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Abstract 

The release of altimetric data from the Geosat Geodetic Mission by the US Navy [1] is leading to a 
much-improved understanding of tectonics in the Southern Ocean, a region in which remoteness and adverse 
physical conditions have limited the acquisition of geophysical data by research ships. The Scotia Sea is an 
outstanding example of back-arc spreading, which is revealed in some detail by flee-air gravity anomaly maps 
derived from the latest release of data acquired south of 30°S [2]. Sea surface height data for this region have been 
reduced to a grid of flee-air gravity anomalies, and are illustrated here by means of colour shaded relief and contour 
maps. The new data confirm the existence of a number of inactive spreading ridges within the Scotia Sea and 
surrounding small basins. The amplitudes and wavelengths of gravity anomalies over these ridges conform, in 
general, to the expected relationship with spreading rate, except in the central Scotia Sea, where a proposed 
Miocene slow-spreading ridge appears to have left no clear signature. The spreading ridge axis in the east Scotia Sea 
comprises seven or more segments, separated by small, mainly sinistral, offsets and exhibits a median valley with 
depths of 200-1000 m that is reflected in free-air lows of 10-40 mGal. Near both its northern and southern termini, 
the gravity signature of the ridge becomes less distinct, with a less pronounced axial low. The northernmost segments 
of the ridge are displaced in a right-lateral sense by a feature which appears to represent a southward migrating 
non-transform offset. Whereas the process of spreading in Drake Passage and the east Scotia Sea was comparable to 
mid-ocean ridges, that in the central Scotia Sea may have been disorganized, as observed in some western Pacific 
back-arc basins. 

1. Introduct ion 

The  Scot ia  arc  funct ions  as a b r o a d  shear  zone  
be t ween  the  South  A m e r i c a n  and  An ta r c t i c  p la tes  
(Fig. 1). Slow, approx ima te ly  W - E  re la t ive  mo-  

[PT] 

t ion be tween  these  pla tes ,  seen at  the  sou the rn  
Chile  T r e n c h  and  South  A m e r i c a n - A n t a r c t i c  
Ridge ,  is pa r t i t i oned  into s inis tral  s t r ike-s l ip  a long 
bo th  the  no r the rn  and  sou the rn  b o u n d a r i e s  of  the  
Scot ia  p la te  [3]. T h e  impor t a nc e  of  Scot ia  Sea 
evolut ion  lies in (i) its con ta in ing  one  of  the  
s imples t  examples  of  active back-a rc  spread ing ,  
(ii) its complex  mul t iphase  his tory of  ope n ing  
p r io r  to 7 M a  [4], (iii) its role  in the  d e v e l o p m e n t  
of  a c i r cum-Anta rc t i c  seaway and  the  onse t  of  the  
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Antarctic Circumpolar Current [5,6], and (iv) its 
location over a possible shallow mantle outflow 
from the Pacific region [7]. 

The Scotia Sea is presently occupied by just 
two plates [8], the small Sandwich plate in the 
extreme east (Fig. 1), and the much larger Scotia 
plate filling the remaining area as far west as the 
Shackleton FZ. This situation has existed only 
since about 7 Ma (using the geomagnetic polarity 
timescale of Cande and Kent [9]), before which 
time a network of spreading ridges divided the 
western and central Scotia Sea into a number of 
small platelets [10]. Extinction of these ridges 
between 10 and 7 Ma was accompanied by the 
inception of spreading on the east Scotia ridge. 

Fig. 2 shows a summary of seafloor isochrons 
in the Scotia arc region, based on magnetic 
anomaly identifications [11]. The most reliable 
ages are in the east Scotia Sea and southeast 
Pacific, where spreading rates were fastest, 
whereas the determinations in the central Scotia 

Sea are much less certain. The existence of sepa- 
rate, extinct, spreading centres of Oligocene and 
younger age is indicated in Drake Passage, the 
central Scotia Sea and Protector Basin, while the 
presently active system in the east Scotia Sea is 
located behind (west of) the South Sandwich arc. 

