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ABSTRACT
The 3000-km-long Transantarctic Mountains (TAMs), which separate cratonic East Ant-

arctica from tectonically active West Antarctica, remain one of the least understood of Earth’s 
major mountain ranges. The tectonic mechanism that generates the high elevation, as well as 
the processes that produce major differences between various sectors of the TAMs, are still 
uncertain. Here we present newly constructed seismic images of the crust and uppermost 
mantle beneath central Antarctica derived from recently acquired seismic data, indicating 
ongoing lithospheric foundering beneath the southern TAMs. These images reveal an absence 
of thick, cold cratonic lithosphere beneath the southern TAMs. Instead, an uppermost-mantle 
slow seismic anomaly extends across the mountain front and 350 km into East Antarctica, 
beneath a high plateau near the South Pole. Under the slow anomaly, a relatively high-wave-
speed root is found at ~200 km depth, connected with the East Antarctic lithosphere, sug-
gesting that sinking lithosphere has been replaced at shallow depths by warm, slow-velocity 
asthenosphere. A mantle lithosphere foundering model is proposed to interpret these images, 
which best explains the present large area of high elevation and the uplift of the TAMs, as 
well as Miocene-age volcanism in the Mount Early region.

INTRODUCTION
The southern Transantarctic Mountains 

(TAMs), extending from the Ross Ice Shelf front 
to the Thiel Mountains in Antarctica (Fig. 1), bear 
different topographic and geologic signatures 
compared with other sections of the TAMs. Topo-
graphically, as the broadest part of the TAMs, 
they extend more than 300 km into East Antarc-
tica with plateau-like high elevation. In contrast, 
the northern TAMs are generally narrower. The 
southern region includes Mount Early and Sheri-
dan Bluff (Stump et al., 1980; LeMasurier et al., 
1990; Fig. 2A), which are the only sites where 
late Cenozoic volcanism is found on the East 
Antarctic craton side of the TAMs crest. Along 
other portions of the TAMs, such volcanism is 
only found within 60–100 km of the boundary 
along the West Antarctic Rift System (WARS).

The TAMs have been regarded as a rift-
shoulder mountain range, perhaps resulting 
from a combination of (1) asymmetric extension 

of the WARS, (2) thinning of the mantle litho-
sphere beneath the WARS, (3) conduction of 
heat from the WARS to East Antarctica (Stern 
and ten Brink, 1989), and (4) crustal thickening 
due to rifting-associated underplating (Fitzger-
ald, 2002). However, the first three mechanisms 
do not extend hundreds of kilometers off of the 
rift axis and so do not account for the broadly 
distributed high plateau and volcanism extend-
ing into East Antarctica well past the mountain 
crest. For the last mechanism, a complete Airy 
compensation of the southern TAMs requires 
a crustal thickness 10–15 km greater than that 
of surrounding regions. However, seismic data 
indicate normal crustal thicknesses of 25–38 km 
beneath the southern TAMs (ten Brink et al., 
1993) and an associated Airy crustal isostatic 
deficit of up to 8 km (An et al., 2015; Chaput 
et al., 2014). Thus, the fourth mechanism, the 
crustal thickening model, cannot completely 
explain the high elevation of southern TAMs.

Several studies in the TAMs (Stern and ten 
Brink, 1989; Brenn et al., 2017) suggest that 

tensional stresses resulting from normal faulting 
could produce additional flexural displacement 
across a range-parallel master fault. This would 
require a thick elastic lithosphere beneath the 
inland plateau. However, we show in this study 
that thick lithosphere does not exist beneath 
the southern TAMs, and that normal faulting 
stresses thus cannot explain the broad high ele-
vation in this region. Another hypothesis is that 
the TAMs were a plateau before the opening of 
the WARS (Bialas et al., 2007), although this 
raises additional difficulties (i.e., the origin of 
this hypothetical plateau is unknown), and does 
not explain the persistent low seismic speed that 
extends 300 km inland of the TAM front. More-
over, these alternative models do not provide 
magmatic sources for late Cenozoic volcanism 
such as at Mount Early. This paper provides new 
tomographic evidence for lithospheric founder-
ing that can explain the high elevation of the 
southern TAMs, and that is consistent with its 
uplift history and Cenozoic volcanism.

