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Field camp north of Blais Creek, Monashee Mountains, southeastern British Columbia




SUMMARY

The Mount Grace arca includes approximately 200 square kilometres of subalpine to alpine
terrain in the Monashee Mountains northwest of Revelstoke. It is on the northwestern flank of
Frenchman Cap dome on the eastern margin of the Shuswap Complex between the Columbia
River fault on the east and the Monashee décollement on the west.

The area is underlain by paragneiss and orthogneiss of probable Aphebian age in the core of the
dome, unconformably overlain by a heterogeneous platformal succession of quartzite, pelitic
schist and gneiss, calc-silicate gneiss and marble, referred to as the autochthonous cover
succession. Within and part of the succession are the Cottonbelt lead-zine-magnetite laver and the
Mount Grace carbonatite tuff.

The area has undergone intense polyphase deformation at high grades of regional meta-
morphism. Early Phase 1 isoclinal folds, including the Mount Grace syncling, dip west to
northwest and plunge variably to the west. Phase 2 folds, with axes parallel to the prominent west-
plunging mineral lineation, formed during the highest grades of metamorphism. They are most
conspicuous in the Perry River area to the south where they are the earliest folds recognized. Phase
3 folds are upright, north-trending structures developed after the metamorphic culmination; they
form a prominent embayment in the dome in the Perry River arca.

Pelitic and cale-silicate mineral asemblages and fabrics record the culmination of regional
metamorphism at temperatures of 630 to 700°C and pressures of approximately 7 kilobars during
and after Phase 2 deformation. Overprinting of retrograde .metamorphic minerals, formed at
temperatures of 500 to 600°C but pressures less than 3.5 kilobars, indicates continued therrnal
metamorphism after tectonic uplift and removal of up to 15 kilometres of overlying rocks.

The Mount Grace carbonatite is a thin, laterally continuous marble layer traced and projected
from the Perry River area to Kirbyville Lake, 60 kilometres to the north. It contains high values of
niobium, barium, strontium, manganese and the rare earth elements. Lack of contact fenitization,
widespread occurrence of included exotic clasts, and its tremendous lateral extent indicate a
pyroclastic origin. At least three vent arcas are identified, characterized by increasing number and
size of clasts and by greater thickness and number of twff beds. Intrusive carbonatites and
nepheline syenites are recognized (McMillan and Moore, 1974) in the Perry River area.

Base and precious metal deposits in the area include a massive, stratiform lead-zinc-magnetite
layer, disseminated copper in quartzite, disseminated copper with minor lead and zinc in
calcareous rocks, disseminated lead in marble, and molybdenite in syenite. Most exploration has
been directed toward the lead- zinc-magnetite layer, referred to as Cottonbelt and Bass on the west
limb of the Mount Grace syncline or Complex-McLeod on the cast limb. It is an unusual lead-
zinc-iron formation, several metres thick and several kilometres in length, that contains an
average of 5 1o 6 per cent lead, 2 per cent zine and 50 grams silver per tonne. Although it has many
similarities with other stratabound lead-zinc deposits in the Shuswap Complex, including Jordan
River, Ruddock Creek, Big Ledge, Colby and CK. noticeable differences in their tenor. miner-
alogy, host. and stratigraphic and structural settings arc apparent.
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CHAPTER 1

INTRODUCTION

LOCATION, TOPOGRAPHY AND ACCESS

The Mount Grace area is within the Monashee Mountains
in southeastern British Columbia, between the Columbia
River on the east and the Sevmour River on the west (Figure
1), approximately 60 kilometres northwest of Revelstoke. It
lies between latitudes 51°24” and 51°33" north and longitedes
118°44" and 118°51" west in map areas 82M;7 and 82M/10.

Although a considerable part of the area is above tim-
berline {approximately 2000 metres above sea level) and
elevation varies from approximately 730 metres in Blais
Creek valley to 2320 metres near the centre of the map area, it
is generally not rugged and access on foot to most parts of the
area is relatively casy. The western and southern flanks of
Mount Grace. the area of most economic interest, are gentle,
- subalpine slopes covered by -a thin veneer of till. Rock
exposures are abundant on the alpine plateaus and mountains
to the north and northeast, but the steeply incised valleys of
the forks of Blais Creek are heavily wooded.

The area is accessible by helicopter from Revelstoke, or by
a climb of 1200 metres from the Perry River—Myoff Creck
logging road at the southwest corner of the area.

HISTORY OF EXPLORATION

Exploration and development of mincral properties in the
Mount Grace arca date back to the early [900s with the
discovery by Cotton Belt Mines. Ltd. of a stratiform lead-
zinc-magnetite layer. Surface and underground work, de-
tailed in Ministry of Mines Annual Reports, continued inter-
mittently on this property and on immediately adjacent pros-
pects such as the McLeod, Copper King and Complex
through to 1929.

Recent work began in the early 1970s and included re-
habiiitation of underground workings, surface and under-
ground mapping, trenching and diamond drilling by a
number of companies. The most recent diamond drilling,
two holes completed by Metallgesellschaft Canada Ltd. in
1978 several kilometres north of the more continuous ex-
posures of sulphides on Mount Grace, failed to intersect
significant mineralization.

With the recent interest in niobium and rare earth ele-
ments. activity in the Mount Grace area, and in the Perry
River area to the south, has been concentrated on the intru-
sive carbonatites and the extrusive Mount Grace carbonatite.
This work has included detailed geological mapping and
sampling of the intrusive Ren carbonatite just south of
Ratchford Creek by Duval International Corp.. and regional
exploration and sampling of the Mount Grace carbonatite by
Active Mineral Explorations Led.

11

GEOLOGICAL WORK

The Mount Grace area lies within the Big Bend map area
of Wheeler (1965). His work essentially outlined the regional
structures and stratigraphy of Frenchman Cap dome and has
formed the basis for all recent. more detailed studies. Fyles
(1970a) in the Jordan River arca at the southern end of the
dome, and McMillan {1970, 1973) along the western margin
of the dome, established composite stratigraphic successions
and structural patterns and presented both depositional and
tectonic evolutionary models.

Work by the author, begun in 1978, (Hoy, 1979a; Hoy and
McMillan, 1979} and by R.L. Brown and his students at
Carleton University (Psutka, 1978; Journeay, 19382;
Scammell, 1985) have further clarified the stratigraphy.
structure and metamorphism of Frenchman Cap dome. The
tectonic evolution of the dome, of the ThorOdin nappe to the
south (see, for example, Read and Brown. 1981; Journeay
and Brown, 1986), and of the Shuswap Complex (Brown and
Read, 1983; Okulitch, 1984) is currently the subject of
intense study and debate. The purpose of this bulletin is to
present details of the structure, stratigraphy, metamorphism
and mineralization of the northwestern margin of the dome.

The Mount Grace area was mapped in four weeks in the
summers of 1978 and 1979, Brief subsequent visits in 1985
and 1986 concentrated on detailed mapping and sampling of
the Mount Grace carbonatite and carbonatites in the Perry
River area.
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CHAPTER 2

LITHOLOGIC UNITS

INTRODUCTION

The stratigraphic succession in the Monashee Complex
along the northwestern margin of Frenchman Cap dome
comprises a heterogeneous package of generally thin-bedded
quartzite, marhle, calcareous gneiss and pelitic schist. This
succession, referred to as the “autochthonous cover rocks™
(Brown, 1980), overlies “‘core gneiss’ of the dome which
-consists dominantly of feldspar augen orthogneiss, pelitic
gneiss, hornblende gneiss and amphibolite (Figure 2). The
authochthonous cover rocks are separated from an overlying
package of metasedimentary rocks by the Monashee décolle-
ment, a west-dipping reverse fault (Read and Brown, 1981).
The aliochthonous cover rocks include quartz feldspar para-
gneiss, micaceous gquartzite, amphibolite and calc-silicate
gneiss that have been extensively invaded by granitic gneiss
and pegmatite (Wheeler, 1965). They are described only
briefly in this report.

The following sections describe the character and distribu-
tion of metasedimentary, metavolcanic and intrusive rocks
along the northwestern margin of Frenchman Cap dome.
Tracing and correlation of units throughout the area are
considerably hampered by facies changes, particularly in
calc-silicate gneiss and pelitic and semipelitic units, and by
layer-parallel faults. Stratigraphic thicknesses of units are
difficult to estimate becanse they have been considerably
modified by deformation; estimated and measured thick-
nesses are generally from the attenuated limbs of folds and
hence are minimum values.

CORE GNEISS

Core gneisses in the northern Frenchman Cap area have
been subdivided into three structural units by Journeay
(1982). The lowest unit consists of intercalated biotite para-
gneiss, pelitic schist and quartzofeldspathic gneiss that is
locally intruded by potassium feldspar augen gneiss. It is not
exposed in the map area (Figure 3, in pocket and Figure 4). A
central, dominantly orthogneiss complex (Unit 1), the lowest
enit exposed within the area, includes feldspar augen gneiss
averlain by well-layered amphibelite and amphibole gneiss,
alaskitic and chamockitic gneiss, syenite gneiss and, at the
structural top, homogeneous biotite quartzofeldspathic
gneiss. The uppermost unit (Unit 2) is a heterogeneous
paragneiss succession that includes interlayered quartz feld-
spar schist, biotite schist, homblende gneiss and amphi-
bolite, and feldspathic gneiss.

UNIT 1: ORTHOGNEISS

Unit 1 is exposed northeast of Mount Grace, west and
south of the headwaters of Ratchford Creek (Figure 4). It
consists of massive to layered biotite-potassinm feldspar
augen gneiss and foliated granitic and monzonitic gneiss
{Plate 1). Hornblende gneiss and amphibolite layers, uncom-
mon at deeper structural levels, become more abundant at the
top. Crosscutting pegmatite lenses are common. Unit ]
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grades upward through a zone of intermixed hornblende
paragneiss and orthogneiss into Unit 2.

UNIT 2: PARAGNEISS

Unit 2 is a well-layered paragneiss succession dominated
by biotite and muscovite schist, quartzofeldspathic gneiss,
feldspathic schist, thin layers of homblende gneiss and am-
phibolite and, near the top, minor micaceous or calcareous
quartzite. It is intruded locally by late crosscutting pegmatite
dykes. Northwest of Blais Creek, Unit 2 is dominated by
well-layered amphibolites and hornblende gneiss (Plate 2). A
thin feldspathic orthogneiss unit containing minor molyb-
denite intrudes the succession here. Although the contact
with the overlying Unit 3 is conformable, it is sharp and can
be shown elsewhere to be an unconformity,

AUTOCHTHONOUS COVER ROCKS

The autochthonous cover rocks unconformably overlie the
core gneisses. Within the study area the basal quartzite {Unit
3} of the cover succession rests on core paragneiss whereas
south of the Mount Grace area, along the southwestern mar-
gin of the dome (Figure 1; Wheeler, 1965; McMillan, 1973),
the quartzite overlies core orthogneiss. Facies changes and
thickness variations, in large part due to structural distur-
bance, are conspicuous in all units of the cover succession. A
prominent grey-weathering marble layer {Unit 5) is the most
reliable marker, but locally the Cottonbelt sulphide-
magnetite layer and a regionally extensive carbonatite toff
layer, the Mount Grace carbonatite, are also useful markers.
A number of stratigraphic top determinations in quartzite
units confirms the established stratigraphic succession.

UNIT 3: BASAL QUARTZITE

The basal quartzite, Unit 3 {Figure 3), overlies core gneiss
throughout the entire margin of Frenchman Cap dome.
Within the Mount Grace area. Unit 3 thickens from a few
metres at its most northern exposures along the southeast
limb of the Mount Grace syncline, to several hundred metres
southeast of Mount Grace. It consists generally of a basal
coarse-grained feldspathic and micaceous quartzite, overlain
by an orthoquartzite that commonly grades upward to a
micaceous quartzite, and is capped by a guartz-rich.
micaceous schist unit. On the ridge due south of the head-
waters of Blais Creek, the basal part of Unit 3 is a very thinto
thin-bedded, medium to coarse-grained feldspathic quartzite
(arkosic to subarkosic). Muscovite partings and thin
micaceous layers are common. A silica cement is generally
present but locally a calcareous cement was noted. Crossbeds
and beds that grade upward from coarse-grained feldspathic
quartzite to fine-grained micaceous guartzite provide reliable
top determinations.

The basal part of Unit 3 is overlain by a thick-bedded.
generally massive orthoguartzite unit 15 to 20 metres thick.
Northeast of Mount Grace. the orthoquarizite grades upward
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assive granitic gneiss (183, Unit 1.,

Plate 1. Folisted potassium feldspar augen gneiss (1A) and more m
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Plate 2.

overa few metres into a thin-bedded. fine-grained micaceous
quartzite and is capped by a few metres of micaceous schist.
It is directly overlain by cale-silicate gneiss of Unit 4

On the northwest limb of Mount Grace syncline. Unit 3isa
thin (2 few tens of metres thick) micaceous quanzite and the
division into three units is not as apparent, Locally. it has
been considerably thickened by southwest-plunging Phase 2
folds. Crossbedding n a shightly rusty weathering ortho-
quartzite (Plate 3) northeast of the folds indicates that the
beds are overturned.

UNIT 4: PELITIC AND CALCAREOUS SCHIST

Unit 4 is a sequence of dominantly calcareous and pelitic
schists between the underlying quartzite of Unit 3 and an
overlying. regionally extensive crystalline marble of Unit 5
(Figure 5). Calcareous and pelitic rocks interfinger exten-
sively and grade laterally into each other. Hence correlations
based on either of these rock types are very unreliable.

The top part of Unit 4 is thinner bedded and more hetero-
geneous, and includes impure marble layers. quartzite. am-
phibolite. and the Mount Grace carbonatite. a conspicuous
brown-weathering pyroclastic carbonatite tuff. The car-
bonatite is described in detail in Chapter 4
Unir 44

A sequence of interlayered cale-silicate gneiss and
micaceous guartz feldspar schist and gnciss (Unit 4a) form
the basal part of Linit 4. [ts thickness varies from less than o

Layered amphibolite and homblende gneiss of Unit 2 (core gneisses) northwest of Blais Creek.

hundred metres north of Blais Creek. to an apparent thick-
ness of several hundred metres northeast of Mount Grace.
This apparent thickening is due largely to the influence of late
southwest-trending Phase 3 folds. Unit 4a s dominantly a
well-layered. light grey-brown. diopside-bearing calc-
silicate gneiss with interlayers of micaceous schist. Kyvanite
and‘or sillimanite-bearing pelitic schist, and quartz feldspar
gneiss. Impure (diopside and phlogopite) marble.
homblende gneiss and amphibolite form thin and sparsely
distributed lavers within the gneiss unit. A few thin (less than
2 metres thick) quartzite and orthoquartzite layers occur near
the base. Due to the incompetent nature of the unit it is
generally very comtorted: coarse quartz-feldspar-mica sweats
are common within the micaceous and pelitic layers and late
tourmaline-bearing pegmatites locally erosscut foliation and
folds.

In thin section. the calc-silicate gneiss layers are seen o
consist of granular quartz, plagioclase, microcline and diop-
side. Aligned phlogopite and actinolite define the folistion,
and calcite, where present. is interstitial, Gamet is common
and scapolite may constitute at least 10 per cent of some
layers. Zircon and sphene are common sccessory mineruls,

The contact between Unit 4a and overlying micaceous
schist of Unit 4b is gradational and somewhat arbitrary, Itisa
dischronous lithologic contact, not a stratigraphic contact.
that marks the upper limit of dominantly calcareous rocks of
Unit 4a.
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Figure 5. Stratigraphic succession in the Mount Grace—Blais Creek
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UniT 48

Unit 4b comprises interlayered micaceous and Kyanite/
sillimanite-garnet schist, quartz feldspar gneiss and
hornblende-bearing gneiss. Thin, blocky feldspathic
quartzite. micaceous quartzite and orthoquartzite layers are
common. Locally, pelitic schist grades laterally into cal-
carcous schist and calc-silicate gneiss which is lithologically
similar to much of the underlying Unit 4a. The incompetent

17

schist layers are contorted and swirled. and commonly cut by
pegmatite,

Unit 4¢

Unit 4¢ is dominantly a calcareous section beneath the
white crystalline marble of Unit 5. It is well exposed on the
ridge north of Blais Creek, east of the tight folds in Unir 3,
and on both limbs of the Mount Grace syncline in the Mount
Grace area (Figure 3), The Mount Grace carbonatite occurs
near the top of the unit.

The basal part of Unit 4¢ includes up to 100 metres of
interlayered calcareous schist, calc-silicate gneiss, rusty
weathering micaceous and Kyanite/sillimanite schist, and
thin beds of grey-weathering to rusty weathering impure.
siliceous dolomite or caleite marble. On the ridge north of
Blais Creek, the basal part of the unit is 90 metres thick and
includes a 20-metre thickness of sillimanite garnet schist in
its central part.

The top 20 to 30 metres of the unit is a thin-bedded,
heterogeneous assemblage of calc-silicate gneiss, marble,
amphibolite and quartzite (Plate 4). Detailed sections of parts
of Unit 4¢ in the vicinity of the Cottonbelt lead-zinc layer and
Mount Grace carbonatite are illustrated in Figures 24 and 35,
Thin beds of micaceous schist, kvanite/sillimanite schist and
guartz feldspar gneiss are common. A thin-bedded and well-
layered sequence of diopside-rich calc-silicate gneiss,
epidote-homblende-biotite gneiss, impure dolomitic marble
and minor micaceous schist form a distinctive package near
the top of Unit 4¢ on the ridge east of the folded basal
quartzite (Figure 3). Further east, north of the headwaters of
Blais Creek, the unit is more calcareous and includes a 10-
metre-thick grey to tan-weathering impure marble near the
base. that was not recognized in exposures 4 kilometres to the
southwest, Micaceous and pelitic schist and quartzite are less
abundam and thin beds of impure dolomitic and calcite
marble, more abundant, Near the Cottonbelt and McLeod
mineral showings on the slopes of Mount Grace. Unit 4¢ is
similar to the ridge section to the north, with a thin-bedded.
well-layered hormblende gneiss and cale-silicate gneiss sec-
tion at the top.

In thin section, calc-silicate gneisses and pelitic schists of
Unit 4¢ are similar to those occurring throughout Unit 4.
Diopside is the most common calcareous mineral in cale-
silicate gneisses, and thin scapolite-rich layers are common.

The Mount Grace carbonatite is a distinctive brown to tan-
weathering calcite-dolomite marble that contains numerous
subangular to subrounded albite and lithic clasts; it is a
prominent marker horizon within Unit 4¢ along the western
and northern margin of Frenchman Cap dome; it is described
in detail in Chapter 4.

Unit 4D

Massive to thin-bedded amphibolites interlavered with
quartzite and minor quartz feldspar schist occur near the top
of Unit 4¢ in the Blais Creek area and are designated Unit 4d.
The amphibaolites and schists are metavolcanic rocks derived
from interlayered flows and tuffs. Analyses of a few samples
(Table 1} suggest that these volcanics are predominantly
alkaline (Figure 6), ranging in composition from basalt to
trachyte (Figure 7). Immobile element data are required to



Plate 3. Crossbedded orthoguartzite of Unit 3.

confirm this suggestion. In the two drill sections west of the
McLeod showing, a thin, fine-grained chlorite homnblende
schist occurs at the very top of Unit 4 structurally above the
white crystalline marble (Figure 36). It is probably a basic
wif that correlates with the more massive amphibolites at
Blais Creek. Mumerous crosscutting and conformable am-
phibolites occur approximately 10 kilometres further north
(Scammell, 1985).

UNIT 5: MARBLE

A grey, crysialline marble layer (Unit 5) has been traced
throughout the Mount Grace area on both limbs of the Mount
Grace syncline. It is one of the most distinctive marker units
within the sutochthonous cover succession. It is commonly
underlain by a clean, white orthoquartzite or by the ortho-
quartzite and a few metres of intervening cale-silicate gneiss.

Unit 5 is a nearly pure, white calcite-dolomite marble, 10
to 15 metres thick, that weathers to a light grey colour
Laminations a few millimetres to a few centimetres in thick-
ness are due 1o variations in the relative abundance of calcite
and dolomite (Plate 5A) or, less commonly, due to impure
calcareous layers (Plate 5B). They are conspicuous on
weathered surfaces and outline the contorted nature of much
of the unit. Common accessory minerals in the marble in-
clude tremolite, diopside, quartz, phlogopite, muscovite and
pyrite.

On section H85P25 just north of Blais Creek (see Figure
24), the basal 3 metres of Unit 5 is less pure and weathers to a
light buff colour. Ferrous dolomite, actinolite and micas are
more abundant than in the more pure marble,

UNIT 6: PELITIC AND CALCAREOUS SCHIST

Unit 6, the youngest of the autochthonous cover rocks in
the map arca, is exposed in the core of the Mount Grace
syncline. It is dominantly a succession of cale-silicate gneiss

and pelitic schist that stratigraphically overlies the crystalline
marble of Unit 5 (Figure 5% The basal part (Unit 6a) is
calcareous and includes the Cottonbelt sulphide-magnetite
layer; the upper part (Unit 6b) is primarily micaceous schist
and gneiss.

Interlayered calc-silicate gneiss and micaceous or pelitic
schist (with abundant kyanite/sillimanite) forms the base of
Unit 6a. In the Mount Grace area it is overlain by a crumbly,
grey to rusty weathering, impure dolomitic marble con-
taining abundant biotite. actinolite and diopside and referred
to as the “‘camp marble”. It is overlain by interlayered
calcareous schist, calc-silicate gneiss and micaceous schist.

The Cottonbelt sulphide-magnetite layer (described in
Chapter 5) occurs near the top of Unit 6a. It vanes in
thickness from a few tens of centimetres to approximately 2
metres and has been traced intermittently over a strike length
of approximately 5 kilometres in the western limb of the
Mount Grace syncline and 2 kilometres in the eastern limb. [t
is enclosed in either calc-silicate gneiss or sillimanite schist.
Thin, impure quartzite layers are common within a few
metres of the sulphide layer.

The contact of Unit 6a with overlying schist and gneiss of
Unit 6b is placed above the last conspicuous cale-silicate
gneiss or marble unit. In the Mount Grace area it occurs
generally less than 20 metres above the Cottonbelt layer. It is

Flale 4. Interlavered quartzite (massive), amphibolite (Unit 4d),
cale-silicate gneiss, marble and minor micaceous schist of
Unit 4c, north of Blais Creek.
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Figure 6. Alkali-silica plot of metavolcanic rocks of Unit 4d: the
alkaline-subalkaline dividing line is from Irvine and Bar-
ager (1971}
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Figure 7. Triaxial oxide plot (after Church, 1973) of metavolcanic
rocks of Unit 4d.

commonly a gradational contact that undoubledly varies in
stratigraphic position throughout the map area.

Unit 6b consists dominantly of micaceous schist, sil-
limanite and kyanite gneiss, biotite-quartz-feldspar para-
gnciss and minor hornblende gnoeiss. amphibolite and
quarizite. Crosscutting pegmatite is common, as are sections
of light grey, homogeneous quartz teldspar orthogneiss. The
arthogneiss has been deformed by all recognized phases of
deformation. In the Mount Grace area. the basal part of Unit
6b is more siliceous. Thin orthoquartzite, micaceous and
feldspathic quartzite und, less commonly. quartz-pebble con-
glomerate bands are intcrlayered with schist and gneiss. The
conglomerate layers consist of large flattened and elongated
clasts of orthoquartzite in a granular quartz-feldspar-mica
matrix. They are commonly graded with coarse-grained
feldspathic guartzite (grit) at the top. North of Blais Creek,
thin to thick-bedded micaceous quartzite and orthoquartzite
occur in the core of the Mount Grace syncline. These are the
youngest autochthonous cover rocks within the map area.

ALLOCHTHONOUS COVER ROCKS

Hangingwall rocks of the Monashee décollement, referred
to as allochthornous cover rocks (Brown, 19800, are exposed
only in the southwest corner of the map arca. They are
included in Unit 3 of Wheeler (1965) where they are referred
to as the “‘paragneiss and pegmatite”™ map unit. Alloch-
thonous cover tocks include micaceous schist, quartz-fel-
dspar-mica gneiss, hornblende gneiss, amphibolite and
minor quartzite, impure marble, calc-silicate gneiss and feld-
spathic grit. These rocks have been extensively invaded by
numerous lenses of pegmatite and granite.

