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ABSTRACT

The Fenton Lake portion of the Cameron River vol-
canic belt is comprised of metamorphosed pillowed and
massive flows, with intercalated lenses of felsic vol-
canic and metasedimentary rocks. The volcanics lie in
a steep westerly facing homocline, 1lkm to 4km across,
in fault contact with a complex of older gneissic
rocks and younger granitic plutons to the east. The
volecanics are overlain to the west by metamorphosed
turbiditic greywackes and minor argillites.

The homoclinal volcanic belt abruptly changes
trend in the vicinity of Fenton Lake, from northwest
to northeast thereby forming an angular outcrop pat-
tern. The development of this pattern is related to a
succession of structures.

Deformation of the supracrustal rocks took place
in at least four distinct phases. D: deformation in
the metasediments produced upright to overturned,
tight to isoclinal Fi folds with axial plane parallel
foliations rarely apparent. The steep westerly facing
homoecline in the metavolcanics apparently formed
during Di, accompanied by formation of a bedding -
parallel mineral foliastion , Si, associated flattened

pillows, and a steeply plunging mineral and pillow
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stretching lineation. Si, in general conformity with

the map pattern, changes sbruptly in strike from nor-
theast to northwest across a “fabric front® with the

northwest striking foliation apparently overprinting

that striking northeast. A& later N - S set of Si type
foliation crosses the other sets within the ‘“corner’

area.

D2 deformation produced an easterly striking Sz
foliation generally obliterated by later foliations
but locally preserved as trails of quartz in biotite
and mica in cordierite poikiloblasts, and in metavol-
canic rocks as a crenulation cleavage. Map scale F2
folds are not recognized. Das deformation produced
minor Fa folds and an axial planar Sa foliation in two
dominant orientations. Sa3a strikes northwesterly and
a later subset, Sas, strikes northeasterly across both
gneissic and supracrustal rocks. Sza and Sam vary from
a crenulation cleavage to a penetrative alignment of
phyllo-silicates and amphiboles.

Low pressure, high temperature, amphibolite grade
metamorphism accompanied intrusion of a late Archean
granitic pluton in the northeastern part of the mapped
area. Biotite - garnet geothermometry indicates that
garnet within the metavolcanic domain began to form at

300%c and continued forming to peak temperatures of

(ii)



5709 within 2 km of the northern granite. Porphyro
blasts of biotite, cordierite and garnet are pre- to
syn- Da, indicating that peak temperatures associzted
with emplacement of the granitic pluton were attained
late in the deformational history.

It is suggested that the development of Si folia-
tions in contrasting directions parallel to segments
of the volcanic homocline indicates sequential devel-
opment of the segments. The angular arrangement could
reflect control of structures by an underlying fault
system. Later deformations (Dz and Da) and synkine-
matic emplacement of the granite pluton appear to have
resulted in minor modifications to the angular pat-

tern.
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CHAPTER 1

INTRODUCTION

1.1
PURPOSE

This project was undertaken to study structural
geology and metamorphism in the Fenton Lake portion
of the Cameron River volcanic belt and adijacent meta-
sedimentary rocks (Figs. 1.1 and 1.2)

This part of the belt is particularly interest-
ing structurally because; 1) the volcanic belt
abruptly changes trend from northeasterly to north-
westerly and 2) the volcanic succession is in contact
with basement gneissic and granitoid rocks (the
Sleepy Dragon Complex}.

A study of the metamorphism in the area was
undertaken to show; 1) the grade of metamorphism,
including estimates of temperature based on gar-
net/biotite geothermometry and 2} the timing of meta-

morphism in relation to deformation.

1.2

LOCATION AND ACCESS

The Fenton Lake portion of the Cameron River
volcanic belt (Fig 1.2) is located 120 km northeast
of Yellowknife, N.W.T. in the Slave tectonic province
(Fig. 1.1). Access is possible by aircraft only.

Depending on the season, floats or skis are neces-
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sary. Helicoptey access is also possible from Yellow-

knife.

1.3

PHYSIOGRAPHY

Fenton Lake lies below the tree line at an ele-
vation of 280m ASL with spot heights of 360m and 390m
ASL along the vaolcanic ridge on the eastern shore of
the lake. Rock units have distinct taopographic
expression relative to each other. Areas underlain by
metavolcanic rocks dominate the landscape, rising in
cliffs and steep side hills up to 50 meters high
above metasedimentary rocks to the west and granitic
and gneissic rocks to the east (Map 1}). Relief is
especially marked along the east striking and parts
cf the north striking contact with the Sleepy Dragon
Complex where the volcanics rise in sheer cliffs. The
contact between metavolcanic rocks and the northern
granite is seldom as sharp, generally defined by a
steep slope eastward from the metavolcanics down to
the granitic rocks.

Bedrock is exposed over at least 30% of the
area with moss and lichen obscuring some of the
details on otherwise well exposed surfaces. Felsic
volcanic rocks within the northwest trending arm of
the metavolcanics and intervolcanic quartzitic sedi-

ments throughout the metavolcanic domain are reces-



sively weathered and outcrop along swamp margins and
in deep gullies. Lake shore outcrops generally pro-

vide the greatest detail.

1.4

RELEVANT PREVIOUS WORK

1.4.1
Ma in

The geology of the Fenton Lake portion of the
Cameron River velcanic belt (Mzp 1) which lies on the
eastern margin of the Yellowknife supracrustal
domain, has not previously been considered in detail.
However, previous workers have investigated areas
within the Yellowknife supracrustal domain that
include portions of the belt. Mapping at various
scales by members of the Geological Survey of Canada
has continued since the late 1930°s. The major litho-
logical boundaries were delineated by Henderson in
the field season of 1939 (Henderson, 1939). He pro-
duced a map at a 1:1,000,000 scale of the greenstone
belts, sedimentary rocks and the granites of the area
from 112 degrees west to 114 degrees west and lying
between the latitudes of 62 and 63 degrees north. His
descriptions of thz sedimentary volcanic and granitic
terrains have served as the model for later workers.

The volcanic rocks of that portion of the Cam-

eron River Belt scuth of Fenton Lake have been



described by Lambert (1977, 1988). The Cameron River
volcanic belt north of latitude 63 degrees was mapped
on a 1:250,000 scale by Moore et. al.(1951) and more

recently at a scale of 1:50,000 by James (198%9).

1.4.2
Geology

Henderson (1943) described the textures and
composition of the sedimentary rocks* of the Yellow-
knife Supergroup (Henderson, 1985) as dominantly
greywacke being comprised of mostly quartz with
lesser amounts of feldspar and biotite and having the
texture of a medium sand. He also described arkose,
quartzite, silt and mudstone with the fine grained
of graded units giving good top indications. Noting a
minor conglomerate lens at the basal contact with the
volcanic rocks east of Ross Lake (Fig. 1.1), Hender-
son (1939) indicated that granitic cobbles in the
conglomerate could have come from the batholithic
terrain to the east and represent a periocod of erosion
previous to the extrusion of the mafic wvolcanic
rocks. Henderson(l939) as well as later workers {(For-—

tier,1946,1947; Moore et.al.,1951; Lambert, 1977,

(1. Though all rocks referred to are metamorphosed to
greenschist or lower amphibolite grade, protolith

names are used for clarity and brevity.)



1988; Henderson, 1981, 1985) have indicated that the
contact between the volcanic rocks and the sedimen-—
tary rocks appears conformable.

The Cameron River volcanic belt is comprised
of basaltic lavas, pillowed flows, pillow breccias,
mafic tuffs and volcaniclastics becoming more sili-
ceous and possibly andesitic towards the top of the
pile. The wvolcanics are intruded by felsic and amphi-
bolite dykes and in places intercalated with sedi-
ments and felsic lavas. The volcanic dominated assem—
blage has been assigned to the Beaulieu group (Hen-—
derson, 1985). The volcanics , which are mainly
steeply dipping reach a maximum apparent thickness of
4000m in the scuthern part of the Fenton Lake area
and thin north and further south to apparent widths
of 900 meters and 2800 meters respectively. As noted
by Lambert (1988), such measurements apply to the
present map pattern only and do not account for pos-
sible tectonic thickening or thinning.

The Cameron river volcanic rocks are marginal
to gneissic and granitic rocks to the east. The
nature of the contact between these lithologies
{Units 1 and 4 and unit 2; Map 1) is of interest as
the southeastern granitic terrain - the Sleepy Dragon
Complex (Davidson, 1972) - appears in part, to be
basement to the Yellowknife supracrustal rocks.

Baragar(1966) noted that the composition and



texture (plagioclase laths up to 1 1/4 irnch long) of
mafic dykes that cut the gneissic rocks was repeated
in some of the flows within the volcanic pile. He
felt that this was evidence that the dykes were feed-
ers to the volcanics which therefore were younger
than the gneissic rocks. Neither Baragar(l1966) nor
iater workers in the area (Lambert, 1977,1988, this
study), have been able to trace dykes across the con-
tact from the Sleepy Dragon Complex into the volcan-
ics, perhaps indicating that subsequent movement
along the contact has accompanied the deformation of
the area.

Davidson(1972) found that the cataciastic
foliation in the older gnejiss adjacent to the Cameron
River belt in the vicinity of Sliecepy Dragon Lake was
truncated by the overiying volcanic rocks which were
relatively undeformed and showed no evidence of a
similar foliation. Lambert (1977) noted that a NNE
trending foliaticn in the gneissic rocks was conspi-
cuously absent in the overlying volcanic rocks.

Henderson (1985) reported that the conglomerate
described by Henderson (1939), was in contact with
the gneissic rocks at a point east of Ross lake where
the volcanics pinch out. The cobbles appeared similar
in composition to the Ross lake granodiorite and may
indicate that the granitic rocks contributed detritus

to the sediments.



Kusky (1988, 198%9) maintains that the granitic
and gneissic rocks of the Sleepy Dragon complex are

in thrust contact with the volcanics.

1.4.3

Zircon Dating

Recent zircon dating for granitoid gneisses
near Sleepy Dragon Lake (Fig. 1.2), within the Sleepy
Dragon Complex area (Henderson, 1985) gives an age of
2819 +40/-31 Ma (Henderson and van Breeman, 1987).
Vulcanism in the area took place over 100Ma later,
based on a U-Pb zircon age of 2665 +/-5 Ma, from the
Turnback rhyolite {(Henderson and van Breeman, 1987),
cutcropping to the south and east of the Cameron

River volcanic belt (Fig. 1.1).

1.4.4
Metamorphism

Upper greenschist to amphibolite grade metamor-
phism in Yellowknife group supracrustal rocks is
attributed to the intrusion of granite plutons (Hen-
derson,;1939). The cordierite isograd in metasediments
around the northeastern pluton in the Fenton Lake
area, which is attributed to contact style metamor-
phism (Henderson, 1985) suggests that the younger
granites may core a large thermal dome in which

supracrustal rocks were heated to amphibolite grade



temperatures (Ramsay and Kamineni, 1977)

1.4.5

Structure

Recognition of the nature of deformation in the
sedimentary rocks of the Yellowknife supracrustal
domain has evolved since the earliest report (Hender-
son, 193%9) that the bedding was folded isoclinally in
wavelengths that were ZdZependant on coarseness of
deposits, with the larger wavelength folds propagat-
ing in the coarser sediments. Fortier (1946) recog-
nized a second generation of cross folds that were
generally north trending and a northwest trending
cleavage that did mot seem to be related to the major
structures in the sediments, but may bhave been
related to the cross folds. Fyson (1975, 1981, 1982,
1984a) described the polyphase nature of the deforma-
tion in metasediments from a number of localities
within the southern part of the Slave Province. Map-
ping to the west and south of the Fenton Lake area,
Fyson (1975) described large, kilometer scale F,
structures, with smaller 100-200m long F= fold hinges
overgprinting them. A late S north to northwest
striking feliation is related tc small scale Fx
folds. In a later paper (Fyson, 1984a) he describes
the succession of structures in the Yellowknife

domain as a progression from large scale Fo synclines



in part marginal to the metavolcanic rocks followed
by intermediate scale Fx: folds, both being over-
printed by Sz and Sz penetrative cleavages, often
related to minor folds. The Ss cleavage is subdivided
into 2 sets, an Sxza north to northwest trending set,
commonly preserved in silty or sandy beds and S=a, &
crenulation of Ssa most strongly developed in argil-
lites and phyllites.

The Cameron River wvolcanic rocks have been
described as forming a west facing homocline with
minor folds on its eastern side by Henderson (19835),
and as forming a simple homocline with steep to over-—
turned beds (Fortier, 1947 ;Henderson,1939; Moore,
et.al.,1951 and Lambert, 1977). Lambert (1988) indi-
cates the presence of folds within the Cameron River
volcanic belt to the south of the Fenton Lake area.

The predominant foliation in the wvelcanics is
paralliel to belt trends over much of the mapped area.
This fabric is enhanced by the flattening of pillows
in the foliation plane (Lambert, 1977, 1988). Lam~
bert(1977, 1988) also notes that a northwest trending
foliation in the volcanics is axial planar to open
folids ir the main foliation. This fabric may be tem-
porally related to the Sza northwest striking folia-
tion documented locally within the Yellowknife meta-

sedimentary domain by Fyson (1984a).
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1.4.6

Depositional amd Evolutionary Models

Models for the deposition and deformation of
the volcanic and sedimentary rocks of the Slave Prov-
ince have been suggested by Hendersen (1981, 1983),
Lambert (1977, 1988), Hoffman (1986), Kusky (198B64)
and Kusky (1987). Henderson (1981, 1983) and Lambert
(1977), both favored the existence of an early sialic
crust which underwent extension and rifting. The wvol-
canic belts could have been deponsited during this
rifting by extrusion of mafic lavas from mantle
sources. Deformation in the rocks would ensue as
basins created by the downsagging of the sialic plat-
form closed. Hoffman (1984) suggests that the green-
stone belts may represent remnants of exotic terrains
within an oceanic plate that were sheared off during
subduction of this plate beneath some precursor to
the Slave province.

Kusky (1986) cites the outcropping of ultra-
mafic rocks along the contact between gneissic rocks
and overlying volcanics and evidence for dvykes
intruding dykes in the Yellowknife belt (sheeted
dykes, described by Helmstaedt, et.al., 1987 and
discussed by Kusky, 1987} as evidence that greenstone
belts are ophiclitic in arigin and represent primor-—
dial seafloor. In a 1989 paper (Kusky,198%9) he sug-—

gests that mylonite zaones along granite, voicanic



contacts in the Cameron River belt could have been
the focus of the transport of ophiolites as these
mylonites could represent many kilometers of move-
ment. However, Lambert (1988) has observed that the
dyke swarms along the margins of the Sieepy Dragon
Complex cross felsic igneous and metamorphic rocks
and are therefore not part of an oceanic ophiolite
complex. He also suggests that the ultramafic rocks
described by Kusky (1986) are volumetrically unimpor-

+tant and could be intrusive.

1.5

FIELD AND LABORATORY WORK

Field work for this thesis was carried out from
early June to late August of 1985 and during the
first two weeks of July, 1986 with the help of an
assistant.

Loop traverses supported by inflatable outboard
mator boat were made from base camps on Fenton Lake
and a large lake to the east of the volcanic rocks in
1985 and 1986 respectively. Over 200 rock samples
were collected, the majority oriented, for thin sec-
tion study and laboratory analysis.

