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GEOLOGICAL AND GEOCHEMICAL ASSESSMENT REPORT 

DEER BAY PROPERTY 

1.0 INTRODUCTION 

1.1 General 

Lithogeochemical rock chip sampling, petrography and orientation 

grid soil geochemical sampling were conducted on the Deer Bay 

Property (Tofino Nickel Group) between April 2-3, and May 2-7, 

1995. Expenditures totaled $7,562.65 (see Appendix I). 

The objective of the field work was to determine the host rock 

protolith and resulting deposit classification at the Main 

Showing and to investigate the geochemical dispersion on an 

Orientation Soil Grid at the Main Showing. 

1.2 Property 

The Tofino Nickel Mineral Claim Group is comprised of 4 

continuous mineral claims totalling 22 units owned by Peter 

Buckland and Arne Birkeland (See Table 1, Figure 2). 
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Deer Bav ProDerty 

Mineral Tenure 

Claim Name Record # No of Expiring 

Units Date 

Nickel 1 

Nickel 2 

Super 1 

Super 2 

200102, 1048 2 

200131, 1338 2 

200234, 2150 6 

200235, 2151 12 

Oct. 25/95 

Nov. 13/95 

May 10195 

May 10/95 

Table 1 

1.3 Location and Access 

The property is located 25 km ENE of Tofino near the head of 

Tofino Inlet in NTS 92F/4E, 49O 14'N, 125O 35'E (Fig 1~2). 

Access is by logging road (70 km from Tofino via Kennedy Lake 

bridge) or by boat (30 km from Tofino). The Main Showing is at 

the 275 m elevation on a steep timbered hillside 0.5 km north of 

Similar Island. 
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1.4  Bietory 

Intermittent exploration has been carried out on the property 

since discovery in 1898. Gold quartz veins, Cu-Mo porphyry and 

Ni-Cu-PGM 

different operators. 

have been on the Ni-Cu-PGM mineralization. 

work was carried out in 1984 and 1985 by Cominco who conducted 

geological mapping, geochemical, geophysical and trenching 

programs on the main Cu-Ni-PGM showing area. 

mineralization have variously been evaluated by 

The focus of the more recent investigations 

The most significant 

2.0 PROPERTY GEOLOGY 

2.1 Lithology 

Stratigraphy 

2, Stratigraphy and Lithology. 

and Lithologic Descriptions are summarized in Table 

The northerly trending, easterly dipping stratigraphic sequence 

on the Deer Bay Property consists of the following (from west to 

east, oldest to youngest): 

WEST COAST COMPLEX (WC3) - Quartzo-felspathic gneiss; amphibolite 

SICKER GROUP (CPs) - Mafic, felsic volcanics; argillite; 
limestone 
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and Lith 1 

Catface Intrusives (Tg) 

Tgdio - light grey medium to coarse grained quartz 
diorite. 

Island Intrusive8 (Jg) 

Jgdio - 

Bioker Qroup (CPs) 

grey medium to coarse grained diorite; 
granodiorite. 

1st - grey medium grained massive bioclastic 

arg - alternating light, dark grey thin bedded 

and - green, grey fine grained massive andesite; 

bas - dark green, grey basalt; calcite epidote 
veinlets, local py+/-cpy. 

meta - layered dark grey silicified argillite, 
sed chert, greywacke. 

meta - dark green basalt; epidote, calcite; 
bas amphibolite gneiss. 

limestone; marble locally. 

argillite; pyrite. 

chlorite. 

west Coast Crystalline complex (wc~) 

gab - massive medium grained dark grey-green 

amp - medium to coarse grained black amphibolite. 

gns - pale green, grey fine to medium grained 

hornblend gabbro. 

quartzo-feldspathic gneiss; amphibolite 
layers common; quartz, feldspar, muscovite 
chlorite veins. 

Table 2 
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Intruding the Paleozoic strata to the southwest and northeast 

respectively are intrusive stocks and related dykes and sills as 

follows: 

CATFACE INTRUSIONS (Tg) - Quartz diorite 

ISLAND INTRUSIONS (Jg) - Diorite; granodiorite 

2.2 Lithologic Descriptions 

WEST COAST CRYSTALLINE COMPLEX (WC3) 

The principal rock type underlying the Main Showing area consists 

of quartzo-feldspathic gneiss containing numerous thin foliated 

amphibolite bands. Gneisses are characteristically fine to 

medium grained and are pale green to grayish in colour with 

moderately developed foliation. 

and amphibolite dykes and sills are common within the gneissic 

complex and remnant basaltic sills and intercalated felsic 

volcanics were observed where metamorphism is less prevalent. 

