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ABSTRACT

Almost sixty years after the initial mapping of extensive Quaternary sediments along the coast of &. George's Bay, a
revised stratigraphic section is presented that identifies five main sediment types and their stratigraphical position along 39
km of coastline from Highlands to Flat Bay. The section displays varied sequences of glacial, glaciomarine, glaciofluvial and
fluvial sediments, deposited during the late Wisconsinan glaciation and deglaciation of the coastal |owlands. These sequences
are more complex than initially mapped, especially those associated with hummocky ridges at the coast. Evidence supporting
a basal till (. George's River Drift) overlain by a deltaic sequence (Bay S. George's Delta) could not be substantiated,
whereas an upper till and ice-contact gravels (Robinson's Head Drift) related to a late glacial readvance were generally only
associated with the ridge topography.

Most of the exposed sediments have been deposited in an ice-proximal to ice-distal glaciomarine environment by debris
flow, underflow, current flow or suspension settling. The complexity of the sedimentary sequences and the variability in depo-
sitional style associated with hummocky ridges are typical of grounding-line fans at a tidewater glacier margin. In contrast,
sections remote from the ridges display a relatively simple deglacial sequence in a shallowing-marine to fluvial environment.
Radiocarbon dates on marine shells suggest that both types of glaciomarine environment co-existed along the tidewater gla

cier margin between 14 000 and 13 500 BP.

INTRODUCTION

The objective of this paper isto report on detailed map-
ping of extensive coastal exposures of Quaternary sediments
along southern St. George's Bay, southwest Newfoundland.
Preliminary descriptions of the coastal exposures by
Liverman and Bell (1996) highlighted the lateral and verti-
cal complexity in sediment sequences and demonstrated the
need for more detailed sedimentological description of crit-
ical sections. Furthermore, the chronology of glacial,
glaciomarine and marine events preserved in the sedimenta-
ry record may contribute to the ongoing debate on the
deglacial history of the coastal lowlands (Brookes, 1974;
Liverman and Bell, 1996; Batterson and Janes, 1997). The
field work formed part of a broader project to map the sur-
ficial geology and geomorphology of the coastal lowlands
between St. George's Bay and the Long Range Mountains
(Figure 1; NTS map areas 12B/2, 3 and 7; Liverman, 1998;
Liverman et al., this volume; Liverman et al., 1998;
Sheppard, 1998).

t Geochemistry, Geophysics and Terrain Sciences Section

Field work conducted during July and August of 1998
consisted of stratigraphic section descriptions at irregular
intervals along the 39 km of coastal cliff exposure between
Highlands and Flat Bay (Figure 1). Individual beds were
traced between representative sections to document lateral
variability. Clast-fabric analysis and pebble lithology were
used to characterize diamicton units. Matrix samples were
collected for grain-size and geochemical analyses, and
organic material was recovered for radiocarbon dating.

PREVIOUSWORK

Previous work on the coastal exposures in southern St.
George's Bay consisted of reconnaissance logging from the
Port au Port Peninsula to the Anguille Mountains by
MacClintock and Twenhofel (1940). Their three-fold
stratigraphy, interpreted as showing three temporally dis-
tinct major depositional events, was later formalized and
dated by Brookes (1969, 1972, 1974, 1977). In summary,
from oldest to youngest are:
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was used by Liverman and Bell
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sive sequence.
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Figure 1. Location map of study area.

<. George's River Drift — alower till lying on bedrock
deposited during deglaciation of the coast approximate-
ly 14 000 BP.
Bay S. George's Delta — a deltaic sequence including
fossiliferous silt and clay (bottomsets), sand (foresets),
and gravel (topsets) deposited into adeglacial sea up to
44 m above sea level (asl) between 14 000 and 13 500
BP.
Robinson's Head Drift — a discontinuous upper coarse
unit comprising till and ice-contact gravels deposited
during alobate readvance of ice (Robinson's Head read-
vance) across the present coastline by 12 600 BP.
According to Grant (1987, 1991), the geomorphic record of
the Robinson's Head readvance is preserved as interlobate
hummocky moraine ridges at Highlands, Robinsons Head,
and Bank Head (Figure 2; cf., Liverman et al., this volume).
The complex stratigraphy exposed in coastal sections
through these "ridge" areas, however, prompted Liverman
and Bell (1996) to re-examine the established three-fold
stratigraphy and to present an alternative depositional
model, one that does not require a late glacial readvance. In
summary, they suggested that the basal till of the St
George's River Drift was likely deposited during initial
deglaciation of the coast, as previously suggested by
MacClintock and Twenhofel (1940) and Brookes (1974),
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SE30W outwash capping "ridge" areas

