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Characterization of dune morphology has historically been based on relationships between dune forms and
wind regimes with dune height shown to be sensitive to atmospheric boundary layer depth, sand availability
and sediment properties. While these parameters have been used in numerical simulations to model the
occurrences of some types of dunes, they cannot alone explain the great diversity in form and size seen on
Earth and on other solar system bodies. Here we present results from our studies of dune formation in the
Badain Jaran Desert in western China, where Earth's tallest dunes occur. We measured the variability of the
dune morphology in this desert on the basis of LANDSAT ETM+ data, and we detected the bedrock landforms
beneath the aeolian sands by applying gravity methods. Wind records from stations at the periphery of the
desert and SRTM topographical data were examined also to augment the interpretation. Our studies
demonstrate that in addition to average wind parameters, dune height is highly sensitive to local geology,
subsurface characteristics, and topography, and interactions between changing climate conditions and
aeolian and fluvial processes. These additional factors need to be considered in the interpretation and
simulation of dunes on Earth. We anticipate that analysis of anomalous dune heights like those seen in the
Badain Jaran may also provide critical information on subsurface characteristics and environmental
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conditions on Earth and on other planetary bodies.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Dune form and size vary greatly globally and often differ
significantly within a single desert (e.g., Fryberger and Dean, 1979;
Lancaster, 1995; Goudie, 2002). Our understanding of dune morphol-
ogy has largely been based on relationships between dune morphol-
ogy and wind regimes (e.g., Bagnold, 1941; Fryberger and Dean, 1979;
Zhu et al., 1981; Lancaster, 1995; Livingstone et al., 2006; Bullard and
Livingstone, 2010). Dune height has been shown to be sensitive to
atmospheric boundary layer depth (Andreotti et al., 2009), sediment
availability (Kocurek and Lancaster, 1999), and sediment properties
(Rubin and Hesp, 2009). While these parameters have been used in
numerical simulations to model the occurrences of some types of
dunes (e.g., Narteau et al., 2009; Parteli et al., 2009; Zhang et al., 2010;
Delgado-Fernandez, 2011), the great diversity in dune form and size
seen on Earth and on other solar system bodies remains poorly
understood.

China's Badain Jaran Desert (Fig. 1) covers an area of ~49,000 km?
and is characterized in its southern and southeastern parts by the
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occurrence of densely distributed giant dunes with heights commonly
between 200 and 300 m with a maximum of 460 m. The mean annual
precipitation decreases from ca. 120 mm in the southeast to ca.
40 mm in the northwestern margin of the desert. The mean annual
evaporation is just ~1000 mm from the lake surface and ~100 mm
from the land surface in the southeastern part of the sand sea
according to more recent studies (Yang et al., 2010a), although much
large values were reported earlier (e.g., Zhu et al., 1980). On the dune
slopes there is a spare vegetation cover consisting of xerophilous
grasses and shrubs with some plants like Artemisia, Agriophyllum and
Achnatherum occurring even close to the ridges of the high dunes.
Around the lakes and springs in the inter-dune depressions there are
abundant grasses and shrubs used for animal grazing and for cooking
fuel by the local residents.

The dunes in the Badain Jaran are mainly compound forms and
dune chains, consisting of multiple dune generations arising from
Quaternary climate changes (Yang et al., 2003), although simple giant
dunes with obvious steep lees and relatively steep windward slopes
occur as well (Yang, 1991). On the southeastern margin of the sand
sea typical pyramid dunes are not rare (Zhu et al., 1980). The giant
dunes, named also as compound, crescentic ridges (Breed and Grow,
1979), are the tallest dunes on Earth (e.g., Fryberger and Dean, 1979;
Zhu et al., 1980; Yang, 1991; Jakel, 1996; Yang et al., 2003, 2010a) and
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Fig. 1. Overview of the Badain Jaran desert. A, B, C, D and E designate areas used to map the dunes. Legend: 1, Sand dunes. 2, Fluvial sediments associated with the Heihe River. 3,

Adjacent mountain ranges. 4, Rivers. 5, Lakes, and, 6, sand roses (Fryberger and Dean, 1979)

for each of the five surrounding weather stations, with blue lines showing winds capable

of transporting sand from various directions (DP) and red lines with arrows indicating the resultant sand transport trend (RDP). Numbers in circles show the locations of the dunes

examined in great detail and the green square indicates the location of Fig. 8.

taller than all dunes so far found on other planetary bodies (Lancaster,
2006; Lorenz and Radebaugh, 2009; Zimbelman, 2010). Here we
document the variation of dune morphology in this desert and the
environmental and geologic conditions in which these anomalously
high dunes formed. Our results provide insights into the giant dune
formation processes that may be applicable in understanding dune
formation in other regions on Earth and on other solar system bodies.

