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ABSTRACT

The Rodriguez Triple Junction (RTJ) corresponds to the junction of the three Indian Ocean
spreading ridges. A detailed survey of an area of 90 km by 85 km, centered at 25°30’S and
70°E, allows detailed mapping (at a scale of 1/100 000) of the bathymetry (Seabeam) and
the magnetic anomalies. The Southeast Indian Ridge, close to the triple junction, is a typical
intermediate spreading rate ridge (2.99 cm a™' half rate) trending N140°. The Central Indian
Ridge rift valley prolongs the Southeast Indian Ridge rift valley with a slight change of
orientation (12°). The half spreading rate and trend of this ridge are 2.73 cm a™ and N152°
respectively. In contrast, the Southwest Indian Ridge close to the triple junction is expressed
by two deep-valleys (4300 and 5000 m deep) which abut the southwestern flanks of the
two other ridges, and appears to be a stretched area without axial neovolcanic zone. The
evolution of the RT]J is analysed for the past one million years. The instantaneous velocity
triangle formed by the three ridges cannot be closed indicating that the RTJ is unstable. A
model is proposed to explain the evolution of the unstable RRF Rodriguez Triple Junction.
The model shows that the axis of the Central Indian Ridge is progressively offset from the
axis of the Southeast Indian Ridge at a velocity of 0.14 cm a’!, the RTJ being restored by
small jumps. This unstable RRF model explains the directions and offsets which are observed
in the vicinity of the triple junction., The structure and evolution of the RTJ is similar to
that of the Galapagos Triple Junction located in the East Pacific Ocean and the Azores
Triple Junction located in the Central Atlantic Ocean.

Oceanologica Acta, 1990. Volume spécial 10, Actes du Colloque Tour du Monde Jean
Charcot, 2-3 mars 1989, Paris. 129-142.

RESUME

Le point de Rodriguez (Océan Indien) : structure et évolution au cours du
dernier million d’années

Le point triple de Rodriguez correspond au point de jonction des trois dorsales actives de
I'Océan Indien. Un levé systématique, bathymétrique (Seabeam) et magnétique (champ to-
tal), d’une zone de 90 sur 85 km, centrée sur 25°30’S et 70°E, permet de dresser un ensemble
de cartes détaillées a I’échelle de 1/100 000&me pour toute la zone du point triple de
Rodriguez. La dorsale est-indienne, & proximité du point triple, correspond a une dorsale
intermédiaire (2,99 cm/a pour le taux d’expansion), orientée N 140°. La dorsale centrale-
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indienne prolonge vers le nord, aprés un léger changement d’orientation (12°), la dorsale
est-indienne. Le taux d’expansion et la direction de cette dorsale sont de 2,73 cm/a et N 152°,
La dorsale ouest-indienne a proximité du point triple, n'est exprimée que par deux profondes
déchirures (4 300 et 5 000 m), sans structure volcanique apparente, distantes de 7 km et de
direction N 067°.

L'¢évolution du point triple de Rodriguez est analysée pour le dernier million d’années. Le
triangle de vitesse formé par les trois dorsales n'est pas fermé, ce qui implique 1'instabilité
du point triple correspondant. Le modele proposé montre que 1'axe de la dorsale centrale-
indienne se décale progressivement par rapport & I'axe de la dorsale est-indienne, a une
vitesse de I'ordre de 0,14 cm/a; la jonction triple est rétablie par sauts du point triple. Ce
modele instable. de type RRF, explique I'ensemble des directions et décalages mesurés
proximité du point triple, et rend compte des reliefs observés. La structure et 1’évolution
du point triple de Rodriguez ressemblent a celles du point triple des Galapagos dans 1'Océan
Pacifique Est, et a celles du point triple des Acores dans 1'Océan Atlantique central.

Oceanologica Acta, 1990. Volume spécial 10, Actes du Colloque Tour du Monde Jean

Charcot, 2-3 mars 1989, Paris, 129-142.

