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ABSTRACT

A major goal in the study of plate tectonics is the acqui-
sition of a knowledge of the history of relative motion among
the rigid plates of the earth's lithosphere._ )The three papers
of this thesis &ontribute to this effort and)>demonstrate that
studies of the stability and evolution of triple junctions and

_of the finite rotations of systems of three plates can yield

significantly more accurate tectonic histories than can studies

of theprelative motions between two plates alone. Topographic

and magnetic investigation of the Southwest Indian Ridge and
reconstruction of the plate system of the Indian Ocean shows T
that both Africa and Antarctica are rigid plates and their pole LQQQ ‘
of relative rotation has remained fixed near 89N, 42°W since

the Eocene. A detailed survey of the Indian Ocean triple
junction reveals that the Indian Ocean plate motions have
remained constant since 10 Ma. -Fhepstability conditions of the
junction show that the general morphology of the Southwest
Indian Ridge results from the evolution of the Indian Ocean
triple junction. A method is presented for determining the
finite rotations best reconstructing the past relative positions
of three plates around a triple junction. The method is
illustrated by reconstructions of the plates around the Labrador
Sea triple junction at the times of anomalies 24 (56 Ma) and

21 (50 Ma).A The region of uncertainty of the Greenland-North
America finite pole is mapped for each reconstruction, and it
demonstrates that consideration of the three plate system

yields more well-constrained results than does a treatment of
the two plates alone.

Thesis Supervisor: J. G. Sclater
Title: Professor
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One of the earliest and most important goals in the study
of the new global tectonics has been to determine the relative
positions of the earth's lithospheric plates at various times
in the past. 1Initially, such plate reconstructions were for the
purpose of demonstrating the plausibility of the continental
drift hypothesis (e.g., Wegener, 1912; Du Toit, 1937; Bullard
et al., 1965), but they have since come to form much of the
basis for research in geology and in the physics of the earth.
An accurate and precise knowledge of the history of relative
motions among the lithospheric plates is imperative, since for
several hundred million years, these motions have been the
principal mechanism shaping the face of the planet.

The history of sea-floor spreading, for example, has
almost entirely determined the thermal evolution of the oceanic
lithosphere and thus the general topography of the ocean basins
(see discussion in Parsons and Sclater, 1977). From plate
reconstructions one may then discover the three-dimensional
shape of the ocean basins as a function of time (Sclater et al.,
1977). This, in turn, has heavily influenced paleo-oceanographic
conditions and the history of sedimentation (van Andel et al.,
1977). Plate reconstructions thus provide both a background
against which to view paleo-oceanographic and sedimentological
studies and a powerful tool with which to pursue them. Further-
more, the plate motions are the most concrete evidence against
which theories of mantle convection and of the driving forces
of plates must be tested (Forsyth and Uyeda, 1975; Solomon et al.,

1975; Solomon et al., 1977).
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The bold outlines of sea-floor spreading are now
established over most of the earth, but the scientific consi-
derations above and the related search for economic resources
in the ocean basins call for ever more detailed analyses of
plate motions. This thesis is a collection of three papers
which contribute to this effort. 1In parficular, they focus
on the value of studying triple junctions and systems of three
or more plates in order to determine both instantaneous and
finite relative plate rotations with the greatest possible
accuracy and precision. The geometry and evolution of a triple
junction are highly dependent on the local relative motions
among the three plates, and thus the sea-floor formed near a
triple junction is a particularly sensitive recorder of any
changes in the relative velocities. Moreover, the relative
rotations within a system of three rigid plates are interdepen-
dent. This is true for both the instantaneous and finite cases
and can provide important additional constraints not available
within a two plate system. Therefore, one may more precisely
define the relative plate motions.

