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Abstract A composite backstepping seismic unit located
from the middle shelf to the upper slope on the Gulf of
Cadiz margin was identified and characterised through
the analysis of high-resolution seismic profiles. The
composite seismic unit is made up of two seismic units
representing a complex transgressive systems tract to
highstand systems tract. Their deposition probably took
place during the sea-level rise which occurred between
marine isotopic stages 4 and 3, and during the following
relative highstand. The seismic stratigraphic evidence
suggests that, although the upper Pleistocene sedimen-
tary record of this margin consists mainly of sediments
deposited during falling sea levels and lowstands, the
deposition of transgressive and highstand deposits can
occur under specific circumstances.

Introduction

The glacio-eustatic sea-level curve during the late
Quaternary describes an asymmetric fourth-order cycle

(periodicity of about 100,000 years) in which the fall of
sea level occurred from the last interglacial to the last
glacial maximum during marine isotopic stage (MIS) 2,
at about 22–18 ka B.P. Subsequently, sea level rose very
rapidly up to 6 ka B.P. in response to glacial melting. The
last 6,000 years have been characterised by a sea level in
a highstand position (Imbrie et al. 1984).

The upper Pleistocene can be considered a cold stage
beginning at 115–120 ka B.P. and ending at around
10–11 ka B.P. The fourth-order sea-level cycle was not
simple, but was itself modulated by fifth-order asym-
metric cycles with a periodicity of about 23,000 years and
also dominated by intervals of falling sea level (Chappell
and Shackleton 1986; Chappell et al. 1996). The existence
of these fifth-order cycles was possibly controlled by
short-lived warm episodes occurring at approximately
103, 79, 55 and 50 ka B.P. (Martinson et al. 1987).

In general, the Quaternary sedimentary record of
terrigenous continental shelves is characterised by pro-
grading wedges generated during forced regressions and
lowstand intervals (Chiocci 2000; Tesson et al. 2000;
Trincardi and Correggiari 2000). Furthermore, the late
Quaternary record almost exclusively reveals prograding
wedges of the regressive and lowstand system tracts
(RST and LST respectively; Gensous and Tesson 1996;
Yoo and Park 1997; Hernández-Molina et al. 2000),
because the sedimentary processes were dominated by
deposition during falling sea levels and lowstands oc-
curring during 65% of the time interval (Chiocci et al.
1997). Transgressive and highstand systems tracts (TST
and HST respectively) were preserved in the upper
Pleistocene sedimentary record of continental shelves
only under specific circumstances (Ashley et al. 1991;
Carey et al. 1998; Sheridan et al. 2000). It has been
suggested that the preservation potential of TSTs and
HSTs in continental shelf deposits increases as their
order of cyclicity decreases (Chiocci 1994). Conse-
quently, the preservation potential of such systems tracts
during fifth-order cycles is thought to be very low.

The seismic stratigraphic architecture of the Gulf of
Cadiz has been described in general terms in several
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recent studies (Somoza et al. 1997; Lobo 2000; Her-
nández-Molina et al. 2000; Lobo et al. 2001), but specific
aspects of its sedimentary structure remained unpub-
lished. The sedimentary record of the Gulf of Cadiz
continental shelf reflects an asymmetric pattern of sea-
level fluctuations. An asymmetric fourth-order deposi-
tional sequence has developed from the last interglacial
period to the present. Regressive and lowstand deposits
accumulated from 125 to 14 ka B.P., transgressive de-
posits from 14 to 6 ka B.P., and highstand deposits dur-
ing the last 6 ka. This sequence is asymmetric because
regressive and lowstand deposits are better preserved
than transgressive and highstand deposits. This fourth-
order depositional sequence is composed of fifth-order,
type-1 depositional sequences, equally of asymmetric
character (Somoza et al. 1997; Hernández-Molina et al.
2000). Transgressive and highstand deposits are rela-
tively well represented in the post-glacial sedimentary
record, but they are poorly preserved or absent in pre-
vious fifth-order depositional sequences occurring be-
tween MISs 5 and 3 (Hernández-Molina et al. 2000).

The main objective of this paper is to document the
existence of some deposits on the Gulf of Cadiz shelf
which are probably related to transgressive and high-
stand intervals prior to the last glacial maximum (Würm).
A chronostratigraphic approach, using sequence strati-
graphic interpretations and a comparison with similar
stratigraphic patterns found on other shelves, was ap-
plied to reconstruct the general sedimentary conditions
and to determine the main controlling factors for the
formation and preservation of these deposits.

