
INFO 0606

II
CA9700002

VOL

l+ l Atomic Energy Commission de controle
Control Board de I'energie atomique Canada



INFO-0606

Convoluted Laminations
in Waterlain Sediments:

Three Examples from
Eastern Canada and their
Relevance to Neotectonics

by

D.A. Macdougall and B.E. Broster
Quaternary and Environmental

Studies Laboratory
University of New Brunswick

Prepared for
the Atomic Energy Control Board

under its Regulatory Research
and Support Program

Ottawa, Canada

AECB Project No. 3.157.1

October 1995

Atomic Energy
Control Board

Commission de controle
de I'energie atomique

NEXT PAGE(S)
left BLANK Canada



-111-

CONVOLUTED LAMINATIONS IN WATERLAIN SEDIMENTS:
THREE EXAMPLES FROM EASTERN CANADA AND
THEIR RELEVANCE TO NEOTECTONICS

A report prepared by D.A. Macdougall and B.E. Broster, Quaternary and Environmental
Studies Laboratory, Department of Geology, University of New Brunswick, under contract to
the Atomic Energy Control Board.

ABSTRACT

The catastrophic disturbance of unconsolidated sediment produces a wide variety of
deformation structures, particularly if the sediment is water-saturated at the time of
disturbance. Layers, originally deposited as sub-horizontal, can become stretched or distended
resulting in convoluted laminations. Faulted beds, slumped units, or dewatering structures
may also occur in association with the disturbance.

Convolutions were studied in five examples of Pleistocene glaciomarine deltas, at three
locations in eastern Canada. Results from this study indicate that similar structures were
produced in each of the sediment deposits, but some are especially common in specific faciès
(e.g. bottomset, foreset, topset). However, the particular cause of the convolutions varied
within each deposit, and the origin could be better assessed when studied in relationship to
other structures.

None of the convolutions found could be attributed, categorically, to a seismic origin.
However, neither could a seismic origin be dismissed for structures associated with
convolutions occurring in deposits at: St. George, New Brunswick; Economy Point, Nova
Scotia; and Lanark. Ontario. Of these deposits, the deformed structures at Economy Point are
apparently post-glacial.

RÉSUMÉ

La perturbation catastrophique de sédiments non consolidés produit une gamme variée de
structures de déformation, en particulier si les sédiments sont saturés d'eau pendant la
perturbation. Des couches, initialement déposées sub-horizontalement, peuvent s'étirer ou se
distendre et créer ainsi des laminations convolutées. Il peut en outre se former concurremment
à la perturbation des lits failles, des glissements ou des structures d'assèchement.

On a étudié cinq exemples de convolutions dans trois deltas glaciomarins différents du
Pleistocene situés dans l'est du Canada. Les résultats de cette étude indiquent que des
structures semblables ont été produites dans chaque dépôt sédimentaire, mais certains se
rencontrent surtout dans des faciès spécifiques (p. ex. couches de fond, couches frontales,
couches supérieures). Cependant, la cause particulière des convolutions varie dans chaque
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dépôt et l'origine pourrait être mieux établie si elle était étudiée en rapport aux autres
structures.

Aucune des convolutions observées ne peut être attribuée, catégoriquement, à un séisme.
Toutefois, on ne peut pas rejeter le fait que les structures associées aux convolutions présentes
dans des dépôts à St. George (Nouveau-Brunswick), Economy Point (Nouvelle-Ecosse) et
Lanark (Ontario) puissent être d'origine sismique. Parmi ces dépôts, les structures déformées
d'Economy Point sont apparemment post-glaciaires.

DISCLAIMER

The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or opinions expressed in this publication and neither the Board nor the authors assume
liability with respect to any damage or loss incurred as a result of the use made of the
information contained in this publication.
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1.0 INTRODUCTION

This report is based upon field studies carried out during the period between July and August
30, 1994, under contract to the Atomic Energy Control Board (Project No: 3.157.1).

The objective of the study was to determine the origin(s) and to identify, if possible, criteria
for distinguishing between seismically-induced convoluted laminations and those produced by
other phenomena. Although produced by a variety of mechanisms, the origin of convolutions
is often questioned in studies involving seismic hazard assessment (e.g. Broster, 1991a).

Three areas in Eastern Canada were chosen for study. The specific locations selected had
been reported to exhibit convoluted laminations in excavated pits or at natural geological
exposures that were still accessible to study (Martin, 1988). These included the sand pit at St.
George, New Brunswick; the shore cliff along the Five Islands-Economy Point area, Nova
Scotia; the Redmond sand and gravel pits at Kemptville and the Arnott and Tackeberry Pits at
Lanark, Ontario (Fig. 1.1).

On-site field work was accomplished by graduate student D.A. MacDougall assisted by
undergraduate student D. Robbins, under the supervision of Dr. B.E. Broster of the University
of New Brunswick.

1.1 Convoluted Laminations

Convoluted laminations are structures showing crumpling or complicated folding of layers of
sediment (Kuenen, 1953; Reineck and Singh, 1975). This type of soft-sediment deformation
is often found in fine-grained unconsolidated fluviatile, lacustrine and marine sediments; in
some cases deformation is the result of, or exacerbated by, glacial activity. Classical
interpretations of genesis attribute convoluted laminated deposits to several causes, including:
rapid sedimentation, glacier loading, loss of support, growth of river ice, percussion from
iceberg or dropstones, and slope disturbance or landslide (Reineck and Singh, 1975; Broster,
1991a, b; Broster and Clague, 1987; Broster et al, 1993). Because they imply liquefaction
(expulsion of fluid with no deformation) or fluidization (expulsion of fluid with
resedimentation) by the application of sudden shock to waterlain sediments, they can be
indicative of seismic occurrence.

2.0 ST. GEORGE, NEW BRUNSWICK

2.1 Location

The major site studied in the St. George area was a gravel pit located on the south side of the
Maguadavic Basin, approximately 0.5 km south of the town of St. George, New Brunswick
(Fig. 1.2). The pit occupies approximately five acres on the St. George moraine (Kumarapeli,
1990; Finamore and Seaman, 1988) and can be reached by an access road north off highway
772.

During this study (07,1994), unconsolidated sediments were sporadically exposed in sections
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throughout the pit. Fresh exposures were found in the central area of the pit where sand and
gravel were being extracted from the deepest excavations, reaching to about 25 metres below
the uppermost banks of the pit.

2.2 Background

Kumarapeli (1990) previously studied deformed glacial deposits of the Passamaquoddy Bay
area of New Brunswick, and in particular, five main sites within a 10 km radius of St.
George. These five sites were re-examined by B.E. Broster and D.A. MacDougall during two
8 hour excursions in early July. Because of recent slumping and excavation, we found little
deformation at these locations, with the exception of a site designated by Kumarapeli (1990)
as site 5, that is referred to herein as the St. George pit. Field work consisted of hand-
trenching and examination of all soft-sediment deformation structures found on-site during an
eight day period.

Deformation structures at the St. George pit were previously attributed to (1) collapse from
ice-melting and to (2) movement from gravitational sliding, although Kumarapeli (1990) could
not rule out a seismic origin as a cause of the slope instability. This area, along the New
Brunswick-Maine border, is considered to have a higher level of seismic activity (Barosh,
1981; Leblanc and Burke, 1985) than the low-level activity of the surrounding region
(Basham et al., 1979). The most prominent fault in the area is Oak Bay fault zone (Fig. 2.1)
that trends NNW (Leger and Williams, 1986). Thus, ancient seismicity associated with this
fault might be suspected as a cause of convoluted laminations and associated sediment
deformation occurring in the area.

The deformed sediments examined by Kumarapeli (1990) are mainly glaciofluvial and ice-
contact deposits related to advance and retreat of the Late Wisconsinan ice sheet around 13 ka
(Ruitenberg, 1989; Seaman et al., 1993). Slumping caused by failure in ice contact deposits
has been noted by various authors (Martin, 1988; Ruitenberg, 1989) and is common to this
type of depositional environment (Broster, 1991a, 1991b; Broster and Clague, 1987).

2.3 Descriptions of Sections

The location of sections pertinent to discussions herein are shown in figure 2.2. The major
deformation structures examined, include: convoluted laminations, faults and fluidization
structures. These structures were described and measured at the site.

