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to establish if the age differences of the three major
.moraines can be determined through studies of the
morphology, chemistry, and clay mineralogy of soil
profiles, of permafrost depths, and of surface-weather-
ing characteristics of the moraines. If reliable age in-
dicators were found and finite dates affixed to the
moraines, considerable progress could be made in un-
raveling the overall glacial history of Wright Valley
and possibly of other dry valleys of Victoria Land.

Thirty-two soil profiles were described and sampled
on the Meserve moraine sequence and in adjacent
areas. All but three of the pits that were dug for this
purpose were 1 m or more in depth, and six extended
to the ice-cemented layer. An average of eight sam-
ples was taken from each pit, and all significant tex-
tural and color horizons were described and sampled.

Marked morphological differences were observed
between the profiles of the outer moraine and the
two inner moraines. The most striking of these was
in the depth at which completely weathered meta-
morphic rocks occur, the amount and degree of in-
duration of the saline horizon, and the extent of
consolidation of the material.

In general, the depth of the ice-cemented layer
increases the farther one moves away from the pres-
ent glacier. This depth, however, is not a reliable
criterion for determining the relative ages of the de-
posits. Salt-indurated soil horizons tend to increase
in thickness and degree of induration toward the
outer moraine and in the ground moraine beyond.

Wet chemical analyses were conducted in the field
on at least two horizons of each profile to determine
the chloride, sodium, magnesium, calcium, sulfate,

nitrite, and hydrogen-ion concentrations. Although
the analyses were preliminary and crude by labora-
tory standards, they indicated that in each profile
elemental concentrations decrease with depth, except
where a deep or multiple salt-encrusted horizon
occurs. The chloride-ion concentration is relatively
high in all cases; however, the concentration is signifi-
cantly lower in the younger moraines, both of the
Meserve Glacier and of the axial, or valley, glacier.
Minor differences also exist between the intermediate
and inner moraines, but laboratory analysis is neces-
sary to show their degree. Analyses of the ice-
cemented mineral soil from six profiles in the inter-
mediate and inner moraines indicate uniform, but
very low, elemental concentrations.

A weathering index, based upon a comparison of
labile and resistant rocks at the surface (resistant
rocks, r 1 ) and at a depth of 50 cm (resistant rocks,
r0) at 32 sites yielded values for r 1 /r2 of 3.7 for the
outer moraine, 1.7 for the intermediate moraine, and
1.2 for the inner moraine. It is hoped that these
values, along with the results of the chemical and
physical studies, can be related to a maximum-mini-
mum set of finite ages for each moraine. These dates
will be based on calculations of moraine volume rela-
tive to the present basal load of the Meserve Glacier
as well as on values for the rate of retreat of the
Meserve Glacier from its outer and intermediate
moraines.

Geology of the Beardmore Glacier Area,
Transantarctic Mountains

PETER J . BARRETT, DAVID H. ELLIOT,
JOHN GUNNER, and JOHN F. LINDSAY

Institute of Polar Studies
Ohio State University

During the 1967-1968 field season, geologists from
the Institute of Polar Studies, Ohio State University,
continued the investigation of the central Transant-
arctic Mountains (Fig. 1) started in the 1966-1967
season in the Queen Alexandra Range (Barrett et al.,
1967). Four and five weeks, respectively, were spent
in the Marsh Glacier area, described broadly by
Grindley (1963), and the area southeast of the Beard-
more Glacier, described by McGregor (1965). The
strata examined this season fit well into the stratig-
raphy determined from field work in the 1966-1967
season, in which three new formations are considered
(see table) for strata that form the lower parts of
Grindley's Buckley Coal Measures and Falla Forma-
tion and for a volcanic and sedimentary unit between
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Figure 1. Beardmore Glacier area, showing landing sites and routes traveled.

the Falla Formation and Kirkpatrick Basalt. They
are, respectively, the Fairchild, Fremouw, and Prebble
Formations. In addition, the Lower Paleozoic and
Precambrian basement of the Miller Range was
examined. A midseason flight to recover the re-
mainder of last season's samples and fossils from the
southern Queen Alexandra Range and to check out
some local geology was successful.

