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PRE-WISCONSIN STRATIGRAPHY
AND PALEOCLIMATES OFF

ATLANTIC CANADA, AND ITS

BEARING ON GLACIATION IN QUEBEC

M. ALAM and D. J. W. PIPER, Departments of Geology and Oceanography, Dalhousie University, Halifax, Nova

Scotia.

ABSTRACT Cores from tops of sea-
mounts close to the continental shelf
west of the Grand Banks contain se-
quences of alternating clays (represent-
ing glacials) and foram nanno ooze
(deposited in warmer periods), back to
the Pliocene. Although sedimentation in
the cores is controlled primarily by gla-
cial conditions on the Grand Banks and
Laurentian Channel, glacial history
further inland can be inferred. The
Wisconsin sequence shows two cool
interstadials and one rather warmer one,
correlable with the Plum Point, Port
Talbot and St. Pierre Interstadials. Clay
sedimentation during Wisconsin glacial
stages was minor, suggesting glaciers
did not extend to the shelf edge. In the
late lllinoian, there was a major influx of
red sediments, indicating significant
erosion of the Gulf of St. Lawrence and
Laurentian Channel. Glaciation was
more extensive than during the Wiscon-
sin. Two lllincian interstadials, with tem-
peratures between those of the Plum
Point and St. Pierre interstadials are
recognised. Early lllinoian glaciation was
the most severe yet recognised in the
cores. Sedimentation appears to have
been controlled by the advance of a
Newfoundland — Labrador — E. Québec
ice sheet across the Grand Banks.

RESUME Stratigraphie et paléoclimats
pré-wisconsiniens du Canada atlantique:
implications sur les glaciations du Qué-
bec. Des carottes prises au sommet de
monts sous-marins prés du plateau con-
tinental, a I'ouest des Grands Bancs,
contiennent des séries d'argiles (repré-
sentant les périodes glaciaires) et des
couches de vases & Foraminiféres (re-
présentant les périodes plus chaudes)
qui remontent jusqu'au Pliocéne. Bien
que la sédimentation ait été contrdlée
principalement par les conditions exis-
tant sur les Grands Bancs et dans le
chenal laurentien, on peut tirer quelques
conclusions sur I'histoire glaciaire de
I'arriere-pays. La série wisconsinienne
indique deux interstades relativement
froids et un autre plus chaud, qu'on
peut mettre en corrélation avec les inter-
stades de Plum Point, de Port Talbot et
de St-Pierre. La sédimentation des argi-
les n'était pas trés importante pendant
ces épisodes, ce qui laisse supposer que
les glaciers n'ont pas atteint la limite du
plateau continental. Le tardi-lllinoien est
caractérisé par un dépét important de
sédiments rouges, ce qui indique I'éro-
sion du golfe du St-Laurent et du che-
nal laurentien. Les glaciers étaient plus
étendus que pendant le Wisconsinien.
Deux interstades illinoiens, marqués par
des températures intermédiaires entre
celles des interstades de Plum Point
et de St-Pierre, ont été identifiés. La
glaciation de I'lllinoien inférieur fut la
plus sévere, d'apres I'observation des ca-
rottes. Il semble que la sédimentation ait
été controlée par I'avancée d'une calotte
de glace en provenance de I'ensemble
Terre-Neuve-Labrador-Québec, a travers
les Grands Bancs.

