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Abstract

The Quaternary tectonic activity in the Guif of Cadiz has considerably influenced the depositional regime and distribution of Holocane
marine deposits. The aim of this work is to detenmine the nature of the récent sedimentary filling in the Bay of Cadiz sea bottom and
adjaeent continental shell and 1o establish the main controlling factors on the Holocene marine sedimentition,

The sedimentary record indicates siliciclastic sedimentation supplied from the continent, with alternating episodes of high and low
sedimentation rales. The recent sedimentary evolution of this marine aren was controlled Iy thic Late Quaternary eustatic flucaiations.
Bathymetric, geophysical and drilling data have been employed 1o prepare & detailed isopach map of the non-consolidated recent sedi-
mentary cover. Thickness distribution shows significant variations related to the infilling of fecmer Muvial paleeochannels invised during
the Late Pleistteens lowstand, and highly controfled by the structurml neotectonic trends of fauls and joints: MNW-55E, NNE-55W and
ENE-WSW. The general distribution of isppachs in this area is elearly influenced by these moerphostructural lines, which controlled the
sedimentary processes during the Holocene, These results are coherenl with the main reginnal neotectonic structures previoualy

desenibed in the nearby continental aren, and confirm their prolonzstion towards the marine domsin,
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1. Introduction

A full onderstanding of recent marine sedimentation in the
transitional zone between the coast and the comtinental shelf
neads to-take into account the different factors that control the
nature and distribution of the deposits: 1) sea level (luctuaticns,
2) sediment source areas, 3) hydrodynamic regime acting on the
zone and 4) physiography and structure of the geological stb-
stratum, often related to the recent tectonic activity. The first
fuctor affects wide regions, whereas the others act more locally.

In the Gulf of Cadiz {(SW Spain) the Holocene matine sed-
imentation was mainly related to the last ransgressive
maximuni and the later sea-lavel stabilisation [36]. The inner
continental shelf deposits usually form prograding wedges,
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ordered in many minor sequences, especially near the miain
niver mouths [19]. Most recent research on the Late Quater-
nary coastal and marne sedimentaton hag focused on the
study of the characteristics of the depositional units recog-
mised in the zone, Several Holocene phases of coastal
progradation have been distinguished and dated in the coastal
spit-burs [36]. Late Quaternary sedimentary cycles have also
heen deduced from the inner architecturs of the continental
shelf deposits by using high-resolution seismic reflection
technigues [18, 19, 22, 32]. Textural and compositional data
havebeen used to study the present day sedimentary dynamics
and provenance of the Holocene depesits [1, 14, 16, 17].

The shelf hydrodynamic regime is controlled by the Narth
Atlantic Surface Water cumrent, sweeping lowards the SE and

E-mail adddress: josemanuiel, gitierres @acaes— Phone: + 34 958 016166, FAX: + 34 956 016040

O 2N Lavioisier SAS. Al rights reserved.




I A M. Giaricrrez-Mas aral, ¢ Geadinamica Acea $72 (2004) 153-161

responsible for the distribution of fine sediments supplied by
the maii mivers of the zone [13]. The Meditermancan Qutflow
Water tuns in decper waters (41 and does not influence the
present-day coastal sedimentary dynamics. The main coastal
current flows towards the 5E, as a consequence of the coast-
line configuration, facing Westerly and SW winter stormis.
Although Westerdy winds prevail. Easterly winds are also
important, generating canents towards the North and NW.

Neotectanic activity is mainly associated with the conver-
gence between Africa and Burasia plates, with a present rate
of about 4 mm/year in the tegion |2, 29]. This tectonic activ.
ity has heen responsible for some miajor  historical
earthquakes in the region. Earnthquake focal mechanisms
show a combination of thrust faulting and strike-slip motion
associated with NNW.-S55E compression [8 31]. The tec
tonic getvity. had a  considerable influence on  the
distribution, development and nature of the recent marine
deposits in the Gull of Cadiz [25]. Many indicators in areas
near the Bay of Cadiz, like faults allecting Cluaternary
sediments, morphostructural lineaments and other geomar-
phological featurcs [5, 12, 37], confirm this neolectonic
activity. An Early Quatemary compressive tectonic episode
has been deduced from reverse faults observed in madne
sediments of the continental margin [21, 26, 27, 28

Results obtained in all these previous studies do not
include the nature and structural controls observed in the
spatial distribution of the recent sedimentary units, and their
concomitant neotectonic implications. There is still a signif-
icant lack of information about the topic in the Bay of Cadiz,
and adjacent continental shelf. This paper focuses on the
main factors that controlled the recent shell sedimentation in
the Bay of Cadiz, paying special sttention to physiography
and structure, in order to provide additional information
about the neotectonic control on the Holocene marine sedi-
mentation. Data were obtained [rom the analysis of scdiment
samples, drills and cores, bathymetry and seismic profiles
previously made in the zone.

