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- Geological mapping, rock sampling and soil sampling were conducted o n  

the SKOOK copper-gold-silver property during the fall of 1987 and 
spring of 1988.  

Mineralization occurs in three zones and is associated with 
hypabyssal alkalic rocks including gabbro and trachyandesite which 
have intruded Takla volcanics and sediments near the southern margin 
of the Hogem batholith. Grab samples returned up to 13.4 ppm gold, 
16 .6  ppm silver and 2.3% zinc. Chip samples across one metre returned 
values of up to 4.3 ppm gold and 53 ppm silver. 

Further work including soil sampling and a ground magnetometer survey 
followed by an I.P. survey over any areas anomalous in gold and/or 
copper is recommended. 
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T h i s  r e p o r t  c o v e r s  work conducted  on t h e  SKOOK #3, # 4 ,  # 5  #6  
L minera l  c l a i m s  ( 6 5  u n i t s )  l o c a t e d  on t h e  n o r t h  s h o r e  of Chuchi Lake 

some 87 k i l o m e t r e s  n o r t h  of F o r t  S t .  James B.C. i n  t h e  Omineca Mining 
D i v i s i o n .  

Access t o  t h e  p r o p e r t y  i s  by a l l  wea the r  g r a v e l  r o a d  from F o r t  S t .  
James. S i n c e  much of t h e  p r o p e r t y  h a s  been logged o v e r  t h e  p a s t  t e n  
y e a r s  f o u r  wheel d r i v e  v e h i c l e s  g i v e  e x t r e m e l y  good a c c e s s  t o  most of 
t h e  c e n t r a l  a r e a .  

During t h e  summer and f a l l  of 1987 and t h e  s p r i n g  of 1988 seven and 
one h a l f  k i l o m e t r e s  of l i n e  were r u n .  One hundred and s e v e n t y - t h r e e  
s o i l  and n i n e t y - n i n e  rock  samples  were c o l l e c t e d .  A l l  were a n a l y z e d  
f o r  Au and m u l t i - e l e m e n t s  by ICAP. Twenty-eight  rock  samples  were 
a n a l y z e d  f o r  mercury. 

Hand t r e n c h i n g  exposed s e v e r a l  q u a r t z - c h a l c o p y r i t e  v e i n s  o r  
s i l i c i f i e d  a r e a s .  Chip samples  r e t u r n e d  up t o  4 . 3  ppm g o l d  and 5 3  ppm 
s i l v e r  a c r o s s  one metre .  

Claim Name Record # # U n i t s  Exp i ry  Date 
SKOOK # 3  8844 20 September 2 ,  1991 
SKOOK # 4  8845  15 September 2,  1991 
SKOOK #5  8846 1 2  September 2, 1991 
SKOOK #6 8847 18 September 2, 1991 

The f o u r  c l a i m s  were grouped September 2 ,  1988 under  t h e  g roup  name 
SKOOK and a l l  a r e  b e n e f i c i a l l y  owned by Nat ion  R i v e r  Resources  L td .  

The SKOOK p r o p e r t y  c o v e r s  a  p o r t i o n  of t h e  n o r t h  s h o r e  of Chuchi Lake 
between t h e  e l e v a t i o n s  of 868 met res  and 1158 met res  ( F i g u r e  2 ) .  The 
c e n t r a l  working a r e a  which c o n s i s t s  of low h i l l s  h a s  been p a r t i a l l y  
logged.  Timbered a r e a s  mainly s u p p o r t  open J a c k p i n e  and s p r u c e ;  
however, p o o r l y  d r a i n e d  a r e a s  c a n  have a dense  growth of s p r u c e ,  
balsam and a l d e r .  
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The SKOOK property is situated in the Omineca Tectonic Belt of the 
Canadian Cordillera and lies along the southern edge of the Hogem 
batholith. The Hogem batholith is a composite intrusion ranging in 
composition from syenite to granite. 

The intrusive rocks are in contact with Takla volcanics and/or 
sediments along the northeast part of the property. 

2.4 GEOCHEMICAL SURVEY 

This survey was conducted during the fall of 1987 and the spring of 
1988. A total of one hundred and seventy-three soil and ninety-nine 
rock samples were collected and analyzed for gold and multi-elements 

the rock samples were analyzed for mercury 
for fire assay gold. 

by ICAP. Twenty-eight of 
and nineteen of the soil samples were re-run 

des covering newly d 

- 
The SKOOK property, besi iscovered gold-quartz- 
chalcopyrite veins, overlies a prospect found in the 1950's by Bill 

- Rigler of Prince George (Rig Zone) and is on strike from silver-lead- 

zinc mineralization originally found by Ted Taylor and George Snell 
in the 1930's and rediscovered by Ted Taylor in the early 1960's 
(from personal communications with T.H. Taylor). Ted Taylor staked 
this property which is known as the WIT. 

During the late 1960's Noranda owned or operated claims over the 
western portion of the SKOOK (Dirom, 1968) and drilled five AX 
diamond drill holes on the WIT. Botel (1965) estimated the drilled 
zone to contain 20,000 tons probable ore grading 7.5% combined lead- 
zinc plus silver. Later Royal Canadian Ventures Limited optioned the 
WIT property from Taylor and conducted an I.P. survey (Woodward, 
19681, mapped and soil sampled and conducted a ground magnetometer 
survey over the eastern portion of the SKOOK (Vollo, 1967). 

During the late 1960's the author conducted a silt survey along the 
north shore of Chuchi Lake and found the area near the center of the 
SKOOK property highly anomalous in copper. Claims were staked; 
however, the source of the copper silt anomaly was not found and the 
claims were allowed to lapse. 



The central grid was mapped by the author on a scale of 1:5000; the 
results are plotted on Figure 3. Hip-chain and compass were used to 
control the survey away from the grid lines. Other areas prospected 
and mapped outside the grid area are also plotted on Figure 3 using 
air photos as control. 

The SKOOK property covers the southerly portion of the Hogem 
batholith where it is in contact with Takla volcanics and sediments, 
this contact runs east-west along the northern portion of SKOOK # 4  
& #6. 

The known mineralization on the SKOOK is related to alkalic volcanic 
and hypabyssal rocks ranging from gabbro to trachyandesite and latite 
which have intruded coeval(?) andesite and limey to siliceous 
sedimentary Takla rocks. 

Ten rock samples were sent for petrographic examination to Vancouver 
Petrographics; their report is attached as Appendix D. Sample 
locations are plotted on Figures 3 and 4c. 

Three areas have economically interesting mineralization, the CLll 
Zone, the Rig Breccia Zone and the South Zone. 

The Rig Breccia Zone (Figure 6) at 5t00N-0t50E is at least six metres 
wide and is exposed in two old trenches, twenty-five metres apart, on 
both sides of a small stream; it consists of a central 1.2 metre wide 
shear or gouge zone; striking at 290 degrees that dips steeply, and 
has intensely brecciated wall rocks on both sides. The main sulphide 
mineralization in the breccia is sphalerite; minor galena and 
chalcopyrite occur in vuggy quartz veinlets (Appendix D-CL84 & CL86). 
Besides Zn, Pb & Cu the zone is anomalous in Silver - up to 21.8 ppm, 
mercury - up to 2.1 pprn and gold - up to 300 ppb. It is the best 
example of epi thermal mineral izat ion on the SKOOK. 

