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AIST.ACT 

The- '-51$so", Brook W-Cu-Mo deposit 15 located in centra 1 

New Brunswick. Four phases of deforllation and/or .,tallorphisli 

h a v e a f f e ete d the sur r 0 und i n 9" are a • The 1 as t e'v en t (M 4 ) 

pro b a b 1 Y 0 c c u r r e d dur 1 n 9 U P P e r 0 e von 1 a n t·o L 0 w e r 

Carboni ferous time. It was associated wi th development of a 
r 

steeply-dipping foliation surfa.ce. E-trending faul ts, and 

intrusion of a feldspar-quartz-biotite porphyry. The latter 

led ta mineralization and hydrotherllal alteration. 

Po te n t i a 1 1 Y e c o.n 0 IR i c Ali ne ra 1il a t 1 on 0 cc urs 1 n fou r v e 1 n 

sets (VI to VIV), concentrated in two N-trending zones which 

extend northward (Zone A) and f1 ank the western edge of (Zone 

B) the porpttyry. Zone A occurs in .etavolcano-sedilRents and 
. 

Zone,B fs hosted by gab6ro and metavolcano-sedillent4. The 

'ec·ononi'lcal1y 'Important 1D1nera11zat10n in Zone A con~i5ts of 

chalcopyrite and wolfraRlite in vrv quartz stod:works and 

v e i ~ s; '1 n Z 0 n e Bit con s' 1 s t s .. 0 s t 1 Y 0 f Y e 1 1 0 w f 1 u 0 r e s c e n t 

(.olybdenum-bearing) scheelite in VI aMphibole and V'II quartz 

ve1n(1et)s, and white fluorescent (pure CaW04) scheel ite and 

aolybdenite in VIII and VIV quartz vè1ns and stockworks. 

E a c h v è 1 n ,s e t 1 sas SOC t a t e'd w i th' s p e c 1 f'l cal ter a t ion 

minerals which occur pervashely tll and near the deposit, and 
l, 

i n ye 1 n ha 1 0 es. The se a S soc fat ion S are: V' 1 - ho r ni> l end e and 

sodic plagioclase (Al); VII and VIII.- biotite .• K~feldspa" 

,and sodie plagfo'clase (A2); and VIV - sericfte -and pyrite 
« 

(A3). , Vein set VI aad Al alterat10n are host rock sp.ec;1fic. 

occurring largely, in mafie units. A2 and A3 al teration are 
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lost 1ntense~n Zones B and A, respectively. 

A a e 1 e c t r 0 n ID 1 c r 0 pro b est u d y . 0 f v e 1, n il n d a 1 ter a t ion 

pttases shows composit1onal changes in the amphiboles and' ... . . 
b 1 0 t 1t e s sou t hw a r d a c r'o 5 s Z 0 n e A and e a s t wa rd i n t 0 Z 0 r e B: 

YI/Al a .. ~htboleJ~re enrfched fn Al. Fe. and al'kalie, an~ 
, y 1 1. Y 1 1 lIA 2 b i 0 t i tes are en r1 che d 1 n Fe. I-R ad d 1 t 1 041. the 

IOSt sadie Al and A2 plagioela'Ses occur in Zone B. 
" 

An f02-f52 phase d1~gram for the H-O-5-Fe system show1ng 

'C ont 0 urs 0 f X F e' 1 n a m phi bol e, i n d i c a tes t h a t the Fe-
, " 

.n'rich.ent of Al a.phibole resul'ted in pa!"t. from host rock 

buffering of f02. This, as well as the dependence of V)'.IAI 

lineral co.positions on host rock lithology suggest that the 
... 

fluid to rock ratio vas low dur1ng their formation. In 

contrut. a h1gh fluid to rock ratio is inferred for the VII. 
~ 

VIII/A1 asselllblages trom the 10w Kd value for 'Fe/Mg between 

,A2 biotite,and the Al amph=ibolè 1t replaces. VIV/A3 minerals 

prob.bly for.ed wben the f,lu1d. to rock ratio was at its 

hi ghtst • s ev t denced by the lbundlnce and 1 a rge- sea le na ture 

of V LY quartz stockworks~ 

The co.position and association of v e i n / a· 1 ter a t ion 0 

Itnerals 'show that the .1nerals for.ed under chang1ng f02/fS2 

conditions. ,VI/Al lIine-rals formed under oxygenating 

conditions, VIt. YIIHAZ .1ner,als forlIIed under decreas,ed 

f02/f52 conditions; and VIV/A3 11I1nerals precipitated 

followhg 1ncr'eaus in'f02 and f52. 

r 
Mus balance equat10ns show that VI and Al assemblages 

for •• d 'ro. sil i ca .. undersaturated,. moderate 1 y a 1 ka l1-enri c.hed 
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f1 ... ids and that the A2 assemblage formed from si11ca- \ 

saturated, highly potass1c flu1ds • 
, , 

) Fluid inclusion data 1ndicate that VI' through VIV 

_ ,~.!.n e r a l i z a 1)"1 0 n and as soc 1 aie d a.1 ter a t ion 0 c c u r r e d b e t we e n 
"" 

350°C and 450°C. and that orthomagmatic f1 u'ids May have been 

pre sen t dur f n 9 f 0 rm a t f 0 n 0 f v e i n set s Villa n d V 1 V • 
, 

Sig n 1 fi c"a nt d r 0 p s 1 n pre 5 sur e and te m p e rat ure fol 1 0 w e d 

format1on of vein set- VIV and le(f to widespr,ead depo.s1t1on of 

mas s 1 v e car bon a t e (v e i n 5 e t V V) and. colla p seo f the 

h<yd rothe rma 1 system. 

'~ If' 
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RESUME 

b. 
Le g1te de W-Cu-Mo de Sisson Brook est s1tuè,dans la 

r ~g 1 0 n c e n t ra 1 e ( d u No u v eau - Bru n s w i c k • Qua t r e p h ~ ses d e. 

d~formation et/ou de mètamorphlsme ont affectè la r~ion. la 

dernière phase (M4) a probabl èment eu lieu pendant 

l'intérval1e du O~von1en'supl!rieur au Carb?nifère inH!rieur. 

E 1 1 es' est ace 0 m p a 9 n èe d u d è v e l 0 P pern e n t d' une fol i a t ion a 

fo"'t pen8age, de failles d'orientation est-ouest et de 
, 

l'intrus1on d'un porphyre a feldspath-quartz-biot1te. Cette· 

}dernfè'~e a- produit la minéra1isat-ion'et l'a'ltérat1on 

hydrotherma 1 e .. 

La .tnUa11sat1on èconomique pot'ent .. ie~l·~_~t loc~1isèe 

d'a n s qua t reg r 0 u p e s de. f 11 0 n s (V 1 a V l V) con c e n t r è sen d eux 

Z 0 n es d' 0 r 1 e ;, t a t 1 0 n no rd - sud. 1 a Za ne As' ~t 1 r e ver s 1 e no rd 

et 1 a zone B flanque 1 a bordure ouest d'u porphyre. La Zone A 

se trouve dans des terrains sl!dfmentàires et mè~avol caniques 

e t 1 a Z 0 ne B d il n sun 9 a b b r 0 e t des roc h ~ s s èd i men t air e 5 e t: 
... :r.1c"'" , 

.Uayolcaniqlles.' Dans la Zorie A, la minéralisation 
\t' .. ' ,d'1.por,,,ance 6COn01fl1qu~ cons1ste en chalcopyrite et 

wol framfte da.ns des filons et des stock.werks a qua rtz V 1 V; 
.... 

dans la Zone B, elle consiste en schee11te a fluorescence' .. 
jaune dans des fi lons a amph i bol e V 1 et a qua rtz VII. et en 

' .. 

.. 
scheel1te·. fluorescence blanche et en molybd1!ftite dans de~s '-

.. 
filons et stockwerks a Quartz VIVo 

Chaque groupe de , " filon ~ est as soc té a des" min èr a u x 

d'.lt,,"at1on spllC1f1ques qui sont abondamment disslminès dan's 

fy' 

! 
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1 e 91te et aux abords •• t, da.u les haTos fil oltiens. Ces 

associations sont: YI - hornblende et plagioclase sodique 

(Al); VII et VII - btotite. feldspath potassique et 
'" 

plagioclase sodique (A2); et YIV srtctte et pyrite SA3). Les 

fitons VI et Al sont gtntraleaent restreints aux unuts , 

• a f 1 que 5 e n c a 15 san t 1 S • les a 1 t tr 1 t 1 0 n s A 2 t t A 3 s'O n t plu 5 

'intensecs dans hs Zones 8 et A respectfveaent. 'Uni ttude • 

la .icrosonde des .tn .... ux filoniens et d·alt .... tfon .ontrent 

des variations dans la )Co.position deos aaph1bolls et des 

biotites vers le sud dans'" 10fte A et vers l'est dans 1. 
t> 

Zone B: les a_phiboles YI/Al s'enrichissent en Al, Fe et eft 

.lrtaux alcalfns et les biotftes slenr1&-~se"t en Fe. Enfin. 

les plag-1oclasf'S Al et A2 les plus sodiques se trouvent dans 

1 a Zo n eS'. 

Un dhgra •• e de p;base de '02-fS2 du slst~.e H-O-S-Fe • 
, 

a vee 
... 

isoplethes indique que du IFe de l'aaphibo 1 e. 

1 'enri chf sse.ent en Fe de l' •• ph i bo 1 e Al rlsu~ te prob. b 1 e.ent 

en partie dfun effet ta.pon de la roche encaiss.nte sur f02. 

Cecf, co •• e la d'Pend.nce des co.posit1oltS .h .... l.s VI/Al de 

la na'ture de la 
, 

suggere un rapport enc.isSinte. roche .. 
flu1de:roche peu tlev' p'endlnt leur for •• t1on. Par contre. 

d'après le Kd peu 'ley' du r.pport Fe/Mg entre 1. biotite A2 
f 

,:\ft;et l'a.ph1bole Al qu'elle re.pl'Ice .. on '"fè~e un r.pport 

luide:roche t1evt pour les .sseabllg. VII. VIII. tas 

mfntraux VIV/A3 ont prob.ble.ent Ut forats lors du rapport" 

flu1de:roche aaxi •• l co ••• l'indiquent l'.bo-nd.nce et 1 • 
, 

grande ta~l1e des stock •• rh a quartz VJ.V. -
L. co.position .t l'assoctat1on d.s .fn .... ux ffl-on1.nl 

y 
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.t d'Iltlr.tton aon~r."t ' ..... les ahar •• ul ont k. fora. dans 

des cond~tions v.riables relatiyes .u npport f02/fSZ. Les 

• i n tri u lit VI/ A 20ft t tt t f 0 r.ts dan s des co ft d f t 1 0 n s 0 xl 9 h h s ; 

les .'ntra-ux VII. VIII/A2 ont ~'for.ls dans\des conditions 
~ 

de. fOZ/fS2 d'croissant et les .in.r .... x VIV/A3 ont U. 

,prJcfPtttS. la suite d'tltvltfons de' f02 et fS2 (Chap. 7). 
r -

Les tqult10fts de bal.nce alssi que .o"trent que les 

Iss.abl.ges VI et Al proviennent de flutdes«sous":uturts en 

silice et .odtrlaent .lc.lins .10rs que ll.sseablage AZ .... 

provient de -flu1d.s saturts en slltce et forte.ent 

potassiques. Les donn.s d'fncl usions fluides indiquent ,que 

" les l!p1sodes a1 ...... 11s.nt5 VI a YIY et leur .lUrat1on ont eu 
tt 

1 feu entre 3S00C et 4.500C et que' 1 es fl u1dts ortho •• g •• ti ques· 

luraient pu ;tre prts.nts pend.nt 1. for.ation des ftlons 
, 

VIII et Y 1 V. 

A la suite de 1. for •• t10n des ,flons- YI'. des c"utes 
'-! ," ,sfgn·1ffc.thes de press10n et de te.perature on-t .ent .' 1. 

,. 
prk1p1tat1oft ,.t ... ,15111 de cllca1res .'sSffS ,(1110111 yy) It 
, " 

• l'effondre .. nt du slst •• e hldrothe~ ,. 

~, ., " , , 
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2.1 

2.2 

2.3 

_ 2.4 

,~ .. 
Location .ap of the Sisson Brook depostt. Inset 2 
shows the approxt .. ate location of the Sisson ~ook 
,deposit with1n the lIajor te~g!'fhtc 
zones of New Brunswick. ,,_/ ,,-,, 

Geologiea1 .ap of the Sisson Brook area stro..rin'g 13 
.ajor stratigraphie units and lOèation of ~~in 
.infra 1 hed zones. A and B. ) 

(a) B10titized Unit IIIe gabbro (variant 1) 21 
crosscut by VII quartz vein. Note irregular 
recrystal1 ization texture. (b) Unit IIIc gabbro 
bl~cks (variant 2) brittly crosscut by/and in 
.atrtx of Unit IVb leucogran1te. Note the thick 
biotite selvedges along the interfaces of the 
granite and gabbro. {cl Unit Ille gabbro (variant 
2) plastical ly crosscut by leucogranlte. (d) Unit 
Ille gabbro (variant 3). The unit is dio'ritic in 
appearance and contains 1 arg~ knobs of M3 
actinolite up to several centimeters in length. 

Wt.1 S102 versus Na20 + K20 in Central Plutonie 24 
Belt granites near Sisson Brook area'and Unit IlIa 
gabbro. .. 

Distribution of mineralized Zones~' ~ and B. about. 28 
and the inferred location of the FQ8 porphyry 
with1n (hatched area). the el11ptical. torus_
shaped region of high chargeabil fty/low 
resist1vity. Note that the hatched area coincides 
with t~e 10ca~ion of the FQB porphyry in drill 
hale 26, and is flanked to the west by numerous 
FQB porphyry dyk1et(s) (in red). a1so found in 
dr'ill core. 

2.5 Compilation map of important geophysical features. 30 

2.6 

2.7 

Outcrops of Unit 1 showing the deve10pment of S3 36 
(yel1ow stripes) as a crenulation cleavage in the ~ 
les's competent intercalated pink quartzites and 
arglll1ites (a). and as a fracture cleavag.e, in the" 
massive, more competent blue quartzite's (b) •. 

M3 garnet porphyroblast bent along internal shear 38 
pla ne s wh i chf 0 rlll e d dur i n 9 de v e l 0 p-m en t a f the & 3 -
surface. 
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3.1 

3.2 

3.3 
1 

3.4 

3.5 

3.6 
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Relat10nshipc of important geophys.fcal features to 41 
Zones A and B. 

Surface projection of scheelite-mineralized zones, 43 
FI ta F4, and late scheel ite-m.o1ybdenite
mineral ized zones, MZl ta MZ3, in Zone B. 

Orie'ntation of poles to planes of VI vein(let)s in· 46 
Zone B 'and VIII veins in Zones A and B. Note that 
VIII veins dip ~ope consistently to the SW and are 
oriented about 150 in a more northward orientation 
t h a.n V 1 v e i n ( 1 et) s. The ra n 9 e i n me a sur e d val u e s 
of the 53 surface are shown as sol id l ines in eaeh 
diagram, for referenee. 

Histograms showing distributions of VI density in 50 
gabbro and metavo1eano-sediments in all drill 
h·o les i n Z 0 n e B. The s cal e 0 f the ver tic a 1 a x i sin 
the histograms is, lem:: 20 VI vein(let) or clot 
occurenees per 100m of dri 11 core; "m" refers to 
FGA (mafie) units, tIf" refers ta all other 
·felsie·' Unit lIb metavolcano-sediments. Inset 
shows relative amounts of VI vein(let)s and clots 
whieh aecur in silicified versus unsilicified Unit 
lIb metasediments. 

(a) pereentage of FGA units in specifie drill 55 
holes.aeross Zone A. (b) VII vein1et density (1 
VII vein1ets/100m) in a11 Unit lIb rack units 
(solid l ine), in FGA units, only (upper dashed 
1 i ne) tan d ,i n u na 1 ter e dan d i n te n sel y (A 3 - ) 

. sericite-altered ( lower dashed, and 10wer dashed
aotted line, respectively). (c) histogram showing 
percentage of total Unit lIb metavolcano-sediments 
which are highly sericite-altered (clear bar); 
stippled bar shows percentage of those units which 
are f e 1 sic uni t s • T, h e h i g h 1 Y s e r ici t e - a 1 ter e d 
rocks are the mast intensely altered, Level 1, 
fQcks (see Chap. 4, pp. 11-13). Refer ta Fig. 3.9 
f6r drill hole locations. 

Histograms showing main parageneses in VII 56 
scheelite-bearing quartz veinlets from a north
south sequence of dri'll ho1 es across Zone A. 

tM i n e ra 1 Cs) i n par e n the ses r e pre ,s e n t the 1 a r 9 est 
paragene~tc subset of the main paragenesis wr1tten 
above i t. 

3.7 VIII vein density CI vefns/lOOm) across Zone A. 60 
Upper eoordinates eorrespônd to grid lines shawn 
in Fig~ 3.9. Note that veln denslty general-ly 
i ne rea se s sou t hwa rd. . 
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3.8 

3.9 

3.10 

3.11 

S 0,11 e .. e a sur e d sec t ion sin 5' e 1- e c t d r il l h 0 les 
across Zone B. showing vein density and percentage 
of cbalcopyrite-bearing VIII veins in and out~ide 
fracture zones MlI to MZ3. 

Surf~ce projection of Cu-W m1neralized VIV 
stockwork-fi11ed fracture zones in Zone A 

Vertical cross section of the VIV stDckwork at 
LO+OO. 

Surface projection of main eastern an) western IV 
composite quartz stockworks. minor quartz 
stockworks, and quartz str1nger zone in Zone B. 

62 

68 

69 

73 

3.12 Surface projection of VV carbonate znnes in Zone 78 

3.13 

4.1 

8. 

Paragenesis of VI through VV minera lizat10n 1n 80 
Zones A and B. 

Contour map of Al alteration intensity. Contour 1 87 
contains rocks showing the lowest level 'Of visible 

,1 1 ter a t 1 0 n . 1 n th i n sec t iD n s 0 f g ab br 0, th i sis 
expressed as clear green hornblendic rfms about 
prillary actinolite cores. Contour 2 contains 
rocks showfng intermediate amounts of a1terati,on. 
This 1s evidenced by partial or whole rep~ment 
of M3 by Al amphibolei where microscopie brAdè~ of 
secondary hornblende are present; and/or ,where VI. 
hornblende patches or stringers occur. Contour 3 
contains the most pervasively altered rocks and is 
centered 'Over Zone B. The primary amphibol es in 
the roc k s are m 0 s t 1 Y - a 1 te r e d t 0 A 1 ho r n b 1 end e. are 
bright green to green-blue in co10r, and are 
inclusion-free. 

4.2 Contour map of A2 alteration intensfty. Contour 2 92 
ou't1ines the area of most intense A2 alteration 
cOlllprfsing abundant VII and VIII vein haloes and 
intense 1 oca l-pervasi ve al terat; on'. ,In ,many rocks 
Ml, M2, and M3 plat y and/or ferro-magnesian 
lIinerals are comp1etely replaced by A2 biotite. 
The 1ntens1ty'of 10cal-pervasive alteration 
decreases at;>ruptly outside Contour 1, to a 10w 

-level of distal pervasive alteration. D~st~l 
pervasive alteration occurs as biotite spots (li$s 
then 1 to 3mm across) and biotite stringers, 
lo cal 1.y con c e n t r. a te d a 1 0 n g' S 3 sur fa ces. 

'4.3 M3 plagioclase which 1s abraded, sheared and 95 
. inf1l1ed wfth'A2 red-brown biotite. 
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.4,.4 Plot of meters .of green ('Ul1altered) versu's green- 96 
b r 0 IN n. b r 0 w'n - 9 r e en. and br 0 w n F GA uni t sin a l 1 

4.5 

dri 11 hol e in both zones~ 
~ 

Extent and interisity of A3 alteration about the 100 
eastern stockwork in Zone, A. (see Fi g. 3.9 for 
locat:ion of se.etion l ine.) 

, 

4 • 6 S e que n c e a n'd rel a t ive i n t e n s i t Y 0 f a 1 ter a t ion 1 0 2 
t Y P e sin Z 0 n e s A and B. Not e t I)a t e a cha 1 ter a t ion 
type is vein specifie and that A2 alteration is 
associated with veln sets VII and VIII. 

5.1 Compositions of relict M3 and VI and Al amphiboles 108 
on a general hornblende clas$iffcation diagram 
after Le~ke (1978). where Ca + Na ~ 1.34 and Na< 
0.67 in- (a) Zone At and (b) Zone B. Encircled, 
samples contain analyses of amphiboles of the same 
type. e.g as core or rim, and from the same sample. 
The, 1 i n e seo n nec t rel i c t M 3 and sec 0 n d a r y 
amphibole compositions, or secondary amphiboles 
from different levels in the same drill hale. One 
tie 1 ine connects two VI vein ana lyses (0473 and 
0466). Trend 1 and.2. amphiboles are outlined in 
green and red, respe'cti velYe . 

5.2 Hornblende classification scheme after Leake 11Q 
(l978)' showing location of most ~ 1 tered ana.lyses 
from each samplein alteration grid. See Figure 
5.1 for legend. 

5.3 Plan view . of Zones A and B showing.a 1 terati'on 111 
• index number (see Fig. 5.2) and 1ocation of 

measured samples. (sample 25.75 occurt ""'750m 
'sou·thwest of Zone Band 1s not shown). . 

5.4 Graphical depiction of actinolite tschermakite 113 
transition where MgSi--)2A1Z in amphiboles (a) 

5~5 

in and near Zone A. and (b) Zone B. Trend 1 and 2 
hiboles are outlined in green and red. 

res tively (discussed in text). See "Figure 5.1 
for le nd. 

Graphical depicti,on of actfnolfte - edenite 114 
transition, where, Si-,->NaA A1Z in amphiboles (a) 
1 n a n.ci n è a r Z 0 n e A, and (b) Z 0 ne B.' T r end 1 and 2 
amphiboles are outl1nèd ,in green and ,re,d. 
respectively,(discussed in text). See Figure 5,1 
for 1 egend • 
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5.' Graphieal depiction of aet1no11te-tschermakite and 115 
. a e t i "0·1 1t e - e den 1 te t ra n s 1 t i ci n sin a m phi bol e s ( a ) 

5.7 

1n and near Zone A, and (b) Zone 8. Trend 1 and 2 
. aMphiboles are outl'1ned in green and red, 

respectively 'discussed ln text). Se~ figure 5.1 
for.legend. 

Cation plot of total Fe versus Fe/Fe+Mg. or XFe 116 
tn amphiboles frOM (a) Zone *. and (b) Zone B. See 
Figure 5.1 for legend. 

Ca t ion 'p lot 0 f 'K vs. K + N a A. ,( a) Z 0 ne A. and 118 
(b) Zone B. l'A· refers to the -A- ction site. See 
Figure 5.1 for legend. 

5.9 Location map of biotite analyses. 121 

5.10 Al-Hg-Fe cation plots for biot,fte analyses. (a) 122 
R • n g e s 0 f b i '0 t 1 t e f rom 9 a b b r o. F G A and 
.etavolcano-sed1mentary unit. (b-g) Ranges. of 
e.ch field are shown in detai1. left member of 
cation-plot pairs show subrange of samples which 
contain pervas1.ve alteration. Right member shows 
subrange of biotites which were found in VII or 
VIII v~ins or vein haloes; Note: gabbrD sampfe 
25.75.50 comprises brown biotite from a 
1eucogranite halo; ·meta sediments" refers to 
al1 Unit lIb metavolcano-sediments exclusive of 
FGA un 1 ts. 

5.11 A1-Mg-Fe cation plots for al1 FGA and gabbro 125 
sIMples trom whfch biotites and M3 and Al 
a.phibolè"s were measured. (a) biotites from VII 
and VIII vein haloes and pervasive A2 alterat10n 
in FGA units and~ (b) from pervasively altered 
gabbro and M3 brown biotite sample. 

5.12 X~e in A2 biotite vs. XFe in rel~ct M3 and Al 127 
a.ph1boles. where XFe + Total Fel Total Fe • Mg. 
All a.phiboles are from Trend 2, except sample 
25.75 (see Figure 5.1). 

5.13 Co.pos1tion.l range of Mn-11menites in Zones A 1'29 
and B. 

5.14 Plan v1ew of Zones A and B showing An contents 130 
and location of pl agioel ase sa.pl,es. 

5.15 AB-AN-OR plots of plag10clase in A1- and A~ 131 
altered rocks. pr1stfne M3 pl'ag10clase 1n gabbro 
and a pri.ary plagioclase phenocryst in the FQ8 

,po rphyr y •.. 
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6.1 

6.2 . 

Sample location map. 

Major divisions 
inclusions. 

138 

and subdivision of primary 140 

6 • 3a ... e LVi n c lus ion sin ( a ) VIs che e lit e (3 7 . Il 6 ) , 1 4 3 
{b} VI amphibole "(37.116) {cl VIII'q.uartz 
(0466Q). an (d) LVS-BHA in V.III quartz (0466Q) 

6.4 

" 

6.5 

7.1 

ft 

and, ( e) an, L V S - H A .1' ; n c 1 u s ion ; n VIII' qua r t z 
(0466Q).Note' in (b) the well-deffned cleavage 
cl eavage surface a ~ong which one of the wa 11 s of 

,the amphibole-host~d inclusion formed, as Mell as 0 

a lower cleavage surface which formed and 
- resulted in leakage during heating. 

( a) 0 b s e r v e d f i r s t me 1 t t e m p e rat ure s (0 r L Van d 1 4 6 
LVS inclusions, and Tm-ice for halite-bearing LVS 
inclusions. (b) Salinity in e-q.wt.% NaC1 for LV 
a .n d L V Sin c 1 u s ion s. S a lin i t Y 0 f L V Sin c 1 u s ion s 
o b ta i n e d f rom T h - Ha. A 1 lin c 1 u s i- 0 R S are qua r t z -
hosted unless otherwise indicated. 

Phase diagram for part of the NaCl-Na2C03-H20 149 
system showing a possible melting path for LVS 
inclusians. At the eutectic, E, (PointI) melting 
would begin. Melting may have continued a10ng 
the indicated path ta Point II. where hydrohalite 
and natron co-existe . Following complete 
di sappearance of hydroha l He {I I}, natr'on· woul d 
continue to melt up to N200C (PointIII; modified 
after Samson, 1983). 

Homogen1~ation temperatures of LV and LVS 
.inclusions. Inset shows Th-Ha for LVS inclusions_ 
Vapor homogen1zation temperatures of halite
b e a r i n gin c lus ion sin wh 1 c h T h·- Ha wa s n 0 t 
observed are included with Th of LV inclusions. 
but are denoted using the LVS key in the same 
d1agram. 

Stabi1ity fields of Fe-Mg amphiboles 
d1fferent XFe, in the system H-O-$-Fe 
bars and 450°C. Points A through C show 
1ncrease in XFe-Al am ph can be ex~lained 
of increased f02/fS2 conditions 
pyrrhot1 te.-bear,ing gabbro. 
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The stabil1ty fields, for scheelfte, powellite, 169 
tungstenite. molybdenite and ilmenite in f02-fS2 
spaoe for the system H-O-S-Fe 450 0 C and 700 
bars. The scheelite/tungstenite and powellite/ 
molybdenfte phase boundaries, shown in peavy 
11nes, were derived at 450° C and 1kb pressure 
using the experimental data of Hsu,(1977). Points 
A to C show that the inferred pathway of increased 
f02/f52 into VI veins and Zone B explains the' 
presence of y-scheel fte. which precipitates above 
the pure CaW04 (w-scheelite) boundary. Points Dv 
and Dr represent approximate f02/f$2 conditions 
for the pyrrhotite - bearing VIII veins and' 
associated (Mn-ilmenite-bearing) biotitized host 
rocks respectively. The stippled pattern sho~s 
approximate stability field of Mn-fl~enfte 
( dis eus s e Qin d I:;! ta i 1 i n Sec t f 0 n 7. 2 ,) • 

Plot of 109oNa+/H+ vs. log K+/H+ in the system 172 
KCL-NaCl-HC1-A1203-SiOZ-H20. showing ,stability 
fields of K- and Na-bearing silfcatea at 450 0 C 
and 700 bars. mHCl = 10 (E-2), assumes 2M KC1-
"aCl. The stabi11ty fields were drawn assumtng an 
idea1 'solutions modelJwhere. (KC1) = mKCl .: (K). 
and (NaCl) = mNaCl = (Na). Calculations·were made 
at 450 0 C and P = 700 bars, using the procedure 
out11ned by Garrels and Christ (1956), except for 
the Ab-paragonfte boundary. whfch were drawn us1ng 
the experimental data of Hemley et.~l. (1961). 

Stability fields of huebnerite and f~rberite 185 
superlmposed on the stabil Hy fields of the other 
~1nerals ~hown 1n Figure 7.3 at 450°C and 700 bars 
after H~u, 1976,. 1977). Points Ev (A) and- Ev.,(a) 
refer to approximate conditions iD VIV veins 1n 
Zbnes A a~d B, respectively. Point Er represents 

, f 02 / f S 2, con d 1t ion s 1 n a s soc i a te d A 3 - a 1 ter e d r 0 c,k s • 
Striped pattern shows area of over1ap of 
wolfra~ite and pyr~hotite stability fields. 

List of Tahles 

Page 

2.1 Modal analys1s of 5 relat1vely pr1st1ne Unit IlIa 19. 
gabbro samples fr'om drill hole ,SSN .25. (Numbers 
represent downhole depth, in meters). 

2.Z Geochem1cal analyses of some Central Plutonic 25 
Belt Granites and Unit III gabbro. 
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P r i n c i 'p a 1 ra n.g e sin Th. pre s sur e cor r e c t i 0 ri fa ct 0 r t ~1 
and pressure-corrected Th values. Th"'f()r vein 
sets VI through VIVo 
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ClllTt.,~· l.r .... Cl101 
h " 

1.1 I.T .... tTI .. 
, . , . 

" Tbe $1sson ~ro'Ok~'depoS,1'~'h~a_pro.1s1,ng "~C,u'''Mo prospe,ct 
~ ,."-- • 4 .. ~.... • , .. ,..' !. 

that 1s focated in the southern part of the M1ra.1chi Zone (Jf 

'·central lev .Brullsv1ct (Fig. '1.1). The deposit-occurs ,with1n 

, t.he ea ste'rn part of the ,'ther.a) 'Aureo 1 e of the (post-Aead 1 an)' 
" . " 

"s •• aa.t gra_ite. altd 1.$ adjaeent to in elongate geo'PhysjcIl 
, , 

· a ••• "7. be1ieved to reprisent the 'near su'rface 
• " • ~ < .. 

" t} 
extent of a 

1 
, 1 

, 
, " 

.. ... 't ~ ~ 

,. •. 1dsp.r-quart'z-b10t1te porpbyry '(Chap. 2). . , . , . 

" ,'T~e depos.1t co.priseS two .,1ne'ral1z'eél vein- and, 
, 1 

bo~t~d- by .etavolelno-, stockwork-ffll~d 
" 

" f r Act ure' % 0 ft e $ 
" ' , ' ' 

. S.d1~",ts in, the north, fZone A) .. an4 g~bb,ro a,-d .etavalelno-

se dt. ~ _ ~ s 1 ft t Il e sou t Il ( 2,0 ft e B • ,Fi g. 2..1) • It " esti •• ted -
tlaat ZOft~ ~ cO'!tlins 7.5 .1]110R ton's.'Îra'd,1n'g,O.3SS'Cu'as. 

claalcopyr1te and 0.21t .,03 a$ .01fra.1te. R~$er.~ .. s h.ve,not<' 
• , r , 

b' e e n 'C Ile u lit" ·f 0 r Z 0 ne 1 B • i ft wh' c Il the • 1 ne ri 1 1 Z 1 t 10ft . . ~ . \ " ... 
'. 

Iradès apprbx 1.lte 1 y .0 .. '101 .,03 Iftd/or ~.1~1 .Mo .... 15 sch,e 1 t te 
.. 

'. 
" ,veia a_d/or s tock.otk zo.es t.. .... Ir.II •• 1 ct .hl ch cOIIpr.,se . ... .... ... ... 

' ••• rc-sh.ped lit,,! Mo !. Cu.! Sn •• tl'llo,.n1c province of 
, ~ 

probable Upper 'D.voni .... tô Lower CI~bon1ferous Ige. The 
, , . 

_tal1ô •• ftiC prov1nc:e 1s bouftCi.d 110nl aost"of 'lts length' by 

' •• lts tft~.rpreted IS relc~tva .d ACldi~n Ind tr'ft~.ct1ng 
" . 

~.elr structures .htch for.ed uring A llt~ dls~ent1on.l 

eveftt (Fil. 2 !.! Ruitenberg an 

tie showtft,s occur vtth1_ t~e 

1 
~ ,. .... ~ ....." 1" • _ .... ~ ,...... ... . -. '. 

Fyffe. 1982). Althougl'Ifl"' . . 
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" ff ..... 1.1 Locatton •• p of the S1550n Br.ook depos1t. Inset 
~sho.s the approx1mate location of the Sisson Broot 
4eposit with1n the •• jor teG~on.(ts'tr .. ttgr .• ,h1è:'. 

"'. --. 

.. ..... ' 

, ,.. 
: k 

z'oneKs of New Bruns.1 ck. ,," , ,~ 

.. 
'. ' 

, , 

• 

• 

'J' . 

~~: . 
- ..... .'~..., :*+ . . , c • 

..... ;' '1> Jo • 

, . 

.. . . , 

.' . 

" 

'" 

Q 

" 

~ , :,,,. 

. ,. .,- ~ . 

"-,. 

'. 

., 

<., 

• 

o 

(~ 
~ 



, 
\. ~ 

f • { 
t, 
1 

• • f 
j 

o 

( 

, 

i 
1 * , 
1 

1 , 

,', 

\ 

Il 
f.~ 

1 

N 
t 

46°15' 

1 

2 

-1*; 3,. :;;ew: 

r 
0 50 ---... 

Il .. 
0 

1 .. , 

'. 

1. , . 



" o , 

li 

d 

( 

" 

C· 

l ' -
. -..... , 

" 
age post-Acldtan. gr.ftttes~ they .p.p1!~ar to be genet1ca1ly 

~ , i 

,lssocllted wi,th-,. l.lte"r ~ecton1e eve~t of pr,obabl-e M1dd
/
1e . 

• 
Devon1an ta, [Irly Carbon1ferous ~ge ... At S1sson Brook •• the 

1 a tee v • n,.t f s •• n i 'f est e d 1 n the i n t rus 'Ion () f as. a 1 1 
, -

\ feldspar-quartz-bio·tfte porpfiyry wh1ch crosseuts the ther.al , 

• ure ole 0 f the N. 5 h w a.~ k 9 ra nit e • S '1 • il. r. 1 a f e 9 ra n -t t e 
," 

~ " . 
porphyr;t.es hav~ been found, pt severa1- other showi ngs (e.g. l , 

Bu .r n t H i 1'1. RD G k\y B r 00 k • S qua: ~ e la k e. .!! Ru it e n ber g • ri d 
, . , , 

\ 

( , 
Th 15 ~he.s ~-s presents 1 ge9=t 09.1 e .a p of the S1 s son~ B root 

arel based upon·'a petrogrlph1e Ind fiel d ex •• iriat'lon of the 
. . ~ 

structural •• eta.orphie, and hydrotheriaal features ob-served . '. ' , ' ,. ~ 

:1ft drill'eo're and outcrop; a deta'lled co.parathe study of .. .. , 

the petrography and geo.etry of ~he .i nerll1 zation and host 

, rock alte'r.a.tion' 1n the twC) \.a1n .1ner'111zed zenes at Sisson 

Brook; 'Ind 1 work1ng h,Ypothe,s1$ and .odel for the type and . .' , 

.. evol utton' .f "the .ineral1,z1ng sys,te •• 

1.Z LOCAlI .. AlD ACCESS , . ".,. 
l h eSt s SOft B r 0 0 kil ft t; n g , 1 t" en s -=. 1 s 1 0 C 1 t e d .6 -0 k 1 

n à r t h we s t ~!I f Fred e r:" jc ton, • e,w Bru n s w 1 c k". 8 ~. .1 10ft 9 1 f 1 r e . 
. , 

aecess- l"Oad Ipp'rox1.lte 1y 27k, north. o.f· th, .. ntersec~1on of 
• l' 

the V.llley Forest Produc~s ~old and h1gh'w .• , ~104 (Fig 1.1). , . 

• 1thll'i l' klloleter of l, s •• 1·1 lu.ber road., Acce5S 15 

flc~~ltl~ed bi the g,ood condition of grld l1rles. 10" relief • 

• n~ 1. d: 0 f den se underbru sh. 600d.o u tC,rop oce u rs 0 ver 
1 

approxl ••. t,ly fi ve percent of the a .. el. 
~ 
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, 1.3 [IPLORATIO. HIS,TOIY 

The e a r 1 1 est pub 1 i s h e d r e p 0 r t 0 f .1 n e ra 1 e.x plo rat ion 

predates th'e first geologic description of the S,isson Brook 
" , 

area (Nashwaak.-Pulp and Paper Co., 1960; Anderson.. 1968). The 

report ineludes the results of an aero.agnetie survey 

condueted as part of the exploration progra •• and delineates 
t-

an ano.aly eo1ncident w1th what is now knOwn as Zone A 

(Mann, 1980). In 1967-69 penarroya Ltee., 1nit1ated a aore 
l , 

exténs'ive exploration progra. and dr11led four holes whfch 

1nte'r,s~cted several".eter wide, ,1nt.~rvals of schee11te

tungsten .1nera11zat1on (Rab1novitch. 1969). 
1 - , 

In 1~78 Texugulf Inc: noted a correlation betwe,en hfgh 

Mo values in strea. sed1.ents'ne'ar and wes't of S1sson Brook 

(NIOIR _ap'sheet 21J/6E. 1974) and the enr·1ched .01ybdenu.

tungsten in'teryals in ,the Penarrola dril:-l ho1 es (Moore, 
-'''' 

1978). Fi fteen cl a 1_s were s~bseque"tl Y. stalC"ld. A 5011' 

ge'o<he.t ca l s'urvel cc>'nd.,cted 1" part of the c la1. group 

(McQuade. 1979) and a 're, i onll t in- tungstèn strea.-sed iaent . 

,·s ur. vey c ~ ft due te d b Y Tex a 5 9 u 1 f • 1 n c •• s ho we d a cor rel 11 t ion 

.., betwet'n h1gh C·u, B1. ".'Mo values and h1gh tung~ten val ues in 

p~rts of the Sis,son, Napadogan, and B1rd Brook drainage 

bas 1 ns. 

ln 1979 Texasgul"f staked s.a additional ch1as north and 

sou t h 0 f the 0 r 1 gin Ile 1 1 1,. 9 r 0 u p" and 1 n 1 t 1'a t e dan 

explorat1on·progra. cons1stin.9 of deta1'led lIapptng. so11 

~1.pl,1ng, .and a geophys1ca~ sUr'vey. Eleven hales (SSN 1-11) 

were dr111ed Along three geophlsical ano.al.ies (Moore, 1979) 
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and intersected significlnt Cu-V .1neraliut10R in two, IIU~

trendi ng quartz stockwort zones (Zone A; Mann. 1980'; s-ee Fi g. 

3.9). fn 1980. twel ye hol es (SSI 12-23) were- d-r1l'l'ed ,under 

( Ind" ~ate ... ally offset fra. drill holes SS" 1-11 in an atte.pt 

ta def1ne the three di.en-siana l nature of ,th1s ;fracture ' 
, , , 

\, .-. , 

In 1981, ni ne ho 1 es vere drill ed (t.St. south ,of lOrle A 

(SS" 24--32). Fi y e of these i n,terseeted abund,..nt sehee 11 te,

.olybdentte '.tner.lization in what vas interpreted to be 1 

singI e, se.i-eontinuous, quart,Z yein syste •• Ind on'e drt 1'1 
, . 

hale intersected .ore tha" 40. of rellHw'ely uftaltered 
\ 

unfol tated fe1dspar-qulrtz-biotfte '(FQ8) por,phll'1Y' (N."n.' 
, " 

1981.b). In 1982. e1ght addtttona~ holes,(SS" ,33~40) were 

drl1Ied 110ng strHe of,the Aboye .1ntral1tI~10 .... and hèl'ped 

deft ne seyerll scheelite Ind erosseuttt ng sc'heel t,te

.01ybclenite .1nera1ized fracture zones' oy,er 1.5 k. long .and 

O.St. wi de (Zone .Bi Ft g. 1.2; see Fig. -3.10). 

Il u. e r ° U 5 S h 0 r t r e par t s h .. y e. b e en: p ,. e p ire' d 0 il ' t -h e ' 

'petrogr~phy Ind .inerll1zattoft of'the rocks at ~1sson 8'ro01 . -' 
s1nee 1978. These 1ne 1 Udf' 1 r.eport of the generll geo,ogl 

• e \ 1 ~ ~ . 
, • .Rd .tnerl1tzlt1ôn of S1sson Brook •• Ide prfor ,~o Texlsgu1f 

dr.i1Itng (NcQulde, 1979), -•• tne,rl'I'og,ie .'I.nd.-elt,e,tro~ .. 

• teroprobe study of selected s •• ples f~o. d,:,j 1 1 ',.ho 1 es -1-19 _ 

(Hat and "Itkinson. 1981), two short p'etrofr-aph1c, reports 
..r 

(Abbott, 198~; IItllh.s-Jones. 1981). tw~ geoph,s1cll-su~~ey 

reports (lilsteiger. 1982; Rayenhurst. 1.982) .. , an investigation' 
, r~ 

of the geoche.icil 'variance of the pluton'te ro.cks,(L.oug,"e.,~. > 

&.' ., ,It' 

1982) • Ind 1 eo.prehensive fluoreseefice, .1crôprobe 'I"d 
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petrographie study ot scheel1te-bearing 58l1pl es froll Zone B 

,(Scott, 1982); the latter sallples were analyzed for lIajor 

ele.ents, IMo'and SW • 

1.4 IIETHOOS 

A geo10giea' lap was eoap11ed by the author dur1ng the 

s ü •• 'e r ' 0 f 1 98 2 • A,l 1 5 aa p 1 e seo 1 1 e c te d f r o. the f 1 e , d we r e 

s 1 a b ~ e dan d p ho. t 0 9 r a p h e d t 0 fa cil 1 t a te 1 den t 1 fic a t ion, 

,.rev1ew, and later ree1.ss1f1eat1on if nec'essary. Geolog1ea.1 

. 

'·reports by worlters, who 1ndependently lIapped v.rious seetors 

of the property prov1ded the bas1s for dist1ngu1sh1ng the 

.•• ·jor units (MeQuad~. 1919.- Lutes, 1981. lougheed, 1982). 
, ' 

6eophy.s1ca,l re'ports a1ded in the placeaent of .ajor faults 
t , , " 

and 1 n ter pre ta t ion 0 f . 1 0 cal s t rue tu r e s· (G a 5 t e 1 9 e r, 1 98 2 i 

hvtnhurst, 1982). 

Drill holes SSN l, -5. Il,13. 19, 25,26 were re.logged .. 
in deta1,' to doeuaent occur:-rences of ve1n or stoekwork gangue 

" . and assoc1ate~, winera 1ilation .5 well as the degre~ and 

,. -'M' • n. t j, r e 0 f rel. te d 1 0 c., and 10 .r p e r y a s t v e a 1 t e·r a t 1 n. A. 
, - -

'- - 1 

·s1gnif1cant ,cot"rel~t1on WIS diseovered between the 'color\,of a 

.pI!::tic:ular.-un1t .n,d the type and degreé of al terat1on.' This 

è 0 r rel a t ion 'wa s u ~ e d . t 0 der 1 y e a h y d rot h e r a a 1 a 1 ter 1 t 1 0 ~ 

.eolo,r, index by w.h1ch a 11 col ors 'recQrded in previous dr'ill 

l~gs. were relatect to • specifie' type and intens1ty of 

." ' .• Illroc'It .lteration (Chap. 4). 

A three-diaens10na1 analysi$- of the .1neral1zation and 

50.e 0"" the· assoeiated hydrothtraal alt~rlt1on was arde by 
a l~' J • 

Gonstruc.ting two (2) three-diaens10ha 1 aodeh of Zones A and 
-, ~ 

') 
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"B at sca1es of 1:500 and 1:1000. respectively. This was 

ach1eved by project1ng wt.1 W03. M052. and Cu values and 
\ 

al terat10n intensity' onto two separa,te sets of semj-

trln$parent vertica 1 dri 11 'hol e sections. (Vertical sections 

. we r e co. put e r - 9 e n e rat e dan d 5 U P pli ,d b Y K i d d Cre e k Min es. 

l td. ) •. 

Ten para11el vertical sections which trend 084° were 

.• ade for Zone A. This orientation subpara 11 els the str1ke of 
. 

the drill ho1es and 15 approximatelY,perpendfcular to the 

. strfke ~~ ,Zone A lIineral ization. The sections were drawn at 

",100. intervals' and extend froID LaN to L3S. 

. 'Eight paralle1 vertical sections trending 090 0 were made 

for Zone B. The 090° orientation crosscuts the r;:, 
-

.fneral1zat.ion at a higtl angle (70° to 90°) and, subparallels 

the st r i k e 0 f t he d r 11 1 ho 1 es. lh e sec t 1 0 n s we r e d ra w n a t 50 
, / 

toi 00. 1 nt e r.v ~ 1 san d ex te n d f rOll Ur t 0 12 S • 

,Tht! ver~1cal ~ect1ons froll each ZGne were then hung to 

S.C ale .1 n t h r e e d 111 e n 5 ion san dus e d t l) der 1 v e t b e pla n a n. d 

cr.oss sections of .inera l1zation and .alteration presented in 

Chapters 3 and 4 

.Drill hO,lt SSN. 13. thé !Rost he~vlly .1neral1zed in Zone 

A. SSN 26., heavily .iner-alhed and containing the 1argest 

1 nt e, r v'a 1 s 0 f the F Q B po 'r p h Y r yin Z 0 n e B.' a, n d S S ft .~ 5. w 1 th 1 n 

the per1phery' of Zone B were' sa.p1ed and stud1ed in the 

greatest detai1. Al l ,sallples c,ollectl!d from these 

drill h ole s we r e, s 1 ~ b b e d.. po ris he d. and 5 t a 1 n e ~. Th ,e 1 a t ter 

was acéolipTished by etC'h1ng',e~ch SllIlple for t.hirt-y seconds in 
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60S hydflofluoric acid and sta:in1ng 1t in a satu"rated solution 

of sodium eobaltinitrâte. 

