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Abstract

A combination of rock velocities with seismic structures have presented clues to understanding
the structure and the evolution of the continental crust. However, most works addressed continen-
tal crusts of the northern hemisphere such as North America and Europe. Only a few studies
focused on Gondwanaland. Here, we present a tectonic model of the Pan-African orogeny by
comparing the laboratory velocities of granulite/gneiss with geophysical data of the Liitzow-Holm
region, East Antarctica. The “Structure and Evolution of the East Antarctic Lithosphere (SEAL)”
project has been carried out under the framework of the Japanese Antarctic Research Expedition in
recent years. Several geophysical studies including deep seismic refraction/wide angle reflection
surveys have been conducted at the Liitzow-Holm region. Velocity models and reflection sections
of the crust are given by both active source seismic surveys and passive analyses for teleseismic
receiver functions. From laboratory measurements, rock velocities revealed that the lower crust (6.9
km/s) consists of pyroxene granulite. Moreover, middle crustal velocity is equivalent to the
velocity of mixture of pyroxene granulite (20%) and felsic gneiss (80%). The ratio of pyroxene
granulite is similar to that geologically observed as meta-mafic sills, which were probably related to
mafic magma underplating at Archean. The idea is also supported by model calculations of acoustic
impedance, which show middle and lower crustal laminations. This evidence demonstrates that the
East Gondwanaland (Napier Complex) lies under the Pan-African orogenic belt (Liitzow-Holm
Complex) and was subducted westward. Because it is pointed out that West Gondwanaland
descended eastward under the Pan-African belt, the coalescence of both Gondwanalands, ie.
formation process of Gondwana supercontinent is regarded as collision tectonics along with
symmetrical subductions where late Proterozoic island arcs and ophiolites were put between East
Gondwanaland and West Gondwanaland.

The lithospheric structure of the Pan-African belt will be clarified by making deep seismic
surveys to cross over the continental segments in the southern hemisphere that once were
fragments of Gondwanaland. Deep seismic profiling in the LEGENDS (Lithospheric Evolution of
Gondwana East iNterdisciplinary Deep Surveys) project will reveal the architecture and the
evolution of the lithosphere of these regions. The “SEAL” transect has also been carried out as the
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chief contribution to LEGENDS, to delineate a whole crustal section in different geological terrains
from Western Enderby Land to Eastern Dronning Maud Land, East Antarctica.

Key words: lithospheric structure, laboratory rock velocities, Liitzow-Holm Complex, Pan-African
orogeny, collision tectonics of Gondwanaland
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Fig. 1a. Gondwanaland (reproduced from Lawver et
al., 1998). This supercontinent represents the larg-
est expanse of continental lithosphere yet to be
explored by modern deep seismic profiling. The
black area indicates Madagascar, which is a
keystone in such reconstructions and one of the
focuses of future deep seismic surveys. The solid
square approximately corresponds to the area
shown in Fig. 1 b.
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Fig. 2a. Geological setting in Eastern Dronning Maud Land and Western Enderby Land, East Antarctica, showing the
distribution of the four distinct metamorphic complexes: Napier Complex (Archean), Rayner Complex
(late-Preterozoie), Litzow-Holm Complex and Yamato-Belgica Complex (early-Paleozoic) (modified after Motovoshi et
al., 1989). Metamorphic grade in the Liitzow-Holm Complex increases progressively along the Prince Olav Coast 1o
the Shirase Glacier. Transitional zone between amphibolite facies and granulite facies is defined as the first
appearance of orthopyroxene in ordinary basic to intermediate gneisses through various reactions.
wide-angle reflection seismie lines by JARE-21, -41 and -43 aré indicated.
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Geological setting and refraction/wide-angle reflection seismic lines proposed by the "SEAL geotransect” in
Eastern Dronning Maud Land and Western Enderby Land, plotted on acromagnetic anomalies (Golvnsky et al., 1996).
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Fig. 3. Schematic illustration of the crustal structure along the Mizuho route. The depths of representative reflective
layers (dashed lines in the lower figure) are superposed in the P-wave velocity model by the JARE-21 explosive
experiments along the routes (Ikami et al., 1984). Numerals in layers indicate P-wave velocities in km/s. Surface
elevation, free-air, and Bouguer gravity anomalies along the routes are after Kamiyama et al. (1994).
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Fig. 4a. Map showing the area studied by teleseismic events in the Liitzow-Holm Bay Region around Syowa Station
(S§YO). Two meshed areas of its center at SYO indicate the regions surveyed by receiver function inversion divided
into two continental backazimuth groups. The group of backazimuth 50°-100° mainly belongs to the transitional
zone between amphibolite facies and granulite facies. On the contrary, the 120°-160° backazimuth group is within
the granulite facies zone. The bold dashed line shows the Mizuho route for the refraction experiments by JARE-21,
and -41. The fastest direction for shear wave splitting by SKS phases at SYO (after Kubo et al., 1995) is indicated on
the lower-left side of this figure, together with the absolute plate motion estimated by the HS2-NUVEL1 model (Gripp
and Gordon, 1990).
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Fig. 4b. Shear wave velocity models by receiver function inversion in two continental backazimuth groups of 50°-
100° and 120°-160° (Vs; bold broken lines; after Kanao, 1997), average velocity model for shields and platforms (Vs_
Shields; solid squares with lines) compared to averaged laboratory measured velocities in metamorphic rocks (after
Christensen and Mooney, 1993). Rock abbreviations are as follows. GGN: Granite Gneiss; BGN: Biotite (Tonalite)
Gneiss; AMP: Amphibolite; FGR: Felsic  Granulite; PGR: Paragranulite; AGR: Anorthositic Granulite: MGR: Mafic
Granulite; GGR: Mafic Garnet Granulite; ECL: Mafic Eclogite.
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Fig. 5. Ultrasonic compressional-wave velocity (Vp) of felsic gneiss and pyroxene granulite as a function of pressure
(Shingai et al., 2001; Ishikawa et al., 2001). Vp was determined from the zero-pressure core length and the measured