were interpreted by Liverman

and Bell (1996) to represent
marginal fluctuations of a quasi-stable tidewater glacier, and
not a distinct readvance of ice from its inland position, as
argued by Brookes (1974). Chronological control on the age
of these marginal fluctuations, however, was lacking, aswas
detailed sedimentological analysis of the upper diamicton in
"ridge" areas. Fieldwork in 1998 was intended to address
these issues.

TOPOGRAPHIC SETTING
AND GEOMORPHOLOGY

The coast along the southern part of St. George's Bay
consists of a gently sloping lowland, backed by the Long
Range Mountains to the east and the Anguille Mountains to
the south. The Anguille Mountains and the coastal lowlands
are composed of Carboniferous (Mississippian) sandstone,
shale, siltstone and minor limestone and dolomite (Knight,
1982), whereas the Long Range Mountains consist mainly
of Ordovician gabbro, diorite and granodiorite, and biotite
granite and leucogranite (Van Berkel and Currie, 1986).

The lowland is covered by a thick wedge of surficial
sediments, dominated by gravel, sand and mud at the coast,
and a thin till cover inland (Liverman et al., this volume).
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were logged along 39 km of
coastline from French Brook to
Flat Bay (Figure 3). Five recur-
ring sediment types were
observed: diamicton, mud,
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Diamicton is subdivided based
on its structural appearance,
either stratified or structureless,
whereas gravel is classified
- according to texture, either
e coarse (10 to 15 percent boul-
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Figure 2. Reconstructed ice limit for the Robinson’s Head readvance in southern S.
George' s Bay (after Grant, 1987). Hummocky ridges perpendicular to the coastline occupy
interlobate positions along the former ice margin (cf., Liverman et al., this volume). The
bold portion of the coastline marks the location of the continuous stratigraphic log in

Figure 3.

Most of the sediment was deposited during, and immediate-
ly after, the late Wisconsinan glaciation, which covered the
lowlands and extended offshore an unknown distance (Shaw
and Forbes, 1990). Ice-flow history, reconstructed from stri-
ations and till fabrics, consists of a coast-parallel flow from
farther north, possibly buffered by ice offshore, during the
glacial maximum, and a dominantly westerly flow from a
source in the Long Range Mountains during deglacial con-
ditions (Liverman et al., this volume).

The dominant features of the coastal plain are the large
elongate ridges (30 to 100 m agl), perpendicular to the coast,
composed of hummocky glaciofluvial sand and gravel
(Plate 1; Liverman et al., this volume). Some ridges are
associated with meltwater channels and eskers inland.
Between the ridges, a series of planar surfaces at 40 to 45 m,
24t0 26 m, and 18 to 20 m asl wereinterpreted by Liverman
and Bell (1996) as outwash plains graded to successively
lower base (marine) levels. Isolated patches of ribbed
moraine occur north of Bank Head, and karst features (e.g.,

58°30W stratigraphic section is repro-
duced here to: i) permit direct
comparison with the three-fold
stratigraphy of MacClintock
and Twenhofel (1940) and
Brookes (1974); ii) illustrate
the stratigraphic relationships
of the main sediment types; and iii) emphasize the lateral
and vertical variability in "ridge" areas, as distinct from
"non-ridge" areas. Specific parts of the logged coastline are

Plate 1. View south across the hummocky "ridge" topogra
phy immediately inland of Robinson’s Head. The S.
George's Bay lowlands are in the background.
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identified in the text by place name or kilometre distance
from its southern end. Detailed section-log descriptions are
also presented for "ridge" and "non- ridge" areas to provide
some appreciation of the relative complexity of sediment
sequences and to introduce the stratigraphic context for new
radiocarbon dates from the area.

