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ABSTRACT

Ergin, M., Okyar. M. and Timur, K.. 1992. Scismic stratigraphy and late Quaternary sediments in inner and mid-shelf areas
of eastern Mersin Bay, Northeastern Mcditerrancan Sea. Mar. Geol., 104: 73-91.

High-resolution shallow-scismic reflection (Uniboom) profiles obtained in inner and mid-shelf ardas of eastern Mersin Bay
(Turkey, northeastern Mediterrancan) show that the sedimentary column comprises two major and distinct fithological se-
quences (C and B) scparated by a refiector (R) which is interpreted as the pre-Holocene surface. The upper sedimentary
sequence (C) is thought to represent roughly the Holocene and is characterized by parallel/divergent to sigmoidal reflection
patterns above (Unit 1) and sigmoidal- oblique to disrupted. wavy and hummocky reflection configurations below (Unit 2).
This may reflect changes in relative sea level and/or depositional conditions during the earlier and later stages of Holocene.
The Holocenc sequence (C) reaches a maximum thickness of approximately 35 m about 500- 600 m seaward of the mouth of
Seyhan River and thins in all dircctions away from this point. Adjacent shelf areas are characterized by thinner (10-15 m
thick) depositional sequences. Holocene sediment accumulation rates range from 1 to 3.5 m/ka.

The lower sedimentary sequence, B. is marked by chaotic reflection configurations and is interpreted as having formed
largely during the Plio-Pleistocene. The top of this sequence displays various channel/onlap fills with parallel 10 oblique
reflectors. This record may represent the pre-Holocene surfaces produced by subaerial, fluvial crosion of the pre-existing shelf.
At least two or three orders of strong. continuous reflectors similar (o Late Pleistocene/1olocene unconformities are obscrved
within sequence B, and the repetitive pattern of the interfaces indicates cyclic sedimentation due to climatic fluctuations and
oscillating sea-level changes, mostly in the Pleistocene.

Lithological logs from numerous soil borings on the adjacent coast suggest a significant increase in the thickness of the Plio-
Quaternary sequences, from a few metres on the alluvial fan-delta systems west of Mersin to a few hundred metres on the
Auvial plain-delta system east of Mersin. Climatic and sediment-discharge fluctuations and coastal morphology controlled the
temporal and spatial distributions of Late Plcistocene and Holocene sediments in eastern Mersin Bay.

Introduction

The study area, Mersin Bay, is situated in the
northeastern Mediterranean Sea, between the
Seyhan River delta to the east, and the Goksu
River delta to the west, and extends seaward onto
the middle shelf. However, the emphasis here is
placed on the eastern part of Mersin Bay where
the coastal plain broadens remarkably towards the
east-northeast, from the Gilindirez River fan-delta
to the Seyhan River delta (Fig. 1).
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Mersin Bay has a wide shelf (42 km) off the
mouths of Dclicay—TarsusTSeyhan rivers which
narrows to 20 km off the Gilindirez River mouth
(Fig. 2). While alluvial fan-delta associations are
prominent west of Mersin, wide delta plains and
lagoons are characteristic morphological units that
occur on the eastern coast of Mersin Bay (Evans,
1971). In general, the study area is bound to the
north by a SE-NW-trending coastal plain which
is flanked by the Taurus Mountains of Turkey to
the west and north. The coastal plain in the west
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Fig. I. Generalized geological map of the coastal hinterland of Mersin Bay in the northeastern Mediterrancan (compiled from

various sources).

is often crossed by a series of ephemeral streams
which form complex alluvial fan and delta systems
(Fig. 2).

