Investigating the role of subglacial geology on ice sheet dynamics

INITIATIVE

Evan Gowan, Lu Niu, Gregor Knorr, Gerrit Lohmann, and Sebastian Hinck e o
. ionale Klimaanderun ﬁ HELMHOLT?Z
Alfred Wegener Institute, Bremerhaven Germany | GEMEINSCHAFT
Greenland and West Antarctica are experiencing a Ice Sheet Hydrology
disproportionate increases in temperature due to
global warming. There are already observations that : : : - : T
this is coinciding with increased velocity of ice Water flows direction opposit directon of pressure Vi3 crevases and mouiims Basal sediment distribution Basal sediment Composmon
streams in these ice sheets. T e i e
The flow of large ice sheet masses Is dependent on I
the conditions at the base. Direct observations of the ter flowe via tunnele. linked sacal melting St S+
base Of |Ce Sheets are extremely ||m|'[ed Due to th|S’ cavities and sheet flow at base of ice Friction + geothermal v/ Z\ .
IS IS InStrUCtlve to IOOk at hOW paSt ICE Sheets behaved Tees Toss Tess Teas es. Tees Tess <Cese Tes. Teeu Tess Seea The. Taes Tes. ces. Teas aees Teen \
dUI’Ing penOdS Of I‘apld Wal‘mlng Water flows into sediments, weakening their mechanical strength ] il
In order to investigate ice sheet basal conditions, we ) S )
use the Parallel Ice Sheet Model (PISM; Bueler and Ice Sheet Dynamics (
Brown, 2009). This next generation ice sheet model \
allows for the modeling of ice sheet dynamics by o 70% 70;1/
coupling the shallow ice approximation in regions with e ﬂ“’”"d"e“")” 2 1
low velocity, and the shallow shelf approximation in QA
places where sliding occurs. We are developing a L v LX
model that includes spatial changing basal Cavities form due to ice flow, | :
. . . . reducing contact at base Friction + geothermal heating
hydrological _and_ geological conditions that can also < 5. . 3.
WOrk on gIaC|a| time SCaleS TR TP T TR T IINT TR IO LR LI LY. Bare rock increases basal resistance /l/ /l/
Water saturated sediments deform N N
when strength is less than ice o
oSS
u 7 7 < 7 7 I l \ - \o A
Effects of Geology on Ice Sheet Dynamics By, R0y 0w t0w  sowW oW o
Default - constant shear friction angle B Blanket (continuous) Veneer (discontinuous) [ Rock
By default, PISM includes a basal P I %‘;L; 1 | ~21000 yr BP extent (Dyke 2004) ~21000 yr BP extent (Dyke 2004)
model that assumes that there Is a _ S N %@a ‘\" Q‘ ‘
thick layer of sediments underneath , SO 1 EN SR R, \ ) Bed i |
. 3 > d sgw“" v ’ : | . . . . . .
tsr:jilﬁmeeﬁ?seggcvgr?énstahtif:ted the ".&%?3 ‘ | earoc geo Ogy The Laurentide ice sheet had notable differences in behavior depending on
become mechanicall weake; tha?\/ Aﬁ** \, —= ' T ' whether the dynamic part of the ice sheet laid on the “hard bedded” Canadian
the overlving ice andywill deform ‘*“ Ly g Shield, or the “soft bedded” sedimentary basins at the southern and western
The mair¥cc?ntrol tor this is a ' | ‘\ 7 alp peripheries and Hudson Bay. In the “soft bedded” regions, the ice sheet profile
Coulomb friction criteria: 5%’ was lower, and there were numerous ice streams, possibly aided by sediment
' (W% : . deformation. In “hard bedded” regions, the hydrological regime was dramatically
| A\ different, as water escaped the subsuface through vast esker systems. Bedrock
— type may also affect hydrological conditions, with porous rocks able to absorb
T =N tan(¢) 0 5 ‘0 e o aro s meltwater. We present three datasets that will be used for modeling the basal
Dlicarinclontdnglci(@egrees) thickness (M) % 036% conditions of the North American ice sheets.