2. Methods

LANDSAT ETM+ data from 2001 and 2002 (30 m spatial
resolution) was used to determine the lengths and crest strike of
1758 dunes in the areas where giant dunes occur in this sand sea
(Fig. 1 and Table 1). Wind records covering the period from 1965 to
2004 from five stations at the periphery of the Badain Jaran were used
to interpret the potential movement of sand. Sand drift potential (DP),
resultant drift potential (RDP), the resultant direction of sand
movement (RDD) and the directional variability (RDP/DP) were
estimated following Fryberger and Dean (1979). Metric unit (ms™!)
of wind speed was used for calculations and their values were finally
converted to vector units with the wind speed in knots (Bullard, 1997;
Table 2).

One of our major goals was to obtain a regional image of bedrock
topography. Initially, we applied seismic and ground penetrating
radar (GPR) in the study area but failed, because the aeolian sand is
too thick for GPR to penetrate to the depth of bedrock in most cases,
and the loss of seismic signals is too rapid in the aeolian sands for

shallow-seismic approaches. Electromagnetic soundings were limited
by the low conductivities of the dry sand layers on the surface. We
however found that the gravity method (Dobrin, 1976) was the most
promising, although we know of no earlier cases of mapping bedrock
topography in sand seas using this method. Mapping of buried valleys
(Lennox and Carlson, 1967), bedrock topography underlying mo-
raines (Annecchione et al., 2001) as well as underground salt tectonics
(Hamdi-Nasr et al., 2009), however, demonstrate the potential of this
method in investigating sub-surface landforms. Since the bedrock and
aeolian sand have different densities, and the denser rocks have a
greater gravitational attraction, the depth of bedrock can therefore be
calculated from gravity data.

Table 1

Variations of dune strikes and densities in the study area: percentage of dunes in each
strike category by subdivision (see Fig. 1) and average length of the dune ridges (dune
density) in the Badain Jaran Desert.

Strike Area
A B C D E Mean

E-W 0.4 0.0 0.6 0.0 0.0 0.3
NEE-SWW 3.6 2.3 7.9 9.9 2.4 5.4
NE-SW 56.1 45.5 67.9 62.9 38.0 58.0
NNE-SSW 37.6 46 22.7 25.6 52.2 33.6
N-S 12 52 0.2 1.6 6.8 1.9
NNW-SSE 0.6 0.7 0.0 0.0 0.6 0.3
NW-SE 03 0.2 0.0 0.0 0.0 0.1
NWW-SEE 0.3 0.0 0.7 0.0 0.0 0.4
Density (m km~2) 439 249 235 89 137 207
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Table 2

Sand drift potential (DP), resultant drift potential (RDP), the resultant direction of sand
movement (RDD, 0 referring to the north, clockwise) and the directional variability
(RDP/DP) based on wind records at the margins of the Badain Jaran Desert from 1964 to
2004 (vector units with wind speed in knots).

Station
Alashan Right Bayinmaodao Dingxin Ejina Guaizihu
Banner Banner
DP 457 335 178 281 595
RDP 228 214 106 227 105
RDD 300 148 149 148 150
RDP/DP 0.50 0.64 0.60 0.81 0.18

Gravity readings were taken with a LaCoste & Romberg G1168
gravimeter and station elevations and relative positions (distance and
direction) were surveyed simultaneously using a GTS-100N total
station. The precision of this gravity meter is ~0.01 milligal (mGal). To
ensure the normal operation of the instrument the meter was tested
at national base stations around Beijing shortly before being used in
the Badain Jaran Desert. Measurements at the base stations near each
dune were repeated as often as possible but minimum measurements
were taken at the beginning and end of the day to correct for
instrumental drift. The accuracy of the gravity readings was assured in
the field by taking multiple observations at each station until
satisfactory replication was obtained. Bedrock outcrops found in
inter-dune areas were used as the base stations, with the reported
gravity anomaly referring to the gravity difference between stations
and their own reference datum after various corrections. Three
different sites with compound dunes in the southeastern of the sand
sea were selected for gravity measurements because of the availability
of bedrock outcrops (as base stations) nearby and the sufficient height
of the dunes (>200 m). Four major steps were used to correct the
readings from the gravity meter:

A) Earth-tidal, instrumental drift and latitude corrections

The readings from the gravity meter were firstly corrected for
Earth-tidal and instrumental drift, and latitude changes
(Dobrin, 1976). Instrumental drift was based on our field
records, and the latitude corrections were realized by precisely
measuring the relative displacement of the measurement
stations in the north-south direction. The gravity formula for
the variation of standard gravity along the geoid with the
latitude ¢ (degrees) is (Burger et al., 2006):

g [Gals| = 978.03185(1 + 0.005278895 sin’$ + 0.000023462 sin4d>)
1)

For our transects the variation is 0.1 milligal (10> Gal) for
each 124.85 m of displacement in the north-south direction.
The values for Earth-tidal corrections for our transects were
provided by the Institute of Geophysics, China Earthquake
Administration with consideration to exact coordinates of the
study sites and precise timing of the measurements.

Terrain corrections

The corrections take into account the undulations of topogra-
phy above and below the elevation of the observation station,
and were implemented manually following the charts and
tables of Hammer (1939). A portion of the correction was
determined in the field on the basis of the local slopes and form
of the terrain and the remainder of the correction was
calculated from topographic maps. Hammer's method con-
siders the gravity effect of a ring, as follows:

=]
-

Ag [Gals] = 2nGon ™ [Ro —R; + (Rlz + z2>%—<R§ + zZ)ﬂ @

where G is the universal gravitation constant (6.67384x
107" m3 kg~ !s72), ois the density of the mass (kg m~3), z is
the thickness of the ring (m), R, is its outer radius (m) and R; (m)
inner radius, and n is the number of sectors by that the ring is
divided. All sector effects were calculated individually and finally
added together to the observed gravity.
C) Elevation corrections

Because gravity decreases 0.3086 mGal for every meter above
sea level, the following equation is used for elevation
corrections (Burger et al., 2006):

Ag [mGal] = —0.3086h 3)

where h is the elevation difference (m) above the datum of
each transect.

D) Free-air corrections
The corrections take into the impact of the mass between the
observation point and the datum. As the radius of this mass is
usually much larger than its thickness,

Ag [mGal] = 0.041930h (4)

These corrections are added as long as the mass is above the
datum and subtracted if it is below the datum (Dobrin, 1976;
Burger et al., 2006).

A reduction density of 1.6 gcm > (the mean density of aeolian
sand in this sand sea) and the base station reference were used for
these corrections in each case. The final gravity anomaly values
indicate the change in the pull of gravity along the traverses crossing
each dune.

For the simulation of the underground topography we assumed a
constant density contrast between the bedrock and the aeolian
sediment. The difference in density between aeolian sand and the
bedrock is a key factor impacting the interpretation of the bedrock
occurrence at each point of the survey. The average density of aeolian
sands in the dunes we studied is 1.6 g cm >, and those of granites and
conglomerates are 2.6 and 2.4 g cm 3, respectively, according to our
laboratory experiments. Thus, the aeolian sand and bedrock density
differences are 1.0 and 0.8 gcm ™2, respectively. To quantitatively
detect the boundary between the bedrock and the aeolian sand,
forward gravity modeling was performed using the software program
Mask 2000 (Yao, 2009). Normally, gravity modeling suffers from non-
uniqueness. The interpretation of the finally corrected anomaly values
was constrained by the observations at exposed outcrops.

To augment this geophysical modeling approach we also extracted
the elevation of each interdune depression using SRTM data (90 m
grid cell resolution and augmented by Google Earth™) and produced
an interpolated profile that revealed the general trend and slope of
subsurface features.