Approximately 140 thin sections were cut and
analysed by microscopy (for structure and mineral-
ogyl, sfdining (for feldspars) and microprobe (for

mineral chemistry). Laboratory work was ongoing from



1983 through 1987, involving thin section study and

X—Ray flouresence work at the University
X—~Ray diffraction at Carleton University
probe analysis, performed by Mr. Bonardi

logical Survey of Canada on Booth Street

of Ottawa,
and micro-—
at the Geo-

in ODttawa.
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CHAPTER 2

GENERAL GEDOLOGY

Henderson (193%9) described the Cameron River
belt as extending; "from the northeast shore of Ross
Lake northwest to Cameron River and thence northeast
s parallel to the northeast branch of the river, to
the northern boundary of the area." This describes
the Cameron River belt up to the midpoint of Fenton
Lake at which point it bends again %to trend northwest
and then north to the boundary of the area mapped in
this study (Fig. 1.1).

Within the map area, dominantly pillowed basal-
tic rocks intercalated with pillow breccias, massive
flows and cut by dykes (Umit 2, Map 1) are overlain
by generally coarser, poorly sorted sedimentary rocks
(Unit 3, Map 1) to the west and overlie the Sleepy
Dragon granite/gneiss terrain (Unit 1, Map 11},
located in the southeastern part of the area. The
supracrustal and basement succession is intruded by a
late Archean granite (Unit 4, Map 1) in the northeas-
tern part of the mapped area. Top determinations
indicate that pillows generally face to the west,
away from the granite/gneiss terrain {(Units 1 and 4
combined, Map 1). A reversal in pillow top facimg in
the central part of the Fentonh Lake map area and to

the south'sf the area, reported by Lambert (1988),



within the metavolcanic rocks may indicate small
scale folding within the volcanic rocks. The pillowed
flows and sedimentary rocks are steeply inclined to

overturned.

2.1
Metamorphism

The sedimentary and volcanic rocks in the west-
ern and southern part of the map area have been meta-
morphosed to the greenschist grade. Within 3 km of
the northeastern granite (Unit 4, Map 1), low pres-—
sure high temperature (575c +/-30c: see Chap. 7)
amphibolite grade metamorphism has produced cordier-—
ite, biotite and garnet porphyroblasts within sedi-
mentary rocks and hornblende and garnet porphyro-
blasts within the wvolcanic rocks. Less common high
grade minerals within the volcanic rocks include cum-
mingtonite, anthophyllite, calcic pyroxene, andesine

and oligoclase.

2.2
Deformation
Deformation of the supracrustal rocks has taken
place in at least 4 phases, each marked by distinc-
tive structures. Notable are steeply inclined,
kilometer - scale F, folds in the metasedimentary

rocks that are overprinted by small, meter to cen-



timeter scale, asymmetrical Fza and Fzs folds and
associated cleavage foliations throughout the map
area. Progressive deformation of basement granitoid
rocks has resulted in creation of and locally folding
of mylonites (Fig 2.1} about northwest and northeast
striking Fza and Fza axes.

Post Archean tectonism {(younger than 2500 Ma)
or metamorphism appears to be minimal. Intrusion of
the northeast striking Proterozoic Dogrib Dyke swarm
(Henderson, 19830) which crosses the Slave Province is
represented by a northeast trending dyke that cuts
the sediments in the central part of the map area.
This dyke, apparently undeformed internally, was
traced through the metasedimentary rocks and outcrops
on the western and eastern shores of Fenton Lake,
with some dextral offset, but could not be traced

into the wvolcanic rocks, against which it appeared to

terminate.
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Chapter 3
GRANITIC ROCKS

3.1

——

SLEEPY DRAGON COMPLEX

The Sleepy Dragon Complex (Henderson, 1985) in
the Fenton Lake area underlies the southeastern and
parts of the eastern portien of the map area {(Map 1).
The rock varies from a light pink to white and has
three morphologies; medium to coarse grained granite,
(where undeformed), well foliated augen gneiss and
mylonite. Dykes and irregular shaped bodies of amphi-
bolite ., usually foliated and often folded, intrude
the granitoid rocks. Davidson (1972) has defined 8
units within the complex showing a range of composi-
tion from granite to granodiorite and tonalite.

The least deformed portion of the Sleepy Dragon
granite, from the southern part of the map area,
(Fig. 3.1) is composed of large microcline crystals,
ratrograded along fractures to fine muscovite and
quartz aggregates, in a matrix of smaller albite and
guartz crystals with interlocking grain boundaries.
Accessory phases are muscovite, surrounded by light
colored reaction rims (within which the mineralogy is
unknown) and euhedral, light blue/grey tourmaline
crystals, probably schorolite.

In augen gneisses feldspar and quartz aggre-—

gates with interlocking grain boundaries,
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ranging in size from mm to cm scale, have a micro-—
crystaline matrix of recrystallized quartz with .imm
or less grain size. In some examples, possibly retro-
grade(?), muscovite, biotite and chlorite occupy
intergranular spaces and lie parallel to foliations.
Elsewhere biotite accompanies hornblende. Euhedral
grains of tourmaline are visible in even the most
deformed rocks.

In mylonitic rocks, zones of fine quartz grains
a few hundredths of a millimeter across contrast with
zones where larger grain sizes are tenths of millime-—
ters across {Fig. 3.2). The fine grains were probably
derived from coarser grains during deformation.
Feldspar is relatively resistant to grain size reduc-—
tion although relict grains have been reworked and
rounded.

As in the volcanic rocks (see; Chap.4: VOLCANIC
ROCKS) steep mineral lineaticons are seen even where
the horizontal section appears undeformed. Quart:z
ribbons and amphibole crystals have a preferred
orientation parallel to lineations (Fig. 8.18b,

8.19b}.

S.2

NORTHERN GRANITE

In the eastern and northeastern part of the map

area a younger qgranite intrudes the Sleepy Dragon



Complex gneisses and supracrustal rocks. This granite
is a pink weathered , medium to coarse grained rock,
little deformed except close to contacts where it has
a weak LS fabric defined by alignment of quartz rib-
bons and micaceous minerals (bicvitite, muscovite and
chlorite) (Fig. 8.20a).

Granitic and pegmatitic dykes associated with
the intrusion outcrop over much of the metavoclcanic
succession within domain D and in domain € north of
the Sleepy Dragon Complex. Dykes, both parallel to
foliations and crosscutting are up to 2 meters wide
and may be wvisible for 50 meters before pinching out
or being lost in vegetation. Branitic dykes are not
folded but are often offset along foliations.

Granite from two locations contain roughly
equal parts of quartz, microcline and albite with
muscovite, biotite and epidote. (Fig. 3.3) Patchy
alteration of plagioclase to fine grained muscovite
and chlorite interleaved with bictite indicate some

retrograde alteratien of the granite.



Chapter 4

VOLCANIC ROCKS

4.1

MAP PATTERN

The volcanic belt extends for 12 km across the
map area, including a major change in trend from nor-—
theast in the southern portion to northwesterly in

the nerthern portion.(Fig. 1.1)

4.2
CONTACTS
4.2.1

Volcanic rocks (Unit 2) and Granitoid gneisses

(Unit 3)

Volcanic rocks overlie gneissic rocks and gra-
nite of the Sleepy Dragon Complex located to the east
and southeast. The volcanic, gneiss contact is angu-
lar in map view curving sharply from a northerly
strike to an easterly strike for about 3 km, at the
southern boundary of the map area before curving to a
northerly strike again (Map 1). Contact parallel
mylonite zones in granitoid rocks are often folded
(Fig. 2.1). One east striking mylonite zone appears
to be continuous within the volcanic rocks in the
southe?n part of the area (Map 2)

The velcanic, gneiss contact is obscured along

much of its length by overburden. Where exposed, gos-—



sanous alteration is generally present, reducing the
velcanic rocks to unconsolidated, rusty, red to yel-
lowish material in widths that vary from less than a
meter to more than ten meters. Angular granitic boul-
ders embedded in basal amphibolite rock ocutcrop in
the southern part of the area within 20 meters of the

contact (Fig. 4.1).

4.2.2

Sedimentary rocks (Unit 3} and Volcanic rocks

(Upit 2)

Greywacke - mudstone graded sedimentary rocks
overlie the volcanic rocks to the west. Although the
contact is reported to be conformable (Henderson,
1985; Lambert, 1988) limited exposure in the map area
makes this interpretation difficult to verify. Where
seen, in the ‘elbow’ area, the contact is marked by
rusty weathering of sedimentary and volcanic rocks
producing an unconsolidated residuum. Elsewhere the
contact is commonly marked by a narrow 1 to S meter

wide recessive linear zone of no outcrop.

4.2.3

Granite (Unit 43) and Volcanic rocks (Unit 2)

A granite pluton in the northeastern part of

the area has an intrusive contact with the overlving

volcanic rocks, well exposed locally (Fig. 4.2).

—2&4—
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Apophysies of granite in the veolcanic rocks at
the northern end of the map area and xencliths of
mafic rock within the granite midway along the north-
west striking contact between the units (Map 1) indi-

cate the intrusive nature of the contact.

4.2.4

Bneissic rocks (Unit 1) and Granite (Unit 4)

This contact is not well defined being cbscured
by a lake, overburden and a profusion of granitic
dykes in the gneissic rocks. The contact is marked in
general by the change over 30 to 40 meters from

strongly foliated and mylonitized granitoid rocks to

weakly foliated granite (Map 1).

4.3

LITHOLOGY

4.3.1

MAFIC VOLCANICS

Mafic volcanic reocks are dominated by piliowed
basaltic rocks (Unit 2a; Map 1 and Fig. 4.3) compris-
ing &60% - 70% of the volcanic domain. Attendant,
though less important volumetrically, brecciated pil-
low lavas (Fig. 4.4), and massive fTlows complete the
suite of mafic volcanic rocks and their derivative
lithelogies. Gabbroic dykes intrude the volcanic

rocks throughout the stratigraphic section.



The mafic volcanic rocks do not exhibit an ove-
rall change in character with stratigraphic position.
In general the pillowed flows are discontinous both
across and along strike where they pinch out. Massive
or brecciated flows surround the pillaowed flows. Some
flows are very thick, up to 400 meters across strike
in the central part of the area, with veolcaniclastic
and pillow breccias up to 100 meters thick locally.
One massive unit was measured as 50 meters thick.

Mpost contacts between pillows, pillow breccias
and massive flows are not exposed. Where entire suc-—
cessions are exposed the scale of the flows is small,
pillowed portions being 8 to 10 meters thick with
pillow breccias measuring 1 to 2 meters thick and
massive flows often less than a meter (Fig. 4.568).

The succession within one flow unit may vary with
massive flows, pillow brececias or volcaniclastic
breccias underlying or overlying the pillowed flows.

Relatively undeformed pillows range in size
from 10 cm in diameter to large oblate spheroidal
shapes with 1m long axes and 0.Sm short axes. Some
pillows are apparently undeformed in both horizontal
and vertical sections. More generally maximum subver-
tical extension is indicated by elongate pillows and
mineral lineations.

Stddy of thin sections indicates ophitic tex-

tures are irarely preserved in volcanic rocks, except



‘ PB- Pillow Breccla

P - Pillows
M - Mossive flow
D - Coorse gabbro

FiG. 4.6A

Figure 4.6 Horizontal sections through steeply dipping
extrusive mafic volcanic successions of pil lowed,
brecciated axd massive flows. Inset map shows location
of section within mep aea.
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in the least deformed examples at the southern end of
the volcanic belt below the amphibolite isocgrad. In
general, deformation, alteration of primary pyroxenes
to amphibole (actinolite at low grade and hornblende
at higher grade), sericitization and epidotization of

plagioclase and silicification, has obscured primary

igneous microtextures.

4.3.2

FELSIC VOLEANICS

A rhyoclite unit (unit 2e, Map 1), descriptively
termed "quartz feldspar porphyry" (QFP) underlies a
narrow (100m wide) recessive zone partially swamp
and lake filled, in the south central part of domain
D (Fig. 1.3). Outcrops are restricted to frost heaved
boulders within the swampy ground and rounded out-—
crops of a few square meters at the swamp and lake
margins. Along strike the rhyoclite appears to pinch
cut to the north for about 3km and then reappears in
2 narrow steep sided valley, probably underlying a
few tens of meters of tree and muskeg covered valley
floor, bounded on both sides by mafic volcaniec rocks.
This unit bhas been identified in semicontinuous out-—
crops along strike to the north of the map area for
about 15 kms (Jdames, 1989).

QFF has a pale colored matrix in outcrop vary-

ing from light brown to creamy white or grey. Bluish



quartz phenocrysts and pale orange to white feldspar
phenocrysts, up to 3mm in size comprise up to 30Z of
the rock. Matrix is aphanitic gquartz with trace biot-—
ite and sericite. In thin section, biotite laths are
aligned parallel to the foliation and carbonate
infills along foliations and in pressure shadows
around phenocrysts.

Mapping of this unit to the north of the study
area by BHP-Utah Mines (Cowley et. al., 1988) indi-
cates that thin tuffaceous horizons and meter thick
layers of 3cm x Scm angular cebbles of QGFF within a
matrix of QFP are present possibly marking flow tops.
If such horizons do mark flow tops then individual

flows may be tens of meters thick.

4.4

FACING INDICATORS

Pillow facing may be determined using morphol-
ogy of the pillow in cross section, especially the
cusp location, and by observation of internal struc-
ture, notably pillow “shelves’ or ‘eyebrow’ struc-
tures (Fig. 4.7) and vesicles.

Pillow ‘rusps’ are tooth shaped structures
formed when a semi solidified pillow begins to settle
onto pillows that have been deposited previously and
are hardened. Way up of the pillow in ocutcrop can be

determined if cross section exposure of the flow is
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Figure 4.7 ldeal ized cross section through 2 pillow
structure. Although indivicual feztures are indicative
of top directicns, agreerent of three o nmoere geopetal
feztures within a piliowed unit is deared necessary
for top cdeterminations in this study.



available in outcrop. The cusp is subject to reorien-
tation during deformation. so that, in areas of high
strain, pillow cusps may be folded into orientations
that are not indicative of stratigraphic tops (Borra-
daile, 1982} (Fig. 4.8). Pillow cusps are distin-
guishable at up to 4:1 major to minor axis ratios in
deformed pillows, however the facing direction deter-
mined from the pillow morphology at this state of
strain may vary by as much as 45 degrees from the
true facing direztion (Borradaile, 1982).

Facing directions of pillowed basaltic rocks
were determined using pillow cusps. where at least
three cusps within an outcrop showed the same facing.
In this way, uncertainty in facing due to deformation
of pillow structures was reduced.

Pillow °‘shelves’, are probably created within
lava tubes that feed the pillow pile and may be
formed when molten lava begins to drain from the cen-
ter of the hardening shell. The paleo horizontal
could then be frozen into the pillow when the cooling
rate catches up to the drainage rate, or the drainage
channel is cut off. Pillow shelves are probably the
most useful feature of pillow lavas in that the
ambiguity of the facing found by this method appears
to be the least. Top directions are determined by

location of shelf structures in the upper part of the
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Figure 4.8 Effect of deformation on pillow shape in outcrop.
Horizontal line represents plane of flattening.
Younging in all cases is perpendicular to 5
which is not defined by the long dimension of
the ovoid pillow profile or normal to the cusp
after deformation, unless the principal axes of
strain were parallel or perpendicular to the
original bedding plane (S5, as in cases A and D
(Figure after Borradaile and Poulsen, 1981.)
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pillow (Fig. 4.9). Where deformation has been
intense, top directions cannot be determined by this
method.

