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Numerous locations of geologically young, and in some cases
historically active, volcanism are known in the Bransfield Strait
and parts of the South Shetland Islands. These volcanoes are
Quaternary in age, and judging from their locations and geo-
chemistry in comparison to the older volcanic rocks that form
the bulk of the South Shetland Islands and the Antarctic Pen -
insula, we can conclude that they are associated with the young
rift that has created the Bransfield basin. During 1990, we com-
pleted most phases of a geochemical and petrological investi-
gation of the young volcanoes to investigate the sources and
processes responsible for their eruption. We offer some prelim-
inary interpretations here.

Bridgeman Island, Deception Island, Sail Rock, and numer-
ous seamounts are aligned along the rift axis of the Bransfield
Strait (figure 1). Melville Peak, on the eastern tip of King
George Island (figure 1), lies on the northern margin of the
Bransfield Strait. Nearby is Penguin Island, a small cinder cone
on the southern shelf of King George Island (figure 1). Both
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Figure 1. Geography and bathymetry of the Bransfield Strait region.
Land areas are shaded. Bathymetry contoured in kilometers. Qua-
ternary volcanic rocks are found on Melville Peak, Penguin Island,
Bridgeman Island, Deception Island, Sail Rock, axial seamounts,
and a few locations on Greenwich and Livingston islands. (km
denotes kilometer.)

Melville Peak and Penguin Island lie off of the present axis of
rifting of the Bransfield Strait but may be associated with nor-
mal faults bounding the northern margin of the strait (Ashcroft
1972). We have samples from all of these volcanoes; we dredged
two seamounts southwest of Bridgeman Island from the RIV
Polarstern in 1985 (Fisk 1990); and two additional seamounts
were inadvertently sampled during coring operations (Ander-
son, DeMaster, and Nittrouer 1986; Law yer personal commu-
nication). Isolated exposures of Quaternary basalts also occur
on Greenwich and Livingston islands, but their relationship to
the other Quaternary volcanic rocks and the opening of the
Bransfield Strait is unclear (Smellie et al. 1984).

The major and trace elements of all the Quaternary volcanic
rocks show significant dissimilarities despite their proximities
in time and space (Weaver et al. 1979; Keller and Fisk in press;
Keller et al. in press). They are mainly basaltic and basaltic
andesitic in composition (figure 2), although Sail Rock and
some samples from Deception Island are more evolved than
this (figure 2). The Sail Rock andesite is chemically similar to
(but more evolved than) samples from Bridgeman Island. Mel-
ville Peak and Penguin Island, the two off-axis volcanic centers
from which we have samples, have chemical characteristics that
separate them from the on-axis volcanoes. All four of our Mel-
ville Peak samples classify as basaltic andesites similar to East-
ern Seamount (figure 2) but can be distinguished from Eastern
Seamount and other on-axis volcanoes by lower iron oxide,
titanium dioxide, and higher aluminum oxide, potassium ox-
ide, rubidium, strontium, and barium abundances at similar
magnesium oxide contents. Penguin Island also has high stron-
tium, barium, and potassium oxide but low rubidium and ytt-
rium. Most chemical variation within each volcano can be ex-
plained by simple fractional crystallization, but the differences
between separate volcanic centers cannot be accounted for by
this simple mechanism. More complex evolutionary models in-
volving assimilation and fractional crystallization (AFC models
of O'Hara 1977; Nielsen 1988) are capable of generating the
chemical variation seen between volcanoes only if the assimi-
lant is extremely enriched in barium, potassium, and stron-
tium.
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Figure 2. Silica (S10 2) versus sodium oxide plus potassium oxide
(Na20+K20) of Quaternary volcanic rocks from the Bransfield
Strait. WS denotes Western Seamount; ES denotes Eastern Sea-
mount; AR denotes piston-cored seamount on axial ridge; BI de-
notes Bridgeman Island; DI denotes Deception Island; SR denotes
Sail Rock; P1 denotes Penguin Island; MP denotes Melville Peak;
LG denotes Livingston and Greenwich islands; and LH denotes
Low Head (Early Miocene arc basalt from King George Island).
(wt. % denotes weight percent.)
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Figure 3 shows the range of strontium-87/strontium-86 vs.
potassium oxide/rubidium and barium/niobium for Quaternary
volcanic rocks from the strait in relation to three possible man-
tle and crustal contributors to their chemistry: midocean ridge
basalt, ocean island basalt, and Cretaceous-Tertiary South
Shetland Islands volcanic arc rocks. Ratios of incompatible trace
elements may indicate relatively small differences in partial
melting in the mantle, or if the amount of melting is large
(approximately 20 percent), differences in the chemistry and
mineralogy of the source, or they could indicate mixing with
crust or sediments with very different trace-element ratios. De-
tailed modeling is underway to distinguish between these three
possibilities.