Where t_is the yield stress, Nisthe  |ce thickness change when shear friction angle dependent on sediment distribution | o . |
effective pressure at the base if the \ _— o , \ IO , » Basal sediment distribution: A qualitative assessment of the fraction of the base
ice sheet and ¢ is the shear friction - , ,":’;\ ' ! that Iis covered by sediment. The source datasets have varied definitions, but
angle of the sediments. A lower @ | T & ,\‘\‘ “blanket” means continuous coverage, “veneer” means the nature of the
will make the base weaker. I\ 2, EMERE R %, ' underlying bedrock is visible (< 3 m of sediment) and “rock” means that bedrock
< : b‘(@ outcrops dominate the landscape.
As an initial test for changing basal _ N _ _ o _ _
conditions, we use an ice sheet ) > » Basal sediment composition: Glacial sediment or till is an unsorted material with
simulation of the last glacial cycle, grain sizes between clay and boulder. The dominant grain size is influenced by
based on a simulation found in Niu the source material. Areas underlain by crystaline rocks tend to have a coarser
et al (in review). We adjust the A fabric (sand), while till derived from proglacial lakes tend to be more clay rich
shear friction angle depending on 1 (b) e\ (clay). Sediment derived from Phanerozoic sedimentary rocks tend to have an
the basal condition (i.e. “rock” is _ ’ s ] — 7 —T — T S Intermediate composition (silt). In areas without existing maps, the composition
stronger than “blanke.t”-, csmnd ie Ice thickness change Wh shear friction -angle dependent on sediment composition is inferred from the bedrock geology.
stronger than “clay”). The plots to ] . s ! _ | S | |
the right show the changes in ice _ ;’51 ‘ Sedimentary B Mafic plutonic [ Mafic volcanic * Bedrock geology: This dataset is largely a simplified version of the Geologic
thickness at 20,000 years before S , “ ! Map of North America (Reed et al 2004). Sedimentary and volcanic rocks may
present if the shear friction angle is , ’ N || Felsic plutonic Felsic volcanic have higher porosity and are better able to absorb water. These rocks also may
changed to account for sediment be more prone to erosion than plutonic and high grade metamorphic rocks.
composition and distribution. ) l’ ' > Low grade metamorphic High grade metamorphic
We are currently working on a ‘ll ~21000 yr BP extent (Dyke 2004)
model that also incorporates ‘
changes sediment distribution and (c) ' References: Acknowledgements:
Bueler, E. and Brown, J., 2009. Shallow shelf approximation as a “sliding law” in a thermomechanically coupled ice sheet model. Journal of Thanks to Constantine Khroulev for help in model development. Development of PISM is
hyd rOIOgy' u Geophysical Research: Earth Surface, 114(F3). supported by NASA grants NNX13AM16G and NNX13AK27G. This work was funded by the Helmholtz Climate Initiative REKLIM (Regional
_ Dyke, 2004. An outline of North American deglaciation with emphasis on central and northern Canada. Developments in Quaternary Sciences. Climate Change), a joint research project of the Helmholtz Association of German research centres (HGF). This study was also supported by
Niu, L., Lohmann, G., Hinck, S., and Gowan, E.J., in review. Sensitivity of atmospheric forcing on Northern Hemisphere ice sheets during the last the PACES-II programme at AWI and the BMBF-funded project PalMod.
Shear friction angle (degrees) —500 0 glacial-interglacial cycle using output from PMIP3. Climate of the Past Discussions.
thickness difference (m) Reed, J.C., Wheeler, J.O. and Tucholke, B.E., 2004. Geologic Map of North America: Decade of North American Geology. Geological Society of

