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Abstract: Intracontinental deformation occurred in West Anfarctica during the final stages
of plate convergence along the Cretaceous Gondwana margin. In western Marie Byrd
Land, 115 Ma te 95 Ma A-type granitoids and mafic dykes record & change it plate kine-
matics, The magmatism typically is viewed as a record of extension leading to orthogonal
break-up between New Zealand and Marie Byrd Land by c. 67 Ma. "This paper presents
new kinematic and “*Ar*®Ar age data for a mafic dyke array in the Ford Ranges, a region
>1000 kim® dominated by plutonic and metamorphic bedrock. The mean dyke trend of
NI6W corresponds to a maximum finite strain axis orlentated N74E, highly oblique 10 the
NS58E-trending margin and 1o on-land crustal structures defined from airborne geophysics.
®APIAr emplacement ages for most dykes fall between 114 Ma and 97 Ma. coeval with
emplacement of 2 greiss dome at 101-96 Ma and with development of mylositic shear
zones at 100-95 Ma in coastal western Marie Byrd Land. The oblique orientation of
maximum finite strain with respect to large faults, geophysical lineaments and the rifted
margin of western Marie Byrd Land is consistent with transcurrent tectonics along this

segment of the Gondwana margin at c. 100 Ma.

Continental extension occurred within the
western Marie Byrd Land terrane (Fig. 1)
during final stages of plate convergence along
the Gondwana margin in West Antarctica-New
Zealand. The event is recorded by ¢ 107 Ma
mafic dykes in central Marie Byrd Land (Storey
ef al. 1999) and by ¢ 115-95 Ma A-type granite
plutons (Weaver ef al. 1992; 1994) overprinted
by high strain zones having 101-94 Ma
WA Ar mineral cooling ages (Richard e al,
1994; Siddoway e al. 2004a) in the Ford Ranges
of western Marie Byrd Land (Fig. 2). In the
absence of regional kinematic data, magmatism
and mid-crustal flow tyvpically are interpreted in
terms of pure shear extension orthogonal to
the continental margin (e.g. Richard er al 1994;
Storey er al. 1999} A persistent problem for
kinematic interpretation in the region is the
comparative homogeneity of bedrock units,
absence of dynamic [sbrics in plutonic rocks,
lack of exposure of targe-scale faulis or crustal-
scale shear zones and the lack of precise age
control upon mesoscopic brittle structures
{Luyendyk er al 2003; Siddoway ef al 2004a).
Comprehensive structaral analysis, including
study of anisotropy of magnetic susceptibility
{AMS) fabrics, has been conducted previously
only on the singular exposures of middle crustal

rocks that form the Fosdick Mountains
migmatite dome (Siddoway er al. 20045),

Mafic dykes present throughout the Ford
Ranges offer the means to determine directly
the regional finite strain ellipsoid during
Cretaceous magmatism in the Ross Province of
western Mane Byrd Land. This paper presents
a geometrical analysis of the regional dvke
array, together with “Ar/¥Ar age data that
provide constraints on timing of dyke emplace-
ment. The kinematic record from mafic dykes is
considered together with kinematic information
from brittle faults (Luyendyk er al 2001; 2003)
and ductile structuras (Richard er al 1994;
Siddoway et al. 2004b) in the Ford Ranges, in
order to develop a transcurrent model for Early
Cretacecus tectonism along this segment of the
Gondwana margin in Albian time.

Geological background

Marie Byrd Land in West Antarctica (Dalzicl &
Eiliot 1982; Storey et al. 1988; Bradshaw ef al
1997} forms the northern flank of the West
Antarctic rift system (Storey ef al. 1999) and has
geological affinities with New Zealand and
northern Victoria Land {Trefand et al. 1994; Mair
et al. 1994; Bradshaw er ol 1997). Pankhurst er af.
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Fig. 1. Tectonic reconstruction of the Marie Byrd Land-New Zealand sector of the Cretaceous Gondwana
margin at ¢. 100 Ma. The rifted margin corresponds to the . 1500 m contour {dashed-line pattern}, which
defines a linear to curvilinear trace for a distance »1500 kma bordering the Ross Sca and western Marie Byrd
Land. The margin trends NS8E along Ruppert Coast, changing to N73E along Hobbs Coast, The dramatic
increase in depth along a linear or smal circle trace, together with the very close fit with the 1500 m contour
for Campbell Platesu, suggest structural controls upen the rifted margin. CT. Campbell Trough; EP, Edward
VI Peninsuta; HC, Hobbs Coast; TR, Iselin Bank; RC, Ruppert Coast. Based on Sutherland (1999).

{1998 distinguish two provinces within Marie
Byrd Land, the eastern Amundsen Province of
arc character and the western Ross Province of
continental affinity. Mafic dykes pervade both
provinces; however, the prevalent orientation in
the Ross Province (this paper) differs from that
in the Amundsen province (Storey ef gl 1999}
Storey et al. (1999) determined that the
Amundsen Province array exposed along
Ruppert Coast (Fig. 1) is orientated N8OW, sub-
parallel to the coast except where dykes intrude
pre-existing N-8 structures.

The Palacozoic Ross Province, the focus of
this study, comprises folded, low greenschist-
grade metagreywackes of the Swanson
Formation (Bradshaw er al. 1983), intruded by

Ford Granodiorite (I-type; Weaver ef al 1991,
Pankhurst ef al 1998) (Fig. 2). Swanson
Formation represents detritus shed from the
early Palacozoic Ross Orogen (Ireland er al
1994: Pankhurst et al 1998). In middle
Cretaceous time, A-type granitoids collectively
known as Byrd Coast Granite were emplaced;
these have a geochemical character indicative
of a continental extensional province (Weaver
et al. 1992: 1994; Adams er al 1995). Further
evidence of tectonic divergence comes from a
discordance in Cretaceous palacomagnetic
poles between East Antarctica and Marie Byrd
Land {DiVenere er al 1994; Luyendyk er al
1996); gravity data that delimit a 8-%km
contrast in crustal thickness between the Ross
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Fig. 2. Geological map of the Ford Ranges, western Marie Byrd Land. Location and trend of mafic dykes are
shown with orange bars generally, and with brown bars in the Fosdick Mountains. Sample sites for dykes used
for AP Ar age determinalion are numbered. The Ford Ranges comprise early Palaeozoic greywacke and
argillite of the Swanson Formation intruded by Devonian Ford Granodiorite ang Cretaceous Byrd Coast
Granite. These formations are, in turn, intruded by malic dykes; felsic dykes intrude the Byrd Coast Granite
only. Inferred faults correspond with contrasts in metamorphic grade befween ranges, geophysical Eneaments
ar boundaries, and zones of penetrative brittle deformation,
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Sea and central Marie Byrd Land (Luyendyk ez
al. 2003Y; Late Cretaceous mineral cooling and
apatite fission track ages throughout the Ross
Province {Richard er al. 1994; Lisker & Olesch
1998; Pankhurst er @l 1998} and, in the
northern Ford Ranges, a migmatite-cored
gneiss dome in the Fosdick Mountamns,
emplaced and cooled rapidly between 105 Ma
and 94 Ma (Richard ef al 1994). Textural and
petrological evidence for rapid decompression,
together with the thermal history, indicate that
diapirism played a role in dome emplacement
(Siddoway er al. 2004b).

