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Introduction

QLD has been found in many parts of Bridge River dislrict of Dritish
77 Coluialia but it is from a relatively small area in the valley of Cadwallader

" ereek that the bullt of production has come.
nmeasures shoul ore-half mile in width by three miles in length,

This arca, rectangular in shape,
In this area, here

called for convenience the Cadwallader Gold Belt, are situated the Bralorne and
Pioneer 1aines in sddition to geveral prespects under developiient,

The gold of the Cadwallader Gold
Belt cccurs in guartz veins averaging
gbout three fect in width, The ore con-
tains ohout one-half ounce gold per
ton. Lxcept for a relatively small
amount of silver, no olher metels are
produced from these veins, The produe-
tive veing oceur in & variety of rocks.
Vein-matter has filled reverse faulis
end modified tonsion structures. The
fault structures are in some cases pro-
ductive over lengths excecding five
thousand feet (23; p. 43). The Pioncer
Main vein, tfic most decply developed
vein in the eamp (1948), has been pro-
ductive throuzh a vertical distance of

three thousand, seven hundred feet.

Production of the Bralome Mine,
from 1032 to 19435, is 996,383 ounces
gold and 190,7¢9 ounces silver. Produc-
tion of the Pioncer Mine, from 1230 {o

19456, is 777,685 ounces gold and 135,698"

ounces silver, These mines, together,
_ have distributed about twenty- uvc mil-
lion dollars in dividends,

History
Tho carliest recorded reference to
the occurrence of gold in the DBridge
River avea is to be found in the ofiicial
reports of Government Agents to the
Coloninl Seeretary! dated over a period

1 Histozleal Archlves, Parliament Dldgs. Vie-

torfs, I, C

——

Presented ns » thesls for reglatration o the
Associntion of Professlonal Fnrineers of B. C,
A summnry of this paper wna read bofore the
Annual Meocting, C.LM., Otlawa, Janunry,
1047, and an abbreevinted version will appenr
In the C.LM. volume of Canndian Ore De-
posaits, -

JULY, 1948

from IMay 18th to Octlober 27th, 1863.
These communicationsg deseribe the ve-
ported discovery of rich gold placer de-
posits on the Bridge River by China-
men and the verifieation of these re-
ports by John Cadwallader.

The lode showings that had given
rise to these placers were not dizcov-
ercd until 1897 when, within the period
of a few months, nmost of the veins of
present importance in the Bridge River
camp were found and staked.

Desultory development was carried
on in the Cadwallader Gold Belt sce-
tion from 1897 to 1928 when the Pio-
neer mine went into profitable produc-
tion on a 100 to 150 ton per day basis,
since incrcascd o 350 tons. The Dra-
lorne mine went into profitable pro-
duction in 1932 on a 100 ton a day basis,
since incrcased to 450 tons with a fur-
ther increase now planned.

General ﬁescription of the
NMap Area

Location. The Dridge River mining
area, in the southeast corner of which
the Cadwallader Gold Belt ocenrs, lies
approximately 100 miles north of Van-
couver on Jongitude 123 degrees and
latitude 50 degrees 10 minules.

Accessibility., Access to the nrea
from Vancouver is by ecar over a cir-
cuitous route through the Fraser Can-
yon; by a more direct boat, rail and car
route 150 miles in length, or by pon-
toon-equipped nireraft. The boat-rail-
car route, which requires about fifteen

hours to cover, is the one most com-
monly used for passengers and
freight, The chartered aireraft ser-
vice, which covers the distance in one
hour, has its terminus at Gun Lake,
some fifteen miles by road from the
mines.

Topogzraphy. Topbgraphically the
Bridge River'area is an area of marked
relief ranging abruplly from 2500 to
8500 feet above sca level.

The Cadwallader Gold Belt section
forms a narrow, reclangular strip, con-
forming quite clesely with {ihe cast-
west {rend of Cadwallader Creck val-
ley. The Gold Belt ranges from 3,500
feet in elcvation at its westerly end to
4,600 fecet in elevation al its easterly
end,

Immediately north and south of the
Cadwallader Gold Belt the Bendor
"Batholith Range and Cadwallader
Batholith Range, respectively, tower in
a series of peaks up to 8,500 fect.

The Cadwallader Gold Belt is in part
paralleled and in part crossed by Cad-
wallader Creck which is a typieal
mountain river showing large and
rapid fluctuations in volume, It Iollows,
in places, a canyonous course and is
fed by several tributaries, several of
which cnter the main stream {rom
hanging valleys. -

Previous Publislied YWerk
on the Arca

From 19212 on, much reliable infor-
mation has been published on the
Bridge River area, including the Cad-

wallader Gold Belt scchon

The most comprchonsl\'c studies
were those of W. S, McCann and C. E,
Cairnes, published in 1922 and 1937 re-
spectively. Cairnes’ excellent bibliog-
ruphy, revised to date but without his
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annolnlions, may be found at the ~nd of
this paper. It will be scen fi - this
bibliography Lhat moat phases of
Bridge River geology, with the seem-
Ing exception of the regional structural
geolopry, have received attention prior
to 1928. This paper is designed to sum-
marize the progress of gzeological stud-
jes since that dele with the emphasis
on developments in the ficld of struc-
tural geologry.
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Geological Table
The rock types of the Cadwallader

. Gold Belt are tabulated for brevity, in

sequence of origin, in the geological
table. Yor lithological end petro-
logical details of individual rock types
the reader is referred to the reports by
Cairnes (24), Walker and Cockfield
(16), and MMcCann (11). BMost of the
types mentioned in the above table will
be further discussed under the sections
on Primary and Sccondary Geologzical
Structure.