The combination of newly declassified sea sur- 
face height data from the Geosat Geodetic Mis- 
sion with previously released Exact Repeat  Mis- 
sion data forms the basis for the computation of a 
high-resolution, free-air gravity grid for the entire 
Scotia arc [1]. Dense coverage, with a ground 
track spacing of the order of 3-5  km, is available 
over most of the Scotia Sea (Fig. 3), becoming 
sparser in the south and east as a result of 
seasonal sea ice cover. The resulting grid has an 
interval of 0.04 ° latitude × 0.05 ° longitude, and a 
short-wavelength resolution comparable to high- 
quality shipboard data [2]. Plate 1 is a colour 
shaded relief image over this free-air grid. Topo- 
graphic contributions to the satellite-derived 
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Fig. 1. Plate tectonic setting of the Scotia arc. 
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Fig. 2. Bathymetry and location of features in the Scotia Sea. The 2000 and 6000 m contours are shown (after GEBCO),  together 
with a summary of magnetic anomaly isochrons [11]. Heavy lines denote ship tracks as follows: SH73 = R.R.S. Shackleton 1973; 
SH75 = R.R.S. Shackleton 1975; CD37 = R.R.S. Charles Darwin cruise CD37, 1989. 
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Fig. 3. Ground tracks of both ascending and descending Geosat GM and ERM passes used to compute the free-air gravity anomaly 
grid for the Scotia arc. 
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Plate 2. Colour contour map of the free-air gravity field in the east Scotia Sea. Contour  interval is 5 reGal. The active spreading 
ridge axis runs approximately along 30°W, as shown by the continuous free-air low. 



260 R. Livermore et al . /Earth and Planetary Science Letters 123 (1994) 255-268 

gravity field are limited at short wavelengths by 
the effect of upward continuation to sea level and 
by oceanographic and instrumental noise. At long 
wavelengths, the signal is limited by isostasy, 
oceanographic noise and measurement errors due 
to atmospheric effects and orbital uncertainty. 
For gravity anomalies derived from Geosat data, 
high coherence with bathymetry occurs for wave- 
lengths of 15 km to several hundred kilometres, 
depending upon tectonic setting [12,13]. The new 
data thus provide important information on the 
regional tectonics. 

2. South Sandwich arc and east Scotia Sea 

The east Scotia Sea is characterised by gener- 
ally higher regional free-air anomalies (10-50 
mGal) than those of the older central Scotia Sea 
( - 10 to + 10 mGal). The strongly curved anomaly 
low at ~ 25°W, reaching < - 2 5 0  mGal in the 
north, marks the South Sandwich trench, which is 
seen to truncate the fabric of the South Ameri- 
can-Antarct ic  Ridge to the east. The deep low 
over the trench extends westward along the 
northern margin of the east Scotia Sea, which is 
marked by a steep gradient of ~ 10 m G a l / k m  in 
the free-air gravity field. The South Sandwich 
island-arc volcanoes to the west of the trench are 
expressed gravitationally as a N-S  trending chain 
of highs reaching 180-200 mGal. 

About 200 km to the west of, and roughly 
parallel to, the South Sandwich Islands lies the 
axis of the active, back-arc east Scotia ridge (Plate 
2), which appears as a modest (10-40 mGal) 
linear free-air low with flanking gravity highs. 
This ridge comprises seven or more N-S  oriented 
ridge segments, separated by short (<  30 kin), 
mainly sinistral, offsets. The amplitude of the 
axial anomaly low is greatest ( ~  40 mGal) in the 
middle section between 57 ° and 58°S. Towards 
the northern and southern termini, which are 
presumably RFF-type triple junctions, the ampli- 
tude is reduced to 10-20 reGal, making the pre- 
cise location of the ridge axis more difficult to 
establish. 

