ALKALIC VOLCANISM AND COPPER DEPOSITS OF
THE HOSREFLY AREA, CENTRAL BRITISH COLUMBTA

by
Ronald Lee Morton, B.Sc., M.Sc.

Ph.D. Thesis
Carleton University
Ottawa, Ontario

May, 1976

934/¢,7 8




1
ALKALIC VOLCANISM AND COPPER DEPOSIT$ OF THE

1
HORSEFLY AREA, CENTRAL BRITISH COLUMBIA

by

Ronald Lee Morton, B.Sc., M.Sc.

A thesis submitted to.the Faculty of
Graduate Studies in partial fulfilment
of the requirements for the degree of

Doctor of Philosophy

Carleton University
Ottawva, Ontario.

May, 1976




-
Al
EY

G ndiea

&

T e
. 3
' 7
t 1

Eﬁa,.u»_‘, P SN EE T S ORIV R SR SIS COPE S SR — L oA ¥

)

""" O
vwland Mountain, a syenodiorite intrusive breccia that
¢presents the remnant of a Mesozoic volcanic neck.

late T: View eastward down Horsefly Take looking towards
Vi
r




The undersigned hereby recommend to the Faculty of
Graduate Studies acceptance of this thesis, submitted by Ronald
Lee Morton, B.Sc., M.Sc., in partial fulfilment of the

requirements for the degree of Doctor of Philosophy.

i1




Abstract

///7 In the Horsefly area lower Jurasgic alkalic rocks form a
central volcanic belt that varies from 8«38 km in width, composed
.oéxggcomplex‘égggéssion of flow and pyroclastic rocks, intrusive

eand flow breccias, leharic deposits, stocks, dykes, sills, and

coarse=-grained volcaniclastic rocks. Volcanic and intrusive rocks

{
i

are subdivided into three lithologically a?d mineralogically distinct
successions, each believed to represent pa%t of & continuous cyéle
of volcanism,
The oldest cycle ranges in coﬁposition from ankaramite
and alkali-olivine basalt to trachytg vith accompanying intrusions
of olivine gabbro to syenite. Rdcks of the second cycle contain
5 to 25% modal nepheline. They vary from basalt to traéhybasalt
with fhaneritic intrusions of tephrite, syenodiorite, and monzonite.
Anslcite~bearing flow, pyroclestic, and intrusive rocks form the
youngest cycle. Analcite is considered to be of magmatic origin on
the basis of field, textural, and petrographic relaﬁipnshi@s.
Spatially and genetically-related volééhic, intrusive,
end pyroclastic rocks are grouped into five volcanic complexes,
intruded through and built upon thick successions of alkali-olivine
and alkali Sasalt. The complexes vary in size, depth of erosion,
end type of associated rock units; they are separated by block faults
or thick successions of flow and volcaniclastic rocks.
Volcanic and intrusive rocks of each cycle are strongly
undersaturated‘with respect to silica, contain normative nepheline

and olivine, and belong to the mildly potassic suite of alkalic
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r;cks. ‘Major and trace element abundances and trends are similar
tb_those of volcanic rocks from islands situated close to the
Mid-Atlantic Ridge: Tristan da Cunha, Gough, and St. Helena.

The relatively smooth curves of major and trace element
vériatidn, presence of cumulative rocks, zoning of mineral phases,
and the abundance of mafic rocks compared to intermediate and salic
types indicate that the descents, olivine basalt-trachyte and
nepheline basalt-monzonite, have resulted from fractional crystal-
lization of alkali-olivine basalt and nephelihe basalt parent magmas.
The origin of the analeitic rocks remains speculative.

Genetically associated with rocks of Cycle I are porphyry
and pyrometasomatic copper=-gold prespects. Prospects are zoned with
respect to sulphide and alteration assemblages which reflect the
basic and undersaturated solutions. from which they were derived.

The alkalic rocks and associaied copper deposits are
believed to have formed as a result of ﬁplift and rifting of the
Permo-Triassic Cache Creek Group. Rifting was initiated by struc-
tural readjustment of the oceanic Cache Creek rocks as a result of
collision or overriding by the leading edge of the North American

continent.
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I: Introduction

General Statement

This thesis presents the results of a detailed study of
Lower to Middle (?) Jurassic volcanic and synvolcanic intrusive
rocks of the Horsefly area, British Columbia. Stratigraphic
relationéhip#, petrology, chemistry, origin of the volcanic rocks,
and volcanic mineral deposits formed are discussed. The study
serves to define and outline a new alkalic rock province.

Spatially associsted with the alkalic intrusive and volcanic
rocks are numerous copper occurrences and related alteration assem-
blages. This association-appearé to be unusual because ebundant
copper has rarely been reported in essociation with such rocks.
Selected sulphide deposits were studied to establish their relation-
ship, not only spatially but temporélly, to specific events in the

formation of the volcanic succession.

Location and Access

The Horsefly area is situsted near the eastern margin of
the Interior Plateau Region of British Columbia, between longitude
121° 10' and 121° 35' W and latitude 52° 16' and 52° 29' N.
Geological mapping covered 480 square km near Horsefly, a small
village located 48 km east of Williems Lake and 368 km northeast
of Vancouver, British Columbia (Figure 1). .

Access is via highway 97 to 150 Mile House, then by &n

all-weather gravel road northeast to Horsefly, & distance of 61 km.
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A good system of secondary loéging roads and game trails provides
gccess/éb all parts of the area from Horsefly.:
/// ] Topography is varied, consisting of brosd areas of
‘réigtively lévgi/upland (213% m in elevation) broken by isolated
or clustered hills rising 152 to 762 m above this surface (Plate I).
Horsefly Lake bisects the central portion %f the area and the broed,
deep valleys of the Horséfly'River and Beafer Creek bound the region
. [ .
to the south and west, respectively (Figur% 3).
Immediately north and east of the area, terrain changes

abruptly to steep and mountainous in the Cariboo Range, with

summit elevations increassing to over 2134 m.

Previous Work

Available literature on the thesis area is sparse, The
geology was first examined by Amos Bowman in 1885-86, and he
published a map in 1887. Iﬂ 1938 Douglas Lay exeamined and mepped
the placer gold deposits of the Horsefly River,

Caﬁzpbell (1961, 1963) mapped the Quesnel Lake area, which
includes the northern and eastern portions of the thesis area, on
& scale of U miles to the inch. He subdivided volcanic units on
the bases of color -and dominant phenocryst tyfe but did not mention
aﬁalcite or nephéline bearing rocks, nor the alkalic nature of the
volcanic sequences. However, by.collecting numerous fossils from
interlayered sedimentary rocks, he did place age restrictions on

- most of the volcanic and pyroclastic members. His fossil

localities are listed on G.S.C. map 3-1961.




Coates (1960) described four outerops of analcite-bearing
volcanic rocks northeast of Beaver Creek but mentioned neither the
widespread occurrence of these rocks nor the alkalic nature of the
‘volcanic succession.

| Schink (1974) carried out a petrographic study of the
Shiko Lake stock which‘indicated its alkalic nature and the associ-
ation of minor quantities of nepheline within the syenite phase.
He also dated biotites from both the stock and associated skérn zone.

Since 1970 various mining companies have been actively
exploring the area but no detailed geological or chemicel studies

have been published.

Methods of Study

Field Methods .

The present study is based on eight months field work in
" 1973 and 197k during which time the writer mapped 480 square km
around Horsefly Leke. Mapping was done’on one~-half and one-quarter
mile'to the inch aeriel photographs, then transferred to a half-mile
to the inch topographic base map. Areas selected for detailed study
vere mapped at & scale of U8 m to the cm along cut ané flagged
east~west lines. These data were compiled on the base map.
laboratory Methods

bpproximately 225 thin sections of selected rock specimens
were studied by standard petrographic methods. Universsl stage

techniques were used for optic sngle measurements and the deter-

mination of plagioclase compositions.




Modal analyses were.performed'by means of & point-count
miqroscope stagg and tabulator; 500 to l,Ooa'points were counted
per slide. Sodium cobaltinitrate stain for the identification of
potasstum feldspar (Chayes; 1952) was usedlin the study of forty
thin sections and sixty rock slab specimens. ‘Feldspathoid minerals
vere identified by x-ray diffraction.

- Fifty-one rock samples were chemically analyzed for
eleven major and ten trace elements plus water and carbon dioxide.
Samples were selected on the bases of freshness and areal coverage
consistent with exposure and lithology. Rocks were analyzed for

the writer at the Science Laboratories, Durham University, Englend

and Vancouver Geochemical Laboratory, Vancouver, B.C.




II: General Geology

Quesnel Trough

The thesis area lies within the Quesnel Trough (Figure
2 in pocket), a linear belf of prer Triassic to Middle Jurassic
volcanic and volcaniclastic rocks. The Quesnel Trough extends
from the 49th Parallel as far north as latitude ST°N, varying from
48-100 xm in width, with a total known length of 1,120 km.

Roddick et al (1967) applied the name Quesnel Trough to
an area of volcanic rocks that lies'betveen Proterozoic and
Paleozoic strata of the Omineca Geanticline to the east and Upper
Paleozoic rocks of the Pinchi Geanticline to the west (Figure 2).

The Quesnel Tfough is not a simple depositional feature
but is & fault-bounded structure aiong most of its length
(Campbell et al, 1970). Major defined faults éf the Pinchi and
Fraser Systems bound it to the west, whereas those of the Cariboo
and Okanagan Systems terminate it to tﬁe east (Figure 2).

The oldest rocks within the Quesnel Trough are Upper
Triassic phyllites, slates, and their higher grade metamorphic
equivalents. These rocks rest unconformably on strata of the
Omineca Geanticlineb(Campbell;gg'gi, 1970). Mafic volcanic flow
and pyroclastic rocks, with coeval epiclastic rocks were deposited
within the Trough until the end of the Triassic. Théy are(weakly
altered or metamorphosed and either unconformsbly overlie or are

in fault contact with the older slates snd phyllites (Hegge, 19Th).




Local uplift and the emplacement of granitic batholiths
markeq/the end of the Triassic Period within the Quesnel Trough.
The plutoné occupy & broad, northwesterly trending zone slightly

/Kbbliﬁue to the-géneral trend of the Trough (Figure 2). These
intrusions, dated at approximately 200m.y. (Chrismas, 1969;
Northcote, 1969; Wanless et al, 1968), vary from quartz monzonite
to hornblende quartz diorite or granodiori;e; the Guichon, Thuya,
and Tekomkane Batholiths are examples. ;

A second period of volcanic acti&ity is represented by
Lover to Middle (?) Jﬁrassic mafic and salic volcanic flow and
pyroclastic rocks, synvolcanic stocks, dykes, and sills, and
related volcaniciastic rocks. fThé time between Late Triassic and
Early Jurassic volcanism appesars to'have been short, marked only
by local uplift and erosion. On a regional scale volcanism
eppears to have been continuous (Hegge, 197Th4).

Upper Triassic volcanic and volcaniclastic rocks, with
200m.y. 0ld intrusions, ere dominant in the southern portion of
Athe Trough, whereas Lower to Middle (?) Jurassic volcanic rocks
and small intrusions are more prominent in the central and northern
portions. However both can and do occur together (Procyshyn,

| personal communication, 1975). Generally, Jurassic volcanic
flov and pyroclastic rocks are well-preserved and much less sltered
than similar Upper‘Triassic rorks.

A major intrusive event occurred dvring FEorly to Mid-
Cretaceous time (80-1L0Om.y.) in which calc-alkalic batholiths and
stocks were emplaced along the outer margins of the volcanic rocks

(Figure 2). These igneous rocks are typically biotite granites,




granodiorites, and diorites, distinct from the 200m.y. old group by
béipg less mafic, more potassic, and porphyritic (Hegge, 197k).
The Raft and Okanagap Batholiths are examples.

'fTertiary deposits cover a large portion of the Quesnel
Tfough‘(Figure 2) and canrbe divided into two units; Eocene
sedimentary and volcanic rocks, which vary in composition from
‘rhyolite to basalt, and Miocene to Pliocene plateau basalts. The
earlier unit is faulted or gently tilted whereas the later plateau-

type flows are usually flat-laying.

Horsefly Area

Introduction

Lower Mesozoic rocks underlie 480 square km of the thesis
area., These are the oldest exposea rocks, forming a centrel belt
. of volcanic flow, pyroclastic and coarse volcaniclastic rocks that
extend from Horsefly Mountain westwerd through Lemon Leke then
northwest to Shiko Lake (Figure 3). To the east and northvest,
flanking the central volcanic belt, are fine-grained volcaniclastic
rbcks intercalated with arenites and argillites. To the west, out-
side of the thesis area, volcanic rocks are either covered by
Tertiary iavas or faulted against‘rocks of the Cache Creek Group in
the Pinchi Geanticline.

Hornblende diorite end granodiorite porphyry dykés cut
the Mesozoic vqlcanic rocks. They are common throughout the Horsefly

area, and are tentatively classified as Cretsceous in age.
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Tertiary flow and sedimentary:rocks form prominent
gxpgsu;eé south of the Horsefly River and north-of Jacques Lake
l!Figure 3); they also occur as erosional remnants on hilltops and
.as/ggeeply dippi;g wedges along valley sides. These rocks rest
unconformably on the Mesozoic rocks and contain fragments of older
rock types. ‘

" Rocks of the Cambrian Cariboo Gr;up in the Omineca

i
Geanticline, form a prominent mountain range north and east of the

i
thesis area; Permian to Pennsylvanian Cache Creek rocks crop out
east and vwest of the area.

Much-of the map-area is overlain by Pleistocene and
Receni deposits théh'include glacial tills and lacustrine or
fluviatile material. Up to 150 meters of glaciel lake silts and

glacial-fluvial deposits ere found in the valleys of Beaver Creek

and Horsefly River.
Lithology

Cariboo Group (Cambrien and Later)

Rocks of the Cariboo Group are complexly folded and
metemorphosed and are in fault contact with Mesozoic rocks north
of Quesnel Lake and with folded Cache Creek rocks east of Horsefly
Mountain (Figure 3). These rocks have been described in detail by

Hollend (1954) and Sutherland ‘Lrown (1957).




11

[

Cache Creek Group (Permian and Earlier)

‘Rocks assigned to the Cache Creek Group are situated
west of the Horsefly area (Campbell, 1961, 63). These rocks are
steeply dipping and consist of assemblages:of calcareous argillite,
slate, pﬁyllite, limestone, greywacke, chert, and mafic volcanics.

The volcanic rocks are mainly massive greenstones,
"originaily andesitic and basaltic lavas, pyroclastics and volcenic
arenite" (Douglas et al, p. 416, 1970). Gabbro, pyroxenite, end
serpentinite bodies-are found-in the volcanics along well-defined
structural breaks.

Fossils occur most commonly in the limestones; fusulinids
are the most common types and are‘diagnostic of the Late Pennsylvan-
ian and most.stages of the Permian {Danner, 196k%).

| Monger (1974) has interpteted that the complex Cache Creek
) CGroup consists of metamorphosed and~folded island arc and ocean
floor successions.

Geological mapping by the writer, east of the thesis aresa,
‘has outiined a narrow belt of calcareous argillite, phyllite; chert
and mafic volcanic rocks with minor limestone that extends south
from Quesnel Lake (Figure 3). Exposures of ultramafic rocks were
not observed although a few boulders of serpentinite were found.

These rocks ‘are variably metamorphosed and folded, in places
being intensely sheared and faulted. They sre unconformebly over-
lain by Lower Mesozoic volcanic siltstone and lithic wacke east of
Horsefly Mountain, and are faulted against rocks of the Cariboo

Group 13 km further east.
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Lithology, observed contact‘relationships, folding and
- grade of metamorphism of these strata lead to their tentative

classification as Cache Creek Group.

Takomkene Batholith (Granodiorite and Granite)

A large batholith composed of granodiorite, quartz diorite,
and granite outcrops eight kilometers soutﬁ of the thesis area
- (Figure 3). The grenitic rocks are largely covered by Tertiary flow
‘and sedimentary rocks, and Pleistocene deposits. Their exact age
end relstionship to the Mesozoic voleanics have not been definitely
established although south of the Horsefly area, near Lake LaHache,
the batholith appears to be intruded by a zoned stock composed of
syenodiorite and ménzonite. This relationship couplea with
similarity in compositibn'and texture to rocks of the Guichon
Batholith, dated at 200m.y., tentatively places its age as Late

Triassic, slightly older than the Horsefly Group.

Lower and Middle Jurassic Rocks (Horsefly Group)

Mesdzoic alkalic rocks form a central volcanic belt, which
varies from 8 to 37 km in width (Figures 3 and 5) composed of a
complex association of flow and pyroclastic rocks, intrusive and
flow breccias, lsharic deposits, stocks, dykes, sills, and coarse
volcaniclastics. ‘

Spatially and genetically-related volcanic and intrusive
.rocks have been grouped into velcanic complexes, intruded into and
built upon thick successions of alkali basalt. On the basis of

facies mapping, lithology, and chemical composition five separeate
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centres have been outlined (Figure 3). These vary in size, depth
of erosion, and types cf associated rocks (Table I).

Flanking this central belt, to the east and nbrtheast,
‘are bedded volceniclastic rocké vith intercalations of arenite and
sandy shale. Similar sedimentary rocks are found to the west where
tﬁey are faulted against, or overlie Cache Creek Rocks.

Volcanic and intrusive rocks have been divided into three
lithologically and mineralogically distinct groups, each believed
to represent part of a continuous cycle of volcanism.

The oldest cycle ranges in composition from ankaramite
to trachyte with accompanying intrusions that vary from olivine
gabbro to syenité, end underlies an érea'that extends northwest
from Horsefly Mountain through Lemon and Kwun‘Lakes to Shiko Lake.
Age déterminations (Schink, 1974), plus fossil assemblages (Camp~
bell, 1961, 63) found in fine grained volcaniclastic rocks derived
from this cycle, or shale-limestone interbeds, place its age as
Early Jurassic.

ﬁocks of the middle cycle contain from 5 to 25% modal
nepheline. They vary from tephrites to traéhybasalts with |
vhaneritic intrusions of syenodiorite and mopzonite. Nepheline-
bearing rocks are most abundant in the Lowry-Kwun Lake region with
small intrusive bo§ies or fragmental deposits found at Shiko, Lemon,
and Antoine Lakes. : .

Analcite-bearing flows, pyroclastics, and intrusive rocks
form the youngeét cycle, occurring at Antoine and Lowry Lakes, and

immedistely south of Shiko Lake. Fossil assemblages in nepheline-
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Table I: Description of Igneous Complexes

1
Name of Complex Maximum mappeble % rocks of each volcanic cycle
size (km)
Cycle I Cycle II Cycle III
Lemon Lake 11 x9 95 5 -
Horsefly Mountain 3 x 113 100 - -
Antoine Lake 9ix 6 15 10.. 75
Kwun~-Hooker lakes - 10 x 10 ' 35 25 Lo
Shiko Leke 6 x 6 50 15 35

1 implies lateral extent of known outcrop




15

and anaicite-bearing wackes end interlsyered limestone, south and
east of Antoine Lake, place their age as Early or Middle (?)
Jurassic.
Previous ‘workers in the Horsefly.area'and areas to the
" morth ha%e applied the name Quesnel River Group (Coates, 1960, and
Campbell, 1961, 63) to the Mesozoic volcanic and volceniclastic
roéks. 'Attempts to map and'sqbdivide them have been based on color,
" nature of phenocrysts, and stratigraphic correlation-over large
areas. The alkalic and feldspathoidal nature-of the group, and
dominance of smell, well-defined volcanic'complexes have not been
recognized in previous studies. The central nature of the group
permits stratigraphic correlation.within'complexes only;
lithology and chemical composition allow for correlation among
compleﬁes. Exceptions to this genéralization are alkali basalts
_ that are of regional extent &nd not related to defined igneoﬁs centres.
The definition of part of this group as & new alkalic
rock. province, its correlative bases, as well as the geogréphical
implications of the name Quesnel River Group, have led the writer
to rename the volcanic rocks found in the Horsefly area. Through-
out this thesis, the three-volcanic cycles will collectively be

called the Horsefly Group.

Hornblende Diorite-Granodiorite Dykes (Cretaceous (%) Dykes)

Hornblende~bearing diorite, quartz diorite, and grano-

diorite dykes are ubiquitous in the ares, and are minerzlogically

similar to small granodiorite and quartz diorite stocks, of
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Cretaceous age, that occur to the south and east: These rocks cut
ell known Mesozoic rock types-and are found as xenoliths or clasts
in Tertiary flow and sedimentary rocks, respectively.

Dykes have widths from 0.3 to 3 ﬁ and strike east-west
‘or northﬁest with dips of 40~85°N or NE. Strike directions are
similar to those of dominant regional structures. The dykes con~
tain voldanic rock fragments and show chilled, aphanitic margins.
They have bleached or recrystallized their well~rocks.

Phenocrysts of sacicular, black hornblende and grey,
tabular plagioclase are conspicuous in a fine grained to aphanitic
grey or greyish~brown groundmass. Pyrite is always present as an
sccessory mineral and can compose-up to 3% of the rock.

A hornblende-quertz diorite dyke that outcrops 1,500 m
northeast of Lemon Lake (Figure L,°in pocket), was chemically
.analyzed (Sample RM=-8, Appendix C). This was the only analyzed rock
from the map-area showing normative quartz and tholeiitic or
calc-alkaline characteristics.,

These dyke rocks are chemically and mineralogically.A
distinct from, and younger than the Mesozoic volcanic rocks., For
these reasons and because of their similarity to known Cretaceous

rocks they are classified as Cretaceous.

Tertiery Rocks

Tertiury volcanic rocks consist primarily of flat-laying,
vesiculer plateau besalts and basaltic tuffs. These rocks form
prominent bluffs south of the Horsefly River &nd occur as

erosional remnants throughout the area.
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Sedimentary rocks classified as Tertiary (Campbell,
1961,_63) vary from conglomerate to lithic wacke and sandstone
vith shale lenses. Conglomerate and lithic wacke contain clasts
of Mesozoic volcanic, pyroclaééic, and intrusive rocks as well as
gﬁeiss, quartzite, and gernet schist.derived from the Cariboo Group.

Sedimentary rocks unconformebly underlie or are inter-
bedded with flow rocks and, to & lesser extent, form small, isolated
outcrops in low lying regions. Where ipterbedded'with'basalt
they range in thickness from 5 cm to 9 m; frequently they are
included as fragments at the base of basalt flows.

Olivine diabase or basalt dykes intrude Mesozoic volcanic
rocks and cut a Tertiary conglomerate north of Jacques Lake. The
dykes have widths of 0.3 to 2.5 m, show random orientation and
are dark grey, aphanitic or fine grained and equigranular,

Basaltic flow rocks are dark grey to black, weather tan
or buff, carry small phenocrysts of olivine and pyroxene, and are
vesicular. Vesicles are elongate or irregular in shape, iCCally
exhibit subparallel alignment, and compose 5 to 25% of the rock.