DATA
During the past 15 yr, a succession of passive 

seismographic deployments has been carried out 
across Antarctica, with the most important for 
this study being the Polar Earth Observing Net-
work–Antarctica Network (POLENET-ANET; 
2007–present) stations (Fig. 1). Surface wave 
analysis of seismic data, using ambient noise 
and teleseismic earthquake methods, shows low 
Rayleigh wave phase speeds at periods between 
30 to ~120 s, providing direct evidence that seis-
mic wave speeds in the uppermost mantle are 
substantially lower than beneath East Antarctica. 
To quantify the spatial distribution of these slow 
upper mantle seismic speeds, we have combined 
the Rayleigh wave maps derived from ambient 
noise with those from teleseismic earthquakes 
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constructed by Heeszel et al. (2016) to construct 
a new three-dimensional (3-D) shear speed (VS) 
model for the crust and upper mantle beneath 
western and central Antarctica encompassing 
the southern TAMs. To provide better con-
straints on shallower structure, P to S receiver 
functions are also incorporated at seismic station 
locales. Compared with the methods of Heeszel 
et al. (2016), the incorporation of the ambi-
ent noise data and receiver functions helps us 
impose better constraints on crustal and Moho 
structures, decrease the tradeoff between Moho 
depth and the velocity of the adjacent crust and 

mantle, and better understand the contribution of 
mantle support to the high elevation in addition 
to simple Airy compensation. Notably, the rigor-
ous Monte Carlo error estimates for the resulting 
3-D seismic model confirm a seismically low-
velocity zone (LVZ) beneath the southern TAMs.

RESULTS
Key features of the new 3-D model are 

shown in Figures 2 and 3. An LVZ is observed 
in the upper 50–80 km beneath the southern 
TAM front, extending into East Antarctica (Fig. 
2B). The widest portion of the LVZ extends to 

the inland (eastern) flank of the southern TAMs, 
suggesting that the LVZ covers a broad region 
of >200,000 km2. The slowest VS of the LVZ 
is ~4.12 ± 0.04 km/s at ~80 km depth (see the 
GSA Data Repository1) and is underlain by a 
relatively fast (4.65 ± 0.06 km/s) deeper mantle 
compared to the WARS. Figure 2C presents the 
difference between VS at ~200 km depth and for 
averaged uppermost mantle (averaged across 
the uppermost 50 km). Beneath the LVZ, this 
difference is especially large (~0.3–0.4 km/s), 
while in contrast, it is −0.1 to 0.1 km/s across 
the rest of the study region, and the global aver-
age is ~0.02 km/s. Error analysis shows that 
this velocity increase is required by the seismic 
data, regardless of the Moho uncertainties, prior 
models, and other assumptions incorporated into 
the inversion, thus it is unlikely generated by the 
depth tradeoff of surface wave inversion. Verti-
cal cross sections (Figs. 3A and 3B) confirm 
a slow-above-fast structure beneath the high 
southern TAMs. The fast structure dips toward 
the WARS, and its inland end is continuous with 
East Antarctic lithosphere. We interpret this as 
foundering cold and fast lithosphere, and the 
wedge-shaped slow anomaly in the uppermost 
mantle is interpreted as the warm and slow 
asthenosphere that has flowed into the region 
formerly occupied by the lithosphere.

DISCUSSION
Given their remote location and thick ice 

sheet, the southern TAMs, especially their 
extensive inland plateau, have sparse geologi-
cal constraints on tectonic history. The seismic 
model, showing an absence of a crustal root 
and strong slow-velocity anomalies, along with 
the episodic uplift history, Cenozoic volcanism, 
absence of compressional faulting, and exten-
sion along the adjacent WARS, all provide strong 
support for a mantle source of the high eleva-
tion. Cross section A-A′ (Fig. 3A) shows a slow 
speed anomaly with an amplitude of ~–6% rela-
tive to both the regional average and the global 
reference VSV (vertically polarized shear-wave 
velocity), and up to ~–10% relative to the East 
Antarctic lithosphere beneath the elevated regions. 
The abnormally slow speed may have elements 
that are compositional (Lee, 2003), but it is most 
likely predominantly thermal (Cammarano et al., 
2003), indicating a much higher temperature rela-
tive to both the East Antarctic craton and the aver-
age mantle at these depths. Calculations using 
experimentally derived relations between shear 
velocity and mantle temperature (e.g., Goes et al., 
2000) suggest temperatures of ~300–500 K above 
the mantle temperatures beneath East Antarctica. 

