patlern (o that found i the Pelotas basin (Hine er afl.,
199%: Schumann, 2002; Franke ef af,, 2002, 20073, The
samc patlern can be obscrved in the Abutment Plalcau,
Namibian coast (Gladczenko ef al., 1998).

The stack with lateral shitt of umits “B™ to “F”
observed in the seismic profiles, caused an overlap of
the different voleanic units. This superposition docs not
allow the direct relationship between the voleanie units
and the magnetic responsces (Figs. 5 and 6) as proposed
by Moulin ef al., 20110

lgneous units “G1" and “G2"

The umts G177 and “G27 comprise two types ol
seismic mounds: the deeper mounds (unit “G1™) and
the shallow mounds (unit “G2"). Both units “G1" and
“(i2" exhibit elongated distribution in plan-view with
wounded shape in cross section (Figs. 4, 6, and 7). The
mounded features are present at different crustal levels
and they exhibit ditferent relationships with the main
SDIRs Mows, Three belis of the decper, intracrusial unit
“Gi1™ can be recognized along a dip direction (Fig, 4),
[Orming the belts G1°. G177, and G177, The belts are
progressively vounger and shallower trom west to east.
and they are downlapped by the voleanic Units B to
“F* (or the main SDRs packages). as can be noted in
Figures 6 and 7. In owr interpretation, the deep-
mounded features of umt “G1 are likely to be related
10 the feeder system of the main SDRs Dows, represent-
mg the remnants of aborted spreading centers
(Mohriak, 2001; Mohnak e af., 2008).
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A 2D forward gravily modeling has been per-
formed for the deep seismic line A, in the northern
Pelotas basin (Blaich et afl, 2013). This modeling
required the presence of a high density crust below the
SDRs wedges to fit the observed gravity values. This
may be indicative of a heavily intruded lower crust and
can be interpreted as the region of a feeder system
related 10 the emplacement ol the SDRs weadges (Blaich
atal, 2013).

The unit *G27 (shallow mounded fea.utes cov-
ered by sediments) are interpreted as volcarlc centers
{Fig. 10y, Lquivalent seismic geometries have been
described as “outer highs™ by Planke er af, (2000) and
they have been drilled by the Decp Sca Drilling Project
(DSDP) site 354 in Greenland {Planke and Alvestad,
1999). The published results of this drll sie indicate
hvaloclastic and volcanoclastic flows developed in a
shallow marine environment, and they have been inter-
preted as the voleanic feeder system of the SDRs units
{Planke erf af., 20000),

Violcanic unit "H”

Unit “H™ has been drilled by several wells in the
Pelotas and in Santos basins {i.e. 1-RS5-3RS, 2-BI'S-
6GBP, 2-SCS-2RS and 1-SCS-1RS), as observed In the
well eross seetion of Figure 9 (well location 11 Fig. 2).

The analysis performed in well 1-RS5-3RS indi-
cates that unit “H” comresponds to a gray Lo brown
basaltic suite having amygdaloidal texture. displays a
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tholeiitic low Ti0, affinity, and has an A Ar age of
118.311.9 Ma (Lobo, 2007,

Borcholes 2-BPS-BP and 2-5CS-25C (Figs. 2
and %) have neither geochemical nor radiometric analy-
ses, but cutting descripnions refer to amygdaloidal
trachvandesite, basalt, and trachyandesites having
amygadaloidal textures. Intercalations ot the volcanie
units with calcarenite sedimenis and the presence ol zas
release textures are frequently reported in the mud log
analvsis of those wells. These descriptions are indica-
tive of the extrusive character of this unit, which
probably formed in shallow waters and even in subaer-
idl depositional environments { AND, well file reports).

Well 1-SC8-1-5C, located at the southem portion
of the Santos basin (Fig. 2). drilled gray to brown por-
pPhyritic trachyvandesite and basalts, having reported
ages of 11443 Ma (““KA*YAr) and 113.210.1 Ma (**Ar/
War: ANP well file report and Misusaki, 19907, Wi
assigned this voleanic laver to unit “H”, which probably
overlies the older volcanic wedges D7 to “F” in the
Floriandpolis Platform (Fig. 4). The well log of unit
“H™ reveals numerous intercalations of pairs ot high/
low density and velocities values, probably indicative
of the voleanic flows interacting with unconsolidated
sediments {FFig. Y and Table 1).