Chalky white feldspar, light colored muscovite and disseminated 

pyrite often occur at contacts between gneiss and amphibolite. 

Dark green chlorite rich bands 

The WC3 is interpreted as a migmatic zone of granitized Paleozoic 

strata. Granitization has occurred at depth and preferentially 
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along major structures. 

metamorphic fronts as observed on the property. 

Uplift and erosion have exposed graded 

PALEOZOIC SICKER GROUP (CPS) 

A thick sequence of metabasalts are comprised of dark green fine 

grained basalt and andesite containing local amygdales. Calcite 

and epidote stringers are common and a wide variety of dykes 

intrude the metabasalts. Limestone lenses occur near the contacts 

with metabasalt or diabase in the upper portion of the 

assemblage. 

assemblage of calcite and garnet diopside skarn assemblage. 

Near the upper portion of the metabasalt sequence the 

intercalated limestone and metabasalt/diabase unit may represent 

a metamorphose equivalent of the Sediment Sill unit. This is 

supported by the presence of a large limestone occurrence in the 

north central portion of the claim group which may represent an 

overlying segment of the Buttle Lake formation. 

They have been metamorphosed to a coarse grained 

INTRUSIVE ROCKS 

Of particular note is a hornblende gabbro intrusive body 400 m 

southwest of the Main Showing. 

massive medium grained dark green to grey rock consisting of 

amphibolite and altered feldspar. 

intrusive include dark grey, black and green amphibolite. 

The hornblende gabbro is a 

Several variations of this 
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The hornblend gabbro intrusive is considered to be upper Triassic 

in age and is interpreted to be a subvolcanic magmatic feeder for 

Karmutsen formation tholeiitic basalts. The numerous amphibolite 

and hornblend gabbro amphibolite dykes and sills in the area are 

related to the hornblend gabbro intrusive. A genetic 

relationship between the gabbro and Cu-Ni-PGM bearing amphibolite 

is postulated. 

may thicken down dip or along strike and allow a substantial 

accumulation of massive sulphide to form as the hornblend gabbro 

amphibolite differentiates and magmatic and meteoric (sea water) 

fluids inter-react. 

It is possible that the Main Showing amphibolite 

The head of Tofino Inlet is underlain by Jurassic Island 

Intrusions (Jg) consisting of a poly-phase sequence of diorite 

and granodiorite stocks, sills and dykes. 

The northern portion of the property in the vicinity of Tofino 

Creek is underlain by a thick unit of dacite feldspar porphyry 

which is thought to belong to the Tertiary Catface Intrusive 

complex (Tg). 

southwestern portion of the property. 

A body of Tg diorite also has been mapped in the 
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3.0 LITHOGEOCHEnISTRY, PETROGRAPHY 

Three lithogeochemical samples were taken from metamorphosed host 

rocks near the Main Showing and are described in Table 3. 

Lithogeochemical Sample Descriptions 

VR10103 A Float boulder from the creek immediately north of 

the Main Showing. The sample was black and grey, 

medium grained and layered consisting of gabbroic 

and pyroxenite bands. 

VR10104 A Hand specimen and random chip sample from a 

gneissic textured amphibole bearing outcrop well 

exposed immediately north of the Main Sulphide 

Lens. 

relatively flat foliation as well as along cross 

cutting stringers. 

Chalcopyrite and magnetite were noted along 

VR TNG Prom outcrop at the west end of the Main Showing. 

The rock is described as a medium grained, salt 

and pepper textured gabbro. This is a 

predominantly feldspar rich intrusive rock 

approaching anorthosite, also observed in float. 

Table 3 
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Petrographic Analysis by Vancouver Petrographics Ltd (Appendix V) 

indicates that the host rocks sampled are altered ultramafic 

intrusive rocks; formerly mafic hornblend diorites and possibly 

peridotite. The textures, mafic composition and presence of 

significant Ti minerals all suggest that the host rocks are 

altered ultramafic intrusions, not metamorphosed Sicker group 

rocks as formerly postulated. 

