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Ship-to-shore seismic refraction
investigation of the lithospheric
structure of the Transantarctic

Mountain front

Plateau icecap (figure 1). The array consisted of a 1.2-kilometer
linear array of eight vertical seismographs, deployed at 150-
meter intervals away from the array center, and an equilateral
(160-meter sides) triangular deployment of three-component
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As part of the 1988-1989 German Antarctic Northern Victoria
Land Expedition V (GANOVEX V) offshore-onshore seismic re-
traction experiment, we established a seismic recording array in
the Transantarctic Mountains to record a tuned airgun array
operated in the Ross Sea. The objective was to determine the
crustal structure of the transition zone between the Transantarctic
Mountains and the Ross Sea by recording three onshore-offshore
seismic refraction profiles across the Transantarctic Mountains
near Terra Nova Bay. Unfavorable ice conditions in Terra Nova
Bay reduced two onshore-offshore profile lengths and necessi-
tated reorientation of the third profile. Other GANOVEX V groups
deployed onshore and offshore seismographs to provide con-
straints on the crustal structure of the Ross Sea and inland Tran-
santarctic Mountain portions of the profiles.

An 11-element digital seismograph array was established 65
kilometers inland from the Terra Nova Bay on the Tourmaline

162.0	163.0	164.0	165.0	166.0

162.0	153.0	154.0	165.0	156.0

Figure 1. Map of the study area showing the position of the seismic
recording array (triangle) in relation to seismic lines 1, 4, and 5
(circles).
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seismographs around the array midpoint. The array recorded
digital seismic waveforms generated by a 43.5-liter airgun array
fired shots at 250-meter intervals in the Ross Sea. Data were
recorded at offsets of 65-150 kilometers along three onshore-
offshore profiles. Data were also recorded during three marine
seismic refraction experiments located more than 200 kilo-
meters from the array.

Onshore-offshore line 1 began 65 kilometers from the array
and extended to 135 kilometers along an azimuth of S30°E.
Line 1 provided a crustal profile between the Campbell and
Priestley glaciers (figure 1). Onshore-offshore line 5 began 150
kilometers from the array at an azimuth of S21°E, and ended
at a distance and azimuth of 85 kilometers and S52°E, respec-
tively (figure 1). Line 5 constituted a "broadside shoot" with
respect to the array and should provide constraints on the
three-dimensional crustal velocity structure between the
Campbell and Reeves glaciers. Onshore-offshore line 4 con-
sisted of a sequence of stacking shots near Cape Washington
79 kilometers from the array at an azimuth of 552°E and con-
tinued as a marine profile 170 kilometers east of the coast
(figure 1).

Virtually all the airgun shots comprising the three onshore-
offshore refraction profiles were recorded by all or part of the
array. Complete waveform data from the entire array were
obtained for the first 10 kilometers and last 25 kilometers of
line 1. Due to intermittent recorder failures, waveform data
are available at a 250-meter shot spacing from subsets of the
array for the remainder of the line 1. Recording failures were
reduced during lines 4 and 5, and more complete array re-
cordings were obtained. Clear seismic signals from the three
> 200 kilometers marine seismic profiles were not detected on
single components of ground motion during our first review
of the data.

Excellent airgun signal quality and low background noise
levels were a pleasant surprise considering the modest 43.5-
liter airgun array capacity. Spectral calculations indicate signal-
to-noise ratios exceeding 10 in the 2-30-hertz frequency range.
Ambient noise levels in the 2-20-hertz band were less than
0.1 millimicrons during most of the recording period.

First P-wave arrivals are clearly observed along the entire
length of line 1. A portion of the vertical-component record
section for line 1 is shown in figure 2. This portion of the record
section contains lower crustal refracted first arrivals, wide an-
gle PmP reflections, and Pn Moho refraction first arrivals which
constrain the crustal thickness beneath the portion the Trans-
antarctic Mountains near the shoreline of Terra Nova Bay to
approximately 22 kilometers (figure 3). Large amplitudes pro-
duced by the Moho triplication and the lower crust Pg-Pn
crossover produced excellent signal-to-noise on single seis-
mograms. Sub-Moho refracted energy is indicated by a sharp
increase in first-arrival apparent velocities (> 8 kilometers per
second) at > 120-kilometer offsets on line 1.