Study area

The work focuses on a sector of the Gulf of Cádiz
continental shelf (south-western Iberian Peninsula)

located between the Guadalquivir River mouth in the
east (6�30¢W) and the Portuguese town of Quarteira in
the west (8�W; Fig. 1). This region is under the influence
of mixing water masses originating from the Atlantic
and the Mediterranean through the Straits of Gibraltar.
The fluvial input to this margin is controlled by the
discharge of the Guadiana, Piedras, Tinto-Odiel, and
Guadalquivir river basins. Of these, the contributions of
the Guadiana and Guadalquivir rivers are the most
significant, reaching average yearly water discharges of
up to 160 m3/s (Morales 1997; Van Geen et al. 1997).

The northern continental shelf of the Gulf of Cadiz is
characterised by variable seafloor gradients. The Por-
tuguese shelf has a mean slope of 0.5�, ranging between
0.32 and 1.27� (Andrade 1990), whereas the mean slope
of the Spanish shelf is mostly lower than 0.3� (Lobo
1995). Shelf width varies from 5 to 50 km. The widest
section is located on the Spanish side where the average
width is 30 km, becoming progressively narrower both
towards Portugal and the Straits of Gibraltar where
shelf width is lower than 10 km (Heezen and Johnson
1969; Baldy 1977; Vanney and Mougenot 1981; Lobo
1995; Roque 1998). The shelf-break is located at variable
depths of 100–130 m, giving way to an upper slope lo-
cated at water depths of 130–400 m with an average
width of 10 km and a variable gradient of 1–3� (Heezen
and Johnson 1969; Nelson et al. 1993).

The main morpho-structural features of the study
area have been described in Lobo (2000). Five sectors
can be distinguished on the basis of the distribution of
stratigraphic surfaces, stacking pattern of seismic units,
and main neotectonic features (Fig. 2): (1) the shelf west
of Faro, characterised by moderate seafloor gradients
ranging from 0.4 to 0.6�; (2) the shelf between Faro and
Tavira, characterised by higher seafloor gradients rang-
ing between 0.75 and 1.20�; (3) the shelf offshore from
the Guadiana River mouth, where a morpho-structural

Fig. 1 Geographical location
of the study area and position
of high-resolution seismic
profiles
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high extending from Tavira in the west to the Piedras
River in the east (the ‘‘Tavira-Guadiana High’’) has
been identified and which has been present at least
during late Quaternary times; seafloor gradients are
lower than 0.3� at the top of the Tavira-Guadiana High
on the inner shelf, increasing on the middle shelf to an
average of 0.5�, to finally decrease again on the outer
shelf to less than 0.3�; (4) the shelf off the Doñana Park,
which is a subsiding sector characterised by stratigraphic
surfaces with very low gradients, usually lower than 0.2�;
and (5) the shelf off the Guadalquivir River mouth,
characterised by uplifting as a consequence of diapiric-
like intrusions.

The dominant littoral drift is directed towards the
east, generated as a consequence of the influence of the
westerly waves occurring in the Gulf of Cadiz 74% of
the time. Wave orientation ranges between N-20�-E and
N-30�-E, and the significant wave height is 0.4 m
(Morales 1997). During storm conditions the values can
reach >1 m with an average period of 4.6 s. Together
with the oblique orientation of the coastline, the littoral
drift has generated a series of east-oriented spits along
the coast (Dabrio et al. 1980; Morales et al. 1994). In the
Portuguese sector, the coastal current flows at depths of
up to 30 m with velocities below 0.25 m/s, sporadically
reaching values more than 0.5 m/s (Moita 1986). In the
Spanish sector, current velocities of 0.70 m/s have been
reported (Melières 1974). Sediment transport induced by
littoral drift has been estimated as ranging between
180·103 (Cuena 1991) and 300·103 m3/year (CEEPYC
1979). Easterly waves are less frequent, although the
significant wave height is slightly higher than 0.7 m and
the period is 5.08 s. Highly energetic waves can be
generated during winter storms, reaching maximum
heights of 6 m and significant heights up to 3.80 m
(Morales 1993).

The shelf oceanography is dominated by the so-called
Atlantic inflow current (Nelson et al. 1999) which re-
ceives contributions from the surficial Atlantic water,
formed as a consequence of atmospheric phenomena in

the Gulf of Cadiz, and from the surficial North-Atlantic
water which is an isolated water mass derived from the
Portugal current (Caralp 1988). The Atlantic inflow
water flows south-eastwards over the shelf of the Gulf of
Cadiz from Cape Saint Vincent to the Straits of
Gibraltar in a clockwise fashion (Martı́nez et al. 1998;
Nelson et al. 1999), eventually entering the Mediterra-
nean Sea through the Straits of Gibraltar. The velocity
of this shelf current is variable but a general south-
eastward increase is observed. Average velocities of
0.1–0.15 m/s have been measured over the shelf (Nelson
et al. 1999).

