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Abstract

The latest studies on the tectonic evolution of the Malvinas
(Falkland) Islands and their adjacent continental plateau further
east are analyzed to assess a long controversy regarding the
origin of these islands. Although new technologies and exploratory
drillings have brought new data in recent times, the debate on the
geological evolution of this area remains open. The two dominant
hypotheses are analyzed by assessing the eventual collision
between the islands and the South American continent, the presence of a large transcontinental fault
such as Gastre, the potential 180° rotation of the Malvinas Islands, and the occurrence of a mega-
decollement with opposite vergence. These hypotheses are contrasted with the processes that have
occurred in Patagonia, especially those based on the new isotopic data on the Maurice Ewing Bank at
the eastern end of the Malvinas Plateau, and the current knowledge of the adjacent Malvinas Basin. The
new data highlights the inconsistencies of certain models that propose that these islands migrated from
the eastern African coasts near Natal, to their current position and rotated 180° around a vertical axis.
The new observations support the hypothesis that postulates that the islands have been part of the South
American continent since before the Paleozoic.
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Introduction

The tectonic evolution of the South Atlantic Ocean is heavily constrained by the adjustment and mismatch of several
continental blocks associated with the fitting of South America and Africa as part of the supercontinent of Pangea. Several
alternatives were presented based on different criteria in recent years, where the Malvinas (Falkland) Islands and their
adjacent continental blocks play a significant role in the reconstructions. The finding of important hydrocarbon resources
outboard the Outeniqua basin offshore South Africa, which is modifying the scenario of hydrocarbon resources in this
country, further increases the need for a proper reconstruction and precise paleogeography of the South Atlantic Ocean to
evaluate the South American conjugate continental margin.
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Figure 1. Two contrasting alternatives for the origin of the Malvinas (Falkland) Plateau (based on Ramos and others[1]).
Note locations of figures 3a and 3b.

The aim of the present review is to assess the contrasting tectonic evolution proposed in the last two or three years
based on old and new data obtained in the Malvinas (Falkland) Plateau. Most of the recent works can be divided into two
different groups. One of these is based on a stable relationship between the South American continent and the different
elements of the plateau since at least the Neoproterozoic. This option contrasts with the African-derived alternative that
divides the plateau into two different blocks, which would have collided with South America in Jurassic-Cretaceous times.

Previous works

One of the first reconstructions of the paleogeography of the South Atlantic Ocean was advanced by Du Toit [2,3], who
proposed a location of the Malvinas Islands between South America and Africa (Fig. 1). This South African geologist
located the Malvinas Islands in the offshore continental platform between the Ventania System of Buenos Aires, and the
Cape System of South Africa based on the geological correlation found by professor Keidel [4,5,6,]. This reconstruction
took in consideration the stratigraphy of both systems and the shared late Paleozoic glacial deposits, and highlighted the
coincidence in age and discontinuities of the common sedimentary sequences. Some years later, another South African
geologist, Adie[7], who had worked in the Malvinas Islands, based on the southern vergence of the structures, located the
islands “upside down”, but in the eastern opposite side of South Africa (see Figure 1). This way, both the islands and the
Cape System, which shares a common stratigraphy, present the same northern vergence.

This proposal was analyzed by Suero[8] and Borrello[9] who, based on the continuity of the late Paleozoic sedimentary
basins of Patagonia, preferred the Present normal position of the islands attached to South America. The latter author
disregarded Adie’s proposal based on the common stratigraphic and paleontological characteristics between the Malvinas
Islands and Patagonia.

Adie’s hypothesis was almost forgotten for many years until the paleomagnetic work of Mitchell and others[10].
These authors published a high impact article in Nature, which deserved the journal cover, based on the paleolatitudes
obtained from Mesozoic dolerite dyke swarms together with a 120° rotation in the paleopoles, that resurrected the “upside
down” hypothesis. This was partially confirmed by some other paleomagnetic studies performed by Taylor and Shaw[11].
After these geophysical works, most of the British authors started to support that the Malvinas Islands were located in the
offshore of South Africa, in front of the Natal province, in the late Paleozoic, and that after a subsequent rotation during



Jurassic times, prior to the opening of the South Atlantic, the islands departed from Africa to be transferred to South
America (see Stone[12,13], and references therein).

