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INTRODUCTION

The basic reason for an organization like the Geological Survey is that most nations
require a comprehensive inventory and understanding of the geological framework of their
countries in order that all activities that depend on geology can be supplied with the requisite
information. Resource depletion and degradation of the landmass are subjects of particular
importance and many of the on-going projects reported on in this publication are designed to
provide the data needed to lessen the impact of these problems.

In broad terms the Geological Survey of Canada is concerned with determining the mineral
and energy resource potential available to Canada, carrying out land capability studies, studies
on the geology of urban areas, and studies designed to assist in conserving our natural
environment. These activities contribute to two programs of the Department of Energy, Mines
and Resources — the Earth Sciences Service Program and the Mineral and Energy Resources
Program.

The first program is concerned with obtaining information about the geological framework
of Canada, its properties, evolution and development. Information on bedrock geology is
obtained through systematic surveys, regional studies and national compilations and is used for
identifying resources and for making appraisals of non-renewable resources. Similar studies
are carried out to obtain information about the nature and evolution of the Canadian landscape,
its surficial materials, terrain properties, processes, hazards and capability for use. Such
information is essential when evaluating the effects of energy and mineral resource development.

The second program is concerned with resource identification and resource estimation.
Attention is given to identifying areas likely to contain mineral and fossil fuel resources.
Estimates of the amount and quality of energy resources are made each year but those for mineral
commodities, because of the complex calculations involved, are made less frequently.

The two programs are of course interrelated — assessments of resource potential depend on
bedrock geology data; environmental constraints may have a definite economic impact on the
viability of mineral or energy resources.

It is only recently that a significant segment of the population including our elected
representatives, have accepted the finite nature of many resources and have recognized the need
to take this limitation into account in long-term planning. Studies carried out under the auspices
of EMR indicate that the world's supply base of minerals is capable of meeting demand to 2000 AD
and that the Canadian mineral industry will continue to meet domestic requirements and export
opportunities well into the 1980's. Indeed in 1975 we exported more than half our 13. 4 billion
dollar mineral production, an important factor in Canada's economic well-being. We must
continue a vigorous program of mineral resource identification for the long-term but we are not
faced with immediate shortages.

The situation in the field of energy commodities is much more critical as all informed
Canadians are aware and the Geological Survey is participating in major programs concerned
with the identification and assessments of conventional energy sources,

During 1875 the Federal Cabinet indicated that priority would be given to government
programs designed to meet certain fairly well defined objectives. Many of these programs
involve the Geological Survey to a greater or lesser degree. For example meeting the objective
of developing a greater balance in the distribution of people and wealth by encouraging regional
development requires amongst other things information on likely areas where additional
non-renewable resources may be found and how much there is; terrain studies to determine the
capability of the landmass to withstand additional uses and to identify the necessary construction
materials are also vital. In order to meet the government's aim of making more rational use of
resources and of being sensitive to the natural and human environment we must establish the
carrying capacity of Canada in terms of mineral and energy resources and assess the impact of
resource development on the Canadian landmass.

The reports included in this publication reflect the Geological Survey's concern with the
on-going improvement of the description and understanding of the geological framework of Canada.
Emphasis continues to be given to the area north of 60°, an area in which the present level of
information is low and where the need for regional information for resource exploration and for
the assessment of the impact of exploitation are greatest. Regional studies, however, are being

_continued in the provinces in order to keep in close touch with the progress of provincial agencies
and to be able to judge mineral and regional development proposals made by the provinces.

Stratigraphic and structural studies such as those described in Reports 1, 6 and 23 are basic
to understanding the conditions under which mineral and hydrocarbon deposits may be formed.
Such studies sometimes enable the preparation of major syntheses such as that presented in
Report 24 in which the theory of plate tectonics is applied to the evolution of the Canadian Appalachian







region. This region, for some years neglected by the Survey due to other commitments, is the
centre of renewed interest and this synthesis should be most useful to the development of
exploration strategies.

Each year the Geological Survey carries out many studies in Economic Geology. Some of
these involve the study of specific mineral commodities to determine how and why they are
concentrated in the Earth's crust. Others involve regional metallogeny which relates the nature
and distribution of the mineral deposits in a large area to the geological features. Reports 10,

59 and 60 describe different aspects of copper deposits, and Report 25 the uranium resources of
the Elliot Lake-Blind River area. Reports 15 and 48 present the results of two different approaches
to mineral exploration. The first describes the use of trace metals in snow layers as indicators
of silver-arsenide deposits in the District of Mackenzie and the second the use of the trace
element content of plants as a mineral resource indicator.

Terrain surveys and related studies although carried out on a national scale were concentrated
for some years in the District of Mackenzie where the demand for data for a proposed transportation
corridor has been high. Similar information is now needed to assist in evaluating a pipeline
route from the Arctic Islands southward along the west side of Hudson Bay, a route that in
addition to studies of terrain features also requires the investigation of bottom and coastal
conditions of the ice-infested channels that would have to be crossed. Reports 28, 29 and 40
describe the geomorphology soils and vegetation of several of the islands that might be traversed
by such a pipeline. Reports 11, 34, 36 and 37 describe the geomorphological phenomena from
the western Arctic. The results of such studies are, of course, applicable far beyond the
particular region studied.

The Geological Survey continues to lead in the development and application of geophysical
techniques to the search for mineral deposits and in Reports 16 and 17 observations applicable
to gamma-ray spectrometry surveys are given. The Geological Survey has been conducting
aeromagnetic surveys since 1947 and in 1960 launched the Federal-Provincial Aeromagnetic
Survey project. From time to time the "Report of Activities" has included progress reports on
this project and Report 47 comprises the latest such review. The program has been completed
for New Brunswick, Ontario, Manitoba, Saskatchewan and Alberta (Prince Edward Island and
Nova Scotia were completed prior to 1960). The island of Newfoundland is now also complete as
is 60 per cent of Labrador and 70 per cent of Quebec. The report also details the current phases
of the project which has been widely acknowledged by the mineral exploration industry as the
most valuable of recent government programs. The results are much used in planning mineral
exploration programs and are credited with a prime role in the discovery of a number of Canadian
mineral deposits.

At present the "Report of Activities" is published three times each year — early January,
early June and mid-November. Material for this report was received and edited between April
Ist and 27th; production editing, typing, proofreading and preparation of camera ready copy
were carried out between April 5th and 30th and the manuscript was sent to the printer in early
May. The individual contributions are arranged in the order in which they were received in
order to expedite preparation but a separation by discipline is given in the Contents section.

R. G. Blackadar
April 30, 1976 Chief Scientific Editor
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1. STRATIGRAPHIC AND STRUCTURAL STUDIES IN THE PELLY MOUNTAINS,
YUKON TERRITORY

Project 730037

S.P. Gor’dey1 and D.J. Tempelman-Kluit
Regional and Economic Geology Division, Vancouver

Detailed mapping at 1: 50 000 scale was carried out
during 1975 in part of Finlayson Lake map-area (105 G)
(see Fig. 1.1) as part of a broader study of stratigraphy
and structure in the Pelly Mountains. A summary of
this regional work by Tempelman-Kluit et al. (1976)
provides a framework for the following discussion.

Stratigraphy

The general stratigraphy has been described else-
where (Tempelman-Kluit et al., 1976) and only a few
refinements pertinent to the area of this report will be
given here.

Adjacent to Tintina Trench, Mississippian black
siliceous slate lies with marked disconformity on a
Devonian carbonate sequence and, locally, on Silurian
dolomitic siltstone. Abundant dolomite breccia
distinguishes the Devonian carbonate sequence here
from well-bedded dolomites to the southwest,

The Mississippian black siliceous slate, roughly
480 m thick, is overlain throughout the area by slate,
greywacke, and chert pebble conglomerate, roughly
80 m thick. The greywacke and conglomerate occur,
in part, as thin, sheet-like units within the slate.
Rhythmically interbedded slate and graded greywacke
occur locally. An overlying thin-bedded tuffaceous
chert forms a widespread marker unit.

62°N.
Pelly R.
mi.
0 10
!
0 10
km.
area of this report
N\ _Tintina Trench
. ~ )
K7 Ll \\
0 ~
N
location of fig. 2 \\
AN 6I°N.
132° W. 130° w.

Figure 1.1. Index map of Finlayson Lake map-area
(105G) showing area referred to in this
report.

1Queen's University, Kingston, Ontario

Geol. Surv. Can., Paper 76-1B

In the central part of the area the black slate

changes facies, to a volcanic pile of acid flows and tuffs.
There, the acid volcanics rest unconformably on the
Devonian carbonate sequence,

Metamorphic Rocks

Highly deformed low-grade metamorphic rocks,

part of the Big Salmon — Englishman's Allochthon

(Tempelman-Kluit et al., 1976) form a number of klippen

in the southwestern part of the area (Fig. 1.2).

Very fine grained, poorly schistose, muscovite-

chlorite-albite-quartz rock is dominant but non-schistose,
very fine grained, quartz-chlorite-epidote-albite
assemblages are abundant, and calc-silicate rocks occur
at a few localities. The rocks weather grey or pale

green and form good outcrops. Bedding is only apparent

locally and is defined by subtle colour laminations a
few millimetres thick, or by millimetre-scale alternations
of pelite and quartzite. Other primary textures have
been obscured by deformation and metamorphism.

The mineral assemblages indicate a lower green-
schist facies of regional metamorphism (see Table 1.1).

Table 1.1

Mineral assemblaged of the metamorphic rocks

Mineral
Minerals Assemblages
quartz X X X X X X X
muscovite X X X X X X X
chlorite X X X
albite X X X X X
epidote X
zoisite X
clinozoisite X
sphene X
carbonate X X X

Structure

The main structures are illustrated in a cross-
section drawn normal to the northwest-southeast
structural grain (see Fig. 1.2). The most conspicuous
features are the allochthonous sheet of metamorphic
rocks, and the steepening of bedding and cleavage
within Tintina Fault Zone. Folding and thrusting
involved rocks as young as Triassic.
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Pre-Mississippian vertical faults, although not
occurring along the line of cross-section, are found in
the southwestern part of the area. These faults cut
Devonian carbonates but do not cut the overlying
Mississippian black slate.

Metamorphic Rocks

The metamorphic rocks are folded by isoclinal
recumbent folds on which are superposed upright to

overturned folds that verge to the north-northeast
(Figs. 1.3 - 1.5). The main fabric elements are:

51— a penetrative schistosity defined by parallel
alignment of muscovite and chlorite, and more or less
parallel with bedding. This schistosity wraps around
helicitic albite porphyroblasts that contain inclusion
trains which are steeply inclined to S have not been

recognized.

Crientatlon of Fabric Elements

So |
S, ’~ horizontal to gently dipping

Ss ~— strike WNW, dip 40° SSW

Fa |~ coaxial, trend WNW; plunge O°

Figure 1.3. Diagrammatic sketch showing the style of folding and the fabric of the metamorphic
rocks. The fabric elements are described in the text.

(b) — chlorite wrapping around an albite porphyroblast.
(e¢) — a dimensional preferred orientation of quartz parallel with So within a
folded relatively coarse-grained quartz layer. Some muscovite has

grown parallel with So.



R

Figure 1.5

Upright to overturned folds in the
metamorphic rocks characteristic of
folding about S3.

'
i

S, — defined by the axial planes of isoclinal
recum%)ent folds in bedding and S;. A dimensional
preferred orientation of tabular quartz grains and
scattered muscovite flakes aligned parallel with Sy
occurs locally (Fig. 1.3c) but does not define a
mesoscopic fabric. The quartz may be highly deformed,
showing extreme undulatory extinetion and, more
rarely, deformation lamellae. Folding about Sg has
kinked S1 micas. Sg is subparallel with the thrust
surface marking the base of the allochthonous sheet.

S4 — 1is defined by the axial planes of upright to
slightly overturned folds in bedding, S1, and Sq that
verge to the north-northeast. It is not associated with
new mineral growth. S5 is subparallel with a cleavage
developed locally in the rocks underlying the
allochthonous sheet.

Figure 1.4

Recumbent fold in the metamorphic
rocks characteristic of folding about
S9. One limb has been refolded

- about Sj.
\
v
4 ) 4. .
& !
[ .
I,‘l
) -
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L, — defined by the hinge lines of folds in bedding

and S3, and is associated with S,

L, — defined by the hinge lines of folds in bedding,
S1, and 59, and is associated with Sg. It is locally
expressed as a crenulation of 1 and Sg.

The lack of stratigraphic markers in the allochthonous
mass makes it difficult to outline the larger structures
within it. The largest folds that have been recognized
are on the scale of one metre.

There is a pronounced contrast in intensity of
deformation and metamorphic grade between the
allochthonous mass and the rocks underlying it. The
underlying rocks are unmetamorphosed siltstones and
shales, in which primary sedimentary structures are
well preserved. The folds are open, and associated
slaty cleavage is only developed locally.



Tintina Fault Zone

Within Tintina Fault Zone (Fig. 1. 2), bedding dips
steeply, locally being overturned to the southwest,

and cleavage dips moderately to steeply to the northeast.

The steep faults of this zone, which in plan view form
a braided or anastomosing network trending northwest-
southeast, have juxtaposed rocks of all parts of the
authochthonous sedimentary sequence recognized else-
where in the area. Individual fault blocks have been
little deformed by movements on faults of the fault zone.
Faults of the Tintina Fault Zone cut rocks as
young as Triassic, as well as folds and thrusts, and
accordingly, displacements along these faults are
post-Triassic and post-thrusting and folding. Although

some dip-slip movement is evident, the pattern of a
bifurcating network of subparallel faults distributed
over a wide zone is consistent with the strike-slip
displacements postulated by Roddick (1967) and
Tempelman-Kluit et al. (1976).

References

Roddick, J.A.
1967: Tintina Trench; J. Geol., v. 75, p. 23-33.

