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View of the study area taken from the west. Tagetochlain Lake is
seen on the right, and the access road to the property is on the

left. The center of the deposit is situated under the stand of
fir trees in the forground.
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ABSTRACT

The Poplar copper-molybdenum porphyry deposit, located
270 km west of Prince George, is centered in a late Upper
Cretaceous differentiated calc-alkaline stock, which intruded
Lower and Upper Cretaceous sedimentary rocks . The stock is
capped by late Upper Cretaceous volcanic flow rocks.

The lower Cretaceous Skeena Group consists of intermediate
tuff, siltstone, and interbedded sandstone, which steeply dip to
the southe This unit is unconformably overlain by a moderately
sorted polylithic pebble conglomerate belonging to the Upper
Cretaceous Kasalka Group.

The Poplar Stock, which hosts mineralization, includes a
border phase of hornblende quartz monzodiorite porphyry which
grades in to a central biotite quartz monzonite porphyry. The
stock is intruded by several post-ore dyke units, which include
porphyritic dacite, porphyritic rhyolite, felsite, and andesite,
Ootsa Lake porphyritic volcanic flow rocks overly the deposit,
and are dacite in composition.

Pre-ore, and post-ore rock units have been K-Ar dated, and
are within analytical error of each other, having a mean age of
T4e8 + 2.6 lMae. The deposit is covered extensively with glacial
t111 and alluvial sediments. Therefore the majority of geologic
information was obtained from logging the drill core from 34
diamond drill holes, twelve of which were logged in detail using
a computer compatible logging format. Information logged in this
manner was used in statistical studies , and for producing
computer generated graphic logs and plots of various geologic
parameters, along two cross-sections through the deposit.

Alteration zoning at the Poplar porphyry consists of a
600 m by 500 m potassic alteration annulus which surrounds a 300
m by 150 m argillic alteration core. These are enclosed by 750 m
wide phyllic alteration zone, which is itself bordered by a low
intensity propylitic alteration zone. Phyllic alteration is
defined by the occurence of sericite, and is the most abundant
type of alteration present. Potassic alteration, recognized by
the occurence cf seccndary K-feldspar and/or secondary biotite,
is most closely associated with chalcopyrite and molybdenite.

At least tWwo episodes of alteration are recognized at the
Poplar porphyry. The first was contemporaneous with
mineralization, following intrusion and crystallization of the
Poplar Stock. This episcde consisted of potassic alteration in
the center of the deposit, which surrounded a 'low grade' core,
and graded out to phyllic and propylitic alteration facies at
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the periphery. The second alteration event took place after the
intrusion of the post-ore dykes and consisted mainly of
hydrolytic alteration of pre-existing alteration zones which
were adjacent to more permeable centers, such as faults,
contacts, and highly jointed areas. This alteration event is
responsible for the anomalous central argillic zomne, and the
alteration of dykes, in addition to probably intensifying and
widening the phyllic alteration halo surrounding the deposit.
Chalcopyrite and molybdenite were deposited in the potassic zone
at approximately 3759 C and less than 250 bars, with relatively
low oxygen, and relatively high sulfer, activities and moderate
pH. As the potassic alteration zone was invaded by more acidic
solutions feldspars were altered sericite and clay, and
chalcopyrite was destroyed to form pyrite and hematite. Copper
was removed from the system. . :

Statistical studies include univariant one-way and two-way
correlation matrices, and multivariant regression analysis.
Statistical correlations generally support empirical
correlations made in the field., These include positive-
correlations between various potassic alteration facies
minerals, and these minerals and chalcopyrite and molybdenite.
Multivariant regression analysis was used to determine which
alteration minerals were best suited for indicating chalcopyrite
and molybdenite. These minerals are quartz, biotite, magnetite,
sericite, K-feldspar, and pyrite. Large error limits and poor
correlation statistics in the results from these studies are
attributed to deviations from normal distributions for all
minerals. A possible cause of this may have been the multistage
alteration events that the deposit has undergone
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CHAPTER I

INTRODUCTION

1.1 Location

The Pcplar copper-molyﬁdenum porphyry deposit, centered
near 54901'N, 126058' W (N.T.S.. 93L/3E; 93E/15%), is located in
west-central British Columkia approximately 270 km west of
Prince George and 50 km south«southwest of Houston, in the
Omineca Mining Divisicn (Fige 1.1). The deposit is situated
near the centre of the northeast shore of Tagetochlain (local

name Poplar) Lake.

1«2 Acces

fin

Access to the Poplar porphyry by motor vehicle is made from
Highway 16, one kn west of Houston, via the Morice River, Owen
Lake, and Tahtsa Reach forest access roads to the southeast end
of Tagetochlain Lake. A poorly developed dirt road parallels
the north-east shore cf thevlake and terminates at a core shack
and abandoned drill camp on the property. The total distance

frcm Houston is 80 km.

Access to the deposit can also be made by helicopter from a
helicopter base in Smithers or by float plane which can land on

Tagetochlain Lake, adjacent to the property. .
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1.3 Ehysiographic Setting

The study area lies within the Interior Plateau,
approximately 20 km east of its boundary with the Coast
Mountains. Major physiographic subdivisions of west-central
B.C. are shown in Figure 1.2 (after Carter, 19743 and Holland,
1678). 1The deposit is located in the west-central portion of
the Nechako Plateau, an area of low relief that is largely
undissected by erosion (Hclland, 1964); elevation generally
ranges frcm 1225 m to 1530 me This portion of the plateau forms
a reentrant into the Hazelton Mountains and is bounded to the
north and west by the Bulkley Ranges, and to the south by the

Tahtsa Ranges,

Intense glaciation in the area has resulted in the
development of many subparallel, northeast trending linear lakes
(¢e«g. Morice, Nanika, and Whitesail Lakes). This orientation
indicates a ncrtheast tc eastward movement of advancing ice that
originated from higher elevations in the Ccast Range to the west
(Duffell, 1959). Tagetochlain Lake, however, trends almost
normal to this direction and evidence presented in Section 3.7
suggests a structurally ccntrclled origin for the lake and
adjacent valley. Duffell (1959) estimates that the glacial ice
had a minimum thickness c¢f 1345 m because all peaks in the area

were covered ty ice.

A 10 to 25 km wide physiographic "transition zone" lies
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Figure 1.2: Major physiographic subdivisions of west-central

_British Columbia (after Carter, 1974;

and Holland, 1978).




between the Nechako Flateau and the Coast Fanges (Duffell,
1989), and is characterized by small moun+ain Tanges ( ee ge
Sikola, Tahtsa, and Whitesail Ranges) trending northeast +o
east, normal to the regional northwest trend of the Canadian
Cordillera. Locally, the deposit is situated in a northwest
trending valley which parallels Tagetochlain Lake. The area is
characterized by moderately rolling topography which ranges in
elevation frcm 840 m at lake level to 1110 m at the western
rortion of the study area, and rises to 1626 m on Poplar
Mountain, 6.5 km to the northeast. Two small streams, Canyon
Creek and East Creek, crcss the area and flow intc Tagetochlain
lake. Local erosional relief varies from less than 1 m to ovar

10 m, locally forming steep cliffs.

Vegetation includes grasses, wildflowers, and stands of
aspen, spruce, and pine trees. Open meadcws comprise roughly 60
r2rcent of the land area, and are utilized by local ranchers for
cattle grazing. Average annual precipitation averages 75 to
100 cm, Lut this study was carried out during 1978, an unusually
dry and warm field seascn marked by only eight days of inclement

weather,

1.4 History and Development

Evidence of staking and limited assessment work prior to
1970 was discovered in Canycn Creek during *he course of field
mapping. However, nothing was found to identify the former

develcpers,



The most recent history and development of the property
began in +he fall of 1970 with the ini+tial staking of six claims
ty F. Onuchi and C. Critchlow (prospectors under contract *o
El Paso Mining and Milling Co. Ltd.), following the discovery
of geochemical anomalies in silt and scil samples. During the
summer of 1971 addi+ticnal soil geochemical surveys led to the
staking of 36 additional claims, which were recorded by F.
onuchi and M. Callaghan (Critchlow, pers. comi., 1978). That
fall H. Jones of El1 Pasc Kining and Milling Co. Ltd. comnmencesqd
limited geologic mapping and extensive soil geochemical surveys
(Jones, 1972). Ccpper and silver anomalies discovered by these
surveys were investigated in the spring for 1972 by *he
excavation of four trenchss. Based on the discouraging results
frem these investigaticns E1 Paso Mining and Milling Co.
1td. transferred all claims on the property to the original
prospectors in March of 1973 (Jones, 1972: and Critchlow, pers.
comm., 1578). Critchlcw brought A. Schwmidt of Hudson Bay 0il
and Gas Co. 1I1td. in tc examine the area during the summer of
1973 and additional claims were staked that fall (Critchlow,

pers. comm., 1578).

Most of +he claims were restakad by Critchlow during June
of 1974, after many had lapsed. 1In Adgust he drilled a hole
near the south end of Canycn Creek and discovered "encouraging
mineralization" (Critchlcw, pers. comm., 1978). T. Schroeter,
Resident Geolcgist at Smithers for the British Columbia Ministry

of Mines, investigated the find and following his suggestion the



property was offered to several mining companies., The prop=arty

was optioned by Utah Mines Ltd. on Cctober 2, 1974,

Exploration and developmeﬁt of the property commenced ir
the fall of 1¢74; work includad induced polarization and ground-
magnetic geophysical surveys and the drilling of four BQ sized
diamcnd drill holes, totalling 937 m (Schmid+, 1975; Witherly,

1575) .

Between 1675 and 1977 additional exploration and
development included geologic mapping, soil and silt geochemical
surveys, geophysical surveys, and the drilling of 36 NQ sized

diamond drill holes, totalling 7344 m in depth.

1.5 Scope of Study

Nine weeks were spent on the property, during +he course of
this study, exarining and mapping the surficial geoclogy and
logging the sutsurface geology from drill core from 34 diamond

drill holes,

Particular atten*icn was paid +o logging the core along two
cross-sections through +the deposit (Map A :Sections A-A' and R-
B'). Detailed logging involved the use of a computer compatible

data format, which was adopted to aid in statistical studies



involving a large numkter of geclogic variables and *o facilitate
computer plotting of drill hole informaticn. MNore detailed

descripticns c¢f this logging format are given in Chapter III and

Arrendix B,
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CHAETER IX

REGIONAL GEOLOGIC SETTING

2.1 Eegional Tectonic Set*ing

Regional tectonic elements of west—-central British Columtia
are shown in Figure 2.1; included are the Coast Geanticline, the
Hazelton Trough, the Nechako Trough and Bcwser Basin, the Skeeona
Arch and tke Pinchi Geanticline. The Poplar porphyry deposit is
situated on the southern flank of the Skeena Arch, which was a
northeast to easterly trending positive feature frecm lower

Middle Jurassic to Uprer Jurassic (Tipper and Richards, 197s6).

White (19%9) first recognized the Skeena Arch as a salient
in the northwest trending folds of the Cordillera. The crest of
the arch is marked by a concentraticn of small stccks and
btatholiths (Carter, 1974). Various origins for the Skeena Arch
have been rropcsed, including: (1) a reactivated Precambrian
tasement feature (Carter, 1974); (2) a Jurassic volcanic arc,
possibly controlled ty kasement features (Eisbacher, 1977) and;
(3) an interarc high formed synchronously with andesitic

vclcanism (Mcnger, et al., 1972).

The ckeena Arch separates the Bowser Easin tc the north,
frcm the Nechako Trough to the south. These basins are

interpreted as intra-continental successor basins filled with
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Figure 2.1: Regional tectonic setting of the Poplar porphyry in

west—-central British Columbia.
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Middle to Upper Jurassic flysch and deltaic deposits derived
frcm two paleo-topographic highs; the Pinchi Geanticline and the
Skeena Arch (Fiskacher, 1977; Carter, 1974; and Tipper and

Richards, 197¢€).

2.2 Reqional Geclogy

The Pcplar porphyry deposit is situvated within the
Intermontans Belt in west-central EBritish Columbia,
aprrcximately 30 km east of the boundary with the Coast
Crystalline Complex. Stratified vclcanic and sedimentary rocks,
ranging in age from lower Mesozoic to Paleocene (Tipper and
kichards, 1976t) underlie *he Intermontane Belt of west~central
British Cclumtia. Major geologic formaticns of this region are
ccmpiled and summarized in Tables 2.1 and 2.2 (after Duffell,
19t9; Carter 1974; MacIntyre, 1976; Tipper and Richards, 1976b;

and Wocdsworth, 1979).

The Coast Crystalline Complex of west-central British
Columbia is underlain by a central gneiss complex composed of
tanded amphibclite gneisses, plutonic rocks and minor schists,
and skarn and marble (Woodsworth, 1979). 1This complex is in
part derived from migratization of the Faleozoic Gamsby Group,
which consists of felsic and mafic tuff, epiclastic volcanic
rocks, and limestone and associated skarn. The rocks of this
group have all been metamorphosed to at least the greenschist

facies (Woodsworth, 1979). Many satellites of the Coast



Epoch

Oligocene
or later

Latest Upper
Cretaceous to
Oligocene

Upper Cretaceous
to Paleogene

Early Upper
Cretaceous

Lower Cretaceous

Lower to Middle
Jurassic

Upper Triassic

+

TABLE 2.1

VOLCANIC AND SEDIMENTARY STRATIGRAPHY OF WEST-CENTRAL BRITISH COLUMBIA

Group
Endako

unconformity
Ootsa Lake

Sustut

unconformity
Kasalka

unconformity

Skeena

unconformity

Hazelton

Takla

References: 1) Tipper and Richards(1976);

Formation

Brothers Peak

Local unconformity

Tango Creek

Swing Peak

Mt. Baptiste

Smithers

Nilkitwa

Telkwa

2) MacIntyre(1976);

Ref)r
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Description

Flat lying basaltic flows and related
tuffs and breccia

Mainly acidic flows with minor basalt,
andesite, tuff, breccia, and rare
(basal) conglomerate

Acidic ash-fall tuffs and thick
conglomerate bodies

Feldspathic to chert-pebble-bearing
arenites, mudstone and polymictic
conglomerate

Thick succession of flows and coarse
clastic rocks (lahars)

Rhyolite, subordinate andesitic
pyroclastic and flow rocks, and basal
pebble conglomerate

Greywacke, sandstone, shale, conglom-
erate, minor to major coal seams, and
basaltic to rhyolitic breccia, tuffs,
and flows

Greywacke, lithic sandstone, silt-
stone, shale, tuff, volcanic breccia,
pebble conglomerate, and silty
limestone

Interbedded shale, greywacke, andesite
to rhyolite tuff and breccia, minor
limestone

Clastic, pyroclastic, and flow rocks

Basaltic to andesitic volcanic rocks
pelitic sedimentary rocks, minor
carbonate rocks

3) Duffell(1959); 4) Carter(1976): 5) Eisbacher(1974)

[



Age (Ma)
47-54

49-53

49-55

47-56

43-51

70-84

104*

133-155

173-206

1'References: 1) Tipper and Richards (1976) ;

*
MacIntyre determined this K-Ar date is inc

Epoch
Eocene
Eocene
Eocene
Eocene

Middle Eocene

Upper Cretaceous
to Tertiary

Upper Cretaceous

Upper Cretaceous

Upper Jurassic to
Lower Cretaceous

Middle to Upper
Jurassic

Upper Triassic to
Lower Jurassic

ceous age for this suite.

TABLE 2.2

Intrusive Suite

Alice Arm

Goosly Lake

Babine

Nanika

Coast Crystalline
Complex Intrusions

Mt. Bolom

Bulkley

Kasalka
Kitsault

Francois Lake

Topley

Ref+

4

INTRUSIVE ROCKS OF WEST-CENTRAL BRITISH COLUMBIA

Description

Small stocks of quartz monzonite porphyry
which host major molybdenum deposits,
including B.C. moly

Porphyritic gabbro and synenomonzonite,
representing centers of volcanism(?)

Small plugs, dykes, and dyke swarms of fine
grained biotite feldspar porphyry ranging
from granodiorite to quartz diorite

Small plutons of quartz monzonite to granite;
hosts major copper-molybdenum deposits

Quartz diorite, granodiorite, quartz
monzonite; forms satellitic stocks east of,
and marginal to, a central migmatitic gneiss

Porphyritic biotite-hornblende granophyre

Stocks and small batholiths of porphyritic
granodiorite and quartz monzonite; hosts
copper-molybdenum and molybdenum-tungsten
deposits

Porphyritic latite-andesite, porphyritic
dacite, diorite

Quartz diorite, augite porphyry porphyritic
andesite, dacite

Porphyritic quartz monzonite, diorite, quartz
diorite, and granodiorite intrusions of
batholithic size; Hosts Endako molybdenum
deposit

Quartz diorite to quartz monzonite; occupies
core of Skeena Arch

2) MacIntyre(1976); 3) Duffell(1959); 4) Carter(1976); 5) Eisbacher (1974)

ompatible with other geologic constraints and suggests an Upper Creta~

€T
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Crystalline Ccmplex forcibly intrude stratified Mesozoic rocks
of the Intermontane Belt and are thought tc have teen generated
by ultrametamorphism cf the central gneiss comrlex (Hutchinson,

1970; and Carter, 1674y .

Carter (1974; and 1976) has defined fcur intrusive rock
suites, in west-central British Columbia, which host copper
only, copper-molybdenum, and nclybdenum only mineralization.
The individual suites are characterized and distinguished fronm
one another by differences in age, type of mineralization, host
rock composition, and location (Carter, 1974, and 1976). The
s2tting of the Pcplar Forphyry with respect +to Cartert's

classification scheme is discussed in Section 3.6.



CHAPTER III

GEQOLGCGY OF THE POPLAR PORPHYRY DEPCSIT

3.1 GENERAL STATEMENT

Prior to the initiaticn of fieldwork it was known that +he
majority of geological information would have to be oktained
frem drill core., It further was decided that detailed logging
of core frcem two cross-sections through the previously defined
center of the deposit wculd form the major portion of +he study.
Drill core from other holes would be logged in less detail to
facilitate =2xtrapolation of geologic features in three
dimensicns. During the course of field study core from 12 holes
totalling 2643 m was logged in de=tail, and core from 22 others

totalling €€57 m was logg=d in less detail.

Emphasis on information from drill core made it desirable
to lcg the core in such a manner that the data obtained would Le
quantitative and therefore valid for statistical analyses. This
required that the measurements and methods used toc log ths core
and record the data ke as consistent and accurate as possible,
At the same time the methods had to be flexible enough to
accomodate any observed geologic feature that was considered
pertinent. In addition it was desired that the information be

amenable tc ccmputer rrocessing.
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A logging format therefore was decsigned by modifying
previous computer compatible logging formats (c.f. Blanchet and
Godwin, 1972; €Godwin, et al., 1977; and Wilton, 1978), and is

referred tc as "Porlarlog".

