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Abstract

The bedrock geology of the study area consists of a north-
trending belt of Archean granite gneisses in the east intruded
by an Aphebian granitoid complex in the west. The migmatitic
gneissic belt consists of classic granitic gneisses with minor
components of granitoid bodies, high-grade metasediments,
and amphibolite. The granitoid complex is dominated by the
Siave Granitoids group, and there are minor components of
Arch Lake and La Butte Granitoids. Screens and a ghost
stratigraphy of high-grade metasediments and granite gneiss
are fairly common within the granitold complex. The internal
structure of the granitoids reveals a series of imperfect basins
and domes. The granitoids appear to be ultrametamorphic
partial-meit derivatives from the protolithic granite gneisses.
The major contact between the granitoids and the gneissic
belt is intrusive with gneissic wall wedges and tongues projec-
ting into the granitoids.

Most of the rocks have undergone a two-cycle polyphase
metamorphism. Geochronology and electron microprobe
mineral analyses show that an Archean high-pressure granu-
lite facies metamorphism was followad by an Aphebian
moderate-pressure facies metamorphism. Mineral assem-
blages show that the latter retrogressed through amphibolite
facies and greenschist facies conditions. From Rb-Sr isochron
analyses, the moderate-pressure granuiite event was dated at

Introduction

1900 Ma. K-Ar dates on biotite and hornblende of approxi-
mately 1800 Ma roveal that the greenschist facies event oc-
curred at the end of a widespread savere thermal event that
reset all of the K-Ar isotopic ratios. The metamorphic foliation
has a regional northerly trend, but a wide range of variations
exists locally, within both the granitoids and the gneissic belt,

The map area is crossed by regional faults of two principal
orientations, north to northeasterly and west to west north-
westerly. The latter is the more common orientation. The Allan
Fauit, represented by a prominent mylonite zone and localized
fault surfaces, trends northerly. It principally cuts the granite
gneiss belt.

A continental ice sheet of Pleistocene Age has scoured the
region, leaving abundant erosional and depositional evidence
of recent glaciation. The Classical Wisconsin ice advance
came from almost due east. Aeolian reworking of the typically
sandy glacial deposits by southeasterly storm winds resulted
in the formation of sand sheets and dunes. Associated wind
polish and abrasion can be commonly found on bedrock sur-
faces.

Scattered minor mineralization is present in the high-grade
metasediments and Slave Granitoids, and less commonly in
the gneisses and other granitoids. Of particular note are minor
uranium stains, copper, and dispersed magnetite.

This report deals with 1523 km2 (588 mi?) of exposed
Precambrian Shield in northeastern Alberta. The map
area is situated between latitudes 59°15’ and
59°30’'N, and longitudes 110°30° and 111°30'W
(figure 1).

The surface of the Precambrian Shield has a general
gentle downslope toward the west. Elevations range
from 204 m (670 ft) at the Slave River up to about 320
m (1050 #t) eastwards in the interior of the map area.
Drainage is essentially westward to the Slave River
lowlands and thence north to the Arctic Ocean.

Previous reconnaissance geological work in the
Alberta portion of the Canadian Shield was done by
Cameron and Hicks (Cameron, 1930; Cameron and
Hicks, 1931; Hicks, 1930, 1932). Collins and Swan
{1954) spent several weeks examining mineral pros-
pects in the Alberta Shield. In 1959, the Geological
Survey of Canada (Riley, 1960} conducted a recon-
naissance geological survey of the Shield north of
Lake Athabasca. Results were published on a
1:250 000-scale uncolored map accompanied by
notes.

Bostock (1982), of the Geological Survey of Canada,
mapped the Fort Smith area, which adjoins to the
north. His information is available in an Open File
Report of the Geological Survey of Canada and in-
cludes an uncolored 1:125 000-scale map.

In 1957, the Alberta Research Council initiated a
Shield mapping program and has since published
several district maps and reports in the current series
(Godfrey, 1958b, 1961, 1963, 1966, 1980a, 1980b,
1984; Godfrey and Peikert, 1963, 1964; see figure 1).

The field work is now complete, and the remainder of
the maps and reports are in press (Godfrey and
Langenberg, 1986, in press).

A number of Alberta Research Council bulletins
have syntheses of several aspects of the Shield
geology. In particular, the metamorphic history is sum-
matized by Langenberg and Nielsen (1982), and the
structural conditions are discussed by Langenberg
(1983). The geophysical properties of the Alberta
Shield have been summarized by Sprenke, et al.
(1986) whereas the geochemical character and petro-
genetic implications are presented by Goff et al.
{1986).

Several university theses on various aspects of the
bedrock geology have been compieted in the course of
the Alberta Research Council's Precambrian Shield
program (Peikert, 1961, 1963; Watanabe, 1961, 1965;
Klewchuk, 1972; Kuo, 1972; Day, 1875; Sprenke,
1982).

Microprobe mineral analyses by Nielsen (1979)
established the metamorphic conditions under which
various mineral assemblages have developed and
petrogenetic processes have taken place.

An ongoing geochronological program with the
University of Alberta, under the direction of Dr. H.
Baadsgaard, has yielded numerous age dates and
allowed identification of significant metamorphic-
igneous events in the evolution of the Shiseld in Alberta
{Godfrey and Baadsgaard, 1962; Baadsgaard et al,,
1964, 1967; Baadsgaard and Godfrey, 1967, 1972;
Nielsen et al., 1981; Langenberg and Nielsen, 1982),
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Figure 1. Location of study area, maps 24, 25, 26, 27, the Bocquene-Turtle Lakes district, Alberta, and index to map sheets.




General geology

The Shield terrain in this map area is a northward con-
tinuation of the litho-structural trends and patterns pre-
sent in the Ryan-Fletcher Lakes district (Godfrey,
1984).

The study area is underlain by a Precambrian Shield
complex of igneous and metamorphic rocks that lie
within the Churchill Structural Province. Two distinct
Shield terrains—the Granite Gneiss belt and the Slave
Granitoids—are evident in the map area (table 1 and
figure 2). The map area is dominated by the Slave
Granitoids, which, including the minor variations of the
La Butte and Arch Lake Granitoids components, oc-
cupy over 80 percent of the map area (table 2). The
balance of the map area is made up of two zones: a
marginal phase of the pluton, composed of mixed
granitoids (primarily Arch Lake Granitoids) and the Ar-
chean granite gneiss beit. The mixed granitoid

marginal phase of the Slave Granitoids is more clearly
defined and the regional significance of the gneissic
beit is more apparent from the combined map areas of

Table 1. Geological terrains (figure 2} and their constituant
rocks for the Bocquens-Turtle Lakes district, Alberta.
Minor component [ ].

Constituent Rocks Geologic Terrain

Granite Gneiss belt
partly migmatitic and
mylonitic

Slave Granitoids
(a) Marginal Phase

granite gneiss
mylonitic rocks A
[high-grade metasediments)

mixed granitoids
[high-grade metasediments] S,

Slave Granitoids
[granitoids] S,
[high-grade metasediments]

(b) Core Phase
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Table 2. Percentage areal composition of the Bocquene-
Turtle Lakes district by rock type and rock group.

{For this table, covered ground within the map area is inter-
preted on the basis of an agromagnetic survey.)

Granite gneiss 4.0
Slave Granitoids 68.0
Wylie Lake Granitoids trace
La Butie Granodiorite 6.5
Arch Lake Granitoids 17.0
High-grade metasediments 2.5
Mylonitic rocks 2.0

this report and that in Godfrey (1984) {see figure 2).
The constituent map units within each rock group and
the possible genetic relationships are presented in
table 3.

Geologic history

The geologic history of this map area is summarized in
the form of a stratigraphic column in table 4. The Ar-
chean granite gneiss belt, covering five percent of the
map area, is located in the east of the study area. This
gneissic belt is intruded by a granitoid complex that oc-
cupies the remaining 95 percent of the area.

The oildest group of rocks, the basement granite
gheiss complex, consists of orthogneiss with subor-
dinate amounts of paragneiss, granitoids, high-grade
metasediments, and amphibolites. The formation of
these gneisses likely entailed multicycied sedimenta-
tion, polyphase metamorphism, extensive plutonic in-
trusion and deformation. Primary magmatic material
was introduced in the form of granitoid masses and
basic dykes, probably during several phases of mag-
matic activity. Deep-seated events led to major parts of
the gneissic belt being migmatized, remobilized and
subsequently mylonitized. Metamorphic mineral
assemblages within the high-grade metasediments of

the basement gneiss compiex contain hypersthene,
green spinel, corundum and sillimanite. The
temperature and pressure estimated for this mineral
assemblage is 900+ 100°C and 7.512 kbar (M, of
Nielsen et al., 1981). These peak conditions,
equivalent to moderate- to high-pressure granulite
facies metamorphism, existed during development of
the para-ortho-gneissic complex.

The Archean age (2.5 Ga) of the Charles Lake
gneisses (Godfrey and Langenberg, 1985a, 1985b)
and their involvement in the Kenoran QOrogeny has
been established by a Rb-Sr whole-rock isochron on
pegmatites cutting the granitoids in the gneissic belt at
Charles Lake {Baadsgaard and Godfrey, 1972).

In thin section, cordierite and almandine either
enclose or replace the granulite facies mineral
assemblage referred to earlier, showing that the rocks
were subsequently subjected to lower grade metamor-
phic conditions (Godfrey and Langenberg, 1978a).
Emplacement of the Slave Granitoids, La Butte
Granodiorite, and the Arch Lake Granitoids is
associated and coincident with prevailing moderate-
pressure granulite facies metamorphic conditions
(Mz,; of Nielsen et al., 1981) during the Hudsonian
Qrogeny.

Emplacement of the combined Siave-Arch Lake
Granitoid masses resulted in a granitoid body that was
probably mantled and walled by basement gneisses.
All of the granitoid masses probably originated as
remobilized infrastructure materiais. The conditions of
formation and emplacement are estimated by Niglsen
et al. (1981) to have been 740+ 30°C and 5.0+0.7
kbar (i.e., under moderate-pressure granulite-facies
conditions). These conditions are interpreted as a se-
cond phase of metamorphism, rather than as retro-
grade effects of the first metamorphic phase (M; ; of
Nielsen et al., 1981).

Mineral assemblages in various rocks of the region
have recorded a retrograde metamorphism through

Table 3. Principal Precambrian rock groups, constituent rock units and their field associations, Bocquena-Turtle Lakes district,

Alberta
Rock Groups
High-Grade
Mylonitic Rocks Granite Gnelsses Metasedimentary Rocks Granitoid Rocks
Amphibolite Amphibolite § Amphibolite §
Granitic Metasedi- Arch Lake
. . mentary Rocks ~ Granitoids
el + Metasedimentary La Butte
Rocks Granodiorite
Derived from
all other
rock groups Granitic Metasedi- Fighing Creek
. . mentary Rocks Quartz Diorite
[Granite Gneiss] + Metasedimentary —
Rocks Slave Granitoids

4 Intrusive relationship,
—»Close field, and possible genetic, relationships.
| ] Less significant component.



Table 4. Summary of geologic history of the Shield in the Bocquene-Turtle Lakes district, Alberta

Geologic Age Rock Units/Groups Predominant Rock Type(s)}  Process/Event
Recent Fluvial, lacustrine deposits Sand, silt, mud Sedimentation
Pleistocene Glacial/fluvialftacustrine Till, sand, silt Continental glaciation
Devonian Elk Point Group and older Carbonates Marine and evaporitic
sedimentation
Regional Faults (e.g. Allan
Fault) and mylonitization
Matamorphism Mg ;
(greenschist facies) 1=
La Butte Granocdiorite Granodiorite, (quartz diorite) g
Aphebian =
Fishing Creek Quartz Diorite Quartz diorite (granodiorite) Basic dykes o
Metamorphism M 4 ; S
Arch Lake Granitoids Granite (granodiorite) {granulite-amph.facies) B
Remoabitization T
Slave Granitoids Granite (granodiorite) Migmatization
Plutonic intrusion
Basement Gneiss Complex Amphibolite Basic dykes €
Metasedimentary Rocks Plutonic intrusion g
Archean Hornblende Gr. Gneiss Granitization -
Biotite Granite Gneiss Metamorphism M, «
(granulite facies) e
Sedimentation N3

low-pressure amphibolite facies (estimated to be
550 +55°C and 3.0+ 0.3 kbar, i.e. My ; of Nielsen et
al., 1981) and a greenschist facies (M, ; of Nielsen et
al., 1981).