The pegmatites have heen described in detail by Wheeler
{1965) and Fyles (1970a} and the following description is
taken from these workers. The pegmatites are **generally
simple mincralogically, comprising quartz. feldspar in which
potash feldspar greatly predominates over plagioclase, minor
muscovite and biotite, and rare hornblende, gamet and tour-
maline™ (Wheeler, op. cit., page 6).

They frequently form large parallel lenses within the en-
closing metasedimentary rocks, but also commonly occur as
crosscutting dykes or split intoe branching bodies that
crosscut the gneisses. A vague foliation and lincation may be
present, but are usually absent in the coarser grained van-
eties. Contacts with the enclosing gneisses may be sharp or
gradational.

TABLE 1. CHEMICAL ANALYSES OF METAVOLCANIC ROCKS OF UNIT 4d, BLAIS CREEK AREA

(in %}

Sample Lab. §i0,  1i0, ALO, Fe,0y MnO  Mg0  Ca0  Na0  K,0 PO LOT
No. No.

CB2(-14 32438 45,47 1.35 10.51 11.68 0.36 12.91 13.23 .47 1.05 n.17 1.15
CB22-1 32439 43.70) 1.61 12.33 10.68 0.21 10.47 12.31 3.76 0.45 1.20 4.00
CB22-2 32440 47.10 2.40 15.82 12.11 0.18 3.07 9.68 344 1.28 .34 1.60
CB22-3 32441 61.53 1.20 16.27 513 ol 0.79 7.18 .71 4.44 .32 1.60
CB22-21 32442 5391 0.37 19.37 270 0.10 01.66 3.53 5.00 5.36 (.35 4,08
P28 31766 40,95 2.67 13.42 16.34 0.23 8.21 14.30 0.56 1.44 0.36 1.01

Analyses by the British Columbia Geological Survey Branch Analytical Laboratory.
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Plaie 5. Well-layered marble (5A) and impure diopside-actinolite-
bearing calcite marble (5B) of Unit 5.

The Ruddock Creek sulphide deposit. approximately 35
kilometres north of the Cottonbelt deposit (Fyles, 1970a), is
hosted by rocks included in the allochthonous cover succes-
sion (Wheeler, 1965). The deposit consists of a series of
layers and lenses of sphalerite. pyrrhotite. galena. pyrite and
minor chalcopyrite associated with quartz. calcite, fluonte
and barite in a calc-silicate gneiss. marble. quartzite and
sillimanite schist succession. Pegmatite and associated gra-
nitic rocks comprise more than 50 per cent of outcrops on the
Ruddock Creek property.

REGIONAL CORRELATIONS

Correlation of cover rocks in Frenchman Cap dome is
facilitated by a number of distinctive marker units. These
include the basal quartzite (Unit 3) and the prominent white
marble (Unit 5). Of more local extent is the Mount Grace
carbonatite i1 Unit 4. recognized along the westemn and
northern margin

These correlations are illustrated in Figure 8. The basal
quartzite varies considerably along the margins of the dome.
Along the northeastern margin it comprises three distinct
quartzite beds only a few metres to several tens of metres
thick, separated by a considerably thicker succession of
interlayered pelitic schist, psammite, and minor calc-silicate
gneiss and impure marble (Psutka. 1978). Within the Mount
Grace - Blais Creek area. it varies from a thin orthoquartzite
1o a thick succession of guartzite and quartz-rich schist. To
the south in the Perry River area, it includes a thick succes-
sion of dominantly feldspathic quartzites (McMillan, 1970)



Further south, the basal quartzite thins to a few metres
(McMillan, 1973), but thickens rapidly again in the Bews
Creek area along the southwest margin (Hdy, 1980a). In the
Jordan River area, along the south margin of the dome, it
comprises a thick orthoquartzite overlain by interlayered
micaceous schist and quartzite (Fyles, 1970a).

Unit 4, a variable succession of interlayered calcareous
and pelitic rocks, is correlative around the margins of the
dome (Figure 8). It is generally thinner in the more northern
sections, increasing to an estimated thickness of approx-
imately 600 metres in the Bews Creck area and 900 metres in

the Jordan River area. Quartzite in the central part of Unit 4
along the southern, southwestern and western margins of the
dome thins and pinches out northwestwards in the Mount
Grace and Downie Creek areas.

The white marble of Unit 5 is the most distinctive marker
in the autochthonous cover rocks of Frenchman Cap dome. It
can also be correlated with a similar marble along the mar-
gins of the Thor-Odin nappe to the south. It is commonly
underlain by a conspicuous thin orthoguartzite or less pure
micaceous quartzite.
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Figure &. Regional correlation of antochthonous cover rocks around the margins of Frenchman Cap dome.
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Correlation of units above Unit 5 is more difficult. A
prominent quartzite-grit package above schists and gneisses
of Unit 6 may be a correlative suite. It was not distinguished
in the Mount Grace area possibly because rocks this young
are not exposed in the core of the Mount Grace syncline.
However, thin grit layers near Mount Grace and a thick (30-
metre) orthoquartzite north of Blais Creek within Unit 6 may
be the basal part of the quartzite-grit package. Overlying
rocks, collectively included in Unit 8, are only well exposed
in the Downie Creck area (Psutka, 1978) and southward
along the eastern margin of the dome (Hoy and Brown,
1981). They are missing, due to structural complications,
along the northern, western and southwestern margins.

AGE CORRELATIONS

The ages of core gneisses and overlying autochthonous
cover succession are not well known, Whole rock rubidium-
strontium dating of core gneisses (R.L. Armstrong, personal
communication, 1980) yield 2.2 billion year dates. This
Aphebian age is similar to minimum isotopic ages detet-
mined for core gneisses of the Thor-Odin nappe to the south
{Wanless and Reesor, 1975, Duncan, 1978).

The overlying autochthonous paragneiss succession has
been correlated with Eocambrian or lower Paleozoic platfor-
mal rocks (Wheeler, 1965; Fyles, 1970a; Héy and
McMillan, 1979) and with late Proterozoic Belt-Purcell
rocks (Brown and Psutka, 1979). A uranium-lead date of 773
million years (Ma) (Okulitch et al., 1981) was obtained from
zircon extracted from a syenite gneiss interpreted to be intru-
sive into autochthonous cover rocks, supporting a Helikian
or Late Aphebian age for the basal part of the cover
suceession.

Lead isotope dates of the stratiform Cottonbelt deposit
indicate an early Cambrian age for the deposit and immediate
host succession (Hoy and Godwin, in preparation) support-
ing suggestions of an early Paleozoic age, based on regional
correlations and tectonic environment. The lead-lead ratios
are virtually indistinguishable from ratios of stratiform lead-
zinc deposits in the Anvil camp in the Yukon Territory
(Godwin et af., 1982) demonstrated to be Early Cambrian in
age.

DEPOSITIONAL ENVIRONMENT OF THE
AUTOCHTHONOUS COVER ROCKS

A shallow marine shelf or platform environment for depo-
sition of the autochthonous cover rocks of Frenchman Cap
dome has been interpreted by McMillan (1973), Hoy and
McMillan (1979), Brown (1980) and Hoy and Kwong
(1986). These authors recognized the tremendous lateral
extent of a clean carbonate unit, the thin-bedded and hetero-
geneous nature of much of the succession, and the associa-
tion of carbonates and quartzites, features common though
not restricted to platformal environments. Due to intense
deformation and regional metamorphism to upper amphi-
bolite facies, which have combined to obliterate most sedi-
mentary textures, it is difficult to define the depositional
environment of the succession more closely. However, a few
features do place further constraints on a model.
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The basal quartzite unit (Unit 3) appears to have been
deposited on an unconformity of regional extent. It overlies
core gneiss throughout the entire margin of Frenchman Cap
dome and Thor-Odin nappe (Read, 1979), an area of greater
than 15 000 square kilometres. The unconformity appears to
cut across core gneisses at a low angle. The basal quartzite
rests on core paragneiss {Unit 2) in the Mount Grace—Blais
Creek area and along the western margin of Frenchman Cap
dome, but on core orthogneiss in the Perry River area,
However, on a local scale, layering in underlying paragneiss
appears essentially parallel with layering in the cover rocks,
though this may in part be due to transposition of layering
into parallelism during regional deformation.

The lowest member of Unit 3 is a basal conglomerate with
large (to several centimetres across) rounded quartzite peb-
bles in a finer grained quartzite matrix that grades upward to
finer grained orthoquartzite locally displaying crossbedding
{Fyles, 1970a; McMillan, 1973, Psutka, 1978; Hoy, 1980a).
Elsewhere, as in this map area, it is less mature and feld-
spathic grit predominates at the base. An overlying ortho-
quartzite grades upward into finer grained feldspathic and
micaceous quartzite and is capped by micaceous schist. The
coarse conglomerate fractions, fining-upward sequences,
crossbeds and well-washed sands suggest fluvial deposition.
1n a region devoid of vegetation, braided river systems would
have developed as indicated by a scarcity of silt and mud
fractions (now schistose rocks) in quartzite sequences several
hundred metres thick. Micaceous schists at the top of a
graded sequence are lithified and metamorphosed muds and
silts dropped from suspension in abandoned river channels,
on levees, or on tidal flats seaward of the river mouths. Local
coarsening-upward sequences are probably deltaic deposits.
The ubiquitous presence of the basal quartzite unit above the
core gneiss complex, if only a few metres thick in places, and
its tremendous lateral extent suggest that much of the
quartzite may be marine beach sands, spread as a blanket on
the basement as the sea advanced over the ancient land
surface. Local carbonate cement suggests a marine origin
and immediately overlying calc-silicate gneiss indicates a
marine transgression.

Thin-bedded interlayered micaceous schist, quartz-
feldspar paragneiss, hornblende gneiss and cale-silicate
gneiss (Unit 4) that overlie the basal quartzite were originally
deposited as muds and silts with varying amounts of carbo-
nate. These rock types are not restricted to or diagnostic of
any specific sedimentary environment, but rather are com-
mon in all marine environments, from the deep-sea abyssal
plain, through the continental rise and shelf, to tidal flats and
lagoons. However, thin beds of impure scapolite-bearing
marble within the more calcareous sections suggest deposi-
tion under very saline conditions, with salt (halite) a possible
constituent of the original sedimentary rock. Hietenan
(1967) has argued convincingly that thin scapolite-bearing
layers in Helikian Belt rocks in Idaho, lithologically similar
to these layers, represent original salt-bearing calcareous
sediments rather than limy sediments in which chlorine was
introduced during metamorphism. Hypersaline conditions
are common in areas where clastic input is low and evapora-
tion high, typically in restricted lagoons or tidal flats. Lim-
ited clastic input is also indicated by the amount of calcareous



sediment, now calc-silicate gneiss and marble in Unit 4.
These were originally calcareous muds and perhaps oolitic
sediments or algal mat deposits. Thin guartzite and guartz-
pebble conglomerate layers are probably clastic deposits
formed in drainage channels that crossed the tidal flats.

The Mount Grace carbonatite tuff was deposited near the
top of Unit 4 in a dominantly tidal flar environment. The tuff
would have been deposited in part in a shallow to relatively
deep-water intertidal to subtidal regime with concomitant
deposition of normal marine carbonate, in a shallow water
and subaereal intertidal environment, and in a supratidal
environment with lictle or no marine carbonate input. The
variability in thickness and composition of the carbonatite
layer may therefore be due to the amount of contamination by
limestone and dolomite as well as proximity to a source or
vent area. Carbonatite grading to normal grey-weathering
marble suggests a decrease in supply of pyroclastic carbonate
into an environment where marine carbonate continues to
form or is being introduced. Similarly. reworking of
pyroclastic carbonatite with marine carbonate would tend to
dilute the pyroclastic content and make its recognition as a
carbonatite difficult.

A relatively pure marble layer {Unit 5} overlics Unit 4
throughout the map area and has been traced or correlated
with 4 similur marble around the margins of Frenchman Cap
dome and Thor-Odin nappe to the south. lts tremendous
lateral extent and its relative purity indicate formation on a
flat. stable continental shelf that was receiving little clastic
input.

A mixed calcarecus-pelitic succession, similar to Unit 4,
overlies the platformal carbonute. It contains thin lavers of

scapolite-bearing marble, calcareous gneiss and quartzite. [t
is interpreted to have formed in a shallow water platform to
intertidal environment similar to Unit 4. The Cottonbelt leud-
zinc-magnetite layer occurs near the top of the basal cal-
careous interval of Unit 6. It is an unusual deposit. an iron
formation that contains abundant base metals. The deposit 1s
interpreted (Chapler 3) to have formed in a shallow restricted
basin within the platform.

The transition from a thin-bedded heterogeneous cale-
silicate gneiss, marble, pelitic schist and quartzite platform
assemblage (Unit 6a) to thicker bedded. more massive
micaceous and pelitic schist (Unit 6b) may indicate a change
tir a deeper water invironment. Quartzite and quartz-pebble
conglomerate in the basal part of Unit 6b may be channel
deposits or perhaps turbidite Jayers that formed during subsi-
dence and local basin development.

In summary, the autochthonous cover rocks probably re-
flect a general marine transgression over a low relief base-
ment, now the core gheiss complex. Coarse fluvial sand-
stones and conglomerate and perhaps a vencer of marine
beach sands overlie a low-angle unconformity. These pass
upward into fine-grained. low-energy calcareous muds and
siltstone, deposited on extensive tidal flats. Clastic input was
minimal and carbonate rocks predominate. A relatively pure
platform carbonate layer (Unit 5) is recognized throughowt
most of the autochthonous cover succession. [t is overlain by
thin-bedded platformal ar tidal flar carbonates and clastics.
The Cottonbelt sulphide-magnetite laver occurs near the top
of the succession that is interpreted to be of shallow marine
origin. It is overlain by predominantly fine-grained clastic
rocks that appear to have deposited in a despening shale
basin.



CHAPTER 3

STRUCTURE AND METAMORPHISM

STRUCTURE
INTRODUCTION

The Mount Gruce—Blais Creek area is at the northwestern
margin of Frenchman Cap gneiss dome within the Monashee
Complex along the castern margin of the Shuswap metu-
morphic complex.

The Monashee Complex (Figure 2) consists of gneissic
basement rocks of probable Aphebian age. the ‘'care
goeisses” of Frenchman Cap dome and Thor-Odin nappe.
unconfermably overlain by dominanty metasedimentary
rocks referred to as the awtochthonous cover succession
{Brown, 1980), The complex is cxposed between the
Columbia River fault to the east (Read and Brown. 1981:
Lane, 1984) and a low-angle. west-dipping reverse tault
zone. the Monashee décollement, an the west (Journeay and
Brown. [386). Rocks within Frenchman Cap dome have
undergone intense polyphase deformation that culminated in
the late Jurassic, but continued inte the Cretaceous and
Tertiary (Fyles. 1970a: McMillan. 1973. Journeay and
Brown. 1986).

The earliest recognized deformarion in the Mount Grace
area affectcd both core gneisses and autochthonous cover
rocks and produced large isoclinal folds, such as the Mount
Grace syncline. Phase | structures are overprinted by tight wo
isoclinal second generation folds. These second generation
structures are not prominent in the Mount Grace arca. but
dominate the structure of the Perry River area to the south
(McMillan, 1970, 1973). Late. post-metamorphic folds.
north- trending fractures and normal faults deform and offset
the earlier structures. They also are oot prominent in the
Mount Grace area. but account for the distintive Z-shaped
distribution of core and autochthonous cover rocks in the
Perry River area (McMillan. op. cir.).

Within the Mount Grace and Blais Creek arcas, three
phases of deformation are readily discernible. They are rec-
ognized and distinguished on the basis of interference and
crosscurting relationships, the form of individual structures,
and their relationship to metamorphic fabrics. Phase 1 folds
are generally recumbent west-plunging isoclines with well-
developed axial planar foliation. Phase 2 structures are gener-
ally tight. west to northwest-plunging folds with prominent
mineral lineations paralle]l to their axes. Phase 3 structures
include late, post-metamorphic open folds. crenulation
cleavage and associated north-trending fractures,

The Mount Grace—Blais Creek area has been subdivided
into four structural domains. Domain 1 includes both limbs
of the Phase | Mount Grace syncline in the southern part of
the area. Domain 2 includes core gneiss and autochthonous
cover racks adjacent to the north and Domain 3 is centred on
the Mount Grace syncline as it swings around the north-
western margin of the deme. Domain 4 at the northern end of
the deme is dominated by an casterly trending structural
fabric.

[E%]
L

PHASE 1

The Mount Grace syngline is the sarliest recognized mac-
roscopic lold within the map area. Phase 1 structures include
minor falds, a prominent mineral foliation. and poorly de-
veloped mineral lingations, These Phase 1 structures are
plotied in Figure [ and described following.

MmNOR STRUCTURES

A prominent mineral foliation (811 essentiallv parallel o
lavering (50) occurs throughout the areu in both core gneisses
and autochthonous cover rocks (cenmperre Figures 9 and 10,
it parallels the axial plune of the Mount Grace syncline and
the axial plancs of the carliest minor folds, cutting across
layering omly in theitr hinge zones (Plate ). [t is defined by an
alignment of platy metamorphic minerals such as mica,
amphibole and kyunite. by segregation of quartz and feldspar

Plate 6. Isoclinul Phasc 1 minor folds in sitlimanire gneiss in Unit 6
just north of the headwaters of Blais Creek; note prominent
foliation cutting foll hinge.
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into augen structures. and by flattening of quartz and feldspar
grains.

The foliation swings from northwest trending along the
western margin (Domain 1. Figure 10) to north trending
{Domain 2) and northeast trending north of Blais Creek
{Domain 3). Along the northern margin of the dome, on the
south limb of the Mount Grace syncline {Domain 4). 1l
generally trends east-west parallel to layering and the mar-
gins of the dome.

Phase | minor folds include small rootless isoclines with
tight appressed hinge zomes and attenuated limbs. Their
plunge is variable. but generally toward the west (Figure 10).
Although they are characterized by a penetrative axial planar
foliation {51), linzations parallel to their axes are not conspic-
uous. An early lineation, consisting of aligned kyanite or
faint alignment of granular minerals, is developed only
occassionally and is overprinted by the conspicuous Phase 2
linear structures.

The vergence of Phase | minor folds is generalty consis-
tent with rotation on the limbs of the Mount Grace syncline.
However, exceptions to this symmetry (Figare 107 indicate
that unrecognized Phase 1 folds occur on its limbs. They are
interpreted to be second-order intrafolial folds that are con-
fined to specific units such that they do not appear Lo repeat
stratigraphy.

THE MOUNT GRACE SYNCLINE

The Mount Grace syncline dominates the structure of the
northwestern and northern margins of Frenchman Cap dome.
It has been traced approximately 20 kilometres from north of
Ratchford Creek where it is referred to as the Kirbyville
syncline (Brown, 1980) to the southern limit of the map area.
Journeay (1982) projected it southward to the Perry River
arca and correlated it with an early fold described by
McMillan {1973). This fold, referred to as the West fold
{McMillan. op. cit.), is a tight to isoclinal syncline that
plunges and closes to the southwest. However, foliation in the
West fold wraps around its hinge and the prominent mineral
lineation parallels its axis (McMillan, 1973), features diag-
nastic of Phase 2 folds in the Mount Grace area. It is therefore
probable that the West fold. and other early folds described
by McMillan {op. cit.), correlate with Phase 2 structures in
the Mount Grace area. rather than with Phase | folds such as
the Mount Grace syncline.

The Mount Grace syncling is an isoclinal fold; bedding
attitudes in both its limbs are essentially parallel (see
Domains | and 2, Figure 9). It is recumbent, with both limbs
and its axial surface dipping moderately to the southwest.
west or northwest. 1ts eastern limb is right-way-up. but its
western limb is overturned and hence the Cottonbelt layer
and a large extent of the Mount Grace carbonatite are part of
an inverted stratigraphic succession.

Minor folds and a few rccognized Phase 1 lineations
indicate that the Mount Grace syncline plunges variably
toward the west, approximately paralicl to the dip of its axal
sturface. Hence, it closes sideways and it is therefore difficult
to classify it as either synformal or antitormal.
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PHASE 2

The only Phasc 2 structures large enough to affect the
distribution of racks as depicted in Figure 3 arc 4 number of
tight folds in guartzites of Unit 3 northwest of Blais Creek.
However, south of the Mount Grace area. large Phase 2 folds
are conspicuouns (McMillan, 1973). These are the carliest
folds recognized by McMillan {op ei) and hence were
described by him as Phase 1. Minor Phase 2 folds are
common throughout the Mount Grace area (Figure L. and
the most prominent mineral lineation is a Phase 2 structure
that paraltels the axes of Phase 2 folds.

MINOR STRUCTURES

The most prominent lingation throughout the area. a pen-
etrative mineral lineation (L2 defined by the preferred orien-
tation of elongate metamorphic mineral grans and elongate
clusters of minerals. parallels the axes of Phase 2 folds. Itisa
stretching lineation as clasts in quartzite in Unit 6 just south
of Mount Grace are elongated purallel to L2, Locally. L2 is
defined by prominent " grooving ™. Phasc 2 lineations plunge
30 to 40 degrees to the west or west-northwest throughout all
domains {Figure 11}

Phase 2 minor folds are conspicuous throughout the area.
They are generally tight tolds with L2 parallel to their axes
but with only a poorly developed axial plane cleavage iPlate
7). The prominent foliation. S1. is folded arcound the hinges
of Phase 2 folds. Phase 2 folds generally plunge 30 to 40
degrees to the west and their axial planes. although variable.
generally strike north-south with dips of 30 to H) degrees to
the west (Figure 11).

The verpence of minor Phase 2 folds is not consistent
throughout the arca (Figure 11) indicating the presence of
large-scale intrafolial folds. Some of the most conspicuous
are tight to isaclinal recumbent folds in Unit 4b on the
southeast-facing cliffs northwest of Blais Creek. They have
amplitudes of several tens to hundreds of metres. but are
confined to specific lithologies within Unit 4d and are not
plotted on the map (Figure 3).

PHASE 2 FoLps

Tight Phasc 2 folds are outlined by quartzites of Umit 3
northwest of Blais Creek (Figure 31 A plot of Phase 2
lineations and minor fold axcs within the immediate vicinity
of these folds indicates that they plunge approximately 30
degrees westerly. These folds have complex hinge zones with
thickened quartzite due to structural repetition. and very
attenuated limbs (section A-A°. Figure 3). They verge to the
southeast and hence have the opposite sense of rotation o
Phase 1 structures on the north limb of the Mount Grace
syncline.

On outcrop scale. minor folds in the hinges of these
structures range from maoderately tight to isoclinal. Foliation
wraps around their hinges and the Phase 2 lineation parallels
their axes. These minor folds are commaonly warped by Tate
open Phase 3 folds and the scatter of lineation plots here and
regionally may be due to superposition of Phase 3 folding.

PHASE 3
The voungest folds rccognized in the area are small scale.
generally open minor folds (Plates 84 and 8B). Thev are
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Flate 7. (TA) Open Phase 2 minor folds in pelitic gneiss of Unit 6, north of Blais Creek; (7B) tight Phase 2 minor folds in interlayered
paragneiss and arthogneiss of Unit 2 (core gneiss) at the headwaters of Blais Creek
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most prominent in Domains 2 and 3. The extensive exposure
of Unit 42 west of core gneisses in Domain 2 is due in partto a
dip-slope cxposure but also to an apparent thickening of this
unit by Phase 3 folds. Phase 3 folds plunge variably to the
north and northwest (Figure 12). Their axial plancs are
gencrally steep. dipping 50 to 60 degrees toward the west.
Phase 3 minor folds are most commenly asymmetricul and
generally verge to the northeust {Figure 12).

Minor structures associated with Phase 3 folds include
widely spaced axial planar fracture vleavage in competent
amphibolites., quartzites and pneisses. crenulation cleavage
in less competent schists and occasionally pourly developed
linear grooving parallel to their axes.

Phase 3 folds are not large enough to affect the distribution
of map units in Figure 3. However. plots ot poles to planar
ctructures in Domains 2 and 3. including bedding and folia-
tion (Figures 9 and 1), are scattered along a great circle that
is approximately perpendicular to Phase 3 fold axes. indicat-
ing the regional (hut minor) influence of Phase 3 folding in
the arca.