PE3IOME 00O-BUCKOHCUHCKAR CTPATUIPAOUA
W NANEOKMWMAT K BOCTOKY OT NMPWU-ATNAH-
TUYECKUX NMPOBMHUWMA KAHAOBI U UX BNWU-
AHWE HA ONEOQEHEHWE NPOBUHUWMW KBEBEK.
KepHbl B3ATLIE C BEPWHH NOAHATMIA MOPCKOro AHa
B86nMan OT KOHTMHeHTAanbHOrO wensbba Kk 3anagy oT
Hetodaynanenackodh Gauku, coaepmwat nocneaoea-
TENLHOCTH YepPeayowWMxXCA Cnoes rMuH (npeacras-
NAIOWMX NEAHWKOBLIe nepwoasl) U un Tuna «Dopam
HaHHO» (OTnOMEHHbIA B Gonee Tennbie nepuodbl).
MonyyenHsie omowmeHuwA OepyT ceoe Hauano B
MNnwouenckoh ape. XoTA peub uaet ob oTnomeHuAx
B pakoHe HeiodayHanenackod Bawkw w B nponuee
Ce. [laBpeHTMA BpPeMEH NEAHWKOBOrO nepWoaa,
cxoaHoe nonomeHwe Habnionanoce M BHYTDU CTPaHbI.
BUCKOHCWHCKO@ OneaeHeHWe CONePMWT aBa Xonoa-
HbIX MEXCTAanana u OAMH BeCchMa Tenabil, KoTopbiA
MOMHO cpaBHuTe ¢ Mnam Mo#utckum, Mopt Tane-
Gotckum u Ce. MeTtpoBckuMK memcTaewanamu. Mnu-
HUCTbIE OTNOMEHWA B pa3nuuHbie nepwoabl Buc-
KOHCMHCKOrO onegeHeHuA Obinn BecbMa HeaHa-
uuTeNbHBIMK. 3TO, BMAWMMO, YKA3biBAeT Ha TO, UTO
NEAHWKA HEe AOCTUIMK KPaA KOHTHHEHTANBHOMO
wenbba. OaHako, 8 no3aHniA nepwoa MnnuHo#ckoro
oneaeHeHMA HabnIOAANMCb KPYNHLIE OTNOMEHWA
KpPacHOR rnuWMbl, 4TO MOKA3LIBAET HA 3JHAYMTENb~
HYIO 3po3wio B 3anuee Ce. flaBpeHTMA w nponuee
Ce. faspentua. W, 6bino
Gonee 3HauuTenbHbiM, Yem Buckowcuwckoe. [lsa
MNNMHONCKKMX MeMcTaawana, ¢ Temnepatypamu Ko-
nebniowrMnch mexuy TakoesiMu Mnam MoMHTeKoro
n Ce. MNetpoeckoro mewctaananos, Gbinu ycTawo-
Bnexbl. CornacHo aHanusy KepHOB, PaHHee Wnnw-
HoAckoe oneaenenne Obino HawbBonee KpynHbIM
13 ecex. OTNOMEHUA e BUAMMO, KOHTPONHPOBANUCH
pacnpocTpaHeHuem neanHoro noxkpoea ¢ Heioday-
Hanewaa, fMabpanopa u BocTounoro Keebexa Ha
HuiodayHanenackyio Banky.

YACKOE O
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INTRODUCTION

A linear seamount chain lies south west of the Grand
Banks, 70-100 km from the shelf break. Water depth on
top of the seamounts is around 3 km, and they are about
1 km above the regional sea floor. The seamounts are
out of the reach of turbidity currents, and have accu-
mulated only thin Pleistocene sediment sequences.
Muds derived from the adjacent continent accumulated
during glacial periods; foram-nanno ooze during inter-
glacials.

Piston cores have been examined from the tops of
five of the seamounts (Fig. 1). Two of these have been
described in detail in a thesis by ALAM (1976). A pre-
liminary interpretation of a third was published by
PIPER (1975a): we present a fuller interpretation here.
Work on the other two cores is in progress. The general
setting of the Grand Banks continental margin is de-
scribed by PIPER (1975b).

RESULTS
A. LITHOLOGY

The lithological sequence in the five cores examined
is summarised in Figure 2. There are three principal
lithologies. Foram-nanno ooze contains variable
amounts of terrigenous material, includes ice-rafted
pebbles, and has carbonate contents generally between
50% and 75%. Carbonate content is generally highest
near the middle of beds, and decreases upwards and
downwards. Red mud is grayish red (10R4/2) to pale
brown (5YR5/2) in colour. It consists of about 70% clay
and 30% silt. The sand fraction is generally less than
1% and consists mostly of foraminifera. The red mud
is mostly structureless, but locally contains fine silt
laminae. Grey mud is brownish gray (5YR4/1) to olive
gray (5Y4/1) in colour: it is otherwise rather similar to
the red mud. In places, there is a lithology transitional
between the grey mud and the foram-nanno ooze.

These lithologies occur in a distinctive sequence,
which allows a lithologic correlation between cores.
Correlable lithologic units are identified by letters in
Figure 2: units A, C, E, G and | are the principal foram-
nanno ooze horizons; units B, F and H are mostly gray
mud ; and unit D and part of H are dominantly red mud.

B. CHRONOSTRATIGRAPHY

All the cores except core 6 (the southernmost core)
fall entirely within the Brunhes normal magnetic epoch.
In core 6, the Brunhes rests disconformably on Pliocene
sediments. Five carbon-14 dates have been obtained on
bulk foram-nanno ooze samples, and are summarised
in Fig. 2.

