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[1] We derive a model for crustal shear wave velocities in the Transantarctic Mountains
and surrounding areas of East Antarctica and the Ross Sea region of West Antarctica
using Rayleigh wave Green’s functions estimated from the cross correlation of ambient
seismic noise recorded by the Transantarctic Mountains Seismic Experiment. Group
velocity maps are determined from travel times measured from the Rayleigh waves
filtered at periods between 5 and 23 s. The velocity maps are inverted for shear
velocities across the region using a niching genetic algorithm. We observe only minor
variation in crustal velocities beneath East Antarctica and the Transantarctic Mountains,
and velocities are similar to those observed for Precambrian crust worldwide. Low
velocities, which may be related to the presence of sediment, are observed at shallow
depths beneath the Wilkes Subglacial Basin and the Aurora Subglacial Basin, but
dispersion curves show that sediment thickness must be limited to less than about 2 km.
In the Ross Sea, we observe low velocities at shallow depths from thick sediments and
high velocities approaching mantle values between 16 and 20 km depth.

Citation: Pyle, M. L., D. A. Wiens, A. A. Nyblade, and S. Anandakrishnan (2010), Crustal structure of the Transantarctic
Mountains near the Ross Sea from ambient seismic noise tomography, J. Geophys. Res., 115, B11310,
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1. Introduction

[2] The extensive ice coverage of Antarctica creates a
challenging environment in which to study the subglacial
structure of the continent. Direct observations are limited to
the few rock outcrops located mostly near the coastline, and
geophysical studies are expensive and logistically difficult
to carry out. The result of these difficulties is a poorly
constrained knowledge of the geological history and struc-
ture. Improving our knowledge of crustal seismic velocities
allows for better determination of crustal thicknesses and is
important for constraining geological and geodynamical
models. Additionally, better knowledge of shallow crustal
structure, in particular the location of sediment, may con-
tribute to advancing our understanding of glacial movement
and how it is influenced by the subglacial geology
[Anandakrishnan et al., 1998; Anandakrishnan and
Winberry, 2004; Bell et al., 1998; DeConto and Pollard,
2003; Donda et al., 2007; Escutia et al., 2005].
[3] An area of particular interest in Antarctica is the

region of the Transantarctic Mountains (TAMs) near the
Ross Sea (RS) and adjoining areas in East Antarctica (EA)

and the West Antarctica Rift System (Figure 1). The
Transantarctic Mountains are a 4000 km long mountain
range, marking the boundary between East and West Ant-
arctica, which lack evidence of a compressional tectonic
origin. Crustal thicknesses found beneath the TAMs are
mostly on the order of 35–40 km [e.g., Bannister et al.,
2003; Della Vedova et al., 1997; Lawrence et al., 2006a,
2006b; O’Connell and Stepp, 1993]. East Antarctica is
believed to be a Precambrian craton, which formed a large
portion of the supercontinent Gondwana [Dalziel, 1992].
Estimates of crustal thickness from surface waves and
receiver function analysis range from about 35 to 45 km
[Hansen et al., 2009; Lawrence et al., 2006a, 2006b;
Ritzwoller et al., 2001]. West Antarctica is a younger
amalgamation of distinct terranes, characterized by exten-
sion and volcanism during the Cenozoic [Behrendt et al.,
1991]. The rifting extends beneath the Ross Sea, which
has been extensively studied by active source seismic sur-
veys. Most of these studies find crustal thicknesses ranging
from 17 to 28 km [e.g., Behrendt, 1999; Bentley, 1991;
Cooper et al., 1987; Della Vedova et al., 1997]. A major
question for this region concerns the geodynamic models for
the uplift of the TAMs. There is considerable debate about
the tectonic mechanism of the TAMs uplift and its rela-
tionship to the rifting and volcanism in West Antarctica as
well as topographical features such as the Wilkes Subglacial
Basin in EA [e.g., Lawrence et al., 2006a; Studinger et al.,
2004; ten Brink et al., 1993, 1997].
[4] Many previous studies have sought to image the crust

and mantle structure in and around this area through conti-
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nental scale surface wave studies [e.g., Morelli and Danesi,
2004; Ritzwoller et al., 2001; Roult et al., 1994], local
receiver functions [Anandakrishnan and Winberry, 2004;
Bannister et al., 2003; Kanao et al., 2002], and gravity and
magnetic studies [Studinger et al., 2004]. Recently, the
region has been studied in detail using data from the
Transantarctic Mountain Seismic Experiment (TAMSEIS),
the first large‐scale broadband seismic deployment in Ant-
arctica [Lawrence et al., 2006a, 2006b;Watson et al., 2006].

