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INTRODUCTION

The Atlantic Canada | ce Dynamics
(ACID) workgroup comprises geosci-
entigts in fieds such as marine geo-
physics, sedimentology, oceanography,
remote sensing, geomorphology, glacid
geology, geochronology, glaciology and
ice-sheet modelling, and paleoclimatol-
ogy. The group meets biannualy to
discuss advances in knowledge of the
dynamics in paeo-glacier ice cover
throughout Atlantic Canada and relat-
ed oceanographic, biologic, and climat-
ic effects. For the past four years, the
group has been charged with compiling
and interpreting regiona databases
from geologica surveys, producing
glaciologicaly consstent conceptual
models that are compatible with the
higtory of eastern Canada ice dynamics.
By using numerica smulationsto eva-
uate the plaughility of these conceptua
models, the group hopes to solve spe-
dfic questions related to i) the nature
and sources of late Pleistocene and
Holocene meltwater pulses and marine
sediments, and ii) the influence of
polythermal ice-base conditions on till
production and transportation. The
two-day ACID-3 workshop was
attended by 21 participants (Table 1)

Table 1. Participants of ACID-3
Workshop

Allen Seaman
Ann Miller
Anne Reuther
Brian Todd
Bruce Broster
Daniedl Ruzzante
David Liverman
David Piper
Denise Brushett
Gordon Cameron
Gordon Fader
lan Spooner
Jm Fastook
John Gosse
John Shaw

Lev Tarasov
Ned King
Rdph Stea
Steven Carr
Tim Webster
Trevor Bl

held at Dalhousie Univerdty, Hdifax,
Nova Scotia.

WORKSHOP OBJECTIVES

Asin the past, the workshop used
informa presentations, posters, mini-
courses, and open debate and discus-
sion to achieve its established goals.
The ACID-3 workshop had three
objectives: 1) to describe advancesin
Atlantic Canada | ce Dynamics research
since the firg ACID meseting (Gosse,
2002), 2) to consider the Nunatak
Hypothesis and evidence for biologicd
refugia, posited for digunct flora and
fauna throughout Atlantic Canada, and

3) to evduate output from the latest
verson of the Univergty of Maine Ice
Sheet Modd (UMISM) and test its
plaushility againgt conceptual models
of Atlantic Canadaice dynamics. Pre-
sentersincluded: i) S. Carr, genomics
researcher from Memoria Universty,
who provided a mini-course in the
acquisition and phylogeographic inter-
pretation of mitochondrial (mt)-DNA
records from plants and animals, ii) D.
Ruzzante, geneticist from Dalhousie
University, who provided additional
commentary, iii) J. Fastook, University
of Maine, who provided an overview
of the laws, rules, parameters, and
other elements of the UMISM code
and described the limitations and utili-
ties of ice-sheet modelling, and iv) L.
Tarasov, Memorid University, who
provided additiona commentary by
comparing the results from the
UMISM to his ice-sheet mode!.

PROGRESS IN ACID RESEARCH

Advances since ACID-1

Sgnificant developments in under-
standing the paleo-glacier ice dynamics
of Atlantic Canada have been achieved
over the past four years from the study
of both land and marine records. Com-
pilation of ice dynamics data from
onshore and offshore records, includ-
ing ice-flow directions, relative and
absolute chronology, positions of mar-
gind moraines, and other glacid land-
forms that indicate streaming provide
important ingghts into ice volumes
and ice dynamicsin Atlantic Canada
The value of data compilationsisillus-
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trated in the recent publication of a
conceptua modd of the deglacid his-
tory of southern Atlantic Canada
(Shaw et dl. 2006; Fig. 1), aspects of
which have aready been supported by
smulations using a thermo-mechanical
glaciologicd modd (cf. Fig. 2).
Terrestrial cosmogenic nuclide
(TCN) dating has enabled us to make
profound advances regarding the
nature and timing of deglaciation and
the extent of ice cover in Atlantic
Canada. Firmer congtraints on the tim-
ing of deglaciation have been attained
from TCN exposure dating of large
(>2 m high) boulders from five regions
that extend from southern Nova Scotia
to the Cape Breton Highlands. The
results support previous work by Stea
and others, which showed that ice per-
sisted through the Y ounger Dryas
(YD) chron in the highlands of south-
ern and central Nova Scotia. The data
aso refute the hypothesis of no ice
cover (Nunatak Hypothesis) on the
Cape Breton highlands. Spooner
reported that in the Trout Pond Gulch
region of western Newfoundland, cos-
mogenic *Cl ages from boulders have
documented an early deglaciation (by
about 22 ka) followed by atransition
to apine glaciation and rock glacieriza-
tion until about 12 ka (J. Osborn and
others, unpublished data, 2007). Gosse
reported 15 new TCN ages from boul-
ders in Newfoundland, reveding that i)
deglaciation aong the south coast
commenced after 14.0 ka, ii) that most
highland areas in central, southern, and
western Newfoundland were deglaciat-
ed within a 2 ka period following this,
indicating a collapse of the Newfound-
land ice sheet (with the exception of
Big Level, acoaga highland in Gros
Morne Nationa Park which, in part,
was deglaciated around 20 ka), and iii)
that the Nunatak Hypothesis faled in
al summit areas sampled (including
two ‘type locdities for the Nunatak
Hypothess—Big Levd and . John's
Highlands that were deglaciated
20.2+1.2 and 13.5+0.5 kaago, respec-
tively). Other TCN data from recently

Volume 34 Number 1

deglaciated areas showed that ice did
not deeply erode the bedrock (< 1 m),
which aso supports the notion that
cold-based, weskly erosive ice cover
could preserve weathered bedrock.

