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JJ-6 (main rock) A l t e r e d P o r p h y r i t i c Quartz D i o r i t e - D i o r i t e 

(Unit 3A) 
The rock i s very s i m i l a r i n t e x t u r e to sample JJ-12, but g e n e r a l l y 

i s f i n e r grained and l e s s i n t e n s e l y a l t e r e d . Phenocrysts i n c l u d e 
p l a g i o c l a s e , b i o t i t e , and hornblende, w i t h a few quartz g r a i n s which 
may be phenocrysts. These are set i n a groundmass dominated by anhedral 
p l a g i o c l a s e . P y r i t e i s moderately abundant; i t i s a l t e r e d to hematite 
i n t e x t u r e s s i m i l a r to those i n JJ-12. 

phenocrysts 
p l a g i o c l a s e 15-20% 
b i o t i t e 2- 3 
hornblende 2- 3 
quartz minor 

groundmass 
p l a g i o c l a s e 
quartz 3- 5 
p y r i t e 1^-2 
hematite 2- 3 
a p a t i t e h- 1 
T i - o x i d e 0.3-0.5 

P l a g i o c l a s e forms subhedral p r i s m a t i c phenocrysts averaging 0.7¬
1.5 mm i n s i z e . They are v a r i a b l y a l t e r e d , from moderate to complete, 
to aggregates of s e r i c i t e and patches of c a l c i t e . A few completely 
a l t e r e d g r a i n s have f i n e grained s e r i c i t e aggregates as i n JJ-12. 
Hematite i s not abundant except l o c a l l y , and some s e r i c i t e aggregates 
are s t a i n e d yellow by l i m o n i t e . 

Mafic phenocrysts are completely a l t e r e d , and can be d i s t i n g u i s h e d 
only on c r y s t a l o u t l i n e s and a few pseudomorphic t e x t u r e s i n b i o t i t e . 
B i o t i t e forms books up to 1.5 mm i n s i z e ; some are equant and others 
are t h i n . I t i s a l t e r e d i n two manners: a) to pseudomorphic muscovite 
w i t h very abundant hematite and l e s s e r T i - o x i d e , and b) to i r r e g u l a r 
patches of c a l c i t e , w i t h abundant hematite e s p e c i a l l y along g r a i n 
borders, and l o c a l l y s e r i c i t e patches. Some hematite contains corroded 
cores of p y r i t e , w i t h very abundant t i n y p y r i t e spots surrounded by 
secondary hematite. Hornblende has subhedral to anhedral o u t l i n e s , 
w i t h p r i s m a t i c c r o s s - s e c t i o n s and elongate prisms being d i s t i n c t i v e . 
A l t e r a t i o n i s to i r r e g u l a r patches of c a l c i t e w i t h abundant hematite 
e s p e c i a l l y along g r a i n borders. Phenocrysts without d i s t i n c t i v e o u t l i n e s 
could be e i t h e r b i o t i t e or hornblende. 

Quartz forms a few g r a i n s and patches of g r a i n s averaging 0.3-0.5 
mm i n s i z e . 

The groundmass i s dominated by anhedral intergrowths of f i n e 
grained p l a g i o c l a s e averaging 0.05-0.15 mm i n s i z e . P l a g i o c l a s e i s 
moderately a l t e r e d to very f i n e grained s e r i c i t e . Quartz forms s c a t t e r e d 
g r a i n s and patches of g r a i n s averaging 0.05-0.1 mm i n s i z e . P y r i t e 
forms g r a i n s up to 0.5 mm i n s i z e ; they are s l i g h t l y to s t r o n g l y 
a l t e r e d to hematite along t i g h t l y spaced f r a c t u r e s . Hematite a l s o 
frms i r r e g u l a r patches of extremely f i n e grained aggregates. A p a t i t e 
forms subhedral p r i s m a t i c g r a i n s up to 0.5 mm i n s i z e . L o c a l l y i t 
occurs i n very f i n e grained c l u s t e r s a s s o c i a t e d w i t h elongated 
hornblende phenocrysts; these a p a t i t e g r a i n s are subhedral to euhedral, 
averaging 0.05-0.1 mm i n s i z e . T i - o x i d e forms s c a t t e r e d g r a i n s averaging 
0.05-0.1 mm i n s i z e , w i t h a few up to 0.3 mm. 