The CLll Zone (2t00S-5t25W) returned grab samples of up to 13.4 pprn 
gold, 16.6 pprn silver and 2.3% zinc and contains sphalerite, galena, 
chalcopyrite and quartz. The zone is about one metre wide, strikes at 
90 degrees and dips steeply. The wall rock near the vein is light 
green and consists mainly of chlorite and carbonate. A one metre chip 
sample returned 6.4 pprn silver and 2.75 pprn gold. 



The South Zone (Figure 7 )  consists of a one metre wide silicified 
zone in andesite (Vancouver Petrographics CL59R) containing quartz, 
calcite, pyrite and chalcopyrite and returned 4.3 ppm gold and 53 ppm 
silver across one metre. A small gossan caused by clay alteration of 
the andesite contains quartz veinlets and chalcopyrite occurs fourty 
metres west of the silicified zone. 

Wares (1971) postulated that Chuchi and Tchentlo Lakes represent 
large regional sigmoidal gash zones developed by wrench faulting and 
that the resultant dilatant zones were loci of magnetic and 
hydrothermal activity, I concur in this analysis and suggest the 
mineralization on SKOOK (and the WIT) supports Wares' contention. 
East-west linears are obvious on air photographs, mineralization 
strikes east-west and the Takla volcanics - Hogem batholith contact 
strikes east-west. Faulting is evident in brecciation of the 
volcanics and in veins which have healed and refractured. 

Most outcrops in the central grid zone show evidence of hydrothermal 
alteration, including bleaching and the development of chlorite, 
carbonate and pyrite. This alteration becomes more extensive near 
s i 1 ici f ied zones which contain more pyrite and serici te . Tourmal ine 
as acicular crystals with quartz can be found over much of the 
central grid area associated with vuggy quartz veinlets. 



This survey was conducted during the fall of 1987 and the spring of 
1988 to check for copper, gold and silver mineralization on the SKOOK - 
property. A total of one hundred and seventy-three soil and ninety- 
nine rock samples were collected and analyzed for gold and multi- 
elements by ICAP; in addition twenty-eight ;f the rock samples were 
analyzed for mercury. 

The control grid consists of 7.5 kilometres of hip-chain and Silva 
compass line all tied to the SKOOK claims common legal corner post. 

Most of the geochemical results are plotted at 1:2500 on Figures 4a, 
46 & 4c. Those areas off the control grid are plotted on Figure 1 at 
a scale of 1:5000. Detailed rock sampling was under taken in the 
South Zone (Figure 7 )  and the Rig Breccia Zone (Figure 6 ) ;  results 
are plotted at a scale of 1:250. Results from pan concentrate samples 
and two silt samples are plotted on Figure 1 but are not charged to 
the cost of this survey. 

A. Soil Survey 
A mattock was used to sample the first available mineral soil horizon 
usually at a depth of less than six inches. These samples, typically 
a mixture of B and C horizons, were stored in 4"x 6"  Kraft paper 
bags. Notes were kept on standard soil sheets to aid in 
interpretation of the results. Sample location was controlled by hip- 
chain and compass grid lines. Location of each soil sample is noted 
on the geochemical certificates for gold appearing in Appendix C of 
this report. 

B. Rock Survey 
Generally a rock hammer was used to obtain approximately five pounds 
of rock chips over a one metre area; samples were stored in plastic 
bags. Other widths and rock sample descriptions are included in 
Appendix E. Rock sample locations are included on Figure 4c and on 
the areas sampled in detail on Figures 6 7 .  

* 
All samples were analyzec 
Street, Vancouver, B.C. 

d by Vangeochem La ~b Limited o 8 Triumph 

Analytical methods are included in Appendix C. 



4 . 3  WUfnTS AND INTERPRETATION 

A .  S o i l  Geochemical Survey  
The r e s u l t s  of t h e  s o i l  s u r v e y  a r e  p l o t t e d  on F i g u r e s  4a,  4b & 4c. I n  
t h e  a u t h o r s  e x p e r i e n c e  i n  t h i s  a r e a  c o p p e r  v a l u e s  of g r e a t e r  t h a n  100 
pprn i n  s o i l  a r e  s i g n i f i c a n t .  Anomaly A i s  n e a r l y  one k i l o m e t r e  long  
a v e r a g i n g  200 m e t r e s  i n  width  w i t h  a l l  v a l u e s  g r e a t e r  t h a n  100 pprn 
copper  ( copper -go ld  r e s u l t s  a r e  p l o t t e d  on F i g u r e  4A). Two o t h e r  
s i n g l e  sample anomal i e s  were found one a t  Line 4t00E-2t50N ( C u  - 213 
pprn & A s  - 1 2 9  ppm) t h e  o t h e r  a t  Line  8t00W-2t50N ( C u  - 398 ppm & As 
1 3 1  ppm) i n  a a r e a  where f l o a t  of q u a r t z  s tockwork i n  a n d e s i t i c  
b r e c c i a  was found.  

Gold v a l u e s  of  40 ppb and g r e a t e r  a r e  c o n s i d e r e d  by t h e  a u t h o r  t o  be 
anomalous and i n  a r e a s  of d e e p e r  ove rburden  v a l u e s  o f  10 ppb o r  
g r e a t e r  c o u l d  be s i g n i f i c a n t .  

A r s e n i c  i n  s o i l  r e s u l t s  a r e  p l o t t e d  in  F i g u r e  4c.  Lead and Z i n c  i n  
s o i l  r e s u l t s  a r e  p l o t t e d  on F i g u r e  4b. 

B. Rock Geochemical Survey  
Copper and  g o l d  r e s u l t s  a r e  p l o t t e d  on F i g u r e  4a,  6a  & 6b. A s  w e l l ,  
some samples  o u t s i d e  t h e  g r i d  a r e a  a r e  p l o t t e d  on F i g u r e  1 .  Lead and 

- z i n c  r e s u l t s  i n  rock  a r e  p l o t t e d  on F i g u r e  46, 6b & 7b. A r s e n i c  and 
mercury v a l u e s  i n  rock  a r e  p l o t t e d  on F i g u r e  4c.  

Many of t h e  rock  samples  a r e  h i g h l y  anomalous i n  g o l d  - up t o  13.4 
ppm, c o p p e r  - up t o  .67%,  s i l v e r  - up t o  64 .4  ppm, a r s e n i c  - up t o  
.76% and mercury - up t o  2.1 ppm. 



The stream sediment and pan concentrate sampling, conducted since the 
work reported on as assessment work in this report, along with the 
bifurcation of the aeromagnetic anomaly on the northwest part of the 
SKOOK # 5  claim suggests a hydrothermally altered copper-gold bearing 
alkalic stock. Further I submit that the Rig Breccia, the South and 
the C L l l  Zones, all' anomalous in Cu, Ag, Pb, Zn & Hg, and the WIT 
Ag-Pb-Zn mineralization are all areas peripheral to a main 
mineralized alkalic stock which could contain a bulk tonnage copper- 
gold deposit. 