1 GSA Data Repository item 2018016, methods 
and supplemental information, is available online at 
http://www.geosociety.org/datarepository/2018/ or 
on request from editing@geosociety.org. POLENET-
ANET seismic data can be accessed through the IRIS 
Data Management Center (http://www.iris.edu/mda).
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Figure 2. Map view images of shear wave structure. A: Elevation of study region, with tectonic 
locations marked by abbreviations: East Antarctic (EANT) craton; West Antarctic Rift System 
(WARS); Ross Ice Shelf (RIS); Byrd Subglacial Basin (BSB); Whitmore Mountains (WM); and 
Thiel Mountains (TM). Small open box marks approximate location of Mount Early and Sheri-
dan Bluff volcanism. Red contour highlights area with the slow (<4.37 km/s) uppermost mantle 
speed beneath southern Transantarctic Mountains (TAMs) shown in B. Geographic locations 
including South Pole (SP), Titan Dome (TD), and Hercules Dome (HD) are indicated. B: Average 
VS in uppermost 50 km of mantle, showing absence of cold, fast mantle lithosphere beneath 
TAMs. Black lines indicate locations of two vertical profiles shown in Figure 3. C: Difference 
between VS at 200 km and average VS in uppermost 50 km of mantle. Regions with large posi-
tive differences indicate cold lithosphere below warm asthenosphere.

Figure 1. Sub-ice topogra-
phy of Antarctica (Fretwell 
et al., 2013) and bathyme-
try of surrounding oceans 
relative to sea level, show-
ing study region (black 
box) and seismic stations 
utilized (circles). Major 
mountain ranges between 
East Antarctica (EANT) 
West Antarctica (WANT) 
include the northern and 
southern Transantarctic 
Mountains (N. TAMs and 
S. TAMs, respectively); 
El lswor th Mountains 
(EM); Whitmore Mountains 
(WM); and Thiel Mountains 
(TM). Northern Victoria 
Land (NVL), the Ross Ice 
Shelf (RIS), West Antarctic 
Rift system (WARS), Adare 
Trough (AT), and Terror 
Rift (TR) are also marked 
by abbreviations. Two red 
dashed lines mark rift-shoulder (western) and inland (eastern) flanks of high-elevation region 
that separates the continent into stable, cratonic EANT and more tectonically active WANT. 
POLENET-ANET— Polar Earth Observing Network–Antarctica Network; GNS—Global Seismo-
graphic Network; temp.—temporary.
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This elevated temperature reduces the density of 
the uppermost 60–100 km of the mantle by ~1%–
1.5%, providing an extra buoyancy force that is 
capable of supporting an additional ~1.5–2 km of 
surface elevation. Near the southern TAMs, the 
slow anomaly beneath the high plateau extends 

~350 km inland, mirroring the distribution of high 
elevations. Additionally, cross section B-B′ (Fig. 
3B) also shows that an uppermost-mantle LVZ 
extends beneath the Thiel Mountains, which are 

