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QUATERNARY TECTONIC AND SEDIMENTARY
HISTORY OF EASTERN AEGEAN SEA SHELF AREA

Dogu Ege Denizi Self Alaninin Kuvaterner'deki

Tektonigi ve Tortul Tarihgesi

A.E. AKSU*, T. KONUK**, A. ULUG**, M. DUMAN** and D.J.W. PIPER+

ABSTRACT

Air-gun and 3.5-kHz scismic profiles from the eastern
Aegean Sea show that the continental shelf off major rivers is
formed by several superimposed deltaic sequences, The pre-
sent-day shelf break denotes the topset (o foresel ransition of
the latest Pleistocene delta. Micropaleontological and stable
isotopic data in cores from the shelfl break area indicate that
these sediments were deposited when the sea level was about
1(-110 m below its present position in a brackish water envi-
ronment. There are at least two older shell breaks at depth that
probably represent earlier delta progradation during glacially
lowered sea-level setlings. During times of lowered and grad.
ually fluctuating sea level associated with late Quaternary gla-
clations, deltas prograded seaward 40-60 km from their pre-
sent positions. Foreset progradation ceased with the post-
glacial sea level rise and delias were re-gstablished far inland
in drowned river valleys. Between the present coastline and
the shelf break several lenticular seismic units are found shin-
gled one on top another; they are interpreted as ransgressive
delaic and marine deposits. The coastal shelf and basins are
subsiding at an average rate of about 1 m per 1000 vears. This
tectonic subsidence, which is probably accenmated by the
loading effects of the deltas, manifests itself as widespread
normal block faulung which can be related 1o the pre-Miocene
structural [ramework of the region. [n addition o deformation
related to this faulting and associsted fluid venting, syn-
sedimentary deformation structures occur in places immedi-
ately scaward of prograded dela foresels.

OZET

Dogu Ege Deruzinden alman hava tabancas: ve 3.5 kHz
sismik kayilan biyik nchirlerin agifindaki kita sshanlifmin,
birbirinin lizerine binmig deltalardan clugmfunu gistermekie-
dir. Giincel kita smir, Geg Pleyistosen deltasinm, delta dizli-
ginden delta dnine (lopsel to foreset) gegisini belinmektedir.
Bu kita sinin bilgesinden alnan karotlardaki mikropaleonto-
lojik ve durayl izotop verileri, bu sedimentlerin denizlerin bu
glinkil deniz seviyesinden yaklasik 100-110 m alunda oldufu
#amanki bilgelerde ¢bkeldigini giistermekiedir. Burada deniz
tabamindan daha derinde, daha énceki buzul dénemlerinin al-
gak deniz seviyelerinde gelismig delta ilerlemelerini simgele-
yen en az iki adet Pleyisiosen yagh kata simn gtrillmekiedir.
Kuvatemer'deki son buzullanma ile ilgili alcak deniz seviyele-
rinde (veya deniz seviyesinin algalirken gisterdifi defiimler
sirasinda), deltalar giincel kiyr geridinden 40 ile 60 km denize
dogru ilerleme gistermiglerdir. Buzul devri somnda deniz se-
viyesindeki yilkselmelerle beraber deltalarda, delta dnil ilerle-
mesi durmug ve bunlar ransgresyonun en son safhasinda yeni-
den karalardaki eski nehir vadilerine yerlesmislerdir. Gancel
kiyr geridi ile kita saun (70 m esderinlik gizgisi) arasmda
muhielif merceksel sismik birimlerin birbirleri lizerine kire-
mitler gibi yerlegtikleri giriilmils ve bunlann ransgresil delta
ve deniz giikelleri olarak deferlendirilmesi yapilmigtr, Kiyiya
yakin sahanlifin ve havzalann 1000 yilda vaklagik 1 m gibi
bir ektonik ¢bkme gsterdigi saptanmagtir. Muhtemelen delta-
larm yiiklenmesi ile belirtilen bu tekionik ¢tkme, bilgenin
Miyosen dncesi yapsal duremu ile ilgili olan ve genig bilge-
ler kapsayan normal faylanmalar geklinde kendini gisterir.
Faylanmaya ve siv1 kagisina bafl deformasyon digmda dzel-
likle delia tnii tabakalannda gesitli eg zamanh deformasyonlar
da grilmustor,
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INTRODUCTION

The neotectonic framework of western Turkey is char-
acterized by numerous east-west trending sssocisted
with the regional norh-south extension of the Aegean plate

= 38"

3T

Fig. 1.

Tectonic framework of the castern Aegean Sca.
Data from Arpat and Saroflu (1975), Dewey and
Sengdr (1979), Angelier er al. (1981) and Galano-
poulos and Delibasis (1971). Stippled areas refer
to Neogene and Quatemary deposits in grabens.
Gediz, y and Madra deltss are shown in
Fig. 2; Boyik and Kogik Menderes delias are
shown in Figs. 3 and 4, respectively.

Dogu Ege Denizi'nin tektonik yerlegimi, Veriler
Arpat ve Jaroflu (1975), Dewey wve Sengir
(1979), Angelier ve dif. (1981), ve Galanopoulas
ve Delibasis (1971)den almmagtir. Noktal) alanlar
grabenlerdeki Neojen ve Kuvaterner gikellerini

edir. Gediz, Bakirgay ve Madra deltal-
an Sekil 2'de, Biyiik ve Kiigiik Menderes deltala-
n da Sekil 3 ve Sekil 4'de ghsterilmigtir.

(Fig. 1; Arpat and Saroflu 1975, Dewey and Sengor 1979,
Angelier et al. 1981). These grabens and the intervening
horsis control the west [lowing drainage systems of wesiem
Turkey. Seismic studies have shown similar graben systems
in the eastern Acgean Sea, which are presumably comrelated
with their subserial counterpans (Galanapoulos and Delibasis
1971). Few investigations have been carried out on the sedi-
meniary and tectonic histories of the continental shelves sur-

ing the Aegean Sea (Flemming 1972, Venkatarathnam
et al. 1972, Lykousis ef al. 1981, Aksu and Piper 1983, Aksu
et al. 1987a, 1987b).

In this paper, we examine the late Quaternary growth of
the Gediz, Bakirgay, Madra, BUyik Menderes and Kiglk
Menderes deltas at basin margins in the eastern Aegean Sea.
The Gediz and Bakwrgay are river-dominated delas, whereas
Madra, Bilyilk Menderes and Kigilk Menderes are wave-
dominated deltas. They were built in small grabens of a back-
arc setting in the Mediterrancan Sea during the fluctuating
sea-leve]l of the Quaternary. These deltas are relatively smaill,

50 that the seismic stratigraphy of a complete progressive and
regressive cycle and the vertical and lateral sedimentary facies
relationships can be studied in detail using high-resolution
seismic profiles and cores. Therefore, they may serve as mod-
ern analogues of the ancient deltaic sequences developed in
shallow epicontinental sea-ways.

STUDY AREA

The swudy area extends from 37°25N w 39°15N and
26°25°E w 27°00°E and includes the lzmir, Candarh and Dikili
Bays (Fig. 2) and the Gulfs of Kugadas: and Gilllik (Figs.
3.4). The Gediz river drains into lzmir Bay and in the late
Pleistocene itz delta prograded northwards into the 350 m
deep Karaburun Basin, south of the island of Lesbos. The pre-

Fig. 2. Bathymetric map of lzmir Bay and Candarl: Bay,
showing seismic profiles, cores (solid circles),
present rivers, abandoned channels, the position
of [ormer shorelines and classical Greek and Ro-
man cities (in parenitheses). Isobaths are in metres
A-A', C-C, D-D, G-G' and I-T', are seismic sec-
tions illustrated in Figs. 6, 8,9, 15 and 30, respec-
tively. X-X' and Y-Y' are schematic geological
cross-sections illustrated in Figs. 14 and 25,

Sismik profilleri , karot alm yerlerini (igi dolu
daircler), gincel nehirler, terkedilmis kanallar,
eski kiyi hatlanm ve Eski Latin gehirlerini (paran-
tezler icerisinde) gisteren lzmir ve Candarl Kér-
fezi Batimetri Haritasi. Derinlikler metre olup, A-
A, CC, DIV, GG ve I-I' 5ckil 6, B, 9, 15 ve
30'da verilen sismik profilleri, X-X've Y-Y" ise Se-
kil 14 ve 28'de verilen gematik jeolojik kesitleri be-
lirtmiektedir.

Sekil 2.
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Fig. 3.
Sekil 3.
Fig. 4

Sekil 4.
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Bathymetric map of the Gulf of Gallik, showing seismic profiles, core location (solid circle), present-day Bilyilk Men-
deres river, the position of former shorelines and classical Greek and Roman cities (in parantheses). Izobaths are in me-
tres; E-E', F-F and H-H’ are seismic profiles illustrated in Figs. 10, 11 and 21, respectively.

Sismik profilleri, karot llu'n yerlerini (igi dolu daireler), glincel Bilyilk Menderes Nehri, eski kay gizgileri ve Eski Latin

gehirlerina (paraniezler icerisinde) ghisteren, Giilliik Kérfezi Batimetri Haritasi. Derinlikler metre olup, E-E', F-F ve H-
H' §ekil 10, 11 ve 21'de verilen sismik profillerin yerlerini gostermekiedir,
ETTLTR R . e ———
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Bathymetric map of the Gulf of Kugadas: showing seismic profiles, core location (solid circle), present-day Kigiik Men-

; deres river, the position of former shorelines and classical Greek and Roman cities (in parantheses). Isobaths are in me-

wes; B-B’ is seismic profiles illustrated in Fig. 7.

Sismik profilleri, karol alim yerlerini (igi dolu daireler), gincel Kiglk Menderes Nehri, eski kayi gizgisi ve Eski Latin
gehirlerini (parantezler iginde) gdsteren Kugadas: Korfezi Batimetri Haritasi. Derinlikler metre olup, B-B' Sekil 7' de
gosterilen sismik profilin konumunu belirtmektedir.
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sent Gediz delta has a subaquesus pro-delta platform, 1-5 km
wide and less than 10 m deep which is bounded by steep
slopes leading to the floor of the bay. The inner part of lzmir
Bay is less than 20 m deep, and the seabed slopes gently 1o the
northwest 1o about the 110 m isobath, where there is an abrupt
break in slope marking the limit of late Pleistocene delta prog-
radation, The Bakirgay river drains into the head of Candarl
Bay and in the late Pleistocene its della prograded westward
into the fault-bounded Candarli Basin. The latier is an isolated
bathymetric depression, located in Candarli Bay (Fig. 2). In
the ceniral portion the water depth exceeds 140 m and a nar-
row northeast-southwest trending platform, less than 95 m
deep, connects Candarli Basin to the outer Iemir Bay. The Ma-
dra river flows into the northern Dikili Bay and during the late
Pleistocene its delta prograded southward inio the northemn
portion of the Candarlh Basin.

The Bityiik Menderes river flows inlo the northern part
of Gulf of Golluk (Fig. 3). The continental shell off the
Bilyllk Menderes river is over 60 km wide and includes sev-
eral smaller islands between the islands of Ikaria and Kos.
The delta has a subaqueous prodelta platform 1-2.5 km wide
<10 m deep with steep prodelta slopes. The shell gradient
off the Bilyilk Menderes is much genter than off the Kigik
Menderes and the shelf break occurs in water depths between
100 and 120 m. The Kigilk Menderes river flows inio the
Gulf of Kugadas: (Fig. 4) where the continental shelf is gen-
erally only 4 km wide, but widens 10 over 15 km off the
Kiigiik Menderes delta. The present delta has a subaqueous
prodelta platform 0.5-1.5 km wide and less than 10 m deep.
Steep slopes lead from the prodeia platform to about 50 m
water depth, below which-there is a much gentler shell gradi-
ent. The shelf break occurs sl about 110 m, with steep slopes
down 1o the basin floor at around 400 m north of the island
of Samos.

DATA COLLECTION AND METHODS
The seismic and core data thal constitute the basis of

Table 1. Location, water depth and length of cores used

in this study

Clzelge 1. Bu calgmada kollamilan karotlarm alindiklary
koordinatlar, su derinlikleri ve uzunluklar

LATITUDE LONGITUDE DEFTH LENGTH

CORE N) (E) (m) (cm)
79-1 33" 16°3324" BE 30
79-2 g 44'06" 26%3300" o5 125
79:3 agta412” 2653300 103 T3
TO9-4 38%45'M° 2673248 112 92
79-5 38°46"36" 2673745 140 130
84-1 3505100 26746720 141 206
84-2 T30 27150625 172 193
B84-3 37*STIR” 27*0106" 63 130
B5-1 384N 26°28'5T" 129 144
85-2 ART54'58" 2625901 15 50
85-3 5457 26°59'00" 15 157
854 3825317 26500107 100 159

IR*52°58" 26°5800" 5 192
Iy IS0 2646730 140 201
B5-7 IR*S1'03” 2674300 112 59

this paper were collected from the research vessel Koca Piri
Reis of the Instituie of Marine Sciences and Technology in
1979, 1984 and 1985. In 1979, approximately 300 line-km of
3.5-kHz profile data and 5 gravily cores were collected from
the outer Izmir Bay and Candarli Bay (Fig. 2; Table 1) and in-
terpreted by Aksu and Piper (1983). During the 1984 survey,
about 800 line-km of single-channel seismic reflection and
3,5-kHz profiles and 3 gravity cores were collected from the
study area (Figs. 2,3 .4; Table 1) and interpreted by Aksu ef al.
{1987ab). The seismic data were obtained using a 40-inch?
air-gun source and a 2l-¢lements, 9-m-long hydrophone
streamer. The signal was bandpass filtered to the 60-800 Hz
range. During the 1985 survey, aboot 400 line-km of 3 5-kHz
and 200 line-km of side-scan sonar profiles and 7 gravity
cores were collected from the Candarl: and Dikili Bays (Fig.
2; Table 1).

Cores were obtained using a benthos gravity corer with
$.9 em internal diametre. Cores collecied in 1979 and 1984
were air freighted to Canada, where they were split, X-rayed
and centimeire by centimetre visual descriptions were made o
determine siratification, primary and secondary sedimentary
structures and coring disturbances. Colours of the wet sedi-
ment surface were deiermined using Geological Society of
America Rock Colour Chart. Cores collected in 1985 were im-
mediately split and described on board the research vessel
Koca Piri Reis and continuous, 1 cm thick, sediment slabs
were taken from the cores. These slabs were air freighted 1o
Canada where they were X-rayed and further described. Se-
lected cores were sampled for sedimentological, geochemical
and micropaleontological studies. Quatemary 1© Recent [o-
raminifera were separaled, identified and counted following
the methods described by Aksu (1981). Stable isotopic deter-
minations in foramimifera were carried out following the tech-
nique described in Aksu (1985). Grain sizc analyses were car-
ried out using standard sieving and pipetting the >63pm and
<b3um fractions, respectively, Heavy minerals were idemtified
under polarizing microscope in 2.5-3.0 @ fractions and clay
minerals were identified based on their basal diffraction peaks
in<2um fractions.

OCEANOGRAPHY

The mean tidal range along the eastern Acgean Sea is
only 20 cm, with a spring tide of up 1o 70 cm. During storm
conditions the range between highest high water and lowest
low water at Kugadas: may be as much as 100 em. At Kugada-
51 the average wave height and length are 0.6 and 150 m re.
spectively with storm waves reaching about 3 m in height and
50-70 m in length, Field observation in 1983 suggesied that
below 20 m water depth the winnowing effect of waves is
negligible. Little data exist on the water circulation patterns in
the Gulfs of Kusadas and Giillidk.

The surface water circulation in [zmir Bay is variable as
the result of the prevailing winds in the area. In the summer
and autumn the surface water is driven by NW and WNW
winds toward the southeast paralicling the coastline with
speeds of about 40 cm 571, In the winter, the winds are from
the N and NE and the currents are toward the south with
speeds of 30 cm 57, There is no predominant surface current
direction in the spring and measurements show consierable re-
duction in current speeds (6-20 cm s°1). Sparce available data
suggest that the bottom currents in [zmir Bay move reciprocal-
ly 1o the surface water.

RIVERS
(1) Gediz river

The Gediz river drains a basin of 15616 km? with sn an-
nual discharge ranging from 40 1o 70 m® s (Fig. 5). In its
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Unesco (1969) and Topraksu (1980). Also shown are present and inferred Pleistocene gradients for the rivers.

$ekil 5. Unesco (1969) ve Topraksu (1980) den ahnmig Gediz, Bakwrgay, Bilyilk Menderes ve Kiigllk Menderes Nehirlerinin ay-
lik ortalama debileri (m¥sn) ile gincel ve Pleyistoscn (teorik) nehir grafikleri.

middle reaches, the channel gradient is about 1:400 and the
river is braided. The lower 80 km of the river is meandering,
with a channel gradient of 1:3200. The construction of the
Demirkiiprii dam in 1960 and the subsequent irrigation net-
work have significantly altered the hydraulic regime of the
Gediz river. The suspended sediment discharge of the Gediz
miver between November and March is about 25 kg m2.
(Saawgi and Taysun 1979). This figure suggests an average
sediment discharge varying between 100 and 190 kg s, and
an annual sediment yield of between 3.2 and 6.1 million
tonnes.

(2) Bakirgay river
The Bakirgay is a considerably smaller river, draining a
basin of 2888 km®. At about 20 km landward of its present

mouth, the annual average discharge of the river varies be-
tween 19 and 23 m® 571, but for the four summer months it is
almost dry (Fig. 5). The channel gradient in the middle reach-
&8 is aboul 1:260 and the river is braided. In its lower reaches
the gradicnt decreases to 1:1000 and the channel has a wansi-
tional braided 10 meandering pallemn, reveriing to meadering
on (he last few kilometres of its course. The Bakirgay river is
nol dammed and linle data exist on the suspended sediment
discharge.

{3) Madra river
Madra is a very small river, draining a basin of about

1590 km?. At its present mouth, the annual average discharge
of the river ranges from 5 to 12 m? 57, and the river is com-
pletely dry during the summer months. In its upper and middle
reaches the river is braided, but meanders only on the last 1-3
km of its course. Little data exist on the suspended sediment
discharge rates of the Madra river.

(4) Biyilk Menderes river

The Biyilk Menderes river drains a basin of 23889 km?
with an average annual discharge of %0 m? 7! (Fig, 5; Unesco
1969). About 70% of this discharge occurs between Novem-
ber and March, correlating closely with the precipitation pat-
tems of the region. The suspended sediment discharge of the
Bitylik Menderes river is about 3 kg m™? (EIEI 1981), which
suggests an average annual sediment discharge of 270 kg s°!,
and an annual sediment yield of 8.5 million tonnes.

(5) Kiigilk Menderes river

The Kigik Menderes river drains a small basin (about
3255 km?) with an annual discharge of 17 m” 5! (Fig. 5). The
suspended sedimen! discharge of the river below the conflu-
ence of all major wributaries is about 0.6 kg m, suggesting an
annual sediment discharge of 10 kg s°!, and an average sedi-
ment yield of about 0.5 million tonnes per year. The construc-
tion of a canal in 1934 (Fig. 4) and the subsequent irrigation
neiwork have significantly altered the hydraulic regime of the
Kigilk Menderes river. Both Biyilk and Kigik Menderes riv-
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ers are braided in their upper reaches, becoming meandering
on their Nat delta plains,

DELTAS

The subacrial morphologies of these deltas are similar
1o that of other eastern Mediterranean deltas (Russell 1954,
Piper and Panagos 1979) and show alluvial drowning along
their lower courses.

(1) Gediz delta

The areal extent of the Gediz delta is about 500 km?
and shows phases of lobate and clongate delia progradation.
Deposits in the lower parts of the river are meander-belt sands
and [lood basin muds, and the present delta is made up of one
lobe, fed by two distributaries. The southern shore of the delta
consists of abandoned channels, exiensive marshes and
swamps, and small islands and inlets. The northem shore of
the deha includes barrier islands amnd bars formed by rework-
ing and redistribution of progradational channel mouth depos-
its are extensive lagoons, lakes, small islands and salt marsh-
es. On the delta plain there are six major abandoned channels
that suggest the development of scveral sub-delias during the
Holocena (Ering 1955). These channels are: Mirmekes, Degir-
mentepe, Maltepe, Kokala, Karsiyaka and Pelikan. The sub-
marine morphology of the Holocene Gediz delta is discussed
in detail by Aksu and Piper (1983).

The tentative successive positions of the shorcline re-
sulting from the laie Holocene delia progradation are illustrat-
ed in Figure 2. At about 100 BC the coastline lay immediate-
ly west of Larissa. By 500 BC it prograded westward 1o a line
from Leucea 1o Mencmen. At abowt 100 AD the coastline lay
south of Leucea and at around 1000 AD the entire ancestral
bay was filled by the progradational deltaic sediments, except
for & narmow strip cast of the Pelikan Bank.

(2) Bakircay delta

The arcal extent of the Bakirgay delta is about 100 km?.
Dieposits in the lower course of the river are channel sands and
Mlood basin muds. The present delta is made up of one lobe
fed by two distributaries (Fig. 2). The shore of the dela in-
cludes a few abandoncd channels, exicnsive marshes and
swamps and small islands and lakes. The subagueous dela
platform is about 750 m wide and less than 10 m deep and it is
‘bounded by sicep prodeila slopes.

Little data exist on the progradational history of the
Holocene Bakirgay delta. The classical Aeolian city of Elaza
was buill on the promontory of the coast by the sea. By 104
AD the coasiline was located about 2.6 km southwest of the
river mouth. Today Elaca is simated approximately 3 km in-
land from the present shoreline.

{3) Madra delta

The areal extent of the Madra delta is about 25 km? and
the present della is fed by a single distributary, The shore of
the delta consists of extensive beach ridges, probably formed
by the reworking of the channel mouth coarse clastics by
waves and currents. The subagueous prodelta platform is ap-
proximately 500 m wide and less than 10 m deep with rela-
tively genile slopes leading to northern Dikili Bay. No data is
available on the subareal progradational history of the Holo-
cene Madra delta.

(4) Biyiik Menderes delta

Bilyitk Menderes delta is about 600 km®. The lower
reaches of the river are characterized by an elaborate network
of abandoned meandering channels and extensive flood basins
(Fig. 3). The construction of irrigation canals and a dam (be-
tween 1960-1980) helped regulate the flow regime of the riv-

er, largely climinating severe winter flooding. A coastal barri-
er island system extends for the emtire width of the Biiyiik
Menderes delia, developed by reworking of coarse channel
mouth clastics by waves and longshore currents. Landward of
the barrier islands and bars are exiensive lagoons, lakes,
swamps and marshes. The present delta is made up of one
lobe, fed by a single channel. On the delta plain, there are sev-
eral abandoned channels that suggest the development of sev-
eral subdeltas.

