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J
urassic Tholeiites of the Ferrar Group extend for 3,000 kilo-
meters along the Transantarctic Mountains and represent

the youngest rocks of the Gondwana sequence in Antarctica.
In northern Victoria Land the Ferrar Group is represented by
780 meters of basalt in the Mesa Range and a number of sills
which intrude the Permo-Triassic Beacon sedimentary
sequence (Elliot, Siders, and Haban 1986). The crystallization
age of the Kirkpatrick Basalt and Ferrar Dolerite is now well
constrained by argon-40 / argon-39 (40ArI 39Ar) incremental-
heating dates for feldspar separated from rocks. These mea-
surements demonstrate a very short period of magmatism
176.7±1.8 million years ago (Heimann et al. in press). In addi-
tion, abundant evidence from northern Victoria Land sug-
gests that the glassy or fine-grained components of Ferrar
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Figure 1. Geological sketch map of the Transantarctic Mountains
showing the distribution of the Ferrar Group. The apophyllite sample
discussed in the text was collected from Mount Frustum in northern
Victoria Land.

rocks have been affected by low-temperature processes,
which significantly postdate their eruption and may record an
important geologic event during the mid-Cretaceous. Evi-
dence for such an event comes from paleomagnetic, potassi-
um/argon (K/Ar), and rubidium /strontium (Rb/Sr) data from
the basalts and dolerites (Fleming et al. 1989, 1993).

Detailed study of samples from the uppermost flow unit
of the Kirkpatrick Basalt in northern Victoria Land has docu-
mented whole-rock strontium isotope compositions which,
on an isochron diagram, fall along an array giving a mid-Cre-
taceous (approximately 100 million years ago) date (Mensing
et al. 1988; Fleming et al. 1989, 1992). This date contrasts with
40Ar/39Ar incremental heating plateaus from plagioclase sepa-
rates indicating a Jurassic crystallization age of 176±1.8 mil-
lion years (Foland et al. 1993). This unit has a markedly
homogeneous chemical composition with respect to the less
mobile elements but variable calculated initial strontium iso-
tope ratios. These have been interpreted to result from mobil-
ity of rubidium, which occurred during alteration of glassy
matrix materials about 100 million years ago (Fleming et al.
1989, 1992). The wide range in oxygen isotope ratios (6 180 =
+5.5 to +8.2) for lava samples also indicates low-temperature
interaction with a substantial volume of hydrothermal fluid at
some time since their eruption (Fleming et al. 1992). The dis-
turbance of strontium and oxygen isotope systems within this
flow unit overprints primary relationships and obscures the
petrogenetic significance of the isotope variations in the
basalt sequence as a whole.

Paleomagnetic pole positions for the basalts and
dolerites from northern Victoria Land are more southerly
than those for Ferrar rocks from other regions. These anom-
alous pole positions have been interpreted to reflect over-
printing of the original magnetic properties and resetting of
the magnetic poles due to low-temperature conversion of
magnetite to maghemite (Delisle 1983; Delisle and Fromm
1989). The age of this alteration is inferred to be mid-Creta-
ceous based upon coincidence of the paleomagnetic pole
positions with the apparent polar wander path for that time.
Similarly, anomalous paleomagnetic pole positions from
northern Victoria Land have been reported for basement
rocks of the Bowers Supergroup and have also been interpret-
ed as a mid-Cretaceous overprint (Schmierer and Burmester
1986). Alternative explanations, however, have been proposed
for the anomalous poles from the Ferrar Group. These expla-
nations include incomplete averaging of paleosecular varia-
tion (McIntosh, Kyle, and Sutter 1986) and transitional phases
of the geomagnetic field (Lanza and Zanella 1993).
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Conventional K/Ar ages on whole-rock samples of the
basalts in northern Victoria Land range from about 90 to 180
million years (Kreuzer et al. 1981; Elliot and Foland 1986;
Brotzu et al. 1988; Faure and Mensing 1993). The range of
young ages is now recognized to reflect some event during
which partial argon-loss occurred (Fleming et al. 1989, 1993).
As a result, the K/Ar whole-rock dates range between the time
of argon loss (in the event of total loss) and the age of crystal-
lization (no loss). The minimum ages of 90 to 120 million
years provide an estimate for the time of argon loss. Similarly,
low-temperature steps of 40Ar/ 39Ar incremental heating
experiments record dates between 100 and 120 million years.
These dates have also been used to estimate the age of alter-
ation (Fleming et al. 1993; Foland et al. 1993). These mini-
mum ages agree in general with the time of alteration inferred
by other methods.

