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Unit Topic Teacher Date
1.1 Introduction to the course Rebesco 03/10/22
1.2 Methods (geophysics, but not only) Volpi/Rebesco 06/10/22
13 Mechanisms of basin formation (geodynamics, tectonics...) Lodolo 13/10/22
1.4 Seismic interpretation, facies and primary structures Rebesco 17/10/22
No lesson: 20" October
2:1 Sedimentary processes in river & deltas Rebesco 24/10/22
No lesson: 27t
2.2 Action of tides and waves, wind and ice Rebesco 31/10/22
No lesson: 3" November
2.3 Density currents, bottom currents and mass transport Lucchi/Rebesco | 07/11/22 \
1.5 Energy storage & CCUS Volpi/Donda 10/10/22
3.1 Alluvial deposits, lakes and deserts Rebesco 11/11/22
No lesson: 14" November
3.2 Barrier systems and incised valleys Rebesco 17/11/22
3.3 Continental shelves (wases, storms, tsunamis) Rebesco 21/11/22
34 Mass transport deposits Ford 24/11/22
3.5 Abyssal plains (hemipelagic fallout) and continental margins Rebesco 28/11/22
3.6 Submarine fans (gravity flows on the continental slope) Lucchi 01/12/22
3.7 Sediment drifts (bottom currents along the continental slope) Rebesco 05/12/22
No lesson on Thursday 8 ™" December
3.8 Glacial depositional systems De Santis 12/12/22
3.9 Carbonatic environments, faults, volcans Rebesco 15/12/22
4.1 Sequence stratigraphy: introduction Rebesco 19/12/22
4.2 Sequence stratigraphy: closer view Rebesco 22/12/??
No lessons from 23" December to 8" January
4.2 | Seguence stratigraphy: closer view Rebesco 09/01/??
4.3 Sequence stratigraphy: applications (e.g. hydrocarbon reservoirs) | Rebesco 12/01/23
5 Excercise Rebesco 13/01/23

20/01/23

24/02/??
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Modulo 3.8
Typical facies of depositional-erosional
system in polar environment

Docente: Laura De Santis
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Modulo 3.8 Typical facies of
depositional/erosional system in

polar environment

Plateau

Docente: Laura De Santis
OUTLINE

Diagnostic features

* Glacial valleys and foredeepened surfaces
* Trough/bank topography

* Trough mouth fans

* |Ice grounding zone wedge

* Glacial lineations, outwash channels
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Modulo 3.8 Typical facies of
depositional/erosional system in

polar environment

Plateau

Docente: Laura De Santis
OUTLINE

Diagnostic features

e Glacial valleys and foredeepened surfaces
* Trough/bank topography

* Trough mouth fans

* |Ice grounding zone wedge

* Glacial lineations, outwash channels
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Glacial erosion and deposition => foredeepened and wide continental shelf

e — e, — —— e e )

Typical IOV‘{ Iat.itude _ Landward dipping profile
Seaward dipping profile

Colleoni et al., 2018
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Marine Ice Cliff Instability (MICI) Marine Ice Sheet Instability (MISI)
Ice-shelf surfaces melting due Sub-ice shelf melting due to
to atmosphe.rlc warmlng ocean warming retreat onto a
causes thinning, crevassing reverse-sloping bed runaway

and calving rates

MICI MISI

Surface meltwater/rain Ice shelf

Crevassing, hydrofracturing

Grounded ice

Melt

Shelf cavity

Including these processes was found to increase the
previous model’s contribution to Pliocene Global
Mean Sea Level from+7 mto +17 m

DeConto and Pollard 2016



34 10 24 Ma

24 to 14 Ma

1410 5Ma

Glacial
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Glacial
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(minimum tit)

Cool climate AlS sensitivity to ocean and climate dynamics

CO2 800-600 ppm

Moderate
easterlies ® Moderate SWW o

Levy et al., 2019

Terrestrial ice 2 low sensitivity to
ocean warming

CO2 600-400 ppm

Moderate

casteries Moderate st ) Marine ice-sheet extent = high

B sensitivity to ocean warming

Very cold climate ) _
- ...but reverse deepening self profile

€02 400-200 ppm Perflste.nt terrestrial a.nd variable
e, @ — marine ice shefts. Sea '|ce ar.md cgld
~ Porannial sea ks surface water ‘insulate’ marine ice
TR sheet from warm ocean = decreased
sensitivity to ocean warming

