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Welcome from the Local Organizing Committee
Welcome to Ottawa. After months of preparation we are very excited to be hosting a
joint conference of the Canadian and American Quaternary Associations. We see this
meeting as an excellent opportunity to build relationships and strengthen
collaboration in Quaternary research between U.S. and Canadian scientists.
We would like to thank all those who volunteered to Chair sessions, organize
workshops, and lead field trips. Your efforts are essential for the success of this
conference. We would also like to thank the staff of Carleton University Conference
Services, Catering, and ITS for all of your work and support. Thank you for
answering many questions.
We also wanted to recognize the work that our late-colleague Dr. Jack Cornett
contributed to the early organization of this conference. Jack died tragically in a
bicycle accident during the planning of this meeting and his energy, intellect,
enthusiasm and experience were sorely missed as we continued the planning of this
conference.
Please enjoy your stay here in Ottawa and we look forward to seeing old friends and
meeting new ones during CANQUA/AMQUA 2018.
LOC:
CANQUA:
Jesse Vermaire
Isabelle McMartin
Janet Campbell
Nicolas Pelletier
Tim Patterson
AMQUA:
Kendra McLauchlan
Thomas Lowell

WELCOME FROM CANQUA

WELCOME FROM AMQUA

This 2018 joint meeting between the
Canadian and American Quaternary
associations represents an opportunity
for members of our respective
communities from both sides of the
borders to meet and to discuss about
their common enthusiasm for
Quaternary science. The 2018
CANQUA/AMQUA organizing committee
has put together an exciting scientific
program that reflects the diversity of
our field of research and that will
certainly lead to interconnections and
future collaborations within and across
the borders. We wish you all a great
meeting!

AMQUA has held two prior meetings in
Canada – Edmonton in 1978 and
Waterloo in 1990, so after more than 25
years, a joint meeting of AMQUA and
CANQUA is clearly long overdue! We
are very excited to formally partner with
our northern neighbors and to have the
opportunity to explore our many
common connections in science and life
and to foster new ideas, opportunities,
and collaborations. We are grateful to
the local organizing committee for all
their efforts to make this happen and
look forward to meeting together in this
great venue. Here’s to crossing
borders!

Patrick Lajeunesse, CANQUA
President

Sheri Fritz, AMQUA President and Tom
Lowell, AMQUA President Elect

Special thank you to our sponsors
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Award winners
CANQUA W.A. Johnston Medal
Dr. W.R. (Dick) Peltier is the 2018 recipient
of CANQUA’s highest ward, the W.A.
Johnston Medal, for outstanding
achievement in Quaternary science. For the
past four decades Dick has influenced the
way we think about North American and
global glaciation. As a Professor at the
University of Toronto and Director of the
Centre for Global Change Science, an
advisor of 42 M.Sc. and 39 PhD students
and 35 Post-docs and Research Fellows
(many of them highly acclaimed), and a
research colleague of many of us, he has
provided an appreciation and understanding
of quantitative aspects of Quaternary
processes and events, which have guided and constrained how we think. Dick
is a geophysicist who has brought significant insight into our efforts to decipher
the history of ice sheet movement in North America. His research has
integrated geophysics into our efforts to decipher the evolution of whole
(continental scale) ice sheets and how they affected global systems and the
Quaternary record. He is a world leader, recognized and awarded by
geoscientists around the world. There are few in the geoscience community
who do not know of Dick’s contributions. His quantitative approach to our often
qualitative (or subjective) science has helped keep us honest, and he has called
on the data and “ground truth” of fellow Quaternarists to help constrain his
models. It’s a great symbiotic relationship.
Dick Peltier’s CV is very extensive, spanning >100 pages, with refereed
publications numbering almost 400, plus >50 book chapters, and 3 books. The
awards and honours he has received and invitations to present special lectures
at distinguished gatherings cover tens of pages, with nearly 600 invited lectures.
He has received some of the most prestigious awards in the geosciences,
including the J. Tuzo Wilson Medal of the Canadian Geophysical Union,
Bancroft Award of the Royal Society of Canada, Kirk Bryan Award of the
Geological Society of America, Milankovic Medal of the European Geosciences
Union, Distinguished Lecturer of the Canadian Geophysical Union, Patterson
Medal of the Atmospheric Environment Service of Canada (DOE), and the Gold
Medal of the Canadian Association of Physicists for Achievement in Physics.
Dick is an elected fellow of many organizations, including The Royal Society of
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Canada, AGU, Norwegian Academy of Science and Letters, and the American
Meteorological Society. He was president of the Canadian Geophysical Union,
and the list of administrative positions he has held is many pages long. In the
letters of support from four previous W.A. Johnston Medal awardees (Claude
Hillaire-Marcel, Nat Rutter, John Clague, and Mike Lewis), who have joined with
me in nominating Dick Peltier, many other accolades were elaborated. All of us
in the global community of Quaternarists have benefitted enormously from his
research and insight.
His papers are influential, and many are landmark contributions that influenced
the thinking of Quaternarists about continental glaciation, and have guided
subsequent research in the geosciences. His research on ice sheet modeling
(e.g. from ICE-4G to today’s ICE 6G), isostatic response to ice loading and
mantle viscosity, and sea level variability and ocean circulation are well known
and frequently used. Dr. Pelter’s contributions in geophysics have extended far
beyond those related to Quaternary science, as reflected by his list of
publications and by the awards he has received.
The Canadian Quaternary community greatly appreciates Dick Peltier’s
contributions to Canadian and global Quaternary science. They have provided
an understanding of Quaternary processes, glacial paleogeography, and history,
and quantitative geodynamics. It’s an honour to have Dick as a member of our
community. For this the Canadian Quaternary Association presents its highest
award, the W.A. Johnston Medal, in recognition of Dick Peltier’s decades of
extraordinary contributions to Quaternary science.
James T. Teller

Award winners
Aleksis Dreimanis Doctoral Scholarship
Marissa Davies, Department of Earth Sciences,
University of Toronto
At each CANQUA meeting, the organization is
pleased to award the Aleksis Dreimanis Doctoral
Scholarship, valued at $2000. The award is given to
a candidate who, in the opinion of the selection
committee, represents research excellence in the
Quaternary sciences, based on a detailed
statement of their dissertation research and their
CV. This year saw a number of excellent
candidates submit applications, and Marissa
Davies of the University of Toronto was selected as
the winner. Marissa’s research, supervised by Dr.
Sarah Finkelstein, focusses on understanding how factors such as climate,
succession, hydrology, and disturbance have influenced the development and
carbon balance of peatlands within the Hudson Bay Lowlands in northern
Ontario across the Holocene, using a multi-proxy paleoecological approach.
Overall, her research will better quantify how temperature and moisture balance
changes across the Holocene have influenced carbon accumulation and
methane dynamics, a topic of critical importance for better understanding the
factors controlling ongoing climate change. In addition to her highly detailed and
well-written research statement, the committee was also impressed by
Marissa’s CV, which indicated that she has already been the winner of
numerous academic awards and scholarships, and has several peer-reviewed
publications in leading journals. Clearly, Marissa is well on her way toward a
very successful career in the Quaternary sciences.

Award winners
AMQUA DISTINGUISHED CAREER AWARDS
Dr. Cathy Whitlock (2017) is a recognized
leader in reconstructing past plant
communities, including understanding the role
of fire in affecting forest ecosystems. She also
has been an advocate for Quaternary sciences
via teaching, outreach, service, and
leadership.
Dr. Whitlock first worked on Tertiary
palynology, but during her graduate research
at University of Washington began to work on
Quaternary vegetation history of the Pacific
Northwest, generating multiple records,
including one that extends back some 125,00
years. She also began projects in Yellowstone
National Park, and, after the massive local wild
fires in the late 1980s, began to develop tools
and approaches to reconstruct fire histories,
which are now adopted globally. Over the years, she has continued work in
Yellowstone and the Pacific Northwest but also has expanded her focus to
include the temperate forests of South America, New Zealand, and Australia.
This led to establishing the WildFIRE PIRE (Partnership in International Research
and Education), an international network that has investigated the causes and
consequences of fire in the past, present, and future.
Dr. Whitlock has worked in academia and collaborated with the private sector
and various government and non-profit agencies. In all of these settings, she
been brought her insights to regional problems to help formulate management
plans and guide new research questions. Dr. Whitlock has trained many
graduate students who have gone on to academic careers of their own, as well
as underrepresented and first-generation undergraduate students. All her
students learn the value of respectful skepticism and team collaboration. Her
service to the Quaternary community include numerous editorial efforts,
leadership in various national and international organization, including serving as
past President of AMQUA. For her efforts to understand vegetation systems and
fire history across multiple scales and her effectiveness in translating her
insights to others, Dr. Whitlock is the recipient of the AMQUA Distinguished
Career Award for 2017.
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Dr. Gifford Miller (2018) is a recognized
world leader in geochronology and in the
Quaternary history of the Arctic. He was an
early worker in amino acid dating and
applied this tool to raised beaches in the
Arctic, which helped to establish the rhythm
of glacial-interglacial cycles there. In the
1990’s, he took the amino acid dating tool to
Australia to unravel changes, such as the
interactions of flightless birds, humans, fire,
and vegetation. From these findings, he
proposed new relationships about man’s
arrival on the continent and associated
hydrological feedbacks that affected the
monsoon, which led to a re-evaluation of
then established thinking about humanlandscape connections.
Dr. Miller’s yearly field campaigns to the Arctic since the early 1970’s have
investigated multiple types of geological archives to reconstruct patterns of
environmental change in the northern high latitudes. These studies have long
included interactions with the modeling community to better understand climate
feedbacks and processes.
Dr. Miller’s service to the scientific community includes guiding several NSF
initiatives to improve understanding of the Arctic, as well as editorial boards of
leading Quaternary journals. Dr. Miller has trained many graduate students who
have gone on to successful careers in science and promoted the annual Arctic
Workshop, which has been held for over 45 years. For his efforts to recover
fundamental Quaternary records in the Arctic and Australia and his efforts to
facilitate programs with an Arctic focus, Dr. Miller is the recipient of the AMQUA
Distinguished Career Award for 2018.

Award winners
AMQUA DENISE GAUDREAU AWARD
Ms. Michelle A. Chaput is a PhD student at
the University of Ottawa and investigates the
interaction of environmental change and
population history in North America. Her
research asks how past societies influenced
the evolution of the North American landscape.
To address this problem, she employs
radiocarbon databases to extract population
density estimates and compares population
history with vegetation changes over the same
times slices to uncover interactions.
Ms. Chaput has gathered primary data from
DNA, lake records, and integrated these
records with GIS systems and transfer
functions to quantify aspects of her
interpretation. She has established
collaborations with statisticians from Germany,
archaeologist from Kazan, ecologists form Mexico, and botanists from Sweden.
For these accomplishments, Ms. Chaput has been selected for the AMQUA
Denise Graudreau Award for 2018.

AMQUA/CANQUA abstracts
Plenary speakers 2018
David McGee
Massachusetts Institute of Technology
8 August AM #1
UNCOVERING THE HYDROLOGICAL HISTORY OF CLOSED BASIN LAKES IN THE
AMERICAS OVER THE PAST 150,000 YEARS
Well-preserved shoreline deposits in hydrologically closed basins in the U.S. Great
Basin and the subtropical Andes document dramatic past changes in water
availability in the North and South American subtropics, and they provide valuable
quantitative constraints on the magnitude of past precipitation and evaporation
changes. A common hindrance of both shoreline and sediment core records is
chronology, with factors such as large radiocarbon reservoir effects, low precision
relative to millennial-scale climate changes, and a lack of age control beyond the
range of radiocarbon dating limiting our ability to produce lake records with robust
age models. Here I describe ongoing work to bring high-precision U/Th dating to
lake shoreline and core deposits in order to extend Great Basin lake records beyond
the Last Glacial Maximum and to precisely document lake highstand ages in the
South American subtropics. These data provide a newly consistent picture of
maximum water availability in both regions occurring during Heinrich stadials,
millennial-scale periods of Northern Hemisphere cooling, and they document the
Great Basin’s response during the penultimate deglaciation, ~130,000 years ago. In
contrast to lake deposits, cave deposits have precise age models and cover long
periods, but the hydrologic interpretation of stalagmite data is often uncertain. I will
also describe complementary efforts to use multi-proxy analyses to obtain more
robust hydrological insights from Great Basin stalagmites, highlighting the potential
of merging the strengths of both lake and cave archives to produce a clearer picture
of the response of subtropical dry zones to past climate changes.
Aaron E. Putnam
University of Maine 8 August AM #2
AN INTERHEMISPHERIC PERSPECTIVE ON THE LAST GLACIAL MAXIMUM
The cause of the last glacial maximum remains an open question – the answer to
which would go a long way toward revealing the causes of ice-age climate variations.
Proposed solutions for spreading glacial cooling around the planet involve
important roles for orbital forcing, greenhouse gases, and feedbacks internal to the
climate system. Although there is a clear orbital signal imprinted upon the earth’s
climate system during late-Quaternary time, it is less certain how insolation forcing
at one latitude band can be amplified to produce changes in atmospheric
temperature on a hemispheric or global basis. Proposed hypotheses involve
amplification by Northern Hemisphere ice sheets and alterations to North Atlantic
overturning as mechanisms for transferring the 65°N summertime insolation
pattern to the Southern Hemisphere climate system. Other hypotheses involve roles
for both hemispheres in producing orbital-band variations observed in high-latitude
paleoclimate records. Here, I will present moraine chronologies underpinned
by 10Be and 14C dating that document the timing and duration of midlatitude mountain glacier maxima in both polar hemispheres, as well the timing of
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rapid glacier recession at the onset of the termination. On the basis of these
chronologies, I will discuss the role of orbital forcing in setting and terminating
glacial climates in both polar hemispheres, and what remaining questions might be
addressed in order to illuminate the causes of late-Quaternary ice-age cycles.
Ben Potter
University of Alaska Fairbanks
8 August PM #1
ANCIENT BERINGIANS AND THE COLONIZATION OF NORTHEAST ASIA AND THE
AMERICAS
New discoveries at the Upward Sun River archaeology site, an ancient campsite in
Alaska are discussed. These include the earliest human burials, residential feature,
and evidence of ritual in northern North America, and the earliest use of salmon in
the Western Hemisphere. Recent genetic analyses reveal a previously unknown
group of people, called the Ancient Beringians, that play an important role in
illuminating the early prehistory of Native Americans, including the timing and
routes of migration. Research at Upward Sun river and related sites inform us on
rarely encountered aspects of Paleoindian lifeways, including plant use and social
organization. These finds are transforming and enriching what we know about the
earliest peopling of Northeast Asia and the Americas.
Olivier Blarquez
Université de Montréal
8 August PM #2
LATE HOLOCENE INFLUENCE OF SOCIETIES ON THE FIRE REGIME IN SOUTHERN
QUÉBEC TEMPERATE FORESTS
Climatic change that occurred during the Holocene is often recognized as the main
factor for explaining fire dynamics, while the influence of human societies is less
apparent. In eastern North America, human influence on fire regime before
European settlement has been debated, mainly because of a paucity of sites and
paleoecological techniques that can distinguish human influences unequivocally
from climate. We applied a multiproxy analysis to a 12 000-year-old paleoecological
sequence from a site in the vicinity of known settlement areas that were occupied
over more than 7000 years. From this analysis, we were able detect the human
influence on the fire regime before and after European colonization. Fire occurrence
and fire return intervals (FRI) were based on analysis of sedimentary charcoals at a
high temporal and spatial resolution. Fire occurrence was then compared to
vegetation that was reconstructed from pollen analysis, from population densities
deduced from archeological site dating, from demographic and technological models,
and from climate reconstructed using general circulation models and ice-core
isotopes. Holocene mean FRI was short (164 ± 134 years) and associated with small
charcoal peaks that were likely indicative of surface fires affecting small areas. After
1500 BP, large vegetation changes and human demographic growth that was
demonstrated through increased settlement evidence likely caused the observed
FRI lengthening (301 ± 201 years), which occurred without significant changes in
climate. Permanent settlement by Europeans in the area around 1800 AD was
followed by a substantial demographic increase, leading to the establishment of
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Gatineau, Hull and Ottawa. This trend was accompanied by a shift in the charcoal
record toward anthropogenic particles that were reflective of fossil fuel burning and
an apparent absence of wood charcoal that would be indicative of complete fire
suppression. An anthropogenic fire regime that was characterized by severe and
large fires and long fire- return intervals occurred more than 1000 years ago,
concomitant with the spread of native agriculture, which intensified with European
colonization over the past two centuries.
Valerie Trouet* (and coauthors Alfaro-Sánchez R, Nguyen H, Klesse S, Hudson A,
Belmecheri S, Köse N, Diaz HF, Monson RK, Villalba R)
University of Arizona
9 August AM #1
NATURAL DRIVERS OF EARLY SPRING NORTHERN HEMISPHERE TROPICAL BELT
MOVEMENTS OVER THE PAST 800 YEARS
Movements in the position of the northern edge of the tropical belt have significant
hydroclimatic implications in many Northern Hemisphere (NH) regions. The
tropical belt has undergone a widening trend since the late 1970s, which is
primarily attributed to anthropogenic forcing. Yet, the influence of natural climate
variability is also acknowledged and the relative importance of prospective drivers
is incompletely understood. Here, we use tree-ring data from five NH mid-latitude
regions to reconstruct interannual early spring NH tropical belt boundary
movements over the past 800 years (1203-2003 CE). We find that southern-most
(northern-most) tropical belt positions occurred during positive (negative) El Niño
Southern Oscillation and Pacific North American phases and that the tropical belt
contracted significantly following major volcanic stratospheric sulfur injection
events. The longest period of persistent tropical belt expansion occurred in the late
16th century, at the crux of the Little Ice Age, and can be linked to synchronous
societal crises in North America, Turkey, and China that were exacerbated by severe
regional droughts. Our results warn for potential socio-economic consequences of
future tropical edge variations, which could be modulated by natural modes of
climate variability and by potential natural or artificial stratospheric aerosol
injections.
Richard Peltier (and coauthors Guido Vettoretti, and Gordan Stuhne)
University of Toronto
9 August AM #2
THE DANSGAARD-OESCHGER OSCILLATION OF GLACIAL CLIMATE
We describe a recently completed detailed diagnostic analysis of the simulation of
D-O dynamics based upon the University of Toronto version of CCSM4 (Vettoretti
and Peltier, JClim, 2018). The original simulation upon which this diagnostic
analysis is based is that of Peltier and Vettoretti (GRL 2014). This has previously
been shown to reproduce millennium timescale oscillatory behavior as a
consequence of the action of a "kicked" salt oscillation that spontaneously appears
in the North Atlantic Ocean following a Heinrich event-related sharp decrease in
the strength of the Atlantic MOC. The success of this simulation relies upon the
use of ice-age surface boundary conditions determined on the basis of
detailed analyses of the glacial isostatic adjustment (GIA) process as
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constrained by relative sea level histories over the landscapes of Canada and
Northwestern Eurasia and by GPS and GRACE satellite-based observations of
the present-day vertical motion of the crust in the same regions. Here we
discuss the important coupling of the ocean and sea ice dynamics of the North
Atlantic salt oscillator to Arctic Ocean processes, which we demonstrate to be the
source of the sea ice, the continuous delivery of which into the Atlantic by the East
Greenland Current supports the slow physics of the transition from warm
interstadial to cold stadial conditions. The fast physics of the transition from cold
stadial to warm interstadial conditions in the relaxation oscillation form of the D-O
process is governed by the opening of an extensive polynya in the sea ice that covers
the Irminger Sea under stadial conditions (Vettoretti and Peltier, GRL, 2017). The
boundary conditions employed in this successful simulation of D-O physics is based
upon the ICE-6G_C (VM5a) model of Peltier et al (JGR-Solid Earth, 2015), a model
that has recently been further tested for ice dynamical consistency in Stuhne and
Peltier (2015, 2017; JGR Earth Surface).
Larisa DeSantis
Vanderbilt University
10 August AM #1
CLARIFYING THE ECOLOGY OF PLEISTOCENE PREDATORS AND THEIR PREY FROM
THE LA BREA TAR PITS AND BEYOND
The late Pleistocene of North America was dominated by a diversity of large
mammals, including numerous carnivorans (e.g., the American lion, sabertooth cats,
cougars, dire wolves, gray wolves, coyotes, and short-faced bears). The fossils
preserved in the Rancho La Brea "tar" seeps in southern California span the past
~50 ka and provide the rare opportunity to thoroughly assess the dietary ecology of
middle to large predators, both prior to and after the terminal Pleistocene extinction
event. Unlike most late Pleistocene fossil sites, the presence of "tar" seeps allows
predators to be trapped and preserved more frequently than their prey. Here, a
multi-proxy approach including stable isotope and dental microwear texture
analyses is used to elucidate prey preferences of carnivorans and their dietary
responses to changing climates and megafaunal extinctions. The reigning hypothesis
that late Pleistocene predators were desperately consuming carcasses just prior to
their extinction, known as the "tough times" hypothesis, is not supported. Canids
consumed prey from more open environments than felids throughout the late
Pleistocene (including at La Brea and beyond), demonstrating minimal competition
between canids and felids for prey through time—including just prior to their
extinction. The ability to scavenge and/or eat a broad range of smaller prey may
have been a key to the success of cougars. Most notably, coyotes experienced
mesopredator dietary release—a shift towards increased carcass utilization after
the terminal Pleistocene megafaunal extinction. Collectively, the dietary niches of
carnivorans are not necessarily static and can be substantially affected by changing
climates and the removal of top predators. Lastly, much can be learned from Rancho
La Brea alone—paleobiological inferences of identical or similar taxa from less
fossiliferous localities from beyond La Brea are largely consistent with
interpretations from Rancho La Brea.
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Vachel Carter
Charles University, Czech Republic 10 August AM #2
NORTH AMERICAN MEGA-FIRE SYNCHRONY: CONTEXTUALIZING THE 2017 FIRE
SEASON THROUGH A PALEO-PERSPECTIVE
In 2017, dense fuel, sustained arid conditions, strong winds, and human-caused
ignitions caused synchronous and prolonged mega-fires across North America,
making it one of the worst wildfire seasons on record. Modern synoptic climatology
provides large-scale controls on fire conducive weather, while local-scale factors
such as topography and vegetation type help shape various fire regimes across
North American. As global temperatures and the frequency and intensity of drought
conditions prolong the fire season in the 21st century, these synchronous mega-fire
events may become the new norm. Moreover, very little is known about the
ecological context or consequences of these synchronous large-scale fire events in
North America. Examining long-term fire history records allows for the
investigation into whether modern regional fire synchrony is unprecedented in time
and space, while quantitative paleoecology records allow for the investigation into
ecosystem responses to wildfire occurrence and potential fire synchrony. Previous
research found that around the Medieval Climate Anomaly (MCA) approximately
~1350 cal yr BP, synchronous wildfire activity occurred across the U.S. Rocky
Mountains. Thus, the MCA could offer a potential analog to examine wildfire
synchrony in response to warmer temperatures and more protracted droughts,
from a period when boundary layer conditions on Earth were largely similar to the
present. Here, I will discuss the last 1,500 years of wildfire activity across North
America to contextualize past fire synchrony and potential ecosystem responses. A
modern climate analogue approach is applied to the long-term fire histories to
examine past fire-climate linkages, while quantitative palynological techniques are
used to assess how ecosystems respond to synchronous mega-fires in the past fire.
Martin Ross
University of Waterloo
10 August PM #1
A JOURNEY TO THE CENTER OF THE GLACIER BED: EXPLORING THE ARCHIVES OF
QUATERNARY ICE SHEET INTERIOR REGIONS
Understanding the configuration and transient behavior of Quaternary ice sheets is
important in addressing a variety of problems related to the near-surface
environment of glaciated regions and the complex interactions of Earth’s systems.
Important insights and new constraints may come from the geological record of the
interior regions of the Laurentide Ice Sheet, where prevailing frozen-bed conditions
have been predicted for most of the last glaciation. Interestingly, evidence of shifting
ice flow systems have long been recognized and continue to be described from these
same interior regions. Extensive ‘soft’ beds with crosscutting streamlined landforms
and thick sequences of glacial sediments bear evidence to the sustained warm-based
conditions that occurred in parts of the Laurentide’s interior. One proposed
explanation of this record of dynamic subglacial processes is the preservation under
frozen-bed conditions near ice divides of an older glacial record, derived from
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previous advance and retreat cycles. Another explanation involves ice divide
migration and the upstream propagation of paleo-ice stream catchments. Under this
scenario, sustained warm-based conditions and basal flow related to ice stream
catchments can occur near ice divides and far from ice margins. The two scenarios
have important implications for ice sheet reconstructions and they both appear to
explain key observations from core regions. New tools and datasets, including
exposure and erosion studies, stratigraphic and till provenance analyses, new
surficial geology, and maps of the basal thermal regime, as well as the next
generation of ice sheet models should help further develop and test these
reconstructions, allowing for a more holistic view of past ice sheet evolution.
Nick Eyles
University of Toronto
10 August PM #2
GLACIOTRIBOLOGY OF DRUMLINS AND MEGASCALE GLACIAL LINEATIONS
Analysis of high resolution imaging data (e.g., LiDAR) allows new insights into the
processes that form widespread, long studied but still enigmatic glacial landforms
under large ice sheets. This presentation emphasizes the remarkable morphological
similarity between drumlins and megascale glacial lineations (MSGLs) with
analogous slickensided forms that occur on the micro- to the macroscale produced
by frictional wear in many other environments. Large detachment faults in
metamorphic core complexes and those associated with megathrusts have grooves
and ridges directly analogous in height, width and length to MSGLs. The same
morphology develops at the base of rock avalanches, landslides and debris flows, as
microscale features on the surfaces of man-made materials undergoing erosion and
surface wear during frictional contact, and also on the exteriors of many organisms
that burrow, swim and slide. The study of frictional wear, wear products and the
resulting texturing of man-made surfaces is referred to as tribology; its counterpart
in the organic realm is biotribology. In a ‘glaciotribological’ model that draws
heavily on the industrial and biological realms, overpressured deforming till
immediately below the ice base acts as an erodent layer as it is advected toward the
ice margin to produce drumlins under steady state flows and a ‘low drag’ bed of
MSGLs under fast ice flow.
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dynamics of ice
the postglacial
mice and men:
margin recession
marine regression
extinction,
over the northern
and onset of
colonization, and
Thompson
aeolian
continuity of the
Plateau, BC
deposition, savary
Caribbean lizard
(Cripps* et al.)
island, British
fauna
Columbia
(Kemp*)
(Gingerich* et al.)
Break
Testing paleoglaciological models

Time
8:20
8:30

* denotes early career (student or postdoc)

Wednesday August 8th 2018
Room A
The chronology of
the western
Laurentide
margin retreat
(Margold et al)

11:00

12:00

Room C
What are
siliceous
aggregate grains
and why are they
important to the
paleorecords
group?
(Ballard* et al.)

Wildfires

Record of Aeolian Systems

11:40

Room B
Aeolian systems
of the central
great plains under
glacial and
interglacial
climates: progress
and new
questions
(Mason et al.)
Contemporary
sand wedge
development in
eolian settings of
seasonally frozen
ground
(Wolfe et al.)

Glacial
Simulation of
geomorphology of
vegetation
the neutral hills
dynamics in
uplands, Alberta,
eastern boreal
Canada: on the
North America
process-form
during preimprints of
industrial times
dynamic ice
using LPJ-LM fire
streams and ice
(Chaste* et al.)
lobes
(Evans et al.)
Integrating
OSL and TT-OSL
Calibrating
terrestrial and
age estimates of
annual charcoal
marine records of
ancient (up to
influx with fire
the LAST GLACIAL
≥100 ka)
surface and
MAXIMUM in
Tasmainian
severity metrics
McMurdo Sound,
aeolian quartz: a
(Hennebelle* et
Antarctica:
valuable
al.)
implications for
geochronometer
grounded ice
for understanding
expansion, ice
long-term climateflow, and
driven landscape
deglaciation of the
change
Ross Sea
(Neudorf et al.)
Embayment
(Christ*)
Lunch (AMQUA AGM room 3201 Richcraft; CGRG AGM room 3202 Richcraft)
Testing paleoglaciological models

11:20

* denotes early career (student or postdoc)

Wednesday August 8th 2018

2:30

2:50

3:10

Wildfires

2:10

Human environment interactions

1:30

Plenary: Ben Potter (Ancient Beringians and the colonization of northeast
Asia and the Americas)
Plenary: Olivier Blarquez (Late Holocene influence of societies on the fire
regime in southern Quebec temperate forests)
Room A
Room B
Room C
The
The effects of the
Impact of
geomorphological
human impacts on
wildfires outside
and
tropical aquatic
lakes catchment
sedimentological
ecosystems as
on sediment metal
implications of
revealed by
flux.
bedrock
diatoms and
(Pelletier* et al.)
megarafts in
lithological
central Alberta
changes
(Phillips et al.)
(Velez et al.)
Converging ice
Tolerance limits
Biogeochemical
streams: a failed
of arcellinida
consequences of
hypothesis for
(testate lobose
millennial-scale
deposition of the
amoebae) to
fire activity in the
Oak Ridges
lacustrine arsenic
Western U.S.
moraine
contamination in
(McLauchlan et
(Sharpe et al.)
the Canadian
al.)
subarctic
(Nasser* et al.)
Cold-based
The impact of
Human-induced
glaciers terrain in
century old
fire regime shifts
the northeastern
arsenic-rich mine
during the central
Canadian shield
tailings on
European
(Tremblay)
sedimentary
industrialization
diatom and
revealed by
zooplankton
multiple fire
assemblages in
proxies
Cobalt, Ontario,
(Dietze et al.)
Canada
(Little* et al.)
Break

Testing paleoglaciological models

1:00

* denotes early career (student or postdoc)

Wednesday August 8th 2018

4:30

Room B
Climate change
and the northern
expansion and
contraction of
Mississippian
peoples at
Aztalan, a.d. 10001250
(Peters* et al.)
Holocene
vegetation and
land cover change
in eastern North
America
(Chaput* et al.)

Human-vegetation
interactions
during the
Holocene in North
America
(Gajewski et al.)

Poster Session 1
(sponsored by CGRG)

6:30
7:00 10:00

Mixer (Mill St Brew Pub)
Student Mentoring event

Room C
An 18,000-yr
history of fire and
vegetation from
Mallín Fontanito
in central
Patagonia
(Nanavati* et al.)

Wildfires

Testing paleoglaciological models

4:10

Ice flow
chronology,
subglacial
dynamics, and
timing of
deglaciation of the
Labrador dome in
northcentral
Quebec
(Rice* et al.)
High-resolution
varve sequences
document the
timing of glacial
readvance and
drainage events in
the Lake Ojibway
basin
(Godbout* et al)

Human environment interactions

Room A
Did the
Laurentide ice
sheet undergo
significant
reduction during
marine isotope
stage 3?
(Dalton* et al.)

3:30

3:50

* denotes early career (student or postdoc)

Environmental
legacies drive
post-fire vascular
plant recovery in
sub-arctic Boreal
forest (White* et
al.)

Forest
composition, fire
regimes and
summer
temperatures
over the last
14,000 years in
coastal British
Columbia, Canada
(Lacourse)

Thursday August 9th 2018

10:00

10:20

10:40

Societal issues

9:40

Paleoclimate and environment

9:00

Plenary: Valerie Trouet (Natural drivers of early spring Northern
Hemisphere tropical belt movements over the past 800 years)
Plenary: Dick Peltier (The Dansgaard-Oeschger oscillation of glacial climate
Room A
Room B
Room C
Radiocarbon
Sustainable
geochronlogy,
biological
stratigraphy, and
conservation
fossils from
strategies require
Blacktail Cave,
paleoecological
Montana (middleinsights
and late(Whitlock et al.)
Wisconsinan)
(Hill)
Evidence for rapid
The Last Glacial
Recent advances
Laurentide
Maximum on the
in palaeoflood
thinning in
Olympic
hydrology:
northern New
Peninsula,
applications to
England, USA,
Washington
assessments of
during the
(Thackray et al.)
flood hazard on
Bølling-Allerød
alluvial rivers
warm period from
(Muñoz et al.)
10BE exposure
age dipsticks
(Halsted* et al.)
Laurentide ice
High stands and
The application of
margin retreat
overflow history
Holocene alluvial
and marine
of glacial Lake
stratigraphy to
incursion: a view
Chicago and
address
from
downstream
streambank
southwestern
impacts
erosion and
Hudson Bay
(Curry et al.)
reservoir
(Kelley* et al.)
sedimentation in
the midwestern
U.S.A.
(Layzell et al.)
Break

Testing paleoglaciological models

Time
8:30

* denotes early career (student or postdoc)

Thursday August 9th 2018

11:40

Integrated tools to
determine the
spatio-temporal
controls on
cyanobacteria
blooms in an
eastern Canadian
lake
(Mazzella* et al.)
A high-resolution
late Holocene
record from
Sharkbite Lake,
northeastern
Alberta:
implications for
human-landscape
dynamics in the
boreal forest
(Poletto* et al.)

Societal issues

Reducing Time to science

Keeping data in
context: using
metadata-friendly,
computerreadable storage
formats for
research data
(Dunnington et
al.)
Flowcam
technology for
semi-automated
analysis of
Arcellinida
(testate lobose
amoebae)
(Steele* et al.)

Room B
Using lake and
stream sediments
to assess
polycyclic
aromatic
hydrocarbons and
metals in the
central Mackenzie
Valley, location of
the Canol Shale
play
(Thienpont* et al.)
Paleoclimate and environment

Room A
Using the
Neotoma database
to identify
response and
recovery of lake
ecosystems to
anthropogenic
impacts
(Bunbury et al.)

11:00

11:20

* denotes early career (student or postdoc)

12:00Mid-conference field trips
8:00

Craft beer market (Lansdowne Park)

Room C
How
understanding
past glacial
landscapes can
inform present
day Windfarm site
investigations: A
case study of
large-scale
glacitectonism
during active ice
sheet retreat
across Dogger
Bank, southern
central North Sea
(Johnson* et al.)
The Application of
Quaternary
Science in Cultural
Resource
Management:
New Challenges in
the 21st Century
(Mandel)
A
paleolimnological
assessment of a
contaminated
pulp mill effluent
receiving pond:
implications for
effective
remediation
(Davidson et al.)

Friday August 10th 2018

10:00

10:20

10:40

Permafrost environments

9:40

Geohazards

9:00

Plenary: Larisa DeSantis (Clarifying the ecology of Pleistocene predators and
their prey from the La Brae Tar Pits and beyond)
Plenary: Vachel Carter (North American mega-fire synchrony:
contextualizing the 2017 fire season through a paleo-perspective)
Room A
Room B
Room C
The value of
Karrat Fjord
Holocene climate
softcopy mapping
(Greenland)
and permafrost
for surficial
tsunamigenic
history for the
geology and
landslide of 17
western kenai
geohazards
June 2017:
lowlands, alaska,
mapping in
Observations and
from stable
support of mining,
preliminary
isotopes and plant
pipeline, rail and
hazard analysis
macrofossils
transmission
(Gauthier et al.)
(Anderson et al.)
projects
(O’Leary et al.)
Surficial mapping
Landslides that
50,000 years of
and stratigraphy
have caused
environmental
of the Ruby Range,
fatalities in
change and large
southwest Yukon
Canada
mammal
(Cronmiller* et
(Blais)
dynamics from
al.)
central Yukon
permafrost
(Froese et al.)
New insights into
Landslides,
Reconstructing
glacial dynamics
geomorphic
late Holocene
from LIDAR
evolution and
winter
imagery and
outreach in the
temperatures
detailed mapping,
Colca Valley, Peru
from ice wedge
southwestern
(Ward et al.)
water isotopes in
Michigan
the Mackenzie
(Kehew et al.)
Delta region,
Northwest
Territories,
Canada
(Holland* et al.)
Break
Mapping the Quaternary

Time
8:30

* denotes early career (student or postdoc)

Friday August 10th 2018

11:40

12:00

Surficial geology
mapping in NW
Alberta, use of
LiDAR to map ice
flow and retreat of
proglacial lakes
(Utting et al.)

Room B
Evidence of a
regional
subaqueous mass
transport deposit
signature within
Glacial Lake
Ojibway,
northwestern
Quebec –
northeastern
Ontario
(Brooks)
Mapping flood
hazard at the
watershed scale in
Quebec
(Choné et al)

Permafrost environments

Room A
Late Wisconsinan
ice flow dynamics
in northeast
Alberta and
northwest
Saskatchewan:
implications for
Lake Agassiz
drainage to the
Arctic Ocean
(Norris* et al.)
Geohazards

11:20

Mapping the Quaternary

11:00

* denotes early career (student or postdoc)

Room C
A full Holocene
summer
temperature
reconstruction
from precipitation
isotopes in
syngenetic
permafrost in
central Yukon
(eastern Beringia)
(Porter et al.)
Assessing the
morphodynamics
of major
retrogressive
thaw slumps
using UAV-based
photogrammetry
(Tunnicliffe)
A paleogeographic
model of ground
ice in Canada
(Wolfe et al.)

Hurricane
intensity
reconstructed
from grain-size
distribution from
event beds in a
coastal New
England pond
(Castagno* et al.)
Lunch (CANQUA AGM room 3201 Richcraft Hall)

Friday August 10th 2018

* denotes early career (student or postdoc)

1:00

Poster session 2
(sponsored by CGRG)

3:10

3:30

Common Era

3:00

Plenary: Martin Ross (A journey through the center of the glacier bed:
Exploring the archives of Quaternary ice sheet interior regions)
Plenary: Nick Eyles (Glaciotribiology of drumlins and megascale glacial
lineations)
Room A
Room B
Room C
The importance of
Effect of
sedimentological
anthropogenic
context in the irsl
acidification on a
single-grain
mountain lake
geochronology of
zooplankton in an
glacial lakes and
area with acidice retreat on
sensitive bedrock
Boothia Peninsula
(the Tatra
and southern
Mountains,
Baffin Island, NU
central Europe):
(Tremblay et al.)
comparison of a
40-year research
with a
Banquet set up
paleolimnological
record
(Horicka et al.)
Mapping deeply
Itrax-xrf-cs
buried aquifers in
analysis of freeze
northeast BC:
cores recovered
identification,
from control lake,
modelling and
NT, show that
field verification
arsenic variability
(Levson et al.)
in sediment is
linked to climate
change
(Gregory* et al.)

Mapping the Quaternary

2:30

Friday August 10th 2018

7:00 –
10:00

Common Era

4:10

Mapping the Quaternary

3:50

Room A
Radiometric
domains:
applications of
airborne gammaray spectrometry
to surficial
mapping in the
central core zone
area, northern
Quebec and
Labrador
(Fortin et al.)
Understanding
glacial dispersal in
central
Newfoundland
through glacial till
geochemical data,
imagery and
mapping
(Campbell)

* denotes early career (student or postdoc)

Room B
The
glaciolacustrine
sediment record
of Cariboo Lake,
BC: implications
for Holocene
fluvial and glacial
watershed
dynamics
(Cebulski* et al.)
A high-resolution
reconstructionof
tropical cyclone
variability using xray fluorescence
from Chezzetcook
Inlet, Nova Scotia
(Oliva* et al.)

Banquet (Residence Commons 270, Carleton University)

Saturday August 11th 2018

*denotes early career (student or postdoc)

Time
8:30

Karst basins

9:20

9:40

Multi-proxy

9:00

Room A
Salinity changes
during the Maya
droughts
documented
through pore
water chlorine in
sediment cores
from Quintana
Roo, Mexico
(McNeil et al.)
Water level rise
recorded in Lake
Pac Chen,
Quintana Roo,
Mexico infers
connection with
the aquifer and
response to
Holocene sealevel
(Krywy-Janzen et
al.)
Current
observations
within the
Yucatan Karst
Aquifer and their
impacts for
paleoclimate
reconstructions
(Coutino et al.)

Closing remarks
Room B
Neotoma
paleoecology
database: key
concepts and
recent advances
(Williams et al.)

A new multiarchive record of
Holocene
vegetation and
climate in Maine:
droughts,
declines, and
disturbances
(Nolan et al.)

Proxy, historical,
instrumental and
model re-analysis
climate records in
the NW North
Atlantic and
adjacent Canada
during the last 2
ka
(van Bellen et al.)

Room C

Reflections on the
life and career of
John Shaw

Calcite raft
geochemistry as a
hydrological
proxy for
Holocene aquifer
condition in Hoyo
Negro (Sac Actun
cave system),
Quintana Roo,
Mexico
(Kovacs et al.)
Multistage 8.2 kyr
event revealed
through highresolution XRF
core scanning of
Cuban sinkhole
sediments
(Agosta G'meiner
et al.)

Room C
Reflections on the
life and career of
John Shaw

Break
Predictive pollenbase biome
modeling using
machine learning
(Sobol* et al.)

Linking midHolocene carbon
accumulation
rates with polleninferred
paleovegetation
and
environmental
changes in a
Hudson Bay
lowlands peat bog
(Da Silva* et al.)

Reflections on the
life and career of
John Shaw

S15

11:00

Karst basins

10:20
10:40

Room B
A multi-proxy
peatland record of
vegetation and
Hydrological
change for the
southern Hudson
Bay Lowlands,
Ontario, Canada
(Davies* et al.)*
*Aleksis Dreimanis
Doctoral Scholarship
Awardee

Multi-proxy

Karst basins

10:00

Room A
Paleohydrologic
reconstruction of
Yax Chen Cave
(Yucatan
Peninsula,
Mexico) in
response to
Holocene climate
change
(Chan-May et al.)

*denotes early career (student or postdoc)

Multi-proxy

Saturday August 11th 2018

11:40

Karst basins

11:20

Room A
Climate and sea
level variations
using stable
isotopes and xrf
core scanning on a
sediment core
from Cenote
Jennifer, a
sinkhole in north
central Cuba
(Liedtke* et al.)
Environmental
context of extinct
sloth remains
from a subaquatic cave in
western Cuba
(Peros et al.)

12:00

Post conference field trip

*denotes early career (student or postdoc)

Multi-proxy

Saturday August 11th 2018

Room B
Reconstructing
land cover: a
spatio-temporal
approach to
estimate past
forest
composition from
fossil pollen
records
(Dawson et al.)
A multi-proxy
study of changing
environmental
conditions in a
Younger Dryas
sequence in
southwestern
Manitoba, and the
search for
evidence of an ET
event
(Teller et al.)

