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LEGEND

RECENT 

? PLEISTOCENE 

PLEISTOCENE

? T E R T IA R Y  

? M I D -T R IA S S I C

EARLY T R IA S S IC  -

?  LATE P E R M IA N  
TO EARLY TR IA S S IC

L A T E  P E R M IA N  

? LA TE P ER M IAN

? C A R B O N IF E R O U S  
TO  EARLY PERM IAN

? D E V O N IA N  TO  
EARLY PERM IAN

? DEVO NIAN TO 
C A R B O N IF E R O U S

"Rqc

Pgp

Q p b

Q p a

S o il, ta k a  , Stream deposit*

Ariose , Conglomerate (  developed over q ro n ifc  w e k « )

baram batt Bo m U  . Vesicular and n a ts iv i  olivine b c iftlt , 
baoaltic agglomerate ( near vents) , minor inter/I**# stream 
deposit* Soil

Porphyritic o rfvtd s o n itc -a e q iriiie - q u a rtz  microeyenite dyke

? Aranbancja Beds
Porphyritic Andesite , andesitic b a s a lt

Deqilbo Ad»»f»ollife
Biot-ite adomellite , minor bio4ite> hornbionde micromonzonite

ChoMey AclaM(l|it(
Biotite adamo-llite , aplite

Munqore Adam ellite 
Biotite  adam #llit« , aplite

? s  O o ram e ro  Volcanics
Porphyritic rhyodacite , d a cite  , andesite , rhyol'te , 
breccia, tuffaceous and a ^ lo m e ra + ic  equivalent* , 
minor tuffa ceo ur ftandstone , mudstone , siltstone

Ferry Complex
B iotite -  hornblende odam ellite

Pm©
“Oaky Creek M onzonite"
B iotite -hornblendo monzonite, minor tourmaline -  b e a rin g  
aplife and p eg m atite

Pzub
3 Biqqenden Bede in part
fcrphyritic  and amy^daloidal weta basalt, minor m etado lerite, 
d iorite  , metaqabbro, m eta-andesite * conglomerate , ^ r e y w a c k t, 
Siltstone , Hornfsts

Pzus
S  Bi<J9**de« Beds m p a rt , Neranlci^h-Fernvole Group in part 
Siltstone , c h e rt, jasper , qreywecke , Conglomerate , d late , 
minor m eta -  andesite

P z u m
? Ncnanlctqki -  Fernvalc Group 
Q uartz * mica S ch ist, mica* an da lu site  schist-, 
phyllite , q uartz -  feldspar -  m ic* gne iss, 
minor am p hib o M e f ha em a tite  ^ u a r tz it e

M iu  working
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Sample No.
CL
151

CL
152

CL
156

CL
179

CL
180

CL
263

CL
427

CL
437

CL
537

CL
580

CL
585 & 9 . 6 % 6 % & & $7 s£a

Si02 65.35 51.36 58.75 61.10 55.40 61.97 62.05 63.44 60.85 62.63 67.33 56.12 61.05 57.03 60.11 61.09 61.83 62.35

rio2 .53 .37 .86 .96 1.08 .71 .66 .70 .72 .66 .71 .83 .70 .84 .67 .70 .68 .69

A12°3
14.30 10.10 16.47 16.75 15.70 15.50 16.81 16.62 15.79 16.09 17.26 '15.17 15.62 15.29 14.79 15.98 15.37 15.98

Fe2°3*
8.21 21.31 7.20 6.74 9.32 4.58 3.97 1.31 5.50 5.43 3.56* 8.89 5.89 6.41 6.44 4.73 5.03 5.54

f.'nO .01 .01 .02 .03 .04 .02 .02 .02 .02 .04 .00 .11 .05 .07 .03 .02 .02 .02 .14

f.'gO .79 .58 3,03 4.82 5.96 2.69 2.92 1.07 2.50 2.53 .57 4.60 2^78 4.17 3.35 2.52 2.61 2.43

CaO .01 .01 2.83 1.94 1.82 3.69 1.24 4.28 3.63 3.15 .95 1.20 5.50 3.98 2.88 3.69 3.82 2.82

Na20 .50 .41 4.12 4.21 3.60 4.00 3.00 3.56 3.50 4.54 .25 4.27 4.20 4.86 4.33 4.30 3.84 4.51

k 2q 4.24 3.12 2.31 3.67 3.77 1.99 3.98 2.91 2.37 1.32 4.66 1.26 2.70 1.95 2.71 2.27 2.19 1.70

P2°5
.04 .03 .22 .20 .22 .17 .21 .05 .21 .21 .12 .20 .17 .22 .20 .22 .18 .20

LOI. 6.98 12.78 3.27 .97 1.50 3.41 6.85 6.13 3.60 2.23 4.36 5.37 3.10 3.34 1.11 2.24 1.70 2.05 2.47

Total 100.96 100.08 99.08 101.39 98.49 98.73 101.71 100.09 98.69 98.83 99.77 98.52 98.76 98.16 96.62 97.76 97.27 98.30

CIPW Norm.

