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ABSTRACT

Bransfield Strait is a marginal basin landward of the South Shetland Trench. It lies between
the South Shetland Islands and the tip of the Antarctic Peninsula and is an example of an
extensional basin formed by rifting within a continental volcanic arc. The Antarctic Penin-
sula 1s the product of at least 200 m.y. of subduction with the majority of the exposed rocks
related to continental arc volcanism older than 20 Ma. Volcanism in Bransfield Strait started
by 0.3 Ma and continues today. This new volcanism maintains some of the chemical
signatures of the old arc volcanism but also has signatures transitional between arc rocks
and backarc basin rocks. On the basis of high heat flow, active volcanism, extensional
faulting, and earthquake fault plane mechanisms, Bransfield Strait is an active extensional
basin forming within the Antarctic Peninsula. Seismic refraction work in Bransfield Strait
Indicates some thinning of continental crust, but the basin itself is underlain by as much
as 30 km of anomalous crustal material. The observed extension seems to be confined to
Branshield Strait, which is bounded by the landward projections of the Hero and Shackleton
fracture zones. The present extension in Bransfield Rift started less than 4 m.y. ago, and
possibly less than 1.5 m.y. ago, following the demise of the Antarctic—Phoenix spreading
center (ANT-PHO ridge), which ceased spreading about 4 Ma. Apparent, continued sub-
- duction at the South Shetland Trench after the ANT-PHO ridge stopped spreading may
occur as trench rollback. The amount of trench rollback should be comparable to the
amount of extension in Bransfield Strait.
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1. INTRODUCTION

Bransfield Strait (Fig. 8.1) is an example of a basin that formed by rifting within a
continental volcanic arc. For most of the past 200 m.y., the Antarctic Peninsula (Fig. 8.1)
has been the site of subduction of oceanic lithosphere that formed at spreading centers in the
South Pacific (Tanner et al., 1982; Barker and Dalziel, 1983; Pankhurst, 1983; Hole et al..
1991). Major plate motions in the vicinity of Bransfield Strait and the Antarctic Peninsula
are well constrained by magnetic anomaly patterns preserved on the Antarctic, Pacific,
Scotia, and former Phoenix plates (Barker, 1982). At about 4 Ma, the Antarctic—Phoenix
(ANT-PHO) spreading center ceased spreading and the remnant Phoenix plate was incor-
porated 1nto the Antarctic plate. Previous authors have referred to the remnant plate as the
Aluk plate (Herron and Tucholke, 1976; Barker, 1982; Mayes et al., 1990; GRAPE Team,
1990), the Drake plate (Barker, 1982; Mayes et al., 1990), and/or the Phoenix plate (Barker,
1982; Larter and Barker, 1991). Larson and Chase (1972) used the terms Phoenix lineations,
Phoenix model, and Phoenix plate, and related the terms to the Phoenix Islands found in the
central Pacific Ocean. Although the Phoenix lineations and the Phoenix Islands both lie on
the Pacific plate, they assigned the term Phoenix plate to the “‘southern’ half of the Pacific—
Phoenix spreading center and traced a possible Pacific—Phoenix fracture zone from the
Phoenix lineations to the Eltanin fracture zone system’s intersection with the present-day
Pacific—Antarctic Ridge. They correctly pointed out that “It 1s unlikely that the Phoenix
plate corresponded to the Antarctic plate until about 85 m.y.B.P. ...,” because ‘““Antarctica
and New Zealand did not begin to separate until just prior to anomaly 32.”” The designation
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FIGURE 8.1. Present-day, polar stereographic map of the regional tectonic setting of the Bransfield Strait area
modified from the Tectonic Map of the Scotia Arc [1985; British Antarctic Survey Sheet (Miscellaneous) 3].
Abbreviations for the major plates are AFR = Africa, ANT = Antarctic, f PHO = former Phoenix, SCO = Scotia,
and SND = Sandwich plate. The South Shetland plate lies between the South Shetland Trench and the active rift
shown in Bransfield Strait. Double arrows indicate direction of strike-slip motion along the North and South Scotia
ridges. Active trenches are shown as black. The South Shetland Trench is shown shaded.
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Phoenix plate for the remnant plate off Bransfield Strait is therefore tectonically most
accurate and should take precedence.

Seismic reflection and refraction work, gravity, magnetics, and heat flow data, and the
history and composition of volcanism on the peninsula and in Bransfield Strait place
constraints on the processes associated with the formation of Bransfield Strait as a marginal
basin. Recent dredges from new sites in Bransfield Strait (Keller et al., 1994) will soon be
analyzed and will give better control on active basin formation.

2. REGIONAL TECTONIC SETTING

Present-day plate boundaries are indicated in Fig. 8.1. Plate reconstructions (Barker,
1982; Mayes et al., 1990) suggest that at least a thousand kilometers of the Phoenix plate
have been subducted beneath Bransfield Strait since 50 Ma. Between 50 and 43 Ma, a
segment of the ANT-PHO spreading center between the Tharp and Heezen fracture zones
(Fig. 8.2) was subducted (Barker, 1982). At 20 Ma, the active South Shetland Trench was
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FIGURE 8.2. Reconstruction of Southeast Pacific and Antarctic Peninsula regions for 20 Ma. The reconstruction
is based on the PLATES database. Dashed fracture zones and spreading centers are taken from Larter and Barker
(1991). Plate abbreviations are as in Fig. 8.1: NAZ = Nazca plate, PHO = Phoenix, Alex. = Alexander Island, Anv.
= Anvers Island. Magnetic anomaly picks are shown as small squares. Magnetic lineations connect the small
squares. Rifting in Bransfield Strait has been closed up so that the South Shetland Islands are closer to the
Antarctic Peninsula than they are at present. The shaded region is the seafloor that was subducted since 20 Ma,
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nearly twice the length it was after about 14 Ma, when the sections between the Adelaide
and Anvers fracture zones were subducted. Through time, additional segments of the ridge
were subducted to the northeast, until about 4 Ma, when the spreading center immediately
southwest of the Hero fracture zone reached the trench (Barker, 1982). The last segment of
the ANT-PHO spreading center (between the Hero and Shackleton fracture zones) was then
abandoned offshore of the trench and the last remnant of the Phoenix plate (f PHO, Fig. 8.2)
became part of the Antarctic plate.

Until 4 Ma, the subducting plate was decoupled from the overriding plate as the lower
Phoenix plate slid beneath the upper Antarctic plate. As the Phoenix—Antarctic spreading
centers were subducted, the subducted slab continued to sink, leaving in its wake a slab
window (Hole and Larter, 1993). After 4 Ma, when the last Phoenix—Antarctic spreading
center southwest of the Hero fracture zone was subducted, the remnant, unsubducted Phoenix
plate (former Phoenix plate = f PHO) was frozen in place between the Hero and Shackleton
fracture zones. Whether this resulted in the subducted Phoenix slab, to the southwest of the
Hero fracture zone, to also be frozen in place with respect to the underlying mantle or if it
continued to sink independently is a matter of speculation. If the subducted slab to the
southwest of the Hero fracture zone continued to sink but the slab beneath Bransfield Strait
was held in place by the f PHO, then there would have to be tearing or differential motion
along the subducted section of the Hero fracture zone, and there would be no slab window
beneath Bransfield Strait. On the other hand, if the slab beneath Bransfield Strait 1s detached
from the f PHO and sinking, then there should be deep seismicity and evidence of a slab
window in the geochemistry.

