbonate in the Captain Vein Shear Zone a potential us thought
to exist for Hide zones 10 to 15 metres of low grade silver mineralization
However geochemical results did not support this concept

i

I i I H u
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Exploration for veins pods or Imy grade zones of silver lead and zinc

would be costly and the probability of encountering larger zones of richer

ore than is exposed near or in the adits of the C 1ptlin V in is not l ncolll agillg

Zones of intense silicification or argillic alteration were mapped and

sampled as were ferricrete or intensely limonitized zones No significant

base of precious metal values was encountered

A zone at least 400 metres in one dimension was discovered on the north

side of the north ridge southeast corner of SIOing 4 claim which contJins

a IOeak pyritized stockwork of veins and fractures This zone presents the

possibility of a sulfide halo near a copper or molybdenum porphyry Rock

geochemistry of this zone samples collected at SO metre spacing did not

contain significant metallic values Nevertheless there is some encouragement

from zinc and silver values in soil and stream sediment geochemistry from this

general area Values up to 390 ppm zinc and 1 5 ppm silver were detected

A curious and as yet unexplained high geochemical value has been detected

in what is apparently a white encrustation or precipitate on detritus of sevcr ll

streams on the north ridge Evidently the hydrological regime and the change

in the chemical balance of the water 1s deposi ting bHH metal ions Fur ther

inves tigation of this curiosity is required before any conclusions can bE drmJL1

Exploration of the Long and Short claims which are underlain by

Hazelton Group rocks and at least one large diorite intrusive has only begun

Massive sulfide or porphyry deposits are realistic targets in this area but

initial mapping prospecting and geochemistry did not indicate zones of

mineralization

RECOMMENDATIONS

Anomalous zinc values in soil and stream sediments and less anomalous but

significant silver values in the southern part of the f1Sving 3 and Sloling 4

claims should be investigated These samples are in the general vicinity of

the IOeak stockwork of pyrite veins and a shear zone containing 4r zinc A

grid with 100 metre spacings should be planned and enough samples collected on

the 10lOer slopes of the north ridge to delineate the 3nollwly Additional

geological mapping should be undertaken in this area If this phase of

111
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exploration is encouraging a programme of I P induced polarization geo

physics is recommended to explore for sulfides

During additional geological mapping a brief investigation should be

made of the white precipitate currently being deposited on the gravels

Additional samples would help to clarify its importance

The Long
II and Shortll claims were examined only in a cursory manner

Several days of prospecting sampling and mapping on these claims are

l7arranted

COST ESTIMATE

Phase I

Geological mapping grid layout and sampling of 1 square kilometre above

zinc anomalies General prospecting on other portions of the claim group

Geological mapping sampling and grid layout

Prospecting

Geochemistry and assays

Camp supplies

Camp maintenance

Travel accommodation vehicles

Supervision

15 000

8 000

2 000

5 000

10 000

4 000

l OOO

Reporting 6 000

54 000

5 400

59 400 59 400
Contingencies @ 10

Total Phase I

III I I
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Phase II

Geophysics 1P on delineated soil geochemical target

1P survey on approx 1 sq km using 100 m line
spacings 11 km @ 1500 km

Camp maintenance cook

Camp supplies

Travel and accommodation

Supervision

Reporting

Contingencies @ 207

Total Phase II

TOTAL

16 500

5 000

5 000

5 000

5 000

6 000

42 500

S 500
51 000 51 000

110 400

All of which is

RJ
Paul Kallock

Geologist
Vancouver B C

November 10 1981
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GEOLOGIST S CERTIFICATE

I Paul Kallock do state that I am a geologist to Arctex Engineering
Services 301 1855 Balsam Street Vancouver B C

I Further State That

1 I have a B Sc degree in Geology from Washington State University 1970

2 I have engaged in mineral exploration since 1970 both for major mining

and exploration companies and as an independent geologist
3 I have co authored the report entitled Geological Investigation of the

Sam S ing al Mineral Claims Tahtsa Lake Area B C The report

is based on my field ork carried out on the property and from previously

accumulated geologic data

4 I have no direct or indirect interest in any manner in either the property

or securities of Tahtsa Mines Ltd or its affiliates nor do I anticipate

to receive any such interest

5 I consent to the use of this report in a prospectus or in D sLJt ment or

material facts related to the raising of fnnds

1i314PIl
Paul Kallock

Cco op ist

Vancouver B C

November 10 1981
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o ENGINEER S CERTIFICATE

LOCKE B GOLDSMITH

o

o 1 I Locke B Goldsmith am a Registered Professional Engineer in the

Province of Ontario and a Registered Professional Geologist in the

State of Oregon My address is 301 1855 Balsam Street Vancouvero B C

n
2 I have a B Sc Honours degree from Michigan Technological University

and have done postgraduate study in Ceo logy at Michigan Tech

University of Nevada and the University of British Columbia I am a

graduate of the Haileybury School of Mines and am a Certified Mining
Technician I am a member of the Society of Economic Geologists the

AlME and the Australasian Institute of Mining and Metallurgy and a

Fellow of the Geological Association of Canada

3 I have been engaged in mining exploration for the past 22 years

4 I have co authored the report entitled Geologic31 Investigation of

the Sam Swing al Mineral Claims Tahtsa Lake Area B C

dated November 10 1981 The report is based upon fieldwork and

research supervised by the author

5 I have no ownership in the property nor in the stocks of Tahtsa Mines

D

o

D
o

o

o
Ltd

6 I consent to the use of this report in a prospectus or in a statement

of material facts related to the raising of funds

o
o

o Vancouver B C

November 10 1981

B Goldsmith P Eng

lting Geologist

D
n

0

o
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TAHTSA MINES LTD

PETROGRAPHIC SAMPLES

Core from 1958 DDH halfway between old and new tunnel 27 feet

deep greenish clearly an andesite tuff breccia porphyritic with

whitish feldspars greenish fine grained matrix fragments to
II

1 diameter core of darker andesite I 101 Lexture is lpp renL

0 5 f g diss sulfides

Same DDH 64 5 of depth porphyritic but with less breccia appear

ances darker green 57 diss epidote alteration

Same DDH 65 5 of depth light tan coloured more clay sericite

clearly altered traces diss py

300 feet I est of old adit propylitic altered fg diorite strong

chlorite weak to moderate epidote could be andesite tuff

New adit west wall 16 feet from portal near major fault zone

Breccia quarta sericite clay alteration strong 17 diss pyrite

Traces diss green stained feldspar

I
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PHONE 604 888 1323

9 Sept 1981

Paul Kallock
Locke Goldsmith
Arctex Engineering Services
301 1855 Balsam Street

Vancouver B C

Dear Paul and Locke

Enclosed please find descriptions for the five Tahtsa Project
samples They are all prophyritic dacites probably high
level intrusive rocks Alteration phases include carbonate
chlorite epidote sericite clay and quartz These fit
best into the propylitic alteration assemblage One of the

xenocrysts in Arc l may have been affected by phyllic alteration

prior to its incorporation in the present matrix

I hope that this information is useful to you Please don t
hesitate to ask questions

Sincerely yours

I I
r

JoAnne Nelson
224 6338

SAMPLE PREPARATION FOR MICROSTUDIES PETROGRAPHIC REPORTS SPECIAL GrOLOGY F IELJ STUDIES
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Arc l Altered porphyritic dacite

o

The original igneous texture in this sample is of
fairly large phenocrysts 2 3 rom of plagioclase hornblende
and quartz dispersed in a very fine grained watrix plagioclasemicrolites less than 05 rom long and nearly cryptocrystallinematerial Several xenoliths are present One of them is
porphyritic like the host rock but with more large
plagioclase phenocrysts Another seems to have had an original
plutonic texture This is now partly mimicked by largewhite mica plates

The alteration assemblage includes carbonate chlorite
and epidote This is typical of propylitic alteration The
large white micas in the xenolith may be a remnant of phyllicalteration occurring lower down in the system

Mode

D

o

D

o

o

o

o

o

70 plagioclase
8 carbonate
7 Ti oxide
5 chlorite
5 opaques
4 sericite
1 quartz

tr epidote

Although the plagioclase phenocrysts are heavily altered the
microlites in the matrix are still intact Very fine grainedanhedral plagioclase is also abundant in the matrix

Carbonate grows parallel to the crystal structure in hornblende
pseudomorphs Ragged carbonate patches also occur in the matrix
and in plagioclase phenocrysts

Abundant Ti oxide speckles occur in the matrix

Chlorite replaces hornblende along with carbonate Fine grainedchlorite fills corrosion holes in plagioclase phenocrysts
The opaques in this rock vary from cubic pyrite to anhedral
to bladed in clumps Some occur within plagioclase phenocrysts

n
LJ

Sericite is most important in the xenoliths It forms largeplates in the plutonic xenolith and coarse interstitial growthsin the porphyritic one Fine grained sericite dusts the
plagioclase phenocrysts

n

r
o

A few rounded quartz phenocrysts are present

Small euhedral epidote grains occur in hornblende pseudomorphs

II
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Arc 2 Altered porphyritic dacite cut by breccia zone

D

o

o

c

o
1

o

o

o

o

o
o

o

o

This was originally a porphyritic dacite with plagioclase
hornblende biotite and quartz phenocrysts Alteration has
affected mpst of the phrnocrysts except for the quartz and

some of the plagioclase The breccia zone varies from 1 to
10 mm in width with partly sharp and partly diffuse contacts
It contains fresh broken plagioclase crystals

Alteration includes carbonate chlorite epidote and
sericite

Mode

57 plagioclase
20 carbonate
10 sericite

5 epidote
5 Ti oxides
3 chlorite

tr quartz

Anhedral plagioclase dominates the matrix This as in the
first sample is extremely fine grained Some of the original
plagioclase phenocrysts are still intact with heavy clay
altered rims Others have been converted to clusters of

epidote prisms and interstitial carbonate and chlorite

Carbonate forms abundant lichen like ragged patches in the
matrix It pseudomorphs biotites The original crystal structure
in these is shown by lines of Ti oxide

Sericite blobs with ragged edges accompany carbonate in the
matrix Veinlets run off from the edges of the breccia zone

Well formed epidote prisms gro 1 in patches after plagioclase

Fine Ti oxides speckle the matrix

Chlorite occurs interstitial to epidote in plagioclase
pseudomorphs

Sparse rounded quartz phenocrysts are present A few fine
grained quartz aggregates represent minor silicic alteration
near the breccia

JII
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Arc 3 Carbonate chlorite altered porphyritic dacite

The original identi ty of this rock is cleriveel rom i ts
association with rocks like Arc l and 2 Rounded euhedral
and embayed quartz phenocrysts are still apparent as is
some of the plagioclase matrix Otherwise alteration mineralsdominate the texture

Mode

45 carbonate
35 plagioclase
10 quartz

5 chlorite
5 Ti Fe oxides

tr white mica
tr apatite

Fine grained carbonate is very abundant in the matrix
Somewhat coarser patches occur in pseudomorphed phencrystsFine carbonate veinlets are scattered in the rock

Very fine grained anhedral plagioclase forms the originalmatrix

Quartz phenocrysts are unaltered In addition very fine grainedquartz aggregates replace parts of some phenocrysts plagioclaseand occur sporadically in the matrix

Extremely fine grained chlorite is intermixed with carbonate
particularily in the phenocrysts Larger chlorite plates may be
after biotite

Small brownish to nearly opaque grains of Ti Fe oxides areabundant in the matrix and in some phenocrysts

o
A few white mica aggregates with overall vaguely prismaticoutlines may be hornblende pseudomorphs

o
o

o

f
o

A few dusty euhedral apatite crystals are present Some of
them occur inside altered phenocrysts probably hornblende
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Arc 4 Andesltic dacite porphyry

Staining on the reject block for this sample seems to
indicate abundant Kspar however none either of primary or

secondary texture can be recognized in thin section The

higher mafic content of the rock in contrast to others in
the suite leads to the addition of andesitic to its name
Quartz phenocrysts suggest that it is a dacite Alteration
resembles the other samples in the suite