The moderate-pressure granulite conditions repre-
sent the culmination of the Hudsonian Orogeny, and
have been dated with Rb-Sr at 1900 Ma (Godfrey and
Baadsgaard, 1962; Baadsgaard et al., 1964, 1967,
Baadsgaard and Godfrey, 1967; Nielsen et al., 1981).
Formation of the granitoid bodies is linked with intense
metamorphism and partial melting of the combined
granite gneiss and high-grade metasedimentary rock
belt. Large portions of the resultant crystal-liquid
granitic product were mobilized and separated from
the granite gneiss-metasedimentary belt to form
plutons and batholiths. Small amounts of segregated
granitic material remain within the parent migmatitic
belt as either minutely dispersed or larger mappable
masses. In places, the close spatial relationship is an
intimate mixture of parent metamorphic material and
the derived granitic material.

The lithology of the plutonic-complex core is
characterized by Slave Granitoids plus minor amounts
of small bodies of La Butte Granodiorite, Francis
Granite, Arch Lake Granitoids, granite gneiss and
high-grade metasediments. The internal structure of
the core consists of partly closed foliations around im-
perfect domes and basins. Some distortion of the
structures has occurred, in part due to drag along fate
faults. These data strongly suggest deformation of the
Slave-Arch Lake Granitoids, possibly towards the
roofal section of the pluton. A clearer geometric defini-
tion of the internal structures within the Arch Lake
Granitoids pluton has been preserved to the north, in

the Mercredi Lake map district (Godfrey and
Langenberg, 1986) where there is less structural
distortion.

In the Bocquene-Turtle Lakes map area some
screen materials that have been caught up and
dragged during emplacement of the granitoids help to
define the internal structures. Ghost stratigraphy is
also present as bands and lenses of granite gneiss and
high-grade metasediments, especially evident within
the Slave Granitoids component of the pluton. Further-
more, the screens and ghost stratigraphy provide a
direct petrogenetic link to the parent matarials of the
granitoids, the Archean granite gneisses and high-
grade metasediments. An example is provided by the
isoclinal folds outlined by a combination of foliation
and lithology at Disappointment Lake.

An east-west trending concentration of minor
granitoid bodies—Francis Granite, and minor La Butte
Granodiorite and Arch Lake Granitoids—and high-
grade metasediments forms an unusual, discon-
tinuous westerly extension in alignment with a major
westerly projection of the Arch Lake Granitoids mass
at the east margin of the Slave Granitoids pluton
(geology maps in pocket). This zone of granitoids and
metasedimentary rock masses may demarcate an in-
terface or discontinuity between two adjacent major in-
trusive cells or phases of Slave Granitoids, i.e. it
separates the northern and southern sections of the
plutonic complex. The south border of the major Arch
Lake Granitoids mass is parallel and lies some 8 km to
the north of this fragmentary zone. It should also be
noted that the zone of fragmentary granitoid bodies
coincides and is aligned with a well-developed set of
east to west transverse faults. Some lateral movement



of the fragmentary bodies is related to displacements
along these faults.

Further speculation on the origin of the zone of
fragmentary granitoid bodies suggests that they could
very well be remnants of pluton roof pendants. This ex-
planation requires that Arch Lake Granitoids envelope
the Slave Granitoids, which is in keeping with their
regional structural arrangement (figure 2). Structural
data from Langenberg (1983) supports this concept, in
that the zone of fragmentary granitoid blocks coincides
with an east-west basinal axis. Domes are appropriate-
ly positioned to the north and south.

The contact of the Slave Granitoids pluton with the
Granite Gneiss belt is characterized by a mixture of
granitoid rock units (Slave and Arch Lake Granitoids)
and high-grade metasediments. This zoned granitoid
margin is continuous to the south in the Ryan-Fletcher
Lakes map area (figure 2, and Godfrey, 1984), but it is
not so evident to the north. This zoned pluton margin is
perhaps an intermediate petrogenetic phase between
the parent gneisses and the Slave Granitoids pluton.

Subsequent to the formation of the crystalline base-
ment gneissic complex and Aphebian granitoids, there
were at least four periods of sedimentation in the
region—1) Aphebian-Proterozoic low-grade Burnt-
wood Group, 2) Proterozoic Athabasca Group, 3)
Devonian carbonates, and 4} Pleistocene glacial
sediments. The first one, and possibly the second, of
these periods are not represented in the outcrop of this
immediate map area.

Rocks of the low-grade metasediments (equivalents
of the Burntwood Group) are absent in this map area.
A period of prolonged uplift and erosion preceded
deposition of the second set of sediments, the
Athabasca Group. The largely continental Athabasca

Map units

Group (Ramaekers, 1980; Wilson, 1985) has not been
seen in outcrop in the map area. However, as discuss-
ed in the section on glacial history, it is suggested that
outliers of Athabasca Group sandstone may be closely
associated with, and in part underlie, the extensive
glacial sandy areas. Those sandy areas associated
with the north to south aligned glacio-fluvial-lacustrine
deposits just west of Esker Lake are excluded from this
speculation.

Another extensive period of uplift and erosional
stripping of much of the Athabasca Group rocks
preceded subsidence and transgression by the Devon-
ian seas. Middle Devonian carbonates unconformably
overlie the crystalline basement complex in the ex-
treme westerly portion of the map area. Exposures in
the banks of the Slave River show flat to gently warped
beds, with solution-collapse breccias focally cemented
with bitumen. These Devonian strata thicken to the
west where they underlie Wood Buffalo National Park.

Yet another long period of uplift and erosion preced-
ed the Pleistocene continental glaciation. This glacia-
tion is the most significant recent geological event in
the region, and has left a generally high proportion of
bedrock outcrop and minor scattered glacial deposits,
with the exception of the lowlands along the Sfave
River,

A recent (postglacial) pronounced change of chan-
nel position is indicated for the Slave River where an
abandoned channel (now partly occupied by La Butte
Creek) projects a maximum of 10 km easterly of the
present channel. It should be noted that this urtusual
deviation coincides with widespread surficial sandy
sediment, i.e. marking a possible buried Athabasca
Group sandstone outlier in a graben structure.

Rock unit classification

Most of the primary structures and textures of
sedimentary and igneous rocks in the crystalline base-
ment complex have been obscured or lost entirely in
the course of high-grade metamorphism, partial
melting, intrusion, and deformation. Mixed rock
assemblages, and wide, gradational contact zones,
are evident in both outcrop and on a regional scale.
This is true in terms of both pluton/pluton and pluton/
granite gneiss contacts. The principal map units
shown in the accompanying colored geological maps
depict only the predominant rock unit within a given
outcrop area. Of necessity, the smaller-scale varia-
tions of minor lithologies are largely not represented
on the maps.

To permit pstrological, geochemical and geophysi-
cal comparison, and classification of map units, cer-
tain hand specimens are designated as standard
reference samples. These standard samples represent
as nearly as possible the typical lithology of each map
unit as observed in the field. Standard samples of
granitoid, gneissic, mylonitic, and metassdimentary

rock are listed in tables 5 to 9 (appendix) along with
their modal and major element analyses. Field foca-
tions of these standard samples are shown on the ac-
companying four geological maps.

Granite Gneisses! (11)2

The Granite Gneisses are characteristically banded in
outcrop. However, the banding ranges widely in quality
from distinct to indistinct, and on a small scale is local-
ly absent. This metamorphic banding can be planar in
geometry or wavy to contorted, as in migmatitically
associated structures. Individual bands can be fairly
continuous, or discontinuous to streaky, and either
well or poorly defined (as in the case of mafic-poor,
felsic orthogneisses). In appropriate cases, by looking

1The incidence of Hornblende Granite Gneiss is sufficiently low that it
has not been separated as a mappable unit on these map sheets,
and, therefore, it is included as a minor component within the more
broadly defined Biotite Granite Gneiss.

2Numbers in parentheses refer to map unit designations used on the
accompanying geological maps.



at very low angles of incidence along the outcrop sur-
face, it is possible to discern the continuity of an in-
dividual band from long, attenuated plastic flow folds
where the limbs commonly lie in direct contact and can
extend together for a metre or more in length.

The granite gneiss terrain typically contains subor-
dinate small granitoid masses. The composition and
texture of the small granitoid masses are similar to the
principal granitoid rock units of the region (Slave, Arch
Lake and Wylie Lake). Where large enough, the
masses of granitoid rocks are mapped as the ap-
propriate rock unit.

The Granite Gneisses are typically composed of
quartz-feldspar layers alternating with mafic-rich
layers of foliae, which are usually {chloritic) biotite, and
which locally contain hornblende. The gneisses are
typically medium grained overall, with the felsic
mineral layers being noticeably more abundant and
coarser grained than the intervening mafic-rich layers.
Chiloritization of biotite is usual, and epidote veinlets
are present locally. Quartz veins, pods, and pegmatite
masses are fairly common. Isolated grains of allanite
and concentrations of magnetite in streaks parallel to
the foliation have been noted (table 5).

Amphibolite and metasedimentary rocks are com-
monly present as minor components of the granite
gneiss terrain. Usually they occur as small lenses or
bands parallel to foliation.

A large part of the Archean granite gneiss terrain
has been subjected to mylonitization within the wide
Allan Fault Shear Zone. These regional mylonite zones
of deep-seated origin show the effects of extensive
recrystallization in both outcrop and thin section (table
9).

Amphibolite (20)
Amphibolite is present in a variety of host rocks. These
rocks are found within each of the major geologic ter-
rains and rock groups—granite gneiss, high-grade
metasediments, and granitoid rocks. The widespread
distribution and range of rock associations of am-
phibolites in this igneous-metamorphic terrain sug-
gests that they were emplaced and/or generated under
a range of geologic conditions and times. Amphibolites
do not show any marked regional or local pattern of
distribution or concentration. Furthermore, major
bodies of amphibolite have not been found in the map
area, and nowhere do they develop thicknesses in-
dicative of either a volcanic association or a major
plutonic mass. Their origins probably involve both
metamorphic and igneous processes. Chilled contacts
have not been observed; however, such features could
have been obliterated through subsequent deforma-
tion, metamorphism, and recrystallization.
Amphibolite lenses and narrow bands are common
in the granite gneisses, typically ranging from 0.7 to 3
m {2 to 10 ft) thick and from 2to 6+ m (6.5t0 20+ )
long. They usually trend parallel to the metamorphic
foliation and show ductile to plastic deformation. Most
amphibolite bodies tend to be discontinuous and pro-
bably represent either boudinaged basic dykes and
sills, a fragmented restite accumulation, or an

agmatitic pegmatite complex within granite gneiss or
metasedimentary rocks. Amphibolites are relatively
uncommon in the major granitoids of the map area.

Massive amphibolites are dark green on a freshly
broken surface, weathering to a greenish gray.
Gneissic banded varieties weather to alternating green
and white to pink layers. Feldspars stand out selective-
ly in high relief on a weathered surface, giving the am-
phibolite the false appearance of being a much more
felsic rock. Hornblende and feldspar are the principal
minerals with minor amounts of biotite and chlorite.
Veinlets of epidote and quartz are locally present. As
the proportion of hornblende decreases, amphibolite
grades to either hornblende granite gneiss or to meta-
sedimentary rock. The grain size of amphibolite
generally ranges from fine to coarse, although horn-
blende crystals greater than 5 mm are relatively un-
common. The texture ranges from massive to foliated
to banded, the latter two textures being most common.
Many of the banded varieties consist of bands from 10
to 15 mm thick, in which alternating layers differ in
their hornblende to feldspar ratio.

Many of the amphibolites, particularly in the granite
gneiss and high-grade metasedimentary rock terrains,
have a rusty weathering surface. This phenomenon is
probably related in part to the decomposition of small
amounts of pyrite.

The less-recrystallized, less-deformed amphibolites
{(particularly those that have dyke-like relationships to
the granitoid host rocks) are probably the youngest ig-
neous rocks in the map area.

High-Grade metasedimentary rocks
(31)

The high-grade metasedimentary rocks are found as
relatively minor lenses and bands within the granite
gneiss and the graintoid terrains. The largest band and
concentration of metasediments is situated in the gra-
nitoid/granite gneiss contact zone.

