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" L 3 Abstract

' The Chy Chua masswe sulflde deposnt located id southcentral Brltxsh Columbla

'occurs ln the r‘naflc volcanlc rocks of the upper Paleozonc Fannel,l Fk msatlon The Fennell

. .. Formatlon consnsts of basalts and assocnated marlne sedmm{r*s M‘?norghosed at.

low greenschlst facues condltlons Although the mmfc‘ ) 1 Q@plagloclase and

4
Fe — Ti oxndes are -aimost completely altered, those of auglte and amphlbole have -

. survived this metamorphlsm Rellct auglte microphenocrysts are enriched in Al and Tl and

' \are s:mllar in composmon to those of alkallc and subalkallc basalts from.l-lawan and the

e

ﬁ deep- sea. Rellct amphnboles are salso enrlched in Ti (4. 5% to B. 9% TiO,) and are ClaSSlfléd'

b
\,

AS kaersutltes OCCurrence of kaersutlte and the chemlstry of relict augltes mdncate that ,

the Fennell Formatron basalts were originally alkallc and. transntlonal in composltlon

However the whole rocg chemlcal composmon of these basalts are apparently

' slmllar to abyssal tholeutes Even on the conventlonal Ti- Zr and Ti — Zr/P O |mmoblLe

'element dlscrlmlnatlon dlagrams both the kaersutlte bearmg and kaersutlte free rocks .

plot in the- tholentlc basalt fleld Based on these observatlons it is suggested that the. -

N lmmoblle element dlscrlmlnatlon dlagrams may not provude unamblgu0us evndence for -

" »ldentlfylng the’ magmatlc composmon of altered volcanlc rocks. .- -

The Iead |sotop|c composntlons of the Fennell Formatlon basalts afe more-

radlogenlc than those of the MORBs This, together wlth their. petrographlcal dISSIml|a| mes

" wnth abyssal tholentes and alkallc character suggests that t.he rocks of, the Fennell

Formatlon were formed in a tectonlc settlng snmllar to the present day ocean |slands or 'f

seamounts

M

The deposut consusts of two ma;or Iensond masswe sulflde bodues composed

'malnly of pyrlte and’ chalcopyrlte These sulflde bodles are underlaln by masslve Sl|IClC :

:and talcose rocks Wthh have very low Al, Ti, Zr and P contents Thxs suggests that the
'ysuhcnc and the talcose rocks are chemlcal precnpltates and. not produced by the alteratlon : - ,

' ,of the host basalts Stabllltles of: talc dyrrhotlte pyrlte chalcopyrlte and magnetlte as a

functlon of fO pH are consnstent with a pr‘rmary orubm for these rock(s Also, it'is

-lnd:cated that talc may have been deposnted in. areas of relatlvely hlgher temperature

(300°C and abovel and lower oxygen fugacnty compared with the sulflde and smdca

: lenerals These areas of talc deposmon are suggested to represent. the vents of the "~

°

-
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ore~fdrming solutions. The lead isotopic coff\'positions of pyrite and chalcopyrite are
" similar to those Gf the host basalts suggesting that these basalts or the basement rocks

" were the most likely source of metalsin the hydrothermal solutions. It is proposed that -
chéfnically precipitated silicic and talc rojs may bé used as exploration'éuides for f -

massivg sulfides associated with alkalic Hasalts in an ocean island tectonic setting. “ / g
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L ; _'":host rocks and the genesrs of: the deposnt

,footwall rocks

: ;Wthh are malnly basalt:c ln composmon (Campbell and Tlpper 1971 Hall Bayer '1976

'.Preto 1979\Preto and Schlarrlza 1982) Thls depos:t was dlscovered in. 1978

L Introductlon ,

Numerous occurrences of mlneralls tron are known in the upper Paleozorc

\/blcanlc sedlmentary sequences of the Eag —Bay and Fennell Formatlons in southcentral

‘Brmsh Columbla (Preto 1979) IVlost of these Cu Pb and Cu = Pb Zn occurrences are

= 'deposlt IS the f:rst reported masswe sulflde deposlt in the rocks of the Fennell Formatlon

, 3

follownng stream sedlment geochemlcal surveys and has beeh explored through o

l

S geophysucal surveys and orlllmg lt consnsts of Cu - Fe sulflde bodles wrth assocnated

i

N
A

ThlS thes.s reports the geologlcal and geochemlcal mvestlgatlons of the rocks and

/

L ,;i;:presented in twp Farts In the flrst part the |mt|al magmatlc composntlon and
paleo tectonlc settlng of the rocks of the Fennell Formatlon are estabhshed usmg a
v.:‘varlety of geochem:c‘al crlterla partlcularly the composutlons of the rellct mlnerals
",, o “ The second part deals wuth the geologlcal and genetlc aspects of the ore deposut
.The geologlcal features of the sulflde bodnes and the footwall rocks reveal characterlstlc

' assocnatnons of the sulflde sullcate and oxlde mlnerals These assocuatlons lmpose

T

5 constramts on the solutlon parameters for the thermodynamlc calculatlons used in"

' .,'reconstructlng the phySlcal and chemlcal envnronment of deposmon Of the ores and the

.. -
. o : RIS

A total of 6000 meters of core from forty-*two drlll holes was Iogged and

. sampled on sste (appendnx l) Thm— and polnshed sectlons of* 150 samples from varlous B

rocnlts and ore were examrned for petrographlcal and mlneraloglcal analyses The o

;"approach was to characterlse the dlfferent llthologles in terms of thelr mlneraloglcal and

A

L chemlcal compOSltlon and |dentlfy any varxatlons wnth dlstance from the ore bodles

o relatlve stabllxnes of mlnerals to understand the gene'5rs of the host rocks and the ore’

&

P

PO

~in the felsuc volcamc rocks of the Eagle-'Bay Formatlon (Vollo 1981) The Chu Chua :,_'"F

o ‘massrve talc talc magnetlte and smcnc rocks ln order to develop exploratlon crlterla B

' :"“for massnve sulfldes |n the reglon lt :s lmperatlve to understand the petrogenesns of the

‘;These data were then used m comblnatuon wuth the’ thermodynamlc conS|deratlons on the

N

._,ores from the Chu Chua area undertaken to. achleve the above objectlves The results are S



I, Magmatlc CompOSltlon and Tectonlc Settl of Volcamc Rocks

o of The Fennell Formatlon, Bl’ltlsh ”rolumbla
A lntroductlon S L L : S IR <

a . v : N o B 8

. o Consnderable effort has been made in recent year'L to ldentlfy the, magmatlc

| compos:tion and tectonlc envuronment of altered volcanll: rocks based on geochemlcal

: crlterla To see through the effects of alteratnon and melamorphlsm several .

o dlscrummatlon dlagrams usung the relatnvely |mmob|le ele ents such as i, Y P. Zr and Nb

‘(Cann 1970 Humphrxs and Thompson 1978b) have been publlshed (Pearce and Cann

'1973 Floyd and Wlnchester 1975) These dlagrams are ",ommonly used to’ ldentlfy the

- magmatlc composmon and tectonlc settmg of altered rocl<ls of paleo volcanlc s%gles

: .lBevms 1981 Grenne and Roberts 1980) The basaltlc ro ks of the Fennell Formatlon

A

'have been prevnously classrfled as abyssal tholentes based an ma;or element chemlstryl

- 976) ln c‘ontrast the '; \\
petrographuc features and rellct mlneral chemlstry of these ro cks bear dlstlnct SERREN

A

: ‘and lm'noblle elements dlscrlmlnatlon dlagrams (Hall Bayer

‘b dlSSlmllarltles wuth the present day abyssal tholentes ':' o \ L

| The ob;ect of thus study is. to ldentlfy the magmatlc cdmposmon and

paleo tectomc settlng of the altered volcanlc rocks of the F nnell Formatlon on the

basns of petrography relzct mlneral chemlstry and lead lsotop\c composmons It will ‘be “

shown that classuflcatlon of altered volcanlc rocks only on the basxs of the |mmob|Ie

= ’elements dlscrlmnnatlon dlagrams may ‘be amblguous and therefore must be‘ L f‘ /
- _accompamed by detanled petrographlcal and mlneraloglcal studles Wthh provude more ‘

"'rellable crltema . P LT et S T

B Geologlcal Settlng :: S v o L v ‘

_ The Fennell Formatlon correlated Wlth the Antler Formatlon of the Sllde Mountaln -

’ v Group m southcentral Brmsh Columbna forms a part of the uppiér Paleozom ’Eastern ' |
‘Tectonostratlgraphlc Assemblage of the Canadlan Cordlllera (l\/lbnger 1977) Reglonal

| _‘geologlcal relatlonshlps of the Fennell Formatlon are shown ln |gure 1 To the west lt . ‘

has a faulted contact Wlth the volcamc l\llcola and Cache Creek ' roups and the Gulchon :

&

bathohth and to the east lt |s flanked by the volcanlc and sedlm

ntary rocks of the’ Eagle s
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Bay Formation (Campbell and Tlpper 1971 Preto 1979) In thelr northern pol‘tnons the

“_Fennell and Eagle Bay Formatlons are mtruded by two large grapltlc bodles of the

R Cretaceous BaldyTBathollth The stratlgraphlc and age relatlonshlps between the Fennell

-and Eagle Bay Formatlons are not wett establlshed Campbell and Tlpper (197 1) thought
' that the Fennell Formatlon overlles the Eaglé Bay Formatlon wuth an unconformable or -
- faulted contact Campbell and Okulitch (1976) proposed that the contact was a Iow angle. A

@,
fault whlle Preto (1979) suggested that the. Eagle Bay conformably overlles the Fennell

Formatlon On the basns of lsotoplc datlng of zlrcons from a quartz-ﬂporphyry unlt and

c produced broad northerly trendmg open folds

Zj ! ev:dence from conodonts in the sed:mentary umts Preto and Schuarrlza (1982l
Sl e

A tly suggested that the Eagle Bay Formatlon of late Devonlan ts upper MlSSlSSlplan
age IS overlam ,by the upper MISSISSIplan to late Permlan Fennell Formatlon f. " ,
o The Eagle Bay and Fennell Formatlons have been structurally deformed and three
L phases of mesoscoplc foldnng have been recognlsed (Campbell and Okulltch l973
"jPreto 1979) These authors suggest that the earllest phase conslsts of generally t’lght
'g.vlsochnal mesoscoplc folds wlth recumbent axial planes p}rallel to the schnstosnty The :
axes of these folds have gentle plunges and trend anywhere from northeasterly to .
:northwesterly The second stage folds ranglng from a few centlmeters to several

= fscores of meters have uprlght axial planes wnth the fold axes plunglng gently to the T

o north or northwest (Preto 1979) A later and probably mlnor stage of foldmg has

] {

The Fennell Format:on COl’lSlS‘tS of volcamc greenstones wuth mlnor lnterbedded

"chert and argllllte concordant bodles of quartz porphyry and small carbonate lenses o

- can be lelded |nto two crudely deflned stratlgraphlc dIVISIOl"lS the lower eastern dIVISth

‘con5|stmg of both mtruswe and extrusnve phases and lnterbedded sedlmentary UnltS and ‘

-

i ‘the upper western lelSIOn consnstlng malnly of massnve* and plllowed basalts W|th

'mlnor.mterbedded chert (Carnpbell and Tlpper 1971 Preto and Schlarrlza 1982)

G Petrography

The petrographlc features of some. parts of the Fennell Formatuon (Flg l) have ‘,
e

prevuously been descrlbed by Campbell and Tlpper (1971) and by Hall Bayer (1976)

Accordlng to these authors the volcamc rocks of the Fennell Formatlon are flne gralned L
. e
L .'4; N e Lo T X ) . : o : E .\ N s .