The deposit at the St. George pit consists of layered sands and gravel with occasional beds of
diamicton. The stratigraphy examined over a 25 m height is consistent with deltaic deposits
changing upward from a fine-grained horizontally stratified bottomset unit, overlain by an
intermediate- to coarse-grained foreset unit and capped by a sub-horizontal fluviatile topset
unit of varying grain-size. The deltaic units contain some layers of diamicton, thus the
landform is interpreted as a delta-moraine deposited at a glacier terminus in a glaciomarine
environment.



The stratigraphy and deformation of the deposit were examined at several exposed sections
throughout the pit. Eight specific geological sections (Fig. 2.2) are discussed in detail, below.

2.3.1 Section A

Site A is a section exposing horizontally laminated fine-grained waterlain sediment over an
area of about 3 m high and 10 m wide (Figs. 2.2, 2.3). The layers alternate between clayey-
silt and silty sand, with rare pebble and coarse-sand accumulations. Coarse-grained sediment
forms features that delineate disaggregation and deformation structures. The sediments are
interpreted as part of the bottomset unit.

Deformation occurs as roll-up structures, dewatering structures and convoluted layers in the
lower 2.5 m of the section (Fig. 2.4). The folded and contorted layers are separated by
undeformed horizontal strata. Sub-horizontal beds show small folds that have been stretched
in a northerly direction. An overfolded layer (roll-up structure) indicates parallel slip
movement to the northwest along bedding boundaries (Fig. 2.5). Disaggregation features seen
within the deformed beds include coarse, sandy lenses which are the result of fluidization and
separation because of differences in grain size and density. In one example, convoluted layers
are adjacent to a dewatering structure comprised of interfingered coarse to fine sand, silt and
clay (Fig. 2.6). The linear nature of the external form of the dewatering structure shows a
preferred orientation dipping north-northwestward.

The layer deformation occurs at alternating depths indicative of interstratal deformation, likely
due to occasional layer-slumping towards the basin axis, or rapid loading by northward-
directed sedimentation.

2.3.2 Section B

Section B is an exposure 2.5 - 3.0 m high over a distance of about 9 m (Fig. 2.2). The lower
1.5-2.5 m exposes coarse cobbles and boulders (50-200 mm) with no visible bedding. The
upper boundary of the unit has been eroded, possibly by channel scouring. Clasts along the
top of the unit are oxidized red and form a continuous line defining a channel 8.0 m wide and
up to 2.0 m deep. Channel-fill clasts fine upward from coarse cobbles (20-50 mm) into a
cobble-gravels (1-15 mm), and again into gravel-coarse sand (1-5 mm thick) as exposed at the
edge of the section. Some cobbles are well striated indicating that these sediments were
probably close to the apex of the delta and the ice front, during deposition. However, no
deformation was found at this section.

2.3.3 Section C

This part of the pit can be accessed by a road to the southwest of the gravel pit (Fig. 2.2).
The section has recently experienced slumping and has been excavated along the upper part.
Section C afforded a 6 metre high by 12 metre wide face with the lower 4 metres slump-
covered. The 2 metre high exposure exhibited 1.8 metres of cross-bedded pebbly sand, that
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dips steeply (31O@480/ 325@33°) to the northwest, and likely represents foreset beds. The
cross-beds are capped by 20 cm of brown diamicton containing cobbles. Additional overlying
relationships are obscured by excavation and slumping.

2.3.4 Section D

Section D is an 8 m high section at the northernmost part of the landform and the section
closest to the Maguadavic Basin. The lowermost 4 m and uppermost 1 - 2 m were covered by
colluvium, exposing a 4 m high area over a distance of about 32 m long (Fig. 2.7).

The lowermost unit consists of approximately 1 m of cross-bedded sandy gravel and pebbly
sand, interpreted as foresets. The gravel-rich beds are clast supported with sand infilling the
interstitial spaces. Clasts range in size from 3 mm - 60 mm, with the majority between 10-20
mm. Clasts dip northwest and plunge at varying amounts, but less-steeply (300°@20°) than
that found at section C. The 0.1 m at the top of the foresets fine-upward to a pebbly sand
which is capped by a 20 cm thick layer of brown clayey diamicton.

The diamicton is overlain by about 3.5 m of sub-horizontal sand and gravel that have been cut
by scour and fill structures. The overall unit is interpreted as topset deposits. The topset beds
grade from coarse and medium sand in the lower 0.3 m upward to pebbly interbedded coarse
to fine sand. The pebbles are predominantly shale or fissile slate. Ripples occur in some
layers of the sandy topset beds. The topset beds dip northward (000°@20°) and likely
represent glaciofluvial deposits from northward flowing meltwater. The scour and fill
structures show small cross-beds which have been truncated or eroded, and have been covered
by alternating layers of well-sorted coarse and fine sand. Some small crossbeds in the scour-
fills dip to the southwest at 25°-40°.

Convoluted layers associated with deformation over an area of about 0.7 metres square, were
found in the topset beds at this site (Fig. 2.8). Deformation has occurred as dewatering
structures and collapsed sediments that did not affect the underlying foreset beds. A central
feature of the zone is a sand dike that is slightly coarser grained than the surrounding beds.
This area likely experienced re-sedimentation during dewatering. Larger clasts in the
surrounding sand beds and in the dewatering structure itself are oriented randomly; the smaller
clasts within the structure are oriented sub-vertically with long axis trends at 150° plunging
50°-80°. Overlying sand layers are dish-shaped, due to collapse of the underlying beds. This
collapse likely occurred because of a combination of localized loading and dewatering. Major
faulting was not associated with these structures.

2.3.5 Section E

Section E is a 2 m high exposure over a 6 m width, occurring at the upper part of a 10 m
slump-covered slope. The lower 1.5 m consists of sub-horizontal layered sand. In the upper
0.5 m the sand layers alternate with pebble-rich sand and fine-gravel, all of which are
convoluted and faulted (Fig. 2.2, 2.9).
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The convoluted layers show many deformation features such as flame structures, and ball and
pillow structures (Fig. 2.10). The faults dip 62°- 82° to the northwest and display offsets in
the order of 10 to 15 cm. The faults become less defined towards the bottom of the exposure,
where they resemble folds. Small high angle reverse faults (2 - 3 cm displacements) occur
within faulted blocks on the left side of the sand unit and parallel the northwest dipping trend.
The structural association of the faults suggest compression from the northwest (Fig. 2.11).

2.3.6 Section F

Section F is a 4 m high, 20 m wide section with the bottom 2 m covered by colluvium (Fig.
2.2, 2.12). The section strikes approximately north-south (015°) and contains convoluted
laminations. The sediment layers dip southwestward revealing 4 m of stratigraphy within the
2 m exposure (Fig. 2.12).

A 2 m thick unit of layered sand and pebbly sand occurs at the bottom of the section. The
gravel beds show alternating grain-size and represent differential energy at time of deposition.
The layers are highly disturbed, folded and convoluted.

At the southern part of the section (Fig. 2.12) the lower unit is overlain by a 1.5 m thick unit
containing 0.50 m of very fine compacted clay and an uppermost 1 m thick layer of poorly
sorted diamicton or perhaps a flow till. The beds dip to the southwest exposing
approximately 2 m of the unit. The beds have undergone reverse faulting (Fig. 2.13). Faults
are continuous with minor drag and/or jog as they pass through different layers (Fig. 2.14).
Fault offsets are in the order of tens of centimeters with total displacement less than 2 m.
Within undeformed layers, pebble alignment parallels layer bedding. In areas of deformation
pebble alignment follows the rotation and faulting of beds.

A sand dike is exposed behind the far right corner of section F. The dyke contains well sorted
sand and passes through all layers exposed at the edge of the section (Fig. 2.15). The dike
dips northwest at 50°, cuts the deformed beds (post deformation) and passes upward at a low-
angle along fractures until it terminates because of previous pit working. Pebble orientation
along the sand dike is mainly parallel to the dip of the dike, contrary to pebble orientation in
the beds that are 0.5 m away from the dike (Fig. 2.16).

Because the dike extends below the colluvium cover to an unknown depth, and its upper limit
is unclear because the pit has been worked directly above the section, the overall extent of the
dyke is not known.

2.3.7 Section G

Laminar sand layers are exposed in section G over a height of 1.5 m across an area about 2 m
wide (Fig. 2.2). The exposed area occurs in the upper part of a 10 m slope, most of which is
slump covered. On the left side, small ripples and trough cross-bedding occurs within
westward dipping (260o@10°) sand layers.



-6-

Interbedded silty-sand, sandy-silt and compacted clay occur on the right side of the exposure.
These layers are cut by normal faults that are obvious in the clay layers but do not extend to
the top of the exposure. Total displacement of the faulting is in the order of approximately 1
m. This section is correlative with the foreset facies exposed at section E and section F.

