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E X T R R  P R G E  001 

< INTRODUCTION 

Zeballor Wningamp i o  locr tod  on tho veat coaat o f  V,ancouvor Island. about 

320b northweot of Victori.. B.C. Accrea is v i a  an Ulworther road betworn 

the o e t t l e n u n t r  of Zoballoe (51rm'aouth of the camp) and Nimpkieh. The 

currounding countryaide i o  h u v i l y  vegrtatrd, mountainous and ruggod, with 

r lov r t iona  rangin6 from n u r  ooa level t o  about 130Om. The cl imate  i o  wet 

nub mild, w i t h  on ovmragr r a i n f a l l  of Around 6,OOOm. 

- -  I1 
The first gold-quartz vain mtakad i n  tha  w e b  was the T&Q$E in 1924. limited 

q u a n t i t i o r  of p l r c a r  gold had been mlnsd prwious ly .  Lodt production bogan 

in 1934, raaching a pbak dur ing  the poriod 1937 t o  1943, by 1948 moBt miner 

had c losod and production rap id ly  declinad. 

Vnlloy, producod 473,082 of the  651,797 tonnee of ora mined a t  the camp. 

Tvo mines, Pr iva tee r  and Spud ,c 

Recorded morn1 production to date  t o t a l a  9,465,244 g r a m  of Au and 4.119.118 

gramo of Ag, eo wrll a8 minor amount8 of  Pb and Cu. 

for tho  cmmp or. 14.56 Au/tns and 6.58 AE/tne (respoctively O.47or/t end 

a.llot/r). 

The p r i n c i p l r  olning methods were cut-and-f i l l  and ohrinkage stopping. tho 

l a t t o r  mothod cawing c o a r l d u a b l e  d i l u t i o n  of vein mnterial. 

Avaroge m i n d  grades 

Tho vaioe wers m r r o v  bu t  high grad., runuiug 30 t o  l50p Au/tna. 

AIMS 

Thin eva lua t ion  WAO i n i t i a l l y  or iented towards a q u a n t i t r t l v o  rosourcs  

a ~ ~ o ~ ~ m e n t  folloving tho 4pproach of S i n c l a i r  (1979) and Orr and 8 i n c h i r  



E X T R A  P R G E  0 0 2  - ---, --..---- - l--I------.- -------- 
epproaeh a i  Sinclair (1979) and Orr and Biuchir 

ata f l l r  VU conrtructnd (prorented aa Appandix I) t o  form 

VI .vrlution. 

c 

+*.Id 
1arw 
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at iva data the mudy war broadanocl t o  includr 

,Ice1 tuturar. euch ao rtructura.  Thio var 

lack of f ia ld  obaaryatiow. 

in Appnndicem, from tvo primary 

lad map by Strvrnron (1950), the nzNFILE 

in Brit ish C O l u m h i b .  

the derivation and quality of tha dbta are 

Thrrr t a b l r  arm aalf-  

I /  

Miard Tonrug. rafcrr t o  ora brougt 

quoed p a d r  V4lWr r r f r r  to thrrc 

ahown for arch dapoait, u c h  orirr 

c u r  Man dirrctianr of unduloar 

vria width r r f r r a  t o  th r  moat proc 
.. .. 

i t  to  aurfece for hbad-m&ting prior t o  ail l ing;  

I figurra. Thr NO msjor vrin or lancet iom ara 

Itation may rrprarenc ravrral  veinr. thr  value 

irfacsa. 

luctive mgmant of the vnlnla. 

Whare production ha# been racordd, 

Th. tam 

"rheatad xona" ?afar# t o  joints which ara ' I . .  . spaced 2 t o  8 1nch.e npart and 

concaia a i tha r  gougr or quarte-sulphide ~trln#ora an eighth of an inch t o  an 

inch rids/" (Strvrruon. 1950). The nmaociatmd raplbcamont/altaration rrfarr 

' to faaturra obaanad in b v i a  or wallrock, such ar r i l i c i f i c a t l o n  or  oxidatlop, 

la grakral auch data arm rpbraa io available litsrsturm. 

Zaballor Stock contact w4rm aaarurad from Stcvmnoon'o geological map of cha c w p  

(Fig. 2. 1950). r i d l a r l y  w i t h  dimtmnca cnd b a a r i a  from tbr noso of rha osock. 

Dircanceo from tha 

L 
. 

, ,v. 250 76'1 4433 PFtGE.003  
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STATISTICAL WETHODS AND BESULTS 

Thm f o l l w i n g  tachniquaa a11 u t i l i ze  tha data an list& in the appendram. 
' (  

T b .  amall number of obaervationr for  which production data ara available in 

a niguificant drawback which l i m i t s  the appl ics t iui ty ,  

necanaarily tba val idl ty ,  of multivariate technlquee. 

low int~remclna relationehips and trends apparent, am descrihcd below. 

Tho.. varlablmm which do not dinplay an approriascaly normal dimtribution 

alchouph not 

Nonorhelemn, there ere 

, (a.0. all production data) are kLVaKiAbly log tranefommd. No Other 

trrnrformationr ware conaidered nsccmsary. 

tha camputor centre facll i t les of the University of B r i t d h  Columbia. 

The work vaa undertaken U t i l i Z i U g  

LINEAR BeCBL88ION 

8alect.d plot. of tha W?6 Pignificant relationshipr are  presented, with the 

a#roclat.d o t a t i ~ t l c r l  valuer l l r ted i n  Table 1. 

Prrclour matal aontents (Au b As) ere plotted vermua producKion (mined conmge) 

In Fig. 2, .  Tho good corralation (refer Table 1) for  both Au and Ag iadicatae 

that production ronnago 10 an acceptable single mea6uee of r e l a t i v e  value of 

vain depomite of Zeballom camp (c.f. Sinclair ,  1979). The c o r o l l a r y  la 

that  avaragm grade. ewng t h e  larger producer. a r e  re la t ively conmtanc. 

c 

Thia would be of mignificant intereat  t o  any f u t u r e  producar a t  tha camp. 

AVWaga Au padm vereum averaga Ag grade le shown i n  Pig. 3. Although thm 

c o r r a h t l a n  i a  high (r-0.815). the exirtonce of two cluecars augfjaets t h a t  

thia m y  be at laant part ly  a r t i f i c i a l .  

thm largar producer# i o  volld. 