An imporiant departure made in
the table from previously published
tables of formution on the Cadwellader
Gold Belt area should be mentioned
here, This change is the removal of the
Noel sedimentary formation from the
position previously given it (24; pp 15-
16) as underlying the Pioncer green-
stone, and the inclusion of the Noel
with the Hurley sedimentary forma-
tion which definitely overlics the Pio-
neer greenstone, The writer believes
that, at least on the Pioneer and Bra-
lorno properties, these two scdimen-
tary members are the same, duplicated
in plan by close folding ns illustrated
In the structural cross-sections, Iigs. 3
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IF'rane. R. (IPrancis Renaull)
Joubin was born in San Fran-
cisco, California, from which
cily he ool his name, lle is in
his middle thirties, married and
has & daughler of seven. lle was
educated in Vicloria's public and
high schools and in the Univer-
sity of DBritish Columbia, receiv-

ing a bachelor's and master’s de-

gree in geolegy froin the latter
Ile has taken mnuch post-gradu-
ate work in the Universily of
“Ifard-Knox."” '

lle has served an apprentice-
ghip ns prospector, lessee, field
gnd mine geologist, Is al present
in charge of Pioneer's interesis
in Easlern Cavada, with hend-
quarters in Teronto, KManaged to
spend part of Tast winter in South
Anerlen, which permits him to
boast that he has worked with
prospectors from “the londyke
to the Amazoi.,” Has published
a number of technical and senii-
echnical papers, in the ficlds of
geology and prospecling. Lilkes
rining because “it tales you into
the damndest corners where you
meet the finest people in the
workl.” Jle is a member of the
Canadian and American Mining
and Letallurgical Institutes and
registered as a ’rofessionnl En-
ginecer in British Columbia and
Onlario,

Ile prepared this paper {wo
years ago, after a detailed study
of the Cadwallader Gold Belt, A
simmary was presented to the
C.I.M. Eastern Meeting in Ot-
tawa, and another will appear in
“A Symposium of Canadian Ore
Deposits,” The paper was ac-
cepted as a Thesis for Registra-
tion by the . C. Engincers Asso-

- cintion, Its present publication in

full, containing a delailed de-
scription of the writer's original
structural interpretations, may
intercat western readers familiar
with the camp,

and 4. Such astratigraphic relatlonship,
for the general arvea was suppgesled
earlicr by McCann (11; pp 22-28), The
wriler's reasons for (his revision of
requence are, (o) the relative struc-
tural attitudes of the scdiments and
greenslone, (b) the general lithologic
similarity between the llurley and
Nocl formulions and (c) the presence
in both the Jurley and Nocl f[ormations
of a local basal conglomerate contain-
ing pcebbles of greenslone and the por-
phyritic rhyelite top member of the
greenslone series.,

Structural Geelogy
A, Primary Structures

Infroduction. In this section will be
briefly discussed such physical fea-
tures as the original form, size, inter-
nal structure and habil of occurrence
of the intrusive, voleanic and sedimen-
tdary rock types. Much of this data is
summarized in a column of the geologi-
cal table but certain details are deserv-
ing of further descripiion.

Ferpusson Series. The basement
complex of the Cadwallader Gold Belt,
or the Fergusson Series, was formed
as an extensively developed thin-
bedded series of alternating argillite |
and chert, with, towards the top of the
series, some lentils of limestone. The
marked difference in the relative com-
petency of the argillite and chert, and
thinness of the beds, formed a rock
series which was particularly suscept-
ible to cxtensive small scale fractur-
ing, mashing and crumpling under the
stresses of regional deformation.

Pioncer TFormation. The Pioneer
greenstone of the Cadwallader Gold
Belt appears in weathered outcrops as
a8 homogeneous rock type of andesitic
composition, IFFamiliarity with freshly
broken surfaces and in particular with
diamond drill core of this rock makes it
possible 1o distinguish between four
types of different internal structure
and different physical characteristies.,
The types present are amygdaloidal
flows rarely exceeding one foot in
thickness and in which the amygdule
size variation commonly indicates the
flow top; tufi's in which grain size vari-
ation is only occasionally perceptible;
minor flow top breecias and locally dis-
tributed, fine-grained crystalline tex-
tured phases which are intrusive into
the flows and tuff's, The intrusive type
of greenstone is diflicult to distin-
guish from the megascopically similar,
coarser-grained tufl's,

The amygdaloidal type occurs most
commonly as a repeated succession of
thin flows, followed by successions of
thin tuff beds. Individual flow or tuff