Materials and methods

A seismic stratigraphic analysis of the Gulf of Cadiz
continental shelf between Faro (Portugal) and the
Guadalquivir River mouth (Spain) was carried out in
order to better understand the processes controlling the
sedimentary build-up during late Quaternary times. To
reach this goal, two high-resolution seismic surveys were
carried out (Fig. 1): 790 km of seismic profiles were
collected during the Golca 93 survey. Additionally,
690 km of high-resolution seismic profiles were obtained
during the Fado 96-11 survey, covering almost exclu-
sively the Portuguese continental shelf off the coast of
the Algarve in southern Portugal.

The seismic source was a Uniboom (Geopulse) sys-
tem which provides good resolution for the uppermost
100–200 m of the sedimentary record (Chiocci 1994).
Positioning during both seismic surveys was achieved
using a differential GPS.

The high-resolution seismic profiles obtained were
interpreted following well-established criteria for seismic
stratigraphy analysis. The seismic evaluation was fol-
lowed by a sequence stratigraphic interpretation in
which identified seismic units were correlated with
standard curves for sea-level changes which have been
reported for the late Quaternary, and with equivalent
deposits identified on other continental shelves. For the
sequence stratigraphic analysis we followed a fourfold
division of systems tracts in which the initial threefold
scheme of Posamentier and Vail (1988) for a type-1 de-
positional sequence (LST, TST, and HST) was expanded
to include an RST (or forced wedge regressive systems
tract, FWRST) as proposed by Hunt and Tucker (1992).

Results

Seismic stratigraphy

The general seismic stratigraphic scheme (Fig. 3) shows
a dominance of wedge-shaped units occurring from the
middle shelf to the upper slope. It was sometimes pos-
sible to identify sheet-like units which cover the entire
shelf (e.g. seismic units 1 and 5). The stratigraphic pat-
tern is characterised by alternating inner-middle shelf

Fig. 2 Simplified sketch showing the main morphostructural
sectors of the Gulf of Cadiz continental shelf, between Quarteira
town (Portugal) and the Guadalquivir River mouth (Spain)
(extracted from Lobo 2000)
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units and outer shelf-upper slope units overlying seismic
unit 5 (see also Lobo et al. 1999). The inner-middle shelf
units (e.g. seismic units 6, 8 and 10) show a complex
arrangement of seismic facies but in general are char-
acterised by extensive subparallel seismic facies without
internal subdivisions. The outer shelf-upper slope
wedge-shaped units are characterised by prograding
clinoforms with occasional internal discontinuities (e.g.

seismic units 7, 9, 11 and 13). This general trend is in-
terrupted by a composite seismic unit (seismic unit 12 in
the scheme) showing a backstepping stacking pattern
caused by the existence of two seismic subunits (12A and
12B). Seismic unit 12A is located on the outer shelf to
upper slope, and seismic unit 12B is located on the
middle to outer shelf (Fig. 3). The composite seismic
unit 12 is stratigraphically located between two outer
shelf-upper slope wedge-shaped units, i.e. seismic unit 11
beneath and seismic unit 13 above (Figs. 4 and 5). As
seismic unit 12 represents a change in the general trend

Fig. 3 General seismic stratigraphy interpretation of the Gulf of
Cadiz continental shelf (extracted from Lobo 2000)

Fig. 4 A High-resolution seis-
mic section (Geopulse source)
and B interpretation of the
middle shelf to outer slope of
the Gulf of Cadiz continental
shelf, focusing on the CDBU off
the Guadiana River mouth. A
channel-like unit affects the
middle shelf unit at its top
boundary (see position in
Fig. 1)
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of the depositional architecture, its study provided sev-
eral clues for the sea-level history and the recent evolu-
tion of the local continental margin. This composite
seismic unit has been allocated number 12 following the
terminology of Lobo (2000). It is equivalent to seismic
unit 9 of Hernández-Molina et al. (2000). For the pur-
pose of this study, it will be named composite distal
backstepping unit (CDBU). Seismic unit 12A is con-
sidered an outer shelf unit (OSU), whereas seismic
unit 12B is considered a middle shelf unit (MSU).