FAULTS
INTRODUCTION

Two distinet fault types are prominent within the area. The
earliest are west-dipping reverse or thrust faults that, on a
Jocal scale. are essentially parallel to foliation. They are early
structures. probably related to the development of easterly
verging Phase 2 folds. Although they are generally not con-
spicuous in the field and may be ditficult to recognize in
individual traverses, they become apparent on regional map
synthesis and play an ymportant role in the structural and
tectonic evolution of Frenchman Cap dome and the eastern
margin of the Shuswap Complex (Read and Brown, 1981:
Journeay and Brown. 19861 They include the Monashee
décollement und two reverse faults on the limbs of the Mount
Grace syncline that have been projected northward trom the
Perry River arca by Journeay and Brown (op. cit.). Late.
generally north-trending faults with normal displacement are
more conspicuous in the field. but played 4 lesser role in the
structural evolution of the area.

MoNASHEE DECOILLEMENT

The Monashee décollement. a west-dipping reverse fault
along the western edge of Frenchman Cap dome, separates
the sutochthonous cover succession from overlving alloch-
thonous cover rocks | Brown. 1980: Read and Brown. 19811
It is a zone of intense shearing and mylanitization. several
metres to several hundreds of metres thick. that records 4
complex history of displacement and uplift presumably re-
lated to thrusting of the Selkirk allochthon gastward over the
Monashee Complex in Late Jurassic ame (Read and Brown,
1981 : Journeay and Brown, 1986). The Monashec décolle-
ment cuts across footwall stratigraphy. Phase | folds includ-
ing the Mount Grace syncline north of Frenchman Cap dome
(Scammell. 1985). and axial surfaces of megascopic Phase 2
folds (Journcay, 1982).
OTHER WEST-DIPPING FauLTs

Two other west-dipping faults with inferred reverse dis-
placement have been projected northward fram the Perry
River area hy Journeay and Brown (1986} They were not
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recognized during the course of this mapping. nor by
McMillan (1973) in the Perry River arca. but their projected
traces are shown as assumed faults in Figures 2 and 3,

The most westerly of these faults projects to the slopes
west and south of Mount Grace and separates Unit 4 from an
overlying succession of hornblende gneiss. kyanite schist
and gneiss. minor quartzite and marble. and a prominent
granitic orthogneiss unit (Figure 3). The relauve age of this
succession is not known: it is nat similar litholegically 1o
either Units 3. 4b or 4 an the east limb of the Mount Grace
syncline. but is somcwhat similar to care gneisses (Umt 2
exposed northwest of Blais Creek. It is possible that it corre-
lates with younger overlying autochthonous covet rocks ex-
posed only on the northeast margin of Frenchman Cap dome
ar further to the north, beyond the limits of the map area
(Figure 2). The more easterly fault 15 inferred (Jourpeay and
Brown. 19861 to be within Unit 3 east of Mount Grace. Itis
also a west-dipping reverse fault and may he responsible for
the thickness of Unit 3 here.

L.ATE NORMAL FAULTS

Small, commonly north-trending faults with normal dis-
placement cut other structures. Offset on them is generally
not sufficient to appear on maps. They arc late faults related
to a period of extension that postdated the crustal shortening
of Phases 1. 2 and 3. Similar north-trending fauls. some
associated with fine-grained basic dykes. have heen de-
scribed elsewhere in Frenchman Cap dome by Wheeler
(1965). Fyles {1970a). McMillan (19731, Psutka 11978).
Journeay (1982) and others. One of the larger of these. the
Perry River fault, is a steep. west-dipping normal fault that
traces along the Perry River—Myoff Creek valley for several
tens of kilometres south of the Mount Grace area (HOY and
Brown. 1981). It may continue northward into the Ratchford
Creek valley east of Mount Grace with some displacement of
core gneisses and the basal quartzite (Figure 3). but does not
appear 1o continue to the northern part of the map area where
control is considerably better. Displacement on the Perry
River fault increases southward from several hundred metres
in the Perry River area (Journeay. 19827 1o greater than a
kilometre in the Bews Creek area, where other late north-
west-trending. west-dipping normal faults are conspicucus
(Héy., 1980a).

SUMMARY — STRUCTURAL SYNTHESIS

The oldest structures recognized along the northwestern
margin of Frenchman Cap dome are tight to isoclinal folds
with a prominent axial planar foliation. but with only poorly
developed axes lineations, They are recognized in hoth core
gneisses and overlying autochthonous cover rocks, The
Mount Grace syncline. a recumbent. west-plunging Phase 1
isocline. dominates the structure of the Mount Grace area. It
has been traced and projected from Ratchford Creek north
and northeastward to the Columbia River where it ks trun-
cated by the Columbia River fault.

Tight to essentially isoclinal Phase 2 folds are superposed
on Phase 1 structures. They fold the penetrative Phase 1
foliation and are characterized by a prominent stretching
mineral lineation. Minor Phase 2 folds are common
throughout the Mount Grace area. but the onky macroscopic
folds are east-verging isoclines outlmed by the basal



Plate 8. Late. open Phase 3 folds in feldspathic quartzite (8A) and interlayered homblende gneiss and
calc-silicate gneiss (BB) of Unit 4
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quartzite (Unit 3} northwest of Blais Creek. Howcver. the
earliest large folds recognized in the Perry River area to the
south (MeMillan. 1970, 1973) are assumed to be Phase 2 ag
they atse fold the penetrative Phase 1 foliation. This inter-
pretation casts doubt on the correlation of Phase 1 folds in the
Mount Grace area and. in particular, the Mount Grace syn-
cline, south to the Perry River as suggested hy Journeay and
Brown (1986].

West-dipping thrust faults, including the Monashee de-
collement, imbricate the autochthonous cover rocks along
the western margin of the dome {Read and Brown. 1981;
Toumeay and Brown, 1986). Initial movements on these
faults may have begun during regional prograde meta-
morphism and the Phase 2 deformation, but most movement
occurred later: the décollement and other thrust faults trun-
cate Phase | and Phase 2 structures and at least some of the
metamorphic isograds {Journeay and Brown. op. cit.).

Late. post-metamorphic. open Phase 3 folds. warps and
crenulation cleavage occur throughout the Mount Grace area.
Although they are not regionally significant here. they are
important in the Perry River area where they account for the
prominent embayment in corc gneisses of the dome
{McMillan, 1970. 1973). The latest regional deformation is a
gentle north-south warping running essentially through the
axis of Frenchman Cap dome producing the broad domal
structare.

In summury, Phase 1 and Phase 2 folds developed in a
ductile regime during prograde regional metamorphism in
response to easterly directed compressive stress. presumably
(Read and Brown, 1981) as the Selkirk allochthon (which
includes the allochthonous cover rocks) began to override the
Monashee Complex in Middle o Late Jurassic time. Epi-
sadic reverse movements on the Monashee décollement and
other west-dipping faults may have begun during develop-
ment of these folds. but was ongoing. stacking the Phase |
and Phase 2 folds oo top of each other. Prograde thermal
metamorphism localty outlasted the intense deformation, but
late compressive warping and buckling. particularly in the
Perry River area near the centre of the dome., continued well
after the metamorphic culmination.

The latest structures in the dome (Wheeler, 1965 Fyles,
1970a. McMillan, 197(); and others) are north-trending nor-
mal faults and fractures. Late normal movement on the
Monashee décollement {Journeay and Brown, 1986) may
also have accurred during formation of these faukts. These
structures record a period of extension as has been demon-
strated by Parrish (19843 in the Slocan Lake area to the south,
probably of crustal dimension as suggested by Price e al.
{1981}

METAMORPHISM
INTRODUCTION

The regional metamorphic grade along the northwestern
margin of Frenchman Cap dome is upper amphibolite facies,
similar to that recorded in the Perry River to the south
(McMillan. 1973) and in the Jordan River at the south end of
the dome (Fyles. 1970a). Although isograds in marbles or
cale-silicate gneisses were not delineated, mineral assem-
blages are characteristic of high-grade regional mcta-
morphism. in pelitic rocks. two prograde metamorphic iso-
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prads are identified by plotting all occurrences of reactant
and product ussemblages of specific metamorphic reactions.
These isograds developed during the intense Phase 1 and
Phase 2 dcformation at pressures of approximatety 7 kilo-
bars. corresponding to depths of up to 25 Kilometres in the
crust. Lower temperature and lower pressure retrograde
metamarphic suites overprint higher grude assemblages. rec-
orling a period of cooling and unrocfing during lute-stage.
generally more brittle deformation.

CALC-SILICATE ASSEMBLAGES

Metamorphic mingral assemblages in siliceous marbles
and calc-silicate gneisses are illustrated in Figure 13, They
reflect varying compositions of original sedimentary carbo-
nate rocks, ranging from pure limestone through siliceous ®
dolomite to dolomitic quartzite. With increasing silica con-
tent, they include:

{1} calcite-tremolite-dolomite.

{2) calcite-tremolite-diopside.

(% calcite-diopside-quartz,

() calcite-diopside-quartz-tremalite,

{5) quartz-diopside.

These assemblages, with diopside a comman and stable
phase, arc characteristic of medium to high grades of regional
metamarphism. The only common four-phase assemblage,
calcite-diopside-quartz-tremolite (in the three component
system, CaO-MgO-5i03.). records a retrograde reaction:

diopside +~ CO, + H,0O = tremolite + quartz + calcite

as tremolite (or actinolite) occurs rimming or replacing
diopside.

Within aluminous or iran-rich calcareous gneisses. meta-
morphic equivalents of marls. garnet, plagioclase. micro-
cline, biotite and muscovite are common metamorphic min-
erals. Scapolite, concentrated in layerparallel laminations in
some calc-silicate gneisses, probably reflects marls that orig-
inally contained high salt content. Accessory minerals within
the calcareous rocks include apatite. sphene, zircon and

TREMOLITE

CALCITE

Ca0

DOLOMITE

MgQO

Figure t3. Metamorphic mineral assemblages in marbles and cale-
silicute gneisses in the three component system CaO-
MgO-5i0..



opaques. Clinozoisite, sericite and chlorite, after muscovite
or biotite. are common alteration minerals.

PELITIC ASSEMBLAGES AND ISOGRADS

Prograde regional metamorphic assemblages in pelitic
rocks are listed in Appendix 1. Two isograds are reasonably
well constrained, the kyanite-sillimanite transition and the
isograd corresponding to the breakdown of muscovite plus
quartz to potassic feldspar and an gluminosilicate. This latter
reaction is commonly regarded (Winkler, 1976) as defining
the boundary between “medium™ grade and “high" grade
metamorphism. Overprinted on the prograde assemblages
are lower grade minerals, but due to erratic distribution,
retrograde isograds are not defined. The fabric of silicate
mineral assemblages, both prograde and retrograde, allows a
discussion on the relationship between metamorphism and
deformation.

KyANITE-SILLIMANITE

The sillimanite isograd, defined by the first appearance of
sillimanite, occurs within the autochthonous cover rocks in
the western and southwestern part of the area (Figure 14). Itis
constrained by two occurrences of kyanite without sil-
limanite (recognized in thin section) just southwest of Mount
Grace and by numerous occurrences of Kyanite plus sil-
limanite to the northeast. It is constrained north of Blais

Creck by field identifications only: it is possible that the two
kyanite occurrences north of the isograd contain traces of

sillimanite as well, but southeast of the isograd both kyamite
and sillimanite are readily identifiable and occur together
throughout a large area. Kyanite decreases in abundance
toward the core gneisses, where it is replaced by sillimanite:
this **kyanite-out isograd” locates the last occurrences of
kyanite readily recognizable in the field.

Textures and fabrics indicate that kyanite is syntectonic
whereas sillimanite is syn to post-tectonic. Kyanite is aligned
with the Phase | foliation (Plate 9), axial planes of Phase |
minor folds, and Phase 2 lineations; in one locality, it defines
a Phase | lineation. Early formed kyanite may be broken or
rotated during continued deformation (Plate 10) and is com-
monly replaced or mantled by retrograde minerals such as
andalusite or cordierite. Sillimanite may define Phase |
foliation (Plate 11) or Phase 2 lincations, but also commonly
forms radiating fibrous clusters that cul across the tectonic
fabric (Plate 12). It replaces kyanite (Plate 13) but may also
be mantled by cordierite. Close to the sillimanite isograd at
Mount Grace, carly formed sillimanite is warped by late
(Phase 37) folds (Plate 14).

PotassiuM FELDSPAR-ALUMINOSILICATE ISOGRAD
The assemblage potassium feldspar (generally microcline)
with sillimanite or kyanite defines the product assemblage of
a reaction that breaks down muscovite in the presence of
quartz:
muscovite + quartz = aluminosilicate + K-feldspar

Plate 9. Kyanite, aligned with Phase | foliation, in a matrix of quartz, plagioclase, biotite and muscovite.
{Sample CB7-3, field of view = 1.8 millimetres. planc light.)
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Potassium feldspar was identified either on stained rock slabs
or in thin sections.

The isograd, marking the first appearance of kyanite or
sillimanite with orthoclase or microcline, is only constrained
south of Mount Grace. Only two occurrences of the reactant
assemblage, muscovite plus quartz without accompanying
potassic feldspar, were recognized (Figure 15). The product
assemblage is common throughout the area, generally occur-
ring with the reactant minerals and hence forming a wide
zone in which all four minerals of the isograd appear to be
stable. However, muscovite is a secondary retrograde min-
eral in many of these occurrences, forming nms around
kyanite or sillimanite, or radiating clusters that cross the
foliation,

RETROGRADE ASSEMBLAGES

Retrograde minerals are common and indicate that cooling
must have been sufficiently slow to allow the generally more
sluggish reverse reactions to occur. Retrograde minerals are
generally post-tectonic; they either crosscut the Phase 1 and
Phase 2 structural fabrics or embay or mantle prograde
metamorphic minerals.

Common retrograde minerals include cordiente, anda-
lusite. muscovite, biotite, chlorite and sericite. Cordiente
and andalusite (described following) and some of the mus-
covite and biotite are considered metamorphic minerals that
formed during regional metamorphism, but after the max-

%

Plate 10. Large porphyroblast of early formed kyanite, rotated and

finer grained kyanite and biotite during this deformation. {Sample CB7-3, field of view =

imum prograde assemblages and under reduced lemperaturc
and pressure conditions. Retrograde muscovite, and less
commonly biotite, include clusters of grains thal embay, cul
across or completely mantle kyanite or sillimanite, They
formed after Phase | and Phase 2 deformation, growing
across the prominent structural fabric.

Chlorite and sericite, however, are interpreted to be late.
post-metamorphic hydrothermal minerals. Chlorite, with
anomalous blue interference colours in thin section, occurs
in thin veins cutting across gamet and as pseudomorphs after
biotite and muscovite. Sericite has a similar habit in gamets
and also occurs as small dispersed grains through many
silicate minerals, most commonly the feldspars, micas.
kyanite and sillimanite.

CORDIERITE

Cordierite, where observed, appears to have formed by a
reaction involving the breakdown of either sillimanite or
kyanite. It occurs as small clear grains usually embayed or
surrounded by biotite, forming mantling texiures {Plate 15)
like those described by Reesor and Moore (1971) in the Thor-
Odin dome to the south. It is erratically distributed
throughout the Mount Grace area and occurs in rocks with
lower grade metamorphic minerals such as andalusite and
retrograde muscovite. The replacement or mantling textures,
erratic distribution, and association with lower grade assem-
blages indicate that cordierite is a retrograde mineral.

partially replaced during continued deformation;, nole growth of aligned

3

| .& millimetres, plane light.)



Plate 11. Sillimanite defining Phase | foliation in a matrix of quartz, plagioclase and dark biotite.
(Sample CB4-2A, field of view = 1.8 millimetres, plane light.)

#

Plate 12. Fine needles of sillimanite (fibrolite) growing in quartz across the prominent Phase | foliation
(Sample CB10-24, ficld of view = 1.8 millimetres, planc light.)

38



Piate 13, Fibrous sillimanite replacing kyanite; note also cordierite mantling both kyanite and sillimanite. The matrix is biotite, quanz
and plagioclase. (Sample CB1-14, ficld of view = 1.8 millimetres, plane light.)

Plate 14, Fibrous sillimanite, formed during Phase 2 deformation(”), is warped by later folding.
{Sample CB4-2A, field of view = 1.8 millimetres, plane light.)
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The stability field of cordierite is pressure sensitive
{(Wynne-Edwards and Hay, 1963; Tumner, 1968, page 127)
and increases with decreasing pressure. Hence, cordierite is
common in contact metamorphic aurcoles of high-level intru-
sions but less common, except in the granulite facies, in
regionally metamorphosed terranes. lts occurrence here as a
late post-tectonic mineral is evidence of continued but wan-
ing thermal metamorphism at decreased pressures after the
intense regional deformation. It indicates that the thermal
gradient remained high, perhaps due to relatively slow cool-
ing, during tectonic uplift and removal of overlying crustal
rocks.

ANDALUSITE

Andalusite occurrences are also widely scaltered
throughout the area (Figure 14; Appendix 1), Andalusite is
psevdomorphic after kyanite, forms elongate fine-grained
granular trains in sillimanite. or occurs as large, lale por-
phyroblasts. Replacement textures, with sillimanite or
kyanite overgrown by andalusite then mantled by cordienite
{Plate 16}, indicate that during cooling and pressure de-
crease, the stability field of andalusite was reached before
that of cordierite.

STRUCTURAL AND TECTONIC SIGNIFICANCE
The two pelitic isograds mapped show that the grade of

regional metamorphism increases toward the core of

Frenchman Cap dome as has also been shown by McMillan

Plate 15.

{Sample CB1-14, feld of view =
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{1973). The isograds approximately parallel the margins of
the dome, producing a north-trending and plunging meta-
morphic culmination that coincides with the late structural
arching of the dome.

Prograde regional metamorphism occurred during Phase |
and Phase 2 deformation. Kyanite produced both Phase | and
Phase 2 tectonic fabrics whereas sillimanite growth occurred
both during and after development of these fabrics. However
isograds, although roughly aligned with major structures, cul
across them.

The pressure and temperature conditions during prograde
metamorphism and the culminating deformation can be esti-
mated on the phase equilibria diagram shown in Figure 16.
The overlap of the sillimanite and the potassium feldspar-
aluminosilicate isograds (compare Figures 14 and 15) inds-
cates lemperatures of approximately 650 to 700°C and pres-
sures of approximately 7 kilobars, corresponding to depths of
approximately 25 kilometres in the crust.

Retrograde metamorphism occurred after Phase | and
Phase 2 deformation. The sequential development of post-
kinematic sillimanite, muscovite and perhaps biotite, an-
dulusite and cordierite is schematically illustrated as a path of
decreasing pressure and temperature in Figure 16. The
marked decrease in pressure, to less than 3.5 kilobars, while
maintaining reasonably high temperatures, approximately
500 to 600°C, suggests removal of cover rocks continued

Mantling texwre with cordierite surrounding kyanite in a matrix of biotite.

1.8 millimetres, plane light.)



Plate 16. Large porphyroblasts of andalusite (top right and lower left), rimmed by cordierite in matrix of dark biotite,

(Sample CB1-14, feld of view =
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Figure 16, A pelitic grid illustrating reactions upon which the
isograds mapped in the Mount Grace arca arc based.
The solid arrow indicates conditions during prograde
regional metamorphism, with growth of {a) syniectonic
kvanite and (b) syn o post-tectonic sillimanite and
breakdown of muscovile; the dashed arrow depicts
conditions during retrograde metamorphism with
growth of retrograde (c) muscovite, (d) andalusite and
ie) cordierite. The grid is after Carmichael (1978,

41

1.8 millimetres, plane light.)

while the thermal gradient remained high, probably due to
tectonic uplift and a slow cooling rate.

SUMMARY AND DISCUSSION

Frenchman Cap dome, one of a series of domal structures
along the eastern margin of the Shuswap metamorphic com-
plex. consists of a central core comprising orthogneiss and
paragneiss of probable Aphebian age, unconformably over-
lain by dominantly metasedimentary rocks referred to as the
autochthonous cover succession. Core gneisses and cover
rocks are collectively referred to as the Monashee Complex.
The complex is exposed between a west-dipping fault on the
west, the Monashee décollement. and the Columbia River
fault on the east. Allochthonous cover rocks. part of the
Selkirk terrane, occur above the Monashee décollement and
are also exposed east of the Columbia River fault.

The Mouni Grace area at the northwestern edge of
Frenchman Cap dome is within core gneisses and autoch-
thonous cover rocks directly beneath the Monashee décolle-
ment. It has undergone intense polyphase deformation and
high grades of regional metamorphism. Three phases of
deformation, related to compression and crustal shortening,
are apparent in both core gneisses and cover rocks. The
earliest produced the Mount Grace syncline, a recumbent
west-trending and dipping isocline that dominates the struc-
ture from Ratchford Creek north and northeast to the
Columbia River fault. Tight to isoclinal Phase 2 folds deform
the limbs of the Mount Grace syncline. They are essentially
co-axial with Phase [ folds, dip west. and verge to the east.
Episodic reverse movements on the Monashee décollement
and on other west-dipping faults may have begun duning
Phase 2 deformation, but certainly continued after its



culmination. Both early phases developed during progressive
and increasing regional metamorphisom that culminated near
the end of the Phase 2 deformation with temperatures of 550
to 600°C and pressures of 6 to 7 kitobars.

In summary, Phase | and Phase 2 structurcs record a
period of crustal shortening, accompanied by amphibaolite
facies regional metamorphism in both core gneisses and
autochthonous cover rocks of the dome. The age of these
structures is not known: they may have developed, in part.
during early movement on the Monashee décollement 10
Middle to Late Jurassic time {Journeay and Brown. 1986)
perhaps in response to overthrusting of the Selkirk allochthon
{Read and Brown. 1981). but as the structures arc truncited
by the décollement, it is possible that they record an earlier
tectonic event {Okulitch, 1984).

"

Retrograde metamorphism. after Phase | and Phase 2
deformation, continued during a dramatic decreasc in pres-
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sure, presumably causcd by rapid wectonic uplift and removal
of up to 13 kilometres of cover rocks. Late, open folds and
warps occurred after the regional metamorphism but before
extensional tectonism that produced normal faults and con-
trolted emplacement of north-trending mafic dyvkes.

The model described above is simtlar to models published
by Journeay (1982 and McMillan (19701 for this ared and the
area to the south. However, itdiffers in many minor and some
major aspects from Journeay's synthests. The most important
differences involve the correlation of major structures be-
tween Mount Grace and the Perry River area. and con-
sequently the relative and absolute timing of deformation and
thermal events. Journeay (op. cit.) correlated the earliest
large-scale folds in the Perry River area with the Phase |
Mount Grace syncline. However, these folds warp the folia-
tion that is axial planar to the Mount Grace syncline and are
therefore Phase 2 structures.



CHAPTER 4

CARBONATITES AND ASSOCIATED ALKALIC ROCKS

INTRODUCTION

Carbonatites aong the west margin of Frenchman Cap
dome were originally recognived by McMillan (19700 1 the
Perry River area south of Mount Grace and Ratchford Creek.
Two varieties were described (McMillan and Moore, 1974):
Type | intrusive sills and dykes and a Type 11 extrusive layer.
Detailed mapping in the Mount Grace area lad to the discov-
ery of the continuation to the north of the Type 1] carbonatite,
referred to as the Mount Grace carbonatite {(HOy and Kwang.
1986), and confirmed the suggestion (McMillan and Moore.
op. cir.) that it is an extrusive layer. Subsequent detatled
sampling and mapping (HOY and Pell. 1986) recognized that
the Mount Grace carbonatite comprises a number of thin,
laterally persistent tff layers in addition to the main blocky
tephra layer. The Mount Grace carbonatite has also been
mapped north of Kirbyville Lake (Scammell, 1985) extend-
ing its total strike length to at least 100 kilometres.

Alkalic rocks, svenites and nepheline syenite gneisses.
comumon in the Perry River area (McMillan, 1970; McMillan
and Moore. 1974; Currie, 1976b) and Jordan River area
{Fyles, 1970a), are restricted to a few occurrences in the
Mount Grace area. Two scparate units are recognized in the
Perry River area. one is probahly a metamorphosed and
deformed intrusive syenite and the second, comprising thin
layers intimatcly intermixed with fenite and intrusive car-
bonatite, probably results from ultrafenitization of
paragneiss.

