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Investigations of Lower Paleozoic granites
in the Beardmore Glacier region

JOHN GUNNER
Department of Geology
Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

The origin of granite is a question that has engaged
geologists for many decades. Recent advances in geo-
physics (particularly in the theory of plate tectonics),
however, have provided a new framework in which to
consider possible mechanisms of granite formation.
This article summarizes my study, in the light of plate
tectonics, of granitic intrusions in the Beardmore Glacier
region of the Transantarctic Mountains.

Rocks of granitic composition occur in most exposed
continental areas. Yet no single theory has been stated
to explain the origin of these rocks. In many cases,
evidence for how a particular body of granite was
formed may be equivocal. Theories traditionally have
been labelled "magmatic" or "solid state." Proponents
of the solid state theory argue that a body of granite
was formed by recrystallization without significant quan-
tities of liquid from older crustal rocks. If the parent
rocks were of different composition from the resulting

Dr. Gunner's address: Cambridgeshire College of Arts and
Technology, Cambridge CB1 2AJ, Great Britain.

granite, then it is possible that the necessary chemical
components migrated.

Those favoring the magmatic theory of granite for-
mation stipulate that a body of granite once was liquid,
at least largely, and by normal igneous processes the
granite crystallized from this magma. If the magma
was not generated in situ, it must have come from else-
where, presumably from greater depth. This raises
another question: what was the magma's parent4ge?
Generally speaking, granitic magmas are thoughl to
have two possible origins: they either generated within
the crust by melting of older material, or they derved
from juvenile magmas generated in the mantle.

Geologic setting

The granites examined in this study consist of rela-
tively small plutons that intrude Precambrian and Lower
Paleozoic rocks over a wide area around Beardmore
Glacier. It is doubtful that the granites are magm4tic.
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They have steeply inclined margins and roughly cir-
cular outlines. Contacts with the surrounding rocks are
sharp, and often country rocks are thermally metamor-
phosed. Geochemical data (summarized below) support
the magmatic interpretation.

The problem is not the mode of crystallization of
these granites but the parentage of the magmas from
which they formed. Granites of the region belong to a
much larger group of intrusions that occur throughout
the Transantarctjc Mountains from Victoria Land to the
Pensacola Mountains (fig. 1) and that are called the
Granite Harbor Intrusives. During Late Precambrian
and Early Paleozoic time, a depositional basin or com-
plex of 1- .tsins extended along what is now the Pacific
side of East Antarctica. In this basin or complex of
basins was deposited a thick sequence of sediments that
included a large proportion of graywacke and shale
with significant quantities of carbonates. These rocks
subsequently were folded and in places metamorphosed.
It was during this orogenic phase that the Granite Har-
bor intrusives were emplaced. Radiometric age deter-
minations suggest that the main episode of granite in-
trusion occurred during the Ordovician period (about
450 million years ago).

In the Beardmore Glacier region, the graywacke-
shale series (Beardmore Group) is exposed extensively
throughout the coastal ranges fronting the Ross Ice
Shelf and as far west as the Marsh Glacier (fig. 2).
The folding trend in these rocks parallels the coast
closely so that the outcrop width normal to strike is
approximately 100 kilometers. Carbonate sediments
(Byrd Group) are known to occur only in the extreme
north and south of the region.

In addition to the Beardmore and Byrd groups, the
granites intrude a series of rocks (Nimrod Group) that
are much older than either; at least 1,000 million years
(Grindley and McDougall, 1969), and possibly as much
as 2,000 million years (Gunner and Faure, 1972). The
Nimrod Group is known to occur only in the most
western part of the region (immediately adjacent to the
polar plateau). The rocks' character suggests that they
were laid down in shallow water not far from a con-
tinental land mass. They probably were formed at the
edge of the east antarctic craton before the development
of the basin in which the Beardmore Group and the
Byrd Group sediments were deposited.

Approach to the problem

The problem of the granites is two-fold: (1) Can
the source of the magma(s) be identified? (2) What
possible changes did the magma(s) undergo between
generation and crystallization? These questions raise a
third: Did the intrusions crystallize from a single

Pensacola
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Figure 1. Map showing the distribution of lower Paleozoic granites
in the Transantarctic Mountains. The area of fig. 2a Is outlined.