Vesicular pillowed flows are rare. Some
vesicles or void spaces, measuring a few millimeters
in the long dimension are probably remnant outlines
of gas bubbles that rose through the magma as confin-
ing pressure dropped during cocling. The vesicles are
most heavily concentrated around the pillow rim and,
in a few outcrops where other means of determining
pillow tops were available, could be shown to concen-—
trate in the upper half of the pillow (Fig. 4.10).
Elsewhere, distribution of the vesicles around pillow
cores is not strongly polar and in some cases
vesicles are distributed all around the pillow mar-—
gin. Thus, vesicle concentrations within pillow cores
was not felt to be a reliable indicator of the pillow

facing direction.

4.5

MAFIC DYKES

Amphibolite dykes within the volcanic rocks
trend parallel to and at high angles to the lavyering.
Dykes are medium to coarse grained and contrast well
texturally with mere aphanitic mafic valcanic rocks.

Some dykes may be feeders to the pillowed flows

(Lambert, 1977), as shown in one locality, in the
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central eastern part of the map area. Here, a 1.5m
wide dyke, branches into narrower dykes, 10 -15 m
wide that interfinger with pillowed flows and appear
to bud into pillow lavas. Elsewhere, contacts between
coarse grained and medium grained dykes were found
indicating that omne dyke may have intruded the other.
These dykes are not thick, less than 2 meters, and no
more than one intrusive event could be documented at

any one location.

4.6
ALTERATION

Volcanic rocks are metamorphosed to amphibolite
grade (see Metamorphism), over much of the map area.
Ophitic textures are obliterated, replaced by porphy-
roblastic growth of hornblende and garnet and by
foliation parallel growth of amphibole and biotite.

Epidote veins parallel foliation planes and
microfractures in volcanic rocks adjacent to the
northern granite (Fig. 4.11a and b) and epidote
defines a subvertical lineation on a cliff face in
the southern part of the area, where the volcanics
are in contact with the granite/gneiss terrain. Epi-
dote =2lteration is pervasive in the metavolcanic
rocks and probably a late retrograde alteration prod-
uct.

Gossan zones cross volcanic rocks in several



localities. The zones are narrow, ranging from one
meter to a few meters across. The crange color of the
cutcrop appears to be related to hematite veins and
oxidation of illmenite. The heavily weathered nature
of the gossan zones made sampling for thin section
work impossible. As indicated '‘previously, along the
contact with the Sleepy Dragon Ceomplex, alteration of
the volcanic rocks to rusty weathered unconsolidated
material is extensive. No assays of these zones were
attempted.

In several locations magnetic disturbances of
the compass were such that strike measurements could
not be made. The magnetic outcrops do not extend more
than a few meters and are usually accompanied by
alteration zones. They are not concentrated at any
specific stratigraphic interval. Large magnetic anom-
alies are not visible on 1:50,000 scale aerial survey

maps.



CHAPTER O

SEDIMENTARY ROCKS

5.1

Clastic metasediments (unit 3, Map 1} underlie
most of the area west of the volcanic belt. Thin
interbeds of metasedimentary rock (Unit 2d) are also
present within the volcanic succession. The rocks of
unit 3 retain primary sedimentary features such as
grain size variations and angularity despite complex
deformation and upper greenschist to amphibolite
grade metamorphism. The sediments are thus classified
on the basis of grain size, sorting and to some
extent composition.

Excluding the effects of metamorphism, the sed-

imentary rocks mainly comprise wackes, both graded

and ungraded, and mudstones.

5.2

BEDDING TOP INDICATORS

Bedding contacts and synsedimentary structures
are preserved allowing way up determinations to be
made over much of the area. Stratigraphic top rever-—
sals within the sedimentary rocks were useful in
defining axial traces of kilometer scale folds that
are not visible otherwise.

Determination of stratigraphic tops was made in

outcrops of greywacke — mudstone turbidites (Hender-
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son, 1985), based on fining upward within the A divi-
sion of the beds (Bouma, 1952) (Fig. 5.1). Color
variation across beds is from light colored coarse
grained bases to grey and black fine grained tops.
Way up determinations assume beds are not reverse
graded (Lowe, 1982), though in some cases reverse
grading could be present. The coarser portion of the
bed is generally the thickest, including up to 3/4 of
total bed thickness (e.g., up to 30 cm.). The fine
grained, darker, upper parts of graded beds are
argillaceous. With increasing metamorphic grade they
host bioctite and cordierite porphyroblasts.

Other synsedimentary features useful in deter-
mining younging directions include foreset beds that
are truncated at the tcop by erosion, scours in bed-
ding tops. rip up clasts of fine sediment within
coarser sediments, ball and pillow structures ard
load structures which accompany the sinking of dense
sediment into less dense unlithified substrate.

Where grading is not clearly defined in out-
crop, cleavage refraction can be useful as a way up
indicator. Cleavage foliations (usually Sza and Sxz»
~see Structural Geology) in graded beds cross finer
grained silty layers at oblique angles and curve
towards the perpendicular to the bedding plane as
sediment coarsens towards the bottom of a bed. In

some thick, coarse grained portions of beds the
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PELITE
PARALLEL LAMINATED
SILTY,FINE GRAINED SANDSTONE
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B  PARALLEL LAMINATED SANDSTONE

GRADED or MASSIVE
SANDSTONE

the BOUMA SEQUENCE of deposition from turbidity
currents.

F16.5.1 (after Walker,!978)

Figure S.1 Boura secquence of deposition of sediments
from turbidity currents consists of S divisians. Cnly

a classic turbidite contains all 5 and most becs
inciude only 2 o 3 different layers. A’ division is
ceposited fran rapid flowing currents and is consic-
ered a proximal to source bed. ‘B’ and “C division
beds are deposited fram traction currents in upper B8)
and lower (©) flow regimes. ‘D’ and ‘E’ division

layers are fines which are, in part deposited fram the
turbidity current and in part hamipeiagic. i



faliation dies out completely (Fig. 5.2).

5.3

LITHOLOGBY

5.3.1

SEDIMENTARY DOMAIN

On the west side of Fenton Lake, sedimentary
rocks are mainly greywackes and argillites in units
0.3m to almost 1m in thickness. Graded beds commonly
exhibit divisions A, B and E of the Bouma sequence,
characteristic of turbidites (Bouma, 1932) (Fig. 5.3)
while some thinly bedded units display only the B and
E divisions (Fig. 5.4).

Ungraded beds of both medium and fine grained
wacke {(division A) outcrop in thick sequences that
are marked by relatively high relief, standing in 5Om
high bluffs within the sedimentary domain on the
western side of Fenton lake near the center of the
map area. Bedding contacts are obscured in these
sandstones by uniformity of grain size so that thick-
ness of individual beds is unknown. Where interbedded
with graded turbidites, ungraded beds vary in thick-
ness from 20 centimeters teo more thanmn a meter.

On the eastern shore of Fenton Lake in the
‘elbow’ regicn, sedimentary rocks appear to preserve
laminated B or D Bouma divisions with thin A and

pelitic E divisions (Fig. S5.5). Similar thin pelitic
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mermts expooed in aoss sectial an a Ixrizortal sae-
face, souath éaxd of a large lake imediately west of
Fatm [aie. Lamnireted B and relitic E ddvisians of
e Bouam seaaerre form cagplets 2 5 - 3 an thicdd
Maltiple quartz velins parallel eckling treces Tops
of eds toward top of Rtotogragtn Meckenical perxeil
is 12 an lag in Zxtograsn

Figae 5 5 Pxtograrh of thin netasedinertary eds
with a cocarse grairned light grey layer interyrxreted as
a Boara A dvisian, overlain to the west (left) oy a
lamirated layer of fire relitic roc wichh ey = a

Bouare B o~ D divisian Fg, asymetrical fold axd Szga

ee~trwest trexling foliatia are xramrent. Coaordier-
ite foorns ranmirent orEmrcklasts, Fran struactiral

dorradn E rnear e metasedinmert Aretavolecanic caatact

in e ceatter of tre e area Perxil is 12an lag in
Hxoto

Figore 5 6 IFrotograhn of ‘queptz eye ey, a

axExrtz ridh felsic wlcanic taffaceous or sedinrerrtary
Inrrizen 2an e eastermn sthxyre of a rIrr-trwest trerxd-
ing rexryow ladde in tte cerrter of carmin I NV strilk-
ing faxdc, Sz, TBs gErtz ‘eyes’ elagate rewallel

to 1t Lens capo is ©8F8mn in diareter

Figore S 7 Powtanicrogragpin of carioonite rdicdn saaxd-
sty £ran e soathern limit of ey in Samin B
Mirxr dotite axi otz are exlcased in caitaormte
metris

PP - plare olardzed; & - aoss polardized






and fine grained quartz (+/—-feldspar) rich (argilla-
ceous) units are common in close proximity to the
volcanic rocks along the northeast trending arm and
further north in the “elbow” recion.

One outcrop of pebble conglomerate with clasts
of mainly mafic volcanic rock up to 4 cm across is
located just west of a small lake in the elbow region
of the metasediments about 500m west of the contact
with metavolcanic rocks {(Map 1}. The unit is
obviously not extensive as no other outcrops were

identified.

Intervolcanic sedimentary rocks

Both gquartz and quartz carbonate rich sedimen-—
tary lenses cutcrop along the margins of narrow often
muskeg filled recessive zones within the volcanic
succession. Coarss, poorly sorted, quartz-rich meta-
sediments (Unit 2d, Map 1) interbedded with metavol-
canics often host garnet poikiloblasts that weather
dark pink to purple, in outcrops north of the indi-
cated hornblende isograd (see Metamorphism). These
rocks are generally strongly foliated parallel to
contacts with enclosing volcanics.

Carbonate rich sandstones (unit 2f, Map 1) ,

overlying the quartz eye porphyry (unit 2e, Map 1),
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autcrop along the west shore of a narrow northwest
striking lake in the northern portion of the volcanic
reccks. Carbonate rich sandstones weather recessively
and are white to medium grey on exposed surfaces.
Weathering texture of this rock is very uneven with
narrow, cm thick ridges of resistant more quartz rich
stringers seperating relatively recessive, carbonate
rich lavers. In a few other localities such as near
the southern limit of mapping, carbonate rich sedi-
ment (Fig. 5.7) is present in small deeply weathered
outcrops. This rock is strongly foliated parallel to
contacts.

More detailed study of the stratigraphy may
allow correlation of some of the sedimentary horizons

from north to south within the wveolcanic domain.

S.4

Petroloqy

S5.4.1

EDIMENTARY DOMAIN

The major constituent of the coarse grained

portant volumetrically, rock fragsents of polycrys-
talline quartz; quartz feldspar intergrowths and mud-
stone clasts are also present. Some feldspar is pre-
served within the matrix though mainly altered by
metamorphism to cloudy sericitic masses. Primary min-

eral constituents are less easily defined. Large

-~



grains of muscovite and chlorita that are randomly
oriented and show some degree of alteration could he
primary though late stage retrograde metamorphism of
porphyroblastic minerals could have a similar effect.
The polyvcrystalline quartz and quartz feldspar inter-
grown fragments may be derived from felsic terrains
in part granitic (Henderson, 1985).

Most of the metasedimentary rock within the map
area lies above the biotite iscgrad {(greenschist
facies). At this and higher grades porphyroblastic
and poikiloblastic growth of metamorphic minerals,
recrystallization of quartz, and loss of primary min-
erals and primary mineral textures begin to obliter-—
ate original rock texture. Deformation causes flat-—
tening, brecciation and stretching of rock fragments
into foliation parallel orientations, reducing much
of the detritus to matrix sized material and making
identification of primary clasts and minerals diffi-—
cult.

According to Henderson (1985), the provenance
for rock fragments in the ccarsest greywackes are
felsic to maftic volcanic rocks and granitic rocks.
Henderson (1985) notes that; “"While it is clear both
granitic and felsic volcanic source terrains were
involved, it is difficult to estimate the propor-
tional contribution of each."”) Intraformational mud-

stone clasts indicate derivation of some detritus by



reworking of sediments.

Uniform grain sized, reworked sediments are
dominantly quartzites and argillites. Quartzites are
comprised of over B0 percent quartz with intergranu-
lar biotite, chlorite and muscovite. Argillites vary
in mica component, with up to 80 percent mica formed
during upper greenschist to amphibolite grade meta-
morphism, similar to fine grained tops of graded beds

(Fig. 5.8).

5.4.2

Intervolcanic metasediments

Thin section study of intervolcanic quartz rich
sediments reveals coarse angular quartz and quartz
feldspar crystals, foliation parallel hornblende and
biotite laths., garnet porphyroblasts and rare musco-
vite within a quartz rich matrix. Carbonate and hema-
tite are vein and fracture filling minerals.

Minerals in calc silicate rocks include synde-
formational garnet extending alang the Sza foliation
(Fig 5.9), hornblende, anthophyllite and epidote in
single grains and as alteration margins on hornblende

y
and sphene. Fy



Figure 5 8 PErxrtaniacgragh of sedimerntary rocdl dhow—
ing tre cartact Ietween the coareer, saxdy layer aaxd
fire relitic layers (A axd E rescectively) of Boam

sequence, Sarple fian westarm strore of Ferntan Lake,

<arpin A Fire mascovite arxl dhilcardite laths defire So
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striking foliation in relitic layer. Feoliation axrves
ito the saxly layer axl ecares less distinet,

PP - plae polardzed; CF - goss polarized

Figuae 5. 9 Prtamaoegrsgn of carbamte rich saaxd-
stone fran drmtervolcanic metasedimentary Hrxarizon in
e southermn partian of Gdomin D Gyet (G) is elar
gate rarallel to Sga xartrwest striking foliation
Cthor minerals resart include Ixrrriclexde ). caxridoo-
mate (@) axd QuEartz (qQ).

PP - plare polarized

Figure 5 10 Ryxytanicaograsi of intervolcanic coarse
grairned mretasaxydstae. Intergranlae ddotite aaxd ser—
icite grow Faxxrallel to the Sy oar Sy foliatian
Foliaticn strildes O1S° axd the thin section also
cortains gaet. Sarple firan te central avrea of
Somin B aooat 1Mm east of the metasedi-

et /metavolceanic catact.

PP - plae polarized;, CP ~ aoss polardized






CHAPTER 6

DEPOSITIONAL ENYIRONMENT

6.1

VOLCANIEC ROCKS

The metavolcanic rocks outcropping in a steeply
dipping, west facing homocline, present a2 cross sec-—
tional view of an extrusive succession. The base of
the succession consists of massive volcanic rocks,
probably dykes (Lambert, 1977, 1988) along much of
the contact with the Sleepy Dragon basement complex,
whereas in the northwest trending portion, pillows
immediately overlie granitic rocks, perhaps due to
stoping and replacement by the younger granitic plu-
ton {(unit 4). The velcanics appear to be comprised of
a series of discreet subaqueocusly extruded mafic
units of pillowed, brecciated and massive rocks that
interfinger along and across strike. Extrusion of
these rocks could have taken place along extensional
fissures trending NE and NW, reflected by the nor-
theasterly and northwesterly striking arms cf the
volcanic belt. Together, these fissures could have
formed a rift like fracture set.

