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(KB Suudi Arabistan)

Muhittin Senalp!®, Sema Tetiker?

L Saudi Aramco, Dhahran, Saudi Arabia
2 Engineering Faculty, Department of Geological Engineering, Batman University, Turkey

* Gelig/Received: 23.12.2019 * Diizeltilmis Metin Gelis/Revised Manuscript Received: 25.03.2020 » Kabul/Accepted: 25.06.2020
* Cevrimici Yayin/Available online: 17.07.2020 * Baski/Printed: 15.01.2021

Tiirkiye Jeol. Biil. / Geol. Bull. Turkey

Abstract: The hydrocarbon-producing Midyan Basin is located in northwestern Saudi Arabia and is surrounded
by the Proterozoic igneous basement of the Arabian Shield. It includes thick hydrocarbon-producing sedimentary
sequences deposited in half-grabens that formed during rifting of the Red Sea and the gulfs of Suez and Agaba
in the Early Miocene (23.3 Ma). The early syn-rift succession consists of arid alluvial fan sediments and playa
evaporates, followed by shallow marine carbonates. The late syn-rift sequences consist of progradational deep sea
turbidites and Alpine-type glacial deposits indicating strong vertical uplift during the climax of the rifting (19 Ma).
The post-rift succession overlies the late syn-rift successions and consist of shallow marine marls and evaporites.
The aim of this study is to examine the hydrocarbon potential of the turbidite sandstones and the formation of various
types of glacial deposits in the Burqan Formation. This study also encompasses the importance of various geologic
processes in order to understand their significant influence on the geometry, continuity and reservoir quality of oil
and gas producing genetically different sandstones in the subsurface of the Burqan Formation in the Midyan Basin.
The Alpine-type glacial deposits provide an excellent opportunity to study the presence of continuous vertical and
lateral facies variations between true glacial, glacio-fluvial and glacio-marine deposits in the direction of sediment
transportation. Unsorted moraines deposited in the deep and U-shaped glacial valleys occupy the northwestern part
of the basin. They pass gradually into glacio-fluvial sandstones that contain large polished and striated boulders. In
the southeastern part of the deep basin, the glacio-marine deposits are associated with deep sea turbidites and pelagic
shales. Many stratigraphic and sedimentologic sections were measured from well-exposed outcrops in every part
of the basin to establish various depositional environments. A large number of sandstone samples was collected to
examine their reservoir quality.

Keywords: Glacio-fluvial, glacio-marine, Gulf of Agaba, Gulf of Suez, Midyan Peninsula, Sinai Peninsula, true
glacial

Oz: Onemli miktarlarda hidrokarbon iiretiminin yapildigi Midyan Havzasi, Suudi Arabistan’mn kuzeybatisinda
ver alir ve Arap Kalkani olarak bilinen Proterozoyik yash kristalin temel tarafindan ¢evrilmistir. Bu havza, Erken
Miyosende (23,03 My) Kizildeniz, Siiveys ve Akabe Korfezleri’'nin agilmasi ile olusmug yari-grabenlerde ¢okelmis
petrol ve dogal gaz potansiyelleri yiiksek kalin sedimanter istifler icerir. A¢ilmanin erken asamasinda ¢okelen istifler,
karasal aliivyon yelpazesi ¢okelleri, playa evaporitleri ve bunlarin iizerine gelen bol fosilli sig deniz karbonatlarindan
olusur. Midyan Havzasi'min Evken Burdigaliyen zamaninda derinlesmesi nedeniyle, sig deniz karbonatlari iizerine
uyumlu olarak Burgan Formasyonu nun derin deniz yelpazeleri i¢indeki hidrokarbon iiretiminin yapildigi klasik
tirbidit istifleri gelir. Kizildeniz, Siiveys ve Akabe Korfezleri agiimasinin en etkili odugu zirve déneminde (yaklasik,
19 My) Sina Yarumadas: diisey yonde 4 kilometreden daha fazla yiikselmis ve yiiksek dag zirvelerinde Alp-tipi buzul
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cokelleri olusmustur. Acilmanin ge¢ ve son asamasint temsil eden istifler sig deniz ortaminda ¢okelmis marnlar
ve evaporitlerle temsil edilir. Bu ¢alismanin amaci, Burqan Formasyonu igindeki tiirbidit istiflerinin hidrokarbon
potansiyellerini ortaya ¢ikarmak ve degisen iklim kosullarini temsil eden buzul ¢okellerinin farkli fasiyeslerini
incelemektir. Arazide 6l¢iilmiis sedimantolojik kesitler yardimiyla farkl jeolojik siire¢lerin, Burgan Formasyonu
icindeki petrol ve gaz rezervuarini olusturan kokensel yonden farkli kumtaslarinin geometrileri, devamliliklar: ve
rezervuar kaliteleri iizerindeki etkileri arastirilmistir. Sina Yarumadasi iizerinde olusan Alp-tipi buzul ¢okelleri,
gercek buzul (moren), buzul-fluviyal ve buzul-denizel ¢ékeller arasindaki diisey ve akis yoniindeki yanal degisimleri
anlamak igin énemli bir olanak saglar. Masif, boylanmamis morenler havzanin kuzeyindeki derin, U-geklindeki
buzul vadilerinin i¢inde ¢okelmisti. Bu ¢okeller vadilerin akisi yoniinde icinde cilalanmis ve ¢izilmis bloklar
iceren buzul-fluvial ¢okellere gecer. Havzanin en derin oldugu giineydogu bolgesinde buzul-denizel ¢okeller pelajik
seyller ve tiirbiditlerle birlikte ¢ékelmistir. Midyan Havzasi 'nin, stratigrafik evrimini anlamak, ¢ékelme ortamlarin
yorumlamak ve hidrokarbon potansiyelini ortaya ¢ikarmak icin istiflerin devamli oldugu bolgelerde ¢ok sayida kesit
olciilmiis ve kumtaglarinin rezervuar ozelliklerini ortaya koymak igin ornekler alinmigtir.

Anahtar Kelimeler: Aqaba Korfezi, denizel buzul, fluviyal buzul, ger¢ek buzul, Midyan Yarimadasi, Sina Yarimadast,
Siiveys Korfezi

INTRODUCTION

The Midyan Peninsula is located east of the Gulf
of Agaba in the northwestern corner of the Arabian
Peninsula. It is bounded by high mountains of
Neoproterozoic crystalline basement rocks, the

700 (Ma), likely associated with the breakup of
Rodinia (Gardner et al., 1996). The surface of the
Arabian-Nubian Shield has been uplifted several
times. The Red Sea and Gulf of Aqgaba rifting
started in the Early Miocene (about 23.3 Ma) and

Gulf of Agaba, and the Red Sea (Figures 1A
and 1B). The peninsula is dissected by east-west
normal faults and north-south oriented strike-
slip faults. The crystalline basement rocks are
at least 40-45 km thick and consist mainly of
ultramafic, metavolcanic, metasedimentary rocks
and granitic plutons which have been intruded
by basalt, rhyolite and dolerite dikes (Figures
2A and 2B) that have been dated to about 600-

resulted in the formation of the Midyan Basin
(Stern and Johnson, 2010; Rasul and Stewart,
2018). The region is severely dissected by NW-
SE and NE-SW trending fault and joint systems
(Figure 3A). The Midyan Basin forms a large part
of the Midyan Peninsula and contains thick and
continuous pre-rift, syn-rift and post-rift-related
sedimentary successions deposited in a series of
deep half-grabens.

Figure 1. A) The Midyan Peninsula is located north of the Red Sea and east of the Gulf of Aqaba (NW Saudi Arabia).
The dark areas represent the Neoproterozoic crystalline basement. High mountain ranges are located in the Sinai
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Peninsula between the Gulf of Suez and Gulf of Aqaba. B) Simplified tectonic map of the Arabian and East African
plates. The map shows the plate margins, rift and subduction boundaries and other important tectonic features.
Arrows indicate plate movements of the Proterozoic Arabian and Nubian shields and Anatolian Plate (Stern and
Johnson, 2010).

Sekil 1. A) Midyan Yarimadasi Kizildeniz’in kuzeyinde ve Akabe Korfezi’'nin (Suudi Arabistan) dogusunda yer alwr:
Koyu renkli alanlar Neoproterozoyik kristalin temeli temsil eder. Sina Yarimadasi 'ndaki yiiksek dag silsilesi Stiveys ve
Akabe Korfezleri arasindadir. B) Arap ve Dogu Afrika levhalariin basitlestirilmis tektonik haritast. Bu harita levha
stmrlarini, agilma ve dalma-batma zonlarini ve diger onemli tektonik ozellikleri gosterir. Ok isaretleri Proterozoyik
yash Arap ve Nubiyan Kalkanlari’nin ve Anadolu Levhasi’nin hareket yonlerini gosterir (Stern ve Johnson, 2010).

Figure 2. A) Photograph showing Neoproterozoic crystalline basement rocks in Sinai Peninsula which lies along the
NE flank of the Red Sea with two long prongs extending NW and SE for a total of 1,800 km. This Neoproterozoic
crystalline basement dated to 600-700 Ma (Gardner et al., 1996) is made up of ultramafic, metavolcanic,
metasedimentary rocks and granitic plutons, which in turn are intruded by a variety of dyke swarms (including
basaltic, rhyolitic, and doloritic). It is considered to have been formed along an accreting Proterozoic volcanic arc
and has been uplifted periodically along the Red Sea and Gulf of Aqaba rifting during Early Miocene, which resulted
in formation of the Midyan Basin (Stern and Johnson, 2010). The Sinai Peninsula was vertically uplifted more than
4 km during the Early Miocene Red Sea and Gulf of Aqaba rifting (Garfunkel and Bartov, 1977). Thick Alpine-
glaciers formed in the Sinai Peninsula above the permanent snow line of this uplifted Neoproterozoic crystalline
basement (Senalp, 2016). B) The Neoproterozoic Arabian Shield is most exposed on both sides of the Al Bad’-
Magna highway in the Midyan Area. Magna is a coastal town located on the south coast of the Gulf of Aqaba in NW
Saudi Arabia.

Sekil 2. A) Sina Yarimadasi'ndaki Neoproterozoyik kristalin temel kayaglarini gésterir fotograf. Bu bélge
Kizildeniz ’in kuzey kanadi boyunca iki uglu sivri kollar seklinde kuzeybati ve giineydogu yonlerinde uzanir ve toplam
uzunlugu 1.800 km dir. Bu Neoproterozoyik kristalin temel 600-700 milyon yil énce, (Gardner vd., 1996) ultramafik,
metavolkanik, metasedimanter kayaglardan, granitik pliitonlardan, riyolitik ve doleritik dayk sistemlerinden olusur.
Bu farkli kékenli kayaglar Proterozoyik ada yaywun biiyiimesi sonucu ortaya ¢ikmuglardir ve Erken Miyosen
zamanminda Kizildeniz, Siiveys ve Akabe Kérfezleri nin agilma sirasinda siirekli fakat periyodik olarak yiikselmislerdir.
Bu a¢ilma ile iliskili olarak Midyan Havzasi ortaya ¢ikmistir (Stern ve Johnson, 2010). Erken Miyosen sirasinda
ve agtlmanin en etkin oldugu donemde Sina Yarimadasi tektonik olarak 4 km den fazla yiikselmis (Garfunkel ve
Bartov, 1977) ve Neoproterozoyik kristali temelin yiiksek dag zirvelerinde daimi-buzul ¢izgisinin tizerinde Alp-tipi
buzullar olusmustur (Senalp, 2016). B) Neoproterozoyik Arap Kalkani ' nin en giizel mostralart Midyan bolgesi nin
Al Bad-Magna karayolu iizerinde goriilebilir. Magna, KB Arabistan’da Akabe Korfezi'nin giineyinde yer alan bir
kiyt kasabasidir.