Mode

67 plagioclase clay
10 epidote
10 carbonate

7 chlorite
6 Ti oxide

tr quartz
tr apatite

Plagioclase phenocrysts are commonly well altered to clay
this may account for the yellow staining Minor chlorite and

epidote occur in the phenocrysts Dusty plagioclase microlites
and fine grained anhedral aggregates dominate the matrix

Some of the plagioclase phenocrysts have been almost completely
replaced by aggregates of epidote prisms as in Arc 2 Small
areas of the host crystal remain

Ragged carbonate chlorite intergrowths replace hornblende
phenocrysts Scattered chlorite patches occur in the matrix

Ti oxides speckle the matrix

A few rounded quartz phenocrysts are present

Dusky euhedral apatite grains are seen inside some of the

horpblende pseudomorphs

o

o
II I



o

L

D
Arc 5 Silica carbonate altered brecciated porphyritic dacite

D

This rock is classified as a porphyritic dacite based
on the presence of a few quartz phenocrysts and on its
association with other dacites The textures and minerology
are nearly all secondary It has a very patchy inhomogeneous
texture that suggests brecciation although clear clast
matrix distinctions are not seen in all cases The green mineral
may be a white mica No malachite was seen in thin section
but a number of white mica patches are present Some
chrome mica which I have seen not only in ultramafic
associations but also on fractures in metamorphosed limestones
closely resembles malachite

o

D

o

D
o

o

Mode

47 quartz
40 carbonate

7 white mica

4 Ti oxide
2 opaques

The few relict quartz phenocrysts are rounded and embayed
Very fine grained to extremely fine grained quartz aggregates
occur as part of the secondary assenilllage Transitions in

quartz grain size mark some of the clast matrix boundaries

The carbonate in this rock has very high relief It may be
siderite It occurs in dispersed to cloalesced equant patches
Changes in carbonate abundance define some of the clasts
A few lath shaped carbonate patches may be after plagioclase
microlites

D Scattered large white mica plates may be after plagioclase
or hornblende phenocrysts In one area beD een clasts
abundant white mica plates with interleaved carbonate are
distorted by the edges of the clasts White mica forms
parallel growths with opaques in what may be pseudomorphs

o

D Ti oxide grains are scattered in the rock They form beaded
chains in some of the white micas

o Patchy opaques intergrow with fine parallel white mica
platelets

o

D

r
o
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TAHTSA MINES LTD

LOGS OF OLD DIAMOND DRILL CORE

Core Located betleen old adit circa 1929 and nel adit 1980 late

1950 s 5 box 105 450 Hole number unknOlm

0 65 feet

65 67 feet

67 72 feet

72 74 feet

74 79 feet

79 103 feet

103 feet

Andesite tuff breccia grey Iith hues of purple and green
angular to subrounded clasts and fluid clasts generally

1 also local porphyritic texture of altered argillic
feldspar phenocrysts Occasional clast to 6 of diorite

porphyry I ith up to feldspar phenocrysts
Pyrrhotite up to 3 and pyrite 1 and traces of chalcopyrite
are disseminated throughout the core

Most alteration is classed as phyllic py pyrrh ch10rite minor

clay Ieak pervasive silicification
Local zones of stronger bleaching and luore clay i e 9 16

Orange stained limonite of similar although finer grained
volcanic

65 300 contact in colour and alt more argillic pick up
green speck Ag The limonite is 1 16 1 8 thick and
oxidized since drilling
Epidote is first noticeable at 57 along Iith calcite veinlets

Light tan to Ihite altered andesite tuff strong argillic
numerous clay gouge zones abundant calcite veins Traces cpy
galena and py Disseminated sulfide content is 101

Uniformly altered silic carbonate l sulfides light colour
At alt non alt contnct 10C lJ PVrit0 veills lll La

Moderately fractured Ieak pyrite carbonate vein1ct andesite
tuff bx dark grey

Epidote shOl s up as alto phenocrysts 1 3 pyrite carbonate
veinlets decrease after 85

End of hole in andesite tuff breccia

JII I I
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Diamond Drill Hole 2 circa 1962 Oriented N850W 450 to the west

Located 40 m northeast of lower adit

3 boxes the first is destroyed
2 Box from 30 60 is complete
3 Box from 60 90 is half destroyed

30 36 feet

36 43 feet

43 57 feet

57 73 feet

73 81 feet

81 1 feed

Andesite and andesite tuff breccia fragments up to 6 of

porphyry DT generally irregular fragments of

pale greenish blue silicified with 37 diss pyrrhotite
moderately magnetic

Fract broken abundant clay shear zone 50 recovery

Tuff breccia grey green locally porphyritic 1 pyrrhotite
some sericite

Strong reddish brown oxidizing andesite breccld

strong fracto carbonate py alt could carry some veins

Strongly broken sheared carbonate oxidized black veins

clay probably vein zone Terminating in 5 diss pyrite

To at least 90 Largely destroyed
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Diamond Drill Hole 3 Located on Captina Vein Extension elevation 1586 m

5200 feet oriented 2800 360 to west

Note Host is andesite tuff breccia and or andesite diorite

locally porphyritic

Only 2 of the 3 core boxes were partially intact
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COMPARISON OF TAHTSA PROJECT GEOLOGY

WITH THE BERG COPPER MOLYBDENUM PORPHYRY

AND

REVIEW OF 1981 GEOPHYSICS

SUMMARY

Similarities between the Berg deposit and geology of the Tahtsa Project
are discussed A pyrite halo which surrounds Berg copper molybdenum mineral

ization may be analogous to the pyritic stockwork exposed on the north side

of the north ridge Peripheral lead zinc silver veins at Berg may have

counterparts in the Captain Vein and in the sphalerite veins Within the pyritic
stockwork at Tahtsa

Geophysics has defined shear zones near the Captain Vein which should be

explored in conjunction with work in the vicinity of the pyritic stockwork
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INTRODUCTION

The Berg deposit is a major copper molybdenum porphyry deposit with

geological reserve estimates of 400 million tonnes containing 0 47 copper and

0 05 molybdenite The prospect is located 93 km southwest of Houston B C

and 18 km north northwest of the Tahtsa Lake property of Tahtsa Mines Ltd

The geological setting and certain aspects of alteration and mineralization

closely resemble features that have been noted at the Tahtsa prospect A

summary of Bulletin 66 of the B C Ministry of Energy Mines and Petroleum

Resources by Panteleyev 1981 concerning comparison with the Tahtsa property

The magnetic and VLF EM surveys which were completed in the vicinity of

the Captain Vein are discussed in relation to geology

GEOLOGY OF THE BERG DEPOSIT

The Berg deposit is about 12 km east of the Coast Plutonic Complex in a

region of bedded volcanic and sedimentary rocks of Jurassic and Cretaceous age

Bedded rocks have been intruded by a number of Jurassic Cretaceous and Tertiary
stocks The most important of these is a composite quartz monzonite porphyry
plug which is less than 640 metres in diameter Best grades of copper and

molybdenum are found in an asymmetrical annular zone of biotitic hornfels sur

rounding the quartz monzonite stock Pyrite and chalcopyrite are the most

abundant sulphide minerals and occur primarily in fractures in quartz veins

and as disseminations Molybdenite is contained mainly in quartz veins

The mineralized hornfels is part of the Hazelton Group of Middle Jurassic

age Hazelton rocks are green grey red and maroon lithic tuff tuff breccia

and tuffaceous or epiclastic sedimentary rocks An andesitic pyroclastic

assemblage comprises the majority of the 1675 metres of strata exposed in the

mineralized area

Along the ridge above and to the east of Berg deposit volcanic and sedi

mentary rocks of the Lower Cretaceous Skeena Group are exposed A basal

volcanic unit consisting predominantly of feldspathic amydaloidal flow rocks of

andesitic or basaltic composition is grey to purple and dark green in colour
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and is a maximum of 600 metres thick Overlying the volcanics are from 0 to

500 metres of mainly fine grained massive grey to buff coloured sandstone
A few pebble conglomerate beds and thinly bedded siltstone and shale layers
are also present The top of the Skeena is marked by 40 metres of flaggy
siltstone and dark brown shale beds

Upper Cretaceous Kasalka Group unconformably overlies Skeena rocks A

basal member of red to maroon conglomerate red bed containing ferruginous
sandstone lenses is 5 to 12 metres thick The conglomerate is composed of

pebbles and cobbles of Hazelton and Skeena volcanic rocks Overlying the con

glomerate is up to 190 metres of strongly jointed hornblende feldspar porphyry
and a fragmental unit The porphyry resembles a sill but may in fact be an

individual flow Above the porphyry is 10 metres of red to purple conglomerate
lahar followed by 90 metres of basalt or andesite breccia This in turn is

overlain by a 75 metre layer of vitric flows The lower portion of the Kasalka

Group has been termed Swing Peak Formation by MacIntyre 1976

The youngest Kasalka rocks range from intermediate to felsic dark to pale
and fragmental to massive Pale grey rhyolite flows and breccia are an important

part of this mixed volcanic assemblage which may exceed 100 metres

The largest intrusion in the Berg area is a quartz diorite which is at

least 600 metres wide and several kilometres in length The intrusion is textur

ally and compositionally zoned ranging from fine grained equigranular to locally
porphyritic biotite hornblende quartz diorite or diorite The intrusive contact

is steeply dipping somewhat serrated in plan but continuous without known

offshoots or projections It has no inherent mineralization and has recrystal
lized intruded rock into a purplish brown hornfels commonly 30 metres or less in

width An Eocene or older age has been estimated for the quartz diorite

The most economically significant intrusive body at the Berg prospect is

the small composite stock of quartz monzonite porphyry It is composed of at

least three phases of coarse grained biotite quartz feldspar porphyry that are

intruded by at least one crosscutting phase of hornblende quartz feldspar
porphyry All phases of the quartz monzonite are hydrothermally altered and

mineralized The main phases of quartz monzonite have not been observed to

intrude the previously mentioned quartz diorite stock and are separated from it

by a screen of hornfelsed volcanic rocks on average about 90 metres wide The

portion of quartz diorite close to the quartz monzonite is strongly altered and

mineralized
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An intrusive breccia approximately 450 metres southeast of the quartz

monzonite intrudes quartz diorite and pyritic volcanics at the outer edge of

the zone of mineralization It is similar to quartz monzonite in composition

and alteration The breccia pipe is 580 metres long and 175 metres wide It

is thought to be explosive in origin and formed by venting of volatiles related

to magma intrusion or by phreatic explosion of groundwater Other breccias

observed in drill holes at the property may also be genetically related to the

mineralized stock

Other minor intrusives have been observed at the Berg property rhyolite

dykes related to the Kasalka rocks feldspar porphyry sills which may in fact

be flows of the Kasalka Group and Miocene and younger basalt dykes which

int ude all major rock units

Bedded rocks in the Berg area form a gently eastward dipping succession

younger rocks showing gentler dips Gentle folding of the Hazelton rocks has

taken place

Fracture patterns indicate predominance of east northeast and north to

northeast trends Displacements of some tens of metres have been measured along

northwesterly breaks Elongated intrusives may have been influenced by
structural breaks during emplacement exemplified by the north south trend of the

quartz diorite

As previously stated disseminations and stockwork veins of chalcopyrite

and molybdenite occur near the margin of the quartz monzonite plug Outward

from the contact pyrite increases to form a pyritic halo around the zone of

Cu Mo mineralization Sphalerite with pyrite and some tennantite and galena

are found in veins within and peripheral to the pyritic halo as well as in

small late forming quartz and quartz carbonate veinlets in the main Cu Mo zone

Supergene alteration caused by weathering oxidation hydration hydrolysis

recrystallization and leaching by acid solutions is extensive and has resulted

in a thick leached capping containing mainly quartz limonite sericite

chlorite and clay minerals At Berg hypogene alteration zones with dominant

quartz orthoclase and quartz sericite alteration are developed centrally in the

weakly mineralized quartz monzonite stock and are surrounded by alteration

aureoles containing first biotitic cupiferous rocks then pyritic chlorite

calcite epidote bearing rocks Quartz sericite pyrite zones occur extensively

along the intrusive contact of the quartz monzonite stock and clay bearing zones
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are developed locally in positions intermediate between the intrusive core