Nonethelow tha cluacar r e p r a e e a t i n ~  

IC can ba been that  Au grade is coneidecrrbly 
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AVERAQE Ag GRADE(g/tonne)-MINED 

Fipurb 3 1  Plot of avarage gold grades (grawe par tonna) varaua average a l l v s r  
grades (gram8,pbr tonne) for Zsb6llos  vein deposita.  Data from 
Append& I. 
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t e  

ng 

t o  ba dircovarad, 

implicit tu t h i s  rdationmhip. 

in the horironcal plana, pocsntial influence of var ia t ion in the vertical 

plan. is noc coarldrred. Sacondly the Zeballos Stock is coneiderad t o  be 

tho only Tert iary in t rus ive  in  the vicinicy, t h i s  nu9 not be the CBBU. 

However NO aa6umptione, which may not bo va l id ,  ara 

The ma8ure of dietancc from rho concact i s  

MULTIPLE RBOReSSION 

The machod ur.6 ia backward mtepw1.a ragremion. whereby only the W E E  

ripnificant varlrbla/m are retained in rhs cquuation a t  t h e  f i na l  step.  

tho potrntlal of chi. method i r  reverly limited by the nmll number of obnervatioaa 

available,  i t  h r  provided inmight into which variable8 may r e f l e c t  tha minasal- 

Although 

, (. i s i n g  procaer. , .. 

. 1 -  

250 761 4433 PRGE o a 7  
NOU 21 ’ a d  8 : S s ” ’  * 
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TABLE 1 

LIN8AR REGRESSION DATA 

DEPENDENT 1M)EPENDHNT NUMBER OF DEGREES. OF CORRELATION RELLVADlT 
VARIABLE VABIABLE OBSERVATIONS FREEWH COEFFICIENT PICURE 

LogMINE Lo@TOAU 17 16 0.989 
REGRESSION EQUATION LO- 1.23.LogTOAU - 2.46 2.1 

REGRESSION EQUATION LogMINE 1.18.Log T O G  - 1.94 2.1 
LoflwL LoaTOAG 15 14 0.975 

I 
I 

LO&$aAU LogGRAC 1 5  14 0.81s 
RECP-EgSION EQUATION LogcBAU - 0.75.LogCRAG 0.59 2.2 

LOOTOAU LagQBCU 11 10 -0.9b2 

REGRESSION EQUATION LOSTOAU -1.62.LogCRCU + 3.61 2.3 c 
LogTOAU DSTC(+ve) 8 7 -0.637 
'REGRESSION EQUATION LogTOAU - -0.OOlS.DSTC + 6.38 (wirhin stock) 2.4 
LoOOAU DBTC(-vn) 9 6 0.713 
RIICBeBSLOlP EQUATION LogTOAU - 0.0011.DSTC + 5.38 (in vallrock) 2.4 

ABBREVIATIONS: 
MINE minbd toanage/dmposit (tnc) 

TOAU.TOAC total grme Addeposit  

GW.GUA0.0RCU 

DSTC dimtaace from the Zaballo8 Stock cnncact 

grade of Au In gftne 
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NuwroUa tuna wrre -de uaing different  dapendenc variable8 and combinations 

of a11 or some idapnndant variable@, in addicion the obBmrvation0 usad ware 

varied. 

i 

Naturally tha mIt rignificant dependmi vorlablos aa value iadlcarors sra 

d n a d  Conmar and coral aold OonCmnt par dapoaic. 

dapandbat varinblr i n  an a t t w t  t o  define any zoning vhich may be p r a a a t .  

Unfo r twta ly  tbr data ara too rpsrse t o  allow any mraningful correlat ionr  

in thi8 ragard. 

Elmvrtlon naa uaod am m 

Tha usr  of d n r d  tonnage or  t o t a l  gold concant as dependant variables r e i t r l c c s  

tho numbar of ObiQrVlCiOULI t o  18 and 17 respectivaly. I f  complste obmervationa 

rrr dasirad tha rrrtr ictions a rc  won more aevara, generally lass than 10 

o r  80 ObaWVltlOM. 

aubmcitutmd fo r  misolug data. 

different  in auch caaaa. 

I /  

Where ObBfirVatiOn8 are incornplate, mean valuee are 

Tha r e su l t s  often do not appcar nignificantly L 

The m a t  r ipnif icant  indapcndenc variables, in approximate order of decreasing 

a i g n i f i c a n c ~ ,  arel trade o! Cu (CRCU), grade of Au (GRAU), bearing from chs  

northvest nom of tho Znballos Stock t o  the d r p o e i t  (BRQN), distance t o  

tho contact (DSTC), avaraga minimum vein w i d t h  ( ~ V W ) .  grad. of Ag (GUC), 

grade of Pb (GRPB), distanca to  the nore of the stock (DSTN), s t r i k s  of thm 

mjor vrin/e (STBl). 

pnramacrro. 

Thin order vnrira depending on thr nature of the other 

Of t he  9 v a r i a b h l  anly 6 are considarod t o  be of oigniflcance. 

The variablar DSTN and S T U  vere droppod primarily hacause of t h e i r  low retlag. 

In addition, the vrluas for  STXl arc overagaa and would be d i f f i c u l t  t o  d e t r w n a  

f o r  a raw prorpect. 
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Tho var iab le  E-WW, although uroful worn dropped for  two rcnaona; i t  i s  an 

empirically daComin0d value, nnd i t  is of no qunntitntivn value vhan con8idarlng 

a proapsct v i t h  lim1C.d vain oxporure. 'Tho varinbler GRAG and CBPB',wsro rstaiuod 
,- 

bmcau8e thap are quantiCotive production data nnd rspraemc information vhich 

ia rdat ivaly  u e y  t o  obtain from proepoct. The vnrinblo BRCN was rmtoined 

s o h l y  brcauaa of i ts  a i p i f i c m c e  i n  the regression analyaoe. 

t o  u p l a i n  g*ologically except innofor as i t  i n  presumably an ind i rec t  maauro 

of othar  variabloa of aigaificrnca.  aa dincussed elrevhere 

oriantation of rhura) .  ' 

It i n  difficult 

h . g .  poaieioa id 1 

Data rrrulting from the w e  of them 6 variables nreprcsented i n  Table 2. The 

caaea pr r rmtad  a?. by way of a demonaeration of che cyps of resulta obtained. 