Previous seismostratigraphic studies have fo-
cused on the deeper waters off Mersin Bay (Wong
and Zarudzki, 1969; Wong et al., 1971; Malovitsky
et al., 1975; Stanley, 1977; Woodside. 1977: Wood-
side and Williams, 1977; Biju-Duval et al., 1978;
Evans et al,, 1978; Hooker, 1981). In addition.
Aksu and Ulug (pers. commun.. 1990) have re-
cently carried out deep-penetration seismic surveys
in the offshore areas of Mersin Bay using an airgun
system. Surprisingly little, however, is known
about the shallow scismic characteristics of the
shelf sediments in this arca (Bodur and Frgin,
1989; Ergin et al., 1989).

The main purpose of the present study is to
interpret the Late Quaternary sediments formed

in response to the various topographic, hydro-
graphic and climatic factors that hdve prevailed in
Mersin Bay.

Geological and hydrographic settings

The geology of the surrounding coast is domi-
nated by Plio-Quaternary deposits overlying late
Tertiary [mainly Neogene (Miocene)] limestones,
marls, sandstones and conglomerates (DSI, 1978,
and unpubi. data) (Figs. | and 3). Plio-Quaternary
deposits are composed mainly of clay, silt, sand
and gravel of diverse origins. The latter contains
fragments of limestones, cherts, sandstones, and
basic/ultramafic igneous rocks. These have been
transported by several streams (partly ephemeral)
from the Tertiary and Cretaceous terrains of the
hinterland mountains to form small alluvial fans,
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Fig. 2. Location map of the seismic-surveyed marine region east of Mersin Bay. Note the numbers on tracklines showing continuous
seismic profiles. The seismic reflection profiles used in this study (Figs. 4-12) are also given. Water depths are in metres,

especially on the narrow coastal plain west of
Mersin. For convenience in this study we shall
distinguish between the fluvial-deltaic systems east
of Mersin Bay, and the alluvial fan-deltaic systems
west of the bay, based on coastal morphology and
fluvial inputs.

The Plio-Quaternary deposits attain their mini-
mum thicknesses on the western coast where sev-
eral Tertiary basement rocks outcrop. By contrast,
they appear to be much thicker (up to 1250 m:
Schmidt, 1961) towards the east on the wide fluvial
plains of the Tarsus and Seyhan rivers. The coastal
plain extends southwards bencath the waters of
the Mediterranean. Farther to the south, in deeper
waters offshore Mersin Bay, the unconsolidated
Plio-Quaternary sediment sequences range from
<250 m on the shelf/upper slope zone (Malovitsky
et al., 1975; Stanley, 1977; Weedon, 1983) to 1-2
km thick in the eastern Cilicia Basin (Stanley,
1977; Ozhan, 1988).

Surface sediment patterns show that siliciclastic
mud is the dominant type on the Mersin Bay shelf,

and sand and gravel are frequently found beneath
the nearshore waters at depths of <10 m (Shaw
and Bush, 1978; Bodur and Ergin, 1988; Ergin et
al., 1988; Ergin et al., 1989). The Seyhan, Tarsus
(Berdan), Delicay, Kizildere (Efrenk), Mezitli and
Gilindirez rivers carry most of the sediment into
the marine region studied, in eastern Mersin Bay
(Fig. 1). Of these, the Seyhan, and Tarsus flow all
the year round, while the others constitute ephem-
eral flows for 3-4 months of the year. The streams
and rivers with seasonal flows, however, have
much greater erosional effects on their banks and
beds (DSI, 1978). The drainage areas and the
discharge rates of these rivers are given in Table 1.

The climate of the study area is of the Mediterra-
nean type—hot and dry in summer and mild and
rainy in winter. The annual average rainfall is
about 650 mm. The circulation in Mersin Bay is
mainly characterized by the westward flow of
surface currents (Ovchinnikov, 1966; Ozsoy et al.,
1987; Unluata, 1986). However. several cyclonic
and anticyclonic circulation systems exist at rela-
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Fig. 3. Lithologic logs taken from borcholes drilled in the coastal zone of Mersin Bay. See text for explanation.

tively shallower water depths duc mainly to local
winds and the coastal morphology (Collins and
Banner, 1979; IMS, 1986). Current velocities are
usually between 10 and 30 cm/s, although much
greater fluctuations (3-57 cm/s) also occur under
the influence of changing hydrographic conditions
(IMS, 1986). The nearshore currents in particular
(also known as high-turbidity waters) carry most
of the detritus from coastal erosion and river
runoff (based on Secchi-depth measurements and
ERTS imagery) (Collins and Banner, 1979; IMS,
1986). Tidal ranges are small (+65 to —90 cm: cf.
Bal and Demirkol, 1987/1988).