(After Craddock, 1969.)

magma or from more than one? These questions are
related to chemical composition, whether of magma or
of parent rocks.

Direct sources of data on composition are available
only from rocks that crop out at the surface, from the
Nimrod and Beardmore groups (possible parent rocks),
and from the granites themselves (for composition of
the magma).

Three methods of analysis were used. The rubidium-
strontium ishochron method can establish two parame-
ters: when the granites cooled after crystallizing, and
their initial strontium isotope composition at this time
(a quantity, usually expressed by the ratio strontium 87/

strontium 86, which refers to the relative proportions of
the strontium isotopes). The initial isotopic composi-
tion of the granites reflects, first of all; the isotopic
composition (which can vary considerably) of the
magma's parent rocks, and, second of all, any contami-
nation that the magma may have suffered between gen-
eration and crystallization. So the rubidium-strontium
method may provide data on both the parentage and
the subsequent history of the magma.

The second method, uranium-lead dating of zircon, is
used in conjunction with the first. The dating is based
on the radioactive decay of uranium to its daughter lead
within the zircon crystals that occur in the granite. Since
it has a relatively high melting temperature, zircon may
remain as a crystalline phase in an otherwise largely
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Figure 2. Geologic map of
the Beardmore Glacier region
showing major outcrop areas
of Predevonian rocks. Granite
plutons in areas A and B are
distinguished	by separate
symbols and sampled intru-

sions are numbered.

liquid granitic magma and thus be carried over into the
subsequently formed granite. Such a zircon will inherit
radiogenic lead that was formed by decay of uranium
during its previous history. The zircon, therefore,
should reveal a date that will be anomalously older than
the true age of crystallization of the magma. Rather
than attempt to separate the neocrystalline and inherited
types of zircon, the entire zircon population can be
dated and the result compared to the rubidium-stron-
tium date on the same rock. Thus the uranium-lead
method may provide evidence, because zircon is not
known to be present in any significant quantity in the
mantle, on whether the granite magma was derived
from crustal material.

In addition to these two isotopic methods, a third
method based on variation in the contents of certain
chemical elements of the granites can be used to throw
light on the crystallization history. We know that mag-
mas crystallize over a temperature range, rather than
at a single temperature, and that certain minerals tend

to form earlier than others. This results in certain ele-
ments tending to concentrate progressively in the mag-
ma, relative to other elements that more readily enter
lattices of the crystallizing minerals. Examples of such
pairs are barium-rubidium and strontium-rubidium; the
latter elements in each case tend to concentrate in the
residual liquid. A suite of samples from the same
magma therefore should show a progressive trend
toward a decreased barium-rubidium ratio that cant be
illustrated on a graph of barium versus rubidium con-
centrations.

Results

Rubidium-strontium data. Rubidium-strontium analy-
ses of 18 whole-rock samples from eight granitic intru-
sions reported by Gunner (1971) are plotted on an iso-
chron diagram in fig. 3. Although this article does not
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offer a technical discussion of the diagram, one striking
observation is that the samples are grouped in two
clearly defined linear arrays. The straight lines (iso-
chrons) A and B are "best fits" computed by regression
analysis. Furthermore, only samples from rocks intrud-
ing the Nimrod Group west of the Marsh Glacier (area
A) lie on isochron A, and isochron B includes only
samples from intrusions in the Beardmore Group, all of
which are east of the Marsh Glacier (area B). The two
isochrons represent intrusions from contrasted areas in
country rocks of different ages. But the dates calculated
from them, 488 ± 34 million years (A) and 463 ±
12 million years (B), are not distinguishable within the
assigned limits of error. They record the time when
the samples last had the same initial strontium 87/

strontium 86 ratios, 0.734 ± 0.002 (A) and 0.710 ±
0.002 (B). Although there are other possibilities, this
event most likely occurred at the time of intrusion of
the granites when the samples were last liquid. This
supposition is supported independently by potassium-
argon and rubidium-strontium dates, which give nearly
identical results, for minerals from the same granites
(McDougall and Grindley, 1965; Gunner, 1971).

