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Introduction:  Since the first discovery of a mete-

orite concentration on the East Antarctic Icesheet 50 
years ago (the 9 specimens recovered from the Yamato 
icefields in 1969) researchers have been intrigued by 
the possible mechanisms responsible for such concen-
trations. In spite of the fact no dedicated multidiscipli-
nary research program has explored the phenomena of 
Antarctic meteorite concentrations, five decades of 
anecdotal observations and opportunistic measure-
ments have helped identify and constrain the glaciolog-
ical and climatic processes influence them. Recent 
advances including the availability of high resolution 
satellite-based measurements of icesheet topography 
and velocity in relevant regions of the East Antarctic 
Icesheet provides key new data to further our under-
standing of the natural phenomena that result in mete-
orite concentrations.  Here we explore the role of ve-
locity as revealed through a newly released dataset.     

Antarctic Meteorite Concentrations:  While 
there are exceptions, the vast majority of Antarctic 
meteorite concentrations are found on blue ice at rela-
tively high altitude (~2000 m) on the East Antarctic 
icesheet. These blue ice areas are anomalous in the 
sense that they represent ablation surfaces (areas of 
persistent ice loss) located within what would classi-
cally be considered the interior accumulation zone of 
the icesheet. These sites are also typically adjacent to 
mountains, nunataks and moraines that mark the most 
interior exposed bedrock at the margins of the East 
Antarctic icesheet. This geographical setting suggests 
that retardation and/or redirection of ice flow plays a 
role both in the development of "anomalous" blue ice 
and the meteorite concentrations they harbor.   

A number of previous studies have qualitatively 
explored the role of slowed or stranded ice in the for-
mation of Antarctic meteorite concentrations (see [1] 
for a summary). In principle, the loss of ice through 
ablation should be enough to produce a meteorite con-
centration if the resulting surface is relatively stable 
over thousands of years and meteorite loss mechanisms 
(such as loss through thermal sinking or wind move-
ment) are minimal. As ablation removes surface snow 
and ice it also leaves behind any meteorites those sur-
face layers contained, effectively multiplying the ac-
cumulation time of the site through these lost layers. 
While only a few quantitative studies of ice motion and 
ablation have taken place, these suggest horizontal ice 

motion at or below a meter per year are sufficient to 
result in significant meteorite concentrations when 
paired with ablation rates in the 10's of cm per year [1, 
2]. The broader applicability of these measurements is 
questionable however, given they represent highly 
localized studies conducted opportunisticallyduring 
meteorite recovery operations.      

New Ice Velocity Data: Recently released data 
provides us with an opportunity to put the highly local-
ized ice flow data into the broader context of the East 
Antarctic icesheet.  A dataset recently released by the 
Making Earth System Data Records for Use in Re-
search Environments (MEaSUREs) program repre-
sents the first comprehensive map of Antarctic ice ve-
locity derived from multiple satellite-based interfero-
metric synthetic-aperture radar systems [3]. The ve-
locity data are from data collected between 2007 and 
2018, with additional data used as needed to maximize 
coverage and improve tracking. Spatial resolution of 
the MEaSUREs data is 450m, with ice speed and flow 
direction improved by a factor of 10 over prior map-
pings [3].  

Figure 1 shows a velocity map derived from 
MEaSUREs data for the greater Beardmore Glacier 
region of the Transantarctic Mountains, Antarctica, 
with meteorite find sites superimposed (small dark 
blue dots). Large glaciers (the Beardmore, Law, Mill 
and Shackleton glaciers) are evident as are their minor 
tributaries, all draining toward the Ross Sea in the 
lower left. These drainages show relatively sharp 
boundaries with low-velocity regions, suggesting 
strong shear and geographically limited gradients in 
velocity between them.  Correlation between the mete-
orite find sites and low velocity areas (gray in color) is 
evident throughout the region and suggests that stag-
nant or near-stagnant ice plays a critical role in the 
formation of the concentrations.  

Other observations suggest it may not be that sim-
ple. While some meteorite concentrations occupy cen-
tral regions of low velocity areas shown in Fig. 1, oth-
ers are immediately adjacent to high velocity ice 
streams.  While the reasons for such an association are 
not clear, previous work has suggested that changes in 
the elevation of the East Antarctic icesheet in these 
regions have been modest on timescales approaching 
106 years, so that areas of stagnant ice next to shear 
zones can remain isolated and stable [4].  That work 
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suggested almost no change (<< 10m) in icesheet ele-
vations for the Beardmore region since the last glacial 
maximum (roughly 18 ka) and provides little support 
for drainage changes that might have altered ice flow 
patterns at or near meteorite sites. A more plausible 
hypothesis is that proximity to major glacial drainages 
enhances ablation. More specifically, fierce seasonal 
katabatic (gravity-driven) winds are strongly chan-
nelled into topographically-low glacial drainages, en-
hancing both the sublimation and abrasion aspects of 
ablation in the austral spring and summer. Proximity to 
a major drainage thus can amplify local ice loss and 
furtheri any meteorite concentration by volume reduc-
tion that may be taking place.  
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Figure 1. Map of ice velocities in the Beardmore Glacier region of the Transantarctic Mountains (context map shows location of 
figure in Antarctica). South is broadly toward the top of the figure.  Velocities are portrayed using a "thermal" color scheme- 
blues and purples representing high velocities (~1000m/yr for the lower Beardmore) and grays low velocities (cm/yr for some 
sites). Blue dots represent meteorite finds from various sites in the region as labelled.  Meteorite concentrations appear closely 
associated with regions of very slow ice velocity, and in many cases occur at the margins of existing faster outflow.  
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