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SUMMARY

Earthquake data from the Scotia Arc to early 2002 are reviewed in the light of satellite gravity
and other data in order to derive a model for the motion of plates in the Scotia Sea region. Events
with magnitude >5, which occurred on or near the boundaries of the Scotia and Sandwich
plates, and for which Centroid Moment Tensor (CMT) solutions are available, are examined.
The newer data fill some of the previous sampling gaps along the boundaries of the Scotia and
Sandwich plates, and provide tighter constraints on relative motions. Variations in the width
of the Brunhes anomaly on evenly spaced marine magnetic profiles over the East Scotia Ridge
provide new estimates of Scotia—Sandwich plate spreading rates. Since there are no stable
fracture zones in the east Scotia Sea, the mean azimuth of sea floor fabric mapped by sidescan
is used to constrain the direction of spreading. 18 new rate estimates and four azimuths from the
East Scotia Ridge are combined with 68 selected earthquake slip vectors from the boundaries
of the Scotia Sea in a least-squares inversion for the best-fitting set of Euler poles and angular
rotation rates describing the ‘present-day’ motions of the Scotia and Sandwich plates relative
to South America and Antarctica. Our preferred model (TLP2003) gives poles that are similar
to previous estimates, except for Scotia Plate motion with respect to South America, which is
significantly different from earlier estimates; predicted rates of motion also differ slightly. Our
results are much more robust than earlier work. We examine the implications of the model for
motion and deformation along the various plate boundaries, with particular reference to the
North and South Scotia Ridges, where rates are obtained by closure.
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1 INTRODUCTION

The Scotia Sea region is a complex collage of marginal basins
surrounded by a belt of seismicity bordering the South American
(SAM) and Antarctic (ANT) plates (Fig. 1). Although recognized in
early plate tectonic studies as a relatively complex area (e.g. Isacks
et al. 1968), detailed study of the region has been hampered un-
til recently by its remoteness from earthquake recording stations
and the relatively infrequent geophysical surveys capable of ob-
taining information concerning sea floor morphology and tectonic
processes.

Forsyth (1975) performed the first comprehensive seismotectonic
study of the region, and found that the first-order kinematics define
a Scotia Plate (SCO), which, like the Caribbean Plate, is situated
between two larger plates, from which it is separated by dominantly
strike-slip boundaries; and a Sandwich Plate (SAN), which is mov-
ing rapidly eastward, forming the eastern flank of a spreading system
behind the South Sandwich Arc (Fig. 1). One previous study has
quantified the motions of the Scotia and Sandwich plates relative to
the global plate network (Pelayo & Wiens 1989). This study used
earthquake slip vectors and magnetic anomaly information to con-
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strain a least-squares inversion using the method of Minster et al.
(1974). Fault plane solutions determined by body wave analysis and
by the CMT method (Dziewonski et al. 1981) were combined with
SCO-SAN spreading rates estimated from marine magnetic anoma-
lies, and ‘transform’ azimuths (British Antarctic Survey 1985) to
perform an inversion for the relative motion of four plates (SAM,
ANT, SCO, SAN). The results indicated that the data could be fitted
fairly well by such a model, with SAM—ANT motion partitioned into
slow W-E displacements between SAM—SCO and SCO—ANT. The
model depended heavily on a fault plane solution for an earthquake
southwest of South Georgia, although the SAM—SCO boundary was
believed to pass to the north of the island. Removing the slip vec-
tor derived from this mechanism resulted in instability and quite a
different result. Since then, a greater number of Global Digital Seis-
mograph Network stations in the southern hemisphere has led to an
increase in the number of CMT solutions available for the Scotia
Sea region. Marine geophysical surveys (e.g. Livermore et al. 1997,
Bruguier & Livermore 2001) have defined the location and form of
the East Scotia Ridge and provide new constraints on SCO-SAN
spreading. In this paper, we re-investigate the kinematics of the Sco-
tia Sea region by compiling and inverting a larger and more accurate
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Figure 1. Plates of the Scotia Arc; locations of plate boundaries are derived from satellite gravity and earthquake data, except for East Scotia Ridge segments,
which are based on swath mapping. Plate names are as follows: ANT, Antarctic Plate; SAM, South American Plate; SCO, Scotia Plate; SAN, Sandwich Plate.
The location of the easternmost SCO-ANT boundary is unclear. The sense of relative plate motions is indicated by arrows. Dotted lines near South Georgia
indicate the location of a shallow thrust (see the text). We have chosen a conical orthomorphic projection. SFZ: Shakleton Fracture Zone, NSR: North Scotia
Ridge, ESR: East Scotia Ridge, SSR: South Scotia Ridge, SCT: Southern Chile Trench and SAAR: South American—Antarctic Ridge.

data set to obtain a new set of Euler vectors describing the four-plate
system.

2 DATA

DeMets (1993) showed that the plate motion information con-
tributed by earthquake slip vectors is entirely consistent with that
supplied by transform azimuths and seafloor spreading rates, despite
the difference in sampling interval. We minimize the latter by mea-
suring average spreading rates over the Brunhes only, rather than out
to Chron 2A, as was done by DeMets et al. (1990) in their global
model. The types of constraint available for each plate boundary
in the Scotia Arc region are shown schematically in Fig. 2. Rates
of motion between the SCO-SAN and SAM—ANT plate pairs are
available from identified magnetic anomalies on the flanks of the
East Scotia Ridge (ESR) and South American—Antarctic Ridge
(SAAR), respectively. No reliable direct measurements of rates of
relative motion between the Scotia Sea plates (SCO, SAN) and the
surrounding major plates (ANT, SAM) have yet been made, al-
though preliminary studies using Global Positioning Satellite mea-
surements are underway. Hence, as with Pelayo & Wiens’ study,
these rates are obtained by closure in our inversion.

2.1 Slip vectors

Earthquakes occurring between 1977 and early 2002 were selected
from the USGS Preliminary Determination of Earthquakes cata-
logue within a circle of radius 30° about a point at 57°S, 45°W.
Approximately 1200 events with m;, > 4.5 and focal depth between
0 and 300 km were found, from which we extracted all events with a
Harvard CMT solution occurring in the Scotia Arc region between
southern Chile and the Bouvet triple junction. Focal mechanisms
computed by Pelayo & Wiens (1989) using body wave inversion
were also examined.

Seismicity is concentrated around the margins of the Scotia Sea,
with a few intraplate events, and can now be seen in the context of the

SCOTIA PLATE CIRCUIT

scT ..

Rate and Azimuth
Azimuth Only

Figure 2. Network of plates in the Scotia Arc, showing the type of con-
straints on plate motion available from each boundary. SCT, Southern Chile
Trench; SAAR, South American—Antarctic Ridge; NSR, North Scotia Ridge;
SSR, South Scotia Ridge; SST, South Sandwich Trench. Solid lines show
the availability of spreading rate and azimuth data, dotted lines represent
boundaries for which only azimuth data (slip vectors) are available.

satellite gravity map of the Scotia Sea (Fig. 3). Earthquake numbers
used in the following sections refer to those given in Table 1.