The Ross Sea portion of the crustal model shown in figure
3 was derived from the results of McGinnis et al. (1985); Cooper,
Davey, and Behrendt (1987); and Cooper, Davey, and Coch-
rane (1987). Data obtained from line 1 indicate slow crustal
thickening (1 kilometer thickening per 10 kilometer offset) be-
neath the Transantarctic Mountains between the coastline and
20 kilometers inland (figure 3). Constraints on the crustal struc-
ture beneath the Transantarctic Mountains further inland will
be provided by data collected by the Hamburg GANOVEX V
group. Preliminary analysis of the line 1 data suggests a grad-
ual crustal thickening transition zone between the Transant-

85.0	 90.0	 95.0
DIST (KM)

Figure 2. Vertical-component seismograms from a portion of the
line 1 record section. Note the excellent signal strength, clear PmP
Moho reflection at 5.3 seconds, and Pg-Pn crossover at 94 kilo-
meters distance. (km denotes kilometer.)

arctic Mountains and the Ross Sea. Crustal thickness beneath
the western portion of the Transantarctic Mountains near Terra
Nova Bay is significantly less than the 40 kilometers assumed
by Smithson (1972) and Davey and Cooper (1987) in the
McMurdo Sound area. One explanation is that the Transant-
arctic Mountains crust is thinner than assumed in the gravity
modeling of Smithson (1972) and Davey and Cooper (1987).
Smithson (1972) assumed a Ross Sea crustal thickness of 28
kilometers; however, recent estimates of depth to Moho in the
Ross Sea (McGinnis et al. 1985; Cooper, Davey, and Cochrane
1987; Davey and Cooper 1987; and ten Brink et al. 1989) suggest
a crustal thickness of about 20 kilometers. Thus, the gravity
data of Smithson (1972) could be explained by a gradual crustal
thickening to only 30 kilometers beneath the western portion
of the Transantarctic Mountains.

Crustal thinning related to the southeast extension of the
Rennick Grabin provides another explanation of thinner crust
found beneath the Transantarctic Mountains in the study area.
Line 1 is positioned along the southeast extension of the Ren-
nick Graben. The crustal model in figure 3 supports the hy-
pothesis of Cooper, Davey, and Behrendt (1987) and Fitzgerald
and Gleadow (1988) that the granitic basement between the
Rennick Graben and the Victoria Land Basin was thinned and
uplifted. Whereas Davey and Cooper's (1987) gravity models
postulate a rapid crustal thickening transition from 20 to 40
kilometers beneath the Transantarctic Mountains coastline in
the southern Victoria Land Basin, their gravity model near
Terra Nova Bay is consistent with the slowly thickening crustal
transition model shown in figure 3. Thus, crustal attributes of
the Transantarctic Mountains observed here may be atypical
of the Transantarctic Mountains south of Terra Nova Bay.

Complete support for seismic field work was generously
provided by the Federal Institute for Geoscience and Natural
Resources, Hannover, Federal Republic of Germany. This work
was supported in part by National Science Foundation grant
DPP 87-22536,
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Figure 3. A model of the Transantarctic Mountains/Ross Sea transition structure is shown at the bottom with P-wave ray paths for line 1.
The C denotes the position of the coastline. Synthetic seismograms are plotted at the top using a reduction velocity of 8 kilometers per
second. The synthetic seismograms approximately reproduce the P-wave first arrival patterns of the observed data. (km denotes kilometer.
s denotes seconds.)

References

Cooper, A.K., F.J. Davey, and J.C. Behrendt. 1987. Seismic stratig-
raphy and structure of the Victoria Land Basin, western Ross Sea,
Antarctica. In A.K. Cooper and F. J. Davey (Eds.), The Antarctic
Continental Margin: Geology and geophysics of the western Ross Sea.
Houston: American Association of Petroleum Geologists. Earth Sci-
ence Series, 5B, 27-76.

Cooper, A.K., F.J. Davey, and G.R. Cochrane. 1987. Structure of ex-
tensionally rifted crust beneath the western Ross Sea and Iselin
Bank, Antarctica, from sonobuoy data. In A.K. Cooper and F.J.
Davey (Eds.), The Antarctic Continental Margin: Geology and geophysics
of the western Ross Sea. Houston: American Association of Petroleum
Geologists. Earth Science Series, 5B, 93-118.

Davey, F.J., and A.K. Cooper. 1987. Gravity studies of the Victoria
Land Basin and Iselin Bank. In A.K. Cooper and F.J. Davey (Eds.),

The Antarctic Continental Margin: Geology and geophysics of the western
Ross Sea. Houston: American Association of Petroleum Geologists.
Earth Science Series, 5B, 119-137.

Fitzgerald, PG., and A.J.W. Gleadow. 1988. Fission-track geochro-
nology, tectonics and structure of the Transantarctic Mountains in
Northern Victoria Land, Antarctica. Chemical Geology (isotope geo-
science section), 73, 169-198.

McGinnis, L.D., R.H. Bowen, J.M. Erickson, B.J. Allred, and J.L.
Kreamer. 1985. East-west Antarctic boundary in McMurdo Sound.
Tectonophysics, 114: 341-356.

Smithson, S.B. 1972. Gravity interpretation in the Transantarctic
Mountains near McMurdo Sound, Antarctica. Geological Society of
America Bulletin. 83, 3437-3442.

ten Brink, U., T. Stern, I. Paintin, B. Beaudoin, T. Hefford, and J.
McGinnis. 1989. Seismic investigation of lithospheric flexure within
the Ross Embayment, Antarctica. EOS, 70(15), 468.

1989 REVIEW	 35