Materials and methods

Approximately 260 linc kilometres of high-reso-
lution seismic profiles were obtained along eleven
track lines traversing the inner and mid-shelf re-
gions of eastern Mersin Bay during the cruise of
R.V. Lamas in 1989 (Fig. 1). An EG&G Uniboom
shallow-scismic system (100-300 J) was used. The
effective acoustic frequency range was 400 Hz-14
kHz. An assumed scismic velocity of 1500 m/s was
used to derive water depths. The seismic velocity
for unconsolidated sediments is assigned a value
of approximately 1600 m/s, i.e.. a value which is
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TABLE 1

Surface arca of drainage basins and water discharge rates of
the important rivers and streams in the vicinily of Mersin Bay
(n.a. =no data availablc)

Drainage Flow rates (m/s)
arca (km) —_—
Min. Max.

Seyhan 14015 - 44 1960
Tarsus (Berdan) 1416 I 1222
Delicay 305 0 30
Efrenk (Mufiu) 345 0 o
Mezitli (Kizildere) n.a 0 R
Gilindirez na 0 n.a
Lamas (limonlu) 1055 2 62

Sources: IMS (1986): EIE (1981, 1989); ¢f. Ebren (1982)

closc to that derived for Pliocene-Quaternary sedi-
ments in Mersin Bay (Malovitsky et al., 1975).
Positioning was maintained using a Del Norte/
Decca Radio Navigation Trisponder System.
Numerous lithological logs were available for
consultation from a total of 90 borcholes along
the coastal zone (Fig. 3); these were drilled by
several state and private institutions for the pur-
pose of various hydrogeological, coastal and har-
bour engineering surveys. The coastal alluvial
deposits are known to be the best groundwater
reservoirs around the study area (DSI, 1978).
Recognition of depositional sequences and the
interpretation of data arc based on the scismic
stratigraphic  analysis methods outlined by
Mitchum and Vail (1977), Vail et al. (1977), Sangre
and Widmier (1979) and Brown and Fisher (1980).

Coastal-plain lithofacies

Boreholes drilled in the coastal zone north of
the scismic-surveyed marine regions (Fig. 3) reveal
a considerable lateral thickness variation in the
Plio-Quaternary sequences which overlie the Mio-
cene marls and limestones. In the northwest of
Mersin, where bedrock (mostly karstic and caliche)
is exposed in many areas, the Plio-Quaternary
deposits range in thickness from less than | m in
Boreholes 2 and 84 to about 50 m in Borcholes
107 and 3. Exceptions are Borcholes 1, 93 and 86
where thick sequences of alluvial fan and associ-

ated fluvial deposits are prominent (Fig. 3). Here,
particularly on the Mezitli River alluvial fan, the
Plio-Quaternary deposits constitute a 110 m thick
infill sequence within a fault-controlled valley cut-
ting across the Miocene bedrock (Fig. 3). Observa-
tions on land reveal several other such deep valleys
now in the form of channeled river beds which
consist of very coarse gravel sediments derived
from limestone and ophiolitic sources from the
northern hinterland. This ‘indicates high-energy
Nuvial conditions (possibly ephemeral), and the
braided streams in this region are comparable with
many storm-gencrated alluvial fans (e.g., Wells and
Harvey. 1987). To the east of Mersin Bay, where
wide, fluvial deltaic coastal plains are cut by the
Delicay. Tarsus, and Scyhan rivers, the Plio-Qua-
ternary sequence attains thicknesses of over 250
m (c.g., Boreholes 11, 12, 13 and 14; Fig. 3).

