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The Mascarene fragments
And what has happened to a rift by the time rifting turns to drifting?
1. A thought experiment
Our Gondwana model has, for many years, considered a rift-sized gap between the extant but reassembled Precambrian fragments of Gondwana, though the width of this gap has always been illdetermined. Trial and error over the years seems to suggest that about 80 km (± 20 km) is the gap
width that best suits the fit geometry over the total reassembly. But clearly no single answer will
apply everywhere. What would have happened to the Precambrian continental crust in this gap
(assumed to be 40 km thick) as rifting ensued and eventually turned to ocean growth? One
approach to answering this question is a ‘thought experiment’.
Suppose the 80 km-wide Precambrian-filled gap is laterally extended by rifting to about 2.5 times its
original width (i.e. from about 80 km to about 200 km in width, ß factor 2.5) and to one-half to onethird of its original thickness (20 to 13 km). At this stage the growth of new oceanic crust about a
new mid-ocean ridge might start (e.g. Sutra et al., 2013).
It appears that, often, the mid-ocean ridge is not central to this rifted zone. It is easy to imagine, for
example, that the crust-penetrating principal fault in an original asymmetrical rift graben might be
favoured as a mid-ocean ridge location. It follows that 200 km or more of stretched Precambrian
crust might routinely be found beyond (what remains of) the conjugate rift shoulder in such a case.
[This does not mean that that finding such Precambrian material (in a well or on a seismic
interpretation) means that the initial ‘tight’ 80 km re-assembly must be ruled out!]
It is also possible to imagine not one but two embryo mid-ocean ridges competing for a time within
a rifted zone with the effect of leaving long slivers of stretched Precambrian crust stranded in
otherwise oceanic areas, even quite far from a continental margin. We envisage an origin of this
sort for the Mascarene fragments (excluding the Seychelles which is probably a full-thickness of
preserved Precambrian crust in its own right). Let us consider the tectonic history of the fit of India
to Madagascar to illustrate this.

2. The tectonic history of the Mascarene fragments
The current model (CR17AAIK) has East Gondwana still intact at M22 time (151.4 Ma) with the
straight Precambrian margins of India and Madagascar separated by about 55 km (Figure 1). (The
width of a zone of faulting in northern Mozambique that never became a southerly extension of this
rift zone is about 45 km). Dextral transtension starts to occur between the two fragments (IND and
MAD) at about the start of the Cretaceous (about 145 Ma), progresses slowly until the early in the
Aptian (120 Ma) and continues somewhat faster until about 107 Ma (mid-Albian – Figure 2) when

ocean growth between India and Africa-Arabia ceased (Africa already including Madagascar since
about 120 Ma). By this time (107 Ma) the total relative motion of India versus Madagascar is (265 –
55 =) 210 km normal to the common margin direction (ß = 4.8) and 502 km parallel to it. This was
then a transtentional rifted zone of hyper-extended Precambrian crust, almost 2000 km in length
(Figure 2).
We see a period of stability following the 107 Ma situation (with the present-day 2000 m waterdepth contours of India and Madagascar approximately coincident) that is disturbed by the outbreak
of the Marion plume at around 88 Ma (Coniacian). Little of the copious magma output of this plume
is preserved on land (only in coastal SE Madagascar and St Mary’s Islands, India) but the large rifted
and extended zone between Madagascar and India probably received much of it. Much more filled
the ocean south of Madagascar and formed the bulk of the Madagascar Rise as Antarctica’s
southward drift continued unabated. The present-day volcanic edifice of the Madagascar Rise has
approximately the same dimension as Iceland. The subsequent departure of India from the eastern
margin of Madagascar at about 88 Ma (Coniacian, Figure 3) included almost all of the pre-existing
rifted zone and its sedimentary and volcanic fill, leaving only a very narrow continental margin on
the east, NE and south coasts of Madagascar (Figure 3).
The growth of the Mascarene ocean basin between India and Madagascar continued until about
63.5 Ma (Figure 4) as recorded by marine magnetic anomalies either side of its defunct central ridge.
The geometry of the situation – and the ocean-floor record – shows that the amount of relative
motion between Madagascar and the Mascarene fragments decreased northwards, the rotation
poles being located somewhere in eastern Africa. Since the motion of India against Antarctica is
well-defined by ocean floor evidence in this interval, the growth of a second, smaller ocean basin is
required to fill the resulting space between India and the Seychelles and the rest of the Mascarene
fragments. This second, smaller ocean propagated from NW to SE, separating the Seychelles from
the NW margin of India (Figure 4). The defunct mid-ocean ridge of the Laxmi ocean is, in our model,
coincident with the Laxmi Ridge today. [The received wisdom that the Seychelles did not separate
from India until the outbreak of the Deccan Trap volcanism (68 Ma) is demonstrably untrue but is
still often quoted. Such a model would require the Seychelles to travel backwards about 800 km,
towards Madagascar, after 88 Ma!].
With the demise of the two competing mid-ocean ridges – in the Mascarene basin and the Laxmi
basin respectively – a new mid-ocean ridge, following the Indian side of the Mascarene fragments,
was established, finally separating even the more southerly Mascarene fragments from the Indian
margin. NW of the Vishnu fracture zone, the active mid-ocean ridge stepped NE by about 1700 km
at this time into this new location (Figure 4).
This situation has continued with the Seychelles and the Mascarene fragments on the Africa plate
and the defunct Laxmi Basin on the India plate until the present day, despite a relatively minor ridge
reorganisation at about 43 Ma (Figure 5) when the present-day SE Indian ridge separating Australiaplus-India from the Africa and Antarctica plates came into existence. The present-day situation is
shown in Figure 6.