SETTING

The Mount Grace carbonatite, intrusive carbonatites and
bodies of syenite gneiss occur within autochthonous para-
gneiss above the core gneisses of Frenchman Cap dome. The
core of the dome comprises a mixed paragneiss and ortho-
gneiss succession that is basemcent to the unconformably
overlying paragneiss succession.

The structure of the northwestern margin of Frenchman
Cap dome is dominated by the Phase 1 Mount Grace syncline
(Hoy, 1979: Chapter 3). The Mount Grace carbonatite occurs
on both its limbs. Phase 2 folds, mest prominent in the Perry
River area (McMillan, 1973), also deform the Mount Grace
carbonatite, intrusive carbonatites and syenite gneisses. Am-
phibolite facies regional metamorphism has recrystallized
the carbonatites to form medium to lecally coarse-grained
granohlastic marbles.

CARBONATITES AND ALKALIC ROCKS

Carbonatites and alkalic rocks along the southern. western
and northwestern margins of Frenchman Cap dome are re-
stricted fo the basal few hundred metres of the autochthonous
cover succession. In the Jordan River area. a thick, laterally
continuous svenite gneiss unit is intimately folded with sur-
rounding calcareous paragneiss (Fyles, 1970a). It has been
subdivided into a core of nepheline-bearing syenite gneiss
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surrounded by a thin screen of alkaline amphibolite which in
turn is surrounded by less alkaline syenite gneiss {Curtie.
1976a), Although Currie (ap. cit., page 24) argues that thesc
alkuline rocks. including carbonatites in the Perry River area
“arose entirely, or principally, as the result of intrusion of
alkaline igneous rocks rather than partly by intrusion and
partly by extrusion of lavas”. it is suggested that the alkaline
amphibolites and a large part of the surrounding syenite
gneisses may be the products of ultrafenitization. Supporting
avidence includes the spatial symmetry of the alkaline rocks
with progressively less ulkaline rocks at the margin of the
complex and the gradational contacts betwsen the major
alkalic units and between syenite gneiss and surrounding
paragneiss.

Carbonatites and alkalic rocks in the Perry River—Mount
Grace area (Figure 17) include:

(1} Unit 4§—syenite and nephcline syenite eneiss.

(2) D & R-an intrusive syenite,

{3) Unit 3C -intrusive carbonatites and associated fenite,
{4) an intrusive carbonatitc, the “‘Ren’ carbonatite. and
(5) the extrusive Mount Grace carbonatite.

These units are generally concordant with the surrounding
layering in the metasedimentary rocks and are commonly
intimately intermixed. Descriptions following are sum-
marized in part from MeMillan { 1973). McMillan and Moore
{1974), Hoy and Kwong (1986} and Hdy and Pell (1986).

THE INTRUSIVE SUITE

UNIT 4S: SYENITE/NEPHELINE SYENITE

The largest syenite body in the Perry River area {Figure
17) is a concordant unit up to 300 metres thick and 12
kilometres long (McMillan, 1973). It is internally foliated
and layered with alternating bands of syenitic and feld-
spathoidal rock. Paragneisses along its contact are fenitized
with development of a rusty zone enriched in feldspar, pyTox-
ene, muscovite andior pyrrhotite. Analyses are shown in
Table 2 and these. as well as some obtained by McMillan
(1973), are plotted in Figure 18. They are all alkalic, but with
variable compositions ranging from alkali gabbro to syenite.
Semiquantitative emission spectrographic analyses of these
samples indicate entichment, relative to granites, of gallium
(Ga), beryllium {Be), ytirium (Y, ytierbium (YD), niobium
{Nb), zirconium (Zr) and barium (Ba).

D & R ORTHOGNEISS

A quartz syenite orthogneiss is exposed northwest of Blais
Creek within pelitic and hornblende paragneiss correlated
with Unit 2. It is up to several hundred metres thick and
greater than 1200 metres in length. Although it hosts a small
molybdenite occurrence., the I} & R (Chapter 5), little work
has been done on it.
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TABLE 2. CHEMICAL ANALYSES OF SAMPLES OF SYENITE GNEISS (UNIT 48) AT THE HEADWATERS OF ANSTEY
RIVER, PERRY RIVER AREA*

(in %)
Snmple 5“31 .AJID_, FE;G:,T \'tgﬂ Cal) Nl;ﬂ H;O TIO; MnO H;O -H:ﬂ CD] P;Os S Ftﬂ‘ Fc,O;
Nao.
H7EMC-1 53,57 19.76 554 037 2.79 6.037 109 0397 0.134 045 005 .62 <008 <001 1.30 4.10
H78MC-2 51.88 22,07 493 0.26 2,26 5070 103 0.83% 0.142 1.34 008 070 <008 <0.02 329 1.27

* For additional analyses, see McMillan and Moore (1974).

Analyses by the British Columbia Gealogical Survey Branch Analytical Laboratory.

UNIT 3C: CARBONATITE/FENITE

Unit 3C is a zone of minor carbonatite and intense fenitiza-
tion near the base of Unit 3, just above the core gneisses
{Plate 17). Two sections (H85P1 and H85P4; Figures 19 and
20) were measured, they appear to be part of a continuous
unit at least 4 kilometres in length (see Figure 3 of McMillan,
1973; McMillan and Moore, 1974). The unit is concordant
with layering but on a regional scale may cut up-section to the
south. Carbonatites in the unit consist of thick layers or thin
discontinuous lenses and are volumetrically less than the
intensely fenitized rock.

Unit 3C FENITES

Fenites of Unit 3C are well layered, probably reflecting
variation in composition of original sedimentary layers.
Remnant, well-bedded metasedimentary calc-silicate gneiss,
quartz feldspar paragneiss, and less commonly marble layers
a few centimetres to greater than 5 metres in thickness, oceur
throughout the fenites (Plate 18). In general, contacts be-
tween fenite and quartz feldspar paragneiss are sharp,
whereas those between fenites and more calcareous rocks are
gradational. Furthermore, thick sections of mixed cale-
silicate gneiss and paragneiss have gradational contact 2ones
with enclosing fenite; the contact zones comprise inter-
layered fenite and paragneiss but no calc-silicate gneiss.
These contact relationships suggest that fenitization is selec-
tive, preferentially affecting more calcareous layers and only
with increasing intensity affecting the granular quartz feld-
spar paragneiss layers.

Three types of fenite are distinguished in Unit 3C:

(1) mafic pyroxene-amphibole fenite,
(2) albite fenite, and
(3) potassic feldspar-albite fenite that has been referred to
as syenite, nepheline syenite or monzonite (McMillan
and Moore, 1974; Hoy and Pell, 1986).
Although the first two types are interlayered, commonly with
gradational contacts, the more mafic fenite is far more abun-
dant. The layering in the fenites is similar in scale to layering
in adjacent or enclosing metasedimentary rocks and may
reflect this regional metasedimentary layering. The potassic
feldspar-albite fenite commonly has sharper contacts with the
other fenites and may occur as thicker, more massive units.

Pyroxene-amphibole fenites, the most abundant fenites in
Unit 3C, are dark green to black, massive, foliated or well-
layered pyroxenites and amphibolites, Biotite content ranges
from trace amounts to over 50 per cent; sphene, ilmenite and
magnetite are conspicuous throughout the fenite and also
commonly occur as well-formed crystals several centimetres
across in pods with coarse-grained calcite, amphibole and
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pyroxene. Aegerine-augite is the dominant pyroxene, occur-
ring as small stubby euhedral grains or as large anhedral
poikiloblastic crystals that enclose albite or sphene.
Aegerine occurs locally and in one sample is the only pyrox-
ene. Amphiboles include riebeckite associated with
aegerine, and sodic actinolite (7) or sodic hornblende (7) with,
aegerine-augite, They occur as large anhedral poikiloblastic
grains with pyroxene, calcite and sphene inclusions, as small
euhedral grains, or as clusters of small anhedral to subhedral
grains. Richterite, intergrown with riebeckite, occurs as a
late mineral within and along cleavage traces in aegerine,
Variable amounts of albite (<An;), phlogopite, apatite and
sphene are present in some samples; interstitial calcite 1s
commen. Potassium feldspar (orthoclase) and nepheline are
rare, the latter only recognized in the aegerine fenite. Epi-
dote, zircon, hematite, magnetite, chalcopyrite and ilmenite
are common accessory minerals.
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Figure 18. Plot of analyses of syenite gneiss, Unit 45, Perry River
area; the dingram is from Currie (1967a); shown in

circles are compositions of various types of alkaline
rocks.
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The pyroxene-amphibole fenites are interlayered with
minor, more leucocratic fenites that are characterized by
appreciable quantities of albite, A granoblastic albite fenite,
consisting of approximately 90 per cent well-twinned, un-
altered albite (An, 4) with poikiloblastic acgerine-augite and
minor biotite, sphene, apatite, epidote, microcline, magne-
tite and sulphides, is the least mafic fenite in this senes, Itis
similar to the “albitite™ clasts in the Mount Grace car-
bonatite. A thin albite fenite layer at site H84P1 contains
abundant coarse molybdenite.

The potassic feldspar-albite fenites are composed of 70 to
80 per cent plagioclase (andesine), microcline and perthite in
varying proportions. Principal mafic minerals are aegerine,
aegerine-augite and biotite, and accessory minerals include
calcite, muscovite, allanite, sphene, apatite, magnetite,
ilmenite, pyrrhotite and chalcopyrite. Variable amounts of
nepheline may also be present.

UnIT 3C CARBONATITES

Carbonatites within albite and pyroxene-amphibole
fenites occur as relatively thick, buff-weathering, foliated
and laminated layers (Plate 19), as swirled discontinuous
lenses (Plate 20A), or as small coarse-grained irregular pods
with typically calcite centres and biotite-amphibole margins,
Thin continuous carbonatite layers also occur in the potassic
feldspar-albite fenites and in metasedimentary layers (Plate
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20B). These are generally fine grained, include thin discon-
tinuous pyroxene-amphibole fenite lenses and may have
pyroxene-amphibole fenite margins. The carbonatites con-
sist of 80 to 90 per cent calcite, variable amounts of sodic
amphibole, apatite and phlogopite, and may contain minor
sphene, aegerine, plagioclase, magnetite, pyrrhotite,
pyrochlore, chalcopyrite, pyrite and ilmenite.

DiscussioN

The fenites result from intense alkaline metasomatism of
original calc-silicate and quartz feldspar paragneisses. Com-
position of the original sedimentary layers undoubtedly con-
trolled the extent of fenitization with more calcareous layers
apparently more reactive with the alkaline solutions. Two
trends are apparent, an iron-magnesium trend and an alkalic
trend, and both are accompanied by aluminum, iron. phos-
phorus and calcium metasomatism. Furthermore. alkali
metasomatism may be either dominantly sodic or potassic-
sodic producing albite fenites or phlogopite and potassic
feldspar-albite fenites, With increasing intensity. pyroxene
amphibole fenitization appears to evolve into alkali fenitiza-
tion, The potassic feldspar-albite femites are similar to
syenites and nepheline syenites but they commonly retain the
well-bedded nature of the protolith sedimentary rocks. many
include remnant sedimentary layers. and some have grada-
tional contacts with other fenites. With extreme develop-
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ment, they have remobilized to produce rheomorphic fenites
with sharp intrusive contacts and showing crosscutting rela-
tionships with adjacent rocks,

Carbonatites include the thick buff-weathering layers en-
closed in fenite as well as small discontinuous swirled lenses
and coarse-grained phlogopite and amphibole-rich pods or
“sweats” The thick lavers are interpreted to be intrusive
carbonatites whereas the discontinuous lenses and pods may
be hydrothermal carbonatites that crystallized from late
volatile-rich magmatic fluids. These may be analogous to
pegmatites in siliceous intrusive complexes.

REN CARBONATITE

The Ren carbonatite. named after the claims on which it
occurs, is a concordant unit at least 3 kilometres long and
varying in width from 20 to 300 metres (Figures 21 and 22).
It outcrops on the southern slopes of Ratchford Creek in the
core of the Mount Grace syncline (Figure 17). It is within
Unit 6 and hence occurs stratigraphically above other known
intrusive carbonatites, syenites and the extrusive Mount
Grace carbonatite. The following description is summarized
largely from Pilcher (1983), augmented by personal com-
munications with staff of Duval International Corp., a brief
visit by the author, and analvses of samples by the Analvtical
Laboratory of the British Columbia Geological Survey
Branch,

The Ren carbonatite has mafic fenite margins and zones
within it (Plates 21 and 22: Figure 22). A zone of intense
fenitization extends several hundred metres into the hanging-
wall and includes within it thin discontinuous carbonatite
lenses, remnant paragneiss layers cut by biotite-amphibole-
carbonate veins. and minor quartzite layers. Nepheline
syenites reported within the carbonatite may be potassic
feldspar-albite fenites similar to those described in Unit 3C.
The Ren carbonatite is massive to well layered. is orange-
brown weathering and consists of 60 to 80 per cent caleite, 10
to 30 per cent apatite. accessory biotite. amphibole. pyrox-
enc and sphene, and minor pyrrhotite. pyrite, magnetite,
ilmenite, sphalerite, chalcopyrite. pyrochlore (?) and mon-
azite (7).

Analyses of the Ren carbonatite by Duval International
Corp. are summarized in Table 5 and analyses of samples in
section Ren 5 (Figure 22) are listed in Table 3 and plotted on
Figure 26. These analyses indicate that the rock is a magnesio
carbonatite, in contrast to predominantly sovites in the
Mount Grace carbonatite and the intrusive Unit 3C car-
bonatite, Additional analyses are needed, however, to con-
firm this difference. The Ren carbonatite is enriched in the
light rare earth elements with lanthanum (La) ranging up to
0.69 per cent, cerium (Ce) to | per cent, and neodymium
(Nd) to 0.06 per cent. Niobium (Nb) content averages 618
ppm and tantalum (Ta) is low, ranging from less than 3 ppm to
72 ppm.

MOUNT GRACE CARBONATITE

GENERAL DESCRIPTION

The Mount Grace or Type I1 carbonatite of McMillan and
Maoore {1974) is essentially a thin calcite marble layer that
averages between 3 and 5 metres in thickness and has been
traced or extrapolated for at least 100 kilometres of strike
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TABLE 3. CHEMICAL ANALYSES OF REN CARBONATITE, SECTION REN 5
(See Figure 21 for location,)

TABLE 3A
{in %)

Field Lah. Si0, Ti(y; ALO; Fey03  MnO MgO Cal Na; 0 K0 POg o, S LOI

No. No.

5-G 32433 1.51 006 022 3.45 .31 6.30 43.82 o8 0.02 4,20 3630 0.4t 36.61
5-1 32435 4.57 004 055 2.87  0.43 17.30 31.03 24 Q.12 3.60 38.47 0.06 38.27
5-K 32436 0.85 0.04 007 2.71 0.41 16.69 33.83 0.4 001 2.16 41.41 0.14 42 46
5-L 32437 4.15 0.0 072 329 (.43 15.40 1286 016 0.17 3.60 36.44 0.02 38.36

Analyscs by the British Columbia Geological Survey Branch Analytical Laboratory.

TABLE 3B
{in ppm}
Field Sr Zr Rb Nb Ba Cr Y
No.
5.G 5188 297 26 60 213 <10 60
5.1 4628 96 26 27 1133 w27
5-K 4271 92 25 25 &% <10 25
5-1. 4828 108 29 1516 162 18 31

Analyses by the British Columbia Geological Survey Branch
Analytical Laboratory.

length. It occurs within a cale-silicate gneiss, pelitic gneiss
and marble succession (Unit 4) between underlying core
gneisses and the basal quartzite and overlying marble of Unit
5. In the Mount Grace area, the Cottonbelt lead-zinc layer
occurs in the overlying Unit 6. The Mount Grace carbonatite
is repeated on both limbs of the Mount Grace syncline (Hoy
and McMillan, 1979; Héy and Kwong. 1986} and, to the
north, on the limbs of the Kirbyville anticline (Brown, 1980;
Scammell, 1985).

The original thickness of the Mount Grace carbonatite is
not known; it has undoubtedly been thinned dramaticalty on
the limbs of major folds and perhaps locally thickened near
fold hinges. Itis exposed almost continuously on the inverted
southwest limb of the Mount Grace syncline and intermit-
tently in covered areas several kilometres further south. It is
hidden beneath overburden to the north of Mount Grace, but
has been intersected in two drill holes 1 kilometre north of
known exposures; 5 kilometres further north it reappears at
the same stratigraphic position in exposures north of Blais
Creek (Figure 17).

The contacts of the Mount Grace carbonatite with over-
lying and underlying calcareous gneisses are generally sharp,
but may be gradational through approximately 1 metre into
grey-weathering, massive to thin-bedded calcite marble. In
contrast with intrusive carbonatite in the Perry River area, the
Mount Grace carbonatite has no fenitized margins.

In the field, it is recognized and characterized by an
unusual pale to medium brown-weathering colour. Grains of
dark brown phlogopite. colourless apatite and needles of
amphibole weather in relief. Pyrrhotite, pyrochlore and zir-
con are locally developed accessory minerals.
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CLasTS

The Mount Grace carbonatite is commonly internally bed-
ded with a layer or several layers of “blocky™ tephra inter-
bedded with finer grained, massive or laminated carbonatite.
The blocky tephra layers contain three distinctive types of
matrix-supported clasts: small granular albitite clasts up to 3
centimetres in diameter, consisting of pure albite or albite
with variable amounts of phlogopite (Plate 23A); “*syenite™
clasts, | to 10 centimetres in diameter, consisting of potassic
feldspar with variable amounts of plagiociase, calcite, apatite
and rare feldspathoids (Plate 23B); and large rounded to
subrounded heterolithic clasts that are commonly up to 20
centimetres in diameter. These clasts are generally randomly
distributed throughout the blocky tephra, but in some layers
they are concentrated in the central portion or occasionally
graded with clast size increasing up-section.

The albitite and “‘syenite’ clasts are interpreted to be
pieces of fenite similar to the albite and potassic feldspar
albite fenites associated with the intrusive carbonatites in the
Perry River area. Albite fenites have been described adjacent
to carbonatites elsewhere (see Le Bas, 1981): they generally
occur at deeper structural levels than the more potassic
fenites. The interpretation that these clasts in the Mount
Grace area are fenite clasts suggests that there is a vertical
zonation with more sodic fenites developed at deeper levels
and more hydrous, potassic and mafic fenites at shallower
depths adjacent to the intrusive carbonatites; albite fenites
are generally the most abundant fenite clasts in the Mount
Grace carbonatite tuff although potassic feldspar-albite clasts
are most abundant in the thick section at site P29.

The lithic clasts (Plates 24A and 24B) are generally sub-
rounded. matrix supported and comprised of gneiss.
quartzite and schist derived primarily from the underlying
core gneisses. They have a pronounced layering or foliation
that is randomly oriented with respect to the regional mineral
foliation and many are internally folded. These observations
suggest that a metamorphic-structural event occurred in the
core goeisses prior to deposition of the Mount Grace tuff and
enclosing autochthonous cover succession. an event that is
only recorded in these lithic clasts in the Mount Grace wif.

REGIONAL TRENDS

The Mount Grace tuff has been examined and sampled
throughout most of its length in order to document variations
in chemical and mineralogical composition, thickness and
clast size or lithology that may be related to distribution
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TABLE 4. THICKNESS AND DISTRIBUTION OF CLASTS, MOUNT GRACE CARBONATITE

Clast Type Averape Size
Layer (Listed in Order (Five Largest
Laocation Thickness of Abundance) Clasts Maximum Note
HB85P3-2 I m lithic 2-3cm 13¢cm
albite fenite 1-2 cm 2cm
Kspar-albite fenite % cm
(rarc}
HB5P-2 05m albite fenite 0.5-1 cm Sem
lithic <0.5 cm 5cem
HB85P-7 <lm lithic 10-12 cm I8 cm exposed width is approximately I m
albite fenitc 2¢cm <2 cm
H35P0 lithic 4-3 cm Scm
albite fenite <2 cm <2 cm
HE5PI0 25 m lithic E—10cm 20 cm
albite fenite 1-2 cim 2cm
HE5-CAMP 2-Im lithic 15-16 cm 40 cm
2-3 cm 3cm
DDHI,2 ~2m
HR5P26 -9 m lithic 18-20 cm 40 cm thickness includes ~2.5 m of mixed
albite fenite marble and tuff
Kspar-albite fenite
H35P29 >20 m lithic 30-100 cm >l'm data estimated

Kspar-albitc fcnite
albite fenite

surrounding eruptive vents. The results of the field observa-
tions are summarized in Table 4 and Figure 23; chemical
variations are discussed later.

There is a direct correlation between the thickness of the
Mount Grace carbonatite and the size of included lithic
clasts. In the Perry River area, its thickness is generally less
than a metre and the average maximum clast size (the average
size of five [argest clasts measured in an arca approximately |
metre square) is 2 to 3 centimetres (Plate 25A). Larger clasts
{to 13 centimetres maximum} are uncommon, but inclede
folded lithic fragments and rare potassic feldspar-albite fenite
(**syenite’) clasts (Plate 25B). In the Mount Grace area, the
thickness of the carbonatite tuff layer varies from approx-
imately 1 to 2 metres in two drill intersections to the north, to
a maximum of 3 metres just north of site P11, It decreases
southward but appears to increase again in the most southerly
exposures. The size of lithic clasts increases proportionately
with thickness, with clasts to 40 centimetres in diameter in
the thickest sections, but only 5 centimetres in the thinnest
sections.

In the Blais Creek area, the thickness of the Mount Grace
carbonatite increases dramatically northward, accompanied
by an increase in clast size. Southemn exposures are approx-
imately a metre thick with only small clasts. At site HB5P23
(Plate 26A) the carbonatite is 8.2 metres thick (Figure 24);
clasts are abundant with maximum clast sizes averaging 18 to
20 centimetres in diameter and with individual clasts up to 40
centimetres in diameter. The carbonatite in this structurally
inverted section includes a thick section of mixed coarse
blocky tephra and fine-grained tuff and marble at the strati-
graphic base, overlain by interlayered impure metasedimen-
tary marble and toff (Plate 26B). Within the basal section are
interbedded coarse tephra layers, fine-grained layers and a
number of coursening-upward cycles. The top of the car
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bonatite is dominated by impure siliceous marble that con-
tains a few thin brown-weathering, fine-grained tuff layers.
To the north {section HR6CB22, Figure 25), the carbonatite
continues to thicken, increasing to greater than 20 metres.
Thin-bedded, fine-grained carbonatite tuff layers are inter-
bedded with cale-silicate gneiss and thin marble layers in the
basal 10 metres (Plate 27B). Thin tuff layers die out or
become indistinguishable from marbles of sedimentary
origin in section P25 and P26 to the south. The thickness of
carbonatite tephra layers and the size of included clasts
increase up-section to a sharp contact with impure marble or
calc-silicate gneiss at the stratigraphic top. Large gneissic
blocks, several metres across, occur throughout the coarse
sections (Plate 27A} and large coarse-grained blocks of
syenile are also abundant. Only a few thin, fine-grained toff
layers oceur in the overlying metasedimentary rocks.

These sections indicate explosive voleanism began with
migor intermittent deposition of fine ash, followed with
increasing intensity, by eruption of a thick accumulation of
coarse blocky tephra. Explosive activity appears to have
ceased abruptly, but was followed by very minor, intermittent
and local deposition of fine ash.

The correlation between thickness and size of included
clasts and the systematic change in these parameters in
restricted areas suggest that these features indicate proximity
to a volcanic vent. The abundance of syenite blocks of
probabie igneous origin in the thick section H86CB22 tends
to confirm this suggestion. At least three separate vent areas
are indicated: in the vicinity of site P29 (section H86CB22)
north of Blais Creek and near sites P7 and P11 in the Mount
Grace area (Figure 23). Despite the proximity to intrusive
carbonatites in the Perry River area, the narrow width of the
Mount Grace carbonatite and the small size of included clasts
suggest the carbonatite tuff here is relatively distant from a
volcanic vent.
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MINERALOGY

The carbonatite is a recrystallized medium to coarse-
grained marble. composed of 80 to 90 per cent calcite in a
mosaic of equidimensional grains. Locally. calcite has a
cataclastic texture with large grains set in a finer. granulated
matrix. Small grains of dolomite are interspersed. as well as
exsolved from calcite, and large pale 10 medium brown
subhedral phlogopite and subrounded grains of plagioclase
and apatite are common and generally widely dispersed
(Plate 28A), Muscovite occurs as small randomly distributed
grains, and a grey-green amphibole with anomalous blue
interference colours (riebeckite?) forms well-cleaved. sub-
hedral to cuhedral crystals (Plate 28B). Pyrochlore occurs as
subhedral. subrounded grains up to 2 millimetres in diameter
that are commonly zoned with dark cores and lighter rims
{Plate 29). Pyrrhotite and sphene are common accessory
minerals. Magnetite. pyrite, ilmenite. graphite and rarely
chalcopyrite, molybdenite and columbite-tantalite have been
identified in a few samples.

