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Late Quaternary lateral sedimentation in the Sao Tomé

Seamount area of the western South Atlantic
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This work is focused on a problem of distinguishing between contourites and turbidites
in the southwestern Brazil Basin, which is crucial for better understanding of the Late
Quaternary history of interplay between along slope and down slope sedimentation
processes in the western South Atlantic. The study embraces an area between the
Almirante Saldanha and Sao Tomé Seamounts, which is not linked to any known
depositional system. This area was not previously studied in frame of the contourite
paradigm. Very high-resolution seismic records and lithological data acquired during
three cruises of the RV Akademik Ioffe (2011-2013) revealed domination of lateral
sedimentation in the area of the Sao Tomé Seamount. Interplay between along
slope and gravity driven sedimentation processes interacting with the ocean floor
topography resulted in the formation of complicated sediment structures and a wide
range of seismic facies. Along slope sedimentation processes are controlled by the
Antarctic bottom water current, which reworked coarse-grained material derived from
the continental slope through turbidity flows. The study area is divided into two
zones, which are characterized by domination of either gravity flows or bottom current
related sedimentation processes. The Sao Tomé Seamount marks a boundary between
these zones. The obtained results improved knowledges about the formation history
of the Upper Quaternary sediment cover on the continental rise of the southwestern
Brazil Basin and about interplay between gravity-driven and bottom current related
sedimentation processes during the last glacial-interglacial cycle. ~ KEYWORDS:
Contourites; turbidites; continental rise; bottom current; AABW:; seismic profiling; seismic
facies.
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1. Introduction

Interplay between downslope and along slope
sedimentation processes played a crucial role in sed-
iment cover formation along the South American
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oceanic margin during the Quaternary. First, this

sediment cover concerns an interaction between
turbidity flows and geostrophic (contour) currents,
as their simultaneous action or alternation through
time in response to global climate changes, sea-level
variations and tectonic movements remains ques-
tionable. This is mainly due to a lack of unambigu-
ous criteria for distinguishing between contourites
and fine-grained distal turbidites. The southern
part of the Brazil Basin is characterized by a num-
ber of mixed contourite-turbidite systems, which
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represents a perfect area for investigation of both
types of lateral sedimentation processes. How-
ever, the sediment sections and paleoceanographic
records on the continental rise and in the contigu-
ous abyssal part of the basin remain poorly stud-
ied. Previous studies which were also focused on
the lateral sedimentation during the Quaternary

embraced two depositional systems east and west
of the study area [Faugéres et al., Gonthier et
al., Lima et al., . These papers demon-
strated the complexity and variety of interactions
between gravity driven and bottom current related
processes. The low carbonate content in sedi-
ments, frequent hiatuses and sediment reworking
allowed neither establishing of reliable stratigraphy
for cores nor the detailed investigation of lateral
sedimentation in relation to global climate changes
during the Late Quaternary. The available maps of
echo facies distribution in the south-western Brazil
Basin have insufficient resolution for detailed study
of sedimentation processes in the area of the Sao
Tomé seamount [e.g. Damuth and Hayes, , o)
one of the main focuses of this paper is the detailed
investigation of echo character types on the base of
very high resolution seismic records. The main aim
of this work is to cover (partly) the gap between the
Columbia Channel depositional system and the Sao
Tomé deep-sea channel levee system and to study
the interplay between gravity driven and bottom
current related processes, which occurred in this
area during the last glacial-interglacial cycle.

1.1. Seafloor Topography and Geological
Setting

In the southwestern Brazil Basin, the continen-
tal rise is confined by the Rio Grande Rise in the
south and the Vitoria-Trindade Seamounts in the
north. The escarpment of the Sao Paulo Plateau
in the west is characterized by a smooth surface,
which gently slopes eastward. In addition to the
W-E extending Vitoria-Trindade chain, there are
two, conically shaped seamounts: the Almirante
Saldanha and Sao Tomé (Figure 1A, [Figure 1B).
The Sao Tomé Seamount is approximately 37 km
x 42 km with a relative height of 2800 m (mini-
mum water depth of 1350 m). The height of the
Almirante Saldanha Seamount exceeds 3600 m and
its dimensions are approximately 47 x 58 km.
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The large Sao Paulo Plateau is located on the
continental slope at a depth range of 2000-3200 m.
The eastern boundary of the plateau is marked by
a 200-m-high escarpment with a N-S trend. The
plateau is affected by numerous halokinetic struc-
tures related to the Aptian salt deposits. The ac-
tive diapiric structures control the courses of the
manifold channels that form a complex network on
the plateau [Viana et al., 2003]. Some of these
channels cross the escarpment extend to the rise,
which converge and form several major channels
[Gonthier et al., . The most prominent chan-
nel in the area is the Columbia (Trindade) channel,
which has a depth of 200400 m and width of up
to 20 km. This channel runs in the WNW-ESE di-
rection at a depth range of 4200-5000 m [Faugéres
et al., Lima et al., . The Rio de Janeiro
channel has much smaller dimensions. This chan-
nel is oriented in the W—-E direction and linked to
the Rio de Janeiro fracture zone [Bassetto et al.,
Gonthier et al., . The largest tributaries
are the Magae channel running along the foot of
the Almirante Saldanha Seamount and the Carioca
channel, which is located southward (Figure 1A).

