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ABSTRACT

The comparison of three mapped successions in northern Ontario to glacial deltas
reviewed in the literature results in the definition of four end-member depositional
environments for glacial deltaic sedimentation. Similar processes of sedimentation occur
within two main glacial delta types, distal-fed, and ice-contact. Distal-fed deltas divide into
nonglacial and ice-influenced. The other two end member types defined are subglacial and
supraglacial ice-contact deltas.

Fine-grained laminated beds sedimented by interflows and overflows, as well as diamict
and subaqueous outwash deposits underlie the glacial deltaic sequences. The prodelta region
consists of multiple reverse-graded beds, massive units, and laminated sediments deposited
from interflows and overflows, and minor rippled units indicating intermittent underflows.
Within the delta front underflows deposited rippled and graded units, and occasionally planar
cross-stratified units were sedimented by grainflows. The delta plain contains trough cross-
stratified sands and gravels which infill multiple distributary channels. Dropstone deposition
was restricted to the prodelta and delta front regions of ice-influenced distal-fed deltas, and
ice-contact deltas.

Distributary mouth bars, large scale cyclic sedimentation, subaqueous outwash systems
overlain by a glacial deltaic sequence, multiple processes of sedimentation within the delta
front, and reworking of glaciogenic deposits have not previously been documented in glacial
deltaic systems. These deposits and processes, as well as the inability to define the strandline

position indicate glacial deltaic systems are complex.
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CHAPTER 1

INTRODUCTION

Purpose

This thesis was undertaken to develop a model outlining processes controlling
sedimentation within glacial deltas. Three different glacial deltas (KOA, Beardmore, Camp
25) were mapped in detail, and the depositional environment of each delta was determined.
The processes operating within these depositional environments were compared and
contrasted to glacial-deltaic sedimentation described by other authors. The model was
developed from the similarities and differences of the three glacial deltas mapped and glacial-
deltaic successions documented in the literature.

Method of Investigation

Vertical stratigraphic sections were mapped in detail, down to the millimetre scale
where necessary. Facies changes were not only mapped in the vertical sequence, but also
laterally. From the 3 successions, 80 samples were collected; 76 were analyzed for grain size,
and 4 for lithological analysis of clasts. Grain size analysis involved dry sieving of the coarser
(< 4 phi) material, and pipette analysis of the silt and clay size fraction (> 4 phi).
Cumulative weight percent was plotted against the phi size for these samples. The mean and
standard deviation were also calculated. Histograms of weight percent against phi size were
plotted for 13 of the samples.

A total of 267 paleocurrent measurements were taken within the 3 successions mainly
on ripple cross-laminated units. Some measurements were obtained from planar and trough
cross-stratified beds, and rarely from imbricated clasts within coarse-grained units.

At the KOA succession a theodolite transit and chain were used to determine the

relative elevations and lateral spacing of the stratigraphic sections logged. In both the
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Beardmore and Camp 25 successions the upper boundary of the sections was at a constant
topographic level. The bearing and distance between the sections was measured by compass
and chain.

Location and Access

Three separate glacial-deltaic deposits formed during the meltback of the Laurentide
ice sheet (see Figure 1.1) were mapped in the Thunder Bay to Longlac region. The first site
is a deltaic succession located north of Beardmore on Highway 580 at a longitude of 87°59’
and a latitude of 49°38”. Access is possible by two-wheel drive vehicle. Proceed east through
Beardmore on Highway 11 to Highway 580. Turn left (north) and proceed for 2.6 km on
Highway 580, to a dirt road on the left (south) side of the highway which leads directly to the
succession.

The second delta is located north of Highway 11, on the Camp 25 road, approximately
half way between Geraldton and Longlac, at a longitude of 86°46’ and a latitude of 49°44’.
The Camp 25 road is 15.6 km east along Highway 11 from Highway 584(access to Geraldton).
Turn left (north) onto the Camp 25 road, and follow the road for 2.1 km to where it forks.
Turn right (north) and the pit is directly on the left side (west) of the road.

The KOA delta was the third succession mapped, and is located approximately 2 km
east of the city limits of Thunder Bay behind the KOA campgrounds. It has a longitude of
89°08’ and a latitude of 48°03’. Access is possible by vehicle. Proceed east along Highway
11-17 to Highway 527 (Spruce River Road). Turn right (south) and follow th¢ road for 0.5
km. Turn left (east) onto a dirt road. Follow the road for 1.1 km to the succession.
Topography

A brief description of the topography of the area near each delta will be outlined.

The Beardmore succession is located in an east-west trending valley (see Figure 1.2). The
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Modified after N.T.S. map 42 E 12 1:50,000
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Figure 1.2 Topography near the Beardmore succession.



lowest part of this valley is occupied by a creek, fed from Standingstone Lake to the east.
The top of the succession is near the 1100 foot contour line. To the southwest, the
topography rises to over 1300 feet.

The Camp 25 succession is found in a pit excavated into the south side of a lobate,
mound-like hill (Figure 1.3A). This lobe-shaped feature ends abruptly on the west, due to
the presence of an erosional scarp cut by Lake Kenogamisis. The succession is found
between 1100 and 1150 feet. Figure 1.3B (from preliminary map 3132, Kristjansson et
al1989) outlines the Quaternary geology of the area. This map indicates two esker systems
directly south of the delta, which are trending to the west and disappear into Kenogamisis
Lake. Directly to the north of the succession is another esker system which trends northeast
to southwest, disappearing into the lobate shaped hill.

The KOA section is situated near the 950 foot contour line (Figure 1.4). To the
north of the succession, hills up to 1400 feet are found. From the pit, the topography slopes
down to Lake Superior.

Previous Work

Within the Beardmore to Longlac area, mapping of the engineering geology
(Gartner,1980a; 1980b) and surficial geology (Zoltai,1965a; 1967) has been completed at a
reconnaissance level. A detailed study of the Quaternary geology of the Wildgoose Lake
Area was completed by Sado (1975). Closs and Sado (1981) studied the geochemistry of soils
and glacial sediments near gold mineralization in the Beardmore-Geraldton area. From 1986
to present day, detailed mapping of the surficial geology in the area from Beardmore to
Longlac has been undertaken by Kristjansson and Thorleifson. To date, preliminary maps of
the Quaternary geology of the Wildgoose Lake-Treptow Area (Kristjansson et al1988),

Geraldton-Longlac Area (Kristjansson et al,1989) and gold grains in surface till (Kristjansson
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and Thorleifson,1987a), as well as a report on the visible gold content and lithology of till
from overburden drill holes (Thorleifson and Kristjansson,]988a) have been published.
Summaries of the initial findings of this study are found in Kristjansson (1986), Kristjansson
and Thorleifson (1987b) and Thorleifson and Kristjansson (1988b). Calcareous tills within the
area have been studied by Hicock (1987, 1988). A synopsis of gold exploration using tills has
been presented by Hicock and Kiristjansson (1989).

In 1929 Tanton produced a map of the surficial deposits of the Thunder Bay area.
Since then, reconnaissance mapping of glacial features was completed by Zoltai
(1963,1965a,1965b). Detailed studies within the Thunder Bay area include a report of the
Quaternary geology of the City of Thunder Bay (Burwasser,1977) and a detailed study of the
KOA succession by Schuster (1985). Recently, Phillips and Fralick (submitted) have studied
and interpreted glacial deposits on the flanks of Mt. Baldy, northeast of Thunder Bay.
History of Glaciation

The deglaciation history of the Lake Superior basin and the north-northwestern shore
of Lake Superior has been the subject of numerous papers (for example Zoltai,1963; 1965b;
Farrand,1969; Dell,1974; Saarnisto, 1974; Burwasser,1977; Clayton,1983; Drexler et al,1983; Teller
and Thorleifson,1983; Farrand and Drexler,1985; and Teller,1985). Not all authors agree on
the position and time frame of ice fronts within the basin and surrounding areas. Table 1
summarizes the conflicting data regarding ice front positioning. The authors have determined
the relative chronology of the deglaciation history of the area based upon observed
morphological features such as end moraines, strandlines and other glacial deposits indicating
ice marginal positions, as well as glacial lake deposits. Absolute time-scale radiocarbon dates
from wood and peat were then used to assign ages to the deglaciation history.

As outlined by Schuster (1985) the KOA succession was probably deposited during the
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Minong Stage, when the ice retreated from Lake Superior, between 9000 and 9500 years
before present.

