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AFFENDIX 5 : STATISTICS FOR ANALYTICAL EATA 



NORTHAIR AG ROCK A L L  SAMPLES 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. : 
MEAN + 1 STD. DEV. ; 
%A!! t 2 ST;, 2 9 .  : 
MEDIAN 
HGGE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR AG ROCK TRUNC, 

1 



NORTHAIR AG ROCK A L L  SAMPLE 

NORTHAIR AG ROCK TRUNC. 
49.5 0 

0 

0 i 
m 0 .. i 

90.0 o w  n o n n  
0 = 

0 

70.0 
0 

m 



NORHTAIR A L 2 0 3  A L L  SAMPLES 

NUMBER OF SAMPLES 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION 
MEAN - 1 STD, DEV, 
MEAN + 1 STD. DEV. 
MEAN + 2 STD. DEV. 
MEDIAN 
iiirirE 
SKEWNESS 
KIJRTOSI S 
NUMBER OF CLASSES 
CLASS INTERVAL 

NORHTAIR AL203 A L L  SAMPLES 
20 -l 



I NORHTAIR A L 2 0 3  A L L  SAMPLES 



N O R T H A I R  A U  A L L  

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. : 
MEAN + I 9TD.  DEV. : 
K A ? i  t 2 STD. DEV. : 
MEDIAN 

SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL : 

S A M P L E  



20 
NORTHAIR AU ROCK TRUNC. 

18 

16 

14 

12 
19 
8 
6 

4 

2 
8 .  . . . 

-0 -4 -8 -2 -6 8 . 4  .8 -2 -6 -0 -4 ;8 72 76 e4 e8 2 -6 e.i3 
L L L S 5 4 4 4 3 3 Q b  4 3 !V i 

NORTHAIR A U  ROCK TRUNC. 
0 

39.5 m  
0 

98.8 #" 
m o o  

m m D  

a 

m  

78.0 

10.0 

1 2.0 

I 6 . 5 1  I 1 1 1  I I I I I  I I I 1 1  

2 5 10 20 50 100 200 

I 
I 500 1000 I 

fiii I 



NORTHAIR BARIUM IN ROCKS 

NUMBER OF SAMPLES : 740 
MINIMUM 5.0 
MAXIMUM 2600.0 
MEAN 852.1 
STANDARD DEVIATION : 433.6 
MEAN - 1 STD. DEV. : AiB .5  
EEAN + I STD. DEV, ; 1285.7 
ME&?! t 2 STD, 9%. : !7!9.3 
BED L AN 819.5 
MODE 1200.0 
SKEWNESS 3.2 
KURTOSIS 3.8 
NUMBER OF CLASSES : 50 
CLASS INTERVAL 52.0 



NURTHAIR BARIUM I N  ROCKS 

7 



NORTHAIR BARIUM I N  ROCKS 1 



NORTHAIR CAO A L L  

NUMBER OF SAMPLES : 
MINIMUM 
MAX I MUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV, : 
MEAN + i STD. DEV, : 
MEAN + 2 STD. EEV. : 
MEDIAN 
MGDE 
SKEWNESS 
KURTOSIS 
NUKBER GF CLASSES : 
CLASS INTERVAL 

S A M P L E S  

r 
I NORTHAIR CAO ALL SAMPLES 



NORTHAIR CAD A L L  SAMPLES 



NORTHAIR CU IN ROCK A L L  SAMPLE 

NUMBER OF SAMPLES : 740 
MINIMUM 0.5 
MAXIMUM 107500.8 
MEAN 587.5 
STANDARD DEVIATION : 6609.1 
MEAN - 1 STD. DEV, : -6@21,6 
MEAN + 1 STD. DEV. ; 7196.6 
KEfi?! + 2 ST;, MY. : !38+5,8 
MEDIAN 9.0 
MODE 5.0 
SKEWNESS 0.3 
KURTOSIS 201.4 
NUMBER OF CLASSES : 50 
CLASS INTERVAL 2150.0 

NUMBER OF SAMPLES : 
I?!NIMUtl 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. : 
MEAN + 1 STD. DEV. : 
MEAN + 2 STD. DEV. : 
MEDIPN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 



NORTHAIR CU ROCK, TRUNC. 
1 

I NORTHAIR CU ROCK, TRUNC. 



NORTHAIR A L L  

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEaN - i ST?, nu, I 
MEAN + 1 STD. DEY. : 
EEAN + 2 ST!!. DEV. : 
MEDIAN 
ZODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

I NORTHAIR FE203 A L L  SAMPLES 



I NORTHf i IR FE203 A L L  SAMPLES I 

NORTHAIR FE203 A L L  SAMPLES 
20 1 



NORTHAIR ISHIKAWA ALL SAMPLES 

NlltER ff M E S  : 
E 1 I N I ~  
NAXItIU?l 
tmtd 
STANLAW DEVIATION : 
EAN - 1 STD. DN. : 
K A N  + 1 STD. DEV, : 
HEM + 2 STD. DN. : 
MEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
W E R  OF CLASSES : 
aAss INTERVAL : 



11 
NORTHAIR ISHIKAWA ALL SAMPLES 

10 
9 

% 8 

F 7 
R 6 

5 Q 
U 4 
E 3 

2 
C 
Y i  

0 
3 5 7 9 1 3 5 7 9 f 3 5 7 9 7 1 9 3  63 6 8 0 2 5 7 9 1 3 6 8 0 2 4  

8' 13' 19' 24' 29' 34' 39' 45' 50' 55' 60' 66' 71' 76' 86' 95' 

NORTHAIR ISHIKAWA ALL SAMPLES 
99.5- 

98.0- 

90.0- 

70,O- 

% 50.0- 
30.0- 

10.0- 

2.0- 

0.5 

8  

# 

*Nrn 
, H ~  

em 
8 .  

8  

a 
0 

8  
8  

a 
8  

8  

8  

l 
0 

a 
8  

I I I I I t 

7 10 20 50 100 
ISHIKAUA 10W ( (HGO+K20 /(NA20+KM+CFH)+MCO ) 

L 



NORTHAIR K 2 0  A L L  

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. : 
MEAN + 1 STD. DEV, : 
MEAN + 2 STD. DEY. : 
MEDIAN 
iiOirE I 

SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

SAMPLES 

NORTHAIR K 2 0  A L L  SAMPLES 

0, , . . - . 7 . . . 



NORTHAIR K20 A L L  S A M P L E S  



NORTHAIR LOX A L L  

NUMBER OF SAHPLES : 
HINIMUM 
MAXIHUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. : 
MEAN + 1 STD. DEV. ; 
MEAN + 2 STD. PEV. : 
KEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

SAMPLES 

546 
0,470 

18.54% 
3.239 
1.699 
1,540 
4.337 
6.636 
2.930 
2.4150 
8.545 

17.244 
54 

e.370 

NORTHAIR LO1 ALL SAMPLES I I 



NORTHAIR L O 1  A L L  S A M P L E S  

0.5 1 I I I I I 1 1  I I I ~ i i  



NORTHAIH MGO A L L  

tiUMBE2 OF SAMPLES : 
MINIMUM 
H9X II.(U?! 
MEAN 
STANDARC DEVIATION : 
HEAN - 1 STD. DEV. : 
MEAN + 1 STD. DEV. : 
MEAN + Z STD. DEV. : 
t4EDIAN 
PlODE 
SKEWNESS 
KIJPTOSIS 
NUMBER OF CLASSES : 
;LASS INTERVAL 

SAMPLES 



20 
NORTHAIR MGO A L L  SQMPLES 

18 j 
16 

] :'. -I 

i ; :i 4 
I":] 1 :  u 1 1 -  

i 5 Q 3 7 7 1 5  7 1 5 5 3 7 1 5 9 3  z 3 $ 7  4 1'9 6 4 1 8  6 3 3  1 8  5 3 0  8  5 2 0  
0' 0' 1' 2' 3' 3' 4 '  5 '  6' 6' 7' 9' 9' 9' 0' 1' 2' 2' 3' 4 '  5' 1 1 1 1 1 1 1  

MGO 

NORTHAIR MGO A L L  SAMPLES 
39.57 II d 

1 

,200 ,500 1 2 5 10 20 50 100 
HGO 



NORTHAIR MN ROCK A L L  SAMPLE 

NUMBER OF SAMPLES : 
MINIMUM 
MGX!MI_IM 
MEAN 
STANDARD CEVIAT!O$i : 
MEAN - 1 STD. DEV. : 
EEgi + i 37;. GEV. i 
MEAN + 2 STD, DEV. : 
MEDIAN 
NODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR MN ROCK ALL SAMPLE 

.Q03,005 ,010 ,020 ,050 ,100 ,200 ,580 1 2 5 10 
MNO 



NORTHAIR MN ROCK A L L  SAMPLE 

O , , , , r r . . . . r . - - - . . . .  
-8 -6 . i  . 6  -1 -.6 -1 -6 .i  ;6 -i -6 ,.i -6 ?1 ?6 ,i -6 -1 36 $1 
V W I I L L ~ ~ +  3 3 0 0 a 6 Y 

4' 0' 0' 0' 8' 8' 0' 0' 0' 0' 0' @ '  0' 0' 0' 0' 0' 0' 0' 0' i' 

MNO 



NORTHAIR NA20 ALL SAMPLES 

NlRlBER OF M E S  : 
HINIMRI 
MXIFRIM 
MAN 
STANDARD WVIATIW : 
EAN - 1 STD. DEV, : 
MEAN + 1 STD. DN. : 
MEAN + 2 STD. EV. : 
HEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
~ 0 f : C L A S S E S  : 
aAss INTERVAL : 



7  
NORTHAIR NA20 ALL SAMPLES 

6 
1 

5  
F 
R 4 
E 
Q 3 
U 
E 2 
N 
C 1  
Y 

0 
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 7 2  57 0 5 0 6 1 6 1 6 1 6 1 6 1 7 2  

0' 0' i '  1' 2' 2' 3' 3' 4' 4 '  5' 5' 6' 6' 7' 7' 8' 

NA20 



r t 

NORTHAIR NA20 ALL SAMPLES 
99.5- 

98.0- 

90.0- 

70.0 - 
% 50.0- 

30.0- 

10.0- 

2.0- 

0.5 

l 

f 
i 

8 . 
m8m 

mm 
8 . ' 

m m  
ma' 

o n m  
m m m 0 D 8  

n 

I I I I I I I I I I I 

,070 ,100 ,200 ,500 1 2 5 10 
WO 



NORTHAIR NB ALL SAMPLES 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEPN - 1 STD, DEV, : 
MEAN + i STD. DEV, : 
MEAN + 2 STD. DEV. : 
MEDIAN 

KURTOSIS 
NUMBE!? OF CLASSES : 
CLASS INTERVAL 

1 NORTHAIR NB ALL SAMPLES 



NORTHAIR NB TRUNCATED 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - I STD: ?N, : 
MEAN + 1 STD. DEV. : 
EEAN + 2 SfD. D N ,  : 
MEDIAN 

KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR NB TRUNCATED 
lo 7 
9 

x 8 
7 

F 6 
R 
E = 
Q 4 

2 

0 



NORTHAIR PB A L L  SAMPLES 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 U P ,  DFV, : 
MEAN + 1 STD. DEV. : 
MEAN + 2 STD, DEV. : 
MEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR PB TRUNCATED 

NUMBER OF SAMPLES ; 
MINIMUH 
MAXIMUM 
8EAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. ! 
MEAN + ! STD. DEV. : 
NEAN + 2 STD. DEV. : 
MEDIAN 
MODE 

NUMBER OF CLASSES : 25 
CLASS INTERVAL 1.0 



NORTHAIR PB TRUNCATED 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - f ST?, PEv, 
MEAN + 1 STD, DEV. : 
?!EM + 2 STD. BEV. : 
MEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR PB TRUNCATED 
39.5 1 0 

m a  
8 

0 
0. 

m a  
a  

1 % 5 9 . 9 1  

I 30a0 1 I 1 0 . 0 4  

2.0 1 
I I i I I I I I I i 





NORTHAIR P 2 0 5  A L L  SAMPLES 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 0.480 
MEAN 0.217 
STANDARD DEVIATION : 9.076 
MEAN - 1 STD, DEV. : 8,141 
MEAN + 1 STD. DEV. : 8,292 
MEAN + 2 STD. DEV, : 0.363 
MEDIAN 8.230 
HODE I 8.239 
SKEWNESS -0.534 
KURTOSIS 2.955 
NUMBER OF CLASSES 50 
CLASS INTERVAL 8.810 

NORTHAIR P 2 0 5  A L L  SAMPLES 
I 7 

8 I 
6 

I 
I 
I 

i 

4 



NORTHAIR P206 ALL SAMPLES 



NORTHAIR RE A L L  SAMPLES 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
H E W  - i STD: PEV, r 
MEAN + i STD, DEV, : 
MEAN + 2 STD. DEV. : 
MEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NOETHAIR RB A L L  SAMPLES 
7 



NORTHAIR RB A L L  S A M P L E S  



NORTHAIR S I 0 2  A L L  SAMPLE 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - ! STD, DEV, : 
MEAN + 1 STD. DEV. : 
MEAN + 2 STD. DEV. : 
MEELAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR SID2 A L L  SAMPLE 
7 



I 
I NORTHAIR SI02 A L L  SAMPLE 



NORTHAIR SF? A L L  SAMPLES 

NUMBER OF SAMPLES : 
HINIWiM 
MAXIMUM 
MEAN 
STANDkRD DEVIATION : 
MEAN - 1 STD, DEV, : 
MEAN + 1 STD. DEV. : 
HEAN + 2 STD. DEV. : 
MEDIAN 
HGiE I 

SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

I 
I 

NORTHAIR SF? ALL SAMPLES 
81 

1 SF! 



I NORTHAIR SR A L L  SAMPLES 1 



NORTHAIR TI02 A L L  SAMPLES 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEhN - ! ETD: PEvt I 
MEAN + 1 STD. DEV. : 
MEAN + 2 STD. DEV. : 
MEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR T I 0 2  A L L  SAMPLES 



NORTHAIR TI02 TRUNCATED 
i 



NORTHAIR Y A L L  SAMPLES 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - t STD: PEV, : 
BEAN + 1 STD. DEY. : 
MEAN + 2 STD. D N .  : 
MEDIAN 
YCGE 
SKEWNESS 
KIJRTOSIS 
KUMBER OF CLkSSES : 
CLASS INTERVAL 

NORTHAIR Y TEUNC4TED 

NUREEI? OF 
MINIMUM 
MAXIMUH 
i iE l i i~ 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. : 
BEAN + 1 STD. DEV. ; 
MEAN + 2 STD. DEV. : 
MEDIAN 
MODE - - 

SKEI?!ESS 
KURTOSIS 
NUMEEK GF CLASSES : 
CLASS INTERVAL 



NORTHAIR Y TRUNCATED I 
1 

1 

NORTHAIR Y TRUNCATED 1 



NORTHAIR ZN ROCK A L L  SAMPLE 

NUMBER OF SAMPLES ; 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DEV. : 
MEAN + 1 STD. DEV. : 
MEAN t 2 STD. DEV. : 
MEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS !NTER'!AL 

NORTHAIR ZN ROCK TRUNC. 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
YEAN - 1 STD, DEV. : 
MEkN + 1 STD, DEV. ; 
nEkN + 2 STD. DE!!, : 
MEDIAN 
Mi3DE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 



I 
1 NORTHAIR ZN ROCK TRUNC. 

NORTHAIR ZN ROCK TRUNC. 
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NORTHAIR ZR A L L  SAMPLES 

NUllBER OF SAMPLES : 
HININUH 
MAXIMUM 
llE AN 
STANDARD DEVIATION : 
MFaN - t STn, PEV, ; 
MEAN + 1 STD. DEY. : 
MEAN + 2 STD, DEY, : 
MEDIAN 
MODE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL 

NORTHAIR ZR ALL SAMPLES 



NORTHAIR ZR TRUNCATED 

NORTHAIR ZR A L L  SAMPLES 



ALL COPPER, NORTHAIR SOILS 

NUMm OF SAHPLES : 
M I N I W H  
HAXImRI 
MEAN 
STANDARD DEVIATION : 
MEAN - 1 STD. DN. : 
MEAN + 1 STD. MY, : 
MEAN + 2 STD. DEV, : 
?ED1 AN 
MODE 
SKEWNESS 
K L R T ~ I S  
NLWBER OF CLASSES : 
CLASS INTERVAL : 

ALL COPPER, NORTHAIR SOILS 
2o 1 





ALL ZINC, NORTHAIR SOILS 

NUMBER OF SAMPLES : 
MINIMliM 
MAXIrn 
MEAN 
STANDARD DEVIATION : 
EM - 1 STD. DEV. : 
MEAN + 1 STD. KV. : 
MEAN t 2 STD. DEV. : 
EDIAN 
MODE 
SKEWNESS 
K1;RTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL : 

ALL ZINC, NORTHAIR SOILS 
20 1 
18 

16 

14 

12 
10 

8 

6 

4 

2 
0 





ALL LEAD, NORTHAIR SOILS 

NUMBER CF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVI ATIGN : 
MAN - 1 STD. DEV. : 
MEAN + 1 STD, DEV. : 
MEAN + 2 STD. DEV. : 
MEDIAN 
MOM 
SKEWS2 
KURTOSIS 
NUNBER OF CLASSES : 
CLASS INTERVAL : 

ALL LEAD, NORTHAIR SOILS 





ALL SILVER, NORTHAIR SOILS 

NUMBER W SEdlPLES : 
MINIMUM 
MCIXlM 
MEAN 
STAMIARD DEVIATION : 
MEAN - 1 STD. DEV. : 
MEAN + 1 STD. DEV. : 
MEAN + 2 STD. DEV. : 
MEDIM 
MODE 
SKEWNESS 
KURTOSIS 
MIMBER OF CLASSES : 
CLASS INTERVAL : 

60 1 
ALL SILVER, NORTHAIR SOILS 



ALL BARIUM, NORTHAIR SOILS 

NUMBER OF SAMPLES : 
MINIMUM 
MAXIMUM 
MEAN 
STANDARD DEVIATION : 
mAN - 1 STD. MV. : 
MEAN + 1 STD. DEV. : 
MEAN + 2 STD. DEV, : 
ED1 W 
mDE 
SKEWNESS 
KURTOSIS 
NUMBER OF CLASSES : 
CLASS INTERVAL : 

ALL BARIUM, NORTHAIR SOILS 
2o 1 





I 

i 
t NORTHAIR B A R I U M  IN S O I L S  , 



APPENDIX 6 : THIN SECTION DESCRIPTIONS 



FIELD SAMPLE ID. 
N U E E R  

UNIT 

2b 
2a.b 
2 c 
1 c 
3 & C  

1 c 
1a.b 
lb ,d?  
l e  
Id  
l e ,  f 
l e  
12 
1 a 
1a.b 
Za 
2a 
Za 
Za 
-, ,a 
2a 
- 

NOTES 

-100m nor th  of AD3852 
-near AC0927 
- a l t e r e d  hybrid rock near 
d i o r i t e  contac t  

-near sample AC0807 
-50m south of sample AC0969 

-150111 west of sample ACO3OZ 

-400111 e a s t  of sample AD3982 

-!(-spar a l t e r e d  

-matrix 
- fraament 
- c r y s t a l  t u f f  fraament 
-wa cke fragment 
-matrix 
- a r a i l l i t e  fragment 
-diabase dyke 



J A M E S  V i h N E 1 . L .  !.!.in,,.z 

JOHN G.  P A Y N E .  I'!,. 1). c ; ~ , ~ ! o g l > t  

R e p o r t  f o r :  S t a n  Clemmer, 
F a l c o n b r i d g e  L t d . ,  
7 0 1  - 1 2 8 1  West G e o r g i a ,  
VANCOUVER, B.C., V6E 3 J 7  

PFIONE (604) 3 8 3 - 1  3 2 3  

I n v o i c e  6846 
O c t o b e r  1987 

By: J o h n  G .  Payne  

S a m p l e s :  SC- 32 ,  3 3 ,  1 6 6 ,  1 6 8 ,  229 ,  231 ,  238,  248 ,  2 5 5 ,  352-1, 352-2,  
389A, 389B, 389C, 389D, 392 

EG- 2 9 ,  6 7 ,  1 0 7 ,  1 2 2 ,  1 8 7 ,  1 8 9 ,  1 9 5 ,  211,  258,  296,  299,  302,  
319,  345 ,  482,  505 ,  536 

Summary : 

S a m p l e s  a r e  f r o m  a  d o m i n a n t l y  a n d e s i t i c  v o l c a n i c  t e r r a i n ,  w i t h  
b o t h  f l o w s  a n d  p y r o c l a s t i c  r o c k s  p r e s e n t .  A f ew s a m p l e s  a r e  o f  d a c i t e  
a n d  o n e  i s  o f  a  q u a r t z - r i c h  e x h a l i t e .  

A n d e s i t e  f l o w s  commonly c o n t a i n  p l a g i o c l a s e  a n d  h o r n b l e n d e  pheno-  
c r y s t s .  P l a g i o c l a s e  i s  s l i g h t l y  t o  s t r o n g l y  a l t e r e d ,  m a i n l y  t o  s e r i c i t e ,  
e p i d o t e ,  a n d / o r  c a l c i t e / d o l o m i t e .  H o r n b l e n d e  i s  a l t e r e d  c o m p l e t e l y  t o  
v a r i o u s  c o m b i n a t i o n s  o f  e p i d o t e ,  b i o t i t e ,  c h l o r i t e ,  c a l c i t e ,  q u a r t z ,  
a n d  T i - o x i d e .  F r a g m e n t a l  r o c k s  c o n t a i n  f r a g m e n t s  o f  p l a g i o c l a s e ,  
h o r n b l e n d e ,  a n d  q u a r t z  p h e n o c r y s t s  a n d  o f  a  v a r i e t y  o f  a n d e s i t e  a n d  
d a c i t e  f l o w  r o c k s .  

Dacite f l o w s  c o n t a i n  p l a g i o c l a s e ,  q u a r t z  a n d  minor  b i o t i t e  o r  
h o r n b l e n d e  p h e n o c r y s t s  i n  a g roundmass  d o m i n a t e d  by e q u a n t  p l a g i o c l a s e .  
D a c i t e  p y r o c l a s t i c  r o c k s  c o n t a i n  f r a g m e n t s  o f  p i a g i o c l a s e  a n d  q u a r t z  
p h e n o c r y s t s  a n d  o f  d a c i t e  i n  a  sericite-plagioclase-rich g r o u n d m a s s .  

A few s a m p l e s  a r e  o f  g r e y w a c k e  c o n t a i n i n g  a b u n d a n t  f r a g m e n t s  o f  
a  d e f o r m e d  q u a r t z  d i o r i t e  a n d  a  few f r a g m e n t s  of v o l c a n i c  r o c k s .  

S a m p l e s  a r e  g r o u p e d  as  f o l l o w s :  

A: A . n d e s i t e  F lows  

E:G-258 m o d e r a t e  q u a r t z  p h e n o c r y s t s ,  a n d e s i t e ,  d i a b a s e  f r a g m e n t s  
-345 
-482 f r a g m e n t s  o f  porphyritic a n d e s i t e  
-536 a b u n d a n t  v e i n s :  c t - q z - e p i d ,  e p i d - b i o  

Sic- 32 
-168 a n d e s i t e / l a t i t e  
-248 v e i n  o f  q z - e p i d o t e  w i t h  e p i d o t e - r i c h  h a l o  
-352-2 m o d e r a t e l y  a b u n d a n t  g r o u n d m a s s  q u a r t z  
-255 c o n t a c t  w i t h  c r y s t a l  t u f f  
-389A 

B :  S u b v o l c a n i c  d i a b a s e  

SC-392 plagioclase-clinopyroxene-Mineral X ( s e c o n d a r y  a f t e r  h o r n b l e n d e  
o r  p y r o x e n e )  

( c o n t i n u e d )  

S A h : P L E  D;lEIPARATlO?. I  F O R  M I C R O S T U D I E S  P L - i R G G R A F t l i C  R E P O R T S  SPECIAL  GEO'.C*G'I' F!EL.D 5 ; L : 2 ~ t -  



C: ~ n d k s i t e  P y r o c l a s t i c  Rocks 

1: Tuf f  

EG-067 w i t h  abundan t  m a g n e t i t e  i n  some l a y e r s  
-187 v e r y  f i n e  g r a i n e d  
-302 g r a d a t i o n a l  t o  l a p i l l i  t u f f  
-319 c r y s t a l  t u f f  

SC- 33 c r y s t a l - l i t h i c  t u f f  
-166 c r y s t a l  t u f f  * SC-255 c r y s t a l  t u f f  i n  c o n t a c t  w i t h  
-352-1 a n d e s i t e ,  f l o w  
-389B g r a d a t i o n a l  t o  d a c i t e  c r y s t a l  t u f f  
-389D a r g i l l i t i c ,  v e r y  f i n e  g r a i n e d  

2 :  L a p i l l i  Tu f f  

EG-296 
EG-302 g r a d a t i o n a l  t o  t u f f  
SC-389C 

D :  D a c i t e  P y r o c l a s t i c  Rocks 

EG-107 c r y s t a l  t u f f  
-299 v e r y  f i n e  g r a i n e d ,  p a t c h e s  o f  c h l o r i t e - q u a r t z - p y r i t e ,  

v e i n l e t s  o f  T i -ox ide  
SC-166 c r y s t a l  t u f f  

-231 c r y s t a l  t u f f  
-238 c r y s t a l  t u f f  
-389B g r a d a t i o n a l  t o  a n d e s i t e  c r y s t a l  t u f f  

E: Greywacke ( w i t h  f r a g m e n t s  o f  q u a r t z  d i o r i t e ,  l e s s e r  v o l c a n i c  r o c k s  

EG-211 
-505 

SC-168 g r a d a t i o n a l  t o  a n d e s i t e ,  h o r n f e l s e d  

John  G .  ~ a v n e  



EG-029 -- Greywacke 

The r o c k  c o n t a i n s  f r a g m e n t s  m a i n l y  o f  a d e f o r m e d  q u a r t z  d i o r i t e  
i n  a n  e x t r e m e l y  f i n e  g r a i n e d  g roundmass  w h i c h  i n  p l a c e s  h a s  a  v o l c a n i c  
t e x t u r e !  A few f r a g m e n t s  o f  p o r p h y r i t i c  d a c i t e  a r e  p r e s e n t .  
f r a g m e n t s  
1) q u a r t z  d i o r i t e  

p l a g i o c l a s e  20-25% 
q u a r t z  20-25 
s p h e n e  0 . 3  

2 )  d a c i t e  3- 5 ( i n  p l a c e s  a p p e a r  t o  g r a d e  i n t o  g r o u n d m a s s )  
g r o u n d m a s s  

p l a g i o c l a s e  25-30 
q u a r t z  10-15 
e p i ~ d o t e  7- 8 
c h l ' o r i t e  7- 8 
T i - o x i d e / s p h e n e  0 . 3  
s e r i c i t e  m i n o r  
z i r ' c o n  t r a c e  

F r a g m e n t s  r a n g e  f r o m  0.5-1 .5  mm i n  a v e r a g e  s i z e .  P l a g i o c l a s e  
commonly i s  s l i g h t l y  t o  m o d e r a t e l y  d e f o r m e d ,  a s  i n d i c a t e d  by b e n t  a n d  
b r o k e n  a l b i t e  t w i n s ,  a n d  s l i g h t  r e o r i e n t a t i o n  o f  f r a g m e n t s  o f  g r a i n s .  
A l t e r a t i o n  i s  m a i n l y  s l i g h t  t o  d u s t y  s e r i c i t e  a n d  m i n o r  e p i d o t e .  
Q u a r t z  shows u n i f o r m  t o  s l i g h t l y  wavy e x t i n c t i o n .  Many f r a g m e n t s  a r e  
a g g r e g a t e s  o f  f i n e  t o  medium g r a i n s  o f  q u a r t z  a n d  p l a g i o c l a s e ,  a n d  o t h e r s  
c o n s i s t  o f  a g g r e g a t e s  o f  o n e  o r  o t h e r  o f  t h e  m i n e r a l s  w i t h  m i n o r  
i n t e r s t i t i a l  c h l o r i t e  a n d  e p i d o t e .  Sphene  f o r m s  a  few g r a i n s  up t o  0 . 6  
mm i n  s i z e .  

D a c i t e  f o r m s  f r a g m e n t s  up t o  1 . 2  mm i n  s i z e ;  t h e s e  commonly c o n t a i n  
m i n o r  p l a g i o c l a s e  p h e n o c r y s t s  f r o m  0 . 1 - 0 . 3  rnrn i n  s i z e  i n  a n  e x t r e m e l y  
f i n e  g r a i n e d  g r o u n d m a s s  o f  e q u a n t  p l a g i o c l a s e  g r a i n s .  I n  p l a c e s  t h e s e  
f r a g m e n t s  a p p e a r  t o  g r a d e  i n t o  g roundmass  s u r r o u n d i n g  f r a g m e n t s  o f  
q u a r t z  d i o r i t e .  

The g r o u n d m a s s  i s  d o m i n a t e d  by e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
w i t h  i r r e g u l a r  p a t c h e s  o f  o n e  o r  more o f  e p i d o t e ,  c h l o r i t e ,  a n d  m i n o r  
s e r i c i t e .  E p i d o t e  p a t c h e s  a r e  u p  t o  0 . 3  mm i n  s i z e .  C h l o r i t e  i s  con-  
c e n t r a t e d  i n  p a t c h e s  o f  s u b p a r a l l e l ,  v e r y  f i n e  g r a i n s ,  i n  p a r t  i n t e r -  
grown w i t h  q u a r t z  o f  s i m i l a r  g r a i n  s i z e .  P l e o c h r o i s m  o f  c h l o r i t e  i s  
f r o m  l i g h t  y e l l o w i s h  g r e e n  t o  l i g h t  g r e e n .  

Q u a r t z  i s  c o n c e n t r a t e d  i n  p a t c h e s  u p  t o  2  mrn a c r o s s  o f  s u b m c s a i c  
a g g r e g a t e s  a v e r a g i n g  0 .03-0 .07  mm i n  g r a i n  s i z e .  

T i - o x i d e  a n d  lesser s p h e n e  o c c u r  i n  p a t c h e s  u p  t o  0 . 1  mm i n  s i z e ;  
T i - o x i d e  i s  e x t r e m e l y  f i n e  g r a i n e d ,  a n d  s p h e n e  i s  v e a y  f i n e  g r a i n e d .  

Z i r c o n  f o r m s  a  few e q u a n t ,  s u b r o u n d e d  g r a i n s  up t o  0 .07  rnm a c r o s s .  



A n d e s i t e  T u f f  w i t h  a b u n d a n t  M a g n e t i t e  

The r o c k  i s  a f i n e  t o  l o c a l l y  medium g r a i n e d  t u f f  d o m i n a t e d  by  
p l a g i o c l a s e  w i t h  lesser a c t i n o l i t e ,  q u a r t z ,  a n d  m a g n e t i t e ,  a n d  m i n o r  
b i o t i t e ,  T i - o x i d e ,  e p i d o t e ,  a n d  s p h e n e .  The r o c k  c o n t a i n s  w i s p y  seams  
o f  h i g h  m a g n e t i t e  c o n t e n t ,  m a i n l y  c o n c e n t r a t e d  t o w a r d s  o n e  s i d e  o f  
t h e  s e c t i o n .  X s p a r s e  g roundmass  c o n s i s t s  o f  p a t c h e s  o f  q u a r t z  a n d  
o f  c h l o r i t e .  

p l a g i o c l a s e  
a c t ~ i n o l i t e  
q u a r t z  
e p  j -dote  
maqne t i t e  
T i - - o x i d e  
b i o t i t e  
s p h e n e  
i l m e n i t e  
c h l o r i t e  
a p a t i t e  
z i r c o n  

40-45% 
17-20 
12-15 

7- 8 
7- 8 
2- 3 
2- 3 
14-2 
1- I+ 
t -  1 
t r a c e  
t r a c e  

P l a g i o c l a s e  f o r m s  a n h e d r a l ,  e q u a n t  t o  p r i s m a t i c  g r a i n s  a v e r a g i n g  
0.1.-0.6 mm i n  s i z e .  A l t e r a t i o n  i s  s l i g h t  t o  d u s t y  s e r i c i t e  a n d  e p i d o t e .  

A c t i n o l i t e  f o r m s  a n h e d r a l ,  p r i s m a t i c  t o  e q u a n t  g r a i n s  a v e r a g i n g  
0 .2 -0 .4  mm i n  l e n g t h ,  w i t h  a  f ew up t o  0 . 5  mm l o n g .  P l e o c h r o i s m  i s  f r o m  
p a l e  o r  l i g h t  g r e e n  t o  l i g h t  o r  m e d i u m - l i g h t  g r e e n  o r  b r o w n i s h  g r e e n .  
A f e w  c o n t a i n  a b u n d a n t  d u s t y  o p a q u e  i n c l u s i o n s ,  c o n c e n t r a t e d  somewhat i n  
c o r c e n t r i c  z o n e s  n e a r  t h e  b o r d e r  o f  t h e  c r y s t a l s .  

Q u a r t z  f o r m s  a n h e d r a l  g r a i n s  a v e r a g i n g  0 . 2 - 0 . 5  mm i n  s i z e .  Many 
o f  t h e s e  a r e  p a r t l y  r e c r y s t a l l i z e d  t o  f i n e r  g r a i n e d ,  i n t e r l o c k i n g  
a g g r e g a t e s .  I n  t h e  g r o u n d m a s s ,  q u a r t z  f o r m s  v e r y  f i n e  g r a i n e d  (0 .02-0 .04  
mm) a g g r e g a t e s ,  i n  p a r t  i n t e r g r o w n  w i t h  c h l o r i t e  o r  a c t i n o l i t e  o f  s i m i l a r  
s i z e .  

E p i d o t e  f o r m s  i r r e g u l a r  p a t c h e s  a v e r a g i n g  0 .05-0 .15  mm i n  s i z e .  
S0r.e a p p e a r  t o  b e  r e p l a c e m e n t s  o f  p l a g i o c l a s e .  

M a g n e t i t e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 .05-0 .15  mm i n  s i z e .  They 
a r e  c o n c e n t r a t e d  i n  seams p a r a l l e l  t o  o r i g i n a l  b e d d i n g ( ? ) ,  a n d  commonly 
are  s u r r o u n d e d  by z o n e s  r i c h  i n  a c t i n o l i t e .  

T i - o x i d e  f o r m s  e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s  up t o  0 . 2  mrn i n  s i z e .  
Some o f  t h e s e  c o n t a i n  a b u n d a n t  d u s t y  t o  e x t r e m e l y  f i n e  g r a i n e d  inclusions 
o f  o p a q u e ,  p r ~ b a b l y  i l m e n i t e .  

B i o t i t e  f o r m s  v e r y  f i n e  g r a i n e d  f l a k e s  u p  t o  0 . 1  mm i n  s i z e  
a s s o c i a t e d  w i t h  a c t i n o l i t e  a n d  v e r y  f i n e  g r a i n e d  p l a g i o c l a s e .  P l e o c h r o i s m  
i s  f r o m  s t r a w  t o  l i g h t  t o  medium g r e e n .  C h l o r i t e  o c c u r s  i n  a  s i m i l a r  
way, a n d  commonly i s  i n t e r g r o w n  w i t h  v e r y  f i n e  g r a i n e d  q u a r t z  p a t c h e s .  

Sphene  f o r m s  e q u a n t ,  commonly s u b r o u n d e d  g r a i n s  a v e r a g i n g  0 .1 -0 .2  
mm i n  s i z e ,  w i t h  a  few o v e r  0 . 4  mrn a c r o s s .  

I l m e n i t e  f o r m s  p a t c h e s  o f  s i m i l a r  s i z e  a n d  s h a p e  t o  p l a g i o c l a s e .  
G r a i n s  a r e  i d e n t i f i e d  a s  i l m e n i t e  b e c a u s e  o f  m i n o r  t o  m o d e r a t e l y  
a b u n d a n t  i n t e r g r o w n  T i - o x i d e ,  a n d  by i r r e g u l a r  r i m s  o f  T i - o x i d e ,  i n  
p a r t  fo rmed  by r e p l a c e m e n t  o f  i l m e n i t e .  

A p a t i t e  f o r m s  a v e r y  few e q u a n t  g r a i n s  up t o  0 . 0 5  mm a c r o s s .  
Z i r c o n  f o r m s  o n e  a n h e d r a l  g r a i n  0.17. mm l o n g .  
Groundmass p a t c h e s  a r e  v e r y  f i n e  g r a i n e d  a n d  a r e  d o m i n a t e d  by 

q u a r t z  w i t h  m i n o r  t o  m o d e r a t e l y  a b u n d a n t  c h l o r i t e ,  o r  by p l a g i o c l a s e -  
a c t i n o l i t e + c h l o r i t e  a g g r e g a t e s ,  i n  p a r t  w i t h  T i - o x i d e .  



EG-:LO7 -- Dacite C r y s t a l  T u f f  

The r o c k  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  i n  a g r o u n i -  
m a s s  d o m i n a t e d  by p l a g i o c l a s e  w i t h  m o d e r a t e l y  a b u n d a n t  s e r i c i t e  a n d  
e p i d o t e ,  a n d  s l i g h t l y  less c h l o r i t e .  

f r a g m e n t s  
p l a g i o c l a s e  
q u a r t z  

g roundmass  
p l a g i o c l a s e  
s e r i c i t e  
e p j - d o t e  
c h l o r i t e  
T i - - o x i d e  
z i r c o n  
l i m o n i t e  

17-20 
5- 7  
5- 7  
4 -  5  
1- 11 

t race  
trace 

P l a q i o c l a s e  f o r m s  e q u a n t  q r a i n s  f r o m  0 .15-0 .5  mrn i n  a v e r a q e  s i z e .  
They a r e  a l t e r e d  s l i q h t l y  t o  l o c a l l y  m o d e r a t e l y  t o  e x t r e m e l y  f i n e  
q r a l n e d ,  d i s s e m i n a t e d  s e r i c i t e .  A v e r y  few q r a i n s  o f  p l a g i o c l a s e  
c o n t a i n  m y r m e k i t i c  i n c l u s i o n s  o f  q u a r t z .  

Q u a r t z  f o r m s  e q u a n t  q r a i n s  f r o m  0 . 1 - 0 . 5  mm i n  a v e r a q e  s i z e ,  a n d  
a f e w  e l o n q a t e  q r a i n s  UD t o  0 . 7  nm i n  l e n q t h .  Many h a v e  s l i q h t l v  t o  
m o d e r a t e l y  wavy e x t i n c t i o n ,  a n d  a few h a v e  s t r o n q l y  wavy e x t i n c t i o n .  
One i s  a n  a q q r e q a t e  o f  f i n e r  q r a i n s  w i t h  s u t u r e d  q r a i n  b o r d e r s ;  t h e  
a q g r e q a t e  may h a v e  b e e n  r e c r y s t a l l i z e d  f r o m  a  c o a r s e r  s i n q l e  q r a i n .  

The g roundmass  i s  p a t c h y ,  w i t h  some l a r g e r  p a t c h e s  r e s e m b l i n q  
f r a g m e n t s .  P l a g i o c l a s e  f o r m s  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s  o f  
e q u a n t  g r a i n s .  S e r i c i t e  o c c u r s  i n  i r r e g u l a r  p a t c h e s  a n d  a s  r e p l a c e m e n t s  
o f  p l a g i o c l a s e .  I n  some p a t c h e s  it i s  i n t e r g r o w n  w i t h  c h l o r i t e .  

E p i d o t e  f o r m s  a n h e d r a l ,  v e r y  f i n e  g r a i n e d ,  m a i n l y  i r r e g u l a r  
p a t c h e s  f rom 0.1-0 .7  mm i n  s i z e .  Most a p p e a r  t o  h a v e  a l t e r e d  g r o u n d -  
mass, a n d  a  few a p p e a r  t o  h a v e  a l t e r e d  p l a g i o c l a s e  f r a g m e n t s .  

C h l o r i t e  o c c u r s  i n  i r r e g u l a r  p a t c h e s ,  commonly i n t e r g r o w n  i n  
s u b p a r a l l e l  i n t e r g r o w t h s  w i t h  lesser  s e r i c i t e .  A few c h l o r i t e  p a t c h e s  
u p  t o  0 . 5  mm a c r o s s  c o n s i s t  o f  u n o r i e n t e d ,  e q u a n t  f l a k e s .  C o l o r  i s  
p a l e  g r e e n .  

T i - o x i d e  f o r m s  i r r e g u l a r  p a t c h e s  a n d  l e n s e s  up t o  0 . 1  mm i n  s i z e ;  
t h e s e  c o n s i s t  o f  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s  o f  a n h e d r a l  g r a i n s .  

Z i r c o n  f o r m s  a v e r y  few p r i s m a t i c  g r a i n s  up t o  0 .07 mm l o n g .  
L i m o n i t e  f o r m s  w i s p y  z o n e s ,  m a i n l y  a s s o c i a t e d  w i t h  s e r i c i t e ,  

w h i c h  g i v e  s e r i c i t e  a p a l e  t o  l i g h t  brown c o l o r .  



EG-122 --- Q u a r t z - ( P y r i t e - M u s c o v i t e -  K - f e l d s p a r )  E x h a l i t e : .  Deformed 

T h e  r o c k  i s  d o m i n a t e d  b y  q u a r t z  w i t h  d i s s e m i n a t e d  p y r i t e  a n d  
m u s c ~ o v i t e ,  a n d  w i t h  K - f e l d s p a r  c o n c e n t r a t e d  i n  a f e w  l a y e r s .  M o d e r a t e  
c a t a c l a s t i c  d e f o r m a t i o n  c a u s e d  f l a t t e n i n g  o f  q u a r t z  g r a i n s  a n d  p a r t i a l  
r e c r . y s t a l l i z a t i o n  a n d  g r a n u l a t i o n .  

q u a r t z  
p y r i t e  
m u s c o v i t e  
K - f e l d s p a r  
T i - o . x i d e  
c h l o r i t e  
l i m o n i t e  
k a o l i n i t e  

85-88% 
4- 5 
4- 5  
1- I#  

0 . 3  
m i n o r  

0 . 3  
0 . 2  

Q u a r t z  f o r m s  g r a i n s  f r o m  0 . 3 - 0 . 8  mm i n  s i z e ,  m o d e r a t e l y  f l a t t e n e d  
p a r a l l e l  t o  f o l i a t i o n .  G r a i n s  a r e  s t r o n g l y  s t r a i n e d ,  a n d  many a re  
p a r t l y  r e c r y s t a l l i z e d  t o  s u b m o s a i c ,  v e r y  f i n e  g r a i n e d  a g g r e g a t e s  w i t h  
s l i g h t l y  t o  m o d e r a t e l y  v a r i a b l e  e x t i n c t i o n  p o s i t i o n s  b e t w e e n  a d j a c e n t  
s u b g r a i n s .  

P y r i t e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  g r a i n s  a n d  c l u s t e r s  o f  a f e w  
g r a i n s  a v e r a g i n g  0 . 0 7 - 0 . 2  mm i n  g r a i n  s i z e .  

M u s c o v i t e  f o r m s  e q u a n t  t o  e l o n g a t e  f l a k e s  a v e r a g i n g  0 . 1 - 0 . 5  mm 
i n  s i z e .  Some a re  o r i e n t e d  p a r a l l e l  t o  f o l i a t i o n .  O t h e r s  o c c u r  i n  
i r r e g u l a r  t o  s u b r a d i a t i n g  a g g r e g a t e s  o f  f i n e r  g r a i n e d  f l a k e s .  One 
p o r p h y r o b l a s t i c  g r a i n  i s  1 mm l o n g .  