3. Stratigraphy of the Mascarene fragments
In this model we envisage the Mascarene fragments being made up of:

(a) Extended or hyper-extended Precambrian crust derived from the 150-107 Ma rifting of India
from Madagascar;
(b) Pre-existing sediments attributable to the Karoo if such a rift occupied the India-Madagascar
fault zone in Karoo times;
(c) Sediments (including marine sediments?) filling the broad rift developed in the period 150107 Ma and subsequently;
(d) Volcanic rocks deposited (subaerially?) at about the time of the Marion plume (88 Ma,
Coniacian-Santonian);
(e) Sediments deposited on the Indian shelf environment 88-66 Ma (Campanian-Maastrichtian)
and then in an oceanic environment after about 63 Ma (Cenozoic);
(f) The addition of a second tranche of volcanic rocks with the SW-moving passage of the
Reunion plume below Cargados Carajos to present-day Reunion since about 47 Ma;
(g) Carbonate rocks may, of course, also occur for any period when the surface of the
Mascarene fragments, as now, lay close to sea level.
The situation of the rift in the quiet period 107 to 88 Ma is interesting. Potentially it could derive
sediment from both India and Madagascar as the rift shoulders eroded away. It might also be at,
near or below sea level, allowing water from the Tethys Ocean to the north as well as the Kerguelen
ocean to the south to flood the structure.

4. Do fragments of Precambrian crust in the ocean provide an easy conduit for later
hotspot magma?
2017 has seen the emergence of two pieces of research that impact profoundly on our
understanding of the western Indian Ocean. (1). Lew Ashwal announced that zircons recovered
from Mauritius gave Archean ages (3000 Ma) while conventional wisdom says that the island is
simply a rather recent volcanic pile on the ocean floor. (2). Bahari Resources announced their
investigation of a large raft of arkosic sandstone (possibly Karoo?) within the volcanic rocks on the
island of Anjouan in the Comoros (similarly seen as simply young volcanic piles) which contained
fragments of gneiss which have yielded Panafrican ages (533 Ma). Both results indicate the
presence of Precambrian material at depth beneath what were thought of as purely volcanic islands
of recent origin on purely oceanic crust. Can these observations be fitted into the plate-tectonic
story outlined above?
The expression of the Comoros on the satellite data of ocean floor topography shows punctual
anomalies over each island in the archipelago. The string of islands may be circumscribed by a
crescent-shaped outline (Figure 6) that shares the same shape as the concave contours of the
Majunga basin in northern Madagascar (Figure 1). Simple rotation about a pole off the northern tip
of Madagascar would restore the Comoros ‘crescent’ to a position immediately offshore of the
Basin. In our reconstruction, this same crescent would then have its own concave side wrapping
around the Bur Acaba massif of Somalia (Figure 1) without any re-adjustment of other fragments to
accommodate it.
The case of the Mascarene fragments may be more complex since the model implies hyperextension over a long period, 150 to 107 Ma, followed by 20 myr of stability, long enough
(presumably) for the isostatic condition of the large rifted area to adjust with unknown
consequences. Nevertheless, the propensity for volcanic emplacement attributed to the Marion
plume (88 Ma) to follow the axis of the rift is clear. North of Cargados Carajos there is no suggestion
of any later volcanism. Further south, however, renewed (recent) volcanicity with the passage of the