Even though many authors have backed the hypothesis that the islands were in South Africa and later, in Jurassic
times, were transferred to South America, this hypothesis has a series of drawbacks that require further evidence to be
sustained. In order to evaluate the African-derived alternative for the islands, several premises required for this hypothesis
should be analyzed.

1.- MALVINAS ISLANDS DERIVED FROM AFRICA

Collision of Malvinas Islands microplate with South America

As pointed out by Martin[14] in his editorial comments early on in Nature, 1986, the new paleomagnetic data, even
though partially consistent with the “upside down” location in front of Natal, present new and more difficult problems.
The main problems were for this author how this block rotated and moved from that position to its present setting. Several
alternatives were suggested to explain this displacement.

Based on paleomagnetic data, Ben Avraham and others[15] proposed the existence of an independent block, the
Lafonia microplate. This small block would have two advantages — first, it would facilitate a 120° rotation, and after this, it
would make it easier to transport the islands to South America. However, there is no evidence of any suture between South
America and the Malvinas Islands as recognized by Richards and others[16]. These authors, based on the study of the
offshore seismic lines in the platform between the islands and the continent, disregarded the presence of a crustal suture.

The existence of an independent microplate to make the drift and collision to South America possible would also have
the problem that it would require a subduction zone on its leading edge, which would have produced a volcanic arc and,
after the collision, a suture. There is no evidence of either of these two things. This fact was soon realized by several
authors, such as Ben Avraham et al.[15] who, in order to solve the lack of a suture, proposed that Patagonia was a terrane
independent from South America that moved together with the Lafonia microplate after its rotation in Jurassic times.

Another drawback for the collision of the Lafonia microplate against South America is the rift preserved in the
Malvinas Basin (see location in Fig. 5). New studies performed in this basin show two stages of rifting, one in the Late
Triassic and another in Early-Middle Jurassic times (see Lovecchio and others[17]). Seismic sections across the rift (Fig.
6) show no deformation as expected if there had been a collision against a microplate (see discussion below).

The Gastre continental fault system

The proposal of Patagonia attached to the Malvinas Plateau, both together as an independent terrane, explains the lack
of a suture and the nonexistence of a volcanic arc on the Lafonia microplate, but a continental scale fault system and a
transform fault in the offshore would be required to displace this huge terrane from Africa to its present position.

The northern boundary of the Patagonia terrane as proposed by Ben Avraham et al.[15] was a large right-lateral
transpressional shear zone, which bounded the North Patagonian massif to the north from the rest of Gondwana. However,
this northern limit coincides with the proposed suture between Patagonia and Gondwana, which was formed by orthogonal
contraction with almost no evidence of strike-slip motion[18,19] during the late Paleozoic. The development of the
Ventania and Cape fold and thrust belts, as well as the Colorado, Garies, and Cape syntaxes[19,20], preclude the existence
of such transform fault north of Patagonia in Jurassic times[1].

To avoid this problem, Marshall[21] proposed that the boundary was determined by the Gastre intracontinental
fault system, suggested by Rapela and Pankhurst[22], which is located south of the North Patagonian Massif. However,
that hypothesis requires a displacement larger than 500 km along that fault system produced between 190 Ma, age
of emplacement of the older dyke swarms in the Malvinas Islands, and 170 Ma, a cooling episode of uplift based on
fission track ages of these dikes[23]. This would require a displacement rate of more than 42 mm per year along such
transcontinental fault. Several recent studies on the Gastre fault system, in the classic locality where it was defined by
Coira and others[24], have proved that this fault is a ductile shear zone of Paleozoic age, with no evidence of Jurassic or
younger offsets of that magnitude[25,26,27], among others.



If no displacement, such as required, ever occurred along the Gastre fault system, Patagonia and the Malvinas Islands
could not have moved together as a single continental block as proposed by several authors[16,28,29,30,31], among many
others.
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Figure 2. Proposed paleogeography based on the Gastre Fault System (G.P.S.) to accommodate the Malvinas Islands
close to the Natal offshore (after Marshall[21]). See text for discussion.