Features of IntervL are; 

t o t a l  variancr oxplainad by the telntionmhlp), the ~onorolly lov otandard error 

(nround a ha l f  order of mqnitudo over Stolorders of magnitude), the  poraiatonco 

of GRCU ao the retainad independent variable. It apponrrr that  che grads of 

Cu Is of conaiderabla, une+ecred, aignificancc i n  t a m  of ovnilablo darn. 

T h i s  supports tho conclusion i n  <he previous esction t h a t  grnde of Cu may us11 

ba usaful  as an indicator of po tonr i r lvn luo  of a doposit. 

c 
the hish v a h a b  f o r  R2 ( i . e .  that  f rac t ion  of 

CLUSTER ANALYSIS 

Much of the data fila coaaisca of e t t t i bu tos ,  t h a t  ia t o  ray mo.seurmmts 

recorded oa J noaim1 rcala and havine discrete valuer, a.0. mot of che dacr 

,( 
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la appendix V. 

coluidarod that mora rigaifLCPUt X * O U l t a  might be d0riv.d ualng a paraoutric 

a t a t i r t i t a l  trchnlque. 

(App. V) urinx cluacer enelyrlr ,  a f t e r  ensurinx char much data could be va l id ly  

u r d  In such a mannor. 

did not provido information that could not be determined empirically. The 

hlghor ordarr of c l w t e r i n g  did not appear t o  bo geologically aipniilcant.  It 

van prorumed, cherafora. that there i m  practically no pract ical  

of obrervacionr within chaeedata, othar than whnt can be dofarminad empirically. 

Although Buch d ~ t a  may b e  avaluared empiricrl ly ,  i t  YA. 

' L  

It VAS desired t o  group the data from Amroclatad MFoarale 

Thr lover order. of clustering vere maanlngful, but 

, grouping 

f 
DISCRR4INMT U Y S I 8  

Productive deposits have bran cussed  nrbi t rar i ly  i n  tvo groups, the S mnjor 

produeare and the remaining 1 3  producers. This classif icat ion,  os uAmd in 

Figm. 2 , t o  4 .  wem r r b i r r a r i l y  basad upon the fact that  tho 5th largast 

doposic produced almomt twice na much Au and t w o  and a half timaa a8 much ~g 

c 
ar tha 6th lrr8art dapaait. and the 5 largest  depoaita have produced nround & 

million grama of Au or more. It vai  decided that diacriminanc nnalyrin'might 

rhov a mro slgnlficanc grouping among the producerr than the clarr i f lcot ion 

above. 

The am11 numbor o f  obmervationa ror t r ic ted the nnalyeis t o  two groupa, the 

vrriabler ured vare; TOAU, GUU, ORAG, GRCU. GRPB. mare no variahleo vere 

forcad ell warp rejected urcapt eicher T O N  or GRAU. In nll ouch cares around 

80% of tha obrervationr wera conaidcred correctly claeeified, rOg@rdleBB of 

thm composition of rhr two groupr. In other words any grouping using only  

2 5 0  7c1 4 4 3 3  P A G E . 0 : 4  
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tha 0110 variable would ba arrmntially arbi t rary,  not an unnxpectad conclusion. 

tlowvmr whara a11 variablam worr ratain*d rr low lava1 fotoad variablma, tha 

baat ClADaificAtiOn (892 Of CrBma C O r r C C t l Y  c lose i f i ed )  placed tho 5 largest 

producara in one &roup and tbe r-indrr in the orhar group, a11 other group- 

ingr rbmd noticeably poorer claseificarion. Thuo i t  would appaar that  the 

i a i t i a l  empirical c laaaif ics t ion 10 indeed the moot mlpnificant grouping. 

* (  

CEOLOCY ANTI MIHEBUIZATION 

CBNZRAL 1 
Tha amology of Zaballaa C u p .  SI shorn in Pig. 5,  conmircr of L northuuc 

rtr lking. nouchveat dipping requonca of h B O Z O i C  volcanic and sedimentary 

roclr. cut by Jurars ic  and Tertiary intrusions. T h i s  gonerol orructura 

C rapresmtr t t  of a northvret-trending ant ic l ine (Hoedlay, 1953), 

conaidd.sably Ltins end intrusion. Tho araa to the MtCh of the 

Zaballos stock and t o  the east of the North Fork of  the Zeballos River i r  t ight ly  

f o l d d .  

largmly C O M i O t h g  of baarl t ic  to rhyol i t ic  volcanic rocks. 

uddorldin conformably by limrrtone of the Qwtoino F o m t i m .  

Tha Lowar Juraraic Borunra Croup io a typical ieland a rc  sequence, 

This  unit l a  

Thaee NO uni te  

ara nov thought to  be ecparattd by the Paraon Bey Formation ar alsswherr on 

Vaocauvrr Irlrnd; chi. is darcribcd in de ta i l  belov. T h o l e i i t i c  basalt. of 

the Uppar T r I A r I i C  K.rmutUm P o w t i o n  fore the base of Cha sequence i n  thio 

area. 

Eainly d i o r i t e  t o  granodiorite in compoaition. 

a p s e i d l y  r o l a t d  gold-quartc vain. is a quartz d io r i t a  pharc of cha Cacfaca 

Thoro boddmd rocka ara cut by Jurrsaic plutons of tha Idand Intruolonr, 

The Zeballo8 Stock w i t h  i f 0  

Intruaiaar of Eocour as*. 

L 
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I n  Fig. 3.1 tho Bonanza Grouo is ohown t o  contain unit. of carbonats. calc- 

.ilic.t*, and tuj I. Hullor (Pers. corn.. 1982) rhoso 

unit. rlmoot cor! ion Bay Formotion. That ii, thooc 

unit. would roprb~mnr rne normwen concinuation o f  tho formation a i  sbovn 

on the lrZ50.000 m p  of NooCL. bound (C.S.C. HAP 1537A, 1981). The contact 

betwmmn Paroon Boy Formotion and BoMnza Group ii knovn t o  be gradational, a. 

'% 

Issolhero on Vancowor Toland 

although sedimentary unit. 

cbonate-riih osdimsnt. If 

i m p l i c n c i o n  is of n mora 

mxlmc.  Thm t w o  hrrrironm o f  

B almoot cer ta inly a s t ruc tura l  

ioubly-plunging oyncline or 

tion 1. favored brcauso there  

rdc of rhe bedding or  of raps t i t ion  

revet, 16  not only eminently 

:nl interprotation. Thia i. 