Tempelman-Kluit, D.dJ., Gordey, S.P., and Read, B.C.
1976: Stratigraphic and structural studies in the
Pelly Mountains, Yukon Territory; in Report
of Activities, Part A, Geol. Surv. Can.,’
Paper 76-1A, p. 97-106.






2. IMBRICATE STRUCTURES IN THE LEWIS THRUST SHEET AROUND THE CATE CREEK
AND HAIG BROOK WINDOWS, SOUTHEASTERN BRITISH COLUMBIA

E.M.R. Research Agreement 1135-D-13-4-157/75

P.R. Fermor’1 and R.A. Price1
Regional and Economic Geology Division

Upper Cretaceous strata exposed in windows through
the Lewis thrust sheet at Cate Creek and Haig Brook in
northern Clark Range of southeastern British Columbia
(Olsson and Caster, 1935; Price, 1959, 1962 and 1965;
Norris, 1959; Jones, 1969) are overlain by a discrete
layer of imbricate, southwesterly facing sigmoidal
thrust fault slices (Dahlstrom, 1970), comprising
repetitions of a thin stratigraphic interval from the
base of the Middle Proterozoic (Helikian) Belt-Purcell
Supergroup (Fig. 2.1). The imbricate layer forms a
zone up to 300 m thick that is bounded below by the
Lewis thrust fault and above by another thrust fault,
the Tombstone thrust, which is essentially a bedding
glide fault within the Waterton Formation, the oldest
formation known from the Belt-Purcell Supergroup
within the Lewis thrust sheet in southeastern British
Columbia and adjacent parts of Alberta and Montana.
The nature and structural relationships of the imbricate
zone provide some new insight on the mechanism and
magnitude of the large northeastward relative translation
of the Lewis thrust sheet.

The Lewis thrust is a major low-angle overthrust
fault along which a sheet of Proterozoic to Lower
Cretaceous rocks up to 7 km thick has been displaced
more than 40 km northeast relative to Upper Cretaceous
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Department of Geological Sciences, Queen's University,
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clastic deposits of the Rocky Mountain exogeocline
below the fault (Price, 1962 and 1965; Dahlstrom, et al.,
1962). The sole fault emerges along the eastern and
northern slopes of Clark Range in southwestern Alberta,
about 11 km east and northeast of the Cate Creek and
Haig Brook windows. The sheet of Helikian strata above
the fault is truncated to the southeast by the Flathead
fault, a major southwesterly dipping normal fault which
flattens with depth and may merge with the Lewis thrust
beneath the Flathead Valley of southeastern British
Columbia (Bally et al., 1966).

The Cate Creek and Haig Brook windows occur
along the crest of a northwest-trending anticlinal
culmination that extends along the southwest side of
Clark Range from near North Kootenay Pass into
northern Montana. The Lewis thrust fault is folded
along with the overlying strata in this anticlinal
structure (Clark, 1954; Price, 1959, 1962 and 1965;
Norris, 1959).

Although the Lewis thrust fault is rarely exposed
in the Cate Creek and Haig Brook windows, its position
can be fixed rather closely on the basis of extensive
exposures of the imbrications of Purcell strata above
it and a few critical exposures of Upper Cretaceous
strata below the fault.

The Waterton Formation occurs along or near the
base of the Lewis thrust sheet in the Waterton Lakes
area (Douglas, 1950) and in the Pacific-Atlantic
Flathead well (Clark, 1954; Price, 1962) at Sage Creek,
40 kxm west of Waterton Lakes, as well as in the vicinity
of the Cate Creek and Haig Brook windows and along
the north side of Clark Range. Accordingly, under
most of the Clark Range, over an area of more than
2000 km?2, the Lewis thrust is essentially a bedding
glide zone with respect to the allochthonous succession
comprising the Lewis thrust sheet.

The zone of imbricate thrust faults that frames
Cate Creek and Haig Brook windows varies in thickness
from 150 to 300 m. It involves strata of the Waterton
Formation, but over the eastern parts of the windows
the zone includes some other strata of an uncertain
stratigraphic position but probably comprise part of
the thin, condensed eastern facies of the Helikian
Belt-Purcell Supergroup. A zone of imbricate
structures involving the Waterton Formation also occurs
north of the Cate Creek window in the St. Eloi and
Syncline Brooks valleys (Price, 1959, 1962 and 1965;
Norris, 1959); and moreover, the strata in the hanging
wall of the Lewis thrust along the mountain front in
northern Clark Range, which are about 150 to 200 m
thick and were assigned to the Waterton Formation by
Norris (1959), may also include the imbricate zone.



In order to facilitate the structural analysis of the
imbricate thrust faulting, the Waterton Formation near
the windows has been subdivided into a number of
distinctive stratigraphic units (Fig. 2. 2). Because
completely unfaulted sections are not present in the
imbricate zone, a composite section based on the
stratigraphically overlapping partial sections in
individual fault slices has been established. The sub-
divisions of the Waterton Formation established in this
way can be correlated with those described from the
upper part of the Waterton Formation near Waterton
Lakes (Douglas, 1952) and from cuttings from the
Pacific-Atlantic-Flathead no. 1 well (Price, 1964;
and Douglas, unpublished descriptions, 1952) in
southwestern Clark Range.

A cross-section through the Lewis thrust sheet
along the cliffs on the northwest side of Haig Brook
has been constructed from detailed structural and
stiratigraphic data obtained from traverses along the
top and bottom of the cliffs, and from field sketches on
enlarged oblique air and ground photographs of faults
and marker beds that are exposed in the cliffs (Fig. 2. 3).
Not all the area encompassed by the section is under-
lain by exposed bedrock. Where bedrock exposures
do not occur the structure section has been drawn so
as to ensure that it is balanced (Dahlstrom, 1969), and
that the thicknesses of stratigraphic units and the
angular relationships between the faults and beds do
not change from one side of a fault to the other. The
section has been drawn, almost perpendicular to the
strike of the beds; and therefore, the true thicknesses
of the beds and angular relationships between the faults
and the beds are slightly distorted.

Along its hanging wall the Lewis thrust follows a
zone of bedding glide that coincides with the base of
unit A of the Waterton Formation. The Tombstone thrust,
which marks the top of the imbricate zone, follows a
zone of bedding glide high in unit B of the Waterton
Formation along its hanging wall, except in the western
part of the section where it steps down abruptly to a
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lower bedding glide zone in unit B. On the other hand,
along the footwall, the Tombstone thrust rises along an
abrupt step in the middle of the section from a bedding
glide zone in unit B in the west of another bedding
glide zone in unit D in the east. The entire imbricate
zone and the Tombstone thrust have been offset, in the
eastern part of the section, by a younger high-angle
reserve fault which splays off from the Lewis thrust.
All of the faults, including the Tombstone thrust, must
merge with the Lewis thrust to the southwest. A normal
fault in the southwestern part of the section with a
stratigraphic separation of about 40 m appears to merge
downward with the Lewis thrust. This normal fault is
within 1 km of the Flathead normal fault, and is
probably related to it.

The faults which form the imbricate zone splay off
from the Lewis thrust and merge upward with the
Tombstone thrust. The sigmoidal shape of the faults
is primarily a reflection of the fact that they represent
a transfer of northeasterly displacement from the Lewis
thrust to the overlying Tombstone thrust. However,
the steep southwesterly dip of the imbricate fault slices
can be attributed to the external rotation that was
imparted to them as movement occurred along sigmoidal
fault surfaces and as the displacement along east
successively lower fault rotated all the beds and faults
that lay above it. The backfolding of some of the faults
slices can be attributed to the adjustments that were
necessary to accomodate the sudden change in thickness
of the imbricated zone where the Tombstone thrust steps
abruptly upward along its footwall, from unit B to unit D.
The pattern of change in shape from northeast to south-
west among the backfolded imbricate thrust fault slices,
provides further evidence that the general sequence
of development of the individual faults in the imbricate
zone was from southwest to northeast.

The rocks within the imbricate zone show many fine
details of their primary sedimentary structure and
texture, and obviously have not been subjected to any
large penetrative internal deformation. The internal
deformation that is discernible as small-scale faulting
and folding is mainly, if not entirely, a result of
compression more or less parallel with the bedding.
Accordingly, the present aggregate length of the folded
segments of a stratigraphic marker in a balanced
structure section drawn perpendicular to the folds and
faults (and therefore parallel with the inferred direction
of displacement on the.faults) may be less than, but is
certainly not more than, the length of the same marker
between the same end points prior to the thrusting. On
this basis, the minimum amount of northeasterly
displacement of the highest (most southwesterly) slice
in the imbricate zone relative to the lowest (most
northeasterly) slice has been estimated, by subtracting
the present distance between reference points on the
contact between units A and B in these two slices from
the cumulative length of the contact between units A
and B between the same reference points, as about
2.2 km. This represents a minimum "horizontal
shortening" (ratio of final to original length) of about
60 per cent.

This northeasterly translation of the main mass of
the Lewis thrust sheet relative to the sole fault and the
rocks below it must be added to previous estimates of
about 25 miles (40 km) for the minimum horizontal
translation of the Lewis thrust sheet (Clark, 1954;
Price, 1962 and 1965; Dahlstrom et al., 1962), because
these previous estimates did not take into account
translation related to deformation of this type within
the Lewis thrust sheet. Moreover, this additional
2.2 km is the amount of translation represented by one
short segment of a zone of imbrication that is obviously
much more extensive; and therefore, the total amount
of translation of the Lewis thrust sheet that is expressed
as imbricate thrusting near the sole fault may well be
many tens of kilometres.
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3. APPLICATION OF SPECTROCHEMICAL METHODS TO TRACE ELEMENT
DETERMINATIONS IN GEOLOGICAL MATERIALS

Project 690090

W.H. Champ, C.F. Meeds, and Laboratory Staff
Central Laboratories and Administrative Services Division

The re-modelling of our Jaco Direct Reading
Spectrometer as described in a previous report
(Champ, et. al., 1975) was finished in November of
1975. Physical adjustments, re-alignment and checking
of optical components and electronic testing, etc. of the
42-channel system were completed in late December.

Calibration of the instrument and overall system
to provide a 30-element analytical method, using 35
channels, was then begun and it is now in operation
for the following determinations:

Element Range in % Element Range in %
Si .05-30 Cr . 0005-7.0
Al .03-25 Cu . 0007-12.5
Fe .03-30 La .01-2.0
Ca . 002-30 Mo .007-1.0
Na .005-2. 0 Ni .001-2.0
Mg . 05-30 Pb . 05-10
Ti .007-3.0 Sb .07-7.0
Mn .003-1.75 Sn .01-3.0
Ag . 0005-.45 Sr .001-7.0
As .10-10 \4 . 002-1. 25
B .005-2.0 w -

Ba . 0005-4.0 Y .002-1.5
Be .0003-.20 Yb .0002-. 22
Ce .01-3.5 Zn . 01-7.0
Co .001-1.0 Zr .002-1.75

The procedure is intended to provide reasonably

rapid "routine" analyses over wide ranges of concentra-

tion without severe restrictions on sample type and
with accuracy acceptable for most purposes. In order to
accomplish this, some limitations in element sensitivities
have to be accepted. Coverage cannot be extended
beyond the elements listed.
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This method ("12B-DR'") is directly adapted from
our general spectrographic method (QN12B) for silicates
and results are expected to be comparable in both preci-
sion and accuracy. All results will be reported on the
basis of a single exposure per sample and will be expected
to lie within 15% of the value given.

This means that values for the major elements,
i.e. above the 5% concentration level, should be
regarded as useful only for preliminary screening and
characterization of the sample matrix. This is primarily
for laboratory purposes, to decide which analytical
methods should be applied when samples received are
not sufficiently well identified or described.

Values for the minor and trace elements, however,
should be quite as accurate as those obtainable from
most other methods for rapid quantitative analysis.

Corrections for varying backgrounds and spectral
interferences are made in the controlling computer
programs. This permits a wide variety of rock and
mineral types to be analyzed. Any sample whose
components fall within the concentration ranges listed
will be acceptable to the system. Some samples of
extremely complex composition, or having physical
characteristics which prevent successful exposure,
such as high water or organic content, may be rejected
and would have to be done by alternate methods.

Refinements to the computer program may lead
to slight changes in the sensitivities listed in future.
Information on analytical capabilities and the submission
of samples for analyses will be available on request.
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4. IMPROVEMENTS IN THE "SCREW-ROD" METHOD FOR
DETERMINATION OF LITHIUM, RUBIDIUM, AND CESIUM

Project 690090

J.-L. Bouvier and Sydney Abbey
Central Laboratories and Administrative Services

This method, originally developed by Govindaraju
(1975), has been used in our laboratories for two years.
It involves impregnation of a mixture of the finely-
ground sample and a suitable salt in the grooves of the
screw thread on a small iron rod. By heating the rod
in an air-acetylene flame, it is possible to atomize the
sample and to obtain atomic-absorption measurements
for certain volatile elements, particularly the rarer
alkali metals.

The major advantages of the method over those based
on acid decomposition of the sample are increased speed
and sensitivity, A disadvantage is the fact that the
sample must be mixed with sodium chloride for lithium
and rubidium determination, and with sodium carbonate
for determination of cesium. An investigation was
therefore undertaken to find a salt or combination of
salts that would provide adequate sensitivity for all
three elements in one mixture.

Various combinations of sodium salts were first
tried. Certain organic salts (citrate, tartrate, oxalate)
were found to give significant improvement for cesium,
when compared to the carbonate, but lithium sensitivity
was poor. Mixtures of sodium chloride and carbonate
proved unsatisfactory. However, Poluektov et al. (1969)
reported good sensitivity for alkali metals when the

Geol. Surv. Can., Paper 76-1B

flame was fed with pressed pellets of mixtures of sample,
ammonium chloride and calcium carbonate, in proportions
approaching those used in the classical J. Lawrence
Smith sinter. Various combinations of chlorides and
carbonates of cations other than sodium were then tried,
and a combination of the chloride and carbonate of
barium, mixed with pure silica, was found to produce
satisfactory sensitivity for both lithium and cesium.
Rubidium sensitivity was too high, but that was over-
come by reducing the response of the integrator used
in recording the atomic absorption signal.

