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Zeballos Miningommp is locatsd on the west coaat of Vancouver Island, about
320km northwest of Victoria, B.C. Access is vis an ‘sllwesther road between
the settlemsnts of Zeballos (Skm south of the camp) and Nimpkish. The
surrounding countryside is haavily vegot;‘cﬂ, mountainous and rugged, with
elevations ranging from near sea level to about 1300m. The climate is wet
and mild, vith sn averags rainfall of around 6,000um.

e . /1
The first gold-quartsz vein staked in the ares was the Tiﬁ?#e in 1924, liwmited
quantities of placer gold had been mined previocusly. Lode production began
in 1934, reaching a peak during the period 1937 to 1943, by 1948 wost mimes
had closed and production rapidly declined. Two mines, Privateer and Spud

Valley, produced 473,082 of the 651,797 tonnes of ore mined at the camp.

Recorded metal production to date totals 9,465,244 grams of Au and 4,119,118
grams of Ag, &8 well as minor amounts of Pb and Cu. Average mined grades
for the camp sre 14.5g Au/tne and 6.5g Ag/tne (respectively 0.470z/t and
0.2loz/t). The vains wera narrow but high grade, ruanning 30 to 150g Au/tne.
The principle mining mathods ware cut-and=fill and shrinkage stopping, the

latter method causing considerable dilution of vein matarial.

AIMS
This evaluation was initiaslly oriented towards a quantitative resource

assassument following the approach of Sinclair (1979) and Orr and Simclair
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assessment following the approach of Sinclair (1979) and Orr and Sinclair
Q (1971), To this end a dsta file was constructed (presented as Appendix I) to form

a basis for quantitative evaluation.
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Figura l: Location of Zaballos nining camp
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Bacsuse of the scarcity of quantitative data the study was broadsned to imclude
a qualitative assessmant of geological features, such as structurs. This vas

hampered to & certain extant by & lack of field obssrvations.

DATA BASE

The dats have besn compiled . ‘ . in Appendices, from two primary
sources of information; a report snd map by Stevenson (1950), the MINFILE

computer file of mineral deposits in British Columbia. Theae table ars salf-
axplanatory, but gome commsuts on the derivation and quality of the data are

B /!
warranted. e

Mined Tonunage rafers to ors brought to surface for hnnd—-brting prior to milling;
quoted grade valuss refer to these figures. The two major vein orientations are
shown for each deposit, sach orientation may represent several veins, the valuas
.(;- ars mean directions of undulose surfaces. Where production has been recorded,
vein width rqt.?l to the most productive segment of the vain/s. Tha ters
"sheated zons" refers to joints which are "... spaced 2 to 8 inchee apart and
contain aithar gouge or quartz-sulphide stringers an esighth of an inch‘to an
inch wida/" (8tevenson, 1950). Tha associated replacemsnt/altearation refers
:; features obsarved in a vein or wallrock, such as silicificaction or oxidationm,
in ganircl lucﬁ data are sparse in avtil;ble literaturs. Distancas from the
Zaballos Btock contact wers measured from Stevenson's geological map of the camp

(Fig. 2, 1950), similarly with distance aud bearing from the noss of the stock.

‘1 Nabiet T Bisr 250 781 4433 PAGE.@83"
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: C STATISTICAL METHODS AND RESULTS
' The following techniquas all utilize the dsta as listed in the sppendices,

The small number of observations for which production data are available is
a significant drawback which limits the applicsbility, although not
necessarily the validicy, of multivariate techniques. Nonetheless, there are
some interssting relationships and trends apparent, as described below.

Those variables which do not display sn spproximately normsl distribution
(s.g. all production data) are ianvariably log transformed. No other
transformations were considered necessary. The work was undertaken utilizing
the computer centre facilities of the University of Britifh Columbia.

: .

LINEAR REGRESSION

S8elected plots of the more significant relationships are presented, with the

associated statistical values listed in Table 1.

Precious matal contents (Au & Ag) are plotted versus production (mined tonnage)
in Fig. 2.. The good correlation (refer Table 1) for both Au and Ag indicates
that production tonnage is an acceptable single measure of relative value of
vein deposits of Zeballos camp (c.f. Sinclair, 1979). The corollary is

that average grades among the larger producers are ralatively constant.

This would be of -1gn1£1cani interest to any future producer at tha camp.