K - f e l d s p a r  i s  c o n c e n t r a t e d  i n  a f e w  l e n s e s  a s  a n h e d r a l  g r a i n s  
a v e r a g i n g  0 . 0 5 - 0 . 3  mm i n  s i z e .  G r a i n s  commonly a re  i r r e g u l a r  i n  
o u t l i n e  a n d  p a r t l y  i n t e r s t i t i a l  t o  q u a r t z .  

T i - o x i d e  f o r m s  c l u s t e r s  u p  t o  0 . 1 5  mm a c r o s s  o f  e q u a n t  g r a i n s  
a v e r a g i n g  0 . 0 2 - 0 . 0 5  mm i n  s i z e .  

C h l o r i t e  o c c u r s  as  o n e  f l a k e  0 . 3  mm l o n g ,  a s s o c i a t e d  w i t h  m i n o r  
m u s c o v i t e  ( p a r a l l e l  t o  c l e a v a g e )  a n d  T i - o x i d e .  The  g r a i n  p r o b a b l y  
i s  s e c o n d a r y  a f t e r  b i o t i t e .  

K a o l i n i t e  f o r m s  a f e w  i n t e r s t i t i a l  p a t c h e s  u p  t o  0 . 3  mm i n  s i z e .  
T h e s e  c o n s i s t  o f  u n o r i e n t e d  a y g r e g a t e s  o f  e q u a n t  f l a k e s  a v e r a g i n g  0 . 0 3 -  
0 . 0 5  mm i n  s i z e .  

T h e  r o c k  i s  c u t  b y  a f e w  w i s p y  v e i n l e t s  o f  l i m o n i t e  f r o m  0 . 0 2 - 0 . 2  
mm i n  w i d t h .  Near t h e  v e i n l e t s ,  p y r i t e  i s  a l t e r e d  s t r o n g l y  t o  c o m p l e t e l y  
t o  o r a n g e - b r o w n  l i m o n i t e .  



EG-.18 7  -- A n d e s i t e  T u f f  ( V e r y  F i n e  G r a i n e d )  

The r o c k  c o n t a i n s  v e r y  f i n e  g r a i n s  o f  q u a r t z  a n d  p l a g i o c l a s e  i n  
a n  e x t r e m e l y  f i n e  g r a i n e d  g roundmass  d o m i n a t e d  b y  p l a g i o c l a s e  w i t h  
lesser s e r i c i t e  a n d  m i n o r  e p i d o t e .  I t  i s  c u t  by  s e v e r a l  t y p e s  cf v e i n l e t s  
a n d  seams  o f :  c a l c i t e - c h l o r i t e ;  o p a q u e ;  quartz-plagioclase-(chlorite); 
a n d  e p i d o t e .  

p l a g i o c l a s e  45-508 (5-7% c o a r s e r  g r a i n s )  
s e r i c i t e  35-40 
q u a r t z  4- 5  
e p i d o t e  4-  5 
o p a q u e  0 . 5  
T i - o x i d e  0 . 3  
v e i n l e t s  

c a l c i t e - c h l o r i t e ;  c h l o r i t e  0 . 5  
o p a q u e  m i n o r  
q u a r t z - p l a g i o c l a s e - ( c h l o r i t e )  0 . 5  
e p i d o t e  seams 0 . 5  

P l a g i o c l a s e  a n d  q u a r t z  f o r m  d i s s e m i n a t e d ,  s u b a n g u l a r  g r a i n s  f rom 
0 .03-0 .07  mm i n  s i z e ,  w i t h  a  f ew u p  t o  0 . 1  mm l o n g .  

T h e s e  a r e  s e t  i n  a n  e x t r e m e l y  f i n e  g r a i n e d  g roundmass  d o m i n a t e d  by 
e q u a n t  p l a g i o c l a s e  g r a i n s  a n d  w i s p y  s e r i c i t e  f l a k e s .  The l a t t e r  a r e  
o r i e n t e d  t o  p r o d u c e  a  m o d e r a t e l y  p r o m i n e n t  f o l i a t i o n .  E p i d o t e  f o r m s  
d i s s e m i n a t e d  p a t c h e s  f r o m  0 . 0 1 - 0 . 0 3  mm i n  a v e r a g e  s i z e .  Opaque a n d  
T i - o x i d e  f o r m  d i s s e m i n a t e d  g r a i n s  a n d  c l u s t e r s  o f  g r a i n s  up t o  0 . 0 5  mm 
a c r o s s .  

The r o c k  i s  c u t  by s e v e r a l  d i s c o n t i n u o u s  v e i n l e t s  u p  t o  0 . 2  mrn 
w i d e  o f  v e r y  f i n e  g r a i n e d  c a l c i t e - c h l o r i t e  w i t h  much less  q u a r t z  a n d  
o p a q u e .  O t h e r  r e l a t e d  v e i n l e t s  a r e  d o m i n a t e d  b y  c h l o r i t e .  A few v e i n l e t s  
up  t o  0 . 2  mm w i d e  are  d o m i n a t e d  b y  v e r y  f i n e  g r a i n e d  q u a r t z  a n d / o r  
p l a g i o c l a s e  w i t h  lesser c h l o r i t e .  Wispy seams  o f  e x t r e m e l y  f i n e  
g r a i n e d  e p i d o t e  c u t  a c r o s s  t h e  r o c k  a t  a  low a n g l e  t o  f o l i a t i o n .  



EG-189 -- Greywacke 

The rock contains fragments of quartz diorite, aphanitic volcanic 
rocks, and meta-siltstone in a groundmass dominated by plagioclase. 

fragments 
1) quartz diorite 

plagioclase 15-17% 
quartz 17-20 
hornblende ( ? )  0.7 

2) volcanic rocks 
dacite 4- 5 
andesite 0.3 

3) meta-siltstone 0.3 
grol~ndmass 
plagioclase 35-40 
epidote 10-12 
chlorite 3- 4 
calcite 2- 3 
quartz 2- 3 
opaque/Ti-oxide 1- 14 
zircon trace 
apatite trace 

The quartz diorite consists of fine to coarse aggregates of quartz 
and plaqioclase, possibly with minor hornblende. Fragments are of 
quartz, of plagioclase, of quartz-plagioclase aggregates, and of 
altered hornblende. Quartz grains average 0.7-1 mm in size, with some 
recrystallized to finer grained aggregates. A few quartz grains contain 
minor rutile needles.and one grain contains a euhedral grain of apatite 
0.05 mm across. Plagioclase grains commonly are slightly strained and 
fractured. Alteration is slight to locally moderate to sericite with 
lesser calcite and chlorite. 

Hornblende forms a few patches up to 0.8 mm in size. Alteration is 
complete to very fine to fine grained aggregates of calcite with lesser 
chlorite and locally minor muscovite and quartz. 

Dacite forms fragments up to 1 nun in size. These are dominated by 
extremely fine grained plagioclase, with minor phenocrysts of plagio- 
clase, mainly from 0.05-0.1 mm in size, but locally up to 0.5 mm long. 
The presence of the phenocrysts distinguishes some of the fragments 
froim the very similar groundmass. Andesite forms a few fragments up to 
0.5 mm in size, dominated by lathy, in part oriented plagioclase with 
minor to moderately abundant opaque. 

A few fragments up to 1.8 mm long consist of very fine grained 
quartz with disseminated flakes of sericite oriented parallel to a 
moderate foliation, and with equant patches of calcite.(minor) . 

The groundmass is dominated by extremely fine grained plagioclase, 
with minor to locally abundant patches of one or more of epidote, 
chl~rite, and calcite. Epidote forms patches up to 0.45 mm in size of 
very fine to extremely fine grains. Chlorite forms clusters of subparallel 
flakes, in part intergrown with quartz. 

Calcite forms a few patches up to 1 mm in size, probably of 
replacement origin. 

Ti-oxide forms patches up to 0.35 mm across. 
Opaque is concentrated in patches of chlorite as extremely fine 

grained aggregates and disseminations, and forms a few equant patches 
up to 0.07 mm across. - 

Zircon forms one equant grain 0.1 mm across, with a tiny opaque 
inclusion in its core. Apatite forms a very few equant grains up to 0.03 
mm in size. 



EG-195 -- P o r p h y r i t i c  A n d e s i t i c  D a c i t e  

The r o c k  c o n t a i n s  p h e n o c r y s t s  o f  p l a g i o c l a s e  and l e s s e r  h o r n b l e n d e  
and q u a r t z  i n  a n  e x t r e m e l y  f i n e  g r a i n e d  groundmass  domina ted  by p l a g i o -  
c l a s e .  A l t e r a t i o n  i s  s t r o n g  t o  c o m p l e t e ,  w i t h  p l a g i o c l a s e  r e p l a c e d  by 
s e r i c i t e - ( e p i d o t e )  and h o r n b l e n d e  r e p l a c e d  by b i o t i t e - c h l o r i t e -  T i -ox ide-  
e p i d o t e .  Replacement  p a t c h e s  c o n s i s t  o f  e p i d o t e - ( q u a r t z )  and o f  q u a r t z -  
( b i o t i t e - e p i d o t e ) .  V e i n l e t s  a r e  o f  q u a r t z  - e p i d o t e  and o f  c h l o r i t e .  

p h e n o c r y s t s  
p l a g i o c l a s e  
h o r n b l e n d e  
q u a r t z  

groundmass  
p l a g i o c l a s e  
b i o t i t e  
c h l o r i t e  
e :p ido t e  
T i - o x i d e  
a p a t i t e  

50-55 
4 -  5  
1- 1 4  
2- 3  

0 . 3  
minor  

r e p l a c e m e n t  p a t c h e s  
e p i d o t e -  ( q u a r t z )  12-15% 
quartz-(biotite-epidote) 2- 3  
s e r i c i t e -  T i -ox ide  0 . 5  

v e i n l e t s  
q u a r t z - e p i d o t e - b i o t i t e  0 . 5  
c h l o r i t e -  ( T i - o x i d e )  0 . 1  

P l a g i o c l a s e  fo rms  s u b h e d r a l  t o  e u h e d r a l  p r i s m a t i c  g r a i n s  up t o  1 . 5  
mm i n  s i z e .  They a r e  a l t e r e d  s t r o n g l y  t o  c o m p l e t e l y  t o  v e r y  f i n e  g r a i n e d  
a g g r e g a t e s  o f  s e r i c i t e ,  w i t h  s c a t t e r e d  p a t c h e s  o f  e x t r e m e l y  t o  v e r y  
f i n e  g r a i n e d  e p i d o t e .  A few g r a i n s  a r e  s t r o n g l y  a l t e r e d  t o  e p i d o t e .  
E p i d o t e  w i t h  lesser q u a r t z  fo rms  r e p l a c e m e n t  p a t c h e s  up t o  2 . 5  mm i n  
s i z e .  These  r a n g e  f rom v e r y  f i n e  t o  l o c a l l y  medium g r a i n e d .  Q u a r t z  
o c c u r s  i n  c o r e s  o f  p a t c h e s ,  and i s  s u r r o u n d e d  by s u b h e r d a l  t o  e u h e d r a l  
t e r m i n a t i o n s  o f  e p i d o t e ,  which grew i n t o  t h e  c a v i t y  l a t e r  f i l l e d  w i t h  
q u a r t z .  These p a t c h e s  may be  r e p l a c e m e n t s  o f  p l a g i o c l a s e  p h e n o c r y s t s .  

Hornblende  f roms  s u b h e d r a l  p h e n o c r y s t s  up  t o  1 nun i n  l e n g t h .  They 
a r e  r e p l a c e d  c o m p l e t e l y  by v e r y  f i n e  g r a i n e d  a g g r e g a t e s  domina ted  by 
b i o t i t e  w i t h  lesser c h l o r i t e ,  e p i d o t e ,  and T i - o x i d e .  A few c o a r s e  
p a t c h e s  o f  e p i d o t e  may be s e c o n d a r y  a f t e r  h o r n b l e n d e ;  t h e s e  c o n t a i n  
a  few i n c l u s i o n s  up t o  0 . 2  mm i n  s i z e  of  a p a t i t e ,  and one  c o n t a i n s  a 
g r a i n  o f  z i r c o n  0 .12  mm a c r o s s .  

Q u a r t z  fo rms  subrounded  p h e n o c r y s t s  up t o  1 rrm i n  s i z e .  
The groundmass  i s  domina ted  by  e q u a n t  g r a i n s  o f  p l a g i o c l a s e  

a v e r a g i n g  0 .02  mm i n  g r a i n  s i z e .  B i o t i t e  forms p a t c h e s  and seams of  
e x t r e m e l y  f i n e  t o  v e r y  f l n e  g r a i n e d  a q g r e g a t e s .  C h l o r i t e  o c c u r s  i n  
s i i n i l a r  a g g r e g a t e s  t o  t h o s e  o f  b i o t i t e .  E p i d o t e  forms  i r r e g u l a r ,  
v e r y  f i n e  g r a i n e d  p a t c h e s ,  i n  p a r t  a s s o c i a t e d  w i t h  b i o t i t e .  T i - o x i d e  
forms  p a t c h e s  up t o  0 . 5  rnm i n  s i z e ,  e i t h e r  a l o n e  o r  a s s o c i a t e d  w i t h  
b i o t i t e .  A p a t i t e  fo rms  s c a t t e r e d  p r i s m a t i c  g r a i n s  up t o  0 . 1  mm l o n g .  

S e v e r a l  r e p l a c e m e n t  p a t c h e s  f rom 0.3-1 mm i n  s i z e  c o n s i s t  o f  
v e r y  f i n e  g r a i n e d  t o  l o c a l l y  f i n e  g r a i n e d  q u a r t z  w i t h  much l e s s  b i o t i t e  
a n d / o r  e p i d o t e .  These  p r o b a b l y  r e p l a c e  groundmass  p l a g i o c l a s e .  

A few r e p l a c e m e n t  p a t c h e s  c o n s i s t  o f  e x t r e m e l y  f i n e  g r a i n e d  a g g r e -  
g a t e s  o f  s e r i c i t e  w i t h  abundan t  a n h e d r a l ,  e x t r e m e l y  f i n s  g r a i n e d  p a t c h e s  
o f  T i - o x i d e .  T h e i r  o r i g i n  i s  u n c e r t a i n ;  t h e y  r a n g e  up t o  0 . 7  mm i n  s i z e .  

The r o c k  c o n t a i n s  a  v e i n l e t  up t o  0 . 2  mm wide domina ted  by q u a r t z  
w i t h  lesser  b i o t i t e ,  and  a n o t h e r  w i t h  p a t c h e s  of  q u a r t z  and zones  of  
v e r y  f i n e  g r a i n e d  e p i d o t e .  C h l o r i t e  w i t h  minor  T i - o x i d e  forms a  wispy  
v e i n l e t  up t o  0 . 1  mm w ide .  



EG-211 -- L a t i t e  c u t  by v e i n s  o f  E p i d o t e - Q u a r t z - C a l c i t e  a n d  o f  S e r i c i t e  

The r o c k  i s  a s l i g h t l y  s p h e r u l i t i c ,  v e r y  f i n e  g r a i n e d  l a t i t e  f i o w  
d o m i n a t e d  by p l a g i o c l a s e ,  w i t h  m i n o r  s e c o n d a r y  s e r i c i t e  a n d  e p i d o t e .  
I t  i s  c u t  by i r r e g u l a r  v e i n s  a n d  v e i n l e t s  o f  epidote-quartz-(calcite) 
a n d  by l a t e r  v e i n l e t s  o f  s e r i c i t e .  

p l a g i o c l a s e  75-80% 
ser L C  i t e  5- 7  
e p i t l o t e  14-2 
s p h e r u l i t e s  0 . 5  ( p l a g i o c l a s e )  
v e i n s  

epyidote ( 5 - 7 % )  - q u a r t z  ( 3 - 4 % )  - c a l c i t e  (1%) 
seiricite 1 

P l a g i o c l a s e  f o r m s  a n  i n t e r l o c k i n g  a g g r e g a t e  o f  g r a i n s  a v e r a g i n g  
0 .03-0 .07 mm i n  s i z e ,  w i t h  a  few p r i s m a t i c  g r a i n s  u p  t o  0 . 1  mm l o n g .  
G r a i n s  a re  u n o r i e n t e d  i n  m o s t  o f  t h e  r o c k .  S p h e r u l i t i c  p a t c h e s  up t o  
0 . 2  m a c r o s s  c o n s i s t  o f  p l a g i o c l a s e  g r a i n s  i n  e x t r e m e l y  f i n e ,  r a d i a t i n g  
a g g r e g a t e s ;  t h e y  w e r e  fo rmed  by d e v i t r i f i c a t i o n  o f  g l a s s .  

S e r i c i t e  f o r m s  w i s p y  f l a k e s  f r o m  0 . 0 2 - 0 . 0 5  mm i n  s i z e  i n t e r g r o w n  
i n t i m a t e l y  w i t h  p l a g i o c l a s e ,  a n d  p r o b a b l y  fo rmed  by r e p l a c e m e n t  o f  
p l a g i o c l a s e .  Near  some e p i d o t e - r i c h  v e i n s ,  s e r i c i t e  i s  a b s e n t  o r  v e r y  
m i n o r .  

E p i d o t e  f o r m s  i r r e g u l a r  p a t c h e s  o f  e x t r e m e l y  f i n e  t o  v e r y  f i n e  
g r a i n s  s c a t t e r e d  t h r o u g h  t h e  r o c k ,  a n d  c o n c e n t r a t e d  s l i g h t l y  n e a r  
e p i d o t e - r i c h  v e i n s .  P a t c h e s  a r e  up t o  0 . 7  mm i n  s i z e .  

The r o c k  i s  c u t  by s e v e r a l  i r r e g u l a r  t o  p a t c h y  v e i n s  up t o  2  mm 
w i d e .  They a r e  v a r i a b l e  i n  c o m p o s i t i o n .  Most a r e  d o m i n a t e d  by v e r y  
f i n e  t o  l o c a l l y  f i n e  g r a i n e d  e p i d o t e ,  w i t h  lesser p a t c h e s  d o m i n a t e d  by 
q u a r t z  a n d / o r  q u a r t z - c a l c i t e .  Nar rower  v e i n l e t s  commonly c o n s i s t  
e n t i r e l y  o f  e x t r e m e l y  f i n e  g r a i n e d  e p i d o t e .  B o r d e r s  o f  v e i n s  g e n e r a l l y  
a r e  i r r e g u l a r  a g a i n s t  g roundmass  p l a g i o c l a s e ,  a n d  t e x t u r e s  sugges t .  t h a t  
r ep l -acement  o f  p l a g i o c l a s e  o c c u r r e d  d u r i n g  v e i n  f o r m a t i o n .  Q u a r t z - r i c h  
p a t c h e s  commonly h a v e  s u b m o s a i c  t e x t u r e s  o f  g r a i n s  a v e r a g i n g  0 .03-0 .08  
mm :Ln s i z e .  A f ew l e n s y  pat-.ches a r e  d o m i n a t e d  b y  c a l c i t e  w i t h  l e sse r  
q u a r t z ;  t h e s e  h a v e  s u b m o s a i c  t e x t u r e s  w i t h  g r a i n s  a v e r a g i n g  0 . 0 3 - 0 . 0 5  
mm J-n s i z e .  

L a t e ,  commonly f r a c t u r e - f i l l i n g  v e i n l e t s  a n d  v e i n s  u p  t o  0 . 2  rnm 
i n  w i d t h  c o n s i s t  o f  s e r i c i t e .  T h e s e  o f f s e t  some o f  t h e  e a r l i e r  e p i d o t e -  
r i c h  v e i n s .  S e r i c i t e  commonly i s  o r i e n t e d  a t  a n  o b l i q u e  a n g l e  t o  t h e  
b o r d e r s  o f  t h e  v e i n s ,  f o r m i n g  s u b p a r a l l e l  a g g r e g a t e s  o f  s l e n d e r  f l a k e s .  



EG-258 -- P o r p h y r i t i c  A n d e s i t e  w i t h  i n c l u s i o n  o f  N o n - p o r p h y r i t i c  
A n d e s i t e  ( h a n d  s a m p l e  o n l y )  

The r o c k  c o n t a i n s  a b u n d a n t  p h e n o c r y s t s  o f  p l a g i o c l a s e  a n d  lesser 
o n e s  o f  h o r n b l e n d e  a n d  q u a r t z ,  a n d  c l u s t e r s  o f  o p a q u e  i n  a  g roundmass  
d o m i n a t e d  by p l a g i o c l a s e  w i t h  lesser  b i o t i t e  a n d  m i n o r  c h l o r i t e  a n d  
e p i i d o t e .  The f r a g m e n t  i n  o n e  c o r n e r  o f  t h e  hand  s a m p l e  a p p e a r s  t o  b e  
o f  a v e r y  f i n e  g r a i n e d  a n d e s i t e ,  p r o b a b l y  s t r o n g l y  a l t e r e d  t o  e p i d o t e -  
c h l o r i t e .  A small f r a g m e n t  i n  t h e  s e c t i o n  i s  o f  a f i n e  d i a b a s e ?  

p h e n o c r y s t s  f r a g m e n t  0 . 3 %  
p l a g i o c l a s e  25-30% p l a g i o c l a s e  40-45% 
q u a r t z  4-  5  b i o t i t e  30-35 
h o r n b l e n d e  4 -  5  e p i d o t e  20-25 
o p a q u e  1- 1) 

g r o u n d m a s s  
p l a g i o c l a s e  40-45 
b i l o t i t e  10-12 
c h l o r i t e  l f - 2  
e p i d o t e  2- 3  
o p a q u e  f -  1 
a p a t i t e  0 . 1  

P l a g i o c l a s e  f o r m s  e u h e d r a l  t o  s u b h e d r a l  p h e n o c r y s t s  f r o m  0 .7 -3  mm 
i n  s i z e .  I t  i s  m o d e r a t e l y  t o  l o c a l l y  c o m p l e t e l y  a l t e r e d ,  m a i n l y  by 
f i n e  t o  v e r y  f i n e  g r a i n e d  p a t c h e s  o f  e p i d o t e ,  w i t h  lesser c a l c i t e  a n d  
m i n o r  c h l o r i t e .  A f ew g r a i n s  c o n t a i n  i r r e g u l a r  p a t c h e s  o f  e x t r e m e l y  
f i n e  g r a i n e d  s e r i c i t e .  

Q u a r t z  f o r m s  a n h e d r a l ,  r o u n d e d  t o  i r r e g u l a r  p h e n o c r y s t s  a v e r a g i n g  
- 0 . 2 - 0 . 8  rnrn i n  s i z e ,  w i t h  o n e  l a r g e  p h e n o c r y s t  3 . 5  mm a c r o s s .  E x t i n c t i o n  

v a r i e s  f rom u n i f o r m  t o  m o d e r a t e l y  wavy. One c o n t a i n s  a s u b h e d r a l ( ? )  p a t c h  
o f  e p i d o t e  0 . 5  mm l o n g ,  p o s s i b l y  s e c o n d a r y  a f t e r  a  p l a g i o c l a s e  p h e n o c r y s t .  
The l a r g e  p h e n o c r y s t  i s  c u t  by a  few w i s p y  v e i n l e t s  up  t o  0 . 0 5  mm w i d e  
o f  v e r y  f i n e  g r a i n e d  q u a r t z  a n d  much less  c a l c i t e .  

H o r n b l e n d e  f o r m s  s u b h e d r a l  p h e n o c r y s t s  f rom 0.8-2  mm i n  s i z e .  A l t e r a -  
t i o n  i s  c o m p l e t e  t o  a v a r i e t y  o f  s e c o n d a r y  a g g r e g a t e s  o f  v e r y  f i n e  g r a i n  
s i z e ,  m a i n l y  d o m i n a t e d  by b i o t i t e  o r  c h l o r i t e ,  w i t h  lesser e p i d o t e ,  
T i - o x i d e ,  q u a r t z ,  c a l c i t e ,  a n d  o p a q u e / T i - o x i d e .  A p a t i t e  i s  common a s  
s u b h e d r a l  p r i s m a t i c  g r a i n s  up t o  0 . 1  mm l o n g  i n t e r g r o w n  n e a r  o r  a l o n g  
b o r d e r s  o f  h o r n b l e n d e  g r a i n s .  

Opaque f o r m s  a  few c l u s t e r s  u p  t o  1 . 7  mm i n  s i z e  o f  e q u a n t ,  s u b r o u n d e d  
g r a i n s  a v e r a g i n g  0 . 3 - 0 . 7  mm i n  s i z e .  T h e s e  p r o b a b l y  a r e  d o m i n a t e d  by  
i l m e n i t e  w i t h  much less  m a g n e t i t e .  I l m e n i t e  i s  p a r t l y  a l t e r e d  t o  T i - o x i d e .  

P l a g i o c l a s e  i n  t h e  g roundmass  c o n s i s t s  o f  u n o r i e n t e d ,  s l i g h t l y  
i n t e r l o c k i n g  a g g r e g a t e s  o f  e q u a n t  t o  s l i g h t l y  p r i s m a t i c  g r a i n s  a v e r a g i n g  
0 . 0 1 - 0 . 0 5  mm i n  s i z e ,  w i t h  s c a t t e r e d  t i n y  p h e n o c r y s t s  a v e r a g i n g  0 . 0 5 - 0 . 3  
mrn i n  l e n g t h .  

B i o t i t e  f o r m s  e x t r e m e l y  f i n e  g r a i n e d  ( 0  - 0 1 - 0 . 0 3  m m )  f l a k e s  i n t e r -  
grown w i t h  p l a g i o c l a s e .  P l e o c h r o i s m  i s  f rom l i g h t  t o  medium b r o w n i s h  
g r e e n .  C h l o r i t e  o c c u r s  i n  s i m i l a r  t e x t u r e s ,  a n d  i s  m o d e r a t e l y  concen-  
t r a t e d  i n  p a t c h e s  a l o n g  b o r d e r s  o f  some p l a g i o c l a s e  p h e n o c r y s t s .  I t  i s  
p a l e  g r e e n  i n  c o l o r  w i t h  weak p l e o c h r o i s m .  

E p i d o t e  f o r m s  i r r e g u l a r  p a t c h e s  f r o m  e x t r e m e l y  f i n e  g r a i n e d  t o  
l o c a l l y  f i n e  g r a i n e d .  One p a t c h  0 .7  mm a c r o s s  c o n s i s t s  o f  s u b r a d i a t i n g ,  
f i n e  g r a i n e d  e p i d o t e .  I t  i s  s u r r o u n d e d  by  a  r i m  u p  t o  0 . 2  mm t h i c k  o f  
e x t r e m e l y  f i n e  g r a i n e d  e p i d o t e  w i t h  m i n o r  p a t c h e s  o f  T i - o x i d e  a n d  o f  
q u a r t z .  

( c o n t i n u e d )  



EG-258 ( p a g e  2 )  -- 

Opaque forms  s c a t t e r e d  p a t c h e s  up  t o  0 . 3  mm i n  s i z e  of v e r y  f i n e  
g r a i n e d  a g g r e g a t e s  w i t h  minor  t o  m o d e r a t e l y  abundan t  i n t e r s t i t i a l  
c h l o r i t e .  I t  a l s o  fo rms  s i n g l e  g r a i n s  up t o  0 .05  mm i n  s i z e ;  some o f  
t h e s e  a p p e a r  t o  be  s u b h e d r a l  p y r i t e  and o t h e r s  t o  be  i l m e n i t e  p a r t l y  
r e p l a c e d  t o  T i - o x i d e .  

A p a t i t e  fo rms  d i s s e m i n a t e d  g r a i n s  f rom 0 .02 -0 .07  mm i n  s i z e ,  
commonly a s s o c i a t e d  w i t h  h o r n b l e n d e  o r  opaque  p a t c h e s .  

The f r a g m e n t  i n  t h e  s e c t i o n  i s  1 . 5  mm l o n g  and c o n s i s t s  o f  
f i n e  g r a i n e d  p l a g i o c l a s e  i n t e r g r o w n  w i t h  p a t c h e s  of b i o t i t e  f l a k e s  and  
i r r e g u l a r  g r a i n s  o f  e p i d o t e .  I t  p r o b a b l y  i s  a n  e a r l y - f o r m e d  s u b - v o l c a n i c  
a g g r e g a t e  c a u g h t  up i n  t h e  a n d e s i t e  magma. 



A n d e s i t e  L a p i l l i  T u f f  

The r o c k  c o n t a i n s  f r a g m e n t s  u p  t o  1 . 5  c m  i n  s i z e  o f  a  v a r i e t y  o f  
a n d e s i t e s ,  a n d  s i n g l e  p l a g i o c l a s e  p h e n o c r y s t  f r a g m e n t s  up t o  1 . 3  mm i n  
s i z e  i n  a  m o d e r a t e l y  f o l i a t e d  g roundmass  d o m i n a t e d  b y  s e r i c i t e  a n d  
p l a g i o c l a s e .  

f r a g m e n t s  
a r i d e s i t e  50-55% 
p l . a g i o c l a s e  15-17 
h o r n b l e n d e  1 

groundma ss 25-30 

The l a r g e s t  f r a g m e n t  i n  o n e  c o r n e r  o f  t h e  s e c t i o n  c o n t a i n s  
p l a g i o c l a s e  p h e n o c r y s t s  f r o m  0 . 3 - i . 5  mm i n  s i z e  a n d  a b u n d a n t  p a t c h e s  
o f  e p i d o t e  up t o  1 . 2  mm i n  s i z e ,  w i t h  m o d e r a t e l y  a b u n d a n t  e u h e d r a l  
p y r i t e  g r a i n s  u p  t o  1 . 5  mm a c F o s s ,  a n d  s c a t t e r e d  p a t c h e s  o f  c h l o r i t e ?  
q u a r t z  up t o  0 . 7  mm i n  s i z e .  T h e s e  a r e  s e t  i n  a g roundmass  d o m i n a t e d  
by e q u a n t  p l a g i o c l a s e  f r o m  0 . 0 2 - 0 . 0 3  mm i n  g r a i n  s i z e ,  w i t h  i r r e g u l a r  
p a t c h e s  a n d  i n t e r g r o w t h s  o f  c h l o r i t e . a n d  T i - o x i d e / o p a q u e .  P l a g i o c l a s e  
p h e n o c r y s t s  a r e  s l i g h t l y  t o  s t r o n g l y  a l t e r e d  t o  c h l o r i t e  a n d / o r  
e p i d o t e .  P y r i t e  i s  a l t e r e d  t o  r i m s  a n d  embayments o f  r e d  t r a n s l u c e n t  
h e m a t i t e ,  p r o b a b l y  s u r r o u n d i n g  c o r e s  o f  o p a q u e  h e m a t i t e  w i t h  m i n o r  
r e l i c  p r i m a r y  p y r i t e .  C h l o r i t e  c o n t a i n s  m i n o r  b i o t i t e ;  c h l o r i t e  i s  l i g h t  
g r e e n  i n  c o l o r  a n d  b i o t i t e  i s  medium g r e e n .  

S m a l l e r  a n d e s i t e  f r a g m e n t s  commonly c o n t a i n  m o d e r a t e l y  a b u n d a n t  
p h e n o c r y s t s  o f  p l a g i o c l a s e  u p  t o  1 . 2  rnm i n  s i z e  i n  a n  e x t r e m e l y  f i n e  
g r a i n e d  g roundmass  d o m i n a t e d  by p l a g i o c l a s e ,  w i t h  m i n o r  t c  m o d e r a t e l y  
a b u n d a n t  a m o u n t s  o f  o n e  o r  more o f  e p i d o t e ,  c h l o r i t e ,  o r  b i o t i t e ,  w i t h  
less o p a q u e / T i - o x i d e  a n d / o r  q u a r t z .  

- P l a g i o c l a s e  f o r m s  e q u a n t  t o  p r i s m a t i c  g r a i n s  u p  t o  1 . 3  mm i n  s i z e .  
T h e s e  a r e  a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  s e r i c i t e ,  w i t h  lesser 
e p i . d o t e  a n d  l o c a l l y  m i n o r  c h l o r i t e / b i o t i t e .  

A f ew p a t c h e s  u p  t o  3  mm a c r o s s  c o n s i s t  o f  v e r y  f i n e  t o  l o c a l l y  
f i n e  g r a i n e d  a g g r e g a t e s  o f  c h l o r i t e ,  w i t h  l e sse r  T i - o x i d e ,  o p a q u e ,  
e p i . d o t e ,  b i o t i t e ,  a n d  s e r i c i t e .  T h e s e  p a t c h e s  p r o b a b l y  a r e  r e p l a c e m e n t s  
o f  h o r n b l e n d e  p h e n o c r y s t s .  One s u c h  p a t c h  h a s  a  r i m  o f  e x t r e m e l y  f i n e  
g r a i n e d  e p i d o t e .  

The g r o u n d m a s s  i s  e x t r e m e l y  f i n e  g r a i n e d ,  a n d  g e n e r a l l y  c o n t a i n s  
m o d e r a t e l y  a b u n d a n t  t o  a b u n d a n t  s e r i c i t e  i n  w i s p y  seams a n d  b a n d s ,  w i t h  
g r a i n s  o r i e n t e d  a l o n g  b a n d s  g i v i n g  t h e  r o c k  a  m o d e r a t e  f o l i a t i o n .  Where 
s e r i c i t e  i s  less  a b u n d a n t ,  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  o f  t h e  
g roundmass  i s  d i f f i c u l t  t o  d i s t i n g u i s h  f r o m  s i m i l a r  p l a g i o c l a s e  i n  t h e  
a n d l e s i t e  f r a g m e n t s .  E p i d o t e  f o r m s  d i s s e m i n a t e d ,  i r r e g u l a r  p a t c h e s  up t o  
0.1. mm i n  s i z e .  



EG-299 -- v e r y  F i n e  Daci t ic  T u f f  w i t h  S e c o n d a r y  P q t c h e s  o f  C h l o y i t e -  
Q u a r t z - P y r i t e ,  a n d  v e i n l e t s  o f  T i - o x i d e .  

The r o c k  c o n t a i n s  m i n o r  v e r y  f i n e  g r a i n s  o f  q u a r t z  i n  a n  e x t r e m e l y  
f i n e  g r a i n e d  g r o u n d m a s s  d o m i n a t e d  by p l a g i o c l a s e  a n d  s e r i c i t e .  R e p l z c e -  
ment  p a t c h e s  up t o  2  mm a c r o s s  c o n s i s t  o f  a g g r e g a t e s  o f  c h l o r i t e ,  q u a r t z ,  
a n d  p y r i t e .  Wispy,  c r e n u l a t e d  v e i n l e t s  a r e  o f  d u s t y  T i - o x i d e .  

p l a g i o c l a s e  60-65% 
seri.cite 20-25 
q u a r t z  4 -  5  
T i - o x i d e  1 
a p a t . i t e  0 . 1  
p a t c h e s  

c h l . o r  i t e  3- 4 
q u a . r t  z  3- 4 
p y r i t e  1;-2 
e p i . d o t e - ( q u a r t z )  0 . 2  

v e i n l e t s  
T i - o x i d e  0 . 7  

Q u a r t z  f o r m s  e q u a n t  t o  e l o n g a t e ,  s u b a n g u l a r  t o  s u b r o u n d e d  g r a i n s  
a v e r a g i n g  0 .02-0 .03  mm i n  a v e r a g e  s i z e .  T h e s e  a r e  d i s s e m i n a t e d  u n i f o r m l y  
t h r o u g h  t h e  r o c k .  

P l a g i o c l a s e  f o r m s  a g g r e g a t e s  o f  e x t r e m e l y  f i n e  g r a i n e d ,  e q u a n t ,  
s l i g . h t l y  t o  m o d e r a t e l y  i n t e r l o c k i n g  g r a i n s  a v e r a g i n g  0 . 0 1  mm i n  s i z e .  

S e r i c i t e  f o r m s  w i s p y ,  e x t r e m e l y  f i n e  g r a i n e d  f l a k e s  u n i f o r m l y  
d i s t r i b u t e d  t h r o u g h  t h e  r o c k ,  a n d  o r i e n t e d  t o  p r o d u c e  a  m o d e r a t e  
f o l i a t i o n .  

.- T i - o x i d e  f o r m s  d i s s e m i n a t e d  p a t c h e s  f r o m  0 . 0 2 - 0 . 0 5  mm i n  a v e r a g e  
s i z e .  

A p a t i t e  f o r m s  a n h e d r a l ,  e q u a n t  g r a i n s  u p  t o  0 . 0 3  mm a c r o s s .  

The r o c k  c o n t a i n s  p a t c h e s  o f  v e r y  f i n e  t o  f i n e  g r a i n e d  a g g r e g a t e s  
o f  c h l o r i t e  a n d  q u a r t z ,  w i t h  s u b h e d r a l  t o  e u h e d r a l  p y r i t e  g r a i n s  
a v e r a g i n g  0 . 3 - 0 . 5  mrn i n  s i z e .  S i m i l a r  p y r i t e  g r a i n s  a r e  d i s s e m i n a t e d  
i n  t h e  r o c k  n e a r  t h e  q u a r t z - c h l o r i t e  p a t c h e s .  P a t c h e s  a r e  m o d e r a t e l y  
c o n c e n t r a t e d  i n  o n e  p a r t  o f  t h e  s e c t i o n ;  h e r e  t h e  p a t c h e s  a r e  l a r g e r  
t h a n  e l s e w h e r e ,  a n d  c o n t a i n  more p y r i t e .  Away f r o m  t h i s  z o n e ,  p a t c h e s  
a v e r a g e  0 . 1 - 0 . 4  mm i n  s i z e .  The r a t i o  o f  q u a r t z / c h l o r i t e  v a r i e s  
m o d e r a t e l y  b e t w e e n  p a t c h e s ,  w i t h  a  few c o n s i s t i n g  e n t i r e l y  o f  c h l o r i t e ,  
a n d  a  few o t h e r s  d o m i n a t e d  by  q u a r t z  w i t h  o n l y  m i n o r  c h l o r i t e .  C h l o r i t e  
i s   ale g r e e n  w i t h  a l i g h t  b r o w n i s h  g r e y  i n t e r f e r e n c e  c o l o r .  

S c a t t e r e d  p a t c h e s  up t o  0 . 1 5  mm a c r o s s  c o n s i s t  o f  a g g r e g a t e s  o f  
a n h e d r a l  t o  s u b h e d r a l  p r i s m a t i c  e p i d o t e  g r a i n s  up t o  0 . 1  mm i n  
l e n g t h  l n t e r g r o w n  w i t h  m i n o r  i n t e r s t i t i a l  q u a r t z .  T h e s e  p a t c h e s  a r e  
e q u a n t  a n d  comrnmonly w e l l  r o u n d e d .  

The r o c k  i s  c u t  by  a  few v e i n l e t s  up  t o  0 . 0 5  mm i n  w i d t h  o f  
e x t r e m e l y  f i n e  g r a i n e d  T i - o x i d e .  Most v e i n l e t s  a re  c r e n u l a t e d  
m o d e r a t e l y ,  s u g g e s t i n g  d e f o r m a t i o n  d u r i n g  s h e a r  f o l d i n g .  The a x i a l  
p l a n e  o f  c r e n u l a t i o n s  i s  s u b p a r a l l e l  t o  f o l i a t i o n  a s  d e f i n e d  by 
o r i e n t a t i o n  o f  s e r i c i t e .  



EG-302 -- A n d e s i t e  ~ ~ i f /  L a p i l l i  T u f f  

The r o c k  c o n t a i n s  two main  z o n e s  w i t h  a r e l a t i v e l y  s h a r p  c o n t a c t .  
One zone  i s  c h a r a c t e r i z e d  by a s e r i c i t e - r i c h  g r o u n d m a s s .  I n  much o f  
t h i s  z o n e ,  f r a g m e n t s  are less  t h a n  0 . 1  mm i n  s i z e .  Towards  o n e  s i d e  
o f  t h e  s e c t i o n  t h e  a b u n d a n c e  o f  l a r g e r  f r a g m e n t s  i n c r e a s e s  r a p i d l y .  
The o t h e r  z o n e ,  w h i c h  may b e  a  l a r g e  f r a g m e n t  i n  t h e  f i r s t  z o n e ,  i s  
c h a r a c t e r i z e d  b y  a g roundmass  r i c h  i n  q u a r t z / p l a g i o c l a s e  a n d  c h l o r i t e ,  
w i t h  a b u n d a n t  r e p l a c e m e n t  p a t c h e s  o f  c a l c i t e  a n d  w i t h  s c a t t e r e d  p a t c h e s  
r i c h  i n  s e r i c i t e .  I n  t h i s  z o n e ,  f r a g m e n t s  are m a i n l y  p l a g i o c l a s e  
p h e n o c r y s t s .  I n  t h e  s e r i c i t e - r i c h  z o n e ,  f r a g m e n t s  are o f  a n d e s i t e  a n d  
o f  p l a g i o c l a s e .  

s e r i - c i t e - r i c h  g r o u n d m a s s  

Much o f  t h i s  zone  c o n t a i n s  s c a t t e r e d  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  
m i n o r  a n d e s i t e  u p  t o  0 . 1  mm i n  s i z e  i n  a  m o d e r a t e l y  w e l l  f o l i a t e d  
g r o u n d m a s s  d o m i n a t e d  by se r i c i t e  w i t h  lesser c h l o r i t e  a n d  p l a g i o c l a s e ,  
a n d  w i t h  d i s s e m i n a t e d  p a t c h e s  o f  T i - o x i d e ,  a l l  o f  e x t r e m e l y  f i n e  
g r a i n  s i z e .  I n  f r a g m e n t - r i c h  p a r t s  o f  t h i s  z o n e ,  f r a g m e n t s  u p  t o  1 . 5  
mm i.n s i z e  a re  d o m i n a t e d  by  p l a g i o c l a s e  g r a i n s  a n d  p o r p h y r i t i c  a n d e s i t e .  
P l a g i o c l a s e  g r a i n s  a r e  a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  d i s s e m i n a t e d  
c h l o r i t e  f l a k e s  a n d  lesser p a t c h e s  o f  c a l c i t e .  A n d e s i t e  f r a g m e n t s  
c o n t a i n  m i n o r  t o  v e r y  a b u n d a n t  p l a g i o c l a s e  p h e n o c r y s t s  i n  a  g r o u n d -  
mass  o f  e q u a n t  t o  l a t h y  p l a g i o c l a s e  w i t h  m o d e r a t e l y  a b u n d a n t  c h l o r i t e  
a n d  m i n o r  o p a q u e / T i - o x i d e .  Q u a r t z  f o r m s  a  few f r a g m e n t s  u p  t o  0 . 6  mm 
a c r o s s .  Sphene  f o r m s  a  v e r y  few f r a g m e n t s  u p  t o  0 .2  mm a c r o s s .  C a l c i t e  
f o r m s  a  few r e p l a c e m e n t  p a t c h e s  o f  v e r y  f i n e  g r a i n s  n e a r  o n e  s i d e  o f  
t h e  t h i n  s e c t i o n  i n  t h e  f r a g m e n t - r i c h  p a r t  of t h e  z o n e ;  i n t e r g r o w n  
w i t h  c a l c i t e  a re  m i n o r  q u a r t z  a n d  c h l o r i t e .  The g roundmass  c o n t a i n s  a  
f ew p a t c h e s  o f  e x t r e m e l y  f i n e  g r a i n e d  q u a r t z  w i t h  lesser c a l c i t e  a n d  
c h l o r i t e  . 
c h l o r i t e - q u a r t z - c a l c i t e - r i c h  g roundmass  

The g roundmass  i s  c h a r a c t e r i z e d  by  e x t r e m e l y  f i n e  g r a i n e d ,  e q u a n t  
q u a l : t z / p l a g i o c l a s e  ( 0 . 0 1 - 0 . 0 2  mm) i n t e r g r o w n  w i t h  m i n o r  t o  a b u n d a n t  
c h l o r i t e .  C a l c i t e  f o r m s  a b u n d a n t ,  i r r e g u l a r  r e p l a c e m e n t  p a t c h e s  o f  
v e r y  f i n e  t o  f i n e  g r a i n  s i z e .  S e r i c i t e  i s  c o n c e n t r a t e d  i n  a  few 
e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s ,  where  it i s  i n t e r g r o w n  w i t h  lesser  
c h l o r i t e .  T i - o x i d e  f o r m s  m i n o r  d i s s e m i n a t e d  p a t c h e s  up t o  0 . 0 2  rnm 
i n  s i z e .  

