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A northwesterly view of the ridge on which
the Driftwood Property is located. The
gossanous outcrops in the foreground are
intrusive rocks of a Kastberg Porphyry and
strata. of the Takla-Fgazelton Group.




ABSTRACT

The Driftwood Property is located in the southwest

»’corner of the McConnell Creek map-area, about 87 miles north

of Smithers, B. C. The property lies in a northwesterly
trehding belt of volcanic-sedimentary rocks that were mapped
as Takla Group - Upper'Diviéion (Lord, 19M8); The rocks are
more correctly correlated with the Hazelton Group. They are
counded on the west and east by younger sedimentery forma-
tions. To the west is the Bowser Group and to the east, the
Sustut Grogp. 7

A Kastberg porphyry of Terﬁiary age has intruded the
Takla Group rocks. Intrusion was into the épizonal environ-
ment and produced ah irregular dyke-like body having a roof
zone with anastamosing dykes and small roof pendants. The
composition of the stock varies from granodiorite to gquartz

monzonite and alaskite. Differences in the stock are ob-

- served in textural, mineralogical, and chemical variations.

‘ ,’ Automorphism.of the stock has resulted in propylitic

alteration and contact metamorphism has resulted in an envel-

oping zone of hornfels. Temperatﬁres at the intrusive con-
tact as derived from heat flow calculations were probably a
maximum of about 495 to 550°C and varied with respect to

the type of rocks intruded. A biotite hornfels of the albite-

| epidote hornfels facles has formed an aureole over 100 feet

wide.' A hornfels of the hornblende hornfels facies has been
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developed in narrow zones adjacent to parts of the intrusive
contact. -
| The porphyry is a metal enriched intrusion in which
some metallic grains formed in an accessory manner but most
of the mineralization is epigenetic. The deposit has chafac—
teristics of both porphyry copper and quartz stockwork
deposits with disseminafed, fracture filling7vein, and re-
placement mineralization in the intrusive rock, hornfels,

and skarn. The primary metallic minerals identified were:

molybdenite, pyrite, pyrrhotite, chalcopyrite, arsenopyrite,

sphalerite, galena, fetrahedrite, marcasite, aikinite,
bournonite, and magneﬁite. Secondary or alteration minerals
are rare and only minor goethite, maghenite, malachite, and
ferrimolybdanite were found. A five stage paragenesis is
shown with at least three successive stages of veining.

Sulphide déposition is believed to have started at tempera-

~ tures in the order of 700°C. and continued along with re-

eguilibriation of sulphides down to temperatures below 400°C

and possibly 3009C for the sulphosalts.
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MINERALIZATION OF THE DRIFTWOOD PROPERTY,

McCONNELL CREEK DISTRICT,
BRITISH COLUMBIA

INTRODUCTION

Location
The McConnell Creek District is the area underlain by a
north~west trending belt of Late Paieozoic to Cenozoic rocks

that is ¢ontained in the McConnell CreekAmap-aréa and the

_areas immediately adjacent to the west and south. To the

weét and south no published maps Qf the region are available

but the area has been mapped by the author and others. To

‘the east, is the southwest corner of the Aiken Lake map-area

and td the southeast, the Fort Saint James map-area.

The Driftwood Property is found in the extreme south-
west corner of the McConnell Creek mép-area at latitude 560
21'15" and longitude 126° 5t'13" approximately 87 miies north
of Smithers. The property is contained within the MOTASE B

Claim Group which lies along the east flank of an isolated

‘ridge overlooking the Driftwood River, The ridge 1s_near

the north end of the Driftwood Range about three miles south
of Drift Lake, five miles west of Bear Lake, and three and a

half miles east of Motase Lake, as shown in Figures 1 and 2.
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History

- The eariiest miniﬁg interest in the area was in 1899
when placer gold was discovered in MeConnell Creek. However,
the placers were not very productive and interest in the area
lagged. Prospecting in the area was only 'casual‘ and intermit-
tent prior to mapping by the Geological Survey of Canada.
Systematic mapping of the area by C. S, Lord during 19%1, 194k,
and 1945 resulted ih the publication of Memoir 251: McConnell

Creek Map-Area, Cassiar District, British Columbia, in 1948.

Varied and widespread mineral potential was indicated during

 the mapping but despite recommendations by Lord as to the most

favourable rock types, exploration was only slightly intensi-

fied and was largely restricted to the northeast and eastern

portions of the map-area in.the gold-bearing reglions near the

Omenica intrusions. Some discoveries of placer gold together

- with platinum, mercury, and vanadium and a large number of

lode deposits of gold, copper, silver, lead, zinc, beryllium,
molybdenun, and chronium were made. In the southwest part of
the map-area the Atna group of claims and located by M. S.

Lang in June, 1945, in the center of what is now the Drift-

 wood Property. One mile to the northwest on the same ridge,

thirty five claims were staked during the same summer on
behalf of Yukon Northwest Explorations, Limited. All these
discoveries and a number of occurrences on the Tsaytut Spur

to the east were of copper usually accompanied by silver or
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occasionally gold values in volcanics that were mapped as

' Takla Group.

Exploration activity decreased during the late 1940's
and was carried on mainly by independent prospectors. 1In
the 1950's some gold deposits were located on Motase Moun-
tain and Northwest Exploration Company and other companies
examined parts of the map-aréa but nothing warranting a
continuing interest‘was discovered. In 1960 the younger
sedimentary formations of the Suétut Group were examined by

Pan American 01l Company but again no apparent interest in

. the area was generated.

Renewed interest in the entire region was shown in

the early 1960's as a result of discoveries of economic ore-

‘bodies and promising mineral deposits to the south. By 1965

fhere had been and were a number of companies and independent
prospectors working in the MCConneil Créek map-area and sur-
rounding regions. Their work resulted to the discovery of
more gold veins in the Motase Peak area, a number of dis-
séminated copper - molybdenum deposits assoclated with intru-

sive stocks and some stratabound copper and associated copper-

silver vein deposits in sedimentary and volecanic rocks.

Active exploration and evaluation of many of these deposits

has been in progress since 1966.

Physiography

The southwest corner of the McConnell Creek map-area
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() and reglons to the south and west are characterized by north-

westerly-trending mountain ridges separated by b:oad valleys.
The Driftwood River and drainages to the south of the Drift-
wood Property flow southeast into the rolling hill country
- of the Takla region which is part of the Fraser River system.
To the west and east of the Driftwood Property the Motase and
Bear Lake Valleys draiﬁ northwesterly into the Skeena River
system. ‘
Topography 1s strongly influenced by underlying rock
types and strucfures and shows décreasing ruggedness and
elevations from the.west towards the east., In the central
area to the west of Bear Lake'and around the Driftwood Valley;
Takla Group rocks are exposed as northwesterly-trending rid-
ges'sgch as the Driftwood Range and Tsaytut Spur. These
fidges rarely exceed 7000 féet in elevation and aré.charac-
terized by asymmetriéai»cross-sections due to inclined strata.
They show ragged, knife-edged portions, spires, well devel-
oped cliff faceé and loose crumbling slopes on one side and
more gentle, uniform slopes on the other. To the west the
topographny is’much more rugged. The mountains such as the
vSicintine Rahge have granitic cores ahd are asymﬁetrical,.
extremely ragged in profile, many being over 8000 feet high.
To the east of Bear Lake in the Sustut Group rocks the topo-
graphy is distinctly different. In fegions of flat-lying

strata there are gentlyAundulating or flat, plateau-like
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surfaces which are bounded by steep cliffs such as those
found along the eastvmargih of Bear Lake, Further to the
east where the strata are mnore contorted ahd inciined, are
hogback'and cuesta structures such as those observed in the
Connelly Range. There, the ridge crests are close to 6500
feet in elevation and many have spectacular cliffs and talus

slopes on one side.

Glaciation

Most ridges and peaks are so rugged that little or no
glacial reébrd has been preserved on them., Glaclally scoured
butcrops were observed on the cres? of a ridge near the
Driftwood property at an elevation of about 6400 feet. To
the north giacial'erratics were found on a small plateau
surface at an elevation of 5500 feet. No direction of ice
movement could be determined. | .

The main northwest-trending valleys such as the Bear
.Lake and Driftwood River Valleys show the best evidence for
widespread glaciation. They are U-shaped in profile with

truncated spurs and hanging valleys. Some drumiin-like

_structures are visible in the Driftwood Velley but generally

in most parts of the valley and other valleys only a thin
glacial cover of till or outwash gravels can'be seen, Alpine
glaciers are common in the western part of the region such

as the Sicintine Range and parts of the Tsaytut Spur.



REGIONAL GEOLOGY

Introduction

The regional geology of the Driftwood Area as shown
in Figure 2 has been taken from the southwest corner of
Lord's MgConhell Creek map-area (1948) and reconalssance
work to the south and west by the author and others during
1965 and 1966.

The oldest rocks in the area are to the west of Bear

Lake and underlie the Driftwood Property. Lord dated the

rocks as Lower Jurassic on the basis of fossil evidence and

called them 'Takla Group - Upper Division'. To the west Bow-

‘ser Group rocks of Upper Jurassic to Lower Cretaceous age

vnconformably overlie the Takla Group, and to the east are

. Upper Cretaceous to Tertiary rocks of the Sustut Group.

Granitic plutons and smaller masses of at least two ages
intrude the strata as well as minor dykes, sills, and necks

of basalt.

Takla Group

'~ The Mesozoic volcanic-sedimentary rocks to the wést
éf'Bear Lake contain late Lower Jurassic faunal remains and
wvere called the Upper Divisions of the Takla Group by Lord.
Further to the east in the centfal and eastern parts of
McConnell Creek map-area Lord found lithologically different,
non-fossiliferous volcanic—sedimentary assemblages which he

called the Lower Division of the Takla Group. In the same



8
e

regions the Upper Division was found to contain Middle and
Upper Jurassic (Oxfordian) fossils. The divisiog of the
Takla Group into an upper and lower unit was accepted by
Armstrong who héd originally defined the Takla Group further
to the south. However, as a result of work in other map-
areas 1t became necessary to re-examine and re-define Meso-
zoic rocks that had béen assigned to the Takla and Hazelton
Groups. |

The redefinition for the McConnell Creek area was
included in the general revision of the Hazelton and Takla

Groups by H. W. Tipper (1959).

According to Tipper:

'In McConnell Creek map-area, the Takla group 1s
subdivided into upper and lower divisions, roughly cor-
responding to Hazelton and Takla groups in their type areas,
and a lithologic change from fine to coarse clastic sedi-
mentary strata occurs between the two divisions. This
change, however, apparently started in Early Jurassic time...'

'The definition of the Hazelton and Takle groups 1s
most difficult when the Lower Jurassic strata have to be
assigned. Upper Triassic secdimentary strata are almost
invariably shales or argillaceous limestones clearly as-
signable to the Takla, and Middle Jurassic or later beds
are generally conglomerates or greywackes typical of the
Hazelton, but Lower Jurassic sedimentary beds may be either

-coarse or fine grained ... In McConnell Creek area, Lower

Jurassic strata are closely related to and inseparable from
the upper division of the Takla group (equivalent to Hazel-
ton group). In Fort St.James area, the type area of the
Takla group, Armstrong recorded the occurrence of Lower
Jurassic conglomerates, greywackes, and shales and postulated
marine, near-shore, or nonmarine conditions. These beds are
distinctly different froa the Upper Triassic sedimentary
strata. Thus in both McConnell Creek and Fort St.James

areas the Lower Jurassic could rightly be considered to be
part of the Hazelton group (although in the Fort St.James
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- Table 1: TABLE OF FORMATIONS (modified after Lord, 1948).

Period or Formation and '
Era IR . haracter
epoch thickness infeet Char
Stream alluvium and
Recent delta deposits, talus,
and soil,
Glaciofluvial and glacio-
Pleistocene lacustrine deposits,
other glacial drift.
Cenozoic | Tertiary to Basalt necks, dykes
Recent and lava.
Intrusive contact
FPeldspar andé feldspar-
gquartz porphyries with
Tertiary Kastberg dense, chalky weathering
Intrusions groundmass; medium grain-
ed porphyritic greno-
diorite and quartz
diorite. Dykes, sills
and stocXs,
Intrusive contact _
. B 1 impur nd -
Mesozolc | Upper creta- |Sustut Group Suff to grey m‘u;e sand
, 3 stone, conglomerate, and
and ceous and 3,000 + feet . N
Cenozoic | Paleocene shales; minor dacitic
tuff and coal., Well bed-
ded continental deposits
characterized by cross-
bedding and fossil plant
remains,
Unconformity
Biotite granodiorite,
Cretaceous Coast quartz diorite, in
and later Intrusions plutons and satellitic
' bodies to the Coast
Range Batholith.,
Intrusive contact
Mesozoilc [Upper Jurassic| Bowser Group |Fossiliferous marine and
Tower 20,000 + feet?|terrestrial conglomerate,
Lretaceous greywackxe, and shale.
Unconformity
Takla- Porphyritic andesite
Jurassic Hazelton flows, brecciaj; minor
Groun dacite and rhyolite;
< tuffs with interbedded
conglomerate, greywacke
shale, and argillite.
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~area Armstrong considered it part of the Takla group)'..

'With which group should the Lower Jurassic strata be
correlated? They never have been included in the Hazelton
group, but in places there now seems to be some justification
for so doing. Armstrong placed both Upper Triassic and Lower
Jurassic in the same group but probably more for convenlence
than because there was no valid reason for separating themn.

'EarTy Jurassic time was apparently a transitional
period in which environmental conditions changed from moder-
ately stable to chaotic... The effect of these conditions
was not felt everywhere at the same time, so that difficulty
persists in mapping and correlating Lower Jurassic strata.

It seems probable that in time the Takla group will be res-
tricted to Upper Triassic strata, like the Nicola group of
southern 3ritish Columbia, and the Lower Jurassic strata will
be mapped as a new group. Until that is feasible there 1is

no alternative but to map Lower Jurassic rocks with the Takla
group where possible, as in Nechako River area, but as Hazel-
ton group where they are litnologically inseparable from Mid-
dle Jurassic strata, as may be the case in McConnell Creek
area.?

In view of this statement, the Lower Jurassic volcanic-

sedimentary rocks in the Drifiwood area are referred to here-

- in as 'Takla-Hazelton Group'.

The volcanic and sedimentary rocks of this unit occupy

‘a north-westerly trending belt to the west and south of Bear

Lake Valley. At the north end of Tsaytut Spur by the north
end of Bear Lake the belt is only about four miles wide but
broadens southward to form the Driftwood and Bait Ranges and

nortnern part of the Babine Lowlands where it is at least

20 miles wide.

The principal rock types are lavas, brecciated flows,
and pyroclastics, with conglomerates, greywackes, shales
and argillites. They form dark green and grey strongly

jointed but otherwise seemingly structureless outcrops;
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Lithologic units are extremely difficult to recognize from
a distance and even on close examination individual flows

and volcanic members are inseparable. According to Lord

(page 19):

" ....."The precise seguence is not known. Avail=-
able evidence indicates upat volcanic members greatly pre-
dominate‘amorg the lower streta and sedimentary mempers 1n

the upper parts of the a1v131on, where, however, they are
interlayered with volcanic rocks.