2.3.8 Section H

This section occurs along the highest active working face in the pit, exposing a 2 m thickness
of massive and laminated sands, over a distance of about 9 m (Fig. 2.2). At the time of
examination, the base was covered by 2 m of colluvium; exposed above this was a 1.25 m
thick layer of massive sand overlain by laminated, fine-grained, well-sorted sand. The
laminated sands are convoluted and the intensity of deformation dies out both upwards and
downwards. Fold axis strike 070° and 100° suggesting that layer shortening occurred in a
north - southward direction (Fig. 2.17). Most sand beds appear sub-horizontal and the facies
relationship suggest formation as topset beds.

2.4 Summary

The deposit at St. George, New Brunswick, represents a proglacial delta consisting of fine-
grained bottomsets overlain by foresets that grade laterally from gravel-rich layers to sand-rich
layers. The coarser deposits occur in the central part of the landform and probably represent
high-energy portions of the delta.

For the most part, deformation at the site was found to be mainly unit or bed -confined. Near
the base of the delta at section A (Figs. 2.3 - 2.6), deformation in the bottomset unit occurs as
fiuidization structures in sandy- and silty-clay. Deformation includes, convoluted layers,
disaggregated layers, ball and pillow structures and horizontally confined dewatering
structures.

Deformation occurs in the foreset beds as layer movement, probably representing down slope
slippage and collapse of the delta front. The foreset unit also contains a clastic dyke
representing a catastrophic fiuidization event.

Deformation of the topset beds occurs mainly as faulting, including high angle normal and
reverse faults. Faulting throughout the site strikes approximately east - west, possibly because
the deltaic sequence slumped into the Maguadavic Basin to the north. However, faults cutting
the uppermost units could be post-depositional, as described by Kumarapeli (1990), and could
be related to local seismicity.
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3.0 LOWER FIVE ISLANDS AND ECONOMY POINT REGION, NOVA SCOTIA

3.1 Location

The Lower Five Islands and Economy Point area of Nova Scotia, is located along the north
shore of the Minas Basin (Fig. 3.1). It can be reached via highway #2. Lower Five Islands is
approximately 22 km east of Parrsboro. Economy Point is approximately 11 km east of
Lower Five Islands and 53 km west of Truro.

Field work was conducted at the Lower Five Islands-Economy Point sites over a five day
period during the latter part of July, 1994.

3.2 Background - Lower Five Islands

Thick sequences of Pleistocene meltwater deposits occur along the north shore of the Minas
Basin (Wightman, 1980). These deposits include, glaciofluvial outwash and marine deposits
intercalated with deltas that are sporadically covered and dissected by post-glacial fluvial and
shore processes (Swift and Boms, 1967). In the study area (Fig. 3.2) these deposits have been
eroded to form a dissected raised terrace, providing shore cliff exposures in the order of 2 - 9
m in height, between Lower Five Islands and economy Point.

At Lower Five Islands deltaic deposits lie between the Harrington and North Rivers
(Wightman, 1980). The northern part of the delta, believed to represent proximal deposition
(Wightman, 1980), overlies the Carboniferous Parrsboro Formation. The southern part of the
delta overlies the Triassic Scots Bay Formation, indicating the probability of buried fault
contacts between these rock formations (Wightman, 1980). A major east-west trending fault,
the Cobequid Fault, occurs within 3 km north of the shoreline (Fig. 3.2).

Stokes (1988) examined faults and folds in bottomset muds at Lower Five Island which he
interpreted to have been the result of delta slumping possibly from post-depositional seismic
shaking associated with activity along local faults. Wedge-shaped structures found at Lower
Five Island and interpreted by Borns (1965) as "ice-wedge" structures, were examined by
Stokes (1988:10) and attributed to post-depositional disturbance that could have resulted from
seismic shaking.

3.3 Descriptions of Lower Five Island Sections

Sections were accessible by gravel roads south off highway #2 (Fig. 3.2). The deltaic
deposits are discontinuous and generally poorly exposed along a wave-cut terrace because of
erosion and the presence of colluvium and a vegetation cover.

3.3.1 Section A

This section is a small gravel and sand pit east of the road that extends to the Lower Five
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Islands beach. The exposed face is 2.5 m high and 8.0 m wide, with 2.5 m of slump material
at the base of the section. The exposure consists of stratified coarse pebbles ( 2 - 5 cm) and
sand with interstitial sand layers. The deposit fines upward into layered sand and pebbly
sand. Colluvium covers the overlaying 0.5 m. The beds are interpreted as delta topsets.

Convoluted laminations are composed of large open folds, with wavelengths of 1.5 m and
amplitudes of 90-100 cm. The fold axes are vertical (Fig. 3.3) and strike northeastward
indicating shortening from the northwest - southeast directions.

3.3.2 Section B

This section is part of a beach cliff about 900 m long that declines to the southeast (Fig. 3.2).
The cliff at section B is 9 m high and, although veneered by colluvium, different facies are
evident.

The lower 3 m is composed of sub-horizontal layered silty-clay and clayey-silt, likely
representing delta bottomsets. These are overlain by approximately 4 m of southward
dipping, layered silty-sand and coarse sand, interpreted as foresets. The foresets are
unconformably overlain by layered, gravelly, topsets about 1 m thick and in turn overlain by
about 1 m of vegetation and colluvium.

Convoluted laminations occur at the boundary of the bottomset\foreset units (Fig. 3.4). Fine
layering of clay and silty sand are folded over a 60 cm wide zone, vertically bounded by sub-
horizontal beds of clayey-silt and silty-clay. The fold limbs strike roughly southeast -
northwest with a sense of movement to the southwest - northeast. Deformation may be
described as bed-confined layer shortening parallel to the slope of the delta at that location.

3.3.3 Section C

Section C, 100 m to the right of section B (Fig. 3.2) is an exposure of bottomsets, 1 m high
and 2.0 m wide. The bottomsets are composed of laminated silty-clay with minor undulations
and common normal faults (Fig. 3.5). The faults dip northward at 60°-80°. Faulting
represents a total offset of about 40 cm to the northwest over a 1.5 m wide zone. This
faulting may be due to slope movements or loading during southward extension of the delta.

3.3.4 Section D

At section D (Fig. 3.2), approximately 50 m southeast of section C, facies contacts (Fig. 3.6)
are clearly exposed over an area 6 m high and 36 m wide. The lowermost unit dips to the
northwest and exposes up to four metres of gravel with cobbles. This is overlain by 2 m bed
of layered silty-sand that onlaps the lower unit and also dips to the northwest. This is in turn
overlain by a 2 m thick unit of laminated silty-sand and clayey-silt. These units are
interpreted as south-southwestward dipping foreset deposits.
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The foreset beds are unconformably overlain by 2 m of gravel deposited as topsets. The top
2 m of the section is vegetation covered. No deformation was found at this site.

3.3.5 Section E

Section E is located 250 m northeast of Broderick Lane road (Fig. 3.2) and represents a 6 m
high cliff, mainly colluvium covered. The lower unit is comprised of 4.5 m of coarse sandy
foresets overlain by 1.5 m of gravelly topsets. Foresets are exposed in a section
approximately 1 m high and 1.5 m wide (Fig. 3.7). The foreset beds are jointed and cut by
northwestward and southeastward-dipping normal faults, along which the faults show local
offsets of as much as 20 cm. Faulting is unit-confined and does not continue upwards
through the topsets. Deformation suggests failure during southward extension of the foreslope
unit.

There are areas along the beach line where red clayey bottomsets are exposed up to 0.5 m
high. They dip gently (207°@06°) south-southwest and display large open folds that have
limbs 2.5 to 3.0 m wide. Deformation is probably the result of vertical loading during delta
construction.

3.4 Background - Economy Point Area

The Quaternary delta at Economy Point extends from Carrs Brook on the west, to Hill Brook
on the east (Fig. 3.8). The delta forms most of the shore line except for the area where the
Triassic bedrock protrudes into the basin to form Economy Point. This area created a natural
barrier for the main source of the meltwater discharge which was probably the Economy
River. Drainage from smaller brooks to the west of the Economy River may have altered the
delta (Wightman, 1980).

Stokes (1988) examined major folding in bottomset muds at Economy Point which he
interpreted to have been the result of delta slumping possibly from post-depositional seismic
shaking. The occurrence of major wedge-shaped deformation structures, discussed herein,
were not reported by Stokes (1988) and it is likely that these structures have been exposed by
shore erosion only recently.