Documentation of glaciation within the Beardmore Geraldton area has not received
as much attention as the Lake Superior Basin. Zoltai (1967) outlined the following glaciation
sequence for the area from Lake Superior to north of the Nakina moraine, bounded on the
west by Lake Nipigon and extending 30 km past the town of Longlac in the east. The earliest
ice movement was to the south or southwest. After this glacial phase waned, another advance
took place. At this time Glacial Lake Minong occupied the Lake Superior basin. Post-
Minong Lake stages inundated regions as far north as the Nakina Moraine. The northern
part of this lake was separated from the Lake Superior basin due to differential uplift and
became Lake Nakina. As withdrawal of ice resumed, small temporary lakes eventually
coalesced and joined with Glacial Lake Barlow-Ojibway to the east. Kristjansson and
Thorleifson (1987b) have recorded a glacial advance to the south and a more recent glacial

readvance to the southwest in their detailed mapping from Beardmore east to Longlac.
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CHAPTER 11
DESCRIPTION OF LITHOFACIES ASSOCIATIONS

INTRODUCTION

This chapter outlines the lithofacies associations delineated within the three glacial
deltas mapped; the Beardmore, Camp 25 and KOA successions. The lithofacies associations
in each delta are described in detail. The stratigraphic framework of the lithofacies
associations within each deltaic sequence are also reviewed.
BEARDMORE SUCCESSION
(a) INTRODUCTION

Detailed mapping (down to the millimetre scale) was carried out on 5 sections, totalling
21.68 metres. This involved measuring 70 paleocurrent directions, as well as collecting 10
samples. Of these ten samples, 8 were analyzed for grain size, and 2 were examined for
lithological types. Figure 2.1 (see back pocket) is a detailed (1 cm = 10 cm) diagram of the
sections. The contact between fine-grained units of silty-fine sand to fine sand and underlying
coarser grained planar cross-stratified or deformed beds was at the same elevation from section
1 through section 5. This contact was the datum used for the sections present in Figure 2.1.

Four lithofacies associations were outlined by combining individual beds. The four
lithofacies associations (L.A.) comprising the Beardmore succesion are: reverse-graded L.A.;
rippled L.A.; massive L.A; and planar cross-stratified L.A. The reverse-graded L.A. is
dominated by reverse-graded beds composed of clay to fine sand. A general paleocurrent
trend to the east was obtained from measurements on minor rippled beds within the L.A. The
rippled L.A., composed mainly of fine sand, conformably overlies the reverse-graded L.A.
Massive and graded beds are interbedded with the rippled beds. The overall paleocurrent

trend for this L.A. is to the northeast. Coarser grained, medium to coarse sand, planar cross-
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stratified beds dominate the overlying unit, with an erosively scoured contact between the two
L.A.s. This lower planar cross-stratified L.A. reveals paleocurrent trends to the north. The
reverse-graded L.A. appears again in limited extent in the western sections interbedded with
the planar cross-stratified units and associated with massive beds. With the exception of the
extreme eastern end of the succession, the appearance of the massive L.A. divides the planar
L.A. into lower and upper divisions. The massive units exhibit the largest range in grain size,
and many lenses and pockets of diamicts are found within them. The upper planar cross-
stratified beds trend to the north-northeast.

As can be seen in Figure 2.1, it is possible to establish a bottom contact for the reverse-
graded lithofacies association, as deposits were logged beneath it. However, not enough
material was recorded to delineate another lithofacies association beneath the reverse-graded
beds. Deformed and contorted beds, ranging from silt to coarse-grained sand, are found in
the eastern part of the succession. Planar cross-stratified pebbly gravel (trending east) and
medium sands are found in the middle and to the west (section 2). Mapping to the greatest
depth was carried out on the westernmost section. The lowest units here are fine-grained
massive and ripple beds with paleocurrents trending southwest. Above these lie planar cross-
stratified fine to coarse sands, showing paleocurrent trends of 165°, and 146°.

(b) LITHOFACIES ASSOCIATIONS

The following text describes in detail the characteristics of each of the four lithofacies
associations (L.A.).
(i) Reverse-Graded Lithofacies Association

Thin, reverse-graded beds, which dominate this association, range in grain size from clay
to medium sand (Figure 2.2). Overall average bed thickness is 2.3 cm. Reverse-graded beds

of silt to fine sand, are the most abundant, and exhibit an average thickness of 1.9 cm.

12



Figure 2.2 Multiple reverse-graded beds.

Figure 2.3 Reverse-graded units interbedded with
rippled and massive beds.
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Reverse-graded beds of silt to medium sand, are the next most abundant, and average 2.6 cm
thickness. Many of the thicker reverse-graded beds feature minor ripple development near
their tops, while others appear wavy due to their draping underlying ripples. Figure 2.4A
shows 3 plots of grain size analysis on samples taken from the bottom, middle and top of a
representative reverse-graded bed. The average grain size coarsens from plot C to plot A (4.63
phi to 2.35 phi).

Minor massive beds (average bed thickness 2.5 cm), composed of silty-fine sand, and
fine sand were found interbedded with the reverse-graded units. One thicker (9 cm) massive
bed of silty clay was found at the bottom of the L.A. Only one deformed bed of clay and fine
sand was found. It is located above the thicker massive bed.

Rippled as well as wavy beds that are not reverse-graded, are also found, interbedded
with the reverse-graded beds (Figure 2.3). Again, the wavy beds appear to develop due to
draping on underlying ripples. These wavy beds are thin, 1.5 cm average thickness, and are
fine-grained clay to silty-fine sand. The rippled units average thicker beds (4 cm average) and
are a bit coarser grained than the wavy beds, ranging from silty-fine sand to medium sand.

A few atypical beds are found within the L.A., at the western end of the succession.
Two wedges, one composed of planar cross-stratified medium/coarse sand, and the other a
diamict, occur within rippled and graded beds. Definite traction, saltation and suspension
populations are evident in the grain size plot of the planar cross-bedded sand. Note the
difference between the planar cross-bedded plot, and the diamict grain size plot (Figure 2.4B).
The diamict is very poorly sorted, and shows no development of traction, saltation or
suspension populations. Between these 2 wedges, 4 normal graded beds are found. They
grade from silty-fine sand to fine sand, or clay, and average 2 cm thickness.

Most contacts within this L.A. are conformable. Both of the coarser grained wedges
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Figure 2.4

Grain size distributions.

A,

B.

oo

Bottom (C), middle (B) and top (A)
of typical reverse-graded bed.
Planar cross-stratified (A) and
diamict (B) atypical beds within
reverse graded L.A,

Diamict from massive L.A.

Planar cross-stratified beds from
planar cross-stratified L.A.

16



99.99

50.00

.01

99.99

50.00

01

-3

PH! SIZE

-3

-1 1 3 5 7

PHI SIZE

17

99.99

50.00

.01

99.99

§0.00

-3

PHI SIZE

-3

PHI SIZE




mentioned appear to occupy scours in the finer grained units below.
(i) Rippled Lithofacies Association

The dominant ripple cross-stratified beds within this L.A. vary from 1.5 to 10 cm in
thickness, averaging five centimetres. The thicker beds are associated with fine sand, while
silty-fine sand forms the thinner beds. The cross-stratification varies from indistinct in some
beds, to well defined in others. The outline of the asymmetrical ripple’s upper surface tends
to be slightly darker, and finer grained, than the material making up the middle of the ripple.
Ripple-drift cross-lamination of both types A and B, as defined by Jopling and Walker (1968)
is found in fine sand beds, averaging 10 cm and ranging from 7 to 13 cm. Frequently
associated with the rippled beds are wavy finer grained beds. When composed of fine sand,
or silty-fine sand, these beds average 3 cm in thickness. However, finer grained silty laminae
millimeters thick repeatedly appear to be draped over the rippled sequences below. The
rippled beds often show an erosive bottom contact.

Both massive and graded beds are present in this lithofacies association. The massive
beds range from 1 to 11 cm thick, and vary in grain size from silt to fine/medium sand. The
massive beds are interbedded with the rippled units, and often show conformable contacts,
unless they are much coarser grained than the units below. In this case, the coarser units tend
to load into the finer grained beds below. Isolated ripples appear in some of the massive beds.
Normal graded beds average 2 cm, and show only a slight grain size decrease towards the top
of the bed. Most of the graded beds range from silty-fine sand to silt at the top.

Parallel-laminated beds range from 4 to 21 cm in thickness and are dominated by either
a fine/medium or medium/coarse sand component. These beds often have an erosive bottom
contact, and appear at the top or bottom of the lithofacies associations. They are not

commonly found interbedded with the rippled beds, as the massive and graded beds are.
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Only one planar cross-stratified bed occurs in the L.A. It is found at the bottom of the
lithofacies association, and is composed of pebbly sand.
(ili) Massive Lithofacies Association

The distinctive features of this lithofacies association are the wide range of grain size
(silt to pebbly sand) and the lateral discontinuity of beds. Beds tend to wedge or pinch out
within the face of individual sections logged (each approximately 1 m wide).