Holocene delta progradation can be inferred from ar-
chaealogical and historical data (Ering 1978, Aksu er al
1987b). The tentative successive positions of the shoreline are
shown in Figure 3. A1 500 BC it lay 20 km inland, between
Priene and Myus. By 100 BC it had prograded 5-8 km, partic-
ularly in the norh, to a line from Nauloxos to Pyrrha. About
200 years later (100 AD) progradation in the south had closed
the entrance of the Latmian Gull, By 500 AD the coastline
was seaward of Miletus, some 5 km from the present cosiline,

(5) Kucik Menderes delta

The areal extent of the Kogilk Menderes delta is about
50 km?, and it is conmected 1o the inner Kigitk Menderes
flood plain by a relatively narrow valley, NE of Selguk {Fig.
4). Lakes, swamps and marshes cover nearly the entire delta
plam north of the 1934 canal. South of the canal, the delta
plain includes meander belt sands, MNood basin muds and aban.
doned channels, Two semi-permanent lakes are conspicuous
in the delta plain; the Akgdl is about 40 em below the present
sea-level and represents an older distributary of Kiciik Men-
deres (Ering 1955), The other swamp lies NW of the clussical
town of Ephesus and represents the ancient harbour which
was dredged numerous times in desperate cfforns o save the
town (Bean 1966, Ering 1978). The shore of the delta consists
of extensive beach ridges and coastal dunes, formed by re-
working and redistribution of progradational channel mouth
deposits. These beach ridges were formed between approxi-
matcly AD 100 and 1934, and afier the construction of the ca-
nal in 1934 a new beach-ridge was formed north of the canal
mouth (Eisma 1978),

The late Holocene delta progradation can also be in-
ferred from historical and archaeological data, This prograda-
tion sequence is illustrated in Figure 4. There appears to have
been a rapid della progradation from a shoreline near Syrie [s-
land about 900 BC to close w0 ils position by 300 AD. Since
that time successive beach ridges have acereted at the delta
shoreline.

SEISMIC STRATIGRAPHY

Both air-gun and 3.5 kHz seismic profiles show pro-
grading sigmoidal wedges of sediment immediately seaward
of all five dellas studied (Figs. 6, 7), and are refemred 10 as
Holocene delias, without implying precise chromostratigraphic
connotation. Around the shell break area seaward of the Ge-
diz, Bakirgay, Madra and Kiigilk Menderes delias, seismic
profiles also show a number of supcrimposed prograding
oblique sedimem wedges (Figs. 6, 7, 8. 9). These can be
traced landward to beneath the modern delta where they are
largely obscured by the bottom multiple. Underlying the mod-
ern Biyilk Menderes delta, a similer sequence of stacked del-
tas can be recognised (Figs. 10, 11). These dehaic sequences
are referred o as Pleistocene delias.

The air-gun seismic profiles are divided into deposition-
al sequences on the basis of widespread correlatable reflec-
tions, reflection groups and unconformities. This technigue is
fully discussed in Mitchum et al. (1977), and briefly described
here. A depositional sequence is defined as a seismic strati-
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faults. Profile is about 32 km long, vertical exaggeration= 64.

the depositional sequence related to the progradation of Gediz delta. OL= onlap, C= clinoforms, V= volcanics, M= mul-

6.  Air-gun seismic profile (A-A") across lzmir Bay. Location is shown in Figure 2. 1 1o 3 are depositional sequeness; 24 is
tiple, dashed lines

Fig.

Konumu Sekil 2'de gosterilen lzmir Kérfezine ait hava tabancas sismik profili (A-A’). 1-3 depolanma istifleri olup, 2A

Gediz Deltasinin ilerlevig ile iligkili olan depolanma istifidir. OL= onlap, C= klinoform, V= volkanikler, M= tekrarh

yvansimalar, kesikli gizgiler= faylardr. Profil vzunlugu 27 km ve diisey abartma 64'tir.

Sekil 6.
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Air-gun seismic profile (B-BY) across the Gull of Kusadasi. Location is shown in Figure 4. 1 o 4 are depositional se-
quences. Csprograding clinoforms, TL= woplap, DL=downlap, M= Multiple, dashed lines= [aults. Lobes 2A and 2C, X
and Y explained in text. Profile is about 27 km long, vertical exaggretaion= 66.

Konumu $ekil 4'de gbsterilen Kugadas: Kérfezine ait hava tabaneas: sismik profili (B-B'). 1-4 depolanma istifleridir. C=

ilerleme klinolormilan, TL= toplap, DL= downlap. M= tckrarli yansimalar, kesikli ¢izgiler= faylurdir, 2A ve 2C loblan
ile X ve Y metin igerisinde agiklanmigir. Profil uzunlugu 27 km olup, dilsey abartma 66'dar.
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Air-gun seismic profile (C-C') across the Candarh Basin. Location is shown in Figure 2. 1 103 are depositional sequenc-
es; 2A and 3B are depositional sequences relaled o the progradations of Gediz and Bakirgay delias, respectively. OL=
onlap, TL=1oplap, DL= downlap, C= clinoforms, M= muluple, V= volcanics, dashed lin.s= faulis. Profile is about 15 km
long, vertical exaggeration= 34,

KonumuSekil 2'de giisterilen Candarli Havzasina ait hava tabancasi sismik profili (C-C). 1-3 depolanma istifleri olup,
2A ve 2B Gediz ve Bakirgay delialarmn ilerlemesiyle iligkili depolanma istifleridir. OL= onlap, TL= toplap, DL=
downlap, C= klinoformlar, M= tekrarl yansimalar, V= volkanikler, kesikli gizgiler= faylardir. Profil yaklagik 15 km
uzunlugunda olup, diigey abartma 34'viir.
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Fig. 10. Air- gun seismic profile (E-E') off the Biiyik Menderes delta. Location is shown in Figure 3.1 1o 3 are depositional se-
quences. Cm prograding elinaforms, TL= toplap, DL= downlap, G= gas charged sedimenis, M= multiple; dashed lines=
faulis. Profile is about 32 km long, vanical exaggeration= 80.

Sekil 10, Konumu Sekil 3'de gisierilen Bivitk Menderes Deltasma ait hava iabancasi sismik profili (E-E). 1-3 depolanma istiller-

idir. C= llerleyen klinoformlar, TL= wplap, DL= downlap, G= gaz yukld sedimentler, M= tekrarh yansimalar, kesikli
gizgiler= faylardir. Profil uzunlugu 32 km ve diigey abartma 80dir.
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Fig. 11. Air-gun seismic profile (F-F) across the Biiyitk Menderes delta. Location is shown in Figure 3. 1 10 3 arc depositional
sequences. Vm intrusive rock, Cs prograding clinoforms, DM= depositional mouth; dashed lines= [aults. Profile is about
22 ken, vertical exaggeration= 78,

Sckil 11, Komumu Sekil 3'de gisierilen Buyik Menderes Deltasina ait hava tabancas) sismik profili (F-F). 1-3 depolanma istiflen
olup, V= volkanikleri, C= ilerleme klinoformlanm, DM= depolanma afnm, kesikli cizgiler= faylan giiciermektodir.
Profil uzenlugu 22 km, dilsey abartma ise 78°dir.
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graphic unit consisting of genetically relaied, conformable re-
flectors that are bounded at its lop and/or base by unconformi-
ties. In most seismic profiles the determination of
uncenformities is based upon toplap and downlap reflection
terminations on the upper or lower boundary. However, in
basinal sediments, such as Candarh Basin and outer Izmir
Bay, reflectors extended over long distances without apparent
terminations. In these areas where toplap and downlap are not
readily identified, the nearest widespread correlatable reflec-
tor is taken as the depositional sequence boundary.

(1) Gediz, Bakwrcay and Madra seismic sequences

Four depositional sequences are identified in the outer
Izmir Bay and Candarh Bay:

Depositional sequence 1

Except in the Candarl: Basin, depositional sequence | is
a sigmoidal seismic unil consisting of seaward prograding
clinoforms (Fig. 6). Depositional sequence 1 occurs immedi-—
ately seaward of the modern Gediz, Bakugay and Madra del-
tas (Fig. 12). In seismic profiles proximal o inferred river
mouths, reflectors commeonly exhibit downlap and offlap ter-
minations, The latter is probably formed by seawand thinning
of strata to less than the resoluhon ol the acouslic system.

|4

Fig. 12. Isopach map of Depositional Sequence 1 in the
Gediz, Balurgay and Madra deltas, showing sedi-
ment thickness in milliseconds two-way Iravel
time. Heavy lines are faults with ticks on down-
thrown side. Acoustic source: air-gun, except 3.5
kHz in the Dikili Bay. Depositional Sequence 1
correlates with the seiemic units I to IV of Aksu
and Piper (1983),

Gediz, Bakirgay ve Madra Deltalanna ait 1 nolu
depolanma istfi Eskalnhk Haritas:. Sediment ka-
linlifs milisaniye olarak gidig-geliy zamam olup,
kaln gizgiler faylan géstermekiedir. Akusik kay-
nak, Dikili ktrfezinde gahgilan 3.5 kHz'in diginda
hava tabancasidir. 1 nolu depolanma istifi Aksu
ve Piper (1983Y0n 1 ve IV no'lu sismik birimle-
riyle iligkilidir.

Sekil 12

Seismic correlation shows that a thick accumulation in the
Candarh Basin is the distal equivalent of depositional se-
quence 1. Here, the sequence exhibits weak, internally parallel
refleciors that genily onlap the underlying reflectors (Fig. 8).
The onlapping character of this sequence, that fills negative
relief areas, indicates deposition from low velocity, gravity
driven density fMows (Aksu and Piper 1983). The distribution-
al patiern of the depositional sequence 1 ofl the Madra river
show the presence of a small and broad delta lobe, confined
mostly 1o the present day river mouth, rapidly thinning west-
ward and southward (Fig. 12). This pattern suggests that little
or no sediment by-passed the shelf break at the northem peri-
phery of the Candarly Basin. The distribution pattern of depo-
sitional sequence 1 off the Bakirgay river shows a broad
wedge of sediment that rapidly thins towards the west, form-
ing an elongaic lobe immediately cast of Candarh Basin (Fig.
12). This pauern strongly suggesis that the sedimenis of depo-
sitional sequence 1 in Candarly Basin are supplied from the
Bakirgay river, possibly related 1o episodic heavy precipitation
events on land. During the sssociated large fluvial discharge,
finer sediments may have by-passed the nammow prodelta plat-
form and Nowed into the Candarh Basin as density currents.

Detailed examination of the 3.5 kHz profiles shows that
four depositional sub-lobes can be recognised within the depo-
sitional sequence 1 of the Gediz delia (Figs. 13, 14). All sub-
lobes show sigmoid progradational seismic configuration. The
oldest sub-lobe 1d occurs between Homa lagoon and the pre-
sent Gediz mouth (Fig. 13a). Tt is related w0 the Maltepe chan-
nel and sediments within this sub-lobe probably represani
proximal deltaic sedimentation and the position of the shore-
line was probably comparable to that of the present day. Sub-
lobe lc overlies sub-lobe 1d, and occur between the Pelikan
Bank and the Homa lagoon (Figs. 13b, 14). The distribution
and thickness of this sub-lobe suggest that the river discharge
occurred somewhere between the Kindeniz and Kokala chan-
nels. The Mirmekes channel is the most likely channel for the
observed sediment distribution. These sediments probably rep-
resenl distal deltsic sedimentalion and the Mirmekes mouth
wias probably in the nontheastern pant of the delta, several kilo-
metres landward of the present shoreline. This sub-lobe may
comespond 1o the progradation phase about 2000 yr BP that
chanped Lencae from an island port to an nland town (Aksu
und Piper 1983),

A broad delta sub-lobe, 1h, overlies sub-lobe le (Figs.
13¢, 14). It is thickest northwest of the Pelikan Bank (60 ms)
with steep prodelia slopes down to the floor of the bay where
it is only about 5 ms. Sub-lobe 1b has two major sediment ac-
cumulations (Fig. 13c 14), the oldest of which is confined to
the southern pari of the delia and 15 related to the Kokala chan-
nel. The younger accumulation is restricted o the Kokala
channel. The younger accumulation is restricied to the north-
ern part of the delta off Homa lagoon, and it is correlated with
the Degirmentepe channel (Fig. 13c).

Sub-lobe la includes three major sediment accumula-
tions (Figs. 13d, 14). The youngest accumulation oecurs only
off the present Gediz mouth and show clear progradation over
the underlying older accumulation, It is thercfore, correlated
with deposition from the Gediz and Kirdeniz mouths since
1886 AD (Aksu and Piper 1983). An up to 20 ms thick sedi-
ment accumulation is found encircling the Pelikan Bank, with
stecp slopes o the south and geniler slopes o the northwest
(Figs. 13d, 14). This sediment accumulation is correlated with
the Pelikan channel prior to 1886 AD. A third sediment accu-
mulation is observed in the inner [zmir Bay, and it is related 1o
deposition from the Karsiyaka channel (Fig. 13d). Details of
the Holocene delta is fully discussed by Aksu and Piper
(1983).
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Isopach maps of sub-lobes la to 1d in Gediz delta showing sediment thickness in milliscconds two-way travel time.
Heavy lines are faulis, with ticks on downthrown side. Acoustic source: 3.5 kHz,

Gediz Deltasina ait 1a-1d alt-loblars Egkalinhik Haritalan, sediment kalinlifs milisaniye olarak gidig-gelis zamansdur,
Faylar kalin cizgilerle isarctlyenmis olup akustik kaynak 3.5 kHz'dir.
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Schematic NW-SE cross-section of Holocene Gediz delta showing the stratigraphic relationship of seismic sublobes.
Location in Fig. 2.

Sismik alt-loblann stratigrafik iligkisini gsteren ve konumu Sckil 2'de verilen Holosen-Gediz Deltasiun NW-SE yonld
sematik kesiu.
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Depositional sequence 2 forms respectively (Fig. 15). The relative elevation of the top-
Underlying depositional sequence 1, a seismic unit with set 1o foresel transitions fuctates (Fig. 15) sugpgesting paral-
an obligue progradational pattern is identified as depositional lel fluctuations in sea-level. The depositional sequence 2
sequence 2. The base and 1op of depositional sequence 2 are blankets the floor of Izmir Bay, ranging in thickness from <10
marked by apparent downlap and toplap of prograding clino- s 10 >100 ms. Depositional sequence 2 is divided into three
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Sekil 15.

Air-gun seismic profile (G-G) across the shell break off Izmir Bay. Location is shown in Figure 2. 1 1o 4 are deposi-
tional sequences; 2A is the depositional sequence related to the progradation of Gediz delta. TL= toplap, DL= downlap,
C= clinoforme, M= multiple, dashed lines= faults. Profile is about 19 km long, vertical exaggeration= 39,

Konumu Sekil 2'de gorillen, lzmir Krfezi agifina ait hava tabancasi sismik profili (G-G'). 14 depolanma istifleri olup,
2A Gediz Deltas: ilerlemesiyle iligkili bir depolanma istifidir. Burada TL= toplap, DL= downlap, C= Klinoformlar, M=
wkrarh yansimalar kesikli gizgiler= faylardir. Profil uzunlufu 19 km ve diigey abartma 39'dur.
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sub-umils: 2A is related 1o the progradation of the Gediz delta
and 2B and 2C are related 1o the progradation of the Bakirgay
and Madra delias, respectively (Figs. 16, 17). Figure 18 shows

= )"

A . _ 8

Fig. 16. Isopach map of Depositionalm Sequence 2 as re-
lated to sedimentation from Gediz river, showing
sediment thickness in milliseconds two-way travel
time. Heavy lines are faults with ticks on down-
thrown side. Acoustic source: air-gun.

Sekil 16, Gediz Nehri sedimentasyonuyla iliskili 2 nolu de-
polanma istili egkalinlik haritass. Sediment kalm-
Ly milisaniye olarak gidig-gelis zamamdir. Fay-
lar kalin gizgilerle igarclenmis olup, akustik
kaynak hava tabancasidir.

that there are three major lobe development in sub-unit 24, A
large delta lobe is located immediately west of Foga (Fig. 16;
lobe 1-2A in Fig. 18). It runs nearly parallel o the axis of Iz-
mir Bay, and may represent a long duration delts encroach.
ment during the gradually falling sca level of the last glacial.
{Mﬂ‘lelﬂﬂwtﬂlsideufllmmndemsh:lfhmﬂ:inlhcap
proaches to [zmir Bay there is an clongaie delta lobe that near-
ly parallels the present day bathymetric contours (Fig, 16; lobe
2-2A in Fig. 18). This large volume of sedimemt Sugpesis a
long duration for delta development in this area, fed by sever-
al distributaries. On the westem side of Candarl) Basin, depo-
sitional sequence 2A forms another, but smaller and confined
delta lobe (Fig. 16; lobe 3-2A in Fig. 18). The geographic dis-
tribution and scismic character of this Jobe suggest that it was
developed by a single distributary, probably derived from the
Pleistocene Gediz river,

On the easterm side of the Candarli Basin, depositional
sequence 2B forms an other extensive delta lobe (Fig. 17; lobe
1-2B in Fig. 18). This large volume of sediment indicates a
long duration delta development fed by the Bakirgay river.
Data from the northem side of the Candarl: Basin showed the
progradation of a much smaller delta (Figs. 9, 17; lobe 1-2C in
Fig. 18). The geographic distribution of this dela lobe sug-
gests that it was fed by the Madra river. The distal deltaic sed-
iments of the Gediz, Bakircay and Madra deltss coalesce in
the Candarh Basin.

Depositional sequence 3 and 4

Depositional sequences 3 and 4 are similar 1o deposi-

wn = . [ a1 wha i o

Fig. 17. Isopach map of Depositional Sequence 2 as relat-
ed 1o sedimentation from Balarcay (solid con-
tours) and Madra (dashed contours) rivers, show-
ng sediment thickness in milliseconds 1wo-way
travel time. Heavy lines are faults with ticks on
downthrown side. Acoustic source: air-gun.

$ekil 17. Balargay (ditz gizgiler) ve Madra Cay1 (kesikli
gizgiler) sedimentasyonlanyla iligkili 2 nolu depo-
lanma istifi egkalinhik haritasi, Sediment kahnlif
milisaniye olarak gidis-gelis zamamdir. Faylar ka-

hn gizgilerle isaretlenmiy olup akustik kaynak
hava tabancasidir.
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Fig. 18. Progradation of depositional sequence 2 of the
Gediz, Bakargay and Madra deltas during the last
glacially lowered sea-level setting.

Sekil 18. Son buzul dénemine ail deniz seviyesi algalum
sirasinda Gediz, Balargay ve Madra Deltalan 2
nolu depolanma istifinin geligimi.
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tional sequence 2 in seismic character (Fig. 15), and represent
earlier progradational deltaic deposits. They are best observed
in the approaches to Irmir Bay, elsewhere in seismic profiles
they occur below the maximum penetration of the acoustic
source. Therefore, their distribution and thickness variations
cannol be mapped.

(2)Buyik Menderes and Kigik Menderes
seismic sequences
Four depositional sequences are identified in the Gull of
Kusadasi whereas only three depositional sequences occur in
the Gulf of Giillik:

Depositional sequence 1

Depositional sequence 1 is a sigmoid progradational
seismic unit composed of prograding clinoform reflectors
(Figs. 10, 11}, and it is scismically similar to the depositional
sequence 1 observed in the Gediz and Bakirgay deltas. In the
Bitytitk Menderes delta, the depositional sequence 1 forms 2
broad delta lobe that has prograded up to 5 km seaward of the
modem coastline (Fig. 19). The prodelia plaiform is widest (3
km) and the depositional sequence 1 thickest (>80 ms) off the
K arine lagoon, with sieep prodelia slopes westward, where se-
quence 1 thins 1o less than 10 ms. The prodelta platform be-
comes narrow and the depositional sequence 1 thinner (<60
ms) 1o the south (Fig. 19).

Detailed analysis of 3.5 kHz profiles shows that three

depositional sub-lobes can be recognised within the deposi-
tional sequence 1 of the Bilyilk Menderes delia (Figs. 20, 21).
Isopachs on these units show that each represenis a separate
progradation at one point on the delta front, with correspond-
ing erosion or slower deposition elsewhere. All three sub-
lobes show sigmoid progradational seismic confliguration, sug-
gesting sedimentation during rising sea-level or rapid basin
subsidence associated with slow sediment supply. These sig-
moidal seismic refleciors are steepest and have the shallowest
upper inflexion point off active river mouths. The oldest sub-
lobe (1e) is restricted to the northern part of the delia off Ka-
rine lagoon (Fig. 20) and is related to the north Karine chan-
nel. The distribution and thickness of lc suggests thu the river
discharge occurred north of the present distributary mouth,
and the shoreline was probably at a pesilion comparable
that of the present day. Sub-lobe 1b encircles the western peri-

of an erosional platform off Karine lagoon (Figs. 20,
21}, and it is related o deposition from the south Karine chan-
nel. The distribution and thickness of 1b suggest crosion near
the platform (stipple in Fig. 20), and deposition of winnowed
fines seaward, below the wave base. The occurrence of a rela-
tively thick lobe immediately seaward of the present day
mouth suggests that the Bityilk Menderes channel was also ac-
tive earlier. The youngest sub-lobe (1a) has three major sedi-
ment accumulations (Fig. 20) the oldest of which is confined
to northwest Karine lagoon, suggesting deposition from north
Karine channel. The southem accumulation encircles the Koca
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Fig. 19.

Isopach maps of Depositional Sequence 1 and 2 in Biyllk Menderes delia, showing sediment thickness in milliseconds

rwo-way avel time. Heavy lines are faults with ticks on downthrown side. Acoustic source: air-gun.

Sekil 19. Biiyik Menderes Deltas: 1 ve 2 nolu depolanma istifleri eskalinlik haritalan. Sediment kalinhklan milisaniye olarak gi-
dig-gelis zamanidir. Faylar kaln gizilerle igaretlenmis olup, akustik kaynak hava tabancasidir,
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Fig. 20. Isopach maps of sub-lobes la to lc in the Biiyillk Menderes delta showing sediment thickness in milliseconds two-way

travel tme. Heavy lines are faulis with ticks on downthrown side. Acoustic source: 3.5 kHz. Shaded area= erosional
platform, dashed lines= erosional contour,

$ekil 20. Buyuk Menderes Deltasi 1a-1c alt loblan eskalanlik haritalan. Sediment kahnliklan milisaniye olarak gidis-gelis za-

mamidir. Faylar kalin gizgilerle gosterilmis olup, akustik kaynak 3.5 kHz'dir. Taral alanlar erozyonal platformlan, ke-
sikli gizgiler asinma hatlarim gistermekiedir,
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Fig. 21. 3.5 kHz seismic profile (H-H') from the Blyik Menderes delia Location is shown in Fig. 3. 1a, 1b, lc are sub-lobes of
depositional sequence 1 discussed in text, DS 2= Depositional sequence 2. T= erosional truncation, B= ridge, DL=
downlap, M= multiple. Section is about 4.5 km long, vertical exaggeration= 30.

