(‘oﬁ) .

CACHE CREEK AND NICOLA GROUPS NEAR

ASHCROFT, BRITISH COLUMBIA

by

JOAN FRANCES GRETTE

B.A., Middlebury College, 1974

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

in
THE FACULTY OF GRADUATE STUDIES

(Department of Geological Sciences)

We accept this thesis as conforming

to the required standard

THE UNIVERSITY OF BRITISH COLUMBIA
November, 1978

(©) Joan Frances Grette, 1978



In presenting this thesis in partial fulfilment of the requirements for
an advanced degree at the University of British Columbia, I agree that
the Library shall make it freely available for reference and study.

I further agree that permission for extensive copying of this thesis
for scholarly purposes may be granfed by the Head of my Department or
by his representatives. It is understood that copying or publication
of this thesis for financial gain shall not be allowed without my

written permission.

Department of éeocoa ¢/

The University of British Columbia
2075 Wesbrook Place

Vancouver, Canada

V6T 1W5

Date __Apere 22, 19723

DE-6 BPR 75-511E



Venables Valley and Thompson River valley, background.
The photograph is taken looking southeast.

Frontispiece.



ii

/ AESTRACT

Detailed mapping near the type area of the Cache Creek Group in southern
British Columbia has led to significant changes in the distribution of Cache
Creek and Nicola rocks. Much of what was called Cache Creek Group is now
considered to be part of the'Uﬁper Triassdc Nicola Group. Several criteria
can be used to distinguish the two groups. These include: 1) lithologic
differences, 2) fossil information, 3) structural style, and 4) metamorphic
history.

The Cache Creek Groqp is subdivided into three mappable, fault-bounded
units and appears to be a tectonic melange over much of its extent. A
deformational event produced isoclinal folds, a phyllitic foliation in some
lithologies, and was accompanied by metamorphism with variable pressure-tem-
perature conditions. Mineral assemblages support conditions from temperatures
less than 2500C and pressures of 4 kb or less to tramnsitional blueschist con-—
ditions: T = 350° C and P = 6 kb.

In contrast, the Nicola Group is characterized by hydrothermal alteratiqn
and the lack of a pervasive secondary fabric. It does not have the blocks in
a sheared matrix tectono-stratigraphic style typical of the Cache Creek Group.

The two units were brought together along the Martel Fault, probably a
thrust, during late Lower or early Middle Jurassic time. Deformation and
melange development in:the Cache Creek Group predates this event. Distribu-
tion of Cache Creek and Nicola rocks and their relationship to each other

during Upper Triassic time are still not clear.
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INTRODUCTION
Purpose

Rocks of the Upper Paleozoic Cache Creek Group and Lower Mesozoic
Nicola Group have figured significantly in models of the tectonic history of
the Canadian Cordillera (Monger and others, 1972). Yet, especially within
the type area, near Cache Creek, British Columbia, little detailed work has
_ been published. There has been uncertainty in distinguishing Cache Creek
Group rocks from the Nicola Group as lithologies are quite similar. The
contact relations betweén'the two have not been described.

The goals of this study are: 1) to describe the Cache Creek Group near its
type locality in terms of lithology, stratigraphy, structure and metamorphism;
2) to determine what criteria can be used to distinguish the Cache Creek and
Nicola Groups; 3) to study the contact between the two groups; and 4) to
provide constraints on tectonic interpretations of the Late Paleozoic and

Early Mesozoic history of the Intermontane Belt.

Field Area

The southernmost exposure of the Cache Creek Group was selected for detail-
ed mapping. The area lies west of the Thompson River midway between the towns
of Ashcroft and Spences Bridge, approximately 50°30" N, 121°20" W (Figure 1).
Approximately 30 square miles were mapped during June, July, and August of
1975.

Access to the area is easy. It is situated along and west of the Trans-
Canada Highway and is crossed by several ranching and logging roads. Quality
and quantity of outcrops depend strongly on lithology and elevation. Lime-
stone, chert, and greenstone are resistant to weathering in the dry climape
and tend to be best exposed while phyllite, other clastic sedimentary rocks,

and serpentinite are poorly exposed. Below about 1300 feet the terrain is
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quite flat, and sagebrush, cactus, and shortgrass are the dominant plant
life. Sparse rock exposures are limited to small knobs, stream gullies, road
cuts, and some cliffs near the river. At higher elevations, up to about

2400 feet, Ponderosa Pine dominates. Slopes are steeper, but outcrop quan-
tity is not much better. Above 2400 feet on the slopes west of Venables Val-
ley, spruce-fir forest and long grass undergrowth cover much of the hillside.
Best outcrop or float is found on the north side of small gullies since these
south~facing slopes are drier and have less cover. Game trails which cut
through the heavy turﬁ can be useful in exposing float. Above elevations

of about 3500 feet the slope flattens and outcrop becomes extremely sparse.
Only occasional carbonate, greenstone, or chert masses stick out, though log-

ging cuts reveal the more prevalent phyllites and serpentinites.

Previous Work

Selwyn (1872) first described the Cache Creek and Nicola‘rocks along the
Thompson River. He found fossils just north of Venables Creek which were
then thought to be Devonian to Permian. He therefore classified all rocks
along the west side of the river as Cache Creek.

Dawson (1894) published the first map that includes the present study
area. All rocks west of the river with the exception of a small area north
of Venables Creek was considered to be Cache Creek Group. The Cache Creek
itself was divided into a lower unit of clastic sedimentary rocks and green-
stones and the upper Marble Canyon Formation with the contact between the
two lying éldng the west side of Venables Valley. Drysdale (1912) cﬁanged
the location of this contact to the next valley west, but otherwise his map
is identical to Dawson's in this area. The next work was done by Duffel
and McTaggart (1952). Their maﬁ reverts to that of Dawson. Carr (1962) was

the first to map in detail along the highway and river. He delineated some



lithologies but did not make changes in the major units.

More recently, Danner (1965, 1975, 1976) has done considerable work on the
carEonates in the Cache Creek Group and has established their age and proba-
ble environment of deposition. Across the Thompson River the Nicola Group
has been mapped in detail by McMillan (1974). He includes detailed
descriptions of several measured sections. To the north of this study area,
near Ashcroft, work is in progress by Ladd (in press) and Travers (1978) on
the Cache Creek, Nicola and Ashcroft Groups.

Detailed work in the Cache Creek elsewhere in British Columbia has been
mainly by Monger (1969, 19755,19775) in the Atlin Area and by Paterson (1973,
1974, 1977a, 1977b), Monger and Paterson (1974) and Paterson and Harakal

(1974) in the Pinchi-~Stuart Lake area.

REGIONAL GEOLOGY
General ~ North America

A eugeosynclinal belt contaihing Upper Paleozoic and Lower Mesozoic rocks
that include the Cache Creek and Nicola Groups runs the length of the western
North America Cordillera. In British Columbia part of this eugeosynclinal
region is called the Intermontane Belt (Figure 2), a region of low-grade to
unmetamorphosed rocks that lies between high-grade crystalline belts - the
Omineca Crystalline Belt to the east and the Coast Plutonic Complex to the
west (Monger and others, 1972).

The Intermontane Belt is characterized by the remnants of an Upper Paleo-
zoic - Triassic (Moﬁger, 1977b; Paterson, 1977a, 1977b; Travers, 1978) oceanic
terrane of ribbon chert, alpine ultramatic rocks, and basic volcanic rocks
(Monger, 1972, 1977b) allochthonous to North America, and a Lower Mesozoic
arc terrane of calc-alkaline to alkaline volcanic rocks and related sediment-

ary rocks. Upper Paleozoic rocks of oceanic affinity belong to the Cache



Figure 2. Geologic and physiographic belts of the Canadian Cordillera
(from Monger and others, 1972). The belts are 1) Rocky Mountain Belt,
2) Omineca Crystalline Belt, 3) Intermontane Belt, 4) Coast Plutonic
Complex, and 5) Insular Belt.
Creek Group in British Columbia and are_characterized by a .distinctive
Tethyan fusilinid fauna (Danner, 1965; Monger: and Ross, 1971; Monger, 1975b)
and.a pod-like tecténo—stratigraphic style, suggesting severe deformation
and diémemberment. Travers (1978) calls the Cache Creek near its type
locality a melange. Blueschist metamorphism of eugeosynclinal strata has
been dated in several localities as Late Triassic (Patersan and Harakal, 1974;
Monger, 1977b). No basement for the Cache Creek has been found and most.
contacts with Lower Mesozoic and other Paleozoic rocks are faults.

Upper Paleozoic eugeosynclinal terranes extend discontinuously from Alaska
to California. 1In Alaska the Uyak Formaﬁion on Kodiak Island and rocks near
Anchorage have Tethyan faunal affinities (Connelly and others, 1976; Jones

and others, 1972). Similar rocks are found in the western Yukon Territory,

along the length of British Columbia, and in the San Juan Islands of Washing-



ton (Danner, 1974,1976, 1977). 1In British Columbia the Fergusson and Hoza-
meen Groups have been suggested to be the southern extension of the Cache
Creek Group (Monger, 1975b, 1977b). Bits of similar rocks are preserved in
the western Cascades of Washington, in northeast Oregon, in the Western
Paleozoic and Triassic Belt of the Klamath Mountains, and along the western
edge of the Sierra Nevada — Calaveras Formation (Monger, 1975b). Oceanic
assemblages in Alaska and Washington include rocks as young as Jurassic and
early Cretaceous (Monger, 1977b).

Mesozoic volcanic and plutonic arc rocks within the Intermontane Belt
range from mafic through silicic in composition. The Upper Triassic rocks of
British Columbia are known as Nicola Group in the south and Takla Group in
the north where volcanism continues into Lower Jurassic time. In southern
British Columbia these predominantly volcanic focks lie to the east of the
oceanic terrane while to the north Takla rocks are found to the west of the

Cache Creek Group.

British Columbia

Cache Creek Group

Monger (1975a) describes the following lithologies as characteristic of
:Fhe Cache Creek: ribbon chert, abundant pelitic sediment, altered basic
volcanic rocks, massive lensoid carbonate, minor clastic sediment, and alpine
ultramafic rocks. In British Columbia there are three areas where Qache
Creek rocks are exposed: tﬁe Atlin Terrane, the Pinchi-~Stuart Lake Area, and
the type area at Cache Creek (Figure 3).

Cache Creek rocks of the Atiin Terrane range in age from Missippian through
Permian (Monger, 1975a) with recent reports of Middle Triassic radiolarian

chert (Monger, 1977b).

Monger (1977a, 1977b) suggests the depositional environment to be one of
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volcanic pediments (atolls) on which reefs have formed. These reefs broke
off from time to time and blocks slid into deeper water coming to rest among
fine~grained sediments.

The struétural history consists of early isoclinal folding and a later
brittle folding event (Monger, 1977a, 1977b). Low grade to blueschist meta-
morphism accompanied the earlier deformation which has been traditionally
considered post Late Permian and pre Late Triassic (Monger, 1977a). If the
new radiolarian ages are valid, timing of deformation may need revision. In
the later event, .during or after late Middle Jurassic ﬁime, late Middle
Jurassic and older strata were involved in thrusting (Monger, 1975a).

The Atlin Terrane is fault-bounded. On the northeast the Thibert Creek
Fault separates Cache Creek from more deformed and metamorphosed Paleozoic
rocks and farther south from less deformed Mesozoic rocks. To the southwest
the Atlin Terrane is thrust over Mid-Jurassic and older rocks along the
Nahlin Fault (Monger, 1977a, 1977b).