The Tofino Nickel occurrence is classified as a Gabbroid Ni-Cu 

occurrence (BCGS Deposit Profile P2) based on the following 

criteria : 

- Commodities are chiefly Ni and Cu with important Co, PGE and 

Au as by-products, 

- Mineralization occurs as massive lenses and disseminations 

associated with amphibolite and (upper Triassic) subvolcanic 

mafic intrusion (anorthosite gabbro), 

- The tectonic setting is within a metamorphosed orogenic 

belt , 

- Rock types include gabbro, peridotite and anorthosite, 

- The deposit form is within a layered composite intrusive 

complex with sill and stock like geometry, 
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- Ore mineralogy includes pyrrhotite, millerite and 

chalcopyrite with subordinate pentlandite, pyrite and magnetite, 

- Hydrothermal alteration assemblages include carbonate 

(Ferro-dolomite), chlorite, amphibole and biotite, 

- Sulphides are concentrated in and adjacent to amphibollite. 

4.0 GEOCHEMISTRY 

4.1 Procedure 

Rock chip lithogeochemical samples taken from the Main Showing 

were analyzed by Chemex Labs using ICP and wet assay techniques. 

Orientation soil sampling was conducted at the Main Showing 

(Figure 3, Sample Location Map). Soil samples were taken from 

the B horizon, from residual soil profiles where possible. Soils 

were analyzed by Chemex Labs utilizing multi-element ICP and fire 

assay analytical techniques. 

Orientation stream sediment samples (moss mats) were taken in two 

drainages adjacent to the Main Showing and analyzed by Chemex 

Labs using ICP and fire assay analytical techniques. 
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4 .2  Results 

Analytical procedures and Certificates are included in Appendix 

IV and key elements are plotted on Figures 4 and 5. 

Rock Geochemistry 

Values of up to 0.6% Cu, 0.6% Ni and 230 ppm Co were obtained 

from the lithogeochemical samples. 

done, but from previous sampling it is known that significant 

Precious Metals are present. 

No Pt, Pd or Au analysis was 

Orientation Soil Sampling 

Orientation soil sampling achieved anomalous results immediately 

adjacent to and below the Main Showing, but geochemical 

dispersion appears extremely limited. Anomalous values from 

three samples ranged up to 1265 ppm Cu, 7 3 0  ppm Nil 10 ppm Co, 

964 ppb Pd, 265 ppb Pt and 36 ppb Au in close proximity to the 

mineralization but sampling as close as 10 m away failed 

return anomalous values. 

to 

Stream Sediment Geochemistry 

Stream sediment samples were taken from drainages to the north 

and south of the Main Showing area (Fig 3, 4, 5). Samples were 

moss mat sediments from steep creek channels. 
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AS expected, strongly anomalous values in Cu, Ni, Co, Pt and Pd 

were obtained from the drainage to the north and directly below 

the Main Showing. Moderately anomalous values in Cu, Nil Co and 

Pd were obtained in this creek up-drainage from the Main Showing 

indicating additional mineralization is present probably along 

strike to the northwest. Similar anomalies (particularly Co of 

37 and 48 ppm) were found to be present in the creek south of the 

Main Showing. This is particularly encouraging in that all 

dispersion from mineralization at the Main Showing is to the 

north creek, thus the south creek anomalies indicate the presence 

of additional mineralization up-drainage, again to the northwest. 

4.0 CONCLUSIONS 

The Deer Bay property is associated with an altered, 

metamorphosed high level, subvolcanic ultramafic intrusive 

complex. 

occurrence. 

The deposit is classified as a Gabbroid Ni-Cu-PGE 

Orientation soil sampling returned anomalous results immediately 

adjacent to the Main Showing but metal dispersions are very 

restricted and are not present as near as 10 m away. 

Drainage sampling indicates that the creeks up-slope north and 

south and from the Main Showing are anomalous, indicating the 

presence of mineralization to the northwest. 