Q 45.14 36.24 16.01 11.81 7.89 19.67 22.97 21.04 20.53 21.26 45.50 14.71 17.29 8.10 14.00 16.37 19.57 20.53
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:...in.ulo Mo. ClX'fS CL614 CL257 CL601 CU*.‘5 CL537 * + 3 CUM l

SiOp 35.18 39.74 39.19 39.02 38.69 37.73 37.98 38.00 38.63 37.71 37.69 38.23 37.09 36.65 38.27 + .68 39.78 30.00 38,89 +

3.04 3 .28 3 .96 3 .6 5 2 .96 3.29 3.37 2.97 3.02 3 .3 6 3.09 3'. 10 3 .23 3.11 3 .25  + .ra 3.38 2 .7 0

Al. Q_ 16.02 15.44 14.11 13.66 14.83 15.80 15.40 14.92 15.39 15.10 1G. 12 15.94 14.95 15.44 15.23 + .70 14 .45 1 3.!
e. 3

FeO* 15.44 14.67 14.65 13.56 14.24 14.12 14.26 14.49 13.17 14.18 14.38 14.44 14.71 13.75 14.29 + .55 11.24 11.35 11.30 +

MnO .00 .05 .16 .00 .09 .08 .03 .04 .06 .09 .07 .08 .16 .17 .08 + .00 .08 .07

MgO 13.73 14.63 14.92 15.55 14.98 14.63 14.80 14.71 14.67 14.01 15.10 14.90 15.60 15.22 14.32 + .51 16.78 16.01

CaO .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .02 .00 .00 .00 + .00 .00

Ma„0 .18 .19 .29 .21 .24 .22 ,24 .21 .21 .15 .24 .18 .25 .17 .21 + .00 .35

ICOd. 9 .12 8.97 9 .28 8.79 8.70 8 .9 7 8 .9 9 9 .05 8.87 9.30 8 .26 8.72 8.60 8 .94 8 .9 0  + .26 9 .13 9 .19

Total 96.79  96.97 96.76 94.44 94.73 94.84  '95.07 94.39 94.03 93.98 94.95 95.61 94.59 93.49 95.19 52.88

Si 5.72 5 .76 5 .76 5.80 5 .7 4 5.61 5.63 5.69 5.75 5 .67 5 .58 5 .6 3 5 .55 5.54 5 .67  + .10 5 .80 5.70

Al 2 .28 2.24 2.24 2.20 2 .26 2 .39 2.37 2.31 2 .2 5  . 2 .3 3 2 .42 2 .37 2 .45 2 .46 2 .33  + .10 2.20 2.30

Al .48 .40 .19 .19 .34 .38 .33 .32 .45 .36 .39 .40 .19 .29 .34 + .10 .28

Ti .33 .36 .43 .41, .33 .37 .38 .33 .34 .30 .34 .34 .36 .35 .36 + .00 .37

Fe 1.89 1.78 1.79 1.69 1.77 1.76 1.77 1.82 1.64 1.78 1.78 1.78 1.84 1.74 1.77 + .00 1.37 1.42

Mn .01 .01 .02 .01 .01 .01 ,00 .01 .01 .01 .01 .01 .02 .02 .01 + .00 .01

i Mg 2 .99 3 .16 3.25 3.45 3.32 3 .24 3.28 3 .28 3 .26 3 .14 3 .33 3.27 3 .48 3 .43 3 .28  + .14 3.65 3 .50 3 .62  +

Ca .00 .00 , .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 + .00 .00

Na .05 .05 .08 .00 .07 .06 -.07 . .06 .06 .04 .07 .05 .07 .05 .06 + .00 .10 .06 .08 +

K 1.70 1.C6 1.73 1.67 1.65 1.70 1.70 1.73 1.68 1.79 1.56 1.64 1.64 1.72 1.68 + .00 1.70 1.76 1.73 +

Table 5 . Composition and structural formula of magmatic biotites.

Number of.cations on the basis of 22 (o ) . *Total Fe as FeO.