MAIN SEDIMENT TYPES

DIAMICTON

Both structureless and stratified diamictons are exposed
in the coastal cliffs. Structureless diamicton makes up the
basal sedimentary unit along 90 percent of the coastal sec-
tion, where complete vertical exposure is available. It com-
monly occurs as a tabular unit of variable thickness (1 to 18
m), resting directly on bedrock. In places, the diamicton dips
below present sea level, following the topography on the
bedrock surface (e.g., kilometre 0 to 4; Figure 3). In gener-
al, the diamicton is matrix-supported (sandy-silt to silt),
contains striated pebbles to boulders, and has consistently
moderate to strong unimodal clast fabrics (S1 range: 0.45 to
0.84, n=39; Figure 4). Clast provenance was more or less
equally divided between local Carboniferous siltstone and
sandstone (52 percent) and granite and gabbro (47 percent)
from the Long Range Mountains, indicating a westerly ice
flow across the coastal lowlands.

Diamictons interbedded with sand and gravel are com-
monly exposed where sediment ridges intersect the coast
(e.g., Jeffrey's, kilometre 12 to 13; Robinsons Head south,
kilometre 15 to 16; Figure 3). These diamictons tend to be
structureless to weakly stratified, matrix-supported (sand to
silt), 1to 5 mthick and laterally discontinuous, pinching out
over at most 10 to 20 m. Clast fabrics range from moderate-
ly to weakly oriented girdles to spread unimodal distribu-
tions (S1 range: 0.47 to 0.76, n=7; Figure 4).

At several locations along the coast, diamicton occurs
as the uppermost unit (1 to 6 m thick) in section (e.g.,
Harbour Head, kilometre 3.5 to 4; Crabbes Head, kilometre
7.5 to 8.5; Jeffrey's, kilometre 11.5 to 13; Robinsons Head
south, kilometre 15 to 16; Figure 3) and grades laterally
from structureless to weakly stratified over several kilome-
tres. It is commonly matrix-supported, but in places grades
laterally into poorly sorted gravelly sand and silt. Clast fab-
rics are weakly to moderately oriented girdles to spread uni-
modal distributions (S1 range: 0.48 to 0.74, n=22; Figure 4).
Clast provenance is similar to the basal diamicton, except
that there are dlightly more far-travelled granites and gab-
bros (52 percent) compared to the locally derived sandstone
and siltstone (47 percent).

Different modes of deposition are proposed for the
observed diamictons. The basal tabular diamicton that
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Figure 4. Comparison of clast-fabric data for diamictons
from different stratigraphic positions along the coast. S1
and S3 are summary statistics that measure the strength of
clustering about the mean axis and the axis of minimum
clustering, respectively (Dowdeswell and Sharp, 1986).

shows unimodal clast fabricsisinterpreted as subglacial till
(cf., Ham and Mickelson, 1994; Hicock et al., 1996), but
where fabrics are not well oriented, the diamicton is likely
resedimented through debris flow. Stratified diamictons are
interpreted as debris flows because of their interbedded rela-
tionship with sorted sediment and poorly to moderately ori-
ented girdle fabrics (Lawson, 1981; Benn, 1994). Their
close association with sediments interpreted as marine sug-
gests that these debris flows were subagueous. The lateral
facies changes observed in the upper diamicton, together
with the wide range in clast fabric data, suggest a variable
depositional style. Massive diamicton having well-oriented,
unimodal clast fabricsis likely basal till, whereas stratified
diamicton having girdle fabrics is likely resedimented
through debris flow.