In this paper, the area between the Almi-
rante Saldanha and Sao Tomé Seamounts, and the
Vitoria-Trindade Seamounts and Magae channel
are studied ) According to the seismic
data, the thickness of sediments deposited since
the late Cretaceous on the continental rise of the
southwestern Brazil Basin is 1-1.8 s TWT (two
way time). The upper Pliocene-Quaternary seis-
mic unit has a thickness of less than 0.1 s TWT
[Barker et al., [1983} Lima et al., Viana et
al., [2003]. The Quaternary section recovered at
DSDP site 515 located north of the northern Vema
channel outlet qi) is approximately 40-
m-thick [Barker et al., [1983]. It is composed of
grayish brown terrigenous mud and clay with occa-
sional nannofossil-rich layers and some foraminifer-
rich layers [Barker et al., [1983].

East of the Sdo Tomé Seamount (core V14-13,
21°57" S, 36°15" W, water depth 4259 m, core
length 6.56 m, 1957) sediments are presented by
clay with thin laminas and wavy lenses of fine
grained sand in the upper 1.88 m and yellow-
ish brown to gray sand below (Lamont-Doherty
Core Repository (LDCR)). South of the study
area (core V24-254, 22°58' S, 36°43' W, water
depth 4029 m, core length 5.73 m, 1967; core
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GeoB 2117-1, 23°02.3" S, 36°39,1’ W, water depth
4045 m, core length 4.66 m, 1993) sediments consist
of foraminiferal clay with sandy interbeds. Most of
the sandy layers occur with homogenous structure,
whereas sandy foraminiferal ooze layers are char-
acterized by intense crossbedding (core V24-254)
[Bleil et al., [1993], LDCR.

2. Regional Oceanography

Bottom circulation in the deepwater part of the
southwestern Brazil Basin is generally controlled by
the Antarctic bottom water (AABW). The term
AABW in this paper comprises the Weddell Sea
deep water and lower part of the circumpolar water
described by Reid et al. .

The AABW propagates from the Argentine Basin
to the Brazil Basin mainly through the Vema chan-
nel and Hunter channel located east of the Rio
Grande Rise ) Northward flowing bot-
tom currents of Antarctic water move to the east
along the Vitoria-Trindade chain and pass through
the deep passages between the Dogaressa Bank,
Columbia Seamount and Trindade Island [Frey et
al., Morozov et al., . Modern AABW
current velocities do not exceed 10 c¢cm/s in the
open basin, while in the channels and transform
fault valleys, the current velocities exceed 20 cm/s
le.g. Morozov et al.,[2018].

The AABW is overlaid by highly saline, oxygen-
rich and nutrient poor North Atlantic deep wa-
ter (NADW), which flows south at a velocity of
less than 5 cm/s [Reid, [1996]. A boundary
between the AABW and NADW in the southern
Brazil Basin corresponds to a depth of approxi-
mately 3600-3800 m and correlates with a neutral
density isosurface of v = 28.16 g/cm? [Morozov et

al.. 2OT0).

1.3. Paleoceanographic Setting

The modern regime of oceanic sedimentation in
this part of the western South Atlantic started
during the Aptian/Albian (113 Ma, Chang et al.
[1992]. The Late Cretaceous-Eocene sedimenta-
tion was likely dominated by hemipelagic settling
and turbidity currents. The opening of the Drake
and Tasman oceanic seaways in the Southern Hemi-
sphere during the Eocene—Oligocene [e.g., Allen
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and Armstrong, caused dramatic changes
in the ocean circulation. Since that time, de-
position has been controlled by the interplay be-
tween geostrophic contour currents (along slope
processes), gravity flows and mass-wasting pro-
cesses from the continental slope and seamounts
(downslope gravity driven processes). Global cli-
mate changes and tectonic movements resulted in
a dramatic increase in NADW and AABW pro-
duction, which caused episodes of drastic erosion
and formation of several major regional unconfor-
mities. These unconformities represent time lines
of the period from the Eocene-Oligocene to the
late Pliocene [Gamboa et al., [1983} Faugéres et al.,

2002 Lima et al.,[2009 Viana et al.,[2003]. Lateral

sedimentation processes are responsible for the for-
mation of several depositional systems ):
the Sdo Tomé turbidite system at the foot of the
Sao Paulo Plateau escarpment [Gonthier et al.,
Viana et al., , Columbia channel mixed
contourite-turbidite system (e.g., Lima et al.,
Murdmaa et al., , Sao Tomé Seamount mixed
system [Borisov et al., 2013], Vema contourite fan
[Mézerais et al., (1993} Massé et al.,[1994] and Ioffe
contourite drift [[vanova et al.,[2016]. In this area,
most of the channels transported sands during the
Late Quaternary and remained active until recently

[Machado et al., 1998 Viana et al., [1998].

2. Materials and Methods

This study is based on seismic, lithological and

micropaleontological data acquired during cruises
33, 35, 37 and 43 of the RV Akademik Ioﬂe (2010—
2013) [Levchenko and Murdmaa, 013
Levchenko et al. m; Skolotnev et al
well as publicly available bathymetric data

2.1. Bathymetry

The physiographic map of the Brazil oceanic
margin (scale 1 : 1,883,927) is used as the geo-
morphological background for the study area. This
map was prepared by the Navy Center of Hydrog-
raphy of the Brazil Directorate of Hydrography and
Navigation, and the map comprises LEPLAC data
(Brazilian Continental Shelf Survey Plan), nauti-
cal charts, ETOPO global relief model and General
Bathymetric Chart of the Oceans—GEBCO.
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Figure 2. Seismic facies types distinguished in seismic sections (based on classification
by Damuth and Hayes [1977]).