Massive beds range from 0.5 cm to 15 cm in thickness and exhibit grain sizes from silty-
fine sand to medium-coarse sand. Small pebbles, as well as coarse sand stringers are often
found within the massive beds. As well, pockets, lenses and wedges of diamict, composed of
silty-fine sand to pebbly sand are found within the massive sands. Diamict is a non-genetic
term defined by Eyles et al (1983) to refer to any poorly sorted clast-sand-mud admixture
regardless of depositional environment. According to this definition the massive beds described
above which contain pebbles or coarse sand stringers, could also be called diamict. The
massive beds have been defined as such because generally they are well sorted and contain the
pebbles or coarse sand stringers at restricted intervals or horizons within the bed. The diamict
units on the other hand may show a similar range in grain size, yet they are poorly sorted
throughout the unit. The massive and diamict beds have been assigned these two terms to
indicate sorting differences noted when the units were mapped. Figure 2.4C is a grain size plot
of a sample of diamict from this lithofacies association. It shows the relatively poor sorting
of the diamict, as well as the lack of distinction of definite traction, saltation and suspension
populations. Where the massive beds are coarser than the underlying beds, load structures
develop. Otherwise, bottom contacts of the massive beds are conformable.

Interbedded with the massive beds are relatively thin (1 to 3 cm) beds of coarse sand

or pebbly coarse sand exhibiting lamination. These beds are often erosively scoured or loaded
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into underlying massive beds. Some rippled beds found in this lithofacies association also
exhibit erosive bottom contacts with the massive beds. Grain size of the rippled beds ranges
from fine to medium sand, while beds range from 2 to 17 cm in thickness. Many of the rippled
sand beds contain stringers of coarser material within them, and the occasional small pebble.
Minor wavy silt laminae appear draped over the rippled beds. Two thick (7 and 9 cm) graded
beds are found within this lithofacies association, yet their grain size differs considerably; one
grading from coarse to medium sand, while the other grades from silty-fine sand to silt.

In section 4, the beds become better sorted towards the massive/planar L.A. contact. Near
the bottom of the massive unit, massive silty-fine sand beds contain abundant lenses of diamict.
It is difficult to distinguish the boundaries of the massive beds, and the diamict. As you
proceed upwards through the L.A., the beds appear to become more distinctive, and definite
horizons are developed. At this point, massive fine sand beds, are interbedded with pebbly
sand. These massive beds contain occasional pebbles. The contacts/boundaries of the massive,
and pebbly sand beds still show some intermixing. However, at the top of the succession,
definite beds of rippled fine sand and pebbly sand can be seen.

(iv) Planar Cross-Stratified Lithofacies Association

The planar cross-stratified units range in grain size from fine sand to cobbly pebble
gravels. The beds within the L.A. may be divided into ’sets’ as defined by McKee and Weir
(1953). More than one set was found in all sections except in the lower planar cross-stratified
L.A. of sections 2 and 4. Set boundaries within the sections were marked by erosional surfaces
or thin finer grained massive units. Within all of the upper planar cross-stratified L.A., and
section 1 of the lower planar cross-stratified L.A., set boundaries dip, generally greater than
10 degrees. The dipping boundaries could be called third-order surfaces as defined by Miall

(1988).
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Within each set, beds are conformable, and generally exhibit small ranges in grain size.
Occasionally, pebble lags exist at the bottom of a set, as in the uppermost sets which are
dominated by pebble gravels and cobbly pebble gravels. The clasts in the lags are prominently
imbricated, making it possible to obtain paleocurrent measurements from them (X = 341°). A
lithological analysis of clasts taken from a cobbly pebble gravel shows a dominance (71%) of
metasediments/metavolcanics. Felsic intrusives make up 18%, limestones 5%, iron formation
4% and diabase 2%.

In the upper planar cross-stratified L.A. the average grain size of the sets coarsens as
the top of the sections are approached. Samples A and B in Figure 2.4D were taken from the
uppermost set and second set, respectively, in section 2. The two plots indicate definite
traction, saltation and suspension modes, and that sample A is formed of coarser material than
sample B.

Minor massive beds are rare. They are very thin (1 cm) and composed of massive fine
or medium sand. There is one thicker massive medium-coarse sand bed which contains the
occasional pebble or cluster of smaller pebbles within it. These massive beds drape the thicker
planar cross-stratified beds.

(c) GEOMETRY OF SUCCESSION

A fence diagram showing the actual field position of the succession is shown in Figure
2.5. The bottom reverse-graded L.A. is thickest in the west, and thins slightly to the east. The
overall paleocurrent trend of the L.A. is generally to the east-northeast (068°). Generally, the
overlying rippled L.A. shows a reverse trend, and thickens to the east. The overall
paleocurrent trend is 071°. The sands in the rippled L.A., are generally coarser than the
underlying reverse-graded L.A., and usually have erosive contacts. The lower planar cross-

stratifed L.A. can be identified only in sections 1 through 4, as no division can be made
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between the lower and upper planar L.A. in section 5. The material in this L.A. is coarser
grained, and erosive, scoured contacts are common. The overall trend of the L.A. is 007°. The
upper reverse-graded L.A. is found only in the 2 western most sections, and is approximately
the same thickness in both sections. This L.A. wedges out between sections section 2 and 3.
The overall paleocurrent trend is 346°. Like the underlying reverse-graded units, the massive
L.A. does not extend entirely across the area either, as it pinches out between sections 4 and
5. It is thickest in section 3. This is overlain by the upper planar L.A. , which again has an
erosive, scoured contact. There is no general trend in thickness. Overall paleocurrent trend
is 015°. The individual section trends appear to indicate a lateral divergence from west to east:

355°, 345°, 024°, 040°, and 042°.

CAMP 25 SUCCESSION
a) INTRODUCTION

Eight stratigraphic sections totalling 54.85 m were logged with lithofacies a millimetre
or more thick noted. Six samples were collected: five for grain size analysis, the sixth for
lithological analysis. A total of 113 paleocurrent measurements were obtained. Figure 2.6 (see
back pocket) is a detailed, 1 cm = 10 cm, diagram of the measured sections. The sections
within the Camp 25 succession did not contain a bed or horizon which could be traced and
used as an internal datum. Therefore, the elevation at the top of each section was used as the
datum. The detailed sections hung from this datum may be simplified into four lithofacies
associations (L.A.): massive silt, rippled sand, trough cross-stratified sand and diamict-bearing,
as shown in Figure 2.6. Numerous faults located in the sections suggests beds within the
lithofacies associations have been displaced relative to their site of deposition. As a result, it

is not possible to determine whether paleocurrent readings taken in the field show the true
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current direction which existed during deposition. Therefore, general current trends for each
L.A. were not calculated.

The massive silt L.A. appears lowest in the succession, and was found at the base of
the three northerly sections. Minor rippled fine-grained units accompany the massive silt beds
which dominate this L.A. Ripple-drift cross-lamination prevails within the overlying L.A.
Overall, the rippled sand L.A. is slightly coarser grained than the massive L.A. Angular
metasedimentary clasts of various sizes are imbedded within units in both the massive and
rippled L.A.s. Coarser grained trough cross-stratified beds erosively scour into the underlying
rippled L.A. Finer grained rippled, massive and low-angle plane-laminated beds make up the
remainder of this L.A. The diamict-bearing L.A. has a restricted occurrence, being found in
only 2 southerly sections. This L.A. is similar to the trough cross-stratified L.A. However,
diamict units are interbedded with the trough cross-stratified, rippled and massive beds. The
diamict units often form wedges, and exhibit a wide range of grain sizes within the same bed.
The clasts within the diamicts are primarily Paleozoic limestone.

b) LITHOFACIES ASSOCIATIONS

The following text describes the main characteristics of the four lithofacies associations.
(i) Massive Silt Lithofacies Association

Thick massive beds within this L.A. are composed primarily of silt, and occasionally are
formed of slightly coarser material such as silty-fine sand or fine sand. The beds range from
5 cm to 1 metre in thickness, averaging 37 cm. Angular metasedimentary clasts, from 1 cm to
20 cm in diameter, are imbedded in many of the massive units (Figure 2.7). Isolated ripples
develop beneath or around the larger clasts. An atypical massive bed containing minor wedges
of diamict and deformed clay laminae was found in the northernmost section. Further north,

this atypical unit shows clustering and irregular layering of the dropstones (Figure 2.8).
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Figure 2.7 Angular metasedimentary dropstone. Note
ripple development beneath clast.

Figure 2.8 Layered and clustered dropstones of
atypical unit overlying deformed rippled
silts.
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Rippled beds ranging from silt to fine sand are associated with the massive beds. The
rippled beds exhibit thicknesses from 3 to 51 cm, averaging 12 cm, and often have internal
laminae highlighted by heavy mineral rich layers. They are occasionally draped by wavy silty-
fine sand. Angular metasedimentary clasts are present throughout the rippled beds. In
addition to the metasedimentary lonestones, a subround 40 cm diameter granitic boulder was
also imbedded in the rippled fine-grained sands. Laminae below these clasts are deformed
indicating the lonestones are of a dropstone origin. The rippled unit beneath the atypical bed
shows deformed lamination (Figure 2.8).