JJ-6 (dike) P o r p h y r i t i c Dacite 
The rock contains p l a g i o c l a s e and b i o t i t e phenocrysts i n a 

very f i n e grained groundmass dominated by p l a g i o c l a s e w i t h l e s s e r 
s e r i c i t e and hematite. 

phenocrysts 
p l a g i o c l a s e 17-20% 
b i o t i t e 8-10 

groundmass 
p l a g i o c l a s e 45-50 
s e r i c i t e 12-15 
hematite 7- 8 
Ti - o x i d e 0.3 

P l a g i o c l a s e forms subhedral to euhedral p r i s m a t i c phenocrysts 
averaging 0.2-0.7 mm i n le n g t h , w i t h a few up to 1.5 mm long. They 
are moderately t o very s t r o n g l y a l t e r e d to very f i n e grained aggre
gates of s e r i c i t e . 

B i o t i t e forms books from 0.2-1 mm i n l e n g t h . They are completely 
a l t e r e d to pseudomorphs of muscovite w i t h s c a t t e r e d i r r e g u l a r patches 
of T i - o x i d e and hematite. 

The groundmass i s dominated by very f i n e g rained, anhedral 
p l a g i o c l a s e averaging 0.03-0.07 mm i n g r a i n s i z e , w i t h a few prisma
t i c g r a i n s up t o 0.15 mm long. S e r i c i t e forms disseminated f l a k e s 
and patches of f l a k e s averaging 0.05 mm i n length; i t may be an 
a l t e r a t i o n product of p l a g i o c l a s e , and p o s s i b l y of other groundmass 
minerals. 

Hematite forms extremely f i n e grained, very i r r e g u l a r patches 
intergrown w i t h the groundmass p l a g i o c l a s e and s e r i c i t e ; patches 
average 0.1-0.3 mm i n s i z e . 

T i - o x i d e forms s c a t t e r e d equant gr a i n s averaging 0.02-0.05 mm 
i n s i z e . 



JJ-12 A l t e r e d P l a g i o c l a s e - Q u a r t z - B i o t i t e P o r p h y r i t i c Quartz D i o r i t e 
(Unit 3A) 

The rock contains a l t e r e d p l a g i o c l a s e phenocrysts, quartz pheno
c r y s t s , and a l t e r e d b i o t i t e phenocrysts i n a groundmass dominated by 
f i n e to medium grained p l a g i o c l a s e . A few patches of very f i n e grained 
groundmass are present. 
phenocrysts 

p l a g i o c l a s e 20-25% (completely a l t e r e d to s e r i c i t e - h e m a t i t e ) 
quartz 5- 7 
b i o t i t e 5- 7 (completely a l t e r e d to m u s c o v i t e - p y r i t e -

groundmass ( c a l c i t e ) ) 
p l a g i o c l a s e 50-55 
quartz 3- 4 
c a l c i t e h~ 1 
a p a t i t e h- 1 
p y r i t e hr 1 
T i - o x i d e 0.3 
very f i n e grained rock 2- 3 

P l a g i o c l a s e forms euhedral phenocrysts from 1 to 2.5 mm i n 
s i z e , w i t h a few up to 4 mm across. They are completely a l t e r e d to 
f i n e grained r a d i a t i n g aggregates of s e r i c i t e f l a k e s mixed w i t h 
s c a t t e r e d to moderately abundant i r r e g u l a r patches of hematite. The 
only suggestion t h a t these are o r i g i n a l p l a g i o c l a s e g r a i n s i s t h e i r 
shape, and comparison w i t h f r e s h rocks i n nearby outcrops which c o n t a i n 
f e l d s p a r phenocrysts up to 8 mm i n s i z e . 