MUD

Mud forms a more or less continuous unit, between 1
and 15 m thick, along the coastal exposure, directly overly-
ing the basal diamicton along a sharp, conformable contact.
It varies from structureless to rhythmically laminated silty
clay and clayey silt, and in places, interlaminated with thin
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beds of very fine sand (Plate 2). Dropstones are very rare.
The mud contains marine shells, radiocarbon dated between
14 000 and 13 400 BP (Liverman and Bell, 1996; Batterson
et al., 1992).

iy =

Plate 2. Laminated mud near Highlands River.

The abrupt contact between the basal till and the mud
suggests an overlap relationship, where marine inundation
and onset of deep-water conditions occurred immediately
upon glacial retreat. Rare dropstones suggest limited iceberg
rafting in the area. Laminated and massive muds result from
suspension settling from overflow plumes generated by
meltwater discharge from a nearby ice margin (Mackiewicz
et al., 1984; Powell, 1990).

SAND AND GRAVELLY SAND

Sand and gravelly sand form the highest proportion of
sediment along the coast, although sand is most common.
These sediments dominate the middle section of most expo-
sures, enclosed by mud and gravel in "non-ridge" areas (e.g.,
kilometre 18 to 31; Figure 3), and interbedded with, or trun-
cated by, coarse gravel and stratified diamictons in "ridge"
areas (e.g., Robinsons Head, kilometre 14.5 to 17.5; Figure
3). These sediments are typically moderate- to well-sorted
and planar-bedded (horizontal), although ripple bedding is
also common. A gradational lower contact with underlying
mud frequently occurs throughout the sections.

Sand was deposited by a combination of underflow
traction currents and suspension settling from overflow
plumes (cf., Benn, 1996; Powell, 1990), whereas gravelly
sand was deposited by underflow. The gradational contact
with mud supports deposition by suspension settling.
Evidence of underflow isindicated by planar and ripple bed-
ding.

GRAVEL

Gravel isdifferentiated into two units based on the main
clast size. Fine gravel mostly consists of pebbles and cob-

bles, with only rare boulders (<1 percent). It occurs either as
moderate- to well-sorted, commonly planar-bedded units (1
to 7 m thick) that are laterally continuous for several kilo-
metres near the top of "non-ridge" sections, or as poor- to
moderate-sorted lenses, interbedded with sand, gravelly
sand and diamicton in "ridge" sections. Where laterally con-
tinuous, fine gravel beds represent a coarsening upward
sequence from underlying sand and gravelly sand. Theinter-
vening contact is typically sharp and erosive, with loading
structures evident in the underlying sand (Plate 3).

Plate 3. Water-escape (flame) structure at the contact
between sand and gravel beds near Butter Brook. These fea-
tures form where relatively dense material (gravel) is
deposited rapidly over liquefied sediments (sand).

Coarse gravel consists of poorly sorted pebbles, cobbles
and boulders (10 to 15 percent), and is mostly found in
"ridge" sections (Plate 4). It is typically crudely to chaoti-
cally bedded (e.g., Robinsons Head, Bank Head), with vari-
able dip angles (0-40°), though rarely at the angle of repose.
Coarse gravel beds are between 5 and 25 m thick, and in
some cases form the bulk of the exposure (e.g., Crabbes
Head; Plate 5).

Plate 4. Coarse, clast-supported, poorly sorted gravel at
Crabbes Head.
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Plate 5. Interbedded coarse gravel and planar-bedded sand
make up most of the section through "ridge" topography at
CrabbesRiver.

T

Where fine gravel forms a continuous upper unit, it was
likely deposited as fluvial outwash. The consistency of pla-
nar bedding indicates uniform flow and sediment supply,
typical of proglacial outwash gravel (Maizels, 1995). Where
inter-bedded with sand, gravelly sand, and diamicton, fine
gravel was likely deposited as subaqueous outwash (Rust,
1977).

The interbedded relationship of coarse gravel with
diamicton (debris flow) and sediments interpreted as marine
(mud and gravelly sand) indicate an ice-contact, subagueous
depositional environment (Benn, 1996). Beds at or below
the angle of repose (e.g., Crabbes Head) suggest deposition
on a subaqueous ice-contact fan (Powell, 1990; Lgnne,
1995).