3. Results and discussion

Variability in dune morphology in the Badain Jaran Desert is
reflected in the regional differences in dune size, strike and density
(average dune ridge length in a given area). The longest is 7.5 km and
the shortest is <1 km (maximum error ~60 m). Dune density varies
distinctly across the entire study area, between 439 m km~2 in the
southeast (Area A in Fig. 1) and 89 m km~2 in the inner western
section (Area D in Fig. 1) (Table 1).In Areas A, C and D the dunes strike
predominately NE-SW; however, in Area B the percentage of dunes
with NNE-SSW strikes is slightly higher than those trending NE-SW;
and in Area E, more than half of the dunes strike NNE-SSW. This
variability suggests potential control of the predominant dune strike
by interactions between regional winds and blocking mountain
ranges.
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Sand roses (Fig. 1) show that directional variability differs greatly
on the margins of the Badain Jaran, indicating the impact of regional
topography and suggesting that the areas in the north (Guaizihu) and
southwest (Alashan Right Banner) are high-energy environments
while the west margin (Dingxin) is a low-energy environment. Under
the control of the East Asian winter monsoon, northwest winds would
be predominant without the strong impact of these local mountain
ranges. Among the five stations, Guaizihu, which exhibits frequent
changes in wind direction, is the site with the highest total DP and the
lowest resultant RDP (Table 2). The directional variability, RDP/DP, is
classified as follows: low in Guaizihu, high in Ejina, and intermediate
in other stations. Low RDP/DP is associated with complex wind
regimes while high values are indicative of wide and narrow
unimodal wind regimes (Table 2).

Changes in the simple Bouguer gravity anomaly (Dobrin, 1976)
along dune crossing traverses (Figs. 2 to 5) indicate that bedrock
landforms form a basement under all four dunes surveyed with only
one dune having a bedrock core directly under its ridge (Fig. 3). Our
results suggest that giant dunes were built up when aeolian sands
accumulated and grew on these gently sloping bedrock hills. A 250 m
high dune located north of the bedrock hill in Fig. 2 (top) forms on the
windward slope of the hill, and the form of the dune is similar to the
bedrock relief. At most sites along the traverses the thickness of the
aeolian sands reaches a maximum of ~200 m on the dune ridges. On
the lower portions of the dune slopes, the thickness of aeolian sands is
often less than 10 to 20 m.

The mapping of dune sand thickness via gravity methods is
supported by our mapping of interdune elevations that are indicative
of the groundwater table associated with the occurrence of interdune
lakes (Yang et al., 2003, 2010a). The height distribution of interdune
depressions should reflect the minimal elevations of the water table
associated with the underlying bedrock (Fig. 6). This surface was
subtracted from the surface DEM to estimate total sand depth and its
distribution across the region containing the giant dunes (Fig. 7). We
interpret this as representing the gently sloping surface of a former
Distributive Fluvial System (DFS, Craddock et al., 2010; Weissmann
et al, 2010) emanating from the southeast that was subsequently
eroded into low rolling hills.

111

Earlier studies have attempted to explain the genesis of these
globally tallest dunes from various perspectives. Chen et al. (2004)
reported that the giant dunes were maintained by subsurface flow of
groundwater from mountains of the northeastern Tibetan Plateau.
Yang (1991) and Jdkel (1996) assumed that some dunes might have a
bedrock core with the top of these bedrock hills often just beneath the
dune ridges. The subsurface landforms, visualized for the first time on
the basis of our gravity data and regional mapping of interdune
elevations using SRTM data, suggest that a small percentage of the
dunes have a bedrock hill directly beneath their ridgelines and that
the subsurface is a subdued and dissected low-relief erosional surface
(maximum relief ~100 m) sloping at a low angle towards the
northwest. Compared with the elevation of the inter-dune de-
pressions, the surface of this hilly bedrock raises the relative height
of the dunes considerably (Figs. 2 and 3). In fact, the giant dunes only
occur in the southeastern parts where the effects of the subsurface
actually come into play. The dunes in the central and northern portion
of the sand sea are subdued and somewhat disorganized probably due
to locations distant from the mountain ranges (Fig. 1 and Table 1) and
sand thickness decreases also (Fig. 7). This general trend of the sand
thickness variation (Fig. 7) suggests that the seasonal changes of wind
directions (Fig. 1) do not have an obvious impact on the size of the
dunes, because tall dunes are not located in areas with large variability
of wind directions, such as in Guaizihu.

Sand availability is another key component of the aeolian system
in the Badain Jaran Desert. In addition to sand provided by the Hehei
River in the northwest (Fig. 1), we have also found that the alluvial
sediments deposited on the south and southeast margins of the desert
are significant sand sources. Although the desert region is generally
under the impact of prevailing northwest winds related to the East
Asian monsoon system, precisely measured profiles crossing the
dunes (Figs. 2 to 4) and wind data from local weather stations (Fig. 1)
suggest that southeast winds are also important in shaping the dunes.
The steep slopes in the northwestern side of the dunes (Figs. 2 to 4)
demonstrate strong impact of southern and southeastern winds,
meaning that the seasonal variation of winds plays a role in the shapes
of dunes, even though there is no wind record directly from the dune
areas (Fig. 1).
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Fig. 2. Subsurface topography of location 1 in Fig. 1, interpreted from the gravity data, indicating an earlier stage of the formation of a tall dune. The bedrock hill (local name Aobao)
consisting of conglomerates is still visible. Dots are the field measurements after corrections and the lines represent the results of the forward modeling.
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Fig. 3. Subsurface topography of location 2 in Fig. 1, interpreted from the gravity data. A bedrock hill (granite) has been fully covered by aeolian sand. Dots are the field measurements

after corrections and the lines represent the results of the forward modeling.