Room C
Reflections on the
life and career of
John Shaw

August 8th 2018 Poster session 1

Poster Session
#

Presenter

Title

Biln*

Optical dating of stabilized parabolic
sand dunes, Savary Island, British
Columbia
Two episodes of aeolian activity during
late glacial time, Mongo, Indiana, USA
Paleoclimatic interpretations of
continental dust influx from East Asia to
Hawaii during the last 33 kyr
A late Pleistocene woodrat midden
from Rancho La Brea: paleoecological
insights for southern California
Cosmogenic nuclides record rapid rates
of ice-sheet thinning and variable
glacial erosion at Mt. Washington, New
Hampshire, USA
Evaluating spatial variability in detrital
zircon ages from Lake Michigan lobe,
Huron-Erie lobe, or Saginaw lobe tills in
central Indiana
Ice-flow record of the southwestern
Hudson Bay region and its significance
for long-term ice sheet behaviour
Structural architecture and
glacitectonic evolution of the Mud
Buttes Cupola Hill complex, southern
Alberta, Canada
Revisiting the northwestern outlet
stratigraphy of glacial Lake Agassiz in
the Fort McMurray area, Alberta,
Canada

1
2

Aeolian systems

Fisher
Kim*

3
4

Island
biogeography

Mychajliw*
Koester

5
Mickey*
6

7

Paleoglaciological Gauthier
hypotheses and
models
Phillips

8
Young*
9

*denotes early career (student or postdoc)

August 8th 2018 Poster session 1
Poster
#

Session

Presenter
Hendricks

10

11

Human
environment
interactions

12
13
14
15
Wildfire
16
17
18
19
20

21
22

Paleoclimate and
environment

*denotes early career (student or postdoc)

Title

Reconstructing spatial and temporal
patterns of fire in primary tropical
rainforest in West Kalimantan,
Indonesia
Loera*
Late Quaternary ecological drivers of
plant community turnover in western
North America
Briere*
Paleodemography of the North
American arctic and subarctic in
relation to Holocene environmental
change
Provost*
The rise and fall of North American past
civilizations of the Holocene
Mueller*
Late Holocene hurricane and wildfire
regimes from the British Virgin Islands
Briles
Spatiotemporal variability of fire
regimes in the biodiverse KlamathSiskiyou ecoregion, northern California,
USA
Shinker
Understanding climate controls of past
fire and vegetation changes in the Blue
Mountains, Oregon through modern
climate analogs
Nichols
Surface pollen data from the Canadian
Arctic, 1972-73
Smith
Tracking past hydroclimate of a warmer
world: what can we learn from North
American Pliocene lakes?
Oliva*
A paleotempestology database covering
8000 years for the western North
Atlantic Basin
Holmgren
Creosote ploidy race history along the
diploid-tetraploid boundary, se Arizona
and sw New Mexico
Breckenridge The age and significance of the red clay
band within the Glaical Lake Agassiz
varves of northwestern Ontario and
northern Minnesota
Korosi
Trajectories of lake ecosystem change
at the southern limit of permafrost

August 8th 2018 Poster session 1
Poster Session
#

Presenter

Title

Rossiter*

Using ex situ portable x-ray
fluorescence spectrometry to
investigate granulometric element
partitioning in basal till in
southwestern New Brunswick, Canada
You can learn and do cosmogenic 10 Be
and 26 Al processing at the University
of Vermont’s community sample
processing facility
Microplastic deposition and
consumption by aquatic invertebrates
in Ottawa River
Evaluating the response of primary
producers to climate change impacts
and total phosphorus concentrations in
Eastern Ontario lakes
A dinoflagellate’s journey through the
water column to the lakebed: A case
study from Plastic Lake, and Harp Lake,
ON, Canada

23
Bierman
24

25

Paleoclimate and
environment

D'Addario*
Rahman*

26
Krueger*
27

*denotes early career (student or postdoc)

August 10th 2018 Poster session 2

Poster Session
#

Presenter
Carson

1

2
3
4
5
6
7
8
9
10
11
12
13
14

15

16

*denotes early career (student or postdoc)

Title

Records of landscape evolution and mis 2
glacial history resulting from surficial
geologic mapping in the driftless area,
southwestern Wisconsin, USA
McMartin
A new glacial landscape map database for the
interior of the Laurentide ice sheet, central
Nunavut and Northwest Territories
Plouffe
The surficial data model of the Geological
Survey of Canada
Loope
Quaternary mapping along the late Wisconsin
margin, central Indiana, USA
Burt
Oh where, oh where has my ice margin gone?
Mapping the Norris*
Late Wisconsinan ice flow dynamics in
Quaternary
northwest Saskatchewan
Brushett
Surficial mapping and geochemistry of the
eastern Cobequid Highlands, Nova Scotia
Fortin
Surveying a glacial dispersal train with an
unmanned aerial vehicle (UAV): a case study
at the Allan Lake carbonatite, Ontario
Lesnek*
Synthesizing Holocene Greenland ice sheet
chronology for data-model comparison
Mulligan*
Local variations in a regional till sheet:
deconstructing the Newmarket Till in southcentral Ontario
Thayer*
Mapping paleoshorelines of Glacial Lake
London using digital elevation models
Aden*
Impact of Mount Polley tailings pond failure
on the sedimentary record of Quesnel Lake
King
A full suite of seabed and shallow geohazards
on the Beaufort slope and outer shelf: glacial,
Geohazards
permafrost, and tectonic controls
Vondrak*
Effects of the laacher see eruption and the
Younger Dryas cosmic impact / airburst on
mountain lake biota in central europe
Froese
The Permafrost Archive Science (PACS)
Laboratory: an interdisciplinary research
facility for paleonvironmental,
biogeochemical and engineering research on
Permafrost
frozen ground
environments
Sanderson* Permafrost and microtopography controls on
recent peatland carbon accumulation in
northeastern Canada

August 10th 2018 Poster session 2

Poster Session
#

Liedtke*

17
18

Karst Basins

19
20
21
22
Common Era
23
24

25

26
27
28

Presenter

Multi-proxy

*denotes early career (student or postdoc)

Title

Holocene precipitation changes using stable
isotope analysis on a recovered speleothem
from the Majuanas cave system, Cuba
Wallace*
Blue hole reconstructions of intense
hurricane activity over the past 1500 years at
South Andros Island, the Bahamas
Faucher*
Holocene dissolution rate of Grenville marble
in the Lac-des-seizes-îles (Laurentide region,
Quebec, Canada
Neil*
Influences of climate variability and local
disturbances on terrestrial and aquatic
communities in southwestern Québec
Pilkington* Rise of the green algae: algal palynomorphs
record anthropogenic impact
St-Jacques Climate reconstructions from Eastern White
Cedar (Thuya occidentalis) from the Chic-Choc
and Mcgerrigle Mountains, Parc National de la
Gaspésie, Québec
Tamo*
Late Holocene environmental variability
across the Canadian Arctic
Murphy*
Examining changes in water quality and
diatom assemblages during the transition
period of zebra mussel (Dreissena
polymorpha) invasion in White Lake, Ontario
Teale
Paleoecological and paleoclimatological
implications of historical wetland use in the
northeastern US and Canada
Pelletier*
Ninety years of lead pollution in Yellowknife
Bay, Northwest Territories, Canada, long-term
impacts on lead flux and trajectories of
ecosystem recovery in a large subarctic lake.
Lagacé*
Varved sediments of Lac Noir, southwestrn
Québec
Grigg
A multi-proxy approach to the reconstruction
of late-glacial climate “reversals” from
northern New England, USA

Events
Pre-Conference Field Trip (August 7th 2018)
Sensitive clay landslides in the Ottawa valley (Departs Parking Lot P6 @ 8:30
am)
Leaders: Greg Brooks and Heather Crow (Geological Survey of Canada, Ottawa)
Thick deposits of glaciomarine silty-clay and clayey-silt sediments accumulated
within the Champlain Sea between 13.9 and 11.5 cal ka BP and now underlie large
areas of the Ottawa Valley. These deposits are commonly geotechnically sensitive
and prone to rapid, large (>1ha), retrogressive earth flows and earth spreads.
Approximately 250 sensitive clay landslides appear on surficial geology maps in the
Ottawa Valley; most of the landslides are prehistoric in age. Sensitive clay
landslides are an important natural hazard regionally and caused loss of life and
property.
This one-day field trip will
visit selected sensitive clay
landslides west of Ottawa,
including the massive
Quyon Valley landslide,
which is one of the largest
sensitive clay landslides in
eastern Canada.
Participants will learn about
the Champlain Sea
sediments, the
geomorphology of sensitive clay landslides, and the evidence supporting
paleoearthquakes as an important trigger of sensitive clay landslides. The field trip
also is an excellent opportunity to see the local Quaternary geology and
geomorphology of the Ottawa Valley.

Pre-Conference Workshops (August 7th 2018)
Neotoma Workshop
Leaders: Simon Goring (University of Wisconsin-Madison); Allan Ashworth (North
Dakota State University); Andria Dawson (Mount Royal University); Konrad Gajewski
(University of Ottawa)
This workshop is aimed at researchers looking to use data from the multi-proxy
Neotoma Paleoecological Database (http://neotomadb.org) and for data managers
and those interested in managing their data with and submitting their data to
Neotoma. Neotoma supports 28 data types including geochronological (e.g., 14C,
137Cs, 210Pb, and OSL dates), geochemical, geophysical, isotopic and biological
proxy data. The workshop will consist of a morning session to walk participants
through paleoecological workflows, highlighting the use of the new Neotoma web

Events
interface, and using R to directly access data from Neotoma in real time. Users with
specific questions will be provided with assistance, code review and possible
solutions to current data challenges. The afternoon will highlight Neotoma’s new
DOI system, the use of Neotoma as a data management tool for grant proposals and
long term archiving of paleoecological data, and how individuals can format and
submit paleoecological data to Neotoma.
Mapping the Quaternary – Advances and applications of surficial geology
mapping
Leaders: Kristen Kennedy (Yukon Geological Survey); Dan Utting (Alberta Geological
Survey); Alain Plouffe (Geological Survey of Canada)
This is a more technical Quaternary mapping workshop to complement the
Quaternary mapping session. Participants will learn and discuss some of the latest
Quaternary mapping techniques.

Student Mixer and Mentoring Panel (August 8th 2018)
Mentoring Panel and Student Mixer

Want to learn more about professional development as a Quaternary scientist? An
early career mentoring panel followed by a mixer event will be held on the 2nd floor
of Mill St Brew Pub. Located on the scenic Ottawa River this event will provide an
opportunity for attendees to get off Carleton's campus and meet other researchers
in the Quaternary community. This event is sponsored by the U.S. National
Committee (USNC) for Quaternary Research, INQUA, AMQUA, and CANQUA.

555 Wellington St,
Ottawa, ON
K1R 1C5
Email:
ottawa@millstreetbrewpub.ca
Tel: (613) 567-2337 (ext. 2)

Mill St Brew Pub is located approximately 5 km from Carleton University. You can
get there by O-train (Bayview stop followed by a ~20 min walk) or by bus (Bus
number 4 followed by 13 minute walk) or door to door service with Uber or Lyft
(~$10) or a taxi. You could also try one of the VeloGo bikes located on campus (need
to sign up online and a small fee applies)
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Mid-Conference Field Trips (August 9th 2018; included in
registration costs)
Trip M1: Deglaciation of the Outaouais region, southwestern Québec (Departs
Parking Lot P6 @ 12:15 pm)
Leaders: Robert-André Daigneault, Martin Roy, Sylvain Milette and Michel Lamothe
The objective of this fieldtrip is to outline some of the major features of the
deglaciation of the Outaouais region based on sedimentary sections and associated
exposures present between the cities of Gatineau and Chénéville. The following
themes will be addressed: regional ice flow history, succession of ice-front positions
– including the one associated with the Saint-Narcisse Moraine, and the elevation
and extent of the Champlain Sea.
Trip M2: Bogs and Beer, Eastern Ontario (Departs Parking Lot P6 @ 12:15 pm)
Leader Nicolas Pelletier
Visit Mer Bleue, a 7,700 year old bog and an important conservation and research
area within Ottawa. The 3,500-hectare conservation area is one of the most studied
bogs in the world and has a northern ecosystem that is more typical of the Canadian
north than of the Ottawa Valley. The hikes through this landscape are relatively easy
with well cleared trails and boardwalks through the bog. Following Mer Bleue we
will head to Beaus brewery in Vankleek Hill to learn about and sample some of
eastern Ontario's finest craft beer.
Trip M3: Bedrock erosion forms, Cantley, Quebec (Departs Parking Lot P6 @
12:15 pm)
Leaders: Dave Sharpe and Hazen Russell
Several erosional forms on bedrock at Cantley, Quebec, differ from well-known
glacial erosion forms. The forms mainly consist of hollows, depressions, and
channels, which are interpreted to have been produced by rapid, sediment-laden,
turbulent, meltwater flows under the glacier. The meltwater erosion forms are
different than, yet complementary to, classic erosion forms such as striations which
are also present at the site. The association of forms produced both by glaciofluvial
erosion and ice abrasion suggests that the glacier was alternately lifted from, and
reattached to, the bed during periodic subglacial meltwater floods. The action of
such large meltwater floods on the ice sheet, streamlined landforms and down-flow
landscapes will be discussed.
Trip M4: A.E. Lalonde AMS Laboratory + Parliament Hill guided tours (Departs
Parking Lot P6 @ 1:00 pm)
Leaders: Richard Fortin and Sarah
The André E. Lalonde Accelerator Mass Spectrometry (AMS) Laboratory was
designed for the analysis of isotopes at very low concentrations in natural materials
and for research into new techniques and applications of this technology. The

Events
Lalonde Laboratory is located in University of Ottawa’s new Advanced Research
Complex (ARC), a state-of-the-art, open-concept, research-only building designed to
integrate students and researchers from across Canada and the world and to foster
innovation and interdisciplinarity in the Geosciences and Photonics.
Following the AMS Laboratory tour, small groups will walk across and along the
picturesque Rideau Canal to Canada’s Parliament for a ~40 minutes guided tour of
the Centre Block. The iconic Centre Block is home to the Senate, House of Commons
and Library of Parliament. After the guided tour, get a bird’s eye view of the
National Capital Region from the Peace Tower or visit the Memorial Chamber, which
commemorates Canadians who have lost their lives in military service.
Free but must register for trip (max of 40 participants)
Trip M5: Laflèche Cave Discovery Tour and hiking trails, Val-des-Monts,
Quebec (Departs Parking Lot P6 @ 12:15 pm)
Leader: Greg Brooks
Experience the thrill of an underground trek in the vast Canadian Shield’s largest
visited cave, 35 minutes from downtown Ottawa! With geology that is accessible to
everyone, the cave holds many surprises and discoveries. Its history is littered with
astonishing anecdotes and mysteries. The exploratory one-hour tour will push your
limit to the maximum bringing you into narrow passage that gives access to big
room never seen. Laflèche Adventure also offers clearly marked walking paths and
mountain trails with scattered lookouts where the views of the Laurentian forest are
simply breathtaking.
Trip M7: Ottawa City Rafting 3-hour trip (Departs Parking Lot P6 @ 1:30 pm)
Leader: Tim Patterson
Bring your bathing suit and towel! From the sweep of the river, the Ottawa looks as
majestic as when Champlain viewed it four centuries ago. This trip has everything fun, education and just enough excitement to be thrilled at the end of the run.
Starting at Britannia Beach, you practice with the guide in the flat water on the way
downstream to the rapids. The trip starts off with a bang, the Deschenes Rapids.
Looking back upstream, you can savor the experience and size of the rapid you just
challenged. It's now time to relax a little as your guide keeps the raft in the current
as you float along learning about the river. You can start to see Parliament Hill in the
distance and it seems to rise magically as you paddle along.
Free but must register for trip (max of 40 participants)
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Banquet (August 10th 2018) 7:00 – 10:00 pm room 270 Residence Commons
The conference banquet will be held at Carleton University room 270 Residence
Commons building and is included in the registration fee. The CANQUA and AMQUA
awards will be presented during the conference banquet.
Post-Conference Field Trip August 11-13 2018
Subglacial bedforms in southern Ontario: from flood paths to flow sets (3
DAYS)
Leaders: Nick Eyles (University of Toronto); Riley Mulligan (Ontario Geological
Survey); Roger Paulen (Geological Survey of Canada); Shane Sookhan (University of
Toronto)
Previous work has emphasized the role of ‘subglacial megafloods’ in the formation
of drumlins, spillway systems, and large moraine systems in southern Ontario. This
field trip will show an alternative to why this model can be rejected by examining
the geomorphic record left by former ice streams tracts within the Laurentide Ice
Sheet (LIS) between Lake Simcoe and Lake Ontario that can be resolved and
mapped using high resolution DEMs and LiDAR imagery. This exercise shows that
deglaciation of LIS in its eastern Great Lakes sector after c. 14,400 yrs BP saw the
onset of several fast flowing ice streams in southern Ontario and adjacent parts of
New York State (NYS). This event postdates deposition of the Valley Heads Moraine
at the southern Finger Lakes in NYS and is coeval with the previously recognized St.
Lawrence Ice Stream flowing east to the Gulf of St. Lawrence pointing to regionwide reorganisation of flow within the ice sheet. Regional warming during the
Bölling-Alleröd warm interval,
topographic confinement and the
presence of large ice frontal lakes
appear to have been keys to the
onset of fast flow. Ice stream
corridors are recorded by
megascale glacial lineations on
rock and sediment indicating a
common erosional origin; they
are part of a bedform continuum
with drumlins; ‘channeled
drumlins’ are an intermediate
morphotype recording lowering of high standing asperities (drumlins) to form a
lower relief megalineated bed. The 160 km long Oak Ridges Moraine (ORM) was
formed between the convergence of the Simcoe and Halton ice streams just after
13,300 yrs BP preceding the formation of glacial Lake Iroquois. New subsurface data
from ORM from deep drilling also inspires a review of past models and supports the
new paradigm of LIS deglacial history.
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PLENARY PRESENTATIONS
LATE HOLOCENE INFLUENCE OF SOCIETIES ON THE FIRE REGIME IN
SOUTHERN QUÉBEC TEMPERATE FORESTS
Olivier Blarquez
Climatic change that occurred during the Holocene is often recognized as the main factor for
explaining fire dynamics, while the influence of human societies is less apparent. In eastern
North America, human influence on fire regime before European settlement has been debated,
mainly because of a paucity of sites and paleoecological techniques that can distinguish human
influences unequivocally from climate. We applied a multiproxy analysis to a 12 000-year-old
paleoecological sequence from a site in the vicinity of known settlement areas that were
occupied over more than 7000 years. From this analysis, we were able detect the human
influence on the fire regime before and after European colonization. Fire occurrence and fire
return intervals (FRI) were based on analysis of sedimentary charcoals at a high temporal and
spatial resolution. Fire occurrence was then compared to vegetation that was reconstructed from
pollen analysis, from population densities deduced from archeological site dating, from
demographic and technological models, and from climate reconstructed using general circulation
models and ice-core isotopes. Holocene mean FRI was short (164 ± 134 years) and associated
with small charcoal peaks that were likely indicative of surface fires affecting small areas. After
1500 BP, large vegetation changes and human demographic growth that was demonstrated
through increased settlement evidence likely caused the observed FRI lengthening (301 ± 201
years), which occurred without significant changes in climate. Permanent settlement by
Europeans in the area around 1800 AD was followed by a substantial demographic increase,
leading to the establishment of Gatineau, Hull and Ottawa. This trend was accompanied by a
shift in the charcoal record toward anthropogenic particles that were reflective of fossil fuel
burning and an apparent absence of wood charcoal that would be indicative of complete fire
suppression. An anthropogenic fire regime that was characterized by severe and large fires and
long fire- return intervals occurred more than 1000 years ago, concomitant with the spread of
native agriculture, which intensified with European colonization over the past two centuries.
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NORTH AMERICAN MEGA-FIRE SYNCHRONY: CONTEXTUALIZING THE 2017
FIRE SEASON THROUGH A PALEO-PERSPECTIVE
Vachel Carter
In 2017, dense fuel, sustained arid conditions, strong winds, and human-caused ignitions caused
synchronous and prolonged mega-fires across North America, making it one of the worst
wildfire seasons on record. Modern synoptic climatology provides large-scale controls on fire
conducive weather, while local-scale factors such as topography and vegetation type help shape
various fire regimes across North American. As global temperatures and the frequency and
intensity of drought conditions prolong the fire season in the 21st century, these synchronous
mega-fire events may become the new norm. Moreover, very little is known about the ecological
context or consequences of these synchronous large-scale fire events in North America.
Examining long-term fire history records allows for the investigation into whether modern
regional fire synchrony is unprecedented in time and space, while quantitative paleoecology
records allow for the investigation into ecosystem responses to wildfire occurrence and potential
fire synchrony. Previous research found that around the Medieval Climate Anomaly (MCA)
approximately ~1350 cal yr BP, synchronous wildfire activity occurred across the U.S. Rocky
Mountains. Thus, the MCA could offer a potential analog to examine wildfire synchrony in
response to warmer temperatures and more protracted droughts, from a period when boundary
layer conditions on Earth were largely similar to the present. Here, I will discuss the last 1,500
years of wildfire activity across North America to contextualize past fire synchrony and potential
ecosystem responses. A modern climate analogue approach is applied to the long-term fire
histories to examine past fire-climate linkages, while quantitative palynological techniques are
used to assess how ecosystems respond to synchronous mega-fires in the past fire.

2

3

CLARIFYING THE ECOLOGY OF PLEISTOCENE PREDATORS AND THEIR PREY
FROM THE LA BREA TAR PITS AND BEYOND
Larisa DeSantis
The late Pleistocene of North America was dominated by a diversity of large mammals,
including numerous carnivorans (e.g., the American lion, sabertooth cats, cougars, dire wolves,
gray wolves, coyotes, and short-faced bears). The fossils preserved in the Rancho La Brea "tar"
seeps in southern California span the past ~50 ka and provide the rare opportunity to thoroughly
assess the dietary ecology of middle to large predators, both prior to and after the terminal
Pleistocene extinction event. Unlike most late Pleistocene fossil sites, the presence of "tar" seeps
allows predators to be trapped and preserved more frequently than their prey. Here, a multiproxy approach including stable isotope and dental microwear texture analyses is used to
elucidate prey preferences of carnivorans and their dietary responses to changing climates and
megafaunal extinctions. The reigning hypothesis that late Pleistocene predators were desperately
consuming carcasses just prior to their extinction, known as the "tough times" hypothesis, is not
supported. Canids consumed prey from more open environments than felids throughout the late
Pleistocene (including at La Brea and beyond), demonstrating minimal competition between
canids and felids for prey through time—including just prior to their extinction. The ability to
scavenge and/or eat a broad range of smaller prey may have been a key to the success of cougars.
Most notably, coyotes experienced mesopredator dietary release—a shift towards increased
carcass utilization after the terminal Pleistocene megafaunal extinction. Collectively, the dietary
niches of carnivorans are not necessarily static and can be substantially affected by changing
climates and the removal of top predators. Lastly, much can be learned from Rancho La Brea
alone—paleobiological inferences of identical or similar taxa from less fossiliferous localities
from beyond La Brea are largely consistent with interpretations from Rancho La Brea.
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GLACIOTRIBOLOGY OF DRUMLINS AND MEGASCALE GLACIAL LINEATIONS
Nick Eyles
Analysis of high resolution imaging data (e.g., LiDAR) allows new insights into the processes
that form widespread, long studied but still enigmatic glacial landforms under large ice sheets.
This presentation emphasizes the remarkable morphological similarity between drumlins and
megascale glacial lineations (MSGLs) with analogous slickensided forms that occur on the
micro- to the macroscale produced by frictional wear in many other environments. Large
detachment faults in metamorphic core complexes and those associated with megathrusts have
grooves and ridges directly analogous in height, width and length to MSGLs. The same
morphology develops at the base of rock avalanches, landslides and debris flows, as microscale
features on the surfaces of man-made materials undergoing erosion and surface wear during
frictional contact, and also on the exteriors of many organisms that burrow, swim and slide. The
study of frictional wear, wear products and the resulting texturing of man-made surfaces is
referred to as tribology; its counterpart in the organic realm is biotribology. In a
‘glaciotribological’ model that draws heavily on the industrial and biological realms,
overpressured deforming till immediately below the ice base acts as an erodent layer as it is
advected toward the ice margin to produce drumlins under steady state flows and a ‘low drag’
bed of MSGLs under fast ice flow.
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UNCOVERING THE HYDROLOGICAL HISTORY OF CLOSED BASIN LAKES IN
THE AMERICAS OVER THE PAST 150,000 YEARS
David McGee
Well-preserved shoreline deposits in hydrologically closed basins in the U.S. Great Basin and the
subtropical Andes document dramatic past changes in water availability in the North and South
American subtropics, and they provide valuable quantitative constraints on the magnitude of past
precipitation and evaporation changes. A common hindrance of both shoreline and sediment core
records is chronology, with factors such as large radiocarbon reservoir effects, low precision
relative to millennial-scale climate changes, and a lack of age control beyond the range of
radiocarbon dating limiting our ability to produce lake records with robust age models. Here I
describe ongoing work to bring high-precision U/Th dating to lake shoreline and core deposits in
order to extend Great Basin lake records beyond the Last Glacial Maximum and to precisely
document lake highstand ages in the South American subtropics. These data provide a newly
consistent picture of maximum water availability in both regions occurring during Heinrich
stadials, millennial-scale periods of Northern Hemisphere cooling, and they document the Great
Basin’s response during the penultimate deglaciation, ~130,000 years ago. In contrast to lake
deposits, cave deposits have precise age models and cover long periods, but the hydrologic
interpretation of stalagmite data is often uncertain. I will also describe complementary efforts to
use multi-proxy analyses to obtain more robust hydrological insights from Great Basin
stalagmites, highlighting the potential of merging the strengths of both lake and cave archives to
produce a clearer picture of the response of subtropical dry zones to past climate changes.
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THE DANSGAARD-OESCHGER OSCILLATION OF GLACIAL CLIMATE
Richard Peltier
We describe a recently completed detailed diagnostic analysis of the simulation of D-O
dynamics based upon the University of Toronto version of CCSM4 (Vettoretti and Peltier,
JClim, 2018). The original simulation upon which this diagnostic analysis is based is that of
Peltier and Vettoretti (GRL 2014). This has previously been shown to reproduce millennium
timescale oscillatory behavior as a consequence of the action of a "kicked" salt oscillation that
spontaneously appears in the North Atlantic Ocean following a Heinrich event-related sharp
decrease in the strength of the Atlantic MOC. The success of this simulation relies upon the use
of ice-age surface boundary conditions determined on the basis of detailed analyses of the
glacial isostatic adjustment (GIA) process as constrained by relative sea level histories over the
landscapes of Canada and Northwestern Eurasia and by GPS and GRACE satellite-based
observations of the present-day vertical motion of the crust in the same regions. Here we
discuss the important coupling of the ocean and sea ice dynamics of the North Atlantic salt
oscillator to Arctic Ocean processes, which we demonstrate to be the source of the sea ice, the
continuous delivery of which into the Atlantic by the East Greenland Current supports the slow
physics of the transition from warm interstadial to cold stadial conditions. The fast physics of
the transition from cold stadial to warm interstadial conditions in the relaxation oscillation
form of the D-O process is governed by the opening of an extensive polynya in the sea ice that
covers the Irminger Sea under stadial conditions (Vettoretti and Peltier, GRL, 2017). The
boundary conditions employed in this successful simulation of D-O physics is based upon the
ICE-6G_C (VM5a) model of Peltier et al (JGR-Solid Earth, 2015), a model that has recently
been further tested for ice dynamical consistency in Stuhne and Peltier (2015, 2017; JGR Earth
Surface).
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ANCIENT BERINGIANS AND THE COLONIZATION OF NORTHEAST ASIA AND
THE AMERICAS
Ben Potter
New discoveries at the Upward Sun River archaeology site, an ancient campsite in Alaska are
discussed. These include the earliest human burials, residential feature, and evidence of ritual in
northern North America, and the earliest use of salmon in the Western Hemisphere. Recent
genetic analyses reveal a previously unknown group of people, called the Ancient Beringians,
that play an important role in illuminating the early prehistory of Native Americans, including
the timing and routes of migration. Research at Upward Sun river and related sites inform us on
rarely encountered aspects of Paleoindian lifeways, including plant use and social organization.
These finds are transforming and enriching what we know about the earliest peopling of
Northeast Asia and the Americas.
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AN INTERHEMISPHERIC PERSPECTIVE ON THE LAST GLACIAL MAXIMUM
Aaron E. Putnam
The cause of the last glacial maximum remains an open question – the answer to which would go
a long way toward revealing the causes of ice-age climate variations. Proposed solutions for
spreading glacial cooling around the planet involve important roles for orbital forcing,
greenhouse gases, and feedbacks internal to the climate system. Although there is a clear orbital
signal imprinted upon the earth’s climate system during late-Quaternary time, it is less certain
how insolation forcing at one latitude band can be amplified to produce changes in atmospheric
temperature on a hemispheric or global basis. Proposed hypotheses involve amplification by
Northern Hemisphere ice sheets and alterations to North Atlantic overturning as mechanisms for
transferring the 65°N summertime insolation pattern to the Southern Hemisphere climate system.
Other hypotheses involve roles for both hemispheres in producing orbital-band variations
observed in high-latitude paleoclimate records. Here, I will present moraine chronologies
underpinned by 10Be and 14C dating that document the timing and duration of mid-latitude
mountain glacier maxima in both polar hemispheres, as well the timing of rapid glacier recession
at the onset of the termination. On the basis of these chronologies, I will discuss the role of
orbital forcing in setting and terminating glacial climates in both polar hemispheres, and what
remaining questions might be addressed in order to illuminate the causes of late-Quaternary iceage cycles.
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A JOURNEY TO THE CENTER OF THE GLACIER BED: EXPLORING THE
ARCHIVES OF QUATERNARY ICE SHEET INTERIOR REGIONS
Martin Ross
Understanding the configuration and transient behavior of Quaternary ice sheets is important in
addressing a variety of problems related to the near-surface environment of glaciated regions and
the complex interactions of Earth’s systems. Important insights and new constraints may come
from the geological record of the interior regions of the Laurentide Ice Sheet, where prevailing
frozen-bed conditions have been predicted for most of the last glaciation. Interestingly, evidence
of shifting ice flow systems have long been recognized and continue to be described from these
same interior regions. Extensive ‘soft’ beds with crosscutting streamlined landforms and thick
sequences of glacial sediments bear evidence to the sustained warm-based conditions that
occurred in parts of the Laurentide’s interior. One proposed explanation of this record of
dynamic subglacial processes is the preservation under frozen-bed conditions near ice divides of
an older glacial record, derived from previous advance and retreat cycles. Another explanation
involves ice divide migration and the upstream propagation of paleo-ice stream catchments.
Under this scenario, sustained warm-based conditions and basal flow related to ice stream
catchments can occur near ice divides and far from ice margins. The two scenarios have
important implications for ice sheet reconstructions and they both appear to explain key
observations from core regions. New tools and datasets, including exposure and erosion studies,
stratigraphic and till provenance analyses, new surficial geology, and maps of the basal thermal
regime, as well as the next generation of ice sheet models should help further develop and test
these reconstructions, allowing for a more holistic view of past ice sheet evolution.
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NATURAL DRIVERS OF EARLY SPRING NORTHERN HEMISPHERE TROPICAL
BELT MOVEMENTS OVER THE PAST 800 YEARS
Valerie Trouet* (and coauthors Alfaro-Sánchez R, Nguyen H, Klesse S, Hudson A, Belmecheri
S, Köse N, Diaz HF, Monson RK, Villalba R)
Movements in the position of the northern edge of the tropical belt have significant
hydroclimatic implications in many Northern Hemisphere (NH) regions. The tropical belt has
undergone a widening trend since the late 1970s, which is primarily attributed to anthropogenic
forcing. Yet, the influence of natural climate variability is also acknowledged and the relative
importance of prospective drivers is incompletely understood. Here, we use tree-ring data from
five NH mid-latitude regions to reconstruct interannual early spring NH tropical belt boundary
movements over the past 800 years (1203-2003 CE). We find that southern-most (northern-most)
tropical belt positions occurred during positive (negative) El Niño Southern Oscillation and
Pacific North American phases and that the tropical belt contracted significantly following major
volcanic stratospheric sulfur injection events. The longest period of persistent tropical belt
expansion occurred in the late 16th century, at the crux of the Little Ice Age, and can be linked to
synchronous societal crises in North America, Turkey, and China that were exacerbated by
severe regional droughts. Our results warn for potential socio-economic consequences of future
tropical edge variations, which could be modulated by natural modes of climate variability and
by potential natural or artificial stratospheric aerosol injections.
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ORAL PRESENTATIONS
MULTISTAGE 8.2 KYR EVENT REVEALED THROUGH HIGH-RESOLUTION XRF
CORE SCANNING OF CUBAN SINKHOLE SEDIMENTS
Agosta G'meiner, Anna*, Peros, Matthew, Collins, Shawn, Reinhardt, Eduard, and Matos Pupo,
Felipe
Session S11 New Perspectives on the Use of Karst Basins for Paleoenvironmental Research:
Implications for Paleoclimatology, Paleontology, and Archaeology
Oral Presentation
We use sediments from a flooded sinkhole (Cenote Jennifer) in northern Cuba to provide new,
well-dated, high-resolution evidence for the 8.2 kyr event. From ~7600 to 8700 cal yr B.P. the
sinkhole contained shallow, low-salinity water, which supported a marsh dominated by cattail
and grass. Peaks in Cl and Br—occurring at 8150, 8200, and 8250 cal yr B.P.—are attributable
to increased evaporation due to regional drying associated with the 8.2 kyr event. The three
peaks in these elements also closely correspond to the greyscale record from the Cariaco Basin,
indicative of increased upwelling in the southern Caribbean Sea at this time, supporting the
notion of a multistage 8.2 kyr event. Our work provides new data that help to clarify the
initiation, behavior, and impacts of the 8.2 kyr event in the northern tropics.
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HOLOCENE CLIMATE AND PERMAFROST HISTORY FOR THE WESTERN KENAI
LOWLANDS, ALASKA, FROM STABLE ISOTOPES AND PLANT MACROFOSSILS
Anderson, Lesleigh*, Jones, Miriam C., Jones, Benjamin, M.
Session S8 The Relict Permafrost Environment
Oral Presentation
Permafrost shapes the landscape for the majority of Alaska and is a sentinel, integrator and
regulator of present day climate change. Permafrost as a geologic archive provides an
opportunity to reconstruct permafrost history, and associated climate effects, which better inform
predictions of permafrost extent and change in the future. Although south-central Alaska has
mean annual temperatures of ~2˚C and is typically mapped as a permafrost free zone, residual
permafrost persists in ecosystem-protected areas, such as spruce plateaus within peatlands. In
this study we reconstruct the permafrost history of the Kenai Lowlands from two ~600 cm cores
in the Browns Lake wetland complex taken within permafrost and from an adjacent area that has
recently thawed, based on water isotope ratios, ice-content, macrofossils, and radiocarbon.
Preliminary results indicate rapid peat accumulation in a fen system between 12 and 9 ka along
with syngenetic permafrost development as indicated by isotope ratios that reflect nonequilibrium freezing rates. Sometime after ~9 ka peat was abruptly replaced with silt of low ice
content and high isotope ratios consistent with thaw unconformities and/or stagnant multiannual
active layer depths. This result is consistent with hiatus and/or slow peat accumulation at nearby
Horse Trail Fen during the same time period and supports previous interpretations of warm, dry
and/or highly variable climate. Peat accumulation resumed by ~3.7 ka and isotope value declines
indicate increasingly rapid freezing rates within thinning water layers that is consistent with
epigenetic permafrost aggradation and lower temperatures. The lowest permafrost isotope values
of the 12,000-year record occur between 1 ka and the top of permafrost suggesting this period
was the coldest of the Holocene. As the first continuous post-glacial record of permafrost
isotopes in Alaska this study provides a new long-term perspective on climate effects that can be
applied to other permafrost regions throughout Alaska.
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WHAT ARE SILICEOUS AGGREGATE GRAINS
IMPORTANT TO THE PALEORECORDS GROUP?

AND

WHY

ARE

THEY

Ballard, Joanne P*; Driese, Steven G.; Horn, Sally P.
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function
Oral presentation
Solveig Schiegl and others reported finding siliceous aggregate grains (SAG) in wood ash
deposited in prehistoric caves in Israel during human occupation. We found SAG in late glacial
age sediments across Eastern North America; they tell an interesting tale of combustion that is
somewhat independent of charcoal records. These grains are generally silt-size and are composed
of fine-silt-size detrital quartz grains cemented by cryptocrystalline to amorphous silica. A major
question concerned whether these sedimentary grains were linked to wildfires, and if so, how did
they form? Also, how do their occurrences compare with charcoal as a fire proxy? SAG were
detected using petrographic thin sections of lake sediment from five sites in Michigan,
Tennessee, Kentucky, Alabama, and Georgia. Experiments were conducted to understand more
about SAG genesis. Multiple wood ash samples were treated for 3-4 months with typical
rainwater or with simulated nitric acid rain (pH 1.0 -2.0). The experiments produced some
siliceous aggregate grains, confirming a link with wood ash. We suspect that the source of
amorphous silica is phytoliths from bark, twigs, and leaves in the wood ash. These dissolve in
the presence of water under high pH conditions (pH 13), forming a silica gel. If silt is also
present in the wood ash, or is brought in by dust transport, the gel will precipitate and harden
around the detrital silt grains, forming SAG. Eventually these aggregates are washed into lakes.
We suggest that SAG are a possible new proxy for wildfires. However, charcoal particle counts
in sediment cores were very low for levels with SAG. This relationship suggests formation of
SAG by wildfires that burned hot under high wind conditions, producing charcoal too fine to be
detected by standard charcoal analysis methods.
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HISTORICAL LANDSLIDES THAT HAVE CAUSED FATALITIES IN CANADA (17712018), A REVIEW
A. Blais-Stevens*, P. Behnia, A. Castagner
Session S12 Geohazard processes and impacts: Landslides, Floods, Earthquakes, Permafrost and
others
Oral Presentation
We compiled a map of historical Canadian landslide events that caused fatalities from 17712018, which updates a landslide disasters (≥3 fatalities) from 1840-1998 map. The new map
includes events that had fewer than three fatalities. Technical and scientific reports, newspaper
articles, and provincial websites are the information sources. The compilation revealed that 767
people perished from landslides in Canada during historical times (1771-2018). British Columbia
(BC) witnessed the highest number fatalities at 338 (44%) and Québec (QC), the 2nd highest, at
245 (32%). These fatalities reflect the mountainous terrain in BC and sensitive glaciomarine
clays in QC. Fatalities only occurred in three other provinces: Newfoundland and Labrador (NL),
98 fatalities (13%), Alberta, 73 fatalities (10%), and Ontario, 13 fatalities (1%). The lack of
fatalities in the other five provinces and territories are likely related to less population and
infrastructure development and fewer landslide occurrences. The worst Canadian landslide
disaster occurred in 1903 at Frank, Alberta, where 73 people perished from a rock avalanche that
buried a mining town. In the St-Lawrence Lowlands, QC, 25 historical landslides caused 134
fatalities. In 1908, Notre-Dame-de-la Salettte witnessed a landslide and displacement wave
where 34 people perished. In the rugged Appalachian hills of NL, rockfalls are the main cause of
fatal landslides. However, in 1929, a large submarine landslide on the continental shelf triggered
by a M7.2 earthquake, generated a tsunami that caused 27 fatalities mainly along the Burin
Peninsula, southeast NL. The greatest number of landslides and associated fatalities occurred
during the 1880s to 1920s, when major infrastructure corridors were being developed, but
landslide hazards were poorly understood. The most common months for fatal landslide events
were September to January. In coastal BC, this reflects the occurrence of debris flows triggered
along steep mountainous channels by high intensity rainfall events during the fall and winter
months. Thus, since the 1770s, understanding of landslides and their potential triggers has led to
several mitigation measures and fewer fatalities per decade.
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EVIDENCE OF A REGIONAL SUBAQUEOUS MASS TRANSPORT DEPOSIT
SIGNATURE WITHIN GLACIAL LAKE OJIBWAY, NORTHWESTERN QUEBECNORTHEASTERN ONTARIO
Gregory R. Brooks,
Session S12 Geohazard processes and impacts: Landslides, Floods, Earthquakes, Permafrost and
others
Oral Presentation
Sub-bottom acoustic profile surveys and sediment coring at lakes Dasserat, Dufresnoy and
Duparquet, near Rouyn-Noranda, Quebec, reveal numerous stratigraphic occurrences of
subaqueous mass transport deposits (MTDs) that are interbedded within glacial Lake Ojibway
glaciolacustrine deposits. Three-dimensional mapping produced a series of two-dimensional
event horizon maps for each lake that depict the MTDs at different stratigraphic levels.
Distinctive varves and varve thickness patterns allow the cored varve sequences to be correlated
to the regional Timiskaming varve series, providing precise relative chronological control for the
MTD event horizons between the three lakes. In all three lakes, the event horizon with the
greatest number and most laterally extensive MTDs occurred in the identical varve year (vyr) of
1483, which is the equivalent to 9087 ± 200 cal BP. These common MTD signatures are
interpreted to be best explained by a significant paleoearthquake. To estimate the spatial extent
of the vyr 1483 MTD signature, sediment cores were collected during March 2017 and March
2018 from lakes Caste, Chassignolle and Malartic located east of Rouyn-Noranda. Analysis of
CT-Scanning imagery of the deposits recovered in the cores is underway to determine if the vyr
1483 MTD is present in these lakes. Summer field work in 2018 is focused on the MathesonFrederick House Lake area, northeastern Ontario, studying subaerial exposures of
glaciolacustrine deposits along incised steam courses. These new data will be used to estimate
the magnitude of the paleoearthquake using an empirical relationship that associates the spatial
extent of landsliding to earthquake magnitude.
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USING THE NEOTOMA DATABASE TO IDENTIFY RESPONSE AND RECOVERY
OF LAKE ECOSYSTEMS TO ANTHROPOGENIC IMPACTS
Bunbury, Joan; Fisher, R. Gaia; and Blumenstein, Taylor
Session S6 Reducing the “Time to Science”: Data Management in the Quaternary Sciences
Oral Presentation
Water chemistry and freshwater ostracode assemblage data collected between 1988 and 1995
were available from the Neotoma Paleoecology Database for a set of 130 lakes across the Upper
Midwest. Thirty-three of these lakes were resampled in July 2013 to evaluate changes to aquatic
ecosystems over the past ~20 years. Significant changes in lake water chemistry include
increases in chloride concentrations, total dissolved solid (TDS) concentrations, and pH values.
Urbanization, mainly in the form of road development and residential land, has increased around
the lakes creating more impermeable surfaces that promote runoff and transport organic and
inorganic material to the lakes, increasing TDS values. Road salt application during the winter
months, combined with road development has elevated chloride concentrations. Lakes across the
region have been recovering from the effects of acid deposition since the introduction of the
Clean Air Act and Amendments in 1990, a trend that appears to continue. A reduction in
ostracode species diversity and altered assemblage composition at various lakes has been
observed and is likely due to more urban land use. Mean annual temperature and total annual
precipitation have increased in the region over the past 20 years, however modifications to land
cover, increased use of road salt, and reductions in sulphate deposition combined appear to have
had a greater effect on these aquatic ecosystems than climate.
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UNDERSTANDING GLACIAL DISPERSAL IN CENTRAL NEWFOUNDLAND
THROUGH GLACIAL TILL GEOCHEMICAL DATA, IMAGERY AND MAPPING
Campbell, Heather E.*
Session S5 Mapping the Quaternary-Advances and applications of surficial geology mapping
Oral Presentation
Characterizing glacial dispersal on the island of Newfoundland can be challenging due to
varying conditions created by ice-flow from small, localized ice centres. In central
Newfoundland, ice erosion and deposition are not straightforward due to differing paleo icedynamics (ice stagnation and retreat vs. active ice flow). Furthermore, the underlying bedrock in
central Newfoundland has differing competencies. This in turn influences erosion, entrainment
and deposition of glacial material. Understanding the nature of Quaternary erosion and
deposition in this region is paramount in attaining successful exploration results, and requires a
multi-disciplinary approach. This paper will present practical methods (field observations, air
photo mapping, satellite imagery and till geochemistry) to aid in understanding the Quaternary
environment, and to assist exploration efforts in areas covered by glacial drift.
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HURRICANE INTENSITY RECONSTRUCTED FROM GRAIN-SIZE DISTRIBUTION
FROM EVENT BEDS IN A COASTAL NEW ENGLAND POND
Katherine A. Castagno, Sophie A. Ruehr, Jeffrey P. Donnelly, Jonathan D. Woodruff
Submission to session 12 (Geohazard processes and impacts); preference to either format
Oral Presentation
As coastal populations grow in size and infrastructure increases, they also become more
susceptible to the impacts of tropical cyclone events. The frequency of intense tropical cyclones,
augmented by rising sea levels, is expected to increase over the next century, posing a greater
threat of property damage and loss of life. The frequency of these events is well characterized,
but the intensity of storms capable of producing these event beds is not well constrained. This
study analyzes the grain-size distribution of major historic and prehistoric storm event beds
along a transect of sediment cores from a kettle pond in Falmouth, MA. Reconstructions of
intense-hurricane landfalls from this location identify a series of event beds spanning the past
2,000 years. The grain-size distribution of each event is determined using an image processing,
size, and shape analyzer. Changes in grain-size distribution both spatially and temporally reveal
characteristics of both storm intensity and the nature of sediment deposition. Inverse modeling
techniques, combined with calibration from events of known intensity and a large population of
both historical and synthetic storms, are used to determine the range of possible characteristics of
prehistoric hurricanes that produced event beds. Previous inverse modeling has been explored in
Caribbean back-barrier lagoon systems, but limited research has assessed its utility to accurately
model deposits from back-barrier ponds in the northeastern United States. Preliminary research
has indicated that prehistoric hurricane landfalls in New England were not only more frequent,
but also more intense than those observed in the historic record.
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THE GLACIOLACUSTRINE SEDIMENT RECORD OF CARIBOO LAKE, BC:
IMPLICATIONS FOR HOLOCENE FLUVIAL AND GLACIAL WATERSHED
DYNAMICS.
*Cebulski, Alex C. and Desloges, Joseph R.
Session S10 High-resolution Records of the Common Era
Oral Presentation
Cariboo Lake is a glacier-fed lake located in the Cariboo Mountains of eastern-central British
Columbia. Fine clastic sediments produced in the glaciated headwaters of the Cariboo Lake
watershed provide the main source of sediment to the lake. Sediment delivery into Cariboo Lake
is primarily governed by overflow currents of suspended clastic sediments from the main
Cariboo River. Sediment deposited in deep basins over 30 m deep are characterized by couplets
of coarse grained laminae, followed by fine grained sediments and are inferred to be annually
laminated varves. Inflow of clastic sediments to Cariboo Lake has remained high enough to
produce annual varves for the past two millennia. Trends extracted at a multi-decadal resolution
in varve thickness, grain size, and percent organics from Cariboo Lake sediment archives reveal
an increase in sediment yield from AD 250-750 and AD 1250-1750, and a decrease in sediment
yield from AD 750-1250.
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PALEOHYDROLOGIC RECONSTRUCTION OF YAX CHEN CAVE (YUCATAN
PENINSULA, MEXICO) IN RESPONSE TO HOLOCENE CLIMATE CHANGE
W.M. Chan., E. G. Reinhardt*, and J. J. Gabriel
Session 11 New Perspectives on the use of karst basins for paleoenvironmental research:
implications for paleoclimatology, paleontology, and archaeology.
Oral Presentation
Previous studies have focused on understanding the complexities of the anchialine coastal
aquifers in the Yucatan Peninsula (Mexico) in response to both small (e.g. rainfall) and largescale events (e.g. changes in climate and regional hydrogeology). For the first time, this study
presents a high resolution (200µm) hydrogeological record using sediment archives obtained
from Yax Chen cave (Ox Bel Ha cave system) showing long-term interaction between the
meteoric and underlying marine water masses. Four cores and ten sediment trap samples were
collected throughout the cave for a multi-proxy study using microfossil (foraminifera and
arcellaceans) and µXRF geochemical analysis (Cl-, K, Ti, and Fe). The Cl- record, derived from
pore-water in the sediment cores, is proven to be a reliable proxy to measure salinity changes in
the meteoric water mass and capture time scale events that cannot be revealed using only
microfossil data. Results indicate a direct relationship between Cl- with the microfossil data
(specifically the foraminifer Elphidium spp. which are found in salinities of >6 ppt) and also
agrees with terrigenous proxy records (K, Ti, and Fe) showing relative input of oxyhydroxides
from weathered limestone during wet and dry periods. The overall trend in the Cl- records shows
a freshening of the aquifer over the past ~2ka which concurs with other paleoclimate records in
the region (e.g. Cariaco Basin) but also with the Classical Mayan droughts. During dry periods,
reduced precipitation causes less flow in the meteoric water mass and reduced entrainment of
underlying marine water. Conversely, during wet periods there is more meteoric water mass
flow and thus more marine water entrainment increasing the salinity of the aquifer.