Approximately 18,000 feet of volcanic rocks outcrop
between Bear Lake village and Driftwood River, where neither
their upper nor their lower limits were recognlzed. Because
of relatively complex structure few data are available on
the aggregate thickness of the Jurassic sedimentary rocks.
...{(Thus) the complete assemblage assigned to the upper
division is probably considerably more than 23,000 feet thick.'
Lavas

These are mainly massive, dark green porphyritic

. RO 3

rocks with lesser purbllsn red and grey varleties. Two types

m,

of porphyritic volcanics wvere oose;vea. The more cocamon type .
in the Driftwood region has small dark phenocrysts of chlori-
tized pyroxene and amphibole. The phenocrysis appear &as
smail, eduant spots less than 1/16 ingh across the face with
diffuse boundaries and a shredded outline due to chlorite
alteration. The other porphyyritic type has white or bulf
plagioclase laths‘which may be only slightly larger than the
fine felted goundmass and almost indistinguishable from it
butvcommonly grade to small phenocrysts up to 1/16 inch long

that form at least 154 of the rock. Fragmental flows and

portions of flows contain angular and rounded fragments of
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varylng sizes. The composition of the fragmeﬁts is almos?®
identical to ﬁhe matrix and they can usuvally be distinguished
oniy on weathered surfaces. The matrix has a green chloritic
appearance and fractures contain epidote, chiorite, calcite,

and quartz which denote greenchist facies regional alteration.

Sedimentary rocks
The sedimentary rocks in the Driftwood area are mainly
coarse clastic types. The description by Lord (page 21-22)

is complete and little needs to be added to it.

' Greywackes, These are fine-to medium-grained, dark green
to grey, sandy-textured rocks that weather green, grey-brown,
or yelliowish-brown. They are well bedded, and are interlayer-
ed witn conglomerates, slates, and argillites. The beds
range from a few inches to several feet in thickness; a few
Yayers are indistinctly crossbedded. ... Occasional well-
sorted beds grade from coarse at the bottom to fine at the
top. The greywackes comprise malinly subangular to partly
rounded grains of chert and microcrystalline volcanic rocks.
... Occasional grains of plagioclase feldspars and of quartz
were als50 noted....' .

Conglomerates. Most of the conglomerates have about the
same composition as the greywackes and differ from them main-
ly in grain size. These are thoroughly consolidated grey,
greenish grey, or limonite-stained rocks, and fresh fractures
commonly pvass through rather than around the pebbles. The
conglomerates form layers ranging from a foot or so to many
feet in thickness, but the thicker layers commonly contain
lenses and beds of greywecke. The pebbles are subangular to
rounded and are generally less than 2 inches in diameter.
Most of them are black, grey, and green, cherty rocks......
Pebbles of white cuartz and red and green volcanic rocks,
with 1/16 - to 1/8 inch feldspar phenocrysts, are locally
abundant. The matrix is apparently identical with the grey-
wackes previously described. These conglomerates were prob-
ably derived from the same source as the greywackes, and are
not known to mark significent breaks in deposition.'



'in the order of 20,000 feet but in the Driftwood area only
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Shales and argillites., These commonly occur &s grey and black
beds one to two feet thick interbedded as well defined beds
and lenses with the finer-grained greywacke beds and occa-

sionally as lenses in conglomerate-greywacke sections. Most

‘beds are hard and silicious. A very few are calcareous and

many probably contain fine tuffaceous material. According
to Lord (page 22):

ese.'Argillites predominate, and are compact,
banded rocks that break without particular reference to the
banding into small, sharply angular blocks. Shaly beds, on
the otner hand, break along the bedding to form thin plates
and slabs',
Other rocks. Minor strata found in the Driftwood section
intercalated with brecciated volcanic flows are thin beds of

dense, purple tuff with a concoidal fracture and beds of fine-

grained tuffaceous sandstone and quartzite.

Bowser Group
The Bowser Group 1s a marine and continental series
of clastic sedimentary rocks containing Upper Jurassic and

Lower Cretaceous fossils, The minimum total thickness is

2,000 to 3,000 foot sectioné of the basal portions were oOb-

served where they unconformzhly overlie Takla-Hazelton rocks,
Consplicuous bedding can be seen in all the Bowser Group out-
crops and this, along with the grey colour, easily differen-

tiates them from the Takla-Hazelton volcanic-sedimentary rocks.
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Rocks of the Bowser Group férm the Sicintine Range.

Their eastern boundary is Takla-Hazelton rocks along the
Squingula and Nilkitkwa Rivers and Motase Lake. Greywackeé
are the most common rock type., They vary in grain size and
grade 1nto grits, pebble conglomerates, and coarse boulder
conglomerates on one hand and to argillites and slateskon
the other. All the rocks seem to have a similar composition

and vary mainly in grain size. DBedding is well developed

‘and distinct, Fine clastic beds are two to three feet thick;

greywacke and conglomerate beds are commonly 5 to 10 feet in
thickness but havé bzen reported 1o be hundreds of feet thick
in other areas. Bedding is emphasized by differences in dark-

-

ness and resistance to weathering of the beds. Limestones

and volcanic rocks are virtually absent. Coal forms thin

‘seams in the basal sections of the group.

Sustut Group
The Sustut Group 1s a well bedded succession greater

R Y

than 3,000 feet thick of Upper Cretacedus to Paleocene clas-

ct

tic rocks. They occur in a horthwestérly rending belt 10
to 15 miles wide along the east shore and to the northwest
and southeast of Bear Lake. ‘Thé succession unconformadbly
overlies Takla-~Hazelton rocks.

The outcrops are bedded, grey to buff in.coldur, and

composed mainly of pebhle conglomerate, coarse sandstone and

sandstone containing pebbles. The conglomerates most fre-
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quently have pebbles one to two inches in diameter but a
few are up to eight inches. The fragments are rounded and
composed of white vein quartz, chert, volcanic porphyries,
green massive 1avas and some eguigranular granitic rocks,
tufrfs and-;hale fragments. The sandstones are finer grained
equivalents ofvthe conglomerates and crossbedding in them is
not uncommon., The cdnglomerates form the thickest beds and
may be as much as 100 feet in thickness. The sandstone beds
rarely exceed 20 feet. Tozether, conglomerates'and sand-
stones may be interbedded to form épectacular cliffs hﬁn—
dreds of feet high. 'The finer-grained sandstones are asso-

clated with dark grey, soft weathering, friable shale beds.

In such sections small lenses of coal and many floral im-

prints and pieces of fossil wood are found. In sections

-examined by Lord, white-weathering dacitic tuff bands were

' hoted. These showed thicknesses from 2 to 50 feet and were

believed to occur only in the upper parts of the Sustut
succession.
The Qverall appearance of the Sustut Group is quite

similar to parts of the Bowser Croup but can be distinguished

in the Dfiftwood region byvthe virtually flat-lying or gently

rolling structures; smaller aﬁerage thicknesses of beds;
greater abundance and composition of the_conglomeratés; les-
ser abundance of shales and argillites; and the presence of
tuff beds., Examination of fossil remains, of course, clearly

indicates their age difference despite some general litho-

logic similarities. - The Sustut rocks are fresh looking and
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virtually unaltered. Where they are intruded by dykes and
sills of granitic porphyries and basalt, negligable contact

metamorphic affects are visable.

Pleistocene and Recent deposits

Glaéial and alluvial deposits cover the valley floors
in all the main valleys but uﬁlike the regions to the south
where'suqh deposits reach great thicknesses, bedroék in the
Driftwood region is usually within 10 feet of the surface
and is exposed 1n most areas that have been.incised by

streams.

Intrusive Rocks
Coast’Intrusions. These form small satellitic plutons along

the eastern margin of the Bowser Basin in the Sicintine Range

-and the north end of the Bait Range in Takla-Eazelton rocks.

The intrusions are so named to indicate a similar age with

the Coast Range Batholith. The intrusions lie along an east-
west 'arch' between the Omenica and Coast Ranges and should

not be genetically associated with either except in a time

sense. Intrusion occurred over an extended time period from

possibly‘as early as UpperAJurassic to as late as Tertiary
time, -

The intrusions form irregular, light grey, well jointed
stocks having very little thermal affect on the surrounding
rocks. The compositions are most commonly of mediﬁm to coarse

grained, equigranular, guartz diorite and granodiorite. A4n
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exception is a small highly irregular dyke-like mass over-
looking the Squingula River in the northwest corner of the
Driftwood area. The rock there is a porphyritic grey to
pink granodiorite and guartz monzonite. Alteration of this
stock is strong and has produced a iarge goassanous zqﬁé in

and around the stock,

Kastberg Porphyries. The Kaétberg intrusions occur in TaklaQ
Hazelton and Sustut Strata and are believed to be early Ter-

tiary in age (Lord, 1948). They are localized in the south-

west corner of the McConnell Creek map-area in the Driftwood
fegion and further>to the south in the vicinity of Babine

Lake (N. C. Carter, personal communication). The intrusions

~occur as sills and dykes and highly irregular plugs of por-

phyritic granodiorite, gquartz diorite, and feldspar and quartz

porphyry. They are grey and buff in colour and weather deeply

with a soft, chalky surface.
The grain size of the porphyries varies widely. The
finest-grained Tacles may show only small quartz eyes as

phenocrysts, Most commonly visible are phenocrysts of plagio-

clase and needles of amphibole and biotite. The coarsest-

grained rocks such as those found at the Driftwood Property
contain plagioclase phenocrysts with hornblende and biofite‘
and characteristic poikilitic orthoclase phenocrysts up to
one inch in length. Most small intrusive bodies show a tain

marginal chiil zone but otherwise very little contact




alteration affects.

Basalts. Minor dykes, sills and one prominént basaltic neck
intrude Sustut>Group rocks to the east of Bear Lake. The
circular neck remains as a resistant mass, with well devel-
oped columnar joints and stands above the flat-lying Sustut

strata as a prominant landmark called fThe Thumb!'.

Structure

Most major faults and fold'axes in the McConnell
Creek map-area and regions to the west and south reflect
the'northwest Cordilleran trend. A few major and many minor
faults strike north, northeast, and east. Tae Driftwood

area lies to the west of a major fault zone which is bounded

on the east by the Omenica River. This fault zone contains

the Qmenica, Carruthers, and Ominicelta faults and is ten
to twelve niles wide. It is the northern extension of the
Pinchi fault zone (Roots, 195%) mapped by Armstrong in the
Ft. St.James area to the southeast. Faults are 25 to 1000
feet or more wide and are marked by fractured, sheared and
otherwise alteréd rocks, Lord postulated that dips are
—steep and displacemenfs along the majJor faults may bé as
nuch as ten thousand feet. He suggested that the souﬁhwest

side of the Omenica fault moved upward vbut in the other

northwest trending faults the northeast side moved upward

relative to the southwest. Major displacements are believed

to have taken place in post-Paleocene time,
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In the Driftwood Valley Lord suggests that there may
be an unmapped fault as suggested by the abrupt variations}
in altitudes and' steep incinations dispiayed there by the

Sustut strata. The author concurs and noted that mapping

along the Driftwood Valley linear trend across the drainage

divide into the Squingula Valley indicated that this valley
system marked the ébrupt eastern limit of Bowser Group Rocks.
Further, the very presence of inclined strata of the‘Sustut
Group on the floor of the Driftwoéd Valley would suggest

that the valley may be a small graben structure relative to

- the Takla-Hazelton rocks on the Driftwood Property and

Tsaytut Spur.

Folding has taken place about northwesterly trending

axes and according to Lord has occurred during two periods.

The first was during intrusion of the Omenica (and Coast

- Intrusions) following the deposition of the Takla-Hazelton

rocks. The second interval was post-Paleocene, after deposi-
tion of the Sustut Group. During this time the region was

subjected to some compression and thrusting from the south-

west.

The  various agé-rock wnits in the area reflect the
intensity and manner of deformation., The Takla-Hazeltbn
rocks are relatively tightly folded. Dips from 10 to 695
degrees were reported with dips of 30 to 50 degrees most
éommbn but no overturned struétures were noted. Thé'Bowser

Group rocks are moderately folded into well-defined, large



open folds with dips rarély exceeding 30 to 35 degrees.

In some areas around intrusive masses the beds are contorted
and show complicated structures and beds with highly variable
éips. Most of the Sustut Gro&p strata are‘warped into 1arge
open folds with dips of 10 to 20 degrees or less. However,
along the east flank of the Sustut belt in suca regionsvas
the Sustut and Omenica River Valleys the beds are crumpled
into series of small, tight folds with some overturning in
places towards the northeasta. It appears that the beds have
been pushed against a rigid barrier formed by the older Takla-
Haéelton rocks to the east.

The intrusive rocks display very little internal sitruc-
tdre. The Coast Intrusions are massive rocks which have
‘sharp, chilled contacts with the Rowser Group sediments. Most
of the plugs are irregulaé in outline but.the contacts are
steep énd easily traceable with the exception of the one
altered gossanous intrusion overlooking the Squingula River.
There the plug is highly irregular, has many ihterfingering
dykes and irregular apophyses: édjoiﬁing the central intru-
sive core.

The small plugs and projections from the,larée_plugs
in the Bait and Sicintine Ranges seem to cut the Bowser and
Takla~Hazelton rocks without disturbing them. THowever, in |
the Motase Peak region of the Sicintine Range and the Atna
Range to the west, the strata around the larger inffusive

stocks are contorted with irregular overturned folds. Such
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deformation could be caused both by the forceful injection
of the intrusiohs and gravity collapse of the beds fron
domed areas. |

The Xastberg intrusions form thin sills and dykes or
highly irregular stocks and plugs. Some sills show colum-
nar jointing which serves to distinguish them at a distance
from the enclosing Sustut stfata. The intrusions may show
a thin chill margin composed of microcrystalline matrix in
which there is visible some plagioélase'phenocrysts and
sometimes fine sulphides and magnetite. Their emplacement
appears to have been largely influenced by pre-exlisting |
structures and zones of weakness such as bedding planes and
faults. In most cases intrusion of the porphyries seems to
have caused very little deformation and metamorphism of the
intruded strata. An exception is at the Driftwood Property
where some parts of the int:us%ve roék are enveloped in a
thin zone of schist and the entire intrusive Eody is sur—'

rounded by an aureole of hornfels.
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GEOLOGY OF THE DRIFTWOOD PROPZRTY

Introduction

The Driftwood Property i1s underlain by a section of
westerly—dipping sedimentary and volcanicﬂ;ocks of the Takla-
Hézelton Group which has been intruded by a small, irregular
stpck ofrgranodiorite~quartz monzonite porph&ry. The intru-
sion has been mapped by Lord (1948) as belonging to the
Kastberg Intrusions of Tertiary age. Chalcopyrite, pyrite,
pyrrhotite, and some molybdenite are contained in the ihtru-
sive rock as dissemiﬁated grains. Most molybdenite and:
pyrrhotite and some chalcopyrite and pyrite are found in a

gquartz stockwork and fracvures in the hornfelsic perip

along the southern intrusive contact.

