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Abstract: Regional orientation patterns of brittle fault arrays and dolerite dike swarms of Jurassic and Cenozoic age
in the Transantarctic Mountains (TAM) of southern Victoria Land and the Beardmore Glacier region have been used
to reconstruct displacement directions between East and West Antarctica during Mesozoic and Cenozoic extensional
tectonism. Orientation patterns of Jurassic faults and dikes are interpreted to reflect a triaxial strain field in which
extension occurred in both northeast-southwest and northwest-southeast horizontal directions, and shortening
occurred in the vertical direction. The northwest structural trend of the mountains and offshore basins of the Ross
embayment may have been established at this time in response to dominant northeast-southwest extension. This strain
regime is not compatible with proposed translational motion between East and West Antarctica during initial
Gondwana fragmentation, requiring that any such translations postdated Ferrar magmatism and associated crustal
extension. Cenozoic fault arrays along the TAM Front in southern Victoria Land are oriented obliquely to the regional
trend of the TAM and indicate a significant component of range-parallel, right-lateral shear displacement. Fault arrays
along major transverse physiographic breaks in the TAM indicate range-parallel extension across the morphologic
troughs, which may thus represent pull-apart features associated with transtensional deformation along the TAM. The
direction of displacement between East and West Antarctica during the Cenozoic was oriented obliquely, rather than
perpendicular, to the regional trend of the TAM and is inferred to reflect right-oblique translation of Marie Byrd Land

relative to East Antarctica in the Cenozoic, consistent with existing paleomagnetic data.
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Introduction

Extensional tectonism affected large segments of the
Antarctic lithosphere during the Mesozoic and Cenozoic
fragmentation of the Gondwana supercontinent. As breakup
proceeded, large-scale drift of the major continents away
from Antarctica was accompanied by more limited relative
motions between the crustal blocks that comprise West
Antarctica, and between these blocks and the East Antarctic
craton (Fig. 1; Dalziel and Elliot, 1982). Broad constraints
on the timing and directions of these crustal block motions
are provided by geologic, paleomagnetic, and marine geo-
physical data. During early breakup, ocean spreading be-
tween the eastern and western portion of Gondwana require
both extension and translation between East and West
Antarctica (Schmidtand Rowley, 1986; Elliot, 1991; Lawver
and Gahagan, 1991). Paleomagnetic data show that the
Thurston Island-Eights Coast and Ellsworth-Whitmore
Mountains blocks (Fig. 1) rotated with respect to East
Antarctica between ¢. 230-110 Ma and c¢. 220-175 Ma,
respectively, and that rotation of the linked Antarctic Penin-
sula, Thurston Island-Eights Coast, and Ellsworth-Whitmore
Mountains blocks with respect to East Antarctica occurred
between ¢. 130-110 Ma (Grunow et al., 1991). Paleomag-
netic data indicate subsequent, relatively limited translation
ofthe Marie Byrd Land block with respect to East Antarctica
(Grindley and Oliver, 1983). Discrepancies in global plate
motion circuits can be eliminated if several hundred kilome-
ters of extension occurred between East and West Antarc-
tica in the early Tertiary, with displacement generally as-
sumed to occur perpendicular to the TAM and offshore

structures in the Ross embayment (Stock and Molnar, 1987;
Kamp and Fitzgerald, 1987; Acton and Gordon, 1989).
Storey (1991) has interpreted the configuration of subice
morphologic and structural basins in West Antarctica to
reflect transtensional rifting accommodating dextral dis-
placement of the West Antarctic blocks during the Late
Cretaceous and early Tertiary.

It is well established that regional stretching, subsidence,
and development of the subice and subsea basins in the Ross
and Weddell embayments (Fig. 1) occurred during the same
time span as these block motions. The relation between
formation of specific basins and block motions is uncertain,
however, due to lack of adequate timing constraints on basin
development. Until new data are acquired, the use of basin
geometries in developing kinematic models of Gondwana
breakup remains largely speculative. The dramatic uplift of
the Transantarctic Mountains along the boundary between
East Antarctica and the crustal blocks of West Antarctica
also occurred during the Mesozoic and Cenozoic, apparently
forming a rift-margin uplift developed along the border of
the Ross extensional province (Fitzgerald et al., 1986; Stern
and ten Brink, 1989). This paper provides new constraints
on the kinematics of rifting within Antarctica derived from
structural analysis of brittle fault and fracture arrays within
the TAM. The orientation patterns of these brittle structures
in the mountains provide new evidence for the timing of
extension in the Ross embayment, and for the displacement
directions of West Antarctica with respect to East Antarctica
during Gondwana breakup.