* * *

The tectonic evolution of the southern oceans (Figure 1)
is the least well-known of all the earth's oceanic areas. The
region is vast, remote, and relatively poorly surveyed. It is
also complex, involving a large number of major plates and
having experienced severe changes of spreading poles and even
of plate boundaries. An understanding of the southern oceans

is vital, however, to a general understanding of the global
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FIGURE 1

Chart showing the major tectonic features of the Indian and

South Atlantic Oceans. From Norton and Sclater (in press).
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tectonic history. Knowledge of the relative motions among
Africa, India, and Antarctica is necessary in order to directly
connect the history of the Atlantic plate system with that of
the Pacific, all other paths being broken by subduction zones.
Moreover, the regional tectonic evolution has had a dominant
effect on paleo-oceanographic conditions as the surrounding
continents separated from Antarctica, fostering the formation
of a circumpolar oceanic current system. Even at present,
regional tectonic conditions influence the movement of water
masses, since deep fracture zones across the Southwest Indian
Ridge provide pathways by which Antarctic bottom water reaches
the western Indian Basin (Warren, 1978).

hapter 2 of this thesis presents the results of a topo-
graphic and magnetic study of the eastern portion of the
Southwest Indian Ridge, the boundary between the African and
Antarctic plates, an area not heretofore well surveyed. Because
of the slow spreading rate of less than 10 mm/yr, magnetic
anomalies are poorly resolved, yet our careful survcy allows
us to determine the pole and rate of relative motion across
the ridge. This pole is consistent with data from farther
westward (Sclater et al., 1976; Sclater et al., 1978; Bergh
and Norton, 1976), indicating that both the African and Antarctic
plates are behaving as rigid bodies. Consideration of the
three plate system of the Indian Ocean using published sea-floor
spreading data and finite rotations for the other plate pairs
then shows that the Africa-Antarctica relative rotation has

been constant since the Eocene to within a temporal resolution
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of about 10 m.y.. Moreover, the dominant morphologic trends
along the eastern portion of the Southwest Indian Ridge are
a direct result of the evolution of the Indian Ocean triple
junction. |

* * *

Since McKenzie and Morgan (1969) pointed out the sensitive
dependence of the stability and evolution of triple junctions
on the motions of the plates around them, several investigators
have studied triple junctions in order to better determine the
instantaneous relative motions of lithospheric plates (Falconer,
1972; Sclater et al., 1976; Hey, 1977). In addition to the
sensitivity mentioned above, these efforts are aided by an
important possible redundancy of sea-floor spreading data. 1If
one assumes the plates are locally rigid, then any four of the
six quantities describing plate motion about a triple junction
(three rates and three directions of relative motion) are
sufficient to determine the other two. If one is able to
measure all six gquantities, then one can test the local
rigidity of the plates.

Chapter 3 presents results of a study of the evolution
of the Indian Ocean triple junction near 25°S, 70°E. We are
able to determine rates and directions on all three plate
boundaries and show that the velocity triangle is closed and
the plates are locally rigid. The plate velocities in the
vicinity of the triple junction are consistent with those
elsewhere along the Indo-Atlantic plate boundaries, and we

determine the poles of instantaneous relative rotation. A
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careful mapping of the evolution of the triple junction shows
that these poles have remained constant since 10 Ma.

* * *

Since Bullard et al. (1965) first used a statistical
criterion to fit together the continental shelves around the
Atlantic Ocean, several methods have been developed to find by
similar means the best fit of crustal isochron patterns as
defined by sea-floor spreading data (e.g., McKenzie and Sclater,
1971; Pilger, 1978). Recently, Hellinger (1979) has presented
a new technique for determining the finite rotation defining the
best reconstruction of the past relative positions of two plates.
The assumptions about the data implicit in the method are well-
suited to a wide class of sea~-floor spreading data, and, signi-
ficantly, the errors in the data contribute rigorously to a
statistically defined region of confidence about the optimal

rotation tensor.

In Chapter 4, Hellinger's technique is extended to treat

the relative finite rotations of a system of three plates about

a triple junction. Dealing with a three plate system has a

number of advantages over dealing with pairs of plates alone.

For example, the additional constraints imposed by simultaneously
seeking reconstructions of three plate pairs might overcome
difficulties arising from a paucity of data along one or more

of the boundaries. Moreover, it is important that any proposed
set of finite rotations for a reconstruction be internally
consistent. This method insures that this condition is satis-

fied. If no such satisfactory set can be found, one must

,_‘i.wd" : d
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re-examine the assumption of rigid plate behavior.

The method is illustrated by application to the plates
around the now extinct Labrador Sea triple junction. Using
available magnetic anomaly identifications (Srivastava, 1978;
Phillips and Tapscott, in preparation), we reconstruct the
relative positions of Greenland, North America, and Rockall
Bank at the times of anomalies 21 (50 Ma) and 24 (56 Ma) and
determine the relative finite rotations of the plates. These
finite rotations yield a better reconstruction than do those
of other authors. They are also more well-constrained, since
their error ellipses are smaller than those derived by consi-
dering only two plates at a time. The three plate method for
calculating finite rotations should prove a valuable tool for
refining our ideas of the tectonic history of the earth.