Mapping of intermittent stream channels shows that sediments
introduced by fluvial processes from the mountains on the Badain
Jaran's southern margin are also direct sand sources for the dunes
(Fig. 8).Itis visible that the streams are able to penetrate deep into the
dune fields (Fig. 8). Conglomerates found beneath these dunes (Figs. 2
and 4) are cemented alluvial deposits transported by water flowing
from southern drainages during earlier periods of wetter climate.
Similar conglomerates often occur beneath aeolian sands in the
southern Badain Jaran, and are commonly encountered in this region
while drilling wells for drinking. The age of these deposits needs to be
determined in future studies.

Our gravity data offer a geophysical scanning of the internal
structure of the tall dunes, making the deeply hidden boundary
between the subsurface landforms and the thick aeolian sands visible.
The relationship between bedrock and aeolian sands is complicated
by the active and continuous movement of the sands under strong
aeolian dynamics. Referring to the impact of subsurface geology on
aeolian landforms, there is some similarity between desert dunes and
hills covered by aeolian loess in the widest sense. As a matter of fact,
the initial interpretation for the aeolian origin of loess in China was
heavily based on the observation that loess appears in all kinds of
landforms (Richthofen, 1877), and the morphology underneath the
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Fig. 4. Subsurface topography of location 3 in Fig. 1, interpreted from the gravity data. Compared to the inter-dune elevations, the bedrock slope consisting of conglomerates has
raised the height of these two dunes considerably. Dots are the field measurements after corrections and the lines represent the computed gravities. Both windward and lee sides of

the dune are steep due to strong winds from multiple directions (primarily NW and SE).
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L,nnglc

Google

Fig. 5. Overview of the transects in 3-D Google Earth images. A) Location of the transect
1 (Fig. 2); B) location of the transect 2 (Fig. 3); C) location of the transect 3 (Fig. 4).

loess layer can be still seen in various gullies or vallies (Yang et al.,
2010Db). Of course the aeolian processes reshape the aeolian landscape
tremendously like in the Badain Jaran, and it happens in the loess
region even in Europe although to a much smaller extent (Goossens,
1997).

Alteration between arid and slightly wetter conditions during
the Late Quaternary also contributes to the aggregation of the dunes
in the Badain Jaran Desert. This climate variability results in
calcareous cementation of many dune surfaces during periods of
increased rainfall (Yang et al., 2003). Renewed formation of dunes
on these older cemented surfaces substantially increases the height
of these dunes. Similar dune height increasing mechanisms, i.e., via
formation of stabilized surfaces by organic debris and palaeosols,
have been suggested using GPR data and stratigraphical and
geochronological evidence for some high coastal dunes in southern
France (Grandjean et al., 2001) and in southeastern Queensland of
Australia (Lees, 2006).

Our interpretation of the relatively significant role of the climatic
variations in building the giant dunes is supported by geomorphic and
sedimentological evidence showing distinct variation in climatic
conditions during the late Quaternary in the Badain Jaran and its