3.5 Descriptions of Sections

The exposures studied (Fig. 3.8) were located along the western side of the delta at Jacob's
Lane beach (EP-1) and along the eastern side of the delta at Upper Economy beach (EP-2).

3.5.1 Area EP-1

The EP-1 sites are located south of highway #2, roughly halfway between Carrs Brook and
Economy (Fig. 3.8). The area can be accessed by turning south off highway #2 down Jacob's
Lane road. The exposure is a southward-facing beach cut, oriented in a northwest-southeast
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direction. At the terminus of Jacob's Lane the shore exposure is about 2.5 m high extending
to the northwest and is colluvium covered to the southeast.

Deposits consist of layered gravel of various size range, and sand with a distinct red colour
associated with the weathering of the Triassic red beds of the area. Gravel appears to be well
stratified but is cut by scour and fill channels, suggestive of a topset facies or post-glacial
erosion. These units are deformed with convoluted layers and dewatering structures.

A layer of mixed sand and pebbles (post-Pleistocene ?) up to 40 cm thick in places,
unconformably overlies the topsets. A weathering profile and surface vegetation extend
downward to about 30 cm from the surface. Fragments of preserved charcoal (wood) are
dispersed throughout the area at the boundary between the topsets and post-glacial sediments.
Dating of a charcoal sample has given a tentative minimum age for underlying deformation of
80 ±70 yrBP (MacDougall and Broster, 1995).

Section A

At section A, 250 m northwest of Jacob's Lane, a dewatering structure vertically cuts the
stratified topset sands and gravels (Fig. 3.9). The structure is recognizable by a noticeable
deviation in pebble orientation that change from a sub-horizontal inclination, to a near-vertical
inclination, within a 30 cm wide vertical zone of resedimented sand and gravel. Overlaying
gravel layers sag downward approximately 30 cm into the central part of the dewatering
structure, suggesting some loss of support occurred during the dewatering event. The
structure stops at the boundary with the overlying sand unit, suggesting that it is older than
the overlying unit.

Section B

Section B, represents the location of another dewatering structure, located about 25 m
northwest of section A. The section face is 2.5 m high with approximately 2 m of deformed
topsets overlain by about 0.5 m of sand with few pebbles (Fig. 3.10). A vertical dewatering
structure similar to the one at section A, occurs over a 20 cm wide zone. The feature is
defined by steeply dipping pebbles forming a linear zone with offset and down-folded bedding
adjacent to the feature (Fig. 3.10). The bottom of the structure continues below the base of
the exposure. Pebble inclinations within the structure can be traced upward to the base of
the overlying post-glacial unit. However, in the uppermost 30 cm of the structure, clasts are
inclined less steeply, and over-all subsidence of clasts appear to diminish upward from the
base of the structure. This relationship suggests that the structure originates from below.

Section C

A 3-dimensional view of a dewatering feature was provided at section C, a 2.5 m exposure 10
m northwest of section B (Fig. 3.11). The dewatering structure here, forms a wedge-shaped
vertical cylinder, narrowing downward. Sand beds adjacent to the structure, pinch out as they
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fold downward into the structure. Pebble inclinations dip toward the centre of the structure,
implying resedimentation and subsidence within the structure. There is little slumping of the
topsets and no depression on the surface of the topsets above the dewatering structure. The
structure does not penetrate the overlying post-glacial sand unit.

Section D

Section D is a 2.5 m exposure located about 35 m to the northwest of section C. Here a
vertical dewatering structure cuts the foreset sand and gravel unit over an area of about 40 cm
wide (Fig. 3.12). The structure rises from the base of the section to the base of the overlying
post-glacial sand unit. The structure appears to strike at an oblique angle to the beach front
and may be fracture-controlled, although no fractures were identified during the investigation.
Pebble lineation folds downwards towards the centre of the structure. Cobbles (about 15 cm)
and pebbles dip steeply to near vertical towards the central area, and finer sediments increase
in abundance at the base of the structure. This is likely because of loss of support and
collapse of overlying clasts into a central zone undergoing fluid expulsion.

A sample of charcoal was recovered at the base of the overlying post-glacial sand unit for age
determination.

Section E.F.G

Sections E, F and G, together form a 6 m wide by 2.5 m high section located between 20 -
30 m northwest of section D. Three dewatering structures occur in close proximity to each of
these sections.

At location E, coarse-gravel and cobbles form a wedge-shaped, dewatering structure (Fig.
3.13). Gravel clasts and layers within 1 m, on either side of the dewatering structure, dip
towards the structure. The structure tapers downward from about the middle of the unit. The
upper 0.3 m sandy part of the topset unit and overlying 0.3 m post-glacial sand unit, is not
deformed.

The dewatering structure at section F is located 2 m northwest (left) of section E (Fig. 3.14).
The dewatering structure present at site F is poorly exposed, with the bottom covered by 0.5
m of coarse colluvium. The structure is defined by vertically-oriented clasts, within a vertical
zone about 0.6 m wide, terminating at the contact with the overlying post-glacial sand unit.
The abrupt termination suggests that the dewatering event predated deposition of overlying
sand.

At section G, 3 m northwest of section F (Fig. 3.15), a dewatering structure appears to follow
a narrow 10 cm wide zone upward from the base of the section. In the lower 30 cm, sand
and pebbly sand layers terminate at a narrow (10 cm) zone of vertically-inclined pebbles. The
upward extension of this dewatering feature is difficult to follow as it passes into an overlying
coarse gravel bed (Fig. 3.15). The overlying post-glacial sand unit is undisturbed. The
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structure may have been fracture-controlled, although no orientations were recovered.

3.5.2 Area EP-2

This area is located about 1.5 km east of Upper Economy (Fig. 3.8) and the beach front at
EP-2 can be accessed by a private laneway that winds southward from highway #2.

Section A

Section A represented an exposed shore cliff at the end of the access road. The section was a
4.0 m cliff face with the bottom 0.5 m colluvium covered. A vertical dewatering structure
was exposed in topset beds at about 20 m west of the stairway leading to the beach access
from the first cottage (of Mr. R. Fielding) at the end of the access road.

Exposed in the lower 3 m of the section are alternating sand and gravel-rich (topset) layers,
overlain by about 0.8 m of sub-horizontal, post-glacial, layered sand (Fig. 3.16). A
dewatering structure passes vertically through the exposed topsets and continues below the
colluvium. The structure does not penetrate the overlying sand unit. The dewatering
structure forms a 40 cm wide zone of vertically inclined pebbles and convoluted (down-
folded) layers within a narrow vertical zone. At its upper part, sand layers are down-folded
forming dish-shaped structures, suggesting up to 20 cm of settling of these layers (Fig. 3.16).

The convoluted upper part of the topset unit was deformed as a result of subsidence due to
fluidization and formation of the dewatering structure. This occurred prior to deposition of
the post-glacial sand unit.

Section B

The cliffs to the east along the beach are as high as 7 m, with a third of the section being
colluvium covered and laden with vegetation. In these areas the topset beds have been
scoured and filled to depths of 5 m.

Section B is located about 400 m to the east of section A and sporadically exposes up to 5 m
of waterlain sediment over a distance of 60 m. The lower 2 m are comprised of layered red
clay and silty-sand interpreted as muddy bottomsets (Fig. 3.17). They appear to be flat lying,
with regular bedding, 2 - 3 cm in thickness with occasional areas of convoluted bedding. The
bottom sets are overlain by southeastward-dipping layered sand foreset beds that are in turn
overlain by 1 m thick gravel-rich topset beds.

Convoluted and highly deformed parts of the fine layered muds occur as (Fig. 3.18) isolated
zones interbedded with underlying and overlying undeformed beds. Deformation includes,
folding and ball and pillow structures. Deformation was likely penecontemporaneous as a
result of density differences between the layers and loading of the bottomsets.
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Section C

Section C is a 5.5 m exposure located west of the mouth of Hill Brook (Fig. 3.19). The
lower 2 m consists of a reddish brown diamicton, interpreted as till. The till is dense and
compacted with many clasts ranging from pebble to boulder in size. The stones are very
faceted and striated, with the preferred clast- orientation of longest axis towards the southeast.
The till is overlain by 1 m of flat-lying laminated silty clay representing muddy bottomsets.
These are in turn overlain by 1.5 m of southeastward-dipping gravel and sand foresets.