The Jurassic rotation of the Malvinas Islands

Several alternatives have been proposed for a clock-wise rotation of the islands of at least 120°. The most feasible way this
is possible would involve a rotation of the microplate associated to oceanic crust formation, as could be observed in the
opening of the Bay of Biscay, between Spain and England[32]. One of the most popular alternatives for this model is the
“double-saloon-door” rifting and seafloor spreading as proposed by Martin[29] and supported by Dalziel and others[30].
The main drawback is that there is no evidence of oceanic crust older than the early Cretaceous during the South Atlantic
opening, where all the magnetic anomalies are parallel to the Agulhas-Malvinas transform without any evidence of
rotation[33,34]. From the onshore perspective, as pointed out by Stone[13], the case for rotation of a microplate appears
overwhelming, but offshore data do not support rotation and are compatible with a high degree of extension of a fixed
Malvinas Plateau attached to South America[35,1].

Some other authors proposed a 120°-150° rotation during the break-up of Gondwana, previous to seafloor spreading
without participation of oceanic crust but, as noticed by Stone'?, timing is crucial and most of the rotation of the microplate
must have been pre-Cretaceous and probably mid-Jurassic. There is some consensus that rotation was a relatively rapid
mid Jurassic event as envisaged by Curtis and Hyam[36] and Rapela and others[28]. Several mechanisms have been
proposed for the rotation associated with the break-up of Gondwana[37,38,39,40]. However, there is neither seismic
evidence of the microplate boundaries, nor indications of the extension and compression normally associated with block
rotations[41]. No structures were identified nearby the predicted boundaries of the microplate to support the rotation on
continental crust.

A recent study by Stanca and others[42] proposed crustal fragmentation and block rotation for the Malvinas Plateau,
where the Malvinas Islands were a microcontinent; however, they state that the position of the plateau and the islands
before the separation of Gondwana continues to be controversial. This work proposed a Malvinas Islands microplate,
equivalent to the Lafonia microplate sensu[15,30], which underwent vertical-axis rotation during the break-up of
Gondwana. As there is no deformation affecting the sedimentary basins offshore of the islands, rotation would have



had to occur prior to the older rift that took place in the southern sector of the North Malvinas basin. The oldest synrift
deposits are not well dated in that basin, and a doubtful Upper (?) Jurassic age was assumed[42]. However, this WNW to
NW-trending rift system, as seen in their Fig. 6, has the same trend as the Early Jurassic rift that crosscut the San Jorge
and Cafladon Asfalto basins in Patagonia. The Malvinas rift, as well as its Patagonian equivalent, are linked to the 190-188
Ma old basaltic dike system parallel to the normal faults of the rift, located at the base of the synrift deposits. This WNW
to NW-trending rift system crossing from Patagonia to the Malvinas Plateau was related to the opening of the Weddell
Sea[1,43]. The rifting process started at about 190 Ma and ended with the first oceanic crust in that sea at about 160-155
Ma according to Ghidella and others[43]. The age of the synrift deposits across Patagonia is well dated and constrained
to the Early to Middle Jurassic[44]. Some minor rotation occurred during the synextensional emplacement of the Chon
Aike Magmatic Province[45,46] in the Early-Middle Jurassic. The observed rotational extension was recently interpreted
by Lovecchio and others as produced by effect of a slab tear between Patagonia and Antarctica[47].

This fact is important because the rotation should have occurred and finished in the Early Jurassic. Furthermore, the
paleomagnetic data found by Taylor and Shaw[11] and analyzed by Ramos and others[1] show the expected rotation in
one site, while the other two sites have abnormal rotations, difficult to reconcile with a rigid-body vertical-axis rotation
such as the one required for the Malvinas Islands microplate.