: 'stable Ilquldus phase ina tholentxc magma (Carmnchael et a/ 1974) Chemlcal analyse

o .‘f-hematlte a ‘

» phyrlc or aphyrlc basalts They noted that desplte the low grade metamorphrsm of these
rocks, prlmary igneous textures and phenocrysts of mafnc mlnerals are s\\ll preserved
v __ Slmllar features were observed in the samples of this’ study Most] commonly

: .glomeroporphyrltrc or dlscrete mxcrophenocrysts are set m a matrlx of sub—pphmc or
. o lntersertal texture (Plate 'l) Auglte and plagloclase are the major mmerals occurrmg both,
as mlcrophenocrysts and in the groundmass Ollvnne or rts pseudomorph is notrceably
scarce or absent. Pale brown to colorless augrte mlcrophenocrysts (prlsmatlc BT
subhe,ldral moderate blrefrmgence extmctlon angle "40") Qceur as subhedral laths or -

"gralns(PIate 2) Mrcrophenocrysts of Fe T| oxudes are also commonly presents At\tlmes;__

: -a prlsmatlc red brown amphlbole (pleochronc scheme X= pale brown Y Z= dark reddlsh o

brown) occurs as a prnmary phase or replaces auglte (Plate 3) Prevnous workers )
: ‘(Campbell and T«pper 1971 Hall Bayer 1976) also recorded the presence of-an i 'A
' ,‘ _amphlbole and ldentlfled lt as hornblende chever ‘the occurrence of hornblende s

: mcon5|stent wnth thenr mterpretatlon of low grade me morphlsm of these rocks The

o most common specnes of amphlbole in maflc rocks subjecte o low—‘gr_ade o

- metamorphlsm |s actlnollte (Wlnkler 1979l ln addxtlon thls is, inconsi ‘ttent with the '

" tholelmc nature of these rocks as suggested by these authors for amphlbo not a"

: -amphlboles from rocks of thls study presented in a later sectron lndlcate that they are .
' kaersutrtes lt is posslble that the phase |dent|f|ed as hornblende in. other parts of the i
: ‘4,'_~'_Fennell Format:on mlght also be kaersutxte LT v
; _ | Varlous types of alteratron of both phenocryst and groundmass munerals are
: ,present m the basalts Auglte and kaersutlte phenocrysts are generally altered to |
.”__.aCtan[lte and sphene along cleavages and fractures Phenocrysts of plagnoclase are )

'.almost completely albltlsed and those of tltanomagnetlte llmemte are altered to rutrle

sphene Ieucoxene (Plate 4) The groundmass mlnerals are totally replaced .

by actlnollte ch ) |te alblte ClanZOISIte sphene leucoxene quartz and calcute The -

: (RS
: 'secondary muneral assemblage suggests that\se basalt’s zhave been sub ;ected to it

‘metamorphlsm of low greenschlst facnes lekIer 1979)

N
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“Plate 1. v

- Plate 2.

Glomeroporphyrmc Mlcrophenocrysts of Plagloclase |n Fennell Fcrmatlon‘
" Bas Its. (m ppl)

v ,, Subhedﬁali‘Gfainél and taths of Aug-itve»ibn'- the‘:BasaIts th Chu Chua.'. (in X—polars)

LI L
*



v . - Plate 3. v Réa-Br’oWn, P}isnﬁa’iic Amphibole in'Basalté.at Chu “VChL‘Ja. (in pp;l) |

e

 Plate 4. " Altered:Microphenocrysts of Fe —'Ti Oxides.in Fennell Formation Basalts. (in "
v , R <o reflected light . . -
A s ) ) r
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for both the standards‘and the samples was 400 seconds The standards used were:

‘ \;detalls of. this proc‘edure are glven in Krstlc (1981)

D. Analytical Procedures

Who/e~‘ro.ck ana/ysee' The'whole;rock' analyses weremper»formed by the TXRF -
techmque at the lVlclVlaster Umversuty Two grams of whole rock sample crushed and
then ground in-a tungsten carblde swnng mlll were fused wnth Ilthlum tetraborate The
fusecl_sample were recrushed and pressed into pellets These pellets were analysed for
maJor minor and trace elements using an XRF machlne The. X—raymtensntues were )

>

corrected for matrix and background effects The error of measurement at'one slgma o

'level ns + 0.05% for maJor elements and nearly + 5% for mmor elements WhICh are

R

present in amounts Iess than l% The detectlon l|m|t for the trace elements is 3 ppm and

- the error of measurement is Iess than £ 5%. A detailed dlSCUSSIOﬂ of the procedure

'A accuracy and precrsnon is glven in Longstaffe (1878, appendnx V). ot

M/nera/ ana/yses Analyses of amphlboles and pyroxenes were done ‘at the

Unaversrty of Alberta by the energy dlsperswe techmque using an ARL - EMX electron

mlcroprobe fitted with an, ORTEC energy— dlsperswe s,pectrometer Acceleratlng voltage

' of 15KV and and a fllament current of O 28 mncro amperes were used L,ountlng time -

kaersutlte for Al, Na, K and Ti; dIOpSlde for Mg Ca and Si and hematute for Fe The data -

were processed by the progra\rn EDATA2 (Smlth and Gold 1979) The detectlon .lm|t of '
the analyses is 01 wt% The statlstrcal error at 99% confldence level is nearly *1 %o of the -
amount present for the major elements and may be as hlgh as £ l O% for minor elements

Lead /sotopes Two grams of powdered whole rock sample were dissolved in

[aqua regla ‘and hydrofluorlc acnd Lead was seperated by anion— exchange and loaded oh

a rhenxum fllament by the phosphorlc acrd - silica gel technlque Isotopes were analysed . L

on.a solld source, Mlcromass — 30, mass spectometer at The Un:vers;ty of Alberta The

. error of measurement at one sngma level lstandard errof of the wenghted mean) is

,+O 05%. The lSOtOpIC composmons were corrected for mstrumental fract:onatnon ‘

effects and normallsed wnth respect to the: NBS 981 - common lead standard The' .

. . . - J
l- . . . . .



E. Analytlcal results . : . ! o .

@

Whole- rock The wholg=rock compositions of representatlve samples of the
Fennell Formatnon basalts are given in Table 1. Only those samples which displayed
mlnlmum alteration in thm section were selected for analysrs AII composmons are

recalculated to 100% on a yolatlle free basis. Thebwater content generally ranges ‘
between 2 to 4 wit%. These whole— rock composutlons are characterlsed by very low .
potassium (0. 4- O 3% K, O) hlgh titanium (1. 6~ 2% TiO,) and high phosphorous (0.20-0. 23%
"P (ON] contents For comparlson composmon of rocks from other parts of the Fennell
Formatlon (Hall- Bayer 1976) are also glve)n in.Table 1,

' Pyrexenes Thlrty gralns of auglte from ten samples were analysed using. the| "
mlcroprobe and representatlve analyses are glven in T,able 2. Well developed crystals
lndlcatmg equlhbrlum crystalhsatlon wuth minimal alteratlon along the cleavage and

fractures were chosen for analysns As no chemlcal zonmg was detected areas for .

,analysns were generally selected ll‘l the core of the grams to av01d any mcrplent alteratlon

: "Concentratlons of ferrlc iron were calculated by the method of Paplke et a/ (1974).

These §amples show a narrow range in composmon and are generally enrlched in
."alummum (35% to 8. 1% Al 03) and tltamum {0.99% to 2. 09% TiO,) The chromlum content
is generally low (0 13 to 0 32 /o Cr O,) but in the Al and T| poor samples, it'is’ as high as

' 08% } - T
_ Amph/ba/e Elghteen grams of amphlbole from seven samples were also analysed
with the mlcroprobe “In: two samples (8932 and 3694) both auglte and amphlbole are

; present as the relict phases In others amphbole is the only rellct mineral.
vRepresentatlve analyses are given in Table 3. Al samples are enrlched in tltamum with B
TiO, rangmg from 4.5% to 5. 95% correspondmg to°O 51 - O 68 Tl atoms per formula ’

" ' umt(O—23) Accordlng to the nomenclature of amphlboles proposed by Leake (1978)

they are cIassvfled as kaersugtes R S

lComplete set of analyses are g:ven in appendlx i

~ . . - -



No.

© S0,
Ago,
+e,0,
MgO
~ .Ca0
-Na,O |
K,O
TiO.2

MnO

"ons
zrs

NS

1700

4849
15.21
11.84

7.92

1039

3.07
0.06

1.62

0.18

0.20
123

" Table 1.Representative Basalt Analyses"

110 2559 2551

50.68

1427

1143
7.31
. 8.90

- 4.20
0.05

176

0.18 -
027
130

Yin percent by welght _
!recalculated to 100% on a-volatile- free basns '

. ‘3kaersutite—bearing .

4807

16.77
110.68
6.45
1394
1.87

177
0.18
023

126

* from Hall-Bayer (1976)
5 in ppm

0.04-

1893
.
5058 5046
14.44 14.48°
1224 1163
748 7.05
1025 10.13
271 392 .
‘008‘W004
f7s8 188
022 0.19
022 021
119 132

I

3459 2715
4761 50.10
14413 15.79.
1499 11.94
896 681
961 1013
204 269
004 022
2187190
023 019 -
"020 "dzz;
123 " 129

3458
54.50
15.13
10.85

5.36

816
- 368 -
0,04

1.90

019

0.19

13Q

5558¢

5040
14.40

12.70
7.75

8.48
3.’80‘
0.37 -
172
020
.19
168 _

5613¢ .