The foreset unit is overlain by a 1.5 m thick unit of cobbles, gravel and sand beds (topsets)
and this is overlain by 0.5-1 m of colluvium. The 5.5 m section is interpreted as a Gilbert
Type Delta, overlying till. No deformation is present in this section which is at the far
eastern edge of the proglacial delta.

3.6 Summary

3.6.1 Lower Five Islands

The outwash delta at Lower Five Islands exhibits deformation that is mainly bed-confined.
Ball and pillow structures, convoluted laminations and numerous high angle faults occur
throughout the bottomsets of the deltaic deposit. This deformation was most likely due to
loading of the delta.

In the foreset unit at Five Islands, slumping and faulting of layers may be due to glacial
movements or penecontemporaneous slope failure of the foreset beds towards deeper portions
of the sedimentary basin. Topset beds demonstrated convoluted layers with minor folds
suggesting unit shortening in a northwestward - southeastward direction; possibly due to
minor sliding.

No deformation was exposed that cut the entire delta or vertical exposures.

3.6.2 Economy Point

Convoluted layering was found at in the bottomsets as ball and pillow structures, likely due to
penecontemporaneous loading during growth of the delta. Minor faulting and folding
occurred in the foreset unit, associated with movement at the boundary with the underlying
bottomsets.

Eight vertical dewatering structures were found in the topset unit, seven of these within a
distance of 100 m (Economy Point, Jacob's Lane beach). Convoluted layers were associated
with these dewatering structures as; (1) layers that were down-folded because of subsidence
within or adjacent to a dewatering structure, or (2) because of sagging from underlying
subsidence during liquefaction and dewatering in an underlying structure.
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The areal extent of the dewatering structures is not known. At the present they are exposed
only in a two metre high cliff along the shoreline. The structures are interpreted as post-
glacial in origin because of their association with the topset unit, and this interpretation is
supported by radiocarbon dating. Charcoal was recovered from the boundary between a
dewatering structure and the overlying post-glacial sand unit that has yielded a carbon-14
minimum age of 80± 70 yr for the dewatering event (MacDougall and Broster, 1995).

4.0 KEMPTVILLE, ONTARIO

4.1 Location

Kemptville is located in eastern Ontario, approximately 35 km north of Highway 401 at the
intersection of Highway # 16 and Highway # 43 (Fig. 4.1). The sites under study are 9 km to
the northeast of Kemptville where gravel and sand are actively being extracted, thus providing
fresh exposures. The sites can be accessed from Highway #43 by turning north onto the
township boundary road between Mountain and South Gower Township. The gravel pit is
located along the right side of this road at the boundary between the X and IX concessions
(Fig. 4.2).

4.2 Background

Throughout the area several glacial deposits have been exploited for their aggregate value.
East of Kemptville, gravel deposits occur in a linear trend related to the location of the former
beach front of the Champlain Sea (Chapman and Putnam, 1973; Richard, 1982). The
surrounding area, in which the gravel deposits have been exploited, are mapped as ice-contact
stratified drift (Richard, 1982). These deposits consist of bedded, poorly to well sorted,
mainly coarse- to medium-grained, sand and gravel with numerous cobbles, boulders and
occasional lenses of till. The surrounding deposits were formed as; esker fans and outwash
deltas, kames, kame terraces, eskers and outwash plains. These sediments are occasionally
pitted by closed depressions (kettles) that occur at or above the marine limit (Richard, 1982).
In areas that lie below 160 m (the marine limit) these landforms are overlain by marine beach
deposit (Richard, 1982).

4.3 Descriptions of Sections

The Kemptville area was examined over a three day period during the second week of
August, 1994. Several gravel deposits occur in the area but many have not been worked for
several years. Few sites afforded good exposures of the deposits. Two sites were found (KV-
1 and KV-2; Fig. 4.2) that were being actively worked with some well-exposed sections.

Access to near-vertical section faces was hampered at some sections because of the danger of
burial by slope failure or injury from falling clasts. For example, at sections B, C, and D at
Site KV-2, the co-author, and field assistant Damean Robbins, were ordered by one of the pit
excavators to remain well-away from the pit walls. Therefore few detailed observations and
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measurements could be taken.

4.3.1 KV-1

Site KV-1 is the pit workings at the Maple Grove Pit (Fig. 4.2). The pit is being actively
excavated for sand and gravel. Sections are generally 7 m high and most faces are covered
by 3 - 4 m of colluvium. The deposit is composed mainly of planar cross bedded sand,
interpreted as deltaic or shoreline sediments.

Section A

Section A is a 6 m high section with the lower 4 m covered by colluvium (Fig. 4.2). The top
2 m consists of laminated sands with planar beds dipping northeast at 10°-15°. These
sediments may represent deltaic foreset or backshore facies. No major fractures or faults are
seen in the sediments.

Section B

Section B is a 7 m face with the lower 2 m covered by colluvium (Fig. 4.2). The lower 6 m
of the section exposes planar beds of laminated and well-sorted coarse to fine sand. The
deposit is interpreted as deltaic distal or beach foreshore facies. This deposit is channelled in
the uppermost 1 - 2 m, by cross-bedded, scour and fill deposits probably related to
glaciofluvial erosion.

Convoluted bedding was exposed in an area of approximately 1 m high by 3 m wide, at a
small exposure about 2 m in elevation at 8 m north of the main section. The surrounding
sediment relationships were buried under colluvium, although the exposed sediment layers are
likely foreshore facies sediments. The convoluted layers were found in a planar bed about 0.5
m thick. The convolutions identified are, folded laminae, kink folds and roll-up structures
(Fig. 4.3) within a recumbent fold. The axial plane indicates northward movement
(182°@12°) probably due penecontemporaneous layer slumping along the shoreline.

The beds are eroded along the upper surface, truncating the deformed sediments. No
deformation was found in the overlying bed.

4.3.2 KV-2

The Site KV-2 (the Kincaid Pit of Redman Sand and Gravel) was actively being exploited
during field investigations. Five near-vertical sections were exposed in the pit, some up to 10
m high along the northeast side of the pit.

Section A

Section A, near the entrance of the pit, is a 9 m section of which the lower 6.5 m is
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colluvium covered (Fig. 4.2). The section strikes roughly northwest -southeast, with the upper
2.5 m exposed. Two units are present (Fig. 4.4). The lower unit consists of about 2 m of
layered clayey- silty- sand (up to 40 cm thick), alternating with thinner ( 2 - 1 0 cm) layers of
well sorted fine sand and coarse sand with pebbles. Cross-bedding in the lower unit indicate
eastward transport. The unit may represent a transition between bottomset and foreset
facies.

The lower (bottomset/foreset) unit contains several examples of sediment deformation and
convoluted bedding. The deformation structures include: flame structures, convoluted layers,
and ball and pillow structures (Fig. 4.5). These structures are common in facies with high
sedimentation rates such as delta foreset and bottomset facies, and foreshore facies (e.g.
Reineck and Singh, 1975). At this section the structures are unit-confined and are thus
interpreted as penecontemporaneous deformation produced by density differences between
sediment layers.

The lower (bottomset/foreset) unit is overlain by 0.5 m of sub-horizontally layered coarse
gravel (topsets), that show scour and fill structures. Approximately 50 m to the south of
section A, sand layers are unconformably overlain by up to 2.5 m of dark brown sandy
diamicton. The clasts in the diamicton are mostly under 15 cm in diameter and are striated.
This unit is interpreted as till, possibly flow till, and considered to be indicative of an ice-
contact environment.

Section B

Section B is a 10 m high excavated face oriented northeast - southwest, with the lower 5 m
covered by colluvium and sediments exposed across a 20 m wide curved section (Figs. 4.2,
4.6). Stratigraphically, the lowermost 4 m are south-southeastward-dipping planar layers of
well-sorted sand up to 1 m thick, alternating with occasional thinner (20 - 40 cm) layers of
silty sand. This unit is interpreted as foreset deposits of a southward-prograding outwash fan-
delta.

At the southern part of the section the foreset unit is cut by a 9 m wide channel-fill
(topset/glaciofluvial facies), containing sub-horizontally-layered gravel and coarse-sand. The
northeastern side of this channel-fill has been jointed during formation of a vertical
dewatering structure (Figs. 4.7 a, 4.7 b). At the northern part of the section (about 14 m
north) the layers are normally faulted and collapse into a large wedge-shaped structure (Fig.
4.6). Both structures are associated with convoluted layers and are further discussed below.

Both deformation structures terminate at the base of the uppermost unit of layered sand and
gravel that is approximately 1 m thick and occurs along the top of the section. This unit
represents late glacial or post-glacial deposition.

