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Why Bother?

« Climate-tectonic interactions and mass transfer
* Large proportion of Cenozoic continental margins were glaciated

« IPCC sea level predictions
- Predictions for dynamics of glaciers and ice sheets are poor

- Ignored for contributions to future eustasy and rates of
sea-level rise

- Sediment flux important factor for ice stability; a factor in:

- oceanic melting rates
- ice flow velocity ———> ice dynamics

We need constraints to address these




Glacurred continental mar'gms differ

» Glacio-isostasy
- Base-level is grounding-line
(may also be sea level)
- 6rounding-line movement and
sea level maybe asynchr'onous

+ Different deposystems I’ ii g .
Powell 2004 : Jll ﬂ b




Sediment volume (erosion) mainly
controlled by glacial regime

Variation in sediment yield with basin area

Alaska glacier
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Base level varies with grounding-line, which need not vary with shoreline

Accommodation space on glaciated shelves

Complex interaction of:
glacial advance and retreat
type of glacial terminus in controlling sediment
rates and styles of sediment delivery to the sea
marine dispersal and re-depositional processes
continental shelf morphology
eustasy
glacial and sediment isostatic loading
local tectonic movements

Largest problems:

* paleo-depth indicators are commonly few
« changes in facies driven by glacial proximity versus relative
sea-level changes are often debatable

Powell & Copper, 2001




scales:
today - suspended sediment traps
- differential bathymetry

short term (1-10s y)
- sediment cores

longer term (10-1000s y)

- seismics

Cover different time spans on different time scales:
from modern process to glacial-interglacial cycle

All agree on volumes (within errors, at least the temperate system)




Not only need fluxes to the grounding line,
but also net sediment budget at the grounding line
- sediment dispersal processes in the sea
- sediment stability criterion on slopes

£ £

Supraglacial :
debris m
7.4 x10%

Dump 7.4 x 104

|
YMeltout 1.6 x 10°

Englacial

RECYCLING RESIDUAL BY-PASS
Supraglacial Dump 7.4x104

Englacial & Basal 5.0 x 106 Meltout 1.6 x 10° IBRD 3.4 x10°

Conveyor 6.6 x 10°
Subglacial

Squeeze/Push 2.9 x 107

Fall 7.1x108 Plume 8.4 x 108
Bedload 4.5 x 107

Fluvial 6.0 x 107

Sediment 7
Flows 4.7 x 1 0

TOTALS 6.5x 107 29x107 5.2x107 4.7 x107

2.9 x 107) + (5.2 x 107) - (4.7 x 107
TOTAL VOLUME CHANGE (3_4;‘107“( x 107) - (4.7 x 107)

Hunter et al. 1996




Hubbard Glacier, Yakutat Bay, AK
net advance 1978-2008
differential bathymetry checked by seismic reflection




Sediment Flux Measurements

45 meters

39 meters

1978 surface




> Sediment accumulation
7 rates:

longer-term from

=seismic reflection data
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Cai et al. 1997




Methods check:
seismic accumulation record

Seismic | Bathymetric
Data Data

Volume
Measured (m3)| 2.69x108 | 4.66x108

t t

17% difference - error Wy o
. A f dat -
in methodology meacual BRI Thickness (m)
S L Il 18 - 25
Bl 14 - 18
1 4-10

Trusel et al. 2009
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Sediment accumulation rates from seismic
reflection records over a glacial cycle

Glacier, southern Alaskan continental shelf
oo i 7 T (7‘ 3 ,_;‘ ,‘ . ‘,‘-’ g

Source: NASA MODIS
Aug. 9, 2003




ALASKAN SHELF - BERING TROUGH

LINE 19 - Bank to Bering Trough (dip line)
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Isopach of ice contact and ice marginal retreat assemblage
set on the basal erosion surface
of Glacimarine Sequence I
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100 150 KILOMETERS