2. Study zone

The Bay of Cadiz is located in the northem sector of the
Guif of Cadiz (SW Spain), hetween the Guadalquivir River
mouth and Tralalgar Cape (Fig. |). Geologically, the Bay is
included in the Tertiary Guadalguivir Basin, which repre-
sents the foreland basin of the Belic Ranges.

The surroundings of the Bay are constituted by low hills
where post-Orogenic Neogene and Quaternary sands, clays
and marls outcrop. Other materials like diatomites (Lower
and Middle Miocene), gypsums and red marls (Late Trias-
sic) are also present in the coastal nreas. The bay was
generated as a tectonic depression during a distensive lec-
tonic  phase in the Lale Miocene-Pliocene [5]. The
depression was occupied by a deltaic system that gave fise fo
4 characteristic stratigraphic sequence, containing a Plio-
Quaternary shelly conglomerate, locally known as roca
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astionera. This unit developed during the Middle and Late
Pliovene until the Early Pleistocene [6] and represerits the
racky substratumeand the acoustic bascment in the Bay of
Cadiz marine zonc. An unconformity séparates this unit
[rom - a more recent thin deposit constituted by Auvial red
sands and guartzite pebbles (34, 351

Recent Quaternary marine siliciclastic sediments overlay
all these units. They are constituted of sands, silts and clays,
and were presumably deposited in Late Pleistocene and
Holocens times (16, 17, 35]. Dunng the Late Quaternary,
postglacial eustatic sea level fluctuations and tectonic move-
ments  controlled the spatial  distribution of coastal
environments [24], Tn the inner Bay and Guadalete mouth
the Flandrian transgression favoured the agpradational accu-
mulation of estuarine deposits [9]. During the following sea
level highstand, from 6.500 yr BP to the present, proprada-
tonal estuarine and marine sediments have overlaid all e
previous units [9, 1920, 32,

Al present the Bay 15 about 30 km long and 15 km wide,
and consists of two wide embayments separated by a rocky
headland at Puerto Real, The coastal zone presents wide tidal
flats isolated [rom the open sea by sandy beach ridzes and
littural spits, The coastline is oriented NNW-SSE, with some
E-W sections that give the coast a stepped outline, strongly
contralled by teetonic fractures [14]. The continental shelf
has an average width of 40 km, and the slope drops away
sharply from a depth of shout 150-200 m. The physiography
of the seabed shows a close concordanes with the shoreline,
the isobaths generally running parallel to the coast. Subma-
rine pre-Holocosne materials itclude Plio-Quatemary, Late
Miocene and Mesozaic units. The main sedimentary sources
tor the continental shelf and littoral zones are the Guadiana
and Guadalquivir overs, and sediments supplied by them are
transported to the Bay of Cadiz by a West-to-East longshore
current. In the Bay of Cadiz the Guadalete River is sull a
major suppher of sedimeants,

3. Methods

Sedimentological und geophysical data were obtained
during several oceanographic cruises between 1989 and
2002 [10]. Sediment sampling was performed using [wo
basic techniques: vibrocore drilling and van veen dredging.
Atotal of 250 samiples were collected (Fig. 1). The resuling
non-deformed sediment cores were described and finely
sampled for granulometne and mineralogieal anadysis.
These data were employed for the determination of the
thickness, nature and disposition of the recent marine sedi-
mentary cover. Grain size determinalions were carried out
by dry sieving and laser diffraction analysis with a subse-
quent caleulation of statstical parameters. Grain size
distributions were used to describe the sedimentary facies
and to correlate their physical propertics with the muarine
dynamics. Mineralogical composition was studied by X-ray
powder diffraction (XRI),
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Fig. | Geopraphical sliustion of the Bay of Cadiz, sample location and bathymetsic map of the study zong, Poinis indicate location of Van Veen dredger

samples, Asterisks indicale Iocation af vibrocore drifls. Discontinuous lines

Geaphysical data consisted of several high-resalution 3.5
kHz seismic reflection profiles (Fig. 1), These were usad as
complementary informition for the determination of the
geological substratum depth, thickness and nature of the
sedimentary cover in zones where dolling information was
not available. A scries of reprosentative geological cross-
seetions were performed by a correlation analysis hetween
drlling and seismic profiling data. This procedure gave
information abow the subsicatum geomelry, lateral varia-
tions in sedimentary thickness and location of the 1most
imporant depocenters.