Generally, sharp and conformable contacts are found between the rippled and massive
beds. Gradational, conformable contacts occur between stacked massive beds.

The location of the rippled beds relative to the massive beds differs in the two northern
sections (7 and 8 of Figure 2.6). In the northernmost section, the rippled and massive beds
are intercalated, whereas the rippled beds in the other section are grouped together and are
situated between the thicker massive beds.

(it) Rippled Sand Lithofacies Association

Ripple-drift cross-lamination dominated by type A, and to a lesser extent type B (as
defined by Jopling & Walker 1968) is composed primarily of silt to fine sand. Laminae within
silty-fine sand and fine sand beds are often delineated by heavy minerals, and are frequently
deformed or distorted (Figures 2.9, 2.10, and 2.11). Angular metasedimentary clasts ranging
in diameter from 1 cm to 28 cm were imbedded in the rippled units. Plot A in Figure 2.12A
shows the well developed traction, saltation and suspension populations of a sample taken from
a ripple-drift cross-laminated bed. The average grain size of the sample is 3.38 phi, very fine
sand. The average thickness of the ripple-drift cross-laminated beds is 11 cm, with bed

thicknesses from 2 cm to 78 cm being recorded. Thinner, ripple cross-laminated beds are
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Figure 2.9 Succession of ripple-drift cross-laminated
fine sands. Note deformation of units near
top of photo.

28



P



Figure 2.10 Deformed beds near the top of the
succession.

Figure 2.11 Distortion and deformation within laminae
of individual beds.
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Figure 2.12 Grain size distributions.
A. Ripple-drift cross-laminated unit
(A). Trough cross-stratified sand
unit (B).
B. Diamict units.
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associated with the ripple-drift cross-laminated beds. Contacts between the rippled beds are
sharp and conformable, except occasionally a gradational, conformable contact was found.

Sharp, conformable contacts are also found between the rippled beds and minor
massive and graded beds. The clay to medium sand massive beds generally overlie rippled
units, and appear wavy if they are thin (1 or 2 cm). Otherwise, thick (40 cm) massive beds
within this L.A. do not exhibit a wavy appearance, and contain faint or isolated ripple
development. The normally graded beds are finer grained than the massive beds, grading from
silt or silty-fine sand to clay or silty clay. The thicker (6 cm) graded beds show minor ripple
development near their tops.
(iii) Trough Cross-Stratified Sand Lithofacies Association

Trough cross-stratified beds of fine sand to cobbly pebble gravel range in thickness from
4 to 68 cm, averaging 16 cm. Clasts within the pebbly sands to cobbly pebble gravels range
from 1 to 8 cm, and occasionally appear as lags at the base of the beds. These clasts are
predominantly subround to round Paleozoic limestone (61.5 %), with fewer metasediments
(28.8%), granitics (9.3%) and iron formation (0.4%). The granite and iron formation
fragments are subangular, yet minor angular granitic clasts also occur. Angular metasedimen-
tary lonestones up to boulder size are present in some sections (see Figures 2.6, 2.13 and 2.14).
Plot B in Figure 2.12A represents grain size analysis conducted on material from a trough
cross-stratified bed. Well developed traction, saltation and suspension populations are present
in the medium sand sized sample (X = 1.07 phi). Generally, contacts are sharp and erosional
between stacked trough cross-stratified beds. Occasionally, thin, massive fine to medium sand
beds conformably overlie the trough cross-stratified beds.

The trough cross-stratified beds erosively scour into low-angle very fine to coarse-

grained parallel-laminated sands. The parallel-laminated beds range in thickness from 3 to 32
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Figure 2.13 Angular metasedimentary dropstone within
trough cross-stratified sands.

Figure 2.14 Close-up of dropstone. Note deformation
of laminae and scour fill adjacent to the
clast.
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cm, averaging 9 cm, and 20% of these sands have heavy mineral lamination within them.
These units are divided into bundles by low-angle cross-cutting erosional surfaces. A
transitional contact exists between the parallel-laminated beds and the underlying finer grained
rippled and massive beds. The rippled beds range in thickness from 2 to 60 cm, averaging 8
cm, and are formed predominantly of fine sand. Rarely, medium sand forms isolated ripple
trains whose thickness is equal to the height of the ripple. Interlayered with the rippled beds
are massive silty-fine and fine sand beds, which appear wavy when situated above a rippled
succession. Heavy minerals are present in both the rippled and massive beds; delineating the
laminae within the ripples, or forming banded lamination in the fine massive sands. One thick
(32 cm) massive bed contains several displaced bands of heavy minerals, showing horst and
graben fault-like features. Two atypical beds of diamict were found in the southernmost
section.
(iv) Diamict-Bearing Lithofacies Association

The diamict beds are poorly sorted, ranging in grain size from silt to pebbles (up to 5
cm) within the same bed. The pebbles are mainly sub;ound to round Paleozoic limestones and
metasediments, suggesting an exotic source. The diamict units range in thickness from 0.5 to
16 cm, averaging 6 cm, and generally appear massive except for slight development of
lamination in the thicker beds. Irregular in shape, the diamict units tend to wedge out, pinch
and swell, or appear as stringers within other beds (Figure 2.15). Occasionally, cleaner silt or
sand lenses and horizons develop within the diamict units. Figure 2.12B indicates that diamict
beds contain populations of well sorted sediments, as indicated by the steeply dipping straight
line segments of the grain size plots. The histograms (Figure 2.16) of these three diamict
samples also indicate well sorted and dominant populations. Note the distinct peaks in the

histograms. Figure 2.16A shows a broad peak from 0.5 phi to 1.5 phi, medium to coarse sand,
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Figure 2.15 Diamict units interbedded with fine sands tend to wedge
out, pinch and swell or appear as stringers within other
beds.
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Figure 2.16 Histograms of diamict samples A,B, and C
plotted in Figure 2.12B.

39



NN
ANANNNRNNNNNNS
AN\

AN

NN

\ RS

11111111111111

N

NNNNNNANNNG
N N
// //..J/I/./M.
INANAANANNNRRNRRNN
NN
NN
AR
NN\

€0 60 7.0 €2

45

NE
NN
NN\
NN\
NgE
BN 2

n
//»/-1. *

ANNANNNAARRNN w///// Suhhal
TRy
AW
g
T T T R
RO R e op e e e
yybiam

]

AN

'

ANNANNARNARN N AN

NN

1 1 I 1 T T I 1 T
.....................

N

AN AN /mr

wmg%

£-20-15-10-C500 05 1.0 1.5 20 23 32 35 49 45 502 6.0 7.C 82

N
ANANANNRNRN RN

ANNANANNARRRRNNANE
NN
NN\
g-
NN
NN\
ANARNRNRRRRRNRRASY
NN

~3.0-2.

Phi



and another at 5.0 phi to 6.0 phi, medium silt. The sample in Figure 2.16B has a distinct peak
at 1.0 phi, just into the coarse sand range, and a broader peak in the 3.0 phi to 6.0 phi, or very
fine sand to medium silt range. The sample in Figure 2.16C shows three distinct peaks; one
in the pebble range, one in the medium sand and one in the medium silt. It is evident from
the plots and histograms that sections of the diamict bed are better sorted, and that certain
grain sizes such as medium/coarse sand and medium silt are prevalent over the other sediment
sizes.

The diamict units are interbedded with all other bed types found within the L.A.;
trough cross-stratified and low-angle plane-laminated sands, as well as finer grained rippled and
massive sands. When diamict units are found overlying coarse-grained beds, the contacts are
generally sharp and conformable. However, there are a few instances where the contacts are
sharp and erosional. Coarse beds of pebbly sand and pebbly gravel which overlie the diamicts
show a range of contacts from erosional and sharp, through loaded to gradational
Conformable, gradational contacts are also found where one diamict unit overlies another.
Generally, the coarse-grained units the diamict beds are interbedded with are trough cross-
stratified, or low-angle parallel-laminated sands. The trough cross-stratified beds composed of
medium to pebbly sand range in thickness from 5 to 27 cm, averaging 15 cm. Similar to the
diamict units, the scattered clasts within the trough cross-stratified beds have an exotic origin.
Generally, trough cross-stratified beds overlie each other, and are found associated with not
only diamict units, but also fine-grained rippled beds and low-angle plane-laminated units. The
low- angle plane-laminated sands composed of silt through pebbly sand, range in thickness from
2 to 30 cm, averaging 7 cm. A few of the plane-laminated sands have heavy mineral banding
associated with them. Where the low-angle parallel-laminated beds are associated with each

other, contacts are sharp and conformable, or occasionally gradational and conformable.
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Otherwise, the parallel-laminated beds show an erosive and sharp contact with underlying finer
beds.

