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Modulo 3.8 Typical facies of
depositional/erosional system in

polar environment Pt
Docente: Laura De Santis
OUTLINE

Diagnostic features

* Glacial valleys and banks topography

* Trough mouth fans

* Landward deepening continental shelf
* |ce grounding zone wedge

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

Docente: Laura De Santis
OUTLINE

Diagnostic features

Glacial valleys and banks topography
Trough mouth fans

Landward deepening continental shelf
Ice grounding zone wedge

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

X. Huang, et al
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Trough/bank topography
Trough mouth fans

Glacial erosion (interior) and deposition (margin) =>landward deepening co"nt. shelf

long term sea ice coverage | Pliocene
- N e

Prydz Bay Margin:

Shelf width: ~250 km (wide),
the shelf edge prograded

~27 km from the early Pliocene
to the present;

Ice shelf water

Slope gradient: < 2°;

Prydz Channel formed during
the Early Pliocene;

Large glacial system advances
and retreats during Pliocene.

long term sea ice coverage
e B =

no Prydz Chaﬁm

o TMF

Pre-Pliocene

Pre-Pliocene: cow

Shelf width: (~ 223 km)

No Prydz Channel exist

Huang et al., 2020



Istituto Nazior]lale
Corso di Analisi di Bacino e Stratigrafia Sequenziale @ OG S S Caseate
Sperimentale

Trough Mouth Fans
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Trough Mouth Fans

Glacial erosion (interior) and depesition (margin) =>landward deepening cont. shelf
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Marine Ice Sheet Instability (MISI)

Sub-ice shelf melting due to ocean warming retreat onto a reverse-sloping bed runaway

lce shelf

Grounded ice

L— Buttressing Ocean
Melt

Win”deeg{ater

Shelf cavity

DeConto and Pollard 2016
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24 to 14 Ma

14ta 5Ma

Early Miocene
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Cool climate AlS sensitivity to ocean and climate dynamics

CO2 800-600 ppm

Levy et al., 2019

Terrestrial ice 2 low sensitivity to
ocean warming

CO2 600-400 ppm

Modarate
ocersto st () Marine ice-sheet extent = high

casteriies (%)

: t—*ﬁ sensitivity to ocean warming
1 ACC ———

...but reverse deepening self profile

__ €02 400-200 ppm
m;zﬂﬂ e

Very cold climate

Persistent terrestrial and variable
marine ice sheets. Sea ice and cold
Pesannial aen ios surface water ‘insulate’ marine ice
——— = - sheet from warm ocean = decreased
sensitivity to ocean warming

Strong smwo

oo Colleoni, F., et al. 2018

§§> Topography/Bathymetry

25 evolution => increase ice sheet
s sensitivity to warming

Bedrock deepening from terrestrial to marine based ice sheet
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(a) Melting ice sheet

New sea surface

T T f

New solid Earth surface

(b) New solid Earth surface

"—-

Ongoing
rebound

_.._-..i____l\lewsea
surface

Collapsing bulge -

Whitehouse 2018
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REVIEW ARTICLE

NATURE COMMUMICATIONS | https;//doi.org/10.1038/s41467-018-08068-y

Interior
thickening lce sheet retreat

Glacial erosion
Variable basal melt v

Isostatic

Variable basal :
heat flux subsidence

*s
P

"Subglacial
volcanism

Fig. 1 Summary of interactions between the solid Earth and the Antarctic Ice Sheet. Local isostatic uplift occurs in response to ice-sheet thinning or retreat,
isostatic subsidence occurs in response to ice-sheet thickening or advance. Subglacial volcanism and basal heat flux alter thermal conditions at the base of
the ice sheet. Erosion and deposition also trigger an isostatic response (not shown). Increasing time indicated by finer dashed lines

Whitehouse et al., 2019



Presence or absence of pinning points influences ice sheet advances and retreat

a Basal topography (m.a.s.l.) b Surface-ice flow speed (m yr™)
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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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Ice-stream glacial landform assemblage C

Diagnostic features
Cross-shelf trough

* Glacial valleys and banks topography Lateral moraine
* Trough mouth fans

* Landward deepening continental shelf
e Ice grounding zone wedge

* Glacial lineations, outwash channels

Trough-
mouth fan

Glacigenic-debris flows Sedimentary
substrate
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* Trough-mouth fans
Till delta
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Bart and De Santis 2012



Sediments recovered

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

RISP J9 site
Brady and Martin
1979, Science

90 E

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 i DELTA I ICE SHELF l SEA WATER

| |

I |

' |
NS
l hmm—
GACTIVE 7. TILL* el '|'uPs,E1' WATER e

T e h\“\"f FILM B
MAX. THICKNESS WSETS
OF ACTIVE TiLL B( TW

il

BEDFI‘OCK

Fig.3. Cartoon of the likely configuration of the ice stream,

till delta, and ice shelif.

Alley et al., 1987; 1989

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

v

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

Ice stream GBASE
= | LISSARD

) _.~ RAGES
Ice shelf
.\M‘

Grounding line
by S. 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

\ : |'

. " o~

e
West- 1y~ 4st Antarctic
Antarctic Ice 7] Ice Sheet

-

Pire Island :
Ray - ‘O.J\\“ W
b \e\_ *.Marie Byrd Ye X\,

Amundson Sea'\

Subglacial N

LakeWhitians, ™ ..
LISSARDS 84

S<

R N
Whillans Ice Stream . © S .