Figure 3. A) Simplified geologic map of the Midyan
Peninsula (modified after Clark, 1986). The Midyan
Basin occupies the southwest of the Midyan Peninsula
and is surrounded by the Gulf of Aqaba and Red Sea.
The region is severly dissected by a NW-SE and NE-
SW trending fault and joint system. B) Stratigraphic
succession shows the pre-rift (Adaffa and Matiyah
formations), early syn-rift (Sharik, Al Bad, and Musayr
formations), late syn-rift (Lower and Upper Nutaysh
members of the Burqan Formation), and post-rift
(Subayti Member of Burgan Formation and Magna
Formation).

Muhittin SENALP, Sema TETIKER

Sekil 3. A) Midyan Yarumadasi'min sadelestirilmis
jeolojik haritasi (Clark, 1986). Midyan Havzasi bu
yarimadanin giineyinde yer alwr. Kizildeniz ve Akabe
Korfezi ile ¢evrilmistir. Bu bolge KB-GD gidisli faylar
ve eklem sistemleri ile siddetli bir sekilde kesilmistir. B)
Stratigrafik istif havza icindeki acilma-oncesi (Adaffa
ve Matiyah Formasyonlari), erken-agilma (Sharik, Al
Bad ve Musayr formasyonlari), geg¢-agilma (Burqan
Formasyonu'nun Asagi ve Yukart Nutaysh Upyeleri)
ve ac¢ilma-sonrasi (Burqan Formasyonu’nun Subayti
Uyesi ve Magna Formasyonu) birimlerle temsil
edilmistir.

The proven hydrocarbon potential of the
sandstones and carbonates in the Midyan Basin
has attracted the interest of various oil companies
and Saudi universities. Many stratigraphic and
sedimentologic sections have been measured
in almost every part of the Midyan Peninsula
as a sunbstantive framework for hydrocarbon
explorations (Alsharhan and Nairn, 1997; Hughes
and Johnson, 2005; Al-Ramadan et al., 2013;
Al-Laboun et al.,, 2014; Senalp, 2016). These
hydrocarbon-bearing successions present an
excellent opportunity to identify the influence of
severe tectonic uplifting of the source areas on
paleoclimates and the evolution of water depths,
resulting depositional systems and basin filling as
rifting progressed. However, these aspects have
not yet been addressed in detail.

This paper provides a case study of the
role of tectonics, rifting and regional uplift in
promoting regional climatic cooling and the
resulting glaciogenic sedimentation recorded by
the recently-identified Early Miocene (. 19 Ma)
Upper Nutaysh Member of the Burqan Formation
within the Midyan Basin. The Alpine-type glacial
deposits provide an excellent opportunity to
study the presence of continuous vertical and
lateral facies variations between true glacial,
glaciofluvial and glaciomarine deposits in the
direction of sediment transportation. The paper
also comments on the hydrocarbon prospectivity
of the shallow marine carbonates of the Musayr
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Formation and sand-dominated deep sea turbidite
fans of the Lower Nutaysh Member and glacially-
influenced strata, principally glacio-fluvial and
deep water turbidite sandstones, of the Upper
Nutaysh Member of the Burqan Formation.

STRATIGRAPHIC SUCCESSIONS OF THE
MIDYAN BASIN

The Midyan Peninsula is part of the northern Red
Sea Basin and consists of a thick sequence of
siliciclastic and carbonate rocks deposited from
Late Cretaceous to Late Miocene (Figure 3B).
The geology and depositional environments of
the succession is strongly affected by the complex
tectonic and structural history associated with the
Early Tertiary opening of the Red sea and Gulf of
Suez, and the Late Tertiary transform faulting of
the Gulf of Aqaba and Dead Sea. The stratigraphic
succession in the Midyan Peninsula includes
the Adaffa, Sharik, Musayr, Burqan (Lower and
Upper Nutaysh and Subayti members) and Magna
Formations and can be easily subdivided into pre-
rift, syn-rift, and post-rift successions (Senalp,
2016). The nomenclature of the stratigraphic units
was based on the outcrop locations, which can be
visited and studied easily by geologists (Figure
3B).

Sedimentary successions of the pre-rift period
Adaffa Formation

The Late Cretaceous pre-rift Adaffa Formation
directly overlies the Neoproterozoic crystalline
basement rocks of the Arabian-Nubian Shield
(Clark, 1986). It is unconformably overlain by the
Sharik Formation formed during the early syn-rift
period of Early Miocene (23.3 Ma). The Adafta
Formation is a 90 m thick meandering fluvial
sequence, consisting of yellow to reddish-brown,
cross-bedded, well-sorted, friable quartz arenitic
sandstones with basal conglomerates in the lower
parts, and thin marl, siltstone, and fine-grained

sandstone and gray-green shale layers in its upper
parts. The basal conglomerate contains granite
pebbles and cobbles, phosphatic nodules, dinosaur
and turtle bones, and petrified wood fragments in
the thin beds of limonitic sandstones at the top of
the sandstone succession. Senalp (2016) reported
that the bone fragments were identified as those
of a sauropod, (possibly titanosaurid) dinosaur
and turtle plates, which indicates Late Cretaceous
(Albian-Maastrichtian) age.

Sedimentary successions of the syn-rift period
and post-rift periods

The Midyan Basin includes thick syn-rift and post-
rift sedimentary sequences deposited in a series
of deep half grabens formed during the opening
of the Red Sea, Gulf of Suez and Gulf of Aqaba
between the early Early Miocene (about 23.3
Ma) and Early Middle Miocene (about 11 Ma)
periods (Hughes and Filatoft, 1995; Hughes and
Johnson, 2005). Based on the type of depositional
environment and depth of water, the thick syn-rift
successions were subdivided into early syn-rift
and late syn-rift sequences (Figure 3B).

Sedimentary successions of the early syn-rift
period

The sedimentary successions were deposited
during the early syn-rift period of the Red
Sea, Gulf of Suez and Gulf of Agaba tectonic-
rifting. These Early Miocene (between 23.3-19
Ma) successions consist of the Sharik, Al-Bad’
and Musayr formations (Figure 3B). They are
conformable, genetically related and represent
well-defined transgressive system tracts. The
stratigraphic succession, ranging from arid alluvial
fan siliciclastic sediments (Sharik Formation)
to coastal playa evaporites (Al-Bad’ Formation)
and finally into tide-dominated shallow marine
carbonates (Musayr Formation), clearly indicates
a gradual change in depositional regime resulting



from the progressive regional increase of
marine influences. Senalp (2016) interpreted
these formations to have been deposited
contemporaneously within the same systems tract,
and due to the rising base level (sea level), they

were stacked vertically.

At the type locality, the Early Miocene (23.3
Ma) Sharik Formation overlies the irregular
topographic surface of the igneous Neoproterozoic
Basement of the Arabian Shield and represents
the oldest sedimentary succession of the early
syn-rift period. This red-colored, arid continental
siliciclastic sequence is conformably overlain by
the genetically-related playa evaporites of the Al-
Bad’ Formation. However, in the absence of Al-
Bad’ evaporites (beyond the depositional margin
of the playa), the shallow marine carbonates of
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the Musayr Formation sit directly on the Sharik
Formation. The lower part of the Sharik Formation
comprises poorly-sorted conglomerates consisting
of large pebbles and boulders of chert and igneous
basement rocks, representing deposition in the
uppermost parts of an alluvial fan environment
(Figure 4A). Red-colored, thick-bedded, cross-
stratified, well-sorted channel-filled sandstones
overlie these coarse-grained deposits. This section
is also incised frequently by large gullies and
several tens of meters-deep channels, representing
the canyons and their tributaries that formed on
the apex of the alluvial fans deposited at the base
of the uplifted Sinai Peninsula. In the centre of the
Midyan Basin, these channel-filled sandstones are
medium- to fine-grained, better-sorted and have
significant reservoir potential for hydrocarbon
accumulation (Figure 4B).

Figure 4. A) Coarsening- and thickening upward progradational alluvial fan environment formed during deposition
of the early syn-rift Sharik Formation. The uppermost part is cut deeply by the canyon and filled with poorly-sorted
conglomerates (Location: 28°27°49.6"N/34°5130.5"E). These alluvial fan sediments are overlain by genetically-
related playa evaporites of the Al Bad Formation. B) Red-colored, medium- to coarse-grained, trough cross-bedded,
well-sorted and friable sandstones deposited in the braided stream system in middle parts of the alluvial fan
environment. Sandstones are the major aquifer in the Midyan area (Location: 28°27°49.6"N/34°51°30.5"E).

Sekil 4. A) Erken-agilma sirasinda Sharik Formasyonu iginde ¢okelmis aliivyon yelpazesi ortaminin, havzanin
daha derin kisimlarina dogru ilerlemesi sonucu ortaya ¢ikan tabaka kalinligimin ve tane-boyunun iiste-dogru
arttigr sedimanter istif. Bu istifin en tist kismi kétii-boylanmis konglomeralarla doldurulmus kanyon tarafindan
derince kazilmistir (Lokasyon: 28°27°49,6"K/34°51°30,5"D). Aliivyon yelpazesi ¢okelleri genetik-iliskili olduklart
playa evaporitleriyle ortiilmiistiir. B) Kirmizi venkli, orta-iri taneli, tekne-sekilli ¢apraz-tabakalanmalr ve kirilgan
ozellikteki kumtaslart aliivyon yelpazelerinin orta ve asagi kisumlardaki orgiilii nehirler tarafindan ¢okeltilmistir
(Lokasyon: 28°27°49,6"K/34°51°30,5"D).
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The Al-Bad’ Formation consists of white-
colored, massive-looking evaporites (mainly
anhydrite and gypsum) and occurs between the
arid alluvial fan deposits of the Sharik Formation
and the shallow marine carbonates of the Musayr
Formation, forming distinct lithofacies in the
middle of the transgressive sequence (Figures
SA and 5B). On outcrops, halite is not present;
however, in the subsurface the same section
consists of halite, anhydrite and a minor amount of
shale (Hughes and Johnson, 2005). The thickness
of the Al-Bad’ Formation ranges from 0 (zero)
to about 50 m at the outcrop, depending on the
depositional site of the evaporites. Its localized
geographic distribution and relationships between
lateral and vertical facies suggest its precipitation
in a hypersaline water body. All the evidence
indicates that these evaporites were deposited

in a playa (coastal sabkha) environment situated
between the outer alluvial fan and the shallow sea,
and were subjected to occasional marine flooding.

The Musayr Formation consists of shallow
marine carbonates and represents the first regional
marine transgression into the Midyan Basin
during Early Miocene (Burdigalian) and forms
the uppermost part of the early-rift transgressive
system tract. At the type locality, the carbonates
conformably overlie the playa evaporites of the
Al-Bad’ Formation (Figures 6A and 6B). However,
in some places, beyond the limit of the playa
environment (coastal sabkha) where the evaporites
are missing, the Musayr carbonates directly and
disconformably overlie the continental red bed
deposits of the Sharik Formation. In this case, the
boundary between these two formations indicates
a significant time gap.

Figure 5. A) White-colored, massive playa evaporites of the Al Bad’ Formation directly overlying fluvial sandstones
of the Sharik Formation (Senalp, 2016). B) These playa type evaporites (mainy anhidrite) are overlain by light
brown-colored, fossiliferous transgressive shallow marine carbonates of the Musayr Formation (Location:

28°28°07"N/34°51°41.16"E).