INTRODUCTION

The topography of the Indian Ocean is dominated by a
system of three oceanic spreading ridges converging at
the Rodriguez Triple Junction (RTJ), located near 25°30'S
and 70°E, 900 km southwestward from the Rodriguez Is-
land (Fig. 1). Numerous studies have been carried out on
these three ridges and were synthesized by Schlich (1982).

The Southeast Indian Ridge (SEIR), the boundary between
the Antarctica and Australian plates, extends south-
eastward from the RTJ through the island of Amsterdam
and Saint-Paul and joins the Pacific-Antarctic Ridge at
the Macquarie Ridge Complex south of Australia. The half
spreading rate and ridge trend close to the RTJ are known
to be 3.0cm a™' and N137° respectively (Tapscott et al.,
1980) anf to progressively change to 3.7 cm a™* and N094°
at the Macquarie Ridge Complex (Weissel and Hayes,
1972). The SEIR morphology is typical of an intermediate
spreading rate ridge (Macdonald, 1982) with a smooth re-
lief and a 100-300 m deep rift valley extending from the
RTIJ 1o the islands of Amsterdam and Saint-Paul (Royer,
1985). The Central Indian Ridge (CIR), the boundary be-
tween the African and Indian plates, extends north of the
RTJ towards the equator where it reaches the southern
end of the Carlsberg Ridge. The half spreading rate and
ridge trend progressively change between the RTJ and the
equator from 2.5 cm a™' and N149° (Tapscott ez al., 1980)
to 1.8cm a*' and N142° (Fisher er al., 1971). The mor-
phology of the CIR is slightly more rugged compared to
the SEIR. The Southwest Indian Ridge (SWIR), the
boundary between the African and Antarctic plates, ex-
tends between the RTI and the Bouvet Triple Junction
(55°S and 01°W) ; the ridge axis trends N090° at the RTJ
(Tapscott et al., 1980) and changes to N135° at the Bouvet
Triple Junction (Sclater er al., 1976). The half spreading
rate is almost constant along the SWIR (0.8 cm a™'). The
topography of the SWIR is extremely rugged with a 1000-

3000 m deep rift valley. This morphology is typical of
the slow spreading rate ridges (Macdonald, 1982).

The existence of the RTJ was first discussed by McKenzie
and Sclater (1971). Tapscott er al. (1980) have analysed
the data collected by the R/V Atlantis II, cruise 93 legs
5 and 6 (1976), within a distance of 250 km from the
triple junction. They defined the half spreading rates and
trends for the three ridges : 3.0cm a™' and N137° for the
SEIR, 2.5cm a™' and N149° for the CIR, and 0.8 cm a'
and NO90® for the SWIR. They located the triple junction
o within 5 km at 25°40’S and 70°06’E and concluded that
the RT]J is a stable ridge-ridge-ridge (RRR) triple junction.
On the other hand, Patriat and Courtillot (1984) have sug-
gested that the RTJ evolves in two preferred modes of
1 Ma duration.

The RTJ has been surveyed in February (cruise Rodriguez
[) and April (cruise Rodriguez II) 1984 by the R/V Jean
Charcot (Schlich et al., 1987). The survey comprises
4150 km of profiles covering some 7600 km’ and is
centered on the RTJ. The bathymethy was acquired with
a multi-narrow-beam echo sounder (from General Instru-
ment Corporation) and corresponds to individual isobath
swaths on the seafloor; the width of the swaths is 3/4 of
the water depth (Renard and Allenou, 1979). Considering
the spacing of the profiles the area is completely covered
by the swaths. The most detailed data are Seabeam swaths
at a scale of 1/25 000 with a 20 m contour interval which
can resolve small scale features such as isolated vol-
canoes. Gravimetric and magnetic data were continuously
recorded along the Seabeam tracks.

In this paper we use the new bathymetric and magnetic
charts to analyse the characteristics of the three ridges
close to the RTJ, and to examine the concept of rigidity
of tectonic plates at this scale. We also examine the evo-
lution of the RTJ during the past one million years and
suggest an unstable RRF model which is consistent with
the detailed geophysical data collected over this region.