Average Au grade versus average Ag grade {s shown in Fig. 3. Although the
correlstion is high (r=0.815), the existence of two clustaers suggests that
this may be at least partly srtificial. Nonatheleas the cluster representing

the larger producers is valid. It can be geen that Au grade is conaiderebly

- NOU 21 'B8 T g:s2” ; ' 25@ 761 4433 PAGE.DBS’
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- Figure 3: Plot of average gold grades (graus Per tonna) versus average silvar

grades (grams- par
Appendixsl. Per tonne) for Zebsllos vein deposits. Data from
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L higher chan that of Ag, the mean ratio 1is 2.3, with a standard deviation of

1.3; for the largar producers these values are 2.3 and 0.5 respectively.

In Fig. 4a, total grams of Au per deposit 1a plottad sgainst average grade

of Cu. The good negative correlation over several orders of magnituds suggests
Cu grade may ﬁo an indicator of deposit relative value. However this
corralation may be partly artificial, as a result of selective up-grading

of ora in the small deposita. This relacionship is discussed further in the

following section on multiple regression.

Pig. .4b 1s a plot of deposit relative value (total grsns‘gf Au pér deposit)
versus distance from the contect of the Zeballos Stock. Ehn graph shows a
remarkably cousistant pattern both in the stock and in the country rock. The
squations describing these trends are given in Table 1. There is potential
(~. for this relationship to be used as & value sstimate for any deposits remaining
' to be dileovuroé. However two assumptions, which msy not be valid, are
implicit 4in this relationship. The measure of distance from the contact is
in the horizontal plane, potential influence of variation in the vertical
plans is not considered. Secondly the Zeballos Stock is considered to be

th; only Tertiary intrusive in the vicinicy, this may not be the case.

MULTIPLE REGRESSION

The method used is hackward stepwiasa ragression, whereby only the most
significant variabla/s are retained in the equation st the final step. Although
the potential of this method is severly limited by the small number of observations

available, it has provided insight into which variables may reflect the minersl-

; (_ izing process.

-

NoU 21 e 8:sd" 258 781 4433 PAGE.2O7?
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TABLE 1

ar e

LINBAR REGRESSION DATA

P. 18

DEPENDENT INDEPENDENT  NUMBER OF DEGRESS. OF  CORRELATION RELEVANT

OBSERVATIONS  FREEDOM COEFFICIENT _FIGURE
LogMINE LogTOAU 17 16 0.989
REGRESSION BQUATION LogMINE = 1.23.LogTOAU - 2.46 ¢ 351
LogMINE LogTOAG 15 14 0.975
REGRESSION EQUATION LogMINE = 1,18,Log TOAG - 1.94 g

: i

a : ’77

LogGRAU LogGRAG 15 A T
RECRESSIOM EQUATION LogGRAU = 0,75.LogGRAG & 0.59 ' 2.2
LogTOAU LagGRCU e 10 ~0.962
REGRESSION EQUATION LOgTOAU ® -1.62.LogGRCU + 3.6 2.3
LogTOAU DSTC (+va) 8 7 ~-0.637
REGRESSION EQUATION LogTOAU ~ =0.0019.DSTC + 6,38 (within stock) 2.4
LogTOAU DSTC(~ve) 9 8 LRy
REGRESSION EQUATION  LogTOAU = 0.0011.DSTC + 5.38 (in wallrock) 2.4

ABBREVIATIONS:

MINE mined tonnage/deposit(tne)

TOAU, TOAG total grame Au/deposit

GRAU,GRAG ,GRCU grade of Au in g/tne

DSIC  distance from the Zeballos Stock contact

“NOU 21 LRy : © 250 781 4433
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Numerous runs were made using different dependent variables and combinations

of sll or some independent variables, in addition the obsarvations used wers

varied.

Naturally the oost significant dcpcndlniy‘riablcl aq_value indicn:ofc ATS

mined tonnage and total gold content per deposit. Eiovntion was ussd as a
dependent variable in an attampt to dtfinn‘hny toning wvhich may be present.
Unfortunatsly the data are too sparse to allow any meaningful correlations

in this regard.

The use of mined tonpage or total gold conCABt-nn depcndﬁﬁt varlables restricts
the numbar of obgervations to 18 and 17 respectively, Ifﬁcomplet. observations
are desired the restrictions are even more severe, generally less than 10

or 8o observations. Where observations are incomplete, wmean valuas are

(' subscitutad for missiug data. The results often do not appear significantly

different in such cases.