F r a g m e n t s  a r e  m a i n l y  o f  p l a g i o c l a s e  g r a i n s  f r o m  0 . 3 - 0 . 7  mm i n  
s i z e ,  w i t h  a few up t o  1 . 5  mm a c r o s s .  A l t e r a t i o n  i s  s i m i l a r  t o  t h a t  
o f  p l a g i o c l a s e  i n  t h e  o t h e r  z o n e .  Sphene  a n d  T i - o x i d e  fo rm a  few 
f r a g m e n - s  u p  t o  0 . 3  mm i n  s i z e .  A p a t i t e  f o r m s  s c a t t e r e d  s u b h e d r a l  t o  

Press. e u h e d r a l  g r a i n s  w i t h  c r o s s  s e c t i o n s  u p  t o  0 . 1  mm a b  



Andesite Crystal  Tuff 

The rock contains  fragments of p lagioc lase  phenocrysts and patches 
of chlorite-calcite-(Ti-oxide-quartz) a f t e r  hornblende phenocrysts i n  
a  moderately t o  well  f o l i a t e d  groundmass dominated by s e r i c i t e  w i t h  
muc:h l e s s  c h l o r i t e ,  c a l c i t e ,  ep idote ,  and Ti-oxide. A few fragments 
may be of andes i t e .  

fragments 
p lagioc lase  
hornblende 
andes i t e  

groundma s  s  
s e r i c i t e  
c h l o r i t e  
c a l c i t e  
epidote  
T i  -oxide 

Plagioclase forms prismatic  t o  equant c r y s t a l  fragments averaging 
0 . 2 - 0 . 7  mrn i n  s i z e ,  w i t h  a  few up t o  1 . 8  mrn across .  ~ l t e r a t i o n  i s  
moderate t o  i r r e g u l a r  patches of c a l c i t e ,  ep idote ,  and s e r i c i t e .  

Hornblende forms patches up t o  2 mm across .  I t  i s  a l t e r e d  
com:pletely t o  very f i n e  grained aggregates of c h l o r i t e ,  c a l c i t e ,  and 
l e s s e r  Ti-oxide and quar t z ,  with epidote  moderately abundant t o  abundant 
i n  the l a r g e s t  patch.  

The groundmass i s  dominated by moderately f o l i a t e d ,  very f i n e  grained 
s e r i c i t e  f l a k e s ,  with very f i n e  g ra ins  and patches of c h l o r i t e ,  c a l c i t e ,  
and l e s s e r  ep idote ,  and extremely f i n e  grained patches of Ti-oxide. 

A few fragments up t o  1 . 5  mm i n  s i z e  may be of a l t e r e d  andesi te  
dominated by p lagioc lase .  



P o r p h y r i t i c  A n d e s i t e  

The r o c k  c o n t a i n s  p h e n o c r y s t s  o f  p l a g i o c l a s e  a n d  m i n o r  o n e s  o f  
h o r n b l e n d e  a n d  a p a t i t e  i n  a  g roundmass  d o m i n a t e d  by p l a g i o c l a s e  w i t h  
a b u n d a n t  s e c o n d a r y  e p i d o t e ,  a n d  m i n o r  b i o t i t e ,  s e r i c i t e ,  q u a r t z ,  a n d  
d o l o m i t e .  The r o c k  i s  w e a k l y  f o l i a t e d ,  w i t h  f o l i a t i o n  d e f i n e d  by 
seams o f  b i o t i t e  a n d  p a r a l l e l  o r i e n t a t i o n  o f  s e r i c i t e  i n  s e r l c i t e - r i c h  
a l t e r a t i o n  z o n e s .  

p h e n o c r y s  t s  
p l a g i o c l a s e  
h o r n b l e n d e  
a p a t i t e  

groundmas s 
p l a g i o c l a s e  
e p i d o t e  
b i o t i t e  
q u a r t z  
T i - o x i d e  
do : lomi te  
c h l o r i t e  

p a t c h e s  
q u a r t z - d o l o m i t e  

17-20% 
0 . 2  

m i n o r  

P l a g i o c l a s e  f o r m s  a n h e d r a l  t o  s u b h e d r a l  p r i s m a t i c  p h e n o c r y s t s  
a v e r a g i n g  0 .5 -1 .5  mm i n  l e n g t h .  I t  i s  m o d e r a t e l y  t o  s t r o n g l y  a l t e r e d  
t o  i r r e g u l a r  p a t c h e s  o f  v e r y  f i n e  g r a i n e d  e p i d o t e ,  a n d  l o c a l l y  c o n t a i n s  
w i s p y  p a t c h e s  o f  c h l o r i t e  a n d  o f  d o l o m i t e .  

H o r n b l e n d e  f o r m s  a  v e r y  few p h e n o c r y s t s  u p  t o  0 . 7  mm a c r o s s .  I t  
i s  a l t e r e d  c o m p l e t e l y  t o  a g g r e g a t e s  o f  v e r y  f i n e  g r a i n e d  b i o t i t e  w i t h  
lesser  c h l o r i t e  a n d  m o d e r a t e l y  a b u n d a n t ,  e x t r e m e l y  f i n e  g r a i n e d  
d i s s e m i n a t e d  T i - o x i d e .  

A p a t i t e  f o r m s  a few e l o n g a t e  p r i s m a t i c  g r a i n s  u p  t o  0 . 3 5  mm i n  l e n g t h .  
The g r o u n d m a s s  i s  d o m i n a t e d  by  p l a g i o c l a s e  i n  e x t r e m e l y  f i n e  ( 0 . 0 1 -  

0 . 0 3  mm) a g g r e g a t e s  o f  e q u a n t  g r a i n s ,  w i t h  a  f ew p r i s m a t i c  g r a i n s  f rom 
0 .05-0 .07  mm i n  s i z e .  S e r i c i t e  i s  c o n c e n t r a t e d  i n  a  few seams u p  t o  i mrn 
w i d e ;  i n  t h e s e  i t  f o r m s  w i s p y  c o n c e n t r a t i o n s  o f  e x t r e m e l y  f i n e  g r a i n e d  
f l a k e s  o r i e n t e d  i n  t h e  f o l i a t i o n  p l a n e ,  a n d  i n t e r g r o w n  w i t h  p l a g i o c l a s e .  
S e r i c i t e  m o s t  p r o b a b l y  was  fo rmed  by r e p l a c e m e n t  o f  g roundmass  p l a g i o -  
c l a s e .  

E p i d o t e  f o r m s  i r r e g u l a r ,  e x t r e m e l y  f i n e  t o  v e r y  f i n e  g r a i n e d  p a t c h e s  
a s  i n  t h e  p l a g i o c l a s e  p h e n o c r y s t s .  

B i o t i t e  f a r m s  i r r e g u l a r  p a t c h e s  a n d  d i s s e m i n a t e d  g r a i n s ,  i n  p a r t  
i n t e r g r o w n  w i t h  p l a g i o c l a s e  o r  q u a r t z ,  a n d  i n  p a r t  w i t h  c h l o r i t e ,  a n d  
p o s s i b l y  a f t e r  h o r n b l e n d e .  P l e o c h r o i s m  i s  f r o m  l i g h t  t o  medium b r o w n i s h  
g r e e n .  C h l o r i t e  o c c u r s  w i t h  b i o t i t e ,  a n d  i s  p a l e  t o  l i g h t  g r e e n  i n  c o l o r .  

Q u a r t z  o c c u r s  as  e x t r e m e l y  f i n e  g r a i n s  i n t e r g r o w n  w i t h  p l a g i o c l a s e  
i n  t h e  g r o u n d m a s s ,  a n d  commonly c o n c e n t r a t e d  i n  i r r e g u l a r  p a t c h e s  and  
l e n s e s .  I n  t h e  l a t t e r ,  it g e n e r a l l y  i s  i n t i m a t e l y  i n t e r g r o w n  w i t h  b i o t i t e  
o r  c h l o r i t e .  

T i - o x i d e  f o r m s  w i s p y  l e n s e s  up t o  0 . 2  mm i n  l e n g t h  o f  e x t r e m e l y  
f i n e  g r a i n e d  a g g r e g a t e s .  

D o l o m i t e  f o r m s  p a t c h e s  u p  t o  0 . 7  mm i n  s i z e ,  m a i n l y  o f  o n e  o r  a  
f ew g r a i n s .  S i m i l a r  p a t c h e s  o c c u r  l o c a l l y  a s  r e p l a c e m e n t s ( ? )  o f  p l a g i o -  
c l a s e .  A few p a t c h e s  c o n t a i n  w i s p y  s t r e a k s  o f  h e m a t i t e / l i m o n i t e .  

The r o c k  c o n t a i n s  a few p a t c h e s  o f  q u a r t z - d o l o m i t e  o f  s e c o n d a r y  
- o r i g i n .  The l a r g e s t  i s  1 . 7  x  0 . 5  mm i n  s i z e ,  a n d  c o n s i s t s  o f  a  s u b m o s a i c  

a g g r e g a t e  of g r a l n s  a v e r a g i n g  0 . 0 5 - 0 . 1  mm i n  s i z e . .  



EG-482 -- P o r p h y r i t i c  A n d e s i t e  w i t h  F r a g m e n t s  o f  A n d e s i t e  a n d  
V e i n l e t s  o f  E p i d o t e - C a l c i t e  

The r o c k  c o n t a i n s  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  o f  p l a g i o c l a s e  
a n d  much less  h o r n b l e n d e  a n d  m i n o r  a p a t i t e  i n  a  v e r y  f i n e  t o  e x t r e m e l y  
f i n e  g r a i n e d  g r o u n d m a s s  d o m i n a t e d  by p l a g i o c l a s e  w i t h  lesser b i o t i t e  
a n d  m i n o r  e p i d o t e ,  m a g n e t i t e ,  a n d  c a l c i t e .  F r a g m e n t s  u p  t o  8 mm a c r o s s  
a r e  o f  less  p o r p h y r i t i c  a n d e s i t e  w i t h  a  s l i g h t l y  c o a r s e r  g roundmass  a n d  
more a b u n d a n t  q u a r t z .  The v e i n l e t s  a r e  up t o  0 . 2  mm i n  w i d t h  a n d  d o m i n a t e d  
b y  e p i d o t e ,  w i t h  c e n t e r l i n e s  i n  s o m e  o f  c a l c i t e .  

p h e n o c r y s  t s  
p l a g i o c l a s e  
h o r n b l e n d e  
a p a t i t e  
o p a q u e  

g r o u n d m a s s  
p l a . g i o c l a s e  
b i o t i t e  
e p i d o t e  
m a g n e t i t e  
c a l c i t e  
q u a r t z  

17-20% 
2-  3  

m i n o r  
0 . 5  

f r a g m e n t s  
p o r p h y r i t i c  a n d e s i t e  7- 8 %  

v e i n l e t s  
e p i d o t e -  ( c a l c i t e )  1- I t  

P l a g i o c l a s e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  i n  two main 
s i z e  r a n g e s ,  1) 1 - 3  mm, a n d  2 )  0 . 3 - 0 . 7  mm. L a r g e r  p h e n o c r y s t s  commonly 
a r e  m o d e r a t e l y  zoned  w i t h  f i n e  o s c i l l a t o r y  z o n e s .  C o m p o s i t i o n  i s  An45-50. 
Some h a v e  t h i n  r i m s  o f  m o r e - s o d i c  c o m p o s i t i o n .  A l t e r a t i o n  i s  v a r i a b l e .  
Commonly c o r e s  a r e  r e l a t i v e l y  f r e s h ,  a n d  z o n e s  n e a r  t h e  r i m  a r e  

.- s t r o n g l y  a l t e r e d  t o  e x t r e m e l y  f i n e  g r a i n e d ,  d i s s e m i n a t e d  e p i d o t e .  I n  
a few g r a i n s ,  s i m i l a r  e p i d o t e  a l t e r a t i o n  a f f e c t s  a l l  o f  t h e  g r a i n s  
e x c e p t  f o r  a  t h i n  r i m  ( p r o b a b l y  more  s o d i c ) .  Some g r a i n s  a l s o  c o n t a i n  
p a t c h e s  o f  c a l c i t e  a n d  d i s s e m i n a t e d  f l a k e s  a n d  c l u s t e r s  o f  f l a k e s  o f  
b i o t i t e .  S m a l l e r  p h e n o c r y s t s  a r e  p r i s m a t i c ,  a n d  s l i g h t l y \ ,  less  a l t e r e d  
t h a n  l a r g e r  o n e s .  

H o r n b l e n d e  p h e n o c r y s t s  a r e  u p  t o  4 mm i n  l e n g t h ,  b u t  mos t  a r e  less t h a n  
1 mm l o n g .  A l t e r a t i o n  i s  c o m p l e t e  t o  v e r y  f i n e  g r a i n e d  p a t c h e s  d o m i n a t e d  
by b i o t i t e  w i t h  lesser e p i d o t e ,  T i - o x i d e ,  o p a q u e ,  a n d  q u a r t z .  B i o t i t e  i s  
p l e o c h r o i c  f rom l i g h t  t o  medium b r o w n i s h  g r e e n .  Opaque commonly f o r m s  
d u s t y  d i s s e m i n a t i o n s  a n d  a  few e q u a n t ,  v e r y  f i n e  g r a i n s  ( p o s s i b l y  p r l m a r y  
m a g n e t i t e ) .  A p a t i t e  i s  common w i t h  h o r n b l e n d e  a s  s u b h e d r a l  t o  e u h e d r a l  
g r a i n s  u p  t o  0 . 2  mm i n  l e n g t h .  One a p a t i t e  p h e n o c r y s t  i s  0 . 5  mrn l o n g .  

Opaque f o r m s  a  few p a t c h e s  1 . 5  mm a c r o s s ,  composed o f  f i n e  g r a i n e d  
a g g r e g a t e s .  A s s o c i a t e d  w i t h  t h e  l a r g e s t  p a t c h  a r e  m o d e r a t e l y  a b u n d a n t  
a p a t i t e  g r a i n s  u p  t o  0 . 3  mm i n  s i z e .  

I n  t h e  g r o u n d m a s s ,  p l a g i o c l a s e  f o r m s  a n h e d r a l  g r a i n s  a v e r a g i n g  0 .02-  
0 . 0 3  mm i n  s i z e ,  a n d  a  few c o a r s e r  p r i s m a t i c  g r a i n s  f rom 0 . 0 5 - 0 . 1  mrn i n  
l e n g t h .  I t  i s  i n t i m a t e l y  i n t e r g r o w n  w i t h  e x t r e m e l y  f i n e  g r a i n e d ,  p a l e  t o  
l i g h t :  o r  m e d i u m - l i g h t  brown b i o t i t e .  E p i d o t e  f o r m s  e x t r e m e l y  f i n e  t o  
v e r y  f i n e  d i s s e m i n a t e d  g r a i n s  a n d  p a t c h e s  o f  g r a i n s  a v e r a g i n g  0 . 0 3 - 0 . 1  
rnrn i n  s i z e .  M a g n e t i t e  f o r m s  d i s s e m i n a t e d  g r a i n s  a v e r a g i n g  0 . 0 2 - 0 . 0 5  mm I n  
s i z e ,  a n d  p a t c h e s  o f  e x t r e m e l y  f i n e  g r a i n s  u p  t o  0 . 0 5  mm a c r o s s .  The 
l a t t e r  g r a d e  i n t o  z o n e s  o f  a b u n d a n t  d i s s e m i n a t e d  o p a q u e  g r a i n s  i n t e r g r o w n  
w i t h  o t h e r  g r o u n d m a s s  m i n e r a l s .  C a l c i t e  f o r m s  i r r e g u l a r  t o  e q u a n t  p a t c h e s  
a v e r a g i n g  0 .03-0 .08  mm a c r o s s .  Q u a r t z  f o r m s  a few v e r y  f i n e  g r a i n e d  
p a t c h e s  i n t e r g r o w n  w i t h  lesser b i o t i t e .  

- 
( c o n t i n u e d )  



EG-482 ( p a g e  2 )  -- 

The f r a g m e n t s  c o n t a i n  u p  t o  1 0 %  p l a g i o c l a s e  p h e n o c r y s t s  u p  t o  1 
mrn i n  s i z e ,  a n d  up t o  7 %  h o r n b l e n d e  p h e n o c r y s t s  u p  t o  0 . 5  mm i n  s i z e .  
P l a . g i o c l a s e  i s  unzoned  a n d  s l i g h t l y  a l t e r e d  t o  e p i d o t e / s e r i c i t e .  
H o r n b l e n d e  f o r m s  e u h e d r a l ,  e q u a n t  c r y s t a l s ,  a l t e r e d  c o m p l e t e l y  t o  
calcite-epidote-(biotite-opaque) . C a l c i t e  i s  c o n c e n t r a t e d  i n  t h e  
c o r e s  a s  f i n e  g r a i n s .  E p i d o t e  f o r m s  v e r y  f i n e  g r a i n e d  p a t c h e s  t o w a r d s  
t h e  b o r d e r s ,  i n t e r g r o w n  l o c a l l y  w i t h  b i o t i t e .  B i o t i t e  a n d  more 
a b u n d a n t  o p a q u e  o c c u r  a l o n g  c r y s t a l  b o r d e r s .  The g roundmass  c o n t a i n s  
e q u a n t  t o  s l i g h t l y  p r i s m a t i c  p l a g i o c l a s e  f r o m  0 .02-0 .05  mm i n  a v e r a g e  
s i z e ,  w i t h  m o d e r a t e l y  a b u n d a n t  ( u p  t o  1 0 % )  e q u a n t  q u a r t z  g r a i n s  
a v e r a g i n g  0 .02-0 .03 mm a c r o s s .  B i o t i t e  a n d  o p a q u e  a r e  m o d e r a t e l y  
a b u n d a n t ,  a n d  f o r m  v e r y  f i n e  g r a i n e d  a g g r e g a t e s  o f  b i o t i t e  w i t h  
e x t r e m e l y  f i n e  g r a i n e d  d i s s e m i n a t i o n s  a n d  v e r y  f i n e  g r a i n e d  p a t c h e s  
o f  o p a q u e .  A p a t i t e  f o r m s  d i s s e m i n a t e d  r a g g e d  a c i c u l a r  g r a i n s  u p  t o  
0 . 1 2  mm l o n g .  

The r o c k  is  c u t  by v e i n l e t s  o f  e x t r e m e l y  f i n e  t o  v e r y  f i n e  g r a i n e d  
e p i d o t e ,  w i t h  o r  w i t h o u t  c a l c i t e .  C a l c i t e  i s  c o n c e n t r a t e d  a l o n g  t h e  
c e n t e r l i n e  o f  o n e  v e i n ,  a n d  i n  l e s s e r  amounts  a l o n g  o n e  s i d e  o f  a n o t h e r  
v e i n l e t .  



~ 6 - - 5 0 5  -- P o r p h y r i t i c  L a t i t e  w i t h  s e c o n d a r y  p a t c h e s  o f  Q u a r t z - S e r i c i t e -  
P y r i t e -  ( K - f e l d s p a r )  

The r o c k  c o n t a i n s  p l a g i o c l a s e  p h e n o c r y s t s  i n  a  g roundmass  d o m i n a t e d  
b y  K - f e l d s p a r  w i t h  m o d e r a t e l y  a b u n d a n t  T i - o x i d e / s p h e n e .  Rep lacement  
l e n s e s ,  p a t c h e s ,  a n d  d i s s e m i n a t e d  g r a i n s  a r e  o f  q u a r t z - s e r i c i t e - p y r i t e -  
( K - f e l d s p a r ) .  P o s s i b l y  much o f  t h e  K - f e l d s p a r  i n  t h e  g roundmass  was 
formed by r e p l a c e m e n t  o f  p l a g i o c l a s e ;  t h u s  t h e  o r i g i n a l  r o c k  t y p e  i s  
u n c e r t a i n .  I f  t h e  K - f e l d s p a r  w e r e  a l l  p r i m a r y ,  t h e  r o c k  would  b e  a 
t r a c h y - l a t i t e .  

p h e n o c r y s  t s  
p l a g i o c l a s e  15-17% 

g r o u n d m a s s  
K - f e l d s p a r  70-75 
q u a r t z  m i n o r  
T i - o x i d e / s p h e n e  f -  1 
s e r i c i t e  13-2 

r e p l a c e m e n t  p a t c h e s  
q u a r t z  5- 7% 
p y r i t e  3- 4 
se r i c i t e  14-2 
K - f e l d s p a r  0 . 2  

P l a g i o c l a s e  f o r m s  s u b h e d r a l  p h e n o c r y s t s  a v e r a g i n g  0 .3 -0 .7  mm i n  
s i z e ,  w i t h  a  f ew u p  t o  1 . 5  mm l o n g .  A l t e r a t i o n  i s  v a r i a b l e  f rom s l i g h t  
t o  m o d e r a t e  t o  i r r e g u l a r  p a t c h e s  o f  v e r y  f i n e  g r a i n e d  s e r i c i t e ,  which  
l o c a l l y  shows s u b r a d i a t i n g  t e x t u r e s  o f  f l a k e s  up t o  0 . 1  mm l o n g .  E p i d o t e  
f o r m s  s c a t t e r e d  p a t c h e s  u p  t o  0 . 0 7  mm i n  s i z e .  

The g roundmass  i s  d o m i n a t e d  b y  f e a b h e r y  t o  p r i s m a t i c  K - f e l d s p a r  
a v e r a g i n g  0 .02-0 .05  mm i n  g r a i n  s i z e .  Q u a r t z  f o r m s  d i s s e m i n a t e d  g r a i n s  
u p  t o  0 . 0 5  mm i n  s i z e .  T i - o x i d e  a n d  s p h e n e  o c c u r  i n  r a g g e d  p a t c h e s  up t o  
0 . 3  rnrn i n  s i z e .  The a b u n d a n c e  o f  T i - o x i d e  a n d  s p h e n e  s u g g e s t s  t h a t  t h e  
p a r e n t  r o c k  was  i n t e r m e d i a t e  i n  c o m p o s i t i o n  ( l a t i t e  t o  a n d e s i t e )  r a t h e r  
t h a n  p o t a s s i c  ( t r a c h y t e  t o  t r a c h y - l a t i t e ) .  S e r i c i t e  f o r m s  w i s p y ,  
e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s  a n d  l e n s e s .  

The r o c k  c o n t a i n s  r e p l a c e m e n t  l e n s e s  a n d  p a t c h e s  up t o  1 . 2  mm i n  
s i z e .  T h e s e  a r e  d o m i n a t e d  b y  v e r y  f i n e  g r a i n e d  (0 .05-0 .08  m m )  q u a r t z ,  
w i t h  p a t c h e s  o f  p y r i t e  u p  t o  0 . 5  mm i n  s i z e  a n d  p a t c h e s  o f  s e r i c i t e  
o f  v e r y  f i n e  g r a i n  s i z e .  K - f e l d s p a r  o c c u r s  a l o n g  b o r d e r s  o f  some 
p a t c h e s  a g a i n s t  t h e  K - f e l d s p a r  g roundmass  o f  t h e  r o c k  a s  e x t r e m e l y  f i n e  
g r a i n s  a n d  a g g r e g a t e s .  P y r i t e  a l s o  o c c u r s  a s  d i s s e m i n a t e d  g r a i n s  i n  t h e  
h o s t  r o c k ,  a v e r a g i n g  0 .05-0 .08  mm i n  s i z e  



EG-536 -- P o r p h y r i t i c  A n d e s i t e  c u t  by V e i n s :  C a l c i t e - Q u a r t z - E p i d o t e  
a n d  E p i d o t e - B i o t i t e  

The r o c k  c o n t a i n s  p h e n o c r y s t s  o f  p l a g i o c l a s e  a n d  lesser o n e s  o f  
- h o r n b l e n d e  i n  a g roundmass  d o m i n a t e d  by p l a g i o c l a s e  w i t h  lesser b i o t i t e  

a n d  m i n o r  e p i d o t e ,  o p a q u e ,  c a l c i t e ,  a n d  q u a r t z .  I t  i s  c u t  by a l a r g e  
v e i n  o f  c a l c i t e - q u a r t z - e p i d o t e ,  a n d  s m a l l e r ,  more d i s c o n t o n u o u s  v e i n l e t s  
a n d  p a t c h e s  o f  e p i d o t e - b i o t i t e .  

p h e n o c r y s t s  
p l a g i o c l a s e  
h o r n b l e n d e  
a p a t i t e  
T i - o x i d e  

g r o u n d m a s s  
p l a . g i o c l a s e  
b i o t i t e  
e p i d o t e  
o p a q u e  
c a l c i t e  
q u a r t z  
a p a t i t e  

v e i n s  
25-308 c a l c i t e - q u a r t z - e p i d o t e  7- 8% 

3-  4 e p i d o t e - b i o t i t e  3- 4 
m i n o r  
m i n o r  

45-50 
8-10 

1 
1- 1 3  

0  . , 3  
0 . 1  

m i n o r  

P l a g i o c l a s e  f o r m s  e u h e d r a l  t o  s u b h e d r a l  p h e n o c r y s t s  a n d  c l u s t e r s  
o f  p h e n o c r y s t s  f r o m  0 . 3 - 1 . 5  mm i n  a v e r a g e  g r a i n  s i z e .  Some c l u s t e r s  
c o n t a i n  m i n o r  p a t c h e s  o f  c a l c i t e .  A l t e r a t i o n  o f  p l a g i o c l a s e  i s  s l i g h t  
t o  m o d e r a t e  t o  d u s t y  e p i d o t e .  

H o r n b l e n d e  f o r m s  p r i s m a t i c  p h e n o c r y s t s  up t o  1 . 2  mrn i n  l e n g t h .  I t  
i s  a l t e r e d  c o m p l e t e l y  t o  v e r y  f i n e  t o  f i n e  g r a i n e d  a g g r e g a t e s  d o m i n a t e d  
by f l a k e s  o f  b i o t i t e  a n d  i n t e r s t i t i a l  p a t c h e s  o f  c h l o r i t e ,  w i t h  lesser 
T i - o x i d e / s p h e n e  a n d  q u a r t z . /  

- 
A p a t i t e  f o r m s  a  few p r i s m a t i c  p h e n o c r y s t s  up  t o  0 . 3  rnrn i n  l e n g t h .  
T i - o x i d e  f o r m s  a  v e r y  few p a t c h e s  u p  t o  0 . 4  mm a c r o s s  a s s o c i a t e d  

w i t h  c l u s t e r s  o f  p l a g i o c l a s e  p h e n o c r y s t s .  

The g roundmass  i s  d o m i n a t e d  b y  p l a g i o c l a s e  g r a i n s  a v e r a g i ~ g  0 . 0 2 - 0 . 1  
mm i n  s i z e .  T h e s e  r a n g e  f r o m  i r r e g u l a r ,  m o d e r a t e l y  i n t e r l o c k i n g  g r a i n s  t o  
a  f e w  p r i s m a t i c  g r a i n s .  

B i o t i t e  f o r m s  a n h e r d a l ,  e q u a n t  f l a k e s  a v e r a g i n g  0 .03-0 .05  mm i n  
s i z e .  I t  i s  p l e o c h r o i c  f r o m  l i g h t  t o  medium b r o w n i s h  g r e e n .  E p i d o t e  
f o r m s  e x t r e m e l y  f i n e  d i s s e m L n a t i o n s  a n d  v e r y  f i n e  g r a i n e d  p a t c h e s .  
Opaque,  i n  s m a l l  p a r t  m a g n e t i t e ,  f o r m s  v e r y  f i n e  g r a i n e d  p a t c h e s  up t o  
0 . 2  rnrn i n  s i z e ,  i n  p a r t  i n t e r g r o w n  w i t h  m i n o r  c h l o r i t e  a n d / o r  b i o t i t e .  
T i - o x i d e  o c c u r s  w i t h  o p a q u e  i n  e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s ,  s u g g e s t i n g  
t h a t  some o f  t h e  o p a q u e  i s  i l m e n i t e .  C a l c i t e  a n d  q u a r t z  fo rm i n t e r s t i t i a l  
g r a i n s  a n d  c l u s t e r s  o f  a  f ew g r a i n s  a v e r a g i n g  0 . 0 5 - 0 . 1  rnrn i n  s i z e .  A p a t i t e  
f o r m s  s u b h e d r a l  p r i s m a t i c  g r a i n s ,  w h i c h  g r a d e  upwards  i n  s i z e  t o  t h o s e  
d e s c r i b e d  u n d e r  " p h e n o c r y s  t s  " . 

The l a r g e  v e i n  i s  u p  t o  2 mm a c r o s s ,  a n d  i s  d ~ m i n a t e d  by f i n e  t o  
medium g r a i n e d  c a l c i t e ,  w i t h  v e r y  f i n e  g r a i n e d  q u a r t z  c o n c e n t r a t e d  a l o n g  
o n e  b o r d e r ,  a n d  e p i d o t e  o c c u r r i n g  as p a t c h e s  o f  e x t r e m e l y  f i n e  t o  v e r y  
f i n e  g r a i n s  a l o n g  t h e  m a r g i n  o f  t h e  v e i n ,  a n d  a s  s u b h e d r a l  t o  e u h e d r a l  
e q u a n t  t c  a c i c u l a r  g r a i n s  w i t h i n  t h e  c o a r s e s t  c a l c i t e  g r a i n s .  

I r r e g u l a r  p a t c h e s ,  v e i n l e t s ,  a n d  seams  c o n s i s t  o f  v e r y  f i n e  g r a i n e d  
e p i d o t e  a n d  b i o t i t e  i n  p a t c h y  i n t e r g r o w t h s .  



P o r p h y r i t i c  A n d e s i t e  (Flow o r  T u f f )  

The r o c k  c o n t a i n s  p l a g i o c l a s e  a n d  m i n o r  h o r n b l e n d e  p h e n o c r y s t s  
i n  a g r o u n d m a s s  d o m i n a t e d  by p l a g i o c l a s e  w i t h  p a t c h e s  o f  c a l c i t e .  
P l a g i o c l a s e  i s  a l t e r e d  s t r o n g l y  t o  e p i d o t e ,  a n d  h o r n b l e n d e  c o m p l e t e l y  
t o  c h l o r i t e - ( T i - o x i d e ) .  T e x t u r e s  o f  t h e  g roundmass  f a v o r  a  magmat ic  
o r i g i n  ( f l o w ) ,  b u t  a re  n o t  s u f f i c i e n t l y  d i s t i n c t  t o  r u l e  o u t  t h e  
p o s : s i b i l i t y  o f  a  t u f f a c e o u s  o r i g i n .  

p h e n o c r y s t s  
p l a g i o c l a s e  
h o r n b l e n d e  
a p a t i t e  

groundma s s 
p l a g i o c l a s e  
c a l c i t e  
c h l o r i t e  
T i - o x i d e  
a p a t i t e  
qui3r t z  

30-358 
1- 2 

0 . 1  

50-55 
5- 7 
2- 3  
4 -  1 

m i n o r  
m i n o r  

P l a g i o c l a s e  f o r m s  e u h e d r a l  p h e n o c r y s t s  a v e r a g i n g  0 . 5 - 1 . 5  mm i n  
s i z e .  A l t e r a t i o n  i s  s t r o n g  a n d  v a r i a b l e ,  commonly r e l a t e d  t o  c o n c e n t r i c  
z o n e s  i n  t h e  c r y s t a l s .  Cores commonly are  f r e s h ;  o n e  g r a i n  g a v e  a  
c o m ] ? o s i t i o n  o f  An40. I n  o n e  l a r g e  g r a i n ,  t h e  c o r e  c o n t a i n s  a  p a t c h  u p  
t o  0 . 3  mm a c r o s s  o f  T i - o x i d e  i n t i m a t e l y  i n t e r g r o w n  w i t h  lesser g r e e n  
b i o t i t e .  T h i s  i s  s u r r o u n d e d  by a n  i r r e g u l a r  p a t c h  c o n t a i n i n g  a b u n d a n t  g r e e n  
b i o t i t e  a n d  e p i d o t e ,  a n d  a  few g r a i n s  o f  a p a t i t e .  A few g r a i n s  a r e  
m o d e r a t e l y  a l t e r e d  t o  s e r i c i t e ,  a n d  some c o n t a i n  p a t c h e s  o f  c h l o r i t e  a n d  
o f  c a l c i t e .  O u t e r  z o n e s  g e n e r a l l y  a r e  a l t e r e d  s t r o n g l y  t o  e p i d o t e .  * 

H o r n b l e n d e  p h e n o c r y s t s  up t o  1 . 5  mm l o n g  a r e  a l t e r e d  c o m p l e t e l y  t o  
c h l o r i t e  a g g r e g a t e s  w i t h  m i n o r  T i - o x i d e .  

A p a t i t e  f o r m s  a  few p r i m s a t i c  g r a i n s  f r o m  0.15-025 mm i n  l e n g t h ;  
t h e y  h a v e  a  l i g h t  brown c o l o r  f r o m  d u s t y  o p a q u e  i n c l u s i o n s .  

The g r o u n d m a s s  i s  d o m i n a t e d  by e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e ,  
which  l o c a l l y  shows a  s l i g h t l y  p r e f e r r e d  o r i e n t a t i o n .  The g roundmass  i s  
a l t e r e d  s t r o n g l y  t o  e x t r e m e l y  f i n e  g r a i n e d  e p i d o t e .  

C a l c i t e  f o r m s  p a t c h e s  u p  t o  1 . 5  mm i n  s i z e  o f  v e r y  f i n e  g r a i n e d ,  
e q u a n t ,  s u b m o s a i c  a g g r e g a t e s ;  mos t  p a t c h e s  a r e  l e n s y  i n  o u t l i n e .  Some 
c o n t a i n  m i n o r  a g g r e g a t e s  o f  v e r y  f i n e  g r a i n e d  q u a r t z  a n d / o r  c h l o r i t e .  

C h l o r i t e  f o r m s  e x t r e m e l y  f i n e  g r a i n s  a n d  a g g r e g a t e s  d i s s e m i n a t e d  
i n  t h e  r o c k .  T i - o x i d e  o c c u r s  w i t h  c h l o r i t e  a n d  w i t h  e p i d o t e ,  a n d  i n  
p l a c e s  i s  d i f f i c u l t  t o  d i s t i n g u i s h  f r o m  e p i d o t e  b e c a u s e  o f  t h e  e x t r e m e l y  
f i n e  g r a i n  s i z e .  A p a t i t e  f o r m s  s u b h e d r a l  p r i s m a t i c  g r a i n s  f rom 0 . 0 5 - 0 . 1  
mm .in l e n g t h .  Z i r c o n  f o r m s  o n e  a n h e d r a l  g r a i n  0 . 1  mm l o n g .  Q u a r t z  f o r m s  
a few p a t c h e s  o f  g r a i n s  a v e r a g i n g  0 .02-0 .03  mm i n  s i z e .  

The r o c k  i s  c u t  by a  v e i n l e t  0 . 0 3  mrn i n  w l d t h  o f  q u a r t z  a n d  c h l o r i t e .  

* T h i n  r i m s  o n  many p l a g i o c l a s e  p h e n o c r y s t s  c o n s i s t  o f  m o r e - s o d i c  p l a g i o -  
c l a s e  t h a n  i n  t h e  c o r e s .  P a r t s  o f  t h e s e  r i m s  a r e  r e p l a c e d  by e x t r e m e l y  
f i n e  t o  v e r y  f i n e  g r a i n e d  c a l c i t e .  



A n d e s i t e  C r y s t a l - L i t h i c  Tuff  

The r o c k  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  and  lesser q u a r t z  
g r a i n s  ( o r i g i n a l  p h e n o c r y s t s )  and l e n s e s  and p a t c h e s  o f  a  v a r i e t y  of  
a n d e s i t i c ( ? )  r o c k s .  These a r e  e n c l o s e d  i n  a  f o l i a t e d  groundmass 
domina ted  by s e r i c i t e - p l a g i o c l a s e  . 
f r a q m e n t s  

p l a . g i o c l a s e  12-15% 
qua . r tz  1- 1; 
a p a . t i t e  minor  
c h l o r i t e -  T i -ox ide  7- 8 
a n d . e s i t e  7- 8 
q u a . r t z / p l a g i o c l a s e - c h l o r i t e  1- 1 3  

groundmass 
p l a g i o c l a s e - s e r i c i t e  65-70 v e i n l e t s  
e p i d o t e  2 -  3 1) q u a r t z -  ( c a l c i t e - c h l o r i t e -  
c h l o r i t e  2- 3 p l a g i o c l a s e )  0 .1% 
opaque minor  2 )  c a l c i t e  t r a c e  
c a l c i t e  t r a c e  
z i r c o n  t r a c e  

P l a g i o c l a s e  forms  p h e o n c r y s t s  and a g g r e g a t e s  o f  a  few p h e n o c r y s t s  
up t.o 2 .5  mm i n  s i z e ,  a v e r a g i n g  0 .5 -1  mm.  Compos i t i ona l  zoning  i s  
p r o m i n e n t ,  f rom m o r e - c a l c i c  c o r e s  t o  more-sodic  r i m s .  One c o m p o s i t i o n a l  
d e t e r m i n a t i o n  on t h e  c o r e  o f  a  g r a i n  gave  Anqo. Along b o r d e r s  of  many 
p l a g i o c l a s e  g r a i n s  a r e  p a t c h e s  of  v e r y  f i n e  t o  l o c a l l y  f i n e  g r a l n e d  
musc:ovite a n d / o r  c h l o r i t e .  A few p h e n o c r y s t s  a r e  c u t  by s e r i c i t e  
v e i n l e t s .  One c o n t a i n s  minor  c a l c i t e  r e p l a c e m e n t  p a t c h e s  up t o  0 . 1  mm 
a c r o s s .  

Q u a r t z  forms  subrounded  t o  e l o n g a t e  g r a i n s  up t o  0 .6  mm a c r o s s .  
A p a t i t e  forms  one  s u b h e d r a l  p r i s m a t i c  g r a i n  0 .3  mm l o n g .  
Lenses  up t o  1 . 5  mm l o n g  c o n s i s t  o f  e x t r e m e l y  f i n e  g r a i n e d  

a g g r e g a t e s  of  c h l o r i t e  w i t h  minor  t o  m o d e r a t e l y  abundan t  d i s s e m i n a t e d  
T i - o x i d e .  C h l o r i t e  i s  o r i e n t e d  p a r a l l e l  t o  t h e  l e n g t h  o f  t h e  l e n s ,  
which a l s o  i s  p a r a l l e l  t o  t h e  f o l i a t i o n  i n  t h e  groundmass.  

S e v e r a l  p a t c h e s  up t o  3 mm l o n g  a r e  o f  a n d e s i t e .  Some of  t h e s e  
c o n t a i n  p l a g i o c l a s e  p h e n o c r y s t s  up t o  0 .6  mm i n  l e n g t h .  The groundmass 
i s  e x t r e m e l y  f i n e  g r a i n e d  and domina ted  by s e r i c i t e - p l a g i o c l a s e  and 
c h l o r i t e ,  w i t h  c a l c i t e  and e p i d o t e  abundan t  i n  some. 

One e l o n g a t e  p a t c h  1 . 5  mm i n  l e n g t h  c o n s i s t s  o f  e q u a n t  q u a r t z /  
p l a g i o c l a s e  g r a i n s  a v e r a g i n g  0 .02  mm i n  s i z e ,  w i t h  seams and p a t c h e s  
o f  e x t r e m e l y  f i n e  g r a i n e d  c h l o r i t e  p a r a l l e l  t o  i t s  l e n g t h .  

The groundmass i s  domina ted  by e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
and s e r i c i t e  ( s e r i c i t e  p r o b a b l y  i s  seconda ry  a f t e r  p l a g i o c l a s e ) .  E p i d o t e  
forms  d i s s e m i n a t e d  p a t c h e s  a v e r a g i n g  0 .05  mm i n  s i z e .  C h l o r i t e  i s  
c o n c e n t r a t e d  i n  l e n s e s  p a r a l l e l  t o  f o l i a t i o n ,  a v e r a g i n g  less  t h a n  0 .15  
mm i.n l e n g t h .  Opaque forms  minor g r a i n s  up t o  0 .05  rrm a c r o s s .  C a l c i t e  
forms s c a t t e r e d  p a t c h e s  up t o  0 .05  mm a c r o s s .  Z i r con  forms a  few 
a n h e d r a l  g r a i n s  up t o  0 . 1  mm i n  s i z e ;  t h r e e  o f  t h e s e  a r e  c l u s t e r e d  i n  
one  p a t c h .  

The r o c k  i s  c u t  by a  v e i n l e t  up t o  0 . 0 7  mm i n  w i d t h  of q u a r t z  
w i t h  minor  c a l c i t e ,  c h l o r i t e ,  and p l a g i o c l a s e  i n  s e p a r a t e  p a t c h e s .  

A wispy  v e i n l e t  up t o  0 . 7  mm l o n g  and 0 .01  mm wide i s  of  c a l c i t e .  



SC-166 -- C r y s t a l  T u f f  : Plagioclase-Quartz-Epidote-(Chlorite-Calcite) 

The r o c k  h a s  a  g r a n u l a r  t e x t u r e ,  c o n s i s t i n g  o f  e q u a n t  t o  e l o n g a t e  
g r a i n s  o f  q u a r t z  a n d  p l a g i o c l a s e ,  w i t h  lesser  g r a i n s  a n d  p a t c h e s  o f  
c a l c i t e ,  o p a q u e ,  a n d  b i o t i t e ,  a n d  a few r o c k  f r a g m e n t s  i n  a  s p a r s e  
g r o u n d m a s s  d o m i n a t e d  by  c h l o r i t e .  G r a i n  s i z e  i s  f i n e .  The r o c k  h a s  some 
f e a t u r e s  o f  a d i k e  r o c k ,  b u t  t h e  g r a n u l a r  t e x t u r e  a n d  t h e  h i g h  
q u a r t z  c o n t e n t  s u g g e s t  t h a t  i t  i s  a f r a g m e n t a l  r o c k .  

p l a g i o c l a s e  
qua:r t z  
e p i d o t e  
c h l o r i t e  
c a l c i t e  
o p a q u e  
T i - o x i d e  
b i o t i t e  
a p a t i t e  
f r a g m e n t  

a n d e s  i t e  

35-40% 
17-20 
17-20 

7- 9 
4- 5 
2- 3 
1- 1) 
1- 1 4  

m i n o r  

P l a g i o c l a s e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 .07-0 .25 mm i n  s i z e .  
A l t e r a t i o n  i s  s l i g h t  t o  s e r i c i t e  a n d  c h l o r i t e .  C o m p o s i t i o n  a p p e a r s  t o  
b e  a n d e s i n e / o l i g o c l a s e .  