Offshore, high-angle normal faults have
been imaged by marine seismic survey and,
along one of them, samples of mylonitized
Byrd Ceast Granite were recovered by dredge
(Luvendyk er ol 2001). The mylonitic gneisses
formed in a shear zone at ¢. 98 Ma and under-
went rapid cooling as a consequence of
tectonic exhumation (Siddoway er al 2004a).
On land, fieid investigation and analysis of
airborne peophysics data idenlify a regional
fault pattern of dextral and sinistral faults in a
conjugate geometry (Fig. 2; Luyendyk er af
2003). In this region dominated by isotropic
plutonic rocks, the primary means to obiain
kinematic data directly is through analysis of
mesoscopic-scale brittie structures including
minor faults, shear fractures and mafic dykes
that cut Byrd Coast Granite and older units
(Layendyk er a/. 2003). The paucity of reliable
geological markers to quantify fault offsets or
provide age control make the mafic dykes of
greal value for strain studies, using the
assumption that dykes emplaced in previously
unfractured rock propagate in a plane normal
to the maximum principal finite strain (Le.
least compressive stress direction, Tsunakawa
1983; Best 1988}

Recent efforts to integrate findings from
brittie kinematic studies throughout the Ford
Ranges {Luyendyk et al. 2003) with resulis from
the Fosdick Mountams dome {Richard er al.
1994} found a transcurrent mode] to be most
compatible with regional structural patterns
(Siddoway er ol 2004b). The mafic dykes
throughout the Ford Ranges provide a direct
means to determing age and kinemaltic seiting
for the time of their emplacement and, conse-
quently, to determine whether their kinematies
are consistent with transteasion (e.g. Luyeadyk
er al. 1992, fig. 6) or orthogonal extension (e.g.
Storey et al. 19993 along this sector of the
Cretaceous Gondwana margin.

C. 5 SIDDOWAY ET AL

'The Ford Ranges dyke array: description
and structural gcometry

Present in both the Carboniferous Ford Gran-
odiorite and Cretaceous Byrd Coast Granite,
mafic dykes of the Ford Ranges are typically
2-4 m thick and have steeply dipping, planar
contacts with host rock (Figs 3a, by Table 1)
They have great lateral extent along-strike;
however, they are widely spaced at 15m to
1506 m. Thicknesses range from 0.5 m to 14 m.
The dyvkes typicaily are dolerite, with fine-
grained plagioclase laths within an aphenmitic
groundmass of anhedral to subhedral horn-
blende and pyroxene. Several dykes are plagio-
clase- and pyrosene-porphyritic. One unusual
dyke contains large pyroxene phenocrysts up
to 3em in length; the rock is vesicular and
developed coiummar joints (Fig. 3c¢). Petro-
graphic study shows that typical groundmass
consists of varying proportions of augite, amphi-
bole, biotite and plagioclase. Hornblende is
commonly zoned, with some alleration to
actinolite: Epidote, chlorite or calcite may be
present, particutarly in dykes with sheared
margins. Pyrite and non-magnetic opaque
grains are abundant accessory mincrals and
accessory apafite is present in some samples.
Ford Ranges dyke orientations, Fosdick
Mountains excluded, are summarized in Figure
4. Figures 4a and b provide a comparison of data
from the northern versus southern Ford Ranges
as a means to assess regional variations. Fosdick
Mountiains data are considered separately (Fig.
5} because migmatite gneisses representative of
middle crust (Siddoway et al 2004b) are
exposed in that range. All structural attitudes
were measured with respect to geographical
north at outcrops throughout the Ford Ranges
between 142° W and 146° W longitude (Fig. 2}
A prevatent mafic dyke array in the southern
Ford Ranges is orientated N16W with sub-
vertical dips (Fig. 4a), suggesting a predominant
ENE-WSW stretching direction at the time of
dyke emplacement. This population is also
present in the northern Ford Ranges; however,
a conjugate dyke array distinguished by
moderate dips to NE and SW (Fig. 4b) is also
present. Seven of thirteen of the NE-striking
dykes intrude brittle faults with sinisiral sense,
low-raking striae; thus, it is probable that these
dykes intruded upon contemporaneous or pre-
existing structures. The eastern Phillips Moun-
tains (Fig. 2} host a suite of felsic porphyry
dykes cutting Byrd Coast Granite and these
steeply dipping felsic dykes strike NNW-SSE
{Fig. 4c), consistent with the prevalent mafic
dyke orientation for the region. The smali



MARIE BYRDY LAND KINEMATIC HISTORY 421
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Fig. 3. Outerop photos Hustrating dyke geometry
and extent. {a) Dyke of width 2m is orientated
340/89 NE. Fhe dyke is cut by a NE-striking brittle
fault with low-raking striae; the offsetis Smina
sinistral sense. WA Ar sample 9N23-4 was
collected from this dvke at Mt Ralph. (b) Large,
steep dyke at Andrews Ridge erientated 000/81 £
thickness is 4 m {not analysed}, () Wide dyke of
cotumnar-jointed, vesicular plagioclase basalt,
arientated 33382 B WA Ar sample LONLT-1 was
collected from this site at Mt Litle.

dataset in Figure 4d summarizes the foliation
and lineation [abrics of a rare exposure of
mylonitized Ford Granodiorite at Mt Cooper in
the Sarnoff Range. The mylonite data are
included here because a mylonite gneiss sample
investigated using **Ar/?Ar thermochronology
yields similar kinematic and age results as mafic
dykes. The *Ar/*Ar age for dynamically
recrystallized biotite in the normal-sense shear
zone, reported below, is 97 Ma, concordant
within error with the 96 Ma ages of the youngest
dykes. Finally, Figure 4e shows the orientations
of mafic dykes that inirude Byrd Coast granite
plutons and, as such, are sure 10 be Alhian aged
OF YOURgEr.

Evident in Figure 3, dyke geometries in the
Fosdick Mountains contrast with those else-
where, The mean orientation of 102/80 SW is
nearly orthogonal to the dyke trends in the
broader Ford Ranges summarized in Figure 4.

WA/ Ar age investigation

Mafic dykes and host rocks from 11 sites distrib-
uted widely within the Ford Granodiorite {Fig.
2} were sampled for AP Ar ape dating. The
aphanitic texture of the dyke rock necessitated
the use of groundmass concentrate separates as
the phase to be dated. Biotite and muscovite
mineral separates were obtained from four host-
rock sampies, including sample 9D7-4 from a
narrow mylonitic shear zone at Mt Cooper.
Samples were analysed by the resistance-
furnace incremental-heating age spectrum
method at the New Mexico Geochronology
Research Laboratory (NMGRL). Analytical
methods are summarized in Table 2.

The pine groundmass concentirate samples
yield slightly to severely discordant age spectra
(Fig. 6; Table 3). Five of the samples ($139-1,
ON17-2, 9N23-4, ON25-8 and LYN16-2) yield
spectra with initial anomalously young apparent
ages at the lowest temperature steps, followed
by monotonically increasing ages at the inter-
mediate to highest femperature steps. For these
samptes, high K-Ca ratios generally coincide
with older apparent ages. For most samples,
isotope correlation diagrams (also known as
inverse isechron diagrams} yield tfrapped
WAP/SAr ratios equivalent to present-day
atmosphere (293.5) and ages are anaiytically
indistinguishable from their respective
spectrum-weighted mean ages.

For most of the groundmass concentrate
samples, rising age spectra and correspondence
of initial young ages to the lowest radiogenic
yields (Figs 6, 8 are atiribuied to alteration of
finer-grained groundmass, with noa-diffusive
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Table 1. Summary of fieid relationships for dykes used for ¥Ar Ar study

Location, site #, and
strike/dip of margin

Schematic diagram

Sample number and
description

Age and cross-cutting
relationships

Mt Lattle
13°50° W TT007 8
Site 2 in Figure 2

300/90

Mt Little
143°3) W 76°538' S
Site 2 in Figure 2

Various

Mt Gilmore
144735 W 76°36' §
Site 3 in Figure 2

241/80

Mt Ralph
144731 WT76°58' 8
Site 4 in Figure 2

340489

Ranney Nunatak
143°55" W76°53' §
Site 5 in Figure 2

305490

Peak 1180
144°22" W 76°56" S
Site 0 in Figure 2

342/86

Mt Dolber
145728 W 77°07" §
Site | in Figure 2

225175

LON16-2

Dolerite with acicular
plagiociase in fine-grained
grourdmass.