The section of the axis north of 56.5°S lies 
within a triangular area exhibiting free-air gravity 

anomalies typically 10-20 mGal higher than ob- 
served farther south, and correlating with an area 
of anomalously shallow bathymetry [11]. The tri- 
angular area of gravity highs is bounded by linear, 
NW- and NE-trending lows, which meet at a 
Y-shaped junction near 56.5°S, 30.9°W. To the 
north of this junction the axial low is replaced by 
a gravity high. Magnetic anomalies (Fig. 2) indi- 
cate that the axis is actually offset by 20 km to the 
east of the gravity high, corresponding to a N - S  
trending free-air low of approximately 20 mGal 
(Plate 2). Detailed examination of the gravity 
map suggests that another small dextral offset 
occurs near 55.8°S, 30.4°W, with the northern- 
most segment connecting with the trench at a 
pronounced re-entrant near 55.5°S, 29.9°W. This 
interpretation implies that the eastern branch of 
the Y-junction represents an oblique, dextral off- 
set of the ridge, in contrast to the sinistral offsets 
which occur along the rest of the ridge. We 
suggest that the Y-shaped feature is the trace of a 
southward migrating non-transform offset. 

A number of lineaments trend WNW on the 
western flank of the ridge. If these represent 
fracture zones, and hence flow lines of Scotia- 
Sandwich plate motion, a previously unsuspected 
change in spreading direction may have occurred, 
perhaps in conjunction with an increase in 
spreading rates at about 1.5 Ma [10]. On the 
eastern flank, however, matching NE-trending 
lineaments are discernible, extending from crust 
dated at 5 -6  Ma as far as the South Sandwich 
forearc. In some cases, gravity highs associated 
with arc volcanoes appear to follow the southwest 
trend of the gravity lineaments in the back-arc, 
suggesting that volcanism may be exploiting lines 
of crustal weakness. Such variations in the trend 
of fracture zones on opposite flanks of a ridge 
axis could result from spreading about a near 
Euler pole, in this case one to the north, giving 
rise to highly curved fracture zones. However, 
overall spreading rates do not appear to vary 
greatly from north to south [10]; such variation 
would be required by such a model. 

A more likely explanation, we suggest, may be 
that the curved fracture zones represent the traces 
of earlier episodes of ridge offset migration, per- 
haps as a result of excess melt generation in the 
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Fig. 4. Compar ison  o f  f ree-a i r  grav i ty  synthesized f rom the Geosat -der ived gr id  w i th  prof i les acqui red by  (a) R.R.S.  Shackleton and 

(b) R.R.S.  Charles Darwin across the east Scotia Sea and South  Sandwich arc and t rench.  D o t t e d  l ine on grav i ty  p lo t  is der ived 
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profile is due to errors in the EStv6s correction resulting from navigational inaccuracy. Distances along track are arbitrary. 
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Plate 3. Colour contour map of the free-air gravity field in the central Scotia Sea. Contour interval 5 mGal. 



R. Livermore et al. / Earth and Planetary Science Letters 123 (1994) 255-268 263 

north, related to tear faulting of the South Amer- 
ican plate [8]. Such melt generation would explain 
the higher regional free-air gravity anomalies ob- 
served in the northern part of the basin, together 
with the shallower depth and smaller amplitude 
gravity anomalies over the ridge axis. One might 
also speculate that the reversal in the sense of 
ridge offsets in the northern section may reflect a 
tendency for the ridge to jump eastward to re- 
main in proximity to the source of this volcanism, 
as observed in the vicinity of hotspots [14]. 

Careful examination of the free-air anomaly 
field (Plate 2) near 60°S, 30°W indicates that the 
southern ridge axis passes to the east of a triangu- 
lar 80 mGal high, which dredging suggests may 
have an early, subduction-related origin that is 
similar to that of Herdman Bank and other blocks 
now isolated in the eastern South Scotia Ridge 
[15]. GLOR IA sidescan imagery [16] shows a 
brightly backscattering, curvilinear feature on the 
northeastern flank of this high, indicating a very 
young, unsedimented, ridge crest which connects 
to the south with a W - E  trending transform 
defining the southern boundary of the Sandwich 
plate. 