The high-grade metasedimentary rock bodies tend
to be elongated in plan view. Their long axes are
aligned with the regional structural trend (mostly nor-
therly). In outcrop, the metasedimentary rock struc-
tures show intricate, generally steeply dipping isoclinal
folds that are locally crenulated and chaotic (due to
flow foiding), particularly in migmatitic associations.
The enclosing gneisses or granitoids are invariably
much less deformed. Such structural relationships in-
dicate greater mobility (plasticity) of the metasedimen-
tary rocks, compared with the host gneisses or
granitoids, in the course of deformation.

The metasedimentary rocks are typically quartzo-
feldspathic with subordinate amounts of schist, phyllite
and amphibolite (table 5). These rocks are of high
metamorphi¢c grade. Almandine is commonly iden-
tifiable in outcrop, and hypersthene, green spinel,
sillimanite and cordierite are visible under the
microscope. The metasedimentary rocks are typically
pyritic, and commonly have a rusty appearance in
weathersd outcrop. Locally, the rust may be sufficient-
ly extensive to be termed a rusty zone, or in the ex-
treme case a gossan.



The outstanding structural feature of high-grade
metasedimentary rocks in outcrop is the fairly regular
(relict?) compositional banding. However, this banding
becomes more disrupted and therefore less con-
tinuous as the amount of metamorphic guartz and
feldspar increases. At the same time, the rock
becomes less sedimentary and more granitoid in ap-
pearance. Where the granitic component is not promi-
nent, the metasedimentary rocks are typically well
foliated, color banded, or both.

Prograde metamorphism of the metasediments
reaches a maximum of granulite facies conditions, as
indicated by the presence of hypersthene, green
spinel, and silimanite (Godfrey and Langenberg,
1978a). The associated granitization (possibly in-
cluding some igneous material) is expressed in a varie-
ty of ways:

+ jsolated feldspar porphyroblasts;

s quartzo-feldspathic concentrations as clusters,
pods, and irregular patches;

* pegmatites with either conformable or cross-cutting
relationships;

* migmatitic to gneissic phases; and

* minor granitoid bodies.

Schlieren of either biotite concentrations or granitized

metasedimentary rock may be present. The end pro-

ducts cover a lithologic range which is gradational

from regularly banded metamorphic rocks of obvious

sedimentary parentage to rocks that contain a high

proportion of metamorphic quartz and feldspar. In out-

crop, these rocks are classified as migmatites and

granitic or pegmatitic masses.

Amphibolite bands, 0.5 to 2 m (1.5 to 6 ft) thick, are
fairly common in the metasediments and generally
parallel the metamorphic foliation.

Sulfide mineralization is common in the metasedi-
mentary rocks. Pyrite, by far the most abundant suifide
mineral, is associated with rusty zones. Minor copper
(chalcopyrite), molybdenite, graphite, and uranium
have been noted in adjacent map areas; they can also
be expected to be found here if these metasedimen-
tary rocks are thoroughly prospected. Narrow, milky
white quartz veins and pods, singly or in groups, are
usually barren of sulfide mineralization.

The granitoid rocks

This group of crystalline rocks includes all of the
granitoid® rock units. Together, granitoids make up
more than 91 percent of the map area. There are
essentially two broad groupings based on genetic af-
finities—the Slave and Arch Lake Graniteids. The in-
dividual plutonic complexes range in size from more
than 40 km to less than 1 km across and in this map
area probably have a limited range of Hudsonian ages.

3The term granitoid is used as a general field term, insofar as the
granitoid plutons and rock units collectively, and in some cases in-
dividually, represent a range in composition. Some plutons and rock
units range from granite to quartz diorite or to granodiorite; others
have a more restricted compositional range. See figure 3 for com-
positional details of individual rock units,

Slave Granitoids

The Slave Granitoids dominate the western part of the
map area and represent the most abundant rock unit in
the exposed Shield of Alberta. The lithologic and struc-
tural characters of the granitoids are relatively simple
compared with those of the Granite Gneiss beit. None-
theless, the Slave Granitoids contain numerous
fragments and masses that are gradational to Arch
Lake Granitoids and metasedimentary rocks. The
eastern margin and a central ‘east to west’ zone in the
Slave Granitoids, in particular, have a concentration of
these masses. Furthermore, the internal structure of
the granitoids is not simple in detail. The foliation
reveals several domes and basins, (e.g. Disap-
pointment Lake area [maps in pocket, Langenberg,
1983)).

Slave Granite Phase (107)

The Slave Granite Phase has a relatively limited tex-
tural and compositional range. It has a fairly light
overall color in cutcrop, commonly gray to white, but
ranging to pink or mauve pink. The characteristically
massive, medium-grained texture locally displays fine-
and coarse-grained variations. The typically uniform
grain size is locally megacrystic, with 15 to 30 mm iong
white feldspars making up to 15 percent of the rock.
The rock is typically garnetiferous, with a chloritic-
biotite envelope around garnet cores (tables 5 and 6).
These mafic knots (clots) are about 5 mm in diameter
and are dispersed through the rock masses (up to an
abundance of 4 percent). Green spinel (and hyper-
sthene, corundum, elsewhere in the Slave Granitoids)
seen under the microscope places this rock unit in the
granulite facies.

Mafic Slave Granite Phase (102)
The Mafic Slave Granite Phase is similar and grada-
tional to the typical Slave Granite (101). It is distin-
guished by a higher dispersed biotite content {table 7).
Subordinate masses of Arch Lake Granitoids and
high-grade metasedimentary rocks are common in the
Slave Granitoids. Derivation of the Slave Granitoids by
partial melting of the granite gneisses followed by seg-
raegation of infrastructure materials (possibly domi-
nated in composition by metasedimentary rock) seems
most plausible from the mapped field relationships and
the geochemical study of Goff et al. (1986).

Red Slave Granite Phase (103)

This rock type is similar to Slave Granite Phase in
mineralogical and textural features, but has a distinct
pinkish red appearance. It is seen to be gradational to
gray, pink, and mauve phases. It may be locally mixed
with Slave Granite Phase, making up a mincr compo-
nent of about 10 to 20 percent of an outcrop. Typically
leucocratic, garnets in mafic knots make up from 1to 5
percent abundance; porphyroblastic feldspar from 20
to 30 mm across makes up 5 to 20 percent abundance
(table 7). The matrix is medium- to coarse-grained with
a typically weak foliation, though quartz is commonly
rodded. Although (chloritic) bictite forms typically less
than 1 percent of the rock, locally higher concentra-



tions provide a better defined foliation. Intimate mix-
tures with aplo-pegmatite are local. The principal rock
type is granite with minor variations to granodiorite.
Red Slave Granite generally has gradational and
locally intrusive contacts with a number of other rocks,
including granitoids, aplites, high-grade metasedimen-
tary rocks, and granite gneiss. Migmatitic blocks of
metasedimentary rock and granite gneiss have also
been seen in Red Slave Granite. It is possible that Red

Slave Granite is a late magmatic phase of the Slave
Granitoids, it has injected and intruded earlier-formed
granitoid phases, and it may have facilitated massive
intrusion as a minor {20 + percent) magmatic compo-
nent. Its transitional (intermediate) composition be-
tween Siave Granite and Arch Lake Granite, looking
very similar to Arch Lake Transitional Granite, em-
phasizes a genetic link between the Slave and Arch
Lake Granitoids.
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Figure 3. Ternary quariz-alkali feldspar-plagioclase feldspar (Q-K-P) plots for granitoids and gneisses in the study area.
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Figure 3. (continued)

Speckled Slave Granite Phase (104)

This phase of the Slave Granitoids is similar to the
Slave Granite Phase (101) in most textural and struc-
tural aspects. It differs in having an overall reddish and
mottied appearance due to the presence of reéd and
white feldspars. The matrix of feldspar, quariz,
{chloritic) biotite and sericite is typically foliated and
can be mildly crushed. Two samples on the Q-K-P plot
(figure 3) show a wide variation in composition, from a
quartz-bearing alkali syenite to granodiorite (table 7).

Speckled Slave Granite Phase is an extremely minor
component of the Slave Granitoids and generally
bears a genetic relationship similar to other minor
components such as Red Slave Granite Phase and
Slave Granite PQ Phase,

Slave PQ Granite Phase (105)

A member of the Slave Granitoids, Slave PQ Granite is
noted primarily for its reddish pink to pink color and the
presence of red feldspar megacrysts from 6 to 12 mm
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10a Quartz-bearing (diorite, gabbro)
10b Diorite, gabbro, norite, anorthosite

Samples from study area
Samples from remainder of shield in Alberta
N Number of Samples

Figure 3. (continued)

across. Biotite, at 3 to 5 percent abundance, con-
tributes to a foliated and even gneissic matrix,
although there are also locally massive phases (table
8). Small lenses and bands of metasedimentary rock
appearance are typical of this rock unit. The predomi-
nant rock type is granite with gradations to grano-
diorite. In the field, Slave PQ Granite exhibits gra-
dational and intrusive contacts with other granitoids,
and it contains blocks of other granitoids, such as Arch
Lake Granite. Thus, Slave PQ Granite could be a late
magmatic phase of the Slave Granitoids. It also shows
a tendency to be migmatitic, and even gneissic, to the
point where a small outcrop could be mistaken for a
felsic or migmatitic granite gneiss. This latter observa-
tion suggests that Slave PQ Granite is the product of
partial melting from the parent Archean granite
gneisses, and locally still shows textural evidence of
the protolithic gneiss.

Wylie Lake Granitoids

This group of granitoids was first described in the
Wylie Lake district (Godfrey, 1980a) where these rocks
are especially abundant. Although the map units have
been extended into the Bocquens-Turtle Lakes map
area, a strict stratigraphic correlation is not intended at
this time. Field associations of the Wylie Lake Grani-
toids and granitized, high-grade metasedimentary
rocks are similar and they appear to have close genetic
relationships.

Granodiorite £ (132)

Granodiorite E is most abundant in the Wylie and the
Colin Lake map areas. Typically, it is intimately
associated with other Wylie Lake Granitoids, especial-

ly Fishing Creek Quartz Diorite and Wylie Lake Grano-
diorite Phase. Granodiorite E has an overall greenish
or brownish color in outcrop and can appear finely mot-
tled in hand specimen. Pink to red subhedral feldspars
from 6 to 8 mm long appear slightly megacrystic in an
equigranular, medium-grained, massive to poorly
foliated matrix of feldspar, quartz and (chloritic) biotite.
Ailthough of very small proportion, larger megacrystic
feldspars from 10 to 15 mm long, making up less than
1 percent, are nevertheless characteristic of the rock
unit. The common granodioritic composition of
Granodiorite E extends marginally into the granite
field. Chemical and modal analyses appear in Godfrey
and Peikert (1964).

Based on close field relationships and similar
mineral compositions, a genetic link is indicated be-
tween Granodiorite E, Wylie Lake Granodiorite Phase,
possibly Fishing Creek Quartz Diorite and high-grade
metasediments. Differences in feldspar megacryst for-
mation (a late-stage petrogenetic feature) among
these granitoids may reflect local variations in mineral
distribution and potassium metasomatism.

Fishing Creek Quartz Diorite (133)

Fishing Creek Quartz Diorite is lithologically equivalent
to the same map unit in the Wylie Lake area to the east
(Godfrey, 1980a). It is light gray overall, and in hand
specimen is mottled grayish white on a medium gray
background. The typical texture is almost megacrystic,
and locally ranges from distinctly megacrystic to
equigranular. Although typically foliated, it can be
locally either gneissic (with biotite-rich schlieren or
metasedimentary rocks) or massive. Megacrystic
white feldspars range from 7 to 10 mm in length within
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the greenish-gray matrix of feidspar, quartz and
(chloritic) biotite. Separate small, irregularly shaped,
leucocratic granitic masses are common. They are
white, fine grained and composed of massive aplite to
microgranite, and may be locally pegmatitic.

La Butte Granodiorite (140)

This rock unit is characterized by a gensrally uniform
color and texture, The color ranges from a light-
medium gray through brownish gray to mauve (blue
quartz plus pinkish gray feldspar). it is typicaily
medium grained with feldspar megacrysts from 8 to 20
mm long that are rare to 5 percent abundant (table 8).
The matrix is typically massive to uncommonly poorly
foliated or locally gneissic, consisting principally of
feldspar, quartz, and biotite. Rock types range from
granite to granodiorite, quartz diorite, and quartz mon-
zodiorite, with a mean composition of granodiorite.