LONT7-1

Vesicular basalt intrusion with
columnar jomnts. Pyroxenes up
to 10 oy fine-grained
plagiociase laths.

ON20-1

Fine-grained light grey dolerite
horablende and pyroxene;
contains resorbed Qu reaching
8 mun and xenoliths with
reaction rims.

ONZ3-4

Medium-grained dolerite with
avgite >1 mm. Px replaced by
Hbl. Contains granite
xenoliths.

9N25-8

Very fine-grained dolerite with
ptagioclase, hornblende =
pYTOXEne.

LON27-1

Fing-graized dolerite with
biotite after hornblende.
Contains granitic xenoliths.

ODG-1
Fine-grained delerite with
biotite after hornblende.

142.0 £ 0.7 Ma

Cut by NE faulls with
strike-shp striae.

96.38 = 3.54 Ma

Intrudes E-W and NE-SW
fractures. It is not cut by {aults,

102.2 4 1.7 Ma

Intrudes brittle fault with
skallow fault striae.

2742 + 13.4 Ma

136.9£2.6Ma

Cut by high angle fault with
right separation.

11606 2 3.1 Ma
Dyke is cut by a chloritic shear

zone, showsa with cross-hatch
patiern.

96152208 Ma
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Fig. 4. Structural data for dykes and a shear zone that cut granitoids of the Ford Ranges. Attitude of dvke
margin or of mylenitic foliation are summarized on equal-area stereographic disgrams. The Crevasse \:’ailey
Glacier is used to subdivide the Ford Ranges in to southern and northern regions for purpoeses of structural
analysis, 1o assess regional variations. For locations, refer to Figure 2. Diagrams in this and subsequent figures
were prepared using Stereonet v. 82X by R. W. Allmendinger. {#) Southern Ford Ranges stercoplot and rose
diagram: (b} northern Ford Ranges stereoplot and rose diagram, exclusive of Fosdick migmatite gneiss dome
(see Fig. 5} {c) summary diagram of lelsic porphyry dykes intruding Byrd Coast Granite, Phillips Mountains:
{4} summary diagram of mylonitic foliation and mineral stretching lineation within narrow shear zones at Mt
Cooger (Fig. 2). The ¥ ArAAr biotite age of 97 Ma for a mylonite sample is presented in Table 7. (g)
Orientations of mafic dykes that cut Byrd Coast Granite plutons; (f} summary rose diagram for the Ford
Ranges showing the dominant regional dyke orientation of N16 W,
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Mafic dykes, n =44
Mean poles calculated for
N-dipping and S -dipping sets
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b

n=238 Circle = 13 %
Fosdick dome
Mean trend, 102

Fig. 5. Equal-area stereographic diagrams for mafic dyvkes that cut foliation and folds in the Fosdick
Mountains gneiss dome. The attitudes of dyke margins are summarized. The dykes trend WNW-ESE, with
steep dips to both NNE and S5W. The Fosdicks dyke array is nearly orthogonal to systematic dykes of the

broader Ford Ranges.

argon foss {from matrix phases (e.g, Foland ez al.
1993}, Complex heating behaviour for dyke
samples was also noted by Richard et al (1994).
Textural evidence of breakdown of pyroxene
and hornblende to retrograde products, exacer-
bated where faults overprint dykes (Table 1}, is
a sign of this alteration.

Due to the effects of alteration, the preferred
isochron or plateau ages within the range
{42-97 Ma are considered to be minimum ages
for most samples, Where MSWD analysis {cf.
Mahon 1996) on each plateau segment or
inverse isochron indicates that the single popu-
lation eriterion was not folfilled at 95% proba-
bility, the errors on the weighted mean age or
isochron age are adjusted (Tables 2-4),
Although the *A1/Ar age determinations are
not of high quality due to minor amounts of
alteration, the results nonetheless establish the
time of emplacement of most dykes to be
Aldbian, consistent with the observation that the
dykes cut 102-95 Ma age Byrd Coast Granite
and ofder rocks. Two dykes give older ages of
137 Ma and 146 Ma. Moreover, all of the dated
dykes form part of a systematic structural array
with a mean strike of N16W,

Biotite or muscovite mineral separates were
prepared from plutonic host rock bordering
mafic dyvkes at four sites (Fig. 7). together with
a biotile separate for a sample from 2 3 m wide
mylonite shear zone {Fig. 8) in the southern

Ford Ranges. The spectra for each mica are
relatively  well-behaved with only minor
amounts of “Ar* loss in the lowest temperature
steps, probably the result of minor chloritiza-
gion. The weighted mean of the flatlest portion
of each biotite and muscovite age spectrum is
interpreted as the crystallization age of the
sample. In the case of sample 9137-4, the
weighted mean (96.92 + 0.34 Ma) is interpreted
as the recrystallization age of the biotite within
the mylonite zone.

A similar age comes from an undeformed
mafic dyke in the Fosdick Mountains gneiss
dome, investigated in a previous study
{Richard ef al. 1994). “®Ar/*Ar hornblende
resufts  vielded concordant plateau  and
isochron ages of 97.8 = 0.1 Ma and 964 =
1.1 Ma {Table 2). A complex hornblende age
spectra from a Chester Mountains sample (Fig.
2: Table 2) gave apparent apes varying irregu-
larly between 148 Ma and 102 Ma, and 2 total
gas age of 122 Ma. The complexity in ®Ar?Ar
results is atiributable to complexly zoned horn-
blende with actinolitic rims (Richard er al
19943,

WAL Ar weighted mean ages for biotite and
muscovite separated from dyke wall rock
samples range from 351 = 2 Ma 1o 342.4 + 1 Ma
(Table 2; Fig. 7). a confirmation that the
plutonic rock hosting the mafic dykes is Ford
Granodiorite (cf. Pankhurst er al. 1998).
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Table 2. Summary of “ArAr age determisations for Ford Ranges mafic dykes
Sample Sample locality Site on Preferred
number Figure 2 age* i %¥Ar MSWD K--Ca Age £207
Ages determined from groundmass concentrates
e-1 Mt Dolber, Sarnoff Range 1 isochron & 503 - 9615 2.08°
¢ Mt Litile, west central Ford Ranges 2 isachron 9 i 68,74 G628 554
M1 Little. west central Ford Ranges 2 izochron 9 e 109 40.82 231
Mt Gilmour, Denfisld Mountains 3 plateay 3 716 20.1% 420 1022 1.7t
M1 Gilmour, Denfield Mountains 3 isochron L — g 1135 3%
GN23-4 Mt Ralph, Denfield Mouniains 4 isechron 5 — 08 2742 134
ON23-8 Ranney Nunatak, Gutenko Nunataks 3 isochron B —— 21.4% e 136.9 2.6°
YNPT-1 Peak %1150, Denfield Mountains 6 isochron T e 1813 e 1088 AN
LONIE-2 Mt Liitle, west central Ford Ranges 2 platean 6 881 6.1% 082 1420 o7
Ages determined from mineral separates
SI¥7-4 Mz Cooper, Sarmofl Range 7 platean. bt 9 939 34 210 96,92 fo4r
LONTS-1 Mi Little, west central Ford Ranges 2 platean, mu 7 94.7 2.1 3687 3424 1.01
LON17-2 Mt Little, west central Ford Ranges 4 plateau. mu 8 926 0.8 B4 482 oW
£.9N17.3 Mt Little, west central Ford Ranges e plateau. mu & 933 3 216 373 1.27
LONI?-3 Mt Littde, west central Ford Ranges 2 plateau, bt 3 433 802 122 3508 A
Chester-2  Chester Mountains 3 total gas Sample details are provided i 122
Mutei-1 Fosdick Mountains g platean Richard ef gf. £1994) a4 11

* Isochron ages, A/ Ar, and MSWD values caleulated from regression results obtained by the methods of York (1969).
Decay constants and isotopic abundances follow Steiger & Jigar (1977).

ffwo-o errors, All final errors are reported at £20, unless otherwise noted. Weighted roean error is caleulated using the
methoed of Taylor (1982).

f Mean standard weighted deviatiop (MSWD) putside 93% confidence Interval. Weighted mean age s caleulated by weighting
each age analysis by the inverse of the variance. MSWID values are calculated for n— | degrees of freedom for plateau and
preferred ages.