3.2 Eoplarlog

Poplarlog is the name given to a 80 cclumn drill core
logging format, designed tc be compatible with the 80 columns of
a standard computer card. Appendix B contains a tlank Poplarlog
coding format and a detailed description of its use. Also in
Appendix B are tables with the meaning of symbols and codes that
were used in f£illing cut the form. The majority of these
symbols and codes as well as the diagrams cn which they are
tased, are taken from Godwin (197€6¢), Rlanchet and Godwin (1972)

and Godwin, et al. (1577).

Poplarlog was designed using the Lowell and Guilbert (1970)
model of a 'tyrical' torphyry deposit as a basis, a simplified
versicn of which is shown in Fiqure 3.1. The major

characteristic of this model include:

(1) concentric shells of alteration and mineralization

centered arcund a porphyritic calc~alkaline stock,

(2) cccurrence cf characteristic minerals and/or mineral

assemtlages cf alteraticn and mineralizaticn in each



PROPY LITIHIC

POTASSIC

MODEL OF ALTERATION ZONATION

PROPYLITIC <chiorite,epidote, aibite,carbonate

ARGILLIC cloys, quartz

PHYLLIC sericite ,quartz,pyrite
POTASSIC K-faldspor, biotite

CHLORI- chiorite ,K-feidspar ,sericite
POTASSIC

Figure 3.1:

ry deposit; (b) model for
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PERIPHERAL
PYRITE

SHELL

Vns Vans

Dns>Vis

~8 Low
Km GRADE
CORE
J
L AT

MODEL OF MINERALIZATION

Vos veins

Vis veinlets

Mvs microveinlets
Ons disseminotions

(after Lowell and Guilbert,I1970)

(a) Typical zonation of alteration facies in a porphy-
"modes"

of occurrence of alteration and

economic minerals in a porphyry deposit. These models formed the
basis for the development of Poplarlog.
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particular skell, and

concertric veriation in the style of cccurrence of
minerslizaticn and alteraticn, frcm disseminated and
pervasive at the center grading tc veins at the

rerirhery cf the depcsit.

Every pcrphyry depcsit, hcwever, is urique, therefore the

ccding fcrrmat has been designed to acccmcdate deviations from

the typical deposit. Variables thought tc ke the nmost valuatle

in descriting the Ecplar pciphyry depcsit include:

(1)

(3)

(4)

(3)

pcsiticn cf & descriked interval cf ccre in x,y,2

sface,

2cne cf enrichment (i. e. hypcgene, supergene, oxide,

sugpergene sulfide),

criginal (pre-alteraticn) rcck type; with descrirptive
and qualifyirg lakels to record differences in texture
and c¢r mineralcgy which cculd later ke used as

criteria tc fcrm subdivisicne c¢f rcck unitse.

unusual or specific textural features present in the

ccre, and

culfide, oxide and silicate alteration and econonic



19

rinerals present; their style cr "mode" cf occurrence,
intersity, ard pcsiticn within the Lowell and Guilrert

{1670) mcdel.

Three meter depth intervals (roughly equal tc two five foct
core tcx lengthks) were used tc describe the core. However, in a
few holes the nature cf the ccre was extremely hcmcgencus and a
6 ¢ (20 ft) interval was used to expedite lcgging. Shorter
intervals were used wiken akrupt changes in the nature of the

coIre wWere ckserved.

3.3 Geolcgical Map_and Crcss~-secticns

Map A (122500 c¢r 1 cm = 25 m) shcws the geolcgy cf the
Ecplar pcrghyry depcsit. 7The map area, approximately 1800 m
nortt-south ard 2100 m east-west, encompasses an area of 3.8
km2. [rill hcles 1lcgced ir detail (i. e., 3 m intervals) are
shcwn as clcsed circles, thcse logged in less detail are shown
as open circles., Fiqure 3.2 is a map of the central portion of

the defposit.

Cross-secticns A-A' and B-BE' are thrcugh thcse holes logged
in detail. Crcses-secticn A-A' trends east-west through eight
toles, and is 1500 r long; section E-E' trends 0359 azimuth and
includes focur hcles, cver a distance of 625 me The geology of
these secticns, taseé cn ccmputer plcts cf drill hcle

infcrmaticr are shown in Fiqures 3.3 ard 3.4. These sections
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Figure 3.2: Geology of the central portion of the study area
(legend identical with Map A), scale= 1:5000. Rock units are:
(1) Skeena Group; (2) Kasalka Group; (3a) hornblende guartz mon-
zodiorite, (3b) biotite gquartz monzonite; (4a) porphyritic da-
cite, (4b) felsite; (5) porphyritic rhyolite; (6) andesite; (7)
Ootsa Lake Group.



21
Figures 3.3 and 3.4: Computer generated cross-sections of geolo-

gy along lines A-A' and B-B' on Map A, respectively.

LEGEND FOR COMPUTER GENERATED CROSS-SECTIONS
OF THE POPLAR PORPHYRY ’

Geology

Rockunit - Symbol
andesite -

Rhyolite dyke
Felsite dyke
Dacite dyke

Biotite guartz monzonite porphyry
~ intrusive breccia

Skeena Group

Interval of core which could not
‘be identified in the field; usu-
ally due to intense alteration.

¥ o 000

CROSS-SECTION SYMBOLS

.ground surface

e v et e e e e overburden-bedrock contact
—— e — — . . geologic contact A
N AAAN NN fault, or faulted contact

T 28 top of drill hole 28, on cross-

section 1
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are plctted at a scale cf 1:1320 (1 cm=13.2 m), which is the
srallest size that plctting cculd ke dcne while retaining

adequate rescluticn letween intervalse.

Supplemeﬁtary cicss-secticns (¢-C', L[-I', E~E' and F~F!'
(Figse Z2e%, Z2.€, 3e7,and Z.8) are rtased cr drill hcles logged
in less detsil.e These sections trend east-west with lengths cf
€0C m, 70C m, 400 m, and &€C0 m resrectively, and are drawn at a

scale cf 1:2500, ccmpetilkle with Map A.

3.4 Fock Units
Zolel CVerview

Tke Ecplar ccprer-nclybdenum pcrphyry depcsit is centered
in a late Cgrper Cretacecus compcsiticnally zoned pcrphyritic
calc-alkaline stcck wlich has intruvded urper Mesczcic
vclcaniclastic ard epiclastic sedimentary rccks. Mineralizaticn
and alteraticr were synchrcnous with ernrlacement and therefcre
the derosit is ccnsidered tc ke paramagratic (after White, et
al., 156f). 1ke depcesit is cut Lty several post-mineralizaticn

dykes ard is capped ty felsic volcanic flcw rccks.



Ny
tn

3el4ez Ere-Iptrusive_Eccks

[9%]

eleZzel Skeera CICUEL

Skeena Grcup rccks (Upit 1) ccmsist cf thinly kedded dark
grey to light tar green crystal and lapilli (agquagene?) tuff and
ciltstone, and their ccntact metamcrphcsed equivalents, with
locally intertedded medium grained sandstcne lenses up to one

meter thick (Flate 3.1).

The unit focrms an east-west trending kelt through the study
area (Map B), ranging frcm 60 tc 725 m wide. Bedding is defined
Ly starp changes in cclour and texture, with planar but locally
undulating kedding surfaces that dip between 550 and 800 to
the southeast. Upper andé lcwer contacts cf this unit are
covered so that its tctal thickmess is unkpcwn, but assuming an
average dip cf 7C° ard a ncn-repeated section, there is a

paximum €45 m cf stratigrapnic section present.

Tuffaceous rocks are Lkighly silicecus. Crystal tuff
consists cf trcken gquartz crystals ranging in size frcm 0.1 to
0.35 mm in a chlcritic rmatrix. Clcts of chlorite, clay, and
cspherulitic guartz are protably pseudomorrhic after hornblende

and Liotite. Lithic lapilli range frcm 4 mm tc 3 cm in size.

Mcst rocks cf this unit have undergone varying degrees cf
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CM

plate 3.1: Skeena Group rocks (Unit 1, left to right): (a) sili-
ceous ash tuff, iron staining from weathered pyrite veinlets;
coar-

(b) thinly bedded siltstone, lighter patches are lenses of
ser material: (c) crystal tuff. Scale is in centimeters.



contact metamcrphise andsor hydrothermal alteraticn.
Cifferences in permeakility between sandstcne lenses and the
tuff prokakly account for an apparent stratigraphic control to
hydrcthermal alteraticn. Sandstone is intensely altered, Lut

adjacent tuff keds are nct.

3.4eze2 Kasalka Grour

Kasalka Group rccks (Unit 2) are found in a 300 m by 500 m
salient cf pre-intrusive rccks in the scutheast portion of the
study area ({tiap A). This unit, compcsed of reddish brown
weathering pclylithic conglomerate, lies unconformakbly over
Skeena Grcup rocks. The contact is nowhere exposed and bedding
in the ccnglcmerate is undeterminakle; however, CutcCrcps of the
Kacalka and Skeena Grcups are found less than 10 m apart and
neither unit grades tcwards the contact, therefore the contact

aprears to ke sharp.

The ccnglcmerate (Plate 3.2) consists of 85 percent rounded
to sukangular clasts of felsic to intermediate tuff, and
andesite, quartz, and banded chert. Lithic clasts are the most
abundant and largest, ranging from one to five cm in diameter.
Cuartz clasts are mcre rcunded and are 0. 2% to one cm in
diameter. CTCarker tuff fragments aprear identical to scme of the
Skeena Group rccks. The matrix consists cf less than two mm
grains of chert and quartz. The rock is cemented by silica,

pyrite, specular and earthy hematite, and limonite.



28

O 2 4 6

plate 3.2: Kasalka Group conglomerate (Unit 2). Clasts shown con-
sist of rhyolitic (?) and intermediate tuffs, and quartz. Scale
is marked in centimeters.
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3.4.2.3 Correlation cf Ere-Intrusive Rock UOnits

Tipper and EKichards (1967a)'have deséribed the upper
portion of the Hazeltcn Grcup as including an assemilage of
greywacke, lithic sandstone, siltstone, tuffaceous shale, tuff,
volcanic breccia and a pcorly sorted pebble conglomerate. This
unit was thought by Bcwen (1974, 1975, and 1976), and Mesard ef
al. (1979) to underlie the study area (Map ). However, with
information obtained from recent regional mapping to the
immediate south and southeast of Tagetochlain Lake by Woodsworth
(1979, and peré. comme. 1978) the lower volcaniclastic and
epiclastic unif (Unit 1) is assigned here to the Lower
Cretaceous Skeena Gfoup., The Skeené Group has been described by
Tipper and Richards (1976a) to consist of greywacke, sandstone,

shale, conglomerate and vclcanic strata (Table 2.1)..

The upper conglcmerate unit (Unit 2) is now assigned to the
basal portion of the Upper Cretaceous Kasalka Group, which has
been defined by MacIntyre (1976) in the Tahtsa Lake area,
apprcximately 30 km scuth cf Tagetochlain Lake. MNacIntyre
(1576) described this unit as a poorly sorted pebble
conglomerate containing rounaed to subangular clasts of oxidized
Hazelton and Skeena Group rocks in a sandy matrix cemented with
ircn oxide and silica. The occurrence of the Kasalka Group
conglomerate in the study area is the furthest location north of

Tahtsa Lake that this unit has been observed. .
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3.4.3 Mineralized Intrusive Rocks

3.4.3.1 General Statement

Pricr to the present study a number of porphyritic
intrusive rocks, related tc mineralization and alteration, were
identified by Utah Mines Ltd. geologists (Bowen, 1975, 1976 and
pers. comm, 1$78). However, through the detailed logging of
core during the course of this study, it is concluded that the
textural and mineralogical differences previously attributed to
different intrusive rocks are mainly due to the varying effects

of hydrothermal alteration.

The majdrity of mineralization and alteration at the Poplar
porphyry deposit occurs within a late Upper Cretaceous quartz
monzcdiorite t¢ gquartz mcnzonite stéck (Units 3a and 3b). Older
focks also host sulfide mineralization; younger rocks are barren
except for rare cccurfencés of pyrite.. Therefore the major
mineralization - alteration event is genetically related to this
intrusive stock. Hornbliende quartz momzodiorite (Unit 3a),
alihough mapped as a separate unit, is probabiy a hybrid border

phase of the biotite quartz monzonite porphjry stock (ﬁnit 3b).

Widespread and variable alteration of all rock units
(except Ootsa Lake Group volcanic rocks, unit 7) makes hand
specimen and thin section examination difficult._ Commonly, only

pseudomorphs after plagioclase and mafic minerals are available
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for the interpretation of original texture and to estimate
original mineral abundances. Groundmass minerals were often
totally obliterated. Ambiguous relationships between alteration

minerals compcunded these difficulties.

Rock descriptions which follow ignore alteration effects
and are based on samples which have undergone the least amount
of alteration. Rock names are taken from the classification of
Streckeisen (1967) and the International Union of Geological

Sciences, I.U.GeS. (1973).

3e84. 3.2 Hornblende Quartz Monzodiorite

Hornblende quartz monzodiorite (Unit 3a) is found at the
surface in both the southern and western portions of the study
area (Map A)e. The southern occurrence is bounded on the south
by Tagetochlain Lake, and is found in intrusive contact with
Kasalka Group rocks (Unit 2) to the northe. The western
occurrence forms a north-south trending outcrop pattern which is
in gradational contact with the biotite quartz monzonite
porphyry (Unit 3b) to the east, and in presumed intrusive
contact(?) with Skeena Group rocks (Unit 1) to the west.
However, this western contact is covered by Ootsa Lake Group
volcanic rocks, (Unit 7) and therefore the exact nature of the

contact is unknown.

Fresh hornblende quartz monzodiorite, in hand sample, is
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pale to dark grey and weathers pale tan to brown. The rock is
porphyritic, with plagioclase and hornblende phenocrysts ranging
in long dimension frcm one to eight mm and from one to 20 mm,
respectively. Phenocryst packing varies from 10 to 80 percent,
and phenocryst size varies inversely with abundance

(Plate 3.3 ). The grcundmass is aphanitic to microcrystalline

and ranges from light to dark grey in colour.

Thin sections of this unit show it to be composed of five
to 20 percent euhedral to subhedral hornblende with an average
length of 1.5 mm and a range of 0.1 mm to 20 mm. Seriate
euhedral to subhedral plagioclase crystals ranging in size fron
0.01 to eight mm, comprise from 10 to 70 percent of the rocke.
Plagioclase (about An33) is commonly glomeroporphyritic and

zoned, and locally ccntains inclusions of quartz and zircon.

Quartz, ranging from one to 10 percent, occurs as resorbed
0.1 to one mm subhedral crystals and anhedral infillings between
plagioclase crystals in the groundmass. Orthoclase comprises
about 15 percent of the rock, occurring as clouded equigranular
anhedral crystals in the groundmass. Magnetite comprises
approximately five percent of the rock, occurring as discrete
grains in the groundmass or as inclusions in hornblende
crystals. Euhedral boocks of primary piotite, one to two mm
across, range frcm less than one to five percent of the rock and

are less abundant than hornblende.
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Plate 3.3: Textural variations within the hornblende quartz mon-

zodiorite
copyrite,

(Unit 3a).
the others

The sample on the left contains minor chal-
are barren.
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Whole rock major element analyses and C.Il.P.¥%. norms of
this unit is listed in Table A.2 (Appendix A). These data will

be discussed in more detail in Section 3.6.

A K-Ar model age of 76.2 t+ 2.7 Ma was determined from a
hornblende separate from this unit (Table A.1 in Appendix A).
This age is not statistically distinquishable from that of the
biotite quartz monzonite porphyry, discussed below. This is a
major criterion for interpreting the genetic relationship

between these twoc units ( Section 3.5).

3.4.3.3 Biotite Quartz fionzonite POrphyry

Biotite quartz monzonite porphyry (Unit 3b) underlies the
northeast quarter of the study area (lap A), and comprises the
most abundant rock tyre in the cross-sections
(Figse 33, 3.4, 3.5, 3.6, 3.7,and 3.8)« This unit is bordered
to the south and east by Skeena Group rocks; to the west it is
in gradational contact w#ith the hornblende diorite. Boundaries

to the north and northeast have not been mapped.

Contacts between the biotite quartz monzonite and Skeena
Group rocks generally are intrusive but locally are faulted
forming steeply sheared inliers of Skeena Group rocks within the
intrusion (Figs. 3.3 and 3.4). Rocks on both sides of this
contact have generally Leen alter=d to such an extent that the

original texture is tctally obliterated which makes
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identification of the rock type difficult. This intense
alteration is due to abundant fractures and veins near the
contact and the effect these fractures had on the localization
of hydrothermal fluids. Contacts with the hornblende quartz
monzcdiorite are gradational and are nowhere observed in
outcrop. The contact is arbitrarily defined by a 1:1 hornblende

to biotite ratio.

Biotite quartz monzonite porphyry is light grey to black
when fresh, and weathers reddish orown (Plate 3.4). One to
seven mm euhedral biotite phenocrysts are diagnostic, comprising
three to 15 percent of the rock. Euhedral to subhedral
plagioclase phenocrysts range from two to eight mm across and
comprise five to 80 percent of the rock. Size and packing of
plagioclase phenocrysts is variable, even over short distances,
and has a profound effect on the intensity and type of
alteration present (discussed further in section 4.4.2).
Hornblende phenocrysts form up to eight percent of the rock.
The aphanitic groundmass is dark to pale grey to pink. Exotic
fragments of Skeena Group(?) rocks ranging from one to 10 cm

across were locally okserved.

Microscopically, the porphyritic texture varies from hiatal
to seriate. Rare fresh plagioclase (about an35) has normal and
oscillatory zoning and is locally glomeroporphyritice. The

groundmass is composed of 0.05 to 0.5 mm equidimensional
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(Unit 3b). This

Plate 3.4: Biotite quartz monzonite wvnorphyry
shows the compositional and textural variation within the unit.

Plagioclase abundance and its susceptibility to alteration had
Plagioclase abun-

~

appearance.

the most effect on the variation 1in
dance and intensity of alteration increases from left to richt.
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anhedral orthoclase and quartz, comprising 10 to 15 percent and
10 to 20 percent of the rock, respectively. Orthoclase forams

local myrmekitic textures with quartz or plagioclase. Magnetite
is commonly present as minute disseminations. Minor euhedral to

subhedral apatite is also cbserved.

Biotite quartz monzonite porphyry very locally consists of
an intrusive breccia (Plate 3.5). The breccia consists of
fragments of biotite porphyry and Kasalka Group(?) rocks which
comprise 40 to 80 percent of the rock. Fragments are angular to
subrounded, vary in size from 0.5 to 5 cm across and are rotated
and generally matrix supported. The matrix is black to grey and
varies from aphanitic to porphyritic with one to eight mm zoned
and glomeroporphyritic plagioclase phenocrysts and one to two mm
biotite phenocrysts. The groundmass of the matrix is composed
of 25 percent 0.05 to 1.5 mm euhedral to subhedral biotite, and
50 percent subhedral to anhedral plagioclase 0.05 to one mm in
length. The remainder consists of fine grained quartz,

orthoclase, magnetite and apatite.