Takla-~Hazelton Rocké

Stratigraphic Section. Iron stained and dark grey-

b3

green outcrops of inclined.strata represenﬁing a stratig aphic”
thickness of ovér 2000 feet are exposed along the ridge foram-
ing the Driftwood Property. The base of the formation was
not seen. The lowermost 1500 feet of the section is composed
of sedimentary rocks and the upper SOO feet is a &olcanic
assemblage. The basal portion of the sedimenﬁary sectlion is
composed of coarse clastic beds. These grade upwards into
beds of fine-grained sediments and are overlain by QaSsive
volcanic flows with somé interéalafed breccia and tuff beds

and an uppermost thin capping of tuff and tuffaceous sedimen-
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tary beds. A generalized stratigraphic column based on
visual estimates of bed thicknesses and a few points of

known elevation is shown in Figure 3.

1,
i

e sections is composed of grey-

ct

»)

The basal portion of

*

wacke and conglomerate beds and lenses a few inches to tens
"of feet in thickness. Commonly the beds are graded and bed-
ding planes or sharp distinctions between individual beds
are not apparent. Thus, the beds represent a continuous
depositional sequence without any major change in environ-
ment of deposition or supply. The middle pdrtion.of the
section shows a transition from coarse to fine clastic sedi-
mehtation. The lower boundary was arbitrarily placed where
greywacke became the dominant rock type reletive to conglome-
rate. Conglomerate is present in minor quantities probably
as 1ehses and greywacke, siltistone, shale, zand argillite
become the dominant rock types. The top of the sedimentary
unit is marked by the presencé of silicious znd calcereous
beds. The silicious beds are not cherty chemical précipitates
but rather fine-grained clastic debris. They indicate a
decrease in rate of sedimentation and an influx of a more
‘mature sediment.

| The volcanic section forms the top of the strati-
grapnlc column., The bottom is marked by a basal bed of tﬁf-
faceous sediments that marks the advent of volcanism, Vol-
canic flows and'brecciated'flows are interrupted by the

intercalation of at least two thin units of pyroclastic
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material, The lower one is composed of tufl and tuffaceous
sediments and the upper one of glassy welded tuffs or flow
breccia. The uppermost part of the section is a complex
succession of tuffaceous and sedimentary beds. The sedi-
mentary.beds are composed of tuffaceous greywacke, greywacke
derived from volcanics and minor quarti-riﬁh clastic detritus
and may.iﬁdicate the_returh td a predominately sedimentary

environment.

Conglomerate and Greywacke

The two rock types can 5e described together because
they have the same composition and differ only in grain.size.
The rocks are dark grey in colour wita a faint déeplblué or
brown cast and weather medium grey or brown with 2 thin
chalky or limonitic surface layer. The conglomerates have
a matfix of greywacke contalning rounded and subangular
pebbles. Angular fragments are not common but were 6bserved
to form a few lenses or beds of 'sharpstone' conglomerate,
The pebbles are both lighter and cdarker than the matrix but
frequently blend in and are discernable ohly due to subtle
differences on the weathered surfaces. In all cases fresh
fractures pasé through and not around the pebbles. Pebbles
Vform up to 60% of the conglomerate beds. In many of ﬁhe
greywacké beds pebbles and gravel form lenses or are uneven-
ly dispersed throughout them so that it is an‘arbitrarj
distinction betWeen pebbly greywacke and conglomerate; Thin

sections of greywacke showed 80% of the rock to be composed
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of coarse sand-sized grains with the remainder a ferrugin-
ous matrix of Sélt sized particles and opaque ‘'dusty' sulph-
ides or carbonaceous material, In zones near'igneous con-
tacté fine-grained brown biotite @ay be recrysfallized from
the matrix. Seventyfive percent of the fragments are der-
ived from volcéhic rocks., Most are from porphyritic volecanic
composed of a felted métte of plagioclase microlites and
finely disseminated opaque material and a small number of
fragments are from a miéroporphyfy in which irregular radla-
ting groups of feldspar microlites in ?he indistinet grey

groundmass form a cumulophyric texture. The remaining 25%:;

of the fragments is comprised of chert, a few grains of

crystalline quartz and a very small amount of feldspar,

~shale chips, and very finely divided white micas and clays.

Shale, Argillite, and Siltstone
The three rock types'were distinguished from each

other in the field on the basis of thelr ffacturing. The

-.shales split along bedding planes and parallel to them into

thin platy fragments while argillite and siltstone broke
into fragments without referende to bedéing planes. Beds
were called siltstone when the first trace of a clastice
texture could be detected with an unalded eye, Siliciéus
beds were disfinguished by thelr hardness, toughness, and
light grey colour. The rock made a ringing sound when

struck and broke into spoon shaped fragments with concoidal
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fracture planes. Calcareous beds were indistinguiﬁhable

in outcrop from ordinary shale and argilliteAbeds. However,
near the igneous contacts they contained calc-silicate
alteration minerals and during geological mapping could. be
easlily traced with hydrochloric acid Eottle. Microscopical-
1y about 15¢ of the siltstone-argillite is composed of |
ldentifiable grains of quartz, feldspar, and fragments of
volcanic rock and shale while the rest'is an indeterminable
matrix of silt and clay sized partiéles. A weak banded
texture is emphasized by alignment.of'some of the mineral

grains and fine grains of pyrite and carbonaceous material,

Quartzite and Siliclous Siltstone
."The beds form thin units in the stratigraphic column.
The rocks are formed from fine grained clastic sediments

whose maximum grain size is in the very-fine sand to fine

sand size range. On the baslis of the size classification

the bedé range from siltstone to very fine sandstone. The
largest grains observed were 0.2 mm, Most grains are quartz

or perhaps very fine grained chert frégments and minor

amounts of plagioclase feldspar. The matrix appears to be

‘an iron-rich claj and contains a small percentage of~fine

sericite and opaque minerals. It varles in volume from
interstitial amounts in quartzite beds to dominant quantities
in silicious siltstone. No mafic minerals were seen and only

minor amounts of mica and opaque minerals could be identified



in the matrix. The grains are surrounded and tightly

packed and held together with the matrix to produce a dense,

tough rock with an indurated appearance,

Tuffaceous Sediments i _

The oﬁtcrops are dark brown in colour withwa weak to
distinct purple cast. They are strongly jointed but there
is no suggestion of bedding'br parting planes or other
foliation., Hand specimens show claétic texture with grains
from silt to medium-sand sizé in a dark; glassy matrix.

Some sbecimens shqw weakly developed bands of coarser grailns

ofgpreferred orientation of the grains. Under the microscope

the composition 1s seen to be largely grains of volcanic

' rocks and microlites or small laths of plagioclase with some

opaqué minerals and fine, rotinded quartz grains. A number

Acf grains of apatite were observed. These and the feldspar

laths are somewhat corroded but still maintain roughly

~euhedral outlines. The matrix is light brown to grey and

looks to be composed of glassy material. It contains fine,

. recrystallized chlorite and ih a number of specimens, a

little calcite. The abundance of volcanic fragments and
plagioclase grains over quartz and chert and the general
appearance of the matrix can be used to differentiate tuf~

faceous rocks from those in the sedimentary section.
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Volcanlc Breccia

This unit forms a thin bed or group of beds not more
than‘20 feet thick, and lies between two volcanic flow units.
The outcrops are distinctly purple or red-brown 1n colour.
Hand specimené show a fragmental texture with purple and
green fragmenﬁs up to % inch across in a dense, glassy,
purple groundmass. Under a microscope ﬁhe rock appears to
be almost entirely composed of glass fragments in a glass
matrix of very similar composition. .The boundaries of frag-

ments are almost indistinguishable from the matrix. 1In

_polarized light the fragments are slightly cloudy or grey

in éppearance compared to the matrix but under crossed
nicols the matrix shows many minute polarization tints.
Fragments are present but form less than 104 of the breccia

by volume. Some fragments are greywacke composed of fine

.volecanic rock grains and others are volcanic rock fragments

with abundant fine opaque minerals. Crystal fragments are
almost all plagioclase but one grain of what appeared to be

microcline was seen,

Volcanics

The volcanics probably formed flows and flow bfeccias

"which now occur as jointed outcrops in which individual veds

cannot be recognized. Two types of volcanics were differenti-
ated on the basis of colour. The more common type is dark

greeﬂ and shows small spots of dark mafic minerals.
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The other type is a darker green to black variety which may

show a few amygdules filled with calcité.' All the volcanie

rocks are strongly altered and contain much chlorite and

have crosscdtting fractures containing calcite, epidote, and

classified as'greenstone'

| sometimes hematite. In the field the volcanics were simply

. Microscopic examination showed

the rocks to be completély and thoroughly altered. Whether

- the alteration is representative of. the regional alteration

intensity or whether it is partiy-due to the affects of the

intrusive mass is uncertalin. In some thin sections from

The volcanics were

in composition.' They now

" altered plagioclase laths

lite-tremolite. No trace
remains. The plagioclase

corroded outlines. There

‘all the specimens between

. specimens near igneous contacts higher grade alteration af-
fects are obvious and thus the lowest grade alteration was

~assumed to be representative of the regional intensity.

probably andesitic and basaltic
show only a relict texture with

in a matrix of,chlorite énd_actino—
of the original mafic constituents
laths. are saussuritized and have
is a size %ériation showﬁin almost

large plagioclase laths in the

’order-of 0.2 to 0.3 mm, and fine plagioclase microlifes’in

intersitial positions. In the coarsest grainéd specimens,

plagioclase phenocrysts up to 1.0 mm. long were seen., The

laths commonly show no twinning or at best have poorly de-

fined, broad twin lamellae from which a maximum anothite

content of An 40 could be

determined. Chlorite and tremolite-
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actinolite are intimately associated and enclose the plagio-

clase to produce an ophitic to subophitic fexture. The

chlorite is pleochroic green, has almost parallel extinc-

tion and is probably of the penninite type. The tremolite-
actinolite is weakly pleochroic green to blue-green and may .
be a tremolitic hornblende in some cases. All specimens
contain varying amounts of calcite and opaque minerals.

Most of the opaques are magnetite and the grains were ob-

served to form from less than one percent‘to as much as 10%

of the rock. The grains most frequently occur as fine-grained,

rounded to euhedral crystals but in one specimen, large

skeletal grains were observed in which only parts of the

6rigina1 cube remained. Epidote forms up to 5% of some

specimens but in most it is minor and forms only a few in-

dividual or aggregated grains., Some specimens contain minor
amounts of clinozoisite and very fine-grained, micaceous,
aggregated masses of what appear to be blotite or stilpno-
melane, The individual plates are very fine grained, have
strdng pleochroism from yellow to brown to reddish brown,

and show moderate anisotropism, Chlorite and the stilpho-

‘melane or biotite forms the spots in the 'spotted. volcanics!®

and represent a total replacement of the original mafic

grains,

‘Intrusive Rocks

The intrusive body 1s a small stock along the east -



‘flank of a low ridge with irregular splaying dykes across
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the crest of the ridge. The outerops forming the main part
of the ridge are gossanous reddish-brown in colour and form

steep to moderately steep slopes. The gossanous appearance

" 4s due to a thin surface stain of iron oxldes and does not

constitute an extensive gossanous capping. Fresh to weakly
altered rock lies immediately beneath the stain.

Nean the Bottom of the goséanous outcrops 1s a broad
bench-like area that formsla break in the slopé profile.

Below this the intrusive rocks form.a grey precipitous cliff

~ with a'relief of over 300 feet. The intrusion has an irregu-~

lar plan due to the anastamosing dyke pattern near the top

of the intrusive mass along the ridge crest. Despite the

“irregular appearance and abundance of dykes, the intrusive

rocks constitute a single intrusive body with a massive core

- from which the dykes have issued. No cross-cutting relations

between igneous rocks were seen nor was there any evidence
for more than one period or species of magmatic intrusion. -
In the field the rock was mapped as a granodiorite pbrphyry

but zones of differentation reflecting variable cooling

‘histories were obvious., The majority of hand specimens were

coarse, grey-coloured-  porphyries containing tightly-pécked
plagioclase phenocrysts to 0.3 inches in length with inter-
mingled smaller needles of hornblende, small plates of bio-

tite, and 1In some cases sulphide minérals.‘ Scattered in—_
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frequently throughout are large poikilitic potash feldspar
phenocrysts up to 1.6 inches in length and 0.5 inches in

width. The interstitial material is extremely fine-grained

and was Judged to be an assemblage of quartz, feldspar, and

mafic and accessory minerals. Weak foliation is developed

'in many hand specimens by preferred orientation of the

poikilitic feldspar phenocrysts and mafic minerals. There

is no apparent relation betweeh the-various parts of the

intrusive body and in each outcrop or part of an outcrop the
foliation seems to have a local orientation, Textural and
compositional variations are most obvious in border and con-

tact zones where the intrusion is finer-grained and lacks

the large potash feldspar phenocrysts. In other zones pot-

ash feldspar is abundant as.large phenocrysts and smagller

grains throughout the matrix and the rock was mapped as a

M'quartz monzonite porphyry.

Igneous contacts with bedded rocks are readily dis-
cernable. All the dykes show sharp, district poundaries with
a thin chilled zohe. The width of the chill zone is govefned
by the thickness of the dyke and the stratigraphic position
or level of emplacemént of the dyke in the stratigrébhio
column., The thin dykes and those intruding the upper uaits
of the stratigraphic column into the volcanlc rocks along the
top of the ridge, have é thin chilled selvage and a border
zoné up to 1 inch thick in which the grain size is finer than
the rest of the rock and more uniform, In the thicker dykes
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in the lower portion of the stratigraphic column the chilled

margin was observed to be 2 inches 1in width and fhe border
effect with diminished grain size and uniformly-sized grains
extended to a width of 6 to 8 inches. The chill zone is a

dark, glassy band which contalns a few scattéred phenocrysts

of plagioclase and fine plates of biotite which show
‘a foliation parallel to the contact. The contact along the

main portions of the intrusive mass is‘not as sharply defined
as iIn the dykes. As the intrusive contact is approached, the

porphyry becomes less coarse énd the phenocrysts diminish in

- size so that the size difference between the phenocrysts and

the rest of the grains diminishes. The effect is visible

over tens of feet and finally resolves in a border zone that

"is equigranular. Along the border 2zone the intrusion is

compoéed of plagioclase and oriented needles of hornblende,

. fine mica and a extremely fine grained matrix. The actual

‘contact is a zone from 2 inches to a foot wide that is shear-

ed, brecciated and silicified. Quartz forms irregular patches,
and fracture filings of coarse, crystalline, white, vein-type

quartz in a granular rock with an aplitic texture that is

‘composed of fine quartz and some feldspar and sulphide grains.
- To country rock adjoining the contact zone is foliated but

does not appear to be silicified or otherwise strongly

metasomatised.

The intrusion appears to be only weakly altéred.
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Only in the vicinity of diamond drill hole Number 1 does

the feldspar show any suggestion of alteration and else-
where the only obvious alteration is chloritization of the
mafic minerals. The composition of the intrusive mass also
appears to be relatively homogeneous. Only a few small |
xenoliths were seen and the largest of these was not more

than one inch in diameter.

Structure

The Driftwood Property 1s underlain by west-dipping
beds tﬁét have been intruded by an 1fregular1y-shaped mass
and numerous dykes of granodiorite-quartz monzonite porphyry.

