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the Arkose Lake area is significantly affected by these structures and
suggests that the northern 1imb of the Seal Lake Basin is more complex than
previous studies suggested. As a result, the stratigraphy of the Seal Lake
Basin may be significantly different from that set up by Brummer and Mann
(1961) and the thickness of the Seal Lake Group may be markedly less than

the 42,000' suggested by the above authors.












It is bounded on the north by the Canairiktok River and extends south
approximately to latitude 54° 30'N,

The mapping was undertaken using compiled air photo mosaics
(sheet 13K/ 12SW) of approximate scale 1:24,000, as supplied by the
Canada Department of Energy, Mines and Resources. One mile to the
inch aerial photographs were also used to aid field work and geological
interpretation. A topographic map of four miles to the inch was only
useful to show relative, broad relief.

Field work covered a period of three months from mid-June to
mid-September, 1970, and complete logistical support was provided by
the Labrador division of the British Newfoundland Exploration Company
Limited (Brinex). Field work was undertaken by foot traverse from
several fly-camps scattered throughout the area although some use of
a helicopter was made in areas where the bush was very dense and out-
crop hard to locate as on the southern slopes of the Canairiktok River

valley.

C. Physiography of the Area

The topography of the Seal Lake basin is dominated by an
alternating series of ridges and lake-filled valleys which trend
east-west. This trend is controlled by the strike of the underlying
rocks, The area is drained by two large rivers, the Canairiktok in
the north and the Naskaupi in the central part of the basin (fig. II).

The highest elevations are Santa Claus Mountain and Mt. Pisa, both



Fig. II. Locality Map - Seal Lake Area.
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 the thickness of the formation but Baragar (1969) reduces the thick-

;s of the formation to 9,500' (2,850 m.). The latter is probably more

:urate considering the presence of thrust faulting in the area (Hale,

;8; Baragar, 1969). Furthermore, Baragar showed that a lower sub-

rision of coarse, clastic quartzites and arkoses form the basal part

the Wuchusk Lake Formation (fig. V) whilst the sediments of the top

J00' of the formation are dominated by fine-grained silts and shales.

0 included in the upper Wuchusk Lake are thin bands of oolitic and

‘omatolitic limestones.

The stratigraphy of Brummer and Mann (1961) shows that the Wuchusk

e Formation is overlain by a series of formations which are relatively

n in comparison. Names and lithological description are given in

jure V. The published map and sections by Brummer and Mann (1961)

ws that these formations can in fact be traced from north to south.

lever, the recent work of Baragar (1969), Hale (1968) and Kidd (1968)
nas drawn attention to possible correlations between the fine-grained
slates and shales of the Wuchusk Lake and Salmon Lake Formations with the
fine sediments of the Whisky Lake and Adeline Island Formations of
Brummer and Mann. Baragar omits the Whisky Lake Formation from his
stratigraphy though he gives no reason why, whereas Kidd (1968) who
carried out detailed mapping of the area of Adeline Lake and the more
general work of Hale (1968) suggests that the Whisky Lake Formation is
equivalent to the upper part of the Wuchusk Lake Formation and the lower
part of Salmon Lake Formation whilst the Adeline Island Formation is equiva-

lent to the upper part of the Salmon Lake Formation. Figure V shows the
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ubdivision is predominantly sediments and falls into two sequences.
ear the base of the Croteau Lake Group, near Snegamook Lake, the
ediments include pyritic black shales with nor quartzites and
olomites and some metabasalts (Fahrig, 1959). This lower sequence

s overlain by red sandstones, boulder conglomerates containing
jasper and red quartzite pebbles and boulders, red shales and crystal
tuffs (own obser ations). This lower sedimentary subdivision uncon-
formably overlies the Archean Gneisses to the east of Snegamook Lake
(Fahrig, 1959).

Above the lower subdivision a predominantly volcanic sequence
occurs. The rocks range from basaltic lavas and tuffs to dacites and
rhyolites. Minor quartzites and shales also occur (Baragar, 1969).
Baragar gives a thickness for the upper division as 6,322 m.

Brummer and Mann (1961) suggest that the Croteau Lake Group is
equivalent in age to the Letitia Lake Group to the west of the Seal
Lake Basin. This is based upon the common presence of acid volcanics,

porphyries and radioactive mineralisation.

E. Contact Relationships Between the Seal Lake Group and the Surrounding

Complexes

The contact relationships between the Seal Lake Group and the rocks
which underlie and surround it are complex. Both sedimentary and structural

contacts exist but in many cases, the contacts are not exposed.
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3. The Contact Relations With the Anorthosite and Gneiss Complex

In the north, the contact between the Seal Lake Group and the
yrthos "es and gneisses of the Nain Province is obscured by the river
ids of the Canairiktok valley. Fahrig (1959) and Brummer and Mann (1961)
ieve the contact to be an unconformity but the present study indicates

this original unconformity maybe strongly modified by faulting.

F. The Age of the Seal Lake Group

Absolute age data for the Seal Lake Group is limited and contra-
dictory. Post deformational galena veins have been dated at 1,685 m.y.
(Cummings et al, 1955) wh' e K/Ar whole rock isochror for basalts of
the Salmon Lake Formation and a diabase sill in the Wuchusk Lake Formation
gave dates of 960 + 90 m.y. (Wanless et al, 1966) and 865 + 100 m.y.
(Wanless et al, 1965), respectively. The sign- icance of these dates is
uncertain but it seems probable that the K/Ar dates are indicative of a
Grenville Age of deformation and metamorphism. Brummer's (1971) correla-
tion of the Seal Lake Group with the metasediments of the Labrador Trough
on the basis of the galena age is no longer tenable in the 1light of the

other figures.
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CHAPTER III

STRATIGRAPHY OF THE ARKOSE LAKE AREA

The detailed stratigraphy of the Arkose La.. area is given in fi-—re VI

nmer and Mann (1961) included the succession within the Majoque Lake Forma-
tion but since it is comprised of two distinct mappable units, Baragar (1969a)
separated a lower arkosic unit from the overlying volcanics. He called the
former the Basal Arkose and for the latter, he retained the name, Majoque Li..
Formation. It is the opinion of the author that the Basal Arkose should be
assigned to the status of a formation. Not only is there a marked difference
in 1ithologies but the contact between the two 1ithologies is sharp and well
defined throughout the Arkose Lake area and continues as such eastward to
Snegamook Lake and in the area south of Snegamook towards Pocketknife Lake.
However, the lower contact of the Basal Arkose is nc 2re exposed although
it is assumed that it is an unconformable and/or faulted contact with the
underlying basement rocks in the vicinity of the Canairiktok River. Also
because of the limited exposures, no complete section through the formation
is available although it is felt that the important details of the succession
have been determined (see later text). It is thus proposed that the Basal
Arkose of Baragar (1969) be in future referred to as the Arkose Lake Formation
with a type area rather than section located in the vicinity of Arkose Lake.
The contact between the Arkose Lake Formation and the overlying Majoque Lake
Formation is defined by the first influx of volcanic rock which terminates the
deposition of subarkoses and feldspathic gr¢ icke clastics of the Arkose Lak«

Formation.

A. The Arkose Lake Formation

The Arkose Lake Formation is a succession of ¢ astic sediments. The
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such grading of foreset beds is known in many sandstone deposits. The grading
has been attributed to the dumping of bed load at the top of an avalanche face
(foreset) of a migrating dune or sand bar where the velocity of a stream is
checked due to deepening of the water and subsequent slip of the deposit down-
slope such that the coarser material occurs at the base of the slope (Bagnold,
1954; Allen 1965b). Although this appears to be the main process, Jopling
(1963, 1965) also notes the minor role played by grain size segregation during
sediment movement (see also Brush, 1965) and the effects of settling paths and
backflow upon sediment which is in suspension as it passes over the lee side of
a ripple or bar.

The large trough cross-beds are usually overlain by several sets of large
trough cross-bedding of smaller dimensions. They usually produce festoon cross-
bedding of approximately 15 cm. thick. The sandstones involved are equally
coarse as in the larger forms of cross-bedding.

Large scale trough cross-bedding is usually associated with migrating
linguoid, Tunate ripples (Allen, 1963) or catenary ripples (Williams, 1971) or
with spoon-shaped scours which occur upon bars such as were described by Harms
and Fahnstock (1965) and Williams and Rust (1969). They are known to form in

the upper part of the lower flow regime (Harms and Gahnstock, 1965).

ii. Small scale cross-bedding

Small scale festoon, trough cross-bedding is restricted to the fine to
medium sandstones. It is 4 cm. in depth by twelve cms. in length. Such cross-
stratification is usually associated with migrating current ripples (Allen,

1963).

2. Other Bedforms
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i. Plane Beds

The coarsest sediments display plane bedding. Pebble bands and grits have
horizontal bedding attitu =s and overlie horizontal planar or irregular scour
which truncate underlying cross-bedded sandstones. The beds are usually poorly
sorted but grading from grits up into gritty, coarse sandstones, does occur.
Such relatively unsorted deposits probably represent deposition of bed load with-
in a channel, as they possess no internal sedimentary structures. Williams &
Rust (1969) suggest that the lack of internal structures is related to the ratio
of pebbles to matrix in gravel deposits of the Donjek River. Doeglas (1962) has
however, reported such deposits occurring in channels of a braided river in
France resulting from a supply of sediment in excess of that being removed when
the river is in flood.

Well sorted grits and pebble bands containing very little sand, are é]so
present (Map Ref. 162 042). These deposits are usually thin, often only the
thickness of one layer of pebbles and they overlie an erosive surface which is
planar and horizontal and truncates underlying sediments and structures. The
deposits appear to be restricted and end within a few metres either against an
erosive surface or by simple passage laterally into sandstones. The good
sorting and restricted areal extent suggests that these pebble and grit bands
represent lag deposits formed in channels by winnowing of grit or pebble - sand
deposits to leave only the coarsest faction (Happ et al, 1940; Allen, 1965c).
Harms and Fahnstock (1965) indicate such lag deposits occur in the cross-
stratified sands of the Rio Grande and suggest that the deposits may be produced
by transport of pebbles in high regime flow and later concentration into a
layer by undercutting of the pebbles in lower flow conditions so that the pebbles

appear to roll upstream and concentrate in a scour, a process suggested by
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Fahnstock and Haushild, (1962).

ii. Fine horizontal laminations

Thin lenses of very fine sanstones and coarse silt occur locally w thin
the coarser sediments. The lenses are up to a metre or so in length and usually
about 4 cm. thick. They 1lie upon the top surfaces of earlier deposits of sand-
stone but they are usually cut out laterally by an erosive surface which is
overlain by coarse, cross-bedded sediments. The silts and very fine sand lenses
display fine, horizontal lamination, which is picked out by grain size and colour
variations. No mudcracks or ripple marks were found associated with the lenses
which are very rare throughout the area. However, mudcracks were found in
similar lithologies in outcrops along the west shore of Snegamook Lake suggesting
that such structures probably exist in the Arkose Lake area but were not seen
because of the poor outcrop.

Such fine 1ithologies suggest deposition of suspended fine material in
quiet water conditions such as may occur at low water discharge (eg. dry season).
Fines can thus be deposited in a number of situations including shallow water
areas over a bar, eg. inner part of a meander or channel bar, in quiet deeps
within a channel and in channel cut offs, Doeglas (1962), Williams and Rust

(1969).

b. Relationship of Bedfor ; and Grain Size Within the Sedi ents

Although not often observed in the field, a relationship appears to exist
between grain size and sedimentary structures. This re ationship indicates an
ideal sequence of events as follows.

1. A planar or irregular scour truncating earlier sediments and structures

occurs at the base of the sequence. The scour surface probi¢ 1y represents the
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floor of a channel.

2. Deposition of a poorly sorted, massive bedded grit or conglomerate.
This deposition may be winnowed to produce a basal lac¢ deposit of well sorted
sediment.

3. Deposition of trough cross-bedded grits and sandstones on a large
scale. Much of the deposition is in the form of graded avalanche deposition
over the lee side of a sediment bar. The size of the troughs appear to decrea
upward although they all belong to the large scale class of Allen (1963). One
to three all represent upper flow regime conditions.

4. Formation of small scale trough cross-bedding which represent migrat
small scale ripples in lower flow regime conditions (Harms and Fahnstock, 1965;
Allen, 1965).

5. Deposition of silts displaying fine horizontal Taminations overlying
the sand deposits and probably representing the cessation of strong current act

Features representing this sequence may occur on a scale of a few metres
but are not often completely developed. Throughout the area, the large scale
trough cross-bedding is almost ubiquitous but frequently the basal grit or
pebble bands and the higher finer grained sands and silts 1y be absent. In
the western part of the area, however, well sorted pebble and grit beds are ove
lain by sands displaying small scale cross-bedding and this grit, cross-bedded
sand relation may occur several times within 30 - 50 cm. In every case, howeve
when the sequence or part of the sequence is observed, it is one of fining up-
wards, of better sorting upwards and of decreases in size of the sedimentary

Structures upwards.

]

/ity
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c.Paleocurrent Data

ITI.