In the Miller Range (Fig. 2), the two major base-
ment units are the Precambrian Nimrod Group of
high-grade metamorphic rocks and the Lower Paleo-
zoic granites which intrude them. The contact of
these units was mapped south of the Argosy Glacier
and at Orr Peak; a third outcrop of granite, macro-
scopically similar to those of the Martin Dome and
Skua Glacier areas, was discovered. No Beacon rocks
were seen in the range.

The Nimrod Group has been described by Grindley
et al. (1964). The rocks of this group consist of pe-
litic, quartzo-feldspathic and calcareous metasedi-
ments that are interbanded in some areas with augen
gneisses, marbles, and amphibolites. Examination of
the structure reveals a complex history of strong de-
formation. Over a wide area around the Argosy Gla-
cier, the foliation generally dips from 100 to 60° west
to west-southwest. However, 7.5 km west-northwest of
Martin Dome, two minor recumbent folds in biotite
gneisses were observed. Both have an amplitude of
about 1 m and axial planes that strike north-north-

east. Seven kilometers northeast, an overturned, tight
anticline of similar dimensions strikes northwest.
While these folds may date from the intrusion of the
Martin Dome granite, it is also possible that they
are small-scale reflections of undetected large-scale
recumbent folding. Three kilometers south of Orr
Peak, evidence of at least three phases of deformation
was found in a biotite gneiss-marble sequence. The
north-striking axial plane of a recumbent fold has
been refolded about a second coaxial axis and is
characterized by intense lateral compression (Fig. 3).
Nearby, another set of tight, upright folds on east-
striking axes suggests a third phase of deformation.

On the northwestern spur of Kreiling Mesa, a
thick sequence of low grade metasediments was ob-
served that may prove to be younger than the Nimrod
Group. The rocks, which dip almost vertically, are
largely argillaceous, although interbeds of quartz
arenites and two marble members 30-40 m thick
are present. The argillites are intruded by the granite
of Kreiling Mesa, but no contact with rocks of the
Nimrod Group was found. Lithologically, the argil-
lites compare with the Goldie Formation, which is
exposed at Moody Nunatak, 22 km to the east.

The oldest Beacon Formation in the Beardmore
Glacier area is the Alexandra Formation, over 300 m
thick, which is exposed at the head of the Lowery
Glacier and in the Queen Alexandra Range but
which is absent in the central Queen Elizabeth Range,
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Figure 2. Outcrop map of the Miller Range, showing major
geological features.

where the Pagoda Formation rests directly on the
basement complex. A preglacial karst topography is
present at Mount Counts, where the Pagoda Forma-
tion overlies the Shackleton Limestone. A former cave
10 m in diameter and 10 m below the erosion surface
is filled with coarse green sandstone that includes

large blocks of Shackleton Limestone. A broad depres-
sion, apparently the remnant of a sinkhole, leads
down to the cave. Fissure fillings of sediment similar
to the cave fill were found in vertical joints extend-
ing down into the limestone from the erosion sur-
face, which is directly overlain by tillite. The only
evidence for the age of the cave fill, apart from indi
cations that it is preglacial, is the similarity of the
Alexandra Formation near the head of the Lowery
Glacier.

The Pagoda Formation, which consists predomi-
nantly of tillite, thickens markedly in and around
the Moore Mountains to about 400 m, in contrast
to the 100 m recorded in the Holland and Queen
Alexandra Ranges. This local thickening appears
to be due largely to a preglacial valley in which
thick, massive units of poorly bedded, pebbly sedi-
ment were probably deposited from floating ice in
proglacial lakes. In general, ice-movement directions,
as determined from pavements and ice fabrics, are
to the southeast, much as in the Holland and Queen
Alexandra Ranges.

The Mackellar Formation, which conformably
overlies the Pagoda Formation, is mainly dark shale
in the Holland and Queen Alexandra Ranges, but
fine- and medium-grained sandstone predominates
at several localities in the Queen Elizabeth Range.
Of particular interest is the presence of a thick
(6.6 m) mudflow unit exposed on a section 7.5 km
northwest of Mount Angier in the Moore Mountains.
The sediment is very poorly sorted and contains
large slabs, up to 20 m long, of the underlying

1 11 -/	I, 1! il(r)

Figure 3. Recumbent fold in biotite gneiss and marble ex-
hibiting coaxial folding 3 km south of Orr Peak; the "first"

fold axes are outlined in white.
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Group or Age	FormationSequence Description Thickness
(m)

Stratigraphy in the Beardmore Glacier area.