LOESS

Well-sorted, fine to very fine sand and silt occur dis-
continuously as the uppermost unit along the coast. The
sand and silt vary in thickness from 0.5 to 3 m, and normal -
ly overly gravel. This sediment was deposited as cliff-top
loess.

STRATIGRAPHY

The stratigraphy along the coast of southern St.
George's Bay has previously been divided into two general
types — "non-ridge" and "ridge" — based on surface topogra-
phy and sedimentary sequences (Liverman and Bell, 1996).
"Non-ridge" areas are characterized by flat planar surfaces
(e.g., kilometres 23 to 26, Figure 3) and display simple sed-
imentary sequences that are laterally continuous over many
kilometres (e.g., kilometre4.5to 7, 27 to 30; Figure 3). They
generally consist of structureless diamicton, overlain suc-
cessively by marine mud, planar-bedded sand, planar-bed-
ded gravel, and loess. In contrast, ridges that either dissect
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the coast (e.g., Robinsons Head) or terminate immediately
inland (Crabbes Head) exhibit relatively complex stratigra-
phy because sedimentary units rapidly change vertically and
laterally, pinching and swelling over short distances. They
are composed of interbedded sand, gravel, and diamicton,
overlain by gravel (commonly coarse) and/or structureless
to stratified diamicton. The differences in sedimentology
between "non-ridge" and "ridge" areas are illustrated using
section logs from Butter Brook and Harbour Head, respec-
tively.

BUTTER BROOK

The Butter Brook section shows arelatively simple sed-
imentary sequence having five distinct units that can be
traced for several kilometres north and south of the site
(Figures 3 and 5). At the base of the section is a brownish
(7.5 YR 4/2, moist) diamicton (Unit A) approximately 6 m
thick. It is compact, structureless, and contains pebble to
boulder clasts of local (Carboniferous) and distal (Long
Range Mountains) origins, many of which are striated. Clast
fabric is strong (S1 range: 0.63 to 0.84, n=4), with a north-
east—southwest orientation. The diamicton is overlain
sharply and conformably by 4 to 5 m of massive to laminat-
ed mud (Unit B), containing abundant marine shells radio-
carbon dated at 13 600 £190 BP (GSC-4270). Rare pebbles
are evident in the laminated sediments.

Approximately 5 m of planar (horizontal) and ripple-
bedded, fine to medium sand (Unit C) overlies the mud
along a gradational contact. Beds are commonly continuous
across the exposure (~30 m), although individual beds are
truncated at the upper contact. Rare clasts were noted in
some beds. Two to 3 m of planar-bedded, pebble-cobble
gravel (Unit D) overlies the sand across a sharp contact
(Plate 6). The gravel is generally well sorted with subround-
ed to rounded clasts. Rare, discontinuous interbeds (up to 10
cm thick) of fine to medium sand are also present. The grav-
el isoverlain conformably by 0.5 m of well-sorted fine sand
(Unit E).

Unit A isinterpreted as subglacial till, deposited by ice
from the Long Range Mountains. Clast fabrics and local ice-
flow indicators consistently show flow from the northeast.
Laminated mudsin Unit B were likely deposited by suspen-
sion settling from turbid overflow plumes (cf., Mackiewicz
et al., 1984). Massive muds were deposited in asimilar fash
ion, but more rapidly. Pebbles in the mud are interpreted as
dropstones from iceberg rafting (cf., Thomas and Connell,
1985). The abrupt contact between the till and overlying
mud indicates that rapid marine inundation accompanied ice
retreat. The sand of Unit C was deposited by suspension set-
tling and underflow traction currents (cf., Powell, 1981,
Benn, 1996). Suspension settling is supported by the grada-
tional lower contact with Unit B, whereas underflow is rep-
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resented by ripple bedding throughout the unit. Rare clasts
noted at the base of this unit may have been deposited by
iceberg rafting. The planar-bedded gravel of Unit D isinter-
preted to represent fluvial deposition following emergence
of the site above sea level. Unit E was deposited as aeolian
sediment along the top of the cliff.