Between 58.0 ° and 59.2°S, in the South Sand- 
wich forearc, lies a linear, isolated high of > 200 
mGal, corresponding to a westward tilted base- 
ment block imaged on single channel seismic 
profiles [British Antarctic Survey, unpublished 
data]. Dredging of the eastern scarp of this fea- 
ture sampled hydrothermally altered basaltic and 
andesitic volcanics, dated at 29-35 Ma [British 
Antarctic Survey, unpublished data]. Thus, it is 
likely that this block represents a trapped frag- 
ment of a former arc pre-dating opening in Drake 
Passage, which was rifted during the formation of 
the east Scotia Sea. It may therefore have a 
similar origin to the South Scotia Ridge blocks 
mentioned above. 

The quality of the free-air grid in the east 
Scotia Sea can be gauged by comparing profiles 
synthesized from it with data acquired during 
cruises by R.R.S. Shack le ton  in 1973 and R.R.S. 
Charles Darwin  in 1989, which cross the back-arc 
axis and South Sandwich trench (Fig. 4). Differ- 
ences between satellite and ship gravity are typi- 
cally less than 6 mGal. 

3. Drake Passage 

Free-air gravity is higher over the part of the 
Antarctic plate northeast of the Hero FZ that 
contains the inactive remnant of the Antarct ic-  
Phoenix ridge (Plate 1). The axis of this ridge is 
defined by linear gravity lows with variable ampli- 
tude (20-50 mGal) and flanking highs, connect- 
ing the Hero FZ with the Shackleton FZ to the 
northeast. The trends of some ridge segments 
appear to suggest formerly oblique spreading, 
prior to Pliocene extinction. Magnetic anomalies 
indicate that spreading rates on this ridge in- 
creased as the Phoenix plate was consumed in the 
Antarctic Peninsula subduction zone, from ~ 17 
k m / M a  at 35 Ma to ~ 35 k m / M a  at 6 Ma [17]. 
The latest stages of spreading on the remnant of 
the ridge north of the Hero FZ may have oc- 
curred at slower rates of ~ 11 k m / M a  between 5 
and 2 Ma. N W - S E  trending fracture zones on 
the southeastern, Phoenix plate, flank of the ridge 
may be traced as far as the South Shetlands 
trench, the latter being defined by a low of - 8 0  
to - 100 mGal. About 100 km west of the trench 
a flexural outer rise high of ~ 50 reGal is ob- 
served, shown by the red tones in Plate 1. 

A similar, but separate, inactive ridge system, 
referred to hereafter  as the Drake Passage ridge, 
occurs to the northeast of the Shackleton FZ 
(Pla te  3). The axial zone is defined by a continu- 
ous gravity low with an amplitude of > 100 mGal, 
reflecting the relict median valley morphology 
(Fig. 5), superimposed on highs over the adjacent 
ridge flanks. There is a clear break of slope 100 
km from the ridge axis (at about 210 km in Fig. 
5), younger basement sloping more steeply up to 
the axis and exhibiting rough topography, consis- 
tent with a deceleration in spreading. Similarly, 
the high amplitudes of the associated free-air 
gravity anomalies suggest slow spreading [18,19] 
prior to extinction. 

Magnetic anomalies are, in general, reasonably 
confidently dated over much of this ridge system 
[5], and indicate that spreading occurred from 
before anomaly C8 (26 Ma) to about anomaly C4 
time (7 Ma). Our interpretation (Fig. 5) incorpo- 
rates a comparatively fast (full) rate of 58 km 
Ma -~ prior to C6 (20 Ma), reducing to 36 km 
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Ma-1 until C5C/C5D (17 Ma), with a final phase 
of slow (22 km Ma -1 or less) spreading until 
about 7 Ma, contemporaneous with the initiation 
of spreading in the east Scotia Sea. The axis of 
the model is displaced slightly from the minima in 
the gravity and depth profiles, suggesting that the 
final stages of spreading may have involved asym- 
metric accretion. The change at 17 Ma correlates 
with the change in slope and topography ob- 
served at 210 km (Fig. 5). 