Yra P'eriod IFormntion Lithology ﬂln“]}:?l)q P'rimary Struclure
Recent Stream deposils; voleanie ash; Formln[:_lmrs, low benchea and & gen-
. : . erally thin surface mantle,
o slide debris and soil,
B =+ 300
8 ‘
g Pleisto- Fluvioglucial, glacial. and Originally partly filling valleys, now
(] cene stream deposits., forming high and low benches along
valley sides.
Erosion—Nonconformity
Lamprophyre dykes, ; b
o :i'm dykes, lenses, irregular masses and
118 " ¥ e 3 Tal M
Albitite and quartz-albitite, soaking material.
Soda granite (albite feldspar). As an clongated stock of somewhat
sill-like habit.
As isolated or swarms of sill-like
Quartz- and feldspar-“por- masses; in parl intrusive, in part
Upper (7) | Bralorne |phyries.” “pseudo-porphyry” after tuffs or sedi-
. . ments.
Jurassic | Intrusives ’
Quartz-diorite. As small plug-like bosses.
Diorite and green- Allin As a lenticular, stock-like mass wilh
stone-diorile. sk gradational, sub-parallel zoning into
s 2 ar more basic phases, along one flank
:()’]‘égg'i’fc“nd horn- serpen- where {he hornblendite and gabbro
* tinized. phases in part “soaked” greenstones to
,g Peridotite ? form hybrid greenstone-diorite.
S
¢ - Intrusive Contact
]
Argi!!ac}?ouls#_@_{ﬂﬂgous and )
minor cherly sediments; con- AR . : :
Hurley glomerate and agglm‘.;cr:‘.te },,9&?1;!1&1 ba?'?_(.d _fco lf‘]“-]:}fl-tm god&.
beds; locally limy and fossil- =+ 1200 '1‘ : tc i in g 22”“."]0!1' : .nlu-
{(-Noel) | iferous; minor interealated Blomolpte B8 lonsew. Bhov nesr the
andesitic ("aroenstone’) base of the formation.
) flows.
9 % "
Upper'(?) Stiucturally Conformable This contact, on basis of local basal
Triassic conglomerate, may be disconformable.
Green, massive, amygdaloid- s :
al or ﬁ’ncly cr).'st,ft]line. region- Mainly flows, tuffs and breceins with
. ally inctamorphosed andesites dyke-like and irregularly shaped gen-
Pioneer (“frreenstones”) and some as- + 1000 crally fine-grained, intrusive phases.
sociated instrusive phascs. Top determinations of flows occasion-
Minor local rhyolitic flows and 1 ally possible by amygdule size varia-
breccia at Top of ThE seties, tions.
'Il';his c'_:m)ta;:t may be disconformable.
: . s original nature is now masked by
Structurally C_onfommble basic sill-like intrusives, gencrally
. : sheared and faulted, serpentinized and
locally carbonated.
These lavas occur as amygdaloidal py-
Mainly green-colored ande- roclastics, pillows and flows wilh
sitic to basaltic lavas and min- (probably) ~ fine-grained — intrusive
- associnted limest with phases. Stratizraphically they overlie,
or associated imestone '1; except where they intrude, the Fergus-
.g some local thin beds of oolitic son scdiments; structurally they ave
e jasper. now commonly infolded in the latter.
e These lavas ave probably the basal
E ntl.cmber of the Triassic Pioncer preen-
stones,
Yerpusson | Chert, qum'tzitg m}ut'_l_graphil.ic Txtensively developed as relatively
Povniin Sorics argillites. = thin, interbedded argillite, quartzite
; o and chert, G

ULy, 1948
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norizons canhol LE correlated jater
ally with any reasonable degre cer-
tninty.

The flow top bLreecias are of crratic
occurrence, except towards the top of
the greenstone series where they rap-
idly increase and pradually chungre inlo
a Lype called for convenience “amypda-
loidal pyroclastic.” The latler iz com-
posed of sub-angular to rounded vol-
canic fragments, of acidie composilion
and amygdaloidal structure, in a more
basic fine-grained matrix. Locally the
nctual top of (he greenstone series,
where underlying the sedimenls and se
spared from crosion, consists of one or
more massive, acidie, (rhyolite or
dacite), somelimes porphyritic, flows,

The flow and tufl types of green-
stone, which probably comprise cighty
per cenl of the voleanic series, react
differently to slress. The flow type be-
comes somewhat schislose wilh soft
chloritic films on the parting surfaces
giving the reck a “greasy” feel, while
the tufls are more prone to fracture
into angular fragments with abrasive-
like surfaces,

All types of the greenstone series are
relatively competent rocks which, un-
der certain conditions, form a favor-
able host for inuch of the ore.

l¢()°
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Ceologicar
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Survey, Caaada,

ureenstone-Jnorite. NS 15 A Ny bra
rock quite eommon in the Cadwalla
Gold Bell. In places it presents a bree-
cin-like nppearance and may be comn-
posed of mixed sub-angular blocks of
greenstone and diovilie malerial; or
adjoininge sub-anjrular blocks of dioritic
material of difTerent granularity and
cryslallinity; or simply fractured dior-
itic material, Commonly the divisions
between blocks of different types are
marked by narrow felspathic stringerst
In places the breccia-like slruclure of
the greenstone-diorvite is absent and in-
stead the complex consists of green-
stone with small to large, irregularly
shaped patches, which have been seem-
ingly replaced or saturated with dior-
itic magma. In this type of the green-
stone-diorite, contacls between the
greenstone and intrusive material are
gradational.

Distribution of the greenstone-dior-
ite in the Cadwallader Gold Belt is
confined to certain general zones and as
these zones are closely related to the
regional folding and shearing, they
will be further discussed under the
heading of Secondary Structlures.

Hurley-Noel Formation. "These sedi-
ments, including argillaccous, tuffa-
cecous and conglomeratic types, are

Smi Lhr,rs

penerally intn-peance, Lrain size vinr-
ation or other top dotermination cri-
terin are poorly developed. No depend-
uble horizon marker, other than a zono
of conglomerate lenses, is known Lo
the writer,

The conglomerate mentioned occurs
in lens-like masses rarcly more than
twenty feel in thickness, and commonly
much less. These lenses occur at, or
close to, the contact of the sedimentary
formation with the I’ioncer green-
stone. In places the conglomerate is
formed of well-rounded pcbbles of
chert (of Fergusson Series origgin?) of
porphyritic, felsitic rock (of uppermost
Pioneer formation acidic flow origin?)
and other unidentifiable material. In
other sections the conglomeratle will in-
clude, in addition to the above, the con-
spicuous presence of rounded to angu-
Jar pebbles and cobbles of limestone
and granitic material,

Since the conglomerate observed is
believed to occur in the basal zone of
the scdimentary formation adjoining
ihe Pioncer greenstone and includes in
part pebbles of material resembling the
uppermost voleanic flows of the Dio-
neer formation, the conglomerates are
regarded in the main as basal conglom-
erates, ’
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Rocks of thiy sedimentary forms'"n
are relatively incompetent but v .r
special conditions have served ns a host
for produclive veins.

