
Figure 1. Tectonic sketch map of the Scotia arc showing locations of cruise area (hatched), the
Diego Ramirez Islands, the Elephant Island group, and Smith Island.
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Cruise 83-4 of R/V Hero, which began

in Punta Arenas, Chile, on 1 June 1983
and ended at the same port on 29 June
1983, involved a geologic transect of the
Andean Cordillera in Chilean Tierra del
Fuego from Seno Almirantazgo to the
Diego Ramirez Islands, approximately 100
kilometers southwest of Cape Horn (figure
1). The objective was to further scientific
understanding of the tectonic evolution
of the southernmost part of the cordillera
in relation to the rest of the Scotia Arc.
We made geologic observations, collected
samples for geochemical analysis and fis-
sion track dating, and made a gravimetric
survey.

The participating scientists were:

• Ian Dalziel, Lamont-Doherty Geolo-
gical Observatory of Columbia Univer-
sity (senior scientist)

• Randall Forsythe, Rutgers University

• Bryan Storey, British Antarctic Survey

• Manuel Suarez, Servicio Nacional de
Geologia y Mineria, Chile

• Juan-Carlos Parra, Servicio Nacional
de Geologia y Mineria, Chile

• Anne Grunow, Lamont-Doherty Geo-
logical Observatory of Columbia Univer-
sity.

The cruise track and principal landing
sites are shown on a geologic map of south-
ern Tierra del Fuego (figure 2); geologic
sections through the Cordillera are pre-
sented in figure 3. U.S., Chilean, and British
investigators are still analyzing much of
the material and data collected and will
present the results of laboratory studies
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and data reduction at later dates. This report�Porty}}urq Qqrwyn
includes observations made during the�Because Bryan Storey (British Antarc-
cruise and comments on their significance.�tic Survey), who has worked extensively
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on South Georgia, participated in this
investigation, we were able to compare the
geology of Tierra del Fuego and of South
Georgia island while we were in the field
(figure 1). Previous general correlations
were confirmed as a result of these discus-
sions (Katz and Watters, 1966; Daiziel et
al., 1974; Tanner, 1982). A major differ-
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ence lies in the extent of the Andean (middle
to Late Cretaceous) deformation. In Cor-
dillera Darwin the pre-Late Jurassic base-
ment has been extensively re-tectonized,
and the basement (Gondwanide) structures
almost entirely obliterated (Nelson et al.,
1980). By contrast South Georgia's Dry-
galski Fjord complex, although intruded

by mafic dikes, is virtually unaffected by
Andean tectonism (Storey eta)., 1977).

Another significant observation emerged
from our work in Cordillera Darwin.
Volcaniclastic sedimentary rocks (figure
6) mapped as belonging to the Tobif era For-
mation (Upper Jurassic) in Bahia Brookes
are remarkably similar to the rocks of the
Sandebugten Formation (Upper Jurassic
or Lower Cretaceous) in South Georgia
(Dalziel et al., 1974; Tanner, 1982). Geolo-
gists have recognized for a long time that
the Sandebugten sedimentary strata was
derived from a siliceous volcanic source,
probably the Tobifera Formation (Dalziel
et al., 1974). Therefore, it is logical that
part of what has been mapped in South
America as the Tobifera Formation may
represent the Sandebugten Formation of
South Georgia.

Two outstanding structural problems in
Cordillera Darwin must be considered: how
well can pre-Andean deformation still be
recognized in the pre-Tobifera basement
and how much of the volcanic rock in the
basement may represent the Tobifera cover
rocks emplaced as tectonic slices or fold
cores.

Canal Beagle
For some years now geologists have

pointed out that field evidence and radio-
metric data from the southernmost Andes
indicate that the main deformation in the
Cordillera itself took place during the mid-
Cretaceous. Subsequent folding would have
been confined to the foothills on the Atlan-
tic side (Dalziel and Palmer, 1979; Winslow,
1982). Recently, however, Manuel Suarez
discovered evidence suggesting that defor-
mation in the Cordillera continued into
the Late Cretaceous.

During the cruise we observed consider-
able evidence for this hypothesis. The evi-
dence included not only deformed granitic
rocks (figure 5) but also highly foliated
contacts with the country rocks.