This unit 15 an extensive and relatively thin, flat
lying volcanic laver, which postdates and overlays the
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SDRs main packages in decp waler (Figs. 6. 7, 9, and
10). Unit “H™ shows parallel to sub-parallel relleetion
conliguration, sheel drape cxlemal [orm, and a low
structural relief. Unit “II” represents the final episode
of the postrift volcanic flows.

\Vofcanic unit |

Unit *“T" represents the latest magmatic cpisode of
the Pelotas basin and consists of several voleanic con-
structions o build-ups that are only present on the
oceanic crust (Figs. 11A to ) seismic lines locations in
Fig. 2. Unit “I" increases in magnitude from south 1o
north, in the dircetion of the S3o0 Paule Platcau in the
Santos basin (Fig. 1), They can vary from isolated vol-
canic cones up 1o large voleanic structures (Figs. 1TA Lo
). Until now, none of these constructions lave been
drilled m the Pelotas basin, consequently, no radiomet-
ric ages from these postrifi events are available;
however, geological correlation with oceani¢ volcanic
islands in ncighboring basing and known magmatic
cycles onshore allowed several authors to estimalce ages
for these cyeles, which probably range from Late Creta-
ceons to Early Paleopene (Asmus, 1984, Ceincelli and
Mohriak, 1998: Mohriak e af, 2002 and references
therein).
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The South Atlantic Conjugated Margins of Pelotas Basin and Walvis—Liideritz Basins in

West Africa

The physical coniimuily ol the voleano-strabigra-
phy described in the Pelotas basin has been investigated
i the Namibia conjugale margin in West Alrica using
two regional selected seismic profiles, key well correla-
tioms, and a palinspastic reconstruction map at 125 Ma
using OPLATES software (Scton ef al., 2012). The
location of the exploratory wells and the seismic lines
recomstrucied  at prebreakup times 18 indicaled m
['igure 12, The regional seismic profiles, named as the
“northemn profile (northern Pelotas and Walvis basing),
and the central profile (central T*elotas and Liideritz
basins). exhibit a guite conspicuous voleanic symmetry
in both marging by displaving similar packages of
SPRs (Figs. 13 and 14),

The nerthemn profile across the northern Pelotas
angd Walvis busins (Figure 13A) shows a voluminous
development of SDRs. At least five sequences of SDRs
can be recognized and temtatvely correlated in both
margins before the development of the occanic crust,
The correlation has been tested in the conjugate mar-
vins by cxploratory borcholes that have drilled volcanic
tocks younger than the Serra Geral-FEtendeka flood
basalts. When reconstructed o their predrifl position.
wells 2-BP5-6-BP (Brazilian margin) and [911/15-]
(Namibian margin) indicate that they sampled two
equivalent voleanic units (Fig. 13B) below the Albian
carbonates. The well 2-BPS-6-BP penctrated  distinet
volcanic units (units “H” to “C7). The radiometric age
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oblamed lor voleame umt “C7 (wedges ol tholcutie/
high 1105 SDRs basalts) is not reliable, but these SDR
unils arce stratigraphically positionced above the lower
unit “A" (ca. 124/125 Ma) and below the apper unit
“H™ {ca. 1137118 Ma).

The borchole 1911/15-1, in the Walvis Basin,
drilled two volcanic units named as Groups W1 and
W2-1 (Holtar and Forsberg, 2000%. The lower group
W1 comprises 563 m of a series of basaltic ‘ava (lows
that display a typical SDR configuration and are scpa-
rated by tuffaceous lavers and occasionally very thin
beds of siliciclastic strata (Figs. 12, 13A and 13B).
Petrographically, the lavas display textural variations
Irom massive, glassy, and nom-amygdaloida ]‘d.}’CI'“' O
reddened and amygdaloidal textures, suggesiing cycles
of subaerial lavas flows fercalated with sediments.
Chroneclogically this unit has been assigned an age not
vounger than Barremian (ca. 130-125 Ma) by Lloltar
and Forsberg, 2000, We sugeest that the volcanic layer
W1 correlates with the volcanic unit “( in ta¢ Pclotas
basin {Figs. 9 and 13).

The upper group W2-1 consists of 76 m of
muddy limestones, marls, and glanconitic claystones at
the base, and two major flows of basalts &t the top.
Structurally this unit displays sub-horizontal seisniic
reflections (Fig. 13A). Unlortunately, there are 10 pub-
lished radiometric ages tor the voleanic units ot wcll
1911/15-1, but the fossils in the carbonates rocks of
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W2-2 eroup above the W2-1 basalls indicale an age
[tom late Aptian to middle Altman (Holtar and Fors-
berg, 2000). This suggcsis that the W2-1 basalls arc
possibly correlated with the vounger basalts in the
northern Pelotas explorary well (volecamie umt “H™).