Other marginal basins along the outer edge of the Antarctic Peninsula may have
formed in response to the subduction of ridge segments to the southwest of the Hero frac-
ture zone (Gambda and Maldonado, 1990), although none of these basins seem to have
reached the advanced state of Bransfield Strait. GEOSAT gravity data from 72°S to the
northeast along the western margin of the Antarctic Peninsula (Lawver et al., 1993) show a
marginal gravity low that extends from George VI Sound (70°S, 70°W) between Alexander
[sland and the peninsula, to the southern edge of Anvers Island at 65°W. This gravity
signature is similar to the one seen in Bransfield Strait. Single-channel seismic reflection
lines from along this margin (Anderson et al., 1990) show features that resemble inner shelf
troughs and old forearc basins that might be interpreted as precursors to Bransfield Strait,
- although these basins do not show any evidence for extension. Larter and Barker (1989)
suggested that the forearc to the south of Bransfield Strait was simply uplifted and eroded
but not extended after ridge-trench collision.

The age of the subducted Phoenix plate at the South Shetland Trench (Fig. 8.1)
increases from 14 Ma in the southwest near the Hero fracture zone to 23 Ma in the northeast
near the Shackleton fracture zone (Barker, 1982). Between the Hero and Shackleton
fracture zones, there are at least two additional fracture zones, D and E (Fig. 8.2). Their
landward extensions would cross the neovolcanic zone of Bransfield Strait at about 59°W
(FZ D) and 57°50'W (FZ E). At the trench, the age difterence across FZ D i1s 3 m.y.; across
FZ E, 3.5 m.y. (Larter and Barker, 1991).

Presently, the subducted slab can be detected beneath the South Shetland Islands
(Grad er al., 1993) dipping at an angle of 25° to the southeast (Fig. 8.3), although there 1S
virtually no seismic activity associated with the lower plate slab (Pelayo and Wiens, 1989).
This may be explained by either slow, aseismic descent of the slab, or the slab beneath the
South Shetland Islands and Bransfield Strait is frozen in place such that there 1s no
detectable motion of the slab relative to the asthenosphere below it. If the lower or
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FIGURE 8.3. Seismic model of the lithosphere from the deep-ocean side of the South Shetland Islands through
Bransfield Strait and onto the Antarctic Peninsula taken from Grad et al. (1993). The symbols used are (1) sedi-
ments, v_ = 2.5-4.2 km s~, (2) upper crust, v, = 5.4-6.3 km s~!, (3) middle crust, v, = 6.4-6.8 kms~! (4) lower
crust and high-velocity body in Bransfield Strait, v, > 7.0 km s~1, (5) Moho boundary, v, > 8.0 km s~
(6) reflection boundary in the lower lithosphere. Notice that the volcanic line is not centered in the middle of

Bransfield Strait.

subducted plate remains attached to the f PHO, then any extension in the upper plate must
be accompanied by trench rollback. While some may argue that trench rollback is evidence
tor subduction, we make the distinction that in this case, if the lower plate 1s still attached to
the Antarctic plate, it cannot be subducting with respect to itself, and the independent South
Shetland plate must therefore be moving with respect to the lower plate. This in turn pro-
duces the observed rollback or seaward motion of the trench. If the slab has broken from the
former Phoenix plate or is sinking along a hinge line at the trench, then there should be deep
seismicity and there would not be evidence for deformation of the accretionary wedge.
Prior to the demise of the ANT-PHO spreading center, the Shackleton FZ to the north
of Bransfield Strait was the boundary between the Antarctic and Phoenix plates on one side
and the Scotia plate on the other (Fig. 8.1). Seafloor spreading stopped in the western Scotia
Sea immediately to the east of the Shackleton FZ at 6 Ma (Barker and Burrell, 1977). At
about 4 Ma, when the remaining Phoenix plate became a part of the Antarctic plate, the
Scotia~Phoenix plate boundary became part of the Scotia—Antarctic plate boundary. From
4 Ma to recently, the Scotia— Antarctic plate boundary to the north of Bransfield Strait has
trended NW-SE (Shackleton fracture zone), while to the east of Bransfield Strait it has
trended E-W (South Scotia Ridge). The consequence of this 110° bend in the plate bound-
ary would be compression on the inside of the bend and extension on the outside of the
bend. This should produce extension in the North Bransfield Basin, the part of Bransfield
Strait between Bridgeman Island (Fig. 8.4) and Clarence Island. Single-channel seismic
reflection profiles across the North Bransfield Basin (Lawver and Villinger, 1989) show
continentward tilted blocks, reminiscent of the continental extension models of Wernicke
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FIGURE 8.4. Bathymetric map of Bransfield Strait region (modified from Klepeis and Lawver, 1994). Bransfield
Strait lies between the South Shetland Islands and the Antarctic Peninsula. Contour interval is 200 m, 1000-m
contour lines are shown as bold lines and some are labeled. The 1800-m contour southwest of King George Island
(KGI) outlines the King George Basin. Solid triangles are locations of submarine and subaerial Quaternary rift-
related volcanism that have been sampled and analyzed (Keller er al., 1992). Hollow triangles are submarine
locations where fresh, glassy basalts have been recovered (Keller et al., 1994) but not yet analyzed. Bl = Bndgman
Island, CI = Clarence Island, DI = Deception Island, EI = Elephant Island, Grl = Greenwich Island, JRI = James
Ross Island, LvI = Livingston Island, MP = Melville Peak, PI = Penguin Island, and RI = Robert Island. Dashed
lines numbered 1 through 4 are parallel or subparallel volcanic lineations, ranging in size from tens of meters 1n
height to 2 km, or more for Deception Island and the submarine volcano south of KGI.

(1981). Evidence for compression includes the extraordinarily steep SW face of Clarence
Island which varies from —1200 m to +2300 m in a distance of 10 km or less. The low
temperature, high-pressure metamorphics found on Clarence Island and on the eastern half
of Elephant Island (Dalziel, 1984) also support the idea of compression and uplift within

the bend.

3. TECTONIC SETTING OF BRANSFIELD STRAIT

The strait itself is approximately 100 km wide by 400 km long and 1s bounded on the
northwest by steep normal faults with as much as 4 km of downthrow to the southeast
between the South Shetland Islands and the Bransfield basins (Ashcroft, 1972). Birken-
“majer (1992) distinguishes between the 100-km-wide Bransfield Strait and a narrowly
defined (15-20 km wide) Bransfield rift. From field mapping on King George Island,



BRANSFIELD STRAIT, ANTARCTIC PENINSULA 321

Birkenmajer (1992) found fossil evidence that a marine basin existed during the early
Eocene (fossiliferous glaciomarine strata from the Krakéw Glaciation) and during the
Eocene part of the succeeding interglacial time. He reports that during early Oligocene the
region was covered by an ice sheet and then later flooded by a shallow sea. Regional uplift
caused the area to be above sea level until the late Oligocene when Incipient rifting started
at the end of the Oligocene (26 to 22 Ma).