and pyritic periphery
Distribution of primary minerals is not readily seen in outcrop because

of weathering and sulphide leaching At surface rocks are bleached crumbly
masses commonly stained and cemented by limonite Below approximately 38 metres

secondary copper minerals are deposited in a zone of supergene enrichment which

begins approximately at the present water table Below this zone gypsum which

cements all fractures remains intact and prevents solution movement

COMPARISON OF BERG WITH TAHTSA GEOLOGY

Several features which occur at Berg have similarities to the Tahtsa

geology Conversely some of the characteristics of Berg are lacking or are as

yet undiscovered at Tahtsa

The mos striking similarity between the two properties is the geological

setting Nearly identical situations exist where the Kasalka volcanics occupy

ridges and have at their bases a red bed conglomerate The shales and siltstone

of the Skeena Group are the next underlying bedded sequence At Tahtsa the

Hazelton Group underlies the east half of the property and probably forms the

basement beneath the north and south ridges Near the west central part of the

Long claim a 300 x 900 metre dioritic plug is partially exposed A diorite

dyke cutting pyritic hornfels 1 near the north margin of the north ridge and

a nearby granitic outcrop are encouraging signs of intrusive activity A very

small granitic exposure at the extreme southeast corner of the Sam claim and

granodiorite talus along the southwest part of the south ridge also in the

Sam claim lend additional encouragement to the possibility of porphyry

type plumbing systems existing at the Tahtsa property Minor felsite latite

and porphyry dykes along with Tertiary 1 Hasalt and diabase dykes are common

at Tahtsa

Interestingly the strongly jointed hornblende feldspar porphyry which

occurs near the base of the Kasalka Group at the Berg property was first thought

to be an intrusive sill but later opinions favour a volcanic flow At Tahtsa

the Unit 3 andesite diorite may also be more extrusive than intrusive related

Other rock units such as the rhyolite breccia and flows and the complex volcanics

of the Kasalka Group are also present at Tahtsa
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Two notable geologic units which have not yet been found at Tahtsa are the

intrusive breccia pipe and a mineralized and altered plug such as the quartz

monzonite

North northwest to north northeast faults are very common at Tahtsa E W

faults are also present MacIntyre 1976 suggests that north to northeasterly

trends are subsidiary trends within fault blocks bounded by northwesterly faults

in the Tahtsa region Gentle southerly dips of bedded units are common at

Tahtsa as opposed to easterly dips at Berg

At Berg pyrite content of the quartz monzonite stock is 27 Pyrite

content increases to 67 150 metres outward from the contact in the hornfelsic

volcanics A general similarity to this pyrite halo can be seen at Tahtsa in

the weak stockwork pyrite zone on the north side of the north ridge At higher

elevations on the Tahtsa property pyrite may have been significantly leached

At Berg limonite and goethite display numerous varieties such as granular

coagulate botryoidal crusty etc and most can be classified as fringing

contiguous or exotic transported types in which a specific source of iron

cannot be identified Many of these criteria fit Tahtsa as does the fact that

cellular boxwork or sponge type limonite is rare or absent on the property and

ferricrete is the most abundant accumulation of limonite

At Berg distribution of primary minerals is not readily seen at surface

due to weathering and leaching but strongly anomalous amounts of copper and

molybdenum can be detected by geochemical analyses of the cap rock Strong

copper or molybdenum anomalies have not yet been found at Tahtsa However

quartz carbonate pyrite sphalerite veins with minor lead and silver occur in the

pyritic rocks on the north side of the north ridge as is the case at Berg where

pyritic rocks surrounding the stock contain a number of quartz carbonate pyrite

sphalerite galena tetrahedrite veins a few tens of centimetres in width This

type of veining is very similar to the Captain Vein and numerous other occurrences

on the Sam claim Also black amophous iron manganese oxides that have formed

from lead and zinc bearing carbonate veins have been observed at Berg This

oxide is also common with the main veins at Tahtsa

At Berg ore tenor and mineralogy are strongly affected by the downward

percolation of acid solutions Similarly the present topography also reflects

this same leaching system where pyrite has created acid solutions to weather the
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hydrothermally altered zone along the margin of the stock At Tahtsa a system

similar to this appears to be working On both sides of the north ridge
deposits of ferric hydroxide which cements detrital material extremely clay
rich deposits active precipitation of deposits of limonite and white precipi
tates possibly anomalous in zinc and intensely silicified and leached zones

are present Anomalous zinc and lesser lead and silver soil and stream sediment

geochemistry may also be related to the strongly iron stained north ridge area

Furthermore theoretically favourable ground in the flats to the north of the

north ridge is largely covered by soil

TAHTSA GEOPHYSICS AND GEOLOGICAL RELATIONSHIPS

Ma netic Responses

In the vicinity of relatively rapid fluctuations in magnetics on L300S

L400S near the Bennett area the character of the andesite diorite Unit 3 may

be one of the causes Although much of this area is covered geologic field notes

mention weakly magnetic pyrrhotite at two localities slightly to the north

1 near 200S 2 50W to 200S 3 00W homogenous andesite diorite porphyry
contains 57 disseminated sulphides local strong pyrrhotite

2 near a shear zone at L200S 1 50W and near or within the shear zone

at L150S l OOW there is 2 37 pyrite and 1 27 disseminated

pyrrhotite

Perhaps greater concentrations of pyrrhotite are affecting the magnetics on

L300S and L400S

The origin of Unit 3 is not clear In the Berg deposit feldspar porphyry
sills which may be similar to the Tahtsa Unit 3 which occur in or near the

Kasalka Group have been redefined as extrusive flows

Map Unit 3 is probably a mixture of porphyry and breccia and is of a

questionable intrusive nature It should be kept in mind that fairly shallow

dipping sedimentary and volcanic rocks occur above this unit on the south ridge

Also a shallow dipping basal conglomerate outcrops in Swing Creek below the unit

Therefore if a planar near horizontal attitude is applied to rocks in the

Bennett Lead area the general outline of the erratic magnetic signature may be

accounted for by the topographic relief along the eroded edge of a volcanic flow
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On the west ends of Lines 300 and 400 8 the magnetic signature decreases

in intensity Extensive deposits of glacial debris may be acting in a screening
fashion Similarly talus shoots and fans may be the cause of erratic jumps in

the magnetics near and topographically below the Bennett Lead

Strong jointing of andesite diorite and breccia near the Bennett Lead

trends N750E aOoN almost perpendicular to the trend of the vein This jointing
is not apparent on the magnetics

In the eastern part of the grid the magnetic anomaly at L4008 7 50E may be

related to a strong limonite altered zone as much or more than to a presumed con

tinuation of a fault on line 300S which did not exhibit a magnetic high
The magnetic high at L200S 7 00E appears to be related to a fault which

follows drainage Several metres across the creek bed and up the banks soft

clay is ubiquitous
The anomaly at LlOOS 575E coincides with a 280 dip VLF anomaly which

probably traces a fault or intersection of faults The same is true for the

magnetic high at LOOO 5 50E

An anomaly at lOON 4 00E is near the conglomerate volcanic contact It is

also slightly west of a north south fault

The conglomerate volcanic contact along Line lOON is not clearly defined

but it does appear that red bed conglomerate somewhere east of Ll OON 025E

has a higher magnetic signature of 7600 gammas Overlying volcanics to the west

show 7475 7500 gammas decreasing to 7400 gammas slong Line 100S

Several mafic dykes were mapped in the northeast quarter of the grid area

some up to several metres wide Undoubtedly more of these features were unmapped
and may have caused magnetic highs

East of the break at L200S 2 00E magnetic signature is generally higher
than the area west of the break A strong fault follows this break Similar

faults and magnetic changes at L200S 050E Captain Vein L200S 4 25E and L200S

700E may be the northerly trending block faults referred to by MacIntyre 1976

in the Berg report Furthermore a N S cross section drawn across the claims

in this area shows the basal conglomerate at lower elevations in the east while

the dip of these beds is toward the west N S block faulting with down dropping

steps on the east would account for the conglomerate position
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VLF EM Responses

Anomaly a at L100S 2 S0E is coincident with galena and sphalerite veins

in a broad shear zone The anomaly crosses the creek diagonally toward the

north Outcrops in this area did not contain vein material or obvious shears

Diligent search for vein material on the west side of the creek was not

successful As stated by Anderson in the Geotronics report the anomaly can

probably be connected to the 8 degree response found on L400S 2 00E This zone

contains alteration and lead zinc silver mineralization which is very similar to

the Captain Vein It has a stronger VLF signature than the Captain Vein

therefore shearing with incipient clay gouge and or greater sulphide content is

indicated

o
The 32 anomaly b at L100S 4 7SE is probably fault controlled possibly

at the intersection of two or more faults A steeply dipping latite dyke and the

trend of a felsite dyke are nearly coincident with this anomaly The north south

fault touching the northwest side of this anomaly is strong and probably continues

northward to the fault on the north side of Swing Creek

In the fault zone at L300S 3 75E which trends northeast toward VLF

anomaly b is contained up to 1 metre of fault clay gouge in a 2 metre wide

shear zone also with local concentrations of 3 57 pyrite Several areas show

manganese oxides typical of Pb Zn carbonate vein zones A fine grained felsite

dyke may parallel this zone Two small pods 1 metre wide of massive felty
biotite were also seen near the creek bed Near the southern tip of anomaly b

a small outcrop of andesite diorite was mapped which contains up to 57 disseminated

pyrite In addition a few small cobbles or pebbles of manganese stained volcanics

were seen on the debris covered slopes less than 25 metres east of the centre

of anomaly b

Anomaly c at L100S 5 75E is slightly west about 25 metres of outcrops

of intensely silicified breccia as shown on the geology map which may have

contained up to 207 pyrite and other sulphides Faults which are parallel to

the trend of anomaly c have been noted to the east and south of the anomaly

Perhaps a similar shear zone is responsible for part of the VLF signature

Approximately 100 metres east of anomaly c another weak linear VLF

anomaly was detected It nearly coincides with a strong fault zone trending north

northwest which contains several metres of clay and gouge
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Most of the other anomalies on th VLF grid are less than 100 of dip
which is very weak They could easily be contoured in other directions across

the 100 metre line spacings Nevertheless VLF does seem to confirm the geological
observations of numerous NNW to NNE trending shear zones in the grid area

VLF anomalies a and c are associated with weak magnetic highs In the

general area of the Bennett Lead VLF anomalies occur at

L400S 2 2SW L400S l OOW L400S 000

L300S lOOW L300S 000

Although weak they do occur on the west flank of magnetic highs The VLF anomalies

at the Bennett Lead and Captain Veins are associated with fault zones

It should be noted that some of the geological mapping was done prior to the

establishment of the grid hence there is some discrepancy between geophysical
stations and geological locations

There appears to be a slight error in the location of the lower adit on the

alteration map The location on the geology is more correct Therefore the

coincident VLF anomaly is nearly exactly over the vein

CONCLUSIONS

Important geologic and metallogenic events associated with the Berg deposit
are present or are suggested on the property of Tahtsa Mines Ltd Exploration
for disseminated mineralization should proceed with parameters from Berg to be

used as a working model which should be refined as data are collected

VLF anomaly a defines a lead zinc silver bearing fault zone probably
greater than 500 metres long which has greater conductivity than the similar

appearing Captain Vein Carbonate sulphide veins and shears occur on strike with

anomaly b Although only slightly over 200 metres in length its signature

is 320 dip which is the strongest encountered on the grid Anomaly c is largely
covered by overburden but adjacent parallel shears indicate that faulting
also underlies this anomaly A limited amount of exploration should be completed
near these anomalies in the event that high grade direct shipping mineralization

may be present beneath soil cover
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RECOMMENDATIONS