Jekil 21, Konumu §ekil 3'de verilen Biyik Menderes Deltasi 3.5 kHz sismik profili (H-H). 1a, 1b, 1¢; 1 nolu depolanma istifi-

nin alt loblandir. D52= 2 nolu depolanma istifi. T= erozyonal asmma. B= Sirt, DL= downlap M= tekrarl yansimalar.
Profil urunlufu 4.5 km ve digey shurema 30dur,
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lagoon and is related to the Lade channel, thus may corre-
spond 1o a phase of delta progradation in the Middle Ages that

completely cut off sea ravel 1o Miletus. The youngest sedi-
ment accumulation encircles the erosional platform (Fig. 20)
and represents deposition from the Bllyilk Menderes channel
before the Middle Ages as well as after 1945,

The successive sub-lobes indicate periodic shifting of
the river mouth that can be broadly correlated wilh the progra-
dation of the delia plain in historical times. Sub-lobe 1c proba-
bly comrelates with the progradation of the northern delta plain
until about 100 BC, and represents only the distal portion of
this sub-lobe. The subsequent infilling of the southern half of
the delta plain probably correllates with the growth of sub-
lobe 1b. Sub-lobe la accomulaied afier the swiich of channel
in the Middle Ages from north of to south of Lade Island, and
since that time wave erosion medified the proximal part of
sub-lobe la.

The historical evidence suggests that the delia coastline
prograded rapidly within the sheliered Biytik Menderes gra-
ben from 500 BC to 500 AD. There is no evidence for beach
ridge formation during this time, and deposition was probably
Muvially dominated with periodic channel avulsions. Barrier
beaches formed once the river mouth prograded seaward of
the protection of the Lade Island and the coastline to the
south. This event is inferred to have occurred at about 700
AD, Since that time there has been only slow progradation of
the coastline. Following each channel avulsion wave activity
has modified the delia from and partially eroded the scaweard
edge of the abandoned lobes.

The 3.5 kHz profiles (Fig. 21) only penetrate to the base
of depositional sequence 1 and show that this sigmoid wedge
of sediment rests unconformably on a irregular accoustic base-
ment. This basement probably was the subaerially exposed

delta Mood plain during the peak of the last major lowering of
sea-level, some 20,000 yr BP.

The Holocene Kigitk Menderes dela is similar to that
of Bilyllk Menderes, except that only a single depositional
lobe can be distinguished (Fig. 22). This is a result of the
much greater constriction of the delta plain by bedrock near
the coastline. The Kiiglik Menderes delia shows a similar his-
tory of progradation, with 1apid wesiward fluvially dominated
growth from 900 BC 10 300 AD, followed by development of
a wave-dominated delia coastline once the river mouth entered
the Gulf of Kugadasi. Depositional sequence | progrades over
depositional sequence 2 and it is apparently very Lhin or ab-
sent west of the 60 m bathymetric contour (Figs. 7, 22).

Depositions] sequence 2

The data (rom the Biyltk Menderes covers only a nar-
row sirip of the Pleisiocene delta close o the present shore-
line. Delta sedimentation has been concentrated is the north-
em part of Gull of Gillik, suggesting that the river discharged
north of the Lade Island (Figs. 11, 19).

Depositional sequence 2 in the Kigik Menderes delta is
an oblique progradational seismic unit where clinoforms ter-
minate updip by toplap near a horizontal reflector and down-
lap against the older, near-horizontal reflectors. Three delta
progradation lobes are observed in depositional sequence 2.
Lobe 2C underlies the younger lobes (Fig. 7) and prograded
gbout 10 km west of the modern coastline into the Gulf of Ku-
gadasi (Fig. 23). The seaward limit of lobe 2C is marked by an
irregular gentle slope similar in profile to that seen of inactive
portions of Holocenc delta. It is directly overlain by steep pro-
grading clinoforms of lobe 2B and 2A indicative of renewed
progradation near the river mouth, Lobe 2B prograded south-
westward, and Jobe 2A northwestward 1o build the modern
shell edge. Immediately seaward of the limit in lobe 2C in
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Isopach maps of depositional sequence 1 and 2 in Kilgilk Menderes delia showing sediment thickness in milliseconds

two-way travel time. Heavy lines are faulls with ticks on downthrown side. Acoustic source: air-gumn.

Kiuigiik Menderes Deltasina ait 1 ve 2 nolu depolanma istifi egkalinhik haritalun. Sediment kalmliklan milisaniye olarak

gidis-gelis zamandir. Faylar kahn gizgilerle isarcilenmis olup, akusiik kaynak hava tabancasidir.
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Fig. 23. Progradation ol depositional sequence 2 of the
Kiigik Menderes delta during the last glacially
lowered sea-level setting. Armows indicate deposi-
tional mouth (discussed in text), dashed lines in-
dicate palacocoasiline.

Sekil 23, Son busul dbnemine ait deniz seviyesi algalimu
sirasmda Kiigiik Menderes Deliasi 2 nolu depo-
lanma istifinin geligimi. Oklar depolanma agzim
{metinde arugilan), kesik gizgiler eski kiy: hattim
gistermekiedir.

Figure 7, the upper inflexion point in sigmoid prograding
clinoforms in the lower part of lobe 2A becomes progressively
higher (x in Fig. 7), suggesiing coastline stability and upward
growth of a barmier complex during a phase of relative rise in
sea-level (which may result from delta subsidence during
stable eustatic sea-level). The apparent angle of dip of clino-
forms in lobe 2A may vary due 1o proximily © & river mouth
and to the angle between the scismic line and the depositional
strike. The variation in these dips suggests that the lobe pro-
graded in a number sub-lobes with dimensions similar o those
observed in the Holocene bilyllk Menderes delta.

Detailed examination of the seismic data shows no evi-
dence for buried distributary channels. However, the relative
position of the distributary mouth eould be determined from
the direction of foreset progradation. This is best observed in
strike sections and characierized by symmerrical prograding
clinoform patlern in which a number of relatively steep-
dipping refleciors diverge from a point (illusirated in the
Biiyiik Menderes as DM in Fig. 11). The inferred positions of
distributary mouths in depesitional sequence 2 of the Kiigilk
Menderes delta are shown in Figure 23,

In places between the shelf break and the shoreline, the
uppermost part of depositional sequence 2 includes lenticular
seismic umits that are shingled one on top of the other. Inter-
nally they exhibit weak 10 moderate, horizontal to shingled re-
Mectors that downlap the lower surface of the wnits. These
shingled units become thicker but less extensive landward,
and are interpreted as transgressive delusic and marine depos-
its that progressively onlap the ancestral coast during Holo-
cene sea-level nisc. In places, these shingled units have a dis-
tnct surface relief which arc interpreted as relict coastal
barriers. On scveral seismic lines seaward of the 70 m isobath
there are small sediment ridges at about 110 m isobath (¥ on
Fig. 7) that may represent old barrier ridges.

Depositional sequence 3 and 4

Depositional sequences 3 and 4 are similar in seismic
character o depositional sequence 2, and probably represents
earlier della progradation during lower sea-level stands (Fig.

7). It is best represented off the Kiglik Menderes delta, but

elsewhere in the seismic profiles they occur below the resolu-
tion of the data.

INTERPRETATION OF DEPOSITIONAL SE-
QUENCES

Depositional sequence 1 is the result of Holocene delta
progradation during the most recent high stand of sea level, It
is separated from depositional sequence 2 by a major trans-
gressive surface on which only thin transgressive sediments
have accumulated. The depositional sequence 2 represents a
major advance of delia progradation during the last major low
stand of sea level some 20,000 years ago (Aksu and Piper
1983, Aksu et al. 1987a, b). The underlying depositional se-
quences 3 and 4 represent analogous phases of delta prograda-
tion; the prominent ransgressive surfaces that separate deposi-
tional sequences 2, 3, and 4 represent major marine
transgression similar Lo that in the Holocene,

CORE DATA
(1) LithoTacies
Based on colour, grain size and mineralogical analyses

the sediments recovered in the cores are divided into four lith-
ofacies:

Facies A consists of light brown, moderately sorted,
medium grained sands with abundant broken shell fragments
and usually less than 3% gravel (Figs. 24, 25). About §0% of
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Fig. 24. Grain size plots of different facies in cores recov-
ered from the outer Izmir and Candarh Bays.

Sckil 24, IDhg lzmir ve Candarly Kérfezlerinden alinan ka-
rollarda farkh fasiyeslere ait tane boyu dafilim
grafikleri.

the sand-size clasis consist of biogenic carbonate debris,
mostly foraminifera and molluse shells. X-radiographs show
fio apparent stratification. This facies forms a 15-50 em thick
veneer al Lthe uppermost portion of cores from the outer lzmir
Bay and Gulf of Kusadas:. It is also found below the surface
clayey muds (facies C) around the periphery of the Candarls
Basin (Fig. 25) as well as underlying the prodelta sand/silt 1o
mud couplet (facies B) in the outer lzmir Bay. Facies A corre-
lates with the uppermost part of the seismic depositional se-
quence 2 in the outer Izmir Bay and Gulf of Kugadas: and in-
lerpreted to represent the Lopsct beds of the last glacial delia,

Facies B consists of olive greyfgreen mud with frequent
sili/sand laminatons, 0.2-1.0 em thick and occurs immediate-
ly below Facies A (Figs. 24, 25). Sediments in this facies are
heavily biotwrbaled. Occasionally, lenticular lamination is vis-
ible on X-radiographs. The upper and lower contacts of the
laminae are often gradational and disturbed and the silt/sand
laminae are mined with the overlying and underlying sedi-
ments. Rare shell [ragmenis also occur in this facies. Facies B
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Fig. 25. Detailed core logs, lithofacies distribution and comrelation of cores recovered from the outer Iemir and Candarly Bays
(Top). Schematic geological cross section Y-Y showing the relationship of the physiography and the litholacies recov-
ered in the cores (Bottom). Location in Fig. 2.
Sekil 25,

Dug lzmir ve Candarli kérfezlerinden alinan karotlann litofasives dafilum ve iliskileri ile aynntl loglan (st gekil),
lll[cnkn!mnl,an Sekil 2'de verilen karotlarda litofasiyesler ve fizyografik iliskileri gosteren Y-Y' sematik jeolojik kesiti (alt
il).

is correlated with the clinoforms of the seismic depositional
sequence 2 in the outer [zmir Bay and the Gulf of Kusadas:. It

15 interpreted to represent the prodelta facies of the last glacial
delta.

Facies C consists of clive grey/green fine clayey mud
with usually less than 5% sand and silt. The coarse fraction is
almost entirely composed of biogenic carbonate debris. X-
radiographs show this facies w0 be moderately bioturbated
with no apparent stratification. Rarely very faint horizontal
fine silt laminations are also observed on the X-radiographs.
Facics C ocours only i the Candarh Basin and is interpreted
as hemipelagic sedimentation in an solated basin augmented
by occasional density flow deposits entering into the basin
from the east, associated with heavy discharge patterns of the
Balurgay river (Figs. 24, 25).

Facies D consists of olive grey/green muds with occa-
sional sand/silt 1o mud couplets (Figs. 24, 25). The coarse
fraction in this facies includes higher percentages of sand/silt-

size terrigenous clastics than that observed in acies C and the
sediments are extensively bioturbated. Facies [ ocours imme-
dintely seaward of the present-day river mouths and probably
represent present-day prodelta sedimentation.

(2) Micropaleontology

Three cores were sampled for micropaleontological
studies. Core 84-3 was collected from the prodela slope of
lobe 2A, off the Pleistocene Kigik Menderes delia (Fig. 4).
The core penetrated a thin veneer of sandy mud (facies A)
over mud with frequent silt laminae (facies B). Core 85-1 was
taken from the bowomsel zone of the Pleisiocene Gediz delta
{Fig. 2). The core penetrated a 3T cm thick veneer of muddy
sand with abundant shell fragments (facies A) and recovered
about 63 em of mud with silt laminae (facies B). Underlying
the silts and muds, the core also penetrated a 50 em thick
muddy sand similar to that recovered at surface (facies A).
Core 79-2 was also collected from the upper foreset zone of
the Pleisiocene delia in the outer Izmir Bay. The core penetrat-
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ed a 25 cm of sands with abundant broken shell fragments (fa-
cies A) and recovered about 100 em of sand/silt 1o mud cou-
plets (facies B).

The surface muddy sands (facies A) included a rich and
diverse benthic and plankionic fauna and flora (Fig. 26). The
plankionic foraminiferal assemblage is dominated by Globi-
gerinoides ruber, Gs. conglobatus, Gs. sacculifer with smaller
percentages of Orbulina universa, Globigerinella aquilateral-
is, Globorotalia crassaformis and Globigerinita glutinata,
The benthic foraminiferal assemblage is dominated by Texiu-
laria pseudorugosa, T. ponderosa, Planuling wuellerstorft,
Rosalina colombiensis, Cassidulina reniforme, C. laevigata.
These sediments also include high coecolith abundances dom-
inated by Emiliania huxleyi var. warm with lesser quantities of
Cyclococcolithina leptopora, Gephyrocapsa oceanica and He-
licapontosphera kamptneri. These benthic and plankionic fo-
raminiferal and coccolith assemblages are consistent with the
present-day water depth, temperature and salinity characteris-
tics of the eastern Aegean Sea (Thunell 1978, Aksu and Piper
1983),
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The underlying muds with silt laminae (facics B) in-
cluded a sparce and low diversity planktonic and benthic [o-
raminiferal fauna (Fig. 26). The planktonics are dominated by
Neogloboguadrina pachyderma dextral, Globigering bul-
loides, G, quingueloba and Gs. ruber. The benthics are domi-
nated by Ammonia beccarii, Elphidium crispum, Haynesina
depressulum, Cribrononion excavatum, C. excavatum lideon-
sis and Quinqueloculing seminulum. This benthic and plank-
tonic foraminiferal fauna is similar 1o those described by Aksu
and Piper (1983) and represents a coastal brackish environ-
ment with waler depth not exceeding 30 m. The coccoliths
abundances are extremely low in this lithology, suggesting ei-
ther very low coccolith production due 1o shallow water depth
and lowered salinily or major dilution by terrigenous detritus,
The abrupt change from brackish, shallow water to normal sa-
linity shelfl benthic fauna associated with the change from cool
to subtropical planktonic [auna is probably the result of both
rising sea level and warming of sea waler lemperature and
probably represents a change from glacial o Holocene sedi-
menis.
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Fig. 26. Rediccarbon dates in yr BP, litholacies, geochemical and micropaleontological data in cores 79-2 and 85-1.
Sekil 26, 79.2 ve £5-1 nole karotlardan alinan, yilda BP olarak saptanan radyo karbon tarihleri ile litofasiyes, jeokimyasal ve mik-

ropaleontolojik veriler.
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The lowermost muddy sands (facies A) in core 85-1 in-
cluded plankionic and benthic foraminiferal and coccolith
sbundances and assemblages similar to those found in the
muds with silt laminase (Fig. 26). These data suggest coastal
brackish 1o marine conditions at the core site.

(3) Stable isotopes
Oxygen and carbon isclopic compositions of benthic
foraminifera A. beccarii were determined in core §5-1 using a
VG MM 903 mass spectrometer (Fig. 26). The 5'%0 values of
the upper ca. 37 cm in the core (facies A) varied from 3.0 1o
3.8%o0. Foraminifera from the underlying facics B and the
deeper facies A yielded oxygen isctopic values ranging from
1.6 to 3.0%., averaging 2.5%o. [n marginal seas and coastal en-
vironments, the use of the oxygen isotopes as a chronostrali-
graphic tool becomes questionable, In these environments the
&%) values of foraminifera primarily reflect the changes in
the 8'%0 composition of the sea waler in which foraminifera
lived. In tern, the 5'%0 composition of the sea waler is a func-
tion of s salinty.
Decp-sea oxygen isolopic data from the eastern Medi-
terrancan (&g, core RC9-181; Fig. 27) shows that during inter-
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Fig. 27. Oxygen isolopic variations in planktonic forami-
nilera {Globigerinoides ruber) in core RC9-181
{33%25'N, 25°01'E, 2286 m) showing the paleocli-
matic record of the eastern Mediterranean Sea
{from Vergnawd-Grazzini et al. 1977), sapropel
layers (from Cita et al 1977), sapropel layers
{from Cita et al. 1977), ages of isotopic stage bo-

undaries from Shackleton and Opdyke (1976).

Sckil 27. RC9-181 (33°25'N, 25°01°E, 2286 m) nolu karot-
ta planktonik foraminifer {Globigerinoides ruber)
de oksijen izotopu defigimleri; dofu Akdeniz'in
palcoklimatik kayitlanyla ilgili bu veriler Verg-
nawd-Grazzini ve dif. 1977, sapropel kaimanlan
Cita ve di§. 1977, izotopik dénem degigim tarih-
leri de Shackleton ve Opdyke 1976 dan alnmag-
tar.

glacial periods the !0 composition of plankionic forammue-
ra . ruber varied from 0.0 10 -2.0%«; with glacial values
averaging around 1.0 io 2.0%. Because the species dependent
fractination of A. beccarii is not known, estimates of the geo-
graphic variation in the §'%0 composition of the sea water dur-
ing glacial and interglacial periods cannot be made. Deep-sea
record, however, clearly shows that the interglacial 5'%0 val-
ues are much Ii.ighter than those in the glacial periods. Compar-
ison of the 5'*0 records of the deep-sea Mediterranaan and
core 85-1 (Figs. 26, 27) shows that the oxygen isotopic com-
position in core 85-1 is a mirror image of core RC3-181, with
interglacial &'%0 values being much heavier than those of gla-
cials. The heavier 8'%0 wvalues in the surface facics A proba-
bly represent normal marine shelfl conditions; whereas, the ob-
served 1.0 1o 1.5%< depletion in the 5'%0 in facies B represents
considerable reduction in the salinity of the sea water at the
core sile during the deposition of facies B. The oxygen isotop-
ic data independently confirms the presence of brackish water
conditions during the deposition of facies B suggested by the
micropaleoniological data. The carbon isotopic data shows
similar but much altenuated variations.

{4) Carbon-14 dates

A total of five "C daed were obtained from 4 cores
(Table 2). Mollusc and foraminiferal carbonates from the ba-
sal 10 cm of facics A in core 79-2 yiclded a data of 7,150 yr
BP. A wotal organic carbon date of 10,660 yr BP was oblained
from the to 20 cm of the facies B in core 79-2. The uppermost

10 cm of the facies A in core 85-7 in the Candarh Basin yield-
ed an age of 14,000; similarly the base of core 85-4 (facies A)
is dated as 14,030 yr BP. The uppermost 10 cm of the facies A
underlying the prodelta muds of facies B in core 85-1 gave an
age of 20,100 yr BP.

(5) Mineralogy and grain size

X-ray diffraction analyses of the <2um [raction in core
79-2 shows that the principal clay minerals are montmorillon-
ite, illite and kaolinite. No significant differences between the
Holocene and Pleisiocene sediments were distinguished.
Heavy mineral analysis was carried out on the 3-4 & size frac- -
tion of twelve samples from core 79-2 (Table 3). Heavy min-
eral abundances are generally between 1 and 4%, but reached
15 and 3% in two samples. The heavy mineral assemblage is
dominated by opague minerals, gamet and amphibole, with
lesser amounts of apatite and pyroxene, Opague minerals are

CHRONOLOGY OF DEPOSITIONAL
SEQUENCES

In outer lzmir Bay and Gulf of Kugadasi the shelf break
denotes the topset to foreset transition of the last stage of della
progradation during the last glacial period (isotopic stage 2)
prior 1 posi-glacial sea level rise (Aksu and Piper 1983). Mi-

Table2. Carbon-14 dates obtained in cores used for this study, TAM= Tanum accelerator mass spectrometry dates
Clzelge 2. Bu gahymada kullamilan orlarda karotlarda tesbit edilen Karbon-14 tarihleri TAM ise "Tanum Accelerator

Mass" spektromete tarihleridir

4 TAL
CORE [}%Fh-]{"}H %’E%TF.‘ES LABORATORY LAB. NO. METﬁ-ET%D
79-2 12-22 7150+ 110 Beta Analytical Bela 6281 shell

79-2 30-63 10660 + B10 Beta Analytical Bela 6282 organic carbon
85-1 120-130 20100 + 420 Beta Analytical Beta 15248 TAM shell
85-4 150-159 14030 + 260 Beta Analytical Beta 15246 TAM shell
85-7 50-59 1400 + 240 Beta Analytical Beta 15247 TAM shell
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Table 3. Heavy mineral and grain size distributioa in two cores from the outer Iymir Bay. Heavy mineral data exclude mi-
cas. Sample preparation and heavy mineral identifications are made following the technique described in Aksu
(1981).

Cizelge 3. lzmir Korfezi diginda alman (ki karotta afir mineral ve tane u dagiime. Mikalar bu verilere dahil
edilmemistir. Ornekleme ve afir mineral tayinlerd Aksu (1981)'de aynntih olarak aciklanan teknikler
kullanilarak vapilmigtir.

Core 79-5 Core 79-2

Depth (cm) — ] 21 45 70 100 125 0 25 50 75 100 120
Minerals (%)

i
0. pyroxene 7 7 1 2 1 4 9 12 ] 5 7 ]
C. pyroxene 12 B 2 1 1 2 16 5 6 8 9 8
Opaques 19 38 74 74 73 T0 8 7 17 33 11 7
Altered & 3 18 18 19 9 2 4 9 & B (]
Tourmaline 5 1 1 0 0 1 5 7 3 2 7 5
Zircom 0 L] Li] Li] 0 0 1 i} L] Li] 0 0
Gamet y.i 6 1 2 1 ] 37 9 32 26 i3 31
Apatite 5 6 1 0 2 2 4 9 7 ] -] 6
Amphibole 19 2 2 3 2 5 17 24 16 13 15 27
% heavy 36 14 150 230 T4 3.2 1.4 1.7 4.0 28 2.2 23
grain size

i
% gravel 23 0.0 0.0 0.0 0.0 0.0 24 0.5 0.0 0.0 0.0 02
% sand 312 426 23 28 27 287 822 352 229 319 M0 350
% silt 358 ME 522 563 451 451 8.2 477 540 499 539 461
% clay 30.T 6 455 410 B2 252 72 167 231 181 221 188

cropaleontological data from two gravity cores which pene-
trated the upper part of depositional sequence 2 indicated that
these sediments were deposited in a brackish, shallow water
environment. Radiocarbon dates from the top of the foresets in
depositional sequence 2 suggested that foreset iom in
the area ceased between 14,000 and 10,000 yr BP. There has
been little sedimentation since that time and outer lzmir Bay
i Moored by relict shoreface sands (Aksu and Piper, 1983).