—

—

late Miocene ~ Modern 150 Colleoni, F., et al. 2018
A e Topography/Bathymetry
EE evolution => increase ice sheet

sensitivity to warming

Bedrock deepening from terrestrial to marine based ice shéet
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Modulo 3.8 Typical facies of
depositional/erosional system in

polar environment

Plateau

Docente: Laura De Santis
OUTLINE

Diagnostic features

* Glacial valleys and foredeepened surfaces
* Trough/bank topography

* Trough mouth fans

* |Ice grounding zone wedge

* Glacial lineations, outwash channels
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Trough/bank topography Trough mouth fans

ICEBERG CROUNDING ZONE PALIMPSEST MORAINE GLACIAL STREAMLINED
WEDGE LAG RIDGE FORMS

FURROW
NG

DEBRIS
LOBES

MARGINAL
MORAINE

TROUGH FILLS

BURIED
SUBGLACIAL CHANNELS

STRATIFORM
GLACIGENIC SEQUENCE

REGIONAL
UNCONFORMITY

A 7S
SLOPE SYSTEM SHELF SYSTEM

FJORD SYSTEM

67

Vorren, 2003
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Trough Mouth Fans
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Trough Mouth Fans
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Trough/bank topography
Trough mouth fans

X. Huang, et al

80° g

study area:

~64°

66 L [ , 65"

Princess
Eli;abeth
Land" |

70 ~ 7’

lce flow velocity (m/yr)
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Trough/bank topography
Trough mouth fans

Late Pliocene to present:

Prydz Bay Margin: long term sea ice coverage | Pliocene On the continental rise,

e B = :
Shelf width: ~250 km (wide), s the presence of drifts
Ice shelf water IRD icebergs formed by AABW
the shelf edge prograded — d COW (Fig. 8)
~27 km from the early Pliocene Prydz Channel = '9.

toth t;
o the presen Early to Late Pliocene:

On the slope, episodic
MTDs and other gravity flow
dominated (Fig. 6);

Slope gradient: < 2°;

Prydz Channel formed during

the Early Pliocene; TMF grew during the

Large glacial system advances Pliocene:(Fig. 5%

and retreats during Pliocene.

long term sea ice coverage

o Pre-Pliocene

The onset of Prydz Channel
TMF occurred in the Early

~ noPrydz Cha’ne_l\ Pliocene.

TMF
cbw No TMF and Prydz Channel

Pre-Pliocene:
Shelf width: (~ 223 km)

No Prydz Channel exist

Huang et al., 2020



UNIT | FACIES
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MDm MDs
mud (55%) sand (32%) gravel (13%)
Ross Sea IODP U1525 unit | (King et al., 2021)
Huang et al., 2020
sSW NE
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§3.36 Ma
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Ross Sea AND-2 (Mckay et al. 2009
GSA Bull.)
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* Trough-mouth fans
* Till delta

Bart and De Santis 2012
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Ice-stream glacial landform assemblage C

Diagnostic features
Cross-shelf trough

* Glacial valleys and foredeepened surfaces || Lateral moraine
* Trough/bank topography

Trough-
* Trough mouth fans ek tah
* Ice grounding zone wedge (GZW)
* Glacial lineations
e Outwash channels

Till sheets

GIacugenlc—debns flows Sedimentary
substrate




Sediments recovered

from beneath the ice Caltech hot water drill at
Upstream B, Antarctica, 1991

RISP J9 site
Brady and Martin
1979, Science

180°

Scherer
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The grounding zone of marine-terminating ice sheets is the transitional
zone at which the ice-sheet base ceases to be in contact with the

underlying substrate.

COUPLING GROUNDING ICE

LINE LINE FRONT
ICE STREAM : DELTA l ICE SHELF I SEA WATER
| | |
| |
7 l e
ICE
N ik ] TOPSET: . T WATER oo
i
TS
MAX, THICKNESS
OF ACTIVE TiLL TTOMSEY
BEDROCK

Fig.3. Cartoon of the likely configuration of the ice stream,
till delta, and ice sheif.