The dewatering structure at the southern part of the section, (Figs. 4.7 a, 4.7 b) consists of
several near-vertical fractures that terminate at the base of the uppermost gravel unit. The
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fractures, which are expressed as normal faults with small (2 cm - 15 cm) offsets, occur
over a 2 m wide zone and extend from the base of the section to the base of the uppermost
gravel unit. Sand has been injected upwards along the fracture system. Sub-horizontal sand
beds within the fracture boundaries are convoluted and are gently down-folded, indicative of a
central area of subsidence. The fractures are interpreted as a dewatering feature that
accompanied minor fluidization in some beds. The structure is interpreted as late glacial in
age, but older than the uppermost unit that truncates the dewatering structure.

The large wedge-shaped area of deformation at the northern part of the section (Fig. 4.6), is
centred around an area of bedded cobbles. The cobbles dip steeply northward at 35° - 80°,
while underlying foreset sand layers demonstrate a more gradual northward inclination (20° -
30°). The cobble layers terminate at southward dipping layers of sand, coarse sand and fine
gravel. These layers dip steeply (54° - 78°) to the south - southeast. Thus, a wedge-shaped
structure is defined by the layers steeply dipping to a central point.

Sand and silty-sand layers dipping into the structure are convoluted and faulted (Figs. 4.8,
4.9). Total downward movement along such faults is over 1 m near the perimeter of the
structure, with a total displacement in the central area of approximately 3 m. The inclination
of bedding steepens upward. There are no sand dikes or dewatering structures present.
Deformation is associated with collapse into a central area, likely due to melting ice and kettle
formation. The deformed area abruptly terminates at a sharp contact with the overlying
uppermost (topset/glaciofluvial) gravel unit. Since the overlying beds are horizontal the
deformation occurred before the (late glacial) beds at the top 0.5 m were deposited.

Section C

This section represents a north - south exposure, about 7.5 m high, with the lower 2 m
colluvium-covered (Figs. 4.2, 4.10). Bedding within the section apparently dip northward and
the angle at which the beds are exposed show high-angle cross cutting faults that also dip to
the north.

Five units are exposed over a 20 m wide area (Fig. 4.10). The bottom unit consists of
horizontally stratified pebbly sand and fine gravel with rare layers of sand (Unit 1; Fig. 4.10)
and are interpreted as foreset/beach deposits. Conjugate faulting occurs in the unit, but could
not be traced into the overlying Unit 2. The top of Unit 1 is truncated by a northward-
dipping erosional contact and overlain by a 4 m thick sand unit with a central cobble-rich
layer (Unit 2; Fig. 4.10) interpreted as glaciofluvial/topset deposits. The cobble layer dips to
the north, but was likely deposited as a sub-horizontal layer.

Unit 2 is separated from the overlying Unit 3 by a steeply-dipping, irregular and deformed
contact (Fig. 4.10). Unit 3 is a compact silty sand unit with convoluted and deformed
bedding that is intercalated with Unit 4, a 3 m thick diamicton mixture of clay, silt and sand.
The diamicton is light grey to light brown and contains rare clasts up to 30 cm in diameter.
The stones are striated; many also display chattermarks. The diamicton is comprised of
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deformed (convoluted, boudinaged) lenses of clayey-silt and silty sand that suggest
incorporation of layered material (parts of Unit 3) and mixing with the diamicton bed. In
material (Unit 3) underlying the diamicton, there are small fractures and clay diapers which
are likely due to catastrophic loading. The faults display offsets of up to 10 cm. The
diamicton unit is interpreted as flow till or glacigenic debris flow that is overlain by a coarse
sand (Unit 5) at the top of the exposure. Overlying (post-glacial ?) beds have been excavated.

The convoluted layers within Unit 3 and Unit 4 are likely due to deformation and mixing due
to emplacement of a large gravity flow or slump deposit, possibly associated with concomitant
loss of support. Units 2, 3, and 4, were likely deposited in direct contact with the glacier.
Loss of support probably occurred during melting of the glacier terminus, resulting in
northward extension of this part of the delta (cf. Broster and Clague, 1987).

Section D

Section D is located about 60 m to the northwest of section C (Fig. 4.2). Excavations have
provided a near-vertical exposure between sections C and D, about 8 m high with the lower 4
m covered by colluvium. The section is comprised mainly of layered coarse and fine sand
and conformably overlain by 0.5 m of late-glacial or post-glacial) laminated sands.

The main lower sand unit shows planar crossbeds which are cut by normal faults (Fig. 4.12).
The faults cross cut the upper layers of the unit, but are confined between the lower portion
of the unit and the top of the unit. Thus most faulting is associated with the upper part of the
lower sand unit. The majority of faults dip westward, suggesting eastward extension of the
upper layers (Fig. 3.20), likely due to collapse of portions of the delta front.

Further right of section D towards section C, sand dikes cut the layered sediments and
resemble a brecciated slide deposit. The sand dikes cross cut beds and are suggestive of
infillings rather than injection or dewatering structures as there is little deformation of the
surrounding sediments (Figs. 4.13, 4.14). Here the deformation is overlain by undeformed
(late-glacial/post-glacial) layered sands up to 1 m thick.

As all deformation is overlain by undeformed layers, the deformation is interpreted as late-
glacial penecontemporaneous disturbance of the deposit, likely due to collapse of portions of
the delta.

Section E

Section E is about 8 m high with the lower 4 m covered by colluvium (Fig. 4.2). The unit
exposed consists of alternating laminated (5 cm thick) coarse- and fine- sand. The beds dip
gently (at about 17°) to the west. The beds have wavy contacts with occasional thin clay
layers. The deposit is interpreted as glaciomarine.

A small area of convoluted layers are found approximately 3 m below the top of the section.
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Upon further excavation, the deformation was found to be underlying a weathered igneous
dropstone (about 20 cm in diameter). Layers of shell or bivalves also occur in this part of the
section over an area of about 30 cm thick. In most cases, shells lie parallel to the bedding.
Many of the shells are still connected and closed, indicating very rapid sedimentation.

No other deformation was found at this section.

4.4 Summary7

The deposits at Kemptville represent deltaic and shoreline sediments deposited in an ice-
contact environment related to the location of the former beach front of the Champlain Sea
(Chapman and Putnam, 1973; Richard, 1982).

Deformation occurs throughout the sediments related mainly to the unit and facies of
deposition. For example, some deformation was found to be bed-confined. Layer specific
deformation, including; kink folds, roll-up structures, flame structures, and ball and pillow
structures, are interpreted as deformation from penecontemporaneous loading of an individual
layer.

Large-scale faulting, layer collapse and dewatering structures were recognized to be associated
with 3 main causes; (1) collapse due to loss of support from the melting of buried ice (kettle
formation), (2) collapse due to loss of support because of glacier retreat in an ice-contact
environment, (3) loading and deposition from ice-proximal debris flow or slump deposits.

Large scale faulting associated with layer extension, possibly due to collapse of parts of the
delta front, was found beneath late-glacial or post-glacial sediments.

5.0 LANARK, ONTARIO

5.1 Location

Lanark is located approximately 60 km west of Kemptville at the intersection of county road
#12 and Highway # 511 (Fig. 4.1). The study area is about 3.5 km to the north-northeast of
Lanark on county road #12, in Lanark Township.

Several granular deposits occur in the area that have been exploited for many years. Recent
excavated sections were found at a site operated by Tackeberry Sand and Gravel (Fig. 5.1)
that are discussed herein.

5.2 Background

The surficial deposits have been classified by Richard (1990) as areas of glaciomarine
sediments, outwash and ice contact deposits, kames, outwash fans, deltas and ridges, with
occasional closed depressions (kettles) that occur at or above the marine limit (160 m).
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Gorrell and Shaw (1991) define the area under study as a glaciofluvial landform complex that
begins as a single esker ridge proximally (northern extent) and forms into multiple ridges and
beads in the middle section (southward). Distally, the landform becomes a complex of ridges
and fans.

5.3 Descriptions of Sections

Throughout the study site there were many poorly-exposed sections. Many accessible sections
showed some deformation. However, only sections where the stratigraphic relationships could
be assessed were documented and photographed by the second author. The five exposures
described here were examined over a two day period in August, 1994 (Fig. 5.1).

Coarse gravel and cobble beds were exposed at on-going excavations at the northeast end of
the site (Arnott Pit; Fig. 5.1). Because of daily activity these sections were not available for
study.