CONTOURS IN METERS

arlson et al. )
Forisonenel 172 Yakobi Sea Valley at Cross Sound
‘?1/5 vl All Yakobi Sea Valley sediment

deposited by Cordilleran Ice
Sheet took about 1ky

|

Gulf of

Alaska . Chichagof]|
Island

~ time between retreat from
o outer shelf and retreat from
sea valley is also about 1ky

980/1792

Bathymetry Contours in
Fathoms/Meters

13 5 : Ewing research cruise 2004
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Erosions & Sediment depocenters move through time

Glacial Stage Locus of Erosion Bed Material Eroded Depocenter
minimum mountains bedrock land, fjord

early advance fjords sediment - bedrock fjord, shelf

late advance shelf sediment outer shelf, slope
maximum shelf sediment slope, rise

early retreat shelf sediment outer shelf, slope
late retreat fjords bedrock shelf, fjord
minimum mountains bedrock fjord, land

Advance =
Retraat Rate

Advance >
Retreat Rate

Advance «
Retroat Rate

Powell, 1991




Temperate Glacier Sediment Yields
and Erosion Rates
Erosion rates are:

similar on different time-scales (days to millennia)
similar whether advancing or retreating

Loci of erosion and deposition move through time
Need to be careful to remember:

subglacial erosion can involve sediment recycling
r'a'ther' Than solely new” bedrock erosion
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Intermediate

polythermal (subpolar)
system of Svalbard
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Minimum grounding-line fan
sediment:
6.7 x 103 gm-2d-! (>300 mm-a-1)

Avg sediment flux to ice-contact
basin:
2.6 x 103 gm-2d-!or

1.6 x 105 gm-2-a-!

Avg ice-contact sediment yield:
1.2 x 104 +-km-2-a-!

Trusel et al. 2010
Kerhl et al. submitted




WEST ANTARCTIC ICE SHEET

% ICE STREAMS GLIDE swiftly when
! the muddy till below them
. becomes wet. Water forms
when the earth’s internal heat
warms the bottom of the ice
Because the thick overlying ice
insulates the deeper layers from
the cold atmosphere. the till becomes

Polar Ice Sheets
and Ice Shelves

ICE STREAMS STAGNATE suddeniy
when water becomes scarce. As
ice flows rapidly, it thins,
allowing the frigidity of the air to

penetrate it more deeply. As the

ice closer to the till cools, the

earth’s heat escapes more quickly



Grounding-zone wedge, Svalbard
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Otteson et al., 2006




Sediment yields
are poorly constrained

Ferrar Glaci®

Mackay Glacier
SW Ross Sea, Antarctica

Bl rock exposure

[] glaciers
floating glaciers
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Powell et al., 1996; Powell 2006







Sediment yield and erosion rates 1 to 2 orders of magm

Iess 'rhan




SIR, the Sub-Ice ROVer
Remotely Operated Vehicle

robotically operated submarine

FOUNDATION







Deeper time -
Help from modern analogs to link to paleoclimatic change

drilling back to the future

www.andrill.org
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..Ross Powell, Tim Naish, David Harwood, Fabio Florindo,
Rich Levy and the MIS and SMS Projects' Science Teams




Bindschadler, 1998 ) — How mUCh wa.'.er' is in
o > ice sheets?

2-6% of all water
on Earth
3-5m sea

level rise level rise 70-80% of all fresh

EAST ANTARCTICA

WEST ANTARCTICA i —— Wa"'e r\ o n E a r‘-r h

4 2 Main Contributors to Rising Sea Levels

N 1961-2003 N 1993-2003

avel Equivalent Source of Rate of Sea Level Rise
Sea Level Rise I (mm per year)

Ocean Warming

Glaciers and
Ice Caps

Glaciers/lceCaps

Greenland
Ice Sheet

‘ Antarctic Ice
'E'a" ‘1-' Sheet

Antarctica Observed Total

/ / Sea Level Rise
40 60

Greenland

20
SOURCE: Intergovernmental Panel on Climate Change Report,
Meters of Sea Level Ciimate Change 2007: The Physical Science Basis




CQutaway
of protective
covering

Ring reamer:
Widens borehole and
carries hot water to
prevent the hole from
freezing shut.