130



THE RODRIGUEZ TRIPLE JUNCTION : STRUCTURE AND EVOLUTION

50° 60°
T T T
?*]d £ F 4
k I* 2
2358 25 5 4
ool Somali B “';,‘ 25 5 7 0°
Basin # s ”"f ,_ ey |
I ?35 l
* At
a 240 '.";':r-. helles
10° 1 10°
20° 20°
30° 30°
‘0. ‘0.
n «'
25 9 /
29 7 ’Cruz er
Bas:n
m’m‘
/ k’
2”
50. so.
90*

Figure 1

Fracture zones and magnetic lineations in the Indian Ocean superimposed on .rhe 1000 and 3000 m bathymetric contowr (Schlich, 1982; Royer, 1985;
Munschy, 1987). The fracture zone are indicated by dashed lines; the tions are sh by solid lines or dotted lines if questionable; the
numbers follow the magnetic time scale proposed by Lowrie and Alvarez { 1981 ); DSDP sites are starred and located by their numbers.
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BATHYMETRY

Conventional Transit Satellite navigation has been used
for the survey. Comparison of the Seabeam swaths at 50 m
contour interval at the 132 crossing points allow us to
readjust the original satellite navigation by coherent rela-
tive displacement of the individual lines. Thus, a more
accurate geographic position has been defined for each
crossing point and a new navigation was computed. The
differences of water depth observed at the 132 crossing
points before and after the readjustment of the navigation
indicate that the relative position of the lines is probably
better than 300 m (Munschy, 1987); the relative precision
of the original satellite-based navigation is only 2 km. The
RTJ bathymetric chart has been drawn with a 50 m con-
tour interval at the scale of 1/100000 and 1/200 000
(Schlich er al., 1988). The colour chart at the scale of
1/200 000 is shown in Figure 2.

On the bathymetric chart (Fig. 2) the triple junction cor-
responds to a 50 km? area centered at 25°32’S and 70°02’E.
The characteristics of the three ridges and the location of
the triple junction traces on each of the three tectonic
plates are well constrained.

The segment of the SEIR covered by the bathymetric chart
is about 30 km long. This segment of the SEIR corres-
ponds to a typical intermediate spreading rate ridge (Mac-
donald, 1982). The topography of the flanks is relatively
smooth with reliefs of 100-400 m and the ridge appears
grossly symmetric (Fig. 3). The rift valley is 200-600 m

deep, 15-20 km wide and is usually well defined. The
inner floor, 4 km wide, is flat along and across the axis,
and lies at a depth about 3600 m. The main normal faults
and bathymetric lineaments appear very continuous along
strike and have been mapped on both flanks of the ridge
(Fig. 4). These structural elements are striking at N140.3°
(+3.7°) along the northeastern flank and N139.8° (+ 3.3°)
along the southwestern flank. The scattering of the direc-
tions is very low and appears to be associated with meas-
urement errors. Finally, the direction of the SEIR, deduced
from the bathymetric elements, appears very uniform
close to the RTJ and is trending N140°,

The CIR rift valley prolongs the SEIR rift valley with a
slight change of orientation (12°) and an offset of about
5 km. Close to the northern limit of the bathymetric chart,
the CIR is offset 14 km to the northeast by a transform
fault trending NO61° (Fig. 4). between the RTJ and this
transform fault the CIR rift valley is formed by two seg-
ments, 18 and 10 km long, showing a dextrally offset of
4 km between them. The CIR rift valley is deeper (600-
1000 m) than the SEIR rift valley. The inner floor, 2-4 km
wide, is flat and its depth (about 4000 m) is 400 m deeper
than the SEIR inner floor (Fig. 3). Compared to the SEIR,
the structure of the CIR is more rugged and variable. Par-
ticularly, the throws on the normal faults are larger and
the lineaments are shorter. The direction of the lineaments,
measured on the northeastern and southwestern flanks of
the CIR, are N150.8° (+ 3.2°) and N153.8° (+ 5.4°) respec-
tively. This difference between the two flanks is not sig-
nificant and the direction of the CIR close to the RTJ
appears uniform at N152°
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Figure 3

Line drawings across the Southwest India Ridge (C1), the Central Indian Ridge (C2) and the Southeast Indian Ridge (C3). The location of the profiles

is shown on Figure 4.
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Tectonic elements of the Rodriguez Triple Junction deduced from the bathymetric chart. Lines C1, C2, C3 mark the position of the line drawings of

Figure 3.