During the Quaternary period, there have been episodes
of stagnation in the eastern Mediterranean Sea producing dis-
tinctive and correlatable sapropel layers. Several theories have
been proposed for the association of sapropel deposition and
global climatic fluctuations. Thunell er al. (1977) and Verg-
naud-Grazzini ef al. (1977) indicated that sapropels were de-
veloped when rising sca-level re-established the communica-
tion between the mediterrancan Sca and the Black Sea
allowing an influx of glacial meliwater augmented by in-
creased pluvial conditions during the transition from glacial 1o
interglacial conditions.

There are five well defined sapropel layers within the
last ca. 150,000 yr record (Cita ef af. 1977k 51 comresponds
to the Holocene transgression (isolopic stage 2/1). 52 corre-
sponds to the transgression at the isotopic stage 4/3 boundary,
and 53, 54, and 55 occur at the beginning, middle, and end of
solopic stage 5 (Fig. 27). Uranium-series dating of marine
fossils from raised beach terraces around the Mediterranean
has indicated high stands of sea level (i.e. comparable to that
of present day) during isotopic stages 1 and 5 (Steams and
Thurber 1965), and the occumrence of sapropel layer 52 re-
quires a sea-level rise to at least - 40 m (minimum depth of the
Bosphorus sill).

Low stand of sea level (-110 m) during the last glacial
period is suggested by Stanley and Blanpied (1980) and Aksu
and Piper (1983). The oxygen isotopic records of a number of
cores from the casiern Mediterrancan Sea also suggesied low

stands of sea level during glacial isotopic stages 2, 4, 6, and 8
(Vergnaud-Grazzini et al. 1977).

Both the saprope]l horizons and the major transgressive
surfaces between the stacked prograding delta sequences mark
periods of rapid sea level rise, although there may not be a
one-to-ome commelation. Sapropel 51 clearly correlates with the
21 iransgression (Figs. 27, 28). Two methods arc available 1o
estimate Lhe age of the other ransgressive surfaces: examina-
tion of fault offsets and consideration of total sediment vo-
lumes in the progradational sequences.

Fault offsets (discussed later) indicate that the 3/2 rans-
gressive surface is about 5 times older than the 21 surface,
suggesting an age of some 55,000 years for this surface. This
most reasonably correlates with the 52 sapropel at the base of
isotopic stage 3, with an age of about 60,000 years. We have
hitle data on fault offsets that cut both the 3/2 and 43 rans-
gressions: the limited data suggest that the 4/3 ransgression is
at least twice as old as the 3/2 and therefore most reasonably
corresponds to sapropel 85 in isolopic stage Se, which was a
time when sea levels globally were a litde higher than at pre-
sent.

The 1otal sediment volume associated with depositional
sequence 3, to within the limits of our data coverage, appears
similar to that in depositional sequence 2. If the sedimentation
rates are comparable during these periods, this would suggest
that the two sequences were of approximately similar dura-
tion, Furthermore, the total volume of sediments in the deposi-
tional sequence 2 in the outer lemir Bay is estimated at 65
km? (Fig. 16). There may be a similar volume of sediment of
this age rapped within the inner parts of Izmir Bay and the
modem areas of the Gediz delta. Modem sediment discharge
of the Gediz river is of the order of 5 km® per thousand years.
If glacial sediment discharge was at a similar rate and all sedi-
ments was trapped within the delta, this suggests that deposi-
tional sequence 2 is of 20 o 30 thousand years duration. This
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is broadly consistent with the chronology suggested by the
fault offsets and the micropaleontological data.

A DELTA PROGRADATION MODEL

In the late Quaternary there has been an allemnation of
periods of marine transgression with periods of regression,
with only shon times of stillstand, Many of the transgressions
have been rapid, whereas most regressions have been slower,
High stands of sea level, corresponding 1o residual ice only in
Antarctica and Greenland, occur at the present time, and also
occured in isotopic stage S¢, and during some earlier intergla-
cials.

(1) Gediz, Bakir¢ay and Madra

In the present-day Gediz and Bakirgay deltas (deposi-
tional sequence 1) the topset to foreset ransilion occurs
around 20 msec (15 m) water depth. An analogous transition
occurs at about 150 msec (112.5 m) water depth in deposition-
al sequence 2 of both the Gediz and Bakirgay deltas, The top-
sel o foresct transition in depositional sequence 3 occurs
around 225 msec, 75 msee below the transition in depositional
sequence 2A. The wpset beds of depositional sequence 4 are
locmed about 90 msec below the foreset beds of depositional
sequence 3. If the topset to forese! transitions of each delta oc-
curred at around 15 m water depth, and if the extent of sea lev-
el lowering during delta progradation is known, the amount of
subsidence can be caleulated, On the basis of oxygen isolopic
records from the world ocean, it appears that the global ice vo-
lume at the peak of isotopic stage 2 and at the peak ol isolopic
stages 4 and 6 were similar (Shackleton and Opdyke 1976),
suggesting that the “eustatic” sea-level lowering was of simi-
lar magnitude. It is, therefore, assume that the topset to foreset
transition at the top of depositional sequences 2, 3 and 4 de-
veloped under conditions of similar lowering of sea level. The
difference in elevation between depositional sequences 2 and
4 averages 132 m. Errors in relating this transition to true sea
level must be equal at both stratigraphic levels and, therefore,
cancel out; errors associated with assuming similar low stand
of sea level is probably no more 15 m. We use 115,000 years
as the estimate of the time from the peak of stage 6 1o the peak
of stage 2. This implies a subsidence rate of 1.15 m per thou-
sand years at the southcastern margin of the Karaburun Basin.
The tectonic subsidence calculated here compares favorably
with 1-2 m/1000 years suggested by Flemming (1972).

Depositional sequences 2 and 1 illustrate a complete
depositional cycle from slow regression (hrough rapid (rans-
gression to the modem stillstand of sca level. From the evi-
dence of opsel to foreset transilion elevations, il is suggestad
that the depositional sequence 2 developed by delta prograda-
tion during a low stand of sea level. During much of this Lime,
sea level was falling slowly, allowing the delta to build for-
ward into deep water. The lowest position of the lopset o
foreset transition corresponds 10 the maximum fall of sea level
in isotopic stage 2, estimated at -100 to -115 m {Aksu and Pip-
er 1983) in this area. The rapid transgression around the iso-
wpic stage 21 wansition resulled in deposition of a thin trans-
gressive sediment shect and the retreal of the deltas far up
long coastal bays {Aksu and Piper 1983). Since sea level stab-
ilised about 5000 vears ago, the inner parts of these bays have
been filled in and the deltas are prograding seaward in equili-
brium with modern sea level. With a gradual lowering of sea
level, the deltas would continue to prograde seaward. The gra-
dient of the continental shelf is such that a gradual lowering of
sea level would not significantly steepen river thalweg (Fig.
5.

The age of the delta lobes within the depositional se-

quence 2 has been estimated on the basis of their total volume
and the modern discharge rates of the Gediz river. Lobe 1-2A
prograded from the headland of the ancestral bay to a line
joining Foga and Karaburun and reached its maximum extent
at about 35 000 BP (Fig. 18). At this point [zmir Bay widens
rapidly, and opens 1o an area with much longer wave fetch.
The sudden widening of the bay and the increased wave activ-
ity probably caused the halting of delta advance. Therefure
this period may represent & transitional stage from predomi-
nantly fluvially dominated delta 1o wave dominated Gediz del-
ta. With continued lowering of the sea-level, lobe 2-2A pro-
graded northwestward into the Karaburun Basin (Fig. 13). At
gbout the same time interval lobe 3-2A also prograded north-
castward into the Candarh Basin, Both lobes 2-2A and 3-2A
reached their maximum extent at about 15 000 BP, immediate-
ly prior to the post glacial sea-level rise. Similarly, the Baks-
rgay delta (lebe 1-2B in Fig. 18) prograded westward into the
Candarl: Basin, where during the last phase of the delta ad-
vance the distal deliaic deposits of the Gediz and Bakurgay
deltas coalesced (Fig. 18). Data from the northern portion of
the Candarl Basin showed the progradation of a much smaller
deluic sediments, illustrated as lobe 1-2C in Figure 18. This
small delia lobe is interpreted as the prograding foresets of the
Magdra river. In the northern Candarh Bay the distal seciments
of this delia lobe also coalesee with those of the Gediz and
Bakirgay deltas.

The outer Izmir Bay, in water depths of 70 to 110 m
seaward of the Holocene Gediz and Bakirgay deltas, has a ter-
race-like surface morphology that varies in height from 4 1o
20 ms (3 1o 15 m @ 1500 m &), The down-side of these ter-
races arc almost always toward deeper water. In 2.5 kHz scis-
mic profiles, they appear lenticular in shape and shingled one
on 1op of the other in the landward direction. The uppermost
reflectors of a particular lenticular unit onlaps a non-
transparent zone on the landward side; and progrades over the
underlying lenticular unit. The non-transparent zone is inter-
preted 1o represent the topset zone of the Pleistocens dela.
The thickness of each lenticular unit varies berween 15 and 30
ms (11.3 and 22.5 m) which, in the area, is the average pene-
tration of the 3.5 kHz penetration. In the air-gun profiles the
baze of these lenticular units overlies the oblique prograding
foresets of the depositional sequence 2. Their lengths are
shortest (<1 km) immediately above the shelf break, becoming
progressively longer landward (=5 km). Internally they exhibit
weak 1o moderate, semi-continuous refllectors that run parallel
to the lower surface of the unit. These lenticular units are in-
terpreted as the coastal onlap deposits of the Holocene irans-
Eression,

Several imter-related factors controlled the dynamic
equilibrium of the Gediz and bakirgay deltas from the last gla-
cial maximum 1o present. During the peak of the last glacial
period (ca. 20,000 yr BP) the sea-level was approximately 100
m lower than at present; it started 1o risc at around 16,000 yr
BP with the maximum rise of about 50 m occurring between
12,000 and 8,000 yr BP (Clark er al. 1978). Observed fault
throws show that the posi-glacial sen-level nse around the
western Turkey was accompanied by vertical crustal move-
ments, including a subsidence of 1-2 m per 1000 years for the
study area. These figures probably increased the actual water
depth by 10 10 20 m during the last 10,000 years. The radio-
carbon dates sugpgest that the progradation of the Pleistocene
Gediz, Bakirgay and probably the Madra deltas ceased about
11,000 yr BP, but reworking of sands during the transgression
continued until at least 7,000 yr BP.

All seismic lines examined from the outer Izmir Bay
showed the topset zone of the Pleistocene Gediz delia devel-
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oped around 150-180 ms (112.5-135 m) below present sea lev-
el. Whereas, this zone in the Pheistocene Gediz delta entering
into the Candarh Basin is found to occur at about 160 ms (120
m) below present sea level. The wpset zones of the Pleisto-
cene Bakirgay and Madra deltas are developed around 140 ms
(105 m) and 150 ms (112.5 m) below present sea level, re-
spectively. These sediments were deposited under the repeated
agitation of the water by waves and probably long shore cur-
rents. Around the present-day outer lzmir Bay and the Candar-
I Basin the average wave height and length are 0.5 m and 100
m respectively, with storm heights of about 2 m and length of
50 m. Sedimentological data in the area suggest that below
about 20 m waler depth the winnowing effect of the waves are
minimal, Therefore, assuming that the prodelta shelf break
during the last glacial maxima was al a water depth of about
20 m, the shoreline would have been situated at near the pre-
senl day 95 m isobath. The stable isolopic data and the shal-
low-water, brackish benthic foraminiferal fauna found in cores
recovered from water depths of 110-150 m suggest that the
sea level was at least 100 m Jower than at present, indepen-
dently confirming the sea-level lowering suggested by the
seismic data. Comparison of the various proposed sea-level
curves showed that vertical uncertainties of 5-15 m, which for
the wpography of the area would ranslate inio horizontal un-
certaintics of 1-1.5 km.

In the outer Izmir Bay, the depth of the shelf break (i.c.
topset to foresct transition) progressively increases toward the
north from about 110 m off Karaburun peninsula to more than
135 m immediaely south of the island of Lesbos. No core
data is available from the northernmost part of the shelf break,
therefore no unequivocal dates can be given for the last phase
of the delia advance. However, unless the northern outer Izmir
Bay has prefcrentially subsided, the observed difference in the
depth of the topset to foreset transition suggesis that the Pleis-
tocene Gediz river first abandoned the northern part of the
lobe 2-2A (Fig. 18), perhaps as early as 14,000 yr BP during
the early posi-glacial ransgression. This distributary abandon-
meni during the early sea-level rise was compensated by high
or balanced sediment influx so that there was a short stillstand
of the delia distributary in the southern outer Izmir Bay. This
area shows well-developed and thicker topset zone than the
north, perhaps because delia sedimentation was concentrated
in this area once eflective regression of the shoreline began.
Radiocarbon dates in cores recovered from the periphers of
the Candarly basin penetrating into the topset deposiis of the
depositional sequence 2A and 2B showed that at about 14,000
y7 BP the distributary of the Pleistocene Gediz delia (lobe 3-
1A in Fig. 18) was abandoned, however, the distributary of
the Bakirgay dehia (lobe 1-2B in Fig. 18) remained active until
about 10,000 yr BP. This is also supported by the occumence
of the topset to foreset transition in the westem Candarh Bay
al about 120 m, approximately 10 m below the same transition
mn the outer lzmir Bay.

The lenticular umils of the coastal onlap deposits pre-
dominantly occur between 70 and 100 m isobaths. Published
sea-level curves (Clark ef al. 1978) suggest that approximate-
ly 25 m of sea level rise occurred between 16,000 and 11,000
yr BP, which assuming that the thickness of sedimenis accu-
mulated during that time was compensated by tectonic subsi-
dence, would put the 11,000 yr BP shoreline around the 70 m
isobath. [ the pre-transgression bottom topography of the area
was similar to that of the present day, a metre rise in sca-level
around the outer Tzmir Bay wolud be translated into about 125
m of coastal retreat. From about 70 to 50 m isobaths, the slope
of the outer bay is much gentler, so that & metre rise in the
sea-level would produce about 750 m coastal retreat. During
the rapac rise of sea-level from about 11,000 1o 8,000 vr BP,

delta progradation would be more difficult in the Izmir Bay,
primarily because the sediments carried by the river would be
dispersed over a much larger arca, Thus, foreset progradation
ceased and sediments were probably reworked and redistribut-
ed along the generally regressing coastline by waves and long
shore currents, accounting for the lack of well-defined lenticu-
lar units landward of the 70 m isobath.

Published sea-level curves suggest that by around 6,000
yr BP the cost line would have retreated 1o approximately the
20 m isobath, except that part of the present Gediz and Bakir
gay delta plains may also been Mooded. According to the ac-
count of Plinius, Gediz river discharged near the city of Tem-
nos some 3,000 yr BP. The delta prograded wesiward from
about 3,000 w 2,000 yr BP forming the Maliepe and Mir-
mekes delta sub-lobes. From about 2,000 10 100 yr BP the del-
Ia progradation was mosily wward the southwest through the
Degirmentepe, Kokala, Pelikan and Kargiyaka channels.

During a full cycle of high 1w low 1o high sea levels the
Gediz and Bakirgay and probably the Madra delias prograded
approximately 40-65 km from the heads of bedrock-defined
bays out 1o the shelf break and back 1o the heads again. Simi-
lar ransgressive and regressive cycles would occur during ev-
ery high to low 1o high cycle of sea level change. In our seis-
mic profiles we recognise repeated cycles similar to this late-
glacial to Holocene cycle. Periods of regression, stillstand, or
slow transgression are marked by delta progradation. In our
records, only the final phases of such progradation are visible
near the modern shelf break, deposited shortly before rapid
tranggression lerminated a depositional eyele,

Following the major transgression between isotopic
stages 6 and 5e o a sea level stand above that of the present,
delta flucuations associated with the variations in sca level
during isotopic stage 5 occurred within the ancestral [zmir
Bay and are thus not recognised in our seismic profiles (be-
cause of multiples). During this sea-level high stand sapropels
53, 54 and 55 are deposited in the eastern Medilerranean.
Only after continued deposition through stages 5 and 4, with-
out any extreme marine high stands, did the delias prograde 1o
the outer shelf area. Continuing relatively low stands of sca
level throughout stages 4, 3, and 2 mean that a fuller record of
sea level fluctuation is preserved on the outer shelf during this
time.

The Candarl: Basin does not display such a long sirali-
graphic history as the outer Gediz delta. Our seismic profiles
penetrate only Lo depositional sequence 3. The present day ba-
thymeiry of the region suggests that during the low stands of
sea levels (-110 m; Aksu and Piper 1983), brackish or lacus-
rrine conditions prevailed in Candarh Basin. The Bakwgay
delia rapidly prograded westward in depositional sequences 3
and 2, largely filling a once larger Candarl Basin. Similarly
the Madra delta prograded southward filling the northern por-
tion of the Candarh Basin, at aboul the same time, a distribu-
tary of the Gediz delta temporarily occupied the weslemn por-
tion of Candarli Bay. This is clearly seen in Figure 8 where
the distal deltaic deposits of the Gediz and Bakirgay river sys-
tems coalesce in Candarl Basin,

(2) Buyiilk Menderes and Kiiciilk Menderes

Because we have good seismic coverage of Pleistocene
delta formation only in the Kilgiik Menderes delta, we use this
delta as an analogue for examining controls on wave dominat-
ed delta sedimentation. Depositional sequence 2 prograded
during a gradual fall in sea level comresponding to isotopic
stages 3 and 2. The overlying transgressive surface was
formed during the Pleistocene o Holocene transgression (at
the end of isotopic stage 2). Depositional sequence | accumu-
lated during relatively stable sea-level conditios im the late
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Holocene. The age of the lobes within depositional sequence 2
has been crudely estimated on the basis of their total volume
and modemn discharge rates of the river; this suggests that lobe
2C reached its maximum extent about 44 000 BP, lobe 2B at
30 000 BP and lobe 2A at 15 000 BP.

Lobe 2C prograded during the initial stages of the fall in
sca level [rom the stage 3 high at about -40 m. The elevation
of the distal part of lobe 2C indicates that it formed when sea
level was at about -80 m. This lobe is estimaled o have pro-
graded from the headlands to its maximum extent in about
15,000 years. Progradation of the lobe terminated at the line
joining Cape Stnger 1o Cape Karga (Fig. 23) which represents
the next position seaward of the modemn coastline at which the
Kigitk Menderes graben widens rapidly. The halting of delha
advance at this position may, thus, represent a time when
wave reworking was more important than fluvial processes.
Lobe 2B prograded southwestward over lobe 2C, representing
a return to fluvial dominance, perhaps as a result of more rap
idly falling sea-level. Lobe 2B prograded for about 14,000
years reaching its maximum extent al around the present day
100 m isobath. At this time the distributary probably became
over-extended, and eventually the Kigiik Menderes niver was
diverted into a northwesterly course. Lobe 2A shows clear evi-
dence or the progradation of a number of scparate sub-lobes,
similar to those observed in the Holocene Bilyilk Menderes
delta. Progradation was terminated by the rapid posi-glacial
sca-level rise.

All seismic lines examined showed the topset W loreset
transition in lobe 2A developed around 150-160 ms (112.5-
120 m) below present sea level. It is dificult 10 precisely deter-
mine the amount of sea-level lowering from these data. The
fault offscts in deposilional sequence 3 suggest subsidence
rates of 0.5-1 m per 1000 years, or 10-20 m since deposition
of lobe 2A. The wpset to foreset ransition at the modern delia
mouths occurs close to sea-level, bul is at 10-20 m water
depth on the wave cut platforms away from active mouths.
The sandy Pleistocene topset sediments thai were cored were
deposited in a shallow coastal environment probably under the
influence of waves, and thus, represent a depth range of a few
metres to 20 m. Thus, the maximum Pleistocene sea-level
lowering (some 20,000 yr Bl') was about-110 m.

The very thin transgressive sedimenl sequence in the
outer part of the Guif of Kugadas: reflects the rapid sea-level
rise from 16 000 to 8000 vr BP and implies that botlom topog-
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raphy of the Gulf of Kusadas: was similar to that ol present
day. During this early stage of the Lransgression [oresel prog-
radation did not take place, and sediments carried by the river
were probably reworked and redistributed by waves and long-
shore currents. The ridge situated immediately landward of
the shelf break (Fig. 7) probably represent a former barrier is-
land system developed and drowned during this rapid trans-
gression. As the sea level rose, the broad drowned della plat-
form damped the waves, so that more time would be required
to build a barrier of the same size. Thus, the next evidence for
prominent barrier island growth is seen after the rate of rans-

jon had decreased. Barrier complexes are seen at the mar-
gin of the gulf, where they would be concentrated by littoral
drift, in less than 70 m of water, and become widespread in
the eentral part of the gulfl only in water depths of less than 50
m.

Maximum transgression probably occurred around 6000
yr BP and the entire modern deha plains were flooded.
Around 3000 yr BP, the shorelines in Kiigitk and Biyilk Men-
deres delias were situated cast of Syrie Island and Dede Dag,
respectively (Figs. 3.4).

Archacological and historical data suggest average della
progradation of 3 m ! over the last 3000 years for the Kigik
Menderes rivers. Average delta progradation rates in deposi-
tional sequence 2 were less than 0.5 m a™. The large differ-
ence between the progradation rates during the last 30{4) years
and during the Late Pleistocene is due to both the geometry of
the depocentre and its paleobathymetry, because the shell arca
in which progradation took place during the late Pleistocene is
much less constricted than the graben enclosing the modern
delta plain. It is not clear whether the changes in the hinter-
land associated with climatic changes had increased or de-
creased the rate of erosion.