* * *

These three studies demonstrate the value of considering
the evolution of three plate systems and the stability of
triple junctions in determining and refining relative rotations,
both instantaneous and finite. These methods will continue to
contribute to a more complete and detailed understanding of the
history of sea-floor spreading. Perhaps the most interesting
immediate result of these papers is the surprising constancy
of the rotations between the Indian Ocean plates since 40 Ma,
and especially since 10 Ma. More detailed reconstructions of
the region should now be possible with relatively little new

data. It was originally intended that Chapter 4 would illustrate

. -

the three plate finite rotation method with an application to
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the Indian Ocean system. However, preliminary investigations

o

revealed that, except for the area near the triple junction,
well-located crossings of magnetic anomaly lineations and

fracture zones are still too sparse. A meaningful treatment

ST AT e

would first require extensive reinterpretation of published

data along the Central and Southeast Indian Ridges, and this

TR

is a subject for future work.
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ABSTRACT

The Southwestern Indian Ridge, the contact between the
African and Antarctic plates, lies between the Bouvet Triple
Junction in the South Atlantic and the Indian Ocean Triple
Junction about 2100 kms east of Madagascar. From the
vicinity of Prince Edward Island at 40°E it trends
northeasterly and it is segmented by a suite of deep north-
south gashes terminating on the northeast with two spectacular
meridional fracture zones, the "Atlantis II" and the "Melville",
at 57°30'E and 60°30'E respectively. From there northeast to
the Indian Ocean Triple Junction at 25°30'S, 70°00'E the
ridge trends N75°E; it is characterized by a triangle of
rough topography with the triple junction at the eastern apex.
From all available data an instantaneous pole of relative
motion for Africa/Antarctica was computed; it lies at 8.4°N,
42.4°W, with a rate of 0.15 degrees/my.

Since the marked change in the direction and rate of
spreading in the Madagascar, Crozet, and Central Indian
Basins that occurred in the Eocene (44 Ma, Anomaly 19), the
poles of relative motion for the African, Indian, and
Antarctic plates have changed very little. We fixed the
Africa/Antarctica and Africa/India poles and computed that
for India/Antarctica. We justified this pole by comparisons
of predicted isochrons with observed magnetic lineations and

determined the tectonic history of the triple junction.
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Since the Eocene (44 Ma, Anomaly 19), this junction has
moved as rapidly eastwards with respect to Africa as
Antarctica has moved south. The resultant geometry and
slow spreading account for the triangle of rough topography
produced by the Southwest Indian Ridge east of the Melville
Fracture Zone. The triple junction evolved as a stable
Ridge-Ridge-Ridge type with the Southeast Indian Ridge
remaining approximately constant in length. It was not
resolved whether this constancy in length is maintained by
frequent ridge jumps or by oblique spreading on the

Southwest and Central Indian Ridges near the triple junction.
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INTRODUCTION

The topography of the Indian Ocean is dominated by three
major active mid-ocean ridge systems. The most northerly of
these features starts in the Gulf of Aden, becomes the
southeast-trending Carlsberg Ridge southeast of the gulf,
and at 1°N and 60°E continues as the en echelon offset,
northerly-trending Central Indian Ridge. Near 25°S, at
the so-called Indian Ocean Triple Junction, this ridge
bifurcates into the Southeast Indian Ridge and Southwest
Indian Ridge. The Southeast Indian Ridge, with fast
spreading (3 cm/yr) and relatively smooth topography,
is offset strikingly to the south by two fracture zones
close to Amsterdam Island and St. Paul Island (Schlich and
Patriat, 1971) before trending southeastward between Australia
and Antarctica. The Southwest Indian Ridge, by contrast,
spreads more slowly (<1 cm/yr) and it has much rougher
topography and many more extremely deep fracture zones. This
ridge system is offset markedly to the south in the vicinity
of Marion and Prince Edward Islands and it terminates at the
Bouvet Triple Junction in the South Atlantic.