Alley et al., 1987; 1989

Discovery of a 6 m-
thick layer of deforming
till beneath the
Whillans Ice Stream

\ 4

If the grounding line has been
near its present position for the
last 5-10 ka

A sedimentary deposit tens of
kilometers long into water tens
of meters deep formed

assuming a constant rock flux of
hundreds of cubic meters/year at
the grounding line
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location of ice-sheet grounding is affected by short-term variations (e.g tides) and
. climatically-induced variations in thinning and rates of mass loss. The grounding zone
is a key site for meltwater transfer from the ice sheet to the marine environment

. Ice sheet
e‘.im;
lce stream GBASE
= LISSARD
N ek )y .~ RAGES

-
: Ice shelf
i —

Grounding line
by 5. Vogel

Subglacial and grounding-zone sedimentation aggradation may act as a negative
feedback that counters dynamic thinning of the ice stream and stabilizes the ice-
stream grounding zones (e.g., Alley et al., 2007).
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Whillans Ice Stream — 2010-2011 Antarctic Campaign

e
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Whillans Ice Stream — 2010-2011 Antarctic Campaign
All the logistic was organized and financed by the US NSF (WISSARD Project).

The Base camp in the wind
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Whillans Ice Stream — 2010-2011 Antarctic Campaign

-

While drilling the holes for the explosive “ A hole in the ice for the explosive |

o

.. A
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Seismic Imaging of Subglacial Lake Whillans (Siple coast - WAIS)

Distance (km)

20 IUT 16 4 Fold:2-4 0

Ice Thickness (m)

Distance (km)

12 1 10
e Ly Y T T T T IR ¥,
___——Ice botto
kil 4 4ad g

The survey, carried out in a low-tide period, evidenced that

the lake exists and its water column is up to 8 m thick, : I e

along 5 km of the 45 km profiled. These findings were later |}, i B e T ' "y

confirmed by drilling operations. o = P RN NI iy
P M AT N, e B

AVO (Amplitude Versus Offset) analysis shows that the major part of the bed around the lake
consists of soft sediments and thin water lenses.

Picotti et. al 2011; 2015
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Duncanetal.,, |
2006
Colleoni et
al., 2018
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ARTICLE

Received 23 Jun 2016 | Accepted 11 Apr 2017 | Published 1 Jun 2017 DOI: 10.1038/ ncomms15591 OPEN

Evidence for a palaeo-subglacial lake on the
Antarctic continental shelf

Gerhard Kuhn'!, Claus-Dieter Hillenbrand?, Sabine Kasten', James A. Smith?, Frank O. Nitsche?,
Thomas Frederichs?, Steffen Wiers?, Werner Ehrmann®, Johann P. Klages' & José M. Mogollén®
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Outwash channels

Channel bisects =+
recessional moraines:--

Depth range: 2.
Width range: 1.

A4 Gzw
g progradation
GZW over moraines

progradation 3 : and channel

over moraines
Restricted

progradation
within embayment

Topset

Kf channel
‘\Embayments '8 @
, Embayment}'. 4
Tl ~ Channel on d g 595
Z\W1 topset, =
_— 7 596
————=— o GZWI1 GZWI1
5 597 sediment sediment
i Embayment ® NBP1502A k: ¢ ¢
cores 2 sog|
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GZW?2 Distance (km)
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Simkins et al., 2017
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Outwash channels

Phase 3 Phase 4
Stratigraphy Phase 2 (valley G) valleys
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Bojer Kristensen et al., 2008, Earth Surf. Process. Landforms
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al., 2016
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ane line Former grounding
¥ / line positions
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Irregular ice-
sheet base
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Dowdeswell et al. 2020
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o 548 516 m
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L.O. Prothro et al

‘Thin glacimarine
A sediment drape

Earlier glacm;‘gnn'é
; ~ sediment drape partially
15 : covered by prograding GZW

1km

Fig. 3. Example of coring transect demonstrating targeted coring along a grounding-zone
wedge using both (a) multibeam swath bathymetry and (b) CHIRP data. Core locations
are shown in multibeam context in Fig. 3a, seismic context in Fig. 3b, and regional
context in Fig. 1.