It is believed that there have been two periods of Tertiary
volcanism separated by a period of sedimentation (Lay, 1938). Older
‘volcanic flows gnd part of the sedimentary succession, not exposed
in the Horsefly area, were gently folded before the extrusion of
vesicular basalté ;nd related tuffs. Fossils found in folded
sedimentary rocks place the older succession in the Eocene. The

flat-lying basalts ere usually assigned to the Miocene (lLay, 1938).
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General Structure

/// The main structural features of the Horsefly area are

‘steeply-dipping northwest, northeast, and east-west faults which

vere active froﬁ/burassic to late Miocene time. The faults vary in
- extent from regional {20~60 km) to more local types that can be
traced for only a few kilomgters*( 1 to 5 km). Regional faults
bound or'terminatevvolcanic complexes,-wheéeas local types are
- . restricted to one complex -and ere typicall; curvilinear or radial
in plan view. |

The following criteria were used to define snd outline the
faults shown on Figure Uh:

1) stratigraphic-displacement

2) physiographic lineamenﬁs observed -on aerial photographs

(alignmeqt of lakes and swamps, straight, narrow
valleys, etc.)

3) ground and aerial magnetometer surveys

k) broken and sheared outcrop

5) slickensides on joint.surfaces

6) rapid change in dip of bedding

T) fault gouge

Paucity of outcrop within fault zones and leck of
stratigraphic marker horizons.make statements on amount of displace-
nent speculative. However, lé.-ge amounts of displacement between
adjacent complexes, and steep dips recorded for volcaniclastic units

adjacent to fault zones indicate that the regional faults are block

feults with vertical or near-vertical dip.



19

For example, the Horsefly Lake Fault (Figure 4) separates
younger, feldspathoidal rocks of Cycles II and III from Cycle X
rocks exposed in the Lemon Lake complex. Displacements along the
fault must be large, with the Lemon Lake block moving up relative
to the Kwun-Hooker block.. South of Lemon Lszke the Gibbons Creek
Fault brings Tertiary sedimentary and volcanic rocks into contact
wvith Mesozoic rocks-of the\first volcanic cycle. Here the fault
plane is verticel and the Lemon Lake block moved up relative to the
Tertiary rocks.

A similar pattern is observed if we coumpare the Shiko Leke
block with the Kwun~Hooker Lakes block. Again Cycle I rocks are in
fault contact with those of Cycles II and III. Figure 5 is a
diagramatic representation of interpreted movement along regional
faults across a northwesl-southeast cross-section from ILemon to

Shiko Lakes,
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III: Stratigraphy and Petrology of the Horsefly Group

Introduction

A survey of literature on alkalic rocks gives the
impression that the term ‘alkalic rock' has been used differently
by individual petrographers, sometimes in such a vague way that it
is hard to know what is meant by the term. In'theﬁﬁfesent thesis
an alkalic rock is defined on these bases: i

1) lack of modal quartz,

2) presence of nepheline and olivine in the normative

mineralogy,

3) presence of model, calcium rich and/or sodic

pyroxene, -

4) eppropriate chemical veriation as shown by variation

plots and tetrahedral diagrams,

5) presence of modal nephelipe and analcite.

The first four criteria apply to Cycle I rocks; all five are met
in rocks of Cycles 11 and III.

Individusl rock names are based on moﬁal compositions and
texture., The writer has used no new or locally derived.names,
preferring instead simple modifiers such as analcite monzonite or
nepheline syenodiorite. This approach hus the benefit of conveying
the general composition of such rocks in comnmon geologié@l

“terminology with the prefix "analcite" or "nepﬁeline" indicating the

presence of these as primery modal minerals.
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Tables II and IIT list essential volcanic and intrusive
rock tyﬁés and diagnostic petrographic criteria. Chemical analyses

and normative mineralogy of representative rock types support this

. >

classification scheme (Appendix C).
Modal compositicns of representative rocks composing the

Horsefly Group are given in Appendix A, with sample localities

i
i

shown in Figure 4. Average modal compositions are listed in
4

Tables IV and VII to X. |
!

Petrolomy end Stretigravhy

Alkali-Olivine Basalt (Unit 7, Figure L)

Alkali-olivine basalt is ﬁhe oldest member of the Horsefly
Group, widely distributed in the form of pillow lavas, massive and
&mygdéloidal flows, and autoclastic bdbreccias. Outcerops north of
Patenaude Lake indicate & maximum totel exposed thickness of
1,350 m vith individual flows varying from 1 to 30 m thick. The
lower boundary of the unit is not exposed; the upper boundary is
marked by a change from porphyriti; olivine~rich flows to floﬁs that
contain clinopyroxene and plagioclase phenocrysts, with olivine
restricted to the groundmass (alkali~basalt).

Autoclastic breccias are increasingly abundant towards the
top and consist qf angular to round blocks or smaller fragments of
olivine basalt cemented by 8 mutrix of similar material. Thin
interbeds of siltstone, mudstone, and calcareous arenite are found

throughout.,
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Table II: Modal Classification for Volcanic and Intrusive Rocks of Cycle I .
(Modified after Streckeisen, 1967) \\

no guartz no quartz no quartz no quartz no quartz
<5% foids <5% foids <5% foids no foids no foids

feldspar 10 - 35 35 - 65 65 - 90 > 90 > 95
ratio(%) plagicclase plagioclase plagioclase plagioclase plagioclase
dominant mafics | aegirine-augite | Ca. augite Ca. augite Ca. augite Ca. augite
biotite aegirine~sugite rare olivine olivine >10% olivine

color rare Na amp. rare biotite rere biotite
index(vol.%)
stocks syenite monzonite syenodiorite
dykes + syenite, monzonite, syenodiorite
~ sills trachyte {latite (rare)
\ ,
o flows trachyte trachybasalt
(rare) C.I. 25-30%
stocks alkali gabbro
m
Vel
1 dykes * trachybasalt alkali basalt olivine gebdbro
o sills (rare) alkali gebdbro
flows trachybasalt alkali baselt alkali-olivine
C.I. 35-40% basalt
é curnulates ankaramite
A xenoliths peridotite

€2




Table IIX:

Modal Classification for Volcanic and Intrus
(Table Modified after Streckeisen, 1967)

ive Rocks of Cycles I

\

\
\

i\hnd ITI

Neph >20% | 10 - 20% | 5 = 15% 5 ~ 15% 725% Anal K 25% Anal |< 25% Anal X 30% Anal
No Anal Neph No Anal No Anal < 5% Neph < 5% Neph No Neph ‘No Neph
No Anal
Feldspar 0 - 30% 30 - 60% | 60 - 90% | 90% Plag 0 ~ 10% 10 - Loz 4o - 90% 95% Plag
ratio(%) Plag Plag. Pleg (An% >50) Plag Plag Plag (AnZ > 50)
Dominant Aegirine, | Ca-Augite| Ca-Augite | Ca~Augite Aegirine, Aegirine~- Ca-Augite Olivine
Mafics Aegirine~ | Aegirine- Olivine Aegirine- Augite Olivine Ca-Augite
Augite Augite Augite, Ca~Augite
Color - Na-Amp
Index .
Stocks Monzonite| Syeno- Monzonite
diorite
o |Dykes Phonolite '
, |Sills (As Fragments| Monzonite| Syeno- Phonolite Monzonite
o In Tuffs) diorite = s
Flows Trachy- Phonolite
basalt (Rare)
, CI_ 25%
Dykes Tephrite Teschenite
~ [S1lls
VoS
v iFlows Trachy- Trachy-
I ‘basalt Baszalt basalt Basalt
CI 35-U5%
o Apkaraa
mite

n2
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Individual flows are porphyritic, glomeroporphyritic
(Plate II, A) or aphanitic, and massive, amygdaloidal, or brecciated.
In general flow tops are amygdaloidal breccias, flow centres are
maggive, and bof?gﬁs are brecciated or massive. Rarely, a thin
(510 cm) chilled amygdaloidal edge marks the bottom of a flow.

Pillowed olivine=basalt forms widely-distributed outcrops
- south of Horsefly Lake, north of PatenaudeiLake, east of Shiko
Lake, and east of Sucker Lake (Figure 4). ?Though most exposures
- are isolated outcrops and not parts of conéinuous sections, the
pillow lavas afe estimated to compose 15% of the succession.

Individual pillows vary ‘from 15 cm to 1.5 m in diameter.
They consist of an outer, aphanitic rim that grades into a
porphyritic centre. Interstices beiween pillows are filled by
secondary minerals or by fine grained wacke, siltstone,vand mudstone.
Radigl jointing was observed in one vertical rock face with
amygdules aligned pareallel to joint surfaces.

In hand specimen alkali~olivine basalt is a pale green
or greenish-biack rock containing fhenocrysts of olivine and
clinpyroxene. Olivine phenocrysts have a dull or waxy green color
caused by alterstion anrd westhering.

In thin section porphyritic varieties show olivine,
.clinpyroxene, and, more rarel&, labradorite and magnetite
(Plate II, B) phenécrysts set' <n a fine brown to black crystalline

matrix. Matrix material composes up to 70% of the rock and

consists of granular olivine a&nd clinopyroxene with laths of
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plagioclase. Accessory minerals are magnetite, apatite, and fine
brown oxides, The-mineralogy of fine grained, equigranular flows
. is similar to that of the groundmass in porphyries. Modes of
//té;/;livine baﬁgg;s are listed in Appendix A, the average is
- given in Table IV,

Olivine phenocrysts are subhedral prisms or aggregates

of anhedra, 2~-7 mm, weakly zoned with colourless cores and light
!

green rims. ‘Phenocrysts exhibit: corroded gorders-rimmed by
j

opaque oxides and many are filled with microfractures sealed by
serpentine and chlorite.,. Typically only olivine cores are fresh,
whereas edges:are replaced by.serpentine, chlorite, and carbonate.

S Phenocrysts. of clinopyroxgne are 2=-10 mm long end weakly
zoned, with colourless or pale green cores and green or greenishe
brown‘rims. Larger phenocrysts (4-10 mm) exhibit hourglass
structure-and contain numerous inclusions of groundmass olivine
-and magnetite; zone boundaries are frequently outlined by opaque
.inclusions. Smaller phenocrysts tend to be more homogeneous and
have a pale purplishebrown tint. éhenocrysts are usually fresh
though some have chlorite and epidote cores with rims of hematite
charged with grains of magnetite.

Measurements of 2Vz and ZAc were made on zoned pyroxene
‘phenocrysts. The most common type of zoning is that in which rims
of pale green or brown pyroxehkwmantle clear "or purplish-brown

- cores. Vhere zoning is pronounced optical measurements were mede

on different parts of the crystal. Recorded measurements are



Table IV: Average Modal Compositions of Cycle I
‘ Extrusive Rocks

i Alkalie- Alkali Trachy-
Rock Type Olivine Basalt Basalt basalt
Phenocrysts
Diop Aug 15 9.8 10
Olivine - Te5 - -
Plagioclase 2.8 1k 22
Magnetite 1.0 1.0/ -

;

Matrix
Diop Aug 16 12.1 15
Olivine 9.2 7.5 2.8
Plagioclase k2.5 k2 31
Potassic Feld - - 10.1
Magnetite b ba 3.6
Apatite 0.k 0.8 1.2
Calcite 1.4 1.7 2.1
Analcite - - 1.9
Hematite - 3.k -
Other 1.1 h,1 -
N¥ | 10 T 6
An% (Range) 58-75 LL-65 ko265

N Number of analyses (Appendix A)
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listed in Table V. The composition: suggested by optical dats is
diopsidic augite.

Phenocrysts of p}dgioclase ere lath-shaped (0.5-2 mm)
-and normally zoned with cores.of Anqg_75 end rims of An58-65’

Small irregular bodies of ankaramite (2 x 5 m maximum
size) outcrop near the base of the exposure of olivine basslts at
: Patenaudé Lake. and Hooker Leke (See Appendix A for modal com-
position, and Appendices.C and D for major and trace element
chemistry).

Peridotite xenoliths in olivine and alkali basalt flows
at Patenaude Lake, Lemon Lake, and Horsefly Peninsula, vary from
‘0.5 to 4 cm in diémeter, are subround to round, and conspicuous on
veathered surfaces because of their pale brown or green color.
They are medium grained rocks composed of chlorite, actinolite,
serpentine, calcite, and epidote with smsll core areas of olivine,

‘clino ‘and orthopyroxene, magnetite, and spinel (?).

Alkali Basalt (Unit 8, Figure k)

Alkali basalts are similar to alksli-olivine basalts but
more abundant; differing megascopically by the absence of olivine
phenocrysts. These rocks overlie or are interlayered with olivine
bés&lts; contact relationships are normally obscured by overburden.
Hovever, at Horsefly Peninsula, the twobflow types are separated by
thin layers of pyroxene-rich wacke and siltstoﬁe, and na;th of
- Patenaude Lske blocks of olivine basalt are included in alkali
basalt.

Alkali basalts occur as massive, porphyritic flows or as

sutoclestic and flow breccias, with interbeds of tuff breccia,
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;orth of Patenaude Lake and at Viewland Mountsin and Horsefly
?eninsula. Individual flow units vary from 2 to 20 m thick. The
maximum exposed thickness»of the unit is 450 m at the Horsefly
Péninsula. '

Alkali basalt consists of pyroxene (10-35%) and
plagioclase (5«20%) |
phenocrysts set in an aphanitic grej, green, or reddishe=brown matrix.
Pyroxene varies from 1 to 6 mm in length and is similar to those
found in alkali~-olivine basalt (Table V). Piagibclase is-tabular
or lath shaped (1~3 mm) with an anorthite content of L5-65%.

Olivine is restricted to the groundmass, which is subophitic
to intergrenular, 0.1 t0'0.2 mm in grain size, and consists of
plegioclase laths and granules of clinopyroxene and olivine.
Acceséory constituents are magnetite, rods of apatite, and patches
of brown oxide containing grains of epidote, chlorite, and albite.
- Spherulites are abundant in amygdaloidai filows (Plate II, C) north
of Patensude Lake and are found only in rocks with an isotropic
brown or yellowish-green matrix suggestive of devitrified glass.
Towards the tops of flows matrix composition changes to fine grains
of plagioclase and epidote enclosed by an opaque groundmass cone
sisting dominantly of hematite.

Hematite,'chlorite,.epidote, and brown dust are the most
abundant constituents of the matrix in tuff breccias. Fragments
consist of angular crystals of clinopyroxene, olivine, and
plagioclase, L&billi are angular and commonly rimmed by hematite

or magnetite.




30

Table V: Values of 2Vz'ahd Zac for Clinopyroxenes

of Cycle I Extrusive Rocks.

Rock Type Rock Number Chemical  Average of at least
Number three crystals
2Vz ZAC
Olivine Baselt 73-139 RM-30 54 43
Olivine Basalt 13=-177 - SO ko
Olivine Basalt 73-314 ~ RM-L5 51=56 41-45
Olivine Basalt 73-158 RM-13 52 _ k)
Alkali Basalt 73-163 - 50 39
Alkali Basalt 73-333 RM=-33 51=59 39-48
Alkali Basalt 13-192 RM-36 50-57 Lo-k7
Alkali Basalt T3-b47 RM-Ll 53-58 Lo~L6
Trachybasalt 73-178 RM-2 53-58 4248
Trachybasalt 13-56 RM-23 52-59 L1-k7
Trachybasalt 73-46 - 53 L3

Trachybasalt 73-261 - 52 , 42
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'Tfachybasalt (Unit 9, Figure L)

Trachybasalt forms relatively thick flows, 10-100 m, and
tﬁin dykes (2-6 m) flanking intrusive complexes. They are most
abundant in the Lemon and Kwun-Hooker Leke -areas (Figure k%),
laterelly they are terminated by faults end plutons and are overlain
by laepilli tuffs end coarse grained volcaniclastic rocks. At
Lemon Léke trachybasalt flows are inteflayered with lapilli tuffs,
1l to 8 m thick, composed dominantly of trachybasalt fragments.

Flows are primarily breccias with up to 50% angular to
subround fragments of alkali basalt, gabbro, olivine basalt,
lapilli tuff, and lithic wacke. Tréchybasalt fragments are also
common composing up to 15% of fregment types. Fragments are 3 mm
to 1 m in diameter and increase in size toward the bottom of the
Tlow. ~ Flow contacts are aphanitic.with amygdaloidal'margins,‘2 to
T cm thick, which contain small fragments of underlying rock types.

Fluidal textures are common and consist of aligned
phenocrysts and, more rarely, matrix material and amygdules which sre
swiried and molded around phenocrysts (Plate II, D). This texture
is best defined in thin, massive flows.

At Lemon Lake tirachybasalts show quaquaversal dips around
the igneous complex (Figure 4). This feature is important for
defining centres of volcanism and is indicative of central vent
eruptions.

Trachybasalt flows are similar to alkali basalts in hand

specimen but are distinguished by their fluidal textures and, in
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thin section, by the presence of alkali feldspar in the matrix or

as rimg eround plagioclase phenocrysts.

/

-

T ,/‘ . . . . .
plagioclase and prismatic clinopyroxene phenocrysts in an inter-

In thin section they exhibit tabular or lath shaped

granular or trachytoid matrix of plagioclase, potassic feldspar,

clinopyroxene, opaques, and minor analcite. Average modal come
i!

position is given in Table IV. '

'
|

~Plagioclase phenocrysts are 1 to§5 mm long, homogeneous
- to comﬁlexly zoned, and twinned, with albiée-carlsbad laws most

common, Plagioclase typically is seriaste and varies from
labradorite to andesine (Anh2_65)>laths showing a strong parallel
alignment. Potassic feldspar forms partinl to eomplete mantles
around plagioclase crystals and narfow (0.01-0.05 mm) lenses slong
albite twin planes. It has & 2v, of 50-59° with extimction angles
XAOOL of 2 to 8° and therefore belongs to the low temperature
orthoclase~microperthite group (Mackenzie and Smith, 1956).

Clinopyroxene is much the same as that found in alkali
end olivine basalts (Table V). It.exhibits hourglass structure,
is concentrically zoned ahd twinned on (110). It is typically
colourless, though pale green zones and purple cores do occur.

Matrix alkali feldspar is found as interstitial anhedral
greins in flows and dykes. It also occurs as irregular patches,
0.1~1 mm) composiné up to 6% of.the groundmass in flows. Analcite

is in irregular, isotropi¢ patches , 0.1-0.3 mm, throughout the

groundmass or as a late alteration product of andesine.
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0Olivine Gabbro (Unit 2, Figure 4)

Olivine gabbro forms sill-like bodies situated along
major structural breaks. Intrusions vary'from 30 to 200 m wide
and 220 to 2,500 m in length exposed in small, widely spaced oute
cfops southeast of Lemon Lake and nofth of Patenaude Leke (Figure L),
Outcrops are fractured and sheared, in places consisting wholly of
fault gouge. Contact relationships with other units are obscured
by overburden.

In hand specimen olivine gabbro -is g:eenish-grey, dark
green or black and weathers a rusty or orange brown. It is an
equigranular, medium grained (2~5 mm) rock with a color index of
‘45-60%. Pyroxene forms stubby, black crystals with pale green rims.
Other mafic constituents are waxy-green olivine, and plates of
m&gneﬁite and chromite, Plagioclasse is dark grey, tabular and
frequently enclosed by pyroxene crystalé.

Thin sections shew olivine to be subhedral to subround,
equidimensional grains mantled by magnetite and hematite. It is
replaced by iddingsite, chlorite, epidote, and serpentine, some-
times to such a degree that only crystal outlines remain (Plate II,
E). The mineral is crossed by curving microfractures containing
magnetite, iddingsite, and serpentine.

| Pyroxene is diopsidic augite (Table VI) with 2V, of
48-55°, It is pale green, prismatic and slightly larger (3-5 mm)
than other constituents, with narrow oxide plates along cleavages
or zone boundaries and inclusions of plagioclase and olivine. The

augite 1s partly replaced, along cleavage traces and crystal edges,
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Plate II



A)

B)

c)

D)

. E)

F)

Plate II
Photomicrograph of glomeroporphyritic clinopyroxene with
magnetite in alkali-olivine basalt. Plane-polarized light.
Photomicrograph of masgnetite, clinopy:gxene, and subround
oli%ine phenocrysts in an alkali-olivine basalt flow breccisa.
Plane-polarized light.
Photgmicrograph of spherulites in amygdaloidal slkali basalt.
Matrix is composed of devitrified glass (palagonite) and
plagioclase and clinopyroxene phenocrysts. Amygdules are zoned
from potassic feldspar cores to. epidote, chlorite, hematite
rims. Plane~polarized light.
Photomicrograph of trachybasélt showing subparallel alignment
o? plagibclase and elongation of amygdules. * Cross-polarized
light. '
Photomicrograph of olivine partly altered to serpentine, calcite,

and magnetite in olivine gabbro. Cross-polarized light.

Photomicrograph of ‘tislands' and ifregular patches of clino=-

pyroxene enclosed by hornblende in alkali gebbro. Cross-—

polarized light.

Scales of photomicrographs are the same except where noted.







'35

by epidote, chlorite, biotite, and, more rarely, green hornblende.
e Plagioclase is weakly zoned labradorite (An60_70) that

is well twinned according to albite and Carlsbad laws. ‘Interstitigl

aé;;;sory minéf;E; are magnetite, chromite, and prisms of apatite.

In intensely sheared rocks hematite, chlorite, calcite, and

serpentine are common constituents.

Alkaeli Gabbro (Unit 3, Figure L) {

There are two plutons of alkali gabbro in the Horsefly

area; & cill=like body east of ILemon Laké and an elliptical stock
south of Lowry Lake (Figure 4). At Lemon Lake the intrusion is
2,500 by 220~T700 m, bordgred by olivine gabbro on the south, and
intruded by a syenodiorite ~ syenite complex to the north.

Southefn expoéures of tﬁe gabbro are porphyritic with
irregular aggregates df pyroxene in a fine grained, equigranular
groundmass. The porphyry conteins éngular fragments of olivine
gabbro, exhibits & sub-parallel alignment of mafic constituents,
and contains schlieren composed of -alkali feldspar, plagioclase,
and zeolites. Porphyritic alkaeli gabbro_grades into medium grained,
equigranular gabbro over é distance of 60 to 130 m.

To the north alkali gabbro grades into hornblende
diorite (Figures 4 and 6), the change reflected by a gradational
increase in hornblende and s ﬁo;?esponding decrease in pyroxene.
The diorite forms a zone 70-260 m wide that parallels the gabbro

along its entire length.
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Thin sections of diorite, collected near gabbro contacts,
sﬁov hornblende as rims eround, or lenticular blebs throughout
pyroxene grains. At distances of»l30 to 270 m from the contact
hornblende forms large (5-l11 mm), irregular grains that coalesce

and enclose all other minerals (Plate II, F). Pyroxene is reduced
to smell anhedral grains (0.2-0,9 mm) scattered throughout hornblende
crystals., Here plagioclase consists of untwinned andesine or
oligoclase, wiereas adjacent to the gabbro it is twinned labreadorite
with andesine rims,

Lithology, contact relationships, and thin section studies
suggest that hornblende diorite is é contact phase of the slkali
gabbro, having formed as a result of reaction between alkali gabbro
and water rich sediments.