The rubidium-strontium whole rock data thus imply
that the plutons sampled were intruded at the same
time or at similar times but that the magmas of the two
areas had distinct strontium isotopic compositions. Fur-
thermore, the widely scattered plutons sampled from
area B had strontium 87/strontium 86 ratios that were
indistinguishable at their time of intrusion; this sug-
gests either that they had a common magmatic source
or at least that a free exchange of strontium was possible
between their magmas.

Uranium-lead data. Separates of sphene and zircon
minerals taken from two granite samples, one each from
areas A and B, were analyzed using the uranium-lead
method. Detailed results are listed by Gunner (1971).
The single sphene separate from area A gives a date of
476 million years; this is identical, within experimental
error, to the rubidium-strontium and potassium-argon
results from this intrusion. This confirms the conclusion
that the granites were emplaced at about this time that
corresponds to the Ordovician period on the geological
time scale.

By contrast, the zircons give lead 207/lead 206 dates
that apparently are significantly higher: 537 million
years for the sample from area A, and 492 million years
for the sample from area B. These analyses suggest
that zircons in both analyzed separates have lost lead
and, therefore, the dates quoted probably are minimum
ages. Regardless of this, apparently the zircon separates
analyzed, particularly those from area A, contain crys-
tals that existed before the granites were emplaced and
therefore must have existed before the granites were in-
truded. Such zircons could only have come from con-
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Figure 3. Rubidium-strontium diagram for whole-rock samples of
granite from areas A and B. The inset includes outlying points at
a reduced scale. Dates for the isochrons were computed by regres-
sion analysis using a value of 1.39 x 10-11 year -1 for the decay

constant of rubidium 87 . Errors quoted are 2cc,
tinental crust; therefore, at least the granite magma in
area A must have incorporated crustal material.

Chemical data. Chemical data bearing on the relation-
ships between magmas of some of the granitic intru-
sions should be considered before summarizing the con-
clusions derived from isotopic results. Two chemical
variation diagrams (figs. 4 and 5) were selected to il-
lustrate the argument (further analytical data and dis-
cussion are given by Gunner, 1971). Both diagrams
refer to analyses of separates of potassium-feldspar
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tion of the plate model to ex-
plain the contrast in strontl-
um87/strontlum86 ratio and
apparent	uranium-rubidium
age between areas A and B.
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Figure 5. Graph showing variation of strontium and barium con-
centrations in K-feldspar separates from samples of granite in

area B.

(microcline). This mineral was chosen for two reasons:
it is ubiquitous in the granites, and it tends to be more
sensitive than the total rock composition to chemical
variation in the magma from which it crystallized.

Rubidium plotted in both diagrams (figs. 4 and 5) is
an element that tends to be concentrated in the liquid
phase of a crystallizing granitic magma. High concen-
trations of rubidium generally are found in most recently
crystallized rocks. In a suite of potassium-feldspars
formed from the same magma at different stages, there-
fore, rubidium shows a progressive (toward the latest
crystals) increase in concentration. Barium and strontium
tend toward the reverse: these are concentrated in earlier
formed crystals and are depleted in later ones. The dia-

______	 87/86
Increase in crustal	Sr/ Sr

area A—' <	area B—
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Byrd Gp.	Group	surface
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grams show similar patterns and may be treated together.
In both cases the points are not irregularly scattered, as
might be expected from a group of unrelated samples,
but instead are concentrated in hyperbolically curved
bands. There is a progressive trend, therefore, toward
enrichment of the samples in rubidium as barium andand
strontium are depleted. There is much evidence that
this trend reflects the course of magmatic crystallization.
Samples from rocks that show petrographic evidence of
strong differentiation, for example, plot in restricted
areas at the rubidium-rich ends of the curves in both
diagrams.

The general conclusion is that the chemical data on
the granites sampled in area B, including results de-
scribed elsewhere, show trends typical of magmatic
crystallization. This is consistent with the supposition
that these granites crystallized from a common parent
magma that underwent some degree of fractional crys-
tallization.

