We + 2Fe203)

Several critical exposures in peninsular India and
the Salt Range, West Pakistan contribute to an understanding of the glacial geography there in Late
Carboniferous time. Ice and current transport was
generally parallel to the post-glacial graben structures
of the shield—Godavari Valley, Mahanadi and
Namada rifts—and from southeast to northwest. In
the Salt Range, the glacials were derived from an ice
center located in the Indus plain to the southeast.
Glacial effects are neither widespread nor intensive
here on the northern boundary of Gondwanaland and
adjacent to the Tethys Sea.
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Chemical Trends in the Dufek Intrusion,
Pensacola Mountains*
A. B. FORD

and W. W. Boy l), JR.

U.S. Geological Survey
Menlo Park, California
Major and trace element concentrations in the layered cumulate rocks of the immense post-Permian
1)ufek intrusion (Ford and Boyd, 1968) vary more or
less systematically with stratigraphic position. The
trends of most elements generally parallel those of the
better known, highly differentiated mafic intrusions of
the stratiformn t ype elsewhere in the world. Conspicuous chemical and mineralogical differences exist,
however, between the Dufek and other stratiform
bodies, believed due largely to important differences
between parental basaltic maginas (Ford, in press).
Dufek chilled border rocks, where exposed, are highly
Fe-enriched and so probably do not represent parent
Iliagma, but rather a later, differentiated daughter.
Parental l)ufek imiagilia, inferred from contact facies
of little differentiated Mesozoic diabase and basalt
sills and dikes nearby, is believed to have been Si-rich
livpersthene tholeiite.
The chemically and mincralogically varied rocks
are believed to form a single comagmatic series. Two
distinct chemical trends, one inafic and the other
felsic (Ford, in press) , lead rather smoothly through
the main layered series into and through a 300-ni
thick granophvme cap (Figs. 1-2) . The smooth trends
* Publication authorized by the Director, U.S. Geological
Survey.

202

--

/noPhYrek

t 1teucocratic dikes

M(MgO)

Alk (NO 2 0+ K20)

Figure 1. Dufek rocks and their chemical trends plotted on a triangular "Alk-F-M" diagram. Triangles and dashed line show
averaged rocks and "felsic" trend for anorthosite and leucogabbro from interlayers in gabbro. Squares and solid line show
averaged rocks and "mafic" trend for gabbro of main layered
series. Arrows show direction of increasing stratigraphic height
(see Figure 2). "D-ch" marks Dufek chilled contact rocks. Lined
regions show fields of (1) leucocrotic dike rocks including aplite,
alaskite, and pegmatite; (2) granophyre from capping layer;
and (3) chill phases, "p". of Mesozoic dikes and sills elsewhere
in the Pensacola Mountains.
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Figure 2. Silica (a) and ratio of total iron/total iron plus magnesia
(b) plotted against stratigraphic height in the Dufek intrusion.
See report by Ford and Boyd (968) for terminology of major
stratigraphic subdivisions.
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point to a close genetic tie between all the contrasted
rocks of the intrusion.
SiQ abundance shows a slight negative slope upward through the intrusion (Fig. 2a). This decrease is especially marked in higher rocks of the
mafic suite that are strongly enriched in FeO +
Fe 2 0:4 . The presence of at least minor amounts of
modal and normative quartz in rocks from all levels
indicates that the magma remained saturated with
Si02 at all stages of the differentiation process, even
during the production of rocks with SiO 2 as low as
about 45 percent.
The extreme Fe enrichment of higher rocks of the
mafic suite is seen in the triangular plot of Fig. 1. The
general upward increase of total iron relative to iron
plus magnesium through the body is shown in Fig. 2b.
Steepenings and even slight reversals in the trend lines
are thought to be more likely the result of some indigenous mechanism (such as variations in maintenance
of crystal-liquid equilibrium) than of an extraneous
one (such as periodic multiple intrusion of fresh
magma). Laboratory work is presently under way on
this and many other aspects of this major stratiform
mafic igneous body which was discovered only as recently as 1957 (Aughenbaugh, 1961), and which was
mapped and sampled in its exposed entirety in the
summer of 1965-1966 (Schmidt and Ford, 1966).
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Precambrian and Lower Paleozoic
Igneous Rocks, Pensacola Mountains,
Antarctica*
DWIGHT L. SCHMIDT

U.S. Geological Survey

Denver, Colorado

Three major igneous rock suites have been mapped
in the Pensacola Mountains by the U.S. Geological
* Publication authorized by the Director, U.S. Geological
Survey.
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Survey during 1962-1966. Each suite is significantly
related to different sequential parts of the geologic.
history (Schmidt et al., 1965; Nelson et al., 1968).
The oldest suite of Precambrian age consists of spilitic
and keratophyric volcanic rocks and related diabase
occurring in dikes and sills; the suite is associated with
a thick eugeosynclinal subgraywacke and slate sequence. The second suite of early Paleozoic age consists of rhyolitic and dacitic volcanic rocks and related
granitic plutonic rocks and is closely associated with
widespread mountain building (orogeny' in the
Transantarctic Mountains. The third and youngest
suite of Mesozoic age consists of quartz diabase occurring in dikes and sills and the Dufek stratiformn gabbroic intrusion; this suite is associated with orogeny in
the areas bordering the Weddell Sea (see note by A.
B. Ford and W. W. Boyd, Jr., in this issue).
The Precambrian igneous rock suite contains a
large volume of spilitic basalt flows and pillow lavas
and a relatively small volume of quartz-keratophyric
tuffs and volcanic breccia. A large volume of diabase
was penecontemporaneously intruded as dikes and
sills into interbedded subgraywacke and shale. Study
of the diabase by W. W. Boyd, Jr., indicates an initial
olivine-bearing, augite-plagioclase (An) diabase;
the coarse-grained interiors of thick sills are well differentiated. Alteration to chlorite and relatively sodic
plagioclase is extensive, but no distinction has yet
been made between a primary (spilite) and a risetamorphic origin. Rb-Sr whole-rock dates of quartz-keratophyric pyroclastic rocks suggest a 953 ± 175 m.y.
isochron age (Eastin et al., 1969).
The lower Paleozoic rhyolites and dacites—the
Gambacorta Formation—occur as a volcanic pile
more than 1,500 in thick in the southern part of the
Neptune Range. The Gambacorta Formation is divided into six distinctive members containing many
ash-flow tuff units. The central area is an elliptical
caldera, measuring 15 by 25 kin, bounded by concentric border faults and filled with more than 1,000 iii
of rhyolite ash-flow tuff, the Hawkes Member. Away
from the caldera, the Hawkes Member is a well-dcfined, relatively thin ash-flow tuff in the middle part
of the volcanic sequence; it extends about 40 kin to
the present limit of outcrop of the Gamnbacorta Formation. Rb-Sr whole-rock dates of the Gambacorta
volcanics (8 dates) indicate a 500 ± 10 my. isochron
age (Gunter Faure and René Eastin, written com
munication). Postkineniatic granite in the Neptune
Range is dated 510 ± 30 my. by the Rh-Sr wholerock method (Z. E. Peterman, written conimunication). The associated mountain building event corresponds to the Ross Orogeny that is recognized
throughout the 3,500-km extent of the Transantarctic
Mountains.
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