The second stock of alkali gabbro is situated 850 m south-
east of Lowry Leke (Figure 4) and is 40O by 500 m in ares. Only
four outcrops were observed and from these the gabbro appears
identical to the medium=-grained gabbro éxposed at Lemon Lake.

Dykes of alkali gabbro are rare. Only two occurrences
were noted, one east of Lemon Lake, which cuts olivine gabdbro, and
one at Horsefly Peninsula that intrudes alksali basalt. These dykes
are 0.2 to 2 m wide, vary from fine grained, equigranular to
_porphyritic and are aphanitic along exposed contects. They are
mineralogically similar to the intrusions, strike north-south, and

dip steeply to the east.
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In hand specimen alkali gabbro is a dark grey rock that
weathers & tan-grey or brown. Grey plagioclase and black pyroxene
are dominant minerals with alkali feldspar & common constituent.

Thin sections of porphyritic alkali gabbro show clino-~
pyroxene aggregates, consisting of three or more individual grains
vith embayed edges, varying from 4 to 8 mm in dismeter.

Individuél grains are concentrically zoned with pale green cores
and darker green rims. They exhibit hourglass structure, and are
diopsidic augite with aegirine-augite rims (Tsble VI). Matrix
pyroxene is similar to phenocrysts though it lacks hourglass
structure and may be a pale purplishe-green colo

Plagioclase varies from.labradorite‘to andesine and is
equant or subhedral, ranging from 0.5 to 4 mm in diameter. Alkali
feldspar is present in all sections studied, including those of
dyke rocks. It occurs as anhedral or subhedral grains or teblets
0.1-1.5 mm, interstitial to pyroxene and plagioclase. Accessory

minerals are magnetite, apatite, and sphene.

Syenodiorite Intrusive Breccia (Unit 4, Figure 4)

Five circular syenodiorite stocks are found within the
thesis area. The largest is 500 by 400 m and forms the. upper and
southern portions of Viewland Mountain. Four smeller stocks outcrop
betveen Lemon Lake and Black Mountain. These vary from 200 by 300
to 160 by T00 m and have medium grained, equigranular co;es, and

porphyritic, fine grained margins.
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. All five intrusions are breccias; fregments compose L0

to 75% of the syenodiorite near contacts and 10 to 20% in more
massive cores. Fragments are angular to subround, vary from 1 mm
t0 10 cm in diameter, and show no size sorting. They are commonly
broken into two or more non-rotated pieces cemented by syenodiorite.

Fragments are cognate (accessory) and vary from alkali
or alkali olivine basalt to trachybasalt and from pyroxene-rich
lapilli tuff to lithic wacke with trachybasalt most abundant. 1In
places the outer margins of stocks consist of brecciated
trachybasalt or lapilli tuff in a matrix of forphyritic syenodiorite.

in hand specimen syenodiorite is a mottled grey and
black rock that is typically fine grained and equigranular., Pore
phyritic varieties are found adjacent to intrﬁded rocks and contain
prismatic or broken pyroxene, irreguler flakes of biotite, and
tebular or angular plagioclase phenccrysts aligned parallel to the
contacts. Equigranular varieties are composed of the above minerals
plus alkali feldspar.

In thin section plagioclase exhibits concentric and
oscillatory zoning (Plate III, A) with cores of andesine (An38-h8)
and rims of oligoclase (An21—28)' It forms equant, subhedral grains
that average 1 mm in diameter and are well twinned. In porphyritic
varieties phenocrysts are subﬁedral or subangular, average 2.5 mm
and are weakly zoned andesine (Anh2oh7)' .

Clinopyroxene forms prismatic or subhedral grains that

are colourless or pale green in colourshowing a purplish-brown tint
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Table VI: Values of 2Vz and Z ¢ for Clinopyroxene
in Cycle I Intrusive Rocks.
Rock'Type Rock Chemicél Average of at least
: ' Number Number . three crystals
! 2Vz Zpc
Olivine Gabbro 73-36 RM-.28 4 8-52 37-k1
Olivine Gabbro 73-3k40 - 50=55 39-46
Alkali Gabbro 73-6 - RM-38 53-61 L2~52
Alkali Gabbro 73~296 T - 51=57 Lo-ks
Syenodiorite ‘73-109 RM=14 58 Ls
Syenodiorite - T3~160 RM-26 55-63 43-52
Syenodiorite T3-158 . skwa59 o.L6
Monzonite 73-304 RM=50 53=62 b1-52
Monzonite 73-343 - RM=3k 55 Lk
Monzonite T3-246 - 56-62 L5-52
Syenite T3-kk RM~18 56=66 Lh-sh
Syenite 73-313 RM-31 62 50

Syenite 73-79 - 57-69 Le56
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in ihe Z vibration direction. They vary from 0.3 to 3 mm in
size, are weakly zoned with 2V, of 5L to 63° (Table VI), and contain
inclusions of magnetite and.apatite.

Alkali feldspar is tabular and subhedral, O.4~2 mm across,
shows Carlsbad twins, andAoccurs between plagioclase and pyroxene
grains.~v1t has a 2V, of 57-68° and extinction angles on (010) of
8-13° ‘and belongs to the low temperature orthoclase-microperthite
series (Mackenzie and.Smith, 1956). Rectangular crystals of
microperthite, averaging 1 mm, are also present and consist of
irregular streaks of albitic feldspar with higher birefringence than
the host orthoclase. Microperthite composes less than 5% of the
syenodiorite and is found only iﬂ centres of stocks. Accessory

minerals are biotite, magnetite, apatite, and monazite.

Monzonite (Unit 5, Figure k)

Pyroxene monzonite is the most abundant rock type within
igneous complexes, forming stocks, intrusive breccias, sills, dykes,
and the cores of zoned plutons. Stocks are roughly circular in plan
and vary from 160 by 230 to 700 by 1,000 m (Figure L4). The stocks
are intrusive into alkali and alksli-olivine basalt, trachybasalt,
volcaniclastic.rocks, and lapilli tuffs, and are commonly bounded
by major faults. Trachybaselts and salic lapilli tuff or tuff
breccia flank and fartly overlie monzonite intrusions. .

Observed contacts ere steeply dipping, end the stocks have
brecciated or deformed and bornfelsed adjacent sedimentary snd flow
rocks. Monzonite exhibits ephanitic borders that grade into fine
grained, eguigranular or porphyritié rocks over distances of 10 cm

to 6 m.
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The monzonite stock south of Hooker Leke is exposed in.
ohly one outcrop, its size and shape having been determined by
percussion drill cuttings. 'The stock conforms in plan to a
circular feature observed on aerial photographs, and is overlain
by nepheline- and analcite-bearihg tuffaceous wackes. The stock
vest of Kwun Lake contains large roof pendants of trachybasalt and
lapilli tuff and has a narrow, outer zone composed of syenodiorite.
The monzonite plug east of Lemon Lake has been intruded and intensely
brecciated by a nepheline-bearing syenodiorite pluton.

Stocks vary texturally from porphyries with numerous vugs
(Lemon and Hooker Lake) to medium grained equigranular types
(Kwun and Shiko Leke). Their miﬁeralogy is similar throughout the
area; modal compositions are listed in Appendix A and Table II.

In hand specimen‘monzoni%es exhibit phenocrysts of

. plagioclase and/or alkali feldspar set in a fine grained to

aphanitic pink or pinkish-grey groundmass. In equigranular types
creem-coloured plagioclase and pink feidspar are equant ana form a
granular matrix around pyroxene prisms or anhedra. Apatite is a
visible accessory mineral occurring as clear, vitreous grains
between pyroxene and alkali feldspar.

Under the microscope plagioclase is seen to be normally
zoned andesine and oligoclase, It is frequently surrounded by
anhedral grains of potassic feldspar (0.2-0.6 mm}; where tﬁese are
present plagioclase exhibits irregular or curved boundaries

suggesting resorption.




Table VII: Average Modal Composition of Cycle I Intrusive Rocks
(Excluding Analyses from Zoned Stocks)

Olivine Alkali

Rock Type Gabbro Gabbro Syenodiorite
Diop-Aug . 26 31 21.7
Aeg=Augite
Olivire 15.3 5.6 1.0
Plagioclaze 50.6 51.8 49
Alkali Feld - 5.5 19
Biotite 2.6 1.5 N
Hnde 0.7 1.2 1.b
Magnetite . 4.6 4,0 3.0
Analcite - - -
Nepheline — - -
Apatite 0.1 0.4 1.5
Sphene - 0.1 0.2
Sulphides - - 0.1
n* 3 5 7
An% (Range) 60~-T0 65-45 21-48

*N Number of analyses {Appendix A)
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Potassic feldspar forms subhedral grains 0.4-2 mm or an
interlocking mosaic of anhedral grains interstitial to plagioclase
and pyroxene. Largér crystals are poikilitic, enclosihg pyroxene,
plagioclase and apatite., Potassic feldspaf is typically homogeneous
but at Kwun Lake strings or patches of sodic feldspar occur in the
cores of potassic feldspar crystals. Optically potassic feldspar
is variable with a 2Vx L to (010) of 56=6T° and extinction angles
of 7-11°; these are consistent with the orthoclase-microperthite
(Mackenzie and Smith, 1956). |

Pale green to purplish~brown diopsidic augite (Tavle VI)
is the major ferromagnesium mineral. Diopsidic augite varies from
0.3 to 3 mm in diemeter, is concentrically zoned, has hourglass
patterns, and contains numerous inclusions of magnetite and apatite.
Aegirine—augite forms partial rims®around diopsidic augite or occurs
as slender needles 0.2-1 mm loﬁg througﬁout the rock. Aegirine-
augite is pleochroic from green to brownish-green with extinction
angles Xic of 11-15°.

Biotite forms irregular flakes enclosing clinopyrogene,
plagioclase, and potassic feldspar. Its habit, replacement of
pyroxene, and irregular distribution, lead to the conclusion that
it is of deuteric origin.

Olivine 1is an accessory mineral in the stock east of
Shiko Lake, occurring as subround grains (0.3=l1.1 mm) which cluster
around pyroxene crystels. Square pseudomorphs 0.3-1.5 mm across,
‘composed of zeolites, potessic feldspar, snd calcite are disseminated

throughout the stocks at Lemon and Kwun Lakes. These compose up to
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2% of the rock and are interpreted to be altered nepheline. Other
aéccssory minerals are magnetite, apatite, sphene, and chalcopyrite.
Chelcopyrite is found as disseminated grains interstitial to pyroxene
and potassic feldspar,

. Monzonite porphyries are mineralogically similar to equi-
granular rocks with potassic feldspar and zoneﬁ andesine~-oligoclase
forming tébular phenocrysts thet vary from 1.5 to 4 mm in length.
Olivine is more abundant, aegirine-sugite is rare, and perthitic
feldspar more common, | |

Monzonite breccias occur north of Horsefly Mountain, west
of Black Mountain, and north of Antoine Lake (Figure 4). They are
mineralogically similar to previously described stocks and have
arcuate forms with steeply dipping or vertical contacts.

Fragments compose 20-65% of the rock and range from less
) than 1 mm up to 12 cm across. They-are‘angular to subrounded, un-
sorted, and are evenly distributed throughout the monzonite. They
consist of alkali and alkali-olivine basalt, trachybasalt, syenoe
diorite, monzonite, and lapilli tuff, with trachybasalt and |
intrusive rock fragments most abundant.

The matrix is fine grained, equigranular monzoni?e in
vhich crystals are frequently angﬁlar and broken. Plagioclase has
distorted twin lamellae and pyroxene shows granulated crystal edges.

Monzonite dykes and dyke sverms are peripheral to, and
intrude compositionally similar stocks. Dykes vary from less than

3 cm to 3.5 m in width, have random trends, but dip steeply toward




ks

néarby étocks. They cut all rock types of the first cycle except
sygnite and orthoclase~bearing lapilli tuff (Unit 12) in which they
occur as fragments., '

Texturslly and mineralogically tﬁey are similar to larger
intrusions but contain more biotite aﬁd carry minor quantities of
hornblende. |

Sills are compositionally éimilar to dykes and are most
common along flow contscts ér bedding planes in sedimentary rocks.

They vary from 0.5 to 5 m thick and from 5 to 100 m in length.

Composite Stocks (Units 4,5,6, Figure k)

Two composite stocks, composed of syenodiorite, ﬁonzonite,
and syenite are found in the Horsefly area.

The Shiko Laké stock is situvated 1,200 m north of Shiko
Lake and has the shape of a “thick; asymmetric horseshoe about a
" mile across and open to the northeaét" (Schink, p. 9, 19T4). The
stock is intrusive into alkali-olivine‘basalt, lapilli tuff, and
tuff breccia, and fine grained volcaniclastics. It is faulted
against analcite basait-trachybasalt to the north, and is flanked
by lapilli tuff and tuff breccia to the north and east (Figure 4).

The Lemon Leke stock is situated 2.6 km south of Horsefly
Lake and is 2.2 by l.O.kh in size. To the south and west the stock
is intrusive into hornblende diorite, alkali gabbro and alkali-
trachybasalt. To the north it is faulted against alkali-trachybasalt,
whereas to the east it is intruded by a syenite pluton (Figure 6).

The stock exhibits both lateral and vertical zonstion

(Figures 6, 7, and 8). Porphyritic, fine greined syenodiorite forms
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the'upper‘and outer zone. This zone is 300 to 1,800 m long and

500 to 1,000 m wide (Figure 6) and is cut by monzonite and syenite
dykes. Where altered the sjenodiorite'takes on a spotted appearance
with light grey plagioclase enclosed by a fine grained, black matrix.

Monzonite forms an intermediate zone 1,200 by 500-650 m,
that grades laterally into syenodiorite and vertically into syenite.
Syenite is exposed in two outcrops and composes numerous frost<heaved
boulders; its presence at depth has been confirmed by drill samples.

The Shiko and Lemon Leke stocks are texturally and
mineralogically similar and the following petrographic descriptions
apply to both, except where noted. Average modal compositions are
listed in Table VIII.

Fine to medium grained syenodiorite (0.5-3 mm) forms the
outer_zone of both stocks. At Shiko Lake it is gradational into
monzonite over an outcrop distesnce of 80 to 260 m, whereas contact
relationships are poorly defined at Lemon Lake.

In hand specimen syenodiorite varies from fine gfained and
porphyritic to medium grained, equigranular. It is mottled ﬁlack
and grey, or pinkish-grey and weathers brownish~-grey. Plagioclase
is the only mineral to form phenocrysts and these show a parallel
alignment adjacent to contacts.

In thin section plagioclase phenocrysts are tabular, 1.5~
L mm and normelly zoned with labradorite cores (An5h~61) and sndesine

. rims (A”38-h5); Potassic feldspar is subhedral to enhedral, 0.L-
2.2 mm in diaméter, and twinned according to the Carlsbad law. Its

relative proportions are variable with amount increasing toward the
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Table VIII: Average Modal Composition of Composite Stocks

Rock Type

Diop Aug
Aeg-Augite

Olivine
Plagioclase
Potassic Feld
Biotite
Hnde
Magnetite
Analcite
Nepheline
Apatite
Sphene
Sulphides

N#

An% (Range)

Syenodiorite

22,6

- ¥ Humber of analyses (Appendix A)

Monzonite

21.5-
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monzonife zone. As the percentage of potassic feldspar>increase$
its habit changes from small grains, interstitial to plagioclase
and pyroxene, to subhedral laths that poikilitically eﬁclose the
above constituents. It has 2V.L.010»of 53;6h° with extinction
angles on (010) of 7-11° indiceting an Or content of T0~90%
(Tuttle, 1952). Close to the monzonite zone smell quantities of
microperfhite ere associated with potassic feldspar.

Clinopyroxene is éoncentrically zoned with pele green or
brownish-green cores and pale to dark green fims. 2V, varies from
54 to 63° (core to rim) with extinction angles ZAc of Ul to 52°.
Its ap?earance and optical properties are similar to those of
diopsidic augite found within previously-described flow and
intrusive rocks.

Biotite is found as primbry plates that are pleochroic
- from dark brown to reddish-brown. These vary from 0.5 to 1.5 mm
long end contain inclusions of magnetite and apatite. Accessory
minerals are magnetite, apatite, and sphene. Olivine is a rare
constituent, being found as subround grains adjacent to pyro#ene.

Monzonite composes the intermediste zone of both stocks
and is mineralogically similar to the monzonite of intrusive
breccias and individual plutons. It is light grey to pinkish=grey,
medium grained, equienguler, and composed of potassic feldspar,
plagioclase, clinopyroxene, biotite, and magnetite.

Under the microscope plegioclese shows tabular or lath
"shaped crystal§ 1.6-4 mm in diameter with broken or distorted

albite twvin lemellae. Plagioclase is normally zcned with cores
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of andesine (An ) and rims of oligoclase (Anoy_o3).

L3-47

Microperthite forms laths 2~5 mm or anhedral grains
l;S—h mm poikilitically enclbsing plegioclase, magnetite, and
‘pyroxene. It shows a well-defined parallei slignment in sections
from Shiﬁo Lake but is randomly oriented in those from Lemon Lake.
The exsolved sodium feldspar is much more prominent than in
syenodiofite, composing 15 to 40% of individual crystals.

Clinopyroxene is subhedral and prismatic, 2-4 ﬁm, with
colourless or pale green cores and rims of green, pleochroic
aegirine~augite. Optical measurements indicete & similar range of
av, and extinction angles as in the syenodiorite (Table VI).

Small ;mounts of clear,.anhedral or prismatic nepheline
are scattered throughout the monzonite. These are partly replaced
by potassic feldspar, enalcite, and carbonate. Monzonite grades
_into syenodiorite. The change in composition is reflected by an
increase in potassic feldspar, whereas the percentage of mafic
minerals remains relatively constant (Table VIII). |

Syenite forms the inner zone of both stocks and is
gradational from monzonite by an increase in potassic feldspar asnd
& decrease in mafic constituents (Table VIII). It is & pink, medium
to coarse grained (4-8 mm) rock composed of potassic feldspar,
plagioclase, acicular pyroxene, and biotite. At Shiko Lake~it is
vell folieted with the foliation paralleling the major axié of the
syenite zone (Schink, 1974).

In thin section microperthite forms interlocking, subhedral

to anhedral grains, 4-T mm, that form mosaics enclosing plagioclase
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laths and biotite flakes. Plégioclase forms irfeéular or subhedral
grains, 3-~5 mm, and is weakly zoned with cores of oligoclase
(Any5._p5) and rims of albite (An7_ll).

Clinopyroxene is found as weakly zoned, embayed or ragged
crystals with pale green cores and dark green, pleochroic rims of
aegirine~augite (Table VI). Aegirine~augite also forms acicular
crystals (1.5-4 mm in length) throughout the rock and these are
enclosed by microperthite. |

Pseudomorphs, l=3 mm, with prismatic shape, composed of
analcite, potassic feldspar, and zeolites are found throughout the
syenite. These are thought to represent replacement of nepheline.
Common saccessory minerals sare apatite, biotite and magnetite.

North of the Shiko Lake stock a linéar skarn zone has been
develéped between syenodiorite and tuff breccia. The skarn is
composed of diopside (55%), andesine (22%), biotite (15%), magnetite
(3%), and garnet (3%), with minor pyrite (1.5%), and chalcopyrite
(0.5%) (Schink, 1974). Fragments of altered volcanic flowv and
sedimentary rocks are found within the skarn suggesting that it ﬁight
represent metamorphosed and altered tuff breccisa.

Biotites from the Shiko Lake stock, and associated skarn
zone, have been dated by K-Ar methods (Schipk, 1974). They yield
an apperent age of 187-192 m.y., which compares favoufably with

corresponding fossil ages for Cycle I sedimentary rocks..
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Syenite (Unit 6, Figure L)

—

e

Syenite composes two small stocks, numerous dykes, and

//sills‘throughout the thesis area. Stocks intrude or are peripheral
I —

—

to monzonitevplutons or zoned intrusions and are circular in out-
line, varying from 90-330 by 160-500 m. They are porphyritic, with
phenocrysts of plagioclase and potassic feldspar enclosed in a fine

grained, eguigranular matrix. Potassic feldspar exhibits a sub-

parallel alignment adjacent to contacts whére vugs 0.2-1.8 mm across,
lined with zeolitre, carbonate, asegirine, and alkali feldspar are
common ¢

Stocks contain up to 35% fragments of monzonite,
syenodiorite, la%ite; and various-flow and pyroclestic rocks. Frag~
ments'are angular, 2 mm to 8 cm in diameter, and increase in abun-
dance towards contacts,

In thin section the petrography of the stocks is seen to
be similar to that of the syenite found in zoned intrusions (Tables
VII and VIII; Appeﬁaii A). Stocks_conéist of zoned oligociase—albite,
perthitic feldspar, aegirine-augite, end nepheline (Plate III; By.
Accessory minerals are apatite and magnetite.

Syenite dykes are intrusive into all other rock types of
the first volcanic cyéle except trachytes and orthoclase~bearing
lapilli tuff. Dykes are 0.3 to 3.3 m wide with rendom strikes
and steep dips. They are mos;‘;bundant within or adjacent'to
intrusive centres.

S8ills ere 1-- Tm thick and have aphanitic margins;

adjacent rocks are bleached and partly recrystsallized.
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Latite and Trachyte Dvkes (Unit 10, Figure k)

lLatite forms narrow dykes at Shiko Lake and occurs as
fragments in pyroxene~ and Grthoclase-bearing lapilli tuffs.

Dykes very from 0.5 to 2 m in width, show narrov chilled margins,
and &re most common along fault zones adjacent to the Shiko Lake
stock. They cut syenodiorite of the stock as well as adjacent tuff
breccia and olivine basalt.

In hand specimen they are grey or pinkish-gfey rocks
wveathering buff or brownish-grey., Latites are porphyritic with
potassic feldspar and plagioclase phenocrysts comprising up to 20%
of the rock.

In thin section plagiociase shows weak zoning with cores
of An35 end rims of An23. Potassic feldspar forms tebular to
anhedral phenocrysts, 2-4 mm, with'granulated and embayed crystal
. edges.

Clinopyroxene forms small (1-2 mm), prismatic, pale green
crystals that contain inclusions of maénetite, apatite, anﬁ
chalcopyrite. Biotite, when present, forms irregular, brown flakes
(1-2 mm) that enclose pyroxene crystals and magnetite grains.

Groundmass material is equigranular and<fine grainedA
(0.1~0.6 mmn) composed of an interlocking aggregate of potassic feld-
spar, plagioclase, and asegirine-augite. Accessory minerals are
magnetite, apatite, pyrite and chalcopyrite.

Trachyte dykes are found within and adjacent to Lemon and

Kwun-Hooker Lakes igneous complexes. They intrude #ll rock units



of the first cycle and are found as fragments in orthoclase~bearing
lapilli tuff and clasts in perthite—bearing vacke.

L Dykes vary from 0.3 to 2 m in width, form sharp contacts
‘//wiggxadjacent 56;; units and show a parallel alignment of phenocrysts
vhich follow wallrock contscts. Dykesbhave random orientations and
steep dips with several showing curved outcrop patterns (Figure k)
similar to ring dykes. ﬁ

Trachytes are porphyritic with péenocrysts of‘potassic
feldspar, plagioclase, and pyroxene or hormblende in an aphanitic
buff or light grey matrix. Phenocrysts average 2 mm, are lath shaped
end surrounded by acicular crystals of pyroxene and hornblende.