Further work is underway to find the best
proportions of flux constituents and sample, and to
study the possible determination of other elements.
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5. THE FRACON QUARRY, A MINERAL LOCALITY

Project 640048

Ann P. Sabina
Central Laboratories and Administrative Services Division

A few years ago, two new minerals — welonganite
and dresserite — were described from the Francon
quarry, Montreal Island, as a result of a mineralogical
investigation that began in 1966. The investigation was
resumed in 1974, resulting in the indentification of a
number of minerals not previously reported. During
the summers of 1974 and 1975, eight visits were made
to the quarry and respresentative suites of minerals
were collected. This progress report is based on the
examination of these minerals as well as mineral
specimens from the National Mineral Collection, and
specimens collected by amateur mineral collectors.

The quarry, (Fig. 5.1) operated by Francon,
Division of Canfarge Limited was originally worked by
Arthur Dupré from 1924 to 1928, and subsequently by
National Quarries Limited (1930-1962), Highway Paving

Company (1963-1965), and by the current operator since
1966. It produces crushed limestone for use in the
manufacture of cement and for road metal.

The limestone exposed in the quarry is the
St. Michel member of the Montredal Formation of Trenton
(Ordovician) age. It is intruded by alkalic sills which
have been encountered in quarry operations since about
1955 and are believed to be satellitic rocks related to
the Monteregian intrusions. About 40 minerals have
been identified from the sills, most of them occurring
in vugs in the rock. The mineral-bearing sills are
exposed in the upper and lower levels of the quarry,
both of which are currently in operation. A list of
these minerals with brief descriptions is given below;
unless otherwise noted, the minerals are found in the
vugs.

Figure 5. 1. Mineral-bearing alkalic sills cutting Ordovician limestone, Upper level of Francon Quarry. (GSC-163133).

Geol. Surv. Can., Paper 76-1B
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Analcime:

colourless to yellow and orange-red trapezohedral
crystals averaging 5 mm in diameter; white globular
aggregates, spheres, cubes (measuring 1 mm along
the edge); white granular aggregates lining cavities.
Analcime is a relatively common mineral, particularly
in the lower level of the quarry.

Anatase:

dark ink-blue, opaque, finely granular aggregates
associated with pyrite grains in pockets in sill rock.

Baddeleyite:

tan-coloured scaly to granular aggregates associated
with crystals of calcite, fluorite, barite and
strontianite; straw-yellow scaly aggregates forming
fragile sheets on calcite crystals associated with
purple fluorite and botryoidal hematite. This
mineral is rare and was found only in the lower
level. It is the second known occurrence of
baddeleyite in Canada.

Barite:

white, grey, yellowish granular to powdery masses;
chalk-white stacked plates; colourless, white, grey
or reddish orange prisms, some with dome termina-
tions. Tabular prisms measuring 2 to 3 cm were
found in the lower level but are rare. Barite is
relatively uncommon in the lower level and rare in
the upper level.

Calcite:

colourless, white, yellowish, lilac, grey crystals

or massive; colourless to light yellow cone-shaped
crystal aggregates and globular forms. Calcite is
one of the most common minerals lining vugs through-
out the quarry.

Celestite:

colourless, white, grey tabular and divergent acicular
crystal aggregates; pulverulent. Colourless trans-
parent tabular prisms measuring up to 8 mm long
were found in association with calcite and fluorite in
the lower level. Celestite is relatively uncommon in
the lower level and rare in the upper.

Chalcedony:
white to greyish white, associated with calcite,
quartz and other minerals. Rare.
Clinopyroxene:

green acicular aggregates in analcime associated with
unknown No. 9. Rare and noted only in the lower
level.
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Cryolite:

colourless, yellow crystals, massive; sugary masses
in which crystals are embedded. Although cryolite is
rare, transparent crystals were encountered in
relative abundance in one area of the sill that was
quarried in the lower level during a three-week
period in 1975. At other known occurrences,
cryolite in the crystal form is rare; at the Francon
Quarry, however, the crystal form is more common
than the massive. The individual crystals average

1 mm in diameter, are transparent yellow or grade
from colourless to yellow, and commonly form
aggregates (some with triangular outline) measuring
up to 13 ecm in diameter. They occur in cavities

with crystals of colourless calcite, colourless to
slightly yellowish weloganite and dawsonite, This
is the only known Canadian occurrence of cryolite.

Dawsonite:

Colourless transparent squat to elongated striated
prisms measuring up to 2 mm long; acicular crystals
forming rosettes, spheres, tufts, or in random array;
white matted and radiating fibres; flaky, scaly,
hair-like and botryoidal aggregates. Dawsonite is
one of the most common minerals along with calcite
and quartz. Spectacular specimens consisting of
masses of radiating and randomly oriented acicular
dawsonite were exposed in the upper level during

a two-month period of operations in 1975; small
cubes of lilac to purple fluorite and orange sphalerite
occurred on the dawsonite crystals,

Dolomite-ankerite series:

colourless, white to yellowish and amber crystal
and granular aggregates lining vugs; white rosettes.

Dresserite:

colourless to white spheres composed of radiating
fibres or blade-like crystals tapering toward the
centre of the sphere and with blunt terminations.
The spheres measure up to 4 mm in diameter and
are generally associated with weloganite. Found
only in the upper level. Only known occurrence
(Fig. 5.2).

Colourless to white acicular to fibrous aggregates

in parallel, divergent, radial or random arrangement.
The crystals commonly measure 1 mm long. Elpidite
was noted only in association with yellow cryolite

and is rare, having been identified in about one-
third of the cryolite specimens examined. This is

the second known occurrence of elpidite in Canada.



Figure 5. 2. Cluster of dresserite spheres with weloganite crystals (in cross-section) in quartz-lined vug.
The individual dresserite spheres average 1 mm in diameter. (GSC 202820-H).

Fluorite:

clourless, white, lilac to deep purple cubes (less
than 2 mm along the edge) and crystal aggregates;
white platy, spherical, botryoidal and shell-like
forms; granular massive. Also found as finely
granular black patches in the sill rock. Uncommon
in the upper level; common in the lower level as
finely crystalline lilac to deep purple crystal
aggregates coating dawsonite to form masses of
flattened spheres.

Galena:

crystals (microscopic) and granular masses in vugs;
granular masses in sill rock. Rare.

Graphite:

black patches in sill rock.

Gypsum:

Selenite variety, large sheets about 5 cm thick and
tabular prisms (1-5 mm long) associated with yellow,
pink and white massive dolomite. Rare.

Harmotome:

grey finely granular lining of cavity. Was noted in
only one specimen obtained from the upper level.

Hematite:

dark brown finely botryoidal and powdery encrustations
on crystals such as celestite, calcite and quartz
occupying cavities in sills in the lower level. It is

not common.

Marcasite:

various forms; commonly tarnished to blue, violet,
green metallic.

a crystal was noted in a cavity with other minerals
in one specimen found in the upper level.

Mordenite:

white matted very fine fibres forming thin sheets on
crystals lining vugs. It is of rare occurrence and
was observed in association with dolomite crystals
and unknown No. 9 specimens from the lower level
only.
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Plagioclase:

white translucent upright plates forming a lattice-like
lining in cavities. Common, particularly in the upper

level where it is associated with welonganite,

dresserite, quartz and some of the unknown minerals.

Pyrite:

common in various forms generally coating crystals.

Quartz:

colourless, transparent, frosty white and smoky
crystals; colourless stacked plates curved slightly
to produce somewhat artichoke-like and sheaf-like
forms commonly lining vugs. Ranks with calcite as
the most common mineral lining vugs in both levels.

Siderite:
light yzllow, yellowish green and brown finely
crystalline aggregates lining vugs; often intergrown
with dolomite.

Sphalerite:

orange crystalline aggregates and microscopic

crystals associated with acicular masses of dawsonite

and less commonly with analcime; microscopic
greenish brown crystals; orange-brown granular
patches in sill rock. Rare,

Strontianite:

colourless to white spear-shaped acicular crystals
commonly forming spheres resembling dresserite
but distinguished from dresserite by its acutely
pointed terminations; colourless white, light yellow,
greenish yellow fibrous to columnar aggregates
forming tufts, sheaves, hemi-spheres; colourless,
yellow, amber, pink tabular crystal aggregates;
white finely granular porcelain-like and compact
fibrous masses in mammillary groups; white waxy
globules. Strontianite is a very common mineral,
particularly in the lower level.

Thenardite:

white powdery coating on the sill rock. It was noted
in one area in the upper level where analcime is
abundant.

Weloganite:

colourless, light yellow to orange-yellow, amber,
white, transparent to translucent six-sided prisms
(measuring up to 6 cm long) with pedion or pyramidal
terminations and transverse grooves and striations;
white stacked plates; white powdery to finely
granular forming core of crystals or coating on
crystals; colourless, yellow, olive green (rare)
vitreous massive. Occurs in upper and lower levels
but more abundant and larger-sized crystals in
upper level. Only known occurrence.
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Zircon:

yellow, amber, tan-coloured grains and granular
patches in sill rock; yellow vitreous granular crust
on weloganite. Rare.

Unidentified minerals: seven unknown minerals, of
which possibly five are believed to be new species,
have been found. Six of them were first encountered
in the course of the original investigation of the Francon
quarry; additional specimens collected recently
enabled the study of them to continue. The unidentified
minerals include:

No. 2: White spheres identical to dresserite with
similar composition but is a higher hydrate
and has different crystal structure. Unstable,
decomposes at room temperature. Associated
with weloganite in the upper level.

No. 3: Chalk-white powdery coatings; white
translucent porcelain-like smooth and
botryoidal crusts; white shells with hollow
interior. Of common occurrence in upper
and lower levels. Believed to be an aluminum
hydroxide with X-ray diffraction pattern
similar to gibbsite.

No. 5: Cream-white compact aggregates of fine
fibres or flakes with silky lustre. Qualitative
electron microprobe analysis indicates the
major elements to be Zr, Ti and Na. The
mineral is associated with dresserite in the
upper level. Uncommon.

No. 6: White silky, flaky aggregates associated
with quartz and strontianite in the upper
level. Major elements as determined by
qualitative microprobe analysis are Al and
Sr. Uncommon.

No. 7: White granular, botryoidal, flaky aggregates
with silky or waxy lustre. Believed to be
a clay mineral of the kaolinite group.

No. 8: White soft waxy finely granular massive.
Believed to be a clay mineral of the
montmorillonite group. No. 7 and No. 8
are common in the lower level, quite rare
in the upper level.

No. 9: White acicular crystals forming parallel and
divergent aggregates measuring 1 to 2 mm
long. Its distinctive silky lustre distinguishes
it from other Francon minerals of similar
habit, notably celestite and strontianite. It
is associated with hemispherical aggregates
of light yellow calcite, yellowish white
crystalline dolomite and colourless to light
brown analcime. Major elements as
determined by qualitative electron microprobe
analysis, are Na, Al, K, Si. X-ray diffraction
pattern is similar to that of dachiardite.
Believed to be a zeolite. Found in lower
level. Very rare.



A noteworthy feature of the sills is the consistent
uniformity of the mineral assemblages characterizing
each level of the quarry. In the upper level, the most
common minerals formed in vugs are quartz, calcite,
dawsonite and strontianite generally with weloganite
and, less commonly, dresserite. Quartz, calcite and
dawsonite are also common in the lower level sills but
with consistently greater amounts of strontianite,
fluorite and analcime. Where the mineralization has
shown any variation, as in the case of the cryolite-
calcite-dawsonite-weloganite or the dawsonite-
fluorite-sphalerite assemblages, these concentrations
were found to be in relatively small areas of particular
sills which were exposed during operations of one to
two month duration. Similarly localized are other
minerals including dresserite and three of the
unidentified minerals which have so far been found
only in the upper level sills; others — mordenite,
baddeleyite, elpidite and Unknown No. 9 — have been
encountered only in the sills of the lower level. There
are also areas in the sills of each level where vugs
contain only crystals of quartz or calcite,
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6. STRATIGRAPHY AND STRUCTURE OF THE WINDERMERE SUPERGROUP,
SOUTHERN KOOTENAY ARC, BRITISH COLUMBIA

E.M.R. Research Agreement 1135-D-13-4-157/75

J. K. Glover1 and R.A. Price1
Regional and Economic Geology Division

Rocks of the Windermere Supergroup form a thick
section on the west flank of the Purcell Anticlinorium
between Creston and Salmo, British Columbia (Rice,
1941; Little, 1960). Detailed field investigations of
these rocks within an area of about 100 square miles
(Fig. 6.1) during the 1974 and 1975 field seasons
were focused upon their internal stratigraphy, geologic
structure, metamorphism and regional tectonic sig-
nificance. The preliminary results of geological mapping
at a scale of 1: 25 000 are summarized in a geologic
sketch map (Fig. 6.2).