In contrast the SWIR has an extreme relief and is ex-
pressed by two narrow, V-shaped deep-valleys (5000 and
4300 m deep), lying 7 km apart (Fig. 4). Their floors are
very narrow (about 500 m) The trend of these two deep-
valleys remains constant within the surveyed arca and
their mean direction is NO67°. The flanks of the valleys
are extremely steep (45°) and correspond to major normal
faults (Fig. 3). The shape of these tectonic features sug-
gests that the deep-valleys are the result of stretching
along the southwestern flanks of the SEIR and CIR.

The three traces of the RTJ are the sutures between the
crust created at the corresponding ridges on each of the
three tectonic plates. The trace of the RT] between the
SEIR and SWIR (on the Antarctic Plate, T1) is one of
the major feature observed on the bathymetric chart
(Fig. 2). The strike of the lineations changes by about 90"
over a distance of about 200 m. Moreover this zone is
linear and trends NO55°. At a distance of about 15km
from the RTJ, the trace is offset 5 km to the south (Fig. 4).
The trace of the RTJ between the CIR and SWIR (on the
African Plate, T2) is also well expressed. The shift of the
topographic lineations occurs over a distance of about

500 m. The strike of this trace is NO77° between the RTJ
and 40 km away. At this distance the trace corresponds
to the fracture zone between the two segments of the CIR
and trends NO063° (Fig. 4). In contrast, the trace of the
RTJ between the SEIR and CIR (on the Indian Plate, T3)
is poorly expressed on the bathymetric chart but can be
determined from the distribution of the bathymetric linea-
ments. The trace T3 comesponds to a zone larger than
5 km where the bathymetric lineaments are interrupted.

MAGNETIZATION AND HALF SPREADING
RATES

The temporal variation of the geomagnetic field at the
RTJ was reconstructed for the period of time corres-
ponding to the survey by using a regression technic
(Sander and Mrazek, 1982) and the total field values
measured at the different crossing points. The temporal
variation obtained shows a strong similarity with the tem-
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poral variation recorded at the Martin de Vivies Magnetic
Observatory (Amsterdam Island) located 1500 km south-
eastward from the RTJ (Fig. 5). The computed temporal
variation was removed from the total field measurements
and the final RMS for the crossover errors was reduced
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Figure 5

to 4.2 nT; the RMS for the original satellite-based naviga-
tion was 15.2nT. Finally the International Reference
Geomagnetic Field (Peddie, 1982) was substracted from
these reduced total field measurements to obtain the mag-
netic anomaly field (Fig. 6).
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Comparison of the temporal variation of the magnetic field computed during the swrvey on the Rodriguez Triple Junction (A) with the temporal
variation recorded at the Martin de Vivies Magnetic observatory on Amsterdam Island (B).

Figure 6

Magnetic anomaly field over the Rodriguez Triple Junction. Positive anomalies are shaded. The contour interval is 40 nT.
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The bathymetry and the magnetic anomaly field were digi-
tized and gridded using linear interpolation. The gridded
data form a 57 6 57 array with a spacing of 2 km. The
gridded magnetic field was then inverted in the presence
of bathymetry using the method of Parker and Huestis
(1974) extended to three dimensions by Macdonald er al.
(1980). The magnetized crust is assumed to be a layer of
constant thickness (500 m) which follows the bathymetry
and with constant magnetization with depth. To prevent
the oscillation of the solution at short wavelength, the
magnelization was low-pass filtered at each iteration with
a cosine taper between 5.3 and 4.8 km. The magnetization
distribution (Fig. 7) is given in amperes per meter (1 A
m™ = 107). The maximum deviation between the com-
puted field from the solution and the observed field is
less than 20 nT.