Small intervolcanic lenses of clastic sediments
mark hiatus in volcanism and periods of subaerial
erosion. One extensive lens of quartz porphyritic

rock marks 2 relatively shaort period of felsic vol-



canism.

6.2

SEDIMENTARY ROCKS

The present study was no+t detailed enough to
clearly determine paleogeographic conditions of sedi-
mentation. Henderson (1972,1975b,198%5) concluded that
the depositional pattern for the Yellowknife supra-—
crustal domain is indicative of accumulation of sedi-
ments aon a series of submarine fans that extended
into a basin from the margins (Fig. &6.1).

Poor scrting, coarse grain size and the imma-
ture, angular to subrounded shapes aof much of the
sedimentary guartz and feldspar within the coarser
grained sedimentary rocks of the map area
(Fig. 6.2 and 6.3) suggest the environment of deposi-
tion included little opportunity for reworking.
Graded bedding. exhibiting the lower two (A and B)
and uppermost (pelitic E) divisions of the Bouma
sequence indicates deposition from rapidly moving
turbidity currents (Walker, 1976). Fragments of
gquartz and feldspar within the coarse sediments indi-
cate erosion of a felsic wvolcanic and granitic ter-—
rain was an important contributor of sediment to the
basin fill.

A conglomerate lens, within 500 meters of the

volcanic contact is not considered indicative of pro-
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Figure 6.1 Distritution of Boura type turbidity cur—
rent deposits within a subrarine fan envirorment.
Chanel ceposits and overbaik deposits are excluded
fraom the figure. Proximal style turbidites with coarse |
oraded massive ‘A’ Tayers are more coanromn on the
suprafan (obes while distal types of deposits |,
excluding A’ layers are more ocoen o the outer fanm
and within the abyssal part of the basin. A high inci-—
cence of classical turbidite beds containing 4 o S of
th2 Boura divisions probably indicates deposition on
the cuter fan. Modified fron walker (1978) .
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Figure & 2 Botanicrogreagt: of poarly sorted quert=z
feldsrar wadke Showing angular oatlires of larger
sized feldsprar clasts (4), itergrowths of Quartz axd
feldspar(B) in sare clasts and alteration of feld-
S (C) o nmicaceaus mirerals Saple fran sare loca-
tian as S 3, ot eaxd of a large lake immediately
west of Ferrtoen Lake,

FP - plare rolarized; CFP - cross polarized

Figwre 6 3 PExrtaniaograpih of angular netanritosed
rip Uup clasts of argillaceoas sedimert (A) within £ire
grained wvacke Bicotite poiKilchlasts(B) are gerermally
irregularly Sagred, Sz, foliatian traverses the
slide, striKing rortlwest, wesi{ Sy Frallel avienta—
tion of inclusia: trails strikes east. Sarple fram
the rtherm shxre of a large lake immediately west
of Ferrtan Lalde

PP - plare olardizoed; CP - cross polarized






ximal sedimentation as conglomerates can be found at
almost any point within such a high energy sedimen-
tary basin (Walker, 1978). The nainly mafic wvolcanic
pebbles that constitute the coarse portion of the
conglomerate indicate rapid erosion and little
reworking of detritus derived from adjacent mafic
volcanic source terrain.

Archean greywacke of the Superior Province,
similar to that within the map area is described by
Pettijehn (1943) as a "microbreccia". Foorly sorted
relatively unreworked (immature) wackes, such as
those at Fenton lake, are associated with turbidity
currents that carry sediment down steep valleys
across o depositional fan in rapidly moving debris
fleogws. These flows may travel great distances across
the basin fleoor at the base of the fan before deposi-
tion begins {(Walker,1978).

The lccation of fine grainmed argillaceous meta-
sediment adjacent to the metavolcanic rocks 1in sev-~
eral places aleng the contact suggests a quiescent
subaguecus environment existed along the present

metasediment, metavolcanic contact.



CHAPTER 7

METAMORPHISM

7.1
Introduction

Metamorphism in Yellowknife supracrustal rocks
such as at Fenton Lake, has characteristics associ-—
ated with hoth contact and regicnal, dynamic metamor-
phism. For example, some minerals {(chlorite, biotite,
cardierite, hornblende, garnet) are randomly
oriented, apparently unaffected in growth by the
influence of directed stress, whereas elsewhere the
same minerals plus muscovite are aligned along folia-
tions and evidently grew during deformation.

In rocks within 3 km of the outcrop of the nor-
theastern granite, isograds mark the appearance of
metamorphic minerals of increasing grade as the con-
tact is approached (Fig. 7.1, in pocket)}). These iso-
grads are generally associated with broad thermal
domes, the cores of which are marked by granites,
possibly products of partial melting (Thompson,

1978).



7.2

METASEDIMENTS

7.2.1

GREENSCHIST FACIES

Greenschist facies, or low grade metamorphism
in pelitic rocks is indicated by the assemblage biot-—
ite, muscovite, chlorite albite and quartz. This
assemblage implies temperatures in excess of 350¢c
but less than 3550°c at pressures of 3 to 3.5 kilebars
(Winkler, 197%9). In metasedimentary rocks of the Fen-
ton Lake area, cleavage foliations (Si, Sza and Sza)
are partly defined by preferred dimensional orienta-
ticn of muscovite and chlorite in rocks below the

caordierite isograd.

7.2.1.1
Muscovite and Ehlorite

Muscovite is usually lath shaped, aligned par-
allel to and partly defining feoliations and persists
into the cordierite grade rocks. Chlorite, also lath
shaped, is parallel and sometimes oblique to folia-
tions; it may be interleaved with biotite (Fig. 7.2),
or porphyroblastic. Ramsay (1973a, 1974) reports 3
distinct morphologies of chlorite in Slave metasedi-
ments. Chlorite and muscovite abundance appears to

decrease as metamorphic grade increases.



7-2.1.2
Biotite

Biotite in metasediments forms foliation paral-
l1el laths and irregularly shaped poikiloblasts. These
morphologies are reported in previous studies which
grouped biotite crystals into two distinct phases,
distinguished morphologically (Kretz, 1968; Ramsay,
1973a, Fyson, 1975) and chemically (Ramsay, 1973 a
and b: Kamineni and Carrara, 1973). In this study,
four generations of biotite were recognized, with
respect to deformational events. First generation
biotites are lath shaped and oriented parallel to S=2
foliation (Fig. 7.3). Second generation crystals
are poikiloblastic, sometimes oriented parallel to
Szxa foliation and contain quartz inclusion trails
(Fig. 7.4). Third generation biotiteg are lath shaped
to ragged and parallel later foliation generations at
higher metamorphic grades. Randomly oriented, lath
shaped, porphyroblastic biotites represent a fourth
generation (Fig. 7.5).

Microprobe work by Ramsay (1973 a and b) and
Kemineni and Carrara (1973) indicates that the two
biotite groups originally recognized (pcikiloblastic
and foliation parzllel) are also chemically differ—
ent. Ramsay (1973b) notes that as temperatures
increase, biotite composition changes, with mineral

chemistry approaching stochiometric biotite at higher



Figure 7.2 Rxtamcarograpin of Sga nar-ttwest strik-
irg foliation defined oy layer rerallel hiotite axxd
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arades.

Ramsay(19732) proposes the biotite forming
reacticn:

(1) chlorite ~ muscovite(l)}) + ilmenite £=2>

biotite + muscovite (2} + Hz20 + [guartz +

rutile + K feldspar)])
Growth of biotite poikiloblasts could have con-
sumed muscovite(l}), muscovite (2 represents the com-
position of the remaining muscovite (Ramsay,1973a).
Number designators simply denote presence of musco-
vite before and after the reaction has taken place.
Other workers omit such distinctions (R.Kretz, pers.
com., 1988)

Ramsay (1973a) indicates a pressure range of
2.9 to 3.5 kb. fc- the biotite formirg reaction. No
temperature of reaction is mentioned but, in Abukuma
type metamorphism, biotite zone *temperatures are
given as greater than 300°c. In this study, the four
groups of biotites recognized cre thought to grow
during pregressive stages of a singie metamornhic
event, each group being distinguishable by associa~

tion with a tectonic fabric and/or morphology.



Fisvpe 7.5 Prtancarograpin of Sz foliation rparal-
lel grovdn of nictite laths in high gracde retasedi-
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ite lathxs (C), dlarite jorterleaved with Xiotite (B),
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Figuare 7.7 PBxtanicrogran of feldspare (allitic

(F)) alterirng to vay firne white mica alag foliatian
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chlardite (C). Sarple fran the sortham rac-t of Gorain
B within the metavolcaxiic rocdks
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saared within a xield of dillardite (). Sarple fran

rain D within 834an of the granite/retavolcanic oo
tact.

CP - ross polarized






7.2.2

AMPHIBGLITE FACIES

7.2.2.1

Cordierite Isoqrad

The boundary between low and medium (amphibo-—
lite) grade metamorphism for pelitic rocks, suggested
by Winkler (1979}, is marked by the first appearance
of cordierite, indicated in the study area by the
trace of the cordierite iscograd {(Fig. 7.1, in
pocket). Cordierite i1is regarded as a mirneral of low
pressure, contact or Abukuma type thermal, metamor-—
phism (Hietanan, 19&7).

In the Fenton lake area, cordierite porphyro-
blasts are most common within 3 kilometers of the
sediment/volcanic contact. Cordierite here Iis often
cancentrated in finer grained port:ions of araded beds
(Fig. 5.3) where phvllosilicates (chlorite., muscovite
and biotite) predominate. The cordierite probably
gained necessary elements for formation from the dis-
solution of some of these phyllosilicates at ele-
vated temperatures.

Ramsay {(1974) and Ramsay and Kamineni (1977)

propose the reaction:

(2) 1.22 C + 0.74 M + 1.96 B(1) + 1.44 @ + 0.08

A+ 0.09 I —-> 1.0 Cord + 2.83 B(2) + water

A — albite; B -~ biotite; C - chlorite; Cord -



cordierite; I - i1lmenite; M — muscovite; @ - quartz

{ approx. rzaction conditicns: 3 kb. and 5590°c.
Seifert, 1970)

Ramsay (1974) sugqgests that the biotite has
changed in composition across the reaction contribuct-
ing Si and K while becoming enriched in Na and
Al{iv)/ (Mg + Fe=" + Fe=+) and that biotite increases
in abundance across the reaction, theretore it is
reguired that two biotites one a reactant, the other
a2 product. be represented in this reaction. Chlorite
and muscovite, at the cordierite in isograd, do not
show marked alteration and persist above the isograd
(Ramsay, 1974; this study}.

Cordierite may be porphyroblastic and form
large, net textured poikileblasts contaiming relict,
foliation parallel phyllosilicates (Fig. 7.3).

Retrogression of cordierite to sericite at
crystal margins is common. Rarely,. poikaloblasts are
almost completely replaced. Sericite alteration is
not related to distance above the cordierite isograd
and thus, does not appear to be related to any par-
ticular point within the metamorphic framework.

8ther minerals above the cordierite isograd are
biotite and decreased amounts of muscovite and chlor-
ite, often interleaved with bictite or as discreet

crystals within cordierite.



Of note in the Fenton Lake high grade metasedi-
ments is the absence of both almanding rich garnret
and staurolite, two common minerals of the amphibo-
lite facies (Winkler, 1979). Low Mg/(Mg + Fe) ratios
are required for the growth of these two phases
{(WHinkler, 1979) with the additional constraint on
almandine garnet growth that pressure must be at or
above 4 kb. (Winkler, 1979). Apparently these condi-
tions were not met in the metasedimentary domain at

Fesnton Lake.

7.

!

METAVOLCANIC ROCKS

Chlorite, Actinolite, Biotite., Albits=

In the southern part of the mafic metavolcanic
succession at Fenton Lake, the mineral assemblage
contains phyllosilicates, amphiboles, quartz and pla-
gioclase species that are diagnostic of low grade low
temperature metamorphism in mafic metavolcanic rocks
{Winkler, 1979).

Chlorite crystals are lath shaped (Fig. 7.6)
or in felted masses. Actinolite forms acicular
masses of clear to light green, weakly pleochroic
crvstals (Fig. 7.6), and porphyroblast size masses

intergrown with hornblende, giving the large crystals

—-7C-



a mottled light/dark green color in thin section.

Biotite is a minor phase often interleaved with
chlorite (Fig. 7.4) or- clincozoisite and is often red-
dish brown or green in thin section. Plagioclase,
mestly albitic (based on determinations made on sym-—
metrically twinned examples) is usually clouded with
inclusions and altered marginally and internally to
fine grained mica, possibly phengite (Fig. 7.7).

Quartz i1s a minor phase at low metamorphic
grade. Epidote crystals are apparent in some samples
though more commonly epidote 1s massive textured with
no crystal faces. Carbonate (probably calcite), and
some sphene, in brownish, high relief amorphous
masses. are ubiguitous though volumetrically unimpor-
tant. Opaque minerals include pyrite, pyrrhotite,
iilmenite and chalcaopyrite in varying guantities.

In one thin section, biotite and chlorite are
distinctly interleaved phases within a field of acti-
nolite and fine grained white mica. Similar paragene-

sis led Turner (1%981) to propose the reaction:

(3) Muscovite + Actinclite + Chlorite ->

Biotite (Mg rich) + Epidote

On the eastern side of the metavolcanic belt,

metavolcanic rocks from within 50 meters of the

southern part of the Sleepy Dragon gneiss, metavol-



canic contact (samples 86/22, B6,/7; Fig. 1.3) are
composed of greenschist grade minerals. The assem—
blage contains chlorite in felted masses, actinolite,
in clear slightly pleocchroic laths, biotite laths,

quartz, epidote and accessory sulfides.

7.3.2

AMPHIBOLITE FACIES

As the contact with the northern granite is
approached from the southwest the minmeral assemblage
in metavolcanic rocks becomes increasingly dominated
by hornblende in laths, parallel to foliations and as
porphyroblasts growing at the expense of actinolite,
which decreases in abundance. Chlorite is no longer a
distinct phase beyond location 11 (Fig. 7.1} although
chlorite may be found at even the highest grades of

metamorpnism as a late stage alteration of biotite or

hornblende (Fig. 7.8).

7.3.2.1

Hormblende Isograd

The hornblende isograd (Fig. 7.1}, marking an
isotherm of approximately 300°c and the change from
louw to medium grade metamorphism (Fig. 7.9) (Wiankler,
1979), is placed approximately where chlorite crys—
tale are consumed and no longer appear as a distinet

phase (although chlorite persists at higher grades as
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alteration rims and felted masses arcund hornblende
crystals (Fig 7.8)), and actinolite is no longer a

major constituent, although stili evident as a dis-—
tinct phase within hornblende.

The aporoximate position of the isograd prob-
ably falls between sample localities E3/32 (chlorite,
actinolite., albite) and 89/45 (hornblende) (Fig. 1.3)
on the western side of the metavolcanic rochks and
north of sample 846/7 (actinolite, chleorite) but south
of sample 8&6/17 (hornblende) on the eastern side of
the metavolicanic rocks {(Fig. 1.3). The assemblage of
minerals beyond this isograd changes towards the nor-
theast %tc include; garneit, ~ummingtonite, An richer
plagiococlase, calzic pyroxene saome anthophyllite and
locally tourmaline (Fig. 7.10). with a concomitant
reduction in the amount of fine white mica and clino--
zolisite.