Normative mineral abundances for the biotite quartz
monzonite porphyry are listed in Table A.2 (in Appendix A). Two
concordant late Upper Cretaceous K-Ar model ages for this unit,
have been determined from biotite separates to be 76.9 + 2.3 Ma

and 73.7 + 2.5 Ma (Takle A.1 in Appendix A)e.
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Plate 3.5: Intrusive breccia phase of the
nite (Unit 3b). The clasts consist of both fragments of the por-
phyritic phase of Unit 3b, and of Kasalka Group rocks (Unit 2).

The matrix consists of 25% biotite. Chalcopyrite veinlet runs

vertically through the

biotite guartz monzo-

sample one centimeter from the left edge.
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3.4.4 Post-0re Dykes

3e4.4.1 General Statement

Several north to northwest trending dykes intrude all
previously described rock units (Map A and Fige 3.2). The.
dykes do not contain any sulfides but are generally altered,
especially at their contacts. This strongly indicates a second
post-mineralization alteration event, and will be discussed in
more detail in Section 4.4.5. There are four lithologically
distinct dyke uynits; from oldest to youngest these are:
porphyritic rhyodacite, felsite, porphyritic rhyolite; aﬁd
andesite. Relative ages are defined by cross-cutting

relationships.

3.4e8e2 Porphyritic Dacite Dvkes

Porphyritic dacite (Unit 4a) occurs in faulted and
intrusive contact with all other rock units except Kasalka Group
rocks. . The unit is foupd in three separate areas (Map 4): (1)
just east of the contact between Ootsa Lake Group volcanic rocks
and the hornblende diorite, in the western portion of the study
area, (2) in contact with a porphyritic rhyolite dyke (Unit 5),
where both dyke units intrude mineralized biotite porphyry in
the center of the study area, and (3) as one of many dyke units
which occur between the biotite quartz monzonite porphyry and

Skeena Group rocks in the eastern portion of Map A .

Porphyritic dacite (Plate 3.6) is characteristically red to
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Plate 3.6: Porphyritic dacite (Unit 4a). The drill core sample

on the left shows pilotaxitic texture and contains xenoliths. The
middle sample is a quartz latite-andesite from outcrop and 1is
correlated with the dacite. The sample on the right shows the
unit as it was most commonly observed, with biotite phenocrysts.
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purple in colour, with a‘fine gr;ined pilotaxitic texture.
Amygdules, one to 20 ﬁm across contain quartz and calcite.
Rounded quartz "eyes".are loéally observéd. Fine to medium
grained euhedral plagioclase, biotite, énd hornblende
phenocrysts comprise up to 25, 10 and five percent of the rock
respectively. Zoned and glomeroporphyritic plagioclase (about
An28) ranges from one to 10 mm across and hafe been partially
resorbed. Biotite is one to five mm in diameter. Hornblende is
one to five mm in length and has generaily been altered to
chlorite. The grouﬁdmass of the porphyritic dacite consists of
mostly 0.1 mm laths of plagioclase with lesser anhedral grains
of quartz and orthoclase. Fine grained apatite is an accessory

mineral.

Whole rock analyses of two samples of this unit are
presented in Table A.2; one sample is from outcrop, the other
from drill core. The former is classified as a quartz latite-
andesite and the latter as a dacite (after Strechenisen, 1967).
The term porphyritic dacite is preferred as a field name, and is

used here to describe both rock types.

One‘KvAf model age of 72.2 + 3.0 Ma has been determined for
this unit from a biotite separate taken from drill core (Table
A.2 in Appendix A). This date is important because if places an
upper limit on the age of the mineralizing event at the Poplar

porphyry. Field evidence, including chilled contacts and
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paucity of sulfide mineralization, also indicates that this unit
is younger than the mineralizing event which accompanied the

intrusion of the biotite quartz monzodioriteAporphyry.

3elalle3 Felsite Dykes

Light pink to tan aphanitic dykes (Unit 4b) less than two
meters thick were noted im drill core . This unit resembles
chilled portions of the porphyritic dacite dyke and is probably
equivalent to it. However, locally this unit may be the chilled

equivalent to the porphyritic rhyolite.

3elelelt Porphyritic Rhyolite Dvkes

Steeply dipping porphyritic fquartz eye" rhyolite dykes
(Unit 5) are the most abundant type of dyke rock in the study
area (Map A), and are found in faulted or intrusive contact with
all other rock units except the Kasalka Group. Contacts with
the porpgyritic rhyodacite are generally chilled, but are
loéally gradational. Dykes of this uni£ generally trend

northwesterly and are concentrated in areas marked by aerial-

photograph lineaments which probably reflect fault zones.

Porphyritic rhyolite (Plate 3.7) is characteristically white to
tan with distinctive cne to five am embayed quartz phenocrysts
("éyes") comprising 10 percent of the rock. Chloritized biotite
patches, one to five mm across are locally observed; one to two
mm argillized plagioclase phénocyrsts are rare. The aphaﬁitic

groundmass consists of 0.05 to 0.2 mm equidimensional
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Plate 3.7: Porphyritic rhyolite (Unit 5). Embayed guartz "eyes"
are the most distinctive feature of this unit. Greenish spots are
chlorite patches after biotite. The sample on the right has been
stained to show K-feldspar in the groundmass.
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equigranular quartz and orthoclase.

3elde o5 Andesite Dykes

Dark grey andesite dykes (Unit 6) were intersected in a few
drill holes. This unit is highly magnetic and consists of two
percent altered, subhedral plagioclase and quartz phenocrysts
0.5 to 1.0 mm in diameter. The equigranular groundmass consists
of 95 percent subhedral plagioclase and three percent anhedral
quartz, 0.1 to 0.2 mm in diameter. Locally the texture is
amygdaloidal and pilotaxitic. A few 0.5 mm pseudomorphs of

chlorite after hornblende(?) are also observed. .

3.4.5 Extrusive Rocks

3.4.5.1 Qotsa Lake Group

Ootsa Lake Group volcanic flow rocks (Unit 7) cap the hill
immediately west of the déposit (Map A). From aerial
photographs the lower contact of this unit, both near the
deposit and'on hills i.5 km north and northwest of the map area,
lie at approximately the same elevation; therefore, the lower
contact of this unit is horizontal. Although the contact is
obscured in the study area the flat attitude requires an
unconformable contact with underlying units. Ootsa Lake Group
volcanics also crop out topographically much lower, in Canyon
Creek (Map A), and probably were emplaced by block faulting (see

Section 3.7). .
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These rocks have not been dated isotopically, but are post-
intrusive since they overlie and are not displaced by the major
eaét~west trending fault which cross-cuts the deposit in Map A,
yet protrudes from both sides of volcanic cover on aerial

photographs..'

Outcrop of dotsa Group rocks is characterized by
subparallel cleavage that produces platey rubble which is pink,
grey, or brown in colour (Plate 3.8). The rock is porphyritic,
with lateral variations in phenocryst size; phénocrysts of
coarse gréined plagioclase and hormblende occur in the
southwest, but become finer grained and impart a pilotaxitic

texture to the 'rock in the northwest portion of Map A. .

Mineral content consists of 15 to 25 percent seriate
plagioclase phenocrysts ranging from 0.5 to five mm in long
dimesion, -and up to 10 percent hornblende phenocrysts ranging
from one to five mm in length. Plagioclase phenocrysts locally
are pink-due to inclusions of hematite, and can resemble
orthoclase., The groundmass consists of 0.1 to 0.3 mm
plagioclase laths and slightly larger and less abundant
subhedral to anhedral quartz and anhedral orthoclase. WNinor

apatite is also observed.

A whole rock analysis from a coarse grained porphyritic
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Plate 3.8: Ootsa Lake Broup volcanic flow rocks (Unit 7). The
coarse grained porphyritic sample on the left comes from the
southwestern portion of Map A. The niddle sample shows pilotaxi-
tic texture, and comes from Canyon Creek. The sample on the right
comes from the northwest, and shows pilotaxitic texture, as in-
dicated by fine grained chloritized hornblende phenocrysts.
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flow rock from this unit is presented in Table A.2 (Appendix A).
The rock is classified as a dacite (after Strecheison, 1967).

To the writer's knowledge there are at present no published data
on the chemical composition of Ootsa Lake Group rocks.
Therefore, no ccmparison can be made between "typical" Ootsa
Lake Group rocks and the volcanic flow rocks found in the study

are€ae.

3.4.5.2 Correlation of Extrusive Rocks

Duffell (1959) descfibed Ootsa Lake Group volcanic rocks as
consisting of ".,.. mainly acid flows with minor amounts of |
basalt, andesite, tuff, breccia, and rare
conglomerate. ... " (Table 2.1)e Tipper and Richards (1967a, and
1976b).have mapped Upper Cretaceous volcanic rocks in the
Tagetochlain Lake area as belonging to both the Endako and Ootsa
Lake Groups (Table 2.1). After examining the volcanic flow
rocks in the 'study area' (Map A), Richards (pers. comm., 1978)

believed them to belong to the Ootsa Lake Group. -

3.5 K-Ar_ Age_Determinations

Four K~-Ar model ages were obtained at the Poplar porphyry
(Table A.1, Appendix A): two from biotite separates of the
biotite quartz monionite porphyry (Unit 3b), one from a biotite
separate of the dacite (Unit 4a), and a hornblende separate from
the hornblende quartz monzodiorite (Unit ja)., All ages are
indistinguishable from each other within analytical error

limits. The mean age of these dates is 74.8 £ 2.6 Na.
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Because the age obtained from the post-mineralization
dacite dyke is essentially the same as for mineralized rock
units, the age of the mineralizing évent can be considered
geologically synchronocus with the intrusion of the biotite
quartz monzonite porphyry stock. White, et al (1968) have used
the term "paramagmatic" to describe deposits which are
epigenetic and can be shown by geological and/or radiometric

evidence to be an integral feature of a magmatic event.

3.6 Comparison_of the Poplar_ Porphyry to Other_ Porphyry Deposits

of West-Central British Columbia,.

There are a number.of porphyry deposits located in west-
central British Columbia (Christopher and Carter, 1976). Carter
(197&, and 1976) has separated the intrusive rocks which host
these deposits into fcur intrusive rock suites. Each suite is
unique in oﬁe or more of the following: geographic distribution,
type of contained mineralization, host rock composition, and K-

Ar model age for intrusion. .

+ These four intrusive rock suites form crude north-south
trending belts. These belts consist of the following: the
molybdenum bearing Alice Arm intrusions of Eocene age, on the
west; copper and molybdenum bearing intrusions of the Upper
Cretaceous Bulkley intrusions and Eocene Nanika intrusions, in
the center; and copper bearing Babine intrusions of Eocene age,

to the easte.
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Based on geographic location and type of contained
mineralization, thé Pcplar Porphyry deposit cannot belong to
either-the Alice Arm or the Babine intrusive suites. However,
intrusions of both the Bulkley and Nanika suites host copper-
molybdenum porphyry deposits, and both types are known to occur
within 50 km of the Poplar porphyry. The huckleberry, Ox Lake,
Nadina , and Duck Lake intrusions are members of the former, and
the Lucky Ship, Berg, Nadina Mountain, Goosley, and Morice Lake
intrusions belong to the latter. The Nanika intrusive suite,
however, is Eocene in age, and the Bulkley intrusions are Upper
Cretaceous. A ccmparison between these ages and those obtained
from the Pcplar porphyry (Table A.1, Appendix A; and Section
3.5) indicates that all dated rock units at the Poplar porphyry

were intruded during the Bulkley intrusive event.

Further support of this classification is presented in
Figure 3.9, which shows the normative compositional fields of
the Bulkley and Nanika intrusions plotted on a termnary quartz-
orthoclaée-plagioclase diagram taken from Carter (1974, and
1976« Alsc shown on Fiqure 3.9 are the normative compositions
of the hornblende quartz monzcdiorite porphyry (Unit 3a) and the
biotite qu;rtz monzonite porphyry (Unit 3b). Hornblende quartz
monzodiorite lies within the Bulkley compositional field and the
biotite quartz monzonite porphyry lies on the boundary of this
field. The latter is more potassium rich than most Bulkléy

rocks but is less siliceous than the Nanika compositional field.
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Eigure 3.9: Orthoclase-Plagioclase-Quartz ternary diagram show-
ing the compositional fields of the Nanika (M) intrusions, and
the Bulkley (B} intrusions (after Carter, 1974, and 1976).
Square is whole rock analysis of hornblende guartz monzodiorite,

. and circle is whole rock analysis of guartz monzonite from the
Poplar porphyry.
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From these criteria (geographical location, contained
mineralization, K-Ar model age, and host rock composition) the

Poplar porphyry is classified here as a Bulkley intrusion.

3«7 Structure

Regionally, the study area (Map A) lies just east of an
area referred to as a "Transition Zone"™ between the Intermontane
and Coast Crystalline tectonic belts (Woodsworth, 1979; and
Duffell, 1959). The area surrounding Tahtsa (and probably
Tagetochlain Lake) has been described by MacIntyre (1976) as
containing major structurai elements including "... high angle
normal and reverse faults, which bound uplifted, down faulted,
and tilted blocks". Woodsworth (1979, and pers. comm., 1979)
identified major low angle thrust faults, southwest of the study
area, with protable ncrtheast movement -a direction normal to
the trend of the Coast Crystalline Complex. The dominant
structural trend in the study area is north-northwest, which
parallels the trend of the eastern margin of the Coast
Crystalline Complex; the uplift of which most likely dominated

‘the structural regime in the area (MacIntyre, 1976).

Due to a paucity of outcrop in the study area faults could
be identified only im canyons and traces were extrapolated from
drill core information. Aerial photograph interpretation was
used to define larger structures (Fig. 3.10). . Outcrop
distribution, the dilational nature of dykes, the orthogonal

nature of drainage patterns, and the alignment of these pattens
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with major aerial photograph lineaments also were used to
tentatively identify faults in the study area.. The regionally
discordant trend of Tagetochlain Lake also is likely due to

structural control, as can be seen in Figure 3.10 (Woodsworth,

' pers. comm. 1979; and Tipper and Richards 1976a).

Jointing, although common in drill core, is observed in
outcrop only in Canyon Creek and East Creek canyons. Joint sets
are spaced from centimeters to metérs apart, forming a blocky to
parallel pattern in Canyon Creek. Locally abundant, one to five
cm, quartz-pyrite veins in Canyon Creek parallel the dominant
north to northwesterly tremnd of jointing. This indicates the
importance of jointing for localization of hydrothermal
solutions during mineralization of the Poplar porphyry, and is
evidence for directional permeability of these solutions

(discussed in Section 4.5).
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CHAPTER IV

MINERALIZATION AND ALTERATION OF THE -POPLAR PORPHYRY DEPOSIT -

4.1 General Statement

The major problem in deciphering and interpreting the
geology of the Poplar porphyry deposit was distinguishing the
textural and mineralogical changes in the rock due to variations
within the original rock from those changes due to the effects
of hydrothermal and supergene alteration. Early in the course
of field study it was determined that the majority of variations
in the appearance of the core was due to widespread alteration
which varied in type, intensity, and mode of occurrence rather
than differences in the original rock type. The effect of this
variation is most discernible in the biotite porphyry

(Plate 3.4).

To define alteration and mineralization zoning at the
Poplar porphyry the mode of occurrence (degree of dispersion,
€. g. .veins, patches, envelopes, or pervasive) and intensity (on
ranked scale of abundance from nil = 0 to most intense = 9; see
Appendix B) of twelve silicate, carbonate, sulfate, oxide, and
sulfide alteration minerals, and four sulfide ore minerals were
recorded for each 3 m depth interval (Table 4. 1)« The
"intensity" of a particular mineral is used here to mean the
volumetric abundance of the mineral, and implies no connotation
to the physical conditions (i. e. pressure-temperature) of the

mineral's formation. Separate scales were used to rank the
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intensity of different mineral groups. Silicate, carbonate, and
sulfate minerals were ranked on one scale, and sulflde and oxide
minerals ranked using ancther scale (Table B.6, Appendlx B) «
Separate scales were used because the former group of minerals
generally occurred in gfeater abundance than the latter, and to
maintain resolution between differences in intensity in the
sﬁlfide-oxide group smaller intervals were used to rank their
intensity. For example, a 3 m interval of core which contained
12% chalcopyrite and 12% K-feldspar would be described as being
"Very High" in chalcopyrite and given a rank of 8 while the K-

feldspar would be described as "Fair" and given a rank of 3.°

The occurrence and relative abundances of these minerals,
in every interval of core, was compared to a "checklist" of
those abundances expected in any one of nine particular hypogene
mineralization and alteration facies in the Lowell and Guilbert
(1970) model, as modified by Blanchet and Godwin (1976) (See
Tables B.7, and B.9 in Appendix B). A major problem encountered
by using this approach was that two or more minerals,
characteristic of separate and mutally exclusive alteration
zones, according to the "checklist", were commonly observed in a

single interval of core.
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IABLE 4.1
Alteration And Ore Minerals Recorded At The Poplar Porphyry

Using Poplarlog

Alteration Minerals Ore Minerals

Quartz Chalcopyrite
K-feldspar Bornite
Biotite Chalcopyrite
Sericite (muscovite) ‘Molybdenite
Chlorite

Clay:

Epidote

Carbonate

Adnhydrite-gypsum

Pyrite

Hematite

Magnetite

This problenm reduced the effectiveness of the "checklist" method
of defining alteration zones. Examples of conflicting mineral
assemblagés which may be fcund'in a particular interval include:
(1) vein minerals may be incompatible with pervasive alteration,
(2) supergene mineral assemblages may be superimposed on
hypogene assemblages, (3) incomplete alteration reactions are
represented, (4) metastable mineral assemblages may occur, and

(5) assemblages repreSent multiple alteration events.
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There were, however, definite but more general mineral
associations, observed at various intervals of occurrence in
drill core, that parallel the Lowell and Guilbert (1970),
Blanchet and Godwin (1972), and Godwin (1976) alteration ahd
mineralization zones.c These zones are defined here as the
potassic, phyllic, argillic, and propylitic facies of
alteration, and the chalcopyrite-molybdenite zone of
mineralization. This classification has no genetic connotation
an@ refers only to the occurrence of the diagnostic mineral (s)
defined fog each facies. Each zone is characterized by a
diagnostic mineral, or minerals, which define a particular
facies; associated minerals are also commonly present, but are
pot_considergd diagnestic since they occur in more than one

facies (Takle 4.2).
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ALTERATION FACIES AT THE POPLAR PORPHYRY DEPOSIT, AND THEIR
DIAGNOSTIC AND ASSOCIATED MINEERALOGY. IN ORDER OF DECREASING

ALTERATION GRALE, .