The rippled beds are composed of silt to medium sand, yet are dominated by fine sand.
The beds range from 1 to 10 cm in thickness, averaging 4 cm, and laminae within a few of the
beds are marked by heavy minerals. Also, diamict stringers rarely appear within the rippled
beds. Where diamict units overlie rippled or massive beds, loaded or sharp erosional contacts
exist (Figure 2.17). Generally, the diamict is conformably overlain by a fine-grained unit
(Figure 2.18). The massive beds within this L.A. show a large range in grain size (silt to pebbly
sand), and bed thickness (0.25 cm to 21 cm, averaging 4 cm). Diamict stringers are associated
with some of the massive beds. Pockets of pebbles are also found interbedded in the massive
units.

Another important feature to note within the L.A. are the numerous horst and graben
fault-like features similar to those described within the trough cross-stratified L.A. These
faults, along with beds or units which dip back into the face of the section, suggest that many
of the beds within this L.A. have been displaced from their original site of deposition. It
appears unlikely that the faults were syndepositional as they cross-cut several different bed
types. If faulting had taken place at the time of deposition, sedimentation of an overlying unit
would drape the fault within the underlying unit. This was not documented in either lithofacies
association.
¢) GEOMETRY OF SUCCESSION

A fence diagram showing the actual field position of the succession is shown in Figure
2.19. The fine-grained massive L.A. was found at the base of the three northern sections.
Since the northernmost section was excavated to a greater depth, the massive L.A. appears

to thicken to the north. It is not possible to determine the true thickness trend of the massive
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Figure 2.17 Sharp contact of diamict unit is gradational
to a loaded contact on the right hand side
of the photo.

Figure 2.18 Diamict units interbedded with massive
silts.
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silt L.A., as the bottom contact of the unit was not found. Overlying the massive silt beds is
the fine-grained rippled L.A. Based on the appearance of this L.A. in the northern, and
southernmost section, it is possible to suggest that the rippled sand L.A. may exist beneath the
other southern sections. The fine sand beds of the rippled L.A. are erosively scoured by the
overlying trough cross-stratified sand L.A. This L.A. occurs throughout the succession. The
diamict-bearing L.A. has a very limited occurrence in the southern portion of the succession.
This L.A. is found overlying the trough cross-stratified sands.

As noted by the L.A. descriptions in the preceding text dropstones were found in the
massive, rippled and trough cross-stratified lithofacies associations. A quick summary of the
dropstone locations while looking at Figure 2.19 is warranted. Dropstones were found only
within the lower half of the massive L.A. in Section 8. They were found within both the
massive and rippled L.A.. in sections 7 and 6, as well as the trough cross-stratified L.A. in
section 6. Other than these three sections, clasts were also found in the rippled L.A.. in section

1 at the opposite end of the succession.

KOA SUCCCESSION
(a) INTRODUCTION

Detailed mapping (to the millimetre scale) of 11 sections totalling 61.6 m was
conducted on this sand and gravel assemblage. A 1 cm = 10 cm diagram of the sections
(Figure 2.20) is present in the back pocket. At the KOA succession a theodolite transit and
chain were used to determine the relative elevations and lateral spacing of the stratigraphic
sections logged. A total of 59 samples were collected for grain size analysis and eighty-four
paleocurrent measurements were taken. Schuster (1985) mapped six sections in the same

succession. The sections he documented were utilized to assist in interpreting the overall
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depositional environment of the succession. Therefore, pertinent material from his study will
be included in relevant parts of the description and discussion.

Six lithofacies associations (L.A.) are outlined on figure 2.20; rippled sand L.A., trough
cross-stratified sand L.A., trough cross-stratified gravel L.A., massive-stratified sand and gravel
L.A., massive gravel L.A. and diamict L.A. Although the sections in figure 2.20 are hung at
their relative elevations, they are not relatively spaced laterally. Therefore, the lithofacies
associations delineated within Figure 2.20 exhibit a substantial vertical exaggeration.

The stratigraphically lowest L.A., silty sandy diamict, though usually massive occasionally
exhibits minor ripple cross-stratification or parallel to low-angle cross-bedding. Pebble to
boulder size angular clasts imbedded in the diamict load into the lamination when it is present.
The massive-stratified sand and gravel L.A., composed of fine to coarse sand, pebbly sand and
gravel abruptly overlies the diamict. Internally, beds may be massive, parallel-laminated, planar
cross-stratified or trough cross-stratified. It, in turn, is abruptly overlain by the fine-grained
deposits of the rippled sand L.A. Sediments in this L.A. are dominantly fine and very fine-
grained rippled and ripple-drift cross-laminated sands. Graded and massive beds are associated
with the rippled units. In addition, coarser grained massive, parallel-laminated, trough and
planar cross-stratified units are found. Massive and parallel-laminated clays were also present.
Wedges of the massive gravel L.A. are interbedded with the rippled sand L.A. These massive
gravel deposits are often laterally transitional into massive, graded and nongraded coarse-
grained sand beds. The upper contact of the rippled sands is erosively scoured and channeled,
the depressions being filled by the trough cross-stratified sand L.A. These sands are
transitional into the uppermost L.A. within the gravel pit, which consists of trough or large-
scale planar cross-stratified gravel. Bioturbation has destroyed the internal structures in the

surface-proximal gravels of this L.A.

47



(b) LITHOFACIES ASSOCIATIONS

The following text describes the characteristics of each L.A. in detail.
(i) Diamict Lithofacies Association

The generally massive, poorly sorted diamict beds range from 3 to 122 cm in thickness
and are matrix supported (Dmm of Eyles et al,1983). The matrix composition varies from clay
to medium sand. Angular to subangular clasts found within the diamict beds range from 1 cm
to 60 cm in diameter. Layers of clasts within the diamict occasionally show a preferred
orientation. In section S5, vertical orientation of the clasts emphasizes vertical bedding within
the diamict (Figure 2.21). Occasionally the clasts load into cleaner lenses and pockets of clay,
fine sand, medium sands and pebbly sands (Figure 2.22). As seen in Figure 2.23, some of these
pockets and lenses exhibit parallel-lamination, low angle lamination or minor ripple
development (Dms of Eyles et al,1983).

As well as containing cleaner horizons, the diamict units are interbedded with rare
trough cross-stratified medium sands, clean fine sand units, laminated pebbly gravels and
pebble/cobble horizons. Grain size plots in Figures 2.24, 2.25 and 2.26A indicate the poor
sorting of massive diamict units, and development of separate populations indicating different
modes of transportation such as traction, saltation and suspension are not seen. In contrast,
grain size plots in Figure 2.26B, C, D are show minor development of separate populations,
and in case D development of three distinct populations.

As the contact with the overlying massive-stratified sand and gravel L.A. is approached,
the diamict beds become clay rich, and exhibit remnant parallel-laminated clay horizons (Figure
2.27). The clay coats sand and pebbles within the matrix, resulting in a "crumbly” appearance
to the diamict.

Contacts between the diamict units and the stratified sorted beds are generally sharp
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Figure 2.21 Diamict units showing clasts oriented parallel to very
steep layering.
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Figure 2.22 Diamict bed showing stratified horizons.

Figure 2.23 Clast loading into laminated horizons
within diamict beds.
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Figure 2.24

Grain size distributions.

Sow»

Massive diamict beds section S6.
Massive diamict beds section S4.
Massive diamict beds section S7.
Massive diamict beds section S5.
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Figure 2.25

Grain size distributions.

A,

B.
C.
D

Massive diamict beds section S5.
Massive diamct beds section S5.
Massive diamict bed section S6 (A).
Dirty pebbly sand section S5 (B).
Massive diamict beds section S1.
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Figure 2.26

Grain size distributions.

A.

Massive diamict bed section S7 (A).
Massive diamict beds section S6
B,C).

Sandy horizon within diamict section
S5 (A). B was a sandy horizon taken
from beneath a large dropstone.
Parallel-laminated horizons within
diamict from section S6.

Clean sand lenses within diamict
beds from section S4 (A) and S5 (B).
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Figure 2.27 Clay rich diamict bed showing laterally truncated remnant
parallel-laminated clay horizons.
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and conformable. Contacts between stacked diamict beds are generally gradational. The
diamict beds are distinguished by differences in grain size and abundance of clasts.
(i) Massive-Stratified Sand and Gravel Lithofacies Association

The sediments within this L.A. may be divided into two groups based on their location
within the pit, and their position in the stratigraphic column.