48.80
13.44

13.96

7.77

9.86
363"
0.08
12,05
021
0.21
156



No.

SiO,
AL,
TiO;
FeQ

Fe,O, -

MgO
- Ca0,
Cr,‘O3
' MnO

Na,G

Total

Al
Ti
“Fer

F83¢

En

4281

.A

|
I

|

. Table 2. Representative Pyroxene Analyses!

4962 1392 2241 2242 7151 7152 8932

4862

5.71 '
1.68 -

9.05

00

14.04

1973

0.18

0.14
bdl.

v

47.66
592
2089
8.98

0.0

1342

'20.15

0.14
015
" bdi’
o651

46.04

810

255
952
0.0
11.85

20.52
0.16'

0.17

. bdl

98.77

. No. Of Cations On The Basis Of 6 Oxygens

4227 4166 45.86

lin percent by weight .
vb’d_l: below detectipn,limit '

°

1.83
025

0.05

0.28
00
079 k

6.7‘9'
0.01

0.00

181"

026
10,06

028

00
0.76

082 -

0.00°
000

1.75

10.36
0.07

0.30°

0.0

067
0.83
0.00
0.01 -

1941

4807

542

182

993
0.06
13.17
18.91

017
021

bdl
88.76

1.82
0.24

' 0.05
0.32 -
0,00
074

081
001

001

4144 4259 4397 46.18 4331

42.96

15.25

4592
‘&’9'
4955 4827 5057 51.20 4944
518 554 637 351 425
125 144 044 099 128 -
727 714 719 876. 9.36
087 122 00 o.o'\ 0.0
1447 1397 1376 1583 1447
2120 2097 2119 19.15 1941
032 . .o.‘.‘21 0.19 023 013
016 013 016" 018, 018
bdl | bdl . bd  bdl  bdl
1001 9876 9987 9935 9851 9916
184 183 187 180 187
023 025 028 015 0.19
003 004 001 003 004
B 023 023 022 jo.27. 0.d0
002 003 "00 ' 00 00
080 079 076 087 081
084 085 084 076 079
001 001 001 001 0.00
001 000 000 001 001
4511 4561 46.12 39.88
1207 1212, 1222 1425 1560

1529

16.72.

16.86

4216 4074.37.10 39.84

’ <

11

1991

51.62
248
0.68
8562 .
0.0
17.08
17.74
0.20
oz1
bdl

98534

\\‘
193
o1

. 002
027

00
095
071
001

001

36.84
1381
4934

o

L]



\
Tébla 3. Representative Amphibole Analyses u
No. 3466 4662 2715 2712 1893 8932 3413 3410 3694 -3B61
S0, 4099 4036 4206 41.91 3955 3913 '4042-3972 4049 44.87
ALO, 1124 1216 11241065 1405 1447 1082 1200 1212 1244
TO, 451 463 468 513 444 466 595 520 460 342
FeO  17.33 1544 1675 1611 1562 1601 1659 1476 1166 14.62
MgO 1077 1166 1611 1082 1037 1003 1021 1120 1357 898
CaD © 984 1022 1082 1080 1064 1088 1056 1065 11.08  9.38
MnO 024, 019 1090 024 020 027 024 022 025 017
NaO 240 254 - 024 218 274 256 242 268 370 470
K0 008 011 009 009 bd 007 019 015 016  bdl |
HO 260 268 218 196 238 199 260 340. 238 142"
’ No.’ of Cati‘ons'dn The B_asis of 2‘3‘ Oxygens .
i 619 606 564 626 593 586 612 602 601 656
AL 200 - 215 178 187 248 256 193 214 212 215
o Tos1 052 047 058 050 052 068 059 051 038
‘“Fer 219 194 188 201 1.86 201 210 187 145 179
Mg 242 261 322 241 232 224 230 253 300 196
Ca. . 159 164 155 174 171 175 171 173 178 147
Mn 003 002 124 003 003 003 003 003 . 003 002
Na 070 074 006 _0.6,3 Q:éo* 074 071 079 106 133
K 002 o 037 ~002 00 001 003 000

002

- in pérce’nt by weight 4 , L
* * the total of all oxides including water is 100%
bdl: - below detection limit

0.04

003

12
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F. Discussion

Initial composition of the volcanic rocks

Hall--Bayer l1976l‘classified the basaltic rocks of the Fennell Formation as abyssal
tholeiites, in part komatiites, on the basis of major, minor and trace element |
geochemistry. The major~element. whole-rock compOSltions of Fennell Formation
basalts of this study (Table 1) are also broadly similar to those of low-K abyssal tholeiites
(Wilkinson, 1982). However, absence of olivine anti dominance of augite as a phenocryst
phase in these rocks contrasts with present-day, abyssal tholelltes in tvhich olivine forms

a S|gnlf|cant part of the phenocryst assemblage and augite is rare, (Bry n, 1979; Nllyashlro

et al., 1969) - | o ‘ l .

The apparent snmllarlty of major element composutlons to abyssal tholeiites is
probably due to chemlcal changes during alteratlon (Hart, 1969, Hart, 1970; Hart et a/.,
1974 Humphris and Thompson, 1978al The degree of chemical modlflcatlon during
alteration depends on the relatlve moblllty of the elements which is influenced: by
temperature water to rock ratlo and composrtlon and crystallinity of the rock (HaJash and
Chandler, 1981). For a meanmg{ul interpretation of the major element composition, it is
importan‘t to examine thenature of alteration and its effects on thecomposition of these
rocks. /

As suggested by the exustence of pillow structures and assocnated marlne

sediments, it is Ilkely that the Fennell Formatlon rocks were formed in a submarlne

- ‘environment’ and consequently suffered alteration through seawater - rock interaction.

The behaviour of elements durlng alteration of ocean basalts has been s dled by many
authors, both atT/ temperature (Hart 1869:; Hart et a/.,.1974; Scarfe' and Smith 1977)
‘and- thh temperature lBlsl'loff and chkson 1975; Ha;ash 1975 Mott! and Holland,

1978 Humphrns and Thompson 1978a) Accordmg to these studles the mobility of

. elements changes sngmflcantly as a function of the temperature of alteratlon
_ Furthermore,‘ it is noted that anelement may be either added or remo;ved from the rocks

~depending on the temperatur'/e of alteration (Hajash and Archer, 198 Vl. The rocks of the

présent study are from the vicinity of the Chu Chua ore deposit and represent both the

hanglngwall and footwall sectlons These rocks would have suffered a}eratlon under

v varymg condltlons of temperature as the hanglngwall rocks wull not be sub)ected tec the

7 ) )
b Y



high temperature hydrothermal alteration during ore formation  Despite this variability in
the alteration regimaes, the hangingwall and footwall rocks are remarkably similar 1 theu
potrographical, minaralogical. and chemical charactenistics Thus, the uniformly low
‘potassium content in tha basaltic rocks of the Fennaell Formation (see Table 1), tor
example, may be a result of the combined effects of the low temp(u'at{:xr& sea- floor
WEBGthOFIE\gj, higher temperature hydrothermal afteration, and the low-grade regional
metamorphism. This suggests that the apparent similarity " major element compgsmon
ot the Fennell Formation basalts to abyssal tholentes may be fortuitous
As the crystallisation sequence and composition of the phenocrysts are

characteristic of the bulk composition, relict migerals in altered rocks can be reliqble
indicators of magmatic composition of the rock‘f‘sv Relict microphenocrysts of kaersutite,
cllnopyroxene and Fe-Ti oxides, commonly present in Fennell Formation basalts, p‘rovide
useful crnterla for this purpose as discussed below.

. Kaersutite has a very restructed occurrence in basaltic rocks and is reported only

from alkalic basalts or mantle xenocrysts in alkaline.rocks (Aoki, 1863: Gunn, 1972

Brandle, 1874 Wilkinson, 196 1; Kesson and Price. 1972). . Cawthorn (19764, b) argues’

- that ohly an alkalic magma, because of its high alkali and titanium contents, can precipitate

2]

kaersutite as a stabje liquidus phase. This suggests that the kaersutité~bearing rocks in
the Fennell Formation are alkalic basalts

The composmon of crystalllsmg clinopyroxenes is also greatly affected by the
bulkvcompo_sition of the magma. LeBas (1962) suggested that the Ca—content of calcic
clindpyroxeneé inéreasgs with the total alkali content of the magma and that thé
cfindpy‘roxéne in alkali basalts é‘re generally more calcic than those in tholeiitic basalts.
Fodor et a/ (1975) observed similar trends in clinopyroxenes from Hawanan basalts and
noted that the Ca cofftent increases from tholeiitic to nephelinitic suites. Within the
alk—alic suite, the wollasfconite corﬁponent varies from Wo,, in alkali basalts to Wo,, in
mugearites. The clinopyroxenes analysed in this study are all calcic augites :/vith the
woilaéfon‘ite &:omponent rangihg betWeen Wo,, and Wo,, (Table 2) and ferrosilite
co_mpc;nent Iesg than Fs,,. Thése compositions are plotte‘d on the conventional pyrdxene

quadrilateral in Figure 2.