Further work on the SKOOK should be focused on this area even though 
overburden could be relatively deep. Work should include the 
extension of grid lines over SKOOK # 5  & SKOOK #6, a ground 
magnetometer survey of both the existing grid and the proposed new 
grid and soil sampling of the new grid with analyses for gold and 
multi- elements by ICAP. An I.P. survey should be conducted over any 
areas anomalous in gold and/or copper. 
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STATEMENT O F  Q U A L I F I C A T I O N  

I, Colin Campbell, of the Town of Courtenay, in the Province of 
British Columbia, do hereby state that: 

I am a Geologist. 
I graduated from the University of British Columbia in 1966 
with a B.Sc. Degree in Honours Geology. 
I have worked steadily in mining exploration in British 
Columbia and Yukon Territory from 1966 to 1973; 
intermittently from 1974 to 1983 and steadily from January 
1984 to the present. 
I personally carried out, or supervised, the Geochemical 
and Geological Survey on the SKOOK 3-6 Mineral Claims. 
I own a large share interest in Nation River Resources. 

Colin>. Campbell 



ALxEuuu 
AS OF SEPTEMBER 2, 1988 

WAGES 
Field 
Off ice 

STATEMENT OF EXPENDITURD - OOK 3-6 

(break down page following) 

Aircraft C-180 7 hrs.@ $125 / hr. 
Truck Field 22 days @ 860 / day 

Trip Ctny / Vanc & return 

s 
SOILS SAMPLES 

99 samples - Au/sol & ICAP @ 13.85 / ea 
19 samples - Au/fire-rerun @ 7.50 / ea 
74 samples - Au/fire & ICAP @ 14.85 / ea 

ROCK SAMPLES 
99 samples - Au/sol & ICAP @ 17.50 / ea 
28 samples - Hg @ 3.50 / ea 

FOOD W G I N G  50 days @ 850.00 / day 2500.00 82500.00 

TOTAL $24,473.87 

COLIN CAMPBELL 



X B - nt, 
A S  OF SEPTEMBER 2 ,  

STATEMENT OF EXPENDfTURES - OOK 3  - 6  

WACES 
C o l i n  Campbell 

FIELD 
1987 August 1 1 , 1 2 , 1 3 , 1 8 , 1 9 , 2 0 , 2 1 .  

September l 4 , 1 5 , 1 7 , 1 9 ,  
( 2 0 , 2 2 , 2 3  - 1 / 2  d a y s ) .  
O c t o b e r  2 1 , 2 5 , 2 6 , 2 7 , 2 8 .  

1988 May 2 5 , 2 6 , 2 8 , 2 9 , 3 0 , 3 1 .  
June 1 , 2 , 3 .  
August 2 2 , 2 3 , 2 4 , 2 6 .  

OFF I C E  
1987 September ( 2 8 , 2 9  - 1 / 2  d a y s ) .  

O c t o b e r  6 .  
November 1 2 , 1 8 , 2 4 , 2 5 , 2 7 .  

1988 June 6 , 1 3 , 1 4 .  
4 1 . 5  d a y s  6 $ 2 2 5  / d a y  

- Dan Morr i son  
FIELD 

1987 August 1 8 , 1 9 , 2 0 , 2 1 .  
4 d a y s  @ $ 1 0 0  / day  

Tim Tacker 
FIELD 

1987 September 1 4 , 1 5 , 1 7 , 1 9 ,  
< 2 0 , 2 2 , 2 3  - 1 / 2  d a y s ) .  
O c t o b e r  2 1 , 2 5 , 2 6 , 2 7 , 2 8 .  

1 0 . 5  d a y s  @ $ 1 0 0  / d a y  

1988 May 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 3 0 , 3 1 .  
June 1 , 2 .  

9  d a y s  @ $ 1 5 0  / day  

Grant Gordon 
FIELD 

1988 August 2 2 , 2 3 , 2 4 , 2 6 .  
4 d a y s  @ $ 1 2 5  / day 5 0 0 . 0 0  8 5 0 0 . 0 8  

TOTAL 8 1 2 , 7 3 7 . 5 0  

4w CO I N  CAMPBELL 
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APPENDIX C 

, ANALYTICAL PROCEDURE FOII .c;OLD IN SOIL AND SILT 

- Analytical procedure used to determine Aqua Ragin  

roluble gold in geochemical aamplee 

(8) Geochemical moil, milt or rock samples were received i n  
the laboretory in wet-strength 4" x 6" Kraft paper b a g n  
.or rock &amplea oometimes in 8" x 12" plastic bags. 

(b)  The dried .oil and silt samplea were sifted by hand 
u.ing a 8" diameter 80-mceh .tainlees steel sieve. The 
P ~ U &  80-heah fraction was rejected and the mlnua 80- 
nosh fraction wan transferred into a n e w  bag for 
hnalymia later. 

( 0 )  The drimd rock rarnples were cruehed by ueing a J a w  
crusher and pulverized to 10Q-mesh or finer by u8ing a 
disc   ill. The pulverized samples were then put in a 
hew beg tor later analysis, 

( 8 )  . 5-00 - 10.00 grarne of the minue 80-mesh samples were 
used. Samplers war@ .weighed out by uring en electronic 
micro-balance into beakera. 

(b) 20 nl of Aqua Regia (3:1 WC1 : HN03) were ueed to 
9iga.t thm ramples over a hot plate vigo;ously. 

(c) The digamted ramplea were filtered and the waehed p u l ~ a  
War. dihcardad and the filtrate was reduced t o  about 5 m l .  

(d) The Au complex ione were extracted into diisobutyl 
ketone end thiourea medium. (Anion exchange liquid6 
"Aliquot 336") . 

( )  Separate Funnela were ueed t o  separate the organic 
l ayer .  

The gold analyaes were detected by uming a Techtron model 
A A 3  Atomic Absorption Spcctrophotomcter with a gold hollow 
cathad. lamp. The results were read out on s atrip chart 
r*cotd@r. A hydrogen lamp waa used t o  correct any back- 
ground intdhrfarrncaa. T h e  gold values in part8 per billion 
Mere cslcuiated by comparing them with a aet of gold &tan- 
darda. 

7%. enalyaea ware supervised o r  determined by Hr. Conway 
Chun or Hr,.'Eddie Tang a n d  his laboratory mtaff. 



FROM: Vangeochem tnb I.td . 
1521 Pemberton A v e .  
North Vancouver. B.C. V 7 P  2S3 

- SUBJECT: Analytical procedure uaed to determine gold by fire- 
aeeay method and detected by atomic absorption spec. 1 1 1  

goelogical esmples. 

(a) Geochemical  oil, milt or rock samples were received i t 1  

the laboratory in wet-strenqth 4" x 6" Kraft paper b n c 1 . q  

or rock Barnplea mometimes in 8" x 12" plastic baga. 

(b) The dried aoil and silt samples were sifted by hand 
uiBing a 8" dinmeter 80-maah etainlea @tee1 aieve. ' 1 ' 1 1 ~  

p l u s  80-mesh fr~ction wee re~ected and the minua 80- 
meeh fraclton was traneferred into e new bag for 
analysis later. 