The trends of the ridge axis segments, as de- 
fined by flee-air gravity, again suggest that oblique 
spreading may have occurred along parts of the 
ridge southwest of the Quest FZ, and northeast 
of the Endurance FZ, where the ridge trends 
approximately N45°E, before becoming orthogo- 
nal to a major (unnamed) fracture zone in the 
north. Small-offset fracture zones are difficult to 
trace on this segment, perhaps because the off- 
axis record of spreading is complex [20]. Similarly, 
fracture zones between the Shackleton and Quest 
FZs are subparallel to the Shackleton FZ, but 
cannot be traced all the way to the Scotia Sea 
margins. An early Oligocene age for the oldest 
oceanic crust has been suggested [5], although 
confident dating is precluded by the difficulty in 
identifying anomalies older than C8. The dis- 
turbed nature of ocean crust of this age is con- 
firmed by the presence of isolated and sometimes 
large-amplitude gravity highs near its margins, 
which seismic profiling [21] suggests may result 
from asymmetric basement blocks, bounded by 
major fractures. In contrast, the large-offset Quest 
and Endurance FZs may be traced all the way to 
Burdwood Bank, where they originated as sheared 
margins. The trends of the Quest and Endurance 
FZs differ from those to the southwest, and show 
southward-convex curvature. 

The unnamed fracture zone to the northeast is 
also slightly curved, but has an almost W - E  trend, 
which does not accord with the tectonic summary 
map (Fig. 2). It is defined on the flee-air gravity 
map (Plate 3) by a large-amplitude (>  100 mGal) 
linear low which extends from the western 
r idge-transform intersection (RTI) east to about 
44°W, reflecting a deep (>  5000 m) bathymetric 
trough [22]. Farther east lies a broader, shal- 
lower, low south of Shag Rocks. A N-S  trending 

low along 46°W appears to represent the north- 
ern extent of the ridge axis, meeting the unnamed 
fracture zone trough at its deepest point, and 
with an isolated high on the 'inside' corner. The 
distance between the N -S  low and anomaly C6 
identified to the west (Fig. 2) implies that the 
ridge ceased spreading at 16-15 Ma, close to the 
time at which rates dropped elsewhere on this 
ridge. However, the extension of the W - E  frac- 
ture zone trough by a further 100 km to the east 
indicates more complex tectonics, perhaps involv- 
ing ridge migration. To the west of the western 
RTI, the trend is continued by a similar, but 
shallower ( ~  50 mGal) gravity trough, extending 
to 49°W, where it connects with a NNE-trending 
linear low, perhaps representing a fossil rift. 

4. Central Scotia Sea 

The origin of the central Scotia Sea is enig- 
matic. In their preferred interpretation of mag- 
netic anomalies there, Hill and Barker [20] pro- 
posed that the seafloor between the Drake Pas- 
sage and east Scotia Sea was created by N -S  
spreading (see Fig. 2) between anomalies C6 (20 
Ma) and C4 (7 Ma). Since the rates and ages of 
spreading in this model were similar to those for 
the Drake Passage system, and observed depths 
and sediment thicknesses in the two areas are 
compatible with an Oligocene-Miocene age 
[20,22], a similar, high-amplitude gravity signature 
over the extinct ridge axis might be expected. 
Whereas a short W - E  trending anomaly is visible 
near 56.5°S, 43.5°W, just to the west of the centre 
of symmetry of these anomalies (Plate 3), and 
some rather indistinct N -S  trending gravity ridges 
near 40°W (see Plate 1) correlate with bathymet- 
ric scarps interpreted [20] as possible fracture 
zone traces, evidence for a fossil ridge axis is 
weak. On the other hand, the difference between 
the Drake Passage and the central Scotia Sea is 
emphasized in plots of the satellite geoid [23], in 
which the latter appears as a continuous low 
surrounded by the prominent highs of the north- 
ern and eastern Scotia spreading ridges. 