The three major active mid-ocean ridges mark the present
boundaries of the Indian, African, and Antarctic plates. Each
of these active plate boundaries has been studied in detail

in areas of considerable extent along its length. For

example, McKenzie and Sclater (1971) and Fisher and others
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(1971) have elucidated the present tectonic structure of the
Carlsberg and Central Indian Ridges, and Weissel and Hayes
(1972) have sorted out the history of separation of
Australia and Antarctica from initial break-up to the present.
The southwest branch has been studied south of Africa by
Norton (1976) and Sclater and others (1978) and Bergh and
Norton (1976) have examined the northward extension of the
Prince Edward Fracture Zone. Apart from the study of Fisher
and others (1971) on the Central Indian Ridge, however,
none of the detailed work has been concentrated close to the
Indian Ocean Triple Junction, and hence little is known about
the tectonic history of this feature. Furthermore, until
recently the geometry of the Southwest Indian Ridge was
poorly known. Poles determined for the Africa/Antarctica
plate boundary near Bouvet Island (Sclater and others, 1978)
and by closure around the Bouvet Triple Junction (Forsyth,
in Sclater and others, 1976) differ strikingly from those
determined by closure around the Indian Ocean Triple Junction
(McKenzie and Sclater, 1971) and from global closure (Minster
and others, 1974). This has led to the tentative suggestion
that the African plate might consist of two subplates (Forsyth,
1976; Sclater and others, 1976).

This lack of detailed knowledge of the late Tertiary
history of the Indian Ocean contrasts markedly with a
surprisingly complete understanding of the late Cretaceous

and early Tertiary history. For example, well identified
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and clearly lineated anomalies have been identified in the
Central Indian Basin by McKenzie and Sclater (1971), in the
Wharton Basin by Sclater and Fisher (1974), and in the
Mascarene, Madagascar, and Crozet basins by Schlich (1975).
These authors have demonstrated that from 80 million years
ago (Anomaly 34) to 50 million years ago (Anomaly 21) the
spreading centers trended almost east-west. In the early
Eocene, India collided with Eurasia (Molnar and Tapponier,
1976), there was an abrupt slowdown in spreading, and
between anomalies 21 and 16 (39 million years ago) the
direction of spreading changed to northeast-southwest.
Finally, the Chagos Fracture Zone terminated as a north-
south lineation, the Chagos-Maldives region split off
from the Mascarene Plateau and the en echelon Central Indian
Ridge was formed (Fisher and others, 1971). However, aside
from a study at the southwestern end of the Ninetyeast Ridge
by Sclater and others (1976), almost nothing is known about
the history of the Central Indian Ridge and Southeast
Indian Ridge from then until 9 million years ago (Anomaly 5).
Norton and Sclater (in preparation) have used the fit
of the Chagos Bank into Nazareth Bank in the Mascarene
Plateau, DSDP Site 238 (Fisher and others, 1974) and a recent
reanalysis of the magnetic data south of Australia by
Weissel (1977) to reconstruct the positions of the African,

Antarctic, and Indian Plates 39 Ma (Anomaly 16). The

striking feature of this reconstruction is that the
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positions of the finite poles describing the motion of the
three plates are little different from the instantaneous
poles. These authors have speculated that all of the
changes in direction of the three plates took place prior
to 39 Ma (Anomaly 16) and that since then their directions
of relative motion hawve changed very little.

In this paper a topographic and a magnetic anomaly
chart of the Southwest Indian Ridge east of 53°E and of
the Indian Ocean Triple Junction are presented. In the
analysis of these data the following problems are
addressed:

{a) What is the geometry of the Southwest Indian
Ridge?

(b) Is the direction of motion observed on the Africa/
Antarctic plate boundary close to the Indian Ocean Triple

Junction compatible with that close to Bouvet Island?

(c) What has been the tectonic history of the Southwest

Indian Ridge and the triple junction east of 53°?