The beds strike in a northwesterly direction and have vari-

“able dips from twenty five to seventy five degrees towards

the southwest. The beds lie along a ridge that forms on the

- western limb of a major anticline, the eastern limb of which

forms the Tsaytut Spur. 'Dips that are steeper tbah the aver-
age of forty degrees are seen only in the prbximity of the
intrusive body. |

The structure of the intrusion is highly.irregular
with many anastamosing dykes and may be described as. a chono-
lith., However, the structure 1s easy to visualize if the
effects of topography afe considered and a number of cfoss-
sections are drawn at various elevations as shown in
Figure L. |

The sections cut the cupolarand'core of a thick,
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northwesterly trending dyke. The western and southwestern
region of the map is the area of highest elevatiop. There
the intrusion is exposed as the roof zone of the cupola.
The underlying intrusive body has given rise to many steep,
interfingering dykes that contain between slices of the
country rock‘that are, in effedt, roof pendanté. Towards
the northeast the intrusion és exposed at lower elevations

and forms a single body at least 800 feet thick that has

vertical orvsteeply northwest-dipping walls. The most north-

eastern outcrops of the dyke are exposed below 4000 feet
elevation., At such low elevationsﬂboth the north and south
dyﬁe walls are vertical or dip steeply toward the southeast.
Thus, it_appearé that at depth the dip of the dyke changes
from a.steep northwest or vertical dip to a southeasterly dip.

Numerous small dykes'are found along the border of

: thé main dyke. Most can be followed for only short distances.

A few, such as the dyke in the southern part of the map-area

and two parallel'dykes in the north-central part of the map
are continuous for several hundred feet. The most prominent
trend of the dykes 1is norﬁheasterly roughly parallel to the
rtren@ of the main intrusion. A north tO"northwesf”trend is
also>common. The dykes in most cases have steep dips. In
two cases, sill-like bodies have formed. One is at the ex-
treme northern 1imit of mapping where a body of medium-

grained, porphyritic granodiorite has a lopolithic structure.
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The other 1s in the southeast corner of the map where a

thin granodiorite body is éonformable with the west-dip-

-ping beds for a distance of about 200 feet and then at the

northern end swells into a wide, steeply dipping dyke with
a.norfheasterly strike, '

The intfuded beds have been defo:med by the intrusion.
The north'to ndrthwesﬁ strike is preserved but the dips aré

generally steeper than the average for the reglon. The main

| mass of the intrusion appears to have forcefully intruded

the beds and folded them about north to northwest-trending
axes. At higher elevations in the roof zone of the cubola,
the beds hgve been uplifted and domed. At the crest of'the
ridge the beds are not deformed but have been uplifted in

blocks that retain their moderate westerly dips and form

- volecanic dip slopes along the west flank of the ridge.

A fault is believed to be marked by a prominent
north-striking gulley in the southeast of the mapped area.
Qutcrops on both sides of the gulley are sheafed and coarse
breccla specimens with wvuggy quartz-lined cavities and a

chalcedonic matrix are found in the gulley. Froam the lin-

‘eap trend of the gulley, the fault attitude is. inferred to

be north with a dip about 65 degrees east. Three vertical

or steeply dipping.faults were observed. A north-south

- fault cuts the ridge near the southern limit of mapping.

No sense of movement could be determined. Two other
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faults are in the nortthentral portibn of the map close to
the intrusive contact. Both trend easterly and in the case
of at least the more western fault have the south side up-
thrown. Three normal faults were mapbed. One lies to the
east of the gulley, has a northeasterly strike and a dip
towards'thé southeast of 65 degrees. The other two faults
cut the ridge crest. The most southern of these strikes
northeast and has a relatively flat dip or 32 degrees‘to
the southeast. The trace is exposed on. the cliff face and
shows a downthrpwn thin wedge 6f volcanic rocks. The

stratigraphic throw is in the order of two hundred feet, .

The northern fault is also relatively flat-lying and cuts

sedimentary portions of two roof pendants.

Shearing adjacent to the main intrusive contact

.has formed a biotite schist or phyllonite frqm the horn-
fels in cértain areas. It is bhest developed éfound the
northernmost part of the main intrusion and to the easf
B of diamond drill hole Number 3. In these localities the
~width of the schistose zone 1s about ten feet. The schisto-

sity 1s gradational from a well developed biotite schist

‘at the contact to aunonfoliated hornfels that is characteris-

tic of theAthermal aureole,




PETROLOGY OF THE STOCK

Introduction

Twenty three thin sections from outcrops represent-
' ~ing the contact, border, core, and dyke environments were
examined. Eighﬁeen sections were selectively stalned with
sodium cobaltinitrate to distinguish plagioclase, orthoclase
and quartz grains. The thin sections were then projected
with a 35 millimeter slide projector'equipped with a wide
angle lens from a distance of 15 to 25 feet onto a large
grid with é inch squares. 'Areas were determined and volume-~
.percent modal compositions determined., The results are
equivalent to 750 to 1150 counts using sténdard_microscopic
point counting techniques. The method was fcund to be good
for rapid analyses of the coarser-grained rocks. The use of
_staiﬁed sections is essential and a projector with a long
focal plane resulting in high magnification is advisable.
The modes of the coarsest grained rocks were consistently re-
producable by this method but the porphyritic rocks with a
fine-grained matrix yilelded results which varied by about 25'
percent. in a number of cases where the matrix was extremely
fine-grained, only thé phenocrysts were counted from the projec-
.‘tions and standard microscopic point counting had to be‘csed to
determine the matrix compositions. The modes derived from the’
volume-percent determinations were converted to weight-percent
and the 1deal chemical composition of the rock was calculated

in terms of oxlides using a fortran programme according to the
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method of Dietrich and Sheehan, (1964).

Textures

Textures in all thé rocks are porphyritic. The pheno-
crysts are of Various sizes but do not develop a seriate tex-
ture. Rather, thére are a number'of size gfoups such as the
large, polkilitic orthoclases,'somewhat smaller plagioclase
phenocrysts, and the muéh smaller needles of hornblende and
plates of biotite. The matrix in all cases is a relatively
uniformly-sized granular to extremely-fine granular mosaic

of quartz, ofthoclase, plagioclase, accessory minerals,

‘alteration minerals; and sulphides., Differences in fabric

and texture within the stock enable four‘environments to be
distinguished: border zone, dyke, core zone, and contact
zone.  These have three correspondlng textural types.

The main textural type is a poikilitic porphyry. It

forms the cores of the larger dykes and the core zone of the

main intrusive body and represents almost ninety-eight per-
cent.of the volume of the intrusive mass. The rock may be

described more fully as a 'crowded porphyry' with an inter-

étitial, granular texture. The term 'crowded porphyry' is
" used because from 45 to 85 percent of the rock is composed

of phenocrjsts. The crowded appearance‘and large, poikilitiec

orthoclase phenocrysts are the diagnostic charactaristics.
The border zone comprises about two percent of the

total volume of the intrusion and forms the chilled margins
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W of the stock and dykes. Two varieties of porphyry are devel-
oped in the'border zone. The more striking is a glassy,
‘chilled margin that is developed along some of the dyke walls.
It varies in thickness from a'thin selvage to about two inches
wide and is a porphyry in which plagioclase and a few mafic
phenocrysts are contained in a dark,glassy matrix. The other
variety is by far the more abundant and widespread. It is
a porphyry in which there is only slight difference in size
between the phenocrysts and matrix., It grades from an almost
equigrahular’fine—grained rock at the intrusiﬁéwcontact to a
‘well deveiopéd porphyry over a distance of six to eight in-
ches in the smaller dykes and up to twenty feet in the main
intrusion. | |
| The least common textural type représents a fraction
of alpefcent'of the total volume of the intrusion. It is a

- leucocratic rock with an aplitic appearance that 1s found
'in a small festricted zone near the southern contact of the
stock called the contact zone. The rock has a felatively
sméll proportion of plagioclase phenocfysts set in an aplitic
grouﬁdmass; It appears to grade into a regular poikilitie
porphyry to the north and no trace of it could be seen on
‘the cliff face some two hundred feet to the west. A some-
what similar aplitic rock can bé found along parts of the
eastern-intrusivé contact wall adjacent to the intrqded
sedimentary rocks. In these locations a contact zone‘a few

inches thick can be seen between fthe hornfels and border zone.




RN

The rock has an aplitic matrix that contains abundant, ir-

regular white quartz segregations.

Mineral Composition of the Intrusion
Feldspars are the most abundant minerals in the stock

and form the largest grains. The large plagioclase pheno-

~erysts are strongly twinned and zoned in an oscillatory-

normal manner. Individual grbwth zones are of differing
thicknesses but are usually thin so that a large number of

zones or groups of zones are observed in each crystal. The

. maximum anorthite content is found in the cores of the crys-

" tals and ranges from An 4% to An 39 with An 40 most common.

From the centre outward complex oscillatory-normal zoning is
observed and there is a decrease to a minimum anorthite con- °

tent of An 28, The most frequently observed anorthite content

in the outermost zones is from An 30 to An 32. Small plagio-

- clase laths and microlites form up to 25 percent of the

matrix. Twinning is difficult to distinguish but where it
could be resolved and the anorthite content measured, it was
found to vary from An 27 to An 32. Thus, it appears that

the anorthite content of the plagioclase'in}the matrix is the

same or slightly less than the ouﬁermost zones of the large

‘plagioclase phenocrysts. The plagioclase varies from basic

to acidic andesine and the average anorthite content is

about An 3k,
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Potash feldspar is orthoclase and forms large, poikili-
tic phenocrysts and fine-grained anhedral granules in the
matrix., The grains in the matrix are intergrown with quartz
and plagioclase. The phenocrysts are euhedral and usually
show carlsbad twinning. Abundant inclusions ére émail, ori-
ented crystals and grains of hornblende, plagioclase, and
occasionallyAbiotite and quartz. In a number of instances
an unusual mantling effect or corona. of orthoclase around a
large grain of plagioclase are obsérved. The result is a

combined phenocryst which contains a large grain of plagio-

.clase rimmed by orthoclase. The plagioclase core shows

weakly developed twinning and zoning and has a ragged,
strongly corroded or resorbed outline.

Quartz is found in specimens of the intrusive rock as

very small interstitial grains in the matrix along with pot-

~ash feldspar'and sometimes plagioclase. The quartz grains

are intergrown with each other and with the feldspars in an

-anhedral interlocking mosaic.

The mafic minerals are hornblende and biotite. Horn-
blende is the more abundant of the two. It forms prismatic

crystals and is- green in colour with yellow-green to dark

-green pleochroism, Two varieties of blotite are found. One

type forms large, scattered plates and thin hexagonal "books™
and appears to be a relatively early mafic constituent in the
porphiyry. The other type forms fine, shredded-looking inter~

growths in the quartz-feldspar matrix and can be regarded as

‘
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a younger of"secondary' biotite. This fine grained, dr
secbndary, biotite appears to be commonly associated with
the sulphides and was observed in some cases to weakly re-
place or at least rim the hornblende. 3Botn the poarse'bio—
tite'and hornblende are at least partly replaced by chlorite.

Accessory minerals are contained in the matrix of the
rock'and also sometimes in the outer zones of’poikiiitic
feldspar phenocrysts. They consist of magnetite, sulphides, -
sphene, éndvapatite. Magnetite is>the most abundant and
forms small, eguant crystals that are distributéd throughout
all‘parts of the matrix._ Apatite occurs as small prismafic
crys%als that are randomly scattered. Sphene shows a size‘
variation from fine grained to relatively large grains and
iSFVery irregularly distributed. Most sphene grains have
the characteristic fhombic Cfoss sections and some show
twinning.

Minerals formed as alteration products'ére chlofite,
calcite, epidote, sericite, clay minerals (montmorillonite?),
and hydrous iron oxides. The feldspars are not strongly
altered but differences in alteration intensity can be seen
iﬂ them throughout the varlous parts of the intrusion.  Most
frequently the feldspars have a clouded or cdrroded appéar-
ance, especially in zones near the edges of zoned plagio-
clases.. Saﬁssuritization has resuited in the breakdown and
reconstitution of the feldspars into very fine-grained inter-

growths of zoisite or epldote, albite, sericite, calcite, and
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other constituents. In the more altered zones sericite can
be recognized along cleavage planeé and fractures. In the
most highly altered zones associated with mineralization,
alteration hés produced sericite, clay minerals and calcite.
The clay and sericite form crystallites that are bervasive
throughout the feldspars but are more strongly developed
along grain boundaries. DBecause of the extremely small grain
size and erratic distribution of clay concentrations, micro-
scoplic examination cannot confirm thé type of clay minerals

present. It is most likely that the clay is a mixture of

montmoriilonite and hydromica.

Chlorite has formed as an alteration product of horn-
blende and biotite, It is developed in scaly masses and fine-
grained aggregates. The species is probably prochlorite and

possibiy penninite; Calcite is found as interstitial grains '

in the minéralized parts of the intrusion especially in.

zones where there is clay, sericite, or strong saussuritiec
alteration. Epidote is a rare constituent that occurs as
small grains throughout all parts of the intrusion. Hydrous .

iron cxides form minor encrustations along fractures. The

substance appears to be a late alteration product formed

by oxidation and percolation of groundwaters.
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Plate 1l: Quartz-feldspar mosaic with relatively
~uniform grain size in alaskite. Cros-
sed nicols, Maznification X 58.

Plate 2: Coarse grained granodiorite ('ecrowded

yorphyry[).

- and biotite

lar guartz-feldspar,

P

Plagioclase, orthoclase,
phenocrysts with intergranu-

& Crossed nicols,

Magnification X 58.
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Plate 3:. Matrix in gquartz monzonite porphyry

showing interlocking quartz-feldspar,
shredded bilotite, calcite, and mlnor
sphene., Crossed nicols., Magnifica~-
tion X 53, :

Plate 4: Granodiorite with fine-grained quartz-

feldspar matrix, hornblende, and an-
hedral phenocrysts of orthoclase, °
Crossed nicols. Magnification X 58,
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Classification of Rock Type

The stock seems to have been intruded as a single
mass of magma. No internal crosscutting relations., internal
contacts, nor brececia zonés vere obser&ed. The modal average
and mineralogical variation for the eighteen thin sections
examined is éiven in Table 11l. The modal average is prdb—
ably a close apprbximation of the bulk compositidn of the
stock,
Table 11: Ueight—Peréent Compositional Average and

Compositional Range for 18 Specimens.