1 Earlier recommendations 2 concerning concentrated exploration in

the vicinity of the pyritic stockwork on the north side of the north ridge are

supported by analogy to the Berg deposit Thin sections of several of the rock

specimens which were collected in this area during the 1981 programme will be

prepared for petrographic descriptions

2 i Fill in geophysics on 50 metre spaced grid lines should be

completed in the vicinity of anomalies a b and c Surveys should be

extended to the north and south as topography permits until the responses are

closed off on both ends

ii Dozer trenches should be cut on anomalies a b and c

where feasible

iii Following i and ii the new grid should be mapped on the same

scale 1 2000 as the geophysical coverage

COST ESTIMATE

To complete part 2 of the recommendations if undertaken as part of the

programme which was outlined previously

Magnetics and VLF EM with grid preparation and report
Dozer trenching
Geological mapping sampling reporting
Assays analyses
Supervision
Camp supplies
Camp maintenance

lOr

8 000

5 000

4 000
500

1 000

1 500

1 500

21 500
2 100

23 600TOTAL

Respectfully submitted

0
10

Locke B P Eng
Consulting Geologist

J
Paul Kallock

Geologist

Vancouver B C January 7 1982
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SUMMARY

Petrographic studies of samples from the north side of the north ridge

of the Tahtsa property confirm the presence of propylitization and sulphide

enrichment Dyke like granodiorite within fine grained sedimentary rocks in

this area is akin to Bulkley intrusions which elsewhere in the Tahtsa Lake

region contain Cu Mo

Recent studies by Hodder and MacIntyre 1979 indicate the presence of

a 25 km wide caldera at Tahtsa Lake Studies of calderas in the western U S

show close association of epithermal Pb Zn Ag Au Cu veins with caldera fault

ing or subsequent intrusive activity Copper molybdenum porphyrys such as

Ox Lake and Huckleberry may be related to ring and radial faulting associated

with the caldera at Tahtsa

Investigation of nearby mineral deposits such as the Emerald Glacier

lead zinc silver veins and porphyry deposits such as Coles Creek will help to

guide meaningful exploration on the Tahtsa claims of Tahtsa Mines Ltd
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INTRODUCTION

Since the writing of the geological report concerning 1981 field work

at Tahtsa Lake additional literature search and rock specimen analysis has

necessitated this second addendum

Petrographic analyses of five rock samples collected from the north side

of the north ridge confirm the presence of a propylitic alteration zone The

suite contains three igneous rocks which intrude an argillite or mudstone

sedimentary sequence

Gleaning of the literature has provided a regional model for Tahtsa

geology Hodder and MacIntyre 1979 have suggested that the Kasa1ka volcanics

and many of the nearby porphyry Cu Mo deposits i e Huckleberry Ox Lake etc

are related to the formation of a 25 km wide caldera The Tahtsa Lake property

of Tahtsa Mines Ltd is located on the eastern edge of the inferred caldera

and in fact straddles the eastern ring fault zone

Summation of several other articles regarding mineralized calderas in

North America is included in this addendum Also the Troitsa porphyry occur

rence 15 km south of Tahtsa is reviewed It has several features that should

be kept in mind during exploration at the Tahtsa property

Finally a north south cross sectional sketch of the Tahtsa property is

included as a first estimate of the stratigraphic relations of the Kasalka and

Skeena Groups

CALDERA AT TAHTSA LAKE

By definition a caldera is a large basin shaped volcanic depression

more or less circular or cirque1ike in form the diameter of which is many

times greater than that of the included volcanic vent or vents no matter what

the steepness of the walls or form of the floor A caldera complex is

the diverse rock assemblage underlying a caldera comprising dikes sills

stocks and vent breccias craterfi11s of lava talus beds of tuff cinder

and agglomerate fault gouge and fault breccias talus fans along fault escarp

ments cinder cones and other products laid down in a caldera 1
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Included in Appendix 3 is an article by Hodder and MacIntyre 1979

entitled Place and Time of Porphyry Type Copper Molybdenum Mineralization

in Upper Cretaceous Caldera Development Tahtsa Lake British Columbia

Figure 1 is a copy of their geology map of the Tahtsa region with an outline

of the approximate location of the Tahtsa Mines Ltd claim block

In summary this article proposes that the Skeena and Kasalka Group

sedimentary and volcanic rocks are part of a caldera which formed during the

late Cretaceous While volcanic tuffs and flows were extruded subsidence of

a large circular area with a protrusion to the north took place Extrusion

of Kasalka volcanic rock continued and emplacement of closely related Kasalka

intrusions within and peripheral to the caldera occurred

After a relatively brief period of inactivity a magmatic resurgence led

to the intrusion of Cu Mo bearing porphyritic granodiorite stocks localized

near caldera related faults These have been termed Bulkley Intrusions of

which there are two varieties Somewhat later dyke swarms also dissected

caldera rock units

From his previous work in the area MacIntyre has divided the Kasalka

Group into 4 or 5 units several of which appear to occur at the Tahtsa Lake

property The Group begins with the basal red bed pebble conglomerate which

is exposed in Swing Creek below the lower adit Overlying the conglomerate is

a generally felsic volcanic unit of flows tuff and breccia which is 250 300 m

thick In a crude fashion ignoring complicating faults it appears that the

entire north ridge and the area up to the vicinity of the upper adit on the

south ridge may be part of this fragmental unit Several rhyolitic breccias

were mapped which confirm its felsic nature

Above the felsic unit MacIntyre depicts 200 to 300 metres of massive

porphyritic latite andesite flows The magnetometer and VLF EM signatures

and mapping by Arctex Engineering Services on the slopes above the adit

corroborate this transition into another fairly flat lying unit

Stratified volcanics lahars and sandstones from 800 m to 1000 m thick

overlie the andesite flows The sedimentary unit mapped on the upper slopes

of the south ridge may mark the base of this unit
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PLUTONIC ROCKS

According to Hodder and MacIntyre 1979 there are four types of plutonic
rocks in the Tahtsa region which occur in or displace concentric and radial

faults of the caldera and hence were intruded after initial subsidence

Kasa1ka Intrusions

The oldest of the four types are called the Kasa1ka Intrusives and occur

as small stocks dykes and sills within and peripheral to the caldera They

are diorite to quartz diorite and rhyodacite in composition and fine to

medium grained From their close association similar composition and texture

and their gradational contacts they can be considered intrusive equivalents to

extrusive rocks of the Kasalka Group Apparently there is but little associ

ated hydrothermal alteration and no mineralization This may be due to their

high level of intrusion with coincident volcanism rapid cooling or weak

confining pressure The fine grained diorite near the west boundary of Long

claim is a good example of a Kasalka intrusion

Bulkley Intrusions

There are two types of Bulkley intrusions both of which contain copper

molybdenum mineralization Of most importance are small isolated stocks

peripheral to the caldera which consist of a single phase of porphyritic grano

diorite and have the greatest metal concentration At Ox Lake and Huckleberry

this mineralization is chalcopyrite and molybdenite in veinlets generally less

than 1 mm wide which are concentrated in the potassic altered zone that lies

to one side of the stock At Coles Creek MacIntyre 1974 includes in this

type the occurrence of bornite and magnetite in veinlets and as disseminations

within a porphyritic granodiorite which intrudes Kasalka volcanics and a

Kasalka intrusion The greatest concentration of Cu Mo is in the potassic

altered zone There are a few lead zinc and silver bearing veins in the zone

of propylitic alteration as much as 1000 metres from the granodiorite intrusion

At Coles Creek the prospect lies between normal faults of a graben that is

radial to the caldera

The second subdivision of Bulkley intrusions occurs as large stocks located

at the edge of the caldera and these are generally zoned from cores of quartz

monzonite to margins of equigranular diorite and quartz diorite Local brecci
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ation and alteration of the stock and the presence of dyke swarms of por

phyritic granodiorite quartz diorite or banded rhyodacite which may also

be altered and mineralized are typical of the stocks Examples of copper

molybdenum porphyry occurrences 1ncludeWhiting Creek and Bergette in the

Sibola stock

The Troitsa stock is also a Bulkley intrusion A thesis study has been

made of this area by Cawthorn 1973 complete text supplied to Tahtsa Mines

Ltd A stock which is zoned from coarse grained quartz monzonite in the

centre to fine grained granodiorite at the margin crystallized approximately
75 7 f 2 3 million years ago The stock was emplaced in the epizone at a

probable depth of 4 kilometres Thermal metamorphism of the country rock

Hazelton Group produced hornblende hornfels for up to 400 feet from the

contact Northwest trending feldspar dykes cross the stock within these

dykes an alteration pattern grades from propylitic near the margin of the stock

through quartz sericite pyrite and into biotite orthoclase which contains Cu Mo

sulphides near the centre Weak propylitic alteration with sulphide mineraliza

tion including pyrite chalcopyrite molybdenum and galena appears to affect

only the centre of the stock itself The dykes appear to have acted as channel

ways of hydrothermal fluids

A flow banded rhyolite complex younger than the stock is shown in the

northwest part of Cawthorn s map It contains disseminated pyrite and

secondary marcasite Little is said about this felsic unit in the thesis

Also of note is the depiction of the Hazelton Group which nearly completely
surrounds the stock Subsequent publication of the Geology of Whitesail Lake

93 E map by Woodsworth 1980 includes the rhyolite in the Kasalka Group which

now appears much more prevalent around the stock than on Cawthorn s map

Bulkley intrusions either of the small altered Cu Mo rich porphyritic

granodiorite plugs of the first type or of the altered copper molybdenum bearing

dykes associated with larger zoned stocks are potential targets on the Tahtsa

Lake property

Coast Intrusions Kasalka Intrusions 1

The Hodder MacIntyre 1979 report delineates a dyke like intrusion south

of the Berg deposit as related in age from isotopic studies to the intrusions

of the Coast Range plutonic complex In all other respects it is very similar

to Kasalka intrusion of quartz diorite It is unmineralized
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Nanika Intrusions

These intrusions are represented by the small composite stock at Berg

deposit It is granodiorite and quartz monzonite in composition Besides

having an age that is younger than the other plutonic rocks it is slightly
more potassic than the Bulkley intrusions The alteration and mineralization

of this Nanika intrusion at Berg has been reviewed in the addendum of

January 1982 Caution should be noted that age of this intrusion is question

able it may in fact be a member of the Bulkley intrusions

PETROGRAPHIC STUDY OF INTRUSIVE ROCKS FROM THE NORTH RIDGE

One of the areas of interest on the Tahtsa property is located on the

north slope of the north ridge Dykes of intermediate intrusives and fracture

controlled stockwork pyrite veins have been observed in this area Five rock

samples have been thin sectioned and studied under the petrographic microscope

by Joanne Nelson These descriptions are in Appendix 1 hand sample descrip

tions are in Appendix 2 and the sample locations are shown on the 1 5000 scale

Alteration Map Amended March 1982 Propylitic alteration of argillite and

mudstone of the Skeena Group 1 by more strongly altered dykes and or

hypabyssal intrusives of Bulkley and or Kasalka affinities is demonstrated

Categorizing the three samples of intrusive rocks is necessarily question

able Sample 1 is a clay sericite and carbonate altered quartz diorite which

is probably part of a Kasalka intrusion either a dyke or a small plug

Abundant rubble of this type was seen on the eastern end of the shallow lake

bottom see Geology and Alteration Maps

Sample 3 in outcrop appears very light coloured and bleached and its

igneous nature was not readily apparent Due to the poor exposure of outcrops

which are limited to the st eam bed the size or dimensions of this rock type

are not easily distinguished The strong alteration and presence of pyrite

and minor chalcopyrite and argentite 1 are not characteristics of Kasalka

intrusions The sample shows more affinity to the second class of Bulkley

intrusion and the associated altered and mineralized dykes

Sample 5 comes from the area which was originally mapped as diorite dykes

located near a strong fault zone containing quartz carbonate and sphalerite
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mineralization Petrographic study reveals a granodiorite composition with

moderate alteration to potassium feldspar sericite actinolite chlorite

and carbonate Disseminated pyrite and up to perhaps 0 257 chalcopyrite are

also present This dyke rock or hypabyssal intrusive appears to be similar

to the first division of Bulkley intrusio s i e those of Ox Lake Huckleberry

etc Perhaps the present erosion level has only begun to expose a larger

stock or perhaps the large covered areas in the vicinity of the creek exposures

are underlain by extensions of similar rock

o

o

o OTHER INTRUSIVES AT THE TAHTSA PROPERTY

o

nJ

The location of mineralized dykes and the changes in alteration along

strike can be valuable clues that lead to a mineralized stock as at Troitsa

It is also reasonable to visualize a vertical change in alteration in these

dykes which may overlie a porphyry stock At Tahtsa small isolated intrusive

exposures could be used as pathfinders if a change in alteration along strike

or dip can be identified

Several intrusives most probably dykes are worth additional examination

in the coming field season

1 On the cross section on the Hodder MacIntyre 1979 map a small stock

of Kasalka 7 intrusive is shown at about mid point on section A B This area

is probably west of the Swing claims but the nature of its contacts with the

Skeena Group and the eastward extension toward the Swing claims should be traced

2 A very small outcrop of a leucocratic intrusive was mapped in the

extreme southeast part of the Swing claims Coincidentally a very small

Bulkley intrusion on the Woodsworth 1980 map is also present in that vicinity

Outcrops are sparse and the vegetation is thick but additional mapping should

be attempted

3 At least two dykes of acidic affinity were mapped in the next major

stream east of Swing Creek near the Deuce 1 claim Sulphides are present and

considerable exposure of the dykes occurs along the stream tributaries The

north to northwest trend of the dykes and their location is nearly coincident

with the eastern ring fault of Hodder and MacIntyre s 1979 caldera

4 Granodiorite talus was seen in the steep south facing slopes of the

southwest corner of the Swing claims Additional search is warranted
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OTHER MINERALIZED NORTH AMERICAN CALDERAS