Vein and host rock materials 'from a 11 drill holes ftere 

eol1eeted for general petrographie study.· ind representati ve 

s.ampl~s were collected from drifl holes S-SM l, Z.' 3.8.9. 

1 1. 1 3 • ' 2 5. ,2. 6. 28. 3 1. 3 3. 3 6. 3 7. 3 8 for 11\ i c r 0 pro b e and l,or 

flu1d inclusion study. :ln total, 331 thfn .. , 82 polished -tl:lfn-~ 40 po11shed th1ex:... and 29 doubly pOl1shed fluid 

i n,c ,1 u s i ,0 n s e e t'1 0 n s we r e ' e x am 1 ne dus i n gaL e 1 t z HM - POL 

P 0.1 'a riz i n 9 mie r 0 seo p e - w f t ha' L e 1 t z W e t z 1 a r G M B Hep 1 -

i llulllinato~. 

Mi crophotographs were made usi n9 Kodacolor 64 or 100 ASA 

film with,a blue fl1ter. or Ektachrome 1.60 o'r 400-A'SA film 

and no f1'lter on an Ultraphot. Scheelit-e identification was 

aecollpl l'shed us1ng UVGL-48. M-12. and MSL48' 6V M1neralight 

Lamp models of Ul tra Violet Products. l'ne •• San Gabriel. 

Ca 11fornia and model F-8 of Raytech'. Inc. of Stratford. Conn. 

The sliding f1lter was removed ~a lIodels MSl48 ~nd UYGL48 to' 

fncrease overal1 ul truio1et o-utput. 

Flu1d inclusion wor( was done on a SGE -model IIr 

freezing and heat1ng stage w1th a Le1tz SMLUX polarizing 

microscope and a h1gh intensity type 3M-ENX 160W projettfon 

la.p. The apparatus was previously calibrated frOID -50 to 

500 C usfng organie compounds and native lIetals of known 

.eltfng points. 

El eetron mferoprobe ana lyses were carri ed out· on a 

wavelength dispersive Camebax mode 1 MB1 .1 crobeall by Cameca 

at 15 k.V and 5 ta' 10nA. 
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Bul k rock an ... lyses were done by X-Ray Assay 1 aboratories 

of. Don Mill, Ontario. Bondar-C1egg of Ottawa. Ontario 

coriducted .ost of the che.1cIl analyses Q,f -trac/! elements. 

Correlation coefficients between a1neral1zation and 

• ,1 ter 1 t ion (C h a p. 4) we r e der 1 v e dus 1 n 9 a M c G i 1 1 • a i n f r a Il e 

statist1ca 1 progra., STATPAK. St01eh10.etr1c caleu 1 ations of 

•• phiboles". biotites and pl ag10cl ase were .ade on an IBM-PC 

us1ng publ1shed or 1n-ho~se progra.s, and are referred to in 

full in Chapt"r 5. Graphiea 1 deptct10n of el ectron IR1eroprobe 

data (Cha-p. 5} was done u's1 ng an 1 n-house prograa. ROCGRAF2,' 

whlch é.ploys an IBM-PC an'd EPSOM pr1nter, Iterative 

calculattons used in the construction of phase dilgralls we~re 

.ade ust.ng a progra. written in Fortran, COMP, on 'McSi l'l's 

.aln .f~hlP. 1). 
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CHAPTEl .L. GEOLOGIC SETTfIIs, 

2.1 TECTOIOSTRATIGRAPHIC SETTII' 

The Sisson Brook deposit 1s located w1thin the ,souther" 
, 

portion of the Miramic'hi Zone. also' kn'own as the M1rall1chi 

AnticJ1norium (Anderson, 1968i Rodgers. 197.0). the. Mira.1ch1 
1 

Massif (Fyffe. 1981) and Zone 3 (Ru1tenberg. et.a1.. 1977; \ 

s e e F tg. 1.1-) • The Mir a m, ~ chi Z 0 ne, con s 1 s t s a fat h 1 c k 

seque,nee of cont1nent,l, ",arfne. and Yolcanosed1.ents. 

1ntrudecf by polydeforlled fol1ated Ordovician granites,' 
( 

nUilerous unfol fated to weakly fol1ated Devon1an' granites. 

and minor fel sic stoc\s and por.phyr1es of probabl,e Up,pe~ 

Devonia" to Lower Carbon1ferous age. 

The oldest exposed rocks in the zone belong to the 
, 

Ca.bro-Ordovician Lower Tetagouche Group. ta which Unit ·1 at· 

Sisson Brook 1s tentatively ass1gned. The rocks co.prf se a . , 

th i c k suc c'e s s 1 a n 0 f q u l'r t z - wa c k e $.. qua r t i 1 tes, and s 1 a tes • 

wh1eh are interpreted ta be cont1n.ental wedge sed1.ents shed 

off the AVl10n .1croeont1nent dur1rrg • per10d of l.te 

Hadryn1an-C~.br1a,n distension (Rui~enberg, et.al., 1977). 

The sequellee i s CI pped by Lower Ordo v-1 c hn ca lea reous , s lites' 

or an unconformable pebble conglomer.te, .nd is-overl.1n by 

t'he Upper Tetagouche Group. an 1ntet~llat~d sequenc.e of 

pl1lo. bas.lts. fels1c yole.nics. feldspathic gray.ackes, red 

and gray shtes. and li.estone • 

The Tetagouche Group underwent intense '01 ding and 

pol yd'format1on as a resu 1 t of the cl o$1ng of th. lapetus 

oc •• n dur 1 n 9 the L. t. 0 t do v t c 1 a n TIc 0 nie 0 r 0 g. ny (R 0 d 9 ers, 
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Devqnian' time in' marginal ba,s1ns whiéb' de~e,loped o,ff 'e-ither 

~ 1 d ë '0 f ,t heM ira mie h i Z 0 ne, wh i chi seo n s 1 Ct e r·e d t 0 h a v e , 

acted as' the main axis of an upraise.d gean~tcl ine. 

Vo1u~inous,quantiti~$ of granitfc'material were emplaced 

se1li,-continuously throughou,t 'early Devonian":Carbon'1fero~s 
. ~ 

,times ,a10ng two belts:'the Central Pluton1c Selt wh1ch lies 
" 

withtn the' Miramich.1 zone and tnc1 udes the Nas'hwaak grant.t,e, 

~100 1:0 750m west of the depol1t~, and the Sout~ern Plutonic 

'e 1 t wh 1 c h l te s 1 n the f r ~ d~ rie ton T r 0 U 9 h .. The i 9 ne 0 u s 

activity was succeeded by a late tecton1c event of probable 

,Upper 'Dev'o~ia,n to Lower Carbon1ferous age. 

About 15 tungsten show1ngs, simllar to S·is'Son Brook have 

"been found in New,Brunswick and define a, northerlj trending, 

arc-shaped 'W + Mo +'·Cù + Sn 'metallogen1c' pr'ovince whi'ch 
~' - -~ - ." 

cl'oss,èuts the Centra land Southern Pl uton1 c bel ts. Th.e 

show1ngs are hosted by Cambrian to Si,lurian age metasedfments , . 
and oc'eur near intersections of Ure late shear strJ,lctures and 

t 1I.e r ID a 1 au r e 0' 1 e S 0 f 9 r a nit e $ 1 n the Sou the r n 0 r C e n t r a 1 

Plu·tdn,1c belts. lat'e porphyrHic stocks are spathlly 

·.associated wtth some of the showings,' fnclud1ng S~sson Brook. 

Th,is suggests-,that smal1-scale plutonfsm wu assoc1ated with 

the l a t-e fa u 1 tin 9 and III a y h a v è b e è n, r es po n 5 f b 1 e for the 

... 1néral1zation (see rab 1 e 1 .1.!!. Rui tenberg and' Fyffe, 1982). 

2.2 LOCAL GEOLOSY • ... 
2".2.1 STRATISRAPHY . , 

A geologicil of the Shson Brook 
~ , 

co.pil ed .ap -area wu 

1:1 
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d u r"1 n 9 the 5 U •• e r 0 f 1 982 ( F 1 g. 2 .1 ) • Th 15 end e a v 0 r W. 5 

faë111t~ted by ffeld check1ng and sa.pl1ng.areas in the . ' , 

,,'n1ng l1cense.which had been lIIapped prév10usly by othé .. 
, , 

w 0 r k e r ~ (" a n n-, 19 7 9; "c Qua de, .1 979; Lou 9 he e d. 1 9 sl) . "a j 0 r 

l1tholog1e &Jn1ts were d1stingu1s~ed by co.pos1t,ional and 
. . 

'textural 'diffe-rences o'bserved fn the field. 

Un i tIf S' _ comprised 0 f qua rtz 1 tic seetillent s witb 1 esse r 
a.ounts of s1ltstones. pel1te's, and 'arglH1tes •.. It 15 

beli!'ved t'a be'the oldest unit 1n th .• are.a.and.~O.r1Se 

t -h e ~ x 1 a l z 0 n e 0 f a. reg 1 0 n a 1 a n t 1 c 11ft e • U n 1 t' lis 0 ver 1 • 1 n 
. ' 1', 

to the east and west <, by what are côns1dere,d' to be 

5 t r. t 1 gr. phi c a'l 1 y e qui val en t s ~ ale s.' (U" l' t ,fI a) al) d 

vol ca nos e d 1 • en t s ( Un 1 t lIb), r es p.e c t 1 v e 1 y ~ lu tes, <1 98 J ) • 

The eastern boundary of ,the S1sson Brook "1n1n9 License 

occurs with1n the western part of the shale' unit. -.. 
Unit lIb 1s crosscut by .asshe .etagabb'ro (Unit 111)'to, 

-
the west which 15,'1n turn, cro~scut ~y leucogran1te êtykes 

and string~rs (Unit IYb), that are increas1ng~y abundant'to . , 

. t.he .. ~est. Further west. Unit l'II '15 tntruded by the pink. 
, 

coarse grained 'Nashwaak gra~1te (Unit IVa). . 
An un,fol1ated and un.eta.orphosed feldsp-ar-qua'rtz- ~ 

- , 

bio.tite porphyry (Unit ·V) fs found in dr111 core fro. S5" '26~ 

Z8, 33. 36 and- 37, ne.r the 'Unit III-lIb contact which 

sugg.est 5 

porphyry 

granite. 

at Shson 

1t 

15 , , 

afld 

~ntr!.'ded 

be-l1eved 

ta have 

'. long t'he gabbro-sedilIIent contact. The 

ta post-date i.ntrusion pt the Nashwaa~ 
1 ~ • ' 

been ·re.$p'ons1ble for the .i'neralizat1on 

8roo k,. 
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2.2.1. UIIT 1 

SUIU.IT lA . '. 
~ - '-

T w 0 5 U b tin i t s. A a nd . B. are r e co 9 n i z e d . w i t'tif n Uni t 1 • . ' . .' 

Subunit lA co.prises .ost of the où.tcrops an.d: cons1sts 'of 

thin .«1.5~.,'th,i ct) al terna't1n9. ·RHUIs of 69,i t·o :>901 pi nk 

quartzite and b,lack arg111ite~ The' subunit a1so contains 

thtck 1 y bedded (::>3.0 Cil thi ck) uni ts 0( .. ass1 Ye~. p-a 1 e bl ua. 

qu'artzites up to >111 lIide which contain th1n. rare •. 

a r g i 1 1 ace 0 u 5 1 a Il 1 na e ( se. F f g'~ '2 .. 7'). 1 n 

quartz w1thin the blue qUlrtz1.tés is $ub and unsorted 

which indicates that it was 10cllly~del"iYed or·tllat there was 
,(! j 

ri p 1 d se d i.e n t $ u pp 1 y .. 

A zone of outcrops contaH'Hg allost no bluè guartzites 
\ . , 

and the h1ghest rltto of pink:.to. black beds·'oc.cur,s sell1-

1 cont1nuously along the conta-c:t'between ~n1ts" 1 a~d Ilb {t~ 

the west) fro. L261tto L9". No ou't'CN)-PS of sub,unit lA were " ' , ... 
, -' 

found south of L3S. Nu.erous angu 1 ar bou"l ders· cODlprised of 

the thinly interlayered pink and black .e.ber of subWt A 
~ 1 ;-

were found. howe'Yer ... between 11 nes LlO to Ils and are , . 

1 nterpreted a S su boute rop. 
. 

A variant ~bich bears l1tt1e reseabla"nce in Qutcrop to 

,ubuni t A 1 s exposed between L4+50 and 8+50N.' Tile outcrops 
\ 'r. h1ghly sheared. sch1stose~ blue-b~ac~ 1n,·c.'olpr. and 

exh1b1t 1 knotted or bulbous textur:e. The latt'r 1s due to 

the presence of coarse gra i ned hydrothermal biotite and 

transposition of the do.inant (S2.) foliation a19;'9 a late 
, 

However .. close inspection revea 1 s 

that the outcr-ops co.".r1 se the Uterbedded .~fnk q~art.z1te and 

o " 
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black argill1te un1ts that character1ze 5ubun1t lA. 

SUBUIIIT 1 B 

Subunit lB 1s exposed along Sisson Brook, and 15 aade up 

of i nterbedded argill aeeous and s1 1 ty l a.1 nae wht ch weather 

to form tan and blue-black gr1tty surfaces. The e'sternaast 

outcrop cons1sts of 1 solated sha 1 e rip-up fragaents in a dark 

blue-black sl1ty matrix indicating that the unit for.ed in a 

s-ubaerial to shallow water environaent. The latter unit 

probably represents a transitional facies 1nto, the Unit III 

.black slates to the east. 

W e s''t w a rd. 5 u bu nit 18 9 rad e si. p e r cep t 1 b 1 yin t 0 Uni t lIb 

pel i tes. The 0 n l y • e 9 as c 0 pie d 1 f fer en c e b e t w e e n the t wo 

units 1s the paucity'of fine grained lap111i tuffs and 

absence of medium or coarse- gra1ned ones in Unit 1 (a single 
~. 

fine grained lapilli,tuff was ·foun.~ in drill hole SSN 19). 

For thfs reason the ffrst occurrence of aed1u. gra1ned 

lapi 11 i tuff was chosen to .ark the boundary between Uni t lIb 

(be 1 ow) and n';u bun it lB. 

2.2..1b UIIT lIa 

Unit lIa oceup1es the eastern sector of the Sisson Brook 

area. It 1$ bel1eved to be part of the ,elst liab of a 

regional anticl1ne (above), and the stratigraphie equivalent 

of Unit lIb (Lutes, 1981).-.- The unit cons1~ts of pyrite

bear1ng blacK slates, gra.)' to green-grly 5ilty 511tes, Ind 

ainor vol canies. Three subfac1es are rec.ognized. 

, . 
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~pyrlte~bear1ng, bllck slates. In outêrops wbere lite-stage 

shelr1~'9 15 evident, ~,~e slltes Ife t\1ghly si.11c1ffed Ind 
, ' . 

con,tein Ibundlnt. co •• only'contorte.d Ind/or ptyg.at1cllly 
'1 ' . 

folded. th,in lenses of white qUlrtz. The unit 1s overllib by 
- , ~ . 
su b,f a cJ e sa.. l ,s u cee 5 s ion 0 f 9 ri y t 0 g r e en s 11 t Y s 1 a tes 1 ft 

,,~,1ch no shllr1ng or ptyg.lt1Cllly folded q1&,lrtz 'lenses we,re 
• found. The upper.ott subflc;1es. A. conststs ,of severat grlY-

- gr"een vol'clnic .u,dts 1nt~rclll~ed with· Ind overla1n by sl'Ites 
• 

• acros~opicll1y ~1.11·ar (~ those of subflctes c. 

2.Z.le UaIT lib 

Unit lIb cons'ists, of .• Iftc and felstc yolclnic rocks 
-

interbedded with tin to olive s1lty slndstoRes. 'pelttes Ind' 

'. finely crystilline. deep, green-colored. blnded or .Issive 

(FGA) l.phibo11tic' units. No exposures of Unft rIt) .ere 

fOUn~Utb of L3+00S. ,The elste,. contact wl1:l1 Unit 1 Is 

drlwn~the bise ;,of the ,last occurr~nce of 1 ~edtu.-grl'ned 
. . 

lipilll tuff or It the first occu~r~,nce of sub .. ntt l'A. Tbe 
J _ ~ ... 

wes tern contic~ 15 1 ntrus t ve w1 th the lashw,. t .. grant te t n the . ;. . 

nortb Ind tb.e liIetlga bbro in the soutll,. 

,Two .ain roc:1t divtslons Ire recogntzed blsed upon the 

presence of ~ do.inlnt J1th~logy. Subunit llbl cons1~ts 
, 

.ostly of~ta~. "thinly bedded silty qUlrt:1tes, lesser pelitic 
\ 

. ' 

.etasedi.e,nts. Ind .lnor yo1cln1cs. The qUlrtzites Ire found 

,.I1n1y ',fon'g"the edge o,f the Nlshwa.1t grlnite between LS and 

26N, but .tnor I.ounts Ire 1150 found w1tbin the .etlyolclno-
\ .. - '" J. 

sed t.e.ntl ry'-ri ch subun 1 t desc ri bed be 1 ow. 

Subun1t IIb2 cons1sts of interb~~ded f.lstc In4 

16" 
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1nter.ed1ate lapl111 tuff's. pel1tes •• 1"gI111tes •• inor 

quartzites. bright green •• banded. a.ph1bol1tlc .etlsedi.ents. 
- .. , 

and .Issive fine grained. dark gre~n. I.phibolitic units 

( F GA) • 1 n 9 e n e ri J. pel i t 1 e • e t,a se di. e n t s 1 n cre a s e 1 n 

I~undance to the west aQd f&A units 1nerelse in abundanee 

elstward. 

F6A units have 1 .ar'ltedly 'consistent .'ner.logy co.posed 

of fine gralned Ictlno11te Ind plagioclase. Many of the FGA 

units h.ve f1nely cr'ysta111ne textures. suggest1ng thlt they 
" 

are dyltes or welded .afic crysta' tuffs'. \ FGA units are 1 

present in Zones A and 8. and .re el51 l y recogn1zed in drill 

core becluse of their distinct color •• ass1ve texture. and 

'consistent .'neralogy. For these re.sons. the units w.ere 

used ta study Ind co.pare the rel~tive a.ount and type of 

hydrother.al a 1 te rat t on present t n Zones A and Band t n the 

a1neralog1eall, si.nar gabbro (Chaps. 4 and 5). 

The interlalering of the sediaents and ~olcanics 
'/ 

suggests th.t the 1.tter .ere deposfted sublerl111y or in a 

$hal10w .Iter environ.ent. -It fs noteworthy that the quartz

hosted wolfra.ite afneralhat10n ," Zone A (Mann. 1980) dtes 

out north •• rd .1th1n the yolclnosed1.entary-r1eh subunlt ,IIb2 

at the interface w1th subun1t IIbl. ~opper alneralfzat10n. 

however. continues north •• rd. well 1-nto qua~tz1te-r1ch 

subunl t. Il bl (Chap. 4). 

Z.2.14 U,lIT III 
-Unit III co.prises t~e lar .. ~odl of .a.bro Ilst of the 

.asbwaat granite whfcll consllts prfa.rl1y of 40S to 701 

'-, 17· 
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Ictino.lite, and pllgiocl~se. 
r ' 

1 t. i s d i y 1 de d i n ,t Q -t h r e e 

subgroups. a, b, and c basedrup~n va-rhtions in metamorphic 

.ineral asseMblages and rock fabr1~cs.-.SubgrDups band c are 

further divided 1nt~ two and three variants, respectively. 

Field identification of the su~groups was based on 
• J \ 

textural evidence alone. If an unfo11ated equ1èrystallfne 

tex tu r e wa sap par e nt, i t wa s ide n t 1 f-1. e d a s 1 t la • i f the 

afore.entianed texture was d1f'ficult ta 'asce-r-tain,.1!" outcrop 
, . 

or handsample. but easily recogn1zable on a sawn surface, it 

WIS class1fied as Illb. Rocks east of the Nas-hwaat granfte 

(Unit ~Yb) Ind weSt of Unit Illb which ~~re relatively mafic 

and crystalline,'but not easlly reçogniz~~.e as glbbro,1n the 

field, we~e classified as Un~t Illc • 

•• 11 III. 

Unit 1111 hosts the .ajor,ty of early scheelite 

.ineral fzation in Zone B (Chap. 3). Modal analyses of five 
-

rel a t t v e l 1 U na l ter e d U n f t 1 Il a g'a b _b r 0 s 1. P 1 e s (T a b 1 e 2 • 2 ) 

show that plagioclase an~ actinol1te .ake up N56S and 381 of 

the g4bbro, respectfvely. The re.ainder co.prises .ostl~ M3 

brQwn biotite wh1ch topotaxtal 11 replaces the Ictinol1te. 
\ 

"fnor opaques are also present an~ 10cal1y outline and/or ace 
, 

con c I"n t rat e-d w 1 th f n the a c t 1 no 1 1r te: cor es. 

In.'yses reveal that so.e of the actinol1te 15 cored by 

rel1ct fe,tro':ug1tl (~cott,. 1983, pers. co ••• ). 1hin section 

and .1froprobe data show that the plagio,clise- his ~n An 

con te n t 0 f 5 0 t 0 6 5 • The u,n'i t 1 0 cal 1 1 con ta f n '5 f e 1 sic and 

•• fic h,orfzons which deffne a foliation subpar~11el to 52. 
" 
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. ' . T.'-le 2.1 Modal antlyses of 5 relat)lvely prist1ne Unit IlIa 

9 1 b b. r 0 S aa p 1 .e s f rOll d r 1 1 1 h ole S S N 2 5 • N u Il ber 5 
reprisen~ do~~ho'e dept~. in meters • 

S .• ap 1 e. 8.34 18.8 20.55 31.20 75.50 Avg • 
li 

Actlnol fte 361' 331 301 401 491 381 

Pl.g1~c:lase 541 601 661 561 451 .561 
, 

113 '81 ot f te 71 71 41 ~31 41 51 

Opaq.es ,< 31 <11 )11 )11 '<21 11 

S, ••••. tr. 

UIIT Illb 

Uni t· 1 lIb 1 s lob a te - s h a p e dan d ria sUn 1 t 1 1 1.1 .t 0 the· , 

west. The un1t 15 aoderately to h1ghly follated and outcrops 

for an area ove~ two k1lo.eters in length Ind 300. in width, 

plnching out to the n~rth and ~outh~ Two subgroups are 

recogn1zed. The f1rst 15 equigranular and co.posed .a1n1y o~ 

altered plagioclase Ind a.phibole. The second subgroup has 

b1.od~ 1 gra'ln sizes r,~ng1~g fro. 0.5to 2 •• and 0.25 to 4 •• , 

respectively; and 15 co.posed .o~tly of pllgioclase 1 to 2 •• 

across, <251 f1ne grllned a.ph1bo1e, and .Inor quartz. 

, .IIT Ille 

Un1t Ille, 10cated bet_een Un1t IIIb and the .ashw.at 

gran1te, is over 0.5t. 1n wldt" and several kilo.ete ... s 1n 

lenlth. Unit Ille 1s a hybr1d1zed verston of the glbbro which 

shows gradull a"d 1nerels1ng a.ounts of hybr1d1zat10n wtth,l 

Ind Issl.1llt10n by, Unit IYb to the west (see Dietrich, 

1973. for 1 sU •• lry of hybr1dizltlon ... d 15si.tl.tton 

l' 

1 
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cr1ter1a). J 
i 
1 

SOAle ,outcrops 'wh1cn conta1n abundant plastic ndxing of f 
, ' 

Units Illc and IVb, are patchl1y 'to cOAlpletely hybr1di~ed_ td 
" , ~ . 
a Ilarbled fel's1c~ .. af1c rock. showing extreAle compos1t1ona1'and 

tex,tural ,fnho'mogeneity.,or an equicr:ystal11ne rock reseAlb11ng 
• 1 

'granodiorite. respectively. The large c_ollposit'ional and 

textura1 variations help exp1ain why it has been described a~ 
• 

a gné1ss (RJb1noviteh. 1969). a hybr1d ,:"oek {MeQuade. 1919h 

a,n augen gne1 ss (Mann. 1980). a quartz d1or1te and d1or1te 

,~Lougheed. '1981). and a g,ranod1or1te (Lutes. 1981). 

Subun1t Ille ts d1v1ded' ,1nto three .eta.orph1e variants. 

l" 2. Ind~3. l'Dcated between L7N and L9S. L9S and LI7S. and 
,\ 

,south. of Li1S. respect1vely. The contacts between the 

'vlr1.I\ts Ire probably gradltionll Ind were not observ,d 1n 

the fiel d.' 

, 

"'AIIAaT 1 
~ 

V.t~l~t 1 ~s .1nl~llog1c.l1y s1.111r to Unlt Illb, but 

1 s p e r v, a s 1 v e '1' y S 1 1 1 c 1 f 1 e d , 1 0 cil l y, hl sin 1 r reg u 1 1 r 0 r 

clul'1flower-11ke recrysta111zat10n te~ture, and conta.1ns 

pervasive brown b10t1te alterat10n (F1,g. 2.21). North ~f 

L ~.;. 0 0 d 1 sc r ete d4 .• à 1 n s . D f U n,i t 1 II b • 1- 2. ' a c ... 0 s s • gr a d e 

griduIl1y or sharp1y'lnto o~'crops of vlriant 1. 

A' few s.a11. var,l.nt.1 outcrops nelr L5~/ll" appelr to 

co. p ris e 'a s 11 1 c 1 f 1 e ~ 9 n e 1 s ~ 0 se roc k con t a 1 nt. flU.. f e 1 s t c and 
" 

IIlfic horizons. ('1 to 4c. across. The horizons look like the 
, , , 

.et •• orph1~ follat1on found in Unit 1111. Alternative1y, the 
',' 

-
l, al ers • ~ y r. pre se!, t pli S t 1 c I.d. f II i n 9 0 f 9 1 b b r 0 '. ft d 
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(.) 8 1 0 t t t t z. d U. ft i t 1 Ile g. b b r 0 (y 1 r 1 • n t 1) 
crosscut by VII quartz vetn. Not'e frregular 
r~eryst.llfzat1on texture. (~) Unit Ille gabbro. 

1 .. 

,b 1 0 c k 5 (y a r 11 n t 2) br i t t 1 Y cr 055 C ut b Y / and i n 
•• tr1x of Unit IVb leucogranite. Note th'. th1ck 
btot1t~ se.lvedges alon9 the interfaces of the 
grantte and gabbro. (c) Unit Ille gabbro (variant 
2) -plas.t1cal1y crosscut by leucogranite. (dl Unit 
Ille gabbro (variant 3). The "n1t,,.,,,15 d1orft1c in 
.ppear.n~e and cont.a1ns '1 arge k,nobs, of Ml 
let1no11te up to several c.n~1.eters in length • 
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leucog.ran.ite. 

'AllAIT 2 

Variant 2 c.,ststs aostly of gabbro. wh1ch 15 part1ally, 

and in places, coapletely hybr1d1Zed by the' leucogran~te. In 

soae places it consists of aassive or banded, rectangular to 

subrounded blocks of Unit IlIa, <1 to 2a across, in a aatr1x 

of coarse grained leucogran1te (,unit IVb; Fig. 2.2b), large 

Unit IlIa or b gabbro outcrops 10cally hybrid1zed by nuaerous 
. 

Unit IVb dykes and stringers, or a relatively hoaogeneous 

granod1orit1c phase bel1eved to be coapletely hybr1d1zed 

.; gabbro. The latter grades 10cll1y into a aore aafic 

counterpart whtch reseables ~abbro, in the saae outcrop. 

Where variant 2 15 crO$scut in ~ br1ttle way by Unit IVb 

(Fig. 2.2b), the blocks are aore eas11y recognhed as 9.abbro. 

In outcrops crosscut in a ductile flsh1on, howe~er, the 

g .. bbr,o 15 altered 10cll1y t:,a aore leucoc.rltic rock w1th a 

heterogeneous 1 to 3a. crystal s1ze, and 1s'less el511y 

1dentif1ed as gabbro (Fig. 2.2c). 

VAIIAlr 3 

Var1lnt 3, whi~h occurs south of vari~nt 2, extends 

southward off the alp Irea and grades iapercept1bly into Unit 

IIIb to the east. It 1s the 1I0st hybr1d1zed par' 'of th .. 
• 

gabbro wh1ch, in outcrop, reseables 1 .af1c fine gra1ned 

version of the Nashwaak granite or a granodiorite s1a11ar to 

the 10cally hybr1d1zed patches found in variant 2. The rocks 

are alss1ve, co.posed aostly of plagioclase and subrounded' , , 

, 
quartz grains in a .af1c biot1te-r1ch •• tr1x, and have 1 

22 
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gr.1n.1 or. caul1flower-l1k. crYlt'all1n. texture. South of 
, 

l25S. l,rg. knobs of actinol1te. up,to LOc_ aeross grow . 

locally out of the a.trix (Fig. f.2d). 

2.2.1g UIIT IV. 

Th. Nashwaak granite .1-s one of _any unfo11at.d A.ead1an 

grln1.t •. s foun<l~ the-t.ntr~l Pluton1e Be1t (ff New Brunswick 

(Fyffe. et.a1.. 1981). It 1s, pink. lIed1l.111 to coarse grai'nt:d. 

Ind equierystal11ne (average crystal s1ze le.). and conta,1ns 

about equal allounts of plagioclase. orthoclase, and quartz., 
, 

Ind'(81 ~iotite. Nu.erous (0.25 to' 0 .. 50.'w1de) dykes crosseur 

several gabbro outcrops near the Unit IIIc-IVb contact. 

The Nashwaik has an e~tens1ve ther.al aureoTe whfeh 1s 

·ev1dented by porphyryob-last develop.ent 1.n .etasedi.ents, In'd 
, . 

a.ph1bolit1~at-1on of gabbro, fine ~rai~~d I.phi,bol t;1,c (F6A) 

Ind'oth_r alfic unfts; 'In Idd11;1on., 1t is leteally s11ie1e, 
\ 

fol1ated, subporphyr1t1c and .arg1na11y conta.1nated by 

9 a b b ro' 1 1 0 n g i t s b 0 r'd e ~ • The 1 a t ter 1 s _ e y 1 den c e d b..Y, the ' 

presence of abundant b1ot1t~ (up to 251) where 1t crosscuts 

Un i t tI I. 

Analyses of unlltered Nash •• ak granite fro. in and near 

the Sisson Brook arel fal1 alon9 th~upper end of reg1ona1 Na 

+ K enrichaent (Fig. 2.3) Ind Ca-depletto~ trends out11ned ~y 

Ina lyses of other. Cèntr.a 1 Pl uton1 c grln1 tes (,lib 1 e 2.2). The 
. . 

. biotite-r1eh gran1t-e, 'Idjacent to glbbro (above) plots", 

b e t w e e-n p ris tin e 9 1 b b r 0 and Na $ h wa a k. 1 n" 1 ys es, 1 n d 1 CI tin 9 

thlt 1t 1s prob.bly cont, •• 1qated. 
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'.och •• ical .ftaly~,s of 50.e Central Pluto~1c Belt 
'ranttes and Untt"III gabbr~. l, thts study; 2, 
'ardtner, W" lm co~. ,rep'ti 3,' after Fyffe, 
et.al." 1981 i Moore, R;L." ~ 982 t. co. r_p't. • 

.. ," ~~ f ~'" : _ ..... 

.... S102 'A12~3 CaO ~.O .a20 120 FI203 T102 

lIash •• at t •3 

(U'"t t IVa) 
73.7 
72.6 
72.9 
73.3 

, ' 72. 

13~2 1.01 0.09 3.06 5.34 
14.6 0.59 0.33 3.27-~.18 
14.5 '0.71 0.32 3.14 5.07 
14.7 0.60 0.33 3.31 4.91 r3. 0.9 0.2 \ 3.6 . 4.0 
15. 2.9 1.'3 3.2 4.3," 

1.9-9 
1.82 
1.81 
1. 76 
1.7 
3.5 

0.22 
0.24 
0.22 
0.23 
0.1 
0.6 

, 
Leuco
grlntte t 

(Unit IVbL 

71. 

73.8 12.J 1.02 0.57 2.70 5.16 2.1~ 0.25 

. 
69. 15. 2.3 1.3 3.3" 4.0 3.7 0.5 Skiff Lake s 

.' - Burnth-t11 1 
. ~ 

Dunglryon l 

1 

'.r,lIlrl •• 

'4. 12.7 a:7 0.2 .~.5 4.2 1.2 0.1 
76. - 12.0 0.6 0.2" 3.2 4.9 2~O 0.1 

75.5 14.5 0.8 0.35 3.5 4.6 1'.7 0.2 

. " 2 
Sisters Brook 75.2 }.56 

Rock, Bro-ok.1 ,}5.4 1.41 

Moose Brook2 

FQB Porphyryt 
(Unit V) ", 

If"" 
Unit 11114 

. 
2.2.1f UIIT l'" 

.... ~ . ~, '.' . 
, -

74.1 2.00 

69.2 
70.7 
70.3 

48.7 

. 
14~5 2~5 0.92 3.65 3"'4 2.66, 0.4.1 
14.6 2.34 0.78' 3.88 3.86 2.45 0.3' 
14.6 2.17 0.81 3.81 3.95 . 2..52 0.39 .·1. 

- .' 

19.4 ;.79 5.00 2.82 0.82 8.9~ 1.46 

Unit lIb c •• prtses the leucogrlnt~ ... thlt crosscuts,,, 

Ingulfs" and/or Isst.tlates Untt·lllb Ind c. It i5 found' 
-

.0 s t 1 Y 't n Uni t ~ 1 l, and:, 0 ~ c u r ~ 1 ft 1 ft cre. s 1 n g _~. 0 ~,~ t S 

.1 st •• rd. ~n 1 s t lie 1 f t e d q u ter ~ p, S 1 y 1 ra 1 li. tir S .i d I~ a ft. 
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de v 0 i d 0 f g ab b r o. 0 c c urs 60 O.' e a s t 0 f the Na s hw a a le 9 ra nit e • 

A bulk rock analysis of the outcrop falls a10ng the salAe , . 
/' regiona1 trend of a1ka1i enrichlDent and Ca dep1et,10n as the 

o ~. .-

Nashwaak and other Centra1 4 Pluton1c granites, and near the 

upplr evo1 ved end of Nashwaak analyses (Fig. 2.3). 

The 1eucogranite apparent1y does not have a therlAal 

a url ole. 1 t i s, ho we '1 e r, a s soc i a te d w i t h 1 0 cal p e.r vas ive 
1 

brown biotite a1teration of (Nashwaak-related) actino1ite in , 

gabbro. The e~olved geochemistry, presence of hybrid1zat10n 

and 10ca~ a1teratioJ1 of (Na.shwaak-related) actino11te, in the -. , 
Îbsence of a thermal aureole sug-g.ests that it 1ntruded< 

.-
short),y. after the Nashwaale 1nto relat-ively hot countr"y rocks. 

, . 

2.2.19 UIIT y 

Uni t V con sis t s& 0 f a gr a. y t 0 9 r,a y - 9 r e en, un fo 1 i a te d , 
.[. 

feldspar-quartz-biotite (FQB) porphyry which contains large 

KI to·Sc.), carbonate-fi11ed lIiarolitic cavities. It is 

.1 d 1 U P 0 f pla 9 i 0 c la SI, K - \f e 1 d spa r, q u.a r t z , and b 1 0 t i te 

phenocrysts (481) within a fi111 grained lIIatr1x of K-feTd'sp..ar 
, ' .. "... ... . ........ ~ f~' -.,. " , 

and quartz (521). Ihe phlno~ryst$ consist of·"'231 zoned 
<> 

pl agiocllse (An6 to 26) up to ""1c. acrpss, 101 euhedra 1 
-

quartz érystal (1 to 7 •• in w1dth), 81 biotite ()0.05 to 

0.3 •• across). and 7~ K-feldspar crystaPs (0.2 to l.Oc. 
- . 

wide). The quartz phenocrysts are gray in color and contain 
, 

re·lltively 10. te.perature fluid inclusions (Chap. 6) whieh 

" .ight ind1clte that the original quartz was replaced. 
Il 

o " 

-, - The porphyry 15 found only in dri 11 core w1thin 100 to 

,. 200. of the glDDrô-5ed1aent cort.tact (SS" 26,28. 30,31,33, 

c' 
~ '~~-~' ~: .. :..- ...\~ .... "'~. li ""t 
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36,37, and 3B; Fig. 2.4). The probabl e near-surfac,e extent 

of the mafn porphyry body. which is inferred ,trom geophysics. 

occurs to the east. and is discussed below (p. 17). 

The porphyry post-dat~s intrusion of the Nashwa~k and 

leuco- granites. It contains no Nashwaak-related contact 

metamorphic phases nor late brown biotite alteration, and 

intrudes Along a late E-trending fault between drill holes 

SSN 28 and 31. 

The porphyry falls a10ng the Central P1uton;c Belt 

granite trend. It is less evolved, (i.e., contains less Na20 

+ K20) however, than the N'ashwaak, leuco-granite or other 

late stage porphyries in the area. One reason for this may 

~~,_~~at the PorPhYr~,ormed from partial melting of, or WB 

c"cl n t ami na t e d dur i n 9 ace n s ion t h r 0 u 9 h, the g a b b r 0 • T h i s 
"\ ,'1 

_, 1 .( ,_ " 

occurs, -for e'xample', in Ul;e margina,l phase of the Nashwaak 

(Fig. ,2.3). 

The porphyry ~s hydrothermally altered, in places. In 

least altered sections, the plagioclase ;s dusted w1th .inor 

amounts of fine grained sericite. In more altered sections 

the pla 9 i 0 c l a ,s e ; s m 0 der a tel y se rie i' t i z e d 0 r r e pla c e d b Y 

epidote, chlorite or carbonate. In addition, the porphyry is 

associated wi th pervasi ve biotitization of surrounding 

country rocks. The biotite, which is reddish-brown in co1or, 

is optical'y and chemically different from the brown biotit .. 

associated with Unit IVa and is relatively easy to 

dis tin gui shi n th i n sec t ion (be 1 0 w). 

i 

j ______ 2~,~ .. ________ ~ 
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F1g.re 2.4 

f 
,l"" 

Distribution o~ _1neral ized Zones. A and B, about, 
and the lnftrred location of tlle FQB porphyry 
within (hatched arel). the el1iptical. torus
s ha p e d reg ion 0 f h i 9 h c h,a r 9 e a b i lit YI 1 0 W 
resistivity. Note that the hatched area coincides 
with the location of t~e FQB porphyry in drill 
hale 26, and 15 flanked ta the west by nu.erous 
FQB porphyry dykelet(s) (in rlfd). also found in 
drf 11 core. 

• 

:) 
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Il'· Minerolized areos ~refer 
I.lt to Figs. 3.4md 3. 9 for 

detoiled vie~). 
f=9 Approximote neor-surfoce 
bd ment of FQS por:phyry. 
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2.2.2 STIUCTURE' 
, ' 

Three E- trend 1 ng f'IU 1 t5 Ind two ."n,·trend t ng flu 1 ts 1 re 
. . .;. 

found in the Sisson Brook are0F1g;' 2.l}. The northern.ost, 

fault s,ubparal1els L16 .. and 15 defined by a .agnet1c uo.aly 
\ 

offset with no apparent disp1ace.ent of the rock types (FJg;" 

2.5; GIJste1ger. 1981; .agl1et1c survey. north sheet). 

The second .ost north~rly fault subparal1els LO+OO. 

along Sisson Brook (Fig. 2.1), and 15 assoc,'ated w1th tntense 

511 ici fi ca t i on of su rround 1 ng country rocks. Tb,e 'au 1 t has .ft 
observed right ,strike,-slip displace.ent of up ta 350. 1n Unit 

lia near the Unit 1-111 contact. To the west, Zone A crosses 

the f:'lt, but i's~ot d1splaced, ind1clting that 1t for.ed 

If ter Ure flul t. Furtber west, the fault ,dies out 1n, .nd 15 

theréfore older thln, the I.sbwaalt grantte. 
, . 

To the south t5 • """-treAd1ng 'ault zone wh1ch eltend's' , 

fro. LlN/20., to ~4S/2" Ind 1s defined b,)' an' en ·echelon ,arr.y 

of offset northwesterly trenflhrg ,YLF afto •• l1es (F1gs. 2.1 and 

2 ... 5). "0 displace.ent f}f the rock uni t5 was observed. 

Furt~er south 15 an E-trendtng flult w1th 1 11terll 

dt5pllce.ent of(100. Ind lt.1ted extent (Fig. 2.1; see Fig. 

3.4). T,he flult offsets the Unit III-lib contlct Ind e.~11 
. , 

scheeltte-.'inerllized zones, but does not dtspllce lite 

S~heel1te-.olybcientte tOftes (Chap. 3). The offsets tad1clte 

tha t the fa Il 1 ~ for.ed 1 ft.r the fi rst 

• tnel'.11zlt10n. 'but before th. seco.nd. 

pul se of 
• 

, 
.The southern.ost [-tre.dtng faul t ,occurs wttla1n g."bro 

and exte .. ds fra. about LI0S/22W to Ll'S/4M (F't',. 2..1). T, ... · 

f 1 2' 
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fault 15 inferred fro. an en e,c~elo'n Ir~ay of offsets 1n'NN""

trending VlF structures (Fig. 2.5). 

Two subsurface structures Ire inferred froll'geophysfcal 

da ta • A large el1iptica1 zone, defined,bY,anolla,'l1es in 

•• gnette and chargeabil ity •• asure.ents, occurs between 'l2S' 

and L13S and ,5W to 17'1, and t s postuhfed to be a gabbro ri. 

about a s~bsurface intrusion center,ed at LBS/llW (Fig. 2.5. 

Rav,nhurst. 19B2). 

An e'longate torus-shaped reg10n of h1gh 

chlrg'eabi11ty/low res1sttvfty .easure.~nts subpara11e1s the 

base1ine fro. L3 to l13S. and 15400 .. aà.ross (F1g. 2.5). , 

Dyke(l et)s of FQB porphyry oceur 1n drill core in the western 

ri. and within 150. of the western flank of the anOlla 1 ies 1n 

Zone B, but are absent 1n Zone A. The lack of dyke(let)s in 

Z 0 ne A a Il d the 1 r c o'n ce nt rit ton and coi ne 1 den c e a 1 0 n 9 the 

western rila of the ano.a1fes in Zone B. suggests that the .. 
ano •• 1 i es < represent the near-surface 'extent of the porphyry 

or re1ated intrus'on(s) (see Fig. 2.4),. The el.1ipt1ca1 shape 

of/the ano.a1ies. with the long axis paral1el and s11ght1y 

.ast of the gabbro-sedi •• nt contact, and the co~ntrat1on of 

dyke(let)s a10ng the gabbro-sedi.ent contact, suggests 

further that intrus10n of the porphyry was controlled by the 

, contie t. 

2.2.':1 IIETAMOIPHISII AIB IIleaOST.UeTUIE 
, 

Four per10ds of reg10nal and contlct •• ta.orph1s. are 

recognized in the Shson Brook area. Ml through,M4 (lutes, 

1981). The ffrst tvo'events, Ml and M2, are attr1buted to 

31 

---------:.--- $ wc ;.% t , 

.' ' 

l 
j 

} 
• , 
1 



; , , 
, i 

~ .. 
f 
\ 

! ) 

[ 

( 
" 

1 

\ 
t 
; 

( 

.. 
.the Taconic orogeny, and produced regiona l subgreenschist 

grade lIetalRoOrphislll and two. subparal1el. st'frPly diPP1~. NE

trend1ng folfation surfaces. SI and 52. 

The th1rd event, M3, was associated with the intrusion 

of the post-Acadian Nashwaak and leuco- gran1tes. Intrusion 
... 

of the ~ashwaak led to contact metamorphism of the c"Ountry 

rocks, and intrusion of the leu~09ranite resulted in local 

J hybridization and pervasive biotite alteration of the cQuntry 
• 

roc ks. 

M4 led to the for.atton of a HW-trendtng, steeply,SW

'dipp1ng S3 fol lat10n s'urface, hydrother.al alteration- and 

.inera11zation, predo.1nantly E-trendtng faults. and 

intrusion- of the FQB pprphyry. 

Eve n t 5 .N 1 and M 2 are.o ste 1 e a r 1 y se e n t n Uni t lIa 

s ha 1 es and Uni t 1 qua r t z t tes. wh i cha r e fur t h e_s t f r 0 ca the 

contact lureole of the Nashwaak, whereas M3 15 .ost , 

Ibundantly developed in Units lIb and III wh1ch flank 1t to 

the .ast. The 53 sùrface and E-trend1ng faults. related to 

.. 4 are found in al1 unUs. "4 hydrother.al' al terat10n appelrs 

to ... be present. however, only .. tthin lk. of the' .1nera] ized 

zones •. 

2.2.3. 111' , iJ 
The Ml event. of lubgr.enschiS\ g"r.de. resulted· in 

dtvelop.ent of st •• ply d1pptng. northeasterly trending 

he.atite-ft11ed frlctures (51) parall el to bedding su,.faè~s 

'( S 0) th a t are 0 U t 1 i ne d b Y b la etc h l 0 r 1 t 1 ccl a ys. The S l 

surface vas abserved on1y tn Unit Ih sl:l.1e5 where it loc.l1y , , 
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• def1nes the do.inant foliation surface. or occurs as relict, 

t1ghtly fold.ed poekets of black (Ml) chlor1tic shales 1n M2-

al tered rocks (Fig. 2.9). 

2.2.3b M2 

The M2 event led to develop.ent of the do.1nant 

fol1atfon surface, 52. wh1ch subparallels 51. thé 52 foliation 

surface. is defined by the M2 assemblage, fine gratned 

muscovite + chlorite + quartz + opaques. 

The gabbro loca~ly contatns a foliation in Units IIIb 

a-nd c, defined by leuco- and .elano-cret:'c zones, wh1ch •• Y 

represent ,penetrat1 ve M2 defor.atton. The fol ht10n str1kes 

Nl7 ta 40E and dips steeply, subplrallel to the 52 sur,flce. 

However, the zones appear ta beeo.e 1ncreas1ngly. well

developed westwlrd, suggesting that they for.ed during 

intrusion of the leucogran1te (Ml; below). o 
2.2.3e 113 

,The M3 event 15 .ssociated w1th 1ntrus1o~ of the 

hshwalk and latt 1 euco- granites. Intr.us1on of the Nashwllk 

produeed 1 large ther.ll aureole. Most rocks at 51sson Brook 

lie w1thin the and.l us1 te-glrnet (and .. gt) isograd of the .. 

lureole, wh1ch 1s loclted in the western part of the shales 

(lutes. 198.1). The lureole 1s .anifested by porphyroblasts 

of eord1ertte, Indalusite, and·garnet in the pelitie Incl 

yolean1c .etas.d1.ants in Units 1. III. and lIb. and by ., 

Ict1nol1te in the bright gre.n .,ss1ve u,n1ts (F6A) •. banded 

a.ph1bol~tlc .etlyolcano-sedt.ents, and gabbro (Unit III). 