Mineral reactions of particular interest in
this regiocn are:

1. Transformation of actinolite to hornblende
and of albite to An richer plagioclase.

2. Appearance of garnet, cummingtonite,
anthophyllite and calcic pyroxene.

The boundary between low and medium grade meta-
morphism, a temperature of 500°c to 210°c at 3 to 3.5
kb in mafic wvolcanic rocks (Winkler, 1979), is the

approximate point at which actinolite changes to
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hornbiende, although there is hornblende below the
isograd and some actinolite above it (Winkler, 1979).
The hornblende isograd thus reflects the anticipated
trace of the 300°c to 510°c surface.

Fossible reactions to produce hornblende have

been proposed by Kretz (1963} and include:

for quartz free rocks

(4) ARctinolite + Epidote(Al}) + Ilmenite +
Quartz -> Hornblende + Anorthite + Sphene + HzO

{(Quartz, if present. is consumed in the reaction)

for guartz bearing rocks

(5) Chlorite + Zpidote(Al) + Guartz -> Anor-

thite + Hornblende + HzO

Winkler (1979) proposes the more general reac-
tion:
(6) Actinclite + Clinozcisite + Chlorite +

Quartz -> Hornblende

7.3.2.2

Ancrthite

Winkler (1979) reports that the change in com-
position of albite to An richer oligoclase takes
place across the 520°c - 530°c isotherm. With
reference to the sample map (Fig. 1.3), sample 85/990

cn the western side of the metavolcanic rocks con-



tains oligoclase and sample 85/86, on the eastern
side of the metavelcanic rocks, contains plagioclase
up to An 40 {(approx. andesine} indicating placement
of this isotherm somewhere south of samples 85/%90 and
85/78&6 but north of sample 33/745 (albite).

Increase in the anorthite content of plagio-
clase is probably facilitated by reactions (4) and
(5), liberating An by breakdown of =pidote (Rambaldi,

1973).

7.3.2.3
Garnet
Garnet in intervolcanic metasedimentary rocks
at location 9 (Fig. 7.1), appeers as mm. size, purple
crystals on weathered surfaces in outcrop (Fig. 4.3)
and as ragged edged porphyroblasts in thin section
(Fig. 7.11}. BGarnet is part of the mineral assemblage
in intervolcanic metasedimentary horizons north of
location 9, in metavolcanic assemblages just south of
the narrow lake in the center of domain D (sample
83/93 Fig. 1.3) and northward from this point.
Microprobe analysis of garnets in three samples
{locations 3,4 and 9, Fig. 7.1) indicates that alman-
dine companent does not exceed 68 wtiZ and that in
each case, spessartine component is always areater
than 10 wtiZ. The large amount of spessartine within

the garnet means that it may form at temperatures ana



pressures well below those for medium grade metamor—

phism (Winkler, 1979).

7.3.2.4
Cummingtonite

The appearance of cummingtonite in the mineral
assemblage as small lath shaped crystals that are
clear and non pleochreic (Fig. 7.12), indicates
medium grade in metavolcanic rocks and temperatures
in excess of S5$50°c (Winkler, 1979). Cummingtonite in
samples 85/91 (Fig. 1.3) on the western side of the
metavolcanic rocks, near the northern boundary of
structural domain B and on the eastern side of the
metavolcanic rocks, in sample 85/88 (Fig. 1.3) is
accompanied by small needle like crystals of agthoph-
vyllite.

Limited sampling makes location of the cumming-
tonite isograd, therefore the 550°c isotherm, in
metavolcanic rocks arbitrary. The 550°isotherm, the
equivalent to the cordierite isegrad in the metasecdi-
ments, may be extended into the metavolcanic rocks,
parallel to the hornblende isograd, from a point near
the intersection of the cordierite isograd and the
metavolcanic succession ta a point south of sample

locality 85/788 (Fig. 1.3).



7.3.2.5

Calcic Pyroxene

East of sampl~ 85/88 (Fig. 1.3), temperatures
may have exceeded 5350°c as calcic pyroxene, appar-—
ently unaltered, in stringers parallel to foliation
in the assemblage of sample 85/86 (Fig. 7.13), indi-
cates temperatures in excess of &600°c (Winkler,
1979). The plagioclase in sample 85/86 is about An
45, a higher grade (approx. labradorite) than at
location 85/91 (Fig. 1.3) on the western side of the
metavolcanic succession. The 550®c isotherm may
therefore curve southward at this peoint (Fig. 7.1)
to include sample 85/86.

Microscope analysis of thin sections from north
cf location 2 and 3 in the northwest trending arm of
the metavolcanics along the granite contact (Fig.
7.1) indicates that amphibolite grade is maintained
to the northern limit of mapping. The mineral assem—
blage is dominated by large hornblende porphyrcblasts
and includes quartz, clinozoisite, plagioclase (An 30
-40) and often fine white mica and carbonate. Acces-
sory phases are biotite, garnet and sphene. No fur-—
ther evidence of cummingtonite, anthophyllite or cal-
cic pyroxene is seen, suggesting that temperatures
were slightly lower in this portion of the metavol-

canics relative to locally high grade portions.



7-4

SLEEPY DRAGCGN COMPLEXY - METAMORPHISHM

fnalysis of gneissic rocks from the Sleepy Dra-
gon terrain in the eastern part of the area indicates
a possible metamorphic trend in these rocks from
south to north. A sample from within 1 km. of the
suggested contact with the younger granite contains
euhedral hornblende crystals growing parallel to a
steep lineation. The sample is located immediately
adjacent to a mafic dyke which may bhave influenced
growth of the hornblende.

To the socuth, still within Sleepy Dragcon
gneisses and within 50 meters of the contact with the
metavolcanic rocks, gneissic rocks are composed

mairmly of biotite, plagioclase and qguartz.

7.5

MICROPROBE ANALYSIS

Microprobe analysis of samples from within the
metaveolcanic succession was undertaken, in a sequence
from northeast to southwest. Eleven sample locations
are numbered sequentially from a mafic volcanic xeno-—
1ith within the northern granite, southward to below
the hornblende isograd (Fig. 7.1). The samples ana-
iyzed were from both metavolcanic rocks (locations
1,2,3,6;7,8,10,11: Fig. 7.1) and intervolcanic meta-

sedimentary rocks (locations 4,5 and 9: Fig. 7.1)}.



Analyzed minerals included amphibole, garnet, biot-
ite, chlorite, epidote and pyroxene.

Six discrimination plots for amphibole composi-
tion allow determination of elemental distribution
changes (Fig. 7.14), species analyzed (Fig. 7.13) and
metamorphic grade (Fig. 7.16)}. Temperature of crys-—
tallization was calculated for three samples from
within the metaveolcanic succession containing bioti-
te—garnet pairs (Table 3). Analyzed samples were from
both intervolcanic metasediments (85/46, 85/94) and

mafic metavolcanic rock (8&6/26).

7-5-1

Amphibole

Variation plots after Studemeister (1983) are
designed to show straight line correlations between
61205 wt”%Z and wt%Z TiDp, FeOe, Si0=, and MgO
respectively (Fig. 7.14a, b, ©, d). Alx03z content is
thought to increase with increasing metamorphic
grade, as are Fe (total) and to a lesser extent TiOa;
content of Si8= and MgO0 should decrease in the pro-
grade direction (Studemeister, 1983).

On these plots, changes in composition of the
amphiboles within mafic volcanic rocks from location
11 up to location & (Fig. 7.1) appear systematic.
Beyond sample & the amphibole composition loses dis-

tinct amounts of Alo0x and falls back toward the
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Figure 7.14 Discrimination plot for amphibole cemposi-
tion from Studemeister (1983). Each plot attempts to
create a straight line correlation which mat be attrib-
utable to increasing or decreasing metamorphic grade
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lower grade compositions. The break in trend takes
place across the boundary between structural domains
B and D where trends of pillow shape fabrics (Saia,
Fig. 1.3) change from NE to NW, and may indicate
compositional differences between the metavolecanic
rocks within these domains. Samples from intervol-
canic metasedimentary rocks plot at the high end of
the scale and appear anomalous.

Separation of analyzed amphiboles into species
was attempted by use of two discrimination plots
suggested by Deere, Howie and Zussman(l980). Varia-
tion in Na + K tetal atoms and Al(vi) + FeZ~ + Ti
atoms with respect to the number of Al{(iv) atoms
(Fig. 7.15} indicate that the majority of the amphi-
boles sampled were hornblendic. Two of three amphi-
bole analysis from location 11 plot below the horn-
blende position and cone plots above indicating coex-—
istence of hornblendic and actinolitic amphibole in
lower grade rocks. Once the hornblende composition
has been achieved, further compositional changes at
anticipated higher temperatures claease to the intru-
sive granite contact are not markedly systematic.
Amphiboles from interveolcanic metasediments again
plot in anomalcusly high positions.

In a third type of discrimination plot, based
on compositional changes in amphibole with increasing

metamorphic grade, Laird and Albee {198l1l) suggest
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that when the assemblage chlorite, epidote, plagio-
clase, quartz, Ti phase (biotite), +/- K mica, carbo-
nate, Fe™* oxide is present, increasing metamorphic
grade is reflected by an increase in edenite
(Na,K,Al), tschermakite (Al) and glaucophane (Na, K,
S§i) in amphibole phases. Their discrimination plot is
separated into biotite, garnet and staurolite, kyan-
ite metamorphic zones (Fig. 7.16). The plots show a
reasanable separation of the data by temperature,
reflecting the general metamorphic progression deter-—
mined by thin section work. Amphibole from location 1
begins to show anomalous chemical changes in plot
7.16b and, due to the elevated K content of the ana-
lyzed mineral, rises outside the range of plot 7.16c.
As in previous plots, anomalous, apparently out of
sequence samples from location 5 and 9 (intervolcanic

metasediments), remain so.

7-5.2

GARNET BIOTITE GEOTHERMOMETRY

7.5.2.1%

Introduction

Within the metasedimentary domain, the first
appearance of cordierite is an accepted indicator of
temperature and pressure conditions in the range of
550°c at 3 kb (Ramsay, 1974). Comparable isotherms

within the metavolcanic rocks are not as easily def-
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ined due to the small sample population and the lack
of suitable minerals.

Although the increase in the aluminum centent
of amphibole (Studemiester, 1983), increase in the An
content of plagioclase (Winkler, 1979) and presence
of cummingtonite, anthophyllite and calcic pyroxene
indicate that the metamorphic grade of the volcanic
rocks is increasing with proximity to the northern
granite, there are no relizble temperature determina-
tions indicated by these changes beyond the general
boundaries of low and medium grade metamorphism set
out in various calibrations of regional metamorphic
plots (Hietanen, 1967, Winkler,1979 ).

To better model temperature increases with pro-
ximity to the northern granite, geothermometry based
on microprobe analysis of garnet, biotite pairs was
undertaken. These minerals have been studied for par-
titioning of the elements Fe (to garnet) and Mg (to
biotite) during metamorphism by several authars
(Kretz, 19&48; Ferry and Spear, 1978; Hodges and
Spear, 1982). When activity coefficients and free
energy interactions (Margule’s parameters) are con-—
strained by assuming ctordierite isograd conditions
(550c at 3000 bars)for the analyzed samples, tempera-
tures of metamorphism may be calculated using the
method of Ferry and Spear (1978), as modified for the

garnet solid solution series by Hodges and Spear



(1982).

7.5.2.2

Methods

Using data obtained by microprobe analysis of
garnet rims and/or cores and biotite crystals in
three samples, temperatures of equilibration may be
calculated. It is important for these analyses that
garnet be analyzed at the core and rim and if the
grain is large enough, at some intermediate point
between the core and rim. Garnet is slow to homogen-—
ize (very small diffusion rate, Turner, 1981) and the
composition may vary greatly across the grain, possi-
bly due to the changes in the metamorphic conditions
as the grain grows. Biotite grains sampled should be
in contact with the garnet grains (Hodges and
Spear, 1982) and rim analysis made at points near the
mutual caontact.

Following the method of Hodges and Spear
(1982), the mele fraction of four garnet components;
Almandine (al), Pyrope(py), Spessartine(sp) and Gros-
sular(gr) within each sampled point is calculated by
formulae in table 1. The mole fractions of
Annite(ann) and Phiogopite(ph) within sampled biotite
are also calculated.

With reference to the free energy interaction

for the binary end points of the garnet solid solu-



Table 1 Formulae used to calculate mole fractions of

phase components. {Hodges and Spear, 1982)
Yuas = Fe/{(Fe + Mg + Ca + Mn)
oy = Mg/(Fe + Mg + Ca + Mn)

Xge = Ca/’/(Fe + Mg + Ca + Mn)

= Fe/(Fe + Mg + Ti + AlvVEI?]

x-ﬂﬂ

Xpn = Mg/ (Fe + Mg + Ti + Al V%)

al = almandine, py = pyrope, gr = grossular,
ann = annite, ph = phlogopite



Table 2.

Marqules parameters for garnet solid solu-

tions.

(after Hodges and Spear, 1982)

Marqules parameter Source

Wesrma 0 Newton and Haselton (1981)
Wearma 3300 — 1.5T(K) Newton, et.al. (1977)
Wramea o} Hodges and Spear(1982)
Weares 0 Cressey et.al. (1978)
Wearmn 0 Ganguly and Kennedy (19743)
Nerarmn & Ganguly and Kennedy (1974)
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tion series (Margules FParameters; W), which are
tested for their effect by comparison of results
obtained to the expected temperature of the alumino-—
silicate triple peoint, Hodges and Spear (1982)(Table
2), determined that the ©only interaction that was non
zero was the mixing of grossular and pyrope in garnet
{Weamg = 3300 —-1.5T(Kelvin) from Newton, et. al.,
1977).

The formula for the equilibrium coefficient K.
of the garnet biotite exchange reaction is calcu-

lated in formula 1:

Ks= HXoyl3(Xannld™ - (Yoold=
{(Xon)T(Xa2)™ (Ya2 )™= (1)

The values of Yai. and Yo, are obtained by
substituting Margules parameters inte formulae 2 and
3 (after Ganguly and Kennedy, 1974);

In Ypy =

EsaﬂciisﬂziisFiﬂpiinlenL

RT{Kelvin) (2)
In Yaz = WecamoXoyXor
RT(Kelvin) (3)

The value for the equilibrium coefficient is
inserted into formula 4: 0=12454 - 4.662T.(Kelvin) +

0.057P(bars) + RT(Kelvin)lnKy (4)
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and the equation is solved for Ta.

7.5.2.3

Results

Results are tabulated in table 3. The garnet

compositions for rim and core
£5/46 and 85/94 were analyzed
cores than rims and = general

rich cores and almandine rich

in two thin sections,
and showed Mn higher in
zoning with spessartine

rims. A third thin sec-

tion, B&/2&6 was treated only for the rim composition

of the garnet. Temperatures were computed assuming

that biotite compositions were near ideal.( This

assumption is considered reasonable by Ferry and

Spear{(l1978) as leong as the Ti

content of biotite is

not signifigant. No minimum value for the signifi-

cance of this element is suggested.) Three biotites

within one slide (85/93) were analyzed, temperatures

obtained varied by only 10c regardless of the loca-

tion of the biotite with respect to the garnet.