Boundaries

The lower boundary of the CDBU is a downlap surface
in the middle to outer shelf. The seafloor gradients of
this discontinuity show a general eastward reduction
(Fig. 6A): mean slopes of 1.13� on the Portuguese shelf,
0.55� off the Tavira-Guadiana High, and 0.27� on the
continental shelf off the Doñana Park. The most
prominent feature on the inner shelf is the Tavira-
Guadiana High, whereas the isobaths show a convex
pattern on the continental shelf off the Doñana Park.
The middle-outer shelf is characterised by gradients
lower than 0.5�. The depth lines run parallel to the
present-day coastline off the –100 millisecond (ms)
contour, being interrupted only by the presence of two

promontories, one on the Portuguese shelf and the other
off the Guadalquivir shelf. The shelf-break is located at
an approximate depth corresponding to the –200 ms
contour (Fig. 6A).

The upper boundary merges landwards with older
discontinuities, and can be considered a toplap surface
in relation to internal reflectors of the CDBU. This
discontinuity is characterised by a gentle inner and outer
shelf and by a relatively steep slope (Fig. 6B). The fol-
lowing sectors can be distinguished: (1) the shelf between
Faro and Tavira, with relatively steep slopes (up to 1�);
(2) the shelf off the Guadiana River mouth between
Tavira and the Tinto-Odiel Estuary, characterised by a
low-gradient inner and outer shelf (<0.3�) and a middle
shelf with a higher seafloor gradient (up to 0.6�); and (3)
the shelf off the Doñana Park, where the seafloor gra-
dients are very low (<0.3�). The break of slope of the
continental shelf is defined by the –180 ms depth con-
tour (Fig. 6B).

Distribution, thickness and internal structure

The landward termination of the CDBU is variable
(Fig. 6C) but is generally located on the middle shelf at
distances ranging between 15 and 18 km from the
present-day coastline. Occasionally it can also be found

Fig. 5 A High-resolution seis-
mic section (Geopulse source)
and B interpretation of the
middle shelf to outer slope of
the Gulf of Cadiz continental
shelf, focusing on the CDBU off
the Doñana Park. The OSU
and MSU are characterised by
low-angle prograding seismic
configurations (see position in
Fig. 1)
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on the inner shelf, e.g. the Faro shelf. The thickness of
this unit is variable, alternating between zones where
the thickness increases progressively seawards and
other zones where the depocentres are located on the
outer shelf. The CDBU is characterised by moderate
thicknesses increasing towards the upper slope (up to
10 ms) on the Portuguese continental shelf. On the
outer shelf, the main depocentre is located between the
Guadiana River and the Doñana Park. This depocentre
is oriented parallel to the present-day coastline and
extends laterally for over 60 km, with a sediment
thickness exceeding 20 ms. This depocentre continues
to the upper slope with a WNW–ESE orientation and a
sediment thickness higher than 35 ms off the Guadiana
River (Fig. 6C).

The CDBU is composed of two seismic units (OSU
and MSU) disposed in a backstepping pattern (Figs. 4
and 5).

Outer shelf unit (OSU)

The OSU extends from the outer shelf 15–20 km from
the present-day coastline to the upper slope. Its seaward
limit is not well defined (Fig. 7A). The landward limit is
located at depths ranging between 135 and 160 ms. Two
main depocentres have been identified: (1) an outer shelf
depocentre of lenticular shape, and (2) an upper slope
depocentre increasing seawards in thickness, especially
to the west of the Tinto-Odiel Estuary where the thick-
ness is greater than 60 ms. The thickness on the upper
slope rarely exceeds 20 ms off the Tinto-Odiel Estuary,
but it increases again towards the east, reaching values
higher than 50 ms (Fig. 7A). The OSU is characterised
by low-angle, oblique-parallel reflectors with slopes
ranging between 0.47 and 1�, and locally by divergent
reflectors on the upper slope (Fig. 7B).

Middle shelf unit (MSU)

The MSU extends across the outer shelf, pinching out
both in a landward and seaward direction (Fig. 7C). The
landward limit is located on the middle shelf and in
places on the inner shelf, but mostly it is situated
15–20 km from the present-day coastline. The seaward
limit is located at variable distances from the present-
day coastline, generally ranging from 28 to 35 km, and
at water depths of 90–120 ms. Occasionally, the MSU
may also occupy the upper continental slope, for in-
stance, to the east of Faro and between the Piedras River
and the Tinto-Odiel Estuary. Maximum thicknesses are
observed on the middle to outer shelf between the
Guadiana River and the Doñana Park shelf. The de-
pocentre of the MSU is aligned parallel to the present-
day coastline, and it is wider towards the east, reaching a
width of 7 km off the Guadiana River and more than
20 km off the Doñana National Park. It extends onto
the upper continental slope to the west of the Tinto-
Odiel Estuary. The thickness generally exceeds 8 ms,
and in places is higher than 20 ms (Fig. 7C).