2.2. Seismic Profiling

High-resolution seismic lines running in the SW-
NE direction east and west of the Sao Tomé
Seamount were collected using the SES 2000 deep
(Innomar Technologie GmbH, Germany) paramet-
ric sub-bottom echo-sounder (central frequency 4—
5 kHz). Several short intersecting profiles were
collected at the foot of the northwestern slope of
the Sao Tomé Seamount. The acoustic penetration
into the sediments reached 20-30 m with a vertical
resolution of approximately 40 cm. Processing of
the SES 2000 deep data was conducted using In-
teractive Sediment Layer Editor (ISE) software. A
sound velocity of 1500 m/s was assumed for both
the water column and sediments.

The profiles underwent seismic facies analysis,
with the aim to determine the geometries of stud-
ied depositional features and their internal acoustic

structures. A number of classifications of acoustic
facies (also referred to as echofacies, echo charac-
ter types, echos, and seismic facies in some cases)
was developed during the last 45 years [Damuth,
Damuth and Hayes, Loncke et

al., 2009 Maestro et al.,[2018; Pratson and Laine,
1989]. In this study, the echo character types

are classified according to Damuth [1975] [1980],
Damuth and Hayes [1977] and Loncke et al. [2009],

mostly because these works are based on the data
collected on the South American margin.

Since the acoustic images of the same deposits
recorded using the SES 2000 deep profiler and echo-
sounders in the 1960-70s differ due to their techni-
cal characteristics, the classification of seismic fa-
cies given by by Damuth 1980], Damuth and
Hayes and Loncke et al. [2009] has been
adapted for seismic facies distinguished in the SES

2000 deep records (Figure 2). This adaptation is
based on a correlation between the SES 2000 deep
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Table 1. Core Location
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Core number Latitude Longitude Water depth, m Core length, m
Al-2445 21°38.3’ S 36°40.1'W 4108 2.2
AlI-2561 22°18.8" S 36°35.8' W 4053 1.94
Al-2562 22°37.8" S 36°47.5" W 3950 3
AI-3150 21°40.237" S 36°41.178' W 4090 2.61

seismic data collected during cruises 32, 33, 35, 37,
and 40 of the RV Akademsik Ioffe (2010-2013) in the
Western Atlantic [Levchenko and Murdmaa,
Levchenko et al. and the seismic facies
distribution map of the east Brazilian oceanic mar-
gin, which was published by Damuth and Hayes
. In the seismic records collected using the
SES 2000 deep profiler, distinguishing facies type
ITA from IIB is difficult, and thus, these types were
combined into type IIAB (Figure 2C-Figure 2[E),
which is described further in detail.

2.3. Lithology

Four gravity cores with recoveries from 1.94 to
3 m were retrieved to the northwest and southeast
of the STS at water depths from 3950 to 4108 m
(Figure 1JA, [Figure 1B). The coordinates, water
depths, and core lengths of each core are provided
in All collected cores were subjected to vi-
sual macroscopic and smear-slide descriptions. Af-
ter opening, the hue and chroma attributes of the
sediment color were determined using the Munsell
Geological Rock Color Chart [Munsell Color Com-
pany, [1995].

Geochemical and grain-size analyses were carried
out in the Atlantic Branch of the Shirshov Insti-
tute of Oceanology RAS. Calcium carbonate con-
tent (CaCOgz) were measured using the AN-7529
express coulometric carbon analyzer (Gomel Plant
of Measuring Equipment, Republic of Belarus) on
94 dried sediment samples taken from all cores.
Sampling intervals in homogenous layers were 15—
30 cm and 2-3 cm in sand/silt rich or laminated
layers.

Grain-size distribution analyses were performed
with the SALD 2300 laser diffraction particle size
analyzer (Shimadzu, Japan) on 119 bulk sediment
samples taken from cores AI-2561, AI-2562, and

AI-3150. This type of analysis was conducted ev-
ery 10-30 cm in homogenous and bioturbated lay-
ers and every 1-2 cm in suggested gravitite or con-
tourite cycles. The grain-size distribution of the
terrigenous fraction was studied in samples from
the same intervals after removal of CaCOgs by an
HCI1 N1 solution. Samples for the analyses were
dispersed by ultrasonation in sodium tripolyphos-
phate solution.

Volume magnetic susceptibility was measured on
split cores (AI-2561, AI-2562, and AI-3150) using
the Bartington MS3 meter and Bartington MS2E
surface sensor. Measurements were performed at
0.5 c¢m intervals. Core AI-2445 was not subjected
to magnetic susceptibility measurements due to a
lack of an archive half of the core.

2.4. Micropaleontology

The pilot study of foraminiferal assemblages, in-
dex species and fragmentation (the ratio of frag-
ments to the sum of fragments and whole tests)
was performed under the MBI6 binocular at grain-
size fractions of > 0.1 mm. The sampling interval
ranged from 5 to 45 cm depending on the sediment
lithology and CaCOQOj3 content.