Several biostratigraphic markers have been rec-
ognised. Globorotalia menardii flexuosa is present in
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FIGURE 1. General map of area around the Grand Banks,
showing location of cores studied.

Carte de la région des Grands Bancs et localisation des fora-
ges étudiés.

the lower part of the cores, but disappears above unit
C. This extinction level is generally accepted as mark-
ing the Sangamon interglacial (i.e. following termination
Il of BROECKER and van DONK, 1970, dated at around
127,000 BP). This interpretation is confirmed by the
restriction of the coccolith Emiliania huxleyi to unit C
and above: the base of the E. huxleyi zone is dated
at around 150,000 BP (GEITZENAUER, 1972). Dis-
coasters first occur below the disconformity in core 6;
this corresponds to the disappearance of Globorotalia
truncatulinoides and indicates a Pliocene age.

The chronostratigraphy of the upper part of the cores
is well established; below unit C, extrapolations can
be made on the basis of sedimentation rates. It is hoped
that coccolith zonation will refine the stratigraphy of the
lower parts of the cores. Unit G is probably around
200,000 to 300,000 BP and unit | 400,000 to 600,000
BP

C. PALEOTEMPERATURE ANALYSIS

A variety of foraminiferal indicators of water mass
temperature have been used to document the surface
water paleotemperatures of cores 29, 117 and 6. These
include the coiling direction of Globigerina pachy-
derma, the relative abundance of the Globorotalia
menardii complex, Globorotalia truncatulinoides and
other major planktonic foraminifera, and the porosity
of tests of G. pachyderma and G. bulloides. The results
are summarised in Figure 2 and 3. The warmest intervals
correspond to the lithogies with the highest calcium
carbonate contents, notably the foram-nanno ooze
units. Comparing with the tops of the cores, which
represent present day conditions, units C, G and | have
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FIGURE 2. General stratigraph-
ic correlation and paleoclimatic
interpretation of cores studied.
Cold-warm curve based on
foraminiferan analysis. Ages
are radiocarbon dates. Litholo-
gies: stipple-oram nanno ooze;
vertical dashed lines — red
mud; oblique lines — grey
mud; horizontal lines with
stipple — muddy foram nanno
ooze.

Corrélations stratigraphiques et
interprétation paléoclimatique
des forages étudiés: courbe
des tendances réchauffement
— refroidissement & partir des
assemblages de Foraminiféres.
Chronologie '4C. Lithologie:
boues a Foraminiféres (pointil-
lés); argile rouge (verticales);
argile grise (obliques); boues
argileuses & Foraminiféres (ho-
rizontales et pointillés).

FIGURE 3. Details of paleo-
climatic indicators for core
117 (units A-F).

Détail des indicateurs paléocli-
matique du forage 117 (unités
A-F).
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paleotemperatures similar to, or warmer than, those at
present. Thinner foram-nanno ooze horizons, with
rather low calcium carbonate contents, such as those in
unit B, or in the middle of unit F, represent conditions
cooler than the present. The red and grey muds rep-
resent cold conditions. The very low abundances of
planktonic foraminifera in these muds is principally
due to low productivity, since the abundance of ben-
thonic foraminifera is roughly constant throughout any
one core.

D. PROVENANCE OF DETRITAL SEDIMENT

X-ray diffraction analysis shows that the clay fraction
of red muds consists of about 60% illite, 15% chlorite,
15% kaolinite and 10% montmorilionite. The grey muds
have higher chlorite and lower kaolinite, averaging 65%
illite, 20% chlorite, 5% kaolinite and 10% montmorilio-
nite. The grey muds also have more quartz, feldspar
and amphibole than the red muds, both in the
< 2u fraction (x-ray diffraction) and the 10-30u frac-
tion (petrographic microscope). The red mud is richer
in silt sized hematite, ilmenite and rutile. Following the
interpretations of PIPER and SLATT (1977) of the
provenance of glacial till and surficial sediments of
Atlantic Canada from their < 2u mineralogy, we suggest
that the red muds are derived from a source similar
to that of the red muds of the Laurentian Channel
(CONOLLY et al., 1967), Laurentian Fan, and red tills
of Nova Scotia — namely Carboniferous and Triassic
redbeds of the Maritime Provinces and Gulf of St. Law-
rence. The grey muds are similar to tills derived from
Newfoundland, and reworked tills on the Grand Banks.