\ TIPS W TRAGES
e ‘_ )

= Shot points

Ross ice Shelf

-
-
~

=== Active SLW boundary

-290000 -285000 -280000 -275000 -270000 -265000



Istituto Nazior]lgle
Corso di Analisi di Bacino e Stratigrafia Sequenziale @ OG s g'd?‘éiao'}%?%i °
Sperimentale

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

Base camp skyline
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Whillans Ice Stream — 2010-2011 Antarctic Campaign

i A8
While drilling the holes for the exploswe“ A hole in the ice for the explosive P ( >
0 R “7{ 2

-

L PRt e B R
Digging after the wind
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Seismic Imaging of Subglacial Lake Whillans (Siple coast - WAIS)

Distance (km)

4 Fold: 2 -4 0

20 IUT 16

."N—v'l‘-:\.__ \\:“\M‘M
"-'Lv J » »

Ice Thickness (m)

P
o

Distance (km)
1

The survey, carried out in a low-tide period, evidenced that
the lake exists and its water column is up to 8 m thick,
along 5 km of the 45 km profiled. These findings were later
confirmed by drilling operations.

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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subglacial lakes location and ice basal melt rate
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Smith et al., 2017
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ARTICLE
Received 23 Jun 2016 | Accepted 11 Apr 2017 | Published 1 Jun 2017

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. Mogollon®

DOk 10,1038/ ncomms15591 OPEN
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Simkins et al., 2017
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Outwash channels

Phase 3 Phase 4
Stratigraphy Phase 2 (valley G) valleys

WGD/SW
(Hol -Weich.)

undiff,

Elsterian _ >
unconformity

Aberdeen :
Ground Fm.J B
(Early-Middie
Pleistocene)

(b)

Sand fill

150m

Bojer Kristensen et al., 2008, Earth Surf. Process. Landforms
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‘corrugation ridges’
are the expression of
tidal lifting and
settling of the ice
shelf during scour
formation

Halberstadt et
al., 2016
Smith et al., 2019




Istituto Nazior]lale
Corso di Analisi di Bacino e Stratigrafia Sequenziale @ OG S 2'd?gza;;?5%|;2 e
Sperimentale

Gz,

Grounding

et line Former grounding
+ / line positions

o®

o
o
o

Irregular ice-
sheet base

‘Rungs’ or transve
to-flow ridges
Debris-flow
lobe



Istituto Nazior]lale
Corso di Analisi di Bacino e Stratigrafia Sequenziale @ OG S g'd?%%ao'}%?%i °
Sperimentale

Dowdeswell et al. 2020
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L.O. Prothro et al

‘Thin glacimarine

sediment drape

BT o /"-'.’

T A Sl AR
YO BRI O R, |KC14
o GEW

KC16
l KC15 A

T ORARD
A

Earlier gch:manne
sediment drape partially
covered by prograding GZW

1 km

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.

/ = \\
\\ - 32
\\\ - — .

\ Continental slope

Composite GZW Glacial trough

Glacial lineations

Prothro et al., 2018
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Active
subglacial
channel

1-3: Recessional

moraines (0.5-5 m amp.,
20-160 m long,

150-1,700 m spacing)

4-6: G/Ws (2-20 m
amp., 50-1,200 m long,
500-4,500 m spacing)

Grounded
ice sheet .

.- Floating
ice shelf

Grounding-line
embayments (E)

Meltwater plume
"Palaeo-subglacial channels

Subglacial
lineations LGM glacial

unconformity

Simkins et al., 2017
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Smith 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 kgm %), 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. (¢) 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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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
episodic palaeo ice-
stream retreat
punctuated by still-
stands in the
grounding-zone
position
(Dowdeswell et al.,
2008; O Cofaigh et
al., 2008).

Paleo groundinglines

Colleoni et al., 2018
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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 ’ DELTA I ICE SHELF !SEA WATER
| ! Sediment transport direction 10000m IQ
I
/ s Do;fvnlap Dipping
A Pinch-out of younger e reflections

-" |VEn T'LL' . ‘ . 'ATEHW sediment — ‘:A';; I - Lo . .

*\;\;;;;z E S A
MAX, THICKNESS HE €
OF ACTIVE TILL \ '-_f* 2

BEDROCK o -

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

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

B

Tidewater| Long profile Plan view .
glacier

—_—

/{7;:’, —— Meltwater plume

_—lce-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-aguatic
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, JA. Dowdeswell / Marine Geology 363 (2015) 65-92
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The lateral GZWs may represent the boundary between fast, icestreaming flow in
the troughs and slower, cold-based ice on the adjacent shelf.

Outer-shelf lateral margin

50 km
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- 600 = i
- 2800 . f /|
~ A T
V] Oud
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Batchelor et al., 2015
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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

Backstepping ice-grounding line
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Sauli et al., 2014
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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 1n grounding-line retreat starting with step 1 at the LGM
grounding line and ending with step 9 with 1ce pinned on banks.
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RESEARCH ARTICLE  Post-LGM Grounding-Line Positions of the Bindschadler
Paleo Ice Stream in the Ross Sea Embayment, Antarctica
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