Reunion plume is the accepted cause of the more recent volcanism which youngs along the island
chain to the SW after the plume crossed the SW Indian Ridge at about the time of the 47 Ma ridge
re-alignment. After passing below Mauritius, the locus of this plume is now assumed to lie below
Reunion.
Turning finally to Mauritius itself, our model has always had space in the reassembly for an
equilateral triangular Precambrian fragment (about 150 km on each side) lying between
Madagascar, India and Mozambique (Figure 1). Until now, we have let this piece move as a token
Precambrian core of the Madagascar Rise. An alternative model is that the Precambrian fragment
moves with Cargados Carajos, tracking India when that fragment leaves Madagascar. This could
bring it to a position close to that of present day Mauritius, given an appropriate history for the midocean ridge section lying immediately north of the Vishnu FZ.
There is ambiguity in this area of the model on account of inevitable complexity. The simplest idea
would be that the Madagascar Rise first travelled south with India until coming to rest in the stable
107 Ma configuration, about 450 km south of its starting position against Madagascar. Once India
started moving NW at 88 Ma, however, greater complexity sets in. Instead of a simple triple
junction between India, Africa (including Madagascar) and Antarctica, interpretation of the ocean
floor record necessitates that there were two triple junctions separated by the Madagascar Rise,
namely (1) Africa-India-Madagascar Rise and (2) Madagascar Rise-India and Antarctica. This
situation persisted while the Mascarene Basin developed. The Madagascar Rise continued leaving
Madagascar while also being separated from the Antarctica plate by another ocean ridge. Hence a
fragmentation of any Precambrian core to the Madagascar Rise could have led not only to parts of it
travelling south but also NE with the India plate until the southernmost ridge section in the
Mascarene Basin was abandoned in favour of a new ridge further NE. In this way, Precambrian
remnants of the notional ‘core’ of the Madagascar Rise could have ended up in the vicinity presently
occupied by Mauritius.
All these situations require a propensity for later volcanicity to find an easy pathway through oceanic
crust by way of isolated areas of stretched continental crust isolated in the ocean. Is there any other
evidence that Precambrian remnants isolated in an ocean crust are preferentially prone to being
conduits for magma whenever a mantle plume or hotspot travels beneath them? Are other
examples to be found in other parts of the world?
What special considerations apply to the large rifted area between India and Madagascar that the
model shows to have been dormant for almost 20 myr between 107 and 88 Ma?
Colin Reeves
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Figure 1. 151.4 Ma, Tithonian. East Gondwana (Antarctica, Australia, India, Sri Lanka and Madagascar) still
intact as one fragment. Precambrian terranes identifiable today shown in pink. Areas where such terrane
probably exists at shallow depth shown in paler pink with broken outline. Areas above the present-day 2000 m
ocean isobath (indicating probably stretched continental crust) shaded pale grey. Interpreted mid-ocean ridges
shown in red with transform offsets in dark grey.

Figure 2. 107 Ma, mid Albian. India at its most southerly position with respect to Madagascar. Dextral strike
slip between the two in progress since about 140 Ma comes to an end. Most of this movement will have
occurred since about 122 Ma, after Madagascar joined the Africa plate and came to rest while India continued
moving south. Dotted circle shows the location of the Marion plume that is now centrally located below the
large extended rift zone created in this slow rifting process. The situation shown will persist until the outbreak
of the Marion plume at about 88 Ma. Volcanogenic areas erupted in oceanic and continental areas shown in
blue. Extended Precambrian crust from the initial Madagascar-India rift shown in rectangular magenta
hacuring.

Figure 3. 80 Ma, Santonian. The Marion Plume has now ‘struck’ and the resulting NW movement of India
away from Madagascar has been in progress for about 8 Ma. Two ocean ridges separate the two continental
fragments, one penetrating northwards separating almost all the stretched crust in the rift zone from
Madagascar (the Mascarene Basin) while the other penetrates southwards, separating India from the
Mascarene fragments (the Laxmi basin). The Mascarene fragments now bear a considerable load of volcanic
material generated by the Marion plume. These are evidenced on land only on the SE coast of Madagascar and
in the St Mary’s Island of India. The Madagascar Rise is still moving south, astride a mid-ocean ridge, about the
same in manner and size as present-day Iceland, also fed by the Marion plume.

Figure 4. 66 Ma, K-T boundary. The Mascarene ocean basin is about to meet its end as an active ocean at 63.5
Ma. The Mascarene fragments are now separated – except at their southern extremity – from India by the
Laxmi basin. The Vishnu ‘fracture zone’ is, in fact, the result of the triple junction between Africa, India and the
Madagascar Rise plates, except that the motion between India and the other two is at least an order of
magnitude greater than that between the Africa plate and the Madagascar Rise. The Marion plume is now of
little consequence while the Reunion plume sits below the Laxmi basin, about to erupt the Deccan Trap basalts
and re-organise the ridge in that basin to outboard of the Laxmi Ridge. The active mid-ocean ridge north of the
Vishnu fracture zone is about to jump about 1800 km to the NE, to between the Mascarene fragments and
India.

Figure 5. 43 Ma, Lutetian. The mid-ocean ridge between India and Africa is now remote from the Mascarene
fragments. The crust, meanwhile, has moved NE over the (declining) Reunion plume that has already created
the Maldive and Laccadive edifices off India. The mid-ocean ridge between India-Africa is about to re-organise,
perhaps under the influence of the Reunion plume, which is about to cross to the Africa plate and start feeding
magma into the southerly Mascarene fragments, heading in the direction of Reunion itself. The demise of the
Mascarene ocean (at about 64 Ma) may have been accompanied by an amount of compression in the north,
between the Seychelles and Africa, leading to the creation of the Amirante Ridge and trough system.

Figure 6. 0 Ma, present day. Reunion plume-head now situated below Reunion. Stretched Precambrian crust,
originally lying south of Madagascar in the Gondwana reconstruction (Figure 1), may have travelled NE with
Cargados Carajos and now be situated below (for example) Mauritius where Archean-aged zircons have
recently been discovered. The young volcanic eruptions forming the Comoro islands may similarly be located
within a sliver of stretched Precambrian crust originating between NW Madagascar and Somalia in the same
reconstruction.