Sample preparation: Groundrmass concentrates, biotites and muscovites separated vsing standard techniques of crushing,
sieving, magnetic separation and hand-picking. Groundmass concentrates were packaged and irradiated in miachined Al
dises for 7 hours in D-3 position, Texas A&M University Research Reacter, Biotite and muscovile mineral separates were
packaged and irradiated in machined Al discs for 24 hours in L67 position, Ford Research Reactor, University of
Michigan.

The newtron fex monitor used is Fish Canyon 'Tuff sanidine (FC-1} of assigned age = 27.84 Ma (Deino & Potis 1990)
relative to standard Mmhb-1 at 520.4 Ma {Samson & Alexander 1987). The Richard ez al. (1994) horneblende ages are
recaleulated using the 27.84 fux monitor age, for conformity with NMGRIL data.

Sample procedures: The instrumen! used is & Mass Analyzer Produets 215-3) mass spectrometer on-line with autemaied all-
metal extraction system. Adl samples were step-heated in Mo double-vacuun: resistance furnace. Duration of heating is 6-8
minutes. Reactive gases were removed with 2 SAES GP-30 getlers, one operated at ¢ 450 °C and one at 20 °C, during the
6-minute reaction. Gases were also exposed to & W filament operated af ¢. 2000 (.

Anaiytical parameters: Flectron multiplier sensitivity is averaged 306 X 10-% moles pA~* for samples analysed by the laser.
The total system blank and background for the step-heated samples averaged 1040, 2.7, 1.3, 1.1, 3.4 % 1077 mioles. J-factors
were determined Lo a precision of + 0.1% by U0y laser-fusion of four single crystals from each of four or six radial
positions around the irradiation tray. Correction factors for interfering nuclear reactions were determined vsing K-glass
and CaFs and are as follows:

(BATPARK = (1.0002 = 0.0003
(M AFTANCa » 0.00028 = 040001
(AP AryCa = 0.00089 = 0.60003

Texas AdM:

Michigan: (PAIPALIK = 0.0262 + 0.0003
(AP ALICa = 0.60028 = G.00001
(AT AN Ca = 000078 = GLO0003
Discussion makes it unlikely that dykes commonly mtruded

Throughout most of the Ford Ranges, mafic
dyvkes record regional ENE-WSW stretching
orthogoenal to dyke margins {Fig. 4£). The obser-
vation that dykes cutting Byrd Coast Granite of
10295 Ma age (Fig. 4c} and dykes emplaced
within older rocks (Figs 4a, b} are co-parallel

upon pre-existing fractures unrelated to the
middle Cretaceous state of siress (e.g. Best
1988). The exception is NE-striking, moderately
steeply dipping dykes. These intrude brittle faults
with shaliowly plunging strize, an indication
that dykes exploited pre-existing siructures.
The mesoscopic normal-sense mylonitic shear
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Fig. 6. “0Ar/™Ar age spectra and inverse isochron diagrams for representative groundmass concentrate
separates for dolerite dykes. Each of the nine groundmass concentrates yielded slightly to severely discordant
age spectra; thus both plateaux or weighted mean ages and inverse isochron ages are calculated. For most
samples, the inverse isochron ages are analytically identical to plateau ages. The preferred age for cach sample
is noted here and summarized again in Figure 9. Diagrams for samples SN17-3, ON20-2 and 9N23-4 are not
shown. The samples produced very disturbed spectra indicative of extensive alteration, have unacceptable
error in 2o and yield results of overall low quality, (a, b) Sample LIN16-2; (¢, d) sample LONZT-1; (e, £} sample
LON25-8 {g. b sample LUN20-1; (i, j) sample LIN17-1; (k, b sample 9D%-1. All errors are reported at 2a.

zones at Mt Cooper (Fig. 2) record stretching  Phillips, Clark, Allegheny Mountains (Fig. 2)
orientated ¢. N75E (Fig. 4d) at 96.92 + 0.34 Ma, help support this interpretation.

according o the *Ar/”Ar age on biotite (Fig. The timing of regional dyke emplacement
6} forming part of the mylonitic fabric. Within  and NE to ENE stretching is well constrained
the Fosdick gneiss dome, folds, ductile [abrics by cross-cutting relationships of the parallel
and AMS strain axes for migmatite gneisses array of dykes that intrude both Byrd Coast
indicate a finite strain axis orientated N63E  Granite and Ford Granodiorite (Figs de, a,
during high temperature metamorphism and  respectively) together with the “Ar/*Ar results
dome emplacement (Siddoway et al. 20045).  for Ford Ranges dykes (Figs 6, 9). The
The stretching direction is obligue to the N8OW-  geological and thermochronological data show
trending Balchen Glacier Fault that bounds the  that the prevalent dyke ages are Aptian, with
dome on its north side (Fig. 2}. The consistent  two older results in the latest Jurassic and
results from brittle and ductile criteria from  earliest Cretaceous. The structural data
differing levels of crustal exposure provide firm  presented here provide a clear record of the
evidence for a NE to ENE maximum finite regional kinematic setting at that fime and
sirain direction across the Ford Ranges at the  prove that the ¢. N70E regional stretching direc-
time of dyke emplacement. The orientation of  tion was not orthogonal to the (present-day}
felsic and mafic dvkes (Figs 4¢, ) cross-culting  rifted margin of western Marie Byrd Land as
Cretaceous Byrd Coast Granite plutons in the  has been thought previously {e.g. Richard er al



428

C.S.SIDDOWAY ET AL,

Table 3. Resuits of PAr/%Ar analysis of groundmass concentrate separates for mafic dyke samples