3
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‘Kushiro (1960 1972) LeBas (1962) Carmuchael ez‘ al. (1970) and Gupta et al.
, l1973l have studled the relatuon between the snllca content of the magma and the Si, Al
and Ti contents of chnopyroxene These authors suggest that WIth an mcrease ln the

snllca content of the magma the SI content of cllnopyroxene mcreases and the Al - T|

e

L content decreases Carmlchael et al. (1974) suggeSt that in general the Al,O1 content of

- a cllnopyroxene m a tholeutuc basalt is'less than 2.5% and the TlO2 content varies from O 9

Ve

to 1. 1% The Al O3 and Tio,, contents of all auglte,s except 1991 analysed in thls study
v are more than 3 5 and 0. 9 % respectlvely (Table 2) and vary antlpathetlcally w:th the Si
content The relatlvely lower Al and Ti contents lh sample 1991 may he due to m:nor -

varlatlons in the. smca act:vuty of the magma bv’, PR j“: - SN ) R

Statlstlcal analyses of clmopyroxene composmons from altered and fresh basaltlc:. o

rocks (lebet and Pearce 1977 Leterrler et al., 1982 Schweltzer et a/ 1979) 1nd|cate
(@a‘t the pyroxene composltlons can be used for dlscrlmlnatlng between alkallc and
tholeutnc basalts The dlfferences between clmopyroxenes from alkallc and tholeutlc e

basalts are more pronounced ln the composutlons of the phenocrysts because the

groundmass pyroxenes crystalhslng in the later stages of the coollng of a magma lnherlt i

e the composmon of the re5|dual melt (Smlth and Llndsley 197 n. Therefore the

groundmass pyroxenes are much less sensut:ve to varratlons in bulk composmon than the =

phenocrysts lebet and Pearcec(1977) usmg groundmass pyroxenes suggested that
dlscrlmlnatlon between alkallc and tholentlc rocks based on cImopyroxenecomposntlons
- are not rellable However thelr conclusnons are not w1dely apphcable as the groundmass '

pyroxenes may not represent the true composmon of the magma (Fodor et a/ 1975

PR

Letterler et a/ 1982) Usung phenocryst composmons Leterrler et a/ l1982) recently

B suggested that the alkah basalts can be dJstlngmshed from the tholeutlc basalts on the

basns of the Ca Na and Tl contents of thelr chnopyroxenes The catlon proportlons of
Ca+Na and Ti of augxtes of thls study are plotted ln anure 3 Augltes from BICE

kaersutlte bearlng rocks of the Fennell Formatlon lle ln the alkah basalt fleld and those

from kaersutlte free rocks generally plot in the overlap reglon of the alkallc and tholentlc:'

basalt flelds of Leterrler et a/ (1982) Comparmg cllnopyroxene composmons from

- deep sea basalts Schewntzer et a/ (1979) dellneated composmonal flelds occupled by

\

clmopyroxenes from tholentnc and alkall basalts Thelr data base lncluded chnopyroxenes N

Y

~.\ ,‘ ;
N
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of abyssal tholeutes and aIkall basalts from seamounts but they did not specnfy whether

,groundmass or phenocryst composmons were used On the Fe /. lVlg + Fe?r (catlon

' proportlon) dlagram proposed by these authors, auglte composmons from th|s study

Ve
“again dlsplay the alkallc and transmonal nature of thelr host rocks {Fig. 4), Based on the.
‘ »above duscussnon |t is concluded that the Fennel Formation consxsts of altered alkallc and _

transmonal basalts L o e )

The occurrence and tlmlng of crystallusatlon of the Fe - Ti oxldes can also be .
used to ldentlfy the magmatlc composutuon of the altered volcamc rocks Crystalhsatlon ‘
of lron- tltanlum oxndes depends on the oxldatlon state of the magma Carmlchael et a/ ‘

o (1974) noted that temperature fugacrty of oxygen and the alkall content of the magma

are the major factors whuch mfluence the oxrdatlon state of. snllcate melts and that for

S

' terrestrlal magmas it can be dlrectly related to the total alkah content Recently Sack. et S

(1980) suggested that alkahc magmas are more oxudlsed than tholeutlc magmas whnch
tends to stablllse the’ Fe - Tl oxnde mlnerals |n the phenocryst stage of crystalllsatlon of
B an alkall magma - On the other hand the ox1dat|on state in-a tholentlc magma lS generally
‘qunte low SO. that Fe - T| oxndes crystalllse only |n the groundmass The presence of

' mlcrophenocrysts of tltanomagnetlte in Fennell Formatlon basalts lndlcates alkallc

B Jf'afflnntles of the rocks whrch is consnstent wuth the: rellct mrneral chemlstry

Another approach for the ldentlflcatlon of the magmatlc composntlon of altered

: rocks |s to use the lmmoblle eleme\,nts such as Tl Y Zr and P.as dlscrlmlnants (Pearce

o and Cann 1971 1973 Floyd and Wmchester 1975) Thrs approach has been frequently

s 'used, (eg Bevms 1981 Grenne and Roberts 1980) to ldentlfy the magmatlc composmon

‘ 'j and tectomc settlng of. altered volcamc rocks Floyd and Wnnchester (1975) suggested

‘ 'that the Tu Zrﬂ T| Zr/P Os and Zr /P O dlagrams can be useful in dnscrlmlnatlng o

‘ ",_-vbetween alkallc and tholeutlc basalts On these dlagrams (Flgs 5 7) the Fennell

| , "'Formatlon rocks mcludmg the kaersutlte bearlng rocks plot in- the tholeutlc basalt fleld

; ;'__. Th|s is |ncon3|stent w;th the alkallc and transmonal nature of these basalts suggested by
: .'.mlneraloglcal characterlstlcs . L e A o

A» There could be two possnble explanatnons for thlS observatnon The f.ll’St :

| ‘_' possnblllty is that the trace elements belleved to. be |mmoblle may be mob|le in certaln

R condltions so that oragmal concentratnons are not preserved (Hynes 1980 Flnlow~Bates
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- and Stumfl, 1981). Although the rocks of this study are from the vicinity of an ore

deposit, any abnormal patterns of elemental behawour compared wuth barren areas seem

unllkely because data from the barren parts of this Formatnon {Hall-Bayer, 1976) show

similar values (Table 1) and lie in the tholeiitic basalt field in Flgures 5 and 6. The Ti, Zr
and P contents in the rocks of the Fennell For\matnon are very srmllar (Table 1) and on do

not show any srgnlflcant linear correlatlon Thls indicates that gither these elements were

unaffected durmg alteratlon and metamorphnsm or have been pecuharly affected to lose

:theur ||near relatlonshlps (Pearce and Cann, 1973; Bevms 1981) Therefore the mobility

or lmmobllrty of these elements in the Chu Chua area cannot be conclusnvely proved The_

second explanatlon could be that the diagrams based on these elements do not provide a

_clear dlscrlmlnantlon betwgen rocks of dlfferent composmon of tectonlc setting. Wood

et al. (1979) and Holm (1982l suggested that dlscrlmnnatlon between volcanlc rocks.

from varlous tectonic settlngs based only on the lmmoblle element composmons may

' ot be unamblguous in all cases It i is possble that similar amblgumes prevall in o

dlscrlmlnatmg between rocks of dlfferent chemlcal compostlons Because the most

' llkely alkallc lkaersutlte bearlng) rocks of thls study lie in the tholentlc basalt freld and
“cannot be dlstlngwshed from others thls could be a plaus:ble explanatlon However, it is.

'drfflcult to choose between the two possibilities as both of them may have contrlbuted

N

to the present S|tuat|on in whuch the alkalic rocks of thus study have the so called

“immobile element S|gnatures snmllar to tholeutlc basalts

A

In summary attempts to |dent|fy the magmat:c composltlon of altered volcanlc :

rocks of this study based only on the: concentratlons of ‘the major mlnor and trace

'element composntlons are amblguous. ~The petrographlcal and mlneraloglcal study of the

rellct minerals appear. to provzde more relrable evidence for’ this purpose Based on

' vthese crrterla lt is suggested that the basaltle rocks of- the Fennell Formatlon are alkallc
- and transmonal in character s ‘

3 TectomcSettmg R ; . Sy

" Hall- Bayer(1976) and Monger(1977) suggested that the Fennell Formatnon rocks

s i
. are abyssal tholentes representlng part of the ancnent oceamc crust The presence of -

x

"alkahc rocks in this Formatlon however ralses doubts about thls mterpretatlon Alkalic: .

o rocks are belleved to. be characterlstlc of off axis and mld plate volcanlc centres such |
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‘as ocean |slands seamounts back-arc basins, fracture zones and contmental rifts leg. -

Gast 1968; Melson and Thompson 1972).
" Occurrencé of mterbedded marine c;hert and pillow structures in the Fennell

Formation eliminates any possibility of a contmental origin. Alkali basalts from oceanic

tectonic settings have very few geochemical differences.. However, the associated:

© tholeiitic phase-is noticeably different in various tectonic regimes. Tholeiitic basalts in the -

back‘—arc basins and fracture z'ones are very ‘sirnilar' to abyssal tholeiltes and
geochemncally dlstlnguushable from those in ocean |slands (Chayes 1964 McDonaId and
Katsura, 1964 Pearce’ and Cann, 1973; Dick, 1982) The transxtlonal basalts of the
Fennell Formation are more similar to ocean lsl‘and tholeutes in thenr petrographlc and

mmeraloglcal characterlstlcs than to the abyssal tholentes (Mlyashlro et al., 1969, Bryan,

greL S F

-

- An lmportant geochemlcal dlfference in basalts from various tectonic settlngs IS

"seen in their lead |sotoplc compoéltuons (Tatsumoto 1978, Sun 1980) Sun(1980)

pomted,out that in general the ocean island Ieads are more radlogenlc than MORB leads
and ona 2"7F’b/2°6Pb dlagram typloally l|e along a stralght line. havung a slope of nearly O. 1

The lead |sotoplc composmons of the Fennell Formatlon basalts are given in Table 4 and -

are plotted m thure 8. Lead |sotope data from MORBs and Gough lslands (Sun 1980) are

[

also plotted in this flgure Two features of the Fennel Formatlon basalts are apparent
from this dlagram first, they lie along a stralght lme havmg a slope of O 096; second,
they are. more radlogenlc than typlcal MORBs and are sumllar 16 basalts from the Gough
|slands Thns lndlcates that the tectonic envuronment of: formatlon of the Fennell

Formation rocks was, most likely, ‘similar to present day _'ocean islands- or seamounts.

Kl
. .

e
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: T.ableA_. Lead Isotopic Co,mposftion_s Of FenneH";fFormation Basalts
Sample No. . -  s0spb/miph - wpppopp s01pp /204
1893 | 3692 a7z . 3832

sse3 - 2s16 1655 - | 3822
2551 2040 1879 . ' 3806
1700 . . - i8s2 . - 1858 . 3799 -
110 17 - es7 37.78
3459 . g 1874, 1561 3792
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j
“ {lIl. Conclusions
The phyric and aphyricW basalts of the Fennell Formation in soutl\—central British
Columbia have suffered low greenschist facies metamorphism. Primary igheous textures
and microphenocrysts of augite and kaersutite have survived this-metamorphism and are
commonly present. A characteristic petrographic feature of these basalts is the
dominance of augite as a phenoeryst phase. and is- dissimilar to abyssal tholeiites,
although the Fennell Formation has previously been considered a part of ancient oceanic.
crust _ T , " . ” ‘ .
Occurrence of microphenocrysts: of kaersutite and Fe - Ti oxlde minerals
suggests that the Fennell Formation basalts were orlglnally of alkalic composutlon The"
composition of relict mlcrophenocrysts of augite from kaersutlte—bearlng rocks is
consistent with this observation and is similar to 'the‘composition of augites f»rom alkalic
basalts. 'Cemposition of augite in kaersutite-free rocks indicate a transitional character of
their host basalts. On the basis of these criteria, it is suggested that the voicanic rocks of
'the'Fenr\ell' F‘orm‘atl.on consist of ~altered, alkalic 'arwd transitional ba‘salte. " |
The alkalic,.kaersutite—bearing, and transitional rocks of this stu‘cly plot in the
theleiitic baeall field on conventional Ti — Zrand Ti - Zr/P2Ohimmobjle_ element
diecrimlnation diagrams’ lt s, therelore sugées{ed that caUtion must be excercised when
plassafymg altered rocks solely on the basis of thelr minor and trace element |
,geochemxstry The lead lSOtOpIC composmons of these baaalts are more radsogemc than
typlcal mid—ocean rldge basalts ‘and are s:mllar to those of the basalts from Gough island.
,\-Based on this observatlon the petrographlc characterlstlcs and the presence of alkalic
basalts, lt |s suggested that the rocks of the Fennell For?atlon were formed in a tectomc

environment similar to presentfdvay oc__ean |slands.and seamounts.