3. Results

3.1. Seismic Profiling

The seismic facies analysis revealed two
widespread types of seismic facies in the study
area: IB and ITAB. Type IB facies are characterized
by continuous, sharp, parallel moderate-amplitude
reflectors persisting for tens of kilometers and an
acoustic penetration of approximately 15-30 m
(Figure 2A, [Figure 2B). These facies are traced
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Figure 3. Seismic facies distribution along the SES 2000 deep seismic lines with locations

of sediment cores (black arrows). Location

south of the Sao Tomé Seamount and at the foot of
its western slope. Seismic facies of type ITAB show
intermittent parallel moderate to high-amplitude
reflectors with zones characterized by the absence
of sub-bottom reflectors. Acoustic penetration
varies from 5 to 15 m (Figure 2C-Figure 2[E).
These facies are widespread north of the Sao
Tomé Seamount and are found in the Magae

channel valley (Figure 3). The widths of the

of seismic lines is shown in [Figure 1]B.

Magae channel in the upper part reaches 18 km
and its relative depths is approximately 40-45 m.
The other channels crossed by seismic lines are
smaller and did not exceed 7 km in width and
40 m in depth. Large, irregular, overlapping
and single hyperbolae with widely varying vertex
elevations above the sea floor correspond to type
ITTA facies (Figure 2JF'), which are related to the
Sao Tomé Seamount and Vitoria-Trindade chain.

7 of 17



ES6014

BORISOV ET AL.: LATE QUATERNARY LATERAL SEDIMENTATION

ES6014

lim | AI-2562

Depth, m

Figure 4. Fragments of seismic profile AI-35 (with interpretation). Red solid line
indicate seismic reflector corresponding to coarse grained layer recovered in the lower
parts of the sediment cores. Location of seismic lines and core is shown is [Figure 1B.
Core lithology is presented in

Type IIIB is characterized by regular, single or
slightly overlapping hyperbolae with conformable
reflectors (acoustic penetration of 20-25 m). These
facies are generally traced in areas adjacent to
channels. The height of the hyperbolae varies from
5 to 15 m and the wavelength is approximately
0.2-1 km (Figure 2G-Figure 2[). Most of these
wave-like features demonstrate migration toward
the nearest channel. Overlapping hyperbolae with
varying vertex elevations above the sea floor and
no sub-bottom reflectors related to type IIIC were
found in the Magae channel valley or alternating
with the IIIB facies (Figure 2, [Figure 2[K).
Seismic facies IIIE represent zones of regular,
intense, overlapping hyperbolae with vertices
tangent to the sea floor, which are interrupted by
zones of distinct echoes with parallel sub-bottom
reflectors (Figure 2L). These facies are related to
the northern slope of the Macae channel. South
of this channel and northwest of the Sao Tomé
Seamount, the seismic lines crossed broad, single,
irregular hyperbolae with disconformable reflectors
and acoustic penetrations of 10-20 m (type IIIF
facies) (Figure 2M, [Figure 2N).

Sediment cores AI-2561 and AI-2562 were col-
lected in the distribution area of seismic facies type
IB (Figure 3(C). Acoustic penetration in this area

is 25 m. The uppermost sub- bottom reflector was
identified at depths of approximately 2-3 m below
sea floor (BSF) ([Figure 4)). Cores were retrieved
from sites AI-2445 and AI-3150 in the distribution
area of seismic facies type IIIF (Figure 3A, [Fig-|
ure 3B). The cores were retrieved from mounded
sediment bodies with relative heights of 15-25 m
separated by small channels. Depositional bodies
with evidence of migration toward the channels are
related to their northern gentle flanks, while bod-
ies with evidence of erosion are adjacent to steep
southern flanks. Acoustic penetration in this area
varies from 5 to 20 m. The two uppermost seismic
reflectors were identified at water depths of 1 and

2 m BSF, respectively (Figure 5)).

3.2. Lithology

From core AI-2562, intercalations of bioturbated,
foraminifera-bearing, clayey silt layers and nearly
pure terrigenous silt and clayey silt layers with
sandy silt/silty sand interbeds of several millime-
ters thickness were recovered ([Figure 6} [Figure 7|A,
Figure 7[). The carbonate content varies from 1.6
to 33%. In the lower part of the core, there is 5-
cm-thick layer of well-sorted sand, which is gener-
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Al-3150

4090

Depth, m

Depth, m

drift i
migration

Figure 5. Fragments of seismic profile AI-37 (with interpretation).
indicates seismic reflector corresponding to coarse grained layer recovered in the lower
parts of the sediment cores. Green solid line marks seismic reflector corresponding to the
layer of foraminiferal sand in cores AI-3150 and AI-2445. Seismic evidence of erosion is
presented in the upper right insert. Suggested direction of bottom currents near the Sao
Tomé Seamount is shown in the lower right insert. Location of seismic lines is shown is

[Figure IB. Core lithology is presented in

ally composed of quartz and feldspar (Figure 7[F).

Numerous burrows of benthic fauna are scattered
throughout the interval, and upper and lower con-
tacts of the layer are distinct but disturbed by bio-
turbation. The coarse-grained layer overlies a silt-
sand-enriched layer with lenses of well-sorted sand.
A grain-size analysis showed reverse grading in the
layer with sand lenses and normal grading with uni-
modal distribution in the sand layer. The grain size

BORISOV ET AL.: LATE QUATERNARY LATERAL SEDIMENTATION
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erosion

1AI-2445

drift
migration ¥%

Red solid line

distribution in the layer with sand lenses demon-
strate bimodal distribution with peaks related to
sand and clay.