(c) The dried rock snrnplee were crushed by using a ~ a w  cru- 
sher and pulverized to 100-meeh for finer by usinq fl 

diec mill. The pulverized samplee were then put i r l  n 
new bag for later analyein. 

(a) 20.0 - 30.0 grama of the pulp samples were ueed. S e n -  
Plea were weighed out by u6ing a top-loading balance 
into fueion pot. 

(b) A Flux of litharqe, soda enh, silica, borax, flour, or 
potaesium nitrite ie added, then fueed at 1900 degrees 
F end a lead button ie formed. 

( c )  The gold is extract by cupellation end part with di- 
luted nitric acid. 

(d) The gold bead ie ~ n v e d  for measurement later. 

(a) The gold bead ie disolved by boiling with eodium 
cyanide, hydrogen peroxide end ammonium hydroxide. 

(b) The gold analyees were detected by using a Techtron 
model AAS Atomic Abeorption Spectrophotometer with 8 
gold hollow cathode lamp. The reeulte were reed out on 
a strip chert recorder. The gold valuee in parts Per 
billion were calculated by comparing them with a set of 
gold standards. 

The analyeee were supervised or determined by Mr. 
Conway Chun or Mr. David Chiu and hia laboratory staff. 
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SARPLE t 

DETECTION L I H I T  

A u 

, D P ~  
l O + O O W  10 
0+50N ' 10 
1+00N 5 
1+50N nd 
2+00N 15 

2+50N nd 
3+00N nd 
3+00N 10 
2+50N 30 
2+00N 10 

1+50N 10 
1+00N 10 
0+50N 10 
B . L .  5 
9+50W 10 

9+00W 10 
8+50W 15 
7+50W 20 
7+00W 15 
6+80W nd 

6+00W 10 
5+50W 10 
5+00W nd 
4+50W 10 
4+00W 10 

3+50W 20 
3+00W nd 
2+50W 15 
1+50W 10 
1+ooW 30 

0+50W 30 
L . C . P .  nd 
0+50S 5 
1+oos 35 
2+0OS nd 

2+70S 10 
34-005 20 
5+00S nd 
4+50S 10 
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4+00S 
3+50S 
3+30S 
2+50S 
2+00s 

1+50S 
l+OOS 
0+50S 
0+50N 
1+00N 

1+50N 
2+00N 
0+50S 
1+oos 
1+50S 

2+00S 
2+50S 
2+88S 
2+50S 
2+00S 

1+50S 
l+OOS 
0+50S 
0+50N 
1+00N 

1+50N 
2+00N 
2+50N 
2+50N 
2+00N 

1+50N 
1+00N 
0+50N 
B.L. 
0+50S 

l+OOS 
1+50S 
2+00S 
2+50S 

nd + none detected -- = not analysed is = insufficient s a n ~ l e  
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. P P ~  

CL316S L6W 3+00S 25 
CL317S L6W 3+50W 15 

DETECTION LIIIT 5 
nd = none detected -- = not analysed is = insufficient sample 
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/ APPENDIX D -34-  

- - _  
JAMES VINNELL. Managel 

JOHN G .  P A Y N  E. Ph. D. Geoloaist 

Report for: Colin Cam,pbell, 
  at ion River Resources ~td., 
Suite 488, R.R. 1 4 ,  
COURTENAY, B.C., V9N 753  

P.O. BOX 39 
8887 NASH S T R E E T  
FORT LANGLEY.  B.C. 
V O X  1JO 

PHONE ( 6 0 4 )  888-1 323 

invoice 7107 
January 1988 

Samples: CL-52 H.S., -59-R, -69-R, -84-R, -86, -101, -501, -502, -503, 
-504 

summary: 

The samples are from an alkalic volcanic and hypabyssal suite, 
ranging from alkali gabbro to trachyandesite and latite. 

&CL-52 H.S. porphyritic trachyandesite: phenocrysts of plagioclase and 
clinopyroxene with minor ones of hornblende, biotite, and 
magnetite in a groundmass of plagioclase and lesser 
K-feldspar with minor chlorite. 

quartz-calcite-chalcopyrite-pyrite vein with minor 
tetrahedrite(?) replacing an altered host rock dominated 
by quartz with lesser sericite and minor pyrite. 

altered porphyritic andesite with phenocrysts of 
plagioclase and minor ones of biotite and hornblende in a . 
groundmass of plagioclase-calcite-chlorite with minor 
pyrite; veins are of quartz-(calcite) with minor pyrite. 

breccia: fragments of altered andesite(?) dominated by 
sericite and chlorite, and,of silica and quartz in a 
groundmass of calcite with lesser quartz and minor pyrite. 

breccia: fragments of quartz-calcite in a groundmass of 
cryptocrystalline silica-dolomite and patches of calcite 

altered alkalic gabbro dominated by clinopyroxene and 
plagioclase with lesser K-feldspar and patches of 
tremolite/actinolite; cut by a replacement vein dominated 
by K-feldspar with patches of pyrrhotite, actinolite, and 
tourmaline. - 
porphyritic latite with phenocrysts of plagioclase and 
hornblende in a groundmass dominated by plagioclase and 
lesser K-feldspar, with patches of tremolite/actinolite 
and of epidote, and minor pyrrhotite. 

alkali gabbro porphyry, with phenocrysts of plagioclase 

and clinopyroxene, and minor sphene in a groundmass 
dominated by plagioclase with lesser K-feldspar and minor 
epidote and marcasite/pyrite. 

(continued) 
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b-CL-503 hypabyssal leucocratic diorite dominated by plagioclase 
with patches of amphibole and lesser, chlorite, and 
replacement patches of calcite; replaced by tourmaline 

- vein and late calcite veinlet. 

L. CL-504. breccia; fragments of chlorite-rich rock and andesite in 
groundmass of porphyritic latite/trachyte containing 
abundant replacement dolomite/calcite patches 

Rock names in the.alkalic volcanic and hypabyssal suite are not 
as well defined as in the calcalkalic suite because of the stronger 
degree of fractionation between phenocrysts and groundmass. For 
example, sample CL 52 H.S. (trachyandesite) is similar to samples 
C1-101 and CL-520 (alkali gabbro), in that they all contain 
clinopyroxene phenocrysts and moderately abundant groundmass 
K-feldspar . 

Carbonates were distinguished mainly on the basis of relief, with 
dolomite having moderately high relief and calcite moderately low 
relief. 

For iron sulfides, marcasite/pyrite was identified by moderate 
anisotropism, whereas pyrite is isotropic to weakly anisotropic. 

Amphiboles were distinguished mainly by color, with 
' tremolite/actinolite very pale green, actinolite pale to light 

green, and hornblende light to medium green to brown. 