The correlation between magnetic anomalies 
observed in the central Scotia Sea and the pre- 
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ferred model of Hill and Barker is poorer  than 
that of Drake Passage anomalies, so that alterna- 
tive interpretations are possible, perhaps involv- 
ing the capture of older ocean lithosphere. An 
alternative interpretation of magnetic anomalies 
puts the age of extinction at about 23 Ma [20, fig. 
4], in which case, the central Scotia Sea would 
contain some of the oldest oceanic crust to be 
found within the Scotia arc, some of which would 
pre-date the Drake Passage opening. In this 
model, the date of cessation would correlate with 
that of a major change in South Amer ica-  
Antarctica plate motion from W N W - E S E  to 
W - E  [24,25]. 

Another  possibility is that spreading was less 
well organised here than elsewhere. It has been 
proposed [26-28] that back-arc spreading may be 
either 'organized' along a single ridge system, as 
in the east Scotia Sea, Mariana Trough and Bis- 
mark Sea, or 'disorganized' with multiple short 
ridge segments, as in the Japan Sea, North Fiji 
and Lau Basins. The latter mode may be a result 
of a shallow dip angle of the subducting slab [28], 
or a complex and changing stress field [29]. One 
might speculate that the same processes which 
cause ambiguity in the central Scotia Sea record 
are responsible for the difficulty in correlating 
magnetic anomalies older than C8 in Drake Pas- 
sage. This area must be considered tectonically 
the least well understood part of the Scotia Sea. 

A pronounced gravity low of - 8 0  reGal to the 
southwest of South Georgia corresponds to the 
location of a large ( rob=6 .1 )  compressional 
earthquake which occurred in 1965. This event 
was crucial in the inversion for present Scotia 
plate motion by Pelayo and Wiens [3], and the 
presence of such a gravity anomaly appears to 
confirm that significant underthrusting of the 
Scotia plate beneath South Georgia is occurring. 
By contrast, the deep gravity low which flanks the 
north Scotia ridge becomes much narrower and 
shallower to the north and east of South Georgia, 
where subduction might be expected, raising the 
intriguing question of whether South Georgia is 
presently part of the South American or Scotia 
plates, or acting independently. If South Georgia 
now forms part of, or is moving very slowly with 
respect to, the South American plate, such a 

scenario would accord with the absence of a 
recent collision complex on the northern margin 
of South Georgia, and the undisturbed nature of 
recent sediments between South Georgia and the 
northeast Georgia Rise [30]. 

5. Discussion and conclusion 

High-resolution free-air gravity anomaly maps 
of the Scotia Sea derived from Geosat altimetry 
show a pattern reflecting the present simple 
regime of strike-slip, subduction and back-arc 
spreading, which replaced a much more complex 
pattern of extension responsible for the forma- 
tion of Drake Passage, the central Scotia Sea and 
adjacent areas. The new free-air data show a 
general dependence of axial anomaly amplitude 
on spreading rate, with the greatest amplitudes 
occurring over the formerly slow-spreading ( ~  20 
k m / M a  full rate) axis in Drake Passage, and 
slightly smaller amplitudes over the Antarct ic-  
Phoenix fossil ridge (~  45 k m / M a ,  with a brief 
final period of slower spreading). Small-ampli- 
tude negative anomalies are observed over the 
relatively fast-spreading ( ~  70 k i n / M a )  ridge in 
the east Scotia Sea. 