With the exception of the zone located off the Piedras
River where distal tangential-oblique facies and proxi-
mal subparallel facies have been identified, the MSU is
dominated by low-angle, oblique-parallel reflectors with
variable slopes of 0.47–1�. Some proximal zones feature
high-reflectivity oblique-parallel facies with variable
slopes and irregular facies (Fig. 7D).

A channel-like unit (Figs. 4 and 7C), characterised by
a reduced depth/width ratio and an erosional base
showing several irregularities, affects the MSU at its
upper boundary. This unit is located on the middle shelf
between the mouths of the Guadiana and Piedras rivers,
18 km from the present-day coastline. It is aligned in an
east to west direction, reaches a length of at least 15 km,

Fig. 6A–C Main characteristics of bounding surface and distribu-
tion of CDBU. A Distribution map of the lower boundary (given in
ms). B Distribution map of the upper boundary (given in ms). C
Contour map of the CDBU (given in ms)
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and is several kilometres wide in cross section. Its upper
boundary is located at variable depths of 100 to 140 ms.
Although the thickness of this channel-like unit is gen-
erally small, it reaches 15 ms along the channel axis.

Morpho-structural controls

The regional distribution of the OSU and MSU is only
partially controlled by the main morpho-structural ele-
ments of the shelf. In general, the OSU and MSU are
aligned parallel to the shelf with elongated depocentres,
whereas the shelf itself displays alternating sectors
characterised by different gradients. In this sense, the
seismic units are poorly developed on the relatively high-
gradient Portuguese shelf. The main depocentres are
situated off the mouths of the Guadiana and Guadal-
quivir rivers. These shelf sectors are uplifted relative to
adjacent sectors.

Discussion

Sequence stratigraphy and relative sea-level changes

The stratigraphic position and backstepping internal
architecture of the CDBU reveals significant informa-

tion about sea-level change and sequence stratigraphy.
Backstepping units have been routinely interpreted as
reliable indicators of relative sea-level rises with stabili-
sation intervals, because the prograding character of the
sedimentary bodies can be explained by assuming oc-
casional stillstands during a generally rising sea level
(Boyd et al. 1989). The moderate thickness of the de-
posits is used as another indicator of their genesis (Boyd
et al. 1989; Farrán and Maldonado 1990). Besides, this
composite seismic unit is stratigraphically located be-
tween two wedge-shaped, outer shelf-upper slope units
which have been interpreted as RST–LST complexes
generated during periods of falling sea level followed by
sea-level lowstands (Fig. 8).

Taking these considerations into account, it seems
that the CDBU was deposited during a period of relative
sea-level rise to highstand defining the boundary be-
tween two consecutive periods of falling sea level. The
composite seismic unit is consequently interpreted as a
TST to HST complex (Fig. 8). Stabilisation intervals
which occurred during the last post-glacial sea-level rise
have been described by Dı́az et al. (1990), Hernández-
Molina et al. (2000), and Lobo et al. (2001). However,
the formation of composite seismic unit 12 seems to be
related to a sea-level rise prior to the last post-glacial
transgression.

Considering the OSU first, the upper boundary of
this unit represents an erosive surface which was prob-
ably generated by shoreface erosion during a rise in sea-
level, as it represents the transition from a lowstand

Fig. 7A–D Distribution and seismic facies maps of the OSU and
MSU. A Distribution map of the OSU (given in ms). B Seismic
facies map of the OSU. C Distribution map of the MSU (given in
ms). D Seismic facies map of the MSU
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wedge (seismic unit 11) to an MSU. The onlapping
character and divergent nature of the upper slope de-
pocentre of the OSU suggests that it may represent a
‘‘healing phase’’ in the sense of Posamentier and Allen
(1993), probably originating from the advection of
nearshore sediments by shoreface erosion and seaward
transport of fine sediments during sea-level rise. Healing
phases are common components of TSTs and, based on
this consideration, we interpret the OSU to have been
deposited during a relative sea-level rise. It can thus be
considered to be the TST component of the TST–HST
complex (Fig. 8). The internal configuration (oblique
progradation) and distribution of the MSU is indicative
of deposition at a relative high sea-level stand because it
is stratigraphically located between a TST (OSU un-
derneath) and an FWRST–LST complex (seismic
unit 13 above; Lobo 2000; Hernández-Molina et al.
2000). Thus, the MSU is considered an HST deposited
during a relatively high sea-level stand (Fig. 8).