20

21

HOLOCENE VEGETATION AND LAND COVER CHANGE IN EASTERN NORTH
AMERICA
Chaput, Michelle* and Konrad Gajewski
Session S4 Syntheses of human-environment interactions during the Holocene
Oral Presentation
The impact of Native American land use practices on the evolution of North American
vegetation is under discussion, as recent research suggests the intensity of burning, deforestation
and agriculture may have been greater than previously considered. Previous work has related
paleodemographic change, interpreted from analyses using archaeological 14C dates as a proxy
for paleopopulation density, to pollen percentages to understand impacts on the landscape.
However, the use of pollen percentages only shows changes in vegetation composition and not
plant abundance. To quantify vegetation openness, we converted pollen percentages to plant
abundance using the Regional Estimates of VEgetation Abundance from Large Sites
(REVEALS) model. REVEALS corrects for the non-linear relationship between pollen
production and plant abundance and provides a quantitative reconstruction of past vegetation.
We then related these to estimates of paleopopulation density obtained using data from the
Canadian Archaeological Radiocarbon Database (CARD – www.canadianarchaeology.ca). Our
analyses suggest associations between humans and select taxa are discernable at regional scales,
and highlight the insight this methodology offers compared to traditional pollen percentages. The
REVEALS model not only improves our understanding of past changes in the relative abundance
of different taxa, but also produces results that better predict the evolution of plant communities
during the Holocene.
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SIMULATION OF VEGETATION DYNAMICS IN EASTERN BOREAL NORTH
AMERICA DURING PRE - INDUSTRIAL TIMES USING LPJ-LM FIRE
Chaste Emeline*, Girardin, Martin P., Kaplan, Jed O., Bergeron, Yves, Hély, Christelle.
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function.
Oral Presentation
The study objective was to simulate at high spatiotemporal resolution the responses of vegetation
and fire to changes in climate during the last 6000 years using a dynamic global vegetation
model, and to discuss the performance of the model at multi-millennial time-scales. We
addressed this objective using the LPJ-LMfire model, parametrized for the most abundant tree
genera in eastern boreal Canada (Picea, Abies, Pinus, Populus) and driven by a Holocene
scenario of climate derived from the Earth system model IPSL-CM5A-LR at 10-year resolution.
LPJ-LMfire was run with a monthly time-step from 6000 to 0 BP on a 100-km2 resolution grid
covering the boreal forest from Manitoba to Newfoundland. Outputs of LPJ-LMfire were
analyzed in terms of annual burn rates (ABR), net primary productivity, aboveground biomass
and genus-specific cover percentage. The predictive skills of LPJ-LMfire were examined by
comparing our simulations of ABR and tree biomass with palaeoecological reconstructions
obtained from lacustrine-charcoal and pollen records, respectively. Our simulated results support
previous evidence that long-term regional climate largely influences the vegetation dynamics and
that vegetation acts as an important "bottom-up" control on fire frequency at long time-scales.
Warm growing seasons at 6000 BP allowed a rapid vegetation establishment in the east, whereas
cold spring temperatures have limited biomass growth in the west. Low biomass and high
Populus cover percentage contributed to low simulated ABR. These simulated trajectories in
ABR and vegetation changes during the last 6000 years were not entirely synchronous with
reconstructions of fire frequency and tree biomass. LPJ-LMfire simulations captured the changes
in forest dynamics further south in the west and further north in the east compared to the
empirical data. We suggest that the discrepancies between simulated and observed trajectories
are associated to uncertainty in the IPSL-CM5A-LR climate dataset that has been used as an
input to LPJ-LMfire.
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MAPPING FLOOD HAZARD AT THE WATERSHED SCALE IN QUEBEC.
Choné, Guénolé*, Biron, Pascale M., Buffin-Bélanger, Thomas
Session S12 Geohazard processes and impacts: Landslides, Floods, Earthquakes, Permafrost and
others
Oral Presentation
With both extreme precipitation events likely to occur more frequently due to climate change and
watershed anthropization likely to increase peak floods, it is essential that areas at risk of
flooding are well documented and frequently re-evaluated. While this is the case in Europe
following the EU Floods Directive which mandates Preliminary Flood Risk Assessment (PFRA),
there are still large portions of the world, including the province of Quebec, where this
information is either out of date or completely lacking. The objective of this ongoing study is to
assess flood hazard, and flood risk subsequently, at the watershed scale for southern Quebec,
similarly to the European PFRA. The developed methodology requires LiDAR data for mapping
flood hazard with a 2D hydraulic model, for discharges of 20-, 100- and 500-year recurrence
intervals. Several methods have been tested to cope with the lack of bathymetric data in LiDAR
data, hence providing a range of solutions from a fully automatized process for a coarse flood
assessment at the watershed scale to a more precise process, requiring more user interventions,
for urban areas. Preliminary results show that flood hazard can successfully be assessed for a
whole watershed with satisfactory accuracy. Governmental LiDAR survey scheduled in the next
years, covering the whole of southern Quebec, will therefore allow flood mapping at the
provincial scale. Future research will focus on risk assessment.
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INTEGRATING TERRESTRIAL AND MARINE RECORDS OF THE LAST GLACIAL
MAXIMUM IN MCMURDO SOUND, ANTARCTICA: IMPLICATIONS FOR
GROUNDED ICE EXPANSION, ICE FLOW, AND DEGLACIATION OF THE ROSS
SEA EMBAYMENT
*Christ, Andrew, J., Bierman, Paul, R.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
During the Last Glacial Maximum (LGM), grounded glacier ice filled the Ross Embayment in
Antarctica and deposited glacial drift on volcanic islands and peninsulas in McMurdo Sound and
coastal regions of the Transantarctic Mountains (TAM), including the McMurdo Dry Valleys
and Royal Society Range. The flow geometry and retreat history of this ice are still debated, with
contrasting views yielding divergent implications for the stability of and interaction between ice
derived from East and West Antarctica during late Quaternary time. Here, we present terrestrial
geomorphologic evidence and use it to reconstruct former ice sheet elevations, ice-flow
directions, and ice-marginal environments in McMurdo Sound. Radiocarbon dates of fossil
algae in ice-marginal sediments provide a coherent timeline for local ice retreat. These data are
integrated with marine-sediment records and multi-beam data to reconstruct grounded ice
dynamics in McMurdo Sound and the western Ross Sea. The combined dataset suggests ice flow
toward the TAM in McMurdo Sound during all phases of glaciation, with thick, grounded ice at
or near its maximum extent between 19.6 and 12.3 calibrated thousands of years before present
(cal. ka). The persistence of grounded ice in McMurdo Sound and across the western Ross Sea
after the Meltwater Pulse 1a event (14.0-14.5 ka) suggests that this sector of Antarctica did not
significantly contribute to rapid sea level rise at that time. Our data show no significant advance
of locally derived ice from the TAM into McMurdo Sound. This suggests that grounded ice in
McMurdo Sound and the wider Ross Embayment expands in response to reduced oceanic heat
flux and lower eustatic sea level and the resulting advance of marine-based ice, rather than local
increases in precipitation and ice accumulation.
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CURRENT OBSERVATIONS WITHIN THE YUCATAN KARST AQUIFER AND
THEIR IMPACTS FOR PALEOCLIMATE RECONSTRUCTIONS
Coutino, Aaron*; Stastna, Marek; Kovacs, Shawn; Reinhardt, Eduard
Session: S11 New Perspectives on the Use of Karst Basins for Paleoenvironmental Research:
Implications for Paleoclimatology, Paleontology, and Archaeology
Oral Presentation
The Yucatan Peninsula is comprised of Miocene to Late Pleistocence biogenic karst limestone
with both a surface portion and a submerged shelf. The karst subsurface is extremely porous, and
as a result the peninsula has no naturally flowing rivers and limited surface water bodies.
Freshwater, in the form of rainfall instead percolates directly into the ground or through surficial
sinkholes and fissures, where it creates a fresh water lens that lies atop intruding seawater from
the Gulf of Mexico. Many of the surface features near the coast are linked by multiple massive
submerged cave networks which are connected to the ocean. Salinity and temperature variations
of the fresh and marine water masses have important implications for groundwater quality. The
conservation and study of groundwater in the Yucatan Peninsula is of the utmost importance
from an ecological and economic standpoint, for both modern and ancient societies such as the
Maya. We have completed multiple studies in the aquifer by placing sensors (conductivity,
temperature and pressure) within the large cave networks of coastal Quintana Roo. The sensors
have been collected bi-annually for 5 years and have captured the response of groundwater to
multiple climate events. The results suggest that mixing in the stratified water column is
profoundly impacted by large rainfall events such as hurricanes. Changes in salinity have been
detected at depths as shallow as 1m. These results have a profound impact on the interpretation
of paleoclimate records and their association to archaeology, as accessible groundwater becomes
more saline during times of heavy rainfall.
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PATTERN, STYLE AND DYNAMICS OF ICE MARGIN RECESSION OVER THE
NORTHERN THOMPSON PLATEAU, BC
Cripps, Jonathan E.*; Brennand, Tracy A.; Denlinger, Roger P.; Seguinot, Julien; Gosse, John C.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
Progress in reconstructing the last Cordilleran Ice Sheet (CIS) lags behind many coeval
Pleistocene ice masses. This has resulted in a lack of empirical data to test prevailing and
emerging conceptual models of CIS dynamics. The current paradigm of deglaciation of the
Interior Plateau region of BC, emerging from investigations on the northern Thompson Plateau,
is of widespread stagnation, resulting in regional backwasting and downwasting into a complex
of dead ice remnants on valley floors. Recent investigations on the central Interior Plateau have
challenged this model in favor of active northwestwards recession of a broadly contiguous
margin. A reinvestigation of the northern Thompson Plateau, the type-area for the stagnation
paradigm, has been undertaken to test competing hypotheses for the interior CIS and validate
numerical modelling. Receding ice margins over the field area dammed a large proglacial lake in
the Nicola Basin; five distinct lake stages are identified from wave-cut benches and delta
deposits around the basin, controlled by drainage divides which were opened by ice recession
towards the northwest. Reconstructed glacioisostatic tilts of these lake planes of between 1.6 and
2.3 m·km-1 towards the north-northwest, and suites of glaciotectonic de Geer and push moraines
aligned southwest to northeast, further support active recession to the northwest. Within the lake
basin, ice contact fans and grounding line deposits record stillstands and local readvances. Other
significant results include the identification of a glacial lake outburst flood with a discharge of
approximately 106 m3s-1, while new cosmogenic dates on granodiorite erratics give a maximum
deglacial age for the field area of 14.3 ka BP. These lines of evidence strongly encourage
reinterpretation of the northern Thompson Plateau as having undergone active recession rather
than stagnation, and validate similar postdictions from recent numerical models.
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SURFICIAL MAPPING
SOUTHWEST YUKON

AND

STRATIGRAPHY

OF
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RANGE,

Cronmiller, Derek C*; Ward, Brent C; Bond, Jeffrey D; Gosse, John C; Jensen, Britta J;
Lamothe, Michel; Zazula, Grant D; Telka, Alice
Session S5 Mapping the Quaternary
Oral Presentation
New 1:50,000 scale Quaternary geology and glacial limits mapping, combined with stratigraphic
analysis provides insight on the timing and nature of glaciation between local alpine ice and the
St. Elias Lobe that formed part of the northern margin of the Cordilleran Ice Sheet in the Ruby
Range, southwest Yukon. Down-valley ice flow from local cirques and ice caps obscures the
extent of CIS incursion, and strong periglacial processes combined with steep topography
degrade glacial landforms, presenting significant challenges in determining glacial limits.
Multiple field and desktop techniques were used to resolve glacial limits, though uncertainties
remain. Field mapping completed in summer 2017 included helicopter-accessed field traverses,
unmanned aerial vehicle (UAV) photography and extensive stratigraphic analysis. Desktop
mapping used Summit Evolution 3D-mapping software combined with ArcMap GIS to delineate
surficial materials, landforms, and glacial limits. Surficial map units are constrained using 10Be
dating on erratics. Unit ages in section are constrained by tephrochronology, luminescence, and
radiocarbon dating. Select results are presented on 3D structure from motion models created with
Agisoft Photoscan using UAV photos. Surficial geology units are correlated with local
stratigraphy. Stratigraphy in Gladstone Creek contains evidence of at least three advances of the
St Elias lobe and contains three tephras: two unknown and Dawson Tephra. In contrast to
previous glacial limits mapping, which identified three CIS advances, only two advances are
mapped in the study area. The most extensive limit apparently correlates to Marine Isotope Stage
(MIS) 4 (Gladstone Glaciation), though adjacent mapping suggests the limit may be a composite
of MIS 4 and 6 (Reid) glaciations. Extensive local glaciation from Ruby Range cirques and ice
caps on plateau surfaces above 1500 m appears to be roughly contemporaneous with CIS
advance during MIS 2 (McConnell) and may have contributed to local CIS extent.
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HIGH STANDS AND OVERFLOW HISTORY OF GLACIAL LAKE CHICAGO AND
DOWNSTREAM IMPACTS
Ben Curry and Jessica Conroy
Session S14 General Contributions
Oral Presentation
Linked and complex relationships between runoff from deglacial sedimentary systems to ocean
basins likely contribute to the murky global signals of Heinrich Stadial 1/Mystery Interval (ca.
17.5 – 14.5 cal ka). However, precise chronologies linking meltwater sources, transport, and
oceanic sinks are lacking for this period. A probability density function of new and published
radiocarbon dates shows the high stands of Lake Chicago, the Glenwood and Calumet phases,
occurred from ca. 17.0 – 15.0 and 14.2 – 12.4 cal ka, respectively. We attribute the peaks in
probability density curves of ages on buried organics in the Lake Chicago records to relatively
high rates of sediment accumulation that account for burial and preservation of our dated fossils.
It follows that during these high stands greater volumes of meltwater-charged water from Lake
Chicago, via the Chicago outlet, reached the Gulf of Mexico. Ages of the highest stands of Lake
Chicago at 16.5, 16.0, 15.1, 14.1, and 13.4 cal ka temporally correspond to large pulses of
meltwater recorded in the δ18O values of Globigerinoides ruber (pink and white chromotypes) in
sediment cores from the Orca Basin (Williams et al., 2012). Other published data are consistent
with effects of highstand overflow of Lake Chicago via the Chicago outlet resulting in complex
downstream responses, including burial of terrestrial plants in scoured alluvial channels,
abandonment of riverine terraces, and coeval stable oxygen isotope decreases of marine water in
the GOM. From source to sink, the best-dated event is associated with the last Glenwood high
stand of Lake Chicago at about 15.1 cal ka.
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DID THE LAURENTIDE ICE SHEET UNDERGO SIGNIFICANT REDUCTION
DURING MARINE ISOTOPE STAGE 3?
Dalton, April S.*, Finkelstein, Sarah A., Forman, Steven L., Barnett, Peter J., Pico, Tamara,
Mitrovica, Jerry X.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral presentation
The Laurentide Ice Sheet was the predominant ice mass over North America through the last
glacial cycle (110–10 ka). It is widely believed that this ice sheet was moderate in size (covering
most of central and eastern Canada) during Marine Isotope Stage 3 (MIS 3; 59–27 ka). However,
chronostratigraphic work in the Hudson Bay Lowlands suggests a major recession during that
time; this is surprising because it challenges the long-held assumption that North America was
moderately glaciated for most of the last glacial cycle and implies major changes to ecosystems
and landscapes that are not captured in most other geological records or numerical climate
simulations for that time. Here, we address several key issues regarding the feasibility of this
hypothesis. We present a continental-scale synthesis of chronostratigraphic records that support
this reduced ice margin, along with a geophysical model that supports deglaciation during that
time. We also discuss the fit of a reduced Laurentide Ice Sheet with continental and global-scaled
records, such as global mean sea level, Heinrich Events, meltwater records from the Gulf of
Mexico and North American palaeoclimate records. A reduced continental ice sheet during MIS
3 is not necessarily in conflict with these records. Thus, we suggest that significant reduction of
the Laurentide Ice Sheet during MIS 3 is worthy of consideration by the broad Quaternary
science community.
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LINKING MID-HOLOCENE CARBON ACCUMULATION RATES WITH POLLENINFERRED PALEOVEGETATION AND ENVIRONMENTAL CHANGES IN A
HUDSON BAY LOWLANDS PEAT BOG
Da Silva, Kristina A.*, Packalen Maara S., Peteet Dorothy M., Finkelstein, Sarah A.
Session S7 Improving understanding of Quaternary Environments through multi-proxy, network,
or statistical advances.
Oral Presentation
The Hudson Bay Lowlands (HBL) is a significant global soil carbon pool experiencing climatic
warming in Canada’s subarctic. Understanding how climate variability impacts carbon
accumulation in the HBL is critical for understanding peatland responses to anticipated climatic
changes. Vegetation patterns reflected in peat pollen records provide insight on climate
variability’s role on terrestrial carbon accumulation rates (CAR) however, more studies within
the HBL are needed using peat pollen records to investigate long-term peat carbon dynamics.
This research delivers a whole-Holocene pollen record from a modern bog site in the HBL and
links ecosystem changes with long-term carbon accumulation rates. The study bog core was
retrieved 100 km west of Attawapiskat with peat initiation beginning 5020 cal yr BP, consistent
with regional records. A biostratigraphy plot was constructed using pollen assemblages with two
significant zones identified by stratigraphically constrained cluster analysis and the broken stick
method. The pollen record suggests a treed fen to open bog transition with this interpretation
supported by decreasing bulk density measurements. CAR follows similar temporal fluctuations
as bulk density and begins with average carbon accumulation of 25 g/m2/yr during the fen stage,
typical of northern CAR. Around 4000 cal yr BP, CAR increases significantly and peaks to 45
g/m2/yr. A decrease in CAR coincides with vegetation succession towards bog conditions. From
950-550 cal yr BP Ericaceae pollen substantially increases, and during this interval both bulk
density and CAR nearly double from 0.067 g/cm3 and 16 g/m2/yr to 1.2 g/cm3 and 30 g/m2/yr.
These changes coincide temporally with the Medieval Warm Period and could reflect warmer
temperatures, lower water tables and more woody vegetation producing more plant biomass
contributing to peat growth. These results suggest ecosystem changes from vegetation succession
and climate variability both influence long-term CAR and highlights the complexity of these
ecosystems as carbon stores.
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A PALEOLIMNOLOGICAL ASSESSMENT OF A CONTAMINATED PULP MILL
EFFLUENT RECEIVING POND: IMPLICATIONS FOR EFFECTIVE REMEDITAON
Davidson, K., Holmes, B., Song, C., Spooner, I., Lake, C., Walker, T.R. and Dunnington, D.
Session S7 Improving understanding of Quaternary Environments through multi-proxy, network,
or statistical advances
Oral Presentation
A paleolimnological assessment of pulp mill contamination in Nova Scotia focused on
understanding the spatiotemporal distribution of metals within an estuary converted by damming
into a pulp mill effluent receiving pond. The sediments within the receiving pond (140 ha, 4 m
max. depth) reflect both estuarine and fresh water environments and can be broadly characterized
as grey marine silt (~ 50% water content) which is sharply overlain by black, organic-rich
sediment (~ 90% water content) that has been directly impacted by the effluent. Bulk
geochemical analysis was accomplished on 63 gravity cores using pXRF, carbon (C), nitrogen
(N) and stable isotope analyses. Sediments were also obtained from a nearby freshwater lake and
3 un-impacted estuaries; parallel analyses provided baseline reference concentrations for all bulk
geochemical parameters. At both the receiving pond and reference sites, metal concentrations
generally exceeded Interim Sediment Quality Guidelines; a strong local geogenic and
atmospheric contribution is inferred. Chromium was identified as a metal uniquely representative
of industrial activity at the site and may be an indicator of remediation effectiveness. Metal
concentrations were generally highest in top-of-core samples and may be indicative of increasing
effluent influence through time. Total C, N and stable isotope data indicated that the receiving
pond sediment is anomalous and may strongly influence the retention of metals. To determine if
contaminant overprinting has occurred, the grey marine silt was analyzed both at and below the
contact. As, Cr, Cu, Zn and Pb concentrations in the grey sediment at the receiving pond are
similar to or slightly higher than at reference sites, there is little stratigraphic variability at each
core site, indicating that overprinting of contaminants from the effluent-influenced sediment is
unlikely. Our study shows that considerable spatial variation in contaminant concentration occurs
for all elements though no distinct patterns were observed. We contend that dense sampling and
multiple analyses for each core are required to accurately characterize contaminant distribution.
As well, geogenic and atmospheric contributions must be accounted for when establishing
remediation baseline conditions.
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A MULTI-PROXY PEATLAND RECORD OF VEGETATION AND HYDROLOGICAL
CHANGE FOR THE SOUTHERN HUDSON BAY LOWLANDS, ONTARIO, CANADA
Marissa A. Davies* and Sarah A. Finklelstein
Session S7 Improving understanding of Quaternary Environments through multi-proxy, network,
or statistical advance
Oral Presentation
The Hudson Bay Lowlands (HBL) is a vast continuous northern Canadian peatland region that is
significant to the global carbon cycle. Climate, succession, isostatic uplift, and hydrology have
all influenced HBL carbon accumulation and peatland development over the Holocene, but more
multi-proxy paleoecological studies across the region are needed to isolate the relative roles of
these factors and to understand landscape-scale variation due to environmental gradients. A peat
core was collected from a Sphagnum bog site within the southern James Bay region and was
investigated for both pollen and testate amoebae to understand regional to local scale changes in
vegetation and hydrology. Core chronology, based on four AMS radiocarbon ages, indicates that
peatland initiation occurred approximately 7100 cal yr BP. Regional vegetation, dominated by
Picea, has remained relatively stable over the last approximately 7000 cal yr BP. Taphonomic
loss of testate amoebae in the lower portion of the core occurs below the fen to bog transition,
marked by a shift from herbaceous to Sphagnum-dominated peat and an increase in Ericaceae
pollen at approximately 1400 cal yr BP. Long term apparent carbon accumulation rates for the
site are highest from 1200 to 700 cal yr BP (17 to 33 gC/m2/yr), corresponding in part to the
Medieval Climate Anomaly and a significant shift in the testate amoebae assemblage that
indicates a lowering of the water table. Future statistical comparison of the pollen (local to
regional) and testate amoeba (local) datasets to test for the congruency of shifts in each record
will be used as potential indicator of climatic vs. successional influence and allow for an
improved understanding of the region’s response to future climatic changes. This research also
demostrates the importance of robust multi-proxy records in understanding long-term changes in
peatland ecosystems.
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RECONSTRUCTING LAND COVER: A SPATIO-TEMPORAL APPROACH TO
ESTIMATE PAST FOREST COMPOSITION FROM FOSSIL POLLEN RECORDS
Dawson, Andria*, Goring, Simon, Paciorek, Christopher J., McLachlan, Jason S., Jackson,
Stephen T., Williams, John W.
Session S7 Improving understanding of Quaternary Environments through multi-proxy, network,
or statistical advances
Oral Presentation
Pollen records have been extensively used to reconstruct past changes in vegetation and study the
underlying processes driving vegetation change. However, developing the statistical techniques
needed to accurately represent both data and process uncertainties is a formidable challenge.
Recent advances in paleoecoinformatics (e.g. the Neotoma Paleoecology Database and the
European Pollen Database), Bayesian age-depth models, process-based pollen-vegetation
models, and Bayesian hierarchical modeling have pushed paleovegetation reconstructions
forward. The robust uncertainty framework allows researchers to ask more complex research
questions, and supports a more rigorous integration of paleovegetation data into Earth System
and terrestrial ecosystem models. In this work we reconstruct spatio-temporally continuous
gridded estimates of forest composition across the last ten millennia, with explicit uncertainty
estimates. Fossil pollen records provide a proxy for forest composition, and the Public Land
Survey provides a snapshot of measured forest composition prior to major anthropogenic impacts
associated with EuroAmerican settlement. These data are linked using a Bayesian hierarchical
spatio-temporal model that accounts for key processes, including pollen production and dispersal
(STEPPS: Dawson et al., 2016; Paciorek et al., 2009). Process parameters in STEPPS are
estimated in the calibration phase, and are subsequently used in the prediction phase to generate
spatially explicit maps of relative species composition across the upper Midwestern US over the
last 10000 years, with robust uncertainty estimates. Estimates of forest composition and
uncertainty improve the spatio-temporal resolution of our previous understanding of past forest
change in the upper midwestern US. These new spatio-temporal composition estimates will be
used to improve the forecasting capabilities of ecosystem models by providing an opportunity to
benchmark model hindcasts and act as a filter in data assimilation.
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HUMAN-INDUCED FIRE REGIME SHIFTS DURING THE CENTRAL EUROPEAN
INDUSTRIALIZATION REVEALED BY MULTIPLE FIRE PROXIES
Dietze, Elisabeth*, Brykała, Dariusz, Schreuder, Laura T., Jażdżewski, Krzysztof, Blarquez,
Olivier, Brauer, Achim, Dietze, Michael, Obremska, Milena, Ott, Florian, Anna Pieńczewska,
Schouten, Stefan, Hopmans, Ellen C., Słowiński, Michał
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function
Oral Presentation
Fire is an important earth surface process that interacts with climate and vegetation and
influences local to global biogeochemical cycles. Fire is essential for the evolution of humans
and a common tool in human land cover and land use change. Yet, deciphering drivers of fire
regime shifts is challenging. Here, we study the influence of climate and human activity on fire
regimes during the industrialization in northern Poland using lake sediments from lake
Czechowskie, Tuchola Pinewood Forest. We analyzed multiple fire proxies, such as sedimentary
macrocharcoal of three size classes, in a sediment core that spans the last 250 years. For the first
time, we detected the fire biomarker levoglucosan and its isomers mannosan and galactosan in
organic rich, varved (annually laminated) lake sediment. Considering age and proxy
measurement uncertainties, the fire proxy comparison allows us to robustly classify fire regimes
(biomass burnt, fire frequency) including, for the first time, low temperature fire events. A
review of written historical documents helped identifying potential fire source areas.
We use the concept of socio-ecological adaptive cycles to investigate the paradox of globally
increased mid-19th century fires that are assumed to be climate-driven and affected by human
population growth. We find prominent fire regime shifts during the 19th and 20th centuries that
seem to be driven solely by human forest management. While individual fire events were
triggered by dry summer weather, more biomass and area has burned during the 19th century due
to plantations of flammable, fast growing tree monocultures, such as pine. Hence, adapting forest
management to feed the industrialization accidentally lead to more fire that initiated active fire
management with fires being suppressed during the 20th century. However, climate projections
suggest increasing fire risks that might require a new adaptive cycle towards more diverse forest
structures of less flammable taxa.
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KEEPING DATA IN CONTEXT: USING METADATA-FRIENDLY, COMPUTERREADABLE STORAGE FORMATS FOR RESEARCH DATA
Dunnington, Dewey W.* and Spooner, Ian S.
Session S6 Reducing the “Time to Science”: Data Management in the Quaternary Sciences
Oral Presentation
Long-term records of environmental change are made up of complex, multi-parameter data, often
collected from many sites; the complexity of these datasets can make the storage, visualization,
and manipulation of such data challenging. Metadata documenting the how and why of data
collection are often omitted or stored separately from the data. Dedicated programs have
attempted to ameliorate these problems, but the storage format used can be inflexible and/or
proprietary, limiting the future reuse of data. In essence, environmental data are comprised of
measurements, each having qualifiers (e.g., location identifier, depth below surface, and
measured parameter), a value, and tags (e.g., amount of error, number of replicates, written notes
pertaining to the value). When data are stored in a table with one row per measurement, the
maximum amount of measurement data is retained; when data are stored in a table with one row
per time interval per location (one column per parameter), some information is lost but the data
are more amenable to visualization in spreadsheet software. The conversion between these
structures is easily accomplished using both interactive (e.g., spreadsheet software) and
programmatic (e.g., R and Python) mechanisms. As more advanced statistical treatment of data
becomes common in long-term environmental studies, storing data in a format that does not
result in data loss is advantageous to enhance the replicability of visualizations and statistical
analyses. As datasets are more often combined with others and reused in future analyses, formats
that enable the storage of metadata are particularly important for data collectors to consider.
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GLACIAL GEOMORPHOLOGY OF THE NEUTRAL HILLS UPLANDS, ALBERTA,
CANADA: ON THE PROCESS-FORM IMPRINTS OF DYNAMIC ICE STREAMS AND
ICE LOBES
Evans*, David J.A., Atkinson, Nigel & Phillips, Emrys R.
Session S3 Empirically testing palaeoglaciological hypotheses and models
Oral Presentation
The Neutral Hills Uplands is an area of complex and varied glacial landforms dominated by
glacitectonic compressional structures but also containing expansive areas of hummocky terrain
and kame and kettle topography. It lies between the strongly streamlined trunks of the former
Central Alberta (CAIS) and Maskwa palaeo-ice streams. Detailed mapping from DEMs and
aerial photograph mosaics indicates that the lobate margins of subsequent ice streaming
constructed, and in places overrode, proglacial thrust masses that are arranged in multi-lobate
assemblages, altogether representing six major flow phases. A variety of structural lineaments
appear to highlight individual thrust masses that have been differentially displaced or slightly
rotated in the horizontal plane during their compression by glacier ice. In contrast, large areas of
hummocky and pitted terrain containing eskers, flat-topped hills (prairie mounds) and circular
rimmed features (donuts) are related to the stagnation of expansive areas of former buried glacier
ice but nonetheless still display structural lineaments. In places this type of hummocky terrain
occurs in front of large thrust moraines, some of which are located on the down ice side of large
thalwegs. The latter indicates that the hummocks may represent remnant glacier ice in the
thalweg that was thrust out of the valley by readvancing ice before bedrock was displaced from
the valley rim. In both settings it appears likely that an ice block melange, originating as buried
snout ice, may have been thrust proglacially, akin to modern surging glacier scenarios. The
locations of donuts indicate that they may record pressurized groundwater escape vents either in
front of such thrust masses and/or at the blind ends of coulees or upper slopes of adverse slopes
in front of the ice. The melting of ice block rafts may also explain the various shapes of some
donuts and isolated pits on thrust moraine summits.
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GEOMORPHIC EVIDENCE OF A SUBGLACIAL LAKE IN THE LAURENTIDES
REGION DURING THE WISCONSIN GLACIATION
B. Faucher*, B. Lauriol & D. Lacelle
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
Large subglacial lakes are present beneath the Antarctic and Greenland ice sheets and have
recently been discovered beneath the Devon Ice Cap (Rutishauser et al., 2018). Despite
occupying a large part of Canada during the last glacial period, there are few evidences to
suggest that subglacial lakes were present beneath the Laurentide Ice Sheet. The only proposed
location for a subglacial lake is in the East arm of the Great Slave Lake in the Northwest
Territories (Livingstone et al., 2013). Here we provide geomorphic evidence from the Lac-desSeize-Îles (3.2 km2; 60 m depth; Québec’s Laurentides region) that a subglacial lake was present
in this region. In the Lac-des-Seize-Iles, extruded insoluble xenoliths within the Grenville
marbles, up to several tens of centimeters, were found at the bottom of the circum-neutral (~6.8)
and current-free freshwater lake. Regional Holocene carbonate dissolution rates in calm and
neutral waters are ~ 10 mm/103 yr (Prévost & Lauriol, 1994) and are too low to explain the
extrusion and preservation of the xenoliths over the last 10,000 years alone. It is unlikely that
there was a hydrochemical shift of lake waters from acidic to circum-neutral pH during this
period, and we therefore propose that these xenoliths have been developing in a subglacial lake
since the last interglacial period (MIS5e) and were protected from erosion by ice movement due
to the depth of the lake. Reconstructed LIS margin and basal temperature suggest that the site
was present under the ice with basal temperatures near 0-5 °C (Peltier, 2002), which would allow
for a fresh-water lake beneath the ice at this location. Such hypothesis is aligned with the late
John Shaw’s assumption that the drainage of great networks of subglacial lakes could have
provided ample amounts of water for the genesis of eskers in southern Ontario. We consequently
predict that similar geomorphic evidences should allow for the future discovery of more potential
subglacial lakes in eastern Canada.
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RADIOMETRIC DOMAINS: APPLICATIONS OF AIRBORNE GAMMA-RAY
SPECTROMETRY TO SURFICIAL MAPPING IN THE CENTRAL CORE ZONE
AREA, NORTHERN QUEBEC AND LABRADOR.
*Fortin, Richard; Hagedorn, Grant W.; Paulen, Roger C.; Rice, Jessey M.; Boyce, Greg J.;
Harvey, Brad J. A.; and McClenaghan, M. Beth.
Session S5 Mapping the Quaternary
Oral Presentation
In recent years, new airborne gamma-ray spectrometry coverage of the Core Zone and Labrador
Trough areas of northern Québec and Labrador has been completed by Géologie Québec with
contributions from the Geological Survey of Canada through the Geo-mapping for Energy and
Minerals (GEM) program. Airborne gamma-ray spectrometry (AGRS) provides unique and
spatially continuous compositional information about surface materials that can be used in
various aspects of surficial mapping and resource exploration. For example, past work has shown
that specific landforms can be discriminated by their geochemical signature on AGRS maps,
providing insight on their origin and material provenance. Considering the wealth of regional
scale data that is available, these successes encourage applications to larger-scale framework
mapping activities. The physical context and geochemical processes at the surface and the
inherent statistical noise of radioactive decay result in a complex spatial distribution on GRS
maps. Therefore, an objective interpretation methodology has been designed to reduce the
complexity of this spatial distribution in radiometric domains, defined as areas of finite extent
that outlines distinctive radiometric signatures. This approach was applied to the recently
collected AGRS data from the Core Zone area in NTS Map sheets 23I and 23P. Radiometric
domains were defined and their consistency was validated by numerical checks developed as part
of this study. Mapping activities conducted in the same area, in support of the GEM Core Zone
project, provided ground gamma-ray spectrometry measurements on both bedrock and till
surfaces, till geochemistry analysis, pebble lithology counts from till samples, indicator mineral
analysis, and a detailed characterization of the geological and physiographic characteristics for
each of the radiometric domains. These observations facilitate the interpretation of the domains
and their linkages to bedrock and surficial geology. A significant correlation between
radiometric domains and surface till properties is quantified, and confirm that AGRS can be used
as a proxy for till composition, provenance and distribution, even at a regional scale of
observation.
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50,000 YEARS OF ENVIRONMENTAL CHANGE
DYNAMICS FROM CENTRAL YUKON PERMAFROST