TABLE 3
Results of microprobe analysis as applied to the gar-—
net bioctite geothermometer. Hodges and Spear, 1982

Sample 85/4&: Biotite analysis

{46-2
Xamn 93812
Xon 3049
Sample 85/746: Barnet analvysis
46-1 45-3 46-1 46-3
core core rim rim
Xor -1451 -1467 -1511 1522
Xam1 6560 - 6700 6439 -b6611
Xpy 0319 0340 -.0352 L0369
Xap 18671 -1493 1697 -1497

Temperatures in degrees centigrade
432 388 S00 494
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33333 -3 4+t R R R

Sample 85/%94: Biotite analysis

4~-3 4-4 94-9
Xann-6307 -6374 L6342
Sample 83/794: Garnet analvysis
94—-1 F4-5 942 ?4-5 ?4-7 94-8
core core rim rim unspecified
Xgr-1776 1779 -1987 L1733 -1322 -1754

Xa2-4815 -4477 « 6597 - £837 -S5772 .4870
Xoy 0069 -0070 - 0244 -0216 -0143 .0131
Xap-3340 3674 .1172 .1521 . 2564 - 3246

Temperatures in_deqrees centigrade with biotite #3

24-3 299.4 313 573 454 390 41935
4-4 309 317 580 4460 395 4290
94-9 298.5 312 S70 452 389.3 413.8
Sample 846/26: Biotite analysis : Barnet analysis
Xarn-2158 Xge 1202
Xprn 3000 Xas 6793
Xpy =-0348
Xap -1457
Temperature in degrees centigrades S70




7.5.2.4

Eonclusions; Garnet, Biotite Geothermometry

Temperatures obtained using the core compasi-
tion of the garnets were consistently lower than tem-—
peratures obtained using the rim compositions. It
appears that spessartine rich cores were generated at
temperatures as low as 300c., assuming no diffusion of
elements within the garnet porphyroblast. The alman-
dine rich rim composition gave temperatures as much
as 280c higher than core temperatures and more
closely matched the result anticipated, after consid-
eration of the mineral assemblage.

Temperatures obtained from garnet rim composi-
tions are indicative of increasing temperature of
metamorphism as the contact with the northern granite
is approached (Map Unit 4; Fig. 7.1). Sample
85/46 (location 9, Fig 7.1) at a distance of approx.
3 km. from the nearest contact with the granite gave
a value of 500c for the garnet rim composition and
39Sc to 400c for the garnet core composition. Within
2 km. of the contact, sample 85/94, (location 4, Fig.
7-1) garnet rim compositions for two porphyroblasts
gave temperatures of 450c and 580c. These garnets
give temperatures of about 300c to 315c for core com-—
positions, indicating that the temperatures under
which the garnets began to grow were, within the

error cf the method, exactly the same. The discre-—
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pancy in temperatures obtained from rim analysis-may
be due to the proximity of these two garnets to each
other. During growth the diffusion of elements to
the growing crystal may have gradually favored one of
the poikiloblasts over the other, effectively stop-

ping the growth of the smaller garnet below peak tem-—

peratures.

The third sample analyzed is within 1 km. of
the Morose granite contact (sample 86/26, location 3,
Fig. 7.1). Garnet was analyzed for rim composition
only and gave a temperature of 570c. This is virtu-
ally the same temperature that was obtained at loca-
tion 4, 1.7 km. from the contact. Although the tem-—
perature closer to the mapped contact with the nor-
theastern granite could be assumed toc be higher,
the measured distance is in plan view only. In the
third dimension these samples may be closer to equid-
istant from the granite contact thanmn the map view

would indicate.

7-6

Conclusions

Cited evidence for prograde metamorphism in the
supracrustal rocks within the map area indicates a
broad thermal aurecle surrounded the intrusion of a
younger granite in the northeastern part of the map

area. Temperatures of 500°c were reached in supra-
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crustal sediments up to 3 km. from the cantact
between the granite and the metavolcanic rocks.
Higher temperatures adjacent to the contact are indi-—
cated by higher grade metamorphic mineral assemblages
and by garnet, biotite gecthermometry.

Estimates of peak pressures during metamorphism
are restricted to the determination of Ramsay (1974)
and Winkler (1979) of about 3 kb feor the cordierite
isograd. Presence of almandine garnet within inter-
volcanic metasediments suggests pressures there may
have reached 4 kb.

Garnet-biotite geothermometry indicates that
temperatures were increasing during genesis of garnet
porphyroblasts. In one instance, sample 85/94, the
temperature appears to have risen about 200°c between
beginning and end of porphyroblast growth.

As temperatures fell, retrograde reactions pro-
duced low grade minerals within otherwise medium
grade assemblages. The retrograde nature of these
minerals (chlorite, sericite and epidote) is indi-
cated by their disposition as rims and halos around

higher grade phases.



Chapter 8
STRUCTURAL GEOLOGY
8.1
Introductiocn

Polyphase deformation of the supracrustal meta-
volcanic and metasedimentary rocks of the Fenton Lake
map area has created structures that may be separ-
ated, on the basis of style, orientation and over-
printing into 3 distinct generations. During
Do and Dz subsets of structures appear to have formed
at approximately the same time. These subsets
are seperated intoc A and B generations indicating a
best estimate of time relations, based on overprint-
ing relationships, between otherwise morphologically
identical foliations. Proterozoic faulting has not
been considered within the deformation framework
{Fig. 8.1).

First generation structures vary in style
across the three major lithologic units. Within the
metasedimentary domain, folds (F.), defined by bed-
ding top reversals, and generally lacking well def-
ined axial surface foliations, are traceable along
strike for kilometers. The metavolcanic succession
was tilted dﬁring first phase deformation (D,) to
form a steeply dipping, westward facing homocline
which curves from a NE trend in the southern half of

the map area to NW and then te N. Layer parallel
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foliation (Saia) in the metaveolcanics is attrib-

uted to D.,. Foliation parallel to the north striking
contact between the metavolcanics and the eastern
granitic terrain is grouped as Sie (Fig. 8-.1la). Sia
foliations appear toc be transposed into a N - S, Saa
parallel orientation in this area. Contact parallel
foliations in the Sleepy Dragon basement gneiss,
including local mylonite zones are probably D, struc-—
tures.

The map area is divided into 5 structural
domains labelled A to E (Fig. 8.1ia), based on varia-
tions, in trends of tight F, folds and fold limbs in
metasedimentary rocks and S, layer parallel foliation
in metavolcanic rocks.

Second generation structures are represented by
an easterly striking Sa foliation (Fig. 8.1b). S=z is
commonly transposed and obliterated by later folia-
tions. Map scale F. folds are ncot recognized.

Dx structures are small scale Fs asymmetrical
folds and S= axial —-planar foliations, divided into A
and B generations based on a few examples of over-—
printing relationships observed in the metasedimen-—
tary domain. Sxza is a northwesterly striking folia-

tion and Sze strikes northeasterly (Fig. 8.1b).

Y- -



8.2

D, STRUCTURES

8.2.1

METASEDIMENTARY ROCKS

8.2.1.1
Folds

The sedimentary rocks display a series of tight
to iseclinal F,; folds with limbs over a kilometer in
length. Few hinges are exposed and the folds are
mainly defined by reversals in the facing directions
ef parallel striking beds. One exception is a fold
evident in thick bedded sandstone on a promontory on
the western shore of Fenton Lake; convergent bedding
on the limbs of a syncline is well defined on airpho-
tos (Fig. 8.1a, domain A).

Fi fold trends are not uniform but vary through
almost 90 degrees from northeast (Fig. 8.la, domain
A), parallel to the southern homocline in the vol-
canic rocks, to northwest and north (Fig. 8.1la,
domain E)., parallel to the northern homocline in vol-
canic rocks.

Fa folds in domain A vary slightly in ecrienta-—
tion but the dominant northeasterly trend is clearly
shown in equal - area net projections of the poles
to bedding (Fig. 8.2, 8.3). Dips are dominantly sub-
vertical to steep southeasterly. Facing directions

(Map 2 and Fig 8.1la) indicate that beds and folds in
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domain A are commonly overturned to the north-
west.

As in domain A, bedding and folds within domain
E vary in orientation (Figs. 8.1a and 8.2). Northwest
to northerly trends and steep westerly to vertical
dips predominate (Fig. 8.3).

Adjacent to where the volcanic belt curves from
northeast (domain B) to northwestward (domain D),
lack of continucus outcrop makes the pattern of fold-
ing in the sedimentary rocks difficult to establish.
It appears that F, folds in the metasedimentary rocks
conform to the large scale change in trend of the
metavolecanic rocks, thereby defining an apparent
refold of Fi. as fold hinges curve through the “elbow’
region.

On the western shore of Fenton Lake the change
in trend of Fi structures is less dramatic. The axial
- surface traces of folds and parallel bedding on the
limbs swing gradually from a northeast to a northerly
trend, the latter conforming to the trend of volcanic

rocks in the northern part of domain D {(Fig. 8.1la).

8.2.2

METAVOLCANIC ROCKS

8.2.2.1

Fa Folds

The volcanic rocks form steeply dipping, gener-—
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ally homoclinal, successions. A rare outcrop
of easterly facing pillows near eastern shore of a
narrow northwest striking lake in the south central
part of domain D (Map 2} suggests a possible small
scale F. fold. Minor, tight intrafolial folds in
foliation (Fig. 8-4a and b) with axial traces paral-
iel to the granite, metavolcanic contact in domain C
are related to the Sis foliation. These rare, minor

folds do not significantly affect the map pattern.

g.2.2.2

S, Foliation

The S;a foliation is commonly defined in out-
crop by the layer parallel orientation of the long
dimensions of flattened pillows (Fig. 8.3) and by
mineral foliations and spaced cleavages within mas-—
sive volcanics and within intervolcanic metasedimen-—
tary and volcaniclastic rocks. Saia in the interflow
metasedimentary rocks conforms to contacts with
enclosing, more competent metavolcanic rocks.

Sia and later foliations are locally traced by
hematite and epidote veining, especially in close
proximity to the northern granite (Fig. 4.1la and b).

Thin sections reveal that Saia is defined by
aligned amphiboles (actinolite, hornblende and cum-
mingtonite) in metavelcanic rocks and by aligned

tiotites and horrnblende in the interflow metasedimen-—
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tary rocks.

.

8.2.2.3

Lineatiaons

A lineation defined by mineral elongation and
pillow selvage extension (Fig. 8.6) within each of
the volcanic structural domains B,.C, and D (Fig.
8.2) commonly plunges &0 degrees or more within the
Sim plane (Fig. 8.2). Sulfides are scometimes aligned
in down dip stringers parallel to L. (Fig. 8.7).

Net projecticons for each domain show that La
clusters at about 90 degrees to the strike of Sa
(Fig. 8.2), in other words, in the down dip direc-

tion.

B.2.2.4

Orientation of S; and F,

Sia changes strike abruptly across the boundary
pbetween structural domains B and D (Fig. 8.1a) within
+the metavolcanic rocks and is probably folded and
transposed into a granite/gneiss contact parallel
orientation (Sais) within structural domain C (Fig.
8.1a).

In structural domain B, northeast striking Saia
shape fabrics and local layering follow the map trace
of the metasediment/metavolcanic contact in the

southern part of the domain. Further nartheast,
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although the contact swings northward, Saia continues
nartheast, deviating by approximately 45° from the
contact (Fig. 8.la}). Thus, the major change in trend
of the metavolcanic rocks is not due to folding after
Sia had developed. Sia in domain B varies in dip from
steep coutheasterly to vertical (Map 2}.

Pillow tops show that the volcanics face dom-
inantly northwesterly to westerly away from the gra-
nite/gneiss terrain to the east. The metavolcanics of
domain B are overturned northwestward at the southern
end of the metasediment/metavolcanic contact, varvying
to near vertical further north and subvertical along
the metavolcanic/gneiss contact.

Structural domain € occecupies a narrow zone
along the eastern boundary of the volcanic terrain
where the contact with the granitic and gneissic
rocks to the east strikes northerly. Pillow flatten-
ing trends within the domain are variable with abrupt
changes in orientation suggesting that Saia strikes,
extending northeastward from domain B, are locally
preserved, but generally curve to strike parallel to
the contact with the granitic and gneissic rocks to
+he east. The northerly striking shape fabrics and
foliations, designated as Sim, are steeply west
dipping (Figs. 8.2/8.3). Where pillows are visible
they face predominantly west with the indicated

exception in the elbow region of the metavolcanics
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{Map 2).

Conforming to the map pattern of the granite,
metavolcanic contact, Sa within domain D curves from
northwest to strike northerly at the northern end of
the map area (Fig. 8.l1la}). Dips of S, are from 40 to
B0 degrees southwest to westerly with the average
being about &0 degrees, slightly shallower than dips
in the southern part of the belt (Fig. B.2). West
facing pillow structures in the least strained flows
at the southern end of domain D indicate that the
volcanic belt is probably homoclinal along its mapped

length and faces southwest (Map 2 and Fig. 8.1a).

B.2.3

STRUCTURAL DOMAIN RELATIONSHIPS

Strike changes of bedding and Saia foliation
between structural domains take place sharply over
distances of a few tens of meters in %the volcanic
succession. The boundary between domains B and D,
where 5. abruptly changes strike from northeast to
northwest, is therefore best termed a "fabric front*
(Fyson, 1984b). The domain boundary (fabric front)}
parallels northwest striking Si in domain D, which
conforms toc the contact between the metavolcanic
rocks and the northern granite. At the southeastern
corner of domain D, Sia strikes northeast, parallel

to Saia further south in domain B. The arrangement
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suggests that northeasterly striking Saia is locally
preserved from transpaosition into the northwesferly
direction characteristic of domain D. From the map
pattern (Fig B.la) Saia striking northwest in domain D
appears to truncate NE striking S:a in domain B.
However, overprinting relationships are not clearly
defined. Lacking evidence to the contrary and consid-~
ering the similar morphologies and textures, the Sia
foliation in the two domains is assumed to have
formed sequentially but close in time.

The boundary of domain £ with domains B and D
is less distinct. It is placed where S,a extending
from both domains B and D becomes irregular in orien-—
tation and a northerly trending apparently cross
—cutting foliation (Sie) is prominent. As indicated
previously Sims is parallel to the contact of metavol-

canic rocks and granite/gneiss terrain.

8.3

Dz Structures

8.3.1

METASEDIMENTARY ROCKS

The second phase of deformation, D=, produced
few recognizable folds but is represented by a
regionally developed, easterly striking Sz foliation
(Fyson, 1975, 1982, 1984a) (Fig. 8.1b and 8.8). Where

preserved at lower metamorphic grades, Sz is defined
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By a mineral alignment of chlorite, muscovite
and/or biotite between quartz rich domains. and by
remnant quartz inclusion trails within biotite poiki-
loblasts, as metamorphic grade increases. Exterior to
these biotite porphyroblasts Sz parallel muscovite
and biotite are tightly crenulated and transposed
into 33 cleavages. At cordierite grade the S=
foliation is locally defined by aligned biotite mus-
covite and minor chlorite where it is preserved unde-
formed within cordierite poikiloblasts.