All these dara were combined and represented in Inaps of
surface sedimentary facies and isopachs. In a further sLep,
these maps were used for drawing the most relévant serue-
tural lincaments, in order lo deduce morphostructura)
controls on bottom physingraphy and depocenter distribu-
tion. A distribution analysis of orientations was applied 1o
the obtained lineaments and the resulis were compared with
cxIsting neotectonic data (like dircctions of emerged mor
phostructures, recent faults affecting Quatermary deposits in
the nearhy coastal zones, isobath anomalics, e,

4.  Results

4.1 Sedimentary facies and sequences

Three main zones can be distinguished in Cddiz Bay by
taking into account the textural characteristics of the marine
deposits and the sedimentary environments (Fig, 2):

* an inner seetor relatively sheltered from wave action,

where muds and clays prevail in the sea bottom:

* an ouler sector between 15 and 20 m depth, more

exposed to waves, with predominance of sands and
silts;

indicale position of ssismic profiles.
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Fig. 2 Map of sedimentary facies distribution of the Bay of Cadiz
rebed and representative cross seerion of the recent sadimentary cover,
chtzined from doll core dat,
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* a transition zone to the continental shelf, between 20
and 30 m depth, whers muddy scdiments are dominant
although sands are also present,

In the cuter sector, the sedimentary facies distribution
show altcrnating strips or bands ef sands, muddy sands,
sundy muds and muds (Fig. 2). Contacts belween bands are
parallel or normal to the coastling and to iscbaths, reproduc-
ing the general coastal physiogtaphy and the distribution of
rocky shoals.

The mineralagical composition ol sediments shows s
clear prevalence of quartz; with average proportions ranging
from 65% in sandy deposits to 530% in muddy sediments.
Feldspars show an averdge concentration of 9%, slightly
higher in sandy deposits. Carbonales appear mainly as big-
clasts, and are mostly repressnted by caleite (content ranging
berween 107 and 20%), Phyllosilicates prevail in the muddy
zones and are mainly constituted by THite (60%), Chlonte
(15%), Kaolinite (10%:), Smectile (7%) and interlayered
Hite-Smectite (= 3%,

Seismic profiles (Fig. 3) demonstrated the existence of an
acoustic basement constituted by an croded tocky substra.
tum, probably the Plo-Quatemary conglomerates (Roca
ostionera), The top of this unit shows a paleorelief in which
furrorws and palacochannels can be clearly identified: Recent
marine deposits overlay this eroded surface, showing a gen-
eral finning upward textural distibution (Fig. 2), According
to their dcoustic response, bwo main levels cin be distine
enished within them:

& basal laver of gravels directly overlay the acoustic
hasement. sometimes including eroded fragments from the
underlving Plio-Quaternary conglomerates.

An upper bed constituted by finer sediments like sands,
muddy sandz or sandy muds, Sands were dominant in all the
cores, although somie lavers of very fine sands, mudddy sands
and muds were also present. The lop of the sequences usu-
ally was represented by g 20 em level of medium o coarse
sinds with plants and bioclastic fragments, covered by a
very thin level of bioclastic fine sands,

4.2 Distribution and orfentation of sopachs

Geoplysical and drlling daga vwere used for the construc-
tion of isopach maps and geological cross sections. Fig. 4
shows the isopach and thickness distribution ogether with
the bathymetrie lines. 1o general terms, isopach lines are ori-
ented following two prevailing directions: 4 NNW-S5E o
NW-5E strike, the most important in the Bay, and a secan-
dary one E-W, almost normal to the former.

The map of Fig. 4 represents the areal distobution of sed-
iment thickness and confinns the results obtained in the
seismic profiling (Fig. 3 & 5): the recent non-consolidated
sediments cover o previous surface of crosive ongin formed
upon a rocky substratum, The average thickness of the recent
sediment cover was found o be only 3 m, with a complete
abstnee i osome places. Zones of very reduced thickness
appear in areas of low water depth, close Lo the coast and also
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Fig: 3 Seismie profile (3.5 kHz) representative of the geologic substratum and thickness of the sedimentary cover.' 1) Heldcene sedimentary wedges
{sands or sandy muds), 2) Basal gravels in contact with the sconstic basement, 3% Rocky substrotum (Plio-{Juarernary) with a channelised
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Fig. 4+ Isopachs and thickness diznibuton map of the Holocene sedimentary filling o the seabed in Bay of Cadiz and location of the fuain depocenters.

upon rocky structural highs (Fig. 5). Seawards. in the conti-
nental shelf bottoms, sediment thickness also decreases,
reaching values of less than 5 m (Fig. 4). However, beyond
40 m water depth, thickness increases once again, reaching
values of more than 25 m, with moddy sediments mainly
supplied by the Guadalquivir River (whose mouth is Jocated
few kilometres northward the zong),

In the Bay four main depocenters can be recognised
(Fig. 4 & 51

* Amaximum thickness of 25 i wis recorded southward
Rota village, at ahout 20 oy depth, in a zone 1.5 km
wide and 3.5 km long. In this sector 1sopach lines are
MNNW-SSE onented, parallel to the coastling, atthough
WNW-ESE tendencies can also be seen,
A second depocenter zone, 15 m thick, is located to the
East of Cadiz city, at about 10 m depth, with tsopach
lines oriented NW-SE, almast parallel to the coastline
and to the isobath curves.
A third depocenter zone, 10 m thick, appears Lo the
North of Cadiz, at about 17 m depth, with isopachs
showing a WNW-ESE trend, normal 1o the coastline,
and also ina SW-NE direction.
Another depocanter zone, 5 m thick and with aNE-5W
oricntation, is located directly facing the mouth of the
Guadalete River mouth.