North Scotia Ridge

Event 2 (event 4 from Pelayo & Wiens (1989): PW4) from
Table 1 represents sinistral slip on the eastward extension of the
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Table 1. Slip vectors (sv), spreading rates (ra) and transform azimuths (ta) and moment tensor sums (mts) used for the inversion. The slip vector gives the
azimuth of motion of the first plate with respect to the second plate. The standard deviation of the data is given in o and the predicted datum as derived from
the inversion of model 2 (PRED mod2) and model 3 (PRED mod3). Earthquake parameters are from Engdahl ez al. (1998) and for events after 1996 from the
PDE (Preliminary Determination of Earthquakes) catalogue.

No Date Time Lat. Long. h mp Plates DAT. PRED. PRED o
dd/mm/yy hh:mm:ss.t (km) mod2 mod3
1 26/09/65 21:33:54.1 —54.84 —38.32 19 6.1 SAM/SCO 233 - (246) 15 sV PW2
2 15/06/70 11:14:50.5 —54.39 —64.13 4 5.7 SAM/SCO 269 286 285 15 sV PW4
3 21/03/82 15:55:15.4 —53.03 —46.94 16 5.3 SAM/SCO 267 254 256 15 sV
4 25/03/82 05:05:41.8 —52.89 —46.99 13 5.8 SAM/SCO 262 254 256 15 sV PWI12
5 30/03/82 04:24:37.3 —52.83 —46.95 17 5.1 SAM/SCO 284 254 256 15 sV
6 18/11/82 00:27:54.9 —54.39 —56.40 25 5.7 SAM/SCO 244 272 272 15 sV PWI13
7 19/11/82 10:57:38.6 —54.40 —56.40 18 5.5 SAM/SCO 283 272 272 15 sV
8 01/10/92 03:21:08.4 —53.62 —51.82 23 53 SAM/SCO 245 264 265 15 sV
9 01/10/92 18:15:44.4 —53.64 —51.71 19 5.4 SAM/SCO 249 263 265 15 sV
10 12/11/92 15:00:40.5 —53.79 —51.82 7 5.8 SAM/SCO 244 263 265 15 sV
11 27/09/93 13:37:31.6 —53.72 —51.71 13 6.3 SAM/SCO 266 263 265 15 sV
12 09/06/99 04:05:44.5 —53.04 —46.84 10 5.8 SAM/SCO 245 255 257 15 sV
13 07/01/00 23:37:20.2 —54.33 —55.13 10 5.5 ANT/SCO 263 270 271 15 sV
14 21/08/00 09:16:25.5 —53.02 —45.97 10 6.1 ANT/SCO 280 253 256 15 sV
15 25/02/73 05:35:57.9 —61.09 —37.94 32 6.2 ANT/SCO 105 118 118 15 sV PW6
16 29/12/75 03:39:43.8 —56.85 —68.58 11 6.0 ANT/SCO 77 88 87 15 sV PW7
17 22/05/79 21:38:30.5 —60.41 —32.14 16 5.1 ANT/SCO 130 120 120 15 sV
18 06/06/79 10:54:26.8 —52.87 —75.21 25 5.6 ANT/SCO 97 82 82 15 sV
19 07/11/79 14:03:53.8 —60.61 —40.90 11 5.2 ANT/SCO 93 115 116 15 sV
20 05/02/80 13:52:50.6 —57.46 —66.62 7 49 ANT/SCO 71 89 89 15 sV
21 27/03/81 22:02:31.1 —59.89 —31.54 15 5.1 ANT/SCO 156 119 120 15 Y
22 11/07/83 12:56:29.6 —60.94 —53.12 9 5.9 ANT/SCO 90 105 106 15 sV PW16
23 09/01/84 13:43:25.5 —60.96 —36.10 10 5.4 ANT/SCO 130 119 120 15 sV
24 13/09/86 09:28:28.2 —60.84 —36.78 25 5.8 ANT/SCO 100 118 119 15 sV PWI19
25 21/06/87 10:08:58.9 —57.29 —66.84 23 5.5 ANT/SCO 77 89 89 15 sV
26 24/05/91 18:28:35.8 —60.49 —44.22 6 53 ANT/SCO 85 113 113 15 sV
27 30/05/95 16:56:23.8 —60.32 —31.59 15 5.5 ANT/SCO 99 120 120 15 sV
28 15/06/95 18:58:11.0 —60.25 —31.24 10 4.8 ANT/SCO 128 120 120 15 sV
29 15/11/98 13:27:04.1 —60.28 —47.48 10 5.5 ANT/SCO 125 111 111 15 Y
30 17/07/99 22:26:08.4 —60.20 —47.47 33 5.4 ANT/SCO 86 110 111 15 sV
31 14/10/00 20:38:56.7 —60.19 —46.81 10 53 ANT/SCO 159 111 112 15 sV
32 26/11/00 23:09:58.6 —60.23 —47.07 10 5.2 ANT/SCO 107 112 112 15 sV
33 14/09/77 14:51:05.7 —56.43 —25.69 40 5.7 SAM/SAN 249 259 - 15 sV
34 07/03/78 23:31:29.6 —56.58 —25.67 21 5.7 SAM/SAN 269 259 - 15 sV
35 10/03/78 03:49:30.9 —56.69 —25.47 51 53 SAM/SAN 259 258 - 15 Y
36 27/11/78 09:43:22.3 —57.99 —25.30 15 5.7 SAM/SAN 269 259 - 15 sV
37 27/10/79 04:04:45.1 —58.82 —25.25 13 5.4 SAM/SAN 241 259 - 15 sV
38 12/11/82 00:08:56.4 —55.86 —26.87 20 5.4 SAM/SAN 248 261 - 15 sV
39 25/05/84 21:49:51.0 —60.21 —26.86 13 5.7 SAM/SAN 247 262 - 15 Y
40 26/12/84 09:38:02.2 —58.74 —25.51 41 5.6 SAM/SAN 271 259 - 15 sV
41 22/02/85 09:33:37.8 —55.80 —26.69 17 5.7 SAM/SAN 289 260 - 15 Y
42 16/03/85 08:19:09.5 —55.26 —28.24 12 5.3 SAM/SAN 232 263 - 15 sV
43 15/05/85 20:12:45.6 —56.72 —25.40 19 5.7 SAM/SAN 264 258 - 15 sV
44 01/08/85 23:15:15.5 —57.77 —25.36 22 5.4 SAM/SAN 261 259 - 15 sV
45 05/09/85 08:37:44.0 —56.93 —24.74 12 5.1 SAM/SAN 248 257 - 15 sV
46 14/04/86 14:52:13.1 —57.86 —24.45 14 5.5 SAM/SAN 262 257 - 15 sV
47 20/06/86 18:41:30.3 —58.70 —25.11 32 5.8 SAM/SAN 288 259 - 15 sV
48 02/07/86 12:53:05.5 —59.62 —26.08 19 5.3 SAM/SAN 270 260 - 15 sV
49 14/11/86 06:33:24.9 —58.77 —25.24 19 5.5 SAM/SAN 266 259 - 15 sV
50 18/11/86 12:02:28.6 —57.96 —25.34 58 5.4 SAM/SAN 262 259 - 15 sV
44 27/12/86 02:43:56.4 —56.26 —27.41 36 5.6 SAM/SAN 256 262 - 15 sV
45 30/01/87 22:29:38.9 —60.17 —26.85 9 6.1 SAM/SAN 288 262 - 15 sV
46 18/02/87 10:32:16.1 —55.84 —27.09 31 5.6 SAM/SAN 247 261 - 15 sV
47 23/02/87 02:43:42.1 —58.01 —25.34 32 6.0 SAM/SAN 264 259 - 15 sV
48 28/03/87 05:04:13.3 —58.06 —25.50 36 5.4 SAM/SAN 270 259 - 15 sV
49 14/04/87 17:20:42.7 —58.41 —25.51 40 5.6 SAM/SAN 261 259 - 15 sV
50 09/07/87 07:27:33.6 —56.46 —25.68 18 5.6 SAM/SAN 263 259 - 15 sV
51 27/12/86 02:43:56.4 —56.26 —27.41 36 5.6 SAM/SAN 256 262 - 15 sV
52 30/01/87 22:29:38.9 —60.17 —26.85 9 6.1 SAM/SAN 288 262 - 15 sV
53 18/02/87 10:32:16.1 —55.84 —27.09 31 5.6 SAM/SAN 247 261 - 15 sV
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No Date Time Lat. Long. h
dd/mm/yy hh:mm:ss.t (km)
54 23/02/87 02:43:42.1 —58.01 —25.34 32
55 28/03/87 05:04:13.3 —58.06 —25.50 36
56 14/04/87 17:20:42.7 —58.41 —25.51 40
57 09/07/87 07:27:33.6 —56.46 —25.68 18
58 29/08/87 14:15:19.7 —56.56 —25.65 28
59 17/04/88 05:11:34.1 —58.59 —25.37 15
60 10/07/88 19:51:06.5 —56.43 —26.42 34
61 02/08/88 22:08:33.8 —58.09 —25.23 29
62 01/11/88 22:31:08.1 —57.39 —25.22 14
63 09/12/88 07:49:28.7 —59.96 —26.05 43
64 08/02/89 23:46:44.0 —55.72 —26.91 29
65 18/08/89 03:46:24.1 —55.36 —28.04 9
66 21/11/92 22:39:33.1 —56.55 —26.89 14
67 09/03/93 07:45:43.9 —59.70 —25.71 22
68 20/05/79 03:02:30.7 —60.27 —29.49 11
69 - - —57.39 —30.20 -
70 - - —57.29 —30.21 -
71 - - —57.18 —30.22 -
72 - - —56.85 —30.73 -
73 - - —56.75 —30.76 -
74 - - —56.64 —30.75 -
75 - - —56.53 —30.75 -
76 - - —56.42 —30.74 -
77 - - —56.10 —30.41 -
78 - - —55.99 —30.41 -
79 - - —57.91 —29.85 -
80 - - —58.04 —29.83 -
81 - - —58.17 —29.84 -
82 - - —58.31 —29.81 -
83 - - —58.44 —29.86 -
84 - - —58.86 —29.86 -
85 - - —59.25 —29.62 -
86 - - —59.52 —29.59 -
87 - - —56.50 —30.50 -
88 - - —57.50 —30.00 -
89 - - —58.50 —30.00 -
90 - - —59.50 —29.60 -
91 - - —55.50 —27.00 -
92 - - —56.50 —25.00 -
93 - - —57.50 —25.00 -
94 - - —58.50 —25.30 -
95 - - —59.50 —26.00 -
96 - - —60.50 —26.00 -