In the Pinchi-Stuart Lake Area in the center of British Columbia, typical
Cache Creek lithologies are exposed in a belt approximately 450 kilometers
long (Armstrong, 1949). Though Paterson (1977b) considers some Cache Creek
lithologies to be very similar to rocks in the nearby Takla Group, fossils
in carbonate rocks range from Pennsylvanian through Permian (Monger, l975a).
In the §éme region..an ophiolite sequence is overlain by Upper Triassic
sediments that locally contain aragonite (Paterson, 1977b). Thus Upper
Triassic rocks have been deformed and metamorphosed with the Caéhe Creek. On
the other hand, detrital chromite, presumably derived from ultramafic rocks
in the Cache Creek, is found in nearby Upper Triaésic sediments (Paterson,
1974). Therefore the tectono-stratigraphic setting of the Cache Creek and
Takla rocks is not clearly defined in the Pinchi-Stuart Lake Area, and their

ages overlap.



Three deformational events are recognized by Paterson (1977b). TFirst to
develop are east - west isoclinal folds with axial planes parallel to compo-
sitional layering accompanied by blueschist metamorphism K-Ar dated at 211-
218 Mé (Paterson and Harakal, 1974). Later north;south trending, concentric
folds are overprinted by still younger Cretaceous to Tertiary warps and kinks.

Like the Atlin Terrane the Pinchi-Stuart Lake Cache Creek is fault bound-
ed. To the east is the Pinchi Fault separating oceanic terrane from the
Hogem Batholith of Jurassic age (Paterson, 1974). There may have been sig-
nificant right-lateral movement along the Pinchi Fault (Paterson, 1977b).
To:the west, northeast dipping faults place Cache Créek over Upper Triassic to
Lower Jurassic rocks_of the Sitlika Formation (Paterson, 1974).

In the type area (Figure 4), including this study, the Cache Creek is
bounded by the Fraser River Fault Zone to the west, beyond which lies the
Coast Plutonic Complex. 1In fault contact to the east are Triassic Nicola
and younger rocks includigg the Guichon Batholith. Other Upper Paleozoic
rocks farther east are_ﬁoti closely related to the Cache Creek Group. The
Eastern Paleozoic Belt éppears to be a different depositional realm with
a different foreign fauna less tropical then the Tethyan fauna in the Cache
Creek Group (Danner, 1976). Lithologies resemble those of the Cache Creek
(Monger, 1975b) and these rocks were mapped as Cééhe Creek in earlier works
(Cockfield, 1948;.Dawson, 1894).

Between the Fraser Fault Zone ana the Cache Creek Group are rocks of the
Pavilion Group, lithologically similar to the Cache Creek but of uncertain
stratigraphic position. It is likely they are a younger facies of the
Cache Creek, but no younger than Middle Triassic (Campbell and Tipper, 1971).
Their contact with the the Cache Creek is a fault. Of similar Middle
- Triassic age and west of the Fraser River Fault Zone is the Fergusson Group

(Cameron and Monger, 1971), associated with ultramafic rocks of Permo-Triassic
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age (Campbell and Tipper, 1971). Based on limited evidence, Monger (1975b,

1977b) and Cameron and Monger (1971) correlate both Pavilion and Fergusson

- Groups with the Cache Creek. Probable large-scale right-lateral strike-slip

movement along the Fraser Fault Zone (Tipper, 1977) places the Fergusson and
Cache Creek in closer proximity now than during their deposition. Thev
Coast Plutonic.Complex of dominantly Cretaceous intrusive rocks with screens
and pendants of country rocks encloses Fergusson Group rocks on the west.

"Cache Creék rocks within the type area contain a Middle Pennsylvanian
through Permian fauna in limestone pods and within the massive Marble Canyon
limestones (Danner, 1976). Travers (1978) has found Middle or Upper Triassic
radiolaria in Cache Creek ribbon cherts. Lithologies are similar to those
found further north — pelitic sedimentary rocks with pods of limestone, ribbon
chert, basic volcanic rocks, and ultramafic rocks - all strbngly deformed in
most exposures. The pod-like occurrence of shallow water carbonates with
radiolarian cherts is considered to be an original depositional pattern by
Danner (1975). This implies that ribbon cherts are not necessarily restricted
to deep water conditions. This environmental interpretation does not require
movement of slide blocks and/or slumping of shallow water sediments into
deeper water.as was suggested by Monger (1977a, 1977b) for the Atlin region.
Travers (1978) considers liméstone blocks to be allochthonous.

Deformation in the tybe area has been described only in general terms.
"Intensely sheared" (Campbell and Tipper, 1971) or '"severely deformed with
internal structures impossible to sort out though with generally northwest
trends and southwest»dips"‘(Duffell and MeTaggart, 1952) are the only descrip-
tions available. Similarly the low grade regional metamophism has not been
studied.

Contact relationships with lower Mesozoic rocks are poorly known; much of

this contact is covered by Tertiary and younger rocks. The eastern margin
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of'the“CaChé‘Creek'Groﬁp'near'CéChé"Creek'is'strongly sheared along what
Danner (1975) has termed the "Bonaparte Disturbed Zone"; Within this zone
Travers (1978) has identified a fault contact between Cache Creek and Nicola
which has apparently had some Tertiary left-~lateral movement but whose
earlier movement history is unknown.

Thé Guichon Batholith dated at 205 Ma By Rb/Sr (R.L. Armstrong, personal
communication, 1978), infrudes Nicola rocks. Tts setting is similar to that
of the Hogem Batholith of the Pinchi-Stuart Lake Area. Lowest Jurassic strata
are preserved in remnants of small basins; the largest ;f which is the
Ashcroft basin, centered on the town of Ashcroft. In this basin a basal
conglomeratic facies containing clasts of probable Guichon Batholith
provenance is unéonformable to disconformable on Nicola volcanic and sedimen~
tary rocks (Frebold and Tipper; 1969); Travers (1978) reports an apparently
complete Upper Triassic through Lower Jurassic section near the town of

Cache Creek,

Nicola Group
Upper Triassic rocks which run the length of British Columbia are known
as the Nicola Group in the south and Takla Group in the north. Nicola Group
rests unconformably on older rocks (Danner; 1976; Campbell and Tipper, 1970)
and coﬁsists of shallow marine to subareal ca1c=alkaliﬁe and alkaline volcanic
rocks, reefoidal. limestone, and clastic rocks derived from these; The
depositional emyironment has been interpreted to be a volcanic island arc
(Monger and others, 1972) with fringing carbonate reefs and small basins
(Schau; 1968, 1970), .Some workers have suggested that alkaline chemical trends
favor a rift environment interpretation (Preto and oﬁhers, 1975).

Nicola rocks of the type area in the Nicola map sheet (Cockfield, 1948)

have been described in detail by Schau (3968, 1970), The age there spans
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Late Karnian to Late Norian.and possibly as young as Pleinsbachian (Preto,
1974). No base is seen, but to the east Nicola is unconformable on Upper
Paleozoic. Schau has divided the Nicola into two assemblages which he has
namea P and A based on the dominant phenocryst, plagioclase or augite. 1In
the lower assemblage (P) plagioclase porphyry flows with andesitic to

dacitic compositions dominate. Interbedded with and above the flows are
sediments derived frbm the volcanics - tuff, greywacke, argillite, conglomer-
ate, breccia, and some limestone. Dacite plugs intrude these and tend to lie
along faults. The upper assemblage (A) is composed of flows with abundant
largevauéite phenocrysts and sediment derived from them.

Deformafion of the Nicola.in the type area is typically gentle, upright,
cylindroidal folds and abundant faﬁlting. A few overturned folds are found
locally (Schau, 1968, 1970). A fbliation is deﬁeloped in fault zones. Low—
- grade metasomatic and hydrothermal alteration is common. Higher grades of
metamorphism are attained close to intrusive bodies.

Granitic rocks  similar ﬁo the Nicola and Takla rocks in chemistry and
only slightly younger in age (Travers, 1978; McMillan, 1975) intrude Nicola
and Takla rocks. The Guichon Batholith and the Hogem Batholith are two of
the best known. These plutons are not seen to cut the Cache Creek, though
Travers (1978) has mapped small stocks cutting Cache Creek that may be related

to the Guichon.

Ashcroft Formation

The Ashcroft Formation of Lower Jurassic age unconformably overlies the
Nicola Group and the Guichon Batﬁolith. Usually there is a basal conglomer-
ate containing abundant granitic detritus, probably from the Guichon, and
fragments of Nicola volcanic and sedimentary rock. Most of the section is

black, carbonaceous shale with some siltstone, sandstone and minor, impure
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limestone (McMillan, 1974).

Except for one questionable block described by Travers (1978), no detritus
of Cache Creek origin have been identified in the Ashcroft Formation. This
is in contrast to Lower Jurassic boulder conglomerates which contain Cache

Creek detritus in the Quesnel-Prince George area (Tipper and Richards, 1976).

GEOLOGY OF THE STUDY AREA

General Distribution of Rock Units

Five rock:" groups are represented within the map area. General bedrock
distribution is shown on Figure 5. Figure 6 (in pocket) is the detailed
geologic map and Figures 7 and 8 (also in pocket) are cross sections from
this map. The oldest rocks are those of the Cache Creek Group, the focus of
this study. Many lithologies are present and stratigraphy is complicated by
tectonic disruption. The age of the Cache Creek here is probably Late Permian.
Upper Triassic rocks are found along the eastern part of the area where . «
various lithologies of the Nicola Group are exposed. Lower Jurassic rocks .
which can be correlated with the Ashcroft Formatioﬁ further north crop out
in two small areas near the south end of the map area. A fourth unit is
the Lower Cretaceous Spences Bridge Group which underlies the western edge
of the map area. Covering large amounts of the bedrock are Quaternary depo-

sits of various origins. .

Cache Creek Group
Cache Creek stratigraphy is obscure because of three factors: l).poor
exposure, 2) lenticular nature of original bedding, and 3) tectonic disrup-

tion. The group is divided into three map units. Figure 9 is a diagrammatic
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section showing these units and their relation to each other. Lowest, but
not necessarily oldest, is a strongly'deformed, clastic unit consisting
chiefly of phyllite with minor greywacke and sandstone. Volcanic rocks,
limestone layers and pods, ribbon.chert and serpentinite masses are pres-
ent but less abundant. In the south the overlying unit is composed of al= -
tered basaltic flows. .This unit thins to the north, probably as a result of
faulting. ‘Above the wedge of basalt is a second clastic-dominated unit that
has previously been mapped as part of the Marble Canyon Formation (Duffell
and McTaggart, 1952). Present work indicates that limestone is a minor
component, present as small pods in a sheared pelitic matrix. Just north
of the field area, along strike, massive limestone, probably Marble Canyon

Formation, is exposed on White Mountain.

Lower Clastic Unit (Pp, Pvcl. Ppl. Pls on Figure 6)

Lithologies present in this unit in order of abundance are phyllite,

- greywacke, ribbon chert, limestone, volcanic rocks, volcaniclastic sedi-
mentary rocks and serpentinite.

Though phyllite is very poorly exposed, it probably underlies most of
the area mapped as lower clastic unit. Soﬁe good exposures can be found in
~gullies of road cuts, but outcrops of the lower clastic unit on hillsides
are usually of coarser-grained clastic rocks, chert, or limestone. Phyllite,
‘however, makes up most of the float in the area where float is visible, in
game trails or on drier, more open slopes.

The phyllites are grey to black, in some places greenish and weakly band-
ed. Thin stringers less than 2-3 mm thick of lighter colored, coarser-grained
material, usually silt or very fine sand, give the phyllite its banded appear-
ance. Though these stringers may be related to original bedding, they no

longer can be called bedding since they are discontinuous and occasionally



19

form small, rootless folds. Banding parallels the phyllitic foliation in
most.; exposures, but at several outcrops, probably fold hinges, original bed-
ding can be seen in a crosscutting relationship to the foliation. Usually
these exposures afe in coarser-grained rocks.

. In thin section the phyllites are seen to be strongly foliated and re-
drystallized. The phyllites are dominantly very fine-grained with upito 50%
plagioclase feldspar (albite) and very little to no quartz. Feldspar and
quartz often occur in separate patches of interlocking grains with chlorite,
+ stilpnomelane, and sericite wrapping around the patches producing a flaser
texture (Figure 10). This texture supports field evidence that present
layering is secondary, a result of alignment of the platy minerals, except
where bedding is prese;ved in fold hinges.