Sekil 5. A) Al Bad’Formasyonu 'nun beyaz renkli, masif playa evaporitleri Sharik Formasyonu 'nun fliiviyal kumtaglar
tizerine dogrudan oturur (Senalp, 2016). B) Bu playa evaporitleri (baslica anhidrit) Musayr Formasyonu nun agtk
kahve renkli, bol fosilli s1g deniz ortaminin karbonatlar ile ortiilmiistiir (Lokasyon: 28°28°07"K/34°51°41,16"D).
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Figure 6. A) Shallow marine carbonates of the Musayr Formation conformably overlie the playa evaporites of the
Al Bad’ Formation (28°28°11.0"N/34°51°01.4"E). This indicates the first open marine transgression into the Midyan
Basin (Senalp, 2016). B) However, beyond the limit of playa environment (coastal sabkha), where the evaporites are
missing, the Musayr carbonates directly and disconformably overlie the red bed Sharik Formation. The boundary
between these two formations indicates a significant time gap.

Sekil 6. A) Musayr Formasyonu 'nun sig deniz ortaminda ¢okelmis karbonatlart Al Bad’ Formasyonu nun playa
evaporitleri tizerine uyumlu olarak oturur (28°28°11,0"K/34°51°01,4"D). Karbonat fasiyesi, Midyan Havzasi
icindeki ilk denizel ¢okellerdir (Senalp, 2016). B) Buna karsin, playa ortamini simirlarinin étesinde, evaporitlerin
¢okelmedigi béolgelerde, Musayr Formasyonu Sharik Formasyonu nun kirmizi fliivial kumtaglart tizerine uyumsuz
olarak oturur ve aradaki bu uyumsuzluk yiizeyi 6nemli bir zaman boslugunu temsil eder.

The upper boundary of the formation with
overlying deep sea turbidites of the Lower
Nutaysh Member of the Burqan Formation
is very sharp. This indicates a strong vertical
tectonic uplifting of the Sinai Peninsula and also
significant rapid rifting on the Musayr carbonates
and formation of deep, half-graben type basins.
At some time during the deposition of the Burgan
Formation, the Musayr Formation was uplifted
in different parts of the Midyan Basin, and
brought sediment into the basin. At the outcrop,
the Musayr Formation is 66 m thick and consists
of cream-colored, medium- to thickly-bedded,
various genetically-related carbonate lithofacies.
The most common lithofacies types are skeletal
grainstone, oolitic grainstone, packstone and
wackestone, including abundant coral heads,
large oyster shells and clams. Large blocks of the
same coral heads were also transported into the
basin during the deposition of the turbidites in the
Burgan Formation. The oyster beds, corals, and

miogypsinid assemblages in the carbonate rocks
indicate a warm, shallow marine environment,
such as a shallow marine carbonate platform. The
stratigraphic position of the carbonate succession
sitting directly on the thick evaporite unit supports
this interpretation. It is more likely that the shallow
marine carbonate platform was situated next to
the playa environment where the evaporites were
deposited. Due to a rising sea level, the carbonates
gradually transgressed on top of the evaporites,
forming a transgressive sequence.

Sedimentary successions of the most active syn-
rift period

The sedimentary successions deposited during
the most active (climax) syn-rift period of the
Red Sea, Gulf of Suez and Gulf of Aqaba rifting
is defined as the Burqan Formation after the
exploration well Burqan-3, which was drilled in
the offshore Midyan area of the Saudi Arabian
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part of the Red Sea. Stratigraphically, it is located
between the shallow marine carbonates of the
Burdigalian Musayr Formation at the base, and
the anhydrite-dominated evaporites of the Late
Middle Miocene Magna Formation at the top. The
Burgan Formation correlates with the hydrocarbon
producing Rudeis Formation in Egypt and the
Gulf of Suez. These two formations include the
key reservoir and source rock units in Egypt and
the Gulf of Suez regions, including fields on the
Midyan Peninsula and immediately offshore. As
in the case of other similar syn-rift sedimentary
successions, the Burqan Formation is highly
variable in its thickness, lithofacies assemblages
and depositional environment, indicating the
presence of small fault-controlled depositional
sites within the entire Midyan Basin and Gulf of
Suez. All these variations are related to the depth
of the Midyan Basin and the effects of periodic
uplifting in the Sinai Peninsula, which accounts
for the bulk of sediments in the basin. The Late
Early Miocene (19-15 Ma) Burqan Formation
consists of three wells defined as distinctly
different members, namely: 1) Lower Nutaysh
(submarine fan turbidites), 2) Upper Nutaysh
(Alpine-type glacial sediments), and 3) Subayti
(shallow marine marls, mudstone and evaporites)
(Figure 3B).

Lower Nutaysh Member

The hydrocarbon-producing Lower Nutaysh
Member of the Burgan Formation consists of
thick, generally sandstone-dominated, vertically-
and laterally- stacked coarsening-and thickening-
upward classical turbidite sequences which were
deposited in a progradational deep sea submarine
fan system (Figures 7A and 7B). The open marine
pelagic shales and distal turbidites directly overlie
the shallow marine carbonates of the Musayr
Formation, indicating rapid subsidence of the basin
during the climax of the syn-rift period (Figure
8A). During deposition in the Burqan Formation,
the basin topography was very irregular, and in
some places, this carbonate platform was a uplifted

area and the limestone blocks were eroded and
transported into the deep sea turbidites. Therefore,
the thickness and type of lithofacies of the Lower
Nutaysh Member change from place to place in
the basin, controlled directly by the underlying
horst-graben system created by repeated syn-
rifting tectonic events. In many places, the upper
part of the turbidite succession is cut and severely
eroded by the glacial unconformity surface
formed at the base of the Upper Nutaysh Member
(Figure 8B). This unconformity surface is directly
overlain by massive, unsorted conglomerate and
conglomeratic sandstones, and includes many
polished and striated granitic boulders transported
from the Neoproterozoic igneous basement of the
Sinai Peninsula, where the Alpine glaciers were
formed during the Late Early Burdigalian (19
Ma). Measured paleocurrent directions from the
axis of submarine canyons, pebble imbrications
and flute casts indicate that the sediments forming
the Lower Nutaysh Member were derived from
several sources.

In most of the measured stratigraphic and
sedimentologic sections, the three genetically-
related but distinctly different distal, intermediate
and proximal turbidites, including submarine
canyons forming the uppermost part of the
section, have been well-preserved and are easily
recognized in the centre of the Midyan Basin
(Figure 8A). These three depositional facies are
stacked vertically and laterally, separated by
massive open marine shales indicating periodic
subsidence of the basin and progradation of a new
submarine fan system. Senalp (2016) reported
that proximal turbidites and deep submarine
canyons occupy the northwestern part of the
basin. Their bedding thickness and the grain size
of the sandstones gradually decrease in a southeast
direction and change into distal fan turbidites and
basin floor sediments. However, in other parts of
the basin, the same sections have been cut and
eroded by the west-east running, deep and narrow
U-shaped glacial valleys of the Upper Nutaysh
Member.
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Figure 7. A) Laterally- and vertically-stacked, sand-dominated hydrocarbon-producing turbidite sequences of the
Lower Nutaysh Member of the Burqan Formation were deposited in a progradational deep sea fan environment
during the climax of the syn-rift period of the Midyan Basin (Senalp, 2016). B) A large number of sandstone samples
was collected at outcrops from the upper parts of submarine fans for petrographic examination of their composition
and diagenetic changes.

Sekil 7. A) Burgan Formasyonu nun Alt Nutaysh Uyesini temsil eden yatay-ve diisey yonde-istiflenmis, kum-agirlikl,
onemli miktarda hidrokarbon iiretimi yapilan tiirbidit istifleri Midyan Havzasi'min a¢ilvmin zirvesi doneminde
denizalti yelpazeleri igcinde ¢okelmistir (Senalp, 2016). B) Catyr olusturan minerallerin iliskisi icin petrografik
calismalar yapmak, diyajenetik degisimleri anlamak amacina yonelik olarak arazide ¢ok sayida kumtagsi ornekleri
alinmistir.

Figure 8. A) Regularly interbedded shale and sandstones of distal and medial (classical) turbidites from the
coarsening- and thickening-upwards turbidites sequence of Lower Nutaysh Member of the Burqan Formation.
Medial turbidite sandstones are sharp-based, graded-bedded and heavily bioturbated by Ophiomorpha burrows. B)
The medial turbidite sandstones of the Lower Nutaysh Member are separated from the Upper Nutaysh Member by a
strong glacially-formed erosional unconformity surface. This erosional surface is directly overlain by true glacial
deposits (moraine) and includes large boulders of polished and striated granite and other types of igneous rocks
transported from the glaciated Neoproterozoic crystalline basement located in the Sinai Peninsula.

Sekil 8. A) Burgan Formasyonu nun Alt Nutaysh Uyesi’nin 6nemli bir béliimiinii olusturan normal tiirbidit istifleri,
diizenli olarak ardalanma gésteren kumtasi ve seylden yapilmis olup tabaka kalinliklar: ve ¢okellerin tane-boyu tiste
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dogru artar. Kumtaslar: keskin tabanli, derecelenmeli
olup biyotiirbasyon (Ophiomorpha) yapilar: gosterir.
B) Alt Nutaysh Uyesi'nin klasik tirbidit istifleri Ust
Nutaysh Uyesi’nin tabanmni temsil eden buzul-kékenli
onemli bir aginma yiizeyi tarafindan asindirilmis ve
derince kesilmistir. Bu aginma ytizeyinin iizerine gercek
buzul (moren) ¢okelleri gelir. Buzul ¢okellerinin i¢inde
Sina Yarimadast 'ndan tasinmug yiizeyleri cilalanmis ve
¢izilmis ¢ok bol miktarda granitik ¢akillar ve bloklar
bulunur.

Three distinct lithofacies, mentioned above,
can easily be identified in each laterally- and
vertically stacked, coarsening- and thickening-
upward progradational turbidite parasequence
sets. The lower part of each parasequence is
composed of dark gray, massive fissile shale and
includes very thin-bedded, very fine-grained,
poorly-sorted, and current rippled sandstones.
The shales contain pelagic fossils. Total organic
carbon (TOC) content of the shales at the very
base of the succession is around 3% but this value
gradually decreases upward. The middle part of
the succession conformably overlies the distal
turbidites and consists of regular alternations of
shales and sandstones. The sandstones are sharp-
based, thin- to medium- bedded, and medium-to
fine-grained and pass gradually into the overlying
silty shale. The most common sedimentary
structures are sole marks, graded-bedding, current-
ripples, horizontal and vertical bioturbation - all
indicating deposition from turbidity currents.
These coarsening- and thickening upward typical
medial turbidites of the mid-fan region range in
thickness from 6.5 to 18.2 meters. The uppermost
part of the coarsening- and thickening upward
classical turbidite succession consists of thick,
well-bedded, medium- to coarse-grained, well-
sorted and friable sandstone. These hydrocarbon-
producing reservoir sandstones form the most
significant part of the Lower Nutaysh Member.
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They were deposited in the upper parts of the
submarine fan and within the well-defined deep
submarine canyons. The total thickness of one of
the fully preserved submarine canyons is 34.4 m.
In some cases, the base of the canyon has deeply
eroded the underlying organically-rich massive
distal turbidites and open marine pelagic shales
(Figure 9A). In some canyons, less than 0.5 m
thick lenses of conglomerates occupy the deepest
part of the canyon. There are erratic boulders
of basement rocks and coral limestones eroded
from the uplifted Sinai Peninsula. Paleocurrent
directions of the channel axis indicate N40°W,
N30°E and N50°E, coming from the Sinai
Peninsula and flowing to the south of the Midyan
Basin.