Plates DAT. PRED. PRED o
mod2 mod3

SAM/SAN 264 259 - 15 SV
SAM/SAN 270 259 - 15 sV
SAM/SAN 261 259 - 15 sV
SAM/SAN 263 259 - 15 sV
SAM/SAN 259 259 - 15 sv
SAM/SAN 261 259 - 15 sV
SAM/SAN 248 260 - 15 sv
SAM/SAN 254 259 - 15 sV
SAM/SAN 254 258 - 15 sv
SAM/SAN 280 260 - 15 sV
SAM/SAN 227 261 - 15 sV
SAM/SAN 271 263 — 15 SV
SAM/SAN 257 261 - 15 sV
SAM/SAN 276 260 - 15 sV
ANT/SAN 273 264 259 15 Y%
SCO/SAN 6.693 6.558 6.548 0.4 ra
SCO/SAN 6.532 6.538 6.524 0.4 ra
SCO/SAN 6.662 6.516 6.498 0.4 ra
SCO/SAN 6.436 6.450 6.414 0.4 ra
SCO/SAN 6.307 6.429 6.390 0.4 ra
SCO/SAN 6.178 6.407 6.363 0.4 ra
SCO/SAN 6.372 6.385 6.337 0.4 ra
SCO/SAN 6.404 6.362 6.310 0.4 ra
SCO/SAN 6.013 6.296 6.236 0.4 ra
SCO/SAN 6.275 6.273 6.209 0.4 ra
SCO/SAN 6.561 6.663 6.676 0.4 ra
SCO/SAN 6.854 6.690 6.707 04 ra
SCO/SAN 6.725 6.716 6.738 0.4 ra
SCO/SAN 6.850 6.744 6.772 0.4 ra
SCO/SAN 7.047 6.770 6.802 0.4 ra
SCO/SAN 6.928 6.854 6.902 0.4 ra
SCO/SAN 6.852 6.932 6.996 0.4 ra
SCO/SAN 6.758 6.985 7.060 0.4 ra
SAN/SCO 89.9 91 86 10 ta
SAN/SCO 81.3 90 85 10 ta
SAN/SCO 87.8 90 85 10 ta
SAN/SCO 84.0 89 85 10 ta
SAM/SAN 230 - 256 15 mts 1
SAM/SAN 251 - 253 15 mts I
SAM/SAN 258 - 253 15 mts 111
SAM/SAN 259 - 254 15 mts v
SAM/SAN 267 - - 15 mts \Y
SAM/SAN 276 - — 15 mts VI

Magallanes Fault Zone (Pelayo & Wiens 1989; Klepeis 1994). Be-
neath Burdwood Bank, event 6 (PW13) has been interpreted as
implying sinistral strike-slip on a shallow-dipping extension of a
decollement observed on seismic profiles (Ludwig & Rabinowitz
1982). Event 7 is a small event rejected by Pelayo & Wiens because
of its low signal-to-noise ratio.

Between 1992 October and 1993 September, four shallow
(<20km) events occurred near 53.6°S, 51.7°W (events 8—11). Three
correspond to sinistral, strike-slip motion on subvertical faults strik-
ing ENE, and one to W-E, sinistral, strike-slip motion on a fault
plane dipping gently to the south. All are located near the northern
margin of the free-air high representing the structural block of the
North Scotia Ridge: recent relocation (Engdahl ez al. 1998) moves
them west by 10-20 km (Fig. 3). Assuming W—E motion of SAM—
SCO, as predicted by Pelayo & Wiens (1989), this section of the
NSR would be expected to exhibit a transtensional character. How-

© 2003 RAS, GJI, 155, 789-804

ever, it appears that the seismic activity records mainly strike-slip
movements on faults subparallel to the margin. Recent long-range
sidescan sonar imaging with GLORIA has shown the presence of a
series of steep, probably active, ENE-trending faults at the contact
between the North Scotia Ridge and the accreted sediments to the
north (Cunningham et al. 1998), close to these epicentres. Hence,
the contact appears to be the locus of present-day SAM—SCO motion
along this part of the North Scotia Ridge.