Stea and Seaman both empha-
sized the need for research on pre-late
Wiscongnan deposits that have been
identified in Nova Scotia and New
Brunswick (e.g. Godfrey-Smith et .
2003). Knowing how these deposits
correlate with the offshore Stratigraphy
may provide important constraints on
Atlantic gladid conditions and isostasy
leading into the lagt glaciation.

Important developments have
arisen from offshore research. Brushett
and Shaw reported on their groups
progress in alarge GSC program that,
in part, will provide high resolution
records from multi-beam bathymetry,
séigmic imaging, and coring to help
provide land-sea correlations and inter-
pretations of the ice dynamicsin the
Burin, Placentia Bay, and southwestern
Avdon regions of Newfoundland and
its adjacent shdf. Miller et al. and Piper
et a. reported on developmentsin
defining the position and timing of
sedimentary fluxes onto the Atlantic
shdf and dope, and their implications
for paleoceanography in the north
Atlantic during Holocene meltwater
events rdated to a shrinking Lauren-
tide Ice Sheet. For the firg time, map-
ping of the nearshore coastal fringe—
an area not included in either deep-
water or land-based surveys—was
described by Todd (starting with the
Bay of Fundy). Webster described the
application of new LiDAR instrumen-
tation, now avallable at the Centre of
Geographic Sciencesin Nova Scotia,
to nearshore coastd mapping (e.g.
Webgter et a. 2006).

Consideration of Biological Refugia
and the Nunatak Hypothesis

For over a century a debate has persist-
ed over the hypothesis that summits of
coastd highlands exhibiting dtitudinal-
ly separable zones of westhering were
not ice covered in the last or penulti-
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mate glaciation. The difficultiesin test-
ing this hypothesis rdate to i) access-
bility of such areas in Béffin Idand and
northern Labrador, ii) the lack of gla
cid erosion or depositsin these aress,
and iii) the lack of radiocarbon media
that could be dated in areas that are
above the tregline. In searching for an
explanation for apparent digunct dis-
tributions of some species (bestles,
bryophytes, spiders) in Canada, Green-
land, and Europe, many biologists pro-
posed a mode of ice free enclaves to
provide refugia during glaciation.

The ACID-3 workgroup invit-
ed S. Car to provide an overview of
evidence for biologicd refugia from
the organismal and mt-DNA perspec-
tive using records that have been
attained throughout Atlantic Canada
Carr used the history of human expan-
son from Africa to exemplify the utili-
ty of the mt-DNA approach in dating
the times of species expanson and
divergfication. He reviewed the latest
mt-DNA data available for Newfound-
land cod and caribou and concluded
that the distributions are not consistent
with any smple model of refugia or
deglaciation. D. Ruzzante and others
carried the discussion with examples
from other species. Alternative expla
nations (i.e. in addition to the ice-free
nunateks) for the phylogeographic rea
tionships in Atlantic Canada include i)
the species clamed to be digunct from
relatives in British Columbia or other
continents may not be so related and
require DNA andyds to demonstrate
specieslevd relationships, ii) species
found in coastal highland summits may
live there because of narrow ecologica
tolerances, iii) dternatively, the refugia
may be explained by afew locd ice-
free diffs (between summit ice caps
and valey glaciers) or by seatransgres-
son-related isolation during deglacia-
tion. More biologica data are required
before conclusions regarding the
nature and timing of speciation in
Atlantic Canada can be made, and the
point was made that DNA-based phy-
logeographic andlysis is Sgnificantly



Figure 1. Conceptual model of the ice cover over Newfoundland during the last
glacid maximum (modified from Shaw et al. 2006). Red dashed line indicates ice
divide or ridge, thin blue lines represent generdized iceflow trgjectories.

sengtive to the number of measure-
ments made.

In 1993, TCN measurements
provided ingght into the glacid history
of potential hunataks in Newfoundland
(see Gosse et d. 2006, for a summary).
Since then, more than 200 samples
from summits have been measured for
cosmogenic *Be or ®Al/Be ratios in
Atlantic Canada and Baffin Idand.
Mogt of the summit and sub-summit
eratics in northern Labrador span an
age of 13-11 ka and are consistent with
the YD chron (Marquette et al. 2004).
In Labrador and Béffin Idand, a smi-
lar situation to Newfoundland was
unveiled by ®Al/*°Be dating of bedrock
surfaces (mostly on tor-like outcrops),
which consstently reved that the sum-
mit surfaces were buried (cosmic ray

flux was interrupted) for durations of
10° to 10° years (Staiger et . 2005,
2006). In north central Baffin 1dland,
burid higtories of & least 3 Ma are
recorded by regolith and till, which
only recently have been deglaciated
(Staiger et d. 2006). Thenew TCN
data and other geologica evidence sug-
gedt that postulated nunatak summits,
which are indeed more westhered, sur-
vived under ice that was mogtly cold-
based and non-erosivei.e. the summits
were glaciated.