The potential  hydrocarbon
sandstone facies may cut directly into the source
rock shale facies. The pelagic shales of the next
overlying coarsening- and thickening-upward
turbidite sequence also overlie the reservoir
sandstones. In this case, the reservoir sandstones
are completely surrounded by these open marine
shales. In this respect, the hydrocarbons generated
in the pelagic shales migrate directly into the
good quality reservoir sandstones deposited in
the submarine canyons. These sandstones are the
main and the most prolific hydrocarbon-producing
reservoirs in the Midyan Basin and Gulf of Suez.
A large number of hand specimens was collected
from the sandstones at the outcrop to study their
composition, textural parameters and diagenetic
changes to understand and predict their reservoir
quality in offshore and onshore exploration
wells. The best reservoir sandstones, having
high porosity and permeability values, were
deposited in the lowermost part of the submarine
canyons just above the erosional surface, where
the depositional energy was high due to the steep
depositional slope (Figure 9B).

reservoir
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Figure 9. A) Steep-sided submarine canyons formed in the upper part of the Lower Nutaysh Member of the Burgan
Formation cut into either regularly interbedded sandstone and mudstone of classical turbidites (medial turbidites) or
much deeper into shale-dominated distal turbidites. B) Thick-bedded, medium- to coarse-grained, well-sorted,
friable, porous and permeable sandstones forming the uppermost part of coarsening- and thickening-upward turbidite
parasequences are especially important in the Midyan Peninsula.

Sekil 9. A) Burqan Formasyonu 'nun Alt Nutaysh Uyesi nin iist kissmlarinda bulunan dik-yamagch denizalt: kanyonlar:
klasik normal tiirbiditler veya istifin daha alt kisimlarindaki pelajik seyller ve iraksak tiirbiditler igine kazinmistir. B)
Kalin-tabakali, orta-iri taneli, iyi-boylanmus, gozenekli ve gecirimli kumtaslar: tiirbidit istiflerinin en iist kistmlarin
olusturur ve ayrica denizalti kanyonlar iginde ¢ékelmistir.

Upper Nutaysh Member and Formation of
Alpine-Glaciation

This newly-defined Upper Nutaysh Member of
the Burqgan Formation (Senalp, 2016) consists of
various genetically-related glaciogenic deposits,
depending on their depositional site in the entire
system and on the climatic and tectonic conditions
during their deposition. There are continuous
lateral and vertical facies changes between them.
In many respects, the newly- defined Upper
Nutaysh Member is distinctly different from the
underlying deep sea turbidite fans of the Lower
Nutaysh Member. The glaciogenic deposits were
broadly classified as: 1) true glacial deposits
(massive unsorted moraine, stratified diamictite),
2) glacio-fluvial deposits (stratified, poorly cross-
bedded sandstone containing ice-rafted basement
boulders), and 3) glacio-marine deposits (deep
sea turbidites and pelagic shales with dropstones
of the basement blocks). The true glacial deposits
form the most important part of the Upper
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Nutaysh Member. They fill the deep and narrow
U-shaped valleys. The directional geometry of
these valleys and the composition, sedimentary
structures and textures of the boulders and cobbles
indicate an important glacial event occurred in the
tectonically-uplifted Sinai Peninsula during Late
Early Miocene.

The glacially-formed unconformity surface
at the base of the Upper Nutaysh Member cuts
deeply into the underlying turbidite sequences of
the Lower Nutaysh Member and carbonates of
the Musayr Formation. In the southern end of the
Midyan Basin, the entire turbidite section has been
completely eroded and the glacio-fluvial deposits
directly overlie fluvial deposits of the Late
Cretaceous pre-rift Adaffa Formation. In many
places, this glacially-formed unconformity surface
has been severely faulted after its formation.

Al-Laboun (2012) recognized the evidence
of glaciation in the Midyan Basin and identified
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glacially-formed sedimentary structures, polished
and striated boulders. He considered them as the
products of Pleistocene continental glaciation and
informally called them the Midyan Formation.
Senalp (2016) fully agreed that the spectacular
polished and striated boulders were deposited by
glacial processes, but he differs from Al-Laboun
(2012) in respect to their stratigraphic position,
type of glaciation and Pleistocene age.

Based on intensive geologic and geophysical
studies carried out in northwestern Saudi Arabia,
East Africa, Sinai Peninsula, Red Sea, Egypt,
and Middle East regions, the presence of a close
relationship between the breakup and rifting
of the Neoproterozoic Arabian-Nubian Shield
and formation of the Midyan Basin was fully
understood. Every single stage of this breakup
and vertical uplifting along the Red Sea, Gulf of
Suez and Gulf of Aqgaba rifting has been recorded
by well-defined tectono-stratigraphic successions
deposited in marine rift-basins, including the
Midyan Basin in NW Saudi Arabia (Stern and
Johnson, 2010). Garfunkel and Bartov (1977)
reported that in the Late Early Miocene (about 19
Ma), the Sinai Peninsula was tectonically uplifted
more than 4 km above the sea level. This climax
in the rifting period is informally called the “mid-
Rudeis event” in Egypt. This very valuable data
was a major breakthrough in understanding the
location, formation and age of the Alpine-type
glaciation in northwest Saudi Arabia. During this
time, the Neoproterozoic crystalline basement,
early syn-rift Sharik Formation and the carbonates
of'the Musayr Formation were elevated and formed
a high mountain range located to the west and
northwest of the Midyan Peninsula. The uplifted
topographic elevation was at least a few kilometers
(about 1.5 to 2 km) above the permanent snow line.
Based on the present-day topographic height and
the thickness of the eroded material added to it,
the height of the mountains in the Sinai Peninsula
is expected to have been at least more than 5,000
meters above sea level when this mountain range
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was tectonically uplifted during the most severe
period (or climax) of rifting. Based on recent
stratigraphic and sedimentologic investigations,
it is well established that typical Alpine-glaciers
were formed in the above-mentioned tectonically
uplifted Sinai Peninsula during the deposition of
the Late Early Miocene Burqan Formation.

The thick snow cover in the deep depressions
on the crests of high mountain ranges above the
permanent snow line turned into glaciers and the
glacial valleys extended towards the adjacent
Midyan Basin and deeply incised the underlying
sequences during cold periods. The schematic
picture (Figure 10) shows the main geomorphic
features of Alpine-type glaciation and terrestrial
glacial facies (after Molnia, 2004). However,
during warm seasons (interglacial periods), all
the glacially-deposited sediments were carried
by meltwater further into the deeper parts of the
basin. The depositional slope was high and the
continental shelf area on the rift shoulders was
Very narrow.

Figure 10. Schematic illustration showing the main
geomorphic features of Alpine-type glaciation and
terrestrial glacial facies (after Molnia, 2004).

Sekil 10. Alp-tipi buzullagsmasinin jeomorfolojik
ozelliklerini ve karasal ortamda ¢okelmis buzul
fasiyeslerini gosterir sematik resim (Molnia, 2004 den
alinmistir).



Senalp (2016) used the “zipper-rift tectonic
model” to explain many aspects of the depositional
systems of this true Alpine-type glaciation and
their genetically related glacio-fluvial and glacio-
marine sequences in the Upper Nutaysh Member.
The zipper-rift tectonic model was developed by
Eyles (1993, 2004, 2006) and Eyles et al. (1985)
and re-utilized by Eyles and Januzscak (2004a,
2004b, 2007) to support their interpretations
to the probable diachronism of
Neoproterozoic glaciations as the super continent
Rodania began to fragment. The same model is
perfectly applicable to explain the formation of
Alpine-type glaciers on the tectonically-active
mountain ranges of the Sinai Peninsula.

The wuplifted Neoproterozoic crystalline
basement and carbonates of the Musayr Formation
forming high mountain ranges in the Sinai
Peninsula have been severely dissected by E-W
trending faults and N-S trending joint systems,
which greatly helped the lifting and removal
of basement blocks from their locations. The
cubical shape of many erratic blocks supports this
structural setting and also the presence of steep
slopes and the short distance of transportation
between the Sinai Peninsula and Midyan Basin.

explain

GLACIAL AND GLACIOGENIC DEPOSITS
IN THE MIDYAN PENINSULA

The presence of Alpine-type glaciation in the
Upper Nutaysh Member of the Late Early Miocene
Burgan Formation was first recognized and
documented by Senalp (2016). His interpretation
was based on many measured stratigraphic and
sedimantologic sections in every part of the
Midyan Peninsula to understand the sequence
of stratigraphy, nature of the contacts between
various lithofacies, depositional model, type
of glaciation and its age. Senalp (2016) tried to
interpret the source, transportation mechanism
and depositional processes of the genetically-
related different glacial deposits in the Upper
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Nutaysh Member. High energy environments in
the Midyan Basin are typically dominated by the
strong and periodic vertical uplifting of the high
mountain range in the Sinai Peninsula, providing
necessary conditions for the formation of thick
glaciers and also increasing the gradient of the
slope. Today, remnants of the typical steep-sided,
U-shaped glacial valleys extending towards the
Midyan Basin are common and well-preserved
at the holy places of Jebel Musa (Touri Sina
Mountain). One of the direct manifestations of
glacier advancement is the deposition of moraines
(terminal and lateral) within the well-defined,
straight, narrow, steep-sided, U-shaped valleys
(Figure 11). The three-dimensional geometry,
trend of these glacial valleys, and lateral facies
changes in these glacial deposits indicate clearly
that these glacial valleys originated and were
eroded in the Sinai Peninsula in the west and were
transported to the Midyan Basin in the east.

Figure 11. Photograph showing remnants of the well-
defined, narrow, deep and steep-sided, symmetrical
U-shaped glacial valley that cuts into the Neoproterozoic
crystalline basement at the holy place of Jebel Musa
(Touri Sina) in Sinai Peninsula. There are many
polished and striated boulders at the bottom of the
valley.

Sekil 11. Sina Yarimadast nin kutsal Musa Tepesi’nin
bulundugu bdlgede Neoproterozoyik kristalin temel
icine kazilms, ¢ok iyi korunmus, simetrik, U-seklinde
buzul vadilerin kalintilart  bulunur. Bu vadilerin
tabanminda ¢ok miktarda yiizeyleri cilali ve ¢izikli
bloklar yer alir.
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Various true glacial and glaciogenic (glacio-
fluvial and glacio-marine) facies and facies
associations observed in the Midyan Peninsula are
very complex; therefore, it is difficult to interpret
the exact depositional processes and depositional
medium. There are all sorts of variations and
lateral/vertical transitions between these facies.
This complexity reflects the presence of a large
variety of sedimentary processes and depositional
environments during the development of the
Midyan Basin. of course, these complexities are
associated with periodic tectonic uplifting, changes
in the thickness of the ice mass and gradient of
the slope of the Sinai Peninsula, number of glacier
expansions, stadial conditions or withdrawal/
retreating during interglacial periods and the
relative rise in sea level, as suggested by Le Heron
et al. (2009, 2010).

The natural fluctuations of both ice sheets and
Alpine glaciations during glacial periods cause
multiple phases of ice advance and retreat on the
margins of the ice sheets (Senalp and Al-Laboun,
2000; Senalp, 2006a, 2006b; Hirst et al., 2002;
van der Vegt et al., 2012; Senalp, 2016; Senalp et
al., 2018). These fluctuations are often associated
with significant erosion and reworking of
previously-deposited sediments interspersed with
depositional phases, leading to often complex and
spatially very heterogeneous facies associations
(Senalp, 2016). A large number of shale samples
was collected from the underlying Lower Nutaysh
Member and the overlying Subayti Member to
define the age and duration of the glacial period.
The Paleontologic data of the shale samples
provided by Hughes and Filatoff (1995) indicate
that the glaciation lasted about five million years
in Late Early Miocene (19-15 Ma).