It is curious that no events have been recorded between 46°W
and 34°W, including South Georgia. This may be attributable to the
low frequency of earthquakes associated with slow plate motions,
although existing models of SAM—SCO motion imply that South
Georgia is located at a restraining bend in the North Scotia Ridge,
and might therefore be expected to experience a significant amount
of thrusting. On the other hand, a large event has been recorded to
the southwest of the South Georgia block (event 1; PW2). This event
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proved crucial in obtaining the plate motion solution of Pelayo &
Wiens (1989), and indicates SW-directed thrusting of South Georgia
over the Scotia Plate. This interpretation is supported by very re-
cent activity at the southeastern margin of the South Georgia block.
Satellite-derived free-air gravity provides clues to the origin of this
thrusting (Fig. 3). A pronounced linear free-air low trends NW—
SE, approximately perpendicular to the slip vector of event 1, and
appears to be offset to the east near 37.5°W, continuing SE with
lower amplitude to 56.5°S, 35°W, where it intersects a narrow, NE-
trending linear free-air high. Other NE-trending lineaments appear
to transect the South Georgia block between this high and South
Georgia island.

Shackleton Fracture Zone

Most events on or near the Shackleton Fracture Zone occur in three
zones: close to the southeastern termination in the vicinity of Ele-
phant Island; between 61° and 63°W, near the junction with the
inactive West Scotia Ridge spreading centre; and between 65° and
68°W, at the junction with the former Phoenix (PHX)-Antarctic
spreading centre.

In their plate motion inversion, Pelayo & Wiens (1989) rejected
all events from near the Elephant Island triple junction, on account
of suspected microplate motions in this region. Klepeis & Lawver
(1996) suggest that a new SCO-ANT boundary may be forming
within the Scotia Sea to the north of Elephant Island, based upon
their identification of a lineament in the satellite free-air gravity
field. However, there is very little earthquake evidence for this.

Several of the events between 66°W and Elephant Island are
strike-slip events with one nodal plane subparallel to the Shackleton
Fracture Zone. This suggests either that deformation is strongly in-
fluenced by the trend of the pre-existing fracture zone (FZ), or that
the Phoenix Plate is still experiencing independent motion involving
slow spreading at the PHX—ANT ridge. Recent work dates Phoenix
Ridge extinction at chron C2A (3.3 Ma; Livermore et al. 2000), so
that the former explanation seems more likely.

South Scotia Ridge

Events on the SSR appear rather less clustered than on the NSR.
Epicentres occur in a narrow band associated with the pronounced
free-air gravity lows within the westernmost South Scotia Ridge and
to the north of South Orkney (Fig. 3). Several of these exhibit char-
acteristic normal faulting mechanisms, reflecting the transtensional
nature of the plate boundary. The absence of seismic activity within
Powell Basin supports the notion that significant relative motion be-
tween the South Orkney Microcontinent and the Antarctic Peninsula
has ceased, the major phase of spreading coming to an end in the
Early Miocene (King et al. 1997; Eagles & Livermore 2002).
Pelayo & Wiens (1989) used focal mechanisms west of 50°W
and at Discovery Bank in their inversion. Between these areas, two
additional mechanisms are shown in Fig. 3, corresponding to events
not used by Pelayo & Wiens. Event 26 is a small (m, = 5.3), shallow
event that occurred in 1991 to the northeast of the South Orkney Is-
lands. The CMT solution indicates thrusting on a fault plane dipping
gently beneath the South Orkney block, with a significant compo-
nent of sinistral strike-slip. The trend of this part of the SCO-ANT
margin would lead to its forming a restraining bend (assuming W-E
plate motion), which may explain the deep free-air low associated
with it. Event 19 indicates sinistral strike-slip motion along the axis
of the W—E-trending trough, which bounds the NE corner of South

Orkney. Near Discovery bank, mechanisms indicate predominantly
NW-SE motion, which varies from low-angle thrusting (event 28)
to normal faulting (event 17).

South Sandwich Trench

The majority of earthquake events in the Scotia Arc occur at the
South Sandwich Trench, in particular near its northern end (Fig. 3).
Between 56° and 59°S, events shallower than 60 km are predomi-
nantly of thrust type, with more strike-slip and complex mechanisms
near the ends of the trench, where a distinct trench-normal bias is
apparent in the earthquake slip vectors.

A global analysis by Frohlich & Apperson (1992) showed that such
shallow interplate events at subduction zones have a high degree
of internal consistency, relatively simple fault geometry and reflect
the plate convergence direction strongly. We performed an analysis
of earthquakes at the South Sandwich Trench up to 1997 based on
Frohlich & Apperson’s methods. Events shallower than 60 km were
divided into 1° latitude bins. For each bin, the moment sum, seismic
consistency C and the compensated linear vector dipole parameter
feva Were calculated (Fig. 4; Table 2). The ratio f.q varies from
zero for a pure double-couple source to 0.5 for a pure compensated
linear vector dipole (CLVD, Frohlich & Apperson 1992).

This ratio is less than 0.10 for all except one tensor sum and all
values are reduced compared with the ratios for individual events
(Fig. 4, bottom). The results show high consistency between lati-
tudes 56° and 59°S, slightly less at the northern end, and rather poor
consistency south of 59°S (Table 2). Perhaps surprisingly, slip vec-
tors corresponding to these moment sums (Fig. 3, [-VI) still show
some trench-normal bias. This suggests that a component of SAM—
SAN convergence may be taken up aseismically or by events that
are too small to be recorded teleseismically. Much of this deforma-
tion could be occurring in the forearc, as a result of the increasingly
oblique plate convergence towards the extremities of the trench, as
suggested for subduction zones elsewhere (Jarrard 1986; Ekstrom
& Engdahl 1989; McCaftrey 1992). These averages were used to
constrain the SAM—SAN vector in the plate motion inversion (see
below).

Two large normal faulting events in the forearc region were elim-
inated from the ‘restricted’ data sets, owing to the likelihood of their
being related to disruption of the outer forearc rather than directly
reflecting SAM—SAN motion. This disruption could be related to
the subduction of NW-trending fracture zone ridges and troughs ob-
served in the free-air gravity anomaly field (Fig. 3), which, being
subparallel to the trench, might cause periodic uplift of the forearc.