HARBOUR HEAD

The Harbour Head section exposes the internal compo-
sition of the "ridge" topography at Highlands, where it inter-
sects the coast near McLellans Brook (Figures 3 and 6).
Three distinct sedimentary units are recognized; however,
some units are characterized by avariety of interbedded sed-
iment types that are discontinuous across the section.
Slumping obscures the lowermost 6 m of the 30-m-high

Plate 6. Scour-and-fill, pebble—cobble gravel overlying pla-
nar-bedded sand north of Butter Brook.
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Description

Interbedded fine-sand, mud,
and pebbly mud, overlain by
stratified (sand/silt laminae)
diamicton; rip-up clasts at base.

Interpretation

Diamicton and laminae
deposited by debris flow and
suspension settling, respectively.
Fine sand, mud, pebbly mud, and
rip-up clasts deposited by underflow.

Poorly sorted gravelly sand,

overlain by rippled fine to
medium sand and planar
crossbedded gravelly sand.

Planar bedded sand (horizontal
to subhorizontal bedding), with
rare mud interbeds and pebbles.

Interbedded fine to medium
sand and gravelly sand; mud rip-
up clasts common; rare ripple-
bedding in some sand beds.

Interbedded sand and pebbly mud.

Underflow currents originating
from subglacial jet discharge.

Deposition by suspension
settling (overflow plumes) and
underflow currents, originating
from subglacial jets. Rare clasts
deposited by iceberg rafting.

Sediments derived from
subglacial jet, where under-
flow currents produced ripples,
planar bedding, and rip-up clasts.

Debris flows.

30
13 680 +/- 90 BP C
(Beta-120124)
Sharp contact
N [N
25 |a Sa
=
20
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Figure 6. Descriptive log and interpretation of sediments exposed at Harbour Head section.

exposure. The lowest unit (A; 60 cm thick) consists of peb-
bly, fine to medium sand and interbedded diamicton, con-
taining mud rip-up clasts. Unit B overlies Unit A across a
gradational contact. Unit B is 19 m thick and consists of pre-
dominantly planar-bedded (commonly subhorizontal) sand,
with interbedded pebbly mud, sand, and gravelly sand,
coarsening up to planar-crossbedded gravelly sand.
Generally, individual beds are laterally continuous and
range from poorly sorted and ungraded to moderately well-
sorted and graded. Bed contacts are typically gradational
and mud rip-up clasts are common in sand and gravelly
sand.

Unit B is abruptly overlain (erosive contact) by 1 m of
interbedded fine sand, mud, and pebbly mud, grading into
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4 m of stratified diamicton (Unit C). The sand beds contain
rare mud rip-up clasts and are laterally discontinuous, pinch-
ing out over a few centimetres. The diamicton is generally
compact, matrix (sandy-silt) supported, having a clast con-
tent of 5to 10 percent (mostly pebbles with some boulders).
Fine sand-silt laminae (1 to 2 mm thick) in the diamicton
are discontinuous over a few tens of centimetres (Plate 7).
Clast-fabric data display moderately well-oriented girdle
distributions (S1 range: 0.57 to 0.62, n=2), oriented north-
northeast—south-southwest. Paired shells of Mya truncata
and Hiatella arctica collected from pebbly mud interbedded
with diamicton, near the base of the stratified diamicton,
provided a radiocarbon date of 13 680 + 90 BP (Beta
120124).
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Plate 7. Deformed sand-silt lamination underlying a large
cobble dropstone near the base of the upper diamicton at
Harbour Head.