Porphyritic Trachyandesite 

The rock contains phenocrysts of clinopyroxene and plagioclase, 
and minor ones of biotite in a groundmass dominated by lathy to 

- b feathery plagioclase and lesser K-feldspar. 

phenocrysts 
plagioclase 
clinopyroxene 
hornblende 
biotite 
magnetite/hematite 
apatite 

groundmass 
plagioclase 
K-feldspar 
chlorite 
quartz 
epidote 
calcite 
chalcopyrite 
pyrite 

20-25% 
15-17 

1 
0.5 

2- 3 
minor 

35-48 
10-15 
3- 4 

minor 
minor 
minor 
minor 
trace 

Plagioclase forms phenocrysts from 0.7-1.5 mm in size. It is 
altered moderately to strongly to extremely fine to very fine grained 
patches of epidote. 

Clinopyroxene forms anhedral to subhedral phenocrysts from 
0.2-0.8 mm in size, with a few up to 1.3 mm long. 

Hornblende forms ragged to euhedral phenocrysts up to 1.5 mm in 
length. It is light to medium greenish brown in color. Some 

- phenocrysts are altered moderately to very fine grained, in part 
pseudomorphic epidote. 

Biotite forms a few equant phenocrysts averaging 0.2-0.3 mm in 
size. It is altered completely to pseudomorphic chlorite, with or 
without moderately abundant epidote patches. 

Magnetite forms equant, anhedral grains and clusters of grains 
averaging 0.1-0.3 mm in size. ~t is altered strongly to hematite. 

Apatite forms a few equant, anhedral phenocrysts averaging 
0.1-0.15 mm in size. 

The groundmass is dominated by irregular lathy to feathery 
plagioclase and lesser interstitial K-feldspar grains averaging 
0.03-0.08 mm in size. Chlorite and much less epidote occurs in 
interstitial, extremely fine grains and aggregates. Locally, these 
grade upwards in size to patches up to 0.3 mm across of chlorite, with 
or without epidote. ~n a very few patches, calcite forms anhedral 
grains up to 0.2 mrn in size intergrown with chlorite and epidote. 

Quartz forms a patch 0.4 mm long at the end of one plagioclase 
phenocryst; it consists of a few grains from 0.08-0.2 mm in size. 

Chalcopyrite forms a few anhedral grains up to 0.03 mm in size in 
the groundmass, and a few patches up to 0.13 mm in size in phenocrysts 
of clinopyroxene. 

Pyrite forms a very few subhedral grains up to 0.03 mm in size; 
some grains are replaced partly by hematite. 



CL-59 R Quartz-Calcite-Chalcopyrite-pyrite Vein 
replacing Quartz-Sericite Altered Host Rock 

  he rock contains relic patches of very fine to extremely fine 
.- grained quartz, quartz-sericite, and sericite-(limonite) enclosed in 

fine to medium grained quartz, with patches of coarse grained calcite, 
and disseminated patches of sulfides, dominated by chalcopyrite and 
lesser pyrite. 

host rock vein 
quartz 15-20% quartz 45-50% 
sericite 4- 5 calcite 15-20 
pyrite FJ.3 chalcopyrite 1- 2 
biotite minor pyrite 0.5 
apatite trace tetrahedrite(?) minor 
Ti-ox ide trace sphalerite trace 

The patches of host rock show a variety of textures. Some 
consists entirely of very fine grained quartz in random to slightly 
oriented textures. others consist of irregular aggregates dominated 
by quartz with minor to locally moderately abundant interstitial 
patches of sericite. ~n some, sericite is concentrated in discrete 
patches, a few of which show subhedral outlines, suggesting that they 
represent original plagioclase phenocrysts. Some patches are 
dominated by sericite with minor limonite; in some of these sericite 
has a foliated texture, suggesting that it represents a 
metasedimentary rock. The largest of these contains disseminated 
pyrite and is cut by a vein up to 0.6 mm wide in which pyrite forms a 
dense aggregate 0.4 mm wide bordered by a band of quartz 0.2 rnm wide. 
Quartz grains are oriented perpendicular to the vein walls- -- Pyrite occurs in some patches as clusters of subhedral to 
euhedral cubic grains from 0.05-0.2 mm in size. ~ssociated with some 
pyrite patches are feathery to slightly radiating clusters of pale to 
light greenish brown biotite averaging 0.02-0.03 mm in grain size. 

Apatite and ~i-oxide form a very few anhedral grains up to 0.03 
mm in size. 

Vein quartz commonly is subhedral in outline, with grains 
averaging 0.2-1 mm in size. ~n places subhedral to euhedral grains of 
quartz are intergrown with the altered host rock. 

Calcite is concentrated in one main zone as anhedral grains up to 
a few mm across. It also occurs adjacent to this zone as smaller 
grains (0.1-0.7 mm) intergrown with quartz. 

Chalcopyrite and pyrite occur in clusters up to 1.7 mm in size. 
Some are dominated by chalcopyrite with scattered anhedral pyrite 
grains; others contain euhedral pyrite cubes surrounded by 
chalcopyrite. Pyrite is slightly anisotropic. Near calcite, patches 
of each sulfide commonly are rimmed by thin halos of secondary 
hematite, and locally pyrite is replaced along veinlets by hematite. 

One sulfide patch contains a few interstitial grains up to 0.03 
mm across of tetrahedrite(7) intergrown with chalcopyr'ite and locally 
with secondary covellite. 

Sphalerite forms a few patches up to 0.1 mm in size interstitial 
to subhedral quartz grains. sphalerite contains abundant exsolution 
blebs of chalcopyrite averaging 0.005 mm in size. 

In the second section (examined only under reflected light), two 
sulfide patches contain several subhedral to euhedral grains of 
arsenopyrite up to 0.2 mm in length. In one of these patches, 
arsenopyrite is altered to secondary minerals, including abundant 
covellite. Associated with chalcopyrite in one of these patches is a 
grain up to 0.35 mm across of tetrahedrite(?) 



CL-69 R Altered Porphyritic ~ndesite cut by Quartz-Calcite Veins 

a The rock contains phenocrysts of plagioclase and much less 
biotite and hornblende in a groundmass dominated by plagioclase, 
calcite, and chlorite. 

phenocrysts 
plagioclase 
biotite 
hornblende 
apatite 

groundmass 
plagioclase 
calcite 
chlorite 
pyrite 

veins 
25-30% quartz 5- 7% 
2- 3 calcite 1- 2 
1- 2 pyrite 0.3 
trace chlorite minor 

Plagioclase forms subhedral to euhedral prismatic phenocrysts 
averaging 0.7-1.5 mm in length. ~t is altered completely to extremely 
fine grained sericite and locally minor chlorite. 

Biotite forms mainly equant phenocrysts averaging 0.2-0.3 mm in 
size. It is altered completely to pseudomorphic chlorite and abundant 
Ti-ox ide needles. 

Hornblende forms a few anhedral to subhedral phenocrysts up to 1 
mm across, and numerous ones averaging 0.1-0.2 mm across.   he larger 
ones are replaced completely by intimate intergrowths of very fine 
grained calcite and chlorite. The smaller ones are replaced by 
chlorite with Ti-oxide concentrated in an irregular rim around the 
border of the grain. 

Apatite forms a few stubby, subhedral prismatic grains up to 0.1 
.- _ mm long. 