Stovenson (1950) hae mnpprd 

,Iden Portal  depoaito. Thio 

Iced and p a r t i a l l y  a l terod 

I dykos which cut th* Zeballor 

250 7 6 ;  4433 P d G E . 0 1 7  
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Itruslonr. 

:rland Intrusions i n  that  it contains " .., labrr- 
I considerable augite with anly a minor amount of 

in, 1950): 

CompoPitionnLly i t  ia d i r t i n c t  froa 

The prrsenca of pyroxene ra ther  than 

. l i t y  that chin my be a faeder dyko ( L a .  nubrur- 

I Volcanice. or t o  highor leva1 Tart iary volcan%cr 

It is of intoresr t o  nota that  chore are three 

: vlclnlcy (Tagore, Ooldmn Porra l ,  Buno).  It 

I-quartz vein minaralirarion i r  i n t h c e l y  rolatrd 

:arson, 19681 on Vancouver Island, yar the  'Zsbollo# 

.on a raplacamenC deponlt such as the Beano could 

:ha source of minotaliration. Thus f c  1s a t  

I i n  Qf Terclary age;.. 

I 

Thoro appurr  t o  be a clora  rL1a~lDnrhlp batwean dykns of a parrlcular age aad 

compositiaa and the gold-quartz veins. 

youagar than, the Zoballor Stock intrusion a r e  of particular significance. 

Fcldapar porphyrier a r a  intimately associated wi th  the veins, a stock of feldspar 

porphyry occurs within the Mount Zcballoa mine area. 

dykra a r e  araociatad w i t h  minaraliracioa af the  Privatarr and Contra1 Zaballor. 

. c  
Dykes which a r e  the last phaaa o f ,  or 

Orthoclaea-rich granodiorits 

FAULTING 

BCulting I n  th i r  and rurroundin& araas 8aemml to  have bean the mjor attuctural 

rrrponae t o  deformation (Muller, Northcote 6 Catlirle, 1 9 7 4 ) .  Uith thin in 
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m i n d  m f r a c t u r e  t r a c e  d h g r u n .  raproduced here as Figure 6, 

from 1120.000 s c a l e  black b v h i t e  a e r i a l  photographa, taken i n  August, 1980. 

Becrure of t h e  empirical  na ture  of such data  and tha l imi ted  time ava i l ab le ,  

only the major. mora obvivuo lineamentm have baen rhovn. 

comppilatlou has not been correctad f o r  dicrtortion. wr have the photographs 

boon in t a rp ro tad  by another vorker.  

on t h e  ground l a  n a t u r a l l y  8 r l g n i f i c a n t  drawback. Pig. 7 is a rose diagram 

of a11 l l n o ~ n t r ,  Pig.  8 

6 0 b  i n  length.  Thin d i v i r i o n  was chosen on tha b n s i s  of a percentage 

histogram of a11 linaaments. Lengrhs up t o  about 60Cm def ine  a normal 

populat ion,  lengths  g r e a t e r  t h in  60Om aru a " t a i l "  t o  t h i s  populat ion.  

was compiled '.i 

I n  add i t ion  tho 

Not baing ab le  to check tha  f s o t u r e r  

.how. chose lineemants g rea t e r  than approximately 

/ I  

The d i a t l n c r  population in both figures at 15Oo-19O0 is thought t o  r ep re ren t  

t he  cont inuat ion of the  pre-Terriary Hecate Channel Faul t  of Muller, Cameron 

and Northcoce (1981). T h i s  fault has been mapped on Bingo and Friend Creaks 

by Roadley (1953). The lineaments continue north from rhusa creeks and from 

t he  e a s t  rid. of eh. lower reachen of the  Zaballo. River. I t  i o  chought 

t h a t  t h i o  f a u l t  continuer, of f se t ,  on the  nor th  side of t he  Zeballos Stock 

as t h a  Narth Zebellor River  Faul t .  

are con8idered pro-Tertiary 80 t he  f a u l t s  a r e  o f f r e t  a c r o m  t h e  Zeballos Stock 

and north-routh lineament. a r e  r a r e  wi th in  the stock. 

agreement w i t h  t he  conclurionr of Huller 6 Carson (1979) and M u l l s r  e t . a l .  

(1981). with  regard t o  s imi l a r ly  or iented f a u l t 8  and/or lineament@ i n  surrounding 

i tear  . 

.L 

These faults and the accompanying llneamsntr 

T h i s  would be in 
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Bo- of the l ineuonce repraran t ing  t h i s  f n u l t  paas between tho  two horisonr  

o f  PJrrOn BJY Formation. 

Bnult h r  been dovnthrowa t o  t h s  mast. 

f n u l t  t o  tha southurrc  of the s tock  (i.e. cont inust ion of thm Eecacp Chnnnel 

Fault) would u p l n i a  the r e p e t i t i o n  o f  tho Parson Bay Formation. 

Cunning (1932) conalders t he  North Zeballos River 
. c. 

Tho reme mnsa  o f  wvOmsnt on t h e  

Host of the l ineamentr f a l l  wi th in  a l a rgo ,  rather poorly dr f inod  population 

brtwaon 30' 4 looo, ne shovn I n  Pip. 7 .  

r e p r e r r n t r  eocond order  f a u l t r  t o  the previoualy dircussod nor th  crondlng 

f au lc s .  Numerous anrc-west t rending,  general ly  Bhort. li aments occur wirhin 

tho  Z e b d l o r  Bcock, thean nro presumably r e l a t e d  t o  cool ing of t h e  stock. A 

w e l l  drvelop.d f r a c t u r e  pnetern in outcrop is dingnoat ic  of thm Catfacm 

Intruaionr ( I lul ler ,  pcra.com.,  1982). 

m y  corro lnce ,  at  leart  Ln par t ,  v i t h  the nforamcntloned sat  of mat-voot  

linorment~ for  the Zrbnlloe Stock. 

would be e r r y  t o  v e r i f y ,  f r n c t u r e  tram ana lys i s  could w a l l  prove n Faor and 

eccureee marbod of determing 'age'  of particular in t rus iona .  