Horn Island
The most significant observation was

that the rocks on the west coast of Horn
Island, previously mapped on a reconnais-
sance basis as gneisses (Suarez, 1979), are
flow-banded rhyolites. Presumably, they
are part of the Hardy Formation (Lower
Cretaceous) of Suarez and Pettigrew (1976).

Dlhjr Rdpluhz Ivodqgv
Before R/V Hero cruise 83-4, geologic

observations of the Diego Ramirez Islands,
located approximately 100 kilometers south-
west of Cape Horn, had been limited to
the small area around a Chilean navy obser-
vation post. These observations, which
have not been published, were made by
Chilean geologists on their way to Antarc-
tica. During the Hero cruise, we were able
to land throughout the islands and to study
the rocks in some detail. Most of the islands

Figure 2. Geologic map of southern Tierra del Fuego showing track (dashed lines) and princi-
pal landing sites (dots) of A/V Hero Cruise 83-4. For explanation see Table. Solid lines show
location of sections. BB-Bahia Brookes, BC-Beagle Channel, IN-Isla Navarino, SA-Seno Almiran-
tazgo, SAl-Sierra Alvear, SG-Seno Garibaldi, lH-Isla Haste.

Table. Principal geologic units of southern Tierra del Fuego.
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consist of undeformed mafic pillow lavas
tilted gently to the northeast (figure 7).
There are local intercalations of chert and
black argillite; numerous small faults are
present.

On the southwesternmost island black
phyllites and highly deformed silicic vol-
canics occur near the Chilean observation
post. These rocks (figure 8) have suffered
multiple-phase folding and, in the field at
least, are virtually identical to the rocks
forming the southwestern point of Clar-
ence Island in the South Shetland Islands
(figure 1.
The rreuI1c of the io Ls preent

two interesting and potentially important
points. First, the Diego Ramirez lsland
and Clarence Island are at opposite end',
of the same transform fault—the Shackletot
fracture zone, which forms the boundary
between the Scotia and Antarctic plate'
(figure 1). This may have no more signifi
cance than to indicate a similar tectoni
setting at opposite ends of the transforn

Figure 6. Two generations of granitic intrusions in the basement rocks of Cordillera Darwin.

10� Antarctic Journal



fAA

•ii
Figure 7. Pillow lava, Diego Ramirez Islands.

Figure 8. Black phyllite and white deformed volcanic rock, Diego Ramirez Islands.
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Figure 9. Pyroclastic rocks, Hardy Forma-
tion, Isla Hoste.

fault. However, the second point appears
to be more important. At the three places
where the terminations of the Shackleton
and Hero fracture zones intersect, the con-
vergent margins of South America and
the Antarctic Peninsula have experienced
significant uplift. For the Diego Ramirez
Islands this may not be substantial, because
the rocks do not appear to have been highly
metamorphosed. The rocks of the north-
ern Elephant Island group (including Clar-
ence Island) and of Smith Island (figure
1), however, reflect uplift of at least 20
kilometers along the Antarctic Peninsula
margin (Dalziel, 1982; Tanner et al, 1982).
To the best of my knowledge, this rela-
tionship between fracture zones and con-
vergent margins has not yet been pointed

out in other parts of the world and remains
unexplained.

Peninsula Hardy and western
Isla Navarino
The facies relationships of volcanic and

sedimentary rocks of the Hardy and Yah-
gan Formations along Peninsula Hardy and
western Isla Navarino (figures 9 and 10)
are exceedingly complex and have led to
long debates about their paleogeographic
significance. Clearly proximal (debris flow)
facies are present (figure 10), but there
seems to be no simple geometry for the
Pacific edge of the Early Cretaceous "Rocas
Verdes" marginal basin (Suarez and Petti-
grew, 1976). Indeed the widespread extent
of near-shore proximal facies such as those
shown in figure 10 calls to question the
unique significance of the so-called Teke-
nika Beds (Dottetal., 1977).

Isla Packsaddle
We collected from the young columnar-

jointed alkali-basalt flow on this island.
The flow appears to represent the south-
ernmost exposure of the Patagonian basalt
field that extends northwards past the east-
ern end of the Strait of Magellan, eventu-
ally to southern Bolivia.