The groundmass consists of extremely fine grained plagioclase and 
much less chlorite, with irregular patches of calcite averaging 
0.1-0.3 mm in size. Groundmass plagioclase is altered moderately to 
sericite. Pyrite forms disseminated grains and clusters of grains 
averaging 0.02-0.1 mm in size. 

Most veins are in a subparallel set, and are up to 1 mm wide. 
They are dominated by very fine to locally fine grained quartz, with 
scattered grains of calcite and of pyrite, and with minor irregular 
patches of chlorite. ~n the centerlines of several veins are 
concentrations of extremely fine grained quartz and sericite. 
Calcite and pyrite grains are up to 0.6 mm in size. Pyrite commonly 
is subhedral to euhedral in outline. A few veinlets are dominated by 
very fine to fine grained calcite, with or without scattered fine 
grains of pyrite. 



CL-84 R Breccia, Altered Andesite(7) with replacement by 
Calcite-~~artZ-(Pyrite); veins of calcite-pyrite 

The rock contains angular fragments averaging as few mm across 
and locally up to 2 cm long (in hand sample). Much of the rock is 
strongly altered, such that the original rock type is uncertain. 
Several patches are dominated by extremely fine grained silica. A few 
are dominated by very fine grained replacement quartz. Elsewhere, the 
fragments are dominated by extremely fine grained sericite-chlorite 
with coarser grained ,flakes and aggregates of muscovite/~i-oxide and 
of chlorite, possibly after biotite. The fragments are enclosed in 
and partly replaced by calcite, lesser quartz, minor pyrite and much 
less chalcopyrite and sphalerite. 

fragments(?) 
silica-rich 4- 5% 

' quartz-rich 1- 2 
andesi te ( ? )  

ser icite 12-15 
chlorite 7- 8 
muscovite- (Ti-oxide) 2- 3 
rut ile minor 

breccia groundmass and replacement 
calcite 50-55 
quartz 12-15 
pyrite 2- 3 
Ti-oxide minor 
chalcopyrite trace 
sphalerite trace 

The rock contains angular to irregular patches up to 1.5 in 
size dominated by extremely fine grained (0.002-0.003 mm) silica with 
scattered coarser grains (0.02-0.1 mm) of quartz and disseminated 
replacement patches of subhedral/euhedral calcite/dolomite and of 
anhedral pyrite averaging 0.05-0.07 mm in size. 

One patch up to 2 mm across is dominated by prismatic quartz 
grains up to 0.1 mm in size, with interstitial, finer grained quartz 
and minor disseminated calcite and pyrite. 

The altered andesite(?) consists of intergrowths of extremely 
fine grained sericite and chlorite, with coarser patches (averaging 
0 .l-0.2 mm in size of ragged muscovite- (~i-oxide) flakes (possibly 
secondary after biotite), and patches of chlorite flakes, generally 
without Ti-oxide, up to 0.2 mm across.   utile forms scattered grains 
and clusters of grains from 0.05-0.15 mm in size. 

Much of the breccia matrix is dominated by anhedral aggregates of 
calcite grains averaging 0.1-0.3 mm in grain size. 

Quartz forms anhedral grains from 0.1-0.3 mm in size intergrown 
with calcite and to a lesser extent as a partial replacement of 
the altered andesite fragments. 

Pyrite forms disseminated anhedral grains averaging 0.03-0.1 mm 
in size, with a few medium and coarse grains up to 1.5 mm across. 
They commonly are intergrown slightly to moderately along their 
borders with calcite and silicates. one grain contains a subrounded 
inclusion of pyrrhotite 0.015 mm across. 

Sphalerite forms a very few patches up to 0.4 mm across, 
intergrown very intimately with calcite. sphalerite contains 
moderately abundant exsolution blebs of chalcopyrite averaging 
0.002-0.003 mm in size, 

Chalcopyrite forms disseminated patches up to 0.05 mm in 
size. 
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CL-86  - Breccia: Fragments of Replacement ~uartz-Calcite in a 
Groundmass of Cryptocrystalline silica-~olomite and 
Patches of Calcite. 

The rock contains angular fragments up to a few cm in size of 
strongly replaced rock dominated by quartz with lesser chlorite, and 
patches of calcite and pyrite. ~ h e s e  are enclosed in a groundmass, 
partly dominated by cryptocrystalline silica with disseminated 
dolomite, and partly by fine to coarse grained calcite. 

fragments 
quartz 
chlorite 
dolomite/calcite 
pyrite 

groundmass 
a) silica 

dolomite 
pyr i te 
chalcopyrite 

b) calcite 
chlorite 
pyrite 

veinlets 
dolomite/calcite 

(percentages for thin section; 
17-20 fragments more abundant in 
4- 5 hand sample) 
3- 4 
0.3 

35-40 
15-17 
minor 
trace 
12-15 

0.7 
0.2 

The texture of the fragments is variable. Quartz forms 
aggregates of two main types. The first is dominated by prismatic 
grains up to 0.1 mm long intergrown with extremely fine grained 
anhedral quartz and chlorite. This grades into the second, which is 
dominated by equant, anhedral quartz grains averaging 0.05-0.15 mm in 
size. Chlorite forms extremely fine grained patches up to 1 mm in 
length; some of these contain dusty concentrations of ~i-oxide. Some 
fragments consist of intergrowths of extremely fine grained patches of 
chlorite and very fine to fine grained quartz. one fragment contains 
a patch of extremely fine grained sericite intergrown coarsely with 
very fine to fine grained quartz. 

Dolomite/calcite forms patches up to 0.8 mm in size of anhedral 
grains averaging 0.1-0.2 mm in size. ~n some fragments it is almost 
as abundant as quartz. 

Pyrite forms disseminated, subhedral to euhedral grains and 
aggregates ranging up to 0.5 mm in size.   orders of a few grains are 
altered to hematite. 

The main groundmass consists of cryptocrystalline silica with 
minor very fine grained quartz, and moderately abundant to very 
abundant disseminated grains and patches of dolomite averaging 
0.05-0.2 mm in size. Pyrite forms disseminated subhedral to euhedral 
grains averaging 0.02-0.07 mm in size. Chalcopyrite forms a few 
anhedral grains up to 0.02 mm in size. 

The groundmass contains patches up to a few cm across (in hand 
sample) of anhedral calcite grains mainly averaging 0.2-0.5 mm in 
grain size, and locally averaging 0.03-0.05 mm in.grain size. 
Chlorite forms a few irregular patches up to 0.5 mm across of 
extremely fine grain size. Pyrite forms disseminated subhedral to 
euhedral grains up to 0.2 mm across. 

The rock is cut by a few veinlets up to 0.1 mm in width of 
dolomi te/calci te. 

Along a late fracture pyrite is altered to hematite, with 
hematite concentrated in narrow fractures parallel to the main 
fracture zone. 