A different sort of phyllite is exposed at the southern end of the area
just north Qf the contact with the Spences Bridge Group and about thirty
meters above the highway. Here the phyllites are much more disrupted and
contain abundant but scattered clasts of variable lithologies. The term
"melange'" could be used to describe rocks at this exposure. The clasts,
up to several centimeters across, include mainly greenstones, but chert and
other sediments are.present. The phyllitic foliation is well developed
and is in turn deformed into sharp chevron folds with variable axes and axial
plane orientations. Figure 11 is a photograph of some of these structures.
The location is shown as I on Figure 6. Many of the folds are refolded in
the same manner as the earlier ones. This seemingly chaotic deformation may
be a result of proximity to the fault contact with Nicola strata or more
likely, could be characteristic of much of the lower clastic unit and just
poorly exposed élsewhere.

Only two other exposures, both in logging cuts, show similar deformation

styles within the phyllites. Natural outcrops of the phyllites tend to expose
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Figure 10. Photomicrograph of typical phyllite in the lower clastic unit
of the Cache Creek Group. Note cataclastic fabric. Augen-
like patches of feldspar and quartz are surrounded by chlorite,
sericite and stilpnomelane. Plane polarized light.



Figure 11.

Chaotic folding in Cache Creek phyllite at southern end of
the area, locality I on Figure 6. The photograph is taken
looking north-northwest; note hammer near top of outcrop
for scale.
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less deformed parts. Sketches of the deformation style in the two artificial
exposures are shown in Figure 12. ‘In both cases drag folds are associated
with steeply dipping shear zones. The phyllitic foliation is irregularly
folded and sheared. Average strike of foliation is N 250.W at location II
and N 60° W at III. Fold axes parallel the strike but axial planes are
curved.

Greywacke crops out more than phyllite in the lower clastic unit. Occa-
sionally it is seen interbedded with the finer grained sediments, but more
often greywacke occurs as pods amidst phyllite float. Interbedded greywacke
and phyllite were seen in layers as thin as 3 cm, but the greywackes may be
quite thick in areas where contacts with the phyllite are not exposed.

In the field the clastic nature is not always evident - greenstone and
greywacke are easily confused. Greywacke is usually green and varies from
massive to deforﬁed; with a well-developed chlorite échistosity. Grain
éize is usually less than 2 mm. Occasionally latrger clasts, several centi-
meters in length, sit in the finer matrix. These clasts are best observed
on cut surfaces.

The greywackes are feldspathic. Some contain as mucH as 75% plagioclase
grains, euhedral to subhedral in shape (Figure 13). At least 30% of every
greywacke is plagioclase. Most of the feldspars are now strongly saussuri-
tized or completely altefed to albite. The ofiginal andesine composition is
preserved in a few grain;. Zoning and twinning show up in many grains.

Lithic fragments make up most of the remainder of the detrital material.
Volcanic rocks are the dominant lithic fragments; chert is present in one
éample; and another contains abundant carbonate clasts. Volcanic clasts in-
clude porphyritic flow rocks and pieces of palagonite (Figure 14). It is
rather unusual to find a piece of glass preserved in a Permian rock, especially

since the rock is altered and deformed, but the fragment is isotropic, brown
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Figufe 12. Field sketches showing folding and shearing of phyllitic foliation

at two road cuts in the Cache Creek Group. Roman numerals
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Figure 13.

Photomicrograph of undeformed plagioclase-rich greywacke.
a) Plane polarized light; b) crossed polars. Plag-
plagioclase, Qz-quartz.
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Figure 1l4.

Photomicrographs of lithic fragments
in Cache Creek Group greywackes.
a) Feldspar porphyry fragment,
outlined, b) limestone fragment
with fossil and c) palagonite
fragment. All are taken with
plane polarized light.
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and has an apparent eliptical banded structure common to palagonite. In one
sample a piece of finer grained greywacke occurs as a clast (Figure 15).
Quartz is very rare, usually only 2-3 grains per thin section. A brownish
amphibole was observed in one sample. Though the greywackes themselves have
been metamorphosed, there appear to be some clasts derived from a low-grade
metamorphic terrane. Figure 15 shows a detrital grain which is almost com-—
pletely bowtie prehnite. Another section comtains detrital epidote.

The semi-opaque matrix is usually very fine grained and made up of
secondary minerals. Metamorphic minerals include chlorite (found in all
samples in both .the matrix and replacing detrital fragments), white mica.
calcite (more prevalent in':the finer gréined greywacke), sphene (making up
much of the semi-opaque matrix and replacing volcanic fragments), stilpnome-
lane (occurring with chlorite in the matrix of deformed greywacke), pumpel-
lyite and/or epidote (found both .in the fine grained matrix and replacing
detrital grains). Pumpellyite is brightly green pleochroic and is therefore
of the iron rich variety. Except for the detrital prehnite mentioned earlier,
prehnite occurs in veins and is rarely developed within the body of the rocks.
Table I shows mineralogy of the greywackes.

Deformation in the greywackes varies from negligible to strong, in the form
of a cataclastic foliation. Figure 13 is a photomicrograph of one of the rel-
atively undeformed greywackes. Matrix is composed of finer and finer grains
similar in composition to the larger clasts. A weakly foliated greywacke is
shown on Figure 16. The foliation is defined by the development of chlorite
in the matrix and recrystallized detrital grains. Figure l7‘shows a more
extreme cataclastic fabric, protomylonite, with an almost opaque, recrystal-
lized and broken fragment zone of fine grained material around the shattered
and tectonically eroded feldspar grains. This variation in deformaion within

the same lithology is typical of the structural style of the Cache Creek
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Figure 15.

a)

Thin section of a Cache Creek Group greywacke
showing large rip-up clast of siltstone re-
deposited while soft. Box is around approximate
location of b) photomicrogragh of a detrital prehnite
grain. Crossed nicols.
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Figure 17.

Photomicrographs of protomylonitized Cache Creek Group
greywacke. Note shattered feldspar grains and fluxion
texture in much of the matrix. Plane polarized light.
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and will be discussed later.

Chert, the third most plentiful litholbgy within the lower clastic unit,
varies from light grey to nearly black in colof and is interbedded with thin
layers of black argillite (ribbon cherts). The argillite is usually quite
deformed and frequenély squeezed out from between chert layers.

.Chert outcrops are usually small, 6 metérs oY less in largest dimension.
Invariably the chert is boudined and occasionally chevron type folds of sever-
al tens of centimeters amplitude are visible. Alignment of a large number of
chert outcrops in the south end of the field area suggésts there may have
been larger scale boudinage of a single horizon. Brecciation and mylonitiza-
tion are also prevalent in the cherts on macroscopic and microscopic scales
(Figures 18-and 19).

Thin sections show some of the cherts to contain radiolaria and probable
sponge spicules, but these are too recrystallized to be identified and show
up as circles or ellipses of slightly coarser quartz within the finer grained
matrix (Figure 20). Hydrofluoric acid etching techniques were used in an
attempt to recover radiolaria (Pessagno,1972), but recrystallization has
effectively destroyed the fossils. The étching did:expose tiny folds of
thin argillaceous layers within the chert.

Generally the cherts are impire. They contain minor amounts of chlorite
with some sericite, scattered pyrite, and occasional clinozoisite. The platy
minerals, if they are‘sufficiently abundant, lend a foliation to the chert.

:Carbonates occur as semi-continuous layers aﬁd as pods. The best example
of a carbonate layer is found along the top of the lower clastic unit and
can be traced intermittently for 4.5 km. It is a silty to sandy limestone
with a well-developed foliation. No fossils were found. Thin sections show
detrital material to be similar to that in the greywackes - plagioclase grains,

some andesine but mostly altered to albite, and lithic fragments, usually



Figure

18.

Brecciated Cache Creek Group chert.

Scale is 5 cm.
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Figure 19.

Mylonitized Cache Creek chert.
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Figure 20.

Recrystallized radiolaria and probable sponge spicules
n_mn

in Cache Creek chert. Photomicrograph "a" is plane
polarized light and "b" with crossed polars.
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volcanic rocks, occasional chert and calcite grains. The clasts are surround-
ed by calcite which is recrystallized into long grains and defines.the folia-
tion. Most of the calcite is probably of sedimentary origin, sand grains

and cement, but some occurs as a replacement of plagioclase. Minor epidote
and chlorite are present.

The carbonate pods are much purer'limestone-and'are strongly recrystallized
and foliated. The foliation parallels the length of the pods which in turn
parallels the foliation in the surrounding rocks. These pods vary in size
from a meter or less in length to a kilometer. Unfortunately no fossils are
preserved in the pods within the field area, though Danner (pers. comm., 1975)
finds Permian fusilines in pods to the north.

Contact relationshiﬁs of‘the pods with the clastic rocks surrounding them
are not very clear. In some places it appears as if the fringes of the pod
are interbedded with the sediments, though infolding is another possibility.
Usually the margins of the pods are more highly sheared than their interiors
suggesting movement along the contact. However, sheared margins would occur
if the blocks are’tectonicaily emplaced or if they were present prior to
tectonism, and deformation was concentrated along the contact zone.

Minor volcanic and volcaniclastic rocks are present Within the lower
clastic unit. One 2 km long pod is mapped separately. iThis pod lies along
the east side of Venables Vailey and is composed of augite porphyry, some
as crystal and lithic tuffs. Phenocrysts occury,és small as ' mm and less
but usually are several millimeters across. Also presént are coarser volcani-
clastic rocks with clasts derived from augite porphyry. Original textures
are in large part destroyed by later déformation and recrystallization.

A well-developed schistosity (chlorite, also talc?) is present in éome of
the greenstones of this pod and parallels foliation in the surrounding

phyllite, while other greenstones are hardly foliated. Metamorphic minerals
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besides chlorite include albite, pumpellyite, epidote, stilpnomelane, sphene,
whité miéa, actinolite, and a blue amphibole. The occurrence of this amphi-
bole is at locality IV on Figure 6, just northeast of Venables Lake. The
.grey-blue to bluish-green, plépchroic amphibole grows parallel to the folia-
tion on the edges and interiors of augite grains and in patches in the matrix
(Figure 21). Microprobe analyses were run on several of these graimns to
determine their composition. Oxide weight percentages of nine elements
and the number of ions of each élement in the mineral formula are presented
in Table II. Two OH molecules were assumed to complete the amphibole

structure. An average formula representing these analyses is:

)

Na g 1.1°681 11,470 M8y ;.3 05Fe; 41,281 5 5) 551505, (OH),.

-On the standard sodic amphibole rectangle (Figure 22a) this composition plots
within the magnesioreibekite field along the crossite-magnesioreibekite»
boundary. The presenée of Ca implies an aétinolitic componant. A miscibil-
ity gap bet&een Na- and Ca-amphiboles has been suggested by~:Coleman and Papike
(1968) who find glaucophane and actinolite coexisting in carbonate rich
sedimentary rocks. The blue amphibole of the present study, however, plots
directly in the center of their compositional gap (Figure 22b). Brown (1977b)
claims that continuous solid solution between crossite.and actinolite exists
and all compositions are stable within the greenschist facies and lower
pressure part of the blueschist facies. The gap may exist at higher pressures,
Amphiboles nearly i&entical in compﬁsitién to those in the present study'

are found in a blueschist grade ophiolite from the melénge zoné in northern
New Caledonia (Black and Brothers, 1978). There riebeckitic amphiboles'rim
Irelict igneous pyroxene grains. The blue amphiboles are frequently strongly
zoned; sodic-actinolite cores grade out to riebekitié rims, The analysis
which most closely resembles the present study is a sodic actinolite

(analysis 13541, p.75 in Black and Brothers, 1978) listed on Table II. 1In



Figure 21.