AND

LARGE

MAMMAL

Duane Froese*, Dan Chang2, Matthias Stiller, Matt Mahony, Tara Sadoway, Trevor Porter, Peter
Heintzman, Alisa Vershinina, Matthew Wooller, Grant Zazula, Hendrik Poinar and Beth Shapiro
Session S8 The relict permafrost environment
Oral presentation
A primary question about the late Quaternary extinctions concerns the relative roles of climate,
humans, and potentially other factors as drivers of late Quaternary large mammal population
dynamics. In recent years, coalescent-based approaches have been used with ancient DNA from
fossils recovered across Beringia (Siberia through unglaciated Yukon) and North America to
estimate changes in population size based on measures of genetic diversity. These
reconstructions, based on data from individually-dated fossils, suggest that population dynamics
were driven largely by environmental change over continental scales. However, these
reconstructions require an assumption of panmixia, when in fact we know that prominent barriers
such as rising sea levels, ice sheets, and ecological buffers would have limited dispersal over
time. Here, we present a regional reconstruction of horse and bison populations over the last
50,000 years tied to paleoenvironmental reconstructions (climate and vegetation) from the
Klondike area of central Yukon. We couple AMS dating and ancient DNA with carbon and
nitrogen isotopes of collagen for about 200 horse and bison from the Klondike goldfields. These
data are evaluated against local paleoclimate and paleoenvironmental reconstructions of the last
50,000 years, from water and soil isotopes from relict permafrost. Reconstructions show out-ofphase relations between horse and bison over time. Bison were prominent, while horses were
sparse during the late MIS 3 interstadial when relatively warm and wet conditions along with
open-shrub boreal forest were present. Bison declined, while horses increased in abundance with
the cold and dry conditions and the development of steppe-tundra going into the last glacial
maximum. Bison increased in abundance with the expansion of shrubs associated with warmer
and wetter conditions in the late Pleistocene while horses disappeared rapidly by ~13,000 years
ago. Collectively, these data show the close-coupling between late Quaternary large mammal
populations based on both the recovery of detrital fossils and ancient DNA based population
reconstructions.
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HUMAN-VEGETATION INTERACTIONS DURING THE HOLOCENE IN NORTH
AMERICA
Konrad Gajewski*, Björn Kriesche, Michelle A. Chaput, Rafal Kulik and Volker Schmidt
Session S4 Syntheses of human-environment interactions during the Holocene
Oral Presentation
Between the initial colonization of North America and the European settlement period, Native
American land use practices may have shaped North American landscapes and ecosystems, but
the quantitative extent of these is not well understood. We address this question by estimating the
spatial correlation between continental-scale records of fossil pollen and archaeological
radiocarbon data. Maps of relative Native American population density, based on the Canadian
Archaeological Radiocarbon Database, are compared to maps of plant abundance as estimated by
pollen records from the Neotoma Paleoecology Database, using nonparametric kernel estimators
and cross-correlation techniques. Periods of high spatial cross-correlation (either positive or
negative) between population and plant abundance were identified, but these associations were
intermittent and did not increase towards the present. In many cases, high values of population
corresponded with high values of a particular taxon in one region, but simultaneously
corresponded with low values in other regions, lessening the overall correlation between the two
fields. This analysis suggests that human impacts were not significant enough to be identified at
a continental scale, either due to low populations or land use intensity, implying significant
impacts of ancient human activities on the vegetation were regional rather than continental.
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KARRAT FJORD (GREENLAND) TSUNAMIGENIC LANDSLIDE OF 17 JUNE 2017:
OBSERVATIONS AND PRELIMINARY HAZARD ANALYSIS
Dave Gauthier*, Scott A. Anderson, Hermann M. Fritz, Thomas Giachetti
Session S12 Geohazard processes and impacts: Landslides, Floods, Earthquakes, Permafrost and
others
Oral Presentation
On 17 June 2017, a landslide-generated tsunami reached the village of Nuugaatsiaq, Greenland,
leaving four persons missing and presumed dead. We present a description of field observations
made shortly after the event, preliminary high-resolution analysis of the tsunamigenic landslide
scar based on three-dimensional (3D) reconstructions of oblique aerial photographs taken during
a post-failure reconnaissance helicopter overflight, and present some preliminary results from
modelling the landslide motion and propagation of the tsunami it generated. We estimate that
approximately 58 million cubic meters of rock and colluvium (talus) were mobilized during the
landslide, 45 million cubic meters of which reached the fjord. Seismic data collected by others
provide an estimate of the total duration of the event, while field evidence for wave run-up of 5090 m (vertical) on land within 5 km of the landslide, and up to 5 m run-up at approximately 30
km allowed for a precise calibration of both landslide and wave propagation models. We discuss
how the observed impacts of this event and the preliminary model results might inform
assessment of the risk associated with future complex, cascading geohazard events of this
magnitude, and how their frequency of occurrence is probably changing - especially at high
latitudes. We also explore how emerging remote site-investigation tools can not only be used as
part of a response to these events, but can also help identify incipient failures prior to their
occurrence.
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DEGLACIAL LANDFORMS AND HOLOCENE VEGETATION TRAJECTORIES IN
THE NORTHERN INTERIOR CEDAR-HEMLOCK FORESTS OF BRITISH
COLUMBIA
*Gavin, Daniel G., White, Ariana, Sanborn, Paul S., Hebda, Richard
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
The northern Rocky Mountain Trench of eastern British Columbia is a broad valley with
multiple terraces, supporting a complex mix of mesic-temperate (wetbelt) forests of Thuja and
Tsuga that are bordered by boreal and subalpine forests of Abies and Picea spp.). Neither the
geomorphic history during early-Holocene deglaciation nor the vegetation history of the origin of
the interior wetbelt forest is well understood. Sediment cores were obtained from two lakes, 10
km apart and occupying different terraces elevations, and compared to existing fire history data.
Radiocarbon dates indicate the upper terrace formed as a mix of lacustrine and glaciofluvial
kame terrace hundreds of years prior to a lower terrace formed by glaciolacustrine sediments of a
proglacial lake. The minimum limiting ages of these terraces correlate with jökulhlaup deposits
of the Fraser River. The older site revealed initial colonization at 11 ka by light-seeded pioneer
species (Poaceae, Artemisia, and Populus) followed by a peak in Pinus and finally dominance by
Betula at 10.2 ka. The lower site began sedimentation at the end of the Pinus spike and paralleled
the vegetation history of the other site until 7 ka. After 7 ka, the upper site progressively changed
over the remainder of the Holocene toward a mesic maritime forest regardless of changing fire
importance. In contrast, the lower site showed little change until 5 ka, and moved only partly
towards a mesic-temperate taxa reaching a composition at present similar to that reached by the
upper site by 5 ka. The wetlands on extensive poorly drained glaciolacustrine soils promoted the
persistence boreal taxa and open forests (e.g., Picea mariana) while the dense better-drained
upper kame terrace promoted development of closed-canopy shade-tolerant taxa. Invasion and
expansion of mesic cedar-hemlock taxa progressed over the entire Holocene but was highly
constrained by edaphic controls.
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OPTICAL DATING OF THE POSTGLACIAL MARINE REGRESSION AND ONSET
OF AEOLIAN DEPOSITION, SAVARY ISLAND, BRITISH COLUMBIA
*Gingerich, Travis B., Lian, Olav B., Neudorf, Christina M., Biln, Libby C.M., and Bryce,
Jordan K.
Session S1 The Quaternary record of aeolian systems in mid- to high-latitudes
Oral Presentation
Relative sea level along the coast of British Columbia has been adjusting dynamically since
deglaciation. Studies of relative sea level position over time have been conducted by other
workers on Quadra, Cortes, and Lasqueti islands, but very little research regarding sea level
history has been performed on nearby Savary Island. Depositional contacts between aeolian sand
and beach sediments were found in swales within the large parabolic dune network on Savary
Island. These contacts, ~8 m above present sea level, provide key insight into the timing of
postglacial relative sea level regression and the onset of dune formation. Due to challenges
identified with single-aliquot regenerative-dose (SAR) optical dating protocols of the K-feldspar
fraction during recent research in the area, another protocol, the additive-dose with thermaltransfer correction (ADTT) method, has also been utilized to provide age estimates for beach
activity and dune initiation. SAR and ADTT techniques have provided preliminary maximum
optical ages for the cessation of beach activity of 8.4 ± 0.7 and 11.5 ± 1.1 ka, respectively.
Preliminary minimum limiting optical ages for dune initiation are also provided using SAR and
ADTT and are 7.7 ± 0.6 and 9.1 ± 0.8 ka, respectively. Sea level curves previously developed
for Quadra, Cortes, and Lasqueti islands support, to some extent, both optical dating methods,
but appear slightly more consistent with the ADTT geochronology.
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HIGH-RESOLUTION VARVE SEQUENCES DOCUMENT THE TIMING OF
GLACIAL READVANCE AND DRAINAGE EVENTS IN THE LAKE OJIBWAY BASIN
Godbout, Pierre-Marc*, Roy, Martin and Veillette, Jean J.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
Lake Ojibway developed in NE Ontario/NW Quebec during the last deglaciation. The late-stage
history of the lake is complex, being marked by the coalescence with Lake Agassiz and lateglacial ice readvances into the basin shortly before its final drainage ~8,200 years ago. Although
paleogeographic reconstructions commonly picture the lake drainage as a single drawdown,
marine records indicate a two- or three-step drainage. However, these events remain poorly
defined in the main Ojibway varve record. Here we address these issues using high-resolution
compositional analyses of two varve sequences located in the James Bay and the Moose River
basins. The results indicate that the Matagami section spans 231 varves and comprises a set of
varves related to a late-glacial (Cochrane) readvance. The La Reine section contains 100 varves
topped by a "drainage varve" associated with the final drawdown of Lake Ojibway. A set of
chaotic rhythmites form a marked erosional unconformity lower in the sequence. Varve
thickness measurements allow correlations with the main Ojibway varve record spanning ~2125
years in the region. The Matagami sequence covers varve years 1644-1874, confirming the
occurrence of a single late-glacial (Cochrane) readvance into the basin, with the onset of ice
surging at varve year 1817. The lower unconformity in the La Reine sequence occurred between
varve year 1843-1877 and is topped by a set of 65 thick varves that show strong similarities with
the Connaught varves, which are correlated to the varve year interval 2065-2124. The physical
and compositional characteristics of the Connaught varves indicate a strong connection with the
Cochrane ice dynamics, as postulated in previous studies. The strong similarities between the
lower unconformity and the top drainage varve argue for a similar mode of formation, which we
interpret as a strong evidence for the occurrence of two major lake-drawdowns separated by 65
years.
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ITRAX-XRF-CS ANALYSIS OF FREEZE CORES RECOVERED FROM CONTROL
LAKE, NT, SHOW THAT ARSENIC VARIABILITY IN SEDIMENT IS LINKED TO
CLIMATE CHANGE
*Gregory, B.R.B., Patterson, R.T., Reinhardt, E.G., and Galloway, J.M.
Session S10 High-resolution Records of the Common Era
Oral Presentation
In mineralized greenstone belts of the Northwest Territories (NT), gold deposits of economic
interest co-occur with arsenic sulphides. Ongoing gold exploration in the NT has resulted in
concerns about the potential for As contamination of local environments, as previous mining in
the region left behind a legacy of As contamination that has to date cost over 1 billion dollars to
remediate. It is necessary to quantify the background As concentrations in lake sediments and
determine the response of As to changes in climate to develop site-specific regulatory guidelines.
To examine the link between climate and As variability, multiple freeze cores were recovered
from Control Lake, NT, adjacent to the former Tundra-Salmita Mine. We designed equipment
and adapted methodology that enabled us to analyze Control Lake freeze cores at 1 mm
resolution using Itrax X-ray fluorescence core scanning (XRF-CS). To determine absolute
concentrations of elements in sediment, 30 samples were submitted for ICP-MS analysis
following 4-acid digestion. The multivariate log-ratio calibration method was used to convert
XRF-CS data to absolute concentrations. Age models derived from twelve radiocarbon dates
provided temporal reference to core depth (basal age= 3800 yr BP). Calibrated As concentrations
ranged from 40-135 ppm. The As/Ti ratio closely followed temperature reconstructions in the
region, with low values during the Little Ice Age (200-800 yr BP), and between 1800-3000 yr
BP, and higher values from 800-1800 yr BP. Elevated As/Ti similarly corresponds to increased
deposition of fine-grained sediment and reduced deposition rate at nearby Carleton Lake. This
suggest that As concentrations in lake sediment may be controlled by temperature changes and
lake productivity to a greater degree than precipitation-driven sedimentary transport. Ongoing
micropaleontological work will test whether As concentrations represent in-situ deposition
through examination of testate amoeba, a microfossil group shown to be sensitive to high As
concentrations.
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EVIDENCE FOR RAPID LAURENTIDE THINNING IN NORTHERN NEW ENGLAND,
USA, DURING THE BØLLING-ALLERØD WARM PERIOD FROM 10BE EXPOSURE
AGE DIPSTICKS
Halsted, Christopher T.*, Shakun, Jeremy D., Bierman, Paul R., Corbett, Lee B., Koester,
Alexandria J., Davis, P. Thompson, Caffee, Marc W.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
As part of an ongoing effort to constrain the thinning history of the southeastern portion of the
Laurentide Ice Sheet (LIS) during its retreat out of New England, USA, cosmogenic 10Be
exposure ages were calculated for glacially-deposited boulders and polished bedrock at various
elevations in Franconia Notch, New Hampshire, Mt. Washington, New Hampshire, and Mt.
Mansfield, Vermont, to construct ‘dipsticks’ that depict the lowering of the LIS surface around
these mountains. This method operates under the assumption that the advancing LIS caused
significant erosion to both bedrock and boulders, removing surficial material which contained
10
Be derived from previous exposure to cosmic radiation. Under this assumption, cosmogenic
10
Be would only begin accumulating in the newly-eroded bedrock and boulders when the ice
surface retreated or lowered from their location, turning these surfaces into cosmogenic clocks
whose exposure ages reflect the date of ice thinning below their elevation. Old exposure ages
from the summits of all three mountains support recent conclusions that New England’s highest
peaks were actually covered by non-erosive, cold based ice at the Last Glacial Maximum,
inhibiting the use of this technique at higher elevations in this region. At lower elevations,
exposure ages calculated on each mountain were constrained primarily between 14.5-13
thousand years ago, indicating rapid, potentially century or decadal-scale southeastern LIS
thinning during the Bølling-Allerød warm period (BA). The ages provide evidence that the rapid
strengthening of the Atlantic Meridional Overturning Circulation that is believed to have caused
the BA induced significant mass loss from the southeastern LIS.
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CALIBRATING ANNUAL CHARCOAL INFLUX WITH FIRE SURFACE AND
SEVERITY METRICS
Hennebelle Andy*, Aleman Julie C., Grondin Pierre, Blarquez Olivier
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function
Oral Presentation
Fire is the main factor driving forested-ecosystem dynamics. In Québec, under the ongoing
context of climate change, the fire activity is intended to increase thus raising questions about the
current sustainability of forest management. To improve future predictions, paleoecological data
has been shown to present useful information because ecosystem reconstructions on longer time
scales can be used as a baseline for future conditions. The main issue that still remains with
paleoecological data is the lack of calibration between the proxy and the various taphonomic
process taking place from the production to the deposition in the archive. Here we used charcoal
influx collected annually in traps from 7 lakes located in Québec boreal forest that we calibrated
with up to 5 year-delay fire surface, severity and distance from the lake (buffers of 3, 15, 30 km
radius). This study aimed at selecting 5% out of the 126 variables generated that are most
significant in explaining charcoal influx. To do so, we used a methodology derived from the
Random Forest theory and kept variables with best power of classification. We then created
models linking fire characteristics with separately the number and surface of charcoal using
general linear models. Results showed that 0 to 1 year-delay fires are the most relevant in
explaining charcoal influx within the 15 and 30 km radius buffers around the lakes. The results
also show that charcoal number is best appropriate for predicting fire severity and that charcoal
surface is best appropriate for reconstructing fire surface. These results will help improving
holocene reconstruction of fire characteristics and strengthen long-term inferences on
interactions between fire and vegetation.
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RADIOCARBON GEOCHRONLOGY, STRATIGRAPHY, AND FOSSILS FROM
BLACKTAIL CAVE, MONTANA (MIDDLE- AND LATE-WISCONSINAN)
Hill, Christopher
Session S14 General Contributions
Oral Presentation
Late-Pleistocene deposits and fossils at Blacktail Cave provide information on environments
along the east side of the Rocky Mountains before and after the Last Glacial Maximum (LGM).
The cave is formed in Cambrian-age limestone within the Dearborn River drainage. An age
model for the sequence is based on ams radiocarbon measurements on bone collagen. Muds and
clays in the lower part of the sedimentary sequence imply higher groundwater levels; Marmota
flaviventris from this unit dates to 37,400 RCYBP ± 790 (B-1060101). Equus dated to 27,000
RCYBP ± 370 (GX-21558) overlies well-sorted sands and gravels consisting of fragments of
argillite redeposited from bedrock sources outside the cave. Erosional surfaces separate these
coarser sediments from finer clastic deposits that contain a bovid bone dated to about 11,240 ±
80 RCYBP (GX-21557) and artiodactyl dated to about 10,270 ± 115 RCYBP (GX-21558). The
upper part of the sequence also contains a travertine that overlies limestone bedrock scree and
roof fall, along with fragments of argillite. Bear bone from this unit dates to 10,930 ± 80 RCYBP
(GX-21559). The lithostratigraphic and paleontological evidence from Blacktail Cave provides
information on environmental conditions during the middle- and late-Wisconsinan. Vertebrates
recovered include large and small mammals, amphibians, snakes, and birds. The pre-LGM fossil
assemblage can be compared to mid-Wisconsinan fossils from the Rocky Mountains of Alberta
at January Cave (ca. 33,500 to 23,000 RCYBP) and Eagle Cave (ca. 22,700 to >33,000 RCYBP).
If the radiocarbon dates can be used to estimate the age of depositional processes within the
cave, the redeposited argillite clastics underlying the Equus fossil may be separated from the
younger sediments by either a depositional hiatus or erosional events related to the LGM.
Arboreal pollen (primarily Pinus) and open-ground herbaceous pollen suggest the presence of a
possible Younger Dryas open conifer, deciduous parkland.
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RECONSTRUCTING LATE HOLOCENE WINTER TEMPERATURES FROM ICE
WEDGE WATER ISOTOPES IN THE MACKENZIE DELTA REGION, NORTHWEST
TERRITORIES, CANADA
Holland, Kira M.*, Porter, Trevor J., Froese, Duane G., Kokelj, Steven V.
Session S8 The Relict Permafrost Environment
Oral Presentation
Knowledge of Holocene climate change in the Arctic is mostly informed by biological proxies
(e.g., tree-rings), which are insensitive to cold-season climate. Knowledge of the winter season is
inadequately represented in the Arctic paleoclimate literature, limiting our understanding of
seasonal climate sensitivity and dynamics through the Holocene. The prediction of future
temperature trends in the winter season will benefit from knowledge of the Arctic paleo-winter
climate and its sensitivity to reconstructed changes in climate forcings (e.g., sea ice, winter
insolation). Ice wedges–vertically orientated, massive ground ice structures formed from winter
precipitation in permafrost regions–offer significant potential as an archive for winter
paleotemperatures. Recent studies have successfully utilized ice wedge water isotope
compositions to infer Holocene winter paleotemperatures in the Siberian Arctic, and Pleistocene
winter paleotemperatures in central Yukon and northern Alaska. However, Holocene ice wedge
records have not been developed for the Western Arctic. The objective of this study is to
reconstruct a high-resolution record of late Holocene temperature variability from ice wedge
stable isotope ratios (d18O and dD) in the Mackenzie Delta region, Northwest Territories.
Samples were collected along the width of four lateral ice-wedge exposures in thaw slump
headwalls in the Tuktoyaktuk Coastlands, and isotopic analysis will be performed at a 1-1.5cm
resolution (~1-3 winter seasons depending on ice vein width). Ice wedge d18O and dD values
will be used to constrain past winter temperatures using a regional temperature-δprecip
regression line based on local GNIP records. Chronology will be established by radiocarbon
dating of dissolved organic carbon (DOC) and plant macrofossil inclusions in the ice veins. This
study will provide a more spatially and temporally complete record of cold-season climate in the
pan-Arctic, and thus a more holistic understanding of the Arctic climate system.
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HOW UNDERSTANDING PAST GLACIAL LANDSCAPES CAN INFORM PRESENT
DAY WINDFARM SITE INVESTIGATIONS: A CASE STUDY OF LARGE-SCALE
GALCITECTONISM DURING ACTIVE ICE SHEET RETREAT ACROSS DOGGER
BANK, SOUTHERN CENTRAL NORTH SEA
Kirstin Johnson, Emrys Phillips, Carol Cotterill, Leo James, and Kirstin Crombie
Session S13 The Application of Quaternary Science to Societal Issues in the 21st Century
Oral Presentation
The integration of high-resolution geophysical and geotechnical datasets acquired during a site
survey for the Dogger Bank windfarm has enabled a detailed litho-and seismo-stratigraphy to be
established. Although previously believed to be a relatively simple “layer-cake”, the data reveals
that the sedimentary sequence within the foundation zone includes a complex series of buried
landscapes with implications for both foundation siting and design. The most significant is a
glacially derived landscape dominated by a large thrust-block moraine complex (15-30 km
across, over 90 km in length) buried beneath a thin Holocene sequence. This buried glacial
landsystem comprises a series of elongate, arcuate ridges (thrust-block moraines) separated by
low-lying linear basins and/or meltwater channels, which preserve the shape of the former ice
sheet margin. The moraines are composed of highly deformed (folded and thrusted) Dogger
Bank Formation with the lower boundary of the deformed sequence (up to 40-50 m thick) being
marked by a laterally extensive décollement. As a result this glacial landscape profoundly affects
the structure and physical properties of the Quaternary sediments within the foundation zone due
to locally intense glacitectonic deformation, and the occurrence of sub-aerially desiccated
horizons recording fluctuating palaeoclimatic conditions. Understanding these landscapes,
coupled with the geophysical and geotechnical data, enables a predictive “geo-model” to be
established. This model involves repeated phases of folding and thrusting in response to S/SEdirected ice-push as a major ice sheet repeatedly reoccupied this ice marginal position as it
retreated northwards at the end of the Weichselian stage glaciation.
Acknowledgements: The authors thank the Forewind consortium for providing the seismic data
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NEW INSIGHTS INTO GLACIAL DYNAMICS FROM LiDAR IMAGERY AND
DETAILED MAPPING, SOUTHWESTERN MICHIGAN
Kehew, Alan E.* Esch, John M., Karki, Sita, and Yellich, John A.
Session S5 Mapping the Quaternary
Oral Presentation
Detailed mapping (1:24,000 scale) with the assistance of LiDAR digital elevation models in
southern Michigan is leading to new interpretations of the behavior of lobes (now considered to
be ice streams) emanating from the Laurentide Ice Sheet during deglaciation after the LGM.
Mapping is supported by the US Geological Survey STATEMAP and Great Lakes Geologic
Mapping Coalition programs. Much of this area has never been mapped at a detailed scale and is
only covered by a generalized state Quaternary map based on the work of Frank Leverett in the
early 20th century. Recent work supports the long-held view that the two major lobes in
southwestern Michigan were asynchronous in their advances and retreats. The Saginaw Lobe
(SL) advanced into the state from Ontario across the Lake Huron basin and through Saginaw
Bay. A major re-advance soon after the LGM produced a large field of drumlins and mega scale
glacial lineations (MSGLs) that end at a large moraine near the Michigan-Indiana border. Retreat
from this moraine was punctuated by pauses to form subtle ice-marginal positions marked by
ice-contact scarps, tunnel-valley terminations and subaerial fans and/or outwash aprons that
obscure or partially bury the drumlins. These sediment/landform associations suggest that the
basal drainage regime re-organized from a distributed system facilitating ice streaming during
advance to a channelized system during retreat transporting sediment to the margin. The last
Lake Michigan lobe advance into the area occurred during the Crown Point phase (~19k cal
years). Exposures in gravel pits reveal that deep (10-20m) deformation of subglacial sediments
formed as the ice advanced out of the Lake Michigan basin. This deformation may have
originated as pro-glacial thrusts and folds, which are preserved as concentric ice-thrust ridges
near the Crown Point margin. Large outwash fans spread out to the east from various ice
marginal positions.
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LAURENTIDE ICE MARGIN RETREAT AND MARINE INCURSION: A VIEW FROM
SOUTHWESTERN HUDSON BAY
Kelley, Samuel E.*, Gauthier, Michelle, T., Ross, Martin, Hodder, Tyler, J.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
The final deglaciation of the Laurentide Ice Sheet (LIS) in Hudson Bay was a significant event
during the early-mid Holocene, marked by the drainage of Lake Agassiz/Ojibway (LAO). The
influx of freshwater from LAO to the North Atlantic has been attributed to be the cause of the
8.2 ka cold event, noted both in Greenland ice core records, as well as moraine chronologies
from Greenland and Baffin Island; however, recent climate modeling suggests additional
freshwater forcing maybe required. Thus, the focus has turned to the collapse of the LIS over
Hudson Bay as a source of freshwater forcing. In this study, we document the complex
relationship between the retreating ice margin and marine and freshwater masses in southwestern
Hudson Bay. Our deglacial chronology is constrained by freshwater molluscs dating to 8.1±0.1
cal ka BP (n=2), indicating marine- and ice-free conditions. Summed probabilities of calibrated
radiocarbon ages from marine fauna tied to Tyrell Sea transgression yield a peak at 8.12 cal ka
BP (n=34), with a maximum age of 8.5±0.3 cal ka BP, highlighting the regional complexity and
the dynamic nature of the LIS margin during the early- to mid-Holocene. We place our study in
the context of existing deglacial constraints from the periphery of Hudson Bay, documenting
rapid deglaciation and marine transgression. Utilizing new and existing chronology, we calculate
ice margin retreat rates of 150-300 m/yr for Hudson Bay, values on par with reconstructed retreat
rates from Greenland, Antarctica, and Scandinavia. These rates of ice evacuation, coupled with
modeling estimates of ice sheet volume, yield a melt volume in line with freshwater forcing
required for recent simulations of the 8.2 ka event. In total, we provide geologic evidence for the
timing and pace of LIS collapse in Hudson Bay, important constraints for understanding the
forcing associated with abrupt climate events.
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IN THE SHADOWS OF MICE AND MEN: EXTINCTION, COLONIZATION, AND
CONTINUITY OF THE CARIBBEAN LIZARD FAUNA
Kemp, Melissa E.
Session S2 Island biogeography in a changing world
Oral Presentation
The Caribbean is one of the most well studied biodiversity hotspots, with many unique
evolutionary radiations. But the diversity of the Caribbean present is only a fraction of what once
existed there, as climate, sea-level fluctuations, and multiple human colonization events have
forced many species to extinction. Paleontology and archaeology have allowed us to reconstruct
ancient faunal assemblages, but to date most of the focus has been on mammalian taxa, as
mammals experienced the most dramatic decline in diversity. Here I explore how Caribbean
lizards have been impacted by environmental perturbations over the Quaternary. While lizards
are commonplace throughout the archipelago today, I show that they have also been susceptible
to non-random extinctions, largely catalyzed by human activity. I establish ecological baselines
for lizard communities in the Lesser Antilles prior to European arrival, and show that ancient
communities on different islands were extremely similar to one another, but that this similarity
has been eroded by differential extinction and colonization patterns in the Anthropocene. Finally,
through new excavations on Puerto Rico, I look at diversity changes across multiple vertebrate
groups. One site in particular, Cueva Matos, has a highly diverse ancient faunal assemblage with
various amphibian, bird, mammal, and reptile species present. At Cueva Matos I find evidence of
large-scale mammalian extinction, concordant with data from elsewhere in the Greater Antilles,
whereas the lizard fauna remains largely unchanged. This research underscores the robustness of
the Caribbean lizard fauna to persist in the face of environmental change, but also highlights
traits that may underlie recent range shifts and elevated extinction risks for extant taxa.
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CALCITE RAFT GEOCHEMISTRY AS A HYDROLOGICAL PROXY FOR
HOLOCENE AQUIFER CONDITION IN HOYO NEGRO (SAC ACTUN CAVE
SYSTEM), QUINTANA ROO, MEXICO.
Kovacs, Shawn E., Reinhardt, Eduard G.*, Chatters, James C., Rissolo, Dominique, Schwarcz,
Henry P., Collins, Shawn V. , Kim, Sang-Tae, Blank, Alberto Nava, Erreguerena, Pilar Luna
Session S11 Karst Basins
Oral Presentation
Floating rafts of microcrystalline calcite, commonly referred to as calcite rafts are autochthonous
CaCO3 deposits that form at the air-water interface of quiescent water bodies such as those in
cave environments. The polycrystalline aggregates will eventually sink as a result of surface
tension of the raft being exceeded by gravitational forces and/or agitation in the surface water.
Point source agitation can cause the rafts to accumulate in a localized area, forming a raft cone
that can be preserved in the geologic record. The geochemical record of calcite rafts have the
potential to be valuable paleoclimate archives as preliminary results of modern calcite rafts have
revealed that fluctuations in their stable isotope composition and trace element concentration can
reflect their formation waters. Two cores from calcite rafts deposits located in Cenote Ich Balam
and Hoyo Negro (Sac Actun Cave System, Yucatan Peninsula, Mexico) were dated and analyzed
for 87Sr/86Sr, δ18O, δ13C, Sr/Ca and Cl/Ca. The geochemical records show changing aquifer
salinity spanning the last ~ 8.5 cal. kyrs BP and interrelationships with Holocene climate trends
(wet and dry periods). During the wet mid-Holocene, the salinity of the meteoric Water Mass
(WM; at 7.8 - 8.3 cal. kyrs BP) was relatively high at 1.5 - 2.7 ppt and then became less saline
(1.0 - 1.5 ppt) during the last ~7000 yrs as climate became progressively drier. Karst properties
and Holocene sea-level rise also seem to have an effect on the aquifer. When the regionally
extensive network of shallow cave passages (~ 10-12 m water depth) are flooded at ~ 8000 cal.
yrs BP, there is a rapid shift in salinity suggestive of a “change in state” in the aquifer. This study
demonstrates that calcite raft deposits can be used as paleo-environmental recorders
documenting the effects of sea-level and climate change on aquifer condition and a basis for
predicting future and past impacts.
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WATER LEVEL RISE RECORDED IN LAKE PAC CHEN, QUINTANA ROO,
MEXICO INFERS CONNECTION WITH THE AQUIFER AND RESPONSE TO
HOLOCENE SEA-LEVEL
Krywy-Janzen, Anya*; Reinhardt, Eduard; McNeill-Jewer, Chelsi; Coutino, Aaron; Waltham,
Brenda; Statsna, Marek
Session S11 Karst Basins
Oral Presentation
The Classic Maya civilization in the Yucatan Peninsula experienced a deterioration of population
centers in the south and shift towards prosperity in the North between 750-900 C.E. Droughts
have been posed as a probable cause for this shift; however, this hypothesis is not widely
accepted. Many of the paleoclimate data recording the droughts has come from lakes which have
been postulated to be closed or leaky basins. Four sediment cores recovered from the margin of
Pac Chen Lake (42km from the Atlantic Ocean and 22km north of the Mayan village of Coba),
Quintana Roo, Mexico, provide records of past climate and water level through microfossil
(arcellaceans) and micro X-Ray Fluorescence data. PC 1 was taken at a depth of 25m in the
eastern basin. PC 2, 3 and 4 were taken along the southwestern margin over a depth interval of
0.5-6m. Sediment accumulation rates and and records of Ti, Fe and K were used to indicate
changes in the loci of sediment deposition within the basin and Cl- documented salinity changes
and stratification within the lake. PC 1 documented the rise in water level and flooding of the
lake margin at ~ 800 B.C.E., with water levels reaching close to their present level by ~ 200 C.E.
as represented by basal ages of PC2 and PC4. The elevation and timing of these flooding events
match with reported sea-level rise for the Caribbean and indicates connection to the aquifer.
There is no sedimentary or elemental evidence of water draw down during the period of
droughts, which also implies connection to the aquifer.
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FOREST COMPOSITION, FIRE REGIMES AND SUMMER TEMPERATURES OVER
THE LAST 14,000 YEARS IN COASTAL BRITISH COLUMBIA, CANADA
Lacourse, Terri
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function
Oral Presentation
A multi-proxy paleoenvironmental study on a sediment core from a low elevation lake on the
south coast of British Columbia has been conducted to assess changes in forest composition, fire
regimes and climate over the last 14,000 years. Chironomid-inferred temperatures suggest a cool
late-glacial interval with mean July air temperatures (MJAT) ~2 °C cooler than inferred modern
temperature. Forests were open, dominated by lodgepole pine and characterized by low-severity
fires that occurred every 180 years, on average. An interval of warmer summers, with MJAT 2-3
°C warmer than modern, occurred between 10,500 and 8000 cal yr BP. This period is marked by
open Douglas-fir communities with abundant ferns, grasses and other herbs. Fires were less
frequent, occurring about every 275 years, but increased in magnitude, relative to those during
the preceding pine forests. Development of oak savannah coincided with a brief increase in fire
frequency. Inferred temperatures were generally cooler in the mid- and late Holocene. For the
past 7500 years, forests have been dominated by Douglas-fir with western hemlock and grand fir
as secondary constituents that reflect an increasingly closed forest canopy. Fire frequency
decreased in the mid-Holocene to a mean fire return interval of 400 years. In the late Holocene,
despite generally cool conditions, fire regimes shifted to more frequent, low severity fires, a
pattern that has been observed elsewhere in western North America. This increase in fire activity
may be linked to enhanced interannual climate variability, with periods of frequent El
Niño/Southern Oscillation events leading to drier summers and/or lengthening of the fire season.
Increasing Indigenous populations and their use of fire may also explain the late Holocene
increase in fire frequency.
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THE APPLICATION OF HOLOCENE ALLUVIAL STRATIGRAPHY TO ADDRESS
STREAMBANK EROSION AND RESERVOIR SEDIMENTATION IN THE
MIDWESTERN U.S.A.
Layzell*, Anthony L.; Mandel, Rolfe D.
Session S13 The Application of Quaternary Science to Societal Issues in the 21st Century
Oral Presentation
Reservoir sedimentation is a significant problem in many parts of the world and has important
implications for the sustainability of water supplies, flood protection, and aquatic habitats. In the
Midwestern USA, streambanks have been identified as the primary contributor to total watershed
sediment yield. In much of this region, deposits of fine-grained Holocene alluvium comprising
streambanks have been assigned to a single lithostratigraphic unit, the DeForest Formation.
Stratigraphic relationships and the erodibility of the different members of the DeForest
Formation were investigated in northeastern Kansas. Distinct differences in erodibility, measured
in terms of critical shear stress by a submerged jet-test device, were observed between the
different members. The Camp Creek and Gunder members were found to be the most erodible
and resistant, respectively. Variability in erodibility between and within the different members is
attributed to the magnitude of post-depositional soil-forming processes, including the presence of
buried soils, as well as the inherent natural variability in the different parent materials. Although
the Camp Creek Member was the most erodible, it always occurs, stratigraphically, as the
uppermost member. Bankfull stage indicators suggest that bankfull discharges rarely attain
elevations sufficient to erode Camp Creek Member deposits. Therefore, other members of the
DeForest Formation can exert some control on the rate of bank erosion by hydraulic flow.
Furthermore, given the observed differences in lithology, soil development, and erodibility, the
susceptibility to mass wasting processes also is likely to vary between the different members and
is a focus of current research. Therefore, Holocene alluvial stratigraphic relationships have
important implications for the nature of streambank erosion in the Midwest as well as in other
alluvial settings worldwide. These relationships can be used to locate areas more prone to
streambank erosion that may serve as mitigation targets in order to reduce rates of reservoir
sedimentation.

57

58

MAPPING DEEPLY BURIED AQUIFERS IN NORTHEAST BC: IDENTIFICATION,
MODELLING AND FIELD VERIFICATION
Levson, Vic M., Best, Mel E., and Salas, Carlos J.
Session S5 Mapping the Quaternary
Oral Presentation
Deeply buried aquifers in the northern Rocky Mountain Foothills and adjoining Alberta Plateau
are modelled utilizing a combination of surficial geology mapping, airborne electromagnetic
(AEM) surveys, interpretation of petroleum gamma logs, and limited water well data. Modelled
paleovalley topographic reconstructions were field tested with a sonic drilling program and
follow-up downhole geophysics, providing detailed stratigraphic verification of interpreted EM
and gamma log data. Results show good agreement between stratigraphic interpretations using
surficial geology, AEM resistivity and gamma log data and the actual stratigraphy determined by
sonic drilling and borehole geophysics. In general, gamma logs provide the highest resolution
data whereas resistivity maps from AEM surveys provide an excellent regional picture that
corresponds well with paleovalley mapping based on geological data. One limitation is that the
resolution of AEM diminishes with depth, varying from a few m near the surface to
approximately 10 m at depths of about 70 m. In addition, the AEM system requires a resistivity
contrast of approximately 2.5:1 in order to resolve contacts, assuming the formations are
sufficiently thick to be mapped. In contrast, the resistivity log has a constant resolution of a few
10's of cm, independent of the depth but provides only localized data. Given these limitations,
resistivity versus depth for both the AEM inversions and the resistivity logs are in reasonable
agreement. Although the geology logs are significantly more detailed than the AEM inversions,
the resistivity values correlate well with the overall geological properties. Predicting depth to
bedrock from the AEM data was the most challenging because the dominant bedrock types in the
area, shale and sandstone, have very similar resistivity values to Quaternary clays and sands,
respectively. Other factors reducing accuracy of predicted bedrock depth include the low density
of pre-existing borehole data as well as the complex geology in the study area.
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CLIMATE AND SEA LEVEL VARIATIONS USING STABLE ISOTOPES AND XRF
CORE SCANNING ON A SEDIMENT CORE FROM CENOTE JENNIFER, A
SINKHOLE IN NORTH CENTRAL CUBA
Liedtke, M., Peros, M., Collins, S., Agosta G’meiner, A., Reinhardt, E.G., Matos Pupo, Felipe
Session S11 New Perspectives on the Use of Karst Basins for Paleoenvironmental Research:
Implications for Paleoclimatology, Paleontology, and Archaeology
Oral Presentation
Coastal zones are complex and dynamic systems that are able to provide a unique perspective
into past climate and sea level changes. In the Caribbean, basins developed from long-term karst
processes referred to as sinkholes (cenotes) collect sediments that are analyzable using a range of
proxy indicators. By analyzing the stable isotopes of oxygen and carbon which are contained in
the benthic foraminifera Ammonia beccarii, as well as the XRF element composition of
sediments from a small flooded sinkhole (Cenote Jennifer, on Cayo Coco, Cuba), it is possible to
understand and reconstruct the effects of past sea level change and climate on this coastal
wetland. The overall trend in δ18O‰ values is increasingly positive toward the present, but the
increase is not linear, with three major fluctuations in δ18O‰ occurring at 7300-5900, 54002400, and 2400-400 cal yr BP. Between 3000-2000 cal yr BP an abrupt increase in δ18O‰
values is found, possibly representing the onset of dry conditions during this time period. When
comparing the stable isotope records with the XRF data, it is found that there is also a steady
increase in the bromine count from past to present. Generally, the Br concentration will increase
when saline groundwater infiltrates the basin and the production of organic matter shifts from
terrestrial to marine. During the period from 3000-2000 cal yr BP, there is also an increase in
Ca/Ti, which may indicate increasing production of biogenic carbonate. Comparing these results
with the relative sea level rise data found from other Caribbean sites, it is possible to better
understand how climate and sea level change has impacted this coastal environment.
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THE IMPACT OF CENTURY OLD ARSENIC-RICH MINE TAILINGS ON
SEDIMENTARY DIATOM AND ZOOPLANKTON ASSEMBLAGES IN COBALT,
ONTARIO, CANADA.
Little AJ*, Sprague DD, and Vermaire JC
Session S4 Syntheses of human-environment interactions during the Holocene
Oral Presentation
Silver mining in the early 1900s has left a legacy of arsenic-rich mine tailings around the town of
Cobalt, in northeastern Ontario. Due to a lack of environmental control and regulations at that
time, it was common for mines to dump their waste into adjacent waterbodies and land
depressions, concentrating metals and metalloids in sensitive aquatic ecosystems. In order to
examine what impact these century-old arsenic-rich mine tailings are having on present day
aquatic ecosystems we sampled diatom assemblages in lake surface sediment in 24 lakes along a
gradient of arsenic contamination (<0.1 – 972 µg/L). In addition, we examined open water
zooplankton abundance and community composition and chlorophyll-a concentrations over 10 of
these study lakes on a gradient of modern-day arsenic contamination (0.8 – 1180 µg/L). Our
results show that while present-day arsenic concentrations are not having a major influence on
diatom community assemblages, lakes contaminated by mine tailings have generally lower
zooplankton abundances. These results suggest that while legacy contamination may not be
greatly altering community composition it continues to reduce zooplankton and algal abundance
and thus lake productivity nearly a century after mining activity has ceased. Further analysis is
currently focused on the potential differences between present-day and pre-industrial conditions
through the use of a top-bottom comparison technique using diatoms as indicators of aquatic
ecosystem health. It may be possible that sedimentary diatoms and other biological indicators in
the region have evolved to adapt to higher concentrations of arsenic which is why present-day
diatoms appear to be uninfluenced by such high arsenic levels and other mining-related
contaminants.
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THE APPLICATION OF QUATERNARY SCIENCE IN CULTURAL RESOURCE
MANAGEMENT: NEW CHALLENGES IN THE 21st CENTURY
Rolfe D. Mandel
Session S13 Societal Issues
Oral Presentation
Cultural resource management (CRM), which emerged in the U.S. during the late 1960s and
early 1970s in response to federal mandates designed to protect or mitigate archaeological sites
affected by federally funded or permitted projects, such as the construction of roads, reservoirs
and pipelines, frequently includes geoarchaeological investigations involving the application of
Quaternary science. During the first decade of CRM, geoarchaeologists were often limited to
describing soils profiles at archaeological sites and/or providing terrain analysis for
archaeological survey areas. However, by the 1980s, geoarchaeology moved beyond the
descriptive stage; Quaternary scientists were often called upon to map landform sediment
assemblages and determine the geologic potential for buried cultural resources. At individual
sites, they were usually expected to interpret depositional environments, site-formation
processes, and post-depositional modification of archaeological deposits. Moving into the 21st
Century, Quaternary scientists engaged in CRM were faced with these same expectations as well
as new challenges. As this paper demonstrates, over the past decade greater emphasis has been
placed on high-resolution dating and paleoenvironmental reconstruction at archaeological sites,
and incorporating landscape data into geographic information systems. Also, in CRM
investigations Quaternary science has not simply become more common, it has changed from an
interdisciplinary or multidisciplinary appendage to a fully integrated geoarchaeological
component.
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THE CHRONOLOGY OF THE WESTERN LAURENTIDE MARGIN RETREAT
Martin Margold*, Duane G. Froese, John C. Gosse, Alan J. Hidy, Robin J. Woywitka, Joseph M.
Young
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
The Cordilleran and Laurentide ice sheets coalesced during the Last Glacial Maximum, forming
a broad and high-elevated saddle between their ice-dispersal centres. It has been hypothesised
that a rapid transition of the broad ice saddle area from the accumulation to the ablation zone of
the ice sheet might lead to a collapse of the ice saddle. This process can release a high amount of
meltwater in a short time and has been suggested as the main contributor to Meltwater Pulse 1A
(MWP-1A). Indeed, recent numerical modelling identified the region that experienced the
highest ice volume loss during MWP-1A to be the north slopes of the Cordilleran-Laurentide
saddle. Existing chronology for the separation of the Cordilleran and Laurentide ice sheets is
based on C-14 ages, however, these have a lag between the actual ice retreat and the deposition
of the organic material on which C-14 is measured. To test the available chronology of the
Cordilleran-Laurentide separation, we employ terrestrial cosmogenic nuclide exposure dating,
which measures directly the ice retreat, albeit with a larger error than radiocarbon dating. We
applied the method in two locations: on Canadian Shield erratics in the Franklin Mountains
immediately east of the Mackenzie River in southern Northwest Territories, and on quartzite
blocks of the Foothills Erratics Train in southern Alberta. In both locations, Be-10 dating
indicates Laurentide margin retreat between 15 and 14.5 ka. In contrast, the existing chronology
suggests the southern Rocky Mountain foothills were already deglaciated at 17-16 ka while
keeping the region of the southern Mackenzie River glaciated until ~13 ka. Our data indicate a
rapid drawdown in the ice surface elevation and a retreat of the western Laurentide margin at
about the time of MWP-1A. This calls for a re-investigation of the chronology of the
Cordilleran-Laurentide separation.
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AEOLIAN SYSTEMS OF THE CENTRAL GREAT PLAINS UNDER GLACIAL AND
INTERGLACIAL CLIMATES: PROGRESS AND NEW QUESTIONS
Mason, Joseph A.*, Miao, Xiaodong, Johnson, William C., Hanson, Paul R., Swinehart, James
B., and Loope, David B.
Session S1 The Quaternary record of aeolian systems in mid- to high-latitudes
Oral Presentation
In the central Great Plains, U.S.A., research since 1990 has provided important new insights on
thick Middle Pleistocene to Holocene loess and extensive dune fields including the ~50,000 km2
Nebraska Sand Hills. Luminescence and 14C dating has constrained the timing of generally
synchronous Late Pleistocene and Holocene episodes of dune activity and rapid loess
accumulation. In addition, multiple lines of evidence have traced the provenance of Late
Pleistocene and Holocene loess to Cenozoic rocks of the unglaciated western Plains. Progress on
those fronts has raised many important new questions, however, three of which are described,
though not conclusively answered, in this talk: 1) While Holocene episodes of elevated dune
activity and dust emission were clearly linked to low effective moisture, did they also coincide
with times of relatively warm or cool climate? Stable C isotopic data from organic matter in
loess sections indicate C4 grass abundance declined—suggesting lower summer temperatures—
during the sustained rapid loess accumulation and dune activity of the early Holocene than
during more intermittent aeolian activity in the middle to late Holocene. However, this
interpretation conflicts with other Holocene temperature reconstructions. 2) Were the
extraordinarily high rates of loess accumulation in western Nebraska during Marine Isotope
Stage (MIS) 2, accompanied by full activity of large Sand Hills dunes, a response to full-glacial
conditions or rather to warming conditions after the glacial maximum, as suggested by some
interpretations of the available chronology? 3) Can geomorphically-driven changes in sediment
supply help explain the Middle Pleistocene to Holocene evolution of these aeolian systems? The
abundance of readily remobilized Late Pleistocene loess on the landscape can clearly help
explain the distribution of Holocene loess, but Middle-Late Pleistocene stream incision and slope
evolution in bedrock source areas may also help explain the great thickness of loess accumulated
in the Late Pleistocene.
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INTEGRATED TOOLS TO DETERMINE THE SPATIO-TEMPORAL CONTROLS ON
CYANOBACTERIA BLOOMS IN AN EASTERN CANADIAN LAKE
Veronica Mazzella*1, Braden Gregory1, Cameron Samson2, R Timothy Patterson1, Andrew L
Macumber1,3, Helen M. Roe3, Jennifer M. Galloway4.
Session S14 General Contributions
Oral Presentation
An increase in cyanobacteria blooms in the temperate zone are of concern and the focus of
numerous limnological studies as they pose a threat to the sustainability of freshwater
ecosystems worldwide. Harvey Lake (45°43′45″N 67°00′25″W), Harvey Station in SW New
Brunswick is an important recreational area for cottage and home owners along its shores and
bass tournaments held their contribute to the local economy. In July 2015, the lake experienced
an unexpected cyanobacteria bloom, resulting in a public health advisory for the lake, which
impacted aquatic ecosystem services for the entire summer season. To determine whether this
bloom was unprecedented or a regularly occurring phenomena 96 sediment-water interface
samples (SWIS) were collected from throughout the lake basin to: (1) assess intra-lake
depositional patterns and processes using elemental ratios derived from ITRAX X-ray
Fluorescence and grain size analysis data. Based on geomatics derived spatial variability
observed in the lake optimal coring sites were identified and four cores collected in Summer,
2017 using a Glew corer. Two shallow cores were collected in 3 m water depth from Herbert’s
Cove (45°43′38″N 67°01′26.5″W) and two deeper water (11m) cores were collected from
adjacent to Cherry Mountain (45°44′00″N 67°01′08.9″W). Using a multi-proxy analysis,
including End Member Mixing Analysis (EMMA) of grain size data, Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS), 210Pb/137Cs and 14C dating, we will test whether
conditions favoring cyanobacteria blooms occurred in the past and if so, at what frequency.
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BIOGEOCHEMICAL CONSEQUENCES OF MILLENNIAL-SCALE FIRE ACTIVITY
IN THE WESTERN U.S.
McLauchlan, Kendra K.,* Pompeani, David, Chileen, Barrie, Calder, W. John, Shuman, Bryan
N., Higuera, Philip E.
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function
Oral Presentation
While it is generally accepted that wildfire activity is changing in western North America, the
biogeochemical effects of these events are almost completely unknown. It is challenging to
reconstruct both fire history and the effects of fire on nutrient cycling, due to the century or
longer timescales of both processes. However, there are initial indications that a feedback
between disturbances and changes in nutrient concentrations could limit forest productivity. To
study the interactions between fire regimes and ecosystem responses, we reconstructed both fire
history and elemental concentrations from lake sediments at four sites in Colorado, U.S.A. over
the past 2500 years. These sites are small high-elevation lakes in subalpine forests, characterized
by lodgepole pine (Pinus contorta), Engelmann spruce (Picea engelmannii), and subalpine fir
(Abies lasiocarpa) and infrequent, high-severity wildfires. The average fire return intervals
varied from approximately 100 to 200 years among sites as reconstructed using sedimentary
charcoal. We characterized elemental concentrations in bulk sediments before, during, and after
fire events using superposed epoch analysis (SEA). Concentrations of several elements,
including Ti, Ca, K, Al, and P, were elevated in sediments deposited for approximately 30 years
after fire events. These results indicate that high-severity fire events cause losses of bedrockderived nutrients from catchment ecosystems, both through atmospheric and erosional pathways.
Several sites also displayed secular millennial-scale trends, such as gradual reductions in
sedimentary Al, Si, K, Ti, Mn, and Fe concentrations. We found interactions among climate,
vegetation composition, and sedimentary elemental concentrations as well. Further exploration
of similarities and differences among sites will help quantify the cumulative impacts of
synchronized fire events on carbon and nutrient cycling at landscape to regional scales.
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SALINITY CHANGES DURING THE MAYA DROUGHTS DOCUMENTED
THROUGH PORE WATER CHLORINE IN SEDIMENT CORES FROM QUINTANA
ROO, MEXICO
McNeill-Jewer, C.A.*, Reinhardt E.G, Krywy-Janzen, A., Coutino A., Marek Stastna, M.,
Rissolo, D., Meacham, S.
Session S11 New Perspectives on the Use of Karst Basins for Paleoenvironmental Research:
Implications for Paleoclimatology, Paleontology, and Archaeology
Oral Presentation
The disintegration of the Classic Maya Civilization is an enigma involving the impacts of society
on a sensitive environment, but also highlights difficulties involving the interpretation of
paleoclimate records. Understanding and comparing the spatial and temporal impacts of
multidecadal droughts identified in the Yucatan Peninsula during the Terminal Classic Period
(TCP, 750-1100 CE) has been hindered by the multitude of proxies (eg. pollen, O and C
isotopes) used to interpret environmental change. Determining the impacts of droughts on fresh
water resources remains difficult. Here, we show that calibrated chlorine porewater counts from
high resolution (200 µm) micro X-Ray Flourescence (µXRF) core scanning can produce archives
of water salinity. These records obtained from sediment cores taken in Laguna Chumkopo and
the lake at Pac Chen (Quintana Roo, Mexico) show the potential of this method to document the
potability (salinity) of the water during droughts identified during the TCP. They are in
agreement with established circum-Caribbean paleoclimate indicators that show regional
reduction in precipitation over this time. Sub-annual increases in the amplitude and frequency of
the records occur between 750-1100 CE, with abrupt sequences lasting 1-3 years in duration,
indicating changes in the salinity of shallow surface waters. The development of this method will
allow for spatiotemporal evaluation of potential drinking water resources in the Mayan lowlands,
and can be applied on an archaeological site specific basis to investigate whether or not certain
resources were drinkable at a given time. This technique is the first to assess the potability of
lake water and better constrain the spatial patterning of decline, which has been the focus of
extensive debate for decades in the archaeological community.
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RECENT ADVANCES IN PALAEOFLOOD HYDROLOGY: APPLICATIONS TO
ASSESSMENTS OF FLOOD HAZARD ON ALLUVIAL RIVERS
Muñoz, Samuel E.*; Toonen, W.H.J., Dee, Sylvia; Beighley, R. Edward; Giosan, Liviu;
Donnelly, Jeffrey P.
Session S13 The Application of Quaternary Science to Societal Issues in the 21st Century
Oral Presentation
Riverine flooding is a widespread, commonly occurring, and costly hazard, with 2017 economic
losses to floods in the United States estimated to exceed $100 billion. Conventional assessments
of flood hazard (i.e., the probability that a flood of a given magnitude will occur) are based on
statistical analyses of instrumental streamflow data, but these assessments assume geomorphic
and climatic stability, and are prone to underestimating the probability of an extreme flood.
Recent advances in palaeoflood hydrology now allow for the development of event-scale and
quantitative reconstructions of past floods on alluvial rivers where populations and infrastructure
are concentrated. Here, we present a series of recent and on-going projects from North America
and Europe that use and apply palaeoflood records developed from floodplain lakes to reevaluate
flood hazard with the long view provided by Quaternary science. We demonstrate how these
palaeoflood records are developed, and how they can be integrated with statistical models,
palaeoclimate data, Earth system models, and hydrologic models to improve assessments of
flood hazard. These examples form the basis for our argument that palaeoflood hydrology be
more regularly incorporated into conventional assessments of flood hazard made by public and
private entities.