(a) Group 1

The beds within this group directly overlie the diamict L.A. Massive silty-fine sand to
coarse sand beds range from 6 to 25 cm in thickness, averaging 15 cm. Gradational contacts
were present between stacked massive beds. Contacts between interlayered coarser stratified
beds are sharp and erosional. Pebbly sand to pebble-cobble gravels which make up associated
cross-stratified beds contain subangular to subround clasts up to 12 cm in diameter, and have
an average bed thickness of 14 cm.

(b) Group 2

The units in group 2 are interbedded with the rippled sand L.A., and generally occur
at a lJower elevation in the pit in sections S1, S2 and S3. One exception is section S7A, located
at a higher elevation than both group 1 and 2. Four different bed types were found in group
2. The first type of bed is massive and stratified pebbly sands and gravels which contain
subround to angular clasts up to 10 cm in diameter. These beds are matrix or clast supported
(Figure 2.28), average 14 cm in bed thickness and were found at the base of section S2.
Between sections S1 and S2 these beds form a lensoid feature (Figure 2.29). Thin (0.5 c¢m)
well sorted granule and small pebble horizons as well as thin (2 cm) units of granules and small
pebbles in a silt matrix are the second and third bed types (Figure 2.30). These thin beds were
found throughout all three sections. The last bed type is thick (20 cm) diamict units with a silt

matrix which contains subangular to subround clasts up to 10 cm in diameter. Clast rich layers
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Figure 2.28 Stratified pebbly gravels (S) and massive
pebbly gravel (M) found at the base of
section S2.

Figure 2.29 Lenticular pebbly gravel found between
section S1 and section S2.
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Figure 2.30 Matrix (M) and clast (C) supported diamict units as well
as pebbly silt (P) are interbedded with the silt beds of the
rippled L.A.
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as well as laminated cleaner horizons were found within the diamict units (Figure 2.30).
Samples A and B in Figure 2.31 indicate it is possible to distinguish the development of minor
subpopulations within some of the diamict beds. The diamict beds were found at the base of
section S2, at the top of section S3, in the middle of section S7A, and throughout section S1.
All of these bed types were interlayered with clean silt beds of the rippled sand L.A. One
deformed bed found at the top of section S2 contains coarse pebbly sand which has loaded into
the finer-grained silts (Figure 2.32).
(iii) Rippled Sand Lithofacies Association

In a similar manner to the massive-stratified sand and gravel lithofacies association, the
sediments within this L.A. may be divided into two groups based on their location within the
pit, and their position in the stratigraphic column.

(a) Group 1

The sediments within this group directly overlie group 1 of the massive-stratified sand
and gravel L.A. or the diamict L. A. if the massive-stratified sand and gravel L.A. is not present.
Ripple-laminated fine-grained sand beds dominate this L.A. and this group, yet ripple cross-
lamination was found in beds ranging from silt to medium sand. The ripple cross-laminated
units range from 0.5 cm to 26 cm in thickness, with the average thickness increasing with
coarser grain size. For example, the average bed thickness in very fine sand was 2.5 cm, but
was 5 cm in medium sand. Ripple-drift cross-lamination formed in silty-fine sand to fine-
medium sand and is less prevalent than the ripple cross-lamination. The ripple-drift cross-
laminated beds range from 1 to 24 cm, and show an average thickness (7 cm) greater than the
ripple cross-laminated beds. Ripple-drift cross-lamination of type A, B and sinusoidal (as
defined by Jopling and Walker 1968) were noted. In thicker units, transitions from type A to

B, or type B to sinusoidal were found. Rarely, the complete sequence from type A through

63



99.99

=3

50.00

4

.01
| i 1 I ! ! | I | 1
-3 -1 1 3 S 7
PHI SIZE
Figure 2.31 Grain size distributions. Diamict samples from section
S1.

64



S2

Load features at top of section

Figure 2.32
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type B through sinusoidal was noted. The grain size plots of Figure 2.33A indicate the rippled
beds developed traction, saltation and suspension populations.

Massive and graded beds are interbedded with the rippled units (Figure 2.34). Contacts
are generally sharp and conformable between the rippled, massive and graded beds. The
massive beds ranged from 0.5 to 13 cm and average approximately 4 cm thickness. These
massive beds are composed of silt to medium sand. Normal graded and to a lesser extent
reverse-graded beds were documented. The reverse-graded beds show a large range in grain
size (clay to medium-coarse sand), and thickness (0.5 cm to 5 cm). Some individual reverse-
graded beds have a large range in grain size (for example clay to medium sand), while others
showed very slight change in grain size (silt to silty-fine sand). The normally graded units show
a similar wide variability in grain size (clay to medium sand) and thickness (1 cm to 18.5 cm).
Similar to the reverse- graded beds, some individual units show a wide range in grain size
(medium sand to clay) while other beds show a slight change in grain size (silt to silty-clay).
Fine sand grading to silt and silty-fine sand were the most abundant normally graded beds.
Two sets of samples taken from normally graded beds are plotted in Figure 2.33B and 2.33C.

Both diagrams indicate a decrease in average grain size from fine to very fine sand. Note the
very small to nonexistent traction portion of the curves compared to ripples.

Clay units mapped were usually thin, averaging 1.3 cm, and ranged from 0.25 cm to 7
cm. The pink, red, brown and purple clay units are massive or parallel-laminated with laminae
a few millimeters thick.

Minor associations of parallel-laminated, trough and planar cross-stratified beds are
present within this L.A. The parallel-laminated beds are composed of very fine sand to
medium-coarse sand and average 5 cm in thickness, ranging from 1.5 to 10 cm. The trough and

planar cross-stratified beds are composed of medium-coarse to pebbly sands with unit thickness
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Figure 2.33 Grain size distributions.

A.
B.

Ripple cross-laminated units.

Four samples taken from bottom to
top (D,B,C,A) in a normally graded
bed within rippled L.a.

Bottom (C), middle (B) and top (A)
of graded bed within rippled L.A.
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Figure 2.34 Rippled sands interbedded with massive
units.

Figure 2.35 Load and flame features in rippled sand
L.A.
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averaging 7 to 8 cm. Minor thick (35 cm) coarse grained massive beds were also noted. These
coarser-grained units appear at the top of repeated coarsening upward cycles within the
succession (see following text) and are transitional from the underlying finer grained rippled
sands. The cross-stratified non-channelized sands capping these cycles exhibit erosive basal
contacts.

Loaded contacts appear in every section. Coarser grained units load into finer grained
units creating ball and pillow features or load and flame structures (Figure 2.35). Other
deformation features found were water escape structures and minor listric faults. Deformation
is more prevalent in section S7 than the other sections.

Within this L.A. the clay units, rippled successions and coarser massive and stratified
beds appear in repeated stratigraphic positioning. The clays are stratigraphically the lowest and
show a transitional contact to the silts and rippled, graded, and massive fine sands. These
rippled and associated beds coarsen to fine-medium sand and are transitional to coarser grained
parallel-laminated, planar, trough and massive units. This cycle from clay, through rippled
sands and stratified or massive coarser sands is repeated in every section within this L.A.
Occasionally the clays are absent and the cycle begins with the very fine-grained rippled units.
An angular unconformity (Figure 2.36) was found within section S6.

(b) Group 2

This group was found interbedded with the massive-stratified sand and gravel L.A. at
a lower elevation in the succession in sections S1, S2 and S3. Th e group was also found in
section S7A, located at a higher elevation than both group 1 and 2. The beds within this group
are generally finer grained than group 1 and are composed mainly of silt and minor silty-fine
sand. Four main bed types are found: rippled, massive, rhythmite, and lenticular. The rippled

beds are generally composed of the silty-fine sand, range in thickness from 0.5 to 8 cm and
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Figure 2.36 Angular unconformity within the rippled sand L.A. found
in section S6.
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average 2 cm. The massive beds average 7.2 cm thickness, ranging from 1 to 15 cm and are
composed mainly of silt. Samples from these massive beds indicate the development of
saltation and suspension populations (Figure 2.37A). The rhythmites average 5.7 cm and are
composed of silt and silty-clay laminae averaging 0.5 cm. These rippled, massive, and rhythmite
units are interbedded with group 2 coarser grained beds of the massive-stratified sand and
gravel L.A.) and may be seen in Figures 2.28 through 2.30 and Figure 2.32. Lenticular silts and
clays with rare dropstones average 17.6 cm for bed thickness (Figure 2.38). Contacts are
generally sharp and conformable between these 4 kinds of beds. One silt bed 30 cm thick was
deformed due to loading of the bed above it, as described previously in the group 2 section of
the massive-stratified sand and gravel L.A.

Two thick, fine-grained deformed units were found in section S7A. The deformed beds
are composed of fine silt, yet have pockets and lenses of fine sand and clay. A large angular
boulder was present within one deformed bed. The deformed units are underlain by red and
purple clays and a diamict unit (described previously in group 2 of the massive-stratified sand
and gravel L.A.). Laminated silts, silty-fine sand and fine sand beds averaging 3 cm thickness
overlie the deformed beds. Figure 2.37B indicates samples taken from silt horizons are missing
the traction population segment.