The faulting and fracturing which results from subareal vulcanism and

subsequent caldera formation provide channelways which are used by various

types of intrusions and their associated hydrothermal fluids

Lake City Colorado Caldera

In the San Juan Mountains of southwest Colorado Slack and Lipman 1979

state that Tertiary volcanic activity has produced multiple hydrothermal

systems Beginning with andesitic stratavolcanos and emplacement of monzonitic

intrusions into their cores through a sequence of additional volcanic extru

sions caldera collapse resurgent doming intracaldera intrusions and

additiObal vulcanism four caldron complexes the Uncompahgre San Juan

Silverton and Lake City were formed All four have associated alteration but

only the youngest the Lake City caldera contains significant mineralization

The major ore deposits of the district are polymetallic Ag Pb Zn Au

Cu fissure veins directly associated with the formation of the Lake City

caldera Older igneous activity including other caldera developments and

intracaldera monzonites produced favourable plumbing systems and widespread

hydrothermal alteration but no significant mineralization

Two vein systems are related to the Lake City caldera An early quartz

base metal assemblage appears to be related to post caldera resurgent doming

A second barite precious metal assemblage formed during late ring fracture

vulcanism All of the veins occur in an arcuate belt outside the ring fracture

of the Lake City caldera and within the moat area of the surrounding Uncompahgre

caldera Veins are 0 5 to 1 5 metres wide and up to 2000 metres long Wall

rock alteration includes quartz sericite pyrite grading laterally outward into

regional pre ore propylitization The quartz base metal veins are genetically

related to granitic porphyry dykes which fill the northern ring fault zone of

the Lake City caldera The barite precious metal veins which display quartz

sericite alunite wallrock alteration are genetically related to a highly

altered quartz latite lava dome which was emplaced along the eastern ring

fault zone of the Lake City caldera Post caldera rhyolitic dykes plugs and

lacoliths intrude the volcanic moat fillings of the Uncompahgre caldera They

contain high concentrations of U Th F Be Mo Nb and Sn but veins and hydro

thermal alteration are absent
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Silverton Caldera Southwest Colorado

In contrast to the caldera related mineralization at Lake City the

majority of ore deposits at the Silverton caldera appear to be genetically

unrelated to the evolution of the caldera and its magmatic activity More

likely the caldera prepared the ground by numerous faults which later by

5 to 15 million years became conduits for quartz bearing intrusions and

flows of quartz latite and rhyolite and the main mineralization veins Lipman

and others 1976

Creede Caldera Southern Colorado

Epithermal silver base metal veins at the Creede caldera in the central

San Juan Mountains of Colorado are not unlike those discussed at the Lake City

caldera In a study by Wetlaufer and others 1979 striking similarity between

active geothermal systems and the fossil hydrothermal system that deposited the

Creede veins is presented
Most of the metal production at Creede has come from veins bearing native

silver sphalerite galena chalcopyrite and tetrahedrite gangue includes

quartz chlorite pyrite barite sericite rhodochrosite siderite hematite

fluorite and adularia Zones of intense illitic alteration overlie some of the

veins and ma k the upper limit of mining Ore bottoms downward in open weakly

mineralized breccia Base metals were deposited from recurrent boiling of

saline solutions A few chalcedonic veins at the present surface may be related

to a more shallow dilute system Presently one half of the 500 metres of over

burden originally overlying the Creede deposit has been eroded away and with it

the sinter deposits which were associated with hot spring or geyser activity

Exploration for base metal deposits associated with silicic volcanic rock

bonanza Au Ag veins and late stage veins of porphyry copper deposits should use

the context of geothermal systems as guides

Rytuba s Caldera Divisions

Rytuba 1981 has summarized the sequence of events of caldera development

in the San Juan Mountains of Colorado and elsewhere and stresses a division into

two groups Firstly those formed by the eruption of calc alkalic rhyolitic

ash flow tuffs related to continental margin subduction and secondly those

formed by eruption of high silica rhyolite in extensional tectonic environments
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Calc alkalic type calderas such as T4htsa Lake may contain base and

precious metal deposits which are typically much younger than the caldera

forming vulcanism and not genetically related to it High silica rhyolite
calderas are generally formed by the eruption of chemically zoned magma and

have ash flow tuffs enriched in Be Cs Li Hg Mo Sb Sn Th U and W

EPITHERMAL VEIN MODEL

Buchanan 1981 has synthesized abundant data from many sources to depict
a fairly convincing model for epithermal base and precious metal vein genesis
Host rocks are largely Tertiary calc alkaline extrusions with hypabyssal
intrusions Andesites are the most common host to ore shoots however most

districts have pre ore felsic tuffs volcanogenic sediments dykes sills and

plugs The vein deposits fill fractures often related to caldera environments

Figure 2 shows Buchanan s model

Of importance to the explorationist is the low pH alteration assemblage
which is genetically related to the process of ore formation It extends well

above the ore level so that non outcropping ore shoots can be targeted The

assemblage may contain any or all of the following minerals alunite sericite

i11ite kaolinite montmorillonite or any of the kaolin clay minerals It is

often referred to as bleaching in the literature and forms a halo around

and a cap above individual ore shoots but is absent below the precious metal

horizon It is believed that the low pH alteration zone extended to the

pa1eosurface and mixed with siliceous sinter and opal capping

DISCUSSION

Petrographic analyses of sedimentary and intrusive specimens from the north

slope of the north ridge provide strong evidence for propy1itic alteration which

may be associated with a convective cell of a Bulkley intrusion The strong

pyritic fracture veinlets within the argillite and the disseminated sulphides
which include chalcopyrite and argentite 1 in granodiorite and leuco quartz

diorite are targets worth continued investigation
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The Tahtsa Lake property appears to straddle the eastern edge of a wide

25 km caldera according to Hodder and MacIntyre 1979 From field work

abundant faulting is known to be present and volcanics of the Kasalka Group
particularly on the north ridge are extremely complex Vent structures in

this area are a possibility
From literature any caldera related fault whether concentric radial

or ring is susceptible to localizing intrusive activity Although all

porphyry deposits that have been found in the Tahtsa region are outside the

ring fault fracture systems within the caldera are also favourable Note

as shown on the Hodder and MacIntyre map the concentric nested ring structure

which lies just west of the claims Undoubtedly other subsidence features

exist in the caldera

A first assumption is to neglect Kasa1ka intrusions because they have

been shown barren but as can be seen at Coles Creek a mineralized Bulke1y
intrusion has been imp1aced in a Kasalka stock

According to Hodder and MacIntyre 1979 Kasalka and Bulkley intrusions

may penetrate well into the Kasalka Group At Berg there are Skeena and

Kasa1ka rocks stratigraphically above the deposit At Coles Creek the porphyry
intrudes the Kasalka Group and a Kasa1ka intrusion With this comparison to

Tahtsa the presence of an intrusive could be possible anywhere except on the

highest peaks of the south ridge
At the Captain Vein if an epithermal vein model is applied the implica

tion of depth to a buried porphyry is greater than 300 or 400 metres On the

lower slopes of the north ridge in the propy1itic altered area a porphyry
stock may be much shallower

Porphyry Cu Mo deposits are associated with the Tahtsa caldera as are

epithermal veins The Emerald Glacier property on Mt Sweeney about 7 km

north of the Tahtsa property produced 4 560 tons of 1ead zinc si1ver ore in

1951 and 1952 It undoubtedly has similarities to the epithermal model of

Buchanan Complicating features such as faulting overprinting or leaching
of the vein system may prohibit fitting of the Captain Vein at the Tahtsa

property into the model Nevertheless the presence of quartz chlorite and

pyrite in the gangue and galena sphalerite chalcopyrite and argentite 7 in

the mineralization may fit into Buchanan s model at 350 to 450 metre depth If
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this is true greater precious metal value may have previously been present

above the upper adit Alteration is not pervasive in wa11rocks adjacent to

veins in the Captain area but should be examined in more detail

RECOMMENDATIONS

Petrographic descriptions from the pyritic stockwork area on the north

slope of the north ridge confirm the presence of propy1itic alteration and

sulphide concentration which warrant further exploration as previously

recommended

Dykes which are co ncident with the eastern ring fault of the caldera near

the Deuce 1 claim should be examined with particular attention paid to lateral

alteration zoning Similar examination and mapping should be completed on the

western margin of the Swing claims where dyke swarms are shown on the Hodder

and MacIntyre map

In order to further define the epithermal vein potential on the Tahtsa

property a careful examination of the area surrounding the Emerald Glacier

Pb Zn Ag deposit noting vertical alteration changes would be helpful This

should be done prior to bulldozer trenching and exploration on the veins east

of the Captain Vein

Ferricrete silica clay and pyritic alteration which form a zone around

the north ridge should be re examined as a potential barren capping above an

epithermal vein system Figure 2 and section A B in pocket

The Coles Creek porphyry deposit has similarities to Tahtsa geology

Further study of MacIntyre s thesis which details this area should be undertaken

COST ESTIMATE

The cost of the

in the cost estimate of

outlined in this report is included

submitted

Locke B Goldsmith P E

Consulting Geologist
Paul Kallock

Geologist

Vancouver B C

March 4 1982



c

Do
o

o

o

o

o

D

o

c

n

o

o

o

o

o

o

QJ
o

15

ENGINEER S CERTIFICATE

LOCKE B GOLDSMITH

1 I Locke B Goldsmith am a Registered Professional Engineer in the

Province of Ontario and a Registered Professional Geologist in the

State of Oregon My address is 301 1855 Balsam Street
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I am a member of the Society of Economic Geologists the AIME and the

Australasian Institute of Mining and Metallurgy and a Fellow of the

Geological Association of Canada

3 I have been engaged in mining exploration for the past 23 years
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Feb 6 1982

Mr IDcke Goldsnith
Arctex Engineering

301 1855 Balsam St

Vanoouver B C

Dear Locke

o

o

o

o

D

cP
o

This letter accxJrJpanies the report on the Tahtsa rake sanpleswhich you sulmitted to us on JanuaJy 5 hey fall into two categoriesjj1 3 and 5 are hypabyssal intrusive rocks i2 and 4 are argillites
or IlUIdstones n1ey have been classified as follows

1 hypabyssal quartz diorite
2 argillite
3 hypabyssal leucoquartZ diorite or soda granite4 argillite or IlUIdstone
5 hypabyssal granodiorite

The sedirrents are not significantly rretaIrolphosed but i2 slcMs
evidence of alteration and possible bleaching which acCCllpaniedthe crackling and pyrite introduction