1 nt rus i 0 ft 0 , the 1 eue 0 g r a nit e W~ s 'a 5 soc 1 a t e d w 1 t h 
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extensivi dyking, -lss1.ilation and h1brtdf~at1on of, gabbrô. 

Thi~ produced .1nor .etamorphic overpr1nt1ng of M3 (Nashwaak

riT a t 1 d ) pla, 9 1 0 c las e and a c tin 0 1 1 t e 1 n 9 a b b r 0 , and 

r 1 pla c e ID 1 n t 0 f M 3 a c t 1 n 0 1 1 t 1 b Y b r 0 w n b 1 0 t 1 t 1 • The' 

hydrother.al blot1te 'alte'rat10n occurs as b10t1te reaction 

rI. S .a b 0 ut 1 eu c 0 gr 1 n..i te d y k es 1 n 9 ab b r o. and a s 1 t 0 2 c. 

blotfte clots and 'f 1 n e/ , 9 rat n e d p e r vas 1 v e 1 1 ter 4 t 1 0 n 

• 

throughout western parts of th.e gabbro. The b10tite, 1n all i 
casès, 15 coarse,gra1ned. 1nc'lus10n-free, and has brown- t'a 

'Ill'ow- or ol1ve- coloredpleochrols •• 

The lntens,fty of dyk1ng •• 1nor .eta.orphic )overpr1nt1ng, 

and brown bJotlte alteratton. 1ncreases ,westward across-Unit 

IlIa lnto Unit Ille. For eXlliple. Un1t IlIa 15 relatlyely' 

massi ve and contalns .1nor a.ounts of'l eucogran1te dykes and 

brown blotite alteration, and no .. etalDorph1c'overpr1nt1ng. 

Un1t IlIb, howeyer, co.prises two 5ubgroups wh1ch have 

equ1crysta111ne and bi.odal gra1n s1us, respectlyely. Both 

subgroups a-re fo11ated and .Çontain up to 201 fine gratned 

brown.b10t1te and sphene, whlch replace Ml act1no11te. 

ln contrast"M3 actlnol1te 1n Unit Ille 15, 1n places, 

co.pletely altered to brown b10tite and sphene, and 

'p l'a 9 1 0 e 1 a s ~ t co r es are 1 0 ca 1 1 Y ob s cu r e d b Y 5 e r 1 c 1 te 

alterat10n. In addit1on, Unit Ille, variant 1 rocks (p.20) 

loe.lly contain ·fine gr.'1ned u~d,ulose to serrLte "quartz and 

.1nor .1eroc line, and sO.e pl ag10c lase c.rysta 1 sare abraded 
, 0 

1nto s.al1 ."d 1 arge 'rag.lnts. Late retrograde al teration 

i ft ~. r 1a n tIr O,C ksi s e y 1 d • n t b Y th. P r • sen c e 0' • t n 0 r 

-
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.pietote and chl orite. which overgrows soae' of the brown 
, 

btotite and plagioclase. 
f ' , 

Intrusion of the le.co~ran1te .ay àl~o have produced 

' .... icroscopic strain and shock features in m1nerals in variant 

2 9 a b b ,r 0 b lo c k s • Th 1 sin c 1 u des und u los e t 0 • pro t 0 • 0 sai c • 
# 

quartz. sho.ck twins in ~he actinol1te. and extre •• ly w.l1-

defined albite and/or Carlsbad twins which ov'erprint pd •• ry 

concentric zoning in pl ag1oc1.ase. Shock twins in a.phibole 
~ 

are rarely observed in nature, but ha,ve been produced in 

experi.ental studies of pla$tic roc~ deforaation (H.wt~orn!!. 

1983. p.333). , , 

.,' , The lIost extreae effects of tbe leucogranite are evident 

,t n 't he w ide s pre a d as 5 i • i lat 1 0 n and hy b r 1 d 1 z a t ion 0 f U ft i t 

IIIc. variant 3 gabbro. ~Var1ant 3 gabbro i5 50 co.pletely 
. 

hybridized by the leucogranite, in places, that ft for.s a 

felsic dioritic phase (p.22) • 

.. 
2.Z.3d M4 

Th.e M4 évent i-s 15s,ociated w~1tb the fO.ra.tio" of the S3 
, 

foliation surface. the lIinera11zation and hydrother •• ' 

alteration, intrusion of the FQB porphyry. and develop.ent 
. 

of E-trending faults. The S3 surface, which trends 

ftI N 5 0/ 70S W , i sac r e nul a t ion c lei vag e i n 1 es s COli pt te n t uni t s • 

e.g., shale, pelites, and yolcanosediments, and,a fracture 

cleavage in cOlllpetent, .assiv. units, e.g., gabbro, granite, 

blue quartzites,(Unit Ii Fig. 2.6). 

The S3 surface local'y disr:'upts M3 porphyrobl asts in 

Units 1 and lIb. For exaaple.\lnd.'us1te. cordierite and 
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O-utérops of U .. 1t 1 showing th. dev.lop.tn-t of S3 
(y.l1ow stripes) IS • cr.nulation cl.avl,' in the 
l.ss eOIl'p,et.nt intert.l.ted p1nk1$1Uartzites and 
argl1Tl ites (a) •• "d as a ",..c-ture cle.nae in th • 
•• 55 he •• ore co.petent b lue fluarUi tis (b). 
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garnet porphyrob 1 uts are bent locally along internal shear 
-" 

p'lanes into or re lated to develop.ent of the S3 crenulation 

cleavi~e ( Fi g. 2.7). ' . 
, 

ln addition, the 53 surface hos t s lIost of the 

.tneral tzed veins in gabbro and .etasedhlents in bo'th zones 

(Chap. 3) The .ineralization is 'ocal'y associated with 

pervasive red-brown biotite alteration which crosscuts M3 

porphyroblasts and brown biotite Alteration. The biotite 15 

concentrated 1 ocal'y as <La ... cryptocrysta l11ne to 
., 

crystalltne spots along S3 crenulation hingel1nes. distal to 

the deposft, and intense pervasive alteration and vein 

haloes, in the deposft (Chap.,4). The red brown biotite is 

optfcal1y and geoche.fcally identical to biotite in the veins 

and vein~~loes. The red-brown b10tfte is a 1 sa fde,ntica 1 to 

the red b.;-own bfotite phenocrysts in the FQB porphyry (Chap. 

5). 

Extensfve local fau1ting also occurred at this time. The 

faults trend E and "Nfi, a(ld have a .easured strfke-slip' 

co.ponent rangf ng fro. 0 to 350.. The fa u 1 ts 1 oca 11 y cros s cu t 

the .ashw.ak granite. dfsplace elrly scheel fte-.iner.l fzed , 
1 

20nes ,in Zone B .. but not the later .olybden1te-schee11te- and 

wo 1 f r a -ft e - c h.l co p y r 1 te - • 1 n e ra 1 1 z e d Z 0 n e s 1 n Z 0 n e s A and B 

(Chap. 3). In addition. FQB porphyry was found in dri 11 core 

along the E-trending taul t in Zone B (Fig. Z.4). 
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f1gMre 2.1 M3 garnet porphyrob 1 ast bent al on9 1 nterna 1 shear 
planes wh1ch forlled dur1ng develop.ent of the S3 
surface. 
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CHAITEI ~ RIIEIALIZATIOI 

3.1 IITIOIUCTIOI 

The .1neral1zat10n at Sisson Brook occurs in two 

separate zones wh1ch contain nearly 1dent1cal types of 

.1neralized vein sets, denoted fro. oldest to youngest as, YI 

to V V • Zone A lIineral1zation ls found in Unit lIb 

• etavolcano-sedillents. only. and Zone B mineralization. which 

oceurs south of Zone A. oecurs within Unit lIb metavoleano-

sedi.ents and lIetagabbro (Unit III; Fig. 2.1). 

VI 1I1nera11zation consists of coarse to fine grained 

scheelite in br1ght gr.een amphjbole-filled vein(let)s. 

fractures. and massive clots. (1 to 10em across. Vein set VI 

oeëurs al.ost entirely within gabbro. and,hence, 15 a1most 

exj:lusively-found 'in Zone B. VII mineralizat10n is composed. 
1 

o f th; A S che e 1 1 te.! b 1 a t i t·e .! sul f 1 d e - b e a r i n 9 qua r t z 

veinlets, an4 oceurs in bath Zones A and B. Biotite 15 

notably absent in Zone B. VIII lIineralization eonsists of 
...... , 

.01ybdenite .! tr. pyrrhotite quartz veins in Zone A and 

scheel1t,e ! iio1ybdenite ! pyrrhotfte quartz ve1ni in Zone B. 

a 0 t h VII • n d Y 1 1 1 v e 1 n ( 1 et) s are a 5 soc 1. te d w 1 t h b:1 0 t 1 tl! 

h.'aes (pot'.ssfe .lter.tion; Chap. 4). 

The VIY véfn set consfsts of .iner.l1zed quartz veins 

.'nd (1 to )30. wide, l1ne.r qu.rtz-f111ed fr.cture zones up 

to lit. 1n length, here.fter c.'1ed quartz stockworks. Tfle' 

yeins .ftd stockworts cont.in .ost11 wolfr •• ite, chalcopyrite, 
. 

pyrrhot1te ~ tr.ce .01ybdenite in Zone A, .ftd schee1ite. 

aolyb4eft1te ~ wolfr •• ite + chalcopyrite + PI~ottte 1n Zone - - -
b 
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8. The ve1ns Ind stockworks Ire charlcter1st1ca111 

w1th ser1cite (phyllic) alterat10n (Chap. 4). 

· ,?J
1 I$SOc1lted ,v' c, 

The youngest ve1n set, v y , p,r1 te ! 

arsenopyrite ! acanthite ! tr. hessite + tr. native b1s.~th ! 

trace chalcopyrite. lIolybden1te, galena. and/or sphaler"1te in ", 

carbonlte ! fl'tlorite vein(let)s, fracture-fi 11, and 

pervasive, .assive carbonate flood zones. YY ve1ns are 

associated with sericite-clay (proPl1itic) Alteration (Chap. 

4 ) . 

The lIa1n d1fferences between the .ineral1zl,tion in the 

two zones are that: 1) the potential ore .1nerals are 

wolfra.ite and chalcopyrite in Zone A, and scheelite and 

molybdenite in Zone Band, 2) the lIineralization' of econoll1é 

~.portance in Zone A 15 1I0st abundant and contained with1n 

VIY quartz stockworks, wherels in Zone B, it 1s found in ve1n 

sets VI through VIV (Section 3.6, below). 

3.2 RELATIOISHIP OF MIIERALIIED 10lES TO 'EOPMYSICS 
~. :t\ , 

Z 0 l'fe s A and Bir e pro x i Il a l t o. and s y ... e t 1" i cal 1 Y 

disposed about a large, N- trending. el11ptica1 and torus

shaped zone of high chlrgeability/1ow resistivity. ~lkll in 

. 1 e n 9 t h (F i 9 • 3 • 1 • Cha p • 2 ) . The a no. 1 1 Y i s bel ,1 e v e d t 0 

represent the near- surface extent of the FQB porphyry (Chap. 

2, p.I1). Zone A extends radially oûtwlrd fro. its northern 

ri., follow1ng VLF and horizontal loop EH Ino •• 11es (below), 

p1nch1ng out NIk. to the north. ~one B. which .150 fol10W5 

,strong VLF Ino.ll1es, flanks and lies w1th1n 1ts western ri. 

(Fig. 3.1). 
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3.3 IllEaALIZED fRACTURE ZOIES WHICR CORPIISE ZOIE • 

W,ereas the .ineral1zat1on of econ081~ 1.portance in 
, 

lone A 1s conta1ned with1n vein set.VIV (see Fig. 3.8),'the. 

.tnera11zation ~n Zone B Is found throughout ~ein sets VI 

through VIVe Ve1n sets YI and VII are concentrated -in four 

scheeltte-.tneral1zed zones, FI to f4, and VIII and VIV ve1ns 

are .ost abundant in three scheel1te-.olybden1te-.1neralfzea 
\ ~ 

. zones, MIl to MIl (Fig; 3.2). 

3.3.1 SCHEELITE IIIERALIZED ZOIES. FI TO 'f4. ZOIE • 

Ve1n sets VI and VII largely occur in four "NE-trending 

scheel1te-.tneral1zed zones in lone B, FI to F4 (Fig. 3.2) • .. 

j 
f 

j 
L 

r-
i 

1 
1 

The zones, wh1ch are 10 to 80. Icross, are def1ned by ~r111 j 

core 1ntervals averaging NO.IOwt.1 VO·3. They contain little 1 
.01ybden1te aineralizatton. generally.<O.OIwt.S MoSZ. The 

gabbro-hosted port10ns of the zones, 1.e., all of FI and F2 

and approxi.ately half of F3 are do.1nated by VI ve1ns. Those 

portions .hich occur in Unit I1·b lIetavolcano-sed1l1ents, 1.e., 

Ipproxi.ate1y half of F3 and practically a11 of F4, conta1n 

.ostly VII quartz ve1nlets. 

The zones vary in str1ke fro. NI9E in the west to N7E to 

the east, and appear to dip near vertically. The zones flant 

the western edge of the obJate zone of h1gh chargeab111ty-low 

res1st1v1ty (Fig. 3.1), an,d are prox1.al to and sUbparallel 

the glbbro~8etlvolcano-sedi8ent contact. The latter suggests 

thlt the contact provided the 8a1n controll1ng structure for 

fluid focus. 

FI, the westerAl.ost and narrowest (NIl. across) 
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,t .. ,. 3.2 Surface projectiQn of scheel1te-aineral1zed zonl., 
FI to F4, and late sche.l1te-aolybden1t.
.1neral1zed zones, MZI ta NZ3, 1" lofte B. 
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,frecture, i5 ent1rely g~bb"o-host.d. F2. to the eest, fs the 

vid.st'zoft. (N70. IcroSS} .• 'ind elso occurs entir.ly w1th1.n 

gabbro. Th. zone appelrs, to hlve a nelr verticll ,d1p, bls.d 

upon li.tted dr1ll hol. correlation fro. 55" 36 Ind 37. 

". 

F3 d1rectly straddles, the sedi •• nt-gabbro C~ftt.ct~ The 

zone 'spans N80., blfurcltes 1n 1ts c .. "tra' par't .. and rejojns 
, 

• • 1 

w1thin 400. Ilong 1ts strfke. (Fig. 3.2). F3 crosses 1 s.al1 

fi U 1 t b e t w e end r 11 l- ho 1 • s S 5 N '2 8 1 n d 3 1 wh 1 c h hl sil e ft 
" 

s t r 1 k e - s 1 1 P co. p 0 n e n t 0 f N 2 S. 1 n d u n k n 0 w n ver tic a ,1 

d1spllceaent. The flult di$pllces F3 Ind the host rock by .. 
a bau t t b e S a. e •• 0 u nt. 1 n d 1 c 1 tin 9 t h a t the r e 'w 1 s po 5 t -. 
• 1neralizatio" .oveaent. The dt~ect10n of d1p 15' app_r:,.ntly 

steep'-y eastwar.cJ IC,cording ta dr1l1' hale data corrè'lted: 
, , 

dtrectly leross the flult. If one rot.tes ,the units west~ard 
, 

to co.pensate for lateral d1spllcea.nt, the zone d1ps neir 

vert1cally. 

F4. whtch t5 the only zone that occurs co.pletely with1n 

Uil1t lIb lIetavolcano-sed1Ments. 15 "'50. 'acro$s and b1furcates 

and rejoins with1" 150. 110ng a zone of gàbbro dykes. It 

conta1ns the least nUllber of VI ve1n,s. 

The 1 a te ra 1 e )( t e n t 0 f t he m..i ne r a 11 z a t ion 1 n z 01\ es Fit 0 

~ F4 ts 1nferred from the geolletry of the zones and geophysie.l 

data. The fractures- p1nch and swell and are open-ended in ... 
plan vtew. suggest1ng that the zones cont1nue further north 

and sou th. The c los e . cor rel a t ion b e t w e enV 'L Fan 0 Il a 1 1 e san d 

111neralizat1on (Fig. 3.1), and their re'at10nsh1p ta the 

western flank of high resist1v1ty/low chargeabf11ty. suggests . , 

. . 
" , 
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that a1neral izat10n ext.nds at l •• st IS far notth Ind *outh 

IS th. YLF and ell1pt'lcil Ino.ll1es oyerllp. 
o .. 

3.3.2 10l'IDElITE-SCHEELITE laiES. IZI t. ~3. Z~.E • 
1 . 

Three Nt-tr'nding lensoid zones. co.pr1s~d .ostly of 

Vl11- and 1esser VIV- qUlrtz-hosted schee1ite and .01ybdenite 

.ineralizat1on (MIl to M13), crosscut the scheelite

.iner.l1zed zones, F1 ta F4' (Fig. 3.Z). The zones., which are 
\ 

50 to 75. Icross, sUbp.rallel strltigraphy. tr.nd~ng fro. 

east to west, NZ9.SE, .n3E. Ind NZ7.5E (Fig. 3.Z). Dr111 hole 

data fro. 5SN 28 .nd 31 indicate that thé southernaost zone. 

Ml3, dips steeply eas.tward. The 81ner.l1zltion in the zones 

15 d1scussed in Section 3.5. 

r 

3.4 YEII OIIEITATIOIS 

A stereonet projection of poles to the pllnes of 347 VI 

ve1n(let)s and a1crofractures in Zone B, 144 VIII quartz 

ye1ns in Zone A, and 37 VIII quartz ve1ns in Zone B 1s shawn 

in Figure 3.3'. The figure shows that although the v.1n sets',' 

, for. e d a 1 0 n 9 a N W - t r end i n 9 con j u 9 a te f ra c t ure s. t • par 1 1 1 e 1 

to S3, VI ve1ns dip s~eeply to the SW or NE. whereas VIII 

veins d1p Mostly to the SW. 

In addition, Figure 3.3 shows thlt VIII ve1ns have a 
" 

s III a 1 1 e r. r a n 9 e 1 n s tri k e w hic h a p pel r 5 t 0 ber 0 t a te d IV 2 0° 

~egrees counterclockwisi, or north of that of VI vein(let)s. 

The st r 1k e rot a t ion .a y he 1 p exp 1 a i n the NI 5° d i f f. r. ne. 1 n 

strike between early VI- and VII- sche.11te-.1neralized 

zones •. which para11el the gabbro-sediaent contact (FI to F4i 

Fig. 3.2). 
# 

and la~e VIII- and VIV- scheelit.-aolybden1te-
... 
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Ft ..... 3.3 Ort ... tÎtto .. of pol.s to pl .... s of YI v.tn(l.th 1n 
Zone 1 a .. d VIII v.i.s t. Z .... A ... d 1. ,lote t ... t 
flII ,.t.s di, ..... COftstst •• tly to th. S~ and are 
ortented ."oilt 15 tll • 'nr. nort .... rd· orf •• tation 
t ..... '1 v.t.(let)s. Th • .ra .... -tn .easur.d values 
of th. S3 surfac. ts slto •• IS so11d 1 fft.s t ... ach 
dtagr... for r.f.renc •• 
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VI Vein(lef)s. 
Zonee 

N 

S 
Contours af .2,4,6 % 

342 Pole. 
l% area 

'" 

,. 

VHI Vains. 
Zone A 

S 
Contours af 2,4,10 % 

144 Poles 
1% oreo 

~ 

~ 

~ 

VIII VIinI, 
Zan. B 

N 

8 
Contours at 5, 10, I~ % 

37 Pol .. 
1% area 
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• 1 ne ra 1,1 z e d Z 0 n. s, wh 1 c h s u b par a 1 1 e 1 s t rat 1 9 r a p h Y (M Z 1 t 0 

"MI3; Fig. 3.2). 

Varfltions in orientation Ire apparently 1ndependent of 

vein(let} s1ze. The s.ll1est and largest veinlets, ~llll. to 
1 

S.a 'and 1 to 1.8c. wide, for eXI.ple, have al.ost 1dentical 

ranges in orientation. 

3.5 RELAlIO.SHIP OF .EII ORIE.TATIOI TO THAT OF THE 
"IIEIALIIED ZOIES 

Although the veins subparal lel the steeply d1pp1ng, NW

,t r end; n 9 S 3 sur fa ce, the a 1 ne ra 1 1z e d are a sin Z 0 n e 5 A and 8, 

which are also steeply dipp1ng, strike rough1-l N (Fig. 3 .. 1). 

Hence. the veins intersect the .inera l1zed zones obliquely. 

Th~ oblique intersection suggests that the .ine~alized zones 

were gash fractur_s whfch .Iy hlve .resulted fro. shear 

coupl1ng dur1ng for.ltion of 53, Ind Along wh1ch the flu1ds 

." entered 53 foliation pllnes. 

3.6 YEII PARA&EIESES 

The vein parageneses and spatial distribution of the 

vein sets are discussed below in arder of oldest, VI, to 

youngest, VVe 

3.6.1 Vfll SET YI 

3.6.11 VI "IIERALOS' 

The VI asse.blage co.pr1ses scheel1te-bear1ng hornblende 

.:!: albite.:!: tr. K-feldspar .:!: aagnet1t! .:!: rire- pyrrhotite 

vein{let)s, fractures and _ass1ve clots. In thfn section, the 

hornblende, wh1ch typ1~ally co.prises ')9 OS of the 
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assemblage, occurs as vibrant emera1ct to green-blue 

• t ra n spa ,r e n' t b 1 a des and cry s t a l s <.05 t 0 2m.. a c r 0 s S • 

Microprobe analyses indicate that the amphibole varies in 

.composition from actinolJtic hornblende to ferro- and 
" 

ferro-pargasitic hornblende (Chap. 5). 

The albite, in th1n section. appears as turbid. cloud

like masses interstitial to hornblende and lIagnet1te 

crystals. Plagioclase of unknown composition was found on the 

wall sor, less commonly. inside a minor nUlllber'of large VI 

veins. K-fe1dspar was evident in a minor nu.ber of stained 

slabs. but was not found in thin section. 

Magnetite is the most common accessory phase. and occurs 

~s eu'hedral to subhedral eub,;c erysta1s up ta 5 ... in 

diameter, and as anhedral masses interstit1al to vein 
.,. 

amphibole. In one vein. targe (3mm) crystal 5 of pyrrhotite 

_) we r e fou n d i n a p par e n t e qui 1 i b r i u m w i t h adJ ace n t III a g net i te 

cry s ta 1 s. Min 0 r dis sem i na te d s p e c k san der ys ta 1 s 0 f m i n'o r 

pyrrhotit~, 0.05 to 2.0mm acrass. are present in a s.a11 

number of VI clots, but ~re rare in VI ve1nlets. Pyrite was 

0. 

found in a rare number of clots which are .... crosscut by, or 

near, younger sulfide-bearing vefnlets. 

Scheel He 1s dissem1nated throughout most veins and in 

Ilssocfated (Al) altered rocks'(Chap. 4). The scheelite occurs 
" 

as specks and 1 ess c·om,mon. 1 to 2cm tetragona 1 crysta 1 s. The 
, . 

efystals are bipyram1dal w1th' appro)(1ma~ely equ1dimensional. 

len~ths and widths. and have typ1cally squarish outlines. 

Most of the schee1ite fluoresces canary yel10w (y-

scheel1te). M1croprobe analyses {this studYi Scott, D., 1n-

48 

---------- .. -- 'Ci> 



( 

r 

house co. report) indicete that the 1e110. fluorescence is 

due to .1nor «2 to JI) "002 in the scheel1te structure. 50.e 

of the scheel ite. however. 15 pure C.W04 and fluoresces 

bright bluish white (w·scheelite). 

3.l.lb Il RaiE OF OCC.aIE.CE Ail DISTI1 •• TIOI 

The VI asse.blage OCCllrs .ostly in curved. discontinuous 

.tcrofra-ctures Ind 'fe1nlets. a •• • ide. and .5 darI!: green 

bOrnblende clots, <1 to Sc. ln d1laeter,. whie~ are fed by 

hltrl1~e fractures '("alft, 1981). In addition, tt 1s found 

less co.only, in aore l1n.ar, continuous ve1ns >3c.. acroSS. 

1 n d ra rel y. 1 n > 18 t 0 5 Oc. w 1 dey e i n s ( .. a n n • 1 982 i 5 S" 33 and 

36) • 

Vein set VI and Issoc1ated (Al) Alteration (Chap. 4). 

Ire h1ghly host rock specifie. Approx1.ately 80% of YI clots 

and vein(let)s are hosted by gabbro and >161 are found in FGA 

units. The re.ainder, <41. are found in Unit lIb 

.etavolcano·sedi.ents or fe·ls'tc dykes (Fig. 3.4). 

About 751 of t.he latter veins crosscut rocks which are 

hfghly silicified (Fig. 3.4, inset). Si1icification 15 

associated with the formation of veio sets VIII and VIVo 

H e n ce, the pre sen c e O· f V 1 v e 1 n s 1 n the s e u n 1 t s m a y 1 n d 1 c a t e 

" 
t~at a minor number of VI ve1nlets formed concurrently or 

later than vein set VIII. In most cases, however, VI 

vein(let)s are consistently crosscut by VII and VIII 

vein(let)s. ---
VI vein(let) density and the amount of associated 

sch~elite mineralizat10n apparent1-y decreases abruptly within 
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Ft .. ,.. 3.4 "tstOlr •• s s.o_ta. dtstrtbutfoas of YI ••• s1t7 11 

•••• ro .ad •• t ••• lc ••• -s.4I1 •• ats ta .11 drfll 
'.l.s 1.10 •• 1. T". scal. of t" ••• rt1c.l 1.1s t. 
tla. lafst.gr •• s ts. lc. • 20 YI ,.ta(l.t) .r cl.t 
oce.rr •• e.. ,.r 10011 of .rt 11 core; ••• r. 'ars to 
fIA (.a,te) Ultts, ·f· ,..fa,.1 to al1 otll.,. 
·f.lsfc· U.tt lib •• ta.olca.o-,.flt ••• ts. Ills.t 
s .... s rel.tt.1 ._.ats of '1 .1'a(lat)s ••• clots 
w.tc. oceur t. st1tct,tad 'Irsus 'uftstlfctf11" U.1t 
lIb •• taslcltal.ts. 
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,a"aral hundreds of .eters outs1de FI to F3. YI vefn(let)s 

are rare and r arge 1)' un.f nerllf zed in drill ho 1 es 5S .. 24 Ind 

Z 5. < 8 0 O. t 0 the sou th. est 0 r 1 n d r 1 1 1 ha 1 e 5 5 S .. 2 7 • n d 32. 

<400. to the west; no VI ve1nlets or clots were observed in 

Iny Uni t 1 Il c gabbro outc rops to the west; • nd no VI fea tur.s 

•• re found in any gabbro outcrops to th. south (the fi rst O,f 
. , 

whtch occurs ",200. south of 5S .. 25). Further.ore only .1nor~ 

,,,,.1 "'. ra 1 1 z. d VIc lot s • n d w. 1 n 1 et soc C urt 0 the no r th t n 

Un1t IIIc glbbro outcrops. <400. west of lofte A. or' 1n Zone A 

drill core of gabbro dykes. 

The 5 e d 1 s t r 1 but ton p, a t ter n S 5 u g g • s t t h 1 t Y .I 

.1nerll1zltton Ind .os..t YI features probably dt. out 110ng 

the glbb'ro-sed1aent contlct ftelr Zone 8 Ind south of Zone A. 

Th 1 sig r e e 5 w 1 t h the 1 n f'a r r e d e x te n t 0 f a 1 ft ê r. 1 f z. t t • n 1 n 

fractures FI to F3 (Section 3.3.1) 

VI va1n(let) densfty in FGA units 11 .uch 10 •• r thln in 

gabbro (F1g. 3.4), .lthough the unlts are aineralagicilly -A s1.11.r. The l-tck of ,eln(let) develop.ent 1.p11e5 that FGA 

un1ts were nit conduc1ve to fracture for •• tion. The only 

Appt rent· d 1 fferences between ga bbro \a nd FGA un 1 ts, howe ver. 

are the f1ne grained nature and presence of fol1ation 

surfaces 1n the FGA un1ts. The fol1at10n planes œay have 

factlitated translation of compress10n ·1nt'o'shear stress 

which moved along the planes and out of the un1ts. This 

fmpltes that points or planes of susta1ned stress, were 
\ 

needed tO-..._develop VI fractures and could not develop fn FGA 

un1t$. Alternat1vely, the larger crystals in gabbro may have 

acted as re.lat1vely large discrete bodies through whfch 
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stress could propagat. 11n.arly to for. fractures, whereas 

t~. f1ne gr.1ns of th. FGA units refracted, and the;efore , 
dissipated l1near, st'ress outward frol crys1l11 interfaces • 

3.1.2 VEIl SET VI-VII . 
"'nor, possibly transltional veins,d.not.d VI-Y Il. were 

f 0" n d 1 n Z 0 n e 8 d r t 1 1 . cor e 'a n ci 0 u ter 0 p • ' The sel COI P r f st', 
'. 

thtrty-four 1 ta 3 .. wide sehe.lite-blaring hornblende-quartz 

v.tnlets found tn drill core (15) and the 111n trenched ar.a 

w.st of FI (19), and seve,..', w- and/or 1- se .... ,ite-beartng 

quar~z v.tns ,tUI hornblende hal0's. on. of which conta1ns 

biottte. The latter •• y, how.,er, be a liter VII vetnlet 

whtcll for •• d a t ong the sa.e V 1 fracture surface. Two VI 

.1erofractures a .. d one VI ,e1nl.t which had biot1te haloes 

("ann, 1981; "ann, 198t), are also included in ve1n set YI

VII because biotite halols norlal1y charaeter1ze VII ve1ns. 

only. 

3.1.3 tEll SET YII 

3.I.3a YII MllElALOIY 
,. 
, 

Ve1n set VII cOlprfses btot1te-haloed sehe.lfte ! btotite 

! sulf1de-belr1ng quartz veinlets, typ1cal1y 1 ta 3mm .cross. 

but 10cl11y up to 5cII in w1dth. VII vetnlets 1n five dr11l 

holes across Zone A and several drill holes 1n Zone B were 

stud1ed 1n detal1 to determine and document general trends in 

the abundance. range 1n widths and parageneses of the 

, ve1nlets. 

VII ve1nlets 1n Zone A general'y differ from those in 
" 
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Zone • by b.tn, ... cll l~ss Ibundlnt .nd hlvin, 1 s.lller ring. 

of v.tn wldt",. For .xI.pl., nu •• rous ve1ns<3 ••• cross Ir. 

pres.nt in Zone B. wher'IS only 1 f •• (4) were found in Zone . 
A. Ind Zone A v.inl.ts typ1cIlly contlin biotite Ind/or Cu/F. 

s .. 1 f 1 d • s, • h • rel s th 0 s • 1 n Z 0 ne' B d,o no t • ln Idditlon;' 

• olybd.nlte Is to •• on, Ilb.it .lnor. In Zone B v.lnletl • 

.... re.s Il.ost no YII .01ybd.nlte'is pr.s.nt 1n Zone A. 

It should be not.d thlt .ost veinlets, which wer. 

obs.rv.d in th1n s.ctlon ••• re found to contltn- vlrious 

•• ounts of c.rbon.te. On. vefnlet contllnfng no clrbonlt., 

contlin.d 1 to 2 •• euh.drll K-feldsplr crystl15 .nd no 

sulfld.s. 110 K-feldsplr WIS found, ho •• v.r,' ln the~ 

c.rbon.t.-be.rlng velnl.ts. Yetnl.ts contllnlng trace or 

.oderate to relatlv.1y Ibundlnt I.ounts of clrbonate 

typl ca 11 y hos t al nor pyrrhot 1 te Ind chll copyrl t. or .1 nor to 

.oderate •• ounts of pyrite', .lnor Ipldote, and chlor1te, 
1 

respect 1 vIly. 

Most of the carbonate app.lrs to be secondlry, and 

crOlScuts 5cheelite or other VII ve1n sulfides. In addition, 

so.e veln(l.t)s co.prise quartz vetnlet-carbonlte str1ng.r 

pairs. The Clrbonate a •• ber typlcll,y occurs as a hllrline 

str1nger whlch rias, subpara11els, Ind/or .nters the ve1nlet 

at a low angle. The str1ilgers co •• only contlin pyrite, 

Chalcopyrite and/or black ch10rite whlch crosscut the 

quartz-hosted scheelite crystlls and/or ve1n sulfldes. In a 

mlnor number of velnlets~containing moderate to low amounts 

of carbonate. however, crosscuttlng rel at10nships are not 

present, and henee may 1ndicate that salle of the carbonate 15' 
53 
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3.1.31» SPATIAL DISOIIUT1 ..... 'AlIATI •• 1 PAaUEIESES 

Z"E A -
111th1n Ion. A. YII v.tn1et density (1 vefnlets/IOO.) 

" 1ner •• ses sout~ •• rd froa NU to N53, -wh1ch suggests that th. 
l ' 

f 1 u 1 d sou r C e 11 y sou t hw a rd (F tg. 3 .5 b , sol 1 d. 1 in. ) • Th. 

s'outhw.rd ine,..ls. in Zone A ve1nlet d.nsfty was 11I.tned in 

ltlht o~ host rock l1thology and destructive eff.cts of lat. 

p. r-v ,1 S 1 v e • 1 ter. t 10ft (f 1 9 ." 3.5) • Ho s t roc k e f f e ct 5 .e r. 

Ill •• 1n.d becluse v.tn1et dens1ty Ippears to be htgher in F6A 

tllan in Unit lIb .etavol eano-sedf.tnts. Hence. the southw.rd 

1ner.as. fn v,inlet densfty .ay reflect the s,outhw.rd 

tnerll$e in the pere.ntage of F6A urr1ts whtch 1ncreases fro. 

OS ta >221 of total rock units (Fig. 3.5a). 

The percentave of •• ftc rocks, howeve,.. incre.s.s 

gradu.lly Icross the zone, where.s vetn1et denstty 1ne,. •• ses 

abruptly (Fig. 3.Sa,b.). and v.tnlet densfty tn drf1l ho1. 

SS~ 9 1 s 1 ess thln 1 n drill ho 1 e 55N 13 Il though 1t contai ns 

a r. 1 a t 1 v e 1 y 9 r e a t • ri. 0 u n t 0 f .. 1 f 1 t u n 1 t s .' The 1 a 'C k 0 f 

cor rel a t 1 0 n i n the s 1 0 p es Q f the t wo t r end s • n d a bru p t 

inerease 1n ve1nlet densfty south of drill hole S5N 4 (Fig. ... ' 

3.5b). indic.tes that host rock .ffects cannot account 

entirely for the southward incre.se in vein1et density. 

The 1ack of correlation may be due to southward decrease 

1n 1ate destructive A3 sericite alteration. The Most intense 
. 

destructive a1terati,on (A3 ser1cite) occurs adjacent to large 

VIV quartz stockworks where 1t 1arge1y replaces prev1ous1y 
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(.) perclnt.,. of FlA untts 1n splc1 ftc drill 
taol.s across Zone A. (b) YII YI1nlet dens1ty (1 
y II y 1 1 " lIt s Il 0 O. ) 1 n 1 1 1 Un 1 t lIb roc k un t t s 
(so11d l1nl). 1n FGA un1ts. only (upper dashld 
l1ne). and in unaltered and tnt~-nslly (A3~) 
ser1c1te-altered ( 10wer dashld. and lower dashed~ 
dotted l1nl, respectiY.1y). (c) h1stogra. showtng 
plrcentage of total Unit lib .etavo1cano-sedi.ents 
wh1ch are h1ghly seric1te-altered (clear bar); 
st1ppled bar shows percentage of those un1ts which 
are fl1s1c un1ts. The high1y se,.icite-11tered 
rocks are the .ost 1ntensely Iltered, Level l, 
rocks (see ChIP. 4. pp. 11-13). Rlfer to Fif. 3.9 
for dr1ll ho 1 e locltions. , 
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for.ed (A2 biotite) Alteration (Chap. 4). The destruction of 

prev10us (biotite) alteràtion, aa1 iaply thit the s.all (VII) 

vein1ets, with which ft 15 associated. were a1so destroyed. 

He ft ce, i.f des t rue t 1 v e a 1 ter a t ion de cre a ses sou t h wa rd. the 
. 

inerease in VII ve1n1et dens1ty southward a,y o.n11 be 

apparent. 

VII density in drill core of.l tered and ulu1tered 

fe15ie units· 1s nelr1y 1delltic.l. however (Fig. 3.Se), which 

suggests th.t the nu.ber of veinlets destroyed by late 

serteite alteration is .1n1 •• 1. A possible exception is 

drq 1 hole SSN 9 in whieh veinlet density 15 NIai less in 

h 1 g h 1 Y se rie i. te • 1 ter e d f e 1 sic roc k 5 (F 1 g. 3 • ~ b ) • He n ce, the 

south_a rd 1nerease in ve1nlet density appears to be large1y 
1 

'1ndependent of hast rock or alteration effeets. 

Many vehlets tontah sehee11te, only. Pure se~eel1te

bearing ve1nlets are .ost abundant in drill hole SSN 15, near 

the center of Zone A. and deerease in abundance abruptly 

northward over a s.a 11 distance of 200. fro. 68 to 6 (Ffg. 

3.6). southward the 5cheelfte veinlets decrease in nu.ber 

gradua11y ove" 400 .. fro. 68 ta 9 with a tonco.1tant large 

inerease in the nuaber of scheelite ve1nlets conta1n1ng 

su1f1des, 2 to 99. The southernllost drill ... holes, 55" 13 and 

9, for example. contain abundant pyrite and 55" 9, conta1ns 

abundant pyrite as wel1"as chalcopyrite and pyrrhot1te (Fig. 

3.6). 

• Mafic units vere not eonsidered. The units are 
subst. nt 11 l1y aore res 1 stant to al terat ion (Chap. 4). nd henee 
the southward 1nerease in the percentage of aafic units would 
d1stort the aeasured effeels of ser1c1te Alteration on 
ve1nlet dens1ty trends • 

56 

.$' ;; -



;tn 

Ft ..... , 3.' H 1 st 0 g ra. s S h 0 W 1 ft 9 .a t n par a g. n. SIS 1 n Y 1 1 
schell1tl-b.ari ng quartz v,iftlets froa • north
south SIq..lllel of ctrt 11 holls Across loftl A. 
M1nerll(s) in par.nthls,s rlpres.nt-t.lte la",est 
'paratlnetic subset of th ••• 1n parag.nash ,,,ritten 
above- ft. lc. • 10 occurre".c.s~ 
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Mo1ybden1te 1s rare. occurrfng in <31 of al1 ve1n1 ets. 

No molybdenfte-bear1ng ve1n1ets were found in drl1l core 

north of drill hole 5SN 4 or 1n the southernmost drill holes, 

S5N 9 and 20, and onl y a sma 1 t number 'IIIIere found in dri 11 

core SSN 11 (Moore 1979) and 13 near the center of Zone A 

(Fig. 3.6). The erratic distrfbution of molybdenite 15 

probctb1ya stat1stfca1 prob1em resulting from the hfgh 

sfgnfficance of lIinor fluctuations fn the·sma11 number of 

lIolybdenite-bearing VII vefnlets wh1ch were found; hence the 

variations in molybdenite dfstri'bution are not considered to 

be sig nif f ca nt. 

IOlE B 

VII veinlets in Zone B are much more widespread and 

abundant than in Zone A. The veinlets occur up to 750m to 

the west but are largely concentrated in the metavolcano

sedfllent-hoste,d schee1ite-minera1ized zones, F3 and F4, and . 
less sa, in gabbro-hosted zones, FI and F2 (Fig. 3.4). The 

northernmost drill hol e fn Zone B gabbro (SSN 38) however, 

conta1ns re1atfvely abundant VII ,e1n1ets, a nd an 

anomalously low amount of VI vefn(let)s (Fig. 3.4). 

VII v e f n 1 et s f n Z 0 ne B h a ve a sim p 1 e r and m O'r e ..., 

consisfent paragenes1s than in Zone A. The veios typfcal1y 

contain on1y scheelfte and minor ta no molybdenite. ThiS 15 

reflected in drill core assays across F3 and F4, which 

commonly measure NO.I0wtSW03. and '(OIOlwtS MoS2. 

The scheelfte 15 made up mostly of 1 ta 2mm crystals, 

and the molybden1te fs fine 9,f"a1ned '~nd,co~monly_concentrated 
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along vein edges. Sul fides are relati vely rare, except in 

the northernmost gabbro-ho-sted dri 11 ho 1 e (S5N 38) where"" 201 

of the vein1ets contain chalcopyrite and/or pyrite. The 

relat1ve1y sulfide-rich nature of these velns 1s similar ta 

that found in the southern part of Zone A (Fig. 3.6) • 

. 3.6.4 VEU SET VIII 

3.6.4. VIII MIIERAlOGY 
-

VIII is the sma11est and least mineral}L~.dY.e1!' se,t in 

Z4Jne A (on1 y 178 VIII veins were found"-in a11 Zone A dri 11 

core), and the largest in Zone B. The veins comprise 

b i a t i te - ha 1 0 e d mol yb den i te - b e a ri n 9 qua r t z v e i n sin" Zan e A , 

and scheelite .± molybdenite-bear1ng quqrtz veins in Zone 8 • 

. ' The vein.s are typical1 y 1 to 3cm wide, but have a small er 

ran~e in w1d~hs in Zone A (O.5cm to 6em) than in Zone B (up 

to 40cm). In tontrast to VI and VII veins, many VIII velns 

con ta i n v u 9 s 3 t 0 4mm a c r 0 S 5 • 

The mo1ybdenite 1s coarse grained, typically rims vein 

edges. and in Zone B, 1 Dca 11 y intergrows with coarse' gra; ned 

schee1ite. Some composite veins, comprising several distinc~ 

quartz bands. which' are separatéd by fine gra1ned molybdenite 

• d u 's t ., . w e r e fou n d 1 n Z 0 n e s A and B. The i r pre 5 e n c e 

ind1cate's that there were several, pulses of molybdenite ... 
• 1neralization. 

3.6.4b SPATIAL DISTRIBUTIOI AIO YARIATIOI Il PARAGÈIESES 

IOlE A 

,VIII· vein density genera 11y increases southward across 

Zone A. fro. 0 to 8.34 (Fig. 3.7). VIII ve1ns in Zone A 
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typica11y contain minor mo1ybdenite, on1y, with almost all 

drill core containing VIII veins assaying <O.Olwt.tMoS2. 
, l 

Three exceptions are found in dri' 1 hales SSN 2, 3, which' 

each contain one 3m interval of relative1y abundant 

molybdenite, assaying, O.018wt.%, O.14wt.%, and O.047wt.% 

MoS2. respectively (Moore, 1979). 

Ami n 0 r n u m' ber 0 f mol Y b den i t e - b e a r i n 9 VII 1 v e ; n s 

con ta; n ; n 9 cha 1 cap y rit e \1 e r e fou n d ; n the mai n t r e n ch. 1 n 

addition, two molydenite-bearing VIII veins containing 

scheel ite, and several containing fluorite vere found in 

drill core. The latter ilre from the southérnmost dri 11 

hales. and compr,ise five veins from drill holes SSN 20,21, 
~ , 

and 19, and apparently similar, but barren quartz-f1uorite 
i' 

veins in drill hole ssr~ 21 and near~y Penarroya drill hol~, 

NA-3 (RabinovHch, 1969). 

IOlE B , 

VIII veins in Zone B comprise the largest vein set and, 

with VIV veins,and stockworks (bclow) are concentrated in the 
~ 

three molybdenite-schecl ite zones. rlZl-f·1Z3 (Section 3.3). 

The vein density, size B paragencsis D and orientation of 

VIII v e i n sin fl Z l th r 0 u 9 h tH 3 \1 e r e ~~ die dus i n 9 d r ~ 11 cor e 

data from SSfI 37~ 34, and 26 (Fig. 3.8). Drill ho1e SSN 37 

i S· ,1 n 9 a b b r 0 il n cl t r ans cet s n Z l \'1 hic h c r 0 S s eut s p 'a i~ t s 0 f F 2 , 

F3 and F4. o r i 1 l h ole S S U 3 4 0 ecu t' sin Uni t lIb and 

iransects MZ2 ~hich crosscuts part of F4; and SSN 26 

.,.. 

transects nZ3 \Illich overlùps the southcrn part of F3 (Fig. i 

3.8). Drill holes SSN 29 9 33, 38" \-J!lich occur peripheral to 1 

/ 
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Figure 3.8 Some measured sections in select drill holes 
across Zone B. showing vein density and percentage 
of "'(\ha 1 copyrite-bearing VIII veins in and outside 
fracture"zones t4Z1 ta MZ3. 0 
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the zones {Fig. 3.8)~·"Jere also studicd to determ,ine 

bac k 9 r 0 und v e i n den s i t Y ft a l U,e san d par age ne ses. 
"-

Drill hole data from SSN 26, 34 and :37 indicùte that 

vein density may be highe;" in gabbro-hosted zones (61) than 

in metavolcùno-sedimcnt-hosted zones (48: 50; Fig. 3.8). 

~{O\'leve\'~ vein \'/id-t.hs in gab?~ ùre generili ly n2;,rO\/CV' than in 

the f.1cti.'lv,ol ctino-:ediments. For e;(ùmplc, VIII \Joins 'in 

9 il b b r c i Tl d i~ i 1 1 Il ole s S S Il 2 9 - 3 3, 3 7 $ and 3 8 il T C < 0 • 5 t 0 G ,:: I"J 

;: cr 0 S S, \1 he t" cas t;l 0 sei n Uni t lIb r. Q t a VOl Cil n 0 - se di r: ~ Tl t s i Il 

Grill ilo1es SSN 26, 33 0 34, ar.d 37 range up to 50cr.l across. 

V e i n d c' n(s i t yin m (! t a vol c a il 0 - s e d i m Q n t s a G r 0 S s the de po s i t 

-j s approximately constant. and varies from 48 in tH2 in the 

north (SSN 34), to 50 in t1Z3 to the south (SSN 26; FigA 3.8). 

In addition$ vein density outside, but proximal tOI f}~acture 

Z 0 n e s 1'1 Z l t h r 0 u 9 h M Z 3 i s 1 e s san d a p p e ars t 0 d e cre a s e 

southward. background vein density'measures 39 in gabbro in 

the north. ncar r·1Z1 (SSN 38; Fig. 3.8)~ 32" about lOOm 

southwàrd (SSN 33), and 10 and 24 in gabbro and Unit lIb 

furthest south, outside t~Z3 (SSN 29). 