A distribution analysis of lineaments was applied 1o the
bathymetric and isopach maps, consisting on the identifica-
tion and measurement of 135 bathymetric and 142 isopach
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Fig. 5 Representative cross sections of the recent sedimentary filling o
the sea battoin in Bay of Cadiz, Location in Fig, 4,
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lines (Fig. 64). In the first case, the mudmum oecurmence
(18.5%) was obtained for the NW-SE (NI 30°E) direction,
with a similar proportion in an E-W (NO23°E) strike. Other
seconddry dircctions appearcd broadly normal o thesc
(NDASE and N-5) and oblique (NOTIE). The analysis of the
isopach map revealed three clear families of dominant direc-
tons (figure 6B) NME-B8W (NO3IF'E), ENE-WSW
(NOTOPEY and NW-SE (M130°E). Other families can be
clearly recognised inthe map of Fig, 6, such as N-5 and even
E-W, although an a larger scale.

The depocenters are mainly located in areas of conver-
gence of lincaments belonging to different. families: The
main direetions responsible for the most important depo-
centers are NNW-55E, NNE-S8W and ENE-WEW. The
zongs of greatest thickness, between 13 and 25 m, appear 1o
be conditigned by NW-SE and ENE-WSW directions, which
coincide with the prevailing physiosraphic lincaments, both
coastal and submarine, Thickness between 2 and 4 m seems
to he controlled by ENE-WSW and NNE-SSW directions.

5. Discussion

The results ohbtained on the analysis of sedimentary
facies, seismic profiles and distohution and orientation of

— Major  liceements

B —— Winor Shusmanis

Fig. 6 A) Major and minor linewments identified” in the sopach
distribudon of the recent nuirine sediments m Bey of Cadiz, B)
Linesments identified on the isopach distibolion map from Fig, 4, ©)
Frevailing lineznvent ditections meisured on isobatbs.

isopach lines have important implications for the reconstruc-
tion of the palasoenvironmental, neoteclonic and recent
sedimentary evolution of the Bay of Cadiz.

The composition and siliciclastic character of the
Holocene sedimentary deposits indicates a clear provenance
from continéntal areas, via Guadisna, Guadalgoivir and
Guadalele rivers, and ransported Lo this coastal zone by an
getive longshore current. However, the textural charactens-
tics and the high sorting degree of the sand fraction sugpest
that episodes of low accumulation rates were also frequent,
during which pre-existing deposits would have probably
experienced some reworking. The outstanding latersl vara-
bility of the marine deposits, with alternating bands ol sands,
tuds and muddy sands (Fig, 2), is 3 consequences of the sed-
imentary dynamics and the hydrodynamic processes, which
include tidal fows and relixaton flows gencrated during
storms. These flows spread owt mainly towards Lhe bay
mouth and the bands are oriented to the West and SW. mark-
ing the sediment transport paths over the seabed. These
bands follow structural direcions, in coineidence with the
orientation of bathymetric and physiographic lineaments:

Basal pravels and overlving sands present important lat-
eral variations of their textural characteristics, from gravels
and =ands in the Easteim zone, where sublioral environ-
ments prevail, 1o fine sands and muds towards the shelf, o
the ransitional zone o the continental shell adjacent 1o the
Bay of Cadiz, several sedimentological and geophysical
studies [15, 17, 18] have revealed the existence of a gross
mud wedge. interpreted as a prograding prodeltaic unit asso-
ciated with the Guadalgquivir River mouth.

Analysis of the seismic profiles indicates that the disuibio-
ton and thickness ol the deposits are strongly conditionad
by anold relief (Fig. 3 & 5). This previous topography is the
resultof o complex eustatic evolution during the Cluaternary,
The most impodant depocenters, between |8 and 25 m
thick, are located over structural depressions that commonly
show a plan V shape, suggesiing that the marine sediments
may infill previows fluvial channels, inherted from sybaerial
exposition episodes during the last cold phases of the Late
FMeistocene. The lateral migration of a unique channel, like
the Guadalete River, could have produced this distdbution
of pulacochannels. Llaveer al. [23] identified a palasochan-
el near Cadiz eity, infilled by Muvial deposits and supposed
to have an age of berween 20 and 18 ka B.P. Several buried
flat surfaces associated 1o infilled palasochannsls can be rec-
ognited on the pre-Holocene substratom in some cross
sections (Fig, 5B and E), Their perched disposition in rela-
tion to the ancient thalwegs suggests that they could form
part of asequence of stepped fluvial terraces, overlaid by the
Holocene marine deposits. Other sites (Fig, 3D) seem 10
draw bured palago-scorpments, probably associated 1o
ancient coastlines elaborated dunng sea level lowstand epi-
sodes, Mew drilling data should be needed in order (o
confirm the fluvial andfor coastal otigin of (hege buried
forms, the real nature of the rocky substratum in all these
points and the disiobution of ancient palacochannels,
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During the Late Pleistocene the landscape of the zone wis
characterised by an alluvial plain with several channels and
palacochannels cutting into a moderately tectonised geolog-
feal substratum of rocks of low strength. As an evidence of
this, the isopach lines and depocenters appear oriented fol-
lowing well defined dircetions that can also be recognised in
the surrounding continental, coastal and deep marine areas
in the form of faults [12], joints [11, 14], physiographic lin-
caments and bathymetric lines [33].

