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Abstract: Two significant tectonic events in Marie Byrd Land (MBL) are mid-Cretaceous Gondwana rifting when
the Campbell Plateau separated from MBL, and Late Cenozoic extension associated with West Antarctic rifting. In
the Ford Ranges the first event exhumed mid-crustal metamorphic rocks while the second formed most of the present
topography. During Gondwana rifting the passive margin of MBL began to form, granitic plutons were intruded to
shallow crustal levels, and the Fosdick Metamorphic Complex (FMC) underwent rapid cooling which we interpret
as tectonic unroofing. The FMC is exposed in a broad structural culmination in the Fosdick Mountains which extend
for about 100 km E-W along 76°30'S. In the Phillips and Chester Mountains, north and south of the Fosdick
Mountains, Carboniferous Ford Granodiorite and Cretaceous Byrd Coast Granite crop out. These are interpreted as
structurally overlying the FMC. Paleomagnetic data suggest that rapid unroofing was accompanied by N and S tilting.
A large throw Cretaceous normal fault may dip north under the Phillips Mountains. Strain indicators in the FMC
indicate NNE-SSW and N-S extension during uplift and cooling; we infer that Gondwana rifting here was dextral
transtensional. In late Cretaceous/early Tertiary time topography formed during Gondwana rifting was reduced to an
erosion surface which was subsequently faulted. Glacial flow is now E-to-W parallel to the ranges but striae on
exposed glaciated surfaces trend NW-SE, and clasts of Swanson Formation sedimentary rock which crops out only
to the south are found in moraines in the Fosdick Mountains. These observations suggest a substantial change in
glacial flow direction from SE-to-NW to E-to-W, possibly resulting from the formation of the present basin-and-range

topography. Volcanism in the eastern Fosdick Mountains accompanied block faulting in late Tertiary time.
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The Northern Ford Ranges, Marie Byrd Land

The Phillips, Fosdick, and Chester Mountains are located
in the northern Ford Ranges of western Marie Byrd Land
(MBL; Fig. 1). They trend east-west and are separated by
about 15-20 km. Plutonic rocks crop out in the Phillips and
Chester Mountains while the Fosdick Mountains comprise
high grade metamorphic rocks (Fig. 2). The Ford Granodiorite
(MDY) is a Devonian-Carboniferous granodiorite-tonalite
found in the Phillips and Chester Mountains and the Denfield
Mountains immediately to the south; the Byrd Coast Granite
(Kbc) is a Cretaceous epizonal granite which is ubiquitous
throughout the Ford Ranges and Edward VII Peninsula
(Wade et al., 1977a, b, ¢, 1978). Both MDf and Kbc may be
present in the Ruppert Coast northeast of here (Bradshaw ez
al., 1991). The Fosdick Metamorphic Complex (FMC)
comprises migmatized paragneiss and orthogneiss found in
the Fosdick Mountains (Wilbanks, 1972; Smith, 1992). In
the northern Ford Ranges mafic dikes intrude MDf, Kbc,
and FMC. In the central and eastern Fosdick Mountains Late
Cenozoic volcanic rocks crop out. We believe the FMC has
been uplifted rapidly from mid-crustal depths in late Cre-
taceous time (Richard, 1992). A hanging wall-footwall fault
relationship is suggested between the Phillips and Fosdick
Mountains (Fig. 3). We conducted field studies during the
1989-90 and 1990-91 austral summers in these ranges,
which included mapping, structural measurements, and
sampling for isotopic, paleomagnetic, and petrological in-
vestigations (Project FORCE; Ford Ranges Crustal Explo-
ration; see also Kimbrough et al. (1990) and Luyendyk et al.

(1992)). One of our objectives was to investigate whether
the FMC is exposed in a cordilleran-style metamorphic core
complex (Coney, 1980; Davis, 1980).