Sediments exposed in the Harbour Head section have
characteristicstypical of subagueous debris flow, underflow,
current flow and overflow in an ice-proximal environment.
Units A and B show evidence of rapid sedimentation, most-
ly by underflow and sediment gravity flow, as indicated by
the consistent presence of mud rip-up clasts within general -
ly poorly sorted sand and gravelly sand. Thin, discontinuous
diamicton beds in Unit A were likely deposited by debris
flow. Unit C shows a gradation from interbedded pebbly
sand and mud to stratified diamicton, which isinterpreted to
represent deposition by sediment gravity flow, interspersed
with suspension settling (mud and pebbly mud), in an ice-
proximal environment. Discontinuity of individual beds, the
presence of rip-up clasts, and the erosive nature of lower
contacts indicate rapid deposition of sand and pebbly sand
by underflow, whereas moderately oriented girdle fabrics
and the presence of discontinuous laminae and mud rip-up
clasts indicate a debris-flow origin for the diamicton (cf.,
Lawson, 1981; Dowdeswell and Sharp, 1986). The marine
shells from Unit C are considered to be in situ because they
are found in the pebbly mud, which was deposited from sus-
pension settling and ice rafting. However, the shells date the
onset of debris-flow deposition because the pebbly mud is
interbedded with the lowest part of the stratified diamicton.

DISCUSSION

The three-fold stratigraphy of MacClintock and
Twenhofel (1940) and its revised interpretation by Brookes
(1974) conflict with the data and interpretations presented
here. Nowhere along the coast has the classic three-fold
stratigraphy of basal till, delta (bottomsets, foresets and rare
topsets), and upper till or ice-contact gravels been observed.
Instead, the typical section consists of till, glaciomarine mud
and sand and glaciofluvial outwash. This sequence, repre-
senting a simple transition from deglacial marine to
proglacial outwash, is characteristic of 80 percent of the

coastal section along southern St. George's Bay, and has
been observed from areas both inside and outside the pro-
posed margins of the Robinsons Head readvance (Figures 2
and 3).

In contrast, sections through "ridge" topography at the
coast generally show more complex sedimentary sequences,
with discontinuous beds and rapid lateral and vertical facies
transitions (Liverman and Bell, 1996). For example, sec-
tions at Robinsons Head and Crabbes Head are dominated
by thick sequences of interbedded sand, gravel and diamic-
ton, with rare fossiliferous muds. These complex sequences
are characteristic of subaqueous fans deposited at the
grounding-line of tidewater glaciers, where sediments are
introduced mainly by subglacial meltwater jets (Powell,
1981; Lgnne, 1995) and depositional processes such as
debris flow, underflow, current flow and overflow operate
simultaneously (cf., Pfirman and Solheim, 1989; Benn,
1996).

Liverman and Bell (1996) argued that the coarsening
upward of these "ridge" sections and a return to ice-proxi-
mal conditions need not necessarily imply a climatically
forced glacial readvance, as proposed by Brookes (1974),
but that minor fluctuations of tidewater glacier termini may
occur in response to changing water depth, either falling sea
level or accumulation of grounding-line sediments (cf.,
Powell, 1991). The radiocarbon date of 13 680 + 90 BP
(Beta 120124) from the base of the upper diamicton (debris
flow) at Harbour Head supports this argument, as it demon-
strates that the re-establishment of ice-contact to ice-proxi-
mal conditions at the ridge (grounding-line fan) occurred
more or less simultaneously with initial ice retreat and
marine inundation at nearby Butter Brook.

The section descriptions presented here provide new
information on the deglacial environments of southern St.
George's Bay; however, many important questions remain
unanswered. Some of these include:

1. What was the configuration of the deglacial ice margin
during deposition of the extensive glaciomarine
sequences along the present coastline?

2. Why arethere so few dropstones, indicative of anearby
calving glacier margin, in the glaciomarine sediments
along the coast?

3. What is the history of relative sea level change during
the late-glacial and postglacial period?

4. How did changes in relative water depth at the ground-
ing-line, either through sea level adjustments or sedi-
ment accumulation, influence the stability of the tide-
water glacier margin?

5. Does the sedimentary record anywhere along St.
George's Bay support a temporally distinct, late-glacial
readvance of the retreating ice margin across the pres-
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ent coastline at 12 600 BP (Robinson's Head readvance;
Brookes, 1974)?

6. How does the coastal stratigraphy presented here corre-
late with the acoustic stratigraphic and sediment core
records offshorein St. George's Bay (Shaw and Forbes,
1990; Shaw and Courtney, 1997)7?
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