During the postglacial transgression the palacoenviron-
mental evolution of the Bay was characteosed by a
progressive ransiton to coastul and marine enviconments.
The busal gravels are a product of the erosion of the Pho-
Pleistocene conglomeratic substratum and could be inter-
preied as eld fuvial deposits of the Guadalete River or, in
some points, as high-coergy copseal sédiments associated
with past rocky cliff toes. The sandy levels oveérlaving the
grovels were deposited in medium-energy beach coviron-
ments, probably during an intermediate episode of sea level
stabilisation. The Guadalete River mouth retreated land-
wards until the maximum flooding of the Late Holocens
highstand (ca. 6,300 yvears BP), when the river mouth trans-
formed into a tidal estuary [9] partially closed by a littoral
spit. As o consequence, the fluvial supply 1o the continental
shelf was considerably reduced and the Bayv of Cadiz and
mner continental shell sands have since been covered hy

finer deposits, such as muddy sands and muds; characteristic
of a marine environment shightly affected by wave action.

The bathymetric lines follow a prevailing NW-SE orien-
taton, paraliel to the coastline and continental margin
direction. Another prevalent bathymetrie direetion is 15-W,
parallel to several straight coastal segments, which region-
ally give the Cadiz coast a stepped outline (Fig, 7A), These
E-W elements are responsible for the presence of wids bays
opengd to the South and SW in the South-Atlantic spanish
coast and for several submarine valleys present on the adja-
cent continental shell and slope. Regarding isopach
lincaments (Fig: 6A & B), the N'W-5E direction contrals the
location -and extension of the thicker depocenters and s
parallel to the dominant kathymeatric lines, regional coastline
and continental margin grientations. The vther two prevalent
families (NNE-S5W and ENE-WSW) control the Incatian
and plan form of other minor depocenters and broadly coin-
cide with secondary bathymetric lineaments. All these
prevailing directions coincide with the main fault systems
observable in pre-Holocene materdals outcropping in neigh-
bouwring coastal and continental areas [3, 5, 7, 12, 14, 34].

A companson has heen made between these divections and
ather tegional data on joint systems and faults, bath affecting
the Plie-Pleistocene conglomeratic unit and other Quaternary
malenials, and measured in coastal areas of the Bay of Cadiz,
Joints show a prevalent ESE-WNW o E-W family (Fig, TA),
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Fig. 7 A: Previiling joine directions affecting Plic-Cuaternany and Pleistocene units oulcropping in the coastil zone [modified from 147 B Muin
unternary taully that cantrof the coastal morphology in the Bay of Cadiz and sumounding areas [modificd froim 121, Lefters “N" indicate tecronie

accidents dedirced in the present work;
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parallel to the short segments that step the regional NW-5E
coastling strke. JToints with a NW=5E direction, although not
well represenied on a regional scale, locally predominate at
some locations (Fig, TA, [117). Parallel tectolincaments have
been identified on land through the analysis of satellite
images and topozraphic maps [14].

The distribution of regional tectonic stress ditections in
SW Iberia doring the Quaternary shows a prevailing NINW-
S5E to N-5 compression [30]. At a regional scale, this tec-
tonic activity has produced three main sidke-slip fault
familics [7]: NW-8E and ENE-WSW, both with dextral
movement, and a thivd family NINE-55W with a prevalent
sinisteal motion, In the Bay of Cadiz two main fumilies of
conjugated smike-slip faolis affecting Middle Pleistocens
fluvial deposits have been identificd [12]: dextral NW-5E
and sinistral NE-5W (Fig. 7B). The ENE-WSW family only
appears to the Morth, delimiting the northern partion of the
hay and affecting Plio-Pleistocene conglomerates [35]. In
the contingntal shell beneath the Bay of Cadiz, the NE-SW
and NNW-55E faulting directions have been also recog-
nised affecting Quaternary deposits [27]. In the northern part
of the Bay, Vasquer et al. [33] ideatified two faulting sys-
tenis by seismic reflection techniques, running NE-5W and
ESE-WMNW. The first systeny appears in the submerged zone
as o prolonganon of the Guadalete Biver mouth favult (fgure
T8, [12]) and affects the Late Pleistocene sedimentary infill
of fluvial palasochannels, indicating o very reccnt tectonic
aetivity. The ESE-WNW dircction is cquivalent to one of the
prevailing joint families affecting the Plio-Pleistocene unit.