Figures VII (a - e) shows the paleocurrent data collected for the lower
member. Al1 directions collected throughout the area were taken on bedding
plane exposures which are not very common. The directions record the axis of
a trough. For those localities where there were enough directions collected
to be significant, there is a strong southeast to south direction of current
flow. A1l the directions for each locality are relatively tightly grouped with
unimodal distribution. When the mean azimuth for each Tocality is plotted on
a map (Fig. VIII) it can be seen that the current direction appears to be

gradually shifting from eastsouth-east to west of due south.

The Upper Member

The upper member of the Arkose Lake Formation is characterised by

1) A higher percentage of finer-grained sands.

2) The occurrence of lenses of coarse and medium silts.

3) The presence of abundant red silt clasts in the sandstones.

4) The predominance of red coloured rocks.

The thickness of the member is about 100 metres as measured by altimeter
from a scarp south of Arkose Lake (Grid. Ref. 149 039).

Many of the sandstone-units are of medium to coarse grain size. However,
fine sandstones are also relatively abundant which is in marked contrast to the
lower member. The sandstones are red in colour although the coarser sediments
can be pink or creamy. The sandstones contain abundant pink feldspars and
occasionally white mica is found on the bedding planes of the fine sands and

coarse silts. Red silt clasts are scattered throughout the sandstones (Fig. IX)




Fig. VII. (a - e). Palaeocurrent Distribution for the Lower Member of the
Arkose Lake Formation.

East end of Arkose Lake.

a)

Unidirectional reading-
trc jh cross-bedding.

=3 Vector Mean.

Directions corrected for dip
of bedding and plunge of folds
in the field.
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cross-stratification occur within beds up to a metre in thickness (P1. V ).
These bed forms are probably associated with migrating small scale linguoid
ripples (Harms and Fahnstock, 1965; Allen, 1963) and thus are formed in Tower

flow regime conditions (Harms and Fahnstock, 1965).

2. Other Bed Forms

i. Massive Bedding

Massive bedding was observed on a few occasions. The beds are lensoid
deposits of fine-medium sandstone. Internally uniform, they are usually 3 - 8
cm. thick. They lie upon planar or curved scours and are themselves truncated
and eroded by a scour surface of an overlying unit of cross-bedding (see Fig.IX ).
These beds may represent remnants of plane beds such as may form in the
transitional and the lower part of the upper flow regime or in the lower part of

the lower flow regime (Allen, 1965c).

ii. Flat Bedding

This occurs in sediments of varying grain size.

a. Conglomerates

Figure X shows flat bedded or planar bodies of conglomerate which dip at
only a few degrees. The planar bodies grade up into thin 3 - 5 cm. coarse
sandstones which are transitionally overlain by more conglomerate. The conglom-
erates are poorly sorted.

This form of bedding can be related to deposition of coarse sediment in
high flow regime conditions (Allen, 1965c). Most probably, the deposit formed
as a longitudinal bar such as can be found in braided streams (Smith, 1970;
Doeglas, 1962) where the coarse material was deposited as a sheet into relatively

deeper water than that in which it was being transported. Since the contacts
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upper unit of the Arkose Lake Formation.

1. Convolute bedding involving fine and medi 1 sandstone occurs on the
southeast shore of Club Lake ( rid. Ref. 085 034). Figure XII shows that the
deformation of a possible small scale cross-stratified unit occurred very early
after deposition of the sediment. The structures were then truncated by a
scour which forms the base of an overlying cross-stratified, very coarse sand-
stone. Such structures may be classed as symmetrical (Friend, 1965) and are
probably gravity load structures (Dott and Howard, 1962).

2. A second example of deformation occurs in medium and coarse silts
which are found just below the contact with the Majoque Lake volcanics to the
southeast of Arkose Lake (Grid. Ref. 166 035) (Fig. XIII). Short, cylindrical,
pipe Tike structures occur in a bed of coarse and medium siltstone 1 metre
thick. 1In cross section the pipeappears to have a concentric structure of
rings as picked out by weathering (P1. VI). This ring structure coni 1ues along
the length of the pipe which were observed up to 2 cm. in length but are probably
much longer. The pipes form in the lower 50 cm. of the bed and the upper 50 cm.
appears to be a mixed rock composed of a fine sandstone containing very abundant
1 - 2 mm. long red silt fragments. This deformed bed is overlain by alternations
of medium and coarse siltstone which display thin laminations alternating with 1
to 2 cm. of massive siltstone which is mudc icked. Also present are 1/2 cm.
beds of micro-cross-lamination which is related to micro-ripple-drift. The
silts are overlain by small scale, cross-stratified sandstones which contain
red mud clasts.

Pipe structures have been recorded within successions of similar rocks by
a number of authors (Allen, 1961; Dinely, 1960; Friend, 1965). In each case,
the pipes occur in fluvial sediments usually si tstones -~ fine sandstone.

The structures described here however, appear to be smal 2r in diameter, only
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1 - 2 cm. as compared to 4" (Dinely, 1968), 5 - 20 cm. (Friend, 1965) and 3 -
25 cm. (Allen, 1961). The structures of Dinely were described as spring pits
but those of Allen and Friend were thought to be related to ducts which ailowed
the upward passage of water. Williams and Rust (1969) also describe active
subaqueous silt volcanoes in first and second order channels of the braided
Donjek River. The cone structures range in size from 1 cm. to 15 cm. and they
occur in silt-sand layers which overlie a gravel bar. The volcanoes are formed
when water percolates downwards through the gravel from the overlying silts
which are water saturated, until they emerge at a lower point but through the
same silt layer. At this point, silt volcanoes are formed.

In the case of the present example, the underlying sediments are not
exposed but nevertheless, the mechanism for formation of these pipes is thought
to post date the deposition of several layers of sediment. The pipes probably
represent water escape structures whereby upward moving water carried fragments
of red silt from below and mixed the fragments together with an already deposited
fine sandstone layer to produce the mixed Tithology of the upper 50 cm. of the

bed. The process was probably contemporaneous with sedimentation.

. Relationship of Bed Form and Grain Size Within the Upper Member

The relationships between different sediment sizes and sedimentary
structures is similar to that presented for the Lower Member. The sequence of
events following the formation of an erosive surface is the deposition of
sediments which fine upwards together with increase in sorting and decrease in
size of sedimentary structures. The presence of abundant silt clasts indicates
that there was substantially more fine sediment of overbank or channel fill

origin which was rapidly reworked in the succeeding cycle thus suggesting rapid
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change in channel directions. Occasiona11y'some overbank or channel fill

silts are preserved.

c. Palaeocurrent Data

Very little palaeocurrent information was obtained for the Upper Member
of the Arkose Lake Formation. A1l the directions were gathered from trough
cross-bedding and are plotted in figure XIV. Those directions obtained to the
south of Arkose Lake (Grid. Ref. 138 037) show a bimodal distribution with a
mean direction of 161°. To the west of Club Lake only four directions were
obtained which give a mean azimuth of 133°.  Once again, however, there is a
general, southward direction of currents at the time of the deposition of the

member.

IV. Contact Between the Upper Member of the Arkose Lake Formation and the

Overlying Majoque Lake Volcanics

Where the contact between the two formations is seen, the sediments of
the upper member are baked indicating that the contact is depositional and not
tectonic. The contact surface is planar (P1. VII) with the volcanics baking the
underlying sediments to a depth of 10 cm. The baked rock is usually bleached
and may contain sedimentary structures. Plate VIII shows T1inguoid ripples which
are preserved by the influx of volcanics (Grid. Ref. 139 037) and to the west of
Club Lake, large scale,trough cross-bedding is preserved (Grid.Ref. 040 021).
The Tinguoid ripples were the only example of ripple marks exposed on a bedding
surface in the area. This suggests that they did occur but were usually re-
worked or truncated by Tater sedimentation processes.

The linguoid ripples are small scale suggesting shallow water stream

deposition so that the volcanics may have flowed in over water laden sediment.
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Located south of Arkose Lake.

Fig. XIV. Palaeocurrent distribution - Upper Member, Arkose Lake
Formation. Directions corrected for dip of bedding and
plunge of folds in the field.
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elongated crystals occurs. The recrystallised quartz
in finely crystalline with polygonal shapes.

Undulatory extinction occurs in all forms of Type
I1.

Type III. - An isolated occurrence of quartz displaying myrmekitic
1ike textures but not involving feldspar (P1. XXXIX).

Type IV. - A single grain of sedimentary quartzite showing sharp
angular to rounded grains with authigenic quartz
overgrowths.

The individual quartz grains show varying amounts of resorption
solution and boundary modifications. Where they are closely packed and
grains tou 1 one another, boundaries are sutured (P1. XXX) and authigenic
quartz overgrowths are common (P1. XXXI). Where clay matrix separates quartz
sand grains, the grains show varying amounts of corrosion with some grains
replaced by clays as either a thin layer ¢ »und the edge of the grain, or
as deep re-entrants (Crook, 1968) or as appendages (Crook, 1968) (P1. XXXII).

Features such as undulatory extinction, polycrystalline quartz types
and corrosion have been studied by a number of authors and have been shown to
be useful indicators of source rock and depositional environment (Fol, 1961;
Blatt and Christie, 1963; Connelly, 1965; Crook, 1968; Cleary and Connelly,
1971).

Undulatory extinction in the Arkose Lake sediments cannot be safely
used as an indicator of source rock since the rocks of the area have been
deformed and the undulatory extinction probably results primarily from this

de Hrmation. However, the polycrystalline quartz is indicative of both









- 107 -

source rock and maturity of sediment. Polycrystalline quartz of Type I and
Type III is typical of a plutonic granite and granite gneiss source (Folk,
1961, Cleary and Connelly, 1971) although Type I may also be derived from
quartz veins. Type II, however, indicates derivation from granite gneiss
and quartz-rich metamorphic rocks. High percentages of polycrystalline
quartz typify immature sediments (Blatt and Christie, 1963; Cleary and
Connelly, 1971). It is also apparent that the percentage of polycrystalline
quartz present in the sandstone is dependent upon the grain-size of the
samples. Connelly (1965) has shown that polycrystalline quartz predominates
in the coarser sand grains and this appears to e true in this study since
there is a greater amount of such quartz in the coarser sediments of the
Lower Member in the western part of the area (Table III, sample 1K 342,

338, 336).

The presence of corrosion of the sand grains in sediments has been
studied by Crook (1968) and Cleary and Connelly (1971) and may indicate
weathering of the sediment following deposition and also initial weathering
of the source rock. Saprolite soils derived from a granite, gneiss and
schists yield such corroded grains in the Southern Appalachians (Cleary and
Connelly, 1971). However, grain corrosion also occurs in poorly sorted
sandy sediments (Crook, 1968) and has been found in upper parts of palaesol
soils of a pediment and in coastal plain sediments (Cleary and Connelly,
1971). A1l three represent insitu weathering of a soil profile.

Although such corrosion features exist in the sediments of the Arkose

Lake Formation, it is prudent not to place too much emphasis upon them. In
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e. Matrix and Cement

Many of the sandstones, grits and conglomerates possess a large amount
of clay matrix (Table III). The clay matrix is very fine-grained but the
birefringence of the clay plates suggests sericite or illite and the in situ
breakdown of perthite grains to sericite suggests that possibly sericite is
the main clay sized mi eral. In the sediments of the western part of the
area,occasional clusters of chlorite occur. Minor amounts of muscovite also
occur but it is probable that they are secondary not detrital minerals.

Cryptocrystalline quartz occurs in patches within the clay matrix.
Iron oxides especially haematite and limonite also cement the rocks and the

outlines of the sand grains are commonly picked out by the oxides.

2. Statistical Analysis of the Arkose Lake Formation

The grain size and roundness of sand sized particles was measured for
the sediments of the Arkose Lake Formation. One hundred grains were measured
per thin section. The grain size data was subdivided into 0.1 mm. size inter-
vals and size was plotted against cumulative percent on logarithmic graph paper
which also converted the millimeter scale to phi scale (fig. XXVIa, b, & c).
From the cumulative cUrves*produced measures of inclusive graphic standard
deviation (U]), inclusive graphic skewness (Sk]), simple mean grain size (MZ),
simple sorting measure (Sos) and simple skewness measure (e&: were computed
(Table IV for equations). The first four measures are those used by Folk and
Ward (1957) whilst the last two measures were devised by Friedman (1967).

The results of the calculations were given in Table V which also includes

sediment modes which were taken directly from the cumulative curves.