In the measured sections at least five cycles
of glacial advances and retreats (interglacial)
were recorded. Each glacial cycle lasted about
one million years and was separated by the strong
glacially-formed unconformity surface formed at
the base of the glacial valleys, which are directly

15

overlain by moraines. In the measured sections
the total thickness of each cycle ranges between
21.6 m and 203.27 m. The oldest unconformity
surface cuts directly into the classical turbidites
and represents the boundary between the Lower
Nutaysh and the Upper Nutaysh members. The
younger three glacially-formed unconformity
surfaces cut into the thick-bedded glacio-fluvial
sandstones which were deposited during the
deglacial period and are also overlain by massive,
unsorted true glacial moraines, without any sign
of reworking. Several measured sections indicated
that the spectacular deep U-shaped glacial valleys
cut deeply into the classical turbidite sequences of
the Lower Nutaysh Member in the west; towards
the east they cut progressively into the early syn-
rift Musayr and Sharik formations. Senalp (2006a)
also reported the presence of distal moraines
unconformably overlying the Late Cretaceous
pre-rift Adaffa Formation.

In connection with the periodic uplift of the
Sinai Peninsula, the depth of the Midyan Basin
has increased periodically causing slumping
and sliding, thereby transporting the previously-
deposited glacial deposits from shelf areas
into deeper parts of the basin. Glacial deposits
transported from the Sinai Peninsula consist of
erosional products of the Neoproterozoic igneous
basement complex and carbonates of the Musayr
Formation mixed with mudstones of the Sharik
Formation. The glacial deposits observed in
the Midyan Peninsula range from true glacial
(moraines or tillites) facies to meltwater streams
(glacio-fluvial) and glacio-marine (diamictites,
dropstones and turbidites) facies (Senalp, 2016).
It is also true that under less colder conditions
(interglacial periods), some of these true glacial
deposits (mainly erratic boulders) were reworked
and transported by slides, slumps and gravity flows
into the Midyan Basin, and were then deposited
within the thick-bedded and coarse-grained
sandstones of proximal turbidites of the submarine
fan system. It is well-established that there is a



continuous transition from true glacial deposits
to glacio-fluvial and glacio-marine deposits. In
this respect, there are no well-defined and clear
cut boundaries between different processes and
different depositional systems because tectonics
and climate have a significant impact on these
processes. The geologic definitions and general
characteristics of these various glacial and
glaciogenic deposits will be discussed in the
following sections.

Moraines (Tillites)

In the Midyan Peninsula moraines were deposited
in 80-100 m deep and about 3.4-5 km wide
U-shaped valleys and are exposed on west-east
extending ridges with sharp edges; they contain
evidence of both direct glacial derivation and
gravitational reworking at the ice margin. They
originate the vertically-uplifted Sinai
Peninsula; therefore, the distance of transportation
was short and the moraines were not reworked.
Their original depositional characteristics and
the textural features of the blocks and large
boulders indicate that their glacial features are
well-preserved along the western flank of Wadi
Al Hamd between Al-Bad’ and Magna towns.
The thickest and most impressive moraines were
deposited and are fully-preserved within the deep
and narrow U-shaped glacial valleys located in
the northern part of Midyan Peninsula close to
the Sinai Peninsula. They are formed from debris
previously carried along by a glacier from the
vertically-uplifted Sinai Peninsula.

from

Moraines consist of massive, unsorted debris
ranging in size from blocks, large boulders and
pebbles to silt-sized glacial flour. They consist
predominantly of pink granite and dark gray-to-
blackigneousbasementrocksofthe Neoproterozoic
basement and blocks of Musayr limestone;
showing significant variations roundness
ranging from well-rounded to angular. Their size
ranges from small pebbles and large boulders

in
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to huge blocks exceeding 2.5 m in diameter.
In general, most the well-rounded boulders are
polished and striated. The matrix between the
large boulders is typically characterized by fine-
grained sediments (clay to silt) eroded from the
underlying deep sea turbidites of the Lower
Nutaysh Member (Senalp, 2016). Some blocks
have been split along the joint system. The glacial
valleys extend in a west-east direction. Their depth
gradually decreases in this direction and their
U-shaped geometry is lost, because the valley
becomes wider and shallower. The thickness and
grain size of the boulders of moraines decrease
significantly. The moraine facies laterally change
into the polymictic conglomerate facies deposited
in glacio-fluvial and finally glacio-marine
environments. In the proximal parts of the glacial
valleys, typical moraines include huge basement
blocks transported from the tectonically-uplifted
Sinai Peninsula (Figures 12A and 12B).

One prominent glacial valley, located on the
coastal highway 8.5 km south of Magna town,
is exposed in its transverse section and displays
the rather narrow, steep-sided U-shaped cross-
sectional geometry incised into turbidites of
the Lower Nutaysh Member. It is 3.4 km wide
(extending between 28°20'45.7" N; 34°43'23.1"
E and 28°19'16.7" N; 34°42'27.4" E) and about
98 m high (deep), as measured from the road. The
valley is completely filled with massive, unsorted
moraines including large polished and striated
erratic boulders and blocks of various basement
rocks up to 2.5 m in diameter. The matrix is
typically reworked clay to silt derived from the
underlying deep sea turbidites of the Lower
Nutaysh Member (Senalp, 2016). These basal
and pushed moraines, including erratic boulders,
were deposited in the more proximal parts of the
valleys during the low stand ice sheet expansion
during cold climate periods and show no sign of
evidence of reworking. In some cycles, lateral
facies changes are present between the true glacial
deposits occupying the deepest part of the glacial
valley and the sides of the valley.
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Figure 12. A) and B) In proximal parts of the glacial valleys, typical moraines include huge basement blocks
transported from the tectonically-uplifted Sinai Peninsula. Some blocks have split along the joint system and green
shale has been eroded from the deeply-eroded turbidites of the Lower Nutaysh Member.

Sekil 12. A) ve B) Buzul vadilerinin en yukart kisimlarinda, ger¢ek buzul ¢okelleri (tipik morenler) tektonik olarak
yiikselmis Sina Yarimadasi’'ndan tasinmis ¢ok biiyiik boylarda bloklar icerir. Bu bloklar buzullasma olayt ile
faylanmis ve eklemlenmis Neoproterozoyik kristalin temelden kolayca kaldirilip buzullarin tabaninda tasinmis ve

buzullarin erimesi sonucu ¢okeltilmistir.

Some glacially-transported boulders have
been pushed and injected into the underlying
non-glacial graded bedded sandstones through
strong internal dynamic forces and subglacial
glaciotectonic pressure exerted by the moving
ice mass during the maximum glaciation period
(Figures 13A and 13B). This relationship gives a
wrong impression, as if the boulders are part of
the sandstones of turbidites and were deposited at
the same time. However, the top surfaces of some
of these blocks have been faceted, polished and
striated, clear indications of their glacial origin
(Figures 13C and 13D).

Polymictic conglomerates

Polymictic conglomerates of glacial origin
are composed of thickly-bedded to massive
heterogenic sediments, consisting of a large
amount of poorly-sorted conglomerates, pebbly
sandstones and clean cross-bedded sandstones

with small amounts of siltstones and mudstone

17

matrix. The blocks and boulders consist mainly
of igneous basement rocks sometimes exceeding
2 m in diameter. There are also large boulders
of red-colored coral head limestones, eroded
and transported from the faulted and vertically-
uplifted Musayr Formation in the Sinai Peninsula.
The sandstones are thickly-bedded (ranging
between 0.5 and 2 m) and are laterally continuous
for long distances. They are generally very coarse
to fine-grained and show well-developed graded
bedding, indicating that they were deposited by
high density turbidity currents.

Glacio-fluvial and outwash plain sediments

In the Midyan Peninsula, there are several glacial
paleovalleys where well-defined and continuous
lateral facies change from true glacial deposits
to glacio-fluvial and glacio-marine deposits.
The glacial valleys, exposed between Al-‘Bad
and Magna towns, form well-defined linear
ridges about 80-100 m above ground level and
extend in a west-east direction, suggesting that
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Figure 13. A) and B) Many large polished and striated boulders and blocks (outsized clasts) of igneous basement
rocks protrude from the sandstones of proximal turbidites. They were injected into the sandstones from the slowly
moving ice mass. C) and D) Large blocks of igneous rocks transported from the Sinai Peninsula were injected deeply
into thickly-bedded sandstones of the proximal turbidites due to strong internal dynamic forces exerted by the
moving ice mass. Their top surfaces were faceted, polished and striated during transportation.

Sekil 13. A) ve B) Cok sayidaki cilalanmis ve ¢izilmis ¢ok biiyiik boylardaki kristalin temel bloklar buzullarla
yavagsga taginarak yakinsak tiirbidit kumtaslart i¢ine sokulmugstur. C) ve D) Sina Yarimadasi 'ndan buzullarla taginan
asirt biiyiikliikteki Neoproterozoyik kristalin bloklar iizerinde hareket ettikleri yakinsak tiirbidit kumtaslart icine
buzullarin etkili oldugu dinamik kuvvetlerle sokulmustur. Bu buzul kokenli bloklarin en iist yiizeyleri cilalanmig ve

ciziklenmigstir.

they originated in the Sinai Peninsula to the west
of Midyan Peninsula. The most important lateral
facies changes occur along the long axis of the
glacial valleys. The nature of the sedimentary
sequence within the glacio-fluvial successions
displays important facies variations; from
proximal parts in the west of the Midyan Basin to

distal parts in the east. The proximal parts consist
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of medium- to thick-bedded and coarse to very
coarse-grained sandstone, including large boulders
(Figures 14A and 14B). Sedimentary structures
include poorly-developed cross-bedding and
current ripple marks. There is a large amount of
polished and striated boulders and blocks which
are still deeply embedded in the sandstones of
the proximal glacio-fluvial deposits (Figures 14C
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and 14D). The depth of glacial valleys becomes
distinctly shallower from west to east and the size

stratified, medium- to thickly-bedded, medium- to
fine-grained, well-sorted and strongly trough cross-

bedded sandstones with high reservoir potential
in the basin. This distal glacio-fluvial facies is
also characterized by the presence of polished
and striated boulders, randomly distributed in the
succession.

of the faceted, polished and striated boulders in
the moraines becomes much smaller.

The distal glacio-fluvial succession in the

eastern part of the Midyan Basin consists of well-

Figure 14. A) and B) A proximal glacio-fluvial succession deposited in the western part of the Midyan Basin.
Outsize, polished and striated granite blocks are deeply embedded in the sandstones. C) and D) Faceted, polished and
striated pink-to-red boulders of granite and various other basement rocks in the moraines filling glacial valleys
cutting into the Upper Cretaceous Adaffa Formation, observed in Wadi Aynunah. These boulders are located on the
north side of the highway between Al Khuraybah and Wadi Aynunah.