Six polished sections were studied with a scanning elec-
tron microscope equipped with a semiquantitative energy
dispersive X-ray analyser. It was recognized (Hoy and
Kwong, 1986) that the characteristic clements barium. stron-
tium. niobium and the light rare earth elements are concen-
wrated in discrete. finely disseminated minerals rather than as
trace elements in the major and accessory mineral phases.
The finely disseminated minerals are pyrochlore. monazite.
barite. strontianite. and probably ancylite [(5r.Ca)
(La.Ce)(CO,),(OHH,0]. synchysite [(Ca.Ce)(CO4F].
and codazzite(?) [(Ca.Mg.Fe.Ce)CO,|. Because hydrogen.
carbon and fluorine were not determined. the latter minerals
are not confirmed, but inferred from the relative proportions
of the dominant heavy elements. These minerals occur as
subhedral 10 anhedral grains that commonly are only 1 to 20
microns in size. Ancylite and monazite tend to occupy inter-
stitial spaces, whereas the others are more randomly
distributed.

Preliminary microbeam and X-ray diffraction studies of
the major and accessory minerals in the carbonatite layer
(Hoy and Kwong, 1986) reveal that the apatite is fluorapatite.
almost devoid of light rare earth elements (LREE}. pla-
gioclase is albite (Any ). and phlogopite is iron rich and
slightly titaniferous. Calcite ranges in composition from pure
CaCO, to calcite with up to 10 mole per cent of total MnCO,,
plus FeCO, components. Dolomite. commenly exsolved
from calcite. is ferroan. Chemical analyses of hand-picked
amphibole grains, augmented by X-ray diffraction data. indi-
cate that the amphibole is sodic. most prabably an iron-rich
richeckite or eckermannite.

CHEMISTRY OF MOUNT GRACE AND
INTRUSIVE CARBONATITES

Major and minor oxide. trace element and rare earth
element analyses of samples of the Mount Grace carbonatite.
intrusive carbonatites, and one sample of a hydrothermal
carbonatite in Unit 3C are listed in Appendices 2 and 3 and
summarized in Table 5. The carbonatites have a large com-
positional range with respect 10 the major and minor oxides.
A plot of whole rock analyses on the triangle CaO-MgO-
{Fe,O, + FeO + MnO) (Figure 26) indicates that most of the
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Mount Grace carbonatite analyses fall within the sovite field
as 1s expected from their high calcite content, however, a
considerable number plot within the magnesiocarbonatite
and ferrocarbonatite fields. The intrusive carbonatites, in-
cluding the Ren carbonatite, are sovites and magnesio-
carbonatites.

The carbonatites are highly enriched in strontium, barium
and manganese, relative to carbonates of sedimentary origin.
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These element concentrations are compared with analyses of
metasedimentary marbles from the enclosing succession and
with the compositions of average marine sedimentary car-
bonate (Figure 27). Five of the metasedimentary marbles are
from drill core (see Figure 36, Chapter 5) and two are from
surface exposures; all occur within 12 metres of the Mount
Grace carbonatite layer. Strontium averages 4460 parts per
million (ppm} in the Mount Grace carbonatite and approx-



TABLE 5. SUMMARY OF GEOCHEMICAL DATA ON THE MOUNT GRACE CARBONATITE, THE REN CARBONATITE
AND OTHER INTRUSIVE CARBONATITES OF UNIT 3C

{in ppm)
Mouni Grace Ken™ Intrusive

Range X N Range X N Range X N
Ce 151-4164 8865 36 Ce 28-98%0 876 59 Ce 614-7630 2795 4
Dy 4-20 10 17 Dy 13-55 32 4
Ex < 100 = 100 Er < 1K} <100
Eu 2=13 7 17 Eu <]-15 8.2 22 Eu 983 in 4
Gd  <240-620 { 400) 17 Gd 400-<2800 1088 4
Ho <|=-8 2.7 17 Ho =3-9 f 4
La 94-3238 542 35 La | 4= BYHS 471 21 la 317-3800 1573 4
Lu 0.2-1.0 0.5 17 Lu < < 21 Lu 0.2-1.7 0.9 4
Nd 65-924 285 36 Nd |5=560 M4 21 Nd 271-3540 | 186 4
Pr =6H0-170 (70— 100) 17 Pr <Tl=<550 <1 3K} +
Se 2.14-8.75 5.2 17 Sc 0.12-8.45 2.3 4
Sm 8.2-56.0 27.5 17 S5m 3=T71 42.8 21 Sm Jo-313 116 4
Th 0.8-1.3 1.6 I5 Th 1-4 2.5 21 b 1.6=11.0 5.1 4
Th 0.5-30.6 6.7 17 Th <1-32.5 5.1 21 Th <(.5-35.9 16.5 =
Tm =0.5-1.6 1.0 15 Tm 1.2-6.7 3.3 4
Yh 1.6-8.7 4.0 15 Yh 1-3 2 21 hd 29-174 9.5 4
Nbh tr= 1200 272.9 Ll Nh 25-2330 618 24 Nhb f-50 4.5 3
Ta fi—6H5% 19 (3] Ta <3-72 17.4 12 Ta
Y 1084 359 17 Y <5-60 313 22 Y 34160 98.5 4
Sr GO0-T7300 4460 6 Sr 315-529] 3353 24 Sr 220031000 16030 4
Ba S18—4KN 2363 6 Ba 162-5162 2345 21 Ba [155-2539 1529 4
Mn 4000=T 500 3110 35 Mn 1280-4972 3056 21 Mn 5801300 845 4
Ti 23-1300 591 17 T 25-2200 1023 4
7 <3-16 10,1 8 Zr 92-297 |48 1
Ti 114—4225 1096 26

X — Average value.
N — Number of analvses.
* Rare earth element data, Nb and Ta are from Duval Intemational Corp.

Figure 26. A CaQ-MgO-(Fe,0, =+

« MOUNT GRACE
CARBOMATITE

& INTRUSIVE

CARBOMATITES

Cal

MAGNESIO-
CARBOMNATITE

Ful — FE:-G:. + MnQ

FeO + MnO) plot showing
analvses of carbonatites, Mount Grace and Perry River
arcas (plot is from Woaley, 1982).
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imately 3300 ppm in the intrusive carbonatites. approx-
imately four times the average value in the metasedimentary
marble and seven times the sedimentary carbonate average.
The average harium content is similar in both intrusive and
extrusive carbonatites (2300 ppm), six times higher than that
in the metasedimentary marbles. and manganese (3100 ppm)
is also considerably higher in the carbonatites. These high
values are characteristic of carbonatites elsewhere (see. for
example, Le Bas, 1981) and serve as a relatively quick and
inexpensive chemical test for distinguishing carbonatites
from carbonates of sedimentary origin. Niobium values are
considerably higher in the Ren intrusive carbonatite (approx-
imately 600 ppm average) than in the Mount Grace car-
bonatite (270 ppm average).

The Mount Grace carbonatite has total rare earth element
(REE) concentrations that range from approximately 600
ppm to greater than 8000 ppm (0.8 per cent) with average
values of 0.1 to 0.2 per cent (Table 5; Appendix 3C). Ana-
lyses of six samples through the Mount Grace carbonatite.
taken from two holes drilled by Metallgesellschaft in 1979
(Figure 28), suggest that the carbonatite layer is pro-
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gressively enriched in total LREEs toward the stratigraphic
top. This enrichment is also apparent in the coarse blocky
tephra layers in the Blais Creck section (Figure 28C). The
fine-grained layers (P26C. P26Bi) that are interbedded with
coarser layers may be largely of sedimentary origin, with
only a minor tufl component as they contain considerably
lower REE concentrations.

REE concentrations in the intrusive Ren carbonatite are
similar to those in the Mount Grace carbonatite (Table 5)
although one sample analysed by Duval International Corp.
contained greater than 1.7 per cent total REE, Limited REE
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analyses on carbonatites in Unit 3C are highly variable but
generally higher than those from the Mount Grace or Ren
carbonatite, ranging from approximately 2400 to 13 000 ppm
{0.24 to 1.3 per cent) (Appendix 2C).

Chondrite-normalized REE plots of selected samples of
the extrusive and intrusive carbonatites and one hydrother-
mal carbonatite sample (Figure 29) illustrate the enrichment
of the light rare carth elements, lanthanum through eu-
ropium, that is typical of carbonatites worldwide. A plot
comparing the average REE content of these carbonatites
(Figure 300 illustrates the higher values in the intrusive.
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Figure 28. Sections through the Mount Grace carbonatite showing La. Ce and Nd values of selected samples.

carbonatites of Unit 3C and the similarity in values for the
Ren intrusive and Mount Grace extrusive carbonatites. This
similarity suggests contamination of the Mount Grace car-
bonatite by simultaneous deposition of marine carbonate. as
proposed by Hov and Kwong (1986), was minimal.

DISCUSSION

Intense regional metamorphism has recrystallized the
Mount Grace carbonatite into a medium to coarse-grained
granoblastic marble. However, the sharp distinction in chem-
istry between the carbonatite marble and the enclosing meta-
sedimentary marbles suggests that any redistribution of ele-
ments must have occurred at only a very local scale. This
applies particularly to the rare earth elements where there is
no overlap of analyses for the two types of marble. This
interpretation of relative immobility of REE during meta-
morphism is supported by a study on the rare earth element
geochemistry of regionally metamorphosed rocks by
Muecke ef al, (1979). These authors have shown that the
White Rock metavoleanic suite in Nova Scotia retained its
premetamorphic REE chemistry during amphibolite facies
regional metamorphism.,

FENITES — CHEMISTRY AND ORIGIN
Chemical analyses of fenites associated with the intrusive

carbonatites and preserved as clasts within the Mount Grace

tuff are shown in Table 6, Pyroxene-amphibole fenites con-
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tain appreciably higher MgO and Fe,O, ., content whereas
the albite and potassic feldspar-albite fenites are higher in
alkali content. Trace element contents are also different: the
alkalic fenites generally contain higher niobium whereas the
more iron and magnesium-rich fenites are enriched in chro-
mium and yttrium (Table 6B).

These analyses, plotted on a ternary diagram (Figure 31),
clearly distinguish two trends, an iron-magnesium trend and
an alkali trend. As the end products of both alkaline and iron-
magnesium loss are the carbonatites, an initial carbonatite
magma composition somewhere between these values is
inferred (Figure 31). This composition is not similar (o the
considerably more alkaline composition suggested by Le Bas
(1981); it is more mafic and results in intense iron-
magnesium metasomatism as well as alkali metasomatism.

Alkali fenitization can be subdivided further into domi-
nantly sodic or potassic-sodic, producing cither albite fenites
or phlogopite and potassic feldspar-albite fenites (Figure 32).
Albite fenites are most prominent as clasts within the Mount
Grace carbonatite whereas potassic feldspar-albite and asso-
ciated pyroxene-amphibole fenites are more prominent adja-
cent to the intrusive carbonatites, This suggests that fenitiza-
tion may be depth dependent, with mere sodic fenitization
developed at deeper structural levels adjacent to a parent
magma of the Mount Grace carbonatite, as opposed to more
hydrous, potassic and iron-magnesium fenitization occurring
at higher levels.
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TABLE 6. MAJOR (A) AND TRACE ELEMENT (B) ANALYSES OF FENITES OF UNIT 3C, PERRY RIVER AREA
AND ALBITE FENITE CLASTS IN THE MOUNT GRACE CAR BONATITE

TABLE 6A ({in %)

Field Lab. Twpe SO, TO; ALO, Fe0p  MaO M0 (0 Na0O KO PO LOI
Ny, No.

Pl-6 31745 l 55.70 222 15.24 705  0.22 1.6] 372 7.38 1.3 037 194
P1-6A 31746 1 63se D686 18.14 290 007 0.56 1.81 922 07 007 1.32
P4-2B 31747 I 6229 068 17,72 576  0.16 0.19 9 7.21 427 003 088
F1-6B 31748 I 63.23 054 17.91 76 0.13 0.37 1.5  7.48 357 002 021
Pd-A 31749 I 59.02 1.17 17.19 559 0.15 0,94 250 797 202 006 041
P4-B 31750 I 6281 078 17.08 539 0.5 0.35 1.68 648 4.0 0.02 084
P4-C 31751 1 62.62 046 17.92 460 0.12 0.50 1.99  7.83 312 003 079
P1-2 31752 2 3566 435 850 1547 031 820 1366 312 143 212 4407
P1-2B 31753 2 3®4 24 1.44 10,73 0.15 12.4] 21,70 .84 0.43 3.32 5.89
P1-2C 31754 2 4154 217 7.27  1L66 023 6.82 1676 4.11 0.80 1.81 5.30
P1-2D 31753 2 388 264 1.37 1140 013 1237 2180 400 053 319 464
Pd-4 31756 2 3724 286 7.64 1362 017 9.52 1205 1.41 .60 099 6.6]
Pd-H 31757 2 3364 401 B.03 10.72  0.25 7.91 14.63 263 3.46 |.82 7.44
PI1-7 31758 3 4919 0.04 13.18 06s 012 102 1579 706 032 268 89
CB2-3A 31759 4 517 022 16.09 14 222 316 9.14 9.4 .16 0.24 3.21
CH2-3B 31760 4 5658 0.0 16.41 089 028 0.33 812 924 030 075 646
CB2-3C 3761 4 5745 031 2053 ATt 004 1.76 224 7.3 201 008 339
P26A-2 31762 4 64.31 0.04 19.75 043 0.4 0.08 16 6.6] 512 036 238
P26A 1763 4 5766 003 1735 032 0.0 0.16 693 481 640 016 3576
P26B 31764 4 6126 022 1858 .65 0.06 0.41 358 769 336 0350 250
CRI2-11 32442 4 5391 037 19.37 70 010 0.66 355 590 536 035 4.08
Ren 5-H 32434 s 6287 0.06 20.02 066  0.02 0.36 j48 904 .34 0.05 1.61

Type:
| — Potassic feldspar-albite fenite, Unit 3C. 4— Albite and potassic feldspar-albite fenite clasts in Moant Grace wff.
2 — Pyroxene-amphibole fenite, Unit 3C. 5 — Albite fenite pod in Ren carbonatite.

3 — Albite fenite,
Analyses by the British Columbia Geological Survey Branch Analytical Laboratory.

TABLE 6B (in ppm)} 10
Lab.  Sr Zr Rb ¥ Nh Ba Cr -
No. ¢ K OTHER INTRUSIVE CARBONATITES
31745 2182 476 43 36 92 851 1D i :
31746 4235 352 15 3 106 560 <l0 4,0%
31747 2707 713 30 32 160 %6z <I0 100 - W -
3748 1288 1275 29 43 179 1074 <10 E Gﬁ'_.,cs
31749 3050 1613 42 65 248 613 17 4 At
31750 942 569 44 31 139 628 <10 . B
31751 3208 818 20 19 47 996 15 -
31752 2616 1000 33 79 138 521 14 g o _ -
31753 2654 203 21 47 22 187 M - 5
31754 3120 1142 20 79 24 43 25 = S
31755 2050 220 24 47 3 29 15 ] -
31756 5307 1116 8% 65 74 2964 242 i By, -
31757 6785 937 98 85 117 2701 202 Wpso T
31758 6043 117 14 62 <4 183 <10 |10 “ne T
31759  &74 22 92 9 692 1000 10 3
31760 2267 8 <7 18 339 1060 <10 ]
31761 837 675 141 16 559 B30 13 7]
31762 1964 30 105 10 804 5227 <10 .
31763 2251 286 128 18 1166 5732 <10
31764 1693 79 04 10 200 2928 <10 e S T N I I S T
32442 1674 81§ 212 28 403 3990 <10 laCe Pr Nd Sm Eu(@Gd)To Y Ho  Tm ¥b Lu
32434 1446 I’ 1315 9 995 <I0
Figure 30. Chondrite-normalized rare earth element plots that com-

Analyses by the British Columbia Geological Survey Branch parc the average values for the Mount Grace, Ren and

Analytical Laboratory. other intrusive carbonatites.
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Figure 31. Triangular plot (after Le Bas, 1981) showing composi-
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Perry River—Mouni Grace area.

SUMMARY AND CONCLUSIONS

Intrusive carbonatites are restricted to the Perry River area
south of Ratchford Creek. Two units are recognized. a zone
of intimately mixed fenite and carbonatite {Unit 3C) near the
base of the autochthonous cover succession and the Ren
carbonatite within Unit 6, higher in the succession. These
carbonatites are surrounded by and intimately intermixed
with well-banded fenites. Mafic pyroxene-amphibole-biotite
fenites are the most important, but minor albite fenites and
potassic feldspar-albite fenites, previously referred to as
syenite, are also present.

The Mount Grace carbonatite is a unit of predominantly
fine to coarse blocky tephra that can be traced from the Perry
River area northward through the Mount Grace and Blais
Creek areas to north of Kirbyville Creek, a distance of over
100 kilometres. The recognition of this lateral extent sup-
ports the suggestion that the carbonatite has a volcanic
{McMillan and Moore. 1974) rather than an intrusive
(Currie. 1976a) origin. Additional evidence for a volcanic
origin includes restriction of the Mount Grace carbonatite t©
a single unit, its occurrence al a specific stratigraphic hor-
zon. its lack of contact alteration (fenitization), and its strati-
graphic position above all known occurrences of syenite
gneiss. Furthermore, its large lateral extent. its locally grada-
tional contacts with marbles of sedimentary origin, and
locally its laminated nature are compatible with a pyroclastic
origin rather than deposition as a volcanic flow.

The Mount Grace carbonatite is therefore interpreted to be
a pyroclastic carbonatite (an ash flow and/or an air fall)
deposited on shallow marine tidal flats. The local occurrence
of carbonatite grading upward to normal grey-weathering

6l

Figure 32. A Na,0-K,0-Fe,0, triangular plot showing composi-
tions of fenites, Perry River and Mount Grace areas.

marble indicates dilution by contemporanecously deposited
marine carbonates as the supply of pyroclastic carbonate
decreased. Variations in its thickness. and clast size and
distribution. are related to proximity to vent arcas.

Clasts within the Mount Grace carbonatite include albite
and potassic feldspar-albite (*'syenite™) fenites as well as
large clasts of folded and foliated quartzite, schist and gneiss
probably derived from the basement core gneiss complex.
The abundance of albite fenite clasts, in contrast with the
pronounced pyroxene-amphibole-biotite fenites associated
with the intrusive carbonatites, suggests a vertical zoning of
fenitization. At deeper structural levels. sodium fenitization
may be more prominent, resulting in albite {enites adjacent o
a parental magma of the Mount Grace tif whereas at higher
levels. now exposed at surface adjacent to the intrusive
carbonatites, more hydrous, more potassic and more iron-
rich fenitization produced the dominant pyroxene-
amphibole-biotite fenites.

A genetic model for carbonatites in the Perry River-
Mount Grace area may be developed by comparison with
intrusive-extrusive carbonatite complexes in southeast
Africa. Initial alkalic magmatism included intrusion of
svenites, nepheline syenites and carbonatite lenses in a plat-
formal metasedimentary succession that unconformably
overlay a basement complex. Subsequent explosive vol-
canism, from widely separated vent arcas, produced a
number of interfingering pyroclastic ash flow or air fall layers
now preserved as the Mount Grace carbonatite. The extrusive
episodes were separated by quiescent periods and local depo-
sition of marine carbonate. Intrusion of the Ren carbonatite in
stratigraphically higher metasedimentary rocks indicates that
alkalic magmatism spanned a considerable time interval.
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Plate 17, Intimately interlayered pyroxenc-amphibole, albite and potassic feldspar-albite fenites. within darker pyroxene-amphibole fenites,
Unit 3C, station P1-5, Perry River area; weakly fenitized core gneisses are exposed on right side of photograph

Plate 18, Dark pyroxene-amphibole fenite with remnant boudinaged layers of quartz feldspar paragneiss. Unit 3C, station P1-5.
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Mt.Grace carbonatite

Plate 19, Intrusive carbonatites (light coloured) and pyroxene-amphibole fenites of Unit 3C. jusi south of station H85P4, Perry River
arca: (19A) overview showing location of Unit 3C in foreground and overlying Mount Grace extrusive carbonatite in distance; (198) detail of
interlayered intrusive carbonatite and dark fenite
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Plate 20. Intrusive carbonatites at station H83P|: (20A) swirled discontinuous carbonatite lenses in pyroxenc-amphibole fenite (sample
HE5P1-5); (20B) intermixed buff-weathering carbonatite and fenite, overlain by grey-weathering carbonatite (sample HESPI-5).

64




Plate 22. Boudinaged layers of amphibole-rich fenite within the intrusive Ren carbonatite, station Ren 3.
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Plate 23, The Mount Grace carbonatite: (23A) well-layered extrusive carbonatite containing small clasts of dominantly albitite (station
P3: Perry River area); (23B) subrounded paragneiss and potassic feldspar-albate “syenite™ clasts in o crudely layered blocky tephra (station
P25; Blais Creck arca).
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gneissic clast and smaller albitite clasts (Moumt Grace arca); (24B)

Plate 24. Lithic clasts in the Mount Grace blocky tephra layer: (244) large
Lake area. north of Blais Creck).

gneiss-amphibolite(?) contact preserved in clast (Kirbyville
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Plate 25. The Mount Grace carbonatite in the Perry River area: (25A) approximately I-meire-thick carbonatite layer (bencath hammer),
coarser with dominantly albitite clasts | to 2 centimetres across at top underlain by finer grained carbonatite twif, in o marble, cale-silicate
gneiss, pelitic gneiss and quartzite succession; (25B) large clast with svenite(?)- fienite- gneiss contact
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Plate 26. Exposure of the Mount Grace carbonatite in the Blais
Creek area: (26A) note large clasts and crude lavering:
(268} detail of overtumed section with coarse blocky
tephra at the stratigraphic base and lavered fine-grained
tuff and cale-silicate gneiss above {at bottom of
photograph).
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Plare 27. Exposures of the Mount Grace carbonatite at section
HE6CB22, Blais Creek area; note section is structurally
inverted: (27A) coarse carbonatite tephra laver
(CB22-1 1) near stratigraphic top of section (see Figure
230 (27B) interlayered marble (white) and fine-grained
carbonatite ff; Units CB22-13 at structural base to
CB22-16 at top of photograph
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Plate 28. Phetomicrographs of Mount Grace carhonarite (field of view = 1.8 millimetres, plane light): { 284 large subhedral porphyroblasts
of phlogopite and apatite in a granoblastic calcite matrix; (28B) subhedral amphibole and smaller biotite porphyroblasts in calcite matrix.
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Plate 29, Small, #oned pyrochlore grain with calcite and other unknown inclusions in caleite matrix. Mount Grace carhonatite:
note apatite grain at top right ificld of view = 1,8 millimetres, plane light),



CHAPTER 5

MINERAL OCCURRENCES

INTRODUCTION

The Cottonbelt deposit, one of a number of somewhat
similar stratabound lead-zine deposits on the eastern side of
the Shuswap Complex., is the most important mineral deposit
in the Mount Grace area, It is an unusual lead-zinc-magnetite
laver in cale-silicate gneiss near the base of Unit 6, Similar
mineral occurrences in the area (Table 7. Figure 33) include
small widely scattered occurrences of galena, chalcopyrite.
pyrite and magnetite in cale-silicate gneiss and marble north-
cast of Cottonbelt. These are also near the base of Unit 6 and
indicate the widespread occurrence of this style of miner-
alization at a common stratigraphic level. They include the
Sevmour and Blais occurrences (Table 7) and a number of
unnamed occurrences further to the northeast, Disseminated
copper sulphides in quartzite, the Copper King deposit. and
molybdenite in an orthogneiss are the other metallic mineral
occurrences in the area. High concentrations of rare earth
elements are present in the Mount Grace carbonatite. an
extrusive volcanic tuff unit described in Chapter 4. This
chapter describes the metallic deposits and occurrences and
compares them to other important lead-zinc deposits in the
Shuswap Complex. collectively and informally termed the
*Shuswap deposits™. The larger of these include Jordan
River, Big Ledge. Colby. CK and Ruddock Creek.