The wost sigoificant independent variables, in approximate order of decreasing
significance, sre; grade of Cu (GRCU), grade of Au (GRAU), bearing from chea
northwest nose of the Zaballos Stock to the deposit (BRGN), distance to

the contact (DSTC), average minimum vein width (MNVW), grade of Ag (GRAG),

grade of Pb (GRPB), distance to the nose of the stock (DSTN), strike of tha

major vein/e (STRl). This order varies depending on the nature of the other
parameters. Of the 9 variables only 6 are considered to be of significance.

Tha vnrinbln; DSIN and STR1l were dropped primarily because of their low rating.
In addition, the values for STRl are averages and would be difficult to determins

for a raw prospsct.

R : . 758761 4433 PAGE.Q!!
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The variable MNVW, ll:hnggh useful was dropped for two reasons; it 1s an
eupirically determined value, and it is of no quantitative value when considering
& prospect with limited vein exposure. 'The variables GRAG and GRPB 'were retained
bacause thay are quantitstive production &ata and t;;ruucnt information which

is ralativaly saay to obtain from e prospect. The varisble BRGN was rstained
solely because of its significance in the regression analyses. It {s difficult
to axplain geologically sxcept insofar as it 1s presumably an indirect weasurs

of other vsriablss of significence, as discussed allawhcr;, (e.g. position and

orientation af shears).

Data resulting from the use of these 6 variables arepresented in Table 2. The

casss pregentad are by way of a demonstration of the type of results obtainad.
Features of interear are; the high values for B? (i.e. that fraction of

total variance explained by the ralationship), the generally low standard error
(around a half ovder of magnitude over 5to7orders of magnitude), the persistence
of GRCU as the retained independent variable. It appears that the grade of

Cu 1s of considersbla, unoxﬁected, significance in terms of available data,

This supports the conclusion in the previous section that grade of Cu may well

bs useful as an indicator of potentisl value of a deposit,
CLUSTER ANALYSIS

Much of the data fils conaiste of attributes, that is to say measurements

recordad on & nominal scale and having discrete valuaed, e.g. most of the data

i o 25@ 761 4433 PAGE.B12
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TABLE 2

SELECTED RESULTS FROM MULTIFLE REGRESSTON ANALYSES

MIRE
. GRAU, GRAG, GRCU, GRPB

DEPENDENT VARIABLE
INDEPENDENT VARIABLE

- TOTAL BO. OF OBSERVATIOHS 18

TOTAL WO. OF COMPLETE OBS. 9

DEGREES OF FREEDOM 11

FINAL STEP NUMRER 6

1LAST VARIABLE REMOVED GRAU

RETAINED VARIABLE/S CRAG, GRCD

VALUE OF R’ 0.97

STANDARD ERROR 0.41

REGRESSION EQUATION LogMINE = -0.97.LogGRAG
-1.67.LogGRCU
+3.09

NOTE 1 abbreviations explainmed inm text

TOAU MIRE YOAU
GRAU, GRAG, GRCTU, GRPB GRAU ,GRCU,DSTC , BRCH CRAU, GRCU, DSTC, BR(
17 12 12
9 1 11
u it 1
7 7 7
GRAG BRGR PRGN
GRCU GRAU, GRCU GRCU
0.93 0.97 0.93
0.50 0.40 0.48
LogTOAU =-1.62.LogGRCU LogMINE=—-1.25.LogGRAU LogTOAU=—1. 62.LogC
+3.09 -1.53.LogCRCU +3.60
+3.97

WOTE 2 all values are logged (as shown), except DSTC and BRGN

e

61:6 BA. TZ2°nON
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4 in appendix V. Although such data may ba evalustad empirically, it was
considered that more siguificant results might be derived using a parametric
statistical technique. It was desired to group the data from Associated Minarals
(App. V) uaing cluster analysis, after ensuring that such data could be validly
used in such s manner. The lower grders of clustering were meaningful, but
did not provide information that could oot be determined empirically. The
higher orders of clustering did not appear to be geologically significant. It
was presumed, therefora, that there is practically no practigal grouping

of observations within these data, other than what can be determined empirically.
: /
DISCRIMINANT ANALYSIS !
|
Productive deposits have bean clpssed arbitrarily in two groups, the 5 major
producers and the remaining 13 producers. This classification, a8 usad in
(_, Figs. 2 . to 4, was arbitrarily based upon the fact that the 5th largest
deposir produced almost twice as much Au and two and a half times as wuch Ag
as the 6th largeat depoait, and the 5 largast deposits have produced around ¥
million grams of Au or more. It was decided that discriminant analysis might

show a more significant grouping among the producers than the classification

above.