CL-181 A l t e r e d  Alkalic Gabbro c u t  by Vein of 
K-feldspar-(~yrrhotite-~ctinolite-~ourmaline-~uartz~ 

The rock is a medium grained alkalic gabbro dominated by 
clinopyroxene and lesser plagioclase, with interstitial K-feldspar, 
and minor biotite, sphene, chlorite, and apatite. Secondary 
replacement patches are dominated by actinolite and pyrrhotite.   he 
rock is cut by a vein dominated by K-feldspar with patches of 
pyrrhotite and disseminated grains and clusters of tourmaline and of 
actinolite. 

clinopyroxene 
plagioclase 
K-feldspar 
sphene 
biotite 
apatite 
chlorite 
tremolite/actinolite 
pyrrhotite 
pyrite 

35-40% vein 
30-35 K-feldspar 5- 7% 
10-12 pyrrhotite 0.7 

2 actinolite 0.7 
0.5 tourmal ine 0.1 
0.3 chalcopyrite trace 

1 
3- 4 
0.3 

trace 

Clinopyroxene forms anhedral to euhedral, stubby prismatic grains 
from 0.5-1.5 mm in size. Many show concentric zones of finely 
oscillating composition. A few show simple twins. A few are altered 
to or overgrown by secondary patches of pale green actinolite. 

Interstitial to clinopyroxene are intergrowths of subhedral 
' prismatic plagioclase grains averaging 0.2-0.5 mm in size.   hey are 

altered moderately to strongly to extremely fine grained sericite. 
~nterstitial to plagioclase are anhedral K-feldspar grains 

averaging 0.3-1 rnm in size, - 
Sphene forms anhedral patches from 0.1-0.5 mm in size. It is 

altered completely to Ti-ox ide. 
Biotite forms scattered ragged flakes up to 0.5 mm long. It is 

pleochroic from pale to medium reddish brown. Grains commonly are 
partly replaced by pseudomorphic chlorite and/or sericite/muscovite, 
locally with minor lenses of calcite parallel to cleavage. 

Apatite forms acicular grains up to 0.7 mm in length. 
Chlorite forms interstitial patches up to 0.5 mm in size. 
Actinolite forms interstitial patches up to 1.5 mm in size of 

pale green to yellowish green prismatic to fibrous grains ranging from 
extremely fine to fine grained. ~ssociated with some patches of 
actinolite are irregular interstitial patches of very fine grained 
pyrrhotite up to 0.3 mm across. chalcopyrite forms a few anhedral 
grains up to 0.03 mm in size associated with pyrrhotite. Some 
actinolite patches contain minor to moderately abundant extremely fine 
grained chlorite. 

Pyrite forms disseminated, subhedral to anhedral grains averaging 
0.1-0.15 mm in size. 

The rock is cut by a vein up to 2.5 mm wide of probable 
replacement origin. Borders with the rock are diffuse. The vein is. 
dominated by fine to medium grained K-feldspar, with patches of 
pyrrhotite up to 1 mm across and grains and clusters of actinolite and 
of tourmaline up to 0.5 mm in size. pyrrhotite is altered partly to 
secondary Fe-sulfides and oxides,  ourm ma line is zoned slightly, and 
ranges from pale to medium green and blue. ~t commonly is euhedral. 
Quartz occurs in a few patches up to 1.7 mm across as very fine grains 
intergrown very irregularly with pyrrhotite, tourmaline, and along 
borders of patches with actinolite and K-feldspar. Chalcopyrite 
occurs mainly with pyrrhotite as anhedral grains up to 0.1 mm in size. 
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CL-591-R porphyritic ~ a t i t e  

The rock contains phenocrysts of plagioclase and lesser ones of 
hornblende and apatite. These are set in an extremely fine grained 
groundmass dominated by plagioclase and lesser K-feldspar. 

phenocrysts 
plagioclase 
hornblende 
apatite 

groundmass 
plagioclase 
K-feldspar 
tremolite/actinolite 
epidote 
quartz 
ilmeni te 
sphene 
chlorite 
pyrrhotite 
pyr i te 

50-55 
15-17 
4- 5 
1- 2 
0.2 

minor 
minor 
minor 

0.2 
trace 

Plagioclase forms subhedral to euhedral prismatic phenocrysts 
from 0.7-1.5 mm in length. ~t is altered slightly to 
disseminated, extremely fine grained sericite and epidote. 

Hornblende forms subhedral to euhedral prismatic phenocrysts 
averaging 0.7-1.2 mm in length. rt is altered completely to 
tremolite/actinolite. 

Apatite forms euhedral, stubby prismatic phenocrysts from 
0.1-0.2 mm in average size. Many contain tiny, elongate inclusions 
parallel to the c-axis. 

The groundmass is dominated by anhedral to subhedral plagioclase 
grains averaging 0.03-0.05 mm in size, with interstitial plagioclase 
and K-feldspar from 0.01-0.03 mm in size. 

~remolite/actinolite forms clusters up to 1.5 mm in size of 
fibrous to prismatic aggregates. 

Epidote forms scattered patches up to 1.2 mm in size of 
anhedral, fine grains, and also occurs as disseminated grains 
0.005-0.01 mm in size throughout the groundmass. 

Quartz forms discontinuous lenses up to 0.8 mm long, and one 
interstitial patch up to 0.7 mm across; the latter contains a cluster 
of acicular to prismatic tremolite crystals up to 0.15 mm long. 

Chlorite forms scattered interstitial patches up to 0.2 mm in 
size of extremely fine, pale green grains. 

Ilmenite forms anhedral grains averaging 0.05-0.07 mm in size; 
they are surrounded by halos up to 0.2 mm across of sphene. 

Pyrrhotite forms anhedral patches up to 0.5 mrn in size. A few 
patches are altered strongly to secondary ~e-sulfides, and many others 
are altered moderately to completely to deep red-brown hematite. 

Pyrite forms a few clusters of anhedral to subhedral grains up to 
0.3 mm in size. It is altered moderately along grain borders and 
fractures to hematite. 



CL-582 Alkali Gabbro Porphyry 

The rock contains phenocrysts and clusters of phenocrysts of 
clinopyroxene-(sphene[?J) and phenocrysts of plagioclase in an very 
fine grained groundmass dominated by plagioclase and K-feldspar. 
Marcasite/pyrite forms disseminated cubic grains. 

phenocrysts 
plagioclase 
clinopyroxene 
sphene ( ? )  
apatite 

groundmass 
plagioclase 
K-feldspar 
epidote 
marcasite/pyrite 
sphene 
calcite 

veinlets 
calcite 

40-45 
8-10 
2- 3 
1- .2 

minor 
minor 

minor 

Plagioclase forms subhedral phenocrysts averaging 1-2.5 mm in 
size. They are moderately to strongly altered to extremely fine 
grained sericite and epidote, with epidote somewhat concentrated 
towards the rims of grains and sericite towards the cores. Calcite 
forms irregular patches and veinlets in some phenocrysts. 

~linopyroxene forms phenocrysts and clusters of phenocrysts up to 
2 mm in grain size. Some show simple twins. ~lteration is variable, 
with some grains relatively fresh and others altered moderately to 
calcite, with or without minor tremolite. A few contain patches up to 
0.4 mm across of extremely fine grained chlorite. 

Commonly associated with clusters of clinopyroxene phenocrysts 
are subrounded, interstitial patches up to 0.3 mm in size consisting 
of extremely fine grained intergrowths of ilmenite-(Ti-oxide) and 
chlorite or calcite; these may be secondary after sphene. 