Along the axial zone of the SEIR and CIR the magneti-
zation is positive (about 3-5 A m-1). Along each flank of
the SEIR and CIR , three positive/negative magnetized
boundaries are visible, but are not apparent on the SWIR.
These boundaries mark crustal isochrons which recorded
the three most recent inversions of the magnetic field.
Using the magnetic time scale of Lowrie and Alvarez
(1981), these three isochrons are dated at 0.72 Ma

f‘_rf_ b o ——
|

(Brunhes/Matuyama  reversal), 091 Ma  (Matuy-
ama/Jaramillo reversal) and 0,97 Ma (Jaramillo/Matuyama
reversal). The observed trends of the isochrons are in re-
markable agreement with the trends of the corresponding
bathymetric lineaments. The transition width, defined as
the distance between the 90 % levels of full positive and
negative polarity (Atwater and Mudie, 1983), is about
2 km for the Brunhes/Matuyama reversal on the SEIR and
CIR. This transition width is equal to the spacing of the
gridded data (2 km) indicating that this value may be over-
estimated, due to the coarseness of the gridding and the
smoothing required to obtain a stable solution for the mag-
netization.

The first two isochrons were used to compute the half
spreading rates for the SEIR and CIR. Along the SEIR
the values obtained are 2.99 £ 0.07 cm a™ between 0 and
0.72 Ma, 3.35£047 cm a™' between 0.72 and 0.91 Ma
on the northeastern flank, and 2.66 + 0.38 cm a™' between
0.72 and 0.91 Ma on the southwestern flank of the ridge.
These values remain constant along the axis with no asym-
metry of direction. The differences in half spreading rate
between the northeastern and the southwestern flanks
during the second period is significant (0,69 cm a™), but
the mean half spreading rate of 3.01 cm a™* for this period

28*10H

Figure 7

Magnetization distribution over the Rodrigue: Triple Junction contoured in amperes per meter (contour interval 2 A m™). Positive magnetized zones

are shaded.
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is the same as the computed 2,99 cm a ' for the first pe-
riod. Thus, the SEIR has been spreading at a half rate of
2.99 cm a’! since 0.91 Ma. During the second period, be-
tween 0.72 and 0.91 Ma, the northeastern flank is 1.4 km
larger than the southwestern flank; this difference could
correspond to an instantaneous (.7 km jump of the ridge
axis towards the southwest or to a continuous migration
of the ridge axis at a velocity of 0.35 cm a™' towards the
southwest. The data available do not allow to favour one
or the other possibility.

Along the CIR the half spreading rates are 2.73 =0.03 cm
a' between 0 and 0.72 Ma, 2.61 £0.39 cm a™' berween
0.72 and 091 Ma on the northeastern flank and
2.84+0.33¢m a’' between 0.72 and 0.91 Ma on the
southwestern flank. The mean half spreading rate of
273 cm a' for the second period is the same than for
the first period. Thus, the CIR has been spreading at a
half rate of 2.73 cm a™' since 0.91 Ma. As suggested for
the SEIR, the asymmetric spreading during the second pe-
riod may be related to a 0.2 km jump of the axis to the
northeastern or to a continuous asymmetric expansion of
the CIR.

EVOLUTION OF THE RODRIGUEZ TRIPLE
JUNCTION FOR THE PAST ONE MILLION
YEARS

Knowing the directions and the spreading rate of the three
ridges, as well as the directions and the shapes of the
RTJ traces on the three plates, different models of evo-
lution of the RTJ can be built for the past one million
years. These models assume that the three tectonic plates
remain rigid close to the RTJ. This assumption cannot be
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Figure 8

completely confirmed, but the computed mean values for
the directions and spreading rates of the SEIR and CIR
do not indicate deformation of the tectonic plates. In the
same way, the detailed bathymetry along the three traces
of the RTJ gives no evidence of intraplate deformation.