An abrupt transition in the character of free-air 
gravity anomalies over mid-ocean ridge axes has 
been observed at spreading rates of 60-70 k in /  
Ma [18,19,30]. At lower rates, negative anomalies 
of variable (40-100 mGal) amplitude are typical, 
while at faster rates low-amplitude ( ~  15 reGal) 
highs are seen. A similar, but less abrupt, transi- 
tion also occurs in axial topography, from a me- 
dian valley at lower rates, to an axial ridge at 
higher rates. The two types of bathymetric and 
gravity signature may represent significantly dif- 
ferent accretionary processes [32]. The transition 
between the two depends primarily on the rate of 
spreading, but is also influenced by local thermal 
structure, such that, for example, the slow- 
spreading Reykjanes Ridge displays 'fast-spread- 
ing' topography in the vicinity of Icelandic up- 
welling, whilst the intermediate-fast  Southeast 
Indian Ridge shows slow-spreading morphology 
in a region of suspected mantle downwelling at 
the Australian-Antarctic Discordance. A rela- 
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t ionship  be tween  r idge  morpho logy  and axial 
dep th ,  in add i t i on  to sp read ing  rate ,  has also 
been  d e m o n s t r a t e d  [33], such that ,  for  r idges  shal- 
lower  than  the  average  ( ~  2500 m), the  t rans i t ion  
f rom 's low'  to ' fas t '  r idge  morpho logy  occurs  at  
lower ra tes  of  sp read ing ,  in a g r e e m e n t  with ob-  
servat ions  at the  Reyk janes  R i d g e  (anomalous ly  
shal low) and the  A u s t r a l i a n - A n t a r c t i c  Discor-  
dance  (anomalous ly  deep) .  

Desp i t e  a ra te  of  7 0 - 8 0  k m / M a ,  the  gravity 
s igna ture  of  the  eas t  Scot ia  r idge  (Fig. 4) conta ins  
a shor t -wave leng th  axial low of  10-40  mGal .  
Ba thymet r i c  prof i les  conf i rm the exis tence of  a 
m e d i a n  val ley 200-1000  m be low the r idge flanks, 
which lie at  abou t  3000 m, somewha t  d e e p e r  than  
the  oceanic  average.  A poss ible  conclus ion is that  
the  t he rma l  and dynamic  effects of  nea rby  sub- 
duc t ion  serve to r educe  man t l e  t e m p e r a t u r e s  and 
mel t  supply,  l ead ing  to a thin crust,  anomalous ly  
d e e p  seaf loor  and a de layed  s low- fa s t  r idge axis 
t rans i t ion .  By the  same  reasoning ,  the  r educ t ion  
in re l ie f  of  the  axial valley towards  its no r the rn  
and sou the rn  ex t remi t ies  could  signify a re la t ive  
increase  in man t l e  t e m p e r a t u r e  and mel t  supply,  
r e l a t ed  to the  proximi ty  of  the  subduct ing  slab. 
This  e n h a n c e d  mel t  supply  could  resul t  in the  
sou thward  migra t ion  of  the  no r the rnmos t  r idge 
offsets,  while previous  ep i sodes  of  sou thward  mi- 
g ra t ion  of  non - t r ans fo rm offsets could have re- 
su l ted  in the  obl ique  l ineament s  obse rved  on the 
r idge  flanks. Desp i t e  the  d i f fe rence  in tec tonic  
regime,  i.e. t ea r  faul t ing of  the  South  A m e r i c a n  
p la te  in the  nor th  [8] and  recen t  r i d g e - t r e n c h  
coll is ion in the  south  [15,16], o the r  s imilar i t ies  
be tween  the  no r the rn  and  sou the rn  ends  of  the  
r idge  are  observed,  such as the  p re sence  of  o lde r  
arc ma te r i a l  d i s rup ted  by sp read ing  and poss ib le  
r idge  jumping .  

Sp read ing  in the  cen t ra l  Scot ia  Sea has fa i led  
to leave a charac te r i s t i c  s low-spread ing  s igna ture  
like tha t  obse rved  in D r a k e  Passage.  Poss ible  
exp lana t ions  include cap tu re  of  o lde r  ocean  f loor  
or  diffuse spreading .  Al te rna t ive ly ,  fas te r  ra tes  of  
sp read ing  or  ra i sed  man t l e  i so therms  could  have 
resu l ted  in the  absence  of  s ignif icant  axial d e p t h  
and f ree -a i r  anomal ies .  The  geomet r i ca l  re la t ion-  
ship of  this sp read ing  to subduc t ion  is less obvi- 
ous than  in D r a k e  Passage  and the  east  Scot ia  

Sea,  and  cons ide rab le  unce r t a in ty  still su r rounds  
its dat ing.  
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