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The precursor of the plate tectonic theory, the continental drift hypothesis (: HIHQH) 1912), was
initially inspired by the astonishing geometrical fit of the shelf edges of the South Atlantic.
Consequentially, the southern South Atlantic was the target of the first reassembly to be done by
sequentially fitting pairs of continents after determining their best fitting poles of rotation (%X@\GHADO
1965). In particular the region between the Falkland-Agulhas Fracture Zone and the Rio Grande
Rise/Walvis Ridge is undisturbed by major jumps of the spreading axis and there are no complex
oceanic features such as volcanic ridges or volcanic plateaus (Figure 1). The opening of the South
Atlantic occurred diachronously from south to north (HJ 5 DEICRZ WV, 1976; 5 DEIQRZIW  / DEUHFTXH,
1979; $XWD 8 AKXSL, 1982; 6 IEXHWAWDO 1984; 8 FKXSL, 1989) and may be described as a
northward-migrating sequence of unzipping of rift zones (HJ 1«WEHJ 0+« @U 1991; - DF-N\VRQHWDQ
2000).

YUXWH 2 YHYIHZ P DS VKRZIQJ WH Z HIMD 6 RX\K $ QI DQG\WH WXG. DUHD EHI HHQWWH ) DOIDQG
$IX®DV) WDPXMUH =RQH DQGWH5 IR* (DQGH5 MH:  DOWV5 IGTH
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The South Atlantic margins are of the rifted volcanic margin type (+1¢), 1981), like the majority of
passive margins worldwide. The Early Cretaceous South Atlantic continental break-up and initial sea-
floor spreading were accompanied by extensive transient volcanism and magmatism recorded as
inferred sill intrusions, flood basalt sequences, voluminous volcanic wedges, and magmatic
underplating. In seismic reflection data the voluminous extrusives show up as huge wedges of
seaward-dipping reflectors (SDRs) on both sides of the southern South Atlantic (* @G- HQ\NR HWDO
1997; +1QJ HDQ 1999; ) UDCNH HWDQ 2007).

In this webpage we summarise the results of a detailed investigation of the Argentine and Uruguay
outer margin segments based on a set of about 25.000 line-kilometres of 2D multichannel seismic
data that were acquired by the Federal Institute for Geosciences and Natural Resources (BGR) over
the past 10 years (Figure 2). The synthesis of these data show that the SDR formations vary
extensively but systematically in architecture, extent and thickness along the strike of the margin. We
conclude that the emplacement of the now deeply buried, 60-120-km-wide SDRs occurred
episodically. The overall northward propagation of the South Atlantic rift took place in huge (400-km
scale), but distinct along-margin segments bounded by transfer zones. Each segment reveals
internally the same trend of northward decreasing volume of emplaced extrusives.

YUXWH 6WG DUHD IQWH Z HWMLD 6 RN $ VIDQUE DQG BFDIRQ R P XGFKDQQHOHWP IF UH BIFURQ @HY

\HB®Z @HV R % 5 FXIVH 596211( AXWH62 % 5 FXIVH DQG% 5 FXIVH
7KH GFDURQR \WH H DP S®I VHVP IF @HV VKRZ QIQ) LIXWH IV IQGEIFDWG DV D \WIEN\ HBBZ VRIS
@H 6 DW@M GHUYHG JUDYIW IIHG 6 DQEZ HD 6P MW IV VKRZ Q IRUKH RIVKRUH DUHD 3 IRSRVHG

WDV HU] RQHV DV IQMSBUHANG Q) LIXUH  DUH IQEFDWG DV CDVKHG JUHHQ @HV 2 FHDQIE IDRXMUH ] RGHV
LQWH GHHS $ U HQIH ¥DMQP D FRUHDW Z W \WH VXJ I VMG WDQU HU] RGHV

O MantlePlumes.org



Franke et al. (2007) http://www.mantleplumes.org/Argentina.html 3

0 DU LQ VHI P HQEMRQ DQG VW®I Rl WH HP SOFHG YREDQEV

Four major transfer zones on the volcanic Argentine/Uruguayan margin, South Atlantic, have been
identified () WDONH HWDQ 2007; Figure 3). It is suggested that the margin can be divided, at least, in four
compartments (Segment | to 1V) bounded by the Falkland Fracture Zone/Falkland transfer, the
Colorado transfer, the Ventana transfer and the Salado transfer. Criteria for mapping and extending
transfer zones across the margin were:

1. major lateral offsets in the distribution of the SDR wedges,

2. asteeper than average slope in the basement, with, in most cases, steep, deeply penetrating
faults offsetting the base of the post-rift sediments,

3. dramatic changes in either the architecture and style of the SDR wedges or indications that
SDRs are weak or absent.