The earliest record of exploration in the Mount Grace area
dates back to 1905 when six claims were located on lead-zine
showings by Cotton Belt Mines, Lid. Considerable work was
done on these claims and on claims subsequently located on
the McLeod and the Copper King showings from 1905 to
1911 (see Minister of Mines Annual Reports, 1903 to 1928).
This work included extensive surface stripping and trench-
ing. bulk sampling. driving of a number of shafts and tunnels
along the lengths of the Cottonbelt and McLeod showings,
and cutting a trail northward from Seymour Arm (with finan-
cial assistance from the British Columbia Ministry of Mines).
Work in the area appears to have been suspended in 1912 and
did not begin again until 1922, By then, a 12-metre shaft had
been sunk on the Bass showing and a 75-metre shaft on
Cottonbelt. A 45-metre tunnel on the Copper King showing
exposed *‘quartz ore” that contained chalcopyrite, pyrite,
chalcocite. some native copper, and assayed 3.2 per cent
copper. 20 grams silver per tonne and trace gold. Under-
ground and surface work continued until 1928. By 1927, 15
buildings had been constructed in the Cortonbelt area (Plate
30} and approximately 500 metres of underground develop-
ment (drifts. crosscuts and raises) and extensive surface
stripping and open-cut work completed. Sixteen short
diamond-drill holes put down in the summer of 1926 inter-
sected almost continuous mineralization along a strike length
of approximately 2 kilometres, at depths of 82 to 112 metres.
Underground work continued through the winter of
1927-1928 and the summer of 1928, concentrating on tun-
nels that followed the sulphide-magnetite laver at elevations
of approximately 1706 metres (No. 1), 18394 metres (No. 2}
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Figure 33. Mineral occurrences in the Mount Grace area; the num-
bers in brackets are Minfile numbers.

1572 metres (No. 3) and 1493 metres (No. 4, Bass showing).
The mineralized widths were variable, averaging less than a
metre, grades were low and access to the Cottonbelt property
was difficult resulting in suspension of work in 1929 Work
was also suspended on the two other mineralized layers in the
Cottonbelt camp, the *Complex-McLeod™ layer a kilometre
to the north and now recognized to be a structural repetition
of the Cottonbelt layer, and the Copper King showing, a
silver-copper deposit in quartzite stratigraphically above the
Cortonbelt layer (Figure 33).

Recent work in the Cottonbelt area began in the early
1970s with surface geological mapping, trenching, an air-
borne magnetometer survey, and a VLF-electromagnetic sur-
vey by Great Northern Petroleum and Mines Ltd. The Copper
King adit was reopened and retimbered. United Minerals



TABLE 7. MINERAL OCCURRENCES, MOUNT GRACE AREA

MName Most Recent Operator Mineralogy Depaosit Type Host
Minfilke No.

COTTONBELT 1978 — Cyprus Anvil Mining Corp.; sphalerite. palena, massive, disseminated; calcarecus gneiss near base

82M-086 Metallgesellschaft Canada Ltd. magnetite, pyrrhotite stratabound of Unit 6

COMPLEX- 1978 — Cyprus Anvit Mining Corp.; sphalcrite. galena, massive, disseminated; calcareous gneiss near base

McLEOD Metallgescllschaft Canada Ltd. magnetitc. pyrrhotite stratabound of Unit 6

82M-125

COPPER KING 1976 — (. Adam {owner) chalcopyrite disseminated quartzite in Unit 6

820-144

BLAIS — | 1978 — Cominco Lid. galena disseminated marble near base of Unit 6

8§2M-153

SEYMOUR 1978 — Dome Exploration Lid. chalcopyrite, galena, disseminated thin quartzite layer in marble

3ZM-155 sphalerite. mapnetite in Unit 6

D&R 1980 — R.D. Johnson (owner) molybdenite disseminated orthogneiss in Unit 2

B2M-200

BASS 1978 — Cyprus Anvil Mining Corp.; sphalerite, galena, massive. disseminated; calcareous pneiss near base
Metallgesellschaft Canada Ltd. magnetite, pyrrhotite stratabound of Unit 6

82M-240 new occurrence chalcopyrite. magnetite  disseminated, pods marble-gneiss contact near

base of Unit 6
82M-241 NEw OCCUITEnCe chalcopyritz, pyrrhotite.  small pods impure marble near base of
magnetite Unit 6
B2M-242 NEW OCCUITENCE chalcopyrite. magnetite  disseminated. pods impure marble near base of
Unit &

Services Ltd. then acquired the claims adjoining the original
Crown grant and these and others in the area (the Complex
and Copper King properties) were remapped and sampled,
and covered by magnetometer and induced polarization sur-
veys in the period 1976 to 1978 in a joint venture with
Metallgesellschaft Canada Ltd. As well, two holes totalling
517 metres in length were drilled in an attempt to intersect the
mineralization in the core of the Mount Grace syncline be-
tween the Bass and Cottonbelt showings to the south and the
McLeod to the north. It was unsuccessful and only a thin (a
few metres) mineralized interval was encountered in the
upper, western limb. There has been little subsequent work in
the Cottonbelt arca.

The small showings in the Blais Creck area (Figure 33)
have received little attention. Only a few small pits mark the
Seymour and Blais showings, and there is no record of work
(other than surface mapping or sampling) in the vicinity of
the other occurrences.

COTTONBELT (MI 82M-086)
INTRODUCTION

The Cottonbelt deposit is a thin calcareous layer, con-
taining substantial quantities of galena, sphalerite and mag-
netite, on the west limb of the Mount Grace syntline. The
sulphide-magnetite layer can be traced northward several
kilometres where it is referred to as the Bass occurrence, and
is repeated on the east limb of the syncline where it is known
as the McLeod and Complex showings (Figure 33). These
deposits are exposed on the gentle subalpine to tree-covered
slopes of Mount Grace, at elevations ranging from approx-
imately 1000 to 1900 metres (3300 to 6300 feet). They are
accessible by a well-cut “pack trail” that leads northward
from Seymour Arm or by a climb from the Ratchford Creek

logping road to the south. The nearest permanent helicopter
base is at Revelstoke, 60 kilometres to the south.

Although the general geology of the map area is outlined in
Chapters 2 and 3, it is reviewed again as an introduction to
the geology of the Cottonbelt deposit.

STRATIGRAPHY

The stratigraphic succession in the vicinity of the Cotton-
belt deposit is repeated on both limbs of the Mount Grace
syncline. It comprises a thick basal quartzite (Unit 3) that
overlies the core paragneiss and orthogneiss, a sequence of
calcareous and pelitic schists of Unit 4 (host to the Mount
Grace carbonatite), a grey-weathering, white crystalline mar-
ble {Unit 5) and dominantly micaceous schist, calc-silicate
gneiss and quartzite of Unit 6 (Figure 34). The Cottonbelt
layer occurs near the base of Unit 6.

A number of detailed sections through the Cottonbelt
deposit is illustrated in Figure 35. Unit 4c, a caleareous
section at the top of Unit 4, includes interlayered dark grey,
rusty weathering calcareous and micaceous quartzite,
quartz-rich micaceous schist, fairly coarse-grained kyanite
and sillimanite schist, dark to light green diopside gamet
calc-silicate gneiss, and a thin grey-weathering calcite mar-
ble layer (see section CB4-3, Figure 35). The Mount Grace
carbonatite occurs 8 metres below the base of Unit 5. A
coarse-grained pegmatite and a fine-grained quartz feldspar
orthogneiss occur between the carbonatite and the top of Unit
4. In the drill intersections (Figure 36), hornblende gneiss
and a few amphibolite layers occur near the stratigraphic top
of Unit 4 and a thin, fine-grained green chlorite amphibole
schist layer occurs immediately below the marble of Unit 5.
These amphibolite-rich layers are interpreted as basic vol-
canic flows and tuffs, correlative with massive amphibolites
that occur in the Blais Creek section to the north {Unit 44,
Figure 24).
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Figure 34. Detailed geology of the Cotionbelt deposit, Mount Grace area, showing sample and measured section localities.

Unit 5, a grev-weathering, white crystalline calcite mar- and CB4-4, but sillimanite schist stratigraphically overlies it
ble. with thin dolomite and actinolite-rich layers that weather in section CB4-2 (Figure 35). Interlayered sillimanite schist,
in relief, is 5 metres thick in section CB4-3. It is overlain by a quartz feldspar gneiss, thin chert and impure quartzite layers
dominantly calcareous succession (Unit 6a) at the hase of of Unit 6b overlie Unit 6a.

Unit 6. Unit 6a includes interlayered sillimanite schist and
light grey to green scapolite-bearing calc-silicate gneiss, a STRUCTURE

prominent, crumbly, grey to light brown-weathering impure The structure of the Cottonbelt area is dominated by the
dolomitic marble. and the Cottonbelt sulphide-magnetite Mount Grace syncline. an early Phase | isoclinal recumbent
layer. Very thin chert layers occur stratigraphically above the fold that is draped around the northwestern margin of
Cottonbelt layer. Calc-silicate gneiss occurs above the sul- Frenchman Cap dome (Figures 2 and 3). The youngest rocks
phide-magnetite layer at the top of Unit 6a in section CB4-3 in the Cottonbelt area, schist and gneiss of Unit 6a, are
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TABLE 8. BASE METAL AND PRECIOUS METAL VALUES OF COTTONBELT SAMPLES

Field Lab. Descrip- Ph In An Ag Cu Cd ke Mo Co Cl
No. No. tion % % ppm ppm % ppm % ppm ppm  ppm
CB4-1 20025 | 4.45 0.27 <1.0 30 0.0125 23 344 13 7
CB4-2 20026 L.3 7.81 (.87 <1.0 78 0.0155 33 4.3 [4 &
CB4-3 20027 i.3 11.25 1.03 <1.0 Hh3 0.0070 &0 19.1 t6 7
CB4-4B 20028 1.3 4.18 330 <1.0 23 0.0090 1710 238 i 10
CB4-4C 20029 1.5 6.75 1.40 <<1.0 32 0.0060 7 0.0 6 7
CB-7 25528 3 ni7 0.52 5 .04 KER-] 3
CB5-9 255329 5 82 3,90 78 0.0025 26.0 <23
CB5-14 25530 1.5 38 n.20 29 0.0023 3595 3
CBI-5 30318 | 5.36 11 24 0.003 19 <3 27
CBI-3A 303w 1 0018 (.48 <03 < 1O 0.007 b <3 <15
CBI1-3.1 30320 1 164 0.59 4.8 94 0,009 48 <3 <25
CBI1-5.3 30321 2 0.68 0018 <(.3 <10 (1001 29 <3 <25
CB4-2 an3az 3 072 (.49 0.7 62 0.013 26 <3 27
CB4-2B an323 3 0.48 (+.50 <03 <10 0.003 19 <3 100
P13-3 324 1 0.38 0.70 0.3 <10 (.003 19 <3 48
CE13-5 0325 4 0.05 0.02 0.3 <10 0.002 5 <3 <25
P4 30326 | 0.06 0.69 0.7 <10 0.003 20 <3 39
Pl4-2 30327 2 N.&8 3.76 <0.3 <10 0.002 200 <3 <25
Pi6-1 30328 1.5 2.40 0.90 <03 <10 0.004 20 <3 5l
P16-2 30329 1.5 6.82 2.65 0.3 Hd 0.005 115 <3 72
P17 30330 1.5 (.26 0.75 <0.3 <10 0.003 11 <3 37
P17-2 30331 2 0.77 NG9 <{.3 <10 0.002 b <3 <25
Description:

| — Massive magnetite, sulphides with siliceous ganguc.
2 — Marble with disseminated sulphides + magnetite.

3 — Calcareous gneiss with disseminated sulphides = magnetitc.

4 — Black, graphitic schist. minor magnetitc, sulphides.

5 — Dark green. massive. siliceous “*skarn™ with magnetite. sulphides.

* Bass occurrence.

exposed in its core, and the calcareous succession that hosts
the Cottonbelt deposit and the Mount Grace carbonatite layer
are repeated in its lmbs.

Metallgesellschaft Canada Ltd. attempted to drill the
Cottonbelt-McLeod sulphide-magnetite layer in the hinge of
the Mount Grace syncline (Wellmer, 1978). However, min-
eral lineations and minor folds indicate that the fold plunges
west to southwest {see Chapter 3)°and its closure is thercfore
located south of Cottonbelt: hence the two hales drilled
(Figure 36) penetrated only the inverted upper limb of the
fold.

MINERALIZATION
INTRODUCTION

The Cottonbelt suiphide-magnetite layer has been traced
or projected on surface for approximately 2.5 kilometres
along the upper western limb of the Mount Grace syncline
and a thin mineralized interval has been intersected in drill
holes a further 2 kilometres to the north. The thickness of the
layer varies from 15 centimetres in the drill intersections to a
maximum of approximately 3 metres, with average widths of
1 to 2 metres (Plate 31). Geological reserves are estimated at
approximately 725 000 tonnes containing 6 per cent lead, 3
per cent zinc and 50 grams silver per tonne. Northwest of
Blais Creek, a zone of rusty weathering calcareous schist
occurs at approximately the same stratigraphic interval.
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The sulphidle-magnetite layer in the northeast limb of the
Mount Grace syncline, referred to as the McLeod and Com-
plex showings and interpreted to be a fold repetition of the
Cottonbelt deposit, is up to 3 metres thick and has been traced
approximately 600 metres along strike. It continues for an
additional 2200 metres to the southeast as a zone of dissemi-
nated pyrrhotite in calcareous gneiss (Kovucik, 19770 It is
described in more detail following.

SULPHIDE-MAGNETITE MINERALIZATION

Three types of mineralization are evident in the Cottonbelt
deposit. The most abundant is massive to crudely banded.
dark ereen, hard, massive olivine-pyroxene-amphibole cale-
silicate gneiss containing variable amounts of sphalerite,
galena and magnetite. minor pyrrhotite. and traces of chal-
copyrite, pyrite, tetrahedritc and molybdenitc (Plate 32).
Additional gangue minerals include biotite. carbonate and
apatite. Sulphides and magnetite are generally medium to
coarse grained and may be closely intergrown or segregated
into essentially monominerallic layers or magnetite-
sphalerite and sphalcrite-galena layers a few millimetres
thick. In general, however, the rock is massive and lavering is
only poorly developed. With an increase in silicate content,
the mineralized layer becomes lighter coloured and layering
is more pronounced. Thin sulphide-magnetite layers. miner-
alogically similar to the massive layers. occur interbedded
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Figure 37. Detailed sections through the Cottonbelt sulphide-magnetite layer and location of analysed samples.

with thin bands of garnet-diopside calc-silicate and sil-
limanite schist. The third type of mineralization consists of
disseminated galena and sphalerite with only minor magne-
tite and pyrrhotite in a light grey granular marble (Plate 32).
Accessory minerals in the marble include garnet, diopside,
actinolite and phlogopite.

Detailed sections through the Cottonbelt zone (Figure 37)
illustrate the well-layered nature of the deposit, with massive
to bedded sulphides and magnetite interlayered with calc-
silicate gneiss, sillimanite gneiss, impure marble and
amphibolite. Immediate hangingwall and footwall rocks are
most commonly calc-silicate gneiss or impure marble. Sil-
limanite schist or biotite gneiss that commonly overlies the
mineralization are invariably separated from the sulphide
layer by a thin selvage of amphibolite or calc-silicate gneiss.

Chemical analyses of both chip and selected grab samples
of the Cottonbelt layer are shown in Tables 8 and 9. Samples
are located in Figure 34 and some are plotted on the sections

T9

in Figure 35. Gangue mineralogy and oxide chemistry are
discussed in the section following.

Table § shows the highly variable tenor of the sulphide-
magnetite layer, largely reflecting the variable nature of the
samples, including marble and calc-silicate gneiss with dis-
seminated sulphides, magnetite-rich silicates and massive
magnetite and sulphides. Lead analyses vary from 0.05 to
16.4 per cent, zinc from approximately 0.02 to 3.9 per cent,
and silver from 10 to 94 ppm. Copper is generally low. with
only one analysis approaching | per cent. Base metal ratios
are also highly variable. Pb/Pb + Zn ratios vary from 0.04 1o
0.98 with approximately 40 per cent in the range 0.90 to
0.98.

These metal values and ratios, with relatively high lead
and low copper, are more typical of carbonate-hosted than
clastic-hosted lead-zinc deposits (Sangster, 1968). However,
the unusual gangue mineralogy and chemistry distinguish
Cottonbelt from these deposits.




TABLE 9. MAJOR ELEMENT ANALYSES (A) AND TRACE ELEMENT VALUES (B}
OF COTTONBELT SAMPLES :

TABLE %A
(in %)

Field Lab.  Descrip-  SiO; ALO; Fe, 0 Mg Cald  Na,0O K0 0, Mn0D PO
No. Mo. tion

CB1-5 0318 1 14.31 1.55 55.42 6.92 1.46 0.02 0,008 0.08 2.12 .02
CB1-5A 30319 1 15.25 1.20 61.43 5.92 1.68 0.03 0.020 0.02 2.53 0.0z
CBl-5.1 30320 1 9.87 .84 46.08 6.53 2.74 0.03 0.060 0.04 9.61 017
CBI-5.3 30321 2 11.75 4.21 12.33 11.50 26.59 0.04 1.49 0.22 2.40 (.37
CB4-2 30322 5 31.62 2.81 18.72 4.91 1.22 0.04 0.026 0.08 7.98 0.31
CB4-2B 30323 3 48.22 15.98 9.45 4,62 11.46 0.47 5.00 (.56 1.40 019
F13-3 30324 1 27.23 1.86 53.56 4.36 0.60 0.03 0.182 0.03 12.08 0.05
P13-5 30325 4 3.03 1.21 47.57 4.14 11.74 0.06 0.153 006 11.83 0.09
P14 30326 | 14.60 1.50 61.67 4.94 1.57 0.03 0.080 0.03 13.28 0.11
Pl4-2 30327 2 12.03 1.69 18.50 4.93 25.44 0.05 (.89 0.08 5.40 0.10
PL&-1 30328 1.5 31.29 0.71 533.33 5.30 1.18 0.04 0.021 0.01 9.79 0.07
P16-2 30329 1,5 27.36 1.21 49.79 4.39 1.11 0.05 0.03% 0.01 9.62 0.10
P17 30330 1,5 29.69 0.89 53.41 4.95 1.69 0.02 0.182 0.01 10.72 0.05
P17-2 30331 2 6.26 2.99 19.19 4.65 26.79 .06 0.94 013 6.14 0.20

Description:

| — Massive magnetite, sulphides with siliceous gangue.
7 — Marblc with disseminated sulphides = magnetitc.

3 — Calcareous gneiss with disseminated sulphides = magnetite.

4 — Black, graphitic schist, minor magnetite, sulphides.

5 — Dark green, massive, siliceous ““skarn’ with magnetite. sulphides.

* Bass occurrence.

TABLE 9B
{in ppm except as noted)

Field Lab. Ti Ta Rb S5r Ba F ¥ Zr Mn
No. No. (%)

CB4-1 20025 625 <30<5 55 71 300 46 51 199
CB4-2 20026 1540 <30 <5 13 33 375 100 103 6.39
CB4-3 20027 390 <30 <5 33 25 260 45 66 636

CB4-4B 20028 625 <30 <5 8 40 350 46 49 7.48
CB4-4C 20029 660 <30 <5 40 65 575 200 63 7.86

CB7 25528 6.78
CB3-5 25529 5.13
CB5-14 25330 8.26
CB1-3 30318 <50 449
CB1-5A 30319 <50 348
CB1-5.1 30320 57 172
CB1-5.3 30321 602 726
CB4-2 30322 <50 &4
CB4-2B 30323 224 1457
P13-3 30324 <50 172
P13-5 30325 232 134
Pl4 30326 <50 58
P14-2 30327 542 22
Pi6-1 30328 <30 <50
P16-2 30329 <50 <50
P17 30330 <50 146
P17-2 30331 459 310

GANGUE MINERALOGY AND CHEMISTRY

Major element analyses of the Cottonbelt sulphide-
magnetite layer (Table 9A) are highly variable reflecting host
rocks that range from impure marble to calc-silicate gneiss.

Alkali content is low, generally less than 1 per cent, although
one sample of calc-silicate gneiss containing abundant
phlogopite, CB4-2B. returned 5 per cent K,O. CaQ varies
from approximately 1 per cent in essentially massive sul-
phide-magnetite samples that have only minor gangue miner-
als, to greater than 25 per cent in mineralized marbles. A
common and distinctive feature of the mineralized layer is the
high MnO content, ranging from 1.4 to 13.28 per cent (Table
9A).

Gangue minerals are unusual as they reflect the mgh
manganese content and overprinting of regional meta-
morphism to upper amphibolite facies. Recognition and
identification of these gangue minerals are by standard petro-
geaphy and X-ray defraction analyses. Silicate minerals in-
clude varying proportions of knebelite {(a manganiferous
olivine), actinolite, diopside and a manganiferous pyroxene.
spessartine, biotite and minor secondary chlorite. Ankerite is
the dominant carbonate, but minor calcite and kutnahorite, a
calcium-manganese carbonate, have also been identified.
Accessory minerals include epidote, plagioclase. graphite.
gahnite and hematite,

A dark green massive olivine is the dominant silicate
gangue mineral in many massive sulphide samples. X-ray
defraction analysis indicates it is a manganese fayalite and its
optical properties indicate a composition that approximates
(Fe g3 MN g 24.ME5 20)-510, (Johnson, 19802) and. as
such, it is called knebelite. Knebelite is a distinctive mineral
in metamorphosed iron-manganese deposits. It also occurs
as gangue in massive sulphide deposits at the Bluebell silver-
lead-zinc deposit in the Kootenay Arc (Hoy, 1980b). Pyrox-
enes include diopside, hedenbergite. a manganese-rich mag-
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Figure 38. ACF diagram illustrating gangue mineral assemblages.
Cottonbelt deposit.

nesium clinopyroxene called kanoite. and less commonly a
manganiferous orthopyroxene. eulite (Johnson. 198Ga).
Kanoite has been recognized in metamorphosed manganese
ore in Japan (Kobayashi. 1977) and eulite is reported in some
regionally metamorphosed iron-rich sediments {Deer ef afl.,
1978). Actinolite is the dominant amphibole and in some
samples is the dominant silicate mineral. Cummingtonite
(gruncrite?), containing minor manganese, may also be
abundant. Porphyroblasts of spessartine-almandine garnet
occur in most calc-silicate gneiss host rocks, and biotite
occurs as a minor phase in both mineralized impure marble
and cale-silicate gneiss. Epidote is uncommon, but was
recognized as a minor phase in a mineralized calc-silicate
gneiss. Rare plagioclase grains and retrograde chlorite occur
in a few samples.

The most common and abundant carbonate mineral asso-
ciated with the massive sulphides is ankerite. Kutnahorite
commenly occurs with ankerite, and calcite is abundant
mineralized marble. but is a minor constituent of the massive
sulphide-rmagnetite mineralization.

METAMORPHISM

The Cotionbelt mineralized layer has undergone the re-
gional amphibolite grade metamorphism that has affected the
country rocks . The prevalent mineral assemblages are graph-
ically displayed on an ACF diagram (Figure 38). These
assemblages. and the extensive solid solution among miner-
als. are diagnostic of amphibolitc grades in manganiferous
iron formations (Haase, 19823 The compositional ranges
depicted on the diagram are schematic but reasonable; they
are based on ranges typically occurring in these phascs at
these metamorphic grades. The diagram, however, only de-
picts two and three-phase mineral assemblages. The com-
mon occurrence of four. and less commonly five-phase
assemblages (for example. olivine, amplubole, actinolite.
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diopside and garnet) is likely the result of extensive solid
solution among the minerals and the effect of additional
components (such as MnQ) in the system.