The sand fraction of the muds has been studied in
detail in cores 29 and 117. The absence of pebbles
and coarse sand suggests the sands were transported
not by ice rafting, but in suspension from the shelf
break of the Grand Banks. This is confirmed by the
presence of glauconite and fine molluscan shell frag-
ments, bored by sponges, in the sand fraction. These
lithologies are common on the Grand Banks (Slatt,
pers. comm., 1976), but absent in demonstrable ice-
rafted sediment. The ratio of rounded to angular quartz
grains shows a progressive increase from unit F up-
wards. Surface textures of quartz grains are dominant-
ly glacial in unit F, but in unit D and especially unit B,
grains showing beach reworking are common. There
is also a corresponding decrease in abundance and
increase in the amount of alteration of feldspar from
unit F upwards.

THE STRATIGRAPHIC SEQUENCE

Units A and B correspond to the Holocene and
Wisconsinian. There is considerable information avail-
able on the extent of glaciation, position of sea level,
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and sedimentation in nearby areas for these times,
which permit a detailed interpretation of these units.

Unit B consists of four cold mud units, separated
by three warmer muddy foram-nanno ooze units (B2,
B4 and B6). Carbon-14 dating indicates that the young-
est warmer unit, B2, is around 20,000 BP. Unit B6 is
substantially warmer than B2 or B4, but cooler than the
Sangamon (C). it has an extrapolated age of around
75,000 BP This correlates well with the Ontario —
Québec terrestrial stratigraphy, where the St. Pierre
Interstadial (at around 65,000 BP) was substantially
warmer, with deglaciation of the St. Lawrence Low-
lands, than the Port Talbot and Plum Point interstadials
(corresponding to B4 and B2).

Unit B1, which appears to correspond to the late
Wisconsin glaciation, is represented by a reddish muddy
foram-nanno ooze. The carbonate content is higher and
the foraminiferal paleoclimate indicators slightly warmer
than those in glacial units B3, B5 and B7. The clay
fraction has a typical red clay mineralogy. During the
late Wisconsin, red clay was supplied to the Laurentian
Fan down the Laurentian Channel, and red lithologies
were ice-rafted westwards along the Scotian Slope
(PIPER, 1975b). Sea level was lowered by about 115 m,
thus exposing much of the Grand Banks, especially the
area near our cores.

Units B3, B5 and B7 consist of grey mud. Their
sand fraction suggests an origin from resuspension of
sediment on the Grand Banks.

Ice rafted coarse sand and granules are almost
restricted to the foram-nanno ooze interstadials and
interglacials. Their petrology indicates a Labrador Sea
source.

Unit D, corresponding to the latest lllinoian of the
terrestrial chronology, is a thick red mud, with very rare
thin mottled horizons of foram-nanno ooze. It contains
twenty to thirty times as much red mud as unit B1.
Foraminifera indicate surface water temperatures
similar to those during B1. The sand fraction indicates
some resuspension from the Grand Banks.

Unit E has an extrapolated age of about 200,000 BP;
it represents an interstadial similar to the St. Pierre in
temperature. Unit F is a thick sequence of grey mud,
with a thin interstadial foram-nanno ooze in the middle.
Paleotemperature indicators, especially in the upper
part, are substantially colder than in unit D.

Unit H has not yet been examined in detail. Pre-
liminary work suggests several glacial advances com-
parable to those of the Wisconsin.

A MODEL OF SEDIMENTATION

Several variables control the supply of sediment and
the types of microfossils accumulating on the sea-
mounts.
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1. Sea level. During the late Wisconsin glaciation sea
level was lowered by about 115 m (KING, 1976); less
extensive glaciations would have lowered sea level less,
while a maximum lowering of 150 m is possible during
the most severe lllinoian glaciation. Lowering of more
than 90 m results in most of the Grand Banks being
exposed, and the development of a coastline at the
shelf edge. Rip currents in submarine canyon heads
would transport littoral sands into deep water as turbid-
ity currents.

A lesser lowering of sea level would not give a shelf-
edge coastline, but would result in a large area of very
shallow water, susceptible to wave reworking, over
much of the Grand Banks.

2. Continental Ice extent. Two main ice sheets have a
direct influence on the seamounts — the local New-
foundland ice-caps (PREST and GRANT, 1969) and the
ice sheet moving down the Laurentian Channel, prob-
ably in part Laurentide ice.