Average Standard Compositional

- ' ( @ Deviation Range ( %)

potash feldspar 23.0° 5.7 4.3 - 39.8
plagioclase 47.0 6.8 29.4 - 54,5
quartz 14,8 2.9 11.9 - 23.5
‘hornblende 12.0 5.6 1.2 - 22,5
biotite 1.9 1.9 0 - 7.0
chlorite 0.8 : 0O - 3.5

The ternary diagram Figure 5 based on thé essential
minerals quartz-orthoclasé~plagioclase represents at least
séventy-eight percent by weight of the rock. The remainder
is composed of mainly mafic minefals and these are relatively
consistent in abundance throughout the intrusion. Using the
nomenclature of Peterson (1960) for granitic rocks, iﬁvcan
be seen from Figure 5 that the compbsition of the Driftwood
stock varies from granodiorite to quartz monzonite and the
average composition of the eighteen specimens lies directly

on the granodiorite-quartz monzonite boundary line.
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Figure 5: Classification of the Driftwood intrusion
based on modal Quartz-Orthoclase-Plagioclase.
18 specimens used. (After Peterson, 1960)
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Compositional Averagg'

The average colour index for both the granodiorite and
quartz monzonite is identical at.15.6.' The solitary specimen
in the quartz monzonite field neare-st the granite boundary
has a colour index of 7.6 and is therefore,lmore correctly

classed a leucocratic quartz monzonite or alaskite.
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Variations Within the Stock

Variation in the stock is evident in textural, minera-
logic, and chemical diffgrences. The mineralogical and modai
data suggest that three fock types with three corresponding
textural types can be recognized in the intrusive mass. The
porphyry with fine grained matrix found along some of the
dyke walls and the porphyritiec rock of the border zone as
well as the porphyry forming the dykes is, in all cases ex-

amined,.granodiorite. The poikilitic porphyry in the core

of the intrusive mass and the largest dykes is granodiorite

"or quartz monzonite, The aplitic, leucocratic, most highly

differentiated rock in what is termed the contact zone, is
alaskite. . |
,Chemiéal variation within the intrusion was deduced
from modal compositions. A Fortran programme was used to
calculaté the chemical compositionsiof the specimens from
the volume-percent modal analysis using ideal chemical com-
positions for the minerals. Representations of.the results
are shown in a Larsen variation'diagrah (Larseﬂ; 1938) and

a ternary Ca0-Nap0-K;0 plot of Nockolds and Allen (1953).

The Larsen variation diagram (Figure 6) shows the amoﬁnts

~of individual oxides and the sum of FeO plus Fep03 plus kg0

relative to a base of 1/3 Si0, + K0 - (MgO + FeO + CaO).
This representation was used rather than the more common repre-

sentations using Si0Oo or some other oxide as a base value be-

cause it provides a much larger range along the absissca.
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FIGURE 6 : LARSEN VARIATION DIAGRAM
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The variation diagrams show the transition fron

granocdiorite to-quartz monzonite and alaskite. Si0p and

K50 show similar behaviour by increas in the quartz

[N
3
cQ

monzonite and alaskite, Ko0 has by f r the greater rela
tive variation. SiOp in 15 out of 18 samples ranges {rom
62 to 66 percent and the maximum variation is only about

13%., The maximum variation for the K,0 is almost 250
2

percent between the alaskite and the least potasu-rich

granodiorite., The Ca0 and sunm of'MgO and iron oxides be-

have in a similar menner and have an overall decrease

.

.towards the guartz monzonite-alaskite field. The Cal has

a relative variation up to 100 pnercent and the maflic

e

oxides up to 360 percent., However, there 1s a greater

catter of points along‘the curve for the total maflic
oxides than for any other oxide. A41p03 and Wapd are simi-
lar and both remein at relatively constant amounts and
show very little variation.

The Nockolds and Allen ternary representation,

* —L

Flgure 7, shows the differentiation trend from a parent

granodiorite magma to gquartz monzonite and alaskite. The

Ko0 is seen to increase relative to Ca0 while the Nas0.

“remains relatively constant.
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Figure 7: Differentiation trend of a granodiorite

magma using the systenm Nap0-X20-Cal

after Nockolds and Allen, 1953.
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Intrusive History

The stock is believed to be a high-level Intrusion
of probable Tertiary age. A single magma has been intruded ,
as an irregular stock and related dykes. Differences in

cooling rate have resulted in textural variation throughout
the stock. Dykes and the borcer zone have chilleéd margins

and locally weak foliation narasllel to the contact. This

suggests intrusion into relatively. cold country rocks.
Cooling was rapid and conditions of noneguilibrium crystal-

=

ization are shown by the porphyritic texture, aplitic or
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hoclase-plagioclase matrix, strongly

(e

fine grained quartz-ort

plagioclase, poikilitic orthoclase phenocrysis, and

N
(O]
)
»
QJ
ke

mantles of orthoclase about plegioclase.
Emplacenent of the intrusion may have been by f orce-

ection. The stock has a discordant relationsaip

5
jon)

with the intruded rocks. 411 contacts are sharp and there
is no evidence of any significant assimilation., The roof

zone appears to be domned and bodily uplifted. The shell

on mey have been

td

of schist about some parts of the intrus
formed by the intrusion of a viscous magma. The outward
pressure and possibly the drag of a viscous magma resulted

in plastic flowage of the country rock next to the igneous

contact (Buddington,.l959).
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ROCK ALTERATION AND METAMORPHISM

Metamorpnic affects are evident in varts of the intru-

sive body and in a zone surrounding it. Within the intrusion,

[
ct

U omorphism is believed to have czused the changes. Outside
the stock‘éontact metamorphism hés caused an aureole of horn-
fels to develop. Dynamic metamorphism probably due to the

intrusion of the magma has formed a thin layer of schist next

to parts of the intrusive wall-rock. The schist grades out=+

ward through a transition zone of phyllite into the hornfels.

The overall intensity of alteration is low to lower-middle
grade.

Alteration of Granodiorite-Quartz HMonzonite

Pl

Alteretion of the intrusi

S regarded to be automdor-

¥
e

(-
Q

~

phic mainly because the alteration intensity differs tnrough-
out the various parts of the stock. Also, no younger igneous
rocks are apparent in the vicinity. The main mass of the
stock is virtually unaltered or contains only minor chiorite.
The most significant zlteration observed is in a relatively
small zone along the north-central part of the stock in the

vicinity of drill hole Number 1. Most of the sulphide-bearing

fractures and guartz veins have thin alteration envelopes.
In all cases observed, the strongest alteration is coilncident

with zones of sulphide mineralization. The alteration is
therefore, probably genetically assoclated with hydrothermal

processes that resulted in sulphide deposition. .
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. late stage of crystallization
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The type of alteration can be classed as propylitic,

.Gifferent implications by a number of authors. According

to Meyer and Hemley (1967), the propylitic assemblage in-

cludes epidote (zoisite, clinozoisite), albite, chlorite,

carbonate, conm monWy with sericite
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ané less comMOﬁTy with zeclites or montmorillonites. Creasey
(1966) lists a similar assemblagé but also includes tale and
kaolinite as possible members. ' Sphene or leucoxense (rut1¢e),
and apatite accompany the alteration and gquartz and muscovite'
are almost always present.

In the sections examined chlorite

ericite, and saussuritized felds
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presence of montmorillonite 1s suspected. 3oth sphene and

apatite are present throughout the sections slong with magne-

(¢

and iron sulphides. The fine grained or secondary bio-
= :

Ly

ite commonly found in sulphide rich port tions of %the stock

e

may possibly be part of the alteration assemblage. However,

almost all parts of the stock contein some fine grained pio-

tite as component of the wmatrix. It, thus, appears that the

.

biotite 1s a late mafic mineral that formed with gquartz and

feldspar in a fine grained intergrowth during t

Y,

nhe last stages

.

magmatic crystallization., The magma remalning at such z

| )

0

3

ay well have been enriche

sufficiently in volatiles in some parts of the stock to effect

)

nydrothermal alteration and sulphide deposition following

P

the
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formation of biotite. The observed alteratioh assemblage is
compatible witn ACF-AKF agfams of the propylitic alteration
type, as used by Meyer and Hemley and Creasey. Thé alteration
'species observed would be classed as the chlorite-epidote-
calclte varlety using reasey S no'enclauurb.

Frqm heyer and Hemley's ACF-AKF diagrams, the mineral
constituents and relations observed in the specimens studiled
can be shown to be compatible with ﬁhe propylitic alteration
type. The granddiorite-quartz monzonite gontains feldspar
phenocrysts ard coarse-grained hornvlende and biotite in‘a
matrix of fiﬁe—gfained quartz, feldspars, and shredded-looking

bio

c+

biotite that was termed 'secondary’ ite. Of these minerals,

v

the plagioclase 1is

O

potash feldspar and guartz are unaliere
saussuritized, and perhaps even weakly altered to clay minerals
while amongst the mafics, hornblende is the most severely

chloritized., The coarse biotite is only weakly chloritized

v

and the seconéary blotite is virtually unaltered. According

ite can remain

Ho
ct

s and blo

| 2]

to Meyer and Hemley, potash fel

ln
’O
’_

as stable phases in the propylitic assemblage while plagio-
clase and hornblende are unstable in the presence of chlorite,
sericite and clay minerals,

The only observed occurrences where the mafics includ-

[uN

ng the secondary biotite were unsuaole are in a few specimens
that contain silicified fracgureo or quartz velns with sul-
phide mineralization. One s“~h racture containing pyrite,

pyrrhotite, and chalcopyrite had cuartz-potash feldspar re-
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placement and was bounded on both walls by a % inch wide,

bleached alteration envelope. DNearest the fracture all the
mafics were destroyed and the rock was & mass of very fine-
grained sericite, clouded plagioclase and possibly clay. Be-
cause of the extremely fine—grained‘alteration products the
exact composition could not be determined. The stability of
the potash feldspar andvinstability of plagloclase and biotite
allows the possibility that the alteration envelopes represent

incipient or weakly developed argiliic alteration.

Contact levamorpnisnm

n the formgtion of

[N

Contact metamorphism has resulted

ve body. A numbper

b

a hornfels zone that envelcpes the intrus
of specles of hornfels have developed with a variety of con-
positions and textures., This variation reflects the composi-
tional differences of the parent rocks from which the horn-

felses were derived and also indicates decreasing thermal

M)

gradient away from the intrﬁsive contacts.

Small zones of tactite have formed from calcareous
peds next to both the north and south intrusive contacts.
Thé rock formed 1s abcalc-silicate hornfels that contains

1

small amounts of sulphides and iron oxides. The actual con-
tact relations could not be observed in situ due to the
precinitous nature of the region. However, a number of hand

specimens were collected at increasing distances from the

contact. Two similar specimens were taken about 70 feet
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from the contact. Both are only partly recrystallized and
retain a relict thin bedding or lamination. Recrystallized
bands lie parallel to the lam;ﬁation and also crosscutv the
beds. About 65 percent of the rock isAa fine-grained horn-
fels which acts as a matrix for the granoblastic bands. The
matrix ié_coh?osed of small grains of quartz, plagioclaSe,

calcite, biotite, chlorite, silt or clay-sized particles,

o)

and relict clastic grains., The recrystallized bands have
granoblastic texture and are coaposed of meinly andradite
garnet, hornblende, diopside, caicite, quar%z, and lesser
plagioc“ase, epidote, .and opague minerals. "Chlorite is a

minor alteration product of hornblende in one specimen., A

third sample taken from very near the contact is totally

ct

granoblastic to porphyroblastic in texture and is probably

reoresentat‘ve of the most intense thermal and metasomatic
alteration affects. It is composed entirely of orthoclase,
andradite, quartz, diopside, calcite, and a few opaque grains.

in the Transition

wn

The grade of contact metamorpnism 1

e

zone from albite-epidote hornfels to hHornblende hornfels
facies for the two partlially recrystallized specimens. Winkler
(1965) states that the appearance of diopside, . hornblende,

and grossﬁlarite—andradite and the disappearance of tremo-
lite, chlorite, and epidote mark the beginning of the horn-

4

blende-hornfels facles. The two specimens contain Tthe pre-
seribed minerals and lack tremolite but uhey b0un also con-

tain epidote and one contains some chlorite. Thus, unless
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the epidote and chlorite are retrogressive alteration miner-

gr
the two samples represent an unstable asseablage ap-
proaching conditions of tne nornblende hornfels facles.

The granoblastic specimen from near the contact is a well-

mn

the hornhlende hornfels facies. Thne

e

n

C‘n

developed specimen

abundance of orthoclase and the presence of diopside without

hornblende suggest that the rock may have approached the
<o » N

upper limits of the facies but has not reached conditions

of the pyroxene hornfels facies beczuse wollastonite has

not formed and calcite persists in the mineral assemblage.

Volcanic rocks. have an intensity of alteration of the

greenschist facies. Thus, contact metamorphism of the albite-

epidote hornfels facies that resulted from the intrusion is
indiSL1ng nable from the regional affects. The only places
wﬁere alteration or metamorphisn can bhe definitely ascrived
to the intrusion are ét the bases of small roof pendants and
in narrow zones along the intrusive contacts. A specimén
from very near the contact contained altered, relict plagio-

o
L

élase laths in a recrystallized matrix of plagioclase, qgartz,
biotite, and hornblende. A recrystallized rock with a
granoblastic texture collected from the base of a roof pen-
dant was composed of coarse-grained hornblende, biotite, and
arnet with finer intergrown quartz, plagioclase and minor

J

diopside. These were the nost intensely altered volcani

o

rocks observed and indicate trat metamorphism has procduced

a mafic hornfels of the hornblende hornfels facies but that




65

metanorphic affects of this grade are very limited 1n ex-

in environment.

QJ

tent and restrict
Metamorpnism of the intruded non-calcareous sedimen-
tary rocks is shown by the formation of a biotite hornfels

e L)

and a thin zone of schist next to the contact. The schist

presunably formed as a result of plastic flowage of the rocks
due to the drag of the intruding, viscous magma. It grades
outward into a phyllite and finally a hornfels over a distance
of about 10 to 15 feet. The bi Ou;be hornfels is developed

for a distance of at least one hundred feet along the nor-
thern contact and over a greater width in the southeast cor-

ion

c‘l‘
3

ner of the map—érea, This rela plus the abundance of
dykes along the south contact is in keeping with t
gestion that the area is underlain by the intrusion w
has a relatively flat dib toﬁards‘thé soutneast.

N

The enveloping schist and hornfels have similar con=
positions and vary only in fabric., The schist is a foliated,
granular intergrowth of quartz, feldspar, biotite, minor
muscovite, and opaques. The graibs are ap?rozihately uni-
form in size, and the quartz grains show considerable strain
The hornfels maintainsba relict clastic texture in which
porphnyritic volecanic frégmentsg sedimentary rock fragmént37
chert, and crystalline quartz can be recognized. The matrix

consists largely of fine-grained brown biotite but may con-

tain minor chlorite, epidote, tremolite, and calcite.
i ] ? 9
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Clastic quartz grains appear to be unaffected and show no
strain aflfects, dbut most chert fragments display finely

granular recrystallized rims, The intensity of alteration

is, thus, low grade. The schist can be relegated to the guartz-

e

alvlte-epidote-biotite subfacies of the greenschist facles

of regional metamorphism and is equivalent to a biotite horn-
fels of the albite-epidote facies of contact metamorphism
that represents the alteration intensity of most of the con-
F . . .
tact zone.

Sedimentary rocks outside the zone of biotite horn-
fels maintain their clastic fabrics and show very little
evidence of recrystallization. Metamorphic minerals are

minor chlorite, epidote, sericite, and calcite.
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ECONOMIC GEOLOGY

Introduction
Mineralization at the Driftwood Property is similar
to that in both 'porphyry copper' and guartz-molybdenite

stockwork deposits. Sulphides occur within the intrusilve

-rock and its contact aureole as disseminations, fracture

fillings, and in gquartz veins. At least 11 sulphide

minerals have been deposited.

'Disseminated' Mineralization
Pyrrhotite and pyrite are by far the most abundant

and widespread sulphides. Along with small amounts of

chalcopyrite and molybdenite they are disseminated in the

manner of accessory minerals in the groundmass of the por-
phyry or occur as small gréins along fractures. In the
adjoinihg hornfels, pyrrhotite ang a little cﬁéloopyrite,

pyrite, and molybdenite form in fractures, small replace-

ment zones and as disseminations.