~300 km inland from the WARS.
The southern TAMs have uplifted episodi-

cally from the Late Cretaceous through to the 
present (Behrendt and Cooper, 1991; Barrett, 
2013). Fission-track and geological data sug-
gest, however, a particularly dominant period 
of exhumation and uplift from 50 Ma to 20 Ma 
(Fitzgerald, 2002; Fitzgerald and Stump, 1997; 
Miller et al., 2010). Uplift at this time scale 
can be explained by the adiabatic upwelling of 
asthenosphere mantle due to lithosphere foun-
dering (Göğüş and Pysklywec, 2008). Mount 
Early and Sheridan Bluff, located on the East 
Antarctic flank, erupted at ca. 15–19 Ma (Stump 
et al., 1980; K. Panter, 2017, personal com-
mun.), and glacially deposited boulders dated 
at ca. 17 Ma with a likely source region far-
ther inland (K. Licht, 2017, personal commun.) 
indicate an extensive region of Miocene volca-
nism. These volcanic deposits are ~200–300 
km inland from the TAM front and lie above 
the slowest uppermost mantle region (Fig. 2B), 
indicating that mantle temperature beneath the 
high-elevation region was high enough to serve 
as a magmatic source.

Mantle lithosphere foundering by delamina-
tion (Bird, 1979) or viscous downwelling (Con-
rad and Molnar, 1997), resulting from the gravi-
tational instability of cold and thus negatively 

buoyant lithosphere, is a promising candidate for 
interpretation of our seismic images and other 
observations in this area. Given a reasonable 
difference between ambient mantle (assumed to 
be ~3.3 g/cm3) and sub-TAM lithosphere (~1% 
higher, at ~3.33 g/cm3) and an initial thick-
ness of sub-TAM lithosphere of ~150–250 km, 
such foundering can initiate within 10–20 m.y. 
after the lithosphere perturbation and can run 
to completion in ~80 m.y., given an intermedi-
ate upper-mantle lithospheric viscosity (~1022 
Pa). Replacement of cold lithosphere by warmer 
asthenosphere, on a time scale that is depen-
dent on upper-mantle viscosity, is the key conse-
quence of this foundering. Other consequences 
include (1) zones of differential uplift due to 
the replacement of the lithosphere by asthe-
nosphere (Göğüş and Pysklywec, 2008; Stern 
et al., 2013), (2) volcanism due to decompres-
sion melting, and (3) crustal extension near the 
plateau uplift, of which all are observed near 
the southern TAMs area. Figures 3C and 3D 
highlight this proposed mechanism. Please note 
that the width and characteristics of the TAMs 
change significantly along strike, so it is cur-
rently unclear whether the foundering model can 
be successfully applied to the entire TAMs range.

Seismic and geological evidence for litho-
sphere foundering has been found in many 
other continental locales (e.g., Zandt et al.,2004; 
Levander et al., 2011; Stern et al., 2013). Its 
onset requires two conditions: (1) a cold and 
heavy subcontinental lithospheric mantle lid; 
and (2) a trigger that thermally disrupts the man-
tle lid, or a simple deformation on a non-New-
tonian rheology (Billen and Houseman, 2004). 
Ancient refractory cratonic mantle lithosphere is 
usually neutrally or positively buoyant (Jordan, 
1988) and has a dry peridotite rheology (Karato 

and Wu, 1993; Peslier et al., 2010), preventing it 
from foundering. However, early tectonic events 
(i.e., the early Paleozoic Ross orogeny [Goodge, 
2007] and Late Jurassic rifting evidenced by tho-
leiitic magmas [Schmidt and Rowley, 1986]) 
may have replaced the original lithosphere with 
fertile mantle or refertilized the older mantle 
through metasomatism in this region. Following 
a cooling process of >100 m.y., a thick, cold and 
heavy lithospheric lid would form, leaving the 
continental lithosphere vulnerable to foundering 
under suitable subsequent tectonic conditions.

In an extensional environment, lithosphere 
foundering may proceed following the forma-
tion of a step or edge in the mantle lithosphere 
(Buck, 1986; Stern et al., 2013). For the southern 
TAMs, we suggest that Cretaceous and later rift-
ing in the WARS would have created the step. 
Active volcanism in the Mount Early region at 
15–20 Ma (Stump et al., 1980) suggests that 
foundering had progressed significantly by that 
time. This age is similar to that of the rifting 
episodes at the Adare Trough at 24 and 17 Ma 
(Granot et al., 2010) and the Terror rift (Hall 
et al., 2007), suggesting that Miocene rifting 
might be the trigger. Another possibility is that 
the foundering was triggered at an earlier time 
during Paleogene rifting (ca. 60–80 Ma) at the 
TAM front, when initial destabilization of the 
lithosphere could have caused a set of significant 
exhumation episodes in this region between 80 
and 20 Ma (Fitzgerald, 2002). In the second 
case, the lithospheric foundering may have 
migrated inboard to generate the Mount Early 
volcanism and the broad plateau uplift at ca. 17 
Ma. In either case, the foundering was triggered 
by the rifting of the WARS, perhaps through 
edge-driven convection of the uppermost mantle 
(e.g., van Wijk et al., 2008).