Recent Progress in Antarctic Earth Science: edited by Y. Yoshida et al., pp. 303 —314.

© by Terra Scientific Publishing Company (TERRAPUB), Tokyo, 1992.



+90°S

. Cenozoic volcanic rocks

Devonian—-Jurassic Beacon
and Ferrar Supergroups

’, Proterozoic — Paleozoic
4 igneous and metamorphic
basement rocks

Fig. 1. Simplified geologic map of the Transantarctic Mountains. The unconformity surface at the base of the Beacon
Supergroup is known as the Kukri Peneplain. Boxes mark study areas in southern Victoria Land (SVL) and the
Beardmore Glacier area (BDM). The northern limit of the SVL study area is defined by the transverse morphologic
trough occupied by Granite Harbour and the Mackay and New Glaciers, and the eastern limit by coastal exposures
along the margin of the Wilson Piedmont Glacier. Structural and morphological basins in the Ross embayment (Ross
Sea and Ross Ice Shelf) indicated by hachured lines and isobaths (in kilometers), respectively. The dashed lines mark
the position of the Terror Rift within the Victoria Land basin; note the abrupt northern termination at Cape
Washington. Inset map shows the subsea and subice basins (stippled) of the Ross embayment (RE) and Weddell
embayment (WE), and the crustal blocks of West Antarctica, including the Marie Byrd Land block (MBL), the
Thurston Island - Eights Coast block (TI), the Antarctic Peninsula block (AP), and the Ellsworth-Whitmore

Mountains block (EWM).

The Transantarctic Mountains

Geologic Setting

The TAM developed along the crustal boundary between
cratonic East Antarctica and the crustal blocks of West
Antarctica. The craton boundary appears to have constituted
the margin of the East Antarctic sector of Gondwana during
late Proterozoic and early Paleozoic times (e.g. Stump,
1987; Moores, 1991; Dalziel, 1991; Laird, 1991). The TAM
is underlain along much of its length by a Precambrian and
early Paleozoic metamorphic and igneous basement complex
(Fig. 1) thatrecords the complex sequence of tectonic events
that affected the margin during this time span (Elliot, 1975a;
Laird and Bradshaw, 1982; Stump, 1987; Rowell and Rees,
1989; Borg et al., 1990; Goodge, 1991; Laird, 1991). A
major erosional unconformity surface known as the Kukri
Peneplain separates the basement complex from the overly-
ing clastic sedimentary strata of the Devonian - Jurassic
Beacon Supergroup (Fig. 1), which were deposited in foreland
or intracratonic basin settings (Elliot, 1975b; Barrett, 1982;
Collinson, 1991; Woolfe, 1991).

The inception of Gondwana breakup history is marked by
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the extrusion and intrusion of ¢. 175 Ma Jurassic magmatic
rocks within the TAM (Kyle et al., 1981; Elliot, 1991) and
in the Ellsworth-Whitmore Mountains block (Storey et al.,
1988; Pankhurst et al., 1991). In the TAM Ferrar province,
extrusion of silicic volcanic rocks was followed by em-
placement of the extensive sills and dikes of Ferrar Dolerite
and extrusion of the Kirkpatrick Basalts. The apparent
distribution of the Ferrar rocks in a belt along the length of
the present TAM has long been taken as evidence that
extension and rift development within Antarctica began at
this time (Elliot, 1975a). The existence of topographic relief
during extrusion of the Kirkpatrick Basalts is consistent
with the presence of fault-bounded basins in the Jurassic
(Elliot, 1991). In the Weddell embayment, a period of failed
rifting is inferred to have occurred in the Jurassic, related to
the regional Ferrar activity (Kristoffersen and Hinz, 1991).
In the Ross embayment, seismic sections show clearevidence
of multiple rift phases (Davey, 1981; Cooper et al., 1987,
Cooper et al., 1991), but their timing is poorly constrained
due to the lack of age control on sedimentary sequences
filling the offshore basins. It has generally been considered
that the early rift phase in the Ross embayment occurred

