travel time of the pulse under various pressures at 0.1GPa interval during pressurization (open squares) and
decompression (open triangles) between 0.1 GPa to 1.0 GPa.
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Fig. 6. Ultrasonic compressional-wave velocity (Vp) of felsic gneiss and pyroxene granulite as a function of temperature
at 0.4GPa (open circles), 0.7GPa (open squares) and 1.0 GPa (open triangles) (Shingai et al., 2001; Ishikawa et al., 2001).

Vp was determined under various temperatures at about 100°C intervals between 25°C and 400°C.
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P-wave profile of Mizuho Plateau is also shown as a broken line.
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Fig. 8a. (upper left): Shear velocity models by receiver function inversion in the 90°-100° backazimuth for three
distinct quality factor models of 1Hz, 2Hz, and 4 Hz around the Liitzow-Holm Bay region (after Kanao and Akamatsu,
1995). The initial velocity model for the inversion was adopted by the refraction result after Ikami and Ito (1984).
The lower and the upper limits in determining shear velocities vs. depth during the inversion procedure are
represented by two broken lines (lower-lim. and upper-lim.), respectively. (other five figures): Velocity laminated
models in the forward simulation to produce the synthetic receiver functions in Fig. 8b. Laminated layers are
assumed in the middle and the lower crustal depth with 2.0, 1.0, 0.5, 0.25, and 0.0 (no laminated model) km thickness.
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Fig.8b. (from the upper to the lower traces) Observed radial receiver function, synthetic receiver function computed
using the 1Hz quality factor model, together with five synthetic receiver functions by assuming various
depth-intervals for laminated layers within the crust as shown in Fig. 8a.
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Fig. 9. Crustal model of the Liitzow-Holm Bay region according to a comparison of rock velocity with seismic studies.
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to be the Archean crust: felsic gneiss (including metasedimentary quartzofeldspathic rocks) together

with pyroxene granulite (middle crust), and pyroxene granulite with minor amounts of felsic rocks (lower crust).
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profiling

Tectonic elements of Gondwanaland (India-Madagascar-Congo; courtesy of C. Powell) together with LEMURS
Archaean cratons are shown in dark grey; Palacoproterozoic crust

green represents areas of late Mesoproterozoic-carlist

represents areas of Neoproterozoic magmatism, deformation

Together with coordinated surveys across Sri Lanka and East Antarctica under the

would reveal critical elements of lithosphric

Dashed lines are intended only to indicate the possible scale of seismic profiling.
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