Quartz forms subhedral to subrounded phenocrysts up to 1.2 mm 
i n s i z e , and a few c l u s t e r s of i r r e g u l a r phenocrysts which may have 
o r i g i n a l l y been parts of one l a r g e r phenocrysts which subsequently 
was broken, with groundmass m a t e r i a l c r y s t a l l i z e d i n narrow f r a c t u r e s . 

B i o t i t e forms phenocrysts up to 1.5 mm i n s i z e . These co n t a i n 
moderately abundant i n c l u s i o n s of euhedral a p a t i t e averaging 0.05 mm 
i n s i z e . B i o t i t e i s completely a l t e r e d t o muscovite w i t h i r r e g u l a r 
patches up to 1 mm i n s i z e of p y r i t e and l o c a l l y abundant c a l c i t e 
i n medium grained patches. P y r i t e i s s t r o n g l y a l t e r e d to hematite 
i n an unusual t e x t u r e , w i t h very abundant cores of p y r i t e averaging 
0.02-0.03 mm i n s i z e surrounded by hematite. 

The groundmass i s dominated by anhedral, i r r e g u l a r p l a g i o c l a s e 
g r a i n s averaging 0.3-0.5 mm i n s i z e . These are s l i g h t l y to moderately 
a l t e r e d to f i n e to very f i n e grained s e r i c i t e f l a k e s . Quartz forms 
s c a t t e r e d grains averaging 0.1-0.2 mm i n s i z e . Very f i n e grained 
patches c o n s i s t mainly of these minerals i n anhedral aggregates 
averaging 0.02-0.03 mm i n g r a i n s i z e . 

C a l c i t e forms i r r e g u l a r patches up to 0.5 mm i n s i z e , commonly 
as s o c i a t e d w i t h b i o t i t e phenocrysts. 

A p a t i t e forms anhedral to subhedral g r a i n s from 0.1-0.15 mm i n 
s i z e as w e l l as the g r a i n s i n c l u d e d i n b i o t i t e . 

P y r i t e forms grains ranging up to 0.5 mm i n s i z e . A l t e r a t i o n 
i s very v a r i a b l e , from almost complete to minor, w i t h hematite 
being the a l t e r a t i o n product. 

T i - o x i d e forms s c a t t e r e d g r a i n s and c l u s t e r s of g r a i n s averaging 
0.05-0.1 mm i n s i z e . 



JJ-28 P o r p h y r i t i c D i o r i t e ( C a l c i t e - S e r i c i t e A l t e r a t i o n ) 
The rock contains p l a g i o c l a s e and sparse quartz phenocrysts i n 

a very f i n e grained groundmass dominated by p l a g i o c l a s e . A l t e r a t i o n 
of phenocrysts of p l a g i o c l a s e and groundmass i s to i r r e g u l a r patches 
of one or more of s e r i c i t e , c a l c i t e , and hematite. 

phenocrysts 
p l a g i o c l a s e 17-20% 
quartz two g r a i n s 

groundmass 
p l a g i o c l a s e 55-60 
quartz 2- 3 
c a l c i t e 7-10 
s e r i c i t e 2- 3 
hematite 2- 3 
p y r i t e 1*2-2 
T i - o x i d e h- 1 
a p a t i t e 1- lh 
z i r c o n one g r a i n 
c h a l c o p y r i t e one g r a i n 

P l a g i o c l a s e forms subhedral to anhedral phenocrysts averaging 
0.5-1 mm i n s i z e , w i t h i r r e g u l a r p r i s m a t i c h a b i t . They are a l t e r e d 
v a r i a b l y to patches of c a l c i t e and s e r i c i t e , w i t h a l t e r a t i o n ranging 
from s l i g h t t o complete. Some i r r e g u l a r patches of c a l c i t e and s e r i c i t e 
w i t h or without hematite may represent completely a l t e r e d p l a g i o c l a s e 
phenocrysts, or may represent a l t e r e d mafic phenocrysts; no d i s t i n c t i v e 
t e x t u r e i s present to i n d i c a t e the parent. 