Par t  of t h i s  populntion probably 

I 

It 16 poss ib l e  t h a t  ruch f r a c t u r e s  

If there  in nny such c o r r e l a t i o n ,  which 
. c  

Of the ramninder, mnny lineemants f a l l  w i t h i n  four r e l a t i v e l y  w e l l  dofinod 

l on en. rhom nr roner A-E i n  Fig. 6. Zone A, parring through the Pr ivn tee r  

n d  Cenernl Zeballor nppoarr t o  r.prarmt a f a u l t  which b o  o f f s e t  tho no r th  

parr of t he  Zebnllor Stock 50 t he  w e n t .  

rtrlkfng granod io r i t e  dyke. a t  Central  Zebnllos. 

wall defined 6n tho  phocograph6, however there is no mention of such a fault 

by wotkorr in t h e  area. Zona. E t o  E define 4 groups of llneom.nte r t r i k i n g  

It corraspondr eo a zone of ea#t -war t  

Lineaments i n  Zone A ara 
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4Oo-6O0, t o  the vent of che mock. 

Zeballos River faul t .  In any event lineaments of Zonas A-8 appear t o  a11 

reprmrmt the  ram age of f a u l t i n g  o r  6hearing and may all c o r r a l e t a  with 

Eocene o r  later f a u l t i n g  1.s. eyn- (or .port-) intrumive. 

They may o f f s e t  t h t  Hecato Channal-North . i  

In t h e  following aac t ion  pointr  am dimcussed above w i l l  be r e l a t e d  t o  the  

gold-quortr vaino. 

VEIN ORIENTATION 

The s t r a i n  mllipaoid of Fig. 9 

bamlm of tv8 major rhmarr a t  Zmbmllom Pac i f i c  (095') and p i g  Scar (090°), 

slang wi th  mom mupporting da ta ,  he ha8 taken the d i r a c t i o n s  of major ehoaring 

otrem t o  be 035°/vert and 090°/vert. 

of tulmion and concludes t h a t  t h i n  o r i en ta t ion  is nost  important w i t h  r e spec t  

t o  vain or imntat ion and mineral izat ion,  "fracturam and conmmquently veins fornod 

under tenmion arm thm momt favourable f o r  o r a  ...I' 

Is modified a f t e r  S t eveyon  (1950). On the 

He derives 06Z0/vart t o  be the  plane 

In a roe. diagram f o r  n l l  vein. of the camp, Fig. 10, 

tlonm a r e  030'- 060' 

the diroccione of major rhrar ing  mtreas a@ es tab l i shed  by Stoveneon. This 

l a  t o  bm mrpmatad inmmauch ar moot vminr of t h e  camp do occupy rhrac conem 

(Baacroft ,  1940, S twearon ,  1938, 1950). When t o t a l  Au im p lo t t ed  on the  

barim o f  vein o r i e n t a t i o n  as in Fig. 11, 

nmmn t o  be of considerable  importance w i t h  tempect t o  mineral izat ion.  Thum 

plaaom of ohmar r a t h e r  than of tmnmion arm important in thm local izmtion of 

thm major va in  orients- 

and O8O0-09Oo. Thaaa orimntationa c o r r e l a t e  vel1 w i t h  

the 080°-0900 orlmatat ion can bo 
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rbura 101 Enma diagram of vain orlentationr, Zcballor mlnfnp camp. 
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minaral i red vrins. 

r r r o c k t d  with,  wit w i n o .  

r o t a t i o n a l  r trr ln.  

Rotational strain lceds  t o  the  dsvdopment of one prominent Shear d i r e c t i o n  i n  

any p a r t i c u l a r  area, with the  conjugate shrar  being poorly developed or 

non-existent. The d i r a c t i o n  of r e l a t i v e  movement i n  much a ohonr tone w i l l  

form an acute  anglr ( 0 . ~ .  OS0-1Oo) t o  the  individual ohoar planer  v i t b i n  

tho .on.. 

W e v e r  tensional f u t u r e s  do abound in, or  are cloaely 

Such e e i t u a t i o n  may be explained by invoking 

Such a predominance of one ohaor d i r ac t ion  i s  commonly observrd 

i n  the  f i e l d  in numoroum geological  mnvironmnnts. 

c a w  a t  Zobal loi ,  wi th  the  d i rec t ionn  of major ve in '  q i e n t a t i o n  (O3O0-6O0.  

80°-900) cor re l a t ing  quitm w a l l  v l th  Zonas A-E of P i g .  3.2 (04Oo06O0, 80°-1000). 

An uumplr of ro t a t iona l  rtrrln. using a shear d i r ec t ion  of 085' i r  i l l u s t r a t e d  

i n  Pip.  12.. Thir example may be d i r e c t l y  r e l a t ed  to Zone A of Fig. 6 rad 

No. 1 b No. 2 veins of the  Pr iva teer .  Brecciation and s h a t t e r i n g  can bo 

erpectod under low confining preseuras.  A. i a  indaed the  case a t  the  camp. 

In o t h r r  a r m 8  the conjugate ehear i s  more prominent (vir. Zones B-E 

of Pig. 6). 

T l p  appeara co ba tha 

91 

To rummarice, much an explonation s a t i s f i e s  thm bmsic obeorvotione on t h e  

vsins. vir .  m o m t  vminm occupy .hear aonao, yet  tensional foa tu ree  a r e  of 

conridarable  importance. 

derived by Stcveneon (1950) c o r r e l a t e  v e l 1  v i th  the ve in  o r i en ta t ion0  as 

shown i n  Fig. 3.6. and v i t h  Zone. A-E of Fig. 6, , a l l . o f  which m y  ba 

The d i rec t ions  of maximum ohaarlng atreem a s  

4 
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oxplsinad by r o t a t i o n a l  s t r a i n .  

r i m i f l c a n c e  when araociacod w i t h  the  08O0-09O0/vert plane o f  rhear ing.  

The 060°/vert plana of tenaiou i o  primarily of 
. L 

- 
Tho .bow concluaiona are well oupported by t h e  loca t ion  of the  dapoei t r  them- 

eelvor. 

Cmtral Zeballor dcpodtr.  

of C O U ~ S O ,  no colncldancm t h n t  the  Privateer-Pridont complax is loca ted  a c  

f)N iatarrmecfarr of c w  shear zones. 

Vallcy, Zobslloe P a c i f i c  rad C.D. deposita.  Zone D contains  the  Friend depooit. 

howovor mort of Zone. D 6 E e r e  outeide the a rea  of the c a ~ p  an shown on Pig. 5 .  