0

'l

I



v. Gnqchomistry of the Chu Chua Massive Sulfide Deposit, British Columbia

A. Ihtroduction

The Chu Chua massivq sulfide deposit is located approximately 100Km north of
Kamloops, British Columbia (Fig.2). It consists of cupriferrous iron sulfides with nearly 2
million tons of 2% copper, 0.4% zin-c, 0.4 .grams/ton‘ne gold, 8 grams /tonne silver and
- trace amounts of tin (McMillan, 1979). The deposit-occurs in the alkalic and transitional
_basalts of theluppar Paleozoic Fennell Formation vyh:c:h were formed in an ocean isiand
tectonic setting (Aggarwal, 1882). The Chu Chua deposit differs from other known
mineral occurrences in the region, most of which are in felsic volcanic rocks (Vollo,
1981). McMillan (1980) and Vollo, (198 1) have suggested that this is a typical volcanic
exhalative @epbsit in tholeiitic rocks, akin to the Cy;;rus copper deposits. ‘The
composition and tectonic setting of the host rocks and the oc;:urrence of massive silicic,
talc and talc—magnetit\é bodies in the, footwéll, however, distmguisi*; the Chu Chua depoéit
from other volcanogenic massive sulfide deposnts | .

The object of this study is to develop a genetic'model for the Chu Chua deposm
base_d on the geologlcal and geochemucal features of the ore and the wall rocks together
with thermodynamic considerations of the stabilities of pertinent minerals. It will be |
shown that the massiye silicic and talc rocks associated with the deposit are primary
chemical precipitates and may provide useful exploration criteria for massive sulfides in

similar terrains.

'B. Local Geology |

| The -Chu,Chua deposit occurs on the western limb of th{a Chu-Chua anticline in the
up'pef division of the'-FenneH-»Formatjon {(Fig.9). Preto (197:9) suégests that rocks in the
Chu Chua area:dip steeply to the west but have not been ovekturned, This ns consistent
with the results of this study as will bé-discussed later. The 'déﬁ;osit consists of tWo |
major, eaétérn and,wesltern, and two minor Ienticular; bodies of massive ‘sulfide"s trendi?ﬁg
north —_"south and dipping siéeply to the west with a éentle plunge towqfds the south
(McMiIlaﬁ, 1980). The \Vsulfide‘ bodies have sharp, up‘rﬁep contacts with the ‘basalts and are

" mostly underiain by massive silicic or talc units {Fig. 10). The eastern suifide body,

28
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- Figure 9. Geological Map of The Chu Chua Area
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however is en'closed within the silicic unit The COnt"acts bet»ween-the mas'sive‘sul'fide's

'_ and the solncnc unlt are frequently marked by transmon zohes of dlssemlnated sulfldes

: whlle the massrve talc. unit, occurrlng only below the western sulflde body is notlceably

0 vdevoud of any sulﬁde mmerals ‘ ' ' :

» _Sulflde bodies " . |

: | ~The deposnt has been dellneated by ,extenswe drllllng and the major sulflde bodles |
: _.,range from ‘lOOm to 200m in Iength 2 to 25m‘in wndth and have been proven to depths

. ':of lOO to 150m lVlassnve sulflde zones of a total w:dth of ‘IO meters have recently

. 'been intersected in two holes down the. plunge of the ore bodle\s at a depth of 300 .

g meters Nlassnve talc - magnetlte lehses occur partlally enclosed wnthln the sulflde

= "sectors of both the major sulfxde bodles ln the western sulflde body the talc = -

&

» .magnetlte lens overlles the massive talc rocks (Flgs ‘lO 1 l) The sulflde bodles are..

b -predomlnantly composed of pyrlte and chalcopyrlte wnth mmor amounts of sphalerlte

Eo .cubanlte stannlte - kesterlte SO|Id solutlon quartz and calcrte l\/lagnetlte generally

orcurs in mlnor amounts assocnated wuthathe sulfldes but becomes a S|gn|f|cant phase in- S

the vxcmlty of the talc magnetlte lenses

AR _' The sulflde mlnerals occur in var/mg gram slzes and dlsplay both prlma

’deposmonal and mc:plent metamorphlc textures Pyrlte oc.cur*s m_ﬁnely crystalllne '

,masses or as coarser (O Ol to O 05 mm) subhedral to euhedral ’gr lns it often carrles

v 'vmlnute mclusnons of chalcopyrlte The ﬁnely crystallme masses occur in colloform

lntergrowth wuth chalcopyrlte and sphalerlte (Plage 5) mdlcatmg Ilttle or.no -

'rrecrystalllsatlon durlng metamorphrsm ln contrast the subhedral pyrlte grams have
z‘,‘suffered graln boundary mlgratlon and ihow crudely deflned trlple pount Junctlon - o [

. textures (Plate 6) Chalcopyrlte is generally mterstmal to the pyrlte gralns but also occurs

¥

as subhedral gralns varylng in s:ze from O O‘lmm t60: lmm lnclusnons of cubamte pyrlte | ep B 3
‘ and sphalerlte are frequently present in chalcopyrlte When etched wnth H C)2 NH OH - E q 5
solutlon coarser cha‘lcopyrlte gralns dlsplay annealmg twms (Plate 7) but no sngnlflcant e .
o _.-deformatlon twvnmng Sphalerute mostly occurs in flne mtergrowth wnth pyrlte and o
‘chalcopyrlte or as mclusnons in chalcopyrlte lsolated subhedral gralns of sphalerlte are
'Vruncommonly present and show mcnplent deformatlon twmnmg when etched. wnth 47% HI

so_lutlon.‘ ,Stanmte-—, kesterlte‘ solid solu_tlon,» o.bservedrm on_e sample, ls_\assoclate,d w:th L
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" Plate 5.
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Fme mtergrowths of Pyrlte = Chalcopyrlte - Sphaierlte dxsplaylng colloform
texture

Plate 6. Subhedral pyrite grains showing triple-point junction texture
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sphalerlte and chalcopyrlte It occurs as a composute phase and does not show
exsolutlon of Fe or Zn I'ICh end members ‘
Wall rocks . |

The Chu Chua deposit is hosted in the massive or piliowed, p‘h‘yric.and aphyric

~ basalts of the Fennell Formation.” Although thes'e basalts havesuffered low greenschist

facues metamorphlsm thelr prlmary lgneous textures are, still preserved Dlscrete or
TN ’

-‘glomerophyrlc mlcrophenocrysts of augite, albitised plagloclase and kaersutlte occur in a .'

- .matrix bf alblte actlnollte chlorite, zor ite, sphene leucoxene, quartz and calcite. The

: whole rock compos:tlons of these basalts (Table h do not show any’ S|gmf|cant chemlcal

' phosphorous (0 02% P,0; ) and manganese lO lVInO) contents Samples 1565 and 1577'

o d:fferences from the hanglngwall to the footwall of the deposxt :

The sulflde bodles in the Chu Chua deposst are generally underlain by the SIIIClC n

-"and the talc unlts WhICh are flne gralned and massuve The rocks of the Sl|lCIC umt are
’ predommantly composed of quartz with minor amounts of phengltlcxmlca and chlorlte

_ stsemlnated pyrlte and sometlmes chalcopyrlte |s commonly present Quartz occurs as

fme anhedral gravns wnth a mosaic texture (Plate 8)t Small flakes of phengltlc mlca W|th

.no preferred orlentatlon generally occur in the mterstlces of the quartz gralns These
: rocks do not show any replacement features such as rellct or pseudomorphlc mlnerals
o and partlally altered basaltlc textures The whole rock analyses of the. Sl|lClC rocks (Table

o 5) show, on an average 83% Si0; and 4% each of Al .0, MgO and., Fe O The CaO Na20

and K 0 contents are less than O 8% They have very Iow tltanlum lO 2°/o,TlO )

. (Table 5) show sllghtly hlgher alummum values These samples are stratlgraphlcally hugher .

. fthan others and the greater alummlum content may reflect a hlgher detrltal component

“The talc. umt has very sharp contacts Wlth the underlylng basalts and shows a

."general lncrease m the magnetlte t':ontent towards its: contact wuth the overlymg sulfide -

_ body The SllICIC unit" is laterally ad;acent and does not underlle the. talc uth (Flgs lO 1 l)

The contacts between these two unlts are sharp and do not have any transmon zones.

) The rocks of the talc unlt consnst essentlally of talo (doc,—g 4 A, dm—l 52 A): and

s occasnonally minor amounts of magnetlte These rocks are massnve and flnegramed and

do not show any replacement or pseudomorphlc textures The whole rock chemncal

R analyses of these rocks (analyaes 7 - 9 Table 5) are consnstent wnth thelr monomlneraluc

.
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‘Table 5. Whole ~Rock ‘Analyses of The .Silic.i,c ah‘dv Talc Units??
| | S » S !
No. ~_ 1116' 1666 7343 31445 1565° 15770 190¢ 25004 2546
, e
59;: 8872 .91.18 ;3171 7069' 6972 8260 '60§E~ 5816 3868
UALO, 241 371 . 447 374 963 737 078 122 124
Fe,0, = 262 152 568 1812 1197 A aE1-efQ55\\1e55 37.87
" MgO ;l;351'  168 ' 580 442 577 296 5639‘ﬁ2k72 1213
G0 121 048 125 037, 081 188 073 009 317 -
N0 031 014 074 017 001 017 . 011 . 033 036 .
0 002, 083 002 009 083 134 002 003 012
g ﬁo, 015 017 '[dgze 027 077 039 003 003 005
© 'MnO  © 003 005 006 008 028 007 00 00 012
PO, - 004 002 004 ‘002 042 010 002 003 _604

s

ze 88 64T B4 i a1 . sa 77 13 13

lln percent by’ weught N S e
" ?recglculated to 100% ona volatnle free baSIS . a
o lsilicic. unit .