67

68

CONSTRAINING THE RETREAT OF THE LAURENTIDE ICE SHEET FROM
NORTHEAST
ALBERTA
USING
AEOLIAN
DUNE
DEPOSITIONAL
CHRONOLOGIES: LIMITING AGES FOR THE NORTHWEST DRAINAGE OF LAKE
AGASSIZ
Munyikwa Ken
Session S1 The Quaternary record of aeolian systems in mid- to high- latitudes
Oral Presentation
Chronologies from postglacial aeolian deposits have been used to constrain the late Pleistocene
retreat of the Laurentide Ice sheet (LIS) from central and northern Alberta. Reconstructions show
that, following the last Glacial Maximum, the LIS retreated northeastwards time-transgressively
so that northeast Alberta was the last part of the province to become ice-free. However, to date,
no aeolian depositional ages have been reported from northeast Alberta where one of the largest
bodies of aeolian sands is located. As a result, the final stages of the LIS in Alberta remain
poorly constrained. This presentation provides an update on work that we are currently
conducting to constrain the final retreat of the LIS from northeast Alberta by assigning burial
ages to aeolian sands that were deposited shortly after the ice sheet retreated. The study focuses
on aeolian dunes located in the Wood Buffalo National Park where source sediments for the
aeolian deposits were glaciolacustrine sediments left behind after the drainage of glacial Lake
McConnell, a proglacial lake dammed by the LIS. Thus, by collecting the aeolian deposits and
dating them using luminescence methods, the retreat of the LIS and drainage of Lake McConnell
will be constrained. The retreat chronology of Lake McConnell could offer clarity on the timing
of the drainage of Lake Agassiz northwestwards via the Mackenzie River, through northeast
Alberta. The drainage is thought to have introduced large quantities of freshwater into the Arctic,
possibly with global climatic impact. There are conflicting studies with regards to the timing of
the drainage, with some suggesting it occurred after the Younger Dryas cold event of 12.9 -11.6
ka ago. Others, however, have proposed that the drainage occurred just before and may have
triggered the Younger Dryas event. This study aims to provide improved time constraints to this
discussion.
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RECENT EXTINCTIONS AND CURRENT THREATS: USING THE FOSSIL RECORD
TO GUIDE CONSERVATION OF CARIBBEAN MAMMALS
*Mychajliw, Alexis M., Cooke, Siobhan B., Hadly, Elizabeth A.
Session S2 Island biogeography in a changing world: an interdisciplinary roadmap from the
Quaternary
Oral Presentation
Conservation biologists are increasingly looking to the past to guide planning for the future. An
approach that incorporates paleontological, archaeological, and geohistorical records is
especially critical for island systems, where recent extinctions and invasions can bias our
understanding of true ecological baselines. The Caribbean islands (Greater Antilles, Lesser
Antilles, Bahamas) experienced the largest postglacial mammal losses of any region worldwide:
130 Late Quaternary species were reduced to today’s 13 terrestrial mammals and 60 bats. The
Caribbean’s rich fossil record documents lessons of how species responded to climate change
and the arrival of indigenous and European peoples. We summarize the dynamics of Caribbean
mammal extinctions and discuss two body size-biased selective pressures evident in the past
7,000 years, using a new comprehensive analysis of archaeological radiocarbon dates to inform
trends in human population growth and a compilation of pollen cores to assess vegetation
changes. Such analyses of survival or extinction in the face of perturbations allow us to pinpoint
traits that promote resilience or vulnerability in modern mammal populations. We highlight case
studies from ongoing collaborations between paleontologists and conservation biologists on the
Greater Antillean island of Hispaniola, with particular emphasis on the Hispaniolan Solenodon,
Solenodon paradoxus, including an interdisciplinary set of techniques such as stable isotope
analysis, historic DNA, and species distribution modeling. We end with a roadmap of “lessons
learned” regarding how Quaternary scientists can best share long-term datasets with conservation
biologists and inform management decision-making on islands.
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AN 18,000-YR HISTORY OF FIRE AND VEGETATION FROM MALLIN FONTANITO
IN CENTRAL PATAGONIA
William Nanavati, Cathy Whitlock, Virginia Iglesias
Session S9 Wildfire Regime
Oral Presentation
Pollen and charcoal records were compared across Patagonia to understand the role of southern
westerlies and interannual climate variability (e.g., ENSO) in shaping the post-glacial
environmental history of the region. Although several records are available from northern and
southern Patagonia, the vegetation and fire history of central Patagonia has not been well studied.
A sediment core from Mallín Fontanito (44.9S, 71.56W; 1110 m) was examined to reconstruct
the environmental history of central Patagonia since deglaciation, ca. 18 ka. Before 17 ka, pollen
data suggest the presence of an Empetrum heath-steppe, that likely developed during a cold, dry
climate. Nothofagus and Maytenus expanded and fire activity increased between 17-14 ka, in
association with rising temperature and moisture. Between 14-8 ka, vegetation fluctuated
between shrub-steppe (dominated by Asteraceae and Poaceae) with moderate fire activity and
open Nothofagus woodland with low fire activity. During the early Holocene, fire activity was
high throughout Patagonia, as a result of conditions that were warmer and drier than present. The
middle-to-late Holocene expansion of Nothofagus occurred earlier in northern Patagonia than in
southern Patagonia, in association with the onset of wetter conditions during the southward shift
of the southern westerlies (Moreno and Fletcher 2012; Iglesias et al. 2016). At Mallín Fontanito,
closed Nothofagus forest was established at 7 ka, during a period of relatively low fire activity.
Between 4.5-0.135 ka, vegetation fluctuated between Nothofagus forest with low fire activity
and mixed shrub-steppe with higher fire activity as a result of ENSO-related moisture variability.
In the last 135 years, increased disturbance species (e.g., Apiaceae and Poaceae), high fire
activity, and loss of Nothofagus mark Euro-American settlement.
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TOLERANCE LIMITS OF ARCELLINIDA (TESTATE LOBOSE AMOEBAE) TO
LACUSTRINE ARSENIC CONTAMINATION IN THE CANADIAN SUBARCTIC
Nasser N.A.*, Patterson R.T., Galloway J.M., Palmer M.J., Roe H.M., Falck H., Sanei H.
Session S4 Syntheses of human-environment interactions during the Holocene
Oral Presentation
Lakes in the Canadian North are impacted by Climate variability and natural resource
development, particularly gold mining. Historical gold mining within the Slave Geological
Province, Northwest Territories left a legacy of arsenic (As) contamination that adversely
impacted many lakes in the Yellowknife area. Arcellinida, shelled benthic protists, have been
successfully developed as bioindicators of As concentration in lake sediments. However, little is
known about the mechanism of how As and Arcellinida interact and more information is needed
on the specific tolerance of arcellinidan taxa to varying levels of As contamination. In this study,
we investigated the sensitivity of Arcellinida to variability of As in surface sediment samples
(n=93) from 91 lakes in the Yellowknife area. Statistical (Cluster analysis) and ordination
techniques (redundancy analysis) were employed to identify arcellinidan assemblages and
determine environmental controls over the arcellinidan distribution, respectively. Weighted
average tolerance and optima analysis (WATO) of arcellinidan fractional abundance and As
concentrations was used to determine the As-tolerance limits of different arcellinidan taxa.
Cluster analysis revealed five arcellinidan assemblages associated with spatial variability of 10
statistically significant measured variables, with As and S1 carbon (i.e. labile organic matter)
contributing the most toward explaining the variance in the Arcellinida distribution. The
association of high As and S1 levels with stress-tolerant Arcellinida taxa suggests that As may be
impacting an important arcellinidan food source by reducing microbial biomass. The WATO
analysis revealed an association between increasing As-tolerance and the transition from healthy
conditions-indicating to stress-indicating arcellinidan taxa. The analysis also revealed three
arcellinidan groups that reflected certain As ranges: 1) low tolerance group (<350 ppm); 2)
moderate tolerance group (350-750 ppm); and 3) high tolerance group (>750 ppm). Ranges
reflected by the low and high tolerance groups managed to bracket measured total As
concentrations in 73% of a test dataset (n= 22/30).
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OSL AND TT-OSL AGE ESTIMATES OF ANCIENT (UP TO ≥100 KA) TASMANIAN
AEOLIAN QUARTZ: A VALUABLE GEOCHRONOMETER FOR UNDERSTANDING
LONG-TERM CLIMATE-DRIVEN LANDSCAPE CHANGE
Christina M. Neudorf. Olav B. Lian, Peter D. McIntosh, Paul C. Augustinus, Travis B. Gingerich
Session S1 The Quaternary record of aeolian systems
Oral Presentation
Luminescence characteristics and ages are reported for quartz collected from ancient aeolian
dune sediments exposed in a roadcut in the Arve Valley of southern Tasmania, Australia.
Provisional opticallystimulated luminescence (OSL) ages obtained are in the range 50–190 ka,
the oldest ages obtained from aeolian deposits so far in Tasmania. Because the OSL ages of the
oldest samples approach the upper dating limit of standard OSL dating techniques (i.e. the
saturation limit of the dose response curves or DRCs), two thermally-transferred (TT-) OSL
measurement protocols have been tested. TT-OSL signals from quartz consist of charge that is
measured following heating of the sample, after a thorough depletion of the conventional OSL
signal. They can generate DRCs that extend well beyond the upper limits of OSL, allowing us to
obtain age estimates for sediments deposited during the mid-upper Pleistocene. Here, we report
on the TT-OSL signal characteristics of our samples, and the resulting age estimates are
compared to the existing chronology. Robust optical ages of these aeolian deposits, combined
with further stratigraphic studies have the potential to help understand the climatic history of
Tasmania over the penultimate and last glacial periods.
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A NEW MULTI-ARCHIVE RECORD OF HOLOCENE VEGETATION AND CLIMATE
IN MAINE: DROUGHTS, DECLINES, AND DISTURBANCES
Connor Nolan*, Robert K Booth, Bryan N Shuman, and Stephen T Jackson
Session S7 Improving understanding of Quaternary Environments through multi-proxy, network,
or statistical advance
Oral Presentation
By using a combination of different archives and proxies we can generate a detailed
understanding of the interplay between climate and vegetation change over the Holocene at
multiple spatial and temporal scales. To this end, we present a suite of new records from Giles
Pond, Aurora, Maine, USA and Caribou Bog, Old Town, Maine, USA. From Giles Pond we
developed a lake level record that faithfully records the long-term trends and low-frequency
variability in hydroclimatic over the Holocene. From Caribou Bog we present a series of 7500
year-long records including a water table depth reconstruction based on testate amoebae, a
vegetation change record from pollen, and a record of fire activity based on micro-charcoal. The
lake level shows a Holocene-length, insolation-driven trend toward wetter conditions interrupted
by a number of centennial-to-millennial excursions to lower lake levels. Many of the features of
the Giles Pond record are consistent with other published records from southern New England.
This gives us confidence that the features represent important regional climate features. The bog
water table depth record shows decadal-to-multidecadal hydroclimate variability that is
superimposed on the smooth lake level curve. The fire activity record shows peaks in activity
often associated with drier reconstructed conditions. This convergence lends confidence that the
water table depth record captures meaningful local climate variability. The pollen record from
Caribou Bog contains both interesting high frequency and low frequency variability. In particular
we focus on the dynamics of Tsuga over the last 7500 years. At this site Tsuga abruptly declines
around the classical date of 5200 yr BP, but then recovers in less than 1000 years, declines again,
then makes it’s slow recovery like other classic records. We compare these dynamics of Tsuga’s
post-decline low period and recovery to a network of pollen records from the Neotoma database.
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LATE WISCONSINAN ICE FLOW DYNAMICS IN NORTHEAST ALBERTA AND
NORTHWEST SASKATCHEWAN: IMPLICATIONS FOR LAKE AGASSIZ
DRAINAGE TO THE ARCTIC OCEAN
Sophie L. Norris *, Martin Margold and Duane G. Froese
Session S5 Mapping the Quaternary-Advances and applications of surficial geology mapping
Oral Presentation
The Interior Plains of northern Alberta and Saskatchewan hosted the Laurentide-Cordilleran ice
saddle and the southwestern slopes of the Keewatin Ice Dome at the peak of Late Wisconsinan
glaciation. Subsequently, the western margin of the Laurentide Ice Sheet passed over this region
during the deglaciation, opening the northwestern drainage route for Lake Agassiz. The
northwestern Agassiz outlet and the associated flooding event(s) have received great attention
and continue to be a subject of debate. However, the detailed regional ice dynamics, the
understanding of which is crucial for inferences of meltwater drainage, is still poorly understood.
This applies both for the ice sheet geometry at the Last Glacial Maximum (LGM) and for the
pattern of ice margin retreat.
We focus on a 260, 680 km2 region of northeast Alberta and northwest Saskatchewan centered
on the Clearwater-Athabasca Spillway, the assumed northwestern Agassiz outlet. Using
mapping from high-resolution digital elevation data, we reconstruct the glacial landform record
comprising attenuated bedforms, eskers, moraines and meltwater channels. These data permit
the classification of 70 flowsets that indicate multiple cross cutting ice flow directions. We tie
the reconstructed ice flow directions with moraines and meltwater landforms to derive the ice
margin configuration. Based on this mapping we present a multi-stage model of ice sheet
evolution in the form of palaeo-geographic maps spanning from the LGM through to
deglaciation (~21-9.5 cal ka BP). This reconstruction reveals three major changes in ice stream
configuration and indicates that margin retreat was complex and dominated by the dynamic
spatial and temporal evolution of ice streams. In situ 10Be surface exposure dating is then used to
chronologically constrain reconstructed ice margin positions. The timing of recession from
moraines (e.g. the Cree Lake Moraine) is then used to make inferences about the viability of the
northwestern Agassiz outlet during the Younger Dryas.
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THE VALUE OF SOFTCOPY MAPPING FOR SURFICIAL GEOLOGY AND
GEOHAZARDS MAPPING IN SUPPORT OF MINING, PIPELINE, RAIL AND
TRANSMISSION PROJECTS
O’Leary, Dennis*, Sommerville, Anne. and Brouwer, Christiane
Session S5 Mapping the Quaternary – Advances and Applications of Surficial Geology Mapping
Oral Presentation
The importance and usefulness of surficial geology mapping is often poorly understood by many,
especially in today’s geology and engineering worlds where there is strong reliance on digital
modelling and use of LiDAR data. Engineers and planners want to know where the best till
samples for geochemistry analysis are located, where aggregate materials are to be found, where
unstable ground is located, and where poorly-drained mineral to very poorly drained organic
soils are found in the area of interest. While surficial geology mapping is completed for a
number of purposes including mining drift exploration, pipeline integrity management and
routing studies for railways, transmission lines, roads, and pipelines, the mapping is generally
restricted to scales of 1:50,000 or smaller. This kind of mapping is undertaken using small scale
aerial photographs and stereoscopes. While this type of mapping is valuable for regional studies,
it does not provide sufficiently detailed data to assist in geological exploration, engineering
design, or integrity management for pipelines, roads, and railways. Detailed surficial geology
mapping at scales of 1:5,000 and larger is required. Softcopy mapping offers significant
advantages in the mapping process, most notably the ability of the mapper to zoom down from
initial aerial photograph capture scales of 1:30,000, 1:40,000 etc. to scales as large as 1:2,000
and larger. Being able to zoom down to such large scales allows for the delineation of relatively
homogeneous terrain units based on parent materials, overburden thickness, topography, slope,
drainage, and geological modifying processes. Critical features that affect development of any
kind can be easily identified and mapped. This paper will showcase examples of detailed
mapping from a variety of industries where mapping has been completed scales ranging from
1:20,000 to 1:10,000 to 1:5,000, 1:1,000 and 1:500 and the type of information that can be
extracted from mapping at such scales.
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A HIGH-RESOLUTION RECONSTRUCTION OF TROPICAL CYCLONE
VARIABILITY USING X-RAY FLUORESCENCE FROM CHEZZETCOOK INLET,
NOVA SCOTIA
Oliva F*, Peros MC, Viau AE, Reinhardt EG, Nixon FC, Morin A
Session S10 High-resolution Records of the Common Era
Oral Presentation
This study presents a multi-proxy reconstruction of tropical cyclone (TC) activity for the past
800 years from the Chezzetcook Inlet in Nova Scotia, Canada. Two sediment cores were
extracted from a small lake on the Atlantic coast of the province and were dated by 210Pb and
14C methods, and analyzed for organic matter content, sediment grain size, and a range of
elements and elemental ratios determined by X-ray Fluorescence (XRF) core scanning. A
distinct sand layer in the most recent sediments is attributable to Hurricane Juan, which struck
the coast of Nova Scotia on September 29, 2003. The data also shows that peaks in grain size
farther downcore are generally correlated with abrupt increases in Br and Br/Ti. XRF-derived Br
measurements are an indicator of marine organic carbon (MOC), and the increases in Br likely
reflect incursions of marine water and nutrients into the lake as a result of storm surges. Based on
the results, we identify two periods of low TC activity: one from ~1150 to 1475 CE and the other
from 1670 CE to the present, with the intervening period from ~1475 to 1670 CE representing a
time of more frequent TC activity. Our findings are consistent with recent research from Salt
Pond, Massachusetts, which provides evidence for heightened TC activity during the same
period as at Robinson Lake. This paper extends the paleotempestological record in the North
Atlantic to higher latitudes, permitting hypotheses concerning variability in TC activity to be
more accurately tested, and it provides new data that may help inform us about how TC activity
in Atlantic Canada will change with future global warming.
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ARE WILDFIRES BECOMING A MORE IMPORTANT SOURCE OF METAL
CONTAMINATION FOR BOREAL LAKES?
Pelletier, Nicolas*; Vermaire, Jesse C.; Chételat, John
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function
Oral Presentation
Boreal forests accumulate metal contaminants in soils and biomass over time because of the
strong association of these metals to organic matter. Wildfires contribute to the remobilization of
previously deposited local and long-range pollution. Strong evidence suggests that the
concentration of some metals (e.g. Pb and Hg) has increased ubiquitously in the boreal forest
over the Anthropocene in response to global pollution. The role of wildfires in metal transport
associated with catchment erosion is well documented. However, studies have also demonstrated
that wildfire ashes, transported atmospherically, can be a pathway for the transport of metal(oids)
such as arsenic, cadmium, lead and mercury. If forest metal concentrations have increased in the
Anthropocene, is it possible that wildfires have become an increasingly important process for the
deposition of metals across the landscape, including lakes? We investigated metal accumulation
in sub-Arctic boreal lakes located at close distances (0.5 to 10 km) from fire scars of various age
in the Yellowknife area (NT, Canada). Charcoal particle accumulation rates were examined in
relation with observational fire records since 1965 to determine the occurrence of fire events in
the sedimentary records. Preliminary results demonstrated good agreement between
observational fire records and fire history determined from charcoal accumulation in the lake
sediments. Our preliminary analysis revealed that wildfire events were not associated with
important increases in metal concentration. Correlations between charcoal accumulation rates
and metal concentrations in the sediments will be tested. Subsequent analysis will examine (1) if
subtle changes on lake metal cycling, such as short-term increases in metal accumulation rate,
could be influenced by wildfires and (2) if there is a temporal trend in the relationship between
wildfire and lake metal loading over the last century.
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ENVIRONMENTAL CONTEXT OF EXTINCT SLOTH REMAINS FROM A SUBAQUATIC CAVE IN WESTERN CUBA
Matthew Peros, Joao Gabriel Martínez López, Shawn Collins, Geetanjali Deole, Brandon
Gordon, Grant Nussbaum, Miguel Angel Pereira Sosa, Kenny Broad, Jill Heinerth, Bil Phillips,
Corey Jaskolski, Edey Bermúdez, Elián López Cabrera, Frank Oliva
Session 11 Karst Basins
Oral Presentation
Recent investigations at a subaquatic cave in western Cuba, Cueva Margarita 1, have revealed
the bone remains of at least three rare, extinct sloths. The bones include an individual of the
species Megalocnus rodens and two individuals of the species Neocnus gliriformis (both of
which were discovered in articulated positions far from the cave entrance). In addition, a network
of sediment cores were collected to study the water level history of the cave and the
environmental context of the paleontological materials. The sediment cores consist largely of
sand-sized calcite particles along with organic matter, particularly in the older sediments, in
addition to large quantities of seeds from Cecropia and Ficus trees. We believe the main vector
by which the seeds entered the cave is through droppings from frugivorous bats (which live in
the cave today). The presence of the seeds may be an indicator of low water level, as bats are
able to travel farther into the cave environment. The seeds also provide insight into the nature of
the forest surrounding the cave, and the possible habitat in which the sloths lived. In the
Neotropics today, two and three-toed sloths live predominantly in Cecropia and Ficus trees (and
feed on its leaves), which suggests the nearby forest was suitable sloth habitat. There is little
information on the specific environments in which now-extinct mammals in the Caribbean lived,
and this study provides some of the first such data on this important topic.
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CLIMATE CHANGE AND THE NORTHERN EXPANSION AND CONTRACTION OF
MISSISSIPPIAN PEOPLES AT AZTALAN, A.D. 1000-1250
Peters, Charlotte K.*, Bunbury, Joan, and Muñoz, Samuel
Session S4 Syntheses of human-environment interactions during the Holocene
Oral Presentation
Prior to approximately AD 1250 Mississippian peoples inhabited the Southeastern Wisconsin
settlement of Aztalan. Based on archaeological evidence, Aztalan was a thriving community
until its abandonment approximately 400 years after its founding around AD 900. Here we test
the hypothesis that changes in the local climate contributed to this site’s abandonment using a
multi-proxy paleoenvironmental record recovered from a lake adjacent to Aztalan. A 4-meter
sediment core was collected in 2014 from Mud Lake, Wisconsin located three miles to the
southwest of the Aztalan for the purposes of developing a paleoclimate record for the location.
Magnetic susceptibility and sediment organic content fluctuate throughout the core, with the
latter ranging from 10-30%. X-ray Powder Diffraction (XRD) analysis reveals that the entire
core (410 cm) is composed primarily of calcium carbonate. X-ray Fluorescence (XRF) analysis
confirms the XRD results with regard to the primary element of calcium but also reveals
magnesium, phosphorus and strontium as constant but less abundant elements throughout the
core. These combined results illustrate that the core has a consistent elemental make-up
throughout. Particle size analysis indicates that sand (up to 50%) and silt-sized particles (~3570%) comprise the majority of the core, with clay-sized particles (up to 16%) making up the rest.
Of note are the distinct periods where the percent of sand increased while the percent of silt and
clays decreased and vice versa, suggesting changing hydrological and/or geomorphic conditions
that may have been driven by late Holocene climate variability. Radiocarbon dating will aid in
the development of a preliminary chronology for the core to understand the timing of these
environmental changes and their possible relationship to the abandonment of Aztalan.
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THE GEOMORPHOLOGICAL AND SEDIMENTOLOGICAL IMPLICATIONS OF
BEDROCK MEGARAFTS IN CENTRAL ALBERTA
Phillips*, Emrys R., Evans, David J.A., Atkinson, Nigel.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
The creation of subglacial bedforms by substrate groove-ploughing remains as a hypothesis in
need of more systematic testing, especially in field settings. The accomplishment of grooveploughing by rough ice stream soles has so far not received much support, but small scale
groove-ploughing by clasts has long been acknowledged in till sedimentology and hence the
potential for large bedrock blocks to be ploughed through ice stream beds to create streamlined
landforms needs to be investigated. Glacitectonically displaced and glacial
overridden/streamlined bedrock blocks are widely recognized on the prairies where their
landform imprint has been classified as “rubble moraine/terrain”. Landform mapping from
LiDAR imagery combined with sedimentological investigations of the palaeo-ice stream beds of
central Alberta has identified a range of diagnostic landforms indicative of substrate ploughing
and grooving by bedrock megarafts. We identify: a) isolated bedrock plough marks and shallow
grooves flanked by paraxial ridges with terminal bedrock blocks in place; b) ridge/furrow
corrugations terminating at arcuate frontal sediment prows; c) flutings extending down-flow
from bedrock blocks; and d) elongate assemblages of apparent bedrock blocks that comprise
“rubble flutings”. In situ bedrock megarafts are associated with complex glacitectonites derived
partially from the disintegration of the rafts in combination with the cannibalization of preexisting Quaternary deposits. Such stratigraphic relationships support the notion that the
megarafts have been dragged through the substrate, ploughing it up to form prows and ridges and
thereby lodging at the ice stream bed. The styles of landform so created are indicative of the
stage of ice stream operation at their time of production in the deforming layer.
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LABORATORY EXPERIMENTS ON TILL DEFORMATION: CONSTRAINING THE
SUBGLACIAL PROCESS
Piotrowski, Jan A.*; Bering Holdensen, Mia; Narloch, Włodzimierz; Carr, Simon; Damsgaard,
Anders; Larsen, Nicolaj K.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
A study of mega-scale glacial lineations (MSGLs) left by a Weichselian palaeo-ice stream in
Poland (Spagnolo et al. 2016) analysed multiple parameters of the land-forming till and
concluded that it originated by a combination of lodgement and thin-skinned deformation whose
cumulative effect was the formation of the MSGL field. To advance our understanding of till
formation and deformation postulated by Spagnolo et al. (2016) we conducted a series of
experiments on this till in a large ring-shear apparatus intended to mimic subglacial shearing to a
total cumulative strain of 640. Undisturbed, oriented samples for micromorphological analyses
were taken at displacement increments of 0, 9, 18, 36, 72, 144, 288, 576 and 1152 cm. Till
microstructures mapped on thin sections across the zone of shearing gave intriguing insights into
the evolution of till properties during the shearing under controlled boundary conditions. The
deformation signatures often varied non-systematically between the sampled increments. Threedimensional microtomographic scanning (µCT) showed intervals of relatively stable till fabrics
intervening with phases of fabric re-arrangement towards new equilibria. Shear stresses during
the deformation showed cyclicity possibly indicating formation and collapse of grain bridges.
Collectively, we interpret the ring-shear data supported by Discrete Elements numerical
modelling as a signature of permanent and largely unpredictable evolution of till structure with a
general trend towards more ductile and less brittle deformation with increasing strain. These
results potentially bear on the reconstruction of past subglacial processes, deposits and
landforms.
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A HIGH-RESOLUTION LATE HOLOCENE RECORD FROM SHARKBITE LAKE,
NORTHEASTERN ALBERTA: IMPLICATIONS FOR HUMAN-LANDSCAPE
DYNAMICS IN THE BOREAL FOREST.
Poletto, Christina L.*, Beaudoin, Alwynne B., and Ives, John W.
Session S10 High-resolution Records of the Common Era
Oral Presentation
Sharkbite Lake lies in northeastern Alberta’s Athabasca River Valley, within the modern
boundaries of the Mineable Oil Sands Region (MOSR). Much of the regions palaeoecological
research to date has addressed the establishment of the Boreal forest, highlighting landscape
changes and dynamics following the retreat of the Laurentide Ice Sheet. However, the late
Holocene palaeoenvironment in the Athabasca River Valley has not been studied, nor has there
been high-resolution research conducted that spans the late Holocene in broader northeastern
Alberta. Sharkbite Lake’s record fills this gap in knowledge, and aids in the understanding the
archaeological history. Within the MOSR and the Boreal Forest ecoregion, archaeological
investigations since the 1970s have resulted in the discovery of hundreds of sites relating to
almost 10,000 years of human occupation. However, the archaeological record is usually limited
to stone tools situated in poorly stratified sites, often lacking independent chronologic control.
With this limited record, the analysis of supplementary records, such as lake sediment cores,
becomes valuable in framing past and future CRM work, and the human history in the region.
The analysis of a radiocarbon-dated sediment core from Sharkbite Lake fills a gap in the late
Holocene – the only high-resolution palaeoenvironmental record covering this interval in the
Athabasca River Valley - and informs the local scale environmental changes as they relate to
First Nations ancestors living the boreal forest. The results from the pollen, microcharcoal, and
botanical analysis of Sharkbite Lake help demonstrate how the ecological history adds to the
narrative of the archaeological record. These fine scale changes, along with other data, provide
new important contextual information for enhancing our understanding of the regional
archaeological history. Comparison of the record to dated archaeological sites allows for a better
understanding of the environmental background within which First Nation communities in the
region lived and interacted.
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A FULL HOLOCENE SUMMER TEMPERATURE RECONSTRUCTION FROM
PRECIPITATION ISOTOPES IN SYNGENETIC PERMAFROST IN CENTRAL
YUKON (EASTERN BERINGIA)
Trevor J. Porter, Spruce W. Schoenemann, Lauren J. Davies, Sasiri Bandara, Duane Froese
Session S8 The relict permafrost environment
Oral Presentation
The Holocene summer temperature history of eastern Beringia has been quantified mainly by
fossil pollen and midge records, which offer conflicting accounts on the timing and style of early
Holocene (11-9 ka BP; BP = 1950 CE) climate; midges (pollen) suggest the early Holocene was
warmer (colder) than the Holocene mean. Independent proxy constraints are needed to resolve
this debate. Stable H and O isotope records (δD, δ18O) from ice cores are temperature sensitive
and central to knowledge of Arctic change, but are absent in E. Beringia. We present a 13.6 ka
record of pore ice δD and δ18O from syngenetic (aggrading) permafrost in a soligenous peatland
in central Yukon, which we use to constrain past summer temperatures. The pore ice integrates
summer precipitation that reaches maximum thaw depth in late summer, freezes in situ during
fall freezeback and is archived by permafrost aggradation paced by surface peat accumulation.
After correcting for global δDseawater change, we use the δDice record to reconstruct local summer
temperatures. Our reconstruction shows a protracted warm phase from 10.3-6.6 ka BP with two
optima at 10.4-9.6 ka and 7.6-6.6 ka BP that were intermittently +0.1 to +0.4°C above the
Holocene mean. This was followed by a ~5 ka-long cooling (~ -0.1°C ka-1) with the coldest
reconstructed summers in the Common Era, and then rapid 20th century warming leading to the
warmest climate at present (+1.5°C rel. to Holocene). The timing and magnitude of these trends
are congruent with northern extratropical, multi-proxy temperature compilations, and wellexplained by summer insolation and CO2 forcing. Locally, our early Holocene reconstruction is
most consistent with midge-based reconstructions, which may reflect seasonality biases between
pollen and midges. Last, this study demonstrates great potential to use syngenetic permafrost in
other permafrost regions to fill gaps in knowledge of past δprecip and climate.
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ICE FLOW CHRONOLOGY, SUBGLACIAL DYNAMICS, AND TIMING OF
DEGLACIATION OF THE LABRADOR DOME IN NORTHCENTRAL QUEBEC
Rice, Jessey M.*, Ross, Martin, Paulen, Roger C., Kelley, Samuel E. , Briner, Jason P.,
Neudorf, Christina M., and Lian, Olav B.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
The Labrador sector was one of the most significant components of the Laurentide Ice Sheet
(LIS) that had substantial impacts on atmospheric and oceanic circulation. Numerical models
have indicated the ice centre for this location was relatively stationary, with high probabilities of
predominantly cold-based ice. However, ice divides and surrounding interior regions of the LIS
show compelling evidence for polythermal subglacial conditions with dynamic shifts such as ice
divide translocations during deglaciation followed by complex ice margin retreat patterns before
final ice sheet demise. In northeast Quebec, several aspects of the glacial history including the
subglacial conditions, relative timing and style of ice flow shifts, and overall deglaciation are still
unclear and debated. We present a new reconstruction of the regional glacial history that builds
on previous work while integrating extensive new mapping with numerous field observations
and geochronological constraints from this complex glacial region. Four phases of ice flow and
westward migration of the Ancestral Labrador ice dived over 60 km have been identified through
this work. Optically stimulated luminescence ages of glaciolacustrine littoral sediments (n=3)
and cosmogenic 10Be ages of perched erratics (n=2) and glacially scoured outcrops (n=8) cluster
around 7 ka BP. Our results suggest the region experienced a polythermal subglacial regime with
localized cold-based or conditions that favoured patchy preservation of earlier ice flow features.
A refined reconstruction will help confine future numerical models, improve the understanding
of how large ice sheets evolve, and characterise the pattern of ice margin retreat during
deglaciation.
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CONVERGING ICE STREAMS: A FAILED HYPOTHESIS FOR DEPOSITION OF
THE OAK RIDGES MORAINE
Sharpe, David R., Russell, Hazen A. J., Pugin, Andre J.-M.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
The hypothesis that the Oak Ridges Moraine (ORM) formed between two converging (roughly
NS) ice streams is tested based on readily available, high-resolution field data. These data
include DEMs, geological mapping, shallow reflection seismic profiles, continuous core, and
analysis of sediment type, architecture, and paleoflow. Combined these data refute the
converging ice stream hypothesis for deposition of the ORM. Streamlined landforms, which are
used to re-construct ice stream flow paths, are defined by surface mapping, seismic profiles and
cored boreholes to trend beneath ORM; they illustrate that the streamlining event is older and has
no direct bearing on the formation of ORM. Meltwater channels that truncate the streamlined
landforms (linked to the ORM ice stream hypothesis) are inferred to represent (sub-aerial)
spillways, which end at the north side of ORM. These NS meltwater channels truncate the
streamlined forms and they also trend beneath ORM; they have eskers on their floors, and thus,
are subglacial and not sub-aerial channels. Halton Till, the inferred southern, ice-stream bed, is
not present in the areas of the predicted ice-stream flow path. Halton Till occurs in transition
from ORM glaciofluvial sediment, and comprises interbedded diamicton and glaciolacustrine
sediment, not the predicted ice-stream, deforming-bed sediment facies. ORM glaciofluvial to
glaciolacustrine sediment has a clear east to west paleoflow in conflict with the ~NS sediment
flux required by the converging ice stream hypothesis. In summary, the proposed ice stream
hypothesis fails to explain the field data related to deposition of the ORM.
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PREDICTIVE POLLEN-BASE BIOME MODELING USING MACHINE LEARNING
Sobol, Magdalena K.*, Finkelstein, Sarah A.
Session S7 Improving understanding of Quaternary Environments through multi-proxy, network,
or statistical advances.
Oral Presentation
Aims: 1) Review machine learning classification methods suitable for prediction of biomes using
pollen datasets; 2) Test the applicability of traditional and novel classification models for the task
of biome prediction from high dimensional modern pollen data given a set of training examples
of a priori labeled observation set; 3) Analyze and statistically compare chosen classification
methods; 4) Identify the highest performing classification model for accurate predictions of
biomes from modern pollen data; 5) Qualitatively compare our best predictive biome model to
previously published models developed to assign biomes from pollen data; 6) Discuss
significance for paleoecological reconstructions. Location: African and Arabian terrestrial
vegetation. Methods: We assign modern pollen samples to biome classes using a previously
published African pollen dataset and a global ecosystem classification scheme. A supervised
learning approach is employed to train a total of eight machine learning classification models,
including Linear Discriminant Analysis, Logistic Regression, Naive Bayes, K-Nearest
Neighbors, Classification Decision Tree, Random Forest, Neural Network, and Support Vector
Machine. We evaluate each models' ability to predict biomes on a previously unseen test set by
measuring their accuracy, recall, precision, kappa and F1 statistics. Results: The Random Forest
classifier outperforms other models in its ability to predict biomes from pollen data. Random
Forest scores highest on all of the statistical metrics used for model evaluations. Main
conclusions: We train and validate a novel pollen-based classification model for biome
predictions using a robust machine learning algorithm. The Random Forest classifier is able to
predict four out of five biome classes to a high degree of accuracy. The predicted biomes include
arid, montane, tropical and subtropical closed and open systems, i.e. forests and
savanna/grassland. The model has the potential for highly accurate predictions of biomes and
awaits application to fossil pollen sequences for reconstructions and modeling of past biomes.