VIII vei n density appears to drop off abruptly sever~ 1 

hundreds of meters to the west and south of Zone B. A minor 

number of vei ns were found in drill core N350m Ir/est of Zone 

Bl' (SSN 27 and 32); none \'/ere found in drill core further 

southv/cst (SSN 2410 25)& and none wer~ found in outcrop 

outside Zone B. 

Most VIII scheelite is w- (molybdenum-free) scheeli1.e. 

ùnd is concer.trated if) gabbro. For example 65% (S$N 38) to 

100% (SSN 37) of gabbro-hosted veins contain scheelite» 
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C 0 m p 0 '$ e d 0 f > 5 0 % (S S N 3 8 ) t 0 7 5 Z (S S N 3 3) l'i - S che c lit e.' 1 n 
n 

cont\~ast. mino~ (SSN 26) te 48'; of metavol cano-sedirne:1t-

hosted~~i ns (SSN 34) 

l 00% .1- S he c 1 i te. 
- ---- ~~,. 

contain scheelitc. composed of ?9l~ to 

", 

The s C' h e e 1 i t e 0 ecu r S El 0 S t l Y fi S fin e toc 0 cl r s c 9 r cl i ri e fi 

bipyr"'jlidal crystal!> '.Jith squat'ish Cl'OS::; scc~ions !:p to 2ClïI 

i1CI'OS':;~ and les::> comr.1onlYr ÙS ûnhcdl~Ll maSS0<; a1r:ng vein 

ual1s and/or int.cr!)rO\'Hi \liU~ i:1Qlybdenitc •. r,p)st y-'~cheûl·:tc 

occurs along qUl\rtz vGin lltills 0;' dS f'ine gl~t::incd .speckc; in 

-tissoc-ïùted biotite haloes. 

The molybdenite is coùrscr grained ùn'd m..:ch mote 

" 

\ Cl bu n dan t i YI Z 0 ne. B. l t ty P i. C il 1 1 y 0 c cu r S il l 0 n 9 v e i r. mil r 9 1 n s 

as fine grained amorphous masses, or' appùrently bladed 

rosettes, up to lem ;n diameter. 
< 

! " 

Pyrrhotite \'JaS found ,in minor ùmounts in m,l'ny "::::in5. In . ~ 
contrast. ooly minor to trace chalcopyrite and/or pyrite tJetAe 

found in a small number of veins. For examp1e o only 15% of 

the veins in drill holes SSN 34 and 37 contûin chalcopydte 

or pyr"ite. 
- ~ 

The percentage of gabbro- and netùvolcano-scdirnent-

hosted VIII veins containing chalcopyrite was. measured in 

order to determine 'if it \'1as preferentially deposited in il 

" 
s pee i fic roc k t Y P e • 1 toc c u.r s, hO\'1 ev e r» i n ù b 0 u t the sam e 

percentage of veins in gabbro (14%; SSN 37) as in the 

r:1etavol cano-sediments (16%, SSN 34). HO\'lever D the percentage 

of cha 1 copyrite-be~ring veins increases from south to nOt~th 

across the deposit (Fig. 3.8)" No chalcopyrite was found in 
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the sou the t' il m 0 ~ t d r i 1 l h ole t S S N 2 9; i t l'J il S fou n d i il 5 % 0 f 

the v e i n sin d r i l 1 h ole S S ~ 2 6 ~ < 1 0 0 m t 0 the n 0 r t h U1Z 3 ); i n. 

14% and 16% of the v<.:ills in fiZl (SSN 37)and r,1Z2 (SSN 3tlL 

r c s pcc t ive 1 y; a-n cl i n 1 7 % 0 f t li 0 v e "1 n S 0 tl t s i cl e 11 Z 1 ~ i Il t 11 e 

n 0 t" t Il e ï il 1710 S t ci r i l l Il ole ( S 5'tl 3 ü ) • 

r Il C: !il i ne i" '-' log y il n d r il rD 9 c: fi Q sis 0 ~- v c iris (? t s VII (î!1 (\ VII l 

-1 n Z 0 n c B i) r c sin i 1 (\ r r- ex ccP t th;:, t V 1 r Ive i n $ il l' (; ri 0 r e 

fil 'j n cri) l 'i z cd" co, il t il i' n (., b und;:: nt' fJ 0 1 Y b cl C il i te, a ri cl ù t C! 

concenî:î~atC(j in zones~ 11Z! to IiZ3. 

dlfficult ôj..:" impos')ible, in r.1any cases. ta dist"ir.guish 

b e t t'Jl'! e Il som c 0 f the ~I ide m 0 l,y bd e n He - poo r V II v e i n S C Il dl 0 r 

thinner raolybdenitc-rfch VIII vDins. especÎi:llly \'/herc'VI- and 

VII- mineralized fractul'E' zones. FI to F4, overlap nZI to 

r" Z 3. 

In most cases, VII and VIII vein(let)~; uere 

diS'tingu-'ished by consistent differen<.es in core 'intersection< 

angle'), relative amount:. or grain 5ize of molybdenite ot 

scheelite, the presence D,f pyri':~otite, chalcopyrite ùnd/or 

~pyrite in VIII veins, and/or crosscutting rclationships. 
- , 

For example. in drill hale SSN 26, i'ihere NZ3 overlaps F4 

completeleY~ VII v\einlets have a core intersection angle of 

30 to 40 and are locall,y crosscut by large molybdenite-rich 

VII 1 qua r- t z v e i n sin c 1 i ne d lOt olS. t 0 the cor e a x i s {'" a n Il ~ 

1982). The similar mineralogies. '!Je'in parageneses, and 

presence of intermediate types of minera l ized veins, hO\'1ever, 

i n -a i ca te 't h a t the t \1 0 V e i ,0 set s pro b a b 1 y r e pre sen t a 

continuum in scheelite~molybdenite deposition. 
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306.5 VEIrJ SET VIV 

3 b 60 5a li 1" rlU1ERAlOGV ( 

Vein set VIV comp."ises quartz veins and stoc?'/orkS which 

in Zone At contain abundant ch.:;.lcopyrite. \/olframite, and 

p y r rh 0 t i te. and in Zo n e B. mi Il 0 r si 111'1 l a r r.li ne r a 1 i Z il t i 0 V1, a s ~ 

\'J c 1 las c::. Il und il n t s c Il ccl i t e i} n cl mol Y bdc n i 'C r. • The v e i r. san d 

s :t 0 c k \J 0 Î t: seo n mon 1 .Y, con t il i n \' u 9 s n 1 t 0 4 fil m ù c r 0 S S • V 1 V 

vCin(let)s and s,tocl~\Jorks in bci.:h zones, i.11~C associated uith 

pet'Vflsive (1\3) sericite illt:et'atioil n tJhich overprints previous 

a iii P Il i bol e and b i 0 t i t e il 1 i.; C rat ion • ' a s S 0 ci a t e d \'J i t Il v e i n set s 

VI through VIII (Chap. 4) •. 

3.6.5b VIV SPATIAL DISTnIDUTIO~ 

ZOrH:: fi 

It i s cstimatcd thût Zone A contains N7.5 mi 11 ion tons 

gril d i n gO. 3 5 % C u a s cha 1 C 0 P y rit e and O. 2 1 % \,' 03 a S U 0 l f r il mit e 

(ftt.nn,1980). The \'Jolframite is"typical1y surrounded byor 

i n ter 9 t~ 0 \"; n \'/ i the h ale 0 p y rit e VI hic h 9 i n t u r n, sur r 0 und sor 

i n ter 9 r 0 t-J S l'J i t h P Y r r hot i te. Hence, it appears that 

\10 1 f r ami t e \'/ a s d e po S i t e d f i r s t p fol lot"I C d bye h ale 0 p y rit e (s e c 

Fig_ 3.13) and later ll pYf"rhotitc. 

The t'J 0 1 f r il mit e s h a Il e age n e r a l 1 Y h i 9 h Fe t 0 fI n r il t i' 0 , 

and hence" are ferbel'ites or r.langaniferous ferbel'ites (Hal< 

/' ., \ Il a t k i il son, 1982 ) • tJ 0 S ys te Iil a tic v il. ria t ion i n Fe /f,1 n . 
)0 S \'l e I~ e fou n d t 0 0 ecu r a c r 0 s s Z 0 ne A 0 r \'J i th d cpt h 

-' 
(op.cit). 

f" 0 S t 0 f the V l V fil i n e r a 1 i z a t ; 0 n 'i seo ri ta i n e d \1 i t Il ; n a 

rHHJ-trending. near vertical to steeply \lestern dipping VIV 
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quartz stocblork-fil1ed fracture zone 13 ta 35m wide and 
~ 1 

1.2km i~ k'ool'/n length. A narrouer (10 to 30rn across) and 

Ô apparently less mineralized quartz ,stockt'Jork zone 

s u b par El 1 l e '1 s t Il e mai n s toc k\'10 r k 3 3 t 0 6 3 m t 0 the 1'1 est D \'1 h e r e 

it is intel~sccte(Ï in dtill holes SSrl 2 ùnd 3 (Fig. 3.9). 

Apl a r. vie tJ 0 f t Il e m il i n 5 toc !~ U 0 r k Z 0 il C (F i 9 0 3. 9) s h 0 W S 
~ b 

t h a t i t P -i il F!h c 5 il n d S li e 1 1 ~ f l' 0 r. L 0 -!- 0 0 t 0 L G rJ ~ tJ Il e r e i t 

branches ou';: nOi'th\Jûi'd into sevcrùi thin, mincn\lized, quartz 

st r i ri 9 ~ r a;'1 d sm â 1 1 Cl u [. r t z s toc le \1 0 1~ k Z 0 n cs. 1:1 il d dit ion, the 

Z 0 n e s;t r; l~ e s n 1 ,2 li ' il n cl N 8 tJ, n ri l"'- t Il ,il n d sou t Il a c I~ 0 S s the, 
, 

sil icified, E-trending fault at LO-?OO, but is nOJ displaced. 

The 1 ack of displ accment and smal1 stri ke change indicates 

t h a t the s toc k \'J a riel 0 nef 0 r r;] e d a ft e t~ the fa u l t. 

l'J 0 1 f r él r.1 ; te min e r a 1 i z a t ion cl i es au t a t IV L 5 f~ ~ a t the 

i n t e t f a ce b et\'1 e e n S u bu n it 1 l b 1, and the pel i t e - r; cilS u b un; t 

11b2. Chal copyrite mineral ;'zation, dies outN200r.r further 

n 0 r th. The s toc 1;. \-10 r k t a p ers 9 rad u a 1 1 Y f rom N LOt 0 0 t 0 L 4 S • 
,\ 

where it dies o,ut. A vertical projection of the \'Jidest and 

m 0 s t min e r al; z e d 5 e c t ion 0 f the e a ste ï ri 5 toc k \10 l' k D n car 

LOt 0 0, s h a ~'1 s t Il a t i t n e a r 1 JI pin elle SOU t a t N 3 0 0 Iil d e p th, ' 

; n die a t. i n 9 t ha t i t m a y bel e n soi d 0 r b ° u cl -j n i.l 9 e il t d ~ pt h (F i g~' . 

3.10) • 

The tl'JO stock\'/orks fallol! strong su'bpalAal,lel linear 

Il 0 riz 0' n ta 1 n-l and / 0 r V L Fan 0 mal i est! hic h fl air 0 u t s ~ u t h tl a rd 

from 50m apart ncar 8N~ to 130m apart ncar L3S (sec Fig. 

3 .1 ) . The \:J est e r n a n Dm a l y die sou t a b l'U P t 1 Y il t the n ° r the i~ n 

interface, and the eastern anornaly dies out along the castern 

fla n k 0 f. the e 1 l i P tic il 1 Z 0 n e 0 f h i 9 h cha r 9 e il b i 1 i t Y / 1 0 \'J 
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Figure 3.9 Surface p.roJection of Cu-W 111 neraJ 1zed' 
stockwork-f111ed fracture zones in Zone A. 
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Figure 3.10 Vertical cross section of the VIV stockwork at 
LO+OO. 
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, re sis t i vi ty • 

Two other linear VLF anomalies flair out southward from 

the west and east anomalies at l2N and LON. respecti~ely 

(see Fig. 3.1). The former dies out near L6S, and th-e latter 

di e-s 0 u t ne a r L3S at the northwestern and northern 

interfaces. respectively, of".t~è·"elongate geo~hysical 

an om a 1 y • The latter V l Fan 0 m a li es ha ven 0 t b e end r i l l e d , but 

probably represe'flt similarly mineralized stockwork.-filled 

fracture zone~~ Another linear EM-VlF trend extends from l6 

to LBN where the geophysical survey was discontinued. Drill 

hole 55N 7, dri11ed into the southern part of the anomaly 

contains sparsely mineralized, ,but highly (A3 sericite-i 

Chap. ,4) al tered ro"Cks. 

IOlE B 

V e i n set V 1 Vin Z 0 n e- B co. p ris e s nu. e r 0 us. 1 es s w ide (1t 1 -
, ' 

7m) scheelite + molybdenite"mineral 'Ized stockworks 
, - , 

and 
0,' 

abundant, sim~1ar1y mineralized quartz veins'. Almost a11 of 

the Jcheel'lte i~ the white fluorescent variety •• A single 

occurrence of bornite was recorded in drill hole 55N 34 • . ' 
Wolframite and cha,lcopyrite, 1n'contrast to Zone A, are 

,\ 

prese~,t in/o."t1 y minor amounts. In addition, different 

a~o~nti of(VIV wolframit~ and chal~opyrite are found in Zone 
\ 

8 metavol~aflo-sed1ment- versus gabbro- or FGA- hosted 
\, 

stockworks and veins., Wolframite 1s about one order of 

magnitude more a'b-undant in metavolcano-sediments than in 

gabbw:-o. 'This is evident in the differenc,e in the average 
" .. 

n û .. ber 0 f 0 C'C u r r en ces 0 f w 0 1 f r ami te i n d ri 1- 1 cor e 0 f 
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metavol cano-sediments, O.IO/m, versus gabbro. Q.Ol/m. 

Chalcopyrite appears ta be even more host rock specifie, 

occurring mostly in fel sic metavol cano-sediments. In the 

\gabbro and m~fic horizons in drill holes SSN 29 and 36, for 

example, chalcopyrite 1s absent; it is present in trace 

amount~n drill hole SSN 28 where the west{trn stockwork,·" 

occurs just outside the gabbro along the gabbro-sediment 

contact; it occurs in minor amounts in fel sic metavolcano-

sediments of drill hole SSN 30, 33; and it 1s relatively 

abundant in a metavolcano-sediment-hosted VIV quartz stringer 

zone near the gabbro-sediment contact in the north in drill 

ho 1 e S SN 38 (N 0:1 0 w t. % Cu) and i n the e a s t.e r n , t 0 ta 1 1 y 

metavol cano-sediment-hosted stockwork zone and assoeiated 

quartz veins. In most cases" howe.ver, the amount,of 

chalcopyrite in Zone B was considered too low to assay or 

measures <O.05wt.%Cu. 

The a p par e n t pre fer e n t i a 1 de po s i t ion 0 f cha 1 co P y r i ct e and 

wolframite in felsic metavolcano-sediments helps explain 

their relative abundance in metavolcano-sediment-hosted Zone 

A. However. the relative abundanoe of chalcopyrite in Zone A 

and molybdenite in Zone B, may also reflect metal zonation, 

".-with molybdenite being deposited closer to the fluid source 

(B~rnes. 1975; Chap. 7). In addition. the abundance of 

wolfram;te in Zone Amay reflect critical physico-chemical 

d i f f e r·e n ces b e t w e e n the de po s i t ion ale n v ; r 0 n men t S 0 f Z 0 n e s A 

and B (C ha p'. 7). 

The stockworks and vein(let)s are concentrated mpstly in 

l a r 9 e N - t r end l n 9 Il co m p 0 s i tes toc kw 0 r k < Z 0 ne Sil, < 5 m t 0 60m 
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i n t 0 t a l 1:1 i d t t1 ( Fig • 3 • 1 1 ) • Ina d dit ion D sim i l a r 1 y 

mineralized VIV quartz stock\10rk zones, N30cm across, border 

several of the FQB porphyry dykes, and a quartz stringer zone 

is developed along the gabbro-sediment contact in th'e 

northern part of Zone B (Fig. 3.10. 

Location of the composite stocknork zones i5 controlled 

structur"~lly by l itholo9ic\contacts. Both stoc!~l1ork zones are 

best dcvcloped in ';elsic fi1C\ùV01CaI10-SCdÜJCnts~ and both die 

out w i t: Il ; n fil a s s ive ra il f -j C (1 Il -j t s (F i g. 3 • l 1 ) • T Il et"! est c t n 

Stock\101'k zone, has il rClilth\e;y const.nt \lidth of 20 to 30Q, 

and largcly straddlcs the gabbro - mctavolcano-sediment 

con tac t ~ \1 hic hoc c u '(' s a t a l, 0 \J il n 9 1 e t 0 s t rat i gril p Il Y • The 

stock\lork leaves th contact in h/o places!) hO\1ever: fJorth of 
\ 

drill hole SSN l"J Il e r, e i t pin che sou tin a m il fic 

metavol cano-sedimentary ho; Izon; and south of dri 11 ho1 e SSN 

ra, tl h e r e i t e)( t end sud i s t u r b e d il C r 0 S sas mal l f il U l t b e hl e e n 

j~ll hales SSN 28 an~ 31 (Fig. 3811). In the latter case, 

the stockiJork conti nue',? into the east'"Jard faul ted bl oek of 

gabbro uhere it dies out N175m to the south. 

The eastern composite stocknork zone 1s located within a 
.; 

felsic metavolcano-sedimentary horizon, with no stocknork 

devclopnent in flanking mafic horizons, except at its 

southern extremity. There" the stockHork continues 

lIf1d;StUI~bcd aeross the fault bett-/een drill hales SSN 28 and 

31, and dies out l'lithin SOm, in the eash/ard faulted black of 

a nafie horizon near drill hole SSH 26. In plan Vie\1, the 

eastern stockwork zone i5 open-ended ta the north, pinches 
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Figure 3.11 Surface projection of main eastern and western IV 

composite quartz stockworks. minor quartz 
stockworks, and quartz stringer zone in Zone B. 
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and swclls south\'/ard along its length, and in its \</idest 

parts. extends ouf to the margins of the host fel sic 

metavolcano-,sedimentary horizon (Fig. 3.11). 

Both stocblOrk zones, like r·1Z3, cross" but are not 

displaced by the late fault bet~/een drill holes SSN 28 and 

3 1. 1\ sim i l a r 1 a c k 0 f dis pla c e ru e n t i 5 S e e n 1 n Z 0 n e A, VI h e r e 
, ( 

the' e a ste r fi V 1 V qua r t z s toc b'} a r k zan e c r 0 s S 6 sas i mil a r 1 a t e 

fault (above). The lack of displacement Of\MZ3 and late VIV 
\ 

quartz stoCKl;'lorks by the late fault con\trasts \'Jith the 

cl i s pla ce men t 0 b set' v cd i n V l Cl n d VII sc Il e e 1 'i te - min e I~ a 1 i z e d 

zone~ F3, and indicates that the fault in zon~ B formed after 
, 

vein sets VI and VII, but before vein sets VIII and VIVo 
i 

The C 0 m p 0 n e n t 5 toc k \'10 r k s a 1 0 n 9 the e a ste r n e d 9 e 0 f the 

composite stockwork zones,'especial1y thè eastern one, are 

more numerous, wider and more mineral ized than those in the 

III est. T h 'e rel a t ive a b und a n c e 0 f C 0 m p 0 n'e n t s toc k w 0 r k zan e s 
. " 

and mineralization along the eastern contact suggest that the 

mineralizing fluid entered from the east, the direction 

inferred for the fluid source fram the elongate geophys,ical 

anomaly (Chap. 2, p . .17). 

'The northern parts of the two composite stoèkwork zones 

parallel, over;1ap, and vdth.vein set VIII, define scheelite-

molybdenite z.ones, rH! and fH2. tH3, in contrast, is largely 

defined by VIII veins, only, wïth the western VIV stochlOrk 

ove r l a p pin 9 i t s l i' 9 h t 1 Y a 1 0 n 9 i t S \"1 est e r n e d 9 e ( s e e F; 9 . 3 • 8 

and 3.11). 

\ ' 
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3.6.6 VEI" SET VV 

3.6.6a VV MIHERAlOGY 

VV, whic~ 1s the youngest vein set, 1s the least 

important with respect ta mineralizat10n of econamic 

interest. The vein set consists mostly of massive 

m i c roc r- y s t a 1 1 i nec a r bon a te" a s \'1 e 1 l a ~ \'1 h i t e 0 r tan 

microcrystalline carbonate stririgers,"veil1(let)s, and minor 

clear carbonate veins. 

Thrce types of carbonate vcin(let)s arc ~ecognized. One 

con sis t S 0 f \'1 h i t e nie roc r y s t a 1 1 i nec a r bon a tes tri n 9 e r. s 

typical 1y containing massive pyrite ~ trace amounts of small 

purple or rare green fluorite crystals.:!: molybdenite blebs 

<lmm across. The fluor;te and molybdenite are locally in 

direct contact. A second type consists of tan to w~ite 

carbonate + pyrite.: chlorite .± epidote stringers. The 
1 

1 a t ter t y pel '0 cal 1 y cam p ris est h e- car bon a te me m b e l~ 0 f qua r t z 

V e i n let - car bon a t-e s tri n 9 e r' Il p air s Il dis c u s s e d i n Sec t ion 

3.5.3. 

A third vein(let} type consists of clear, coarse 

g,rained, barre'n c'arbonate \1/hich, in placès, inf; 115 coarse 

gra,ined V IV quar'tz veins, forming a comb texture. The 1 atter 

may indicate that the fluids in vein sets VIV and yv were 

deposited continuously. Some of the ca,r'bon-ate is overgr~H~n' 

b~ turbid ankerite rhombs, which are gray-colored ~n thin 

section. 

VV carbonate is also aS50ciated with the.alteration of 

,vry quartz, wolframite, chalcopyrite, pyrrhotite, and 

prèv-iously formed hydrothermal alteration (Chap. 4). Clear 
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eoarse grained VIV stoehJOrk quartz 15 recrystall ized to fine 

grains and is grungy where erosscut by VV carbonate. VIV 
1 

\'10 l f r ami t e i s a 1 ter e d t 0 s che e lit e a 1 0 ~ 9 i t sri ms, ,c l e a vag es. 

and / 0 r f r a c t ure p 1 il n es, and V 1 V \,) 0 l f ra mit e ~ cha 1 c (} P y rit e il n d 

p Y r r hot i te are 1 0 cal 1 Y r i mm e d 0 I~ r e p 1 il C e d ' b Y V V P Y rit e \'; h e r e 

crosscut by VV.earbonateo 

3.6.Gb UV SPATIAL OISrRIBUTIOC 

f1 il s s ive C il r bon a tee 0 m p ris e s m 0 S t 0 f v e i n set V V • l t 

i 11 fi '1 1 s SI. S 2 fol i il t i o~ n sur file C S ~ f r il c tu r e s ~ a n ct / 0 ris 

concentrated along structural ~ straiigraphie or lithologie 
"'. 

breaks. It is most abundant alo!19 the margi~s' of VIV quart~ 

stoclworks (Zone AL <>f VIV, comp,ositeAquartz stocb/ork zo'nes 

( Z 0 n e B). l\ b und a n t car bon a t e i s a 1 S 0 pre s e n't a 1 0 n 9 9 a b b r 0 -

Unit lIb contact and mar~ins of sorne FQB I?orphyry.dykes in 

Zone B. The carbonate in many of' these ?reas' 1S typically 50 

a b und a n t p t h a t the .. 0 c k' i s mec han i cal 1 Y b r 0 k ~ n d 0 \'J n and 

crumbly. S!>mc drill core containtng abundant c,arbonate alo,ng 

52 foliation planes, for exampl,e, can be broken up into 

po k e r - chi pli k e pie ces (M 0 0 r e , 1 97 9 ) • loi u C h 0 f the cor e f rom 

these areas is blocky, ground up, or lost. 

The mil 5 S ive car bon a t e ~ d j a 'c e n t t 0 the V IV. qua r t z s toc k -

works 15 associated with breccia zones~ The breccias consist 

or' <1 ta 4cm, angu l ar "/a_ll rock fragments set' in massi vc 

mictocrystillline ,carbonate containin-g'abundant fine grained 

disseml0ated arsenopyrite, lesser amounts of pyrite» minar 

sphalerite and galena, and trace fluorit~, molybdenite, 

chalcopyrite, and native bismuth Uloore, 1979). Arsenopyrite 

76 



occurs local1y as rare monomineral ie patelles in adjacent 

1'1 a 1 1 roc k • The b r e cci a Z 0 n e s à r e a s soc i a t e d \'1 i t hab und a n t 

fine ,grained molybdenite 21'l-ong 51 ickenside and/or fracture 

surfaces, \Jhich are common in Zone B, and less 50, in Zone A. 

Sil ver 0 ecu r sin man y 0 f the b r e c c -i a t e d car bon a t e Z 0 n es, 

vI h e r ci i t C 0 mm 0 n l y a s S il y S U p' t 0 O. 3 t 0 0 • 5 0 Z • / ton i n Z 0 n c fI.. 

but rarely more than lOPl1fii in-Zone [3" The silver rninera1s, 

scant and diffic:ult to find,' inc1lldc ilcanthitc:, lesset' 

Il e s s i te, il n d t \10 uni den tif i a b 1 c p Il il 5 C s i Il gal e n <l (H a k i1 Il d 

Watkinson~ 1981). The acallthitc occurs in chal copyrite. - , 

pyrrhotite, pyt'ite, galena. and sphalerite and hessite oecur 

i n gal e na. Il a t ive _ b' i s mut h • tel l u rob i, s mut i te, and a c a Il t h i te. 

The unidentifiable ~hases occur in hessite or ga1ena as tiny 

exso1ution blebs (ibid.). 

VV carbonate in Zone A is much l es's a,bundant than in 

Z 0 n e Ban d Il ecu r S m a -i 1'} 1 yin a t e a sad j ace n t t 0 the t \'1 o· V 1 V 

qua r, t z s (0 c k w 0 r K S • 1 n - con t, ras t. V V car bon a t e i n Z 0 n e B ~ i s 

a b und a n tan d crin c e n t rat e d i n t h r e e rJ - t r e ri d i n 9 Z 0 n es, t H 0 0 f 
- . ,;"-, ; --

Î'Ihich occur a10ng the,eastern flank.s of tlie vrv composite 
, . -

qua r t z s toc k VI 0 r k Z 0 Il e 5 (F i g. 3 • 1 2 ) • I non e pla ce, h 0 ~I e ver , 
, 

the 'vI est e r n m 0 s t 0 f t: h et\'1 0 V V car bon a t e Z 0 n e s div erg e s 

southl'lard'from the westernmost Vry stockvlork, zone ta fallo\'! 

'the gabbro-sediment contact. Ath i r' d , ,. e s s l'a ter aIl Y 

con tin U 0 use a r bon a t e ,z 0 ne, N 3 00 min 1 e' n 9 t'h. 0 ecu r s b e t\-I e e Il , ' , 

d r i 1 1 h ole s S S N 3,8 and 3 5, i n b e t \'1 e e n t VI 0 m a fic 

ni e t a vol C a n 0 - s e d i men ta!, y h 0 riz 0 n s' (F i 9 .. 3 • l 2 ) . 
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figure 3.12 Surface projection of VV carbonate zones in Zone 
B. 
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3.7 SUIIIIARY 
, 

Similar veln parageneses and crosscutting relationships 

are present in Zones A and B (Fig. 3.13), and mineralization 

in both zones is associated with the same types of alteration 

(Chap.4). VI amphibole veins occur almost exclusively in 

gabbro and contain mostly y-scheelite. VII quartz veinlets 

and VIII quartz veins crosscut VI veins and appear to 

represent continuous deposition of scheelite and molybdenite. 

VII veinlets conta~n mostly scheel ite and trace ta minor 

molybdenite, with a high percentage of y- to w-scheelite. 

VIII veins are wider, contain abundant scheel ite and 
" molybdenite, and a low percentage of y- to w-scheelite. 

Formation of VII and VIII quartz vein(let)s probably signals 

silica saturation of the hydrothermal system. 

VI, VII and VIII vein(let}s are much more abundant and 

mineralized in Zone B than in Zone A. VII and VIII vein 
-

iens1ty in Zone A, however. increases southward. The 

,relatively high vein(let) density in the southern part·of' 

Zon.e A,and throughout Zone B sU9gests that the mineral izing 

flu.id source is close to Zone B. This concurs with the 
, 

" geophy_sically' inferred subsurface extent of the fluid source 

(Chap. 2, p.1n. 

Vetn set VIV in Zone A ts made up mainly of h/o quartz 

stockworks which host mostly chalcopyrite and wol framite and 

practically no molybdenite or scheelite. This contrasts vlith 

the V 1 V C 0 m p 0 s i tes toc k "1 0 r k ' Il Z 0 n e s Il i n Z 0 n e B t h a t h 0 s t 

relatively abundant \'I~scheelite and molybdentte, but on1y 
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minor chalcopyrite or wolframite. 

The difference in VIV mineralization between Zon~s A and 

Bis pro b a/). l Y due. i n par t. t 0 e f f e.c t s 0 f no st roc k 

lithology. H 0 w e ver. -1 t 1 s pro b a b l Y m 0 r e a fun c t ion a f 

proximity ta the mineralizaing fluid source; Zone B.'closer 

to. the flu1d source may represent the proximal molybdenite

rich sil ica zone. and Zone A. the distal chalcopyrite-rich 

fa' cie s • Ina d dit 1 0 n. the pre sen c e 0 f W 0 1 f r ami t e (F e W 0 4) i n 

Zone A,and sch'ee11te in Zone B (CaW04). May be due to 

d1fferences betweèn the phys-icoechemical conditions in the 

~ 0 ne s dur i n 9 min e r'a 1 i z a t ion ( Cha p. 7). 

VV carbonate zones in both zones are Simi-lar. Most 

carbona,te 1s mass1ve and o.ccurs adjacent to VIV stockwork 
'-.......-
, ' 

. Z 0 n e s (Z 0 n e B). A 1 t hou 9 h V V car bon a t e i s 1 e-s s a bu n dan tin . 
'---"Zone A. VV silver mineralization is much more abund!nt in 

Zone A than in Zone B •. The relative abundance of si lver 
1 

mineralization in Zone A r.laY also refl'ect greater distance of 

Zo n e li. t 0 the f 1 u i d S 0 u'r ce (C h a p. 7). 

,V 1 and V 1'1 va i n s are m 0 st? bu n dan tin Zoo e B, wh e r eth e y 
" 

~re concentratcd in four scheelite-mineralized zones in Zone 

B. Fl to F4. No f.1inert11i,zcd VI veios and minor VII 

mineral i:ration occur in Zone A. VIII veins are relati vely 

ra r ,e i n Z 0 ne B!> but a bu n d é.l n tin Z 0 n è B. V c i n set s VII l and 

VIV in Zone B are ~oncentrated in three scheclite-molybdenite 

m1neralized zones it:l Zone 13~ UZl ta f1Z3. 

Most mineralization of economic ililportance in Z~ne A 

comp-rises VIV chalcopyrite and l'Jolframite \'/hich occurs in twa 

steeply dipping. I\fNW-trending. continuous VIV quartz 
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stockworks •. 

Vein set VIV i,\ _Zone 8, comprises abundant small quartz 
'-.. -. 

5 toc k wor s , con c e n t rat e d f n t w 0 C 0 m p 0 s i te qua r t z s toc k w 0 r k 

"zones". The component V IV quartz stockworj<s are more 
" 

numerous in the eastern portion of the composite stockwork' 

zones, than in the west. The VV massive carbory.ate zon\s are 

also located along the ea'stern margins of the VIV composite 
, . 

quartz stockwork zones. 

The 9 r e a ter a b und a n ce. 0 f " f r a c t uri n 9 a s soc i a t e d w i t h 

f 0 rm a t ion 0 f the co m po site V 1 V qua r t z st oc kw a r k zan e sas we 1 1 

aS,the presence of the rela~ively wide and laterally 
, , ~ . 

. continuous VV massi v e carbonate zones, suggest that fl uld 

volatile contênt was higher in Zone B. The concentration of 

component stockworks and m,assive VV carbonate zones along the 

eastern rims of VIV quartz stockwork "zones" in Zon.e B, 

suggests that the fluids entered from the east. A fl uld 

source east of Zone B coneurs with the geophysically inferred 

. subsurface extent of the mineralizing fluid source, ea st of 

Zo'ne B and south of Zone A (above; Chap. 2; Fig. 3.1). '. 

, 
" 
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CIIAPTER 1.:.. nVDROTIfERMAl ~L TERAT,IOfl 

4.1 INTRODUCTIOn 

The mineralization at Sisson Brook is intimately 

associated ui~h ~ydrothermal alteration which occurs locally 

about individual veins and fracture zones and pervasively 

throughout a large area surrounding the deposit. The 

a 1 ter a t ion co m p t' i ses fou rd i s tin c t a l ter a t ion assemblages. 

denoted from oldest to youngest as Al to A4. Each assemblage 

is characterized primarily by the presence of a particular 

h Y d I~ 0 II S sil i c a t Gan cl a s soc i il t e d Il 0 s t roc k tex t ure S, il n dis 

vein.:.specif'ic. The 1\1 assemblage haloes VI vClns 9 the 1\2 

assemblage haloc.s VII and VI'tI v~ins~ the A3 assemblage 

haloes VIV veins, and the 1\4 assemblage is associat.ed \,lith VV 

veine; • 

1\ 1 con sis t s 0 f h 0 r n b l end e + a l bit i z e cl pla 9. i 0 c 1 a s e + 

albite! K-feldspar ! pyrrhotite ! magnetite, and occurs only 

in amphibole-bearing units. Most Al alteration occurs in 
.:: 

Unit IlIa gabbro where,ft 15 inttmately associated with VI 

scheelite mineralization. Al al teration also occurs ln FGA' 

and banded amphibolitic Unit lIb metavolcano-sediments. 

A2 alteration comprises iron-rich, reddish brown-colored 

biotite + manganiferou5 ilmenite (f4n-ilmenite) + albitized 

plagioclase in mafic units. or albitlzed plagioclase + K

feldspar.::!: albite in Zone B felsic units. No K-feldspar 

alteration was observed in Zone A. _ A2 alteration is 

associated with the richest scheel ite and molybdenite 

mineralization in Zone, Band with minor g s'ifililar 

mineralization in Zone A (vein sets VII and VIII; ,Chap. 3). 
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tlicrostructural evidence shows that ,the reddish brot'/n 

b i 0 t i t et\'I hic h c r 0 s S c u t s ro p 0 r ph Y rob las t san d b r 0 \'4 n b ; 0 t i te. 

formed contemporaneous 1 y "/ith the' S3 fol iation surface. 

A3 alteratïon is characterized by sericite.+ quartz .., 

pyrite ll and ;s assotiated \'Jith the richest chalcopyrite and 

1:10 l f r a m 1 te; Iil i n e r a l i z a t ; 0 n i n Z 0 n e A , and fi i n 0 r sim i l il r 

mineralization and abundant Rolybdenite-scheel ite- 'in Zone B 

( v,e i fl set IV) • 

i\:'.· 15 ùssocinted trlth latc barren carbonate veins (veill 

5 e t V ':! ») il n cl fs r c C 0 9 n i z. e a b y the il r c sen c C 0 f f i Il C 9 rai n e d 

5ct'ic'itc ,;. r:wssivc carbollate _ pyrite.:!.: clllorite.! epidote -,' 

arsenopyrite ! kDolinitc. 

The extent of al tcration about il specifie vein or 

st 0 C hw r k i s pro po r t ion il l t 0 the, v e i Il \1 i dt h, and t 0 il 1 es s e r 

(ntent ~ depends on the relati ve permeabi 1 ity ùnd composition 

o'f the host roc!(. An alteration halo about a lat'ge quartz 

stoclU'JOrk-filled fracture. for example, is substantially 

larger in permeable and easily sericitized plagioclase 

1 api11 i tuffs than in refractory, 1 ess permeabl e FGA units. 

In boti1 cases the halo ;SD however, much \'licier than that 

around ij small veinlet. 

r~ear the main zones of mineral ization, uhere vein(let) 

and fracture density 15 high and ve;n size incrcases, intense 

local pel'vasi VI: al teration occurs. Pervùsive alteration 1S 

cvident as epitaxiül overgrowths or variabl e degf~ees of 

topotaxial replùcement of primary or previously formed 
, 

hydrothermal phases, and results in total or partial 
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repl acement of entire rock units. loca l pcrvasive Al and A2 

a 1 ter a t ion are the m 0 s t 'Il ide s pre a dan d ex t end u p t 0 4 0 Dm 
1 , 

f rom' the d e po s i t. Loc a l - p e r vas ive A 3 and A 4 a 1 ter a t ion, ; n 

con t ras t t a r. e fou n d vii t h i n /'VS Om 0 f V l V qua r t z st 0 C kw 0 r k z o' ne s 

and tens of centifileters from VV carbonate veins, 

respecthely. 

Local-pervasive"Al altaration grûdes graduallYD and, A2 

alteination decreases abruptly, to alo\'I levcl of distal 

pervasive alteration up ta lkm from the deposit. Alteration 

, dis t é2 1 t 0 th (! cl e p trS i t C o'm p ris e son 1 y min 0 r e pit ù xia 1 0 r 

topo'taxial replacement ï;.nd occurs in the absence of 

vein(let)s or fractures. The 1attcr suggests tnat the fluids 

lïloved via grain boundar'y: diffusion or along regional cleavag,e 

5 u r f ace s • Nod i 5 t il'l A 3 0 r A 4 il 1 ter il t 1 0 n \'1 il 5 fou n d • 

4.2 ~,HNERl\lOGY AND EXTENT OF ALTERATION TYPES 

4.2.1 Al ALTERATION 

Al alteration, which comprises ·hornb1endic .amphibole + 

a l bit i z e d pla 9 i 0 c 1 a s e .± a 1 bite .± K - f e l d spa r .± m a 9 net i t e + 

p y r r hot i tel> i s fou n d '0 n 1 yin am phi bol e - b e a r i n 9 uni t s, i. e • , 
. , 

gabbro. FGA and amphibol Hic sedi·ments. Replacement of ,M3 ,by 
n 

A 1 a m phi bol e ; s the m 0 s t \'J ide s pre, a d a 1 ter a t ion f e a t ure and 

appears to consistently decrease in fntensity outwards from 

the deposit. For th1s reason, the. degree of Al alteratioll 

\'Ia's contoured using the amount of observed Al amphibole 

alteration. 

A l al ter a t 1 0 n 1 s m 0 s tin te n sei n 9 a b b roi n 1,0 n e Ban d 

d e cre a ses i n i n t e n s ; t Y 0 u t \'1 a r d f rom the d e po 5 i t for .... vO. 7 5 km 

85 

Il 



(' 

, 

i 

(Fïg. 4.1-). Contour 1 represents the lOI'lest level of vislble . ' 

alteration. In thin sections of gabbro, this is e-xpressed as 
, 

c 1 ea r 9 ree n h 0 r n b 1 end' i cre pla c e men t rims about pTimary 
-

qctinol ite centers. The centers are del jneated by a .slight 

b. r 0 W n col 0 rat ion and are t y pic a 1 l Y 0 U t 1 i n e dan d, fille d w i t h 

nUjTlerous, minute-. opaque inc'lusi-ons. Sim'ilar broY/nish-colored 

"" cores and clear green-colored rims are found in Unit IIb FGA 

units and banded, amphibol itic metavolcano-sediments, exc?pt 

that the cores are not' inclusion-fil1eq. No altera1:ion of 

. the pla 9 i 0 c las e \'J a s 0 b s e ~ v e ci • Replacement rims in Zone B 

,become s 1 ight 1 Y -\'11 der tO\rJard contour 2 and in sorne sampl es, 
, 

the secondary phase replaces parts or all of the centers. 

Con t 0 url e v'e 1 2 wa s d r a tin 1'1 h e reM 3 a m phi bol e cor e s, are 

1 0 cal 1 Y r e pla c El d i n par t 0 r \'J h ole b Y, h 0 r n b l end e " w h e r e 

mie r 0 seo pic ' b lad e s 0 f sec 0 n ~ a r y' ho r n b 1 end e are pre sen t • 

and 10 rat the f i r s toc c ure n c e 0 f V l' h 0 r n b 1 end i cam phi bol, e 

patches or stringers. The l_atter is included as a criterion 

b e,c a use 

i -n te n se 
" 

v e ,i n' s e tVJ.) s -cha ra ete r i $ 't. i ç a 1 f y 

local perJvaSive Al alteration 

associated with 

Cc h a p. 3). The 

h 0 r n b l end e b 1 a d f S, are 9 e n e r a 1 l y ;: 0 • Sm m l 0 n g, and b 1 u e t 0 

b 1 u~ - 9 r e e n 0 r, 11 e s S c 0 m mon 1 y, c l e a r i n col 0 r • The b 1 a des 
/' .,Y" 

fave chemical com'pos~tions iden-tical ta ,the replacement ri ms 

~.5). The repl acement rims loca 11y intergrol'I wi th the 

blades, indicating that the two are co-genetic. 

A minor number of rO\ks in Zone A occur in contour 2 

(Fig.4.1). These include seve~,àl 9,abbro outcrops west of 

-Zone A. minor gabbt"o'dykes in drill holes SSN 2 and 3 
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, Fi gure 4.1 Contour map of Al alteration intensity. Contour 1 
contains rocks sho~qing the lO\'Jest level of visible 
a'lteration. In thin sections of gabbrà, this is 
expressed as cl ear green hornbl endic 'rims about 
primary actinolite cores. Contour 2 cpntains 
rocks sho~'JÏng intermedi,ate amounts of alteriitlon. 
T h i sis e v ide n c e d b Y P d, r ti a 1 0 r \'1 h 0 l e r e pla c e men t 
of M3 by Al amphibole; v/heré microscopie blades of 
secondary hornbl ende are present; and/or \'Ihere' VI 
hornblende patches or stringers occur. çontoul' 3 
contains the most pervasi'vely altered rocks a'nd 15 

centered over Zone B. The primary amphibol es in 
the 'rocks are mostly altered ta Al hornblende, are 
bright green ta green-blue in color, and - are 
inclusion-free. 
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containing rare, unmineralized hornblendic patches and 

stringel~s. SO;;1e FGA ,units. and a 'green, ill7lphibol Hic, banded 

metêlsedimentary unit. 

The most pervasively alter'ed rocks 1 ie \'IHl1in contour 3 s 

wh i chi s c en ter e d 0 ver Z 0 ne, B. The rocks commonly ShOi'1 total 

r e p l il C C r;1 e n t 0 f a c tin 0 lit e b y ho r ry b 1 e Il de, \J hic h i Il t h i n 

section, 15 bl'ight grc:en co grcen-blue in color and 

i n.c 1 u si;} n - f r c:::; • 

P 1 c: g i 0 C 1 c:: s e a 1 ter il t ion i s ,,1 S 0 C:.:l i,l m 0 ri 0 b li t i spa "i.: c h yan d 

1 e s se;: s y te ide n t i î j' 0 l' cil ,-:; (' (1 etc i' i z c • The fil il s i: c'o mm 0 n 

a 1 ter i:l t -j 0 n il;:;!1 e il r s toc 0 [l p ri:; 0 a 1 b -: i: i z (; {_ Il 3 p 1 il 9 i 0 c 1 il ses 

w h e r e il 3 p 1 il 9 -; a c 1 (1 sec r y s t a 1 5, il il If i n S 1\ n con t e n t"S b et':; 2 e n 5 a 

and 65 (C h a p • 2). Cl r e il 1 ter e cl toc 0 r.l po s i t 1 0 n' s 'b e t \1 C C n An 5 

and 50 (5 e e Fi ç. 5.1 2 ). An 0 the r co mm 0 n il 1 t e i~ a t ion f e <l 1: ure i s 

'the development of turbid 5 irr"egul'ar-ly-sllùped patches of 

a l bit e w hic h 0 ver 9 r 0 \,/ C 1 e a 1",. con c e n tri cal 1 Y Z 0 n e d f,' 3 

,pla.gioclase crysta1s. In addition', a smèl1 amount of K-

f e l d spa r a 1 ter a t ion . 0 f r13 pla 9 i 0 C ,1 a s e ':1 a S 0 b s e r v c d i n iJ. min 0 r, 

num.ber of stained slabs. 

The texture and composition of'f;.l-altered rocks varies. 

Sorne al tered rocks exhibit a heterogcneous te;:tur,ejO 

consisting of irregularly-shaped coarse gi~a;ned Al-.::;ltered 

gabbroic patches, several centirnetGrs across. in él fine 

grained and siml1arly altered gabbro matrix. In o.ther 

, ;;aces~ the gabbro contains pat.elles ,-_/1 of coarse grüined 

amphibole in a plagioclase-rich matrix. In addition, sorne 

VI veins in gabbro are rimmcd by 2 to lO'Or.1fi1 \'lide bleached 

(amphibol e-absent) zones. 
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01sseminated scheelite is found throug~out much of the

highly Al-al tered gabbro in contour 3, which ïs associated 

w i th a h i 9 h den s i t Y 0 f sc he el; te - b e a r f n 9 VIf r a c,t u r e's and ' 

clots. 'The scheel ite \s generally <.1 to lOmm' across. and 

C 0 mm 0 n 1 y fl U 0 r e s ces b r i 9 ~ t car' 'y' ye 1 1 0 ('1 • and mue h 1 e s S 'S 0 ~ 

bl ulsh-whitc. flicroprobe anal.)',,(," indicate that the yellow 

f1 uorescencc i s due to minor amounts 0 f HoD3 in the scheeli-te 

s t rue t u I~ e • T il e s che e lit c 1 0 é a 1 1 Y -j n ter 9 t~ 0 \'/ S I:J i th, 0 ris 

highly élbradecl and broken lip b~' -Al i1r.lphibole \'Ihich suggests 

that the tua filinerals are' syngenetic! 

A p P I~ 0 )( i m a 1:. e l y the sam e rat i 0 0 r- y - t 0 \1 - S che e lit e i s 
, 

present in'the veins and assoclated altcred rocks. The close 

spatial y'elationship and simi1al~ ratios of y- to \'J- sçheelit~: 

in Al and VI assembl ages (Chap. 3) suggests that' they -farmed 

contemporaneously from the same flu1ds. 

P y r r hot i t e i s' dis s e li] i na t e d th r 0 u 9 hou ~ fi 0 S t 0 { the 

9~bbro, and l argely defines its lQegional aeromagnetic 

signature. Hence, raost pyryhotite in'J\1-altered gabbro is 

probably relict primary, or at least pre-N4 in age. 