Results from this experiment have provided a much more
detailed picture of the crustal thickness and upper mantle
seismic velocity than was previously possible. However, for
the most part, the previous studies have provided only
limited resolution of the structure within the crust. Potential
field methods, such as gravity and magnetics, are inherently
nonunique, and seismic receiver function studies are subject
to a tradeoff between crustal velocities and crustal thickness.
Seismic surface waves provide some constraints on crustal

Figure 1. Map of TAMSEIS stations. Symbols denote stations in different subarrays: (orange) circles
indicate stations in the north–south subarray, (green) triangles indicate stations in the east–west subarray,
(blue) squares indicate stations in the coastal subarray, and (red) stars denote permanent GSN stations.
Background shading represents the subglacial bedrock elevation. Some station names and names of sub-
glacial features are indicated on the map. Bottom left shows the location of the TAMSEIS array with
respect to the Antarctic continent. Shading in the continental map indicates ice thicknesses from BEDMAP
[Lythe et al., 2001]. Bottom right shows a close up of coastal and east–west subarray stations.
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structure but are limited in shallow resolution since the
periods usable in traditional studies are mostly sensitive to
mantle depths.
[5] Recent advances in acoustics and seismology have led

to the development of a new seismic imaging method
known as ambient noise correlation. This method retrieves
the interstation Green’s function by correlating diffuse wa-
vefields at two different seismic stations. It is particularly
useful for examining crustal structure since the excitation of
noise predominately occurs at short periods allowing for the
determination of accurate surface wave velocities at periods
of less than 25 s without many of the difficulties associated
with surface wave propagation from earthquakes at these
periods. The noise correlation technique is based on the
premise that cross‐correlating diffuse waves between two
points will generate the Green’s function between those
points [e.g., Derode et al., 2003; Lobkis and Weaver, 2001].
Sufficient randomization of the seismic noise to produce a
diffuse wavefield is thought to be obtained from considering
long time periods of recorded data (generally anywhere
from 1 month to 1 year) [Sabra et al., 2005a; Shapiro and
Campillo, 2004] or by using coda waves from many
earthquakes [Campillo and Paul, 2003; Paul et al., 2005].
Many studies have demonstrated that correlelograms ob-
tained from the cross correlation of long time series of
vertical component ambient seismic noise can be filtered at
various periods to obtain dispersion curves, which can be
used to generate group velocity maps and perform surface
wave tomography [e.g., Bensen et al., 2007; Sabra et al.,
2005b; Shapiro et al., 2005; Yang et al., 2007].
[6] In this paper, we use the noise correlation method and

data from the TAMSEIS experiment to develop a model of
the crustal seismic velocities beneath a portion of the TAMs,
EA, and the RS. Very little information about the detailed
crustal structure in this region was previously available.
Additionally, we investigate the possibility of the presence
of sediment within the Wilkes Subglacial Basin.

2. Data

[7] The Transantarctic Mountain Seismic Experiment
(TAMSEIS) consisted of 42 temporary broadband seismic
stations installed between the Ross Sea and the Vostok
highlands (Figure 1). This project was a large‐scale broad-
band seismometer deployment located in Antarctica and was
designed to examine the transition between the East Ant-
arctic highlands and the West Antarctic Rift System along
the Transantarctic Mountains. The experiment ran from
December 2000 until December 2003 with seismometers
using batteries and solar power to run during the austral
summer. The stations shut down due to lack of power during
the winter months and in many cases restarted when the sun
came up. All stations consisted of a broadband seismograph
(in most cases a Guralp CMG‐3T) and a 24 bit datalogger
(Reftek 72A‐08) with GPS timing.
[8] Eight of the stations were installed in December 2000,

while the remaining 34 stations were deployed in November
and December of 2001. The array of stations can be divided
into three subarrays: a coastal array of 9 stations with a
roughly N–S orientation along the mainland coastline and
Ross Island, an array striking roughly E–W of 16 stations
with about 20 km spacing, and an array striking roughly