(iv) Massive Gravel Lithofacies Associations

This lithofacies association contains gravels, and wedges of reworked gravel which are
interbedded with group 1 of the rippled sand L.A.

Gravels

The gravel beds are thick, averaging 61 cm, and range from 7 to 230 cm. Subangular
to subround clasts up to 40 cm diameter were found in the pebble to boulder gravel beds. The

gravels are generally open framework with a matrix of pebbles or small cobbles. Quite often
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Figure 2.37 Grain size distributions.
A. Massive silts sections S2, S3.
B. Silts from section S7A.
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Figure 2.38 Lenticular silts and clays with dropstone.
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finer material appears to have filtered in between the clasts. The gravel units are occasionally
reverse graded, and have an apparent dip of 48 to 55 degrees (Figure 2.39). Figure 2.41A
shows the development of separate populations in grain size plots for samples taken from the
gravel beds. The histograms in figure 2.41B for the same samples indicate the dominance of
a coarse grained fraction (-2.5 phi to -3.5 phi) within the samples.

Wedges

Beds within the wedges range from 3 to 24 cm in thickness, averaging 9 cm. The
wedges are finer grained than the gravels describe above, and are composed of pebble and
pebble-cobble gravels at the widest part of the wedge. These proximal beds show both clast
and matrix support. Open framework horizons often have finer-grained material filtering into
the top of the layer and voids beneath the clasts. In rare cases, the clasts in the wedges appear
imbricated. The material in the wedges often loads into the finer grained units of the rippled
L.A (Figure 2.40). These wedges pinch out and/or gradually change laterally into massive or
graded sand units.

Figure 2.42 shows grain size analysis and location of samples taken within a gravel
wedge. Increasing number for the samples indicates increasing distance from the main gravel
beds. For example, sample 1 is from the widest part of the wedge, and was in closest proximity
to the gravel beds. Sample 6 was taken at the tip of the wedge, and is furthest away from the
gravel beds. At location 5, samples were taken from the top, middle and bottom of the wedge.
Grain size decreases along the wedge away from the gravel beds. All samples indicate
development of separate tansportation populations. Sample 6 lacks a traction population. The
histograms for these samples are shown in Figure 2.43. In samples 1 through 4, representing
increasing distance along the wedge from the coarser gravel beds, the importance of the 2.5

phi population decreases along strike from the coarsest to finer such that by sample 4 it is a

77



Figure 2.39 Steeply dipping boulder gravel beds
mapped in section S9 and bouldery cobble
gravels mapped in section S10.

Figure 2.40 Wedges of pebble and cobbly pebble gravel
load into finer grained sand beds. Gravels
are matrix and clast supported with rare
imbrication.
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Figure 2.41 A.  Grain size distributions of samples
from gravel beds.
Histograms for samples A and B
shown in figure A.
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Figure 2.42 Grain size distributions.
A, B, C, and D are plots of samples from a
gravel wedge. Location and position of
samples is indicated in E,
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Figure 2.43 Histograms of samples within wedge.
Numbers correspond to sample numbers
shown in figure 2.42E.
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minor peak. The other peaks in these samples are at 0.0 phi and 3.5 phi. Samples 5A, B, and
C taken from the top, middle and bottom of the same position further down the wedge show
peaks at 4.0 phi in 5A, and 3.0 phi in B and C. In sample 6, furthest down the wedge, there
is a large peak from 3.0 phi to 3.5 phi.

(v) Trough Cross-Stratified Sand Lithofacies Association

Trough cross-stratified beds composed of fine sand to pebbly sand range in thickness
from 4 to 56 cm, averaging 18 cm (A in Figure 2.44). Contacts are sharp and erosive between
both the individual lense shaped trough cross-stratified beds, and the large scale units which
contain stacked sets of the trough cross-stratified beds. The base of these larger scale
bedforms erosively scours into the underlying rippled sand L.A. and appears to be channel
shaped. Rare pebble lags were found. Figure 2.45A shows the development of separate
traction, saltation and suspension populations within samples taken from this L.A.

(vi) Trough Cross-Stratified Gravel Lithofacies Association

The beds of this L.A. are composed of pebble, pebble cobble, and rare cobble gravels,
ranging from 7 cm to 146 cm in thickness, and averaging 28 cm. The matrix coarsens from
medium/coarse sand to very coarse sand within the pebble and pebble-cobble gravels
respectively. The largest clasts within the gravels were 13 cm in diameter.

The gravels are trough and occasionally planar cross-stratified, showing sharp, erosional
contacts between beds (B in Figure 2.44). Grain size plots of samples taken from the L.A.
show traction and saltation populations (Figure 2.45B).

In sections 5 and 6 the upper metre to a metre and a half are root bioturbated,
obliterating original bed structure.
¢) GEOMETRY OF SUCCESSION

A fence diagram of the succession is shown in Figure 2.46. As mentioned earlier a
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Figure 2.44 Trough cross-stratified sands (A) transitional to trough
cross-stratified gravels (B).
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Figure 2.45 Grain size distributions.
A. Trough cross-stratified sands.
B. Trough cross-stratified gravels.
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theodolite transit and chain were used to determine the relative elevations and lateral spacing
of the stratigraphic sections logged. Please note the vertical scale of Figure 2.46 is exaggerated
5-fold. The diamict L.A. is the lowest stratigraphically, and is restricted to the western sections.
Two paleocurrent measurements obtained from stratified units within the diamict in section S4
average 203°. The massive-stratified sand and gravel L.A. abruptly overlies the diamict L.A.
It was found in all sections except for S5. It may be present beneath section S8, and R2, as
the bottom contact of the rippled sand L.A. was not found in these successions. Beds within
the massive-stratified sand and gravel L.A. which were mapped by Schuster (1985) show an
overall paleocurrent trend to the west (268°). The rippled sand L.A. is the thickest L.A., and
overlies the massive-stratified sand and gravel L.A. Paleocurrents within the rippled sand L.A.
generally show a southwest to westerly trend. One exception is noted in section S7, with a
paleocurrent trend to the north-northeast (034°). The rippled sand L.A. within Schuster’s
(1985) sections also show a general southwest to westerly trend. When the overall trend of the
rippled sand L.A. of Schuster’s (1985) sections (252°) and sections mapped here (284°) is
combined, the overall trend for the rippled sand L.A. in the pit is almost due west (262°).
Group 2 of the rippled sand L.A. and group 2 of the massive-stratified sand and gravel L.A.
are interbedded in sections S1, S2, S3 which are at the lowest elevation in the succession.
These lithofacies are also found interbedded in section S7A, at a higher elevation near the top
of the rippled L.A. Section S7A is contained within a wedge shaped package of sediments
dipping at approximately 20 to the horizontally bedded rippled sand L.A. (Figure 2.47). In
the eastern section of the pit (sections S9 and S10), stratified pebble to boulder gravels were
mapped and assigned to the massive gravel L.A. Wedges of gravel from these deposits were
interbedded with the rippled sand L.A. (section S11) directly beside the stratified gravels of

section S10 and further to the west in sections R4 and R5. The trough cross-stratified sand
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Figure 2.47 Wedge shaped slice of sediments overlying the
horizontally bedded rippled L.A. with marked
disconformity.
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L.A. erosively scours into the rippled sand L.A. This L.A. has a restricted occurrence,
appearing in only 4 sections, and exhibits a wide range in paleocurrent trends. These sands are
transitional to trough and planar cross-stratified gravels, present at the top of the columns.

The overall paleocurrent trend for these gravels is to the northwest (323°).
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CHAPTER 11
DEPOSITIONAL ENVIRONMENT

INTRODUCTION

This chapter outlines the depositional environment for the three deltaic successions
mapped. The same procedure is followed for each delta. The processes involved during
deposition, as well as site of deposition are interpreted for each lithofacies association. The
stratigraphic framework of the lithofacies associations, as well as the processes of deposition
for each lithofacies association are outlined to determine the overall depositional environment
of each delta.
BEARDMORE SUCCESSION
(a) INTRODUCTION

Four lithofacies associations (L.A.) were delineated in the Beardmore succession.
Reverse-graded, rippled, massive and planar cross-stratified lithofacies associations were
deposited within a low lying east-west trending valley, as outlined previously in Figure 1.2.