Bralorne Intrusives., Thesc consist of
n succession of intrusive Lypes includ-
ing, possibly, peridoetite and pyroxen-
ile, togethier with gabbro, iornblendite,
diorite? (hornblende and augite),
quarlz diorile, soda granite and related
hypabyssal types. The peridotite and
pyrozenite are doubtfully included in
this group. Although evidence for the
probable genclic and age relationship
of the remaindcr of the group is obtain-
able, the ullrabasic rocks are common-
ly sheared, serpentinized and sonie-
times carbonated to a degree which
masks their penctic and age relation-
ship in the intrusive sequence.. They
are placed where they ave in the Geo-
logical Table principally because of
their very common spalial relationship
with the gabbroic and dioritic rocks of
" the Cadwallader Gold Delt. There is
some evidence in the Pioneer mine
pointing to a pos{-soda-granite sge for
small amounts of ultra-basic rocks.

_____ S

The gabbro, hornblendile and dicrite
{also grecnstone-diorite) appear close-

ly rclated genctically and spatially. .

They form sub-parallel bands with gra-
dalional contacts, across a zone which
varies from twenty to fifteen hundred
feet in width.

The diorite and greenstone-diorite of
this series are competent rocks which
form hosts for much of (he ore. The
more basic fypes are incompetent and
are commonly schistose and serpentin-

jzed.

The primary structure and the origin
of the “porphyries” is not yet clear,
They are in general lens-shaped or
tabular-shaped masses, from one to
twenty feet wide, with commonly one
well defined wall and the other wall
showing replacement characteristics,
They appear in part to be dyke or sill-
like intrusions while microscopic thin
section studics (9) indicate that they
are at least in part “pscudo-porphyr-
fes” after tufls or sediments,

These “porphyries,” common in the
greenstone of the I'ionger mine, occur
fn sub-parallel swarms and are of some
significance in connection with the vein
structures. The “porphyries” are brit-
tle rocks and fracture or shatter rather
than fissure. They appear to be de-
crensing in number but increasing in
gize as depth is pained. The “porphyr-
ics” appear 1o be the siliccous fore-
runners of the soda granite,

The soda granite appears to be a

2 Cleveland's albitic syenite; (26 pp. 28-29),

PO R

Inte differenliate of the pgabbro-dinrite
magma and ils occurs in all eases with-
in or adjoining these more basic
phases. The contacts of the soda gran-
fte aud diorite are commonly grada-
tional ncross o patchwork-like zone of
hybrid type; the conlacts between the
soda granite and greenstone are sharp-
ly defined with Jocal shearing of the
greenslone. In form, the soda granite
is a lens-like mass. Its long axis con-
forms to the trend of regional folding,
The westerly nose of the granite mass,
occurring on the Bralorue property, is
somewhat blunt and it plunges steeply
to the northwest (3; p. 41). The
south-casterly “nose,” occurring on the
Pioncer properly, consists of a rapid
narrowing of Lthe granite accompanied
by a fingering-out of the mass until
only one relatively narrow hut persist-
ent dyke remains, Lo cxtend south-
casterly along the Cadwallader Gold
Belt towards the Pacific Ilastern prop-
certy. The soulh-easterly “nose” ap-
pears to plunge at about 45 degrees to
the southeast,

Noteworthy features of the noses of
these soda pranite masses are that they
are both scemingly soaked with sodic
plagioclase, carbonate and conspicuous
amounts of hydrothermally introduced
quariz. The productive veins of the
King mine on the Bralornc property
and the Pioneer Main (“A") vein on the
Pioncer property are situated on the
west and east noses respectively of the
sodza granite.

In the Pioncer mine and west of the
east nose of the intrusive mass and at
deeper levels, the soda-rich phase is

-still present but rather than soaking or

replacing the granitic mass, it forms a
narrow, relatively well defined border
or crust associated with spur and dyke-
like masses quite often of porphyritic
texture.
than ten-foot-wide dykes, form the al-
bitite or albitite porphyry which is
often closely associated with the vein
structures. .

The albitites are competent rocks
and they maintain remarkably persist-
ent vein structures. The albite-seaked
granile is also a competent rock but,
more britlle than the albitite, it tends
to shatter rather than fissure.

At depth, where the surplus of albite
has been seprepaled as dykes from the
soda granite proper, the Intler rock,
which is quite coarsely crystalline, hasa
strong tendencey to shatler rather than
fissure. For this reason Lhe soda gran-
ite preper, away from its albite-vich
border, does not long maintain a single
continuous fissure.

Such small, commonly less.

1. Secondary Struclures

Introduction, In this section will be
discussed the folding and fracturing. of
the rock types of the area, 1L has been -
poinled out by others (19,24; pd2) that
the strucltural problems of the Cad-
wallader Gold Bell are complex. The
nature of the contacts between forma-
tions are commonly masked by the in-
troduction of sill-like bjsic intrusions,
now sheared and serpentinized and
making the determination of atlitudes
and stratigraphic suceession diflicult.

To complicate the problem of strati-
graphie succession further, there is
close folding and duplication of the
formations.

The linear sill-like injections of basie
material and commonly associated
shearing are, in general, parallel to the
formational strike and so provide no
offsetting criteria to aid in learning if
such shear zones mark zones of fault-
ing. To add to the difficulty of sirue-
tural interpretation, rock outcrops arve

“few since the Cadwallader Gold DBelt

occupies a lopographic trough largely
overburden-filled.

Data relied on for the writer's strue-
tural interpretation of the folding weve
found on surface and in the under-
ground workings of the Pioncer mine
and Pacific (Eastern) properly. Al-
though the latter workings were flood-
ed and inaccessible (1945-G), maps,
notes, specimen suites, drill logs and
drill core were available to the wriler
and these, together with relatively
plentiful and critically located surface
outerop data over the section of the
Pacific (¥astern) working, provided
data bearing on the probable cross-see-
tional structure of the Cadwallader
Gold Belt. This interpretation of the
cross-sectional structure (fipure 4)
was projected east and west, through
the Pacific (Eastern) and Pioncer
properties respectively and with minor
modifications, was substantiated by all
additional surface and underground
data obtained.