Mean and standard deviation given for grouped data.
0



 

 

 

 

 

 

 

 

 

 

6%

 

90%  

71.5%  

% 

 

 

vrt%>  

 

 

93



j 3a• ole Mo. CLG01 CL537 CL269 CL614 c l ; 57 * ± s CL611

( 3G.8." 38.44 37.95 35.87 37.56 40.76 36.33 39.77 40.03 33.96 38.45 4(j .41 38 .47  + 1.64 30.92 39.2? 30.69 37.88

| T- 2 .85 2.21 1.73 2.48 1.52 2 .16 1.64 1.93 2 .46 1.90 1.66 1.79 1.93 + .47 - 2 .40 2.07 ? .70 1.43

|
20.79 17.34 14.59 14.73 17.51 15.05 18.82 14.74 13.97 10.53 17.23 15.51 16.57 + 2 .12 16.54 15.52 1C.01 17.69 1C..44 

FeO* 13.36 12.82 13.49 13.95 13.12 13.57 12.41 12.91 13.00 12.55 14.45 13.10 13,23 + .57 11.10 10.91 10.84 10.59

MrQ .06 .14 .12 .09 .07 .11 .11 .11 “ .11 .07 .10 .09 .10 + .00 .07 .05 .12

i 12.8rJ 15.36 15.88 15.38 15.56 16.08 15.40 16.91 17.36 15.62 15.37 15.19 15,58 + 1.08 16.76 17.20 16.65 16.33 16.74 +

! Cr:3 .90 .13 .00 .00 .00 .05 .23 .00 .00 .00 .01 .00 ,1E + .28 .00 .00 .00

r:2_Q .13 .09 .05 .25 .17 .09 .06 .10 .14 .12 .15 .16 .13 + .od . 14 .14 .12

I K 0 a. 3? 6 .15 8 .53 8.51 9.35 Q.43 8 .55 8.90 8.75 9 .70 8 .63 8 .98 8 .74 + .44 9 .69 8.90 0 .92 8 .83 9 .0 9  +

Total 54.25 94.63 92.34 91 .26 94.86 96.30 93.55 95.37 95.82 96.52 96.05 95.31 95.62 94.01 94.05 93.43

5i 5 .45 5 .64 5 .76 5 .5 6 5 .56 5 .09 5 .46 5 .82 5 .83 5.58 5 .62 5 .90 5 .67  + .14 5 .66 5 .77 5.72 5.60

: A1 2 .55 2 .36 2 .24 2 .44 2.44 2.11 2 .54 2 .10 2 .17 2 .42 2 .38 2 .10 2 .3 3  + .14 • 2 .34 2 .23 2 .28 2.40

! Al 1.00 .64 .37 .25 .61 .45 .79 .36 .23 .71 .59 .57 .55 + .24 .49 .46 .51

Ti .09 .24 .20 .29 .17 .23 .09 .21 .27 .21 .10 .20 .20 + .00 .26 .23 ,30

Fe 1 .£5 1.57 1.71 1.81. 1.62 1.64 1,56 1.58 1.58 1.50 1.77 1.61 1.63 + .10 1.35 1.34 1,25 1.31

Mr .01 .02 CP
•u‘ .01 .C1 .01 .01 .01 .01 .01 .01 .01 .01 + .00 .01 .01 .02

MS 2 .84 3.26 3.60 3 .56 3.43 3 .46 3.45 3.69 3 .77 3 .33 3 .35 3%31 3.43  + .24 3 .63 3.77 3 .67 3.60 3 .67  +

Ca .16 .02 .on .00 ,00 .01 .04 ■ .00 .00 .00 .00 .00 .0 + .00 .00 .00 .00 .07

Ms .04 .03 .01 .08 .□5 .03 .02 .03 .04 .04 .04 .05 .04 + .00 .04 .04 .04

K 1.58 1.65 1.68 1.76 1.55 1.64 ' 1.66 1.63 1.77 1.61 1.67 1.64 + .10 1.80 1.67 1.68 1.67

Table 6 . Composition and structural formula of hydrothermal biotites. 

Number of cations on the basis of 2 2(o ). *Total Fe as FeO. 

Mean and standard deviation given for grouped data.
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Li.

o

 

 

 

 

-12 -8 -6 - 4

Cu*■/Gh+

F i g . 22. Theoretical ac tiv ity  diagram  for th e  system  FcCIi- 
in the presence of an aqueous phase in 

which «i(,.o^1.0 and un.s. — * a t  20()~0 and one atm osphere. 
'I'lie letter annota tions ami lints connecting the circles refer to  the 
reaction depicted in I-’ij.;s. 18 and 21 (reaction 3, T ab ic  4).

pH
F ig . 21. M ass of m inerals produced H ;0 )  1 as a  function of progress in th e  reaction of an  acid chloride-rich, sulfide (and 

sulfate)-deficient hydrotherm al solution w ith an hypothetical granodiorite a t 200°C and  one a tm osphere (reaction 3, T able 4). T he le tter 
annotations refer to  sequential events in reaction progress (see Figs. 18 and  22).