Noithor ;on. har hortod any production, however they are both 8 considerable  

I Zona A, o f  Fig. 6, contain8 thn Boden, Pr iva teer ,  Britannia, and 

Zoao B the Van Inle and Pridont deposi te .  It ir ,  

Zono C contains  the &unc Zmballoa. Spud 

/ 

d i s tnnca  from tho UOOb of the  stock. which f a c t  may be of considerable  

mignificanco with rogard t o  the  l o c a l l r a t i o n  of mineral izat ion.  - 
NOSE OF BTOCK . L  

Therm io a rtrong c o r r a l a t i o n  between tha northwast nose of tha  Zebollos Stock 

and m i n o r a l i r ~ c l o n .  

tho f r w r  the  dopoeite and the  l e s e  productive they have been. 

prosumed t o  be A result of . tho  eXtanEiV0 f a u l t i n g  and rhear ing in tho v i c i n i t y  

of tho nomo providing the  b e s t  pathway. for ascending metal-baarigg soluclon. 

Natural ly  there are other  r e l a t ion rh ipe  which obecure the p iccure  t o  n corcain 

oxten t ,  ouch @a t ha t  between mecal contenc and d is tance  t o  tho in t rue ivo  contact 

(Fig. 4.); 

In a general  way the grea te r  the  d i s t ance  from t he  nore, 

T h i s  18 

A complicating faccor may be the  gabbro i n  the  oouthveet of tho 
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vxcenc, iucn as cnac Dccwcen mecal concant ana eiatanco t o  tho iacrusivc contact 

(Fig.  4.); 

map .ran, i f  thim i r  Tortiary in age. 

A complicatinp faccor may be tha gabbro in  tho mouthvest of tha 

c 
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Momt productive vairu rhov a wldo rango i n  wid th  (a.8. 1-1OOcm). bur tha 

bulk  of much vminm ,UBUallY mhows conmidcrably lees varlmtion (*.a. IO-3Ocm). 

"ha lattrr variation l a  dereribad. ra ther  arbi t rar i ly ,  aa typical  minimum 

and typical  wximum vein w i d t h .  

emplrlcal mlgnlficancm. 

t o  h v a  L typical minimum w i d t h  of around 1-5cm along with a rmlativaly a m a l l  

var ia t ion i n  vldrh. There doma not e.*- to be a correlation batween vain 

Typical minimum vein width ir of canaidarable 

In general term8 produccivs vain6 can be axpectod 

uidrh and width of rha mnclosing sheer mum. i 

I 

XOST ROCK 

.L Boat rock t o  th r  VBIU~ includeo all rock types in the area. 

rock typa appear. t o  have no influence on locsl ieat ion of  veina. excapt insofar 

am thm phymical propertiem of rba rock determine hov i t  will renct t o  deformPtion. 

81axurmm appear to  be favourable niter for  minaralizrcion, par t icu lar ly  i n  vhat 

ir infarrmd to bm Parron Bay Formt ion  (6.8. a t  Privatorr end Mount Zeballor).  

Eirewherr on Vancouver Island th* Parson Bay Formtion is seen to  be complarly 

folded. prmaumably b*cruse i r  react. i n  nn incompotenc mannor r o  daformacion. 

Tho BoMnu Volcanic8 could bo exprctsd t o  react i n  a more b r i t t l e  manner t o  

dmforut ion,  chum mora romdily providing pathwaya and s i t co  of deposition fo r  

migrating hydrothormal solutione. 

marpins of the mtock ara almo l i ke ly  l o c i  of deposirion, a~ a ra  areas of 

Par t icular  host 

, 

The pramence of shnrp bandr or curve. ia tha 

(.- 

'2'50 7 6  1. 4433 PRZiE. 022' 
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ind brccc ia t ion .  

h e  rulphide a r r o a b 4 a  of the  gold-quartz vain occurrencaa on Vancouver 

Inland (e.8. Bancroft ,  1937; Muller 6 Carson; 19691 Carson, 1968). Pyrite, 

rphalerir.,  pale^ and ch.lcOpprite a re  ganaral ly  presant amnu the producers. 

Arrenopyrite MY be present  and pyr rho t i t e  is r e l a t i v e l y  uncommon. In  genera l  

t e r w  t h r r e  rulphlder  muat be present f o r  t he t s  t o  be economic gold available, 

t o  What extent i e  not known dum t o  lack of dnta. 

c o r r e l a t i o n  b8CWe.n chnlcopyri te  (GRCU) and t o t a l  gold among the producers AI 

discusmed earliar,  i t  is not knom vhechar chis re lat ionohip  spplios to tha 

other sulphide minaralr. 

t o  gold content ,  however i f  preeent i n  meneurable quant i ty  along with 

r p h l e r l t e ,  galena m d  chalcopyri te  there io of t en  aSbOCiatad high grade 

(150-3.000 g/tna) gold in apparently small quancitiee.  9uart.e io ubiquirouo, 

c a l c i t a  occariorully accompanies mineral izat ion.  ankerita in r a re .  

, 

/ /  
There ir a ecrong negat ive 

Arsenopyrite, alone,  doer n o t  8eem t o  be r e l a t ed  
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I .  FUTURE worn 

L. 

Tha au@#mmrionr limrad b r a  ara oursid. ths praaant program of invar t igec ion .  

Thay -rely rapraaent  d i r e c t i o n s  in which f u r t h a r  work on t he  top ic  may prove 

succmmrful. 

1. 

2. 

3. 

4. 

Z.b.llor Camp h.r been the  only e i p a i f i c a a t  a rea  of production from 

p l d - b u r i n 0  q u a r t s  veins  and f i s s u r e  eonee on Vancouvar IBland. 

Ilovcvar, t ha ra  a r e  numaroua occurroncea of the  same age and type of 

minrra1Sration (e. g. Badvell River, Chine Crock; Konnody River. 

Forbiddon Plateau)  t h a t  could p ro f i t ab ly  be inclddad in tho d a t a  

fila. 

with r.sArd t o  the  ratting of mineral izat ion.  

Th. r t r u c t u r a l  Bet t ing of the doposits appears co hold the key t o  

Such i n f o r m t i o n  would b* of  conslderabls value ,  p a r t i c u l a r l y  

undrrrtanding rha minrra l iza t ion  a t  che camp. 

f u l l y  r tud iad ,  fieldwork would ha aseenr i a l .  