86

87

FLOWCAM
TECHNOLOGY
FOR
SEMI-AUTOMATED
ARCELLINIDA (TESTATE LOBOSE AMOEBAE)

ANALYSIS

OF

Steele, Riley E.*, Nasser, Nawaf A., Patterson, R. Timothy
Session S6 Reducing the Time to Science
Oral Presentation
Arcellinida (testate lobose amoebae) are benthic protozoans commonly found in most
Quaternary lake deposits. They are an important bioindicator in limnological and
paleolimnological studies that deal with ecosystem health, water quality, and seasonal and landuse change (urbanization, agriculture, forestry). While bioindicators such as Arcellinida are of
enormous value in limnological and paleolimnological research, quantifying a statistically
significant population using conventional microscopy can be very time consuming, often taking
several hours for a single sample. FlowCam (FC; fluid imaging technology), a continuous
imaging flow cytometer and microscope, is designed to rapidly count and image microorganisms
in a fluid stream. When paired with the artificial intelligence capabilities of VisualSpreadsheet
(VS), it is able to sort and filter images as in the manual counting of a sample, but in a fraction of
the time. The instrument has been successfully used to analyze various freshwater bioindicators
(e.g., diatoms and algae), but not Arcellinida bearing samples, which have different preparation
protocols than most other groups. This study aims to: 1) test the applicability of using FC to
analyze arcellinidan shells in sediment-water interface samples, and 2) develop the first FC-VS
arcellinidan library for automated classification. Preliminary trials of the FC-VS have revealed
technical obstacles to routine use including clogging of the flow cell chamber and clumping of
particles. Modifications to sample preparation methods (e.g., removal of organics through
chemical deflocculants, increased sieving time) and variations of the FC-VS analysis (e.g.,
altered flow rates, the addition of detergent) show promising results. The next phase will be to
test the accuracy of the FC-VS by requantifying the arcellinidan assemblages in 46 sedimentwater interface samples used in a recently published study carried out using conventional
microscopy (Steele et al., 2018 Microb. Ecol. DOI: 10.1007/s00248-018-1157-5).
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HOLOCENE OCCURRENCE OF 'NON-NATIVE' TREE TAXA IN IRELAND
Stolze, Susann*; Monecke, Thomas
Session S2 Island biogeography in a changing world: an interdisciplinary roadmap from the
Quaternary
Oral Presentation
The occasional occurrence of pollen of Abies, Acer, Carpinus, Fagus, Juglans, Picea, and Tilia
in Holocene deposits from Ireland has largely been attributed to sample contamination,
reworking of older pollen, or long-distance transport. Therefore, these tree taxa are generally
considered as ‘non-native’ to Ireland. To test this assumption, we examined more than 500
Holocene pollen records from across Ireland for the occurrence of ‘non-native’ tree pollen types.
The palynological evidence was summarized in a database, using G.F. Mitchell’s Irish pollen
zones for biostratigraphic assignment. The Holocene presence of ‘non-native’ tree pollen types
was recorded in over 38% of Irish pollen archives. Carpinus and Tilia pollen were documented
since the Boreal period. Pollen of Acer and Fagus were first recorded in the Irish Neolithic,
whereas Juglans pollen has occurred since later prehistoric times. Both Abies and Picea pollen
occur since the Afforestation period. The palynological evidence presented here implies that the
presence of individual ‘non-native’ tree pollen in Holocene records from Ireland cannot be
simply explained by contamination, reworking, or long-distance transport. Although the 'nonnative' tree pollen do not show closed pollen curves or high pollen abundances prior to the
Afforestation period, the large number of pollen archives from across the island suggests that
‘non-native’ trees formed part of the Holocene vegetation. Based on these results, a revision of
the phytogeographic status of the ‘non-native’ tree taxa in Ireland is proposed. Carpinus and
Tilia are considered as being native, while Acer, Fagus, and Juglans represent archaeophytes.
Abies and Picea are neophytes.
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A MULTI-PROXY STUDY OF CHANGING ENVIRONMENTAL CONDITIONS IN A
YOUNGER DRYAS SEQUENCE IN SOUTHWESTERN MANITOBA, AND THE
SEARCH FOR EVIDENCE OF AN ET EVENT
Teller, J., Boyd, M., LeCompte, M., West, A., Kennett, J., Telka, A., Diaz, A., Kennett, D.,
Adedeji, V., Batchelor, D., Mooney, C., Garcia, R.
Session S7 Improving understanding of Quaternary environments through multi-proxy, network,
or statistical advances
Oral Presentation
Multi-proxy analyses of a sequence spanning the Younger Dryas (YD) in the Glacial Lake Hind
basin of Manitoba provides insight into regional paleovegetation and the paleohydrology of
meltwater rivers; the sequence is controlled by 24 new AMS dates. The lake, dammed by the
Laurentide Ice Sheet (LIS), overflowed into Lake Agassiz. The pre-YD record indicates rapid
sedimentation occurred from meltwaters that headed in proglacial lakes in the Canadian Prairies,
some of it catastrophically released when ice or sediment barriers were breached. Pollen in this
phase is dominated by pre-Quaternary forms. Around 13 cal ka, sediment in this sequence
changed from sand to silt. At the start of the YD at 12.8 ka, there was an abrupt appearance of
magnetic spherules and nanodiamonds and an anomalous increase in Pt and Ir that may reflect an
extraterrestrial (ET) event related to a comet that others have identified at >40 sites in North
America. The rate of sediment accumulation decreased from 6 yr/cm to 42 yr/cm after this and
became more clayey and organic rich, suggesting a reduction of river inflow, which may have
resulted from the deepening of river valleys by the release of meltwater caused by the ET event.
Peat was deposited from 12.5 ka to 11 ka. By 11.7 ka, a mix of conifers (especially Picea and
Larix) and deciduous trees (especially Populus and Quercus) covered the uplands surrounding
the Lake Hind basin, and the presence of Ambrosia, Artemisia, and grasses in the pollen profile
indicate an open, dry, and wooded environment. An abrupt change to fluvial sandy sediment
around 11 ka reflects a short renewed influx of meltwater, perhaps from the Assiniboine River
that bounds the northern side of the basin. Increasing aridity during the Holocene resulted in
accumulation of a thick sequence of dune sands in the region.
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THE LAST GLACIAL MAXIMUM ON THE OLYMPIC PENINSULA, WASHINGTON
Thackray, Glenn D., Gavin, Daniel G., Ashworth, Allan C.,
Session S14 General Contributions
Oral Presentation
Climate during the LGM (18-25 ka) varied substantially across North America strongly
influencing changes in plant and animal distributions and causing variations in the timing of ice
expansion and recession. The Olympic Peninsula is a high (2700 m) maritime terrain in
northwestern Washington at the leading edge of Pacific weather systems. It is ideally situated to
assess influences of the Pacific Ocean on the LGM climate when ice sheets covered most of
northern North America. Stratigraphy, geomorphology, and geochronology provide evidence
that mountain glaciers extended to the lowlands but were far less extensive than during earlier
phases of MIS 3. Fossil beetle assemblages from sections at Kalaloch on the coast and from the
South Fork of the Hoh River contain species that currently inhabit wetlands in the boreal zone of
Canada and Alaska or higher elevations in the Cascades and Rocky Mountains. Omaliine
staphylinids, which today are unknown from the Olympic Peninsula, are represented as fossils by
O. rotundicolle, O. boreale and O. consimile. O. consimile is especially well-represented and its
occurrence today at elevations above 1000m in the Cascades indicates summers during the LGM
would have been about 4°C lower on the coastal Olympic Peninsula than today. The absence of
any wood-boring beetles, in contrast to assemblages from MIS 3, indicates an open landscape.
The interpretation from fossil beetles supports pollen evidence which indicate mountain hemlock
parkland and tundra-like vegetation at the time of the LGM with an estimate of a 4-5°C climatic
cooling. Both the vegetation and the insects provide evidence that the climate was at least as
wet as that of today and not as dry as the Puget lowlands to the east. A cool wet summer climate
is consistent with glaciers advancing to the lowlands. The amount of climatic cooling on the
Olympic Peninsula during the LGM is considerably less than at similar latitudes in midcontinental or eastern North America indicating a strong modulation of climate by the Pacific
Ocean.

90

91

USING LAKE AND STREAM SEDIMENTS TO ASSESS POLYCYCLIC AROMATIC
HYDROCARBONS AND METALS IN THE CENTRAL MACKENZIE VALLEY,
LOCATION OF THE CANOL SHALE PLAY
Thienpont, Joshua R.*, Eickmeyer, David C., Korosi, Jennifer B., Chin, Krista, Kimpe, Linda E.,
Blais, Jules M.
Session S14 General Contributions
Oral Presentation
The Sahtu region of the Central Mackenzie Valley has a long history of, as well as significant
future potential for, oil exploitation. Conventional oil has been extracted from the Norman Wells
area since the 1920s, with expansion of operations during World War II and during the 1980s
when a pipeline was developed to take oil to southern markets. The Sahtu is also the location of
the Canol Shale Play, a potential source of tight oil. Up until recently, when activities were
suspended due to falling oil prices, there was strong interest in the development of this reserve,
including through the use of hydraulic fracturing. In 2014 and 2015, immediately following the
February 2014 development of two test wells by fracking, we collected stream sediment and
invertebrate samples from sites throughout the region. Additionally, in 2017 we collected lake
sediment cores from six lakes. This spatial and temporal approach will allow the assessment of
contaminants in sediment and biota in the context of regional variability. We assessed metals and
polycyclic aromatic hydrocarbons (PAHs), contaminants commonly identified related to oil and
gas activities, but which are also found naturally in the environment, and thus understanding
background concentrations and variability is essential. We recorded elevated PAH
concentrations in sediments at a number of sites in the region, including downstream of a 2014
test well. This included compounds of concern such as benzo[a]pyrene, a known carcinogen.
Importantly, invertebrates sampled at the same sites generally had low burdens of PAHs,
suggesting limited bioavailability and/or efficient metabolism. Sediment core archives provide a
history of changes over at least the last three centuries, including the influence of emissions from
nearby Norman Wells since the 1920s and 30s. Understanding the long-term and spatial
distribution of contaminants is essential for putting the history of development in an accurate
context.
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COLD-BASED GLACIERS TERRAIN IN THE NORTHEASTERN CANADIAN SHIELD
Tremblay, T.
Session S3 Empirically testing paleoglaciological hypotheses and models
Oral Presentation
New field work and sediment analyses were undertaken in south and northwest Baffin Island
Baffin, Boothia Peninsula, Melville Peninsula and the Kivalliq region, adding to the existing
studies about the highly weathered, low glacial erosion zones on the northeastern Canadian
Shield plateaus. Synthetic maps of cold-based, intermediate and warm-based glaciodynamical
zones are produced, based on field observations, mineralogy and geochemistry of surface
materials, cosmogenic isotopes, lake density maps, and glacial macroforms mapping with
airphotos, high definition satellite imagery and Arctic DEM. A ternary diagram summarize the
observed geomorphological processes: the glacial erosion and transport, the glaciofluvial
(including subglacial, ice-marginal, supraglacial and glaciolacustrine) erosion and transport, and
the in-situ processes (chemical weathering [preglacial, interglacial and post-glacial], colluvial,
periglacial, etc.). The various geomorphological processes have an impact on the erosion of the
preglacial plateaus. Cold-based glaciers terrain zones and ice streams-affected areas represent
antagonist glaciodynamical behaviours, and their understanding are important for the accurate
reconstruction of the LIS in the northeastern Canadian shield.
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THE IMPORTANCE OF SEDIMENTATOLOGICAL CONTEXT IN THE IRSL
SINGLE-GRAIN GEOCHRONOLOGY OF GLACIAL LAKES AND ICE RETREAT ON
BOOTHIA PENINSULA AND SOUTHERN BAFFIN ISLAND, NU
Tremblay*, Tommy, Hardy, François, Forget Brisson, Laurence and Lamothe, Michel
Session S5 Mapping the Quaternary – Advances and applications of surficial geology mapping
Oral Presentation
In the cold-based glacial environments of numerous plateaus from the Canadian Arctic region,
the timing of the retreat of the Laurentide ice sheet is of limited knowledge due to the scarcity of
datable organic material, and abundance of inherited cosmogenic isotopes in available boulders.
Here, we report the results of an extended infrared stimulated luminescence (IRSL) dating
program conducted on feldspar single grains on plateaus of Boothia Peninsula and Southern
Baffin Island. We obtained 27 IRSL ages: 18 on glaciolacustrine deltaic sediments, 2
glaciomarine deltaic sediments, 2 glaciofluvial sediments, 3 littoral sediments, and 2 aeolian
sediments. About 600 grains per samples were analyzed. Multiple samples were dated for each
ice margin positions, allowing results cross-validation. An important relation between the
sedimentary setting and the importance of IRSL signal bleaching before deposition will be
presented and discussed. Glaciolacustrine sediments are shown to be especially variable in the
IRSL signal bleaching before deposition, reflected in important dispersion of the single grains
ages. The method of age determination from the distribution of single-grain IRSL ages is also
discussed. On southern Baffin Island plateau (mostly cold-based) near the glacial lakes area,
comparisons were made with TCN dates tested on four boulders, yielding ages of ca. 14 ka or
more, indicating inherited cosmogenic isotopes. The IRSL ages (bracketed between 3 and 11 ka
CAL BP) show a good correlation with a chronology based on 14C dating (converted to calendar
years) on post-glacial marine littoral shells and inland peat (from various authors, reported in
Dyke, 2003).
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ASSESSING THE MORPHODYNAMICS OF MAJOR RETROGRESSIVE THAW
SLUMPS USING UAV-BASED PHOTOGRAMMETRY.
Jon Tunnicliffe, Steven V. Kokelj, Jurjen van der Sluijs, Robert H. Fraser
Session S8 Relict permafrost environments
Oral Presentation
Large retrogressive thaw slumps have become prominent erosional features across Canada’s
western Arctic and in Alaska. The formerly ice-marginal terrain of the Peel Plateau has proven
particularly susceptible, owing to the ice-rich substrate and the fluvially-incised character of the
landscape. A time series of UAV-based photogrammetry (Structure-from-Motion) has been used
to document and quantify mass-wasting processes within three large slump complexes. A series
of isopach 'difference maps' over three field seasons reveals the event- and annual-scale patterns
of sediment transfer that contribute to the evacuation of the large scar zones and the valley-filling
'tongues' of sediment that emerge from the them. Material accumulates via both deep-seated plug
flow and by shallow saturated flows, building up in sheets over the course of successive storm
events. Sediment budgets for the scar-tongue domain reveal inter-survey variations in storage
along the length of the system related to reworking of the sediment mass. The tongue deposit
acts as a buffer zone for delivery of sediments downstream; a majority of the material eroded
from the deposit ends up in the tongue. Volumetric evacuation from the scar zone is on the
order of 4000 t·km-2·a-1. Total accumulations of 200 M m3 are found within the depositional train
down-valley. These features dominate the local catchment sediment budget by several orders of
magnitude.
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SURFICIAL GEOLOGY MAPPING IN NW ALBERTA, USE OF LiDAR TO MAP ICE
FLOW AND RETREAT OF PROGLACIAL LAKES
Utting, D.J., Atkinson, N., Pawley, S.
Session S5 Mapping the Quaternary
Oral Presentation
In full glacial conditions, ice sheets may completely cover and flow over topographic highs. As
ice thins and retreats during deglaciation different glaciological responses occur depending on
the local climatic and geomorphic setting. Remnant ice on the uplands may remain active as an
ice cap or it may stagnate and meltout in-situ. In the valleys dissecting uplands, ice may continue
to be fed from regional divides and flow as active lobes, or it too might stagnate and meltout. In
settings where the ice margin retreats down the regional topographic gradient, the retreating ice
will dam meltwater, forming proglacial lakes. These lakes may influence ice dynamics by
increasing basal pore water pressure and melt and act as sediment traps, in manners that may
have similarities to the marine environment. Examining the paleo-record of examples of
responses to deglaciation may be valuable for understanding future changes to extant ice sheets
(ie. Greenland and Antarctic ice sheets), which in areas also cover highlands dissected by reverse
gradient valleys.
Due to the down-gradient retreat of the southwest Laurentide Ice Sheet (LIS), topographic basins
abutting the ice margin captured subaerial drainage to form a series of spatially and temporally
transgressive proglacial lakes across northern Alberta. For example, Glacial Lake Peace was a
large, time-transgressive proglacial lake that accumulated 10’s of metres of sediment across the
Peace River Lowland of northwest Alberta. This lake occupied successive
proglacial positions as the retreating LIS exposed progressively lower outlets to the north and
east. Smaller tributary valleys also likely contained lakes, and regardless of size, the lakes
generally had a similar history of draining through a succession of outlets until the valley was ice
free. In this study, we examine the landform record in the Chinchaga area where retreating lobes
of the LIS blocked regional drainage, allowing proglacial lakes to form. We map the landforms
to reconstruct the glacial history and pattern of deglaciation. We identify landforms previously
noted in the glaciomarine record, but not in the glaciolacustrine record. This work provides the
opportunity to compare lacustrine terminating ice streams with their marine counter parts.
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PROXY, HISTORICAL, INSTRUMENTAL AND MODEL RE-ANALYSIS CLIMATE
RECORDS IN THE NW NORTH ATLANTIC AND ADJACENT CANADA DURING
THE LAST 2 KA
van Bellen, Simon* and ClimHuNor project members de Vernal, Anne; Allan, Estelle; Audet,
René; Boucher, Étienne; Dueymes, Guillaume; Fillion, Myriam; Fréchette, Bianca; Gachon,
Philippe; Garneau, Michelle; Gilson, Gaëlle; Goosse, Hugues; Hillaire-Marcel, Claude; Houde,
Nicolas; Laprise, René; Ogden, Nicholas; Ouellet-Bernier, Marie-Michèle; Tremblay, Bruno.
Session S7 Improving understanding of Quaternary Environments through multi-proxy, network,
or statistical advances
Oral Presentation
Data on past climate regimes are currently available from natural archives, instrumental and
historical (written) records, as well as model re-analyses. We present a new database of such
climate records for northeastern North America and the northwestern North Atlantic (43-75°N;
40-100°W). Quantified variables include annual and seasonal air and sea surface temperatures,
precipitation amounts and types, wind, growing-degree days, sea ice cover and salinity. The
temporal coverages of the records vary between a decade to several millennia. Instrumental
records and model re-analyses are typically short, <160 years, but present daily to annual timesteps. The proxy reconstruction dataset, which includes 249 terrestrial and 31 marine sites, has a
median length of 6390 years and has annual to centennial time-steps. Half (140) of the proxy
records are from pollen, 20% are from tree rings, while dinocysts account for 9% of the records.
Reconstructions are biased towards the southern regions: 74% of the records are from locations
southward of 56°N. We illustrate the use of the database with a compilation of climate
reconstructions for the Common Era with the objective to characterize the ‘Dark Ages’ period,
centered around 1400 cal BP. The aim of this exercise is to identify the regional climatic
signature, in northeast North America, of the Dark Ages cooling that profoundly affected
societies in Europe and Asia.
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THE EFFECTS OF THE HUMAN IMPACTS ON TROPICAL AQUATIC
ECOSYSTEMS AS REVEALED BY DIATOMS AND LITHOLOGICAL CHANGES
Maria I. Velez*, Kevin Hoover, Yunuén Temoltzin, Broxton Bird, Jorge Salgado, Jaime
Escobar, Catalina Gonzalez, Gavin L. Simpson
Session S4 Syntheses of human-environment interactions during the Holocene
Oral Presentation
Several studies have suggested that anthropogenically-induced changes in freshwater ecosystems
can be very stable and resistant to change, and thus difficult to reverse or remediate. The
terrestrial and aquatic ecosystems from the Sabana de Bogotá (Eastern Cordillera of Colombia)
have suffered a significant and rapid transformation since the 1800s due to an explosion in
demographics and the subsequent exploitation of natural resources. With the aim of
understanding the effect of anthropogenic activities and their implications for the functioning of
lake´s ecosystems, we studied the Holocene record of several lakes in the area. The record from
Fúquene Lake shows that prior to recent human impact, the ecosystem shifted between three
states, but about 85 years ago the ecology of the system changed to a new state of hypereutrophic
and anoxic conditions, with species new to the ecosystem (Cyclotella meneghiniana). The
records from two other close-by lakes, Ubaque and Siscunsí, similarly show that prior to 300
years the systems oscillated between two states, but after this time, novel, generally eutrophic,
conditions have prevailed. In Siscunsí, the diatom flora of the last 300 years is also considerably
different from previous times. The lithological record from Fúquene and Ubaque show, for the
last the last 75 and 300 years respectively, significant increases in the proportion of organic
matter in the sediment, most likely reflecting changes in land use as a result of anthropogenic
activities.
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EFFECT OF ANTHROPOGENIC ACIDIFICATION ON A MOUNTAIN LAKE
ZOOPLANKTON IN AN AREA WITH ACID-SENSITIVE BEDROCK (THE TATRA
MOUNTAINS, CENTRAL EUROPE): COMPARISON OF A 40-YEAR RESEARCH
WITH A PALEOLIMNOLOGICAL RECORD
Vondrak Daniel, Horicka Zuzana*, Blechova Magdalena, Jan Jiri, Kopacek Jiri, Stuchlik Evzen
Session S10 High-resolution Records of the Common Era
Oral Presentation
Many lake areas of Europe and North America suffered from anthropogenic acidification during
the last century. While the causes (acid deposition, low buffering geology) and consequences
(degradation of both the water chemistry and biota) have been well understood, the onset of this
process in particular sites remains unclear. For that reason, we combined recent data on
chemistry and zooplankton with a paleolimnological study of subfossil Cladocera in a lake
(Starolesnianske pleso) in the Tatra Mountains (the Carpathians massif, Slovakia/Poland). Longterm research of acidification and recovery from acidification in Tatra lakes started in 1978. By
that time, 42 % of lakes were already acidified. Starolesnianske pleso is an alpine lake of glacial
origin, with weathered granite in the background and a predominantly meadow watershed. Once
strongly acidified, it has been undergoing fast chemical recovery and the first signs of biological
recovery from acidification since 1990–1995. The only records on its zooplankton prior
acidification come from 1909–1913 (Stanislaw Minkiewicz). A sediment core, covering the
period of the last 3,500 years, was analyzed for chemistry, LOI, and subfossil Cladocera remains.
Despite climatic changes in the last millennia, the record showed a very stable cladoceran fauna,
poor in species, over the time, with the only statistically significant change at the beginning of
the 20th century, which we associate with acidification. Data on the zooplankton (Cladocera,
Copepoda, and Rotifera) from the limnological monitoring (the last 40 years), though, allow to
see a more dramatic and more detailed situation, which contributes to a better understanding of
the phenomena: during the peaking acidification in the 1980s, the zooplankton were extinct
except for one acid-tolerant cladoceran species, while a return of a copepod crustacean started
the recovery. The combination of both the approaches provides a complex record and
reference/detailed data where no other information is available.
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LANDSLIDES, GEOMORPHIC EVOLUTION AND OUTREACH IN THE COLCA
VALLEY, PERU.
Ward, Brent C.*, Roberti, Gioachino L., Araujo, Gael E., Aguilar, Rigoberto, C., Cárdenas,
Joseph H. Roberts, Nicholas J., van Wyk de Vries, Benjamin, Manrique, Nelida L., Zavala,
Bilberto, L., Zerathe, Swann
Session S12 Geohazard processes and impacts: Landslides, Floods, Earthquakes, Permafrost and
others
Oral Presentation
Colca Valley, one of Peru's top tourist destinations, comprises deep canyons with multiple
terraces. Tectonism, volcanism and landslides have formed this stunning landscape, but also pose
major hazards to its residents and visitors. A cooperative research venture – between Simon
Fraser University’s Centre for Natural Hazards Research, the Peruvian Geological Survey
(INGEMMET) and Université Clermont Auvergne – is investigating the Maca and Lari
landslides and related aspects of the geomorphic evolution of Colca Valley. Knowledge being
gained through this collaboration is fundamental to effective hazard and risk management in the
valley, will support geoscience outreach to local communities and possibly be incorporated into
existing Geopark displays. The valley contains at least three levels of lake sediments spanning
~1.1 Ma that record impoundments by landslides or lava flows from the nearby Hualca Hualca
stratavolcano. Lari and Maca are large hummocky rock avalanches deposited onto the middle
and lowest lake terraces, respectively. Both have reactivated as complex failures due to
undercutting of underlying lake sediments by Río Colca. A 5.3 M earthquake on August 14,
2016 exacerbated movement on both failures and killed four people. Multicomponent monitoring
by INGEMMET indicates increased movement correlates with high rainfall and seismic events.
Both rock avalanche deposits contain multiple sedimentary facies, indicating variable
emplacement rheology. Lari debris includes large rip-ups of lacustrine sediments and may have
been deposited in a paleolake. Lake and distal fan sediments blanket much of the landside,
producing a more subdued topography than Maca. The Maca landslide is ~8000-9000 cal years
old based on radiocarbon analysis and 10Be on feldspar. Lari is older; cosmogenic, OSL and
radiocarbon samples were collected in May 2018 to better refine its age. Sediments directly
above and below both landslides are normally magnetized. Additional regional paleomagnetic
samples in lacustrine sediments and associated volcanic rocks are being analyzed to constrain the
timing of different lake levels.
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ENVIRONMENTAL LEGACIES DRIVE POST-FIRE
RECOVERY IN SUB-ARCTIC BOREAL FORESTS

VASCULAR

PLANT

White, Alison L.*, Day, Nicola J., Walker, Xanthe J., Johnstone, Jill F., Cumming, Steve R.,
Mack, Michelle C., Turetsky, Merritt R., Baltzer, Jennifer L.
Session S9 Changes to the wildfire regime and impact on ecosystem structure and function
Oral Presentation
The boreal forest is adapted to regular wildfire with fire disturbance playing a key role in plant
community structure. The frequency and severity of fire has been shown to impact plant
regeneration strategies, such as the ability to resprout from underground rhizomes, with
implications for post-fire plant community composition and subsequent ecosystem functioning.
Understanding how variations in fire severity and other environmental variables impact post-fire
community assembly mechanisms help us understand plant regeneration responses to climate
warming induced changes in fire regime. In 2014, an unprecedented 3.4M ha of boreal forest
burned in the Northwest Territories (NT). This research addresses the impact of this megafire on
vascular plant recovery in the southern NT to assess the potential for altered successional
trajectories, as seen in other western boreal locations, following extreme fire events. We
established 220 vegetation plots across the Taiga Plains and Taiga Shield ecozones immediately
following the fires; a range of abiotic and biotic variables was measured, including depth of
organic layer, organic soil combustion and pre-fire stand composition. The presence/absence and
mode of regeneration of vascular species were recorded. Higher organic soil combustion resulted
in lower taxa richness and areas with complete combustion of the organic layer had
proportionally greater taxa regenerating via seed dispersal and seed bank. Poorly drained areas
enabled a proportionally greater representation of species regenerating from rhizomes across
multiple spatial scales, suggesting that in general, these fires were not as deep burning as similar
disturbances in other parts of NW North America. We suggest that the self-recovery of vascular
plant communities following the NT fires is a result of moisture conditions and organic soil
depth.
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SUSTAINABLE
BIOLOGICAL
PALEOECOLOGICAL INSIGHTS

CONSERVATION

STRATEGIES

REQUIRE

Whitlock, Cathy*; Tinner, Willy; Colombaroli, Daniele; McWethy, David; Conedera, Marco
Session S13 Societal Issues
Oral Presentation
Landscape conditions are often viewed along a gradient that ranges from pristine (natural), where
the controls on vegetation and disturbance are largely shaped by climate and biophysical
constraints, to humanized (altered), in which the landscape has been significantly modified by
human activity. Where a particular ecosystem falls along this gradient shapes cultural
perceptions of what is “natural” or “unnatural” and the types of conservation strategies needed to
restore historical conditions. In some regions, anthropogenic landscape alteration extends back
millennia, but in other regions, change was minimal until 18th-19th century European
colonization. We use pollen, charcoal and other paleoenvironmental data to compare the
ecological history of eight forested landscapes, including sites in near-pristine settings
(Yellowstone), those with some human alteration (Pacific Northwest, New Zealand and
Patagonia), and sites that have experienced extensive land-use since Neolithic times (Italy and
Switzerland). Our goal is to assess the ways in which present ecosystem composition, structure,
and function express the legacy of past land use and climate change. In all cases, paleoecology
provides unique and critical information about: (1) vegetation vulnerability to a greater range of
past climate and anthropogenic variables than can be observed at present; (2) changes in fire
activity over millennia, which offer a longer baseline for establishing the historical range of fire
variability in management assessments; and (3) critical ecosystem components and functions that
are presently missing and may affect ecosystem resilience moving into the future. Land
management strategies often overlook the duration and intensity of past human activities and the
importance of past climate changes by focusing on historical baselines that are both short and
recent. Paleoecology with its long time perspective extends the timespan for incorporating
natural and human-induced variability in conservation planning.
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NEOTOMA PALEOECOLOGY DATABASE: KEY CONCEPTS AND RECENT
ADVANCES
Williams, John W.*, Blois, Jessica, Grimm, Eric C., Goring, Simon J., Smith, Alison J.,
Ashworth, Allan C., Betancourt, Julio L., Booth, Robert K., Buckland, Philip, Charles, Donald
F., Crawford, Stephen, Curry, B. Brandon, Davis, Edward, Giesecke, Thomas, Latorre, Claudio,
Nichols, Jonathan, Pilaar-Birch, Suzanne, Roth, Robert E., Stryker, Michael, Takahara, Hikaru
Session S7 Improving Understanding of Quaternary Environments through multi-proxy,
network, or statistical advances.
Oral Presentation
The Neotoma Paleoecology Database supports paleoecological, global-change, and
macroecological research by providing an open, high-quality resource for paleoecological and
paleoenvironmental data and associated age controls and age-depth models. Neotoma is part of
the emerging trend of community-curated data resources, defined here as sociotechnological
institutions that coalesce around scientific communities of practice, with a common IT platform
and framework for modeling, sharing, and governing data, and with a science-centered mission
that emphasizes data reuse and on-going improvements to living data. Neotoma now holds over
3.8 million individual observations of taxonomic occurrences/abundances and other paleo
proxies from over 18,900 datasets and 10,000 sites, which represents a 15% increase in data
holdings since last year's annual report. Areas of active data uploads include the European Pollen
Database, testate amoebae, and FAUNMAP data. Newly supported data types include organic
biomarkers and isotopic measurements on fossil specimens. New constituent databases include
the Neotoma Biomarkers Database and ALPADABA. The Earth-Life Consortium has built new
tools that enable joint querying of data resources in Neotoma and the Paleobiology Database.
Neotoma software is open and hosted on GitHub and educational exercises are hosted by SERC
Carleton. Neotoma's membership base is growing and open to any interested experts; Neotoma
held its first elections in 2018 for its Leadership Council. There are multiple pathways for
interested scientists to learn about how to use Neotoma data and multiple pathways to help
support Neotoma's mission of open reproducible paleoscience as data contributors, Members,
Taxonomic Experts, or Data Stewards.
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CONTEMPORARY SAND WEDGE DEVELOPMENT IN EOLIAN SETTINGS OF
SEASONALLY FROZEN GROUND
Wolfe, Stephen A.*, Morse, Peter D., Neudorf, Christina M., Kokelj, Steven V., Lian, Olav B.
and O’Neil, H. Brendan
Session S1 The Quaternary record of aeolian systems in mid- to high-latitudes
Oral Presentation
Contemporary sand wedges and sand veins occur within active and stabilized aeolian settings in
seasonally frozen ground, in the extensive discontinuous permafrost zone in Northwest
Territories, Canada. The region has a subarctic continental climate with 291 mm a-1
precipitation, -4.1°C mean annual air temperature, warm summers (July mean 17.0°C), and cold
winters (January mean -26.6°C). Five years of continuous observations indicate that interannual
variation in winter air temperature and snow cover conditions control ground thermal regimes.
At sandy eolian sites, thin snow cover and high thermal conductivity promote rapid freezing,
high rates of ground cooling, and low near-surface ground temperatures (-15 to -25°C). Thermal
contraction cracking occurs to depths of 1.2 m. Cracking potentials are high in sandy soils when
air temperatures are <-30°C, mean freezing season air temperatures are ≤-17°C, and snow cover
is <0.15 m thick. In contrast, surface conditions in peatlands maintain permafrost, but thermal
contraction cracking does not occur because thicker snow cover and the thermal properties of
peat prolong freezeback and maintain higher winter ground temperatures. A combination of
radiocarbon dating, optical dating, and stratigraphic observations differentiates sand wedge types
and formation histories. Thermal contraction cracks developing in sandy terrain infill with
surface and/or host material during the thaw season. Epigenetic sand wedges with surface sand
infill develop within former beach sediments beneath an active eolian sand sheet. Narrower and
deeper syngenetic wedges developed within aggrading eolian sand sheets, whereas wider and
shallower antisyngenetic wedges developed in areas of active erosion. Thermal contraction
cracking beneath vegetation-stabilized surfaces leads to crack infilling by host sediments and
overlying organic materials, with resultant downturning and subsidence of adjacent strata. Sand
wedge development in seasonally frozen ground with limited surface sediment supply can result
in stratigraphy similar to ice-wedge and composite-wedge pseudomorphs. Therefore, caution is
recommended when interpretating this suite of forms and inferring paleoenvironments.
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A PALEOGEOGRAPHIC MODEL OF GROUND ICE IN CANADA
Wolfe, Stephen A.*, O’Neill, H. Brendan and Duchesne, Caroline
Session S8 The relict permafrost environment
Oral Presentation
The permafrost map of Canada (Heginbottom et al., 1995) is the primary source depicting
ground ice for the entire country. The mapping was based on broad physiographic units and used
a database of available observations of ground ice and geological and environmental conditions.
Ground ice conditions were extrapolated to physiographic units where field data were limited.
However, the present state of permafrost is inherited from past conditions. The type and
abundance of ground ice, for example, varies in relation to past glacial and post-glacial
geological and environmental processes. Herein, we develop an expert-system approach to
model ground ice evolution over time in a GIS using raster calculations. The modeling accounts
for broad-scale environmental changes in 14 time-steps over the last 17 ka. We present the
methods and results for three common ground ice types (segregated, wedge, and massive ice).
Ground ice abundance is modeled using existing datasets on surficial geology, deglacial
chronology, marine and glacial lake inundation, paleovegetation changes, and modern
permafrost zonation using existing national-scale datasets. We report ground ice abundance in
the upper 10 m of permafrost qualitatively as high, medium, low, negligible, and none, but do
not yet associate specific ice contents with these classes. We present early validations for each
ground ice type showing that regional patterns of ground ice distribution are generally
reproduced in our assessment.
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IRSL DATING OF EOLIAN DEPOSITS INDICATES AN EARLY (CA. 12,000 BP)
POST-GLACIAL HUMAN OCCUPATION IN THE OIL-SANDS REGION,
NORTHEASTERN ALBERTA, CANADA
Robin Woywitka*, Duane Froese, Michel Lamothe, Stephen Wolfe
Session S1 The Quaternary record of aeolian systems in mid- to high-latitudes
Oral Presentation
The mineable oil sands region of northeastern Alberta contains one of the highest concentrations
of prehistoric archaeological sites in the boreal forests of western Canada. Much of the
archaeological record occurs within eolian deposits that mantle landforms associated with
catastrophic flooding from glacial lake Agassiz. Previous work in the region has suggested
immediate post-glacial occupations that were contemporaneous with, or immediately followed,
the flood. However, these age estimates were based solely on projectile point typology. Here we
use stratigraphic relations and infrared stimulated luminescence (IRSL) dating of eolian material
to determine the age of landscape stabilization and initial human occupation at Quarry of the
Ancestors, a large site located within the flood spillway north of Fort McMurray. We report that
the first occupation of the Oil Sands region occurred ca. 12,000 years ago, shortly following
catastrophic flooding. The post-flood environment was dominated by open, cold climatic
conditions that supported permafrost and underwent significant eolian processes. These results
are consistent with a Younger Dryas aged flood event, and indicate that humans have
continuously used the region since earliest post-glacial times.
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POSTER PRESENTATIONS
IMPACT OF MOUNT POLLEY TAILINGS POND FAILURE ON THE SEDIMENTARY
RECORD OF QUESNEL LAKE
Ayana Aden and Joseph R. Desloges
Session S12 Geohazard processes and impacts
Poster Presentation
The Mount Polley mine failure that occurred on August 4, 2014 provided a unique opportunity to
understand the effects of point-source, catastrophic sedimentation events in the sedimentary
record. Six sediment cores were taken strategically at both distal and proximal locations in
Quesnel Lake, British Columbia to identify if turbidity currents or subaqueous debris flows were
generated by the spill. Overall, sediment was focused in the deepest part of the lake. Grain size,
loss-on-ignition, mineralogical (XRF and MS) and copper metal concentrations confirmed the
presence of turbidite deposits in at least three cores. These turbidites were normally graded,
containing a coarser-grained base and an uppermost fine-grained cap, diagnostic of turbidite
sequences adhering to the Bouma sequence model. Two out of four cores showing turbidite
sequences were most proximal to the spill mouth also contained mixed layers that may signify
the energy of the turbidity current at that lake level. The remaining two cores were determined to
have negligible tailings input due to an increase in lake elevation and distance from the point of
inflow. The spill produced a spatially limited deposit that rapidly thins down lake from Hazeltine
Creek. The spill sediments will compress over time but will represent sedimentation rates at 4-5
orders of magnitude larger than long-term (Holocene) natural rates.
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YOU CAN LEARN AND DO COSMOGENIC 10BE AND 26AL PROCESSING AT THE
UNIVERSITY OF VERMONT’S COMMUNITY SAMPLE PROCESSING FACILITY
Bierman, Paul. R.*, Corbett, Lee B., Christ, A., and Halsted, C.
Session S14 General Contributions
Poster Presentation
Cosmogenic nuclides, such as 10Be and 26Al, provide a quantitative means for investigating Earth
surface history and processes. Yet, as with most geochronologic techniques, they require
specialized, maintenance-intensive, and costly laboratory facilities restricting participation
generally to those at well-funded, research-intensive educational institutions. Producing accurate,
high-precision, and reproducible geochronologic data requires technical expertise, which can be
difficult and expensive to acquire. The US National Science Foundation (NSF 17-504) now
provides technical support for seven different geochronology laboratories in the US. Such
support not only allows us to open our facilities to more visitors and more a diverse audience, it
can reduce the cost of geochronology and increase the quality of the data and interpretation. For
25 years, the University of Vermont has hosted a facility for cosmogenic nuclide sample
preparation and welcomed external visitors. Starting in January 2018, we opened our lab to
visitors so they can process their own samples under the guidance of an experienced technical
support team. The laboratory cleanroom, purpose-built in 2008, has 5 perchloric acid laminar
flow hoods, allowing simultaneous processing of meteoric and in situ samples. We have a
separate laboratory dedicated to the rapid, simultaneous purification of quartz from a large
number of samples.With NSF support, the Vermont laboratory is now a community facility,
dedicated to training students, faculty, and researchers in cosmogenic nuclide extraction
techniques including all phases of sample preparation in a safe, collaborative, environment. Our
streamlined techniques allow extraction of a suite of 10 samples in less than a week (once quartz
has been purified) making both participation and observation visits tractable for all. For more
information about the facility or about working with us, see: https://www.uvm.edu/cosmolab/ or
email us at cosmolab@uvm.edu.
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OPTICAL DATING OF STABILIZED PARABOLIC SAND DUNES, SAVARY ISLAND,
BRITISH COLUMBIA
Biln, Libby C.M.*, Gingerich, Travis B., Neudorf, Christina M., Lian, Olav B., Ward, Brent C.,
Clague, John J., Bryce, Jordan K. and Walker, Ian J.
Session S1 The Quaternary record of aeolian systems in mid- to high-latitudes
Poster Presentation
Savary Island, part of the Discovery Islands chain in the northern Strait of Georgia, is located
approximately 145 km northwest of Vancouver, British Columbia. A large part of the island is
covered by a field of forested (stabilized) parabolic sand dunes, some up to 1 km long, that
contain palaeosols. The dunes directly overlie glacial deposits or postglacial marine sand.
Radiocarbon dating of charcoal fragments extracted from eroded B horizons of the palaeosols
near the base of the arm of one dune yielded ages that range from 7.74 to 10.2 ka (cal 14C yrs)
and provide maximum limiting ages for dune stabilization. However, a paucity of organic
material near the surfaces of the dunes requires that a different dating technique be applied to
determine the absolute time of stabilization. Optical dating of K-feldspar using both singlealiquot regenerative-dose (SAR) protocols, and a multiple-aliquot additive-dose with thermal
transfer correction (ADTT) protocol, yielded optical ages with different degrees of consistency,
the ages found using the ADTT protocol being closer to the calibrated 14C ages. In this
presentation ages obtained using the three dating techniques are compared and discussed in light
of their utility to date dune stabilization in the region.
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THE AGE AND SIGNIFICANCE OF THE RED CLAY BAND WITHIN THE GLAICAL
LAKE AGASSIZ VARVES OF NORTHWESTERN ONTARIO AND NORTHERN
MINNESOTA
Breckenridge, Andy*; Lowell, Thomas V.; Peteet, Dorothy M; Norris, Nathaniel
S14: General Contribution
Poster Presentation
There is a widespread band of red clay within gray glaciolacustrine sediments in an area east of
Lake of the Woods (within the Wabigoon and Rainy River basins.) Prior studies establish that
the red clay originated from water sourced from the Lake Superior Basin. Here we report on the
stratigraphy and age of the sequence, and outline the implications for Lake Agassiz routing and
Rainy Lobe ice margins during the Younger Dryas. In the more southern Rainy River basin, the
red clay is preceded by massive, gray silty-clay deposited in localized lakes isolated when Lake
Agassiz levels dropped to a low level known as the late Moorhead low (an older lowstand occurs
in the stratigraphy and is not detailed here.) The onset of the red clay is abrupt, and lasts for ~24
varves. The red varves are superseded by ~325 relatively thick gray varves, deposited in higher
lake levels. At our site closest to the drainage pathway from the Superior basin, the ‘summer’
layers of the first red varve include identifiable macrofossils (such as willow and Dryas) that
date to the end of the Younger Dryas, ~10.0 14C ka. In the deeper and more northern Wabigoon
basin, there is a continuous 900+ year varve record below the red varves that tracts the northward
retreat of the ice margin at around 40 m/yr (during most of the Younger Dryas.) This new ice
margin reconstruction clarifies that the Rainy Lobe never retreated far enough north to expose
potential eastern Lake Agassiz outlets that were low enough to drop Lake Agassiz to the lowest
Moorhead levels. The implication is that the only outlet that could drop Lake Agassiz to the late
Moorhead low, was the northwest outlet to the Mackenzie River basin.
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PALEODEMOGRAPHY OF THE NORTH AMERICAN ARCTIC AND SUBARCTIC IN
RELATION TO HOLOCENE ENVIRONMENTAL CHANGE
Briere, Michelle & Gajewski, Konrad
Session S4 Syntheses of human-environment interactions during the Holocene
Poster Presentation
Paleodemographic changes in the Arctic and Subarctic regions of North America were analysed
in relation to environmental variability throughout the Holocene. Using the Comprehensive
Archaeological Radiocarbon Database (CARD), which we updated with 361 new radiocarbon
dates from the Arctic, we estimated spatial and temporal change in paleopopulation density in
northern North America. Demographic changes were then compared to climate, sea ice and
vegetation reconstructions (e.g., Arctic Holocene Climate Proxy Database; PAGES Arctic 2k
database; Gajewski, 2015). In Eastern Beringia (Alaska and Yukon), major warming and cooling
periods in the early Holocene were associated with periods of population growth and decline,
respectively, while the long-term stabilization of the climate after 6 ka (thousand radiocarbon
years before present) coincided with long-term population growth. Around 4.5 ka, population
increased across the Arctic and Subarctic, followed by a population decrease in the Arctic at 3.7
ka. A second major period of population increase began around 2.5 ka in Eastern Beringia, and 2
ka in the Arctic and Boreal regions.
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SPATIOTEMPORAL VARIABILITY OF FIRE REGIMES IN THE BIODIVERSE
KLAMATH-SISKIYOU ECOREGION, NORTHERN CALIFORNIA, USA
Briles, C and Morton, S
Session S9 Changes in the wildfire regime and impact on ecosystem structure and function
Poster Presentation
The historical range of variability of fire has been difficult to examine in the biodiverse KlamathSiskiyou Ecoregion of northern California due to temporally restricted historical documents and
tree rings. A network of late Holocene paleoenvironmental records with pollen and macroscopic
charcoal data were analyzed to examine the relationships between fire activity, climate change,
and forests. Reconstruction of these histories enables quantification of fire frequency, biomass
burned and fire severity along elevational, latitudinal and coastal-to-inland gradients. The results
of the study indicate that fire activity was less frequent and more severe at wetter northern and
coastal sites, while it was frequent and less severe at drier southern and inland locations. The
region collectively experienced higher fire activity and severity during the Medieval Climate
Anomaly when conditions were warmer and drier. These trends were exaggerated at southern
and inland sites that received less precipitation than northern and coastal sites. During the Little
Ice Age when conditions were cooler and wetter, fewer and less severe fires occurred, especially
at northern and coastal sites that receive more precipitation. Current forest and fire conditions are
a legacy of the LIA, and as conditions become warmer, and effectively drier, the region will
likely experience higher severity more frequent fires. The results have important implications for
forest management goals in the region and inform ongoing debates.
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SURFICIAL MAPPING AND GEOCHEMISTRY OF THE EASTERN COBEQUID
HIGHLANDS, NOVA SCOTIA
Brushett, D.M.* and Baldwin, G.J.
Session: S5 Mapping the Quaternary – Advances and applications of surficial geology mapping
Poster Presentation
Surficial mapping and sampling (till and stream sediments) was initiated in the Warwick
Mountain area to evaluate the exploration potential of this region and complement concurrent
and previous bedrock mapping following the discovery (2011) of low-sulphidation epithermalstyle gold in Carboniferous bimodal volcanic rocks of the Byers Brook and Diamond Brook
formations. Surficial mapping and sampling was facilitated by the availability of LiDAR data (1
m bare earth DEM) and portable XRF which was utilized for reconnaissance geochemistry and
highlighted areas where elevated arsenic and base metals (e.g. Zn, Pb) warranted more detailed
sampling. This mapping project has led to the identification of new mesoscale glacial
geomorphology features, including eskers, flutes, alluvium, and anthropogenic deposits and
general estimates of till thickness, improving the precision of surficial mapping and adding new
details to the local glacial history. It is anticipated that future surficial mapping and sampling
programs will also avail of LiDAR data as the Nova Scotia LiDAR Acquisition Project, funded
by the Department of Natural Resources, Forestry Division and Department of Internal Services,
aims to have all of Nova Scotia mapped with LiDAR by 2020.
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OH WHERE, OH WHERE HAS MY ICE MARGIN GONE?
Burt, A. and Mulligan, R.
Session S5 Mapping the Quaternary – Advances and applications of surficial geology mapping
Poster Presentation
Gazing at the detailed hand drawn figures in geological reports from bygone times can reveal
tantalizing glimpses of geological wonders. Disconnected patches of plump drumlins.
Swooping end moraines that dive beneath the surface only to emerge tens of kilometers away.
Beaches, bluffs and spits clinging gamely to the sides of uplands. Armed with survey rods,
shovels and early air photos, our forbearers used their geological insight to set testable
hypothesis for future generations. Much of the 50002 km Niagara Peninsula 3-D map area is
draped by a thick layer of glaciolacustrine mud that effectively masks the complexity of the
region. By comparing morphological characteristics of landforms revealed on high-resolution
digital surface models (SWOOP 2010, 2015) with the results of high quality continuously cored
boreholes, a more complete picture of late glacial Port Huron phase ice advance(s) is emerging.
It is now possible to extend the mapping of discontinuous Port Huron till-cored moraine ridges
visible above the Niagara Escarpment into the subsurface, where they are completely masked by
younger sediments. Halton Till and associated deposits (stratified ice-contact sediments and
interbedded diamictons) form a prominent marker horizon in the subsurface, separating finetextured glaciolacustrine sediments into upper and lower packages. The influence of the ice
advance is also apparent beyond the former ice margin as increased sediment loads resulting in
deposition of coarser (silty) rhythmites. Subglacial bedforms radiating out of the Lake Ontario
basin exhibit distinct regional morphological characteristics within and beyond the ice margin.
Distinct Lake Whittlesey shoreline features formed during the Port Huron phase when grounded
ice blocked eastern drainage. Using the technological advances of high resolution DSMs and
orthophotos coupled with extensive project specific drilling we are able to perfect the story those
early geological giants developed from horseback.
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RECORDS OF LANDSCAPE EVOLUTION AND MIS 2 GLACIAL HISTORY
RESULTING FROM SURFICIAL GEOLOGIC MAPPING IN THE DRIFTLESS AREA,
SOUTHWESTERN WISCONSIN, USA
Carson, Eric C.*, Attig, John W., and Rawling III, J. Elmo
Session S5 Mapping the Quaternary – Advances and applications of surficial geology mapping
Poster Presentation
A multi-year program (2009-2020) is nearing completion that will result in new 1:100,000
surficial geologic mapping for ~10,170 km2 in the unglaciated Driftless Area of southwestern
Wisconsin. The mapping, aided by recently acquired high-resolution LiDAR data, refines our
understanding of the nature and distribution of glacial, alluvial, aeolian, colluvial, residual, and
lacustrine deposits in the region. Synergistic research conducted during the mapping has
produced a wealth of new information regarding landscape evolution and late-glacial events in
the mapping area. Three examples are: Coring to remnants of a bedrock strath in the lower
Wisconsin River valley, combined with analysis of subsurface well records and landforms, has
demonstrated that ~205,000 km2 of the modern upper Mississippi drainage basin developed
during the late Cenozoic as part of the St. Lawrence River system. Blockage of the St. Lawrence
valley by early or middle Quaternary glaciers dammed numerous rivers that flowed to the Gulf
of St. Lawrence, reorganizing them as the modern upper Mississippi River. Geoprobe coring into
small former lake basins along the margin of the Green Bay Lobe is providing a wealth of new
geochronologic constraints on late-glacial events. Surficial mapping allows confident correlation
of dates from lakes to discrete glacial events. AMS radiocarbon dates and OSL ages from these
lakes indicate the Green Bay Lobe reached its maximum at ~24.6 ka, persisted at its maximum
position until ~18.5 ka, and had retreated far enough to allow the catastrophic drainage of glacial
Lake Wisconsin by ~17.4 ka. Geoprobe coring along the Kickapoo River, the largest tributary to
the lower Wisconsin River, has shown that non-glacial sand was aggrading on the Kickapoo
River at the same time glacially-sourced outwash was aggrading on the lower Wisconsin River.
This locally derived sand is also the source for abundant, localized aeolian sand transportation
within the Kickapoo valley.
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TRAJECTORIES OF LAKE ECOSYSTEM CHANGE AT THE SOUTHERN LIMIT OF
PERMAFROST
Coleman, Kristen, and Korosi, Jennifer*
Session S14 General Contributions
Poster Presentation
Climate change has accelerated the thawing of permafrost in northern landscapes, which may
negatively impact surface water quality and the provision of essential aquatic ecosystem
services. At the southern limit of permafrost, increases in mean annual air temperatures above
0°C can lead to widespread degradation of permafrost peatlands, as palsa mounds and permafrost
plateaus are converted into permafrost-free bogs and fens. This ecohydrological transition has
important implications for small lakes and ponds that are often abundant in permafrost
landscapes. Contemporary limnological studies suggest that degrading permafrost peatlands can
increase the export of dissolved organic carbon to aquatic ecosystems, leading to a potential
reduction in primary production and increasing reliance of aquatic food webs on terrestrial
carbon subsidies. An increase in mercury export to waterbodies has also been highlighted as a
potential water quality concern in degrading permafrost peatlands. To date, empirical evidence of
the long-term impacts of permafrost thaw on lake ecological and biogeochemical function is
limited for southern permafrost peatlands. Lake sediment cores (paleolimnology) can provide
valuable information on trajectories of lake ecosystem change in permafrost landscapes over
centennial to millennial timescales. Organic matter biomarkers (e.g. lignin-derived phenols, nalkanes) show some promise as tracers of the major landscape changes occurring due to thawing
permafrost, mainly the conversion of forested permafrost plateaus into bogs and fens, while
stable isotopes and subfossil remains of biological organisms can be analyzed simultaneously to
document the associated limnological responses to altered hydrological pathways and terrestrialaquatic linkages. We hypothesize that the trajectory of long-term lake ecosystem change in
southern permafrost peatlands will be driven by increasing terrestrial carbon inputs, as thawing
permafrost increases hydrological connectivity in the watershed.
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DEPOSITION
AND
INVERTEBRATES IN OTTAWA RIVERS
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BY