The basins of Bransfield Strait are thought to be mainly Quaternary features, although
the age of initiation of rifting is poorly constrained. Much of the early faulting is associated

with the arc-building period of the peninsula. Evidence for early extension consists of a
system of antithetic faults that cut the upper Oligocene and older rocks along the margin of
the rift. Arc tension continued through early Miocene when several stages of basaltic to
andesitic dyke intrusions occurred between 22 and 20 Ma and at 14 Ma (Birkenmajer,
1992). From the late Miocene to Pliocene there is no evidence of faulting or volcanism
within Bransfield Strait. The present Bransfield rift is the site of Pleistocene to Recent,
mildly alkaline to calcalkaline volcanic activity.

The present plate configuration in the Bransfield Strait region places the South Shet-
land Islands on a separate (South Shetland) microplate, bounded on the northwest by the
South Shetland Trench and on the southeast by the Bransfield rift. The southeast boundary
of Bransfield Strait rises more gently toward the Antarctic Peninsula through a series of
widely spaced normal faults (Ashcroft, 1972). The active rift appears to extend 400 km
(Gonzalez-Ferran, 1985) from Low Island (Fig. 8.4) above the landward extension of the
Hero fracture zone to Clarence Island above the landward extension of the Shackleton
fracture zone. Based on GEOSAT/ERS-1 satellite-derived gravity data (Fig. 8.5), Brans-
field Strait can be subdivided into three basins: the south, central, and north Bransfield
basins. The south Bransfield Basin shows up as a ~100-km-long gravity anomaly trending
southwest of Deception Island. The south Bransfield Basin approximately follows the
1000-m contour shown in Larter and Barker (1991, Fig. 8.4). The central Bransfield Basin
1s a graben up to 2 km deep and roughly 40 km wide by 200 km long that is easily seen on
the bathymetric map (Fig. 8.4). It extends from Deception Island to Bridgeman Island and
contains the 20- by 50-km, flat-floored King George Basin southeast of King George Island.
The north Bransfield Basin is actually the deepest part of Bransfield Strait with a maximum
depth over 2740 m and the lowest gravity anomaly, <—30 mgal. The lowest gravity
anomaly 1s not coincident with the deepest part of the basin but is to the northeast toward
Clarence Island. If the positive gravity anomalies produced by Deception and Bridgeman
Islands (which are relatively young structures) are removed from the GEOSAT data shown
in Fig. 8.5, the subdivisions of Bransfield Strait lose their definition and a single major
gravity low extends from just south of Low Island to Clarence Island.

The digital bathymetric map (Fig. 8.4) of Bransfield Strait and the nearby region
(Klepeis and Lawver, 1994) shows numerous small bathymetric features that appear to be
mounds and are lineated, parallel to the basin axis defined by a line through Deception and
Bridgeman Islands. Some of these mounds can be seen in Fig. 8.4. There are at least four
parallel lines of active and incipient volcanism. The first is discussed by Birkenmajer (1992)
and includes Penguin Island, an active cinder cone just off King George Island. This
lineation is within the shelf area of the South Shetland Islands. The second line is defined in
King George Basin by at least six to eight closed contours indicating circular structures
from a few tens of meters in height to a couple of hundred meters. The third line is the main
rift axis and includes Deception and Bridgeman Islands and at least two major submarine
volcanoes that are up to 1.4 km in height above the seafloor and as much as 8 km 1n
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FIGURE 8.5. Geosat/ERS-1 gravity data from Sandwell and Smith (1992) with digital bathymetric data of
Klepeis and Lawver (1994) superimposed. The gravity data bar indicates gravity values from <—40 mgal to
> +30 mgal. Bold white bathymetric contours are shown every SO0 m, while thin white contours are observed
bathymetry contoured every 100 m. Thin gray contours are interpolated bathymetric data contoured every 100 m.

A color version of this figure appears opposite page 311.

diameter. The final volcanic lineation is defined by a ridge (Fig. 8.4), the highest heat flow
in King George Basin, and a very recent extrusion at 57°W.

The observed recent faulting (Fig. 8.6) seen in the multichannel seismic data (Barker
and Austin, 1994) may define yet a fifth zone of extension and deformation, and although
diapirism is suggested, no actual intrusion is observed. Barker and Austin (1994) show an
alignment of intracrustal diapirs that trend subparallel to the other neovolcanic zones but in
fact diverge from them by about 5°. They suggest that the divergence shows a temporal/
spatial evolution of stress in Bransfield Strait, possibly related to the complex plate

interactions to the northeast.

4. EARTHQUAKES

Most of the earthquakes in Bransfield Strait are shallow events related to extension
and voleanic activity (Fig. 8.7). Deep events in the subducted plate are rare. The vast
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dashed line labeled BS axis is the volcanic rift axis of Bransfield Strait. Bold lines located north EI/CI represent
faults interpreted to parallel the steep scarps of the EI platform’s northern margin, bold lines south of EI/CI are the
major fault zones taken from Klepeis and Lawver (1994). GEQSAT gravity anomaly is after Sandwell (1992).
Circles are earthquake epicenters from the Tectonic Map of the Scotia Arc (1985). Focal mechanisms are for
shallow earthquakes from Pelayo and Wiens (1989). Shaded area between GEOSAT gravity anomaly lineament
and EI/CI represents a broad zone of tectonic disruption where the Shackleton fracture zone transform apparently
is stepping eastward to join with a transform along the South Scotia Ridge.
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majority of the teleseismic events between 1964 and 1992 are swarms of moderate-
magnitude events which lasted up to six months (International Seismological Centre
Earthquake Catalogs (ISC), 1964-1993).

The December 1967 eruption of Deception Island produced three teleseismic events,
although two of them were mislocated almost 30 km from Deception Island. One event
occurred in connection with the 1969 eruption. The 1970 eruption produced four events
located at depths of 45 to 49 km, one event at 9 km with no magnitude determination,
and one magnitude 4.6 event with no depth determination (ISC catalogue, 1970). Three
swarms of five to eight events not associated with volcanic eruptions occurred near
Deception Island 1n 1971, 1974, and 1982. In 1989 a single event at 10 km occurred near
Deception Island (ISC catalogue, 1989). The events 1n 1971 and 1982, at 15 and 12 km,
respectively, produced normal fault plane solutions indicative of extension (Pelayo and
Wiens, 1989).

A large swarm of 24 separate events (magnitude 4.5 to 5.3) occurred near Bridgeman
Island in the first six months of 1975. Nearly all the events were assigned depths of 33 km or
less, except for one at 167 km. [This event was undoubtedly mislocated depthwise because
of its low magnitude, 4.5, and the few stations which recorded it. Pelayo and Wiens (1989)
do not show any events at such a depth.] One event near Brndgeman Island was recorded 1in
1990 at a depth of 10 km. These earthquakes may be related to ongoing extension rather than
volcanic activity, because there is no historical evidence for volcanic activity on Bridgeman
[sland.