A nor. formal sndwldeaprmdfrac ture  t r ace  analyeie  would be 

urrful i n  conjunction with 2. above. 

obr r rva t  iona would be eman t l e  1. 

Tha pcuci ty  of guantlC.tiV* data rovaraly r a r t r t c t s  thb ura of 

goormthanutica1 twhniquea.  

avaluatad at  U.B.C. by Dr. A.J. S i n c l a i r  6 Mr. A. Bontren whereby 

(LU a r b i t r a r y  g r id  ir muparimposed on .sa area .  

are than rrmipnsd a s e t  of maeeurad parameters, e.g. leagch of 

p a r t i c u l a r  con tac t s  within a call, X of p a r t i c u l a r  rock types 

present .  adoar of par t i cu la r  rypmc of linaalarnts prmoant, OCC. 

Thio could be mota 

Again f i e l d  check of 

Howvcr a method is prnsont ly  being 

The r e s u l t i n g  c e l l s  

Thr paramatarr arm then evaluated f o r  a) cel ls  known NOT t o  conta in  

dn.ra1isation. and b) c a l l .  Lnn- *e an-*-'- -'----'' 
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The parwetaro are then evaluated for n) 

miaerdlrrtion, and b) 

cella known NOT to contain 

cellr know t o  contain mlnorallcntion. 

' L I -  

Minorrli~atlon poreotial in then asslpnod t o  the remaining cella. 

Bucb a mathod M u l d  #e- applicable to the Zeballoa Camp as it i o  

able to ut i l i ra  data t h a t  a m  both readily obtainabla and empirically 

relatod to mlneraliratlon. 

Sulphide mineralogy used ea a quaatitativa or memi-quantitative 

cool for prediction of deposit value appears t o  hmve conriderabls 

5 .  

p0fXBthl. 

6. Othor typmo of gold mineralirsrion, such ao t he  copper-gold skarn 

of the Buno deposit, are related in t i m e  and sprce t o  the gold- 

quart; vclnr. 

work on thr v a h  dapoaita because of t h i s  close relationship, end 

tha coaeldorable economic potential such depooite can offer. 

Such rrinsralizacion uhould be cohqidcred in further 
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Tha folloving paramotera are intended to be applied to horn  vein/o m d a r  

iUVOmtig~tiOn at  Zaballoo Camp. 

to axtr~polate tha w a  of some parameters co similar veins elaevbera on 

Vancouvar Island. 

iUflUSUCing economic minaralization. or that the interpretation of thana 

ObaWvAtiOnS le neerrmrrily unique. 

However it would not be unrPaBonable 

It ahould n o t  ba aammad that t h a w  ara rha only factorr 

1. Spatial aaaociation with the Eocana Catface Intrusionm i s  of 

The best economic potontial sseme to be 
i 

priarry importance. 

uithin 500-1,OOOm of the contact. 

Brocciacion of the intrusive and/or host rock, along w i t h  

pre-*wisting or conta~poreneoua faulting aid In astabliehing 

pathways for the hydrothermal fluids. 

Clara arrociation wirh late - or poet - Cacface Inrruslon dykes 

is favourable feature. In particular (quartz) feldspar dykso 

and rtocke. 

Iiort rock type le important insofar as i t ' s  physical propartior 

dotarmin. its response to daformation. For axampla fracturing 

on fold craete m y ,  in amsociation with other factors, provide 

A aultabh locus of deposition. 

2. 

L 
3. 

4. 

5 ,  A foldad or convoluted margin to tho int 
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. 5 ,  A folded o r  convoluted margin t o  the  In t rus ion ,  or apophyses, A i d .  

i n  thr l O C . d i Z A t i O U  of minera l i ta t ion .  

The orirntation of the  vain and its enclosing ohear, If preoant ,  

along w i t h  i n t e r#ec t lng  rhoor LOM. 1. of conriderable importance. 

A t  Zeballor i t  vould aem that  rotetional .train b e  produced 

rheAtl or ian ta ted  a t  03f0-0600 and 080°-0900 vhich, when allied 

with the tanoional  fearurer that typically develop, such ao c a v i t i a s  

6 .  

. i. 

end gaah V e h l ,  m y  prOVld8 

- . .- ._ 
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s u i t a b l e  sites f o r  depoaicion of economic minera l iza t ion .  
t 

7 .  The mlph ida  aaaernblage should include pyrice,  galena, 

chalcopyr i te ,  s p h u l e r i t e ,  f araeaopyri te ;  a l l  in meaaurable 

quanrltier. 

Vein0 should have a typ ica l  m i n i m u m  width o f  u t  l e a 5 t  lcm. 

minimum width l e e e  than t h i s  often noerne t o  preclude the  

development of economic mineral izat ion,  even chough sect ions of 

tho vein i n  thm nmar v i c i n i t y  AI. o f  gr-atar w i d t h .  Product lvr  

w i n e  general ly  have a r e l a t i v e l y  small vur ior ion  in width. 

9. Average Cu grade may be used  an nn aid in pDediCtlng potencia1 

8. A 

t o t a l  Au present .  

10. The Au, Ag r s t i o  is r e l a t i v e l y  independent of  grade among producers. 

It my be uaad as an ind ica tor  o f  p o t e n t i a l  ro ta1  Au present. 

FUTURE v a u e  OF ZEEALLOS LW 

The area of Zeballos Camp l e  around 5,00Oha, f c  could be expected t h a t  

any minera l iza t ion  in such a r e s t r i c t e d  ares vould alrandv havs bean 

dtacovnrmd snd nxo ln i rnr l .  I f  nnnaihlr. A m 4  
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EXTRA P A G E  005  

,alization in such s restricted area would already hev4 been 

id and uploitad, if poesible. Aside from the poseibility of 

,lly concealed mineralization, the rugged topography of chc 

,vy vagetation, muperficial cover on bedrock and the small. aomntimss 

cant size of the target may easily have prevancsd discovery of 

,rying economic mineralizacion. Bancroft (1940) -Lee a pertinent 

.n chi8 regard, in reference to the ascrrch for the Whlrc Star 

Lblf a dozen prcspeccors searched the mlopes for 4 months before 

1'6"'' 2 5 0  761 4433 PdGE.@z3-' 
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finding tha quarts i n  plscs ... 500 o r  600 f a e t  above the bod of the creak." 