La Butte Granodiorite crops out almost exclusively
within the Bocquene-Turtle Lakes map area of the
Shield in northeastern Alberta. It is intimately
associated with the major Slave Granitoids and is con-
fined to an east to west belt through the northern half
of the map area (maps in pocket). Outcrops of La Butte
Granodiorite commonly show the presence of other
minor phases of the Slave Granitoids (e.g. 10 percent
of Red Slave Granite); they could be minor magmatic
phases that facilitated emplacement of the La Butte
Granodiorite. Aeromagnetic survey data, along with
the distribution pattern of large-scale ‘xenolithic’
blocks of Arch Lake Granite, Arch Lake Transitional
Granite and Francis Granite, and the proximity to the
southern margin of the major Arch lake Granitoids to
the north (Godfrey and Langenberg, 1986, in press),
suggest a unique regional setting for the La Butte
Granodiorite. It appears that the belt containing
masses of La Butte Granodiorite and Arch Lake
Granite represents a zone of disruption of the Arch
Lake Granitoids in the margin of the Slave Granitoids
(figure 4 and maps in pocket). If the numerous large
blocks of Arch Lake Granitoids are indeed xanoliths or
boudins, then their distribution and that of the La Butte
Grancdiorite are in harmony with an east to west bulk
displacement (ductile flow) for the Arch Lake
Granitoids major pluton. Such an event also explains
the gap in the Arch Lake Granitoids zone that is
peripheral to the Slave Granitoids (i.e. adjacent to the
granite gneiss wall rock). Large-scale (regional) flow of
a mixture of granitoids, including a minor viscous
magma component, ¢could account for the rock unit
distributions observed today.

Boudins of metasedimentary rock are seen within
the La Butte Granodiorite phase. Numerous dykes of
La Butte Granodiorite 15 cm thick and up to 6 m long
are seen to intrude Francis Granite parallel to the
metamorphic foliation. The dyke walls are sharp,
straight and unsheared. There is no sign of ductile
deformation near the dykes.

The contacts between major bodies of La Butte
Granodiorite and Francis Granite exhibit ductile flow
features. Zones from 20 to 30 m wide of shear-flow
contain oval-shaped boudins of La Butte Granodiorite,

basic material, and gneissic banding that locally
becomes chaotic. The boudins are from 0.3 to 1 m
wide with their long axes aligned and parallel to the
fotiation. At a major contact, the La Butte Granodiorite
is generally gneissic and shows flow folds. These duc-
tile deformation features at the contacts are inter-
preted as adjustments to imposed stress while still in a
pfastic state, but nonetheless allow the intrusion or in-
troduction of basic material from a separate source.

Hematitic staining is characteristic along fractures
within La Butte Granodiorite and is interpreted as a
late-stage alteration feature.

Arch Lake Granitoids

Arch Lake Granitoids masses are found exclusively in
association with the Slave Granitoids plutonic complex
in the western granitoid terrain of the map area. Arch
Lake Granitoids blocks and bands of major and minor
dimensions are scattered within the pluton, but with
two notable concentrations: 1) towards the eastern
margin of the pluton adjacent to the granite gneiss
belt; and 2} in an east to west zone through the center
of the map area (figure 4).

Arch Lake Granite Phase (161)

The Arch Lake Granite Phase is overall reddish in out-
crop and is distinctly foliated, both in outerop and in
hand specimen. This penetrative foliation is accom-
panied by a mild mylonitization. The rock texture is
fairly homogeneous, and typically medium-grained,
but locally coarse, with up to 25 percent feldspar
megacrysts ranging from 15 to 30 mm long (table 9).
The megacrysts are commonly aligned in the foliation,
giving an augen texture. The matrix consists of pink to
red feldspar, biotite, and typically blue quartz. The
rock composition is dominantly granite with minor
variations to granodiorite and quartz diorite (figure 3).

Arch Lake Granite Transitional Phase (162)

Arch Lake Granite Transitional Phase is a sub-unit of
the Arch Lake Granite Phase and it is distinguished by
the absence of large (15 to 30 mm long) potassium
feldspar megacrysts (table 9). However, a smaller size
range of potassium feldspar megacrysts about 15 mm
long and up to 5 percent of the rock is usually present.

Francis Granite (164)
This rock unit has an overall brownish gray color. Its
outstanding textural feature is the presence of pink to
reddish euhedral, tabular-shaped megacrystic feld-
spars from 25 to 40 mm long, typically forming 5 to 15
percent of the rock. The texture is commonly medium
grained, massive or locally poorly foliated, and com-
prises feldspar, quartz, and biotite. The abundant
sharply angular feldspar megacrysts are typically ran-
dom to sub-parallel oriented. Locally, the feldspar
megacrysts may be rare or even absent. The composi-
tion of Francis Granite is granitic but ranges to
granodiorite (figure 3).

Local concentrations of feldspar megacrysts form
pegmatitic masses, ctherwise pegmatites and aplites
are not typical of this melanocratic granite. Basic
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The compositional and textural fabric in these
mylonitized zones tends to be planar in form. The
planar geometry is seen over a range of scales, from
hand specimen to outcrop, and to belts several
kilometres along the strike (as viewed on aerial photo-
graphs).

The regional mylonitic shear zones have been
studied by Watanabe (1965), and some aspects have
been discussed by Godfrey (1966, 1980b), and
Langenberg (1983). It is evident that these structures
are associated with deep-seated shear zones, and the
mylonitic deformation is essentially of a ductile
character. Subsequent to erosional unroofing, further
deformation was of a localized brittle nature, involving
brecciation and quartz-vein filling. The mylonitic shear
Zzones have been fixed by K-Ar dating at 1790+ 40 Ma
(Baadsgaard and Godfrey, 1972) and are character-
ized by greenschist facies minerals (Langenberg and
Nielsen, 1982).

The color and megascopic texture of the mylonites,
together with gradational contacts to less-deformed
phases of the rocks, were used to develop a field
classification of mylonitic rocks that is both descriptive
and genetically meaningful in terms of parental rela-
tionships. In a few cases only, distinctions between the
mylonites have not been clear. The parental materials
themselves, at least in the gneissic terrain, are already
mixtures of rock units on a fairly detailed scale, and
mylonitization has introduced further blending. An
overlap or gradation of geologic character among
these mylonites in outcrop or hand specimens is in-
evitable, but the concern is a very minor one.

The mylonitic group is subdivided on the basis of
their protolithic equivalents as follows:

» Mylonitic Rock 221 has [argely granite gneiss parent
material

* Mylonitic Rock 222 has largely high-grade meta-
sediment parent material

¢ Mylonitic Rock 223 has largely granitoid parent
material

Recrystallized Mylonitic Rock (221)

Recrystallized Mylonitic Rock (221} is pale pink to red
or dark greenish on both fresh and weathered sur-
faces. White to pink feldspar porphyroclasts from 6 to
18 mm long make up to a maximum of about 5 percent
of the rock. The augen-shaped porphyroclasts may
have trails of smaller feldspar crystals and fragments
that are enclosed in a foliated aphanitic, finely banded
matrix. Metamorphic foliation has a generally simple
geometry in outcrop, but on the regional scale, folds
can be clearly demonstrated.

Small amounts of other rock units in the mylonitic
group are mixed in this map unit on a scale too fine to
be distinguished separately on the present scale of
mapping. As the bodies become smaller, distinctions
among map units are less evident.

Recrystallized Mylonitic Rock (221) is always en-
closed by, and associated with, a rock assemblage
typical of the granite gneiss terrain. The contact with
these rocks—gneisses, metasedimentary rocks and
amphibolite—is commonly gradational. It is obvious

that granite gneiss was the predominant parent
material from which Recrystallized Mylonitic Rock
(221) was developed.

Recrystallized Mylonitic Rock (222)

Fresh and weathered surfaces are dark green to gray
to black, and freshly broken surfaces can be vitreous.
Minor porphyroclasts of feldspar, and more rarely of
quartz, are enclosed in a siliceous, banded, massive to
foliated, aphanitic to schistose or phyliitic matrix, with
chlorite, biotite, and sericite.

Geometrically simple metamorphic foliation struc-
tures and gradational crushed and sheared contacts
follow the pattern described for other mylonites of
granite gneiss and granitoid rock associations. It is ap-
parent that quartzo-feldspathic metasedimentary
rocks with minor schistose and basic rocks were the
parent materials for the Recrystallized Mylonitic Rock
(222).

Recrystallized Mylonitic Rock (223)

Fresh and weathered surfaces are medium to dark
gray. White to gray feldspar augen and euhedral por-
phyroblasts from 1 to 7 ¢m in size form 5 to 15 percent
of the rock. The matrix is typically aphanitic and
foliated, and locally medium grained and gneissose.
Minor aplites and pegmatites are present as small
bodies that conform generally to the main structural
trend.

Foliation patterns have a typically simple geometry
in cutcrop, but on a regional scale they grads from sim-
ple forms in the north to distinctly folded and more
complex forms in the south. The mylonite contact with
quartzo-feldspathic metasedimentary rock is common-
ly interlensed and is gradational both texturally and
mineralogicafly over a short distance. Recrystallized
Mylonitic Rock {223) surrounds, and is completely
gradational to, uncrushed cores of Biotite Granite F.
Granite gneiss in contact with Recrystallized Mylonitic
Rock (223) becomes less contorted and more
mylonitic, and the size of feldspar porphyroclasts
gradually increases from 1 to 7 cm as the mylonite is
approached. Bands of granite gneiss from 0.3t0 3 m
wide can bhe recognized in the contact zone, where
felsic and mafic layers of the parent gneiss remain
distinct in the mylonitic granite gneiss.

Devonian carbonate rocks
(252, 253, 254)

Middle Devonian and/or earlier age carbonates rest
with profound unconformity on the weathered surface
of the Precambrian crystalline basement complex.
Carbonate rocks which crop out along the Slave River
at the extreme western margin of the map area have
been described in detail by both Norris (1963) and
Richmond (1965). Where the unconformity is to be
sean in the adjacent map area to the north, the basal
regolith grades upwards through a conglomeratic,
sandy granite wash into a sandy dolostone. Rubbly
bedding lower down in the carbonate section gives
way upwards to weli-bedded, flat to warped, gently



westward dipping strata consisting of sandy and
argillaceous dolostone, fine-grained vuggy dolostone
and dolomitic limestone, and laminated gypsiferous
lithographic dolostone. In the nerth bank at the mouth

Modal and chemical analyses
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of Murdock Creek, collapsed brecciated limestone,
presumably relatad to either evaporite or carbonate
solution below water level, has been subsequently im-
pregnated and cemented with bitumen.

Mineralogical and chemical data on rock units in the
map area are presented in tables 5 to 9 (appendix).
Representative specimens were chosen from all of the
major groups—the gneissic, granitoid, mylonitic, and
high-grade metasedimentary rock map units. Selec-
tion of the standard hand spscimens for detailed
analyses were based on the representative character
of their features as seen in outcrop. The gneissic and
granitoid standard samples are represented by in-
dividual hand specimens. However, because of the
typically wide lithological variations encountered
within the metasedimentary rock bands, each stan-
dard sample for the high-grade metasedimentary
rocks is represented by a combined group of § to 10
specimens. Metasedimentary standard rock samples
were ideally collected on traverses approximately
perpendicular to the regional strike of the composi-
tional banding (see geclogy maps in pocket).

Modal analyses for the gneissic and granitoid rock
units are plotted on a series of Q-K-P diagrams (figure
3). Modat data plotted from the present study area are
distinguished from those of the same rock unit in other
parts of the exposed Shield in Alberta. Rock type
boundaries in these diagrams are plotted according to
the recommendations of Streckeisen (1967).

Field work, and geochemical (Goft et al., 1886) and
geochronological studies, strongly suggest that the Ar-
chean basement gneiss complex was the source from
which the younger Aphebian granitoids were derived.
High-grade regicnal metamorphism of these gneisses
led to partial melting and mobilization of the granitoid
constituents.

The range in modal composition of the granite
gneisses and high-grade metasediments does not in-
clude the plagioclase poor-to-absent area correspon-
ding to the alkali feldspar granite members of the
Slave Granite (101) (figure 3). Hence, complete
melting does not appear to be a likely genetic
mechanism for these compaositions. However, partial
melting of the assumed parent materials would be ex-
pected to generate end products of potassium-rich
composition similar to those of the Slave Granite
(Lameyre and Bowden, 1982).