Folding. In the central seetion of the
Cadwallader Gold DBelt, or the Pionecer
mine area, the nature of the folds in
the Piencer greenstone and Huvley-
Nocel sedimenls is Dbelieved by the
writer to be as illustrated in plan figure

and cross-scctional figures 3 and 4.

The structure of the Hurley-Nocl
sediments, northwest of Noel creck, on
the Bralorne property, has not been
studied beyond the vecording of a few
obscrved attitudes, nor has the strue-
ture of the Pioncer greenstone and
Hurley-Noel sediments southeast of

43 °




- Extension creck on the I'aclfic (Ens
orn) property been studied by the
writer,

The Yergusson Series, which form
the northeast boundary of the Cadwal-
Inder Gold Belt, dip in general from
456 Lo Gb degrees to the northeast. The
Fergusson Series, which form the
pouthwest boundary of the Cadwnalla-
der Gold Belt, dip (at the two isolated
points observed) at about 60 degrees
to the northeast. Detween these two
Palcozoic boundaries, the DMesozoie
voleanics and sediments are believed to
be symmetrically close-folded in the
manner shown in figures 3 and 4.

The most south-westerly band of
Mesozoic sediments (Cairnes’ IHurley
formation; 24); provides a relatively
large number of outcrops, offering
many dip? and strilke obzervations.
The southwest limb of this siructure is
masked by a large, sill-like basic in-
trusive, now serpentinized, as is also
in part at Jeast, the northeast limb of
the structure. Along the approximate
position of the northeast limb and con-
tact with the greenstone, on the south
boundary of the Pioneer property,
“flont” of sapparently Hurley-Noel

8 Although these sediments are now generally
fissile, convincing cvidence ia locally present
to indicete that the fizsility conforms in niti-
{ude to the b=dding, hence, ntilitude observa-
tione on fissility nre used in part on the strue-
tural plan, tomether with direct observations
on obvious bedding. )

basal conglomerate is strewn. Similar
material wasg also found nl one point
on the southwest limb. No convincing
top determination of individual beds
could be made in this synclinal struc-
ture but a general und consistent tran-
sition of course to fine material, rang-
ing through conglomerate, pebbly
coarse sandstone, and sandstone to ar-
gillite members, is discernible from the
limbs inward towards the nxis. The
synclinal slructure appears to plunge
to the northwest at a small angle which
is exaggerated in plan by a flattening
of dip on the north limb, s it continues
north-westerly. The southwest limb of
this structure is steep-dipping, averag-
ing between 70 and 80 degrees, while

the northeast limb appears to be 20

degrees flatier.

Little is known, on the basis of direct
evidence, concerning the struclure of

the Pionecer greenstone to the northeast -

of the syncline described, but its posi-
tion between two indieated synclines,
its stratigraphic position beneath the
sediments, the dip of its conlacts and
the form of its massif (widening on
depth as indicated in figure 4), also
some direct evidence that a similar
band of greenstone to the north is an
anticline, all suggest that this band,
called locally the South Greenstone
Band, forms an anti-clinal structure.

The sedimentary band between- the
two greenstone bands is poorly ex-

ed at surfuce. A few oulerops nre
present near the west boundary of the
Pioncer property, bul unfortunately -
thesie oceur in the greatly disturbed vi-
cinity of the Cadwallader shear. Near
the cast boundary of the Piencer prop-
crly, in the bed of Extension creck, out-
crops ore quite numerous and the atti-
tude there suggests the steep-dipping,
south flank of a synclinal structure.

The northerly greenstone band,
called for convenience the North
Greenstone, is the important member
in which the Pioncer Mine is situaled.
Although only two outecrops of the
North Greenstons are present on the
Pioncer and Pacific (JSastern) proper-
ties, the member is well outlined by
the underground workings. The North
Greenstone has been studied in delail
in the Pioncer mine where it forms the

~host rock for much of the ore. Iere, on

the basis of raany observations of
amygdule size variation in flows, it ap-
pears folded into a tight, roughly sym-
metriczl, anticlinal structure. The
North Greenstone band appears to be
narrower towards the southeast but it
is not known whether this indicates a
southeast plunging fold or is the result
of “slicing” by the Cadwallader shear.

To the north of the North Greenstone
is a narrow band of sheared and con-
torted sediments of the Hurley-Noel
type, There are just two isolated out-
crops of this member but it has been
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exposed In underground working d
dinmond drilling on both the Dioneeor
and Pacific (Iaslern) propertics. The
poulh conlact of this formation with
the Dlioncer Greenstone dips steeply
(70 Lo BO degrees) north and at several
points nlong this contact a basal con-
glomerale is present, The band exposed
appears Lo be the south flank of a syn-
clinal structure but the nalure of the
complele fold is unknown, slnce the
northerly position of it has been
sheared and sliced by the Fergusson
Overthrust fault,

Bhearing and Faulting. The position
of the Cadwallader shear is shown in
figure 2. This regional struclure is
known 1o be at least three miles in
lenglh and it forms the present south-
‘west boundary of the productlive veins
of the Cadwallader Geld Iiclt. Its aver-
age slrike is about north 45 degrees
west and it-dips from 70 degrees south-
west {0 vertical with loeal sleep re-
verse dips. Its course follows closely
the southwest contact, or basic side, of
the differentiated intrusive complex,
even where Lhis narrows down (as it
does to the soulhwest of the Pioncer
mine) {o widths of 50 feet or less, The
exlension of the Crdwallader shear
zone northwest of {he King mine (Bra-
lorne) sppears to lose its identity in
& zone of north-south faults which oc-
cur rovghly parallel to, and mainly to
the west of, the Hurley River canyons,
The extension of the Cadwallader shear
zone southeast of the Pioneer mine has
been located only at widely spaced
points. Pacific (Eastern) geologists
belicve that the Cadwallader shear
zone can be correlated with a fault
structure in their underground work-
ings and shown in cross-scctional fie-
ure 4.