Dated this 31St day of July, 1995 
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APPENDIX I 

STATEMENT OF EXPENDITURES 



A R N M  RESOURCES LTD. 
4CO5 BROCKlON CRES 
NORTH VANCOWER. E.C.. VIG 1 E5 

APPENDIX I 
STATEMENT OF EXPENWRES 
DEER BAY PROPERTY ~ 1994-1gS5 GEOLOGICAL. GEOCHEMICAL PROGRAM 

SUBTOTAL - FEES, RENTALS 

Expsn- 

TOTAL 

WAGES $3,183 
RENTALS $668 
EPENSE $8445 
ANALYSE $853 
P m R  5321 
REPORT $1,471 

TOTAL 57,5a2 

528.75 I c k y  
528.79 /day 
$3235 /day 

AMOUNT 
=I-=== 

52975.00 
$1,275.00 

t1m.m 
5m.w 

$570.68 
t60.m 

55,080.61) 
$355.65 

$5,436.33 

$401 .?5 
s160.50 
5291.15 
$321.00 
$107.00 
5845.42 

57,562.65 

C \ W 1  U)BPEB.WKl 
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APPENDIX I1 

CERTIFICATE OF QUALIFICATION 



APPENDIX 11 

CERTIFICATE OF QUALIFICATION 

I, ARNE 0. BIRKELAND, DO HEREBY CERTIFY THAT: 

1. 

2.  

3. 

4 .  

5. 

6 .  

I am a Geological Engineer in the employ of Arnex Resources 

Ltd. with offices at 4005 Brockton Crescent, North 

Vancouver, British Columbia. 

I am a 1972 graduate of the Colorado School of Mines with a 

Bachelor of Science Degree in Geological Engineering. 

I have been a registered Professional Engineer with the 

Association of Professional Engineers of British Columbia 

(Registration No. 9870) since 1975. 

My primary employment since 1966 has been in the field of 

mineral exploration, namely as a Geological Engineer. 

My experience has encompassed a wide range of geological 

environments and has allowed considerable familiarization 

with geophysical, geochemical and diamond drilling 

techniques. 

I have conducted the exploration work on the property 

reported on herein. This report is based on data acquired 

and also draws from researched published information 

available on the area. 

DATED at North Vancouver, British Columbia, 

this 31 



APPENDIX I11 

GEOCHEMICAL DATA SHEETS 



ARNM RESOURCES LTD. 

GEOCHEMICAL DATA SHEET. SOIL SAMFUN0 

SAMPLER: AEidwIud PROJECT DEP NTS: 92F/4 

DATE: 051p5 

SAMPLE DEPTH hVXl.? COLOUR PARTICLE % SLOPE REMARKS 
NO. (CM) SIZE ORG GRADIENT 

95101 20 B w l c a m l o w  "I Gn 
br SI 

95102 15 B 0r.m ChY lar mod 
Ilr .oil 

95103 15 B w . m  0l.V lar mod 
or soil 

951M 30 E w d lar mod ThkkA: G" 

Ilr 

95105 35 B w roil lar It Gn 

9510 25 B w .oil mod SI On 
lul ChY 

85107 1s A bl humus wry st On lop d Gn o.c.: m B 
huh 

95108 15 A bl hmw very .t on topdQn0.c; 110 B 
high 

95108 15 & A  Ilr 0l.V mod mod 

95110 I5 A bl humus vay mod 
hioh 

95111 25 A C  bl hmus mod mod 



ARNM RESOURCES LTD. 

GEOCHEMICAL DATA SHEET. SOIL SAMWNG 

SAMPLER P. Buok*K( PROJECT: DBP NIS &?F/4 

DATE 05/95 

SAMPLE DEPTH HORIZ COLOUR PARTICLE % SLOPE REMARKS 
NO. (CM) SUE ORB GRADIENT 

95299 15 B 

95300 to B 

95301 25 B 

953M 10 8. c 

95303 10 B 

9 5 3 w x )  B 

95305 10 B 

9 5 3 0 8 8  B 

95307 to  B 

8 5 3 0 8 %  B 

95310 5 A B  

eli( 
br a i l  

tM m d  
br 8iH 

er d Y  
cf sdl 

or m 
br 

br und  
nit 

Hbr Mnd 
gr a i l  

nbr 9W 
.Md 

nwdk und 
clay 

nbr clay 
Mnd 

medk chy 
nand 

br Mnd 
soil 

low 

low 

low 

low 

mod 

low 

low 

mod 

mod 

mod 

mod 

mod 

mod 

mod 

mod 

mod 

mod 

mod 
a 

mod 
d 

mod 

mod 

mod 

CWKl\DBWDSl .WKt 



ARNM RESOURCES LTD. 