In thin section trachytes‘have a microcrystalline ground-
mass that is usually aligned parallel to orientsted feldspar
phenoéfysts.

Plagioclase phenocrysts vary from oligoclase to albite
(Anh-lT)’ and are twinned according to the albite law; they are
embayed and exhibit broken crystal edges. Sanidine forms cleer,
tabular phenocrysts (2 mm in diameéer) which show & distinct Sasal
cleavage. Sanidine has a 2Vx of 10-15° and shows parallel extinction
on (001) faces. Crystals have irregular, curved edges and contain
inclusions of pyroxene and apatite.

Aegirine-~augite occﬁrs as acicular needles or short,
prismatic crystals that are smuller than either plagioclasé or

sanidine. Pyroxene exhibits distinct prismatic cleavage and 1is

pleochroic from green to yellowish-green.
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A)

B)

c)

D)

E)

F)

Plate III

Photomicrograph of a zoned and partly resorped plagioclase
phenocryst in syenodiorite porphyry from Viewland Mountain,
Cross-polarized light..

Photomicrograph of the Lemon Lake syenite showing perthite,
aegirine, albite, and sphene. Cross=-polarized light.
Photomicrograph of the matrix of e mafic lapilli tufft
Crystal fragments are composed of clinopyroxene, plagioclase,
and crystallized shards. Plane-polarized light.

Felsic tuff breccia at Lemon Lake.

Photomicrograph of the matrix of tuff breccia seen in

Plate III, D. Plane-polarized light.

Photomicrograph of a fregment of altered nepheline basalt in
népheline~ and analcite-~bearing tuffaceous wacke, Plane=-

polarized light.

Photomicrographs all at the same scale,
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Amphibole, when present, form acicular érystals (0.6«1 mm
long) that are pleochroic from pale brown to green. It has a 2Vz of
59-63°, and extinction angles that average 18°; it is considered
‘to be hornblende. Hornbleﬁde may be mantled by a pleochroic yellow
to reddish-brown amphibole considered to be kaersutite. Where
aﬁphibole is abundant aegirine-augite is restricted to the groundmass
or reduced to small blebs within hornblende crystals.

The groundmess is predominantly feldspathic with lath-
shaped albite and potassic feldspar arranged in a parallel, fluidal
texture. In addition to feldspar, aegirine and/or aegirine-asugite
occurs thréughout vith accessory magnetite, biotite, and apatite.
Irregular p&tche;, 0.05~0.7 mm, of analcite, zeolites and carbonate

are common throughout the groundmass,

Clinopyroxene~besring Lapilli Tuff and Tuff Breccia (Unit 11, Figure %)

Deposits of pyroxene=bearing lapilli tuff and tuff btreccia
have béen subdivided into two units for purposes of description.
The division is based on dominant fragment types, abundance of
potassic feldspar, and anorthite content of matrix plagioclase. For
the purposes of geological mepping they are considered as one unit.

An older, more mafic succession is recbgnized.that cone
sists predominantly of gabbro and alkali or alkali-olivine bassalt
fragments. This sequence forms elongaté or irregular lobewshaped
deposits that ere interlayered with, or gradational into; lithic
‘wackes. The tuff deposits are unconformably overlein by epiclastic
rocks that contain felsic clasts or by younger, more felsic, tuff

sequences.
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-Mafic lepilli tuff And tuff breccia deposits are found
primerily withih Lemon and Kwun-Hooker Lake igneous complexes where
a greater proportion of mafic rocks are exposed. The deposits
‘consist of 35-80% angular io subround fragments that are dominantly
accessory1 in nature. Essential fragments (MacDonald, 1972) comprise
5% of the tuffs and are recognized by their bomb-like shapes and
'bread-crust texture' (MacDonald, l97é). Accidental fragments are
rare and consist of slate and/or phyllite.

' Within successions composed primarily of tuff breccia
there is no size sorting, either along strike or in inferred dip
directions. Larger blocks ( 0.3 m) are randomly distributed-through-
out, with smalle? blocks and lapilli separating larger fragments.
Successions of lapilli tuff grede upwards into crystal tuff or
tuffaceous wacke and, rarely, laterally into these rock types.
Crystal tuffs have & matrix similar to lapilli tuff but are bedded
and, in places, beds are slumped or distorted around large blocks.
Individual beds vary from 4 ecm to 5 m and contain up to 15% lapilli
sized fragments.

At Lemon Lake tuff beds have divergent trends around the
complex indicating derivation from vents that were situated above
intrusive bodies.

Fragments vary from 1 mm to 2 m with an average size of

10 cm, in tuff breccias, and 2.5 cm in lapilli tuffs. More than 85%

1 Accessory is the term applied to fragments of older rocks formed
during the same volcanic cycle, generally such fragments are
formed by or derived from the same volcano.




of the fragments consist of either gabbro or alkall and alkali-
oliying/basalt. The remainder are composed of conglomerate, lithic
gacke, siltstone, limestone or accideutal and essential fragments.

O Exposﬁ§;£4of lepilli tuff and tuff breccia are distinctive
on weathered surfaces as fragments stand out against a brown or
greyish-green matrix.

Matrix material consists of anguiar or curved crysfals
of clinopyroxene and plagioclase set in a éine, oxide-rich groundmass
(Plate III, C). Epidote, chlorite, albitei and carbonate have, to
8 large extent, replaced original groundmass constituents,

A younger, more salic lapilli tuff and tuff breccia
succession has béen defined which is.more abundant than the mafic
tuffs. This younger succession is éxposed at Shiko, Hoocker-Kwun,
and Lemon Lekes forming curvilineap}or lobe shaped deposits thsat vary
from 3 to 45 m in thickness. The deposits are intruded by, flank,
and partly overlie syenodiorite to syenite stocks and intrusive
brecciss.

At Lemon Lake the tuffs ére exposed over an area 6 by
4 xm, whereas at Shiko Lake they underlie an area 6 by 1.5 km.
Exposures are limited at Hooker~Kwun Lakes because of extensive
overburden.

Salic 1lapilli tuff and tuff breccia are composed dominantly
of syenodiorite toﬁsyenite fracments enclosed by a matrix of
clinopyroxene, plagioclase, and potassic feldspar (Plate III, D).
They overlie older, mafic lapilli tuff and lithic wsacke sequences

and are interlayered with lithic wackes that contain a large

proportion of monzonite and syenodiorite clasts.
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The pyroclastic rocks consist of 20-75% angular to sube
anguler fragments that are primarily accessory in nature. Essential
/fragments are rare, and vhen present are recognized by their spindle

/<of/;;bbon shapégf/ Exceptiéns to this are lapilli tuffs interlayered
wvith volceniclastics north and northeast of Usses and Niquidet
Lakes (Figure 4). Here essential fragments compose up to 30% of

fragmentvtypes. They consist of curved or spindle shaped areas of
|

chlorite that contain round to elongate, or sherd-like bodies come
j

posed of epidote, chlorite, and zeoliteé.

Fragment size varies from less than 1 mm to 3 m with an
average of 13 cm, in tuff breccia, and 2 cm in lapilli tuffs.

There &s a distinct lateral gradation of fragment size
&t Lemon Lake. Tuff breccia, adjacent to & nepheline-besring
syenodiorite intrusive breccia (Figure 4), contains fragments that
range in size from 10 cm to 2 m. Fragments decrease in size
northerly, toward Horsefly Lake, with a minimum average of 1.5 cm
et the furthest recognized exposures. The pattern does not repeat
itself east and squth of the intru;ion vhere alternating seqﬁencés
of lapilli tuff, tuff breccia, and crystal tuff are exposed.

Composition of fragments varies with syenodiorite and
monzonite typically comprising more than 35%. Other types include
syenite, latite, mafic lapilli tuff and tuff breccia, olivine
basalt to trachybasalt, and épié¢lastic rocks.

Matrix material consists of angular and curved crystsls,
or pieces of cristals, set in a mixture of epidote, chlorite,

albite, prchnite, and magnetite or hemetite (Pilate III,E).
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Crystals consist of pale green, colourless, or derk green

clinopyroxene (5-20%), zoned plagioclase (An ), and potassic

1247
feldspar (5~30%). Small quantities of microperthite are present

f “ "/’ r‘// / - . 3 . hd
(2~10% end at Lowry Leke biotite is a minor constituent along with

apatite.

Orthoclase~bearing Lapilli Tuff and Tuff Breccia (Unit 12; Figure k%)

Orthoclase=bearing lapilli tuffséand tuff breccias are the
youngest exposed rocks of the first volcanic cycle. They contain
fragments of all previously described units and are intruded by
nepheline and analcite monzonite dykes, and overlain by feldw
spathoidal tuffaceous and epiciastic rocks. They underlie an area
k.5 by 2.4 km west of Black Mountain and form extensive deposits
north and south of Antoine Lake.

Fregments compose 40-80% of the unit, are extremely angu-
lar, and vary from less than 2 mm to 4 m (rare) with lapilli most
abundant. Fragments are 90-~95% accessory in nature, the rgmainder
composed of essential fragments. Syenite, monzonite, and trachyte,
or their breccisa ¢quivalents make up 50-80% of the fragments; the
remainder are composed of latite, trachybasalt, and various
pyroclastic and volcapiclastic rocks.,

In hand specimen orthoclase=bearing tuffs are distinguished
from salic to mafic pyroxene-pearing tuffs by the sbundance of
potassic feldspar, and the pink or reddish-brown color of the matrix.

In thin section matrix material consists of angular or

brcken crystals of potassic feldspar, microperthite, plagioclase
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(albite to andesine), clinopyroxene, and biotite with minor horne
blende and nepheline. These constituents are set in a fine,

ash-size, hematite-rich groundmass.

Volceniclastic Rocks (Unit 13, Figure k)

Coarse to fine grained volcaniclastic rocks form extensive
deposits in and around centres of intrusive and pyroclastic activity.
These sedimentary rocks consist of interbedded conglomerate, lithic
wacke, and siltstone. Within a given section this succession is
likely to be repeated several times, coarse grained, poorly sorted
material) being most abundant. Total estimated thickness for this
unit is 200 to 250 m.

Individual beds very from 5 mm to 4 m in thickness with
cross end graded bedding/common, Contacts vary from gredational to
irregular and sharp with local unconformities present. Sharp cone
tacts occur where there 1is é rapid change in sediment size.

Conglomerates with large clasts (3-25 cm) are found within
or adjacent to volcanic complexes, and are gradational into medium
grained, lithic wackes. Here angularity of clasts, mixture of
large and small clasts, and size of matrix material indicate poor
sorting and short distances of transport.

Clasts within these rocks are 95% volcanic in origin with
the remainder composed of mudstone, limeétone, or phyllite. Clasts
are angular to rounded, vary in size from 1 mm to 1l m and comprise
35-60% of ccnglomerates, and 10-40% of lithic wackes. Typicsally
large and small clasts are found together but in sections exhibiting

graded bedding or in thicker, more continuous successions there is
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a gradational change from large to small clasts. This gradation
takes place up dip.

Northeast and southwest of the volcanic belt volcaniclastic
P —

rocks are the’égﬁinant facies. They are exposed over distances of

13 to 16 km (Figure 4), and rock types become finer grained as

distance from the volcanic belt increases.‘ Correlated with this is

a decrease in abundance of volcanic clastséand an increase in round-
. 1

ness of greins and degree of sorting. Adj%cent to Quesnel Lake

sedimentary rocks sre pyrite-rich, calcareous argillites and shales

that are isoclinally folded. Leck of exposure makes it difficult

to correlate these rocks with relatively undeformed volcaniclastics

further south and east.

Volcaniclastic rocks ere subdivided into two successions
on thé.bases of clest type and relative abundance of clinopyroxene
and potassic feldspar. This division corresponds to the two-fold
classification of clinopyroxene~bearing lapilli tuff and tuff
breccia {Unit 11).

An older succession, containing angular to rounded:clasts
of alkeli and alkali-~olivine basalt, gabbro, and pyroxene-rich
crystal and lapilli tuff, forms the lower portion of the sedimentary'
section at Lemon Lske and in areas to the northeast. It also forms
small, discontinuops outcrops west of Antoine and south of Hooker
Lake. e

‘Matrix material consists of subangular to rounded grains
of clinopyroxeﬁe (20-35%), plagioclase (10-25%), and magnetite

(1-5%). Potassic feldspar is not present and the anorthite content
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of plagioclase ranges from L0-75%. Grains and clésts are cemented
by calcite, chlorite, epidote, and albite which give the rock a
green or grey appearance. )

The younger sedimentary succession unconformably overlies
older sediments at Lemon Leke and forms extensive deposits south-
west of the central volcanic belt.

vIt contains rounded to angular clasts (1 mm -~ 30 cm) of
syenodiorite, monzonite, syenite, trachybasalt, and latite with
smaller quantities of volcaniclastic and pyroclastic rock types.
Rare, rounded clasts (3 mm to 3 cm) composed of chalcopyrite-pyrite,
. and albite, or sphalerite=~chslcopyrite and albite have been found
east of Lemon ana Usses Lakes, respectively.

Matrix material consists of angular‘to rounded grains of
potassic feldspar (5-20%), clinopyroxene (5-15%), and plagioclase
(10-35%) with smsll eamounts of apatite and magnetite. Anorthite
content of plagioclase varies from 12 to 45% and magnetite is much
less abundant than in the older succession.

Grains and clasts are lithified by chlorite,.epidoté,
calcite,»and cley minerals. Close to igneous complexes the matrix
is largely replaced by albite, epidote, and zeoclites, or by
analcite, sodalite, and zeolites.

Fossil assemblages ére rare in these successions with
sedimentary structures, local unconformities, and change.in sediment
size over short distances indicating rapid deposition under high
energy conditiohs. Current marks and standing wave features have

been found in lithic wacke end siltstone beds east of Usses and



Niqundet Lakes. Ripple marks are . asymetirical and give current

directions from the southwest and west, the genersl direction of the

volcanic pile,

—

An ammonite was found east of Usses Lake and Campbell

/

(1961) hes collected fossil assembleges from shale or limestone
interbeds southwest and west of Antoine anq north of Lea Leakes.
These place both volcaniclastic succession? as Early Jurassic.

l

Perthite-bearing Conglomerate and Lithic Wacke (Unit 14, Figure k)

Perthite-bearing pebble conglomerste and lithic wacke form
& narrow, tongue-shaped deposit situated east of Kwun and Usses Lekes.
It overlies conglomerate to siltstone of older volcaniclastic suc=~
cessions and is, in turn, overlain by, or interbedded with feld~
spathoidal tuffaceous wackes and congiomerates. Contacts between
feldspathoidal sediments and perthite beds are irreguler and local
unconformities are common.

Perthite-bearing sedimentary rocks outcrop over an area
6.5 by 2.5 km and are conspicuocus in hand specimen because of the
presence of pinkish-grey or bone white perthite ( 1 to 6 mm) that
composes 10-35% of the rock. Angular to rounded clasts (1 mm to 8 cm)
of monzonite, syenite, trachybasalt, orthoclase-bearing lapilli tuff,
and pyroxene-bearing lithic wacke to siltstone comprise 5-~35% of the
unit. Intrusive and pyroclastic clasts are most abundant, decreasing
in size away from the Xwun-Hooker Lakes area.

Beds within the succession strike 30-4%0°NW and dip 20-359HE,

and very from I c¢m to 2 m thick; total estimated thickness is 30 m.
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Outcrop pattern, general trend, nature of matrix and clasts,
and contact relationships indicate the source of the perthitic
sediments to be monzonite gﬁd syenite stocks, intrusive breccias,

‘and pyroclestic rocks situated between Kwun and Hooker Lakes. Their
relationship with feldspathoidal sediments indicates a short span

of time between the first and second cycles of volcanism.

Leharic Breccia (Unit 15, Figure k)

An elongate, irregular deposit of lsharic breccia (3 to
20 m thick) is exposed northeast of Lemon Lake, underlying an area
3.3 by 0.6-1 km., Towards Horsefly Leke the lahar is gradational into
finely bedded, lithic wacke; to the weét and east it overlies lapilli
tuff, pyroxene conglomerate to wacke, and olivine to trachybasalt
flows. To the south it is intruded by a nepheline~bearing
syenodiorite pluton.

The lshar shows a complete lack of sorting with blocks
being nested between lapilli and ash-size material. Fragments are
angular to subrounded,very greatly in size, and exhibit granulated
or milled edges. Fragment type is varisble, and lapilli tuff,
tgachybasalt, syenodiorite, and monzonite are represented.

There is & high ratio of matrix to fragments with fragments
comprising 15~40% of the rock. The matrix consists of finely
graﬁulated rock debris and broken crystals of pyroxene, plagioclase,
end potassic feldspar. Epidote, chlorite, slbite, and ciay minerals

cement crystals and fragments giving the rock a distinct green

color. In places matrix materisl is absent and fregments are in
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contact along granulated edgeé. In other parts of the deposit
the cement seals fractures that transect both fragments and crystals.
Fine grained, poorly bedded lithic wacke appears to
represent lateral extension of the lshar, and can be traced in out;
crop to the edge of Horsefly Lake. Clasts and grains in the wacke
are similar to those found within the lahar, though smaller and
more round. Lithic wecke strikes east-west and dips 20-30°N.
The lahar overlies volcaniclastic rocks and pillow lavas.
Its distinct green, rather than reddish~brown color indicates in
part, a subaqueous origin. The lshar probably formed on the upper
slopes of é vater saturated-volcanic cone situated‘to the south.
Movemenﬁ down the flanks onto or along the sea floor would explain

most of its contact and textural features.

Rocks of Cycle II

Tephrite (Unit 18, Figure i)

Narrow tephrite dykes are exposed between Lemon Lake and
Black Mountain, and south of Lowry Lake. ﬁTﬁéy also occur as frage
ments in nepheline and analcite~bearing pyroclastic rocks. They
vary from 10 cm to 4 m in width, have sharp contacts with adjacent
rock types, and are porphyritic with fine grained or aephanitic
borders.

Phenocrysts compose 20~35% of the rock and con;ist of

‘plagioclase and clinopyroxene with lesser amounts of nepheline.

Close to contacts phenocrysts exhibit a subparallel alignment
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becoming randomly distributed toward dyke centres. The groundmass
is fing/grained or aphanitic and dark grey.

Plagioclase consists of tabular or lath shaped phenocrysts

o
e

that average 2:5 mm in dismeter. These are twinned and weakly

7

zoned varying in composition from An69 to An Albite forms partial

57°
rims around labradorite phenocrysts and lenses along twin lamellae.

" Prismatic nepheline phenocrysts Qary from 1.3 to 2.3 mm
in diemeter, and are poikilitic enclosing 4mall grains of plagioclase,
pyroxene, and magnetite. |

Phenocrysts of clinopyroxene arc prismatic and average
2.0 mm in size. They are concentrically zoned with pale brown or
coloﬁrless cores and green or pleéchroic green to greenish-yellow
rims. From core to rim, 2Vz ranges-from 47° to 61°.

Groundmass material is microcrystalline, 0.05 to 0.5 mm
in dismeter, and is composed of plagioclase laths, olivine and

clinopyroxene granules, and flakes of reddish-brown biotite with

interstitial nepheline, magnetite, and apatite.

Nepheline Trachybasalt and Basalt (Unit 19, Figure L)

Hepheline trachybesalt and basalt are found in:a series
of smell, isolated outcrops between Horsefly Lake and Black Mountain,
and south of Antoine Lake. In most exposures it is difficult to
determine vwhether these represent flow or dyke rocks though outcrops
south of Antoine Lake are of ;';bely, brecciated nature céntaining
small amygdules indicative of a flow.

These units are up to 4 m wide and contain angular fragments

of adjacent rocks. At Antoine Lake trachybasalt overlies orthoclase-
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Table IX: Average Modsl Composition of Nepheline Extrusive and
_~  Intrusive Rocks (Cycle II)

/{ngg/Type /Eephrite Trachybasalt Syenodiorite Monzonite
Phenocrysts
Diop Aug 16 13 2 -
Olivine 0.6 - - -
Plagioclase 10 14,5 27 -
Hepheline 7.3 6.5 | 4.6 1
Potassic Feld - - - T
Matrix
Diop Aug 15 12 i 15.5 16
Aeg-Aug
Olivine 8.6 - - -
Hepheline k.9 3.9 2.6 11.5
Plagioclase 27 33.5 25 34.6
Potassic Feld - . T.6 16 21.6
Biotite 1.8 1.0 1.2 1.7
Anal Zeol 3.6 2.8 0.9 1.6
Apatite 0.5 0.9 1.1 1.2
Magnetite b1 3.0 3.0 2.3
Calcite 2.3 1.0 - -
N# 3 2 3 3
An% (Range) 57-69 Lh-59 28-53 9-23

¥N Number of analyses (Appendix A)
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béaring lapilli tuff and contains subanguler fregments of syenite
aﬁd.monzonite. |

In hand specimen trachybasalt is a greenish-grey or grey
‘rock that weathers a brownish-grey. It is‘porphyritic with
phenocryéts comprising a maximum of 35%. These are composed of
plagioclase, clinopyroxene, and minor nepheline. Groundmass material
is aphanitic or fine grained, equigranular.

‘In thin section plagioclase is seen as subhedral laths

(2.2=3 mm) that are normally zoned from An59 to An Plagioclase

uy’
inclusions in pyroxene phenocrysts are partly altered to analcite
and carbonate.

Nepheline phenocrysts are éubhedral or irregular, 1.2 to
2 mm, and contain inclusions of spatite, magnetite, and pyroxene.
They a?e partly replaced by zeolites, carbonate and analcite (Plates

I1I, F and IV, C). |

Clinopyroxene varies from pale green to purplish=brown
and exhibits pronounced hourglass patterns. It is prismatic,
0.8-2.1 mm long; v, varies from 50° to 59°.

Groundmass material is equigranular, 0.06 to 0.7 mm, and
is composed of nepheline and potassic feldspar interstitial to, or
fbrming irregular patches between, clinopyroxene and plagioclase.

Groundmass nepheline is anhedral (0.08-0.3 mm) with
square, cross-~sections and was identified by X-ray techniques.

Potassic feldspar was identified by staining techniques and is

anhedral with a dusty appearance due to numerous browvn inclusions.
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Nepheline-beering Syenodiorite (Unit 16, Figure )

 Two plutons composed of nepheline-bearing syenodiorite
occur within the thesis area. The largest, 3.2 km east of Lemon
'Léingis 2,600”6;/i,300 m, and has vertical contacts with
adjacent rocks.
A smasller body, exposed 1,300 m qorth of Shiko Lake,vis

|

1,000 by 220 m. It has hornfelsed adjacenﬁ volcaniclastic rocks
|

but his gradetional contact with tuff brecéias to the north and west.
f

Both intrusions are breccias with fragments composing 20
to 70% of the rock. These are angular to subangular though many
exhibit rounded or abraded corners. Fragments very from 1 mm to
9 m and appear t6 be randomly distriﬁuted. Fragment type is
variable with tephrite, alkali basalt, syenite, monzonite,
syenoéiorite, lapilli tuff, and lithic wacke represented.