Sulphides are found in small amounts through the

entire stock and in many of the dykes. There is some con-

centration in the north-central portion of the intruéive
body nearlthe main contact in the most highly altered zcnes.
In the hornfels, pyrrhotite is by far the most abundant
sulphide. Sulphide concentration is observed in the sheared
rock next to the contact and in the southeast part of the

map-area in the extensive hornfels zone with the many dykes.
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The sulphides appear to replace the rocks aiong bedding
planes énd where they are sheared or fractured. In a num-
ber of beds, clastic fragments could be discerned in a
recrystallized and minerélized matrix. A number of sec-
tions of core showed sulphide in bands or veins up to one
inch in.thickness but most commonly the sulphides form as
irregular, scattered grains.

Other minerals that are disseminated or dispersed

throughout the stock and hornfels are magnetite and marca-

site.' Magnetite forms as acceésofy grains in the groundmass
of the porphyry and as small grains in fractures, veins,

and replaced beds in the hornfels.‘ Marcasite is associated
with pyrrhotite and pyrite in a sulphide-rich bed of coafse,

hornfelsic greywacke in the southeastern hornfels zone,

‘Quartz Veining and Stockwork

Quartz veins'and stringers containing molybdenite
and other sulphides are found in both the intrusive rocks
and hornfels. The main interest was in the hornfels zone

where the intensity of veining was much greater than in the

 main body of the stock. Veins greater than one ineh in

thickness were not seen., Most afe from 1/8 tb 1/ inch

wide and nowhere are they numerous or wéllvdeveloped.
Detailed examination showed the veins to have crosscutting
relationships with a compiéx paragenésis based on sequential

fracturing and sulphide deposition. Minerals found in the



optical properties and X-ray powder pattern.

- very few alteration products have formed from the sulphide

69

o

veins in order of decreasing abundance are: pyrite,»chalco-
pyrite, pyrrhotite, sphalerite, molybdenite, arsenopyrite,

galena, tetrahedrite, bournonite (PbCquS3), aikinite
(PbCuBiS3), and marcasite.

Other Mineralizétion
The garnet-bearing skarn developed at the contact of
the intrusive body and the calcareous beas contain pods and
thin veins of magnetite. In a number of magnetite-bearing
samples some pyrite and chalcopyrite grains are intergrown
withbmagnetite. |
- A nuhber of breccia fragments from the assumed fault

zone in the prominent gulley in the southeast corner of the

“map-area were mineralized. The breccia is composed of frag-

ments of porphyry and sedimentary or hornfelsic rock up to

2 inches across in a matrix of chalcedonic and vuggy quartz,

in which were found small crystals of pyrite and irregular

grains of bournonite. The bournonite was identified by its

Weathering of the deposit has been superficial and

minerals, A thin goethitic coating covers most of the out=-
crops. Malachite and ferrimolybdite were seen in only one
location., - The magnetite in the skarn shows weak veining by

maghemite ( XEEQOB).
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Textural Relations
Most of the metallic minerals in‘the deposit are
epigenetic. The only minerals that may be sypgenetic are

fine-grained pyrite and magnetite which are disseminated

- in the sedimentary beds. Pyrrhotite, pyrite, chalcopyrite,

and molybdenite occur interstitially in the porphyry matrix

“as individual grains or clusters, in the manner of accessory

minerals. Indeed, some of the sulphides that form as inter-
stitial granules in the silicate ma£rix are linked to each
other by intergranular selvages that create a net or mesh
texture. These grains, perhaps, represent small, re-

equilibriated sulphide segregations in the silicate melt

that solidified early in the crystallizatioh history with-

out much competition for space with the crystallizing sili-

‘cates.

| 'Replacement of hornblende, Biotite,'and magnetite
by sulphides is apparent although it is generally only
weakly'developed. Replacement 1s seen along gfain boun-
daries and cleavage planes where pyrrhotite, pyrite, and

chalcopyrite replace the mafic silicates and magnetite.

Hornblende is the most commonly and thoroughly replaced
"mineral. " Biotite is only rarely replaced and when 1t does

"show replacement it is usually in the large ‘'books' of

biotite rather than in the fine-grained, shredded blotite

of the matrix.
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The strongest sulphide replacement takes place in

- the most altered rocks where chlorite, calcite, sericite,

and possibly clay minerals have formed. The grains of

hornblende that had the most replacement by sulphides were

. also the most strongly altered to chlorite. It is, however,

difficult to ascertain whether the sulphides preferentially
replaced the rock.becéuse it was the most altered, or whether
sulphide feplacement and rock alteration are related proces-
ses énd are interdependent.

From the sulphide-silicate relations it appears that

-most mafic grains crystallized before the sulphides and were

partly replaced by them, On the other hand, the plagioclaSe

~and poikilitic orthoclase phenocrysts as well as the quartz-

feldspar groundmass probably formed simultaneously or, per-
haps, in part later; than éome of the sulphides to form
sulphiderillicate intergrowths with mesn textures. The dis-
seminated sulphides are, therefore, classed és eﬁigenetic
and in part possibly paramagmatic (White et al,-l968) rather
than accessory because they appear to be in part contempqra-
neous with, and in part younger than the various siliéate
@inerals. | | .

In the hornfels very little replagement of the clastic
constituents can be seen. Most co@monly iﬁ appears that the

sulphidés and recrystallized constituents of the hornfels (main-

ly biotite, quartz, and feldspar) all coexist in equilibrium,
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In the veins, quartz is the most abundant vein material
with calcite, eulphides, and magnetite., The sulphides in
the veins, with the exception of @olybdenite, form grains
that are intergrown with the guartz or'quartz—calciteIVein
matrix., The molybdenite most frequeﬁtiy forms aleng vein
walls as‘granular selvages or -as flakes and dusting paral;
lel to vein walls in weakiy developed 'ribbon vein' struc-
tures.'

The sulphide minerals form individual grains, granu-
lap aggregates, and composite grains 1in which mutual boun-
da;y, replacement, and exsolution textures can be seen.
Arseno-pyrite and some of the pyrite form the only euhedrel
species. Euhedral grains form mainly in the quartz veins
| although a few of the disseminated pyrite grains are also
euhedral. Most commonly the dissemineted pyrite grains
have corroded outlines, especially if associated with pyr-
fhotite and chalcepyrite.‘ Thus, it seems that the early
generations of pyrite formed relatively large,'euhedral
grains that were later corroded or resorbed and later genera=-
tions of pyfite formed fine—granular intergrowths that
surround and replace the older grains.

Replacement textures are almost-entirely of the,caries
type. No preferential zonal nor cefe replacement is obvious
in the sulphides although core replacement of magnetite by

sulphides was observed. Vein replacement is only weakly
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developéd aﬁd is most commonly seen as chalcopyrite re-
placing fractured pyrite gfains. Marcasite forms rims
about pyrrhotite and pyrite and iess commonly sphalerite
rims chalcopyrite. The marcasite forms curved, lamellar,
somewhat concentric rims about altered or totally replaced
pyrite or pyrrhotite cores. The replacement.is more cor-
rectlyvconsidered an aiteration or conversionsgf the pyrite
or pyrrhotite tb marcasite possibly due to changes in acld-
‘ity aﬁdvtemperature (Edwards, 1960). Marcasite was observed
~in, only two specimens. In one pyrrhotite was abundant with
pyrite and chalcopyrite in biotite hornfels near the south-
ern contact of the intrusion. The bﬁher occurrence was a
quartz-célcite vein from the main body of the intrusion in

which marcasite replaced pyrite.:
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Mutual boundary textures are developned in many of
the mineral pairs, Sigultaneous deposition may have occurred
in the pairs: chalcopyrite-sphalerite, sphalerite~tetrahed-
rite, bournonite-aikinite,}galena~sphalerite, and galena-
chalcopyrite, Exsolution textures.are developed in the
mineral pairs: sphalerite-chalcopyrite, tetrahedrite-
chalcopyrite, chalcopyfite~pyrrhotite, and perhaps bournon-
ite-ailkinite. Exsolution is most frequently observed be-
tween sphalerife and chalcopyrite, This mineral pair as
well as tetrahedrite-chalcopyrite and bournonite-aikinite
is found in the quartz—calcite veins. Pyrrhotite-chalcopyrite

exsolution is found in only a very few svecimens {rom the
hornfels zone immediately adjoining the intrusive conéact.
No exsolution textures were seen in the sulpnides in the
porpnyry.

Thé size and distribution bf exsolved gfains depends
on the degree to which unmixing has occurréd. Commonly ex-
solution has prdduced the characteristic dispersion of many
fine-grained globules of one sulphide within the other. In

some samples where, presumably, cooling was slower or other

conditions existed that were more favourable for diffusion

and unmixing, exsolution has been more advanced ané formed

Tfewer but larger exsolved grains. The most highly develozed
stages of unmixing have an assoclated phenomenon of expul-
sion. In such cases separation and migration of the two

substances can be seen ©o occur and the exsolved sulphide
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is expelleé towards the grain boundary. The ultimate state
of expulsion is to have both sulphides sepérated with the
expelled substance at the grain.boundary of the host as
bordering grains or an enclosing rim, -
. Both exsolution and expulsion textures are developed

in the vein sulphides and have all manner of intermediate

stages between them. Expulsion is best observed in sphaler-

ite-chalcopyrite and tetrahedrite-chalcopyrite. Exsolution

ct

grains of chalcbpyrite or sphalerite cah be seen as disperé
sions in the cores of many of the sphalerite or chalcopyrite
grains., The exsolved sulphide grains decreasé in numbef

but increase in size near the grain boundary of the’host,
especially if rims or adjoining grains of the same composi-
tion as the exsolved sulphide are present. From these rela-~
tions, it seems most probably that at least s me of the rims
of_sphalefite about chalcopyrite and boundary grains or rims
of chalconyrite about sphalerite have not formed by replace-
ment but rather‘by grain boundary concentraﬁion through ex-
pulsion. The same relations are probably true for tetra-
hedrite-chalcopyrite pairs.

Aikinite in boﬁrnonite forms“&fnumberwof'sﬁall, ir-
regular, rounded grains that are clusvered together in-
groups that usually contain three to five grains. The ex-
solved granules vary in size as well as shape and show no
tendency tp segregate along grain boundaries. For this

sulphide pair where fine granules appear to be expelled
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from the host sulphide and yet remain intimately associated

in a cluster within the host, the term exsolution 1s prob-
. 3 _ )

ably applicable., If the exsolved sulphide appeared to have

.been ejected from the host and concentrated around the host

grains' border, the term expulsion would seem more fitting.

- Paragenesis-

The paragenesis of the miheral suite is complex but
has been deciphered from the fabric and textures of the min-
eral grains and crosscutting relationships of_veins and -
fractures. The mineral suite was subdivided into four parts
based on the four environments of formation of metallic
mineralizatioh.' The divisions are:' 1. disseminated sul-
phides in Tekla-Hazelton beds (largely or totally composed
of pyrite); 2. granular magnetite, pyrite, chaicopyrite
in the skarn zone; 3. disseminated and fracture filling
sdlphides and magnetite in the quartz monzonite and hornfels:
and %. vein sqlphides with quartz and quarfz—calcite gangue.

The‘disseminated sulphides in the hydrothermally un-

altered sedimentary beds are presumably syngenetic., The

skarn, disseminated, fracture filling, replacement, and
_ ’ y - 59 )

vein mineralization are related both spatially and initime
to the intrusion of the grandiorite-quartz monzonite por-
phyry. Only a very small portion of the total volume of
sulphides at the Driftwood<Property is found in the un-

altered sedimentary rocks and skarn zone, and therefore,
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these types of mineralization are of only mihor importance.
By far the greatest Volume of sulphides and magnetite has
formed as disseminations and fracture fillings in the intru-
sion and as fracture filling or replacements in the hornfels.
The_veins are neither large nor abundént and generally coh—
tain small amounts of sulphides. The veins do, however, con-
tain the greatest number of sulphide épecies. The. stages of
mineralization related to intrusion of the porphyry are

listed in Table IIT.

Table III. Seguence of Mineralizgtion.

Stage 1. Rock forming silicates, accessory minerals,
magnetite '
la. Aplite dykes
Stage 11. Quartz veining ("blue guartz') - containing
: -molybdenite,
pyrite
Stage 111. Disseminated,; fracture filling, and replace-

o
o9
ment sulphides ané magnetite in porphyry,

hornfels, (and skarn?)

llla. - Quartz veining ("white quartz®) - barren or
‘ containing
pyrite,
pyrrhotite,
chalcopyrite,
and sphaler-

ite.
Stage 1V. Quartz—calcite veining - polymetallic.
Stage V. Surficial weathering and alteration

The relations between individual silicates and
silicates with sulphides and megnetite have been discus-

sed in the section dealing with textural relationsnips.
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The conclusions drawn are that mafic minerals, magnetite,
and 6ther‘acéeésory grains crystallized early with zoned
plagioclase phenocrysts and these were followed by quartz,
potash feldspar, aﬁd more plagioclase in a fine, granular
matrix., This assemblagé is called Stage 1 and, in effect,
describes the formation of the granodiorite-gquartz monzonite
porphyry. During the late stages of differentiation potash

feldspar and quartz segregations formed small aplitic dykes

-and projections which represent the last stage of intrusion

and are called Stage la.

. Pyrrhotite probably started crystallizing from the
magma or between the silicates at high temperatures and
formed accessory grains, However, the main deposition of
sulphides began after}crystallization of the hpst rock,

The earliest metallic minerals to form were magnetite,
molybdenite, pyrrhotite, and pyrite. The molybdenite ap-
pears to have first been déposited along walls of fractures.
Presumably as temperature decreased, pyrite and more molyb-
denite was deposited with quartz to form veins. Finally

the veins were filled with clear quartz to end Stage 11.
deposition.' Formation of the Stageyll veins coincided with
re-equilibriation of the accessory pyrrhotite in the por-
phyry. The main deposition of pyrrhotite, pyrite, and
chalcopyrite invthe porphyry and pyrrhotite, pyrite, chalco%

pyrite, and magnetite in the horafels marks the advent of
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Stage 111 and the transition from Stage 11[‘

The maximum age of‘the "blue quartz" veins of Stage
11 is well defined as they can be shown to crosscut aplite
dykes of Stage la. The younger age of~the main sulphide
mineralization of Stage 111 is documented by the presence
of abundant-pyrrhotite, pyrite, and chalcopyrite as rims and
bordering grains along "blue quartz"}veins.

The magnetite-pyrite-chalcopyrite mineralization in

the skarn zone is believed to have formed during Stage 111,

although this age relation is difficuit to substantiate.
The assumption is based on the mineralogy and the conclu-
siéh that the skarn reflects a contact phenomenon similar
to that which formed the hornfels and differs only in that
it occurfed in chemically more reactive rocks,

| The second age of quartz veining (Stage'llla) has
fdrmed wnlte quartz veins which are the most abundant type
of veln obsérved, especially in the hornfels. These veins
are easily recogniged by their milky white colour, simple
mineralogy, greater than average widths, and varied shapes
that result in highly irregular, lenticular and pod-like

cross sections. The veins have been called Stage 1lla. be-

cause they can be shown to crosscut stage 11 "blue gqguartz®

veins and Stage la aplite dykes. The term Stage llla is

used rather than Stage 1V to emphasize their close tinme
association to the main period of pyrite, pyrrhotite, and

chalcopyrite deposition in Stage 111l. It is assuumed that
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sulphides forming disseminated or replaced grains and lenses
during Stége lll were introduced at the same time with quartz
into open spaces and resulted in the irregular wnite quartz
veins of Stage-llla. The veins are not all miﬁeralized.