-Atalc unit

Sinppm
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‘nature. These analyses show 50% SiC% 10%- Fe ,O; and 30% MgO As in the slllC|c unlt
the AI Ti, Mn’ an'd P contents of these rocks are also very. low.”” I
Orlgm of the footwall rocks ' k' ' r v. ‘ '\‘

Silicic rocks are co?tnmonly assocnated w:th volcanogenic massive sulflde _
deposnts for example the Kuroko,. l\/latagaml Lake and Noranda depOS|ts occuring elther
or both in the hanglngwall and the footwall of the sulfides (Franklln et al.; 11981). Those v

in the footwall are thought to bel the products of extensnve snhcuflcatlon of the host '
rocks by the ascendlng hydrothermal solutlons {Cathles, 1981). On the other hand the
massive cherts or tuffltes overlylng the sulfldes are con3|dered to be the chemlcally

'prec:pltated smters in the Iater stages of cooling and dllutlon of the ore- formmg
solutlons (Reed 1982). Sllulelcatnon of the host rocks involves addition of silica by
deposntlon of quartz and recrystalllsatlon of mlnerals to a snllca l'lCh assemblage and the -

rocks produced by the SIIICIflcathl‘l wnll retain some textural and composltlonal features

of the parent rock. As stated earlner the slllClc rocks of thls study are composed malnly

of quartz and. do not show any replacement features Further the alteratlon products wull

“ have similar contents of the generally |mmob|le elements such as Al, Ti, Zr and P (Cann o

1970 Humphris and Thompson 1978) as the parent rocks. . However Roberts and
Reardon (1978 and Finlow~ Bates and Stumfl (1981) noted that lntense hydrothermal

* alteration in the wcmnty of the ore deposlts may le%,d to, the moblllsatlon of even these |

-elements From a detaxled study of the petrology /Jf Fennell Formatlon basalts Aggarwal :

_(1982l noted that the lmmoblle element composntlons of basalts in the Chu Chua area do

not. show any abnormal patterns of elemental mngratlon relatlve to those of the basalts ol

. from the barren parts of the Fennell Formatlon The much lower Al Ti! Zr and P contents
of the SIIICIC unlt compared to- the host basalts and thEIF fine- gralned nature ellmlnates ;
- v the possrblllty of these rocks belng the prgducts of alteratlon and suggest that they are
_prlmary chemlcal precupltates le snlncuc smters ‘ .

.

lVlasswe talc rocks are also frequently assocnated wuth mass:ve sulf:de depos1ts

(Franklm et a/ 1981) These rocks are generally thought to be, produced by the |

: alteratlon of pyroclastlc rocks (Roberts and Reardon 1978l or. ultramaflc rocks (Parslow :

et a/ 198 1). The talc rocks in the Chu Chua depos1t however do not show any
replacement textures and have very low Al Ti, Zr and P contents They are i sharp

L R

.
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contact with the underlylng basalts and within one‘ meter of this contact, the chemical and'.
mlneraloglcal composltlon of these basalts is similar to those from other areas of the
deposit.. These observations, together with the-absence of pyroclastic’or ultramaflc
B rocks in the region (Preto, 1979) suggest that the footwall talc rocks in the Chu Chua
.'deposn are also chemical prempntates ie. phyllosullcate smters Although prlmary talc
precupltates are not known to be associated with massive ‘sulfide deposnts they have
recently been reported from’ the mounds of the hydrothermal vents in the Guaymas Basm

Gulf of Callfornla by Lonsdale et al. (1980}

C. Envrronment of Deposmon L _ o
In order to. reconstruct the physlcal and chemlcal envnronment of deposntlon of
the Chu Chua massuve sulfldes ‘and the footwall rocks stabilities of talc and minerals ln/
‘the system Fe -0.-5 were calculated at 250°C and 300°C as a tunctlon of O, and pH
’(see appendlx 1. Thermochemrcal data for mmerals and aqueous species. glven by
- Helgeson etal. (1 978) and Helgeson et al. (1981) were used in these calculatnons
thermodynamlc propertles of water were taken from Helgeson and Klrkham (1976 and
the solublllty constants of lron and copper chlorlde complexes were taken from Crerar
and Barnes (1976)
'Solutlon Parameters :
- , The solutlon parameters used in calculatlng mineral stabllltles were chosen on the .
' ba5|s of the’ composmon of flunds in experlmental studles of seawater - basalt -
.lnteractzon (Mottl ez‘ al., 1978 Seyfrled ‘and Blschoff 1980 Ha)ash and Archer, 1981)
| O other massnve sulflde deposits (Barnes, 1879).and natural hydrothermal systems '
» (Blschoff 1980) The experlmental studles mdncate that lnteractlon with basalts enriches
: the seawater |n Si and Fe while depletlng lt |n Mg and that the extent of these elemental ‘
: .exchanges is sngmflcantly lnfluenced by the temperature and the water/rock (w/r) ratio.
v LAlthough there are no: mdependent crlterla to estlmate thls ratio, the solutlon
v'.composmons in. many natural hydrothermal systems and volcanogenlc massnve sulflde
deposlts in general are snmllar to those observed in experlmental studies done at low -

"fw/r ratlos Hajash and Archer (l 98 1) noted that seawater reacted with. basalts under low-

o w/r ratrbs l5 1) at 500°C and cooled to, 300°C had a srllca concentratlon of 650 ppm
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N\
.(amorphous silica saturatlon = 700 ppm). The Mg and Fe concentratlons in these

solutions were 195 and 222 pprh respectlvely In natural seawater the Mg
concentratlon is consrderably hlgher (1496 ppm) and that of Fe and Si is much lower (0.1
" ppm-and 3 ppm respectuvely) Mlxung wrth seawater vwould mcrease the concentratlon of
- l\/lg and decrease that of Fe and Si, in the upwelllng hydrothermal solutlons In the |
| present calculatlons, an Mg concentratlon of 102 moles/ kg water (240 ppm) and‘Fe
concentration of 10-2 7 moles/ kg water (100 ppm)were assumed Beoause the
'concentratlon of sullca is hlghly dependent on temperature saturation wrth amorpﬁous
silica was assumed even though the experlmental studies lndlcate slightly Iower
concentration. Cu and ci concentratlons of lO 3 moles/kg water (lO ppm) and 1 mol/kg
" Water respectlvely were assumed with, analogy to generally observed concentratlons of
,these species in ore formlng hydrothermal solutions (Barnes 1979 Arnold and
Sheppard, 1981)s . | .
»Dlscussmn ‘ .- -
_ The stablllty flelds of talc, pyrrhotlte mme pyrlte and hematlte as a functlon
of fO ~ pH at 250°C and 300°C are shown in F;gureL 12 and 13 The relevant reactlons
and their equlllbrlum constants are. glven in appendlx i, The calculatlons were done at the
.pressure of vapour saturatlon for water at the g;ven temperature The actrvuty of FeS in
pyrrhotrte at 300°C, in edau;llbrlum wrth pyrite, was estlmated from the diagram given by
- Toulmin and Barton (1964). For pyrrhotlte in equnllbrlurn W|th magnetite,.the fugacity of -
sulfur'w‘a‘s approximated bvy'. assuming- that only one species of sulfur was predominant at
a given fo, - .pl—l and the activity of léeS was’,‘nthen estimated as above. These ‘values were
L extrapolated f:'or the calculations at 250°C. ‘The activity of talc was corr.ecte‘d for the
Fe—component as o | o
| . acz‘/V/ty of talc = XMg / XMg + XFe. . o ) L

At 300°C and moderate sulfur concentratlons (lO ¥ moles), magnetlte is. stable at
‘a lower fO than pyrlte and a stability field of magnetlte exists between those of:
vpyrrhotlte and pyrlte (Fig. 12). At thls temperature talc is stable at a lower .pH than iron:
mlnerals in the f’O2 reglon of pyrrhotite stability. Precupltatlon of talc by thi reactlon
| | 3Mg + 4Si0; + 4Water = Talc + 6 H'
wiII _buffer-the pH of the solutlon and pyrrhotite would not be stable; With an inorease in 4‘ _

p.
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0, magnetite would hegin to coprecipitate with talc. Under more oxidisirwg conditionsr
pyrite anld chalcopyrite would precipitate aiid the precipitation of pyrite would huffer the
solution pH to more acidic levels than the stability of talc.

' . Thus, the sequence of precip\gtation at 300°C, with increasing.fO,, wilt be:

talc —> talc + rnagn231/te —> magneti'te + pyr/te > pyrite + cha/co,c;yr/te

This corresponds well with the mineral assemblages observed at the Chu Chua deposit
wherein no sulflde mmerals occur in the talc body and talc is not present with the -
sulfndes as a gangue mlneral Also, the magnetlte content in the talc body increases un the
proxlmlty of the sulfides. . ‘
' ‘At 250°C, the stability fields of talc and magnetite shift significantly The stabiI:ty ; 5'**’
field of magnetlte is reduced and in acidic to neutral .conditions, magnetite is not stable at

a Iower fO, than pyrite, even wnh"t/ery jow (0.00 1mj sulfur concentratlons Talc IS, N0
\
Ionger stable at a lower pH tham the iron minerals (Fig. ; ~3h, The precipitation of pyrite or
7 oy

i
v%"

ains metastable at any oxygen

pyrrhotnte buffers the pH to very low levels and tal

fugacity. Due to the decrease in temperature the sok 'of silica decreases (Walther

and Helgeson 1977) and quartz or amorphous srllca may be precipitated (Reed 1982

W:th a 'decrease in temperatu e and lncreased mr&mg of more OX|d|zed seawater the 70,
in the hydrothermal solutrons also increases. The oxygen fugacxty at Iower temperatures
will be higher than at 300°C and therefore, above the stability of pyrrhotnte Thus, pyrrte
‘chalcopynte and srllca would be the ma)or mmerals precnputatmg at this temperature The
occurrence of silicic rocks, laterally adjacent to the talc body; is gonsistent with this
observation. | | ’ | 7

s The relative stabilities of Eniner‘al'sdisCUssed abO\/ce\ would be significantly
different with a change in solution parametersf :rhe stability. of talc will shift to more
acidic regions at a higher Mg or Si c_onc‘entration and to alk‘aline, regions at a lower ‘Mg or
Si concentration. A higher Fe of S concentration will stabilise pyrrhotiteat lower pH than
shown in Figures 12 and 13. Thus given higher Fe and/or S and’lower Mg and/or Si
concentrations than those assumed in the present calculatlons talc may not be stable ata
lower - pH than iron mmerals even at 300°C '