The Cadwallader shear is a zone of
moderalely to intensely schistose rock,
averaging in the few places crossed
about 200 feet in width., The schistose
rock of the zone is characteristically
& serpentinijzed basic intrusive whose
identity is locally recornizable in oe-
casional massive fragments. Locally
bordering the shear zone, and across
relatively narrow widths, the Pioncer
greenstone may be intensely sheared
with sometimes small to very large,
relalively unbroken, hornblende crys-
tals present, i

Tho serpentine of the Cadwallader
ghear zone is very rarely talcose, car-
bonaled, silicified or mincralized. Tt
appears noteworthy that where the
serpentine is go n}le;jpg[,_su_dl sectiong
are usually the intersection aren of the
Cadwallader shear zone with one of the
northerly-striking faults related to the
vein-fault pattern of the camp.
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Figure 3. Geological Section A-B, Cadwallader Gold Belt.

The Cadwallader shear zone has been
described as a fault zone. The early
evidence to support this was based on
the assumption that there was a single
greenstone band and the further as-
sumplion of displacive overlap to ac-
count for the local presence of two
pgreenstone bands. The assumed over-
lap was teken to indicate the presence
and dircction of horizontal ofisct of a
large fault. Subscquent work under-
ground on the Pacific (Isastern) prop-
erty and diamond drilling on the Pio-
neer property indicates two separate,
parallel greenstone bands and not a 10712
single faulted and overlapping one as  rection opposite to. th
previously assumed. earlier investigators.

Cadwallader shear zone.

No certnin evidence of displacement
along the Cadwallader shear zone is
known to the writer Lo occur on the
Pioncer properly other than minor and
local movement of the shear zone to
adjust itself to the intersccting off-
sets of lnter cross-faults, As the Cad-
wallader shear zone conforms closely
in position to formational and intrusive
contacts, masked by injecled sill-like

ping faults” (24; p.

masses of basic intrusive, it can be seen
that fault displacements could be pres-
ent yet not apparent. Some evidence
that might bear on the question of pos-
“sible displacement is shown in Cairnes’
mapping (Mem. 213, Map 431A) by the
unexplained presence of two or three
very small outerops of I'ergusson-like
rocks along the strike and within the
Additional
evidence is reported! to be accumulat-
ing on the I'acific (Eastern) propevty
to indicate that the Cadwallader shear
may prove to be a major normal fault,
with marked horizontal offsct in a di-
to. that assumed by

Fergusson Overthrust. This strue-
ture was first described by Cairnes as
one of “principal” northeasterly-dip-
43). The Fergus-
son Overthrust, now so named because
all exploration to date points Lo & single
major structure, is a reverse fault
which has resulted in the late Palcozoic

{4 Dr. F. Duckland. Personal communleation.
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{Fergusson Series) rocks being !
ey,

ngainst nnd over the Mezozoic -
Forming ns il docs the faull contact
between unlike rock types, It can be
traced et intervals nlong the three or
four miles of the Cadwallader Gold
Belt and continues to the southenst for
a probable eight miles more. To the
northwest of the Bralorme mine the
course of the Ferpusson Overthrust
becomes involved and obscure, ns doces
tho Cadwallader shear to the south,
with probably later, northerly trend-
ing, . weslward dipping  eross-faults,
that paralle] the gencral course of the
Hurley River eanyons.

The Fergusson Overthrust is rough-
ly parallel to the Cadwallader shear
zone, striking aboutl north 45 degrees
wesl, but it dips morve flatly (averaging
about 60 degrees) in the opposile di-
rection or to the northeast. The course
of the Ferpusson Overlhrust is sub-
parallel to the formational trend in
strike and dip and it slices along the
contact of the north Greenstone Band
and Hurley-Nocl sediments, being in
the main just within the latler,

The Fergusson Overthrust has been
cut through or closely approached in
the Taylor Bridge River workings of
the Bralorne mine; the b1-cast drifts of
the Empire mine, the 40 vein workings

in the Pioncer mine, the verticul dia-
mond drill hole on the olland proper
ty (due north of the Iioncer mine), end
the underground workings and surface
drillingr on the acific (Iastern) prop-
erty. Where exposed, the Fergusson
Overlhruat consisls of a zone of in-
tensely sheared serpentinized rock, at
lcast 100 fect in widlth, Where ap-
proached from the south as in the Bra-
lorne bl-cast workings, the foot-wall
greenstone of the IMergusson Over-
thrust becomes increasingly schistose
and incompetent. The origin of the
serpentine and talcose materinl in the
Fergusson Overthrust poses an inter-
esling problem. On the Pioneer prop-
erty in the 40-vein hangingwall dia-
mond drilling, it appears to have been
derived, at least in part, from serpen-
tinizatlion of the basal conglomerate of
the Hurley-Noel sediments,

The YFergusson Overthrust contains
little vein-matter, that best known be-
ing the quarlz lenses explored under-
ground north of the Bralorne mine on
the former Taylor Bridge River prop-
erty. Although this vein-matter resem-
bles that of the productive veins, it
has to date produced no ore,