DEPOSITIONAL ENVIRONMENT

An understanding of the depositional environment is only
possible if the original mineralogy of the Cottonbelt layer can
be determined. Premetamorphic assemblages are not known
as the laver occurs only within rocks of amphibolite grade.
This metamorphism has totally recrystaflized and annealed
the minecral assemblages. musking any original depositional
textures. Determination of the pre-metamaorphic mineralogy
requires comparison with iron formations and sulphide de-
posits that occur at lower metamorphic grades.

The most common oxide facies of iron formations are
hematite and magnetite. Magnetite may be a primary phase
{Klcin and Buiku. 1977). but is more likely formed during
diagenesis (Dimroth and Chauvel. 1973). or during regional
metamorphism from a reaction involving siderite or
hematite. It is unlikely that magnetite in the Cottonbelt
deposit formed from an iron sulphide because other massive
sulphide bodies in the Shuswap Camplex have retained their
sulphide {pyrite-pyrrhotite) assemblages at high meta-
morphic grades (for example. Jordan River, Fyles. 1970a:
Big Ledge, Hoy, 1977a). It is assumed. therefore. that mag-
netite in the Cottonbelt deposit formed early. probably during
diagenesis.

The most abundant carhonate in the deposit is ankerite.
Ankerite is commeon in iron formations and is therefore
assumed to be formed early and later recrystallized at Cotton-
belt. Dolomite is now rare. but was probably more abundant
initially, providing a source of magnesium: subsequent meta-
morphism has converted it and available silica to calcite and
calcarcous and magnesian silicates, Calcite was undoubtedly
present as a primary mineral in the calcite marhles that host
disseminated sulphides and mugnetite. Kutnahorite. a man-
ganiferous carbonate, may be a metamorphic mineral formed
from a reaction involving either a manganese oxide or man-
ganese carbonate such as rhodochrosite with calcite or
dolamite.

The two more important sulphide minerals, galena and
sphalerite, are common in many unmetamorphosed minerai
deposits and are assumed to have been present at Cottonbelt
before metamaorphism. The metamorphic silicate minerals
diopside, actinolite, cummingtonite. knebelite and spessar-
tine formed from reactions between aluminous clavs or de-
trital minerals. calcareous and magnesian carbonates. and
manganiferous oxides or carbonates.

In summary, pre-metamorphic mincrals are inferred to
include dominantly magnetite (or perhaps hematite) and
minor pyrite, galena. sphalerite und chalcopyrite. Carbon-
ates included ankerite. probably dolomite, and perhaps a
manganese carbonate. Calcite may only have been present in
calcareous layers that host disseminated sulphides and mag-
nctite. Clay minerals and perhaps detrital feldspars were the
source of aluminum. and silica may have been present as iron
silicates such as greenalite or as chert: thin chert layers in
adjacent beds suggest some precipitation of silica. but depo-
sition during formation of the sulphide-magnetiie tayer was
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Figure 39. Eh-Ph phasc diagram showing stability field of iron
phases, Cottonbelt deposit. (after Garrels & Christ.
1977).

minimal as the silica has completely reacted to form meta-
morphic silicate minerals.

These assemblages may be used to estimate conditions
during deposition of the sulphide-magnetite layer. The sta-
bility fickl of magnetite is essentially restricted to a basic,
reducing environment {in water at 25°C. | atmosphere pres-
sure and in the presence ol sulphur: Figure 39). Hematite is
stable in a more oxidizing environment. Gulena and
sphalerite arc stable over a larger Fh and Ph range (Garrels
and Christ. 1967), a range that overlaps the magnetite field in
a basic. reducing environment. Chalcopyrite is the stable
copper mineral in this environment and rhodochrosite the
stable manganese mineral. The abundance of sphalerite and
galena and their association with magnetite therefore sug-
gests deposition in a reducing basin with only a limited
supply of sulphur available. As reduction of seawater sul-
phate is generally considered the primary source of sulphur in
stratabound base metal deposits. a restricted basin and hence
limited supply of sulphate is inferred.

The succession that hosts the Cottonbelt deposit records a
marine transgression over a regional unconformity (see
Chapter 2). Host rocks were deposited on a shallow marine
platform, a sedimentary setting common to many banded
iron formations. A shallow, restricted basin within the plat-
form is indicated by the abundance of scapolite. formed by
metamorphism of evaporites, and a reducing environment.

g2

by graphite. It is therefore concluded that the Cottonbelt
sulphide-magnetite layer was deposited directly on the sea-
floor, in a shallow restricted. perhaps lagoonal basin on 4
large carbonate-clastic platform.

Volcanism may have been an important factar as the ult-
muate source of iron and manganese in the deposit und in the
generation of a convective hydrathermal system. Basic vol-
canic rocks occur beneath the projected position of the miner-
alized horizon north of Blais Creek. The unusually high lead
and zinc content. generally characteristic of sedimentary
exhalative deposits rather than volcanogenic deposits or iron
formations. probahly results from scavenging of these metals
from the thick underlyving accumulation of sedimentary
rocks.

CONCILUSIONS

The spatial association of base metals with iron formations
is commaonly recognized in volcanogenic massive sulphide
deposits. Less commonly, iren formations have been de-
scribed as distal equivalents of lead-zinc depasits. [n Ireland.
the Tynagh iron formation is believed o have formed as an
exhalite in the laterally equivalent Waulsortian mud bank
deposits during deposition of the Tynagh lead-zinc-copper-
barite deposit (Russell. 1975). and in southwestern Quebec.
magnetite-rich iron formations arc correlative with stratiform
lead-zinc deposits in the Grenville Province {Gauthicr and
Brown, 1986). Stratabound galena-sphalerite-magnetite de-
posits simnilar to Cottonbelt. or iron formations enriched in
lead and zinc are uncommon. Gamsberg in South Africais a
stratiform sphalerite-galena-magnetite deposit that has
undergone amphibolite facies regional metamorphism
(Rozendaal and Stumpfl. 1984). The La Union lead-zine
orebody in southeastern Spain (Oen er af.. 1975} consists. i
part. of disseminated to banded galena. sphalerite and pyrite
in a “greenalite-silica/magnetite rock™ or banded iron for-
mation {(D.J. Alldrick. personal communication. 1986).
AlMdrick suggests the deposit may be a ~primary chemical
precipitate” rather than *subvolcanic-hydrothermal ™~ as sug-
gested by Oen er af. (op. cit.).

The unusual association of magnetite rather than pyrite
with galena and sphalerite in this deposit type is a function of
conditions in the depositional environment. Magnetite depo-
sition is favoured in a basic. reducing environment as would
oceur in a restricted. highly saline. shallow-marine or
lagoonal basin. Furthermare. the availability of sulphur from
reduction of seawater sulphate would also be limited in a
restricted basin. tending to support magnetite rather than
pyrite formation: available sulphur reacts initially with Jead
and zinc and only excess sulphur is available o react with
iron to form pyrite. In basins mare typical ot base metal
deposition. lower Ph. higher Eh. und an increased avail-
ahility of sulphur allows deposition of iron sulphides produc-
ing the typical pyrite-galena-sphalerite association.

BASS

The Bass occurrence is the northwestern extension of the
Cottonbelt layer {Figure 33). and as such is chemically and
mineralogically similar to Cottonbelt. An adit at L6015 metres
elevation exposes approximately 1.3 metres of massive. sil-
iceous magnetite-sulphide mineralization, It comprises mag-



TABLE 10. ANALYSES OF SAMPLES OF THE
McLEOD LAYER AT THE
McLEOD ADIT

(5ee Figure 40 for location.)

Sample Mineralization Ph Zn Ay Cu Fe
No. T % gl % %
CB2-C massive 48 D10 8 (.88 19.8
CB2-D disscminated 0588 0.03 6 0.02 194

netite. galena. sphaleritc. minor pyrrhatite. pyrite and chal-
copyrite. Analyses of a selected grab sumple (CB35-14. Table
gireturned 3.8 per cent lead and 0.20 per cent vinc. The high
iren {36 per cent) reflects the high magnetite content, The
hangingwall und tootwall are siliceous marble, 30 centi-
metres thick., then cale-silicate gneiss. The layer strikes 164
degrees and dips 40 degrees west.

McLEOD AND COMPLEX (MI 82M-125)

The McLeod, and its extension to the northwest referred to
as the Complex showing, are a repetition of the Cottonbelt
layer on the east limb of the Mount Grace syncline. It has
been described by various authors, including Boyle (1970),
Kovacik (1977) and Shearer {1985), the following descrip-
tion is summarized from these reports.

Mineralization is similar to Cottonbelt, dominantly mag-
netite with galcna. sphalerite. and minor chalcopyrite, pyr-
rhotite and pyrite in a layer up to several metres thick. [n
contrast with Cottonbelt, howgver, the mineralized zone is
part of u right-way-up stratigraphic succession that strikes
approximately 153 degrees and dips 40 degrees southwest.

The McLeod-Complex layer overlies a white crystalline
marble and a fine-grained. rusty weathering biotite schist
(Figure 40). Hangingwall rocks include a thin marhle band
and calc-stlicate pneiss followed by more than 30 metres of
interlayered hiotite schist and calc-silicate gneiss.
Elsewhere. biotite schist directly overlies the mineralized
laver (Kovacik, 1977).

The mineratization averages 1.5 metres in thickness and
can be traced 100 meires southeast of the McLeod adit before
it is replaced by disseminated iron sulphides in calc-silicate
eneiss (Boyle, 1970: Kovacik, 1977). The disseminated sul-
phide facies can be traced a further 2200 metres 1o the
southeast. It 1s nat traceable to the northwest, although the
footwall limestone continues to Blais Creek (Boyle. 1970),

The most recent extensive sampling of the McLeod-
Complex layer, 21 surface chip samples along the exposed
length of the zone. returned an average of 5,37 per cent lead.
6.51 per cent zinc and 97 grams silver per tonne 4cross an
average width of 1.4 metres (Allen, 1966). Analyses of two
samples from the Mcleod adit {see Figure 44} are sum-
marized in Tahle 10. More massive magnetite-sulphide min-
eralization near the base of the layer contains 4.8 per cent
lcad. (1.1 per cent zinc and B6 grams silver per tonnc. a
sample of disseminated mineralization in more calcareous
gneiss ncar the top of the layer returned considerably lower
values.
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COPPER KING (MI 82M-144)

The Copper King deposit is hosted by quartrite of Unit 610
the core of the Mount Grace synchne. south of the McLeod
adit (Figure 33). The quartzite is interlayered with thin beds
of marble and micaceous schist. [t is underlain by nter-
bedded light grey quartz feldspar paragneiss and micaceous
schist and overluin by schist. Mineralization. comprising
disseminated chalcopyrite and minor bornite. sphalerite and
pyrite, ranges up to 3 metres in thickness and has been traced
along strike for at least 300 metres. An adit 50 metres in
length driven along a more extensively mincralized portion
ol the zone was reopened and resampled in 1970 (vee Boyle.
1970; Tuble F1); additional analyses of the Copper King
mineralization (Allen, 1966) are also presented in Table 1.

SEYMOUR (MI 82M-155)

Mineralization on the Seymour claims was discovered in
1978 during a follow-up exploration program of silt and sl
geochemical anomalies (Woodeock und Booth. 1978). It
includes a number of small occurrences of sulphides and
magnetite within or adjacent to a marble layer south of Blais
Creek (Figures 3 and 33). Its stratigraphic position. near the
base of Unit 6. and its mineralogy suggest that these occur
rences and their extension north of Blais Creck may be distal
cguivalents of the Cottonbelt and McLeod-Complex luyer.
Descriptions of the occurrences are taken from Woodcock
and Booth (1978); only occurrence 155¢ {Figure 3) has been
visited by the author

Showing 155a comprises disseminated chalcopyrite in a
guartz-marble breccia bed 10 centimetres thick. Observed
mineralization is restricted to a number of boulders at the
base of a small cliff. A specimen assayed 1.02 per cemt
copper.

Showing 155b is a 10-centimetre-thick quartzite laver
adjacent to a marble bed that contains minor disseminated
chalcopyrite. A galena-rich scction 2 metres long assayed
16.1 per cent lead and 0.8 per cent zinc.

Showings 155c¢ and 155d are along a discontinuous lens of
coarse-grained magnetite, gamet and homblende. Showing
155¢c has a maximum thickness of 30 centimetres and a
possible length of 15 metres; a sample across the lens con-
tained 0.03 per cent zinc. 175 ppm copper and 38 ppm lead.
Showing 155d is 25 ¢entimetres thick. possibly 10 metres
tong and assayed 0.04 per cent zinc, 740 ppm copper and
Irace lead.

TABLE 11. ANALYSES OF THE COPPER KING DEPOSIT
[frem Allen, 1966 (1); Bovle, 1970 {2}]

Sample Sample Cu Ag Au Reference
Now Width % gt gt

L ~1.5m 3.95 ~3 =013 L

2 ~1.5m 435 ~10 ~{}.30 |

3 ~1.5m KRN ~3 ~0.15 |
19576 ~2.0m {98 4.3 2
19577 ~2.0m 1.96 ~-3.0 2
19578 1.5 m 3.55 6.5 2
£95499 2.0m 0.08 Trace 2
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Figure 40. A section through the McLeod layer at the McLeod adit,

Showing 155e is a lens of quartzile 15 centimetres thick
and 1 metre long that contains a few coarse grains of chal-
copyrite and galena.

BLAIS (MI 82M-153)

The Blais occurrence, and a number of similar occur-
rences to the northeast (Figure 33), are at approximately the
same stratigraphic level as the Seymour showings. Blais
consists of a carbonate lens with disseminated galena approx-
imately 15 centimetres thick and up to 20 metres in length
{Woodcock and Booth, 1978).

OCCURRENCE CB14-9 (MI 82M-240)

This occurrence consists of magnetite and minor chal-
copyrite. marked by conspicuous malachite staining. in a
very rusted zone approximately 20 centimetres thick at the
contact of a marble and cale-silicate gneiss. A small pit.
filled with snow at the time of the author's visit (July 1978).
indicates previous exploration of the zone.

OCCURRENCE CB14-12 (MI 82M-242)

This occurrence, approximately 300 metres east of
CB14-9 (MI 82M-240. Figure 33). comprises a 15 to 20-
centimetre-thick interval of minor chalcopyrite and magne-
tite mineralization, associated with hornblende, near the top
of the coarse-grained white crystalline marble.
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OCCURRENCE CB16-2 (MI 82M-241)

Occurrence CB16-2 includes a number of small rusty
zones within the coarse crystalline marble. The zones con-
tain chalcopyrite, magnetite and pyrrhotite in a siliceous
matrix that includes pyroxene, garnet, amphibole and
favalite, an iron-rich olivine.

D & R (MI 82M-200)

The D & R occurrence consists of minor disseminated
molybdenite in a quartz syenite orthogneiss within rocks
correlated with core gneisses (Figure 33). It is similar to a
small molybdenite showing in syenite orthogneiss in the
Perry River area (see Chapter 4). The host syenite (Figure 3)
has a maximum exposed width of about 200 metres and a
strike length of at least 1300 metres, Petrographic descrip-
tions of the syenite (Johnson. 1980b) indicate it consists
mainly of feldspar (35 to 55 per cent). perthite (up to 50 per
cent), and plagioclase (30 to 50 per cent) with minor biotite
and less than 5 per cent quartz. It is conformable with host
hornblende and pelitic paragneisses.

Molybdenite mineralization appears to be restricted to an
area of approximately 4 square metres near the structural
base of the orthogneiss. Three assays of the mineralization
returned 0.10 per cent, 0.65 per cent and less than 0.01 per
cent Mo$S, (Johnson, 1980a).




SHUSWAP MASSIVE SULPHIDE DEPOSITS
INTRODUCTION

A number of large stratabound lead-zinc deposits occur
within dominantly calcareous successions along the margins
of Frenchman Cap dome and Thor-Odin nappe to the south
{Figure 41). Although a number of these have been exten-
sively explored. there has been no significant production
from them. They are thin but very extensive laterally, are
commenly structuralty complex, and many are in formidable
mountainous terrain. These deposits, and others within the
complex (Table 12), consist of a single layer of massive to
irregularly banded sulphides or a series of lenses generally
within thin calcarecus or graphitic schist units. They are
folded and metamorphosed together with their host rocks.

The Cottonbelt and Jordan River deposits are in paragneiss
that overlies core gneiss of Frenchman Cap dome. Ruddock
Creek, located approximately 40 kilometres north of Cotton-
belt (Figure 41), is also within a highly deformed, domi-
nantly calcareous succession that structurally overlies the
Cottonbelt and Jordan River succession. Big Ledge, located
60 kilometres south of Revelstoke, along the southern margin
of Thor-Odin nappe. is within a paragneiss succession that
correlates approximately with the Cottonbelt succession.
Other stratabound lead-zinc deposits within the Shuswap
Complex include Colby and CK; the Rift deposit north of
Revelstoke is similar to the Shuswap deposits although it
occurs just east of the Columbia River fault,

JORDAN RIVER (MI 82M-001)

A sulphide-rich layer less than a metre to 6 metres in
thickness forms part of the lithological sequence in the
Jordan River area (Fyles. 1970a) on the southern margin of
Frenchman Cap dome (Figure 41). On the Jordan River
(King Fissure) property, it is exposed in the limbs and hinge
of the tight south to southcast-plunging Copeland synform.
Reserves in the south limb have been calculated as 2.6
million tonnes containing 5. | per cent lead, 5.6 per cent zinc
and 35 grams silver per tonne (see Fyles, ap. cit.).

The mineralized bed consists most commonly of a **fine-
grained intimate mixture of sphalerite and pyrrhotite with
conspicuous eye-shaped lenses of grey, watery quartz and
scattered grains of pyrite and galena™ (Fyles, op. cir., page
41). Locally, it is well layered and includes minor pods and
lenses of calc-silicate gneiss, schist. marble or barite. It is
within a calcareous succession of calc-silicate gneiss,
micaceous schist, marble and quartzite, and is structurally

overlain by a quartzite-rich succession followed by a sil-
limanite gneiss unit.

Correlation of this succession along the western margin of
Frenchman Cap dome (Hoy and McMillan, 1979; Héy and
Brown, 1981) indicates that the Jordan River sulphide layer
lies within Unit & at approximately the same stratigraphic
level as the Cottonbelt deposit (see afse Figure B).

RUDDOCK CREEK (MI 82M-083)

Ruddock Creek (Figure 41} is a sulphide layer up to 15
metres thick that comprises interlayered calcareous
quartzite, marble and minor schist with one or more layers or
lenses of locally contorted sulphides and quartz, and lenses
of flucrite and barite {Fyles, 1970a). [t is exposed or pro-
jected several kilometres in strike length. Locally it has been
thickened in the hinge of a Phase 1 isoclinal syncline and here
it is referred to as the E showing. Estimated reserves in the E
showing by Falconbridge Nickel Mines Ltd. are approx-
imately 5 million tonnes containing 2.5 per cent lead, 7.5 per
cent zinc and trace silver. Mineralization consists of massive
sphalerite, pyrrhotite, galena, pyrite and minor chalcopyrite
that commonly contains rounded quartz eyes. and as scat-
tered grains of galena and sphalerite in marble, calcareous
quartzite and fluorite (Fyles, op. cir.).

The sulphide layer is in a succession of calcareous schist,
quartzite and impure marble above the Monashee décolle-
ment and autochthonous cover succession that hosts Cotton-
belt. Although its age is unknown., it has been tentatively
correlated with the Hadrynian Windermere Group
{R.L. Brown, personal communication, 1985). The succes-
sion is highly deformed, metamorphosed to amphibolite
grade, and extensively invaded by pegmatite.

BIG LEDGE (Ml 82LSE-012)

Big Ledge is a stratabound zinc deposit contained in
mantling gneisses of Thor-Odin dome, 60 kilometres south of
Revelstoke (Figure 41) (Reesor and Moore, 1971; Read,
1979). It is hosted by a rusty weathering, calcareous graphitic
schist interlayered with calcareous quartzite. calc-silicate
gneiss and marble (Héy, 1977a). Within the schist, referred
to as the “‘Ledge”, are lenses of massive. medium to coarse-
grained pyrite or pyrrhotite with variable amounts of dark
sphalerite. Sulphides are also disseminated throughout the
schist, and occur in discontinuous laminations 1 to 2 milli-
metres thick and in small fractures crosscutting the layering
and foliation (H&y, 1977a).

TABLE 12. STRATABOUND LEAD-ZINC DEPOSITS IN THE SHUSWAP COMPLEX

Name Estimated Reserves*
Corttonbelt 0.7; 6% Pb, 5% Zn, 50 g/t Ag
Jordan River 2.6.3.1% Pb, 5.6% Zn. 35 g/t Ag
Ruddock Creck ~5.0,2.5% Pb, 7.5% Zn. tr Ag
Big Ledge 6.5, 4% Zn
Colby ~1.0: 7% Zn. <1% Pb
CK ?
Rift 7 29% Zn, 5% Pb

Deposit Type
stratabound layers
stratabound layers. lenses

stratabound tenses. layers

disseminated. lenses
dissemirated, lenses

stratabound layer
stratabound layer. lenses

Dominant Host Rocks

calcareous gneiss
calcareous gneiss., barite

marble. quartzite. barite
graphitic schist
marble. quartzite. calcareous gneiss

calcarcous gneiss
calcareous gneiss

* In million tonnes.,
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Figure 41. Tectonic setting and location of Shuswap deposits, southeastern British Columbia.
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TABLE 13. ANALYSES OF MINERALIZED SAMPLES FROM THE COLBY DEPOSIT

Sample Rock Type Zn Pb Cu
No. % % %
14311 marblc 5.8 0.11 tr
14312 ' quartzite 221 6.6 0.015
14313 marble 0.34 0.04 tr
14314 marble 6.3 0.27 ir
14315 marble 1.7 0.70 tr
14316 marble 11.3 0.98 tr
14317 marble 33 0.49 tr
14318 quartzite 1.58 0.12 0.013
14319 marble (.88 0.06 0.015
14320 marble 7.2 0.31 0.015
16269 calc-silicate gneiss 1.3 0.2 0.007
16270 marble 33 0.3 0.005
16271 marble 8.9 0.96 0.005
16272 quartzite 8.5 8.5 0.01
16273 marble 7.1 0.25 0.007

Cd Ag Au Showing
% ppm ppm
tr <3 <0.3 Central
0.025 <3 <0.3 Central
— <3 <0.3 Central
tr <3 <0.3 Central
ir <3 <0.3 Central
tr <3 <0.3 Mile 12
tr <3 <0.3 Mile 12
tr <3 <0.3 Central
<0.005 <3 <{0.3 Central
tr <3 <0.3 Central
0.002 3 <(}.3 Central
0.002 4 <0.3 Mile 12
0.006 3 <0.3 Central
0.02 5 <03 Central
(.00 3 <0.3 Central

The “Ledge™ layer can be traced or projected for a dis-
tance of over 10 kilometres. It is within a succession of thin-
bedded quartzite, marble and calcareous and pelitic schist
that structurally overlies core gneisses. Although its age is
not known, it is correlated with a similar succession hosting
both the Jordan River and Cottonbelt deposits on the margins
of Frenchman Cap dome, and with Eocambrian platformal
rocks in the Kootenay Arc to the cast (Wheeler, 1965; Reesor
and Moore, 1971; Hoy, 1977a). Read (1979) has suggested,
however, that these mantling rocks may correlate with the
Late Proterozoic Purcell Supergroup.

COLBY (MI 82ESW-062) (KINGFISHER,
BRIGHT STAR)

Colby is located 48 kilometres by road east of Enderby
(Figure 41). It is a stratabound lead-zinc deposit in marble,
quartzite and calc-silicate gneiss units of the Monashee
Group. These units have been traced 6 kilometres on the
Colby property. with mineralization restricted to five zones
(Hdy, 1977b).

Mineralization consists of dark, medium-grained
sphalerite with varying amounts of pyrrhotite, pyrite and
minor galena disseminated through a medium to coarse-
grained white calcite marble. The marble is structurally
overtain by calc-silicate gneiss that contains crude layers or
irregular zones of sphalerite, pyrrhotite, pyrite and minor
galena. Dark sphalerite and pyrrhotite arc also concentrated
in thin layers in overlying quartzite or disseminated
throughout the guartzite, Galena is more abundant in
quartzite than in the marble, but is nearly always subsidiary
to sphalerite. Sulphide concentration in the quartzite vaties
from widely scattered individual sphalerite and pyrrhotite
grains to almost massive sphalerite-pyrrhotite-{ - galena
pyrite). Assays of selected samples from the mineralized
zones are given in Table 13.