Elsewhere in Bransfield Strait two events relocated by Pelayo and Wiens (1989) lie at
depths of 35 and 55 km (their events 10 and 18). Event 10 (61.4°S, 56.4°W) was a normal
faulting event that may be 1n the upper plate if the seismic refraction work of Guterch et al.
(1991) is correct. Event 18 (63°S, 61.9°W) at 55 km must be in the subducted slab although
the Harvard catalogue, for that event lists its depth as 42 km. It 1s located almost directly on
strike with the onshore projection of the Hero fracture zone, and may 1n fact be evidence
of tearing along the subducted fracture zone.

In addition to the teleseismic events mentioned, a local network on Deception Island
has operated for two months each austral summer since 1986 (Vila er al., 1992). It has
consistently recorded 1000 events per month with a total released seismic energy of about
3.0 x 101 ergs/day. These events seem to be aligned parallel to the main fault system which
crosses the island (E-W), and they follow the regional tectonic trend of the Bransfield nift
(Vila et al., 1992). The 1986—-1992 events were grouped into two depth ranges, those from
0 to 2.5 km and those from 2.5 to 7.0 km. During the 1992-1993 austral summer this same
network recorded five deep (55-85 km) events of magnitude 1.6-2.4 (SEAN, 1993), but it
1s unclear how such a closely spaced network could resolve deep events of such low

magnitude.

5. SEISMIC REFRACTION

Early seismic refraction work found an anomalously thick layer beneath Bransfield
Strait with a seismic velocity lower than that of normal mantle material but higher than
typical continental crust (Ashcroft, 1972). Later seismic refraction work 1n Bransfield Strait
(Guterch er al., 1985, 1991, 1992; Grad et al., 1993) 1dentified returns from the Moho that
~ dips from 10 km in the South Shetland Trench to 40 km below the South Shetland Islands,
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and also at 40 km below the Antarctic Peninsula. Grad et al. (1993) recorded a seismic
boundary in the lower lithosphere that ranged in depth from 35 to 80 km as shown in
Fig. 8.3. Both the Moho and the lower seismic boundary dip at an angle of 25°, which was
interpreted to be the dip of the remnant Phoenix plate under the Antarctic plate. Although
published gravity coverage is not extensive, Bouguer gravity anomalies (Renner et al.,
1985) of up to +100 mgal correlate with the anomalous crustal structure found by Grad
et al. (1993) under the South Shetland Islands and Bransfield Strait.

The sequence stratigraphy of Bransfield Basin is discussed by Jeffers and Anderson
(1990) and was used by Grad et al. (1993) to constrain their seismic velocity model. They
found an anomalous layer under Bransfield Basin with seismic wave velocities of v, >
7.0 km s™!. Unfortunately this high-velocity layer obscures the normal Moho transition as
seen under the South Shetland Islands and under the Antarctic Peninsula. This anomalous
layer 1s overlain by layers with velocities of 2.5, 4.2, and 5.6 km s~1. The upper layer
consists of 0.2 to 1.0 km of unconsolidated to poorly consolidated young sediments with
substantial amounts of lava and tuff. The second layer consists of 1.2 to 2.5 km of older and
better consolidated sediments, lava, and tuff. In the 2- to 7-km depth range, Grad et al.
(1993) found an approximately 10-km-wide body with velocity v, = 6.8 km s™!. They
attribute this body to be the active Bransfield rift. The active rift is manlfested in the basin
itself as submarine volcanoes, intrusive dykes, large magnetic anomalies, and high heat

flow.

6. SEISMIC REFLECTION

There are numerous multichannel seismic and single-channel seismic lines known to
have been collected in Bransfield Strait, including ones done by the British Antarctic
Survey (Larter, 1991; Barker et al., 1992), German scientists as part of the GRAPE
(Geophysical Research Group for the Antarctic PEninsula) Team (1990), Polish scientists
(Guterch et al., 1985), Brazilian scientists (Gambda and Maldonado, 1990), Spanish scien-
tists (Acosta et al., 1992a,b), U.S. scientists (Lawver and Villinger, 1989; Nagihara and
Lawver, 1989; Jeffers and Anderson, 1990; Jeffers et al., 1991: Barker and Austin, 1994),
and other presently unpublished work from Italian, Chinese, Japanese, and Korean cruises.
Barker (1976) published the first seismic profile for Bransfield Strait, while Guterch et al.
(1985) presented the first seismic reflection lines to demonstrate the “complex crustal
structure 1n the trough of Bransfield Strait.” Their profile crosses the southern end of the
central Bransfield Basin and clearly shows a neovolcanic intrusion zone. Jeffers and
Anderson (1990) published a number of line drawings of seismic reflection data from
Bransfield Strait, including one line that nearly duplicated the earlier Polish line. They
determined that the sedimentation is dominated by glacial-marine processes with associ-
ated lithofacies. The central basin has received terrigenous sediment from the Trinity
Peninsula and from the South Shetland Islands (Jeffers and Anderson, 1990). They discuss
basinward transport of sediment through deeply incised troughs that form a prograding
complex of coalescing trough-sourced wedges, although when the troughs are not active,
principally during interglacial periods, the supply of terrigenous sediment to the basin is
relatively low and sedimentation is predominantly biogenic. Although they state that the
volcanic ridge acts as a barrier to sediment transport across the basin, later bathymetric
mapping of the basin revealed that the volcanic ridge is not continuous, so it would not act
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as a complete barrier (Klepeis and Lawver, 1994). In places, the neovolcanic ndge 1s easily
defined as a linear wall less than half a kilometer across with nearly sheer sides that are at
least a few hundred meters high. It was recently dredged (Keller et al., 1994) and produced
fresh glassy basalts.

Gamb6a and Maldonado (1990) presented multichannel seismic reflection data col-
lected in 1987 and 1988 by the Brazilian Antarctic Program. In each of their crossings they
show a “spreading center” and ponded turbidites. On all multichannel seismic lines across
Bransfield Strait, there is never more than 1 s of recent ponded turbiditic sediment. The
GRAPE team (1990) published preliminary results from 1400 km of reflection seismic
profiles from Bransfield Strait and the adjoining peninsula region. Their profile 9 crossed
the major submarine volcano just off King George Island (also shown in Barker, 1976), and
they identified an additional ‘“magmatically influenced” zone just to the southeast of the
volcanic edifice toward the Antarctic Peninsula. Larter (1991) questioned the designation of
certain crust in Bransfield Strait as oceanic crust based solely on the reflection character of
the top of acoustic basement, as the GRAPE team (1990) did. The unusual thickness of the

‘crust found from the seismic refraction data would also suggest a lack of true oceanic crust.

Acosta et al. (1992b) present line drawings of single channel seismic reflection profiles
that show the southeastern flank of the South Shetland Islands to be broken by faults into
horsts and grabens which have been intruded by dikes and plugs. Barker and Austin (1994)
display initial results of the R/V Ewing multichannel seismic reflection cruise, where they
found complex fan-faulting patterns (Fig. 8.6) along the Antarctic Peninsula side of

-62°10°

-58°00" -57°30°

FIGURE 8.8. Heat flow map of the King George Basin. Heat flow in mW m™2. Four highest values are shown
with larger type size. Bathymetric contours are shown every 100 m with 500-m contours shown as bold lines. The
inner, dashed, closed contour is the 1980-m contour showing the flat floor of the King George Basin that is
uniformly between 1980 m and 2000 m with the exception of the linear volcanic mounds found along dashed line
2. Dashed lines labeled 2, 3, and 4 correspond to parallel volcanic lineations shown in Fig. 8.4. Thick lines labeled
6a and 6b are the Jocations of the seismic sections shown in Fig. 8.6. Shaded area is diapir zone of recent? activity

taken from Barker and Austin (1994).
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Bransfield Strait. They interpret the fanfaulting to be intracrustal diapirism that indicates
a new zone of diffuse extension. They found a new zone of active extension on the margin
of King George Basin toward the Peninsula from the four zones discussed above.