A broader implication is that the presence 
of warm asthenosphere at shallow depth would 
greatly alter glacial isostatic adjustment (GIA) 
in this region. Previous GIA calculations using 
typical global average lithospheric thickness and 
mantle viscosity estimates predict a much higher 
uplift rate than observed by continuous GPS 
receivers in this area, and the data cannot be fit by 
any reasonable ice mass change model (White-
house et al., 2012; Wilson et al., 2016). Much 
thinner elastic lithosphere and low-viscosity 
mantle resulting from the lithospheric founder-
ing and asthenospheric upwelling would cause 
faster GIA such that the observed uplift is only 
sensitive to very recent ice mass changes. These 
anomalous mechanical properties of the upper-
most mantle in southern TAMs should be consid-
ered in future GIA interpretation and modeling.

ACKNOWLEDGMENTS
We thank Donald Forsyth, Greg Houseman, and an 
anonymous reviewer for their comments that improved 
the paper, and Kurt Panter and Kathy Licht for valu-
able discussions. We also acknowledge the support 
of all of the field teams associated with the collection 

0
20
40
60
80
100
120
140
160
180
200
220
240

0 2 4 6 8 10

0
1500

0
20
40
60
80
100
120
140
160
180
200
220
240

0 2 4 6 8 10

0
1500

de
pt

h 
(k

m
)

de
pt

h 
(k

m
)

0
20
40
60
80
100
120
140
160
180
200
220
240

0 2 4 6 8 10

0
1500

0
20
40
60
80
100
120
140
160
180
200
220
240

0 2 4 6 8 10

0
1500

de
pt

h 
(k

m
)

de
pt

h 
(k

m
)

4

2

0

2

4

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

C
ru

st
al

 V
s (

km
/s

ec
)

M
an

tle
 V

s p
er

tu
rb

at
io

n 
(%

)

Asthenosphere Foundering 
Litho

East Antarctica
Litho

Cooling Litho

Asthenosphere
East Antarctica

Litho

Foundering 
Litho

distance (degree)

BSB TMWM

distance (degree)distance (degree)

distance (degree)

BSB TMWM

RIS
TAM

RIS
TAMA A’ B B’

to
po

 (m
)

to
po

 (m
)

to
po

 (m
)

to
po

 (m
)

A B

C D

C

Figure 3. Vertical profiles and interpretation. A,B: Vertical VS cross sections along A-A′ and B-B′ 
(locations shown in Fig. 2). VS in crust is plotted as absolute value, and VS in mantle is plotted 
as percent perturbation relative to averaged one-dimensional VS structure of study region. 
Geographic features are marked by abbreviations: Byrd Subglacial Basin (BSB); Ross Ice 
Shelf (RIS); Transantarctic Mountains (TAM); Whitmore Mountains (WM); and Thiel Mountains 
(TM). C,D: Interpretation of seismic images in A and B. topo—topography; litho—lithosphere.

http://www.gsapubs.org


74 www.gsapubs.org | Volume 46 | Number 1 | GEOLOGY

of data presented here, and the pilots of Kenn Borek 
Air and the New York Air National Guard for their 
support. The Polar Earth Observing Network–Ant-
arctica Network (POLENET-ANET) is supported by 
the U.S. National Science Foundation Office of Polar 
Programs. Seismic instrumentation was provided by 
the Incorporated Research Institutions for Seismol-
ogy (IRIS) through the PASSCAL Instrument Center 
at the New Mexico Institute of Mining and Technol-
ogy (USA).  Any opinions, findings, or conclusions 
expressed in this paper are those of the authors and do 
not necessarily reflect the views of the U.S. Nuclear 
Regulatory Commission.