The average grain-size of the sediments apparently coarsen towards the north. This likely
represents a high-energy ice-contact environment close to the apex of a southward-migrating
glaciofluvial delta (Richard, 1990), probably associated with a southward flowing esker that
entered the Champlain Sea during the Pleistocene. Sediments become fine-grained away from
the esker axis and grade into glaciomarine clayey silt. The area under study is in the
subdivision of the esker and bead complex (Gorrell and Shaw, 1991) within the glaciofluvial
landform.

5.3.1 Section A

Section A represents a 12 m section in which up to 8 m is exposed above 4 m of colluvium
(Fig. 5.1). The deposit consists of bedded coarse and fine sands with concentrations of heavy
minerals that form dark lines that help to define some structures (Figs, 5.2, 5.3). The section;
shows several grading sequences, fining upwards. Ripples and cross beds are present in the
lower portion of the exposure. The sequence fines westward, from coarse-medium-fine sand
in the eastern part of the pit to finely laminated clay to the northwest.

Minor deformation occurs as convoluted laminations forming flame structures and ball and
pillow structures (Figs. 5.2, 5.3). The structures are small (less than 10 cm high) bed-
confined structures.

Minor faulting was seen, but buried prior to measuring.

5.3.2 Section B

Section B represents a site approximately 50 m south of section A (Fig. 5.1). The section
was 8 m high but poorly exposed at the time of our visit, with slumped material covering the
lower 6 m and upper 2 m of the section.
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Layered, southward-dipping, glaciomarine sand and clay are exposed over a 2 m high area.
Dropstones of striated boulders and cobbles are present in the clay layers. The deposit is cut
by high angle (65°-85°) reverse faults that dip to the west. However, the extent of the
faulting and relationship with overlying stratigraphy could not be assessed because of slump-
cover along the upper part of the section.

5.3.3 Section C

Section C is a 15 m wide section (oriented NNE - SSW: Figs. 5.1, 5.4) with the top 2 - 4 m
exposed. Up to 3.5 m of layered fine, medium and coarse sands are exposed as the main unit.
Ripple cross bedding occurs in some medium sand layers. The unit is interpreted as deltaic,
possibly distal topsets. This unit is covered by a 30 cm thick layer of fine sand, interpreted as
post-glacial or material resedimented by pit activity.

At the southern end of section the horizontally layered sands are faulted and bedding collapses
towards the south (Fig. 5.4). The faulting consists of high angle (62° - 82°), dip-slip reverse
faults, dipping to the north - northeast with displacements up to 15 cm. Total collapse
exceeds 2.0 m displacement. Displacement increases southward and is considered to indicate
south - southwest extension and rotation of the sediments. Faulting may have been
penecontemporaneous with delta formation. However this cannot be supported with additional
evidence as the overlying sediments are missing and the surrounding units were poorly
exposed.

5.3.4 Section D

Section D is a 3 m high by 12 m wide exposure at the top of a 6 m high (NE - SW oriented)
section (Fig. 5.1). The section was being actively excavated at the time of our visit.

Stratified sand and gravels are exposed along the section. The sediments occur in alternating
layers ranging from 0.5 to 2.0 m wide. The dip of the layers varies from near vertical at the
southwest end of the section, to less steeply dipping (31-36°) towards the northeast end of the
section (Fig. 5.5).

The coarsest layer is a near-vertical bed consisting of large boulders up to 40 cm in diameter,
and cobbles with an interstitial sand matrix. This layer is separated from a second
boulder/cobble layer by a near vertical layer of coarse sand, approximately 1 m wide (Fig.
5.5). Clasts within the boulder/cobble layers demonstrate a preferred orientation, steeply
dipping eastward. The boulder/cobble layers apparently follow a linear zone, striking 135°
(NW-SE) that is surrounded by layered fine, medium and coarse sands beds dipping
southward.

Vertical dewatering conduits occur within the layer of coarse sand to the northeast of the
second gravel bed (Fig. 5.6). The dewatering structures can be distinguished by linear zones
of coarser material, possibly due to removal of sand, and vertical alignment of small pebbles.
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This dewatering structure is probably due to loading of underlying beds by rapid
sedimentation.

The highly variable clast size and the sequence and orientation of the beds are such that the
unit is interpreted as an esker/delta complex. It is likely that the coarse gravel beds represent
the main glaciofluvial channel of the esker. The coarse sands, dipping less-steeply to the
northeast, are interpreted as deltaic foreset beds. Within 5 m to the north and south of the
section, poorly exposed excavations exhibit rippled sand layers (correlative with units at
section C) that overlie the coarser beds. These rippled layers were probably deposited as late-
glacial distal deltaic/glaciomarine sediments.

5.3.5 Section E

Section E is a small exposure about 1.30 m in height by 2.0 m wide (Fig. 5.1). Upward in
the exposure, 25 cm of undeformed massive clayey silt is overlain by about 1 m of laminated
fine sands. The sand layers are convoluted with deformed laminae and dewatering structures
(Fig. 5.7). The structures were found surrounding a 25 cm wide striated dropstone. More
deformation is present in the layer than could be attributed to a single dropstone. However,
as the deformation is contained within the sand layer only, and the underlying bed is
undeformed, the deformation is attributed to penecontemporaneous disturbance during
deposition of the sand layer.

5.4 Summary

The deposits at Lanark represent glaciofluvial esker, deltaic and glaciomarine sediments
deposited in an ice-contact environment related to the location of the former Champlain Sea
(Chapman and Putnam, 1973; Richard, 1990).

Some deformation could be reasonably attributed to loading during, or shortly after,
deposition of the specific unit. Penecontemporaneous intralayer or bed-confined deformation,
included; convoluted layers, ball and pillow structures, and loading from dropstones. Major
areas of deformation occur at section D, including; beds with chaotic sedimentation, steeply
dipping beds and dewatering structures. These structures are associated with esker
development in an ice-proximal environment.

At section B faulting could not be assessed because of poor exposures. Large-scale faulting at
section C could not be attributed, categorically, to penecontemporaneous deformation because
of missing overlying beds.
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6.0 CONCLUSIONS

Five sedimentary deposits were examined at three geographic locations that were suspected to
contain sediments with convoluted bedding. The sites included: a gravel pit at St. George,
NB.; shore exposures at Lower Five Islands and Economy Point, NS.; and gravel pits at
Kemptville and Lanark, Ontario. The deposits studied at these widely separated areas, are
similar in that they all were formed in an ice-proximal, glaciomarine-deltaic, environment.
Thus, the convoluted structures demonstrated similar features, facies and origins.

Several examples of convolutions were found that were attributed to penecontemporaneous
deformation and common to particular mechanisms of formation and facies. For example,
ball and pillow structures were often associated with (1) loading by rapid sedimentation; (2)
glacial movement; or (3) percussion by dropstones. These were common in the bortomset
units of all deposits. Crumpled, rolled-up or boudinaged layers were formed by several
mechanisms, including: (1) intralayer or intra-unit compaction or stretching, likely associated
with (2) gravity slumping, commonly in the foreset units; and (3) loss of support due to (i)
ice-melting; (ii) glacier movement, or (iii) fluidization, common in the foreset and topset
units.

Convoluted beds resulting from the loss of support due to fluidization of underlying
sediments, is possibly the most important style of convolution as an indication of possible
seismic shock. This association is very difficult to explain, when found in near surface layers
that have neither been moved or buried by slumping, glaciation or rapid sedimentation. It is
particularly important when several examples of convolutions and associated structures (e.g.
fluidization structures) are found within surface deposits over a limited geographical area or
along a linear trend (e.g. Economy Point, below).

Although many of the structures studied could be attributed to penecontemporaneous
deformation, uncertainty still exists for structures at three locations.

• At St. George, New Brunswick, high angle normal and reverse faults cut the
topset layers of the deposit. These may have occurred because of late-glacial
slumping of the deltaic sequence towards the depositional basin or the melting
of buried blocks of ice. However, faults cutting the uppermost units could be
post-depositional, and thus, related to local seismicity.

• Eight vertical dewatering structures were found in the topset unit, seven of
which occur within a distance of 100 m, at Economy Point, Nova Scotia. The
areal extent of the dewatering structures is not known and this should be
examined further. Carbon dating of one structure has provided an approximate
age of this fluidization event at 80 ± 70 yr BP (MacDougall and Broster,
1995). Additional samples must be collected and dated to confirm this date.
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• Due to poor exposures and lack of time, we were not able to assess high angle
faulting at Lanark, Ontario. Although extensive faulting and convolutions have
occurred in association with esker formation, we cannot categorically attribute
all the deformation at Lanark to this cause.