Mineralogy
Facies v (underlined minerals_are diaqnostic) -
Potassic K-feldspar, biotite, magnetite, quartz
carkonate
Phyllic sericite, quartz, pyrite, carbonate,
: hematite, gypsun
Argillic clay, carbonate, quartz, gypsunm
Propylitic epidote, chlorite, carbonate

4.2 Distribution Of Alteration_ And Mineralization-Zoneg At The -

Poplar Porphyry

The distribution of alteration and mineralization zones at
the Poplar porphyry is shown in plan on Map B and Figure 4.3,
and in cross-section along lines A-A' and B~B' on Figures 4.1
and 4.2, respéctively._ Alteration and mineralization zones are
defined by plotting the abundances of individual diagnostic
minerals, from drill hole data, on computer generated cross-
sections. 1Intervals that are above background levels of ranked
abundance were used to determine the distribution of a

particular facies. . Because some phyllic alteration was recorded
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Figures 4.l.and 4.2: Computer generated cross-sections of alter-
ation and mineralization along lines A-A' and B-B', respectively.

LEGEND FOR COMPUTER GENERATED CROSS-SECTIONS
OF THE POPLAR PORPHYRY

Chalcopyrite Abundance

Volume Percent Ranked Intensity Symbol
0 _ D cvvenvcocnanncaconosnaones -
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0.25-0.5% 3 iieieeeceenicr e Y
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4.0-8.0% ‘ T oereeeeeeen cieesnecasse B
8.0-16.0% ST R L SN
16.0% e Q ceietaenciresetanaaaneas u

CROSS-SECTION SYMBOLS

ground surface
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of the Poplar porphyry deposit (see Map B for more detail; le-.
gend identical with Map B). Scale= 1:5000. Horizontal lines=
chalcopyrite zone (C); vertical lines= molybdenite zone (M) ;
right sloping lines= biotite zone (B):; left sloping lines= K-

feldspar zone (K); ph= phyllic zone;

pylitic zone.

a= argillic zone; pr= pro-
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in almost every interval of core, potassic alteration was given
priority when both facies were present in an interval of core.
Zoning so defined avoids the complexity, noted in Secton 4.1,
caused when diagnostic minerals of more than one facies occur

together in the same interval of core.

Zoning is shown on Map A to cénsist of a 606 m by 500 m
ring of potassic alteration associated with chalcopyrite and
molybdenite mineralization. The potassic annulus surroundé a
300 m by 150 m central core consisting mostly of phyllic and
argillic alteration. A 750 m wide east-west trending peripheral
zone, consisting iargely of phyllic alteration at depth and
phyllic and argillic alteration near the surface, encompasses
the potassic alteratiocn zone. Fresh rocks are locally observed
within this peripheral zone; however, most have undergone
argiliic to phyilic alteration. Ouﬁside the peripheral zone,
rocks are generally fresh but locally propylitized. A portion
of the potassic alteration annulus is truncated by an east-west
trending fault (Map A). . The offset portion was not intersected
north of the fault by any drill hole. Therefore, its location

is unknown, and offset along the fault is undetermined.

This zonation is atypical for porphyry deposits in general
(Fige . 3.1). Since the Poplar porphyry consists of an argillic
core which is lower in 'alteration grade' than the potassic

annulus which surrounds it, a second alteration event likely
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took place., This is discussed in more detail in Section 4. 4.5.

4.3 sulfide Mineralogy

Chalcopyrite and lesser molybdenite are the most abundant
economic minerals present at the Poplar porphyry. Bornite,
covellite, and tetrahedrite are minor and seldom observed in
hand samples. Traces of chalcocite, sphalerite and galena were

also observed.

4.3.1 Chalcopyrite

Ch;lcopyrite at the Poplar porphyry is associated with the
potassic zone, encompassing the central low grade core
(Figs.nu.]; 4.2,aﬁd 4,3,; and Map B). High grade éhalcopyrite
zonés also occur in holes 34 and 39, and are thought by Bowen

(pers. .comne. '1978) to be part of a deeper or separate ore body.

Chalcopyrite cbmmonly occurs as 0.5 to 3 mm rounded to
stellated disseminations, and is less abundant as veins and
veinlefs, thch may also contain quartz (Fig. 4.4). Numerous
intervals hosted chalcopyrite in several separate modes of
occurrence (i, e., as veins and disseminations, or as patches

and veins, etcC.).

As observed in polished section, disseminations of

chalcopyrité are generally the result of dilation or
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intersections of microveinlets, and less commonly as isolated
grains, commonly in altered mafic minerals (Plate 4.1).
Chalcopyrite occurs with disseminated pyrite grains, and occurs

as 0.01 to 0.05 mm inclusions in magnetite.

During the coﬁrse of field work a strong positive empirical
relationship between  the abundance of chalcopyrite
mineralization and of biotite and K-feldspar alferation Was
observed., This relationship was especially discernible where
alteration facies changed over short intervals. Statistical
studies (Chapter V) emphasize these relationships, all of which
have been described in the literature (Nortomn, 1972; Creasey,

1966; and Carson and Jamkor, 1977).

- Jo 3.2 Molybdenite

It is difficult to estimate molybdenite intensity in hand
sample because of its generally low abundance, K However, a
definite spatial zonation of molybdenite is shown in Sections A~
A' and B-B! (Figse. 4.1, 4.2, and 4.3; and Map B). Molybdenite,
like chalcopyrite, is spatially associated with potassic |
alteration minerals, but also has a strong empirical correlation

with quartz veinse.

Molybdenite is largely restricted to quartz veins
(Fide 4.5), and is commonly either "ribboned" (see Wallace, et

ale, 1978), which consists of alternating layers of quartz and
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plate 4.1: Photomicrograph (30 X) showing anhedral grains of
disseminated chalcopyrite (yellow) with very small spots of mag-
netite (white) located on the site of a chloritized (?) biotite

phenocryst.
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coarse grained molybdenite, or occurs in a dark coloured mixture

of quartz and very fine grained molybdenite (Plate 4.2). .

4., 3.3 Bornite

i . e e v

Bornite, only rarely observed in drill core; occurs as fine
grained disseminations, associated with chalcopyrite and locally
with specular hematite.. It occurs in polished sectiqn as rims
around tetrahedrite inclusions in chalcopyrite and befueen

chalcopyrite and hematite grains (Plate 4.3)..

4.3.4 Covellite

Chalcopyrite and bornite ae observed in drill core to be
very locally tarnished with a blue to purple iridescent coating
of covellité. In polished section covellite is in contact with

chalcopyrite along grain boundaries and fractures. .

4e3a5 Tetrahedritel

Tetrahedrite was identified only once in a hand sample of
drill core. However, in polished section tetrahedrite appears
to be more widespread. It is found as borders on, and
inclusions in, chalcopyrite (Plate 4.3). The presence of
tetrahedrite indicates that silver might be a recoverable by~

product at the Pcplar porphyrye.
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ergrown bornite

Plate 4.3: Photomicrograph (125 X) showing inte
(violet) and chalcopyrite (yellow) dissemination with small rim
of tetrahedrite on the upper right edge.
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4.4 Alteration Mineralogy

4.4.1 Potassic_Alteration

Numerous names and mineralogical definitions have been
given for the potassic alteration assemblages found in porphyry
deposits throughout the world (g. v. Creasey, .1959 and 1966;
Burnham, 1962; Lowell and Guilbert 1970; Rose, 1972; and
Gustafson and Hunt, 1975). Based on chemical equilibria studies
by Hemley (1959) and Hemley and Jomnes (1964), Jambor and Beaulne
(1978) have defined potassic alteration at the Highland valley,
British Columktia, as consisting of secondary K-feldspar and/or
secondary biotite, exclusive of all minerals considered
essential constituents of other alterétion facies

(i« €., sericite, and kaolinite).

The assemklages K-feldspar + biotite, and biotite + K-
feldspar are observed in the field to be associated closely with
chalcopyrite and lesser molybdenite. . Other minerals commonly
observed in this facies are magnetite, carbonate (mainly
calcite) and quartz (Plate 4.4). A typical interval of potassic
alteration in drill core is shown graphically in Figure 4.6,
which is a bar graph of mineral abundances recorded for each 3 m

interval of drill core. .

Salmon pink orthoclase is the only potassium feldspar
observed in the deposit (Plates 4.5, and 4.6). . The majority of

secondary K-feldspar occurs as envelopes around veins of quartz,
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Plate

right) . K-feldspar surrounds a quartz vein and grades out into a
green sericite envelope; K-feldspar envelope surrounding a quartz
-chalcopyrite vein 1is developed in previous pervasive secondary
biotite alteration; and a similar sample to the middle one, which
has been stained to show the nature of the X-feldspar (yellow)
alteration. Plagioclase is white.

4.5: Examples of potassium feldspar envelopes (left to
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' WP—

of plagioclase phenocrysts in an

Plate 4.6: K-feldspar alteration of g
envelope surrounding a quartz-chalcopyrite vein. Scale is in cen-
timeter.
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chalcopyrite and carbonate, and as combinations of veins and
pervasive occurrences (Fige. 4.7). There is no empirical
correlation between vein material or width, and width of the
associated envelope. One mm to five cm envelopes are well
defined in intervals which also contain pervasive secondary

biotite. .

Pervasive secondary biotite imparts a dusty brown to jet
black colour to the rock, depending on’the intensity of biotite
alteration (Plate 4.7); envelopes and patches are observed less
often (Fige. 4.8). In general, biotite is most abundant in
intevals of low vein and fracture demsities. Biotite patches,
locally associated with chalcopyrite disseminations, consist of
one to three cm wide spots, pseudomorphic after mafic xenoliths.
Pervasive biotite occurs as 0.05 mm to 0.2 mm subhedral to
anhedral pseudomorphs after primary biotite and hormnblende
(Plate 4.8). Opaque minerals (pyrite, chalcopyrite, magnetite,
etc.) are commonly associated with the latter type of

occurrences

Magnetite is most commonly observed as 0.1 to 2 mm euhedral
to.subhedral disseminated grains and in rare quartz-magnetite %
pyrite + chalcopyrite + hematite veins. Magnetite is intimately
associatgﬁ with chalqopyrite, in both diéseminations and veins
(Plate 479)7_ Mgggetitg gnd hematite are both found as

intergrowths or pseudomorphs after primary mafic minerals and
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Plate 4.7: Dusty dar]

dark brown secondary biotite near the bottom of
the sample is overprinted by a XK-feldspar envelope (middle of
sample) adjacent to a split molybdenite vein (metallic grey in
upper portion of sample).
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Plate 4.8: Photomicrograph (125 X) showing dark irregular grains
of secondary biotite replacing primary biotite phenocryst. Opaque
grains are magnetite (?).
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associated with seccndary biotite.

Potassic alteration, was in general the earliest alteration
event at the Poplar porphyry. This is discernible where the
diagnostic mineral(s) of more than one alteration facies are
observed together. Cross-cutting relationships of veins and
enﬁelopes and replacement textures (Section 4.4,2) indicate that
phyllic and argillic facies are superimposed on rocks that have
undergone previous potassic alteration (Plate 4.10). Locilly,
however, potassic and phyllic alteration are synchronous
(i. €«, a quartz vein with a K-feldspar envelope grading into a

sericite envelope; Plate 4.5).

4.4.2 Fhyllic alteration

Phyllic alteration is the most abundant alteration facies
observed at the Poplar pcrphyry deposit (Map B; and
Figse 4.1, 4.2, and 4.3); affecting to some extent, almost every
interval of core. Sericite, pyrite and quartz are the most
commonly observed mineral cf this facies (Fig. _U4.9); pervasive

carbonate alteration also is commonly observed in thin section.

Sericite is in equilibrium with K-feldspar or kaolinite
along univariant lines in temperature-pH space (Hemley and
Jones, 1964). Under other than univariant conditions these
minerals are mutually exclusive, consequently sericite alone is

diagnostic of this alteration facies. The term sericite is used
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Figure 4.9: Graphic log of mineral intensity (from zero to nine stars) for all m@nerals recor-
ded on Poplar log. This interval is from drill hole 32 and represents a typical interval of

phyllic alteration.
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here to describe fine grained secondary muscovite, after Hurlbut
(1971), JdJambor and Delabio (1978), and Lowell and Guilbert
(1970)« The mineral is identified in hand specimen by lightly
scatching the surface of a sample with a needle; a resultant
“"sheen" is indicative of sericite. Clay minerals on the other
hand, produce a dull earthly scratch. If both minerals are
present distinction is difficult. A binocular microscope

facilitated field identification.

Sericite occurs as a pervasive ‘alteration with less
commonly observed envelopes and patches (Fige. 4.10). Pervasive
sericite alteration occurs; as (1) pseudomorphic replacement
after biotite and hornblende phenocrysts and is commonly
associated with pyrite, carbonate, and chlorite; (2) as an
alteration of fine grained biotite, plagioclase, and orthqclase
in the groundmass, which imparts a pervasive bleaching to the
rock, and (3) as a light green to white selective alteration of
plagioclase pheno&rysts. The latter type of occurrence has the
greatest affect on the alteration intensity récprded, since the
volumetric intensity of alteration is dependent on the original
plagioclase abundance in the rock. Plagioclase and biotite
phenocrysts and are.the,most susceptible to phyllic alteration
(commonly altered in an otherwise fresh rock) followed by
plagioclase, biotite and K-feldspar im the groundmass
(Plate 4.11). In zoned plagioclase sericite selectivly alters
particular zomnes, either singular;y_or with associated carbonate

and clay (Plate 4.12). Envelopes of sericite, quartz, and
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Plate 4.11: Three examples of phyllic alteration. Left: seric
zation of biotite phenocrysts (brown, limonite patches) and pla-
gioclase phenocrysts (bleached); middle: extreme pervasive pyrite
-sericite-quartz bleaching. Pyrite and quartz veinlets cross the
sample, sericite bleaches plagioclase phenocrysts and groundmass;
right: sericite envelope affects only plagioclase phenocrysts,
around a K-feldspar envelope and quartz vein.
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Plate 4.12: Photomicrograph (30 X) showing selectiv
of zoned plagioclase along specific compositional
grained material consists of sericite and carbonat

refringent mineral at lower left is hornblende.

e alteration
zones. Fine
e. Highly bi-
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pyrite range in width from less than one mm up to tens of
centimeters. Quértz and quartz-pyrite veins are most commonly
assocjated with sericite envelopes. Greenish one to 15 mm
patches of seriéite, generally with quartz surrounding a pyrite
nucleus are formed from the alteration of mafic phenocrysts or
xenoliths. 1In thin section sericite generally is less abundant
then had been recorded in the field, and is more commonly
associated with clay and carbonate than had been thought during

core logginge.

Quartz is the most widespread and abundant alteration
mineral in the deposit, and occurs at least locally, with all
other alteration minerals; however, it is most commonly observed
with sericite and pyrite. Quartz is largely confined to veins,
combinations of veins and patches, and patches and envelopes
(Figf 4.11). Quartz veining is the most important criterion
affecting the distribution and mode of occurrence of other
alteration minerals; veins of quartz are commonly surrounded by
K-feldspar and/or sericite envelopes. Locally quartz éxteﬁds
outwards from veins tc form pervasively silicified rock. Quartz
also occurs in veins containing pyrite, molybdenite,

chalcopyrite and locally specularite and magnetite.

Pyrite is the most abundant and widespread sulfide at the
Poplar porphyry and is okserved in almost all invervals of core.

Pyrite has a bimodal mode of occurrence. Figure 4.12



400
1401 | 3504
120 ) 300~
100 250
80 - 200
>
(]
c
S GO- 150
o |
Qo
< 40+ 1004 |
20- 50
S
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
"QUARTZ intensity QUARTZ mode

I‘:Lgure 4.11: Bar graphs of the ranked lntenSJ_ty of quartz, and its mode of occurrence, recor- .
ded for each 3m interval of core. Intensity increases from l= trace to 9= extreme; mode in-
creases from 1= veins to 9= disseminated (see Appendix B for more detail).

X}
[



92

illustrates that pyrite occurs either as patches, and

combinations of patches and veins, or as disseminations. Pyrite
is ccmmonly observed on the sites of altered mafic minerals and
less commonly as patches replacing mafic xenoliths. Pyrite may

contain intergrowths c¢f both chalcopyrite and bornite.

Specular hematite ié associated with both phyllic and
potassic alteration. Hokever, because magnetite is much more
abundant in potassic alteration, hematite is probably an
oxidized product of magnetite in the‘phjllic alteration facies
which is observed to have been superimposed on previous potassic
alteratione. Hemétite occurs as one mm disseminations, and with

quartz and calcite in veins.

Calcite and lesser siderite and dolomite were observed in
drill core, mainly as veins and veinlets and less commonly as
pervasive a;teration of plagioclase phenocrysts, with clay and
sericite. Carbcnate veins are associated with pyrite and minor
chalcopyrite. Pervasive calcite alteration observed in thin
section is associated with sericite, clay and chlorite occurring
as subhedral to anhedrél crystals and patches on altered
plagioclase and hornblende phenocrysts. Carbonate observed in
thin section shows it to be more abundant than ﬁad originally
been thought durin§ the field étudy. In particular carbonate is

strongly associated in thin section with sericite and claye.

Gypsum and lesser anhydrite, is widespread and locally
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abundant in the deposit, occuring in veins, averaging one cm
wide. Although gypsum is widespread, and foqnd within the
potassic zone, it is most strongly associated with phyllic
alteration,i Gypsum is characteristically white to pink and
variés frcem a dull massive translucent variety to a rare clear
euhedral variety, with crystals up to five cm across. Veins of
gypsum are commonly vuggy and locally associated with quarté and

calcite. Pyrite is a commonly associated mineral. .

Phyllic al£eration is closely associated with véins and
fractureé, and although sericite generally occurs as a pervasive
alteration it is almost always associated with quartz, gypsum or
pyrite veining, or barren fractures. Much of pervasive
sericitic alieration is the result of 6ver1apping envelopes. .
Some of the most intense phyllic alteration occurs on both sides

of the contact between biotite porphyry and Skeena Group rocks.

4.4.3 Argillic Alteration

Argillic alteration is restricted in distribution and only
locally is intensely developed. Clay is the diagnostic mineral
of this facies; however no distinction could be made .in the
field between different clay minerals. . Carbonate and quartz are
associated minerals in the argillic facies. The most abundant
and continuous occurrence of clay is found in the upper portion
of drill hele 23 and in intervals of extremely sheared rock in

drill hole 3 (Map B)e
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Clay is indentified in hand sample by a tackiness to the
tongue, an argillaceous odor, the lack of a sheen when scratched
with a needle, and by a pock-marked appearance in drill core due
to its removal by drilling fluids (Fige. 4.13). Plagioclase
phenocrysts were the most susceptible to argillic alteration
(Plates 4.13). Clay forms extremely fine grained patches of low
birefringence and low relief. Limonite may locally occur as a
~dark brown to opaque high relief stain with clay minerals to

form a dusty or clouded appearance in thin section.

Saméles of drill core, selected from intervals where clay
was recorded on Poplarlog in the field were analyzed by X-ray
diffraction techniques to ascertain‘the type of clay mineréls
present (c. f. Godwin, 1976). Kaolinite was identified in
every sample amnalyzed; illite was detected in only one sample.
Sericite, biotite, and chlorite were locally recorded in

addition to kaclinite. No pyrophyllite vas detected. .