The central profile across the Central Pelotas and
[Gderitz basins (Fig, 1445 displavs a lesser degree of
magmatic activilty during the Gondwana breakup com-
parcd to the northern profile, and as a conscquence,
only two sequences of SDRs (volcanic units *B3" and
“C*) have been identified in the Pelotas profile before
the formation of the oceanic crust. The diminishing of
the magmatic volume from the northern to the central
scgments ol the rifl basm, m both the Brazlian and
Namibian margins, has also been reported by Stica er af
(2013), Koopman ef al (2014), and Holtar and Forsberg
(2001, The well 1-RSS-3RS, located in the shallow
water portion of the Pelotas basin (Fig. 14B), has
drilled two volcanic units below a stratisraphic succes-
ston interpreted as a Late Aptian rift deposits. The
upper unit, assigned w the volcanic unit “H,”™ consists
of approximately 180 m of a tholeiitie/ low Ti0, hasalt,
and the lower unil, here assigned as unil “A” (Fig. 9),
congists of 320 m of alkalinc/high Ti(); basalt, dated as
118.3=1.9 Maand 125 £ (.8 Ma respectively (Table 1,
Laba, 2007).

The well 2313/8-1 in the Liideritz basin has
drilled basalts assumed to be older than 120 Ma by its
stratgraphic position below Lower Alblan sedunents
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{Green ef al., 2009). Structurally thesc voleanic rocks
are located at the top of a wedge ot it dep-n:r,ils, proba-
bly of Barrcmian age (Green ef al,  2009).
Unfortunately the scarcity of published irformation
ahout this well does not allow the precise corelation ot
this basaltic unit with the volcanic units “H™ or “A”
trom the central Pelotas hasin. Howoewver, the presence
ol syarill deposits below these voleanic rocks suggest a
younger voleanic episode (Farly Albian/Late Aptian),
at the transition from W3 to W2 stratigraph:¢ units of
Huoltar and Forsberg (2000), thus indicating 4 probable
caorrelation with the flat layers interpreted as volcanic
unit “H* in the Brazilian margin borehole, It 1s 1mport-
anl w0 note that the “H” voleanic layer in the Pelotas
hasin well 1-RS5-3-RS is located below a rift umt inter-
preted as Late Aplian, whereas the equivalent layer in
the well 2513/8-1 offshore Namibia is placed above the
Barremian-Aptian nifl sequence.

A contrasting difference observed in this cross
section in the central Pelotas=Liideritz hasins 18 the
remarkable asvmmetry of the postrifi sedimenlary suc-
cessions. The Tertiary seetion of the Pelotas basin is
approximaltely three times thicker than the Terdary sce-
tion of the Lideritz hasin (Fiz. 14A). This large
difference seems to be controlled by the depesits of the
Rio Grande Cone in the Brazilian Margin, which is
characterized by an extremely thick depocener of Ter-
tiary sediments in the central to southern segnicnt ot the
Pclotas basin (Fig. 20.
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Summary and Conclusions

The conjugate margins of the Pelotas basin, in
southern Brazil, and the Namibia hasin {(Walvis and
Llderitz basinsg), in southern West Africa, can be classi-
Ged as volcanic ritted margins in which magmatic
aclivily displays a temporal and geographical cvolution
from continental breakup to oceanic crust formation
(Garland er af., 1996; Gladezenko er af, 1998). The
magmatic c¢vele that starts prior and along with the
Gondwana breakup displays two major magmatic sub-
cycles: the prerill Parand-Etendeka continental Nood
basalts and the syn-‘postrift volcanic succcssions of
Pelatas, Walvis, and Liideritz basins, which are charae-
lenzed by thick wedges of SDRs (Courtillot er al,
1994 Gladezenko ef al., 1997).

The age of the Parana-Etendeka province ranges
trom Valanginian 1o Barremian, with a peack ol mag-
matic activity during the Hauterivian, In both the
Parana and Elendeka provinees, the magrmatic activity
sc¢ems to start and finish with alkaline rocks, but the
main  volcanic activity consists of tholentic  basalt
flows, The lava flows of the Parand continental flood
basalts reach their maximum thickness in the central
part of the Parand basin and pinch-oul wwards the con-
tincntal margin of the Santos and Pelotas basins, where
Precambrian rocks crop out near the coastline.