• Fluidization structures cutting topset deposits are the most diagnostic of post-
depositional disturbance, and especially seismic disturbance, of deltaic
sediments.
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FIGURE CAPTIONS

Figure 1.1 Location of study sites: Site 1, St. George, New Brunswick; Site 2, Five
Islands-Economy Point area, Nova Scotia; Site 3, Kemptville, Ontario; and Site
4, Lanark, Ontario.

Figure 2.1 Location of Site 1, St. George sand pit, 0.5 km south of St. George,
southwestern New Brunswick.

Figure 2.2 Location of sections within the St. George sand pit.

Figure 2.3 Section A, horizontally laminated fine-grained waterlain sediments, consisting
of thin alternating layers of clayey-silt and silty sand.

Figure 2.4 Folded and contorted layers separated by undeformed horizontal strata. Layers
1 and 3 represent convoluted layers separated by undeformed horizontal strata.

Figure 2.5 An overfold layer (roll-up structure) indicating parallel slip movement to the
northwest along bedding boundaries.

Figure 2.6 Convoluted layers comprising of interfingered coarse to fine sand, silt and clay.
The structure shows a preferred orientation, dipping north-northwestward.

Figure 2.7 Section D, along the northernmost part of the St. George sand pit. Unit 1
consists of cross-bedded sandy gravel and pebbly sand, Unit 2 consists of sub-
horizontal sand and gravel.

Figure 2.8 Dewatering structure within topset beds and collapsed sediments. Note that the
underlying foreset beds are undisturbed.

Figure 2.9 Section E, consists of lower 1.5 m of subhorizontal layered sand with the upper
0.5 m consisting of sand layers alternating with pebble-rich sand and fine
gravel. Faults dip 60-80 degrees to the northwest.

Figure 2.10 Flame structures along with ball and pillow structures at section E.

Figure 2.11 High angle reverse faults within faulted blocks on the left of the sand unit that
parallel the northwest dipping trend.

Figure 2.12 Normal and reverse faulting at section F.

Figure 2.13 Detail of faulting in figure 2.12 along the southern edge of section F.
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Figure 2.14 Detail of figure 2.13. Note that continuous vertical fault is offset as it passes
through different layers.

Figure 2.15 Sand dike exposed behind far right corner of section F.

Figure 2.16 Sand dike with clasts orientated with the dip of the dike.

Figure 2.17 Massive sands overlain by convoluted laminated sands, exposed at section H.

Figure 3.1 Location of Lower Five Islands - Economy Point Region Nova Scotia.

Figure 3.2 Location of the sections at Lower Five Islands, Nova Scotia.

Figure 3.3 Folding along section A, sand and gravel pit at Lower Five Islands. Layers 1,
2 and 3 indicate layering of different grain-size within the topset unit.

Figure 3.4 Convoluted laminations along the boundary (arrow) of the bottomsets and
foresets at section B.

Figure 3.5 Faulting within the bottomsets at section C. Faults dip to the north at 60°-80°.

Figure 3.6 Facies contact at section D; (1) colluvium, (2) gravel and cobbles, (3) layered
silty sand, (4) laminated silty-sand and clayey-silt, (5) gravelly topsets.

Figure 3.7 Normal faulting seen at section E, within sandy foresets.

Figure 3.8 Site location of the Economy Point area, Nova Scotia. Sections EP-1 and EP-2
are shown along the shore of the Minas Basin.

Figure 3.9 Dewatering feature at EP-1, section A showing; (1) topset beds cut by a
dewatering structure, (2) post-glacial sand unit.

Figure 3.10 Dewatering feature at EP-1, section B showing; (1) topset beds cut by a
dewatering structure, and (2) post-glacial sand unit.

Figure 3.11 Dewatering feature at EP-1, section C, Showing (1) topset beds cut by a
dewatering structure, 2- post-glacial sand unit.

Figure 3.12 Dewatering feature at EP-1, section D, with: (1) topset beds cut by a
dewatering structure, (2) post-glacial sand unit.

Figure 3.13 Dewatering feature at EP-1, section E, showing; (1) topset beds cut by a
dewatering structure, (2) post-glacial sand unit.
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Figure 3.14 Dewatering feature at EP-1, section F, with: (1) topset beds cut by a dewatering
structure, (2) post-glacial sand unit.

Figure 3.15 Dewatering feature at EP-1, section G, showing: (1) sand and pebbly sand, (2)
Coarse gravel topset beds, and (3) post-glacial sand unit.

Figure 3.16 Dewatering feature at EP-2, section A, with: (1) alternating sand and gravel
rich layers overlain by (2) post-glacial sand unit.

Figure 3.17 Stratigraphic section at EP-2, section B with; (1) layered red clay and silty-
sand, (2) layered sand foresets, and (3) gravel-rich topset beds.

Figure 3.18 Convoluted muds overlain by fine layered muds at EP-2, section B.

Figure 3.19 Stratigraphic section at EP-2, section C, with; (1) reddish brown diamicton
(till), (2) flat-lying laminated silt and clay (bottomsets), (3) gravel and sand
(foresets), and (4) overlying cobbles gravel and sand (topsets).

Figure 4.1 Location of Kemptville and Lanark, Ontario.

Figure 4.2 Location of study sections at Kemptville, Ontario. KV-1-Maple Grove pit,
KV-2- Redmond sand and gravel pit.

Figure 4.3 Convoluted laminations KV-1, section B. Arrow (1) denotes roll-up structure,
arrow (2) denotes kink folds.

Figure 4.4 Location KV-2, section A. Alternating beds of layered clayey- silty- sand and
well sorted fine sand and coarse sand.

Figure 4.5 KV-2, section A. Deformation consists of ball and pillow structures (1), flame
structures (2), and convoluted layers (3).

Figure 4.6 Sketch of KV-2, section B, wedge shaped structure (A - B) at northern area
and dewatering structure (B - C) at southern part of pit. Note that the figure is
along a curved section that faces a generally northeast - southwest (not to exact
scale).

Figure 4.7 Section B, (a) upper and (b) lower views of dewatering structure. Figure 4.7 (a)
exhibits cross-cutting layered coarse sand (1), layered gravel (2), uppermost flat
lying gravel unit, and intervening sand unit. Note sand has been injected
upwards into the base of the uppermost gravel unit (4). Close-up of lower
section B, dewatering structure with small faults (1) and (2).
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Figure 4.8 Section B, detailed structure of the underlying beds on the right side of the
wedge shaped structure in figure 4.6.

Figure 4.9 Section B, detailed structure of the underlying beds on the right side of the
wedge-shaped structure in figure 4.6.

Figure 4.10 Section C, showing: (1) horizontally stratified pebbly sand and fine gravel with
rare layers of sand, (2) sand unit with a cobble-rich layer, (3) compact silty
sand unit with convoluted and deformed bedding, (4) diamicton mixture of
clay, silt and sand, and (5) overlying coarse sand beds.

Figure 4.11 Detail of conjugate fault sets within unit 1, section C.

Figure 4.12 Section D, normal faults within layered sands.

Figure 4.13 Right side of section D, showing brecciated sand blocks (1) separated by sand
infilling (2).

Figure 4.14 Right side of section D, layered sediments (1) that have undergone brittle
deformation and subsequent infilling of fractures with sand (2).

Figure 5.1 Location of sections at Site 4, Lanark Ontario.

Figure 5.2 Section A, deposit of bedded coarse and fine sands with concentrations of
heavy minerals that form dark layers and define structures. Minor deformation
forming flame structures, and ball and pillow structures (arrow).

Figure 5.3 Section A, deposit of bedded coarse and fine sands with concentrations of
heavy minerals that form dark layers and define load structures (arrow).

Figure 5.4 Section C, layered fine, medium, and coarse sand. Faulted with collapse
towards the south.

Figure 5.5 Section D, showing core of esker, with; (1) near vertical layer of coarse sand
and gravel, (2) coarse sand, (3) boulder and cobble layer, (4) coarse sand, and
(5) gravel and coarse sand. Note that layering becomes steeper towards the left
of the photo (esker core).

Figure 5.6 Dewatering of sediments within layer 4 of section D, figure 5.5.

Figure 5.7 Section E, showing undeformed massive clayey silt (1), overlain by fine
laminated sands (2), and convoluted laminae (3) with a cast of a dropstone
boulder (removed) as indicated by arrow.
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