In an effort to establish the age of alteration in northern
Victoria Land more definitively, a sample of apophyllite col-
lected from Mount Frustum (figure 1) was studied by 40Ar/39Ar
and Rb/Sr dating techniques. The apophyllite, a potassium-
bearing, hydrous, sheet silicate, commonly occurs in vugs and
vesicles in the lavas and was precipitated, along with a variety
of other minerals including quartz, calcite, stilbite, heulandite,
and natrolite, from hydrothermal fluids which passed through
the rocks. To our knowledge, this is the first attempt to use
apophyllite for isotopic age determinations.

The apophyllite has a very high Rb/Sr ratio, as illustrated
in figure 2. As a result, an Rb/Sr model age can be derived
from the present-day isotope compositions by assuming that
strontium incorporated into the apophyllite had a strontium-
87/strontium-86 ( 87Sr/ 86Sr) ratio similar to its host basalt
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Figure 2. Rb/Sr isochron diagram illustrating the relationship
between apophyllite from Mount Frustum and its host basalt. The
apophyllite has a much higher Rb/Sr ratio than the basalt; the higher
ratio allows calculation of a model age of 94±1 million years.

(approximately 0.710). The date calculated in this manner is
94±1 million years and is insensitive to any reasonable values
chosen for the initial ratio of 87Sr/ 86Sr incorporated into the
apophyllite.

40Ar/ 39Ar incremental-heating data for the apophyllite
are shown in figure 3. Most of the argon is released at relative-
ly high temperatures (greater than 600 0C), similar to the labo-
ratory release found for most coarse-grained micas. The loss
of a large portion of argon between about 750°C and 820°C
probably reflects breakdown of the mineral structure. The
variation in apparent age among different temperature incre-
ments is significant but relatively minor. This discordance, or
most of it, may be the result of recoil redistribution of 39Ar
produced by potassium during sample irradiation (see Foland
et al. 1993). The age of the vast majority of heating steps falls
between 90 and 100 million years with a weighted average (or
total gas) age of 96±1 million years. The increments over the
interval 650°C to 790°C show a plateau of the same age.

The Rb/Sr and 40Ar/ 39Ar dates are in good agreement and
suggest formation of the apophyllite 95 million years ago. On
the basis of these measurements, apophyllite appears to pro-
vide useful isotopic ages by both methods. Dating of apophyl-
lite could be very useful in determining the time of volcanism
and hydrothermal activity at many locations.

The 95-million-year age is interpreted to reflect the time
of actual formation of apophyllite and associated minerals in
the lava sequence. The possibility that the 95-million-year
age reflects resetting of both isotopic systems in the mid-Cre-
taceous is difficult to evaluate because nothing is known
about the behavior of apophyllite isotopic systems. The con-
cordance of ages by two isotopic geo chronometers, however,
suggests that resetting is unlikely because of the very different
chemical behavior of the daughter elements (strontium and
argon). Moreover, the ages demonstrate mid-Cretaceous
hydrothermal activity in northern Victoria Land and support
the conclusion that the K/Ar dates of less than 177 million
years from the basalts result primarily from episodic argon
loss in the Cretaceous rather than by slow leakage over geo-
logic time.

The dates documented for apophyllite are considered to
be the best estimate for the age of alteration of the basalts in
northern Victoria Land because the apophyllite is a direct
product of the hydrothermal activity. Previous estimates for
the age of alteration are less definitive because they have
relied upon whole rocks which will not have had their K/Ar or
Rb/Sr systems completely reset during alteration (see Foland
et al. 1993) and because the underlying assumptions for iso-
topic age determinations are not strictly valid. Considering
these factors, the slightly older apparent ages from whole
rocks, which form the bases of previous estimates for the tim-
ing of alteration, are consistent with a 95-million-year age of
alteration.

Mid-Cretaceous dates provided by a variety of methods
document a hydrothermal event that affected rocks of north-
ern Victoria Land. The nature and cause of this event is not
well understood. It could be related to the mid-Cretaceous
(95±5 million years ago; Veevers 1986) separation of Australia
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Figure 3. 40Ar/39Ar incremental-heating diagram for apophyllite from
Mount Frustum. Temperatures for each of the heating steps are
indicated. The total-gas age (ttg), calculated by integrating all
increments, is 96±1 million years.

and Antarctica and may record hydrothermal activity in the
Rennick Graben (Fleming et al "I - 993) The graben may repre
sent a failed rift arm formed during continental break-up.
Alternatively, the dates could reflect the movement of
groundwaters during initial stages of uplift of the
Transantarctic Mountains. Fission-track studies suggest the
uplift may have begun as early as the Cretaceous (Fitzgerald
and Stump 1991; Stump and- Fitzgerald 1992).
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