TOPOGRAPHY

Only since the International Geophysical Year 1957-58
and the International Indian Ocean Expedition 1960-65 has
there been any attempt to gather substantial guantities of

well-controlled, precise bathymetric data in the Indian
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Ocean. Most of the topographic information on the Southwest
Indian Ridge east of 40°E has come from recent cruises of
the Scripps Institution of Oceanography, the Woods Hole
Oceanographic Institution, and the Institut de Physique du
Globe de Paris. The first detailed attempts to understand
the tectonics and crustal composition were carried out from
R/V Argo by Scripps Institution of Oceanography on CIRCE
Expedition (1968). This cruise was followed by more
detailed work in this area and on the Central Indian Ridge
from R/V Melville during S.I.0.'s expedition ANTIPODE
1970-71. The final work reported here was two months of

R/V Atlantis II Cruise 93, legs 5 and 6, to the Southwest

Indian Ridge and the Indian Ocean Triple Junction in 1976

and two lines of Marion Dufresne Cruise 11 run in the

same year. The precisely controlled topographic

information gathered on the R/V Melville and R/V Atlantis II
cruises marks the main data source; it is complemented by
the long, generally northwest-southeast lines run by the
Institut de Physique du Globe between Réunion and Crozet,
Réunion and Kerguelen, and Kerguelen and Amsterdam (Gallieni

prior to 1971 and Marion Dufresne since then). A few other

lines, such as from S.I.0. expeditions MONSOON (1960),
LUSIAD (1962-63) and DODO (1964), and some isolated lines
from reconnaissance of the Lamont-Doherty Geological

Observatory or Glomar Challenger (in 1972) also have been

N AR A P ST T S [N B S WY APYS WP 7 e W T —n % 1 o

34




35

used.

The most spectacular features on this topographic
chart of the Southwest Indian Ridge (Figure 1) are the
three deep north-south trending gashes, with shallow lips,
between 57° and 61°E and the rough v-shaped axial
topography between the easterly fracture zone and the
Indian Ocean Triple Junction near 25°30'sS, 70°00'E. The
three fracture zones were recognized and delineated aboard
R/V Melville (Engel and Fisher, 1975) and R/V Atlantis II
(this paper):; the two most prominent, intersecting the
ridge crest at 60°30'E and 57°00'E, have been named after
these two research vessels, respectively. Two, at least,
reach depths of more than 6000 meters; all three provide
avenues for the passage of deep Antarctic bottom water from
the Crozet Basin north into the Mascarene Basin (Warren,
1978). The gashes extend well to the north and south of
the deepest sections which characteristically occur at
or near their intersections with the ridge crest. They
all offset the ridge crest as it is identified by
earthquake epicenters, and they all appear to have some
7 to 9 degrees of north-south extent. The north-south
cross-grain of the Southwest Indian Ridge terminates
sharply at the Melville Fracture Zone at 61°E (Figure 1).
To the east the rough topography appears to form a right
triangle with the most acute apex at the triple junction

and the shortest side being the Melville Fracture Zone.




FIGURE 1

Topographic chart of the Southwest Indian Ridge

between 53°E and the Indian Ocean triple junction.
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Within this triangle there is a spectacular deep that extends
overall N75°E in a sinuous trend from that fracture zone to
the triple junction, which is marked by an isolated pocket or
median valley greater than 5000 m deep (Tapscott and others,
in preparation).

The rough topography on the Southwest Indian Ridge
contrasts markedly with the smoother, much blockier relief
of the Southcast Indian Ridge. On the latter the contours
are dominated by N45°E trending fracture zones and a 200 to
300 m deep that marks the axis at the crest of the ridge.

The Central Indian Ridge is also characterized by a deep at
the axis but the topography is more rugged and the ridge axis
is more segmented by huge fracture zones that expose rocks of
the lower crust (Engel and Fisher, 1975). This is especially
true to the north of the area shown in Figure 1, notably

for the Marie Celeste Fracture Zone at 18°S.

Away from the active ridge sections there are other
topographic provinces of importance. East and southeast of
Mauritius for several hundred kilometers the topographic
relief is extreme, with elongated ridges and faulted slivers
separated by flat floored basins of turbidites and volcanic
ash. This ridge and pond topography trends nearly north-
south in a large region west of 64°E, except for the sharply

defined Rodriguez Ridge at about 20°S and a discordant knot

near 23°S, 59°30'E. This area contrasts markedly with the
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smooth volcanogenic apron surrounding and south of Réunion,
and also with the sedimented and smoothed tract from

Réunion south to the northeast-trending northern foothills
of the Southwest Indian Ridge at 52°-59°E. South and
southwest of the triple junction for a considerable distance
are northeast-southwest trending ridges and swales whose
origin is obscure, but which also occur northeast of the

Southeast Indian Ridge as pictured on Figure 1.