4.4.4 Propylitic -Alteration

Propylitic alteration was nevef observed in drill core, nor
was it okvious in surface samples, because of its low intensity
and limifed occurrence, . Epidote is the diagnostic mineral.of
this facies, but chlorite, carbénate and albitizéd plagioclase

are also observed.
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Plate 4.13: Argillic alteration in the bi
from the central argillic zone. Phenocrys
bleached to kaolinite. Greenish patches a
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Epidote occurs in hornblende phenocrysts and as 0.1 to 0.5
mm subhedral intergrowths with albitized plagioclase phenocrysts

(Plate 4.14).

Chlorite is the most abundant propylitic alteration
mineral, but it is also cbhserved in other facies
(i. e. argillic) and is therefore not diagnostic. It occurs as
intergrowths in biotite anmd hornblende developed parallel to

original cleavage or along rims.

4.4.5 Secondary Alteration

Tﬁe general paucity of clay minerals in drill core compared
to locally moderate to high abundances in surficial rocks, and
the localization of clay in zones of relatively high
permeability near fault zones suggests that much argillic
alteration is secondary, and possibly supergene, in origin. The
close spatial relationship between ihis central argillic
alteration zone and the major north-northwest trending Canyon
Creek fault is further evidence for a secondary origin to this
alteration due to a locally higher permeability. However the
differentiation of clays derived by supergene processes fron
clays derived from hypogene processes is difficult (Rose, 1970;

Creasy, 1966; and Godwin, 1976).

The general lack of intense argillic alteration at the

periphery of the deposit, and its occurrence at the center,
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surrounded by a potassic alteration zone, is contrary to
alteration zonation observed at the other deposit and described
in the literature (i. e. Lowell and Guilbert, 1970; Drummond
and Godwin, 1976; Rose, 1970: and Helgeson 1972).  This is
especially so, since no supergene sulfide or oxide minerals are
present with the inteamse argillic alteration. . Therefore this
central argillic alteration zone was formed either by a late
stage hydrothermal event which affected only those -locations
adjacent to areas of higher permeability such as the Canyon
Creek fault; or from supergene processes Wwhich would have used

the same permeable channels.

Based only on tﬁe distribution of alteration facies which
are présent in roéks which host mineralization at the Poplar
porphyrf this second alteration event could be,either supergene
or hypogene in origin. However, since many post-ore dykes are
also altered (i< e. sericitization of plagioclase phenocfysts in
the porphyritic dacite, and chloritization of biotite in the
porphyritic rhyolite) the solutions which altered these rocks
must have been relatively warm and had a relatively low pH.
since traces of unoxidized and unaltered pyrite and chalcopyrite
are observed in the central argillic core of the deposit the
second alteration event was most likely not supergene in origin,
or secondary copper minerals would be expected (i. e. covellite,
chalcocite, cuprite, etc.). Therefore this alteration episode
is considered to be hypogene in nature and may in fact be
related to the intrusion of the dykes themselves which would
have locally raised the temperature of the Poplar Stock, or to

the overlying Ootsa Lake Group volcanics, which cap the deposit.
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4.5 Chemical Aspects of Miperalization and Alteratjon Zzoning

4.5.1 General Statement

The three criterié for défermining the stability of a
mineral or mineral assemblage in an aqueous system are:
pressure, temperature and chemical potential (or activity ratio)
of all components (Gibbs, 1873). 1In this section the zonation
observed at the Poplar porphyry will be discussed in terms of

these variables.

4.5.2 Discussion

The generalized chemical reactions which best characterize
the mineralogy of specific alteration zones, based on minerals
observed in hand and thin section and the distribufion of these
zones, include:
(4.1) Plagioclase #+Kt+ = Orthoclase + (Nat,Cat+t)
(4.2) Annite + Mgt+ = Phlogopite + Fet+t

(4.3) Orthoclase + H+ = Sericite + Quartz + K¢

(4.4) Plagioclase + H+* + CC, + K+ = Sericite

+ Carbonate + Nat+ + Quartz
(4.5) Muscovite + H* = Kaolinite + K+

(4.6) Anorthite + H+ + Co, = Kaolinite
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+ Carbonate + Quartz

Albite

(4.7) Anorthite + CO, + Quartz + Nat
+ Carbonate
{(4.8) Hornklende + co, = Chlorite + Carbonate

(4.9) Anorthite + H+ = Epidote + H,0 + Quartz

These chemical reactions are generalized and are used only
to help account for many of the mineral relationships observed
in hand sample and thin section. Products of the reactions are
observable altetation minerals (i. e. carbonate and sericite
after plagioclaéé), and reactants can be identified locally ffom
pseudomorphs (i. e. chlorite after hornblende), or as a
remaining part of a primary mineral which did not react (see
detailed thin section descriptions in Appendix D). Microprobe
analyses of biotites was beyond the scope of this study, however
rections (4.2) is probable for the deposit based on studies of

biotites from North America porphyry deposits by Beane (1974).

Reactions (4.1) and (4.2) occur within the potassic
alteration facies; (4.3) and (4.4) occur within the phyllic
facies; '(4.5) and (4.6) characterized the argillic facies and

(4.7),(4.8) and (4.9) define the propylitic faciess - - -
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The rections (4.3) fo (4.6) and (4.9) are hydrolytic reactions
(Hemley, 1964), that is, they involve the consumption of H+ and
the consequent release of a cation (i« e. K*,Catt,Nat), .
Numerous authoré (¢« .geo Helgeson, 1970; Lowell ana Guilbert,
1970; Hemley, 1959; Hemley and Jones, 1964; and Rose, 1970),
ﬁave suggested that the fypical potassic to phyllic to argillic
to pfopylitic alteration observed at many porphyry aeposits are

due to various degrees of hydrolytic alteration.

Helgeson (1970) has suggestd that alteration patterns at
porphyry deposits are compatible with acidic solutions eﬁtering
the margin of a pluton and reactin§ with host and country rocks,
becoming less acidic with distance travelled inwards towards the
core. As the fluid rises, due to thermally induced
gravitational instahiiity (Norton and Knight, 1977), it coéls
and may precipitate sulfides (Helgeson, 1964), thereby reducing
solution pH, which promotes further acidic attack at shallow
depths producing phyllic amnd argillic altération zones.above the
deposit as well as along its margins (Helgeson, 1970). Implicit
in this and éimilar models (i. e. . Norton, 1972; Nort;n and
Knight, 1977; Norton and Knapp, 1977; Villas and Norton, 1977;
Cathles, 1977; Cunningham, 1978) is that fluid flow is free and

permeability is symmetrical and isotropic.

Figure 4.14 is a mineral stability diagram after Hemley and

Jones (1964), Hemley (1959), and Hemley, Meyers, and Richter
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(1961) ; with the ‘direction' that a fluid packet, belonging to
on the fluid pathline in Figure 4.15, takes from potassic to
argillic alteration facies indicated by an arrow. Superimposed

on the diagram are nunbered reactions (4.3) to (4.6).

A schematic diagram of a porphyry type hydrothermal system with
convective path lines, after Norton and Knight (1977), is showun
in Figure 4.15. ‘Numbered reaétions (4.3) to (4.6) are placed at
apprcpriate positions aloné the path lines tb produce the

alteration zoning observed at 'typical' porphyry deposits.

The lack of hfdrothermal argillic alteration at the Poplar
porphyry may be due to one or more of the following reasons
(Fig. 4.14): (1) the original groundwater maj not have had a
sufficiently low pH to bring plagioclase or K-feldspar into the
kaolinite stabilityvfield; (2) isotropic permeability along
faults and joiﬁts ﬁay have restricted groundwater to certain
areas of the deposit; and (3) the temperature of the intrusion
and surrounding rocks may have been high enough to keep feldspar
in the muscovite stability field (Fig. 4. 14) for most of the
hydrothermal event, and then a rapid cooling and quick cessation
of thermally induced hydrologic flow, Qith the majority of the
deposit spending little or any of its time in the kaolinite

stability field, until the second alteration event.

Reactions (4.1), (4.4) and (4.7) involve potassium and/or
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hot porphyry type intrusion (after Worton, and Xnight, 1977).
Circled numbers refer to chemical equations referenced in the
text and Figure 4.14; dotted lines are isotherms.
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sodium metasomatism. Alternatively (4.4), (4.6), (4.7) and
(4.8) may involve an increase in £(CO,). . The high relative
alkali activity of the solution, implicit in (4.1), (4.4) and
(4.7), may in part be due to the release of'these cations into
solution during hydrolytic altération. Norton (1977, Fig. . 4)
shows that depending on rock permeability and initial position
of a "fluid packet" with respect to the intrusion, some fluid
would indeed invade the already formed potassic zone after
travelling through rocks that had undergomne hydrolytic
alteration. However, masé balance calculatins by Helgeson
(1970) , indicate that the actual molality of catioms in solution
remains essentially constant, and that the high alkali
activities are instead due to a decrease of up to two orders of
magnitude 6f hydrogen ion. This finding has been substantiated
by Hemley and Jones (1964) who show that the stability of a'
particular mineral is a function of the "activity ratio"

(ie €« a(Nat+)/a (H+)) rather than the activity of a species
alone. Therefore alkali metasomatism may occur either by a rise
in the alkali activity due to cation release during hydrolytic
alteration, or more likely, a decrease in a(H*) in solution

during this alteration.

Another source of alkalis for potassic or propylitic
alteration (4.1), (4«2) and (4.7), could be the intrusive
itself. Alkalis, water and silica are partitioned to the latest
volatile rich phase of a crystallizing granitic magma (Jahns and

Burnham, 1969; Hyndman, 1972; Burnham, 1967; and Carmichael, et
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ale, 1974). This fluid has been shown to make a substantial
contribution to a hydrothermal systemv(Taylor, 1974; and
Forester and Taylor, 1974). Fracturing of a chilled and
impermeable brittle shell which encloses a crystallizing water
saturated magma, either by P(H,0) exceeding lithostatic pressure
plus tensile strength, or by outside tectonic influence, could
initiate boiling, and the consequent release of alkali rich
flﬁids along fractures and microveinlets producing alkali
deuteric alteration. Boiling also promotes sﬁlfide deposition,
since it raises solution pH, and concentrates aqueous species

(Cathles, 1977; Cunningham, 1978).

Particular characteristics of alteration and mineralization
zoning at the Poplar porphyry deposit are compatible with some
of these features. Ignoring the central phyllic and argillic
zone (Section 4.2) because it is likley a secondary alteration
feature (Section 4.4.5), the Poplar porphyry consists of an
annular potassic alteration zone around‘a *barren? core
surrounded by a zone of phyllic and lesser argillic alteration

(Ce fo Fige U.3)e

The high biotite atundance in the mineralized intrusive
bréccia, of the biotite porphyry (Section 3.4.3), suggests thét
the last phase of the crystallizing biotite pofphyry was alkali
ana volatile rich (Section 4.4.1). Therefore the majority of

potassic alteration is probably pneumatolytic in origin.
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However, locai reversals in the sequence of alteration (Section
4.4.1) suggests that séﬁe potassic alteration ﬁay be derived
from later hydrogen jion depleted hydrothermal solutions (c. f.
Helgeson, 1970; and Ncrton, 1977; above). Villas ahd’Norton
(1977), and Nortom (1977) suggest that phyllic alteration takes
place simultaneously with potassic alteration, at a lower
temperature, outside the potassic zone. This probably took
place in highly fractured and permeable Skeena Group rocks
(Section 3.4.2 and 3.7) during the hydrothermal event. As the
intrusion cooled large scale fracturing occurred due to thernmal
contraction. Permeability was enhanced aloﬁg these fractures
(Section 4.1 and 4.4.2) and meteoric waters flowed inward
towards the centre of the deposit, hydrolytically altering both
fresh rocks and those which undervent previogs potassic
alteration (Section 4.4.2)and produced the alte:ation patterns
observed at the Poplarx porphyrf (Section 4.2). As the intrusion
cooled, isotherms, and consequentlf éhyllic alteraction
collasped around the centre of the deposit as the lower
stability limit of K~feldspar and plagioclase was reached
(Fié._u.]u; and Hemley and Jomes, 1964). Those areas of tﬁe
deposit which were not fractured, would be unaffected by
hydrolytic alteration, and therefore the original potassic

alteration minerals wculd remain (Section 4.1 and 4.4.1)..

The occurrence of a breccia pipe in many porphyry deposits
is generally thought to be an expression of an explosive release

of a vapor dominated phase above a shallow crystallizing stocke.
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This brecciation has an enormous influence on the localization
of copper and molybdenum mineralization (Cunningham, 1978;
Cathles, 1977), and symmetrical hypogene zoning influenced by
the greater permeability (Nortomn, 1977). If however, the excess
pressure (P(H,0) > P(Lith) + Temnsile Strength) is "tapped" by
local fracturing events during emplacement and cooling of the
stock, the pressure necessary for the development of a breccia
pipe might not materialize. Consequently the alteration
patterns observed would be controlled by much more directional
permeability (faults; fractures, shear zones) about the
intrusion. The locally faulted contact between the Poplar Stock
and Skeena Group rocks (Section 3.4.3) may have aided such
pressure release. Variables such as the héaling and opening of
fractures, multiple intruéive events and regional tectonics
could further affect the circulation patterns of the
hydrothermal system, and consequently the alteration patterns
observed. Variation in the texture (i. e. plagioclase
phenocryst abundance and packing, Section 4.4.2) and bulk
composition of the altered host and country rock also has a
profound affect on the intensity of a particular alteration

facies.

Reactions (4.2)Iand (4.8) are dependent on the activity'of
ferrous iron and the activity ratio of a(Fet*+),/3a (Mgt+t). The
oxidation poten{ial of the system would have a major influénce
on this ratio since Fet++ can be o#idized to Fett+, uhile.Mg has

no equivalent trivalent state. Also the oxidation of Fet+
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coupled with a sulfate-sulfide reduction could supply additional
sulfide icn to the system. Precipitation of magnetite fronm
solution would further tend to favour the right hand side of
equation (#4.2). The occurrence of magnetite within the ore zone
of the Poplar porphyry and its association (along with
chalcopyrite) with secondary biotite (Section 4.4.1) is

compatible with these chemical relationships.

Carbonate is an abundant alteration,p:oduct~in most samples
of phyllic and argillic alteration at the Poplar porphyry
(Section 4.4.2 aﬁd 4.5.2, reactions (4.4), and (4.6), (4.8)). .
Because of the close association of altered plagicclase with
calcite, the Ca++ released from plagioclase during hydrolytic
alteration is probably the cation reactant for the carbonate

(Section 4.4.2).

Locally high fracture density in the host and country rocks
makes the depoéit locally susceptible to a second alteration
event. The zomnation at the PoplarAporphyry includes a central
zone of argillic and phyllic alteration which borders Canyon
Creek fault. This zone is either secondary hypothermal or
supergene in origin (Section 4.4.5). 1In addition, this zone
occurs in an area bounded by a potassic alteration annulus and
is suggestive of a Ylcw-grade core" similar to that found in the
Lowell and Guilbert (1970) model, because of a negligible amount

of either supergene or hypogene mineralization,
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4.6 Environment of Ore Deposition

Mineral assemblages found in alteration and mineralization
zones at the Poplar porphyry would, by themselves, place little
constraint on the actual pressures and temperatures of formation
and the chemical characteristics of the ore forminig solutions.
However, work at other porphyry deposits , with similar potassic
zone alteration and mineralization , can be used to place some
limits on the environment of ore formation based on fluid
inclusion (Roedder, 1971), stable isotope (Shepard et al.,1971),
and biotite geothermometry (Beane, 1974) studies. A temperature
of 3750C, and a pressure of 250 bars (approximately equivilent
to 2.5 Km of hydrostatic head) for potassic alteration and
chalcopyrite mineralization at the Poplar porphyry is compatible

with these studies.

Chalcopyrite is the only copper bearing mineral observed in
the deposit, except for traces of bornite, covellite and
tetrahedrite, and is found almost exclusively in the potassic
alteration zone (Map B), associated with magnetite. Figure 4.16
is a Lecg a(0,)-vs-Log a(s,) diagram for the Cu-Fe-S, -0, systen,
at 250 bars and 3759C. The chalcopyrite-magnetite field is
shown cross-hatched. This diagram indicates that potassic
facies alteration and chalcopyrite mineralization occurred in an

area ranging from -34 to -26 Log a(0,) and from -13 to -4 Log

a(s,).
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Figure 4.16: A Log a(S,)-vs- Log a(0,) diagram for the system Cu-
Fe-Oz—Sz, at 375 C and“250 bars. TN="tenorite, CU= cuprite, CO=
nati¥e Eopper, CC= chalcocite, CP= chalcopyrite, CV= covellite, -
BN= bornite, MG= magnetite, HM= hematite, PO= pyrrhotite, and PY=
pyrite. The cross-hatched area is the stability field of magne-
tite-chalcopyrite, found in the potassic zone of the Poplar por-
phyry. Arrow indicates direction of solution movement from po-
tassic to phyllic alteration facies.
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The phyllic alteration assemblage coﬁtains no copper
bearing minerals , but does contain a pyrite + hematite
assemblage (Section U4.4.2). If copper was removed'from the
system (Fide U4.16) then pyrite and hematite would coexist along
the join dividing their respecfive fields. The arrow in figure
4. 16 indicates the direction a solution would move from being in
equilibrium with chalcspyrite-magnetite in the potassic facies
to reaching equilibfium with pyrite + hematite in the phyllic

facies; both a(s,) and a(0,) increase.

If copper was present as the solution changed as described
above then chalcocitethematite, covellite+pyrite, or
covellite+thematite should be precipitated as stable phases and
observed in the phyllic alteration zone , which they are not.
This suggests that chaléopyrite was removed by the same
solutions which produced pﬁyllic alteration minerals, rather
than reacting to form another copper sulfide_“ Equation 4.10 may

indicate a possible mechanism which may explain what happened.
(4.10) CuFes, + 4H* + 2C1l~ = CuCl{ + Fett+ + 2H,S

As the solutions became more acidic rocks which had undergone
previous potassic alteration and contained K-feldspar,
plagioclase; and chalcopyrite were hydrolytically attacked. K-
feldspar and plagioclase were altered to sericite or clay %
carbonate, and chalcopyrite was removed. The H S and Fet++

released in reaction 4.10 may have been redeposited as pyrite ¢



115

hematite + chalcopyrite(?) in the phyllic alteration facies.

4.7 Evolution of Mineralizat;gg_ggg_glteration'Zoning at_the

e

R4

Poplar Porphyry

In

deposit

)

B)

)

summary a model for the evolution of the Poplar porphyry

includes:

Intrusion of a quartz monzonite stock, of the Late
Cretaceous Bulkley intrusive suite, into Lower
Cretaceous marine and volcanogenié sedimentary rocks of
the Skeena Group, with concomitant fracturing and

faulting of country rocks.,

Chilling of an impermeable monzodiorite shell around a
cupola of the stock in contact with country rocks.
Within this shell a water saturated alkali rich melt

developes.