Apatite forms subhedral grains and clusters of grains averaging 
0.1-0.2 mm in size; some are included in clinopyroxene phenocrysts, 
and some are associated with patches of clinopyroxene and/or calcite. 

The groundmass is dominated by anhedral to prismatic grains of 
plagioclase from 0.05-0.13 mm in average size. ~nterstitial to these 
are anhedral K-feldspar grains averaging 0-03-0.1 mm in size, with 
some skeletal grains up to 0.5 mm in size.   pi dote forms disseminated 
patches averaging 0.05-0.1 mm in size. Groundmass feldspars are 
altered slightly to moderately to dusty to extremely fine grained 
sericite. Calcite forms disseminated irregular patches up to 0.3 mm 
in size. 

Marcasite/pyrite forms irregular to euhedral cubic grains and 
clusters of grains averaging 0.5-0.7 mm in size. They commonly 
contain abundant inclusions of groundmass feldspars. ~nisotropism is 
moderate. Borders of a few grains are altered slightly hematite- 

Ilmenite forms disseminated,irregular patches up to 0.35 mm in 
size; these are altered partly to extremely fine grained Ti-oxide. 

The rock is cut by veinlets of calcite up to 0.02 mm in width. 
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CL-583 Hypabyeeal Leucocratic Diorite cut by Tourmaline Vein 

The rock is a fine to medium grained, hypabyssal diorite 
dominated by plagioclase, with scattered patches of 
amphibole/chlorite, and minor interstitial quartz. calcite forms 
abundant replacement patches.   he rock is cut and replaced by a vein 
up to 2.5 mm wide of tourmaline-(calcite), and cut by a late veinlet 
of calcite. 

plagioclase 
calcite 
amphibole 
chlorite 
quartz 
Ti-ox ide 
pyrite 
vein 
tourmaline 
calcite 
late veinlet 
calcite 

Plagioclase forms slightly to moderately interlocking grains 
averaging 0.3-0.7 mm in size, with a few over 1 mm long. ~lteration 
is commonly slight to moderate to extremely fine grained sericite. 
Locally, in patches up to 1 mm across, plagioclase is altered 
completely to sericite. Calcite forms irregular replacement patches; 
the largest are skeletal, porphyroblastic grains up to a few mm 
across. 

Several patches up to a few mm across consist of slightly 
radiating aggregates dominated by sericite, with lesser lenses of 
chlorite and of epidote defining the radiating texture. A'few patches 
also contain minor calcite. These patches may be secondary after 
amphibole. 

Chlorite forms interstitial patches up to 1 mm in size of 
extremely fine, pale green flakes. 

Quartz forms interstitial patches up to 0.7 mm in size of very 
fine to fine grains. 

Ti-oxide forms scattered disseminated grains and clusters of 
grains averaging 0.02-0.05 mm in size, with a few up to 0.15 mm 
across. 

pyrite forms disseminated equant, subhedral grains averaging 
0.1-0.2 mm in size, and clusters of s'imilar grains up to 0.5 mm 
across. It is altered strongly to hematite. 

The rock is replaced by a vein dominated by tourmaline with minor 
interstitial calcite. Tourmaline forms anhedral aggregates of equant 
grains and slightly radiating aggregates of prismatic grains up to 1 
mm in length. In zoned, coarser grains, pleochroism is from neutral 
to light green to bluish green in cores of grains and .from neutral to 
medium green in rims. Smaller grains commonly are unzoned and similar 
in composition to rims of larger ones. calcite forms interstitial 
patches up to 0.15 mrn in size and seams between tourmaline grains. 
The vein also contains relic patches of host-rock plagioclase. 

The rock is cut by a late veinlet up to 0.1 mm wide of very fine 
grained calcite. 



CL-584 Breccia: Fragments of Chlorite-rich Rock and Andesite in 
Groundmass of Porphyritic ~atite/~rachyte 

The rock contains abundant fragments up to 2 cm in size of 
chlorite-rich rock and andesite in a matrix of porphyritic 
latite/trachyte, containing plagioclase phenocrysts in a groundmass 
dominated by K-feldspar and plagioclase, with abundant secondary 
dolomite/calcite patches. 

fragments . 
a) mafic-rich (20-25% of section) 

chlorite 60-65% 
plagioclase 30-35 
quartz 3- 4 
calcite 1- 2 
Ti-ox ide 0.3 
pyrite 0.5 

b) andesite (12-15% of section) 
plagioclase 75-80% 
chlorite 15-20 
Ti-oxide 1- 2 
pyrite minor 

Chlorite-rich fragments are extremely fine grained, and dominated 
a by equant flakes of chlorite intergrown with lesser plagioclase of 

similar grain size. Patches up to 0.8 mm in size consist of 
unoriented aggregates of slightly coarser grained chlorite with no 

- plagioclase. Quartz forms patches up to 0.7 mrn in size of very fine to 
locally fine grained aggregates, in part associated with very fine 
grained chlorite. Calcite forms scattered replacement patches 
averaging less than 0.1 mm in size. ~i-oxide forms disseminated 
patches up to 0.1 mm in size of extremely fine grains. Pyrite forms 
disseminated, equant grains up to 0.2 mm in size; borders are altered 
to hematite. 

Andesite fragments contain plagioclase phenocrysts up to 1 mm in 
size in a groundmass of slightly to moderately finer grained 
plagioclase and lesser chlorite. one,fragment contains a euhedral, 
prismatic phenocryst of plagioclase 3 mm long, which is altered 
completely to sericite. other plagioclase grains are altered slightly 
to moderately to sericite and/or chlorite. ~i-oxide forms clusters up 
to 0.15 mm across of extremely fine grains intergrown with silicates. 
pyrite occurs as in the mafic-rich fragments. 

A few fragments of non-porphyritic andesite, are dominated by 
fine grained, slightly interlocking plagioclase, with minor 
interstitial patches of quartz and of chlorite. 

(continued) 



matrix (60-658 of section) 
phenocrysts 
plagioclase 7- 8 

groundmass 
K-feldspar 30-35 
plagioclase 17-20 
dolomite/calcite 25-30 
quartz 4- 5 
ser icite 2- 3 
chlorite 1- 2 
Ti-oxide 0.3 
pyrite 0.2 

vein 
dolomite/calcite 1 

In the matrix, plagioclase forms subhedral to anhedral 
phenocrysts averaging 0 . 3 - 0 . 7  mm in size. These are set in an 
extremely to very fine grained groundmass dominated by K-feldspar and 
plagioclase. ~olomite/calcite forms skeletal replacement 
porphyroblasts up to 2 mm across. Sericite forms extremely fine 
grained interstitial patches,'in part intergrown with calcite, and 
possibly containing some chlorite. Quartz forms interstitial grains 
and patches averaging 0.03-0.1 mm in grain size, ~i-oxide forms 
disseminated, extremely fine grained patches up to 0.05 mm across. 
Pyrite occurs as in the fragments. 

The rock is cut by a few wispy veinlets up to 0.03 mm wide of 
dolomite/calcite. 
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