NNE–SSW of 17 stations (station JNCT is shared with the
E–W subarray) with about 80 km spacing. The coastal array
stations and the EW array stations from E000 to E010 were
installed at rock sites, whereas the rest of the EW array
stations and all the NS array stations with the exception of
N000 were installed on top of the ice sheet. In addition to
the TAMSEIS stations, we also use data from two perma-
nent Global Seismographic Network stations, Vanda
(VNDA) and Scott Base (SBA). Coordinates of all stations
are given in the work of Lawrence et al. [2006b].
[9] Most TAMSEIS stations operated well during the

months of November to March providing up to a total of 12
months of data for the main deployment. However, due to
the difficulty of running seismic stations in such extreme
conditions, many stations experienced periods of downtime,
so the resulting availability of data varies considerably from
station to station, and correlating a station pair obviously
requires that both stations be operating simultaneously.
Three stations, E022, N052, and CCRZ, returned very
limited data with insufficient time duration to obtain good
Green’s functions by correlation with other stations. On
average, we found that we were able to correlate between 3
and 4 months of data for station pairs with the remaining
TAMSEIS and GSN stations.

3. Methods and Results

3.1. Noise Correlation

[10] We use vertical component data to examine the
Rayleigh wave portion of the estimated Green’s functions,
generally following the data processing procedure of Bensen
et al. [2007]. Data are processed in day‐long segments, and
for each station pair, we require that for a day to be included
both stations must have at least 23 h of continuous data
recorded. We use data from the 40 sample/s data stream and
decimate all time series to 5 samples/s. For each day‐long
time series, we first remove the instrument response,
demean and detrend the data, and apply a bandpass filter
between 3 and 80 s. Next we remove the effect of any
earthquakes which might dominate the correlation by nor-
malizing the time series with a running absolute mean. This
method of normalization calculates the average value of the
absolute value of the waveform amplitude in a moving, 50 s
long window. The center point of each window is inversely
weighted by the average. Finally, each trace is spectrally
whitened.
[11] For each pair of stations, we cross‐correlate each

day‐long segment in the frequency domain and then stack
all the day‐long correlelograms in the time domain. After
stacking the data, we average the positive and negative lags
of the correlelogram to find the “symmetric component.” If
the recorded noise wavefield were completely diffuse, the
positive and negative lags would theoretically be identical,
but in practice the noise has some directionality, and so the
cross correlation is asymmetric. Averaging the two lags
accounts for this heterogeneity in the noise wavefield
[Bensen et al., 2007]. We then use multiple filter analysis
[Dziewonski et al., 1969] where the estimated Green’s
function is filtered with a series of narrow‐band filters in
order to measure the group velocity at different periods.
[12] Several previous noise correlation studies have used

seasonal variability in the correlelograms to determine the
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reliability of group velocity measurements [e.g., Bensen
et al., 2007, 2008; Lin et al., 2007; Yang et al., 2007].
Because we have data only from months during the austral
summer, we are unable to perform a similar analysis. Instead,
we use a bootstrap resampling method [Efron and Tibshirani,
1991] to identify station pairs that lack consistency in wa-
veforms from day to day. For each station pair, 60 new stacks
are created with randomly selected day‐long segments.
Velocities from each resampled stack are measured, and the
standard deviation of the velocity measurements is calculated
and used for quality control. We choose 60 stacks as a
compromise between computation time and convergence of
the results. Figure 2 shows an example of the resulting
symmetric component correlelograms. The top waveform is
the correlation between station JNCT and station N036, the
second waveform is between JNCT and N044, and so on
down the NS line of stations (Figure 1). All of the stations in
this example are located on ice. Themoveout of the signal can
be seen clearly.
[13] After all the correlelograms have been calculated, we

apply several selection criteria to eliminate poorly con-
strained Green’s functions. First, we require a minimum of
40 days to be correlated in order to ensure stable velocity
measurements. Second, in order to avoid cross contamina-
tion from the positive and negative lags from closely spaced
stations, we require that the distance between stations be at
least three wavelengths for the period being measured.
Third, we eliminate data with a signal‐to‐noise ratio (SNR)
of 7.0 or lower, where the SNR is defined as the highest
amplitude in the window surrounding the waveform divided
by the root mean square amplitude of the noise following
the signal window. Fourth, we require that the bootstrap
resampling method returns a standard deviation less than 0.1
km/s. After these automated criteria are applied, we still
found it necessary to visually inspect all measurements and

