
rangement of leaves on short shoots (for those sim-
ulating whorls) and long shoots (as indicated in this
example) seemed quite reasonable. Such arrange-
ments are fairly common among both modern and
fossil gymnosperms.

Unfortunately, microdissection has failed to
confirm this example of "attachment." As shown in
Fig. 2b, when the chip of matrix was removed and
an effort made to uncover the actual scar of the
cicatrix, it was found that the narrow petiole con-
tinued in its course below the associated stem
compression and curved away below it. Therefore,
this specimen affords no evidence that would be
provided by a specimen showing authentic attach-
ment of a Glossopteris leaf to its stem. The leaf
apparently shows well-preserved characteristics of
the common Lower Gondwana species G. communis
Feistmantel. The axis shows traces of gymnosper-
mous wood but is otherwise indeterminable.

During the past season, observations of stratigra -
phic interest were obtained at the northern end of
the Sentinel Range, near the area where Craddock
and his associates collected a Glossopteris flora in
1964 (Craddock et al., 1965). The lower part of
the Polarstar Formation, which is much faulted and
folded and estimated to include 600-900 m of thin-
bedded carbonaceous shale and siltstone, apparently
occurs in the same relationship with plant-bearing
beds above and diamictite (tillite?) below that has
been observed for the Discovery Ridge Formation of
the Ohio Range (Long, 1964). The thin-bedded
black shale that occurs in the upper member of the
Discovery Ridge Formation forms correspondingly
steep slopes in the Sentinel Range. Both show an
extraordinary number of trace fossils along bedding
planes, although the most distinctive types of trails
are probably different in each mountain range.
Large sideritic concretions are very characteristic of
the Discovery Ridge Formation, and similar large
concretions occur in the lower part of the Polarstar
Formation. They are, however, not accompanied by
cone-in-cone layers, nor are they as calcareous. In
both localities, sandier beds at the top are followed
in apparent conformity by repetitive nonmarine cy-
cles of arkosic sandstone in prominent benches, sep-
arated by layers of carbonaceous shale containing
coaly beds and abundant fossil plants. The resem-
blance in apparent stratigraphic relationships and fa-
cies is most striking between the lower part of the
Polarstar Formation and the Discovery Ridge For-
mation in spite of an apparent fourfold (?) increase
in thickness in the Sentinel Range. The difference in
thickness may not be as significant as the similarity
of facies since the Ohio Range locality is nearly
1,000 km southwest of the Sentinel Range.

During the past season, the writer received addi-
tions to the antarctic fossil flora from other locali-

ties, chiefly Victoria Land, as a result of collecting
by Paul Pinet and David Matz of the University of
Massachusetts, Peter Barrett of Ohio State Univer-
sity's Institute of Polar Studies, and Toby Rose, who
was associated with the University of New South
Wales' party under the direction of Dr. C. T. McEl-
roy. To all of those thus contributing to a more ade-
quate knowledge of antarctic plant life of the past,
the writer is grateful.
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Patterned Ground Studies in
Victoria Land

ROBERT F. BLACK and CARL J. BOWSER

Department of Geology and Geophysics
University of Wisconsin (Madison)

Patterned ground studies were begun in 1960 in
Victoria Land to define the environment of sand and
ice wedges and to determine their rate of growth for
dating of various surfaces. The thermal regime of
the ground is being monitored continuously by re-
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corders at McMurdo and in Taylor Valley. During
the 1966-1967 field season, the writers serviced the
thermal stations and studied salt deposits in Taylor
Valley, at the Hobbs Glacier, and at other localities
nearby where the salts are related to patterned
ground and to surfaces of supposedly different ages.

In Taylor Valley, observations were made of the
kinds and distribution of salts from the front of
Canada Glacier to Goldman Glacier and to the top
of Nussbaum Riegel, crossing the entire sequence of
moraines from youngest to oldest. The saline dis-
charge area at the terminus of Taylor Glacier in
Lake Bonney was reexamined and sampled in detail.
Observations also were made and samples collected
of salt-bearing basal drift up glacier.

One hundred and thirty-three salt bodies were ex-
amined at the ice-cored moraine in front of the
Hobbs Glacier, which is cut by a youthful system of
wedges. The moraine contains numerous salt bodies
and locally associated algae within as well as on top
of the ice. The moraine apparently originated largely
from the formerly expanded Koettlitz Glacier. Addi-
tional observations were made and samples collected
of salt deposits in Miers Valley and along the west
margin of the Koettlitz Glacier up to Pyramid
Trough. Salts were also collected at McMurdo, Cape
Evans, and Cape Royds. All the collections are now
undergoing laboratory study.

Some Observations and Tentative Conclusions
One or more compounds dominate a complex of

salts in the various places. At the ice-cored moraine
in front of the Hobbs Glacier, the salt bodies and
local algae are found from sea level to the basal
shear moraine of the Hobbs Glacier, at about 200 m
elevation. The salts consist mostly of mirabilite
(NaSO 10HO) with surface alterations of thenar-
dite (NaSO). Some bodies are many tens of meters
thick. Bizarre pinnacles are seen locally (Fig. I).
Salts are emerging today from the basal shear mo-
raine of the active ice of Hobbs Glacier (Fig. 2).
Other bodies with algae represent pond concentrates
whose structure and relationship to structures in the
ice show clearly that they were subsequently overrun
and carried along in either the Koettlitz or Hobbs
Glaciers. Large single crystals of mirabilite are
"weathering" out of glacial ice fronting on McMur-
do Sound. In Miers Valley, gypsum predominates
over mirabilite in the exposures visited.