The time of formation of the Cad-
wallader shear and the TFergusson
Overthrust is still uncertain but they

appear to be of approximalely the
same ape, The Ferpusson Qverllirust
s known to be later than (he quarlz.
diorvite intrusions on the basis- of
Cairnes’ mapping (24; fijr. 2). On the
basig of other fragmentary but corrob-
orntive evidence these Lwo struclures
appear to be not later and probably
earlicr than the vein-faull fraclure
pattern of the Cadwallader Gold Belt.
Some cvidence of this is the oflsetling
of the Cadweallader shear zone by the
northerly striking faulls of the Bra-
lorne mine, the offsetting of the Cad-
wallader shear zone by footwall
branches of the Pioncer Main vein and
the presence of quarlz veins in the
Fergusson Overthrust (24; fig. 2). The
presently available evidence points Lo
a pre-fracture-pattern age for the Cad-
wallader shear and a possibly later but
slill pre-quartz age for the Fergusson

Overthrust,

Fracture Patfern
Diagrammalic Presentation. The
fracture pattern of the Cadwallader
Gold Belt may be advantageously stud-
ied in the diagrammatic setiing of the
conventional strain ellipseid of figure 5

following:
If the ellipsoid is oriented in plan on

the basis of the probable directions of
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maximum regional compression ne evi-
denced by the parallel close foldi ho
regional shear zone and regional vvers
thrust fault, then it will be scen that
the composile fracture pattern of the

Gold Belt agrees closely with the theo-
relical patlern Lo be expected.

If, in verticnl section, the southeast

end of the axis of maximum clongation
of the ellipseid is depressed about 45
degrees, the close agrecement bebween
the nctual fracture pattern and theo-
retical patlern cxtends to all details
such ans agreement in dips of struc-
tures, divections of fault ofiscts, atti-
tude of the widespread slicken-sidings
and of other physical criteria charac-

terislic of the individual shear or Llen- -

slon struclures.

The individual fractures making up
the pattern arc discussed in greater de-
tail below.

Type A, Structures of the type indi-
cated as “A" in the cllipsoid dirgram
are recognizable on the geological plan
(sec fig. 2) as thcnorlh-strii:in'g faults,
which are, with one imporlant cxcep-
tion (C-vein No. 2 fault), unmineral-
ized, Three or more of these faults are
clustered at the northwest extremity
of the Cadwallader Gold Belt (King
mine workings of the Bralorne), with
two others at from 1,500 to 2,000 foot
intervals to the soulheast. None are
known to occur en'the northwest corner
of the Pioneer property exposed by the
Pioneer mine workings. A large fault
of similar attitude that may belong to
this same set has been inferred by Pa-
cific Eastern geologists in the Plutus-
Twinturn Crecks area on the Pacific
Eastern property.

The faults of this set strike from due
north to north 20 degrees west and dip
from 45 to 70 degrees west, wilh one
example, the Bralorne No. 1 fault, dip-
ping 80 degrees Lo the cast. The faults
of this set are all thrust or reverse
faults with both vertical and horizon-
tal components of movement. The hori-
zontal component of movement for
each Taull is roughly the same and be-
tween 200 and 300 {cet, except for the
Empire fault where the agpregale
movement for {hree separate down-
ward converging near-surface faulls
totals about 700 feet for the single

fault struclture resulting below the
" 8,200 foot horizon, The horizental dis-
placement along these faults is as
shown in the diagrammalic ellipsoid or
right-handed.

In detail there appears to have been
hinged or" rotational displacement
along this novth fault set, In the King
mine, Bralorne property, vein dips in-
crease in flatness for cach successive
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Figure 5. Strain Ellipsoid Diagram.

fault block westwardly. Similar cvi-
denco of rotational movement is pres-
ent in the Empire fault structure.

The individual faults of this set are
known to be at lecast 1,500 feet in

length and in all probability they ex-

tend at least across the full widlh of
the intrusive complex.

They follow in general a straight
course except for the ove-bearing No. 2
fault (also called C vein) which is
gently sigmoidal in plan.

The fault structures are filled with
from one to fifty fect of schistose vock
and gouge. In the case of the partly
quartz-filled and ore-bearing No. 2
fault (C vein) the vein-matter consists
of “discontinuous, rudely lenticular
bodies of more or less {ractured quartz

between heavy gouge walls,, . wilth a .

re-cemenled quarlz breeeia frequently
evident” (21; p 258). Iledley (21;
b630-1) has summarized evidence to
prove that this sct of north-striking
faulls was aclive before (7) during and
after the introduction of vein-matter,

Type B. Structures of the type indi-
cated by “B" in_the c]lxpsotd diagram
are rccognizable on the geological
plan (sce fig. 2) as the westerly-strik-
ing fault set, commonly quariz-filled
and mineralized to form the “Main”
veins of ihe Cadwallader Gold Belt,
The more important membters of this
set and their manner of distribution
are shown on the geological plan,

These vein-filted faults, complement-
ary to the type “A" faults of the ellip-
soid diagram (fig. 5), sirike between
15 degrees north and south of west and
dip from 55 degrees north to vertical,
with locally (in the Bralorne King vein
and Pioneer Main vein), a steep reverse
dip.

The vein structures of this set ap-
pear to be all thrust or reverse faults
with both vertical and horizontal com-
ponents of movement., The hovizontal
component of movement for these vein-
faults is between 80 and 1560 feet and
in all cases the displacement is left-
handed. The wvertical component of
movement is not accurately measurable
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but it h estimated to be ns a rule
slightly in excess of the bori al
component.

Extensive uniform development of
slickensides and mullion structure
show the hangingwall blocks to have
thrust-ridden over tlie footwill blocks
at an angle averaging 55 degrees from
the horizontal. If the vein-filled faults
of this general east-west set are re-
garded as fault segments of originally
single cast-west structures, now offset
by the north-south fault system, then
the original type "IV structures must
have ranged from 2,500 to over 5,000
feet in length, or in other words ex-
tended across tlie full width of the ig-
neous complex.