The Phillips and Fosdick Mountains trend subparallel to
the Transantarctic Mountains (as viewed in polar grid pro-
jection), as do other mountains of the Ford Ranges. Fur-
thermore, the individual ranges trend oblique to the passive
continental margin here. The north face of the central
Fosdick Mountains is defined by spectacular cliffs up to 500
m high. The Phillips, Fosdick and Chester Mountains ap-
parently form two or more south-dipping tilted fault
blocks. Ithad been unclear to us ifthis faulting was associated
with either or both Gondwana rifting in early Cretaceous
time (Bradshaw, 1991; Tulloch and Kimbrough, 1989), or
Cenozoic extension in the Ross Embayment (Cooper et al.,
1987) and uplift of the Transantarctic Mountains (Behrendt
and Cooper, 1991). A sub-horizontal geomorphic surface
seen in the Phillips (Mount Paige) and the eastern Fosdick
Mountains, may be the late Cretaceous-early Tertiary ero-
sion surface described throughout MBL by LeMasurier and
Rex (1983).

Beitzel (1972) conducted a surface gravity and ice
thickness, and aeromagnetic survey of the Ford Ranges in
1966-67. Ice thickness reaches one kilometer on the upper
Balchen Glacier and 1.5 km on the upper Crevasse Valley
Glacier. The adjacent ice shelf has thicknesses on the order
of 300400 m. A residual bouguer gravity anomaly high of
50-100 mgal lies over the general area of the Fosdick
Mountains, trending ENE-WSW oblique to the trends of the
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Fig. 1. Location map showing the study area, Marie Byrd Land, the Ford Ranges, the Ross Sea and Ice Shelf, and
the Transantarctic Mountains. Outlined areas are rock outcrop.

topography and glaciers (Fig. 2).

Our field mapping resulted in the following revisions to
the maps of Wade et al. (1977a,1978) (Fig. 2): In the Phillips
Mountains, outcrops at 145°W are MDf not Kbc, and
Herrmann Nunataks are MDf not Kbc. In the Fosdick
Mountains, some outcrops mapped as FMC in the east are
Cenozoic volcanics (QTv). A transitional plutonic-meta-
morphic rock unit (Neptune-Griffith Transitional Rocks,
NGTR) has been defined for rocks exposed on Neptune and
Griffith Nunataks and on the south flank of Mt. Richardson.
It comprises foliated hornblende-biotite tonalite or grano-
diorite (MD{?) with metamorphic enclaves and is interpreted
torepresent the transition between the Fosdick Complex and
the Ford granodiorite of the Chester Mountains. A Permian-
age biotite-muscovite granite intruding NGTR was dis-
covered at Neptune Nunataks.

Fosdick Metamorphic Complex

The Fosdick Metamorphic Complex consists primarily of
a variety of interlayered migmatitic orthogneiss and
paragneiss. The complex is subdivided into three structural-
lithologic assemblages (Smith, 1992). The protolith for the
paragneiss component of the FMC was a relatively homoge-
neous greywacke-argillite, probably correlative with the
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Cambro-Ordovician Swanson Formation, which crops out
in the Ford Ranges to the south (Bradshaw et al., 1983),
intruded by granodiorite plutons (Devonian-Carboniferous
Ford Granodiorite?) which are the protolith for parts of the
orthogneiss. Peak metamorphic conditions are estimated at
560 MPa (about 20 km) and 725 to 780°C (Smith, 1992).
Preliminary U-Pb data from the orthogneiss indicate that the
youngest high-grade metamorphism occurred at the end of
early Cretaceous time, overprinting older metamorphic
events. *°Ar/3Ar cooling studies on hornblende, muscovite,
biotite, and K-feldspar show evidence of rapid exhumation
of the Fosdick Mountains between 100 and 94 Ma (Richard,
1992).

The Fosdick Mountains comprise a large-scale deformation
zone. Older, steeply dipping gneissic (Sl) foliation is related
to a poorly known deformation event (D,). S, is preserved
in low-strain, highly crenulated zones in the north-central
part of the range. Straight gneisses in much of the rest of
complex are interpreted to be transposed from this older
foliation during a second deformation event (D,; Richard,
1992). The younger foliation (S,) resulting from the later
deformation dips predominantly S to SE, but also dips
gently N in the western Fosdick Mountains. Migmatization
during D, was accompanied and followed by intrusion of



