The mega-décollement controlling the Gondwanide Orogen

New detailed structural analyses performed north of the Malvinas Islands in the adjacent basin, combined with gravity
and seismic data presented by Stanca et al.[42], enhanced the importance of the occurrence of a mega-décollement formed
during the Gondwanide Orogeny. This décollement has been recognized underneath the Outeniqua Basin and South
Africa[41,48], associated with north-verging thrusts. The décollement described in the Outeniqua Basin and underneath
the Cape fold and thrust belt is dipping to the south, and it was reactivated as a detachment level during subsequent
extension in Jurassic times. In the Malvinas plateau, this décollement is dipping to the north and reaches the same depth
as in the Outeniqua Basin. The opposite polarity of this décollement at both sides of the Agulhas-Malvinas transfer zone
is considered as a new evidence supporting the 180° rotation of the Malvinas Islands microplate[42].

However, if the structural characteristics of the Ventania fold and thrust belt in the province of Buenos Aires are
considered, a series of new problems emerges. The seismic sections provided by Pangaro and Ramos[49] (their Figs.
8 and 12), Ramos et al.[19] (their Fig. 5), and Pangaro et al.[19], show withou shadow of a doubt the continuity of the
Ventania fold and thrust belt in the adjacent offshore area and its eastern extension in the Cape belt of South Africa
(see Paton et al.[20]). In those sections, what the authors considered to be the master shear is the equivalent to the
mega-décollement of Stanca et al.[42]. Both structures have the same north-vergence, a similar depth of detachment
and equivalent offsets. On top of that, recent studies in the Colorado offshore basin show three periods of extension,
the oldest one being controlled by a postorogenic extensional collapse of the thrusts of the Ventania fold belt[17]. These
extensionally reactivated Permian to Early Triassic thrusts were intersected by normal faults during Early Jurassic times,
in a similar way as that described for the Outeniqua Basin and the Cape fold and thrust belt. It is evident that deformation
kinematics north of the Gondwanide magmatic arc and north of the Agulhas-Malvinas transform were comparable.

On the other hand, there is evidence that deformation south of the magmatic arc has an opposite south-vergence,
as described in the Sierra Grande area[50] close to the Atlantic margin. A similar conclusion with different approaches
was arrived at by von Gosen[51] and Lopez de Luchi and others[52]. Early Paleozoic quartzites are folded and thrusted
with a south-southeast vergence (see Figure 3). Further inland, underneath the Mesozoic deposits of the Neuquén Basin,
Mosquera et al.[53] recognized the Gondwanide deformation with south-vergent thrusts reactivated during latest Triassic-
Early Jurassic extension[54,55,56].

The décollements that controlled the Permian thrusts and the subsequent Early Jurassic normal faults have a dominant
south-vergence in the central and southern part of the Neuquén Basin as well as in the outcrops of Sierra Grande area near
the Atlantic coast, very similar to the one described in the southern part of the North Malvinas Basin.
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Huincul System Section

Figure 3. South verging fold and thrust belts developed in northern Patagonia; a) Basement folds with south-vergence
in the Huincul System interpreted by Mosquera et al.[53] as Gondwanide thrusts extensionally reactivated during Late
Triassic-Early Jurassic, and subsequent contraction in the southern Neuquén Basin. Pz: Paleozoic rocks, TRJsr: synrift
deposits of Late Triassic-Early Jurassic age, eK and 1K: Early and Late Cretaceous deposits; b) Silurian-Devonian
quartzites with SE-vergence in the Sierra Grande mining district[50] . Pz sg: Sierra Grande Formation. Location of the
sections indicated in Fig. 1.

One of the main drawbacks that the rigid model has according to Stanca et al.[42] is the lack of continuation of a south
verging fold and thrust belt east and west of the islands. Available seismic information indicates that, at approximately
150 km west of the islands, the south vergence of the deformation is recognized by the steeper southern flanks of the folds
(Figure 4), in comparison with gentler northern flanks[57].