Mag net i te, in con t ras l~. i. seo ars e gr a i ne dan d e lA Tl e d t' il 1 » and 

is present in on1y the li10st intensely altered regions in"" 

contour 3. flagnetite is al sa a common VI constituent (Chap. 

3) • 

4.202 1\2 nl TEfW7IOn 

The A2 asscrn,blage is found in al1 rock types and 

corn p ris es' r e d d -; s h b r 0 VI n 1 i r 0 n - r i c Il b 'j 0 t i t e ~ man 9 il nif e r 0 U S 

il men it e ( ri n - i 1 I.l e n i te; C h il p. 5) , and Cl 1 bit i z e d 1,13 pla 9 i 0 c 1 a s e 
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" 
in .afic units" a-p,d ,albf,tized M3 pla.gioclrase, K-feldspar an-d.~ 

1 ., ,; A' __ 

albite in Zone B tels'le u.f'its .. The ass·eaibla.ge ocC'urs locally 
,. 

f ~ • If. 

,,1.t... ' • 

as velD halaes and inte'nse locaJ,-pe,f"vas1ve àlteràtion, and 'as 
~," " ~ 

r • 
distal pervasi.ve alteratian up'to Hm tram the deposit 'where 

1 r' of ~. ,~ 

• 1-., l '- 1 

1t comprises biotïte; ·on·lyl'{bel.ow)~ 
" • 1 1. 

The red brown biot'ite 1s the most widé'~prea~ and 

eh a r a c tee ris tic min e r a lof the 
\.,; , 

A2 assemblage:' In thin. 

section, '1:he biotite is red-brown in co10r, relatively coarse 
r 

9 rai n e dia n d c 0. mm 0 n l y con t ël' i n s z 1 r C 0. ,n s. and a s s 0' C i a te d 

': ' ,. â dia t ion b u r n s • . " 
.' l. 1 ,~:. The f:l1 a t i t'e concen't\'"ated as (l.Omm l'oc a 1 1 Y i s 

, " 
, " 

cryptoérystal.-lfne ta ~.1'to 3inm cr'ystal1'ine spots ~long S3 r .. ,.. 1 J 

crelÎu1ation hingelines,'distal.to the d~posit, and 1nt~nse 
G '. 

P e r vas iJ ~ a 1 ter a t ion and v e i n h a l 0 es.: i n the de po s it. The 
\ \ ~ 

.a p.p are n t 1 Y P ~ ete r e n t i a 1 nue 1. e a t ion 0 f ,,,A 2 b 1 0 t 1 t e a '1 0 n g 

c'renu1ation',hinge1ines sh,qws that ft is relate-d genetica11y .. 
to'formation of the 53 foll'iltion s.urface. 

The red brown~ biotite 1$ optical1y and chemical'y 
( . , 

f.d'e n tic a 1 t 0 b i 0 t i' t.e i n VII and VII r v' e i n ( 1 et) s'a n d the r e d 

brown bfotit'e pheno~rysts 1fT! the FQB "porphyr'y (Chap. 6). The 
(1 i' 

identica1 c.omposlti'ons sU9gest that the porphyry an~ 

h}tdrothermal fluids were the same. The concentration of"al1 
, 

vetns along tbe 1 ate S3 fol iation (Chap. 3), and prese~ce of 

the', réd-bTown blot1te in VII and VII vei,,(let)s and 

j" as soc i a te ci v e i f\ ha l 0 eSt 1 fi die a tes' f u?t he r .t ha t the ~v e i n s , 
" ~ 

a l ter a t ion a ri d ~ 3 .. s lIi"fa..c e are c Q - e V. ~ 1 • 
, > 

-... ( 

. , 
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, _ "l.2.2a 'Al V'EIN MALOES AND LOCA~L-PER-VASIVE ALTERATIOtc 
, ,-

, , 
~ , , 

-r hem 0 S tin te Î'I s e A 2 a i t'e rat ion, 0 ç cu r s :a s' VII and' VII J 
, . , 

~v e i n ( l e 't) ha l 0 e san d i nt e n 5 e 1 oc a l :- p e'r vas ive' a lt e rat ion ne a r 
.i' 

the .m a i n min ,e r a 1 i z. e d Z 0 ne s (F 1-g. ,4.2; Cà n t 0 U r 2)., Bio t i t e 

haloes. are found mos'tly fn amphibolitic or metavolcano-

;'-~ 5 e d i men ta r y 'u nit s, wh e r eth, e b i 0 t it e 'r e pla ces M 3 and Al 

a m ph; bol es, . 0 r M 2 s e rie ;' t e 0 r , C h l 0 rit e, r e s p e c t ive T y. 

A "f e w v e i n S· VI hic h c r Q S 5 eut adj ace n t m a fic a ,n Q f e 1 sic 
, / 

uni t s! h a v e b' i. 0 t i t ~' h a l 0 e sin t h € m a fic u ri i tan d 

haloes in the fe'ls;c units. Th~ hast rock specifi,c 
, . 

the h a 1 0 e s s u 9 9 est s t h a t the f 1 \.1 i d s d' i d n 0 t con t a i n the 

~, ferromagnesian ions, necess?ry for biotite "formation,o al1d 'that' 

the ha 1 0 - far min 9 r e a c t ion 5 VI e r e bu f fer e d ,b Y the ho 5 t r D.C k. 

, t 

K - f e 1 d spa r h a 1 ,0 e s w e r e fou n d i n f e 1 sic d y k e' san d 1 api 1 1 i 

tuffs in ,Zone B, on1y. The presence of the minor number of 

sericite haloes in felsic units (above) and K-f~ldspar ha19,es 

in Zone B, suggests that the fluids had a variable ratio of 

K+/H+. The absence of K-fel dspar haloes i~ Zone A suggests 

further, that the K+/H'+ ratio in Zone B was generall y higher. 

Haloes about a few' carbonate-bearing V II vein(let)s, 

contain' minor chal copyrite and/or pyrrho.tHe which l<ocally 

contain man t les A 2 M n - i l m e ,n î te. S 0 rn e VII v e i n 1 e t 5 W hic h 
'" D 

a bunda nt ca r bona te 1 esser amounts of chlorite, epidoté 

" and minor pyrite, have pyrite-bearing chlorite haloes which 

'0 v e.r 9 r 0 VI t li e' A 2 b i 0 t i t ~ h a 1 0 es. l 'n bot h cas es, 'c ro 5 S cu TI t ; n 9 

relationships indicate that the carbonate and associated 

sulfides, chlorite and epidote are secondary. 

1 r r.e 9 u ,. a r 1 y - 5 ha p e d regions of especial1y intense 
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Contour map of A2 alteration intensity. Contour 2 
outlines the area of most intense A2 alteration 
comprising abundant VII and VIII vein haloes and 
intense local-pervasive alteration. In many rocks 
Ml, M2, and M3 plat y and/or ferro-magnesian 

* mi nera 15 are compl etely repl aced by A2 biotite. 
The i n t -e n s i t Y 0 f 1 0 cal - p e r vas ive a 1 ter a t i 0 (1 

de c r'e a ses a bru pt 1 Y 0 u t s ide Con t 0 url t t 0 a 1 0 'II 
level of distal pervasive alteration. Distal 
p e r vas ive a l t e,r a t ion 0 ecu r sas b i 0 t i tes pot s (1 e s s 
t han 1 t 0 3 m m, a c r 0 S s ) and b i 0 t i tes tri n 9 ers , 
lOcally concentrated along S3 surfaces. 
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alteration occur within Co'ntour 2, ,near the gabbro-Unit lIb 

contact in Zone B, adjacent ta dykes of FQB parphyry (Zone 

B), and ne art hem a i n m 1 ne ra 1 i z e d zan es, es p e c i a 1 1 Y" i n z.o ne 
, . 

B. Pervasive alter.atian outside the irregularly-shaped, 

intensely altered regians, bu't inside.,Contaur 2, is similar, 

but less intense. 

Roc k san e i the r s ide 0 f the '9'11 b, br a con tac t are i n mil st. 

cases completely biotitized to. fine grained, dark btown

calo r e d. roc ks suc h th a t the con tac t ca n n 0 t b e dis ce r ne d. 1 n 

the Unit lIb metavalcano-sediments crosscut by FQB porphyry' 
, ' -

(see Fig. 2.4~ SSN 26). M2 chlorite and muscovite, and M3 

cord1er1te and M3 and Al amphibole are replaced' completely by , , -

A2 biotite., In addition, most plagioclase in Unit lIb, Unit 

IVb (1 euca-granite) and fine grained an,d p'egmatit,ic fel sic 

dykes 1s altered ta K-feldspar and/or albite •. 

Especially intense alteration was al 50 found in brecci~ 

zones adjacent to the FQS'porphyry dykes in d,rill hole,SS" 

26. The brecc1a zones comprise <1 to Scm d1ameter angular 

~~ll rock fragments in a dark brown-colored, fine grained 
~ 

matrix of A2 biotite, plagioclase, and quartz. Some of the 

'( 

felsic fragments are chalk white due to abundant K-feldspar. ,

: and/or albite alteration. 

1 n the in te n s e'l Y art e r e d reg; 0 n sne a r ~t h e ID a 1 n 

mineral ized zones, A2.b1oti1~e replaces M2 muscovite and 

c h 1 0 rit e a 1 0 n 9 SI, S 2 fol i a t 1 0 n sur fa ces, a n_ doc c urs a s 

topotaxial and mi~or epitaxial replacement of M3 and Al 

a m phi bol e b Y b 1 0 t i t e ( w i t h M n - 1 1 men; te), and t 0 po ta x i a·l 

replaèement of M3 cordierite and brown biotite. The rocks 
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also show' pervasive disruption of prim~ry sedimentary 

1 a ye r i- n 9 a fi d , l te s s S 0, cry s ta l 1 i nef a b rie s • Soin e p r i m a r y h 0 s t 
"\ , 

ro-ck fragments and contact metamor:phic porphyrobl asts, for 

e-x a m p le, are s h e are d , k i n k e d, rot a te d, f r a ct ure d ~ s pli t 

apart, and infilled and/or surrounded by A2 biotite (Figs. 

4.~, 2.7).' 
J 

FGA uM-ts" whi,ch have a, uniform grain size an'd fine 
-

.crysta 11 ine texture (Chap. 2). proved to be optimum 

i n die a t 0 r s ,0 f A 2 a l ter a t ion i n t e n s i t Y • Uni t seo n t a i 'n i n g' 

l ittle to no alteration are dark green-colored, (Chap. 2); 

(moderately to more highly altere-d units are green-brown- and 
, . 

',.brown-green- colored, re'spectively; and the most altered or 
l 

completel,y biotitizèd"units are brown-colored. The re.1ative, 

d 'e_ 9 r e e 0 f a 1 ter a t ion i. n t e n s i t yin Z 0 n e s A and B' W il s 

determined qualitativ~ly by plottin-g the ratio of the number 

o f met ers 0 f gré e n - (f r e s h) a gai n s ~ 9 r e e n - b r 0 W n - , b r 0 w,n - . 

a l ter a t ion i n Z 0 n e B ; sap pro x i mat e 1 yan' 0 rd e r 0 f ma 9 ri i t u d e 

mare intense than in Zone A (Fig. 4.4). 

FGA units in the southernmost drill holes in Zone A,.. 

~however, contàin anomalously high amounts of ,alteration, 

a p pro a chi n 9 t h a tin Z 0 n e B (F i 9 • 4 • 4 '; S SN, 2 0 , 2 l ) . 
1 

Sim i l a r 1 y. the no 'r the r n m 0 s t d ri 1 1 ho 1 e i n Z 0 n e B (S S N 38). 

co' nt a i n san an 0 mal 0 U S 1 y 1 0 \'1 a !TI 0 u n t 0 f a l ter a t ion. sim i l a r t'o 

t h a' tin Z 0 n e A • Bec a use t Il e roc ksi n the d r i 1 1 h ole s c o'n ta i n 

intermediate levels of alteration, the drill hol.es were 
~ 
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Figure 4.3 M3 pfagioclase which 1s abraded. sheared and 

infilled with A2 red-brown biotite. 
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58 ZONE A . 
26+-Z0NE 0 

" ~Tr~on~lsZ@::lC3I\ e.!} Elu 
r€i'lP~ctivoiy 

o ' 20 4f) 60 80 CO 120 

ALTERED (m) 
t drill hole.s whlch (J~ nof shorm ~nfl1in Ill') FGA lJRilS, (JI' "Olll> wh/ch on 

I?fOJIlliZfJ/)/1P due fo t1buntltlflfde3l1'ucfivl' $,ricittlt1lf~roti()n. 
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termed and plotted, "transitfonal'" (Fig. 4.4). 
L 

4.2.2b DISTAL PERVASIVE ALTERATION 

Local-pervasive alteration decreases abf\lptly outside 

Z o'n e s A il n d B (C 0 n t 0 U r 2) t 0 a lO\'I 1 e v e lof' dis ta l p e r v il S ive 

al teration \Jhich eKtends up to rvlkm from the deposit ,{Contour 

1'; Fi'g. 4.2). The distal altera'tion comprises mostly' A2 

b i 0 t 1 t c ~ \,) hic Il 0 ecu r SilS < 0 • 0 5 t 0 l r.l m ru i c roc r y s t a l l -j n c 0 t~ 

- , 

crystal1 ine biotite spots. < l to 3riJr:J across, and biotite 

stringel's. The spots ilnd stl~ingel~s are locàl1y concentrated' 

a10ng S3 crenulation hingelines or subparal1el ,S3 surfaces. 

respectively. 

~a2.2c CRITERIA fOR PRESE~CE Of A2 BIOTITE IN GABBRO 

In-most caSE;S, A2 and H3 biotite are indistinguishable 

i n han d sam p 1 e a r à ,u t c r 0 p 0 n the bas i S 0 f c' 9~ r • The y do. 

, h 0 Î'I e v,e r. dis p 1 il Y cha r a ç ter i s tic m 0 des 0 foc c tl r ( e n ce. For 

examplc t r" 3 b i 0 t i t e ( b rO\'I n i n t h i n sec t ion '. bel 0 W ) , . 

cha ra etc ris tic il l l Y 0 c ç u-r sas b i 0 t 1 t e i n h il 1 0 e s a b 0 u t 

leucogranite dykes (Chep. 2) or in the -1-4cm, pervasive 

S plo t che s Cê h a p : 2). \4 h e r e a s A 2 b i 0 t i t e (r e d - b r 0 w n: i n t h i n 

S (! G t, ion; bel 0 \J ) 0 ç ç urs . i n ·r 0 C k S il cl J ace n t t 0 the F Q B po r p h Y r Y 

or in vein haloes. 

10 b i 0 t i t e i n t h i n sec t ion i S C 0 ars e 9 r a'i n e d, i rl C lus ion - -
, -

f r e e. and ra n 9 e s f r 0' fil P 1 e ~ c h r 0 -j c IJ r 0 w,n t 0 0 1 ive '- 9 r e en- 0 r 

yello\-l~ in color. The bro\'/n -biotite ch~racteri5tica}ly 

rep'1llCeS actinol ite with' sphene according ta the ge'ocral. 

reaction. 

a lï1 phi bol e - - -) b ra \'1 n b i 0 t i t e {- s ph e ne, 
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A2 biotite. in coptrast, is red-brown-colored, contains 

minute zircon inclusions with assocjated radiation burns, and 

cr~sscuts the brown variety. In addition, the biotite occurs 

l"d t h ~m U' n 9 a nif e r 0 u sil men i te ( N n - i J men i te; Cha p • 5) l'l h e r e i t 
1 

'1' " 
replacés amphibole, according t9 the generql reaction, . 

amphibolé---) red-bravin biotite + ftn-i1menite. 

The , r·l n - i l men i t e i s e a sil Y r e C 0 9 n i z e d i n t Il i Il sec t 1'0 Il b Y i t s 

netal1ic lustre and bro\Jn ta i:an and light b!ue anisotropy. 

Som e f1 Il - i 1 men i t e i' 5 il 1 s 0 fa und 1 a C il 1 1 yin p 0. r vas i IJ e 1 y f, 2 

. al tered I7lctavol cano··sediments. 

6.203 A3 ALTERATION 

The A3 assemblage consists of serici~e + quartz! pyrite 

il n d ; sas soc; a te d \'1 ; th the f 0 rm a t ion 0 f v c i n set V 1 V .' The 

assemblage occurs in all rock types as VIV vein haloes or 

local-pervasivê ùlteration adjace"nt to vrv quartz' stock~/orks. 

and i s are a 1 1 y m 0 r e rie s tri ete d t han A 1 0 r A 2 • l t a p p e a t~ s 

that A3 alteration is most intense in Zone A. No distal 

pervasive alteration was found in either zone. 

rh e a 1 ter a t i a n i fi Z 0 ne Ais mas t l Y as soc i a te d \1 i th t ft e 

main VIV quartz stockwork which h4s a relativel; simple and 

\'lell-defined configuration (Figs. 3.9~ 3.10) •. A3 a1teration 

'~ in Zone B, in contrast. is associated uith numerous smal1cr 

stockworks and vein swarms, concentrated in stockwork,uzonesu" 

(Chap. 3). 

The intensity .and extent of local pervasive -A3 

al teratio'n in Zone A were determined using a color index., 

The m ost h i g h T y a 1 ter e d r 0' c k S il reg r a y due t a the a b Il n dan ce. 
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o f A 3 s e r ici te, and are den 0 t e d a s 1 e v e 1 1 r 0 'c k s (F i g. 4. 5 ) . 

Level 1 rocks are fO,und mostl'y adjacent to the large VIV 

quartz stock\'io'rks, and' grade, oLjb'iard into 'evel 2 and 3 roc'ks-

over several tens of meters. 
\ 

Level 1 alteration·,occurs as abundant seri'cite 

rep.lacement of 1·12 plat y minerals, rD plagiocla'se, and A2 
, 

b i 0 t i te. an {: m 0 s t p r i f!1 a r y tex t ure s ex cep t " api' 1 1 0 u t lin es. 

iH e des t r 0 ye d,. Lapi 11 i turfs-, VJhich are the most permeable 

uni t s, ù r e t y pic il 1 l Y the m 0 s t il l ter e dan d co m p ,r i se 9 ho s t 

outl ines of lapil1 i ïnfilled with very fine gl~ained serieite 

i n il c 0 il r s erg r ù i n e ct s e rie ; t e 'm il tri x. l n han d s ù m p le, the 

lapilli have a distinct bluish ~ue and the matrix has il 

b l e a che d \'/ h j t e col 0 r • F G A uni t s a. r e r are 1 y a l ter e d 

p e r vas 'i v e 1 y. and man y r et a i n 0 ri gin a 1 r·13 am p h ,i bol e and 

pt'imary crystalli,ne textures. A minor number of FGA units in 

levcl 1, are ai cered hO\'I!2ver" to pa1e green-colored rocks 

\'4 hic h con ta i n ab und a n t fin c 9 ï li i ne cl ch 1 0 ïi te arcr se d cite. 

Level 2 and 3 r~cks are mostly gray-brown and brown

pray in coldr, respettively, \lhich refleets lesser amounts of 

serieite a.nd greater amounts of rel iet A2 biotite. Host 1 evel 

2 rocks sho\'1 relatively \'Iell-preserved f.12 and 1,13 

m i'n e ra log i es, fol i a t ion s, and ban di n g. 

Rocks in level 3 are the least altered and represent the 

dis t a l f a e i e s 0' f a l ter a t ion 0 ut\'1 a r d f rom the V l V qua r t z 

stockv4orks (Fig. 4.5). In addition, leve1 3 rocks are found 

in areas which contain a minor to moderate number of VIV 

veins. 
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Figure 4AS Extent and intensity of A\3'alteration about the 
eastern stockwork in- Zone A. (see Fig. 3.9 -for 
location of section line.) 
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. The permeable lapilli tuffs and'pe"litic and {juarfzitic " ~ , . ' 
~metase~iments in lev,:e1s 2 and 3 are 

/ 
the' most; al tered. , -, 

1 '. Pract-içal1y~no A3-a1tered FGA or gabbro units, however, are',,', 

pr..ese'nt: in 1 evel 3., 
'" ... " 

. 
J J , 

It is noteworthy 
, -' 

tha t the correlation coeffiçient 
-. 

b_e~we.en w~.~}Il03 and ~u in the m'ost inten,sely altered._ level L 
" ,7' ... ..t , ~ , \0 1'" *j ... ~ f J .. • 1 

roc ksi n Z 0 n e Ais O. 9 0 ~ w ti e-r e, as. for "a- 1, l l, ~ v- ~ 1 s" ,i. t . i s ' 0 n 1 y. 
, . 

0.-41 (Moore, 1979). This suggests that altera'tion can be 
. .. 
: use d a sa. d 1 s c r 1 min a n t t O" a s ses s the d. i f f ~ r e n t, t Y P es',' 

a!1'0unts, and extents of the var10us gènerations .of 
" . 

\' 
, , 

minera1 izatiotl. . ' 
• 
'" ~~ r' 

A 4 a'l té r'a t 1 0 n 00 c (, n sis t s p r i mil r i 1 Y 0 f fin e gr a i ne d . 
; . -r .. .. 4- \ (', 

o sericite and fine'grained massive carbonate with/without 

chlorite and pyrite, ànd' cOlllprist{s VV vein h'~loe's and" loca1 

pervasive al ~eration. VY vefn haloes are a1most 2X the' wid,tti' 

~ 0 f ha 1 0 es a b o,~ t Y 1 Y qua r t z v e i n s 0 f '5 i mil a r w i dt h, and the' 

ser1cite 15 much' finer grained than the A3 type~ Loca1-
\ 

p~rva>1 ve Al a'l:te'r~ti·on. ls c.ancentrated. 1 i ... k~ vein set VV ", 
' .. - 11 \' ,1" ,f ..., ~ 

a10ng pre-existing structural pla~es ~f weakness, such as the: 

JI a r gin 5 0 f 0y 1 Y qua r t z s toc k wo r k s» co p tac t s b ete e n F G A - and 
~ J:, " 

lIetased1mentary~rich' horizons, and a10n9 margins of FQB 

porphyry dykes (see Fig.' 2~4). 
. 

The most 1ntense1y A4-altered rocks are converted main1y 
" 

;-, \ 

to fine grained sericite. The serlc1te replaces M2, M3. as 

we 1 1 a 5 ~ r, e v 1 0 u S .a 1 ter a t ion min e.,. il log 'i es, and 0 b 1. ; .. ter a tes 

re1ict crysta11ine textures, banding, and foliation surfaces. 
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The most a1tered units are' A3 sericite-alt'ered lapilli tuffs 

adjacent to VIV quartz,sto~kworks in leve1 1 (e.g., Fig. 

4.5)." The A4 ser1c1te or carbonate in these areas patch;ly 
, . 

replaces-Al sericite and destroys lapilli outlines. FGA 

units, which are typica1ly the units most resistant to 

a1teration, are loca1ly a1tered to 1ight green chlorite-rich, 

or tan-co10red carbonate and/or kao1iflite-rich (be1ow) un1ts. 

The kaolinite, 1s tawt-colored. occurs local1y, and in 

places, appears to post date the A4 ser1c1te. The late 

nature of the kaolinite suggests that 1t formed dur1ng the 

waning stages of hydrothermal act1vity. 

\ 

4.3 SURMARY 

Four types of alteration assemblages are found in Zones A 

and B, but in d1fferent amounts (Fig. 4.6). Each asselllblage 
, " 

Q 

characteri zed 

al teratfon 1s 

economica 11 Y 

1mportant mineral1zat10n in Zone B, i.e., VI through VIII 

schee1fte and .olybden,1te. In contrast, A3 alteration 15 

'assocfated wfth 41.0$t a11 econo.fca1,ly 1mportant 

.1neral'izat1on 1n Zone A {VIV wolfra.ite and Chalcopyrite}. 

In Zone B. Al al teration is asso-ciated .ostly with scheel fte 

Ind lIolybdenite 1I1neralization, and with only 1I1nor allounts 

of wol fra.1te and chal copyr1te. 

Al alterat10n 1s restricted la'rge1y to gabbro and 

cOlllprises lIost1y hornblend1c a.phfbole replace.ent'of Ml 

act1nol1te wh1ch 1ncreases 1n 1°ntens1ty into Zone B. Les ser 
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, 
amounts of Al alteration are also found in the mafie FGA 

units. Al al teratio-n hosts moderate ta abundant amounts of 
" 

dis sem i na te d ,y - S che el i te and 1 es s ab und a nt w - sc he e 1 i te. 

Gradual and increased replacement of amphibole occurs into 
, , 

the main VI-mineral ized zones in Zone B (FI ta F4; Chap. 3), 

and V Ive 1 n s ca n ta i n sim i 1 a rh,; 9 h rat lOS 0 f Y - t 0 w"

s-cheelite; this suggests that Al and VI ass~mblages ,are co

eval and are end-membérS of gabbro replacement. 

A2 alteration is associated with vein sets VII and VIII, 

and 1 i k e bo t h v e j n se' t s. i s mu c h m 0 r e ab und a n tin Z 0 ne B. 

The alteration. which e'xtends up to IVlkm fram the deposit, 

comprises mostly red brown bi9t1te. shown to be co-eval with 

for ma ,t ion 0 f the S 3 sur f ace. and K - f e 1 d spa r . K-feldspar 
.J 

alteration was observed in Zone 8. only. where 1t repla.ces 

plagioclase in felsic metavolcano-metasediments and felsic 

dykes. 

The cha ra ct e r j s tic pre sen c e 0 f A 2 b i 0 t i te and K - f e 1 d s pa r 

ind"icates that A2 alteration is a potassic alteration facies. 

The concentration of A2 biotite a~d apparently exclusive 

presence of K-feldspar ·alteration in Zone B indfcates 

further. that the alteration 1n Zone 8 was more proximal to 

the flu1d source. Thi .. agrees with the geophysical1y inferred 

location of the mineraliz1ng intrusion(s) (C-haps. 2 and '3). 

A3 alteration comprises mostly sericite, quartz. and 

pyrite. and s1gnals a large change ln fluid chemistry (Chap. 

7). Its apparent concentration in Zone Amay be the result 

of one or several factors. It may be due in smal1 part to the 

abundance of mafic rocks in Zone Bt which are typica'11y most 
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resistant to alteration. 

Alternatively, more i'ntènse A3 alteration mày have 

o ecu r r e d i n Z 0 ne Abe cau se 0 f a h i 9 he r f l.u i d t 0 ra c k ra t i o. 
, ,.1. 

As noted in' Chapter 3, VIV qua'rtz stockworks fn Zone A are 

much wider, but smal,ler in number than those in Zon,e 'B. This 
1 

s u 9 9 est s t h a t the f lui d s w e rem 0 r e f 0 C.U $ S e d i n Z 0 n e A. 1 f 

flu,id volumes in the two zones were similar, a h.igher fluid 

to rock ratio in Zone A would have resulted. , " 

A3 sericite alteration may a150 represent a lower 

temperature/dista 1 al teration facies. Hence ';ts concentration 

in Zone Awould indicate. Zone A is more distal to the fluid 
, ' 

source. This 1s consistent with its greater distance to the 

e10ngate geOPhYSiC~ anomaly, bel ieved to represent the near

F surface extént of the"mineral izing intrusion (see Fig. 2.4). 

A 4 a 1 ter â t ion" wh i ch co m p ris e s mo s t 1 Y fin e gr ai ne d 

sericite, carbonate, pyrite, chlorite, and èpid6te, is 

assoc1ated with the deve10pment of vetn se't VV. Kaol inite 1s 

also associated with, the A4 assemblage, but appears to-be a 

late phase. 

J 
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CHAPTER ~ CHEMISTRY 

5.1 INTRODUCTION 

In this chapter, microprobe analyses of M3', Al, VI 

amphiboles, A2 biotites and manganiferous ilmenïtes (Mn

ilmenites), and Al and A2 feldspars are presented and 

discussed. The chemistry of all mineral types is discussed 

in terms of relative cation, rather than oxide amounts. The 

stoichiometry of the amphiboles was derived using a computer 

pro 9 r a m b y Lai ql (l 9 6 8 ); b i 0 t i tes toi chi 0 met r y ~'l a S 0 b t a i n e d 

using a modified version of a program by Laird and Albee 

{l969}; and feldspar stoichiometrr was obtained using an in

house program (PL.BAS, A. Hynes). 

5.2 M3, Al, VI AMPHIBOLES 

The chemistry of M3 and Al amphiboles collected from 8 

FGA samples in Zone A, and 9 gabbro and l FGA sample from 

Zone B were studied in dotai1. Amphiboles from gabbro and 

FGA units have similar ranges and variatiqns in compositions 

which suggests that for the purposc of compilring amphibole 

analyses, the hw rock types can be cons1dered as one. 

In thin section, the amphiboles comprise rel iet 

brownish-colored M3 cores" which commonly contain abundant 

op~que inclusions, as wèl l as clear (inclusion-free) green Al 
. 

rims. completely Al-replaced crystals, and small discrete Al 

blades, 1 to j microns across. The secondary blades were 

found in FGA units, only. 

All amphibole analyses were examined in light of three 

main factors: 1) Mode of occurence, i.e.~ rel let primary (M3) 
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crysta 1 s, Al blades, Al re.pl acement features, or VI veins; 2) 

the par t 0 f the cry s t a 1 t h a t VI a san a 1 y z e d, i. e ., cor e o'r r i m 

,a n d ; 3) de pt han d pro x i mit Y 0 f the sam p les i tes t 0 t Il e 

minera l ized zones. 

5.2.1 Ai1PHIBOLE CU\SSIFICATIOt'l 

The dominant tH cations in Zone A and B amphiboles are 

C a and Na, I;J i t Il s u m s 0 f .2 1. 3 4 and N a <: ,O. 6 7 • The 

amphiboles are therefore classified as calcic types (Lea'ke, 

1978). On a standard calcic amphibole grid (Lcake~ 1978), 
c 

i\(Jl a lys e s f rom Z 0 n e s A and Bou t lin e t l'J 0 b r 0 a d 1 Y lin e art t' end s 

(Fig. 5.1). 

Trend 1, defined by amphiboles distal to Zone B in drill 

hole SSN 25, extends from the actinolite to flTagn~sio

tschermakitic hornblende fields and outlines a silica 

depletion trend at roughly constant f1gn·lg + Fe (Fig. 5.1b). 

The actinolite represents relatively pr;stine ~-13 cores. and 

the silica-dep'leted a'nalyses comprise Al rim (25.136.55) and 

totally Al-replaced (25.75) crystals. 

Trend 2, outlines a Si + t·19 depletion trend in 

a m phi bol c s f rom bot h Z 0 n es. The t r end. \., hic h i s m 0 r e e vol v e d 

in Zone B than in Zone 1\, extends from the actino'lite field 

ta the tscher.l'i1akitic hornblende field (Fig. S.1.a, b). No 

F G A u n ~ t s dis ta l t 0 e i the r Z:J Il C lJ cre m e il sur cd. Il e fi ce. the 

lcast r.:;lte!'(~d t'î3 core from ]=G/\ units in Zone, 1\, sample 

13.148, is probabl:; sl'ightly zltered (i.e •• hornblend'ic). In 

con t r 2 st. P l~ i s tin c il 3 il il phi b 0 1 es IJ (.' r e 0 b t a i n 0 d f r 0 [;1 9 a b b r 0 

sar.lple 25.136.55, located almo.:;'!: Ib~ soutt1l.iest O'{ Zone B. 
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Figure 5.1 Compositions of relict M3 and VI and Al amphiboles 
on ,a general hornblende classification diagram 
after leake (1978), where Ca + Na. > 1.34 and Na< 
O. 6 7 i n (a) Z 0 n e A , and (b) Z 0 n e- B. E n c i r c 1 e d 
samples contain analyses of amphiboles of the same 
type, e.g., core or rims and from the same sample. 
The lines connect relict tn and secondary 
amphibole compositions, or secondary amphibol es 
from different levels in the same drill hole. One 
t i e 1 i nec 0 n nec t s t YI 0 V Ive i n a n a 1 y ses (0 4 7 3 and 
0466). Trend 1 and 2 amphiboles are outlined in 
green and red, respecti vely. 
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In order to sho\'/ the chemical variations of Trend 2 

amphiboles in plan vievl, Figure 5.1 ~'Jas divided into 6 

con sec u t ive l y n u m ber e d "a 1 ter a t ion Z 0 n es" 0 f e qua l YJ i d th, 

along the trend axis (see Fig. 5.2). The most evolved 

ana lysis for each sample If Jas considered representative of the 

furthest extent of alteration that the particular sample, 

underwent, and was pldced in the alteration grid (Fig. 5.2). 

The sampl e was assigned the number of the zone in l'Ihich it 

o c c urs , and the zan e n u m ber s ~J e r e t r il n s fer r e d t 0 the 

appropriate sample location site (Fig. 5.3).. 

5.2 p 2 0 l SCUSS IOn Of CMun CAL" AR lAT 1 OtJS OF fii1PH 1 nOlES 

Figure 5.1 sho\'JS that sorne relict N3 cores, \'Ihich are 

not visibly altered in thin section, are, in fact chemically 

altered to various degrees. In Zone B, the chemical 

alteration can be related to distance From the mineralized 
. () . 

zones, i .e q the more proxima l of the tl'IO re 1 iet core 

ana 1 yses has the more evo 1 ved compos; tion (Sampl e 26.64 vs. 

25.136.55; Figs. 5.1" 5.3). 1 nad dit ion , fig ure 5 • l s h 0 ~l S 

that the compositions or tll rcpL:\cernent rfms and Al blades in 

5 a fil p 1 c 9 • 2 4 are n e il r 1 y i cl (; i tic!l ,1, and t h a t the c 0 m po s i t ion s 

of '.'I vein and 1',1 alteratic;1 amphiboles fraD the same s2mple 

(0472) are prac-cicûlly the :;ar.H? 

Fig u '{' (; 5. 3 s h {,) VJ S th t: t t Il .: 111 0 S t il l t '::: r e d ~,r. phi t. :: 1 es; 

33.225.10 2nd 37.207.75. are cef1tered ovcr the .:;scond r.1QSt 

e as'\: 2 r lys che el'; t e - r.1 i n e l' a 1 .- ;:: e cl z 0 ri e i;-: Z 0 n e B, a n cl the - ~ C' a s t 

alt,';;-;ed ~';;fJhibc,lcs. '.;ith :'·,e e}~c;::ption of that fl'Or.1 s~:;ple 

33.1::7, QCC.lf Qt.;',:.side Zone :::. Fi]ure 5.3 also sho~;;; thô', the 

109 



figure 5.2 Hornblende classification scheme after Leake 
(1978)' showing location of most al tered analyses 
from each sampleip al terafion grid. 'See ,Figure 
5.1 for legend. 
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IIIOSt e~o 1 ved Zone A samp 1 e occurs i"n dri 11 ho 1 e SSN 9,,' 

fur the 5 t 's 0 u t hl and c 1 a ses t t"o Z ci n e B • In additions it 
~ 

appears that the mos"t evol ved ,Zone A analyses lie closest ta 

t'he main VIV quartz ~tockwork, whereas the two furthe5t away 
; , 

are the , e as t ev 0 , v e de. 

5.2.3 COUPLED SUBSTITUTIOIIS 
, 

The a"teration of actinolite to hornblende in Tren·d·l 

and 2 amphibo·les can \be'~l~ined, in p~rt. by two coupled 

substitutions represented by the actinolite--)tsc,_hermakite 

t'ransition. w,here. 

Mg5i--> 2Al (Fig. 5.4) and. 

the aetina' it~':'-> édenite tran"sition, wher'e. 

. 'S'; - -> Ha A l' (F'i g. 5 :'5). 

Together, t,he two, which can be written as, 
'. 

Mg S i -' -) N a Al '3' (Fi g. 5 .6 L 
',. \ ' 

show that IDa'gne~i,um-'s11fca dep1etion 15 associated with 

sodiuli and' alumina ,enriehment. 

," 

1 n, a d d i ~ ion. Fig., 5 .4 s h 0 W 5 t h a t the t s che r m a kit e t r end 

1s shallQwe'r, and 'he'nee less important, in Trend 2 v·er'Sl'S 

Trend 1 amphiboles. whieh' aré distal ta Zone B.' ln contra.st, 

th', edenite tr.end. defined by/Trend 2 allp,hiboles, w.hich are" 
t 

prox i lia 1 to the mineralized zones, i s steeper .or more, , 

. " 

" 

• 1 

\ 
,. 

1111portant than the one for T)'end i alllphiboles. , 
1 

A ca t ion "p lot 0 f tata 1 Fe • (TEe) ver~us TFe/TFe + Mg 

(fi g. 5.7) 
1 

shows that Fe-enrich.ent accompanies the Mg-
, . 

depletion in Trend 2 amphiboles, and a1so oc;eurs to a lesser' 
, 

extent in Trend 1 alllphiboles.' Figure, 5.~, a1so Shows that the 
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Graphlcal depiction of" Actinolite - Tschermaldte 
transit40n where MgSi-->2A1Z in; ampbib-oles' {a)t 
in and near Zone At 'and (b) Zone B: Trend 1 and 2 
amphiboles are outl ined in green - and red, 
r e s pee t i·.,v e 1 y (d i s eus s e d i n tex t ). ,S e e Fig ure 5 .1 .. 
fgr 1 egend. 
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Figure 5.5' 

, 
" 

- ,-. 

Graphical depictfon of 
tra'nsition, where, Si-->NaA 
1n and near Zone "A, and (b) 
amphiboles are outlined 
respectively (discussed in 
for 1 egend. 

.;1; l .. 

\ 
Act1no11te-Edenite 

A1Z in amphiboles (a) 
Zone 8. Trend 1 and 2 
in green and red. 
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Figure 5.6 

.. 

". 
~ .. , _______ wo---__ 

• n 
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\ , 

Graphical depiction of Actinolite-Tschermattte and 
Actinolite-Edenite transitions in amphiboles (a) 
in and near Zpne A. and (..h) Zone B. Trend 1 and 2 
amphiboles are outl1ned in 9reen and red. 
respectively (d1scussed in text). See Figure 5.1 
for legend." 
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... Figure 5.7 Catio,n plot of total Fe versus Fe/Fe + Mg. or/XFe) 
10 amphiboles from (a) Zone A, and (b) Zone Bol See 
Figure 5.1 for legend. '", / 
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amphiboles in Zone A underwent less Fe-enrichment than those 

in Zone B. 

A plot of K versus K + Na (Fig. 5.8) shows that the Na-

enri~hment associated with the edenite transition, is 

accompanied by K-enrichment. The plot also shows that 
, 

amphiboles in Zone B are considerably more alkali-enriched 

than those in Zone A and that al ka 1 i enrichment occurs 

congruently with trends outlined by other variation diagrams, 

Le., rirn compositions are more evol ved than cores, ana lyses 

c los e t 0 Z 0 n e B a-r e' m 0 r e ev,o l 'v e d th a n th 0 se fur the r a wa y, 

etc. 

5.2.4 SUMMARY AND CONClUSIQNS 

A l l var i a t i '0 n dia gram s e x h i bit sim i l arc 0 r e - r i m, 

alteration trends, and sho\-I that' Trerd ,~ amphiboles in Zones 
1 

A a'nd B. start at roughly the same point of origin, and have 

approximately the same slope. In addition, the diagrams show 

that Zone A analyses outline slightly less evolved patterns 
, 

than Trend 2 amphiboles in Zone B. The most striking example 

a f t h i sis s e e n i n Fig ure 5. 8 i n \'1 hic h Z 0 n e A a m phi bol e s are 

substantial1y less alkali-enriched than those in Zone B. The 
1 

more,evol ved nature of Zone B amphiboles may indicate that 

Z 0 n e Bun der 1:1 e n t m 0 r e i n t e n se' a 1 ter a t ion. and w a sclos e r t 0 

the fluid sourcft. 

5.3 VII g ~III9 ùnd A2 BIOTITE 

Two different' types of hydrothermal biotite are 

recognized in the map area and discussed in detai 1 in 

chaptt:rs 2 and 3. Brown, M3 biotite occurs as fine grained 
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pervasive alteration and coarse grained clots as wel 1 as 

alte-ration envelopes about leucogranite dyKes in gabbro and 

i s bel ieved to be related to intrusion of the leuco- granite 
cP 

(Chap. 2). The biotite has brown or olive green to yel10w 

pleochroism and characteristically occurs with s phene at the 

expense of M3 amphibole. 

A2 alteration bioti~e has reddish-brown pleochrofsm ând 

typical ly contains zircons and associated radiation burns 

(Chap. 4). A2 biotite occurs as VII and VIII vein haloes and 

pervasive alteration (Chap. 4), and 1s locally concentrated 

along S3 cre.9ulàtion hingel ines. indicating that ft formed 

during the M4 event (Chap. 2). The-biotite 1s more abunçant 

in Zone B where it is associated- with loc.ally intense K-

feldspar replacement of felsic units. In addition, it 

tYPlcally occurs with manganiferous ilmenite (Mn-ilmenit"e)' 

where 1t replaces amphibole. 

Red-brown biotite, compositional ly similar to A2 

biotite, occurs w1thin VII and VIII veins. The concentration 

of A2 biotite along S3 hingelines (Chap. 4) and all vein sets 

along the S3 surface (Chap. 3), as well as the similar 

compositions of VII and VIII vein, associated A2 vein halo, 

\ and pervasive A2 biotites suggests that the veins and 

alteration are co-genetic and co-eval with the S3 surface. 

5.3.1 BIOTITE CLASSIFICATIO~ 

A microprobe study vias conducted on A2 alteratio,n, and 

VII and VIII ve i n b i 0 t i tes i n' 5 9 ab b r 0 sam pl es, 9 F GA uni t s , 
r 

7 Unit lIb metavolcano-sediment samples, an A2-altered 
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a.phfbole vein in gabbr,o, and biotite phenocrysts in the FQB 

porphyry (Figs. 5.9 and 5.10). In addition, brown, M3 

biotite was analyzed in a gabbro sample distal ta Zone B 

(25.75.50). 

Ta facil itate discussion of biotite chemistry, the 

analyses are divided into gabbro, FGA, and sedimentary types 

and subdivided into tWQ groups: 1) inaly~es from pervasively' 

altered rocks (Fig. 5.10 b,d.f)\and, 2) VII or VIII veins and 

associated vein haloes (Fig. 5.10 c.e.g). 

5.3.2 BIOTITE CHEMISTRY 

The ranges in biotite compositions become more , . 

heterogeneous and more iron- and alumin3- enriched from 

gabbro ta FGA to sedimentary units (Fig. 5.10a). The 

different ranges in- biotite cbmpositions from the different 

rock types may partly reflect primary differences in hast 

rock chemi stry. For example, sediments are generally-

a l u min a - rie han d h ete r 0 9 e n e 0 U sin n a t ure, 'W hic h m a y è x pla i n 

why analyses fram the met~volcano-sediment? have the largest 

compositional field and are Al-rich. 

In contrast, biotites from gabbro are Al-poor; and on 

the Fe-Mg-Al cation plot (Fig. '5.10),occupy the smallest 

compositional field. The low Al conte,nt ~nd rela1;ively 

homogenous chemistry may reflect the primary homogeneous and 

high temperature (relatively Mg-rich) nature of the gabbro. 

Biotite in an A2-altered VI amphibole vein in gabbro (0473) 

has the same composition as gabbro sample, 33.178.36. 

Analyses fram FGA units generally fall in betweenthose 
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Ftgure 5.9 L~cation map of biotite analyses. 
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Figure 5.10 Al-Hg-Fe cation plots for biotite analyses. {a} 
Ranges of biotite from gabbro. FGA and 
metavolcano-sedimentary unit. (b-g) Ranges of 
each field are shown in detail. left member of 
cation-plot pairs show subrange of samples which 
co'ntain pervasive alter'<ltion. Right member shows 
subrange of bi.oti tes which were found in V II or 
VIII veins or ve;n haloes; Note: gabbro sample 
25.75.50 comprises brown biotite from a 
leucogranite halo; ·met~ sediments· refers ta 
a 1 1 Uni t lIb me t.a vol ca no - se d i men t s ex c 1 us ive 0 f 
FGA units. 
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from gabbro and lIIetavolcano-sedimentary units. The 

1 nt e rm e d fa tee 0 m p 0 s it ion 0 f the F G A uni t s s l.t 9 g est s th a t the 

FG~ units are not as homogeneous as the gabbro nor as 

heterogeneous as the sediments. 

The least evolved, or most Mg-rich of all A2 biotites is 

from a pervasively altered metavolcano-sedimentary sample in 

Zone A, 2.34 (Fig. 5.10a, f). The sample was collected 

furthest north in Zone A, and is distal to the main Zone A 

stockwork zone and Zone B (Fig. 5.9). Metavolcano-

sedimentary sampl es, 13.77.9 and 13.73.10, coll ected further 

south in Zone A, are more Fe-rich, and those from Zone B, the 

most enriched. The most Fe-rich metavo1cano-sedimentary 

analyses are from a pervasively A2-a'ltered unit and VIII vein 

from a sample in drill hole S5N 26 (ng. 5.10 f,g, sample 

26.78). The VIII vein analysis is, in fact. the most Fe-rich 

or evo.1 ved of al1 biotite samples (Fig. 5.10 a,g). 

Analyses from FGA-hosted veins or vein ha10es in Zone A 

a1so appear to be general'y more Fe-rich and have a larger 

range in Al contents than pervasively altered FGA units (Fig 

,5.10 d,el. (Note: No vein or vein haloes from Zone B were 

m e a sur e d ) • T h ~ m 0 s tan d l e a '5 t e vol v e dan a 1 y ses f rom 

pervasively altered FGA units are from drill hole SSN 26'1n 

Zone B, and drill hole SSN 13, one of the furthest north 

samples in Zone A, respectively (samp1es 26.64 and 13.148). 

With the exception of sample 11.180, vein and vein halo 

biotites from Zone A appear ta show iron-enrichment southward 

(13.81.90 to 9.24). The one exception, sample 11.180, ;s the 

most i ron·ri ch of a 11 FGA sampl es, and, \lias co 11 ected from 
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greatest depth. 

Hence, it appears that within the general range of Al 

biotite compositions from FGA and metavol cano-sedimentary. 

units. sorne systematic variations are present. Zone B 

biotite is general1y more evolved than that of Zone A; 

biotite from the southern part of Zone Ais generall y more 

evolved than that to the north, and the most evol ved biotites 

are i n d ri 1 1 ho 1 e' S SN, 2 6, wh i c h con t,a i n s the F Q B po r ph Y r Y • 

In addition, vein and vein halo biotites are generally more 

fe-rich than those from pervasi vely altered units. 