Photomicrographs of bluye amphiboles
in augite porphyry volcanic rocks.
The amphiboles rim or form within
relict augite grains. Some occur !
in the groundmass. Plane polarized
light. The blue amphiboles are
colored to show their distribution.
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Oxide Weight % 7 Ions Per Formula Unit of Element

TABLE IT

Blue Amphibole Probe Analyses*%*

Na20 3.27 / 0.89 3.17 / 0.85 3.52 / 1.00 3.99 / 1.14 3.04 / 0.86 3,20 / 0.9%%x%
Mg0 14.49 / 3.04 14.35 / 2.97 - 12.68 / 2.77 12,15 / 2.67 14.43 / 3.15 14,70 / 3.17
A1203 0.99 / 0.16 1:20 / 0.2 1.37 / 0.24 3.07 / 0.53 1.14 / 0.2 2.40 / 0.41
SiO2 57.96 / 8.06 58.71 / 8.14 54,43 /[ 7.98 53:76 / 7.92 55.52 / 8.14 53.60 / 7.76
K20 0.07 / 0.01 0.06 / 0.01 0.07 / 0.01 0.06 / 0.01 0.07 / 0.01 0.05 / 0.01
Ca0 7.44 [ 1,12 8.23 / 1.22 7.44 / 1.17 8.62 / 1.36 7.29 / 1.15 8.70 / 1.35
TiO 0.14 / 0.02 1.07 / 0.11 2.57 / 0.28 0.21 / 0.02 0.13 / 0.01 0.05 / 0.01
MnO 0.14 / 0.01 0.12 / 0.01 0.12 / 0.02 0.14 / 0.02 0.16 / 0.02 0.30 / 0.04
FeO* 15.05 / 1.77 13.58 / 1.57 13.54 / 1.66 13.63 / 1.68 13.34 / 1.64 15.20 / 1.84
Total 99.55 100.49 95.26 95.64 95,11 98.25

(less OH) .

*Total Fe computed as FeO

*% acceleration potential - 15kv
specimen current - .25 uamp °

beam size - 10 u
Bence—-Albee data reduction (Bence and Albee, 1968)
o factors from Albee and Ray (1970)
Analyses conducted on University of British Columbia microprobe

kkk

7

Analysis 13541 from Black and Brothers (1978)

8¢
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New Cgledonia the sodic amphiboles are greenish rather than blue. Colorless
fo paie green amphiboles occurring with blue amphiboles in the present area
were not analysed; additional microprobe work is neceséary to fully describe
the nature of amphiboles in this part of the Cache Creek Group.

Small pods of volcanic rocks are found in the lower clastic unit as well
as the large pod already described. The small pods are basaltic and include
augite porphyry with zoned and twinned augite. phenocrysts in a very fine-
grained, recrystallized groundmass with abundant actinolite, and amygdaloidal
flows with tiny plagioclase crystals set in an extremely fine grained, devi-
trified glass groundmass. Vesicles are chlorite filled. Contact relation-
ships of these greenétones with the surrounding phyllites are not exposed
and it is not evident whether these greenstones are flows within the section,
dikes or tectonic inclusioms.

Ultramafic rocks, mainly serpentinite, are scattered throughout the lower
clastic unit as small pods, and are found more continuously along the north-
ern part of the upper contact of the unit. A large pod pinches out north-
ward to a thin layer generally found only in float. Although relict clino-
pyroxenes are occasionally visible in thin section, the ultramafic rocks are
almost totally altered to serpentine with magnesite, magnetite and minor
chromite.

A foliation due to the alignment of serpentine similar to the foliation
in the phyllites is developed in the smaller éerpentine pods. Part of the
larger ultramafic block along the contact between the lower clastic unit and
the greenstones, however, is more massive and includes some porphyritic
basalt. The basalt contains altered plagioclase phenocrysts set in a finer
mass of feldspar laths and devitrified glass.

Contacts of the lower clastic unit are unexposed or poorly exposed. No

base for the unit is seen. The upper contact is defined by a serpentinite
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zone in the north and greenstones to the south, Sheéring has occurred along
the contact which appears to dip parallel to the regional foliation. The
contact is probably a lowrangle fault.

To the south and along the west and. southwestern margin of the Cache
Creek.is a probable fault contact with rocks of the Lower Cretaceous Spences
Bridge Group. The contact is not exposed within the area, but Pearson (1974)
documents truncation of zeolite facies boundaries within the Spencés Bridge
by the contact with the Cache Creek Group. Also, low angle faults in-the

Cache Creek are truncated by the contact.

Massive Mafic Volcanic Unit (Pv on Figure 6)

Lying topographically above and in fault contact with the lower clastic
unit is a great thickness of altered mafic volcanic rocks. 1In the field
these rocks.can only be identified as maésive, aphanitic greenstones and
resemble the green clastic sedimentary rocks of the other units, Fresh
surfaces are nearly imposéible to produce as these rocks tend to break only
along weathered surfaces. Occasionally a weak foliation can be observed,
but fracturing is much more prevalent. 1In the field these were grouped by the
massive Weafhering character, the greenish color, and the lack of sedimegtary
features that sometimes show up in the greywackes.

All of the greenstones in this unit are basaltic. In porphyritic members
phenocrysts are euhedral augite with or without plagioclase. ..In one sample
a serpentinized olivine phenocryst can be recognized along with augite and

plagioclase. Plagioclase of composition An is relict in one rock, but

47
generally all the feldspar is altered to albite. The groundmass is an inter~
locking mass of fine plagioclase and augite. Table I contains mineralogical

details. Vesicles filled with calcite, chlorite, or pumpellyite are surroundc

ed by devitrified glass in several samples, and the very fine grain size of .
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others makes a flow origin for most of the greenstones seem reasonable.
Crystal and lithic tuffs are present in smaller quantities. Flow structures,
pillows, or individual flow units could not be distinguished in the field.

Alteration varies from one sample to another. Chlorite, albite and sphene
are present in all the greenstones while prehnite, pumpellyite, calcite,
white mica, and agtinolite are variably developed. As stated above, the
greenstones are uéually massive, but immediétely above the contact with the
underlying unit a protomylonite fabric is developed. Round grains of
augite sit in a very fine grained, al@ost opaque, ‘foliated matrix (Figure
23). This cataclastic foliation at the base of the greenstone unit supports
the ow—-angle fault intefpretation for the lower contact. The upper contact
is not exposed anyﬁhere but is probably faulted, since the greeﬁstone unit

is cut off to the north. .

Upper Clastic Unit (Pé,VPls)

As a result of very poor exposure due to thick grass, trees and low relief,
rocks in the area mapped as the upperbclastic unit can not be well defined,
The unit lies above the greenstone unit to the south and to the north it is
separated from the underlying clastics by a thin serpentinite belf,

Lithologies are much the same as in the lower clastic unit, but deformation
and metamorphism seem to be less. Blocks of limestone, greenstone, coarse
clastic rocks - greywacke,and breccia - and occasionally chert are best
exposed, They appear to be surrounded by a shale, chert-argillite, and
serpentine matrix which is only exposed in float or in scattered logging
road cuts. No traceéble layers or structures are visible.

Limestone, one of the best exposed lithologies, is different from carbons
ates in the lower clastic unit. It occurs as pods, but the pods are not

sheared and original structures such as bedding in some places, abundant



Figure 23.

Cataclastic textures in altered augite porphyry
which lies along the contact of the mafic volcanic
unit and the lower clastic unit. Pr-prehnite, Pump-
pumpellyite, Aug-augite. Plane polarized light.
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oolites, and fusilinids are preserved. The carbonates are typical Marble
Canyon limestone, light grey weathering and coarsely crystalline. Two pods
of this type are exposed on the west side of the high ridge.

Other limestone exposures are much smaller and are closely associated with
greenstone in breccias. These are probably slide breccias and will be dis-
cussed under sedimentary structures.

Clastic rocks coarser fhan argillite resemble similar lithologies in the
lower clastic unit., Detritus in these greywacﬁes and fine sandstones is
composed of volcanic fragments and augite and feldspar crystals set in a very
fine grained matrix of argillaceous material, feldspar, chlorite, carbonate
and sericite. Pumpellyite occurs in a fragment in one sample. Bedding is
not disrupted and is defined by alternating bands of coarser aﬁd finer mater-
ial. Layers are 2-10 cm thick in the. few exposures seen.

Welded crystal lithic tuffs appear to be the major volcanic component of
the upper clastic unit. Augite and plagioclase crystals sit in a groundmass
of devitrified, welded glass shards. Volcanic fragments are mostly very
fine grained basalt or nearly opaque pieces of devitrified glass. Albite,
chlorite, sericite, calcite and minor pumpellyite are the only alteration
minerals,

The chert-argillite and serpentinite matrix surrounding the blocks of
carbonate, greenstone, and coarse clastic rocks is exposed only as float and
in rubble in.logging road cuts. Chert and argillite are grey to black and
black respectively and very weakly foliated. Contacts between the blocks

and matrix are not exposed.

Age of the Cache Creek Group
Fusilinids found in limestone pods of the upper clastic unit (Figure 24)

were identified by W.R. Danner as Yabeina minuta of Late Permian probably Late




Figure 24,

Photomicrographs of limestone in the upper clastic unit,
Cache Creek Group: a) oolites and b) Upper Permian,
probably Late Guadalupian, fusilinid Yabedna minuta,
identified by W.R.Danner.
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Guadalupian, This age is typical'of 1imeStonéﬁmasseS{intthiS“partﬁdfftheﬁ_
Cache Creek (Danner, 1976). No information is available for other litholo-: -

gies or for limestones of the lower clastic unit.

Sedimentary Structures and Environment of Deposition

Two models of depositional environment have been presented to explain the
pod~like occurrence of shallow water carbonates within sediments usually
interpreted to be of deeper water origin. From his work in the Atlin
Terrane, Moﬁger (i977a, 1977b) has developed a model of a deep ocean basin
in which seamounts have formed. Fringing reefs are formed on seamounts and
atolls and these shallow water carbonates break off from time to time and
slide into deeper water. They come to rest amongst deeper water rocks.
Danner (1967, 1975), on'.the other hand, suggests that these carbonate blocks
in chert are not exotic, but that the cherts and carbonates are interbedded,
This requires that.ribbon cherts are of very shallow water origin within
the Cache Creek Group. In this model lensoid masses of carbonates are inter-
preted to be algal mounds.

Sedimentary structures, locally preserved in areas of léss intense deforma-
tion, reflect a vériety of depositional environments within the Cache Creek
Group. Tine to coarse grained clastic sedimentary rocks show the most
structures, Rhythmic layering in siltstones and greywackes and other
structures typical of the Bouma sequence - graded bedding, laminar bedding,
convolute laminations ~ suggest turbidite sedimentation for much of the
clastic material.  Soft sediment slump folds (Figure 25) and rip-up clasts
(Figures 15 and 26) support grain flow movements. One outcrop at the top
of the ridge in the upper clastic unit is a breccia containing limestone and
amygdaloidal and tuffaceous basalt fragments (Figure 27). Chunks of limestone

are several centimeters across while greenstone fragments are less than 2 cm
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Figure 25. Soft sediment folds in fine grained sediments of the
lower clastic unit, Cache Creek Group.

Figure 26. Rip-up clasts in sediments of the upper clastic unit,
Cache Creek Group.



Figure 27.

Slide breccia in the upper clastic unit of the Cache
Creek Group. Light grey, recessive weathering fragments
are limestone. The remainder is volcanic material.
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in diameter. This is also thought to be a debris flow off a shallow carbon-
ate and basaltic platform.

There is abundant evidence for shallow water conditions in“-the limestone
' masses of the upper clastic unit. Oolites, fusilinids and what may be algal
structures are present and represent water depths of less than 30 meters.