The ll;ll number of observations restricted the analysis to two groups, the
variables used ware; TOAU, GRAU, GRAG, GRCU, GRPB. Where no variables ware
forced all werp rejacted except sicher TOAU or GRAU. 1In all such cases around
80X of tha observations were considered correctly clsesified, regardless of

the composition of the two groups. In other words amy grouping using only

T ™ ra—t i AU : : 2se 761 4433 PAGE.Ql4
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tha one variable would bes essentislly arbitrary, not an unexpected conclusion.
Howaver whare sll varisbles were retained as low lavel forced variablas, the
best classification (891‘01 cases correctly classified) placed the 5 largest

producers in one group and the remainder in the other group, all other group-
ings showed noticeably poorer classification. Thus it would appesr that the

initial empirical classification is indeed the most significant grouping.
GEOLOGY AND MI IZATION .

GENERAL s /
Thc.loolcgy of Zaballos Camp, ss shown in Fig. §, con-innu of » northwast
striking, southwest dipping sequence of Mesozoic volcanic and sedimencary
rocks cut by Jurassic and Tertiary intrusious. This gemeral structure

(~. represents the southwest limb of a northweet-trending anticline (Hoadley, 1953),
considerably disrupted dy faulting and intrusion., The area to the north of the
Zaballos Stock and to the east of the North Fork of the Zeballos River is tightly
folded. The Lower Juraseic Bonanza Group is a typical island arc sequence,
largely consisting of basaltic to rhyolitic volcanic rocks. This unit is
underlain conformably by limestone of the Quatsino Formation. These two unite
are nov thought to be separated by the Parson Bay Formation as slsewhers on
Vancouver Islsnd; this is described in detail below., Tholeiitic basalts of
the Upper Triassic Klrnutloﬂ Formation form the base of rhae sequence in this
area. These bedded rocks are cut by Jurassic plutone of the Island Inttu#ion:.
mainly diorite to granodiorite in composition, The Zeballes Stock with its
spatislly related gold-quarte veins is 8 quartz diorite phase of the Catface

Intrusions of Eocens age.

e (00 2y vRETC gisE™ 258 761 4433 PAGE.
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In Fig. 3.1 the Bonanza G;oup is shown to contain units of carbonate, cale-
silicate, and tuff. Accérding to Dr. J.E. Muller (Pers. comm., 1982) theses
units almost éortcinly represent the Pargon Bay Formation. That 1s, these
units would represeat the northwest continuation of the formation as shown

on the 1:230,000 map of Nootka Sound (G.S.C. MAP 15374, 1981). The contact
batween Parson Bay Formation and Bonanza Group is kmown to be gradational, as
it would appear to be here. The Bonanra Group elsewhera on Vancouver Island
is not known to contain any carbonate horizoms, -although sedimentary units

do occur, The calc-silicate adjacent to the Zeballos BtocL presuthably
Teprasants comtact metamorphosed carbonate or carbonnte—;iéh sediment. If
indeed these units are Parson Bay Formation, the implication is of a more
complex structure than was previocusly thought to exist. The two horizons of
ith, Parson Bay Formation to the west of the stock are alwmost certainly & structural
repetition. Thil would suggest eithar a tight, douﬁly-plunsing syncline or
fault-controlled repetition. The latter explanation is favored because thera
is no evidence of folding, in terma of the attitude of the bedding or of rapatition
of the underlying Vancouver Group. Faulting, however, is not only eminently
f.iliblc. but a necessity fpr consistent structural interpretation. This is

discuasad fully in the section below.

In the extreme southwast of the map area (Fig. 5) Stevenson (1950) hae mappad
a body of gabbro which contains the Answer and Golden Portal deposits. This
gabbro contsins fragments and boulders of unreplaced and partially altered

volcanice, It is cut b} diorite and granodiorite dykes which cut the 2eballos

NOU 21 '08° 9:00 ; o ioep 2Et 4480 PAGE.QGI7
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N Stock and perhaps the Island Intrusions. Compositionally it is distinct from
the hornblends diorite of the Island Intrusions in that it contains “ .., labra-
dorite instead of nndcliﬁe. and copsiderable augite with only a minor amount of
primary hornblende." (Stevanson, 1950). The presence of pyroxens rather than
hornblends Suggests the posaibility that ﬁhil nay b;xl feeder dyks (i.s, subpur-
face equivalent) to. the Bonanza Volcenics, or to higher level Tertisry volcanics
which have since been erodad. It is of interest to note that thare are thras
§old producers in the immediate vicinity (Tagore, Golden Portal, Beano). It
is generally accepted that gold-quartz vein mineralization is intimately related
to Tertiary intrusions (e.g. Carsom, 1968) on Vlncouver|f;lsnd. yet the Zgballos
Stock is 2-3km away. In addition a replacement deposit ;uch as the Beano could
be expected to lie quite near the source of wineraliszation. Thus it 1s at

least possible that this gabbro is aof Terctiary .age..