Kirkpatrick Basalt	Tholeiitic flows, rare shale lenses with conchostracans, ostracods.	 600
Ferrar Group Jurassic	Ferrar Dolerite	Numerous sills and a few dikes,	 about 1000

Prebble Fm.*	Volcanic mudflows, agglomerate, tuff and tuffaceous sandstone.	1	0-500

Falla Fm.
Triassic	Fremouw Fm.

Buckley Fm.,
Beacon	Permian	Fairchild Fm.

Sequence	 Mackellar Fm
Pagoda Fm.

Devonian (?)	Alexandra Fm

Ordovician( 't) Hope Granite

Byrd	Low to mid	Shackleton
Group	Cambrian	Limestone
Beard-	Uppermost	Goldie Fm.
more	Precambrian
Group

Nimrod	Precambrian
Group

*Possibly Triassic.

Sandstone, shale, Dicroidium; tuff dominates upper part.
Sandstone, greenish-gray mudstone; logs, coal, Dicroidium near top.

Disconformity
Lithic sandstone, dark-gray shale, coal, Glossoptcris.
Massive arkosic sandstone.
Dark shale and fine sandstone.
Tillite, sandstone, shale.

Disconformity
Orthoquartzite, sandstone.

Angular Unconformity
Porphyritic microcline-biotite-granite, granodiorite, pegmatite,
lamprophyre.
Limestone (in places with archeocyathids), shale, conglomerate.

Graywacke, phyllite, quartzite, marble, schist, hornfels.

High-grade pelitic, quartzo-feldspathic and calcareous inetasediments
with orthogneisses, marbles, and amphibolites.

160-530
620

about 750
160
90

100-400

about 400

sediments. Clast fabric studies indicate that the paleo-
slope dipped approximately south, which agrees well
with the orientation of current structures on the
underlying sandstone beds.

The Fairchild Formation, a prominent light-col-
ored, massive sandstone overlying the Mackellar
Formation, is somewhat thicker (160 to 230 m) in
the Queen Elizabeth Range than in the Queen Alex-
andra Range to the east (120-140 m). In the former
area, pebbles and cobbles, mainly of metasedimen-
tary rocks, are scattered through the lower part of
the formation; they may have been derived from
the Pagoda Formation or its source, which are to
the northwest. Plant stems are also common, and
leaves of Gangamopteris (identified by Dr. J . M.
Schopf) were found only 130 m above the top of the
Pagoda Formation in the Moore Mountains.

The Buckley Formation, whose contact with the
underlying Fairchild Formation is disconformable
and generally marked by rounded white quartz peb-
bles, is the youngest unit known in the Queen Eliza-
beth Range, and it was the oldest unit seen in the lat-
er part of the season southeast of the Beardmore
Glacier. No complete section of the formation was
found, though exposures containing 200 m or more
of strata are common. The formation is dominated by
sandstone in the lower 100 m; above this level, plant-
bearing siltstone and claystone are more common.
Coal seams, mostly less than 3 m thick, were found
throughout the formation. A number of plant col-
lections were made, and natural graphite was found

near the head of the Ramsey Glacier,. The primary
sedimentary structures of all of the preceding forma-
tions indicate a south- or southeast-trending paleo-
slope, as do those measured last season.

The boundary between the Buckley and the over-
lying Fremouw Formations (thought, on the basis of
last season's work, to be close to the Permo-Triassic
boundary) was found well exposed at three widely
separated localities southeast of the Beardmore Gla-
cier: Mount Kinsey, Graphite Peak, and McIntyre
Promontory. The lower part of the Fremouw Forma-
tion is characterized by noncarbonaceous greenish-
gray mudstone and, in the lower 100 m, by quartzose
sandstone, in contrast to the medium-gray to black
carbonaceous and plant-bearing mudstone and
lithic sandstone typical of the Buckley Formation.
Near Graphite Peak, a piece of a labyrinthodont jaw-
bone, probably of Early Triassic age, was recovered
from a pebbly lens in quartzose sandstone 76 m above
the base of the Fremouw Formation (Barrett et al.,
in press). The mold of a gastropod, 4 cm across, was
found only a few meters away. In the upper part of
the formation, the beds gradually become more car-
bonaceous and include impressions of roots and stems
(possibly of Neocalamites). The upper 100 m of the
formation, seen only at Graphite Peak this season, in-
cludes silicified wood, logs, and thin coal, similar to the
upper part of the proposed type section at Fremouw
Peak, 100 km to the northwest. Current directions
from the Fremouw Formation indicate a west-dipping
paleoslope, which is in contrast to the south and