The present study reveals the existence of several linea-
ment families that control the broad sea botom merphelogy
(NW-SE and BE-W) and the geometry and distnibution of
Holocene sedimentary depocenters (NESSW, ENE-WEW
uind NW-S1 to NINW-S5E). All of them clearly coincide with
the mast important neptectonic lings recognised in continen-
tal aress, both at local and at regional scales. In the mainhind
these limes correspond Lo funlts acive at least dunng the Mid-
dle-Late Plzistocens: The most frequent linsament family is
the ENE-WSW one (Fig. 6), suggesting the prolongation of
the main ENE-WSW fault that limits the North of the Bay of
Cadiz (Fig. 7B} towards the shell, The movement of all thesa
faults generated a readjustment of blocks [12] that could
explain local relative sealevel fluctuations.

In summary, the present coastling and seéabed morphol-
ogy in the Bay of Cadiz is the final result of the nectectonic
activity of faults and joints, The active faults produced a
series of raised and sunken blocks and an altermnating diste-
bution of headlands and bavs. At the same time, this t2ctonic
activity conditioned the sedimentary depaosit thickness, the
location of structural highs and lows and the spatial distribu-
tion of sedimentary traps in zones of converging laulis,
Morphastructural control on the current sedimentary dyna-
mics 15 exerted through the selective location of river mouths
and on the submerged physiography, which conditions wave
refraction provesses, lidal current directions and sediment
transport paths,

fi. Conclusions

The analysis of the Late Quaternary sedimentary cover of
the Bay of Cadiz sea bottom has revealed the complexity of
factors influencing the disidbution of maring sediments in
teclondcally active regions, The natre of the deposits indi-
cates a prevailing terrigenous sedimentation, conditioned by
the fluctuating sediment supply from the continent. A certain
cyelical pattern has heen recognised in the sedimentary his-
tory of the Bay, with alternating perieds of high and low
sedimentation rales,

The historical distribotion of deposidonal envirenments
(continental, coasti]l and marine) and the associated effi-
ciency of the sedimentary processes were highly controlled
by the fluctuating sea level during the Late Quaternary. The
coastline advance during the Upper Pleistocene lowstand led
Lo the accumulation of fluvial deposits and the development
of an alluvial plain in the Bay of Cadiz area. The Holocene
transgression produced the marine flooding of this embay-
ment ond its transformation into.an open marine bay,

The recent sedimentary infilling on the Bay of Cadiz sca-
bed presents a remarkable stueturnl control. Locaton of the
main depocenters and even the distribution of isopachs, fol-
low lines parallel to the main struetural directions of recent
faults and fractures recognised in both magne and contingn-
sl surronnding arcas. Thess stuctures condition  the
distribution and onentation of sediment thickness and play
an impartant role in the depocenter location, since they
occupy previous [uvial channels incised following very
marked morphostructural lines.

Many factors assoctuted o the currently active sedimen-
tary dynamics, .. coastal and seabed physiegraphy, water
depth, distribotion of depositional environments, wave
refraction processes, distribution ol water flows, are abso-
lutely controlled by the morphosttucures of the rocky
substratum. The Bay of Cadiz thus constitutes o good exam-
ple of how CQuaternary tectonics can  influence  the
sedimentary evolution und dynamics in coastal and shallow
marine argas.

Acknowledgements

This work is & contribution to the Spanish D.GES.
Provect REN2002-01142/MAR.

Reflerences

[1]  Achabbi, Cidgmer Mas 1 M., Moral Cardona 1T, Pamodo
Roman 1M Gonrdles Cahallero 1L, Liper Amuayoe T, Difereaci-
acidn de facles relictas ¥ actales en los sedimentos recienzs de és
fondos de 1a Bahia de Cadiz, Geogacetn 27 (1595%) T- 10

71 ArpusDF, Gordon G, Demets C, Stein 5., Closoresof the
Africa-Eurasia-Narth Amseriea plae motion cireuit and segronics of
the Glora Gaull, Journal of Geophysical Research 04 {1989 5585
SiEL




131
[+
&
[&]

i

1]

(9

(19

[L1]

117

[13

[14]

[15]

(5]

(171

[ta]

(19]

LML Guflérrez-May et al, / Geodinamicn Acur |72 (2004) 155167 141

Raldy I, Geologie du platean contineaiel porragaise (an sud do Cap
de Finea), Thise de 37 cyele, Unbversii de Poriz VI, 1977, 113 -
H-El'l'l-ﬂf:(:r LD, Price CH_. Mixing wnet sp;n:a'd'lng of the M:‘ji;m.
nean aurflow, Jour, Phive: Oceanogr, 27 (8) (1977) 16541677,
Benkhalil 1, Ende seotectonique de I terminalsnn des Cordilléres
Betiques (Ezpagne), Thise 32 evele, Université de Mice, 1976, 180 p,
Benot €2, Diae MUG., Mayorsl F., Para AL Boddeuez Yidal 1,
MNuevas apoiaciones pare o determinacidn del Bmile Medgeno -
Cunternaria en |n Balys de Cadiz (50 de Espaiia), in; Bl Conternaria
en Espefia v Partugal, Actis 2* Reun. Coaternario Ihénco, ARG A-
GTREC), Madrid, vol, T{1993). 243-250,