YUXWH 6 WKRMUDCP DS VKRZ 1Q) WH GMMEXWRQ R H WQUYH YREDQEV P DUHMG B\ WIENZ HGIHV R
VHDZ DG GSSIQ) HHBRPRUVHTXHQRHY 6' 5V DEGMRCDOYREDQE P DJ P DU |HDWUHY DQG RFHDQIE
EDVHP HOAGHSUAWIRQY 7 IDQVIHU] RQHV DQG P DU LQ VHI P HQBMRQ 1V [QMSUHMG [URP YDUDIRQY 1Q\KH
P DULQ YREDQR \WRRQE VXMV DV Z HODV SRAMIVWHGEP HOAMUEXWRQ SRMQIDALHTS GDVB DQG HDUHU
NGV
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According to our interpretation the transfer zones probably represent old zones of weakness
controlling the onset of Upper Cretaceous seafloor spreading and may be linked to, and continuations
of, recent oceanic fracture zones (Figure 2).

Our data confirm other studies that found considerable variations in the seismic character of SDRs

() UDAONH HWDQ 2007). Distinct unconformities with low frequency seismic patterns separating the SDR
wedges are concentrated in margin segments Il and Il (Figures 3 & 4). The individual flows are
spatially separated in the south while the main SDR wedge 1 becomes increasingly buried beneath
the main SDR wedge 2 tot he north. In the northern part of segment Il one broad wedge is present
with an arcuate, high-frequency internal pattern. This is again replaced by three spatially separated
SDR wedges where the main wedge is offset sinistrally by 20 to 30 km at the Ventana transfer. In
segment IV we observe again spatially separated individual flows bounded by strong unconformities.
These variations are the expression of an apparently general trend in the breadth and thickness of the
SDRs. The largest volumes of volcanics are systematically emplaced in the southern parts of the
segments, just north of the transfer zones. The breadths and thicknesses of the SDRs decrease to the
north up to the next transfer zone. Another wide and thick wedge occurs at the southern edge of the
next segment to the north.

YUXWH 3WRIBI% 5 IQVHIP HQW, O X@B®I6' 5 ZHGIHV DUH VHSDUIDMG B\ VARQJ
XQFRQURP MHV 7KH\RS Rl WH RFHDQIE FO\WWY Z HOGHIGHG E\ DIOWEZ. IBHTXHQR UHORRUEDQG

KHWH Z DV WH P HO\J HOHDWG'

The production of large volumes of basaltic magma as manifested by the SDR sequences in volcanic
rifted margins is certainly spatially and temporally related to continental breakup. However, the
mechanism responsible for the emplacement of the basaltic flows is controversial (HJ 0 HJ lHY HADQ
2002). Among other factors melts are produced by variations in pressure and temperature. Changes in
these parameters can be achieved by either lithospheric thinning or plumes or, to use a more neutral
expression, thermal anomalies.
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The Parana-Etendeka continental flood basalt provinces in Brazil and Namibia, respectively, were
emplaced mainly between 129 and 133 Ma (HJ 5 HQQHHNDQ 1992; 6 WZ DWHWDO 1996; 3 HDWM,
1997; 0 HQ IlHV HAWDO 2002). Newer studies from the western margin of the Parana province reveal that
melt generation occurred in two major phases; at 145 Ma and 127.5 Ma, LH before and at the end of
the 139-127.5 Ma Parana-Etendeka flood-basalt eruptions (* IEVRQHWDO 2006). These authors
conclude that the Parana-Etendeka large igneous province, presumed to be associated with the
impact of the Tristan plume, was long lived and immediately predated continental break-up.

Although these findings may point towards anomalously high mantle temperature influencing the
evolution of the volcanic margin, the magmatic architecture of the margin and the structures identified
in our data can hardly be explained by a simple plume model originating from the deep mantle.

Why should the rifting start in the south at about 48°S when the plume was centered at about
30°S?

If the South Atlantic opened like a zipper from south to north, how does this fit with the plume
model?

Most striking is the question of the spatial distribution of melts manifested by the SDR
sequences. In the plume hypothesis a continuous decrease (or, at least, a continuous amount)
of volcanism and magmatism with increasing distance from the plume centre is expected.

The seismic data demonstrate that the offshore SDRs, which are more than 10 km thick, are much
thicker than the average flood basalt (only 0.7 km) in the onshore Parané province () UDONHHAWDQ
2007). More important, however, is the observation that the rate of lava production decreases from
south to north within the individual volcanic margin segments Il and 1ll, bounded by the Colorado,
Ventana and Salado transfer zones (Figures 2 & 5). The major part of the volcanic extrusives more or
less terminates to the South at the Colorado transfer. Some 150 km south of this location there is
another SDR wedge located beneath the slope. From these findings we suggest a link between
margin segmentation and volume, architecture and breadth of the volcanics for the western South
Atlantic margin. The four (at least) transfer zones offset the Lower Cretaceous rift and are associated
with changes in distribution and volume of emplaced volcanic material. They mark changes in
structural pattern and margin subsidence.