Although the enclosing rocks have been affected
by later Dz structures, Sz inclusion %trails within
biotite and cordierite poikiloblasts retain a dom-
inantly easterly strike. Resistance of poikiloblastic
minerals %o reorientation during Dz deformation is

discussed by Fyson (1980a}.

8.3.2

METAVOLCANIC ROCKS

Easterly striking Sz spaced cleavage in the
metavolcanic rocks is most strongly developed in the
central part of the map area although Sz parallel
crenuslation cleavage was measured at one locality
near the southern limit of mapping. A shape fabric
parallel to Sz is not common, however, some of the
shape fabrics designated as S5, in domain C based on

easterly strikes, may be Dz structures.
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8.4

Dxa Structures

8.4.1

INTRODUCTION

Dza deformation has produced folds with limbs
varying from a centimeter a few meters in length. The
folds are open to tight and plunge steeply. A steep
Sxa axial planar foliation strikes northwest across
both the supracrustal and gneissic rocks. Faza folds
have both *S° and ‘2Z° asymmetries (Fig. 8.9), prob-
ably reflecting varying orientations of the Si sur-—

faces before Dx deformation.

8.4.2

METASEDIMENTARY ROCKS

F=xa folds with limbs a few centimeters long are
propagated sporadically within fine grainmed and
thinly bedded pelitic rocks and are prominent locally
in bedding parallel quartz veins (Fig. 8.10). Coarser
beds rarely display Fsa folds.

Ssa foliation is developed in the sedimentary
rocks as either a crenulation cleavage or a spaced to
penetrative cleavage defined by aligned micas.(Figs.
8.11a and b). Sza refracts within the sediments as it
crosses boundaries between ccarser and finers beds and
may change strike by as much 2s 10 degrees. Dips are

steep to vertical with few exceptions (Fig. 8.8, Map
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B.4.3

METAVOLCANIE ROCKS

F=za folds in the metavolcanic rocks are similar
in style and orientation to F3a structures in the
metasedimentary rcoccks. Though scattered throughout
the metavolcanic rocks, F=a folds predominate at the
southeastern end of structural domain D and in struc-
tural domain C.

A spaced cleavage parallel to axial planes of
Fxa folds, Sxza strikes predominantly northwestward,
and dips steeply, commonly southwest (Fig. B.1b, 8.8,
Map 2). It affects all volcanic rock types and
changes strike only slightly where the wvolcanics of
domain D swing from a northwest to a northerly trend.

Sza is defined by the preferred dimensional
orientation of hornblende and actinolite, +/- cum-—
mingtonite and opaque minerals, usually ilmenite, in
mafic volcanic lithologies (Fig. 8.12) and by the
preferred orientation of biotite, hornblende and
chlorite (retrograde from biotite) in the intervol-
canic metasedimentary rocks (Fig. 8.13a and b).
Within the volecanic succession, folded and fractured
amphibole grains suggest that Sxa was formed by the

crenulation of an earlier foliation.
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8.5
D STRUCTURES
8.5.1
INTROCUCTION
Dzw generation structures are similar morpho-
logically to Dxza structures. The only distinguishing
feature is the northeast to northerly trend of the
axial planar Sze foliation (Fig. 8.1b). Where Fxa
and Fze folds are preserved in the same cutcrop they
exhibit opposite senses of asymmetry (Fig 8.9i) and
were not seen to overprint one another. As for Fxa,
Fse folds are discontinuous structures which die out
rapidly along axial surfaces.
However, in a few localities, Sze Crenulations
are seen to affect Ssa foliations (Fig. 8.14),

establishing their time relationship.

8-5-2

METASEDIMENTARY ROCKS

Steeply plunging Fxs folds are common in the
metasedimentary rocks, especially in thinly bedded
units and in bedding parallel guartz veins.

In addition to contrasting strikes, Sza and Scsw»
may be distinguished by relative intensities of
developﬁent in pelitic (argillaceous) and sandstane
units (Fig. 8.14). Sza is preserved in coarse grained

sandstone beds in which Sz» is either weak or absent,
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whereas in the oelitic rock Ssza is completely over-—
printed by Ssm». Where (as in fig. 8.14) the bedding
approximately bisects the angle between Sza and Sz»,
the consequent chevron pattern of cleavages is dis-
tinctive (see also Fyson, 1984b).

Thin sections indicate that Sz is a crenula-
tion of S= or Ssa with no apparent new mineral growth

along the axial surfaces of the crenulations.

8.5.3

METAVCLEANIC ROCKS

A spaced cleavage, Sze 1S axial planar to
asymmetrical § and Z verging cm scale folds in the
metavolcanic rocks (Fig. 8.9). Sze fecliations are
steeply inclined and wvary in strike from N to NE
(Fig. B8.8) perhaps reflecting variations in direc-
tions of shortening ceontrolled by local anisotropy in

the rock.

8.6

CRYSTAL GROWTH AND DEFORMATION

The relationship between crystal growth and
deformation is well displayed in metasedimentary
rocks where structures and fabrics of various gener-—
ations are readily distinguished. Similar interpreta-
tions are more difficult in the metavolcanic rocks

where identical mineral species are aligned aleng



successive foliations with relict fabrics (crenula-—

tion or folding) rarely preserved.

8.6.1

METASED IMENTARY_ ROCKS

Thin section evidence suggests temperatures
within the metasedimentary rocks were rising during
Dz deformation, causing growth of biotite parallel to
the S= fabric. Pesak temperatures, pre Dsza, saw growth
of biotite and cordierite poikiloblasts preserving
gquartz inclusion trails in biotite and mineral laths
in cordierite. The trails in bintite remain parallel
to the east striking Sz foliation (Fig. 8.11b) during
Ds deformation.

Temperatures within the metasedimentary rocks
may have been decreasingo during and after Dsa as
minerals aligned parallel to or overgrowing Sxza are
generally lower grade muscovite and biotite (Fig.
8.11).

Little new mineral growth parallel to S=»

suggests a continued draop in temperatures within the

metasediments during Dsm.

8.6.2
L

METAVOLCANIC ROCKS

Within the metavolcanic rocks, overprinting

relationships are rarely preserved, probably as a
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result of almost continuous mineral growth during
deformation at medium to high metamorphic grades. A
rare case of preserved overprinting in the extreme
southern part of the area shows Sz and Sxa are
locally defined by crenulation of earlier foliations
(Map 2). Szwe parallel fabrics seen in one thin sec-
tion from the northeastern part of domain B appear to
be related to development of an asymmetrical fold or
shear band through S; or Sz parallel hornblende laths
(Fig. 8.15).

Temperatures compatible with the growth of
horntlende and spessartine to almandine garnet (see
metamorphism} were effective over much of the meta-
volcanic domain above the hornblende isograd (Fig.
8.1a). Dne sample, 8%92/9, from within 1 km of the
northwest striking metavolcanic/metasediment contact
shows a garnet poikiloblast that evergrows a crenu-
lated, east striking foliation (Sz) and the new
foliation (Sza), defined by the alignment of horn-—
blende laths (Fig 7.11). Sxm anastomoses around
garnet elsewhere in the same thin section, suggesting
that the garnet grew pre to syn Ssa, the latest
foliation visible in the thin section.

lLack of good thin section examples of Sz= makes
it difficult to adequately describe the feliation and
reiate it to temperature conditions within the meta-

voglcanic rocks.
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Figure 8 15 Pxyianicaogrsh of metavolcanic rocdd
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8.7

STRUCTURES WITHIN THE SILEEPY DRAGON COMPLEX

8.7.1

INTRODUCTION

Rocks of the Sleepy Dragon complex (Henderson,
1985) (Unit 1, Fig. B.1ia) display folds and fabrics
close to the volcanics that are similar in orienta-
tion te those within the supracrustal rocks, with the
exception of the easterly striking Sz foliation. From
limited mapping of the complex within the thesis
area, it is not clear whether any structures predate
deformation of the supracrustal rocks. Elsewhere,
structures trending northeast to eastward within
gneisses and foliated granite of the Sleepy Dragon
complex appear to be truncated by the volcanic belt.

(Davidson, 1972; James, 1989) 8.7.2

8.7.2

FOLIATIONS AND MYLONITES

Gneissic foliationm (Fig. 8.16) and mylonite
zones parallel the north striking contact with the
valcanics and are subparallel to the S:s foliation
(Fig. B.16). These feoliations are deformed by discon-
tinuous asymmetrical folds that resemble the Fxa
generation, based on style and northeasterly orienta-
tion; they are also deformed by northeasterly trend-

ing shear bands locally along the north striking con-
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tact between the Sleepy Dragon complex rocks and the
metavolcanics (Fig. 8.17). The asymmetry of these
structures suggesits a component of dextral strike
slip movement along the northerly striking foliation
during or post Dxa-.

An east south east trending mylonite zone is
developed parallel to the east striking contact
between the metavolcanic rocks and the Sleepy Dragon
terrain in the southeastern part of the mapped area
(Map 2}. This mylonite zone varies in width along
strike and affects the graniteid rocks in a zone up
toc 2 meters wide, marked in outcrop by a linear pink
to whitish, mm to cm scale, color banding in the
rock. The east striking mylonitic foliation is folded
locally, giving rise te a north northwesterly strik-
ing foliation that is subparallel to Sza (Fig. 2.1).

Mylonites in granitic rocks are formed of 0.S5cm
to 1cm wide bands, of altermating microcrystalline
quartz and larger recrystallized (0.2mm) quartz rich
bands. Relatively large feldspar crystals are locally
preserved within quartz rich domains. Muscovite,
biotite, actinolite, hornblende and locally chlorite
are aligned along the mylonitic foliation. (Fig

8.18b, 8.1%9a and b)
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8.7.3
LINEATIONS

Mineral lineations, defined by qgquartz ribbons
and amphibole (Fig. 8.19b}), plunge steeply west to
northwest élnng both north striking and east striking
contacts. The lineations generally lie in the plane
of the contact parallel feliatiocon, especially where
the contact strikes northward, parallel to Sa.s in the

metavolcanics (Map 2}.

8.8

STRUCTURES WITHIN THE NORTHERN GRANITE.

The contact between the Cameron River volcanic
rocks and the northern granite is wvisible for short
distances in at least three places. Traverses across
the volcanic belt and intec the granitic terrain, in
the northern part of the map area, revealed an intru-
sive centact with the volcanic rocks resting on the
granite. The contact is well exposed on an east slop-
ing exposure north of the elbow region (Fig. 4.2) in
the southern part of the northwest striking contact
in deomain D. The contact is sharp and dips westerly.

Near the contact, a contact parallel, west dip-
ping fabric within the granite is formed in part
by theiglignment of elongate mineral grains steeply
down diﬁ (Fig. 8.20a and b). At a distance of 200m

east of the contact, no obvious foliations or line-



ations were seen within the granitic rocks. Numerous
meter scale inclusions of mafic voicanic rocks within
the granite preserve foliations parallel toc Sias: Ssa
and Ssw», Suggesting they represent xenoliths of the
supracrustal metavolcanic rocks engulfed by the gra-
nite.

The structural relations suggest that the
northern granite arrived at it s present level late
in the structural history of the area. The contact
parallel foliation in the granitic rocks could be
related to the emplacement of the granite ("Onion
skin fabric"; Fyson and Helmstaedt, 1988) or it may
be related to movement of the volcanics downward
relative to the granite, by late stage ductile normal

faulting (James, 1989).
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Chapter ¢

Summary and Speculations

9.1

STRUCTURAL GEOLOGY

Narrow belts of predominantly mafic volcanic
rock within the Slave Province, exhibit a variety of¥
shapes in map pattern (Fig 1.2). Some belts with rec-—
tilinear segments exhibit abrupt changes in trend
{Cameron River, Couragecus Lake, Takiyuak and other
belts). These belts are generally bounded by granite,
either intrusive cr basement, on cne side, and meta-
sedimentary supracrustal rocks on the other.

This study of the Fenton Lake portior of the
Cameron River belt where it changes from a northeas-
terly to northwesterly trend has documented an
arrangement of structures that must be accounted
for in explanations for the map pattern. Most notable
is an early phase foliation (S.) associated with
flattening of pillow structures that changes trend
abruntly across a "fabric front", the boundary
between structural domains B and D and is cross cut
by a similar focliation in domain C (Fig. 8.1A).

A fabric fraont may also be present south of
Fenton Lake where the volcanic belt changes trend
from NW — SE (Fig 1.3. Fyson, pers. comm., 198%) The
arirangement could have developed as follcows.

Volcanics along the western margin of the
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Sleepy Dragon Complex were tilted at an early stage
of horizontal compression into homoclines facing away
from the complex. Continued subhorizontal compressive
stresses subsequently imposed steep S, flattening
fabrics on the inclined wvolcanics which were further
rotated into «teep orientatiomns. F, folds formed in
the sedimentary rocks marginal to the volcanics.
Steep stretch lineations in the wvolcanics and in
mylonites, which are present in the basal contact
zone and within adjacent gneiss of the Sleepy Dragon
Complex. indicate subvertical extension. Addition-—
ally, shear bands within mylonite, which indicate a
component of N - S oriented dextral slip along part
of the contact zone, show that the movement picture
within the zone was complex. The §, foliations appear
to have formed szquentially in northeasterly, north-
westerly and northerly directions, each of which coun-
forms to the contacts with bounding granitic rocks.
It is suggested that the abrupt changes in trend of
these contacts reflect junctions of crustal frac-—
tures. The volcanics were rotated and steepened by
upthrusting along these fractures, and by compression
across them. The fractures acted sequentially as
stress guides, hence the segquence of Sia and Simp
foliations. During felding of the metasediments, the
‘corner’ between the northeast and northwest trending

volcanic homoclines provided a reentrant intc which
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the folds were moulded against the homocline.

?.2

METAMORPHISM

Metamorphic grade in the area increases with
proximity to the northern granite. Although tectonic
mineral foliations provide evidence of a dynamic type
of regional metamorphism, growth of apparently
unstrained poikiloblastic biotite, cordierite and
garnct indicate low strains during peak temperature
periods, at about the time the granitic bodies were
emplaced.

The kilometer scale width of the metamorphic
halo associated with the granite is too large to be
explained by contact metamorphism whose effects are
rarely apparent more than 500 meters from hot con-
tacts (Ralph Kretz, pers. comm., 1988). Thermal dom-
ing, suggested by Thompson (1978), whereby large
areas of the upper crust are brought under the influ-
ence of high temperatures by upward arching of nor-—
mally surface parallel isotherms could explain the
metamorphic pattern described. Peak temperaturas at
the time of metamorphise are estimated from the par-—
titioninag of Fe and Mg betwean biotite and garnet,
based on the experiments of Ferry and Spear (1978)
and Hodées-and Spear (1982). The range of tempera-

tures appears to be from 300c at which point the

-135-



first spessartine garnets began to grow, to 570c at
the peak of metamorphism, in rocks approximately 1
km. from the granite volcanic contact. The presence
of high grade amphibele and pyroxene minerals within
100 meters of the contact suggests that temperatures
in the actual contact aurecle may have been in excess

of &600c.

a
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Chapter 10

SUGGESTIONS FOR FURTHER WCORK

10.1

FIFLD WORK

More detailed mapping of the metavolcanic ter-
rain to delineate the contacts between lithological
units, especially those between the interflow sedi-
ments and the metavolcaniecs, would have greatly
improved this field study. The possibility that an
intervolcanic sedimentary unit was continuous around
the bend of the Fenton Elbow became apparent during
compilaticon of the map. The unit is usually deeply
weathered and lack of outcrop in key areas will prob-
ably hamper efforts to find its true extent. However,
gecophysical gravity or magnetic surveys may reveal
contrasts with the enclosing volcanic rocks.