GEOCHEMICAL DATA SHEET - STREAM SEDIMENTS 

SAMPLER A. Birkeland PROJECT: DBP 

DATE: 05/95 

NTS: XF/4 

SAMPLE VOLUME TYPEOF COLOUR TEXTURE % DRAINAGE REMARKS 
NO. WD(M) DP(M) SAMPLE ORG GRADIEM 

951W 1 .2 MM dk br sik low st North Creek above 
Main Showing 

95112 1 .3 MM dk br sin low mod North Creek above 
Main Showing; 
On, amp, minor sulphide8 



ARNEX RESOURCES LTD. 

GEOCHEMICAL DATA SHEET - STREAM SEDIMENTS 

SAMPLER: P. Buckland PROJECT: DBP 

DATE: 05/95 

NTS: 92Fl4 

SAMPLE VOLUME TYPEOF COLOUR TEklURE K DRAINAGE REMARKS 
NO. WD(M) DP(M) SAMPLE ORG GRADIENT 

95298 1.3 .4 MM dk gr sin mod mod North Creek above 
st Main Showing 

95309 c1 dry MM gr sin m o d m o d  Moss and sill from dry gully, 
M under water during freshme 

95311 c1 dry MM gr sill mod mod Moss and sin from dry gully, 
bl under water during freshme 

C\WKlU)BPGOSSl .WK1 



APPENDIX IV 

ANALYTICAL CERTIFICATES 



TO: ARNEX RESOURCES LIMITED 

4005 BROCKTON CR. 
N.VANCOUVER. BC 

E Chemex Labs Ltd. 
Ana)ytlosl CbInMS'OsahenD(.' P&mrud Assaayers 

212 Brooksbank Ave.. Norlh Vancouver WG 1E5 A9517793 
Briluh Cdwnbia, Canada WJ 2C1 
PHONE: 604-984-0221 FAX 604-984-0218 

Comments: ATTN: A.O.BIRKEMD 

975 
976 
977 

2119 
a i m  

2123 

a l l 8  

2121 
2122 

CERTIFICATE A9517793 

27 Au ppbi ICP-fluor-so*nao p.0L.g. 
27 P t  p p b r  IcP-?luor~so.nao paahg. 
27 pd ppbt xCP-tluor-.a.nao plahg .  

27 AI Sr 32 dunt, soil  c rook 
27 AS p p ~  32 o l . u n t ,  soil L rook 

27 mi P P ~  32 -1-t. moil k  roo^ 

27 Ag p p r  32 -1-t. Soil k rock 

27 B. p p ~  32 - l e t ,  soil  k rook 
27 B. p p s  32 * l e t ,  moil k rook 

(AN ). ARNEX RESOURCES LIMITED 

ai27 
2128 
1150 
a130 
2131 
2132 
2151 
2134 
2135 
2136 
2137 
2138 
2139 

2141 
2x42 
2143 
2144 
2145 
ai46 
2147 

2140 

2148 
2149 

S . g l o s  sukdtt.6 t o  our lab in  VUIcouvor, BC. 
This rmrt was print06 on 26-my-95. 

27 a Pp, 32 0i-t; soii L 
27 c. p p r  32 01-t, soil  L r w k  
27 ?- XI 32 -l-nt, soil  L rook 
27 am PPI 32 ol-t, soil  L rook 
27 ug p p s  32 .hunt ,  soil  rook 
27 K Sr 32 01-t, soil k rook 
27 p p t  32 * h u n t ,  soil k rook 
27 X g  Xt 32 . l e t ,  soil L rook 
27 am p p r  32 o l u n t ,  soil L rook 
27 lo p p s  32 o l u n t ,  soil L rock 
27 ua 2 . 8  32 -1unt. soil  L rook 
27 Ui p p n  32 01-t, soil L rook 
27 P PPI 32 domaat, soil  L rook 

27 pb p p t  32 01-t, moil k rook 
27 sa p p t  3a 01-e., soil k rook 
27 Sr p p s  32 01-t, soil  k r m k  
27 T i  Xt 32 el-nt, soil  L rook 
27 TI pp: 3a -1-t, soil rook 
27 v PPI 32 domut t ,  soil  L rook 
27 v p p r  32 o1omutt. soil  L rook 