Further to the west, the Mesozoic infill of the Malvinas Basin obliterates the structure of the underlying Paleozoic
rocks, as well as the crystalline basement of the Dungeness Arch[1], also known as the Rio Chico High[47]. There is
some consensus that the Gondwanides has been formed by the collision of Patagonia and adjacent blocks as proposed by
Ramos[18] and confirmed by Miller et al.[58] in South Africa.

e 0

s

L T A5

Figure 4. Seismic line southwest of the Malvinas Islands showing, beneath the Jurassic, an angular unconformity of the
Gondwanide folds developed in Paleozoic rocks with a well-defined south vergence[57]. See location in Fig. 5.
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West of the Malvinas Basin (Fig. 4), the early Paleozoic clastic platform is interrupted by the Devonian to Carboniferous
magmatic arc that was identified by Ramos and Naipauer[59] (and cites therein). The magmatic arc is located along the
western side of the Dungeness Arch (or Rio Chico High) and continues to the north across the San Jorge Basin with a
northwestern trend, to finally reach the northern Patagonian Andes[18]. The quartzitic platform can be recognized from
the western off-shore of the Malvinas Islands, to the north in Cabo Blanco, in the basement of the Rawson Basin and in
Sierra Grande (Fig. 5). In both extremes the southern vergence of the folds has been identified.

2.- MALVINAS ISLANDS FIXED TO PATAGONIA

The previous analyses have shown that there is no robust evidence to rotate the Lafonia (Falkland) microplate 120°,
either surrounded by continental or oceanic crust. The paleomagnetic data is poor and not conclusive for a vertical-axis
rotation; no suture or deformation has been recognized in the western contact with Patagonia, and if it is difficult to rotate
the islands, it is almost impossible to rotate the entire Malvinas plateau. The occurrence of two sets of dolerite dykes in
the Malvinas Islands, one WNW-trending of Jurassic age, and another one N-trending of Early Cretaceous age, was taken
as an evidence of rotation of the islands[23,60]. However, this main stress rotation is seen in the entire Patagonia and in
the adjacent offshore basins associated with the Jurassic WNW-trending opening of the Weddell Sea and the subsequent
N-trending rifting of the South Atlantic in the Early Cretaceous[1,47].

Most of the similarities between the East Cape Supergroup and the Lafonia Supergroup, the so-called South African-
Malvinas connection[42], is not taking into consideration the late Paleozoic glacial deposits of central Patagonia, and the
exposed Paleozoic quartzites inland in eastern Patagonia (v.g. Sierra Grande and Cabo Blanco), as well as the deposits in
the offshore adjacent basins (v.g. Rawson Basin). Besides these arguments[1,59], based on the new data obtained in the
Malvinas Plateau, the “fixist alternative” will be analyzed.

New data on the Malvinas Basin

A recent update of the structural framework for the Malvinas Basin, together with two new U-Pb zircon ages for the synrift
series[47] preclude a Lower to Middle Jurassic or younger collision between Patagonia and the Malvinas Islands (see
Fig. 6). Recent works assume that the Weddell Sea Rift that separated the Ewing Bank from Gondwana was developed
at ~164 Ma[62].

The new U-Pb dates are located within the synrift sequence. A volcanic breccia at the base of the sequence has an age
of 215 Ma (on top of ROU horizon of Fig. 6), which indicates a Late Triassic age for this level[47]. Triassic deposits are
also interpreted in the San Julidn offshore rift basin by Figueiredo et al. (1996, see seismic line in Fig. 14), as well as in
the El Tranquilo rift onshore Santa Cruz, where they are well known and dated[63,64].

Figure 5. Main characteristics of the Malvinas (Falkland) Plateau and the adjacent Patagonia (modified from Ramos
et al.[1] and Chemale et al.[61]. Note the location of the oceanic drill of ODP-330 in the Maurice Ewing Bank, and the
location of figures 4 and 6, based on McCarthy et al.[57] and Lovecchio et al.[47].
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Figure 6. Seismic line across the Central Graben of the Malvinas Basin[47]. The rift sequence is encompassed between
the ROU horizon (top pre-rift basement) and the TSR horizon (top synrift).

The second U-Pb date yielded 169.6 = 2.1 Ma and corresponds to a tuff layer located near the top of the synrift
sequence (TSR of Figure 6). This Middle Jurassic age constrains the age of the synrift deposits to Late Triassic- Middle
Jurassic times, a similar time span recognized in the San Julian, El Tranquilo, and Cafiadon Asfalto rift basins.

The period of time covered by the synrift deposit is the one that has been proposed for the collision of the Malvinas
Islands; therefore, a compressive regime is unlikely in this time span.