Thus our findings seem not to be consistent with the current deep mantle plume model. Instead, we
propose that the South Atlantic rift evolved more likely by instantaneous break-up of longer sections of
about 400 kilometres rather than by continuous propagating rifting (Figures 5a & 5b). The transfer
zones may have acted as rift propagation barriers. If so, the rift opened in distinct segments with
episodic emplacement of the huge volume of volcanic material within short time periods in each
segment. The emplacement of the SDR wedges would be mainly controlled in terms of excess melting
by decompression. This in our view explains the observed discontinuities and the systematically
decreasing breadth of the SDR wedges from south to north within the individual margin segments
better than mantle-plume influences.

Lithosphere rupturing the in form of fast-propagating rift zones has been inferred as a mechanism for
transient excess melting by decompression for the diachronous emplacement of the SDRs along the
Argentina margin (+1J HMDQ 1999). The new data suggests that the observed transfer zones are
important features for the emplacement of the SDRs.
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YUXH $ 6N-AFK LGV WH HYROMRQ R \WH VRXWHLD 6 R $ VIDQUE UVDQG SOW UHFRQMKPIRQY

IRU 0D PRALHGIWRP - RRDWHWDO DQG 0 DFGRQDG HADO 71P H VFD®I DFFREQ] \R

* IDGAMOQ HWDO 0 DUIQVHIP HQW EHEHHQWH ) DODQGWDQVHU ) 7 DQG \WH & RBUDGR
WDQUHU &7 1V GRP ICDWIG B\ VWINH VTS P RYHP HQV Z KIFK SUREDE® SUHYHQMWKH J HOHIDIRQR OUH
YROP HVR P HOV1 RW R \WH & RRIDGR WDQVHU &7 D ®QJHUVHRIRQ P DUIQVHIP HQW, RSHQV Z MW
IQUD® D QDURZ 6' 5 ZHGIH $VWKH IXMUHWDQUHU] RHDERXW NP VRWWH QR 9 HQBCD 7 IDOVIHU
97 UMD LV IOMUIXSWG UHVXE LQ KHDWDFFXP XOMRQ LQ WH XSSHUP DQ®! 7 KLY HKDQRHV FRQYHRURQ
1Q WH DWKHQRVSKHUH DQG WH VXEVHTXHQMHP SOFHP HQAWR P XAUBBI6' 5 ZHGIHV 7KH EUHDON R \WH

6' 5 ZHGIHV GHRUHDVHY CRWZ DBV
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YLIXUH % 6 NHWK LGV WH HYROMRQ R \WH VRXWHLD 6 RN $ VIDQUE UVDQG SOW UHFRQMKFIRQY
71P H VFD®I DFFREQ] \R

IRU 0D PRALHGIWRP - RRDWHWDO DQG 0 DFGRQDG HADO
© KHQWH QH WHI P HOARSHCHG P DUIQVHIP HQW,, QR R \WH 9 HQBIQD

* IDOAWMOQ HADO
WDQVHU 97 LQUWDX D QDURZ 6' 5 Z HGIH Z DV HP SOFHG Z W DQ RIVHWQ D MQMIDOMHQMH $ QRKHU
P DRUMDQVHU 67 6DOCRWDQAHU DIDIQDERXW NP \R\KH QRUK LOMUXSW \KH UMD SURFHW
7 KH VDP H KHDWDFFXP XOMRQ DQG HGKDQFHG P DQU® FRQYHRIRQ LY SURSRVHG DV IRUP DUIQVHIP HQW,
UHVXE 1QWWH HP SOFHP HQAR WH P X@8B0I6' 5 Z HGIHV IQ\KLY P DU IQ VHI P HQMS WKLY AR H Z H

VXJIHWIDQ RYHLBUOQAR WH VRXWHLOQ VHI P HOAHVXAQ) 10 WH IRUP DWRQRI YREDQE RXAMUKLI KV DQG
6'5V
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Interruption of the rifting process (transfer zone) will lead to heat accumulation beneath the thinned
and stretched crust in the next segment. This may result in enhanced mantle convection (HJ 0 XWdU
HADQ 1988; 6 DXQEHY HWDO 1997), eventually leading to a mature rifting stage with the emplacement
of huge amounts of extrusives. When the next segment was disrupted far field stresses may have
affected the adjacent segment to the south resulting in the emplacement of the flat lying flows and the
outer high, outer SDR wedges (Figure 5b). The mantle temperature may or may not have been
elevated above that of normal asthenosphere before breakup but local melt generation by adiabatic
decompression in our view explains better the distinct variations in the architecture of the volcanic
margin.

&RQFOMIRQ

The architecture, style and extent of the seaward dipping reflector sequences (SDRs) vary
extensively and systematically. A general trend is that the largest volumes are emplaced close
to the mapped transfer zones and the breadth of the SDR wedges decreases northward within
the individual margin segments.

The different volcano-tectonic architectures of the margin segments and the distribution of the
extruded magmas indicates that the emplacement of the volcanic material was controlled by
the tectonic setting and the pre-rift lithosphere configuration within individual margin
segments. We favour mainly adiabatic decompression and melt generation from shallow
sources as mechanism for the emplacement of large volumes of SDRs during breakup of the
South Atlantic.
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