REFERENCES CITED
An, M., Wiens, D.A., Zhao, Y., Feng, M., Nyblade, 

A.A., Kanao, M., Li, Y., Maggi, A., and Lévêque, 
J.-J., 2015, S-velocity model and inferred Moho 
topography beneath the Antarctic Plate from Ray-
leigh waves: Journal of Geophysical Research: 
Solid Earth, v. 120, p. 359–383, https:// doi .org 
/10 .1002 /2014JB011332.

Barrett, P.J., 2013, Resolving views on Antarctic Neo-
gene glacial history—The Sirius debate: Earth 
and Environmental Science Transactions of the 
Royal Society of Edinburgh, v. 104, p. 31–53, 
https:// doi .org /10 .1017 /S175569101300008X.

Behrendt, J.C., and Cooper, A., 1991, Evidence of 
rapid Cenozoic uplift of the shoulder escarpment 
of the Cenozoic West Antarctic rift system and a 
speculation on possible climate forcing: Geology, 
v. 19, p. 315–319, https:// doi .org /10 .1130 /0091 
-7613 (1991)019 <0315: EORCUO>2 .3 .CO;2.

Bialas, R.W., Buck, W.R., Studinger, M., and Fitzger-
ald, P.G., 2007, Plateau collapse model for the 
Transantarctic Mountains–West Antarctic Rift 
System: Insights from numerical experiments: 
Geology, v. 35, p. 687–690 https:// doi .org 
/10.1130 /G23825A .1.

Billen, M.I., and Houseman, G.A., 2004, Lithospheric 
instability in obliquely convergent margins: San 
Gabriel Mountains, southern California: Journal 
of Geophysical Research, v. 109, B01404, https:// 
doi .org /10 .1029 /2003JB002605.

Bird, P., 1979, Continental delamination and the Colo-
rado Plateau: Journal of Geophysical Research, 
v. 84, p. 7561–7571, https:// doi .org /10 .1029 
/JB084iB13p07561.

Brenn, G.R., Hansen, S.E., and Park, Y., 2017, Vari-
able thermal loading and flexural uplift along 
the Transantarctic Mountains, Antarctica: Geol-
ogy, v. 45, p. 463–466, https:// doi .org /10 .1130 
/G38784 .1.

Buck, W.R., 1986, Small-scale convection induced by 
passive rifting: The cause for uplift of rift shoul-
ders: Earth and Planetary Science Letters, v. 77, 
p. 362–372, https:// doi .org /10 .1016 /0012 -821X 
(86) 90146 -9.

Cammarano, F., Goes, S., Vacher, P., and Giardini, 
D., 2003, Inferring upper-mantle temperatures 
from seismic velocities: Physics of the Earth and 
Planetary Interiors, v. 138, p. 197–222, https:// doi 
.org /10 .1016 /S0031 -9201 (03)00156 -0.

Chaput, J., Aster, R.C., Huerta, A., Sun, X., Lloyd, 
A., Wiens, D., Nyblade, A., Anandakrishnan, S., 
Winberry, J.P., and Wilson, T., 2014, The crustal 
thickness of West Antarctica: Journal of Geo-
physical Research: Solid Earth, v. 119, p. 378–
395, https:// doi .org /10 .1002 /2013JB010642.

Conrad, C.P., and Molnar, P., 1997, The growth of 
Rayleigh–Taylor-type instabilities in the litho-
sphere for various rheological and density struc-
tures: Geophysical Journal International, v. 129, 

p. 95–112, https:// doi .org /10 .1111 /j .1365 -246X 
.1997 .tb00939 .x.

Fitzgerald, P., 2002, Tectonics and landscape evolu-
tion of the Antarctic plate since the breakup of 
Gondwana, with an emphasis on the West Ant-
arctic Rift System and the Transantarctic Moun-
tains: Royal Society of New Zealand Bulletin, 
v. 35, p. 453–469.