New data on the Malvinas Plateau

The recent analyses of Site 330 of ODP presented by Chemale et al.[61] show that the basement of the Maurice Ewing
Bank has similar ages to the Gran Malvina (Western) Island basement exposed in Cabo Belgrano (Cape Meredith). These
metamorphic rocks have similar Mesoproterozoic U-Pb ages, between 1,200 and 1,030 Ma, and are intruded by pink
leucogranites (without any deformation) of 1,006 + 13 Ma in the Maurice Ewing Bank[62]. These ages closely correlate to
the metamorphic dated rocks in Cape Meredith, as well as the associated similar pink granites of 1,003 = 16 Ma (Thomas
et al., 2000). These basement ages are similar to the detrital zircon ages[1] in the overlying Paleozoic quartzites in both
islands, indicating a common basement. The occurrence of similar basement rocks with a common deformation history
shows that the current location of the islands with respect to the Maurice Ewing Bank has not changed significantly and
should have been even closer than in present times considering the amount of E-W extension recorded in the Malvinas
Plateau.

Another important point is that the Jurassic fluvial sandstone over the Maurice Ewing Bank intersected at site 330
carries detrital zircons of Permian age. New geochronological work indicates an important peak at 266 Ma (Chemale et
al., in prep.), which is difficult to reconcile with a position just east of South Africa[42,62] (and cites therein). Permian
ages are common at these latitudes in the Darwin Cordillera, with a more prominent peak at c. 270 Ma[65]; this is
well documented for the Patagonian Andes, with a large well-defined 260-300 Ma population likely derived from the
Gondwanide belt formed during the Carboniferous—Permian assembly of Patagonia[66], bracketed by Suarez et al.[67]
between 255-268 Ma, and even closer, in the South Georgia Island, at its previous position adjacent to eastern Tierra del
Fuego Island, with a dominant younger peak at 275 Ma[68,69].

Both sets of data strongly suggest basement continuity between the Malvinas Islands and the Maurice Ewing Bank and
their proximity with the Fuegian and Patagonian Andes.
Concluding Remarks

The previous reviews of Stone[12] and Ramos et al.[1] questioned the reliability of the existing paleomagnetic data, to
support a 120° vertical axis rotation of the entire Malvinas Islands microplate. The fragmentation of the microplate in
different blocks as proposed by Stanca et al.[42], on the other hand, is not supported by the existing paleomagnetic data.
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The timing for the rifting of the southern part of the North Malvinas Basin could be partially constrained by the 188-
190 Ma old dikes exposed in the Malvinas Islands. The correlation, based on the new data presented by Lovecchio et
al.[47], with the adjacent rift of the Malvinas Basin is coherent not only between these two basins, but with the entire
extensional trend of southern and central Patagonia (Fig. 5). It is well established that the timing and the direction of this
extension was controlled by rifting prior to the opening of the Rocas Verdes Basin and the Weddell Sea, which ended with
the first oceanic crust developed at 160-155 Ma[43,70] and references therein).

As discussed by Stanca et al.[42], the rotation of the islands, if it ever occurred, should be prior to the synrift deposits,
since these sequences do not show any deformation. If a time span between Late Triassic and Early to Middle Jurassic is
accepted for the rifting, rotation should be older than Late Triassic, when most of the Cape belt of South Africa was still
under compression.

The several proposed collisions between the Lafonia (or Malvinas) microplate against Patagonia at different times
during the Jurassic must be ruled out, since no deformation is observed in the Late Triassic-Early to Middle Jurassic
sequences of the Malvinas Basin.

The detrital zircons of Permian age found in the sedimentary cover above the basement of the Maurice Ewing Bank
are also indicative of the proximity to the Patagonian or Fuegian Andes, or to the Georgias Islands, in their location prior
to the development of the Northern Scotia arc.

Based on these new observations, in addition to the detailed analyses by Stone[12] and Ramos and others[1], it is
concluded that the Malvinas Islands and the Maurice Ewing Bank, as an integral part of the Malvinas Plateau, have been
attached to Patagonia since Paleozoic times. There is compelling evidence that this land has been part of South America
within Western Gondwana, at least since the Permian.
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