Bocealett M., Papani G., Gelet B, Rodefgues-Ferndndez 1., Ldper,
Garride A ., Sanzade-Galdeano O, Meogene—Qusleminy sedi-
menlory—ectonic  evolution of the Betie Cocdillern, in:
Bocealet B, Papani G, (Eds. ). Brittle deferniation analysts in Neo-
tectonics, Avie—Namiralin g2 “L'Ateneo Parmenze™ 23-4 (1987
179200,

Bufom E., Uding A, Colombas MA Selsmicity, souree mechn-
nisms and tectonics af the Azores-Gibrltar phae bowndacy,
Tectonaphysics 152 { 1958) B9-118, '
Dabrin O, Faeo €, Gov 11, Slece T, Uoma B, Lano T,
Guonzilez LA, Floes LA, Depositicnal history of estuaring infill
during the lgst posrglecial wonseression (Gull of Chdiz, Soothern
Spain), Morine Geclogy 162 (20007 381 -204,

Direceidn Generel de Costas, Campafas de sondeos y sismica de
ey resolucidn mealizadas por las empresss INTECSA ¢ GEG-
MY TSA, Demorcacidn de Costas de Andaluefs  Atlintics,
Minizterio del Medio Ambionte, 1980, 1991, 10495, 1906, Maddd.
Gm]::i::l FI., Todrigeer )., Reves JL., Benovene )., Gallardo b,
Alonso?, Belluondm G, Coastal erosion reluted o recent rectonicy
in the Bay of Cadiz, i Vite-Finzi €, Stewart 1 {Eds.], Recting oit
Late Quaternary Constal Tectonics, The Gealogical Soeiety of Lon-
on, London, 1997, P10, p. 21,

Gragia F1, Rodrgoes-Vidal ), Benavenie 1, Ciceres L, Laper
Aguvo Fl, Tectdnics coaternanin en le Bahis de Chdiz, e Palli L,
Roqué Co(Bds.), Avances en e estedin del Coatemnird espafial,
Universidad de Girona, 1999, 57.74.

Gutierrez-Mas LM, Domingues-Falla 5., Lapez-Aguaya F., Presient-
day pedimentation patterns of the Gull of Chidiz northemn $helf fFom
heavy minerals analy sy, Geo-Marine Letiers 14 (1894) 53-58,
Cutizmez-Mas I M, Giser FJ. Morphastreciuml controls on the
codetel sedimentzry dynaumics in the Southatlantic Spanish margin
ipravince of Cidiz, Spain), Gaia 9 (1%94) 5790,

Coticmer-Mis IM. Lopez-Galinde A., Gonzslez-Caballers 1L
Lopez-Aguayo F., Lus facies detrfticas de la plarafonng coutinental
de Cddiz (tramo Chipiona-Trafalgar) ex relacion con Ia evplucitin de
lu dindmice sedimentards recionte, Revisa Sociedad Crenldgica de
Espafia 8 (1-2) {1995) 61-71

Gutierres-Mas LM, Herndndoz-Moling FJ.,  Laper-Aguave F,
Evelucidn de la dindmica sedimentaria récisne en la plataforma
continental septenirional def Golfo de Cidie, Grogaceta 14 (1983
A2-35;

Cratidrrez-Mos IM.,  Herngndee-Molina 1, Lipee-Agmoya F.
Huolocone sedimentary dynamics oo the Therian contriental shelf of
the Calf of Cadiz (5W Spain), Contingntul Shelf Resench 16 (13)
[L9985) 1635- 1653,

Heméndez-Molinu .1, Farmdndes-Pum M0, Fem:lidez-
Sales LM, Llave B, Lobo BT, Vazques 1T, Acostal, Lépee
Aguayo I, Distribucion v estricmrscion sedimentariz de Jos
depdsitos del Holoceno Terminal de la Balia de Cédlz, Greogaceln
20CE) (ESRIAY 424227

Herwdndez-Meling FX, Somoza L., LaboF., Seisiic stratigraphy
of e Gulf of Cadiz continental shelf: a model for Late Cuaternary
very ligh-resnlution séquence stotigraphy and response fo ssa-level
tall. in: Hunt I3, Gawthorpe L {Bds ), Sedimentary Redpomses 10
Forced Regressions, Geological Sveiety of London, Special Publica-
tians [ 72, London, 2000, 339342,

[2o]

1ZH

[22]

13]

[24]

[25]

[26]

{27]

[28]

[24]

307

[3]

(32}

33]

[34]

[33]

[36]

137

Lario ), Zazo €2, Goy IL., DabdoCl, BagaF, SilaP.G,
Slerro 12, Conzdlez A, Soler Vi, YILE, Changes T sedimentation
Lesnds in SW Thenia Holocene estuaries (Spain), Qeaternrey Interno-
tronal $3-84 (2002 171-174.