America Map 1. Evan J. Gowan email: evan.gowan@awi.de Twitter: @DrEvanGowan



Investigating the role of subglacial geology on ice sheet dynamics

@ M/ Evan Gowan, Lu Niu, Gregor Knorr, Gerrit Lohmann, and Sebastian Hinck

Alfred Wegener Institute, Bremerhaven Germany

Basal conditions: the key to ice flow Basal properties in areas glaciated in North America

Greenland and West Antarctica are experiencing a Ice Sheet Hydrology
disproportionate increases in temperature due to
global warming. There are already observations that N Basal sediment distribution Basal sediment composition

this is coinciding with increased velocity of ice: e o s e WSS
streamsin these ice sheels. i

“The flow of large ice sheet masses is dependent on
e conditions at the base. Direct observations of the
base of ce sheets are extremely limited. Due to this,
is is instructive to look at how past ice sheets behaved
during periods of rapid warming, e R ey

In order o investigate ice sheet basal conditions, we
use the Parallel Ice Sheet Model (PISM; Bueler and Ice Sheet Dynamics
Brown, 2009). This next generation ice sheet model

allows for the modeling of ice sheet dy;

coupling the shallow ice approximation in regions with
low velocity, and the shallow shelf approximation in
places where siiding occurs. We are developing a
model that includes spatial changing b

hydrological and geological conditions that can also
work on glacial time scales

-

Effects of Geology on Ice Sheet Dynamics By By, Tow ow ww w0 Wy Ry Tow ww e @W Y
Default - constant shear fiction angle I Blanket (continuous) [ Veneer (discontinuous) [l Rock . cy . s 0 sand
ol corsentsear 10 [E——

By defaul, PISM includes a basal
model that assumes that there is a
thick layer of Sediments undemeath
e ice sheet. When these
‘sedments become Saturated, they

~21000 y B extent (Dyke 2004)

Bedrock geology The Laureride ce sheet had notable diferences nbehavor depending on
- whether the dynamic part of the ice sheel laid on the “hard bedded Canadian

eld, western
peripheries and Hudson Bay. In the “soft bedlded" regions, the ice sheet profle
i ar streams, possibly.
deformation. In “hard bedded” regions, the hydrological regime was dramatically
different, as water escaped the subsuface through vast esker systems. Bedrock
ble to absor

Coulomb fricton criteria

Nian(9) il b oto sbeort
Conions o N o s Shese
where, Wit
oo presotea e bse e . ' e bese
e e e o e A o
Nanker i e

angle of the sediments. A lower ¢
wil make the base weaker.

(<3 mof sedment)
outcrops dominate the landscape.

As an initial test for changing basal

itions, we use an ice sheet

simulation of the last glacial cycle,
based on a simulation found in Niu
etal (in review). We.

‘shear fiction angle depending on

+ Basal sediment composition: Glacial sediment or tl s an unsorted material with

grain sizes betvieen clay and bouder. The dominant grain size s influenced by
fabric (sand), whie il derived from proglacial lakes tend to be more clay rich
clay

ave an
intermediate composition (sil). In areas without existing maps, the composition

is
stronger than "clay"). The plots to

3 N )
%oy, oy, 1oy toow  soW  goW oW

the right show the changes in ice iment I e pionic [ Mafc volcani - Bediock geoloqy: This dataset i largely a simplified version of the Geologic

icknees 20000 years before Sy S eyt of North Amerca (Reed et i 2004). Sedmentary and vlcanic rocks may

present i the shear ffction angle s I Foisic pitonic [ Fosic volcanic fave igher porosiyand are beter bl 5 aor wler. These rocks aso may
oc

changed to account for sediment

composition and distributon. [ Low grade metamorphic [N High grade metamorphic

~21000 B extent (Dyke 2004)

We are currently working on a
model that also incory
changes sedimen distribution and

hydrology. O s o St L ¢ A 8 bl i ot Sl e e o S S W SAEETS. 10 R o b e et e RESU e
S rson s o). thickness diferonce (! el 32t 18 o S 4 oo o oA

gk Evan 3. Gowan email: evan gowan@awi.de Twitter. @DrEvanGowan