Sekil 14. A) ve B) Midyan Havzasi 'nin bati kisminda ¢okelmis buzul-fliiviyal istif. Bu istif icinde asirt biiyiikliikte
cilalanmig ve ¢iziklenmis granit bloklart kumtagslarimin i¢ine gomiilmiistiir. C) ve D) Yiizeylenmis, cilalanmis ve
cizilmis pembe renkli granit blogu ve kristalin temelden tiiremis bloklar Aynunah Vadisi'nde, Ust Kretase yash
Adaffa Formasyonu 'nu kesen buzul vadilerini dolduran morenler iginde gozlemlenmistiv. Bu mostra Al Khuraybah
ile Aynunah Vadisi arasinda uzanan karayolunun kuzeyinde bulunur.
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Glacial erratics

The term erratic is used in this study to refer to
erratic blocks, described as: large masses of rock,
often as big as a car (Figures 15A and 15B). They
have been transported by glacier ice and lodged
in a prominent position in the glacier valleys or
scattered over hills and plains. Erratics are formed
by glacial ice, resulting from the movement of ice
during periods of glacial advances. Glaciers erode
any kind of bedrock by multiple processes, such
as 1) abrasion, 2) scouring, 3) plucking, and 4)
ice thrusting. Examination of their mineralogical
character leads to identification of their sources
and short distance of transportation. Senalp (2016)
reported that the huge glacial erratics in Midyan
Peninsula originated from the vertically-uplifted
Sinai Peninsula and transported in west-east
orientated glacial valleys. They were carried mainly
by ice rafting and floatation during the multiple
periods of glacial advance. The big blocks or large
boulders of the igneous basement rocks and some
coral limestone of the Musayr Formation appear

Muhittin SENALP, Sema TETIKER

to have floated onto the present day topographic
surface over a very large area north of Al ‘Bad
town. They are the erosional products of the
underlying glacial deposits and are found jutting
out of the glacio-fluvial sandstones. Huge blocks
of the igneous rocks are completely embedded
in the sandstone and shale sequences (Senalp,
2016). The large erratic blocks were transported
by glacial valleys onto the continental shelf and
later they were further carried periodically into
the Midyan Basin through slumping and sliding
during the deposition of the turbidite facies. The
composition and the texture of the boulders in
the glacio-marine deposits are the same as those
found in the moraines filling U-shaped valleys. In
general, most of the boulders are rounded, faceted,
polished, striated and even slightly grooved. The
polymictic conglomerates are very significant,
because they show the continuous lateral facies
variation between all the glacial and glaciogenic
depositional environments and also the geological
processes responsible for their deposition.

Figure 15. A) and B) Huge glacial erratic blocks and various sizes of igneous basement rocks are completely
embedded in the interbedded sandstone and shale sequences of the open marine environment.

Sekil 15. A) ve B) Cok biiyiik boylarda ve diizensiz olarak dagilmis magmatik kayag bloklari, Burqan Formasyonu 'nun
Ust Nutaysh Uyesini olusturan denizel ortama buzullar tarafindan tasinmis ve aratabakall olarak ¢ékelmis kumtast

ve seyl istifi icine derince gomiilmiiglerdir.
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Glacio-marine sediments

Towards the distal parts of the glacial paleovalleys,
the true glacial deposits change gradually into
glacio-fluvial polymictic conglomerates and
finally into glacio-marine sediments where the
ice-rafted dropstones (Matthew et al., 1996) are
found. Deglaciation sequences are formed during
ice retreat phases, caused by melting of the ice due
to climatic change. They were laid down during
a sea-level rise and ice margin retreat with the
volume of meltwater and the amount of sediment
input depending on temporary still stands of the
ice margin during the retreat phase (Senalp and
Al-Laboun, 2000). The glacio-marine deposits
were deposited by high density turbidity currents
most likely issuing from an ice margin located at
the head of the valley and are thus interpreted as
subaqueously-deposited ice-proximal outwash
facies deposited on an ice-fed submarine fan.
The absence of any wave-formed facies indicates
that deposition occurred below the wave base,
possibly reflecting the steepness of the basin
margin. Subaqueous glaciogenic facies contain
numerous ice-rafted boulders of red-colored coral
head limestones, eroded and transported from the
faulted and vertically-uplifted Musayr Formation
in the Sinai Peninsula together with crystalline
basement-derived lithologies.

Glacio-marine sediments in the measured
sections have provided valuable records

suggesting five stages of glacial advance and
retreat of the ice sheet fluctuations beyond the
limit of glacial erosion in the Midyan Peninsula.
The presence of four or possibly five glacial
advances is best recorded in the shallower part
of the sea where the thick marine and turbidite
sandstones were cut from their tops by glacially-
formed unconformities and overlain by typical
unsorted moraines representing the next period
of glacial advance. The accumulation of ice and
sediments in relation to eustatic changes were
reported by (Schack Pedersen, 2012, Figure
16). As result of frequently occurring tectonic
uplifting in the Sinai Peninsula and the faulted
rift margins of the Midyan, these glacially formed
deposits were periodically remobilized from
their original positions and were then transported
through mass movements (sliding and slumping),
debris flow, grain flow, and high density turbidity
currents and deposited in the deeper parts of the
basin. Spectacular polished and striated blocks
and boulders of igneous basement rocks were
deposited interstratified with the shallow marine
sandstones and proximal turbidites of the Upper
Nutaysh Member. In the thick sections of proximal
turbidites, large polished and striated igneous
boulders are embedded in the coarse- to very
coarse-grained, graded-bedded and poorly cross-
bedded sandstones (Figures 17A and 17B).

Figure 16. Glaciodynamic sequence stratigraphy: accumulation of ice and sediments in relation to eustatic changes

(adapted from Schack Pedersen, 2012).

Sekil 16. Buzul-dinamik sekans stratigrafisi: deniz seviyesi degisimleri ile iliskili olarak biriken buzul ve sedimanter

¢okeller (Schack Pedersen, 2012 den alinmistir).
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Figure 17. A) Thick-bedded, proximal turbidite sandstones deposited during deglacial periods were cut by glacially-
cut unconformity surfaces during periods of glacial advance during cold periods. B) Glacially-formed unconformity
surfaces cutting into proximal turbidites are directly overlain by massive, unsorted small boulder and pebble
conglomerates of moraines deposited during glacial advance. They are thought to record subglacial erosion and
glacio-tectonism in ice-contact environments and represent direct glacial derivation during the period of glacial
advances.

Sekil 17. A) Buzullarin eridigi donemlerde ¢okelen kalin-tabakalr yakinsak tiirbidit kumtaslar: soguk iklim kosullar
doneminde olugan buzullarin biiyiiyiip yamag¢ asagi hareket etmeleri sirasinda olusan asinma yiizeyleri tarafindan
derince kesilmistir. B) Yakinsak tiirbidit kumtaslarini kesen, buzullarin olusturdugu asinma yiizeyleri iizerine masif,
buzullarin ilerlemesi sirasinda ¢okelen hi¢ boylanma gegirmemis ve iglerinde kiiciik ¢akildan biiyiik blok boyuna
kadar degigsen malzeme bulunan morenler tarafindan ortiilmiistiir.

Figure 18. A) Glacial dropstones are very common in the thick, coarsening- and thickening-upward classical
turbidite sequences of the glaciogenetic Upper Nutaysh Member of the Burqan Formation, deposited during long-
lasting interglacial periods (about 5 million years). B) Large, polished and striated granitic boulders also dropped
onto the sea bed from the floating ice mass and were deposited together with classical (medial) and distal turbidites
(Location: 28°21'09.15"N/34°42'55.4"E).

Sekil 18. A) Acik deniz ortaminda stiriiklenen buzul kiitlelerinin erimesi sonucu buzullarin tasidigi biiyiik boy granit
ve diger magmatik kokenli bloklar Burqan Formasyonu nun Ust Nutaysh Uyesi’nin yakinsak tiirbidit fasiyesinin
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kalin-tabakali kumtagslart igine diismiistiir. Bu kesit 5 milyon yil siiren buzullasma olayinin buzul-arasi donemlerde
¢okelmistir. B) Cilalanmus ve ¢izilmis yiizeylere sahip biiyiik boy granit bloklar: deniz ortaminda gemiler gibi yiizen
buzul kiitlelerinin erimesi sonucu derin deniz ortaminda ¢okelen klasik tiirbidit ve waksak tiirbidit istifleri icine

diigmiislerdir (Lokasyon: 28°21'09,15"K/34°42'55,14"D).

Figure 19. A) Two stacked coarsening- and thickening-upward turbidite sequences separated by deep marine shale
facies. This shale facies includes numbers of large, polished and striated granite boulders. B) This polished and
striated granite boulder dropped onto the sea bottom from an iceberg floating in the deep open ocean. The impact of
the granite boulder on the pelagic shale was considerable and formed a shallow depression (Location:

28°21'10.9"N/34°43'54.4"E).

Sekil 19. A) Diisey yonde istiflenmiy iki iiste-dogru kabalasan ve kalinlasan istifler derin deniz seyl fasiyesi ile
birbirinden ayrilmistir. Bu derin deniz seyl fasiyesi i¢inde ¢ok sayida acik deniz ortaminda yiizen buzul kiitlelerinden
diigmiis biiyiik cilalanmig ve ¢izilmis granit bloklart bulunur. B) Diisen granit bloklari, igine diistiikleri heniiz
taslagsmamis derin deniz seyl fasiyesinin tizerinde biiyiik etki yapmis ve onlari deforme ederek ¢ukurluklar

olusturmugstur (Lokasyon: 28°21'10,9"N/34°43'54,4"E).

Almost at the final melting phase of the ice
mass, the above-mentioned facies pass distally
into well-bedded graded turbidite sandstones and
open marine pelagic shales. There are numerous
polished and striated igneous ice-rafted blocks that
dropped from the floating ice mass (or iceberg)
into the fine-grained distal turbidites and massive
pelagic shales during their deposition and greatly
impacted these sediments (Figures 18A and 18B;
Figures 19A and 19B).

Glacial dropstones

In the measured sections, the dropstones of
the granite blocks and boulders occur in the
thinly-bedded distal turbidites and massive deep
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pelagic shales, indicating clearly that glaciation
occurred during the Early Miocene (19-15 Ma)
in the Midyan Peninsula. This is good evidence
to suggest that glaciers reached sea level during
their advance during a five million years-long
glacial period. The critical evidence is the vertical
positions of the blocks and presence of impact
depressions beneath the polished and striated
granitic dropstones. These indicate that the pelagic
soft mud had been squeezed up around the edges
of the falling igneous rock block (Figures 18A
and 18B; Figures 19A and 19B). A depositional
model of the glacio-marine facies deposited in the
Upper Nutaysh Member of the Burqan Formation
is presented by Senalp (2006a) in Figure 20.
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Figure 20. Interpreted depositional model of glacio-marine facies deposited in the Upper Nutaysh Member of
Burgan Formation. This model is based on the sedimentologically studied and measured sections at outcrops in every

part of the Midyan Peninsula (Senalp, 2006a).

Sekil 20. Burgan Formasyonu nun Ust Nutaysh Uyesi icinde ¢okelmis olan buzul-denizel fasiyeslerinin ¢okelme
ortamimin yorumlanmasi. Bu model Midyan Havzasi’'min her bir bolgesinde mostra veren stratigrafik istiflerde
olciilen sedimantolojik kesitlere dayandwrilmistir (Senalp, 2006a).

MEASURED SEDIMENTOLOGIC
SECTIONS IN THE MIDYAN BASIN

Several stratigraphic and sedimentologic sections
of the Midyan Basin were measured with a 1.5
m long wooden Jacob staff to understand the
lithofacies types for each of the five periods of
glacial advance and retreat during the long-lasting
(about 5 million years) Alpine glaciation. This
fieldwork forms the most important part of this
paper. Each glacial advance is represented by
deeply-cut erosional surfaces which may be called
the Type-1 sequence boundary. The section was
measured both in the transverse and longitudinal
sections of U-shaped glacial valleys. Continuous
lithofacies changes from true glacial deposits to
glacio-fluvial and glacio-marine deposits were
clearly recognized in the basin. In many cases,
the glacio-fluvial sandstone deposits, including
large boulders of polished and striated granite,
conformably overlie the true glacial deposits.
On the other hand, many large ice-rafted granitic
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boulders dropped from the icebergs into the distal
turbidites and deep marine pelagic shales. These
glacial and glaciogenic deposits are described in
the following sections and each distinct lithofacies
unit is numbered.