Chronostratigraphy

Any sequence stratigraphic interpretation must be inte-
grated into a global chronostratigraphic framework.
Glacio-eustatic sea-level curves for the late Quaternary
show an alternation of stadial and interstadial intervals.
During the late Quaternary, three major sea-level high-
stands have been identified between individual intergla-
cial intervals, namely marine isotopic substages (MISSs)
5c, 5a and 3.3. Since these periods were of short dura-
tion, the deposit-generating potential was relatively low.
Apart from the last post-glacial transgression, the sea-
level rise of highest amplitude (several tens of metres)
and longest duration (about 10,000 years) occurred
during the transition between MISs 4 and 3. This sea-
level rise culminated in the relative highstand of MIS 3,
which is the highstand prior to the last sea-level cycle
(Shackleton 1987; Bard et al. 1990; Chappell et al. 1996).

In general, transgressive and highstand deposits are
poorly represented in the late Quaternary sedimentary

record, excluding the last post-glacial transgressive in-
terval (from the last glacial maximum to the present).
However, the stratigraphic record of MIS 3 is domi-
nated on some shelves by TSTs and HSTs (Fig. 9). The
most typical example is the New Jersey shelf where
the integration of marine geological data has enabled the
correlation of late Quaternary sequences from the
coastal plain to the continental slope (Ashley et al. 1991;
Wellner et al. 1991; Esker et al. 1996; Sheridan et al.
2000). On this shelf, some authors have related the
preservation of late-highstand deposits to stadial/inter-
stadial sea-level fluctuations occurring between major
glacial/interglacial cycles (Carey et al. 1998). Two TST
to HST complexes have been distinguished underlying
the last depositional sequence (Carey et al. 1998; Sheri-
dan et al. 2000).

1. A buried shoreface (unit 3c) interpreted as a combi-
nation of TST to HST deposited 65–50 ka B.P. This
complex is apparently related to the migration of a
barrier-island system during the sea-level rise between
MISs 4 and 3 (Ashley et al. 1991). An equivalent
deposit has been described in the eastern Bohai Sea
by Marsset et al. (1996). According to these authors,
a seismic unit (U7) developed during the transgressive
interval which occurred between 65 and 53 ka B.P.,
the upper part of the unit being formed in the interval
between the transgression and the onset of the sub-
sequent regression.

2. A highstand shoreface (unit 3a) interpreted as a TST
to HST with an estimated age of 28–45 ka B.P. The
equivalent in the Bohai Sea would be a shallow-ma-
rine deposit (U5) associated with the sea-level rise
before MISS 3.0 (39–22 ka B.P.; Marsset et al. 1996).

In contrast to the New Jersey margin, the Gulf of
Cadiz margin is characterised by the dominance of
RST–LSTs. The presence of a TST to HST complex
would thus represent a significant stratigraphic marker
for the late Quaternary record of this shelf. Considering
the above interpretations, two different chronological
scenarios can be proposed to explain the generation of
the TST to HST complex on the Gulf of Cadiz shelf: (1)
formation linked to the sea-level rise and relative

Fig. 8 Interpretative profile of the sequence stratigraphy of the
Gulf of Cadiz continental shelf
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highstand between MIS 4 and MISS 3.3, and (2) for-
mation linked to the transgressive to highstand interval
during MISS 3.0.

Estimated depths of late Quaternary relative high-
stands during MIS 3 are –80 m for MISS 3.3 and –95 m
for MISS 3.0 (Imbrie et al. 1984; Pisias et al. 1984;
Martinson et al. 1987). Minimum depths related to the
MSU (68–80 m below present-day mean sea level) are
thus more compatible with a generation during
MISS 3.3. However, values of 20–30 m below present
sea level for relative highstands during MIS 3 have been
proposed for the New Jersey margin (Sheridan et al.
2000). Since our estimates can only be considered as a
rough guide, not accounting for the post-depositional
erosion and tectonic/sedimentary subsidence, a com-
parison with the New Jersey situation does not seem to
be very useful. Sedimentary subsidence must have been
significant on the Gulf of Cádiz margin, since a very
thick regressive wedge overlying the TST to HST com-
plex was deposited during the sea-level fall and lowstand
of sea level associated with MIS 2 (Somoza et al. 1997;
Lobo 2000; Hernández-Molina et al. 2000). By contrast,

isostatic rebound processes on the New Jersey margin
could at least partially explain the shallower water
depths during MIS 3 highstands.