*Because of the poor sorting and feldspathic composition of the sandstones, no
conversion of thin section data to sieve-size equivalents (Friedman, 1958) was
considered necessary. Since the curves represent percentage number, not volume
percent, it is appropriate to point out that comparison Ff this data with that

of other similar studies may not be appropriate (see page 121).
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TABLE IV

Equations of Measures of Sorting for Sediments

1. Mean Size Mz = P16 + 984 + >0
3
2. Inclusive Graphic 0' = £84 - pl6 . 995 - @5
Standard Deviation 4 6.6
3. Inclusive Graphic Sk] = P16 + 984 - 2p50 + @5 + P95 - 2P50
2(p84 - Pl6) 2(P95 - P5)
4. Graphic Kurtosis Kg = 095 - p5

2.44 (P75 - P§25)

5. Simple Sorting Measure So, 1/2 (P95 - @5)

6. Simple kewness Measure <s 795 + P5) - 2(P50)

Measures 1 to 4 are those of Folk an Ward (1957),

5 & 6 are those of Friedman (1967).
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TABLE V

1. Lower Member

a) Eastern Area

Sample # Primary Secondary o M Sk] SoS
Mode Mode

K 003 C M-7 0.997 1.1 -.146 1.52 - .25
1K 006 M C 0.65 1.98 -.159 1.27 - .35
1K 030 M C 1.187 0.86 -.25 1.85 -1.
1K 262 M C .878 1.08 -.245 1.75 -0.
1K 262A C M .927 0.95 0.236 1.45 0.
b) Western Area

1K 336 C VC 1.14 0.83 0.194 1.8 0.8
1K 338 C VC 1.08 0.53 0.050 1.7 0.2
1K 339 C-M C 1.16 0.73 -.135 1.85 -0.7
1K 341 M C 771 1.666 -.094 1.65 -0.3
1K 342 C M .636 0.983 0.084 .4 0.3
1K 343 C - 1.268 1.15 .279 0.8 0.2
2. Upper Member

1K 072 VA C 1.02 1.26 0.239 1.55 -0.5
1K 136 C VC 1.054 1.03 -0.585 1.95 -1.0
1K 214 M C .861 1.23 .071 1.4 1.25
1K 220 M - .74 1.5 - .271 1.35 -0.
1K 220A M F 0.821 0 5 1.85 -0.
1K 279 C M- 0.98 0.8t 1.55 0.
1K 288 C M-VC 0.917 0.683 1.57 1.15
1K 366 M - 1.124 1.13 1.85 -0.8
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Unfortunately the validity of this data and that for the Majoque
Lake Formation must be questioned because of the general inadequacy of
petrographic analysis of grain-size. As previously stated only sand grains
larger than 0.05 mm. diameter were measured in the thin sections. The silt
faction and clay matrix were not measured and therefore the curves only
show sorting and skewness for the sand faction. Consequently, the results
obtained are not directly comparable to those of studies of recent sediments
such as that of Folk and Ward (1957). Nevertheless, the data is indicative
of the state of the sand faction and can be ex' ipolated with some degree of
confidence to the rock as a whole. The adding of silt and clay factions to
an already moderately to poorly sorted sand will only serve to increase that
poor degree of sorting. Likewise with ske¢ 1ess, the introduction of a sub-
stantial fine faction to the sediment will serve to convert many negatively
skewed sediments into the field of positive skewness.

The modal data (Folk, 1961) con- "ms the field observations of coarsen-
ing of sed" 3:nts in the lower member from east to west. Primary modes and
secondary modes are predominantly coarse and very coase respectively in the
west as compared to medium and coarsein the east. The sandstones of the Upper
Member have fine to coarse primary odes.

The sediments are moderately to poorly sorted with skewness divided
equally between positive and negative values. Many of the sands are only
just negatively skewed and if it was possible to measure the fines it is
likely that many more sands would be positively skewed. The results that
were obtained can be explained by inspecting the secondary modes of the
samples, where if the secondary »>)de is coarser or finer than the primary

mode then the sands are negatively or positively skewed respectively.
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The impor ince of these measures is that they can be characteristic of
the depositional environment. Moderate to poor sorting and positive skewness
is typical of river sands, some deltaic sands and some deeper water marine
sands (Folk and Ward, 1957). However, deepish water marine sands and deltaic
sands can be eliminated by virtue of the facies present. Friedman's (1967)
plots of simple skewness measure (@¢S) vs. simple sorting measure (Sos) and
skewness (Sk]) vs. standard deviation (0}) are used in order to substantiate
the petrographical conclusions that the sands represent river deposits. The
plots (Fig. XXVIIa & b) show that all the sands fall within the field of river
sands. Mean size, s indard deviation and skewness were also plotted upon the
diagrams of Folk and Ward (1957) but no trends such as were obtained by those
workers on the Brazos River existed in the Arkose Lake sediments. This is to
be expected however, because of the random sampling of the area, the lack of
a complete suite of grain-sizes (i.e. lack of silty rocks) and also the in-

adequacies of the measuring technique.

3. Roundness Data

The roundness data obtained using Krumbein's (1941) visual method was
subdivided using the classification of Powers (1953). Except for two analy-
ses, the majority of grains fall within the subrounded to subangular classes.
In the other two samples, rounded grains form a substantial part of the
sample. Of the extremes of very angular and well rounded in a sample, there
are usually more of the former. Such sands with Tow roundness are typical
of river sands. Russell and Taylor (1937) showed that the Mississippi River

sands showed very little rounding along the length of the river. Abrasion
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in a beach environment would be expected to raise the roundness values of

the sediment.

B. The Majoque Lake Formation

1. The Sediments

a. Mineralogy

The sediments of the Majoque Lake Formation vary in composition.
Subarkoses are the major sandstone type with minor arkose, subgreywacke
and protoquartzite (Pettijohn, 1957) also present (Table VI). The components
of the sediments are described in order of grain size with pebble types of
conglomerates described first followed by grits and indstones which includes

the matrices of the conglomerates.

1. Pebble Types

a. Quartzite pebble types

i. Pebbles of a single crystal of quartz - These display undulatory
extinction and often display deformation lamellae, abundant vacuole
trails and fine fractures. One quartz pebble enclosed a lath of apatite.
ii. Pebbles of polycrystalline quartz - These are composed of either:
a. A few large crystals which are subhedral or anhedral with
straight or sutured boundaries.
b. A large number of large but slightly to pronouncedly elongated
crystals which have sutured, irregular boundaries. Some of these
pebbles show recrystallisation of quartz with numerous, small

polygonal crystals scattered through the crystals.
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twinning and patches of indistinct perthitic texture encloses
polygonal quartz which may show deformation lamellae (P1. XLI).
The microcline is sericitised and chlorite occurs in patches

through these pebbles.

2. Grits and Sandstones

The detrital components of the grits and sandstones and the sandy
matrix of the conglomerates are compositionally the same as the pebble
types described above. Quartz of various types, perthitic and microcline
feldspars are the main components. The microclines which are more abundant
and generally fresh witl ly slight alteration but the perthites may be
fresh or heavily altered. The quartz shows undulose extinction and in the
larger grains, deformation lamellae occur (P1. XLII). Grain boundary
modification also occurs.

A1l the sands, grits and sandy matrices of conglomerates are character-
ised by detrital heavy minerals and by secondary growth of these minerals. In
the conglomerates and some of the sandstones, the heavy minerals generally
occur randomly but thin, 1 mm. Taminae of heavy mineral concentrates may occur
in ripple-drifted or trough cross-be¢ ded, well sorted, fine to medium sand-
stones. The heavy minerals can form up to 75% of such laminae, and are
associated with quartz, alkali feldspar and clay matrix. They consist of
magnetite, zircon, sphene and epidote (Pls. XLII. , £ % c). Magnetite is
usually dominant whereas the other three minerals can be abundant or absent.
Of these, zircon is the most persistent throughout the sediments although
epidote of detrital and secondary origin forms a major component of some of

the fine sands of Band A in area I.
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way as those of the Arkose Lake Formation and the results are shown in
figures XXVIIIa, b & ¢, XXIXa & b, and XXXa & b and table VII. The
sediments can be subdivided into two groups. 1i. The coarse sediments that
occur throughout the bands in areas II and III.

ii. The fine-grained quartzites

of Band A in area I.

1. Group i

The sandstones and grits analysed are moderately to poorly sorted with
01 values ranging from 0.659 to 1.28. One sample of very coarse sandstone in
Band E has 0] value of .475 which is well sorted (Folk and Ward, 1957). Like
the Arkose Lake Formation, this group has equal numbers of positively or neg-
atively skewed sediments. _..ith the addition of the silt and clay factions to
the sands and grits, it is probable that many of the sediments would become
positively skewed.

The standard deviation, skewness and mean size were plotted upon diagrams
used by Folk and Ward (1957) (fig. XXIXa & b). The plots show trends similar
to those presented by these co-workers. The trends show that for mean-size of
p =1 to -2, the sediment is well sorted. However, as the sediment becomes
finer,its sorting becomes poorer and the number of important modes increase.
However, with continuing decrease of grain-size the sorting improves to modera-
tely sorted. Skewness also reacts to this change of grain-size. The coarser
sediments because of the poor sorting and the presence of a dominant fine com-
ponent in the tail of the curve, give positive skewness. The negative skewness
is just attained as the sediments improve their sorting and the grain-size

decreases and the coarse components control the asymmetry of the tail.
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TABLE VII

)r the Sediments of the Majoque Lake Formation

Band A

1K
1K
1K
1K
1K

134 (Area III)
286A(Area 1)
287 (Area 1)
300 (Area I)
331 (Area I)

Band C (Area III)

1K
1K
1K
1K

1K
1K
1K
1K

050
113
116
166
194

(Area 1II)
234
236
237
263

Band E (Area III)

1K
1K

141
152

Primary Secondary

Mode Mode 1 Mz  Skj So. s Kg
F C-M 1.191 1. -0.561 1.95 -2.1 -
F M 0.475 2.51 -0.42 0.8 -0. 5 1.12
F - 0.33 2.58 -t 8 0.6 -0.6 1.09
F - 0.282 2.61 -0.27 0.6 -0.5 1.20
F M 0.535 2.25 0.211 0.97 0.51 1.13
- 1.128 0.73 -0.011 2.15 -0.31
M 0.659 0.9 163 1.1 0.2
M 0.927 0.88 0.021 1.95 -0.1
Ve -M - 0.93 0.58 -0.168 1.5 -0.7
M F 0.814 1. 5 -0.057 1. 0.3
CMF - 0.88 0.9 0.15%6 1.3 0.4
C - 0.99 1.4 -0.383 1.7 -1.2
VC - 1.28 0.23 0.242 1.85 0.9
C M 0.988 0.8 -0.21 1.57 -t 35
C Ve 1.17 -0.46 0.226 2.97 1.05
VC C 0.475-1.3 0.173 1.55 0.9
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This variation in measures corresponds to deposition in differing
flow regimes. The better sorted grits occur as massive bed forms associated
with channel bars in higher flow regime conditions which would tend to remove
much of the finer faction. Within planar cross stratified sandstones, the
low flow regime conditions will not remove the finer sand so effectively and
the poorer sorting will be increased as a result of downslope slippage of
deposited sediment upon the avalanche face of a migrating sand bar. With
lower flow regime conditions, finer, better sorted sands would result by
initial deposition and also by reworking of earlier deposits.

Plots of standard deviation vs mean size and skewness vs. mean size
show trends like those of Folk and Ward (1957). Standard deviation vs. skewness
was also plotted but no comparable trends were found.

Friedman's plots (1967) to distinguish river and beach sands were also

used and all points plot within the field of river sands (Fig. XXXa & b).

2. Roundness Data of Group I

The roundness data for group i of the Majoque Lake sediments was sub-
divided in a similar fashion to that for the Arkose Lake Formation. The
sediments are subrounded to subangular although there are three samples which
contain a large percentage of rounded grains. Usually however, the extremes
of roundness in a sample are dominated by angular grains. This data is con-

sistent with that of river-lain sediments.

- Group 1ii

The statistical data for Group ii is accepted without the reservations
for the other sediments analysed. This is because the sediments are well sorted

with 1ittle or no matrix (see modal analysis 1K 286 A- Table VI), and for this
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reason kurtosis was also computed.

The fine sands of area I are extremely negatively skewed except for
one sample which is positively skewed. All the sands ‘e well to very well
sorted and show leptokurtic values although one of the samples fall margin-
ally into the mesokurtic field of Folk and Ward (1957). Plotted upon Friedman's
diagrams (Friedman, 1967) they plot within the field for beach sand.

Several studies to distinguish beach and dune sands have been under-
taken (Mason and Folk, 1958; Shepard and Young, 1961; Friedman, 1961) since
the two are difficult to di inguish apart. Comparison with the results of
these works shows that the group ii sands have closer *fini1 es to beach
sands than to dune. Be¢ 1 sands are almost always negatively skewed since
the fines are removed by wave action (Mason and Folk, 1958; I iedman, 1961)
whereas dune sands have a higher percentage of clay admixed (Shepard and Young,
1961). Sorting of dune sands is v ially better than in beach environment
(Mason and Folk, 1958) whilst kurtosis values are similar.

Three of the fine sands of area I analysed are considerably more
negatively skewed than any of the sands analysed by Mason and Folk, 1958 and
Friedman, 1961, and this is probably the result of the analytical method.
The fourth sand which is positively skewed has however, high OJ values and
thus,it is too poorly sorted to be a dune sand. A1l the 1lues of standard
deviation ( 1) for the fine sands lie within values (0] = 0.30 - 0.35) of
beach sand of Mason and Folk (1958) or are more poorly sorted than these
values. One value 1K300 has an OJ value which is indeterminate according to

the criteria of Mason and Folk.
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The analytical approach and subdivisions of Mason and Folk (1958) were
questioned by Shepard and Young (1961) as a result of their own grain-size study
which could not discriminate between beach and dune sands. Folk (1961) however,
attributed this to the method of grain size analysis. However, Shepard and
Young did suggest that the dune sands could be distinguished by their higher
clay content. Examination of the area I fine sands shows them to be almost
wholly Tlacking 1in clays (see modal analysis, table VI ). They also suggest
that dune sand grains are rounder than those of beach sands as suggested previously
by Russell (1939), Pettijohn (1956), and Beal and Shepard (1956). If this is true
though it has been questioned by Mason and Folk (1958) and Mattox (1955), then it
is lTikely that the fine sands are not dune sands since they are subrounded to
subangular.