There appesars to be a close relationship between dykes of a parcticular age and
composition and the gold-quartz veins. Dykes which are the last phase of, or
younger than, the Zebsllos Stock intrusion are of particular sianificngce.
Feldspar porphyries are intimately associated with the velns, 8 stock of feldspar
porphyry occurs within the Mount Zeballos mine area. Orthoclsse~rich granodiorite

dykes are sssociated with mineralization at the Privateer and Central Zeballos.
TAULTING

Pgulting io this and surrounding areas seems to have been the major structural

vesponse to Jeformation (Muller, Northcote & Carlisle, 1974). With this in

e NOU 21 ‘@B Cd:ed s&0 781 4433 PAGE.D18
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mind a !racfurc trace diagram, reproduced here as Figure 6, was compiled
from 1120,000 acale black & white aerial photographs, taken in August, 1980.
Because of the empirical nature of such data and tha limited time available,
only the major, more obvious lineaments have been shown. In addition the
compilation has not been corrected for distortiom, ;nr have the photographs
besn intarprated by another worker., MNot baing able to check the features

on the ground 1s naturally a significant drawback, Fig. 7 1is a rose diagram
of all lineaments, Fig. 8 shows those lineaménts greater than approximately
600m in length. This division was chosen on the basis of a percentage
histogram of all lineaments. Lengths up to about 600m def;na a normal
population, lengths greater than 600m are a "tail" to th;;:population.

The distinct population in both figures at 150°-190° 1s thought to represent
the continuation of the pre-Tertiary Hecata Channel Fault of Muller, Cameron
and Northcote (1981). This fault has beaﬁ mapped on Bingo snd Friend Craeks
by Hoadley (1953). The lineaments continue north from these creeks and from
tha east side of the lower reaches of the Zeballos River, It is thought

that this fsult continues, offset, on the north side of the Zeballos Stock

as the North Zeballos River Fault. These faults and the accompanying lineaments
are considered pre-Tertiary as the faults are offset across the Zeballos Btock
end north-south lineaments sre rare within the stock. This would be in
agreement with the conclusions of Muller & Carson (1979) and Muller et.al.
(1981), with regard to similarly orieuted faults snd/or lineaments in surrounding

areas,
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Figure 7: Rose diagram of all fracture traces shown on figure 6.
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Figure 8: BRose diagram of fracture traces longer than 600 meters as th l
in figure 6. o
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(: Soma of the lineaments representing this fault pass between the two horizons
of Parson Bay Formation. Gunaning (1932) considers the North Zeballos River
Fault has been §aynthroﬁ# to the east, The same senss of movement on the

fault to the southwest of the stock (i.e. continustion of the Hecate Channel

Fault) would explain the rapetition of the Parson Biy Formation.

Most of the lineaments fall within & largs, rather poorly defined population
betwesn 30° g 100°. as shown in Fig. 7, Part of this population probably
Tepresents second order faults to the prayioualy discussed north trending
faults., Numerous oaot-we,; trending, generallylshorc. lﬁnpamenta occur within
the Zeballos Stock, these are presumably related to coolipg of the ntock; A
wall developed fracture pattern in outcrop is diagnostic of the Catface
Intrusions (Muller, pers.comm., 1982). It is poseible that such fractures
may correlate, 4t least in part, with the aforementioned set of esast-wast
lineamants for the Zeballos Stock. If there is any such correlatiom, which

would ba easy to verify, fracture trace analysis could wall prove a fast and

sccurate mathod of determing 'age' of particular intrusions.

0f the remainder, many lineaments fall within four relatively wall definaed
sones, shown as sones A-E in Fig. 6, Zone A, passing through the Privateer
and Central Zeballos appears to represant a fault which has offset the north
part of tha Zeballos Stock to the weat. It corresponds to a zone of east-west
striking granodiorite dykes at Cantral Zeballos. Lineaments in Zone A are

well defined on the photographe, however there is no mention of such a fault

by workers in the area. Zones B to E defina 4 groups of lineaments striking
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40°-60°. to the west of cthe stock. They may offset the Hecate Chaunel-North
Zeballos River fault. In any event lingaments of Zones A-E appear to all
represent the same age of faulting or shearing and may all correlate with

Eocens or later faulting i.e. syn- (or post-) intrusive.