Core AI-2561 is represented by intercalation of
yellowish-brown silt and clayey silt with an admix-
ture of nannofossils, foraminifera and their frag-
ments. Carbonate content is generally low, rang-
ing from 3 to 30%. Thin lenses of sandy silt with a
thickness of approximately 5-8 mm were revealed

9 of 17



ES6014

LATE QUATERNARY LATERAL SEDIMENTATION

BORISOV ET AL.:

ES6014

sreatojul Surfduwres 93edIPUL SOOI dFURI()

1 9INSI| Ul UMOUS SI S9I00 JO UOIIRIOT “RIgJIUIIRIOf d1sue[d — JJ "APNIS [RIDJIUIWIRIO) IO]
"SOI0D JUOWIIPOS U9oM)O(| UOTIR[OLIOD JIRWL SOUI[ PI[OS Yoe[g

"S9I0D WO POISAOII SHULWIPSS Jo oFe pue AN(iqrydeosns oreudent ‘(€OHr)) JO [RAOUWIDI I9)Je UOIJORI]
SNOUSSLLIO} PUR JUSWIIPAS YN I0J) 9ZIS UIRIS URSW ‘JUDIU0D 9)RUOGIRD WNI[RD ‘AS0[0YII] ‘9 aIn31g

pues weuoy [°.°.°. .|
Wis kokep ==
premdn Buiuy Bulieaq-we.oy H 0iina)
o s Aekep = wrl ‘azis ule1D
uofieqiniolq Buleag-ouuBU-WERIO} H R ven
Buons Kepo Ayis 8 3 -
uoneqg.njolq F Buleag-welo} H
g gjelspowl Aepo Buneag-weloy H W g
(na) uoljeqiniolq yeam IW N
wrl ‘a2 utelo pues E -
Lo e uoneuiwe| Anem | s H
8 8 =z . Kepo Ayis-Apues .
i L > Ve uojjeuliwel W 11s keke|o jRejo-Ayis m N
» > ———. »
° > b—— = snouabowoy Kep H g
. it sainjonig uojysodwo) >
é
> (Ina) >
wr ‘azIg eI
uesp\
s ] > g =z - 4 .
3 % | A E— 3
Vo i R ASSAASES >
N e = = < et
g == 7 N EI== = g
W “M\. ‘‘‘‘‘‘ iy Py g
m > ST I et i N >
5 (a7 I ETtEy . (3]
S s 21 s > e g
= BT gl g
» 3 E=—= = o
£ P
» 0a%s
a ] 23— > ; =
NN ﬁ
> e .
> 2% 0 9% D -
o . . .
2 N 59%0 ¢ = N 2
i b — >
M.M ....... H T
» »
3 Z >
> I =N\ ,\ A\
g J \ M B= < > > g
- — »
» 5| kv » pyshdayy - .. >
e = - e = >
.M\ e = ety 7 >
> [ e
I SIN S e e b S
TI[TTTI I T T 7 T 1 =26 O @ £ T[T [aaaannnnsnnaaa i T 1 = T T T T 1o O @ £Bojowr
38 n ° B eerves g - I5SF M ey v ogovg s -85 9% mawn ., 2 T L JFEe s Poewn
° 28888 N 3 2 3 2 2 3 8 8 3 °3 3 30
°e ° ° o % ‘C00ED g8 ° Jz s g SEERSENe 0 % ‘cogen (Snousbal) 3z 9 a 8 © ° o . e no s 8
201 IS ‘Aungndsosng ° (snousbuiay) @ ) 201 IS ‘Aungndsosng ° wrl ‘ozig U)o @ § . % ‘00BD  (snousbuse) @ P
. e 1S ul 01 IS ‘Agndeosng \oue % ae -
opaubeyy wrl w_Nm_w _\”___sw m. 0S1E-IV onaube| ueay .m. T9SZ-IV ° “opeusen wrl wwm _\“_sw mp 29S¢V

10 of 17



ES6014

BORISOV ET AL.: LATE QUATERNARY LATERAL SEDIMENTATION

ES6014

g1 9IN3IA| Ul UMOTS ST S9I0D JO UOT)RIOT UOIJRPIXO 0} onp
podueyDd SI sHUaWIPas Jo 10[o)) 'sojoyd o} JO JP[SLI UMOY[S 918 SUOIINLIISIP 9ZIS-UTRIL) "JUIUO0D 9)BUOCIRD
PoINSeoW [JIM S[RAIDIUL JIRW SMolre Yorlg A[iqrydeosns ompugew Ul SuomeLIeA djedrpur sojoyd uo
SOUI[ paysep YOR[{ UONRIUSWIPAS [RISJR] JO 9DUSPIAS [JIM SjustIgerj 2100 J1ds Jo sojoyg °L oandiyg

wiz> [l

wiol-z [l wize-or[[] wiegze[]
wri 6z}-g9 [7] wrl ogz-szi [[] wrl 00s-0sz [l
3
<
4
1
o
5 S
° 3 & 0691’
3 @
e
=
8 uoljoely snousblue)
1089 2 J0 uonnquisip ozis urelb - ——
s N jJuswipas 0661
s ws 00661 NG Jo uonnquisip 8z1s ulelp - - S
a
8 s
s UOIJEqIN}OI JO BOUBPIAS / SMOMING - § m %8%'S
3 |eusjew paulelB-osie0o Jo sesus| - ||g
E g
3
=1
)2
=
%6E€8 W
Q
2 e <01 8 9
E 0922 041 “A1aIda0sng opauBeny
g
)
0080

usWIPas %N 0z o
uonoey snousBius;  SH IPas YINg 01 1S “agndeosns oneusepy

uonnguisip 8zis-ulels 0SLE- IV

=3
3

uonnquisyp ezis-ueie [%Lb SV

© @
8 &

uoynquisIp zis-utei9

© ~
S

oo gy 0z

wo ‘yidap 8100

962

062

582

08z

wo ‘yidap 8100

wo ‘yidap 8100

295Z-1V 19521V

jueju00 s 0z 52 3 008D o
0080 04 IS *Auandeosng oneubey 04 1S Kiandeosng oneubepy SOb 1 doosng ofjoubely
0SLe-Iv 19621V 29se-Iv

11 of 17



ES6014

at core depth intervals of 58-63 cm, 6673 cm, and
124-126 cm (Figure 7B, [Figure 7D, [Figure 7H).
Sand was found in the core catcher.