At shiko Lake intrusive and pyroclastic fragments are
equally sbundant with flow and volceniclastic types of minor
importance. Monzonite is most abundant at Lemon Lake and is the
only type to occur as large blocks.(greater than 2 m), in pléces'
composing up to 95% of fragment types. Abundance and occurrence
of monzonite suggest that it represents a small stock which has
been intruded and brecciated by nepheline syenodiorite.

At Lemon Lake hematite, epidote, albite, prehnite, and
pyrite with traces of chalcopyrite occupy distinct, linear zones
within nepheline syenodiorite. These are continuous over the
vertical length of the intrusion and vary from 1 cm to 1 m in width.

They are extremely irreguler and cross or coalesce around both
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fragments and matrix. The zones are gradational into syenodiorite
over w{é;hs of 2 to 10 cm though sharp boundaries do occur. It is

believed that these zones répresent channelways for hydrothermal
e T

‘solutions md%ing towerd the surface.
In hand specimen nepheline syenocdiorite is a "crowded
porphyry” with plagioclase, clinopyroxene, and nepheline phenocrysts

composing up to 50% of the rock. Groundmass material is fine
{

!

grained and equigranular. '

Phenocrysts are seriate, with the groundmass ranging from
fine grained, equigranular to mosaics of grains found between
irreguler patches of hematite, epidote, and albite. Aversge modal
composition is listed in Table IX.

Plagioclase is tabular to lath-like, ranges from 0.6 to
2.7 mm and is continuously zoned. Zonation is complex with normal
end oscillatory types;‘typically cores are AnhS-SB and rims
An28-38‘ The plagioclase is mantled by optically discontinuous
potassic feldspar. .

Nepheline phenocrysts are subhedral or rectangular4
(Plate IV, A), vary from 0.5 to 1.8 mm, and have s cloudy appearance.
They are partly altered to albite and potassic feldspar along cleav-~
age traces or crystai edges.

Clinopyroxene is prismatic to subhedral, varies from
0.9 to 3 mm and is concentricéily zoned with brown cores and green

rims. Phenocrysts are typically poikilitic, enclosing grains of

plagioclase, apatite, and magnetite.
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Groundmass material veries from 0.7 to 0.1 mm and consists
of anhedral potassic feldspar and nepheline scattered between laths

of plagioclase and larger granules of clinopyroxene. Magnetite,

‘biotite, and apatite are common accessory minerals.

In the upper levels of the intrusion the groundmass con-
sists of irregular patches of albite, epidote, and calcite, found

between hematite- and magnetite-rich areas. Typical constituents

- of the groundmass have an angular or broken appearance and are

scattered throughout opaques.

Nepheline Monzonite (Unit 17, Figure L)

Narrow. nepheline monzonite dykes are exposed in four out-
crops south of Antoine Lake and two outcrops south of Lowry Lake.
They are pale pink, veather e pinkish grey and with conspicuous,

tabular phenocrysts of potassic feldspar in a fine grained trachyte

- matrix.

The dykes consist of potassic feldspar and nepheline
phenécrysts set in an equigranular (0.3-0.8 mm) matrix of nepheline,
potassic feldspar, plagioclase, and aegirine-augite, with accessory
biotite, magnetite, apatite, and sphene (Plate IV,B).

Phenocrysts of potassic feldspar vary from 1.5 to 5 mm
and sre mantled by albite. Nepheline phenocrysts are subhedral and
partly altered to analcite. Groundmass nepheline is anhedyal and
interstitial to potassic feldspar and plagioclase. Plagioclase is
iath sheped, exhibits fine albite twins, and ranges in composition

from albite to oligoclase.
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Rocks of Cycle III

Teschenite (Unit 20, Figure k)

e Teschenite forms narrow dykes and sills north of lowry
and south of Antoine Lakes. These intrusions are irreguler bodies
;o o
ranging from 1 to 9 m in width or thickness., Dykes strike east-west
or northwest, dip steeply to the southvor northeast and have fine
greined borders with coarser grained, porpgyritic centres.

.Teschenites are conspicuous rock% in hend specimen with
large 2-5 mm, pale pink and cream coloured}euhedral analcite
phenocrysts which are concentrically zoned. Zonation typically
consists of cream cores with pale pink rims. Analcite together with
plagioclase and pyroxene phenocrysts is set in a fine grained or
aphanitic grey to dark grey matrik._

In thin section matrix material is seen to consist of
&nalci&e, plagioclase, aegirine-augite, and clivine with accessory
magnetite, apatite, and biotite (Plate IV, D).

Phenocrysts of analcite are well-formed trapezohedras with
round or embayed edges, or glomeroporphyritic clusters of éubround
crystals. They are colourless or pale pink and weakly birefringent
and twinned. Zone boundaries are outlined by rows of opaque
inclusions; the cause of the color zonation is not known,

Some phenocrysts have broken or angular crystal boundaries
end are cut by microfractures sealed with albite, sodalite, zeolites,
and isotropic analcite. In d{éill north of Lowry Lake analcite

has seriate texture (Plate IV, E), the larger crystals having a

corroded and broken appearsance,
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Matrix analcite is subhedral to anhedral, weakly biree
fringent, and pertly replaced by albite and carbonate.

Plagioclase is weakly zoned labradorite (An h) laths

516
or tabular crystals, 0.3«-4 mm in diameter, rimmed by albite and
partly altered to analcite and carbonate.

Clinopyroxene varies from pale green to purplish=brown.
Phenocrysts are 2-5 mm in diameter, exhibit hourglass patterns; 2VZ
varies from 47-56°. Prismatic or subhedral, stubby crystals through-
out thé groundmass are pleochroic from pele green to green with
2Vz of 63 ﬁo T1° and extinction angles of 3 t6 11°. The two types
are considered to be diopsidic augite end segirine respectively.

Olivine may compose up to 18% of the groundmass théugh

rerely is it more abundant than 8%. It is subround to euhedral and

partly replaced by biotite, chlorite, and carbonate.

Analcite Basslt and Trachybasalt (Unit 22, Figure 4)

Analcite basalt and trachybasslt are exposed south of

Antoine and Lowry Lskes and north of Shiko lLake. They are dise

tinctive rocks with pink trapezohedras or subround crystals of

enalcite set in an aphanitic reddish~brown or grey metrix.

These basaltic rocks are thin flows 2«11 m having
amygdaloidal and/or brecciated tops and massive centres. Breccias
are autoclastic with fragments 3 cm to i m of analcite basalt

lithified by mineralogically-similar material. Rarely, fragments of

‘wlkali baselt, orthoclase tuff, and various intrusive rocks occur

throughout the flows. In plsces matrix material is deformed around

fragments and here anslcite phenocryéts are broken and subangular.
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Contects with underiying units are pooriy defined becauée_
of 1ack of exposures. Where observed south of Lowry Lake analcit;
basalt has an aphenitic, amygdaloidal margin that grades upwards into
‘a porphyritic rock. The uﬁderlying trachybaselt is separated from
analcite basalt by a thin layer (2-6 cm) of nepheline-rich, tuffaceous
wacke. At Antoine Lake analcite basalt grades upwards from a green,
amygdaloidal rock to & red, brecciated flow. The change takes place
over -15 m and is indicative of a change from subaqueous to subaerial
volcanism,

In thin section analcite basalt and trachybasslt show
similar coipositions, differing only in the presence or absence of
potassic feldspaf. Typically both flow types are composed of znalcite
and clinopyroxene phenocrysts in a‘groundmass of plagioclase,
clinoﬁ&roxene, and analcite with accessory apétite, magnetite, and
biotite (Plate IV, F). Trachybasalt contains up to 13% potassic
feldspar as anhedral grains throughout the matrix.

Prominent phenocrysts of analcite are trapezohedra or sube
round crystals 2-5 mm, colourless to pale pink and crowded with
inclusions of magnetite and apatite., Analcite is weakly bire-
fringent, shows lamellee twinning, and in places has embayed edges.
It contains irregular patches of very fine crystalline material
thought to represent a decompdsition product (Pearce, 1970).

The dominant mafic constituent is diopsidic augite, as
'prismatic phenocrysts or small granules in the matrix. It is pale

green, non-pleochroic with 2Vz of 48-53°, Zoning is common,
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cfyst&ls consist of colourless or péle green cores surrounded by
darker green rims.

Aegirine-~augite is found as grains or acicular crystals
throughout the matrix and, more rarely, as.pleochroic rims around
diopsidié augite. Aegirine-augite is pleochroic from grass green
to brovnish-green with extinction angles of 12-16°.

| Sparsely distributed, tabular plagioclase phenocrysts, or,
more commonly, laths in the groundmass are normally zoned with cores
as high sas An?l and rims as low as Anh6'

Relict phenocrysts of olivine were observed in several
flows south of Antoine Lake. They consist of subround areas l=2.1 mm

composed of magnetite, chlorite, and serpentine with granules of

olivine scattered throughout, comprising up to 10% of the flow.

Analcite Monzonite (Unit 21, Figure k)

Five small stocks and several dyke-like bodies of analcite
monzonite are exposed south of Antoine Luke. Stocks are circular or
elonéate in a northwesterly direction,'and vary from 1,350 x 300 to
270 x 250 m. Dykes trend northeast or northwest, have steep dips,
aﬁd renge from 1 to 10 m in width. Contact relationships with
adjacent rock units are not knéwn because of extensive overbu;den.

The rocks are greyish-pink, weather a light grey, and are
porphyritic with phenocrysts of potessic feldspoer set in a fine to
medium grained equigfanular groundmass, Abundant secondery snalcite
£ills small vugs. The groundmess consists of analcite, clinopyroxene,
plagioclase, and potassic feldsrar with accessory magnetite, pyrite,

speculer hematite, and apatite.
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Table X: Average Modal Composition of Analcite Extrusive
_~ and Intrusive Rocks (Cycle III)

’ . Trachy=~ , Phono-
?/Rogngype ‘/ieschenite Basalt basalt Monzonite 1lite

Phenocrysts

Analcite 8 13 3.5 1 11

Plagioclase T - - 1.2 . -

Diop Aug 6 12 10 ; - -

Aeg~Aug . !
Olivine - h - - -
Potassic Feld - - - 10 13
J

Matrix

Anolcite 15 10 13 12.5 1k.s

Diop Aug 17 12,k 14 19 11.5

Aeg-Aug

Olivine 10 5 1.5 - -

Plagioclase 29 ko L1 28 1k.5

Potassic Feld - - 11 25 35

Magnetite 4,0 4,2 3.0 2.k 1.3

Apatite 0.7 0.5 0.6 1.1 2.0

Biotite 1.2 0.h4 0.8 0.k 0.6

Mrphitele - - - - 1.1

Cal Zeol 1.5 0.9 1.0 0.k -

Sulphides - - - 0.1 -

N¥ L 3 2 L 2

An% (Range) 51-64 56-71 - L6=63 14-26 - 5-11

N* Number of analyses (Appendix Aj
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Analcite grains 0,.,5-2 mm are interstitial to potassic feld-
spar and plagioclese. They are pale pink, slightly birefringent,
énd contain small patches of microcrystalline material, Plagiqclase
and potassic feldspsr are similar to those found in nepheline

monzonite.

Analcite Phonolite (Unit 23, Figure k)
| Two dykes of analcite phonolite crop out south of Antoine

Leke. They vary from 10 cm to 2,5 m in width‘and can be traced over
distences of 10 to 30 m. They are porphyritic with phenocrysts of
enalcite and potassic feldspar in & pink to brown aphanitic matrix.
Anslcite phenocrysts are subround to subhedral, rarely occur &s
trapezohedra, and exhibit corrodea edges rimmed by magnetite. FEmbayed
edges are commnon, end here narrow fractures have reduced the pheno-
crysts to an aggregate of petal shéped grains. Analcite veries from
.2-h mm»in diemeter and is clear or pele pink in’color, and weakly
birefringent.

Potassic feldspar is lath shéped sanidine 2«6 mm, commonly
rimmed by albite. It has a 2V of 9-13°.

Matrix material consists of feldspar laths 0.,03-0.2 mm,
gegirine or segirine-sugite, analcite, magnetite and/or hematite.

Analcite- and/or Nephelinew-bearing Lapilli Tuff and Tuff Breccia
(Unit 26, Figure L)

Analcite~ and/or nepheline-bearing lapilli tuffs‘and
tuff breccias form extensive deposits north of Abbot Loke, along the
Beaver Valley, south of Antoine Lake, and between Quesnel and Alash
Lakes. lLaterally they are gradational into bedded tuffaceous wackes

of similar composition (Unit 25). The pyroclastic rocks appear to
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overlie all other rock types énd are intruded by Cretaceous horn-
blende porphyry dykes.

| Fragments compose 35-75% of the rock, are angular to
‘subrounded, and dominantly—accessory in‘nafure. Essential fragments
compose up to 10% and are recognized by their fluted or ribbon-like
shapes (Plate V, C and D). Fragments vary from less than 1 mm to
2.5 m‘and show a distinct lateral size sorting north and south of
Lowry Lake.

Greater than 75% of the fragments are composed of either
analcite~ or nepheline-bearing flow (Plate V, A) and intrusive rocks,
the greatef proportion of these being salic in composition. Other
fragment types a£e augite monzonite §r syenite, orthoclase tuffs,
lithic wacke, and alkeli to trachybasalt.

In hand specimen these pyroclasiic rocks are distinctive
by the abundence of pink or cream coloured analcite and the reddisnh=-
brown color of the matrix.

In thin section matrix material is composed of angular
and/or curved crystals or crystal chips of analcite, nepheline,
clinopyroxene, plagioclase and potassic feldspar ( Plate V, B), which
renge in size from 0.2 to 6 mm. These are gnclosed by a fine brown
or yellowish-brcwn crystalline groundmass, largely of isotropic
analcite and containing abundant hematite. The irregular brown
patches, 0.1 to 1 Qm, contein shard-shaped areas of chlo?ite,
epidbte, and zeolites. These are believed to be either essential

fragments or devitrified glass.
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Along the Beaver Valley the matrix has been replaced by
fing grained felts or blebs of chlorite, aegirine, epidote, albite,
and sodalite with speculer hematite and pyrite.

Analcite crystals are subround or- consist of parés of
trapezohedra; they are far more abundant than nepheline which occurs
as curved or irregular shaped crystsls partly replaced by albite

and carbonate.

Analcite~ and/or Nepheline-bearing Tuffaceous Wacke (Unit 25, Fipgure 4)

Malcite- and/or nepheline-bearing tuffaceous wackes
occur peripheral to feldspaihoidal pyroclastic rocks in the Lowry «
Aleh Lakes region. Here the wackes exhibit quaqueversal dips around’
pyroclastic deposits suggesting aﬁ origin as revorked and water-
deposited eqﬁivalents of the tuffs. Tuffaceous wacke also bounds
pyroclastic rocks southwest and south of‘Antoine Lake.

Tuffaceous wackes are similar in composition to pyroclastic
rocks they flank, differing structurally by their bedded natufe end
texturally by the rounded to subréunded character of the ciasts and
grains. Grains are cemented by chlorite, epidote, calcite, and
albite giving the rock a pale green or grey~-green color (Plate V,E).

Analcite- and/or Nepheline-bearing Volcaniclastic Rocks (Unit 2k,
Figure k)

Feldspathoidal volcaniclastic rocks are exposed along the
southern edge of Horsefly Lake and form extensive deposits bverlying
older, volcaniclastic rocks (Unit 13) northeast of Kwun and Usses

Lakes. These sedimentary rocks are found north and east of
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A)

-

B)

C)

D)

E)

F)

o

Plate V

_Photomicrograph of gloﬁeroporphyritic_analgite in a fragment

of analcite basalt. Matrix is an anslcite-bearing lapilli
turf. Plenéopolarized light.

Photomicrograph of broken analcite and nepheline crystals in
an enalcite-nepheline-bearing lapilli ?uff. Plene-polarized
light, } 3

Photomicrograph of angular analcite cr&stals'and elongate,

{
tailed, and chilled essentiel fragments in analcite-nepheline-
bearing lapilli tuff. Plane~polarized light.
Photomicrogreph éf an essential fregment from lapilli tuff shown
in Plate V, b. Note chilled rim and elongation of amygdules.
Plane-polarized light. |
Ahélcite«bearing tuffaceous wacke ut Loury Lske.

Interbedded analcite-nepheline-bearing siltstone and conglomerate.
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feldspathoidal pyroclastic flow and intrusive rocks; and strike
northeast or northwest with dips of 25-50° NE or NW.

They form bvedded successions of alternating siltstone,
lithic vacke, and conglomefate (Plate V, F); total thickness is

estimated to be 150-200 m. Size and aebundance of clasts decreases

to the north and east whereas roundness of clasts generally increases.

Individual beds vary from 2 cm to 10 m thick with conglomerate forming

thicker séquences. Contacts between beds vary from gradational to
sharp end irregular with graded bedding, scour marks, and uncon-
formaties common.

Clasts within these rocks are 97% volcanic in origin with
the remainder composed of mudstone and limestone. Argillite clasts
afe found only in conglomerates or lithic wackes that rest
unconforrnably on older, volcanic units.

Clasts vary from less than 1 mm to 10 cm, are subahgular
to rounded, and comprise 10-20% lithic wacke, 25-60% conglomerates,
and less than 5% of sand-sized wackes. They vary widely in com-
position with analcite or nepheline pyroclastic and flow rocks most
common .

The matrix consists of angular to rounded silt- or
sand-sized grains of plagioclase, clinopyroxene, anslcite, and, more
rarely, nepheline. These are cemented by limonite, chlorite, and

epidote with minor carbonsate.
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Stratigraphic Summary

~~ Table XI is & summary of geologiéal events in the Horsefly
area during Jurassic time, and Tables XII and XIII are schematic
//digé;éms of rocﬁ/;ésociations for each of the three volcanic cycles.
The sequence of geological events is based on field and petrographic
criteria, and the stages described are interpretations based on the
general picture of evolving mafic to salicygolcanic cycles.

Eruption of alkali-olivine and afkali basalt merked the
beginning of the platform stage of Cycle I: These flow rocks have
an aggregate thickness of 2,000 m and are estimated to compose 60%
of the volcanic succession; individual flows are thin, and can be
traced over large areas. Alkali-olivine and alkali basalts have a
general northerly or northwesterly ﬁrend and are found far to the
south and north of the Horsefly area. Their distiribution appears
to be controlled by northerly faults that can be identified over
tens to hundreds of kilometers. Pillovw lavas and interlayered
sedimentary rocks indicate their marine nature, and thin siltstone
or mudstone beds, separating flows; are indicative of the inter-
nittent nature of volcanism.

Alkali and olivine gubbro dykes and sills are situated
along east-west or northwesterly-striking f;ﬁlts, and are minergle-
ogically similar to alkali-olivine and alkalil baselt flows,
suggesting they we;e feeder dyltes for such flows. Mafic pyroclastic

rocks and fine to coarse volcaniclastics are deposited in basins

adjacent to or within the growing volcanic pile.



Table XI:

AGE DECRFASING UPWARDS

VOLCANIC CYCLE II

VOLCANIC CYCLE I

Hydrothermal Stage

Hydrothermal Stage

Secondary
silicates
Oxides and

sulphides

Volcanic Centre

Stage

Unconformity
Late vein Stege

(Hydrothermal
of Dome Stage)

Dome Building

Stage

Secondary

silicates

Sulphides

and Oxides

Volcenic Centre

Steage
(Central vent
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Summary of Geological Events and Units in the
Horsefly Area During Early and Middle(?) Jurassic Time

albite, zeolites, carbonate, chlorite
epidote.
Hematite, pyrite, trace chalcopyrite

(association only with syenodiorite breccias)

Nepheline tephrite and nepheline monzonite
dykes,

Nepheline~bearing syenodiorite intrusive
breccies,

Nepheline basalt-trachybasalt, flows and
dykes,

Nepheline and analcite-bearing pyroclastic
and volcaniclastic rocks,

Frosion of dom stage of Cycle I

(perthite wacke).

A~ UL T ST T T T T TN

Zeolites, calcite, epidote
Carbongte, chalcopyrite
Perthite, asegirine, and pyrite

Trachyte dykes,

Syenite stocks, dykes, and sills,
Laharic breccisas, :
Orthoclase-bearing pyroclastic rocks

Orthoclase, albite, biotite, zoisite,
epidote, aegirine, zeolites, carbonate,
scapolite, apatite, chlorite, fluorite.

Chalcopyrite, bornite, tetrahedrite
chalcocite, enargite

Pyrite, magnetite, arsenopyrite

Syenodiorite and monzonite stocks,

intrusive breccias and dykes. .
Zoned syenodiorite-monzonite-syenite stocks.
Salic pyroclastic and volcaniclastic rocks.
Reefoidal limestones.

Trachybasalts; flows and autoclastic brecclas.

(continued on next paoge)




e

Platform. Stage

(Fissure
eruptions)
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Mafic pyroclastic and volcaniclastic rocks.
Limestone lenses.

Alkali-olivine and alkali basalts; flows,
pillow lavas, autoclastic breccisas.

Olivine and alkali gebbro dykes and

sills; feeders for flows(?)

VOLCANIC CYCLE III

Hydrothermal Stage

Burial Stage
Erosional'Stage
Secondary
silicates
Oxides and
Sulphides
Volecanic Centre

Stage

Zeolite facies ‘metamorphism
|

Nepheline and #énalcite volcaniclastic
rocks.

Analcite, sodalite, aegirine, zeolites,
carbonate, albite, chlorite, epidote.

Hematite, specular hematite, pyrite
(associsted with snalcite monzonite).

Teschenite dykes
Analcite begsalt-trachybasalt flows
Analcite monzonite stocks, intrusive

. breccias, and dykes.

Analcite phonolite dykes.
Analcite~nepheline-bearing pyroclastic
and tuffaceous sedimentary rocks.

Table XI: {continued from previous page)

PN
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Eruptions of trachybasalts marked a change from regional
figsure eruptions to central vents and the initiation of thé
volcanic centre stage (Table XI). Trachybasalts are found within
or edjacent to igneous complexes, form'relatively thick flows of
limited extent, and are estimatéd to compose 15% of the volcanic
succession. In the Lemon Lake area trachybasalts exhibit
quaquaversal dips around the igneous complex. This is additional
evidence for their origin as central vent eruptives.

Yrachybasalts are predominently flow breccias with frag-
ment types and mineralogy similar to syenodiorite intrusive breccias.
These circular or elliptical stocksvwithin intrusive complexes thus
could be the source of trachybasalt flovs.