Quartz forms sparse subrounded to rounded g r a i n s from 0.3-0.7 mm 
i n s i z e , and a few f i n e r g r a i n s about 0.1-0.15 mm i n s i z e . 

The groundmass i s dominated by very f i n e grained (0.02-0.05 mm) 
p l a g i o c l a s e , with s c a t t e r e d quartz g r a i n s . C a l c i t e forms i r r e g u l a r 
patches of very f i n e to medium grained aggregates, i n p a r t a s s o c i a t e d 
w i t h hematite and/or s e r i c i t e . A few patches of s e r i c i t e - h e m a t i t e 
occur w i t h textures s i m i l a r to a l t e r e d p l a g i o c l a s e phenocrysts i n 
JJ-12. P y r i t e forms s c a t t e r e d g r a i n s and c l u s t e r s of g r a i n s averaging 
0.1-0.3 mm i n s i z e , w i t h a few up to 1.5 mm across. Most are p a r t l y 
a l t e r e d to hematite as i n JJ-12. Some elongate p y r i t e patches up to 
0.3 mm long are present. T i - o x i d e forms patches up to 0.3 mm i n s i z e 
of very f i n e grained aggregates of gr a i n s averaging 0.02-0.05 mm i n 
s i z e . A p a t i t e forms a few subhedral g r a i n s averaging 0.15-0.2 mm i n 
s i z e , and subhedral to euhedral p r i s m a t i c g r a i n s from 0.05-0.1 mm i n 
length. A few ragged g r a i n s from 0.05-0.15 mm across are present as w e l l . 
Z i rcon forms one subhedral stubby p r i s m a t i c g r a i n 0.07 mm long. 
C h a l c o p y r i t e forms one i r r e g u l a r g r a i n 0.1 mm long. 



JJ-30 P o r p h y r i t i c D i o r i t e ( P l a g i o c l a s e , Hornblende Phenocrysts) 
* P y r r h o t i t e 

The rock contains phenocrysts of p l a g i o c l a s e and l e s s e r horn
blende i n a groundmass dominated by p l a g i o c l a s e and K-feldspar. 
P y r r h o t i t e i s moderately abundant as disseminated patches. A l t e r a t i o n 
minerals i n c l u d e c a l c i t e , a c t i n o l i t e , s e r i c i t e , and tourmaline. 
phenocrysts 

p l a g i o c l a s e 30-35% 
hornblende 7- 8 
b i o t i t e minor 

groundmass 
p l a g i o c l a s e 25-30 
K-feldspar 15-20 
quartz 2- 3 
p y r r h o t i t e 3- 4 
Ti - o x i d e 1*5-2 
a p a t i t e 0.5 
tourmaline 
z i r c o n t r a c e 
s e r i c i t e 2- 3 
c h l o r i t e minor 

P l a g i o c l a s e forms subhedral to euhedral phenocrysts up to a few 
mm across. Most are equant i n shape and show c o n c e n t r i c o s c i l l a t o r y 
zones. Composition i s probably andesine. P l a g i o c l a s e i s i r r e g u l a r l y 
a l t e r e d to patches of epidote up to 1 mm i n s i z e ; epidote forms about 
3-5% of the rock. 

Hornblende forms phenocrysts averaging 0.3-0.5 mm i n s i z e , w i t h 
a few p r i s m a t i c g rains from 1 t o 1.5 mm i n le n g t h . I t i s s t r o n g l y 
a l t e r e d t o secondary patches of a c t i n o l i t e w i t h or without c a l c i t e ; 
i n places c a l c i t e i s the dominant a l t e r a t i o n m i n e r a l . Some i r r e g u l a r 
patches of c a l c i t e may be replacements of mafic phenocrysts. 