The Windermere Supergroup in this area has an
aggregate thickness of at least 7.5 km comprising the
Toby Formation, at the base, the Irene Volcanic
Formation, the Monk Formation and the Three Sisters
Formation. It lies with angular unconformity on the
underlying Purcell Supergroup and is transitional into
the Quartzite Range Formation of the Lower Cambrian
or Late Proterozoic Hamill Group.
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Figure 6. 1. Location map.
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Stratigraphy

The Toby Formation, which attains a maximum
thickness of 2.5 km, consists of polymict conglomerate
and conglomeratic sandstone and mudstone, and uncon-
formably overlies both the Dutch Creek and Mount
Nelson formations of the Purcell Supergroup. The
majority of the boulders, cobbles and pebbles in the
conglomerate consist of quartzite and dolomite so similar
to that in the Dutch Creek and Mount Nelson Formations
as to leave little doubt that most of the Toby Formation
represents debris that was eroded from the underlying
Purcell Supergroup. The conglomerates and con-
glomeratic mudstones occur in distinct beds and are
intercalated with sandstone, but conspicuous lateral
variations occur within the formation and no persistent
marker units have been recognized. Although Aalto
(1971) has argued that the Toby conglomerate is a
glacial marine deposit, the coarse to medium grained
clastics of the Toby Formation show widespread
development of medium-scale cross-bedding and
channel-fill structures that are suggestive of deposition
in a fluvial environment. Moreover, slump structures
associated with some of the conglomeratic mudstone
units indicate that they are mass flow deposits. Basic
tuff and agglomerate occur as minor intercalations
throughout the sequence and provide evidence of inter-
mittent volcanism while the Tobe Formation was being
deposited. Numerous basic sills and dykes, which
occur in the Toby Formation and the upper part of the
Purcell Supergroup, are thought to represent feeders
for these pyroclastic deposits and for the overlying
volecanic rocks of the Irene Volcanic Formation.

The Irene Volcanic Formation attains a maxium
thickness of 2 km and consists of basic pillow lava with
intercalations of basic agglomerate and tuff. Beds of
finely laminated stromatolitic dolomite, which are a
minor component of the formation, indicate that it is a
shallow-water deposit. In the southern part of the
area, where the formation is thickest, coarse grained
basic intrusives occur with extensive hydrothermal
alteration of the underlying conglomerate suggesting
that a local eruptive centre was located nearby. Clasts
of dolomite that occur within the pyroclastic rocks of
the upper part of the Irene Volecanic Formation mark
the resumption of deposition of conglomerate and a
transition to the base of the Monk Formation.

The Monk Formation attains a maximum thickness
of 1.5 km and consists of a conglomeratic unit at the
base with poorly sorted angular clasts of dolomite in
a mudstone matrix, except in the north part of the area
where an abrupt facies change to well sorted quartz
cobble conglomerate occurs south of the Mine Stock.
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Locally the conglomerates of the Monk Formation are
overlain by a thin stromatolitic dolomite unit which is
succeeded by laminated green and grey pelite.

The Three Sisters Formation is at least 1. 5 km
thick and consists of quartzo-feldspathic grits inter-
bedded with green and blue-grey medium-scale
cross-bedded quartzite, quartz-pebble conglomerates,
pink quartzite and interbedded grit, and rare argillite.
A distinctive conglomerate unit at the top contains
clasts of grit, quartzite, shale, vein quartz and
greenstone, and contains channel-fill structures and
evidence of thin sedimentary faulting. Above this there
is a gradation from green and blue-grey quartzite to
light grey quartzite over an interval in which the
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relative proportion of interbedded grit decreases. The
contact with the overlying Quartzite Range Formation
is placed above the highest bed of grit. This coincides
with the appearance of white orthoquartzites with
abundant ripple marks and shallow planar cross-
bedding. There is no evidence of an erosional hiatus
between the Windermere Supergroup and the overlying
Quartzite Range Formation. However, nearby in the
western Purcell Mountains, Lower Cambrian white
quartzites (which are lateral equivalents of the
Quartzite Range Formation) lie with angular uncon-
formity on rocks comprising the middle part of the
Purcell Supergroup (Rice, 1941).



The character and thickness of the Windermere
Supergroup in this area and its stratigraphic relation-
ships with the underlying Eo-Cambrian or Cambrian
beds of the Quartzite Range Formation support the
conclusion (Lis et al., 1975; Price and Lis, 1975) that
the Windermere Supergroup is a syntectonic deposit
which accumulated, probably during the East Kootenay
Orogeny (White, 1959; Leech, 1962), along the north-
westerly and westerly flanks of an uplifted fault block
of Purcell strata from which much of the coarse clastic
detritus was eroded. The basic volcanic rocks which
are intercalated with the sediments of the Windermere
Supergroup are probably related to deep crustal
fracturing associated with this faulting.

Geologic Structure

All the rocks in the study area are metamorphic
tectonites in the lower greenschist facies of regional
metamorphism. They contain a well developed,
pervasively penetrative foliation, and locally a less
well developed, crenulation cleavage. Deformed clasts
in the conglomerate and pillows in the Irene Volcanic
Formation show that the penetrative strain, although
quite variable from place to place, involved apparent
flattening in the plane of the foliation, and a maximum
elongation parallel with the axes of the earliest, small
scale, northerly plunging z-shaped folds (Fig. 6.2).

The overall structure of the area, as outlined by
the main stratigraphic units, is a steep westerly facing
homocline upon which is superimposed a shallow to
moderate, northerly plunging large z-shaped fold
(Fig. 6.3). This structure is most obvious in the
southern part of the area where the stratigraphic
succession and primary sedimentary structures show
that the Three Sisters Formation and the lower part of
the Toby Formation are overturned toward the west,
but the intervening section is upright and westerly
dipping. Penetrative foliation changes congruently
with the dip of the bedding and it is obvious that the
structure developed after the foliation had become
defined. In the middle part of the area the structure
is modified by a steep northwesterly plunging anticline
(Fig. 6.3) which is outlined by an easterly swing in
the strike of both bedding and foliation.

The structural evolution of the area can be accounted
for by a model in which small northerly plunging z folds
and associated penetrative foliation developed in con-
junction with the Purcell Anticlinorium in its steeply
dipping west flank. This stage is responsible for the
bulk of the finite strain and the apparent flattening
field recorded by deformed conglomerates and volcanics
within the succession. As deformation proceeded larger
coaxial folds formed, and were accompanied by external
rotation of the entire rock mass, which led to the
development of a superimposed crenulation cleavage.

The Mine and Summit stocks occur within short
limbs of large-scale z folds, which suggests a structural
control of their emplacement. However, both plutons
have narrow structural aureoles within which small,
commonly isoclinal flow folds are present. In the
northeast part of the area westerly directed thrusting

Figure 6. 3. Schematic diagram of the generalized
fold morphology.

of Lower Windermere and Upper Purcell over the Monk
Formation is thought to be due to the emplacement of
the Bayonne Batholith.

References

Aalto, K. R:

1971: Glacial marine sedimentation and stratigraphy
of the Toby Conglomerate (Upper Proterozoic)
southeastern British Columbia, northwestern
Idaho and northeastern Washington; Can. J.
Earth Sci., v. 8, no. 7, p. 753-787.

Leech, G.B.
1962: Metamorphism and granitic intrusions of
Precambrian age in southeastern British
Columbia; Geol. Surv. Can., Paper 62-13.

Lis, M. G., Price, R.A., and Glover, J.K.

1975: Late Precambrian (Hadrynian) block faulting
across the western margin of the North
American Craton in southeastern British
Columbia; Geol. Soc. Am., Abstr., v. 7,
no. 6, p. 809-810.

Little, H. A.
1960: Nelson map-area, west-half, British Columbia;
Geol. Surv. Can., Mem. 308.

Price, R.A. and Lis, M.G.

1975: Recurrent Displacements on Basement-
Controlled Faults Across the Cordilleran
Miogeocline in Southern Canada; Geol. Soc.
Am., Abstr., v. 7, no. 7, p. 1234.

Rice, H.M. A.
1941: Nelson map-area, east-half, British Columbia;
Geol. Surv. Can., Mem. 228.

White, W.H.
1959: Cordilleran tectonics in British Columbia;
Am. Assoc. Pet. Geol. Bull., v. 43, no. 1,
p. 60-100.

23






ESTUARINE SEDIMENTARY DYNAMICS IN THE MINAS BASIN, BAY OF FUNDY, NOVA SCOTIA

Project 740012

George Patton
Atlantic Geoscience Centre, Dartmouth

Two estuaries entering the Minas Basin of the Bay of

Fundy have been under investigation for two summers.
The rivers, and Avon and the Kennetcook, enter the
Minas Basin near Windsor, Nova Scotia (Fig. 7.1).
Prior to 1970 the estuary of the Avon was tidal, but
since then it has become a brackish-water lake owing
to the construction of a causeway from Windsor to
Falmouth. The Kennetcook River, on the other hand,
is a relatively undistrubed estuary and appears to be
in a more-or-less natural state in its lower reaches.
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When the causeway was constructed at Windsor in
1970 it prevented the waters of the rising tide from
flowing up the estuary: the volume of this flow is
estimated at 1.5 x 106 m3 for each half of the tidal cycle.
The most outstanding feature developed as a result of
the changed hydraulic regime is the extensive tidal
mudflat to the north of the causeway. This was
unexpected, but by the summer of 1974 approximately
3.5 x 108 m3 of mud has been deposited. This
spectacular buildup of sediment prompted this study
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Figure 7. 1.
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which was undertaken to determine what relationships
exist in estuaries of the Minas Basin between tidal
currents and sediment type, and between tidal currents
and primary bedforms, or, more specifically:

(i) To determine which sedimentary structures
and features are particularly associated with
unmodified estuaries in the Minas Basin.

(ii) To relate these features to tides and currents
and associated parameters such as suspended loads,
salinity, etc.

(iii) To determine which combinations of bedforms
and tidal currents constitute a dynamic equilibrium
condition for unmodified estuaries in an environment
where a large tidal range exists.

(iv) To evaluate the effects of man-made barrages
of coastal and estuarine hydrodynamics and geo-
dynamics.

(v) To interpret modifications in sedimentary
structures as a result of an altered tidal flow.

(vi) To determine, if possible, the factors which
govern the amount of time required for the estuarine
system to reach equilibrium after the construction
of a barrage.

As Figure 7. 1 shows, the causeway across the Avon
River lies near the point where the St. Croix River
discharges into the Minas Basin. Figure 7. 2a shows
the position of the intertidal sediment bodies in 1966
prior to the construction of the causeway. There is a
small area which appears, from the aerial photographs,
to be an incipient mudflat. The probable cause was the
fish weir which at that time stood a few hundred metres
upstream and effectively diverted the strongest currents
away from the centre of the river. Figure 7.2b shows
the situation in 1973, three years after the construction
of the causeway. It can clearly be seen that the area
to the north of the causeway, predominantly sand in

1966, had become covered by a thick tidal mudflat which,
by 1974, had become populated by a fairly prolific
bivalve fauna. By 1975 (Fig. 7.2c), the mud had
extended farther to the north and the sand bar upon
which the mud was encroaching was itself achieving

a higher elevation. By 1975 the low tide discharge
from the St. Croix River was entirely confined to the
permanent channel which lies between the causeway
and the tidal flat. The immediate conclusion is that
there is a continuing deposition of both sand and mud
in the area to the north of the Windsor causeway, but
it should be borne in mind that the summer of 1975 was
uncharacteristically dry and, during wet year, the
discharge from the St. Croix River may be powerful
enough to once more cut through the sand and mud so
that the low-tide channel resumes the course which
existed in 1973 and 1974. Alternatively, the channel
between the causeway and the mudflat itself may fill in.
In this case, the low tide discharge would either cut
across the sand bars, as in 1973, or it would hug the
shore near Newport Landing.

It is, perhaps, surprising that a deep channel
should exist between the causeway and the tidal flat,
but owing to poor techniques applied to the construction
of the causeway, a large quantity of water leaks from
the lake behind it. This flow, combined with the dis-
charge from the St. Croix River helps to keep the
channel open. The small tidal bore which passes
through this channel on the flooding tide probably also
helps to keep the channel open.

In 1974 the edges of the tidal mudflat at Windsor
were observed to have slopes which were quite steep
on nearly every side. Although the slopes were less
pronounced to the north, the interpretation was that
considerable erosion was taking place around the edges
of the mudflat. By 1975, however, the edges of the
tidal flat had extremely variable slopes. To the south,

Figure 7. 2a

1964 1973

Figure 7. 2b

1975

Figure 7. 2¢

Figure 7.2. Schematic representation of sediment accretion adjacent to the Windsor causeway. Data compiled
from aerial photographs taken in 1964, 1973 and 1975.
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near the causeway, the edges were still steeply sloping
and, on one occasion, the southeast corner of the mud-
flat was observed to retreat about three metres in the
space of two weeks. In the north, however, the mud
had extended nearly one kilometer and the edge of the
tidal flat sloped very gently down to the level of the
adjacent sand bar.

Like the Avon River prior to 1970, the Kennetcook
is characterized by sand and gravel bars in its bed.
The banks border salt marshes or cut through exposures
of Pleistocene till and Tertiary bedrock outcrops. In
some places the latter form cliffs, sometimes as high as
12 m or more. The Kennetcook is tidal for some 16 km,
but only the lower reaches of the estuary were studied
and work took place only downstream of the first sig-
nificant man-made structure on the river; the bridge
at Upper Burlington.

Downstream from the bridge there are three major
sand bars which are exposed at low tide. Between them,
in the semipermanent low tide channel, the river flows
over a bed of gravel, cobbles, or boulders. Although
they are not delineated on the map (Fig. 7.1), these
bars are extensive. They show, at low tide, a number
of large scale bedding features, some of which appear
to be characteristic of an area of great tidal range, such
as this is. The most prominent large scale features are
the current ripples which vary in size and type according
to the local tidal-current environment. In some places
these megaripples are nearly symmetrical in outline and
have low wave amplitudes (20 cm) and moderate wave-
lengths ( 6 — 10 m). These occur in particular on
highly elevated parts of the bar which lies to the south
and east of the island at the mouth of the Kennetcook
estuary. They are located on a part of the bar which
is protected from the full force of the incoming tide by
the island itself. Large-scale eddies arc features of
the area during the tidal flood and, during the sub-
sequent ebb, the area is quickly exposed so that the
megaripples formed by the ebb-tide currents do not
appear to undergo the same degree of development as
those commonly found elsewhere.