East Scotia Ridge

Seismicity on the East Scotia Ridge is generally low, with a small
cluster of events near the deepest part of the ridge, at the offset
between segments E5 and E6 (Fig. 5), on the eastern flank of the
ridge. Two shallow epicentres occur on the axis of segment E2, a
southwards-propagating rift (Livermore ef al. 1997), one of which
lies close to the inflated middle section of the segment (Fig. 3), while
the other is located near the rift tip. It is likely that these events are
associated with simple shear deformation associated with migrating
non-transform offsets (Wetzel ef al. 1993), and so do not constrain
the azimuth of plate motion. Events for which CMT solutions are
available include three large (m, = 5.3-5.7) events, which occurred
in 1983, 1986 and 1989 on segment E8, close to a pronounced
axial topographic high (Bruguier & Livermore 2001). Whether these
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Table 2. Compensated linear vector dipole parameter fj,q for the South
Sandwich events. @y, § and A: strike of nodal plane, dip and rake as defined
by Aki & Richards (1980) (pp. 114—115). €: strike of horizontal component
of slip vector in degrees clockwise from North Cy: seismic consistency
parameter (Frohlich & Apperson 1992).

Region Plane 1 Plane 2 Noevents Cg
o, 6 A e &, 5§ A €
I 148 20 98 50 320 71 87 -—122 19 0.65
T 147 26 78 71 341 65 96 —122 21 0.79
I 164 30 87 78 348 60 92 —106 18 0.79
v 172 32 92 79 349 58 88 —98 9 0.89
A% 187 35 98 87 357 56 85 —83 12 0.32
VI 250 30 150 96 6 75 63 =20 32 0.39
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Figure4. Analysis of South Sandwich events using the methods of Frohlich
& Apperson (1992). (a) Typical f.vq (average for a particular subregion)
versus f clvd for the summed moment tensor of that subregion. All earthquakes
considered have been normalized to unit moment prior to averaging. In all
cases but one (Region I) this ratio is reduced in the sum; hence the tensor
sums are more double-couple-like. (b) Epicentres of all earthquakes in the
Harvard CMT catalogue through 1997 associated with the South Sandwich
trench up to a depth of 60 km. In order to avoid possible intra-South Sandwich
plate deformation, it is required that all eligible epicentres lie at least 250 km
away from the centre of curvature of the arc at 57.5°S, 30.0°W. Earthquakes
are binned according to indicated latitude windows ranging from I to VI
(northern part to southern part).
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earthquakes were caused by magma migration or deformation is
not known, but they do not appear to constrain plate motions. A
strike-slip event on E4, close to an oblique lineament, probably
reflects simple shear deformation associated with a migrating non-
transform offset. Hence, earthquake seismology provides no useful
constraints on the direction of spreading at the SCO-SAN boundary.

One of the focal planes of event 68 implies a right-lateral strike-
slip earthquake, which could represent SAN-ANT relative motion.
Sidescan sonar imagery (Bruguier & Livermore 2001) indicates
that a transform boundary connects with the southern tip of the East
Scotia Ridge, from where it runs eastward, possibly to connect with
rifts within the South Sandwich Arc, and ultimately with the South
Sandwich Fracture Zone to the southeast. The original Harvard CMT
hypocentre places this event some 30 km north of this transform, but
non-linear relocation (Engdahl et al. 1998) places it within 15 km
of the transform, close to the ridge—transform intersection. More-
over, the strike of the W—E nodal plane is parallel to the trend of
the transform, and the right-lateral sense is in agreement with that
expected for SAN-ANT motion. The use of a radially symmetrical
Earth model can give rise to errors of up to 50 km in the vicinity of
lateral heterogeneities such as subducted slabs (Engdahl & Gubbins
1987), so that it seems likely that this event actually reflects motion
on the transform. We have therefore used the slip vector associated
with this event to constrain SAN-ANT motion.

Intraplate events

Significant within-plate events have been identified previously
(Forsyth 1975; Pelayo & Wiens 1989), including a strike-slip earth-
quake (PW20) on the Endurance Fracture Zone, close to the inside
corner of its eastern ridge—transform intersection, and a more recent
event on the western Quest Fracture Zone. Other shallow events,
without CMTs, lie near the axis of the West Scotia Ridge to the
north and west. Analysis of magnetic anomalies over the Ridge in-
dicate extinction at approximately 6.5 Ma (Barker & Burrell 1977;
Livermore et al. 1994), so that these events may be related to post-
spreading stress release. We therefore exclude them from our study,
and assume a single, rigid, Scotia Plate.

West of the Shackleton FZ, the former Phoenix—Antarctic plate
boundary is delineated by a series of shallow events connecting the
Shackleton and Hero FZs. We can now see that seismicity is concen-
trated on the axis of the Phoenix Ridge (Fig. 3), an intermediate rate
spreading centre that is thought to have slowed and ceased opening
by about 3.3 Ma (Larter & Barker 1991; Livermore et al. 2000). The
relatively high seismicity suggests a significant amount of relict ac-
tivity on this boundary, with strike-slip mechanisms rotated relative
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aw o'W 29'W

Figure 5. Seafloor lineaments on the flanks of the East Scotia Ridge picked
from sidescan sonar images; areas of positive magnetic polarity are shaded;
the ridge axis is denoted by thick lines. Earthquake CMT solutions are shown
as in Fig. 3; grey dots are relocated epicentres of Engdahl ef al. (1998). Track
of vessel RRS James Clark Ross during cruise JR09 is shown by dotted line;
magnetic anomaly crossings of axis used in computing spreading rates are
highlighted in grey.

to the fracture zone trend, perhaps induced by stresses related to
continuing subduction at the South Shetland Trench.

2.2 Spreading rates

At present, the only rate information comes from the East Scotia
Ridge, an intermediate-rate spreading centre with well-developed
magnetic anomalies, which forms the SCO-SAN boundary. This
information is crucial to our inversion as it determines the rates on
all of the other boundaries of the SCO or SAN plates by closure.

Using evenly spaced magnetic profiles obtained during a recent
survey of the East Scotia Ridge, we picked the steep gradients mark-
ing the limits of normally magnetized crust formed during the Brun-
hes epoch, the start of which is dated at 778 kyr (Tauxe et al. 1996).
At these latitudes, the magnetization vector is steep and the error
in using the magnetic anomaly to estimate the width of the source
body is small. Assuming W-E spreading, we measured the distance
between the picks on all profiles where the Brunhes anomaly was
clear. Evidence from sidescan mapping (see below) indicates that
this is probably within 5° of the true spreading direction, amounting
to a maximum rate error of 0.01 mm yr~'. This resulted in 18 esti-
mates of mean spreading rate for the Brunhes, each of which was
assigned to the ridge axis location as observed on the corresponding
profile (Table 1, 69-86). Despite ridge offsets and changes in the
Brunhes magnetic signature, these measurements appear to define
a trend of increasing rates from about 60 mm yr~! at the northern
end of the East Scotia Ridge, to a maximum of about 70 mm yr™!
near 58°30'S, declining slowly thereafter (Fig. 6), consistent with a
distant SCO-SAN Euler pole.