F‘ﬁ.

Il

Drill rods:

About 30 feet long and
3-5 inches in diameter.
Stored on ramp. Extract
strata samples and carry
them to the surface.

Seariser:

lce shelf
cutaway
Catwalk:

Area where
drill rods
are connected.

Pipe that surrounds drill rods.

Anchored to sea floor.

Sample extraction
When the drill hits the sediment, the opening
at the end of the drill bit allows the rock
sample to move up into the inner core barrel,
It Is later retrieved at the rig.

Qutaway

Inner core barrel

Drill rod

Sea riser

Core sample
diameter
varies from
'45 to 83mm

Drill bit

Gravel, sand and mud
mixture laid down by
slowly moving ice sheets.

Marine sand or mud outwash
from streams flowing from unde
the ice sheets,

Mostly the remains of
fossilized diatoms or algae
that live near the surface

\ of open ocean,

Volcanic rock from
vents above and
below sea level.

Drilling for ice sheet history on a
nearshore marine shelf to:
* reveal the pace and magnitude of changes,
* test climate sensitivity through data and
numerical modeling integration

Note: Several of the sedimentary layers contain
mixtures of day, silt, sand or gravel particles, or contain
very thin layers of these elements.

Total from surface: 2231m

Chicago Tribune
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Ice sheet modeling driven by GCM and
constrained by geological data

Time (y): 0

Elevation in Meters Ilce Thickness in Meters
-3750 -2500 -1250 1075 2150 3225 4300

Pollard & DeConto 2009

Now need integrated subglacial sediment flux models




Glacial Sequence Stratigraphy

Temperate regime - offshore

GBS - glacial basal surface
GMiST - glacial minimum ST

GMiS - glacial minimum surface
GAST - glacial advance ST

6LS - grounding line surface
GRST - glacial retreat ST

IV - intraformational unconformity

SB - sequence boundary (68s + CC)

Powell & Cooper 2001; Willems et al. in prep




Glacial Sequence Stratigraphy

Local
Inferred Ice

Graphic Log Facies Paleobathymetry Influence Relative sea level and
Sequence architecture

Near Outer
shore shelf
...

Proglacial
regression

Glacial
Minimum
Glacial
retreat

Temperate regime : ' Glacil

maximum Glacial surf
QN : acial surface
= COGSTG' Sdl?/ginaée of erosion
Low High

Relative sea level

Facies| Lithology Interpretation

Mudstone -hemipelagic suspension in offshore water depths
Interstratified sandstone and -range of processes: low to moderate density sediment gravity
mudstone flow deposition; combined wave & current action

Poorly sorted (muddy) v. fine to -medium to high density sediment gravity flow deposition
coarse sandstone
Moderately to well sorted, - dilute tractional currents (within or about wave base to
stratified sandstone shoreface)

Moderately to well sorted, -marine currents/wave influence

stratified or massive, fine to coarse
sandstone

Stratified diamictite -subglacial or ice contact-proglacial marine deposition
Massive diamictite -subglacial or ice contact-proglacial marine deposition
Rhythemically interstratifed -deposition from turbid overflow plumes associated with
sandtone and siltstone glacier snout efflux

Clast-supported conglomerate -Deposition from a variety of processes in shallow marine
environment

Matrix-supported conglomerate -Deposition from a variety of processes in shallow marine

G. Dunbar et al. 2006 environment




* Need better understanding of erosional and transfer
processes (including modeling)

* Need better data on transfer rates of different
glacial regimes

 Need GCM-driven ice sheet models that include
sediment transfer modules

* Need more long-term records of ice sheet histories

* Need more comprehensive proxies to link ice sheet
records to global climate records

* Need more comprehensive sequence stratigraphic
models






