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During July of the austral winter of 1979 the scientific
party of the R/v Hero conducted geological surveys within
the remote outer Pacific fords of southern Chile. The two
areas investigated (see figure 1) were the last zones to be
investigated to complete a reconnaissance study of pre-
Late Jurassic terranes exposed in a semicontinuous belt
along the Pacific perimeter of the southern Andes. In addi-
tion, two other projects were undertaken: (1) to survey
systematically the uplifted sea-level features preserved
within the outer fords, and (2) to obtain gravity readings
during the cruise whenever possible. Blaine Hall coordi-
nated the survey of uplift features and Sergio Barrientos
conducted the gravity study.

Survey of pre-Late Jurassic terranes. As the two simplified
geological maps in figure 2 illustrate, there is a major di-
vision within the pre-Late Jurassic terranes between very-

low- to low-grade metasedimentary complexes and low- to
medium-grade complexes of highly foliated, lineated, and
quartz veined tectonites. The existence of these low- to
medium-grade metamorphic tectonites had not been re-
ported previously. Field relations suggest that structural
and lithologic transitions exist between the two types of
complexes. The transitions are probably quite similar to
that described for the "basement" complexes of the South
Orkney Islands (Daiziel, Elliot, Thomson, Thomson, Wells,
and Zinsmeister 1977).

Within the metamorphic tectonite complex on Diego de
Almagro Island, a zone of metamorphosed mafic (?basalt,
gabbro) to ultramafic rocks has been discovered. This zone
(dark shaded areas in figure 2A) is approximately 7 kilome-
ters wide and includes serpentinite, amphibolite, garnet
amphibolite, green to blue amphibole-epidote-feldspar-
quartz schist, and subordinate quartz-feldspar-mica-garnet
schist.

The very-low- to low-grade complexes contain metamor-
phosed flysch-like sequences; massive limestone or marble;
and interbedded chert, argillite, and limestone assemblages.

The deformation history is quite complex, but field data
suggest that all complexes have experienced at least two
phases of deformation.

The presence of blue amphiboles and the observed tec-
tonic juxtaposition of highly incompatible rock types, as
well as the inferred protoliths, are all features consistent
with prior interpretations for the pre-Late Jurassic rocks
exposed in adjacent regions of the southern Andes. In gen-
eral, these terranes have been ascribed to a late Paleozoic to
early Mesozoic subduction complex (Dalziel in press; Dal-
ziel, de Wit, and Ridley 1975; Forsythe 1978; Forsythe and
Allen in press; Forsythe and Mpodozis 1979).

Uplifted sea-level features. Three main types of uplift fea-
tures were studied at 20 different localities during the 79-5
cruise. Fourteen of the localities have wave-cut platforms
and scarps developed along sea. cliff exposures of massive
limestone bodies within the pre-Late Jurassic terranes.
These are developed along glaciated valleys and therefore
are thought to be postglacial (probably less than 10,000
years). Three of the localities were on flat terraces devel-
oped along the east and northeast shores of Mornington
Island. These terraces contain isolated rock pillars that
probably were once sea stacks.

The three remaining sites are high terrace-like features
that are preserved on some of the islands most toward the
Pacific. These may also be sea-level features, but in this case
their high altitudes suggest uplift prior to the last glacial
advance.
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Figure 1. Blocked areas are those studied (n/v Hero 79-5).

Figure 2. Simplified geologic maps for the Nelson strait area
and Mornington Island.

Gravity stations. During the cruise, gravity readings were
taken at 63 stations along shore at or near the high-tide
position. These records, together with data obtained by
S. Barrientos with the cutter 21 de Mayo will allow the
construction of a trans-Andean gravity profile. The approx-
imate trend of this profile is shown in figure 3.

This work was supported by National Science Founda-
tion grant DPP 78-20629.