-

In the following saction points as discussed above will be related to the

gold-quartz veins.

VEIN ORIENTATION

The strain ellipsoid of Fig. 9 1s modified after Stevenson (1950). 0o the
basis of two major shears at Zeballos Pacific (035°) and Pig Star (0900).

along with some supporting data, he has taken the directions of major shearing
stress to be 035°/vert and 090°/vert. He derives 062°/vert to be the plane

of tension and concludes that this orientation is most important with reepect

to vein oriantation and mineralization, "fractures and consequently veins formed

under tension ara the most favourable for ore ..."

In a rose diagram for all veins of the camp, Fig. 10, the major vein ﬁrianta-
tions are 030°- 060° and 080°-090°. These orientations correlate well with
the directions of major shearing stress as eastablished by Stevenson. This

is to be expsated inasmuch as most veins of the camp do occupy shear zones
(Bancrofc, 1940, Stevenson, 1938, 1950). When total Au is plotted on the
basis of vein orientation as in Fig. 11, the oao°-090° orientation can be
siln to ba of considerable igportance with respect to mineralization. Thus

planes of shear rather than of tension are important in the localization of
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Figure 9: Strain ellipsoid for Zeballos mining camp
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Figure 101 Rosa diagram of vein orfentations, Zeballos mining camp,
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mineralized veins. However tensional features do abound in, or are closaly
associsted with, wost veins. Such & situation may be explained by invoking
rotational strain.

Rotational strsin leads to the dléclopmont of one prominent ghear direction in
any particular ares, with the conjugate shear being poorly developed or
non-existent. The direction of relative movement in such a shear zone will
form an acute angle (e.g. 05°-10°) to the individual shesr planes within

the zone. Such a predominance of one shear direction is commonly observed
in the field in numerocus geological lnviroﬁnnntn. This appears to ba the
case at Zeballos, with the directions of major voinlﬂﬁientation (030°-60°.

80°-90°) correlating quite well with Zones A-E of Fig. 3.2 (040°060°, 80°-100°).

An sxample of rotational strain, using a shear diracrion of 085° is 1illustrataed
in Fig. 12.. This exauwple may be directly related to Zone A of Fig. 6 aend
No. 1 & No. 2 veins of the Privateer. Brecciation and shattering can bas
expected under low confining pressures, as is indeaed the case at the camp.

In other sreas the conjugate shear is more prominent (viz. Zones B-E

of Pig. . .6).

To summarige, such an explanation satisfies the basic observations om the
veins, viz. most vains occupy shear zones, yet temnsional features are of
considersble importance. The directions of maximum shearing stress as
derived by Stevenson (1950) correlste well with the vein orifntationn as

shown injrig. 3.6, and with Zones A-E of Fig, 6, , all .of which may be
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TOTAL Au PRODUCTION IN
TERMS OF VEIN ORIENTATION

Figure 1l1: Rose diagram of total gold
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Figure 12: Conceptional model for develo

ment of veins d
features, Zeballos mining camP PO schngeral

&1 P
explained by rotational strain. The 060°/vert plane of tension is primarily of

significance when associated with the 080°-090°/vert plane of shearing.

e

The above conclusions are well supported by the location of the deposits them-

salves. Zoune A, of Fig. 6, contains the Boden, Privateer, Britannia, and

Cantral Zeballos deposits. Zone B the Van lale and Prident deposits. It {is,

of course, no coinc;donc- that the Privateer-Prident complex is located at

the lntersectisa of two ghear gones. Zone C contains the Mount Zeballos, Spud
Valley, Zeballos Pacific and C.D. deposits. Zone D contains the Friend deposit,
however most of Zonea D § E are outside the nréi of the ?app as s?own on Fig. 5.
Neither zone has hosted lﬂf production, however they are Pqth a considerable
distance from the nose of the stock, which fact may be of considerable

significance with regard to the localization of mineralization.
NOSE OF 8TOCK

Thare is a strong correlation between the northwest nose of the Zaballos Stock
and mineralization. In s general way the greater the distance from the nose,
the fewer the deposits and the less productive they have been. This is
presumed to be a result of ‘the extensive faulting and shearing in the vicinity
of thl.BOIO providing the best pathways for ascending metal-bearigg solutiom.
Naturally there are other relationships which obscure the picture to & certain
extent, such as that between metal content and distance to the intrusive comtact