More detailed mapping will alsoc delineate the
extent of felsic volcanic rocks within the northwest
trending'arm of the metavolcanics. Outcrop evidence
suggests that the rocks are of limited extent, but
associat.-+4 gossans indicate they could be of eceonomic
importance.

Sampling within the metavolcanic rocks to bet-
ter define the metamorphic aureocle around the north-
ern granite should be systematic and encompass trav-
erses toward the granite as well as paraliel to its

margin. Sampling within one volcanic type (i.e. pil-
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lowed rocks) throughout the succession would probably
best serve the purpose of detecting changes in miner-
alogy.

The area is being examined for its gold deposit
potential at present (1989, 90). Locally anomal-
ous magnetic values, numerous iron alteration zones
cf small areal extent within the metavolcanic rocks,
rusty weathered and probably iron rich zones along
both the upper and lower contacts of the metavolcanic
rocks suggest the possibility of mineralization which
should be further investigated.

Recent discoveries of sedimentary and ultra-
mafic rocks in the contact zone between the Sleepy
Dragon gneiss complex and the metavolcanic rocks
(Kusky, 1987), have suggested that the metavolcanic
belts may include ophiolities (Hoffman, 1986, Kusky,
19846, 1987). Sense of shear alecng the contact and the
possibility of thrusting between the two units (1 and
2) needs further study.

Further mapping within the metasedimentary
rocks would serve to better determine the range of
depositional environments and nelp determine the
provenance of the sediments. The possibility indi-
ceted by fine grained rocks of a quiescent environ-
ment of deposition along the metavolcanic metasedi-

ment contact should be further investigated.



10.2
Lab ﬂork

This study began limited work on geothermometry
for biotite garnet pairs from metavolcanic and inter-—
volcanic sedimentary rocks, a study which gave inter-
esting results. Microprobe aralysis of similar pairs
for a wider area would certainly help to complete the
picture of metamorphism. Geobarometry was not
attempted, but the possibility for successful work is
suggested by good constiraints on pressures indicated
by the coexistence of cordierite, garnet and plagio-

clase.-
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AMPHIAOLE analyses results

Location
Sample #

5i02
A1203
Ti02
Cr203
Fe203
Fel
Mn0
Hgl
Ca0
Na20
K20

Total

1
85/73-1

42.51
11.02
0.64
.08
2.57
19.78
0.48
6.75
11,99
1.08
1.92

98. 22

2

85/70-1

45, 44
8.51
0.57
0.08
3.03
19,73
D.59
7.44
12,02
1.02

0.%

98,93

GARNET analyses results

Location
Sample #

Si02
AL1203
TiD2
Cr203
Fe203
FeD
MnO
Mg0
Cal
Na20
K20

3
86/26

43.75
12.45
0.54
0.07
3.23
18.73
0.63
5.38
11,57
1.35
cﬁm

298.3

3
86726

N/R
N/A
N/R
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

4
85794

N/D
N/D
/D
N/D
N/D
N/D
N/D
N/D
N/O
N/0
N/O

Vo

4

85/94

N/R
N/A
N/A
N/A
N/R
N/A
N/A
N/A
N/A
N/A
N/A

5
B5/43

41.13
16.65
0.42
0.64
4.19
13.97
0.18
7.95
11.39
1.95
0.3

98.18

6
a5/90-1

43.27
13.34
0.35
0.16
6.82
16.53
0.68
5.63
10.9
0.76
0.47

98.91

7
85/88-1

43.11
13.31
0.35
0.08
4.09
16.69
0.3
7.35
11.53
1.64
0.38

98.84

8
85/100

45.06
10.77
0.32
0.1
4.27
16.24
0.41
8.44
12.08
0.93
0.22

98.84

9
85746

40.39
17.41
0.1
0.08
5.01
18.06
D.69
3.55
10.91
1.18
0.52

98.7

85/46

36.84
20. 44
0.04
1.18
0.03
0.85
208.96
6.9
5.11
D0.03

100.39

10
85745

46.38
10.57
0.27
0.12
ml &m
13.89
0.26
10.29
12.06
i.04
0.16

98, 52

11
85/30-1

46.71
9.9
0.33
0.2
4.5
12.54
0.34
10.89
11.85%
0.98
0.21

90. 45
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BIOTITE analyses results

Location
Sample #

5102
A1203
Ti02
Fe203
Fe(
M0
MgD
Cal
Na20
K20

3
86/26

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

4
BS/94

N/A
N/A
N/A
N/A
N/A
N/A
N/RA
N/A
N/RA
N/A

)

85/46

84,53
17.1
0.75

o

26.22
0.2
7.72
0.04
0.26
a.12

95.94
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GENERAL GEQLOGY:

The Fenton lLake area within the Arzchzan Slave Structy
Province is underlain by Eour major rock units as well as mafie an
felsic dykes of minor estent.

(1) Sleapy Dragon Complex: mainly granitic apd gneissic -1 SN
that secupy the soubheastern part of the map areaj Was interprete
a5 basemant to adjacent volcanit rocks {Davidson, 1972: Henderscn
1381, 1985; Lambert, 1377}

f2) Cameron River YVelcanic Belt: a pradominant_ly bas?itl
volcanic pile of pillswad and massive £lows with inbezca-ate
breceias, voleaniclascics and minor felsic tuffs and szediments,

{3) Burwa®$ Tormation watasediments: graded tearse O fina:
(mokagreywacke and argillaceous Tesm) strathqraphically apove aid
west of the volcanies.

(4) Ho=<36 Granite: & granitic pluton and dykes (db) int:ua
units 1 and 2 if the northeastern past af Ché Map area.

{5} Dogrib Dykas: a few gabbroie dykes of tha Protercind
Dogril swarm trend northeasterly across units 1, 3 and probably

and 4.

LITHOLOGY AND STRATIGRAFREIC RELATIONS:

The Sleepy Dragen Complex [1) includes medium grained K-feidsn
and plagioclase granitolcs with local strongly foliatean  af
mylonitized zones, Amghibolitic dykes (lk] within the complax ra
been interpreted as feeders o the adjacent volcanic rock
suggesting that the complex is part of an older basement (Baraga
1966; Lambert, 1977). Contact relations; however, are obscured
deformation and an dyke has been traced from the complex into t©
voleanics., An appatent truncation of a strong gneissic fabric
the complex by relatively undeformed volcanic rocks has suggested §
urconformable relationship (Davidsen, 137%; Yenderson, 1985), by
tectonic juxtaposition is possible (Xusky, 1986a,1h).

Tha Cameron River Volcanic Belt (2) is composed predominantly
basaltic pillowed flows {(Za) massive flows and dykes (Z&)  af
breccias composed mainly of volcanic eataclasts (2h). The dyk
within the volcanic plle may be crosscutting or layer parallel ay
may in part be feeders to the voleanic extrusive rocks, Coar
unfoliated gabbro dykes {3} of uncertain extent alsa cross t
metavolcanics. :

Within che voleanic pile, 20 - 40 m wide zones of racessive
weatherad, medium- to coaTse-gralned, guartz-rich sedimants {

outtrop discontinuously along strike, especlaily in the southey
part of the volcanic succession. Sedimentary lenses are foliatoge-

parallal to centacts with surrounding voleanie rocks. The
sediments are similar texturally to the Burwash Fomation sediment
to the west, craracterized by angular rock Iragmencs and lazd
angular- to sub-rounded quart: grains in a poorly sorted quactd
feldspar matcix. Deposition in a high energy environment with litt
revorking is indicated. .

Quartz feldspar porphyritic rhyolire [(2Ze) outcrops at 4
warglns of a 100 m wids awamp filled valley midway across t
nerthwest trendipng arm of tha wolcanics, at the southern ard.
JniT appears tg pinch out 2.2 km along strike to the north, th
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ATIGRAPHIC RELATIONS:

Scagon Complex (i) includes medium grained ¥-Zeldspar

X ranitoids Witk local!  strongly  foliated  ang

-  Aophibplitic dykes (1D) within the complex hava

4 as feeders o the adjacent wolcanic rocks,

the complex is part of an older nasement {Baragar,

1377). Contact relacions; however, are obscured by

* no dyke has been traced from the complex into the

appacsent truncation of a strong gneissic fabric in

¢ ~elatively undeformed volcanic rovks has suggested an

relationship (Davidson, 1972; Hendarson, 1585), buc
:zrsition is possible (Kusky, 19B6a.b).

» Giver Volcanic Balt (2) is composed predominantly of
ed flowa (2a}l masyive flows and dykea (2¢) and
¢ mainly of wvolcanic cataclasts (2b). The dykes

-aple pile may be cresacurting eor layer parallel and
feeders to the wvolcanic extrusive racks. Coarse

iz dykes (5} of uncertaln extent also cross the

40 m wide zones of recessively
c:um- to coarse—gralned, quartz-rich sediments (2d)
. inygusly along strike, especially in the southern

canic spccession. Sedimentary lenses are foliated

ntacts with surrounding veolcanic rocks, These
s:milar texturally to the Burwash Formation sediments
characterized by angular rock fragments and large
t~rounded quartz grainas in a poorly sorted guartz,
f:. Deposition in a bigh energy environment with little

welcanic pile, Z0 =~

dicatad.

dspat parphyritic chyclite |(2#) outcrops at  the
150 m wide swamp filled valley midway acress the
fiing amm of tha volcanics, at the southern end. The
N> pinch ouwt 2.2 km along scrike to the north, then
ffuzther NW in the same stratigrephlc positien. This

The

opos far 20 kr te the north (James, 1939,

within the wolzanics an eguivalent isograd may be represented by
=ng JisapoeaTanca of cohisrite from the metamprphic asserblage of
asztinelite, hornblende, and quart:. AsS grade increases, actinolite
is depleted, leaving a predeminantly hormblendic composition. Rara
garmet  in the rims and cores of pillows near thke welcanic-
sedimentary contast may be conirslled by composition eof cthe rocks,

ard may incicate a mineral ispcrad within the welcanic rocks.
Garner is regrricted to the area nosth of the suggested isograd im
the wvolcanic rocks. Geothesmomessy from garretsbiotite pairs and
the ypresence of pyroxene suggest a ‘terperature of 400°C  at

3 x iC* ®¥Pa at the cortact with the Mcrose Granite.

intravelcanic metasediments {2d) :in the Digher grade IOCKs &re

macked Ty purple almandine porphyrablasts, The metasedimentary
asserblajze  includes  carbonate,  sericite,  gquartz,  clagisclase,
HiGLite ASS ROTARLALLE
T ETRUCTTRE:

mefsrmatinn of the supracrustal rocks has zesulted ir steep

agcompanied by development of steep shear
2ones in the Sleepy Dragon Complex. Earliar fabrics are not readily
correlated between litheleogies, however, later fabrics rCross all
rotkg ewcept the Dogrib Dyxes and the Morose Granite.

pedding in mOST places

o

The aarlissr deformation in the merasediments is marked by folds
that vary in direction, but tlese to the wolcarics trand pazallel to
the contast. which trends northeast and curves abrepcly northwest o
form  an  elbow. Directional scosers of folds formed eithec
successively or at tha same time.

In the volcanic rocks the early deformation has creatad steep
foliaticn, and mireral and strezch lineations in the pillowed flows,
which 1lie in steep predominantly monoclinal successions facing
northwest and southwest. Minor folds indicated by local changes in
the facing directions of pillows may have Eormed during 5.

=

The second phase of tnhe deformation in the mecasediments is
recorded in biotite porphyreoblasts as inelusion trmils of quarte,
and by a preferred orientation of micas. From 1imited data, 5
appears to trend wvariably east-scutheast through east o
east=northeast. A similar foliatieon trending variably eastarly is
present in the metasediments over a wide area of the Yellowknife
domain (Fyson, 1982). Folds relakted to 5, are rare in thé area.

In the velcanic rocks a weak easterly tranding fabric in the
elbow region may be related to S, in the sediments. Small-scale
isoclinal intrafolial folds affecting a foliation, therefcre termed
f,, are present in both the ME and NW tranding portions of the
volcanlic belt.

b,

F, miror folds and 8§, axial planar foliations cross mylonites
and foldad zones in the Sleepy Dragon Complax and the ircluded
amphibolitic dykes, F, folds and &, faliations sre locally prominent
in the metavolcanics and the metasadimentary rocks where they
crenulate 5,/5,. A directional subset (5,), commonly ascompanied by
cpen to Etight asymmetrical folds, tremds northeastward. A more
discontinuous subset {S,), alse accocmparied by open asymmetrical
fzlds, trenz® northeasteriv. Locally in the metasediments the 5,










V7 ON

LAKE




12* 52'30"




MUGLLL  LELQIpan  pwerrsge

[ — N

EQ' midﬁéﬁ }crnss t

margins of a 100 m wide swamp filled wvall 0 a9
. nerthwest trepging arm of the valcanics, at tha sguthern end, T P
5 .8 7 8 9 unit appears te pineh out 2.2 km along s‘fﬁike to the .nol'n Furt]

Tho Burwagh Formatioo satasediments (3] are mainly poorly sorted
quartzefeldapathic: ¢reywackes that grade from madium'_- te cparse-
grained basa] portiens te fine grained tops, A dominantly mafic:
valeanic clagk congiomerate (3b}, observed in only one outcrop, lles
on - the mastern shors ©of Fenton Lake in the ‘elbow’ reglon of the
sediments ahoyy 500 m west Of the contact with the metavolcanics,

The Morpge Geanite (4) i= & plagloclaze, K-feldspar, muscovite,
biotite granjre that 15 relatively unfoliaced axcept near the
voleanic reexs where A&t displays a contact-parallel feliarion.
Incluslaens of yylgandie rocks (2), up to 100 m from the contact, show
all the fabrics prasent in the volcaric belt. A few granitic dvkes
(42}, Sseme of wpich are pagr atitic, intrude the volcani¢ rocks east
and north of penton Lake and may be off-shoots from the main
granitic pluten, The dy ¢s are absent where the Sleepy Dragon
Camplex abuts the voleani- rocks.
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L (90 m wide swamp filled wvalley midway &crcss the in the metavolcanics and the metasedimentary rocks where they
CER 47 arm of the wolcanics, at the southern end. The crenulate 5,/5,. & directional subget (S.). commonly accompanied by
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nare it displays a contact-parallel foliatlon. zinc and 124 ppm barium, - N _
eatBllanic rocks (2), up to 100 m From the contact. show . "

in[ osent in the volcanic belt. A few granitic dykes Comsun: _ Zones of rusty weathered rock, up to 20 m thick and

n Cfllcn are pegstitis, intrude the volcanic rocks east 40 m along strike, are present in the velesanie rocks and along the

crfllon lake and may ba off-shoats fgom the main contact with the Sleepy Cragon Complex. These zones are heavily

The dy es are absent where the Sleepy Dragon weathsred and sulphide minerals are rarely preserved. ‘
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pla W—Ca‘ Iron aorichment {magnetic ocutcrop) . The wvolcanic rock.s are
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