AQUATIC

D’Addario, AJ., Vermaire, JC
Session S14 General Contributions
Poster Presentation
Since 1950, over 8300 million metric tons of plastic have been produced. The vast majority of
this plastic is discarded as waste. Plastic does not biodegrade, building up in the environment
instead. Microplastics are plastics that are less than 5 mm in length because they were either
produced that way (primary microplastics), or as a result of the breakdown of larger plastics
(secondary microplastics). Microplastics are hard to see and when they enter aquatic
environments, they may be ingested by animals, including humans. Microplastic pollution of
both the Ottawa and Rideau Rivers have been identified in the open water and benthic
environments, but we do not know if this microplastic is being consumed by animals. This study
will examine invertebrates of 3 different classes in both the Ottawa and Rideau Rivers to
investigate if they are consuming microplastics. One hundred of each crayfish, mussels and
chironomid larvae, from both the Ottawa and Rideau Rivers will be collected and examined for
microplastics in their gut. Microplastic abundances found in each organism will be enumerated
and classified as type (microfiber, fragment, microbead, film). We predict that microplastic
concentrations will be significantly greater in invertebrates living in the Ottawa River compared
to the Rideau River, due to the greater concentration of microplastics in the Ottawa
River.Significant exposure to chemicals in plastic have been demonstrated to harm both health
and reproduction in animals. Studies regarding consumption of microplastics in freshwater
environments are in their infancy, and it is important that it is understood in ingestion by aquatic
invertebrates so that we may extrapolate this to human
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TWO EPISODES OF AEOLIAN ACTIVITY DURING LATE GLACIAL TIME,
MONGO, INDIANA, USA
*Fisher, Timothy G., Horton, Jennifer, Lepper, Kenneth, Loope, Henry
Session S1 The Quaternary record of aeolian systems in mid- to high-latitudes
Poster Presentation
Recent work in the southern Great Lakes region (SGLR) of dating > 60 inland sand dunes with
OSL determined that a majority of now stabilized dunes were last active during late glacial time.
The dunes record periods of past climate change—conditions less favorable for anchoring
vegetation. All studies of inland dunes in the SGLR have revealed that many dunes were last
active during the Younger Dryas (YD) chronozone (12.8–11.7 ka), with some younger inland
dunes in Wisconsin and northwest Ohio last active during the early Holocene (ca. 8 ka). It
appears that cooler conditions recorded in the Greenland ice cores as stadial events are
represented geomorphically as sand dunes in the SGLR. Because duration of the YD is similar to
OSL age uncertainties, and so many OSL ages fall on the YD timeframe, an association of
aeolian activity with this stadial is robust. Association of dune activity with much shorter-lived
stadials before and after the YD is less confident numerically, but is a reasonable working
hypothesis. Recent results from the Mongo, IN dune field include four ages centered on the YD
(group mean age of 12.3 ± 0.19 ka) from dunes that migrated out of the Pigeon River meltwater
channel. Two older ages (group mean age of 14.2 ± 0.14 ka) are from dunes in the bottom of the
meltwater channel last active during the broader Bølling Allerød (BA) interstadial, but which
also overlaps with the Older Dryas stadial, a ~150-year cold period within the BA. Other dunes
in the SGLR also were last active at 14 ka, which suggests an earlier period of regional climate
suitable for aeolian dune activity (Fig. 1B) during the warm Bølling Allerød interstadial (BA).
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SURVEYING A GLACIAL DISPERSAL TRAIN WITH AN UNMANNED AERIAL
VEHICLE (UAV): A CASE STUDY AT THE ALLAN LAKE CARBONATITE,
ONTARIO.
*Fortin, Richard; Harvey, Jordan R., Chen, Carolyn M; Coyle, Maurice J.; Sinclair, Laurel E. and
McClenaghan, M. Beth.
Session S5 Mapping the Quaternary
Poster Presentation
Research related to the use of small Unmanned Aerial Vehicles (sUAV) has grown in recent
years due to their cost-effectiveness and the existence of airspace regulations that allows their
use. Their capacity to quickly survey an area unobstructed with a high level of detail is
promising for geoscientific applications and their use for the production of small-scale orthoimagery and digital elevation model has been well documented. Gamma-ray spectrometry
provides compositional information about surface materials that would be distinctive but
complementary to visible spectrum imagery. A small gamma-ray detector system was designed
by Natural Resources Canada to be mounted on a less-than-25 kg rotary-wing sUAV, and its
application to surficial mapping was tested at a known glacial dispersal train south of the Allan
Lake carbonatite in Algonquin Park. Glacial erosion produced a 5 km long dispersal train of
lithologically distinctive till covering 10 km2 that is characterized by an anomalous
concentrations of Thorium (Th). It has been previously easily discernible on gamma-ray
spectrometric surveys. To further characterize the dispersal train, ground-based gamma-ray
spectrometry measurements were obtained and till samples were collected for geochemical and
indicator mineral analysis. Till within the train is characterized by high concentrations of
ilmenorutile, zircon, barite, and goethite, and REE, Th, Y, Fe, Mn, Ta, Nb, P, Zn, and Mo in the
<0.063 mm fraction. UAV flight plans were designed to map the dispersal train from background
to its central axis. With the mature forest and rolling topography, UAV operations were
challenging with a limited field of view that compromised line-of-sight for both visual contact
and radio-frequency command and control link with the aircraft. A contrasting gamma-ray
signature on and off the dispersal train was nevertheless obtained that compares reasonably well
with ground measurements. By managing operational constraints, sUAV can provide useful
information at a wider scale of coverage than ground-based measurements.
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THE PERMAFROST ARCHIVE SCIENCE (PACS) LABORATORY: AN
INTERDISCIPLINARY RESEARCH FACILITY FOR PALEONVIRONMENTAL,
BIOGEOCHEMICAL AND ENGINEERING RESEARCH ON FROZEN GROUND
Duane Froese*, Alberto Reyes, Jeff Kavanaugh, Brian Lanoil, Vince St. Louis, Suzanne Tank,
David Olefeldt, Nicholas Beier, Fabrice Calmels, Hendrik Poinar and collaborators
Session S8 The relict permafrost environment
Poster Presentation
In 2017, we received funding from the Canadian Foundation for Innovation and the Government
of Alberta to build the first formal permafrost archive and associated labs at the University of
Alberta. The Permafrost ArChive Science (PACS) lab, will be Canada's first formal permafrost
archive, and will provide access to a superb collection of permafrost cores and research facilities.
It will serve a diverse user base from earth sciences, biological sciences and engineering
research, including academic, community, industrial, and government users. It will support
standardized and comprehensive physical, biogeochemical, and biological characterization and
analyses of cores, which will drive new insight into processes and impacts of climate and
environmental change in permafrost regions. The new lab will include core storage for roughly 3
km of frozen core, a large format industrial CT scanner, optical core scanner, analytical
equipment (gas, water isotope, grain size and elemental composition) and clean labs for
biogeochemical and ancient DNA/microbial sampling of permafrost cores. Outputs of the
research will include the development of novel core characterization approaches that will inform
responsible land use in permafrost regions; the development of paleoenvironmental records that
will frame past responses of permafrost regions to climate change; potential for novel genomics
and drug discovery; and an understanding of the impacts of the biogeochemical cycling and
permafrost fluxes of legacy nutrients and contaminants on local and downstream communities.
Here, we describe progress in building the lab, access for users, and the nature of research
projects that may be undertaken at the new facility starting in 2019.
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ICE-FLOW RECORD OF THE SOUTHWESTERN HUDSON BAY REGION AND ITS
SIGNIFICANCE FOR LONG-TERM ICE SHEET BEHAVIOUR
Gauthier, Michelle S., Hodder, Tyler J., Ross, Martin, Kelley, Samuel E.*
Session S3 Empirically testing paleoglaciological hypotheses and models
Poster Presentation
Ice-flow records preserved in glaciated landscapes are often fragmented, forming a surficial
mosaic of coherent erosional and depositional assemblages that tell a story of shifting ice-flow
and a dynamic subglacial environment through time. Here, we present a reconstruction of the
ice-flow history from southwestern Hudson Bay in northeastern Manitoba, a region of the
Laurentide Ice Sheet (LIS) situated between two major ice dispersal centres. In this study, we
reconstruct 8 regional ice-flow phases from the glacial record consisting of 1900 outcrop-based
ice flow indicators, 12 major landform flowsets, esker and meltwater corridor orientations, 103
till fabric measurements, and 1344 till-clast lithology counts. Tills that are located
stratigraphically below preserved interglacial organic-rich beds show evidence for multiple iceflow directions, which suggests a complex yet fragmented record for pre-Wisconsin glaciations.
Additionally, there is widespread evidence for a number of relict (overprinted) phases of ice
flowing towards the NW, W, SW and SE. Our reconstruction suggests that both pre-Wisconsin
glacial cycle(s) and the Wisconsin glacial cycle followed similar growth patterns where ice
advanced into the study area from ice centred in northern Quebec, followed by a switch in iceflow direction indicating increased influence from the Keewatin ice centre to the northwest and
north. Ice then flowed across the entire study area from the northeast, indicating influence from
an ice ridge or saddle centered in Hudson Bay. Additionally, observations also indicate multiple
phase of SW-trending ice-flow recorded, but the chronology is poorly constrained. The last
glacial cycle involved a significant switch in regional-scale ice-flow direction from W-trending
to S/SE-trending and SW-trending ice flow phases. As we demonstrate, the glacial record
provides a fragmented view into the past dynamics of the LIS during at least the last two glacial
cycles.
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A MULTI-PROXY APPROACH TO THE RECONSTRUCTION OF LATE-GLACIAL
CLIMATE “REVERSALS” FROM NORTHERN NEW ENGLAND, USA
*Grigg, Laurie D., Dutil, Mallory J., Magdon, Irene E.
Session S7 Quaternary Environments Multi-Proxy
Poster Presentation
Multi-proxy records from sediment cores from Pecks Pond and Twin Ponds in central Vermont
are presented in an effort to refine reconstruction of climate variability during the
Pleistocene/Holocene transition. The use of multi-proxy records across two nearby sites reveals
hydrological variability in addition to, previously recognized cold events. The combined first
principal component from both records show that warming occurred in two major steps: at 14.0
and 11.5 cal ka BP. In between these two significant step-like changes were short-term (<1000
yrs) fluctuations in temperature and precipitation that are captured by the second and third
principal components. Prior to 14.0 cal ka BP fluctuations in %CaCO3, %sand-sized grains and
ostracode concentrations suggest water depth increased twice. After 14.0 cal ka BP, hydrologic
changes inferred from fluctuations in CaCO3, organic carbon, grain-size, δ18O values, pollen,
ostracodes, and other macrofossils continued to occur. Evidence for increased water depths and
winter precipitation co-occur at ca.13.2 cal ka BP and were followed by evidence for low water
depths and decreased precipitation at 12.8 cal ka BP. By 12.5 cal ka BP, both records show a
return to increased water levels and winter precipitation that persisted until 11.75 cal ka BP.
Between 11.75 and 11.6 cal ka BP multi-proxy evidence suggests an initial warming that was
interrupted by a brief return to cold, wet conditions and followed by the second warming step at
11.5 cal ka BP. The final phase of climatic instability lasted until ca. 10.75 cal ka BP and is
marked by a multi-proxy variability centered around 11.0 cal k BP. The hydrologic fluctuations
apparent from these records point to shifts in the position of the polar front and are linked with
similar patterns of variability from the North Atlantic region.
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RECONSTRUCTING SPATIAL AND TEMPORAL PATTERNS OF FIRE IN PRIMARY
TROPICAL RAINFOREST IN WEST KALIMANTAN, INDONESIA
Hendricks, Lauren B., Ruwaimana, Monika, Anshari, Gusti Z., *Gavin, Daniel G.
Session S4 Syntheses of human-environment interactions during the Holocene
Poster Presentation
El Niño-Southern Oscillation-related droughts have resulted in large forest fires on Borneo
multiple times in recent decades. These fires have major consequences for humans and wildlife
by converting partially-cleared forest to fire-prone fern, shrub, and grass. While fire is rare in
primary tropical rainforest, multiple studies have found evidence of past fire in tropical forests—
including on Borneo—overturning the theory that fire is excluded as a disturbance in tropical
rainforest due to high moisture. The prevalence and spatial patterns of fire in the tropical
rainforests of Borneo before the modern era is not well understood; we do not know if fires
represented in the soil charcoal record were natural or were a result of shifting agriculture
systems used by Borneo’s indigenous groups. We are examining the historical pattern of fire and
pyrogenic-carbon content from soils in primary rainforest in Gunung Palung National Park
(Indonesia). Macroscopic charcoal (>2 mm) was found in soil cores at all 17 sites (400 m
spacing) sampled across six habitat types. Charcoal was ca. six times more abundant in lowland
habitats (lowland sandstone and alluvial benches) than in upland habitats. Charcoal was also
ubiquitous (present in each of three replicate cores per site) in the lowland sites but not for
upland sites or peat swamp sites (present in <50% of replicate cores). The highest charcoal
counts were in 5-10 cm and 10-15 cm segments of the soil profile but charcoal was found
throughout. Lowland forest types are the least likely to have natural fire and are also the best
sites for a shifting cultivation agricultural system that uses fire for land clearance. Thus, while
radiocarbon dates are forthcoming, our preliminary results suggest that fire was used for land
clearing. Unlike the recent fires, our data suggest forests were resilient to these earlier fires.
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CREOSOTE PLOIDY RACE HISTORY ALONG THE DIPLOID-TETRAPLOID
BOUNDARY, SE ARIZONA AND SW NEW MEXICO
Holmgren, Camille A.*, Hunter, Kimberly L., Betancourt, Julio L.
Session S14 General Session
Poster Presentation
Creosote bush (Larrea tridentata) is the most abundant and wide-ranging shrub in the warm
deserts of North America. It is also a classic example of an autopolyploid complex, in which
whole genome duplication results in organisms with more than two complete sets of
chromosomes. In North America creosote bush evolved to include diploids, tetraploids, and
hexaploids. These ploidy races exhibit an allopatric distribution with diploids primarily found in
the Chihuahuan Desert, tetraploids in the Sonoran Desert, and hexaploids in the Mojave and
western Sonoran Deserts. Determination of ploidy races from fossil creosote bush leaf guard cell
areas, however, shows that their geographic distributions have shifted through time (Hunter et
al., 2001, Global Ecology and Biogeography 10, 521-533). Although both ploidy races occur
along the diploid-tetraploid transitional region in southeastern Arizona and southwestern New
Mexico today, Hunter et al. identified only diploids outside of the Verde Valley, AZ prior to
~250 years ago. This pattern, however, is based on a relatively small number of fossils from the
area. To further assess the history of creosote ploidy race distribution along the diploid-tetraploid
boundary, we determined ploidy levels for 53 fossil creosote leaves obtained from 20
radiocarbon-dated ancient packrat middens from the Peloncillo Mountains, AZ that range in age
from 145-3170 cal yr BP. In addition, modern creosote ploidy level was measured at several sites
spanning the AZ-NM border to supplement areas of sparse sampling in this relatively large
geographic area. At the Peloncillo Mountains site, modern plants included a mix of diploid and
transitional ploidy levels, whereas all fossil plants were diploids, supporting the pattern seen
prior work and suggesting the arrival of tetraploids at their eastern margin may have occurred
only recently.
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LATE QUATERNARY ECOLOGICAL DRIVERS
TURNOVER IN WESTERN NORTH AMERICA
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Loera Israel*, Davis Charles
Session S4 Syntheses of human-environment interactions during the Holocene
Poster Presentation
The extent to which late Quaternary climate change and anthropogenic factors had on
biodiversity is a debated topic in arqueological and environmental sciences. Paleoecological
information can give insights on how ecological factors had alone or in concert affected
biodiversity dynamics over time. Western North America represents a unique opportunity to test
hypotheses of ecological drivers of biodiversity change. This region has a well-documented late
Quaternary paleobiological record (macro and micro fossils and biological remains) and
paleoclimate reconstructions for the last 21,000 years. In this work we aimed to disentangle the
effect of ecological drivers on plant community turnover in the last 21,000 years in western
North America. For this we integrated palebiological and paleoclimatic information tracking the
change of vegetation communities of seed plant lineages and climate in this region. Our results
show two waves of change on vegetation turnover that occurred at the late Pleistocene and midHolocene. One explained by rapid changes on environmental conditions and the more recent by
colonization and extirpation events.
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PALEOCLIMATIC INTERPRETATIONS OF CONTINENTAL DUST INFLUX FROM
EAST ASIA TO HAWAII DURING THE LAST 33 KYR
Soo Hyun Kim, Sara C. Hotchkiss and Joseph Mason
Session S1 The Quaternary record of aeolian systems
Poster Presentation
Mineral dust from East Asian deserts has been a major inorganic fraction in Hawaiian soils for
the last 3.5 million years. The deposition of Asian dust in Hawaii plays a significant
biogeochemical role supplying phosphorus, a limiting nutrient in the montane rainforest
ecosystems on highly weathered substrates. Long-term variability of the influx of Asian dust is
strongly influenced by three related climate factors, aridity in East Asia, the intensity of winds
transporting dust to Hawaii, and precipitation in Hawaii. These factors affect three pathways in
the dust cycle: emission, transport and wet deposition, respectively. However, there have been
few attempts to understand climate change-related responses of Asian dust influx in Hawaii.
Therefore, this research will provide novel paleorecords of Asian dust flux and its related
paleoclimates from two Hawaiian peat deposits (Ahu Moa: 20º 07' 46''N, 155º 46' 20''W and
Pu’u Kawila: 20º 06' 20'', 155º 45' 08''W) during the last 33 kyr. The new paleoproxy data
consist of quartz accumulation rates for Asian dust flux in Hawaii, mean quartz grain size for the
paleowind intensity, and C/N and organic carbon accumulation rates for Hawaiian precipitation.
The research will interpret last glacial to Holocene climatic changes for Asian dust deposition in
Hawaii.
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A FULL SUITE OF SEABED AND SHALLOW GEOHAZARDS ON THE BEAUFORT
SLOPE AND OUTER SHELF: GLACIAL, PERMAFROST AND TECTONIC
CONTROLS
King, E.L.*, Cameron, G.D.M., Dallimore, S., Riedel, M., Paull, C., Blasco, S., Li, M.Z., Wu,
Y., Mackillop, K., Duchesne, M. & Côté, M.
Session S12 Geohazard processes and impacts: Landslides, Floods, Earthquakes, Permafrost and
others
Poster Presentation
Safe hydrocarbon exploration and development in the Beaufort Sea requires understanding
potential geohazards, many or which have seabed and shallow sub-surface manifestations.
Shallow overpressures on the slope generate widespread mud volcanoes, some actively fluxing
gas, warm and fresh fluids with the mud. Overpressures are also recognized in the Mackenzie
Trough along a paleo ice stream regional unconformity. Gas and fluids sourced from hydrates,
degrading permafrost, meteoric water or their combinations are capped by glacial deposits,
apparently re-directing fluid efflux to the steep flanks along which various types of seabed
structural disturbances arise. Buried permafrost plays a strong but poorly understood role,
including on bottom-simulating reflectors. A near-continuous late Cenozoic history of slope
mass failure continues with many small events immediately following glaciation and periodic,
widespread Holocene failure. Large seabed slide valley complexes arise from multiple,
successive, retrogressive events following large deep-cutting initial failures, possibly
tsunamigenic. Large-scale rotational/slide activity less than 1000 yrs ago is followed by
retroactive failure only 100s years old. Geotechnical properties show slope muds from short
cores are not particularly failure susceptible, although unsampled deeper-buried glacial units
appear more failure-prone. Fresh porewater influx from permafrost degradation and/or longtraveled meteoric sources, and high sedimentation rates are likely pre-conditions to the failures.
Epicenter proximity and failure periodicity suggest seismic triggering. The western margin
exhibits deep-seated post-glacial faulting with seabed throw exceeding 14 m along scarps traced
for 10s km and potentially tsunamigenic. Mapping, oceanographic modelling, age-dating and
seabed instrumentation approaches indicate periodic and erosive bottom currents in a narrow
band at the shelf break. Within this band are dense diaper-like moated hills, commonly with both
growth and collapse components. They develop within post-glacial mud above the buried zone of
degrading permafrost, have some component of pingo-like ice core growth and can out-compete
the seabed erosion.
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COSMOGENIC NUCLIDES RECORD RAPID RATES OF ICE-SHEET THINNING
AND VARIABLE GLACIAL EROSION AT MT. WASHINGTON, NEW HAMPSHIRE,
USA
Koester, Alexandria J., Shakun, Jeremy D., Bierman, Paul R., Davis, P. Thompson*, Corbett,
Lee B., Goehring, Brent M., Anthony C. Vickers, Anthony C., Zimmerman, Susan R.
Session S3 Empirically testing paleoglaciological hypotheses and models
Poster Presentation
The lateral retreat history of the Laurentide Ice Sheet during the last deglaciation is relatively
well-constrained by radiocarbon and cosmogenic exposure dating; however, its thinning history
is less certain due to a lack of direct constraints on ice thickness over time. Reconstructing the
timing of ice-sheet thinning is necessary to better understand the ice sheet’s response to climate
change, contribution to sea-level rise, and freshwater input to the ocean. To improve constraints
on the thinning history of the Laurentide Ice Sheet during the last deglaciation, we measured 20
10
Be exposure ages and six in situ 14C exposure ages along a vertical transect on Mt. Washington,
New Hampshire, the tallest mountain (1917 m a.s.l.) overridden by the ice sheet outside of the
Arctic. Most of the 10Be ages above 1600 m a.s.l. record total exposure histories 2 to 5 times
longer than regional deglaciation ages, consistent with non-erosive cold-based ice on the upper
reaches of the mountain that did not fully remove nuclides inherited from prior periods of
exposure. The apparent antiquity of high-elevation features likely reflects the survival of the
landscape under this cold-based ice. High-elevation 14C concentrations are near saturation,
suggesting that the ice sheet did not cover the top of the mountain for long and/or began thinning
relatively early during the last deglaciation. Below 1600 m a.s.l., 10Be exposure ages are
indistinguishable over a ~700 m range in elevation and imply rapid ice-surface lowering at 14.7
± 0.6 ka. This accelerated ice sheet thinning at Mt. Washington coincides with quickened ice
margin retreat to the west and south recorded by Connecticut Valley varves during the Bølling
Interstadial; together, these records suggest rapid ice volume loss in interior New England in
response to this Northern Hemisphere warm event.
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A DINOFLAGELLATE’S JOURNEY THROUGH THE WATER COLUMN TO THE
LAKEBED: A CASE STUDY FROM PLASTIC LAKE, AND HARP LAKE, ON,
CANADA
Andrea Krueger*, Francine McCarthy, Andrew Paterson, Liette Vasseur
Session S14 General Contributions
Poster Presentation
Dinoflagellates are a major constituent of the summer phytoplankton assemblages of North
American lacustrine ecosystems and several species of peridinialean and thoracosphaeracean
dinoflagellates produce fossilizable cysts. These cysts can remain viable for centuries, as in
varved sediments from the deep basin of Crawford Lake. The fossil record of dinoflagellates is
influenced by the environmental conditions experienced by the motile photosynthesizing thecate
stage in the epilimnion and conditions affecting the preservation of cysts through the water
column and surface sediments. Using a combined phycological and palynological approach, we
investigated the relationship between limnological conditions, the modern phytoplankton
assemblage, and the fossil record of dinoflagellate cysts in sediments. In northeastern North
America, non-pollen palynomorphs can be used as paleolimnological proxies, relating their
stratigraphic and biogeographic distribution to environmental conditions in lakes with
documented anthropogenic impacts. A combined phycological and palynological approach
paired with seasonal sampling of the water column with sediment traps was used to better
understand the life cycle and preservation potential of common dinoflagellates, and assist in
relating unknown cysts found in lakebed sediments to well-known thecate dinoflagellates.
Samples were collected from spring through fall of 2016 to 2017 from Plastic Lake, and Harp
Lake, ON. Located in south-central Ontario near the southern margin of the Precambrian shield
in the Dorset region, Ontario, both lakes have been subject to substantially different
anthropogenic influence. Plastic Lake’s shoreline is pristine, with no cottages and limited
accessibility via an unpaved logging road, whereas Harp Lake’s shoreline has undergone
residential development since the late 1950’s. Furthermore, Bythotrephes longimanus (spiny
water flea) was accidentally introduced into Harp Lake in the early 1990’s, impacting predatorprey relationships. Initial results indicate differences in overall phycological and palynological
abundance between the two lakes, reflecting the different land uses.
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VARVED SEDIMENTS OF LAC NOIR, SOUTHWESTERN QUÉBEC
Lagacé, Amanda*, Neil, Karen & Gajewski, Konrad
Session S7 Improving understanding of Quaternary Environments through multi-proxy,
network, or statistical advances
Poster Presentation
The presence of annually laminated sediments in lake cores provides an opportunity to construct
high-resolution and precise chronologies; these can then be used to identify abrupt and long-term
ecosystem responses to climate change throughout the Holocene. A varved sediment sequence
spanning the past ~11.0 ka was collected from Lac Noir (45.77N, 75.13W, 168 m a.s.l.) in
southwestern Québec, approximately 60km north east of Ottawa, Ontario. The presence of
distinctive marker layers and bands, as well as peaks detected by magnetic susceptibility, was
used to develop a cross-dated varve-based chronology, which was verified independently by two
researchers. The chronological error fell within an acceptable range associated with varve counts.
Twenty-two AMS 14C dates provided an independent age-depth model which was compared to
the varve-based chronology. The oldest varve counted was dated to 11.16 ka, and the 14C date
corresponding to this depth was ~10,900 (±130) cal. yr. BP. Error ranges of both chronologies
overlapped, which confirmed the annual nature of the laminations and validated the accuracy of
the varve-based chronology. Measurements of varve thicknesses (in 10-year intervals) remained
relatively constant between 11.6-5.0 ka, increased steadily until ~1.0 ka, after which they
decreased slightly. A peak in magnetic susceptibility was also seen at ~8.7 ka, possibly linked to
a significant climate reversal termed ‘the 8.2 event’.
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SYNTHESIZING HOLOCENE GREENLAND ICE SHEET CHRONOLOGY FOR
DATA-MODEL COMPARISON
Lesnek, Alia J.*, Briner, Jason P., and Young, Nicolás E.
Session S5 Mapping the Quaternary – Advances and applications of surficial geology mapping
Poster Presentation
Ice sheet models are used to project changes in ice sheet extent and will play a critical role in
estimating the magnitude of future sea level rise. One way to assess model capability is to
compare numerical simulations with known ice sheet histories during past interglacials such as
the Holocene. Here, we present a database of Holocene ice margin positions of the southwestern
Greenland Ice Sheet (GrIS) between ~71° and 62° N for comparison with ice sheet models. We
synthesize chronology from 10Be dating of moraines and erratic boulders (n = 294) and
radiocarbon ages from marine shells (n = 102), non-glacial lakes (n = 65), and proglacial
threshold lakes (n = 38). This synthesis spans the past ~12 ka and comprises both previously
published work and new results from several locations in southwestern Greenland. Combining
this information with previously published surficial geology maps and ArcticDEM, we generate
a map of Greenland Ice Sheet extent through the Holocene. Bayesian modeling of the
geochronological and spatial data demonstrates that earliest Holocene retreat varied by ice
margin type, with marine-terminating margins retreating more rapidly than land-terminating
margins. During the middle Holocene, apparent retreat rates on both ice margin types slowed
from their early Holocene maxima. We suggest several possible explanations for this result,
including re-advances of marine-terminating outlet glaciers and ice front retreat out of fjords and
onto land. Our modeling also shows that the minimum Holocene extent may have been limited to
fewer than 30 km inland of the modern margins. This work has generated two products that can
be integrated into regional ice sheet models: (1) shapefiles of ice margin position throughout the
Holocene and (2) a database of plausible retreat rates between positions. These products offer a
straightforward means to assess ice sheet model performance against geologic data.
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HOLOCENE PRECIPITATION CHANGES USING STABLE ISOTOPE ANALYSIS ON
A RECOVERED SPELEOTHEM FROM THE MAJUANAS CAVE SYSTEM, CUBA
Liedtke, M.*, Viau, A.E. Peros, M.
Session S11 New Perspectives on the Use of Karst Basins for Paleoenvironmental Research:
Implications for Paleoclimatology, Paleontology, and Archaeology
Poster Presentation
A stalagmite was collected in the Salón de la Permencia-01 of the Majaguas Cave, that is a part
of the Majaguas-Cantera Cave Systemn in Cuba. The use of this stalagmite as a natural climate
archive is advantageous not only because stalagmites can record continuous episodes of growth
that are thousands of years in duration but also because they are easily and reliably dated, using
U/Th dating methods. Analyzing the stable isotopes of oxygen and carbon from this stalagmite
from Western Cuba will provide information of significant influencing factors on Caribbean
precipitation records, possible past climate anomalies and past climatic events during the
Holocene. Due to the lack of high-resolution records for Western Cuba, this study will help
verify and add to our knowledge of past climate variability for the Cuban region and the
Caribbean as a whole. While working closely with previous studies that have been completed in
this area, it will enable us to better interpret our results. Ideally, this study will provide a
continuous high-resolution precipitation record for the area during the Holocene, allowing a
greater understanding of the climate drivers that have had an impact on past precipitation
patterns in this region. Greater knowledge surrounding intense Holocene climate events will be
identified on a higher resolution scale than past studies have allowed in this area.
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QUATERNARY MAPPING ALONG THE LATE WISCONSIN MARGIN, CENTRAL
INDIANA, USA
Loope, Henry*, Antinao, José Luis, Rupp, Robin;
Session S5 Mapping the Quaternary
Poster Presentation
Geologic mapping near the late Wisconsin (OIS 2) glacial limit in central Indiana (USA) over
the past 5 years has focused on improving the chronologic and stratigraphic framework with the
aim to build robust 3-D models of the subsurface. Focused drilling (wireline and direct push)
combined with radiocarbon and luminescence dating has improved the litho- and
chronostratigraphic framework in central Indiana. In addition, LiDAR digital elevation models
have greatly improved our ability to trace ice-margin positions and identify other subtle glacial
features. Recent mapping has focused on Morgan and Bartholomew Counties, which are both
bisected by the late Wisconsin maximum limit south of Indianapolis. Two late Wisconsin tills
and an Illinoian till are present in both counties, along with associated ice-marginal sediments
(outwash and glaciolacustrine sediments). The chronology of deposition of two late Wisconsin
tills (24.0 ka and 21.5 ka) and Illinoian glaciolacustrine sediments (127 ka) by radiocarbon and
luminescence dating, respectively, has allowed us to correlate these units with those to the north
in Marion County (Indianapolis), which has been previously mapped. Several bedrock
paleovalleys (ca. 40 m in depth) are present in the mapping area, and coring indicates the fill of
these paleovalleys is composed of Illinoian and Wisconsin till, outwash, and glaciolacustrine
sediments. Outside of the bedrock paleovalleys where glacial drift is thinner, Wisconsin glacial
sediments generally dominate, and older sediments are found in isolated patches owing to spatial
variability of glacial erosion and accommodation space controlled by the bedrock surface. In
future coring efforts we will attempt to target deeper paleovalleys (>80 m) to the north of the
current map area to identify potential pre-Illinoian glacial sediments.
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NEW GLACIAL LANDSCAPE MAP DATABASE FOR THE INTERIOR OF THE
LAURENTIDE ICE SHEET, CENTRAL NUNAVUT AND NORTHWEST
TERRITORIES
McMartin, I., Campbell, J.E., Kerr, D., Tremblay, T. and Normandeau, P.X.
Session S5 Mapping the Quaternary – Advances and applications of surficial geology mapping
Poster Presentation
A new digital map database of glacial landscapes is being compiled in the core region of the
Keewatin Sector of the Laurentide Ice Sheet (LIS) to characterize and group glacial sediments
and landforms into coherent patterns and provide an update of the glacial history of central
Nunavut and eastern Northwest Territories. Surficial geological mapping in the region shows
evidence for multiple glaciations and dynamic glacial systems. However, Keewatin is still
considered one of the last frontiers of the LIS where insufficient synthesized glacial maps and
chronological constraint restrict paleoglaciological reconstructions and models. Recent
compilations of glacial features are largely based on remote sensing interpretations showing
various levels of generalization with little integration of field-based information. Our new
compilation is derived from digitally converted published surficial geology maps, recent field
datasets and new mapping interpretations using ArcticDEM and Landsat8 imagery, supported by
relative and absolute chronologies. This compilation consists of a GIS map (scalable) and
database of glacial features (individually identified from source maps), and a descriptive legend
including line and point features and various overlay features representing interpreted landscapes
(e.g., ice stream, flowset, ice divide, palimpsest, relict, cold-based). The features are grouped into
simplified shape files with information stored in attribute tables for each feature/field observation
type regarding timing, mapper and nature of interpretation (e.g., error, duplication, shift,
addition), and original data source. Additional field-based information on the nature of the
landscape and surficial materials as well as samples for dating and composition were collected in
key areas in 2017 and 2018 to fill knowledge gaps. Glacial dispersal and updated glacial histories
will be tested using till clast lithology and matrix geochemistry along selected transects crossing
the various glacial terrains identified. A preliminary map for the eastern sector of the project
compilation covering ~400,000 km2 in Nunavut is presented.
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EVALUATING SPATIAL VARIABILITY IN DETRITAL ZIRCON AGES FROM LAKE
MICHIGAN LOBE, HURON-ERIE LOBE, OR SAGINAW LOBE TILLS IN CENTRAL
INDIANA
Jeremiah L. Mickey, Kathy J. Licht, and Henry Loope
Session S3 Empirically testing paleoglaciological hypotheses and models
Poster Presentation
The three lobes of the Laurentide Ice Sheet that reached Indiana during the Last Glacial
Maximum were the Lake Michigan Lobe (LM), Huron-Erie Lobe (HE), and the Saginaw Lobe
(Sag). Detrital zircons were sampled from till gathered along the Mississinewa Moraine (HE),
Valparaiso Moraine (LM), Kalamazoo Moraine (Sag), and two stratigraphically stacked tills with
ambiguous provenance from a till plain near Clayton, Indiana. Detrital zircon age distributions
were measured for nine till samples using U-Pb geochronology. Initial results using large
datasets (n= 260-300) for each sample indicate that the zircon age distributions for the Lake
Michigan Lobe are distinct from the Huron-Erie and Saginaw Lobes. The Lake Michigan Lobe
has a high proportion of ~1.4 Ga to ~1.0-1.2 Ga grains. Conversely, the Huron-Erie and Saginaw
Lobe tills have a higher proportion of ~1.0-1.2 Ga to ~1.4 Ga grains. Minor age variations also
exist within tills of the Mississinewa and Valparaiso Moraines. The proportion of ~1.4 Ga grains
increases from north to south along the Mississinewa Moraine, and the proportion of ~2.7 Ga
grains also increases from east to west. The proportion of ~2.7 Ga grains also increases from east
to west along the Valparaiso Moraine. Overall, the two Clayton tills appear to be unlike the Lake
Michigan Lobe tills and are likely derived from the Huron-Erie Lobe. The upper till from
Clayton, Indiana (post 21.8 cal yr BP) has a slightly higher proportion of ~2.7 Ga grains than the
lower till, indicating possible provenance variability between the two tills. Additional analyses
are underway, but initial data suggest that detrital zircon geochronology may be useful for
analyzing till provenance where the till plain of central Indiana is devoid of end moraines.
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LATE HOLOCENE HURRICANE AND WILDFIRE REGIMES FROM THE BRITISH
VIRGIN ISLANDS
Mueller Joshua Robert, Power, Mitchell
Session S9 Wildfire Regime
Poster Presentation
Global change poses significant threats to the Caribbean islands. Increased global temperatures
are predicted to increase sea level and change the frequency and intensity of storm events. Little
is known about the long-term disturbance regimes in Caribbean island ecosystems. This research
investigates the past 1000 years of natural (hurricane, wildfire) and anthropogenic disturbances
through the analysis of sediment records from coastal salt ponds in the British Virgin Islands.
There are two primary research aims in this study: (1) to determine long-term patterns of tropical
cyclone frequency (2) to explore anthropogenic landscape modification pre- and post-European
settlement. This research employs a multiproxy-paleoecological approach including (eg: pollen,
charcoal, grain size and isotope analysis) to provide a window into past frequency of cyclone
activity in the Caribbean. During the past five centuries, the extent of anthropogenic landscape
modification, including the introduction of grazing, agriculture and invasive plant species, is also
investigated through pollen and charcoal analysis. Grain size analysis from two independent
sediment records identifies three major storm surge events over the last 800 years. Significant
storm surges, assumed to be hurricanes, are identified by bands of sand within the predominantly
fine organic-rich sediments of these coastal salt ponds. Charcoal analysis indicates a significant
increase in fire activity following large storm events. This research represents a novel
contribution to a largely underrepresented body of work on paleotempestology in the central
Caribbean. .
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LOCAL VARIATIONS IN A REGIONAL TILL SHEET: DECONSTRUCTING THE
NEWMARKET TILL IN SOUTH-CENTRAL ONTARIO
Mulligan, Riley P.M.*, Bajc, Andy F. and Eyles, Carolyn H.
Session S5 Mapping the Quaternary
Poster Presentation
Late Wisconsin Newmarket Till (NT) is observed at or near surface in south-central Ontario
between Owen Sound and Kingston across a vast, physiographically complex terrain. NT occurs
along the Niagara Escarpment in the west, in patches on shield peneplain to the north, and
capping broad drumlinized uplands separated by, or forming the floor of, incised drumlinized
valleys and broad lowlands surrounding large modern lake basins in central and eastern areas.
High-resolution digital elevation models permit detailed delineation of surficial landscape
elements. Combined with recent surficial mapping and deep sediment drilling in Simcoe County,
new sedimentological and stratigraphic context for understanding the characteristics of the NT
are available. A wide ranges of thicknesses (<1 to 37 m), physical characteristics (loosely- to
over-consolidated, fissile, or cemented), textures and internal facies (massive units, stacked
massive beds, locally interbedded with sand, silt, gravel or stratified diamict, monolithic breccia
facies), basal contacts (comminution, glaciotectonite, interbedded, loaded, sheared, planar and
erosional types and local boulder pavements), and broad-scale architectures (undulating upland
units to valley floors with up to 175 m of topographic relief over distances of <5 km) from
various physiographic settings across south-central Ontario. These new descriptions lead to
improved understanding of the spatiotemporal variability of subglacial till depositional processes
in the region, linked to local bedrock topography and lithology, substrate sediment thickness and
rheology, evolution of subglacial drainage systems, and reconfiguration of the Laurentide Ice
Sheet during deglaciation. Together, the improved understanding of the variability of NT facies
and stratigraphic architecture highlight the dynamic nature of Late Wisconsin subglacial
deformation, erosion and depositional processes, and help test theories of landscape evolution as
well as inform future local-scale field work and stratigraphic studies.
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EXAMINING CHANGES IN WATER QUALITY AND DIATOM ASSEMBLAGES
DURING THE TRANSITION PERIOD OF ZEBRA MUSSEL (DREISSENA
POLYMORPHA) INVASION IN WHITE LAKE, ONTARIO
Murphy, J.J., Michael*, Vermaire, J., Gregoire, C
Session 10 High resolution records of the Common Era
Poster Presentation
White Lake is a shallow lake located in Eastern Ontario that has recently been colonized by
zebra mussels (Dreissena polymorpha). To assess the changes zebra mussels have had on the
lake, two sets of replicate sediment cores have been taken from the lake and sectioned at 0.5 cm
intervals. Diatom communities at 1 cm intervals are being counted to determine if any shift in the
population has occurred. It is expected that there will be a change from a community dominated
by planktonic diatoms to a community dominated by benthic diatoms as more light will reach the
lake bottom which will increase the amount of substrate that benthic diatoms can grow on. This
research will provide insight into how zebra mussels impact primary producers in freshwater
lakes and builds off existing research on how zebra mussels impact nutrient availability.
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A LATE PLEISTOCENE WOODRAT MIDDEN FROM RANCHO LA BREA:
PALEOECOLOGICAL INSIGHTS FOR SOUTHERN CALIFORNIA
*Mychajliw, Alexis M., Tewksbury, Laura R., Rice, Karin A., Lindsey, Emily L.
Session S2 Island Biogeography
Poster Presentation
Rodents of the genus Neotoma have played an important role in informing paleoecological
reconstructions of North America. Their nest-building behavior creates time-capsules of local
vegetation and climatic conditions that may be preserved for thousands of years. We report the
first coprolites from Rancho La Brea and apply stable isotopes of carbon (δ13C) to investigate
their paleoecological significance and diet record. We tentatively identify these coprolites as
belonging to Neotoma fuscipes by size/shape (>900 whole pellets measured), the presence of N.
fusipes teeth, and the midden qualities. Rancho La Brea, located in Los Angeles, California, is
world-renowned for its Late Pleistocene megafauna, including dire wolves, ground sloths, and
saber-tooth cats, unearthed from sediments of active asphalt seeps. Coprolites are only known
from a few grids within a single deposit, Project 23’s Box 1, which was excavated in 2006
during construction at the neighboring Los Angeles County Museum of Art. Pellets were
intermixed within a distinctive large clump of matted leaves, sticks, and acorns mostly from oak
(Quercus) and juniper (Juniperus), species also reported in modern stick-houses. Five
radiocarbon dates spanning multiple grids of the midden confirm woodrat activity at La Brea
~46-50,000 years before present. These dates are significantly older than megafauna remains
found in asphaltic sand and gravel sections of the Box 1 deposit. The asphaltic fine-grained sand
and silt of the midden section suggests a different and lower energy taphonomic process
dissimilar to the typical ‘entrapment’ scenario envisioned for Rancho La Brea. These unique
taphonomic and biotic preservation conditions of Box 1 present an important window into the
pre-Last Glacial Maximum ecosystem of Rancho La Brea. As woodrats are still active across
southern California and within Los Angeles’ parks, there is now an opportunity to link climatic
changes in the past with potential impacts in the present and future.
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INFLUENCES OF CLIMATE VARIABILITY AND LOCAL DISTURBANCES ON
TERRESTRIAL AND AQUATIC COMMUNITIES IN SOUTHWESTERN QUÉBEC
Neil, Karen* and Gajewski, Konrad
Session S10 High-resolution Records of the Common Era
Poster Presentation
Analysis of two lake sediment cores from southwestern Québec reveal a tight coupling between
terrestrial and aquatic ecosystems. The sediments were varved, enabling for a precise chronology
with fine temporal resolution. Biotic responses were driven in part by long-term climate
variability in the late Holocene, however generalized additive models (GAM) show that
vegetation succession may play a more direct role in governing aquatic community structure
within the lakes. Pollen records from both sites (Lac Noir and Lac Brûlé) show similarities in
response to climate variability during key periods of interest within the past ~2,000 years,
including the Medieval Warm Period (~800-1300 CE), the Little Ice Age (~1450-1850 CE) and
post-European settlement (~1850-present). Diatom assemblages at each site were more unique
and associated with the different morphometric characteristics and landscape surrounding the
lakes, but were still highly correlated with vegetation dynamics in each respective catchment.
Two principal points of difference between the paleo-records of the lakes were attributed to (i) a
local fire in the Lac Brûlé catchment at 1345 CE which caused a decline in hemlock (Tsuga) not
seen at Lac Noir until a few centuries later, and (ii) the close proximity of the Wallingford-Back
Mine (1924-1972 CE) to Lac Brûlé, which had significant impacts on nutrient availability and
aquatic communities in the lake. This study emphasizes the need for replication of
paleolimnological studies at regional-scales, which will help to better distinguish the effects of
climate variability and non-climatic processes on various ecosystems.
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SURFACE POLLEN DATA FROM THE CANADIAN ARCTIC, 1972-73
Nichols, Harvey; Stolze, Susann*
Session S14 General Contributions
Poster Presentation
A baseline study of modern pollen deposition in the Canadian Arctic was undertaken in 1972–73
during a multi-decadal cold period that suppressed fertility of the arctic tree-line. This project
was designed to assist interpretation of Holocene pollen records from that region, with particular
focus on the arctic tree-line as it moves latitudinally as a result of major climatic changes. Only a
few Holocene pollen sites from Canada provided surface pollen data at that time, but these did
not fully explain the arctic-subarctic pollen stratigraphy. To bridge this gap, an extensive
sampling program funded by the National Science Foundation was conducted.
Two summer seasons of annual pollen deposition were sampled from a 2,000 km transect of 29
sites in interior Keewatin (Nunavut) from the arctic tree-line to high arctic Baffin Island, with
five further sites on the western coast of Hudson Bay. Close spatial sampling was conducted at
and just north of the tree-line ecotone, and gradually farther apart into the high arctic. Over 500
pollen samples were obtained from standard Tauber and experimental Benninghoff samplers as
well as moss and lichen polsters. The latter were collected to compare the multi-year pollen
deposition contained within these natural polsters with the annual pollen rain collected by the
static samplers. Absolute and relative pollen numbers were determined in each sample.
Additional scanning of the microscope slides documented the occurrence of rare exotic pollen
types such as Pinus and Picea windblown from the boreal forest to the south as their presence
can provide information on past wind directions. This study produced a uniquely large spatial
data set of surface pollen deposition in the Canadian Arctic. Metadata of this baseline study was
published by the authors in Scientific Data (2017). The complete data set is archived at the
World Data Center PANGAEA.
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LATE WISCONSINAN ICE FLOW DYNAMICS IN NORTHWEST SASKATCHEWAN
Sophie L. Norris *, Martin Margold and Duane G. Froese
Session S5 Mapping the Quaternary
Poster Presentation
A comprehensive map of glacial landforms is presented for the area of northwest Saskatchewan,
Canada. Remote sensing of 1-arc (~30 m resolution) Shuttle Radar Topography Mission (SRTM)
digital elevation models over an area of approximately 150,000 km2 were used as the primary
data source for landform identification. A total of 16,856 landforms were identified pertaining to
Quaternary glacial and postglacial activity. Ten landform types were mapped: ice flow parallel
lineations (flutings, drumlins, mega-scale glacial lineations, and crag-and-tail ridges), moraines
(major and minor), ice-thrust ridges, crevasse-fill ridges, meltwater landforms (major and minor
meltwater channels and eskers), palaeo-shorelines and dunes. Collectively, these landforms
constitute a glacial and postglacial landform record, which exhibits a more complex pattern than
previously recognised, with evidence of multiple cross cutting ice flow directions. This
geomorphological mapping of the regional landform record provides the prerequisite for future
reconstructions of the glacial dynamics and chronology of northwest Saskatchewan.
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A PALEOTEMPESTOLOGY DATABASE COVERING 8000 YEARS FOR THE
WESTERN NORTH ATLANTIC BASIN
F. Oliva*, A.E. Viau1, M.C. Peros, M. Bouchard
Session S14 General Contributions
Poster Presentation
Paleotempestology, the study of past tropical cyclone (TC) activity, has grown considerably over
the past two decades, and there is now a relatively dense network of sites across the western
North Atlantic Basin providing records of past TC variability. Here we present a new database of
paleotempestological records generated from 61 studies published between 1993 and 2018 for
this region. A total of 266 data entries, consisting of the calibrated ages of individual TC events
and the boundaries of “active” TC periods from the present to 8000 cal yr BP, along with the site
names, geographic coordinates, proxy indicator(s) used, materials upon which dating was
undertaken, and information about the depositional basin type (e.g., lagoon, mangrove), are
included in the database for each site. The database is housed at the National Oceanographic and
Atmospheric Association (NOAA) and is available for free download. This publicly-available
database will permit a greater number of researchers to work on questions related to past TC
dynamics and more easily allow studies of long-term spatial-temporal TC relationships to be
undertaken.
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CLIMATE RECONSTRUCTIONS FROM EASTERN WHITE CEDAR (THUYA
OCCIDENTALIS) FROM THE CHIC-CHOC AND MCGERRIGLE MOUNTAINS,
PARC NATIONAL DE LA GASPÉSIE, QUÉBEC
Pace, Alexander and St-Jacques, Jeannine-Marie*
Session S10 High-resolution Records of the Common Era
Poster Presentation
Detection of the regional effects of anthropogenic climate change is only possible with climatic
data of at least a century, from which baseline conditions can be established. Such long baseline
data is needed to be able to distinguish between low-frequency centennial and multi-decadal
natural variability and anthropogenic global change. Climate data at the centennial scale does not
exist for the majority of Quebéc. Continuous instrumental climate data for the interior of the
Gaspé Peninsula is particularly short, only starting in 1970 for Murdochville. Given this
problem, the only feasible way to acquire annual and sub-annual climate data for this region is
by tree-ring based climate reconstructions. Mountainous areas are sensitive and react quickly to
anthropogenic climate change. The Chic-Choc and McGerrigle Mountains in the Gaspé interior
have been little studied by dendroclimatologists. We present preliminary results from 9 eastern
white cedar (Thuya occidentalis) sites from the Parc national de la Gaspésie, which were
sampled in summer 2017. The cedar ring widths are positively correlated to summer temperature
and winter precipitation, allowing possible climate reconstructions. Such reconstructions could
contribute to wildlife conservation projects in the Parc national de la Gaspésie, particularly that
of Canada’s southernmost caribou herd, a highly threatened species in this location.
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NINETY YEARS OF LEAD POLLUTION IN YELLOWKNOWKNIFE BAY,
NORTHWEST TERRITORIES, CANADA, LONG-TERM IMPACTS ON LEAD FLUX
AND TRAJECTORIES OF ECOSYSTEM RECOVERY IN A LARGE SUBARCTIC
LAKE
Pelletier, Nicolas, Vermaire, Jesse C. and Chételat, John
Session S10 High resolution records of the Common Era
Poster Presentation
Abandoned mines offer a rare perspective into the recovery processes from metal pollution in
lake sediments. We investigated the long-term impact and possible recovery of 90 years of Pb
pollution in the sediments from the Yellowknife Bay, NT, Canada. Sediment metal
concentrations, accumulation rates, and Pb isotopic composition were used to partition the
relative influence of anthropogenic, natural and recycled Pb deposition in multiple sedimentary
records. We demonstrate that concentrations and fluxes of Pb have decreased to levels similar to
baseline conditions in most parts of the Yellowknife Bay. However, Pb levels remain elevated
compared to baseline in the section of the Bay closer to major mining operations and a small
fraction of Pb modernly deposited at every sampling point in the Bay originates from mining
pollution.
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STRUCTURAL ARCHITECTURE AND GLACITECTONIC EVOLUTION OF THE
MUD BUTTES CUPOLA HILL COMPLEX, SOUTHERN ALBERTA, CANADA
Emrys Phillips*, David J A Evans, Nigel Atkinson and Allison Kendall
Session S3 Empirically testing palaeoglaciological hypotheses and models
Poster Presentation
The Mud Buttes in southern Alberta (Canada) is a large, arcuate cupola hill composed of
intensely folded and thrust sandstones, siltstones and mudstones of the Cretaceous Belly River
Formation. It forms one of a number of glacitectonic compressional structures (e.g. Neutral
Hills) which occur within a geomorphologically complex area separating the strongly
streamlined trunks of the former Central Alberta and Maskwa palaeo-ice streams. Glacitectonism
responsible for the development of the internally complex Mud Buttes landform occurred at the
margin of the Prospect Valley glacier lobe of the Laurentide Ice Sheet. Analysis of the
deformation structures reveals that construction of this landform occurred in response to at least
two phases of south-directed ice sheet advance separated by a period of retreat. The first phase
led to the formation of a forward propagating imbricate thrust stack leading to polyphase
deformation of the Belly River Formation. D1 thrusting led to the detachment of thrust-bound
slices of bedrock which were accreted to the base of the developing imbricate stack. This process
resulted in the structurally higher and older thrust-slices being progressively “back-rotated”
(tilted), accompanied by D2 thrusting and folding. Further thrusting during D3 was restricted to
the core of the Mud Buttes as the deforming sequence accommodated further compression
imposed by the advancing ice. Minor oscillations of the ice margin led to localised brittle-ductile
shearing (D4) of the bedrock immediately adjacent to the ice contact part of the thrust stack. The
second ice advance led to the accretion of a relatively simple thrust and folded sequence seen on
the northern side of Mud Buttes. The resulting glacitectonic landform was subsequently
overridden by ice advancing from the north-northwest.
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RISE OF THE GREEN
ANTHROPOGENIC IMPACT