Local fracturing of the shell, due to either excess
vapor pressure, or an external tectonic event, initiates
open but directional flow between intrusive énd country
rock, developing é convective hydrothermal system.
Potﬁssic alteration is formed early in the alteration
sequénce fromrléte‘stage magmatic fluids, high in alkali
metaié (and/cr low in H+¥) concoﬁitant with deposition of
copper and mclykdenum sulfide. Fluids which are

involved in hydrolytic alteration at the periphery of
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the ore deposit comnvect inwards along localized

fractures towards the central potassic alteration zone,
reacting with wall tock, raising its pH and temperature
along its path; eventually coming into equilibrium.with

the potassic alteration facies.

As the stock cools, peripheral meteroic waters travel
further through previously hydrolytiéally altered rocks,
without raising its pH or temperature; subsequently the
phyllic and lesser argillic'alteration zones collapse
around the central potassic alteration zone. Continuous
fracturing and healing of conduits, altefnately enhances
and inhibits the wall rock from reacting with
hydrothermal solutions, leaving some higher"alteration
grade" potassic - chaléopyrite - molybdenite zones

unaffected by hydrolytic alteration.

Reduction of stock temperature ana the gradual
diminution of the hydrothermal system. ﬁhile the
hydrothermal system was in its last étages numerous
dykes were intruded followed by a second "lower grade"
alteration event which overprinted most previous
alteration zones that were within, or adjacent td,
permeable areas (i. e. the central argillic alteration

Zone) .

Hclocene glaciation and removal of any cap or supergene

mineralized hcrizons.
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CHAPTER V

GEOSTATISIICS OF THE POPLAR POKPHYRY -

5«1 General Statement -

One of the most valuéble characteristics of the Poplarlog
format (Section 3.1, and Appendix B)'for logging drill core is
that geologic information is amenable to statistical analyses.
Major advantages of statistical treatment of the large amount of
data obtained at the Poplar porphyry include: the determination
of geological variables which are most valuable for describing
systematic spatial variations within the deposit; numerical
results which may either verify or alter previously developed
relationships Lkased on field observations; énd to indicate
relationships not readilj apparent from normal fiéld
observation. In particﬁlar, the determination of the type and
.strength of relationships among chalcopyrite, molybdenite, and

alteration mineral abundances can bé assessed statistically.

In this chapter the results and interpretation of
statistical analyses, consisting of linear correlations, and
multivariant analysis, are presented. 1In addition to analytical
statistical studies numerous computer programs have been
designed to produce graphic illustratiéns of the spatial
distribution and correlation bétween geologic variables (i. e.

HISTLOG and CPY; Appendix C).
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Over 1000 quantitative observations of 21 separate
variables were made during the course of detailed loggiing of
drill core along cross-sections A-A' and B-B!

(Fig. 3.3,and 3.4;and Map A). These data were reduced to 739
observations by excluding data from unmineralized rock units
such as post-ore dykes. Twenty—-one variables that were examined
in detail are listed and described in Appendix B; but for the
purpbse of this chapter the variables of most interest are the

ranked intensities of 14 hydrothermal minerals (Table 5.1).

Two computer packages, available at the Computer Science
Centre at the University of British Columbia, were used in this
study; TRP and MIDAS. TRP is an acronym for 'Triangular
Regression Package', the major purpose of which is regression
analysis (Le and Tenisci, 1978). The major subroutines of TRP
that were used, and their purpose are: INMSDC, for producing
means, standard deviations, and simple correlation coefficients;
SIMREG, for producing univariant linear regressions; and STPREG,
for multivariant regression analyéis. MIDAS, or ‘'Michigan
Interactive Data Ahalysis System! was used to calculate one-way
correlations. Each of these subroutines are shown in Appendix D
as they were used in a Fortran computer programs which were.

written ky the author.
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5.2 Correlations Between Variables-

5S¢ 261 TWwo—-way Correlation Matrix

"Two-way" correlations is a term applied when all
observations have equal weight in the correlation equation

(Equation 5.1) (Le and Tenisci, 1978).

— —

(5.1) r= ;WX o-X) (% -3

X, 0 (% - %2 Wy - 1)2| 172

where:
r = correlation coefficient

W;. = weight of the i™ observation

[N

X{ = value of the i™ observation of X

X = sample meam of X
Y = value of the i'™ observation of Y

Y = sample mean of Y
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TABLE 5.1
Fifteen Hydrothermal Minerals Used in Statistical Analysis of
Alteration and mineralization at Poplar Porphyry Deposit.

ALTERATION MINERALS - ORE_MINERALS

quartz chalcopryite
K-feldspar | bornite
biotite molybdenite
sericite

chlorite

clay

epidote

carboﬁate

QYPSUN.

pyrite

hematite

magnetite

Table 5.2 shows the correlation matrix, and the means and
standard deviations of 14 economic and alteration minerals

observed at the Poplar porphyrye.

The standard deviation of most minerals is as large or
larger than their mean. This is because the number zero was
recorded in the field when a particular mineral was absent in an
interval of core; therefore zero does no represent a missing

observation, but instead a numerical value, Except for quartz,
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sericite, and pyrite which occur to some extent in most
intervals of core, zero is the most frequently recorded value
for any mineral, hence the standard deviation calculated
accounts for this skewness towards zero. Correlations which
disregard observations of zero in the correlation equation (5.1)

are discussed in detail in Section 5.2 2. .

Correlation coefficients that are statistically significant
have been underlined in Table 5.2 by either a single or double
line, indicating significance at the 99.0 percent and 99.9
percent confidence levels, respectively. Based on 739
observations a minimum departure from zero of 0.094 for the 99.0
percent confidence level, and 0.127 for the 99.9 percent
confidence level, is required for significance (Dixon and
Massey, 1969). The term "statisticallyrsignificant" means that
correlation coefficients with values above those calculated for
a specific confidence level are significantly different from
Zero (i.'e.Athere is a definite correlation) at the probability

of the confidence levele.

Geologically significant correlatioms, with few exceptions,
support correlations based on field observat}ogs“(ChapFer Iv)
and are shown classified by facies in Table 5.3. Alteration
relationships defined by these c¢oérrelation groupings atfe not
only very similar to those in the field, but statistically

substantiate the alteration facies of Lowell and Guilbert
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Figure 5.1: A positive correlatign "clustgr", based on alter-

ation facies between minerals which are 51gnificantly.Correlated.
Divisions between potassic, phyllic, and argillic facies are

shown.
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(1970) .

Figure 5.1 is a Correlation 'Cluster' diagram showing mineral

correlations grouped according to alteration facies.

One significant correlation which was not identified in the
field is carbonate - pyrite. A correlation which was expeéted
to be significant, but.cannot be shown here to be so, is
seiicite.° pyrite. The significant negative correlation (-
0.1284) between molybdenite and magnetite is anomalous, since
ﬂoth are positively correlated with K-feldspar (Table 5.2), and
both occur within the fpotassic alteration zone. However,
molybdenite is largely restricted to quartz veins , and quartz
is negatively correlated with magnetite. Therefore, the
relationship between molybdenite and magnefite, may be due to
the absence of magnetite near quartz veins, rather than its true

spatial relationship to just molybdenite alone.

The most useful correlation for the economic evaluation of
the deposit are those that not only define alteration facies,
but also establish whi¢h minerals aie the most useful in
predicting the occurrence and abundance of chalcopyrite aﬁd
molybdenite. Chalcopyrite is correlated positively with
potassic alteration minerals, and negatively with phyllic
alteration minerals (Table 5.2). Molybdenite, less well defined
in terms of facies relationships, is correlated positively with
the potassic alteration facies minerals K-feldspar and biotite,

and with quartz in the phyllic alteration facies. It is



TABLE 5.3

Correlations Between Minerals Based on Alteration Faciesl

+CORRELATION

FACIES MINERAL - —CORRELATION
Potassic K-feldspar biotite sericite
chalcopyrite pyrite
magnetite hematite
molybdenite
biotite chalcopyrite sericite
molybdenite clay
K-feldspar hematite
magnetite carbonate guartz
chalcopyrite sericite
K-feldspar gypsum
‘ pyrite
molybdenite
Phyllic sericite qguartz chalcopyrite
: ' clay . magnetite
carbonate K-feldspar
hematite biotite
gypsum
quartz pyriEe hematite
sericite magnetite
molybdenite
pyrite gypsum K-feldspar
quartz magnetite
chalcopyrite
molybdenite
clay
carbonate
Argillic clay - sericite gypsum
biotite
pyrite
carbonate hematite » S gypsum
chalcopyrite pyrite
magnetite : '
sericite
lThis table is a summary of analytical results shown in .

Table 5.2
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correlated negatively with pyrite and hematite in the phyllic
alteration facies, and with magnetite in the potassic alteration

facies. .

5.2.2 Qne-way Correlation Matrix

One-way correlation is calculated using Equation (5.1); if
a principle variable X , is zero for a particular observation,
i, that observation is excluded from the regression; the
seéondary variable, Y , is considered regardless of its value
for a particular observation. The purpose of such a calculation
is to distinguish those correlations which occur between
variables because both, though unrelated, maintain mutual values
of zero in a number of observations, and are consequently |
assigned a correlation coefficient that may not indicate their

true spatial relationship. .

The one-~way correlation matrix (Table 5.4) is
nonsynmetrical, indicating that two variables have different
correlation coefficients, depending on which is chosen as the
brinciple variable, X . This shows that the inter-dependence of
the tvwo miner;ls is unequal (i. e. .the occurrence of mineral A
is a more dependent on the occﬁrrence of mineral B, than vice
versa). . For example, Table 5.4 shows that although chalcopyrite
does not correlate significantly with occurrence of the
principle variable K-feldspar; K-feldspar does significantly
correlate with the occurrence of the principle variable |

chalcopyrite.



TABLE 5.4

One-way Correlation Matrix of Alteration and Economic Mingr&ls'

Quartz K-feldspar _Biotite Ser#ciée ‘Chlorite Clayv Epidote CarBoéate Gypsum Py;ite Hematite Chalcqpyrite Born%te Magnetite Holybdénité e T99.0
Quazti _ 1.0 -;l_/oé -.1297 1.567 .0387  -.092 -.057 ~.106 L1017  .3897 -.054 -.095 . 010 -.1932 . .0169 - 692A 0.098
K.-feldspa‘r © 0459 1.0 - - .3439 ~-.045 . —.685' -.055 ~.005 -.058 -:143 -.008 -.099 _ -.029 - . =.064 . 0.063 +.109 286 0.151
.Bi’ot‘ite -137 2082 1.0 -.1949  .2625 0.1212 -.0985 -.0498 ..3327 .2055 ~-.078 0511 -.0519 -.2073. .1069 . 133 0.223
Sericite A6 -.3106 -.2745 2.0 .0745  .3333 0.0 . ©  .1191 ~-.0832 .0701  .1162  -.2054 = .0264 - -.2437  _ 0a3s 721 0_‘095
Chlorfite 0.0 —.0848. .967 -.4698  +.106 -.1446 0.0 . -.536 L9670  .6926 -.1501 ° -.6954 0.0 -.2583 - 0.0 12 0.695
Clay . L0674 L0040 .1826 _ .4113 . ..0602 1.0 0.0 ~.0534 ~-.0379 .-.1189 -.1083 .1083  -.1116  =.0851 -.0156 112 0.082
zptdéte 1.0 .1.0. 1.0 © 10 L0 1.0 1.0 © 1.0 1.0 1.0 L0 - 10 10 - 1.0 o 1.0 "1 1.000
Carbonate L0331 -.0699 ~.0744 .1982  0.0332  .0448 0.0 1.0 -.2372 -.1016  .0886 .0686 ..0621 L1433 L0079 484 0.115
Grpsum -.0520 -.0818 .0806 .0299 .2272  -.0446 0.0 -.2492 1.0 L2047 1360 -.0059 0.0 ~  -.1398 0363 230 0.170
VP'/rLte T .3156  -.2555 -.0723 L0735 0154 —.ﬁ]_ ~.0357 -.1894 - .2912 1.0 .0672 -.2241 -.226°  -.1882 -.2017 646 0.101
Hematite  -.0411 -.1400  0.1052 . .0646  .0473 -.1533 0.0 (1445 0.1456 0325 1.0 -.0936 .0039  -.0029 0062 184 0.188
Chalcopyrite .0610 .l219 L1027 -.2535 —.0769 -.1627 -.0156  -.0902 .2018 -.0584  .1288 1.0 -.0276 .2263 1170 459 0.122
Bornite . =-.1471 .3388 -.1677 -.2275 0.0 - =.2390 O.d -.5962 0.0 . .3797 . -.1862 -.&46? 1.0 -.1299 -.16%0 16 0.623
Magnetite -.1475 ~-.0113 0.1114  -.4473  -.1036 . -.3072 0.0 ' 0623  -.0354 -.1289 -.1196 .1688 0028 1.0 . 2.1069 - 109 0.256 -
Molybdenite  .1704  :0116 ° ©.0097  -.0046 .0358  .0L44 0700 0376  -.0466 .'(_)5'49- .._0153 © . .2861  .-.0858  -.0479 1.0 © 312 0.145

Underlined correlation coefficient are statistically significant.
a) N = number of observations of a particular variable in Equation (5.1). Equal to the number of non-zero observations

‘b) Tg9 = minimum correlation coefficie_nt., for the number of observations, N, at the 99.0 percent confidence lével. Calculated from

ID,'lixon and Massey (1969)

LTT.
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Results from the one-way corrélation matrix (Table 5.4) in
general corraborate results on the mineralogy of alteration
facies presénted in Sections 4.3, ana 4.4, Quértz and sericite
correlate positively with each other, and negatively with
potassic alteration facies minerals and chalcopyrite.
Chélcopyrite correlates significantly with K-feldspar, gypsunm,
hematite, and magnetite and negétively with sericite and
chlorite. Molybdenite is positively correlated with quartz, and
chalcopyrite. 1Inconsistencies between results from one-way
(Table 5.4) and two-way (Table 5.2) correlation matrices include
the lack of a significant positive correlation between K-
feldspar and Biotite, and between these minerals and
chalcopyrite and mélybdenite in the one way correlation matrix.
The lack of a significant positive correlation between pyrite

and sericite is also apparent in Table 5.4.

5«3 Multivariant Analysis

53,1 General Statement

Univariant linear analysis (linear correlaticn between one
dependent and one independent variable) is useful in evaluating
what effect, if any, one variable has on another. Correlation
coefficients presented in Section 5.2 are measures of this
dependence between twc variables. However, this approach is
restricted since most‘geologic vafiables are fhe result of
interactions between numercus other variables (Davis, 1973).
Multivariant analysis allows one to consider changes in several

properties of a system simultaneously, in order to sort out the
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major factors determining the relative worth of variabiles.

(5.2) Y‘_' A'X(1) "'AZX(Z) +t o, o e . o _ e + ANX(N) + K

where:
Y = dependent variable

A; = coefficient of the i*"

independent variable
X; = i™ independent variable
K = a constant that is equal

to the Y-intercept c¢n
the regression hyperplane

The multivariant regressions were performed using the
subroufine STREG from the TRP statistical coﬁputer package (Le
and Tenisci, 1$78). Both frontwards and backwards stepwise
regression techniques were employed, with equal results

(Equation 5.3 and 5.4).

In backwards stepwise regression all independent variables
are included in the equation (5.2) at the first step; a
multivariant eéuation is calculated with'a minimum variance in Y
fof those variables. Each variéble is then tested for
significancé by computing the probability of'ébtaining.an
absolute value of the coefficient 'A! greéter than the one
calculated, if the-variaSle X made no §ignificant contribution.

The greater this prokability, the less significant X is to the
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equation. If this probability is greater than 0.05 (five
éercent) the variable is eliminated from the equation. The
least significant vafi&ble is dropped from the equation at each
step and é new equation is célculated by minimizing the variance
between the remaining variables. This routine is carried out
until each independent variable left in the equation has an

associated probability of less than 0.05.

5. 3.2 Multivariant Equations_for Chalcopyrite-and Molybdenite

—— e i e i P P it S — o o e e .

. Multivariant equations (5,3 and 5.4) are presented for the
dependent variables chalcopyrite or molybdenite versus the
independent variables quartz, K-feldspar, gypsum, pyrite, and
magnetite. Molybdenite was an independent variable in the
chalcopyrite equation (5.3), and chalcopyrite was an independent

in the molybdenite equation (5.4).

(53) Chalcopryite = 0.78 quartz + 1.5 biotite
+ 0.24 magnetite + 0.25 molybdenite - 0,07

sericite - 0,20 pyrite + 1.59
'r2 = 0.229 SeEe = 1415 R.I.
(5.4) Molybdenite = 0.12 quartz + 0.05 K-feldspar

+ 0.23 chalcopyrite - 0.11 pyrite

-0.20 magnetite + 0.52
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Where:

r2 = multiple correlation coefficient; equal to the
proportion of the variance of the dependent variable, Y,

accounted for Lty the regression line.

S.E. = standard error; the estimate of the variance of
the dependent variable Y, about the regression hyperplane (Le
and Tenisci, 1978). Units of standard error are the "ranked

abundance" used in logging drill core ( Appendix B)e.

R.I. Means Ranked Intensity. (see Section 5.3.2.1.)

Equation (5.3) indicates that the empirical relationship
between chalcopyrite and the potassic and phyllic alteration
facies is substantiated when the effects of the other variables
are taken into account. The notable exclusion of K-feldspar
from the equation %s because its associated probability was
greater than five percent. Even though K-feldspar and
chalcopyrite are correlated positively at the 99 percent
confidence level (Seqions 52«1 and 5.2.?) K-feldspar is
interdependent on the variables in the equation and forms a
linear combination of the othervindependent variables (Le énd
Tenisci, 1978). Therefore K-feldspar dées not contribute .
significantly to reducing the variance of the dependent variable

(chalcopyrite).
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The multivariant equation for molybdenite. (Equation 5.4) is
also consistent with previous observations (Sections 4.4,and
5.2,]) that molybdenite is associated with the potassic
alteration facies, and negatively related to pyrife of the
phyllic alteration facies. The absence of biotite from the
equation (Equation 5.4) is surprising since there is a
significant positive correlation between molybdenite and biotite
(Table 5.2). A similar STPREG programme was run in which
biotite was forced into the equation, with the result that K-
feldspar was forced out; signifying the.stroﬁg'interdependnce
between K-feldspar and biotite. As with K-feldspar in the
chalcopyrite equation (Equation 5.3), this does not necessarily
mean that biotite is a poor "indicator" of molybdenite, but only
that the inclusipn of biotite into the equation does not account
for any more variance of molybdenite than K-feldspar does

singularly.

5¢3.3 Estimation of Error in Multivariant Equations-

The standard error of the multivariant equations in (5.3)

and (5.4) is given in units of Ranked Intensity.