In summary, isotopic and
geochronologica data and land-based
ice volume constraints refute the
Nunatak Hypothesis (ice-free enclaves
along coastal summit highlands). This
applies to dl localities known for
wesathering zones and biological refugia

in western Newfoundland and north-
ern Labrador, Nova Scotia, and New
Brunswick. However, the possibility of
cliff-based refugia has not been pre-
cluded.

Evaluate UMISM Simulations for
Atlantic Canada

The lagt objective of the workshop was
to evaluate high-resolution smulations
from a thermo-mechanical ice-sheet
model that was developed by J. Fas-
took. The simulations were made avail-
able to the workgroup for evaluation in
the form of downloadable movies. Fas-
took reviewed details of the model
design and reported results from three
approaches for smulating ice cover in
Atlantic Canada over the past 20 ka. In
dl three, Newfoundland retained an ice
cap separate from the Laurentian Ice
Sheet due to a Sgnificant draw down
of ice via streaming and calving
through the St. Lawrence — Laurentian
Channdl.

Severd first-order features of
the numericad smulations were sup-
ported by fidd evidence and the most
recent conceptual model of deglacia-
tion (Shaw et a. 2006). These features
include i) the generd position of
ridges, divides, and domesin New-
foundland (compare Figs. 1 and 2) and
New Brunswick, ii) the style of
deglaciaion of Newfoundland, with
the Avadon Peninsula firgt, followed by
a sudden collapse of central New-
foundland, iii) early deglaciation of
summits, followed by delayed deglacia-
tion in areas that had thicker ice, and
(iv) cold-based ice in areas of thin ice
or under ice divides, wet-based more
erosve ice under aress of rapid flow or
thicker ice. The model faled to pro-
duce agladd history that even remote-
ly resembles the conceptua model and
fidd evidence for Nova Scotia, Prince
Edward Idand, and parts of New
Brunswick (e.g. Stea and Mott 2005;
Shaw 2006). Furthermore, the smula
tions predict that deglaciation occurred
dightly earlier than suggested by avail-
able chronologies for the Atlantic
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region. Considering the close agree-
ment with other aspects of Atlantic
Canada deglaciation, the shortcomings
were attributed to the lack of ardiable
paaeoclimate sgnd for the past 100 ka
(climate data on land exists only for
post-glacid times, and offshore there
are no continuous records of ar tem-
perature or precipitation). Tarasov
described aternative approaches for
modelling the glacid dynamics of the
region, and the workgroup discussed
some of the questions that can now be
asked of the models, such as using the
model output to fill gaps between well-
dated reletive sea-leve records (e.g.

Bdl et a. 2003) or interpolation among
ages defining a seerleve curve.

The existence of the proposed
periphera ice caps—independent
from, but abutting againgt the Lauren-
tide | ce Sheet—requires drawdown via
an ice stream through the Gulf of St.
Lawrence and Laurentian Channel with
velocities of magnitudes smilar to
modern Antarctic ice streams. Evi-
dence for these ice streams has dready
been identified throughout Atlantic
Canada. The UMISM simulations pre-
dict ice domes, divides, and ridgesin
Newfoundland and parts of the Mar-
itimes, which were conceptualized
from the fidd data. However, ice-sheet
smulations fal to support many obser-
vations from Nova Scotia and the
Scotian Shef, and yield deglacid
chronologies and geometries of
deglaciation that are inconsistent with
the Nova Scatia geological record after
16 ka. A more robust regiona climate
model and more sophisticated calving
and basal shear rules are required for
smulations of second-order questions
and any interpolations between fidd
locdlities where geological observations
are sparse.

FUTURE ACID RESEARCH AND
WORKSHOPS

The workshop ended with a discussion
of 15 key scientific questions that the
group should address over the next
two to four years. Considerable discus-
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Figure 2. Universty of Maine Ice Sheet Moddl smulation for ice cover over New-
foundland. Colours represent magnitude of ice vlodity (scaleislog™®, m/a). Note
the podition of ice streams (high velocity zones) and the regions of low flow (thin
ice or zones under ice divides) which imply cold based ice conditions (J. Fastook,

unpublished data, 2007).

sion regarded the evauation of glacid
erosion in aregion covered by poly-
thermd ice, and the subsequent sedi-
ment flux to the ocean (an extension
of the international “source-to-sink”
research but with an emphasis on the
role of glacid dynamics).

The results will likdy have an
impact on geodynamica studies of
active orogens that have been glaciat-
ed, and can provide indghts into the
magnitude and fluctuation of sediment
loading on the continental margin (e.g.
Skene and Piper 2006) and their effect
on st deformation in petroleum
source basins.
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