Section 1: true glacial and glacio-fluvial
successions

The first measured section from the interstratified
true glacial (moraines) and glacio-fluvial deposits
is located south of Magna town east of the coastal
highway. The base of the measured section
starts in a narrow valley, located at 28°20'54.4"
N., 34°43'56.3" E. In this section, four periods
of glacial advances were recorded in a glacially
cut unconformity surface overlain by thick,
massive and unsorted moraines. Thickly-bedded
sandstones represent the glacio-fluvial successions
(Figures 21A and 21B) .
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Figure 21. Section 1 represents true glacial and
genetically-related glacio-fluvial successions. A) This
cross section shows the lowermost part of measured
Section 1 in the Midyan Basin (located at 28°20'54.4"N/
34°43'56.3"E) representing the close relationship
between true glacial deposits (moraine) and glacio-
fluvial sandstones, which are strongly dominated by
glacial processes. The base of the moraine represents
the first glacial advance cut deeply into the turbidite
sequence. It is overlain by conglomeratic sandstones of
glacio-fluvial origin. This figure includes Unit 1 (distal
turbidites deposited before Alpine glaciation formed)
and Unit 2 (base of the glacial valley, thick tillite and
overlying glacio-fluvial deposits). B) This is a
continuation of the previous section and represents the
middle and upper part of measured Section 1. The base
of'this section is located at 28°20'51.15"N/34°43'57.1"E
and includes units 3, 4, 5, and 6. It represents several
stages of glacial advance (moraines) deposited during a
cold climate period. The base of each moraine deposit
represents a significant glacially-formed unconformity
surface. At least five stages of glacial advance and
retreat were recorded in the Midyan Basin.

Sekil 21. Kesit 1 gercek buzul ve kékensel iligkili buzul-
fliiviyal istifleri gdsterir. A) Bu enine-kesit Midyan
Havzasi’'nda olciilmiis Kesit-1 in en tabanini temsil eder
(lokasyon: 28°20'54,14"K/34°43'56,13"D). Bu kesit,
gercek buzul ¢okelleri (moren) ile buzullarin erimesi
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sonucu ortaya ¢ikan fliiviyal sistemin olusturdugu ve
bloklar iceren kumtaslart ile temsil edilmistir. Moren
¢okellerinin tabanmindaki asinma yiizeyi havzaya gelen
ilk buzul dénemini temsil eder. Bu asinma yiizeyi Alt
Nutaysh Uyesi’nin  buzullasma déneminden once
¢okelmis olan klasik tirbiditlerin (Birim-1) igine
derince kazilmistir. Birim-2, buzul vadisinin tabanini,
tizerine gelen kalin moren istifini ve onun tiizerine
uyumlu olarak gelen buzul-fliiviyal bloklu kumtagslari ile
temsil edilmistir. B) Bu kesit, alttaki kesitin devamidir
ve Kesit-1 in orta ve iist kisstmlarimi temsil eder
(lokasyon: 28°20'51,15"K/34°43'57,1"D) ve Birim- 3,
4, 5 ve 6yt icerir. Bu kesit, iklimin sogumasi sonucu
genisleyen ve kalinlasan buzullarin Midyan Havzasi 'na
dogru ilerlemesi sonucu ortaya ¢ikan buzul-kokenli
asima yiizeyleri ve bu yiizeyler iizerine ¢ékelen moren
¢okellerini temsil eder. Havzanin bu kisminda bes buzul
ilerlemesi ve geri ¢ekilme asamalar: gézlemlenmistir.

Unit 1: This lowermost unit is only 20 m thick
and is partly preserved, because its upper part is
deeply cut and eroded by the overlying glacially-
formed unconformity surface overlain by thick
moraine deposits. This unit consists of regularly
interbedded shale and a sandstone section of
typical classical turbidite; representing the Lower
Nutaysh Member of the Burqan Formation.

Unit 2: This unit is 51.5 m thick and extends
between two glacially-formed erosional surfaces.
It consists of two distinct, but genetically-related
depositional facies. This erosional surface
represents the first glacial advance into the Midyan
Basin. The lower interval, directly overlying the
erosional surface, is 32 m thick and represents
the best example of a moraine. It is massive
(unstratified), unsorted and the size of the material
ranges from small pebbles to large boulders. There
is a small amount of sand matrix but no evidence
of reworking of these true glacial deposits. The
conformably overlying section of this unit 2 is
19.5 m thick and distinctly different from the true
glacial (moraine) deposits. This section consists
of well-stratified, planar bedded sandstones which



are very coarse- to coarse-grained in the lower
parts and medium-grained in the upper parts.
Pebbles of granite and other igneous basement
rocks are completely absent in this unit. Some
thick sandstone beds show normal grading. The
upper section of this unit is interpreted as glacio-
fluvial deposits.

Unit 3: The sharp, irregular erosional lower
boundary of this unit represents the second period
of glacial advance (Figures 22A and 22B). The
upper contact is also marked by the third period
of glacial advance. The base of the unit is best
exposed at location 28°20'51.5"'N, 34°43'57.1"E.
Total thickness of this unit was measured as 115
m; however, distinctly different subunits were
identified. The lower subunit is 37 m thick,
massive, matrix-supported and unsorted moraine.
The material consists of angular and subrounded
pebbles and boulders of mainly granite and other
igneous rocks. Some granite boulders reach up to
50 cm in diameter. The upper subunit conformably
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overlies the lower subunit and consists of thickly-
bedded, coarse- to very coarse-grained sandstone
deposited by the fluvial system when the ice mass
started melting.

Unit 4: This unit is 21.6 m thick and extends
between two glacially formed erosional surfaces.
It consists of 17.6 m of identical moraine facies
overlying the very irregular erosional surface
of the third glacial advance (Figures 23A and
23B). The overlying 4 m thick interval is massive
bedded, friable pebbly sandstone. The overlying
second subunit is 78 m thick and has very
heterogeneous lithofacies, indicating both glacial
and glacio-fluvial deposition during the deglacial
period. This interval is massive- to thickly-bedded
with cut and fill structures. There are lenses of
conglomeratic horizons and diffused pebbles in
the gray to buff-colored very coarse-grained and
poorly-sorted sandstone. Also, there are a few
granite boulders about 1.2 m in diameter. This
subunit was deposited by both debris flows and
normal melt water fluvial flow.

Figure 22. True glacial and genetically-related glacio-fluvial deposits observed in measured Section 1. A) The
massive unsorted moraines were deposited during the second glacial advance. B) The glacio-fluvial sandstones were

deposited during a later deglaciation period.

Sekil 22. Olciilmiis Kesit-1 de gozlemlenmis gercek-buzul (moven) ve genetik iliskili buzul-fliiviyal ¢okelleri. A)
Masif, boylanmasiz morenler, buzullarin ikinci periyodunun ilerleme asamasinda ¢ékelmistir. B) Buzullarin erimesi
sonucu ortaya ¢tkan ve gercek buzul ¢okelleri ile genetik iliskili olan biiyiik bloklar igeren buzul-fliiviyal ¢okeller.
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Figure 23. Glacially-formed unconformity surfaces recognized in measured Section 1. A) A sharp and irregular
unconformity surface was formed at the base of the third glacial advance and overlain by a massive and unsorted
moraine. B) A similar glacially-formed erosional unconformity surface was formed at the base of the fourth glacial
advance which cuts into the distal parts of the glacio-fluvial deposits. The overlying unsorted moraine is 3.25 m thick
(Senalp, 2016).

Sekil 23. Olciilmiis Kesit-1 de tanimlanan buzul-kékenli asinma yiizeyleri. A) Keskin, diizensiz buzullasmanin
tictincii doneminde buzullarin tabaninda ortaya ¢ikan asinma yiizeyi. Bu yiizey de diger asinma yiizeylerinde oldugu
gibi masif, tabakalanmasiz ve boylanma gegirmemis moren ¢okelleri ile ortiilmiistiir. B) Daha énceki buzul-kokenli
asinma yiizeylerinde oldugu gibi buzullasmanin dordiincii doneminde olusan asinma yiizeyi de aym ozellikleri
gosterir. Bu asinma yiizeyi alttaki buzul-fliiviyal kumtaglarinin i¢ine kazilmigtir. Bu yiizeyin iizerine dogrudan gelen
tipik boylanmasiz moren ¢okellerinin kalinligi 3,25 metre olarak dlgiilmiistiir (Senalp, 2016).

Unit 5: This 203.25 m thick unit represents Unit 6: This is the last unit of the measured
the final stage of glacial advance recorded in this section. There is no evidence of glacial influence
section. The lower 3.25 m thick interval just above in the deposition of this unit. It is 57 m thick and
the fourth glacially-formed erosional surface consists of three subunits. The lower subunit is 29
is a typical massive, unsorted moraine with no m thick and consists of interstratified thin-bedded,
evidence of reworking (Location: 28°20'51.7"N, fine- to very fine-grained sandstone and gray shale
34°54'058"E). The overlying 200 m thick section intervals. It represents a flood plain environment.
is very poorly stratified coarse- to very coarse- The 23 m thick middle subunit is a continuous
grained pebbly sandstone. There are large and fining-upward channel fill sequence. The lower
small granite and igneous basement boulders. erosional boundary represents a channel base,
Poor grading (upward fining) in the pebble size but the upper boundary is transitional with
represents a typical glacio-fluvial environment. overlying interbedded shale and very thin-bedded
The type of stratification and size of the boulders sandstones. The lower 10 m interval is coarse- to
clearly indicate that the depositional site of this medium-grained and includes small pebbles along
glacio-fluvial system is much closer to true the scoured surfaces. The 13 m thick remainder of
glacial deposits. Debris flow may be the dominant the unit consists of medium- to thin-bedded, fine-
transporting process. to very fine-grained sandstone. The 4 meter thick

third subunit is shale-dominated with a minor
number of thin sandstone beds.
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Section 2: glacio-marine successions

The second sedimentologic section was measured
from the fully-preserved Upper Nutaysh Member
which represents mainly the glacio-marine
succession. It consists of classical coarsening- and
thickening-upward turbidite sequences overlain
by fining- and thinning-upward submarine canyon
deposits. Ten distinctly different but genetically-
related units were identified in the measured
section. Evidence of glaciation is indicated by
the common occurrence of faceted, polished and
striated ice-rafted (dropstones) granite and other
igneous crystalline boulders in various intervals
of the fully marine succession. The measured
section is exposed on the south side of the coastal
highway located 5.6 km south of Magna town.
The base of the section is located at 28°21'00.4"'N,
34°43'37.9"E. It is 636 m thick and consists of
a coarsening- and thickening-upward classical
turbidite parasequence of the Lower Nutaysh
Member in the lower part and laterally- and
vertically-stacked fining- and thinning-upward
glacio-fluvial and glacio-marine parasequences of
the Upper Nutaysh Member. These two genetically-
different depositional facies were separated by the
glacially-formed unconformity surface. The lower
contact of the section with the Musayr Formation
is not exposed but its transitional upper contact
with the post-rift Subayti Member is well-exposed.

Unit 1: This 50 m thick unit is a coarsening-
and thickening-upward progradational turbidite
sequence deposited in the deep sea submarine fan
environment. The lower 28 m is greenish gray,
massive shale but there are some (less than 5%)
thin-bedded, very fine-grained and bioturbated
sandstone beds in the upper parts. The overlying
unit consists of regularly interbedded, thin-
bedded, medium- to fine-grained, graded bedded,
and bioturbated sandstone (60%) and green
fissile shale (40%). This interbedded lithofacies
is gradually overlain by classical turbidite
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facies. The sandstones (80-90%) are medium-
to thick-bedded, coarse- to fine-grained (mostly
medium-grained), graded bedded, well-sorted and
bioturbated. The shales occur as thin beds between
the sandstone beds.