The presence of vertically alternating sequences
of coarse and fine sediments in the studied bore-
holes (Fig. 3) indicates that coarser grained depos-
its periodically occupied the high-energy fluvial
channel position; at other times, low-energy flood
basin deposition and overbank flows ol finer
grained sediments prevailed. This is a common
feature in many alluvial fan associations (e.g.,
Schumm, 1961; Hooke, 1967; Reineck and Singh,
1975: Collinson, 1978; Hallam, 1981).

Lithological logs from the ten soil borings reco-
vered from about 400 m offshore, south of the
coast bordering Mersin Bay, display stifT and yell-
ow-brownish clay/mud sequences underlying the
most recent black mud. It is likely that the surface
of these oxidized and indurated clays represents
subaerial erosion, most probably that which oc-
curred during the Last Glacial (Witrm) maximum
(from about 25,000 to 18.000 yrs B.P.), as sea level
dropped 90-140 m below the present level (e.g.,
Morner, 1971; Clark et al., 1978; Aksu and Piper,
1983; Coutellier and Stanley, 1987).

Seismostratigraphic sequences

As shown in Figs. 4-12, two distinctive seismic
stratigraphic sequences (C and B) have been iden-
tified on the seismic profiles. These sequences are
separated by a reflector (R), which, with its highly
contrasling gross seismic reflection character,
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accentuates the difference between the depositional
horizons. There also exists a third sequence (A)
which forms the acoustic basement underlying
depositional sequences B and C; sequence A is
only obscrved off the fan-delta system of Tece
River, west of Mersin Bay (Fig. 4). If projected
onshore from its landwardmost position on the
seismic profile, basement reflector A appears to
correspond to the Miocene limestones and marls
that outcrop along the rocky coast (Figs. 2 and
3).

Here we define a depositional sequence as a
seismic stratigraphic unit composed of a rclatively
conformable succession of genetically related strata
bounded at its top and basc by unconformities or
their corrclative conformable surfaces. They can
best be recognized by their reflection patterns on
seismic sections.

Sequence C

Depositional sequence C represents the relatively
younger sedimentary units overlying reflector R
and is characterized by a simple- to complex-
stratified reflection configuration on the seismic
profiles (Figs. 4-6). The top of this sequence forms
the present seafloor.

Sediments of sequence C deposited off the
mouths of Gilindirez (Fig. 5, Line 1), Tarsus
(Fig. 10, Line VII), and Seyhan (Fig. 11, Line VIII)
rivers, as well as those [rom presently abandoned
rivers (Fig. 9, Line VI) show typical seaward pro-
grading delta-front/prodelta wedges formed under
the influence of locally high terrigenous influxes.
These prograding sequences (offlap) of relatively
uniform lateral extent may grade, basinward, into,
clastic slope slumps and gravity deposits, presuma-
bly turbidites. In particular, the C-sequences ofl
the Gilindirez fan-delta (Fig. S, Line I) provide a
good example of distal-fan and prodelta sediments.
These were progressively reworked into deeper
water by slumping and density flow to produce
contemporaneous “slope” facies on the shelf. The
presence of wavy/uncven fills with locally chaotic
to reflection-free clinoforms indicates the domi-
nance of gravitational scttling of density and tur-
bidity flows (cf. Stanley, 1985), especially off the
Gilindirez and Tece river mouths (Figs. 4 and 5).

It thus appears that significant differences exist
between the eastern and western parts of Mersin
Bay with respect to the configuration of the basin,
the rate of supply of sediments, and the intensity
of hydrodynamic processes. Of these, local changes
in sediment supply, together with coastal morphol-
ogy, are the most important in affecting the deposi-
tional environments.