Although very deep water conditions are not necessary for the formation of
turbidites, lack of shallow water structures implies they were deposited at
levels below wave baée. Apparently interbedded with the debris flows are
ribbon cherts. The environment of formation of'riban cherts is a function
of many factors, but carbonate free radiolarites are thought to be restricted
to depths below the carbonate compensation depth, probably 2000-3000 meters in
Permian time (Bosellini and Winterer, 1975). No shallow water limestones were
observed directly interbedded with ribbon cherts in this area. Contacts of
these carbonates are usually strongly sheared. Carbonate rocks clearly inter-
bédded with the turbidite and ribbon chert sequences are calcarenites, some
weakly graded, which are probably turbidites themselves.

From evidence in this area a depositional environment similar to Monger's
model is reasonable. Shallow water carbonates form on basaltic volcanic sea-
mounts that are surrounded by deeper water. The basin is dominated by chert
and afgillite sedimentation with influxes of coarser material derived from
the volcanic and carbonate terrane. Exotic blocks of limestone ﬁithin the
fine grained sediments must be slide blocks. In support of this model are
preliminary Mesozoic ages for Cache Creek radiolaria (Travers, 1978; Monger,
1977b). Thus the slide blocks may be much older than thermatrix in which they
presently sit. More fossil data from the non-carbonate rocks are needed to

conclusively define the depositional environmment in this area.

Structure

A strong phyllitic foliation in the clastic rocks, best developed in finer
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grained rocks} :is the earliest and dominant structure in the Cache
Creek Group. This foliation is of variéble intensity in coarser clastic rocks
and absent in most greenstones. In most cases bedding has been transposed
to parallel the foliation, and tiny rootless folds, with amplitudes less than
a few centimetersy-found. in finetr: grained:lithologies suggests .the:folfation
parallels the axial planes of isoclinal folds. ©No large early folds were
found, but several outcrops clearly demonstrate cross-cutting bedding~cl¢avage
relationships. A bedding-cleavage intersection lineation is developed on
foliation surfaces in the clastic members.

Carbonate and chert responde& differently to this deformation. Cherts
are strongly boudined and brécciated with the argillite layers almost équéezed
out. The iong axis of the boudins parallels the 6ther lineation. Chert lay-_:
ers are probably boudined>on a larger scale. This is reflected in the dis-
continuous outcrop pattern of the cherts. Carbonate, greywacke and green-
stone layers may also have been boudined on a large scale; in some of the
carbonate-greenstone breccia of the upper clastic unit, carbonate clasts have
been strongly elongated. Chevron folds of one to two meter amplitude are
developed in ribbon cherts in a few localities. No axial plane cleavage cuts
these folds, andvtheir timing is unknown.

Despite the extreme deformation in much of the Cache Creek, some portions
seem to have been left completely undeformed. Greywacke pods, mostly in the
upper clastic unit, are unfoliéted and the sedimentary structures are well
preserved, even though the pods are apparently surrounded by deformed phyllife.
Some carbonate pods are strongly deformed while others are essentially pris-
tine.

Figure 28 is an equal area stereonet plot of all structural elements
measured in the Cache Creek Group. A northwest trend of all structural ele-
ments dominates. Foliations are clustered around a northwest strike with

a moderate to steep southwest dip. Lineations plot along the northwest trend



Figure 28.

x Bedding (So)

° Foliation (S ,)

° Bedding — cleavage intersection lineation (1,)

- Axis of kink or fold that deforms S, (I,)
Axis of chevron fold in chert

Equal area stereonet plot of structural elements in the
Cache Creek Group. -
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and plunge moderately.

Scatter in the foliation plot is probably related to later subparallel
folding which is only locally observed and deforms the earlier foliation and
lineation. This event consists of brittle folding and warping with some
fracturing along axial planes but no development of a penetrative axial
plane foliation. Folds are flexural-slip, open, and of small (less than half
a meter) amplitude and wavelength. The best exposure of these folds and their
relationship to the earlier lineation and foliation is just west of the fault
contact with the Nicola Group at the north end of the area. The folds may
be related to movement along that fault. Chevron folds deforming the phyllite
at the southern end of the map area (Figure 11) are similar and may be of
the same age.

Macroscopically the Cache Creek Group appears to be composed of fault-
bounded packages of rock. Quite clearly a low angle fault is tﬁe lower con-
tact of the greenstone unit. The unit is truncated and a strong cataclastic
foliation has formed in some of the lowermost greenstones (Figure 23) and
the uppermost members of the lower clastic unit below. This fault parallels
the foliation in the lower clastic unit. Further evidence for the fault is
the presence of serpentinite along the projected trace to the north. It is
possible that the two clastic units should be considered as repetition of a
single unit enclosing the greenstone unit as a fault-bounded wedge. The
discontinuous serpentinite belt, differences in the limestones and in degree
of deformation and alteration between the upper and lower clastic units sup-
port the interpretation of a fault with large displacement. The only evi-
dence for the fault mapped as the upper contact of the greenstone unit is the
truncation of the greenstones at their northern end.

It is quite probable that there are similar faults throughout the Cache
Creek Group. The large volcanic and volcaniclastic pod north and east of

Venables Lake is probably fault bounded.
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In many ways the‘Stfuétural styié désCfibéa'abbve fité desCriptioﬁé of
tectonic melange as defined by Hsiu (1974); Small packages of rock are shear-
bounded and there is great variability in deformation within a small region.
Most of the Cache Creek within the field area is typified by blocks of differ-
ent lithology set in a pervasively sheared matrix. Block size ranges from a
few centimeters, as exposed above the highway at thé southern end of the area;
to more thén 5 kilometers, if the mafic volcanic unit is considered as a block
within the deformed sediments,; The next largest block is the 2 km long
volcanic and volcaniclastic pod containing the blue amphibole metamorphic
assemblage. Sedimentary processes have contributed to the discoétinuous
nature of many lithologies; but they do not explain the presence of serpen-
tinite bodies in close proximity to shallow water carbonates that are mixed
into the deformed pelitic matrix containing turbidité deposited clastic beds
and bedded chert. The explanation is'mdre likely tectonic tﬂan sedimentary.

At least two periods of faulting postdate ‘isoclinal folding; shearing, and
low angle faulting. The near vertical, northenorthwest trending Martel Fault
which separates Cache Creek and Nicola Groups is the earliest fault aﬁter the
isoclinal folds. Sense of movement on this fault c¢annot be positively deter-
" mined from this area. Later high angle movement along the Venables Valley
fault and‘séVeral*Sméller faults offset Lower Jurassic rocks. The Venables
Valley fault cuts the Martel Fault,r Some of this faulting must be post lower
Cretaceoﬁs as Spences Bridge Group rocks are in contact with Cache Creek
along a fault that parallelé the Venables Valley fault. Landslides and slumps
along the west side of Venabies Valley further complicate structural inter-
pretations in the Cache Creek: One major slide that is quite clear on areal
photographs and in the topography is shown on the map (Figure 6). Rocks

exposed in the slide are are limited to ground up phyllite and serpentinite.
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Metamorphism
' . .The matrix of greywackes and alteration of .unstable glass and feldspar in
basic volcanic rocks best reflect metamorphic conditions at low temperatures.
Table III lists seven metamorphic mineral assemblages observed in Cache Creek
rocks. Assemblages 1-6 are from rocks in the lower clastic unit, 5 and 6 from
the volcanic and volcaniciastic pod (Pvcl), and assemblage 7 is from the
greenstone unit. For determination of temperature the critical minerals are
prehnite, pumpellyite, actinolite and the epidote family. Stilpnomelane and
the sodic amphibole are the only minerals that assist in pressure estimates.

Miyashiro (1973), in reviewing several low grade metamorphic belts describes
a sequence of zones from zeolite to greenschist facies. In Kii Peninsula,
Japan, Zone II, prehniterumpeilyite facies, includes the assemblage quartz,
albite, prehnite, pumpellyite, epidote, and chlorite. Zone III, a transition
zone, is marked by the appearance of actinolite and disappearance of prehnite,
and in Zone IV, greenschist facies, pumpellyite is absent and stilpnomelane.
. is preseﬁt) The transition zone in the Panoche and Pacheco Pass areas of
California contains the assemblage pumpellyite, actinolite, calcite, - =
epidote and stilpnomelane. Under this classification system assemblages 5
and possibly 2 of Table III would be in the transitional zone. Assemblage 3
with prehniﬁe and pumpellyite, no actinolite, falls below the transition zone
in the prehnite-pumpellyite facies, and 7, with prehnite and actinolite co-
existing, 1s probably on the boundary beéween the two zones. By Miyashiro's
definition assemblages 1 and 6 fall in the greenschist facies. Assemblage 4
is not diagnostic.

Winkler (1974) marks the transition from very low grade to low grade rocks
(greenschist facies) by the appearance of zoisite/clinozoisite instead of
iron rich epidote. Figure 29 summarizes experimentally determined reaction

equilibria at very low grade. The reaction pumpellyite + chlorite + quartz



TABLE III

Assemblage #

Metamorphic Mineral Assemblages in the Cache Creek Group

Quartz
Chlorite
Albite
Calcite
Sphene

White mica
Epidote
Stilpnomelane
Actinolite
Subcalcic Amphibole
Pumpellyite

Prehnite

Sample number

Assemblage number

~Nouomk W
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goes to zoisite + actinolite can be used as a maximum temperature for Caclie
>Creek rocks in Venables Valley. Assemblage 5 clearly lies on the low tempera-
ture side of that reaction, and 1 and 7 are on the low temperature side of the
reaction prehnite + chlorite goes to pumpellyite + actinolite + quartz. Iron
rich epidote rather than zoisite in other assemblages indicates those rocks
also are below the boundafy between rocks of low gra&e and very low grade.

In a more recent work, Brown (1977a) presents calculated reactions in this
pressure and température range. Assumptions of fixed compositions for many
of these minerals were necessary for the calculations, and the locations of the
reaction curves are still estimates. Figure 30 enlarges the area of interest
from Figure 29 and includes reactions from Brown. Several assemblages from
Table III can be given estimated P-T fields based on these reactions. Assem-
blages 3 and 7, discussed_earlier, are plotted below the prehnite + chlorite
breakdown, with 7 at higher temperature due to the presence of actinolite.
Co—existing calcite and epidote in assemblage 1 puts‘it below calcite + epidote
+ pumpellyite + actinolite + H20 + C02. Lack of calcite and épidote together
in 5 and 6 and co-existing pumpellyite and actinolite in 5 puts them above
the same reaction.

Pressure conditions are hot as well controlled. Stilﬁnomelane probably
can be used as an indicatiqn of fairly high pressure as it is rare in mediun
pressure rocks and very rare in rocks of low pressure metamorphism (Miyashiro,
1973). Sodic amphibole also can suggest high pressure conditions, but only
the additional presence of aragonite or lawsonite is diagnostic. for high
pressure. Lawsonite is more prevalent in Al-rich focks; those containing the
blue amphiboles here are basic in composition, possibly even silica deficient,
which favors blue amphibéle at lower pressure. Brown (1977b) presents a
tentative correlation of pressure to crossite component in Ca;amphiboles. In

his model, the sodic amphiboles of this study, containing approximately one Na

in the M, site, would occur at pressures of about 6 kb. These pressures are
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conditional on the presence of iron oxide in the reaction assemblage:; iron
oxide is absent in the present study. Similar amphiboles found in the North-
ern New Caledonia melange zone areestimatdd to have formed .at P=T.conditions
of 350°C and 7 kb (Black and Brothers, 1978), but jadeitic pyroxene is also in
thatvmineral association. That indicates higher pressure than in the present
study. Thus an estimate of 5 to 6 kb pressure for rocks in the Venables Valley
area containing sodic amphiboles and stilpnomelane is considered reasonable.
The assemblages of Table III are plotted on Figure 30 at _.pressures betweén:4-and
6 kb. Assemblages 2 and 4 do. not contain diagnostic minerals for this plot.