2.3 Spreading azimuths

The data set of Pelayo & Wiens (1989) included ‘transform’ az-
imuths measured from a map of east Scotia Sea bathymetry and
magnetic isochrons (British Antarctic Survey 1985). More recent
satellite gravity maps (e.g. Fig. 3) show a series of WNW-trending
lineaments on the western flank of the East Scotia Ridge. Their
eastern flank counterparts are obscured by a thick volcaniclastic
apron (Barker & Hill 1981), but an ENE trend is discernible. This
pattern has been interpreted as evidence for a southward migration
of ridge offsets throughout the evolution of the East Scotia Ridge
(Livermore et al. 1994), and precludes the use of these gravity
lineaments to establish flow lines of SCO-SAN motion. Recent

80
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65 — -

Rate (mml/yr)
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50 T T T T
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Figure 6. Spreading rates along the East Scotia Ridge derived from the

width of the Brunhes. Error bars represent an assumed uncertainty of +4
~1

mmyr='.
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detailed mapping of the East Scotia Ridge (Fig. 5) shows that it
does not have true transform offsets, but is characterized by over-
lapping and/or propagating spreading centres.

We have made the assumption that spreading was perpendicular
to the well-defined seafloor fabric mapped by sidescan sonar (Fig. 5).
This assumption would be invalid if significant oblique spreading
were occurring here (Taylor et al. 1994). However, we note that,
at intermediate and fast rates, spreading is generally perpendicular
to the strike of the ridge axis, and even where oblique spreading
occurs, such as on the slow-spreading Reykjanes Ridge, the fabric
observed on the ridge flanks tends to be less oblique than the ridge
itself (Applegate & Shor 1994).

Motion of the Scotia Sea plates 797

Lineaments interpreted as sea floor faults and volcanic ridges
were picked from sidescan images and digitized, and their az-
imuths and lengths determined. These were binned with a continu-
ous weighting function, and directional statistics calculated (Fig. 7).
Although there is subjective bias in this procedure, the W-E survey
tracks tend to suppress ridge-parallel features in the sonar images,
thereby reducing the chances of picking such features at the expense
of features with other orientations. These averages were calculated
for 1° latitude bands within the Brunhes, as defined by positive
magnetic anomalies along the ridge, for inclusion in our inversion
(Table 1, 87-90). In the northernmost and southernmost intervals,
complex deformation results in a broad spread of azimuths, so that

East Scotia Ridge Fabric Orientations

55°-56°

NORTH

WEST EAST

SOUTH

56°-57°

NORTH

WEST EAST

SOUTH

57°-58°

NORTH

WEST EAST

SOUTH

58°-59°

NORTH

WeST EAST

SOUTH

59°-60°

NORTH

WEST EAST

SOUTH

60°-61°

NORTH

WEST EAST

SOUTH

Figure 7. Azimuthal distribution of lineaments picked from sidescan sonar in 1° latitude intervals. See the text for details.
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statistically significant means could not be determined, but the oth-
ers all show strong modes close to N—S. In these cases, the standard
errors are used as the data uncertainties in our inversion.

3 INVERSION

From the events with Harvard CMT solutions, 68 events which lie
on plate boundaries were selected for the inversion (cf. 20 events
used by Pelayo & Wiens). All events were shallow (depth < 60 km),
since deeper events probably reflect intraplate deformation. Only
thrust-type events with m;, > 5.5 were selected from the South Sand-
wich Trench to constrain SAN-SAM motion (Fig. 3). This, together
with the depth criterion, also avoids those earthquakes that may be
associated with shallow—intermediate tearing of the subducted slab
beneath the northern portion of the South Sandwich forearc. Events
along the Shackleton Fracture Zone between 55°W and 66°W were
excluded for the reasons discussed above. In addition, a second data
set was prepared, including the moment tensor sums (Table 2) in
place of the individual thrust events at the SAN-SAM boundary.
Averages V and VI in the southern part of the trench were not used,
owing to their low consistency.

Horizontal slip vectors were calculated from the Harvard CMT
solutions (Jost & Herrmann 1989). Because every earthquake has
two nodal planes with two corresponding slip vectors, we are con-
fronted with an ambiguity in choosing one of them as the appropri-
ate slip vector. For the selected events, it was clear from the plate
geometry which nodal plane should be chosen. Those fault plane
solutions that did not clearly correspond to the surface expressions
of the local plate motions were generally found to correspond to
deeper (=60 km) events or shallow events in a complicated tectonic
regime, such as the unclear SCO-SAN-SAM triple junction region.
The slip vectors of these events are listed in Table 1.

Focal mechanisms computed by Pelayo & Wiens (1989) using
body waveform inversion methods were also included if they were

awarded a solution quality of A or B by those authors. Where a
Harvard CMT also existed for the same event, the mechanism of
Pelayo & Wiens was preferred, owing to the more careful fitting of
waveforms by the latter.

Using the iterative least-squares plate motion inversion technique
of Minster et al. (1974), we inverted the chosen earthquakes, spread-
ing rates and transform azimuths for a four-plate (ANT, SAM, SCO,
SAN) model. Our implementation of the inversion procedure starts
with an a priori model and iteratively fits for the best set of perturba-
tions in angular velocity vectors using Cartesian coordinates. This
procedure was chosen over that involving perturbations in latitude
and longitude in order to avoid any possible instability near the ge-
ographic poles, where longitude perturbations tend to be large. The
SAM-ANT Euler vector is held fixed and is prescribed by model
NUVEL-1A (86.4°S, 139.3°E, 0.27 deg Myr~!, DeMets et al. 1990,
1994).

We performed inversions for five different input files: (1) the
original file, including all data from Table 1, (2) input file 2 without
event 1 (PW2), since this South Georgia event may not lie on a
plate boundary, as discussed above. Input file (3) is identical to
input file 2 for all plate boundaries except SAN-SAM, for which
the moment tensor sums (Table 2) with high consistency (I-1V) are
used in place of individual thrust events. PW89 is the original Pelayo
& Wiens (1989) input file and PW-1 is input file PW89 without
event 1.

4 RESULTS

4.1 Euler poles and angular rotation rates

We obtained separate kinematic models by inversion of each cor-
responding input file from section 3. The resulting Euler poles
and angular velocities are given in Table 3 together with their 1o

Table 3. Euler rotation models with errors and chi? as derived from the inversion of the four input files (see text). The PW89 results are not given here. x,
geocentric degrees; **, azimuth of semi-major axis in degrees clockwise from due north. First named plate moves counter-clockwise relative to the second

plate.
Plates Lat. Lon. Rate Error Ellipse Error in Red. Input

(deg) (deg) ang. vel. chi?