The positions and trends of data points on figure 3 suggest
that Quaternary Bransfield Strait volcanism is a mixture of a
source low in radiogenic strontium, such as Saint Helena ocean
island basalt (designated "HIMU" in Zindler and Hart 1986) or
possibly midocean range basalt, plus various amounts of an arc
component similar to the South Shetland Arc. It is difficult to
determine from these figures, however, whether that arc com-
ponent resided in the mantle or was assimilated during magma
ascent. Different strontium-87/strontium-86 suggests, however,
that the two (or three) chemical reservoirs with different rubid-
ium/strontium have been separated for many millions of years.
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Figure 3. Trace elements and isotopic variation in Quaternary
Bransfield Strait volcanic rocks. A. Strontium-87/strontium-86 vs.
potassium oxide/rubidium ( 875r/865r vs. K20/Rb). B. Strontium-87/
strontium-86 vs. barium/niobium (87Sr/86Sr vs. Ba/Nb). Symbols as
in figure 2. Mid-ocean ridge basalt (MORB) and ocean island basalt
(OIB) fields are from Stern et al. (1990). South Shetland Islands
volcanic arc (SoShArc) field is from data in Smellie et al. (1984).

The presence of a low-strontium-87/strontium-86 source
component beneath the Bransfield Strait suggests that the man-
tle wedge is somewhat depleted (e.g., White and Dupré 1986),
perhaps by the 200 million years of arc volcanism that created
the South Shetland Islands. Alternatively, low-strontium-87/
strontium-86 ocean island basalt mantle could be upwelling
beneath the Bransfield Strait, but this would require that the
subducted slab is missing or is no longer a coherent barrier
beneath the strait.
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87-07124 to W.M. White. The samples used in this study are
maintained at the Oregon State University Core Laboratory
under National Science Foundation grant OCE 88-00458.

References

Anderson, J.B., D.J. DeMaster, and C.A. Nittrouer. 1986. Preliminary
results from marine geological cruises aboard the U.S. Coast Guard
icebreaker Glacier Antarctic Journal of the Ii. S., 21(5), 144-148.

Ashcroft, W.A. 1972. Crustal structure of the South Shetland Islands
and Bransfield Strait. British Antarctic Survey Scientific Reports, (Vol.
66).

Fisk, M.R. 1990. Volcanism in the Bransfield Strait, Antarctica. Journal

of South American Earth Sciences, 3, 91-101.
Keller, R. A., and M.R. Fisk. In press. Quaternary marginal basin volcanism

in the Bransfield Strait as a modern analogue of the southern Chilean ophio-
lites (Special publication). London: Geological Society.

Keller, R.A., M.R. Fisk, W.M. White, and K. Birkenmajer. In press.
Isotopic and trace element constraints on mixing and melting models
of marginal basin volcanism, Bransfield Strait, Antarctica. Earth and

Planetary Science Letters.
Lawyer, L. 1989. Personal communication.
Nielsen, R.L. 1988. A model for the simulation of combined major and

trace element liquid lines of descent. Geochimica et Cosmochiinica Acta,

52, 27-38.
O'Hara, M.J. 1977 Geochemical evolution during fractional crystalli-

zation of a periodically refilled magma chamber. Nature, 266, 503-
507.

Smellie, J.L., R.J. Pankhurst, M.R.A. Thomson, and R.E.S. Davies.
1984. The Geology of the South Shetland Islands: VI. Stratigraphy,
Geochemistry and Evolution. British Antarctic Survey Scientific Reports,
(Vol. 87).

Stern, C.R., F.A. Frey, K. Futa, R.E. Zartman, Z. Perig, and T.K. Kyser.
1990. Trace-element and Sr, Nd, Pb, and 0 isotopic composition of
Pliocene and Quaternary alkali basalts of the Patagonian Plateau
lavas of southernmost South America. Contributions to Mineralogy and
Petrology, 104, 294-308.

Weaver, S.D., A.D. Saunders, R.J. Pankhurst, and J . Tarney. 1979. A
geochemical study of magmatism associated with the initial stages
of back-arc spreading. The Quaternary volcanics of Bransfield Strait,
from South Shetland Islands. Contributions to Mineralogy and Petrology,
68, 151-169.

White, W.M., and B. Dupré. 1986. Sediment subduction and magma
genesis in the Lesser Antilles: Isotope and trace element constraints.
Journal of Geophysical Research, 91, 5927-5941.

Zindler, A., and S. Hart. 1986. Chemical geodynamics. Annual Reviews
of Earth and Planetary Sciences, 14, 493-571.

1991 REVIEW	
133