The hypabyssal rcxXs have unclergone rrcderate to strong alteration
CamlJn phases include sericite chlorite and carbonate In addition
Tiaxides are present i3 may oontain seoondaJy quartz and 5 oontainsminor epidote In general the presence of chlorite and carbonate

and the lack of clearly secondary quartz textures veinlets s1ockworks
probably signify that these rocks have undergone propylitic alteration

i3 oontains minor aroounts of chaloopyrite and argentite hese phasesdo not acootmt for the PbZn assays perhaps grains of other sulfides
were anitted in the particular slice sanpled 5 oontains pemaps1 4 chalcopyrite Pyrite is rrore abundant than was apparent in hand
sanple

n1ese rocks oould be fran the pyrite halo of a pozphyry systemIf so the halo falls in the propylitic zone just outside pf the zone

p tassic alterati qnas is the case at Berg

Sin y

7c4 21

JaInne
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1 Strorlq1y altered hypabyssal quartz diorite

The original phenocrysts in this sample were plagioclase biotite
and hornblende with plagioclase by for the largest and ITOst ablmdant
ll1e average grain size in the matrix is about 2 nm It consists of
an aggregate of quartz and plagioclase and secandaJy minerals

Alteration has ccnverted all primaJy biotite to sericite clay
Tioxide and carbonate Hornblendes are now chlorite and sericIte The

primary plagioclases are pink due to Feoxide dust Ihey are soft fran
extensive clay sericite alteration and contain small carbonate patches
About 40 of the rock is made up of alteration products

lOOde

33 plagioclase albite
25 sericite
18 quartz
10 chlorite

3 Feoxide
8 pyrite
2 Tioxide

tr apatite
tr zirccn

1 carJxnate

Plagioclase phenocrysts are tabular and range in size fran 25 an down
to matrix dirrensions Plagioclase in the matrix is anhedral

Fine sericite sorre of low birefringence is probably clay flecks the
plagioclase phenocrysts Sericite sprays are UAIIlin the matrix Sericite

clay pseudcIlI llJns biotite phanocrysts Sprays have fomed in original
hmnblendes

Quartz is restricted to the original igneous matrix it is not seen as

phenocrysts or in fonns which could be oonsidered secondaJy

Very pale green chlorite in dense aggregates replaces hornblende Sprays
of chlorite in the matrix may be after original mafic lIaterial

Feoxide occurs as dust in plagioclases Rims of Feoxide are seen on
sare of the pyrite grains

Pyrite forms irregularshaped clunps Ihey tend to associate with
original mafic phenomysts They are clearly replacing the matrix Sare
have engulfed quartz grains Scattered small anhedral pyrite grains 1 nm
are also present

Tioxide needles and fine granular clUllpS 00 in pseudarolphed biotites

A few prisms primary and irregular grains seexmdaJy of apatite were seen
Ihe rare zirccns are small and euhedral

Very small carbonate grains fleck p1agioclases In sare biotite psuedarolphs
carbonate intergrows with coarse sericite
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2 AJgillite with strong arqillic alteration

o

Ihis sanple is daninated by sericite clay however the alteration is
obscured because much of the clay is probably prinmy Its parent seems to
have been an argillite or a clay rich mudstone Therefore although sare
of the texlures sean to be secxmdaxy the arrount of mass transport affectingthis rock may have been minilnal il e its chemical ccrrposition did not
change appreciably

Sericite clay occurs in 0lO fonns extrelrely fine grained and as
aggregates of platelets averaging 03 rnn in diaIleter The latter appearto be the result of secondaJy reCJyStallization

A partly disrrernbered bed or clay interclast shows less praniment
rectystallization of the phyllosilicates it consists IIOStly of dense nearly
cryptocIystalline clay

The sample has a very high fracture density These fire fractures are
filled with pyrite which has partly altered to hanatite and lilronite
Alteratioo is not noticeably ITOJe intense around the fractures than elsewhere
he fracture patterns through the bed interclast differ fran those in the
matrix showing different rrechanical character during fracturing The fractures
show a distinct preferred orientation throughout

Faint grey inharogeneities are apparent in hand sample it is ITOttled
on a very fine scale In thin section these are small oval areas of slightly
coarser sericite than the average with faint opaque dusting to a greater
extent than their dings They may be relict clasts lliere are sparse
small quartz clasts but no secondary quartz

Mxie

D

85 sericite clay
7 Feoxides
5 pyrite
3 quartz

D

D

D

o

lhe birefringence of the plwllosilicates ranges fran low to middle first
0Jder a strong clayoIlgXlIlent is suspected particularily in the dense
nearly cryptoCIystalline material which fOJIllS a background for the aggregates
of ITOJe distinct sericite platelets These show no preferred orientation he
only directional feature of the rock is in the fractures Relatively
coarse sericite is nore abundant near the fractures than elsewhere but
no chemical gradient is apparent

Pyrite 00 in very fine multiple veinlets along the fractures and
in patchy grains next to then ldhanatite replaces the pyrite and
orange to yellow 1imlnite staining surrounds the factures

Quartz clasts are awroxiIrately equant and very small

In this sanple the bleaching of original organic material by hydrothenna1
fluids cannot be proven but should be suggested by COlIparison with unaltered
fine sediIrentary rocks in the area
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3 Hypabyssalleuooquartz diorite or soda granite

sallple CXIleS fran either a dike or a late phase of it
quartz diorite hypabyssal intrusion Its original mineralogy was
l1OStly quartz and plagiOClase he plagioclase has been thoroughly
albitized so that its CCIlpOSition cannot be used in classifying the
rock Plagioclas rocks in which the plagioclase is of

inteJrnediate CXilpOSition culy fOIIll as differentiates of small
diorite or quartz diorite plutons

Alteration of the plagioclase has been fairly strong Seoondary
phases include sericite and carbonate and minor chlorite

Mode

36 plagioclase
20 quartz
20 carIilonate
17 sericite
4 pyrite
2 chlorite

tr titeapa

1 rutile
tr chalCDPrite
tr argentite

f r 1

t t

2rf r
I

I t

I It

Plagioclases are subhedral and inteJglaom ranging frcm 1 to 1 long
They show no preferred orientation

Quartz ocs as small anhedral grains with plagiOClase in the matrix
It alsQ occurs in the features which resemble phenoctysts or aIt1Y9dules in
hand sanple In them it has either crystallized as or recrystallized to
vein like columnar in sare cases radiating aggregates They could be
either recrystallized phenoctysts or rniaroles Because of the inferred
origin of the rock the latter supposition is attractive This would
rrean that the radiating intemal structures sare of which have a core
of open space filled with pyrite and carbonate are dictated by the
Ori character of the mbarole

Small to large carbonate patches are ablmdant within plagioclases fo1inor
barbooate also occurs in sare of the quartz aggregates described above

Sericite fODllS even1 ydistributed platelets within plagioclases

Chlorite is very pale green Itoccurs mainly in the quartz aggregates

A feJl euhedral apatite grains were seen within quartz

Sheafs of rutile needles grow within either quartz or carbonate grains
These could be relict biotites

Pyrite patches oc both in the quartz aggregates and in the matrix They
are poikilitic having developed at the silicates I

expense

A feJl tiny chalcopyrite beads and one bead containing chalcopyrite and a
soft grey mineral probably argentite are enclosed in pyrite

J
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4 Algillite or mudstone

This reck has a texture like the primary one in 2 It is daninated
by extJerreJy fine grained sericite clay with scattered slightly larger
sericite platelets which may be after clasts of rnieal and quartz clasts
No bedding or other directional character is awarent Secondary carbonate
patches are small but abundant

The leisegang rings are interesting because they occur in two separate
sets which overlap each other lbey may be related to two different ages
of fracturing
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82 sericite clay
10 carba1ate

5 Feoxide
3 Qquartz

The clay sericite matrix is very densel individual platelets are not
The general texture is finely granular

carbonate foDllS scattered ragged patches IIIOst fran 05 to 1 mn in diameter
but serre up to 5 mn n1ey cluster in places The parts of the reck
which appear Feoxide stained contain very dark carbonate patches with
abundant included hematite dustl elsewhere the carbonate is clear

Feoxide fODllS fine strands in the section in two direction In hand sarrple
these are seen to be two sets of rings Most of the staining is of the
carbonate although fine dust oc s in the matrix as well

Quartz foDllS small scattered clasts A fal tiny aggregates of relatively
ooarse grained phyllosilicates may be after feldspar clasts
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5 HvPabvssal qranodiorite

Ihis sample is the only intrusive rock in the suite which oontains
Kspar It is seriate potphyritic Alteration has been mXIerate Ithas
involved sericite in plagioclase and Kspar conversion of hornblende to
actinolite and small aIlOtmts of chlorite epidote and carbonate
ctystallization

ChalCXlpyrite is less than 1 of the rock but is not insignificant
Itocs in scattered grains with identical habits and sizes to pyrite

MXle

45 plagioclase
13 Kspar

9 quartz
15 sericite

4 pyrite
tr chalcopyrite
3 chlorite

10 actirolite
1 carIonate

tr epidote
tr sphene ilmenite

Plagioclase grains are euhedral to subhedral where interference has
1imited their growth Sane sheM relict oscillatoJy zoning with two
praninent reversals and a spread in An values giving a difference
in extinction angles with the albite twin plane of 350 Exact An
measurements were not possible due to tmfavorable ctystal orientations
Most plagioclases are albitized

Kspars are interstitial and anhedral lhis can be seen en the stained block
as well as in thin section They are dustier than plagioc1ases clay

grains are anhedral and also interstitial like Kspars

Sericite foms fine fledts in plagioclases and to a lesser extent in Kspars

Pyrite grains are blobby hey seem to favor sites interstitial to plagioclase
lhey aJo tend to associate with mafic phases Four chalcopyrite grains
were seen in the section One of them includes a fEM euhedral hematite spears

Chlorite may pseudcrroJph biotite Growths are sanewhat skeletal It associates
with amphibole in many cases

Anphiboles are still euhedra1 to subhedral but they are pale green actinolite

Carbcinate favors quartz grain boundaries and areas near the mafic phases

A fEM small epidote grains accarpany actinolite and chlorite

Ti oxides form parallel grcwths in chlorite and actinolite as well as single
regular interstitial grains

o
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TAHTSA MINES LTD

HAND SAMPLE DESCRIPTIONS

OF FIVE ROCKS FOR THIN SECTION

FROM NORTH SIDE OF NORTH RIDGE

TAHTSA LAKE PROJECT B C

JANUARY 5 1982

FELDSPAR PORPHYRY pink potassium feldspars to 0 25 em in fine grained
tan to grey matrix of quartz feldspar Probably 10 quartz 10 fine
grained mafics 1 disseminated pyrite Non magnetic

Location In shallow water near eastern shore of small lake approximately
500 metres west of 23640 Numerolls boulders of this rock type present
Definitive bedrock not established Moderate sericite alteration

2 BLEACHED HORNFELSIC fragmental sedimentary 1 rock with intense very
fine pyrite as fracture coatings veinlets most of which are partially to

completely oxidized to limonite goethite Also lesser disseminated
pyrite Non magnetic Fragments pebbles up to 2 em have cloudy vague
outlines

Location 10 metres south of 23655 near northerly trending shear zone

3 FINE GRAINED RHYODACITE strong quartz sericite alteration 1 2
disseminated pyrite Pyrite occurs with quartz

Location At sample location 23655 which carried 0 02 Pb and 0 05 Zn

4 GRAY VERY FINE GRAINED SHALE homogeneous non magnetic Shows
prominent limonite banding on weathered surface leisegang rings
Location From outcrop in creek bed between 23640 and 23642

5 FINE GRAINED DIORITE DYKE 10 quartz 40 mafics 40 feldspar mostly
plagioclase 1 disseminated pyrite Non magnetic

Location Near 23656

J
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PLACE AND TIME OF PORPHYRY TYPE CU MO MINERALIZATION IN UPPER CRETACEOUS
CALDERA DEVELOPMENT TAHTSA LAKE BRITISH COLUMBIA