discard those that had multiple and interfering peaks in the
expected velocity window. Finally, we run the remaining
data through an overly smoothed tomographic inversion and
discard travel times that have residuals greater than 5% of
the travel time residual from the average velocity. A total of
753 stations pairs were correlated making this number the
maximum number of data available for any period. After
the selection criteria are applied, approximately 68% of the
pairs are usable at the best periods (8–12 s), while only about
39% of the pairs are usable at the worst periods (5, 26 s).
Other studies see similar values of data retention with
numbers as low as 33% for the worst periods [e.g., Yang et al.,
2007]. Figure 3 shows the interstation raypath coverage at
select periods for paths which meet the selection criteria.

3.2. Surface Wave Tomography

[14] We perform a tomographic inversion of the group
velocity measurements to obtain group velocity maps of the
region at specific periods. We use a damped, smoothed, least
squares method similar to that used for traditional surface
wave phase velocity inversion by Lawrence et al. [2006b],
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where s is the slowness vector and l is the first derivative
smoothing constraint. The inversion is performed over a grid
of 657 equally sized hexagonal blocks with half‐degree
spacing between nodes (block centers) (Figure 4), and each
period is inverted separately. Nodes that are outside of the
area with raypath coverage or have low resolution are dis-
carded. We use a variable damping parameter, which is
selected so that nodes with a high number of raypaths have a
low amount of damping and nodes with a low density of

Figure 2. Example of symmetric component waveforms from the noise correlation method. Each
correlation is between station JNCT (Figure 1) and each progressive station down the north–south
subarray line of stations. Correlelograms have been bandpass filtered between 10 and 20 s. All stations
used in this figure are located on ice.
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raypaths are increasingly damped to the average value
[Barmin et al., 2001]. The use of a constant damping
parameter instead does not significantly change the results.
We also tested a variety of smoothing parameters and chose a
value which compromises the tradeoff between decreased
variance and increased travel time residuals.
[15] We first invert for a single average group velocity for

the entire region at each period. This result is shown in
Figure 5a along with predicted group velocities from the
crustal model for Archean age continental crust from
CRUST 2.0 [Bassin et al., 2000]. The model is modified
to include a 2 km thick ice layer with a Vs of 1.94 km/s, a
0.5 km thick sediment layer with a Vs of 2.10 km/s, and a
35 km thick crust to better represent average values for the
TAMSEIS region. Our group velocity results show less
variation than the model, increasing subtly from 2.93 km/s
at 5 s to 2.97 km/s at 10 s and then decreasing very slightly
to 2.95 km/s at 18 s and finally increasing again beyond 18 s
to 2.98 km/s at 23 s. The differences in velocity compared to
CRUST 2.0 range from about 0%–3%. We calculate errors
by finding the L2 misfit between travel times predicted by
the average value and travel times measured from each
individual station pair. Errors are significant, but this is
likely due to lateral heterogeneity. Error bars representing
two standard deviations are plotted in Figure 9.
[16] To better examine the variable structures in our study

area, we invert for regional averages in East Antarctica, the
Transantarctic Mountains, and the Ross Sea. Nodes are

grouped into regions based on the tectonic structure as
shown in Figure 4, and we use the uniform group velocities
from Figure 5a as a starting model. The regional results are
shown in Figure 5b. Errors, calculated for each region in the

Figure 4. Nodes used in tomographic inversion. Each node
represents the center of a hexagonal block. Dark gray (blue)
triangles correspond to the Ross Sea region in West Antarc-
tica, gray (green) squares correspond to the Transantarctic
Mountains, and light gray (orange) circles correspond to
the East Antarctica region. Black stars show seismic station
locations.