Brown M3 biotite and biotite phenocrysts from the FQB 

porphyry were also analyzed. The M3 biotite, collected from 

a biotite-sphene halo in gabbro about a leucogranite dykelet 

d~stal to Zone B, is Mg-rich and plots clearly outside all 

the main fields (Fig. 5.l0a). In contrast. the red-brown 

biotite phenocrysts have compositions which are simi l ar to 

the Fe-rich analyses from FGA units (Fig. 5.l0d). 

5.3.3 Kd BETWEEN Al AMPHIBOLE and A2 and VEIN BIOTITES 

Biotites and amphiboles bath display Fe-enrichment 

southward across Zone A and into Zone. This may indicate that 

the hydrothermal amphiboles and biotites formed from Fe-rich 

fl uids which' emanated from the same source region. 

Al ternati vely, the i ron-enrichment of the bi otites may be due 

to reactions in which fluids from the same or other regions 

were buffered by the compositions of the amphiboles that the 

biotites rep1ace. 

Analyses of Al amphiboles and A2 and vein biotites are 

\ 
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Figure 5.11 Al-Hg-Fe cation plots for al1 FGA and gabbro 
samples trom which biotites and M3 and Al 
amphibol es were measured. (a) biotites tram VII 
and VIII vein haloes and pervasive A2 alteration 
ln FGA units and. (b) from pervasively altered 
gabbro and M3 brown biotite sample. 
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compared in Figure 5.11. The slopes of the thick dark tie 

lines, which connect amphibole and biotite analyses from the 

same sample, change progressively from steeply negative in 

the right-hand-side of the diagram (Mg-rich), to steeply 

positi ve in the l eft-hand-side (Fe-rich). 

The tie line rotation shows that biotites replacing 

relatively Mg-rich Al amphiboles, have higher Fe/Mg ratios 

than those that replace Fe-rich Al amphiboles. The tie line 

rot a t ion s u 9 9 est s t h a t a l t hou 9 h F e t 0 r~ g rat i 0 sin A 2 

biotites generally reflect those of the amphiboles, the 

ratios are al so partly independent of amphibol e 

compositions. 

This is also seen by the generally linear relationship 

between Fe/Fe + Mg ratio in the biotites and M3 and Al 

am phi bol e son a plo t 0 f X Fe (A 1 Am ph) ver sus X Fe ( A 2 Bi; Fig. 

5.12). The s l ope of the l ine or Kd i s 1 ess than 1 (.54). 

suggesting that the biotite-producing reactions were partly 

buffered by the fluid to lO\'ler XFe. 

The s l 0 p e s 0 f the t i e lin e s cha n 9 e (r 0 m n e 9 a t ive t 0 

positive about a point close to biotite phenocryst 

compositions in the FQB porphyry in drill hole SSN 26 (Fig. 

5.11). This may indicate that the porphyry and altering 

fluids were the same. 

5.4 A2 Rn-ILMENITE 

A2 biotite is characteristically associated with 

manganiferous ilmenite (Mn-ilmenite) where it replaces 

amphibole. Minor Nn-ilmenite was also found in sorne 
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Figure 5.12 XFe in A2 biotite YS. XFe in relict M3 and Al 
amphiboles. where XFe = Total Fel Total Fe + Mg. 
All amphibol es are fram Trend 2. except sampl e 
25.75 (see Fig. 5.1) 
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pervasively A2-altered metasediments. T h ,e M n - i l men i te, i n 

t h i n sec t ion, Il il S il r.l e t il 1 l 1 C lus 'i; r C il n d t il n t 0 b r 0 \'J fi and pal e 

b lue il n i sot t' 0 P y und e l~ r e f l e ete d 1 i 9 Il t. 1\ f.1 n - F e ~ Ti il lot s h 0 \'1 5 

tha"c the compositions of the 11:nenites in Zone 1\ and 13 are 

essentially the same. and have a very small composit-;onal 

range (Fig. 5.13). This implies that the fluids l'Illich 

produced them had simi1ar compositions. 

5.5 lU ~ A2 FELOSPAft CHErn STrtV 

Plagioclase a1teration appears ta be less pervasive than 

amphibole or biotite alteration in the same drill hale. For 

example, one pl agioclase-bearing sample from a drill hale 

~I hic h con t a i n s a bu n dan t a ii1 phi bol e and A 2 b i 0 t i te> i S II e 1 1 -

zoned and relatively unaltered (Figs. 5.14, 5.15. sample 

33.178). In addition, Al and A2 plagioclase alteration is 

simi 1 ar and hence, difficul t ta discriminate in rocks t'Ihich 

contain abundant Al and A2 alteration. 

In general ~ hO\'levcr~ Al alteration of plagioclase is not 

as intense as A2 al teration of plagioclase and comprises 

partial1y albitized plagioclase and minor K-feldspar 

alteration (observed in a minor number of stained sections, 

only; Chap. 4). In contrast, A2 feldspar alteratian, 

appears to be more intense and perv'asive, and consists mostly 

of K-feldspar alteration and minor albitized plagioclase. 

Eleven unaltered and A1- and A2- altered plagioclase

bearing samples ~'Iere analyzed to determine the general range 

of al bitzation (Figs. 5.14? Fig. 5.15). 
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Figure 5.13 Composit10nal range of Mn-l1men1tes in Zones A 
and B. 

c 

----....... - -_. ----- L 



LEGEND 

• Gabbro 
• FGA unit 

-<>- Metavolcano-sedimen 

• VI vain 
2.34 Sample number 

Fe 

( 
129 

j 
/ 

1.14 Mn 

-c>2.34 
'.18.a~i33.178 

048611 3.148-1~. 81 
Il.ISO. LISI 13.77 

, 
1 

" 

1 

Ti 



figure 5.14 Plan view of Zones A and B showing An contents 
and location of plagioclase s'amples. 
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Figure 5.15 AB-AH-OR plots of plagioclase in Al·- and A2 
altered rocks. pristirre M3 plagioclase in gabbro 
and a prfmary plagioclase phenocryst in the FQS 
porphyry. 
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: 5.5.1 Al-'AL TEIED IOCIS 
\ 

Re'lat1vely unaltered plagioclase of co.pos1tion An 64. 

,was found in gabbr!J sa.ple 25.75. coll ec:ted about 75'OM 

southwest af Zone 8. This contrlsts w1th the .oderately AI

a 1 bit 1 ~ e d pla 9 1 0 C 1 as e i n 9 il b b r 0 sa. p 1 e 0473. '" 2 0 O. w est 0 f 

Zone B. wh1ch lIeasures An 47. One Al-al tered .etayo 1 cano-.. 
5 e d 1 Il e n ta r y 5 a Il p"'1 e f r o. Z 0 n e A (13.3 5) wa s a 1 sos tu éf1 e dan d 

• 
found to contatn lIoderate to h1ghly albttized p'agioclase of 

An 21*. The alb1tiz1ng nature of the flu1ds 15 perhaps lIoSt 

ev1dent bl the presence of relat1vely pure albite (An2) in a 

gabbro-hosted VI ve1n Just west of Zone B (saIP~ 0466). 

5.5.2 A2-ALTERED ROCIS 

Several' plagioclase crystals froll saMples conta1nfng 

.a1nly A2 al terat10n were also .easured and found to contatn 

" .ostly 'K-feldspar and linor albite Alteration. However. the . 
two Zone B gabbro sallples. both 'fro. scheel1te-m1nera 11zed, 

Z 0 neF 2 (F i 9. 5. 1 4 ) • s ho win con s 1 ste nt a m'o u n t S 0 f 

:a 1 bit i Z Il t ion. Pla 9 10 c 1 a 5 e f rom s ail p 1 e 3 3.1 7 8 ha san An 
1 

,cont'ent~ of 62. whereas that from sallp·l e 36.35 measures An34. 

1 n Z 0 n e A. • w ide ra n 9 e 0 fAn con t,e n t 5 wa s fou n d 1 n the 

one leasured salpl., 13.77. Plag~OCl ase in a h1ghly 

'b10t1t1zed lIetased1.entary band. for exallpl e, ranges froll An ' 
, ~ 

:6 6 t 0 7 2 • wh e r e • s .. n the p 1 il 9 1 0 c 1 il se, 1. p 1 1 1 i - rie h ban d. 1 t 

'.easure 5 An 21. 

:e The ,eristerite gap 15 believed to ex1st bet_een An Ollul 
25 (S.ith. 1983). The so-called .lb1t1zed pllg1otl'lse .1:' 
therefore represent very fine sClle albite replace.ent of 
plagtoclÂse that "as not resolyable on the .1eroprobe or .,tth 
a .teroscope (tbid •• pp. 233-234 for further reference Ind 
~tscusston of the pertster1te gap). 
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The .ost altereJ samples from both zon,es are frolJl Zone 8 

felsic dykes in drill hale SSN 26~ whic'h have An c&ntenJs lOf 

- " 

. . ·1 
) 

Il ( sam p 1 e 2 6 • 2 2) and 7 (s am p l e 2 6 • 7 4 ). 1 nad dit i on.- f e 1 s 1 c . 

d Y k e sam p '1 e , 2 6. 2 2 con t a i n s K - f e l d spa r ( Fi? 5 • 1 5 a ) • A 

relatively h1gh level of alb1tization in the plagioclase-rich 

felsic un1ts is also evldent 1n Zone Aowhere the inost h1ghly , 

alb1t1zed plagioclase i5 from a plagioclase lapl1l1-r1ch 
• 

metayolcano-sed1mentary unit (aboye). This may indicate tha.t 

the plagioclase alterat10n was somewhat host rock dependent. 

( 
5.5.3 A1- and A2- AL TE RED ROCKS 

. , 
Plagioclase 1n five A1- and A2- altered samples were 

ana'lyzed (Fig. 5.15e.f). The mostosodic plagioclase is from 

an FGA un1t (sample 26.64. An IIi Fig. 5.14) 1n dr1rl hale 

5SN 26 1 n Zone 8. The FGA samp le from Zone A (9.24) 1 s 1 ess 
Q 

altered and measures An 49. Gabbro sample 33.167. f"om 

schee11te-minera11zed zone F2. is also less albitized and 

measures An 49. One K-feldspar altered gabb'ro sample was 

mea5ured from Zone B (sample 37.116). The practical lack of 
-

K-feldspar in Al-altered rocks suggests that 1t formed 'dur1ng-

A2 alteratian. 

5.5.4 FQ8 PORPHYRY PHEIIOCRYSTS \ 

Unaltered pr1mary plagioclase phenocrysts trom FQ8 

porphyry 1n drill hole SSN 26 (Zone B) were analyzed' and 

found to have An contents between 34, near phenocryst cores, 
'. 

- and 15 a t ph e no cry s tri ms ( sam p l e 26.16). The Ir i m 

co m po S 11 ion s a "r e sim i l a r ,",th e mas t a 1 bit t z e d si ~ agi 0 c las e, 

. . 
". _ j •• r 

.. :~' ~ #" 0 ff - l 

, III 

.-
~ !If ...... 
;-.. 

, 
\ 

" 

j 
, ! 

1 



. . 

(\ 

1 

, /, 

" 

( 

-< . .. 

1 n 1 1 y 5 e s w hic h, e x c 1 u d i n 9 v e 1 n s a m),l e 04 6 6 • are a 1 5 0 f rom 

drill hole SSN 26 (Figs. 5.14,5.15,26.22, An 11,26.64, An 

IIi and 26.74, An 7). 
" l . 

The similarities between altered plagioclase and 

ph e n-o cry s tri m co m p 0 s i t ion s su 9"9 est th a t the a 1 ter i n 9 and 
Q , 

porphyry fluids were the same. The similar compositions of 

A2 biotite anQ FQ8 porphyry biotite phenocrysts may imply . 
further, that the, porphyry-was responsible for alteration and 

associated mineralizat10n (see Chap 7). 

5.6 SUMMARY 

Am p h 1 bol es pro x i ma 1 t 0 t he m 1 ne ra li z e d zone de f 1 ne a M 9 

+ Si depletion trend (Trend 2), whereas those distal to Zone 

B. d e fin e a S i - d e p 1 e""t ion t r e n'd, 0 n 1 y (T r end 1; Fig. 5. 1 ) • 

The changes in,amphibole compos;tion 1nto the mineralized 

.. zone are explained in terms of the t~chermakite and edenite 

co~pl ed substitutions (Figs. 5.4 to 5.6). 

The .e den i t e t ra n s i t'i 0 n, wh i chi n vol v e d a d dit 1 0 n 0 f Na 

(Fig. 5.5), is"more important in amphiboles proximal (Trend 

2), than in thos,e distal (Trend 1) to, the mineralized zones. 
J> 

Conversely, "the tschermakite substitution, wh1ch invol ved 

addition of Al (Fig. 5.5), 

ver sus' T r end 1 am phi bol es. 
(I~'" '0:. 

:- '- '" 1 

i~less important in Trend",2 

"-
Add1t1onifFl{ is assoc1ated w1th that of Na (Fig. 5.8), -

and'Fe-enrichment accompanied the Mg-depletion, associated .. . 

w1th,the tschermakite transition (Fig. 5.7). 

1 .. .. 
J 

! 
l 

/ 

.! , 
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,J 

A 1 l var i a t ion dia 9 ra mss h 0 w t h a t r e 1, i c t M 3 cor e s are '-' 

characteristica'lly less altered than Al rims. Some evidence 
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. suggests that Al rims and blades, as well as Al repl acem~nt 

and VI ,veins in the same sample. have identical compositions. 

In addition, the diagrams show that a!"phibol es ar,e 
o 

possib1,.y more evol ved, southward across Zone A and into Zone 

. B (Fig. 5.3), and that 2on~ A amPh~boles are, general'1fess 

evolved than those in Zone B. The latter 1s especially 

evident in the alkali-enrichment diagram (Fig. 5.8). 

A2 biotite, which is red brown in thin section, is mor~ 

. Fe-r1ch than ,.,3 biotite. ~h1ch "is brown 'in thin section. A2 
• 0 

biotite composition is apparently affected by that of the 

h 0 st;} c k i n w hic h '1 toc c urs , e • 9 • • A t b i 0 t i tes i- n 

m e't a vol cà no - se di men t s h a v eth e ln 0 s the ter 0 9 e ne 0 u s 

compositions, whereas A2 biotite in gabbro 1s generafly more 
, 

Mg-rich, and has the most homogeneous ~hem1stry. 
~ 

The Fe-enrichment trend in FGA and metavolcano-

sed1ments. appears to parallel that of Al and VI amphiboles. 

but i s in fact, partly.independent of ~h~ amphibole 
, ( 

com~osition, i.e., fluid buffered. This 1s evident by the Kd 
\~, 

p val u e 0 f .54; b e t·w e e n X Fe - a m ph and ' A Fe - A 2 b 1 0 t. F 1 u 1 d 

buffer1ng is ,perhaps -a-1so evtdent by the 

relat1vely smal1' and similar ~range in 

compos 1 t 1 o.n s from bo th zones. 

presence and '\ 
~---

M n - f riffê"~n"""iH~t e 

, 
The most evol ved biotite compositions are from drill 

hole SSN 26. wh1ch contajns the largest amount of FQ8 

porphyry. Biotite phenocrysts from the FQB porphYfY fal1 

with'ln the range and near the most evol ved of A2 biotites, 

suggesting that the porphyry and altering fluids were the 
" 

same. 

" 
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Fel dspar a,lterat1on appears to be s1mil ar in Zones A and 

B. but less consistent than Al amphibole or A2 biotite 

al terat ion. Al-altered feldspars,are mostly albitized and 

appear ta become more albitic i<f1to Zone B. Similar 

al bitization occurs in A2-al tered rocks. with the most 

alb1tic compositions from dr1fl hole ss'N 26. In addition. A2 

alte'red rocks contain abundant.K-feldspar alteration. whereas 

onlya minor amount was observed 1n a few sta1ned slabs of 

Al-altered rocks.· 
/ 

Primary FQ8 phenocrysts are progressi vely more a'l bit1c 

from', the cores ta r1ms. The rim comRos1tions are simi 1 ar to 

~t;.., rnost AI and A2 a lbitlzed Pla9l0C~ ,·amples (Fig. 5.15). -

This. as well ,as the similëÎr1ty in compositions of A2 . 
biotites and'primary unaltered biotite phenocrysts in the FQB 

porphyr,y. may indicate that the porphyry and altering fluids 

we re the same. 

) 
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CHAPTER 6 FLUID INCLUSIONS 

6.1 INTRODUCTION 

A fluid inclusion (tUdy",O'f veh, sets VI through vry was 

undertaken to examine the nature. evo~ution and ,genetic 

rel at1onsh1p of the minera 1 121ng fluids in and between the 

two zone s ~ () 

6.2 SAMPLE LOCATIONS ~ \ 
Samp 1 e collectio..n wa s concentrated in dr1ll ho 1 es SSN 13 

and SSN 26 (Fig. 6.1). SSN 13 1s the most he-avily minera11zed 

d r i 1 .1",h 0 l e 1 ri z 0 n e A. 0 r 1 1 l- h ole 2 6, i n Z 0 n e B 0' con ta i n s the 

1 a r 9 est i n ter sec t ion 0 f F Q. B po r p h Y r yan d the m 0 ste 0 m p- 1 ete 
{ 

over1ap of VI and VII scheel ite mineral ization (F3) and VIII 

and V-IV scheel ite-molybdenite mineral izat10n (MZ3; Chap. 3; 
0

0 

Fig. 6.1). 

A small number of fluid inclusion sections were made 

from matepia~ in dri 11 hol es l, 3,,33, 36, and 37, within 

the mai n m 1 ne ra l i z e d ZD n es, a s we l 1 as the mai n t r e n che d are a 

... ° f Z 0 n e B (0 4 6 6 a and Q; F 1 9 • 6. 1 )~.. - 1 nad dit ion, p h a s e 

relationships in inc'lusions in quar~z and scheelite in th1n 

\ sections of VII vein1ets from drill ho1es 2,8, 9, an~ 13 

were studied to supplement the fluid inclusion data obtai;:ied 
; , " 

from those respective vein sets. 

6.3 PRIMA'RY FLUID INCLUSION CLASSIFICATION, DESCRIPTION, AND 
IDE"TIFICATION CRITERIA 

A 11 mit e d f~l u i d 1 ne lus ion s tu d y w a Gs con duc te don qua r t z" , 

and y-schee1i.te from veiJl sets VI through Vry, and on 

amphibple from a VI amphibole ve1n and a VI-VII amphibole 

.~/ 
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'alterat1on halo • 
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,'" Two major types of pr1mary 1oclus1Qns ar. recognlzed 
~ 

(Fig. 6.2). LY inclusions, 'comprise 1 iqu1d plus vapor phases 

which contain ""55 to 85S liquid; most.however, contain 55 to 

751 1 i quid. The second major type, lVS. comprises l1quid, 

v a po r, .a n' don e !J r m 0 rés 0 1 i d p h a ~ es, and i s s u b d '1 v 1 d e d i n t 0 
" - . 

three types: (1) Type LYS-HA contGains a cubic, non-

b1refr.ingent, solid. an~ 1s relatively l1quid-rich (Fig. 

6.3e)." During freezlng, the cubic phase reacts with the 

liqu'ld and forms a yel1 ow bi refr'l ngent hydrate., The cub; c 
i 

phase can therefore, not be sylvite, but 1s more l'1kely . 
hal1te. s'Ince sy1 vite does not form a hydrate. whereas hal ite 

does (Crawford, 1981). (2) Type lVS-B comprises vapor-rich 
p . 

and v a p 0 r - poo r i n c lus ion s t h a t con t a '1 nIt 0 4, sm a l 1, "'1 
/~v: , 

micron across, blue-b1refringent'. anhedral solids. (3) Type 

l V S - B H A c.o n t a 1 n s bot h c u b '1 c and (1 t 0 3) b 1 u e p ha ses 

\ (F'Ig.6.3d),. 

The bl ue phase 'does not dissol ve upon cooli n9, and 

dûring heating. does not' change size or shape prio'r to 
! 

decrepitation. The apparent 'Inab11'1ty of the blue phase to 

d '1 s sol v e p rio r toi ne lus 'Ion d è cre pit a t 1 0 n, and Ct he var 'fa b 1 e 
number of solids 1n any one 1nc)us1on suggests tlrat the blùe 

r' 
so11d i s a trapped phase. 

Primary inclusions are larger and/or lIlore lso1ated than 

s~'n ry types. In sorne V III and VI V quartz velns, an area 2 

t 0 ",~~d 1 C r 0 n s· w 1 der 1 mm 1 n 9 b 1 a des 0 r, b 1 e b s,of mol yb den i te. . / . 

cha 1 co. p y r '1 te, p y r rh 0 t j te and 10 r ,w 01 f ra mit e" con ta '1 n s 

isolated, prlmary. inclusions. S1~ml1ar pockets of these 
" l 
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~ LlaulO - VAPOR' (LV)., Compri.. >9S~ of prima" inclusions 
,,, ' ~ f 

• Vari._ in degr •• of filling 

, 
, b 

1, . \ 

) , t , , ' 

. , 
, . , 

.' 

" 
.', ! " ,f, 

.55to10% 

() ,'6) 
, '. 

.< , 

" 
~ , 

MOlf abunda'nt 1ype of 
". fluid, inclusiOn 

.. 

.' 
'. 

' .. 

. " " .70 .. to85~ 
, . , , 

-. , • 1 

, 
l ' . , 

" 

LYS-HA 
, 

CompriH < 5tJ. pr""'" 
Inclusiona, 

" . 

HoUte .. bearing 
, ~< . , 

'., ',. ,l 

LVS- B . . Unïd.mfied bIue-soUd, " ' 
prObClbly a trapped phase 

. '. 
, 

LVS-dlHA· Holite'" and blue-solid-bearing4 , 

". 
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pr111ary ~s ions ~ere al so found i n embayment~ or between 

blades of tlle afo-rementioned minerals, general,ly measuring· 
o 

<15 microns across. 

, Secondary inel usions, in contrast, are generally small, 

1 
i , 
1 , 

.., 

.: 

--.,------

o. 

\' ". 
" 

~.: f 

.', 
, " 

i 

, 

<1 to 5 microns across, l i,quid':rich, H-quid-vapor i-nc~-Ùsions.--~-_='l' 
, l ' 

Thefe are commonly distributed densely along numerous ,ll'_ 
1 nt e r con nec te d, par a l 1 e l 0 ris 0 lat e d f r,a c tu: e P' l a' ne s • 

Man y L Van d m b st L V Sin c lus ion s are a 1 s 0 fou n d ~ 1.0 n 9 

1 , 

-fracture planes. 
-

Sorne of the LV types are commonlyelongate 

w 1 th the 1 0 n 9 a xe sor i en t e d i n the sam e d ire c t.i 0 n w i t h i n the 

", ' , ~ ~'1 an e 0 f the f ra c t ure. The p'h a SO e rat 1 Q"'s ~L Vin c 1 us' i 0 il s 
}. 

1 

c-

·w i t ~ i n the f r a c t ure s are the s'a m e a sis 9 1 a t e d, a p par e n t 1 Y 

"primary inel usions nearby.. For this 
, ' 

reason, are 
6 

cons1dered to be pseudosecondary. . 
~ , , 

Many LVS incl usions within fractures, in contrast, do 

n 0 t . h a v e con s ; ste n t phil s e rat ; 0 s • l h e s m a 1 l p e r c e,n ~ age 0 f 

lYS versus LV -inel usions «5S versus >95S, respecti vely; 
- , 

Fig.'"6.2), and the predominarice of LVS inclusions'" along 

f r a c tu r e pla n e' s m a y 1 n d i c a t e t'h a t L V Sin c 1 u s ion s'a r e 

'seconda ry. , 
q 

inclusions 

alongside 
of!, 

The presence of 

a long blades or 

LV ty P es w i th 

sorne isolated hal ite-bearing 
) 

bl ebs of mineral ; zation, and 

"-no apparent crosscutting 
., 

rel a t ion shi p s b et w e e n the m, ho w e ver, ma k es; _~- U Q c 1 e a r w he the r 

o~V and LVS inclusions are co-gen,etie or represent two 

5 e par a te' f 1 u i d 9 e P e r. a t ion s ( s e e Se et; 0 n 6.8). 

6.4 IIORPHOLOGY AND DISTRIBUTlON OF FLUID INCLUSIONS 

Good primary inclusions'were generally diff1CU1~ tp find 
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and it was "ot possible to find representative .aterfal fro. 

se ver a 1 v e 1 n set sin b 0-t h z Ô n es. For e x a m p 1 e. V 1 v e 1 n s 1 n 
r ~ n 

Zone A wel"'-e rare and too fine gralned to study; no VI-VII 

veins were found in Zone Ai VIII velns ln Zone' A dri_ll core 

were uncommon and typically altered or broken UPi MOSt 
, -

samples of VIV veins in Zone B conta1ned mostly small 

seco nda ry 1 ne 1 us ions i and no prima.ry 1 ne 1 us 1 ons were tbund in 

sampl es of VV carbonate. 
c 

Primary inc 1 uslons were most di fficul t to lofind in 

sch~elite and amph1bole. The,softness of scheellte (H· 4.5-

5) r ~ 1 a t ive t 0 qua r t ~ r è sul t e d • i n m 0 s t; ca S<4! s " 1 n a h 1 9 h 1 Y 

--s--crat~hed po11sh~d\ scheel ite s'urface which effec'tively 

obscured inclusion observatlon. In addition. thé high 

refract1ve {ndex of scheel ite resulted. 1n abundant total 

~. 'f e r n a 1 r e f 1 e c.t ion wh i c h ma de 1 n c 1 u s 1 0 n 0 u t 1 1 ne san d ph à se 

b~~r1es appear dark a~ thick. This was espec1ally 

- detractive ln small inclusions where the out11nes effectively 

merged! obscuring the interior. Scheellte-hosted 1nclusions 
< 

wh 1 ch we r e s u 1 ta b 1 e' for st u d y we r·e <:3 t 0 20 m 1 c r 0 n sac r 0 S s • 

had thick. dark outllnes. and irregular, anhedra1 shapes 

( Fi 9 •. 6. 3a ) • • 

In amphibole, the dark green color commonly masks 
o 

inclusion outlines and phase boundarles; very f1ne-gralned 
1 

samples contain no visiBle inclu'sions;-and inclusions in 

co ars e - 9 rai n e d sam p 1 e s are c 0 mm 0 n 1 y d 1 s r u pte d bye los e·1 y-
1 

spaced cleavage planes or are obscured by numerous millute 

oJiaque incl usions. 

Coarse-grained amph1bo1 e sa-mples. contain1ng w1dely,-; 
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LV 1nclu's1ons in (a) VI schaalfte (37.116). 
(b) V,I a.pn1bole (37.116)- (c) VI~I qùartz 
(0466Q)., an ",(d)LV,S-BHA in VIII quartz (0466Q) 
and'~ (e) an LVS-HA'1nclus1on in VIII quartz 
(0466Q). 'Note in (b) the well-def1ned. 
cleavage surface along which one of the walls 
of the allph1tiol~-hosted ,inclusion for.ed, as 

'well as a lower cleavage surface wh1ch formed 
and resulted in l~akage dur1ng heat1ng. 
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spaced cleavage planes proved the most su1table for fluid 

1 n c 1 u s 1 0 n s tu d y • Most i n c 1 us ion sin the ses a'm p 1 e 5 are 1 a r 9 ,e 

(l0 to 20 microns across)1I irregularly-shaped, and or1ented 

oblique tc} 010 or 001 cleavage surfaces. A minor numb~r of 

small (5 to 10 microns), elongate inclusions, however, are 

or1e~d paralleJ to the cleavage planes. All of the larger, 

anhedral inclusions have highly. variable liquid to vapo'r 

ratios, are interconnected and/or necked down. Both types, 

but espe-cially the former, show ev1dence of leakage along 

cleavage planes. 

Some of the inclusions or1ented parallel to cleavage 

,showed no evidence of leakage prior to s.tudy, but leaked 

during heatjng. Leakage occurred by microfracture development 

along 010 or 001 c1eavage surfaces which grew 1nto the 

inclusion cav1ty (Fig. 6.3b) or by the bend1ng of cleavage 

planes and eventual disrupt,on of the inclusion cavity. 

.~-~ 

Microfracture development and/or bending of>cleavage 

surfaces during heating was common1y accompanied by brown 

discoloration. Barnes (1930 1!! Hawthorne, 1978, p.317) showed 

that dur1ng experimental ti"f!ating of iron-bearing hornblende, 

.uch Fe2+ con verts to Fef+ w1th concomitant 
-- , 

discoloration of the amphibole, and loss of water. 

/ 
b rown 1 

Hence, 

the brown discolorat10n observed in this study probably 

,represents sim11ar oxidat10n. 

Most su1tab1 e primary 1nc1 usions were found in quartz. 

The inclusions were relat1vely large (5 to 20 m1cronsi. 

abundant', and typ1cally had clear, well-defined hexagonal 

outl1nes (Fig" 6.3c-e). 
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6.5 MINERAL- AND YEIN- SPECIFIC OCCURREIICES OF 
PRIMARY INCtUSIOIiS 

_ 

All YI and VI-YII y-scheelite- and amphibole-hosted 

inclusions are LV types. LY inclusions a150 comprise most 

qua,rtz-hosted inclusions in YI-VII through YIV veins. L-YS 
\ 

inclusions were found only 1n quartz and mostly within vein . . 
sets VIII and VIVo One LVS incl usion was found in a VI-VII 

quartz~vein and two were found in seven samp1es of VII quartz 

ve1nlets. 

The absence of LYS inclusions in vein set VI. their 

rarity in vein sets VI-VII and VII, and their relatfve 

abundance in vein sets VIII and VIV suggests that influx of 

sal ine f1 uids may have 'increased with time. 

, 6.6 lO .. T~MPERATURE MICROTHERMOMETRY 

Eutectic temperatures (Te) of LV inclusions range from 

- 1 50. t 0 - 5 00 e w i th a m 0 de a t - 250. t 0 .. 3 00 C (F 1 g. 6.4 a ). 

(E u t e c tic t e m p e rat ure s 0 f h a 1 1 t e - b e a r 1 n gin ,c 1 u s ion s, ci. e •• 

~S-HA and LVS-BHA types are generally lower than LV types, 

and ra n 9 e f rom - 320. t 0 - 7 4° e. w i t h m 0 s t val u e s < - 5 5 Ge (F 1 9 • 

6.4a). Freezing of' LYS-HA and LVS-BHA inclusions typica11y 

resulted in dissolution of the cubic phase to form a hydrate 
'" 

phase. The blue phase in LVS-BHA or LVS-B inclusions. in 

contrast, did not changé. 
1-

In most cases the hydrate ihase melted between -60c and 

-70ce, form1ng numerous yellow, bleb-11ke, anhedral masses 
~ 

and 1 a r 9 e r p 1 nie. m 0 r e co h e r e"n t, i n ter s t i. t i a 1 mas ses 0 f 1 ce. 

The refractive indice's of ice and hydrate could !lot b~ 

o~served from relative Becke line movements due to poor 
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Figure 6.4 

- 1 ~ 

(a), Observed f1rst melt tellperatu,:,es for LV and 
LVS inclusions, and Tm-ice for hal1te-bear1ng LVS 
1nel usions. (b) Sal in1ty in eq.wt.~ NaCl for LV 
and LVS inclusions. Salinity of LYS inclusions 
obta1ned'from Th-Ha. All inclusions-are quartz
hosted unless otherwise 1ndicated. 
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opt1cal resolut1on. Outl1nes of ';'1 ce fragments. however,· 

appeared much darker than the'outl1nes of anhedral hydrate 

'l-o.blebs. 

Contin,ued heat1ng and melting of the yellow hydrate in 
. 

LVS 1ncl usions was typ1cally accompan1ed' by growth of the 

c u bic p ha s·e. 1 n som e cas e s a 1 a r 9 e, sin 9 1 e -c u bic p ha se. 

present pr10r to a freez1ng run, recrysta l1ized dur1ng 

heat1ng t~ two or more smaller cub1c so11ds. 

The variation in Te probab1y ref1ects. in part. 

observationa1 d1fficult1es. as well as rea1 chem1cal 
1 

variations in the f1u1ds. Observational d1fficulties 1nc1ude 

the dark co10r of amphibole. the high percentage of t~tal 

1nte--rna 1 ref.l ection in scheel ite. smal1 inc1 usion size, 

-' 1 inclusion orientation and/or s.hape (melting may begin ~n a 

par t 0 f the i n c 1 ~ s'i 0 n 0 u t 0 f the vie W 0 f t f1 e 00 b s e.r ver), and 

thickness and polish-quality of section!!d samples. In 

addition, the 10w amount of fluid genera,ted at the eutect1c 

of low sal1n1ty inclusions makes 1t more difficult ta observe 
..., 

'f1rst me1t in LV inclusions. 
, 

Last me1t temperatures (Tm-ice) of vapor-rich LV and 

LVS-B inclusions ,range from, -SOto -1.30 C, with a mode.between 

1V~4oand -.SoC. These temperatures correspond to salin1ty . . 
ranges of <2 to 12 and 6,to S eq.wt.S NaC1, respect1 vely 

( Fig. 6.4 b ; Po t ter, et. al., 1 9 7 S ) • 

Last me1t of 1ce in LVS-BHA and LVS-HA inclusions was 

observed in on1y four inclusions, a11 in sample 0466. The 

Tm-1ce ranges from -3S.SoC ! 3.50 to -30.S~ C .:!: 2.5 0 (Fig. 

6.4a). Melting of the hydrate, however. was not observed at 
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temperatures <OoC, despite slow heating rates of 1°C per 3 to 

4 minutes. The lowest temp~rature at 'which the hydrate was 

observed ta mel t was +8.8°C. In other incl~ionst the 

hydrate melted after several hours at room temperature or at 

higher temperatures ~pon immediately beginning a heating run~ 

The h i g h Tm 0 f, the h y d rat e i m pli est h a t the h j d rat e' , 

c 0 m p ris e s n 0 ton 1 y h Y d r 0 h a 1 i, te, b u. t p e r h a p s h y d r 0 h al; t e 
, 

and/or a more complex hydrate such as NaC03-l0H20 (natron), 

which is stabl e at temperatures wel1 above OOC (Fig. 6.5). 

Heat{ng'of hy,drohalite and natron, for example (Fig. 6.5, 'I), 

.would resul,~ in m~lting of hydrohalite first (II; Fig. 6.5); 

natron wou~d melt at temperatures up to "'20°C (III; Fig. 

6.5). The two phases woulp probably be indistinguishable 

during melting because of similar refractive indices 

(hydrohalite, 1.42; natron, 1.41 to 1.44), and identieal 
~ 

optical pr~perties (both are monoel fnic, hydrohalite is white 

and natron is cOlorless). 

6.7 HOHOGENIZATION TEMPERATURES 

LV inclusions homogenized by vapor disappearanee and all 

L V S - H A, i n c:: 1 u s ion s. e x e e p ton e, h 0 m 0 9 e 0 i z e d b Y h a 1 i t e 

disappearanee. The blue phase in LVS-B and LVS-BHA inclusions 
, 

did not homogenize after vapor disappea~~nce or prior to 

deerepitation, which generally occurred between 40Qoand 50,0° . ' 

C. HOllogenizatio,n temperatures (Th) of i,nclusions containing 

the b1 ue sol id were therefore, recorded at th'e -d{sappearanc~ 

of vapor (LVS-B) or ha1ite (LVS-BHA). 

LV and LVS-B inclusions homogenized between 800 and 3850 
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Figure 6.5 Phase diagram for part of the NaCl -Na2C03-H2CL_ 
system showing a possible melting path for LVS 
inclusions. At the eutectic, Et {Point I} melting 
wo~ld begin. Melting may have continued along 
the indicated path ta Point II, where hydrohal ite 

d 

. . 

and natron co-existe FOllowing complete 
di sappearance of hydroba lite (I I), natron woul d 
continue to melt up ta N200C (Point III; modified 
after Samson, 1983). 
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C'. with modes for all ve1n sets ,1 y'1ng between 3000and 3f)OOC 

(Fig .. 6.6). ,LV fncl usions in' vein sets VI through V{I 

homogenized 'mostly. between 3100 and 340°C. Th of LV inclusions 
,1 , 

i n v e i n set' 1 lIa r eth e h' i 9 h est 0 f a l 1 v e i n set s a ,n d ra n 9 e 
" , ' 

mostly between 350oand~3aOoC. A:smal1er" slightly lower mode 

, , 

- " 

of Th of inclusions in VIV quartz veinS and stockworks occurs 

be!weén 3300 and 3'SOoe ('Fi g. 6.6). 
. 

Th of LV types' su.ggest~s t~at telllperatures increlsed fro. ~. 

NJOO<Oto 340°C to 3500 to 3aOoC dur1ng formation of vein sets 
, 

V l and VII, and VIII, r es pee t: ive 1 Y. and' de cre a se d t 0 33 OOt 0 
. 

350°C dur1ng formation of vein set VIVe In general. how~ver., 

most minera11zation occurred under a relatively.sma)l ra~9!!I, 

of temperatures, averag1ng 350°C. 
~, 

8eca~se ha11te-bear1ng inclusions were rare, only a few 
, - -

ha 1 i te ho III 0 9 e ni z a t ion t e lb p e ra' t ure s we rem e a ,s ure d • 1 n 

addition. the only' two observed VII quartz-hosted LVS, 
f' .. , l 

inclus,ions were found 1'n thin sections and many inclus1on's 

'were small' or obscure and. hence. difficult to ~p.tically 

~ character1ze or observe. 

For e x am p 1 è. ' the sin 9 1 e V 1 - VII 'q u art z - h 0 ste cf- l'V' S 

inclusion (see p.145) contained a smal1 ,single solfd phase 

which could not be adequately tharact~riz~d due to ~oo~ 

o P tic a 1 r e sol u t ion. V Il ho m 0 9 e n 1 z a t ion 0 ecu r r e Cs a ~ , 2 6 8°C ~ 
, ' 

but th'e inclusion decrepitated at 365°C,' prior' to melting'of 
- _. 

the sol id. The latter may )ndi~ate that th~ solid was a 
Q , 

t ra p p e d . P h a s, e • In general, however. the number of LVS 
. , 

inclusions appears to 1ncrease from vein sets VI through VIVe 

LYS inc~us1ons. wh1ch are most common in vein sets VIII 
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!1 nd " V "l'v , . homogen i zed mos:t 1 y by ha 11 te di Sap pea ranée •. 'Th-Ha 

l' n 1 n c 1 u ,S ion sin ve 1 n 5 e t 1 1 1 r a fi 9 e d f·r 0 m ,,1 7 1 ° t 0 3 4 0° C. . 9 °t 0 . , ' 
, r • 

86 0 C h 1 9 h e r t han v a p 0 r d 1's a p p e a r a n ce.. T h, t seo r r e s po n d s . t 0 
~ c , ,1,., , ,1. " ~ , 

sal1nft1es between 30.61 and 39.84 ~q.wt.%,.,NaCl (Potter, 
, , 

et.al, 1978; Fig. t.4b) •. One 1nc'l usion, however. homogenized '-. 

b Y v a po r .d 1 sap p e a' ra n ce. 7 .. 6 ° Chi 9 he r t han Th .. Ha .. 

f1ve lVS inclusions <4 ,to 5 microfls'across were found" 1n' 

a ;Y 1 V qua rtz . v e in. 
,. ' ' 

Three.of the inclusions' conta1ned sma1l, 

apparent1 y anhedral sol ids, and ~thë other two c'ontai ned 

sol 1 d s w i t h s qua r e 0 u t.1 1 n es. 0 n e 0 f the 1 a t te 'r, ,h 0 'II e ver. ' 

decrepitated by 275°C; prior ta homogeniz'a't10n of the so11d. 

suggest1ng that the' so11d 'lias a trapped phase.. In addition, 
. "-

two ~a11te-bea'r1~g, VIV qùartz stoékwork-hosted inclusions. 
',1 

decrep1tated at <SooC for unknown reasons. 
o • 

Severa.l sma11 (<4 microns). seeondar:y llquid.!'vapor 

inclusions 1J' scheelite"were found a10n9 a plane crosscutting . . 
an .. adjacent amphibole" and schee11te crystal in the amphibole 

halo of' a VI-VII' quartz vèin. ' The ,fnc1 usions homogeni"zed . " 

"between 3000 and ,360°C. near the modes of al1 pri'mary LV 

i ft c: l"~ u s ion s (F 1 9 • fi .6-) .. The sim 1 1 a r 1 t yin T h i n die a tes t h a t 

tem,peratures remained relatlvely constant for some,t~ime after 

VI deposit1on,\wh1ch 15' a1so ev1denced by the re1~t~vely 

e'onsta.nt T.b J'IIodes in later ve1n sets • 

. 6.8 DISCUSSION 

Signif1cant 1nsight into the composition and temperature , 

of the fluids 'lias gained from this study. Thi s 'inel udes the 

W discovery of two dis,t1net primary inclusion populations, LV 
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and LYS, and'recognition that the blue soli.d in LVS 

,l-nelu.sions 1s a trapped phase. 
) ,-

B and lVS~BHA' inclusio.ns 
, ( 

" ~ , ,1' .1' , 

"'The latter suggests that LVS-
; 

, 
are 
1 

< 

LV and LVS-HA types, 

respeetivel:>" to which the blue phase was added. i.e., B + LV , ' . , 
" . 

\\ 

~ LVS-B, and B + l'lS:HA + LVS-SHA. The presence of the bl ue 
, 

o sol i d i n bot h 1 n c 1 u s f 0 n t y P e' s m a y' a 1 s 0 b e fur the r e' v ide n c e 
, ' , 

that LV and LVS types are co,;,gene~ic. 

" 

, The range of Te observed 1n both inclusion types 1s ," ,. .. . 
~. "".' .1~\wer, t'han t~e eut~C'tics ~f\Sal~ systems m~de .~p of 1- or 2-

" 

'1 -

\ 
" 

, , 

salt speci,es whic'h' a're most commonlY found in'hydrothermal 
J .. '. . l." 

systems (Çrawford~ '19B!). The lowe~st meas.ured Te of.a common 

c-hl,oride in hyd'rothermal 'systems is -49.8<l for CaC12. whi'ch 

15 (1°C lower than th~ lowest Te m·eas.ured i'n LV'~incl us1o-ns 
1 ,,' 

and 21 0 C higher 'thân the 
~ 

10wèst Te 
~ . 

measured- in LVS 
> 
1 ~ 

1 n ç 1 us; 0 n s. The p r '0 x i m i ~ Y 0 f the l 0 w CaC l ~ ( a q) eut e c t. i c t 0 

the 0 n e 5' 0 b s e r v e d i !1 t h i s s t u d y , ~ u 9 9 est s CaC 1 2 ( a q)\. 1 s 

'pre,sent. 

N ~ Cl. wh i chi s' p, r e- sen tin l' V S - ( B ) HA, i. n c 1 u s ion s. i s the 
, ,('-, i. 

) 

mo~t ~ommon salt specie5 fr hydrotherma,l systems, ,and may 

a 1 5 0 b e pre sen tin l V t Y P es'. '1 f pre sen t. Na C l wou l d l 0 we r Té 

:' t 0 -52° C (i b id. ) .' At 1 è a st 1 m 0 r ~ ; S pee i e' s ~ 0 \.11 é the r e for e' b e 
" <-

needed in lV~ i,ncl usTons., to account for the lowest observed 
~ 

" 
Te, -70.1°C. The- high -Tm-hydra'te impl1.es that' a c'omplex 

hydrate such as nat..rQn m~y be pr.~sent. 
.... , 1 

1 t( 
" , 

.Fractun~ sys,tem-s for al 1 vein ·set·s are moderately to 

well' ~developed, espeéi~11y in Zon'e B. ""For'this reason, 

,pressure corrèctiO'ns would p:robably not vary much between 
, • :..1 

V e i n set san d he n ce, no t e f f e c t ft h e rel a t 1 ve d 1'f fer e ne e s 

", 
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b e t w e e n ,ID 0 des 1 n Th. Pre s sur e cor r'e c t ion s are der 1 v e dan d 

d1s~ussed in. chapter 7. . 
VI :,and VII scheel ite-bearing veins apparently formed at 

the lowest' temperatures', 310 0 to 340°C, and contain, 

practically no LVS inclusi~ns. The latter suggests that VI 
, 

and VII scheelite was deposited from heated, low salinity (4 

to 9 eq.wt.% NaCl; Fig~ 6.4), perhaps meteoric fluids. The 
, , , 

o 

pre sen c'e 0 f a sin 9 1 e L V Sin c 1 u s ion i n a V, 1 - VII qua r t z v e i n 
.. 

may indicate that, entry of saline fluids into the 

h y d rot he rm a 1 s y ste m wa sas soc 1 a te d w i t h 0 n set 0 f sil f ca 
-

saturation and 'quartz vein development. 
," 

Vein set VII.! formed under.the highest ',temperatures. 
, 

rangin~,mostly from 350 0 tq 380°C, and contain relatively 

.. ~dant LVS inclusions. The increase in temperature and . 
pumber of LVS inclusions may ref~ect i-nf1u'~ of highly 511ine, 

, , 

perhaps magmatic, fluids, associated with major molybdenite 

minera l1'zation. Temperatures droppe'd sl ightly, ta 330 0 !o 350° 

C, 'during'formation of vein sét VIV, associated with quartz

sericite (A3)'alteration,>whic~ may reflect initial coo1ing 

of :the hydrothermal system. In genercal; however, VI through 

VIV mi,neralization , . occurred ove-r a relatively small 

temperaturoe range of 310 0 to 3aOoC.' 
-, 

The presence of the two, apparently co-genet1c, pr1mary 

.'~:: inclusion types poses a signiffcant proble"!_ There is no 

e,vidence t,hat the t'wo f1u1ds evolved by boi11ng: No LV 

i'nc1usions homogen1zed b/l1quid disappearance, and-all, but 
p 

one LVS, inclusion homogenized by hal i'te dTsappearance. 
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There 15 also no evidence that the fluids were generated trom 
f 

t w 0 sep a r. a ~ e - f 1 u 1 d sou r ces t h a t 1 i n ter a ete dan d m 1 x e d 

thof'!oughly. If the latter had occurred, a range in salinity 

and Th should be present. However, Th are similar for all 

1nc~ u&ns and salinity ranges show 1 ittle variation w1thin 

incl usfon types. 