Q u a r t z  f o r m s  e q u a n t  t o  l o c a l l y  e l o n g a t e  g r a i n s  a n d  p a t c h e s  a v e r a g i n g  
0 . 1 5 - 0 . 5  mm i n  s i z e .  Many g r a i n s  a r e  s u b a n g u l a r  i n  o u t l i n e .  E x t i n c t i o n  
i s  u n i f o r m  t o  s l i g h t l y  wavy. A few p a t c h e s  up t o  0 . 3  mm i n  s i z e  c o n s i s t  
o f  e x t r e m e l y  t o  v e r y  f i n e  g r a i n e d  a g g r e g a t e s  o f  q u a r t z  i n t e r g r o w n  w i t h  
lesser c a l c i t e .  

- E p i d o t e  f o r m s  e q u a n t  t o  i r r e g u l a r  p a t c h e s  a v e r a g i n g  0 .1 -0 .25  inm i n  
s i z e .  

C a l c i t e  f o r m s  e q u a n t  p a t c h e s  f r o m  0 . 1 - 0 . 3  mm i n  a v e r a g e  s i z e .  
C h l o r i t e  f o r m s  i n t e r s t i t i a l  seams a n d  p a t c h e s  o f  e x t r e m e l y  f i n e  

g r a i n e d ,  l i g h t  t o  medium g r e e n  a g g r e g a t e s  o f  u n o r i e n t e d  t o  s l i g h t l y  
o r i e n t e d  f l a k e s .  

Opaque f o r m s  e q u a n t  p a t c h e s  a v e r a g i n g  0 . 0 5 - 0 . 1 5  mrn i n  s i z e .  I t  
a l s o  o c c u r s  a s  d&sty t o  e x t r e m e l y  f i n e  g r a i n e d  d i s s e m i n a t i o n s  i n  some 
s m a l l  c a r b o n a t e  p a t c h e s .  

T i - o x i d e  f o r m s  e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s  up t o  0 . 1  mm i n  
s i z e  a s s o c i a t e d  w i t h  c h l o r i t e  a n d  o p a q u e .  

A p a t i t e  f o r m s  a  few s u b h e d r a l  t o  a n h e d r a l  g r a i n s  u p  t o  0 . 2  mm l o n g .  
B i o t i t e  f o r m s  e q u a n t  f l a k e s  a v e r a g i n g  0 .15-0 .25  mm i n  s i z e ;  p l e o -  

c h r o i s m  i s  f r o m  l i g h t  t o  medium brown o r  g r e e n i s h  brown.  

The a n d e s i t e  f r a g m e n t  i s  1 . 8  mm a c r o s s  a n d  c o n t a i n s  m i n o r  p l a g i o c l a s e  
p h e n o c r y s t s  up t o  0 . 6  mm i n  l e n g t h  i n  a  g roundmass  d o m i n a t e d  by  l a t h y  t o  
e q u a n t  p l a g i o c l a s e  a n d  m i n o r  s e r i c i t e ,  c h l o r i t e ,  a n d  o p a q u e .  
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- The r o c k  c o n t a i n s  p h e n o c r y s t s  o f  p l a g i o c l a s e  a n d  much less  
h o r n b l e n d e  i n  a  g roundmass  d o m i n a t e d  by e q u a n t ,  e x t r e m e l y  f i n e  t o  
v e r y  f i n e  g r a i n e d  p l a g i o c l a s e ,  w i t h  much less  b i o t i t e ,  c a l c i t e ,  
e p i d o t e ,  a n d  m a g n e t i t e .  P l a g i o c l a s e  i s  m o d e r a t e l y  t o  s t r o n g l y  a l t e r e d  
t o  s e r i c i t e - ca l c i t e ,  a n d  h o r n b l e n d e  i s  a l t e r e d  c o m p l e t e l y  t o  b i o t i t e -  
e p i d o t e -  T i - o x i d e - c a l c i t e .  The r o c k  c o n t a i n s  s e c o n d a r y  p a t c h e s  o f  
q u a r t z - c a l c i t e .  

p h e n o c r y s t s  
p l a g i o c l a s e  25-30% 
h o r n b l e n d e  5- 7  

g r o u n d m a s s  
p l a g i o c l a s e  45-50 ( i n c l u d i n g  s e c o n d a r y  s e r i c i t e )  
b i o t i t e  7- 8  
c a l c i t e  2- 3 
o p a q u e  2- 2+  
e p i d o t e  1- 2  
a p a t i t e  0 . 1  

s e c c n d a r y  p a t c h e s  
q u a r t z  2- 3 
c a l c i t e  0 . 5  

P l a g i o c l a s e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  p r i s m a t i c  p h e n o c r y s t s  
a v e r a g i n g  0 .5 -1 .5  mm i n  s i z e ,  w i t h  a  f ew u p  t o  2 . 5  mm l o n g .  A l t e r a t i o n  
i s  m o d e r a t e  t o  e x t r e m e l y  f i n e  g r a i n e d  s e r i c i t e  a n d  lesser b i o t i t e  f l a k e s ,  
a n d  s l i g h t  t o  m o d e r a t e  t o  c a l c i t e .  A f ew g r a i n s  show f i n e  c o n c e n t r i c  
c o m p o s i t i o n a l  z o n i n g  t o w a r d s  m o r e - s o d i c  r i m s ,  b u t  w i t h  a b u n d a n t  
o s c i l l a t o r y  z o n e s .  C o m p o s i t i o n  i s  i n  t h e  r a n g e  a n d e s i n e - o l i g o c l a s e .  - 

H o r n b l e n d e  f o r m s  e q u a n t  t o  e l o n g a t e  p h e n o c r y s t s  up t o  2 . 5  mm i n  
l e n g t h .  A l t e r a t i o n  i s  c o m p l e t e  t o  v e r y  f i n e  g r a i n e d  a g g r e g a t e s  o f  
b i o t i t e  w i t h  lesser i r r e g u l a r  p a t c h e s  o f  e p i d o t e ,  c a l c i t e ,  T i - o x i d e ,  
a n d  o p a q u e .  B i o t i t e  i s  p l e o c h r o i c  f r o m  l i g h t  t o  medium b r o w n i s h  g r e e n .  

P l a g i o c l a s e  i n  t h e  g roundmass  f o r m s  e q u a n t ,  s l i g h t l y  i n t e r l o c k i n g  
g r a i n s  a v e r a g i n g  0 .03-0 .05  mm i n  s i z e .  I t  i s  a l t e r e d  m o d e r a t e l y  t o  
s e r i c i t e  a n d  lesser  b i o t i t e .  

B i o t i t e  a l s o  f o r m s  d i s s e m i n a t e d  g r a i n s  i n  t h e  g roundmass  a n d  
c l u s t e r s  o f  g r a i n s  u p  t o  0 .2  mm i n  s i z e .  I t  commonly i s  a s s o c i a t e d  
wi th .  T i - o x i d e .  P l e o c h r o i s m  i s  f r o m  l i g h t  t o  medium b r o w n i s h  g r e e n .  
T e x t . u r e s  s u g g e s t  t h a t  b i o t i t e  was fo rmed  d u r i n g  c o n t a c t  metamorphism.  

C a l c i t e  f o r m s  p a t c h e s  a n d  d i s s e m i n a t i o n s  o f  a n h e d r a l  g r a i n s  
a v e r a g i n g  0 .03-0 .05  mm i n  s i z e .  Commonly it i s  c o n c e n t r a t e d  n e a r  
a l t e r e d  h o r n b l e n d e  g r a i n s  a n d  a l o n g  b o r d e r s  o f  p l a g i o c l a s e  g r a i n s .  

Opaque,  i n  p a r t  m a g n e t i t e ,  f o r m s  d i s s e m i n a t e d  e q u a n t  g r a i n s  
a v e r a g i n g  0 . 0 7 - 0 . 1  mm i n  s i z e ,  a n d  a l s o  a s  d i s s e m i n a t e d ,  s u b h e d r a l  
c u b i c  g r a i n s  a v e r a g i n g  0 . 0 0 5 - 0 . 0 1  mm i n  s i z e .  The l a t t e r  may b e  t h e  
p rod iuc t  o f  c o n t a c t  metamorphism.  

E p i d o t e  f o r m s  a n h e d r a l  t o  s u b h e d r a l  p a t c h e s  a v e r a g i n g  0 . 0 5 - 0 . 1  
mm i.n g r a i n  s i z e .  

A p a t i t e  f o r m s  r a g g e d  t o  s u b h e d r a l  p r i s m a t i c  g r a i n s  up t o  0 . 1 3  
mm i.n l e n g t h .  

The r o c k  c o n t a i n s  i r r e g u l a r  p a t c h e s  f r o m  0 . 2 - 1  mm i n  s i z e  o f  
f i n e  g r a i n e d  q u a r t z ,  commonly showing  s l i g h t l y  s u t u r e d  g r a i n  b o r d e r s .  
Some o f  t h e  q u a r t z  may h a v e  b e e n  r e c r y s t a l l i z e d  f r o m  c o a r s e r  g r a i n s .  
I n  a f e w  p a t c h e s  a n d  e s p e c i a l l y  i n  t h e  l a r g e s t  p a t c h ,  c a l c i t e  f o r m s  
f i n e  g r a i n s  i n t e r g r o w n  s l i g h t l y  w i t h  q u a r t z .  



Greywacke 

The r o c k  c o n t a i n s  a w i d e  v a r i e t y  o f  f r a g m e n t  t y p e s  r a n g i n g  f r o m  
0 . 7 - 1 . 5  rnrn i n  a v e r a g e  s i z e .  Major  t y p e s  i n c l u d e  p l a g i o c l a s e  a n d  
q u a r t z  g r a i n s  a n d  a g g r e g a t e s  f r o m  a  d e f o r m e d  q u a r t z  d i o r i t e ,  a n d  a few 
t y p e s  o f  d a c i t e  a n d  a n d e s i t e .  T h e s e  a r e  s e t  i n  a  g roundmass  d o m i n a t e d  
by ~ ~ l a g i o c l a s e ,  w i t h  i r r e g u l a r  p a t c h e s  o f  c h l o r i t e ,  e p i d o t e ,  q u a r t z ,  
c a l c : i t e ,  a n d  o p a q u e .  

f r a q m e n t s  
1) q u a r t z  d i o r i t e  

p l a g i o c l a s e  
q u a r t z  
h o r n b l e n d e  ( ?  ) 
b i o t i t e  

2 )  v o l c a n i c  r o c k s  
d a c i t e  
a n d e s i t e  

g r o u n d m a s s  
p l a g i o c l a s e  
c h l o r i t e  
e p i d o t e  
c a l - c i t e  
q u a r t z  
o p a q u e  

25-30% 
20-25 

0 . 3  
m i n o r  

s p h e n e  0 . 3  
o p a q u e  0 . 2  

P l a g i o c l a s e  a n d  q u a r t z  g r a i n s  i n  t h e  q u a r t z  d i o r i t e  r a n g e  f r o m  
0 . 3 - 1 . 2  mm i n  a v e r a g e  s i z e .  P l a g i o c l a s e  commonly i s  m o d e r a t e l y  f r a c t u r e d  
a n d  b e n t .  I t  i s  a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  s e r i c i t e  a n d  c a l c i t e ,  
w i t h  l o c a l  p a t c h e s  o f  e p i d o t e .  Q u a r t z  i s  u n s t r a i n e d  t o  m o d e r a t e l y  
s t r a i n e d ,  a n d  i n  a  m o d e r a t e  number o f  f r a g m e n t s  i s  r e c r y s t a l l i z e d  t o  
f i n e r  g r a i n e d  a g g r e g a t e s .  A few q u a r t z  g r a i n s  c o n t a i n  i n c l u s i o n s  o f  
a c i c u l a r  r u t i l e  a n d  o n e  g r a i n  c o n t a i n s  a r o u n d e d  i n c l u s i o n  o f  a p a t i t e  
0 . 1  mm a c r o s s .  P l a g i o c l a s e - q u a r t z  a g g r e g a t e s  a re  common. 

H o r n b l e n d e ( ? )  f o r m s  a  v e r y  few g r a i n s  u p  t o  1 . 2  mm i n  s i z e ;  t h e y  
are a l t e r e d  c o m p l e t e l y  t o  v e r y  f i n e  g r a i n e d  a g g r e g a t e s  o f  e p i d o t e ,  
c a l c i t e ,  a n d  c h l o r i t e ,  w i t h  lesser o p a q u e .  

B i o t i t e  f o r m s  a  v e r y  few g r a i n s  u p  t o  0 . 5  mm i n  s i z e .  I t  i s  
a l t e r e d  c o m p l e t e l y  t o  a b u n d a n t  o p a q u e  ( o r i e n t e d  a l o n g  c l e a v a g e  o f  b i o t i t e )  
a n d  m i n o r  q u a r t z  a n d / o r  c h l o r i t e .  

Sphene  f o r m s  e q u a n t  t o  e l o n g a t e  g r a i n s  up t o  0 . 6  mm i n  s i z e .  
Opaque f o r m s  a few p a t c h e s  u p  t o  0 . 5  mm a c r o s s .  

V o l c a n i c  r o c k s  a r e  d o m i n a t e d  b y  p o r p h y r i t i c  d a c i t e ,  w i t h  s c a t t e r e d  
p l a g i o c l a s e  p h e n o c r y s t s  u p  t o  0 . 5  mm i n  s i z e  i n  a n  e x t r e m e l y  f i n e  
g r a i n e d  g r o u n d m a s s  d o m i n a t e d  by p l a g i o c l a s e .  O t h e r  f r a g m e n t s  c o n s i s t  o f  
v e r y  f i n e  g r a i n e d  p l a g i o c l a s e  i n  e q u a n t  t o  p r i s m a t i c ,  s l i g h t l y  i n t e r -  
l o c k i n g  a g g r e g a t e s ,  w i t h  m i n o r  t o  m o d e r a t e l y  a b u n d a n t  i n t e r s t i t i a l  
c h l o r i t e .  A f ew f r a g i n e n t s  o f  a n d e s i t e  c o n t a i c  l a t h y  p l a g i o c l a s e  i n  
s l i g h t l y  o r i e n t e d  a g g r e g a t e s  o f  e x t r e m e l y  f i n e  t o  v e r y  f i n e  g r a i n  s i z e .  

F r a g m e n t s  a re  se t  i n  a  g r o u n d m a s s  o f  e x t r e m e l y  f i n e  g r a i n e d  
p l a g i o c l a s e ,  w i t h  p a t c h e s  o f  e x t r e m e l y  f i n e  t o  v e r y  f i n e  g r a i n e d  c h l o r i t e ,  
e p i d o t e ,  c a l c i t e ,  o r  q u a r t z .  I n  p l a c e s ,  f r a g m e n t s  c a n n o t  b e  d i s t i n g l l i s h e d  
froin g r o u n d m a s s  ( i . e . ,  t h o s e  o f  n o n - p o r p h y r i t i c  d a c i t e ) .  Opaque o c c u r s  
i n  r a g g e d  p a t c h e s  i n t e r g r o w n  w i t h  c h l o r i t e  a n d  w i t h  e p i d o t e .  C a l c i t e  
f o r m s  a few l a r g e r  p a t c h e s  up t o  1 . 3  mm i n  s i z e ,  p r o b a b l y  o f  r e p l a c e m e n t  
o r i g i n .  
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The r o c k  c o n t a i n s  f i n e  g r a i n e d  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  
c r y s t a l s  i n  a n  e x t r e m e l y  f i n e  g r a i n e d  g roundmass  o f  p l a g i o c l a s e - s e r i c i t e -  
chlorite-epidote-calcite. It i s  c u t  by a  w i s p y  v e i n l e t  o f  p y r i t e ,  a n d  
c o n t a i n s  s e c o n d a r y  l i m o n i t e  c o n c e n t r a t i o n s  i n  bhe  g r o u n d m a s s .  

f r a g m e n t s  
p l a g i o c l a s e  40-45% l i m o n i t e  0 . 1 %  
quax: t z  12-15 
a p a  t:i t e  t race  

g r o u n d m a s s  
p l a g i o c l a s e  10-12 
se r i c i t e  12-15 
c h l o r i t e  5- 7 
e p i c i o t e  3-  4  
c a l c i t e  13-2 
T i - o x i d e / i l m e n i t e  0 . 2  

v e i n l e t  
p y r i t e -  ( e p i d o t e )  lf -2 

P l a g i o c l a s e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 5  mrn i n  s i z e .  
C o m p o s i t i o n  i s  o l i g o c l a s e / a n d e s i n e .  A f ew g r a i n s  a r e  s l i g h t l y  compo- 
s i t i o n a l l y  zoned  t o w a r d s  m o r e - s o d i c  r i m s .  One g r a i n  c o n t a i n s  i n c l u s i o n s  
o f  q u a r t z  i n  a  m y r m e k i t i c  t e x t u r e .  A l t e r a t i o n  i s  s l i g h t  t o  s e r i c i t e  a n d / o r  
e p i d o t e .  

Q u a r t z  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 3  mrn i n  s i z e .  Many l a r g e r  
o n e s  show m o d e r a t e l y  s t r a i n e d  e x t i n c t i o n .  A few f r a g m e n t s  c o n s i s t  o f  
a g g r e g a t e s  o f  v e r y  f i n e  g r a i n s ,  p o s s i b l y  fo rmed  by  r e c r y s t a l l i z a t i o n  o f  
c o a r s e r  g r a i n s .  

A p a t i t e  f o r m s  a  v e r y  few e q u a n t  g r a i n s  up t o  0 . 1 5  mrn a c r o s s .  They 
a r e  c o l o r e d  p a l e  brown f r o m  d u s t y  i n c l u s i o n s .  

The g r o u n d m a s s  i s  p a t c h y .  P l a g i o c l a s e  o c c u r s  i n  e x t r e m e l y  f i n e  
g r a i n e d  a g g r e g a t e s ,  i n  p a r t  i n t e r g r o w n  w i t h  s e r i c i t e  a n d  c h l o r i t e .  
S e r i c i t e  f o r m s  a g g r e g a t e s  o f  w i s p y  f l a k e s  p a r a l l e l  t o  a  weak t o  
m o d e r a t e  f o l i a t i o n ;  i t  may b e  s e c o n d a r y  a f t e r  p l a g i o c l a s e .  C h l o r i t e  
f o r m s  i r r e g u l a r ,  e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s .  E p i d o t e  f o r m s  i r r e g u l a r  
t o  s u b h e d r a l  g r a i n s  a n d  c l u s t e r s  o f  g r a i n s  a v e r a g i n g  0 . 0 5 - 0 . 1  mm i n  s i z e .  
C a l c i t e  f o r m s  a n h e d r a l  g r a i n s  a n d  p a t c h e s  a v e r a g i n g  0 . 0 3 - 0 . 0 5  mm i n  
g r a i n  s i z e .  T i - o x i d e ,  i n  p a r t  w i t h  t i n y  c o r e s  of i l m e n i t e ,  f o r m s  p a t c h e s  
f r o m  0 .03-0 .09  mm i n  s i z e .  

The r o c k  i s  c u t  a t  a m o d e r a t e  a n g l e  t o  f o l i a t i o n  by a  d i s c o n t i n u o u s  
v e i n l e t  o f  p y r i t e ;  t e x t u r e s  s u g g e s t  t h a t  t e h e  v e i n  fo rmed  by r e p l a c e m e n t  
r a t h e r  t h a n  f r a c t u r e - f i l l i n g .  I t  c o n t a i n s  c l u s t e r s  o f  v e r y  f i n e  t o  f i n e  
g r a i n s  o f  p y r i t e ,  w i t h  minor  t o  l o c a l l y  a b u n d a n t  i n t e r g r o w n  s u b h e d r a l  
g r a i n s  o f  e p i d o t e  o f  s i m i l a r  o r  f i n e r  s i z e .  P y r i t e  g e n e r a l l y  i s  a l t e r e d  
t o  h e m a t i t e ,  w i t h  t r a n s l u c e n t  red-brown r i m s  s u r r o u n d i n g  c o r e s  o f  opaque  
h e m a t i t e ,  p o s s i b l y  w i t h  r e l i c  p y r i t e  c o r e s .  

A f e w  p a t c h e s  i n  t h e  g roundmass  a p p e a r  t o  b e  f r a g m e n t s  o f  v e r y  f i n e  
g r a i n e d ,  p l a g i o c l a s e - r i c h  r o c k  ( a n d e s i t e ? ) ;  however ,  t e x t u r e s  a r e  n o t  
s u f f i c i e n t l y  d i s t i n c t  t o  c l a s s i f y  them d e f i n i t e l y  a s  r o c k  f r a g m e n t s  
r a t h e r  t h a n  p a t c h e s  o f  p l a g i o c l a s e - r i c h  g r o u n d m a s s .  

L i m o n i t e o c c u r s  i n  w i s p y  seams a s s o c i a t e d  w i t h  t h e  g r o u n d m a s s ,  a n d  
i s  c o n c e n t r a t e d  i n  i r r e g u l a r  p a t c h e s  a n d  o n e  l a r g e  l e n s ,  t h e  l a t t e r  
b e i n g  up t o  1 . 3  c m  l o n g .  



D a c i t e  C r y s t a l  T u f f  

The s a m p l e  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  a v e r a g i n g  
0 . 1 - 0 . 2 5  mm i n  s i z e  i n  a g roundmass  o f  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
a n d  s e r i c i t e ,  w i t h  p a t c h e s  o f  e p i d o t e ,  c a l c i t e ,  a n d  minor  o n e s  o f  
c h l o r i t e ,  o p a q u e ,  a n d  T i - o x i d e .  

f r a g m e n t s  
p l a g i o c l a s e  30-35% 
qua. r  t z  17-20 
c h e r t  ( ? )  0 . 2  

grou,ndmas s 
p l a g i o c l a s e  17-20 
se r i c i t e  12-15 
c a l c i t e  5- 7  
e p i d o t e  4 -  5 
c h l o r i t e  1- 1 4  
T i - , o x i d e  0 . 5  
o p a q u e  ( p y r i t e ? )  m i n o r  
m u s c o v i t e  t r ace  

P l a g i o c l a s e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 2  mm i n  s i z e .  I t  i s  
a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  s e r i c i t e  a n d  l o c a l l y  t o  e p i d o t e  a n d / o r  
c a l c i t e .  

Q u a r t z  f o r m s  e q u a n t  t o  l o c a l l y  e l o n g a t e  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 3  mm 
i n  s i z e .  E x t i n c t i o n  v a r i e s  f r o m  n e a r l y  u n i f o r m  t o  s t r o n g l y  wavy. S e v e r a l  
f r a g m e n t s  a r e  o f  v e r y  f i n e  t o  e x t r e m e l y  f i n e  g r a i n e d  q u a r t z  showing  
s l i g h t l y  t o  m o d e r a t e l y  i n t e r l o c k i n g  g r a i n s .  

The g roundmass  i s  d o m i n a t e d  b y  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
( 0 . 0 1 - 0 . 0 2  rnrn) i r r e g u l a r l y  i n t e r g r o w n  w i t h  d i s s e m i n a t e d  a n d  p a t c h y  
s e r i c i t e .  S e r i c i t e  p r o b a b l y  i s  s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  
A f ew r a g g e d  m u s c o v i t e  g r a i n s  u p  t o  0 . 1  mm i n  l e n g t h  p r o b a b l y  a l s o  a r e  
s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  

C a l c i t e  f o r m s  e q u a n t  t o  i r r e g u l a r  p a t c h e s  a v e r a g i n g  0 .05-0 .08  mm 
i n  s i z e .  

E p i d o t e  f o r m s  p a t c h e s  f r o m  0 .02-0 .18  mm i n  s i z e ,  w i t h  g r a i n  s i z e  
r a n g i n g  f rom e x t r e m e l y  f i n e  up t o  0 . 1  mm. S u b h e d r a l  p r i s m a t i c  g r a i n s  
f r o m  0 .05-0 .07  mm a re  r e l a t i v e l y  common. 

C h l o r i t e  f o r m s  s c a t t e r e d  p a t c h e s  o f  f l a k e s  f rom 0 . 1 - 0 . 3  mm i n  
l e n g t h .  L o c a l l y  a s s o c i a t e d  w i t h  c h l o r i t e  a r e  p a t c h e s  o f  T i - o x i d e .  

T i - o x i d e  g e n e r a l l y  o c c u r s  a s  a n h e d r a l  p a t c h e s  u p  t o  0 . 1  mm a c r o s s  
o f  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s .  

Opaque f o r m s  s c a t t e r e d  g r a i n s  a v e r a g i n g  0 .03-0 .07  mm i n  s i z e ,  w i t h  
a  few u p  t o  0 . 1 2  mm a c r o s s .  Some a r e  s u r r o u n d e d  by  p a t c h e s  o f  e p i d o t e  
a n d  lesser c h l o r i t e .  



SC-2: 38 -- Dacite C r y s t a l  T u f f  

The s a m p l e  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  a v e r a g i n g  
0 .1- ,0 .25 mm i n  s i z e  i n  a g roundmass  o f  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
a n d  s e r i c i t e ,  w i t h  p a t c h e s  o f  e p i d o t e ,  c a l c i t e ,  a n d  m i n o r  o n e s  o f  
c h l o r i t e ,  o p a q u e ,  a n d  T i - o x i d e .  

f r a g m e n t s  
p l a g i o c l a s e  30-35% 
q u a r t z  17-20 
c h e r t  ( ? )  0 . 2  

g r o u n d m a s s  
p l a g i o c l a s e  17-20 
s e r i c i t e  12-15 
c a l c i t e  5- 7  
e p i d o t e  4 -  5  
c h l o r i t e  1- I t  
T i - o x i d e  0 . 5  
o p a q u e  ( p y r i t e ? )  m i n o r  
m u s c o v i t e  t r ace  

P l a g i o c l a s e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 2  mm i n  s i z e .  I t  i s  
a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  s e r i c i t e  a n d  l o c a l l y  t o  e p i d o t e  a n d / o r  
c a l c i t e .  

Q u a r t z  f o r m s  e q u a n t  t o  l o c a l l y  e l o n g a t e  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 3  mm 
i n  s i z e .  E x t i n c t i o n  v a r i e s  f r o m  n e a r l y  u n i f o r m  t o  s t r o n g l y  wavy. S e v e r a l  
f r a g m e n t s  a r e  o f  v e r y  f i n e  t o  e x t r e m e l y  f i n e  g r a i n e d  q u a r t z  showing  
s l i g h t l y  t o  m o d e r a t e l y  i n t e r l o c k i n g  g r a i n s .  

The g roundmass  i s  d o m i n a t e d  by  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
( 0 . 0 1 - 0 . 0 2  mm) i r r e g u l a r l y  i n t e r g r o w n  w i t h  d i s s e m i n a t e d  a n d  p a t c h y  
s e r i c i t e .  S e r i c i t e  p r o b a b l y  i s  s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  
A f ew r a g g e d  m u s c o v i t e  g r a i n s  up t o  0 . 1  mm i n  l e n g t h  p r o b a b l y  a l s o  a r e  
s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  

Ca lc i t e  f o r m s  e q u a n t  t o  i r r e g u l a r  p a t c h e s  a v e r a g i n g  0 .05-0 .08  mrn 
i n  s i z e .  

E p i d o t e  f o r m s  p a t c h e s  f r o m  0.02-0 .18 mm i n  s i z e ,  w i t h  g r a i n  s i z e  
r a n g i n g  f rom e x t r e m e l y  f i n e  u p  t o  0 . 1  mrn. S u b h e d r a l  p r i s m a t i c  g r a i n s  
f rom 0.05-0 .07 mm a r e  r e l a t i v e l y  common. 

C h l o r i t e  f o r m s  s c a t t e r e d  p a t c h e s  o f  f l a k e s  f rom 0 . 1 - 0 . 3  mm i n  
l e n g t h .  L o c a l l y  a s s o c i a t e d  w i t h  c h l o r i t e  a r e  p a t c h e s  o f  T i - o x i d e .  

T i - o x i d e  g e n e r a l l y  o c c u r s  a s  a n h e d r a l  p a t c h e s  up t o  0 . 1  mrn a c r o s s  
o f  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s .  

Opaque f o r m s  s c a t t e r e d  g r a i n s  a v e r a g i n g  0 .03-0 .07  mm i n  s i z e ,  w i t h  
a  f ew u p  t o  0 . 1 2  mm a c r o s s .  Some a r e  s u r r o u n d e d  by p a t c h e s  o f  e p i d o t e  
a n d  lesser c h l o r i t e .  



D a c i t e  C r y s t a l  T u f f  

The s a m p l e  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  a v e r a g i n g  
0 . 1 - 0 . 2 5  mm i n  s i z e  i n  a  g roundmass  o f  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
a n d  ser ic i te ,  w i t h  p a t c h e s  o f  e p i d o t e ,  c a l c i t e ,  a n d  m i n o r  o n e s  o f  
c h l o r i t e ,  o p a q u e ,  a n d  T i - o x i d e .  

f r a g m e n t s  
p l a g i o c l a s e  30-35% 
q u a r t z  17-20 
c h e r t  ( ? )  0 . 2  

g r o u n d m a s s  
p l a g i o c l a s e  17-20 
s e r i c i t e  12-15 
c a l c i t e  5- 7  
e p i d o t e  4 -  5  
c h l o r i t e  1- 1 3  
T i - o x i d e  0 . 5  
o p a q u e  ( p y r i t e ? )  m i n o r  
m u s c o v i t e  t r a c e  

P l a g i o c l a s e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 .1 -0 .2  mm i n  s i z e .  I t  i s  
a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  s e r i c i t e  a n d  l o c a l l y  t o  e p i d o t e  a n d / o r  
c a l c i t e .  

Q u a r t z  f o r m s  e q u a n t  t o  l o c a l l y  e l o n g a t e  g r a i n s  a v e r a g i n g  0 .1 -0 .3  mm 
i n  s i z e .  E x t i n c t i o n  v a r i e s  f r o m  n e a r l y  u n i f o r m  t o  s t r o n g l y  wavy. S e v e r a l  
f r a g m e n t s  a r e  o f  v e r y  f i n e  t o  e x t r e m e l y  f i n e  g r a i n e d  q u a r t z  showing  
s l i g h t l y  t o  m o d e r a t e l y  i n t e r l o c k i n g  g r a i n s .  

The g roundmass  i s  d o m i n a t e d  by e x t r e m e l y  f i n e  g r a i n e d  p l a 3 i o c l a s e  
(0 .01-0 .02  rm) i r r e g u l a r l y  i n t e r g r o w n  w i t h  d i s s e m i n a t e d  a n d  p a t c h y  
s e r i c i t e .  S e r i c i t e  p r o b a b l y  i s  s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  
A fe,w r a g g e d  m u s c o v i t e  g r a i n s  up t o  0 . 1  mm i n  l e n g t h  p r o b a b l y  a l s o  a r e  
s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  

C a l c i t e  f o r m s  e q u a n t  t o  i r r e g u l a r  p a t c h e s  a v e r a g i n g  0 .05-0 .08  mm 
i n  s i z e .  

E p i d o t e  f o r m s  p a t c h e s  f r o m  0.02-0 .18 mm i n  s i z e ,  w i t h  g r a i n  s i z e  
r a n g i n g  f rom e x t r e m e l y  f i n e  up t o  0 . 1  mm. S u b h e d r a l  p r i s m a t i c  g r a i n s  
f r o m  0.05-0 .07 mm a r e  r e l a t i v e l y  common. 

C h l o r i t e  f o r m s  s c a t t e r e d  p a t c h e s  o f  f l a k e s  f rom 0 . 1 - 0 . 3  mm i n  
l e n g t h .  L o c a l l y  a s s o c i a t e d  w i t h  c h l o r i t e  a r e  p a t c h e s  o f  T i - o x i d e .  

T i - o x i d e  g e n e r a l l y  o c c u r s  a s  a n h e d r a i  p a t c h e s  u p  t o  0 . 1  mm a c r o s s  
o f  e . x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s .  

Opaque f o r m s  s c a t t e r e d  g r a i n s  a v e r a g i n g  0 .03-0 .07 mm i n  s i z e ,  w i t h  
a  f ew u p  t o  0 . 1 2  mm a c r o s s .  Some a r e  s u r r o u n d e d  by p a t c h e s  of e p i d o t e  
a n d  lesser c h l o r i t e .  



D a c i t e  C r y s t a l  T u f f  

The s a m p l e  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  a v e r a g i n g  
0 . 1 - 0 . 2 5  mm i n  s i z e  i n  a  g roundmass  o f  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
a n d  s e r i c i t e ,  w i t h  p a t c h e s  o f  e p i d o t e ,  c a l c i t e ,  a n d  m i n o r  o n e s  o f  
c h l o r i t e ,  o p a q u e ,  a n d  T i - o x i d e .  

f r a g m e n t s  
p l a g i o c l a s e  30-35% 
q u a r t z  17-20 
c h e r t  ( ? )  0 . 2  

g r o u n d m a s s  
p l a g i o c l a s e  17-20 
se r i c i t e  12-15 
c a l c i t e  5- 7  
e p i d o t e  4 -  5  
c h l o r i t e  1- 1 4  
T i - o x i d e  0 . 5  
o p a q u e  ( p y r i t e ? )  m i n o r  
m u s c o v i t e  t r ace  

P l a g i o c l a s e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 .1 -0 .2  mm i n  s i z e .  I t  i s  
a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  s e r i c i t e  a n d  l o c a l l y  t o  e p i d o t e  a n d / o r  
c a l c i t e .  

Q u a r t z  f o r m s  e q u a n t  t o  l o c a l l y  e l o n g a t e  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 3  mm 
i n  s i z e .  E x t i n c t i o n  v a r i e s  f r o m  n e a r l y  u n i f o r m  t o  s t r o n g l y  wavy. S e v e r a l  
f r a g m e n t s  a r e  o f  v e r y  f i n e  t o  e x t r e m e l y  f i n e  g r a i n e d  q u a r t z  showing  
s l i g h t l y  t o  m o d e r a t e l y  i n t e r l o c k i n g  g r a i n s .  

The g r o u n d m a s s  i s  d o m i n a t e d  by  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
( 0 . 0 1 - 0 . 0 2  mm) i r r e g u l a r l y  i n t e r g r o w n  w i t h  d i s s e m i n a t e d  a n d  p a t c h y  
s e r i c i t e .  S e r i c i t e  p r o b a b l y  i s  s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  
k few r a g g e d  m u s c o v i t e  g r a i n s  u p  t o  0 . 1  mm i n  l e n g t h  p r o b a b l y  a l s o  a r e  
s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  

C a l c i t e  f o r m s  e q u a n t  t o  i r r e g u l a r  p a t c h e s  a v e r a g i n g  0 .05-0 .08 mm 
i n  s i z e .  

E p i d o t e  f o r m s  p a t c h e s  f r o m  0 .02-0 .18  mm i n  s i z e ,  w i t h  g r a i n  s i z e  
r a n g i n g  f rom e x t r e m e l y  f i n e  u p  t o  0 . 1  mm. S u b h e d r a l  p r i s m a t i c  g r a i n s  
f r o m  0.05-0 .07 mm a r e  r e l a t i v e l y  common. 

C h l o r i t e  f o r m s  s c a t t e r e d  p a t c h e s  o f  f l a k e s  f rom 0 . 1 - 0 . 3  mm i n  
l e n g t h .  L o c a l l y  a s s o c i a t e d  w i t h  c h l o r i t e  a r e  p a t c h e s  o f  T i - o x i d e .  

T i - o x i d e  g e n e r a l l y  o c c u r s  a s  a n h e d r a l  p a t c h e s  u p  t o  0 . 1  mm a c r o s s  
o f  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s .  

Opaque f o r m s  s c a t t e r e d  g r a i n s  a v e r a g i n g  0 .03-0 .07  mm i n  s i z e ,  w i t h  
a  few u p  t o  0 . 1 2  mm a c r o s s .  Some a re  s u r r o u n d e d  by  p a t c h e s  o f  e p i d o t e  
a n d  lesser c h l o r i t e .  



D a c i t e  C r y s t a l  T u f f  

The s a m p l e  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  a v e r a g i n g  
0 . 1 - 0 . 2 5  mm i n  s i z e  i n  a  g roundmass  o f  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
a n d  s e r i c i t e ,  w i t h  p a t c h e s  o f  e p i d o t e ,  c a l c i t e ,  a n d  m i n o r  o n e s  o f  
c h l o r i t e ,  o p a q u e ,  a n d  T i - o x i d e .  

f r a g m e n t s  
p l a g i o c l a s e  30-35% 
q u a r t z  17-20 
c h e r t  ( ? )  0 . 2  

g r o u n d m a s s  
p l a g i o c l a s e  17-20 
se r i c i t e  12-15 
c a l c i t e  5- 7  
e p i d o t e  4 -  5 
c h l o r i t e  1- l+  
T i - o x i d e  0 . 5  
o p a q u e  ( p y r i t e ? )  m i n o r  
m u s c o v i t e  t r a c e  

P l a g i o c l a s e  f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 2  mm i n  s i z e .  I t  i s  
a l t e r e d  s l i g h t l y  t o  m o d e r a t e l y  t o  s e r i c i t e  a n d  l o c a l l y  t o  e p i d o t e  a n d / o r  
c a l c i t e .  

Q u a r t z  f o r m s  e q u a n t  t o  l o c a l l y  e l o n g a t e  g r a i n s  a v e r a g i n g  0 . 1 - 0 . 3  mm 
i n  s i z e .  E x t i n c t i o n  v a r i e s  f r o m  n e a r l y  u n i f o r m  t o  s t r o n g l y  wavy. S e v e r a l  
f r a g m e n t s  a r e  o f  v e r y  f i n e  t o  e x t r e m e l y  f i n e  g r a i n e d  q u a r t z  showing  
s l i g h t l y  t o  m o d e r a t e l y  i n t e r l o c k i n g  g r a i n s .  

The g roundmass  i s  d o m i n a t e d  by  e x t r e m e l y  f i n e  g r a i n e d  p l a g i o c l a s e  
( 0 . 0 1 - 0 . 0 2  mrn) i r r e g u l a r l y  i n t e r g r o w n  w i t h  d i s s e m i n a t e d  a n d  p a t c h y  
s e r i c i t e .  S e r i c i t e  p r o b a b l y  i s  s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  
A few r a g g e d  m u s c o v i t e  g r a i n s  u p  t o  0 . 1  mm i n  l e n g t h  p r o b a b l y  a l s o  a r e  
s e c o n d a r y  a f t e r  g roundmass  p l a g i o c l a s e .  

Ca lc i t e  f o r m s  e q u a n t  t o  i r r e g u l a r  p a t c h e s  a v e r a g i n g  0 .05-0 .08  mrn 
i n  s i z e .  

E p i d o t e  f o r m s  p a t c h e s  f r o m  0 .02-0 .18  mm i n  s i z e ,  w i t h  g r a i n  s i z e  
r a n g i n g  f rom e x t r e m e l y  f i n e  up t o  0 . 1  mm. S u b h e d r a l  p r i s m a t i c  g r a i n s  
f r o m  0 .05-0 .07  mm a re  r e l a t i v e l y  common. 

C h l o r i t e  f o r m s  s c a t t e r e d  p a t c h e s  o f  f l a k e s  f rom 0 . 1 - 0 . 3  mm i n  
l e n g t h .  L o c a l l y  a s s o c i a t e d  w i t h  c h l o r i t e  a r e  p a t c h e s  o f  T i - o x i d e .  

T i - o x i d e  g e n e r a l l y  o c c u r s  a s  a n h e d r a l  p a t c h e s  u p  t o  0 . 1  mm a c r o s s  
o f  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s .  

Opaque f o r m s  s c a t t e r e d  g r a i n s  a v e r a g i n g  0 .03-0 .07  mm i n  s i z e ,  w i t h  
a  f ew u p  t o  0 . 1 2  mm a c r o s s .  Some a r e  s u r r o u n d e d  by p a t c h e s  o f  e p i d o t e  
a n d  lesser c h l o r i t e .  



SC-248 -- P o r p h y r i t i c  A n d e s i t e  c u t  by  Quartz-Epidote-(Actinolite) V e i n  

The r o c k  c o n t a i n s  p h e n o c r y s t s  o f  p l a g i o c l a s e ,  h o r n b l e n d e ,  a n d  minor  
q u a r t z  i n  a v e r y  f i n e  g r a i n e d  g roundmass  d o m i n a t e d  by p l a g i o c l a s e  w i t h  
l e s s e r  a c t i n o l i t e ,  e p i d o t e ,  b i o t i t e ,  m a g n e t i t e ,  T i - o x i d e ,  a n d  q u a r t z .  
I t  i s  c u t  by  a  v e i n  up t o  1 mm w i d e  o f  quartz-epidote-(actinolite) w i t h  
a  h a l o  u p  t o  a few mm w i d e  c o n t a i n i n g  a b u n d a n t  e p i d o t e ,  a n d  f u r t h e r  
f r o m  t h e  v e i n  e p i d o t e - c h l o r i t e .  

p h e n o c r y s t s  
p l a g i o c l a s e  
h o r n b l e n d e  
q u a r t z  
a p a t i t e  
o p a q u e  

g r o u n d m a s s  
p l a g i o c l a s e  
a c t i n o l i t e  
e p i d o t e  
b i o t i t e  
m a g n e t i t e  
T i - o x i d e  
q u a r t z  
c a l c i t e  
a p a t i t e  

40-45 
7-  8 
7- 8  
2- 3  
2- 3  
l f - 2  
i- 1 

m i n o r  
0 . 1  

v e i n  
q u a r t z  2- 3% 
e p i d o t e  2- 3 
a c t i n o l i t e  0 . 3  
a p a t i t e  0 . 1  

h a l o  
e p i d o t e  2- 3  
c h l o r i t e  0 . 3  

P l a g i o c l a s e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  f rom 1 t o  3 rnm 
i n  a v e r a g e  s i z e .  Many are s t r o n g l y  c o m p o s i t i o n a l l y  zoned t o w a r d s  more 
s o d i c  r i m s ,  w i t h  c o m p o s i t i o n s  i n  t h e  a n d e s i n e  r a n g e .  A l t e r a t i o n  i s  

- m a i n l y  c o n c e n t r a t e d  i n  a t h i n  zone  n e a r  t h e  b o r d e r  o f  t h e  c r y s t a l s ,  where  
p l a g i o c l a s e  i s  s t r o n g l y  a l t e r e d  t o  e x t r e m e l y  f i n e  g r a i n e d ,  d i s s e m i n a t e d  
e p i d o t e .  A f e w  g r a i n s  a r e  a l t e r e d  t o  p a t c h e s  o f  s e r i c i t e  i n  t h e i r  c o r e s ,  
a n d  o n e  g r a i n  c o n t a i n s  a p a t c h  o f  c h l o r i t e  0 . 1  mm l o n g .  

H o r n b l e n d e  f o r m s  p r i s m a t i c  p h e n o c r y s t s  up t o  2 . 5  mm i n  l e n g t h .  I t  
i s  a l t e r e d  c o m p l e t e l y  t o  v e r y  f i n e  g r a i n e d  a g g r e g a t e s  o f  e p i d o t e ,  q u a r t z ,  
a c t i n o l i t e ,  b i o t i t e ,  a n d  o p a q u e  ( m a g n e t i t e ? )  . 

Q u a r t z  f o r m s  o n e  p h e n o c r y s t  2  mm a c r o s s ,  w i t h  v e r y  i r r e g u l a r l y  
embayed b o r d e r s  a g a i n s t  t h e  g r o u n d m a s s .  