We would like to thank Captain Norm Deniston and the
entire crew of the R/V Hero for a successful cruise.
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Figure 3. General trend of gravity profile.
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Late Miocene paieociimatoiogy
In the subantarctic water mass,

southwest Pacific
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The Late Miocene paleoclimatic history of the sub-
antarctic water mass based on quantitative micro-
paleontology and stable isotope studies was obtained from
two sedimentary sequences in the southwest Pacific: (1)
Deep Sea Drilling Project (DsDP) site 281 located on the
South Tasman Rise (1,600-meter water depth) and (2) the
Blind River section in the South Island of New Zealand
(figure 1). Both sequences were covered by subantarctic
water during the Late Miocene.

The subantarctic water mass is transitional between ant-
arctic waters to the south and cool subtropical waters to the
north. Micropaleontological evidence suggests that the sub-
antarctic water mass formed in the Early to Middle Miocene
age (Burns 1977; Edwards and Perch-Nielsen 1975; and Ken-
nett 1978). However, the boundary between the antarctic
and subantarctic water masses (the Polar Front) shifted
both north and south during the Neogene. The position of
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Figure 1. Location of DSDP Site 281, on the South Tasman
Rise; on the Challenger Plateau and the Blind River section,
New Zealand.

the northern edge of the subantarctic water mass (Sub-
tropical Convergence) appears to have been relatively sta-
ble during much of the Miocene, with a distinct northward
expansion during the late Miocene (Kennett, Houtz et al.
1975). Today, the Subtropical Convergence is much farther
to the south than in the Late Miocene (figure 1). Faunal
migrations from the south and north (e.g. Neogloboquadrina
pachyderma) (Kennett and Vella 1975) and the formation of
assemblages unique to subantarctic water appear to have
occurred in response to climatic variation (Kennett 1978).
For example, between the Middle and Late Miocene ages
there was a reduction in diversity of planktonic for-
arninifera in the subantarctic (from 13 to 15 species to 8 to
9 species), perhaps in response to increasing refrigeration in
the Late Miocene (Kennett 1978). Planktonic foraminiferal
populations within the subantarctic water show recog-
nizable species assemblage changes, thus providing an ex-
cellent record of climatic variation in the Late Cenozoic age.

Planktonic foraminiferal studies at site 281 and Blind
River within the subantarctic water mass show climatic and
oceanographic changes that are in agreement with the
overall picture of the Late Miocene age as a period of in-
creasing refrigeration. Increasing abundances of sinistrally
coiling N. pachyderma, increasing abundances of N. pachy-
derma, decreasing numbers of G. bulloides, and decreasing
diversity within planktonic foraminiferal assemblages in
the Kapitean Stage all culminate in a latest Miocene surface
water "cooling event" at both site 281 and Blind River
(figure 2). Faunal parameters from the subantarctic water
mass appear to be far more sensitive to surface water tem-
perature changes than do similar faunal parameters re-
corded by Kennett and Vella (1975) at DSDP site 284 in the
cool subtropical water mass to the north.

Benthonic foraminiferal oxygen isotopic data from site
281 and Blind River (figure 3) and other circum-Pacific cores
suggest that ice volume, after an initial buildup in the Mid-
dle Miocene age at approximately 14 million years (Shack-
leton and Kennett 1975), remained relatively constant
throughout the Late Miocene age, with several distinct
events indicative of warmer or less glacial conditions. The
planktonic foraminiferal oxygen isotopic record parallels
the faunal climatic record for subantarctic surface waters,
thus adding to the theory that the latest Miocene age (Kapi-
tean) was a time of increased refrigeration but not neces-
sarily of increased ice volume.

The Late Miocene benthonic foraminiferal carbon iso-
topic records from site 281 and Blind River both show a
permanent decrease in 5 13C (carbon 13) at the base of the
Kapitean (figure 3). Loutit and Kennett (1979) dated this
carbon shift at 6.2 to 6.3 ± 0.1 million years. Keigwin and
Shackleton (1980) also dated a similar shift, in piston core
RC12-66, at 6.2 ± 0.1 million years. The carbon shift ap-
pears to represent some permanent and important change
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