7. MAGNETICS

Aeromagnetic surveys of the Bransfield Strait region show a central positive anomaly
along the axis of the deepest part of the strait (Garrett, 1990; Gonzalez-Ferran, 1991;
Maslanyj et al., 1991). This central high has been modeled as a large, positively magnetized
igneous body associated with the inferred axis of rifting (Parra et al., 1984; Gonzalez-
Ferran, 1991). Gonzalez-Ferran (1991) concluded that reversely magnetized crust at the
flanks of the central body best fit the data, and that a total of approximately 15 km of new

crust has been created by 2 m.y. of spreading in Bransfield Strait.
Roach (1978) modeled detailled marine magnetic data from Bransfield Strait and found

that only normally magnetized crust existed beneath the axial trough. Roach later reported
(in Barker and Dalziel, 1983) that narrow strips of reversely magnetized crust were required
at the margins of the axial trough, and a total of about 30 km of spreading had occurred
since 1.3 Ma. Unfortunately his data and the details of his modeling were not published,
although his results are now widely cited in the literature as evidence for a 1-2 Ma age for
Bransheld Strait. Such a short magnetic anomaly profile 1s ambiguous, and models of it are
poorly constrained. It may also be 1naccurate to assume for the purpose of modeling that
there 1s true seafloor spreading in Bransfield Strait, since seismic refraction data (see
Section 5) suggest that the crust in Bransfield Strait is too thick to be normal oceanic crust.
No spreading center has been 1dentified, and the recent volcanism is dispersed along several
lineaments in Bransfield Strait (Klepeis and Lawver, 1994). The thick sediment cover
contains interbedded basalt flows and hides basement topography that affect the analyses of
marine magnetic anomalies in the basin and complicate any modeling, as discussed by

[LLawver and Hawkins (1978).

8. HEAT FLOW

Heat flow measurements have been made in the King George Basin (Fig. 8.8)
immediately south of King George Island. In the King George Basin the seafloor is flat (1.96
to 1.99 km), well sedimented, and covers an area of roughly 10 to 18 km by 45 km. Thermal
gradients were measured at 63 locations, and in situ thermal conductivities were measured
at 25 sites. The in siru conductivity matches thermal conductivity measurements made on
piston core samples. The heat flow values range from 49 to 626 mW m~2 and are generally
high, with about 25% of the values greater than 220 mW m~<. There is significant local
variation 1n values, with the highest values in the central part of the basin and along the
southeast and northeast edges of the basin. In the western part of the basin values are
generally less than 100 mW m™2.

The highest value (626 mW m™2) is near the center of the basin, although five
additional measurements within a few hundred meters of this high value vary from 150 to
250 mW m™?, typical of regions with active hydrothermal circulation. While this region of
very high heat flow 1s not in line with the volcanic islands and submarine volcanoes of
Bransfield rift, it is close to a region of recent faulting seen in the multichannel seismic
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reflection data (Fig. 8.8). The second highest recorded heat flow value (411 mW m~2%) was
found on the northeast edge of the basin in an area of mounds a few meters in height and

up to a kilometer in diameter.

9. HYDROTHERMAL ACTIVITY

Evidence for hydrothermal activity in Bransfield Strait has been found in the water
column and in the sediments. In the waters of Bransfield Strait, ’He increases from less
than zero near the surface to >7 at depth. This has been interpreted as evidence for injection
of 3He into the water by backarc rifting (Schlosser et al., 1988). Mn concentrations in the
water also increase with depth to a maximum of almost 7 nM. Temperature changes are less
pronounced, but appear to mimic the Mn profiles (Suess et al., 1983). Maturation of
biogenic components in the sediments (Whiticar et al., 1985; Brault and Simoneit, 1990) 1s
similar to the thermogenic hydrocarbons found to be associated with hydrothermal activity
in the Gulf of California (Simoneit, 1983). Significant downcore decreases in amino acid
abundances despite relatively constant 813C, 8N, C/N, and percent carbonate C in the
sediments suggest hydrothermally accelerated complexation of amino acids (Silfer et al.,
1990).

Within the area of high and variable heat flow in King George Basin, several hundred
grams of sediment were recovered in the heat flow probe. Qualitative analysis of this
sediment by an electron microprobe indicated the presence of grains of Fe sulfide, Fe-Zn
sulfide, Fe-Zn-Cu sulfide, Zn chloride, and metals or oxides of Zn and Fe, all presumed to
be products of hydrothermal activity. This indicates hydrothermal activity occurred 1n the
region of high heat flow (62°14'S, 57°44'W) and water-column measurements indicate

that hydrothermal circulation is still active.

10. PETROLOGY AND GEOCHEMISTRY

10.1. Regional

Volcanism near the northern end of the Antarctic Peninsula can be divided into the
main arc phase and a later phase associated with rifting of the peninsula (Bransfield Strait)
and volcanism on the Weddell Sea side of the peninsula (James Ross Island Volcanic
Group). Volcanism is presently active on both sides of the peninsula; however, the compo-
sition of the rocks on the two sides are chemically distinct (Fig. 8.9) and are also chemically

distinct from the earlier arc volcanism.

10.1.1. Antarctic Peninsula Arc

Although the crust beneath the South Shetland Islands is assumed to be continental,
actual basement rocks are unknown. According to Birkenmajer (1992), the basement of
Bransfield Strait consists of continental-type crust modified by basic intrusions. The oldest
exposed rocks are metasediments on Livingston Island (Fig. 8.4) and are thought to be
between late Carboniferous and Trassic in age (Thomson, 1992). Similar rocks on the
Antarctic Peninsula are between Permian and Cretaceous in age (Pankhurst, 1983). The
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FIGURE 8.9. Weight percent Si0, versus weight percent Na,0+K,O for samples from the South Shetland
island arc, Bransfield Strait, and the James Ross Island Volcanic Group (JRIVG). South Shetland arc data are from
Saunders et al. (1980), Smellie (1988), Smellie et al. (1984, 1988), and Keller er al. (1992). Bransfield Strait data
are from Keller and Fisk (1992) and Keller er al. (1992). Additional data from Bransfield Strait consistent with
those shown here can be found in Weaver e al. (1979). JRIVG field is from data in Table I11. Classification fields
are from Le Bas er al. (1986). Dashed line is silica saturation line from Irvine and Baragar (1971).

oldest igneous rocks in the area are 155 to 185 Ma plutonic rocks on the northern Antarctic
Peninsula near James Ross Island (Saunders et al., 1982). K-Ar dates of 351 to 384 Ma of
micas from granites from the same area have been reported (Rex, 1976) but are not
confirmed by Rb-Sr dating. Plutonic rocks along the Bransfield Strait side of the peninsula
are mostly 70 to 125 Ma, but some are as old as 130 to 145 Ma (Saunders et al., 1982). The
oldest extrusive rocks on the South Shetland Islands are late J urassic—early Cretaceous
volcaniclastic rocks on islands at the western end of the chain (Smellie er al., 1980). A
granodiorite intruding the volcaniclastic beds yielded a K-Ar age of 121 Ma (Smellie et al.,
1984). Additional isotopic ages suggest relatively continuous arc volcanism in the South
Shetland Islands from late Jurassic to late Tertiary (Pankhurst and Smellie, 1983), although
dates younger than about 20 Ma are extremely rare in the subduction-related volcanic rocks
(Rex and Baker, 1973; Smellie et al., 1984; Birkenmajer et al., 1986).