In many places the bedforms generated by the
ebbing tide show to traces of the "reactivation surfaces"
described by Klein in 1970. Apparently the currents
are strong enough to obliterate all traces of bedforms
generated by the previous flood tide, at least to the
depth that it is possible to dig during the low tide
period. In other locations it is possible to see the
reactivation surfaces where the bedforms generated
by the flood tide have been modified by the subsequent
ebb-tide currents to form downstream-facing megaripples
which contain cross-beds set in an upstream direction.
In a few places, however, where the ebb currents are
less strong, the large scale bedforms retain the orienta-
tion which they derive from the flood tide, but often
they show some modification by the ebb-tide currents.

Another type of large-scale feature are the 'terraces'
which predominate in certain areas of strong ebb-tide
currents. These are large, nearly flat sand "waves"
arranged in a sort of step-wise fashion on bars where
there is a considerable drop in elevation from the top
to the downstream end. Of particular interest is the

fact that these terraces appear to be plane-bedded
rather than cross-bedded as is true of all of the other
large-scale bedforms investigated.

What happens to these bedforms as the tide rises
has been investigated by means of echo-sounding and
by side-scan sonar. It has been shown that in many
cases the bedforms generated by the ebb-tide currents
are completely destroyed and are subsequently replaced
by upstream-facing waves. Other areas are merely
planed flat, whilst a few maintain the orientation
generated by the ebb tide, although it must be assumed
that the latter megaripples are modified superficially at
least.

Other large-scale features are often found associated
with the leeside of large-scale ripples. They take the
form of oval-shaped scours and are generally associated
with their own ripplefans and are separarated by spurs
attached to the large scale ripples. The scours vary
in size and may be over 2 m in diameter and up to 60 cm
in depth. They appear to be associated with currents
which trend across existing sand bars.

Apart from the large scale ripple bedforms, which
are generally themselves covered with smaller scale
features associated in particular with the last stages of
runoff, there exist in several places plateaux which at
low tide are almost featureless. The two basic types
appear to be of an erosional or depositional character.
The depositional plateaux consist of fine to medium sand
and appear to be formed in areas where eddying current
interrupt the full force of the ebbing tide. Trenches
dug in these flat areas show that they are not con-
spicuously cross-bedded.

The erosional plateaux appear to be areas of semi-
consolidated sand and silt which are gradually being
worn down. Often they contain considerable organic
matter. They are covered in the centre by a layer of
sand, but at the edges this becomes thinner and, since
often have abrupt edges averaging about 20 cm in
height, it is possible to see that the layers of sand and
silt are being worn away laterally by the tidal currents.
Of particular interest are secondary phenomena which
are developed as a result. In some places the flattish
chunks of broken-off plateau material (up to approxi-
mately 5 cm in diameter and rarely more than 2 cm
thick) accumulate in the troughs of adjacent ripples
and megaripples. They can subsequently be incorporated
in the megaripple structure where they follow closely
the general bedding pattern, or they can be rolled and
tumbled over the river bed until they are formed into
balls of mud, sand and gravel which may be up to 12
cm in diameter. The shapes of the mudballs vary from
nearly spherical, to shapes which resemble two cones
attached by their bases.

Measurement of Currents

During the summer of 1975 the velocities of tidal
currents in the Avon and Kennetcook rivers were
measured at 20 locations. Table 7. 1 shows the maximum
velocities obtained by tidal currents in mm/s. during
the flood and ebb for 9 of the 20 stations. At five of
the stations listed, a comparison is made of the currents
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Table 7.1

Maximum current velocity (mm/s.)

Station Spring Tides Neap Tides Differences
Flood  Ebb  Diff. Flood Ebb  Diff. (Spring -~ Neap)
C 887 351 576
461 342 119
426 9
L 1763 799 964
1137 567 570
626 232
K 1240 737 503
1567 770 797
327 33
L 2441 1137 1304
1467 954 515
972 183
J 704 603 101
970 687 283
266 84
Spring Tides Other Tides Differences
Flood  Ebb  Diff. Flood Lbb  Diff. (Spring - Neap)
B 419 194 225
176 41 135
243 153
r 1286
H 1440
[ 1594
1697
103
M (i) 1800
1748
52
M (ii) 1877
N 1646
1620
26
Currcnt meter locations
Station lLocation
B* On tidal flat at Windsor. about 300 m north of causcway.
C* On tdal flat at Windsor, about 600 m north of station B.
E* On sand bar 1n Avon River estuary. about 800 m north of
station C.
I At mouth of Kennecteook River.
H On sand bar ncar island in Kennetcook River.
[ In channel to north of island in Kennetcook River.
J# On sand bar to southcust of island in Kennctcook River.
K* On sand bar north-northeast of Highfield in Kennetcook River.
L* On sand bar ecast of Highfield in Kennetcook River.
M In chuannel cast of Highficld in Kennectcook River.
N On sand bar cast of Highfield in Kenneteook River.

* indicates that vecording current meters were uscd.
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which occur during spring tides and those which
occurred during the ensuing neap tide period. Such

a comparison is only possible where recording current
meters were used, and where the the recording took
place over a complete neap-spring tidal cycle. In
other areas a less satisfactory record has been obtained
by using partial data furnished by recording current
meters and by the use of direct-reading current meters.
Table 7.1 explains the locations of the current meters
listed.

The direct reading current meters were suspended
from a boat for up to one day. The recording current
meters were mounted on aluminum davits which were
embedded in the sand and mud. Generally, this means
that the direct reading current meters were used in
channels in which the rivers continued to flow even
at low tide.

It is interesting to note that in many cases the
relationship between flood and ebb tide maximum
velocities is less striking than the fact that the velocity
of the flood or ebb tidal currents may change drastically
in response to the spring and neap tidal cycles. As a
result, there is often a corresponding change in both
the size and type of bedform in a certain location.
Because of this, it appears that certain areas may
alternate as areas of deposition and erosion, but other
areas appear to have a relatively stable sedimentary
budget which remains unaffected by changes in the
tidal regime.

Some of the data, however, indicate a continuing
trend in sediment movement. An excellent example of
the latter is exhibited by the current data for station
B and, to a lesser extent, by stations C and E. Station
B was located on top of the tidal mudflat at Windsor,
and station C was similarly placed about 600 m to the
north, where the influence of currents generated as a
result of the confluence of the St. Croix and Avon rivers
would be felt. Station E was 800 m farther north and
was located on the sand bar contiguous with the tidal
flat. The data for station B show that the difference
between flood and ebb tidal current velocities is greater
than the ebb velocity itself. This indicates that a
relatively strong surge is made by the rising tide which
can be compared with a gentle period of runoff which
occurs when the tide falls. Such a regime obviously
promotes the buildup of the tidal flat since fine grained
sediment brought in as a suspension by the flood will
settle during the high tide slack and will be left behind
by the gentle ebb currents. Measurements of deposition
of sediment upon the mudflat using plugs made of silica
cement indicate that such is the case. Stations C and
E also show a strongly unbalanced tidal cycle in which
the flood tide dominates the ebb, and reference to
Figure 7.2 shows that the tidal flat appears to be
growing in a northerly direction as a result of this
imbalance.

The rest of the stations listed all lie within the
Kennetcook River. Most of the discrepanies in flood
and ebb tidal current velocities can be attributed to the
fact that the meters were located on the edges of the
sand bars and, since most of these lie fully in the centre
of the river, the currents tend to be greatest near the



river banks. The meandering of the river and the
inertia of the flowing water means that on a flood tide
one side of a sand bar will often experience higher
velocities than the other, and vice versa during the
ebb. This indicates a cyclic movement of sediment,
and thus nearly a dynamic equilibrium on most of the
sand bars studied.

At station L in the Kennetcook River the differences
in flood tide velocities during spring and neap tides is
remarkable, and the bottom bedforms can be expected
to reflect the change from a maximum velocity of
2441 mm/s. during the spring tides to only 1137 mm/s.
during the neap period. The ebb velocities differ by
some 515 mm/s. and even at the relatively low velocities
involved, the amplitudes of the megaripples in the area
were observed to vary from less than 50 ecm to nearly
2 m.

It is interesting to note that the current velocities
so far obtained in the Kennetcook River are everywhere
much greater than those which exist on the Windsor

tidal flat and the area immediately to the north. Of
particular importance is the fact that in the Kennetcook
River the ebb velocities are often greater than the
flood velocities and that, even when this is not the
case, the difference between the two flows is not enough
to cause a sustained deposition in any area for which
data are now available. It is unlikely then, that large
deposits of sediment will suddenly appear in those parts
of the Kennetcook River which have been under
investigation. On the other hand, it is apparent that
the tidal mudflat at Windsor will continue to extend to
the northwards, unless some catastrophic event should
change the dynamics of the estuary as they now stand.
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8. LITHOSTRATIGRAPHY OF THE LABRADOR SHELF

Project 730084

I.A. Hardy and D.C. Umpleby
Atlantic Geoscience Centre, Dartmouth

Introduction

The southern Labrador Shelf is underlain by a
wedge of Meso-Cenozoic sediments up to 20 000 feet
(6150 m) thick. A lithostratigraphic analysis of these
deposits, based on the study of three non-confidential
wells, is presented herein. The wells are:

(a) Tenneco et al. Leif E-38 (54°17'29. 57"N;
55°05'52. 17"W)

(b) Eastcan et al. Leif M-48 (54°17'45. 92"N;
55°07'20. 17"W)

(c) Eastcan et al. Bjarni H-81 (55°30'29. 35"N;
57°42'05. 52"W)

As the Lief wells are only 1.09 miles (1750 m)
apart and encountered similar sections, they are treated
as a single well. Bjarni H~81 is approximately 134 miles
(216 km) northwest of the Leif wells (Fig. 8. 1).

The lithostratigraphy of the wells is based on micro-
scopic examination of samples (cuttings) taken at ten-
foot intervals. The encountered lithologies were
correlated to mechanical logs and the sequence
penetrated was subdivided into correlatable informal
units.

Recognised lithostratigraphic units are named
according to their dominant lithologies and do not

necessarily coincide with the biostratigraphic boundaries

determined by Gradstein and Williams (in press),
McWhae and Michel (in press), Eastcan (1973a,b) and

56

EDGE OF MESOZOIC-
- CENOZOIC SEDIMENTS

v
S

&

Location map for wells discussed in text.

Figure 8. 1.

Geol. Surv. Can., Paper 76-1B

Tenneco (1971). These units are summarised in
Tables 8. 1 and 8. 2, and described below in descending
order (see also Fig. 8. 2).

A continuous Upper Cretaceous to Pleistocene
sequence is present in both wells, except for Bjarni
H-81 where the Pliocene appears to be absent and
Pleistocene sands overlie Miocene mudrocks. In
addition, the Upper Cretaceous-Pleistocene succession
in Bjarni disconformably overlies a Lower Cretaceous
sandstone. In each well the sediments are underlain
unconformably by coeval basaltic volcanics.

Lithostratigraphic Units

10. COARSE SAND UNIT: occurs above 1420 feet
(432 m) in Leif and above 1560 feet (477 m) in Bjarni.
It comprises unconsolidated, arkosic sand with up to
25 per cent silt and clay fractions. The clasts consist
mainly of quartz grains, mostly well-rounded, frosted
and iron-stained. Minor pebbles of varied metamorphic
rocks, vein quartz, feldspar and black chert also occur,.
In both wells, the unit has been dated as Quaternary.
Abundant fossil fragments, particularly worm tubes,
bryozoa and otoliths indicate rapid deposition in very
shallow water.

9. FINE SAND AND SILT UNIT: approximately 50
to 75 per cent of this unit consists of sandstone; grey,
very fine~ to fine-grained, poorly sorted, with abundant
silty and argillaceous matrix. This sand is often silici-
fied and is interbedded with, and grades downwards
into, silts and shales. Occasionally, the sand is
cemented by pyrite, and has lignitic and pyritized wood
fragments scattered throughout. Bryozoa, shell frag-

" ments, worm tubes and occasional fecal pellets are
" common and are indicative of shallow shelf deposition.
This unit has been dated as Pleistocene.

8. SILT, SAND AND SHALE UNIT: occurs only in
the Leif wells. This unit consists of approximately
85 per cent shale; greyish brown, silty, calcareous
and carbonaceous. Pyrite and floating quartz grains
of fine- to granule-size occur throughout. Minor inter-
beds of very fine grained, silty and poorly sorted sand
are also present.

A Miocene-Pliocene age has been assigned to this
unit which was probably deposited in a neritic environ-
ment. This unit is absent in Bjarni H-81, where
Pleistocene sands (units 9 and 10) directly overlie beds
of Miocene age (unit 7).

7. SHALE AND MUDSTONE UNIT: consists of
interbedded shale and mudstone, both being variably
silty, calcareous and carbonaceous. Minor interbeds
of sand and limestone also occur throughout. The
sand is grey, fine- to coarse-grained, poorly sorted
and friable; the limestones are dark grey, silty micrites.
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Although these limestone beds are very thin, they may
prove to be correlatable markers.

This unit is Oligocene-Miocene and was deposited
in a neritic to bathyal environment (outer sheilf
conditions).

6. MUDSTONE, SANDSTONE AND LIMESTONE UNIT:

these rock types are greyish brown, silty, micaceous
and calcareous. Minor interbeds of sand and limestone
are present throughout. The sands are quartzose,
greyish brown, very fine grained with abundant silt
and clay matrix. The limestones are slightly dolomitic
micrites, rarely over two feet thick.

approximately 75 per cent of this unit in Leif, and 60
per cent in Bjarni is mudstone and siltstone. Both
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Table 8.1

The lithostratigraphy is briefly summarized for Leif M-48, with all depths measured from KB.