B i o t i t e forms a few phenocrysts up to 1 mm i n s i z e . They are 
completely a l t e r e d t o pale green c h l o r i t e plus abundant Ti - o x i d e and 
hematite. 

The groundmass contains equant g r a i n s of p l a g i o c l a s e averaging 
0.03-0.05 mm i n s i z e w i t h i n t e r s t i t i a l K -feldspar of s i m i l a r s i z e . 
Quartz forms s c a t t e r e d g r a i n s averaging 0.03 mm across. S e r i c i t e and 
c h l o r i t e form extremely f i n e g r a i n s , i n p a r t as an a l t e r a t i o n of 
p l a g i o c l a s e . L o c a l l y graphic intergrowths of K-feldspar and quartz 
are present i n gr a i n s up to 0.15 mm across. 

P y r r h o t i t e forms i r r e g u l a r patches averaging 0.05-0.2 mm i n s i z e . 
Some are p a r t l y a l t e r e d t o secondary p y r i t e and other Fe-minerals i n 
a t y p i c a l a l t e r a t i o n of p y r r h o t i t e . 

T i - o x i d e forms patches averaging 0.2-0.3 mm i n s i z e composed of 
extremely t o very f i n e g r a i n s . 

A p a t i t e forms a few euhedral p r i s m a t i c g r a i n s up to 0.7 mm long 
and moderately abundant smaller g r a i n s averaging 0.1 mm i n s i z e . 

Tourmaline occurs i n one patch 1.5 mm long of gra i n s averaging 
0.2-0.3 mm long. Pleochroism i s intense from l i g h t brown to very dark 
b l u i s h green. 

Zi r c o n forms one g r a i n 0.05 mm long. 



JJ-31 P l a g i o c l a s i t e Dike (Well Banded) (Unit 3B) 
The rock c o n s i s t s of bands a few mm t h i c k defined by t r a i n s 

of patches of p y r i t e and T i - o x i d e , and p o s s i b l y by k a o l i n i t e - s e r i c i t e 
c o n centrations. The rock tends to break r e a d i l y i n t o p l a t e s p a r a l l e l 
to t h i s banding. The rock contains s c a t t e r e d p l a g i o c l a s e phenocrysts 
(completely a l t e r e d ) i n a groundmass of s t r o n g l y i n t e r l o c k i n g f i n e 
to medium grained p l a g i o c l a s e . 
phenocrysts 

p l a g i o c l a s e 2- 2% 
groundmass 

p l a g i o c l a s e 80-85 
k a o l i n i t e 7-10 
s e r i c i t e 2- 3 
Ti- o x i d e 2- 2h 
p y r i t e 0.3 

P l a g i o c l a s e phenocrysts are subhedral p r i s m a t i c g r a i n s averaging 
0.7-1 mm i n l e n g t h . They are completely a l t e r e d to a dense mass of 
extremely f i n e grained s e r i c i t e . 

The groundmass i s dominated by very i r r e g u l a r i n t e r l o c k i n g p l a g i o 
c l a s e g r a i n s averaging 0.3-0.7 mm i n s i z e . These are s l i g h t l y a l t e r e d 
to extremely f i n e grained s e r i c i t e . The te x t u r e i s unusual, and 
suggests very r a p i d c o o l i n g as would be expected i n a narrow d i k e . 

K a o l i n i t e forms extremely f i n e grained patches i n t e r s t i t i a l 
to and intergrown wi t h p l a g i o c l a s e . Patches g e n e r a l l y are l e s s than 
0.15 mm i n s i z e , and have very i r r e g u l a r o u t l i n e s against p l a g i o c l a s e . 
A few patches are up to 1.5 mm across. 

S e r i c i t e forms i r r e g u l a r f l a k e s s c a t t e r e d through the rock, and 
commonly ass o c i a t e d w i t h borders of p l a g i o c l a s e g r a i n s and w i t h 
k a o l i n i t e patches. Flakes average 0.03 mm i n s i z e . 