X ' .
Several hnes of evidence support the assumptlons of solutlon parameters. made in

thls study. The occurrence of the. suhc:cysmter unit only laterally adJacent to the massive

-

s,
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’ .talc sxnter unlt ‘and‘ the absence of snllca'mmerals w;thm the talc unit. mdlcate that durmg
| the deposntlon of talc the solutions; were not super saturated with respect to sxllca but
_ ‘became so after coollng Iherefore the Iower |lmlt of S| concentratlon at. 300°C would
be at or close .to, amorphous slllca saturatlon as assumed in thls study The lVlg |

<

, concentratlon is hlghly dependent on the w/r ratlo and the extent of d:lutlon of the =

o

hydrothermal solutlons on the sea- floor An lncrease in both of these factors would

result in a hlgher Mg concentratlon in the solutlons and favor the depostlon of talc at<

s ’v v,lower pH A lVlg concentratlon of 1O ! moles/ kg of Water assumed in this. study based

\

upon low w/r ratlo and mlnlmal mnxmg thh seawater can be taken as. a lower boundary
v 'and hlgher ng concentratlons wnll not affect the COhC|USl0nS reached above The '
t _‘occurrence of magnetlte in and lmmedlately above the talc umt suggests that the

solutlons were in equmbrlum wuth magnetlte |n acuduc condltlons where talc is_ stable

‘.Solutlons thh a: concentratlon of sulfur substantlally more: than 0.003 moles/ l<g water L

_can not precupltate magnetlte even ln sllghtly alkahne condltlons at \SOO°C (Flg 12)

Consquently lt is. reasonable\to assume that the maxmum concentratlon of sulfur in the :

""'.hydrothermal solutlons at Chu Chua would have been 0. 003 moles/ kg water The

"absence of pyrrhotlte ll‘l the footwall basalts partlcularly underneath the talc body

. suggests that condltlons for. lts deposnton were not reached Assumlng that the molallty o

B3

of sulfur was 0. 003 arv Fe concentratlon more th%nto 32 moles/kg water (150 ppm) will

N

e precnpltate pyrrhotlte at or below the ‘pH where talc is stable at 300°C (Flg 12)

[

& .;_‘ 'decrease in Cu concentratlon to 1 ppm would shn‘t the pyrrte»— chalcopyrlte boundary tov N

/Iower fO and chalcopyrute ‘would notocopreapttate wnth pyrlte (Flg 12) The assUmed Fe' -

= '; and Cu molalltles of 1035 (100 ppm) and lO 3 (lO pprﬁ) respectlvely therefor,e set the’

" upper llmlt for Fe and Iower llmlt for Cu in- the ore. solutlons at Chu Chua Thls is quute

LR

‘v'reahstlc in view of the solublllty studles of the chalcopyrlte + chalcocnte and the pyrite + . .

.'pyrrhotlte + magnetlte assemblages (Crerer and Barnes 1976 Crerar et a/ 1978) Thus,. -

. 3
; ~.m|nor varlatxons in the solutson parameters assumed |n this study would not sugnlflcantly

xm"}

Q‘St

change the relatlve stabllmes of the' mlnerals cons»dered

.r,&.



: ’basalts was snmnlar lThorpe//a/ 198 ll On this 207F’b/""‘Pb vs 20"’F’b/"”l’b dlagram (Flg
‘ ].4)‘,‘ these. composmons(?ve a slope age of 1. 56 Ga However the geologlcal and other

. radiometric -age determi
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D Gen\etnc Model ?

o - s

’ The stabllltles of mlnerals at the Chu Chua deposxt dlscussed above suggest that

= ‘»talc was" deposnted at relatlvely hlgher temperatures and lower oxygen fugacmes
n;«compared to the |ron and sullca mmerals As seen m Flgures 12 and l3 magnetlte can.
' coprecxpltate w:th talc only at temperatures hlgher than 250°C and therefore the

‘voccurrence of a talc magnetxte lense overlying the taic body is also- consnstent w;th thls

s

observatuon L [ER R
, The relatlvely hlgher temperatures and lower oxygen fugacnty needed for the ‘

deposmon of talc in the Chu ‘Chug depos:t suggest that the areas of talc snnter deposutuon

'represent the exhalatlve vents of the hydrothermal solutlons Thls is consnstent wuth the
, ’experlmental studles on the mlxmg of hydrothermal solutuons w1th normal seawater i

' V(Seyfrled and anchofrf 1980) These authors note that dllutlon of hydrothermal solutlons =

by small amounts of seawater (mlxrng ratlo 1 3) results in the precnpltatlon of a lvlg phase

band on coolmg of amorphous s:hca Also rapld mlxmg wsth large amounts of seawater
:(mlxmg ratio 1: 39) Ieads to dllutlon of snllca much below amorphous sxllca saturatlon a
Wthh |nh|b|ts the precnpltatlon of magnesnan and s:luca phases The solutlons Wthh

i deposated talc were probably also responsuble for the deposmon of the sulfldes Talc

b vmagnetlte and pyrlte W f'j'edeposned close to the vents and in the more dlstal areas

: ) »pyrlte and sallca we e deposnted due to lower temperature and more oxudlsnng cond;tldns

The preceedmg drscussuon suggests that the curculatlon of seawater due to the v

‘- extrusuon of Fennell Formatvon basalts;a_d consequent seawater = basalt lnteractlon L

. resulted in- the formatlon of the Chu Chua depos:t ThlS hypothe51$ can be further

- ‘evaluated by the lead lsotoplc compos:tlons of sulfldes and the ho.st basalts The Iead

smons of pyrlte and chalcopyrlte from Chu Chua are glven in Table 6

v hese composltlons are sum:lar to those of basalts from thls area (Table 4) as seen m

'__Flgure 14 Thns mdlcates that the/ultlmate source of lead in both the sulfldes and the host e '

tions of the’ Fennell Formatlon (Preto and Schlarrlza 1982)

suggest that itis of7;>/per Paleozonc age It |s llkely therefore that the lead and other

-;metals |n the Chu/(?hua depos:t were derlved from the basalts or the basement rocks by

YN

N g‘ N .. . .




2686 . 1886 - . 1565

S0 1 ,fnf_-- !J”"i9o3"jkfI jj  ¢56Q_F,f_”fj ~39.00

45
T-abie 6. | Lead Isdtépic_ Cdmpbs’iti_pns Of SOI{i‘-ideﬂMin‘e‘rals In The Chu Chua De,pos:it_-
. Sample No. '; o ;ﬁpr@‘Pb.‘w".‘;i‘vZMPb/“"Pb: o vih' 2.“‘Pb’/‘“"bf-"‘b‘
667 .. 18s2 1880 S 3831
oiest ' isas . ise0d 38.26
o 312eA . 1826 . el - 3732
S8 1860 s, 332
2812 1825 - seo . 3787
28141 1883 S 157 - - 3808
| 243f1v*:' .‘ w' '-JI.1857_5 ) l”:, 1566uf,;‘f " 3836
gee9 o 1908 L1870 - 3890 ,
| 650 " 3ss0
1657 .- 1gs3. o 1663 ‘\’ f»_H3é3éf*'~
1538 . " iges . wme2 3836 -
| 31268: .3,' f 'vi¥" ¢367?”ﬂ-L_,”\ ‘ ]558,ijj':» 1.5'3&ﬁ9' '-'
siag e “a18§ﬂf‘ '¥f""  1556‘_v ;~f : 3802 -
:. f3;37Q s 1868 . 563 3851
L _ . \
_} ?4?72;‘j_1i{i,[_ _f &j§§6_*f- j4 .‘ ig§s2;; '»j 7,_  3837:3
%179 0 . 1841 o PisB8 . 3816
S

O



46

PO

)
—

Oom ST

, |ovm a1

.;mwv_,omm st

Jm-owm Q1.

.m@mm»Ma

>

o
.
0
d.?
o

pic céfnpositidné, of p'yrite-'an‘d c‘:hal"copyrit‘:e from Chu Chua .

Pb isoto

" Figure 14,




Wt

the cir‘culating seawater . (‘Stacey et'a/ 1980 Franklln et al., 198 1).

The typlcal footwall metasomatxsm in volcanogemc massive sulfide deposlts

_lndlcated by magnesmm enrlchment and sodlum depletlon (Franklln er al., 1981) IS not

apparent in the host basalts of the Chu Chua deposlt (Table 5). There could be two

alternatlve explanatlons for this observatlon namely

A

o depostt as dlscussed earlner for the precnpltatlon of talc The relatlvely hlgher e

The low grade m\etamorphlsm in the reglon may have destroyed the chemlcally

anomalous zones and altered the footwall and the hanglngwall basalts to a unlform

composmon ThIS seems unllkely however inview of the prlmary alteratlon zones o
preserved ln massnve sulflde deposuts Wthh have suffered medlum to hlgh grade b
metamorphlsm such as the Anderson Lake and Stall Lake deposnts in Manltoba
(Franklln et a/ 1981) o v A s ‘
Aolternatlvely, the upwelllng solut:ons d|d not equlllbrate wuth the rock mass to
produce the footwall metasomatlsm lf the reduced and acvdlc hydrothermal
solutnons le wrth large amounts of normal seawater before debouchlng on the

sea floor or rise rapldly through the rock mass W|thout slgnlflcant coolmg they. wlll' v \ :
“hot equlhbrate W|th the rocks and w;ll not undergo the elemental exchanges -

observed in other masswe sulflde deposﬂs (Bohlke 1980) Large scale dllutnon of .

hydrothermal solutlons below the rock - water mterface is unllkely at the Chu Chua ;

temperatures (300°C or more) |nd|cated for talc deposmon in the vent areas, |

however suggest that the solutlons may not have cooled slgnlflcantly as they

ascended towards the rock - water lnterface Thus the apparent lack of footwall S
etas0mat|sm in the Chu Chua deposrt is, most llkely due to a lack of equnlnbrlum
mteractnon between the upwellnng SOlUthhS and the rock mass, . . - g