DISTRIBUTION OF FAULT-BOUNDED BASINS

(1) Gediz, Bakircay and Madra
Many normal faults cut these complex deltaic sequenc-
s, and some are marked by surface breaks at the sea bed. In

most faults, throws increase with subbottom depth, suggesting
continual movement. Increased sediment accurmulation on the

downthrown side of some faults further suggesis syn-
HEAD OF IZMIR BAY

Presant coastiine River gradient

- Fig. 28. Schematic illustration of depositional sequences as related to sea level changes in the Quaternary peniod.
Sekil 28. Kuvaterner dénemindeki deniz seviyesi defiigimleriyle iligkili depolanma istiflerinin gematik gsterimi.



depositional vertical movements. The relative offset of the 21
and 3/2 wansgressive surfaces (Fig. 28) by these faulis can be
used 1o estimale the relative age of the two surfaces. In the
Gediz and Bakwgay delias, the offset of the 3/2 surface ranges
from 3 1o 6 times that of the 1/2 surface on any particular
fault, with an average of 4.5 times. Assuming that the rate of
movement on the faults is constant, this suggests that the 3/2
ransgression surface is 4 or 5 limes as old as the Holocene
ransgression surface,

Our grid of scismic lines is sufficiently dense 1 map
the distribution of major faults in the Gediz and Bakircay del-
tas, Figure 16 illustrates the most prominent faulls that cut the
reflector separating the depositional sequences 2 and 3. A ser-
ies of NNW trending laults run approximately parallel to the
present day coastline, forming the boundary of lzmir graben.
Similarly, two major fault systems bound the eastern and
western peripheries of the Candarh Basin. The southemn exten-
sion of the major fault immediately east of the Karaburun pe-
ninsula can be correlated with the Karaburun-Ayvacik fault
system. Kaya (1982) suggests that this fault system rums due
north approximately parallelling the 26°38° N longinde, from
the wesiern Giilbahge Bay to the eastern end of Lesbos Island
(Fig. 29). The seismic dala presented here show no evidence
of a major fault system that crosses Izmir Bay, and suggest
that the western boundary fault in the Candarly Basin may be
correlated with the major Lesbos fault (Figs. 16,29).

The pre-Miocene tecionic framework (Fig. 29) is char-
acterized by norh-northeast trending fault blocks which have
been interpreted as deep crustal fractures (Kaya 1981). These
faults are cut arthogonally by a predominantly west-northwest
running fault system. The latter fault system is the result of
Laie Miocene extensional tectonics and constitutes the earliest
framework of the present day east-west aligned graben sys-
tems of western Anatolia (Kaya 1981). Comparison of the pre-
Miocene and posi-Miocene structural elements of the siudy
area (Fig. 29) shows that only a limited number of pre-

Miocene faults were active during the Qualemnary period. The
fault data discussed here indicate that in lzmir Bay and Can-
darly Basin, the Quaternary lectonic subsidence took place
along a reactivaled pre-Miocene structural fabric. The data
also suggest that the subsidence may be strongly influenced
by the loading effect of the advancing deltas during the low
stands of sea levels,

(2) Biyuk Menderes and Kiigcik Menderes

High angle-normal faulis also cut the depositional se-
quences 2 10 4 in the Kiigilk Menderes delta (Fig. 7). In a few
places faults also cut depositional sequence 1, forming distinct
steps at the sea floor. The frequent seismic profile crossovers
allow correlation of faults over the Gull of Kugadasi. The
most prominent faults that cut the reflector separating deposi-
tional sequences 2 and 3 are mapped in Figure 22. The leclon-
ic framework of the Guilf is characterized by a network of
roughly E-W wending faults. North of 37°55° N latitede all
major faults have their downthrown sides to the south, where-
as in the southern parn of the Gull faults are downthrown o
the north. These faults thus, form a major E-W graben sysiem
in the centre of the Gulf of Kugadas: (Fig. 22). Fault throws in
depositional sequence 3 of abow 150 ms (112.5 m) are ob-
served in the central Gulf, whereas throws are less than 50 ms
(37.5 m) in the northem and southem Gulf,

DEFORMATIONAL STRUCTURES

Several structures related 10 post-sedimentary deforma-
tion are identified in the seismic profiles, including peripheral
slumping, deep-seated flowage and soft sediment deformation
related 1o faulting. Peripheral slumping is identified in the 1.5-
kHz profiles where displacement of colierent masses, with lit-
tle or no intemal deformation, rotaed downslope along dis-
crete shear planes. This is best observed in sediments immedi-
ately seaward of the topset to foreset transition of the deltas.
Rotational slumping was probably triggered by seismic activi-
ty and occurred where slopes were oversteepened by rapid

F38* 007

so0 58

Candarli

= 38" 30"

UNINGEIEH

Gulbahce

T T T T as* 00’

2Tt ae”

26% 30" 27*30" 26* 307 27* 00" 27" a0’

Fig. 29. Pre-Miocene (left) and post-Miocene (right) structural elements of Tzmir and Candarl bays, data from Kaya (1981) and
Dewey yand Sengidr (1979) respectively. Major Quaternary fault patterns are also shown.

$ekil 29, lemir ve Candarl kisrfezinin Miyosen 8ncesi (Kaya, 1981) (sol) ve Miyosen sonras: (Dewey, Sengdr, 1979) (saf) yap-
sal elementlerni, Kuvatemer donemine ait belirgin faylanmalar da dahil edilmigtir.
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deposition of river mouth sediments.

Deep-seated flowage 15 commonly observed in seismic
profiles running adjscent to major faults, The distal end of
depositional sequence 3 in the outer Izmir Bay, immediately
below the present day shelf break, exhibits a seismic package
with internally undulating relleciors that run nearly parallel 1o
each other (Fig. 30). Occasional diapiric folds also occur with-
in this package as isolated blocks. The inflection of the sea
floor, as well as at the base of depositional sequence 2 land-
ward of the shell break, suggests that considerable subsidence
took place in this area. These deformational features are seen
only in line [-I" (Fig. 30), which runs parallel to the Karabu-
run-Ayvacik fault (Fig. 16); a seismic line less than 10 km
northeast {(G-G) shows no evidence of deep-seated (lowage
(Figs. 15,30). Comparison of sediment thickness between
lines I-I' and G-G' shows that in the deformed section deposi-
tional sequence 3 is about 30 msee (24 m @ 1600/5ec two-
way time) thinner. The seismic character of deposilional se-
quence 3 suggests that the deformation 1ok place during the
last phase of delta progradation of depositional sequence 2,
possibly due to loading effects coupled with movement along
the Karaburun-Ayvacik fault. Similar deformation is also seen
in depositional sequence 4 (Fig. 30). Figure 30 also shows
several fault related soft sediment deformations.

DISCUSSION

All four deltas discussed occupy the heads of major
casl-west grubens that extend from the continent to the adja-
cent continental shell and back-arc basin, Although the sea
level has Muctuated by over 100 m during their late Cuater-
nary growth, even at low stands of sea level, the deltas would
have formed w1 the head of an elongate marine bay within a
graben (Fig. 1), where the 100 m contour approximates the
Late Pleistocene shoreline.

Fluvial and deltaic graben sediments are major compo-
nents of the thick post-orogenic sediment sequences that accu-
mulate in many successor basins. These deltas thus, occupy a
tectonic setting that is common in the geological record, for
example in the Carboniferous strata of Evwrope and eastern Ca-
nada. The fluctuations in sea level during the Pleistocens pro-
vide a natural laboratory to understand how sea-level changes
(whether eustatic or epirogenic) affect delta architeciure and
sediment facies. Similar flucuations in sea level probably af-
fected delta growth at earlier times of major glaciations, such
as the Late Ordovician and the Permo-Carboniferous,

Despite their apparent sheltered settings within grabens,
the morphology of the preseni-day Biyilk Menderes and
Kiigiik Menderes delias and the Pleistocene Gediz and proba-
bly Bakirgay delias indicates that they are high destructive,
wave dommated delias. In the microtidal setting of the Medi-
terrancan, wave process predominate over tidal processes.
Offshore gradient and lewch are sufficient to permit significant
wave activity, despite the presence of offshore islands (horsts)
which limit the effectiveness of deep water waves. The region-
al channel gradients arc maintained by tectonic subsidence, so
that at times of falling sea level, braided river courses may ex-
tend over much of the delta plain, Very steep foresets close o
river mouths represent delivery of sand (o the prodelia slope.
Much of the delta progradation takes place by deposition of
mud on the prodelta slope; this process predominates at times
of delta progradation with a stable sea level, when meandering
channels and extensive delta plains rap much of the coarse
sediments upstream. Both archacological data (Figs. 2, 3, 4)
and seismic analysis (Figs. 18, 23) show that even within a
narrow graben the delta progrades through lobe growth, first
on one side of the graben, then on the other side.

Places where the graben widens rapidly, such as at the
present coasiline of the Kigilk Menderes, are sites of maxi-
mum wave activity. As a result, during successive ransgres-
sions and regressions, delta progradation will 1end o pause at
such points, leading to the development of thick barrier sand
complexes as delta mouth sediments are reworked. Such sites,
which are lectomically controlled, may thus preferentially de-
velop sand facies during basin subsidence.

Rapid transgressions are a feature of the Quaternary as
& result of rapid reireat of wemesirial ice-sheeis. They resull in
rapid retreat of the delia shorcline over distances of many tens
of kilometres. There is no evidence for delta mouth prograca-
tion during these transgressions, which produce a thin trans-
gressive sand sheet over the surface of the delta. Because
progradation is inhibited during the rapid transgression, initial
deposition following the stabilization of sea level takes place
in a highly sheltered environment, and the delta builds into re-
latively shallow water, so that progradation is rapid. Roth the
shellered position and rapid progradation inhibil the develop-
ment of sandy beach ridges.

CONCLUSIONS

Seismic reflection profiling and geological studies have
shown that delta architecture in rapidly subsiding basins in
western Turkey is largely controlled by glacially induced
changes in sea level. Major interglacials of tens of thousands
of years duration (such as in isotopic stages 1 and 5) arc
marked by major transgressions duning which thin lenticular
coastal deposits accumulate as the shoreline retreats. At the
maximum extent of the sea, the ransgression extended up
shallow alluvial valleys in which islands and bedrock promon-
tories protect the coast from direct wave attack, The subse-
quent initial progradation phase is rapid in the shallow shel-
tered waters. In the case of the Holocene transgression this
progradation phase occurred in classical times, ending about
105} AD as the coastline reached a position exposed to south-
westerly winds. In the Gediz delta, lzmir Bay is larger and
deeper and has not yet been completely flled.

Holocene Biyilk Menderes illustrates the style of prog-
radation of a wave-dominated della entering deeper water.
Successive delta lobes build out as the river mouth shifis, and
ahandoned lobes are subjected o crosion. Bamier beaches de-
velop as abandoned niver mouth sands are re-dispersed. The
iransition from topset o foreset sirata occurs in water
of a few 10 len metres. Holocene Gediz, however, illustrates
the style of progradation of a river-dominated delia entering
deeper water. There are at least six shifts in the position of the
Gediz mouth during the last ca. 3,00 years and abandoned
delta-top channels can be correlated with submarine delia lobe
sequences,

The continental shelf and slope in the grabens of west-
emn Turkey developed as a result of similar delta progradation
during Pleistocene glacial periods when sea level was general-
ly tens of mewres below that of interglacials. Fluctuations in
sca level are recorded in changes in the elevation of topset 1o
foreset ransitions, bul no major ransgressions are recognized
except during full imerglacials.

The continental shelf around the Aegean Sea shows
considerable variations in width (Fig. 31). It varies from less
than 5 km along the east and west Peleponnese, east of Evvoia
Island and off southwest Anastolia to 40-60 km along the
northern Aegean Sea and western Anatolia, The depth of the
shell break is around 110-170 m and gentle slopes lead w0
depths of 300-500 m. At these depths a second break in the
slope gradient occurs and steeper slopes lead to throughs
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Fig. 30. Air-gun seismic profile (I-I') across the shelf break off Izmir Bay. Location is shown in Figure 2. 1 10 4 are depositional
sequences; 2A is the depositional sequence related to the progradation of Gediz delta. TL= wplap, DL= downlap, C=
clinoforms, M= multiple, D= sediment deformation, dashed lines= faults. Profile is about 14 km long, vertical exaggera-
tion= 37,

Sekil 30, Tzmir Korfezi aqiklanndan alinmmg hava tabancas: sismik profili (I-T'). Kesit konumu $ekil 2'de verilmigtir. 1-4 depolan-
ma istifleri olup, 2A Gediz Deliasmn ilerleyigi ile ilgili depolanma istifidir. TL= woplap, DL= downlap, C= klinoferm-
lar, M= tekrarh yansimalar, D= sediment deformasyonu, kesikli gizgiler= faylar. Profil uzunlufu 14 km olup, dilsey
abartma ise 37°dir.



Quaternary Tectonic and Sedimentary

-ﬂ_ﬁ HZ -__mN avw

“mezary uLap nfnplo unn

~I[WILIG TPIGA 34 1§ueyes w1y webn(o jAIsawasa) vIjap ‘UR[ur[e wiyuIq uodp(e [esidn] spuisalasl aa miua 283

saptplgim fumepnumasse sy#non sadsep pue *uonepesdond nijsp woy
Fun[nsad SATOYS [FIVIUTIVOD *WMIAR(E PRGNS jo seam [Fiseod Tuimons suoidal juaou(pe pur wog umaday oy jo dey

wonoy. [ 14 WiANTY T (wooilgtavs 00000s'21 37vasg

S0I3N3d

-.ﬁ. .bm_.w ,__....
SOIRY

SOLSIN E:htﬂ/
L

1€ T™R%

1 Ty




34 Aksu ve dig.

where water depth exceeds 1500 m. The widest shelves occur
off the mouths of major rivers, suggesting that the growth pat
temn observed in the deltas discussed in this paper may be gen-
eral. It is suggested that similar della progradation has oc-
curred off most major rivers during maximum low stands of
the sea-levels. The sediment distribution pattern and the rela-
tionship between major depositional featires and ses-floor
morphology studied in the eastern Aegean Sea may thus serve
as a model for many areas of the eastern Medilerranean Sea.

SUMMARY

(1) The shelfl area of the castern Aegean Sea off major riv-
ers is formed of superimposed deltaic sequences. Deltas
prograded seaward during low stands of sea level. The
present day shell break denotes the topset to forcset
transition of progradation during the last glacial period.
The relative position of the shelf break during earlier in-
terglacial periods varied depending on the maximum
lowering of sea level and the subsidence rates.

(2) Following post glacial transgressions deltas were re-
established deep in ancestral bays and little sedimenta-
tion took place on the shell area during the interglacial
perinds.

(3) In Gulf of Kusadas:, the outer Izmir Bay and Candarh
Basin the Quaternary tectonic subsidence was about | m
per 1000 years and 100k place along the reactivated pre-
Miocene structural fabric. The primary ceuse of this
subsidence is probably the continued N-5 extension of
the Aegean plate but it is also affected by the loading ef-
fect of the stacked deltas,

(4) Penccontemporaneous and post sedimentary deforma-
tions are common and widespread in the Quuaternary
deltaic sequences. This type of deformation may be far
common in ancient delinic sequences than generally rec-
ognized,
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GUC SPEKTRUMUNUN SP YONTEMINDE KURE

MODELINE UYGULANMASI

Application of Power Spectrum to a Sphere Model

in the Self-Potential Method

Zafer AKCIG*, Rahmi PINAR* ve E. Ugur ULUGERGERLI*

OZET

Potansiye] alan verilerinin (gravite ve manyetik) dalga-
sayisi oraminda degerlendirilmesi igin slizgecleme ve gilg
spektrumu ekniklen kullamlmakiadr. Uzun yillardan beri
gilg spckirumu ySnteminde yapilan araglrmalar, anomaliye
neden olan yap parametrelerinin spektrum Gzerindeki etkile-
rinin belirlenmes: ve bu parametrelerin saptanmasima yonelik-
Lr.

Son yillarda gelisen SP yonternine, gie spektrumu wy-
gulamas: ise bu gal in konusunu olugturmaktadir. Bu
amaca yinelik olarak sekilli bir cismin analitik bagmnn-
sindan yararlanerak kuramsal spektrumu hesaplanmgur. Elde
edilen bagntdan, kilre sekilli yapinin parametrelerinin spek-
trum Uzerindeki denetimleri aragtinlmeg ve spektrum cgrisinin
efiiminden vararlanarak da anomaliye neden olan kaynagm de-
rinliinin saplanabilecefi gOsterilmigtir.

ABSTRACT

Filter and power spectra lechnigues are used [o inlerpret
the potential ficld data (gravity and magnetics) in the fre-
quency domain. Investigation on the power spectrum lechni-
ques have up to now, been on the determination of the influen-
ce of the causalive body parameters on the power spectrum
and determination of such parameiers.

Power spectrum is applied to the recently improved
sell-potential method in this study. Theoretical power spec-
trum was calculaled for a sphere from the analytical equations
developed for this purpose. The influence of the sphere shaped
structures, on the spectrum parameters is investigated using
the equations developed for such structures and the depth of
the spherical body is estimated from the slope of the spectrum

Curve,

GIiRIS

Glntmtize defin yapilan ¢aligmalar sonucu, potansiyel
alan verilerinin (gravile ve manyetik) dalgasayis: onam dav-
ramiglari onaya konmustur. Elde edilen bulgulardan yararlam-
larak, bu davramslan denetleyen yap parametrelen ve Gzellik-
leri saptanmugter. Bu dzellikler yardumiyla anomaliye neden
olan yvapinin parametrelerinin (derinlik, kalinlik vb.) bulunabi-
lecefn giisterilmigtir. Bu konuya iligkin yaynlar giinlimiizde
yaygm bir kaynakga olugturmaktadir (Dean 1958, Bhattachar-
va 1965 ve 1966, Spector ve Bhattacharya 1966, Spector ve
Grant 1970, vd.).

Gerek uygulama kolayhig, gerekse sonuglardaki bagan-
=1 nedeni ile dogal gerilim (SP) yOntemi, son yillarda genig bir
uygulama alam bulmugtr. Yéniem dzellikle jeotermal alan-
larda, su aramalannda (tatli-tuzlu su girigimlerinin saptanma-
gmnda) ve siilfiirli minerallerin aranmasmnda yaygm olarak kul-
lam Imakiadir.

¥ tntern; weuzlufo ve uygulama kolayhii agismdan ara-
zi calismalarinda uygulanan ilksel bir yoniem olma dzelligini

*  DEU. Mih Mim. Fuk. Jeoloji Mith. Bél. Bomova-IZMIR

tagimaktachr. Bu nedenle S anomalilerinin degerlendirilmesi
amacina yonelik cahgmalar son on yilda artmastir. Arastirma-
cilurdan Bahattachorya ve Roy (1981) kiire ve silindir model
anomalilerinin parametrelerinin hesaplanabilmesi igin nomog-
ram yéntemini geligtirmigtir. Dilim ve silindir seklindeki bir
vapimn SP anomalisinin deferlendirilmesi igin benzer nomog-
ram ise Murty ve Haricharan (1985) tarafindan hesaplanmigtr,
5P belirtilerinin deerlendirilmesinde, Babu ve Rao (1987) de-
Eisik bir yvaklesym getirmiglerdir. SSzkonusu arastirmaclar,
Marquardt (1963) algoritmasim kullanarak kiire, silindir ve di-
Iim sekilli yapalann parametrelerini saptamiglardir.

Bu galismacda ise dofial gerilim SP verilerinin, dalgasa-
yist ortamu davraniglarinm aragtinimas: amaglanmaktadir. Bu
amag dofrultusuncs kitre gekilli bir cismin olugturscafl gerili-
min, kuramsal bagmbsmdan yararlanarak dalgasayis: ortam
gizlimlemeleri yamlmigr. Bu gliz@mlemelerin wffy altinda,
anomalive neden olan yapi parametrelerinin etkileri aragtinl-
mug ve elde edilen sonuglar tarnpilmstr.
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KURE BiCIMLiI YAPILARIN DOGAL GERILiM
BELIRTILERI VE SPEKTRUMLARI

Merkez derinligi h, yangam R olan kiirenin ($ekil 1)
yeryliziindeki izditgmiinden x uzakhifinda olugturacafy geri-
lim

vix)=

a\?Ri h cosd + x sind
(1)

2 : 2|

x +h ]
bagintis: ile verilir (Heiland 1968) . v (x) gerilim bagnusinm
Fourier déniigiimil, (1) baginusmda

N BVE

Sekil 1. SPybnteminde kiire sekilli bir yapimm parametreleri
Fig. 1. Parameters of the sphere shaped bodies in SP met-
hod

tammlamas: yamhp, sabit oldugu igm timleme digma almarak

hcostt + xsinot | -iwx
Viw)=N o e e d
" ...'r ( |J|.1+h= IM )e 3 (2)

itligi ile tammlanw. (2) bagmusm iki ayn terimin toplam
:E:Iind.n yazip, tlimlev sabitlerini liimlev digma alrsak
AW
V(w)=Nh ca|] —2
- 1 1|\
fx*+n’ |
-iwx
eNoma [ —5 & 3
- F-
[x"+n7 )
denklemi elde edilir. Euler bafinbs: kullanildifinda, birinei
terim
- - - B
J‘ e ax =J COSWX -1 :1.113:: dx (@)
- |3 £ - |3 %
ix +h1 l' {x +h ]
L j' coswx . J" sinwx
i Wi fe=) n
{.«.=+1'|‘l l l:lli'hl l

durumuna gelir. Aym yaklagzim (3) bagmnsinm ikinci terimine
de uygulamirsa

o (5)

f_“j:_m—r

2 RCOSWK . X sinwx
- {KI-FII! }:.-: - {1:+h1 ]!ﬂ

- 'l’-'.h:‘ ]m (ﬁ]

elde edilir.
Bu iglemler, Erdelyi (1954) tiimleme tablolan (bkz. Ek)
kullamilarak ¢ézildigonde (5) bafmtsindaki wmleme

i_.. t—iw:l.
-2 _1pa
lx +h ]
olarak bulunur, Benzer sckilde (6) bafinnsindaki timlemede

chziilirse,

dx=2 [E—Kl[wh} +% mwh:] M

AW
Xe

dx= 2 % ;;w{wﬂitwhju iw K g(wh) ] (8)

- ;1+|'|1 }M

elde edilir. K, (wh) Modifiye Bessel iglevidir. (8) bagnmsin-
daki Bessel iglevinin tirevi ise

% [ WK (wh) = ~hwKo(wh) )]

olarak bilinir. (8) bagmus, (%) bafinus: kullamlarak yeniden
yazilrsa

I-_“— dx=-2i [ng.(wIﬂ +wx.,(wm] (10)
- 3 (a2
x +h :'
elde edilir. (7} ve (10) bagmus: yardimiyla, (3) bagmiis: tekrar
dizenlenirse

V (w)=4 Nwcosct K, (wh)—i 4 N wsinet K, (wh) (an
elde edilir.