adjacent regions. The Pleistocene periods of increased rainfall
occurred at around 31, 25, and 19 ka BP according to the radiocarbon
chronology of the calcareous cementation on the dunes (Yang et al.,
2003) and the radiocarbon ages of the high lake level in the inter-dune
depressions (Hofmann and Geyh, 1998), and the middle Holocene
was the wettest epoch during the Holocene with obvious increase in
lake level of many inter-dune lakes in the Badain Jaran (Yang, 2006;
Yang et al., 2010a). Such nature of the long-term climate variability in
the desert is broadly consistent with the climatic variations inferred
from the aeolian sequences in the southern margin of the Badain Jaran
(Li et al., 2005) and with the fluctuations recorded in the lacustrine
sediments of the lake Juyanze (Juyan Lake) located northwest of the
sand sea (Hartmann and Wiinnemann, 2009). Although the amount of
the annual rainfall during these wetter Quaternary periods is not yet
precisely estimated, the studies in other desert regions, however,
suggest that doubling from today's value was quite likely. Two cases
may be considered as relevant references for this interpretation. In the
Qaidam Basin, an arid region located west of the Badain Jaran, the
sedimentation rate of the clastic sediments indicates that mean
annual rainfall increased to 150-350 mm a~' in the late Quaternary
in areas where present mean annual rainfall is <50 mma~'
(Hovermann, 1998). Although it is more distant away, the case of
the Arabia offers a more quantitative assessment of the potential
amplitude of the increase in rainfall during the pluvial periods in the
arid landscape of western Asia. From the speleothem deposition it was
concluded that the annual precipitation must have been significantly
higher than 300 mm a~! during the Quaternary wetter periods in the
southern Arabia where the mean annual precipitation is around 120-
170 mm a~! at present (Fleitmann et al., 2011).

The spare vegetation (grasses and shrubs) on the scattered plants
on the ridges, maintained by low but sustained annual rainfall
(~100 mm; Yang et al., 2010a), also contributes to dune stability. This
plant cover helps trap moving sand, and without this limited cover the
aeolian sands would be easily eroded and transported. Any future
increase of temperature associated with global warming would
decrease the precipitation/evaporation (PE) ratio and consequently
reduce available moisture and possibly decrease vegetative cover. The
sparse vegetation on the dune surface has also experienced severe
degradation in the past 60 years primarily due to increases in grazing
pressure and more recently due to increased off-road motorized
vehicle use. Our analysis of NDVI (Normalized Difference Vegetation
Index), and LAI (Leaf Area Index) data from MODIS (16-Day L3 Global
250 m) between 2000 and 2010 reveals both a weak seasonal cycle
and evidence of a decreasing trend in vegetative cover that we
attribute to vegetation loss from land use change and possibly from
recent climate change.

4. Conclusions

Our studies show that a hilly bedrock landscape, an abundant
fluvially-produced sediment supply around the desert margins,
complex wind regimes, and stabilization of surfaces produced by a
climate alternating between arid and wetter conditions are all of great
significance in forming the tallest dunes on Earth. Our findings
suggest that the formation processes of such dunes are much more
complicated than previously thought and additional factors need to be
considered to resolve some of the disputes about the origin and
formation mechanisms of tall dunes on Earth. While researchers have
primarily focused on wind regimes and sediment properties to
explain these dune features, our research suggests that a more
comprehensive understanding of dune morphology and height on
Earth and other planetary bodies is only possible after careful
consideration of topographic features underlying and surrounding
the dunes. This is now possible as a result of global coverage of SRTM
(Blumberg, 2006; Zandbergen, 2008) and ASTER (Hugenholtz and
Barchyn, 2010) digital elevation model data.
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purposes elevation points and reconstructed surfaces in the figure are projected on a Landsat Band 8, 15 m panchromatic mosaic. B) Subsurface elevation trends. SRTM derived interdune
elevation, latitude and longitude locations were converted into an ArcGIS data format and a gridded surface was derived using nearest neighbor interpolation. Data were originally collected
prior to the release of the ASTER elevation data set (Hugenholtz and Barchyn, 2010). We assume that this newer, higher resolution dataset will refine but not materially change the results of
our analysis. This approach captures an apparent subsurface erosional surface and embedded drainage system (higher elevations are blue and green, and the lowest elevations are white).

Areas 1, 2 and 3 correspond to the locations of Figs. 2, 3 and 4, respectively. Area 1 corresponds to the upper portion of a significant subsurface drainage while Areas 2 and 3 are located
higher on the buried surface.
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Fig. 7. Variation in sand thickness in the south-central portion of the Badain Jaran Desert based on SRTM elevation differences between the interdune lows and the dune maximum
heights. Maximum values of ~350 m are comparable to those suggested by analysis of ASTER data in the Badain Jaran (Hugenholtz and Barchyn, 2010).
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Fig. 8. Radar images of the southern Badain Jaran (for location see Fig. 1). Sediment supply routes from the southern mountains (i.e., the intermittent stream channels) appear as
bright linear forms on the radar images (red arrows). The images are from the ALOS/PALSAR instrument, and PALSAR data were provided by JAXA in the framework of the Kyoto &
Carbon project (Rosenqvist et al., 2007).
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