deg Myr~! Semi-maj.*  Semi-min.* Azimuth**

SCO-SAM —2.257 —56.538 0.071 32.531 2.828 176.950 0.021 0.13 Model 1:
SCO-ANT —74.669 —69.561 0.282 2.367 0.932 209.490 0.043 (rates) all events
SAN-ANT —36.940 —32.619 1.409 6.472 1.000 171.199 0.417 1.20 from Table 1
SAN-SCO —28.289 —30.210 1.212 10.309 1.219 176.416 0.388 (azi.)
SAN-SAM —27.037 —31.796 1.270 10.296 1.120 174.825 0.383
SCO-SAM 23.760 —57.697 0.066 37.048 2.751 176.523 0.010 0.13 Model 2:
SCO-ANT —74.994 —72.626 0.251 2.685 0.983 204.546 0.042 (rate) as model 1
SAN-ANT —36.383 —32.649 1.395 6.413 1.003 170.961 0.418 1.23 but without
SAN-SCO —28.599 —30.417 1.222 10.152 1.202 176.136 0.390 (azi.) No. I (P&W No. 2)
SAN-SAM —26.318 —31.824 1.258 10.615 1.123 174.887 0.381
SCO-SAM 19.074 —56.906 0.067 40.296 2.921 177.321 0.010 0.12 TLP2003:
SCO-ANT —74.694 —71.267 0.257 2.574 0.987 206.451 0.047 (rate) as model 2
SAN-ANT —38.855 —34.551 1.571 5.218 1.554 169.304 0.430 1.44 but with
SAN-SCO —32.248 —32.568 1.383 8.018 1.775 175.146 0.408 (azi.) moment
SAN-SAM —30.252 —33.787 1.421 8.459 1.733 174.135 0.402 tensor sum
SCO-SAM 88.924 48.277 0.351 7.741 0.350 80.287 0.201 model PW-1:
SCO-ANT 77.436 117.948 0.083 3.115 1.861 169.982 0.207 only P&W
SAN-ANT —43.899 —28.698 2.796 5.875 0.644 180.049 1.213 events without
SAN-SCO —44.859 —28.978 2.863 5.739 0.648 178.822 1.283 No. 1 (P&W No. 2)
SAN-SAM —39.412 —28.797 2.629 8.018 0.684 180.313 1.191

© 2003 RAS, GJI, 155, 789-804

$10¢ ‘1 Arenue( o soLeIqr| AJISIOATUL [[IDIIA 18 /310" s[euInolpioyxo-1l3;/:dyy woiy popeofumo(g


http://gji.oxfordjournals.org/
http://gji.oxfordjournals.org/

Motion of the Scotia Sea plates 799

Figure 8. Euler poles derived from the inversion for five models as explained in the text. The first named plate moves counter-clockwise relative to the second
plate. All maps are produced with the same projection area. (a) SCO-SAM rotation poles. For model PW-1, the SAM—-SCO pole is shown (indicated by the
white triangle). (b) SCO-ANT rotation poles, also shown in the inset. For model PW-1 the ANT-SCO pole is shown by the white triangle. (c¢) SAN-ANT
rotation poles. (d) SAN-SCO rotation poles. (¢) SAN-SAM rotation poles.
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error ellipses and errors in angular velocities. Fig. 8 shows the
Euler poles for all five models for each plate pair. Note that the
antipodes of the SCO-SAM and SCO-ANT poles for model PW-
1 are displayed (that is, the SAM—-SCO and ANT-SCO rotation
poles).

In general the poles for all models are similar, with the excep-
tion of the SCO-SAM poles (Fig. 8a), where models 2 and 3 lie
more than 40° from PW89, and more than 70° from PW-1. The in-

E)
Z
A5 S \

stability of model PW89 is demonstrated by the large differences
between models PW89 and PW-1. In contrast, inversions of our
more recent data sets (models 2 and 3) are stable with respect to
the inclusion/exclusion of event 1 (models 1 and 3). Table 3 also
shows the reduced x? values for the rate data and the slip vector
data. The values for x? lie between 1 and 2 for the slip vector data,
which indicates that our predictions of the errors (o) in the data are
reasonable.

- 30y

Data Importances TLP2003
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Figure 9. (a) Data importances for all data used for model 3 (TLP2003). The size of the circles is proportional to the value of the data importances, as indicated
by the scale at the bottom left. (b) As (a) for model PW89 (original Pelayo & Wiens (1989) data file).
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4.2 Data importances and uncertainties

Data importances give an indication of the contribution of each da-
tum in the least-squares inversion (Minster et al. 1974), and sum to
the number of degrees of freedom in the model. The data impor-
tances for model TLP2003 and model PW89 are shown in Fig. 9,
where the diameters of the circles are proportional to the data impor-
tances. The lowest data importances in model 3 are for the moment
tensor sums at the South Sandwich Trench, the SAM—SAN bound-
ary (Fig. 9a). Importances at the South Scotia Ridge and at the
Shackleton Fracture Zone are also small. The highest importances
are at the northern and southern ends of the East Scotia Ridge (SAN—
SCO) and on the North Scotia Ridge (SAM—SCO). The scatter in the
distribution of the data importances is small compared with earlier
results (model PW89, see also Fig. 9b), where we note that the South
Georgia event has a disproportionately high importance (0.68).

Fig. 10 shows the 1o error ellipses of models TLP2003 and PW§9.
The sizes of the SCO-SAM error ellipses in Fig. 10(a) are much
larger than those in Fig. 10(b), but the errors in angular velocities are
much smaller for TLP2003. The error ellipses are highly elongated
in the north—south direction, which shows that the Euler vector is
constrained on roughly a north—south line from the estimated pole.
The larger uncertainties in Fig. 10(a) are due to the larger standard
deviations on the input data compared with those in models PW89
and PW-1.

60°W 30°W
TLP2003
15°N .
0 .
15°S .
30°S A *SAN-SCO
(0.408)
45°S .
60°S . - L
75°S C
(0.047) (a)
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We believe that our study has benefited from the greater amount
of data available since 1989, both CMT slip vectors and, especially,
spreading rates and azimuths from the east Scotia Sea. This has
resulted in a fairly uniform distribution of data importances (Fig. 9a).
Fig. 11 shows the residuals between the observed datum and the
predicted datum (also given in Table 1) for each event in our favoured
data set, model 3, hereinafter referred to as model TLP2003.

5 DISCUSSION

Motions predicted by TLP2003 differ slightly from those of Pelayo
& Wiens (1989), especially for the SAM—SCO boundary, for which
the TLP2003 Euler pole lies 45° further north. Whereas Pelayo &
Wiens’ result predicted sinistral motions of ~5.0 £ 2.5 and 10.7 +
2.4 mm yr~' on the NSR and SSR, respectively, model TLP2003
predicts rates of ~7.1 & 3.5 and ~7.7 & 2.5 mm yr~! on these
two boundaries (Fig. 12, Table 4). At the South Sandwich Trench,
the convergence rate varies from 69 & 11 mm yr~! in the north, to
78 & 10.8 mm yr~! in the south, with a WSW direction. The pre-
dicted backarc spreading vector is close to W—E, and varies from
62.5 4+ 10 to 71.0 & 10.2 mm yr~!, north to south. In the case of
the South Sandwich Trench and the East Scotia Ridge, the errors
for the velocity vectors, calculated using the full model covariance
matrix, are smaller for model TLP2003 compared with PW89; for
the NSR and the SSR, however, the errors are slightly larger than
for PW89 (Table 4).

60°W 30°'W
L

Error ellipses PWS89 ./

' AN-SCO
SA(';I_OSSQM (1.063)
45's SAN-ANT
(1.094)
60°S - P - .
75°S

SR (b)

Figure 10. (a) 1-o error ellipses for model 3 (TLP2003). The numbers in parentheses are the corresponding angular velocity in deg Myr~!. (b) As (a) for

model PW89.
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Figure 11. Residuals of the predicted datum and the observed datum for model 3, TLP2003 (see Table 1). The size of the circles is proportional to the residuals,

as indicated by the scale at the bottom left.
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Figure 12. Velocity vectors along the plate boundaries as derived from model 3 (TLP2003).