Stable RRR triple junction model

The RTJ is a RRR junction for the last 80 Ma (Schlich,
1982) and appears to be stable in the sense of McKenzie
and Morgan (1969), as discussed by Tapscott et al. (1980).
The precise directions and the new spreading rate values
which were determined for the SEIR and CIR, can be
used to check if the two ridges are spreading symmetrical
at right angles to their strikes. The half spreading rates
obtained for the SEIR and CIR show that the asymmetry
of spreading is not large; only I1 % for the SEIR and
6 % for the CIR from 0.72 to 0.91 Ma. The trend of the
transform fault offsetting the CIR at the northern end of
the bathymetric chart (NO61°) was obtained by averaging
the directions of the normal faults and bathymetric linea-
ments associated with this transform fault. The mean
direction is at right angles to the N152° strike of the CIR.
Along the SEIR segment covered by the survey, no trans-
form fault is visible, but Tapscott er al. (1980) have sug-
gested that, close to the RTJ, the SEIR is spreading
symmetrically in a direction normal to its strike.

A stability diagram of the RTJ can be constructed using
the velocity triangle (McKenzie and Morgan, 1969) and
assuming a RRR mode. The half spreading rate and the
direction of both the SEIR and the CIR form two sides
of the triangle (Figure 8a); the third side of the triangle
gives the direction and half spreading rate of the SWIR.
The values obtained are respectively NO78° and 0.65 cm
a’'. Based on these directions and spreading rates, an
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a — Present velocity triangle for the Rodriguez Triple Junction following the representation of Patriat and Courtillot (1984) : stable RRR model.
b - Schematic isochron pattern obtained with 11.. stable RRR configuration of the Rodriguez Triple Junction. The isochrons are at 0.1 Ma intervals.
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isochron pattern of the RTJ has been drawn (Figure 8b).
The morphostructural map (Figure 9), deduced from the
tectonic map (Figure 4) and from the isochron pattern of
the magnetization map (Figure 7) is compared to the
isochron pattern produced by the evolving stable triple
Jjunction model (Figure 8b). The directions computed for
the traces of the RTJ on the Antarctic Plate (RTJ trace
T1), on the African Plate (RTJ trace T2) and the spreading
direction of the SWIR (respectively N066°, N090° and
NO78") are quite different from those observed on the mor-
phostructural map (NO55° NO77° and N067°), especially
for the direction of the RTJ trace T1 and for the direction
of the deep-valleys which are clear on the morphostruc-
tural map (Figure 9). The model does not account for the
offset between the SEIR and CIR rift valleys. Moreover
the model predicts that the SEIR would presently be re-
ceding at 0.76 cm a™', while is has been observed that the
SEIR has remained almost constant in length since the
Late Cretaceous (Schlich, 1982 and Figure 1).

Thus, a stable RRR model as proposed by Tapscott et al.
(1980) on the basis of their study of the magnetic linea-
tions and spreading directions of the three ridges since
10 Ma, is not consistent with the more detailed directions
observed on the new bathymetric chart of the RTJ.
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Figure 9

Schematic morphostructural map of the Rodriguez Triple Junction de-
duced from the tectonic map (Fig. 4) and from the isochrons pattern of
the magnetization map (Fig. 7).

Unstable RRF triple junction model

The trace T'1 is a major feature on the bathymetric char
of the RTJ and therefore should clearly appear on the final
model of evolution. Thus, we consider a model based on
this NO55" direction. The velocity triangle is formed by
the directions and spreading rates of the SEIR and the
CIR: we impose the direction of the RTJ trace T1 as to
be equal to NO55° Assuming that the spreading of the