Based on stratal geometry and types of reflection
configuration, depositional sequence C can be di-
vided into two major units (Unit 1 and 2) on some
scismic sections (Figs. 7- 12):

Unit 1 represents the upper horizons of deposi-
tional sequence C, and is characterized by stratified
to reflection-free configurations with parallel/diver-
gent (c.g., Figs. 9 and 12) to slightly sigmoidal/
oblique (e.g., Figs. 7. 8. and 10) reflectors extending
from nearshore areas to the outer mid-shelf (ca.
100 m) over most of the study area. Because of
its wide, relatively uniform lateral extent, this unit
is commonly interpreted as having been deposited
at lairly uniform rates on a relatively stable surface.
Studies of surficial bottom sediments show that
the uppermost layers of this facies consist of
gravelly to sandy mud in nearshore areas grading
into mud offshore (Shaw and Bush, 1978; Ergin
et al., 1988). |

Unit 2 is the lower scction of sequence C and is
characterized by relatively thin, parallel reflections.
In contrast, overlying Unit | is characterized by
much thicker parallel reflectors (c.g., Figs. 7, 8 and
9). This indicates the presence of different litholo-
gies of the deposits accumulated in the early and
later stages of the Holocene, and usually developed
cast of Mersin Bay.

Occasionally, the parallel patterns of continuous
reflections of Unit 2, especially at or near its base,
are associated with or disturbed by sigmoidal—
obliquely inclined and hummocky-disrupted hori-
zons (e.g., Figs. 8, 10, 11 and 12) which can be
interpreted as being due to high-energy environ-
ments, rapid sea-level changes and large sediment
input from streams and rivers, or a combination
of these factors at some time during the early
Holocene.

The other characteristic feature of Unit 2 is the
occurrence of pockets of acoustically opaque
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zones. These occur in isolated arcas (Fig. 8) but
somctimes (at the boundary between sequences C
and B) may extend over a distance of scveral
kilometres (Fig. 6). The mechanism of formation
of this opacity is interpreted, by analogy with
other regions (Kim et al., 1985; Stefanon et al,,
1981). to be the entrapment of gas bubbles pro-
duced by the biochemical degradation of organic
matter; land-derived groundwater may also play a
role.

The onlapping nature and tendency to fill lows
are also characteristics of Unit 2 (c.g., Figs. 7-12).
This suggests that Late Pleistocene- early Holocene
marine transgressions must have been interrupted
by fluctuations (stillstands and/or regressions).

Sequence B

Depositional sequence B underlics sequence C
and is characterized by chaotic reflection configu-
rations (Figs. 4-12). The top of scquence B (reflec-
tor R) shows various valley- and channel-like
depressions cutting the underlying surfaces and
now filled with parallel to oblique reflectors which
onlap onto the channcl margins (c.g., Figs. 7, 8
and 10). Such vertical boundary relationships and
related unconformities are usually indicative of
pre-Holocene surfaces produced by subacrial flu-
vial erosion of the shelf sediments (Stefanon, 1985;
Park and Yoo, 1988). Similar latest Pleistocene
and buried subaerial surfaces have been identificd
on many other continental shelves (e.g., Van Andel
and Sachs, 1964; Moody and Van Reenan, 1967:
Coutellier and Stanley, 1987; Kindinger, 1988).

Therefore, we interpret with confidence the basal
reflector R in the seismic profiles of this study as
a Late Pleistocene and early Holocene crosional
land surface at lowered sea level (Wiirmian regres-
sion; — 100 to — 125 m between 20.000 and 18.000
yrs B.P.; Clark et al., 1978; Coutellicr and Stanley,
1987) now buried under the scdiments of the
subsequent post-glacial (Flandrian) transgression.