Recovered from cores AI-3150 and AI-2445
were bioturbated, yellowish-brown clayey silt and
foraminifera-bearing clayey silt with three 5 to
7-cm-thick sand-enriched intervals (Figure 7C, [Fig-|
jure 7[E, [Figure 7(G) and a layer of foraminiferal sand
(21-cm-thick in core AI-3150 and 16-cm-thick in
core Al-2445 [Murdmaa et al., [2012] with a signif-
icant amount of quartz Sand-enriched
intervals demonstrate normal grading (slight de-
crease in in mode value of the grain size distribution
toward the core top) and strong evidence of bio-
turbation, even in basal layers. A distinct, normal
grading was distinguished for a terrigenous fraction
of the foraminiferal sand layer. A grain-size anal-
ysis of bulk sediment samples showed moderately
well-sorting in the upper part of the foraminiferal
sand layer (103-111 cm). As for the terrigenous
fraction in the upper half of the layer, quartz grains
are poorly-sorted, whereas in the lower half, sedi-
ments are moderately to well-sorted ).

Silt and sand-enriched layers revealed in cores
are generally darker than the over and underly-
ing sediment (Figure 7A, |[Figure 7H, [Figure 7[).
In some cases, these layers demonstrate parallel
lamination (distinct or partly destroyed by bio-
turbation). Thin layers and lenses of fine sand
were observed at the base of most laminated lay-
ers. Coarse-grained layers correspond to the high-

est values of magnetic susceptibility (Figure 7/C—

Figure 7(G). The lowest values correspond to forami-

niferal sand layers (Figure 7}J).

3.3. Foraminiferal Study

In all four cores, planktic foraminiferal fauna
of tropical-to-subtropical character demonstrate
downcore variations in preservation and diver-
sity. The cores comprise Late—-Middle Quaternary
foraminiferal assemblages with index species G. ru-
ber pink and G. truncatulinoides. The intervals
with better preservation generally contain speci-
mens of the G. menardic group. However, there
are rare and sporadic occurrences of reworked Neo-
gene species in all cores, including Globorotalia
multicamerata, Dentoglobigerina altispira, Pulleni-
atina primalis, Globorotalia miocenica, G. exilis,
G. margaritae, and others.
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Benthic foraminifera occur in low numbers in
nearly all core samples. These foraminifera are
represented by several species including Chbicides
wuellerstorfi, Oridorsalis umbonatus, Pullenia bul-
loides, and Nuttalides umbonifer. The former three
taxa are known to be associated with NADW,
whereas the last taxa is considered to be typical
of AABW [Harloff and Mackensen, Mack-
ensen et al., . A clear relationship between
glacial and interglacial stratigraphic intervals and
the occurrence of specific benthic assemblages or
species was not found in any of the cores studied.

The upper interval (0-20 cm) of core AI-2561
contains a tropical planktic foraminiferal assem-
blage of medium preservation (fragmentation 30—
50%) with aforementioned species of Globigeri-
noides ruber pink, Globorotalia trancatulinoides
and Globorotalia menardii. The underlying inter-
val (20-160 cm) is characterized by a strong frag-
mentation (up to 90-95%), decrease in species di-
versity, increase in faunal portion of dissolution re-
sistant species (such as Globorotalia inflata, Glo-
bigerinoides conglobatus and Pulleniatina finalis)
and an absence of G. menardii group. The fauna
in the lowest analyzed sample (175 cm) is similar
to those in the uppermost interval.

There is a similar foraminiferal fauna, notably in
the upper 35 cm, that is generally more abundant
and better preserved in shallow-water core AI-2562
than in core AI-2561. However, foraminiferal dis-
solution is also significant in core AI-2562. The
interval (35-300 cm) demonstrates a downcore in-
crease in fragmentation. The index species G. ru-
ber pink occurs only in the upper 75 cm. However,
the absence of this species in the lower part of the
core is most likely the result of stronger dissolu-
tion. The G. menardii group occurs in significant
numbers in the warm water assemblages in the up-
per 35 cm and at 252 cm, is the broken specimens
of the same group are found at 145 cm and from
the intervals 35-50 cm and 200-300 cm. In the
latter interval, several tests of G. menardii-tumida
flexuosa are found.