SEIR and CIR is symmetric and at right angles to the
strike of the ridges, we obtain the direction of the RTJ
trace T3 (N045°), the direction of the RTJ trace T2 (N079°)
and the direction of the SWIR (N067°). The direction of
the SWIR corresponds to the mean between the directions
of the RTJ traces T'l and T2, if the SWIR is spreading
symmetrically (Figure 10a). The directions obtained for
the SWIR and for the RTJ trace T2 are the same as the
directions observed for the deep-valleys (N067°) and for
the RTJ trace 72 (NO77°) as shown on Figure 9. Thus, all
the directions given by the model are equal to those ob-
served and the half spreading rate of 0.65 cm a™' obtained
for the SWIR is unchanged. This model is unstable : the
CIR and SEIR axis are progressively offset at a velocity
of 0.14cm a, and as a result the RTJ evolves in a seg-
ment of increasing length (Figure 10b). This evolution is
recorded by the offsets between the corresponding

AFRICA
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Figure 10

a — Present velocity triangle for the Rodrigue: triple Junction followin
the representation of Patriat and Courtillot (1984) : unstable RRF modef
b ~ Schematic isochron pattern obtained with the unstable RRF configu-
ration ;5( the Rodriguez Triple Junction. The isochrons are at 0.1 Ma
intervals.
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Figure 11

Schematic isochron pattern obtained with the unstable RRF configuration
of the Rodriguez Triple Junction including the Jump of the triple junction.
The isochrons are at 0.1 Ma intervals.

isochrons along the RTJ trace T3. The lengths of the off-
sets increase in the direction of the RTJ. This unstable
model also predicts that the SEIR recedes at 0.18 cm a™'
which is a value much smaller than the 0.76 cm a™' ob-
tained with the stable model.

If the isochron pattern produced by the unstable model
(Figure 10b) is superimposed on the morphostructural map
(Figure 9), two discrepancies appear. At a distance of
10 km from the RTJ the CIR is offset 4 km to the northeast
by a transform fault. The RTJ trace T is offset 5 km to
the south, 15 km away from the RTJ; this offset occured
0.5 Ma ago and corresponds to the end of the southern
deep-valley of the SWIR (Figure 4). The northern deep-
valley forms the southwestern branch of the RTJ. Thus,
at the age of 0.5 Ma, the RTJ has jumped to the northwest.
This jump corresponds to the creation of a 5 km long seg-
ment of the SEIR in place of a corresponding segment
of the CIR. Therefore, the proposed model (Figure 11),
which takes into account all of the directions and offsets
in the morphotectonic map, explains two major morpho-
logic features of the RTJ. The first morphologic observa-
tion is that the deep-valleys of the SWIR, close to the
RT]J, are always offset to the north (Figure 12). The second
is that the SEIR segment close to the RTJ has kept a con-
stant length. The shortening of 0.18 cm a™' is compensated
by the RTJ jumps. The deep-valleys of the SWIR along
the RTJ trace T1 have been mapped from the RTJ to
26°40°'S using the available Seabeam swaths (Figure 12).
They are generally regularly spaced and, considering the
6-10 km distance between them, the successive RTJ jumps
have occurred in the last 7 Ma with a periodicity of about
1 Ma. Figure 12 also shows the lengthening of the CIR
and SWIR and the constant length of the SEIR. The

lengthening of the CIR and SWIR is accompanied by the
creation of transform faults (Sclater er al., 1981). Along
the SWIR there is no evidence that these transform faults
are linked to the evolution of the RTJ. On the contrary
the transform faults along the CIR appear to be linked to
the RTJ jumps. When the RTJ jumps to the northwest,
the axis of the CIR, close to the RTJ, could be offset to
the southwest, and creating in the process a new segment
of the CIR. Unfortunately, the available profiles along
the CIR are too scarce to define this mechanism in ade-
quate detail.