Arc volcanism on the South Shetland Islands consisted mainly of calc-alkaline, high-
alumina basalts, basaltic andesites, and low-silica andesites. Dacites and rhyolites are rare
(Smellie, 1983; Smellie er al., 1984). Exposures of intrusive rocks are less common and are
mainly gabbros, tonalites, and granodiorites interpreted to be cogenetic with the extrusive
rocks (Smellie, 1983). The chemistry and mineralogy of the pre-Quaternary South Shetland
Islands have been described in detail by Smellie et al. (1984). Islands in the southern part of
Bransfield Strait, close to the Antarctic Peninsula, are Eocene~Oligocene arc tholeiites
similar to rocks on the South Shetland Islands (Rex, 1976; Baker er al., 1977).

Pre-Quaternary volcanic arc rocks from the South Shetland Islands and northern
Antarctic Peninsula are calc-alkaline with mild tholeiitic tendencies (Smellie er al., 1984).
Chemical variations within the arc magmas can be accounted for by fractional crystalliza-
tion and slight differences in extent of partial melting of the source (Smellie, 1983). Their
alkalinity (Fig. 8.9) and trace element abundances (Saunders er al., 1980; Smellie et al.,
1984) are typical of island-arc rocks; that is, the large-ion lithophile elements (e.g., Rb,
Ba, K, and Ce) are enriched relative to the high-field-strength elements (e.g., Zr, Ti, and
Nb). Normalized multielement plots show an obvious Nb depletion (Fig. 8.10).
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FIGURE 8.10. N-MORB-normalized multielement plot
for basalts from the South Shetland arc (Tertiary basalts
only), Bransfield Strait (seamounts only), and James Ross
Island Volcanic Group. Data sources as in Fig. 8.9.
N-MORB normalization values are from Saunders and
Tamney (1984). Increasing distance from the South Shet-
land Trench corresponds to increasing Nb and decreas-
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Strontium isotopic analyses are limited for the South Shetland Arc, but mainly range
from 0.7033 to 0.7043 (Smellie er al., 1984; Barbieri et al., 1989; Jin Qingmin et al., 1991,
Keller et al., 1992). The only Nd and Pb isotopic data available (excepting a single analysis
in Keller er al., 1992) are from the Fildes Peninsula on western King George Island and are
published as ranges only: 0.51288 to 0.51301 for 143Nd/1#4Nd, 18.503 to 18.641 for
206Ph/204Ph, and 15.588 to 15.625 for 207Pb/2%4Pb (Jin Qingmin et al., 1991). No 208Pb/204Pb
data were included in Jin Qingmin et al. (1991). A single South Shetland arc basalt from the
Low Head area of King George Island had 87Sr/26Sr, 143Nd/*4Nd, and 297Pb/204Pb within the
ranges reported by Jin Qingmin et al. (1991) but had higher 2°Pb/?%4Pb (Keller et al., 1992).

10.1.2. Bransfield Strait

Quaternary volcanism in Bransfield Strait occurred on Deception, Penguin, and
Bridgeman Islands (Weaver et al., 1979), and at a few isolated locations on King George,
Livingston, and Greenwich Islands (Smellie, 1990), and on seamounts and ridges between
Deception and Bridgeman Islands (Fig. 8.4; Fisk, 1990; Keller et al., 1994). All reported
K-Ar dates from the Bransfield Strait islands and seamounts are 300 ka or less (Table I).
Deception Island is historically active (e.g., Smellie, 1990), and the most recent volcanism
on Penguin Island was probably within the last 300 years (Birkenmajer, 1980). All of the
sampled seamounts yielded fresh, glassy basalts (Fisk, 1990; Keller et al., 1994).

The Quaternary volcanic centers in Bransfield Strait are mainly olivine basalts and
basaltic andesites, although Deception Island erupted a complete basalt-to-trachydacite
evolutionary suite (Keller et al., 1992). Bridgeman Island is composed of basaltic andesites,
while Melville Peak and Penguin Island are olivine basalts and scoria (Weaver et al., 1979;
Keller er al., 1992). The seamounts are aphyric to olivine-plagioclase-phyric, vesicular,
tholeiitic basalts, and basaltic andesites (Fig. 8.9; Fisk, 1990; Keller and Fisk, 1992).

The Bransfield Strait samples, with the exceptions of the sodic samples from Penguin
and Deception Islands, can be classified as subalkaline basalts and basaltic andesites (Table
I1). They all have higher concentrations of the alkali and alkali earth elements (e.g., Na,
K, Rb, Sr, and Ba), and less of an Fe enrichment trend than typical mid-ocean ridge
tholeiites (Fisk, 1990; Keller et al., 1992). Many of the Quaternary basalts are similar to the
older-arc rocks in silica versus total alkalies (Fig. 8.9). Trace element concentrations are
slightly to moderately enriched relative to N-MORB, and show a subtle negative Nb
anomaly when normalized to N-MORB (Fig. 8.10). Low-pressure, fractional crystallization
of olivine, spinel, and plagioclase can account for the chemical variation between samples
from an individual volcano (Keller and Fisk, 1992; Keller er al., 1992). Sr-isotopic ratios
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TABLE [
K-Ar Data for Basalts from Bransfield Strait and the James Ross Island Volcanic Group
OAr . VAr_, Agetl o
Location Sample K (wt%) (10-9 cc/g) (%) (103 yr) Ref.a
Bransfield Strait
King George Island
Melville Peak MP372 0.694 6.229 6.7 231 £ 19 3
Melville Peak MP375 0.767 2.137 2.2 72 £ 15 3
Melville Peak MP406 0.802 9.240 5.3 296 t+ 27 3
Livingston Island
Gleaner Heights P.51.1 0.433 0.001 0.2 100 £ 400 4
Greenwich Island
Mt. Plymouth P.54.1 0.305 0.002 0.4 200 £ 300 4
Mt. Plymouth P.55.1 0.300 0.002 0.5 200 + 400 4
Deception Island D1048 0.390 2.266 0.928 105 £+ 46 ]
Bridgeman Island B2 0.581 1.414 0.932 63 + 25 1
Eastern Seamount 300.13 0.435 0.8779 0.2744 53 £ 36 2
Western Seamount 310.14 0.418 1.631 0.6808 103 + 35 2
James Ross Island Volcanic Group
James Ross Island, Prince Gustav Channel islands, 300 £ 100 to 7130 £ 490 5,6
Vega Island, Humps Island, and Paulet Island
James Ross Island
Dreadnought 4M18 0.838 216.6 26.3 6643 + 102 ]
Villar Fabre SM117 1.063 162.9 13.7 3940 + 85 ]
Cockburn Island CK3 0.992 129.7 31.3 2781 + 32 1

