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Overview

Objective: understanding the: causes of unusual surface
features and sulhglacialitepegraphy:in NW Greenlanad:
Methedology: and results:

x (1) Mapping shape andldistrbution| of Ice’ Sheet featurnes,
pasal valleys and subglacial hils

x (2) Estimating crustal thickness; fiom free-air gravity.
anemaly

s (38) Reviewing ether clues ofi geothermall conditiens and
Pedreck geology.

x (3) Mapping bedreck lithelegy: frem) gravity: andimagnetic
field aata

Conclusions and: futtre Work




Greenland Ice Sheet, NW Greenland

Viajor eutliet glaciers: Humbelat (83),
Peterman (1), Ryder (2)

Viassilhalance andiglacialidymnamics:

= The region is close to being in
palance and have relatively: small
accumulauoem; BUN

a \ery lange subglacial meltis
measured under the fleating tengue |
off Peterman Glacier

x A mini-surge has been ehserved: by e e By
o

INSAR over Ryder Glacier / 2

|ce piracy. Is suggested between
Humboldt and Peterman 100 1

S Complexianaractiversungiacial

hydrelegic systemil! Ice velocities from RADARSAT-1 data, 2000

(Rignot and Kanagaratnam, 2006)




' Surface Features in NW Greenland

Shaded reliel DEM from photeclinemetny, SAR and ICESat altimetry.

(8) Surface features;witn
B ohliguelanglesito) currentiiow
B everHumipldiElacier

(1) Siuriziea elaorassions ovyar
fliejiar gzee of plurneolele sipe
PEleNnamylaciers
2 (5) Subglacralthrlis withm (@)
W andi(4) (Legarsky etal., 1998)
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Enlarged Features near the Onset
O Peterman Glacier




‘Discovery” of Tunnel Valleys
Bedrock DEM (color) and surface DEM (shading)
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(Bedrock DEM is
From Bamber et
al., 2001)




Color-Coded Bedrock Elevations over
Shaded Relief Ice Surface DEM
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Radio echo sounding data from U. of Kansas (Gogineni et al.)
Interpolation created closed anomalies from small, possibly connect
depressions when distance between neighboring profiles is large!!




Radio Echo Sounding Prefile over
Humbeldi Drainage: Basin
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V-shaped valleys, width: 3-4 km

Thickness [1 pixel




Radio Echoe Seunding Prefile over
Peterman Drainage Basin

’

Bedrock hills and U shaped valleys, width: 4-6 km




Profiles over Bedrock “Hills”, Peterman
Drainage Basin

Filtered SAR mosaic with
location of reflectors (filled circles) and
DEM feature (yellow line)
from Ekholm et al., 1998




Profile Across Peterman Glacler
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Peterman Glacier
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Distribution of Subglacial “Hills®

g sse

o INorths features, are aligned
i1 alonojwestern boundany of
g1 the Peterman onset region

1 Seuth: features are lecated

I a region Where: ice fiew

Ay direction might switch

e | between Humboldt and
g Peterman Glaciers

INote:

(1) there could be
URmMapped features

(2)'some features might
o mark elongated ridges




Subglacial Hills over the Onset Region
ofi Peterman Glacier




Bedrock Geology, Geothermal
Coenditiens

Subglacial’ geoloay:
s Lower Paleezoic Erankimian sedimentany basin infNW and NE

s Reworked Proteozoic crystalline rocks, eutcreoping in: \Victorna
Ejord inithe middle

a A large magmatic prevince, detected by aereogeophysical
surveys inl centrial andinerthern Greenland
Subglacial velcanism:
s Glacial velecanic erratics, NOIF eccuning I outcrops iniN
Greenland, has heen described by Dawes et al., 2000
Geothermal eathiux:

s Highvand spaually varable geethermal fiux Is estimated at
NGRIP (e.g. NGICP members, 2004)

s Lithespheric thinning andl crustal thermal eroesieon might e
related to the Icelandic hoetspot track




SEDIMENTARY BASINS OF
GREENLAND

Geological 5Survey of Denmark and Greenland
2000

LEGEND

Cretacaous - Lower Terbary sediments of West Greenland (Muussuag)
Basin} and EastGreenlard (Kangeriussuag Basing

Carboniferous - Lower Tertiary sediments of the Wandel S2a Basin of
aastarn Morth & reenland

|:| Carboniferous - Cretacecus sediments of North-East Gresnland basins

Carboniferous - Cretacecus sediments of the Jamesan Land Basin In
Eastareenland

- Devanlan Basin of North-East Greenlana

Shalt
I:l } Lower Palasozok sadiments of North Greenland

Franklinian Basi

D Middie-Lippar Proerads sediments and volzanic rocks

D Caledonlan crogenic b=t

D Lower Proterozok onsgenk: belts

I:I Archasan craton

Intrushie complexas; Lower Tertary in East G raanland,
Middie Proterezek in South Greenland

I:I Offshore basing with substantal thkknes ses of sediments (>-2Km}

Qe Dasing where deepar sedmentary succassions condealed by
Lower Tertlarny basalts
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Map of major structural-statigraphica
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Fig. 222, Map showing the main structural-stratigraphical
units of northern Greenland and adjacent Arctic Canada
(modified from Dawes & Soper, 1973).




Comparison oft Crustall Thickness and
Indication ofiHigh Geothermall Heatilux

Crustal Thickness (km)
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Subglacial melt mapped from

Internal layer thickness
Crustal thickness Computed from Free-Air Gravity (Fahnestock, personal com.)

Anomalies (Braun et al., submitted)




Total Field
Magnetic Map (nT)

-3142 -1293 £7.3 -254 164 559 1083 236.7

Data from Verhoef et al., 1996




Free-Air Gravity
Anomaly Map

(mgal)

679 -142 50111 182 258 331 417 533 86.1

Data from J. Brozena and R. Forsberg




Conclusions

Glacial-geolegicallconditions: i NW-: Greenland are: similar
oI these ehserved on WAIS, since NW Greenland Is
characterizead! by, thin crust, a large seaimentan/ hasement,
highr and spatially varianle geetiermal heat fix; lange
magnetic anemalies and a complex hydrelogical system:

Bedreck geolegy controls the southern extent of Humisoldt
glacier and pessikly the enset of streaming flevw on
Peterman Glacier




Conclusiens (cont)

Bedreck hills aneinterpreted as Volcanoes, possihly.
erupted sunglacially:

Elengated subglacial depressions are interpreted as
tunnelivalleys created by sudden release: eff melt water,
selective linear erosion (IHumbeldt) and active glacier

eresion (cunvilinear feature. £ off Peterman)

Subglacial velcanic activity: could contriute: te mpertant
glacialldynamic precesses, such as mini-surges of
Ryder Glacier and ehsernved high melt rate ol the fieating
lengue ol Peterman Glacier and thereiere It has
Imporiant Implications o) the mass halance: and stalility,
ofi the'ice sheet

Future work: a lot
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