From Figure 30 it is apparent that metamorphic conditions are not constant
throughout even this small area of Cache Creek rocks. Different blocks within
the sheared matrix contain metamorphic assemblages reflecting :a temperature

range of 100° ¢ and a possible 1 to 2 kb pressure difference.

Nicola Group

In the Venables Valley area the Nicola Group can be divided into three map
units. The first, dominaﬁtly greenstones, contains andesite, dacite, related
high~level intrusive bodies and sedimentary rocks defived from the volcanic
rocks. Thick, massive to bedded limestone makes up the second map unit and the
third is a mixture of sedimentary rocks and some greenstones. The third unit
includes argillite, thin bedded limestone, minor volcanic rocks, abundant green
chert (siliceous tuff) and coarser clastic rocks. Figure 31 is a diagrammatic
stratigraphic section of the Nicola and overlying Jurassic rocks.

The northern exposure of the second unit was mapped as Nicola, but most pf
the first and third units have previously been mapped as part of the Cache
Creek Group (Carr, 1962; Duffell and McTaggart, 1952). ‘Comparison of strati-
graphic, structural and metamorphic chafacteristics with the Cache Creek Group,
limited fossil evidence and a Rb/Sr isochron support an Upper Triassic age

typical of the Nicola Group for this section.
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Greenstone Unit (TRv on'figﬁfe 6)

Flows, intrusive rocks, pyroclastic and epiclastic rocks of this unit are
complexly interbedded and interfingering as sketched on Figure 31, Individual
lithologies appear to have limited lateral extent. Poor exposure and minor
faults contribute to the difficulty of tracing layers. It is often difficult
to distinguish fragmental textures in the field unless a clean, smooth-weather-
ed surface is present. Even then rocks types can be ambiguous.

Porphyritic andesite underlies much of the eastern part of the area and
is best exposed in gullies above the Trans-Canada Highway. In outcrop the
andesite is blue green to grey with white to pinkish, subhedral to globular
feldspér phenocrysts. The aphanitic groundmass contains segregations of
epidote or is cut by epidote Veins; Structures such as pillows and flow tops
were not Qbserved; but océasionaliy large blocks of sedimentary rocks (one
over auméter long) are caught up in flows;

Under the microscope plagioclase phenocrysts, original An composition

35
preserved in some grains, are seen to be dominantly albite in composition with
considerable epidote and sericite replacement. The phenocrysts comprise an
average of 207 of the rock and sit in a very fine grainéd, interlocking mosaic
of recrystallized feldspar, mainly albipe with traces of K—feldspar; and

other alteration minerals = chlbrite; sericite; epidote, and sometimes
calcite; No primary mafic -minerals are preserved,

Though most of the andesites are not foliated, there is considerable
evidence.of strain in the rocks! Kinked twins in plagioclase grains are
plentiful; and phenocrystS»show-polygonalization and recrystallization along
old and new»grain-mqréins; Locally a weak fracture cleavage is developed.

Dacitic rocks are found throughout the greenstone unit but are most plenti=
ful and best exposed along the ridge east of Venables Valley. 1In the field,
rocks of'this.COmposition are easily identified by the presence of abundant

quartz , usually in the form of spherical to ellipsoidal, clear to smoky pheno-
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crysts (quartz eyes), 1-6 mm in diameter. Feldspar phenocrysts are absent to
more plentiful than the quartz eyes. The groundmass, where unsheared, is
aphanitic and siliceous, generally light green in color. ZLocally the groundmass
is bleached to very pale green or white. These bleadhed zones are mineralizéd
and contain abundant pyrite.

Ratios of phenocrysts to groundmass, size of phenocrysts, aﬁd other macro-
scopic textures reflect a variety.of volcanic~plutonic processes involved in
the formation of fhese quartz rich rocks. Numerous textures can be observed
by traversing the ridge east of Venables Valley. ‘Just south of the road cross-
ing the ridge, volcanic breccia crops out. Fragments are almost exclusively
quartz-eye porphyry and are surrounded by a matrix of similar material - quartz
crystals and green aphanitic matrix/groundmass. This may be an explosion
breccia deposited near a volcanic vent. Siliceous tuffs represent more distant
deposits related to explosive volcanism. Quartz crystals in the tuffaceous
rocks areusually less than 2 mm across and feldspar is absent. Aphanitic
groundmass comprises more thén 95% of these rocks, and in many places they look
megascopically like pale green chert with scattered round quartz crystals and
occasional fragments of similar aphanitic material.

Farther north aloﬁg the ridge both feldspar and quértz phenocrysts are
present and make up a larger percentage of the rock. Scattered fragments of
quartz and quartz-feldspar porphyries occur in these rocks, but the general
appearance is of flows rather than breccias. Still farther north rocks of
apparently the some composition are definitely intrusive in origin. Two miles
north of the northern edge of the field area, a coarsely crystalline quartz-dio-
rite crops.out. Mafics are altered toh¢hlérite,.:and épidoté.is abundant. : This
quartz diorite is probably the intrusive equivalent of the extrusive and pyro-
clastic quartz-rich rocké. Thus the quartz-rich rocks show in an small‘area
the volcano-plutonic nature of the Nicola Group.

Along fault zones original igneous textures have been overprinted by a shear
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foliation. Locally a quartz-sericite schist is developed. The foliation
wraps around the quartz phenocrysts and fragments. Rocks with this foliation
have a rather lumpy appearance.

In thin sections of the dacitic rocks the round to elliptical quartz pheno-
crysts can be seen to have partially resorbed margins and some quartz over-
growths. In more deformed samples the crystals are internally shattered.
Feldspar phenocrysts, if unaltered, are plagioclase with an average composition
of andesine (An35). Feldspar is generally altered to albite or pseudomorphed
by epidote, calcite and fine grained albite. The groundmass, much the same as
that in the andesites, is a mosaic of feldspar, quartz, chlorite and sericite
with variable amounts of epidote, calcite, K-feldspar and some sphene. More
altered varieties contain more K-feldspar. Included fragments show up as
patches of slightly different grain size. Margins of the fragments are in-
distinct.

Epiclastic rocks derived from the volcanic and intrusive rocks make up the
remainder of the greenstone unit. These include conglomerate, breccia, grey-
wacke, lithic sandstone and siltstone.

One of the best conglomerate exposures is along the Trans-Canada Highway
just north of the greenstone-limestone contact. Well rounded cobbles of
porphyritic andesite are nearly indistinguishable from the finer grained,
feldspar rich matrix. The rocks have been altered and the matrix is as resis-
tant to weathering as the volcanic cobbles. Epidote occurs in veins and
patches within both clasts and matrix. Another conglomerate, the only one
within the greenstone unit containing clasts derived from a non-volcanic source,
caps the 2700 foot‘high hill northwest of the limestone-greenstone contact.
There 2-3 cm long fragments are limestone, black pelitic rocks and abundant
light green to white tuff. The matrix is quartz and feldspar rich and well
indurated.

Volcanic breccias are interbedded with the andesites and dacites. The
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angular to subrounded fragments are mainly pieces of volcanic rocks - quartz-—
eye porphyry, feldspar porphyry, silicified tuff, aphanitic greenstone - but
elongate pieces of green sandstone and greywacke are also present. The breccias
are poorly sorted but have little very fine material. Most of the fragments

are at least several millimeters in diamefer and range up to several centi-
meters across. ~In both conglomerates and breccias clasts do not weather out

in relief.

Finer grained epiclastic rocks, sandstones aﬁd greywacke, are usually darker
green than most of the volcanic rocks, but siltstones are fairly light green in
color. Microscopic examination shows lithic fragments are clearly derived
from volcanic rocks in the Nicola Group. Round quartz grains are plentiful;
there is also considerable subrounded albite grains. Calcite, epidote, and
sericite replace the feldspars,.and chlorite and very fine feldspar comprise
the matrix. No metamorphic minegals like'prehnite, pumpellyite, or actinolite
are present 'in any of the greenstones studied.

Contacts between the greenstone unit and other units are exposed in only
two places, both with the overlying limestone. That contact appears to be
depositional, as bedding 6rientations in. the limestone are subparallel to
the contact. Whether this is conformable is unknown because of lack of
bedding in the greenstones. Exposures of the contact are in two prospecting
pits. 1In both pits the rocks are sheared parallel to the contact. Chlorite
forms a schistosity in thé gréenstone. This shearing probably represents later
movement along a depositional contact rather than a large fault displacement.

All other external contacts of the greenstone unit are steeply dipping faults.

Limestone Unit (TRls)
Two substantial bodies of massive limestone have been distinguished as
a separate map unit within the Nicola. The largest caps the hill northeast of

Venables Creek. The second forms cliffs in the next creek south. They are
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mapped on the basis of lithology and are not necessarily of precisely the
same age or stratigraphic position. Thickness of the limestone is variable,
and the northern body appears to pinch out towards the east.

The limestone is light grey weathering and dark blue to black on a fresh
surface. Much is massive, fine to medium grained, bu£ some is’'light and dark
banded. Compositional variatioﬁs include a range from élmost pure carbonate
to very sandy limestone. Scattered through much of these limestones are red-
brown weathering chert nodules. .In some pléces the nodules are aligned and
may represent original interbedded 1ayérs, 2-3 cm thick. These layers are
now disrupted and boudinaged and occasionally form small fold hooks of chert
floating in carbonate.

Dark grey layers in the fine grained, laminated varieties are due to
concentrations of carbonaceous material. As much as 15 to 20% of the banded
limestones is quartz, usually of the same grain size as the carbonate but
occasionally in patches which may have been larger grains now recrystallized.
A few larger quartz grains remain, but the margins of those grains are poly-
gonalized. |

The limestone unit includes carbonate sands, easily identified in thin
section. Detrital limestone grains’l—S mm across have curved or bent twins
and are darker in color than the'recfystallized cementing material. A minor
part of the carbonate sands is other detritus - quartz and feldspar grains,
usually much smaller than the carbonate fragments.

Bioclastic limestones are present in the northern limestone mass down in
Venables Creek. There limestones have been sheared and recrystallized, and
crinoids are the only identifiable fossil preserved. Several samples ffom
different sites in the unit were dissolved in an attempt to separate conodonts
with no success. The general lensoid shape and the variety of lithologies -
calc arenites to bioclasticvto micrite with areas of organic laminae ~ suggest

a probable reef-shelf..origin.



66

The lower contact of the northern limestone has already been described as
a sheared depositional contact. The basal contact of the southern limestone
mass is a fault against youﬁger rocks, The transition upwards from
relatively pure limestone.to interbedded clastic rocks,‘chert, and limestone

of the overlying mixed unit is clearly exposed in both limestone bodies.

Mixed.Sedimentary and Volcanic Rocks (TRs, TRsl, TRsv)

The remainder Qf the Nicola Group is lumped as one unit. Most of the
lithologies found in the other units ~ limestone, siliceous volcanic rocks,
volcaniclastic rocks, some andesite, conglomerate - are found in this unit.
Black argillite is also present.

Typical of mach of the upper unit is interbeddedAlimestone and greenstone.
The greenstone is largly siliceous, aphanitic, and pale green in color, prob-
ably tuff. Beds range from 5-15 cm .in thickness-and‘tuffaceous greenstone
layers are commonly’ laminated. Limestone layers'aré usually medium grey
weathering except in patches of skarn where fhey have been altered and re-
crystallized. Nearly white, sugary textured marbles with coarse grain size
in these zones are associated with chloritized and/or silicified, bleached
greenstones. Garnet and epidote have formed from interbedded pelitic rocksAink
one of these skarn zones.