The predominance of LV incl usions and the loca)ion of 

lDost LVS inclusions along fractu-re---p-'h1nes suggests that LYS 

1nclusions are sêcondary. However, the presence of 1solated 

LYS inclusions, especially those a10ng mineral edges or 

embayments suggests that at least some, LYS inclusions are 
. 

primary. Hence, the two fl uids may reflect two different 

generations of fluid influx into the same vefns~ 

A]ternative~y the nature of the inclusion types may vary 
\ 

spatia\lly. For example. primary, high salinity (>30eq.wt.S 

'NaCl) incl usions in W-Mo m1neral1zed veins and breccias occu'r , , 
in the Mt. Pleasant deposit, whereas in the peripheraT 

chlorite-muscovite alte,re4 zones, highly saliné inclusions 

are pre9>ent, but are cle'arly secondary (Davis and Williams-, 

---'-----~--J.,.o...,n..-.e~s-, 1'985; Samson, 1985). It is not possible to make any 

conclusions, at present, however."due to the lack of 

sufficient data. 
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" CHAPTER 1.:.. PETROSgESIS OF THE VEIN AND ALTERATIO'II 
. j \, / ASSËiBt'RlS- . 

, 
7.1 INTRODUCTION 

In this chapter. petrographie phase relationships. flu1d 

hél usion measurements, and microprobe data from the rocks 

and veins ~re. used to estimate the physico-ehèmical 

conditions whleh existed during mineralization and 

h'ydrothermal alteration. In addition. phase diagrams are 

developed to hel p explaln each major perio_~ of mlneralization 

and al teration. 
, \ . 

7,.2 FLUID SOURCE 

The ; n C, r e a sei n VII a ,n d VII t v e 1 n ( 1 et) den s 1 t yan d 

mineràlization (Chap. 3)~ and A2 alteration (Chap.· 4), 
~ 

southward aeros.s Zone A suggests that t~e fl uid source 1 ay 

south of Zone A. This is sUPllorted by the geometry of the 

V 1 V -qua r t z s toc kw 0 r k - fi 1 1 e d f ra e t ure sin Z 0 n e A , wh i chf lai r 

out southward from <50m, near L8N, to >150m apart, 'a long the 

northern rlm of the e10ngate high ehargeabl1 ity/low 

resis.t-iv1ty'anomaly (see Fig .. 3.1). 

The high, uniform VI through VIII vein{let) densitles. 

m 1 n e r a 1 i z a t i on • and a s soc i a t e d A 2 a 1 ter a t ion· i n ,Zone ,B, 

imply that the fluid source lay close to Zone B. The 

abundance of component VIV stockworks and VV e~rbonate along ... 
the eastern edge of the VIV eomP9site quartz ~tockwork 

'''zone SI' in Zone B (Chap. 3), .suggests further, that it lay 

east of Zone B. This coincides with the location of the FQB . 
porphyry inferred from the e1ongatè. toru~-shaped high 

1 

chargeability-low resistlvely geophysical anomalies (Fig. 
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( 

3.1). 

The compositions of the primary, unaltered biotite and 
. 

pl agfoc 1 ase phenocrysts in the FQB' porphyry are simi '1 ar to 

tho~e of the most ev01ved A2 bio,tHe and plagioclase (Chap. 

5). The similar mineral compositions suggest tha:t the 

porphyry and a1tering fluids were the same, and may imp1y 

that the early fluids were der1ved in part, from t(h" porphyry 
'. 

during its crystallfzation. \ 

" 

For these reasons, ft 15 believed that the porphyry was 
~ 

responsible for initiation of the hydrothermal system which 

gave rise to the mineralization and alteration ~t Sisson 

Brook. 

7.3 LITHOSTATIC PRESSURE 

7~3.1 MINERALOGIC PRESSURE INDICATORS 
1 

The presence of M3 andalusite porphyro;blasts 1n Unit lIa 

sediments. (M3 eventi Chap. 2). pl aces an upper pressure 

l i m 1 t 0 f 3.5 k b (H 0 1 da wa,y. 1 971) for the m i'n e ra 1 1 z e d a r e'a • 

This corresponds to approximately 13k.m depth. 

A range in lithostatic pressure can a1so be deduced 

u sin 9 the min e ra 1 co m p 0 s i t i 0' n 0 f the F Q B po r p h Y r Y • The 

presence of b i 0 t t t e a·n d K - f e 1 d spa; 1 n the a b;1e n c e 0 f 

"nftlscovite imp1 ies that the porphyry probab1y cool ed between 1 
l , 

and 3kb prèssure. This 1s inferred from the intersect~ons of 
1 

a 

the lower s'tabi l ity boundaries of biotite and muscovite ,w1th 

the s 0 1 i dus 0 fa" w et" 9 ra n 1 t 1 c· me 1 t ( se e Fi 9 • 2 in. F y f ~ • 

1973) • 

" 
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7.3.2 . FRACTURE INTEIISITY IN HOST ROCKS AND ORIGINAL VOLATILE 
CONTENT' III MAGMA . 

B u r n h a man d 0 hm 0 t 0 ( 1 9 80 ) h a v e s h 'O'w n t h a ton e c a n 

est i mat e C; 0 n fin i n 9 pre s sur e 0 n an" i n t rus i 0 'n f rom a n 

assessment of fracture intensity in the surrounding coun~ry 

rocks. and an estimate of the original volatile content of 

the magma. As a saturated melt cools, producing.crystals and 

v~latile phases. a volume increase "results which gives ri,se 

to fracturing in,the overlying'rocks., :The volume increase 1s 
, 

proportional to the volatile content of the magma and 

inversely proportiopa l, to confining pressure (Burnham and 

Ohmoto. -1980). 
" 

Ah; 9 h f r a c t ure i n te n s i t Y i s e v ide n t a t' Sis son B r 0 0 k 
. 

from the very high VI throl;Jgh VIII vein densities in Zone 8, 

the numerous and/or relat1vely large VIV quartz stockworks ln 

Zo"'nes A and B, and the'widespread brecciation associated with 

vein set VV (Chap. 3). The high fracture intensity impl ies 

that either the volati le content of the porphyry was high, 

and/or confining- press"ure was low. 

Som e i n die a t ion 0 for i gin a 1 vol a t il e con te n t ïn the F Q 8 

porphyry-may be obtained from the Fe/Mg ratio of the biotite 

phenocrysts. Biotite phenocrysts wtiich have a rel ative ly 
Il 

"h1gh Fe/Mg ratio >0.50, such as those in the FQB porphyry, 

are representative of melts with 10w H20 contents (Trend II 

magmas. p.1263 i!l Wones and Eugst,er. 1965). 

The volatile content of the orig1'nal FQB porphyry melt 

maya 150 be deduced t'rom the percentage of hydrous phases' and 
, ' 

th~ K20 + Na20/CaO ratio of the rock which are 10 S an~ 3 .. 3. 
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respect1vely. These values are s1milar in magnitude to those 

o f g ra n 1t e, sas soc i a te d w i t ~ mol yb den i te min e r a 1 iz a t ,1 0 n. Suc h 

granites are estimated to have had between 2.5 and 4 wt.%eq. 
o 

H20 (Mutschl er and, Wright. 1981). 

A 'plot of confining pressure versus fracture density 
1 

about an intrusion 15 presented by Burnham and Ohmoto (l980. 

, Fig. 3),' and wa s d ra w n for 2. 7 e q. w t • % H ~O • 1 fit i sas s ume d 

that the volatile content of the FQ8 porphyrY'was similar. 

then use of the plot is justif1ed and indicates that for th~ 

high fracture intensity evident at S1sson Brook, confining 

~ pressure was N1kb. ThJs pressure estimate 1s within the 

range of that made for other granite molybdenite systems , 

(Mutschler, et.al., 1981; 0.3 to lkbr. A low conf1ning 

pressure 1s supported by the presence of the large (1 to Scm 
o 

diameter), carbonate-fil 1 ed ves~cles in the porphyry (Chap. 2) 

and i n t rus ion' b r e cci a s a 1 0 n 9 1 the con tac t s 0 f som e F Q B 

porphyry dykes. 

7.3.3 SUNHARY " 
\ 

The various mineralogic lines of ev1dence presented in 

,Section !.3.1 indicatrnat" l1thostatic pressure was <3.5kb 

and ~ro~abl y on the o~r of 1kb. 
; 

7.4 FLUld P'RESSURE 

~m1\n1mum est1mate of flu1d pressure of 380 bars was 

o~'a1ned trom fluid inclusion microthermometric results using 
1 

the data and technique presented by Roedder and Bodnar 
~ , . 

(1,980). The pressure was derived using the average salinity 
r 

of hal ite-bearing LVS inclusions (34 eq.wt.% NaCl)~ obtained 
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from the average temperature.s of halite-dissolution (243 0 'C) 

and l1quid-vapor homogenization (280°C; Chap. 6). 

If the 380 bars re,presented put:'e hydrostatic pressure 

(Le., the veins wer:e complete1y open or interconnected to 

surface), torresponding 1ithostatic pressure would have been 
. 

970 bar s , wh i chi S\ s 1 m 11 art 0 t he 1 k b 1 i t ho s t a tic pre s sur e 

der 1 v e d a b 0 v e ( S e c\ t ion 7. 3 • 3 ). Th i s pre s sur e i s e qua 1 t 0 a 

depth'of 3 to 4km. \ 

1 f , ho w e ver, " the ·380 bar ~ r ~ pre s e rrt e d 1 i th 0 st a tic 

pressure (Le., the veins were isolated fractures at depth), 

the h y d r 0 s ta t 1 c pre s sur e w 0 u~ 1 d h a v e b e e n l fil bar s, wh i c h 

r equals 564m depth. These values were derived from the 

rel a t 1 0 n shi'p: Ph Y d = - po x 9 x h wh e !" e Ph Y dis _ 1 i t ho s ta t· i c 

pressure, p equals the average density of thé fluid. 1.06 

g/cm3 (ibid.) or rock 2.7g/cm3. h equals the height of the 

water co1umn (4km). and 9 equals tlie acceleration o.f the 

earth's ~r:avitational field (9.8Im/s2). 

Hence, the 380 bars estimate of m1nimum fluid pressure 

corresponds ta a range of pure hydrostatic (160 to 380bars) 

and pure 1ithostatic "(380 ta 970bars) values. 

It 1s unl ikely that all fractures were .1s01ated at depth 

or were comp1 etely interconnected ta surface. Instead. the\ 

v e 1 n s ( and wa 1 .1 roc k s) we r e pro b a b 1 Y und e r pre s sur e s 

in between lithostatic and hydrostatic values. For this 

reason. an intermediate pressure of 700bars, was arbitrarily 

chdsen ta construct the phase diagrams and model, and as a 
. . 

minimum pressure correction factor for fluid inclusion data. 
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7.5 TEMPERATURE 

Most hamoge~enizatio~ temperatures of LV inclusions 

r a n 9 e f rom 3 0 0 0 C t 0 3 7 0 ° C 1 n v e 1 n set VI, 3 1 0° t 0 3 4 oP C 1 n 

vefn sets .VI-VII and VII, 3500 to. 380 0 in,vein set VIII, and 

3 30° i a 3 5 00 C ; n v e i n set V 1 V (C h a p •. 6; ~ a b l e 7. 1 ). Us; n 9 the 

pre s sur e c 0-'" r e c t ion fa c t 0 r (7 0 Q bar s) and the _ a ver age 

salinity of LV inclusions, Le., 7 eq.wt.t.NaCl (Fig. 6.5), 
~ 

the Th values in each vein set were raised 500 to 74°C~ Hence, 

the pre s sure - carree te"d tempera tu res ra nge be tween 3500 a nd 4540 

C for LV inclusions in vein sets VI through VIV (Patter, 

1977; Table 7.1). 

Table 7.1 Principal ranges 1n Th. pressure correction factor, 
·and p'ressu.re-corrected Th v'alues, lh" for vain 
sets VI throuQh VIVo 

YE 1ft SET ThoC pcorroC * Th-°e, 

VI 300 ta 370 50 ta 64 350 to 434 

VI-VII, 310 ta 340 59 ta 65 369 to 405 
VII 

V 1 II 1 350 to 380 66 to 74 416 to 454 

VIV 330 ta 350 62 to 67 392 ta 417 

*based upon average sa'" inity of 7 eq.wt. iNaCl 
(Chap. 6; see Fig. 6.5). -

7.6 PETROGENESIS OF YI AND Al ASSEMBLAGES 

7.6.1 INTRODUCTION 

VI velns and Al alteration comprise essential1y thi same 

mineral assemblage: hornblendized actinol ite + al b1tized 

pla 9 i 0 C 1 a s e (A 1. 0 n l .y ) .. i min 0 r a 1 b ; t e ~ min 0 r K - f e l d spa r .! 
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magnetite (mostly vI) + pyrrhotite (mostly Al). Ql;lartz 1s 

notably absent and both assemblages are associated with a 

characteristicall'y high percen'tage of"yel1ow (molybden.um

b e a r'l n g) t 0 w h_ i te ( pur e ' C a W 0 4) f l u 0 r es c e n t s che e 1 i t e (y. -

scheel ite, w-scheel ite,; Chap. 3). Both a~semblages are host 

rock specifi.c. The Al assemblage is found only in gabbro or 

F GA uni t 's, and V 1 v e i n s are a 1 m 0 s t ~ x c 1 us ive l y r est r i ct e d t 0 

gabbro (Fig. 3.3). 

7.6.2 PETROlOGIC RELATIONSHIPS BETWEEN Al AND VI ASSEMBLAGES 

The pre sen c e 0 f AIr e p- 1 ace men tri ms a b 0 u t M 3 ' a c ti no l i i e' . 

cores in the absence of VI fractures, in areas dista'l to the 
o 

minera'l ized zones, indicat~s that grain boundary diffusion 

was loca l1y the sol e means of fluid transport. Fractur"e-, 
\ 

related diffùs.1on/infiltration is more abundant and increases 

.into Zone B where fluids were strearolined from hairline and 

(micro)f~actures rnto vein(let)s and' clots which were. 1n' 

turn, concentrated into scheelite'-mineralized zones, Fl ... F4., 

The amount of repl acement of M3 by Al amphi bole 

de cre as e sou t wa rd f rom a f ra C t ure z 0 ne. Th i s i n-d i ca tes fh a t 

the Al and VI assemblages are co-genetic and that the former 

probably formed via outward diffusion of VI' ve1n fluids into 

the h 0 s t roc k • C 0 - 9 e n e sis 0 f the t w 0 a s sem b l age sis' a l s 0 

evidenced by the sim; l ar ratios of '1- to w- scheel He in VI 
'>-

veins and Al al tered rocks (Chaps. 3 and 4), as well as 

. Jo_ntic.l optica 1 .nd cnemic.l ch.r.cteristics of VI and Al 

amphiboles (Chap. 5). 

Practicall.y monominerallic r:eplacement of gabbro by 
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ho r n b 1 end e i s e v ide nt i n VIf r a c tu .. è SO and' a p p e il r s 't 0 Il a v e 

occurred i nC'rementa 11 y and not by' rapi d ,or abrupt ft::acture

fil 1. G rad u a 1 r e pla c e men ,t 0 f g a b b r 0 a 1 ci n 9 , V· 1 f r a c t ure sis 
~ 

ev ide ne e d b Y the fin e gr a i ne i:I n a tu r e 0 f VIf r a c' t LI r e - f. i 11 • 
, 

lack of VI mineral al ignment into the ve.ins. lack bf ccarse-
, 

.9rained'. 0pen-space f111ing text_~res. and·d1ffuSé veifl> 

boundaries. 

7.6.3 EVIDENCE FOR OX~DATIO. 

A common differen<:e between th.e· Al and VI minera"" 
... J j ~ 

assemblages js that rel iet -=disse!l1inate-d pyrrhotite 15 common 
~ , . 

, . . 
, ., 

in. Al .. a 1 ter e d 9 a. b b r 0 ( Cha p .' 4). bu 1 ra r e: i n V l v e i n 's • 1 n 
• • ' '!. ~ 

contrast, magnetite is common in VI v,eins, but is found in 

,on.'ly t'he most' intehsely' Al-altered rocks. The decreased , 

ëlbund~nee of magneti,te outward fr'om VI vein's suggests tha't' 

,,' 

o x i d i z i n g v e t n f lu;' d s we r e pro 9 r e s s ive 1 y r e d J'c e d a s t h ~ Y .~ 

diffus'ed into pyrrhotite-bearing gabbro. ,The relative lack 

of,magnetite in all. but -the most highly Al-alter"ed host rocks 

,impl ies that M3 pyrrhotite effectively buffered the oxygeh 
r, ' 

fugacity of the fluids such 'tha't most host r'ock' Al reac,tions, 

oocurred within the py.rrhotite field, or. near the magnetite-' 

pyrrhotite bounda ry. 

7.6.4 SIGIUFICAII-CE OF FE-EIRICHMEIY IN AMPHIBOLES 

VI veins and Al al teration are most âbundant. and Al and 
.' ~ l'-

VI amphiboles are the most chemically evolved (Al- and Fe-

rieh) in Zone B. Sorne' highly evolved Al amphibol,es also 
\ 

... , \ 
occur in the southern part of Zon,e A (Chap. 5). 

\ 
X F e -1 n a m phi bol e sis n 0 ton 1 y a fun c t ion 0 f i r 0 n 
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act"ivity .in~. solut,ion~_. but fias ,been shown expe'r'imentally, for 
, -. ' 

'Fe-Mg amphiboles i'n the H-O-S-Fe s'.~stem: to incr~ase with, 1) 
:.. 

, , '> ~ 

decr·easi,ng temper.a·ture (p'()PP, et.a 1., 1971a), 2), increases in . 
the rat i p 0 fox y 9 e ~ t 0 sul,' fur, ,; f u 9 a c ; t 1 ê s ' (f 0 2 / f S 2 ) for 

, ,r 

il (JI, P h. i bol e ,S " w nie h for m w i t h i n the p y r r hot i t e f i 'e 1 d 0 f 
; -.' • t ~ ... . ... '" 

s ta b i 1 i t Y (P 0 P 'p. ~ et'. al. ; '1 9 7 7. b },':' 0 r. 3) d e cre a ses ' in' f 0 2 / f S 2 

for amphi boles which 'form withi'n the magneti.te sta.bi 1 ity 

, 
V I: f ra ct ure s j n the rit i ne r.a l i z e d Z 0 n e $ w e r e. ' the mai n 

con d u i t s for ·f 1 u i dan d he a t fJ 0 w, and h ,e n ce. wou 1 4 . n 0 t h a~ 

been regions of' ~e.creased ·temperat,ure •. The common presence 
, . 

,. .• ," -..! ... 
o~:; re.li.'ct ,pyrrhotite in the ~Al-a'ltered ga~bro indicates, 

o -

h~wev~r, tt)at mo'st M3°'amphibole"r'eplacement accur,red within a . ; 
j 

l''edu'ced', p.yrrhotite-beari.ng eflvironment (i.e., the gabbro). 
• ~ , \) (l • ~~ 

-Hence,,- increase-s in XFe in, VI and Al àmphibol es into Zoné B 
. ' 
c 0 ~ 4 

and th,e so'uthern par.t of Zone A (Ch:àp. 5) may refl·ect 
t ~_.., 1 

incre~ses' in f02/fS2 i,n,the pyrrhotite-bea.ring gabbro (2, . 
â bove) • 

Stabi'lity ftelds. of Fe-M.9 amphi.holes having different 

~ X Fe. i n the s y s f e 1n H r 0 - 5 - Fe a t 7 0 0 . b' ars and 4 50°C, are s ,h 0 w n 

in f02-fS2 space in Figure 7.1, whére the'y are superimposed 
:. 

over thé stabn ity' fields of the è~,mrnon iron oxides and . . 

. sul fi des. 1 r 0 n sul fi d e a ri d .0 x i d,e ph a,s e rel a t ion shi p s we r e 

deri'ved .using standard thermodynamic data f~r iron oxides a,t 

" ''< 

45~OC and-l'bar (Robie and Wa ldba,um, 1968) and- experime{lcta1 

1 • da t a 't'o r' p y r r hot i te - p y. rit e e q u il i br i a (T oou 1 min and Bq r ton. 

} 
~ t 

\0 ' ~ ~ 'II 7 • .:: 1 

The computed<equftibria we,r~ corr-..~cted !or.a pressure 
.,. 

196'4) • 

. . ~~. 
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o·f 7,00 bars uS,ing. th.e- équation, )nai, P = Vi(~I:,"l)RT,"where'a . . ~ '. 
, ·'activity, 1 = 'the species under con~fderation, .y ,~. voll~me, 

r = p r"'e s s li r e of, i· n ter est " 
, ~ 

. // 
R ~ Boltzman's ~onstant. and T = 

.... , t, f .. 

.. 

.temper~tu re. 
. ~ , 

Th~ . equati on a s s ume s ri e 9 1 ,1 9 1 b l,e' vol li mec han 9 e " , 
, , '- t. • " . 

f~r spl id speci'es., i.e., dYP' = 0 (!ee Anderson, 1977. for 
:.,~. ~ 

discussion of ,pressure corréctiqns). 
;. .., \ 

.Li nIes of' cons't'ant XFe-Amph w,ere constructed an,d 
~ " 

ove r 1 a ye d 1,1 s j n 9 . the ,e x p e r i men ta 1 da t a and tee h n i que. 0 f Pop p 
:- ~ 

et, al.' {l 977 b } •. The t,e c h n 1 que i s 'b a s..e d . u po n exp e r i men ta 11 y , 

,estab1ished equiTibria betwe~," pyrrhotite, Fe-Mg a~phibole. 
~, _ t ~ ~ 

mag'netite, and quartz for various t.e'mperatures at 2kb. The 
. , 

four pha~e assemblage 1ndicates'th~t for particular. XFe-amph, 

the simultaneous equi1ibrt" 

f 

, 
':'1' 

(1) amph + 02 -->'mag,+ q + H20 and, 

( 2)' am ph' + 52 - - >' : p'o of q + H 2 0 + 02 

' .. 
\ I! 

ciccurred ~t a unique point a10ng the p;rrhotite-magnetite' . ,,~ .... ... 

boundary (q' ~ 'quartz, amph :' amphibol-e,' mag : magnetite .... and 
J !_ 

P. 0 = P y r r' hot i te) • K e q var ù es' Q f r e a' c t ion s 1 (1) ,a' n d {2) are" 
., , 

given by. ,,~, 

, .. 
:(3) Ke9(1) ~,~log f"20~ - ·3~loga~e-âmph - 5/2f02 and, 

'{4} Keq(2) • .'710gaF.e-po + fH20 + 7/2109f02 
. , ~ '~gaFe-amph'- 7/2109f52. 

•• Q 

'~here aFe-amph and aF~~pa !epresent ~ctiiities of iron in 

~mphibol e and pyrr,llotite" -'r'espectively. 

Keq values.for e,q'~ations.{3) and,(4) at,the.T used in 
, ' 

th 1 s st u d y,' i. e ., '450 ~ C, we r. e· 0 b t a i ne d b Y gr a p h ~ cal 1 Y . 
pro je c tj n galon 9 t fa e b es. t. f,'i t 1 1'n e 0 f the log K ver sus 1/ T 

\ 

" ' 

" . 
. . , , 

, , ... 

.. t ~ 

" 
~ .. 

~ .. 
, 1 

l' 

l' 
1 , 

, , 
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o 

~,' K*1000 ,lot ln .. Popp, et: aL, (1977, Fig.l1) to 450oC~ 

'At a given temperature, Keq values are constant·, ·aFeS is 

il fun c t ion 0 f f S 2 (T 0 ulm i n, and B-a r ton, 1 9 6 4 ), . and the 
, 

variation of fH20 with f02 and fS2 aan ~e derived, 
1 

mat hem a t.i cal 1 Y us i n 9 the te c h-n i que 0 fEu 9 ste r and S k 1 pp en 

-(1976) *. 
Hen~e. under constant ternperature and pressure, but 

, -
ch~nglng fd2-fS2 condition, aFe-amph in equations 3 and 4 

wou1d be the on1y unkn~wn. One ~an extrapo1ate from one set 
, -

, " . 
of f02-f52, conditions"to different ones a10ng 1ines of 

, " 

constant amphi,bole co_mpositions using relationships dérlved 

from equations 3 and 4 •. . 
In the magnetite field, 10.g'f02 for constant aFe-amph. 

(is glven by the relation, 

(5) 5/6~10g J02 = log6fH'20. 

which is derived from equation 3 ({J= the change in th~' 

, f u 9 a c i t Y 0 r a ct; v ; t Y 0 f 'a" s pee i e s f rom 0 n e s e ~ 0 f f 0 2 - f S 2 

'" conditions to another). FH20 changes very 1 ittl e, however, 

( F 1 g. 8 .in Pop P , et. al. , 1 9 7 7 ), suc h t h a t the c u r v e for 
- ~ 

oxidation-rêaction (5) is 1arge1y independent of fH20 and 

hence, horizontal. 

. /. "'>fJ • 
* The technique of Eugster and Skipp~n involves si.ultaneous 
solution of nine equations expressing the fugacities of the, 
atne gas species ~resent ln the H-O-S-Fe syste.. Fugacity 
coefficients used in ~he equations vere recalculated at 450°C 
Ind 700 bars us1ng the 'sa.e pub11shed sources cited by the 
luthors. The nine equations vere sl.ultan~ously solved uslng 
l' FORT RAI iterati·ve ca'leu1at10n progra •• 
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One can extrapolate to other f02/fS2 conditions in the 

pyrrhotite field, for constant aFe-amph, by the relation, 

(6)7610g aFeS-po + log6fH20 + 7/2~rogf02 
, :7/2610g fS2, \, 

derived from equation (4). The aFeS-po is known (Sarton and 

Toulmin, 1964), and log fH20 is approximately constant (see 

Fi g. 8 in Popp, et.al, 
-.,-

1977). Hence. the s l ope of the 

constant composition lines equal 1. 

The resu1 tant 1 ines, of constant XFe-amph in f02-fS2 

spa ce (F i g. 7. 1) s h 0 w t ha tin cre a ses i 11 f 0 2/ f ~ 2 ,a s soc i a te d 

with Al a1teration of M3 amphiboles whicti formed in the' 

pyrrhotite field (Fig. 7.1, Point A), result in Fe-enrichment 

(Point B). Once the magnetite-pyrrhotite boundary is reached .. 
and the magnetite field is entered, however (point\C), XFe

\ 
amph increases only with decreases in f02/fS2. 

7.6.5 f02/fS2 CONTRAINTS OBTAINED FROM Y- 'AND W- SCHEElITE 
CHEMISTRY 

The s ta b i 1 i t Y fie l d S 0 f s che e 1 i t ~ ( Ca W 04 ) - tu n 9 ste nit e 

'~ {W S 2 }, and po w e 1 1 i te (C aM 004) - mol yb den i te (M 0 S 2) a t 450° C . 

and 1kb are shown in Figure 7.2. The positions of the 

stabil ity fiel ds were determined experimental1y in f02-fS2 . 
space at 577°C and 1kb, by Hsu (1977). and reconstructed at 

450°C u5ing positions of the sol id buffer assemblages used ~n 

the experimental study (ibid., p.668). The phase 

relationships were not corrected to 700 bars" however, 
, 

because volume changes in the mo1ybdenite- and scheelite-

pro duc i n 9 r e a c t ion s 11 r e sos mal l (N O. 0 0 9 '( P - 1 ) '* T ; i b id. ) 

t h a t t fi e dis pla ce m eln tin r e a c t ion c u r v e po S i t ion s 1 s 

q 
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Figure 7.2 The stabi 1 ity fields for schèel ite. powell ite. 
tungstenite molybden,ite and ilmenite in f02-fS2 
space for the system H-O-S-Fe 450°C and ~OO bars. 
The scheelite/tungstenite'and powel1i~e/mQlydenite 

,phase boundaries, shown in heavy lines. were 
deri ved at '450°C' and lkb pressure using the 
experimenta 1 data of Hsu (1977). Pot nts A to C 
show that the inferre~ pathway of increased 
f02/f52 into VI veins and Zone B explains the 
presence of y-scheelite, which precipitate~ above 
the pure CaW04 (w-scheel1te) b\oundary. Points Dv 
and Dr represent approximate f02/fS2 conditions 
for the pyrrhotlte-bearing VIII veins and 
associated (Mn-ilmenite-bearin~) biotitized host 
ro.cks, respectively. The stippled pattern shows 
approximate stability field of Mn-ilmenite 
(discussed in de~ail in Section J.7). J 
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neg1igible., 
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& The diagram shows that the CaMo04 - MoS2 reaction occurs 

at higher f02 and lower fS2 than the CaW04 - WS2 reaction, 

and that the upper and lower stability fields of molybdenite 

and schee~lite are paralle1 and overlap. The ove~lap forms a 

broad region of co-stability a10ng the pyrrhotite-magnetite 

boundary, and exp1ains why MoS2 and CaW04 commonly occur 

together (Hsu and Ga11i, 1973i vein sets VII and VIII, 

be1ow). 

Most VI and Al scheelite. however 1s y- (molybd~'num-
ç 

b~'ring) scheelite which 1s a solid solution between 

powelllte and scheel ite (Hsu. 197-7). ïhe y-scheel ite" 1s 

commonly associated with magnetite and occurs in the 

practical abs.ence of sul fides or molybdenite. This indicates 

that the y-scheelite formed above the lo~er 60undary of pure 

schee1ite stability, where the schee1ite and magnetite fields 

overlap. F02/fS2 1s prob~b1y sufficiently high in this area 

. that mû1ybdenum enters the scheelite structure (Hsu and 

,Galli, 1973). 

The rel â t ive 1 y h i 9 h f 0 21 f si con dit ion sin fer r e d for y

scheelite deposition su-pports the hypothesi s that iron

enrichment in Al and VI amphiboles was due to oxygenatfng . 
conditions in the f1uids (Fig. 7.2, Points B. C) • 

. 
7.6.6 SIGNIFICANCE OF PLAGIOCLASE DEPOSITION 

The presence of Al and VI albite and Al K-feldspar in 

the absence of sericite or paragonite indicates that the 

ratio~ of aK+/aH+ and aNa+/aH+ in the fluids which formed 
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them were high (Fig. 7.3, Point A). 

7.6.7 ESTIMATES OF MASS TRANSfER l 

The gabbro h~s the sim~lest minera10gy'and 1s the most 

chemica1ly homogeneous rock uni.t. For this reason, mass 

balance equations for Al ,alteration o'f M3 amphibole and 

plagioclase ~ere made using microprobe data fram the gabbro. 

The presence of topotaxia1 repla~ement of M3 plagioclase 

') and f?lSpecially amphibole, suggests that the equations can be 

estimated assuming constant volume. If should be n6ted, 

,however, t,hat these equations are on1y semi-quantitative; 

topotaxial replacement does not strict1y apply in highly 

altered regions where the density of almost monomineralic VI 

amphibole veins is high, and ;textura1 inhomogeneiities occur 

(Chap. 4). 

The mass balance equations are based upon microprobe 

data of relatively fresh M3 and mOderately to highly Al

altered PlagiOClaS~ and amphibole. _ M3 (An 6>J>{nd Al albitic 

(An 34) plagioclase analyses are from gabbro samples. 33.178 

and 36.35, respective1y (see Fig. 5.16 for samp1e. locations). 

A1though M3 plagioclase 15 apparently 1ess consjstently 

a1tered than M3 amphibole, most Al a1teration in Zone B 

appears to,"comprise Na-enriche~ plagioclase and minor albite 

and K-feldspar (Chaps. 4. 5). For this reason, a general 

reaction was written, assuming that approximate1y 70% (by . 
volumeJ of M3 plagioclase of An content 62, was a1tered to an 

andesine composition (An34) and minor equa1 (15S) amounts of 
\ 

K-fe1dspar and alb-i-t-e (An 0), 1.e., 
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Figure 7.3 Plot of log Na+/H+ ys.- log K+/H+ fn the system 
KC1-NaCl-HC1-A1203-Sf02-H20, showfng stabflfty 
fi~lds of K- and Na-bear1ng silicates at 450°C 
an4 700 bars." mHCl :: 10 (E-2). assumes 2M KC1-
Naél. The stab11ity fields were drawn assuming an 
ideal solution model where, (KC1) :: mKCl = (K), 
and (NaCl) = mNaCl':: (Na). Calculations were made 
at 450°C and P = 700bars, usfng the procedure 
"outlfned by Garrel s and Christ (1965), except for 
the Ab-paragonite boundary, which drawn using the 
eX-8erimental data of Hemley et.al. (1961). 
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(7) 1.0Lab --).150rth + .15AB + .~OAnd 
D 

This equation~may also be eonsidered to be bala~ced 

i ~ ter ni s 0 f mol a r qua n t i t i es. Th i sis bec a use ·t hem 0 1 a r 

volume dffferences between the various feldspar phases are 

negligible, espeeially when compared with the possible errors 

in the volumetrie exchange estimates. 

A balaneed reaction for this equat1~n, using the 

analyses cited above is, 

{8).57Si + .22K+ .22 Na + 1.0Lab --).15Ab + .ISOr + 
.70And + .3aCa + .31Al 
\ 

or considering mobile elements, on1y, 

. 
( 9) .57 S i + .22 K+'. 2 2 Na _C - > .38 Ca + .31 Al. 

The genera 1 reaction for replacement of M3 .by. Al 

amphibole under conditions of constant volume was wr1tten 

u sin 9 a na lys e s f rom M 3 a c tin 0 lit e sam p 1 e. 2 5 • 1 3 6, and ,t h e 

most ev"olved Zone B hornblende sample, 33.235 (see Fig. 5.1 

for sample locations), i.e., 

(IO).Act + 2.17Fe + 1.41Al + .35Na + 2K + .05Ca + 
.07Ti + .06Mn --) Hbl + 2.44"'g + 1.395; 

or eonsidering mobile elements. only, 

(11) 2.17Fe + 1.4lAl + .35Na+ .2K+ .05Ca +.07Ti + .06Mn 
--) 2.44M9, + 1.395i 

As' i n- the cas e 0 f the f e l d spa r s " the mol a r vol li m e 

differences between hornblende and actinolite are negligible 

compared with the uncertainties in the volumetrie e1<change 
1 

estlmates. 

The average amount of plag;ocf1se and actinolite plus 
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M3 brown biotite iS'S7S and 4~S r~speetively (Cha~. 2; Table' 
1 

2 .• 1). Bye 0 m b·i n i n 9 e q ~ a ~ ion s (9)' and (Il).' i n the s"e 
"-

proportions, *he f~l 10wing general mass bal.nee equatioA for 

Al alt~rition in the gabbro is ~bt~tned, 

(12)'.93Fe + .43Al + .28Na + .21K·+ .03Ti + .03Mn --). 
1._05Mg + .28Si· + .20Ca 

Equation (12) therefore imp11es that relativelJ abundarit 
Q' 

amounts of Fe and Al and lesser Na and K were added ~o the 

host roele and that Mg, ~nd to' a 1 esser extent. 51. and Ca were· 

"'leached by the' fluids.· 

The Car el e a s e d dut' i n 9 pla 9 1 0 e la s e a 1 ter a t ion ( e <ru a t 1 0 n 
. ~ 

9) m a y h a v e· con t r 0 1 l e d s che e 1 i te de pas i t ion. This would he'lp 
- . ~ ... 

~explain its abundance and dlsseminat~d nature and implies 

that its deposition 'was host rock deper1dent,' or· buffer~d. 

The lack of quartz veins or silicification 'is consistent , ,. 
w i.t h, the con c 1 u s i, ont ha t s i 1 i ca, wa s . 1 e a che d_ dur i n 9 

alteration, i.e., that the altering/vein fluids were 

undersaturate'd with r~spect ta sil tca. The trans1tional 
, 

hornblende-quartz 'veins of ve'in'set VI-VII (Cha·p. 3) may have . , . 
s 1 g n ~ l 1 e d the b è gin n i n 9 a f qua r t z sa t.u· rat ion. .:;: 

;. \ 

7.6.8 SUNHARY 

VT--and Al assemb'1 ages, appear ta have fo,rme(J und'~r 

. " 

<. ' • 

~ silica-undersaturated conditions from hea·ted, low salinity" 

fluids, at temperatur,e,s that were.general1y between~,350oand 
o , 

434°C and at pressûres between 150bars ànd fkb. Fè-enrich~ent 

of Al and VI amphiboles into Zone B was associated with the 

precipitation of y-s~~eelite and vein magnetite, and occurred 
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1ri the praitj~al ablence of sulftdes~ th1s suggests that the 

; .. , 
'fluids were oxygenatin'g, and ll)at·:reactlons o'ç-c·u.rre·o within 
1 ... ... J. C ~ 

" , trie, magnetite ,field. 
') ~ ~' - .... 

:" '. The p r ~~ e n c e 0 f. . h 0 r n b 1 end e, 0 n 1 y, ,i ~ man y v e 1 n s m a y 
."'; 'f ~ , ~ 

indicate that thé f~uids were alka)1ne. This is evide~ced-by 
,. "IJl" 'u ~ ~ 

,. 1- ;, • ' • FI ~ 

.J the rep'lacement of:Ca-2+ -I>y Na+ and k+ (i.~e •. ~ I:cat.ion with a 

; biOgh charge to radius r.atio (acid1c) replaced by cat,ions 'with 
~ ~ t 0 

_,,'h),wer ,harge,t.o .r.adfus ratios, (basiç»~ and tne r;eplac'ement, 
.;. 1! " \ ~. 1 ~ ,Of ., tt! ~ (- '. 

~ '. ~\ t" ' .. , ~ ( 

of Mg2+ (acid) by Fe2+ (basei the charge té) ra.dfus ra.'tio of-· 
f',. '" l ' .. • , • 1 .t , ' . 

• Mg2+ is higtler. .than fe2+; sea_llu.rt, 191'9 for fur~h'er 

'. 
'(discussion). 
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~ The a 1 ka 1 i ne na t ure' 0 f' t. he f'e a c t ion s m a,y h a'y e he 1 pe d 
~ ~ . ~ . 

~rodllce the hi'gh a K + 1 a H + and a' Na + 1 a H + rat i 0 5' .- w h i ê h • 'a r e 
" ' ,,1\' , 

, i n-fe rred,· from the p'rese'n~e of K-felds'p'a~ 'and' alhite in the 
~" . . ~ - ~ .' '" .' 

" " abs en ce 0 f .... musoo v 1 te ;. o'r pa ra gon 1 te • 

, .,. ,. 

, 
J i 1 ~ 

Al reactions ~~re, at least partlyp H6st rock buffer~d. 
. ~ 

; .. Th~ presencè. of decrea"sed a/lJ'ounts~ of re.lict pyrr'ilotite: into . 

. ~ .. the VIs che el} te - min e r ~ 1 i z e d z 0 n.e s, . Fit 0 F 4 , su.g 9 est s· th al t 
, , 

~ f02/fS2 conditj:-ons increased into Zone- B., Thisu,implie.s ,thàt 

oAI and VI reactiorns moved progres$ively from the pyrr.hotite .;,. 
'l< 

f1'el.d 9ù'tsi'de',Z:one f- lh: .t'owar4s,. the ma~g.ne't}tJ!'-pyrrhotfte 
• ~ J 4 ,," ;;: • f Q .:' .', 

• boundary into Zone B, where in many veins and sorne highly Al-, . 
.. altered rocKs', reactions occ·urred in;the magnetite field. 

{ d ~ 4 

The i n cre a sin g 1 Y 0 x y 9 è n a tin 9 con d',f t ion sin t 0 Z 0 nec Bar e 
• 

bel i e v e d t 0 h a v e 1 e d ta' a ·C 0 n c 0 mit a n tin cre a se ·1 n X Fe - a ln ph. 

. The··prese,nce of cy-scheel ite in the absence ~ molybdenite or 
, l 

! 

:1 , 
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Host rock buffering,' is a1so evidenced by th.e fONllation ,,' 1 

" o f m 0 S t V 1 v e i,,, n san d A l a l ter a t ion i n the m a fi c 9 a b b r 0 ~ and 
, , . 

'FGA units. In addition, maSS balance, equation 9 SU,.ggests that 

the' Ca in VI and Al y-scheel ite may have been derived from:,M'3 . ~ 

pla'gioclase. The evidence of host rock buffering suggests 
~ , . . , 

that the fluid ta host rock ra~io 'lias relative'ly low. 

. "\ 1.1 PETROGENES 15 O'F V II II V'J Il AID, A2 .. ASSE"BLAGES 
(. " f 

1.1.1 INTRODUCTION, 

7.1.Ya'YII AND YIII VEIN(LET)S 

VII and VIII vein(let}s are both assoc1ated with A2' 

biotite haloes, ~but ha~e differen't widths a'nd con~ain 
" . ~ , 

different mod'al amounts 'of the same types ,of minerali~ati'~n. 
VII v~inlets a're typically 1 ,to .3mm wide, whereas VIII v~ins 

a.re 1 to 3cm across. VII veinlet~.contain mo;st'lY's'~'heelfite' 
, . 

(with, a high y- to '11- scheel,lte ;ratio)".:t mi.nor 'to rare 

'molybdenite, whe.eas VIII veins ~ontain abunda'1t w .. scheel ite' 
o 

+ mol Y b den 1 te. The s ~ mil a r v e "i.n 'p la r age n e ses ~ ,b f 0 t 1 t e 

a 1 ter a t ion " h a 1 0 e. s. and pre s e, n c e of" v ~ e 1 n S con t a 'i n i n 9 .. 
i n t e~m e dia te a ni 0 un t s 0 f sc he è 1 i te and m 0] y b st en i te, 5 u 9 9 e 5 t 

~ .. ~- ~, 

lhat vein sets VII and VIII represent a continuum in quartz-

hosted scheel ité-molybdenite deposition (Chap. 3). . , ... 

VII and VIII vein density in Zone ft i5, general~Jy s'mal".' 

but increases southward. In contra5t, the vefn de'nsitie5in , . 
Zone B are high and relatively uniforme In addition., VIII. 

y e i n 5 'n Z one A con ta in' min 0 r min e r a 1 '1 z 'a t ion, wh e r e a S VIII 

veins 1n Zo!,e S'help d'efine, three lens .. like,molybdenite .. 
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s c h ~ e 1 i t e min e r a 1 i z e d Z 0 n es. M Z 1 -'"M Z 3, a ver agi n 9 .(0. 3 0 w t • S 

WO~ + MoS2 (Chap. 3). 

7.7.lb A2 BIOTITE ' 

The b i 0 t i te i n VII and VII 1 v e i n sis 0 p tic a 1, ,1 yan d 

c'hemically identical to the A2 biotite which ()ccurs ln 

biotite haloes and intense 10ca1-per'vastve alteration 
L 

proximal to the deposit. and minor pervasive. alteration up to_ 

1 km f rom 't h e d e po s i t (C h a p s. 4, 5). 

Preferential 
~ 

nucleat10n 'of A2 biotite a10ng S3 

crenulation hingel ines indicates that the biotite and S3 

surface are co-genetic (Chap. 2). This, as well as the 

presence of chemica'lly and optically identical biotite 1n VII 
" 

and VIII veins (which are also concentrated along S3 ( 
~ 
~ 

surfaces; Chap. 3) and associated vein haloes (Chap. 5), 

indicate that the ,5.3 surface, al teration. and mineralization 

w~re co-eva 1. and occurred dur1 ng a 1 ate (M4) tecton;c event 

(Chap. 2). (0' 0' , 

:~a.. 

,,- A2 biot1te,alt'era.tion intensity. like VII and VII1_~~1n 

density, is'significantly 'iligher in Zone B than in Zone-A' 

(Chap.4). A" biotitization index developed for- FGA unlts 

s h 0 W'5 t Il a t A 2 a 1 ter a t 1 0 n i n Z 0 n e Bis a 1 ml) s tan 0 rd e r 0 f 
\ ' 1 

ma g nit u d e h i 9 h e r t han i n Z 0 n e ,A (5 e e F 1 9. 4. 4 ~ , 1 n, a d dit 1 0". ~ 
A2 K"feldspar replacement of M3 phgfoclase "hlch appareJltl Y\ • 

d 1 d n 0 toc c uri n Zan e A. ,1 s a bu n da" tan d w ide s pre a d 1 n Z 0" ne', 

B. 
. . 

, , 

.. 
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7.7.le Kd FOR Fe/llg BETIIEEII M3/~1 AMPHIBOLES AID 

VII. VIII. ~ND A2 BIOTITES 
• 

, , 
" ! 
" ' 

'. , . 
, t; .. ~ 

)., • ~ 1 

. An approxlmately 1 inear relation~hip occurs )etween ~the 
,~ , 1 

X Fel n -Y II. V II liA 2 b i 0 t ; tes. and the X Fei n rel 1 e t M 3'Z A F 
o ~ ~~ .~ 

.amphl.bOle~. which defines a Kd of N.54 (see F1,g. 5.12) .• The' ':. 
'" 

low Kd .value suggests that A2 biotite-forming "rea'ctions were 

pa rtJ y indepenqent.o'f ho st rock e.ompos1t1o·n. or flu1d-

buff~red (Chap. 5). ", . ~ 

7.7.2 f02/fS2 COIIOITIOIS { 

7.7.2a f02/fS2 III V ElliS 

The presence of ra re to m'i no ft pyrrhot1te in VIII vlins 

in the absence of Mn-l1menite or other vein oxides suggests 

that f02/fS2 conditlons in the veins decr~ased relatlve to 
~ '. 

magnetite-bear1ng VI veins. This 1s a1so inferred froln the 

progressively greater amounts of molybden1te and w-scheelite 

and the increasingly small'er ratio of w- to y". s.cheelite 

(SectIon 7fi.~) ln VII and VIII veins. The presence of 

locar~tergrowQ. w-scheelite and rare (VII) and abundant"'? 

(VIII) molybdenite indicates however. that f02/fS2 conditions 
'" 

, , 

, , 

~: 

l 

1 
1 
1 , 

, d"id not decrease below the reg10n of lDolybdenite-sCheelite .. 

! . . 
I, (- > 
r r t 1 _ 

co-stabil1ty'(F1g_ 7.2; Point Dv). 

'" 7.7.2b f02/fS2 Il HOST ROCKS 

A2 Mn-ilmenfte 15 present in pervast.velY altered a'fic { 

and som e f e 1 sic uni t s ( Cha p s. 4. _ 5). ' The fie 1· d 0 f Mn - . 

ilmenite stability 15 shown i'n F1gure'7.2 as the stippled 

regi on. The upper bounda ry i s the sa.e as that 0 f aa gnet1 te 

(Rumble. 1976). The baJanced reaetions between n.éntte • 
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pyrrhotlte, ~and pyrite, hOWeY~I.e •• 

(13) FeT103 + S2 --) FeS2 + T102 + 1/202 and, 

(14) FeT103 + 1/~S2 --) FeS'+ 1102 + 1/202. 

" , 

O.' show tha~ the ,1~we~ b~Undary ~f the ,flmenfte stabil1ty fi,eld 

go est 0 1 0 w e r f,O 2 and h i 9 he r f S 2 val u est han the ma g net 1t e 

one (Froese', ·~976). ihe Mn·content of A2 Mn-l1menite would 

eX,pand the field of i-Tmenite. further. 