Gilg spekrumu E (w) gergel ve sanal bilegenlerin kare-
leri toplami olarak tamumlandgimdan,

E (w)=16 Nw? [cos?a K. (wh) +sin?a K (wh)]  (12)

olarak bulenur,

Polarlanma agismn (a) gilg spektrumu iizerindeki dene-
Liminin arasunimas) amacryla kilre sekilli bir yapemmn SP ano-
malisinin spektrumu. (12) ve Ek'te verilen bafmtilar kullamla-
rak hesaplanmigur. Uypulama, kive yangam, derinlik ve
gerilim fark: sabit olmak tzere U¢ defigik polarlanma agis:
(102, 45°, 75°) kullamlarak gergeklegtirilmistir ($ekil 2). Fek-
lin incelenmesinden, polarlanma agisinin algak frekanslar di-
sinda spektrum Uzerinde denetimi olmadify gérillmektedar.

Yukanda deginilen agiklamalar ve Modifiye Bessel

fonksiyonlanmn (bkz. Ek),
W -..'\.
L EHmE 40 ma
i e e EREue
. e
J ,
: o
4 -

i ik e o

. Polarlanma agisma bagh olarak giic spektrumunun
degigimi

Fig. 1. The vanations of the power spectrum depending on

the polarization angle
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wh22,Ko =K, =K
1.253

K = e
(whi? ¢Mh (13)

dzellikleri (Abr itz ve St 1972) gtztiniine almarak
(3ekil 3), (12) ﬂﬂ‘::tlm ;Luﬁn.wﬂmnla‘

E(w) =16N*w?[Cos?a K?(wh) + Sin*a K2 (wh)
= 16 N? w? K? {wh) [Cos*at + Sin*a]

E(w) =16N2w? K2 (wh) (14)
geklini alir. (14) bagnusinda

C=16N?

konarak

E(w) =C.w? K?(wh) (15)

bagmtis: elde edilir. (15) bagintsinin dogal logaritmas: almr-
§a

IlnE(w) =Ln C+2Lnw+2LaK (wh) (16)
bulumur. {16) bafmis: (13) yaklasimu kullamlarak tekrar
diizenlenirse

LaE(w)=LaC+2LNw+2Ln1.25-Lnwh-2wh (17)

elde edilir. (17) baginus: incelendifiinde 1 ve 3. terimler spekt-
rumum genhgine, differ terimler (2, 4, 5) ise spektrumun egimi-
ne etki etmektedir. Efimi denetleyen bu terimler incelendifin-
de: 2 ve 4. terimlerin, w nin defigimine bagh olarak,
spektrumun effiminin denetimindeki etkilerinin az olduju
agikga anlaplmaktadir (Cizelge 1). Bu durumda spektrunun

Cizelge 1. Modellere ait derinlikler ve hata oranlar
Table 1. Depths and error rates for the models

Model Gergek Hesaplanan Hata
Mo derinlik {m} derinlik (m) oram (%)
1 50 48 4
2 150 148 2
3 250 245 r

efiimi fizerindeki temel etki — 2 wh teriminden kaynaklanmak-
tadir. Gerek buradaki yaklaimlar gerekse benzer gekilde aym
yiintemin gravite ve manyetik uygulamalanindaki yaklagimlar
(Spector ve Grant 1970, Green 1972, vd) gizbnilne alindifn-
da; yaklagik olarak

Efim =-2h (18)

baginitisi yazilabilir ve bu bagmtidan anomaliye neden olan
kilre sekilli cismin derinliffi saptanabalir.
UYGULAMA

Sekil 1'de gorilen kilre gekilli bir cismin olugturacag
SP anomalisinin glg spektrumu (12) ve Ek'teki bagmntilar kul-
lanilarak hesaplanmugnr. Uygulama, polarlanma agiss, kiire ya-

14

L]

Sekil 3. T (x) Kg(x) I, (x) ve K, (x) fonksiyonlanmn deji-
gimi {Abramowitz ve Stegun 1972'den)

Fig. 3. The varation of L; (x), 1(9 (). I, (x) and K, (x)
functions (Afer, Abramowitz and étqun 1972)

rigapi ve gerilim farks sabit olmak tzere O defigik derinlik
igin gergeklegtirilmigtir. Elde edilen sonuglar ve yapilara ilig-
kin parametreler $ekil 4'te verilmektedir.

agl L]
i o s
of .
Y TO0ms .

Sekil 4. Derinlie bagh olarak gig spektrurnunun degigimi
Fig. 4. The variation of the power spectrum depending on
depth

Sekil 4'ten, spektrum efirisinin efiiminin, yapimn derin-
liine bagh olarak degigimi agik bir sekilde gbrilmektedir. Bu
defigim, (18) bagmbsindan yararlanarak hesaplanan derin ik
dejerleri ve hata miktarlan Cizelge 1'de sunulmaktadir.

Elde edilen sonuglar incelendiffinde gergek derinlikler
ile hesaplanan derinlikler arasinda oldukga iyi bir uyamun var-
L gorilmektedir. Aynica izlenen difer bir Szellik ise derinlik
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tayininde, (17) bagmtsnda, w min defigimine bagl olarak 2
ve 4 nolu terimlerm etkilerinin az olmas: nedeniyle ghizard:
edilehilecekleri savinun desteklenmesidir,

SONUCLAR

Gergeklestirilen bu gahigma sonucunda SP ySnteminde
kiire gekilli bir cismin gerilim bafintisindan yararlanarak, ku-
ramsal spekirumu hesaplanmagtir,

Elde edilen spektrum bajmns: yardmmyla kiire sekilli
yap parametrelerinin, spektrum fzerindeki denetimleri aragh-
nlmagtr,

(12), (13), (15) ve (16) nele denklemlerin irdelenmesin-
den; kilre yancapimn (R) ve potansiyel farkiun (AV) spekiru-
mun genligini, kilrenin derinlifinin (h) spektrumun egimini
denetledifi, bunlara kargin polarlanma agisimun (a) ise, Modifi-
ye Bessel fonksivonlannmn dzellikleri gozoniine alinarak, al-
gak frekanslar diganda spektrum dzerinde denctimi olmadigs

Kilrenin derinlifi, spektrumun efiminden gravite ve
manyelikicki uygulamalara benzer gekilde hesaplanabilmekte-
dir.
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GRAVITE VERILERINE GUC SPEKTRUMU YONTEMININ
KAYAN PENCEREL|I UYGULAMASI

Moving Window Application of the Power Spectrum Method to

the Gravity Data

Zater AKCIG* ve Rahmi PINAR*

OZET

Bmhan:mda. gravite model verilerinde giic spektrum-
nun periodogram vintemi ile elde edilmesi ve kayan pencere
uygulamas ile yeralu yamlanmn topofrafyasimn beli i
iglemleri gergeklegtirilmigtir. Aynca Ban K,lrlr.lnﬁi.
Bilgesi gravite haritasimdan alinan Ug adet profile uyg)
mughir. Elde edilen derinlikler, ayma gravite profillerine
diiniiglim yonteminin uygulanmasmdan bulman dermliklerde
karsilagtinlmigtir, Her iki yintemden elde edilen sonuglar bir-
biri ile oldukga yakmhk gistermigtir. Stzkonusu alanda, ano-
maliye neden olan, vzun dal Myh dr:gm?um ait kiltlenin de-
rinlikleri ortalama 12.6 - l‘i km civannda bolunmusgtur.

ABSTRACT

In this sudy, power spectrum of model gravity data was
obtained from periodograms and the topography of burried bo-
dics were determined using moving window method. Additio-
nally, this method was applied to the three profiles taken from
the gravity maps of the Western Black Sea. The estimated
depth values were compared with the depths oblained by spp-
lying the Hilbert ransforms o the same gravity profiles. The
both method have given comparable resulis. The long wave-
length body which causes the anomaly in the area is estimated
to be at 12.6 - 15.3 km depth.

GIRIS

Potansiyel alan verilerinde modelleme ve ters gdzilm
yontemleri yardumiyla beliniye neden olan yapilarn gegidli pa-
rametreleri (derinlik, kalinhik, kilile, vb,) saptanabilir. Omegin
modelleme yoniemiyle gravitede, jeolojik yapilarin dzellikleri
ghzdniinde bulundurularak, yogunluklar atanabilir ve yinele-
me yarduruyla derinlikler saptanarak gerpek modele ulasilma-
ya gahimlir. Ancak, potansivel alan verilerinin gok ¢dzlimld ol-
ma dzelliklen girdnine almdimda, beliruye neden olan para-
metrelerin saptanmas: ban gliclilkkleri de beraberinde getirir.
Bu giiglitklerin agilmasinda; istatistiksel bir yaklasim olan gl

undan vararlamilarak, yvapya iliskin parsmetrelerin
(derinlik, kahnhk ve genislik) saptanmas) oldukga bidyilk kat-
kalar saglar. Bu tiir ve benzeri katlalar ise dalgasayis: ortarm
uygulamalanmn, jeofizikie giderek artan oranda kullanilmas-
na neden olmaktadir.

Dean (1958) ile baslavan dalgasavisi ortami uygulama-
lan, Bhattacharyya (1965 ve 1966), Spector ve Bhattacharyya
(1965), Spector ve Grant (1970), Green (1972), Hahn ve dif.
{1976), Cianciara ve Marcak (1976) vd. caligmalanyla giini-
milze defin sliregelmekiedir.

*  DEU. Mih. Mim. Fak. Jeoloji Mith. Bol Bomova-LZMIR

Bu gahgmada isc kayan pencercli giig spekrumu uygu-
lamas: yardumiyla yeralt yamlanmm iopofrafyas: arastnlmrg-
tir. Bu amag dofimaltusunda ytntem, Snce olugarulan bir ku-
ramsal model dzerinde simanmg, daha somra da Ban Karade-
niz Bolgesi gravite verilerine uygulanarak elde edilen sonuglar
tartigilmagtir.

YONTEM

Bu biliimde, giic spektrumu kestiriminin, elde edilmesi
ile ilgili temel tanum ve Szelliklere kisaca definilecekir.

Fourier Dénigimii

Herhangi bir iglev, frekans ortamunda gercel ve sanal bi-
legenlerinin, toplam olarak yazilabilir.

Fw)=P(w)+iQ(w) (1)
(1) baginusindan yararlamilarak genlik spektrumu
A(w)=IF (w)l=(P? + Q})'R (2)
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geklinde verilir. Gig spektrumu 8§ (w) ve evre spekirumu
tanimlamr.

@ (w) ise izleyen bajin yardimayla
S(w)=IF(wPRl=P2+Q2 3
8 (w) = arctg (Q/P) (4)

Ancak uygulamada genellikle sturli uzunlukta ve aynk
verilerle ilgilenildifinden, Fourier domiigim giftinin smrlh

boylu yeniden tammlanmas: gerekir. Bu ammlama is-
lemine girmeden Snce de smrh uzunlukta veri kavramina ki-
saca deginmek yararh olacaknr.

Gozlemse] veriler her zaman belirli bir aralikta (zaman
veya uzakhk) gbzlenirler. Bu arahk diginda ise verinin sifir ve-
ya ayri dénem ile yinelendifi varsayilir. Verinin, bu aralik di-
sinda sifir sayilmas: ise, sonsuz uzunluktaki f (x) verisinin

1. Ix1=<Tf2
wix)= |( (5)
0,I1x1=TR
penceresi ile garpilmas: anlamindadar.
Er (x)=F(x). w(x) (6)
Evrigim kuram yardimiyla £; (x) in Fourer diniigiimii
ise,
Fp (w) = F (W) » W (w) )

dir. Bu tammlardan yararlanilarak da simirli uzenlukis veriler
igin Fourier déniigtim bagmusa,

Fr (w) = Tl I:'r(ﬂ' exp (=iwx) dx (8)

seklini ahr.
(8) baginnsinda w = 2 = f oldufundan

Fr W) = I 0 exp ciznm ox ©)

elde edilir, Uygulamada (9) bagiinus: ile tammlanan Fy (f) ye
Fourier spekirumu ady veilir. Aynk ver durumunda ise (9) ba-
Emusi ile tammlanan Fourier spektrumu

-~ -1
Fr=4 3 [ exp(-i2nmay (10)
N =0

seklini alr (Camtez ve dif. 1987). Frekans émeklemesi Af ol-
mak fizere sonugta suurh uzunlukia aynk veriler igin Fourier
spekirumu

- -1
Foo= L ¥ fapiznamay (11)
N =

bagiinus: ile tanumlaner,

(ziigc Spektrumu

Giiniimiize defin glig spektrumunun, potansiyel alan ve-
rilerine uygulanmasmna ait gok sayida aragtoma bulunmakza-
dir. Bu aragiirmalann sonucunda, defisik geometrik yapiyva sa-
hip yeralu yapilarmin dalgasayis ortami davramslan ve bun-
lar: deneileyen parametreler ortaya konmugtur, Bu parametre-
ler (derinlik, kahnhk, geniglik, vd.) iginde en biyik etkinin

derinlikten kaynaklandifs ve bunun da spektrumunun egimini
denetledifi saptanmstir (Bhattacharyya 1965 ve 1966, Spec-
tor ve Bhattacharyya 1966). Spector ve Grant (1970) bu bul-
gulardan yararlanarak anomaliye neden olan kiitlelerin ortala-
ma derinliklerinin belunabilecefini glistermiglerdir.

Uygulamada gii¢ spektrumu, periodogram ydnteminden
veya bziligki fonksivonunun Fourier dinlistiminden elde edi-
lir. Bu ySntemlere iligkin aynntil bilgiler, Blackman ve Tu-
key (1958), Jones (1965), Green (1972), Jenkins ve Waus
(1968} de bulunmaktadhr.

Gravite yinteminde gii¢ spektrumu ile anomaliye neden
olan yapinn parametreleri arasindaki iligki,

S(wi=f(w, o ,a,,....,0)exp(-2wh) (12

hng:nm:ik:muﬂm.kmﬂﬁ{w},gﬂqspekmmu:ul V0,
o, yap parametreleri; h , derinlik ve f (...) anomaliye neden
olan yapiy: simgeleyen fonksiyondur.

Geligigiizel stireglerde (stochastic process) bu bafnt en
genel halde

sow) = 1 wmalfal....a)exp(-2wh) (1)
=i

olarak verilir.

Isiatistiksel bir yaklasim olan spektrum kestiriminin (es-
umation) saghkh olabilmesi ise ancak defisinti (variance) ve
ortalama karesel hatann (mean square error) kiigiik olmas ile
olanzklidr. Bu kosulu saglayan istatistik yaklamim ise, bir
uzay (veya zaman) verisinin spektrumunun elde edilmesinde,
wverinin timiinin birarada kullamlmas: yerine, verinin bir pen-
cere fonksivonu yardumiyla egit sayida bilmeye ayrilarak kul-
lanilmas: geklindedir. Bu ayima iglemi yapildikian sonra her
bélmenin spekirumu ayn ayn bulunur ve aym frekanslardaki
degerler wplamp aritmetik ortalamas: ahnarak dizgiinlegtinil-
mis spekirum clde edilr. Bu iglem,

- 1 L.}
5(w) = EESJ(‘*} (14)

bafimtis ile tamsmlarr (Jenkins ve Watls, 1968). Burada Sr (w),
her bolmeye ait gli; spektrumu ve R, bilme sayisidir. Bu yolla
elde edilmis bir s iligkin sonuclar $ekil 1 (Cianciara
ve Marcak 1976) ve Cizelge 1 de verilmektedir (Jenkins ve

P 9+ 4 » n 32

. T 33 75 L) L R
FEE FEFFFFIFFeFg. FFFFFis

.'"'a'r’)ff.f'f'.r.r'r.r'r-'.‘r.‘rf.r'-'.-" il 7 A A

Sekil 1. Spekwum ve dizginlestirilmiy spektrum kestirimi
(Cianciara ve Marcak 1976'dan)

Fig. 1. Estimation of spectrum and smoathed spectrum (af-
ter Cianciara and Marcak 1976)
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Cizelge 1. Spekirum ve dilzgiinlegtirilmis spektrum kes-
llrﬁl:llht alt humk plrl.-eh?ller (Jenkins ve
Watts 1968'den)

Table 1. Statistical parameters of the specirum and

smoothed m estimates (after Jenkins
and Watts 1
Ortalama
Ontalama Degiginti Karesel Hata
5(w) 0.95 0.826 0.528
S (w) 0.94 0.139 0,143

Watts 1968). Tablonun birinci satin 400 adel veri kullamlarak
elde edilen spekiruma ait istatistik Gzellikleri, ikinci satir ise
aym verinin 50 ger adetlik 8 egit bSlmeye aynlarak elde edil-
mis spekrumuna ait istatistik Gzellikleri ptistermekiedir. So-
nuglar incelendiginde, yuvarlanlmig spektrum kestiriminin,
defiginti ve ortalama karese] hatasimn diferine gre cok ki-
cik oldufiu gdrillmekiedir, Bu sonug, bizi yuvarlanimg spek-
trum kestiriminin digerine gire daha saghkh oldugu digiince-
gine ulagtrmakiadir. (14) bajmnns: ile tammianan bu yaklagim
(13) bag mhisina uygulanirsa,

_ R P
s =3 ¥
Re= =

£P(wa 0y e, )exp(-2wh) (15)
elde edilir. (15) bagmnsnda,

P (w0 i@, )me = sabit (16)
Rl & wm (17
C = - )€
2z X
disnigtimleri yapilirsa, (16) bagmtis
§ =C,exp(-2wh) (18)
seklini alur.

{18) bagmusinm her iki tarafiun Jogaritmas: alinarak gerekli
diizenlemneler {I‘plllﬂ-u, anomaliye neden olan yapilara iligkin
ortalama derinlik

- InS (W, )-1nS(W,) |
-~ =1.2. 19
SO0 i (19)

bagntisindan yararlamlarak bulunur,
Kayan Pencere Uygulamas:

(15) bagmusmdan elde edilen dizglinlenmiy spektrum
kestiriminden yararlamlarak, (19) bajnuisindan bulunan orta-
lama derinlik, spektrumun hesaplandif verinin boyuyla dog-
rudan iligkilidir Bu bulgudan ve (14) bafintisi ile tammlanan
spekirum kestiriminin diizginlegtirilmesi yaklapmindan ya-
rarlanan Cianciara ve Marcak (1976) bir profil boyunca hesap-
lanmis gravite verisinin spekmumunu, kayan pencere yardi-
miyla elde etmiglerdir. Uygulamada, segilen pencereyi her
adimda, pencere boyunun yans: kadar kaydirmuglar ve bulu-
nan derinlikleri, pencerenin ortasina atamiglardir. Bu sekilde

bulunan derinliklerden yararlanarak da anomaliye neden olan
yapuun topofrafyasim belirlemiglerdir, Uygulamada, saglhkh
bir kestirim igin kullamlacak bilgi penceresinin boyunun, arag-
urma derinlifinin yaklagik 10 kat olmas: gerektifi Snerilmek-
tedir (Cianciara ve Marcak 1976).

Bu gahsmada ise, birinci adimda belli bir topofrafyaya
sahip model yapinin olugturacagi gravite anomalisi Talwani
ve dif. (1959) dan yararlanarak hesaplanmisur. Elde edilen
kuramsal verilere kayan dikdrigen penceresi uygulanmglir.
Béylece periodogram yéntemiyle gig spektrumlan bulunmug-
mr. Elde edilen gii¢ spektrumundan yararianarak da saptanan
derinlikler, her pencerenin ortasing atanmug ve model yapiya
iliskin topografya belirlenmeye ¢albsilmsur. Ikinci adimda
ise ytntem Bat Karadeniz B8lgesi gravite verilerine uygulan-
mmistr. Elde edilen sonuglar, aym yérede Pinar (1983)in Hil-
bert doniistimlerinden elde enifi bulgularla kargilagtunlmigtr,

UYGULAMA

Uyguelamamn ilk adiminda §ekil 2'de griilen model ya-
pumn profil boyunca olugturacafi gravite anomalisi Talwani

Sekil 2. Kuramsal model yap
Fig. 2. Theoretical model structure

ve di. (1959)den yararlanarak hesaplanmigtr. Hesaplanan bu
verilerde, kullamlacak kayan pencere boyu 30 km ve kayma
miktar: 10 km olarak segilmigtir. Daha sonra her birim kayma
igin, segilen bilgi penceresi iginde kalan verilerden yararlana-
rak elde edilen gig spektrumlanndan ortalama derinlikler sap-
tanmustir (Sekil 3). Elde edilen somuglar incelendifinde, spek-
trum kestiriminden elde edilen derinliklerin model yapiya ilig-
kin derinliklerle uyumlu oldugu ve bu derinliklerin de model
yapinm tlopofirafyasmi iyi bir gekilde yansitij gozlenmistir.

COnceki balimde, segilecek bilgi penceresinin boyunun,
tmgtirilen aragrma derinlifiinin yaklagk 10 kau olmas: ine-
rilmigti. Burada gergekletirilen model uygulamasinda ise,
modeldeki en derin kesimin 5 km clmasma kargin saplanan en
bliyiik derinlik 5,6 km'dir. Benzer sonuglara Cianciara ve Mar-
cak (1976)mn  uygulamasinda ve Ban Karadeniz Bolgesi
gravite verilerinde de rastlanmigtir. Bu durum ise énerilen bil-
gi penceresi boyunun kesin bir kriter olmayip, deneme-smama
sonuecy saptanan bir yaklagim olmasindan kaynaklanmaktachr.

Ikinci adimda ise yontem Bau Karadeniz Bélgesi Bou-
guer gravite harilasindan alinan i profil dzerinde denenmigtir
(Sekil 4). Uygulamada pencere boyu 127.5 km ve kayma mik-
tan da 25 km segilmisgtir. Elde edilen sonuglar Sekil 5, 6 ve
Tde verilmektedir,

Sekiller incelendifinde bu profiller boyunca anomaliye
neden olan g degiisik derinlik seviyesinin varlify gézlenmek-
tedir. Her profilden elde edilen derinlik seviyeleri de birbirleri
ile uyum igindedir. Saptanan bu derinlikler incelendiginde, en
derin seviveler igin onalama derinlikler Cizelge 2'de verilmek-
tedir. Aym profiller boyunca, Pinar (1983) tarafindan gergek-
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$ekil 3. Kayan pencereli gilg spektrumumun model yaprya uygulanmas:
Fig. 3. Application of moving windowed power spectra of the model structure
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Sekil 4. Yerbulduru haritas:
Fig. 4. Location map
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$ekil 5. Kayan pencereli glig spektrumunun A, -A, kesidine uygulanmas
Fig. 5. Application of moving windowed power spectrum o the profile A,-A,
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$ekil 6. Kayan pencereli giig spektrumunun B, -B, kesidine uygulanmas:
Fig. 6. Application of moving windowed power spectrum to the profile B,-B,
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Sekil 7. Kayan pencereli gilg spektrumunun C,-C,; kesidine uygulanmas
Fig. 7. Application of moving windowed power spectrum 1o the profile C,-C,

Clzelge 2. Ortalama derinlik degerler]

Table 2. The mean depth values
Kesitler Derinlik (km)
AcA, 126
B,-B, 149
[ - 15.3

Clzelge 3. Ortalama derinlik degerleri
(Pmmar 1983"den)

Table 3. The mean depth values
(after Pinar 1983)

Kesitler Derinlik (km)
A-A, 1215
B,-B, 15.6
o, 15.34

letirilen, Hilbert dontigtimleni kullamlarak yatay streksizlik-
lerin saptanmasina yonelik calisma sonucu saptanan derinlik-
ler Cizelge 3'de gbrillmektedir, Her iki tablo incelendifinde
kullanilan iki ayn yomtemle ayru profiller tizerinde yamlan uy-
gulamadan elde edilen derinlikler oldukga iyi bir uyum sun-
makta ve Pinar (1983} tarafindan Sngoriilen yofun kiillenin
babya dofiru yizeye yaklagmas: savim da destcklemekiedir.