A restricted Newfoundland ice sheet, not crossing
the Avalon Channel, would supply outwash sediment
and icebergs to the Avalon Channel, but this sediment
would not cross an emergent Grand Banks but would
be advected westwards by the Labrador Current. If
ice extended across the Avalon Channel, outwash
streams would flow across the Grand Banks.

The extent and temperature of the Laurentian Chan-
nel ice will affect its role in supplying sediment. The
water depth in the Laurentian Channel suggests an ice
sheet would terminate as a calving ice shelf. If cold,
this would supply little sediment to the Laurentian
Channel area; but if rapidly ablating, a surface plume
of cold fresh muddy water might be produced.

3. The role of the Labrador Current. If the Grand Banks
is emergent and the Avalon Channel blocked by ice,
the Labrador Current cannot cross into the area west
of the Grand Banks. Furthermore, an emergent Grand
Banks area means there is no source for cold shelf
water to develop in the winter. Two possible effects
are that ice-bergs or muddy freshwater from the Lau-
rentian Channel will advect westwards less rapidly ; and
Gulf Stream eddies will more easily penetrate the
region west of the Grand Banks. Furthermore, icebergs
from the Labrador Sea will not reach the area.

With the Grand Banks partially or completely sub-
merged, and the Avalon Channel open, some of the
Labrador Current will cross the Grand Banks, advect-
ing sediment westwards.

4. Surface water conditions. Temperature and salinity
conditions in surface waters are particularly hard to
predict. They are related to the position of sea level and
the rate of supply of glacial meltwater. During glacial
periods, probably both temperature and salinity are
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reduced, although the greatest reduction may not cor-
respond to the most extensive glaciation.

These variables can be combined to develop a pre-
dictive model for Pleistocene sedimentation on the
seamounts (Fig. 4). Only for the late Wisconsin do
we have independent data on some of the controlling
variables.

1. Late Wisconsin (Fig. 4a). In the late Wisconsin, sea
level was lowered by 115 m, thus exposing much of the
Grand Banks. The extent of ice in the Laurentian
Channel is disputed, but GRANT (1976) believes it was
not extensive. KING (1975) and STOW (1975) describe
evidence of iceberg transport of sediment in the Lau-
rentian Channel. The extent of Newfoundland ice is also
uncertain, GRANT (1976) believing it reached little
further than the present coastline, while Slatt (in PIPER
and SLATT, 1977) believes it filled the Avalon Channel.

On the seamounts we find a reddish muddy foram-
nanno ooze. There appears to have been substantial
sediment supply from the Laurentian Channel. If the
Avalon Channel was not actually blocked by ice, the sea
level lowering was sufficient to block the Labrador
current. Resedimented sand grains appear reworked,
suggest no directly supply of outwash sand to the Grand
Banks.

2. Earlier Wisconsin (Fig. 4b). In the earlier Wisconsin,
prior to 20,000 BP, the available evidence (BLOOM et al.
1974) suggests eustatic sea level was not lowered
during glacial advances as much as during the late
Wisconsin glaciation. This would have resulted in less of
the Grand Banks being emergent. In consequence, the
Labrador Current would play a greater role, and storm
resuspension of sediments on the Grand Banks would
be more important. Both would tend to favour supply
of grey mud from the Grand Banks rather than red mud
from the Laurentian Channel. In addition, the south-
ward penetration of cold Labrador Sea water, and the
generation of cold shelf water on the Grand Banks
would result in cooler planktonic foraminiferal indi-
cators compared with the late Wisconsin. The lack of
fresh glacial sand grains suggests Newfoundiand ice
did not cross the Avalon Channel.

3. Late lllinoian (unit D: Fig. 4). Clay mineralogy and
pebble petrology suggest that sedimentation at this
time was dominated by discharge of sediment from the
Laurentian Channel. Glacial melt water, rich in suspend-
ed sediments and sometimes with icebergs, covered a
large part of the continental margin off Atlantic Canada.
The Avalon Channel was probably closed because
otherwise this «red plume» would have been diverted
towards the southwest by the Labrador Current. New-
foundland ice probably extended across the channel,
since the clay mineralogy suggests some supply from
Newfoundland, and the silt and sand fraction appears
fresh.
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FIGURE 4. Speculative late Quaternary paleogeography of
south-eastern Canada: a) late Wisconsin glacial; b) early and
mid Wisconsin glacials; c) late lllincian glacial; d) mid Illi-
noian glacial. For fuller explanation, see text. GSL — Gulf of
St. Lawrence, GB — Grand Banks.