“Reference codes: 1—-This paper; 2—Fisk (1990); 3—Birkenmajer and Keller (1990); 4—Smellie et al. (1984): 5—Smellie e? al.
(1988); 6—Sykes (1988). Samples with reference codes 1, 2, and 3 were analyzed at Oregon State University using techniques

described in Fisk (1990).

range from 0.70304 to 0.70386, and Nd-isotopic ratios from 0.51287 to 0.51301. Pb isotopes
range from 18.691 to 18.757 (?96Pb/204Pb), 15.594 to 15.624 (297Pb/2%4Pb), and 38.441 to

38.556 (?U8Pb/204Pb) (Keller et al., 1992).

10.1.3. James Ross Island Volcanic Group

The James Ross Island Volcanic Group (JRIVG) crops out on the northern tip of the
Antarctic Peninsula and on numerous islands in the northwestern Weddell Sea in a backarc
setting that may be analogous to the Patagonia Plateau basalts. Many outcrops of the
JRIVG are sheer cliffs of palagonitized basaltic hyaloclastite and pillow breccia capped by
coeval basalt flows (Nelson, 1966). Basaltic dikes intrude the underlying Cretaceous
sediments and Tertiary glacial deposits. The basalts are mainly alkalic (Fig. 8.9), but
hypersthene- and quartz-normative tholeiites have also been reported (Smellie, 1987). The
oldest rocks in the JRIVG are 7 Ma basalt clasts in glacial deposits beneath the main
volcanic pile on James Ross Island (Table I). Volcanic activity continued through the
Pliocene and Quaternary, with the youngest K-Ar date being less than 0.3 Ma (Table I). The
most recent activity on James Ross Island occurred at three volcanic cones near the margin
of the ice cap. These cones are undisrupted by glacial activity and are undoubtedly of a very

young age (Strelin et al., 1993).
The alkalic basalts of the JRIVG are chemically distinct from both the South Shetland
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arc and from the <1 Ma Bransfield Strait basalts. The JRIVG tends to have lower 510, (Fig.
8.9), and higher K,O and T10, (Table III). Paulet Island, especially, is high 1n total alkalies,
Al,O;, and many incompatible trace elements. High concentrations of alkalies and incom.-
patible trace elements in the JRIVG are reminiscent of many continental-rift basalts and
alkalic ocean island basalts. Their prominent Nb hump on the MORB-normalized multi-
element plot (Fig. 8.10) is a common characteristic of intraplate basalts not associated with
a subduction zone and is in marked contrast to the Nb depletions of the South Shetland arc

and Bransfield Strait backarc basalts. The 87Sr/86Sr values range from 0.70306 to 0.70348.
and '"“Nd/"Nd from 0.51282 to 0.51293 (Keller er al., 1993), which places them in the
lower left quadrant in 87Sr/3Sr versus 43Nd/*4Nd space, displaced toward St. Helena—type

values.

10.1.4. Tempofal Comparison

The hiatus between the end of arc volcanism on the South Shetland Islands and the
beginning of volcanism in Bransfield Strait was approximately 20 m.y., but the major and
trace element compositions are similar in some cases (Figs. 8.9 and 8.10). Bridgeman
Island, 1n particular, could be mistaken for an island-arc tholeiite (Table II). The submarine
samples, on the other hand, are more similar to backarc basin basalt (i.e., a hybrid of arc and
mid-ocean ridge basalt compositions; Fisk, 1990). The 1sotopic ratios of the arc and backarc
rocks are also similar, which implies that they all were derived from similar sources.
However, the lack of trace element and isotopic data from the South Shetland Islands and
the lack of samples from Bransfield Strait (partially rectified in 1993) preclude thorough

COMparisons.

10.1.5. Across-Arc Comparison

The 1mportance of the chemical contribution from a subducting slab has been shown
to decrease with distance from the trench in southern South America (Stern ez al., 1990).
On the northern Antarctic Peninsula, the occurrence of volcanism at a variety of distances
from the South Shetland Trench (50-125 km for the South Shetland arc, 125-150 km for the
Bransfield Strait, and 300-400 km for the James Ross Island Volcanic Group) is an
excellent chance to constrain the spatial extent of contamination of the mantle by a
subducting slab. On the northern Antarctic Peninsula we see an obvious decrease 1n
contribution from the subducted slab with increasing distance from the trench. The high Ba
and low Nb of the South Shetland arc samples are typical of the subduction-zone influence
found in many volcanic arcs. The Bransfield Strait basalts are tarther from the trench, have
a slight negative Nb anomaly, and are moderately enriched in the alkalies relative to
MORB. This is typical of backarc basin basalts, and suggests less of a contribution from the
subducted slab. The JRIVG basalts are farthest from the South Shetland Trench and do not
show any evidence for the influence of the slab subducting at the trench. Their high Nb is
typical of intraplate basalfs and is the opposite of what would be expected 1f their source
had been contaminated by subduction (Keller et al.. 1993). Apparently, between 150 and
300 km is the greatest distance that the subducting slab can influence the chemistry of the
volcanism above it.

Some published comparisons of arc and backarc basalts suggest that the upwelling
mantle 1n backarc regions contains an ocean island basalt (OIB) component (Stern et al.,
1990; Hickey-Vargas, 1992). This OIB component can be seen in the JRIVG data but not
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in the Bransfield Strait data (Keller ez al., 1992). Apparently the OIB component is not
available or is not melted beneath Bransfield Strait, just as the subducted component does
not appear in the JRIVG lavas. The presence of a subducted slab beneath James Ross Island
should rule out the possibility that a rising plume or hot spot 1s responsible for the OIB-hke
compositions of the JRIVG. Also, the “slab-window” hypothesis that has been suggested
for the origin of similar alkalic basalts found farther south on the Antarctic Peninsula at Seal
- Nunataks and Alexander Island (Hole et al., 1991) cannot apply to James Ross Island.

10.2. Intra-Bransfield Strait Comparison

All of the recent (=300 ka) episode of volcanic activity in Bransfield Strait can be
classified as basalts to basaltic andesites, and on Deception Island as basalts to dacites.
These rocks appear to be the product of <5% to 15% melting of mantle that contained
0.5% to 2% of a subducted component (Keller et al., 1992). Within these rocks, however,
we identify three contrasts in chemistry that are correlated with difterences in mode or
location of eruption: (1) on-axis versus off-axis, (2) submanne versus subaenal, and (3)
northeast of 57°50'W versus southwest of 57°50°W. These differences are probably the

result of different mantle sources and processes.