A2 Mn-11lllen1te occur~ in the' absence of molybdenite or 

1 r 0 n sul f ide S. i m ply 1 n g, t ha t t h ~ f 0 2/ f S 2 con d f t ion s f n the 

'host rocks were higher .than in the veins. This i s supported 

by t,he'presence ofy-~chee11te in some A2 biotite haloes or 
, , 

a10ng VII ~nd VI"II--Ve1n wa-lls (Scott. 1983). This 1ndicate's 
/ 

that the Mn-il.énite precfpiJa,ted above the lower boundary of 

pur e (w.) sc he e lit e. wh e r e y - sc h tft!'11' f e i s s t a b 1 e (H su •. 1 977 ;' 

F1g.:7.2; P01"t Dr). '.J 

Pyrrhot 1 te' i s present or 0 y e.rgrows ,Mn- il men i te in sorne 

~ervas1vely AZ-altered rocks and' in the 1nner portion of sorne 

.ultiple ve1n haloes. The presence of late A2 pyrrhotite 

suggests that the f02/f52 rat10 decreased during 1 ate stages 

of A2 alteratfon (Fig. 7.2. path Dr to Dv). Alternâtively, 

the aT1 .ay have decreased sucH that the sol ut10n was 

undersat'urated with respect to ilmenlte and/or that Mn .. 
, -. ~ 

il.enite was not stable • ... 
F 1 u f d i ne lus 1 O,n da tas ho w s th a t the ra n 9 e i n Tho f 

inclus10ns fn V,I veins (350~to 434°C) and VII and VIII vefns 

(3690 to 450°C) a're s1ml1ar (Table 7.1). This 1mplies that 

'changes in f02/fS2 conditions were probably more important in 
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affect1ng the XFe-Biot than temperature. 
" 

7.7.3 MASS BALANCE CALCULATIOI 

An approximate mass balance equation was written for 
Î'-, 

biotite replacemeriF of amphi,bole in gabbro at constanJ; volume 

conditions."'The gabbro was chosen because i t is more 

chemically homdgeneous than the Unit lIb metavolcano-

sediments. Constant volume was assumed because topotaxial 

replacement of amphibole in low to moderately "alter,f!d gabbro 
, 

15 common (Chap. 4). 

The equation was written for 50~ amphibole replacement," 

by biotite,(sample 33.167), in a 10." to mOderately Al-altered 

gabbro, in which the amphibole is a moderately evolved 

(i.e., Al- and Fe-rich) Al hornblende (sample 33.167), i.e., 

~ 

, (15) • ~( ( A 1 a m ph .. -) 1. 8 2 ( A 2 - b i 0 t ) 

where .5 .. 50S of 'all amphibole and 1.82 equals the molar 
, 

volume ratio between amphibole and biotite (Robie and 

Wal dbaum. 1968) or, 

(16) Hbl + 2.15Al + 1.67Si + 1.60K -fi 1.33Mg+-1.28Fe + .18Ti 
--) Bi + .8SCa + .J3Na + .01Mn, 

or cons1dering- mobn~ -mehT elements only, 

(17 ) 2.15Al + 1.67S1 + 1.60K + 1.33Mg + 1.2BFe + "IBT1 
--).88Ca + .13 Na + .01Mn 

Equation 17 shows that formation of A2 bi.otite required 

input of abundant alumina, silica, potassium, magnes1um. and 

irone The amount of potassium wi 11 be even higher if one 

1ncl udes ~he apparently abundant and widespread A2 K-feldspar 
, 

Alteration of plagioclase in Zone B. lack of sufficient 
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petrographie data on fel-dspar alteration, however, makes it 
< 

difficult to assess how much more so. The small number of 

htghly saline possibly primary (LVS) inclusions. in vein set 

VIII (N3 0 t 0 40 e q . w t. '1. J Na Cl; Cha p. 6)" m a yin die a te t ha t 

the Kwas derived from potassic, possibly orthomagmatic 

fl u 1 d s • 

The S i and M g ne e d e d, t 0 for m A 2 b i 0 t i te con t ras t s w i th 

Al al!'phibol e al teration (equation Il) where Si. and Mg' were 

leached into the fluide Sil ica addition 1s expected in light ' 

of VII and VIII quartz vein deposition. which ind1cates that 

the fl uids were si l ica-saturated. Part of the Mg and Si may 

have been suppl ied by the M3--)A1 amphibole reaction 

(equation Il). Sorne or all remaining Mg, Al, and Fe may have 

come from leaching of adjacent rock units. i.e., the Unit lIa 

slates. Unit lIb metavolcano-sediments and/or gabbro, or from 

orthomagmatic flutds. 

Although plagioclase a1teration 1s not quantified. any 

K-fel,dspar qr albite replacement would release Ca lnto the 

f 1 u i d ( s e e e qua t ; 0 n s 8 and 9) • The am o,u n t 0 f Car el e as è d 

into the f1 uid from both plagioclase and amphibole 

alteration proba,bly aided in deposition of the large amount 

of VII and VIII schee11te. 

7.1.4 SUMMARY 

A2, VII and VIII assemblages Jormed under silica

saturat"ed conditions at temperatures between 369 to 454 C. 

Precipitation of VIII vein pyrrhotite and molybden1te in the 

pra c t' i cal a b sen c e 0 f Y - s che e 1 i te 0 r ace e S sor y v e i n 0 x ide s , 
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suggests that VII and V} 1 1 vei ns formed, under lower f02/fS2 

conditions than vetn set VI (fig. 7.1, Point Dv). The 
r 

presence of y-scheelite in 'sorne A2 haloes and eharacteristic , 
, . 

presence of A2 Mn-ilmenite in mafie units and sorne Unit lIb 

~~tav~lcano-sediments suggests that f02/f52 conditions in the 

host rocks \tiere simllar to those in VI veins and magn~tite

bearing Al-altered rocks and higher than ,in the VII and VIII 

,veins (Figs. 7.1. 7.2, Points Dv. Dr). The preeipitati'on of 

Mn-ilmenite maya 150 indicate that aMn 'and/or aTi were higher 

1n the host rock. 

The abundant Ca released by A2 alteration of amphibole 

and plagioclase probably accounts for the~ab~ndance of VII 
il> 

and VIII scheel ite deposition. In addition, the rel,ati vely 

abundant A2 replacement of M3 plagioclase by K-feldspar and 

more sodic plagioclase (Chaps. 4, 5), suggests that t"be K+/H+ 

and N a + / H + rat i 0 s w e r e h 1 9.h (F i g • 7. 3, POl n t B). The 
j 

presence of LVS inclusions in VIII veins may indicate that 

the influx of potassic fluids was orthomagmatic in origine 
, , 

A molybdenite-rich zone commonly occurs near or over the 

apex of the fluid source ln granite molybden1te systems (eg. 

Mut s c h 1 e r. , et. a 1.. 1 9 8 1 ) • The proximity o~ molybden1te , 

mirieralization to the fluid source may ~ef1ect its re1atively 

1 0 W sol u b i lit Y ( Bar n es, 1~9 7 5 ) • The abundance of VIII 

molybdenite m~neralization 1n Zone B might therefore be 

explained in terms of .ts inferred proximity to the fluid 

~ource, i.e., the FQB pot'phyry. 
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-7.8' PETROGE'NESIS OF A3 AllO VIV ASSEMBLAGES 

7.8.1 INTRODUCTION 

V e i n set V 1 Vis as soc i a te d w i th a' bu J.l dan t W 0 1 f ra mit é -

Cl ha' l co p y rit e t\rd e po s i t ion i n Z 0 n e A and min 0 r sim i l a r 
r 

mineral iza~ion as well as abundant molybdenite and seheelite 

m,ineralization in Zone B (Chap. 3). Vein set VIV is 

associated with A3 alteration which mainly alters the' 

permeable Unit lIb metavolcano-sediments, and compris-es 

mostly serieite, quartz and pyrite in felsie units. Lesser 

ehlorite and pyrite ls found ln a minor number of mafie units 
'1 

(Chap. 4). 
~ 

Fluid inclusion data indicates that maximum te~peratures 

dropped from >450 oC in vein set VIII to. <420°C in vein set 

VIVo The presence of a minor number of LVS inclusions in VIY 

veins indicates that sal ine, possibly orthomagmatlc fluids. 

May have been present (Chap. 6). 

7.8.2 A3 SERICITE REPLACEMENT OF PLAGIOCLASE AND BIOTITE 

The transition from AI/A2 sodie plagioclase and A2~K-
1 

f e l d spa r a 1 ter a t ion ~ b A 3 se rie i t'e' a 1 ter a t ion 0 f M 3 

" pla 9 i 0 e 1 as e, i n dl ca tes t h ~ t Na + 1 H + ,a n d K + 1 H + rat; 0 s de cre as e d 

(Fig. 7.'3, Point Cl. A3 alteration 15 assoeiated mainly 
b • 

with sil icifieation and sericitization of M3 plagioclase and 

AZ-biotite in previously A2 biotitized metavolcano-sediments 

(Chap. 4). The alteration is Most intense in the permeable 

and previous1y biotitized 1api 11 i tuffs (Chap. 4). 

It was not possible to determine wheth'er volume was 

conserved during alteration. The obliteration of pr1mary 
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grain ~r crystaL boundaries and presence of abundant 

si11cification implies. however, that volume was not 

conserved. 

The presence of abundant, siliciffcation and de~ition 

of disseminated pyrite in A3-a 1 te~ed rocks suggests that 

replacement of A2-biotite and host rock plagioclase occurred 

under sul fidizing conditions, i.e., 

(18) Plag +J!.4Z Biot+ S2 --) 
, AJ Ser + Py + 2Qtz + Ca + Na + Mg 

The presence of AJ pyrite also indicates that the 

r e a c t 1 0 n soc c u r r e d som e w h e r e 1 n the p y rit e f te l d (F 1 g. 7. 4 • 

Point Er). 

7.8.3 fOZ 1 fS2 CO.TROLS 01 V 1 Y IIOL FRAN 1 TE AID 
SCHEELITE STABILITY 

The Ca release by serfcite replacement of plagioclase 

may have predominated in Zone S'where plagioclase comprises 

over 60% of, the gabbro (Ch,ap. ?). This may help explaif! the 

relative abundance of VIV schee11te in Zone B. and its 
, 

relative absence in Zone A. The relatively exclusive presence 

ofwolframite in Zone Aand scheelite in in Zone B. however 

( Cha p. 3), m a y a 1 S 0 r\e f l e ct' d i f fer e n t f 02/ f S 2 con dit ion sin 

each zone. 

The relative stab11 fty fields of wolframite and 

scheel1te in f02-fS2 space were drawn using the positions 'of 

solid buffers used in the exper1mental studies of Hsu (1976, 

1977; Fig. 7.4). The diagram shows that the wol framite, 

which loca lly intergrows or 1s surrounded by pyrrhoti te. 

probably precipitated 1n o~ near the small region of 
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F,gure 7.4 Stab111ty fields of huebnerite and ferberite 
superimposed on the stabi11ty fiel ds of the other 
mi'nerals shown in Figure 7.3,at 450°C and 700 bars 
(a f ter H su, 1 9 7 6,' l 9 7 7) • P 0 i n t s E v (A) and E v ( B ) 
refer ta approximate conditions in \lIV veins in 
Zones A and B, respectively. Point Er represents 
f02/fS2 conditions 1n associated A3-al tered rocks. 
St-F1ped pattern shows area of overlap of 
wo 1 fram; te and pyrrhot i te s ta bill ty fi e l ds. 
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wolframite-pyrrhotit~ over1ap (Fig. 7.4, Point Ev(A». Thé 
4 

presence of V IV w-schee,l ite (i.e." pure CaW04), mo{ybdenite 

and / 0 r p y r r hot i t e i n Z 0 n e B, h a w e ver, i m p i i est h a t t h' e 

scheel ite probab-ly precipitate~d under a broader and genera11y 

lower range of f02/fS2 conditions (Fig. 7.4, Point Ev(B». 

Hence, if f02/fS2 conditions wer'e sufficiently low in Zone B. 
, 

wQlframite would not stable (Fig. 7.4, Point Ev(A» but 

scheel ite woul d be (Point Ev(B». This suggests that Zone B 

was c10ser to a sul fidizing fl uid source. 

The h i 9 h e r f 02/ f S 2 n e e d e d for W 0 l f ra m i te d e po s i t ion lia y 

help explain its host rock specifie nature (albeit rarity) in 

Zone B. There. the amount of wol framite measured in the 

relatively sulfide-free metavolcano-sediments (i.e., rocks 
, ' 

having rela}ivel y high f02/fS2 conditions). is 0.10 

occurrences/lOOm, whereas in the pyrrhotite-bearing gabbro 

(i.e., a unit having a relat1vely low f02/fS2),'it is 0.01 
, 

occurrences/lOOm (Chap. 3). This implies that on a local 

scale, f02/fS2 conditions were host rock-buffered. 

7.9 PETROGENESIS OF A4 Ain YY ASSEMBLAGES 

7.9.1 IITRODUCTION 
.. 

Vein set VV consists mostly of massive carbonate and 

S,arbonate vein(let)s and 15 associated with fine grained A4 
. 

ser1c1te alteration. VV carbonate and associated alteration 

15 found mainly adjacent to VIV quartz stockworks (Chaps. 

3 J 4). 

7 .9.2 EV 1 DEICE fOR A PRESSURE DROP 

Vein set VV and A4 alteration are associated wlth 
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numerOU5 .tension featureS which rsu~gest t~~t. a pressur.e- drop 

occurred. The tens:ion feature$ incl,ude numerous small horst 

and gr a ben . f e a tu r e,s t n d r i 1 1 cor e wh i é h are se ver a l 

cent'imetel"s aC'ross and have 3 to ~cm displ acements. Vuggy, 

f1 uorite-bearing VV carbonate breccia zones' and slickenside 
"-

surfaces adjacent to VIV quart-z stoc"work5 a1so indicate a 

drop in pressure. 

7.9.3 EV IDEICE fOR A T.EMPERAlURE DROP 

Minor but widespread native bismuth i5 assoeiated with 
-< ., . 

VV carbonate. The . 1 0 \II m e ,1 t 1 .n 9 po i n t 0 f n a t f v ~ b 1 s .. u th, 
, . 

271.3 0C (Weast, 1976) 1ndi,ea~e5 that vein set VV foraed et 

sign1fi'eântly lower temperat",res than vein sets',VI through 

VIVo 

7.9.4 EFFECT OF DECREASED PRESSURE A~D TEMPERATURE 01 
C02 SOLU8IlIlY 

The pres sure and tempe ra ture d ro ps proba b 1 Y oecO rred due 

to eollapse of the hydrothermal system. The drops in 

pre s sur e and t e m p e r' a tu r e we r e a C c 0 m pan 1 e d b Y ab und a ri t 
• 

volàtile release, evidenced in part by the widespread 

explosive bre.cciation associa~ed with vein set VVe C02 WQuld 

the n h a v e pre' fer e n t i a 1 l Y par t i t ion e d i n t 0 the v a po r p ha se 

l e ad i n'9 toi n cre as e d pH, de cre a se d 5 0 1 u b i 1 i t Y 0 f CO 2, and 

precipltation of calcite (Holland and Hallnin, 1979). 

7.9.5 fOZ/fS2 COIDITIOIS 

The pre sen c e 0 f P Y r 1. t e i n i h e car bon a t e and a s ~ 0 e ~ a te d . 

host rock indicates that fS2 was general1y h1gh. The 
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, 1 - 1ndicat..es 'that f02 was a1so h1gh.' ~' 
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1 .. 9.6 1:1+/aHt RATIOS , J 

J j f f 

the :àbund.ance and fine g~a1ned' natu.r.e ,o'f A4 sè~jc1te 111 
l ,~ • J 

the absence of K-felct·spar or albite 1nd1cates that the. Na+/H+ 
. :, ' ,t ' 

"r and K+'!H+ 'ratios re •• 'ined relat1.vely low (Fig. 7.3,' Point Cl • 

l , 1.9. 7 SUIIII~R' 
.' 

The association of ,YV carbonate'with horst and graben 
1 

features ~nd 'b .. eccfation~Su9gests a pre$sure drop occurred 

d u ~. i n 9 the V Y 1 A 4 e ven t • T h 1 5 wou 1 d h a v e 1 e d t 0 '1 n cre a s e d 
, " 
pH. and decre'ased C02 sblub11ity. wh1ch woulèl ,explain the 

""despread and pervasiv'e nature of c'arbonate depos1tion. 
III n 

,,,os'. • The d.~ ri 0 s 1 t 10 n 0 f n a t ive b 1,5. U i h 5 U 9'9 est 5 t ha t 
J J.;'., •. :' { 1 { , • • 

..,,,,, 
,J 

, , 

If 

, 
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.te.per~tures ~ere.· 'i Z!'1.3 oC.': The- presence of\ 'Plr1te and 
. , \ 

tie.:.t1te,suggests fOZ and fS2 were relati.vely ~1gh. The 
f. J ( t 

-.# 1, J' '! l 

presence of A4 ~er1c1te 1ft'dic~tes .. /that Na+/H+ 'and K+/H+ 

ratios .• ere 10v. 
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CHAPTER ~ PETRO~ETIC 'MODEl 

A late tectonic-hydrothermal ev'ent (M'4) associated with 

intrusion of t~ feldspar-quartz'-biotite 
. 

(FQ8) porphyry 

in the Sisson Brook are_a occurre'd during Upper Devonian'-Lower 

Carboniferous times •. The FQB porphyry intruded a10n9 the 

gabbro-sed,iment contact during d~vel opmen~ of a 1 ate NW-
6 • 

·t te n di n 9 fol 1a t ion sur fa ce' (S 3; Cha p. 2) • 

Intersection of the stresses producing the S3 surface 

w it h, th 0 's e a s soc i a te d w ft h the, i n t ru d i n 9 po r p h Y r Y , pro duc e d 
1 

large N-trending, minera1ized gash fractures which fJank the 

po r p h Y r Y t 0 the wels t (Z 0 n e- -B ), and wh i che x t e il d rad i a 11 y { u P /' ... 
to lkm) outward fram its northern edge (Zone A). Fl uids 

associated with the porphyry entered the S3 surface a10ng the 

gash fractures, producing five' vein sets, oriented parallel 

to 53., and four per10ds of associated alterat10n (Chaps. 3, 

4) • 

The mineralog.y of the vein sets and alteration reflect 

d1.fferent f02/fS2 conditions, fluid to rock ratjos. and 
l , 

amounts of- orthomagmatic to meteoric fluids. For example, VI 

veln/Al al teration m1,neral$ an"d VI/Al~y-'scheel ite apparently 

formed from sl1ica-undersaturated, alkaline fluids, in the 

pre sen c ~ 'of a 1 0 w f l, u 1 d t 0 -r 0 c k rat i 0 (w i t n e s s for e x a m p 1 e", 

the h 0 s t roc k s p e c 1 f 1 c ri a t ure 0 f the V l / A las s 'è m b 1 age s'a n d 

the host· rock buffer1ng of f02 reflected 'in Al amphibole .' , , 

compo.s1tions; Ch'ap. 7). This probably corresponded to an 

e a r 1 Y' st age 1 n the cry s ta 1 1 i z a t i,o n 0 f the po r p h Y r Y p ri 0 r ta, 

large-sealé volatile separation from the m~gma and éômplete 

empl acement of' the ex,terna 1 hydrotherma 1 system. 
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The. porphyry cont1nued to in'trude during forllati,on of 
1 i , 

vejn sets VII, VIII/A2 alterat10n. This 1s ev1denced by the 
. . -

presence of breccias a10ng porphyry dyke interfaces, 

associated with abunlll~nt potassic alteration. It is perhaps 
~~ 1 

~ . 
a150 evident .by the compos1tional similaritie~ between 

1 
"\ ( 

~ary unaltered biotite and plag10~lase phenocrysts and 

VIt, VIII vein/A2 alteration biotites.an~ A2 plagioclases. 
, , 1 

Movement of the porphyry and/or rotation of the stress 

fiel d protlucing the 53 surface o~curred during formation of 

vein set VIII. This resulted in the formation of a new set 

o f 9 a s h· f ra ct ure S 1 n Z 0 n e Ban d E - t r end i n.g fa u t t san d 

widespread deposition of scheel ite-mo1ybden1te quartz veins 
~ 

and associated intense potassic alteration (Ch~ps. 2, 3, 4). 
, 

The pre sen c e 0 f m 0 s t 1 Y w - s che e 1 i te, mol yb den i te, ,a nd/or 

-pyrrhotite in .VIII veins indicate that the fluid5 were more 

s'u 1 f ; d 1 z i n 9 t han dur'1 n 9 the VI/ Ale ven t • The K d val u e 0 f 1 

--...., 
,0.54 for Fe/Mg between rel1ct M3/Al ~mp·fi~boles and A2 

o "'~~ 

biotites which replace them, 1nd1cates that the fluid to rock 
1 

ratio was substantially higher at this time (Chap. 7) • 

...... ' Fluid c 1nclus10n evidence ind1cates that temperatures 
~ Q -

p e a k e d ne a r 4500 C dur 1 n 9 the VII, VIII/ A 2 .e ven t. 1 n 
'\ 

t ad dit ion, the pre sen c e 0 f rel a t ive 1 y ab un d.a n t LV 5 (s a 1 1 ne) 
, 

'inclusions 1n VIII ve1ns imp11es that orthomagmat1c flu1ds 

may have bêen present (Chap. 6). The high sa11nity of the 
\\ ~ 

flU\dS a,nd the relativel"y high flu1d to roc'k :atio SUggl:,st 

t ha t t-h e . h Y d rot he rm,a 1 s y ste m wa s 1 a r gel y 0 r t h 0 m a 9 mat i c and . . 
well-establ ish~d at th'1s -t1me • 

. ~)\ 
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Development of the VIV quartz stockworks and A3 sericite 
r 

alteration probably s1gnal1ed the beg1nn1ng of .eteor1c flu1d 
\" . 

influx. This May ~elp expla1n the even h1gher fluid to rock 

ratio ev1denced bl the large-scale nature of the quartz 
, ~ 

stockworks. as well as the' s11ght coo11ng of the syste. 
T , 

(Chaps. 3 •. 6). ·Prec1pitat1on of VIY ~chee11te in Zone B. and_ 

VIV wolfram1te in Zon~. ~ 1i1p11es that fO?-'fS2~t1ons were 
, . \ 

lower in Zo~e·B. and also 1mpl1es that the proportion of 
~ . 

sulfid1zing fluids wa~ greater in Zone B. ' 

Coo li ng and co 11 apse ..of the hydrother.a 1 syste •• 

evidenced in part, by the explosive brecc1ati.n and .1nor 

w 1 des pre a d d e po s 1 t ion 0 f n a t 1 v e. bis. u ,t h (C h a p. 7). p.,. 0 b a b 1 Y 

resu1ted from devolat1l1zat1on ând 1055 of C02 fro. the 

fluide This led to 1ncreased pH and consequent dep~tt1on of 

massive carbonate (vein set VYi Chap. 7). Rutile. he.atite. 
,/ 

and pyrite a1so prèc1p1tated at that t1.e, 1nd1cat1ng that 

both f02 and f52 were h1gh (Chap. 7). 

o 

" 
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( APPEIDII A: AMPHIBOLE A.ALISES 

IOlE A 

Sa.ple nu.ber 8.22 8.22 8.22 9.24 9.24 9.24 
bphibol., type core core blade core blade ri. 

St02 51.20 51.81 49.75 50.75 43.19 43.42 ' 
11i03 4.99 4.62 7.99 4.13 11.45 10.80 
Tt 2 0.29 0.26 0.19 0.25 0.64 0.68 
FeO 15.20 15.19 14.52 18.57 21.13 20.25 
MnO 0.47 , 0.33 0.26 0.52 0.57 0.59 
MgO 13.64 -13.73 Il. 97 Il.65 1.76 1.74 
CaO Il. 97 Il. 78 11.80 11. 59 11.41 Il. 37 
.aiO 0.45 0.41 1.30 0.37 1.06 0.92 
lt2 0.18 0.11 0.30 0.15 0.68 0.62 
Total 9lf:'n 9lf:"Z5'" 9tr.lJ7 9f.lI7 9~ 9o:n . , 

Sa.p1e nu.ber 11.180 11.180 11.180 13.81 13.81 13.81 
AIIphtbole type ri. rhl core core core ri. 

51°2 45.25 44.39 45.75 51.'75 51.50 51.19 
116°3 8.41 9.58 7.90 5.93 6.74 6.19 
Ti 2 1.46 1.19 1. 52 1.03 0.35 1.05 
FeO 23.54 22.43 23.78 13.16 13.86 14.26 
MnO 0.59 0.54 0.71 0.34 0.52 0.53 
MgO 1.67 7.41 8.00 16.05 14.41 14.26 
CaO 10.96 Il. 07 10.21 11.'29 Il. 57 Il. 76 

, ) la20 1.24 1.00 0.95 0.44 0.62 0.43 
lt20 0.64 0.58 0.56 0.28 0.20 0.27 
Total 91J7T5' 9tr.nr 91J.n 10U7Z7 9r.TT 9~ 

_ S •• pl e nu.ber 13.148 13.148 13.1,48 
bphtbole type core core s 

St02 54.11 53.30 46.01 
115°3 1.58 '3.16 11.14 
Tt 2 0.10 0.15 0.44 
FeO 15.27 16.08 18.47 
MnO 0.50 0.40 0.48 
MgO 15.18 14.27 10.09 
C.O 12.11 11. 94 Il.74 
Na iO-------- 0.07 0.29 1.00 
'2 0.04 0.08 0.59 
Total 9r.oT 9r.o8' 1 a t:J":'n' 

\; 
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laiE B . , 
S •• ple nu.ber 25.136.55 25.136.55 25.136.55 25.136.55 
AIIphfbole type core core core core ----- , Si02 46.88 46.83 44.56 45.53 

115°3 9.75 9.74 10.12 9.62 
Tf 2 1.47 1.45 1. 74 1.28 
FeO 13.58 13.73 13.91 13.00 
"nO 0.38 0.45 0.22 0'.34 

;~f\ 

"gO 13.18 13.35 12.64 13.50 
C.O 12.04 Il.65 11.14 10.72 
•• 2° 0.94 1.09 1.12 1.18 
'20 0.39 0.37 0.38 0.34 
Total 91r.OT 9lf':1)lf 9r.lJlr 957ST 

" S •• ple nu.ber ~5.136.55 25.136.55 25.136.55 25.136.55 
AIIphtbo1e type ri. , core core core 

~ S102 44.51 52.29 55.24 51.93 
115°3 10.37 3.71 1.78 3.18 
Tf 2 1.93 0.21 0.02 0.24 
FeO 13.68 10.31 8.93 Il.00 

~ 

MnO 0.31 0.24 0.21 0.24 
MgO 13.04 17.39 18.51 17.51 
C.O 11.16 11.47 12.05 12.02 
•• 20 1.23 0.33 0.20 0.38 
'20 0.42 0.10 0.08 0.12 
Total .9r.D1' 9'b.1Jt 9~ 9r.oT 

S •• ple nu.ber 25.136.55 25.136.55 26.64.85 26.64.85 , 
AlI htbo1e type core core core ri. 

Si02 53.98 53.76 49.13 43.33 
11503 3.12 2.95 6.03 10.19 
Tf 2 0.03 0.00 0.20 0.78 
FeO 10.19 10.60 20.58 21. 73 
"nO 0~19 0.19 0.55 0.48 
"gO 17.53 17.26 10.33 7.99 
C.O 12.34 12.36 Il. 76 11. 38 / 
··ZO 0.23 0.25 0.74 1. 33 , 

1 
1 

'20 0.12 0.10 0.20 0.85 1 

Total 9T:T'l. 9T:l7 9r.n 9tr.lJ7 

S •• p 1 e nu.be r 26.64.85 33~167(2) 33.235.10 33.235·rO 
AIIph1bole type ri. 's s S / 

st02 43.44 47.32 44.77 45.49 
116°3 10.19 6.17 7.48 6.55 
Tf 2 0.86 0.28, 0.37 0.25 
FeO 20.73 19.70 24.49 24.43 
MnO 0.56 0.70 0.68 0.77 
MgO 7.90 10.58 7.31 7.60 
C.O Il. 52 Il .37 11.50 11. 79 

( ··iO 1. 37 0.90 1.06 0.82 
'2 0.89 0.48 0.74 0.64 
Total. 97'":"U 91.'n 9B":'n 9!:"ll 
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(, Sa.ple nu.ber 33.205.10 33.205.10 31.116.8 31.11&.8 
AIIph1bole type s s S 5 

Si02 43.38 4~.30 48.71 47.82 
Ala03 7.55 9.51 6.33 6.64 

( 
'-<Tt 2 0.39 . 0.63 0~12 0.14 
FeO 25.16 25.33 U~. 98 19.31 

r, "nO 0.72 0.72 . 0.75 0.78 , 
"gO 1.05 6.46 10.9,7 10.83 

f 
CaO 11.68 Il.56 , 11. 46 Il.12 

! .a20 0.98 1.35 0.78 1 .01 , 
! '20 0.83 1.12 0.49 0.57 

" Total 9r:T1. 98.J7 98.'S"!' 9r.ll , 
1 
1 

Sa.pl e nu.ber 31.207.75 37.207.75 0466 0466 0473 
, r AIIph 1 bo 1 e type 5 s ve1n ve 1 ft ve1n 

! S1°5 42.0'6 42.86 46.15 51.68 49.92 
j, A1a 3 10.00 9.28 7.56 2.55 4.89 

;, 

f' T1 2 0.57 0.41 0.19 0.13 0.10 
( 

f FeO 24.59 24.44 23.90 20.18 16.50, 
i 
1 "nO 0.88 _ 0.85 0.67 0.73 0.42 
i IIgO -- 6.98 1.34 1.69 Il.81 12.56 

, t 
C.O 11.41 11.15 Il.64 ,11. 83 12. GO' 
la20 1. 28 1.34 0.82 0.48 '0.79 

t '20 1.19 -0.87 01046 0.18 0.33 
! 
1 Total 9~ 98'75'3' 9'9":trn 9TJ7'57 9T:l'9 
1 

Sa.ple nu.ber 0473 0473 t 
AIIphtbole type .atr1x .atr1x 

S102 49.95 49.99 
'* Al~03 5.70 4.82 

T1 2 0.36 0.16 
FeO .' 17.25 16.95 t, 

linO 0.36 0.46 
IIgO 12.02 13.01 
CaO 11. 94 11.68 
la20 0.65 0.67 
'20 0.20 0.46 
Total 9r.ll 9g-:n 

1 :1 .. " 
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1"EIDll 1: BIOTITE AIALYSES ., 

1 IiA88RO - IOlE 1 . (=~-ç;_ 

S •• ple nu.ber . 3}.181 ~&7 33.178 36.35 0473 
8iotite type --------------perv.s1ve--.---------

SiOZ 36.74 37.66 37~35 37.06 37.85 
A1203 14.50 13.73 14.64 14.07 14.28 
TiOZ 3.05 1.80 2.14 2.24 2'.35 
FeO 19.45 21.27 20.78 20.26 20.56 
InO 0.22 0.31 \ 0.29 0.30 0.25 
IgO 12.14 12.22 12.08 Il.40 Il.66 
C.O 0.03 0.00 0.03 0.05 0.13 
•• 20 0.15 0.07' 0.08 0.06 0.17 
'20 9.78 9.30 10.06 9.30 9.91 
Total 9l:Ul 9~ 91.45 9t:7l 977TO 

Il FIiA UIITS 

laiE A 

Sa.ple nu.ber 
B10tite type 

510Z 
A120] .. 
T102 
FeO 
"nO 
IgO 
C.O 
la20 
'20 
Total 

IOlE B 

S •• ple nu.ber 
8iot1te type 

SiOZ 
A1Z03 
T102 
FeO 
InO 
"gO 
CaO 
la20 
'ZO , 
Total 

8.18 8.33 
"al0 "alo 
35.,81 37.94 
16.83 14.58 

1.22" 1.97 
19.50 21.65 

0.25 0.25 
12.15 11.8/5 
0.00 O.OZ 
0.12 0.17 
9.93 8.87 ' 

9lr:"ll 9i:OV 

Z6.fi4 35.134 
---pervasive--
36.45 
15.20 

, '3.30 
22.09 
0.35 

10.00 
0.01 
0.12 
9.83 

9T:1O 

200 

36.50 
14.40 
2.74 
22.37 

0.38 
10.58 

0.03 
0.05 

~24 9o:-n 

9.24 11.110 II.180 
... 10 ".lo vetn 
36.27 36.34 36.27 
15.71 14.83 15.25 
2.10 2.48 2.48 

22.96 23.82 24.95 
0.22 0.24 0.21 
9.73 9.58 9.39 
0.00 0.02 0.04 
0.13 0.11 0.08 
9.33 9.34 9.61 

9r:T3' 9r.75' 9r.77 

25.75 
fl3 

37.87 
15.79 
2.56 

16.59 
0.24 

14.01 
0.00 
0.23 
8.33 

9r.trr 

J 

13.148 
pervastve 

36.05 
15.83 
2.39 

21. 25 
0.31 

12.69 
0.02 
0.08 
8.05 

9r.07 
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1 
, . III RtTA-SEDIREITAR, 

.-

'( " ", ZOIE A ( 
-s , 

" 

S •• ple ••• ber' 2.34 13.14 13.77 
", 11ot1te tlpe ------pervastve.------· 
l 

SiOI 37 .. 87 36.85 37.69 , 

Ala 3 15.38 18.51 17.04 
Tt 2 1.84 2.22 1.77 

; FeO 18.l5 ' 20'.05 19.02 . , 

Ina 0.30 0.19 0.16 
Il,0 13.63 9.10 l1.65 
C.O 0.00 0.00 0.00 
.aZO O.O~ 0.26 0.11 
IZO 9.96 , 9.65 9.94 ... 

Total 91.18 9t:n gI.'TT 

ZOIE • 

S..pla ••• ber 26.74 26.78 2&.7' 38.155 
"ot1te tlP. --pervas tye-- .~ vetn peryastve 

StOl 35.58 35.52' 33.13 37.19 
'Ala 3 16.06 14.91 16.23 15.29 
Ti 2 2.47 2.25 1.82 3.20 

i F.O 20.97 25.91 26.32 20.58 
.. ~ Il.0 0.39 0.39 0.68 '0.36 
1 R.O 10.40 8.08 9.68 10.61 
l 

1. CaO 0.00 0.00 0.00 0.00 1 

··iO 0.13 0.10 o.or 0.08 1 

'2 '1 9.82 8.99 6.78 9.98 
, Total 95':lJl 9t:n 9r.n 91.2"9" 

'1 fqa POI'HY" 'HElaCl'ST 
,II" 

Sa.,le ••• ber 21.1& 
StOl 35.40 
Ali 3 14.65 
Tt 2 3.89 
FeO 23.49 .' 

.11.0 0.30 
IIg0 10.44 
cao 0.06 

.: .a-zO Q.,21 
r) . 

1 IZG Nt i Total 9 .. 
.. . , 

) .. 
, \ . 

'; (, 1 : 

'- , _' f 

, ' 
l,' 1 .< 

, , . , . 
, . 

;, ?Ol . 
1 . , . ., 
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APPEIDII C: PLAGIOCLASE AIALYSES 

,lAI-AL TERED CRYSTALS 
, - . 

Sa.ple .... ber 
Zone 

S102 
A1203 
T102 ' 

13.35,,' .0466 0413. 
A a: a, 

-, ' M .. O i ~ FeO 
!t~. IIg0 

64t'51 , 68.51 56.2~ 
22.50 21.24 '26.46 

0.04 0.03 0.02 
0.00 0.14' 0.11 
0.00 0.03 0.00 
0.01 0.02 0.00 
3.28 0.19 11.29 
8-.98 8.81 6.07 
1.12 0.42 0.12 

25.15 
a ' 

25.75 
31 .. 27 
0.00 
0.09 

, 0.02 

. . 

, ., 

Jeao 
. IÂ20 
'20 . 
Tot~l 

, " 

10U7U 9r.lt 10 tr:"!S" 

0.00 
12.'98 
4.02 
0.07 

10r.T5' 

Il A2-AlTERED CRYSTAlS 

s~Îlp 1 e lIu.be r 

~ 

. 'Zone 
5102' 
A1203 
T102 
FeO 
M .. O 
MgO 
C~O 
1~20 
'20 
Total 

S..ple Bu.ber 
Zone 

510,2 
A1203 
T102 
FeO 
M .. O 
MgO 
CaO 
•• 20 
K20 ' 
total" 

li.77. 
A 

64.67 
18.63 
0.00 
0.00 
0.01 
'0.02 
0.00 

'0.05 
17.56 

lOO.g:r 

l3.17b 
. A 

49.25 
32.57 

0.00 
0.46 
0.03 

- 0.32 
13.81 

,2'.52 
0.86 ' 

9r.!! 
, . 

33.118 36.35 
•• 1 

53 .. 03 ), 59.59 
30~34 25.~0 
0.03. 0.00 
0.-13. 0.12 
0.01 . 0.03 
0.00. '1 0.06 

12.63 6.84 
4.34, 7.42 
0.05 0.20 

100. 51 9r.n -

, , 

202 

l3.77b 
A 

'51;.40 
30.10 
0.01 
0.09 
0.01 
0.04 

1,3.66 
3.80 
0.10 

9r.IT 

26.22(4') 

• 70.52 
21.75 

0.00 
0.02 
0.00 
0.00 
1.77 

1 8.01 
0.16 

10r."n 

26.74 
8 

65.28 
22.09 . 

0.09 
0.00 
0.00 
0.01 
2.95 

10.89 
.~ 0.25 
10~ . , 
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( 
III Al- and A2- ALTERED CRYSTALS 

.> 

Sa.ple nuÎlber 9.24 26.64(4) 33.167" 
, Zone A B B c. 

, . 
5102 ' 55.22 66.74' 57.48 
Al~03 27.91 ~'O. 10 27.91 
Tf 2 0.10 0.00 0.00 
FeO 0.29 0.07 0.10 
linO 0.02 0.01 0.00 
IIg0 . 0.01 0.02 0.00 
CaO 10.51 .2 à 04 9.87 
la5° 5.67 9.58 5.56 
'2 0.19 0.38 0.13 
Total 9r.n 10tr.'9'5' 10r.1fl' 

IV F~HElOCRYST" . 

Sa.ple nuati 26.16 26.16 26.16 26.16 26.16 26.16 
core -~~~----~~~-_._----------~---~--. ri. 

5102 60.17 60.53 63.49 63.81 68'.92 64.12 . 
A1503 25.69 25, .19 23.87 23.73 21.41 2,,2.61 
Tf 2 0.01 0.05 0.01 0.00 0.00 0.00 
FeO 0.07 0.04 0.04 0.11 0.00 0.00 
linO 0.05 0.03 0.02 0.00 0.00 0.00 
IIg0 0.00 0.00 0.00 0.00 0'.00 0.00. 
CaO. 7.19 6.38 5.12 4.93 3.44 l.44 
la5° 7.36 7.51 8.24' 8.20 9.96 9.98 
'2 ' 0.45 0.51 0.73 0.69 0.04 0.04 
·Total 10tr.n' 10tr.'!tJ 1 0 T:"5'"2' 10T:4lr 10r.n 10u:TG' 

.. 
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" 
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~' APP~DII 0: MA.G~NIfEROUS ILME.IT~ ANALYSES 

\ ,. 

.. 

1 . IOlE ~ <, 
" ";:" 

a.pl e nuaber 2.34 -
Rock type aeta-sed 

S102 ,. O~OO' 

1 A1203 0.06 
• T102 50.51 

FeO 41.58 
KnO 6:22 

.lIg,O 0,.06 
, CaO 0.04 

lIaZO 0.00' ' 
120 0.09 
Total 9 !:Sb 

. S •• pl e nu.ber 13.148 
FGA 

0.08 
0.00 

51.33 
42.78 

" , 4.21 

Rock type 
S102 
A1203 
Ti0z. 
FeO . 
KnO 
JlgQ 

J CaO II> 

- Ha20 
1 K20 

Total 

li' ZOIE B 

~aapl e nu.ber 
Rock type 

Si02 " 

" 

A1203 
TiD2 
FeO 
MnO 
MgO' 
,CaO 
HaZO 
'20 
Total 

. 
" ," , '~ . . 

~ . 

0.18 
0.14 

·0.06 
0.02 

9lr.lm 

0466 
wein 
o. a3 
0.03 

46 •. 61 
.45.93 

3.81 
0.26 
0.16 
0.00 
0.00 

9D.n, 
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, -..t..., • 

8~18 
cor' 
~ 8.22 11.180 

FGA F6A. ..._-·fGA 
0.02 ' 0.11/ 0.06 
0.00 O. O~' 0.02 

51. 8'S 51.9' 50.16 
45.18 45.51 46.44 
3.63 3.22 2.32 
0 .. 06 0.16 0.1'3 
0.09 0.34 0.06 
0.00, ,0.01 0.06 
o.or 0.01" 0.00 

1001 10r.lI 9J:Y5' 

, . 

31.181 
FGA . 
0.03 
0.00 

52.14 
45.29" 

3 .46 
0:17 
0.30 
0.04 

! 0.02 
10T:4) 

33.118 
gabbro 

0 • .00 
- 0 .. 00 " 
51.01 
44.88 
3~99 
0.12 
0.02 
0.00 

g8°~ '1 • 3' 

- ,<J. • 

, ," 

.. 

1 

s, 13.77 ,,' 13.81 
.et.-sed F6A , 

0.00 O. 09 
0.00 0.06 

52.710 51.88 
44.83 42.30 

3.64 4.34 
0.09 0.10 
0.00 0.43 
0.00 0.03 
0.03 0 .. 111 

10r.n 9J':'n 

,-1 ~ " 

.. '. ' 

1 

" '" r' 

, 

, 'j 
, 1 .' .i, 

, ,1 .} 

. .' 

, . 
, .:~' 1... ,~ 
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APPEIDII "E: COIIP 

1 

COMP is a program written in FORTRA~ to ca1culate the 

fugacity of ~H~, given ~a1ues fOr f02 and fS2- The fHZ was, 

ih turn. used ta ca1culate fH20,. '1502. fSO. fH2S. and fH5. 

fH2504· , 

The fol10w1ng equat10ns deflne the 10gar1th.s of the 

fugac1t1es of the g8$ species under consideration. 

(1 ) Xl • log' fH20 

(2) x2 • log fH2 

(3) Xl • log f02 

(4 ) • log fS02 
• 1 

x4 ,..' 
~ - / 

1 (S) Xs • log fS'i 

(6) x6 • log fSO 

(1) _ x7 • log fH2$" _~_.F"-- .-------~ 
> 

(8) . x8 • log fHS 

(9) xg • l~g fH2504 
1 , 

Us 1 ng these equat1ons. the rate 'equa tions ( 1.e •• Keq) for 

~orllla t 19n of ea c h spec1es at 700 ba r s and 450 0 C (t h e 
\ 

\ ' 

. conditions used 1n the phase diagrams of this stu'dy) become: . , 

. , . , 

, 
" , 

( 1O) 

(11) 

'( 12) 

(13 ) 

( 14) 

( 15) 

(l~) 

( 17) 

Xg - 1/ 2x 5 x2 - 2X3 = 22.93 
-

X8 - 1/ 2x S - 1/2x 2 = -3.49 

x7 - l/ 2x 5 x2 ='2.29 ( . -, 
l" ....... ' 

x6 - 1/2x 5 - l!2x,3 = 3.41 

Xs = -12.50 

x4 - 1.;[ 2x5 - x3 = 16.01 

x3 = -29.00 
-

Xl x2 - 1! 2x 3 .= 10.20, 

-' 205 J '0 
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wh1ch are added together to describe the total interna 1 

pressure of ~he system, P (in this case, 700 bars), 

(18) p .. 1/0.671 IOxl + 1/1.461 lOx2 + 10x3 + 10X5 + 
1/1 .. 51 10x 4 + 10x6 + 1/1.517 10 x7 + 10x 7 + lOxa + 
10x9 

The values for f02 (X3) and fS2 (Xs) were obtained 

directl,. by choosing one point a10ng ,the magnet1te/pyrrhotite 

boundary, constructed at 700 ,bars and 4500C. The latter was 
\ . 

drawn using the thermo,dynamic and exp.erimental data of Robie 

and Wa 1 dbaum (,1968) and Tou 10,1 n and Bart'on (1964), 

'respectively. 

Equations la to 17 were, simul taneously sol ved to '1 eave a 

5 1 'n 9 1 e f r e 'e var i a b 1 e t wh i c h we c ho s e a S x 2 • S u b s t i tut i n 9 

these results into equation 18. gives us a transcendental 

equation for x2. COMP was written to calculate the function 

af equation 18 for a given val ue of x2. We find the root of 

this equation by repeatedly choosing values of x2 unti 1 the 

user deems the function suffic1ent1y close to zero • 

tiJ 

0 

'\ 
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\ 

I~PLICIT REAl*8 (A-H.O-Z) 

F(X) • DEXP{X*OX)*(Tl+T2*DEXP(-0.500*DX*X»-Cl 

DX=oLOG(lO.OO) 

Cl-700.DOO-EXP(-OX*29.00DO)-oEXP(-oX*12.00)-DXP(-DX*16.7300) 
-(1*.DO/l.51DO)*OEXP(-oX*14.79DO) 

Tl- ( D EX P ( - OX *0.57 DO ~ ) /0.,62100+ (100 Il.461 DO) + ( 0 EXP( - oXc*2. 96 DO) ) Il 

S5700+DEXP{-OX*30.3DO) 

T 2 - 0 EXP ( - 0 X * 12 . 1 2 0,0 ) 

WRITE(6.900)Cl, Tl, T2 

900 FORMAT(" N,·Cl"- ,F20.14,· 1 Tl--,F20.l4" T2.·-F20.l4) 

XOLD=·2.DO 

YOlD=F(XOlO) 

WRITE(6,300)XOlO,YOlO 

300 FORMAT("I,"X=",FIO.6-

XNEW=-l. DO 

23 YNEW-F(XNEW) 

y •• ,D13.6) 

C100 SLOPE=(YNEW.YOLD)/(XNEW-XOLD) 

WRITE{6,300)SNEW,YNEW 

READ{9,*)XNEW 

GO TO 23 

STOP 

END 

C XNEW=X2 

·f 

C CONSTANTS CHOSEN FOR PT = 700 BARS AND T = 4500C. 

c 

c 

LOG FS2 AND LOG F02 EQUAL -12.50 AND -29.00, 

RESPECTIVELY. THE L~TTER ARE VALUES ALONG THE MAG/PO 

C BOUNDARY DRAWN AT 700 BARS AND 4500C USING THE 
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THERMODYNAMIC AND EXPERIMENTAL DATA OF ROSIE AND WALDaAUM 

(1968) AND BARTON AND T~ULMIN (1964), RESPECTIVELY. 
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