More than one half of the white quartz veins observed were

barren and those that are mineralized contain only sparsely

distributed grains of pyrite, pyrrhotite, chalcopyrite,
minor sphalerite, and rare traces of galena.

The youngest veins are polymetallic quartz-calcite
veins thét:bave been observed to crosécut Stage 11 "biue

quartz¥ veins, Stage 111 sulphides, and Stage 1llla "white

~gquartz" veins., They are termed Stage 1V and are easily

“recognized both by their sulphide and gangue mineralogy.

The diagnostic minerals are arsenopyrite, tetranedrite,

bournonite, and aikinite as well as clear, crystalline gquartz

set in white to cream-coloured calcite and white qguartz.

The velins also contain pyrite, pyrrhotite,; chalcopyrite,
sphalerite, galena, and marcasite. The first gangue to have

formed appears to have been crystalline quartz that left

white quarté, and calcite. . The deposition in the veins be-

gan with euhedral pyrite, arsendpyrite, and quartz crystals

and was followed by & second genération of granular, anhed-
i .

ral pyrite, white quartiz, pyrrhotite,,chalcopyrite} and some

sphalerite and galena. Calcite with sphalerite, galena,

tetrahedrite, sulphosalts, and marcasite were the final
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minerals deposited.

Two polymetallié caldite-bearing veins in the por-

~ phyry and one in the hornfels were observed that contalned

molybdenite. The molybdenite was found in i?s common habit
as finely aisseminated plates along the vein walls. These

relationsrsugéest at least two hypothneses regarding'the ége
of the molybdenite. The first is that molybdenite was de-

posited continuously over a long period of time épanning-

Stage 11 through to at least the start of Stage 1lV. A~

'slight variation of this hypothesis is that molybdenite was

deposited at the begihning of Stage 1V as a second period or
genération of molybdenum mineralization; The second and
alternative hypothesis is that the veiné are composite and
contain Stage 1V mineralization that has been superimposed
on Stage 11 veins. The latter proposal is considered to be
the morellikely. Molybdenite probably formed first during
Stageill minéralization and‘the same fractures were refrac-
tured and mineralized at a later time during Stage 1V (and
probably Stage 1llla, although composite veins of t?is age
have not been recognized). | . |

The final events in the history of mineralization
are termed Stage V and represent the weathering and altera-
tion products of the sulphides, magnetite, and rock-forming

minerals.
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Diagramatic Representation of the Paragenesis

Both the line diagram and the Vandeveer diagrams used_
in this study have been slightly modified to sult the partic-
ular requirements of the Driftwood mineralization. The
representatiohs have to be interpreted with the following -
restrictions and conditions in mind.

The line diagrém shows the stages of mineralization
as derived from crosscutting relations and textural évidence.
The boundaries between the stages‘have purposely been left

vague as there probably has been some overlap of cértain

minerals and continuity of deposition from one Stage to ano-

ther. The soie exception is Stage 1V which has arbitrgrily
had the presence of calcite in the veins placed as iﬁs
diagnostic criterion. The use of the term 'pyrite 1 and 11!
and ‘'magnetite 1 and 11' refers primarily to the fabricvand‘
carries only. a sécondary genetic implication. In the case

of pyrite, the significance is that at least two types of
pyrite were recognized. Pyrite 1 is the first-formed, -euhed-

Bal coarse-grained variety that forms in a stage of mineraliza-

ST

tion, and pyrite 11 is the finer-grained, granular type that

surrounds pyrite- 1. The different appearance of pyrites in

any stage of mineralization may be the result of being formed

durihg at least two discrete periods, or may Jjust represent
two or more steps in a single depositional process. In the

case 'of magnetite, the terms magnetite 1 and 11 can be used.
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to distinguish the mineral on a textural and time basis.
Magnetite 1 refers to the fine-grained accessory magnetite
in the porphyry, and megnetite 11 is formed as replacements
and fracture fillings'in the hornfels, porphyry, and skarn
during Stage 111.

The Vandeveer representation has been broken down
into two components in order to present the data in a more
easily understandable manner and to .emphasize the dual
nature of the mineral assemblagé."The Simple‘mineralogy of

the dissemination, replacement; and fracture filling type of

- Stages 1 and 111 has been shown as one component and the

complex mineralogy of the veins in Stages 11, 1llla, and 1V

has been used in the other. Tor a full understanding of

the paragenesis, both components must be regarded as occur-

ring concurrently but under different physical conditions.

The Vanderveer and line diagrams are shown in Figures 8 and 9.
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Temperatures of Intrusion and Metamorphism

Intrusion has been into the epizonal eﬁvironment which
is the zone from surface to L kilometers. The Driftwood in-
trusion is beliéved to be in the deepef part of the epizone ?
and, thus, a depth of four kilometers will be assumed to be |
the depth of intrusion. At such a depth the temperature and

pressure in the countfy rock would be about one hundred forty

and pressure gradients of 30 degrees and 250 vars per kilo-
meter were used (Winkler, 1965).
The temperature of the silicate‘melt can be estimated

from the data provided by numerous authors. Temperatureé of

granitic melts range from 700 to 800°C; syenitic magmas about

9OQ°C (Winkler, 1965); and granodiorite 820°C (Buseck, 1966).

In the system albite-orthoclase-quartz the solidus at 1000
kg/bm2 water pressure for a melt having the composition of the

average of the Driftwood granodiorite-quartz moannite is about

. 817°C (Annual Report Geophysics Lab., 1951-52). Thus, 8159C

t 259 can be regarded as a reasonable approximation for the
temperature of intrusion of the granodiorite-quartz monzonite
Stdck.

The heét flow from an intrusive body has been calculated
by Lovering (1936), and Jaeger (1957, 1959) and applied by

Buseck (1966), Winkler (1965), and others to field occurrences.

‘Their calculations deterhine the temperatures at the contact

and at varying distances from the contact as functions of the
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magma temperéture, temperatdre of the intruded rocks and
thickness of the intrusive body.

Loverings calculations were based on general differen-
tial equations that relate the heat conductivities of two
homogeneous bodies of diffeient compositions and temperatures.
Using his méthod, a magma with a temperature of 8159C in-
truded into limestone and shale would increaseiéhé tempera-
ture at the contact by about L40°C and 4259C respectively.
However, for the sake of convenience, Lovering assumed the
temperature of the intruded rocks to be zero. ‘Thﬁs, if a
correction was made for the temperature of the.intruded rocks,
the contact temperature would be considerably greater thén
calculated. | ) |

_vAn expression containing a correction for geothermal
gradient was used by Buseck (1966). The expression 1s modi-

fied from Jaeger (1959) and states that the contact

temperature T,, is:

(x } |
(T - To)
Kok]_%‘ | |
T, = : + To
Klko‘% N 1
ok

where k; and k; are the diffusivites, K, and K; are the
thermal conductivites of the intruded rock and granodiorite-

quartz monzonite, Ty 1s the solidifying temperature of_magma,



95

and T, is-the initial temperature of the intruded rocks.
Assuming a depth ofvintrusion of % km, a 30°C per km geo-
thermal gradient, and a surface temperature of ?OOC, andg
applying the apéropriate constants as.lisfed b§ Lovering
(1936), the temperature of intrusion Tm offBlSOC, tﬁe con-
tact temperature for the Driftwood intrusion is found td>be
L740C  in limégtone; 55700 in shalé; 4%950C in sandstone, and
517°C in andesite-basalt. These temperatures would be great-
er if the magma were hotter than 815°C or the fhermal grad-
ient was greater than 30°C/Km, or tﬁe depth of intrusion

was greater fhan 4 Km. Also the temperaturés, as calculated,
apply to the contacts of an intrusive body with vertical
walls, and any local bends or warps in the contact would

give rise tb higher tempefatures;

‘The restricting conditions for heat flow calculations
are that heating of the intruded rock is due entirely to
conduction and no heat transfer'by volatile comenents takes
place, BSince some metasomatism is evident,»thére must have been
fluid movement. The assumption ﬁade ié that the latent heat of

crystallization opposes and cancels the nheat loss through fluid

~action and the body can be assumed to havé cooled by only con-

duction.
Winkler's treatment of Jaeger's method of calculating
heat flow can be used to demonstrate the causes of zonation

of the contact metamorphic facies. The temperature gradient
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Q&’ is steepest at the intrusive contact but decreases rapidly
and levels away from it. Winkler (1965) proposed that at
the contact the temperaﬁure of the country rgck increases by
over 60 percent of the temperature of the intrusive magma.
At distances.corresponding to 1/10 the thickness of the intru-
sive (1/10 D), the temperature increase in the country rock
is ébout 50 percent of»the temperature of the magma, and
at a distance of 1/2 the thickness (1/2 D), the temperature
increase is about 1/3 that of the magma. Using the assumed
values of 815°C as the temperature of the intrusion, a depfh
of 4 km, a 30°C/Km geothermal gradient, an éverage thickness
(D) of the Driftwood GranodiOrite;quartz monzonite of 1000

feet, and gontact temperatures (To) for the rock types ob-

served as calpﬁlated by Buseck's‘expression, the values are
about 5500¢ for calcerous shale, 4%95°C for éandstone, and :
517°¢ for andesite-basalt sections, 'At a distance of 100
feet from the contact (1/10 D), the temperatures are 415°C
for calcereous shale, 348°C for sandstone, and 397°C for “
the volcanics. At an increased aistaﬁce of 500 feet (1/2 D),
the expected temperatures would be about 323°C, 305°C, and
311°C, respectively. The rélation’for calcareous shalé‘is
shown in Figure 10. |

The temperature limits for the hornblende hornfels and
albite-epidote hornfels facies at a cdnfining preésure of
1000 bars and intrusion depth of‘four kilometers, as defined

(wy by Winkler (1965), have been superimposed on the heat flow
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‘Figure 10:. Heating of country rock with calcareous shale

composition adjacent to a granodiorite intrusion.

(Modified after Winkler, 965% temperat %
contact calculated accorclng 0 Buseck, 190 Je
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diagram (Figure 10). Clearly, under the conditions stated,
it .can be seen that a calecareous shale could have contact
metamorphism of the hornblende-hornfels facies for a distance
of up to .02 D = twenty feet,.and could develop a hornfe;s
with biotitéoin the albite-epidote nornfels facies over a

distance of about 135 feet. ~Intruded volecanics with ande-

site~ basalt composition would have a contact temperature of

about 517°C and, thus, only a very thln zone of hornblende-
hornfels facies contact rock could be formed. However, a

hornfels of the albite-epidote facies would be expected to

- |
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form fbr é distance of at least 100 feet. Séndstone_with aA
contact temperature of 495°C would not be metamorphosed be-
yond the upper range of'the albite-epidote hornfels facies.

A hornfels zone close to 100 feet in thiékness would be

.expected.

These theoretical considerafions very closely resem-'
ble'the acthai observed alteration pattern. In some out-
crops thé.thickness of the hornfels facies was greater than
the theoretical considerations would predict.' Such discre-
pancies would, in fact, be expected'in a.natural occurrence
where the intrusive contact would be irregular and not the
ideal dyke-like body on which the calculations are basea.
In general, however, the assumed temperature of intrusion
of 819 % 25°C, and a depth of intrusion of‘h Km with contact
temperatures around 500°C but probably not‘éxceeding 550°C
6an be‘regarded as reasonable ahd consistent with the field

relations observed at the Driftwood Property.

Geothermometry

Temperature-pressure conditions for ore formation can
be postulated using a number of criteria. In this study no
attempts were made to apply or ih&estigate the applicability
of the pépular geothermometers due to the uncertain status
of the various methods. Instead, thermal stability limits
and stability rénges of coexisting mineral assemblages were

used to reduce the linits of conditions favourable for
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mineral deposition. 1In a few cases equilibria relations could

be used to define very closely the conditions of deposition..

Anhydrous iron oxides: Magnetite and maghemite are the only

.two minerals observed. Magnetite occurs in at least two ages

- the early-formed, disseminated, magmatic variety in the

intrusion, and the secondary replacement type in the hornfels,

_porphyry, and skarn that was seen to be partly contemporaneous

with and'partly younger than some of the pyrite and pyrrhotite.
No hematite was seen but small amounts of maghemite (¥ Fep03)
were recognized as an'alteration prbduct‘of the magnetite in
the skarn (tactite) zone,

Formation of two types of magnetite reflects the inter-
play of pOz and pS2 during the cooling cycle of the intrusion '
(Holland, 1959). The disseminated magnetite probably formed
as a primary magmatic phése in what can be regarded as a closed
s&stem. Later as a result of cooling and possibly as a result
of decrease in pOp and pS,, secondary magﬁetite formed in the

intrusion, hornfels, and tactite in the presence of volatiles

"in an essentially open system.. According to Salotti's (196%)

diagram for the Fe-S-0 system, at temperatures below 675°C the
progression from pyrite —pyrite + magnetite —»pyrite =+~
pyrrhotite + magnetite—-»pyrrhotite + magnetite is poséible.
Thusy, magnetite associated with sulphides is capable of form-
ing at both high and low temperatures in accord with the

inferred textural evidence.
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The conditions of formation of maghemite (XFe203) are

not well known, It is believed to be an intermediate'poly-

morph between magnetite‘and hematite (°<Fe203). According to

Kuno (1965) maghemite may form as an alteration process de-

pendant on oxygen fugacity and temperature after magmatic

v crystallizafion is essentially complete. Experimental data

shows that maghemite can be formed by oxidation of magnetite
from 200 to 700°C in both natural and synthetic systemé.
Thermal studies by Gheith (1952) on magnetites showed exo-
thermic peaks corresponding to the formation of X’Fe203 to
vary from 230 to 375°C. However, more recent opinions offered
by Abdullah and Atherton (196%) and Gross (1965) state that
maghemite is most commonly formed affer prolonged surface

oxidation or by rapid oxidation at low temperatures under

- aqueous conditions such as in the case of low grade thermal

metamorphism,

Sulphides: The earliest sulphides to form were molybdenite

along with pyrite and some pyrrhotite. Molybdenite is a nigh

temperature mineral whose maximum temperature of stability is

well above the’temperature of the granodiorite intrusion.
Sulphide deposition that resulted in the formation of molyb-
denite-pyrite—pyrrhotite.in qdartz veins can be assigned an
upper temperature limit of 742 % 1°¢ according to Barton and
Skinner (1967) or 726°C according to Kullerud andeuSeck (1962)

as based on studies of system Mo-Fe-S, The temperatures of
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formation of molybdenite may, indeed; be weli below these
maxima as Arutuyan (1966) has synthesized‘molybdenite at
relatively low temperatures. Using sulphomolybdate solution
followed by annéaling, Arutuyan formed colloform molybdenite
at 200 to 3QOQC and from this a trigonal polymorph (3R) with
short runs at temperatures from 350 to 900°C. A transférmation
into the normal hexagonal molybdenite was accomplished at
600°C over.a time of 22 days.