Ranked intensity of alteration and ore minerals is
discussed in Sections 3.2, and 4.1, and Appendix B. The reason
for using this ranking was to normalize all mineralogic
variables so as to retain resolution between small absolute
changes in sulfide, and oxide mineral abundance, and to compare

these with larger absclute changes in the abundance of silicate,



133

carbonate, and sulfate minerals.

Although this ranking normalizes the changes in different
minerals, it is difficult to understand the actual numerical
value of the error. Figure 5.2 shows the absolute values of
error associated with the standard erros for chalcopyrite and
molybdenite. The ranking scale used for estimating abundances
of chalcopyrite and mclybdenite in the field is geometric
(Appendix B,iTable.§~6, and therefoFe it should be noted that
the absoulte value cf the error increases with the value of

chalcopyrite and molykdenite in equations (5.3) and (5.4) ..

5.4 summary of Geostatistics

A simple two-way correlation matix of 15 hydrothermal
minerals from the Poplar porphyry demonstrates that statistical
analyses supports empiricél observations made in the field
regarding alteration zoning and facies, and helps define
relationships which were not readily apparent. A one-way
correlation technique was used to help show (1) which
mineralogical variable was more the dependent one.in a given
correlation, -and (2) to help remove correlations that were
significant only because two minerals were both absent in a

number of given observation.

Finally, a stepwise nmultivariant regression technique was

used to determine which variables were the most important for
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Figure 5.2: A graph of ranked intensity of chalcopyrite (as re-
corded on Poplarlog and used in the multivariant regression

equation) versus the value of the midpoint of each rank in log
percent chalcopyrite. The error limits associated with a stan-
dard error of 1.42 ranked intensity units are shown as dashed

lines.
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eétimating the ranked intensity of chaleopyrite ané molybdenite
when all the other variables were conéidered together. The
error associated with such estimations are fairly iarge.
However, the equations éerve to qualify the observation that
certain alteration minerals can be used as a tool in estimating

potential ore grade.
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CHAPTER VI

—— s < e i e e e b

This study was undertaken to define and map petrologic
units, and mineralization and alteration zones at the Poplar
porphyry copper-molybdenum porphyry deposit. Due to sparse
outcrop in the study area most of the field portion of the study
involved the logging of diamond drill core. A Computer-

compatible logging format was used to expedite this worke
The following aspects of this study have been presented:

(1) the deposit is gentically and spatially related to a
zoned calc-alkaline stock which ranges from hormnblende gquartz
monzodiorite to biotite gquartz monzonite in composition..  The
stock intruded the Lower Cretaceous Skeena Group, and the Upper
Cretaceous Kasalka Group. These units consist of volcaniclastic
and epivolcaniclastic, and clastic sedimentary rocks,

respectively.

(2) Four K-Ar model ages have been determined and indicate
that mineralization and alteration were geologically synchromous
Wwith intrusion. The term paramagmatic is used to describe this

relationship. These ages range from 72.2 Ma to 76.9 Ma, placing
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the event in late Upper Cretaceous time. .

(3) Two mineralized zones and four alteration zones are
defined. Chalcopyrite and molybdenite are the two most abundant
economic minerals; minor amounts of other sulfide ore minerals
are locally present. Potassic, phyllic, argiliic, and
propylitic alteration facies are defined based on the occurrence
of the diagnostic minerals K-feldspar and/or biotite, sericite,
clay, and epidote respectively. Chalcobyritg and molyﬁdenite
are most closely associated with the potassic alteration facies.
Chalcopyriie occurs in an annular ring with potassic alteration
which sufrounds a core of argillic alteration and is‘bordered to
the outside bty an area of high- to low~intensi£y phyllic

alteration.

(4) Argillic alteration occurs in two areas; at the center
of the deposit, and in a mcre restricted area in a portion of
drill core which is intensely fractured. Both areas occur
within the larger potassic alteration zone. The central
argillic zone occurs in rock that is sparsély mineralized, and
is due to secondary alteration of a central "low grade core"
because of local intense fracturing and consequent increased

permeability.

(5) Based on the type of mineralization contained at the
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Poplar porphyry, its age and its geographic location, it is
considered here to belong to the Bulkley intrusive epoch, after

Carter (1974,and 1976).

(6) Statistical analysis of mineralogical features from 12
drill holes logged in detail, show that most hypotheses made in
the field, dealing with mineralization and alteration
associations, were substantiated by statistical correlations.
This was especially useful in defining alteratiomn facies, aﬁd

their relationship with molybdenite and chalcopyrite,

Multivariant regression analyses are used to show‘which
minerals have the greatest effect on the obseryed values of
chalcopyrire and molybdenite. However, certain inconsistencies
in regres51on anaIYC1s indicate that statlstlcal testing must be
v1ewed in context of real field observatlons, or else mlsleadlng
exploration parameters may be developed. The resolution of
incompatibilities betuween field observation and statistical
analysis can lead to a better understahding of the actual

relationships between mineral variables.
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APPENDIX A

Analytical Data



TABLE A.1

POTASSIUM-ARGON ANALYTICAL DI\TAa FROM TIHE POPLAR PORPHYRY DEPOSIT, B.C.

. * - *
Sample No. ° Location _ Rock unit;b Mineral 4Ol\r d 40Ar d I\pparente
or Name Lat. (N); Long. (W) rock name dated %Kisc 40Ar total (10_Scm35TP/g) age (Ma) Timef
G76TR22 54°01'126°50" 3b: biotite quartz biotite 7.14£0.07  0.878 ©2.088 73.7£2.5 | Late Cretaceous
monzonite : .
POPLAR LAKE  54°01'126°50 3b: biotite quartz biotite = 7.00£0.04 0.915 2.139 76.9%2.3 | Late Cretaceous
’ monzonite
PC-36 54°01'126°50° 4a: porphyritic biotite 5.87510.29 - 0.846¢6 1.683 72.213.0 Late Cretaceous
. dacite
PT-115 54°01'126°50" 3a: hornblende hornblende 5.87510.05 0.794 1.780 76.2+2.7 | Late Cretaceous
. quartz monzodiorite
2a11 analyses in the Geochronology Laboratory, pepartment of Geological Sciences, The Uhiveraity
of British Columbia. ' .
bRock units correspond to Map A
Cwgm ig one standara deviation of quadruplicate analyses
L]
d"Ar * indicates radiogenic argon
.
®pecay constants used: A _= 0.581 x 10_l0yr"l, g = 4.96 x lO_lOyr—l, A0 /k = 1.167 x 1074

fTime designed after Obradovich and Cobban, 1975

€ST
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TABLE A-2
CHEMICAL ANALYSIS (% OXIDE WEIGHT PERCENT) AND C.I.P.W. NORMS

OF IGNEOUS ROCKS FROM THE PCPLAR PORPHYRY

Sample: Rock unit  PT51: 8 PT60: 5 PT115: 3 30/132: 4 36/375: 5

Oxide

510, , 64.76 61.60 62.33 66.10 . 59.75
AL,0, 15.38 15.16 16.59 16.55 15.62
Fe 0, 8.89 4.91 5.55 5.41 4.98
MnO 0.09 0.09 0.12 0.05 0.12
Mg0 1.33 2.09 ° 2.60 1.69 1.51
Ca0 ‘ 2.43 3.84 3.75 ~3.38 5.40 .
K,0 2.67 2,92  2.70 2.31 2.87
P,0s 0.27 0.414 0.30 0.31 0.40
Na,0 . 4.89 3.93 3.94 4.29 2.32
110, 0.37 0.5  0.624 0.515 0.525
L.0.10 C2.94 4103 1.94 1.64 7.29

TOTAL 98.97 99.58 100.29 102.26 101.18
quartz 19.47 15.18 13.70 15.99 - 16.63
orthoclase 16{36 17.74 15.83 13.02 17.22
albite 42.7 34.73 34.05 36.97 21.13
anorthite 10.84 15.32 16.52 14.07 23.51
magnetite 2.73 ©2.97 3.07 2.88 2.95
illmenite 0.73 1.05 1.18 0.93 1.01
apatite 0.59 0.99 0.69 0.69 0.95

corundum 0.70 0.0 © 0.88 1.06 0.0

*
All Fe as Fe203
.I-

L.0.1I. = Loss On Ignition
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APPENDIX B

POPLARLOG

The Computer Compatible Drillcore Logging Format Used In This

Study.

B« 1 Introduction

The development cf Poplarlog, as a computer compatible
coding format for the logging of drill core, came about as a
necessity to assure that geologic information be recorded in a
standardized manner, and that each interval of core be examined
for the same geologic parameters. Poplarlog was developed on
the knowledge that the Pcplar porphyry had an extemsive
alteration halo (Schmidt, 4978, pers. comm.; Bowen, 1976; and
Carter, 1978, pers. ccmm.), and that outcrop made up less than

one percent of the surface area on the property. .

Many ideas and suggestions on the format of Poplarlog were
of ferred by colleagues who has previously used other computer
compatible logging systems (Wilton, 1978, and pers. conmm., 1978
and Mortensen, pers. comm., 1978). The major part of Poplarlog
was formulated along the lines of a previously developed coding
format for porphyry ccpper deposit ‘designed by Blanchet and
Godwin (1972), and Ce I.. Godwin (pers. comm., 1978, and 1976).
Most of the codes used during this study and described in
Section B.3 and B.4 are taken directly from Blanchet and Godwin

(1872) «



B.2 Description and Coding

A blank Poplarlog drillicore logging form is shown in Figure
Be1e The characteristics and headings of the form will be

describd from left to right.

- -

(1) Visual Log; This space was used to plot the attitudes
with respect to drill core of veins, faults, fractures, rock
unit contacts, bedding, foliatién, and any other planar or
linear feature. Paragenetic relationships between veins was
also recorded. The appropriate symbol was plotted adjacent to

the portion of a particular depth intetval being described.

(2) Comments, Column 1: Column one was used to record one
letter codes denoting discontinuous geologic features, or as a
one letter "flag", used to denote lines which were used for
criteria other than formatted geologic information. The comment

codes used in Column one on Poplarlog are shown in Table B.1.
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TABLE_B.1

i e . e i i

One Letter Ccmment Codes Used With Poplarlog

(Column One)
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1 Letter;Code

B

Meaning -

Bottom of hole-recorded with
hole number and date; used as a
flag in determining the end

of a hole. '

Ccoment - to denote lines used
for comments about the drill
core 'in addition to, and
sublimenting, normal coding;
usually used to describe a
particular geologic feature

in more detail.

Dykes - used to denote the
bottom of an interval
consisting of a dyke unijt..

Contact - used to denote
contacts between rock units,
superseded by D (=dyke) where
appropriate. .

Sample - sample téken at a
particular depth (which was
recorded in column 76-80).

Zone of faulting, fracture, or
a shear zone. '

Top of hole - recorded with
hcole number and date; used as a
flag in denoting the top of a
hole,

(3) Depth to the bottom of the interval described on that

.line; Columns 2-5: usually in 10 foot (3 m) intervals, or less

if‘geologic features changed (i. e. contact between rock units).

(4) Ore Zomne;

Columns 6-8: used to define which ore zone
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that particular interval was in (i. e. hypogene (HYP), supergene

sulfide (SUS), or supergene oxide (SUX)).

(5) Type Modifier and Rock Name; Columns 9-14: used in
conjunction with each other to name the rock unit being
described (Coumns 11-14) using four letter code names which were
developed as new units were intersected in drill core. Colunn 9
was used to record a one letter "flag", unique to each rock
unit, to facilitate the rapid visual identification of the rock
type in each interval (Table B.2). Column 10 was used to
qualitatively describe with a one letter code.the "condition" of
the core with respect to the stability of biotite ( determined
to be a diagnostic mineral, sensitive to various types of

alteration (Table Be.3)e.

(6) Colour; Column 15-16: a qualitative estimate of the
Colour Index. DK-dark, >50% mafics; MD-medium, 25-30% mafics
and; LT-1ight, <25% mafic minerals. Includes both primary and

secondary minerals.

(7) Mafics; Columns 17-18: consists of a two letter (or
letter and symbol) ccde for the type of mafic minerals present,
and their relative akundance. HB-hornblende only; B<-hormnblend
greater than biotite; B>~biotite greater than hornblende and;
BI-biotite only. Biotite and hornblende were the only mafic

minerals observed at the Poplar porphyry.



Rock Unit*

Skeena(l)

Quartz Monzodiorite (3a)
Quartz Monzonite (3b)

Intrusive Breccia(3b)
Quartz Latite-Andesite(4a)

Felsite Dykes{4b)

Porphyritic Rhyolite(5)

Andesite

First Type Modifiers and Coded Names Used With'Poplarlog

Field Name

Hornfels

Hornblende
Diorite

Biotite Porphyry

Breccia
Feldspar Porphyry

Felsite

Rhyolite

Tracyte

Table B.2

{(Columns 9, and 11-14)

Type

Modifier

-4 Letter Code

HORN

DIOR
PPBI

BRXX
PPFL

FELS

PPFQ

TRAC

Comments

used for any country rock
observed in drill core - not
necessarily hornfels meta-
morphosed.

pPP=Poplar porphyry
BF=biotite-feldspar porphyry

Sub-unit of quartz monzonite
FL-feldspar porphyry

Sub-unit of quartz latite
andesite

FO=Feldspar-quartz porphyry

T=Tracyte; originally named
tracyte in field, later changed
to andesite, but code kept to
maintain consistency

091
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(8) Qualifying Descriptor; Columns 19-21: a "“catchall"
heading used to denote unusual features in the core, or changes
in the nature of the core which were too minor to describe under
a new interval. Examples include; CNA-a change in alteration

type; XEN-xenoliths; and PAT-patches. .



TABLE B.3
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Second Type Modifier Used With Poplarlog
{Column 10)

Type Modifier

D

ok

X%

Meaning -

Dark - Secondary biotite
is observed in the
interval described.

Normal - Biotite

books are present, and
thought to be original
phenocrysts. rock is
fresh or has undergone
minor alteration.

Light - Original
biotite books have
been altered to
pseudomorphis of
chlorite or sericite.

Obliterated -~ Biotite
boocks are not observed
and the texture is
obliterated by alteration
(generally phyllic).
Identification of
rock type is difficult
and questionable. .

Extremely obliterated -
The original texture
has been destroyed

by alteration. Rock
type in doubt.

*For both designations the origimal rock type could be
ascertained by correlation by gradational changes to fresh rock

either up or dcwn the drill core.
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(9) Texture; Columns 22-30: a general heading which is
subdivided into seven subheadings. Originally intended for
recording criteria to be used in correlating sedimentary rocks
from drill core. These criteria include; (a) grain size mode,
(b) maximum grain size, (c) open or closed packing of grains,
(d) degree of sorting, and (e) and (f) particular textural
features which were determined in Fhe field to be important
criteria for correlation. Most of these headings were never
used because of the high intensity to which most of fhe Skeena
rocks were altered, and the textural nature of the unit itéelf,
made such observations difficult, and too infrequent to be of
any use. However, the subheadings Texture I, and Texture II‘
were used to denote unusual or distinguishing textures |
encountered in the drill core such as FL for flow lineation or

pilotaxitic texture, cr AG for amygdaloidal texture.

(10) Alteration Mimerals; Columns 31—5uz'this hea&ing
consists of the 16 subtheadings listed in Table B.ﬁ. Each of 10
mineral subheadings consist of two columns (except for clay, and
SUM ALT which are discussed below); the first of which (H) is
used for a one numeral code describing "how" the mineral occurs,
i. e. its relative dispersion (Table B.5, taken from Blanchet
and Godwin, 1$72). The second column (I) is used for a one
;etyer §ode describipg.the‘"intensi§y", or percentage by vqlume,

of the mineral (Table B.6)e.
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The last subheading under Alteration Minerals on Poplarlog,
SUM ALT, columns 52-54, was used to "summarize alteration" for
that interval and to place tﬁat interval of core in one of 10
alteration zones in the Lowell and Guilbert Model of porphyry
deposits, modified by Blanchet and Godwin (1972).. Coluﬁns 52
and 53 (H and I) were used to summarize both how the alteration
occurred (its degree of dispersion), and its intensity (volume
percent) . Column 54 was used to place the interval described in
one of the 10 alteration facies of Lowell and Guilbert (1970)
based on criteria found in Table B.7 (taken from Blanchet and
Godwin, 1972), which is a "checklist" of relative intensities of
silicate, and cafbonate alteration minerals versus the 10
alteration facies. Figure B.1 is a cross-section through a
typical porphyry deposit showing the spatial relafionship of 10

alteration facies (taken from Blanchet and Godwin 1972).

(11) Mineralization; Columns 55-75: similar to the mefhod
for describing the degree of dispersion and intensity of
silicate, carbonate, and sulfate alteration minerals; the mode
of occurrence and intensity of 7 sulfide and oxide minerals inm
each interval of core was recorded in appropriate columns (Table
B.8)« However, because the degree of intemnsity to which oxide
and sulfide minerals cccur is generally a great deal less than
that of alteration minerals, a geometric scale of abundances was
used. Therefore the notation "PT" was used im the columns to
describe intensity of mineralization, ahd distinguish it from

the scale used to record intensities of alteration (Table B.6).
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The method used to record degree of dispersion of sulfide and
oxide minerals is exactly the same as for alteration minerals as

shown in Table B.5. .

The subheading SUM ORE is exactly analogous tb the summary
coiumns for alteration minerals, previously described in the
previous su5~section (9)« The checklist of relative mineral
abundance versﬁs mineralization facies taken from Blanchet and
Godwin (1972) is shown in Table B.9. A corresponding cross-
sectioh through a typical porphyry deposit showing the spatial

relationship between these facies is shown in Figure B.2.

(12) Sample Depth; Columns 76-80: These columhs were used
to record the depth at which samples were taken(c.'f.,'S"in

column 1; Table B.1).



TABLE B. 4
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Silicate, Carbonate and Sulphate Alteration Minerals

(Cclumns 31-51)

Pcplarlog

Abbreviation

CZ
KF
BI
MO
CH

CcY

EP

CB

ALT 1

ALT 2

_Mineral
Quartz
Fotassium Feldspar
biotite
muscovite
chlorite

clay

epidote

carbonate

Anhydrate-Gypsum

miscellaneous alteration

_Comments

seldom used

Column 43 was in-
tended to distin-
guish kaolinite from
montmorillonite., it
was never used.

seldom used

includes calcite
siderite, and
dolomite.

Was used for these
minerals after
fieldwork indicated
their importance

used for seldomly
observed minerals. .
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TABLE B.5

Mode And Degree Of Mineralization And Alterqtion.‘ V{E,D,P Refer
To Modes Of Occurrence: Veins, Envelopes, Dlssefnlnatlons, And
Pervasive, Respectively (from Blanchet And Godwin, 1972).