(Fig. 4a): A couwplicating factor may be the gabbro in the southwest of che
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extent, SuCh 48 That DEeTWeen metal content and distance to the intrusive contact

(Fig. 4a): A cowplicating factor may be the gabbro in the southwest of the

map area, if this is Tertiary in age.
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VEIN WIDTH

Most productive vains show a wide range in widcth (e.g. 1-100cm), bﬁt the

bulk of such veins usuvally shows considersbly less varistion (e.g. 10-30cm).

The latter variation is described, rather arbitrarily, as typical minimum

and typical maximum vein width. Typical minimum vein width is of considerable
-npirical'lisni!icnnc-. In general terms productive veins can be axpected

to have s typical minimum width of around 1-5cm along with s relatively small
veriation in width. There doas not sesm to be a correlation between vein
width and width of the enclosing shear zome. /

il
|

HOST ROCK

Host rock to the veins includes all rock types in the area. Particular host

rock type appears to have no influence on localization of veins, except insofar
as tha physical properties of the rock determine how it will react to deformation.
Flexuras appear to be favourable sites for mineralization, particularly in what
is inferred to be Parson Bay Formation (e.g. at Privateer and Mount Zeballoas).
Elsevhare on Vancouver Island the Parson Bay Formation is seen to be complexly
folded, prasumably because it reacts in an incompetent manner to deformationm.

The Bonanza Volcanice could be expectad to react in s more brittle manner to
deformation, thus more readily providing pathwaya and esites of daposition for
migrating hydfoth-rnnl solutions. The presence of sharp bends or curvaes in the

margins of the stock are also likely locl of deposition, ass are areas of

Waitia; a0 284 781 4433 PAGE.@2Z
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shattering and brecciation.

ASSOCIATED MINERALS

The sulphide assemblage of the gold-quartz vein occurrences on Vancouvar
Island (e.g. Banecroft, 1937; Muller & Carson; 1969y Carson, 1968). Pyrits,
sphalarite, gelena and chalcopyrite are generally present among the producers.
Arsenopyrite may be present and pyrrhotite is relatively uncommon. In general
terms these sulphides must be prasent for there to be economic gold available,
to what extent is not known due to lack of data. There 15/; strong negative
correlation betwean chalcopyrite (GRCU) and total gold s;ﬁns the producers as
discussed earlier, it is not known whether this relationship applies to the
other sulphide minarals, Arsenopyrite, alone, does not seem to be related.
i to gold content, however if present in measurable quantity along with
sphalerite, galens and chalcopyrite there is often associatad high grade
(150-3,000 g/tne) gold in apparently small quantities. Quartz is ubiquitous,

calcite occasionally accompanies wmineralization, ankerite is rare.
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FUTURE WORK

The suggestions listad here sre outside the present program of investigation.

They merely represent directions in which further work on the topic may prove

succeagful.

1,

2.

LD

Zaballos Csmp hss been the only significant area of production from

gold-bearing querts veins and fissure zones on Vancouver Island.

‘HBowsver, there are numerous occurrences of the same age and type of

mineralization (e.g. Bedwell River, China Creek; Kennady River,
Forbidden Plateau) that could profitably be incliuded in the data
file. Such information would be of congiderable value, particularly
with regard to the setting of mineralizacionm.

The structural setting of the deposits appears to hold the key to
understanding the mineralization at the camp. This could be more
fully studied, fieldwork would be asgential.

A more formal and widespraad fracture trace analysis would be

useful in conjunction with 2. above., Again field check of
observations would be esasntial,

Tha psucity of quantitative data ssverely restricts the uss of
gecmathematical :;chniqunn. Howaver a method is prasently being
evaluatad at U.B.C., by Dr. A.J. Sipclair & Mr. A. Bentzen whereby
an arbitrary grid is superimposed on an area. The resulting cells
are then assignad a set of measured parameters, e.g. length of
particular contacts within a cell, X of particular rock types
present, number of particular types of lineaments present, etc.

The patameters are then evaluated for a) cells known NOT to contain

mineraligation. and b) cella knnum Fn Anmead= —dooo-t
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The parameters are then evaluated for a) cells known NOT to contain

mineraligation, and b) cells known to contain wineralization.