Figure 3. Interstation raypath coverage for (a) 6, (b) 10, (c) 14, and (d) 20 s periods. Only paths which
meet the selection criteria described in the text are included.
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same way as for the average curve, are plotted in Figure 9.
EA exhibits group velocities that are just slightly lower than
the average velocities, varying by no more than 1% from the
average. This suggests that the average velocity of the
region is largely controlled by the velocity structure of EA.
Velocities in the TAMs are higher than the average velocity
curve at all periods with the greatest differences at the
shortest and longest periods. At 5–6 s, the TAMs show
velocities 2% higher than average. The difference decreases
to ∼0% at 16 s and then increases again to ∼2% at 23 s.
Group velocities in the RS are up to 6% lower than the
average curve at short periods, decreasing slightly from
2.76 km/s at 6 s to 2.72 km/s at 8 s. At periods longer than
8 s, the velocities increase sharply, reaching 3.53 km/s at
23 s, which is ∼16% higher than the average velocity.
[17] We next perform an inversion for laterally varying

velocities using the average dispersion curve as a starting
model. Group velocity maps for select periods are shown in
Figure 6. Figure 7 shows resolution maps constructed from
the diagonal elements of the model resolution matrix. The
lowest velocities of 2.4–2.6 km/s lie beneath the RS and the
Ross Ice Shelf at periods of 5–10 s. These velocities are up
to 17% below the average velocity for the entire region and
are probably attributable to thick sedimentation [e.g.,
Behrendt et al., 1991; Cooper et al., 1987; Kim et al., 1986].
At periods of 14 s and longer the RS and Ross Ice Shelf start
showing velocities 11%–25% faster than the average due to
the significantly thinner crust beneath the RS compared to
the rest of the study area. The TAMs show velocities that are
9%–12% faster than average from 5 to 10 s. From 12 to 20 s,
the velocities remain fairly consistently around the average,
but beyond 20 s the velocities in the TAMs reach about 9%
higher than average. In EA, low velocities of 2.4–2.6 km/s
are observed beneath some portions of the Wilkes Sub-

glacial Basin at periods from 5 to 8 s. The area beneath the
Belagica Subglacial Highlands exhibits higher than average
velocities at all periods. Velocities are between 3% and
11% faster than average from 6 to 7 s, 1%–8% faster from
8 to 12 s, and 4%–10% faster for periods above 12 s. Some
of the velocity differences at shorter periods can be attrib-
uted to varying ice thicknesses.

3.3. Shear Velocity Determination

[18] We invert our group velocities for best fitting shear
velocity models using a niching genetic algorithm (NGA)
[Koper et al., 1999; Lawrence and Wiens, 2004; Mafoud,
1995]. We briefly describe the method here, but more in‐
depth discussions on applying NGAs to seismic data can be
found in the works of Koper et al. [1999] and Lawrence and
Wiens [2004]. The NGA utilizes multiple populations to
effectively search the model space. Initially, the models in
each subpopulation are assigned parameters that are ran-
domly generated within the supplied bounds. Each model is
then evaluated by a cost function. Each subpopulation is
forced to search a different portion of the model space by
penalizing not only models that have a high cost due to
poorly fitting the data, but also models which are too similar
to models in higher‐order populations. In each subpopula-
tion, the model with the lowest cost is kept, and other
models are combined and mutated for the next generation.
The NGA searches for the shear velocity model which best
minimizes a cost function described in equation (2),

S 2� VSi � VSiþ1 � VSi�1

� �� S ��1 � abs Uobs � Upred

� �� �
; ð2Þ

where Vsi represents the shear velocity for the ith layer, Uobs

and Upred are the observed and predicted group velocities,
respectively, and s−1 represents the root mean square travel

Figure 5. Average and regional group velocity curves. (a) The observed average group velocity curve is
shown by gray circles. Solid black (red) line shows the group velocities predicted by the CRUST 2.0
model [Bassin et al., 2000] for Archean aged crust with a 2 km ice layer and a 35 km thick crust.
Dark gray (blue) dashed and light gray (green) dotted lines show model with 1 and 3 km of ice,
respectively. (b) Solid black line shows the average group velocity curve from Figure 5a and the regional
curves are represented by dark gray (blue) triangles for the Ross Sea, gray (green) squares for the
Transantarctic Mountains, and light gray (orange) circles for East Antarctica.
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time misfits from the tomographic maps in Figure 6. The
first half of the equation places a second derivative
smoothing constraint on the shear velocity curve and the
second half is the weighted L1 misfit between the observed
group velocities and those predicted by the shear velocity
model. The predicted group velocities are calculated using
the work of Herrmann [1978].
[19] An advantage of the NGA is that it does not rely on