—Ian W. D. Dalziel, Lamont-Doherty
Geological Observatory of Columbia Uni-
versity, Palisades, New York.
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Figure 11. Columnar jointed alkali basalt, Packsaddle Island.
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At the northwest end of White Island

(78 0 10'S 167 0 30'E) we maintained a 1.2-
meter-diameter and 16-meter-deep hole
through the McMurdo Ice Shelf (78°S
110°31'E) from February to December 1981
as part of a Weddell seal study. This site
enabled us not only to observe the seals'
winter activities but also to lower traps
and bottom grabs, photograph the ben-
thos with a deep submersible camera, mea-
sure water temperatures, collect water sam-
ples to a depth of 80 meters, and directly
observe ice conditions beneath the shelf
using diving equipment. To protect us from
the harsh winter environment, we posi-
tioned a portable hut with a trap door over
the hole. Because this procedure has great
potential for studies of seasonal changes
in the ice and marine environment beneath
the ice shelf, we describe below how we
drilled and maintained the observation hole
for one year.

White Island, located 26 kilometers south
of Ross Island, is bounded on the south
and east by the Ross Ice Shelf and on the
west by the McMurdo Ice Shelf. We select-
ed a site for the oceanographic hole at the
northwest end of the island near an area
where Weddell seals regularly haul out
along the tidal cracks and pup in Novem-
ber. We knew the ice could be penetrated
here because a New Zealand scientific team
had maintained an oceanographic hole in
this area during the 1978-1979 austral
summer.

An active tidal crack along the western
shore of White Island marks the transi-
tion from shelf ice to shore ice. Because
our camp would eventually be built around
the ice hole, we wanted to remain a safe
distance from the tidal crack yet find an
area where the ice was no more than 20
meters thick. Eleven test holes, 20 to 50
meters offshore, were drilled with a 10-
centimeter auger through the shelf ice cov-
ered with 2 to 3 meters of compacted firn.
In most of the test holes the ice was granular
and impregnated with brine. A site was
chosen 50 meters offshore with 2 meters
of snow covering 4.5-meter-thick hard ice,
which was dry on the surface. Below the
hard ice was another 7 to 9 meters of platelet
ice.

A 2-meter-diameter hole was melted
through the hard ice with a closed-circuit
automotive steam cleaner (manufactured
by Alkota of South Dakota) filled with
glycol. Other investigators have used this
system successfully to melt holes in Mc-
Murdo Sound sea ice and lake ice in south-
ern Victoria Land's ice-free valleys. The
glycol was heated to 100°C by a kerosene
burner and circulated through two 15-
meter-long rubber hoses connected to a
1.2-meter-diameter copper coil. A 5-kilo-
watt generator provided power for the
steam cleaner.

After digging a 3-meter-square snow
trench, we laid the heated coil, which was
weighted and tethered, on the ice surface.
It melted through the ice at a rate of about
15 centimeters per hour. Melt water was
pumped out of the hole with a small sub-
mersible pump. If the warm melt water
had not been removed, the hole would
have enlarged to over 2 meters in diameter.
When the hole was 2.5 meters deep, sea
water seeped in and filled it to the level of
the hard ice. Melting continued for 32 hours
until the hard ice was penetrated. The lat-
eral dissipation of heat enlarged the hole
rather than making it deeper and made
further melting in the platelet ice imprac-
tical. We removed the coil and broke loose
the platelet ice with a weighted line. As
the platelet ice floated to the surface, we
used dip nets to remove it from the hole.
Clearing the remaining 9 meters of plate-
let ice this way was difficult and time-
consuming.

After removing 60 to 70 percent of the
ice, two divers descended into the hole
and cleared away the final platelet ice with
small scrapers. Small volcanic stones cov-
ered with bryozoans and a starfish were
found embedded in the platelet ice and
presumably had been lifted from the sea-
bed by anchor ice. With the aid of a
1,000-watt underwater light, we examined
the bottom of the ice, which was 16 meters
below the surface. The platelet ice was
composed of large, loosely packed crys-
tals with a random orientation. Although
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