L Pichon XK., Awrende JM, Puutol GG, Monti 5., Francheteau 1.
Desp Sen Photdgraphs of un Active Seismic Faolt Tone near Gikrai-
tir Stmuiz=s, Mature 230 (1971 210-111.

Loba FL, Hemdndez-Moling F.J., Somoza (., ®odero T, Balde-
mivdt AL, Barmodas A, Panems of bottom current flow deduded from
dime asymmetrics over e Gulf of Cadiz shelf (Southwest Spain},
Murine Geelogy 164 (20003 91-117.

Llave E.,  Hemndndez-Molina FJ,  Alomso O,  CGallardo b
Viazquer LT, Lopez-Aguayo F, Caracterizacidn v evolucidn del
palesciuce del rio Guadalofe en la Bahia de Cidiz durante e Cuater-
nano eminnl, Geogaceta 26 (19993 4345,

Muberoona 1M, Les sédiments pré-quatemaives #1 Villafranchisi
du bassin fluvial de lu Guudalete (prov. de Cadix). Estudios Geoldg-
icor 19 (1963 ) 143 159,

Maldonedo &, Baraza [, Checa A, Nelson CH., Birberl H.,
Hampron MUH., Kayen B.E,, Lee H1., Tectonic framework. puttern
of sedimentation and patential envimnmental prablems of the Cadiz
Comtitental Mergin,d Spain. in; 28% Internationsl Geolopical Con-
Fress, Washington, 1989, 2, p. 356

Maldonado 4., Melsen CH. Interaction of téctonié und depositional
processes that control the evalution of the Therian Gulf of Cadiz mar-
2in, Murine Ciealogy 155 (199%) 217-242,

Maldonode A, Somoza L, Pallasds L, The Berfe Oropen and the
Iherizn- Alrican boundary in the Gull of Codiz, Maring Geology 155
[ 999} 9.45,

Midod 1.4, Mougenet D, Lhistoire géologique MNéogéne du Golf
de Cadix, Bull, 500, Geel. France, (7) 21 675 | 1979) 803-61 1.
Moomen B.. Ambrosious B, Wikbker ¥, Crustil anofions in tho
Mediterramean region detennined [rom loser tanging 1o LAGEDS,
in: Smdth DuE Tureome TV (Bds. ), Contriburion of Space Geod-
ey 0 Ceedyoamics: Eanh Dyoomics. Am. Geophys, Union
Geodyn. Ser., 23, 1993, 331246,

Ribeira A Cabeal 1, Baplists R, Marias L., Stress pattern in Parie
gal mainlond and the sdjacen: Ardantic region, West Theria,
Tectonics 15 {2) (1994) 64 1-6549.

Sarrori B, Torelli L, Fisellind M., Peiz D, Lodoln B, Easter sep-
ment of the Azores-CHbraltar line (central-castern Athntic): An
veeanic plate. boundery with diffuse compeessional deforeation,
Geology 22 (1994} 555558,

Someed L. Hermdndez-Moling 121, De-Andrés LR, Bey 1., Conil-
neatnl shelf architeciure and sea-level cycles: Late Quatemary high
regolution smatigraphy of the Gulf of Cddiz (Spain), Geo-Maring
Lepers 17 (19UT) 133-130,

Varquez 1T, Llave E. Hemdndee-Maolinn 1, Lapez-Aguayo I
Principales iagecs tectdnlons de fa Balda de Cédiz durante el Cuaters
naro tarmingl, Geotemas 1(4) (2000) 240-247

Wignier ©, Lo Néopéne de [FAndalousic Mord-occidentale
{Espagne), Hismire geologiyue do hassin du bas Guadalquivir,
Thiése Doct. d"Universild Bordeaug, 1974, 245 p,

Zaze:(C,, El Custernario Marino-Continestal v el Emifte Plio:-Plisto-
cenn en gl ltoml de Cadiz, Pi.D Thesis, Universidad Complutense,
Madrid, 1980 {unposl.),

Zapo C., Goyll. Somozal., DabdeCl, Belluomini G,
tmpreta 5., Lario I, Bardaji T., $ilva P.G.. Holocene sequence of
sea-level fluorations i relation 1o clingtic trends in the’ Attantic-
Medilermanean Tinkage coast, Towrnnl of Cosstal Research 10 (43
(19945 03305,

Zazo C, Silva PG, Goyll., Hilisire-Mace €., Ghaleb B,
Lanio ., Bardaji T,, Gonedlez A, Coastal uplift in continencal colli-
sion plate boundaries: data from the Tast Inferglacial maring remsaces
of the Gibmltar Straif prea {south Spaln), Tectonophysics 301 (19949)
Q5108