L Y HODDER

D C IACIlTYRE
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D ABSTRACT

o
At TllhtLake on the elL t ede of the Coa t Plutouic

comple in central British Columhla siWificant stock

workconcentrations ofcopper llIId molyhdenllm occur in

and ahollt IIpper Cretacoll and po ihly Eocene stocks

of porphyritic ranodlorite aud uurtz monzonite aud
dike swanns of porphyritic lIartz monzonite The stocks

and dike swamIS are peripheral to a falllt hollnded circlI
Iar area 25 km In diameter encloshla 15 km thlckoe
of distinctive relatively flut Iyinvolcanic rocks The
volcanic rocks also are IIpper Cretuceolls in a e and simi
lar in composition to the stocks and dikes

The fault honnded circulur ureu is interpreted a a

cOlIapsed caldera The stocks of porphyritic granodiorite
and associated copper Uld molyhdenllm were emplaced
at intersectinarcnate and radial Fractnres durina re

su ence of ma ma within the culderJ The dike swarms

of porphyritic 1uartz monzonite ulld their attendant
cOpper and molyhdenllm were localized iu post resur

Jtence ten ion fractures

o

o

o
o

L
o

INTRODUCTION

Durin the plL t 15 years e plomtion in the Taht
Lake district ofwest centrul British Colnmhia hu located
several concelltratiOl1t of opper sulfide minerals and

molyhdeuite in stockwork vein lets within I small stocks
of porphyritic ranodirite of npper Cretaceons a e

2 dikes of porphyritic 1uartz monzouite within lare
stocks of rauodiorite also of upper Cretaceous a e hut

youn er than the small stocks und 3 a stock of porphy
ritic quartz monzonite possihly Eocene in a e Recent de
tailed mappin Macintyre 1976 places these stocks at

the ede of and peripheral to a fanlt honnded nearly
circnlar area 25 km in diwneter and confinina 15 km
thickness of relatively flat Iyinpyroclastic cllL tic and
flow rocks similar in A e and cnmpoition to the tocks
and dikes and distinctive to the district

The interpretation is that the circnlar area is a col

lapsed caldera and that stocks dikes and attendant cop
per anti molyhdennm are localized hy tOlIupse stnICttlrei

and temporally lL sociated with pu tcollapse resurAence
of ma ma The purpose of this paper is to de crihe the

pOlition and a e of porphyry type mineralization in An

i neons event that h hoth volcanic and pintonic en

vironn ents

o

o

o

D

o

o

r
DISTRICT GEOLOGY

The Tllhtsa Lake district is in the westernmost part
of the Intermontaine Thm t and Fold helt and ne t to the

east ed eof the Coast Pin tonic compie Wheeler et al
19 2 Fi I The di trict is nnderlain hy a 3 km thick

o

ness of mi ed volcanic and sedimentary rocks of early
to middle JurlSSic ae iu broad open folds and meta

morphosed to greenschist facies Thcle rocks are part of
the Hazelton WOllp of Duffell 1959 and they are over

lain unconfonnahly to dl cOnfonuahly by part of the
lower Creticeolls Skeena oup Duffell 1959 of slightly
defonued amygdaloidal basalt flows micaceous lithic
wake and carbonaceous shale with a lower Cretaceous

shelly fauna Although the rocks of the Hazelton group
have broad ditribution rocks of the Skeena group occur

in a roughly circular area 25 km in diameter with a prong
to the north Fig 2 More than 15 km of nearly flat

Iyin felsic tuffs intennediate to fefsic flows and locally
derived clastic rocks unconFormahly overlie the Skeena

roup in the middle of this circular area and on ride

tops in the pron to the north These rocks were first

mapped as a separate entity by MacIntyre 1976 and are

called the Kasalka group They and their nnderlying rocks

are broken by arcuate and concentric steep inward

dipping normal faults that have a maximum downthrow
of 1 km and that commonly are breccia zones in which
clasts matri and wall rocks arehydrothermally altered

Rocks of the Hazelton Skeena and Kasalka oups
are intrnded by small linear crescent shaped and circu

lar stocks plus somewhat larger WId elonate stocks of
diorite to quartz monzonite composition and of 4 appar
ent ages

Figure 1 Location and tectonic settinl

lIdder laclntyre Porphyry Cu Io Caldera Development Tahtsa BC 175
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Figure 2 General eolaof the Taht Loke district

In the broad sense the TahtLake district is charac
terized by Jur sic Cretaceollt and Tertiary volcanit

plutonic and edimentary rocks of a continentallllar in
arc trench ystem of Andean type thai ncceeded a Japa
nese type of arc ill mid to late Tria ic and that hecame
a Californian type marwn in the Cellozoic Dickin on
1976 The rock of the Hazelton WOllp are arc type vol

l anic and leuimentary rQ J s The Skeena ro1p occupie
a slIcce or h in hehind the arc alld the Kalka rollp
is the product of local ma muthlll within the Mlcee or
hasin hefore plate molioll at the OlIlillental lllar i1r
han ed from luhunction to tran rOTm and ltrike tlip

Rocks of the Kasalku rnllp tho Iyin IImon olln

ahly on the Skeena rollp and l ritilal to th interpta
lion of a aldera in thit dhtri t ImH il haM of 5 50 m of
red to reddi h hrown pehhl t nglmlrat and tilllhtuue
Fi 3 This i overlain h 1II11 h u lUll III o inter

lay red flows of rhyodadl h filltllff alld lapilli tllff
and minor VO l lIIiChre tia ilml a1ulc itt now Flmare

dilC ontiIlIlOUl along strilt FrugllH ntal rm l have Ia
of vuriout tizes and eutu iti tc xlnrc i OlJlll1lJU IlK any
e p cjill1 in the mOlt lili rOll rodThh in tUnt i over
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lain by 200300 m of mllSSive porphyritic lalite andesite
flows that havc ubiquitous chlorite calcitc and primary
feldspar that was converted to pseudomorphous albite
and malic minerals The ned muppable unit up section
is 8001000 m of irregularly and in some instances indis

tinctly layered lahar with fragments of latile andesite
and other underlying rocks held in a matri of fine lithic

fragments broken crystals and clay minerals Fragments
are from a few mm to several m in dillDeter There are

some intercalated andesite flows and volcanic sandstones

The Kasalka group is topped by at least300 01 of massive
Iatite ande ile flows with prominent columnar jointing

The Kasalka group is coruidered late Cretaceous in

age Macintyre 1977 because it is unconformable on

fossiliferous rocks of the lower CretaceollS Skeena group
and becallSe of an age of 87 i 4 m y Table I deter
mined by the KIAr method for a wh lerock sample col
lected 400 01 stratigraphically above the top ofthe pebble
conglomerate In addition the layered sequence is tilted
and domed by intrusions with isotopically determined
late Cretaceous ages

These rocks are distinctive in composition and age
for this area occupy a circular area bounded by arcuate
normal faults and are for the most part flat lying e cept
where tilted and domed against younger intrusions They
are considered as an initial ash flow followedby lava flows
that evacuated a magma chamber allowing subsidence
and infilling by tallIS landslide and mud flow with inter

mittent flows and finer grained c1 tic rocks of lacustrine

origin The circular feature with its concentric structures

and volcanic fill meets William s 1941 definition of a

volcanic caldera and the presence of the Kasalka group
rocks as a coherent cru tal block rather than a chaotic

jumble the alteration of the flow rocks and the post
subsidence uplift about the larger stocks suggests this is a

resurgent caldera as described by Smilh and Bailey 1968

PLUTONIC ROCKS

Several stocks and dikes intrude layered rocks of the
Hazelton Skeena and Kasalka groups within and about
the caldera The occur in or displace concentric and
radial faults of the caldera and hence were intruded after
initial subsidence There are 4 divisions on the basis of

age and composilion the olde t are the Kasalka intru
sions Macintyre 1978 the next oldest are the Bulkley
intrusions Carter 1974 lUId these are followed in order

by the Coast intrusions Carter 1974 and the NlUIika
intrusions Carter 1974

The Kasalka intrusion are small stocks dikes and
sills within lUId peripheral to the caldera and they are

diorite to quartz diorite and rhyodacite in composition
and flne to medium grained porphyritic wilh pilotaxitic
groundmass Most intrude into the laliteandesite flows
above the felsic tuff unit of the Kasalka group By compo
sition texture gradational contacts and structural posi
tion they are the intrusive equivalents to extrusive rocks
of the Kasalka group There are no isotopic age determi
nations for the Kasalka intrusions

The Bulkley intrusions ClUl be subdivided into
I smalI isolated stocks peripheral to the caldera and

consisting of a single phase of porphyritic granodio

KASAlKA p u C kl nlJl

AI lt1i II IIi
l

lIf lll Ird I 1111 1 UIiI
1 rnl II nlll

n ICll I Mil

toOlOOO

y y

y

y y

vy
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II rtltl I III

f

100 300

f
0 0

1

ZIO 300

11I
lit hilt 1 Ilm r IIM I
W III 11I 11

0 011 H ce Mltllt

9EENA GROUP LCrtloceous

Fi re 3 StmtiSphic column for the Kasalka up

rite They intrude tho e unils of the Kasalka group
below the lahar The examples are intrusions at

Huckleberry Mountain James 1976 Ox Lake
Richards 1976 and Coles Creek Macintyre 1974
for which isotopic age determinations by the KIAr
method are respectively 84 4 t32 m y B2 0 t30
m y and 83 B t2 8 m y Table 1

2 large stocks at the edge of the caldera and mostly
zoned from margins of equigranular diorite and
quartz diorite to cores of quartz monzonite as in
the Sibola Troitsa Cawthorn 1973 and Mount
Bolam stocks These bodies intrude the lower part
of the Kasalka group The Sibola and Troitsa stocks
are traversed by northwest trending dike swarms of

porphyritic granodiorite and quartz diorite and

rhyodacite so called becallSe it has an aphanitic
groundmass and is locally flow banded Dikes intrude
the full stratigraphic thickness of the Kasalka group
Ages determined by the KIAr method for porphy
ritic quartz monzonite at Bergette and Whiting
Creek in the Sibola stock are respectively 76 7 t
2 5 m y and 74 1 i2 2 m y and for porphyritic
granodiorite in the Troitsa stock 75 7 i2 3 m y
There is no age deternlination available for the
Mount Bolom stock

Coast intrusions are represented by a north trending
dike of quartz diorite that supports a ridge west of the
Sibola stock and for which ages of 49 9 i2 1 m y and
46B t15 m y have been determined It occupies the
contact between rocks ofthe Hazelton and Skeena groups
and intrudes rocks of the Kasalka group at its north end

Composition and age are similar to plutons of the Coast
Plutonic complex jllSt 14 km to the west Nanika intru
sions are represented by one small composite stock at

Hodder MacIntyre Porphyry CuoMo Caldera Development Tabtsa BC 177
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T lUE 1

ISOTOPIC M E DtrEII Ii TIli HlII IIIl K t TIlt HII1MUn D1muer

Location lIock Type Mineral Apparent A3e Lliboratory Ind Re ference
lD y

It lka Group Swins Peak porphyritic whole 87 0 4 Te ledyne MlcIntyre I 1977
latite andesite rock

Bulkley lntru iona Cole Creek porphyritic biot ite 83 8 2 8 U8e Carter I 1974sub divi ion 1 sranodiorite

Huckleberry porphyritic biotite 83 4 3 2 use Carter 1974
Hountain Iranodiorite

Ox Lake porphyritic biotite 82 0 3 0 UBe Carter 1974
sranodiorite

Bulkley lotru ions Bersette porphyrit ic biotite 76 7 2 5 use Carter 1974lub dilli ion 2 quartz monzonite

Whitinr porphyritic biotite 74 1 2 2 use Clrter 1974
Creek qUlrtz monzonite

Troit sranodiorite biotite 75 7 2 3 use C wthorn 1973

CO lt lotru ion Bers quartz diorite biotite 49 9 2 1 use Carter 1974

Bers quartz diorite biot ite 46 8 1 5 use Carter 1974

Nanika Intru ion Bers porphyritic biothe 52 0 2 0 use Carter 1974
quartz monzonite