MAGNETIC ANOMALIES AND SEISMICITY
Figure 2 portrays the residual magnetic anomalies (total
field with IGRF removed for data prior to 1971; total field

with IGRF + 400 gammas removed for data since then) along

trace for all the available Scripps Institution of Oceanography,

Woods Hole Oceanographic Institution, and Institut de Physique
du Globe cruises. A few reconnaissance lines from CONRAD 16
and VEMA 20 of the Lamont-Doherty Geological Observatory are
also shown. Anomalies in the area around the triple junction
are not drawn. These data are shown at a larger scale
elsewhere (Tapscott and others, in preparation). Also
superimposed upon the lineations are the relocated earthquake
epicenters from the ESSA earthquake tape between 1971 and
1976. These earthguakes were relocated by Sean Solomon of

MIT.
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FIGURE 2

Profiles of residual magnetic anomalies at right

angles to track in the southwest Indian Ocean. All
cruises after 1971 have 400 gammas added to the IGRF
(IAGA, 1965). The magnetic anomalies in the area of
the rectangle have been interpreted by Tapscott and
others (in preparation). The circled crosses represent
relocated earthquake epicenters, the relative size
indicating magnitude. The black dots with lines through
them represent magnetic anomalies. The heavy lines
mark the active spreading centers and transform faults
and the light dashed lines mark fracture zone traces.
The hatched line marks the rough-smooth boundary around

the Southwest Indian Ridge.







Central Anomaly, Seismicity, and the Ridge Axis

On superimposing the magnetic anomaly and seismicity
chart upon the topographic contours, in general the earthquake
epicenters and the pronounced positive anomalies lie close to
the elevated topography. When examined in detail both the
center of the Central Indian and of the Southeast Indian
Ridges are associated with a 500 m depression. The axis of
the Southwest Indian Ridge is marked by a much more pronounced
cleft that generally is deeper than 1000 m and in some
localities extends to 2000 m. 1In the case of the Central
and Southeast Indian Ridges these depressions correlate well
with the center of the central magnetic anomaly and hence they
are interpreted to mark the axis of spreading. 1In general,
the offsets on the central anomalies in these two regions are
small and few very deep transform faults are observed. However
on the Central Indian Ridge at 20°S and 23°S and on the
Southeast Indian Ridge at 26°S, 27°30'S and 28°30'S small
but observable transform faults are revealed both by
topography and by offsets of the magnetic lineations.

In contrast to the other ridge axis sections in this
region, the Atlantis II and Melville Fracture Zones are
spectacular features. They show a pronounced north-south
trend in both the topography and the relocated epicenters.
There probably are two north-south transform faults between

them and together these four features offset the active
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spreading centers 5° northward in an east-west distance of
4°¢, All the epicenters lie either on transform faults or
spreading centers.

East of 61°E (Melville Fracture Zone) the morphology
and activity of the ridge trend plainly N75°E overall.
Though the general trend of the topography is northeast, the
ridge is characteristically blocky, with generally east-west
troughs joined and offset by broader north-south depressions.
Between 66°E and 67°E there is a clear central magnetic
anomaly associated with a deep depression in the topography.
It is assumed that except for the area between 61°S and 63°E
this depression marks the active spreading region, here a
zone consisting of east-west trending spreading centers
offset by short north-socuth transform faults. However, to
be consistent one is constrained by the data control to
assume that between 61° and 63°E the ridge axis likewise
follows the central depression and hence runs about 30°

oblique to the normal or at 60° to the direction of the
transform faults.

Older Anomalies

The magnetic anomalies on the Southwest Indian Ridge
are difficult to interpret owing to the slow spreading
rate (<1 cm/yr) and the associated rough topography. Further
complications arise because the axis consists of short

sections of spreading ridge offset by fracture zones.
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Thus it is difficult to obtain a magnetic profile that has

not crossed a fracture zone. The ridge crest profiles that
were run north-south on ATLANTIS II (AIl) 93-5 and one
carefully controlled line, MARION DUFRESNE (MD) 11-2, are
presented as Figure 3. The latter line was run between two

clearly identified central anomalies recorded by Atlantis II.

