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A large impact crater beneath Hiawatha Glacier in
northwest Greenland
Kurt H. Kjær1*, Nicolaj K. Larsen1,2, Tobias Binder3, Anders A. Bjørk1,4,5, Olaf Eisen3,6,
Mark A. Fahnestock7, Svend Funder1, Adam A. Garde8, Henning Haack9,10, Veit Helm3,
Michael Houmark-Nielsen1, Kristian K. Kjeldsen1,8,11, Shfaqat A. Khan12, Horst Machguth13,14,
Iain McDonald15, Mathieu Morlighem4, Jérémie Mouginot4,16, John D. Paden17, Tod E. Waight18,
Christian Weikusat3, Eske Willerslev1,19,20, Joseph A. MacGregor21

We report the discovery of a large impact crater beneath Hiawatha Glacier in northwest Greenland. From
airborne radar surveys, we identify a 31-kilometer-wide, circular bedrock depression beneath up to a kilometer
of ice. This depression has an elevated rim that cross-cuts tributary subglacial channels and a subdued central
uplift that appears to be actively eroding. From ground investigations of the deglaciated foreland, we identify
overprinted structures within Precambrian bedrock along the ice margin that strike tangent to the subglacial
rim. Glaciofluvial sediment from the largest river draining the crater contains shocked quartz and other impact-
related grains. Geochemical analysis of this sediment indicates that the impactor was a fractionated iron aster-
oid, which must have been more than a kilometer wide to produce the identified crater. Radiostratigraphy of
the ice in the crater shows that the Holocene ice is continuous and conformable, but all deeper and older ice
appears to be debris rich or heavily disturbed. The age of this impact crater is presently unknown, but from our
geological and geophysical evidence, we conclude that it is unlikely to predate the Pleistocene inception of the
Greenland Ice Sheet.
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INTRODUCTION
The scientific exploration of Greenland has extended for centuries be-
cause of its remote location and ice cover. Exploration of features be-
neath the ice is a relatively new development, owing to the mid-20th
century advent of borehole drilling through ice and radar sounding
(1). While airborne radar sounding of the Greenland Ice Sheet began
in the 1970s (2), increasingly comprehensive surveying of the ice sheet
has only become possible over the past two decades. Beginning in the
mid-1990s, extensive airborne radar sounding has revealed a hitherto
hidden landscape beneath the Greenland Ice Sheet and elucidated the
processes and events that have led to its present bed topography (3).
Through internal stratigraphy detected by this radar sounding, these
data also reveal the late Pleistocene and Holocene history of the ice sheet
itself (4). Here, we describe a new landscape feature in remote northwest
Greenland, initially identified through incidental airborne radar
sounding, and subsequently studied through additional airborne and
ground-based field studies of the ice sheet and deglaciated foreland.
18
RESULTS
Bed morphology beneath Hiawatha Glacier
Using data collected between 1997 and 2014 by NASA’s Program for
Arctic Regional Climate Assessment and Operation IceBridge (3), in
combination with 1600 km of new airborne radar data collected in
May 2016 (Supplementary Materials and Methods), we identified a
large circular depression in the bed topography of the Greenland Ice
Sheet (Fig. 1). This structure is covered by up to 930 m of ice but has
a clear circular surface expression. An elevated rim in the bed topogra-
phy encloses the relatively flat depression with a diameter of 31.1 ±
0.3 km and a rim-to-floor depth of 320 ± 70 m. In the center of the struc-
ture, the bed is raised up to 50 m above the surrounding topography, with
five radar-identified peaks that form a central uplift up to 8 km wide. The
overall structure has a depth-to-diameter ratio of 0.010 ± 0.002 and is
slightly asymmetric, with a gentler slope toward the southwest and max-
imum depth in the southeast of the structure. Two winding subglacial
channels, up to ~500 m deep and ~5 km wide, intersect the southeast
flank of the circular structure (Fig. 1). Before entering the structure, the
northern channel merges with the southern channel and then spills over a
large breach in the structure’s rim upon entering the main depression.
These channels do not have a recognizable topographic expression within
the structure. On the downstream side of the structure, there is a second
smaller breach in the northwestern portion of the structure’s rim. Ice
flows through this second breach to form the tongue-shaped terminus
of Hiawatha Glacier. The present ice-sheet margin lies ~1 km past this
northwestern rim, and it is the circular depression itself that contains
the semicircular ice lobe that extends conspicuously beyond the straighter
ice-sheet margin farther southwest.
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Geology of Hiawatha Glacier’s foreland
We visited the margin of Hiawatha Glacier in July 2016 to map tectonic
structures in the glacier’s foreland and to sample its glaciofluvial sedi-
ment. The composition of ice-marginal erratic boulders derived from
beneath Hiawatha Glacier indicates that the identified structure was
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formed within the same types of highly metamorphosed Paleoprotero-
zoic terrain as mapped across most of Inglefield Land, which is part of
the east-west–trending Inglefield mobile belt (fig. S1) (5). The complex
tectonic foliation of these ancient rock formations has no clear relation
to the present margin of the ice sheet. However, in a narrow zone along
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Fig. 1. Geomorphological and glaciological setting of Hiawatha Glacier, northwest Greenland. (A) Regional view of northwest Greenland. Inset map shows
location relative to whole of Greenland. Magenta box identifies location of (B) to (D). (B) A 5-m ArcticDEM mosaic over eastern Inglefield Land. Colors are ice surface
velocity. Blue line illustrates an active basal drainage path inferred from radargrams. (C) Hillshade surface relief based on the ArcticDEM mosaic, which illustrates
characteristics such as surface undulations. Dashed red lines are the outlines of the two subglacial paleochannels. Blue lines are catchment outlines, i.e., solid blue
line is subglacial and hatched is supraglacial. (D) Bed topography based on airborne radar sounding from 1997 to 2014 NASA data and 2016 Alfred Wegener Institute
(AWI) data. Black triangles represent elevated rim picks from the radargrams, and the dark purple circles represent peaks in the central uplift. Hatched red lines are field
measurements of the strike of ice-marginal bedrock structures. Black circles show location of the three glaciofluvial sediment samples described in table S1.
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