According to the above reasoning, it seems more
appropriate to suggest that the difference in water
depths between the OSU and the MSU (about 30 m)
give a rough estimate of the magnitude of the sea-level
rise. This value is more compatible with the sea-level rise
proposed for the transition from MISs 4 to 3, i.e. an
absolute value of at least several tens of metres (Ashley
et al. 1991; Marsset et al. 1996; Carey et al. 1998;
Sheridan et al. 2000) and, in some cases, even more than
30 m (Shackleton 1987; Bard et al. 1990; Chappell et al.
1996). By contrast, according to some authors (Shackl-
eton 1987; Bard et al. 1990; Chappell et al. 1996) the sea-
level rise during MISS 3.0 was much lower (<20 m) and
probably less than half that of the transition between
MISs 4 and 3 (Sheridan et al. 2000).

This interpretation is in accordance with the chro-
nostratigraphic framework for the Gulf of Cadiz shelf
proposed by Somoza et al. (1997) and Hernández-
Molina et al. (2000) obtained using a sequential ap-
proach. These authors interpret the deposits overlying
the TST to HST complex as a depositional sequence
developed from MIS 3 to the present, since they con-
clude that the progressive sea-level fall which followed

Fig. 9A–C Proposed chronostratigraphic scenarios for upper
Pleistocene TST to HST complexes on various continental shelves
(A, B), and application to the Gulf of Cadiz shelf (C)
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the relative sea-level highstand reached after the MIS 4–
3 transition was registered by the deposition of an RST.
This sea-level fall was also modulated by other sea-level
cycles of lower magnitude. The MIS 4–3 sea-level rise
therefore represents the final part of a fifth-order cycle
which occurred prior to the last sea-level cycle (Fig. 9).

Finally, several emerged coastal deposits along the
Iberian coast are related to the relative highstands of
MIS 5, during MISSs 5e, 5c and 5a (Zazo et al. 1993;
Zazo 1999). Those deposits comprise terraces and es-
carpments located at different heights (up to 14 m above
present mean sea level). However, no emerged deposits
related to the relative highstand of MIS 3 have been
found. It should thus be expected that such deposits
occur on the shelf. The information extracted from the
analysis of estuarine valley fills along the Gulf of Cadiz
(Dabrio et al. 2000) suggests that the conglomerates in
the estuaries were deposited during a sea-level highstand
some 25–30 ka B.P. during MISS 3.0, which was a rela-
tively humid period in the area. This highstand phase did
not reach the topographic elevation of the present sea
level. The deposits probably relate to the small-scale
sea-level fluctuations mentioned above which occurred
between MISS 3.3 and the last glacial maximum.

Lateral variations: sedimentary model
and controlling factors

Seismic facies analysis and regional distribution patterns
provide information about sedimentary environments
related to deposition of the TST–HST complex
(Fig. 10). The OSU probably represents the distal left-
overs of prodeltaic deposits which were not affected by
coastal erosion. Divergent reflectors on the upper slope
are related to healing phases in the sense of Posamentier
and Allen (1993), probably originating from shelf pro-
gradation associated with shoreface erosion and seaward
transport of fine sediments induced by storm-surge
currents during sea-level rise (Fig. 10). The MSU is in-
terpreted to represent delta front to distal deposits,
similar to the OSU but showing a higher preservation of
proximal coastal facies in several locations. In this
context, the seismic facies of the MSU located off the
Piedras River are interpreted as a barrier island-coastal
lagoon system with landward progradation features in-
terpreted as washover fans or flood tidal deltas. Very

Fig. 10A, B Proposed genetic model for A the OSU, and B the
MSU, and related palaeogeographical configurations
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pronounced but irregular reflectors are attributed to
coastal or shallow marine sands deposited in a high-
energy environment. On the basis of the coast-parallel
orientation and its landward location relative to sandy
coastal barriers, the channel-like unit on top of the MSU
is interpreted as the sedimentary infilling of a lagoonal
environment.