In cores AI-2445 and AI-3150, downcore changes
in preservation and an alternation between more
and less warm water assemblages are inferred. The
turbidite layers in both cores are especially rich in
the foraminiferal tests including the reworked spec-
imens of Neogene species.
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4. Discussion
4.1. Stratigraphy

The strong dominance of extant foraminiferal
species, including Globigerinoides ruber pink and
Globorotalia truncatulinoides in all examined sam-
ples of the four cores suggests the recovered sedi-
ments are of Quaternary age, regardless of the rare
occurrence of reworked Neogene species. In the
nearby area of the Rio Grande Rise and the Ioffe
Drift, G. ruber pink is typical of the last 280 ka
and G. truncatulinoides occurred during the last
1.8-2 Ma [Barash et al., Tvanova et al.,
and references therein). The intervals with better
preservation generally contain specimens of the G.
menardii group, which are typical of interglacials
in the Atlantic [Ericson and Wollin, . Hence,
the presence/absence of the Globorotalia menardii
group as well as changes in foraminiferal preserva-
tion and CaCOs content collectively suggest that
cores AI-2561 and AI-2562 most likely covered the
last climatic cycle (MIS 5.5-1). In addition, an oc-
currence of G. menardii-tumida flexuosa is indica-
tive of the last interglacial (MIS 5.5) in the At-
lantic [e.g., Barash, . If the assumption about
the Late Quaternary age of both cores is correct, a
mean sedimentation rate of approximately 1.6 and
2 cm/ka can be estimated for cores AI-2561 and
AI-2562, respectively. These estimates are in line
with previously obtained values from core GeoB
2117-1 [Bleil et al., [1993], which is located south-
ward of core AI-2562 (water depth 4045 m). Un-
fortunately, the stratigraphic subdivision of cores
Al-2445 and AI-3150 is hampered by the occur-
rence of at least two turbidite layers.

Along with foraminiferal data the recovered sec-
tions were correlated based on magnetic suscepti-
bility records and lithological data. A correspon-
dence found between the coarse-grained sedimen-
tary sequences found in each core suggests that the
upper 198 cm of core AI-3150 also covered the last
climatic cycle (MIS 5.5-1).

4.2. Seismic and Lithological Evidence of
Lateral Sedimentation

The prevalence of seismic facies ITAB correspond-
ing to coarse-grained deposits confirms a previous
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suggestion [Faugeres et al.,[2002f Lima et al., 2009

about the domination of gravity driven sedimenta-
tion processes north of the Sao Tomé Seamount.
Gravity flows in this area transport coarse-grained
material from the continental slope and Vitoria-
Trindade Seamounts to the continental rise.

A diversity of seismic facies south of the Sao
Tomé Seamount suggests a complicated interplay
between different sedimentation processes
. Seismic facies type I1IB usually corresponds
to contourite features [e.g. Damuth and Hayes,
1977). However, in the case of the study area, it is
difficult to define the sedimentation processes re-
sponsible for formation of these wave-like deposi-
tional features. The study area is affected by grav-
ity flows moving from the continental slope through
the widespread network of canyons and channels.

As postulated by Embley et al. , the cur-
vature of hyperbolic echoes depends on the angle
between the ship’s heading and the actual bed-
forms: the hyperbolae are the steepest when a seis-
mic line runs normal to the sediment wave orienta-
tion. Based on the configuration of the recorded,
well-defined sediment waves, these features may be
oriented both normal or at a small angle to seis-
mic lines (and to the general direction of AABW
current). The available data do not allow us to pre-
cisely distinguish the sediment wave orientation.

Domination of seismic facies type IB points to
rather low bottom current velocity on a long-
term scale out of prominent topographic obstacles
(Figure 3|). Nevertheless, current velocity can in-
crease due to water flow overcoming obstacles. In-
ternal waves may have been generated when the
flow of bottom water crossed the described chan-
nels, which could also affect the formation of sed-
iment waves. This mechanism was described by
[Herndandez-Molina et al., . Furthermore, the
simultaneous action of bottom currents and grav-
ity flow might also be responsible for sediment
wave formation. Alternation of seismic facies ITIC
and IIIB as well as IIIC and IB could be consid-
ered evidence of post-depositional deformation or
mass-wasting processes. Seismic facies IIIF south
of the Macgae channel mark the embranchment of
smaller channels running in the ESE direction ([Fig-}
ure 3)). These facies at the foot of the northeastern
slope of the Sdo Tomé Seamount are related to the
erosional-depositional system briefly described by
[Borisov et al., . This system consists of sev-
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eral mounded depositional bodies with the sizes of
approximately 1.9 km x 2.9 km, which are sepa-
rated by small channels . According to
the configuration of erosional and depositional fea-
tures and the direction of the Coriolis force, the
system was likely formed by the AABW bottom
current along the western slope of the Sao Tomé
Seamount. As a large topographic obstacle, the
seamount increases the bottom current velocity.
Due to the local bottom topography, several high
velocity jets most likely occurred in the flow struc-
ture. These jets were rather stable in time and
space and formed an erosional-depositional system
at the base of the seamount.