an a priori starting model or predetermined layer thick-
nesses. We invert for layer thicknesses and shear wave
velocities in five crustal layers. We include four layers
which are allowed to vary between 1 and 8.5 km in thick-
ness. The thickness of the fifth crustal layer is set to be equal
to the sum of the thicknesses of layers one through four
subtracted from the total crustal thickness. We use crustal
thickness results from Lawrence et al. [2006a] for the study
area average and TAMs region. For EA, we use crustal
thicknesses from a recent receiver function study by Hansen
et al. [2009]. For the RS, we allow crustal velocities to vary
down to 26 km since the crust in the RS is believed to be
significantly thinned and our group velocities should have
sensitivity to the crustal thickness. The shear velocities
are allowed to vary by ±20% of PREM [Dziewonski and
Anderson, 1981] crustal velocities except for the upper-

most layer, which is allowed to search to lower velocities in
the event that there might be sediment present. Velocities in
the half‐space beneath the five crustal layers are fixed at the
upper mantle velocities found in the region from traditional
phase velocity inversion by Lawrence et al. [2006b]. We
also include a 2 km ice layer for the average and EA
regional inversions. Rayleigh waves are only weakly sen-
sitive to P wave velocities and densities, so we assume a P
velocity model of √3 times the shear velocity model in each
layer and determine the density from the velocity structure
using the relationship of Ravat et al. [1999]. For each
inversion, we run the NGA for 250 generations and include
five populations with 20 models in each population adding
up to a total search of 25,000 models.
[20] Shear velocity models calculated for the average and

regional curves from Figure 5 are shown in Figure 8. In each
case, the gray areas represent the range of models which
have costs within 50% of the lowest cost model. Blue lines
show the average of this range of models and red lines show
the lowest cost model. The average and EA shear velocity
models have a fixed 2 km ice layer and show similar
structures with small increases in velocity from 2 to 20 km
and a fairly constant velocity below ∼20 km. Lower crustal
velocities are comparable to those used for Archean crust in

Figure 6. Group velocity maps for (a) 6, (b) 10, (c) 14, and (d) 20 s periods. Triangles show station
locations. Bedrock topography is plotted in the background.
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the CRUST 2.0 model [Bassin et al., 2000], but shallow
velocities are about 7% lower. The TAMs model also dis-
plays roughly the same trend as the average and EA models,
with a slightly larger jump in velocity at 22 km depth. The RS
region exhibits the lowest shear velocities of 3.2–3.3 km/s to

Figure 8. Average and regional shear velocity models
determined from the inversion of group velocity curves in
Figure 5. Models are for (a) the average, (b) East Antarc-
tica, (c) the Transantarctic Mountains, and (d) the Ross Sea.
In all cases, the best model, defined as the model with the
lowest cost, is shown by the solid black (red) line. Gray
areas correspond to the velocity and depth range spanned by
models with costs within 50% of the best model. Dashed
white (blue) line shows the average of models represented
by the gray area. Gray (yellow) line in Figures 8a and 8b
shows the CRUST 2.0 model [Bassin et al., 2000] for
Archean crust with a 2 km ice layer and a 0.5 km sedi-
mentary layer. (e) Comparison of the best models in each
case. Colors and line patterns are the same as in Figures 4
and 5: solid black for the average, light gray (orange)
dashed for East Antarctica, gray (green) dotted for the
Transantarctic Mountains, and dark gray (blue) dash‐dotted
for the Ross Sea.

Figure 7. Resolution maps at (a) 6 and (b) 23 s periods.
Maps are constructed from the diagonal elements of the
model resolution matrix plotted at the corresponding geo-
graphical locations.
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∼9 km depth. The velocity then increases steadily reaching a
value of 4.0 km/s at about 16 km depth. Group velocities
predicted from each of these shear velocity models and their
corresponding observed group velocities (Figure 5) are
shown in Figure 9. In all four cases, the fits are quite good.
[21] We construct shear velocity maps by inverting group

velocities from the maps in Figure 6. At each inversion
node, we use the group velocities from that node averaged
with those from the immediately adjacent nodes and invert
for shear velocity using the same method described above.
Each point is assigned the crustal thickness and mantle
velocity as described above for the region in which it falls.
Ice thicknesses at each point are determined from the use of
aerogeophysical data from the SOAR project [Blankenship
et al., 2001; Holt, 2001]. Where SOAR data are not avail-
able, we use ice thicknesses from BEDMAP [Lythe et al.,
2001]. Resulting shear velocity maps for selected depths
are shown in Figure 10. Low velocities of ∼3.2–3.3 km/s,
3%–6% lower than the average velocity, are observed at
4–8 km depth in the RS, at the edges of the Wilkes Sub-
glacial Basin and in the vicinity of the Aurora Subglacial
Basin. Velocities which are 3%–5% higher than average at
3.5–3.6 km/s are located beneath the TAMs and the Belagica
Highlands. At about 12 km depth, velocities in the RS begin
to show higher values of about 3.8–3.9 km/s at the edge of