27 Pb p p 8  32 01-t, soil  L rook 

27 N p p 8  32 01-t. soil  L rook 
27 Zn p p r  31 01-t, soil k rook 

SAMPLE PREPARATION 

201 
202 
229 

27 D r y ,  sioro +o -80 u s h  
27 m a n  rojoct 
27 ICP - AQ mg..ti= emrga 

ANALYTICAL PROCEDURES 

M E W  
DElECTKxl UPPEF 

LIMIT LIMIT 

2114 27 Q +ii 32 -1-t, soil  k rook 
Cd p p t  32 -1-t, moil k rook :::: I :: I CO -8 32 01-t. m o i l  L rook 

?A-ICP-A?. 
?A-ICP-A?O 
?A-ICP-Iv. 
ICP-MII 
ICP-ASS 
I C P - I  
ICP-MII 
ICP-MII 
ICP-MII 
ICP-MII 
ICP-MII 
ICP-MII 
ICP-M. 
ICP-MII 
ICP-ASS 
ICP-ASS 
TCP-MII 
ICP-MII 
ICP-ASS 
ICP-ASS 
ICP-ASS 
ICP-MII 
ICP-ASS 
I C P - 0  
ICP-MII 
ICP-MII 
ICP-MII 
ICP-MII 
ICP-AX8 
ICP-ASS 
ICP-M. 
ICP-M. 
ICP-M.  
ICP-MII 
ICP-MII 

2 
5 
a 

0.2 
0.01 

2 
10 

0.5 

0.01 
0.5 

1 
1 
1 

0.01 
10 
1 

0.01 
10 

0.01 
5 
1 

0.01 
1 

10 

2 
1 
1 

0.01 
10 
10 
1 

10 

a 

a 

a 

10000 
10000 
10000 

200 
15.00 
10000 
10000 
100.0 
10000 
15.00 
100.0 
10000 
10000 
10000 
15.00 
10000 
10000 
10.00 
10000 
15.00 
10000 
10000 

5.00 
10000 
10000 
10000 
10000 
10000 
10000 

5.00 
10000 
10000 
10000 
10000 
10000 
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TO: ARNEX RESOURCES UMITED Page Number : 1-A 
TOM Pages : 1 
Cer(ilite Dale: 26-MAY-95 

Accounl :AN ' 

4005 BROCKTON CR. 
N.VANCOUVER, WG 1E5 BC Invoice P.O. Number No. : : 19517793 

Chemex Labs Ltd. 
A-awcalUpmhtr 'Gaodmms'Repl*ered~pm 

212 Bmoksbank Ave.. North Vancouver 
Brilsh Cdumbia. Canada WJ 2C1 Project: DBP PHONE: 604-964-0221 FAX: 804-9644216 Comments A m  A.O.BIRKELAND 

CERTIFICATE OF ANALYSIS A9517793 
I 

PREP AuppbptppbWppb Ag JJ A# Ba Be B i  12 Cd Co C r  Cn Fa an Eg K L a  
COD# AM AM J#S PP % PP Ppm PP PP. % PP. PP pen PP % P P  PP. % Pp. 

a go 0.5 a 0.43 < 0.5 a6 a7 4 1  a.63 < i o  1 0.07 < i o  IOI aoa < a < 5 6 0.a  3.oa 
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Samples submitted: VR10103A. VR10104A, VRTNG. 

VR10 10 3A --TINE, W R I T E  AT.TF.RF,D 3 U L w I C  . ROCK 
DOTITE. CUT B y OUARTZ-MINOR CHALCOPWTE STR INGERS 

Dark green, fine-grained igneous rock that is softer than steel, 
shows no reaction to cold dilute HC1 and no stain for K-feldspar. 
There is a trace of magnetism. Minor sulfides (pyrite and 
chalcopyrite) are present. In polished thin section, mineralogy is: 

Chlorite (1) (?or serpentine) 75% 
Chlorite ( 2 )  10% 
Quartz (?secondary) 10% 
Chalcopyrite 1% 
Hydrobiotite (?after biotite) 1% 
Sericite 1% 
Limonite 1% 
Epidote ( 1 )  <1% 
Sphene, rutile, ?zircon <1% 