Stratigraphic correlations of Recent marine sedi-
ments with lithologies on the coast determined
from well logs suggest that sequence B mainly
represents the Plio-Pleistocene substratum in the
study area. Several orders of sedimentary cycles
similar to Late Glacial to Holocene (unconformity

M. FRGIN ET AL,

as indicated by reflector R) cycles are observed off
the Mezitli River mouth (Fig. 6), with depositional
sequences being repetitive. These cyclic sedimenta-
tion patterns arc attributed to climatic fluctuations
and oscillating sea-level changes at various times
in the Pleistocene (e.g. Vail et al., 1977; Aksu et
al., 1987).

Thickness distribution of Holocene sequences

An isopach map (Fig. 13) indicates the total
thickness of Holocene sediments (sequence C). All
the thickness values on this map are calculated
assuming an average seismic velocity of 1600 m/s
as described in this area by Malovitsky et al.
(1975). Maximum sediment accumulations occur
in the arcas off the mouths of the Delicay, Tarsus
and Seyhan rivers, where Holocene sequences

_ reach a thickness of up to 35 m. The thickness of

sequence C generally decreases seaward, with

* thicknesses of approximately 10-15 m in most of

the offshore areas (Fig. 13). From this picture, the
growth of a complex dclta system of the Delicay,
Tarsus and Seyhan rivers appears to have occurred
in a west-southwest direction, parallel to the main
current of the northeastern Mediterranean waters.

There is general agreement among most workers
that extensive seaward extension of deltas in the
eastern Mediterranean occurred during the last
10,000 years (e.g.. Vita-Finzi, 1972; Aksu and
Piper. 1983: Coutellier and Stanley, 1987). This
scems to apply also for the Tarsus and Seyhan
dehtas in eastern Mersin Bay. If 10,000 yrs B.P. is
taken as the approximate boundary of the latest
Pleistocene-carliest Holocene, the thicknesses of
sequence C would require sedimentation rates of
approximately 1--3.5 m/1000 ka during the Holo-
cene in castern Mersin Bay. Much higher Holocene
sedimentation rates are reported elsewhere in the
Mediterrancan, such as on the eastern Nile Delta
(5 m/ka. Coutellicr and Stanley, 1987) and the Po
Delta (10 m/ka. Schreiber al., 1968).

Historical records suggest a southwestward del-
taic progradation distance of 2-6 km for the last
2000 2500 vears off the Seyhan River mouth (Rus-
sel. 1954: Erinc. 1978). The studies of Evans (1973)
and Bal and Demirkol (1987/1988) indicate coastal
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Fig. 13. Isopach map showing the thicknesses of Holocene sediments (sequence C) on the inner and mid-shelf areas of eastern

Mersin Bay. Contours in metres.

progradation of the Seyhan declta at rates of 0.5-2
km/1000 ka for the past 3500 years.

Conclusions

The continental shelf off Mersin Bay was subaer-
ially exposed during the last glacial (Wiirm) maxi-
mum and, as a result, the pre-existing Pleistocene
alluvial and deltaic deposits were reworked by
erosion. This resulted in various types of channcls
and/or depressions, Compared to earlier Holocene
sediments (Unit 2) the deposits of the mid- to
upper Holocene (Unit 1) are marked by relatively

uniform and laterally extensive seismic reflection
configurations, i.e. with a sheet-like to wedge-
shaped geometry.

The prograding sediment sequences are wide-
spread off the mouths of the Gilindirez, Tarsus
and Seyhan rivers, thus indicating the importance
of direct sources of terrigenous fluvial input into
the study area. Progradational sequences are pro-
gressively reworked toward deeper water by slump-
ing and density flows to produce gravity-flow
facies, particularly on the narrow shelf west of
Mersin Bay.

Within the Plio-Pleistocene substratum (se-
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quence B) repetitive depositional sequences are
observed, and these may perhaps be a response to
oscillating sca-level changes that occurred in pre-
Holocene time., :

The total thickness of most of the Holocene
sediment (sequence C) is estimated to range from
over 35 m close to river and stream mouths to |
m further offshore. From this, mean Holocene
sedimentation rates of approximately 1-3.5 m/ka
have been calculated for the arca seaward of the
important fluvial sources.
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