Coarse-grained layers observed in the sediment
cores are undoubtedly of turbiditic origin, but
some of these layers might be affected (reworked)
by bottom currents. Bioturbation and specific
sediment structures, such as wavy layers at the
base of laminated intervals and lenses of silt and
sand, were considered to be criteria for distinguish-
ing between contourites and turbidites [Stow and
Faugeres, Wetzel et al., . Evidence of
bioturbation can also occur in turbidites, but in
some intervals of the studied cores, even basal sand-
enriched layers were affected by bioturbation
jure 7F, [Figure 7, [Figure 7(G). The bi-gradational
sedimentary sequence recovered in the lower part
of core AI-2562 contains strong evidence of biotur-
bation (Figure 7F) and can be generally described
by a standard contourite facies model [Hiineke and
Stow, Stow and Faugeres, . The bi-
gradational structure of the layer most likely re-
sulted from long-term fluctuations in bottom cur-
rent velocity. The foraminiferal sand layer in cores
Al-2445 and AI-3150 corresponds to gravity flow
(grain flow) deposits (Figure 7JJ). A considerable
amount of quartz indicates that this material was
derived from the continental slope. The largest
amount of coarse-grained layers in core AI-2562 in-
dicates that during the Late Quaternary, the grav-
ity flow activity in the Magae channel was higher
than in the channels located northward. Due to the
overspill of gravity flows resulting from a change in
orientation of the Macae channel, the transported
sediment material was deposited on the southern
flank of the channel (in the area of core AI-2562).
The same mechanism most likely took place north-
ward of the Sao Tomé Seamount in the area of cores
AT-3150 and AlI-2445.
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A correlation between seismic lines and sediment
layers showed that a prolonged reflector at 2-3 m
BSF likely corresponds to the coarse-grained sed-
imentary sequence recovered in the lower parts of
the cores (Figure 4] [Figure 5). The foraminiferal
sand layer corresponds to a reflector at a depth of
approximately 1 m BSF. Thus, a previously de-
scribed correlation between the seismic reflector
and foraminiferal sand layer [Borisov et al.,
Murdmaa et al., is now confirmed for the de-
positional bodies at the foot of the northeastern
slope of the Sao Tomé Seamount.

Most likely, hemipelagic settling through the wa-
ter column did not play a significant role in sedi-
mentation in the study area during the Late Qua-
ternary. The sediments over and underlying the
coarse-grained intervals resulting from turbidity
flows and bottom current activity are generally
composed of fine and medium silt (clay amount
does not exceed 35%). The southwestern part
of the Brazil Basin is characterized by a lack of
large rivers, which would be able to produce large
plumes and provide enormous amounts of silt ma-
terial to the study area, as the nearest large river
is more than 400 km from the shore. Additionally,
this area is very distant from the La Plata River
(~ 2500 km) and Amazon River (~ 3000 km),
which are the main sources of fluvial material in
the region. Thus, silt and sand material were trans-
ported to the continental rise by gravity flows. Silt
enrichment in the major part of the recovered sed-
iments together with an absence of turbidite evi-
dence might be explained by bottom current ac-
tivity, which washed out the clay material and re-
worked the gravity flow deposits.

According to the mentioned criteria for con-
tourite identification, the coarse-grained sedimen-
tary sequences corresponding to higher values of
magnetic susceptibility and correlated with each
other were interpreted as turbidites reworked by
bottom currents. Notably, the sedimentary se-
quence shown in |[Figure 7[E may represent a tur-
biditic sequence (only proposed bioturbation evi-
dence in the basal layer suggests its contourite ori-
gin). The upper two sequences are related to low
carbonate intervals corresponding to MIS2-MIS4.
Sedimentary sequences in the lower parts of the
cores correspond to MIS 5 (complete sequences
were found only in cores AI-2562 and AI-3150,
whereas in core AI-2561, sand material was found
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in the core catcher). The formation of such coarse-
grained layers should be linked to increased grav-
ity flow activity and an intensification of bot-
tom currents, which reworked the turbidite de-
posits. Variations in sea-level in response to glacial-
interglacial cycles controlled the sediment supply in
this area [e.g., Lima et al., . A relationship
between glacial-interglacial cycles and changes in
the AABW velocity during the Quaternary is still a
subject of discussion among researchers. Some au-
thors suggest intensification of the AABW current
during the transition from interglacial to glacial pe-
riods [Ledbetter, Massé et al.,[1994]. Alterna-
tively, some researchers [e.g., Ledbe Pud-
sey and Howe, argue that the AABW current
in the Atlantic reached its maximum velocity dur-
ing the interglacial periods. Recent publications
suggest an increase in the AABW intensity dur-
ing the Last Glacial Maximum compared to the
Holocene [Spooner et al., The data presented
in this paper do not distinctly solve this issue.

Downcore planktic foraminiferal preservation
varies significantly in cores AI-2561 and AI-2562,
which mainly reflects the well-known glacial-
interglacial variations in lysocline depth associated
with variations in AABW production. Low sed-
imentation rates in the study area might be ex-
plained by both low sediment supply typical of an
arid climatic zone and by short-term hiatuses in
the sediment record resulting from bottom current
activity.

Conclusions

The Sao Tomé Seamount marks a boundary be-
tween two zones characterized by different sedimen-
tation regimes. North of the seamount sedimenta-
tion is controlled by gravity flows, which transport
material from the continental slope and Vitoria-
Trindade Seamounts downslope to the Columbia
channel. The Sao Tomé Seamount also plays an
important role in the formation of erosional and
depositional features at the base of the north-
western slope of the seamount. As a large topo-
graphic obstacle, the seamount causes an increase
in the AABW current velocity and thus changes
the AABW flow structure. The area south of the
Sao Tomé Seamount is characterized by the result-
ing strong interaction between the gravity flows
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and AABW bottom current. This interplay re-
sulted in the formation of bottom current reworked
turbidites, which were recovered in the sediment
cores. Seismic and lithological data indicate a dom-
ination of lateral sedimentation over hemipelagic
settling in the study area during the last glacial-
interglacial cycle at minimum. During this period,
gravity flows were the most active in the Macae
channel. Intensification of gravity driven processes
in the study area is most likely linked to sea-level
low-stands during glacial periods. Variations in
the AABW current velocity in response to glacial-
interglacial climate changes during the Late Qua-
ternary remain a subject for discussion.
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