CK (MI 82M-137)

The CK property includes a number of lead-zinc showings
located between Ritchie Creek and Raft River, 37 kilometres
north of Vavenby (Figure 41). The most important showing,
the New showing, is a sulphide layer generally less than 1
metre thick that appears to be continuous, with perhaps
minar structural breaks and offsets, for a distance of at least
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1300 metres (Hoy, 1979b). It consists of massive sphalerite
and pyrrhotite, minor galena and trace chalcopyrite. Gangue
quartz, diopside, calcite, amphibole and plagioclasc are
common and fluorite and vesuvianite occur locally.

Assays of selected samples from the New showing, the
Main Boulder zone approximately 1 kilometre to the north-
west, and the North and Mist showings 4 kilometres to the
north, are shown in Table 14, Average grades of the massive
sulphide layer and immediate wallrocks, reported by
Cominco Ltd., range from 1 to 3 per cent lead and 5 to 15 per
cent zinc.

The sulphide Iayer is hosted by a calcareous succession,
structurally underlain by homblende gneiss and amphibolite
and overlain by quartz feldspar gneiss and pelitic schist. The
calcareous succession includes calc-silicate gneiss, white
marble layers up to several tens of metres thick and
micaceous schist and gneiss. It is invaded by pegmatite and
pranitic gneiss.

RIFT (MI 82M-190)

Rift is a stratiform zinc-lead-(copper-silver) massive sul-
phide showing located approximately 100 kilometres north
of Revelstoke (Figure 41) (Gibson and Hoy, 1985). Although
it is east of the Columbia River fault, within the Selkirk
allochthon, it is included in a description of Shuswap occur-
rences becaunse of its similarity to these deposits.

TABLE 14. ANALYSES OF MINERALIZED SAMPLES

FROM THE CK DEPOSIT

Showing Sample Tyjpe  Pb Zn  F  Cu Cd

% % % ppit ppm
Main Boulder  grab sample 145 58 — — —
Main Boulder  grab sample 450 271 - @ — —
Main Boulder grab sample 631 2337 176 47 252
Mgain Boolder 0.6-metre chip 4.8% 23.45 1434 423 260
New 0.6-metre chip  4.19 2520 12.24 408 1255
New 0.6-metre chip 441 21.85 20,84 368 203
North 0.6-metre chip 0.81  8.95 19.44 515 &7
Mist 0.6-metre chip 2.66 20.70 11.33 512 230




TABLE 15. BASE METAL ANALYSES OF
MASSIVE SULPHIDE LENSES AND HOST ROCKS,
RIFT SHOWING

Sample Ph Zn Cu Lithalogy

No. % K %

B4R-10 575 293 D.017 upper massive sulphide lens
B4R-9C 139 251 0.00  main massive sulphide lens
B4R-8F 683  31.7  0.067 main massive sulphide lens
B4R-8E  7.01 31.3  0.067 main massive sulphide lens
R4R-9B  0.048 0.012 0.018 siliceous, calcareaus schist
84R-9A 901 239  (.039 lower massive sulphide lens
B4R-8C 300 26.8  (0.032 lower massive sulphide lens
&4R-8B  0.0¢15 (L074 0.021 chert, quartzite, siliceaus schist

The Rift sulphide layer is within a 40{-metre-thick,
lurgely schistose zone between two massive caleite and dolo-
mi{e marble units. The lower marhle is underlain by graphitic
and calcareous schist and greater than 900 metres of pre-
dominantly grit and laminated chlonite schist. This succes-
sion has been traced southward (G. Gibson, personal com-
munication, 1987} and correlated with the succession
hosting the Goldstream massive sulphide deposit, and is
therefore tentatively assigned to the Lower Paleozoic Hamill
or Lardeau Groups.

The Rift showing consists of a number of thin layers of
massive sphalerite, pyrite, pyrrhotite and galena exposcd for
approximately 25 metres of strike length in a steep-sided
creek gully; the thickest of the lavers is about 2 metres thick.
These layers are separated by schistose. quartz-rich and
somewhat calcareous rocks with disseminated sulphides. A
second massive sulphide zone, the “upper showing™, is
exposed approximately 90 metres stratigraphically above the
main showing. Intervening rocks include calcareous schists
and thin marble bands, overlain by more pelitic schists.

The massive sulphidc layers are irregularly laminated on a
<1 to 10-centimetre scale. Sphalertte is commonly the most
abundant suiphide; pyrrhatite is abundant in the southern
part of the gully exposure, whereas pyrite predominates to
the north (Hicks, 1982). Galena averages {rom 5 to § per
cent, and chalcopyrite and arscnopyrite occur in trace
amounts. Prominent gangue minerals in the massive sulphide
layers include quartz. muscovite, calcite, and minor amounts
of clinozoisite. Thin cale-silicate and guartz-rich gangue
layers, with variable amounts of disseminated sulphides,
occur within the sulphide bands.

Chemical analyses of the massive sulphide layers reflect
the high sphalerite content with zinc ranging from 24 to 32
per cent (Table 15). The weighted average of 23 chip samples
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is 29.75 per cent zinc, 5.28 per cent lead and .03 per cent
copper ([licks, 1982}, Precious metal values range from (006
to (1.25 gram geld per tonoe and 0.3 to 10 grams silver per
tonne in seven grab samples collected by L M. Leask (per-
sonal communication. 1980). Gold and silver values for the
six massive sulphide samples analysed in this study (Table
15) were below the utilized detection limits of 0.3 and 10
grams per tonne respectively.

SUMMARY — SHUSWAP MASSIVE
SULPHIDE DEPOSITS

A number of features of Shuswap deposits have been
summarized by Fyles ([970a):

{1) The deposits comprise thin, but regionally extensive.
sulphide-rich lavers in a well-layered platformal suc-
cession of dominantly carbonate. schist and quartzite.
The host is generally a calcareous schist.

(2) The deposits consist dominantly of pyrrhatite and
sphalerite, with minor galena and pyrite. Magnetite is
the abundant iron phase at Cottonbelt.

The deposits are part of the enclosing stratigraphic
succession and have been metamorphosed and de-
formed along with it.

Shuswap deposits represent highly deformed and meta-
morphosed cxamples of the **exhalative sedimentary group™
of basc metal deposits of Hutchinson {1980} Host rocks
range from calcareous schist and gneiss {Cottonbelt) to domi-
nantly graphitic schist (Big Ledge) within a well-layered and
heterogeneous succession that includes relafively pure
crossbedded quartzite, grey crystalline marble. hornblende
gnelss, and abundant pelitic and calcareous schist and
gneiss. Sulphides are presumed to have been deposited with
the enclosing calcurcous shales in restricted shallow marine
basins in a platform environment. They are hosted by clastic
rocks but also have features typical of “"carbonate-hosted™
depasits (in particular, the “*Remac™ type of Sangster, 1970),
such as their association with clean carbonates and their
occurrence in a shallow marine platformai environment
(Hutchinson, 1980). They are transitional between the
“clastic-hosted™ und “*carbonate-hosted ™ tvpes. supporting
the statement by Hutchinson (1980, page 663) that there are
no distinct boundaries between these deposit types.

Shuswap deposits contrast with lead-zine deposits in the
Kootenay Arc to the south (Fyles. 1970b: Héy, 1982).
Kootenay Arc deposils include the Bluebell, Duncan and
Wigwam deposits and deposits in the Salmo camp (Figure
41}, They are hosted by a relatively pure. but locally dolo-
mitized. silicified and breceiated Lower Cambrian carbonate
unit. Although deformation may be intense. the regional
metamorphism is generally greenschist facies.



Plate 30. Remains of exploration camp, Cottonbelt property.
viewed o the northeast across the southem tributary of
Blais Creek.

Plate 31, Exposure of very rusted massive sulphides of the Cottonbelt layer within cale-silicate gneiss. pelitic schist,
marble and minor quartzite; viewed to the south

b



Plate 32. Photograph contrasting two styles of mineralization within the Cottonbelt laver; dark, crudely lavered, massive sphalerite,
galena and magnetite occur below granular marble that contains disseminated galena and sphalerite. At topof photograph is finely layered calc-
silicate gneiss and quartzite.

)
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APPENDICES

APPENDIX 1.
METAMORPHIC MINERAL ASSEMBLAGES IN
PELITIC ROCKS, MOUNT GRACE AREA

Field Host silm ky and gz mus bi gnt pl kP et chl

No. Unit

CB2-A fla X X X X X X XX X

CB-7 ba X X X X XX X X

CB-§ a X X X X Xx X X X XX

CBl-6 6a X X X X X ?

CBI1-8 4c ?

CBI1-12 6 X X X X X X X

CBl1-14 66 X X X X X X X

CB3-7 b X X X X X X

CB3-27 b X X X X X X X

CB4-2A 6a X X X X X X

CB4-2B 6a X X X X X X XX

CB4-3 6a b X X X X X XX X

CB44E e X X X X X X X

CB7-3 6b X X X XX X ?

CB7-27 4n X X X X X X X X

CB1{0-8 42 X X X X X X X

CB10-19 b X X X X XX XX

CB10-24 6b X X X X

CB11-27 6b X X X X X X X

CB13-4 66 X X X X X X X

CE13-18 b X X ¥ X X X XX

CB13-35 b X X X X X XX

CR15-25 6a X X X X XX XX

CB18-7 b X X X r XX X

CB19-14 6a X X X X X X X
Note:

Accessory minerals such as zircon, apatite, tourmaline, etc.,
not listed, Andalusite and cordierite are retrograde minerzls,
some muscovite and biotite are also retrograde.

tr—trace amount; ?—positive identification not established.

silm—sillimanite, ky—kyanite, and—andalusite, qz—quartz,
mus—muscovite, bi—biotite, gnt—gamelt, pl-plagioclase,
ki—K-feldspar, ct—cordierite, chi—chlorite.
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APPENDIX 1. ANALYSES OF INTRUSIVE (AND HYDROTHERMAL) CARBONATITES OF UNIT 3C, PERRY RIVER AREA

APPENDIX 24
(in %)
Field Lab.  Si0; AlLO; FeyOyp FeO Mg CaO Na,0 K0 1O, MnO P,0s  CO, H0 50, Total
Nao. No.
HB5P1-3 30256 677 036 464 201 238 4534 037 0.2 1.32 038 0.21 2092 006 1.44 997
H85P1-8 30257 039 016 038 047 046 51.04 (.13 <001 <001 044 <0.0] 3905 <0.05 0.04 [100.0
H85P4-3B 30264 638 [.57 4.66 3.20 1.85 42.72 064 085 086 044 085 3392 [0.08 037 986
H85P4-3C 30265 0.79 030 0.68 0.82 0.62 3244 0104 009 003 017 009 3506 003 219 998
CAMP-1 31765 410 091 1.20 G.99 4529 037 004 005 022 034 3395
By XRF-Anatytical Laboratory, British Columbia Geological Survey Branch,
APPENDIX 2B
(in ppm)
Field Lab. Rb' &' Y1 Zr2  Nht Th® Ga*  Ba? Cu? PbZ Zn® Ni? Me® Cr?
No. No.
HE5P1-5 30256 14 1800 160 0 — 30 359 <5 1155 67 188 67 28 <3 17
H35P1-8 30257 20 3100 B0 — B <05 <5 1217 4 85 41 6 <3 <25
H8&5P4-38 30264 34 2100 120 — 50 248 17 2539 7 60 40 14 «3 25
H85P4-3C 30265 10 1000 4 — 30 50 <3 1205 17 18 82 16 <3 23
CAMP-1 31765 66 7 208 <100
I'’XRF — X-Ray Laboratories. Don Mills, Ontario,
2 Atomic absorption — Analytical Laboratory, British Columbia Geological Survey Branch.
4 Meutron activation — Bondar Clegg,
4 XRF — Analvtical Laboratory, British Columbia Geological Survey Branch,
APPENDIX 2C
(in ppm)
Field Lab. La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Ln
No. No.
HBSP1-5 30256 1470 2010 290 634 - 74 18 <720 54 41 9 <100 3.4 174 1.7
H85P1-§ 30257 04 927 <99 271 - 3 9 <430 24 18 5 <100 20 10.0 1.3
H35P4-3B 30264 >2000 7630 <550 3540 - 313 83 <2800 11.0 55 <3 <100 67 74 05
H83P4-3C 30265 37 el4 < 279 - 4 11 400 16 13 8 <100 1.2 29 0.2

By neutron activation — Bondar Clegg.
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APPENDIX 3. ANALYSES OF THE MOUNT GRACE EXTRUSIVE CARBONATITE,
PERRY RIVER, MOUNT GRACE AND BLAIS CREEK AREAS

APPENDIX 3A
(in %)
l;:eld Iéab. 50, ALO, Fey0; MgO Ca0 Ma;0 K;O TiO; MnO CO, POg
. o 11 19

CB4-3H 20805 2.20 0.55 2.64 3.47 4805 036 <003 <0022 0267 4070 0.06
CB4-31 20804 1515 420 4387 454 3485 230 0.38 0.069 0611 31.10 006
CB-51 22258 9.46 2690 447 436 4124 L.16 0.69 0.140 0.460 3240 0.53
H78-CB 20807 7.96 1.79 339 542 4133 0385 0.68 0.083 0.339 3480 007
CB2-2G 20806 12.72 407 501 572 3521 105 1.73 0205 0.398 2020 0.7
H79F 22259 4.84 0.9 4.19 510 43.79 033 0.75 0074 0.3%4 3470 160
HE5P3-2E 30261 18.94 7.38  3.00 398 3407 2.4 1.33 0.29 0.073

HE5P3-3 30262 1178 386 597 385 368 1.56 0.38 0.13 0.910

HE5P7 30266 16.87 5.07 301 655 3031 230 0.91 0.17 0.521 27.69 1.9l
HE3P9 30267 12.53 3.37 546 507 3555 1.55 0.90 0.22 0.628 2547 171
H85P10 30268 9.25 266 462 424 3948 099 0.96 0.19 0.406 23,39 141
H35P11 0260 12.92 457 478 590 3378 116 1.74 0.24 0.398 2828 1.29
MG5-7 2 1556 579 292 357 3540 202 1.05 0.23 0.197 2800 0.08
MG3-8 271 19.91 7.81 452 3.1 303 246 2.13 0.30 0.246 2402 0.13
H35P25B 0275 4,17 069 426 055 4984 048 0.24 0.17 0.438 3458 1.5
HB5P26A 0277 7.91 22 462 068 4525 098 0.65 0.19 0.541 31.54 1.93
HR5P26B 1 17.94 623 530 110 3533 1.76 2.31 0.41 0.502  25.22 1.72
Has5P26D 30281 14.92 577 399 328 3664 19] 1.46 0.24 0.449 2994 0.26
H35P26E 30282 2.52 072 110 412 4959 046 0.05 0.03 0.159 3854 0.06
HE5P26F 30283 11.19 350 309 452 39838 1.5 0.55 0.10 0.365 32.06 0.24
HE5P29 30288  25.05 .62 592 260 2734 366 2.16 0.39 0.514 2025 0.23

Notes:

Total iron is expressed as Fe,0,.
With the exception of volatiles, all oxides were determined by atomic abostption spectroscopy: Analytical Laboratory, British Columbia
Geological Survey Branch.
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APPENDIX 3B

{(in ppm)

Sample Lab.  Mn* Srf Ba® Nb! Cuw?  Ph2 Zn  Niz  Me? Cr? Ga?
No. No.
H¥5P3-2E 30261 1000 1167 B77 18 115 [0 K2 <3 44 15
HE5P3-3 30262 6500 85900 2343 700 9 0 76 25 66 <25 12
HE5P7 30266 2800 7200 2330 200 14 o 104 37 34 41 16
HE5P9 30267 6000 7900 1834 500 10 5 120 30 19 9 17
HR5PLO 30268 4000 7600 2356 300 8 9 119 2 7T <25 18
HE5PI1 30269 2500 BOOD 2918 100 16 12 126 29 29 19
MG5-7 30270 3000 1600 1532 LK} 9 14 112 23 4 % 17
MG5-8 30271 1300 3300 1318 100} 4 I 139 33 3 49 20
H&5P25B 302751000 771 700 400 6 19 49 1 <3 <25 13
H85P26A 0277 2500 7328 952 500 7 14 53 16 <3 <25 5
HESP26B 30278 2300 5714 2330 1000 11 16 86 21 3 <25 22
H35P26D 3241 800 3087 1383 200 13 L5 105 28 24 3 17
H85P26E 30282 400 1582 700 5 15 il g <3 <25 <5
HS5PI6F 30283 1200 2403 1637 100 5 114 1o 19 4 o1z
HR5pP29 30288 4000 3251 1329 300 10 14 139 34 32 38 20

Mn? Sr+ Ba? Nbt
CBl2-6 25534 2300 1500 3000 <D
DDH 1-400 26470 4000 3200 2000 175
DDH t-405 26471 3000 2500 3500 40
DDH 1410 26472 4000 5000 2000 30}
DDH 2-413 26476 4000 3500 3000 260
DDH 2-418 6477 3500 2500 3000 40
DDH 2-422 26478 3300 4200 3000 330
CB2-3A 25532 3500 6310 3500 70
84} 25531 37205 3200 3000 22
CB-51 22258 36305 4600 3300 300
CB4-3H 20805 20405 3300 3100 <10 16 69 38
CB4-3[ 20804 30255 5700 2800 100 [ 132 26
H78-CB 20807 28755 5400 3200 100} 16 109 4
CB2-2G 20806 28255 6600 3500 200 10 125 38
M71-80-A 27561 2800 4000 4000 &0
M71-80-B 27562 3000 5000 5000 500
617A 27564 3300 3500 3000 40
M) 128-80 27563 7500 4000 30K0 10
H7%P 22256 30305 3800 3600 200

Notes:

I XRF — X-Ray Laboratories, Don Mitls, Ontario,
2 AA — Analytical Laboratory, British Columbia Geological Survey Branch.

3 Neutron activation - Bondar Clegp.
* Emission spectroscopy — Analytical Laboratory, British Columbia Geological Survey Branch.

3 Atomic absorption - Analytical Laboratory, British Columbia Geological Survey Branch,
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APPENDIX 3C

{in ppm)

Sample Lab. Ce' Dyl Ed' Eu!  Gd' Ho! La' Lu' Nd' P! S¢' Sm! Th' Th!  Tm! Yb!
No. No.
HR5P3-2E 0261 155 4 <100 2 <240 <1 94 0.3 65 <64 742 52 0.8 306 <05 186
H835P3-3 10762 1430 20 <130 13 <390 5 957 0.7 469 <130 3.78 560 3.3 32 16 6.6
H&5P7 30266 1170 8 <100 & <540 7 736 0.2 380 <120 7.9 332 14 37 1.0 34
H85PO 30267 1190 15 <100 12 <530 3 722 0.5 424 70 6,89 427 2.2 152 1.6 4.9
HBS5P10 0268 875 15 <100 12 <440 4 505 0.5 345 00 670 436 23 150 1.9 49
HE5P1LI 0269 1410 10 <100 9 <380 7 937 04 433 <I30 875 382 15 57 1.0 3.3
MG5-7 30270 198 12 <100 5 <0 2 94 04 9] <65 537 161 t5 07 08 33
MG5-8 271 235 11 <100 4 <280 2 131 04 8% <68 442 146 14 06 07 33
HB5P25B TS5 598 20 <100 9 30 B 320 1.2 236 <8O 1.8% 339 3.0 179 2.0 9.0
HS5P26A 0277 670 17 <100 § 620 2 400 1.0 247 1o 235 344 24 71 1.5 87
H85P26B 0278 605 14 <100 7 <440 5 362 09 224 <9 217 186 18 64 1.8 6.1
H85P26D 30281 611 7 <100 4 <440 <I 479 0.3 149 <100 467 134 08 31 0.5 2.8
HB5P26E 30282 289 7 <100 5 <230 | 151 0.1 123 <60 214 151 08 06 07 1.6
HB5P26F 30283 512 9 <00 6 <370 2 310 0.3 188 <89 S5.5i 232 1.3 1.3 ne 2.5
H85P29 0288 398 11 <100 5 <400 1 242 05 139 <100 522 17.8 1.1 05 08 4.1

Ce? La? Nd*
CB12-6 25534 151 120 93
DDH 1-400 26470 592 345 246
DDH 1-405 26471 656 419 217
DDH 1410 26472 997 76 379
DDH 2-413 26476 453 296 191
DDH 2-418 26477 560 396 217
DDH 2-422 26478 992 628 353
CB2-3A 25532 1142 826 355
CB 25531 870 542 324
CB-51 22258 658 ag9 294
CB4-3H 20805 1049 714 330
CB4-31 20804 561 345 232
H78-CB 20807  &l4 540 319
CB2-2G 20806 1432 043 403
M71-80-A 27561 1167 860 257
M71-80-B 27562 1251 866 340
M617A 27564 1245 788 452
MJ 128-80 27563 4164 3238 24
H79P 22259 1007 499 432

1 Neutron activation — Bondar Clegg.
2 XRF — Analytical Laboratory, British Columbia Geological Survey Branch.

Queen’s Printer for British Columbia
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-'},—" 088 Cottonbelt sphl, gin, mag, po Stratabound — massive
i 125 ComplexMecLeod sphl, gin, mag, po Stratabound — massive
g 144 Copper King cpy Stratabound — disseminated
153 Blais glin Stratabound — disseminatecd
-~ 155 Seymour cpy. gin, sphl, may Stratabound — disseminaled
=7 200 OD&R mo Digseminated
Bass sphi, gin, may, po Stratabound — massive
i | 240 New Occurrence cpy. po Disseminated
| 241 New Occurrence cpy. po Pods — disseminated
| 242 New Qecurrence cpy, mag Dissaminated
IL sphl — sphalerite; gin - galena. mag — magnelite; po — pyrrhotite; cpy = chalcopyrite, Y
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Province of British Columbia
Ministry of Energy, Mines and Petroleum Resources
GEOLOGICAL SURVEY BRANCH

FIGURE 3

GEOLOGICAL MAP OF THE
MOUNT GRACE — BLAIS CREEK AREA
(N.T.S. 82M/1 & 2)

GEOLOGY BY T. HOY
SCALE 1;25 000
4] a5 1 16
KILOMETRES = KILOMETRES
LEGEND
ALLOCHTHONOUS COVER

[0 scnist. gneiss, amphibalite; minor marble; pegmatite

MONASHEE COMPLEX
AUTOCHTHONCOUS COVER (PRECAMBRIAN TO PALEOZOIC 7)
- Orthogneiss, syenilic and monzonilic
Sd:isr. gneiss. marble. quarizile
(BB <yanite-silimanite schist; minor amphibolite, marbie (m), quartzite (q)
| Ba | Caic-silicate gneiss, kyanite-sillimanite schist, marble (m)
[.__.-:’] Cottonbell lead-zinc-magnelile layer
- Marbie, white, grey weathering
Schust, calc-sificate gneiss, marble, quarizite
[-4d— Amphibolite (metavolcanic), quartzite
Calc-silicate schist, gneiss. kyanite-silimanite schist, marble (m), quartzite (q)
E Mount Grace carbonalite

[Wi Wyanite-sithrmarite scist, gnerss: mmnor quartzre (g7
["@a ] caic-silicate gneiss, kyanite-silimanite schist; quartzite, amphiboiite
El Quartzite, micaceous schist

CORE GNEISS (APHEBIAN ?)
-n Paragneiss, schist; minor amphibolite, quartzite
ﬁ Orthogneiss - augen gneiss, granitic gneiss, amptibolite

SYMBOLS
Geological Contact (defined, approximate, assumed) e ——— -
Badding (lops knowh, UnKnown) ..o A T
FOIAON (P, P2l o v’:,:"
Lineation (P, P2 Pa) oottt a .-’@f;
Minor Fold — Axial Plane (P1, P2, B3) ....oovoeiesinininieeis Ssitineiiani Al f_;fr’é)
a
=Rt (P, PR Py o il el i i e el o ‘i"' 5
Antiform (phase designated) Faai - ~ A e T e e S s = —:— e
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