There are several magma types in the Parand con-
tinental flood basalts and they have heen grouped into
high and low Ti0, suites, which are related to melting
of different mantle masses. In a general sense., the high
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TiC+ suites are more abundant in the northwest and the
low Ti0)y are more important in the southeast of the
province (Garland et of.. 1996; Peate, 1997).

During Barremian to Aptian times, the Pclolas
basin developed relatively narmow rill troughs during
the main extensional phase, This is expressed by small
rift blocks controlled by antithetic faults affecting pre-
rift sediments (Paleozoic sediments from tae Parana
Basin) and Serra Geral basalts, and subsegicatly the
magmatism shifled the main locus [rom inland 10
occanward. The first magmatic phase of the Pelotas
voleanism started with the voleanie unit “A,” In a syn-
rift tectonic domain, at the Barremian/ Aptian boundary.
Compositionally this volcanism initiated with alkaline/
high Ti(), basalts. Subsequently, the voleanism evolved
into a scrics ol SDR wedges (units “B” © “F) of
tholeiitic/high Ti0, hasalts during the Aptian, The SDR
wedpes  display an occanward evolution, hecoming
younger basinward and developing unconformities
between the different wedges, thus reflecting  the
changes in the structural confipuration of the basin
during the late rift/early postrift transition. Addition-
ally, deep and shallow mounded features (kal can be
identified in the seismic records (units “(317 and “(i27)
may represenl magma conduits (magma feeder sys-
tems) in the crust, The highly intruded and rather dense
lower crust is supported by 2D forward gravity
modeling.
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Reponally, the SDR wedges (Lnits “B™ o “F7),
dcerease in number of wedges and in the volumes of
mapmas involved [fom north o south. This behavior
has also been observed in the conjugate West African
mMarein. The north to south SDRs evolution, observed
the vicinity of the Rio Grande/Walvis chain, behaves in
an gpposite way to the SDR wedoes that occur in the
Southern South Allantic margin along the Arzentinean
coast (Hinz af af.. 1999: Schumann, 2002; Franke f a/f.
2002, 2007). The magmatic activity in the transitional
crust of the Pelotas basin fimshes with the flat voleanie
layers of unit **H,” in a postrift stage around late Aptian
times, Compositionally this unit “H™ is made of
tholeditie low TiO, basalts.

The Pelotas volcanic province exhibits a geo-
chemical evolution from alkaling to tholeiitic afMnitcs
angd from high to low Ti, basalts. Experimentally, the
partial melting of less than 25% of an enniched [herzo-
lite mantle source at adiabatic decompression can
c¢xplain the evolution from alkali basalt to olivine
tholeiitic basalt, tholeiitic basalt, and quartz tholeiitic
basalt {Jagues and Green, 1980), Alkaline rock implics
lower degree of partial melling and very high pressure
regimes (Wilson, 1989, Later, during the evolution of
the rifting, the increment of the lithospheric thinning
and the higher degree of partial melts might explain the
shift of this voleanism into tholeiitic atfinities {Wilson,
1989). The high TiO; suites are interpreted to be related
10 a high pressure (or depth) ol magma gencralion, a
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lower adiabatic decompression with a lesser degree of
partial melts. and minor lithospheric thinning of a gar-
ncl-rich lithospheric mantle source (Lobo, 2007). The
low TiO- suite, on the contrary, reflects; a lower pres-
sure  regime, 4 higher  amount  of  adiabatic
decompression associated with a greater degrec ot par-
tial melts. and a major lithospheric thinning of a garnct-
[ree lithospherie mantle source {Lobo, 2007) The evo-
lution ot the voleanism the Pelotas voleanic provinee is
in agreement with the increase of the lithospcric thin-
ning durimyge the nfting process.

In both magmatic provinces across the southern
South Atlantic (Parania-Etendeka and DPelotis/Walvis-
Lideritz) there is a clear impact of the Tristdo da Cunha
mlume, but according to the numerous published geo-
chemical studies, the eMect of the plume appears Lo be,
in general, more thermal than compaositional, with the
exception of volumetrically minor lavas in both mar-
oins, The effect of the plume is also reflected in the
high velocity/density lower crust (underplatc) extend-
ing below the rifl zone and the of the Parand »asin. The
underplate effect has been recorded and modeled in
several gravily, magneto-lelluric, and refraction studics
in both conjugate margins (Gladezenko et al., 1997,
1998 Molina ef al, 1988), and is expressed i1 the deep
seismic profiles available in the southeastern Brazilian
and southwestern African continental margins (Bauer ef

al., 2000,
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