Limestone layers, up to several meters thick, can sometimes be traced for
several hundred meters before they pinch out or are truncated by faults.
Layering within these carbonates on a 3=5 cm scale is defined by alter~
nating coarse sandy and fine grained bands. Coarse.layers_can be bioclastic
and may show grading. Oné of the best exposures of this lithology is
a little over one kilometer up Venables Creek from the highway. There, bedded
-limestones and calc arenites are interbedded with a few tuff layers. |

Greenstoneé in thebupper unit are mucH ‘the same as those already described

in the lower unit. Some more extensive and better exposed greenstone bodies
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are mapped separately (TRsv). Pale green chert, typically in beds 5-10 cm
thick with exceptions up to a few meters thick, is the most common. The
chert is a siliceous tuff, very fine grained with no phenocrysts. Quartz,
feldspar and minor amounts of chlorite and sericite are visible in thin sec-
tion.

Greenstone conglomerates up to a meter thick contain andesite, dacite
and tuffaceous fragments as well as some granitic detritus, The source for
the granitic material may be the high level plutons described in the green-
stone section. Generally the granitic fragments are very quartz rich. A few
are much less altered; primary hornblende is preserved. These clasts could
be derived from the Guichon Batholith. A conglomerate of this description
is exposed along the highway south of Venables Creek.

North of Venables Creék, above the highway, the lower cliffs are pre-
dominantly very fresh andesite. Euhedral, white feldspar phenocrysts, 1-2 mm
across, sit in an intermediate to dark green aphanitic groundmass. Upwards,
more siliceous greenstones and altered andesites give way to banded sedimen= -
tary rocks and minor limestone pods.

Clastic rocks other than greenstone conglomerate and tuff include argillite,
some sandstone and greywacke, and considerable amounts of conglomerate derived
from non-greenstone terrane. Argillites are black, siliceous and well bedded.
Sandstone and greywacke are green, volcanic-derived and very similar to those
in the greenstone unit. Conglomerates reflect the variety of 1ithologies in
the Nicola Group. Clasts include green siligeous tuff, aphanitic purple
volcanic fragments, argillite, and limestone, with quartz, feldspar, and
calcite grains and argillaceous material makiﬁg up the smaller fraction. No-
where was detritus of Cache Creek origin identified.

The upper contact of these bedded rocks is an angular unconformity with a
Lower Jurassic basal conglomerate which can be correlated with the Ashcroft

Formation to the north. The unconformity is best exposed in Venables Creek
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about one kilometer upstream from the highway. Small, open folds in bedded

limestone are truncated by the conglomerate.

Age of the Nicola Group

Two age determinations support a Mesozoic rather than Paleozoic age for
this map unit. A Rb/Sr date was obtained on a suite of 6 samples from the
greenstone unit..Four of éhese are from within the field area and two are from
the quartz diorite just morth of the field area. Table IV lists analytical
data for the samples. They have a good spread in Rb/Sr ratios arnd define an
isochron (Figure 32). The calculated date is 196 + 15 Ma with an initial
ratio of .7043 + 2 Somewha£ different from values obtained from the Guichon
Batholith, 205 + 10 and .7034 (R.L.Armstrong, pers comm. 1978). The initial
ratio, .7043, is slightly higher than the mean value fbr arcs (Faure and
Powell, 1972) and may indicate some contamination very likely with Sr from
seawater. A 196 Ma age for the Nicola is'a bit younger than expected for time
of formation as the Nicola is dated by fossils as Karnian to Norian. The
isochron date may reflect the hydrothermal alteration event. A Late Triassic
age of formation and early‘Jurassic'alteration is reasonable,

Only one fossil colldction was obtained from the Nicola. It includes
microfauna from the.bedded limestoned below the unconformity in Venables Creek.

In a collection of conodont fragments, B.E.B. Cameron of the Geological Survey

of Canada identified one specimen of Enarntiognathus ziegleri (Diebel) which

ranges in age from lower Triassic to Upper Karnian (Mosher, 1968) and three

specimens of Neospathodus sp. cf. N. newpassensis Mosher found in Lower Karnian,

possibly ranging down to lower Middle Triassic (Mosher, 1968). Cameron assigns

the assemblage a probable Upper Triassic (Karnian) age.

Depositional Environment of the Nicola Group

Submarine volcanic rocks, abundant volcanic-derived clastic material and



TABLE IV
Rb/Sr Geochronology Data

Sample # Lithology Locality Latitude Longitude ppm Sr ppm Rb  Rb/Sr RE%%}86 S£§%286
6-5-4 Dacite \ 50°32'37" 1210}9'5" 68.0 33.0 ) 0.485 1.404 .7079
6-5-2 Altered dactie VI 50032'27" 1216£§;i; 91.0 24.8 0.273 0.790 .7062
11-4-1 Quartz diorite - VIIT 50033'7" ' 121017'48" 82.1 13.5 0.164 0.476 .7063
6-13-4  Altéred dacite VIII 50°32'39"  121°17'50"  23.2 58,0 2,49  7.22 7244
4-141 Inclusion in 4-14R off map 50240 40" 121922150" 126 7.9 0.062 0.181 L7047
4-14R Quartz diorite off map 50°40" 40" 121022;50" 170 12,7 0.075 0.216 . 7046

Analytical Techniques :

Rb and Sr concentrations were determined by replicate analysis of pressed powder pellets using X-ray flour-
escence, U.S. Geological Survey rock standards were used for calibration; mass absorption coefficients were
obtained from Mo Kd Compton scattering measurements, Rb/Sr ratios have a precision of 2% (1 ) and concen~
trations a precision of 5% (1 o), Sr isotopic composition was measured on unspiked samples prepared using
standard ion exchange techniques, The mass spectrometer (60o sector, 30 cm radius, éolid source) is of U.S.
National Bureau of Standards design, modified by H, Faul. Data aquisition is digitized and automated using a
NOVA computer. Experimental data have been normalized to a 86Sr/888r ratio of 0.1194 and adjusted so that the
NBS standard SrCO3 (SRM987) givgi a :2Sr/868r ratio of ,710224+2 and the”Eiﬁer and Amend Sr a ratio of 0.70800
+2. The precision of a single Sr/ "Sr ratio is 0.00013 (1 o). Rb/Sr dates are based on a Rb decay constant

of 1.42 x 10—11y—1. The regressions are calculated according to the technique of York (1967).
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carbonate shelf to reef facies rocks of the Nicola Group are typical of a
volcanic island arc. Rapid facies changes and restricted lateral extentidf.
most lithologies probably reflect small basins and rapid, irregular periods
of uplift. No subareal volcanic rocks are present within the area, but clasts
in conglomerates reflect subareal volcanism nearby. Rounded boulders in some
conglomerates suggest some detrital material has had fluvial transport.
Influxes of detrital material, including tuffaceous layers, interrupted
carbonate sedimentation. Turbidity currents redeposited clastic sediments and

reef-derived fragments.

Structure

Faulting is the dominant deforﬁation of the Nicola Group. Major faults
trend north-northwest and are vertical. Most of these appear to be block faults
with normal offset. The other major fault is the Martel Fault which forms
the boundary between Cache Creek and Nicola strata. Near this fault and
subparallel to it is a fracture cleavage to schistosity in the Nicola greenr-
stone. Foliation is weakly developed or absent outside fault zones.

Figure 33 presenté structural élements measured in the Nicola. Bedding
attitudes are northwest trending and moderately southwest dipping. Small folds,
usually drag folds along minor faults or ductile folds in limestone, have a
fairly consistent northwest-southeast trend with moderate to shallow plunges.

No axial plane foliation is-aeveloped. This southwest tilting of the Nicola
section could be a result of intrusion of the Guichon Batholith. To the

east across the Thompson River, large flatirons of Nicola dip to the west away
from the Guichon contact. Howevery the Lower Jurassic Ashcroft Formation is
also tilted to the southwest, so this tilting may be post lower Jurassic,

On the flatiron toAthe east, west vergent folds are developed in several-
meter—thick bedded carbonate layers; contacts with over and underlying rocks

are not folded. Apparently the carbonate behaved in a ductile fashion under



Figure 33.
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the Nicola Group.
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shear stress which has allowed the overlying section to move downslope relative
to the rocks underlying the carbonate. Movement was taken up in the limestone.
Though not clearly demonstrated in the present area, folds in the limestones

are thought to be of similar origin.

Alteration

Secondary minerals within the greenstones include epidote, albite, calcite,
K-feldspar, and chlorite. Some areas are strongly silicified, bleached and
usually pyritized. At one locality within the upper sedimentary unit a garnet-
epidote skarn is developed. These are all hydrothermal alterations probably
related to fluid movement during intrusion of the Guichon Batholith. Such
alteration is similar to the feldspathization zone in the Wairaki geothermal
field of New Zealand (Miyashiro, 1973). It is characterized by albitization
and replacement of plagioclase by K-feldspar, local calcite alteration and
abundant precipitation of silica. This occurs at tempefatures of 230-250° C.

Small skérns are also developed where dikes crosscut limestone layers.
Epidote and more coarsely crystalline calcite replace thé fine grained grey

limestone.

Jurassic and Younger Rocks

Ashcroft Formation

Rocks of Jurassic age are exposed in two small areas, the larger along
Venables Creek and the smaller patch slightly northeast (Figures 5 and 6). The
Venables Creek exposure displays a more complete section. A basal conglomerate
containing abundant éranitic cobbles unconformably overlies folded Nicola
sedimentary rocks. The granitic clasts, probably of Guichon provenance, are
accompanied by Nicola detritus, principally greenstone fragments. There 1is
no Cache Creek detritus. Clasts in the conglomerate are rounded to subrounded

and range in size from 15 cm boulders to fine sand. The matrix and some sand
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grains are calcareous. This conglomerate resembles some of the Nicola conglom-—
erates but is distinguished by the abundant granitic material and lack of
alteration of matrix. Clasts weather out in relief as opposed to clasts -
within Nicola conglomerates.

Conglomerate grades rapidly upward into’calc arenite and sandy, fossilifer-
ous limestone. These are interbedded with and grade into black shale, common
in the Ashcroft Basin (Frebold and Tipper, 1969; Travers, 1978). The entire
exposed section is 200 ﬁeters thick.

Fossil collections from the sandy limestones and calc arenites were identi-
fied by T.P.]Poﬁlton of the Geological Survey of Canada. They include bivalves
- Weyla (?) sp. indet,.‘gambnectes (?) sp. indet., and Pleufomza‘(?) sp. indet.
plus Terebratulid brachiopods, indet, and a solitary coral, indet, Poulton
suggests a probable Lower Jurassic age,

The Jurassic rocks are preserved in two down-dropped fault blocks. In both
caées the western contact is a fault which juxtaposes Jurassic strata against
massive Nicola limestone. The strata dip southwest towards the faults. A
fracture cleavage is de&éloped in some of the sandstoneé. It is subparallel
to the fault on the west side of the section and probably developed at the

time of faulting.

Spences Bridge Group
The lower Cretaceous Spences Bridge Group is in fault contact with the
Cache Creek Group along the western edge of the field area. It is very poorly
'exposed, but three outcrops of zeolitized, porphyritic andesite support thé
location of the contact drawn by Duffell and McTaggart (1952) and Pearson
(1974): The group is made up of andesite, dacite and some rhyolite which
have undergone zeolite alteration and gentle warping (Duffell and McTaggart,

1952).
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Quaternary Deposits
Quaternary rocks of several origins cover much of the field area. Terraced
glacial fluvial deposits fill the lower Thompson River valley. Quaternary
is shown on the map (Figure 6) only in areas lacking outcrop or mappable

float of older rocks.

DISCUSSION
Cache Creek Group, Nicola Group and Contact Relationships

In Fhis area the Cache Creek Group appears to be a melange. It is a
tectonic unit, rather than a stratigraphic unit, everywhere in fault contact
with lower Mesozoic rocks. The group displays a sheared pelitic matrix
containing blocks of varying size, lithology, age, and metamorphic grade.
Blocks found within the the field area range in length from a few centimeters
to greater than 5 kilometers. Lithologies represented as blocks include
shallow water limestone, augite porphyry flows and tuffaceous rocks, ribbon
chert, serpentinite and clastic sedimentary rocks. Within these blocks,
primarily discernable in greenstones and greywackes, metamorphic conditions
may vary from about 250° C, 4 kb to conditions transitional to blueschist
facies, T = 350° C, P = 5.5-6 kb.