— ————— —————————

Mode of Occurrence Degree of - Mode of Occurrence

Mineralization ~ [Dispersion Alteration Assemblages
Veins and macro - veins . —— or
including stockwork and v v ' v v v veins

ouge
Vei‘nl, veinl.etl, l.ractur- i % b+ L v Dac v 2 E<vor Pacy | 2g4+ 8y _|_"=+_?_v veins‘ and moderate envelopes
{illings & minor disseeminations 8 8 [ 8 8 or minor pervasive
Veinlets and some 2 [ a4 2 s‘ envelopes and veins equal or
SD + 2V b< v Vor P< Qesdyl 2,8 q
disseminations e ‘8 3 E=Vor v -] £+ 8 v aF + 8 v veins and moderate pervasive
Veinlets with moderate 3 &5 & 2 3 envelopes with some veins or
=0 +2 vV pSv 4 >Veor P 2g+2vidpesd -
disseminations 8 8 £ or PSV 8 £+ 8 v ) P+ 3] v pervasive with moderate veins
Veinlets and disseminations iD + 4y Ds vV 5 Eor Ps Vv is Lp 44 envelopes or pervasive
more or less equal [ 8 L 8 8 equal to veing-
Di'snemimtionl and moderate -:—D + _:_ v o=V 6 P<E or P2V -—z-P-t;iE Sp 43y | Pervasive with some envelopes
veinlets e 8 : 8 8 or moderate veins
. N . : i
Disseminations with some N 2 4 4 3 ra g 3
e 0+ vV D >V PrE or P> Sp.4 L3 2 pervasive ard envelopes or

veinlets 8 8 7 E v CAAS AN 1A A % with some veins
Mostly dissemination with 7 b ! 3 7 I asi sith

t Ip 4+ vy Do Vv P> P & 212 kN pervasive with some envelopes
minor veinlets or microwein- 8 8 8 € or v 8 P+ 8 € 8 Pt 8 v or rmipor veins

sty

Disseminations D 2} \g/ P P P pervasive
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TABLE B.6

One Letter Codes for Estimated Volume Percent of Silicate,
Carbonate and Sulfate Alteration Minerals, and for Sulfide and

"alteration"
Mineral Abundances

>60%

50-60%
40-50%
30-40%
20-30%
15-20%
10-15%
5-10%
2-5%

<1% -

NIL

One_Letter: “Miperalization"
Code Mineral Abundances
X~extremely high >16%

V-very high 8~16%
H-high 4-8%
A?above nedium 2-4%
M-medium 1-2%
B-below medium 0.5=~1%

F-fair 0.25-0.5%

L-1low <0.25%
E<-extremely low <<0.25%
T-trace Trace

tlank-none NIL




TABLE B.7
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Checklist of Relative Alteration Minerals Abundances Versus

Alteration Faciss in Porphyry Deposits (taken frcm
Blanchet and Godwin 1972)

Alteration
Facies

Clays

cY

Kaolin

Montmar-
illonite
MM

Remarks

Fresh Rock
Propylitic
Montmorillonitic
Intermediate
Argillic
KF - Stable
Sericitic
{=Phyllic)

Advanced Argillic

Potassic
‘Chlori-Potassic’

Silicic
(Quartz Flooding)

NN -7
I T, PR S

\

1
and/or and/or

AN .

]

N/
~3

diagnon;c & abundant
commoriy present & moderate
infrequently present & minor

Also Adularia, .
Siderite
AB:=Albite
ZE=Zeolite(s)

TO=
tourmaline

FP=pyrophyilite

AH=
annycrite

NNS
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FIGURE B.2

Model of Alteration Facies in Porphyry Deposits after Lowell and

Guilbert (1970), {taken from Blanchet and Godwin, 1972).
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TABLE B.8

Sulfide and Oxide Minerals

(Columns 55-72)

Foplarlog
Abkreviation Mineral Comments
PY Pyrite
HHM hematite
Ccp chalcopyrite
BN bornite
CC chalcocite
MO molykdenite
uN1 magnetite added in the field
MN2 covellite, tetrahed§ite

only rarely used

MN3 galena, etc. Only rarely used




TABLE B.9

172

Checklist of Rélative sulfide and Jxide Mineral Abundances

Versus Mineralization Facies in Porphyry Deposits ({taken fron

Blancet and Godwin, 1372).
Wolframite Galena- Pyrrhotite|{ Native
Mineralization Pyrite Chalco- Molyb- Covellite Chalcocite { Hernatite |Sphalerite Copper
Zones pyrite denite Digenite Magretite GX Remarks
WF,CV,DG (Gold-Silver
PY CP MO CcC HX occurrence) PR cu
\ \\\ \/\> N \\ \
Shroud A / /// /) A\ s .7\1 2
\ f
,l / / \ | i
Peripheral Shell /4 /1 i 7/ / /! //I
\ ! 4 / 7/ /
, : AN ! / /7
. ~ s /
Low Pyrite Shell 4 4 [ v
! / S~
\ =~
Deep Ring / //\\ 7/ SIS
AN N N /"‘/
AN \ \ \\ -
N N
Pyrite Shell s }\\ N ! /7y
// \ AY ! !
VR VD VU P 2/
Ore Shell 77 / //) / /I' 7 yd
/ J/ / / / \\
. /
Low -Grade Core /1 S Ly /4 5 7 diagnostic & abundant =/ S/
| I/ // ! irequently present & substantial /LSS
: ' h /l usually present & moderate /S
Deep Core . // '// /; sometimes present & minor =/ /
L 7 in{requently present & trace to minor =/
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FIGURE B. 3

Model of Sulfide, Oxide Mineral Facies in Porphyry Deposits
after Lowell and Guilbert (1970) (taken from Blanchet and
Godwin, 1972). Compare with Table B.9, and Figure B.1..
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APPENDIX C

Computer Programs Used in the Study



(2 aNalal

A PROGRAM TO PLOT CHALCOPYRITE ON CROSS-SCCTION A=A
FURMATING 1S COMPATABLE WITH POPLARLOS
COYV L3 CHALCOPYRITE INTENSITY = CPYH IS ITS MODE OF OCCURENCE: BOTd ARE ON RANKED SCALES
ALL ELSE IS FOUND IN "U.B.C. PLOTY
INTEGER SYM,CPYI,CPYH
LOGICAL®L CO1,COMMLS)
LOGICAL#4 EICMP
CALL PLCTRU(*METRIC®,0.0) ’ .
CALL SYM3OL(13.30,.75,9.25,'CROSS-SECTIUNAL PLOT OF CHALLOPYRITE ALON3 LINE A=A *,0.0,51}
CALL SYM30L(9.5,0.25,0.254"ITrt SUPPERIMPOSED IONES OF HOLYBDENITE,K-FELDSPAR,3I0TITE,PHYLLIC AND ARGILLIC ALTERATION',0.0,90)
S READIS, 10, ENI=399)C0M4,CPYH,CPY I, EASTG,DEPTH
10 FORMAT(AL,57Xs211,22X,F8.3,2X,FB.3)
IF(ECMPI1,%3°,C0M)) GG TO 100
UP=1100.00~IEP TH
UP=(UP/528.0)#12.0%.6-1.+.394
ESTG={EASTS/528.01012.0%0.4¢2.12
IFICPYIEC.0)SYH=15
IFICPYI.EQ.L1)SY¥=16
IF(CPYI.EQ.2)5Y4=17
LFICPYI.EG.3ISY4=1B
TF(CPYILEQ.6)SYH219
IF(CPYI L EQ.5)SYN=20
IF{CPYI.EC.615Y4=22
IFICPYILEQ.TISYH=2)
[F{CPYI.EQ.BISYM=26
TF{CPYI.ED.5)SYM=27
CALL SYMBOLLESTG,U?,0.18,5Y4,0.0,~1) - i
GO 10 5 )
100 READIS,110,ED=699) (COUMIJ) 4 =145) ,EL,RGT
110 FOKMAT(SAL 344F5.2,F7.2)
®  EL=1100.,0-EL
EL=(EL/528.0)#12,0%0.4-1.0+2.39%
RGT=(RGT/523.01#12.060.442.12
CALL SYMBOLIRGTEL10.20,C044,3.0,5)
GO 10 S
999 CALL PLCTRLI®METRIC*, 1)
CALL AXCTRLI'XCRIG',0.0)
CALL AXCTRL{'YORIG'40.0] .
CALL AXPLOT{'EASTING ALONG X=SECTION A=A (METCRS);*40.0493.726,11200.0,13.2)
CALL AXPLOT('ELEVATIGN ABOVE SEA LEVAL (METCRS);®90404244144616235,13.2)
CALL PLOTND
sTap
END

SLT



C COMPUTER PROGRAY "SMLRKLI™ PLOTS THE GEOLOGY ALGKG CROSS-SECTION A-A
C FORMATING IS COPATIBLE WITH POPLARLOG
¢ INFORMAT[ON OF RUCK NAMES ARE GIVEN IN APPENDIX B
C ALL OTHCR INFOARMATION IS IN "u. 8. C. PLOT™
INTEGER SYM
LOGICAL®L CO4M{S)+COM(LI,RKL(2)
LOGICAL*4 EQCMP ,RK2
CALL PLCTRL{'METRIC',0)

CALL SYY30L(13.3,9.540.25,"CROSS-SECTIONAL PLOT OF GEOLOSY ALONG LINE A - A ?,0. 0.48)

5 READ(S,10,END=999)COMRK14RK2,EASTG,DEPTH

10 FURMAT (AL, 7Xs2AL4A% 69X ;F8.3,2X,F8.3)
IFIEQCUP (1,737 ,COMI1))1GO 1O 109
UP=1100.0-DEPTH
UP=(UP/523.0)%12.0#0.4~1.0+0.394
ESTG=IEASTG/528.0)#12.040.442.12
SY¥=30
JFLEGCYP (4, " PPBFY 4RKZ)ISYM=D
TFLEQCMP(4, *PPXX*,RK2) ) SYN= 1]
IFLEQCUPL G4, "PPFQY,RK2]ISYM=1
LF{TICMPL4, "PPFLY JRK2)ISYH=2
IFLEICMP L4, X INT 4 RK2)ISYM=1T
IFLEICMPL 4,y PHORN® JRK2) ) SYM=43
IF{EQCHD (4, SFLLS® (RKZ)ISYN=3T
IF(ECHP 14,  TRAC? ,RK2) )5YM=5
CALL SYM3OLIESTG,UP,C.OT4SVY4,0.0,-
IF(SYM.NEL3NIGO TO S

CWRITE(6,101CO4,RKL,RK2,EASTG,DEPTH

GO 10 5 ’

100 READ(S,110,END=999) (COMMIIId2145) sEL,RGT

110 FORMATISAL, 9%, F5.2,F7.2)
£L=1100.0-EL ‘)
EL=(EL/528.0)%12.0%0.4-1.0+.394
RGT=(RGT/528,01612.0%0.6¢2.12
CALL SYMBOL(R3T,EL+0.20,C0MM,0.045)
60 10 5

999 CALL PLCTRL{'METRIC*1)
CALL AXCTRL(*XORIGY,0.0)
CALL AXCTRLE'YGRIGY,0.0)

CALL AXPLOT('EASTING ALONG X-SECTIUN A-A (METRES):*y0.0493.726,11200.0,13.2)
CALL AXPLOT('ELEVATION ABOVE SEA LEVEL (METKES)i®190.0,24.14+616.35,13.2)

CALL PLOTKND
sroe
END



C A PROGRAM TO CHANGE FORTRN CHARACTERS TO FORTRAN REAL NJMBERS
C THIS REQUIRES USE OF CCMMAND *EQUAC?
C FORMATTING IS COMPARARLE TO POPLARLOS

LOSICAL ECQUC
LOGICAL*l CO4(L)
DIMENSION ALTI(SO)+XMINIISO)}LTI(S0)XINI(50)
10 READ(S5,20+END=999)COM, (LTTI(TI) 121,10} (MINILI),J=1,9)
20 FORMAT(IAL 29X 60100, 1X),1X40 B2 X)o3X,90111,1X)2
IF (EQUCI*T',COM)) GO TO 19
IF (EQUC{'B*,COM)) GG TO 10

DO 100 [=1.,10

TFELTECI)CEQ.ONALTIILT
TF(LTIIE)AEJ.1)ALTL
TF(LTTIUL CEQ.2)ALTI(I
TFILTIIT)JEQ.3)ALTILI
TFLLTIUL) GEQua ) ALTIHI
TF(LTILT)EQ.SIALTI(IT
TFILTICIYLEQ.6)ALTIN
TFILTICI) QEQ.TIALTILL)=65.5
IF(LTHEI)LEQ.BIALTI(I)=55.5
TFILTI(I) GEQeALTI(L)=65.5

100 CONTINUE ‘

O

L O I I | TR T}

DO 200 J=1.9
IF(MINI(J).EI.OIXMINICIN=0.0
TF(MENT() LEQ. LIXMINT L) =0.01
TFIMINIES ) GEQ.2)XMINTLI)=013
CIFUMINI (D) GE Q3D XMINE (=037

TF{MINIIIEQ Q) XMINTLEJ)=.T5
FFEMINTIC(IDEQ.SIAMINTI N =1.5
IFIMINI(D) «E.6)XMINITLS)=3,0
IF(MINI(J)eEILTIXMINI(U)=6.0
IF(MINI(J)LEQBIXMINTILIEI=12.0
TFIMINICJ) QEQ9IXMINI(J}=24.0

200 CONTINUE

[+
WRITEFL69300) (ALTIC(E) o021 99) s (XMINI(S) 9=l T)

300 FORMATI(9FS5.241Xs7F5.2}
GO 10 10

999 sT10°P
END

LLT
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APPENDIX D

Thin Section Descriptions



Rock Unit: Skeena Group (Unit 1); crystal tuff. 179
Thin Section No. 30; Sample No. PT-116
Location: 5,440N; 11,617E

Mineral v Mode
quartz crystals 5%
chlorite (clots) 10%
clay (clots) 20%
groundmass - 65%

Description: Broken 0.1-1.0 mm quartz crystals, locally sphera-
litic, in altered groundmass of clay, chlorite, and limonite.
Pseudomorphs of chlorite after mafics (?) are 0.1-1.5 mm in dia-
meter. Clay patches, pseudomorphic after plagioclase, are 0.5-
1.5 mm in diameter.

Rock Unit: hornblende quartz monzodiorite (Unit 3a)
Thin Section No. 29; Sample No. PT-115
Location: 5;370W;!11,640E

Mineral Mode
plagioclase phenocrysts 25%
hornblende phenocrysts 10%
quartz phenocrysts 2%
epidote 102
magnetite 2%
groundmass 51%

Description: Propylitic alteration; hornblende phenocrysts are
1-3 mm in length, and are still fresh. Plagioclase phenocrysts
(An.,,) range from 1-3 mm, and are altered to carbonate, albite,
and epidote. Groundmass plagioclase (45%) is less than 0.1 mm in
diameter. Magnetite ranges from 0.1-1 mm in width.



Rock Unit: biotite quartz monzonite (Unit 3b) 180
Thin Section No. 1; Sample No. PT-1
Location: 6,087N; 11,567E

Mineral Mode
plagioclase phenocrysts SQ%
gquartz phenocrysts lg%
biotite phenocrysts 5%
groundmass
plagioclase 15%
K-feldspar 10%
quartz 5%

Description: Crowded glomerophyritic plagioclase phenocrysts .
range from 0.5-4 mm in width,and are locally zoned. Some plagio-
clase replaced by sericite and carbonate. No An determined. An-
hedral quartz phenocrysts range from 0.5-2 mm in diameter. Bio-
tite phenocrysts are mostly fresh; some are altered to chlorite.
Minor biotite .in groundmass is interstitial to quartz and plag-
ioclase. Groundmass is equigranular 0.05-0.1 mm anhedral cryst-
als of quartz, biotite, K-feldspar, and plagioclase.

Rock Unit: intrusive breccia (Unit 3b)
Thin Section No. 80
Location: D. D. H. 24- 567 ft.

Mineral ' Mode
Matrix
giotité _ | 30%
magnetite (?) 3%
plagioclase 40%
K-feldspar 17%
quartz -10%

Clasts: porphyritic gquartz monzonite

Description: Euhedral to anhedral 0.01-0.5 mm brown biotite in-
tergrown in mats. Plagioclase phenocrysts are zoned and glomero-
porphyritic. Most are cloudy and are altered to albite and K-
feldspar (?). Groundmass plagioclase is 0.025 mm in length, and
is cloudy. Anhedral K-feldspar and quartz, 0.01-0.05 mm across
in groundmass. Euhedral cubic magnetite (?) is interspersed in
the groundmass with biotite.



Rock Unit: porphyritic dacite (Unit 4a)
Thin Section No. 76 181
Location: D. D. H. 36- 375 ft.

Mineral Mode
plagioclase phenocrysts 10%
hornblende phenocrysts 2%
biotite phenocrysts 3%
quartz phenocrysts 10%
groundmass ' 75%

Description: Porphyritic texture; normal zoning in 1-4 mm glome-
roporphyritic plagioclase, locally resorbed (rounded with react-
ion rim), and albitized. Extremely high carbonate alteration of
plagioclase phenocrysts, :and in groundmass. Hornblende pheno-
crysts altered to chlorite and clay magnetite sericite. 1-3 mm
biotite phenocrysts are fresh. Groundmass is too fine grained to
identify.

Rock Unit: porphyritic ryolite (Unit 5)
Thin Section No. 56
Location: D. D. H. 29- 154 ft.

Mineral Mode
plagioclase phenocrysts 15%
biotite phenocrysts 5%
quartz phenocrysts 5%
groundmass 75%

Description: Clots of clay and carbonate, 0.5-2 mm across, re-.
place plagioclase phenocrysts. Pseudomorphs after biotite are
chlorite: replacements along cleavage is evident. Quartz pheno-
crysts are rounded and 1-5 mm in diameter. Quartz is locally po-
lycrystalline. Groundmass consists of very fine grained anhedral
gquartz, orthoclase, and plagioclase (?).



Rock Unit: andesite (Unit 6) 182
Thin Section: No. 72 . Y
Location: D. D. H. 34- 435 f¢t.

Mineral Mode

|_.l
oo

gquartz phenocrysts

ul
Q@

chlorite after hornblende

o

plagioclase phenocrysts 1

groundmass 93

oo

Description: Quartz and plagioclase phenocrysts are 0.5-1 mm
across. Plagioclase is altered to carbonate and clay. Clots of
chlorite and carbonate replace hornblende. Groundmass consists
of 0.1-0.2 mm plagioclase with minor quartz and magnetite. Pla-
gioclase is altered to carbonate and clay or sericite.

Rock Unit: Ootsa Lake Group (Unit 7)
Thin Section No. 7; Sample No. PT-51
I.ocation: 5,900N; 10,800E

Mineral ‘ Mode
plagioclase phenocrysts 20%
hornblende phenocrysts 3%
groundmass
plagioclase 50%
K-feldspar 5%
quartz 20%
apatite 1%
opaques 1%

Description: Zoned 1 mm plagioclase phenocrysts (An,,) are
slightly altered to carbonate. Some plagioclase phendcrysts are
albitized and some are stained from hematite inclusions. 1-2 mm
hornblende is altered to chlorite and carbonate. Groundmass is
fresh, opaques include limonite, hematite, and magnetite. Small
carbonate vein cuts thin section.