Ber quartz lat ite biot ite 47 0 3 0 UBe Carter 1974

UBC Univer ity of ISriti h Columbia

the Berg prospe t immediately west of the aforemen
tioned Coast inln inn of quarlz diorite The HerfShllk
is granodiorite and quartz monzonite for whith aftes of
52 0t2 0 m y lu 46 8 tJ5m y have heen determined
It intmdes only ks of the Hazelton Group hut its al
teration and mineralization haloes overlap the Cu t in
tmsion immediatelv to the ellSt

The KtIialka intmsion l re very similar in modal nncl
chemical compuilion to volcanic rO s of the J s lk
gronp Fif4a Thi suppurts the contentiun of their
comapmatic relatillll hip The Bulkley intru ioll arc gl n

erallv more i1ieolls and more pottl itic than the KaMlk 1

intn sions and an pu sihly he considered ter direen

tiates of the illIIl parent maAma The Cuaolt illtnt illl h
not chemil ally dblinguhhahle frum the KIIi l iI iutnt
sions hut the ranika illtrtl ion at Hl r i morc potm il
than anv of tlluther intm io M dntre lil 11 of
the uPI cr Crlhll COll voll anil lIld pl IOnit rol l all
calc alkilJiIl in nature and form i l 1iff Iutiatlnn tn ml

Fig 4h typic 1 of vulcanil hllillllllllllltilll III llIlar

gins Cannil hael et al li4J

PORPllml TIPE Cn Mo OCCl RRENCES

Two nf th 4 livisilllls of the pllllollirn ill tll
T htsa Lake dislriltIll BlIl lev lid tll1 lIli illtlll

ions have olpatiilll u nliatt I halopyritl aJul IIlnl 11
denite in stok 01 t illlt and a di per td grainoiu
cident with mhllTilI a l lIlhlagCot attrihlltnl to Indmtht I

mal alteration Tin ulfidt nnd altlration llIilll r 1 a

temh1age Ull l om l ntralt d in illIIHlI u and l n l l nl

shaped arCiL al till l Ol1hllt of lIIall t l of p rphnith
granodiorite with TOl h of the Ililzeltoll Hlld l l alla

gronp or within and at IIIl margin of quartz l1wlllonih
dikes tm l rsing largt IOl of grallll linrill

Bolh uhdh i inns of 11ll Hulkll inti lI ioll ha l a
ociated porph I l Ill lI tn lll Urrl IIl l TIll IIMI

older stOl S of Iorlhyriti rallolilll ite t I hlhIll1I
t lIlltaill h Ia l and Coll Cll l Fit l h l l tlU
Ilalt t IIwlal t1l1l l nllilliOll JIIIllll ll11 llnllllaJll

1m H7 milium 11111 ofOlJuu CII ami O 02 ulI loS dilllll
HJ7Ci to il dl pth of 220 111 Hld within t l lll ofr 01 0 10 11

11 Thh Illilll I Ii atioll h lImlc llp litl Illld lIIohl dt l1Itl
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fasllka Intrusions
Bulkley IntruslDns

a Kasalka Group

D
IeD

o
Fi re 40 Qz PI Kr dloJTlm or K lko up K lko inlru

sions Dnd Bulkley intrutions

on velnlets less thall IllIIn wide in a crescent shaped area

along the east side of a porphyritic granodiorite stock

Hydrotherlllal altemtion is ronllhly concentric abont the

stock with a potic zoneat the stock marllin and extend

inll up to 300 III into the wall rock a phyllic zone at least

190 III wide that extend 3 km east of the stock and is snc

ceeded onlward by a propylitic zone Essentially all of

the copper and 1II0lylKlenuIII is within the potassic WId

phyllic zOlles

Ox Lake which is II kill eat of Huckleberry Moun

tain h 23 6 million tlln of 0 35 Cn eluivalent within

a l utoff of 0 1 Cn and O Ol Mo This mineralization

is COlliposed of chalcopyrite and molybdenite in veinlets

arouud a stock of porphyritic Aranodiorite approximately
t5O III in diameter hut with weatest concentration in a

crcent haped arell on the west side ofthe stock Molyl
denite is 1II0 t ubnndant next to the tock and its distribu

tion is coincident with the potas ic alteration mineral

assemblulles Altemtion is predominantly fracture con

trolled r ther thun pervasive in the wall rocks of the

Hazelton 1IfIIIP bnt in lIenemlthere are concentric zonos

of pota ic throullh phyllic to propylitic mineral ao

semblallontward frolll the tock

Coles Creek Macintyre 1974 hIlS no stated lomge
and grade Chuleopyrite magnetite and traces of bornite

and molyhdenite in vein lets and as dispersed graiuJo are

lOnfined mostly within the porphyritic granodiorite stock

that intnldes volcanic rock of the Kaalka group WId a

porphyritic dacite of the Kasalka intm ions Fill 5 Hy
drothermul alteration centers on lhe stock of porphyritic
Ifdnodioriteand includes from within thestock ontward

a pota ic zone a phylliczone that extends for 450 m from

the stock an urllillic and udvanced arllillic zone that ex

tends for 650 m from the tock and an even more distal

propylillc zone The weate t abUlldance of lOpper and

molybdenum is within the potilS ic zone There are a few

lead zinc and jverbearinll veins in the zone of propy
Iitic alteration

Althoollh the IIlctal content ob erved at Coles Creek

to date is le lhun that at Huckleberry Mounlain and Ox

Lake Cole Creek doe have the 1II0 t complete eolollic
ectioll lncludin volcanic rocks of the Hazelton and
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FiAure 4b AFM diagram of volcanic and plutonic rocks of
the Tahtsa Lake district

KOOka groups pIllS plutons of the Kasalka and Bulkley
Intmsions These rocks are preserved within a graben
down dropped between 2 nonnal faults that are rdial to

the caldera The exposed stratigraphic section and pln
tonic rocks mapped by Macintyre 1974 snpport the

conclusion that Kasalka group volcanic rocks were de

posited unconformably all rocks of the Hazelton group
intmded by Kasalka intrusions of quartz diorite and

dacite down dropped by nonnal faults and intruded by
the stock of fllnodiorite Maglllatic fluid generated in

part hy retrograde boiling of the wanodiorite melt caused
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Figure 5 Generolized eolo of the porphyry type Cu Mo

occurrences at Huckleberry Mounlain Ox uke and Coles

Creek
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Fipre 8 Generalized geolo of the POrphyry4type Cu Mo occurrences at BlrJctte hilin Creek and Trnitta

o potassic alteration and metalization within the stock
Where these fluids ascended and met old meteoric water

they precipitated sulfide minerals and quartz au frac
tures Further dilation and coolin took place as mixed
fluids continued to rise and thlL favoured arAilIic ad
vanced argillic and ultimately propylitic alteration

The larger compo ite and youn er stocks of T no

diorite with dike swanns of porphyritic Arauodiorite and

quartz monzonite also have porphyry type Cu Mo occur

reuces as at BerAelle Church Illiand hiliuA Creek
at the ea t edAe of the Sihola tock aud at the Troilsa
occurreuce within the Twitsa shwk Cawthorn Illi3

FiA 6 There are no tonnaAes and An les tated for these
Il l Urrcnces Chalcopyrite and l11olyhtll nite Ol l1T on

fmdlre in zonc of hrecdation in and ahout the dike
WOlrms and oincident with pcrv L h pnlil i and

phylliL alteralion
The Berg stock is the 111 Nanit a intrn ion in the

o
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Tahtsa Lake district an assillInent based entirely on the
iMtopic a e determinations for VariOlLi phases of that
composite t k of quartz monzonite to granodiorite
The stock is 6 MI m in diameter Fill 7 and is centmlto a
rin of chalcollyrite and molyhdenite in stockwurk qllartz
vein lets distrihuted both in the stock and the introded
volc nic rocks of the Hazelton onp and qu rtz diorite
of the COlL t intnlllions Dii minated sulFide minerals
re rare Molyhdenite is concentrated mostly within I

135 m of the stock s marwn and is roughly coincident
with a potic Iteralion The zone of greatest ch koopy
rite toontent overlaps the contact between the stock and
the toountry rock and extends for more than 260 m from
the stock although the greatest contntration is within
130 m of th t contact and near the interface of potllSSic
and phyllic alteration Pyrite in a phyllic mineral as
semhl e extends for 700 m beyond the stock Argentifer
ous g lena sph lerite nd minor chalcopyrite occur in
veins periphe1 to the stock and in the hornfetsed and
propylitic lly altered toountry rock These veins were
staked firt in 1929 and have th only recorded produc
lion from the dL trict Tonn geandgrade ofthe porphyry
type occurrentat Berg is 400 million tons of 04 Cl
0 05 MoS using a cut off of 025 Cu Panteleyev
1976 and as such is the most economically significant

Currence in the Tabtsa Lake district

A SEQUENCE OF EVENTS

I Differentiated volcanic rocks accompanied hy
clastic and chemical sedimentary rocks were deposited as

part of n Andean type arc trench complex built on the
conlinental margin during lower to middle Jurassic
These rocks re the H zelton group

2 Sediment ry and volcanic rocks of the Skeena
group were deposited unconformahly upon rocks of the
Hazelton roup in succeor basins behind the crest of the
arcduring lowerCret ceous

3 Uplift and erosion of rocks of the H zelton and
Skeellll groups produced the pebble conlllomerate t the
b e of the Ka lka roup in late Cret ceons Thi was

followed in the Tabts Lake district bv massive e tm ion
of febic fragnlentat and flow rocks Fig SoIl local extro
sion of lalite andesite flows and bropt subsidence Iong
arcu te and di 1 faults of a virtually intact area 25 km
in di meter with a prong to the north The resulting de
pression was filled by talus and mud flows alonwith
finer waterlain clastic material and intemlittent flows

Fig SOU These are the rocks of the Kasalka group and

they cooled bout 87 m y go The Kasalka intrusions of
diorite to rhyodacite were empl ced along concentric
and dial fractures essentially to the level of the latite
andesite nows th t overlie the SiliCeOlL tuff and ash now
unit These are the first of the caldera related intnlsions
They h ve little associ ted hydrothennal altemtion and
no mineralization perhaps because they are coincident
with volc nism intnlded to hih levels in open fractures
anu cooled quickly

4 M I1la r urged upw rd in the magma ch mher
dmned the noor of the caldera nd intnlded t intersec

tioni of concentric and radial fractl1rea as at Huckleberrv
Mountain Ox L ke nd Coles Creek These re stock
of the first subdivi ion of the Bulkley intru ons emplaced

BERG Cart Pant IIYIV t 01

SOO m

l I

Iil

J
d

ereccia QUQr l Diorit

o tz Porphyry Hazelton Group

Porphyritic Ouartz Mozonitl

Fi re 7 Ceneralized Iteolo of the porphyry type Cu Mo
occurrence at Berg

8283 m y ago Fig SolII Heat from these small stocks
focused ascent ofhot met l bearing fluids in a convecting
magmatic nleteoric hydrothennal system Sheppard
1977 that altered rocks through which they passed and
because of the focused he t rose almost chemitly intact
to high levels in the Cnlst to mix with cold oxygenated
meteoric w ter With mixing metal sulfide minerals were

deposited on fractures within and at the margins of the
stocks Fluids ascending anddescending over abroad area
and without focus provided by the small stocks produced
pervasive propylitic alteration in the lower lalitean
desite flows ofthe caldera fill

5 A second magmatic resurgence emplaced large
stocks of the second subdivision of the Bulkley introsions
7476 m y ago Fig SoIV These are the SiOOla Troits
and Mount Bolom stocks They domed the caldera floor
and rim reactivating arcuate and linear fractures that
controlled their somewh t elongate sh pe The dike
swanns are late differentiates occupying post resurgence
tension fractures Concentrations of Cu and Mo are
smaller and lower grade than those associated with the
first subdivision of the Bulkley intnlSions and are spatially
and temporally related to dike swarms at the margins of
or within the larger stocks The Mount Bolom stock is
the largest most central intnlsion and most defonned cal
dera fill

6 The youngest igneous products rel ted to the de
velopment of the caldera re Coast and Nanika intnl
sions in the rea of the Berg porphyry type CuoMo oc

Houder MacIntyre Porphyry Cn Io C ldera Development Taht a Be 18
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