SONUCLAR

Yamlan defigik wygulamalar sonocu, kayan pencereli
giig spektrumunun gerck model veriler tizerinde ve gerekse de
arazi verilerinde baganl sonuglar verdifi glizlenmistir.

Yontem, tzellikle yeralt topofrafyasinin belirlenmesi-
nin Snem kazandif caliymalarda rahatlikla uygulanabilir.

Bati Karadeniz Biilgesi gravite verilerine, Hilbert dénii-
simil uygulanmas: sonecy, anomaliye neden olan yapmn ba-
lya dofiru ylizeye yaklagtifs saptanmugti. Aym: sav, bu cahgma
sonucy elde edilen bulgularla da desteklenmistir.

Modelleme ve ters ¢bzilm gibi yineleme yoluyla yap
parametrelerinin saplanmasina yiinelik yéntemler jeofizikie
vaygn olarak kullaralir. Kayan pencereli gii¢ spektrumu uygu-
lamasi, bu tiir cahgmalarda ilk kestirim degerlerinin atanma-
simada bilyiik katknlar saglayabilecek nitelikiedir.

Uygulamada, bilgi penceresi boyunun segimi ile ilgili
Gneri (10h), kesin bir kriter olmaysp, deneme sinama sonucu
mmdqﬂii: }’-lkll.ﬂ:;:ll‘:. Bu ned:nln llj'lllllmldl:. Ongdril-
edilmemelidir. — o i

KAYNAKLAR

Bhattacharyya, B.K. 1965, Two dimensional harmonic analysis as a
tool magnetic interpretation, Geophysics 30, §29-857,

Bhanacharyys, B.K. 1966, Continuous spectrom of the total magnetic
mr due 10 a rectangular prismatic body, Geophysics 31,

Blackman, R.B. and Tukey, C.W. 1958, The Measurement of Power
Spectra, Dover Publications, Mew York.

Canuez, N., Yaramane, U. ve Ozdemir, H. 1987, Analiz ve
Jeofizik Uygulamalan, TMMOB Jeofizik Mihendisleri Odasi
Egitim Yaymlan Ne: 1, Ankara.

Cianciara, B. and Marcak, H. 1976, Imerpretation of gravity anomali-

24, 273-286. o



48 Akgig ve Pinar

Dean, W.C. 1958, Frequency analysis for gravity and magnetic interp-
retation, Geophysics 23, 97-127.

Green, A.G. 1972, Magnetic profile snalysis, Geophys. JR. Astr.
Soc. 30,393-403.

Hahn, A., King, EG. snd Mishra, D.C. 1976, Depth estimation of
magnetic sources by means of Fourier amplimde spectra, Ge-
ophysical Proapeciing 24, 287-308.

Jenking, G.M. and Wans, D.G. 1968, Spectral Analysis and Its Appli-
cations, Holden-Day, San Fransisco.

Jones, RH, 1965, A reappraisal of the periodogram in Spectral Analy-
sis, Technometrics 7,531-542.

Pmar, OR. 1983, Dodrusal Dizge Kurammn Potansivel Alanlam Uy-
gulanmas:, Doktora tez, DED Fen Bil. Enst., lamir.

Spector, A, and Bhattacharyya B.K., 1966, Energy spectrum and auto-
correlation functions of anomalies due 10 simple magnetic mo-
dels, Geephyzical Prospecting 14, 242-272,

Spector, A. and Grant, F.5. 1970, Suatistical models for interpreting
scromagnelic data, Geophysics 35, 293-302,

Talwani, M., Worzel, L. and Landisman, M. 1959, Rapid gravity com-
putation for two dimensional bodies with applications o the
Mendocine Submarine fmacture zone, Jour, of Geophys. Res
54, 49-30,



JEOFIZIK 4, 49-52, 1990

GUNEYBATI TURKIYE GPS JEODETIK

OLCUM PROJESI

GPS Geodetic Survey of the Southwest Turkey

Mijgan SALK*, G.R. FOULGER** , Mustafa ERGUN* ve Giinay CIFTCI*

OZET

Giincel Tektonifin devam ettifi Giineybati Torkiye'de
latasal deformasyonun bigimini saptamak ve kabuk igi hare-
ketlerini incelemek amaciyla 30-40 km aralikh 32 nokiadan
olusan bir Sl¢im e olugturulmuostor. Nokia konumlan, yakla-
gik 1:107 hassasiyetli Uydu Konum Belirleme Sistemi (GPS)
kullanilarak belirlenmigtir. Afustos-Eylil 1989 tarihlerinde ilk
dlgimler Durham Universitesi ve Harita Genel Komutanhifs
clemanlarmdan olugan bir ekip tarafindan gercelklegtirilmigtir.
Bu 8lgimlerin gelecek yillarda tekrarlanmasiyla bloklar ara-
sindaki ve biyik faylardaki konum degigimleri incelenebile-
cektir,

ABSTRACT

A geodetic network composed of 32 points with the
spacing in the range of 30-40 km, has been established in or-
der to investigate and determine continental deformation in
the active tectonic area of SW Turkey. The positions of the
points were measured using the Global Positioning System
{GPS) having relative accuracy in the range of 1:107. The first
measurements were carried out during August and September
1989 by a team composed of scentists from Durham Univer-
sity (England) Dokuz Eyltl University and the Turkish Gener-
al Command of Mapping. Movements of main faulis and be-
tween major blocks can be determined by remeasuring these
points in future years.

GIRIS

Son yillardaki uzay tekmolojisindeki gelismeler jeodezi
alamina yeni olanaklar saglamigtw. Uydu Doppler Yéntemi,
Cok Uzun Baz Hath Interferrometri ve Uydu Lazer Ranging
gibi ytintemler alijlmg Jeodezi yonlemleri kullanarak mim.
kin olandan daha uzun mesafelerdeki Jeodeuk dlglimlen
mimictin kilmastir, Fakat bu y8ntemlerin rejonal veya lokal bir
dlgek icin dogruluklanmm smrh olusu, hareket yetersizligi ve
pahah oluglan nedeniyle kullamlmalan yaygn degildir.

Uzay Jeoderisi alamindaki son geligmelerle Uydu Ko-
num Belirleme Sistemi (Global Positioning System; GPS) kul-
lamularak yukandaki simrlamalann dstesinden  gelinmigtir
(Bock ve dif. 1985). Bolgesel veya kitasal bir 6lgekte tektonik
deformasyonu dlgmek igin jeodetik Glglim afuun tasanmnda
Uydu Konum Belirleme Sistemini kullanmak, aragtirma nok-
talnn arasmda giirils hattnm gereksiz ologu, Glgilen vekitirle-
rin herhangi bir uzunlukta olabilmesi ve Glgmlerin hava ko-
sullanna daha az bafimh olmas) nedeniyle avantajlidir (Foul-
ger ve dig. 1989).

Uydu Konum Belirleme Sistemi (GPS) kullamlarak Gil-
neybati Tirkiye'de 250x200 km'lik bir alanda yaklapk 30-40

. D.E.U. Miih. Mim. Fak., Bornova, lamir.
=+ Durham Universitesi, Ingiltere.

km aralikh 32 nokiadan olugan bir Glgiim ag olusmrulmug ve
Ajustos-Eyliil 1989 rarihlerinde ilk 8lgtimler yapalmistr. Ara-
#i dlgiimleri, Durham Universitesi Jeoloji Boluma (Ingilterc),
Dokuz Eylal Universitesi Muhendislik Mimarlk Faktltesi Je-
oloji Mihendislifi Bolima ve Harita Genel Komutanhis cle-
manlanndan olugan bir ekip tarafindan yapilmigtr.

Bu &lgimler, bilgenin kitasal deformasyonunun ince-
lenmesi icin baglangic dlclleridir. Bu afin gelecek willarda
tekrar dlgiilmesiyle bloklar arasmdaki ve bilyiik fuylardaki ko-
num degigimlen incelenebilecektir.

Kita igi deformasyonlarm anlagilabilmesi igin GB Tir-
kiye'nin jeodinamik yapisim sragtrmaya iki projeyle devam
edilmektedir, Bunlar, Jeodetik 8lgUmler (GPS projesi) ve sis-
mik a§ olugturulmas:, sismotektonik projedir. Ik projede olug-
turalan af sebekesi ile bloklar srasindaki konumeal dafigimler
ortaya gikanlabilecek ve bu sonuglardan ikinei proje galiyma-
lannda yararlamlacakir,

GUNEYBATI TURKIYE'NIN GUNCEL
TEKTONIGH

Giineybat: Tiirkiye'nin gekme gerilmeleri denetiminde




50 Salk ve dig.

giniimize kadar devam etmig ve etmekie olan neotektonik fa-
aliyetleri Geg Miyosen zamaminda baglamistr (Dewey ve Sen-
gor 1979, Kaya 1981, Kogyijit 1984, Jackson ve McKenzie
1987). K-G dogrultusundaki agilma, E-W yinlii grabenlerin
ve aymi yonde uzanan normal faylann olugmasina neden ol-
mugtur ($ekl 1).
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Sekil 1. Ban Tirkiye'nin bilylk depremlerinin (1943'ten beri
manyetildd Ms 5.5 olan) odak mekanizma ¢liziimle-
ri ve tektonik yapilar (Eyidogan 1987'den almmmsg-
tir) haritas:.

Fig. 1. Map of fault mechanism solutions of major earthqu-

akes (mapgnitude Ms 5.5 since 1943) and tectonic fe-

atures (Afer Eyidogan 1987).

GB Tiirkiye'de etkin déformasyon modu kuzeyden gii-
neye artmaktadr ve K-G yéninde yaklagnk 135 mm/yil'de
(Eyidofan 1987).

Tiirkiye ve Dofu Akdeniz'deki deprem odak hareketle-
ri, depremsellik, difer sismolojik ve jeolojik veriler bolgede
gok karmagik deformasyonlarm hilkiim sirdUging gostermek-
tedir, OB Tirkiye'de gorllen yaygin depremsellik, Ege-
Anadolu levhasiun yatay hareketinden ok, levha iginde de-
vam eden dilgey hareketlerle iligkilidir (Alpiekin 1978),

Bilgenin sismisitesi yilksektir ve bu aktivitenin temel
tektonik yapilarla baglanulan varde (Canuez ve Uger 1967,
Kocaefe 1981). Bolgede tespit edilen odak derinliklerinin 0-50
km oldugu ileri strillmekiedir.

Son willarda kitasal deformasyonun nedeninin akigkan
srvinin plastik deformasyonundan ileri gelebilecefi modellen-
meye baglanmigur (England ve dif. 1985, Westaway 1989).
Yeryiizimde yamlan deformasyon gozlemleri (jeodetik, paleo-
manyetik ve difer ybntemler), kinlgan sismojenik tabakanm
iginde yer alan deformasyonun bilyiikligiing &lgebilmektir.
Bu gozlemler yoluyla altta ver alan plastik deformasyonun
tizellikleri distte bulunan kinlgan tabakada meydana gelen ick-
tonik yapilardan gikanlabilir. GB Tirkiye ve Ege Denizinde
MNeojen blok dénme hareketlerinin varlifs yapilan paleomanye-
tik gahgmalardan anlagilmakiadir,

UYDU KONUM BELIRLEME SISTEMI (GPS)

GPS uyduya dayal bir komum belirleme sistemidir. Uy-
du Konum Belirleme Sistemi GPS ¢ bélimden olugmugtur.
Bunlar uzay kontrol, kullame: bilimlesidir.

Uzay Bolimii

20183 km ylikseklifinde farkl: yoringe dilzlemlerine
yerlestirilmig degigik sayidaki uydu takimlanndan olugur. Bu
bsliime uzay araca (satellite vehicle, SV) denmektedir. Ug
farkh sekilde planlanmistr. Bunlar Blok 1, Blok II, Blok III
uydulan olarak bilinmektedir (Wells 1987).

Herbir GPS konum belirleme igin L bandmda
(RF), L1 = 157542 MHz ve L2 = 1227.6 MHz lik iki rad-
yo frekans: yaymlar (Ashkenazi ve Diederich 1984). Bu fre-
kanslar P kod ve C/A kod olarak bilinen yalane: rasgele gil-
riiltii (pseudo random noise, PRN) kodlan ile modille edil-
migtir,
C/A kod olarak bilinen yalanc: rasgele gilrilltd (PRN)
kodu, her milisaniyede kendini tekrar eden 1.023 MHz frekan-
sinda — ... + arasinda bir puls dizisimi igerir. P kod olarak bili-
nen ikinei bir yalanc: rasgele giiriiltd 10.23 MHz frekansmda
kendini 267 gln sonra tekrar eden — ... + arasinda bir puls dizi-
sini icerir (Ashkenazi ve Diederich 1984).

L1 tagryicasa hem P hemde C/A kod modilasyonuna sa-
hiptir. Tagiyie1 frekanslar ve modiilasyonlar atomik saatlerle
kontrol edilmektedir.

Bu kodlar basit bir gekilde tagiyicilar iizerine monte
edilmistir. Kod deferi negatif ise tasryicn 180° faz kaymgtr.
Pozitif ise tgnvcida herhangi bir defigiklik yokmr (Wells
1987).

Bu uydulann konum belirleme igin yaydig frekanslar
bu kodlara gore programlanmg GPS ahalan tarafmdan ¢6-
zimlenir. GPS uydulanmun temel fonksiyonlanmin bazilan
sunlardor (Wells 1987).

a) sistem operatirleri tarafindan kontrol kismindan ya-
yilan bilgiyi ap depolama,

b) kendi mekroiglemeileriyle uzay aracmmda veriyi igle-
mek,

c)uzay aracmda bulunan gegith ossilatbrlerle (2 Sez-
yum, 2 Rubsdyum) dofru zemam korumak,

d) gesitli frekanslarda ve kodlarda kullame: igin konum
belirleyici bilgiyi yaymak.
Kontrol Bolimii

Bu bélilm Ascension, Diego Garcia, Kevajalein ve
Hawai'deki gozlem  istasyonlanmdan ve  Colorado
Springs'deki uzay iglem merkezinde bir master kontrol istas-
yomundan meydana gelmekiedir. Konirol sisteminin amac
uydularm salhifim ghzlemek, yoirlingelerini saptamak, ato-
mik saatlerini kontrol etmek ve uydulara mesaj gindermek-
tir (Wells 1987).

Kullanici Boliamii

Askeri ve sivil kullamcilann miind igerr. Uygun ahec-
lar, tagnync: frekanslarm veya kodlanm veya her ikisini birden
cofu durumda da yaymlanan mesajlan alr. Jeodetik galigma-
lar igin tagiysct veya kod frekans fazlar: gelecek iglemler igin
kaydedilip ahcilar tarafindan 8lgilmektedir.

GPS sistemi kullamlarak konum belifleme kolaydir.
Herbir GPS uydusunun X,Y,Z koordinatlan en az fig (pratikte
4) uydunun mesafesi Slglilerek hesaplanabilir. Bu uzakhk tek
alict kullamlarak &lgiiliiyorsa sadece bir tek noktamn komumu
saptanmg olur. Bu nedenle bu tir konum belirlemeye “Nokta
Konum Belifleme™ denir (Wells 1987). Nokta kenum belirleme-
den amag i antenin konum vekiord R,'vi saptamakur (Fekil 2).
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Sekil 2. GPS ile nokta konum belifdemenin ilkesi.

Fig. 2. Principle of determination of position of a point
with GPS.

Dikkat edilmesi gercken nokta antenin R; konumunun
zamanla defigip defismedigidir. Ozellikle komumu belirlene-
cek objenin hareket enifi kinematik konum belirlemede R; ko-
numu zamanla defisecefinden siirekli olarak yemiden hesap-
lanmalidir (Wells 1987). Nokta konum belirleme Szellikle na-
vigasyonda kullaniimak tadr,

Ikinci bir konum belirleme yonterni "Relanif Konum Be-
lideme"“dir. Bu konum belirleme ydniemi kullamildij) zaman
bi:'uyduahm;l‘l gibi pozisyonu bilinen bir nokta {izerinde
yer almaktadur. lkinci alica ise P, gibi koordinatlan saptanacak
nokta zerindedir (Sekil 3). Iki nokta arasindaki A R, koor-

] =R -R = | l.ll I I pl
A%is" = 1 '1"1 zpz'ﬂ'u 12

Sekil 3. GPS ile iki nokia arasmdaki mesafenin belirlenmesi
ilkesi.

Fig. 3. Principle of determination of distance between two
points with GPS.

dinat fark: yeterli veri elde edilmigse cm dojrulujfunda sapta-
nabilir. Noktalann koordinatlan veya koordinatlar arasmdaki
fark Standart Resection teknigi ile hesaplanabilir (Collins
1986). Bu tiir konum belirleme &zellikle arastwmalarda kulla-
nilmaktadir,

GPS sistemni kullamlarak yeryliziindeki bir noktamn ko-
numu 1:107 hassasiyetle saptanabilmektedir. (Bock ve dig.
1984, Beutler ve dif. 1985).

GUNEYBATI TURKIYE GPS PROJESININ
AMACI

Siirekli kuta igi hareketlerinin yofun oldufu bir bdlge
olan Giineybanh Ttirkiye karmagik bir tektonik yaprya sahiptir.
Simdiye kadar eldeki verilerin yeterli olmamasi nedeniyle bol-
ge igin gegitli aragtirmacilar tarafindan farkls tektonik model-
ler ]

GPS (Uydu Konum Belirleme) projesi ile;

1) Glineybati Tiirkiye'de varolan biitlin katasal genigle-
me oranmnin belirlenmesi,

2) Bityiik mormal faylarla smurlanomg kabuk bloklanmn
birbirlerme gire hareketlenmn (dbnme, bilkillme, vs.) incelen-

mesi,

3) Ust kabukta varolan deformasyomumn dogrudan olugan
depremlere neden olup olmadifs ve varsa sismik olmayan de-
formasyonun varljgmm ar

4) Alt kabuk 1abakasinmn en (st bilimiinde yer alan di-
50k agih faylar ve kesme zonlarmn varlifmin biliyiik deprem-
leri takip edip etmedifinin veya bafiimsiz oldufunun incelen-
mesi,

3) Bblgenin sismotekionik 8zellifii incelenerek difier ca-
ligmalarla denetlegtirilmesi amaglanmalktadir,

Bu yolla Gineyban Tirkiye'deki kitasal deformasyonun
bigimi anlagilacak ve sismik olarak aktif bélgelerde genig bo-
yutlu kitasal deformasyon incelenerek bélgenin yikica deprem-
sellik dezelligi aragtrlarak kabuk il hareketleri incelenacektir.

GUNEYBATI TURKIYE CALISMA AGININ
OLUSTURULMASI

Giineyban Tirkiye GPS cahgma afh, yaklank 250x200
km'lik bir alam kapsamalktadir (Sekil 4), Noktalar arasindaki
mesafe yaklagik 30-40 km olarak diiginiilmiis ve bilgede bili-
nen faylann her iki tarafina yerlegtirilmesine Bzen gsterilmis-
tir. Nokta sikh bityilkee faylarm gevresinde artmakta durayh
oldugiu bilinen bloklar izerinde ise azalmakiadr,

B

1
|

Sekil 4. Gineyban Tirkiye'de olugturulan GPS Af: ve &1-
¢lm sistemi haritas:. Neokta 19 (Manisa Spil Daji)
stirekli olgtilmilgtir.

Fig. 4. Map of the southwest Turkey GPS Network and
measurement procedure. Station 19 (Manisa Spil
Dag) was measured continously.
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Uygun nokta yerlerinin segimi igin agagidaki kogullar
aranmaghr:

1) Saglam temel kaya zemini,

2) 15 iizerinde ufku gozetleyebilme,

3) Noktays normal arabayla 20 m kadar yaklagabilme
ve park edebilme.

Bu kosullan saflayan toplam 40 nokisya kedu (DEU)
olan giviler kayamin i¢i matkapla oyularak monte edilmigtir.
Harita Genel Kemutanhif ile ortaklaga yapilan gahsmalar so-
nucunda bilgede meveut birinci ve ikinei derece nirengi nok-
talan gozden gegirilmig ve uygun olan dirt nirengi noklasi,
yakinlarinda bulunan DEU nokialan ile defistirilmigtir. So-
nugta Slgimler igin 33 nokta segilmis ve 32 noktanm dlglimi
yapilmugur. 1 noktaya yoldaki bakim gahgmas: nedeniyle ula-
gilamamaghr.

GOZLEMLERIN YAPILMASI

Gozlemler 22 Agustos ve 6 Eylill 1989 tarihleri arasin-
da 250x200 km genislifindeki bir alanda yaplmugter,

Gozlemlere baglumadan énce gahgma programinm ha-
zirlanmas igin 9 gin harcanmigtr. Ekipman lzmir'e vardik-
tan sonra 3 giin DEU41 nokusinda deneme gahgmalan ya-

Gézlemn ¢aligmalan igin AB,C.DE olarak kodlanan 5
alici 33 noktal caligma agma srayla yerlegtirilmigtir. Gozlem-
ler lzmir cevresinde baglamug ve dbrigen bir zincir gibi GPS
a1 igerisinde saat yéniinde ilerlemigtir.

Tiim arasirma boyunca stirekli 8lgll almacak bir mer-
kez noktas: olarak Manisa Spil Dagindaki DEU19 noktas: kul-
lamlmgtr. Bu noktada gézlem siiresi boyunca 80 alanmugtr,
Digier noktalar ise gozlem silresi boyunca iki kez Glgiilmilsidr.
Béylece szbit nokta ile difer noktalan birlegtiren biltiin hatlar
boyvunca ikiger kez Sl almmasgtir,

Giizlem plam GPS uydu yéringe énkestirim programu
SATPLAN kullarularak yapilmugtr. Bu plana gére ilkgilnki
gozlem plam §oyle olmugmr.