b T WASAr TARPAr  BArSAr MArg KE-Ca “Ar* PAr  Age zlo
)y ® W % 107 mot (%Y (%) (Ma) (Ma)
909-1, E6:130, 19.10 mg whole rock, J = 0.00076235 + 0.10%, NM-130, Lab# = 51769-02
AV 623 4927 00697 703 ~0.521 7.3 7.8 0.0 -208 1312
B vV 0¢ 2137 1.838 480 0417 628 337 g2 g63 6.7
C v 750 6077 0.0000 1119 .00 — = a2
DV SO0 77.55 1139 0.3810) 127 o45 865 Lo 10025 .78
E v 875 80.13 0.8615 4.026 0.429 057 986 L2 1056 22
F G735 73.31 1.235 6.467 220 041 47.5 138 9601 0.21
G 1675 7257 0.7900 2360 359 0.63 99.1 344 96.91 0.20
H 1250 7345 1.665 2.889 104.0 331 G9.4 94.0 97.5G 0.21
I v 1650 G184 7.368 3077 105 0.069 879 1060 10840 .37
total gas age n=b 1745 (.38 97.91 .42+
platean  MSWD = 1117 N steps F-H 1619 0.40 0.8 9685 G.84%
isochron  MSWD = 50331 n=8 WATPEAY = 500 = 1245 96.15 2.08%
ONI17-1, (31:130,27.23 mg whole rock. T = 0.00075944 = 0.10%, NM-130, Lab¥ = 51779-01
AV az3 0.0000 0460 - 13 0.5 - —
B v Fou 83’3.9 0.7719 ')J?) 4.25 0.66 105 1.¢ a4 6.0
C v 750 1381 0.4424 196.1 4.48 1.2 38.0 18 Il0so 140
DV 860 1104 0.5426 107.1 9.45 .94 7i4 80 10494 0.44
EV &75 14l 0.4202 8701 $3.943 12 74.6 &4 1004 1.6
F 975 9800 0.5203 8374 92.3 a9 730 483 9907 0.32
G 1075 84.29 €.59453 39.81 33.5 0.86  86.1 7i4 9684 022
H 1230 9318 2.873 7524 52.1 0.18 6.4 93.9 95.22 (.29
1 1650 1307 6.574 198.7 4.1 3078 333 1000 97.29 0.56
total gas age n=z9 2317 (.71 98.30 18.80%
plateay  MSWD = 26.97 n=4 steps F-I 2122 (.69 916 96.94 151
isochron  MSWD = 68,77 n=9 WAL OAr =311 = 27F 96.38 3.54%
ON17-3, ES130, 19.86 mg whole rock, J = 0,000761894 + 0.10%, NM-130. Lab# = 51768-01
A Y 625 0.0000 55851 0011 — ~-1.6 80— -
B v 00 2512 1.527 782.1 0.857 0.33 80 12 27.9 4.4
c v 750 34.8¢ 0.4043 2304 2.95 1.8 19.8 52 23.0 11
D v 800 199.8 2543 602.2 322 0.20 110 9.6 301 L9
EV 875 36.59 0.8472 109.8 3.30 060 428 142 3300 070
Py 975 34.52 0.3844 23.07 208 1.3 80.3 42.6 3774 a5
G 1075 38.36 0.3737 26.78 16.1 1.4 79.5 64.6 41.43 G.16
H 1250 40.64 1.206 34.95 237 0.42 74.9 CrEh 41.44 .15
I 1650 62.22 5.189 1134 2.19 0.098 468 000 3977 0.98
total gas age n=9 731 0.90 3835 5.42%
platear MSWD =14 nw3 steps G- 420 0.77 574 4141 (.34
isochron  MSWD = 109 n=9 WA ATL = 278 = 33% 46.82 2.31*
9N20-1, (33:130, 21.37 me whole rock, J = 0.000758201 + 0.10%, NM-130, Lab# = 51781-C1
AV 825 5094 01077 17622 168 4.7 13 0.6 86.0 g0.9
B Vs 706 2404 0.2834 5058 184 L8 6.8 P 860 1.2
C v g 750 134.3 0.4443 1684 12.4 I 63.0 114 11209 036
DoVop 800 1172 L1012 17z 9.5¢ L350 704 148 199.51 0.51
E v 875 1213 (1.7859 500 8.64 0.65 615 179 1243 L6l
E G973 128.1 0.§523 167.0 292 3. 61.5 283 104.64 0.44
] 1073 95.79 0.0806 H5.64 a3.8 6.3 79.8 517 101.60 025
H 1250 114.1 0.1642 1278 106.4 31 66.9 895 191.54 0.39
IV 1650 1693.0 0.2512 380.6 296 2.0 417 1000 10695 6.75
total gas age n=9 281.4 34 162.1 20%
platean  MSWD = 20.17 =3 steps F-H 2014 4.2 716 1022 1.7
sochron  MSWD = 7.57 n=6 AP AT = 308 = §% 160.5 1.7
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Table 3. {(contnued)

11$] T PASAr TATMPAr BALPAC MArg K-Ca #Arc  PAr  Age slo
0 ® W % 100 mol (%) (%}  (Ma)  (Ma)
ON20-2, H9:130. 20.85 mg whole rock, § = 0000751144 + 0.10%, NM-130, Lab# - 51788-01
AV 625 293.6 60432 7487 28.6 11.8 252 4.3 98.0 1.5
B 700 93.24 0.0278 23.64 1138 18.4 92.3 703 11323 0.28
C 750 91.27 0.8473 15.94 42.6 10.8 94.8 912 11366 .24
D v 860 85.61 0.1786 50.89 5.46 2.9 7.3 938 80.70 0.90
E v 8§75 1ao.0 0.1460 1755 1.30 3.6 48.2 94.5 o4.1 1.9
F ¥ 975 1932 0.2683 484 1 L8l 1.6 26.0 5.4 66.8 3.1
G v 1675 225.4 .6308 653.7 Liz 0.81 4.3 93,9 43.2 48
H v 1250 3195 0.6075 9398 405 0.73 131 978 358 30
i v In50 3600 0.8578 {055 4.26 059 134 1600 643 33
total gas age n=9 2042 14.4 107.2 1.3+
plateau  MSWIDD =12 =2 steps B-C 156.46 16.3 76.7 11358 G.6*
isochron MSWD = 200! =9 WArPSAY = 262 + 20+ 113.5 5.8
9NZ3-4, G6:130, 2611 mg whole rock, § = 0.000737059 £ 0.10%., NM-130, Labi#t = 51784-01
AV 625 28618 4.633 07322 G.223 041 2.6 0.2 207 3460
B v 700 1360 3420 4044 2.12 015 121 19 2124 155
C v 750 2480 6.331 7E28 246 0080 6.8 4.0 2168 332
DV 860 114l 6.300 3230 3.09 0080 164 6.5 2405 0.8
E ¥ 875 6239 4163 1423 4.75 012 326 104 2565 4.1
F ¢ 975 2447 1.052 161.9 49.4 0.4% 8717 51.2 271.90 0.72
G @ 1075 2468 1.517 91.10 213 034 891 09.0 27823 0.59
H vV g 1250 2054 4203 1697 51 012 80.2 si4 20890 0.99
I v e 1650 2720 5.541 135.0 22.3 0092 854 1000 29352 &g
lotal gas age =9 121.1 0.30 2768 16.8%
platcau  MSWD = 465" nw2 steps F-Gr 7G.9 0.44 585 2757 6,2%
isochron MSWD =08 n=3 WALOAL = 286 + S5+ 2742 134+
ON23-8, G2:130. 19.16 mg whole rock, § = 0.000760011 + 0.10%. NM-130, Lab# = $1780-01
AV 625 3336 3.738 11051 (L.886 14 2.1 g9 M4 3.6
B vV ¢ 700 4347 1.371 1257 4.04 037 1446 40 830 38
C v 7500 4040 3.651 1038 293 014 227 78 1220 38
DoV 800 357.8 4427 B05.9 3.40 0.12 259 113 1230 31
E v 8§75 2840 2.4006 690.1 4.76 021 335 160 1261 L7
¥ 975 1253 1.9303 34.16 234 0.53 80.2 41.2 132.88 0.38
G 1075 122.4 0.6457 62.00 231 0.79 85.1 641  137.47 0.34
H 1250 143.6 1.938 1459 213 0.26 LA 853 13319 0.53
f 1650 1339 2.094 1626 14.8 0.24 715 10000 13715 0.47
total gas age n=9 100.6 443 1314 3.6%
plateay  MSWD = 36,87 n=4 steps Fol 8446 0.49 34.0 1354 2.5%
isochron MSWID = 21.47 n=8 WArPOAY = 282 1 13% 136.9 2.6%
9N27-1, G4:130, 19.58 mg whole rock. J = 0.000753582 2 0.10%. NM-130, Lab# = 51782-01
AV 625 1057 Q6491 3331 1.05 0.7¢ 6.9 0.7 G66 243
B Y e 700 106.3 0.6236 166.2 9.92 0.82 338 77 70,44 0.56
C 750 103.2 (.2780) 56.62 8.97 1.8 83.0 141 11312 .42
D 800 G6.64 0.3160 40.86 8.28 1.6 87.5 199 111.84 .39
E 875 9596 .2382 42.25 8035 2.1 87.0 256 11043 0.39
F 975 95.41 0.4372 25.37 16,2 1.2 922 371 11614 (.30
£r 1073 B6.23 0.6037 20.90 29.8 (-84 92.9 A1 10610 6.23
H 1250 95.42 2.546 46.57 51.5 0.20 877 944 110.83 0.24
IV e 1650 15153 1715 8557 788 030 834 1000 18479 0.58
total gas age LR 1416 0.79 1181 FOF
plateau  MSW) = 1537 n=6 steps C-H 1228 083 867 106 ER A

isochron MSWD - 1817 n=7 OATPOAT = 340 1 124% 168.8 i
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Table 3. {conninued)