The vein-filled fault structures of
this set, although they conform closely
in general direction of dip and strike,
have in detail individual characteris-
tics. These individual characteristics
appear to have been determined to a
large degree by the relative competen-
cy of the rocks cut. Individual struc-
tures commonly split into diverging
branches on approaching less compe-
tent types (such as serpentine, sedi-
ments or schistose greenstone) and
commonly such branches curve to make
the largest possible angle of intersec-
tion with the less competent rock.

In the Bralorne diorite the individual
fault structures. usually show minor
irregularities in dip and strike with
many branching "splits.” These "splits"
arc often quartz-filled and occasionally
ore-bearing. Less often, as in the
Blackbird vein, tho "splits" leave and
re-join the main structure to form a
closed or braided pattern which may be
‘entirely quartz-filled with a resultant
repetition of ore-shoots. In detail, this
set of ore-bearing fault structures,
where they occur in diorite, may be
described as irregular in form.

In the soda granite these structures
behave differently. Y/here the granite
is coarse-grained, homogeneous, and
contains a minimum of excess albite, it
appears to have been over-competent
or brittle. In this granite the fault
structure loses, its simple, single plane
or narrow zone identity and is present
as a wider, quartz-l'illcd fracture zone,
generally inhospitable to ore. Where
the granite is finer grained with excess
albite, a combination usually found in
Its contact zo'ne, the rock is sufficiently
competent to fracture and maintain
faults of this set as simple uniform
structures suitable for ore disposition.

The conduct of these type "B" faults
in Pioneer greenstones depends on sev-
eral factors. Where the greenstone is
massive, the members cut at a relative-
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ly large angle and where the assem-
blage has been given rigidity by
swarms of "porphyry" dyktslike bod-
ies, this rock is competent to a very fa-
vorable degree. An" cast-west ore-
bearing fault of the set discussed (the
Pioneer " A" vein) cuts rock of this
type and thcTcyultingquartz and ore-
filled structure is probably the most
uniform in dip, strike, width and sim-
plicity of all examples fn tho Brjlomc-
Pionccr mines. Where the greenstone
formation differs from the ideal above
described the fault structure suffers
and may be quite inhospitable to ore.

Faults of this "B" Or ore-bearing set
occur in the Mesozoic sediments but
only under a certain general condition
do they retain a simple structure and
are quartz-fdlcd and ore-bearing. This
is where the faulty zone has been
cemented by an early dyke (commonly
albitic) and subsequent movement been
localized to the wall(s) of such a dyke
as in the Bralorne North and (in part)
the King" veins.

Other general characteristics of this
set of faults will be discussed under
veins.

""C" Type Structures. Structures in-
dicated by type "C" in the ellipsoid
diagram have their recognizable coun-
terparts in the Cadwallader Gold Belt
but only one such structure (Bralorne
59 vein) is shown on the geological
plan (fjg. Z), because with few excep-
tions, structures of this set arc best
developed only in the deeper levels or
those below the 3,000 foot horizon. Be-
low this horizon several modified
structures of this set (locally called
"cross-over" veins) are productive, im-
portant examples 'being the Bralorne
59, 73, 75 and 79 veins and, probably,
the Pioneer 27 vein.

The tension or cross-over structures
illustrated diagrammatically as the
"C" set strike north-easterly with
moderate northwesterly dips. Some of
the "C"set cross-over structures are
steeper-dipping and some flatter-dip-
ping than the "B" or main vein struc-
tures.

The tension or cross-over structures
make an average angle of 45 degrees to
the "B" or main vein set of faults and
these two sets show a great variety of
form at their points of junction. In
general the tension structures curve
tangentially as they approach the fault
structures. In detail a tension struc-
ture may curve and join the fault struc-
tures .to form a clean-cut junction;
elsewhere the tension structure may
curve, approach close to and parallel
the fault structure with stringer con-
nections between the two, while else-

where the tension structure, on ap-
proaching the fault structure, may 16’e
its identity in an intersection urea of
irregular fractures. Commonly the
tension structures terminate where
they join a set "B" fault structure but
in rare cases they form intersecting
relationships.

Tension structures may be as little
as 80 to 100 feet apart (Bralorne 73
and 75 veins) but again may be widely
separated. Their length is largely de-
termined by the distance separating
the pair of limiting vein-faults.

The origin of the tension structures
appears to have been contemporaneous
with the set "B" fault structures.

Miscellaneous Structures. The three
set system of structures above de-
scribed form the basic structural pat-
tern of the Cadwallader Gold Belt.
There are in addition to the above, less
well defined structures which are of
some economic significance. These in-
clude a set of flat-dipping thrust-faults
(aotivc during and after mineraliza-
tion) and a set of probably post-ore
strike and transverse faults.

The flat (25 to 45 degree) dipping
thrust faults are reported in the Bra-
lorne mine (Blackbird section) and are
present in the Pioneer mine. In strike,
they vary from roughly east-west in
the upper levels to north-easterly
trends in the lower levels. The dips are
to the north and northwest. These
structures are observed as flatter-dip-
ping" strike faults along the cast-west
vein faults in the upper levels, curving
in strike and steepening on dip to be-
come strike faults along the north-
easterly tension structures in the
lower levels. These flat fault struc-
tures are believed by the writer to have
contributed much to the structural de-
velopment (“strength™) of the tension
structures where, at lower levels, their
planes have coincided. One of tlie best
exposed of several such structures is
tlie "Q" vein-fault of the Pioneer mine.
The net vertical component of move-
ment along these fiat faults, where
measurable, is between five and twenty
feet. *

Other minor structures aro strike
and cross faults apparently post-ore in
age and of small displacement. The
strike faults are present on both the
Bralorne and Pioneer properties. They
arc characterized by short overlaps and
discontinuities of the vein matter.

The cross-faults arc of small hori-
zontal offset, rarely exceeding drift
width; with movement right-handed
and dip to west. Such cross-faults ap-
pear more generally distributed in the
Bralorne mines than in the Pioneer
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