Fitzgerald, P.G., and Stump, E., 1997, Cretaceous and 
Cenozoic episodic denudation of the Transant-
arctic Mountains, Antarctica: New constraints 
from apatite fission track thermochronology in 
the Scott Glacier region: Journal of Geophysical 
Research, v. 102, p. 7747–7765, https:// doi .org 
/10 .1029 /96JB03898.

Fretwell, P., et al., 2013, Bedmap2: Improved ice bed, 
surface and thickness datasets for Antarctica: The 
Cryosphere, v. 7, p. 375–393, https:// doi .org /10 
.5194 /tc -7 -375 -2013.

Goes, S., Govers, R., and Vacher, P., 2000, Shallow 
mantle temperatures under Europe from P and 
S wave tomography: Journal of Geophysical Re-
search, v. 105, p. 11,153–11,169, https:// doi .org 
/10 .1029 /1999JB900300.

Göğüş, O.H., and Pysklywec, R.N., 2008, Mantle 
lithosphere delamination driving plateau uplift 
and synconvergent extension in eastern Anato-
lia: Geology, v. 36, p. 723–726, https:// doi .org 
/10 .1130 /G24982A .1.

Goodge, J.W., 2007, Metamorphism in the Ross oro-
gen and its bearing on Gondwana margin tecton-
ics, in Cloos, M., et al., eds., Convergent Mar-
gin Terranes and Associated Regions: A Tribute 
to W.G. Ernst: Geological Society of America 
Special Paper 419, p. 185–203, https:// doi .org 
/10 .1130 /2006 .2419 (10).

Granot, R., Cande, S.C., Stock, J.M., Davey, F.J., and 
Clayton, R.W., 2010, Postspreading rifting in 
the Adare Basin, Antarctica: Regional tectonic 
consequences: Geochemistry Geophysics Geo-
systems, v. 11, Q08005, https:// doi .org /10 .1029 
/2010GC003105.

Hall, J., Wilson, T., and Henrys, S., 2007, Structure 
of the central Terror Rift, western Ross Sea, Ant-
arctica, in Cooper, A.K., et al., eds., Antarctica: A 
Keystone in a Changing World: Online Proceed-
ings of the 10th International Symposium on Ant-
arctic Earth Sciences, Santa Barbara, California, 
26 August to 1 September 2007: U.S. Geological 
Survey Open-File Report 2007-1047, 5 p., https:// 
doi .org /10 .3133 /ofr20071047srp108.

Heeszel, D.S., Wiens, D.A., Anandakrishnan, S., As-
ter, R.C., Dalziel, I.W.D., Huerta, A.D., Nyblade, 
A.A., Wilson, T.J., and Winberry, J.P., 2016, Up-
per mantle structure of central and West Antarc-
tica from array analysis of Rayleigh wave phase 
velocities: Journal of Geophysical Research: 
Solid Earth, v. 121, p. 1758–1775, https:// doi 
.org /10 .1002 /2015JB012616.

Jordan, T.H., 1988, Structure and formation of the con-
tinental tectosphere: Journal of Petrology, Spe-
cial Volume 1, p. 11–37, https:// doi .org /10.1093 
/petrology /Special_Volume .1 .11.

Karato, S.I., and Wu, P., 1993, Rheology of the upper 
mantle: A synthesis: Science, v. 260, p. 771–778, 
https:// doi .org /10 .1126 /science .260 .5109 .771.

Lee, C.T., 2003, Compositional variation of density 
and seismic velocities in natural peridotites at 
STP conditions: Implications for seismic imag-
ing of compositional heterogeneities in the upper 
mantle: Journal of Geophysical Research, v. 108, 
2441, https:// doi .org /10 .1029 /2003JB002413.

LeMasurier, W.E., Thomson, J.W., Baker, P.E., Kyle, 
P.R., Rowley, P.D., Smellie, J.L., and Verwoerd, 

W.J., eds., 1990, Volcanoes of the Antarctic Plate 
and Southern Oceans: American Geophysical 
Union Antarctic Research Series 48, p. 1–487, 
https:// doi .org /10 .1029 /AR048.