C.S8. SIDDOWAY ET AL

D T  ®ArPAr TALPAr SArCAr BAryg K-Ca ®ars FAr  Age xlo
°C) %107 % 10 mol (%) (%) (Ma}  (Ma)
LON16-2, G5:130, 18.34 mg whole rock, J = G.000755249 = 0.10%, NM-130, Lab# = S1783-01
AV 625 4403 3433 l4625 (1.98% 0.15 1.8 0.5  107.3 0.7
B v 0 2131 1635 376.4 929 .31 7.9 55 1341 IR
(oY s¢ 0 1272 1.446 69.07 118 0.33 84.0 119 14024 (.48
3] 806 1222 1.124 48.77 17.G (.45 88.3 215 14147 036
E 875 1255 6184 57.15 2379 0.82 86.6 343 14289 .35
F 975 204 0.4278 38.81 447 12 90.5 583 14273 0.28
(i 1075 1155 0.4663 23.72 381 11 94.0 788 142.24 026
H 1250 116.3 1.390 2999 31.8 0.37 92.5 96.0 14107 036
I 1650 121.8 3.185 50.06 7.50 0.16 881 1000 14092 6.30
toial gas age n=9 1858 677 141.4 1.7%
plateau  MSWD =6.17 n=6 steps DI 1637 (.83 88.1 1420 6.7*
isochron  MSWD - 9.97 n=9 WALOAY =281 = 11¥ 142.6 1.3%

Notes: Preferred ages are shown in boldface; 7, number of heating steps: analyses in iralics are excluded from
final age calculations; v, analyses excluded from weighted mean age: @, analyses excluded from inverse
isochron age; K~Ca molar ratio calcufated from reactor-produced ®ArK and ¥ ArCa; isotopic ratios
corrected for blank, radicactive decay and mass discrimination; not corrected for interfering reactions;
individual analyses show analytical error only; plateau and total gas age errors include error in f and
irradiation parameters; discrimination = 1.0069 + 0.000%9 a.m.u.

TMSWD outside of 95% confidence interval,
# 2 error.

1994; Storey et al. 1999). The rifted margin is
delimited sharply by the shelf-edge break where
there is an abrupt increase in ocean depths to
>1500 m (Fig. 1). It tremds N38E. The N6&3E
to N74E stretching direction is highly oblique to
the rifted margin in western Marie Byrd Land
and te crustal structures that were active there
in middie Cretaceous time. One prevalent struc-
tural trend in the Ford Ranges 5 ESE, as
exemptified by the Balchen Glacier Fault (Fig.
2; Siddoway ef al. 2004b), and another is ¢. N30E
(Fig. 2).

The regional pattern of dextral and sinistral
faults (Fig. 2) and the regionat stretching direc-
tion from dykes are compatible with trans-
current strain in the Ford Ranges in Early
Cretaceous time (Fig. 8). Ag reported by
Luyendyk er al (2003), analysis of brittie faults in
the Ford Ranges has revealed E-W-orientated
dextral and NE-striking sinistral fault domains
separating regions of predominantly normal
faulting. Faults probably correspond with high
amplitude, steep gradient aerogeophysical
imeaments on Edward VI Peninsula (Ferraccioli
ef al. 2002} and parallel to the Ice Stream E
(ISE) margin {Luyendvk er al 2003). The ISE
structure trends N3OE loward the Ross/
Amundsen Province boundary at Land Glacier,
identified by Pankhurst er g/ (1998) as the
eastern fimit of Palacozoic, Ross-type crust i
Marie Byrd Land. Potentially, the feature is a
wrench fault that displaces the province

boundary in Marie Byrd Land, as a rift-stage
modification of the Mesozoic convergent
margin,

The sole structural evidence for o N-§
stretching orthogonal to the western Mane
Byrd Land margin comes from mafic dykes
emplaced in the Fosdick Mountains dome (Fig.
5}. The dyke orientations indicate ¢. NNE-S8W
stretching (Richard ef 4l 1994}, in conflict with
the broad regional pattern determined {rom the
variety of structural data presented in this
paper. The dykes are late discordant features,
judging from the sharp planar contacts and lack
of foliation {Richard er ol. 1994). They overprint
kilometre-scale folds and penetrative ductile
fabrics that do record NE extension; conse-
quently, the Fosdick Mountains dykes are
thought to have been emplaced during localized
stretching and arching perpendicular to the
dome axis as dome rocks were translated up into
the brittle realm {Siddoway er al. 2004b). The
single available dyke age of 95.4 = 1.1 Ma (Table
2, sample Mutel-1; Richard et al 1994) is
consistent with the youngest dyke ages obtained
in the broader Ford Ranges.

The broadly coeval WAr/Ar resalts for Ford
Ranges mafic dyvkes (this study), “Ar/Ar
mineral ages for migmatite gneisses of the
Fosdick Mountains (Richard er af 1994} and
WArF?Ar and apatize fission track ages for shear
zone rocks offshore inn the Ross Sea (Fitzgerald
& Baldwin 1997, Siddoway et al. 2004q) indicate
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Table 4. Results of #Ar®Ar analysis of biotite and muscovite mineral separates