Thus, it is apparent that the analytical evidence, the mineralogy and
roundness data, presented above suggest a beach sand for the fine sandstones of
group ii. Flat bedding which is the main sedimentary structure is also typical
of beach deposition. Alternatively,the sands may be a water-lain deposit of wind
blown sand. The thin flat bedding indicates that the waters were probably
relatively quiet. Sorting was however, poorer because of the introduction of

small amounts of coarse detritus which resulted in negative skewness.

II. Volcanic Rocks

a. Mineralogy

The volcanic rocks of the Majoque Lake Formation are composed of two
main primary mineral phases, plagioclase and clinopyroxene set in a groundmass

of glass, microlites, pyroxene granules, skeletal ores and rare alkali feldspar.
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Alteration and growth of secondary minerals are common throughout.

Plagioclase usually occurs as three general types. Type i) Phenocrysts
of 1 - 1% mm. in length are common and occur as laths which show ¢ bite and
combined carlsbad-albite twins. Occasionally, pericline twins also occur. The
phenocrysts are usually highly saussuritised and locally sericitised (P1. XLVI).
Their composition varies from An54 to An62. Type ii) Smaller phenocrysts up
to 4mm. long with »>th albite and carlsbad twins occurring between the larger
phe rysts. They are saussuritised and sericitised but to a Tesser degree
than the larger feldspars. Their composition is An52. Type iii) Very small,
anhedral crystals of albite twinned plagioclase occur in the interstices bet-
ween the larger grains. They are not very common and are Tittle altered and
have a composition similar to type ii.

Besides the three types of plagioclase described above, someAflows con-
tain large 1 - 1% cm. Tong phenocrysts of plagioclase. These crystals are
so highly sericitised and saussuritised that it is almost impossible to dis-
tinguish them in thin section and their composition is now known. They are
often bent due to flow and contact with other crystals (P1. XLV. ).

Clinopyroxene is the only primary mafic mineral phase identifiable with
certainty. It is usually pale brown in colour and may be slightly pleochroic
withe< - colourless, B - purply-brown and ¥ - pale brown. It is optically
positive with an optic angle of 48° and the Z extinction angle varies from 38°

- 42°,

The purplish brown colouration suggests that the pyroxene is titaniferous
and the low 2V probably indicates the presence of octahedrally coordinated titanium

( :er et al, 1967, p. 124) in the pyroxene structure. Since the 2V is too high for
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subcalcic augite, the pyroxene is regarded as being titaniferous augite. The
pyroxenes occur as irregular,l mm. phenocrysts intergrown with and enclosing
types i and ii plagioclase or as irregular, incomplete crystals of 0.2 mm. in
size. It is unusual for two forms of pyroxene to occur in the same rock.

Skeletal magnetite which is probably titaniferous as it is purplish in
reflected 1ight occurs in acicular and dendritic forms and as rounded specks
throughout the pyroxenes. It may also occur as small euhedral phenocrysts up
to 0.5 mm. in size and may form intergrowths with small plagioclase laths.

A single occurrence of amphibole was recorded in the volcanics.

The amphibole which is a prism, 2-3 mm. long was altered at its rim to chlorite
and clinozoisite. It occurs with glomeroporphyritic lusters of 1-2 mm. long
plagioclase laths set in a groundmass of granular clinopyroxene and sericitised
plagioclase. The amphibole which is of an unknown type may be a primary volcanic
mineral or may represent a cognate xenolith.

Within the groundmass, there are a wide variety of minerals present.
Plagioclase microlites 0.1 mm. in length occur with brown granular clinopyroxene,
skeletal magnetite which may be altered to haematite, sphene and occasionally
some orthoclase feldspar. Cloudy or brown glass occurs in varying amounts
depending upon the location of the sample within a flow. Glass was very common
in the vesicular tops of flows though relatively scarce in centres of thick
columnar basalt flows.

The vesicles of flows are infilled by various mineral associations.

1. Chalcedonic outer rims surrounding chlorite speckled tr »>ughout by

sphene.

2. Chlorite and chabazite (P1. XLVIII).

3. Calcite,






Chalcedonic rims enclosing chlorite which rims on epidote-pyrite
association.
Vesicles containing an inner zone of chabazite which encloses
chlorite, sphene and some calcite. The chabazite is surrounded
by an outer zone of quenct 1 pyroxenes and small plagioclase micro-
1ites enclosed in a dark grey glass (fig. XXXI). Many of the
quenched pyroxenes show curly, feathery forms that resemble per-
lite textures (fig. XXXI). The outerzone also has a thin Tlayer
of magnetite which 1ines e wall of the vesicle. These vesicles
are very common in an oxidised top of one flow and they resemble
structures described by Smith '+ 967) in basaltic lavas in New

outh Wales, Australia. The vesicles which in the latter case occur
in pillow Tavas are called 'segregation vesicles'. The presence
of basalt crystal phases within the vesicles is attributed to
partial crystallisation of a basalt 1iquid and vesicle formation
at one confining pressure with final crystallisation at an increased
confining pressure. The relative decrease in internal vesicle pres-
sure compared to confining pressure caused the basalt liquid to
seep into the vesicle until internal vesicle and confining pressure
became equal. In the case of the 't jregation vesicles' of the
Majoque Lake basalts, it is unlikely that such a process as Smith
described occurred as confining pressures were not likely to change
in an environment of continental basalt eruption. However, cracking

of the vesicle wall would release the gas in the vesicles lowering
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pressure. As a result, basalt liquid would flow into the vesicles
until a new bounding surface formed to prevent further infill of
the vesicle. The usual minerals would then infill the vesicle
after final solidification.

The volcanic rocks are altered throughout the chlorite which is especially
common as a replacement mineral. It occurs in large patches replacing glass
and enclosing plagioclase laths. The chlorite is usually associated with small
horse-shoe shaped patches of very fine-grained secondary quartz, which is
possibly chalcedonic and small spherul 3:s of sphe 2.

Chlorite also pseudomorphsprimary mineral phases. Plate XLIX shows a
euhedral hexagonal mineral possibly originally nepheline pseudeomorphed by
chlorite.

A f- rous green mineral with Tow | ‘efringence possibly antigorite
is associated with scattered fine-grained magnetite in some samples. It's
presence suggests that olivines were also present in »>me of the flows.

Within the zones of the non-oxide rings in the basalts ignetite
occurs in irregular patches and as spidery, fibrous developments surrounding
silicate crystals. The magnetite which is often altered to haematite is
especially concentrated at the outer zone of the iron oxide ring whilst away
from the outer zone the magnetite is less dense and of a spidery form. Mag-
netite and haematite also penetrate cleavage and fractures on the nearby

plagioclases and pyroxenes.

b. Textures in the Volcanic Rocks

The pyroxenes and plagioclase phenocrysts occur together in poikilitic
and ophitic intergrowths (P1. L). Where there is abundant glass, intergranu-

lar textures occur with granulose pyroxenes clustered about the plagioclase



Fig. XXXI.
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Amygc le containing an inner zone of chabazite (Cb) enclosing
chlorite (Ch) which contains small spherulites of sphene (S),
and outer zone of quenched, acicular pyroxenes (QPx) which
display perlitic textures in a glassy groundmass. The amygdule
is enclosed within basalt composed of plagioclase laths (P1) and
microlites (M), with a few scattered granules of pyroxene (GPx)
set in groundmass of glass and alteration products.
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laths (P1. LI). Although difficult to distinguish in aphyric hand specimens,
many of the volcanics show flow alignment of the feldspars. Where glass
content is low or absent, pilotaxitic textures may occur. In the deeper

parts of thick co” wmar basalt flows, flow textures are sporadically developed.
Areas of local flow alignment are intermixed with areas of randomly oriented
plagioclase phenocrysts. The flow fabric is thought to result from small,
localised convection cells occurring in a ¢ itionary lava flow. This convection
flow could either locally destroy earlier developed flow fabric formed whilst
the flow was in motion or could produce flow alignment of the plagioclases
withi the area affected by the convection cells. Such cells could have been
large but were more likely small being controlled by Tocal pockets of greater

heat within the flow.

c. ¢ juence of Crystallisation

From the relail nships suggested by the textures in the volcanics it
is apparent that plagioclase of An54_62 was first to crystallise. Crystallisa-
tion of this phase continued for some time until it was joined by clinopyroxene.
Plagioclase and pyroxene continued to crystallise together and final plagioclase
composition reached Angn_gp- Other Tate phases are dranular pyroxenes,
magnetite and »rthoclase. Many of the basalts show quench features with the

pyroxenes only incompletely developed and abundant glass present.

d. Chemistry of the Majoque Lake Basalts

Seven samples of basalt were analysed for ten major elements (Table VIII).
The data obtained was plotted in Kuno's plots (1960 and 1967) of A1203 - total
alkalis - silica (Fig. XXXIIa & b) and total silica against total alkalis respec-

tive y. CIPW norms and Poldervaart's Index (1964) were also calculated (Table IX)



TABLE VIII

Chemical Analyses of Majoaue Lake Formation Basalts

w

i Tin A1,0 Fe, 0 Mn0 Mal) Cal Na,0 K,0 P,0

Samnle # AL 503

1K 032 45,0 1,83 17.2 10,9 0,21 7,28 7.81 3.02 0,34 0.24 3.99
1K 074 48,0 1.85 16.1 12,9 0,21 6,69 (.82 3.84 0,50 0.32 3.6
TK 115 46.8 2,30 15,7 14,8 0,20 5,38 7.91 2,95 1.18 0.44 2.43

- wSL -

1K 119 45,5 1,30 19,3 2,0 0,17 6.88 9,05 2,83 0,79 0,22 4,95
1K 122 46.0 1.90 16,5 13.3 0,22 6,39 8.12 2,88 0,25 0,26 3.06
1K 176 47,8 1.78 15,5 12,9 0,21 5,57 8.59 3.26  0.49 0.25 | 3.04
1K 304 46,0 2,05 16,5 12,9 0,18 6,17 8,A1 3.24 0,33 0.27 3,34

Basa]ts.ana1ysed using Perkin-ETmer 303, Atomic Absorption Spectrophotometer, by G. Andrews at
Geochemistry Laboratory, Memorial University of Newfoundland.
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Fig. XXXII a.

Plots of total alkalis vs Alumina vs silica for basalts
(after Kuno, 1960).
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TABLE IX

C.I.P.W. Norms of Majoque Lake Basalts

Sample # Or Ab An Di He En Fs Fo Fa Mt ITm Ab  Ag  Hyp 01 Poldervaa
Index
1K 032 2,16 27.49 34,83 2,79 1,40 6,98 4,001 7.86 4,98 3,12 3,74 0,59 419 11.0 12,84 0.97
1K 074 3,68 33,75 25,89 3,39 2,43 4,88 4,00 7.6 6.88 3,01 3.65 0,77 582 8,9014,49 2.06
1K 115 7,24 25.89 27,09 4,32 4,52 5,16 6,20 4,71 6,23 3.0 4,53 1.05 8.85 11,36 10,94 0.8]
1K 119 4,97 25,95 39.83 3,69 1.52 0,35 0,16 11,33 5,89 3,08 2,63 0.54 521 0.5217.23 3.06
1K 122 1.5 25.78 27,56 3.44 2,87 8,52 8,17 4,7 4,97 2,32 3.81 0N.63 6.31 16,7 9.68 -0.421
K176 3,06 28,95 27,1 6,8 5,95 7,10 7.07 2,99 3,28 3.04 3,54 0,6012.82 14,17 6.28 0.501
K304 2,05 28.8 31,0 5.64 4,26 3.83 3,31 6,79 6,49 3,04 4,09 0.65 9,90 7.1513,28 1.98
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The basalts are characterised by high aluminium content which in two
cases (1K 032 and 1K 119) is high enough to fall in the high-alumina basalt
field of Kuno (1960). They are also relatively richer in total iron and
poorer in Ca0 than arage world alkali and tholeiite basalts (Mason, 1967,
Table VI, page 224) whilst the NaZO content is comparable to that of alkali
basalts.

The CIPW norms calculated from the oxides indicate that the basalts
are normative in hypersthene and olivine even though both phases are
apparently absent in the rocks themselves. The amount of each normative
mineral varies greatly and two groups occur.

i. those with hypersthene and olivine in nearly equal quantities.

ii. those with olivine greater than hypersthene.

The presence of hypersthene in the norm would place the basalts in
the tholeiite fi 1d of Yoder and Tilley (1962) but since there is high
normative olivine, they must be olivine tholeiites. Kuno (1967) and
Poldervaart (1962 and 1964) however, regarded the classification of Yoder
and Ti 2y's as too rigid since basalts which are obviously alkali do not
possess normative nepheline. Kuno's plots of 1960 and 1967 (figs. XXXII)
compiled from Japanese basalts 1ow that the Majoque Lake basalts are such a
case as they all plot within the alk i basalt field. Similarly, calculation
of Poldervaart's Index (Poldervaart, 1964) indicates that all but one (IK 122)

of the basalts analysed are alkali basalts whilst 1K 122 is an olivine holeiite.

e. Discussion

Mineral gically, the Majoque Lake volcanics in the Arkose Lake area are

uniform with mineral assemblages typical of basaltic rocks. It is, however,
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difficult to assign the basalts to either the alkali or tholeiite fields.
Various authors have proposed distinctive features between the two groups.
Kuno (1960) distinguishes tholeiites from alkali basalts by the presence

or absence respectively of olivine showing a reaction with pigeonite.