A p a t i t e  f o r m s  o n e  p r i s m a t i c  g r a i n  0 . 5  mrn l o n g  w i t h i n  a p l a g i o c l a s e  
p h e n o c r y s t ,  a n d  s e v e r a l  o t h e r  p r i s m a t i c  g r a i n s  0 . 1  mm i n  l e n g t h .  

Opaque i s  c o n c e n t r a t e d  i n  a  f e w  p a t c h e s  u p  t o  0 . 8  rnm i n  s i z e ;  t h e s e  
c o n t a i n  s e v e r a l  e q u a n t ,  a n h e d r a l  g r a i n s  f r o m  0 . 1 - 0 . 3  mm i n  s i z e .  I t  i s  
u n c e r t a i n  i f  t h i s  is  m a g n e t i t e  o r  n o t .  

P l a g i o c l a s e  i n  t h e  g r o u n d n a s s  f o r m s  p r i s m a t i c  g r a i n s  f r o m  0 . 0 5 - 0 . 2  
mm i n  s i z e ,  a n d  a n h e d r a l  g r a i n s  f r o m  0 . 0 1 - 0 . 0 3  mm i n  s i z e  i n t e r s t i t i a l  
t o  t h e  p r i s m a t i c  g r a i n s .  

A c t i n o l i t e  f o r m s  r a g g e d  p r i s m a t i c  g r a i n s  f r o m  0 .05-0 .2  mm i n  s i z e .  
a n d  a few c o a r s e r  g r a i n s  g r a d a t i o n a l  upwards  t o  t h e  h o r n b l e n d e  p h e n o c r y s t s .  
A c t i n o l i t e  i s  l i g h t  g r e e n  i n  c o l o r .  

E p i d o t e  f o r m s  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s  t h r o u g h o u t  t h e  
g r o u n d m a s s ,  a n d  becoming more a b u n d a n t  w i t h i n  a  few mm o f  t h e  v e i n .  

B i o t i t e  f o r m s  a n h e d r a l ,  e q u a n t  f l a k e s  a v e r a g i n g  0 . 0 2 - 0 . 0 5  mm i n  
s i z e ,  a n d  i s  m o d e r a t e l y  c o n c e n t r a t e d  i n  p a t c h e s .  I t  i s  p l e o c h r o i c  f r o m  
l i g h t  t o  medium g r e e n i s h  brown.  

M a g n e t i t e  f o r m s  d i s s e m i n a t e d ,  s u b h e d r a l  t o  e u h e d r a l  g r a i n s  a v e r a g i n g  
0 .02-0 .04  mm i n  s i z e .  - 

T i - o x i d e  f o r m s  e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s  up t o  0 . 0 5  mm a c r o s s ,  
l a r g e l y  a s s o c i a t e d  w i t h  e p i d o t e .  

( c o n t i n u e d )  



SC-248 ( p a g e  2 )  -- 
Q u a r t z  o c c u r s  i n  o n e  p a r t  o f  t h e  s e c t i o n  a s  i n t e r s t i t i a l  g r a i n s  

a n d  p a t c h e s  up t o  0 . 1  mm i n  s i z e .  A s s o c i a t e d  w i t h  q u a r t z  i s  lesser  
c a l c i t e  o f  s i m i l a r  s i z e .  

A p a t i t e  f o r m s  p r i s m a t i c  g r a i n s  f r o m  0 . 0 3 - 0 . 1  mm i n  l e n g t h ;  t h e s e  
g r a d e  upwards  i n  s i z e  t o  t h e  f i n e r  g r a i n e d  a p a t i t e  d e s c r i b e d  u n d e r  
" p h e n o c r y s t s "  . 

The v e i n  c o n t a i n s  a  c o r e  o f  f i n e  t o  v e r y  f i n e  g r a i n e d  q u a r t z  w i t h  
wavy e x t i n c t i o n  a n d  s l i g h t l y  s u t u r e d  g r a i n  b o r d e r s .  L o c a l l y  a r e  
p a t c h e s  o f  e p i d o t e  i n  t h e  c o r e .  E p i d o t e  i s  more a b u n d a n t  a l o n g  t h e  
b o r d e r s  o f  t h e  v e i n  a s  s u b h e d r a l  t o  e u h e d r a l  g r a i n s  u p  t o  0 . 2  mm i n  
s i z e .  T h i s  g r a d e s  o u t w a n d s  i n t o  a n  e p i d o t e - r i c h  h a l o ,  w h i c h  i n  t u r n  
g r a d e s  o u t w a r d s  i n t o  a  zone  w i t h  a b u n d a n t  e p i d o t e  a n d  m o d e r a t e l y  
a b u n d a n t  p a t c h e s  o f  v e r y  f i n e  g r a i n e d  c h l o r i t e .  A c t i n o l i t e  o c c u r s  i n  
t h e  v e i n  as  f i b r o u s  t o  p r i s m a t i c  a g g r e g a t e s  g r o w i n g  i n t o  t h e  q u a r t z  
c o r e  o f  t h e  v e i n  f r o m  t h e  e p i d o t e - r i c h  z o n e ;  t h e s e  a r e  up t o  0 . 3  m ~ n  
i n  l e n g t h .  Some e p i d o t e  g r a i n s  show s i m i l a r  r e l a t i o n s ,  i . e . ,  g r o w i n g  
o u t w a r d s  f r o m  t h e  wal ls  o f  t h e  v e i n  i n t o  t h e  q u a r t z  c o r e .  



SC-255 -- P o r p h y r i t i c  A n d e s i t e  Flow i n  c o n t a c t  w i t h  A n d e s i t e  C r y s t a l  T u f f  

Most  o f  t h e  s e c t i o n  i s  a  p o r p h y r i t i c  a n d e s i t e  f l o w  w i t h  a b u n d a n t  
- p l a g i o c l a s e  p h e n o c r y s t s ,  lesser h o r n b l e n d e  p h e n o c r y s t s  a n d  m i n o r  o n e s  

o f  qruarz a n d  a p a t i t e .  The g r o u n d m a s s  i s  v e r y  f i n e  g r a i n e d  a n d  d o m i n a t e d  
b y  ~ ~ l a g i o c l a s e  w i t h  much less  c h l o r i t e ,  b i o t i t e ,  a n d  p a t c h e s  o f  q u a r t z .  
Towa.rds t h e  t u f f  c o n t a c t ,  p l a g i o c l a s e  i n  t h e  g roundmass  i s  i n c r e a s i n g l y  
a l t e r e d  t o  e p i d o t e .  The t u f f  c o n t a i n s  c r y s t a l s  o f  p l a g i o c l a s e  a n d  m i n o r  
o n e s  o f  h o r n b l e n d e ,  a p a t i t e ,  a n d  q u a r t z  i n  a  g roundmass  d o m i n a t e d  by 
s e r i c i t e ,  p l a g i o c l a s e ,  a n d  lesser b i o t i t e .  

a n d e s i t e  f l o w  

p h e n o c r y s t s  v e i n l e t s  
p l a g i o c l a s e  25-30% q u a r t z - c h l o r i t e  0 . 5 %  
h o r n b l e n d e  5- 7 
q u a r t z  0 . 1  
a p a t i t e  0 . 1  
z i r c o n  o n e  g r a i n  

groundma ss 
p l a g i o c l a s e  45-50 ( i n c l u d e s  e p i d o t e )  
chi-or i t e  8-10 
b i o t i t e  3- 4  
q u a r t z  l f - 2  
o p a q u e / T i - o x i d e  1- 1 4  
a p a t i t e  m i n o r  

P l a g i o c l a s e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  r a n g i n g  f rom 
0 .3 -3  mm i n  s i z e .  Some a r e  c o m p o s i t e ,  a n d  many l a r g e r  o n e s  show f i n e ,  

- c o n c e n t r i c ,  o s c i l l a t o r y  g r o w t h  z o n e s .  C o m p c s i t i o n  i s  a b o u t  Ando.  A l t e r a -  
t i o n  i s  v a r i a b l e ,  b e i n g  m a i n l y  s l i g h t  t o  d i s s e m i n a t e d  s e r i c i t e ,  w i t h  
l o c a l  c o n c e n t r a t i o n s  o f  q u a r t z  a n d  b i o t i t e ,  a n d  o f  c a l c i t e .  A few 
p h e n o c r y s t s  a r e  c u t  by v e i n l e t s  u p  t o  0 . 1  mm i n  w i d t h  o f  v e r y  f i n e  
g r a i n e d  q u a r t z  a n d / o r  c h l o r i t e .  

H o r n b l e n d e  f o r m s  e q u a n t ,  s u b h e d r a l  p h e n o c r y s t s  a v e r a g i n g  0 . 3 - 0 . 7  
mm i n  s i z e ,  a n d  a f e w  e l o n g a t e  p r i s m a t i c  g r a i n s  u p  t o  2 . 5  mm l o n g .  
A l t e r a t i o n  i s  c o m p l e t e  t o  v e r y  f i n e  g r a i n e d  b i o t i t e  w i t h  lesser i n t e r -  
grown o p a q u e / T i - o x i d e ,  a n d  p a t c h e s  o f  e x t r e m e l y  f i n e  g r a i n e d  e p i d o t e .  
A few h o r n b l e n d e ( ? )  p h e n o c r y s t s  a r e  a l t e r e d  t o  a g g r e g a t e s  o f  q u a r t z  
w i t h  lesser b i o t i t e ,  a p a t i t e ,  a n d  o p a q u e ,  w i t h  t h e  m a f i c  m i n e r a l s  
g e n e r a l 1  c o n c e n t r a t e d  t o w a r d s  t h e  b o r d e r  o f  t h e  p a t c h .  

Q u a r t z  f o r m s  s u b r o u n d e d  t o  i r r e g u l a r  p h e n o c r y s t s  f r o m  0 . 1 - 0 . 3  
mm i n  s i z e .  

A p a t i t e  f o r m s  a few p r i s m a t i c  p h e n o c r y s t s  u p  t o  0 . 3 5  mm l o n g ;  t h e y  
a r e  c o l o r e d  p a l e  brown f r o m  d u s t y  i n c l u s i o n s .  

Z i r c o n  f o r m s  o n e  a n h e d r a l  p r i s m a t i c  g r a i n  0 . 2  mm l o n g .  
The g roundmass  i s  d o m i n a t e d  b y  a n h e d r a l  e q u a n t  t o  s l i g h t l y  

p r i s m a t i c  p l a g i o c l a s e  g r a i n s  a v e r a g i n g  0 .03-0 .05  mm i n  g r a i n  s i z e ,  w i t h  
e x t r e m e l y  f i n e  g r a i n e d ,  d i s s e m i n a t e d  f l a k e s  o f  c h l o r i t e  a n d  lesser  
b i o t i t e .  M a f i c  m i n e r a l s  commonly a r e  c o n c e n t r a t e d  i n  i r r e g u l a r  p a t c h e s  
w i t h  T i - o x i d e / o p a q u e .  Towards  t h e  t u f f  c o n t a c t ,  p l a g i o c l a s e  i s  i n c r e a s i n g l y  
a l t e r e d  t o  e x t r e m e l y  f i n e  g r a i n e d  e p i d o t e ,  s u c h  t h a t  n e a r  t h e  c o n t a c t ,  
e p i d o t e  f o r m s  mos t  o f  t h e  g r o u n d m a s s .  C h l o r i t e  f o r m s  a few l e n s e s  up t o  
0 . 2  mm i n  l e n g t h .  O p a q u e / T i - o x i d e  f o r m s  s c a t t e r e d  p a t c h e s  u p  t o  0 . 6  mm 
i n  s i z e .  Q u a r t z  i s  c o n c e n t r a t e d  i n  i n t e r s t i t i a l  p a t c h e s  u p  t o  0 . 4  
i n  s i z e  i n  w h i c h  i t  f o r m s  v e r y  f i n e  g r a i n e d ,  s l i g h t l y  i n t e r l o c k i n g  

- a g g r e g a t e s .  A p a t i t e  f o r m s  minor  e q u a n t  g r a i n s  f rom 0 . 0 2 - 0 . 0 5  mm i n  s i z e .  

( c o n t i n u e d )  



SC-255 (page  2 )  -- 
t u f f  

f r a g m e n t s  
p l a g i o c l a s e  20-25% 
h o r n b l e n d e  2- 3  
opaque /T i -ox ide  1- 1 3  
q u a r t z  minor  
a p a t i t e  minor  

g r  ou.ndmas s 
s e r i c i t e  30-35 
p l a . g i o c l a s e  17-20 
c h l o r i t e  7-10 
b i o t i t e  7-10 
opa.que/Ti-oxide 1- 1 $ 

P l a g i o c l a s e  forms  c r y s t a l  f r a g m e n t s  f rom 0.2-1 rnm i n  a v e r a g e  s i z e .  
A l t e r a t i o n  i s  s l i g h t  t o  mode ra t e  t o  s e r i c i t e  and l o c a l l y  t o  s e c o n d a r y  
p l a q r i o c l a s e .  S o m e ' g r a i n s  a r e  a l t e r e d  a l o n g  f r a c t u r e s  t o  s e r i c i t e .  

Hornblende  forms  c r y s t a l s  up  t o  1 mm i n  s i z e .  They a r e  a l t e r e d  
c o m p l e t e l y  t o  i n t e r g r o w t h s  of  v e r y  f i n e  g r a i n e d  b i o t i t e  and c h l o r i t e ,  
w i t h  m o d e r a t e l y  a b u n d a n t ,  f i n e r  g r a i n e d  opaque /T i -ox ide .  

Opaque /Ti -ox ide  forms  a few f r a g m e n t s  up  t o  0 . 3  mm i n  s i z e .  
Q u a r t z  fo rms  one  rounded  g r a i n  0 .2  mm a c r o s s ,  and a p a t i t e  fo rms  

o n e  f r a c t u r e d ,  a n h e d r a l  p r i s m a t i c  g r a i n  0 .4  mm l o n g ;  f r a c t u r e s  a r e  
p a r t l y  f i l l e d  by c h l o r i t e .  

The groundmass  c o n t a i n s  p a t c h e s  domina t ed  by e x t r e m e l y  f i n e  g r a i n e d  
p l a g i o c l a s e  w i t h  l e s s e r  c h l o r i t e  and b i o t i t e .  These a r e  e n c l o s e d  i n  and 
g r a d e  i n t o  a  w e l l  f o l i a t e d  a g g r e g a t e  o f  v e r y  f i n e  g r a i n e d  s e r i c i t e ,  w i t h  
l e n s e s  and s t r e a k s  domina ted  by b i o t i t e  w i t h  lesser opaque /T i -ox ide .  



SC- 352-2 -- P o r p h y r i t i c  A n d e s i t e  

The r o c k  c o n t a i n s  p h e n o c r y s t s  o f  p l a g i o c l a s e  a n d  lesser h o r n b l e n d e  
i n  a  g r o u n d m a s s  d o m i n a t e d  by p l a g i o c l a s e  w i t h  lesser q u a r t z  ( i n  p a t c h e s ) ,  
a n d  m i n o r  e p i d o t e ,  c a l c i t e ,  o p a q u e ,  a n d  c h l o r i t e .  I t  c o n t a i n s  w i s p y  
v e i n l e t s  o f  e p i d o t e .  

p h e n o c r y s t s  
p l a g i o c l a s e  
h o r n b l e n d e  

g r o u n d m a s s  
p l a g i o c l a s e  
q u a r t z  
e p i d o t e  
c a l c i t e  
c h l o r i t e  
o p a q u e  
a p a t i t e  

v e i n l e t s  
e p i d o t e  

55-60 
8-10 
3- 4 
l f - 2  
1- 1 3  
1- 13 

t r a c e  

t race  

P l a g i o c l a s e  f o r m s  p r i s m a t i c  t o  e q u a n t  p h e n o c r y s t s  f rom 0 .2 -0 .9  mm 
i n  a v e r a g e  s i z e ,  w i t h  a few u p  t o  2  mm a c r o s s .  A l t e r a t i o n  i s  s l i g h t  t o  
m o d e r a t e ,  m a i n l y  t o  s e r i c i t e ,  w i t h  l o c a l l y  a b u n d a n t  e p i d o t e  a n d  c a l c i t e .  
A f ew l a r g e  g r a i n s  a r e  a l t e r e d  m o d e r a t e l y  t o  s e r i c i t e - c a l c i t e .  

H o r n b l e n d e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  a v e r a g i n g  
0 . 2 - 0 . 5  mm i n  s i z e ,  w i t h  a  f ew u p  t o  1 . 2  mm l o n g .  H o r n b l e n d e  i s  a l t e r e d  
c o m p l e t e l y  t o  a v a r i e t y  o f  i n t e r g r o w t h s  o f  two o r  more o f  c a l c i t e ,  
e p i d o t e ,  c h l o r i t e ,  o p a q u e ,  a n d  q u a r t z .  Opaque i s  c o n c e n t r a t e d  i n  
e x t r e m e l y  f i n e  d i s s e m i n a t e d  g r a i n s  i n  a  t h i n  r i m  a l o n g  t h e  b o r d e r  o f  
t h e  p a r e n t  h o r n b l e n d e  g r a i n .  C a l c i t e  a n d  c h l o r i t e  a r e  t h e  mos t  a b u n d a n t  
a l t e r a t i o n  m i n e r a l s .  

The g r o u n d m a s s  i s  d o m i n a t e d  b y  e x t r e m e l y  f i n e  g r a i n e d  ( 0 . 0 1 - 0 . 0 3  m m )  
p l a g i o c l a s e  i n  u n o r i e n t e d ,  a n h e d r a l  g r a i n s  w i t h  s l i g h t l y  i n t e r l o c k i n g  
b o r d e r s .  

Q u a r t z  o c c u r s  i n  p a t c h e s  u p  t o  1 . 8  mm i n  s i z e  as v e r y  f i n e  g r a i n e d  
a g g r e g a t e s  ( 0 . 0 3 - 0 . 1  m m ) .  I n t e r g r o w n  w i t h  q u a r t z  a r e  minor  t o  l o c a l l y  
m o d e r a t e l y  a b u n d a n t ,  extremckly f i n e  g r a i n s  a n d  a g g r e g a t e s  o f  e p i d o t e  
a n d  c a l c i t e .  B o r d e r s  o f  p a t c h e s  a r e  i r r e g u l a r  a g a i n s t  g roundmass  p l a g i o -  
c l a s e ,  s u g g e s t i n g  t h a t  q u a r t z  i s  a  l a t e  magmat ic  m i n e r a l .  

E p i d o t e  f o r m s  e x t r e m e l y  f i n e  g r a i n e d  d i s s e m i n a t i o n s  a n d  p a t c h e s ,  
a n d  s c a t t e r e d  v e r y  f i n e  t o  f i n e  g r a i n e d  p a t c h e s  u p  t o  0 . 2  mm a c r o s s .  

C a l c i t e  f o r m s  i r r e g u l a r ,  v e r y  f i n e  g r a i n e d  p a t c h e s ,  l a r g e l y  
a s s o c i a t e d  w i t h  q u a r t z .  

C h l o r i t e  i s  c o n c e n t r a t e d  m o d e r a t e l y  i n  p a t c h e s  a l o n g  b o r d e r s  o f  
h o r n b l e n d e  g r a i n s ,  a n d  a l s o  f o r m s  d i s s e m i n a t e d ,  e x t r e m e l y  f i n e  g r a i n s  
i n  t h e  g r o u n d m a s s .  

Opaque f o r m s  s c a t t e r e d  e q u a n t  g r a i n s  f rom 0 . 0 5 - 0 . 1 5  mm i n  a v e r a g e  
s i z e ,  a n d  o c c u r s  i n  e x t r e m e l y  f i n e  g r a i n e d  c o n c e n t r a t i o n s  w i t h  e p i d o t e .  

A p a t i t e  f o r m s  a  v e r y  few e q u a n t ,  s u b h e d r a l  t o  e u h e d r a l  g r a i n s  up t o  
G.05 rnm i n  s i z e ,  m a i n l y  a s s o c i a t e d  w i t h  h o r n b l e n d e  p h e n o c r y s t s .  

The r o c k  i s  c u t  by  w i s p y  v e i n l e t s  a v e r a g i n g  0 . 0 1  mm i n  w i d t h  o f  
e x t r e m e l y  f i n e  g r a i n e d  e p i d o t e .  V e i n l e t s  a r e  d i s c o n t i n u o u s  o v e r  l e n g t h s  
o f  1. m. 



P o r p h y r i t i c  A n d e s i t e  

The r o c k  c o n t a i n s  p h e n o c r y s t s  o f  p l a g i o c l a s e  a n d  lesser h o r n b l e n d e  
i n  a v e r y  f i n e  g r a i n e d  g r o u n d m a s s  d o m i n a t e d  by  p l a g i o c l a s e  w i t h  much 
l e s s  c h l o r i t e  a n d  w i t h  p a t c h e s  o f  c a l c i t e  a n d  o f  q u a r t z .  A l t e r a t i o n  o f  
p l a g i o c l a s e  i s  m o d e r a t e  t o  c a l c i t e ,  a n d  o f  h o r n b l e n d e  i s  c o m p l e t e  t o  
c a l c i t e - c h l o r i t e -  ( T i - o x i d e )  . 
p h e n o c r y s t s  

p l a g i o c l a s e  
h o r n b l e n d e  

g roundmass  
p l a g i o c l a s e  
c h : L o r i t e  
ca:Lcite 
q u a r t z  
Ti--ox i d e  
s p h e n e  
a p a t i t e  
o p a q u e  
s p h a l e r i t e  

50-55 
8-10 
5- 7  
3-  4 
l f - 2  

0 . 3  
m i n o r  

0 . 5  ( p y r i t e  a n d  p o s s i b l y  c h a l c o p y r i t e )  
t race  

P l a g i o c l a s e  f o r m s  c l u s t e r s  up t o  2  mm a c r o s s  o f  a n h e d r a l  t o  s u b h e d r a l  
p h e n o c r y s t s  a n d  s i n g l e  p r i s m a t i c  p h e n o c r y s t s  a v e r a g i n g  0 . 5 - 1 . 2  -m i n  
l e n g t h .  A l t e r a t i o n  i s  m o d e r a t e  t o  i r r e g u l a r ,  f i n e  g r a i n e d  p a t c h e s  o f  
c a l c i t e  a n d  t o  d u s t y  e p i d o t e ( ? ) .  Calc i te  a b u n d a n c e  v a r i e s  w i d e l y  f rom 
m i n o r  i n  some p h e n o c r y s t s  t o  o v e r  50% i n  o t h e r s .  

H o r n b l e n d e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  a v e r a g i n g  0 . 3 -  
1 mrn i n  s i z e ,  w i t h  a  few e l o n g a t e  p r i s m a t i c  g r a i n s  up t o  2  mm l o n g .  
A l t e r a t i o n  i s  c o m p l e t e  t o  p a t c h e s  o f  f i n e  t o  v e r y  f i n e  g r a i n e d  c a l c i t e ,  
p a t c h e s  o f  e x t r e m e l y  f i n e  t o  v e r y  f i n e  g r a i n e d  c h l o r i t e ,  a n d  much less  
T i - o x i d e / s p h e n e  i n  d u s t y  t o  v e r y  f i n e  g r a i n e d  p a t c h e s .  E p i d o t e  f o r m s  a 
r a g q e d ,  v e r y  f i n e  g r a i n e d  p a t c h  i n  o n e  a l t e r e d  p h e n o c r y s t .  

The g r o u n d m a s s  i s  d o m i n a t e d  b y  a n h e d r a l  t o  p r i s m a t i c  p l a g i o c l a s e  
a v e r a g i n g  0 . 0 3 - 0 . 0 8  mm i n  s i z e ,  w i t h  s c a t t e r e d  a n h e d r a l  t o  s u b h e d r a l  
g r a i n s  f r o m  0 .08-0 .15  mm. A l t e r a t i o n  o f  l a r g e r  g r a i n s  i s  s i m i l a r  t o  t h a t  
o f  p h e n o c r y s t s .  

C h l o r i t e  f o r m s  d i s s e m i n a t e d  f l a k e s  a v e r a g i n g  0 .01-0 .02 mm i n  s i z e ,  
a n d  i s  c o n c e n t r a t e d  i n  i r r e g u l a r  p a t c h e s  o f  g r a i n s  up t o  0 . 0 5  mm i n  s i z e .  

C a l c i t e  f o r m s  i r r e g u l a r ,  r e p l a c e m e n t  p a t c h e s  o f  v e r y  f i n e  t o  f i n e  
g r a i n  s i z e ;  t h e s e  a r e  s imi la r  i n  t e x t u r e  t o  p a t c h e s  o f  c a l c i t e  r e p l a c i n g  
p l a q i o c l a s e  p h e n o c r y s t s  . 

Q u a r t z  f o r m s  i r r e g u l a r  p a t c h e s  u p  t o  0 . 7  mm i n  s i z e ,  s l i g h t l y  
i n t e r g r o w n  a l o n g  t h e i r  b o r d e r s  w i t h  g roundmass  p l a g i o c l a s e ,  a n d  p r o b a b l y  
o f  l a t e  magmat ic  o r i g i n .  P a t c h e s  c o n s i s t  o f  v e r y  f i n e  g r a i n e d  a g g r e g a t e s ,  
comrnonly w i t h  s l i g h t l y  t o  m o d e r a t e l y  s t r a i n e d  e x t i n c t i o n .  

T i - o x i d e  a n d  o c c u r  i n  i r r e g u l a r  p a t c h e s  u p  t o  0 . 1  mm i n  s i z e .  
Sphene  f o r m s  e q u a n t ,  r o u n d e d  g r a i n s  up t o  0 . 0 5  mm a c r o s s ,  a n d  T i - o x i d e  
f o r m s  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s .  

A p a t i t e  f o r m s  a  few e u h e d r a l  p r i s m a t i c  g r a i n s  w i t h  c r o s s  s e c t i o n s  
u p  t o  0 . 0 6  mm a c r o s s ,  a n d  p r i s m a t i c  t o  a c i c u l a r  g r a i n s  up t o  0 . 0 6  mm 
l o n q  . 

Opaque f o r m s  i r r e g u l a r  t o  s u b h e d r a l  p a t c h e s  f r o m  0 .05-0 .25  mm i n  
s i z e .  Some p r o b a b l y  a r e  o f  p y r i t e .  One l a r g e  p a t c h  o f  a n h e d r a l  o u t l i n e  
may a l s o  c o n t a i n  c h a l c o p y r i t e ;  it c o n t a i n s  t w o  g r a i n s  0 . 0 3  mm i n  s i z e  o f  
o range-brown s p h a l e r i t e  ( v e r y  h i g h  r e l i e f ,  i s o t r o p i c ) .  Some p y r i t e  i s  

- a l t e r e d  t o  t r a n s l u c e n t  h e m a t i t e ,  a n d  it may b e  t h a t  much o f  t h e  p y r i t e  
a n d  c h a l c o p y r i t e  ( ? )  may be a l t e r e d  t o  o p a q u e  h e m a t i t e .  



D a c i t e / A n d e s i t e  C r y s t a l  T u f f  

The r o c k  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  lesser q u a r t z  o f  
v e r y  f i n e  t o  l o c a l l y  f i n e  q r a i n  s i z e  i n  a  qrouridmass d o m i n a t e d  by  
s e r i c i t e  w i t h  lesser e p i d o t e ,  c h l o r i t e ,  a n d  c a l c i t e .  C a l c i t e  i s  con-  
c e n t r a t e d  t o w a r d s  o n e  s i d e  o f  t h e  s e c t i o n .  L i m o n i t e f o r m s  l a t e  v e i n l e t s  
a l o n g  a n d  n e a r  w e a t h e r e d  s u r f a c e s .  

f  r a g r n e n t s  
p l a g i o c l a s e  
q u a r t z  

g roundmass  
ser:ici t e  
e p i d o t e  
c h l o r i t e  
c a l c i t e  
opaclue 
T i  - o x i d e  
a p a t i t e  
z i r c o n  
l i m o n i t e  

25-30 
4- 5  
4- 5  
4- 5  
1- 1 4  
t -  1 

m i n o r  
t r ace  

0 . 1  

P l a g i o c l a s e  f o r m s  e q u a n t  f r a g m e n t s  a v e r a g i n g  0 . 0 5 - 0 . 1  mm i n  s i z e ,  
w i t h  a  f e w  up t o  0 . 2  mm a c r o s s  a n d  o n e  0 . 3  mm a c r o s s .  A l t e r a t i o n  i s  
s l i g h t  t o  m o d e r a t e  t o  s e r i c i t e  a n d  t o  c a l c i t e  ( i n  t h e  c a l c i t e - r i c h  p a r t  
o f  t h e  s e c t i o n ) .  

Q u a r t z  f o r m s  e q u a n t  g r a i n s  a n d  a g g r e g a t e s  o f  a  f ew g r a i n s  f rom 0 . 0 5  
0 . 1 5  mm i n  a v e r a g e  s i z e .  Many g r a i n s  a re  s u b a n g u l a r  t o  a n g u l a r .  

The f r a g m e n t s  are  c o n t a i n e d  i n  a n  e x t r e m e l y  f i n e  g r a i n e d  g roundmass  
d o m i n a t e d  b y  s e r i c i t e .  S e r i c i t e  may b e  s e c o n d a r y  a f t e r  p r i m a r y  g roundmass  
p l a g r o c l a s e .  E p i d o t e  f o r m s  s u b h e d r a l  g r a i n s  ( p o s s i b l y  p o r p h y r o b l a s t s )  
a v e r a g i n g  0 . 0 5 - 0 . 1  mm i n  l e n g t h .  C h l o r i t e  f o r m s  a g g r e g a t e s  o f  e x t r e m e l y  
f i n e  g r a i n e d  f l a k e s  i n  p a t c h e s  up t o  0 . 1  mm i n  s i z e  a n d  d i s s e m i n a t e d  
i n  s e r i c i t e .  

Ca lc i t e  i s  c o n c e n t r a t e d  i n  p a r t  o f  t h e  s e c t i o n  where  i t  f o r m s  
a b u n d a n t  d i s s e m i n a t e d  g roundmass  g r a i n s  a n d  p a t c h e s ,  a n d  a  few c o a r s e r  
g r a i n e d  p a t c h e s  u p  t o  0 . 1 5  mm i n  s i z e .  

Opaque a n d  T i - o x i d e  fo rm d i s s e m i n a t e d  e q u a n t  g r a i n s  a n d  i r r e g u l a r  
p a t c h e s  up t o  0 . 1  mm i n  s i z e .  

A p a t i t e  f o r m s  s u b h e d r a l  g r a i n s  u p  t o  0 . 0 5  mm a c r o s s .  
Z i r c o n  f o r m s  a  v e r y  few s u b h e d r a l  g r a i n s  up t o  0 . 0 5  mrn l o n g .  

Opaque i s  m o d e r a t e l y  c o n c e n t r a t e d  i n  a  v e i n l i k e  zone  r u n n i n g  t h r o u g h  
t h e  c e n t e r  o f  t h e  s e c t i o n ;  t h e r e  i t  f o r m s  d i s s e m i n a t e d  g r a i n s  f rom 0 . 0 2 -  
0 . 0 5  mm i n  s i z e  i n t e r g r o w n  w i t h  s i l i c a t e s .  

L i m o n i t  o c c u r s  i n  p a t c h e s  a n d  w i s p y  v e i n l e t s  n e a r  t h e  w e a t h e r e d  
b o r d e r s  o f  t h e  r o c k ;  it r e p l a c e s  some o p a q u e  p a t c h e s  d i s s e m i n a t e d  i n  
t h e  r o c k .  



SC-:389C -- A n d e s i t e  L a p i l l i  T u f f  

The s e c t i o n  c o n t a i n s  a l a r g e  f r a g m e n t  of p o r p h y r i t i c  a n d e s i t e  
a n d  s m a l l e r  f r a g m e n t s  o f  a n d e s i t e ,  p l a g i o c l a s e ,  a n d  q u a r t z  g r a i n s  i n  
a  g roundmass  d o m i n a t e d  by s e r i c i t e  a n d  p l a g i o c l a s e .  

l a r q e  f r a g m e n t  

p h e n o c r y s t s  
p l a g i o c l a s e  30-35% 
q u a r t z  m i n o r  
a p a t i t e  m i n o r  

g r o u n d m a s s  
p l a g i o c l a s e  40-45 
c h : L o r i t e  4- 5  
T i . -ox ide  1- 1 4  
o p a q u e  0 . 3  
a p a t i t e  m i n o r  

r e p l a c e m e n t  p a t c h e s  
c a : L c i t e  17-20 

P l a g i o c l a s e  f o r m s  s u b h e d r a l  t o  e u h e d r a l  p h e n o c r y s t s  a n d  c l u s t e r s  
o f  p h e n o c r y s t s  f r o m  0 . 3 - 1 . 5  mm i n  s i z e .  A l t e r a t i o n  i s  s l i g h t  t o  l o c a l l y  
m o d e r a t e  t o  f l a k e s  o f  s e r i c i t e ,  a n d  s l i g h t  t o  s t r o n g  t o  p a t c h e s  o f  
c a l c i t e .  Some c a l c i t e  p a t c h e s  are  s e c o n d a r y  a f t e r  p r i s m a t i c  p h e n o c r y s t s  
e i t h e r  o f  p l a g i o c l a s e  o r  o f  h o r n b l e n d e .  

Q u a r t z  f o r m s  a v e r y  f r e  s u b r o u n d e d  g r a i n s  0 . 2  mm a c r o s s .  
A p a t i t e  f o r m s  a few p r i s m a t i c  g r a i n s  f rom 0 . 1 - 0 . 3  mm l o n g .  
The g r o u n d m a s s  i s  d o m i n a t e d  by e q u a n t  t o  p r i s m a t i c  p l a g i o c l a s e  

g r a i n s  a v e r a g i n g  0 .02-0 .04 mm i n  s i z e ,  a n d  r a n g i n g  u p  t o  0 . 1 5  mm i n  
l e n g t h .  C h l o r i t e  f o r m s  e x t r e m e l y  f i n e ,  d i s s e m i n a t e d  g r a i n s .  T i - o x i d e  
f o r ~ n s  r a g g e d ,  d i s s e m i n a t e d  p a t c h e s  up t o  0 . 0 3  mm i n  s i z e .  Opaque f o r m s  
d i s s e m i n a t e d  g r a i n s  up t o  0 . 1  mm a c r o s s .  A p a t i t e  f o r m s  minor  p r i s m a t i c  
t o  e q u a n t  g r a i n s  f r o m  0 . 0 3 - 0 . 0 5  mm i n  s i z e .  

The r o c k  i s  r e p l a c e d  i n  i r r e g u l a r  p a t c h e s  by  v e r y  f i n e  t o  c o a r s e  
g r a i n e d  c a l c i t e .  C o a r s e  g r a i n e d  c a l c i t e  commonly shows b r o a d l y  wavy 
e x t i n c t i o n .  A v e i n  up t o  0 . 5  mm w i d e  c o n s i s t s  o f  f i n e  g r a i n e d  c a l c i t e .  

L o c a l l y  on t h e  b o r d e r  o f  p l a g i o c l a s e  p h e n o c r y s t s ,  q u a r t z  a n d  
c h l o r i t e  fo rm p a r a l l e l  a g g r e g a t e s  o f  g r a i n s  g r o w i n g  o u t w a r d s  f rom t h e  
p h e n o c r y s t  c r y s t a l  f a c e ;  t h e s e  are  up t o  0 . 0 8  mm l o n g .  

rest  o f  t h e  r o c k  

f r a g m e n t s  
a n d e  s i t e  8-10% p y r i t e  ( ? )  - q u a r t z  2 -  3% - - 
p l a g i o c l a s e  20-25 
a u a r t z  5- 7  
2 -  

d a ' c i t e  7- 8  
g roundmass  

s e r i c i t e - p l a g i o c l a s e  
c a l c i t e  4 -  5  
e p i d o t e  1- l t  
T i - o x i d e  1- 1 4  
o p a q u e  2- 3 
z i r c o n  t r a c e  

A f r a g m e n t  u p  t o  a few mm l o n g  i s  v e r y  s imi lar  t o  t h e  l a r g e  f r a g m e n t  
o f  a n d e s i t e .  A n o t h e r  f r a g m e n t  2  mm a c r o s s  c o n t a i n s  f i n e  g r a i n e d  p l a g i o -  - 

c l a s e  i n  a v e r y  f i n e  g r a i n e d  g roundmass  d o m i n a t e d  by p l a g i o c l a s e  a n d  



SC-389C ( P a g e  2 )  -- 
c h l o r i t e ,  w i t h  lesser T i - o x i d e ,  q u a r t z ,  a n d  c a l c i t e .  S m a l l e r  a n d e s i t e  
f r a g m e n t s  a r e  t y p i f i e d  by  l a t h y  p l a g i o c l a s e  a g g r e g a t e s  i n  t h e  g roundmass ,  - 
i n t e r g r o w n  w i t h  v a r i a b l e  amounts  o f  c h l o r i t e ,  T i - o x i d e ,  o p a q u e ,  a n d  w i t h  
m i n o r  r e p l a c e m e n t  p a t c h e s  o f  c a l c i t e .  Some o f  t h e s e  a l s o  c o n t a i n  p l a g i o -  
c l a s e  p h e n o c r y s t s  u p  t o  0 . 5  mm i n  s i z e .  

D a c i t e  f r a g m e n t s  c o n t a i n  p l a g i o c l a s e  p h e n o c r y s t s  up t o  0 . 6  mm i n  
s i z e  i n  a n  e x t r e m e l y  f i n e  t o  v e r y  f i n e  g r a i n e d  g roundmass  d o m i n a t e d  by 
e q u a n t  p l a g i o c l a s e .  

The p y r i t e ( ? ) - q u a r t z  f r a g m e n t  i s  2 mm l o n g ,  a n d  d o m i n a t e d  by a  v e r y  
f i n e  g r a i n e d  a g g r e g a t e  o f  s u b h e d r a l  p y r i t e ,  w i t h  i n t e r s t i t i a l  p a t c h e s  o f  
q u a r t z  o f  s imi lar  g r a i n  s i z e .  Q u a r t z  g r a i n s  are o r i e n t e d  p e r p e n d i c u l a r  
t o  c r y s t a l  f a c e s  o f  p y r i t e .  

P l a g i o c l a s e  f r a g m e n t s  a re  f r o m  0 .1 -0 .5  mm i n  a v e r a g e  s i z e ,  w i t h  a  
f ew up t o  1 mm l o n g .  A l t e r a t i o n  i s  s l i g h t  t o  s e r i c i t e  a n d  l o c a l l y  
p r o m i n e n t  c a l c i t e .  

Q u a r t z  f o r m s  f r a g m e n t s  a v e r a g i n g  0 .1 -0 .25  mm i n  s i z e ,  w i t h  a  few 
u p  t.o 0  - 9  mm a c r o s s .  

The g r o u n d m a s s  i s  d o m i n a t e d  by  a  m o d e r a t e l y  f o l i a t e d ,  e x t r e m e l y  
f i n e  g r a i n e d  a g g r e g a t e  o f  p l a g i o c l a s e ,  p a r t l y  a l t e r e d  t o  s e r i c i t e .  
F o l i a t i o n  i s  d e f i n e d  by p a r a l l e l  o r i e n t a t i o n  o f  s e r i c i t e  f l a k e s .  
Ca lc i t e  f o r m s  a  few l a r g e  r e p l a c e m e n t  p a t c h e s ,  w i t h  t e x t u r e s  s i m i l a r  t o  
some o f  t h o s e  i n  t h e  l a r g e  f r a g m e n t .  Minor q u a r t z  i s  i n t e r g r o w n  w i t h  
c a l c i t e .  

E p i d o t e  a n d  T i - o x i d e  o c c u r  i n  e x t r e m e l y  f i n e  g r a i n e d  p a t c h e s .  
Opaque a n d  lesser T i - o x i d e  fo rm l a r g e r  p a t c h e s  a n d  l e n s e s  u p  t o  

1 mnl i n  s i z e  ( a v e r a g i n g  0 . 2 - 0 . 3  mm l o n g ) ;  many a r e  e l o n g a t e d  p a r a l l e l  
t o  f - o l i a t i o n .  

- Z i r c o n  f o r m s  a v e r y  few a n h e d r a l  g r a i n s  u p  t o  0 . 1 5  mrn i n  s i z e .  



. 
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The r o c k  c o n t a i n s  f r a g m e n t s  o f  p l a g i o c l a s e  a n d  q u a r t z  g r a i n s ,  a n d  
m i n o r  o n e s  o f  a n d e s i t e ,  a n d  p a t c h e s  o f  c h l o r i t e ,  c a l c i t e ,  a n d  o p a q u e  i n  
a n  e x t r e m e l y  f i n e  g r a i n e d  g roundmass  o f  p l a g i o c l a s e  a n d  lesser s e r i c i t e .  
C a r b o n a c e o u s  o p a q u e  i s  c o n c e n t r a t e d  i n  seams a n d  p a t c h e s  i n  t h e  g r o u n d -  
mass. 

f r a g m e n t s  
p l a g i o c l a s e  
q u a r t z  
a n d e s i t e  
m u s ' c o v i t e  

p a t c h e s  
c h l o r i t e  
c a l c i t e  
opa.que 

grou.ndmass 
p l a . g i o c l a s e  
s e r i c i t e  
c a r b o n a c e o u s  

30-35% 
10-12 

0 . 3  
t race  

35-40 
5- 7 

o p a q u e  3- 4 

P l a g i o c l a s e  f o r m s  e q u a n t  f r a g m e n t s  a v e r a g i n g  0 .03-0 .07  mm i n  s i z e  
w i t h  a m o d e r a t e  number f r o m  0 . 1 - 0 . 4  mm a c r o s s .  L a r g e r  g r a i n s  commonly 
a r e  a l t e r e d  s l i g h t l y  t o  s e r i c i t e ,  a n d  o n e  i s  r e p l a c e d  by a  l a r g e  p a t c h  
o f  c a l c i t e .  O t h e r  g r a i n s  are f r e s h  t o  s l i g h t l y  a l t e r e d  t o  s e r i c i t e .  

Q u a r t z  f o r m s  e q u a n t  t o  e l o n g a t e  g r a i n s  f r o m  0 . 0 5 - 0 . 0 8  mm i n  a v e r a g e  
s i z e ,  w i t h  a  f ew up t o  0 . 3  mm a c r o s s .  A few f r a g m e n t s  a r e  o f  r e c r y s t a l -  
l i z e d  q u a r t z  w i t h  i r r e g u l a r  g r a i n  b o r d e r s  a n d  v e r y  f i n e  g r a i n  s i z e .  

- A n d e s i t e  f o r m s  a few f r a g m e n t s  u p  t o  0 . 4  mm i n  s i z e .  They c o n t a i n  

p l a g i o c l a s e  p h e n o c r y s t s  up t o  0 . 4  mm l o n g  i n  a  g roundmass  o f  e x t r e m e l y  
f i n e  g r a i n e d ,  e q u a n t  p l a g i o c l a s e .  Some f r a g m e n t s  c o n t a i n  no  p h e n o c r y s t s .  

C h l o r i t e  f o r m s  e q u a n t  p a t c h e s  a v e r a g i n g  0 . 0 5 - 0 . 1  rnm i n  s i z e .  
C a l c i t e  f o r m s  i r r e g u l a r  t o  s u b r o u n d e d  p a t c h e s  a v e r a g i n g  0 . 0 3 - 0 . 1 5  

mrn i-n s i z e ;  t h e s e  may be  s e c o n d a r y  i n  o r i g i n ,  formed by r e p l a c e m e n t  
o f  p l a g i o c l a s e .  