D T AOAI/S.OAI 37;\;-‘,—’39[\1, 36Aﬂ:3l) Ar 'WAI’K K.Ca ‘*"’Ar* SGAI. Age +1a
=Cy X107t % 101 mol (%) (%) (Ma)  (Ma)
9137-4, $#21:131, 2.74 mg biotite, J = 0.0039%06654 + 0.10%, NM-131, Lab# = 31800-01
AV g 630 34.64 (L0447 8582 345 14 267 283 63.9 2.0
B ¥ 750 16.66 06245 84020 297 208 856 59 07,86 034
C 850 14.3¢ 0.0115 1.109 112.8 44.5 & 26.7 96.11 0.18
D 920 14.36 0.0202 (.5398 4.1 252 G987 40.4 G7.28 0.19
B 1060 14.46 0.0273 1.042 43.8 187 977 48.5 7T 0,19
F 107% 14.42 0.0089 01.9642 1253 574 919 71.6 0681 0.20
G 1110 14.30 0.0127 0.4755 67.3 403 989 84.0 9701 0.17
H 1180 14.48 0.0438 1.130 8.8 1.7 978 91.2 96.63 0.20
I 1216 14.36 0.0793 0.6810 15.1 64 983 94.0 97.03 0.3
J 1250 14.30 (3.3072 0.8008 21.6 1.7 934 980 96.54 427
K 1300 14.36 (6420 1.437 102 079 973 G9.8 97.20 (.41
L v ¢ 175 33.90 2.618 037 0.879 a9 393 1060.0 91.7 39
total gas age 12 542.2 7.8 96.66 B.46*
plateau  MSWD = 3.4 n=9 steps C-K 5092 216 938 96,92 0.34%
isochron MSWD = 4.57 n=10 WArPO AL = 313 + 29% 96.79 052
LONIS-1, #23:131, 2.26 mg muscovite, J = 01.003896088 + 0.10%, NM-131, Lab# = 51798-01
AN e 60 0812 0.1650 204.2 0.943 21 385 0.2 2477 83
B v o 630 51.76 0.4653 19.31 1.01 1l 894 0.3 2980 37
C V¥ oa 700 5264 03218 5838 L77 16 96.7 0.7 3265 2.2
D v 775 3600 0.0319 8.968¢ 4.19 16.0 95.2 L4 3406 1.2
FoRY 825 56.84 a.0124 8316 9.89 41.0 956 32 34659 .95
F 875 54.93 00013 4.522 20.1 3300 975 68 34193 0.71
G 900 34,27 0.0008 1.847 282 662.8 G8.9 11.8 34372 0.60
H 950 33.81 0.6017 0.8359 122.8 2934 995 337 34174 0.62
I 1010 53.58 0.0014 0.7323 99.1 362.0 9935 514 34063 (.73
1 1050 54.06 £,0000 07795 589 - 99.5 619 34331 0.54
K 1100 53.79 0.0010 0.2644 1413 4924 998 87.1 342487 .64
L 1150 53.92 0.0025 .38 6012 022 997 97.8 34322 0.63
MY 1225 3543 0.0133 4.105 5.30 3835 978 988 3437 1.2
NV 1350 54.69 0.0686 4.708 242 7.4 07.4 G2 341 1.g
o v 1684 5848 0.3175 15.98 4.36 1.6 919 1006 3431 1.5
total gas age n=13 560.6 7.1 3429 1.4%
plateau  MSWD =2.1 n=7 steps F-L 530.7 368.7 947 3424 1LO*
isochron  MSWD =43 n 12 WAL AP = 320 & 48% 342.4 1.6
LINT7-2, £22:131, 1.59 mg muscovite, J = 0.003%05434 + 0.10%, NM-131, Lab# = 51799-01
AW con 1227 00287 266.4 0.303 78 286 01 2315 167
BV 650 37.96 (0.2635 65.42 .948 1.9 666 04 2535 5.2
C v 700 30.47 1.046 1332 161 049 923 0.8 3009 2.6
Do 775 5526 0.2712 12.96 3.50 {9 931 16 3303 1.5
£V 825 36.06 0.4322 7.260 731 138 961 34 3446 1.0
¥ 873 35.51 0.0202 3684 15,7 252 980 73 347356 0.79
G 900 3311 0.0137 1.724 274 371 96,0 144 34856 .65
H 930 34.62 0.0088 (0.6608 80.4 382 996 340 347.57 0.51
I 1010 34,63 0.0170 (.7568 449.1 295 9953 461 34744 0.60
1 10350 54.92 0.4141 0,9273 234 30.1 495 520 34884 9.7
K 1100 34.89 0.0113 0.8607 61.0 451 995 67.0 34878 0.62
I 1130 54.80 (.0060 0.8668 b0.4 85.2 99.5 894 34825 .73
M 1225 55.81 0.4779 4.337 26.7 a5 977 96.0 34818 (.67
N Y 1350 54,10 £.45885 11.82 384 LY 836 97.5 37256 1.5
o v 1720 56.13 0.229] 1375 192 22 W& o 3347 1.1
total pas age no= 18 404.1 13.8 346.7 1.4*
platesu  MSWD = 0.8 n=d steps =M 3742 284 926 3482 0.9+
isochron MSWD = 62.5° n=1i5 BArOAr = 18S £ 63 34840 3.7
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Table 4. (continued)

C. 8. SIDDOWAY ET AL

m T WAPAr TARPAr BASAr HArg K-Ca “PArr  PAr  Age =lg
{°C} 103 % 107 mol (%) (%} (Ma) {Ma})
LON17-3, #26:131, 1.07 mg muscovite, J = 0.003883327 + 0.10%, NM-131, Lab# = 51795-01
AV e 800 99,40 2.863 2364 3.563 418 300 0.2 i982 112
B Y o 650 68.72 1.914 125 0.627 0.27 361 05 2522 74
CVoa 70 6019 3.315 33.33 0.872 (.15 841 0.9 3245 4.7
DV s 60.98 G.5047 26.76 213 063 Q00 I8 3489 2.1
£ 825 5731 0.(569 8.093 313 9.0 95.8 40 3488 1.2
F 875 56.63 0.0264 6.500 16.2 193 966 83 347.58 0.83
G 925 55.37 (.0111 2371 3e4 46.1 98.7 251 34732 {363
H 975 55,27 5.0675 1.547 350 &67.7 991 400 34819 .58
I 1014 55.34 0.0344 1.837 it 14.8 99.0 447 348.07 674
I 1030 55.05 0.0141 1.821 21.1 362 99.0 337 34642 0,39
K 1150 54,99 0,0044 1.866 88.7 ile.6 99.0 915 34601 0.38
L ¢ 1250 5817 0.0750 13,85 829 6.8 929 950 3440 1.0
MY e 1400 5858 0.7182 19.531 J.6f a7 902 g6 3371 1.6
NV 1650 60.66 (.4963 2179 802 Lo 8%4 1800 3451 11
total gas age o= 14 2347 2.0 3459 1.5%
platean  MSWD = 3.2 n=8 steps E-~F. 2189 21.6 933 3473 1.2
isochron  MSWD =277 H=9 WA Ay = 289 & 26% 2473 1.4%
LYNT7-3, £25:131, 3.18 mg biotite, J = 0.003886951 + 0.10%, NM-131, Lab# = 51796-01
AV e 650 26.20 0.1509 21.53 151 3.4 757 2.2 13392 .69
B 750 56,70 0.1181 5410 36.5 43 972 10.6  350.08 .59
C 850 5510 0.0082 0.4764 172.7 62.1 99.7 36.2  349.19 .67
D 920 53.60 00071 0.3149 63.2 71.8 99.8 453 33235 .53
E v 1600 57.50 G.0236 0.7312 613 109 956 54.6 30255 0.62
F v 1075 56.46 0.0145 0.4203 144.1 35.1 a7 75,9 3573 0.70
GV 1t 55.81 020153 01,4060 62.5 334 907 86.2  333.30 053
H v 118G 55.69 0.0673 37395 42.5 7.6 906 G255 35218 .59
I v 1210 5a.14 L1015 2.149 174 30 989 5] 35248 0.87
PR 1250 5539 0.4494 0.6459 4.2 1.1 947 972 33087 (.69
K v 1360 361l 0.46601 1170 10.4 i1 090 4 Q87 35417 0.81
L v 1675 57.48 0.5389 8.406 8.99 6935 957 1004 34977 0.87
total gas age noe 12 6757 5.2 348.5 1.3%
plateau  MSWD = 8.0¢ =3 steps B 292.5 12.2 433 350.8 2.1*
isochron MSWD = 43,4 =11 WA Ar = 191 = 1045 3542 4.9+

Notes: Preferred ages are shown in beldface; n, number of heating steps; analyses in itatics are excluded from
final age calculations; Vv, analyses excluded from weighted mean age: @, analyses excluded {rom inverse
isochron age; K-Ca molar ratio catculated from reactor produced I Arg and ¥ ArCa; isotopic ratios
corrected for blank, radioactive decay and mass discrimination; not corrected for imeiforing reactions;
individual analyses show analytical error only: plateau and total gas age errors include error in § and
irradiation parameters; discrimination = 1.0069 = 0.00099 a.m.u.