the study area. This region of higher velocities increases in
size and velocity as depth increases, reaching 4.3–4.5 km/s
for the entire RS and Ice Shelf area by 22 km depth.

4. Discussion

4.1. The Ross Sea Region

[22] Previous surface wave investigations in Antarctica
have been limited to mostly continental scale studies [e.g.,
Danesi and Morelli, 2001; Ritzwoller et al., 2001] at longer
periods with little resolution of crustal structure. A recent
high‐resolution Rayleigh wave study was conducted using
data from the TAMSEIS deployment by Lawrence et al.
[2006b], but due to limitations of traditional surface wave
methods the shortest period examined by this study was 16 s
which provides the only measurements of surface wave
velocity which overlap with our study. The Lawrence et al.
[2006b] study examined phase velocities while our study
examines group velocities, and these two measurements
have different sensitivity kernels, making it difficult to
directly compare results. A crude comparison can be made
by estimating phase velocities to have peak sensitivity to
shear velocity structure at approximately 4/3 of the period
while group velocities have peak sensitivity to a depth
roughly equal to the period, and we do find similar veloci-

Figure 9. Fit to the data by shear velocity inversion results for (a) the average, (b) East Antarctica, (c)
the Transantarctic Mountains, and (d) the Ross Sea. In all cases, gray circles show observed group veloc-
ities from Figure 5, and solid black lines show the predicted group velocities from the corresponding best
shear velocity model shown in Figure 8.
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ties from our study at 20–23 s and the Lawrence et al.
[2006b] study at 16 s in the RS region.
[23] Shear velocities in the RS appear to be about 3.2–

3.3 km/s in the upper 10 km of the crust. Low velocities are
expected at these depths based on results from several active
source surveys which find up to 12 km of sedimentary rock
or sedimentary rock mixed with volcanic flows [e.g.,
Behrendt et al., 1991; Cooper et al., 1987; Kim et al., 1986].
Receiver function work at station SBA on Ross Island by
Bannister et al. [2003] found shear velocities which increase
from 2.0 to 3.7 km/s at these depths. Sediment velocities at
shallow depths would certainly have lower velocities than
the 3.2 km/s we observe; however, our data is less sensitive
to the upper few kilometers, and the smoothing constraint
placed on the shear velocity inversion may bias the shal-
lowest velocities to higher values. Between 5 and 10 km, our
results agree with the average seen by Bannister et al. [2003].
At 18 km depth our shear velocity maps begin to show upper
mantle velocities beneath the RS of ∼4.3 km/s, similar to the
results of Lawrence et al. [2006b]. By 20–22 km depth, these
high velocities are widespread beneath the RS. This agrees
well with previous studies which have found Moho depths in
the RS between 17 and 24 km [e.g., Behrendt, 1999;Behrendt

et al., 1991; Lawrence et al., 2006a; O’Connell and Stepp,
1993; ten Brink et al., 1993].

4.2. The Transantarctic Mountains

[24] Group velocities beneath the TAMs at short periods
are up to 9%–12% higher than average, likely due to the
lack of the ice layer covering EA and the thick sedimenta-
tion expected in the RS. The TAMs exhibit shear velocities
which are ∼3% higher than average for the region below
depths of about 10 km. At the GSN station VNDA, located
in the TAMs, Bannister et al. [2003] found velocities of
2.5–3.2 km/s for depths shallower than 10–12 km and 3.4–
3.8 km/s for the midcrust. As for the RS, our results show
higher velocities (∼3.4 km/s) at shallow depths but agree
deeper with velocities of 3.5–3.8 km/s at depths between 10
and 40 km. Other stations located in the TAMs for the
Bannister et al. [2003] study found velocities closer to ours
in the upper 10 km ranging from 3.0 to 3.4 km/s. Beyond
depths of about 20–22 km our results do not show an
increase in shear velocity associated with the Moho, but our
peak sensitivity is to depths below 25 km and crustal
thicknesses are expected to be between 38 and 40 km

Figure 10. Shear velocity maps at depths of (a) 6, (b) 10, (c) 14, and (d) 20 km. Maps are constructed
from the inversion of group velocity maps shown in Figure 6.
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beneath the TAMs [e.g., Della Vedova et al., 1997;
Lawrence et al., 2006a].