A former saline discharge from the face of Taylor
Glacier crystallized in part to ice, mirabilite, halite,
calcite, and aragonite. Superficially similar salts were
collected from basal drift about 300 m up ice from
the terminus of Taylor Glacier and about 20 m
above the level of Lake Bonney.

During the past year, Taylor Glacier advanced a
few meters, and part of the terminus slumped into

(Photo by R. I. Black)

Figure /. Pinnacle of ,nicahilite about 200 m above sea level
at terminus of the active ice of Hobbs Glacier. Original

stratifi cation is isochnally folded and sheared.

(Photo by R. F. Black)

Figure 2. Basal shear moraine of the active ice of Hobbs
Glacier about 200 in sea level. The white bloom on
the upper part is thenardite that has been altered from
nirahi/ite; the bloom has been removed from the lower part.

Lake Bonney. In the axis of the valley these move-
ments produced parallel arcuate folds in the four-
meter-thick perennial ice of Lake Bonney and, to-
ward the margins of the glacier, en echelon tension
fractures in ice-cored moraines and in the lake ice.
The wavelength of the folds is 40-50 m and the am-
plitude 0.5-3 m.

The abundance and variety of salts in the drifts
near Nussbaum Riegel do not increase significantly
with supposed age as they clearly do in Wright Val-
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ley. In Taylor Valley, thenardite and calcite are
especially abundant in the vicinity of volcanic extru-
sives. However, available evidence does not prove
nor disprove that volcanism provided the abundance
and variety of salts found in Victoria Land. In Tay-
lor Valley, the paucity of salts in supposedly older
moraines, perched stones, disturbed ventifacts, ca-
vernously weathered stones, patterned ground, and
high-level beach ridges all point to a recent geomor-
phic event such as uplift above the sea.

rock interface. Approximately 30 stations were oc-
cupied for this purpose.

The data obtained during phases two, three, and
four were augmented by both continuous and
point-by-point observations of the total magnetic
field along selected profiles.

Preliminary data reduction suggests that the 700-
to 800-m-high plateau of the southwestern half of
the island consists of a layer of ice that is more than
500 in

GRAVITY AND TOPOGRAPHY

Anvers Island Gravity Survey, 1967
GILBERT DEWART

Institute of Polar Studies
Ohio State University

From January 1 to March 25, 1967, Ohio State
University's Institute of Polar Studies conducted a
gravity survey of the Anvers Island area with a La-
Coste-Romberg gravimeter. The survey involved
four phases: The intercontinental calibration of the
instrument and the establishment of internetwork
ties; the establishment of a regional network; the
measurement of ice-cap profiles; and the execution
of a detailed survey of the edge of the ice cap.

The first phase involved the occupation of pre-
viously established stations during stops at airports
and seaports on the journeys to and from Antarctica
and at accessible locations on the Continent to cali-
brate the instrument with respect to established
gravity reference points. It also involved tying the
Anvers Island survey to the gravity networks of the
University of Wisconsin and the British Antarctic
Survey.

The second phase was carried out to obtain a
gravity gradient for the Antarctic Peninsula—Anvers
Island region by making observations along the
coasts of Anvers Island, the adjacent peninsula, and
on various islands in the region.

The ice-cap profiles, which comprised the third
phase, were obtained by making several hundred ob-
servations at spacings of 1-3 km along surveyed
lines laid out on the Anvers Island ice cap. These
data will aid in determining the thickness of the ice
and the topography of the surface beneath the ice.

The fourth phase of the program entailed a de-
tailed investigation in the vicinity of Palmer Station
of the shape of the ice cap's edge and of the ice-

Topographic Mapping:
Field Operations, 1966-1967

GEO. D. WHITMORE

Chief Topographic Engineer
U. S. Geological Survey

During the 1966-1967 season, four topographic
engineers from the U.S. Geological Survey were as-
signed to make control surveys for antarctic map-
ping and to contribute to other USARP programs.
For the seventh consecutive season, the Survey fur-
nished Air Development Squadron Six (VX-6) with
a mapping specialist who planned flight lines, pro-
vided navigational assistance during photographic
missions, and advised on the quality of the devel-
oped photography.

In the western sector of Marie Byrd Land, 1,490
km (925 miles) of electronic-distance traverse were
completed. This traverse began near Cape Colbeck
on Edward VII Peninsula and extended eastward
across Saunders Coast to Forrester Island on Hobbs
Coast. In addition, measurements covering a total
distance of 480 km (300 miles) were made in areas
off the main traverse line where control points were
needed. This work furnished control for about 60,-
000 square miles of topographic mapping.

Although the Marie Byrd Land Survey traverse
was the primary undertaking of the Geological Sur-
vey this year, its engineers also performed surveying
operations in support of other USARP programs.
This work included establishing a geodetic tie at
McMurdo between the "Camp Area" astronomic
station and the geodetic satellite tracking facility of
New Mexico State University, remeasuring the ice-
movement stakes on the annual and fast ice between
Hut Point and Koettlitz Glacier (for the Naval Civil
Engineering Laboratory), determining an astronomic
azimuth for the beginning point of the Byrd Sta-
tion—Whitmore Mountains ice-strain network (for
Ohio State University), and establishing four new
stations for the second-order triangulation network
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