Based on the compositional norms for the abundant
rock units (granite gneiss, Slave and Arch Lake
Granitoids) the diagrams (figure 3) indicate divergent
lines of granitoid evolution and segregation from the
parent granite gneisses. The intimate relationships of

minor granitoid masses within the granite gneiss/high- .

grade metasedimentary belt supports the petrogenetic

Metamorphism

concept of the parent gneissic material and derived
granitoids. The mobilized granitoids are likely to con-
sist of a dominant mobilizate component with minor
restite in a solids-dominated, crystal-melt mush during
intrusion. Much of the restite component produced by
the partial melting of the gneiss could form a solids
phase within the melt. The rastite would be repre-
sented by calcic plagioclase cores enclosed by a
mafic/mineral-rich zone. Intrusive relationships (ir-
regular dykes and screens next to large-scale blocks)
have been observed. Although compositions are simi-
lar, the magmatic components tend to be more leuco-
cratic than the blocks.

Mafic Slave Granite is part of the continuous com-
positional gradation from Slave Granite to Arch Lake
and Arch Lake Transitional Granites. In terms of our
present geochemical view of the petrogenssis of the
granitoids, this rock unit could contain more of the
restite from partial melting of the granite gneisses than
the abundant Slave Granite unit. In the Arch Lake
Granitoids, the melanocratic Francis Granite is
likewise a possible restite-rich component,

The intimate field relationships of minor leucocratic
components as irregular dykes and patches within the
granitoids (Slave Granite, Mafic Slave Granite, Arch
Lake Granite Phase and Arch Lake Granite Transi-
tional Phase) is a product of late-stage leucosome
(magmatic) segregation and mobilization. Such wide-
spread occurrence of a leucosome phase in each of
the granitoid complexes points to a common petro-
genetic history of the granitoids.

Minor amounts of scattered, small bodies of am-
phibolite are believed to be derived by metamorphism,
structural extension, and dislocation of diabase dykes
and metamorphic basic segregations. The high-grade
metasedimentary rocks (table 3) are quartzitic
granulites that correspond to starting compositions of
arkosic graywackes.

The chemical composition of the metasedimentary
rocks tends to be low in Ca0O, MgO and NazC, and high
in K20, relative to worldwide averages for graywackes.
These differences, at least in part, are probably
reflected in the locally high KO content of the major
granitoid bodies of Slave and Arch Lake affinity in the
Shield of northeastern Alberta.

In summary, it is apparent that the basement gneiss
complex has been partially molten, mobilized,
segregated, and recrystallized during the formation of
the Slave and Mafic Slave Granites.

Metamorphic grades are estimated to be generally

high, ranging from high-pressure granulite to am-
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phibolite facies conditions (Godfrey and Langenberg,
1978a, 1978b; Nielsen et al., 1981; Langenberg and
Nielsen, 1982). Hypersthene is present in the Slave
Granite, whereas spinel, hypersthene, and sillimanite
are typical of the high-grade metasedimentary rock
bands. The above minerals indicate the attainment of
regional granulite facies conditions.

Metamorphic events in the Shield of northeastern
Alberta have been identified and dated by geo-
chronology using a variety of radioactive systems and
isotopes (Godfrey and Baadsgaard, 1962; Baadsgaard
ot al., 1964; Baadsgaard and Godfrey, 1967, 1972).
Two principal metamorphic events have been defined
(Langenberg and Nielsen, 1982):

.An Archean high- pressure granulite facies
metamorphism, M,, is indicated by relic hyper-
sthene, sillimanite, green spinel, and corundum in
the Slave Granitoids and high-grade metasedi-
ments.

2. An Aphebian moderate-pressure granulite facies

Structural geology

metamorphism, Mz, which affected all the crystal-

line Shield rocks of Alberta, coincided with the intru-

sion of most of the granitoids.

No remnant of an Archean metamorphism (M,) has
been found in the Arch Lake Granitoids. The Aphebian
M Event is associated with an assemblage of alman-
dine, hornblende, cordierite, and andalusite. The
moderate-pressure granulite maxima of the My Event
has been traced by electron microprobe mineral
analysis to retrogress through the amphibolite facies,
and ultimately, to the greenschist facies.

Retrograde greenschist facies conditions are ex-
pressed by the widespread and common occurrence of
chlorite, muscovite, and epidote. Chlorite is usually
seen as an alteration product of biotite, hornblende, or
garnet, wheras epidote typically occurs as veinlets.

Development of the regional mylonitic shear
zones—the Allan and Warren Fault Zones—is related
to greenschist facies conditions, presumably a late
stage of the Hudsonian Qrogeny.

An overview of the structural geology of the Shield in
northeastern Alberta has been published by the Alber-
ta Research Council (Langenberg, 1983).

The regional structure involves a steep west- to
northwest-dipping foliation. It appears that immature
diapirs of Slave Granitoids have intruded and domed
the older supercrustal gneisses to form mantied
gneissic domes. Erosion has subsequently stripped
much of the gneissic cover to reveal internal large-
scale dome and basin features in the Slave Granitoids
of the Bocquene-Turtle Lakes District map area.
Similarly, dome and basin structures have been found
on a regional scale within all of the major granitoid
plutonic masses of the Shield in northeastern Alberta.

The granitoids of this map area display a substantial
disruption of the typical north to south lithostructural
regional trend. Some north to south trend of the
granitoids is evident, but there are also east to west,
random, and even non-elongated or -aligned bodies
and fabrics.

The major Arch Lake Granitoids zone, which to the
south is typically a phase that is margina! to the Slave
Granitoids at its eastern contact with the granite gneiss
belt (Godfrey, 1984), terminates in this map area (S, in
figure 2). This termination and several offset (stepped)
contacts of the north-trending bands of Slave Grani-
toids/Arch Lake Granitoids/granite gneiss belt (figure
4) coincide with a concentration of east to west striking
transverse faults. Horizontal separations of these easi-
ly recognizable contacts are in the order of 2 to 4 km.
The system of west to west-northwesterly striking
regional faults extends throughout the map area and
beyond to the north and south. To the east they do not
cross the Allan Fault Zone. The western extension of
these faults cannot be traced across the Slave River
because Precambrian basement features are
obscured by the Phanerozoic cover (Devonian and Re-
cent).

A further coincidence at this locality is that the Arch
Lake Granitoids marginal phase has an unusual west-
ward elongation as a nose, plus a train of large-scale
blocks of Arch Lake Granite, Francis Granite, and
high-grade metasediments towards the west {figure 4).
Lastly, the south end of the Arch Lake Granitoids to the
north {and just off this map area) has a pronounced
distortion or projection to the west (figure 4), indicating
an extension similar in direction to that noted above.

Taken together, these observations present a uni-
form picture of a regional deformation that was active
at a time when the Slave Granitoids and Arch Lake
Granitoids were in a ductile state. The axis of max-
imum horizontal extension is in an east-west diraction.

The southwest extension of the Arch Lake Grani-
toids at B (figure 4} cannot be fully assessed in view of
the lack of Precambrian outcrop west of the Slave
River. Thus, direct observation of the Arch Lake
Granitoids margin plus a predictable train of ‘xenolith-
ic’ blocks is prevented. However, aeromagnetic survey
data over the carbonate-covered Shield at this latitude
suggests that scattered large blocks of Arch Lake
Granitoids are enclosed within the Slave Granitoids
terrain.

An alternate structural explanation is offered for the
distribution of granitoid lithologies in this region and in
adjoining map areas to the north and south. Two
domal structures in the roof of the Slave Granitoids to
the north and south of the east-west fragmentary grani-
toid block zone would leave an intermediate east-west
structural low (i.e. a basin). Post-uplift erosion can be
expected to have removed much of the gneisses and
Arch Lake Granitoids that are presumed to have man-
tled the Slave Granitoids. Today, only pendant root
segments are now retained in the structural low be-
tween the two domes (i.e. the fragmentary granitoid
block zone). Support for this concept can be found in
the detailed geological maps and particularly in the



structural overview of basins and domes presented in
Langenberg (1983).

An unusual aeromagnetically disturbed zone that is
regionally scaled east to west (10 km wide}, coincides
with the disruption of the typically north to south litho-
structural trend. In outcrop this disruption is
represented by: (1) a gap in the Arch Lake Granitoids
which is marginal to the Slave Granitoids, and (2) the
east-west concentration of La Butte Granodiorite
bodies. The bird's eye aeromagnetic anomaly pattern
in this zone of disruption, described by Sprenke et al.
(1286), is interpreted as due to the minor bodies of
high susceptibility La Butte Granodiorite within Slave
Granitoids.

Two sets of major orthogonal fauits dissect the map
area along north to north-easterly and west to west-
northwesterly directions. The principal regional fault
structure is the Allan Fault (Godfrey 1958a; Watanabe,
1965) although little is seen of it in this map area and
an expression of its full width is restricted to the
southeast carner of the map area. The Allan Fault is
represented by a steeply dipping shear and mylonitic
zons up to a total of 8 km wide. Flow foided structures
in the mylonitic shear zone signify a deep-seated origin
for these regional shear zones. The sense of horizontal
displacement along the Allan Fault appears to be
sinistral (figure 5) which is in agreement with that pro-
posed by Gibb {(1978).

In outcrop, deformation of the mylonitic rocks is
seen as a ductile-shear phenomenon rather than brittle
fracture, and is contained principally within the granite
gneisses. Recrystallization has affected all rocks of the
area, and in the mylonitic zones, in particular, these
processes have combined to produce a range of com-
minuted rock textures, including mylonite, ultramylo-
nite, blastomylonite, and less-deformed phases such
as flaser gneiss. Minor local megabrecciation of the
mylonites has occurred during a later stage of brittle
deformation, producing quartz-filled fractures and
quartz-lined vugs.

The Allan Fault Zone is one of two major structural
breaks in northeastern Alberta. it can be traced 300 km
farther north to the aulacogen of the east arm of Great
Slave Lake. Movements along this fault zone were like-
ly intermittent over geologic time. The period of main
development of mylonitic shear zones probably took
place during the late Hudsonian Event.

The Allan Fault forms part of a system of regional
mylonitic shear zones that extend east into Saskat-
chewan and north into the Northwest Territories. The
widespread distribution of such mylonitic zones is of
considerable interest and may relate to regional plate
tectonic movements.

The Slave and Arch Lake Granitoid bodies appear to
have formed by the partial melting (Goff et al., 1986} of
the Archean gnelissic infrastructure that was mobilized
and emplaced higher in the crust. It seems most likely
that the various granitoid plutons overlapped in the
time of their emplacement. Structural details within the
batholithic granitoid masses, especially beyond the
map area to the north (Godfrey and Langenberg,
1985b), show a pattern of closely spaced, small-scale
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dome and basin features. This latter structural
character suggests proximity to the roofal section of
the major plutonic complex mass.

Some transverse faulis are tangential to the dome
and basin structures, whereas others cut through
these internal structures of the Siave Granitoids. It is
evident that doming mostly preceded faulting, but the
parallel versus tangential relationships of these fault
and fold structures suggest that, in part, these pro-
cesses occurred simultaneously.

Along with dome and basin featurss that are found
on a range of scales (Langenberg, 1983) in the grani-
toid masses, isoclinal folds have been mapped within
the larger domes as at Disappointment Lake {figure 6).
The concentric arrangements of narrow bands of
granite gneiss, Arch Lake Granitoids, and high-grade
metasedimentary rock strongly suggest ghost strati-
graphy. Development of the major diapiric granitoid
masses probably entailed the mobilization of quartzo-
feldspathic material, possibly facilitated by 20 to 30
percent partial melt, all derived from the Archean
granite gneisses. Incorporation of granite gneiss
(restite) masses could take place in conjunction with
intrusion of the Slave Granitoids. Thereby, less-altered
segments of the gneisses could be preserved, which
now appear as ghost stratigraphy within the granitoid
masses. Ghost stratigraphy in other areas of the Slave
and Arch Lake Granitoids may be expressed by rem-
nant metasedimentary rock lenses and bands.

All rock units mapped have a foliation. It is typically
well developed in the gneissic belt and more varied in
quality in the granitoids. These foliations show a varie-
ty of ductile-plastic deformational styles in all of the
rock units. Migmatitic structures are characteristic of
the metasedimentary rock and granite gneiss belt. In
outcrop, the foliation fold patterns are generally
simpler in form within the Slave and Arch Lake Grani-
toids, and although less well developed, are neverthe-
less clearly evident.