4. Earlier Illinoian (unit F: Fig. 4d). The foraminiferal
data suggests that during the deposition of the grey
mud of unit F, surface water was exceptionally cold.
Clay, silt and sand mineralogy indicate that sedimen-
tation on the seamounts was controlled by the advance
of an ice sheet from Newfoundland. Surface textures of
the quartz grains, as well as the feldspar/quartz ratio
and the ratio of angular/rounded quartz grains suggest

Paléogéographie hypothétique du sud-est du Canada a la fin
du Quaternaire: a) glaciation du Wisconsinien supérieur;
b) glaciations du Wisconsinien inférieur et moyen; c¢) gla-
ciation de [I'lllinoien supérieur; d) glaciation de [I'lllinoien
moyen. Pour de plus amples explications, se reporter au texte.
GSL = golfe du Saint-Laurent, GB = Grands Bancs.

that the source of the sediments was very close, and
the sediments had undergone very little reworking
before final deposition. This suggests that the ice sheet
covered a substantial part of the Grand Banks and
completely closed the Avalon Channel (Fig. 4d).

The much greater extent and intensity of the mid and
late-lllinoian glaciations may indicate direct ice supply
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from the main Laurentide ice sheet, rather than supply
from local Maritime ice-caps that characterised the
Wisconsinian.

CONCLUSIONS

The Pleistocene record in the deep sea is superior
to that on land in its continuity of deposition. The
opportunities for establishing a reliable chronology in
the mid and early Pleistocene are greater at sea. Only
near the continental margin in glaciated regions is
there much direct representation of terrestrial glacial
events. In most areas, there is a great thickness of
Pleistocene continental margin sediments: the sea-
mounts we have sampled are exceptional in being out
of the reach of turbidity currents.

We have semi-quantitative data on the temperatures
prevailing in eastern Canada during interstadials and
interglacials. Full interglacials, warmer than at present,
and thus presumably representing complete degla-
ciation, occur in units C, G and |, dating from 125,000
?7250,000 and ?7400,000 BP. Warm interstadials,
comparable to the St. Pierre Interstade, and thus re-
flecting substantial deglaciation of eastern Canada, are
represented by units B6, E, H2 and H4. Cool inter-
stadials, comparable to the Plum Point Interstade, are
found in units B2, B4 and F2.

For glacial periods, we have two types of information.
Foraminifera indicate the surface water temperature;
but this probably does not correspond in a simple
manner to either temperatures on land, or temperatures
in the open ocean. Petrologic analysis indicates the
source of glacial sediment accumulating on the conti-
nental margin: but it does not indicate the route by
which the sediment was transported. We can recognise
four types of glacial conditions: (i) Unit B1, the late
Wisconsinian, with cool surface temperatures and accu-
mulation of red mud along with foram-nanno ooze;
(i) Units B3, B5 and B7, the mid and early Wisconsin,
with cold surface temperatures, and accumulation of
grey mud, perhaps largely reworked from the Grand
Banks; (iii) Unit D, the latest lllinoian, with cool surface
temperatures and the accumulation of large amounts of
red mud. This represents a more severe glaciation than
the Wisconsinian. This time was clearly a major period
of erosion of the lowlands of Maritime Canada and the
Gulf of St. Lawrence. During the late Wisconsin, some
300 km?® of red mud were supplied to the Laurentian
Fan and Scotian margin (STOW, 1975; PIPER, 1975b).
The corresponding late lllinoian quantity would be
around 7 500 km3, suggesting major erosion of the Gulf
of St. Lawrence at that time. (iv) Unit F, the mid-lllinoian,
with very cold surface temperatures and the accumu-
lation of thick grey muds, with fresh quartz and feldspar,
with a source in Newfoundland.
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QUESTIONS AND COMMENTS
|. A. BROOKES:

1) «What is the meaning of the 37,500 BP date at the top of
the climate diagram ? »
2) «What is the depth of Avalon Channel and what would be

the effect of sea level lowering on water transport through
it?»
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M. ALAM and D. J. W. PIPER:

1) «This applies to zone C and not to the top of the dia- 2) «Up to 300 m and therefore water can still flow through
gram. » it at glacial maximum. »