Yoder and Tilley (1962) distinguish the two groups on the greater variety

and composition of pyroxenes in tholeiites. Tholeiites can contain augites,
subcalcic augites and orthopyroxenes, plagioclase of approximately AnSO and
iron oxides as essential mineral phases. Alkali basalts are distinguished

by the presence of titaniferous or high calcic augite, no orthopyroxene,
plagioclase of about An50 with zoning towards calcic anorthoclase and olivine.
The presence of exsolution lamellae in the pyroxenes is also regarded as
characteristic of tholeiites. Macddonald and Katsura (1964), based on volcanics
from Hawaii, propose that alkali basalts contain titan-augite, groundmass
olivine and interstitial alkali f¢ spars.

In the Majoque Lake basalts, the mineralogy indicates that the volcanics
are alkali. The main pyroxene is augite which is thought to be titaniferous.
No exsolution phenomena are present in the pyroxenes. Other features that
favour alkali basalts are the presence of groundmass alkali feldspar and
possible nepheline and groundmass olivine that have since been completely
replaced.

The mineralogical evidence of general alkali basalt affinity for the
Majoque Lake basalts is generally supported by the analyti al data although
the calculated norms indicate that they are olivine tholeiites.

Baragar (personal communication) has systematically analysed the

basalts of the Majoque Lake Formation outside the Arkose Lake area. Normatively,
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they are similar to those of the Arkose Lake area although some of the basalts
are nepheline normative. As a result, Baragar suggests that the basalts may
form a transition group between alkali and tholeiite basalts. Since the A1203
content of the basalts is relatively high they may in fact be transitional
basalts, similar to the transitional high-alumina basalts of Kuno (1960).

The above conclusions and data, however, indicate that the Majoque Lake
basalts are distinctly different from 1isalts of other plateau basalt provinces.
The mineralogy of the basalts resembles that described by Washington (1922) for
the Deccan, Oregan, Thulean (Britc \rctic) and Siberian Provinces. More detailed
work however, on the Oregon Province (Columbia River Plateau Basalts) by Waters
(1961) and on the Faroes Islands (Noe-Nygard et al, 1968) of the Brito Arctic
Province shows that the basalts mineralogically are quire different from those
described by Washington. The Deccan 1isalts which are tholeiitic, appear to
have mineralogy similar to the Majoque Lake basalts with plagioclase as pheno-
crysts and in a groundmass which is compositionally similar (West, 1958). The
Deccan, Oregon and the Icelandic and Faroes Island basalts of the Brito-Arctic
provinces are all tholeiite basalts. However, plateau basalts of Skye, Rum
and Mull of the Brito-Arctic Province, contain substantial quanti: 2s of alkali-
olivine basalts (Stewart, 1965). In each case, basalt magmas of tholeiitic
and alkali type are thought tc e primary. The extensive thicknesses of the
basalts of the Majoque Lake Formation would suggest a primary transitional magma
lying close to or on the diopside-olivine-albite critical plane of undersatura-
tion (Yoder and Tilley, 1962). Only in that way can the quantities of basalts

which display such uniformity in both mineralogy and chemistry, be envisaged.
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zircon, magnetite, sphene and zoisite. This detritus is set in a clay-iron-
oxide matrix. The clay minerals are probably illite and are associated with
chlorite and secondary quartz and occasionally with spherulites composed of
needles of sphene. The upper laminae consists of heavy mineral concentrates

and are composed of up to 60% angular magnetite grains (P1. LV).

b. Evidence of Laterite Deposits and Its Implications

The laterites of the Majoque Lake Formation which might be confused
with basic tuffs have been shown to be laterites on the basis of field
evidence, petrograpt and x-ray analysis. Mottling effects on the rocks due
to haematite and chlorite clots are described from laterites by a number of
authors (La Croix, 1913; Harrossowitz, 1¢ J; F iche, 1962, p. 72). The
presence of a variety of ninous clay minerak occur ng together with gib-
bsite is typical of lateritic mineral ass 1blages. Leucoxene | eudomorphs
are commonly found in laterite deposits formed from the weathering of basaltic
rocks in several areas of the world (Sherman, 1952a; Craig and Loughnan, 1964;
Loughnan and G¢ 1ling, 1957). The titanium is released by oxidation of titan-
iferous magnetite,and haematite and leucoxene are formed. According to Sherman
(1949, 1952b) the presence of high titanium and iron concentrations within
laterites is an indication of long, dry climatic periods in which stablisation
of the iron by oxidation and titanium by desiccation occurs. Wet climates,
however, tend to leach these ions and leave concentrations of alumina. However,
from the available data, it is obvious that nei 1er an excessive iron-titanium
or alumina concentration occurs in the Majoque Lake laterites and this indicates

that alternating wet and dry conditions may have existed at the - me of formation.
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CHAPTER V

THE STRUCTURE OF THE ARKOSE LAKE AREA

General Statement

The rocks of the Arkose Lake area have been deformed with all major
structures and bedding strikina parallel to the east-west regional trend
of the Seal Lake Basin. The structures were formed during one major period
of deformation. This deformation produced a number of large folds and some
Targe thrust faults which are sianificant in terms of the local and the
regional stratigraphy. A well developed cleavage cuts the rocks throughout
the area and is related to the major structures.

The occurrence of reasonably complex structures in the Arkose Lake
area is not indicated by the reports and maps of earlier workers. Mann
(1959) shows only a homoclinally southward dippina succession of strata
though he briefly noted that some overturned beddinag and folds were

observed in the Arkose Lake area.

A. Major Structures

Within the Arkose Lake area, there are two structural sub areas in
which distinctive styles of deformation have evolved. In the east, a
number of large folds form the main structural pattern whilst thrust
faults characterise the western area, although at the extreme western

boundary of the area, a major fold was mapped.
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1. Major Folds

Two major folds occur within the eastern part of the area around
Arkose Lake. A major anticline closes in the vicinity of Arkose Lake
and a complimentary syncline occurs to the north of t. The folding
involves both the Arkose Lake and Majoaque Lake Formations and the
Majoque Lake Basalts and sediments are folded over the anticline to
form the core of the syncline. The Arkose Lake Formation forms the
core of the anticline.

The anticline is a broad, asymmetrical structure (see section
C - L,) whose axis strikes east-west alona the Arkose Lake Valley.

Its southern Timb which is Tong in both a strike and dip direction
dips gently to the south. Moderate dips of about 289 occur in the
highest stratiqraohic levels of the Arkose Lake Formation and in the
Majoque Lake Formation. Dips steepen, however, up to 650 within the
Arkose Lake Formation as the axis of the fold is approached. The
northern 1imb of the anticline dips at approximately 459N. although
dips up to 739N, and as low as 1509N. have been recorded. This varia-
tion depends upon the outcrop in relation to its position in the fold
and its proximity to minor. folds which are abundant in the northern
part of the Arkose Lake valley.

Although the fold ¢ »)ses in the vicinity of Arkose Lake, no obvious
major fold axis or fold closure could be mapoped. The axial reaion of the

anticline is a series of minor folds whose axes strike about an east-west
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direction and are arranged en-echelon along the northern shore of
Arkose Lake, The folds are generally asymmetric with axial planes
dipping steeply southwards. Other folds are recumbent with their
inverted 1imbs dipping at 12 - 160 to the south. Al1 the folds face
northwards. The fold axes plunge to both the east and west even along
the Tenath of one fold. The angle of plunge varies between 4° and 26°.
The major anticline however pl_nges west in the east of the areaand the
plunge is the reverse in the west, This is indicated by the plunges of
the larger minor folds and by the plunge of the syncline to the north.
The syncline to the north is a broad,open structure which has the form
of a shallow elonagated basin., The basin closes to the west due to an
easterly pbplunge and appears to close to the east although mapping did
not extend as far east as the possible closure. The dips of the basalts
within the syncline are usually moderate and they range from 10° to 47°.
The main axis of the syncline strikes east-west and occurs just to
the north of Kinagfisher Lake. Related folds which warp the basin die
out within the syncline. The boundary between the Arkose Lake and Majoque
Lake Formations serves as a useful indicator of the form of the syncline.
Alona the southern 1limb of the syncline, the boundary is folded around
the minor folds. In some cases, the minor folds such as the syncline at
the north-west end of Arkose Lake and the anticline which occurs in the
vicinity of Margaret Lake may strongly modify the boundary pattern (fig.
XXXIII).The boundary pattern along the northern 1imt s gently warped and

also displaced by a number of faults.
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A penetrative reagional cleavaage related to the foldina can be seen
within the eastern part of the area and also to the west where thrust
faulting occurs. It is an axial planar cleavage which varies in its
orientation relative to bedding with its position within the folds.

The development of the cleavage varies throughout the area depending
upon the rock lithology. Slaty -cleavage is best developed in fine-grained
silts and in the laterite horizons of the area. Within the cross-bedded
sandstones and grits of the Arkose Lake Formation however, the cleavage is
often localised at the base of each cross-bedded unit. It appears that
each trough cross-bedded unit acted as a senarate entity and slip occurred
along the base of each 1 »ugh. As a result, cleavaage is develoned parallel
to the trough base so that dip and strike of the I|eavage corresponds to
the curvature of the trouah base. Together with the development of cleavaaqe,
sediment grains are flattened and smeared out.

In the Majoaue Lake Basalts, the cleavage is best develoned in the
vesicular tops of flows but freaquently only a closely spbaced, finely marked
lineation can be distinquished on the outcrop surface. In more massive
basalt, a 1/2 cm. spaced fracture cleavage is developed.

2. Thrust Faults

Thrust faults occur in the area south-west of the Arkose Lake Valley.
They are important structures as they repeat the succession in a number of
instances (Fig XXIII &section B - Bj). They cause the repetition of:

a) The Arkose Lake/ Majoaue Lake Formation stratiaraphic boundary.

b) The stratigraphy within the Majoaque Lake Formation.
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The thrust faults strike approximately east-west to east-north-
east to west-south-west. The dip of the thrust planes is variable between
17° and "1° s. Slickensiding which is often very coarse, indicates a
direction of movement of the blocks above the fault } ines to the north to
northwest. Drag-folding accompanies the thrusting and the folds may occur
above or below the thrust zone. The folds which are often recumbent, have
southward dipping axial planes and face northwards. The sense of movement
given by the ¢ 1g-folds is the same as that of the slickensides.

The largest thrust zone in the area is the Club Lake Thrust Zone
which strikes along the valley of Club Lake. The zone carries above it
a repetition of the upper member of the Arkose Lake Formation and the
lower part of the Majoque Lake Formation. The thrust zone separates areas
of different strikes. This is seen best at the western end of the Club
Lake (Grid. Ref. 042 022) where northsouth trends to the north of the
thrust zone opposes the general, eastwest trend to the south. The strati-
graphy overlying the thrust zone is cut out westward against the thrust
zone. The formation boundary is cut out approximately a kilometer west
of Club Lake (Grid. Ref. ( 4 022) and Band A of the Majoque Lake Formation
600 metres further west. This suggests that the thrust zone dips to the
southeast and is cutting obliquely upwards through the stratigraphy.

The main thrust plane within the zone occurs below the waters of
Club Lake. However, smaller faults can be seen within the Arkose Lake
sediments above the lake (Grid. Ref. 053 023) (P1.LVI ) Here a thrust

plane strikes at 092 and dips at 17° S.  The thrust plane is completely
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smooth with no slickensiding but the surface truncates and transgresses
the bedding and is underlain by bedding which is slightly buckled.

High angle thrusts thought to be related to the Club Lake Thrust
Zone occur at south-east end of Club Lake (Grid Ref. 078 027 and 079 028).
The faults strike 075 and 099 and probably peel off the main thrust zone.
Their sense of movement is not known.

Drag folds occur at a number of localities alona the Club Lake
Thrust Zone. Recumbent folds occur at the eastern end of Club Lake
(Grid Ref. 089 034) and above the centre of Club Lake  Grid Ref. 063
025). They have inverted 1imbs that dip between 3% and 50° south and
axial planes that strike 074 to 088 and dip south at between 47° and 52°.
Their axes plunge 4° or 59 east or west.

Asymmetrical folds occur to the west of Club Lake (Gri Ref. 041
N21). These folds plunge to the west at 2 - 5% and the axial planes
strike about 045 to 065 and dip between 71° and 75° north.

A1l the drag folds described above occur in the sediments overlying
the thrust zone but drag folds also occur in the basalts underlying the
thrust zone to the north-west of Club Lake, The folds which strike north-
east - south-west are fairly large,open structures. They are thought to
be associated with the general, north- )uth movement of the thrust slices.
The folds plunge south-west and die out along their axial trace and against
the thrust zone. This open pattern of folding is characteristic of the
deformation of the volcanics within the area. The Tateral extent of the

Club Lake Thrust Zone is not known. It is probable, however, that it
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extends at least as far east as Arkose Lake and possibly west beyond the
western marain of the map area.