The proposed unstable model has a configuration similar
to a ridge-ridge-transform fault (RRF) junction. However
the lengthening of the active part of the transform fault
(0.14 cm a™') implies that the triple junction changes its
geometry as a function of time which corresponds to the
instability. The RRF configuration was rejected by
Tapscott et al. (1980). Patriat and Courtillot (1984) have
suggested, on the other hand, that the RTJ evolves in two
preferred modes : "the effusive and tectonic modes, cor-
responding to RRR and RRF configurations respectively.
These modes apparently alternate in episodes of typically
1 Ma duration”. In fact, we find that the evolution of the
RTJ is similar to an unstable RRF mode with episodic
(1 Ma) jumps of the triple junction. The unstable RRF
could correspond to the effusive mode and the jumps to
the tectonic mode. In this case the duration of the tectonic
mode appears much shorter than the duration of the effu-
sive mode.

DISCUSSION AND CONCLUSIONS

The detailed maps of the RTJ yield accurate values for
the directions and spreading rates of the SEIR and CIR,
the directions of the traces of the RTJ and the direction
of the SWIR deep-valleys. A stable RRR model for the
evolution of the RTJ cannot account for these observa-
tions. This is surprising because the RTJ has remained
RRR regionally since the Late Cretaceous (Tapscott et al.,
1980; Schlich, 1982: Patriat, 1983). Our interpretation
shows that the evolution of the RTJ from 0 to 1 Ma is
not a simple geometrical RRR evolution. The proposed
unstable RRF model (Figure 10a and 11), is consistent
with all the directions and the velocites observed. The in-
stability, expressed by an offset of the SEIR and CIR prop-
agating at a velocity of 0.14cm a™, is compensated by
jumps of the triple junction, which create new segments
on the CIR and restore the regionally RRR triple junction.
This shows that the RTJ can be regionally regarded as a
stable RRR junction. However, at a more detailed scale,
its evolution since 80 Ma appears more complicated and
seems to be govemned by two major constraints. The first
constraint is that the segment of the SEIR which is close
to the RTJ keeps a constant length : when the SEIR seg-
ment has shortened by several kilometers, the RTJ jumps
to the northwest. This jump restores the initial length of
the SEIR. The second constraint is that the SEIR and CIR
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Figure 12

/////.//

Fracture zones and magnetic lineations in the vicinity of the Rodrigue: Triple Junction.

are not offset by more than several kilometers, which in-
duces ridge jumps along the CIR. These offsets are clearly
seen on the RTJ trace T3 (Figure 12) from 0 to 6 Ma.
Close to the RTJ the SWIR is expressed by deep-valleys;
moreover, the half spreading rate of 0.65 cm a™' obtained
with the models is very low and no magnetic anomalies
are readable. Thus in the vicinity of the RTJ the SWIR
appears to be a stretched area of the SEIR and CIR south-
western flanks, and the neovolcanic zone, defined as the
zone of recent and ongoing volcanism (Macdonald, 1982)
does not exist in this area.

Three other regionally RRR junctions have been surveyed
in some detail : the Bouvet Triple Junction (BTJ), located
in the South Atlantic Ocean (54°59’S and 00°40'W), has
a predominantly RFF configuration (Sclater er al., 1976);

the Azores Triple Junction (ATJ), located in the Central
Atlantic Ocean (39°30'N and 29°45’E), has a regionally
RRR configuration (Searle, 1980); the Galapagos Triple
Junction (GTJ), located in the East Pacific Ocean (2°18'N
and 101°50’-102°05"W), has also a regionally RRR con-
figuration (Searle and Francheteau, 1986). While the BTJ
appears rather different, the other triple junctions are quite
similar (Figure 13). The GTJ, RTJ and ATJ have two arms
with similar directions and half spreading rates, while the
third arm spreads at a slower rate and is at about right
angles to the other two. This consistent pattemn is all the
more interesting as the two principal arms of the triple
junctions spread with various half rates : the GTJ corres-
ponds to a fast (spreading rate) triple junction, the RTIJ
to an intermediate triple junction and the ATJ to a slow
triple junction. We suggest that this similarity reflects the
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presence of continuous magma chambers beneath some
ridge segments : the two faster-spreading arms of the triple
junctions have connected magma chambers. The slower-
spreading arm correspond to a stretched area without axial
neovolcanic zone.
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