T i - o x i d e forms i r r e g u l a r patches up to 0.5 mm i n s i z e of extremely 
f i n e g r a i n e d , n o n - r e f l e c t i v e g r a i n s . Some are as s o c i a t e d w i t h p y r i t e 
g r a i n s from 0.05-0.2 mm i n s i z e . P y r i t e i s moderately t o s t r o n g l y 
a l t e r e d to hematite along g r a i n borders. T i - o x i d e and hematite patches 
are o r i e n t e d i n planar zones between p l a g i o c l a s e - r i c h p l a t e s ; t h i s 
t e x t u r e i s more obvious i n hand sample than i n t h i n s e c t i o n . 



JJ-33 Strongly A l t e r e d P l a g i o c l a s e - Q u a r t z P o r p h y r i t i c Dacite 
The rock contains p l a g i o c l a s e and sparse quartz phenocrysts 

i n a f i n e grained groundmass dominated by p l a g i o c l a s e or q u a r t z . 
A l t e r a t i o n i s very s t r o n g , w i t h p l a g i o c l a s e phenocrysts completely 
replaced by k a o l i n i t e and minor hematite, and w i t h abundant c a l c i t e 
i n the groundmass. 

phenocrysts 
p l a g i o c l a s e 15-20% 
quartz one 
mafic one 

groundmass 
p l a g i o c l a s e - q u a r t z 50-55 
c a l c i t e 12-15 
T i - o x i d e 1*5-2 
hematite 4- 5 
p y r i t e 1*5-2 
z i r c o n one g r a i n 

v e i n 
c a l c i t e 3- 5 

P l a g i o c l a s e forms subhedral to euhedral p r i s m a t i c phenocrysts 
from 0.5 to a few mm long. They are completely replaced by extremely 
f i n e grained aggregates of equant k a o l i n i t e f l a k e s and minor dusty 
to i r r e g u l a r f i n e grained hematite patches. 

Quartz forms one subrounded phenocryst 1.5 mm across. 
One mafic? phenocryst 0.6 mm long i s present. I t may have been 

a b i o t i t e book, which now c o n s i s t s of a very f i n e grained aggregate 
of c a l c i t e w i t h i r r e g u l a r patches and lenses of hematite. 

The groundmass i s dominated by f i n e grained i r r e g u l a r equant 
gra i n s of p l a g i o c l a s e or quartz. The m i n e r a l probably i s p l a g i o 
c l a s e , but i t s p r o p e r t i e s are not d e f i n i t i v e , and quartz i s a p o s s i b i 
l i t y . The grains show no twinning, and have a very s l i g h t dusty 
o v e r p r i n t of extremely f i n e grained s e r i c i t e . 

C a l c i t e forms i r r e g u l a r equant patches averaging 0.02-0.05 mm 
i n s i z e , grading i n t o lenses and v e i n l e t s up to 1 mm long. I t i s 
more abundant near the major c a l c i t e v e i n than f u r t h e r away. 

Ti-o x i d e forms s c a t t e r e d g r a i n s from 0.02-0.05 mm i n s i z e , and 
patches of g r a i n s up to 1 mm across. 

Hematite forms a dusty to i r r e g u l a r patchy a l t e r a t i o n throughout 
the rock. L o c a l l y patches up to 0.7 mm long are present. 

P y r i t e forms s c a t t e r e d g r a i n s and c l u s t e r s of g r a i n s averaging 
0.05-0.15 mm i n s i z e , w i t h a few up to 0.5 mm across. In the more 
s t r o n g l y weathered p a r t of the sample, p y r i t e i s moderately to 
s t r o n g l y a l t e r e d t o hematite. Elsewhere p y r i t e i s r e l a t i v e l y f r e s h . 

Z i r c o n forms one subhedral p r i s m a t i c g r a i n 0.1 mm long. 
The rock i s cut by a medium to coarse grained c a l c i t e v e i n , 

whose c r y s t a l s show twinning suggestive of m i l d deformation. 