Within the rocks which underlie the Club Lake Thrust 7one, several
smaller thrust zones occur. They occur predominantly in the basalts of
the Majoque Lake Formation but are seen to offset a sediment band which
is thouaht to be equivalent to Band C of the stratiaraphy to the south
of the Club Lake Thrust Zone (see page 74). These faults vary in lenqgth
and their direction is not constant althouah their aeneral trend is east-
north-east. In the basalts they are marked by zones of intense fracturing
and shearing. Epidote and gquartz veininag is abundant in the thrust zones
whilst the basalt is chloritised and fractured surfaces are coated with
chlorite. Slickensidina is often present and the direction of movement
varies from north to north-west;

The contact between sediment Band C and the overlvina basalt, in
the thrust area, has been a surface of movemenil (Grid Ref. 029 N29). At
the contact, a thrust plane has developed and is associated with a recum-
bent syncline which occurs ir the sediment below the fault. The inverted
1imb of the fold is directly in contact with the thrust plane and the
southward dipping, overlying basalt. The axial plane of the fold dips at
640 to the south-east. No other drag folds were recorded in the thrust
area, although two small folds do occur beneath sediment Band C (fGrid Ref.
035 035 and 035 036). It is not known if they are related to faultina.

Within the area of thrust faulting, the strike of the rocks swinas

from east-west in the east to north-east-south-west in the west. This
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south-western swing is oblique to the usual trends found in the area and
there is an increase in intensity of deformation of the rocks at the west-
ern maragin of the area where the intersectina strikes are most prominent
and several thrust faults are in close proximity. The increase is reflected
in: 1. A flattening of grit arains and pebbles in sediment Band C and
of the amyadales in the basalts of the western most exposures
along Band C (Grid Ref. 016 0N22).
2. Development of a coarse foliation within the sediment bands and
a strong penetrative cleavaqe within the basalts.
3. The presence of a major recumbent anticline which faces north-
ward (see sections A to A1 ) (G 1| Ref. 026 038 to 035 046).

The anticline occurs within the Arkose Lake Formation but has a
complementary syncline to the north in which a wedge of basalt which is
probablv eaquivalent to basal Majoaue Lake Formation volcanics occur. The
southern 1imb of the anticline dips south-east at 479 and the inverted
Timb can be overturned as much as 19S but vertical dips also occur, Minor
drag folds plunging south-east were recorded in a narrow band on the inverted
1imb (Grid Ref. 028 040) just ¢ th of the core of the syncline. The northern
1imb of the syncline dips south at 600 - 760 but to the north, in the outcrops
near the Canairiktok River, the dips decrease to 42°S. The recumbent fold was
distinquished using cleavage beddina relationships and tops of cross-bedding.
However, the basalt wedage disappears rapidly north-east alona the trend of
the fold as does the inverted 1imb(Grid F F, 035 N4¢ of the folds, and the
beds here are consistently right way up and dipping southwards. This suggests

that a major thr st fault may replace the inverted 1imb of the fold as the
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structure passes eastward. The fault probably continues eastward through

a deep valley which occurs a kilometer south of the Canairiktok River (Grid
Ref. 055 056). This is suoported by intersecting strike patterns (Gri Ref.
043 052). The fault cannot be followed beyond the valley because of lack of
outcrop but it is possible that it may T1ink up with the Arkose Lake Anticline
just to the west of Arkose Lake.

There is abundant evidence throughout the Arkose Lake area that many
more thrust zones occur particularly within the basalts. The thrusts already
disct s;ed within the Majoaque Lake Formation occur along the bases of basalt
ridges. Throughout the area, small basalt ridges usually from half to one
kilometer in lenath occur. They are isolated from one another by valleys
which strike obliquely to the trend of the ridges and ridaes are slightly
offset from one another along strike. The basalt at the base of the cliffs
beneath the ridges is heavily fracturedand minor amounts of movement have
occurred upon the many small fractures. Sometimes, clean, low anale thrusts
can be seen cuttina the basalt in the cliffs and tilting primary volcanic
structures such as column stacks (p1 'VII ) (Grid Ref. 124 n24).

The ends of the ridges are usually terminated by high angle faultinag
which may disnlace the ridae across :rike. Such hiagh anale faults may be
wrench or reverse and they aopear to terminate thrust zones. For examnle,

a small wrench fault cutting Band C at the western boundary of the area
(Grid Ref. 014 N14) terminates a thrust zone of fracturing and shearinag in
the basalts which lerlies the band to the east of tt wrench fe¢ :. Such

terminating faults also occur within the basalts overlying sediment Band E
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(Grid Ref. 118 023) where the basalt is similarly fractured.

Hale (1968) describes similar fault and ridge associations in the
south of the Seal Lake Basin. He suggested that different rates of move-
ment along a single thrust plane causes the separating of the Targe thrust
slices into small blocks separated by high angle tear faults. The small
blocks are represented by the isolated basalt ridges. In the Arkose Lake
area, the field relationships suggest that the wrench faults change into
reverse faults. One such fault occurs within the thrust region in the
western area and cuts both basalt and sediment (Grid Ref. 029 029). The
fault plane which strikes south-east, dips steeply at 6¢ SW and has
slickensiding which indicates that the western block has moved up obliquely
to the north across the fault plane. The fault is associated with a thrust
which occurs along the upper contact of sediment Band C with the overlying
basalt (see previous page 173).

3. Other Faults

A number of faults, other than the thrust faults, displace the succes-
sion by minor amounts. The faults are divisible into several aroups:
a) A series of faults striking north-east to south-west which are high
angle normal faults with the downthrow to the north-west. In one case,
a hinge fault occurs with displacement increasing southward away from
the o jin which is Tocated at the south-west end of Club Lake.
b) A series of normal and reverse faults which strike north-west to south-
east. The normal faults downthrow to the north-east.
c) A series of north-south faults 1ich are normal, reverse, wrench or

thrust types.: This group includes numerous small normal, reverse and
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wrench faults which displace the bedding up to 10 - 20 cm. A thrust fault
having a Targe displacement occurs three-guarters of a kilometer to the

east of Arkose Lake. A basalt sill (see page 55 ) within sediments of the
Arkose Lake Formation is thrust south-east and is associated with asymmetric
drag folds which indicate a similar movement direction. The displacement

involves 15 - 30 metres of overthrusting,

B. Minor Structures

1. Kink Bands and En-echelon Tension Ge 2s

—_—

Where the cleavage is well developed in the basalts and occasionally
in the sediment bands of the Majoque Lake Formation, later deformation has
resulted in the kinking of the Ileavage, The kinkinag may be bounded by
planes as in true 1ink bands but very often the kink is represented by a
series of en-echelon tension gashes. Both are treated as kink bands in the
following description.

The kink bands (P1. LIII) are 1 - 2 cm. ide and can extend up to 70
cm. in length before pinching out. They occur singly, in parallel series
or in conjugate sets., The conjugate sets may be fully developed with inter-
ference of one kink band by its cor igate partner, O0ften, however, the
meeting of the pair is not completed and one kink band which is usually
shorter in length will end at the kink boundary of the other without
affecting the intra-kink folia of that band.

The kink bands are commonly not bound by distinct kink blanes and
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P1. LVIII. Kink bands outlined by epidote in massive basalt.
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usually only one kink plane is develoned and even this may be intermittent.
The intra kink folia in contact with the kink plane may be draaged into a
parallel orientation by shear movement along the plane. Small chevron
folds may occur where two or more kink planes of opposite senses of move-
ment Tie parallel to e another.

The intra-kink folia are usually planar, parallel structures spaced
1/2 to 1 cm. abart. The folia rotate to give both nor al and reverse kink
bands (Dewey, 1965) with both sinistral and dextral senses of movement.
Occasionally the folia become sigmoidally bent and dilation within the
kink band produces both straight and siamoidal tension fractures which are
infilled by epidote. The epidote is ubiquitous within the kink band zones.

In the western part of the area, sinistral kink bands of a conjugate
pair strike between 020 and 042 and are cut by dextral kinks striking 1400
to 170°. Many single or parallel series of kink bands parallel these
strikes it many kink »ands with orientations close to the dextral group
show sinistral movement. The obtuse angle between the conjugate pairs is
between 120 - 1280 and the main cleavage bisects this angle. This relation-
ship indicates that the kink bands formed in response to compressive stress
orientated nearly parallel to the strike of the existing cleavage. Several
kir bands occur in single outcrops and each band has a different orientation.
Several sets of| bands ¢ :ur in single outcropns and each kink band has a
different orientation.

In the east of the 2 1, kink bands exist in parallel sets of which

there are two distinct sets. Kink bands having a sinistral sense of move-
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ment strike at 175° - 212° whilst dextral kink bands strike 116° - 122°.
These sets form chevron and box folds at one locality within the north-
ern syncline (AGri Ref. 126 056). In the box fold, both sets of kinks
are developed but do not intercept. They would intersect with an anagle
of 90° and the cleavage bisects this angle.

The formation of kink bands throughout the area is in response to
east-west compression which parallels or nearly parallels the cleavage.
The presence of several sets of kink bands with different orientations
at one outcrop indicate that several generations of kink bands formed
with progressive deformation., It is likely that a kink band formed in
response to the 1st-west compression and rotated until it reached its
locking nosition where frictional resistance preven  further deformation
and shortening (Ramsay, 1965). When one set has frozen in the locked
position, a new set begins to form with a sliahtly different orientation
to those formed previously (Dewey, 19A9, Ramsay, 1965). Proaressive
deformation such as this also appears to deform the intra-kink folia.
Shearina alona one bounding kink plane produces a shear plane which bends
the folia in the vicinity of the pnlane. The comparative rarity of con-
jugate sets of kink bands suggests that the cleavage except locally was
not parallel to the maximum stress axis of the deformation (Paterson and
Weiss, 1966, Donath, 1968) but was inclined at anales of 10° - 259 to the
maximum stress axes.

No kink bands developed in the Arkose Lake Formation sediments because
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of the poor development of the cleavage within the sediments although

numerous randomly orientated, quartz-filled fractures, do occur.

C. Conclusions

The rocks of the Arkose Lake area were deformed in one major period
of deformation. This resulted in the development of major east-west
trending folds and thrust faults. These trends occur throuahout the Seal
Lake Basin (Mann, 1959). The deformation is related to the frenville
Oroger_ and the Arkose Lake area lies at the northern 1imit of Grenvillian
deformation (se¢ 11so Wynne-Edwards, 1971),

Within the Arkose Lake area, it is Tikely that the deformation first
led to the development of major folds and an associated cleavage in response
to north-south comoression, Folds are developed in the east of the area,
and the style of foldina is directly related to the Tithologies they affect.
The basalts of the Majoque Lake Formation since they were relatively massive
and competer acted as an envelope overlying and restraininag the Arkose Lake
sediments dﬁrinq the deformation. As a result, the basalt envelope deformed
into broad fold structures. Beneath this envelope, however, the Arkose Lake
sediments were compelled to accommodate themselves in a confined space and
consequently crumpled into many minor folds, the crumnlina beina greatest
in the area of the major fold axis. Within the folds, there is abundant
evidence of bedding nlane slip and the tyne of folding may be classified as

flexural slip (Donath and Parker, 1964).
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As the deformation progressed, thrust slices developed with the
movement of the thrust blocks northward, It is probable that the major
folds became recumbent with further deformation and that the inverted
Timbs eventually were sheared out with the development of thrust oplanes.
This orocess occurred in the Arkose Lake sediments in the west of the
area, and may have formed the Club Lake thrust. The thrusting process
was probably aided by the restraining influence of the basalts which
overlie the sediments of the Arkose Lake Formation,

Many of the larger thrusts contained in the basalts of the western
area may represent higher Tevel exoressions of thrusts which originate
within the Arkose Lake sediments. However, many of the smaller thrusts
are probably local features which formed by brittle fracture of the
basalts as the strain passed beyond the Timit of plastic deformation,

There appears to be some correlation between the style of deforma-
tion and the shape of the Anorthosite Massif to the north, The change in
structural trends within the Arkose Lake area correspond closely to changes
in trend of the southern boundary of the anorthosite. This suggests that
the anorthosite acted as a resistant massif against which the sediments
and volcanics of the area were comporessed during the main period of
deformation. Likewise, the style of deformation, i.e. foldinag, faulting,
and intensity of deformation, can also be related to the massif's shape.
In the east where the southern boundary of the anorthosite swings north-

wards, open folds occur. In the west where the boundary projects south-
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wards, increased compression of the rocks has produced considerable
shortening by thrust faulting and is associated with an increased
intensity of deformation.