Although the surface expression of the SCO-SAM plate bound-
ary appears to lie north of South Georgia on the North Scotia Ridge,
the only well-constrained seismic event (event 1 in Table 1, which
is event PW2) indicates thrusting at the southern edge of the South
Georgia block. Table 1 shows that the slip vector obtained by Pelayo
& Wiens (1989) for event 1 agrees, within uncertainties, with the
plate model TLP2003. Two further events occurred very recently
at the southern margin of the South Georgia block (Fig. 3), also
indicating SW-directed thrusting, and, like the earlier event, are as-
sociated with free-air lows. These results suggest that either the local
deformation zone is very broad (approximately 200 km), perhaps
involving independent motion of South Georgia, or the currently

active plate boundary lies south of the South Georgia islands. Use
of these events to constrain SCO-SAM motion would only be justi-
fied if South Georgia were now rigidly attached to South America.
The absence of seismicity and the reduction in amplitude of free-air
anomalies to the north and northeast of South Georgia, together with
continuing thrusting to the south, suggest that this might indeed be
the case.

To the northeast of South Georgia lies the Northeast Georgia
Rise, a large Mesozoic igneous province. It is possible that the ar-
rival of this feature, with its thickened, buoyant crust, at the for-
merly convergent SAM—SCO margin, impeded the eastward mo-
tion of South Georgia as part of the Scotia Plate (Vogt et al. 1976),
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Table 4. Derived velocities along the main plate boundaries and uncertainties for model TLP2003 and PW89.

Plate boundary Plates Latitude Longitude PW89 TLP2003
°S) W)

velocity (mm yr—!) error velocity [mm yr~!] error
NSR SCO-SAM 54 63 4.9 £2.5 7.0 +3.5
NSR SCO-SAM 55 35 5.5 +2.6 7.1 +3.5
SSR SCO-ANT 61 52 10.7 +2.4 7.7 +2.5
SST SAN-SAM 55.3 26 67.7 +18.1 68.6 +11.0
SST SAN-SAM 59 26 80.6 +19.4 77.8 +10.8
ESR SAN-SCO 56 30 65.5 +15.7 62.5 +10.0
ESR SAN-SCO 59.5 30 77.1 +18.6 71.0 +10.2

causing the South Georgia block to become disrupted into a series
of fault blocks, between which strike-slip motion has occurred on
NE-trending transcurrent faults. This would be analogous to the in-
teraction of the Caribbean Plate with the Bahamas Platform near
Hispaniola, causing rifting and microplate formation near Puerto
Rico (Vogt et al. 1976; Masson & Scanlon 1991; Mann et al. 2002).
Geodetic GPS measurements in the Caribbean (DeMets et al. 2000)
indicate the existence of obliquely convergent motion, accompa-
nied by strain partitioning, between the Caribbean (CAR) and North
American (NAM) plates. This motion was not predicted by NUVEL-
1A, or by several other studies based on earthquake slip vectors along
the northern Caribbean Plate boundary (see Deng & Sykes 1995, for
a discussion and references). On the other hand, studies by Frankel
(1982), Sykes et al. (1982) and Deng & Sykes (1995) predicted an
azimuth of N70°E for CAR-NAM motion, close to that observed
using GPS satellites (DeMets et al. 2000).

Mann et al. (2002) used updated GPS measurements for the
Caribbean and North American plates together with a more recent
global reference frame to calculate a CAR—NAM Euler pole close
to that of Deng & Sykes (1995). They favoured a strain-partitioning
model with oblique slip occurring north of Hispaniola, and W—
E strike-slip occurring on the Septentrional and Enriquillo faults.
The striking similarity of the northern Caribbean and Scotia plate
boundaries suggests the possibility that a similar obliquely conver-
gent component may be present at the SCO-SAM boundary, yet
undetected by our study.

Satellite and space geodetic studies in the Scotia Arc are at a very
ecarly stage, and results are not yet published for the SCO-SAM
boundary. Moreover, apart from Tierra del Fuego, there are no land
areas within the Scotia Plate from which to measure plate motion.
Agreement between our predictions and preliminary observations
on the Magellanes—Fagnano fault system (Schwartz et al. 2001;
Smalley, personal communication) suggests that strain partitioning
may be less significant at the North Scotia Ridge, and therefore an
obliquely convergent component is unlikely. The presence of a linear
free-air anomaly low along the North Scotia Ridge, together with
evidence for a thrust plane beneath Burdwood Bank (see Section 3.1
above), indicates, nevertheless, that convergence has been important
in the past.

Unlike the Caribbean Plate, which is subject to compression be-
tween the North American and South American plates, the Scotia
Plate is bounded by major plates (South America and Antarctica)
which, according to NUVEL-1A, are moving in a direction close
to W-E in the Scotia Sea region. The Scotia Plate experiences only
minor boundary forces from the East Scotia Ridge in the east, and
the southern Chile Trench in the west, both in a W-E direction. The
remaining driving forces must result from interactions at the north-
ern, southern and western boundaries with the South American and
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Antarctic plates. Hence, there appears to be no net driving force in
a N-S direction that could produce convergence at either the NSR
or SSR.

On the other hand, pure strike-slip events on both the NW-trending
Shackleton Fracture Zone and the WSW-trending western South
Scotia Ridge cannot all represent SCO-ANT motion, so that parti-
tioning must occur on one or both of these boundaries if the Scotia
Plate is rigid. Pure strike-slip events on the southeastern Shackleton
Fracture Zone were excluded from our inversion, as in PW89, on the
grounds that this feature, like large-offset fracture zones elsewhere,
tends to partition transpressional strain into an easily accommodated
component parallel to the fracture zone, and more complex, possibly
diffuse, deformation elsewhere. Pelayo & Wiens (1989) concluded
that continued seismicity at the Phoenix Ridge reflects a diffuse
zone of compression resulting from ANT-SCO convergence at the
Shackleton Fracture Zone. Almost all epicentres SW of the Shack-
leton Fracture Zone lie on the extinct Phoenix Ridge axis, indicating
post-spreading stress release. Focal mechanisms are predominantly
strike-slip, but rotated with respect to the former spreading direction
(Fig. 3), perhaps reflecting transmission of a compressional stress
component from the Shackleton Fracture Zone to the fossil ridge
axis.

6 CONCLUSION

Using a combination of earthquake slip vectors, spreading rates and
azimuths, a robust solution for the plate motion of the Scotia Sea
plates has been derived. The TLP2003 model is consistent with the
NUVEL-1A model, and the inversion is stable with respect to the
inclusion/exclusion of several marginally valid data, in particular an
event that occurred to the SW of South Georgia. The 1o error ellipses
of Euler poles for all plate pairs involving the SAN plate overlap.
Motions are consistent with the existence of a single, rigid, Scotia
Plate, but SAM—ANT motion is distributed more evenly between
the North Scotia Ridge and the South Scotia Ridge than previously
thought.

The enhanced stability of our model compared with a previous
model derived by Pelayo & Wiens (1989) is mainly due to the larger
number of useful earthquakes and newly determined spreading rates
and azimuths in the region.
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