Opaque f o r m s  a g g r e g a t e s  o f  g r a i n s  f rom 0 . 0 3 - 0 . 1  mm i n  s i z e .  

The g r o u n d m a s s  i s  d o m i n a t e d  b y  e q u a n t  p l a g i o c l a s e  g r a i n s  a v e r a g i n g  
0.01--0.02 mm i n  s i z e .  S e r i c i t e  f o r m s  d i s s e m i n a t e d  f l a k e s  a n d  p a t c h e s  o f  
e x t r e m e l y  f i n e  g r a i n  s i z e .  C a r b o n a c e o u s  o p a q u e  i s  c o n c e n t r a t e d  i n  w i s p y  
seams  i n  t h e  g r o u n d m a s s .  T h e s e  seams a r e  c o n c e n t r a t e d  i n  b r o a d e r  z o n e s  
up t:o 1 rnm w i d e ,  some o f  w h i c h  r u n  p a r a l l e l  t o  t h e  l e n g t h  o f  t h e  
s e a m s ,  a n d  some o f  w h i c h  a r e  a t  a  m o d e r a t e  t o  h i g h  a n g l e  t o  t h e  l e n g t h  
o f  i n d i v i d u a l  seams. 



SC-39 2  -- D i a b a s e  

The r o c k  i s  a  s l i g h t l y  p o r p h y r i t i c  d i a b a s e  d o m i n a t e d  by p l a g i o c l a s e  
w i t h ;  lesser c l i n o p y r o x e n e  a n d  M i n e r a l  X I  a n d  m i n o r  o p a q u e  ( m a g ~ e t i t e -  
i l m e n i t e ) .  An i n c l u s i o n  a  few mm a c r o s s  i s  d o m i n a t e d  by p l a g i o c l a s e  w i t h  
i n c l u s i o n s  o f  o p a q u e ,  s p i n e l ( ? )  a n d  e p i d o t e .  

p h e n o c r y s t s  
p l a g i o c l a s e  
c l i n o p y r o x e n e  

g r o u n d m a s s  
p l a ~ g i o c l a s e  
c l i . n o p y r o x e n e  
M i n e r a l  X 
o p a q u e  
q u a r t z  
c a l c i t e  
c h l o r i t e  
a p a t i t e  

65-70 
10-12 

7- 8 
2- 2 3  

0 . 3  
0 . 2  
0 . 1  

m i n o r  

i n c l u s i o n  
p l a g i o c l a s e  3- 4 
o p a q u e  0 . 3  
e p i d o t e  0 . 3  
s p i n e l  0 . 1  
c a r b o n a t e  m i n o r  
s e r i c i t e  m i n o r  

P l a g i o c l a s e  f o r m s  a  few s u b h e d r a l  p r i s m a t i c  p h e n o c r y s t s  up t o  2 . 5  mm 
i n  s i z e .  Many c o n t a i n  i r r e g u l a r  a l t e r a t i o n  p a t c h e s  o f  s e c o n d a r y  p l a g i o -  
c l a s e  a s s o c i a t e d  w i t h  lesser ser ic i te  a n d / o r  c h l o r i t e .  I n  a  few,  
p l a g i o c l a s e  a p p e a r s  t o  h a v e  b e e n  r e c r y s t a l l i z e d  t o  v e r y  f i n e  g r a i n e d  
a g g r e g a t e s  o f  e q u a n t  g r a i n s .  P l a g i o c l a s e  f o r m s  s l i g h t l y  i n t e r g r o w n  
p r i s m a t i c  g r a i n s  f r o m  0 .3 -0 .8  mm i n  a v e r a g e  l e n g t h ,  w i t h  l e sse r  i n t e r -  
s t i t z i a l  a n h e d r a l  p l a g i o c l a s e  a v e r a g i n g  0 . 1 - 0 . 3  mm i n  g r a i n  s i z e ,  a n d  
a few p a t c h e s  u p  t o  0 . 7  mrn a c r o s s  o f  a g g r e g a t e s  o f  e q u a n t  g r a i n s  a v e r a g i n g  
0 . 0 2 - 0 . 0 3  mm i n  g r a i n  s i z e .  G r a i n s  a r e  m o d e r a t e l y  z o n e d ,  w i t h  compo- 
s i t i o n  i n  t h o s e  o f  i n t e r m e d i a t e  s i z e  r a n g i n g  f rom c o r e s  o f  An52 t o  r i m s  
o f  An42. A l t e r a t i o n  i s  s l i g h t  t o  s e r i c i t e  w i t h  m i n o r  c h l o r i t e  a n d  o p a q u e .  

C l i n o p y r o x e n e  f o r m s  a  few p h e n o c r y s t s  u p  t o  1 . 3  mm l o n g ,  e q u a n t  t o  
p r i s m a t i c  g r a i n s  a v e r a g i n g  0 .2-0 .6  mm i n  s i z e ,  a n d  o n e  p a t c h  1 . 3  mrn 
l o n q  o f  g r a n u l a r  g r a i n s  a v e r a g i n g  0 .02-0 .04 mm i n  s i z e .  A l t e r a t i o n  i s  
m i n o r  t o  ser ic i te  a n d  c h l o r i t e .  

M i n e r a l  X f o r m s  e q u a n t  g r a i n s  a v e r a g i n g  0 . 2 - 0 . 5  mm i n  s i z e .  I t  i s  
a l t e r e d  c o m p l e t e l y  t o  e x t r e m e l y  f i n e  g r a i n e d  a g g r e g a t e s  o f  red-brown 
b i o t i t e / h e m a t i t e  w i t h  m i n o r  c h l o r i t e  o n  b o r d e r s  o f  some p a t c h e s .  The 
o r i g i n a l  g r a i n s  may h a v e  b e e n  p y r o x e n e  o r  h o r n b l e n d e .  

Opaque f o r m s  a n h e d r a l  p a t c h e s  f r o m  0 .05-0 .2  mm i n  s i z e .  I t  p r o b a b l y  
i s  a n  i n t e r g r o w t h  o f  m a g n e t i t e  a n d  i l m e n i t e .  

Q u a r t z  f o r m s  s c a t t e r e d  i n t e r s t i t i a l  g r a i n s  a n d  p a t c h e s  f rom 0 .1 -0 .3  
mrn i n  s i z e .  C a l c i t e  f o r m s  r a g g e d  p a t c h e s  f r o m  0 . 0 5 ~ 0 . 1 5  mm i n  s i z e .  
C h l o r i t e  f o r m s  a  few p a t c h e s  u p  t o  0 . 1  mm a c r o s s .  A p a t i t e  f o r m s  a c i c u l a r  
g r a i n s  u p  t o  0 . 3  mm l o n g ,  m a i n l y  i n  p l a g i o c l a s e .  

The i n c l u s i o n  i s  d o m i n a t e d  by m o d e r a t e l y  i n t e r l o c k i n g ,  p r i s m a t i c  
g r a i n s  o f  p l a g i o c l a s e  f rom 0 . 2 - 0 . 7  mm i n  s i z e .  I t  c o n t a i n s  a b u n d a n t  
i r r s g u l a r  o p a q u e  i n c l u s i o n s  u p  t o  0 . 1 5  mm i n  s i z e ,  d i s s e m i n a t e d  medium 
t o  d a r k  g r e e n  s p i n e l  ( ? )  ( i s o t r o p i c )  a v e r a g i n g  0 . 0 3 - 0 . 0 5  mm i n  s i z e ,  a n d  
v e r y  a b u n d a n t  p a t c h e s  o f  e x t r e m e l y  f i n e  g r a i n e d  e p i d o t e ,  p r o b a b l y  a 
r e p l a c e m e n t  o f  p l a g i o c l a s e .  C a r b o n a t e  a n d  s e r i c i t e  e a c h  fo rm i r r e g u l a r  
p a t c h e s  up t o  0 . 2  mm i n  s i z e .  
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PROPERTY : NORTHAIR CPTlOH HOLE No. : 5-2-80 Page 2 

From i o  Description 
I f t )  ( f t )  

Sarole  i r o a  To Width 
Number i f t )  ( f t )  i f t )  

veins, rediur  grained (1 t o  lea plagioclase c r y s t a l s  in 
a f i n e  grained dark r a t r i x  
135.00 - 136.00-quartz - pink carbonate vein 3% p y r i t e  - 

galena - spha le r i t e  
145.60 - 146.50-quartz - pink carbonate vein 3X p y r i t e  - 

galena - spha ie r i t e  
156.00 - 156.50-quart; - pink carbonate vein 3% p y r i t e  - 

galena - w h a l e r i t e  
159.00 - 159.50-quartz - pink carbonate vein 2; p y r i t e  

galena - s p h a l e r i t e  

160.06 - 163.00 IIkFIC DYKE 

165.00 - ll;9.00 FELDSFAR CRYSTAL LAPILLI TUFF B N D  TUFF 
-weaklv t o  moderately ep ido t i i ed ,  l i g h t  green, 20 t o  40% hF1695 169.0 169.5 0.5 -whole rock 

1 t o  4cr ,  medium grained feldspar  c rvs ta l  tu f f  f ragnes t s ,  Mi096 280.6 280.5 0.5 -whole rock 
in a i i n e  grained feldspar  c r y s t a l  tuff  r a t r i x  kF1697 446.0 446.5 0.5 -whole rock 
163.00 - 181.00-rock s t i l l  dark arav and s imi la r  t o  AF1098 864.0 864.5 0.5 -ahole rock 

25 - 76 in te rva l  
181.00 - ?02.00-25% 2mr - Zcm, rediua grained feldspar  

c rys ta l  tuff  i r agren t s  in  a f i n e  grained 
c rys ta l  tu f f  matrix, moderately epidotized 

202.06 - 203.00-aafic dyke 
205.00 - 323.00-green. roderate  epidoti;ation. 402 ( 1  t o  

4cr ,  medium grained c r v s t a l  tuff  f ragren t s  
255.00 - 256.00-ouart: vein. core broken f a u i t ?  
;2;,06 - 53.00-brown iron carbonate a l t e r e d ,  core l i g h t  

brown, b' above zone core has 5 1  1 t o  bar 
carbonate vein-!i ke a l t e red  a reas ,  a l s o  
3 '  below 

414.35 - 417.00-core i ron carbonate a l t e red  
139.00 - 159,00-intensely i ron carbonate a1 tered zone, 

core bleached brown t o  l i g h t  brown 
507.00 - 512.00-iron - carbonate a l t e r a t i o n ,  2cr  gouge 

and shearing 
520.09 - 27.00-iron carbonate a l t e red  
h66.30 - bi2.00-bull ouartz vein, zone breccia 
b40.00 - bi5.50-quartz vein 'bul l"  
i42.00 - 715.30-rafic dvke 
745.50 - 75P.00-ccre sheared 
759.50 - 361.00-aafic dvke 
761.00 - 904.00-core well fo l i a ted  
j64.50 - 207.30-aaf i c  dvke 
307.CO - 2?3.00-core well f o l i a t e d  

' 795.30 - ?93.CO-wafic dvke. 



FALCONBRIDGE LIHITED DIAHOND DRILL L06 

FADFERTY : NDRTHAIR OPTION HOLE No. : 5-4-80 Page 1 

Hole Location : 50163.56E 50381.SON Claim No. : 

NTS : 925103 UTH : 495308E,5552501N 
Aiimuth : 44 3 i '  Elevation : 3813.9 f e e t  (1162.49H) 
Dip : -32 38' Length : 926 fee t  (282.21) 

Star ted : 
Completed : 

Purpose : 

D ~ D  Test : 

From To Description 
i f t )  i f t 1  

Logged Bv : S. Clermer 
Dr i l l ing  Co. : 
Assayed Bv : 
C o r e s i z e  : B R  

Sarpie From To Yidth 
Number !f t1  i i t )  i f \ )  

0,00 - 08.00 BOXES 1 - 3 HISSING 

08.00 - 357,00 FELDSPAR CRYSTAL LGPILLI TUFF 
-grey-green massive weakly f o l i a t e d ,  402, 3 t o  30mm, RF1143 104.0 104.5 0.5 -whole f o c i  

loca l ly  3 t o  Bcr fragments, fragments f i n e  grained dark Mi144 216.0 21b.5 0.5 -whole rock 
grey-qreen feldspar c rys ta l  t u f f ,  l a rqer  f ragren t s  of ten 
medium grained feldspar  c r y s t a l  t u f f ,  fragments s t retched 
but look anqular 
98.00 - 110.00-lapilli  tuff  here looks darker grey, 

l a ~ i l l i  fragments of ten contain 102 
(1 t o  2ae stretched a reas  of black 
r a t e r i a i  b i o t i t i c ?  

104.03 - 110.00-52 3 t o  0ca pyr i t e  cubes 
138.00 - 139.00-weak shear ,  2X lmr hena t i t i c  ve in le t  

i n  shears  cleavage 
166.00 -weak shear lOcn gouge 
194.00 - 195.90-shear. minor gouge 
236.00 - 237.00-core broken t inor  gouqe 

3 7 . 0 0  - 376.00 HRFIC TUFF AND LRPILLI TUFF 
-grey-green, (1 to  lam tuffaceous debr i s  in  a f i n e  

grained l i g h t  green r a t r i x , l o c a l l y  ( 1  t o  Scm! medium 
!rained f e l d s ~ a r  c rys ta l  t u f i  fragments 

-upper contact sharp, loner contact uncertain mav be 
gradat i  onal 

--, 
Lx!3.CC - 304.G0 FiLDjPGR CRYSTRL LRPILLI TUFF 

-grey, b0 t o  i O X ,  3 t o  ZDea, ( f r a g r e n t s  do not show usual AF1145 3 9 . 0  389.5 0.5 -nhuie rack 
e x t r ~ a e  si:e variat ion1 of f ine  t o  aediun grained 
ieidspar  c rys ta l  tuff  in  a f i n e  grained matrlx 
411.59 - 1I2.50-core broken, shearing 
431.00 - 134.50-core l i g h t  brown iron carbon st^ a l t e r e d  

ainor shearing 



FALCONBRIDGE LIHITED SIAIlOHD DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-3-80 Page ? 

i ron  To Description 
i f t )  i f t )  

Sarple  i r o r  To Width 
Hurber ( f t )  ( f t )  i f t )  

.,-- 
;.I/ ,00 - 376.00 PYRITIC FELDSPAR CRYSTAL TUFF 

- l igh t  grey, moderately bleached, 51 p v r i t e  d i s se r ina ted ,  hi1130 377.0 396.0 19.0 -qeocher 
medium t o  coarse grained 202 ( 1  t o  I r a  plagioclase 
c r y s t a l s  i n  a f i n e  grained r a t r i x ,  core broken, rock 
sheared 

396,Ob - 501.00 FELDSPRR CRYSTAL LAPILLI TUFF 
-box 52 missing AFltSl 472.0 472.5 0.5 -#hole rock 
- l igh t  grey - green t o  oreen medium t o  coarse urained AFll32 639.0 639.5 0.5 -nholerock 
30% ( f  t o  h a ,  f i n e  t o  coarse grained feldspar  c rvs ta l  
t u f f  fragments in  a f i n e  t o  nediur grained feldspar 
c rys ta l  tu f f  r a t r i x  
427.00 -5cr gouge 
417.00 - ib7.00-core broken weakly sheared 
487.00 - 493.00-core bruken reakiy sheared 
556.00 - 787.00-core weak t o  aoderately epidotized and 

darker green 
742.00 - 748.00-aafic d y k e  



FI~LCONBRID~E LlHITED DIRHGND DRILL LO6 

PROPERTY : HORTHAIR OPTION HOLE No. : 5-4-00 Page ? 

Fror To Description 
I f t )  i f t )  

Sample From To Yidth 
Number i f t l  I f t )  ( f t )  

464.60 - 472.00 IRON - CARBONATE ALTERED FAULT iGNE 
- l igh t  brown iron carbonate a l t e red  feldspar  c rys ta l  

l a p i l l i  tuff  
469.00 - 470.00-core broken 4cm ouartz cemented breccia  

4i2.00 - 650.00 FELDSPRR CRYSTAL TUFF AND LAPlLLI TUFF 
- l igh t  grey t o  grey-green, f i n e  t o  sed iu r  g r a ~ n e d  AFllib 631.0 6 1 5  0.5 -whole rock 

5 t o  202, 3 t o  30nr feldspar c rys ta l  tuff  f ragren t s  
in  a f i n e  grained feldspar  c rys ta l  tuff  a a t r l x  
485.00 - 486.00-core broken, rus ty ,  sheared 
492.00 - 4F2.60-sheared, 5cr  gouge 
498.00 - 505.00-nafic dyke 
505.00 - 505.50-gouge 
508.09 - 510.00-core broken local  1cn gouge 
546.00 - 555.00-iron carbonate a l t e red  f a u l t  zone, 

-547.00, 1 '  of very a l t e red  r a t e r i a l ,  
rqsty white 

bO6.03 - 62B.00-fault zone core l i g h t e r  grey-green and 
weakly brecciated,  
609.00 - 610.00-quartz vein 
613.00 - 614.00-quartz vein and breccia  
b15.00 -hematite i n  quartz vein 
616.00 - 620.00-core quartz veined and 

gouged 
626.00 - bZB,00-core gouged and some 

ouartz 
bi8.00 - 650.00-weak epidot izat ion of ie ldsoar  c rys ta l  

tuff  

650.03 - 926.00 FELDSPAR CRYSTAL LaPILLI TUFF 
-grey-green, neak t o  roderate  ep ido t iza t ion ,  SO t o  :OX, AF1147 819.0 819.5 0.5 -whole rock 

i l  t o  k a ,  fragments f i n e  t o  coarse grained feldspar  
c rys ta l  tuff  I occasionaily 5 t o  lOcr fraqrent  of coarse 
grained feldspar c rys ta l  tuff  l in  a f i n e  grained matrix 
671.50 - b86. 09-f aul t zone 

671.00 - 672.00-core broken and sore  
breccia 

6i2.00 - 6i5.00-mafic dvke 
675.00 - 686.00-core weakly breccia l i g h t  

C~loured  
686.06 - 715.00-grey feldspar c rys ta l  l a ~ i l l i  t u f f ,  

d i s t i n c t  looking 20 t o  401, (1 t o  3cr 
dark grey coarse gralned feldspar c rys ta l  
tuff iragments in  a f i n e  grained r a t r i x  

i15.00 - 722.00-core well f o l i a t e d ,  weak t o  moderate i ron 
carbonate a l t e r a t i o n  

722.00 - ?50.6O-core moderately epidotized 
589.00 - FoZ.00-aafic dyke 



FALCONBRIDGE LIHITEC DIANOND DRILL LG6 

PRCPERTY : NORTHAIR OPTION HOLE No. : S-5-80 Page 1 

601 e Location : 49F35.3DE 5lO@b.b?N Claim No. : 

NTS : 9 2 ~ / 0 s  UTN : 493254~,5552492~ 
Bzisuth : 46 27' Elevation : 3842.8 fee t  (1171.28H) 
Dip : -35 55' Length : 915 f e e t  (278.9N) 

S ta r ted  : 
Completed : 

Purpose : 

Dip Test : 

i r o a  To Description 
( i t )  { i t )  

Logged Bv : S. Clearer 
D r i l l i n a  Co. : 
Assayed By : 
Core S ize  : a0 

S a r ~ i e  From To Yidth 
Number i f t )  (f t )  ( f t )  

0.00 - 16.00 CASING 

16.00 - 36.00 OVERBURDEN 

36.00 - 259.00 FELDSPAR CRYSTAL LAPlLLI TUFF 
- g r e y - g r e e n l o c a l l y g r e y , f o l i a t e d , 2 0 t o 4 0 2 , 3 t o 2 0 r r ,  AF1148 87.0 87.5 0.5 -wholerock 
angular fragments of f i n e  grained loca l lv  coarse grained 
feldspar c rys ta l  tuff  in a f i n e  grained matrix, some 
zones t h e  fraqments a r e  very s t retched 

259.00 - 231.00 IRON CARBONATE ALTERED 
-core l i g h t  brown, pervasivelv a l t e red  

231.00 - ;06.00 FELCSPAR CRYSTAL LAPILLI TUFF 
-same as  36.00 259.00 

306.00 - 31b.00 FAULT TONE 
30b.00 - 308.00-qouqey i ron - carbonate a l t e red  
Z08.00 - 316.00-core broken, sheared local  qouqe 

516.00 - 355.00 FEWSPAR CRYSTAL LAPILLI TUFF 
-same as 36.00 259.00 

3b5.00 - 373.00 FAULT 
-iron - carbonate a l t e red ,  !ight brown, sheared 

3 i j .00  - Z85.00 FELDSP6R CRYSTAL LCPILLI TUFF 
AF1150 3i5.0 375.5 0.5 -whole rock 

385.00 - 472.00 IRON - CARBONATE ALTERED FELDSPAR CRYSTAL LAPILLI TUFF 
-weakly t~ s t rongly a l t e red ,  grey t o  l i g h t  brown l a p i l l i  

tu f f  
430.00 - 435.00-light brown very strong iron - carbonate 

a1 t e ra t ion  



FALCONBRIDGE LiHITEO DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-5-80 Page ? 

F ro r  To Desc r ip t i on  
I f t )  ( f t )  

Sample F ro r  To Width 
Nurber l f t )  ( f t )  i f t )  

435.00 - 444.00-core l i g h t  grey bleached 
441.00 -2Ocr gouge 

492.00 - 560.00 FELDSPAR CRYSTAL LAPILLI TUFF 
-grey-green, 40% 3 t o  ?Ore, f i n e  t o  medium gra ined kF1151 543.0 543,: 0.5 -#hole rock 

angular streched, fe ldspar  c r y s t a l  l a p i l l i  t u f f  f rag ren ts  
i n  a f i n e  grained matr ix  

5b0.00 - 572.90 IRON - CARBONATE ALTERED FkULT 
- l i g h t  brown, pervas ive lv  a1 tered, l o c a l  shearing and 

minor gouge 

577.00 - 600.00 FELDSPAR CHYSTAL TUFF 
-grey-grey, nediur  grained. 5% 3 t o  1011 fragments i n  a 
medium grained r a t r i x  

600.00 - b6Z.00 FELDSPAR CRYSTAL LAPILLI TUFF 
-greygreen,  40 t o  60%. 3 t o  40ar, angular, fragments, 

l i g h t  green-grey t o  green, f i n e  gra ined t o  r e d i u r  gra ined 
fe ldspar  c r y s t a l  t u f f  i n  a f i n e  grained matr ix  
620.00 - b21.00-gouge 

b63.00 - biO.OO IRON CARBONATE ALTERED 
-core l i q h t  brown, pervas ive ly  a l tered.  

670.00 - 915.00 FELDPSAR CRYSTAL LkPILLI TUFF 
-grey-green t o  green weakly t o  rodera te l y  ep ido t i red ,  AF1152 iS3.0 783.5 0.5 -whole rock 

I 0  t o  ZOi (1  t o  3ca fraqnents of  f i n e  t o  coarse grained 
ie ldspar  c r y s t a l  t u f f  i n  a f i n e  grained matr ix  
720.00 - 752.00-fault 

720.00 - 722.00-core broken 
722.00 - 730 .00-~a f i c  dyke 
730.00 - 732.00-core broken 

819.00 - 820.00-rafic dyke 
858.00 - 863.00-mafic dyke 
965.00 - 915.00-roderate eo ido t i za t ion  



FALCONBRIDGE LlHlTED DIAHOND DRILL LO6 

PRGFERTY : NORTiiAiR GPTIGH HOLE NO. : S - L - ~ O  

Hole Location : 51504.98E 5194b.ibN Claim No. : 

NTS : 9?5/03 UTI : 49371iE.5552779N 
Azimuth : b? 29' E leva t ion  : 4387.9 fee t  (1337.44H) 
Dip : - 2 3 4 1 '  Length : 2 0 0 f e e t I b l . O I l )  

S ta r ted  : 
Completed : 

Purpose : 

D i p  Test : 

From To Descr ip t ion 
( f t )  i f t )  

0.00 - 4.00 OVERBURDEN 

4.00 - 15.00 SILICIFIED ZONE 
-white l i g h t  green rus ty ,  brecciated, very hard cher ty  

rock, brecc ia i s  competent and fragment are 1 t o  3cm 
i n t e r l o c k i n g  

-core broken 

15.00 - 18.00 nAFIC DYKE 

18.00 - 22.00 SILICIFIED ZONE 
-s im i la r  t o  4.00 - 15.00, l i g h t  green wi th  1% disseminated 
p y r l t e  

22.00 - 32.00 - l i g h t  green competent, fe ldsoar  - quartz - r a t r i x  
vo lcanic  wacke, redium grained 

-grades i n t o  s i l t v  a r g i l l i t e  below 

32.00 - 106.00 SILTY RRGILLITE 
-grey t o  dark grey banded a r g i l l i t e  and s i l t s t o n e  layers, 

l o c a l l y  r u s t y  
89.00 - 106.00-rock becoaes l i g h t e r  colour and conta ins 

30% i l c m  l i t h i c  fragments and appears t o  
qrade i n t o  u n i t  below 

105.30 - 125.00 VOLCANIC WACKE 
-weakly sheared, l i g h t  green, f i n e  grained feldsoar - 
puartz'? - s a t r ~ v  i50 - 30 - 40) g r i t t y  rock 

- f a u l t  contact 91th u n i t  below 

123.00 - 1?7.00 FAULT ZGNE 
-gouge, core broken, r u s t y  

Logged Bv : 5. Clemmer 
D r i l l i n g  Co. : 
Rssayed BY : 
Core Size : BQ 

Page 1 

Sasole From To Width 
Number i f t )  ! f t )  I f t )  

127.00 - 114.00 SILICIFIED ZONE 



FALCONBRIDGE LInITED DIdHOND DRILL LO6 

PPOPERTY : NORTHAIR OFTIO# HOLE No. : S-0-80 Page 2 

i r o a  io Description 
i!t) (f t )  

-weakly brecciated,  waxy - looking white t o  l i g h t  green, 
cherty rock 

-contact sharp with unit below possibly shear contact 

144.00 - 200.00 EPIDOTIZED VOLCBHIC TUFF 
-aassive, dark - green rock, 25% ( 1  t o  Zmr epidot ized,  

i e i d s ~ a r  g ra ins  in  a dark green c h l o r i t i c  matrix 
144.00 - 152.00-zone l i g h t e r ,  possibly weaklv s i l i c i f i e d  
181.00 - 13'2.00-minor p y r i t r  and cpy in epidotized 

f r a c t u r e s  
!85.00 - 18b.00-sinor pyr i t e  and cpv i n  eo idc t i i ed  

irac!ures 

Sample From To Width 
Number I f t )  i f t )  ( f t )  



FALCONBRIDGE LINITED DIAf!OWD DRILL LO6 

PROPERTY : NORTHAIR GPTIDN HOLE No. : 5-7-00 Page 1 

Hole Location : 51490.9OE 51944.30N Cla i r  No. : 

NT5 : 923103 UTH : 493715E.5552778N 
t i i i ~ u t h  : 73 50' Eievation : 4389.2 f e e t  (1337.2BN) 
Zip : -51 i5' Lenqth : 312 f e e t  695.1N) 

Star ted : 
Comoleted : 

2 i o  Test : 

i r o r  To Description 
ift) i f t )  

0 . 0 0 -  9.00 CASING 

9.00 - 18.00 BLACK PHYLLITlC RRGILLITE 
-black, sheared, loca l ly  rus tv  a r g i l l i t e  loca l lv  g raph i t i c  

18.00 - 92.00 FOLIATED FELDSPAR CRYSTAL LAPILLI TUFF 
-core broken and sheared loca l ly  rus ty ,  l i g h t  grey - green, 

40% < l r r  feldspar  i n  f i n e  grained c h l o r i t i c  r a t r i x ;  
sore coarses  c rvs ta l  tuff  fragments present 

92.00 - 163.00 TUFF 
- i i n e  grained teldsoar  - c h l o r i t e  rock, oav be a u e l l  - 

sheared, yet competent c r y s t a l  t u f f ,  a s  unl t  above 
grades i n t o  t h i s  l i g h t  grey - green rock 

Ib3.00 - 194.00 SiEAR Z O N E  
-broken core, local  gouge, 2 '  c a f i c  dyke, rock i n  shear 

i s  a rg i l l aceous  tuff  

194.00 - 217.00 RRGlLLkCEOUS TUFF 
-ueakly banded argi l laceous s t reaks  i n  f i n e  qrained tu f f  

2 l i .00  - 2Z2.00 SHEAR ZONE 
-broken care,  gouge, of sheared rus ty  f i n e  grained tuf 4 

Logged Bv : S. Clerrer  
Dr i l l ing  Co. : 
Assayed Bv : 
Core S ize  : BQ 

Sample i r o r  To Yidth 
Number i f t i  ( i t )  i i t l  

2 2 . 0 0  - ;12.00 EPIDOTIiED TUFF 
-areen f i n e  - sediur  qrained t u f f ,  f ractured with e ~ i d o t e  

(51 t o  1mr ve in le t s  and pervasively ch lo r i t i zed  
-a1 t e r a t i o n  increases down hole 
278.00 - 282.00 d i o r i t e  



FALCONBRIDGE LIHITED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-6-00 Page 1 

Hole Location : 51509.83i 5!869.94N Claim No. : 

NTS : 92Ji03 UTH : 493710E,5552755N 
Azimuth : 59 !5' Elevation : 4392,3 f e e t  (1338.7BH) 
Dip : -33 32' Length : 310 f e e t  (94.5H) 

Star ted : 
Completed : 

Purpose : 

5ip Test : 

Froa To Description 
i f t )  ( f t l  

6.00 - 11.00 GRITTY TUFF 
-green medium grained g r i t t y  t u f f ,  possibly c rys ta l  t u f f ,  

~ o d e r a t e l v  epidotized 
-20% (.05ma t o  lam, feldspar c r y s t a l s  in  a c h l o r i t i c  matrix 

11.00 - 35.00 EPIDOTIiED, BLEACHED CRYSTAL TUFF 
-rock i s  l i g h t  grey - qreen, f rac tu red ,  weakly s i l i c i f i e d  
with i 5X 1 t o  265, quart: veins, weakly epidotized, 
i r r e g u l a r i t y  fo l i a ted ,  hard, moderately s i l i c i f i e d  

3 . 0 0  - 18.50 PHYLLITIC ARGILLITE A N D  SILTY ARGILLITE 
-grey t o  black, banded 5 t o  ;Oar, bands, a r g i l l i t e  and 

s i l t s t o n e ,  loca l ly  rus ty  

51.50 - 119.00 EPIDOTIiED SILICIFIED ROCK 
-similar t o  11 t o  35 except contain ro re  s t ronoly 

s i l i c i f i e d  zones 
- l igh t  grey - green, i r r e g u l a r i t y  fo l i a ted ,  loca l lv  

f rac tu red ,  bleached, moderately t o  s t rongly s i l i c i f i e d  
-5% 1 t o  3e1m quartz veininq loca l ly  
-5i  1 t o  ;ma i r regu la r  veining of epidote a l t e r a t i o n  
81.00 - 84.00 8af ic  dyke 

119.00 - 145.00 ARSILLITE AND SILTY ARGILLITE 
-grey t o  black f ine ly  banded, loca l ly  rusty arqi l ! i te  

and l i g h t e r  toloured s i l t y  a r g i l l i t e  

Logged Bv : S. Clenrer 
Dr i l l ing  Co. : 
Assayed By : 
Core Size : BQ 

Sampie i ron  To Yidth 
Nuaber i f t l  I f t )  i f t )  

145.00 - 164.00 G R E Y  CRYSTAL TUFF 
- f ine  grained grey, loca l ly  fractured and sheared, 
bleached, ?OX (1 t o  2rm, plagioclase c r y s t a l s  in  a 



FALCONBRIDGE LIHITED D l  AHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : 5-5-80 Page ? 

From To Desc r ip t i on  
I f t )  I f t )  

Sample From To Width 
Number ( f t )  ( f t )  i f t )  

435.00 - 444,OO-core l i g h t  grey bleached 
441.00 -20cm gouge 

492.00 - 560.00 FELDSPAR CRYSTAL LAPILLI TUFF 
-grey-green, 40% 3 t o  20mm, f i n e  t o  medium gra ined k F l l 5 l  543.0 543.5 0.5 -whole rock 

angular streched, fe ldspar  c r y s t a l  l a p i l l i  t u f f  fragments 
i n  a f i n e  grained matr ix  

560.00 - 572.00 IRDN - CARBONATE BLTERED ikULT 
- l i g h t  brown, pervas ive lv  a l te red ,  l o c a l  shearlng and 

minor gouge 

5i7.00 - 600.00 FELDSPAR CRYSTAL TUFF 
-grey-grey, medium grained, 5% 3 t o  1Oan fragments i n  a 
medium grained matr ix  

600.00 - 665.00 FELDSPAR CRYSTAL LRPILLI TUFF 
-grey-green, 40 t o  602, 3 t o  40an, angular, fragments, 

l i g h t  green-grey t o  green, f i n e  grained t o  medium gra ined 
fe ldspar  c r y s t a l  t u f f  i n  a f i n e  grained matr ix  
620.00 - 621.00-gouge 

665.00 - biO.90 IRON CAR80NriTE ALTERED 
-core l i g h t  brown, pervas ive ly  a l tsred.  

670.00 - q15.00 FELDPSAR CRYSTdL LAPILLI TUFF 
-grey-green t o  green weakly t o  moderately epidotized. RF1152 783.0 783.5 0.5 -whole rock 

10 t o  30; ( 1  t o  3cm fraqments of  f i n e  t o  coarse grained 
ie ldspar  c r y s t a l  t u f f  i n  a f i n e  grained matr ix  
720.00 - 732.00-fault 

720.00 - 722.00-core broken 
722.00 - 730.00-mafic dyke 
730.00 - 732.00-core broken 

819.00 - 820.00-mafic dyke 
858.00 - 863.00-aafic dyke 
Bb3.00 - 915.00-moderate eo ido t i za t ion  



FALCONBRIDGE L I R I T D  DIAHONO DRILL LO6 

PROPERTY : NORTHAIR OPTION 

i r o n  To Descr ip t ion 
i f t i  ( f t )  

f i n e  grained grey r a t r i x  
151.00 4cr  grey gouge 

lb4.30 - 186.00 ARGiLLITE 
- i n t e r v a l  s t a r t s  u n i t s  grey s i l t y  a r q i l l i t e  and grades 

i n t o  r u s t y  black g r a p h i t i c  a r g i l l i t e  
-at end of  i n t e r v a l  weakly epidot ized pieces of  next 
u n i t  occur i n  a r g i l l i t e  and sore p lag ioc lase c r y s t a l s  
are seen i n  the  u n i t  

186.00 - 239.00 FELDSPLR CRYSTAL LAPILLI TUFF 
-grey, r e a t l  y  epidotized, 3ediur  grained t o  coare grained 

f o l i a t e d ,  302 (1  t o  2rs, a l te red  p iag ioc lase c r y s t a l s  
i n  a  f i n e  grained s a t r i x ,  (1  t o  4cr. green fragment 
v i s i b l e  

?29.00 - 2b1.00 EPIDDTIZED CRYSTLL TUFF 
-dart green 10 t o  25X epidote veined ( I  t o  Srr, r e d i u r  

t o  f i n e  grained, g r i t t y  - look ing  rock 

2b1.00 - 293.00 FELDPAR CRYSTAL LAPILLI TUFF 
-grey rock a5 i n  186.00 t o  239 except now has 52 
disseminated b i o t i t e  

HOLE No. : 5-8-83 Page 2 

Sample From To Yidth 
Murber i f t )  I f t )  i f t )  

295.00 - 310.00 EPIDOTIiED HYBRID ROCK 
- i r r e g u l a r i t v  i n t e r c a l a t e d  s t rong lv  epidot ized 

t u f f  and lesser  d i o r i t i c  n a t e r i a i  



FALCONBRIDGE LlHITED DIAHOND DRILL LOG 

PROPERTY : NORTHAiR OPTIDN HOLE No. : 5-9-80 Page 1 

Hole Location : 51484.iFE 52045.89N Clair No. : 

NTS : 92Ji03 UTH : 49371 lE,5552809N 
Azimuth : 50 51' Elevation : 4375.3 feet  11333.60H) 
Dip : -36 57' Length : 224 feet (66.3HJ 

Started : 
Completed : 

Purpose : 

Dip Test : 

From To Description 
( f t )  l f t i  

0 .00 -  8.00 CASING 

8.00 - 27.00 TUFF 
-rusty, l ight grey- green rock, 401 feldspar in fine 
grained natrix 

-epidotized weakly, then roderatelv lower in core 

27.00 - 15.00 FAULT ZONE 
-core broken, 2' ra f ic  dyke 131.00 t o  33.001 alnor 
argillaceous tuff 

;5,00 - b0.56 EPIDOTIiED TUFF 
-green f 01 iated to  fractured and broken, epidote velned 
tuff  
47.00 t o  60.50-very broken core, ralachlte stain,  

cpy 1% controlled by fracturing and 
e~idot iza t lon  

60.50 - 70.00 HAFlC DYKE 

i0.00 - 81.00 EPIDOTIiED TUFF 
-green aediur grained rock 

91.00 - 113.00 EPIDDTIiiD iUFF 
-rock green, with 55% vein and irregular patches of e p i d o t ~  
rock looks weakly brecciated 

-lower contact marked by a ecr quartz vein 

Logged 3v : S. Cle~mer 
Drilling Co. : 
Assayed By : 
Core Size : BQ 

Sample Fror To Width 
Nurber 1f t )  1f t )  ift) 

113.00 - 159.00 FELDSPAR CRYSTAL LAPILLI TUFF 
-grey qreen, sheared, locally broken core, sore hiqhiy 
deforred fragments in a f ine  to  rediur gra~ned feldspar - 
aatrix 



FALCONBRIDGE LIHlTED DIAMOND DRILL LO6 

PROFERTY : WORTHAIR OPTlOH HOLE No. : S-9-80 Page 2 

From To Descr ipt ion 
l f t f  ( f t )  

159.03 - 224.00 EPlDOTIZED TUFF? 
-green e p i d i t i z e d  hybrid  rock,  core l o c a l l y  broken and 

sheared 

Sample Fron To Width 
Nunber ( f t l  ( f t )  ( f t )  



FALCONER1 DEE LIIITED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-10-80 Page ? 

From To Description 
( f t )  ( f t )  

siliceous: qreen mottled or patchy rock. (1 to 31 
pyrite locally in i l  to Imr fractures 

Sample From To Width 
Number ( f t )  ( f t )  ift) 



FALCONBRIDGE LIHITED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-11-89 Page 1 

Hole Locat ion : 50895.46E 51400.451 Claim No. : 

MTS : 925103 UTH : 493531E.5552b12H 
Az i ru th  : 41 38' i l e v a t ~ o n  : 4150.6 fee t  (1265.11\) 
Dip : -35 18' Length : 1300 fee t  (396.2N) 

Star ted : 
Completed : 

Purpose : 

Dip Test : 

Fru r  To D e s c r i ~ t l o n  
( i t )  t f t )  

7.00 - 152.00 FOLIATED FELDSPAR CRYSTAL LhPILLl TUFF 
-green, c h l o r i t i c ,  weakly t o  s t rong ly  f o l i a t e d  rock, 
f rag ren ts  s t i l l  v i s i b l e  but  stretched, some f i n e r  t u f f  
l aye rs  (lr ray  be present but  rake up only 10Z of  
i n t e r v a l ;  fragment are of  c r y s t a l  t u i f  and are i l c r  t o  
4cr, ray be la rge r  but due t o  f o l i a t i o n  hard t o  t e l l  

-some < l a  bands of  n ixed dark green fragment - c r v s t a l  
t u f f  i ragaent  l a p i l l i  t u f f  
27.00 - 29.00 -dark green fragment - c r y s t a l  t u f f  

fragment I a o i l l i  t u f f  
71.00 - ??.00 - f i ne r  o r a ~ n e d  layer  no fragnent 

d iscernable 
lOb.00 - 121.00 - f i n e r  g r a ~ n e d  

Logged Bv : S. Clerrer  
D r i l l i n g  Co, : 
bssayed Bv : 
C o r e s i z e  : B R  

Sarole i r o r  To # i d t h  
Number i f t )  i i t )  t f t l  

kF1064 i i . 0  7 i .5  0.5 -whole rock 

152.00 - l i5.00 FAULT !DNE 
-seven fee t  of gouge and verv broken sheared core whole 

i n t e r v a l  i s  broken and sheared 05' t o  core 

l i 5 .00  - i57.30 FELDSPAR CRYSTAL LAPILLI TUFF AND TUFF 
-green t o  l o c a l l y  grey-green l a p i l l i  t u f f ,  30 t o  40% BF1065 263.0 263.5 0.5 -whole rock 
( 1  t o  4cr c r y s t a l  t u f f  and green f i n e  grained fragment BFlObb 433.0 383.5 0.5 -whole rock 
i n  a green r a t r i x  AFlOOi 536.0 550.0 12.0 -geochen 
222.00 - 253.00 -nixed c r y s t a l  t u f f  and dark green AFlOb6 i04.0 704.5 0.5 -whole rock 

fragment l a p i l l i  t u f f  
253.00 - 281.00 -possible fe ldspar  c r v s t a l  breccia, as 

fragment up 1Ocm ray be present 
201.00 - 296.00 -green mixed l a p i l l i  t u f f  
296.00 - 301.00 -aaf ic  dyke 
325.00 -minor f a u l t  35' t o  core 
327.00 - 335.00 -aa f i c  dvke - ~3.1.00 r - 505.00 - 1 a p i l l i  t u f f  l i g h t  grey-green and mav 

inc lude  c r v s t a l  brecc ia 



FALCONBRIDGE LIRITED DIAROND DRILL LO6 

PROPERTY : t4ORTHAIR OPTION HOLE no. : 5-11-00 Page 2 

From To Description 
i f t )  {ft) 

Sample From To Width 
Number i f t )  ( f t )  ( f t )  

505.00 - 520.00 - lavi l l i  tuff nor green and rav include 
sore tuff layers or fragment are hard 
to  see 

520.30 - 596.00 -grey t o  green l ap i l l i  tuff  ray include 
breccia 

596.00 - 757.00 -weak epidotization 
622.00 - 695.00 -coarser fraoment 1 to  1 2 C ~  feldspar 

crystal breccia 

-c- 
/ ~t .00 - 602.00 FAULT GR SHEAR ZDNE 

-core broken, weak t o  moderate epidot~zat ion ,  rost rock 
i s  crvstal l ap i l l i  t u f f  that i s  pvrit ic 1 to  51, and 
locally bleached l ight yellow-green to  nhite 

602.00 - B51.00 TUFF 
-dark green rediur grained, 35 t o  402 ilmr t o  Irm AFlOb9 637.0 837.5 0.5 -whole rock 
feldspar in a f ine grained chlorit ic aatrix 

-crude (1 to  Icr banding 

651.00 - ?37.00 EPIDOTIiED FELDSPAR LRPILLI TUFF 
-green, well foliated,  52, 1 t~ 2aa carbonate veined, 
l ap i l i i  tuff 

-!eldspar crystals are  epidotized 
918.00 - 921.00 -fault 35' to core 
927.00 - 750.00 -bleached shearing 
930.06 - 934.00 -maiic dyke 
934.00 - 937.00 -fault zone, gouge, shearing 

S37.00 - 1183.00 FOLIATED - EPIDDTIiED ROCK 
-dark green, epidote rich rock, with 101 1 t o  5mr 4F1070 1015.0 1015.5 0.5 -whole foci  
chlorite c lo ts ,  52 carbonate veining, foliation 70 to  
80' to  core; quart: veining l a t t e r  half of interval 
993.00 - 1011.00 -s i l ic i f ied  zone 'waxy' rock 

!!83.00 - 1199.00 RAFIC DYKE 

1199.00 - 1:00.06 FOLIATED EPIDOTIZED DIORITE 

1179.00 - 1300.00 FOLIATED EPIDOTIiED DIGRITE 



FILCDHBRIDGE LlnlTED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE NO. : S-12-80 Page 1 

Hole Locat ion : 49819.0iE 52009.321 C l a i r  No. : 

NTS : 92J/03 UTH : 493203E.5552798N 
Azimuth : 43 15' E leva t ion  : 3782.5 f e e t  (1152.71H) 
Dip : - 3 2 4 9 '  Length : 998feet6304.2H) 

S ta r ted  : 
Completed : 

Purpose : 

Gip Test : 

From To Desc r ip t i on  
( f t )  l f t )  

Logged Bv : S. Clemrer 
D r i l l i n o  Co. : 
Assayed Bv : 
Core Size : BR 

Saaole Fro8 To Width 
Nufiber I f t )  i f t )  I f t i  

0.00 - 10.00 CASING 

10.00 - 51.00 CHLORITIC FELDSPRR CRYSTAL TUFF 
-green, f o l i a t e d ,  c h l ~ r i t i c  c rys ta l ,  v a r i e s  f r o 8  c r y s t a l  
r i c h  202 1 t o  2rm, p lag ioc lase c r y s t a l s  t o  f i n e  grained 
c h l o r i t i c  t u f f  

51.00 - 72.00 BOX 3 I S  HISSING 

72.00 - 96.00 BLEACHED TUFF? 
- l i g h t  brown, bleached zone, looks l i k e  o r i g i n a l l y  c r y s t a l  kF1085 89.0 89.5 0.5 -whoie rock 
t u f f ,  probably pa r t  o f  a f a u l t  zone 

96.00 - 113.00 CRYSTAL TUFF 
- f i n e  qrained green c r y s t a l  t u f f  

113.00 - 125.00 FAULT ZONE 
-:ore broken, l o c a l  gouoe, same bleached rock as at  

72.00 t~ 9b.00 

125.00 - 134.00 SHEARED FELDSPRR CRYSTAL LAPILLI TUFF 

1;4.00 - 140.00 FAULT ZONE 
-! i g k t  brown bleached sheared rock 

140.00 - 277.00 FELDSPAR CRYSTRL LAPILLl TUFF 
-green f o l i a t e d  t o  weakly f o l i a t e d ,  weakly epidot ized,  CF1086 229.0 227.5 0.5 -whole  roc^ 

202 (1  t o  3ca, fragments f i n e  grained t o  medium grained 
c r y s t a l  t u f f  i n  a f i n e  grained c r y s t a l  t u f f  a a t r i x  
149.00 - 151.00 -quartz ve in  and brecc la 
158.00 - 159.50 -breccia and quartz ve in  
164.50 - 165.50 - f a u l t  hemat i t ic  gouge 
174.00 - 175.00 - rusty  p y r i t i c  shear 
179.00 - 100.00 - rus ty ,py r i te ,ch lo r i t i c  zone 



FALCONBRIDGE LlHlTED DIAMOND DRILL LOG 

PROPERTY : NORTHAiR OPTION HOLE Ho. : 5-12-60 Page ? 