The presence of kink bands which deform the earlier, reaional
cleavage, suggests that Tlate in the area’s structural history, the
maximum stress directions changed from north-south to east-west, causina
shortenina of the rocks by the formation of kink bands. Later release
of stress within the rocks caused dilation of the kink zones and may
also have formed some of the north-east and north-west trending normal
faults. The kink bands also indicate that the Arkose Lake area and
probably the whole Seal Lake-Basin, were hiagh structural elements of the
continental crust and that there was very 1ittle overburden during their
development (Dewev, 1965),

The relationship of the faults to the aeneral picture of deformation
is not very clear. Some are obviouslv related to the majior, north-south
compression and associated with the thrust movements. Others formed

following the major period of deformation.
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CHAPTER VI

ENVIRONMENTAL CONCLUSIONS

A. The Arkose Lake Formation

1. Depositional Environment

The sediments of the Arkose Lake Formation show characteristics typical
of sequences of fluviatile sediments such as described by Butler (1959),

Friend (1961), Selley (1965), Allen (1965c), Read and Johnston (1967), Williams
(1969). Red, poorly sorted, cross-bedded sandstones usually are deposited under
terrestrial conditions in several different luvial regimes each of which have
distinctive characteristics. Such regimes are low sinuosity braided rivers,

low sinuosity straight rivers and high sinuosity meander rivers (Allen, 1965a),
Leopold and Wolman, 1957). Braided rivers can exist on alluvial fans and
alluvial plains whereas straight and meander rivers are usually restricted to
alluvial plains.

The deposits of the Arkose Lake Formation are typified by poorly sorted,
coarse sandstones and grits in the lower member. Very few argillaceous beds or
detrital evidence of their previous existence occurs within the sandstones which
display almost ubiquitous trough cross-bedding. This suggests that there was
little overbank sedimentation and that the river system migrated continually
across its flood plain. The river system was heavily loaded with coarse sediment
which was probably rapidly dumped on entering the depositional en\v -onment. This
is supported by the coarseness, sorting and composition of the sediment which is
subarkosic and rich in polycrystalline quartz which is indicative of immaturity
and close proximity of the source area (Blatt and Christie, 1963; Cleary and

Connelly, 1971).
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Palaeocurrent data for the Lower Member indicates derivation of the
sediments from the north or northwest. This is supported by the coarsening
of the sediments to the west and north. The paleocurrents are relatively
restricted in their distribution, which would be expected in a low sinuosity
stream (Allen, 1965a, Read and Johnston, 1967). However, the coarseness of
the sediment, its poor sorting, and the lack of argillaceous beds suggest a
braided stream regime rather than a 'straight' river.

The upper member of the formation is fine-grained with more argillaceous
beds and also abundant clasts derived from red siltstone layers. Trough cross-
bedding is the dominant sedimentary structure. However, only a few current
directions were measured though these suggest that the palaeoslope and source
area had not thanged from that of the Tower member. This is also supported
by northward coarsening of the sediment. The finer grain size suggests a
retreat of the source area and the presence of more argillaceous beds and
locally derived siltstone clasts suggests that there was appreciable overbank
sedimentation during the deposition of the upper member. The red siltstone
clasts however, show that the river was systematically reworking its earlier
deposits. This may be indicative of a river system with higher sinuosity,

i.e. meander or the distal part of a braided river system with the siltstones
deposited in channel cutoffs and in part on a Timited flood plain. Slow sub-
sidence and relatively low sediment supply would have aided reworking (Beerbower,
1964; Read and Johnston, 1967) and this might be expected to occur on the

distal portion of .an alluvial fan drained by a braided river system.

2. Source Area and Source Rock

From the paleocurrent data and lithological coarsening as the sediments are

traced to the north and northwest, it is thought that the source of the detrital
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material lay to the north of the Arkose Lake Region. The detritus within the
sediments is typical of that derived from a metamorphic and granitic terrane.
Such a source would be provided by the granite gneiss of the basement rocks to
the northwest of the area. It is 1ikely that during Seal Lake times, these rocks
covered the area of the anorthosite massif which is now exposed directly north of
the. Arkose Lake area. The source lithologies wer thus predominantly granite-
gneiss, granite and probably other quartz rich, metamorphic rocks, some cherty
ironstones which are known to occur in the Michikamau area (A.F. King, personal
communication and one grain of which was found in thin section; and possibly
some of the marginal granitic rocks of the anorthosite complex such as mangerite
and red hornblende granite.

This source area was’proxima1 to the basin during the deposition of the
lower member but must have later retreated resulting in the finer deposits of

the upper member.

3. Palaeogeographical Setting of the Arkose Lake Formation

From the sediments of the Arkose Lake Formation there was suggestion of
deposition in a subsiding basin which lay to the south of an upland source area.
The poorly sorted, coarse and immature sandstones of the lower member indicate
rapid deposition by sediment-laden rivers. Subsidence probably exceeded deposi-
tion so that the earlier deposits were quickly covered. This type of setting is
known to occur when rapid, sediment charged rivers emerge from a mountain belt and
the river flow is quickly checked by the decrease in the angle of gradient at the
point of emergence from the mountains. As a result alluvial fans occur which form
thick wedge shaped deposits marginal to mountain fronts.

Alluvial fans can be formed of different deposits depending upon a number
of factors which include climate, palaeoslope, availability of sediment, Tithology

of source rock, proximity to apex of a fan (Davis, 1938; Blissenbach, 1954; Hooke,
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1967 & 1968). Upon alluvial fans, mudflows or debris flows (Blissenbach, 1954;
Hooke, 1967 & 1968), stream flood deposits and stream deposits (Davis, 1938,
Blissenbach, 1954) are formed. Mudflows are usually found near the apex of a

fan whilst stream flood and stream deposits near the foot of a fan. It is
evident from the description of the Arkose Lake Formation sediments that there
are no mudflow deposits and that all deposition is by stream or river deposition.
This suggests that they are distal from the apex of the alluvial fan or that
conditions were more favourable for stream deposits. Blissenbach (1954) suggests
that stream deposits alone will occur if the annual rainfall exceeds 20" - 25",
since this prevents the streams becoming super charged with sediment and thus
viscous enough to form mudflows. Similar conditions are likely to occur if
sediment supply is low. Stream deposition in the lower slopes of a fan is also
aided by entrenchment at the apex of the fan of the stream or river as it leaves
the mountains. In this way, apical fan deposition is by-passed and the stream
deposition occurs downslope on the fan. This can also occur if the gradient

upon the fan is relatively steep so that no appreciable change in the slope
occurs between mountain stream and fan. This would occur if subsidence of the
fan exceeded deposition on it as previously suggested. Only on a few occasions
was conglomeratic material found within the sandstones and grits and this occurs
in the northwest of the area. This together with the palaeocurrent data suggests
that the fan apex was to be found to the northwest of the Arkose Lake area during
deposition of the Tower member.

The deposits of the upper member show that the source area had retreated
northwards probably as the mountain source was worn back (cf. Williams, 1969).
The member may be the distal portion of an alluvial fan with braided streams
working over their own deposits or it may be a braided stream or high sinuosity

streams flowing in an alluvial plain which existed to the south of a retreating
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alluvial fan. From the palaeocurrent data, there is no apparent change of
palaeoslope or source so that whether the deposit is distal alluvial fan or
alluvial plain braided or meander river, it is still controlled by an upland
area which existed to the north of the basin and by a constant palaeoslope.
Either model is probably similar to Model A (fig. 35) of Allen (1965a).

Today, alluvial fans occur in arid, semi-arid and humid regions. Each
climatic regime has however, common controls necessary for fan formation.
These are high mountains with steep gradient rivers draining on to a low-
gradient plain and seasonal fluctuation of precipitation which produce seasonal,
heavy river and sediment discharge. In arid and semi-arid regions, stream
flood is restricted to the wet season of short duration which may occur twice
a year. In more humid areas, however, runoff reaches a seasonal maximum often
in spring with melting of the winter's snow and ice as occurs in the Alpine
and Himalaya Mountains.

During the deposition of the Arkose Lake Formation, it is probable that
the climate was semi-arid (which is confirmed by evidence in the Majoque Lake
Formation) although rainfall may have been quite high (Blissenbacl 1954).
Quartz and feldspar sand grains are often corroded and partly replaced by
clay minerals suggesting that in situ weathering may have occurrec after deposi-
tion. In truly arid or semi-arid, alluvial fans, however, water is quick to
drain through the sediment because of its porosity so that such corrosion and
breakdown may not be so widespread. However, there is often deep weathering
of granitic terranes in semi-arid areas (Davis, 1938) and deep erosion of the
weathered profile to unweathered granite could result in a mixture of altered
and fresh feldspar and corroded and fresh quartz grains ( Folk, 1961). The
amount of corroded quartz decreasing with distance from the source (Connelly,

1971).
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B. The Majoque Lake Formation

1. Character of Succession

The Majoque Lake Formation succession may be summarised as follows:

a. The volcanic flows are ¢ tensive, thick columnar, aa and pahoehoe
types typical of subaerial volcanism. Occasionally, localised pillow lavas
and pillow breccias occur which indicate that parts of flows were entering
rivers or ponded water bodies. The volcanics probably originated to the north
of the area.

b. Relatively thin horizons of interbedded, massive-bedded conglomerates
and planar, cross-bedded sandstones and grits form sheet-1ike bodies within the
volcanics. They may slowly thin out laterally or end abruptly against basaltic
rocks as does Band E.

c. The sediment was derived from outside the basin of deposition and
is similar i composition to that of the Arkose Lake Formation. This suggests
that the source area was a granitic-¢ 2iss - granite terrane. However, pebble
clast types in Band A, area III, indicate that there was an acid-volcanic
source early in Majoque Lake Formation times. Little basaltic volcanic or
weathered volcanic material of local origin occurs in the sediment suggesting
that Tittle erosion of the volcanics occurred prior to r during deposition
of the sediments.

d. The sediment composition and the apparent direction of inclination
of the cross-beds suggest that the material was deposited from north to south,
building out over the volcanics. This cannot be statistically supported since
there is no information regarding increase in grain-size and band and and bed
thickness (cf. Blissenbach, 1¢ %; Bluck, 1964 and 1967) northwards or

significantly along strike since it is concluded that the present outcrops
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represent a section nearly parallel to depositional strike of the sediments.
Only in Band C (area III) is there increase of thickness and pebble size

(fig. VIII) as the band strikes westward. This, however, probably represents
either the area of most active river activity or the central axial region of
a fan-like deposit (cf. isopleth diagrams of Bluck, 1965, fig. 6, p. 230).

e. Very thin, Tocalised deposits of sandstone and grit intercalated
with laterite, eg. sediment Band I, were formed by small streams following
depressions in the volcanic topography.

f. The sedimentary structures and grain-size associations suggest a
braided stream environment.

g. Some driekanter pebbles which occur in the bands indicate that
arid or semi-arid conditions existed in either source of depositional area
or both and that windblown sand must have existed.

h. Localised in area I, the usual sandstone, grit and conglomerate
facies is replaced by a fine-grained quartzitic facies which is flat bedded
and may represent a beach deposit or a water-lain, windblown sand. It is
impossible to determine whether itwas deposited in -esh or marine waters.

i. Lateritic profiles exist beneath each sediment band. The laterites
are the result of deep weathering of the lava flows prior to the influx of
sediment. This indicates a long period of exposure to subaerial conditions
suggesting intermittent volcanism and sedimentation. The tops of the Tlaterite
depoSits are reworked and are also mixed with fine,extrabasinal detrital
sediment. Occasionally deep erosion and redeposition of the laterite occurred
prior to the deposition of a sediment band.

Petrographically the laterites are apparently typical of weathering in

a climate which is neither excessively -~y or wet.
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2. Discussion

The coarse, conglomeratic nature of the thin sediment bands of the
Majoque Lake Formation contrasts markedly with that of the upper member of
the Arkose Lake Formation. The deposits represent minor sedimentary deposi-
tional events at a time of thick and extensive plateau basalt type volcanism.
In this association, the sediments appear to be relatively rare in the geologi-
cal record perhaps only comparable with the interbedded conglomerates in the
plateau volcanic group of the British Tertiary Province (Richey, 1948;

Stewart, 1965) and the sediments of the Murky Formation of the Et - then
Group of the East Arm Fold Belt, North-West Territories (Hoffman, 1969).

Since the volcanic rocks display features that are typically continental
it is appropriate, since there is no evidence to the contrary, to conclude that
the sediments are of fluviatile origin. The deposition of the sediments appears
to have occurred during non-eruptive periods which were of long duration since
lateritic weathering of the basalts preceded the deposition of each sediment
band. This also suggests that the influx of sediment into the depositional area
was sporadic. This may have been due to a number of reasons.

a. The volcanic rocks formed high areas over which no water flowed and
it was only following subsidence that water regimes were re-established.

b. The extrusion of the volcanics in the north dammed the valley
exil of the rivers draining south into the depositional area.

c. There was a climatic control over sedimentation, the bands being
the result of severe flash floods.

d. The sediments were deposited following periodic relative downwarp
of the basinal area and uplift of the source area. Uplift of the source area
preceded rapid erosion and sedimenta: on was possibly terminated by the next

volcanic episode possibly coupled with a reduction of the highland source area.
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e. There was no interruption of sedimentation during the volcanism but
the depositing rivers were diverted by contemporaneous volcanic flows.