Thie w4m aftmr having found " ... r ich Bold quartz f l o a t  w i t h  g ran i t i c  rock 

attached ..." In Spud Creek almost d i r sc r lv  below the veinr. It would 

eaan that even today thera would bt 

dimcovmry of mcoaomic mineralizntic 

* -  ,' 

pportunicy for the 

tar4 being favorabla. 

Another a l t a r m t i v e  for thm camp is thnt psec  producers haw n o t  axplo1t.d 

dnudiSaClOn tO It# f U l h r t  ortent,  or known prospects may havs the 

pocenti4l to bmcoma producer.. 

examplee her.. houevar much ~ a l u a t i o n  in a t  leeet  9 pnmiquantltetivs msnnar 

Natu ra l ly  i t  i s  not intendmd to give aprcif ic  

, 
ihould be comparatively rtraightforward. F i n a l l y  it, Is vorth mentioning, 

although not par t  of t h i s  study, the potential  f o r  gold occurring i n  o 

form other than gold-quartz veins. That is t o  say a s  replacement o r  

parhrpr dirreminsted depositr. geologically 4nd pooaibly o p a t l a l l y  rslatod 

t o  gold-qwrts vmina. 
L 

ACk34OWLBDGENENTS 

Thim study, financed by the Science Council of Brit ish Columbia, 16 part  

of the baMlBP reaearch projact of the Department of Geological Scimncas, 

Univerri:y of Britimh Columbin. 

ot the Csologicsl Divimion, B r i t i s h  Columbia Hinisrry of Enargy. Kina. 4ud 

Prrrolaum Xeoourcom. We would l i k e  LO thank Dr. J .E .  Muller of the 

Ocologicrl Survey of Csnsds for h i s  advice and general connuonto. 

arrirtance har barn providod by Mr. A. Beutzsn. 

It ha6 been undertaknn with the cooperation 

Technical 

I '00" 3:0& 2 5 0  7d1 4433 PRGE.024-  



NO". 

! . '  
. .  

I .I - :( 

P. 25 F A X  250-761-4433 21 ' 00  9:31 RDOLF R I CHME I ER 

-25- 

I .  BIBLIOCWlfY 
I 

B A N C X O ~ .  M.F. (1937) Gold-Bearing Deposits on chc Uast Coast of Vancouver 

Island betvaen Eapsrinra Iniac and Ubern i  Canal. 

CMlOgiC.1 Survey of Canada. 

Memoir 204, 

BANCBOfi .  H.P. (1940) Zibrlloa Mintng Dietricc and Vicinity, British Col&Ia. 

Paper 10-12, Caolopical Survey of Canada. 

W O N ,  D,J.T.  (1968)  htal lO&.lnk eCudy of Vencouver Island v i t h  emphasii 

on the relation#hipB of mineral dapoeite to pluyanic rocks; uopubl. 

Ph.D. cheiis,  Car ln ton  Univwmity. /I 

CARSON, D.J.T. (1969) Terciary Mineral Deporirl of Vancouver Inland. C.1.M. 

6 u l l o t i ~  Vol. 62 No. 685.  pp.  511-520. 

W O N ,  D.J.T. (1972)  The Plutonic Rocks of Vancouver Inland Paper 72-04, 

Ceologicsl Survey o f  Cenrda. 
. c  

GUNNING. tI,C, (1932) Zeballoo Biver Area, Vancouver Islnnd. S m r y  Report 

1932. Part XI, Geological Survey of Canada. 

HOADLEY. J.U. (19S3) Geology and Mineral Deposita of tho Zeballos-Nimpkinh 

Aria, Vancouver Island, Bricieh Columbia. 

Ubmoir 272. 

Geological Survey of Canada, 

MULLER, J.C., W O A ,  D.J.T. (1969) CeOlOgy and t f h O T S l  Deposita of hlberni 

Map-Arm, Br i t lah  C o l d l a  (92R), Geological Survey of Canada, Paper 

66-50. 

MULLER, J.E.. NOHTtlCOTE, K.H., CIJILISLE. D. (1974)  Geology and Mineral Deporita 

of Alerc Bay-Capo Scott Wp-Ares, Vancouver Inland, Brit ioh Columbia, 

Caolosioal Survey o f  Canada, Pag4e 74-78. 

\ 

250 7f1 4433 PAGE.025 
NOU 21 ' 0 0  9 : 0 9 '  . .1 



P. 26 
CHME I ER FRX 250-761-4433 

-26- 

,. B.E.B., NORTHCOTE, K.E. (1981) Caology and Kinerr1 

Hootka Sound Map-Area, Vancouver Idand,  Brlt iah Columbia. 

uaoiogicar Survey of Cenndii,.Pnges 80-16. 

NORTHCOTE, LE. and HULLER, J.E.  (1972) Volcsnirm, Plutoniom and Hinernlizrtlonr 

Vencouvar Ieland. C.I.M. Bulletin,  V o l .  65 No. 726, pp. 4 9 - 5 7 .  

SINCLAIX, A.J. (19791 Pralimirr~ry Evaluation of Summary Production S t a r i s t i c s  

#od Locntion D4Ca for Vein Deposita, Slocen, Ainavorch nnd Slocaa 

City Campa. Southern Britleh Columbia. 

Papet 79-18 i n  Current Renoarch, Part E.. pp. 673-178: 

G C O l O g i c P l  Survay o f  Cnnkda, 

i 

SINCUIR. A . J .  and HANSEX, M.C. (1983) Rcaourca Access&. of Cold-Quartz 

Vblni, Zebollos Mining Camp, Vancouver Island - A Preliminary Report; 

B.C. Hinimery of Energy, KLnse and P e t r o l e u m  Raeourcee. Paper 1983-1. 

A Computer Procesaibla Pile for Hlnaral SINCLAIR, A.J. a d  ORR, J.F.W. (1971) .< 
Daporlrs i n  the Slocan u d  Slocan City  Am86 of British Columbia. 

Wastern Hinmr, V o l .  44. Bo. 4 ,  pp. 23-14. 

STEVENSON, J.S. (1938) Lode-Gold Dapooita of the Zeballos Area, B . C .  D e p t .  

of UMI, Bullatin (not numbered). 

STEVENSON. 1.8. (1950) Geology and Hinerd DepOEitE of tho Zobsllos Hinlng 

' Camp Bullecln No. 27. B . C .  Dept. of Mfneo. 