P MSWD ouiside of $5% confidence interval.
* 20 error.

dynamic events in western Marie Byrd Land at
e 106 Ma to 95 Ma, and the kinematic data now
available for the Ford Ranges suggest that they
invoived f{ranscurrent motions, presumably
finked fo activity along the Gondwana margin
{Fig. 10). The kipematics and timing are
consistent with structural and age evidence for
dextral shearing at ¢. 103 Ma in Ellsworth Land
to the east {Vaughan & Storey 2000; Vaughan et
al. 2002). Thus, the onshore record in West
Antarciica, based on the western Marie Byrd
Land and Ellsworth Land sites, lends support to

the model for dextral oblique convergence
along the Cretaceous Gondwana margin,
proposed by Suthertand & Hollis (2001},

The YArA?Ar results for Ford Ranges mafic
dykes are broadly coeval with “Ar/Ar mineral
ages for migmalite greisses of the Fosdick
Mountains determined by Richard er al. (1994}
Some samples from Marie Byrd Land sites
(Edward VII Peninsula, Lisker & Olesch 1998;
and Fasdick Mountains, Richard er el 1994)
yicld apatite fission track data that also reflect
an event at ¢ 100 Ma; however, in the region
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Fig. 7. ©ArPPAr age spectra and inverse isochron diagrams for muscovite and biotite mineral separates from

samples of wall rock of the Ford Granodiorite suite. {a, b) Sample EIN17-3, muscovite; {¢, d) sample LIN17-3,
biotite; {e, f) sample LINT7-2, muscovite; {g, h} sample LINIS5-1. muscovite. Preferred age is noted within the
inverse isochron frames. All errors are reported at 20.
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there is fairly clear apatite fission track evidence
for rapid transit through the partial annealing
zone at ¢. 80-79 Ma {Richard et af. 1994; Lisker
& Olesch 1998; Siddoway er al 2004a). Thus,
there are indicalions of a lectonically quiet
interval followed by & denudation and rapid
cooling event at 71-75 Ma {Richard er al. 1994
Lisker & Olesch 1998; Siddoway er el 2004a),
The younger apatite fission track ages seem Lo

he shear zone and is considered to be
diagram. Errors are reported at 2o.

be the sole indication, in Marie Byrd Land, of
ditferential fauit movements at the time of
rifting between Marie Byrd Land and the
Campbell Plateau of New Zealand during
Late Cretaceous time. Seafloor spreading
commenced around 79 Ma (Stock & Cande
2002). The fairly rapid onset of seafloor spread-
ing and the abrupt rifted margin defined by the
~1500 m bathymetric contour in Marie Byrd
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Fig. 9. Summary dizgram of all WAz Ar ages. From top to bottom, the figure shows first a group of mica ages
of >342 Ma; these correspond to host rocks of the Ford Granodiorite suite. The remaining YA/ Ar biotite
age in line 5 is the resalt from biotite involved in mylonitic shear zones at Mt Cooper. The nine groundimass
concenirate ages are for dolerite dykes. Those labelled ‘RS’ yielded initial anomalously young apparent ages at
the lowest temperature steps during analysis, followed by monotoncally increasing ages at the intermediate to
highest temperature steps, Those labelled *CS” have complex saddle-, hump-, or stair-shaped spectra. For both
‘RS and “C5’ spectra, high K-Ca ratios generally coincide with older apparent ages.

Land and Campbell Plateau (Fig. 1} are possible
signs that seafloor spreading commenced upon
a pre-existing siructure such as a transcurrent
fault.

The carly phase of ENE stretching, recorded
by the new kinematic data from western Marie
Byrd, is attributed to & transcurrent strain field
associated with dextral strike-slip along the
Cretaceous Gondwana margin. [t is hypothe-
sized that the sharp rifted margin and the
principal structural grain on land were estab-
lished through strike-slip parallel 1o the
Ciondwana margin. The stretching direction
determined from dyke geometries is kinemati-
cally consistent with the interpreted movements
apon dextral ¢ E-W faults and smistral NW-SE
faults, active at the same time, at ¢. 100 Ma. The
orthogonal rifting between the Campbell
Plateau of New Zealand and Marie Byrd Land
did oceur ¢ 20 Ma later. Thus, modification of
the Gondwana margin was accomplished in two
stages {cf. Richard er al. 1994}

Conclisions

Mafic dykes in the Ford Ranges have “CAr™SAr
ages of 142 Ma to 96 Ma and record crusiai
stretching orientated ENE-WSW (azimuth
¢. 070-250), orthogonal to dyke margins.
Although some age determinations have large
errors due to argon loss caused by alternation of
groundmass, the “*Ar/A?Ar results nonetheless
establish the middle Cretaceous timing of mafic
dyke emplacement with some certainty. Diverse
types of structural data support the kinematic
interpretation of transcurrent strain along and
inboard of the Gondwana margin.

The recognition of transcurrent structures in
Marie Byrd Land preceding break-up of the
margin may explain key features of the Marie
Byrd Land rifted margin, namely: (15 the rifted
margin cuts at a high angle across Ross Sea
basins (Lawver & Gahagan 1994); {2) the rifted
margin is exceptionally linear (Sutherland
1599}, and {3) no evidence is found in the Ford
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Fig. 10. Tectonic mode! of 2 transcurrent seiting for the Gondwana margin and western Marie Byrd Land,
associated with oblique convergence. The ENE to NF stretching direction interpreted from mafic dykes and
other Ford Ranges structures i consistent with dextral transcurrent deformation along the margis.
Abbreviations are as follows: CP, Campbel] Plateau; MBI, Marie Byrd Land; T1, Thurston Island; EM,
Elsworth Mountains; WM, Whitmore Mountains. Dextral shear indication in Antarctic Peninsuia is after

Vaughan ef al, {1999),

Ranges for distributed deformation or magma-
tism at the time of break-up (Siddoway et al
20044). The absence of contractional structures
and ‘rift’ sediments is also consistent with a tran-
scurrent strain eavironment and an obligue
orientation of the minimum finite strain axis
with respect to major structures. To test this
hypothesis, fature work will invelve integration
of geological results with the airborne
geophysics dataset for the region and compari-
son of kinematic data from the Ford Ranges to
more distant sites in Maric Byrd Land (e.g.
Storey et ¢l 1999), on the Antarctic Peninsula
(c.g. Vaughan & Storey 2000; Vaughan ef al
£999), and on the western Ross Sea margin {e.g.
Wilson 19935, Salvini er al 1997). The ‘longi-
tudinal convergence problem’ means ihat such
a task will not be straightforward. Direct
compartson to structural/geophysical data from
other Antarctic regions can be accomplished
best when the data are converted to the coordi-
nates of the Amntarctic navigational grid
{Airforce & Navy 1973) according to the
modutar conversion: AGN strike = MOD
[(latitude position at study site + strike of struc-
ture with respect to true north), 360]. The
formula is generally applicable, irrespective of
tongitude, An advaniage of this normalization is

that Antarctic navigational grid data can be
compared directly with aeromagnetic and other
geophysical trends plotted in polar stereo-
graphic grid coordinates. The geochemistry of
the western Marie Byrd Land dyke array should
also be investigated, in order to address the
hypothesis that a mantle plime was active in the
region and influenced the rifting process n
Marie Byrd Land (Weaver ef al. 1994; Storey et
al. 1999).

Funding is from United States National Science
Foundation grant OPP-9615282 to C. Siddoway. 5.
Richard, A. Whitehead, S. Cowdery, M, Roberts &
R. Meyer contributed to collection of field data,
V. DiVenere, B. Storey, A. Vaughan & L Dalziel
provided helpful reviews, Stereographs were prepared
using Sterconet v. 62X [1985-2002] by R. W.
Allmendinger, and Faultkin v. 4,1.0 software 12002] by
R W. Allmendinger, R. A, Marrett & T. Cladouhos.
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