The abundance of pyrite and'pyrrhotite'and use of
phase relations in the systenm Fé-S are of very little use in
the‘present study for purposes of geothermdmetry. Besides the
uncertain status of the pyrrhotite geothermometer, the sfruc—
tural state of the pyrrhotite is not known énd there is a
peréistant assoclationof chalcopyrite. As stated by Rao and
Rao (1968) after the suggestion by Yund and Kullerud (1966),
'(the usefulness of pyrrhotite as a geothermometer) when it
is associated with chalcopyrite 1is doubtful.; The only use-
ful information derived from the Fe -~ S system is that a
maximum temperature of formation for the‘pyrite can be set
at 742 or 743 t 19C 4 140C per kilobar,(Kullerud and Yoder,
1959; Arnold, 1962; Kullerud, 1967). Above this temperature
the sulphides would nave been‘high temperature pyrrhotite in
coexistence with a sulphur-rich melt.

The formation of marcasite, as defined in system
Fe—S-O;H (Kullerdd, 1957, 1967), occurs at temperatures less
than 432°C and is pressure depehdent. The observed associa-

tion of pyrite and marcasite at the assumed pressure of’
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1000 bars, would have a maximum temperature of formation of
L28 t 2°,

The most important system in this study is Cu-Fe-S

because .of the abundance and consistent association of pyrite- -

pyrrhotite and chalcopyrite. However, use of phase"relations
to define conditions of formation is limited due to. the com-

plex relations and confusion at low temperatures. The phase

relations, as developed by Yund and Xullerud (1966) show a

wide range of pyrite-chalcopyrite stability, starting at 739°C.

At high temperatﬁres_(éoo to 70600 or more) extensive solid
solution fields are developed. Chalcopyri%e coexists with

pyrite and pyrrhotite and both chalcopyrite and pyrrhotife

havé extensive solid solution. As temperature'decreases,

structural inversions in the chalcopyrite take place and at

a temperature of about 550°C the chalcopyrite solid solution

is split‘into two smaller fields of cubanite anﬂtchaicopyrite

with the lines forming between the cubanite and pyrite.
Because of the abundance of iron over copper in natural sys-
tems, cubanite would be expected to be'commbnly formed rela-

tive to chalcopyrite (Kullerud, 1967). However, the cubanite

is not a readily quenchable phase and at a temperature-of 33400

it cannot exist with pyrite and will react to form chalcopyrite
and pyrraotite, Cubanite, furthermore, cannot’exist with
monoclinic pyrrhotite and thus monoclinic pyrrhotite? pyrite,
and chalcopyrite would be the expected assemblage at a tempera-

ture lessAthan 310°C, which is the upper temperature boundary
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for monoclinic pyrrhotite (Kullerud,‘l967; Arnold, 1963).

Based on these considerations, the absence of cubanite
and the intimate association of chalcopyrite-pyrrhotite in_the
presence of pyrite in the intrusion, suggest that re-équilibria-
“tion of sulphides probably started at high temperatures and
continued throughout the coolipg history. Deposition in the
intrusion could have started at the maximum temperatures of
formation of pyrite at 757 t 1°C (at 1000 bars) and chalco-
pyrite at 739°C, but final temperatures of formation were con-
siderably lower and may even have been below 33400, the sta-
,bility limit of cubanite. Such relations are donsistent
with the occurrence of chalcopyrite-pyrite-pyrrhotite in the
relatively low temperature hornfels enviroﬁment,and the para-
'genésis which shows some of the chalcopyrite and pyrrhotite
to be younger than marcasite which has an upper temperature
of formation at 1000 bars of L28°¢.

The system Fe-As-S offers useful and exact information
regarding conditions of formation. Clark (1960) determined
the phase relations and found that h9l'i 12°C is an invarient
point that defines thé maximum temperature of stability of
pyrite with arsenopyrite. Above this temperature pyrrhotite.
‘and liquid‘form with arsenopyrite. The system is pressure
sensitive and the invarient point varies 18°C per kilobar -
‘pressure. fhe mineral assemblage observed contains pyrite and
arsengpyrite which appear to be mutually deposited in the pre-

sence of excess iron that formed a younger replacement
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pyrrhotite and pyrite. The temperature of formatibn; with

a pressure correctlon for the assumed depth of intrusion,

" can be determined to have been a maximum of 509 I 12°%.

The other minerals in the assemblagé provide very
little detailed information beyond upper temperature stabll-

ity limits. Galena and sphalerite both have very high congru-

~ent melting points. Tetrahedrite and tennantite have upper

temperature limits of 555°C and 640°C, respectively (Wernick
and Benson, 1957). Virtually no phase data is available for

bournonite and aikinite as they are difficult to synthesize

.and have complex multicomponent compositions. An upper

temperature limit for alkinite has been determined to be from
465 to 475°C (Schaber, 1965).

| _Textural relations and particularly exsolution'and
unnixing textures have long been considered_tovprovide'data
regarding temperatures of formation or cooling rates. Edwards
(1960) provides temperatures of unmixing for the following
mineral pairs: |

Chalcopyrite-pyrrhotite 600°¢ chalcopyrité exsolves
' 300°C pyrrhotite exsolves

Chalcopyrite-tetrahedrite ?250°C

Sphaléerite-Chalcopyrite  550°C chalcopyrite.
exsolves
350°C-400°C sphalerite
exsolves
However, the work of Brett (1964a,b) and others has cast much
doubt as to the validity of quantitative data based on tex-

tural studiés as genetic criteria.
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The conditions of formation of the metallic minerals

have, thus, had maximum temperature limits or temperature

- ranges defined. The maximum temperature of formation pos-

sible would have been the temperature of crystallization
which was assumed to be about 815 % 25°C at a confining pres-
sure of 1000 bars. Within the intruded rocks mineralization
was'developed in the hornfels zone, usually within‘one hundred
feet of thé contact, where the temperatures were calculated

to range from about 400 to a max1mum of about SSOOC at the
contact. The sulphide studies 1ndlcate that formation of

the observed mineral assemblages occurred at high tempera—

tures. Re-equilibriation throughout'the cooling history is

considered likely and the varagenesis defines a long history

of mineralization with successive stages. Thus, the stages
of mineralization called Stages 1, 11, 111, and probably
much of Stage IV were.formed at elevated temperatures under
relatively similar conditions. The only minerals that may
have been deposifed under 1oyer temperature conditions afe
the late forming sulphosalts, and some sulphides of Stage IV.

Based on studies of other sulphosalt assemblages, the tempera—

ture of deposition may have been in the order of- 300o

The results are summarized in Table IV.




Table IV: Temperature data from silicate systems, heat flow calculation, and invarient points
from condensed phase diagrams of systems applicable to the Driftwood mineral assemblage.

Mineral or association 8System Maximum temperature High temperature Rémgrks and Documentation

of stabllity or -products : o
(temperature range) ~ Temperature at solidus for
compositional average of
Granodiorite- quartz - 815 ¢+ 25°¢ silicate melt 18 Driftwood specimens for
monzonite ‘ ‘ system albite-ofthoclase-
' SR ‘ ' quartz; (Annual Rept.
Geophys. Lab,, (1951-52).
Hornfels contact zone ' 5500¢C hornblende Contact temperatures.
hornfels faciles Contact metamorphic zone,
and albite- Heat flow calculations
epidote-horn-~ by Lovering, 1936; Jaeger,
fels facles, 1957, 1959; Buseck, 1966
- . and Winkler, 1965.
Magnetite Fe-0 1% 675°C FepOy+ melt . Primary phase.
| V 11 < 6750C magnetite Sulphide breakdown and
plus Fe S-0 exchange due to
sulphides. decrease in pOp ahd pSo.
' (Holland, 1959); (Salotti,
1964), (Buseck, 1966).
Maghemite ( XF@203) © PFe=0 - 2280 - 375°¢C Hematite («Fe203) Intermediate phase between
' - ’ - . _ magnetite- hematlte. (Gheith,
1952). ‘
? 20°C Magnetite?? Surface oxidation. (Abdullah
Hematite and Atherton, 1964 )
v Gross, 1965). A
' -
o
ON
|




Table IV: (continued)

Mineral or association  System Maximum temperature High temperature Remarks and Documentation
: of stability or | products
(temperature range)

Molybdenite-pyrite - Fe-Mo-S 742 ¢+ 1 C Pyrrhotite + : Low‘temperature synthesis
o or 726°c molybdenite + of molybdenite possible.
melt, ’ (Aratuyan, 1966); (Barton

and Skinner, 1967); Kullerud
and Buseck, 1962).

Pyrite-pyrrhotite Fe-S 742 or 743%10C Pyrrhotite +  Kullerud and Yoder, 1959;
’ plus 14OC/Kbar = melt Arnold, 1962; Kullerud,
757% 1°¢C | 1967. 4
Marcasite-pyrite Fe~S-0-H ‘(#3200 ' Pyrite Pressure sensitive, .
' © =428 & 2 Kullerud, 1957, 1967).
(with pressure
correction)
Chalcopyrite-pyrite-  Cu-Fe-S . 7390¢C , pyrrhotite + Yund and Kullerud, 1966.
(pyrrhotite) o ‘ melt . o ’
Chalcopyrite- ' 600°¢C pyrrhotite with Exsolution of chalco-
pyrrhotite : o Cu solid solu- pyrite. Bdwards, 1960,
. - tion :
Chalcopyrite- o | . - 3340¢ Cubanite | Low temperature inver-
pyrrhotite | : sion of cubanlte, Yund

and Kullerud; 1966;

ot




‘Tabie Iv: (éontinued)

Q

System Maximum temperature

Mineral or association

'Chalcopyrite-
Pyrrhotite
(Monoclinic)

Chalcopyrite-~
pyrrhotite

Arsenopyrite-
pyrite

Tetrahedrite

(Tennantite)

Tetréhedrite-
chalcopyrite

Sphalerite-
chalcopyrite

Alkinite

- Pb-Cu-Bi-S

of stability or
(temperature range)

Cu-Fe-S 310°¢C
300°C
Fe-As-S u91i12°c+185c/Kbar
= 509+12°C
Cu-Sb-8 555°C
Cu-As-S (640°¢C)
' - 2500°¢
Cu-Fe-8 :5506c
Zn-Fe-S 350-400°¢C
465-475°¢

High temperature
products

Cubanite (May be
associated with
pyrrhotite
(hexagonal)

?Cubanite or
Chalcopyrite
with Fe solid
solution

Pyrrhotite +
melt : _

- melt

(melt)

- Tetrahedrite with
Cu solid solution

Sphalerite with
solid solution

Chalcopyrite with
Zn solid :solution

melt o

Remarks and Documentation

Cubanite unstable in pres-
sence of monoclinic pyrrhot-
ite, Kullerud, 1967;

 Arnold, 1968.

Edwards, 1960. Pyrrhotite
exsolution, (May be re-
sult of cubanite inver-
sion). '

Pressure sensitive system,
(Corrected for 4 km
depth). Clark, 1960.

Driftwood mineral may |
be As - rich,

Wernick and Benson, 1957.
Bdwards, 1960.

Bdwards, 1960

Schaber, 1965,

goT
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e  'SUMMARY AND CONCLUSIONS

The Driftwood‘Property is underlain by volcanic-
%'sedimentary rocks that were dated as Lower Jurassic and

called Takla Group - Upper Division by Lord, 1948, The
rocks are more correctly correlated with the Hazelton Group.
To thé weét are Upper Jurassic - Lower Cretaceous sedimen-‘
tary rocks ofvthe Bowser Group.and to the east are Upper
Cretacedus and Paleocene strata of thé Susfut Group.-

A porphyritic Kastberg Intrusion of probable Early
Terfiary age has intruded a sedimentary and_vblcanic section
of the Takla Group{ The intrusive maés_has a highly irregu~

lar roof zone with many anastamosing dykes and roof pendants

that are exposed along the crest of a ridge. At depth the
intrusion is a thick, steeply dipping dyke-like body. The
main intrusion is surrounded by many small dykes.

The éompdsition of the stock Varies}from granodio;ite
to guartz monzonite and alaékite. Differences in the stock
aré shown by variations in texture, mineralogy,_and chemical
compgsition.

Metamorphism df the intruded rocks has produced an
enveioping zoné of hornfels about the intrusion. The hornfels
is mainlyka biotite hornfels of the albite-epidote nornfels
.facies but small zones of higher grade'hornfels in the horn-

bvlende hornfels facles can be seen in calc-silicate and mafic

(@\ ' hornfels zones. Automorphic alteration within the stock is
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associated with hydrothermal mineralizing processes and has
formed propylitic alteration zones.

The stock is a metal enriched intrusion witﬁ mineraliéa—
tion characteristic of porphyry copper and quartz-molybdenum
stockwork deposits. Metallic minerals have been deposited
as disseminated, fracture filling, and replacement grains
and vein constituents in the stock and hornfelé: Minor
mineralization is fohnd in skarn and breccia zones. Weather-
ing affects are superficial and very few alteration minerals
were recognized, |

i} Genesis of thevmetallic minerals as deduced from ﬁain-
ly silicate-sulphide and sulphide textures and fabrics is.
epigenetic. . The sulphides may be classed, in part, as paré~
magmatic althougﬁ a smalllprOportion of the sulphides and
magnetite have formed as accéssory grains.

A;five stage paragenesis is evident. Stage 1 is .
crystallization of the host rock and formation of accessory
magnetite and some pyrite, pyrrhotite, and possibly molyb—‘
denite. Stage 11 is veining by molybdenite;bearing quartz
veins called "blue guartz" veins. State 111 is the main
period of pyrite, pyrrhotite, chalcopyrite depositibn.in

the stock and hornfels énd Stage 1llla is the closelyvaésocia-

- ted velning with pyrite, pyrrhotite, chalcqpyrite, and

sphalerite in "white quartz? veins. Stage IV 1s formation
of polymetallic arsenopyrite and sulphosalt bearing quartz-

calcite veins. Stage V is alteration of the mineralization
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and 1is relatively unimpoftant.

~Intrusion is believed to have been in the epizone
. at a depth of about four kilometers. Temperature of intru-
sion is estimated to have been about 815 * 250C, Temperatures
'at'the intrusive contact have_been estimated by'heat flow
calculations and are believed to have béen about 495° to 550°C.
Temperatures of this mégnitude are consistent with the grades
and widths of the contact metamorphic zones observed.

Temperatures of metallic mineral deposition are dif-

ficult to establish but maximun ﬁemperatures of formation of
some sulphide species and coexisting mineral palrs can be
defined using synthetic phase equilibria studies. Maximum
temperatufés_of formation higher than 700°C can be postu-
lated for pyrite, pyrrhotite, molybdenite, chalcopyrite,
and magnetite using systems Fe-Mo-3, Fe-S, Fe-S-0, and
Cu-Te-~3. ‘Maximum teﬁperatures,in the intermediate range ,
from 400 ﬁo 6000C can be defined for arsenopyrite~pyrite,
pyrite-maréasité, tetrahedrite, and aikinite from systeus
Fe-As-S, Fe-séo-fl, Cu-(Sb, As,)-S, and Pb-Cu-Bi-S. Low
temperature deposition in the order of 300°C is indicated
By textural observations coupled with”témperatureé"of”ex-
solution and inversion in re-equilibriating sdlphides'such
as pyrrhotite and p&rrhotite-chalcopyrite (originally

cubanite?).
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