LITHOLOGIC SUBDIVISION DEPTH THICKNESS AGE ENVIRONMENT
: (FOOTAGE)
coarse sand* ?-1410' >150'(>45.7 m) Pleistocene inner neritic
fine sand and silt* 1410-1825' 415'(126.5 m) Pliocene/ inner neritic
Pleistocene
silt, sand and shale* 1825-2450" 625'(190.5 m) Pliocene and inner-outer
Miocene neritic
shale and mudstone* 2450-4025"' 1575'(480. 2 m) Miocene and inner-outer
Oligocene neritic to
outer bathyal
mudstone, sandstone 4025-4705' 680'(207.3 m) Upper Eocene upper bathyal
limestone and Oligocene
mudstone and shale 4705-5464' 759'(231. 4 m) Eocene upper bathyal
to neritic
sand, shale and limestone 5464-5838' 374' (114 m) Paleocene neritic
dark shale 5838-6035' 197(60.1 m) Upper inner neritic
Cretaceous
unconformity at 6035' (1839.9 m)
basalt (flows) 6035-6160" 125(38.1 m) Lower  -———-
(6165'T.D.) Cretaceous

* Also present in the Leif E-38 well.

grained, friable, silty and argillaceous sandstone occurs
(the Leif Sand). Logs indicate little porosity develop-
ment in this sand.

An Oligocene-Eocene age has been assigned to this
unit, which was deposited in a neritic to upper bathyal
environment.

5. MUDSTONE AND SHALE UNIT: consists of shale,
dark greyish brown to black, friable, variably silty
and micaceous; and mudstone, dark grey, silty and
slightly calcareous. Several thin interbeds of slightly
dolomitic micrite are also found throughout this unit.

This unit has an Eocene age. Deposition occurred
within a neritic environment.

4. SAND, SHALE AND LIMESTONE UNIT: is mostly
shale; dark greyish brown, silty, micaceous and
calcareous. In Leif, the shale grades to mudstone; dark
grey, silty and slightly calcareous. In both wells, thin
stringers of dolomitized micrite and fine- to medium-
grained sandy beds are common.

This unit has been given a Paleocene to early Eocene
age and was deposited in shallow water.

3. DARK SHALE UNIT: consists of dark brown to
grey, silty and calcareous shale grading downwards to
a dark grey, argillaceous and silty, fine grained sandy
sequence. Minor grey-brown, silty limestone interbeds
occur throughout.

Paleontology indicates a Maastrichtian to Paleocene
age for this unit with deposition in a neritic environment.

In Leif, this unit unconformably overlies basaltic
lavas, described in more detail below. In Bjarni, this
unit disconformably overlies a thick continental sand-
stone (the Bjarni sand) of Barremian age.

2. BJARNI (SAND) UNIT: consists of an arkosic,
fairly well sorted sand with fine- to granule-sized
quartz grains and a variably silty and clay matrix.
Thin lignitic and coaly bands are scattered throughout.
This sand is cemented by clay minerals and appears to
have up to 25 per cent residual porosity.

Palynology indicates a Barremian age for the sand.
Marine fossils are absent, suggesting deposition in a
paralic to continental environment.
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Table 8.2

The lithostratigraphy is briefly summarized for Bjarni H-81, with all depths measured from KB.

LITHOLOGIC SUBDIVISION DEPTH THICKNESS AGE ENVIRONMENT
(FOOTAGE)
Coarse sand ?-1560" >310" (94.5 m) Quaternary ?1littoral
Fine sand and silt 1560-2380' 820" (250 m) Quaternary- ?littoral
Pleistocene

Unconformity at 2380' (725.6 m); Unit [II — Silt, sand and shale absent.

Shale and mudstone 2380-4380" 2000" (609.8 m) Miocene- inner neritic to outer
Oligocene neritic-upper bathyal

Mudstone, sandstone and 4380-5110'(?2) 730" (222.6 m) Oligocene-Late outer neritic-upper

limestone Eocene bathyal

Mudstone and shale 5110(?)-5755' 645" (196.6 m) Late Eocene- outer neritic-upper
Early Eocene bathyal to neritic

Sand, shale and limestone 5755-6480' 725" (221 m) Early Eocene- neritic to inner
Paleocene neritic

Dark shale 6480-7050' 570" (173.8 m) Paleocene- inner neritic
Maastrichtian

Unconformity at 7050' (2149.4 m)

Bjarni sand* 7050-7400' 350" (106.7 m) Barremian 2non-marine

Unconformity at 7400' (2256.1 m)

Basalt flows* 7400'-T.D. >852'(259. 8 m) undated

*Units not present in the Eastcan et al. Leif M-48 well.

In the lower section of the volcanic pile in the
Bjarni well (below 8210 or 2503 m), thin lignitic and
silty sands occur between flows. Also in this part of
the section subaerial weathering appears to have been
more intense, with the extensive development of
reddened beds possibly suggesting intermittent extrusion.

A cored section from Leif shows a thin sill of olivine
basalt with chilled margins and local hydrothermal
alteration. It therefore appears that the basaltic volcanic
unit consists of a series of discrete flows which have
been subsequently altered, not only by subaerial
weathering but also by hydrothermal metasomatism.

The central portions of each flow appears to be unaffected.

1. BASALTIC VOLCANIC UNIT: unconformably
underlies the sedimentary sequence in both wells. This
unit was penetrated to a depth sufficient to give adequate
responses on mechanical logs (125 feet (38.1 m)) in
Leif and 825 feet (259.8 m) in Bjarni. Comparable
lithologies and similar ages, as deduced from Eastcan's
(1973a, b) radiometric ages, indicate that the basaltic
volcanics in both sections are sufficiently similar for
them to be considered as the same unit.

The volcanic unit consists of a series of discrete
subaerial flows, averaging * 60 feet (x19 m) in thickness,
with a weathered upper section and zeolitic bases.

34



DEPOSITIONAL HISTORY

DEPOSIT. ENVIRONMENT(
DEPOSITIONAL HISTORY o neritic ‘
AGE LITHOLOGIC | DEPTH |eig _
DEPOSIT. ENVIRONMENT UNIT 5|t ] 3 gg
Bl 22 5 S5
. cl|E % o $ 8 o 8‘%
| neritic 2g 5 2 v
LITHOLOGIC | DEPTH |ofS €
AGE &[5 1 =
C(e oD =0
UNIT SE| | 2 58
& [} 5 = a = — O > 400 1
gl = o 3 8 _8 8103 coorse sond L1400
g 2 2o « .
o| = > —
£ & " -
M FT. < W -
|2 '»
[loo0 w|s fine sand F
r };[ S and silt
L o | N
R | o u F2200
z2 coarse sand o :
W - F
8 e N S b
= [ T v
@ fine sand and silt ’7 |
w 5001 800+
a I ;
r r
L -
o L2000 F 3000
2z ‘ | L
8 silt, sand and shale I w shale and :
C]) 5 mudstone r
a i Q -
F o
=
L F3800
> L
L 1200 |
" shale and r o L
g F3000 <« J |
8] -
3 mudstone L — s b
3 L = ]
|000-’_ o 2 L
g i el mudstone, 4800
T.0. 3567’ I w sondstone
T LeIF E_-3_8— - and limestone
L Ll L
7] I — L
z -
S ‘; } 1600
8 -4()4(::" w muds;one -5400
E (&} an
S — Leif sand: thickness +139’ o shale {
mudstone [_a260'| § average porosity 30% w |
sandstone I - - J r
and limestone
% L sand, shale
3 L and limestone L 6200
o — L
] 15004 PAL. §
mudstone r 5000 I_, e ]
and shale r 20001
N | dork shale
L B
L O |«
W |«
L ér) =) I 7000
T
PALEOC. m“";';’“ee' _ 2 (=] L
sandston W la| sjarni
and limestone r o |m| 1arni sand
L o |
& TN L ]
MAAST, dark shale I 2 F
P rARAASA A ARAANAAAAAAAAAAAAARA r6ooo _o_l_ r
LOWER |_ basalt flows r — — LEIF E-38 ol
CRET T.D. 6165 t LEIF M-48 = | basait flows 7800
LEIF M-48 8 = 2400
<C L
Figure 8.3. Summary of depositional environments % L
for Tenneco et al., Leif E-38 and Eastcan - _ toess! '
et al. Leif M-48, Labrador Shelf,
Newfoundland. Figure 8. 4. Summary of the depositonal environment

for Eastcan et al. Bjarni H-81, Labrador
Shelf, Newfoundland.



Depositional History

Seismic profiles in the vicinity of the Leif and Bjarni
wells show the basement to be faulted, although the
faults rarely disturb the overlying sedimentary sequence
(Grant, 1974). The major faults are normal and have
westward-dipping fault planes, indicating downthrow
towards the present coast. It seems probable that these
faults are related to a Late Jurassic-Early Cretaceous
taphrogenic episode that occurred prior to basin
subsidence.

The present study that, after a phase of discontinuous
continental sedimentation, sediments were deposited in
a milieu of rapid deepening, followed by shallow water
conditions (Figs. 8.3 and 8.4). Thus shallow neritic
deposits of Paleocene to early Eocene age are overlain
by outer neritic to upper bathyal deposits of middle
Eocene to middle Miocene age. Succeeding sedimenta-
tion occurred under progressively shallowing environ-
ments, terminating with inner neritic Pleistocene sands.

Apparently this sequence of events is not one of
simple transgression followed by regression. Instead,
Cretaceous and lowermost Tertiary paralic and
continental sedimentation was followed by basin sub-
sidence about a hingeline. This subsidence appears
to have been accelerated in the early Eocene, after
which subsidence ceased and the basin became infilled.
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9. PALEOMAGNETISM OF THE CIRCUM-UNGAVA BELT: EAST COAST OF HUDSON BAY

Project 730160

E.dJ. Schwarz
Regional and Economic Geology Division

The Proterozoic Circum-Ungava fold belt extends
from south of Schefferville northwards to Ungava Bay,
then westwards via Cape Smith to Hudson Bay, sub-
sequently turning southwards via Richmond Gulf and
the Belcher Islands and finally turning westwards.
Lithologically, the eastern and western parts of the
belt are similar consisting of basaltic rocks of calc-
alkaline composition and sediments some of which are
red beds. The northern part consists essentially of
mafic to ultramafic (komatiitic) flows and intrusions.
The whole belt is strongly folded.

Paleomagnetic sampling programs (in 1973, Smith
Island; in 1974, Richmond Gulf, Manitounuk and Hopewell
Islands; in 1975, Schefferville area) were undertaken
by the Paleomagnetic Section with the objectives of (1)
settling the question whether the complex shape of the
belt is primary or not, and (2) arriving at stratigraphic
correlations between the various parts of the belt.

1. Smith Island results (Jujiwara and Schwarz, 1975).
The komatiitic basalts (Schwarz and Fujiwara, in press)
show weak and stable remanent magnetization which
was tested using both alternating field and thermal
techniques. The magnetization is carried by virtually
pure magnetite with median unblocking temperatures
around 450°C. The mean direction of magnetization is
approximately given by declination = 220° inclination =
+70° (down) before correction for the tilt of the beds
(Fig. 9.1). The corresponding pole position falls near
the Hudsonian (~1750 m.y.) part of the polar wandering
curve relative to the North American Precambrian Shield.
This suggests that the magnetization is Hudsonian in
age. Correcting for the tilt (90°) yields a mean direc-
tion of approximately declination = 300°, inclination =
+25°. This direction would apply if the magnetization
is pre-folding or, presumably, pre-Hudsonian. The
corresponding pole position is southeast of Japan near
the 900 m.y. part of the polar wandering curve
(Fig. 9.2). This does not mean that the age of magne-
tization is 900 m. y. unless folding is younger than that,
which is at variance with presently held views.

2.  Richmond Gulf results.

Stable remanent magnetization was isolated for basaltic
rocks and an andesite — red sediment series near
Richmond Gulf. The magnetization is carried by
magnetite and/or hematite with blocking temperatures
generally well above 400°C. The rocks show liftle
deformation.

The average directions for the basalts and andesite —
sediments show good agreement. These directions are
given approximately by: declination = 125°,
inelination =-50° (up) as shown on Figure 9. 1. Reversing
these directions results in south-seeking directions
near the pre-folding Cape Smith north-seeking direction
as shown in Figure 9.1. The only internal check on

Geol. Surv. Can., Paper 76-1B

the age of the magnetization is provided by the strongly
scattered directions of four samples taken from andesite
blocks in a small intercalation of breccia in the andesite —
red bed layer. Attempts to isolate stable remanence in
the collections from the basaltic rocks of one of the
Manitounuk and one of the Hopewell Islands were not
successful.

3. Schefferville area.

Samples collected from basalts, gabbros, red beds, and
iron formation in an area between Schefferville and 90
miles to the north show complex remanent magnetization
probably composed of superimposed components of
different age. Very substantial within-core and within-
site scatter is generally observed. These results are
being further analyzed.
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Figure 9. 1.
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Christie et al. (1975).

Significance of the results

The data for Cape Smith and Richmond Gulf raise
the following possibilities:

1.  The Richmond Gulf data and the Cape Smith
data represent primary magnetization. The grouping
of these poles suggests that at least the area between
Richmond Gulf and Cape Smith can be regarded as one
single block. If the rock ages are Aphebian, which is
generally thought to be the case on geological grounds,
a counter-clockwise rotation over 30° could have caused
the discrepancy between the location of the poles and
one of the most recent interpretations of the pre-
Hudsonian part of the polar wandering curve (Fig. 9.2).

2. The Richmond Gulf magnetization is primary
(Aphebian) but the Cape Smith magnetization represents
a Hudsonian direction. Then the tilt-incorrected Cape
Smith pole applies. These magnetization ages are the
most plausible from the present magnetic data. This
would also suggest a counter-clockwise rotation of the
Cape Smith — Richmond Gulf block, and the grouping
of the Cape Smith (corrected) and Richmond Gulf poles
is fortuitous.

3. The Richmond Gulf data represent secondary
magnetization acquired at about 1100 m.y. ago and the
Cape Smith results are Hudsonian or at least of the
same age as the folding. This is at variance with the
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Pole positions for Richmond Gulf andesites (RGA) and basalts (RGB) after tilt corrections and for Cape
Smith Komatiitic basalts before (CSBb) and after (CSBa) tilt correction.