July-August 1968	 105



southeast trends obtained from Permian strata.
The Falla Formation, a cyclic sandstone and car-

bonaceous-shale sequence in the Queen Alexandra
Range, was found only near Graphite Peak and at
Otway Massif, where small areas of sandstone are
exposed.

Poorly sorted volcanic conglomerates and tuffa-
ceous beds of the Prebble Formation crop out on the
west side of Otway Massif and at Mount Pratt. On
Otway Massif, the minimum thickness of 460 m con-
sists almost entirely of the poorly sorted conglomer-
ate with doleritic boulders up to 1 m across. The 60 m
at Mount Pratt also includes tuffaceous sandstone
and a thin water-sorted conglomerate.

The near-horizontal lavas of the Kirkpatrick Basalt
cap the succession on Otway Massif and form all of
the bedrock of the Grosvenor Mountains. The maxi-
mum thickness recorded was 504 m at Mount Spohn,
where there are only five flows; the flows are more
numerous farther south, and 12 are present on Mount
Emily, although the thickness there is only 265 m.
As in the Queen Alexandra Range, the centers of the
thicker flows are cliff-forming, coarse-grained rocks
which have the appearance of dolerites; the thinner
flows are fine-grained black basalts. All flows have
thin amygdaloidal lower contact zones and much
thicker, baked, amygdaloidal upper zones. Pillow
lavas are conspicuous at a few localities.

Sedimentary interbeds are rare, but one, at Mauger
Nunatak, yielded a few poorly preserved conchos-
tracans. Fossil soils are present at many localities and
vary from a few centimeters to 1.5 m in thickness.
Most of them are derived from the underlying basalt
flows, proving that some of the very thick flows are
extrusive rocks and not sills. Wood fragments and
rootlets are quite common in the soils, but only at
one place were leaf impressions found.

Dolerite sills are conspicuous in the Queen Eliza-
beth Range and south of the Beardmore Glacier,
where the total thickness may exceed 600 m. A very
prominent circular feature on the northwest side of
Otway Massif is a sill that dips gently outward and
is cut by several dikes which radiate from a small,
central spine of basalt and dolerite. The elevation of
the lowest adjacent basalt flow on Otway Massif is
110 m higher than the highest point on this feature;
as there is no evidence of faulting, this circular
feature is probably the sub-Jurassic surface remnant
of a Jurassic central vent.

Gravity measurements were taken at six rock out-
crops and five snow stations at campsites southeast
of the Beardmore Glacier. The station gravity has
been calculated for all localities, but the data have
not yet been interpreted.
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Patterned-Ground Studies in
Victoria Land

ARTHUR A. TWOMEY and ROBERT F. BLACK

Department of Geology and Geophysics
University of Wisconsin (Madison)

Patterned-ground investigations on Ross Island
and in the dry valleys of Victoria Land were begun
in 1960 to establish the conditions under which sand
wedges and ice wedges form and to determine their
rate of growth for the dating of various surfaces.
Near-surface ground temperatures are being moni-
tored continuously by thermal recorders at McMurdo
Station and in Taylor Valley. During the 1967-1968
field season, Twomey and one assistant serviced these
recorders.

Large thermal stresses produced each fall by rapid
cooling at low temperatures cause cracking along
ice wedges. Twomey installed an apparatus near
McMurdo to record the time of cracking of several
ice wedges for which growth rates had been estab-
lished. Simultaneous field recording of the thermal
regime and the cracking of wedges in a single poly-
gon should provide a partial check of Lachenbruch's
(1962) theory of ice-wedge formation. In it, he calls
for velocities of crack propagation sufficient to cause
bifurcation and, hence, nonorthogonal intersections
in the normal hexagon.

Probing perennially frozen morainic material with
pick and shovel, auger, or other mechanical means to
determine its thickness and other physical properties
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