Discussion

Taken together, the isotopic and chemical data place
certain limitations on the origin and development of the
granites. What follows is a summary of these conclu-
sions and a discussion of them in the wider context of
the tectonic evolution of the Transantarctic Mountains
during the Paleozoic.

The major limitations are two. First, the granite
magmas in area A and in area B incorporated crustal
material. This is supported by the high initial stronti-
um 87/strontiurn 86 ratios (0.734 and 0.710) that are
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typical of continental crust (the mantle would have had
a strontium 87/strontium 86 ratio of about 0.703) and by
the anomalously old zircon dates (Gunner and Mat-
tinson, in press). Second, granites of area B may well
have crystallized from a common parent magma. This
hypothesis is supported both by the similar initial
strontium 87/strontium 86 ratios of the area B granites,
that are suggested by the colinearity of the samples on
the rubidium-strontium isochron diagram, and by the
chemical variation diagrams.

The development of the plate tectonics theory has
suggested explanations of many features of ancient oro-
genic belts. Several authors (e.g. Armstrong, 1968;
Dewey, 1969) suggest that granite magmas of orogenic
belts may originate in a deep zone of underthrusting of
one plate beneath another. Gunner (1971) and Stump
(1973) suggest that such a subduction zone functioned
during the Early Paleozoic along the western margin of
the east antarctic craton. The magma generated in the
subduction zone could be a mixture of material from
three sources: the upper mantle, the lower crust, and
the oceanic sediments dragged down along the zone
(Armstrong, 1968). The strontium 87/strontium 86 ra-
tios of magmas generated in this way may provide clues
to the relative contributions of these three components,
since they have characteristically distinct strontium iso-
topic compositions.

Taking 0.720 and 0.703 as maximum average values
for the strontium 87/strontium 86 ratios of oceanic sedi-
ment and of upper mantle, respectively (Dasch, 1969;
Armstrong, 1968), it is clear that no mixture of these
two components alone could have produced the strontium
in the granites sampled from area A (initial strontium 87/
strontium 86 = 0.734). This magma must have incorpo-
rated a significant contribution of crustal strontium, an
interpretation supported by the zircon uranium-lead
data. The granites of area B (initial strontium 87/stron-
tiurn 8(; = 0.710) could have received their strontium
from oceanic sediments and mantle-derived material
without any significant contribution from the crust. A
higher strontium 87/strontium 86 ratio for the sediments,
such as those obtained from samples of the Beardmore
Group that vary up to 0.720 (Gunner, 1971), would be
compatible with greater admixture of mantle-derived
strontium.

With this model it is not possible to distinguish
crustal strontium incorporated at the source of the magma
from strontium added during passage of the magma
through the crust. Ascending magmas probably incor-
porate strontium at many stages in their movement. It
follows that the greater the thickness of continental
crust that the magma has to traverse, the more likely it
is that the magma will achieve a high strontium 87/
strontium 86 ratio. The average age and strontium 87/
strontium 86 ratio of surface crustal rocks also tends to
incresc away from continental margins.

According to the model illustrated in fig. 6, magma
emplaced comparatively close to the continental margin
in area B originated at relatively shallow depth and
traversed a comparatively thin section of continental
crust perhaps largely composed of Late Precambrian
sediments with low strontium 87/strontium 86 ratios. By
contrast, magmas of area A formed at greater depth
and at greater distance from the continental margin and
incorporated significant quantities of crustal material at
the site of origin and at higher levels during their com-
paratively lengthy passage through the crust. Finally, the
magmas were emplaced at the present level of erosion
and become fractionally crystallized, causing the ob-
served petrographic and chemical variations.

Uranium-lead analyses were performed at the Geo-
physical Laboratory, Carnegie Institution of Washing-
ton, by Dr. J . M. Mattinson. Dr. I. Pringle and Mr. A.
Rutherford read the manuscript and provided helpful
criticism. This work was supported by National Science
Foundation grants GA-898x, GA-1159, and GA-12315.
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