It seems most probable that sedimentation occurred with extended inter-
ruption by volcanism. Although the presence of pillow lavas indicates the
presence of local water bodies in the volcanic terrane, it is probable that
river drainage into the area was prevented or limited by the damming effect
of flows to the north. During the periods of volcanism, long periods of
weathering produced lateritic profiles upon a very extensive, undulose though
basically planar,volcanic surface possibly comparable to a 'pediment'. Sub-
sidence of the basin during the period of weathering lowered the volcanic
'pediment' and extrabasinal water began to flow into the basin producing small
scale reworking of the tops of the lateritic profiles and carrying in fine
extrabasinal sand. Océasiona] extensive redeposition of the laterite, eg.
southeast of Club Lake beneath Band A, probably represents river entrenchment
into the lateritic 'pediment'. Uplift of the source area to the north caused
rejuvenation of the upland rivers and the coarse debris of the sediment bands
was carried into the depositional environment along these river courses
probably by flash floods. The sediment in part appears to have been deposited
as a sheet deposit. The depositing rivers were not erosional since only rarely
has the lateritic profile been removed and very little basalt or laterite
debris occurs in the sediment. Therefore, it is certain that no erosional
topography in the basin controlled deposition although the original lava flow
topography may have contributed in part to the thickness variations of the

bands.

Contemporaneous volcanic flows or top graphically high flow margins or

fronts may have controlled the lateral extent of some of the bands and would
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account for the sudden, western termination of Band E. Deposition of each
sediment band was terminated by renewed volcanism.

The sediments were laid down during periods of‘severe flood by a braided
stream system which can occur upon alluvial fans or outwash plains. However,
there is Tittle statisti 11 evidence to suggest that the deposits were formed
upon alluvial fans and neither dc they resemble descriptions of ancient and
modern alluvial fan sediments since they lack mudflows although the tectonic
setting may be the same. However, the type of sediments, sedimentary structures
and sheet-Tike form of the deposits is typical of outwash deposits such as
described by Doeglas (1962), Williams and Rust (1969), and McDonald and Banerjee
(1971). The Majoque Lake Formation deposits however, differ from these out-
wash and other similar deposits, eg. the sandur plains of Iceland (Krigstrom,
1962) as they are laid down upon a volcanic 'pediment' and not in depressions
eroded into the volcanic terrane. Since the 1ijoque Lake Formation deposits
were associated with a semi-arid climate they will differ somewhat from the

oul ish deposits which are of glacio-fluvial origin.

C. Tectonic and Geographic Setting During the Deposition of the Arkose Lake

and Majoque Lake Formations

The deposits of the Arkose Lake and Majoque Lake Formation were laid
down in a subsiding basin which lay to the south of a granitic,upland area.
Decrease of grain size in the upper part of the Arkose Lake Formation indicates
that the upland area which was the source of the sediment receded as it was
worn down. With the onset of volcanism however, there was renewed uplift of
the source area producing coarse conglomeratic material which was deposited

periodically in the depositional basin. Infrequency of the sediment bands



- 194 -

suggests that the earth movement may also have been periodic. Such movements
were probably associated with faulting which would have occurred at the
northern margin of the £.al Lake Basin possibly in the vicinity of the present
Canairiktok River. Since there is some supporting directional evidence, and
thick continental basalts occur in tensional environments, it is also probable
that the basalts were extruded through fissure eruptions associated with the
graben faulting. Periodic movements upon the faults were probably an isostatic
response to the weight of thick, dense, basaltic flows which were Taid down in
the basin (cf. Bott, 1964).

Climatically, the deposits were laid down in a semi-arid climate although
the deep lateritic weathering of the basalts and the form of sedimentary deposits
of the Arkose Lake Formation, suggest that seasonal rainfall was relatively
high.

Sedimentation during Arkose Lake Formation times occurred upon large
alluvial fans which probably coalesced to form the extensive qeposits of the
northern part of the Seal Lake Basin and as such is comparable to the model
proposed by Williams (1969) for the Precambrian Torridonian of Scotland. The
alluvial fans were deposited at the foot of a fault scarp which with time
receded along with the fan.

The sediments of the Majoque Lake Formation however, represent outwash
deposits whose distribution in time and space was contolled by volcanic erup-
tions and terrane and periodic subsidence. Each sediment band is however, a
discrete deposit restricted to the depositional extent of a single,upland
river and probably rarely the product of coalescing gravel deposits. Figure
XXXIV is a reconstruction of the possible environment during deposition of the

Majoque Lake Formation.
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Application of the Structure of the Arkose Lake Formation to the Overall Seal

Lake Basin and Its Implications Regarding the Stratigraphy of the Basin.

Structurally the most significant feature of the Arkose Lake area is
the presence of large,south dipping thrust faults whieh involve large,norther-
1y displacements. Similar thrust faults have been described by Hale (1968)
and Baragar (1969) suggests their presence as a major factor in the reduction
in thickness of the Wuchusk Lake Formation from that quoted previously by
Brummer and Mann (1961). Since the degree of deformation increases south-
wards (Brummer and Mann, 1961), it is reasonable to assume that further thrust
faults exist to the south. The valley of the Naskaupi River may be topographic
expression of such a feature.

Such Targe thrust faults would be also expected to thrust sediments and
volcanics which were originally located further south to a more northerly
location and higher structural position. As a result, rocks which are equiva-
Tent in age may overlie one another. If thrust faulting is not recognised
however, a conformable sequence and a possible misrepresented stratigraphy
would result. In previous works, Baragar (1969), Hale (1968) and Kidd (1969),
have already suggested correlation of the Wuct sk Lake and Salmon Lake Forma-
tions with the Whisky Lake and Adeline Island Formations (see figure V ) and
examination of the lithologies reported within the Wuchusk Lake Formation
and Salmon Lake Formation in the light of the environmental conclusions pre-
sently suggested (page 192), may indicate further correlations especially
between the Majoque Lake Formation and the Wuchusk Lake Formation. The reputed
characteristic feature of the Wuchusk Lake Formation is the presence of diabase
sills of much younger age than the sediments and volcanics of the Seal Lake

Basin. This is detrimental to the interpretation of the stratigraphic
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relationships of the sediments of one formation to those of another.
Disregarding the presence of the diabases (some of which may, with further
study, prove to be lava flows) it is noted that the Wuchusk Lake Formation
is composed of much finer sediments than the Majoque Lake Formation. Within
the environmental models proposed previously, it is probable that there
would be fine-grained, red shales, btack shales, and some shallow water
carbonates deposited further south in the basin. Such fine-grained clastics
occur in places which are commonly associated with alluvial fans, in semi-
arid areas (Melton, 1965; Bluck, 1967 and Davis, 1938) or shallow water,
marine deposits. Kidd (1968) indicates that shallow marine conditions
existed in the south during the deposition of the Salmon Lake Formation.
With deformation and maximum compression from the south, the more distal
or central basinal facies may be thrust northwards over coarser, near-source
sediments which are of similar age. Thus,not until more extensive and
detailed mapping of the northern 1imb of Seal Lake Basin has been undertaken

can the present stratigraphy of the basin be accepted.
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APPENDIX



TABLE II

Pebble Counts - Conglomerates in Sediment Bands of the Majoque Lake Formation

Count # White Purple Red Grey Opalescent K.F. Sand- Gran- Jas- Basalt & Epidote Gneiss Anortho-

Qtz. Qtz. Qtz. Qtz. Qtz. stone ite per Laterite site
Band C (area III)
la. 58.8 3.85 - - - 35.0 - - - 0.7 0.7 - 0.7
1b. 80.0 1.6 - - - 18.3 - - - - - - -
2. 20.0 19.63 1.5 - - 53.1 - - - 0.36 1.45 - -
3a. 3.1 8.8 - - - 60.0 - - - . - - .
3b. 30.86 20.98 3.7 - - 40.7 - - - 3.7 - - -
Ic. 26.38 34.89 1.7 - - 5.7 - - - - .27 - -
3d. 56.71 16.91 - - - 20.89 - - - - 5.47 - -
3. 0.6 12.8 - - - 37.6 - - - - 8.0 - -
ta. 43.5 17.0 - 2.0 - 33.5 - - 05 - 3.5 - -
ab. 36.43 15.54 - - - 42.63 - - - - 5.42 - -
41.48 10.37 4.4 4.44 - 29.62 - - - - 9.62 - -
51.0 21.0 - - . 2.0 1.0 1.0 2.0 - 2.0 - -
33.54 25.944 - - - 36.82 - 0.83 1.25 - 1.67 - -
. 39.44 14.1 - - - 42.26 0.93 1.87 -  0.93 0.04 - -
%. 36.63 4.95 - 1.23 - 55.94 - 0.74 - - 0.49 - -
9b. 44.66 16.19 4.28 0.95 . - 28.57 - 1.42 - - 1.90 - -
%. 51.93 18.23 2.76 1.1 - 24.3 - - - - 1.65 - -
10a. 46.37 24.63 5.79 - - 17.39 - - - - 5.79 - -
10b. 54.42 -  8.16 2,04 - 31.97 - - 068 - 2.72 - -
1. 62.92 3.39 12.36 3.37 ; 1797 - - - - . ; ;
12a. 59.2 8.64 4.9 4.9 ; 22,22 - . ; ; - - ]

12b. 5754 - 7.3 - 1. 3038 - 209 - ; 2.09 - .




TABLE II (cont.)

Count # White Purple Red Grey Opalescent K.F. Sand- Gran- Jas- Basalt & Epidote Gneiss Anortho-

Qtz. Qtz. Qtz. Qtz Qtz. stone ite per Laterite site
13. 63.58 - 9.75 2.05 - 20.51 - 1.02 0.51 - 1.02 0.51 -
14a. 73.12  4.06 - 1.62 1.62 17.07 - - 2.43 - - - -
14b. 81.17 1.17 3.52 2.35 3.52 8.23 - - - - - - -
14¢. 42.4 3.76 1.88 - 2.82 47.11 - - 1.88 - - - -
14d. 70.32 2.19 121 - - 15.38 - - - - - - .
14e. 47.45 21.18 4.23 1.69 1.69 22.88 - - 0.84 - - - -
14f. 56.17 16.85 4.49 2.25 17.97 2.25 - - - - - - -
14q. 45.37 1.85 17.59 3.70 1.85 28.70 - - - - 0.92 = -
Band C (area II) _
15. 0n.48 - 2.8 3.21 - 51.85 - - - - - - -
16. 70.7 - 6.06 4.04 - 17.17 - 1.01 1.01 - - - -
17a. 85.71 6.66 2.85 2.85 - - - - 0.95 - - - 0.95
17b. 66.45 0.63 2.55 2.55 - 26.83 - 0.63 0.32 - - - -
Band E (area III)
18. 38.36 23.35 - - - 27.9 - 1.66 2.32 - 6.97 - -
19, 52.45 30.6 - - - 15.30 - - 0.54 0.54 0.54 - -

20. 48.45 15.46 1.03 2.06 1.03 30.92 - - - - 1.03

Lt



TABLE II (cont.)
Band A White Purple Red K.F.  Rhyo- Rhyol. Feldsp. Sand- Jasper Laterite Epidote
(area III) Qtz. Qtz. Qtz. lite  Porph. Porphyr. stone & Basalt
21a. 66.15 4.61 - 16.92 3.07 - - - - 4.61 4.61
21b. 45.91 1.63 - 42.63 - 1.63 - 1.63 1.63  4.90 -
21c. 60.34 10.34 1.72 15.51 0.86 2.58 1.72 0.86 0.86 0.86 0.86
Average of Pebble Counts _
Band # White Purple Red Grey Opalescent K.F. Sand- Gran- Jas- Basalt & Epidote Gneiss
Qtz. Qtz. Qtz. Qtz. Qtz. stone ite  per Laterite
C (area III)
u.N 12.14 3.38 1.08 0.58 35.18 0.01 0.03 0.36 0.21 1.88  0.01
C (area II)
64.04 1.31 3.3 2.76 - 27.80 - 0.03 0.0 - - -
E (area III)
48.35 25.0 0.27 0.54 0.27 22.52 - -.27 0.82 0.27 2.19 -
Band # White Purple Red. K.F Rhyo- Rhyol. Feldsp. Sand- Jasper Laterite Epidote
Qtz. Qtz. Qtz. 1ite Porph. Porphyr. stone & Basalt
A (area III)
58.26 6.61 0.1 22.72 0.16 0.12 0.08 0.08 0.08 0.28 0.33

LiL



TABLE II (cont.) /

Total Average for all Bands

White Purple Red Grey Opalescent K.F. Rhyo- Rhyol Feldsp. Sand- Granite Jasper Basalt &
Qtz. Qtz Qtz. Qtz. Qtz. lite Porph. Porphyr. stone Laterite

46.82 11.65 3.15 1.16 0.5 33.69 0.05 0.04 0.02 0.10 0.29 0.37 0.27

Epidote Anorthosite Gneiss

1.27 0.04 0.01

1. Grid. Ref. 160 028 8. Grid. Ref. 083 020 - 15. Grid. Ref. 021 023
2. Grid. Ref. 143 032 9. Grid. Ref. 034 015 16. Grid. Ref. 060 037
3. Grid. Ref. 145 032 10. Grid. Ref. 058 014 17. Grid. Ref. 040 035
4. Grid. Ref. 106 025 11. Grid. Ref. 014 014 18. Grid. Ref. 142 025
5. Grid. Ref. 132 028 12. Grid. Ref. 018 016 19. Grid. Ref. 118 024
6. Grid. Ref. 063 016 13. Grid. Ref. 027 016 20, Grid. Ref. 152 025
7

. Grid. Ref. 072 017 14. Grid. Ref. 088 022 21. Grid. Ref. 116 036
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