ZAM GMT KAYDEDILEN UYDULAR
(Bolgesel zaman=GMT +3 saat)
0338 69,118
04.38 6,9,11,12
(07.30 13.9,11,12
0838 13.9.3,12
10.02 13,-3,12

Gazlern zamam hergiin 4 dk erken baglamigtr, Gozlem silresi
boyunca elde edilen veriler, oniglem programu MAGNET ve
FIT kullamlarak kontro] edilmigtir.
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ESAS JEOMANYETIK ALANIN TOPLAM ALANI iLE
DquY BILESENLERININ 1989 YILI TURKIYE
DE

ERLERI

Calculated Values of Total Field and Vertical Component of the
Main Geomagnetic Field for 1989 for Turkey

Niyazi BAYDEMIR*

OZET

Jeomanyetik alan; esas alan, anomali alans ve giinegten
akﬂm.iiuteﬁﬁleim ::r:-ydﬂn f]el:i.lﬂigi dg:xiyl:ukh alandan
olu r. Effer 1 alan ghzdnlne alinmazsa, jeo-
mmE;r“cl.ik alan; esas "?I-.l: amomali alamnm toplam: geklin-
dedir. Esas alan verin st gekirdeginden dofar, anomali alam-
mn kaynag ise kabuktadur.

Esas jeomanyetik alanin bilinmesi manyetik prospeksi-
yon etildlent igin gereklidir. Rejyone] trendlerin si ile
lokal manyetik anomaliler ortaya konulabilir, Aynica defigik
yillarda yapilan etiidlerin birlestirilmesinde de esas jeomanye-
tik alan verilerine gereksinme vardr.

Bu ¢abgm [AGA Division | Working Group 1 tara-
findan dnerilen 1985 yili esas alana ve lgﬂi-gﬂﬁugodu igin:
sekiller defigime ait kilresel harmonik katsayilar (IGRF) kull:
milarak esas alanun toplam alam ile dilgey bilegeninin 1989 yil,
Titrkiye deferleri bulunmusgtur.

ABSTRACT

The geomagnetic ficld has contributions from scveral
sources such as the main field, the anomaly field and the ex-
ternal and solar induced variations.If we ignore extemal sour-
ces, the geomagnetic field comprises the main and anomaly -
elds. The main field has its origins in the Earth’s liquid core
while the anomaly field has its source in the crust
s Local magnetic anomalies can be obtained by elimina-
ting the regional trends. Also, the main geomagnetic field va-
lues are required 1o join the magnetic surveys carried out at di-
fercnt times,

In this study, the main ficld coefficiets for 1985 wget-
her with the 1985-90 secular variation proposed by JAGA Di-
vision I Working Group 1 are used 1o determine 1otal field and
the vertical component of the main geomagnetic field for 1989
for Turkey.

GIRIS

Yeryliziindeki bir nokiada Slglilen yermanyetik alam,
farkls kaynaklardan dofan manyelik alanlann toplamlanndan
olugsmaktadr. Bunlar; esas alan, anomali alami, diskeynakh
alan, dig kaynagmn indiikledigi alan ve piezomanyetik alandir.
Dhs kaynaklh alan, dig kaynagmn indiikledigi alan ve piczoman-
yetik alan siddetleri, esas alan ile anomali alam giddetlerinin
vaminda ¢ok kilglik kaldifindan, yermanyetik alam bu iki ala-
mun toplarm seklinde dilgtnilebilir,

Esas alan, yerin siva gekirdefii nedeniyle olugur ve yerin
manyetik alanim bityilk Slglide karakterize eden alan bu alan-
dir. Anomali alaninun kaynag ise kabuktadir,

Esas alan degerlerinin bilinmesi cesitli amaclar icin ge-
reklidir. Omegin, lokal anomali ¢ahgmalannda rejyonel tren-

din kaldinlmas: gerekir (Bullard 1967). Lokal polinomlarla el-
de edilen rend yiizeyin vetersiz kalacad cok genis sahalarda-
ki anomali galigmalannda global bir trend yllzeyine
gereksinim duyulur. Bu gekilde elde edilecek olan anomali ha-
ritalarinda kopulkluklar olmayacakur.

Jeomanyetik potansiyel V, kiirese] harmonifin terimleri
seklinde,

Y=a X 'E{ti cosm 9 +h,, sinm @) [ri]“lr:r.ma:

=]l m=l

m al .=
+{y, cosme+d, sing) (r—) F, (msﬂ}}

« 1.0 Mihendislik Fakiiliesi, Jeofizik Mih. Bblimi, Vemeciler, Istanbuol.
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bajmnus ile tammlanabilir (Chapman ve Bartels 1940). Bura-
da, m, n tamsayilan, 9, ¢, r kiiresel koordinatlar, a referans

kilresinin yaricapim, P’: (cos 8) n dereceden m mertebeden

bagiml Legendre fonksiyonunu ve g, b, ¥, © kiiresel harmo-
nigin katsayilanm gostermektedir. g ve h katsayilan, kaynaf
referans kilresinin i¢ tarafinda bulunan potansiyele, ¥ ve o
katsayilanda kaynag referans kilresinin diginda bulunan po-
Lansiyele aitir.

V potansiyelinden ? = - grad V bajintus: yardimiyla F
woplam alan vektdri tiretilebilecegi gibi, bu vekibrin X ku-
zey, Y dofu ve Z diigey bilesenleride dig kaynakh terimleri ih-
mal edip, a = r almarak,

%< L2Y. o £ a0 mesr" g
T 38 wal m=D
N | ﬂ.LE ¥ " sinma- b, comp)mP, (cosd)

rsnf d¢ smd n=l mabd

Za ¥ = $ 5 comuenl siams) (n+ DPS (cou®)
dar i

baginulan yardimiyla tiiretilebilir. X. Y ve Z bilegenleri ile
kiireszl harmonik katsavilan arasmda yukandaki bagmularda
goruldifia gibi bir iliski oldufundan, bu bilegenlerin yeryd-
ziinde (veya urayda) uygun sekilde dafilrmg noktalardaki &l-
clilen deferlerinden faydalamlarak uygun kilresel harmonik
(veya Gauss) katsayilar tiiretilebilir.

Bu bilinenler sonucunda Imternational Association of
Geomagnetism and Aeronomy (IAGA) bir International Geo-
magnetic Reference Field (IGRF) benimsedi (IAGA 1969).
IGRF, esas alen ile onun sekiler defisiminin kiiresel harmo-
nik katsayilarla ifade edilen bir matematik modelidir. Bu galg-
mada Tirkiye've ait 1989-90 perivodu igin sekiiler degigime
ait kilresel harmonik kasayilar kullamld: (IAGA Division I
Working Group 1 1988). 1985 IGRF degerleri, esas alan igin
10'uncuy derece ve mertebeye kadar hessplanmig 120, sekiler
deftigim igin 8%inci derece ve mertebeye kadar hesaplanmug 80
katsayidan olugmaktadir. Katsayilar Schmidt quasi-normalize
sekilde verilmis ve yanigap 6371.2 km olan bir kiire referans
alnarak hesaplanmagtor.

ESAS ALAN DEGERLERININ HESAPLANMASI

Jeomanyetik alanm X kuzey, Y dojiu ve £ dilgey bile-
senleri n = §, m = B igin yazilomg sekliyle,

x-3 {;:|;}"‘:c:+ 3 u:m..m:m.,(;)"‘x:]}

v-5 % r::‘m-—ufmn{;)mv.']

BasE { {,:(glﬂzh _gll (o vwen 0 $ hslam ) (E)ﬂzfl}

el

bagmulan ile verilir. Bu bajinular, csas olan deferlerini he-
saplamak i¢in kullamlan bafmulardr. Baginnlardaki sembeol-

ler mrMMMi V potansiyel blglﬂtll'll'ﬂl kullanilan
mllmﬂ e af}rmdu';wuk Ibum;la a, IGEF h}.m_ﬂ]m he-

i1 referans kilresinin yangapini, r yerin merkezinden
il“.iglrm Eﬂ.l]!l:ll‘l‘ll yapilacak noktaya olan radyal mesafeyi, @
dogu boylamim, g, h ise IGRF kasayilanm gstermekiedir.

Bagintilardaki Kmn. ‘j'mn v:Z':n inci dereceden m inci merte-
beden P bafimli Legendre polinomunun terimlerini gster-
mektedir. Bunlar

X7 = dP/de
‘r": = mP/fsing
Z% = (n+1)P

geklinde verilir. Burada, o jeosentrik koletlitd, P ise bafimh
Lagendre polinomunun Schmidt quasi-normalize seklidir ve

Pa (X)

i [z_(numml—x’ }"]m ﬂ-"- (1)

2- |'|_j {II'H" m}l dx-i-

bagmbs: ile verilir. Burada X, X = Cos 8, misem=0iginEy =1,
m in differ degierleri igin By, = 2 dir. '
IGRF katsayilan bir kiire referans alinarak hesaplanmg-
tw. Gergekte yeryiizii bir elipsoid seklindedir Y ;
bir nokta jeodetik koordinat sisteminde @ ', ¢ ve h koordinatla-
n ile verilir. Burada, 8 jeodetik kolatiitid, ¢ dogu boylami, h
ise elipsoidin normali boyunca deniz sevivesinden Slclilen
yilksekliktir. Bu degerleri 8 , @ ve r ile verilen jeosentrik koor-
dinal sistemine dinlstlirmek gereklidir. Bu déniigtiirme igle-
mi,

r=[hth+2p)+(a*sin®@ +b' cos® 078"
g=(a'sin?0" + b cos® 0 )"

cosB=cosB’'. cos&—sinB'.sind
smB=sinB"'.cos8+cos®"'.5ind
cosG=(h+p)/fr
sinf=(a*-b").cosB'.sin®" fgr

bagmtilan yardimiyla yapdir. Burada, a clipsoidin uzun, b ise
kisa yangapim géstermektedit. Hesaplamalarda International
Astronomica! Union (IAU) warafindan Snerilen elipsoidin a=
6378.160 km ve f = 1/298.25 deerleri kullamlmustir (Interna-
tienal Astronomical Union 1966),

Sonugta esas alinan F toplam alany, hesaplanan X , Y
v Z defierlerinden,

F=(X*+ Y2+ 22
bafmis ile elde edilmiguir.
SONUCLAR

Esns jeomanyetik alanin F toplam alam ile 7 dilgey bile-
seninin 1989 yihna ait degerleri, Tirkiyenin 26° - 44° dofu
boylamlar ile 36° - 42° kuzey enlemleri arasinda kalan bilge-
si igin hesaplandi. Enlem ve boylamlann kesigtii 133 diigiim
noklasmda hesaplanan degerler nT (nano Tesla) biriminde ve
deniz seviyesindedir.

Sekil 1 esas alamn F toplam alannmn eg-giddet haritasim
gostermekiedir. Haritada konur aralifn 200 nT dir. Tirki-
ve'nin gineybat vcunda 45 000 nT civarmda olan degerler,
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kuzeydogiuda 48 000 nT w1 gegmekiedir. §ekil 2 isc esas ala-

Zd hmnm ini Eddt:t haritasm gistermektedir.
Emmv_.'bltuﬁ: 36 nT nlﬁ defierleri, kuuysdiiuda 41 000
nT yaklagmaktadir.

Esas alanm F toplam alani ile Z diigey bilegeninin kilo-
metre basina ditsen defiisim miktan, dofu-bau dogrulusunda
dofiuya dojru arian geklinde F toplam alam igin 1.236 nT/km,
7 dilsey bilegeni igin 1.425 nT/km, kuzey-giiney dogrulmsun-
da ise kuzeye dogru aruan geklinde F igin 3.013 nT/km, Z igin
7.118 nT/km dir. Tiirkiye'nin ortasindan gegen 39° kuzey en-
lemi ile Tirkiye'yi kuzey-gliney dogrultusunda ikiye bélen
25" dofu boylam: boyunca hesaplanan bu defigim miktarlar,
diger enlem ve boylamlarda ok az bir fark gBstermekiedirler.
Manyetik prospeksiyonda enlem-boylam veya normal diizelt-
me olarak bilinen islemde kullamlabilecek olan bu defigim de-
gerler bitin Tirkiye igin almabilir,

Aynca esas alman F toplam alam deniz seviyesinden
2000 m yilkseklikte, deniz seviyesindeki deferinden yaklagik
46 nT, Z diigey bileseni ise yaklagik 40 nT kadar bir azalma
gostermekiedirler. Buradan deferlerin yukan dofru deigim
oranlan saptanarak, 2000 m smwlan iginde istenilen yilksek-

likte global bir trend yilzeyi gegirilebilir. Iyonosfer ve manye-
osfer tabakalarina dek hesaplanan esas alan degerleri bu taba-
kalardaki yikld partikillerin hareketlerinin hesaplanmasinda
da kullambr (Akasofu ve Chapman 1972).
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1972 yilnda LUFF. Jeofizik-Jeoloji
dali bitirdi. 1973-1974 yillan arasin-
da E.U.E.F. Jeoloji Béliminde teknik
asistan olarak girev yapt. 1976 wilin-
da L.O.FF. Jeofizik Kiirsiistinde "Men-
deres Masili Aeromanyetik Haritas: ile
Ditgey Bilegsen Yerel Siddet Anomali
Haritasiun Kargilagtinlmas: ve Yoru-
mu” isimli Lisansisiil ¢aligmasmm ta-
mamladi. 1976-1978 willan arssmda
E.U.F.F. Jeofizik Boliminde asistan
olarak g&rev yapt. 1978 wilindan it-
baren sirasiyla E.0.Y.B.F, ve DE.U..
Mih. - Mim. Fak.'de gorev aldi. 1981
Kasim - 1982 Nigan tarihlen arasmda




Ingiltere Leicester Universitesinde bi-
limsel aragnrmalarda bulundu. 1983
yvilinda "Bau Anadolu Gravite Veriler-
inin Veri-lslem Yontemleriyle Yoru-
mu” isimli dokiora tezini tamamiad.
Halen D.E.U. Mith. - Mim. Fak.'de ¢a-
hsmaktadir.

RAHMI PINAR

1950 wilnda Ankara'da dogdu.
1970 yilinda girdigi Istanbul Onivresi-
tesi Jeofizik Yiksek Miuhendisligi
Bolimind 1975 yilinda bitirdi. Aym
yil MTA Enstitiisil Jeofizik Dairesi'nde
gorev aldi. 1977 yilinda Ege Universi-
tesi Fen Fakiiliesince agilan asistanhk
sinavim kazanarak E.0.F.F. de Jeofizik
asistani olarak giireve bagladi. Daha
sonra swrasi ile E0.YBF. ve DEU.
Muoh, - Mim. Fak.'de glirev aldi, 1983
yihnda "Dogrusal Dizge Kurammmn
Potansiyel Alanlara wygulsnmas:”
isimli doktora tezini verdi. Halen
D.E.U. Mith. - Mim. Fak.'de cahigmak-
tadir.

EMIN UGUR ULUGERGERL

1967 yilinda Istanbul'da dofdu,
Dokuz Eylil Universitesi Jeoloji
Mithendislifi Jeofizik Anabilim dalin-
dan 1988-89 dineminde mezun oldu.
Bogarigi Universitesi Kondilli Rasath-
anesinde yiksek lisans cgitimine de-
vam etmekiedir.

MUJGAN SALK

1959 yilinda lzmirde dogdu.
1982 yilinda E.U. Yer Bilimleri Falclil-
tesi Jeofizik Bélimiinden mezun oldu.
1987 yilmda DEU. Deniz Rilimleri
Teknolojisi Enstitist'nde yiksek li-
sans efitimini tamamladi. 1987 yilinda
DEU. Fen Bilimlerd Enstitilsi'nde
doktora galismalanna bagladi. 1985 w1-
lindan beri D.E.U. Miithendislik - Mi-
marlik Fakilliesi'nde aragiirma grevli-
si olarak gahsmaktadir.

GILLIAN ROSE FOULGER

1952 yihinda Ingiltere'de dogdu.
1974 wilinda Cambridge Universitesi
Jeoloji Boliminden mezun oldu. 1976
yiinda Durham  Universitesi'nde
yiksek lisans efitimini tamamilad.
1978 yihnda Cambridge Oniversite-
si'nden M.A. tinvamm aldi. 1985 wilin-
da Durham Univresitesi'nde doktora
effitimini tamamladi, 1977-1984 yillan
arasmda IzlandaUniversitesi Jeofizik
Béliminde aragtine: olarak ¢alisn ve
1985 wilindan beriDurham UOniversite-
si'nde Sfretim yesi olarak girev yap-
maktadur.




ODA UYELERI

SICIL NUMARASI

T87
788
789
T90
791
792
T3
794
795
796
197
798
799
800
801
an2
803
804
805
806
BOT
808
809
810
811
12
813
LT
815
g16
817
218
819
820
821
822
823
824
825
826
827

429
830
831
832
833
#34
835
836
837
838
810
840
841
842
B43
LERS

ADI SOYADI

Mustafa CEVHER
Mustafa UZAN
Levent ENFIYEC]
Hiudir AKFINAR
Hakan YILDEZ
Ayse KASLILAR
Rafet YILDIRIM
Cetin KECEC]
Ibrahim A, SARIKAYA
Erdojan OKUL
Birgill UTKU
Dilaver GOK
Ersan TUNCER
Murat H. GOLTEKIN
Mine KULUNG
lsm OCAK
Aysegil DEMIREL
Canan YUOKSEL
Saleyman BOYOK
Dilek SAHIN
Levent CAKIREL
E. Sibel CELEBIOGLU
Irfan BEYAZ
Hasan SUNAR
K. Tuncer SARIKAVAK
Murat TIMURCAN
M. AL KUTLU
H. Ender GUZDEN
1. Hakka MAMATI
A. Z. Abidin DENEZCIOSLU
Kaymet DALLI
Gorhan CAKIRGIL
A. Ofuzhan OLVAN
Sinan KELES
H. Turul GENC
Sacit MULBAY

enol COPURDGLU

al OMOR

Seydan ALTUNC
Aydin BUYUKSARAC
E. Hilseyin KASAL
Aysemr KARAALIOGLU
Gaokhan FENLI]
Ibrahim SARIYAR
Mustafa VERKAYA
Emre TUNCER
Burhanettin TOZON
Emin YAZIC1
Hikmet KARAOGLU
Ibeahim GURGUNOGLU
Z. Yesil BILAL
M. Dursun BITKIN
Bahadir EKIZER
Reyhan YILDIZHAN
Belma OZAYDEMIR
Metiner TANER
Emsan AYBEK
Osman GUREL

SICIL NUMARASI

845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
B61
862
63
£64
865
866
867
268
260
870
871
872
a73
ET4
B75
876
87
878
879
230
881
882
BE3
884
8BS
BB6
887
BER
889
890
891
892
893
Bod
805
BO6
897
898
899
000
901
902

ADI SOYADI

F. Sibel YALCIN
Burhan KIRDOK
Ahmet OZEN

Hakan EFE

Cengiz CANDAN

M. Zafer ISPARTALIOGLU
Nevizat MENGULLUOGLU
Hakan A, ALCIK
Arkin KOCADGLU
H. Sedat SERIN
Murat MISEKL

M. Erkan DURMUS
Kazim ERDOGAN
A. Ufuk REYOSLU
Meten ASCT

Tekin YEKEN

I. Tayfun ULUSDY
Hasan T. GUVEN
Yusul GURLEVIK
Hasan SOYLU

H. Nege YILDIRIM
Selim AKCAY

Miifit YAVUZ
Sevkelt KAYACT
Cevder YAGCI
Tuygun SAVACI
Cineyt TECER
Semiha ERGINTAV
Aynur BEKAR

M. Emin ALTAY
Serap INAL

Hason BARAL

Ayten KILING

T. Tank GONULALANM
Hasan BARAL
Hiiseyin TUR
Mustafa OCOK

A. Selguk OZER
Tuncay TUNA

|. Giirkasn TAYBARS
E. Ugur ULUGERGERLI
Sabahaitin SESLI

D. Ali KECEL!

Ayler AYDIN

Kadir DALBAY
Ersin TUYAN

Hakan OZBAKIR
Malan GONDESLIOGLU
Hasan MENGILLI
Filiz DEMIREL
Selami ISIK

M. Said SOYORAL
M. FATIH ATALAY
ldris GUNEY

Golay OZVATAN
Erkan ERTEKIN
Asive KIRISClIOGLU
Rafet KARA



r’ UPDATE
Y YOUR SEISMIC EQUIPMENT

A NEW GENERATION OF
ACQUISITION SYSTEMS

* The SN 368 telemetry recording unit, particularly suit-
able for 3D work, with a maximum configuration of
1200 channels

* The 5N 358 digital recording unit, for land and marine
operations, withthe optional DMX demultiplexing unit
for marine applications

* MYRIASEIS", a radiotelemetry acquisition system for
land /sea transition zone surveys

= The CS 260 correlator - stacker

These systems can be provided complete with seismic

cables and geophone strings.

The SN 368 telemetry recording unit.

MARINE SEISMIC SYSTEMS

CCG has equipped over 40 seismic vessels with
* analog or digital streamers (up to 240 channels)

* radiopositioning systems such as Syledis or the new
long-range Ceoloc

* the GIN** navigation system

HEAVY DUTY LAND

SEISMIC EQUIPMENT

Vibrators

Truck-mounted and heliportable drills

Amphibious and rough terrain buggies

Fiberglass products, such as recording cabs, trailers, etc.

The TD 500 truck-mounted drill.

WELL SEISMIC EQUIPMENT

, * GEOLOCK™H and GEOLOCK S, three-component hy-
draulic well seismic probes.

* MULTILOCK, a multi-level analog or digital geophone
system for VSP acquisition which reduces rig down
time by providing multiple measurements

* ASAP, anon-site quality control and processing system
for V5P data, using a 32-bit minicomputer

COMPUTER SYSTEMS

* GEOVECTEUR®, the 2D and 3D seismic PrOCEssIng sys
The interpretation workstation INTERPRET. temn for supercomputers
* INTERPRET, the 2D and 3D seismic interpretation
workstation
* CGG-IFP trademark and product development * INTEGRAL, the interactive exploration-production aid
“* CC0 rademark developed by CGG's subsidiary PETROSYSTEMS

(1) CGG-IFP (ARTEP) joint research project - CGG trademark

* CGG Head Office  : 1, rue Léon Migaux, 91341 Massy Cedex, France. Tel.: (33-1) 64 47 30 00 Telex: 602442F
* CGG Ankara Office : Damas Ticaret Miihendislik ve Sanayi A.S,
Attar sokak, Kent Sitesi C Block no. 6 Garziomanpasa - Ankara - Turkey. Tel.: (41) 27 58 48 Telex: 42591 DAPA TR
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