ALGAE:

ALGAL

PALYNOMORPHS

RECORD

Pilkington, Paul M.*, McCarthy, Francine M.G.
Session S10 High resolution records of the Common era
Poster Presentation
Anthropogenic influence has impacted the state of freshwater systems in numerous ways,
including siltation/ turbidity from land clearing, excess nutrient input from human and animal
waste, and fossil fuel emissions resulting in higher concentrations of carbon dioxide, methane,
and other greenhouse gases. HABs are increasingly degrading the quality of freshwater resources
and causing public health concerns, but paleolimnologists tend to overlook organic-walled
remains of cyanophytes and green algae (chlorophytes & charophytes). The acid-resistant
remains of cyanobacteria (Nostoc sp., Anabaena sp., Microcystis sp.) are common in Holocene
sediments during intervals of both natural and cultural eutrophication. Interestingly, however,
there is an increase chlorophyte palynomorphs (Coelastrum sp., Botryococcus spp., etc.) in the
upper part of the Ambrosia (ragweed) zone of several eastern North American lakes, at the
expense of both the acid-resistant remains of cyanobacteria (Nostoc sp., Anabaena sp.,
Microcystis sp.) and dinoflagellate cysts. Because green algae flourished in response to
anthropogenic impact since the Industrial Revolution and their remains have a high preservation
potential (known from the fossil record of much of the Phanerozoic), they have the potential to
play an important role in conservation and remediation studies.
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THE SURFICIAL DATA MODEL OF THE GEOLOGICAL SURVEY OF CANADA
Plouffe, A., Kerr, D.E., Deblonde, C., Cocking, R.B., Campbell, J.E., Eagles, S., Everett, D.,
Huntley, D.H., Inglis, E., Parent, M., Robertson, L., Smith, I.R., and Weatherston, A.
Session S5 Mapping the Quaternary – Advances and applications of surficial geology mapping
Poster Presentation
The Geological Survey of Canada (GSC) has a long history of geological map production dating
back to its inception in 1842 and including William Logan’s seminal 1864 Geological Map of
Canada. Since its early days, the GSC has mapped the geology of Canada, at various scales, and
under various thematic approaches, including Quaternary surficial geology. Originally, surficial
geology maps were strictly paper products. Following the advent of computers and geographic
information systems (GIS), map production has evolved enabling dissemination of geological
information in digital format, such as raster and vector formats. In response to demands for
regional and national compilations of surficial geology information, and in recognition of the
need to integrate historical and paper maps (prepared by numerous individual mappers from the
GSC, provincial and territorial surveys), the GSC has developed a scientific language and a
surficial geology data model (SDM) for all elements depicted on surficial geology maps. The
main objective of the SDM is to standardize the terminology and symbology of surficial geology
maps that ultimately facilitate map production, and the compilation of data from different
sources. The SDM is divided into three broad components: 1) map units represented by
polygons; 2) geomorphological features represented by overlay polygons, lines, and points; and
3) field observations and measurements. The model allows for the incorporation of digital
information, including interpretation by the mapper, that is not necessarily represented on the
map. The SDM continues to evolve, and is updated on a yearly basis to fulfill current and
anticipated future needs of surficial geology mappers.
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THE RISE AND FALL OF NORTH AMERICAN PAST CIVILIZATIONS OF THE
HOLOCENE
Provost, Fabien* and Viau, André E.
Session S4 Syntheses of human-environment interactions during the Holocene.
Poster Presentation
Contemporary climate change is currently discuss worldwide and is part of one of the biggest
concerns of our modern civilization. Past climate changes have had a direct impact on the daily
functioning and subsistence of several past North American cultures. In order to better
understand adaptation strategies to the challenges of modern global climate change, this research
looks at past civilizations in North America during the Holocene in order to understand how and
if these pas civilizations adapted when confronted to past climate variability. The objective of
this study is to develop a new database using archaeological qand anthropological records to
explore if relationships exists between the rise and fall of different cultures in North America
during the past 10,000 years. The database is developped through a systematic review of
primary and secondary scientific literature on different cultures in North America. The data
collected reflects the geographical locations and the time period of various pas North American
cultures, as well as cultures that preceded and followed their disappearance or migration.
Radiocarbon dated archaeological material is also saved in the database. In the future, this
database will serve as a platform on which statistical analyses can be performed in the context
climate variability in North Amercica during the Holocene. This will allow a better
understanding on climate changes and the rise and fall of some past North American cultures. In
summary, this new and yet unpublished North American cultural database will contribute to the
scientific community and made available for various analyses in climate change research and
other related disciplines.
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TITLE: EVALUATING THE RESPONSE OF PRIMARY PRODUCERS TO CLIMATE
CHANGE IMPACTS AND TOTAL PHOSPHORUS CONCENTRATION IN EASTERN
ONTARIO LAKES
Rahman, Mubashshera and Vermaire, Jesse C.
Session S14 General Contributions
Poster Presentation
Rural regions of Eastern Ontario are heavily dependent on lake-based tourism and recreation,
and residents are becoming increasingly concerned of lakes water quality changes. Increasing
nutrient accumulation and climate change (length of ice off seasons) impacts are affecting lakes
water quality by harmful algal blooms and nuances biomass of aquatic plants. Deeper temperate
lakes of this region, that undergo thermal stratification, is more vulnerable to the climate change
impacts. Increasing global warming prolongs the ice-free seasons of temperate lakes along with
stronger stratification of dimictic lakes (deep lakes) favours the prolonged activity of primary
producers and may cause hypolimnetic anoxia. Therefore, frequent eutrophication might cross
the threshold limits of lake resilience. Loosing aquatic plants might make lake ecosystem fragile
and change the clear water state to turbid state permanently. This situation might continue to
worsen despite controlling the nutrient accumulation, by the impact of positive feed back loops
in aquatic ecosystems. Therefore, the response of primary producers, including phytoplankton
and rooted aquatic plants under the influence of climate change and nutrient enrichment requires
further investigation, as it is not well understood. Paleolimnology, is a prevailing approach is
used to understand the impact of past (150 to 200 years) climate change and nutrient enrichment
on twenty lakes of Eastern Ontario region based on Total Phosphorus (TP) gradient. Lake
sediments is dated and will analyzed to infer the past impact of climate change and nutrient
enrichments over the primary producers. Separately, aquatic plant biomass will be measured
using an echo-sounder and analyzed using GIS (Geographical Information System) tools to
correlate with existing land-use pattern on the shoreline of the lakes. Furthermore, based on top
five TP gradient, lake sediments of each cm will be analysed to evaluate in depth response of the
algae. Based on current data lake Otty is one of the five lakes. A shift from small sized
Cyclotella species towards Stephanodiscus species in recent sediment layers indicated a shift
towards nutrient rich environment. The analysis will be shared with lake conservation authorities
(MVCA and RVCA) to develop shoreline restoration plans, to better inform management actions
and to fill important knowledge gaps concerning the response of phytoplankton and macrophytes
towards climate change and nutrients concentration. Furthermore, this will be the first-time
attempt to apply paleolimnology technique over twenty lakes of Eastern Ontario.
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USING EX SITU PORTABLE X-RAY FLUORESCENCE SPECTROMETRY TO
INVESTIGATE GRANULOMETRIC ELEMENT PARTITIONING IN BASAL TILL IN
SOUTHWESTERN NEW BRUNSWICK, CANADA
*Rossiter, Steven L.E.; Broster, Bruce E.
S14: General Contributions
Poster Presentation
Portable X-Ray Fluorescence (PXRF) spectrometry allows users to rapidly collect chemical data
and test hypotheses. Success in this endeavor can require that sufficient measures are taken to
mitigate analytical variability. For the present study, 100 basal till subsamples were taken from a
recent geological survey in southwestern New Brunswick. Samples were dried and sieved to <2
mm, <0.25 mm, and <63 µm and subsequently analyzed by PXRF spectrometry in a laboratory
setting. Certain elements were then examined as proxies to infer mineralogical granulometry.
Elements associated with labile minerals were hypothesized to exist mainly in the finer fraction
of basal till, while elements associated with erosion-resistant minerals, in the coarser fraction.
This testing was done partly as a geochemical orientation for local drift prospecting and also as
an examination of granite grus – a coarse and crumbly ubiquitous constituent of basal till in the
region. This study also provided an opportunity to explore data quality and instrument
methodology, allowing inferences to be made regarding the best practices for future geochemical
hypothesis testing using PXRF spectrometry. Results indicate that although the highest metal
concentrations are normally detected within the <63 µm grain size fraction, elements associated
with erosion-resistant minerals may occasionally only be detectable within the coarser grain size
fractions. This observation implies that, for this region, analysis of a coarser grain size fraction
may yield additional useful information for drift prospecting. Testing also revealed that for
several elements near their limit of detection, the chance of detection is increased when multiple
repeat analyses are conducted and the measurement integration time is increased to two hundred
seconds.
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PERMAFROST AND MICROTOPOGRAPHY CONTROLS ON RECENT PEATLAND
CARBON ACCUMULATION IN NORTHEASTERN CANADA
Sanderson, Nicole K.*, Charman, Dan J., Garneau, Michelle, Hartley, I.P.
Session S8 The Relict Permafrost Environment
Poster Presentation
Northern peatlands are a net global terrestrial carbon sink storing ~550 Gt of C. During the last
150 years, permafrost degradation along the southern limit of the discontinuous permafrost zone
has altered the microtopography, hydrology and carbon cycling in Canadian peatlands and this
northward shift of permafrost is projected to continue. While peat carbon sequestration is
projected to increase in northern regions, the fate of peatland carbon near the southern limit of
permafrost is complex and still remains uncertain. This study focused on 30 cores from peatlands
located in three ecoregions along a S-N transect on the North Shore of the Gulf of St Lawrence
(Québec and Labrador, Canada); this is the first use of replicated microform cores to evaluate
variations in peatland carbon accumulation during on a multi-decadal and -centennial scale at a
high-resolution, both within sites (hydrological gradient) and between sites (permafrost
gradient). Chronologies were constructed using a combination of radiocarbon (14C) and lead-210
(210Pb) dating. Patterns and trends in recent carbon accumulation rates for the 150-year period
across all microforms and regions were mainly driven by changing ecohydrological feedbacks, in
part due to permafrost degradation. On a multi-centennial scale, carbon accumulation was driven
by a combination of climatic changes and ecohydrological feedbacks; rapid moss reestablishment in post-permafrost degraded features and increasing temperatures meant that
carbon accumulation was highest for the northernmost site. In sites in the sporadic and
discontinuous permafrost zones, changes in carbon accumulation also coincided with the
degradation of relict Little Ice Age (LIA) permafrost since the 1950s. Age-depth models
constructed using a combination of 210Pb and 14C dates showed that building 210Pb dates into
chronologies can affect the carbon accumulation rate results for up to 500 years, and also affects
the interpretation of environmental drivers throughout the LIA.
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UNDERSTANDING CLIMATE CONTROLS OF PAST FIRE AND VEGETATION
CHANGES IN THE BLUE MOUNTAINS, OREGON THROUGH MODERN CLIMATE
ANALOGS
J. J. Shinker, C. J. Long, T. A. Minckley M. J. Power, and P. J. Bartlein
Session S9 Wildfire Regime
Poster Presentation
Reconstructed sedimentary pollen and charcoal provide insight into past vegetation change and
disturbances. Vegetation and fire reconstructions from Anthony Lake in the Blue Mountains of
Oregon indicate that forest composition was relatively stable over the last 7600 years, with
evidence of active fire conditions between 7400-6000 cal yr BP and again from 1650 cal yr BP
to present. While the sedimentary records indicate forest composition and disturbance from fire,
information regarding what climate conditions may have supported active fire conditions are not
available through such proxy records. We use the modern climate analog technique to identify
climate mechanisms associated with past environmental changes (e.g. conditions that support
fire) by selecting recent years, from the US Forest Service Fire Atlas, when fire occurred in the
region as modern analogs of past events to identify possible synoptic and dynamic patterns that
may have caused fires seen in the sedimentary record. Surface and atmospheric climate variables
from the North American Regional Reanalysis (NARR) dataset were used to calculate and map
July (representing mid-summer conditions) composite-anomaly values based on the selected
modern fire analog years. Our results demonstrate that years with fire experience anomalous high
pressure centered over the Great Basin with anomalous southerly component of flow, delivering
dry air into the region. In addition, anomalous sinking motions appear to further suppress
precipitation regionally, enhancing dry conditions that support fire. Persistence of such
conditions likely became more common in the summer over the last 1650 years as seen in the
sedimentary charcoal record.
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TRACKING PAST HYDROCLIMATE OF A WARMER WORLD: WHAT CAN WE
LEARN FROM NORTH AMERICAN PLIOCENE LAKES?
Smith, Alison J*; Ito, Emi; Adam, David; Brown, Erik; Burls, Natalie; Chiang, John; Fritz,
Sheri; Hatfield, Robert; Janick, Joseph; Kuehn Stephen; Lowenstein, Tim; McGee, David;
Molnar, Peter; Prokopenko, Alexander; Snell, Katie; Stefanova, Vania; Werne, Josef; ValeroGarcés, Blas; Williams, Jack
Session S14 General Contributions
Poster Presentation
Pliocene Earth featured a warmer global temperature (+3-4 ° C), little Northern Hemisphere ice
cover, and possibly pCO2 of ~400 ppm. During the Pliocene, multiple large perennial lakes
existed for several million years in what is now arid and semi-arid Western United States (e.g.
Lake Idaho, Idaho; Summer Lake, Oregon; Butte Valley, Tule Lake, Searles-China Lakes,
California). Current climate models predict increasing global temperature, melting of polar ice,
and aridification of the southwestern and western North America associated with rising CO2
levels. In future, global temperatures may become similar to Pliocene conditions. Will Pliocenelike precipitation patterns develop and provide increased moisture to the western U.S.? This
group met in February, 2018 to initiate a multi-site drilling proposal to acquire new cores and
augment existing cores to address several questions that bear on water resources in western
North America, including: (1) What large-scale atmospheric and marine processes sustained
these late Pliocene lakes?; (2) How coherent are the changes observed over the last 3.3 Ma?; (3)
What was the impact of the M2 δ18O event on hydroclimate of western USA?; 4) Was there a
coherent or synchronous signal across northern and southern lakes?; and 5) Are there shared
large-scale patterns of proxy responses in the Pliocene lake records from western North America
and in long marine paleorecords from the North Pacific sites? Some proposed mechanisms for a
wetter western North America during the Pliocene include: (1) a sustained warm eastern tropical
Pacific, as during El Niño today, that altered the North Pacific storm tracks; and (2) a lower
meridional temperature gradient leading to a weaker, expanded Hadley Cell, bringing summer
rain to the southern Great Basin, and pushing the zone of winter precipitation farther north. If
this project attracts you, contact Alison Smith or Emi Ito.
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LATE HOLOCENE ENVIRONMENTAL VARIABILITY ACROSS THE CANADIAN
ARCTIC
Tamo, Camille*, Gajewski, Konrad
Session S10 High-resolution Records of the Common Era
Poster Presentation
Four lake sediment cores from across the Canadian Arctic Archipelago were analyzed to
investigate climate variability during the Common Era. The cores were analyzed for organic
matter, carbonate content, and biogenic silica and were dated using 14C and 210Pb techniques.
Lake pH was reconstructed for cores from Banks, Bathurst and Ellesmere Island using a transfer
function based on percent carbonate and biogenic silica. Results show a tendency for decrease in
pH over time. A core from eastern Prince of Wales Island was also analyzed for pollen to obtain
a high-resolution temperature reconstruction for the last 2000 years. The pollen were relatively
well preserved in the upper 20cm of the core and there were distinct changes in species and
concentrations of the coccal green algae Pediastrum downcore. Pollen diversity was low but
typical for Arctic sediments. Results show a steady decline in Cyperaceae and increase in Salix
over the last 2000 years, as well as a peak of increased pollen diversity and Pediastrum
concentration at ~ 1000 BP.
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PALEOECOLOGICAL AND PALEOCLIMATOLOGICAL IMPLICATIONS OF
HISTORICAL WETLAND USE IN THE NORTHEASTERN US AND CANADA
Teale, Chelsea*
Session S10 High-resolution Records of the Common Era
Poster Presentation
According to the Neotoma Paleoecology Database, nearly one-third of sediment cores taken for
pollen analysis in the northeastern United States and Canada were retrieved from low-elevation
wetlands (≤500-meter-a.s.l. bogs, swamps, marshes, swales, tourbières, marais, etc.).
Paleoecologists and paleoclimatologists interested in using cores from these types of sites should
be aware of their possible historic uses prior to site selection and data interpretation because
colonists relied on graminoid-dominated wetlands to provide livestock fodder in this heavily
forested and seasonally cold region that required summertime access to pasture and wintertime
access to hay. Drainage and diking are widely acknowledged modifications, in part because
many of those efforts remain visible, but perhaps less obvious are other approaches to
agricultural management aimed at improving the quantity, consistency, and palatability of native
hay as well as allowing passage on saturated soils. Farmers manipulated hydrological,
sedimentological, and disturbance regimes in a number of ways beyond draining and diking:
burning, irrigation, paring, addition of ashes and sediment from other locations, and complex
application of several techniques in sequence. Most of these techniques were recommended for
palustrine wetlands, but some were also applied to tidal wetlands. Management intensified in the
early-nineteenth century, to the extent that many wetlands began supporting crops such as
introduced upland (mainly Eurasian) forage species. Once the transition to upland forage was
complete in the late-nineteenth century, farmers turned away from wetlands and abandoned
management techniques so that many sites reverted to a more “natural” state—but possibly with
new hydrogeomorphic settings and vegetation. Disentangling natural from anthropogenic
signatures may be impossible in some cases, but in others, the availability of new
chronostratigraphic markers may be beneficial for improving the resolution of age-depth
relationships.
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MAPPING PALEOSHORELINES OF GLACIAL LAKE LONDON USING DIGITAL
ELEVATION MODELS
Thayer, James B.
Session S5 Mapping the Quaternary
Poster Presentation
Isostatic rebound-corrected 1m and 10m digital elevation models were used to reconstruct
shorelines of glacial Lake London in southwestern Ontario. Based on topographic evidence such
as low-relief, wave-cut terraces and spillways, eight distinct shorelines were interpreted
separated by elevation differences of between 4 to 7m. The two highest shorelines are associated
with when the lake was in contact with the margins of the retreating Huron and Erie ice lobes
and therefore are not associated with glacial Lake Maumee as previously believed. Successive,
lower, shorelines are associated with a moraine-dammed lake that drained episodically as the
outlet was gradually incised. Dating control of the shorelines has yet to be established and would
provide necessary information to situate the development of these land features in the context of
southwestern Ontario deglaciation and post-glacial landscape evolution. Future work should look
at establishing a chronology of shoreline succession as well as verifying shoreline elevations and
extent, particularly for the two highest shorelines, which are dependent on ice margin position.
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EFFECTS OF THE LAACHER SEE ERUPTION AND THE YOUNGER DRYAS
COSMIC IMPACT / AIRBURST ON MOUNTAIN LAKE BIOTA IN CENTRAL
EUROPE
Vondrak Daniel*, Chattova Barbora, Horicka Zuzana, Svobodova-Svitavska Helena, Bobek
Premysl, Hruba Jolana, Nabelek Ladislav, Prochazka Vaclav, Stuchlik Evzen, Kletetschka
Gunther
Session S12 Geohazard processes and impacts: Landslides, Floods, Earthquakes, Permafrost and
others
Poster Presentation
Sudden environmental catastrophes pose a considerable threat to the human society. In Central
Europe, the Late Glacial period ( 14700-11650 cal. BP) was characterized by abrupt climatic
changes. It ended with the Greenland Stadial 1 (12850-11650±99 cal. BP; Younger Dryas
biozone) whose onset is associated with identification of cosmic impact-related proxies pointing
to a possible cause of this event. Another catastrophic event, the Laacher See volcanic eruption,
occurred a hundred years earlier ( 12920 cal. BP) in western Germany. It was the largest late
Quaternary eruption in continental Europe north of the Alps (VEI = 6). The aim of our study is to
describe possible damaging effects of these two events on lake communities and compare them
with long-term development during the Late Glacial and the Early Holocene. We performed
diatom, chironomid, and cladoceran analyses using lacustrine sediment profiles from a central
European paleolake (Stara Jimka, Czech Republic). The results were compared with the lakecatchment system history (pollen and charcoal analyses, geochemical and geophysical
characterization of the lake sediment), a record of volcanic glass, and a record of glassy
microspherules often considered as impact/airburst related proxy. We identified clear evidence of
the Laacher See tephra shards presence (deposition in the distance of 470 km from the volcanic
crater) and a distinct peak of glassy microspherules at the onset of the Younger Dryas climatic
cooling. Both events correspond with changes in diatom, chironomid, and cladoceran species
composition and abundances. However, all these shifts don't show any drastic reduction of the
lake biota. Additionally, the most significant change is not associated with these events but with
the later Younger Dryas-Holocene transition. Our data show effects of the long-range
atmospheric transport of “contaminants” on a sensitive lake ecosystem during the two transient
events. The project is supported by the Czech Grant Foundation (17-05935S - LAYERS).
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BLUE HOLE RECONSTRUCTIONS OF INTENSE HURRICANE ACTIVITY OVER
THE PAST 1500 YEARS AT SOUTH ANDROS ISLAND, THE BAHAMAS
Wallace, Elizabeth J.*; Donnelly, Jeffrey P.; Wiman, Charlotte; Sullivan, Richard M.; Winkler,
Tyler S.; van Hengstum, Peter J.
Session S11 New Perspectives on the Use of Karst Basins for Paleoenvironmental Research:
Implications for Paleoclimatology, Paleontology, and Archaeology
Poster Presentation
Tropical cyclones can cause substantial loss of life and resources in coastal areas. Unfortunately,
historical tropical cyclone records are too short and incomplete to resolve hurricane-climate
interactions and thus accurately quantify the risk of such storms to local human populations.
Coarse grained hurricane-induced deposits preserved in coastal karst basins in the Caribbean can
offer high resolution records of past hurricane activity stretching over thousands of years. We
present an annually resolved record of the frequency of intense hurricane events over the past
1500 years from a blue hole on South Andros Island on the Great Bahama Bank. This record is
corroborated by cores collected from two nearby blue holes. The record contains coarse grained
event deposits that correlate with known historical intense hurricane strikes (the 1919 and the
1945 category 3 storms) in the Bahamas within age uncertainties. Over the past 1500 years,
South Andros shows evidence of four periods of heightened intense hurricane activity. However,
in the recent past (the last 500 years), there were fewer intense hurricanes observed in the South
Andros sedimentary archive. Considered with other similarly resolved reconstructions from the
western Caribbean and US coastline, the South Andros reconstruction suggests a northeastward
shift in hurricane tracks over the past 1000 years with South Andros lying in the path of the
many storms that ultimately make landfall in the Gulf of Mexico.
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REVISITING THE NORTHWESTERN OUTLET STRATIGRAPHY OF GLACIAL
LAKE AGASSIZ IN THE FORT MCMURRAY AREA, ALBERTA, CANADA
Young, Joseph M.*, Froese, Duane G., Reyes, Alberto V., Woywitka, Robin J.
Session S3 Empirically testing paleoglaciological hypotheses and models
Poster Presentation
The northwestern outlet of glacial Lake Agassiz was a conduit for meltwater drainage into the
Arctic Ocean via the lower Athabasca River valley. Current models suggest one (or possibly
two) floods deposited proximal sheets of flood gravels and a distal braid delta into glacial Lake
McConnell during the last deglaciation of the Laurentide Ice Sheet (LIS). However, timing of
these drainage events and their possible association to the onset of the Younger Dryas (YD) cold
reversal remains contentious. We revisit the late Pleistocene stratigraphy within the lower
Athabasca River valley from mining and river-cut exposures and identify eleven principal
lithofacies relating to 1) pre-LIS paleo-Athabasca River dynamics; 2) ice-contact sedimentation
along the fluctuating margin of the deglacial LIS; 3) post-glacial sedimentation of the Athabasca
River; 4) catastrophic drainage from Lake Agassiz; 5) post-flood fluvial-deltaic sedimentation
into glacial Lake McConnell. We find the stratigraphy to be more complex than previously
inferred, and a new depositional model warranted. Mainly, flood deposits exposed in mining
operations south of the Fort Hills are more steeply graded than the modern Athabasca River,
projecting below the modern river within 20 km north of the Firebag Moraine. The absence of
clear flood sedimentation north of the Firebag moraine suggests the distal braid delta was built
into glacial Lake McConnell after catastrophic drainage. After correcting for bitumen
contamination from regional oil sands deposits, radiocarbon dates on terrestrial macrofossils
from the braid delta indicate that meltwater drainage occupied the northwestern outlet of glacial
Lake Agassiz during part of the YD. This new conceptual model better explains the evolution of
the northwestern outlet and its temporal relation to the YD.
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