The overall coarsening upward succession and lithofacies present in the Beardmore
assemblage strongly suggests a deltaic system prograding into a glacial lake which probably
formed during the retreat of the Nipigon phase of the Hudson Bay ice mass (as defined by
Zoltai,]965b), approximately 10,000 years B.P. Each of the L.A.s represent deposition within
a distinct region of the delta. A delta may be divided into three areas; the delta plain
(topsets), the delta front (foresets) and the prodelta (bottomsets). Definitions of delta plain,
delta front and prodelta areas and their boundaries tend to vary and overlap in the literature.
For the purpose of this discussion, the following definitions will be used. The delta plain is
the region containing level or nearly level sediments which are continuous with a landward

alluvial plain. The delta front is the sloping region between the delta plain and prodelta, and
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represents the area of most active deposition. The prodelta is the region which lies beyond
the delta front, and contains horizontal or gently inclined layers of sediment. Before
suggesting in what area of the delta each L.A. was deposited, the problem of distinguishing
between the delta plain and delta front environment must be discussed. In glacial deltas
discussed by Smith and Eriksson (1979), Clemmenson and Houmark-Nielsen (1981), Leckie
and McCann (1982), Kelly and Martini (1986), and McPherson et al (1987) the delta plain is
composed of coarse-grained sands and gravels of a braided river system. If the delta front of
a delta is dominated by fine sands such as the successions mapped by Leckie and McCann
(1982) and Kelly and Martini (1986) it is easy to delineate the coarser grained delta plain
beds from the delta front succession. The problem arises when sediments in the delta plain
and delta front are relatively the same grain size. Outwash plains of fans studied by
Boothroyd and Ashley (1975), and Boothroyd and Nummedal (1978) indicate delta plain
material decreases in grain size downfan to fine-grained sand at the distal margin. The fan
or delta front fed by these outwash plains would be fine-grained also and the distinction
between the delta plain and delta front would have to be based on information other than
grain size. This problem may also exist if the delta plain and delta front environment are both
coarse-grained. However, if the delta front deposits are coarse-grained high angle planar
cross-stratified beds (i.e. the foresets of a typical Gilbert delta), the transition between the
delta front and delta plain environment should be marked by an erosional contact caused by
the rapidly switching channels of the coarse-grained fluvial system within the delta plain.
Many glacio-deltaic sequences have been documented which show this erosional contact
between the delta plain and delta front environments (Gustavson et al,l975; Smith and
Eriksson,1979; and Clemmensen and Houmark-Nielsen,1981). Within the Beardmore

succession, an erosional contact between delta plain and delta front environment was not
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seen. However, the dipping set boundaries within the planar cross-stratified L.A. may be
interpreted to represent foreset surfaces of the delta (see (iv) planar cross-stratified L.A. in
following text). Therefore, for the following discussion, the four L.A.s will be assigned to the
prodelta and delta front environment.

The reverse-graded L.A. found at the base of the succession represents prodelta
deposits. The rippled and massive L.A.s which overlie the reverse-graded L.A. were
deposited in the lower delta front area. Both of these L.A.s are overlain by planar cross-
stratified gravels which represent the mid to upper delta front deposits.

In the Beardmore pit, there are two coarsening upward successions. The lower one
was deposited by flows mainly to the east and northeast, and consists of the rippled L.A.
juxtaposed between the reverse-graded L.A., and the lower planar cross-stratified L.A. The
upper succession trends mainly to the north, and is composed from bottom to top of the
reverse-graded L.A., massive L.A., and the upper planar cross-stratified L.A. The
depositional environment of each of these L.A.s will be expanded on in the following text.
(b) LITHOFACIES ASSOCIATIONS
(i) Reverse-Graded Lithofacies Association

The reverse-graded L.A. is found at the base of both coarsening upward sequences
within the Beardmore succession. The following discussion of the deposition of the L.A.
suggests the reverse-graded units are part of the prodelta region of the delta.

Documentation of reverse-graded beds within a glacial deltaic setting are sparse in the
literature. Both Aario (1972) and Jorgensen (1982) record minor reverse-graded beds.
Jorgensen (1982) suggests the reverse grading is a result of dispersive pressure, as outlined by
Bagnold in 1954. It should be noted that the concept of dispersive pressure causing inverse

grading has only been documented in coarser sized material. Aario (1972) states the reverse-
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graded beds in his study area record suspension deposition. The inverse grading "suggests
deposition by currents of increasing velocity, the fine-sediment supply ceasing during the
deceleration phase." The reverse-graded beds of the Beardmore delta were likewise probably
deposited by interflows and overflows (dominated by suspension deposition) within a glacial
lake, rather than by underflows. Generally, reverse grading is rare because in systems where
fluid pressure (P) and boundary shear stress (7}) are the principal forces acting to move
grains, the upward increase in grain size denotes an increase in flow velocity (u) with time.
Obviously if the accelerating current is in contact with a noncohesive bed erosion not
deposition will be occurring. Thus, to get reverse grading either the primary force inducing
motion must not be fluid pressure (this is the case when dispersive pressure causes reverse
grading), or the flow can not be in contact with the bed. Therefore, it is possible to suggest
that deposition of the reverse-graded beds was carried out by interflows and overflows, rather
than underflows. Any deposition from constantly operating underflows would result in
formation of traction current deposits.

The grain size plots of the bottom, middle and top of a typical reverse-graded bed
show increases in average grain size from bottom to top. While the water is fairly quiet, clay
in suspension within the lake will settle out depositing background fine-grained material. As
the flow initially extends out into the lake, very fine sand grains will be sedimented. As the
flow reaches its peak, the velocity is at a maximum, and larger grain sizes will be deposited
over the finer material. The repetitive stacking of the thin reverse-graded beds in this L. A.
suggest that the inter/over flows were short, discrete pulses entering the lake.

These pulses probably represent fluctuating flow conditions within the river system
entering the lake. According to Middleton and Southard (1984) the relative porportion of

material which moves as bed load and suspended load is a function of the material itself

97



(especially its size) and the flow conditions. Middleton and Southard (1984) state very coarse
bed material (gravel) in rivers would travel as bed load, whereas fine to medium sand would
be carried as suspended load. Due to fluctuating hydraulic conditions, Middleton and
Southard (1984) define the intermittent suspension load, which is formed of material coarser
than fine sand, which is not in continuous suspension. As described earlier, the coarsest
portion of the reverse-graded units is generally fine and in rare cases medium sand.

The grain size plot of the reverse-graded units (Figure 2.4A) indicates traction,
saltation and suspension populations. The process outlined above suggests the reverse-graded
units represent suspension deposition from interflows and overflows entering the lake from
the mouth of a river. The material carried into the lake will already have been sorted to
some degree by river processes into traction, saltation and suspension populations. The
presorted nature of the sediment (due to the river processes) would probably not be
destroyed through suspension deposition from the interflows and overflows. Therefore, it is
possible to expect that grain size analysis completed on samples taken from the reverse-
graded units may indicate ‘relict’ grain size populations, as seems to be the case shown in
Figure 2.4A.

It would be expected that as the flow wanes after peaking, finer material would settle
out producing a normal-graded succession overlying the reverse-graded unit. The reverse-
graded beds documented in Beardmore and by Aario (1972) and Jorgensen (1982) do not show
this trend. Aario’s (1972) explanation of the cessation of fine-sediment supply would explain
the lack of graded fine material at the top of the bed, yet it does not seem feasible that the
supply of fine grained sediment would end abruptly. The lack of a normally graded interval
overlying the reverse-graded unit is perplexing.

Minor massive units found interbedded with the reverse-graded beds were deposited

98



by interflows or overflows entering the lake. Generally, massive beds may form by rapid
deposition of sediment (primary) or by dewatering of a bed after it has been deposited
(secondary) (Reineck and Singh, 1980). Deposition of these massive beds could be
considered of a primary nature. The deformed bed of fine sand and clay, found overlying
a thick massive bed was formed by the loading of sand into the clay. When the sand was
deposited on the clay, unequal loading caused vertical movements of the sand layer. The sand
either sunk a lobes, or the clay layer pushed upward in the form of tongues.

Rippled beds interlayered with the reverse-graded beds suggest occasional flows were
denser than the lake water, resulting in development of an underflow. The deposition of
ripples is discussed in more detail in the section on the depositional environment of the
rippled L. A.

One possible explanation for the atypical beds found in the western end of the
succession may be that at the time of deposition of reverse- graded beds within the lake basin,
a subaqueous distributary channel developed down the delta front. Clemmensen and
Houmark-Nielsen (1981), Vos (1981), Kostachuk and McCann (1987) and Prior and Bornhold
(1988) all document development of subaqueous distributary channels or ‘chutes’ within the
delta front. Within the distributary channel planar cross-stratified sand beds were deposited.
Due to the slope induced instability of the material in the channel, it slumped, forming the
diamict bed. Also as a result of this slump, finer material ejected as the sediment flowed
would have been resedimented forming thin graded beds.

(i) Rippled Lithofacies Association

Rippled cross-stratified beds, along with type A and B climbing ripple lamination (as
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