From To Descr ip t ion 
i f t )  i i t )  

Sample From To Yidth 
gurber ! f t )  ( f t )  ( f t )  

- i n t e r v a l  l a p i l l i  t u f f  a l so  has 10.00 t o  20% 
( 1  t o  2cr, dark green st retched t u f f  fragment 

2i7.00 - 708.00 FELDSPLR CRYSTAL TUFF 
277.00 - 310.00 -grey fe ldspar  c r y s t a l  l a p i l l i  t u f f  AF1087 Zbl.0 361.5 0.5 -whole rock 
310.00 - 311.00 -sheared w i th  gouge AF1068 532.0 554.0 22.0 -aeochem 
311.00 - 322.00 -grey fe ldspar  c r y s t a l  l a p i l l i  t u f f  AF1089 595.0 595.5 3.5 -whole rock 
322.00 - S28.00 - i a u l t .  i n tense ly  shreared, core broken 
328.00 - 369.00 -grey t o  grey - green weak.ly ep idot ized 

c r y s t a l  l a o i l l i  t u f f  and breccia, 
fragments ( 1  t o  BCD medium gra lnred 
c r y s t a l  t u f f  

369.00 - 389.00 -cure broken and f rac tu red  l a p i l l i  t u f f  
389.00 - 4;0.00 -grey t o  green f i n e  grained crvsta! t u f f  

c r y s t a l  l a p i l l i  t u f f  and t u f f  
430.00 - 445.00 -coarse grained c r y s t a l  t u f f ,  poss ib ly  a 

brecc ia layer  
445.00 - 514.00 -green, weakly epidot ized c r y s t a l  t u f f  

and t u f f ;  c r y s t a l  t u f f  has 20% il t o  286, 
ep idot ized p lag ioc iase c r y s t a l s  i n  a f i n e  
grained matr ix  
503.00 504.00 bleached, sheared f a u l t  zone 

514.00 - 625.00 -feldspar c r y s t a l  t u f f  and t u f f  
-green, competent but f o l i a t e d ,  w i th  351 

< I r a ,  fe ldspar  i n  a f i n e  grained c h l o r i t i c  
r a t r i x ,  may be l a p i l l i  s i z e  fragment but  
cannot say f o r  sure, probably sone 
l a ~ i l l i  t u f f  

544.00 - 554.00 -core broken, SOX i r o n  carbonate bleaching 
541.00 - 542.00 -bleached 3% p y r i t e  
625.00 - 649.00 -feldspar c r y s t a l  l a p i l l i  t u f f  

-grey 40% i t  t o  ~ C D ,  redium grained fragment 
c r y s t a l  t u f f  i n  an c r y s t a l  t u f f  matr ix  

649.00 - 703.50 -green f o l i a t e d  f i n e  grained t u f f  and 
l a p i l l i  t u f f  

708.50 - i 3 . 0 0  - f a u l t  zone 
!08.50 - 710.50 -na f i c  dyke 
726.00 - iS8.00 - l u s t  core, i o l i a t e d  l i g h t  brown green 

sheared c r y s t a l  t u f f  
-box S2 missing 

736.00 - 735.00 DARK GREY FELDSPBR CRYSTAL LAPILLI TUFF 
-20% ( I  t o  ~ C D ,  fragments i n  a c h l o r i t e  - b i o t i t e  - 

feldspar matr ix 

iZ5.00 - '8!7.00 FELDSPLR - BIOTITE ROCK 
-medium orained grey, gra iny l o o t i n g  fe ldspar  b i o t i t e  rock AFlOFO 811.0 811.5 0.5 -whole rock 
-c rys ta l  t u f f  above grades i n t o  t h i s  rock 



iALCDNBRID6E LIHITED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-12-80 Page 3 

From To Description 
I f t )  ( f t )  

817.00 - 831.00 HORNFEL 
- f ine  grained hard dark grey rock 
-contant looks l i k e  a shrear 

831.00 - 953.00 DIORITE DYKE 
-grey - pink. 352 i l  t o  :ma plagioclase crys ta l s  10% 
i l  to  4rr. ~ u a r t z  In a cyrs ta l l ine  eatrix,  i l i  i l a r  
amhibole)  

953.00 - 974.90 FELDSPAR-BIOTITE ROCK 

S a r ~ i e  From To Width 
Mumber ( f t )  i f t )  ( i t )  

9i4.00 - 796.00 DARK GREY FELDSPAR CRYSTAL LAPILLI TUFi 
- + e l d s ~ a r  - b i o t i t e  altered 



FALCDNBRIDSE LIHITED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR GPTIDH HOLE No. : 5-13-80 Page 1 

Hole Location : 46811.66E 55120.201 Clain No. : 

NTS : 925103 UTR : 492896E.5553136N 
bziruth : b3 Elevation : 3501.5 f e e t  (1067.2iN) 
Gip : -36 length : 210 f e e t  664.0H) 

S ta r ted  : 
Completed : 

Purpose : 

Dip Test : 

From To Description 
I f t )  l f t l  

Logged By : S. Clerner 
Dr i l l ing  Co. : 
Assayed Bv : 
Core Size : BR 

0.00 - 15.00 CASING 

15.00 - 104.00 FELDSPAR CRYSTAL LAPILLI TUFF AND TUFF 
-grey - green, massive 152, 1.00 t o  4cr dark grey fragments IF1132 43.0 43.5 0.5 -whole rock 

(angular)  i n  a r ed iu r  - fined grained 25% (1 t o  I r r ,  
plagioclase c r v s t a l s  in  a f i n e  grained c h l o r i t i c  r a t r i x  

-sore a reas  a r e  tu f f  a s  no fragnents  a re  seen 

104.00 - 108.00 FAULT ZONE 
-core broken loca l ly  sheared 
-mostly feldspar c rys ta l  tuff  

!08.00 - 119.00 FELDSPAR CRYSTAL LAPILLI TUFF 
-epidoti:ed, f ractured,  coarse grained, 252 ( 1  t o  211, 
plagioclase c r y s t a l ,  in  I t o  5cr  f ragren t s ,  40%. 
in a c rys ta l  tuff  r a t r i x  

119.00 - 136.00 FAULT OR SHEAR ZDNE 
-rediur  grained feldspar c rys ta l  t u f f ,  core broken 

lzb.00 - 141.00 FELDSPAR CRYSTAL TUFF 
-1 ight  grey - green, i r ac tu rd ,  sheared, weakly epidot ized,  

nediur grained c rys ta l  tuff  

141.00 - lb2.00 PYR!TIC FELDIAR CRYSTkL TUFF 
-dark grey, quartz veined 51, I t o  2081 white 
quartz veins,  5 t o  102, dissinenated p y r i t e  in  a 
cediur  - coarse grained c rys ta l  tuff  with 20% i l  t o  2rr .  
plagi ~ c l a s e  c rys ta l s ;  zone looks brecciated 

lb2.00 - 173.00 FELDSPAR CRYSTAL TUFF 
-grey nediur grained, sheared, 12 pyr i t e ,  c rys ta l  t u f f ,  

152 { I  t o  ?me, plagioclase c r y s t a l s  
-weak1 y epidotized 



FALCONBRIDGE LIHITED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : 5-15-80 Page 2 

From i o  Description 
iftl  i f t )  

172.00 - 210.00 SHEAR ZONE 
-sheared, grey rediur  grained feldspar  c rvs ta l  tuff  
-core very broken 
-tuff i s  l i g h t  grey, s e r i c i t i c ,  with 151 (1 t o  Zmr. a l t e red  
plagioclase c rys ta l  in  a f i n e  arained grey r a t r i x  

Sample Fror To Yidth 
Number ( f t )  (ft)  ( f t )  



FALCONBRIDGE LIHlTED DIAHDND DRILL LDG 

PROPERTY : NORTHAlR OPTION HOLE No. : 5-14-80 Paqe I 

Hol e Loca t i  on : 48530.43E 56171.05N C l a i r  No. : 

NTS : 92Ji03 UTH : 492810E.5554067N 
Azimuth : 26 16' E ieva t ion  : 5390.2 fee t  (1033.34') 
Dip : -37 48' Length : LOO fee t  (182.9H) 

Star ted : 
C ~ ~ D l e t e d  : 

Purpose : 

Dip Test : 

i r o n  To Descr ip t ion 
( f t )  ( f t )  

Logged Bv : S. Clerrer  
D r i l l i n q  Co. : 
Assaved By : 
Core Size : Bff 

Sarple From To Yidth 
Number l f t l  ( f t )  i f t l  

0.00 - 10.00 CASING 

1a.oo - io5.00 VOLCANIC HACKE 
-green oedium grained, massive, c h l o r i t i c  feldspar - AF1056 92.0 92.5 0.5 -whole rock 

quartz - r a t r i x  ( 40.00 - 10.00 - 50.00 rock, waekly 
epi dot ized 
b4.00 - i0.00 -maf i t  dyke 
74.00 -20cr. gouge 
iO.00 - 74.00 -core broken weakly sheared 

-sore weakly aagnetic sect ions i n  I n t e r v a l  18,GO t o  105.00 

105.00 - 119.00 FELDSPAR CRYSTAL LAPILLI TUFF 
-upper contact  apoears sharo a t  30 ' ,  ray  be weak shear~ng  
-grey - green, 40% 1 t o  4cr, fragments, i n  c r y s t a l  t u f f  
r a t r l x ,  i n t e r v a l  weaklv eoldot ized 

-c rys ta l  t u f f  has 20 t o  307. ( 1  t o  3 r r  p lag loc lase c r v s t a i  
-lower contact sheared ?c r  gouge 

119.00 - 170.00 VOLCANIC UACKE 
-same as 18.00 105.00 

l i0 .00 - 200.00 GREY URCKE 
-volcanic a r e n i t e  above aopear t o  grade i n t o  t h i s  grey AF1057 181.0 181.5 0.5 -whole rock 

ie idspar  - quartz - matr ix  i 40.00 - 25.00 - 25.00 ) ,  

massive rock 
- i n  t u r n  grey wacke i s  i n  a sharp sedi rentary brecc iated 

contact w i th  unit below 

200.00 - 265.50 ARGILLACE9US GREY UACKE AND SILTSTONE 
-grey t o  dark grey weakly banded t o  banded a rg i l i aceous  RF5109 203.0 208.0 5.0 -geochem 
grey wacke and s i l t s t o n e  AF5110 215.0 220.0 5.0 -geochem 

-grey wacke s im i la r  t o  t h a t  a t  170.00 - 200.00 AF5111 217.0 217.5 0.5 -whole rock 
201.00 - 204.00 - p y r i t i c  (51) r u s t y  rock 402 a r g i l l i t e  AF1058 242.0 i54.0 i2.G -geochee 
213.00 - 215.00 - p y r i t i c  ISZ) 



FRLCONERID6E LINITED DIIHOND DRILL LO6 

PROPERTY : NDRTHIIR OPTlON HOLE No. 

From To Description 
( i t )  ( f t )  

231.00 - 236.00 - s i l t y  a r g i l l i t e  
236.00 - 238.00 -argi l laceous c rys ta l  tuff  
258.00 - 257.00 - s i l t y  a r g i l l i t e  and a r q i i l i t e  

-rustv and loca l ly  p y r i t i c  
257.00 - 265.50 -argi l laceous grey wacke and s i l t s t o n e  

265.50 - 278.00 SLAHP fiRECCIh 
-zone consis ted of (1 to  lOcn, pieces of grey wacke 

c i a s t  supported with 10% a r g i l l i t e  s a t r i x ,  plagioclase 
c r y s t a l s  seen in aa t r ix  

-zone becore more a r g i l l i t e  r i c h  down hole and a l s o  more 
sheared, p l  agioclase c r y s t a l s  more cosnon 
274.00 -icm, gouge, argi l l i t e  sheared 
279.00 -4cm gouge 

Sample 
Number 

2iB. DO - bOO.00 FELDSPAR CRYSTAL TUFF 
279.00 - ?82.00 -massive grey c rys ta l  tu f f  AF5127 
282.00 - 289.00 -sheared, p y r i t e  22, c rys ta l  tu f f  M5128 
289.00 - 357.00 -sheared as  fo l i a ted  l i g h t  grey- green RF5129 

sediun grained c rys ta l  tuff  includes RF1059 
sone discernable l a p l l l i  tu f f  and tu f f  AFlObO 

290.50 - 291.50 -quartz - eye feldspar c rys ta l  t u f f ,  dFlO6l 
rass ive  rock sharp contact Ail062 

;57.00 - z71.50 -epidotized c rvs ta l  t u f f  30% i l  t o  lOmm 6F100: 
spots  or patehs epidote a f t e r  piagioclase 
c r y s t a l s  and fragments 

;71.50 - 400.00 - f ine  grained t u f f ,  5 !a 102, 
1 x 10nm streached fragments I n  a f i n e  
qralned green feldspar - c h l o r i t e  na t r ix  

400.00 - 492.00 -feldspar c rys ta l  breccia 
-coarse c rys ta l  I (1 t o  Esn 1 breccia ,  up 

t o  2 0 c ~  grey c rvs ta l  tuff  fragments, maybe 
c l a s t  supported, 5% ilnm, quartz eves 

482.00 - 484.00 -core broken f a u l t ?  
484.00 - 529.00 -feldsoar c rys ta l  l a o i l l i  tuff  

-1ocallv (51  (1 t o  l n r  quartz eves 
-!rev, loca l ly  moderate epidot i ied .5% 
i l  to  Jam, hornblende c r y s t a l s ,  102 d a r ~  
creen i l  t o  lOmr fragments of t u f f ,  30% 
111 t o  2cm f i n e  grained c rvs ta l  tuff  
t rageents  loca l ly ,  in  a f i n e  t o  nediur 
grained feldspar - c h l o r i t e  r a t r i x  

- iocal iv (52, if t o  inn q s a r t i  eyes 
529.00 - 54Z.00 -;ine grained t u f f ,  grey ieldspar  and 

aa t r ix  
543.69 - 546.00 - ra f i c  dyke 
546.00 - 579.00 -coarse grained f eldspar c rvs ta l  breccia ,  

grey 1 t o  lOcm fragnents ,  52 1 t o  3nm 
a ~ p h i b u l e ,  2Z i < l n r  quartz eyes 

From To Uidth 
( f t )  ( i t )  ( f t )  

-whole rock 
-whole rock 
-whole rock 
-whole rock 
-whole rock 
-who1 e rock 
-whole rock 
-whole rock 



FALCDNBRIDGE LIHITED DIAHDND DRILL LD6 

PROPERTY : NDRTHBIR OPTIGN HOLE No. : 5-14-60 Page 5 

m To Description 
' i t )  ; i t )  

5i9.00 - 591,OO -eeldotized feldspar crystal tuff  
591.00 - 600.00 -coarse - grained feidspar crystal 

breccia, 51 1 t o  2mm quartz eyes 
-box 26 l a s t  box found not sure i f  hole  goes beyond 

600 f e e t .  

Sample Fro8 To Width 
Number ( i t )  ( i t )  ( i t )  

2i8.00 - 600.00 FELDSPAR CRYSTRL TUFF 



FALCONBRIDGE LIttlTED D l  AHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : 5-15-80 Page 1 

Hole Locat ion : 4881 1.68E 53120.20N C l a i r  No. : 

NTS : 923103 UTH : 49289bE,5553156N 
Azimuth : i b  56 '  Eleva t ion  : 3 0 1 . 5  fee t  (1067.26') 
Dip : -36 10' Length : 933 fee t  (284.4H) 

S ta r ted  : 
Completed : 

Purpose : 

8 ip  Test : 

Fron i o  Desc r ip t i on  
( f t )  I f t )  

Logged Bv : S. Clerrer  
D r i l l i n g  Co. : 
Assayed By : 
C o r e s i z e  : B R  

Sample i r c r  i o  Yidth 
Nurber i f t )  i i!)  ( i t )  

0.00 - 13.00 CASING 

13.00 - ab.00 FELDSPAR CRYSTAL TUFF AND LaPILLI TUFF 
-grey-green f i n e  grained, 152 (lrr feldspar i n  a f i n e  AF5089 45.0 45.5 0.5 -whole rock 

grained c h l o r i t i c  matr ix  
-1% ( 1  t o  lrr carbonate, i r r e g u l a r  ve in ing 

13.00 - 38.00 - 1 a p i l l i  t u f f ,  20% 1 t o  2cn f ragrents of 
f i n e  grained c r y s t a l  t u f f  v i s i b l e  

56.00 - 57.00 -core sheared gouge 
60.00 - b6.50 -core sheared gouge 
3B.00 - 85,00 - f i n e  grained c r y s t a l  t u f f ,  rock looks 

l i k e  a t u f f  w i th  20% il t o  3mr l i t h i c  
fragments i n  a f i n e  grained matr ix 

85.00 - 86.00 -gouge, shearing 

97.00 - 98.00 CORE SHEARED AND GOUGE 

98.50 - 221.00 FELDSPAR CRYSTAL LAPILLI TUFF 
-grey-green, f o l i a t e d ,  c h l o r i t i c ,  f i n e  t o  r e d i u r  grained AF5090 45.0 45.5 0.5 -whole rock 

15% il t o  2sr  p lag ioc lase c r y s t a l s  i n  a f i n e  grained AF5091 214.0 247.0 33.0 -geocher 
c h l o r i t i c  matr ix  w i th  10 t o  20% ( 1  t o  3c r  fraqments of 
t i n e  grained t u i f  and l o c a l l y  mediur grained feldspar 
c r y s t a l  t u f f  
111.00 -2Ocr gouge 
118.00 - 119.00 -core broken sheared 
124.00 - 125.00 -core broken 
133.00 - 137.00 -core sheared, gouge and broken 
150.00 - 153.00 -core bleached, sheared 20cn gouge 
188.00 - 192.00 -core bleached sheared 

221.00 - 226.50 SHEARED FELDSPAR CRYSTkL LAPILLI TUFF 
-grey, bieached, sheared, core broken, 15% (1  t o  2 r r  



FALCDNBRIDGE LIHITED DIAIDND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-15-80 Page 2 

From T3 Description 
I f t i  ( f t l  

plagioclase crystals in a f ine  grained se r i c i t i c  - 
clay - l ike  oatrix,  (1% disserinated pyrite 

-contacts above and below gradational 

226,30 - bJ5.00 FELDSPRR CRYSTRL LAPILLI TUFF A N D  TUFF 
-grey-green f ine  grained locallv rediun grained, 10 to  20% 
i l  to  Ism plagioclase crystals in a fine grained chlor l t ic  
sa t r ix ,  10 to  40% 3 to  30rr fragrents, larger fragments 
usually fine to  medium grained feldspar crvstal t u f i ,  
smaller fragrents green and fine grained a l l  iragrents 
stretched 
226.50 - 5!8.00 -core verv broken up, weak bleaching,iX 

pyrite, some bright green chlor i te  7 52 
536.00 - 319.00 -core broken, sore uouqe bright green 

chlorite ? 52, 22 pyrite 
362.00 - 386.00 -core very broken, local gouge 
401.00 - 415.00 -core very broken 
415.00 - 446.00 -core moderately broken 
488.00 - 495.00 -rafic dyke 
495.00 - 505.00 -core bleached grey, clay altered sheared, 

broken 
505.00 - 549.00 -core moderately broken to  locally very 

broken 
549.00 - 5b2.00 -czre sheared, weakly bleached, 22 pyrite 

2% bright green chlorite ?, core verv 
broken 

S a r ~ l e  From To Width 
Number i f t )  ( f t )  ( f t )  

-geocAem 
-geochem 
-qeochem 
-wholr rock 
-qeocher 
-geochem 
-geocher 
-oeocher 
-geocher 
-whole rock 
-geocher 
-geocher 
-geochen 
-peocher 
-whole rock 

635.30 - 720.00 IRON - CARBONATE riLTEFiED FAULT iDNE 
-upper contact gradational dF5107 bi9.0 679.5 0.5 -rhoie rock 
$35.00 - b47.00 -roderate to  strongly iron - carbonate 

veined feldspar crystal t u f f ,  5 to  40% 
carbonate altered 

647.00 - $50.50 -light brown, pervasively iron - 
carbonate a1 tered 

650.50 - 658.00 -quart: vein ' bull ' and carbonate 
altered volcanlc 

658.00 - b94.50 -b!eached brown-white, pervasive1 y a1 tered 
fractured and brecciated volcanic 

694.50 - 703.00 -core finely 1 !o 31m shears and broken, 
s t i l l  carbonate altered 

703.00 - 720.00 -iron - carbonate veined roderate altered 
volcanic, ?OX (1 to  4rr iron carbonate 
irregular veins eost parallel to  c!eavaqe 

i20.00 - 937.06 FELDSPRR CRYSTAL TliFF 
-boxes 32,;s r i  ssin J 
-grey-green rediur t o  fine grained, 20Z I1 t o  lmr 
plagioclase crystals in a f ine grained chlor i t ic  aatrix,  
weak epidotization 

AF5109 907.0 907.5 0.5 -whole rock 



FALCONBRIDGE LIHITED DIAHDND DRILL LO6 

PROPERTY : NDRTHilIR OPTION HOLE No. : 5-15-80 Page : 

From To 3escription 
I f t )  ( f t )  

883.00 - 890.00 -eafic dvke 

Sample Fron To Width 
Nurher ( f t )  i f t )  ( f t )  



FALCONBRIDGE LIttlTED DIAttOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-lb-00 Page 1 

Hole Location : 48850E 46274,BN Claim No, : 

NTS : 925103 UTN : 492909E,5551050N 
b i i r u t h  : 70 Elevation : 2825 f e e t  (8b11tt) 
Dip : - 3 5  Length : bO4 fee t  (104,lR) 

S ta r ted  : 
Coroleted : 

Purpose : 

Dio Test : 

Fro4 To Description 
i f t )  ( f t )  

Logged Bv : S. Clerrer  
C r i l l i n g  CD. : 
Assayed By : 
C o r e s i z e  : B Q  

Sarple  i ron To Width 
Nurber i f t )  ( f t )  l i t )  

3.00 - 31.CO CASING OVERBURDEN 

31.CO - 42.00 BRECCIA 
-tectonic or surface weathering breccia ,  c l a s t  - supported, 

fragments include sheared feldspar  c rys ta l  t u f f ,  f i n e  
grained t u f f ,  (1 t o  Zcr, angular i n  a f i n e  grained 
l i r o n i t i c  r a t r i x  

42.00 - 422.00 TUFF AND LkPILLI TUFF 
-long monotonous in te rva l  of f i n e  t o  red iu r  qrained tuff  AF1153 139.0 139.5 3.5 -nho!e rock 
with so re  ( I  t o  3ca f r i q r e n t s  v i s i b l e  suagesting l a p i l l i  kF1154 3b.D 306.5 0.5 -whole rock 
l ayers  a r e  present 
42.00 - X.90 -1ap i l l i  t u f f ,  dark green c h l o r i t i c  rock, 

25 Z ,  ( 1  t o  3c r ,  sheared c h l o r i t i c ,  
s t retched f ragren t s  possibly ch lo r i t i zed  
feldspar  c rys ta l  t u f f ,  in  a f i n e  - red iu r  
grained c h l o r i t i c  r a t r i x  in te rva l  weakly 
t o  moderate epidotized 

58.00 - 57.00 -Srecciated f a u l t  zone 
75. 50 -jasper or h e r a t i t i c  I t o  301 veining 
?3.GO - 15Ba00-;ine t o  rediur  grained c h l o r i t i c ,  loca l lv  

epidotized t u f f ,  ( 1  t o  3rr .  40% dark green 
fragments in  a f ine  grained c h l o r i t i c  
matrix, sore banding, I a r  bands loca l lv  

!i9.00 -jasper or hemati t ic  veins 
158.00 - 195.00-Iapilli  t u f f ,  grev t o  grey - green, 

;OX (1 t o  3cn, s t rechted f ragren t s ,  of 
ch lo r i t i zed  feldspar c rys ta l  tu f f  in  a i i n e  
grained c h l o r i t i c  tuffaceous r a t r i x  l o c a l l v  
moderate epidotized 

195.00 - l%,00-fauit 5 th  quartz vein, core broken 
1Fb.00 - 206.00-~afic  dyke 
ZDb.OO - 342.60-f eldspar c rys ta l  l a p i l l i  tuff  qrey t o  

da r t  green, f i n e  t o  rrediur grained 30Z 



FALCDNBRIDGE LIRITED DIdROHD DRILL L06 

?ROPERTY : HORTHAIR OPTION HOLE No. : S-16-80 Page 2 

irom To Description 
[ f t )  [ i t )  

Sarple  From To Width 
Hurber i f t )  ( f t )  i f t )  

i l  t o  5cm, feldspar  c rys ta l  t u f f ,  s t recthed 
and 'hard t o  see '  fragment in  a f i n e  
grained c h l o r i t i c  matrix 

- intervai  mav include sore  f i n e  arained 
tuff  l ayers  

255.50 -3cm gouge b5' t o  core 
343.00 -10cn gouse 
343.00 - 350.00-felsic dyke 
350.00 - 354.00-safic dyke 
;54.00 - 42?.00-sase as 206.00 - 343.00 

422.30 - 543.00 LAPILLI TUFF 
-d i s t inc t  !rev - green uni t  with 501, I 1  t o  bcn, AF1155 467.0 447.5 0.5 -whole  roc^ 

113 d a r i  green c h l o r i t i c  f ragren t s  and ? i 3  ch lo r i t i zed  
rediur  grained feldspar c rys ta l  tuff  , stretched f ragren t s  
in a f i n e  grained matrix 
440.00 - 442.00-mafic dyke 
474.00 - 543.00-weak t o  moderate 'patchy' ep ido t iza t ion  
485.00 - 4Bb.00-fault 3cr  gouge and ryionotlc  dark rock 

543.00 - 604.00 EPIDOTIZED FELDSPAR CRYSTAL LAPILLI TUFF 
-grey green, nassive, 30% ( 1  t o  ?mr, epidot ized feldspar  AF115b 589.0 589.5 0.5 -whole rock 
c r y s t a l s  i n  a i i n e  grained a a t r i x ,  vague o u t l i n e  oi  
fragments could even be breccia  s ized fragments 



FALCONBRIDGE LIHITED DIAROND DRILL LDG 

PROPERTY : NORTHAIR OPTiDN HOLE No. : 5-17-80 

Hole Location : 4800OE 4b250N Cia i r  No. : 

NTS : 325103 UTH : 492892E.5551042N 
Aziwth : 255 Elevation : 2825 f e e t  i861il) 
Dip : -45 Length : 206 f e e t  Ib2.8H) 

Star ted : 
Coroleted : 

Puroose : 

From To Description 
i f t )  I f t )  

Logged bv : S. Clermer 
Dr i l l ing  Cu. : 
Assayed Ev : 
Core S i r e  : 00 

Paqe 1 

5arple  Fror To Width 
Number i f t )  i f t )  ( f t )  

0.00 - 61 -30 OVERBURDEN 

bl.OO - 206.00 FELDSPlR CRYSTAL LAPILLI TUFF 
-grey, 20 t o  40%. i l  t o  Scm, f i n e  t o  coarse grained AF1135 120.0 120.5 0.5 -whole rock 

feldspar  c rys ta l  tuff  fragments I n  a f l n e  grained c rys ta l  
tuff  matrix 
b1.00 - 105.05 -1ap i l l i  tu f f  
105.00 - 125.00 -redium grained feldspar c r y s t a l  tuff  
125.00 - 206.00 - l a o i l l i  t u f f  



FALCONBRIDGE LIHITED DI ANON0 DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-18-80 Page 1 

Hole Location : 49i00E 8337.5N Cla i r  No. : 

NiS : 92Ji03 UTN : d93014i,5551 bi8N 
Aziruth : 65 Elevation : 3230 f e e t  (984.5H) 
Dip : -35 Length : 1198 fee t  (jb5.2H) 

Dip Test : 

i r o a  To Description 
i f t )  i f t )  

Logged 3v : S. Clerrer  
Dr i l l ing  Co. : 
Assayed B Y  : 
C o r e s i z e  : B R  

Sample Fror To Width 
Number ( f t )  i f t )  i f t )  

0.00 - 532.00 DNLY HAVE BDXES 23 t o  50 

532.00 - 567.00 FELDSPAR CRYSTAL LAPILLI TUFF AND BRECCIA 
-green red iu r  t o  coarse grained feldspar  c rys ta l  tu f f  

fragments, i n  a f i n e  grained c h l o r i t i c  matrix 
-fragrents  (1 t o  15cr, coarse qrained 403 (1 t o  2 r r  
plagioclase c r y s t a l s  

567.00 - 589.50 LAPILLI TUFF 
-grey 3 1 ,  (1 t o  3cm, f i n e  qrined and loca l ly  coarse grained 

feldspar  c rys ta l  t u f f ,  s t recthed fragments in  a f i n e  
grained r a t r i x  

-upper contact sharp 

589.50 - 590.50 MAFIC D Y K E  

590.50 - 592.00 LAPILLI TUFF 

592.00 - 598.00 VAFIC DYKE 

578.00 - 632.00 FELDSPAR CRYSTkL TUFF 
-green ch lo r i t i zed  red iu r  - coarse qrained, 301 (1 t o  Zrb, 
c h l o r i t l c  pseudonoroh a l t e red  plagioclase in  a 
f i n e  grained matrix 
113.50 - 617.50 -maiic dyke 

i X . 0 0  - bi4.00 LAPILLI TUFF 
-grey, 25% ( 1  t o  2cr, s t recthed,  c h l o r i t i r e d ,  f i n e  - medium AF1157 b54.0 054.5 0.5 -whole rock 

grained feldspar c rys ta l  tu f f  f ragren t s  in  a Fine grained 
r a t r l r  

bi4,00 - 682.00 FELDSPAR CRYSTAL TUFF 
-coarse qrained, 30% (1 t o  3rm, feldspar  c r v s t a l s  in  a 

i i n e  gralned r a t r i x ,  in te rva l  weakly epidotized 



FALCONBRIDGE LIMITED Dl  AMOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-18-00 Page 2 

From To Descr ip t ion 
( i t )  i f t )  

Sample From To Width 
Nurber I f t )  ( f t )  ( i t)  

664.00 - 1198.00 FELDSPRR CRYSTAL LAPILLI TUFF RND BRECCIA 
-grey-green 20 t o  401, (1  t o  4cm. l o c a l l y  up t o  l0cm AF1158 850.0 850.5 0.5 -whole rock 

f rapents of  c h l o r i t i z e d  s t recthed f i n e  - coarse gra ined AF1159 1051.0 1051.5 0.5 -whole rock 
feldspar c r y s t a l  t u f f  i n  a medium - f i n e  grained ie ldspar  
c r y s t a l  t u f f  matr ix 
718.00 - 749.00 -;one weakly t o  moderately veined and 

a l tered,  i r o n  carbonate and hemat i t i c  
veins ( 1  t o  :am, 22 of  rock 

749.00 - ibB.OO -strong i r o n  carbonate a l te ra t ion ,  
51 (1  t o  5mr, i r o n  carbonate ve in lnq  

869.00 - 875.00 -minor hemat i t i c  ve in ing ( 1  t o  lam 
954.00 - h e r a t i t i t  veins Ism 
94i.00 - 949.50-nafic dyke 
1039.00- 1042.00-iron carbonate a1 tered 
1085.00- 1090.00-iron carbonate a l t e r e d  
1115.00- l l l i .OO- i ron  carbonate a l t e r e d  
1124.00- 1126.00- lap i l l i  t u f f  conta ins 5% p y r i t e ,  p v r i t e  

i n  c l a s t s  5 t o  30mr s t retched i n  
i n  cleavage, zone weaklv bleached 

1131.00- 1 1 3 L 0 0 - s i l i c i f i e d  
1133.00- 1135.50-pyri t ic l a p i l l i  t u f f  3: p y r i t e  
l lJ5.50- 1138.50-mafic dyke 
1138.59- 1155.00-rusty l o c a l l y  shreared l a p i l l i  t u f f  
1195.00- 1190.00-iron carbonate v e ~ n l n p  



FALCONBRIDGE LIXlTED DIBXOND DRILL LO6 

PROPERTY : NDRTYRIR OPiIGN HOLE NO. : S-19-80 Page 1 

Hole Location : 4t125E 545?5# Claim No. : 

NTS : 925103 U T ~  : 492777E,5553504H 
Azimuth : b 4  Elevation : 3350 f e e t  (1021H) ..- Dip : - ~ d  Length : 882 f e e t  (2bB.8H) 

Star ted : 
Com~leted : 

Purpose : 

Dip l e s t  : 

Fron To 3escriot ion 
( f t )  ( f t l  

Logged By : S. Clemrer 
Dr i l l ina  Co. : 
Rssayed icy : 
Core Size : BQ 

Sarple  From To Width 
Number i f t l  ift) i t t )  

0.00 - 311.00 VOLCANIC WACKE 
-rassive f i n e  grained, green, i . 5  t o  Ira .  SO% feldspar ,  AFl13L 67.0 67.5 0.5 -whole rock 

10% (.5mr quartz ,  in  a f i n e  c h l o r i t i c  r a t r i x ,  rock GF1137 245.0 245.5 0.5 -whole rock 
could be a f i n e  - grained f a c i e s  of t h e  c rys ta l  t u f f  
6-00 - 8.00 -mafit dyke 
R9.00 - 92.00 -shear :one 1 foot  r a f i c  dyke lOcr gouge 
97.00 - 100.00 -shear zone 2 f e e t  mafic dyke 
114.00 - 115.00 -1ao i l l i  tu f f  l aver ,  30% 1 t o  5cm f i n e  

grained fragaent in  rediur  grained c rys ta l  
tuff  r a t r i x  

132.00 -O inches l a p i l l i  tuff  layer 
2OB.00 - 220.00 -tuffaceous l aver .  5% .:an feldsoar  

c r y s t a l s ,  1X I t o  3r@ feldspar c r v s t a l s ,  
i l s e  10% debr i s  in  a c h l o r i t i c  matrix, 
contacts  sharp but weakly sheared 

311.00 - 328.00 LAPILL! TUFF 
-upper contact  sheared ?cia gouge 
-401 1 t o  bca fragment in  a rediun grained feldspar - 

c h l o r i t e  matrix, fragment include a l t e red  c rys ta l  t u f f ,  
f i n e  grained ch!oritic tuff  fragment, and banded 
s i l i c e o u s  - iookinq s i l t s tone :  minor p y r i t e  ( 1 %  

3 . 5 0  - 329.00 SHEAR lOcm grey green gouge 

329.00 - X1.00 !IAF!C DYKE 

*- ,,I.?S - X3.20 FAULT t r e c c i a ,  lOcm gouge 

-7- .,,. $0 - :35,00 FELilC DYKE 
- f ine  grained plnk aphanlt ic  hard rock 

395.00 - 578.60 VOLCANIC WBCKE 
-grey-green f i n e  grained, 30% ( .5 t o  lam feldspar i n  a 



FALCONBRIDGE LIHITED DIAHOWD DRILL LC6 

PROPERTY : !iORTHAIR OPTION HOLE No. : 5-19-80 Page 2 

Fron To Descr ip t ion 
i f t )  ( f t )  

Sanple Fron To # id th  
Nunber i f t )  ( f t )  I f t )  

c h l o r i t l c  matr ix ,  poss ib l y  10% quartz 
170.00 - 271.00 - 1 a ~ i l l i  t u f f  l aye r  

170,OO - 447.00 LAPILLI TUFF 
-both upper and lower contacts are abrupt and sharp AF1138 396.0 396.5 0.5 -whole rock 
-5%, (lam quartz eves 
-green rock w i th  20 t o  40% ( 1  t o  3cn fragment i n  a f i n e  
grained c h l o r i t e  - quartz matr ix. 

-fragment inc lude 113 c r y s t a l  t o f f ,  e thers are green f i n e  
grained t u f  faceous  ater rial , some f raqment look bleached 
and sore 4mn broken p lag ioc lase c r y s t a l s  seen 

447.00 - 500.00 VOLCANIC WACKE 
-same as 145.00 370.CO 
-lower contact  sharp 

G I 1 3 9  495.0 495.5 0.5 -whole rock 

500.00 - 510.00 LAPILLI TUFF 
-30% (1  t o  5cn angular fragment of  vo lcanic  wacke i n  a 
c h l o r i t i c  n a t r i r  w i t h  151 tu f facecus debr is  ( 1  t o  3nn 

510.00 - 5 17.00 VOLCANIC WACKE 
-sane as 447.00 500.00 
-9pper and lower contacts 5harD 

51?.00 - 551.00 FELDSPRR CRYSTAL LAPILL1 TUFF 
-contacts are sharp w i th  adjacent u n i t s  $1140 545.0 545.5 0.5 -whole rock 
-green, 20 t o  40% ( 1  t o  5ca s t retched f i n e  grained t o  

aediun grained feldspar c r y s t a l  t u f f  fragment i n  a 
c r y s t a l  t u f f  n a t r i x  w i t h  20% <.5 t o  lmn feldspar c r y s t a l s  
i n  f i n e  grained c h l o r i t i c  matr ix  

551.00 - 509.00 VOLCANIC WRCKE 
- f i n e  grained, massive rock, green, 302 <.5rn fe ldspar  i n  

a f i n e  qrained c h l o r i t i c  matr ix  

509.00 - 615.00 FAULT 2DNE 
589.00 - 602.00 -broken and f rac tu res  vo lcanlc  wacke, 

minor gouge 
b02.00 - 608.00 -naf ic  dyke 
608.00 - 612.00 -gouge zone grey t o  ye l low gouge 
612.30 - 624.00 -broken, sheared and f rac tu res  l o c a l l v  

bleached l a p i  Ill t u f f  
b24.00 - bi2.00 -maflc dyke 
b32.00 - b;b.OO -sheared, broken core, 2 i e e t  yellow-grey 

gouge 

b36.00 - 684.00 ELERCHED TUFF 
- l i g h t  grey brown, sheared, bleached rock, f i n e  qrained, 
40% feldspar (.5mm, 10% quartz i.5rn, i n  a f i n e  grained 



FALCDNBRIDGE LIHITED DIAHCND DRILL LO6 

PROPERTY : NORTHAIR DPTIOH 

From To Descr ip t ion 
I f t )  (It) 

l i g h t  coloured matr ix. 

bBi.00 - 722.00 IRGILLBCEDUS VDLCANIC WACKE 
-upper contact gradat ional  
-lower contact  looks sheared 
-grey t o  dark grey, 40% C.5 t o  Irr fe ldspar  I n  a f i n e  
grained a rg i l l aceous  matr ix  

-rock becomes darker and more arg i l laceous as vou go down 
the  ho le  
709.00 -5cm gouge 

HOLE NO, : 5-19-80 Page 5 

Sample From To Vidth 
Number ( f t )  ( f t )  i f t )  

722.00 - 882.00 FELDSPAR CRYSTAL TUFF 
-massive, medium grained t o  coarse grained. ( 1  t o  4am. dF1142 i90.0 790.5 0.5 -whole rock 

37. fe ldspar  c r y s t a l s  i n  a f i n e  grained r a t r i x ,  m a t r ~ x  
looks bleached and s e r i c i t i r  

-upper contact  i n  p a r t  gradat ional  and sheared 
722.00 - 735.00 -rock f o l i a t e d  and sheared 
744.00 - 758.00 -core broken minor gouge and shearing 
795.00 - 605.00 -core s t rong ly  bleached l i g h t  brown l o c a l  

Sam p y r i t e  cubes 
615.00 - 817.00 -core s t rong ly  bleached 
E80.00 - 882.00 -core bleached. s e r i c i t i c  32 p y r i t e  



FRLCONBRID6E LllllTED DIAHOND DRILL LOG 

PROPERTY : HDRTHRIR OPTlON HOLE No. : 5-1-01 Pape 1 

Hole Location : 47150E 50537H Cla i r  No. : 

NTS : 92J/03 UTH : 4923a9Ea5552349H 
Riiruth : 279 Elevation : 3320 f e e t  (1012H) 
Din : -45 Lenath : 50b f e e i  (154.2H) 

Star ted : 
Corpleted : 

Dlp Test : 

Fror TO Description 
i f t )  ( i t )  

0.00 - 7.00 CASINO 

7.00 - 99.00 VOLCANIC WACKE 
-green aediur  grained, feldspar  - quartz - a a t r l x  

( 50-5-45 1, r a t r i x  c h l o r i t i c  
- local ly epidotized 

17.00 - 10.00 - fau l t  2Ocr gouge 
69.00 - 71.50 -mafic dvke 
76.00 - 63.00 - ra f i c  dvke 

Logged Bv : S. Clearer 
Dr i l l ina  Cn. : 
Assayed By : 
Core Size : bQ 

Sarple Fror To Width 
Hurber ( i t )  ( i t )  i f t )  

99.00 - 155.0? VOLCANIC WACKE 
-grey f i n e  t o  aediur  grained, feldspar  - quartz - ~ a t r i x  

( 50-15-15 ) ,  weaklv calcaceous rock 
-upper contact may be gradational or f ractured sedirentary 
or t ec ton ic  

-lower contact  sharp 
123.00 - 120.00 - ra f i c  dyke 

155.00 - 190.00 FELDSPGR CRYSTAL TUFF 
- c o a r s e g r a i n e d t o r e d i u r g r a i n e d , ~ l t o 2 r r f e l d s p a r i n  AFllbl 167.0 167.5 0.5 -wholerock 
a f i n e  grained matrix, zone weakly rpidot ized 
177.00 - 182.00 -grey volcanic wacke or tu f f  contact 

sharp,  un i t  weakly banded, toward bottom 
of in te rva l  

190.00 - 3 7 . 0 0  6RE'i WACKE 
-grey, weakly t o  i r regu la r ly  banded, feldspar  - quartz - RFllb2 252.0 252.5 0.5 -whole rock 
matrix ! 50-20-56 ) ,  f ine  grained rock 
;05.00 - 216.00 -rock looks tuffaceous,  l i g h t  grey-qreen 

101 s tretched 1 t c  5mr l i t h i c  debris  
- a f t e r  290 f e e t  rock i s  banded with 252 2 t o  bar s i l t y  

a r g i l l i t e  bands 

307.00 - ;?I. 00 CONTACT ZONE 



FALCONBRIDGE LIMITED DIAROND DRILL LO6 

iROPEaTY : NORTHAIR OPTION HOLE No. : S-1-51 Page 2 

From To Descr ip t ion 
( f t l  ( i t )  

Sample From To Width 
Number ( i t )  ( i t )  ( f t )  

- t h i s  zone conta ins both laye rs  of  grey wacke and f i n e  
grained feldspar c r y s t a l  t u f f ,  sedimentary s i u m ~  feature? 