Prothro et al., 2018



The presence of GZWs in the geological record indicates an episodic style of ice retreat
punctuated by still-stands in grounding-zone position.

\ Continental slope

Composite GZW Glacial trough

Glacial lineations

Prothro et al., 2018
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Simkins et al., 2017
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Fig. 2. (a) Conceptual diagram of a grounding-zone wedge (GZW) and proglacial environment, with associated glacial and sedimentary processes. Definitions of terms for buoyancy
equation: H; = ice thickness, Hw = water depth, p; = density of ice (917 kg m ™ ?), p,, = density of seawater (~1025 kg m~ *—may vary). Terrigenous input from meltwater plumes
(level in water column unknown) is observed as far as 250 km from subglacial meltwater channels in the Ross Sea. (b) Formation of till pellets. (c) Deposition of basal meltout debris
(limited to within 1.2 km of the grounding line) and debris flows (restricted to foreset length). (d) Open marine sedimentation dominated by rainout of organic detritus. (e) Reworking of
glacial and glacimarine sediments by marine currents on banktops and the shelf margin, facilitated by bioturbation or iceberg turbation.

Prothro et al., 2018
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Glacial-Interglacial glacimarine cycles

From Mckay et al. 2009 GSA Bull.
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Thwaites Glacier (Amundsen-Scott coast - WAIS)

Thwaites Glacier (TG) and Pine Island
Glacier (PIG) are two of the largest ice
streams of the WAIS.

Joughin et al. (2009) indicates, with
remote sensing techniques, that the
Thwaites is more stable than the Pine
Island, probably due to a more corrugated
basement and the presence of a
crystalline bedrock and consolidated
sediments in the inner part.

Seismic survey was run crossing an area

where Joughin et al. (2009) observed a
change in baseline stress.

N \ - \
0 10 \ “ P F \ \,
:_\_'_\ L2 s \\\ -3 y - \)' \

Flow speed (color) over the artificially shaded surface (grayscale) of a
DEM produced from a combination of laser and radar altimetry for Pine
Island (PIG) and Thwaites (TG) Glaciers. From Joughin et al. (2009).
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Thwaites Glacier: Interval velocity model
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The strong superficial velocity gradient is due to the firn densification, while the lateral variation in depth are
due to the stress distribution that generate ice deformation and local ice melting.
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Seismic Imaging of Thwaites Glacier (Amundsen-Scott coast - WAIS)
This image shows a 2.5 km thick glacier flowing over a very rough basement located 1.5 km b.s.l...
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Fractures are propably produced by the huge stresses arising in the lower part of the glacier, indicating that the
principal component of the ice stream motion is deformation in the ice, rather than basal sliding.
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Palaeo-ice streams exerted a major influence on ice-sheet behaviour
and had the potential to cause abrupt climatic change through the rapid
delivery of ice and freshwater to the ocean.

Paleo GZW indicate

Etly

i) episodic palaeo ice-
stream retreat
L.‘ Ic:S:lIf PO Sea Iceieberg pu nctuated by Sti”_
{ ‘ —mma—— I = = .
., § - stands in the
o A'::\:;-M ydified / “ b .
Ice Sh lt RJ r groundlng-ZOne
¢ Sub- glamal Sk { mCDW Anmcﬂc pOSition
............... - e ~/—\ (Dowdeswell et al.,

2008; O Cofaigh et
al., 2008).

=% \\

Paleo grounding-lines

Colleoni et al., 2018
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amplification and assess its
forcings/feedbacks

» Assess the role of oceanic forcing on
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Grounding-zone wedges (GZWs) (replace “till delta”) are asymmetric sedimentary depocentres
which form through the rapid accumulation of glacigenic debris during still-stands in ice-sheet
retreat. GZWs form largely through the delivery of deforming subglacial sediments.

Foreset surfaces indicating that till deposition occurred by progradation (implying subglacial
sediment transport-deformation conveyor belt).

COUPLING GROUNDING ICE
LINE LINE FRONT
ICE STREAM i DELTA l ICE SHELF lSEA WATER

| Sediment transport direction 10000m__|C|
= 8
E

I
/ Do;fvnlap Dipping
Chnmrnnnnne Pinch-out of younger AN——  reflections

% sediment
TII.L .....