Monzonite stocks, sills, and dyke swarms are the most
abundanit rock units within igneous complexes and sre of several,
slightly different ages as evidenced by their cross-cutting relation=-
" ships. Lutites are mineralpgically similar to monzonites and most
likely represent feeders for flows of eéuivalent composition.

| During the volcanic centre stage pyroclastic activity was
prominent, as is evidenced by the abundance of salic lapilli tuffs
and tuff Yreccias. Material eroded from pyroclastic deposits and
near-surface intrusions was deposited in narrow basins adjacent to
the volcunic centres. |

During intrusion of monzonite stocks and syenodiorite-
syenite composite plutens, a hydrothermal phase formed and sepsrated
from the cooling monzonite-éyenite magma. This fluid precipitated

sulphides and gave rise to the widespread alteration essemblages
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found within and_around volcanic centres, leading to the formation
of porphjry and copper skarn deposits within intrusions or along
?heir contacts (Chapter IV).-

;o A laté/ghtrusive event is marked by syenite stocks and
syenite-trachyte dykes and sills which are estimated to compose
2-3% of the volcanic succession. These are associated with
orthoclase~bearing pyroclastic rocks which%are the youngest deposits
of Cycle I. Hydrothermal activity is alsogassociated with these
syenite intrusions (Chapter IV) though altération assemblages formed
at this time are of only local extent and no copper sulphides were
precipiteted.

The length of time separating volcanic cycles is not
known though it must have been relaﬁively short. Syenite stocks
formed.during Cycle I were being eroded and deposited as sedimentary
debris (perthite-bearing wacke) at the same time that nepheline-
bearing pyroclastics and tuffaceous wackes were deposited.,

Nepheline~bearing rocks are the least abundant members of
the Horsefly Group. These vary frém mafic (tephrite and basalt) to
salic (monzonite and syenodiorite), are primarily small intrusions
or extrusions and pyroclastic deposits within Cycle I centres, or
are associasted with analcite-bearing rocks that are abundant to the
west of rocks of the first cycle.

The third volcanic ¢i'cle is composed of rocks that contsein

analcite as a primary, magmatic mineral. Its primary nature 1is

interpreted from:




1)

2)

3)

L)

6)

7)

8)
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The zoned nature of analcite phenocrysts, and
their weak birefringence and twinning (Pearce, 1970),
Euhedrsl and subhedral crystal form, embasyed nature

of crystals and seriate texture,

. Occurrenceas fragments in pyroclastic deposits,

broken crystals in flow breccias,

Occurrenceof analcite-with unaltered plagioclase in
teschenites, and with sanidine in phonolites,

Presence of fresh nepheline in &nalcite-bearing rocks,
Lack of evidence of replacement by analcite of any
pre-existing mineral,

De;omposition products within analcite crfstals
(Pearce, 1970),

Presence of secondary analcite that is isotropic,
untwinned, and coats micrdfractures that transect

analcite phenocrysts,

In genersl, nepheline-bearing rocks are older than

anelcite rich volcanics, though the emplacement of the two types

must overlap in time as they occur together in pyroclastic and

epiclastic rocks. Analcitic stocks and dykes cut nepheline-bearing

rocks but the opposite case has not been observed.

Volcanism during Cycle III was both subaerial and sub-

aqueous as suggested by the red to green coler of flows, end the

lateral variation of pyroclastics into bedded tuffaceous wackes.

The quaquaversal dips of tuffacecous wvackes suggest that the aerisl
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volcenism was confined to small, emergent islands. Burial of the

volcanic rocks (Late Jurassic (7)) resulted in the formation of

low grade metamorphic minerals (prehnite, carbonate, chlorite)

'(Monger, et al, 1972). These are only locally developed, most abun-

dant along fault zones or in volcaniclastic rocks close to Quesnel

lake, and difficult to distinguish from the hydrothermal,

propylitic assemblage. They typically occur as fine grains or clus-

ters of grains which have replaced plagioclase and pyroxene.

Five volcanic centres have been outlined in the Horsefly

area (Figure 3, Table I). Criteria for classifying the areas around

Lemon Leke, Shiko Leke, Kwun-Hooker Lakes, and Antoine Lske as

centres ere the presence of:

1)

2)

3)

L)

5)

6)

Numerous associated intrusive rock types of various
compositions that differ in form from smell elliptical
or elongate stocks to comﬁosite plutons and dyke
swarms;

intrusive breccias having circular outlines;

abundant pyroclastic deposits that vary from cfystél
tuffs to tuff breccias, and which flaﬁk or overlie
intrusions;

elongate or wedge-shaped deposits of coarse volcaniclas-
tic rocks;

tuffaceous wackes, crystal tuffs, and trachybasalts
dipping radially awvay from igneous complexes;

Laharic breccias.
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Centres are either fault-bounded or flanked by alkali=
oiiyine and alkali basalt, or by extensive deposits of fine to |
coarse-grained volcaniclastics that are mineralogically similar to
rocks composing central complexes.,

" One area, interpreted as a deeply eroded centre, occurs
at Horsefly Mountain (Figure U4). Here hormblende-~pyroxene gabbro
and diorite are the dominant rock type, accompanied by small,
elliptical plutons of monzonite intrusive into the more mafic types.
At Horsefly Mountain there is a complete abseﬁce of pyroclastic
deposits, coarse volcaniclastics, flow rocks, as well as‘dyke swarms

and feldspathoidal rocks, suggesting & deeply eroded volcanic complex.




Table XII:

Rock Associations and Magmatic Trends of Cycle I,

Letters denote source material for pyroclastic and volcaniclastic rocks.

(B)

Wacke, Derived from F to G, & J

$Ttod, &1L

(4) (c) (D) (E) (F) (G)
Extrusive
Rocks Ankarsmite ? Alkali= Alkali Trachy- ? Trachyte
& Olivine Basalt basalt (Rare)
Cumulates Basalt ‘ '
Intrusive ? Olivine Olivine Alkali Syeno- Monzonite |Syenite &
Rocks Gabbro Gabbro? Gabbro diorite Trachyte
Dykes
(H) (1) (J)
. Ortho=-
Pyro- Mafic Lepilli Tuff = Tuff Breccia; Salie Lapilli Tuff=- clase
clastic ’ Tuff Bx; From E to F Lapilli
Rocks " Derived from B to D, minor K Minor GjH,K, & L Tuff F+ G
(K) (1)
Volcani-
clastic Mafic Conglomerate - Wacke, Salic Conglomerate - Wacke
Rocks _
Derived from B to D, & H Derived from E 40 G, & I
. (M) (i)
Late
Erosional Perthite-Bearing Conglomerate- Laharic Brecciaj Derived from G to G,
Products

16




Table XIII:

Rock Associations snd Magmatic Trends for Cycles II and III,

Letters denote source meterial for pyroclastic and volcaniclastic rocks =

(4) (B) (¢) (D) (E)
Extrusive
NEPHELINE=- Rocks & Ankeramite Basalt Trachy- ? 7
BEARING Cunulates basalt
ROCKS
Intrusive
Rocks ? .| Tephrite Syenodiorite | Monzonite ?
(Dykes & Sills '
(F) (G) (1) (1) (1)
ANALCITE~ Extrusive . .
BEARING Rocks ? Basalt Trachy- ? Phonolite
ROCKS basalt (Rare)
Intrusive Olivine Teschenite 7 Monzonite Phénolite
Rocks Teschenite (Dykes & Dykes
(Dykes) 5ills)
COMBINED Pyroclastic () (1)
NquﬁllNE : Rocks Nepheline and/or Analcite Lapilli Tuff- Tuffaceous Wacke,
ANALCTTE= Tuff Bx; Deraived from B to J Derived from B to J
RCCKS
Volcaniclastic| Nepheline~ and/or Analcite-bearing Conglomerate and Wacke,

Rocks

|
{

Derived from B to L, and H to I

26
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Iﬁ: Economic Geology

Introduction

Copper«=gold prospeéts in the Horsefly area, have been
divided into four general classes, based on rock associations and -
nineralogy. The four classes are porphyry, pyrometasomatiq'
volcaniclgstic, and metamorphic.

Porphyry and pyrometasomaéic prospects are the most abun-~
dent, as well as the most important with respect to size and
complexity. Found only within igneous complexes they are spatially
associated with volcenic and intrusive rocks of the first volcanic
cycle. They are dominantly fracture-controlled, consisting of
stockvwork systems, vein networks,‘shear zones, and disseminations.

Porphyry and pyrometasomatic prospects contain similar
sulphide assemblages which can be érouped into four distinct types:

1) Bornite + chalcoéite + enargite ¥ tetrahedrite +

magnetite

2) Bornite + chalcopyrite i.tétrahedrite-+-pyri£e *

magnetite '

3) Chalcopyritg'+ pyrite iy arsenopyrite * magnetite

L) Pyrite > chalcoéyrite ¥ arsenopyrite
Minor amounts of gold are associated with all four assemblages,
vhereas silver occurs in trace amounts or is absent.

Porphyry prospects ere associated with zoned syeﬁodiorite,
monzonite, and syenite intrusions at Lemon and Shiko Lakes (Figure k4,

6, and 10, in pocket), with small monzonite stocks at Kwun and
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Hooker lLakes, and with monzonite intrusive breccias at Antoine
and Lemon Lakes (Figure 4 and 10).

Porphyry deposits Ean be subdﬁ%ided into éomplex and
simple types. Complex deposits consist of stockwork systems and
disseminations with concentrically zoned sulphide and alteration
assemblages. Sulphides occur both in intrusions and in adjacent‘
volcanic and pyroclastic rocks. Examples of this type are the
Lemon end Shiko Lake prospects. Simple types are canfined to
monzonité stocks or intrusive breccias and consist predominantly of
vein networks. Sulphide and alteration assemblages asre not zoned
end consist dominantly of chalcopyrite and pyrite with traces of
bornite and enargite. Examples afe the Antoine and Hooker Lake
prospepts.

Pyrometasomatic deposits are developed peripheral to
porphyry occurrences with host rocks ranging from alkali and
trachybasalt (Lemon Lake) to salic pyroclastics (Shiko Lake) and
mafic intrusions (Lemon Lake). This ciass of deposit occufs‘as vein
networks, disseminetions, and shear zones in which sulphide assem-
blages commonly exhibit cross-cutting pattérns that establish age
relationships. The locations of known pyrometasomstic showings are
given in Figure 10.

Volcaniclastic deposits consist of chalcopyrite,
ersenopyrite, and pyrite with minor emounts of sphalerité,tgalena,
‘pyrargyrite, and gold. They are found as single veins or fracture

networks within calcareous argillites and tuffaceous wackes that were
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deposited in basins adjacent to central volcanic complexes. Host
rocks belong to the first volcanic cyclé and Figure 10 shows
%ocations of known occurrences.,

o Metaméfghic deposits are found within Cache Creek Group

rocks east of the main volcanic belt. Sulphides occur as single

or multiple veins and as massive pods or lenses within folded

equivalents. Metals present are commonly ﬁead, zinc, copper and
associated precious metals. Showings are ;mall and not considered
to be economically important.

Volcanic and intrusive rocks of Cycles II and III lack
copper sulphides, although analcité monzonites and nepheline
syenodiorites contain minor amounts‘of pyrite and specular hematite.

Copper sulphidas within the Horsefly Group are thus
associated only vith rocks of the first volcanic cycle. Except for

small showings in volcaniclastic rocks, copper is restricted to

alkalic complexes of monzonitic composition.

Lithology and Mineralogy of Mineral Deposits

Porphyry Class:

The Lemon Lake copper prospect is typical of complex por-
phyry deposits. Sulphides are associated with a zoned syenodiorite=-
monzonite~syenite stock situated 700 m northeast of Lemon Lake

<

(Figure 6, in pocket).




Within the intrusion and adjacent volcanic and pyroclastic
rqcks sulphide and alteration minerals sre laterally and verticaily
zéned (Figﬁres 6, T, and 9, in pocket).

Pyrite associated with a propylitic alteration assemblage
(Table XIV), is widespread forming & zone 5 by 4 km that is centered o
on the defined copper-bearing zone (Figure 9). The pyrite zone
has been outlined by surface mapping and induced polarization surveys.
It is truncated to the east by a northe~south fault and to the morth
by the Horsefly Lake Fault. The zone continues west of Lemon Lake
where lenses of massive pyrite (up to 5 m thick) occur along trachyte-
alkali basalt or trachybasalt—lapilii tuff contacts. In places a
thin layer of iron-rich carbonate overlies sulphide lenses.

Pyrite and associated alteration minerals are found as
coatings on fractures, amygdaloidal) fillings, massive lenses, fine
disseminations or coarse aggregates. It varies by volume from 0.1
"to 15% averaging 3%, excluding the massive lenses which contain
40~-80% pyrite. Small emounts of chalcopyrite (up to 0.3%) =and
arseﬁopyrite (up to 0.2%) are associated with the pyrite. Chalco-
pyrite occurs as grenules between, or partly replacing pyrite grains,
as irregular blebs within mafic constituents, and as aggregates in
amygdules. Arsenopyrite is invariably associated with pyrite and
forms subhedral crystals or ifregular blebs.

Pyrite and chalcopyrite with biotite, magnetite, albite,
and minor epidote and orthoclase (Table XIV) form a crescent-shaped

zone that is parallel to the outer msrgin of the syenodiorite




Inner Zone

QCuter Zone

AN

Table XIV: The Relationship of Sulphide and Alteration Assemblages
in Different Types of Deposits (see Table XV for list

Porphyry Deposits in
Composite Stocks

of abbreviations). \\
Porphyry Deposits in Pyrometasomatic
Monzonite Stocks and Deposits
Intrusive Breccias \

(1)

(2)

(3)

Bn + Cp + Tet +
Enar + Py-

Orth, Ep, Aeg, Biot
Mt, Ap, Scap, Fl
Cp+ Py + Tet

Biot, Mt, Alb,
Ep, Orth, Zois

Py 4 Cp + Arsn

Alb, Chl, Cb, Zeol
Ep, Zois

,\

(1) BntTett+ Enar+ Ce

Orth, Ep, Aeg, Biot
Mt, Ap, Scap, Fl

(2) Bn + Cp + Tet +

Py
Orth, Ep, Biot,
Mt, Alb, Ep
(1) Cp + Py + Bn ————(3)-Cp + Py + Arsn
Orth, Ep, Biot Biot, Mt, Ep, Chl
Mt, Ap ‘ Cb, Alb
(2) Py + Cp (4) Py + Arsn

Alb, Ep, Cb, Chl, Cb, Chl, Alb, Ep,
Mt, Zeol Zeol
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Arsn
Biot
Bn
Cb
Cc
Chl

Diop.
Aug.

Enar
Ep
Fl

Hnde

Table XV: List of abbreviations used throughout

/'4

o

Actinolite
Aegirine
Albite
Analcite
Apatite
Arsenopyrite
Biotite
Bornite
Carbonate
Chalcocite

Chlorite

the thesis

Diopsidic Augite

Enargite
Epidote
Fluorite

Hornblénde_

Mt
Neph
Orth
Per
Py
Pre

Scap

Sod

Sul

Tet

Zeol

Zois

Donm

Min

Hematite
Magnetite
Nepheline
Orthoclase
Perthite
Pyrite
Prehnite
Scapolite
Sodalife
Sulphide
Tetrahedrite
Zeolite
Zoisite
Dominant

Minor
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(Figures 6, 7, 8, and 9, in pocket). The zone is defined by the
developﬁént of secondary biotite and the presence of secondary
potassic feldspar (Appendix B). Tt is 2.4 km by 1,350 m in plan
aﬁa/;érminated]fg/goth the east and north by major faults
(Figures 6 and 9). The distribution of the zone west of Lemon Lake
is not known due to lack of exposure. |

e

"~ Sulphides are found predominantly as coatings on closely
i

spaced fractures, varying from 0.1 mm to l%cm in width, and in

!
concentration from 3 to 20 per 10 square decimetres. In areas of
intense fracturing sulphide and alteration assemblages form stocke
works as well as fine disseminatiqns throughout the syenodiorite.
Fyrite:chalcopyrite ratios vary from l:2vto 12:1 and gold values
range from 0.0l to 0.08 ounces per ton.

An inner zone, centered on monzonite {(Figures 7, 8, and 9)
consists of chalcopyrite and bornite with minor tetrahedrite,
enargite, and pyrite. Gold values vary from 0.01 to 0,10 ounces per
ton. Associated alteration minerals are orthoclase, epidote, aegirine,
and biotite with minor magnetite, épatite, scapolite, and fluorite.

Sulphide and alteration minerals sre found as stockworks
end disseminations with chalcopyrite and bornite, varying from 0.25
to 3.50% by volume. Chalcopyrite:pyrite ratics vary from 3:1 to
20:1; tetrahedrite and enargi£e are present as minor constituents,
This inner zone is defined by ‘he abundance of orthoclase and epidote,
lack of pyrite, and appearance of bornite and aegirine. The width
of this zone has.not been defined though it appears to be bounded by

northwest and northeast feults that transect the stock (Figure 9).
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Percussion drill cuttings (H.B.0.G., 1974) indicate a
verticel zonation of sulphide and alteration minerals that
corresponds to the lateral pattern (Figures 7 and 8). For lack of

L P '
detailed drilling, the extent of the various z

;nes at depth is not
known.

The Shiko Lake copper prospect is another exémple of the
complex pbrphyry deposit. It is similar to the Lemon Lake copper
prospect though alteration assemblages and sulphides are not as
widespread.

Sulphide and alteratioh minerals are associated with a
zoned syenodiorite-monzonite-syenite stock located 2,000 m south
of Quesnel Lake (Figures 4 and 10). A pyrite zone, some 300 by
k50 m, is developed around the northern and eastern portions of the
stock.” Fyrite, and traces of chalcopyrite and arsenopyrite, zre found
along fractures 0.02 mm to 1.2 cm wide in hornfelsed volcenic and
pyroclastic rocks. Pyrite also replaces mafic fragments and fine
matrix material in the pyroclastics, and occurs as amygdaloidal
fillings in olivine basalts. Chlorite, zeolites, zoisite, calcite,
and albite are associated with the sulphides. Pyrite varies from
0.01 to 10% by volume, averaging 1.5%. The pyrite zone is terminated
to the south by a northeast fault that has brought analecite basalt
and trachybassalt into contact with Cycl¢ I volcanic and pyroclastic
rocks (Figure L). |

Within the intrusion, sulphide and alteration assemblages
Aexhibit a pattern of zonation similar to those at Lemon Lake. The

syenodiorite appears to be an extension of the pyrite zone as pyrite,
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with traces of chalcopyrite aﬁd arsenopyrite, occﬁrs with chlorite,
epidote, albite, and carbonate. Sulphides are found along narrow
fractures and joint planes, and occur as disseminations in ereas

of nore intense alteration; The pyrite:chalcopyrite ratio varies
from 2:1 to 20:1 with chalcopyrite found as granules between pyrite
grains or as & replacement of plagioclase and mafic constituents.

' Chalcopyrite and pyrite with minor tetrahedrite form an
intermediate zone that is centered on the monzonite portion of the
stock. The zone is defined by the development of secondary biotite
end potassic feldspar. Sulphide and alteration minerals are found
as coatingé on widely spaced fractures, as stockworks, and ag dise
seminations. Disseminated material is most common between closely
spaced fractures and the pyrite to chalcopyrife ratio veries from
2:1 to 1:10.

An inner bornite and chalcopyrite zone is associated with
the monzonite~-syenite core of the stock. The zone is 150 by 300 m
and is defined by the presence of bornite and aegirine (Table XIV).

Enargite and tetrahedrite occur in minor smounts with
pyrite either absent or present in trace quantities. Associated
alteration minerals are orthoclase, epidote, biotite, magnetite,
apatite, and fluorite. Sulphide and alteration assemblages occur

along fractures and Jjoints and, more rarely, as disseminations. In

pleces chalcopyrite and pyrite are reduced to a limonite_ rich boxwork.

Copper prospects at Kwun and Hooker Lakes are examples of
simple porphyry type occurrences associated with small, monzonite

stocks.
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The Kwun Leke stock is located 500 m west of Kwun Lake
between Lowry and Alsh Lakes (Figure 4). It is composed of & narrow,
outer zone of syenodiorite which grades into fresh, pyroxene mon-
zonite over distances of l'to 10 m. The stock is situated along =
prominent northeasterly fault and is extremely fractured -and sheared.

Chalcopyrite and pyrite, with traces of bornite, are found
as fracture coatings within syenodiorite and along syenodiorite-
country rock or syenqdiorite-monzonite contacts. In areas of more
intense fracturing sulphides are disseminated throughout the rock,
occurring primarily as a replacement of mafic constituents, or as
granules adjacent to secondary bioéite, orthoclase, and epidote.
Other alteration minerals are magnetite, albite, and chlorite.

Xenoliths or roof pendants of voleanic flow and pPYro-
clastic rocks are found throughout the stock. These vary from 2 om
to 3 m in width and have been extensively altered. Here chalcopyrite,
bornite, and pyrite occur as fine disseminations or large blebs.

The property is currently being explored by Fox Geological
Consultants and Newconex.

A circular monzonite stock is situated 300 m south of
Hooker Lake (Figure 4). The stock is not exposed at surface but was
outlined by magnetometer and induced polarization surveys and
percussion drill cuttings. I£ is covered by T to 35 m of analcite-
nepheline tuffaceéus wacke and conglomersate. .

The stock is approximately 300 by 400 m in size, composed
cf pyroxene monzonite, and situated between two prominent north-

south faults.
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Pyrite with minor quantities of chalcopyrite coat fractures
élons vith épidote, biotite, albite, chlorite, and carbonate. Pjrite
varies from 0.2 to 7% bymfolume, with pyrite to chalcopyrite ratios
of 3:1 to 30:1. | |

" fThe stock is intrusive into fine grained volceniclastic
rocks and alkali-olivine basalt, though contact relationships are
not well established. Intruded rocks sre moderately fractured,
hornfeltcd, and contain zoisite, chlorite, prehnite, carbonate and
pyrite. Overlying analcite-nepheline-bearing‘rocks sre fresh.

Sulphide occurrences in intrusive breccias are similar to
those in gmall monzonite stocks. Mineralized breccias vary from
circular to elliétical and from 1;000Aby 300 to 200 by 300 m in
size (Figure 4).

Sulphides are either disseminated throughout the monzonite,
concentruted around or within mafic fragments, or occur as thin
.coatingu on narrow fractures (0.0l to 0.5 mm in width); Pyrite is
the most abundant sulphide (0.3-k%) with minor amounts of chelco-
pyrite {trace to 0.5%), and bornite (trace to 0.1%). Associafed.
alteration minerals are albite, biotite, epidote, chlorite, and
carbonate with minor megnetite, and potassic feldspar (Table XIV).
Shovings are small, ranging from 15 by 30 to 100 by 200 m with
sulphide and alteration assemblages primarily found in the outer

portiona of the intrusions.
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Pyrometasomatic Class

All known prospects of this class are found along the
syenodiorite phase of zoned intrusions, along o adjacent to faults.
Five pyrometasomatic showiﬁgs have been outlined sat Lemon Lake with
one occurrence known at Shiko Lske (Figure 10).

At Lemon Lake pyrometasomatic occurrences very in size
from 30 by 60 to 300 by 260 m (Figure 6) and are extremely irregulsr
in form. Hoét rocks are hornfelsed alkali basalt, trachybasalt,
alkali gebbro, and hornblende diorite. Hornfelsed volcanic and
intrusive rocks are composed of diopside and, more rarely, hornblende
porphyroblésts in a fine or medium grained equigrenular matrix of
plagioclase, dioéside, garnet, biotite, and magnetite.