The relative importance of sedimentary Vvs. tectonic processes is not clear.
There is abundant evidence of slumping and debris flows in the clastic rocks
as coarser material was brought into proximity with pelagic sediments. This
mechanism has been invoked to explain the presence of shallow water, reefoi-
dal limestone masses amongst deeper water cherts (Monger, 1677b). 1If, as has
been proposed, the reefs are developed on a volcanic pile, basalt blocks
could also be largely slumped material. More difficult to explain are the
differences in metamorphism within rocks of the same composition, especially

the presence of transitional blueschist grade. There is some evidence of a
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low grade metamorphic source terrane since detrital prehnite and pumpellyite
are found. Cache Creek Group rocks are probably the source rocks in-this
case. More highly metamorphosed rocks are likely tectonically emplaced. A
similar mechanism is needed for serpentinite and other ultramafic bodies.
The large ultramafic mass that forms the contact between the two clastic
units is quite clearly emplaced along a fault, but smaller masses cannot be
tied to known faults.

Structures in the Cache Creek Group, on:the other hand, are not chaotic
as they are in a typical melange. Over most of the area foliation maintains
a fairly constant orientation, though it weakens upwards and to the west.
The pods-in-matrix style does persist throughout.

In contrast, the Nicola Group, which has previously been mistakenly
identified as Cache Creek Group in this area, does not have the same tectono-
stratigraphic style. There are rapid lateral changes in lithology, and
because of poor outcrop, some lithologies look like isolated blocks; but
there is no sheared matrix. No regional foliation is developed; deformation
is localized along fault zones. Shear foliation and schistosity parallel
faults and are best developed in rocks near the Martel Fault. Hydrothermal
alteration is also locally variable, but reflects differences in fluid move-
ment rather than the wide P-T ranges found in the.Cache Creek Group.

At outcrop scale clastic rocks in the Nicola Group are easily confused
with weakly deformed Cache Creek rocks of the same lithology. However, if a
large enough area is mapﬁed, the contrasting tectonic style of these rocks
should clearly separate the two groups. Other means for differentiation
include fossil information, limited thqugh it is, the absence of ultramafic
masses in the Nicola Group, and isotopic data. More such data is needed for
the volcanic rocks in the Cache Creek Group for comparison.

These distinctions between Nicolé and Cache Creek Group rocks do not

necessarily hold for other areas of the Cache Creek. 1In the Pinchi-Stuart
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Lake Area, Patersom (1977b) finds Late Karnian to Early Norian Takla sediments
containing metamorphic aragonite and speculates that augite porphyry volcanic
rocks involved in blueschist metamorphisn could be correlated with the abun-
dant augite porphyry of the Takla Group. Similar volcanic rocks with large
augite phenocrysts are common in the Nicola Group outside the present study
area (Schau, 1968, 1970; Campbell and Tipper, 1971; Preto, 1974). At the
same time most of the volcanic and volcaniclastic rdcks of the Cache Creek
Group in.this area are augite porphyry. In fact the higher pressure meta-
morphic assemblage is developed in a block of aﬁgire porphyry flows and tuffs.
There are no data that require the age of these to be Paleozoic. They could
be Triassic and part of the Nicola Group as well as involved with Cache
Creek deformation and metamorphism. Also only 30 kilometers to the north
Travers (1978) finds Triéssic (Ladinian or Karnian) radiolaria in Cache Creek
cherts.

As presently mapped the two groups are separated by a fault, the Martel
Fault. It is now vertical to steeply west dipping,>appears to truncate
lithologies in the-Nicola Group, but in some areas subparallels foliation
in the Cache Creek Group. In other localities, notably the south end of the
field area, this fault appears to cut the foliation of Cache Creek rocks.

Its present steep dip could be a result of regionmal tilting in post lower
Jurassic time since the entire Nicola and Ashcroft section is tilted to the
southwest, subparallel to the average dip in the Cache Creek. If this tilt-
ing is removed and the Nicola and Ashcroft strata are returned to horizontal,
the Martel Fault becomes a thrust fault placing foliated Cache Creek over
Nicola and Ashcroft beds (as suggested by Ladd, in press).

On a larger scale, the Martel Fault-juxtaposing Cache Creek in the west
against Nicola is very similar to the Pinchi Fault which forms the eastern
boundary of the Cache Creek Group in the Pinchi~Stuart Lake Area (Paterson,

1973, 1977b). Paterson (1977b) suggests large scale right lateral trans-—
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current movement in Late Triassic to Early Jurassic time on the Pinchi Fault.
It has been suggested (P.B. Read, pers. comm., 1975) that the Martel Fault

is the southern extension of the Pinchi Fault System. In that case one

might propose strike-slip movement on-the Martel Fault in early Mesozoic
time using Paterson's idea. However, there is no concrete evidence in the
Venables Valley area to support the presence of the Martel Fault in the

early Mesozoic.

Tectonic Setting and History

1ittle hard data are available from this study on the timing of events in
the type area of the Cache Creek Group. There is a lack of stratigraphic
caontacts and fossil control. An approximate time-space plot can be drawn
(Figure 34) by incorporating data from Paterson and Harakal (1974) for the
time of blueschist metamorphism, and data from Travers (1978) for extension
of Cache Creek deposition up into the Triassic. Timing of faulting events
cannot be well documented but may be fairly continuous from Late Triassic to
Tertiary.

From Mississippian time to as late as the Upper Triassic the Cache Creek
oceanic assemblage was forming, presumably on oceanic crust (Monger, 1972,
1975a, 1977b) and during the Paleozoic it lay far from North America. In
Upper Triassic (Karnian) time the Nicola arc became active, building up on
Upper Paleozoic rocks which are thought to represent an earlier arc (Danner,
1977). At the same time Cache Creek Group rocks were probably being deformed
and moved toward the craton. This produced the iéoclinal folds and pervasive
foliation. Thrust faulting and transitional blueschist metamorphisn accom-
panied this deformation. Melange development and deformation probably was
initiated during this Late Triassic period. 1In latest Triassic or early
Jurassic time the Guichon Batholith intruded and possibly tilted Nicola

volcanics while contributing to hydrothermal alteration of the Nicola
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Group. The foliation in Nicola rocks, best developed along the Martel
Féuif, is apparently the same age as hydrothermal alteration. Cache Creek
rocks do not appear to have been affected by the hydrothermal event. One
would expect Cache Creek rocks to be similarly. altered if they were adjacent
to the Nicola at the time the batholith was emplaced.

Following intrusion of the Guichon, the next event was the beginning of
deposition of the Ashcroft Formation in Lower Jurassic time, .likely Sine-
murian (H.W. Tipper, pers. comm., 1975). That also marks the time of expo-
sure of the Guichon Batholith gnd locally, :the end of volcanism. Farther
north and near the Nicola type area, Nicola volcanism continued into the
Jurassic (Campbell and Tipper, 1971; Tipper and Richards, 1976; Preto, 1974).

Timing of events following deposition of the lowermost Ashcroft strata is
not easily determined from the present study. There was abundant post Lower
Jurassic faulting and further post lower Cretaceous faulting. Later folds
in Cache Creek rocks, brittle folds that fold the earlier foliation, are
probably related to later fault:movement. Volcanism was renewed in early
Cretaceous, Aptian time (Duffell and McTaggart, 1952), when Spences Bridge
Group andesite, dacite, and rhyolite were deposited umconformably on older
rocks.

Some of the faulting in this area may be related to movement along the
Fraser and Yalakom Faults. Right lateral movement of several hundred kilo-
meters has been proposed for both (Tipper, 1977; Tipper and Richards, 1976;
Eisbacher, 1977).

In conventional plate tectonic models, tectonic melange, which includes
thrust sheets and shows areas of high-pressure low teﬁperature metamorphic
conditions, is interpreted as developing in subduction zones (Dickinson, 1972).
Highest pressure conditions are generally found on the arc side of the
melange wedge. In the present study highest pressure assemblages are found

in the structurally lowest part of the Cache Creek which now sits on the
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eastern side of the Cache Creek Group. This may be because the section has
been tilted and might not be related to the original configuration. Thus
if the Cache Creek melange is related to subduction, facing of the concurrent
arc is not clear.

Tectonic models that include Cache Creek rocks of the type area suggest
éastward subduction of an oceanic assemblage underneath the Nicola volcanic
arc. (Monger and others, 1972; Travers, 1978). As in the Pinchi-Stuart Lake
Area (Paterson, 1977b), there are spatial problems with this model. Cache
Creek melange is now adjacent to the are complex and as close as 3 kilometers
to the Guichon Batholith, the root of the Nicola arc.- This is much closer
than standard models of an arc-trench system. There is considerable specu-
lation as to whether the alkaline Nicola volcanic rocks represent a true
arc. Alkaline chemical trends are thought to imply a rifting origin (Preto
and others, 1975; Hollister and others, 1975). Yet alkaline rocks can develop
in arcs where there is a very low convergénce rate, less than 2 cm/yr
(Miyashiro, 1973), so these chemical trends do not preclude an arc inter-
pretation for the Nicola volcanics. The space problem noted above can be
solved by allowing the Martel thrust fault to have considerable displace-

ment .
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SUMMARY AND CONCLUSIONS

In the Venables Valley area, the southernmost exposure of type Cache Creek
Group rocks, the Cache Creek is thought to be a tectonic melange. Exotic,
isolated blocks sit in a deformed chert-argillite matrix. Some blocks,
especially limestone and possibly greenstone, are thought to be emplaced as
slide blocks, as there is abundant evidence of debris flows and turbidity
current deposits in finer grained clastic sedimentary rocks. Other exotic
blocks, notably serpentinite and volcanic rocks showing high pressure meta-
morphic conditions might be tectonically emplaced; one large mass of green-
stone is clearly fault bounded. Metamorphic conditions, though poorly
documented, may range from temperatures below 250° ¢ with pressures probably
4 kb or less, to pressures approaching 6 kb and temperatures near 350° c.
Rocks of most severe deformation and highest metamorphic grade are found
in.the eastern; strucéurally lower part of the Cache Creek Group. Only one
fossil age, Late Permian, was obtained for a Cache Creek limestone block.

Nicola rocks can be distinguished from Cache Creek by their lack of a
pervasive foliation, by hydrothermal, albite epidote alteration rather than
dynamothermal metamorphism, and by the lack of a sheared pelitic matrix and
exotic blocks. Rapid facies changes occur, and some lithologies have little
lateral extent, but there is no indication of isolated blocks, and there are
no ultramafic rocks in the Nicola Group. Volcanic rocks include andesite and
dacite rather than bésalts seen in the Cache Creek. A Rb/Sr isotopic date
of 196 + 15 Ma for Nicola greenstones is likely the time of hydrothermal
alteration related to intrusion of the Guichon Batholith.

Today the contact between the two groups is a vertical to steeply west
dipping fault, named the Martel Fault.. The  entire Cache Creek through
Lower Jurassic section is tilted to the southwest and if this tilting is

removed the fault becomes a thrust. Movement is post Lower Jurassic.
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Brittle deformation in the Cache Creek is probably related in part to move-
ment along this fault.

Tectonic models in which the Cache Creek is interpreted as a subduction
complei related to the Nicola arc are too simplified. Concurrent and later
transcurrent faulting and thrust faulting have complicated the original
spatial arrangement of the Cache Creek and Nicola Groups. Beforé the entire
tectonic puzzle can be solved additional quantitative data must be obtained
for the Cache Creek Group. These include paleotologic dating of radiolarian
cherts, isotopic and chemical data for volcanic rocks, especially augite
prophyry volcanics, better pressure-temperature information for metamorphic

conditions, and isotopic dating of metamorphic events.
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