The presence of trace amounts of tln in the Chu Chua deposut is enlgmatlc and

: may also be due to the hlgher temperatures of deposxtlon Tin is not commonly _
‘ ,_assomated wrth mas lve sulflde deposnts and of the Canadlan masswe sulfldes economlc

e ‘concentratlons of tln are reported from the Sulllvan and K:dd Creek deposuts T|n lS R

generally transported as a hallde complex and the stablllty of these complexes is greatly e

) _|n5|gn|f|cant coollng of the solutlons at Chu Chua prlor to dlscharge on, the sea floor

reduced wnth a decrease in temperature or an mcrease in pH lBarnes 1979) Relatlvely

Sl (.'b"’;:#
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would allow most of the tm to remain in solutlon and may result in its precipitation wuth

the other sulfide mlnerals :

The sequence of events in the genesls of the. Chu Chua deposn as dlscussed
above is schematlcally shown in Flgure 15." The Fennell Formation basalts were extruded
in an ocean island tectonlc settnng and provuded the heat source for the convect:on ‘of. the
seawater The consequent seawater mterac’uon with the basalts resulted in reduoed and
acndnc hydrothermal solutuons enrtched in Sl Fe, Cu and, probably reduced sulfur .These

olutlons rose upwards without much coollng or dllutlon and did not reequnllbrate W|th
the rock mass The solutlons debouched on the sea- floor through at Ieast two vents
Wthh varled in thelr rate and capacnty of dlscharge The southern vent was probably
Iarger and had a more reducmg envuronment at the smter mounds as compared to the
northern vent The hlgher fugacnty of oxygen in the southern vent resulted in the '
depOSIton of massive talc on the mounds whlle talc magnetlte were deposnted on the

northern vent Wlth an lncrease in the oxygen fugacnty upwards magnetlte and the.

sulfude mlnerals were. deposrted Laterally dlstant from the. vents the solutlons flowrng

' along the sea— floor cooled and mlxed Wlth more oxygenated seawater deposrtlng

smters composed of smca and the sulfldes The coolmg solutnons from the larger vent

probably covered the sulfldes deposnted near the smaller vent resultlng in‘the: eastern

: sulflde body: belng enclosed in the snlncnc stnter unlt Thls can be envnsnoned if the larger

vent was. deeper and less: open than th€ other ‘which- lS con31stent W|th a hlgher oxygen

fugacuty at the larger vent. -

Appllcatlons to exploratl n for Cu Fe masswe sulflde deposuts

Volcanogennc masstve sulfide deposrts assocnated wnth basaltic rocks are

generally known to occur in tholeutlc basalts of mld ocean. rldge or |sIand arc tectonlc

settlngs (Hutchlnson 19'?3) The dlscovery of the Chu thua dEpOSlt |n alkallc basalts of
an ocean lsland settlng |s S|gn|f1cant for the exploratlon for massuve sulflde deposuts in.
many basaltlc terranns such Ss the- Hawauan lslands whlch have been cons;dered

unfavorable so far .

SRR ) " -—

The exploratlon crlterna for oreldeposns are arded by promlnent geologlcal and

]

geochemlcal features assoclated wrth the ore bodles In general the footwall alteratlon -

plpe and a strlnger zone of sulfldes have beeh useful exploratlon tools for volcanogenlc

- 1
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‘mas‘sive sulfiee deposits (Frahklin et al., 1981). Although these zones are not present in
the Chu Chua deposit,, the assocuated massive talc and talc— magnetite bodies can be easny
' zdentlﬂed in the fueld ar geophysncal surveys and may be used as. a crlteroon for .
exploratloﬁ In addmon the chemically precapltated smcxc rocks are also a hkely guide to
the ore. Thus the absence of generally observed footwall alteration zones in a basaltic
terraln should not be consudered as an mdacatlon of the abSence of mlnerahsatuon The ’

: crlterla presented above may prowde useful tools in the exploratlon for massive sulfide

deposns partm:ularly in an ocean island settmg

-
.



footwall to.the.hangingwall.

: to the vent area; and pyrlte and. silica m the distal areas. .

V. Conclusions
A . ,

The Chy Chua massivev sulfide deposit in south—'central British Columbi:'a occurs in

the alkalic and transltlonal basalts of the Fennell- Formatlon which were formed in an

ocean island tectonlc settlng The deposn consists! mamly of two ma;or stratlform

sulflde bodles composed of pyrlte and chalcopyrlte wnth minor amounts of sphalerite,

cubanite, stannite, - kesterlte solid solutlon magnetlte quartz and calc:te Smali Ienses of

massive talc magnetite occur partially enclosed in the’ sulflde bodles The sulfldes are

'hosted in auglte and kaersutlte basalts Wthh have been metamorphosed upto low

greenschist facnes condltlons These basalts have a nearly uniform composltlon from the

[N

Fine— gralned massive silicic and talc rocks occur. in the footwall of the sulfide

'bodles These rocks do not ‘show any replacement features and have very. low Al, Ti, Zr

and P contents suggestlng that they are primary chemlcal precupltates Stabllltles of. talc

and mlnerals in the system Fe -5 ~ O as a functlon of fO and.pH are consxstent wnth thls
observatuon and indicate that the deposmon of talc and magnetlte is favoured by higher -

: temperatures and lower oxygen fugacity. ‘This suggests that areas of talc deposltlon

4

represent the vents of the upwellmg solutions whlch were probably also responsible for

'the depostlon of the sulfldes These solutlons depos:ted pyrlte and- magnetlte prog(lmal

2

The lead lsotOplc composntlons of pyrlte and chalcopyrlte are very similar to :

those of the host basalts, lndlcatln a common source of lead. ltis suggested that
'convectlon of seawater due to the extrusmn of the Fennell Formation basalts leached the

' metals from the basalts or the basement rocks and deposnted them on the sea-floor. -

51 -
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v Appendlx I Samp%e Locatlons And Mlneral Assemblages .l e |

Samples for this. study were collected from drill core of forty tyvo holes drnlled in
the vucnnlty of the Chu Chua deposrt The surface Iocatrons of the holes are shown'in
Flgure la. Maneral assembla\‘s observed in polxshed thrn sectlons are grven in Table Ia
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VIII Appendlxag Chemlcal Analyses

—

Twenty two samples of basalts;
+ \M .

gralns were analysed for their al:le‘qllncal‘composvtlon Representatlve analyses are glven in -

_,f’rty pyroxene gralns and elghteen amphibole

. the main text ‘and complete sets of analyses are glven in this appendix, Tables lia - |Ic

.

B ,.ﬂ Table Ha' Whole- Ro,ck Analyses! of Basaltic Rocks From Chu Chua ‘

e e em S e e S e A B e W M e e e 8 e e e e e N A e N G e G ey AR O e T e A e e G G e R G e e R N M B e e ee e B e e G e e

. R b et SR G e G A e D M e R MM M ER SN em TR Gn M N e B R A M G e S e e SR e b e e e e e A e e e N e A e S M ey e e e W e R e e e e W

| 3694 5050 1545 11.29 §7.43 1061 ’2.;01.,"10-’6‘9}__, 166 017 0. 18 171'9_;}’_;:" :

581 . 40.40 1889 1446 1119 956 . 112° 173 2.9 028 154
882 5269 1431 1150 788 802 f'"tw‘ﬁn75‘*-}"‘."":“ 018 122
| 1596 51 111644 1039 7.01- 1088 208- 018 154 0.1 017 g |
3742 75097 1652 965 7.34 1123,".‘,2.~3-84-‘"§>Q¢33' 014 98
s

- 3 recalculated on a volatlle free basus
L ; -‘3.
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IX. Appendix Il Construction of 70, - pH Diagrams .
The principles of consrtuctionof the 70, -~ pH diagrams‘are“g‘iven in detail by
’ Barnes and Kullerud (1961) and will be only brlefly reviewed here. "
The equlllbrlum constant, K, of a reactlon is given as:;
K = activity product of products / actlwty product of reactants
and the /og K can be expressed as: _
logK = }loga~- [ log @-"
where iis the number of product specres and j is the number of reactant specnes When
‘ oxygen or hydrogen |on is a component spec:es of a reactlon its activity cambe
calculated from the above relationship if the act:vmes of ali other species are known. _
The equillibrium constant of a reaction’is related to the_ free energy change mlth._e-
_reaction, A'G, as ‘follovys:' /
| C ~logk= AG.-/ 2303 RT -
where, R is the gas constant and T is the temperature m K. The free energy change in the

reactlon can be calculated as:

Ld

A
AG ZAG,f ZAGJQ
whereAG andtG are the standard molal free energles of formation of the ith and jth,

reactant and product specnes.

For minerals and gases | ‘\\ N
AG= - OG- ST - Al +[Cp aT = T de/nT+ VP
o + _ : (Helgeson et al, 1978) .
“where, | S
'Pr Tr = Pressure and temperature of-reference e 1 par a’nd 298. l5 K. .
i} G.‘ Standard GIbbS free energy of formation-of the ith-species in its
standard state. ' ’
AG Standard molal G:bbs free energy ofi the lth species at specrf:ed ,
temperature and pressure. »’ - -
S \A Cp = standard molal entropy volume and heat capacrty of the |th

specnes ‘
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The apparent standard molal Cibbs free energy; fdr an aqueous species, at given
_temperature and pressure, can be.cal ulated as:
G = Gy - ST-T)
—CyT /n(T/T)= T+ T) .
¥ CuT=T=(T- ) InT- &/ T-&. )
+(2 (ay(T ~ O )+ a, TP -r) +ay (T - 6) +a; T (P - B / 2 (T-Q)
W (Zer - Zr,—.,“ Y (T =T ' ’ -
_ » o ‘ Helgeson et al. (1981)
where, Gi,) = apparent standard Gibbs free energy of format»on of jth specnes
Si = standard molal entropy of the jth species.
. C,j,C1j=. heat capacities of the jth species. _
3y, @y ayJ", 8y tem'%erat.ut’e and'pressdre indepe'ndent “eoefficents for‘the" jth
species. | o . _ : _' _. ' |
VZ——1/€ | . o
born coeffument for the ]th specues | _
'Y = negative deruvatuve of the dielectric constant of y\)ater'at T and ‘P.
Tr. B=_tempef’ature and pressure of refe.rence. _ | '
T P - terﬁpekature and pressure of interest. C
The standard states of the mlneri gases and aqueous spec:es were seperately :
defined. The Standard state for a mlneraIL xts pure form Wlﬂ7\ a unit acttvnty at T and P;
| and that for | agas is an ideal gas with umt fugacnty atT and 1'bar. The standard state of

an aqueous spe ies is a hypothetzcal 1 mcblal solution at T and 1 bar
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