The variability of these seismic units along the coast
has been attributed to variations in sediment supply
(Hernández-Molina et al. 2000). The distribution of
both deposits shows that the main depocentres are lo-
cated off the main streams draining onto the continental
shelf (Fig. 7A, C), particularly the Guadiana and
Guadalquivir rivers, suggesting that they are the main
sediment sources. However, both seismic units are also
characterised by elongated depocentres indicating that
shelf dispersal processes were very active during their
deposition (Fig. 10). This inference is reinforced by the
fact that they are mainly characterised by low-reflectivity
seismic facies, suggesting that they are mainly composed
of fine sediments. Under these conditions, it is reason-
able to assume that coastal and shelf dynamics were
similar to the present-day situation, being characterised
by a very active, eastward-directed littoral drift and the
influence of Atlantic swells on the shelf, as a result of
which the depocentres located off the Guadiana River
are deflected towards the east while reducing in thick-
ness. The fluvially derived sediments were probably
transported laterally along the coast, especially during
the relative highstand situation when the coastline sta-
bilised and modern oceanographic conditions were es-
tablished on the shelf (Fig. 10). During the transgressive
interval, storm events promoted the export of most
sediment to the upper slope. Sediment remaining on the
shelf was also redistributed laterally. A similar situation
probably exists off the Guadalquivir but the absence of
data south of the river mouth prevents confirmation at
this stage. The small deposits on the Portuguese shelf
suggest that fluvial input was quite low and also that
part of the sediment was laterally redistributed.

Another factor which could be invoked is the influ-
ence of the morpho-structural setting, in particular the
fact that the main depocentres are off coastal sectors
which have been uplifted, e.g. the zone of diapiric up-
lifting off the Guadalquivir and the Tavira-Guadiana
High. It therefore appears that the uplifting has trig-
gered progradational processes in combination with the
sediment input by the main rivers. By contrast, the
progradation of the deposits was mainly induced by
alongshore currents redistributing the sediments in
subsiding areas such as the shelf off the Doñana Park.

Preservation potential

Factors which favoured the formation and/or preserva-
tion of a TST–HST complex on the Gulf of Cádiz shelf
during MIS 3 in comparison to other similar sea-level
trends during the upper Pleistocene, namely, during

MISSs 5c and 5a, and which can also be considered to
represent relative highstands (Fig. 9) can be the follow-
ing.

1. Duration and magnitude of relative sea-level rise and
highstand associated with MIS 3. Assuming that de-
position of the TST–HST complex found on the Gulf
of Cadiz shelf is related to the MIS 4–3 transition (a
sea-level variation of about 30 m in approximately
15,000 years), then the resultant rates of sea-level
change are much lower than those which occurred
during the post-glacial transgression (a sea-level rise
of about 120 m in 10,000–15,000 years) when wide-
spread deposition occurred on the shelf (Fig. 9). Be-
sides, the eustatic position of the sea-level highstand
related to MISS 3.3 is lower than the positions
reached by the relative highstands during MISSs 5c
and 5a (Imbrie et al. 1984; Pisias et al. 1984; Chappell
and Shackleton 1986; Martinson et al. 1987). The
preservation potential of these deposits would thus be
higher, especially as they have been subjected to
much shorter subaerial exposure.

2. Higher sediment supply, related to glaciation or as-
sociated climatic changes, has been used to explain
the generation of shelf deposits during MIS 3 (Carey
et al. 1998; Sheridan et al. 2000).

3. Distribution in an area of tectonic stability (Carey
et al. 1998; Sheridan et al. 2000), and low gradients of
the middle to outer shelf (lower than 0.3� in the study
area) which would have favoured the recording of
small sea-level changes (Marsset et al. 1996). Another
controlling factor is the seaward subsidence of the
margin as revealed by the stacking pattern of the
seismic units (Lobo 2000).

Conclusions

Although deposition on the continental margin of the
Gulf of Cadiz during the upper Pleistocene has prefer-
entially occurred during regressive and lowstand inter-
vals, the formation of sedimentary deposits may also
have taken place during specific intervals of sea-level rise
and highstand. A backstepping deposit extending from
the middle shelf to the outer slope of the Gulf of Cadiz is
interpreted as a TST to HST complex. It was possible to
correlate this deposit with the sea-level rise and relative
highstand which occurred during the MIS 4–3 transition
and MISS 3.3. Other periods of sea-level rise and rela-
tive highstand occurring during MIS 3 were of lower
magnitude and probably did not favour the formation of
significant shelf deposits.

The general distribution pattern of these deposits is
controlled by fluvial input, a very active current dis-
persal system, and the influence of morpho-structural
features. The preservation potential of such deposits is
probably higher than similar deposits related to other
well-known upper Pleistocene periods of sea-level rise
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and highstand. The identification of similar deposits on
shelves where no chronostratigraphic framework is
available could benefit from this interpretation by pro-
viding a correlation tool.
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