The largest pyrometasometic prospect is situated 250 m
south bf Chain Lake (Figure 6) along the contact between syenodiorite
and a succession of trachybaselt flows. The trachybasalts ere cut
by numerous syenodiorite and monzonite stringers that range from
1 mm to 3 cm in width.

Both trachybasalts and the stringers are cut and offset
by a series of closely spaced, minerslized northwest, east-west,
and northeast fractures thet increase in abundance toward the
syenodiorite contact. Fractures vary from 0.0l mm to 1.8 cm in
width and from 2 to greater than 20 per 10 square decimetres.

Sulphide &nd alteration minerals within fractures show
a distinct age relationship based on cross-cutting features and
changes in mineralogy (Table XIV). Pyrite in assemblage 3 is partly

replaced by chalcopyrite, whereas chalcocite rims bornite, and
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bornite plus chalcocite replace chalcopyrite in assemblage 2.
Assemblage 1 consistently occurs in northwest trending fractures,

whereas the other assemblages have east-west, northeast, or north-

—

e ~

west orientations. Types three and four are most abundant and
widespread.

Within the prospect copper grade‘is highly variasble with
adjacent ten foot sections assaying trace,%B%, 0.1%, 1.5%, 0.3%,
end trace copper. Chalcopyrite to pyrite éatios vary from 3:1 to
1:15 and metal to sulphur ratios from low éo high., Copper-rich areas
vithin the trachybasalt grade north and south into pyrite rich
flow rocks containing only traces of chalcopyrite.

Other pyrometasomatic deposits within the Lemon Lake com=~
plex have similar mineralogies thouéh ere much smaller and less well
defined (Figure 6).

The pyrometasomatic deposit at Shiko Lake is situated
along the northwest contact of the stock and is 15 by 100 m in size.
There éhalcopyrite, pyrite, and traces of bornite are associated
with biotite, diopside, garnet and‘epidote that have reacted from
and replaced-both matrix and fragments of a tuff breccia or lapilli
tuff. Temporel relationship éf the sulphide minerals is not well
established though pyrite and chalcopyrite appear to be older than
bornite. Bornite is associated with orthoclase, aegirine, angd
magnetite, whereas chalcopyrite-occurs with biotite, diopside, mag-
netite, albite and epidote.

Porphyfy and pyrometascmatic deposits are closely related,

both in time and space. Pyrometasomatic prospects sre peripheral
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to defined-porphyry deposits énd are developed ohiy along
syenodiorite-country rock contacts. Mineralogy and zonation qf'
sulphide~alteration assemblages are similar and inferred age relatione
ships of sulphides in_pyroﬁetasomatic deposits correspond to the
lateral zonation associated with porphyry prospects. ‘

Sulphide and alteration minerals in both classes of
deposit are believed to have formed over the same time interval from
solutions having the same source. The pyrometasomatic prospects
represent the precipitation of a hydrothermal solution within skern

zones formed by the intrusion of zoned stocks into slightly older

volcanic assemblages.

Volcaniclastic Cless

Prospects associated with this cless are found in argillites
and tuffaceous wackes with interleyered basalt flows common. Pros-
pects typically contain silver, or lead and zinc with minor copper,
arsenié, and gold. Sulphides are characteristically arsenqpyrite,
pyrrhotite, chalcopyrite, pyrite, sphalerite, galena, and pyrar-—
gyrite. Bornite and chalcocite are rare. Associsted gangue minerals
are calcite, ankerite, albite, and chlorite.

Most prospects occur as single veins, varying from 1 cm
to 6 cm; or as frécture systems that range in size from 1 mm to 1 cm
and from 2 to 10 per square foot. Showihgs are small end widely
scattered throughout basins adjacent to volcanic complexés.

Wallrocks show little alteration except for bleaching of
argillite and the development of narrow envelopes of chlorite, albite,

and epidote adjacent to some veins.




108

Metamorphic Class

This class of deposit is the least sbundant, occurring
as pods or narrovw fracture zones within calcareous argillite or
grey, recrystallized limes£one of the Cache Creek Group. Sulphide
zones vary from 2 by 5m to 5 by 10 m and consist of arsenopyrite,

sphalerite.

Conclusions

The formation of porphyry end pyrometasomatic deposits
is undoubtably complex, though there can be little doubt that the
mineralizing processes are direcply essociated with the cooling
and crystallization of alkalic intrusions of monzonitic composition.
With the exception of sﬁall volcaniclastic deposits, all covper-gold
occurrenées in the Horsefly area sare found adjacent to or within
monzonite stocks, intrusive breccias, and zonea plutons. Younger
trdchjtensyenite intrusions and older gabbro-syenodiorite stocks
and sills contain no associated sulphides.

The location of ménzonite stocks in the cores of old
volcenic complexes, their similarity to meny of the pyroclastic
- deposits in the area, and their textures lead to the conclusion that
they were sub-volcanic and the sulphide associations we now see occur
in the lower portion of hydrothermsl syétems which led to the surface
where they may have emerged as solfataras and hot sprinéé.

Field, petrographic, and chemical evidence support the
conclusion thatlﬁbﬁpér, end fo & lesser extent.gold, was concentrated

in differentiating alkalic magmas until e monzonitic composition
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u%s reached. At this point a hydrothermal sulphide-bearing phase
separated, leaving later syenitic magmas depleted in copper.’

Thic relationship is illustrated by Figuré 11, vhere copper,
in ppm, has been plotted against Thornton and Tuttle's (1960)
differentiation index for extrusive and intrusive rocks of Cycle I.
All of the anzlyzed rocks were first examined under the binocular
microscope and in thin section to essure they contained no visible
sulphides.

It can be seen that copper content increases from olivine
gabbro through alkali gabbro to syenodiorite, reaching a maximum
average of 1T0ppm in monzonite. This value is extremely high for
rocks of this composition as they‘are reported to average only 20-
30ppm-(Vinogradov, 1962). Younger syenite and trachyte stocks and
dykes, and the cores of zoned intr&sions contain fifteen times less
. copper, averaging l2ppm.

Extrusive rocks show a completely different trend with
copper content decreasing as differentiation occurs. This‘implie§
that either less copper was available to the eruptive megmas, or
copper was lost ffom them due to ‘escape of volatiles. Copper was
thus concentrated in the more fluid-volatile and alkali rich phases
which were collecting in quiescent portions of a sub-volcanic
environment.

Taking the Lemon Leke prospect as a typical examﬁle the
ﬁorphyry and pyrometasomatic deposits are envisioned as forming in

the following manner.
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Figure 11: Variation of copper in extrusive and
intrusive rocks of the Horsefly Group. See Table

XVI for explanation of symbols.
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Table XVI:

Extrusive
Ankaramite
Alkali-Olivine Baéalt
Alkali Basalt
Trachybasalt

Trachyte

Extrusive
Hepheline Ankaramite
Nepheline Basalt

Hepheline Trachybasalt

Extrusive

Analcite Basalt
and Trachybasalt

Phonolite

Cycle I

Cycle II

Cycle TII
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Key to symbols uced on variation diagrams

Intrusive
&8 Olivine Gabbro
B8 Alkali Gabbro
B Syenodiorite
O Monzonite

Matrix of Monzonite
Intrusive Breccia

B Syenite

Intrusive

) Tephrite

C>Nepheline—bearing
Syenodiorite

() Nepheline Monzonite

Intrusive

S Analcite Monzonite
and Phonolite

O0livine Teschenite
R Teschenite

0 Alkali Teschenite
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Volcenic and pyroclastic rocks and basic intrusions were
extgnschly sheared, fractured and hornfelsed by the intrusion of
a‘CrYStullizing body of intermediate magma. The roof and marginal
‘parts of the Lemon Lake stock crystallized-to form syenodiorite.

At the vune time syenodiorite was laterally injected into the country
rocks sculing frectures and forming irregular dyke-like bodies.

- As the residual megme changed in composition (enrichment
Of'alkalin,settling out of pyroxene and olivine) less mafic rocks
formed. "The increased volatile content and possibly a reduced cooling
rate resulted in a coarser grain size for the monzonite of the inter=-
mediate sone. Convective movements-within the monzonite zone caused
the syenodiorite.shell to frecture and monzonitic magme filled these
lover prossure zones.

) As crystallization of the monzonite neared completion it,
along wilh syenodiorite and adjacent basic volcanic and intrusive
‘rocks vere faulted, sheared, and fractured in northwest, north- |
south, and northeasterly directions. The cause of these extensive
movements is not known though they could be due to further movemeht
of magna within adjacent parts of the volcanic complex.

The volatiles and alkalis collecting in the monzonite were
released und permeated crystalline monzonite, syenodiorite, sand
adjacent llorsefly Group rocks. The sulphide-bearing solution(s)
moved lanlerally ané vertically along fault zones and fractures
crystallicing under changing temperature, pressure and possible pH

conditions (Garrels end Christ, 1965).
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Changes in composition of the solution(é) is reflected
in the lateral zonation and variastion in vein mineralogy. Cone
giderable disequilibrium between country rocks and solutions,
ap evidenced by extensive élteration envelopes, and rapid movement
elong feult zones explains the rapid precipitation within and
eross~cutting nature of veins in the skarn zones.

Sulphide assemblages within the monzonite have high Cu/Fe
and metal/S ratios, and associated silicates have high K/Na and
K 4+ Na/Ca ratios. Within the syenodiorite zone (Alterstion typa
two, Tables XIV and XV) metal/S and Cu/Fe ratios have decreased,
end alteraﬁion minerals exhibit a corresponding decrease in K/Na
and K+ Fa/Ca ratios. Solutions would have also become increasingly
oxidized as megnetite is now a dominant phase; The pyrite zone
contaihs only minor gquantities of copper, abundant pyrite, and
glteration assemblages are dominantly calcium- and sodium-rich.
Figure. 7.25 in Garrels and Christ (1965) illustrates an identical
change in sulphide and oxide assemblages with decreasing ﬁH and
increasing Eh at 25°C. Pyrometasomatic deposits exhibit all of the
sbove features though these are often superimposed on one another
and confined to skarn zones adjacent to major faults.

Solutions are thus envisioned as being basic with base
exchange and solution and precipitation type metasomatism predomine-
ubing. .
The alteration assemblages differ from those of calc~slk-
alic porphyry cbpper deposits by the absence of quartz, sericite,
und abundant clay minersals, and the presence of aegirine and,

possidbly scapolite. This would indicate a relatively basic solution
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with high K-+ Na/H ratios, such that the stability fields of sericite
aﬁd kaolinite-montmorillonite are not reached. Solutions remain
within the stability fields of orthoclase and albite with base cation
fixation resuiting (Myer and Hemley, 1967). The alteration assem—
blages thus reflect the alkalic and ﬁndersaturated nature of the
rocks from which they were derived.

It is also of interest to note that messive lenses of
pyrite with traces of chalcopyrite, flank the porphyry and pyrometa-.
somatic deposits. The lenses are found along.mafic—salic flow
contacts or mafic flow-salic pyroclsstic contacte and stratigraphice
ally occur above and lateral to other types of deposits. This,
coupled with the presegcé of thin, iron~-rich carbonate lsyers sbove
them, give them the appearance of small, massive sulphide type
deposiis. . .

- The lenses form part of the géneral pyrite zone and appear
to represent the surface expression of undiluted solutions which
formed, at depth, the porphyry and pyrometasomatic deposits. One
can thus envision a whole series of different deposit types fbrming
from the separation of one {or more) hydrothermel sulphide=~bearing
rhase. Porphyry and pyrometasqmatic deposits at depth, massive
sulphide types at the surface or lateral to the volcanic complex,

and epithermal veins which flenk the complex (volcaniclastic types?).

Alteration Assemblapges

Field mapping end petrographic studies have led to the

recognition of four separate end distinct alteration events.
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Alteration assemblages are associated with‘monzonite, syenite,
nepheliﬁé syenodiorite, and analcite monzonite at Lemon, Shiko,

Hooker-Kwun, and Antoine Lakes, respectively. Table XVII summarizes

, -
/ o -

'ai%eration-sulﬁhide assemblages and gives associated intrusive rock
type; Appendix B lists individual alteration minerels and their

principal mode of occurrence within each assemblage. Where & dis-—
|
tinct, laterel zonation can be defined inner to outer zones are

I

labeled as such. . |
)




Source of
Solutions

Cycle 1
Monzonite

Cycle I
Svenite

Cycle II
Nepheline
Syenodiorite

Cycle IIIX
Analcite
donzonite

Table XVII:

Dom.
Min.

Sul,
Dom.

Min.
Sul.

~Dom.

Min.

Sul..

Dom.
Min.
Sul.

Alteration Assemblages, Sulphides and Associated Rock Types

for Various Alteration Events, (see Table XV for list of
abbreviations). '

Inner Zone
(1)

Orth, Ep, Aeg
Biot, Mt, Scap,
Ap, F1 :
Bn, Cp, Tet, Py
Enar

Per, Aeg

Ep

Alb, Chl, Hm, Ep
Zeol, Cb, Pre
Py, Cp

Anal; Sod, Aeg
Cb, Zeol, Alb
Py

(2)-

Biot, Mt, Orth, Ep
Alb, Zois

Cp, Py, Tet

Chl, Zeol, Cb
Ep, Per

Py

Anal, Cb, Chl, Alb
Hm, Sod, Act

Outer Zone

Alb,

Ep,

Py,

(3)

Chl, Cb
Zeol, Zois

Cp, Arsn

Cb, Chl, Hm, Zeol
Ep, Alb, Anal, Act

Py

91T
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V: Chenistry of the Horsefly Group

e

Introduction

/i,r/’/* AAreprégéntative suite of rocks from the Horsefly Group
was analyzéd for major and trace elemehts. Abundences of major
elements were determined by X-ray fluorg§pénce,and trace elements
by emission spectrography. Forty-eighf sa%ples vere analyzed a£ the
Science Laboratories, Durham Univeréity; f%ve additional samples
and four duplicates were analyzed at Vanco&ver Geochemicel
Laboratories. Resulis of duplicate analyses done at separate
luboratories are listed in Table XVIII.

Whole rock anelyses, wifh calculated normative mineralogies,
are reported in Appendix C; trace eiement data are listed in
Appendix D. Sample locations are shown on Figure k.

Samples were first studied in thin section to ascertein
their freshness; those showing effects of hydrothermal alteration or
containing abundant calcite and/or zeolites were discarded. Samples
shoving oxidation of the iron-titantium oxides were also excluded
from the analyzed suite. ’

Exceptions to the above generalizations are two samples of
monzonite (RM=3, RM=4) and two of syenite (RM-17, RM-18), each
showing partial alteration of magnetite and sphene to hematite and
leucoxene, respectively. These, four samples were otherwise fresh
and because they were collected from copper«bearing intrusions were
included for analyses. These are the only analyzed samples from the
Horsefly Group to centain normative hypersthene and lack normative

nepheline.
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Table . XVIII: Duplicate analyses from independent laboratories
~for major and ‘trace elements (in weight per cent
e _ and ppm respectively).

— —

RM < 24 RM - 18 R -13 RM - 2
$10.  52.46% 53.26° 59.032 59.71P 48.642 48.78P 49.312 50,24P
A1.0. 16.26 16.73 18.27 17.95 12.69 12.82 13.00 13.63
Fe,0, 2.11 2.18 1.22 1.29  3.25  3.31  2.08 2.25
FeO  6.02 5.78  3.43 3.30 ° 9.17 , 9.37  6.19 6.28
MgO 3.05 3.12  2.01 1.94. 6.99 § 7.22  4.26  4.41
Ca0 7.61  7.72  3.24 3.10 10.49 '10.12 13.30 12.85

4
6
1

Na,0 5.69 5.98 - 4.33 .15 2.78 2.66 3.78 3.72

Kzg 2,02 2.33  6.13 6.38 239 2.15  2.66 2.62
H,0 1.65 1.32 1.3 13 2,14 2,02 2.49  2.23
co, 1.67 =n.d.* 0.00 n.d. 0.06 n.d. 1.16 n.d.
Ti0,  0.75 0.94 0.52 0.5 . 0.90 1.08  0.98 1.0l
PO,  0.44 0.41  0.31 0.3  0.32 0.32  0.52 0.50
MO 0.26 0.23  0.11 0.14  0.17 0.15  0.28  0.26
Ba 1287 1231 1690 1725 616 600 ~ 989 995
Sr 1572 1568 885 881 1084 1108 1410 1381
Rb 30 36 110 110 61 60 45 53
Nb 5 4 6 5 7 3 7 4
Zr 94 103 137 137 63 49 97 103
Y 22 26 20 20 20 20 27 24
Ni 6 4 0 1 80 - 91 6 8
Cr 12 8 11 10 326 323 17 13
Cu 105 9 13 9 146 133 43 38

Zn 108 106 48 54 101 110 69 42

a Durham University
b Vancouver Geochen Laboratory

* Not determined
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Major Element Chemistry

" Extrusive and intrusive rocks from each of the three

volcanic cycles, are strongly undersaturated with respect to

—

e L
silica, and closely resemble analyzed volcanic rocks from islands

along the Mid-Atlantic Ridge (Gough, Tristan da Cunha, Inspiration,
and St. Helena). The amount of normative nepheline and olivine is
cheracteristic of the entire Horsefly Group, although modal feld-
spathoids are restricted to rocks of the s%cond and third cycles.

The Ne' - 01' - Qtz' triangle is shown in Figure 12. All
rocks from the Horsefly Group plot to the left of the plane of
criticel silica under seturation (Poldervaart, 1964), including the
four samples con%aining normative‘hypersthene. In the main, rocks
from the second and third cycles plot closer to the olivine-nepheline
side of the trisngle than first cycle rocks because of their greater.
proportion of normative nepheline.

The standard alkeli-silica diagram, used to differentiate:
alkalic from non=alkalic rocks, is shown in Figure 13. The diagram
incorporates the boundary line between Hawaiian alkalic and
tholeiitic suites (MacDonald, 1968); and the dividing lines between
alkalic and non-alkalic rocks as proposed by Irvine and Baragar (1972)
and Schwarger and Rogers (197h).

All rocks form the Horsefly Group plot well above the
three established bounderies. ;Feldspathoidal rocks mainly have

a8 higher alkali content and contain less SiO2 than their Cycle I

counterparts,
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Figure 12: Normative Ne'-01'-Q' projection( after
Poldervaart ) of extrusive and intrusive rocks of the
Horsefly Group. Heavy solid line( bl'—Ab ) separates
alkalic from subalkalic rocks as defined by Poldervaart.
Open circles represent feldspathoidal rocks of Cycles II
and III, closed circles represent non-feldspathoidal rocks

of Cycle I. Coordinates were determined in the following

manner:
Ne' = Ne + 3/5Ab
01' = 01 + 3/40px

]

Q' Q + 1/40px
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Figure 13: Alkali-~Silica diagram for extrusive
and intrusive rocks of the Horsefly Group. Open
circles represent feldspathoidal rocks, closed

circles represent non-feldspathoidal rocks.
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Alkali content, for rocks of each cycle, increases rapidly
over a‘narrov range of 5i0, values from L5 to 55% (Figure 13). A

similar trend, shown by volcanic rocks of the Mid-Atlantic Islands,
— -

‘leads directly to trachytes and syenites without excess silica

(Baker, 1968).

Figure 1k is a verietion plot of §i0,
|

Differentiation Index (Thornton and.Tuttle, 1960). All of the
(

against a

analyzed rocks plot on the undersaturated %ortion of the diagrenm,
below the anorthite~orthoclase join. The diagram also shows that
rocks from Cycles II and III tend to contain less silica than similer
Cycle I rocks over the same range of the Differentiation Index.

A stanaard A~F-M diagram ié shown in Figure 15. Lacking
enrichment in iron, relstive to alkalis, rocks of the Horsefly Group
trendrfowards the alkeli side of the triangle. This trend holds
true for all three cycles and is quite different from trends shown
by tholeiitic and calc~alkalic rock suites (Kuno, 1968).

MacDonald (1968), and Irvine and Baregar (1972), on the
bases of normative albite, anorthite, and orthoclase, have divided
alkalic rock suites into sodic, mildly potassic and potassic types.

A triangular diagram, with the apices represgnted by these three
components, is shown in Figure 16. The solid curve represents Irvine
and Barager's (1972) proposed dividing line for separating sodic

from mildly potassic types. W&£ﬁ three samples plotting on the

sodic side of the curve, and none in the potassic corner of the
triangle, it ié clear that rocks of the Horsefly Group belong to

the mildly potassic series.
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‘Figure‘i4: Weight percent SiO2 plotted against
Differentiation Index( Thornton and Tuttle, 1960 )
for extrusive and intrusive rocks of the Horsefly
Group. Also shown is the Thornton and Tuttle
saturation line An-Or which separates the field of
undersaturated rocks( below ) from that of saturated
rocks ( above ), and the saturation line An-Ab which
separates the fields of saturated and over saturated
rocks. Open circles represent feldspathoidal rocks,

closed circles represent non-feldspathoidal rocks.
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Figure 15: A-F-M diagram for extrusive and intrusive
rocks of the Horsefly Group. Diagram also includes
rocks from Gough Island( squares ), and Tristan da
Cunha( crosses ). Open circles represent feldspathoidal

rocks, closed circles represent non-feldspathoidal rocks.
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Figure 16: Normative An~Ab-Or projection of extrusive

and intrusive rocks from the Horsefly Group. Solid curved
line is Irvine and Baragar's proposed dividing line between
sodic and mildly potassic suites of alkalic rocks. .Also
shown are analyzed samples from Gough Island( squares )
and Tristan da Cunha( crosses ). Open circles represent
feldspathoidal rocks, closed circles represent non-—

feldspathoidal rocks.
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4) Folding, metamorphism, and faulting, within the Cache
Creek Gfaup,~occurred as a result of overriding or collision, and
in response to E-W’and NE stresses. High geothermal gradients
(nggin zoneS'Sé/;aximum stress?) caused partial melting of the
Oceanic sequences. This resulted in Late Triassic calc-alkalic
volcanism which culminated in the intrusioq of 200m.y. plutons.

'5) As the f&te of overriding sliwed and ceased (Late
Triessic or Early Jurassic Time) structura# readjustment of the Cache
Creek rocks occurred (isostatic rebound, faulting). This resulted
in rifting and uplift of Cache Creek and Upper Triassic volcanic
rocks.,

6) The uplift and rifting initiated a cycle of alkalic
magmatism which occurred during Early Jurassic to Mid~Jurassic (?)
time.

7) Once warping and crustal fracturing of the Cache
Creek rocks was established the rift zone became, Lo some extent
self-perpetuating (Baily, 1974); acting as a heat and volatile drain

on the underlying mantle.
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APPENDIX B
Petrographic description of alteration minerals

associated with Cyclés I and III intrusive rocks.
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Alteration Products Associated with Monzonite

Type I

Orthoclase: Occurs as rims around plagioclase feldspar or as
elongate—irregular blebs along albite twin lamellae or (001)
cleavage directions. 1In places the orthoclase blebs have co-
aleéCsed to leave only 'islands' of plagioclase surrounded by
orthoclase. Orthoclase is also found as irregular patches

(C.1 - 2 mm) throughout the monzonite or as stringers and fracture
fillings - Here it is associated with various sulphides, aegirine,
fluorite, scapolite, epidote, and biotite. Where sulphide minerals
are least abundant the rock is frequently 'flooded' by orthoclase
and epidote, all pre-existing minerals having been replaced by
these two secondary products. The orthoclasb has a 2V of 68 to 71
and extinction angles aAx of 7 - 10°

Biotite: Occurs primarily as fiakes or rims around pyroxene or as
interleaved patches within orthoclase rich areas. In places biot-
ite and epidote form pseudomorphs after pyroxene. It also occurs
in stringers with orthoclase, magnetite and epidote.