 



l o g f Sl 

-4  -

-6  -

- 6  -

575 "C

Fig. 3. Plots of biotite com positions against 
su lfu r fugacity  a t differen t tem peratures . 
I'o tal pressure = 1600 atir> T he standard  
deviation of each b io tite  composition is 
marked.

0 0.20 0.40 0.60Ft
F e *M g

 



Temperature, °C •
t

F i g . 4. A projection from the F e /F e + M g  axis of the b iotite  equilibria onto the fn.-T 
plane a t  2070 bars total pressure. The positions of b iotite-sanidine-m agnetite equilibria n? 
determ ined in this stud)- are shown by heavy contours of constan t F e /F e + M g X  100 valine 
for the biotites and are taken from Fig. 3. H eavy curve labeled O represents m axim ur: 
phlogopite stability , area bounded by curve labeled 100 is the annite  s tability  field. Litrhr 
weight lines and dotted  lines represent “ buffer” curves (see T able 1). See also Figs. l.; 
and 14.

 

F i g . 8. Block diagram o f the phase relations o f annite ( + vapor) bulk composition 
as a function of temperature, total pressure, and oxygen fugacity, constructed from 
sections at constant pressure. A ,B ,C ,D ,N ,  E  are points o f Fig. 4. Light lines through 
A, B, C, E  are oxygen buffer curves (see Fig. 4). Sa =  sanidinc; H =  hematite: 

M =  magnetite; K — kalsilite; L =  leucite; F  =  fayalite; V =  vapor.

1  
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Ca + Na + K less than 2.S0 : Ti le$s than 0.50
Si in the unit cell

•.00 7.7S 7.10 7.15 T.00 *,7J 4. SO US t.00 S.7S
Tremolite

Magnesio-hornblende
TiehermakJtlc

hornblende
TschermakiteActlnolite

A^iolltic
hornblende

Ferro- Ferro-
Ferro* act i»»oUte actlnolltk Ferro4iornblende cschermakitic Ferro* tichermakite

hornblende hornblende

Ca + Na + K greater than 2.50 ; Ti less than 0.50

Rlehterite
*

Richterteic
edenite

Edenite Edenicic
hornblende

Pargasltic
hornblende Pargaslte

j
pargaSTcic

hornblende
Ferroan pargaiite

Ferro-richterlte
Ferro-

richteritlc
edenite

Ferro-edenite
Ferr^

edonitic
hornblende

Magncsian
hauingsitic
hornblende

Magneslan htttingtfte

Hastlngiitlc
hornblende

Hattingsite

i greater than 0.5-0

Ferro- kaerjotlte

Figure 2. Basic names for the calciferous and subcalciferous amphiboles with respect to their 
Si, Ca+Na+K, mg, and Ti values in the half-unit cell.
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ZONING IN MAFIC TO  
INTERMEDIATE HOST ROCKS

DIABASE* ANDES ITE-DIORITE

FRESH

VEttS
'-cp-W'tf

Ag -A u-C w bf

CALCITICt?)

PROPYLITIC^A  PROPYLITIC^E"‘lt,s

/ \ v  ...... ..
py r ^ e ^ ^ i o t i t f  

: pYRiTEy- h y l l ic :
w O -5 %

'NORMAL1 ZONING IN
INTERMEDIATE HOST RO’CKS

QUARTZ MONZONtTE-GRANODIORITE

FRESH

^  ARGILLIC

V' '
POTASSIC ’

LOW 
GRADE 

ORE
LOW T O T AL 

S U1FI0E 
Cp>py, mb

N SS E N lN A T E O

' \ r - \ y  LPVRITE\ 
V V S H E LL 'X  

'" R E ,V / ^ » ' - io ”A 
DNE.vV/ w V;3‘■X//.\/
-P 1 -3%  , Y / \ / . \  
mb tr* X / / A  / '  
• ■•//•V.-V/. I VEINl.ETS
•M'CROVElMLETS 
'..VEINLET /  '  

vSTOCKWORK

DEEP CENTRAL 
ASSEMBLAGE

INTRUSIVE HOST-SOURCE(?) 
QMp-Qlp DIKES OR STOCK
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