Polar wandering path from

results from the andesite breccia. Also, the Richmond
Gulf magnetization shows a fairly narrow unblocking
temperature spectrum up to 670°C. This magnetization
should survive greenschist facies metamorphism. The
Richmond Gulf rocks are generally fresh and show
only evidence of very low greenschist metamorphism,

Discrimination between these and other possibilities
cannot be made with reasonable certainty at this time
so that more results are required from this unique
Proterozoic structure.
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10. PRECAMBRIAN PORPHYRY COPPER AND MOLYBDENUM DEPOSITS IN ONTARIO AND SASKATCHEWAN

E.M.R. Research Agreement 1135 — D13 — 4 — 217/75

L.D. Ayres! and D.J. Findlayl
Regional and Economic Geology Division

Introduction

Large, low-grade copper and molybdenum deposits
with porphyry affinities have been found at numerous
localities in the Canadian Shield (Kirkham, 1972;
Riley, et al., 1971) and more are being found every
year. At present, however, very little is known about
most of them other than a few brief comments about the
nature and grade of mineralization and the general host
rock types. In order to facilitate further mineral
exploration for such deposits, detailed examinations
of individual deposits and their surrounding rocks
must be made to determine relationship of mineraliza-
tion to volcanism and plutonism, distribution patterns
of alteration and mineralization, structural controls,
and possible reorientation of the deposit. Studies are
currently in progress on three deposits: (1) the Archean
Setting Net Lake molybdenum deposit in northwestern
Ontario; (2) the Archean Lang Lake copper deposit of
Bochawna Copper Mines Limited in northwestern Ontario,
and (3) the Aphebian Missi Island area in Amisk Lake,
Saskatchewan, where numerous low-grade copper,
molybdenum, and gold occurrences have been found.

Many of the known, Archean to Aphebian Precambrian
porphyry deposits are associated with small plutons
that were emplaced at high levels in volcanic sequences.
Many of these plutons appear to be an integral part of
the volcanism and may occupy the lower parts of
voleanic vents. Precambrian porphyry depostis may
thus be more akin to the poorly known deposits that
occur in the volecanic island arcs of the southwest
Pacific such as Paguna in Gougainville, than to the
well-known, so-called typical deposits of the south-
western United States, many of which are associated
with Mesozoic and Cenozoic plutons emplaced in
Precambrian and Paleozoic sedimentary and meta-
sedimentary country rocks. In the Canadian Shield, a
few deposits have been found in the large mesozonal
granitic batholiths that border the metavolcanic-
metasedimentary belts, but these are not included in
this study.

Unlike most younger deposits, Precambrian deposits
have been subjected to the same regional metamorphism
and deformation that affected the enclosing volcanic
sequences. As aresult, Precambrian porphyry deposits
may differ from younger deposits in several ways. (1)
The widespread zonal alteration that is associated with
many porphyry deposits and is one means of identifying
such deposits, may have been obliterated or transformed
by metamorphism. (2) Regional metamorphism and
deformation may have partly or completely destroyed
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epizonal textures in the host pluton and may have
modified the character of the mineralization. (8) The
deposits may have been tilted during deformation. This
last factor must be seriously considered when planning
an exploration program for Precambrian porphyry
deposits.

The Setting Net Lake porpyry molybdenum deposit

This deposit occurs in an oval, epizonal Archean
porphyritic granodiorite-quartz monzonite pluton
(Ayres, 1970; Ayres et al., 1973; Wolfe, 1974) in the
Favourable Lake area, 195 km north of Red Lake, north-
western Ontario (52°49'N; 93°34'W). The stock has an
area of 5.7 km2, but mineralization is restricted to the
northern 15 per cent where closely spaced, molybdenite-
bearing quartz veins occur within a 2500-m long by
460-m wide zone, The veins have relatively consistent
trend of N65°E and dip 75°S; most veins are 1 to 2 mm
wide. Average grade in the east part of the zone is
0. 06% MoSo; minor copper is also present,

The stock was intruded into the central part of the
Favourable Lake metavolcanic-metasedimentary
sequence. Near the stock this sequence has a subvertical
dip and faces southwestward. Textural and structural
data within the stock such as width of chilled zone,
distribution of phenocrysts, and attitude of primary
flow lines suggest that it may have been intruded when
the enclosing sequence was still relatively flat-lying.
Both the stock and the enclosing formations were then
tilted about 90° southwestward during regional
deformation, Consequently the presently exposed
section through the stock is actually a near-vertical
cross-section with the western side representing the
original top.

The mineralization formed prior to tilting, and thus
the western side represents the original top of the
deposit. Recognition of such tilting in this and other
Precambrian porphyry deposits could have an important
bearing on exploration. For example, it its present
attitude the Setting Net Lake stock exposes a 2. 5-km
vertical section through the mineralization. It is quite
conceivable that, because of vertical changes in
temperature, pressure, fugacities, and concentration
gradients, both mineralization and associated alteration
will vary more over a 2. 5-km vertical distance, than
over a similar, horizontal distance (in reference to
original attitude). Thus if areas of higher grade
mineralization or potentially favourable alteration are
found within the mineralized zone, extensions of these
zones must be looked for in the vertical rather than
horizontal directions (in reference to present attitude).

Alteration in the mineralized zone consists of
albitization and sericitization of plagioclase, chloritiza-
tion of biotite, replacement of biotite by muscovite,
decrease in overall biotite and chlorite content, increase
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in pyrite content, decrease in abundance of primary
iron-titanium oxide, replacement of sphene by secondary
ilmenite, and increase in carbonate and epidote content.
Intensity of alteration decreases away from the
mineralized zone and alteration related to mineralization
is slight to absent in the south part of the stock. The
stock has been metamorphosed to greenschist facies,
and the present alteration mineral assemblages are the

result of both alteration and superimposed metamorphism.

The major objectives of the present study are
twofold: (1) to obtain additional petrographic and
structural data relative to the primary attitude of the
stock, and (2) to examine, in detail, the alteration
and mineralization in order to define more precisely
alteration patterns and trends and to attempt to
differentiate between alteration and metamorphism
effects and consequently to determine the original
alteration assemblages.

Lang Lake copper deposit

Field work was begun on the Lang Lake copper
deposit of Bochawna Copper Mines Limited, 160 km
east of Red Lake, northwestern Ontario (51°35'N;
91°32'W). The deposit is at the west end of the Lang-
Cannon Lakes metavolcanic-metasedimentary belt
(Fenwick, 1969; Riley, 1969). Outcrop is sparse on
the property, and much of the study will be based on
the extensive diamond-drill core.

On the property, a north-facing, steeply-dipping
sequence of mafic to intermediate flows, pyroclastic
rocks, and volcaniclastic greywacke and conglomerate
is intruded by a suite of porphyritic to equigranular
dykes, sills, and stocks ranging in composition from
diorite to granodiorite. Chalcopyrite, pyrite, magnetite,
and minor molybdenite, gold, and silver occur in
disseminated form and as fracture-filling sulphide and
sulphide-quartz veinlets in both the intrusive and
metavolcanic-metasedimentary sequence, but sulphides
are most abundant in the metavolcanics. Mineralization
is concentrated in a 700-metre-long, east-trending
zone immediately north of a small, equigranular to
porphyritic trondhjemite stock that contains only minor
mineralization. Within the mineralized zone, more
leucocratic and finer grained porphyritic dykes are
present and appear to be intimately associated with
the mineralization; these dykes appear to be older
than the trondhjemite stock.

Based on textural evidence and occurrence, the
porphyritic suite is epozonal and subvolcanic. The
mineralization is spatially and probably genetically
related to the porphyritic suite but the precise relation-
ship between mineralization and individual dyke types
has not yet been established. Within the mineralized
zone the rocks are weakly to moderately altered, and
elucidation of the nature and distribution of this altera-
tion and its relationship to mineralization is the major
objective of this study. The host rocks for the
mineralization have been metamorphosed to upper
greenschist facies, and if the alteration is subvolcanic,
then primary alteration assemblages will have been
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transformed by metamorphism. We will try to read
through the metamorphism and determine the original
alteration assemblages.

The cause of the metamorphism is a large, mesozonal
granitic batholith immediately west of the porperty.
The batholith appears to be younger than the prophyritic
suite and mineralization, but this relationship remains
to be tested.

Missi Island volcanic centre

Reconnaissance mapping and logging of diamond-
drill core were carried out at Missi Island in Amisk
Lake, east-central Saskatchewan (54°40'N; 102°15'W).
This preliminary work was in preparation for a detailed
examination which will commence in 1976.

At Missi Island, the Aphebian Amisk Group
comprising mafic to felsic flows, pyroclastic rocks,
and volcanogenic greywacke is intruded by two felsic
subvolcanic, plutonic suites: (1) an older porphyritic
dyke suite, and (2) younger discrete stocks of altered
trondhjemite. The plutonic rocks underlie slightly more
than half of Missi Island (Byers and Dahlstrom, 1954),
which has an area of about 75 kmz, but their abundance
decreases rapidly away from the island.

The porphyritic dyke suite ranges in composition
from gabbro to quartz monzonite and the dykes contain
variable amounts of quartz, feldspar, biotite, and
hornblende phenocrysts in a fine grained to aphanitic
groundmass. Dykes range is width from a few centi-
metres to more than 50 metres and have diverse trends.
Dyke abundance is variable and ranges from nothing
to total with dykes being concentrated in the north and
west parts of the island forming an arcuate outcrop
pattern. In areas of abundant dykes, younger dykes
are intimately injected into older dykes. Using varia-
tions in phenocryst population, groundmass texture,
and composition, at least 10 dyke types have been
recognized to date, but differences between many of
the dykes are subtle.

The dykes and adjacent mafic metavolcanic country
rocks are variably altered, although the later dykes
appear to be relatively unaltered. Greenschist facies
metamorphism appears to have been superimposed on
the alteration which in turn appears to be related to
dyke emplacement. There is a strong correlation
between the presence of abundant prophyritic dykes,
increasing alteration of mafic metavolcanics, and
mineralization. Alteration is of two general types:

(1) pervasive, and (2) concentrated adjacent to
fractures containing narrow veins of one or more of
quartz, carbonate, chlorite, hematite, and pyrite.
Mineralization consists of pyrite and minor chalcopyrite
disseminated in some of the dykes and country rocks,
local pyrite veinlets, especially in country rocks, and
sporadic molybdenite. As yet no pattern has been
discerned between abundance and type of mineralization,
intensity of alteration, and dyke type, but the possible
relationships among these three factors is one of the
major objectives of this study.



The porphyritic dyke suite may represent an
eroded vent complex with the dykes being the intrusive
equivalent of overlying felsic to intermediate metavol-
canic formations (Kirkham, 1974). The general
similarity of dyke types, apparent lack of a consistent
intrusive sequence of different dyke types, complexity
of outcrop pattern, subvolcanic textures, and associated
alteration and mineralization all support this conclusion.
In this type of environment, porphyry-type deposits
might occur, and indeed, the sidespread mineralization
may be indicative of such deposits, although assays
are below ore grade.

The possible vent origin of the dyke suite and the
potential porphyry environment are the major focuses
of this study. Specifically, the study will examine:

(1) areal distribution of dyke types, (2) general and
local intrusive sequences of dykes as an indicator of
magma chamber evolution, (3) areal variation in attitude
and size of dykes, (4) relationship of dykes to the
felsic to intermediate part of the Amisk Group which
occurs immediately west of Missi Island, (5) relation-
ship between mineralization, alteration, and dyke type,
(6) areal distribution of alteration and mineralization,
(7) effects of superimposed greenschist facies
metamorphism on alteration assemblages, and (8)
relationship between the dyke suite and the younger,
altered trondhjemite plutons,

The younger altered trondhjemite (quartz-eye
diorite of Byers and Dehlstrom (1954)) forms small
stocks with areas up to 10 km2, The unit is medium-to
coarse-grained, equigranular to porphyritic, massive
to weakly foliated, and moderately to strongly altered;
there are at least two distinct textural variants., Narrow
quartz veins are abundant in many of the stocks, but
no mineralization was observed.

Concluding Remarks

It is well known that microscopic petrography is a
powerful tool in exploring for porphyry mineral deposits
because it can document alteration patterns that have a
direct relationship to mineralization (Lowell and
Guilbert, 1970; Carson and Jambor, 1974). Microscopic
study is especially important in Precambrian deposits
because (1) primary alteration assemblages have been
partly to completely transformed by metamorphism and
their recognition is more difficult and (2) petrographic
variations are one of the more reliable indicators of
primary attitude of host plutons. Once prophyry
mineralization has been discovered in the Precambrian,
microscopic petrography should be one of the main
exploration tools used to outline potential drill targets.
For example, preliminary petrographic examination of
the Setting Net Lake stock suggests that the highest
priority drill targets are at the poorly exposed, western
(upper) end of the mineralized zone, rather than at the
better exposed, eastern (lower) end where previous
drilling was concentrated.
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NEARSHORE OBSERVATIONS ALONG THE EAST COAST OF
MELVILLE ISLAND, DISTRICT OF FRANKLIN

Project 730021

R.B. Taylor
Terrain Sciences Division

Introduction

Recent discoveries of oil and gas reserves in the
Arctic Islands have led to much discussion on methods
of transporting these fuels to southern markets.
Current thinking favours a pipeline but whether a
pipeline or sea-going fuel carriers are used, the dynamic
coastal-nearshore zones will be involved and must
be considered in any construction plans,

In 1973 P, McLaren, Terrain Sciences Division,
began a study of the coastal characteristics and
processes along the eastern coast of Melville Island and
western coast of Byam Martin Island (McLaren, 1974).

The nearshore observations presented in this paper
were collected in support of the above coastal project
(Project 730020). Apart from collecting information

on nearshore bottom topography, the research involved
experimentation with and testing of commonly used
oceanographic instruments in a shallow nearshore
arctic environment.