This rock consists of massive, very pale green ?chlorite or serpentine 
containing patches of slightly darker chlorite and cut by irregular 
stringers of quartz and minor sulfide. The major mineral has the 
appearance of serpentine, forming very fine (mainly 2 5  micron) flakes 
with random orientation replacing a mineral that originally occurred a s  
rounded crystals about 0.5 mm in diameter. The texture of these former 
crystals strongly suggests a former crystalline, possibly cumulate- 
textured rock, possibly ultramafic. However, the fine flakey mineral 
replacing them is more like a chlorite than serpentine, since it is 
pale green rather than colourless, and length-fast like a magnesium- 
rich chlorite, not length-slow like serpentine. In many places, 
particularly along the quartz-sulfide stringers, the chlorite- 
?serpentine is coarsened to subhedral crystals up to 0.5 nun diameter. 
small flakes of brown ?biotite to 0.1 mm diameter, partially altered to 
hydrobiotite, occur scattered throughout the chlorite-?serpentine 
matrix. Rare euhedral crystals of ?epidote to 1 mm long (no 
pleochroism, so low Fe content) and traces of ?zircon to 70 microns 
long occur in the matrix. 
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More coarsely crystalline masses of a second distinctly different 
chlorite occur up to 1 mm long. These are composed of eu- to subhedral 
crystals up to 0.5 nun in diameter with anomalous blue interference 
colours that are length-slow and slightly darker green, indicating 
higher Fe content than the host fine chlorite-?serpentine. Fine rutile 
and/or sphene as minute 25 micron crystals are associated with this 
more Fe-rich chlorite, suggesting the precursor mineral also contained 
significant titanium. The more Fe-rich chlorite could represent 
alteration of a different mafic such as pyroxene that was contained in 
a matrix of a mineral such as olivine. This suggests a former 
ultramafic rock with a composition near peridotite. There are also 
rounded bleb-like areas of sphene with fine lamellar rutile inclusions 
that could be after former ?ilmenite. 

The stringers consists of sub- to anhedral quartz as crystals up 
to 0.7 mm diameter that look secondary. These crystals are clear and 
subhedral at the centers of the stringers, but at the margins are 
intimately mixed with fine chlorite-?serpentine. Sulfides consist 
entirely of chalcopyrite, forming fine anhedral blebs to subhedral 
crystals up to 1 mm diameter. They are closely associated with the 
quartz. 

Although the major mineral of this rock is hard to call 
serpentine, the ?cumulate texture, mafic composition, presence of 
significant Ti-minerals all suggest this was indeed an ultramafic rock. 
However, the mineralization is copper-rich, lacking pyrrhotite, and 
controlled along stringers of secondary quartz; these are not typical 
of massive sulfides associated with ultramafics. 
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-104A: C>R - - T OU ARm 
ITE CUT BY OUARTZ - EPIDOTE - CALCITE - CHALCOPYRITE VE- 
Grey, fine- to medium-grained intermediate to felsic igneous rock, 

harder than steel, showing no stain for K-feldspar. There is minor 
reaction to cold dilute HC1 along fractures, and traces of magnetism. 
Veinlets of sulfide, mainly chalcopyrite, occur along a faint foliation 
and cross-cutting them. In polished thin section, mineralogy is: 

Plagioclase (?oligoclase) 60% 
Quartz (partly secondary) 20% 
Chlorite (after biotite) 1% 
Sericite/muscovite (after ?biotite) 1% 
Epidote 3% 
Chalcopyrite, trace pyrite 1% 
Ilmenite, trace sphene 1% 
Calcite <1% 
Pyrophyllite <1% 
Apatite <1% 

This rock consists of an aggregate of plagioclase and lesser quartz 
hosting flakes of chlorite-sericite altered biotite, cut by stringers 
of quartz-epidote-chalcopyrite-chlorite. Plagioclase forms sub- to 
anhedral crystals up to 0.7 mm diameter with relief about the same as 
that of quartz, and extinction angles YAOIO about 10 degrees indicating 
oligoclase composition near An25- 0 
altered to very fine (5-10 micron? clay-sericite. 
subhedral to anhedral crystals up to 0.5 mm diameter, somewhat 
concentrated along crude layers alternating with feldspar-rich layers. 
Biotite occurs as euhedral flakes up to 1 mm in diameter that are 
mainly altered to interleaved chlorite and sericite; in some crystals 
traces of former brown pleochroism remain. The chlorite is length- 
slow, with anomalous blue interference colours and bright green 
pleochroism indicating high Fe content. Orientation of the biotite and 
to a lesser degree the quartz imparts a faint foliation to the rock. 