Levander, A., Schmandt, B., Miller, M.S., Liu, K., 
Karlstrom, K.E., Crow, R.S., Lee, C.-T.A., and 
Humphreys, E.D., 2011, Continuing Colorado 
Plateau uplift by delamination-style convective 
lithospheric downwelling: Nature, v. 472, p. 461–
465, https:// doi .org /10 .1038 /nature10001.

Miller, S.R., Fitzgerald, P.G., and Baldwin, S.L., 2010, 
Cenozoic range‐front faulting and development of 
the Transantarctic Mountains near Cape Surprise, 
Antarctica: Thermochronologic and geomor-
phologic constraints: Tectonics, v. 29, TC1003, 
https:// doi .org /10 .1029 /2009TC002457.

Peslier, A.H., Woodland, A.B., Bell, D.R., and Laz-
arov, M., 2010, Olivine water contents in the con-
tinental lithosphere and the longevity of cratons: 
Nature, v. 467, p. 78–81, https:// doi .org /10 .1038 
/nature09317.

Schmidt, D.L., and Rowley, P.D., 1986, Continental rift-
ing and transform faulting along the Jurassic Trans-
antarctic Rift, Antarctica: Tectonics, v. 5, p. 279–
291, https:// doi .org /10 .1029 /TC005i002p00279.

Stern, T.A., and ten Brink, U., 1989, Flexural up-
lift of the Transantarctic Mountains: Journal of 
Geophysical Research, v. 94, p. 10,315–10,330, 
https:// doi .org /10 .1029 /JB094iB08p10315.

Stern, T., Houseman, G., Salmon, M., and Evans, 
L., 2013, Instability of a lithospheric step be-
neath western North Island, New Zealand: Geol-
ogy, v. 41, p. 423–426, https:// doi .org /10 .1130 
/G34028 .1.

Stump, E., Sheridan, M.F., Borg, S.G., and Sutter, J.F., 
1980, Early Miocene subglacial basalts, the East 
Antarctic ice sheet, and uplift of the Transant-
arctic Mountains: Science, v. 207, p. 757–759, 
https:// doi .org /10 .1126 /science .207 .4432 .757.

ten Brink, U.S., Bannister, S., Beaudoin, B.C., and 
Stern, T.A., 1993, Geophysical investigations of 
the tectonic boundary between East and West 
Antarctica: Science, v. 261, p. 45–50, https:// doi 
.org /10 .1126 /science .261 .5117 .45.

van Wijk, J.W., Lawrence, J.F., and Driscoll, N.W., 
2008, Formation of the Transantarctic Moun-
tains related to extension of the West Antarctic 
Rift system: Tectonophysics, v. 458, p. 117–126, 
https:// doi .org /10 .1016 /j .tecto .2008 .03 .009.

Whitehouse, P.L., Bentley, M.J., Milne, G.A., King, 
M.A., and Thomas, I.D., 2012, A new glacial iso-
static adjustment model for Antarctica: Calibrated 
and tested using observations of relative sea-level 
change and present-day uplift rates: Geophysi-
cal Journal International, v. 190, p. 1464–1482, 
https:// doi .org /10 .1111 /j .1365 -246X .2012 
.05557.x.

Wilson, T., et al., 2016, Crustal motion measurements 
from the POLENET Antarctic Network: Com-
parisons with glacial isostatic adjustment models: 
American Geophysical Union, Fall General As-
sembly, abstract #G11A-1052.

Zandt, G., Gilbert, H., Owens, T.J., Ducea, M., Saleeby, 
J., and Jones, C.H., 2004, Active foundering of a 
continental arc root beneath the southern Sierra 
Nevada in California: Nature, v. 431, p. 41–46, 
https:// doi .org /10 .1038 /nature02847.

Manuscript received 25 July 2017 
Revised manuscript received 22 October 2017 
Manuscript accepted 25 October 2017

Printed in USA

http://www.gsapubs.org

	ABSTRACT
	INTRODUCTION
	DATA
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES CITED
	Figure 1
	Figure 2
	Figure 3