321.00 - 346.00 FELDSPAR CRYSTAL LAPILLI TUFF AND BRECCIA 
-coarse grained, grey, 20 t o  30% (1  t o  ?am feldspar 

c rys ta l s ,  some 13cm fragments 

36.00 - ;bk.OO FELDSPAR CRYSTAL TUFF 
-upper and 1 oaer contact sharp 
-green, 51 i l  t o  ?as feldspar c r y s t a l s  i n  a f i n e  grained 

tuffaceous r a t r i x  

364.00 - 396.00 FELDSPAR - ARPHIBOLE CRYSTAL BRECCIA 
-very coarse-grained, 202 ( 1  t o  5mm fe ldspar  c r v s t a i s  and 

(5% il t o  8mm amphibole c r y s t a l s  i n  a f i n e  grained matr ix, 
fragments ray be q u i t e  larqe,  30ca i n  t h i s  i n t e r v a l .  

396.00 - 420.00 FELDSPAR - ARPHIBOLE CRYSTAL LAPlLLI TUFF AND TUFF 
-coarse grained 10 t o  30% ( 1  t o  3mr p laq ioc lase c r y s t a l s  AFllbS 393.0 393.5 0.5 -whole rock 

and 21 1 t o  12mm black amphibole c r y s t a l s  i n  a f i n e  
grained matr ix 

-10X ( 1  t o  ?CB c r y s t a l  t u i f  fragment 

420.60 - 450.00 FELDSPAR CRYSTAL TUFF AND LAPILLI TUFF 
-upper contact sharp AFllb4 445.0 445.5 0.5 -whoie rock 
-grey, coarse grained 15X ( 1  t o  4nm plaqioc lase c r y s t a l s  

i n  a f i n e  grained matr ix  sose ( 1  t o  4 th  f raoaents 
v i s i b l e  

450.00 - 454.00 FAULT 
-core broken and sheared. 
-some carbonate ve in ing 

154.00 - 506.00 EPlDDTIiED FELDSPAR CRYSTAL TUFF 
-1 i q h t  grey-green reak lv  s i l i c i f i e d  and epidotized, 
poss ib l y  ie ldspar  l a p i l l i  tu f f  as some (1 t o  bc r  
fragments are s t i l l  v i s i b l e  despi te  a l t e r a t i o n  



FALCONBRIDGE LIHITEG GlAnOND GRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-2-91 Page 1 

Hole Location : Location unknown Cl ai r .No. : 

HTS : 925103 UTI! 
Aiiruth : Elevation : 
Dip : Length : 

Started : 
Corpleted : 

Purpose : 

Dip Test : 

From To Description 
i f t )  I f t )  

Logged By : S. Clerrer 
Drilling Lo. : 
Assayed Pv : 
Core Si te  : B9 

Sarple Fror To Yidth 
Nurber i f t )  ( f t )  I f t )  

0.00 - 5.00 CASING 

5.00 - 497.00 VDLCANIC WACKE 
-green f ine  to  coarse grained, weakly t o  roderately AF5114 185.0 185.5 0.5 -whole rock 
epidotized, 302 f e l d s ~ a r  in a f ine grained matrix kF5115 466.0 466.5 0.5 -whole rock 
5.00 - 42.00 -noderate epidotized 302 i 1  t o  2mr spots 

epidote, fine grained magnetite bearing 
wacke 

42.00 - 75.00 -grey medium to  coarse grained nacke, 
feldspar - quart: - biot i te  rock 

75.00 - 497.00 -fine t o  aediur grained wacke, epidote 
a1 tered 

477.00 - 524,OO FAULT Z O N E  
-core Sleached broken, core los t ,  shearing 

524.00 - 611.00 AUGITE TUFF 
-green rassive 151 ( 1  to ?am augite crystals in a f i ne  
grained matrix, moderate epidotization as 5 t o  301 
(1 to  4mr spots; lower contact sharp 

6ll.bO - i01.00 VOLCANIC WkiKE 
-green aediur to fine grained wacke. 



FALCDNERlDGE LINITED DIANOND DRILL LO6 

PROPERTY : NDRTHAIR OPTION HOLE No. : 5-5-61 Page 1 

Hole Locat ion : 44620E 502b8N C l a l n  Mo. : 

I i iS : 9?J/O3 !lit! : 491622,5552271N 
Azimuth : ?90 E leva t ion  : 2725 fee t  (B31H) 
Dip : -40 Length : 505 fee t  (i53.9H) 

Star ted : 
Coepleted : 

Purpose : 

Dip Test : 

Logged By : S. Cleaner 
D r i l l i n g  Co. : 
Assaved Ey : 
Core Size : BQ 

Sanple From To Width 
Number i f t )  i f t )  i f t )  

0.00 - 2.00 CASING 

2.00 - 68.50 GREEN EDlUH GRAINED VOLCANIC WACKE 
-composed of 40% feldspar c rys ta l s ,  40Z volcanic  n a t e r i a l  AD3836 20.0 20.5 0.5 -whole rock 

and r a t r i x  and poss ib ly  5 t o  10Z quart:; g ra in  s i z e  i s  AD3637 61.0 61.5 0.5 -wholerock 
approx inate ly  0 . 5 ~ ~  

-rock i s  weakly t o  l o c a l l y  s t rong ly  epidot ized 
27.00 - 28.00 -minor shear (1% p y r i t e  rock darker 
30.50 - 32.00 - f a u l t  core broken, gouge 20' t o  core 
45.50 - 4b.50 -rock p y r i t i c  12, dark grey w i t h  10% 

white 0,5mn feldspar c r y s t a l s  i t u f f  
layer?)  

50.50 - 51.50 - f a u l t  core broken,gouue 
53.00 -shear 1Ocn 50' t o  core 
b3.50 - bb.00 -ch lor i t i :ed,  1% p y r i t e  
59.00 - b1.00 -magnetite bearing 51 disseminated 

66.50 - 73.50 TUFF OR WACKE 
-wacke above almost appears t o  grade i n t o  the  t u f f  
-20: ( 1  t o  2 n  p lag ioc lase c r y s t a l s  i n  green matr ix 
-one Icr fragment present 

-.. 
~3.59 - 93.00 NAFIC TUFF 

- t u f f  above appears t o  grade i n t o  a dark green t u f f  t h a t  
conta ins 0 t o  52 feldspar c rys ta l s ,  51 Inn dark green 
c l o t s  i n  a green r a t r i x  

93.00 - 95.00 FAULT 
-rock sheared bleached, core broken, some Pouqe 

RD3636 70.0 70.5 0.5 -whole rock 

95.00 - 135.00 GREY WACKE 
- l i g h t  grey-green granular quartz - fe ldspar  i n  a AD3639 101.0 101.5 5.5 -whole rock 

c h l a r i t i c  matr ix, g ra in  s i z e  a t  ton  of  i n t e r v a l  i s  0 . 5 ~ ~  
and happens t o  grade coarser toward bottom o f  i n t e r v a l  



FLLCDWBRIDGE LlHITED DIAHOND DRILL LO6 

PROPERTY : IiORTHIIR OPTION HOLE No. : S-2-81 Page 2 

From To Descr ip t ion 
( f t )  ( i t )  

( 1 . 0 ~ ~  
130.00 - 133.00 -core bleached tan co lour  above f a u l t  
133.00 -10cn f a u l t  gouge b lack 
133.00 135.00 -? fee t  l i g h t  brown a a f i c  dyke 

135.00 - 151.00 DARK TO LIGHT GREY ARGILLACEOUS GREY MKKE 
-mediur grained fe ldspar  - quart; i n  a dark grey matr ix  

w i t h  sore minor banding 
150.00 -25cm f a u l t .  core g r a p h i t i c  and sheared 

80' t o  core 

151.00 - 159.50 GREY HLCKE 
-feldspar - quartz i n  a f i n e  grained grey matr ix  

159.50 - 163.50 FELDSPAR CRYSTAL TUFF 
-101 (1 t o  3 r r  fe ldspar  c r v s t a l s  in a f i n e  grained 

fe ldspar  - quartz r a t r i x ,  a l so  other ilrm debr i s  i n  
matr ix  

-contact top 35', bottom 25' 
-contact sharp 

A ' .  

I C I J . ~ ~  - 186.00 GREY WRCKE 
- f i n e  t o  r e d i u r  grained fe ldspar  - quartz i n  grev t o  grey 
green r a t r i x  
181.00 - 186.00 -bleached tan  above f a u l t  zone 

i96.00 - 187.50 FAULT iDNE 
-g raph i t i c ,  minor gouge 75' t o  core 

l8 i .53  - 2Z6.00 GREY WACKE 
-sane as 163.50 - 186.00 

187.50 - 194.00 -tan bleaching 
203.00 - 205.00 -core broken, 3c4 p y r i t e  - c a l c i t e  ve in  
205.00 - 206.00 -tan bleached 
211.00 - 213.00 - s i l i c i f i e d  sheared bleached 

326.00 - 254.00 CRGILLLCEOUS GREY WACEE 
-coarse t o  medium grained grey wacke i n t e r c a l a t e d  302 

a r g i l l i t e  ( !l t o  5 r r  l ave rs  
-top toward t op  of  the  ho le  
-grades i n t o  u n i t  below 

254.00 - 291 -00 AREKITE 
- ~ e a k l v  banded l i g h t  grey green aediun gralned, 1% 
carbonate grains, ie ldspar  - quartz i n  grey-green matr ix  
26j.00 - 171.00 -tan bleaching 

Sarple From To Midth 
Number ( f t l  ( f t )  ( f t )  

291.00 - 236.00 ARGILLITE 
-dark-grey-black banded a r g i  l l i t e  



FALCONBRIDGE LINITED DIAHOND DRILL LD6 

PRDPERTY : NORTHAIR OPTION HOLE No. : 5-3-01 Page 3 

From i o  3escript ion 
( f t )  ( f t )  

Sarple From To Width 
Hurbw l i t )  ( I t )  ( i t )  

?96.00 - 3 9 . 0 0  GREY YACKE 
-grey t o  l i g h t  green-grey medium grained local  1 y coarse AD3640 jOb.0 306.5 0.5 -whole rock 
grained feldspar  - quartz i n  a l i g h t  green r a t r i x ,  reakly 
banded with 1 t o  4 r r  s l i g h t l v  a rg i l l aceous  l ayers  
522.00 - 332.00 - fau l t  zone, rock sheared and a rg i l l i ceous  

359.00 - 399.00 ARGILLITE A N D  GREY WRCKE 
-intercalated 1 50 1 50 ) black loca l lv  graphi t ic  a rg i ! l i t e  AD3341 3 4 . 0  3 4 . 5  0.5 -geoches 

and dark grey weakly a rg i l l aceous  grey wacke 
-graded bedding t ~ v s  t o  top of hole  
j90.00 - 319.00 -grey wacke 
3i0.00 - 372.00 - fau l t ,  quartz vein lOcm 

399.00 - 303.00 FAULT 
-graph i t i c ,  sheared, gouge 

403.00 - 405.50 LAPILLI TUFF 
-(I t o  4cr l i g h t  green angular f ragren t  of c rys ta l  tuff  

in  a rg i l l aceous  matrix 

405.50 - 41 1.00 TUFFACEDUS WACKE 
-grey red iu r  grey feldspar  - quartz rock, with 51, 

( .5  by 3rm l i t h i c  f ragren t s  or g lass?  in  a grey-green 
s a t r l x  - lower contact 40' 

411.00 - 462.00 FELDSPAR CRYSTLL LAPILLI TUFF 
-grey-green rock, matrix supported 1 t o  5cr  s t retched 

f ragren t  in  a darker grey-green matrix 
-feldspar ( 1  t o  3rm often a l t e red  green 
411.00 - 424.00 -rock sheared 

4b2.00 - 367.00 RAFIC DYKE 
-contact 45' t o  core 

467.00 - 505.00 FELDSPAR CRYSTAL LAPILLI TUFi AND BRECCIA 
-similar t o  above except fragments up t o  approxisately AD3042 493.0 493.5 0.5 -whole rock 

IOca? and f ragren t s  now have 1 t o  4 r r  white feldspar 
c r y s t a l s  ( 10 t o  201 ) 



FALCONBRIDGE LIHITEI) DIAHOND DRILL LD6 

PROPERTY : NDRTHAIR OPTION HOLE Ho. : 5-4-81 Page I 

Hole Location : 44752E 49940N Clair No. : 

NTS : 92Jl03 UTN : 491661E,555?173N 
Azimuth : 280 Elevation : 2685 feet 1818H) 
Dio : -45 Length : 507 feet 1154.5H) 

Started : 
Corpleted : 

Purpose : 

Gip Test : 

iron To Description 
( i t )  ( f t )  

Logged By : S. Cleraer 
Drilling Co. : 
kssayed Bv : 
Core Size : BQ 

Sarple iron To Width 
Nurber ( f t )  (ft) Ift) 

0.00 - 14.00 DVERBURDEH OR CASING 

14.00 - 175.00 WACkE I HAGNETITE BEARING ) 

-fine to  rediur grained locally coarse grained banded, AD3843 74.0 74.5 0.5 -whole rock 
locally graded bedded, green, feldspar - quartz in a 
t h lo r i t i c  matrix; ( locally 5 t o  10% magnetite beds (lcn; 
top t~ top of hole 
36.50 - 37.00 -fault zone 4cr gouge 
129.00 - l22.OD -fault core broken 
134.00 - 12b.00 -core broken 
137.00 - 147.00 -possible crystal tuff or coarse-grained 

racke 20% !1 to  2rr feldspar crystals 

175.00 - 185.00 BAFIC DYKE 
-lower contact fault  gouge 

185.00 - 345.00 UACKE I RAGNETITE BEARING ) 

-same as 14.00 175.00 
-below 225 unit i s  weakly epidotized 

AD3044 217.0 317.5 0.5 -whole rock 

345.00 - 384.00 FELDSPRR CRYSTAL TUFF OR TUFF 
-grey rock with 0 to 20%, i l  t o  2rr  feldspar crystals in AD3845 266.0 2bb.5 0.5 -whole rock 
a grev ratrix 

-occasional 1 to  3cr fragrent visible 
-8atrix fine qrained feldspar and aatrix aaterial  
-11 disseminated pyrite 
-upper contact sharp 907. t o  core 
-lower contact partly sheared but looks l i ke  underlying 
wacke has been disrupted 

284.00 - 480.00 WACkE 
-light green t o  grey, mediur grained, weakly banded, 
quartz - feldspar grains in a l ight green ra t r ix  
440.00 - 441.00 -tan bleached 2cr gouge 

AD5046 436.0 426.5 0.5 -whole rock 



FALCONBRIDGE LIHITED DIAIOND DRILL LO6 

PROPERTY : WORTHAIR OPTION HOLE No. : S-4-81 Page 2 

From To Desc r ip t i on  
( f t )  ( f t )  

480.00 - 492.00 FAULT ZONE 
-arg i l laceous,  l o c a l l y  g r a p h i t i c ,  gouge and b recc ia  zone, 
one f rag ren t  c r y s t a l  t u f f  noted 

-zone sheared 80' t o  core 

492.04 - 507.00 WACKE AND RRGILLITE 
-grey r e d i u r  grained fe ldspar  - quartz rock w i t h  grey 

r a t r i x  
-!ast 5 fee t  o f  ho le (1 t o  2cr i n t e r c a l a t e d  a r g i l l i t e  and 
nacke 

-hole ends I n  a f a u l t  zone. 

Sample Froa To Width 
Nurber I f t )  ( f t )  ( f t )  



FALCONBRIDGE LIHITED DI AHOND DRILL LO6 

PRDPERTY : NORTHAIR OPTION HOLE No. : 5-5-01 Page 1 

Hole Location : 43494E 50316N Clair Mo. : 

NTS : 925103 UTH : 49127BE.5552285N 
k i r u t h  : 225 Elevation : 2505 feet (764tI) 
Dip : -40 Length : 551 feet (lb7.9R) 

Started : 
Corpleted : 

Purpose : 

Dip Test : 

Fror To Description 
( f t l  I f t l  

Logged By : S. Clerrer 
Drilling Co. : 
Assayed By : 
Core Size : 88 

Sarple Fror To Width 
Murber i f t l  ( f t )  ( f t l  

0.00 - 4.00 OVERBURDEN 

4.00 - 291.00 FELDSPAR CRYSTRL LAPILL1 TUFF AND BRECCIA 
-large thickness of pyroclastic rocks AD3847 31.0 31.5 0.5 -whole rock 
4.00 - 45.00 -mostly l ight grey crystal breccia ray AD3848 141.0 141.5 0.5 -*hole rock 

include massive sections, c las t  AD3849 237.0 237.5 0.5 -whole rock 
supported, fragrent 802 coarse crystal 
tuff 

45.00 - 174.00 -matrix supported crystal breccia 
-rare variety in crystal tuff  fragaent 
from fine grained to  coarse crystal tuff 

-matrix 60% hyaloclastic locking l ight 
green 

-fragment (1 to  20cr. stretched and 
angular 

-sore l r  beds crystal l ap i l l i  tuff 
-sore fragrent look l ike  hyaloclastic 

tuff 
-113 fragrent crystal tuf f ,  nther 213 are 

s ra l ler  and dark green and fine grained 
and sore are hyaloclastic looking 

174.00 - 291.50 -feldspar crystal l ap i l l i  tuff  
-varies fro8 crystal rich ( 15% l layers 
to  crystal poor layers 

-crystal poor layers have 1 t o  2cr dark 
gresn fragments and occur in 1 to  21 
layers 

-crystal rich layer ray contain large 
lOcn fragments 

291.50 - 342.00 FELOZPAR CRYSTBL LAPILLI TUFF RND SRECCIA 
-s ia i lar  to  previous unlt except ratrix i s  dart grey and RD3850 333.0 333.5 0.5 -rhole rock 
argi 11 aceous 

-10 to  15% 1 t o  5r r  feldspar crystals set  in an 



FALCONBRIDGE LIHITED DIAHOND DRILL LO6 

FRDPERTY : NORTHAIR OPTION HOLE No. : S-5-81 Page 2 

From To Descr ip t ion 
( i t )  ( f t )  

Sample  fro^ To Width 
Number ( f t )  ( f t )  i f t )  

a rg i l l aceous  matr ix, 202, 1 t o  lOcm fragments o f  c r y s t a l  
t u f f  and f i n e  grained green t u f f  

-un i t  becomes more a rg i l l aceous  down ho le  

342.00 - 3 5 0 . ~  naFIc DYKE 
-contact sharp 45' 

350.00 - 363.00 ARGILLACEOUS FELDSPAR CRYSTAL LAPILLI TUFF 
-same as above 
- l a s t  8 fee t  o f  u n i t  verv a rg i l l aceous  a i t h  1 t o  Scr 
a r g i l l i t e  beds, f i n e l y  banded. 

7 .  ab~.O0 - 585.50 ARGILLITE AND SILTSTONE I AND CRYSTAL TUFF 
- in te rca la ted  black a r g i l l i t e ,  s i l t y  l a y e r s  and s t i l l  sore AD3901 Z81.0 303.0 2.0 -qeochem 
l o c a l  fe ldspar  c r y s t a l s  
365.00 - 3b7.00 - l i g h t  f e l s i c  dyke or  s i l i c i f i e d  
376.00 - 377.00 - f a u l t  gouge black 

305.50 - 551.00 UACKE 
- l i g h t  grey-green medium grained fe ldspar  - quartz rock AD3902 385.0 409.0 24.0 -geochem 
w i t h  grey-green matr ix AD3903 510.0 510.5 0.5 -whole rock 
305.50 - 407.00 -core s i l i c i f i e d ,  Nor thai r  s p l i t  i t  
424.00 - 431.00 - rusty  l o c a l l y  sheared. 
527.00 - 528.00 - r a f i c  dyke 



FALCDNBRIDGE LIHlTED DIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : S-6-31 

Hole Locat ion : 43473E 50279N C l a i r  No. : 

MTS : 923103 U T ~  : 4?1272E,5552274N 
Azimuth : 103 Elevat ion : 2515 fee t  (767H) 
Dip : -45 Length : 655 fee t  (199.6H) 

Star ted : 
Comoleted : 

Purpose : 

Dip Test : 

From To Desc r ip t i on  
I f t )  i f t i  

Logged By : S. i l e r n e r  
D r i l l i n g  Co. : 
Assayed B v  : 
Core Size : BQ 

Sarple From To Yidth 
Number I f t )  ( f t )  I f t )  

0.00 - 9.00 DVERBURDEN 

9.00 - 65.00 FELDSPAR CRYSTAL LAPlLLI TUFF AND BRECCIA 
- in te rca la ted  grey fe ldspar  c r y s t a l  b recc ia  and dark green A03904 23.0 23.5 0.5 -whole rock 

l a p i l l i  t u f f  
-breccia corposed of  1 t o  20cm fragments w i t h  20 t o  301 
white, 1 t o  5rm p laq ioc lase  c r y s t a l s  i n  grey r a t r i x  

- 1 a p i l l i  t u f f  has fewer p lag ioc lase c r y s t a l s  o f t e n  (5%, 
and has 201 (1  t o  Scm st retched f raq ren t  i n  a green 
r a t r i x ,  fragment 113 c r y s t a l  t u f f  and 2 / 5  dark green 
t u f  faceous fragsents 
45.00 - 50.00 -green t u f f  l aye rs  sheared, 50% (1  t o  2mr 

fe ldspar ,  102 dark s t retched f rag ren t  
0.5 by 2mr i n  a c h l o r i t i c  r a t r i x  

65.00 - 74.00 SHEARED LAPILLl TUFF 
-dark grey sheared, 35% dark ,5 t o  Zca f rag ren ts  i n  a 
c h l o r i t i c  r a t r i x  

-rock may be sheared fe ldspar  l a p i l l i  t u f f  
-appears t o  grade i n t o  u n i t  below 

i4.30 - 60.00 FELSIC DYKE 
-4edium grained grey-green fe ldspar  - quartz - matr ix  

( 40 - 10 - 50 ) 

-sheared l a s t  ? fee t  

80.00 - 81.60 FAULT 
-sheared, gouge, 70' t o  core, conta ins sheared c r y s t a l  
t u i f  r a t e r i a l  

81.00 - 90,00 FEiSIC DYKE 
-calcaceous grey-green fe ldspar  - matr ix  r e d i u r  grained, 

matr ix  c a l c i t e  and l i g h t  green 
-<5% 1mm c a l c i t e  rounded areas 



FALCONBRIDGE LIHITED DIRHDND DRILL LO6 

PROPERTY : NORTHAIR GPTiOH HOLE No. : S-0-61 Page 2 

From To Description 
i f t i  i i t i  

70.00 - 107.50 ARGILLRCEOUS FELDSPRR CRYSTAL LAPILLI TUFF 
-dark grey sheared r a t r i x  supported, 402 fragments r o s t l v  

l i g h t  green-grey tuffaceous fragments i l  t o  4cr ,  angular, 
a l s o  202 c rys ta l  tu f f  fragments a l l  i n  a r g i l l i t e  r a t r i x  
tha t  has 102 1 t o  5mr plagioclase c r y s t a l s  1 45' t o  core 
71.30 -2Ocr black f a u l t  gouge 

107.00 - 114.50 flASSIVE FELDSPRR CRYSTJL TUFF 
- l igh t  grey, 151 I t o  518, euhedral loca l ly  broken, zoned 

p!agioclase c r y s t a l s  in a l i g h t  oreen tuffaceous matrix 
-appears t o  qrade i n t o  uni t  below 

114.50 - 133.00 PFGILLITE A N D  ARGILLRCECUS CRYSTRL TUFF 
-black, silty a r q i l l i t e ,  interbedded r i t h  30% argi l laceous 
c rys ta l  tuff  130.00 - 132.00 shear zone minor gouge 

133.00 - 177.00 kRGILLRCEOUS CRYSTRL ?OFF AND LAPILLI TUFF 
-dark grey, matrix supported (1 t o  Ice ,  c rys ta l  tu f f  

fragment in  a black argi l laceous matrix 
- s o w  bca fragments c rys ta l  tuff  around 150.00 

156.00 - 159.00 - a r g i l l i t e  laver 
159.00 - 151.00 -core broken sheared 
!62 .00  - 165.50 - fau l t  zone 40' t o  core 

-uni t  appears t o  grade i n t o  a r g i l l i t e  below 

! i i . $ O  - 3 0 . 5 6  fiRS!LliTE BHD TUFikiE03S ARGILLITE 
-s~!!v  t o  massive weakly cleaved a r g i l l i t e ,  cleav 30' t o  

C O l E  

-:OX a r g ~ l l l t e  

20C. 50 - j??. 00 TUFFREEDUS ARGILLITE AND ARGILLITE 
-zone consis ted of in te rca la ted  beds of coarse tuffaceous 

a r g i l l i t e  ( 1 t o  3 w  fragments s i z e  1 t h a t  grade i n t o  
rass i  ve argi  11 i t e  

- t 0 ~ 5  t o  top of hole 
-tuffaceous l ayers  contain 10 t o  301 f i n e  (lrr t o  coarse 

1 t o  4mr plagioclase c r y s t a l s  and l i t h i c  debris  
220.00 - 232.00 -core sheared g raph i t i c  a r g i l l i t e  
250.00 - 253.00 -gouge, g raph i t i c  
265.00 -10cr gouge 
236.00 - 501.00 - l o s t  core and gouge 
335.00 -1Ocr gouge 
358.00 - 561.00 - f e l s i c  dyke ? 

372.00 - 589.00 tlAFIC DYKE 

Sarple  Fror To Width 
Nurber i f t )  ( i t )  i f t )  

AD3905 123.0 125.0 2.0 -geochem 

AD3906 171.0 171.5 0.5 -whole rock 

3 9 .  DO - 404.00 ARGILLACEOUS FELDSPAR CRYSTAL LRPILLI TUFi 
-402 ( 1  t o  5c r ,  c rys ta l  tuff  and dirk green tuffaceous 

fragment in  a rg i l l aceus  matrix r i t h  151 (1 t o  Zmm, 



FALCONBRIDGE LIHITED DIAHDND DRILL LO6 

PROPERTY : HDRTiiA!R OPTION HOLE No. : S-6-01 Page 3 

i r o n  To Descr ip t ion 
l i t!  ( f t l  

Sample F ro r  To Yidth 
Hurber l f t )  ( f t )  l i t )  

p lag ioc lase  c r y s t a l s  
-lower contact fau l ted  

454.00 - 437.00 FELDSPdR CRYSTAL BRECCIA AND LAPILLI TUFF 
- l i g h t  grey - green c r y s t a l  brecc ia and t u f f  
-sheared toward b o t t o r  o f  i n t e r v a l  
-420 t o  423 l i g h t  green d r e n i t e  bed 

4;7.00 - 451.00 FAULT 
-core bleached sheared and s i l i c i f i e d  lOcm gouge 

419.CO - b55.00 VOLCRNIC HACKE 
- l i g h t  grey t o  grey - green f i n e  t o  coarse grained, AD3912 523.0 523.5 0.5 -whole rock 

feldspar - quartz - matr ix  I 40 - 20 - 40 1 r a t r i x  l i g h t  
green t o  yel low green ~f weakly epidot ized 

-graded bedding on the scale o f  50 t o  20kr shows tops 
t o  top of  ho le  

-coarse - grained laye rs  conta in up t o  251 1 t o  2 r r  fe ldspar  
g ra ins  and more matr ix  
446.00 - t o  25cr gouge zone 



FALCONERlDEE LIHITED DIAROND DRILL LO6 

FROPERTY : NORTHAIR OPTIOH HOLE No. : S-1-06 

Hole Locat ion : 47000E 43080N C l a i r  No. : 

NTS : ?23/03 UTH : 492343E,5550076N 
Aziauth : 334 E leva t ion  : 
Dip : -45 Length : 547 f e e t  (166.7R) 

S ta r ted  : 
Completed : 

Purpose : 

Dip Test : 

From To Descr ip t ion 
i f t )  ( i t )  

0 .00 -  15.00 CASING 

15.00 - 195.00 CHLORITIC FELDSPAR CRYSTAL TUFF 
-dark green, s e l l  f o l i a t e d  l o c a l l y  sheared, coarse grained, 

20X, ( 1  t o  2mm plagioc lase c r y s t a l s  i n  a f i n e  grained 
c h l o r i t i c  r a t r i x ,  5% 1 t o  l o r n  quartz veins i r r e q u l a r i l y  
d i s t r i b u t e d  i n  i n t e r v a l  
44.00 - 46.00 -core sheared, 10 cm quartz ve in  
50.00 - 59.00 -core sheared, 1 t o  5cr, quartz ve in ing 
59.00 - 64.00 -! t o  3cm quartz veining, dark green 

c h l o r i t e  a! terat ion 
86.00 - 87.00 -shear 0cm gouge 
67.00 - 39.00 - f o l i a t i o n  i s  25'  t o  core i e .  shearing 

a t  t h a t  angle 
90.00 - 104.00 -shear zone or f a u l t ,  core broken, 1.5' 

p ink c a l c i t e  vein, cu s t r a i n  j u s t  below 
ve in  a t  102 

107.00 - 109.00 -core broken 25cr b u l l  quartz ve in  
117.30 - 119.00 -shear 10:r gouge 20cm quartz ve in  
119,OO - 144.06 -core i s  grey l e s s  c h l o r i t i c ,  looks 

l i k e  or grey sheared coarse grained 
ie ldspar  l a p i l l i  t u f f  or brecc ia 

144.03 - 195.00 -very ch!or i t ic ,poss ib ly  pyroxene or 
aephibole Searing hybrrd zone of a l t e r e d  
t u f f ,  zone i s  epidotized, 1DX il t o  lOnr 
f s l i a t i o n  Soond quartz ve in ing 

-at !7:,$3, 5' !oaks d i o r i t i c  
- ! o w  ccntac! a t  175 sharp and i e s t  12' 
o f  rock very s t rong ly  epidotized, speck 
:?y 5e.n i t  !?:' 

Logged Bv : S. Clermer 
D r i l l i n g  Co. : 
Assayed By : 
CoreS ize  : B Q  

Page I 

Sample Fro# To Width 
Nurber i f t )  i f  i f t )  

195.00 - 223.00 HYBEED DIDEITIC RDZ 
- l i g h t  grey - green, Fol ia ted,  quartz - feldspar - c h l o r i t e  

rock 502 1 t o  36s i e l d ~ p a r ,  302 1 t o  inn quart: and 



FAi?OtiSRID5i LlPl!TED D!dRGND DRILL LO6 

PROPERTY : HURTHAIZ C?T!DH HOLE No. : S-1-Bb Page 2 

Fror i o  De5cript:on 
[ f t )  i i t )  

Sarple Fror To Width 
Number ( i t )  ( f t )  ( i t )  

cbior i t i r  x t r i r  ~ i t h  a shearri p!ntonic texture 

22:.30 - 2:;.03 HYBRED T:F: FDir 
-green, /31li?e?,  upper csntsct rhirp, epidotized feldspar 

r r , . c + -  .& ,-.dl ? 5 ! ;  

-7 - 
iJ3.31:' - 273.01:' FAULT iC!iE 

-2:E.g: - t55,FD -5 i l ic i i ied  zone and quartz vein 
X i , ? 0  - 2b?.D3 -iron - carbonate - s i l i c i f i ed  shear zone, 

reek reathers l ight brown, fractured 
:52.33 - 2Y.01:' -5ruken core and gouge 40% of ~n te rva l  i s  

pcuqe 
--r ,!~.50 - -iron - carbonate altered coarse grained 

{eldspar crystal tuf f ,  lower contact 
graduational over 20cm 

:7?.00 - Z??. G O  FELESFAR CRYETAL BRECCIA 
-grey, aassive rock, possibly c las t  supported, 1 to  Bcr, 

fiagcents cf coarse grained 251 1 t o  458 plaqioclase 
crvstals in a fine grained grey matrix 
2P4.06 - ?B5.60 -banded t u f f  layer f ine grained 10% 

< I  t o  lam plagioclase in a wacke ra t r ix  
graded bedding tops to  bottor of hole 

-lorrr contact sharp 

:52.,X - ;!6.00 FELDSPAR CRYSTAL LkP!LLI TUFF AND BRECCIA 
792.00 - 301.50 -1apilli tuff 502, grey - green, RF5114 297.0 297,s  0.5 -whole rock 

5 to  2518, stretched, fine grained 
to coarse grained feldspar crvstal tuff  
with 0 t o  152 1 t o  356 plaqioclase 
crystals; fragrents in a dart grey - 
green matrix with 201 1 to  4rr  plaqioclase 
crystals in fine grained l i t h i c  and 
argillaceous debris 

301.00 - 316.00 -s i r i la r  to  292.00 - 301.00 except now 232 
5 to  lOcr coarse grained feldspar crystal 
f rageents 

3lb.30 - 334.00 FAULT lONE 
-zone has 302 bull quartz veins in ;, 1 to  1.5 foot veins, a 
2' gouge 23ne start ing a t  318 and the res t  i s  sheared 
crystal tuff 

:51.00 - jjO.00 FELDSPAR CRYSTBL LAPILL! TUFF AHD BRECCIA 
-grey, ?!3 fragrents l ight grey - green 5 to  25mr fine t o  
sediur grained 0 to  15% plagioclase, 1 to  3r r  crystals 
stretched, others 1/3 fragments are 5 t o  lOcr coarse 
grained with ?OX 1 to  408 plagioclase crystals,  40 t o  501 
fragments set  in a fine grained grey - black ra t r ix  with 



FALCONBRIDGE LIHITED DIAnOHD DRILL LO6 

PROPERTY : !4ORT!!AIR OPTION HOLE No. : S-1-06 Page 3 

From 70 Description 
i f t i  i i t )  

Sanole Fron To Width 
Hurber ! f t )  ( f t )  ( f t )  

5 t o  101, 1 t o  201 plagioclase c r v s t a l s  
35i.00 - j58.00 -core weakly sheared, broken s o l e  gouqe 

:60.00 - 363.00 FELDSPRR CRYSTRL TUFF OR WACKE 
-f ine qrained dark grey, a rg i l l aceous ,  52 (1 t o  Inn 

plagioclase c r y s t a l s  in  a f i n e  gralned u r i t t v  a r g ~ l l a c e o u s  
r a t r i x  

-top and botton contact sharp 

- 8 . 9  ~t.h.00 - Z73.00 FELDSPAR CRYSTAL LAPlLLI TVFF A N D  BRECCIA 
-same as  X4.00 - 200.00 

Z73.00 - 403.00 FELDSPAR CRYSBLL LAPILLI TUFF 
-1iqh grey - green, rock, 10 t o  ?OX, (1 t o  5ca occasional ly 

lOcm, fragments of coarse gralned feldspar  c r y s t a l  t u f f  i s  
f i n e  qrined grey - green natr ix;  5% (1 t o  inn,  p laq ioc lase  
c r y s t a l s  i n  na t r ix  

403.00 - 406.00 ilAFIC DYKE 

406.00 - 407.00 FAULT 
-20cm gouge 

407.00 - 4?S.OU FELDSPAR CRYSTRL TUFF 
-massive, coarse grained 301 1 t o  5nn plagioclse c r y s t a l s  i n  

a f i n e  grained grey matrix, 5% 1 t o  3cm f i n e  grained 
f ragren t s  with (5% (1 t o  Inn plagioc!ase c r v s t a l s  i n  them 

-lower contact  i s  sharp, upper contact sheared 

472.50 - 459.00 FELDEPAR CRYSTAL BRECCIA 
- s t a r t  of un i t  contact  sharp, f i r s t  2 '  a rg i l l aceous  
-10 t o  4OX, if t o  10cn, fragments of coarse grained feldspar  
c r y s t a l  tu f f  in  a f i n e  grained matrix 

-fragnents get  l a rger  as  you go down hole, l a s t  3.5' of 
in te rva l  looks l i k e  massive coarse grained c r y s t a l  t u f f ;  
lcwer contact  sharp 

-one 1Ocm fragment looks l i k e  i t  has c h i l l e d  nargins 

459.90 - 477.09 FELDSPAR CRYSTAL LAPILLI TWF 
- f i r s t  half i n  in te rva l  i s  401, 2i3,  ; t o  IOnn f i n e  qrained AF5115 466.0 4bb.5 0.5 -whole rock 

grey-green fragments and 113, 1 t o  3cn nediun t o  coarse 
grained ieldspar  c rys ta l  tuff  f ragnents  i n  a f i n e  grained 
a rg i l l aceous  r a t r i x  with 10% i l  t o  2nr plaqioclase c r y s t a l s  

-one 3xlOrn p y r i t i c  a r g i i l i t e  fragnent seen 
-at 551 - 552.50 i s  a dark grev nediun grained wacke l ayers ,  

5% 1 t o  2mn plagioclase c r y s t a l s  and 201, 1 t o  7nn l i t h i c  
debr i s  

-af ter  460 in te rva l  i s  no longer argi l laceous;  fragments 
a r e  now 40 - 602, 2/:, ( 1  t o  8c r  coarse grained feldspar  



FRLCONBRIDGE LIFlTED DIAHOND DRILL LO6 

PROPERTY : NORTHBIR OPTION HOLE No. : 5-1-E6 Page 4 

iron To Description 
( i t ;  i f t )  

crystal tuff and 113, 5 to 1011, fine grained feldspar 
crystal tuff in a fine grained grey ratrix 

li?. $0 - 487.00 UiiCKE DR TUFF 
-iine - tedium grained, grey - green, 40% ( l r r  feldspar in 

a fine grained light green ratrix 
-in interval there are 7, ? to 5cr coarse grained feldspar 
crystal tuff fragrents 

497.00 - 547.00 FELDSPAR CRYSTAL LRPlLLl TUFF 
-dark green, 20 to 401, 21'3, i l  to 5cr coarse grained 
feldspar crystal tuff fragrents, 113 1 to 2011 dark 
green fine grained tuff fragrents chloritic ratrix with 
101, i l  to faa plagioclase crystals 

-one lOcm dark green fine grained tuff fragrents present 

Sarple From To Width 
Nurber Ift) ( f t )  ( f t )  



FALCDNMIGGE LItilTED GIAHOND DRILL LO6 

PROPERTY : NORTHAIR OPTION HOLE No. : 5-2-80 Paae 1 

Hole Location : 48889.44E 51459.P4N Claim No. : 

NTS : 9 i J i 0 3  UTH : 492919E.5552630N 
A:inuth : 48 34' Elevation : 3434.3 f e e t  (1058.9bH) 
Dio : -3 06' Length : 1139 f e e t  (547.1ti) 

Star ted : 
Conpleted : 

Puroose : 

Dio Test : 

From To Description 
i f t )  l f t )  

Logged Bv : 5. Clearer 
Dr i l l ing  Lo. : 
Assaved By : 
Core Size : bQ 

Saaple Fror To iiidth 
Nurber ( i t )  ( i t )  { f t l  

0 . 0 0 -  19.00 CASING 

19.00 - 135.50 FELDSPAR CRYSThL LAPILLI TUFF 
- d a r k g r e y ( d a r k e r t h a n u s u a l ) , 4 0 X a e d i u r g r a i n e d , i 1 t o  AFlOPl 33.0 33.5 0.5 -wholerock 
bcr ,  fe ldspar  c r y s t a l  tu f f  f ragren t s  i n  a f i n e  grained AF1092 91.0 91.5 0.5 -whole rock 
dark c rvs ta l  tuff  r a t r i x  
20.00 - 25.00 - ra f i c  dyke 
25.00 - 26.00 -core broken 
75.00 - 76.00 -dark grey ieldsoar  c rvs ta l  l a p i l l i  t u f i  

wlth 40% i l  t o  4cm, r o s t l y  mediur orained 
c rys ta l  tuff  f ragren t  some f ine  grained 
c rys ta l  tuff  f r a g ~ e n t s  a l l  In f i n e  t o  
~ e d i u r  grained a a t r i x  
72.00 - lOcr oouge 

ib.09 - i i . 5 0  -vein, weak breccia ,  pink carbonate 51 
pyr i t e ,  12 galena 

i7.50 - llb.OO -1an i l l i  t u f f ,  dark grey, 351 2 t o  20rr  
anqular f ragren t s ,  occasional 2 t o  5cr 
c rys ta l  tu f f  fragment, 11'2 fragments a r e  
l i g h t  grev and s i l i ceous .  114 dark grey, 
l i 4  feldspar  c rys ta l  t u f f .  one of which i s  
10cr: s i l i c e o u s  orev f ragren t s  a l l  i2cm 
and verv angular 

116.90 - 120.00-mafic dvke 
120.00 - i;3.50-feldspar c rys ta l  l i p i l l i  tuff  

-similar t o  7i .5  - 116 except more 
;eldspar c rvs ta l  tu f f  f rag len t s  and zone 
looks t ec ton ica l ly  sheared. 

1;3.6S -iScn quartz-carbonate vein 2% pyr i t e ,  
s p h a l e r i t e  

1;5.50 - ibO.OO VEIN Z B N E  
-dark grey feldspar c r v s t a l  t u f f ,  not sure i f  the re  a r e  MI093 136.0 160.0 24.0 -geocher 

fragments, 11 disse r ina ted  pvri te .  21 (1 t o  4 r r  quartz AF1094 t Y . 0  100.0 24.0 -whole rock 
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