Fine euhedral crystals of apatite to 0.15 nun long are scattered 
throughout the rock, and are likely primary. Rounded to amoeboid 
subhedral crystals of ilmenite to 0.35 mm diameter, altered to traces 
of sphene plus hematite, occur in intergranular position to the major 
rock-forming minerals. 

Veinlets consist of either epidote-quartz-calcite-chalcopyrite- 
chlorite (sub-parallel to the weak foliation) or ?pyrophyllite-quartz- 
caclite-epidote crossing the foliation. The ?pyrophyllite occurs as 
radiating rosettes up to 0.2 mm diameter (note: this may be merely 
muscovite). Epidote occurs as subhedral crystals up to 0.25 mm 
diameter with no pleochroism, indicating low Fe content. Epidote is 
intimately mixed with chalcopyrite as subhedral crystals up to 1 mm 
across, and minor calcite up to 0.5 mm across. Chlorite in the veins 
forms subhedral Fe-rich crystals up to 0.3 mm diameter. Pyrite is 
rare, as sub- to euhedral crystals to 0 . 2  mm diameter. 

This appears to be a slightly foliated biotite quartz diorite with 
accessory ilmenite and apatite, mildly altered to chlorite-sericite and 
veined by quartz-epidote-chlorite-chalcopyrite. 

Most plagioclase is slightly 
Quartz occurs as 
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AND CHLORITE ALTERATION 
Granular, slightly foliated, white and black medium-grained 

plutonic rock containing rare K-feldspar (stained yellow in etched 
slab). No reaction to cold dilute H C 1 ;  moderately magnetic in places. 
In polished thin section, the modal mineralogy is: 

Plagioclase (andesine) 80% 
Amphibole (hornblende) 15% 
Clay-sericite (after plagioclase) 3 %  
Magnetite 1% 
Chlorite, sericite (after biotite and ?olivine) 1% 
Ilmenite, sphene <1% 
Zircon, apatite tr 

This sample consists mainly of plagioclase and amphibole; no quartz is 
visible. A central portion of the section is richer in plagioclase, 
poorer in amphibole, and contains minor opaque (mainly magnetite, as 
rounded to euhedral crystals up to 1 mm diameter). 

(recrystallized) crystals up to 1 mm diameter. They look to be the 
product of metamorphic recrystallization, with only minor concentric 
zoning in wide, diffuse zones. Compostion appears to be about andesine 
(zu-13~)  Some crystals 
show minor incipient alteration to fine clay-sericite along fractures, 
cleavages and around margins. 

interstitial to the plagioclase. Strong pale yellow to olive-green 
pleochroism and moderate extinction angles about 15  degrees suggest 
hornblende. In the amphibole aggregates, rare flakes of sericitized or 
chloritized biotite to 0 . 2 5  mm diameter occur. Some chlorite-magnetite 
pseudomorphs with euhedral outlines suggest former ?olivine crystals up 
to 0.8 mm in diameter. 

Accessory minerals include the magnetite, lesser ilmenite altered 
to sphene, and traces of zircon and apatite as euhedral crystals up to 
100 and 50 microns long respectively. Minor chlorite as minute 
rosettes up to 20 microns in diameter, aggregating to needle-like areas 
up to 0.3 nun long, is associated with the magnetite and with pyrite as 
subhedral crystals to 0.5 mm diameter. 

This is a somewhat unusual plutonic rock, ostensibly a hornblende 
diorite but with traces of former more mafic character, such as 
chlorite-magnetite pseudomorphs after ?olivine, and conunon magnetite- 
ilmenite crystals; the composition of the plagioclase could have 
originally been more calcic, and been made more sodic during 
greenschist facies metamorphism and tectonic recrystallization, evident 
in the rock. 

Plagioclase occurs as subhedral to rounded, polygonal 

based on extinction angle Y”010 about 19 degrees. 

Amphibole occurs as subhedral to anhedral crystals up to 1 mm long 

Craig H.B. Leitch, Ph.D.. P.Eng. 
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