4.3. East Antarctica

[25] Very little information about the crustal structure of
EA exists from previous studies. Geophysical studies have
suggested the crustal thickness to be about 40–45 km
[Hansen et al., 2009], which is deeper than the peak sen-
sitivity of our data. Our shear velocities show only minor
changes at all depths beneath EA, suggesting that there is
little variation with depth in the crust. The highest velocities
are seen beneath the Belagica Highlands and are likely
related to exposure of crystalline basement rocks near the
surface. A similar interpretation was reached for high
velocities obtained from noise correlation beneath mountain
ranges in the western United States [Moschetti et al., 2007].
Shear velocities at shallow depths beneath the Wilkes
Subglacial Basin are lower than average. The basin is a long
wavelength topographic depression which parallels the
TAMs on the inland side. The origin of the basin is under
some debate [e.g., Drewry, 1976; Stern and ten Brink, 1989;
Studinger et al., 2004], as is the amount of sediment infill
which may be present. Results from Drewry [1976] and
Lawrence et al. [2006a] suggest that there may be several
kilometers of sediment within the basin, while studies by
Studinger et al. [2004] and ten Brink et al. [1997] suggest

that there is no more than 1 km of sediment present. We
observe velocities of ∼3.2–3.3 km/s extending to around 8–
10 km depth. Similar velocities appear in the vicinity of the
Aurora Subglacial Basin where Lawrence et al. [2006a] also
found a sedimentary layer to be required, although near this
area our resolution begins to degrade due to lack of crossing
raypaths. The velocities in these basins are lower than would
be typical for upper crust of Precambrian age [Bassin et al.,
2000], which is the expected structure for East Antarctica
[e.g., Dalziel, 1992]; however, they are higher than what
might be expected for sediment.
[26] To investigate the possibility that the low observed

upper crustal velocities may result from a sediment layer
that is not well localized in depth, we reinvert the regional
EA group velocity curve as well as velocity curves for
several individual nodes within the Wilkes Basin with
sediment layers of varying thickness required. In the new
inversions, the ice layer is fixed with the same thicknesses
described above (2 km for the regional EA and SOAR or
BEDMAP thicknesses for individual nodes) and a sediment
layer is also given a fixed thickness for six different runs of
0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 km. Velocities for the sedi-
ment layer were estimated using sediment velocities from
CRUST 2.0 [Bassin et al., 2000]. Fits from these inversions
to the group velocity curves for one Wilkes Basin node are
shown in Figure 11. In all cases, model costs and misfits to
the data increase with increasing sediment layer thickness.
Inversions with 0–2 km of sediment may be considered to fit
the data reasonably well, but sediment layers thicker than 2
km produce more significant misfits to the data. Models
with 1–2 km of sediment included have velocities beneath
the sediment that layer reach typical Precambrian upper
crust values. These results suggest that low velocities in the
region of the Wilkes Basin may indicate the presence of
sediment, but the amount is likely less than a couple of
kilometers.

5. Conclusions

[27] We utilize the cross correlation of ambient seismic
noise recorded by the TAMSEIS array to obtain estimated
Green’s functions and examine Rayleigh waves at short
periods for the Transantarctic Mountains and surrounding
areas in the Ross Sea and East Antarctica. After performing a
tomographic inversion for group velocity maps we obtain the
best fitting average and regional shear velocity models and
shear velocity maps from a niching genetic algorithm. We
observe low shear velocities beneath the Ross Sea between 0
and 10 km depth and high velocities probably associated with
the transition from crust to mantle between 16 and 20 km
depth. Shear velocities beneath the Transantarctic Mountains
and East Antarctica do not exhibit large variations suggesting
there is little change in the seismic velocity of the crust. We
observe low velocities of 3.2–3.3 km/s beneath the Wilkes
Subglacial Basin, which may represent a small amount of
sediment but suggests that there is not a thick sediment layer
within the basin in our study area.
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