The nearshore work took place during the month
of August 1973 from a base camp established along
'Frustration Bay' a small bay north of King Point,
Melville Island (Fig. 11.1). As the name implies con-
siderable difficulties arose during the research for
although Byam Channel was nearly completely ice free,
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the nearshore was congested with mobile multi-year

ice which continually shifted north and south along the
coast. -Consequently, extensive boat work was prevented
and detailed surveys were limited to 'Frustration Bay'
and one additional traverse along the coast as far south
as Consett Head (Fig. 11.1). Echo sounding, side-scan
sonar, bottom sediment sampling, and some spot
measurements of nearshore currents, salinity, and
temperature within 'Frustration Bay', were carried out.
Horizontal control for the marine research was provided
by aerial photographs which were used to locate the
physiographic features sighted on during the boat
traverses.
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Instrumentation

The working platform for the marine research was
a 19-foot pneumatic boat (Fig. 11.2). Bathymetry
within 'Frustration Bay' and farther along the coast
was obtained using a Raytheon D.E. 719 fathometer
with a high frequency (200 Khz) wide beam transducer.
The fathometer together with a Klein model 400 side
scan sonar provided a good picture of the nearshore
bottom topography. The sonar system was also used
to estimate the frequency of ice scouring in the near-
shore. Bottom sediment samples were collected within
the study area using a Petite Ponar grab sampler.
Select in situ measurements of salinity and temperature
were obtained using a Beckman RSy salinometer, and
sea water samples were collected using a Van Dorn
sampling bottle. Finally, nearshore current measure-
ments were attempted with a Bendix Q-15 current
sensor; however, it was not possible to determine
current direction because of the proximity to the North
Magnetic Pole. A list of advantages and disadvantages
for each instrument is given in Appendix 1.

Physical Setting

Eastern Melville Island falls within the Innuitian
physiographic region and more specifically is part of
the Ridges and Plateaux physiographic division (Tozer
and Thorsteinssson, 1964). The coastline of the
study area is low lying and has relief of less than
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30 m (100 feet) within 2 km of the shoreline. River
deltas compose a large proportion of the coast; they
range from micro-sized deltas formed by ephemeral
spring-melt streams to large deltas such as at King
Point (Fig. 11.1). The coastal sediments are composed
primarily of light grey to white sandstone of the Hecla
Bay Formation and small amounts of siltstone and
shale from the Weatherall Formation (Tozer and
Thorsteinsson, 1964).

Detailed beach observations were made along the
coast between King Point and the northern headland
of 'Frustration Bay'. Beach profile stations were not
established by the author although a set of three
profiles, zonal 7, at the west end of 'Frustration Bay'
was surveyed by McLaren (1974). The beach
stretching north from King Point delta is characterized
by a partially vegetated sandy backshore fronted by a
gradually sloping foreshore and a wide intertidal zone
(Fig. 11.3). The beach sediment is medium to coarse
sand with isolated occurrences of fine gravels. In
contrast to these beaches, a more steeply sloping and
narrower beach, backed by raised beach terraces,
was observed at the southern headland and along the
entire northern shoreline of 'Frustration Bay'.
Bedrock here is exposed in the nearshore and partially
exposed on the raised beach terraces; large cobbles
are also common in the nearshore. Beach sediment
visibly decreased in grain size from the headlands to
the west end of 'Frustration Bay'.

Minor processes observed occurring in the back-
shore were gully erosion by spring meltwater and
eolian action on the exposed, nonvegetated beach
backshores (Fig. 11.4).

Nearshore Observations

'Frustration Bay'

Bathymetry: A hydrographic survey was completed
initially on a reconnaissance scale throughout 'Frustration
Bay' using headlands and physiographic features as
reference points and later was done in detail with
sounding lines running offshore of three established
beach profiles, zonal 7 (McLaren, 1974), The track
chart of the boat is shown in Figure 11.1 and the
resultant isobath maps of 'Frustration Bay' and zonal 7
are shown in Figures 11.5 and 11.6.

'Frustration Bay' is outlined by a nearshore platform
of varying width, which commonly only extends to depths
of 1 or 2 m (at mean high tide) where a substantial
break-in-slope occurs. This slope, based on the
offshore surveys at zonal 7, has an inclination of 4.5 to
5.5 degrees and generally ends at depths of 12 to 15 m.
Both the shoreline and nearshore break-in-slope have
a cusp-like configuration which is clearly defined on
the side-scan sonar records (Fig. 11.7 and 11.8). The
foreshore also is characterized by small wave-formed
cusps. The soundings within 'Frustration Bay' only
exceeded 20 m in an elongated channel offshore of
zonal 7 where depths of 22 m were recorded and at the
mouth of the bay where depths reached 28 m. Shallow
water areas within the bay include a small platform at



Figure 11. 3

Sandy beach foreshore north of King
Point, Melville Island. (GSC-202728-A)

the entrance and a wide shallow zone at the northwestern
end where 'Antler Creek’' enters the bay.

A survey of 'Frustration Bay' with side-scan sonar
and fathometer exhibited few bottom features. The
sonar records however clearly did show the shoreline,
the nearshore break-in-slope, grounded and floating
sea ice, large marine life (i.e. seals), and some minor
sea-ice scourings. Microrelief on the sea bed, as shown
on the echograms, is limited to water depths of 3.5 to
14. 5 m which basically include the edge of the nearshore
break-in-slope and the shallow-water platform at the
entrance to the bay. In the latter area linear sea-ice
scours 20 to 50 m long, 2 to 11 m wide, and less than
0.8 m deep were detected criss-crossing the platform
surface.

Elsewhere in the bay bottom microrelief was detected
on the side-scan sonar records as small elongated or
wedge-shaped depressions, probably created by the
grounding of small ice cakes.

Figure 11.2

Boat and equipment used in the collection of
field data. (GS8C-202299).

Zonal 7

Morphology: Three beach profiles established
100 m apart at the head of 'Frustration Bay' constitute
zonal 7 (McLaren, 1974). Each profile was surveyed
by fathometer from low tide mark to a distance of nearly
600 m offshore where the sea bed was considered below
the reach of waves. Control for the survey was
provided by nine positioned buoys, three per profile.
At these buoys additional studies of water temperature
and salinity and current measurements were conducted
(Figs. 11.6 and 11.9).

At zonal 7 the nearshore platform varies in width
from approximately 34 m at profile C to slightly wider
than 100 m at profile A (Fig. 11.9); seaward of the
platform, the nearshore break-in-slope is steepest
(5.5 degrees) at profile C and most gradual (4.5 degrees)
at profile A, Ripple marks cover most of the intertidal
zone while a system of small bars has been created in
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the breaker zone at the upper edge of the nearshore
break-in-slope. Farther offshore the sea bed becomes
undulating.

Sediment Characteristics: Nine sediment cores
were collected across the intertidal flats of zonal 7
using a plastic core tube. Although probing with a
soil auger of 2 m length failed to reach the frost table,
penetration with the core tube was limited to 0.3 to
0.4 m because of the compact nature of the sediment.
The intertidal beach sediments are primarily a grey
sand-silt mixture which commonly 1s oxidized at a level
of § to 8 em below the surface. Black bands of reduced
sediment were most pronounced at a depth of 0. 25 to
0. 30 m beneath the rill channels and besch runnels.

Farther offshore, bottom samples were collected
at each buoy with a sediment grab sampler. The
sediments were unimodal and were composed of a very
fine silt to coarse clay, i.e. +7.56 to +8.2 mean grain
size. Furthermore, the bottom sediments were poorly
sorted and negatively skewed throughout the nearshore
except beneath buoy Cg,. At Cg, the positively
skewed sediment was medium silt of +5. 45 grain size,
The only apparent reason for the sediment difference
is that the sample from CB1 was close to a stream outlet
and was from the nearshore slope; the rest of the
samples were from farther offshore on a more gradual
slope.

Salinity and Temperature: In situ water
temperature and salinity measurements were collected
at five stations within zonal 7 (Fig. 11.6) during high
tide on August 16. The salinity values were relatively
uniform throughout the water profile with the least
saline water, 24%o, at the surface and the most
saline, 31 %ec, at the sea bed. Water temperatures
at the same sample sites were surprisingly cool for the
post spring-melt season. The temperatures varied
from -0.7°C at the water surface to -1. 5°C at the sea
bed. Warmer waters at the surface and sea bed offshore
of profile C and the adjacent stream were found to be
separated by a slightly cooler layer of water. The
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Figure 11.4

Beach backshore at same location as
Figure 11.3; note the microdunes
created during the storm of August 20,
1973, (GSC-202728).

cooler water was at a depth of 3 to 5 m within 200 m of
shore and at a depth of 15 m farther offshore. The
warmer waters are probably tongues of fresh water
flowing from the stream. In contrast a gradual
decrease in temperature with depth was recorded at
the two sample sites offshore of profile A. The
maximum depth at which these measurements were
collected was 20 m.

Nearshore currents: Nearshore current measure-
ments collected within zonal 7 were completed with only
limited success. Current direction values were
attempted by aligning the vane perpendicular to shore
and then recording differences in angle deflection at
each sample depth. Large variations in current direction
however, were observed with repeated measurements
at the same site. Consequently current direction is
estimated solely on visual observations of the vane in
near-surface depths. Current velocity was obtained
by applying a predetermined calibration correction
factor to the direct read-out from the Q-15 sensor.

Current direction was estimated to be into the bay,
i.e. east to west, with a slight southwest deflection at
profile A and a northwest deflection at profile C. The
east to west current direction was expected since
readings were collected near high tide stage. The
average current velocities were small, ranging from
7 to 9 cm/s; peak velocities were 14 to 17 cm/s. The
stronger currents were observed at depths of 5 and
10 m at stations one and two, respectively, of profile A.
The stronger currents at profile C, on the other hand,
occurred in the upper 2 to 3 m of the water profile. The
latter currents may be fluvial and the primary cause of
the difference in water temperature found in the near-
surface waters off profile C.




'Frustration Bay' to King Point Delta

Nearshore Bathymetry and Morphology

On August 26, the sea ice moved far enough offshore
to enable a transect by boat as far south as profile 7
(McLaren, 1974) situated on the south side of King Point
delta. The objectives were to obtain nearshore
bathymetry and to locate the areas of maximum sea-ice
scouring. To achieve these goals a Klein side-scan
sonar system and a Raytheon fathometer with a 200 Khz
transducer were mounted in the Zodiac boat. The route
was planned south along the immediate nearshore with
a return northward via a transect much farther offshore.
The latter, however, was prevented by a return of sea-
ice and engine troubles. Horizontal control for the
mapping of the nearshore bathymetry was obtained by
using the side-scan sonar to measure the distance from
shore and from the mouths of the larger streams as
reference points along shore (Fig. 11.10).

A nearshore isobath map has been interpolated
from the soundings (Fig. 11.10). At a distance of 50 to

80 m offshore of the nearshore break-in-slope, a con-
sistent depth of 5 m was observed., Farther south at
similar distances offshore of the King Point delta,
however, water depths became considerably deeper,
up to 24 m.

An examination of the nearshore topography between
reference points A and B (Fig. 11.10) shows a zone of
concentrated microtopography. Short sea-ice scours
criss-cross the bottom while the presence of boulders
near A and perhaps ice-melt features, produce a mottled
and irregular picture on the sonar records. In water
depths of 3 to 5 m the linear ice scourings were 33.5 to
55 m long, up to 11 m wide, but generally less than 1 m
deep.

The most irregular bottom topography within the
study area was viewed at the King Point delta front,
Figure 11. 10 shows a trace of the echogram produced
across the delta front.

Superimposed on what appear to be extensions of
the larger stream channels are numerous smaller
depressions. From the side-scan sonar records these
depressions have both a linear and circular form.
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Figure 11.5. Bathymetric contour map of 'Frustration Bay', Melville Island.
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Some may be pits created by concentrated flood waters
flowing through "strudel marks" (Reimnitz et al., 1974)
in the nearshore ice or may be formed by the melting
of bottom-fast ice by the input of warmer fresh waters.
The occurrence of bottom-fast ice in the nearshore
area is inferred from observations of this ice in the
shallow waters off Little Point, Melville Island. The
occurrence of bottom-fast ice there was common.
Nevertheless, the majority of the nearshore bottom
markings are created by sea-ice groundings. The
King Point delta front and the entire eastern Melville
Island coast were subjected to continually shifting
sea-ice during August. On August 26, 1973 the delta
front was lined with small mobile sea~ice and a few
much larger multi-year ice blocks. At the delta front
the linear ice scourings were short and narrow, having
an average length and width of only 37 m and 7 m
respectively. Sea-ice scourings between reference
points E and F (Fig. 11.10) were slightly larger with
dimensions up to 55 m long and 8 m wide. The depth
of scour did not exceed 2 m; however, this depth is
based only on a couple of scours which were recorded
on both the side-scan and echo sounding records.

Observations were made of the sea bed adjacent
to a piece of ice island grounded on the delta front.
Surprisingly no large linear ice scour was found, but
rather a wide area of lighter coloured tone was
exhibited on the side-scan records which may be the
result of removal of a thin layer of surficial sediments.
The piece of ice island and a large block of multi-year
ice nearby both produced wide and strong reflection
markings on the sonar records. In contrast, the small
pieces of younger ice grounded in the nearshore
produced much lighter and thinner markings on the
records.

From these observations one might conclude a
relationship between ice age and width and intensity
of the reflector on the side-scan sonar records. This
hypothesis cannot be proven with the few examples
observed in this study because it may well be that size
and thickness of ice, rather than age (i.e. hardness),
govern the properties of the resultant markings on the
charts, Further research or observations therefore
will have to be made in correlating sea-ice age and
thickness with resultant characteristics viewed on
side-scan sonar records.

In summary, the largest number of linear ice scours
were recorded between reference points A and B, and
E to G. The dimensions of these scours in comparison
to ice-scour marks reported in the Beaufort Sea
(Reimnitz et al., 1973; Pelletier and Shearer, 1972)
are very minute.

Rea Point

Nearshore Bathymetry and Morphology

The presence of sea ice at zonal 6 (McLaren,