Aegirine: Found as acicular or ragged crystals with orthoclase in
fractures, veins, and orthoclase rich areas, The aegirine is pleo-
chroic from dark green(Y) to light green (Z), with a 2V of 62~-66 .

Epidote: Varies from clear to pale-cyellow and is slizhtly pleo-
chroic. It occurs as individual grains or as clusters and is in-
variably associated with orthoclase or biotite.

Magnetite: Small grains within or adjacent to pyroxene, also in
stringers with orthoclase and biotite. Coats shears where it com-
priseg up to 30%Z of the alteration products present. ’

Scapolite: Is uniaxial negative and colourless with second order
birefringence. It is found only with orthoclase in stringers

and intensely altered monzonite. Frequently in the form of col-
umnar aggregates.

Fluorite: Isotropic with high relief and octahedral cleavage (rare).
In stringers with apatite, scapolite and epidote or orthoclase.

Apatite: Occurs in stringers with orthoclase and aegirine.
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Appendix B (cont.)
Type II

Epidote: Varies in mode from pale yellow, as in type I, to fine
mosaics that contain numerous opaque inclusions. Found dominantly
as blebs in plagioclase, mosaics throughout syenodiorite, or along
fractures and cleavages in pyroxene grains.

Albite: Varies from clear, partly twinned crystals to crystals
full of opaques (hematite), occurs as rims around plagioclase or
as patches and blebs in plagioclase, generally having formed along
cleavage directions or twin lamellae and spread from there.

Also found with orthoclase in fractures along with epidote, and
zoisite.

Orthoclase: Occurrence similar to I though areas of flooding are
absent.

Zoisite: Colourless with a deep blue interference colour, parallel
extinction and high relief. Occurs as irregular patches or ag-
gregates throughout the syenodiorite, associated with albite, and
orthoclase. Rarely found with epidote in pyroxene. Zoisite frequent-
1y contains pyrite inclusions.

Biotite: Varies from pale green to light brown with a mode that
is similar to that in type 1.

Magnetite: Same as I.
Type III

Carbonate: Pink in hand specimen, in thin section is found as
patches ( 0.05 to 1.5 mm) in plagioclase, irregular blebs through-
out the matrix of volcanic flow and pyroclastic rocks, in stringers
with zoisite, albite, and chlorite, as amygdaloidal fillings

and rarely as lenses along pyroxene cleavage planes.

Chlorite: Pleochroic pale green to colourless, low birefringence
and parallel extinction. Replaces entire matrix of some basaltic
flows and gabbros, replaces plagioclase and pyroxene, often forming
finger-like lenses that coalesce around these minerals. Occurs

in stringers and amygdules with albite, epidote, carbonate, and
zeolites. .

Albite: In stringers or as a replacement of plagioclase. Also
found in amygdules and throughout the matrix of more basic rock
types.
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Egidote{/'Associated with chlorite, occurring as mosaics of grains
in chlorite rich areas, and as individual grains in plagioclase
and pyroxene. ’

e ///
Zeolites: Found as fine acicular or clusters of radiating crystals
in the matrix of flow rocks. Also in stringers witl carbonate,

zoisite and chlorite.

Zoisite: Mode similar to that of type II.

f
Alteration Products Associated with Syenité

Type 1

Perthite: Composed of potassium feldspar with an exsolved sodium
rich phase. Sodium feldspar comprises 10 to 50% of the potassium
feldspar crystal in the form of rods, strings, or elongate blebs.
Perthite occurs with aegirine in stringers that transect the
syenite and adjacent rock types. ’

Aegirine: Occurs with perthite, as acicular crystals or ragged

clusters. It is pleochroic from pale green to green with a 2V of
o

61-69 and extinction angles of 3 to 7 cAX.

Epidote: Found with perthite in stringers, also occurs as a re-
placement of clinopyroxene and plagioclase adjacent to stringers
in volcanic rocks.

Type 11

Chlorite: Replaces potassium feldspar and aegirine-augite in
syenite, associated with carbonate, zeolites, and epidote in vein
envelopes adjacent to perthite—aegirine veins. Small grains of
pyrite often occur as inclusions in chlorite.

Carbonate: Grey to pink in hand specimen. In thin section found
as blebs throughout syenite, in veins with chlorite, epidote, and
zeolites. As a replacement of'piagioclase and olivine in basic
rocks adjacent to stringers or veins.

Zeolites: Clusters of radiating crystals in veins with chlorite .
and carbonate. Varies from clear to pale green and yecllow in colour.
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Alteration Products Associated with Analcite Monzonite

/Analcite: Pale pink, occurs as irregular blebs which vary from
0.27to 2mm in ddiameter, or as narrow stringers alone, or with
zeolites, aegirine, and sodalite. Replaces albite, nepheline and
potassic feldspar.

Sodalite: JIsotropic with a patchy blue colour. Found with analcite
as stringers and blebs, dlso in amygdules where analcite forms

i

the core and sodalite the rims. |

5

f
Aegirine: Acicular crystals in stringers with analcite, crystals
in amygdules, frequently bordering stringers with carbonate and
s 3 . - i
albite, analcite and sodalite form the centres.

Carbonate: Irregular patches in plagicclase, in stringers with
aegirine and albite, also with analcite or zeolites. In amyg-
dules with zeolites, chlorite, and epidote.

Albite: Blebs and small crystals in matrix of volcanic rocks, re-
places calcic-plagioclase and nepheline. In stringers with car-
bonate, aegirine, and analcite. In places albite replaces the
matrix of volcanic rocks adjacent to analcite intrusives.

Zeolites, Chlorite, and Epidote: Mode much the same as that of
Cycle 1. .
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Major element chemistry and normative mineralogy

of analyzed samples from the Horsefly Group




Oxides
8102

A1203

FeZO3
FeO
MgO .
Cal
Na,O
K.,0
H,0
co
TiO

P205

.
R

41.

(8]

20.

40

86

.67
.95
.86

.63

32

.99
.94
.22
.18 |
.90
.24

.19

RM-13

48.

12.

64

69

.25
.17
.99
.49
.78
.39
.14

.06

RM-30

48.

12.

10.

10.

39

00

.78

.83

49

73

.52

.90

.18

.00

.75

.21

.19

Appendix C, Table 1:

RM-35
46,68

13.38

9.90
8.25

2.85

0:00
0.93
0.23

0.17

from the Horsefly Group.

RM-45
47.02
14.74
2.80
7.89

8.30

10.60

2.98
1.45
1.74

0.35

1.28

0.55

0.19

RM-33

48.

13.

83

36

.72
T4
.00
;96
.71
.56
.33
.34
.79
.39

.24

Major element contents of analyzed rocks
Table 3, Appendix C lists
rock types and corresponding sample numbers.
Results in weight per cent and all totals vary from
99.01 to 101.10%

RM-36

49.

13.

76

84

.39
.76
b
.70
.99

.66

Ly
~3

~1
W

o
N

RM-44

49.

'13.

82

70

.39
.75
.72
.21
.24
.18
.14
.03
.07
.42

.17

RM-21

48.

14.

01

88

.65
.55
.80
.31
.95
.43
01
.68
.94
.33

.22

49,

13.

31

00

.07
.19
.26
.30
.78
.66
.49
.16
.98
.52

.28

RM-1

47.
14.
2.
8.
5.

11.

12
06
76
25
89

59

.94
.88
.61
.57
.83
.28

.20

RM-23

49.
12.
1.
6.
3.

14.

46
75
87
26
92

08

.08
.43
.76
.58
.98
.51

.28

RM-22 RM-46
54.03 53.08
16.51 16.23
1,68 2.01
4,75 5.73
4,02  5.71
7.13  5.90
3.85 4.83
4.24 2,48
2.38 2.68
0.00  0.00
0.74 0.76
0.44  0.42
0.22  0.15

RM-49

55.

16

18

.89
.64
.32
.91
.81
11
.73
.01
.00
.70
.53

.16

w8t




Oxides
Si0

Al,0

Tio

P20

MnC

RM~-28

40.

15.

64

84

.11
.00
.68
.39
.97
.85
44
.00
.62
.23

.22

RM-38

48.

13.

78

58

.73
.67
.21
.83
.46
.23
.66
.00
.10
.53

22

RM-37
49 .
13.

34
63

.43
.85
.39
.18
.06
.96
.85
.05
.72
.29

.21

RM-14
50.67
14.96

2.71

7.72
4,86
7.24
3.82
2.88
2.72
- 0.53
1.30
0.35

0.22

Appendix C, Table 1 (cont.)

RM-26 RM-3

51.50 51.97
15.15 16.07
2.58 1.54
6.85 6.66
5.65 4.17
7:84 6.89
4.28“ 3.05
2.85 4.96
1.40 2.00
0.51 .1.29
0.94 0.78
0.30' 0.40
0.14 0.21

RM-34

51.

15.

43

76

.18

.28

.86

.65

.87

.80

.73

.75

.38

=

RM-50

52.56
16.23

3.04

7.62

© 4,15

3.50

1.65

0.44

0.26

RM-31

52.

l6.

07

45

.17

.21

.08

.79

.23

.05

.32

.00

.63

.81

.18

RM-17 RM-18
55.29 59.03
16.71 18.27
1.69 1.22
4.81  3.43
2.74 2.01
5.84  3.24
4.94 4,33
3.8;"~*g.1é~~
1.44 1.30
.1.26  0.00
0.71 0.52
0.46 0.31
0.22 0.11

RM-48

56.

16.

18

89

.54
.22
.81
.71
.17
.03
.20
.00
.70
.53

.12

RM~47

\
5417

16

.40
.67
0L
.01
.54
.23
.83
.80
.00
.51
.78

.14

RM-39

43.00

11.60

8.48
6.43

18.08

2.84

0.06
3.47
1.45

1.23

RM-42
46.76

13.30

9.40
8.61
11.84
3.94
0.93
2.23
0.00

1.19

SRT




Oxides RM~32

SiO2 49,
A1203 15.
Fe203 2.
Fel 7.
Mg0 5
Cal 8
NaZO 4
X0 1
ﬁ20 2
CO2 0
TiO2 1
0, 0
MnO 0

74

24

56

30

.31
.43
.90
.64
.14
.90
.09
.51

.22

RM-15
45.52

13.42

8.62

8.79
10.27
3.75
1.51
2.51
1.12

0.80

RM-19

45.35

13.45
2.79
8.09
8.12

10.54
3.31
2.25
3.07
1.44
0.91
0.40

0.23

RM-25

52.41

16.60

5.06
6.86
4,47
2.31
2.15
0.00

0.98

Appendix C, Table 1 (cont.)

RM-43
51.37

16.19

4.94

8.03
4.12
2.04
1.95
0.88

0.94

RM-24
52.46

16.26

3.05
7.61
5.69
2.02
1.65
1.67

0.75

RM-6
45.84

14.45

7.89
11.53
9.41
2.60
2.59
1.43
0.02

0.92

RM~7
48.53

14.10

7.46

7.04.

10.01
3.61
2.08
1.79
0.96

1.11

RM-11
49.96

13.86

6.33

8.80

5.07

2.07

2.85

0.17

0.79

RM~29
51.48

17.69

4,12
4,14

4.55

4,39

0.00

0.74

RM-51
53.59
18.01

1.76
5.21
4.18

4.20

CATITT T

5.01
2.51
0.00
0.79

0.43

0.15°

RM-27

53.25

16.50

3.25
5.62
4.79
5.65
1.83
0.06

0.58

\
Rn—26\ RM-9
47.72 47.03
11.61 14.69

2.98  3.19
8.44  8.97
9.73  8.57
10.17  8.72
2.89  3.29
1.59  1.66
2.30  2.09
0.12 0.00
1.11  1.11
0.34 0.31
0.20  0.26

RM-8 RM-4
58.06 53.51
14.23 17.16
2.29 1.66
6.55 4.77
4.02 5.18
5.20 5.71
3,40 4.62
1.11 2.72
3.47 2.45
0.00 0.90
1.11 0.79
0.23 0.41%

0.22 0.12




Minerals
Qtz
Neph
Or

Ab

Mt
I11
Ap

Cal

Appendix C, Table 2: Normative mineralogy of analyzed rocks from the Horsefly

RM=-40

7.98
5.73
2.65
15.15

48.72

11.20

4.42

1.77

0.59
2.50

2.22

RM-13

3.06
14.42
18.40
15.41

28.89

12.29
4.81
1.74

0.76

0.14

2.14

Group. See Table 3, Appendix C for list of sample numbers and

rock types.

RM-30

2.94
11.49
16.40
16.14

29.72

17.14
4,12
1.45
0.50
0.00

2.18

RM-35

5.73
16.59
14.46

16.38

119.86

4,28
1.83
0.57
0.00

3.84

PM~45

2.39

8.72
21.24
22,93

19.94

15.80

4,12

2.48

0.81

RM-33

1.79

15.48

20.14

17.14

23.23

14,81

4.04

1.54

0.95

0.79

2.33

RM--36

4.

16.

05

52

15.43

17.

27.

10.

}—J

01

71

97

.41

.76

.86

.72

RM-44

2.77
13.14
22.89
16.70

25.76

11.43
3.53
2.06
1.02
0.07

2.14

RM-21

2.58

14.62

20.73
20.60

19.28

13.48

3.92

1.82

0.80

2.04

2.01

RM-2

3.59
16.11
26.13
18.81

15.21

7.46
3.07
1.90
1.26

2.40

2.49

2.01

17,45

25.56

18.10

14,35

12.47
4.10
.1.62
0.68
1.01

2.61

RM-23

6.83
14.63
22.49
14.75

29.97

13,29
2.75
1.89
1.24
3.29

1.76

18T




Minerals
Qtz
Neph
Or
Ab
An
Diopf
Hyp |
01
Mt
I11
Ap

Cal

RM~-22

1.50
25.65
30.62
15.59

14.42

7.15
2.49
1.43
1.07

0.00

2.38

RM-46

0.96
15.02
40.23
15.70

9.73

13.14

2.99

1.49
1.02
0.00

2.68

RM=-49

1.97

31.73

30.87

13.73

5.84

7.11

2;81
1.30
1.61

0.00

2.01

Appendix C, Table 2(

RM-28 RM-38 RM~37

5.94
5.23
6.48
33.34

22.58

15.43
4.71
3.21
3.05
0.00

4.44

4,35

7.38

021,73

18.19

30.87

10.02

4.03

2.12

1.26

0.00

1.66

4,32
11.77
18.42
18.00

29.31

12.26
3.58
1.39
0.69
0.12

1.85

continued )

RM-14

0.16

17.50

33.19

15.58

12.79

12.04

4.03

2.55

0.85

1.24

2.72

RM-26

2.84
17.15
32.41
14.14

11.31

13.17
3.79
1.89
0.71
1.18

1.40

RM-3

29.90
26.36
15.79
6.61
2.22
11.27.
—2.27
1.51
0.96
2.99

2.00

RM-34

2.28
28.99
29.20
11.72

6.83

-11.30.

3.22
1.46
0.91
4,02

2,12

RM~50

1.80
\
20.02

38.31

13.19

9.62

8.53

3.09

1046

1.05

3.86

1.65

RM<31

1.61
43.10
16.49
14.54

8.08

9.68
3.25
1.24
1.97
0.00

3.32

891




Minerals
Qtz
Neph

Oxr
Ab

An
Diop;
Hyp -
0l
Mt
I11
Ap
Cal

H,O -

RM-17

23.20
42.35

12.19
5.04
4.17
5.14
2.49
1.37
1.10

2.91

1.44

RM-18

36.
37.

12.

70
10

49

.86
.84
47
.79
.99
74
.00

.30

RM-48

1.91

35.09
34.82

112.50

5.30

4.45
2.81
1.30
1.61
0.00

0.20

Appendix C, Table 2(

RM=-47 RM-39 RM-42

2-71 ’

40.10

24.30"

12.32

5.24

6.92
3.05
1.11
1.86
0.00

1.80

5!19

0.35

10.87

24.36

44.95

0.40
3.45

3.47

9.85

3.88
15.48

17.80

26.65

16.64
4.31
2.21
0.84
0.00

2.23

continued )

RM-32
4.17
9.89

34.65

15.07

15.12

11.81
3.80
2.12
1.23
2.09

2.14

RM-15 RM-19
10.06 7.27

10.55 13.69
14.62 15.50

12.09 15.68

26.88 21.25

15.87 16.19°

4.49 4,18~
1.58 1.79
1.08 0.99
2,67 3.38
2,51 3.07

RM-25

0.51

13.97
37.71

18.77

10.41

13.00

2.50
1089
1.19

0.00

2,15

RM-43

1.70

15.30
35.42

17.04

11.61

10.71
2.98
1.82
1.32

2.04

12.21

14,14
34.82

11.09

9.68

8.55
3.11
1.44
1.05
3.86

1.65

T




Minerals
Qtz
Neph
Or
Ab
An
Diop
Hyp
01
ME
I11
Ap
Cal

' H,0

8.44

15.55

6.77
20.37

20.22

21.79
4.15
1.78
0.62
0.05

1.43

3.42
12.49
24.72
16.41

20.48

12.75
3.86
2.14
0.97
2.22

1.79

Appendix C, Table 2( continued )

RM-11 RM-29 RM-51

10.01
12.58
25.62

9.23

25.81

10.00
3.68
1.54
1.05
0.40

2.84

8.13
32.19
25.23
13.02

4.22

1i.70
2.71
1.47
1.19
0.00

4.39

-—

8.74
31.33
26.23
12.14

4.79

9.50
2.11
1.38
1.05
0.00

2.51

RM-27

10.55
34,01
21.84

6.94

13.80

7.02
2.95
1.13
1.59
0.14

1.83

RM~-20

1.60
9.52
21.83
14.23

27.27

14.81
4,39
2.14

0.81

, 0.28

2.30

RM-9

3.87
10.01
21.18
20.82

17.29

18.72

0.74

6.77
29.77
20.98

3.39

17.33

3.43

2.18

0.57

0.00

3.47

RM-~4

16.45

40.05

18.53

1.59
9.38
6f89
2.46
1.53
0.99
2.10

2.45

06T
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Sample numbers and corresponding

rock types for Tables 1 and 2, Appendix C,
and Table 1, Appendix D

Rock Type

Ankaramite
Alkali-0livine Basalt
Alkali Basalt
Trachybasalt

Trachyte

Olivine Gabbro

Alkali Gabbro
Syenodiorite
Monzonite

Syenite

Tephrite

Nepheiine Trachvbasalt
Nepheline Syenodiorite
Nepheline lMonzonite
Nepheline Basalt
Nepheline Ankaramite
Olivine Teschenite
Teschenite

Analcite Basalt
Analcite Monzonite
Analcite Phonolite

Quartz Diorite(Cretaceous?)

Sample Numbers

RM~40

RM~13, 30, 35, and 45
RM-33, 36, 44, and 21
RM-1, 2, and 23
RM~22, 46, and 49
RM-28

RM-37, and 38

RM-14 and 26

RM-3, 4, 31, 34, and 50

RM-17, 18, 47, and 48
RM-15 and 19

RM-32

RM-25 and 43

RM-24

RM-42

RM-39

RM~6

RM-7 and 11

RM-9 and 20

"RM~29 and 51

RM-27
RM~8
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.

Appendix D, Table 1: Trace element contents of analyzed rocks ff?m the
Horsefly Group. See Table 3, Appendix C for list of éample\\
numbers. and rock types. Results in ppm.

 Semple # RM-40 RM-13 RM-30 RM-35 RM~45 BRM-36 RM-44 RM-33 RM-21 RM-2 RM:1 RM-23

Ba 252 616 657 594 728 910 721 890 896 989 994 826

St 638 1084 935 915 - 1020 1367 1096 1221 1065 1410 1281 1252
Rb 17 61 33 64 49 68 ST 68 63 45 55 38
. 7 4 30 4 5 5 5 3 7 2 6
zr 50 63 42 69 40  S54 66 53 66 97 86 101
vy 17 20 16 22 23 18 24 19 21 - 27 2% 25
Ni 124 80 74 69 70 23 29  35—18— 6 14 12
cr 378 326 322 404 317 123 131 107 73 17 26 20
ca 115 146 148 113 123 65 8 89 79 43 69 63
Zn 76 101 8 97 8 60 45 82 58 69 63 72

€6T



Sample #
Ba
Sr
Rb
Nb

Zr

Ni
Cx
Cu

Zn

Appendix D, Table 1( continued )

RM~22 RM=46 RM-49 BRM-28 RM-38 RM-37 RM-14 RM~26 RM-3
1165 1216 1248 521 649 738 1086 95%. 1390

750 810 830 1333 1007 941 1445 1328 1159

76 78 81 7 31 53 7L 159 111

9 7 9 6 3 4 6 5 6 .
113 134 117 32 56 40 107 108 138
28 29 27 29 23 17 24 22 20

5 11 7 46 29 29 6 2 7
23 11 14 219 129 105 25 19 24
25 21 11 77 84 86 139 119 188

122 87 - 82 100 94 95 - 86 55 53

RM-34 RM-50 RM-4

1196
1231
113
6
103
22
19

161

106

1187
1191
93

8

103"

24

198

87

1087
1246
61

7

84
23

4

16
175

51

RM-31
1073
1278

74

111
25
14
25

159

65

R6T




Sample #

Ba
Sr
Rb
Nb
Zr
Y

Ni
Cr
Cu

Zn

RM-17
1455
671

125

131

32

15

29

RM-18
1690
885

110

137

29

11
13

48

Appendix D, Table 1( continued )

RM-48 RM-47 RM-39 RM~42

1410

793

120

3

140

27

39

1392
854
117

3

159

N
(O o

11

12

135
138
0
3

40

13 -

21
70
79

49

529
900
38
4
65

20

59

68

31

RM-32 RM-15 RM-19

763
1072
51

5

96
24

7

31

114

102

1083
283

41

5 ,

52
18
53
115
120

112

1313
1085
40

6

47

16

47
142
110

88

RM~-25
841
1337

55

114

26

20
62

125

RM-43
841
1359

53

116

29

26
73

65

RM—24
1287
1572

30

94

22

12
105

108

CAT




Sample #

Ba
Sr
Rb
Zr
Y

Ni
Cr
Cu

Zn

RM-6

591

817

65

46

19

34

179

92

49

‘Appendix D, Table 1( continued )

RM~7

567

1075

54

70

21

34

86

58

41

RM-11 RM-29
948 1534
711 999

50 84
53 91
19 25
20 1
84 15
113 136
84 96

RM-51 RM-27 RM-20 RM-9

1514
1034
88
92
24

3

11
101

91

1643
997
105

59
20

2
16
¢4

115

376
654

35

62

24

22

23

63

54

550
685
37
66
21
25

94

- 62

33

96T