The present configuration of the foliation in the
various granitoid bodies is a reflection of the large-
scale ductile deformation and extension to which the
individual granitoid masses have been subjected. The
foliation development and pattern in the granitoids
results from a combination of metamorphism and
plutonism during ultrametamorphism, partial melting,
and intrusion.

The granite gneiss terrain is characterized by a
layered to foliated metamorphic fabric with minor, local
lineation. The deformational structures are commonly
complex and represent several phases of deformation,
possibly including Archean structures. The fabric can
be planar, but is typically folded and locally migmatitic.
Tight, collapsed, extension flow folds can be recog-
nized in a few instances, They are probably more com-
mon than has been observed to date and establish the
extreme ductile deformation of the gneisses. Within
the gneissic belt, minor pegmatites can either crosscut
or parallel the metamorphic structure and can be
either deformed or undsformed. The style and degree
of pegmatite deformation reflects the relative timing of
pegmatite emplacement and deformation of the host
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Figure 5. The Allan Fault Zone. Relative direction of horizontal component of displacement shown.
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phibolites, and uncommon agmatites are developed
lustrate a variety of structural conditions. Boudinage

where pegmatites enclose concentrations of mafic
structures are common. Folded structures are seen  (amphibolitic) blocks.
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Figure 6. Ghost stratigraphy in Slave Granitoids at Disappoiniment Lake.

Minor high-grade metasedimentary rock bands
within the granite gneiss terrain tend to exhibit a
gneissic and color-banded structure. Migmatitic styled
flow folds are fairly typical of these bands.

The fabric expression is variable within each
granitoid body. Texturally massive phases can grade
locally to a foliation or lineation. The margins of
plutonic complexes tend to preferentially develop a
better-defined foliation, whereas the interior remains
more massive. Such variations of fabric within a single
body suggest a heterogenous distribution of stress,
the principal surfaces of relief being along lithologic
and folded structural boundaries. Differences in
metamorphic fabric between plutons suggest that
emplacement took place over a period of time,

Economic geology

especially with respect to the main pulses of tectonic
activity.

A fairly representative selection of joints is given on
the accompanying geological maps. The dominant
orientation is north to south, with subordinate orienta-
tions of east to west, northeast and northwest
(Langenberg, 1983). Some of these joints are of tec-
tonic origin; they paratlel and lie adjacent to shear
zones. Other joints are decompressional in origin and
formed as a consequence of unloading during ero-
sional stripping of the cover rocks. Decompressional
unloading accounts for the formation of both steeply
dipping fracture sets and particularly the flat-lying to
gently dipping fractures that parallel the overlying
topographic slopes.

Experience on the Shield of northeastern Alberta has
generally been that minor amounts of metallic minerals

are found most commonly in the high-grade metasedi-
mentary rocks. Pyrite is widely distributed in amphibo-
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lites and metasedimentary rocks, and uncommonly in
the gneisses and granitoids.

Many scattered occurrences of minor uranium
mineralization (indicated by secondary yellow stains
and confirmed by geiger counter) are known in the
Shield of northeastern Alberta, especially in the high-
grade metasediments and Slave Granitoids. Minor oc-
currences of yellow mineral stain and radioactive
anomalies were noted in this map area. However, the
majority of the high-grade metasediments have not
been explored; systematic prospecting of these bands
should yield additional anomalies.

Although not observed within the map area, minor
occurrences of molybdenite can be expected in this
terrain, and its yellow bloom {(powellite) could be
mistaken for a secondary uranium mineral stain if not
checked by a geiger counter or scintillometer. Minor
copper (chalcopyrite) showings are associated with
some gossans or rusty zones within the high-grade
metasediments. Dispersed magnetite is locally present
in only low concentrations within the granite gneisses,
but is sufficiently abundant to cause problems in the
use of a magnetic compass.

The greatest potential for metallic minerals lies
within the high-grade metasedimentary rock bands,

Glacial history

although the overall economic potential for the map
area appears to be iow. Faults and shear zones also
merit closer examination,

The range of textures and colors available in the
granitoids of the map area make this a prospective
area for a variety of building stones. The typical local
relief of up to 10 to 20 m would make for an easy side-
hill quarry operation. Areas of widely spaced, and or-
thogonally oriented joint sets within the granitoids
should be found in the course of surficial exploration. A
combination of these favorable factors could yield
some very good prospects for obtaining a range of
granitic ornarnental building stones.

The various types of glacial deposits in this region
have a predominant sandy lithology. The well-defined
and mapped fluvial channel deposits in the north-
trending ice-contact deposits should contain gravel,
and therefore offer the best possibility for granular con-
struction materials in the map area.

A keyworded index to assessment reports describ-
ing the results of metallic minerals exploration pro-
grams has been compiled and is available from the
Alberta Research Council (Poruks and Hamilton,
1976).

A variety of glacial deposits are scattered throughout
the map area, and polished, scoured, fluted and
striated bedrock surfaces attest to a recent continental
glaciation. The direction of the Classical Wisconsin ice
advance was from the east. The glacial sediments are
dominantly sandy and occur as glaciolacustrine,
glaciofluvial, and crevasse-fill deposits. A centrally
located north to south aligned system of glacioffuvial
channel deposits is dotted with interconnected glacio-
lacustrine deposits. Many of the latter show a stacked
series of abandoned beaches that may have de-
veloped within nunatak, ice-marginal, meltwater lakes.
Some of the abandoned beaches are developed on
both flanks of the elevated ridge of glacial sediments.
This entire glacio-fluvial-lacustrine system, passing
just west of Esker Lake, may have formed in an ice-
contact environment and, in a regional context, may
represent a recessional moraine.

Stagnant ice-block wasting is recorded as a late
phase of deglaciation in the form of kettle holes and
depressions in the glacio-lacustrine-fluvial deposits,
notably in the northeast of the map area. Here, the
large areas of sandy deposits form part of the exten-
sive Colin Lake outwash plain stretching farther to the
east. Evidence of aeolian activity is widespread in the
map area. It takes the form of depositional sand sheets
and sand dunes along with polish and grooves cut into
the bedrock by wind-biown sand. The orientation of
dunes and sand-cut grooves on low, southeast-facing
steep surfaces of outcrop, indicates that the prevailing
storm winds came from the southeast. Wind-polished
and -facetted outcrop faces are generally found to the

northwest and adjacent to extensive sand sheets.

The widespread dominance of a uniform sandy
lithology (lacking in notable amounts of boulders, peb-
bles or clay) indicates a possible nearby Athabasca
sandstone bedrock source for this glacial sediment.
The westerly trend of the major surficial sandy
deposits strongly suggests their origin by down-ice
glacial transport from the east. The further possibility
of the major east to west glacial sand deposits overly-
ing and obscuring Athabasca Group outliers shouid
not be discounted. Some of the sand deposits appear
to be highly localized concentrations of sand, which do
not appear to be markedly reworked and dispersed by
either late glacial or Recent processes into the sur-
rounding region. Therefore, they may be of local
origin—in fact, possibly related to underiying
Athabasca Group outliers. The surficial sand concen-
trations along an east to west trend coincide with a
zone of closely spaced easterly striking faults. The
possible Athabasca Group sandstone outliers could be
basal remnants preserved in an easterly oriented
graben structure. The implication of this possibility is
that the Athabasca Basin was formerly far more exten-
sive than the present-day outcrop distribution in-
dicates. Athabasca Group outliers have been reported
at Burstall Lake, by Wilson {1985). This suggestion in
turn presents further ramifications for prospective
uranium exploration in the map area.

As suggested above, Athabasca Group sandstone
outliers may prove to be the underlying source of the
east to west trending belt of glacial sands in the La
Butte Creek basin. The latter, in turn, could be the im-



mediate source of the sediment distributed by melt-
waters along the prominent north to south ice-contact
front. Local reversals of topographic slope along these
interconnected meltwater deposits indicate that the
pattern of flow direction may not have been entirely
simple and unidirectional. These north to south tren-
ding ice-contact deposits are a late-stage deglaciation

References

21

feature, as witnessed by the occasional stagnant ice-
block related kettle depressions. Therefore, although
ice topography was probably a contributing factor in
the localization of these glacio-fluvial-lacustrine
deposits, itis believed that ice cover was not sufficient-
ly exténsive or continuous to make the deposits
supraglacial in origin,

Baadsgaard, H., G.L. Cumming, R.E. Folinsbee and
J.D. Godfrey (1964): Limitations of radiometric
dating; Royal Scciety of Canada Special Publica-
tion No. 8, pp.22-38.

Baadsgaard, H. and J.D. Godfrey (1967} Geo-
chronclogy of the Canadian Shield in north-
eastern Alberta: |. Andrew Lake area; Canadian
Journal of Earth Sciences, Vol. 4, No, 3,

pp.541-563.
— (1972): Geochronology of the Canadian Shield in
northeastern Alberta: Il. Charles-Andrew-Colin

Lakes area; Canadian Journal of Earth Sciences,
Vol. 9, No. 7, pp.863-881.

Baadsgaard, H., J.D. Godfrey and G.L. Cumming
(1967): Precambrian geochronology in north-
aastern Alberta: Il. Rb-Sr isochrons in the Andrew
Lake-Colin Lakes area; Abstract, Geochronology
of Precambrian stratified rocks: Conference,
University of Alberta, June 1967.

Bostock, H.H. (1982): Geology of the Fort Smith map
area, District of Mackenzie, Northwest Terri-
tories; (NTS 75D); Geological Survey of Canada,
open file 859, 53 pages.

Cameron, A.E. (1930): Report of progress on mineral
explorations in the Precambrian; Alberta
Research Council, Report 25, Tenth Annual
Report, 1929, pp.34-39.

Cameron, A.E. and H.S. Hicks (1931): The Precam-
brian area of northeastern Alberta; Alberta
Research Council, Report 26, Eleventh Annual
Report, 1930, pp.32-40.

Collins, G.A. and A.G. Swan (1954). Preliminary
report of geological field work, northeastern
Alberta; Alberta Research Council, Mimeo-
graphed Circular No. 18, 8 pages.

Day, L.W. (1975): Zircon geochronology of north-
eastern Alberta; unpublished M.Sc. thesis, Uni-
versity of Alberta, 72 pagss.

Geological Survey of Canada (1964a): Fitzgerald, 74M,
aeromagnetic map No. 7161G, scale 1:250 000.

—— (1964b): Fort Chipewyan, 74L, aeromagnetic
map No. 7159G, scale 1:250 000.

Gibb, R.A. (1978): Slave-Churchill collision tectonics:
Nature, vol. 271, pp.50-52.

Godfrey, John D. (1958a): Aerial photographic inter-

pretation of Precambrian structures, north of
Lake Athabasca; Alberta Research Council, Bul-
letin 1, 19 pages.

—— (1958b): Mineralization in the Andrew, Waugh
and Johnson Lakes area, northeastern Alberta:
Alberta Research Council, Preliminary Report
58-4, 17 pages.

—— (1961): Geology of the Andrew Lake, north
district, Alberta; Alberta Research Council, Pre-
liminary Report 58-3, 32 pages.

—— (1963): Geology of the Andrew Lake, south
district, Alberta; Alberta Research Council, Pre-
liminary Report 61-2, 30 pages.

—— (19866): Geology of the Bayonet, Ashton, Potts
and Charles Lakes districts, Alberta; Alberta
Research Council, Preliminary Report 65-6, 45
pages.

—— (1979): Chipewyan granite - a building stone
prospect in Alberta; CIM Bulletin, Vol. 72, No.
805, pp.105-109.

—— (1980a): Geology of the Alexander-Wylie Lakes
district, Alberta; Alberta Geological Survey,
Alberta Research Council, Earth Sciences
Report 78-1, 26 pages.

~—— (1980b): Geology of the Fort Chipewyan district,
Alberta Geological Survey, Alberta Research
Council, Earth Sciences Report 78-3, 20 pages.

—— (1984): Geology of the Ryan-Fletcher Lakes dis-
trict, Alberta, Alberta Research Council, Earth
Sciences Report 84-2, 28 pages.