6,

Minerslization potential is then assignad to the remainiung cells.
SBuch s mathod would seem applicable to the Zeballos Camp g8 it is
able to urilige dats that are both readily obtainable and empirically
related to mineralization.

Sulphide mineralogy used as a quantitative or sswi-quantitative
tool for prediction of deposit value appears to have consaiderable
potential.

Other types of gold mineralizetion, such as the copper-gold skarn
of the Beano deposit, are relatsd in rime and spaée to the gold-
quarte veins. Such minaralization should be cohqiderad in further
work on the vein deposits because of this close relationghip, and

the considerable sconomic potential such deposits can offer,

Bac
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EXPLORATION PARAMETERS

The following parameters are intended to be applied to known vein/s uander

investigation st Zaballos Cawp. However it would not be unreasonabls

to axtrapolate the use of some parameters to similar veins elsswhere on

Vancouver Island. It should not be assumed that these are the only factors

influencing economic mineralization, or that the interpretation of thase

obaarvations is necassarily unique.

1.

2.

3.

Spatisl association with the Eocane Catface Intrusions is of
primary importance. Tha best economic poteﬂéi&l éeoms to be
within 500-1,000m of the contact. by

Brecciation of the intrusive and/or host rock, along with
pre-existing or contamporaneous faulting aid in astablishing
pathways for the hydrothermal fluids.

Closa association with late - or post - Catface Intrusion dykas
is @ favourable feature. In particulsr (quartz) feldspar dykes
and stocks.

Hoat rock type i important insofsr as it'a physical properties
detarmine itg response to deformation. For example fracturing
on fold crests may, in association with other factors, provida
a suitable locus of deposition.

A folded or convoluted margin to the intrusion, or apophyses, aids
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5. A folded or convoluted margin to the :l.ntrﬁs:l.on, or apophysas, aids
" in the localization of mineraliration.

6. Tha orientation of the vein and its enclosing shear, if present,
along with intarsecting shear zones is of considerable importance.
At Zeballos it would seem that rotational strain has produced
shears orientatad at 035°-060° and 080°-090° which, when allied
with the tensionsl features that typically devaelop, such as cavities

and gash veins, may provide

=23~
suitable sites for depceition of economic mineralization.

7. The sulphide assemblage should include pyrite, galena,
chaleopyrite, sphalerite, * arsenmopyrite; all in measurable
quantities.

8. Veins should have a typical minioum width of at least lcm. A
minimum width less than this often seems to preclude the
development of economic mineralization, even though sections of
the vein 4in the near vicinicy are of greater width. Productive
veins generally have a relatively small variation in width.

9. Aversge Cu grade may be used 8s an aid in predicting potential
total Au present.

10. The Au, Ag ratio is relatively independent of grade among producers.

It may be used as an indicator of potential total Au present.

FUT VALUE OF ZEBALLOS CAMP

The area of Zeballos Camp is around 5,000ha, it could be expected that

any mioaralizstion in such a rastricted area would alraady have been

diacovaerad and axolonitad. 1f mamaihla. Aaide fram rha naseihildie. ~F

Be4
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any minaeralization in such a rastricted area would already have been

discovaered and axploited, 1if possible. Aside from the possibility of
geologically concealed mineralization, the rugged topography of the

area, heavy vegetation, superficial cover on bedrock and the small, sometimes
insignificant size of the target may easily have prevanted discovery of
veins carrying economic mineralization. Bancroft (1940) makes a pertinent
comment in this regard, in reference to the search for the White Star

veins, "Half a dozen prospectors searched the slopes for 4 months before

NoUz21 "o ey ; ‘ 258 761 4433 PRGE.B23"
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ke
fiading the quarts in place ... 500 or 600 faet above the bed of the creak.”
This was after having found "... rich gold quartz float with granitic rock
attached ..." in Bﬁud Creek almost directly below the veins. It would
sean that even today there would be considerabls opportunity for the

discovary of economic¢ mineralization, other parameters being favorable.

Another alternative for the camp is fhnt paet producars havs not exploited
minaraligation to its fullest extent, or known prospects may have the
potential to bacome producers. Naturally it 18 not intended to give apecific
examples hars, hounycr such evaluation in at least 7 Aeamiquantitative manner
should be comparatively straightforward. Fipally it is worth mentioning,
although not part of this atudy, the potentisl for gold occurring im a
form other than gold-quartz veins. That is to say as replacement or

k‘ perhaps disseminated deposits, geologically and possibly spatially ralated

to gold~quarteg veins.
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