10.2.1. On Axis versus off Axis

The two off-axis volcanoes, Penguin Island and Melville Peak (Fig. 8.4), have high Sr,
Ba, and K, and low Y relative to the on-axis basalts. Off-axis volcanic remnants on
Livingston and Greenwich islands, possibly contemporary with Penguin Island and
Melville Peak, also have high Sr and Ba and low Y, similar to Penguin Island and Melville
Peak (Smellie er al., 1984). The high-Sr abundances of Penguin Island and Melville Peak
are not the result of crustal assimilation because other chemical changes that would be
associated with this assimilation are not observed (Keller et al., 1992). High Sr 1s also
typical of the older (>20 Ma) volcanic arc rocks of the South Shetland Islands, so the oft-
axis Bransfield Strait volcanoes may have tapped the older arc mantle source. The lower
206PH/204Ph of the off-axis samples also shows that the mantle that produced the off-axis
lavas was chemically different from that which produced the on-axis basalts. The high Sr of
Penguin Island and Melville Peak excludes the possibility of residual plagioclase in the
mantle source (Keller et al., 1992). Small amounts of melting of a deeper, mineralogically
different (garnet-bearing) source is also suggested by the higher Ce/Sm (Keller er al., 1992)
‘and other trace elements (Weaver et al., 1979) of the off-axis basalts. Thus, oft-axis
volcanoes appear to be the result of a smaller degree of melting of a deeper and chemically
distinct mantle than on-axis volcanoes (Weaver et al., 1979; Keller et al., 1992).

10.2.2. Submarine versus Subaerial

The seamounts have lower Zr/Y ratios (~4; Table II) than the subaenal volcanoes
(mostly >5). This difference is not a result of alteration, since both Zr and Y are relatively
immobile during weathering and most of the rocks are fresh. The degree of melting of the
“mantle can affect the Zr/Y ratio; however, this effect 1s only significant for small (<5%)
amounts of melt, which would also be expressed in much larger amounts of incompatible
elements in the subaenal volcanoes than in the submarine ones. Some trace elements
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(Ba, Rb, K), however, are lower in the subaerial volcanoes than in the submarine volcanoes,
indicating that chemical differences between these two groups are not related to the degree

of melting. .

Most of the subaerial volcanoes are larger than the submarine volcanoes, so their
higher Zr/Y may represent a characteristic of a volcano as it grows; that is, continuous
partial melting of the mantle beneath the larger volcanoes could produce high Zr/Y, and the
smaller submarine volcanoes have not yet evolved to this chemistry. Alternatively, the
lower Zt/Y of the submarine basalts (which are closer to MORB values of 2.5 to 3.5) may
indicate that as the rift develops and deepens, the volcanoes become MORB-like. The rift
sample (DF86.32 in Table II) has the lowest Zr/Y (3.8) of any Bransfield Strait rock and
appears to be the most similar to MORB. It also has the lowest Rb, Sr, and Ba. Finally, the
larger volcanoes, which are mainly subaerial, may represent melting of deeper mantle

where garnet is present.

10.2.3. Along Axis

The chemistry of basalts from backarc rifts can vary significantly along strike of the
rft, as has been found in the Mariana Trough, Lau Basin, and Gulf of California (Saunders
and Tarney, 1984; Hawkins and Melchior, 1985; and Hawkins et al.. 1990). This is also true
of Bransfield Strait, where N a,0 increases and Rb/Sr decreases abruptly from NE to SW at
approximately 57°50'W. The change occurs between Melville Peak and Penguin Island and
i1s evident in all of the analyzed submarine and subaerial samples. Basalts that are northeast
of this boundary also have lower total alkalies and lower 87St/86Sr at the same 43Nd/'*4Nd
compared with basalts southwest of this boundary. The chemical boundary is found in the
same general region as the highest heat flow.

The abrupt change in isotopes along axis indicates there is a change in mantle sources
across the boundary, perhaps due to a change in age or composition of the subducted
oceanic crust. The boundary approximately coincides with the onshore extrapolation of
fracture zone E (Fig. 8.4), which separates younger crust to the southwest and older crust to
the northeast (Larter and Barker, 1991). Alternatively, the chemical boundary may reflect
the contrast between subducted oceanic crust created at the Antarctic—Phoenix Ridge
vVersus oceanic crust created at the Nazca—Phoenix Ridge. Different inputs to the mantle
wedge from the subducted slab could account for the isotopic differences as well as induce
changes in melting or mineralogy in the mantle. Elsewhere, along-arc variations in basalt
chemistry have been attributed to variations in the composition of the subducted material

(e.g., Lin et al., 1990).

11. CONCLUSIONS

Regional tectonics of the Antarctic Peninsula support the hypothesis that little or no
active subduction is occurring beneath Bransfield Strait and the South Shetland Islands.
What little subduction that may be occurring would be equal to the amount of extension in
Bransfield Strait. Spreading ceased on the Antarctic—Phoenix spreading center at approx-
imately 4 Ma. The remnant of the Phoenix plate was pinned under the South Shetland
Islands, where it has been imaged to a depth of 40 km by seismic refraction results (Grad
et al., 1993). Teleseismic earthquakes do not indicate any motion of a subducted slab
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beneath Bransfield Strait, although one event (event 18; Pelayo and Wiens, 1989) may have
been produced along the downdip extension of the Hero fracture zone. Plate reorganization
since ~4 Ma resulted in a 110° bend in the Antarctic—Scotia plate boundary that seems to
have imposed extensional stress on the Bransfield Strait region.

Bransfield Strait is a region of recent extension based on active and recent volcanism,
high heat flow, earthquake fault plane solutions, and seismic reflection data. This extension
may also be associated with trench rollback at the South Shetland Trench and defines the SE
boundary of the South Shetland Islands microplate. Seismic refraction results (Grad et al.,
1993) indicate that the crust under Bransfield Strait is anomalously thick, up to 30 km, with
an unusual layer of crustal material with v, > 7.0 km s~1. They also found a 10-km-wide
body with seismic velocity v, = 6.8 km s~!, which they interpreted to be the active
Bransfield rift. Fault plane solutions (Pelayo and Wiens, 1989) from the Bransfield Strait
region support active extension, and some earthquake swarms can be directly correlated to
episodes of active volcanism. Barker and Austin (1994) and Lawver and Villinger (1989)
show evidence of active crustal extension from seismic reflection results, supportive of
continental crustal extension rather than normal seafioor spreading.

Active arc volcanism seems to have ceased at about 20 Ma. Recent Bransfield Strait
basalts are chemically transitional between island-arc and ocean ridge basalts, a feature
they share with many marginal basin basalts. Such chemistry agrees with the transitional
nature of the tectonics of the strait (i.e., transitional between arc and spreading regimes).
Considerable data supporting the existence of hydrothermal activity 1n Bransfield Strait
have already been published. The new discovery of sulfide minerals in the sediments at a
high heat flow site in Bransfield Strait is additional support for recent hydrothermal activity.
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FIGURE 8.5. Geostat/ERS-1 gravity data from Sandwell and Smith (1992) with digital bathymetric data of
Klepeis and Lawver (1994) superimposed. The gravity data color bar indicates gravity values from <—40 mgal to
>+30 mgal. Bold black bathymetric contours are shown every 500 m, while thin black contours are observed
bathymetry contoured every 100 m. Thin blue contours are interpolated bathymetric data contoured every 100 m.