Godfrey, John D. and H. Baadsgaard (1962): Struc-
tural pattern of the Precambrian Shield in north-
eastern Alberta and mica age-dates from the An-
drew Lake district; Royal Society of Canada
Special Publication 4, pp.30-39.

Godfrey, John D. and C.W. Langenberg (1978a): Meta-
morphisrm in the Canadian Shield of northeastern
Alberta; in Metamorphism in the Canadian
Shield, Geological Survey of Canada Paper
78-10, pp.129-138.

—— (1978b): Alberta contribution to Metamorphic
map of the Canadian Shield, Geclogical Survey
of Canada Map 1475A.,

—— (1986): Geology of the Fitzgerald, Tulip-
Mercredi-Charles Lakes district, Alberta; Alberta
Research Council, Earth Sciences Report 84-7,
32 pages.



22

—— (in press): Geology of the Myers-Daly Lakes dis-
trict, Alberta; Alberta Research Council, Earth
Sciences Report 84-6.

Godfrey, John D. and E.W. Peikert (1963): Geology of
the St. Agnes Lake district, Alberta; Alberta
Research Council, Preliminary Report 62-1, 31
pages.

—— (1964): Geology of the Colin Lake district, Alber-
ta; Alberta Research Council, Preliminary Report
62-2, 28 pages.

Goff, S5.P., J.D. Godfrey and J.G. Holland (1988): The
petrology and geochemistry of the Canadian
Shield in northeastern Alberta; Alberta Research
Council, Bulietin 51, 59 pages.

Hicks, H.S. (1930): A petrographic study of Precam-
brian rocks in northeastern Alberta; M.Sc. thesis,
University of Alberta, 47 pages.

—— (1932): The geology of the Fitzgerald and nor-
thern portion of the Chipewyan map areas, nor-
thern Alberta, Canada; unpublished Ph.D. thesis,
University of Minnesota, 82 pages.

Klewchuk, P. (1972). Mineralogy and petrology of
some granitic rocks in the Canadian Shield north
of Fort Chipewyan, Alberta; unpublished M.Sc.
thesis, University of Calgary, 138 pages.

Kuo, S.L. (1972): Uranium-lead geochronology of
Kenoran rocks and minerals of the Charles Lake
area, Alberta; unpublished M.Sc. thesis, Univer-
sity of Alberta, 126 pages.

Lameyre, J. and P. Bowden (1982): Plutonic rock type
series: discrimination of various granitoid series
and related rocks; Journal of Volcanoclogy and
Geothermal Research, vol. 14, pp.169-186.

Langenberg, C.W. and P.A. Nielsen (1982): Polyphase
metamorphism in the Canadian Shield of north-
eastern Alberta, Alberta Research Council,
Bulletin 42, 80 pages.

Langenberg, C.W. (1983): Polyphase deformation in
the Canadian Shield of northeastern Alberta;
Alberta Research Council, Bulletin 45, 33 pages.

Nielsen, P.A. (1979): Fe-Mg cation exchange thermo-
barometry of polymetamorphic rocks from the
Precambrian Shield of northeastern Alberta,
Geological Survey of Canada, Current Research,
Part A, Paper 79-1A, pp.133-137,

Nielsen, P.A., C.W. Langenberg, H. Baadsgaard and
J.D. Godfrey (1981): Precambrian metamorphic
conditions and crustal evolution, northeastern
Alberta, Canada; Precambrian Research, Vol.
16, pp.171-193.

Norris, A.W. (1963): Devonian stratigraphy of north-
eastern Alberta and northwestern Saskatchewan;
Geological Survey of Canada, Memoir 313, 168
pages.

Psikert, E.W. (1961): Petrological study of a group of
porphyroblastic rocks in the Precambrian of
northeastern Alberta; unpublished Ph.D. thesis,
University of lllinois, 151 pages.

—— (1963): Biotite variation as a guide to petro-
genesis of granité rocks in the Precambrian of
northeastern Alberta; Journal of Petrology, Vol.
4, No. 3, pp.432-459.

Poruks, M. and W.N. Hamilton (1976): Index to
uranium assessment reports for quartz mineral
exploration permits, northeastern Alberta; Alber-
ta Research Council, Report 76-6, 81 pages.

Ramaekers, P. (1980): Stratigraphy and tectonic his-
tory of the Athabasca Group (Helikian) of nor-
thern Saskatchewan; Miscellaneous Report 80-4,
Saskatchewan Mineral Resources, Summary of
Investigations 1980, Saskatchewan Geological
Survey, pp.99-106.

Richmond, W.0. (1965): Paleozoic stratigraphy, and
sedimentation .of the Slave Point Formation,
southern Northwest Territories and northern
Alberta; Unpublished Ph.D. dissertation, Stan-
ford University, 99 pages.

Riley, G.C. (1960): Geology, Fort Fitzgeratd, Alberta;
Geological Survey of Canada, Map 12-1960.

Sprenke, K.F. (1982): Potential field inversion; unpub-
lished Ph.D. thesis, University of Aiberta, 301
pages.

Sprenke, K.F., C.S. Wavra and J.D, Godfrey (1986):
The geophysical expression of the Canadian
Shield in northeastern Alberta; Alberta Research
Council, Bulletin 52, 54 pages.

Streckeisen, A.L. {(1967): Classification and nomencla-
ture of igneous rocks; Neues Jahrbuch fur
Mineralogie Abhandlungen, Band 107,
pp.144-240.

Watanabe, R.Y. (1961): Geology of the Waugh Lake
Metasedimentary Complex, northeastern Alber-
ta; unpublished M.Sc. thesis, University of Alber-
ta, 89 pages.

—— (1965): Petrology of cataclastic rocks of north-
eastern Alberta; unpublished Ph.D. thesis,
University of Alberta, 219 pages.

Wilson, J.A. (1985): The geclogy of the Athabasca
Group in Aiberta; Alberta Research Council,
Bulletin 49, 78 pages.



23

Appendix. Modal and chemical analyses of standard samples

Table 5. Modal and chemical analyses of standard samples for Biotite Granite Gneiss (11), Slave Granite Phase (101}, and

Metasedimentary Rock Bands (31) in percent

{(11) Slave Granite Phase (101)

Standard
sample number 407 312 314 315 317 318 322 337 338 339 340 341
Quartz 5.8 23.7 32.2 36.0 366 241 20.7 37.6 425 35.9 222 29.5
K-Feldspar 0.0 66.8 20.2 3.4 23.4 40.4 20.0 8.0 14.7 4.6 49.8 24.3
Plagioclase 59.4 6.4 40.4 56.0 325 3141 53.5 50.3 39.0 58.7 18.9 41.6
Biotite 1.9 0.0 4.2 3.7 2.9 3.4 0.9 2.4 2.1 0.7 0.7 2.5
Chilorite 0.0 0.2 0.8 0.0 0.7 0.2 0.3 0.7 0.9 0.0 1.0 1.1
Hornbiende 30.5 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0
Epidote 1.0 0.0 trace trace 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Muscovite 0.0 1.6 2.0 0.1 4.0 0.5 0.0 0.0 0.0 0.0 7.3 0.6
Spinel 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Garnet 0.0 0.0 0.0 0.0 0.0 0.0 .0 1.0 0.7 0.1 0.0 0.4
Pyroxene 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0
Cordierite 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Andalusite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sillimanite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Accessories 1.4 0.3 0.0 0.7 0.0 0.0 0.1 0.0 0.1 0.0 0.0 trace
Number of points 1000 | 2000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Si0, 5734 | 7264 7282 7345 7384 7242 7081 7604 7491 7399 7428 74.32
TiO, 0.78 0.13 0.23 0.18 0.14 0.21 0.26 0.08 0.11 0.10 0.07 0.14
AlO5 16.70 | 1419 13.45 1423 1416 1478 1477 1388 1383 1424 1432 13.96
Fe;0, 7.96 0.54 1.71 1.43 0.89 1.44 1.62 0.88 0.89 0.54 0.54 1.52
MgO 3.39 0.18 0.70 0.43 0.33 0.55 0.96 0.1 0.32 0.15 0.26 0.46
Ca0 6.69 0.65 1.08 1.37 0.59 0.93 1.16 1.08 1.35 1.39 0.63 0.93
NazO 4.34 3.03 3.90 4.27 3.3 3.80 3.52 3.89 4.01 4.15 3.22 3.43
K20 1.18 5.96 3.60 2.65 4.92 4.14 4.33 3.82 3.05 2.52 4.57 3.98
MnO 0.15 0.01 0.05 0.03 0.01 0.03 0.03 0.04 0.02 0.04 0.03 0.05
P20s 0.10 0.48 0.30 0.22 0.06 0.06 0.12 0.00 0.05 0.23 0.11 0.05
L.O.d. 0.69 0.51 0.37 0.24 0.55 0.36 0.7 0.09 0.10 0.36 0.33 0.46
H:O 0.00 0.00 0.02 0.06 0.00 0.09 0.16 0.00 0.00 0.04 0.11 0.06
Total 99.33 | 98.32 98.23 98.56 98.80 9882 9845 100.01 9864 97.75 9847 09.36
Chemical analyses by J.R. Nelson, Alberta Research Council Chemistry Laboratory.
Table 5 (continued). Table 5 (continued).
Standard Metasedimentary Rock Bands (31} Standard Metasedimentary Rock Bands (31)
sample sample
number 43 54 55 56 66 67 number 43 54 55 56 66 67
Quartz 455 308 414 173 413 4.8 Si0, 71.89 61.45 71.27 63.04 66.41 72.04
K-Feldspar 1.8 6.7 221 209 11.2 83 TiO, 059 062 072 064 065 0.55
Plagioclase 156 188 152 472 175 20.6 Al Oy 1218 16.80 16.69 15.00 16.44 12.75
Biotite 11.8 5.2 6.5 7.2 97 108 Fex0, 596 877 519 532 661 6.11
Chlorite 5.9 22 0.1 0.0 1.3 0.2 MgO 152 3.57 0.07 303 1.85 1.18
Hornblende 0.0 4.0 0.7 1.3 08 0.0 Ca0 057 187 0.12 349 323 1.33
Epidote 0.7 0.0 0.2 0.0 3.0 0.0 Na0 .92 117 143 240 190 1.53
Muscovite 13.8 211 4.4 0.0 5.1 9.7 K0 327 324 350 435 325 346
Spinel 0.0 0.1 0.1 0.0 0.1 0.1 MnO 005 012 0.1 0.07 008 0.07
Garnet 2.6 7.8 5.8 0.0 2.6 4.9 P,Os 015 047 0.10 027 0.04 0.03
Pyroxene 0.0 0.1 0.0 6.0 0.0 0.0 L.O.l 223 172 067 098 094 1.09
Cordierite 0.0 1.5 2.0 0.0 2.0 2.7 H.0 014 000 003 015 0.07 0.05
Andalusite trace 0.0 0.5 0.0 0.0 0.0
Sillimanite 0.6 1.0 0.0 0.0 25 0.0 Total 100.47 99.50 99.90 98.74 100.45 100.19
Accessories 1.7 0.7 1.0 0.1 2.9 0.9 Chemical analyses by J.R. Melson, Alberta Research Council
Number Chemistry Laboratory.