An attempt was made to match the lineations on the ridge axis
profiles with the standard block model and a 'contaminated'
model. In the 'contaminated' model the box-like feature of
blocks has been smoothed by a Gaussian filter of variable
length (Tisseau, 1978). The Gaussian filter models the
random nature of the intrusion process at the spreading
center. The exact nature of the computation process can be
found in Tapscott and others (in preparation). With the aid
of the contamination model one is able to observe Anomaly S
on both ends of the MD-1l1 profile, and on one or perhaps

two of the AII 93~5 profiles. We were not able to identify
with certainty any anomalies older than Anomaly 5.

The magnetic anomalies on the Central Indian Ridge are
much easier to identify than those on the Southwest Indian
Ridge because its spreading rate is faster and the topography
less rough. A previous compilation by Fisher and others
(1971) identified many anomalies, from the central anomaly
to Anomaly 5 either side of the ridge axis. Here we present

a more extensive compilation of the data but, except for
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FIGURE 3

Residual magnetic anomaly profiles across the South-
west Indian Ridge (for position see numbers on profiles
on Figure 2) projected onto 000° and compared with

synthetics, skewed 60°, unaltered and contaminated by

a 4 km Gaussian filter. Spreading rate 0.8 cm/yr.
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the detailed survey near the triple junction, few new J
identifications. However one is able to recognize with
more certainty than Fisher and others (1971) the transform :
faults and offsets on the lineations. 1In the present paper
the major advance has been on anomalies older than Anomaly 5.
AII 93-5, AII 93-6, and MD-11 profiles were run closely

parallel to what was thought to be the direction of

spreading. These lines were most successful, and on three
profiles we identified with certainty anomalies 6, 8, 13
and possibly Anomaly 18 on two lines and on one, MD-11,

anomalies 19 and 20 that obviously represent spreading at

a much faster rate than the younger anomalies (Figure 4).
Anomaly 6 also is recognizable on a VEMA-20 profile to the
east of the ridge axis. From the presumed lineation of these

anomalies and the apparent rate it is clear that the present

S S ToRi i e B s R i H

phase of spreading extends back to at least the time of
Anomaly 18 and probably until about Anomaly 19. At that
time there must have been a major change in direction,
following the formation of the northwest-southeast trending
anomalies in the Madagascar Basin.

Of the three spreading centers, the Southeast Indian

Ridge has by far the easiest anomalies to identify. Though

E—

there are considerably fewer tracks on this section of the
ridge the trends and rates of spreading are very easily
. determined from the magnetic lineations. As all the

profiles over the Southeast Indian Ridge shown here have
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FIGURE 4

Residual magnetic anomaly profiles across the Central
Indian Ridge, projected onto NO60°E. These are
compared with synthetics, skewed 30°, unaltered and
contaminated by a 4 km Gaussian filter. Spreading rate

2.0 (anomalies 8 to 5) and 1.8 (anomalies 21 to 8) cm/yr.
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been discussed elsewhere we have not presented a figure of
the projected anomalies. North of the ridge axis and just
west of the Ninetyeast Ridge, Sclater and others (1976)
reported a suite of anomalies 6 through 17 with one clear
Anomaly 19 at 25°30'S and 85°E. To the south of the
Southeast Indian Ridge anomalies 6, 8, 13 and 19 are all
clearly i@entified on profiles presented by Schlich (1975).
Also one may recognize in the topography possible fracture
zones trending northeast-southwest at right angles to the
proposed magnetic lineations. The magnetic lineations on
the southeast branch reveal three main features. First,
though the ridge has a relatively complicated blocky
morphology, the ridge axis sections are much longer than
the transform faults, and in general there is a relatively
simple evolutionary history. Second, on the profiles both
north and south of the ridge the direction of spreading and
the rate of spreading changed at Anomaly 19 time. Finally,
the identified anomalies 7 through 13 north of the ridge
axis are about 1 1/2 degrees of latitude closer to the
ridge axis than are those to the south. Preliminary
comparison of profiles suggests that this is due to a
general asymmetry by a jump or continuous asymmetric

spreading between anomalies 5 and 6.
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TECTONIC CHART

Figure 5 is a tectonic chart of the area between 15°S
and 35°S, and between 54°E and 85°E, based upon the topographic
and magnetic data presented in Figures 1 and 2 and that
presented by Tapscott and others (in preparation) at the
triple junction. For the areas outside these figures we
complemented our data by accepting the interpretation of
Schlich (1975) for the Mascarene and Crozet Basins, Fisher
and others (197