MAX. THICKNESS
OF ACTIVE TILL SRR \u\ ”
BEDROCK "

Fig.3. Cartoon of the likely configuration of the ice stream,
till delta, and ice shelif.

GZW form mainly where floating ice shelves constrain vertical accommodation space
immediately beyond the grounding-zone. The low-gradient ice roofed cavities of ice shelves

restrict vertical accommodation space and prevent the aggradation of high-amplitude
moraine ridges.
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Moraine ridges and ice-proximal fans may also build up at the grounding zone during still-
stands of the ice margin, but these require either considerable vertical accommodation space or

sediment derived from point-sourced subglacial meltwater streams

. , E
Tidewater| Long profile Plan view
glacier Ice-proximal
Meltwater plume fan
Ice-proximal fan
Sea floor
Powell, 1990

Ice-proximal fans form at the mouths of subglacial meltwater conduits at the grounding
zone of a marine-terminating ice mass (Powell, 1984). They are made of sub-aquatic

outwash, gravity flow sediments and suspension settling deposits

Ice-proximal fans that formed during the last glaciation to present interglacial have been
described from the fjords of Alaska, Norway and Svalbard. They are typically up to a few
tens of metres thick and up to a few kilometres in length.
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CL. Batchelor, | A. Dowdeswell / Marine Geology 363 (2015) 65-92
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Bedrock outcrops on
the seafloor can act as
vertical pinning points

sediment aggradation
within water-filled
cavities below ice
shelves may provide
a mechanism for ice-
sheet stabilisation
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Outer-shelf lateral margin

50 km

Height (m)

The lateral GZWs may represent the boundary between fast, icestreaming flow in
the troughs and slower, cold-based ice on the adjacent shelf.
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Moraines are typically composed of various unsorted ice-contact sediments and therefore
possess a semitransparent to chaotic character on acoustic profiles.

Recessional-moraine ridges record the position of still-stands in the grounding zone during

deglaciation

C. Sauli et al. / Marine Geology 355 (2014 ) 297-309
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Oligocene development of the West Antarctic Ice Sheet recorded in
eastern Ross Sea strata

Christopher C. Sorlien Institute for Crustal Studies, University of California—Santa Barbara, Santa Barbara, California 93106, USA
Bruce P. Luyendyk

Douglas S. Wilson Department of Earth Science, University of California—Santa Barbara, Santa Barbara, California 93106, USA
Robert C. Decesari*

Louis R. Bartek Department of Geological Sciences, CB 3315, University of North Carolina, Chapel Hill, North Carolina 27599-3315, USA
John B. Diebold Lamont-Doherty Earth Observatory, Columbia University, 61 Route 9W, Palisades, New York 10964-8000, USA
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(Taviani et al., 1993)
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Figure 7. Reconstructed grounding-line retreat across the Ross Sea
based on geomorphic indicators of grounding lines (solid lines) and
inferred grounding-line locations (dashed). Each line marks a rela-
tive step in grounding-line retreat starting with step 1 at the LGM
grounding line and ending with step 9 with ice pinned on banks.
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Grounding line retreated several hundred kilometres inland of today’s position, before
isostatic rebound caused it to re-advance

J. Kingslake et al., 2018
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External, climatic changes:
Decreased temperature, increased
snowfall and sea level fall encourage| |/nternal, ice-sheet dynamics:

ice-margin still-stands during retreat Increased catchment area encourages
ice-margin still-stands during retreat

Fast-flowing ice stream:
High rates of sediment
delivery required for
GZW formation

Ice sheet interior

r——-—_/ ™~ Till deposited during

ice advance

Floating ice shelf:
Ice-roofed cavities of ice
shelves encourage GZW
formation through restricting

vertical accommodation space Sedimentary

substrate

Stable grounding-zone:
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Grounding-zone |longer required for
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Shelf topography:
Bathymetric highs encourage GZW
formation through reduced water depth

Grounding-zone Cross-shelf trough width:

wedge Lateral pinning points encourage GZW
Ice-roofed formation through increasing lateral drag
cavity and decreasing grounding-zone width

Fig. 11. Diagram illustrating the factors controlling the formation of GZWs on high-latitude continental margins.

Batchelor et al., 2015
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