1875 2500 4500 2500 1825 2400

of points
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Appendix (continued)

Table 6. Modal and chemical analyses of standard samples for Stave Granite Phase (101} in percent

Standard Slave Granite Phase (101)

sample

number 342 343 344 345 347 381 382 397 399 400 401 402 403 625
Quartz 436 39.0 318 284 210 263 265 301 321 249 273 449 270 269
K-Feldspar 270 584 340 437 389 09 254 306 445 443 348 238 489 353
Plagiaclase 220 00 286 236 342 660 456 306 183 267 288 227 200 302
Biotite 0.0 1.3 1.7 1.6 35 1.4 0.0 05 0.7 0.3 4.8 2.8 1.1 0.0
Chiorite 1.2 00 1.0 00 00 02 00 16 03 00 00 1.4 02 57
Hornblende 00 00 00 00 00 OA 15 00 00 00 00 0O 0O 0.0
Epidote 00 00 00 trace 0.0 1.7 00 00 00 00 0O 00 00 0.0
Muscovite 09 0.0 13 00 00 33 00 65 068 35 41 09 00 07
Spinel 00 00 oO0CO 00 05 00 00 00 OO0 00 00 00 00 0.0
Garnet 52 1.4 1.7 27 1.2 00 0.0 00 00 00 00 35 1.7 00
Pyroxene 00 00 00O 00 00 0O 03 00 00 00 00 00 OO 00
Cordierite 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 2.8 0.0 0.0 0.0 1.2 0.0
Andalusite o0 00 00O ©00 00 OO0 o000 00 00 00 00O 00 00 00
Sillimanite 00 00 00 00 03 00 0O 00 02 00 00 00 00 0O
Accessories 0.0 0.0 0.1 trace 0.3 0.2 0.7 0.1 05 04 0.2 0.0 0.0 1.2
Number of points1000 1000 100C¢ 1000 1009 1000 1000 2103 1000 2079 2050 2069 2008 2000
Si0; 7544 7293 7294 71.12 7226 73.46 70.19 72.91 73.67 74.13 73.85 75.07 72.00 74.04
TiO, 008 0141 0.18 017 019 019 016 009 011 006 0.16 024 0.10 0.24
AlzO; 13.68 1579 1451 1593 1528 1590 1630 1564 1477 1476 1466 13.40 1528 15.02
Fe.0s 088 062 089 251 152 122 127 068 075 022 075 157 069 071
MgO 019 024 031 052 033 052 033 020 026 020 034 034 030 0.74
Ca0 075 068 068 090 086 098 140 088 074 051 09 110 053 0.24
Na.O 319 351 296 336 337 484 481 327 347 328 332 267 314 7.82
K0 469 525 6557 520 459 229 398 522 477 621 527 475 672 043
MnOQ 002 000 o010 002 0.11 003 006 003 002 002 002 004 003 0.01
P05 015 012 010 013 011 004 037 017 033 009 011 006 0.10 0.07
L.O.lL 036 074 060 031 038 066 017 049 041 023 024 018 027 0.82
H;0 007 010 004 009 011 000 000 0.01 0.10 004 02t 002 0.00 0.28
Total 99.50 100.09 98.88 100.26 99.11 100.13 99.04 99.59 99.40 99.75 99.88 99.44 99.16 100.42

Chemical analyses by J.R. Nelson, Alberta Research Council Chemistry Laboratory.
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Appendix (continued)

Table 7. Modal and chemical analyses of standard samples for Mafic Slave Granite Phase (102}, Red Slave Granite Phase
(103) and Speckled Stave Granite Phase (104) in percent

Standard Mafic Slave Granite Phase (102) Red Siave Granite Phase

sampie (103) (104)
number 383 384 385 389 3% 392 394 629 630 313 316 323 324| 388
Quartz 20.7 334 322 223 284 357 388 329 30.1| 372 336 297 331| 15.0
K-Feldspar 401 350 462 361 264 22 220 422 308 186 180 496 55.7| 69.8
Plagioclase 204 240 108 302 305 380 308 158 282 401 443 183 102 5.4
Biotite 2.1 5.4 29 1.2 00 222 7.6 1.8 6.5 08 1.2 0.0 0.1 35
Chlerite 0.6 0.5 03 3.4 0.0 0.0 0.0 0.0 2.1 0.2 2.3 0.2 0.7 2.1
Hornblende 6.4 0.0 6.4 0.0 100 0.0 0.0 6.5 0.0 0.0 0.0 0.0 0.0 0.0
Epidote 0.1 0.5 1.2 0.3 trace 08 0.2 0.0 0.5 0.0 trace trace 0.0 0.0
Muscovite 0.0 0.1 0.0 0.9 0.1 ftrace 0.4 0.1 0.2 1.3 0.1 0.6 0.0 4.1
Spinel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0
Garnet 0.0 0.0 0.0 0.0 1.7 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.9 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cordierite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0
Andalusite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sillimanite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Accessories 0.6 1.1 0.1 5.3 0.6 trace trace 0.5 1.8 0.5 0.5 0.7 0.2 0.1
et 1000 1000 1000 2061 1000 1000 1000 1996 2003 [ 1000 1000 1000 1000 | 1000
Si0, 68.28 73.59 71.58 64.56 71.57 64.54 7421 7228 71.00 |73.41 74.08 75.95 75.23|72.44
TiO, 078 032 023 075 031 136 0.31 024 054] 011 011 007 0.07] 0.20
Al04 14.08 13.34 1408 16.84 1273 1628 2.91 1298 13.73 |14.78 13.75 12.90 12.92|14.16
Fe,0, 464 236 264 513 427 486 252 276 338] 053 098 080 071] 1.81
MgO 093 026 028 045 088 241 054 023 055 011 034 009 0.19| 048
Ca0 154 076 097 210 186 312 127 076 1.01| 076 095 059 053| 0.36
NaO 3.04 286 308 319 221 220 219 370 328 3.45 391 361 364 3.06
K0 506 6.13 649 594 509 366 479 589 507| 517 4.03 466 495| 6.18
MnO 0.08 004 0.04 007 007 008 004 006 0.04]| 000 0.02 001 0.02| 003
P20y 023 005 003 019 005 008 007 002 0.08| 007 008 013 0.31| 0.18
L.O.l. 038 031 071 016 037 073 050 058 092)] 032 031 014 0.16] 0.50
H>0 000 000 0.01 018 008 000 000 008 023| 004 0.00 018 0.08]| 0.00
Total 99.04 100.02 100.14 99.56 99.49 09.32 99.35 99.58 99.83 ©8.75 98.56 99.13 98.81 99.40

Chemical analyses by J.R. Nelson, Alberta Research Council Chemistry Laboratory.
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Appendix (continued)

Table 8. Modal and chemical analyses of standard samples for Slave PQ Granite Phase (105) and La Butte Granodiorite (140)

in percent
Slave PQ Granite Phase (105) La Butte Granodiorite (140)

Standard

sample

number 408 627 628| 320 325 326 327 328 331 333 346 387 391 398 626
Quartz 279 229 283| 265 146 336 286 274 300 224 236 180 285 232 206
K-Feldspar 20.2 237 39.2 g5 132 1.9 0.0 0.0 6.7 200 230 259 58 352 114
Plagioclase 448 451 24.2| 587 647 594 602 684 608 505 347 532 551 33.0 608
Biotite 3.8 5.5 4.2 0.2 1.3 1.5 6.8 2.7 1.3 36 145 1.4 0.7 5.7 4.3
Chlorite 0.6 0.9 0.6 3.5 0.4 2.5 0.6 0.4 0.3 1.2 2.0 0.9 0.7 2.0 1.6
Hornblende .0 0.0 0.0 1.0 49 6.0 0.0 0.0 0.2 0.0 09 0.0 6.7 0.0 0.0
Epidote 02 00 0.9 0.0 0.1 02 22 00 03 03 01 trace 00 03 00
Muscovite 0.5 0.4 0.8 0.2 0.0 0.0 0.0 0.2 0.0 0.2 0.3 0.2 0.0 0.4 0.0
Spinel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 o©00 00 00 0O 0.0
Garnet 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Cordierite 0.0 0.0 0.0 0.0 00 00 00 00 0.0 0.0 00 00 0.0 0.0 0.0
Andalusite 0.0 00 00( 00 00 00 00 00 ©00 00 0O 0O 00 00 0.0
Sillimanite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
Accessories 1.3 1.6 1.8 05 0.8 0.9 1.0 0.9 0.6 1.3 0.9 0.4 1.5 0.2 1.1
M 901 2000 2000| 1000 1000 1003 1000 1000 1000 1000 1000 1000 1000 1000 2000
Si0, 72,79 65.97 71.07 |66.12 68.58 68.80 64.3%3 67.99 70.03 70.02 64.39 68.60 65.48 69.02 66.88
TiQ2 019 036 0.37| 034 026 021 037 031 026 016 1.31 034 0.4t 038 032
AlZO; 14.50 16.98 14031680 15.73 17.02 19.08 16.92 15.26 16.04 15.16 16.31 17.69 15.20 16.54
Fe04 147 359 252 3.06 243 197 303 242 195 1856 537 226 364 225 3.23
MgO 064 110 059 1.09 081 050 118 089 050 057 163 064 103 181 136
CaO 0.77 239 090] 3.11 282 348 348 282 293 353 246 131 339 233 23.17
Na 0 253 480 3.05)] 437 476 489 435 458 442 471 221 374 484 296 458
K0 652 356 6.25| 3.32 231 195 3.04 201 234 184 506 563 263 427 2.08
MnO 003 005 006} 004 008 010 006 ©0.11 0.04 0.09 0.04 002 009 0.03 0.05
P05 007 015 007} 015 013 012 020 0.11 115 029 067 031 021 047 0.14
L.O.lL 062 083 085| 047 013 0.16 034 074 023 023 069 031 0.18 053 050
H0 020 0.12 07| 012 008 000 006 012 000 000 010 003 011 029 0.03
Total 100,33 99.90 99.93|98.99 98.12 99.20 99.58 99.00 99.11 99.43 99.09 99.50 99.70 099.34 96.88

Chemical analyses by J.R. Nelson, Alberta Research Council Chemistry Laboratory.
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Table 9. Modal and chemical analyses of standard samples for Arch Lake Granite Phase (161), Arch Lake Transitional Granite

Phase (162), Francis Granite (164) and Recrystallized Mylonitic Rock (221 and 223) in parcent

Standard Arch Lake Granite Phase (161) (162) Francis Granite (164) (221) (223)
sample

number 393 395 396 404 405 406 513| 329 330 332 334 335 336| 386 319
Quartz 33.1 509 351 296 288 298| 32.7| 300 277 275 275 345 27.7| 302 368
K-Feldspar 30.9 6.0 208 287 379 51| 393| 526 118 20.0 220 174 284 29 0.0
Plagioclase 206 319 286 329 267 600 24.8{ 123 380 329 268 369 200| 505 605
Biotite 10.7 8.9 6.0 8.3 5.4 0.0 0.9 39 200 184 226 104 103 8.9 1.3
Chilorite 0.6 0.7 6.5 0.2 0.5 22 0.7 0.2 0.2 0.0 0.6 01 0.0 0.1 01
Hornblende 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epidote 1.2 0.2 0.3 0.3 0.4 2.0 0.0 0.1 0.3 0.3 0.0 0.0 trace 0.2 0.2
Muscovite 1.1 1.0 2.0 0.0 0.2 0.5 1.0 0.9 0.3 0.7 0.2 0.1 0.2 0.2 0.8
Spinet 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Garnet 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.1 0.0 38 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.0 trace 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cordierite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Andalusite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sillimanite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Accessories 1.7 0.3 0.6 trace trace 0.4 0.4 ] trace 1.3 trace 0.2 0.6 1.3 0.0 0.3
Efu:;?;; 2114 1000 2024 1000 1000 1000 ) 2000| 1000 1000 1000 1000 1000 1000| 1000 1000
Si0; 71.34 73.80 69.79 69.72 71.07 71.62 |74.04 |72.10 64.42 64.48 64.35 69.85 67.23|70.76 70.27
TiOs 039 038 047 040 055 040 129| 035 098 114 1.10 080 093] 0.38 0.21
Al;O4 14.32 13.32 14.51 1517 14,05 1537 |13.44(13.65 15.17 1457 15.03 14.21 14.29|14.40 1523
Fe 05 259 241 280 230 343 155]| 054 1.97 588 543 578 366 5.10| 264 232
MgO 106 077 149 071 089 082| 0.18| 049 142 230 224 1.06 117 1.64 072
Ca0 043 089 029 104 143 084 080| 106 310 265 272 205 1.76| 1.69 1.86
Na,0 194 177 160 1897 188 6.27| 3.76| 253 212 192 20t 227 206| 3.94 583
K20 623 593 776 720 506 190| 596| 607 447 483 502 508 525| 3.28 0.95
MnO 003 003 003 003 004 003] 000]| 003 0.07 0.06 008 0.07 0.10| 0.08 0.10
Pz0¢ 0.07 009 014 015 013 0.08] 0.06| 0.10 045 043 043 034 047} 010 0.28
L.O.L 129 071 107 038 088 043| 041 021 052 064 0893 0.22 007 024 0.33
H:O 020 003 0.13 001 000 0.15]| 0.05| 0.04 001 0.03 0.00 000 0.01]| 043 0.00
Total 99.89 100.14 100.08 99.08 99.41 99.46 100.53 98.60 98.61 98.48 99.69 99.61 9844 9958 08.10

Chemical analyses by J.R. Nelson, Alberta Research Council Chemistry Laboratory,

