Unit 2: This unit is also another coarsening-
and thickening-upward parasequence but is not
fully preserved. Its upper part is cut and eroded
by the submarine channel forming the base of the
first fining- and thinning-upward sequence. This
contact is defined as a type-1 sequence boundary,
indicating a sharp drop in sea level and migration
of the upper or inner-fan part of the submarine fan
environment. Total thickness of this parasequence
is 155 m. The lower 101 m is greenish gray
massive shale without any sandstone beds. It was
deposited in a deep sea basin. The upper 54 m
consists of regularly-interbedded sandstone and
shale of typical turbidite facies of the lower mid-
fan region. The sandstones are thin- to medium-
bedded, fine- to very fine-grained, graded bedded,
and bioturbated. Ice-rafted (glacial dropstones)
boulders of polished and striated granite and other
igneous rocks cover the outcrop.

Unit 3: This is the first fining- and thinning-
upward parasequence (Figure 24A). It is 66 m
thick and starts with a strong erosional surface. Its
lower 24 m is composed of massive- to thickly-
bedded, coarse- to very coarse-grained pebbly
sandstone, friable and showing multiple graded-
bedding. There are also polished and striated
granitic boulders. This facies was deposited in
the deepest part of the channel of the submarine
fan environment. Striated granitic boulders have
a definite glacial origin. They were reworked, re-
mobilized and transported from the previously-
deposited moraines, and were then re-deposited in
the submarine canyons. There is 4 m thick, planar-
bedded, coarse- to medium-grained sandstone
conformably overlying the underlying channel-
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fill deposits which are transitional with the upper
42 m thick section of this unit. This uppermost
unit consists of an interbedded shale (80%) and
sandstone (20%) sequence of typical classical
turbidite facies. The shale beds are greenish gray
to green-colored and range in thickness from 5 to
10 cm. Individual sandstone beds are 10-32 cm
thick and display flute and groove casts at their
base and horizontal burrows on their top surfaces.
The thick beds are very coarse-grained (with some
granule-size igneous pebbles) in the lower parts
and fine upward into medium- to fine-grained
sandstone. The thin sandstone beds are strongly
bioturbated. All the sedimentary structures
indicate their deposition through well-developed
turbidity currents.

Figure 24. Sedimentologic cross-section of measured
Stratigraphic Section 2 in the Midyan Basin. A) The
base of the section is located at 28 21 004 N/34 43 37.9
E. This shows in detail the glacio-fluvial and glacio-
marine (turbidite) succession and indicates a continuity
between glacial, fluvial and marine processes. This
section includes all the sedimentary facies between
Unit 1 and Unit 8. The thickly-bedded sandstones,
including large igneous boulders, show graded bedding
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representing proximal turbidite facies of the deep
submarine fan environment. B) This figure represents
the upper part of the measured sedimentologic cross-
section. The base of the section is located at 28 21 09.5
N/34 43 559 E. This shows the glacio-marine
(dropstones) and classical turbidite succession, and
deep sea sediments. This figure relates to units 9 and
10. Huge granitic boulders (dropstones) are very
common and completely embedded in the deep sea
turbidites representing the final depositional site of the
Alpine-type glaciation.

Sekil 24. Midyan Havzasi iginde dlgiilmiis Kesit-2
sedimantolojik kesitini  gosterir. A) Bu dl¢iilmiis
kesit gercek buzul, buzul-fliivival ve buzul-denizel
(tiirbidit) ¢okelme fasiyeslerinin onemli ozelliklerini ve
aralarindaki yanal fasiyes degisimlerini agiklamaktadir.
Ol¢iilmiis kesit alttan iiste dogru Birim- 1 den Birim-
8 olarak tammlanmig tim ¢okelme fasiyeslerini
icerir. Iginde biiyiik boyda magmatik kaya¢ bloklar:
iceren, kalin-tabakali, dereceli-tabakalanma gosteren
kumtaglar: yakinsak tiirbidit fasiyesini temsil eder. B)
Bu sekil olciilmiis kesitin iist kisutmlarint temsil eder
ve Birim- 9 ve Birim- 10 icinde temsil edilmis buzul-
denizel, raksak tirbidit fasiyeslerini ve derin deniz
¢okellerini temsil eder. Cok biiyiik boy granit bloklari
eriyen buzullardan deniz tabamna diiserek pelajik
seyllerin i¢ine gomiilmiisler ve diistiikleri yerde ¢ukur
olusturmustur.

Unit 4: This unit is 45.72 m thick and forms
the second fining- and thinning-upward sequence.
The base of the sequence represents a submarine
canyon which cuts deeply into an interbedded shale
and sandstone sequence of classical turbidites. The
lower 39.70 m thick section consists of laterally-
and vertically-staked fining upward multiple
channels. Conglomerates and conglomeratic
sandstones, with occasional boulders, overlie the
base of each channel (Figure 24A). Most of the
pebbles and boulders are polished and striated,
indicating their glacial origin. The sandstones
overlying the conglomerates are light brown,
massive- to thick-bedded and show normal graded
bedding from coarse- to medium sand. Thin green
shales are partly-preserved between channels.
Conformably overlying this section is 6.2 m thick



regularly interbedded shale and a graded bedded,
current rippled sandstone section representing
medial turbidities.

Unit 5: This 32.40 m thick unit represents
another fining- and thinning-upward parasequence.
It starts with a strongly erosional channel base,
cutting into the thin-bedded turbidite section.
The lower 22.40 m section is a single channel-
fill sequence consisting of medium- to thin-
bedded, fine- to very fine-grained, well-sorted
and friable sandstone and includes a few small
igneous pebbles. The overlying 10 m is composed
of regularly interbedded sandstone and shale
representing classical (medial) turbidite facies.

Unit 6: This 27 m thick unit is the fourth fining-
and thinning-upward parasequence. Its erosional
base is located at 28°21'10.9"N, 34°43'54.4"E.
The lower 20 m is a massive- to thickly-bedded,
very coarse- to coarse-grained, strongly fractured
pebbly sandstone facies and shows short cycles of
multiple-graded bedding. Itis gradually overlain by
7 m thick planar bedded, medium- to fine-grained
sandstone. The common sedimentary structures,
such as the complete graded bedding and well-
developed current ripples in the uppermost part
of the section, suggest final deposition. The
sediments filling the canyon are mostly reworked
glaciogenic sediments transported by slumps,
slides and turbidity currents from the narrow
continental shelf areas and are called glaciogenic
diamictite.

Unit 7: This 18 m thick unit conformably
overlies the underlying fining-upward channel-fill
sequence and consists of interbedded sandstone
and a shale sequence of classical turbidite facies
representing the lower and middle parts of the
submarine fan environment.

Unit 8: This 60 m thick unit represents
another fining- and thinning-upward turbidite
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parasequence. The lower 10 m thick section
consists of 6 m of coarse- to very coarse-grained,
unsorted pebbly sandstone of debris flow deposits.
There are small boulders of granite and other
igneous rocks (Figure 24A). It is overlain by 4
m thick medium-bedded, coarse -to medium-
grained, graded-bedded, well-sorted, friable and
good reservoir sandstone covered with thin lenses
of shale. The upper 50 m thick section consists of
vertically- and laterally- stacked channel-filled
sandstones. There are erosional remnants of shale
beds between the channels. This interval is very
thickly bedded, coarse- to medium-grained and
well-sorted; showing well-developed multiple
graded-bedding.

Unit 9: This unit consists of two genetically
related, vertically-stacked, = well-developed
classical coarsening- and thickening-upward
turbidite parasequences and represents the best
examples of genetically related glaciogenic
deposits and deep sea turbidites (Figure 24A).
The lower 50 m thick parasequence starts with
10.5 m thick, light gray to green-colored massive
shale and includes lenses of the conglomerates,
including granite and basement rocks, enclosed in
the shales (Figure 24B). The upper parasequence
is 30 m thick and includes one single and isolated
granite block embedded in the shale (location:
28°21'10.9"'N., 34°43'54.4"E.). The heavy weight
of the polished and striated granitic block made
a significant impact on the underlying pelagic
shale and opened a depression. This important
observation on the well-exposed outcrops in the
deeper parts of the basin indicates dropstone
origin of the granitic block from a floating ice-
mass (iceberg) in the open sea. It is suggested that
the thick ice-mass advanced into the shallower
parts of the sea during the long-lasting (about 5
million years) glaciation.

This glacio-marine pelagic shale facies is
gradually overlain by 16 m thick, thin- to medium-
bedded, fine- to medium-grained, graded bedded
sandstone with thin beds of shale, representing
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classical turbidite facies. The upper part of this
turbidite parasequence is 23.5 m thick, consisting
of light brown, very thickly-bedded, coarse- to
very coarse-grained conglomeratic sandstone,
also including a number of striated granitic
boulders. The thick sandstone beds show multiple
graded bedding. This facies was transported from
rift margins and was deposited by high density
turbidity currents. The upper coarsening- and
thickening-upward  progradational  turbidite
parasequence of this unit is 38.5 m thick. Its
lower part is 8 m of massive, gray-green shale and
indicates a marine flooding surface. Its upper part
1s 30.5 m thick and consists of thin-bedded, fine-
to very fine-grained bioturbated sandstone.

Unit 10: This uppermost unit is 49 m thick
and consists of alternating sandstone and shale
sequences. The thickness of green, massive shale
sequences ranges from 4-10 m. The thickness of
the sandstone sequences ranges from 1.5 m to
4.5 m. The 4.5 m thick sandstone unit shows a

fining- and thinning-upward sequence deposited
in a small turbidite channel. The uppermost fining-
upward parasequence is 7 m thick. Its lower 5 m
section consists of massive- to thickly bedded,
to very coarse-grained, well-sorted
and friable sandstone with very good reservoir

coarse-

quality. The middle part is medium-grained,
trough cross-bedded and shows multiple graded
bedding, indicating frequent fluctuations in the
current regime. The overlying 2 m thick interval
is composed of regularly interbedded green shale
and thin-bedded, very fine-grained, bioturbated
sandstone. The uppermost part of the unit is 14
m thick and consists of 2.5 m of massive green
shale overlain by 11.5 m of mostly green shale
interbedded with thin-bedded, fine- to very fine-
grained and bioturbated sandstone. One 2.5 m
thick lenticular sandstone body was deposited in
a small channel in the distal part of the submarine
fan. Based on the measured outcrop sections, a
structural and depositional model of the Midyan
Basin is shown in Figure 25.

Figure 25. Interpreted geologic model illustrating the genetic relation between the uplifted Sinai Peninsula and the
stratigraphy and sedimentology of the successions deposited during the Early Miocene syn-rift (early and late)
periods in the Midyan Basin. (Mbr: Member, Fm: Formation, Unc: Unconformity).

Sekil 25. Sina Yarimadasi 'min tektonik olaylarla yiikselmesi ile yakin iliskili olarak Midyan Havzast iginde Erken
Miyosen zamaninda agilma sirasinda (erken ve ge¢ agilma) ortaya ¢ikan istifin stratigrafik ve sedimantolojik modeli.
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POST-RIFT SUCCESSIONS IN THE
MIDYAN BASIN

The sedimentary successions, representing the
post-rift stage (between 14 and 11.6 million years
ago) of the Red Sea, Gulf of Suez and Gulf of
Aqaba were fully-preserved on outcrops and in
the subsurface (Figure 3B). They were deposited
in very shallow marine and playa environments
under warm climatic conditions representing
post-glacial facies. These mainly evaporitic
successions include the Subayti Member of the
Burgan Formation and the Magna Group (Figures
26A and 26B). The Magna Group consists of two
evaporite-bearing formations: (1) the Lower to
Middle Miocene Jabal Kibrit Formation; and (2)
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Group forms an extensive blanket of gypsum and
anhydrite that covers much of the central part of
the basin.

Subayti Member

The Subayti Member overlies the underlying
glaciogenic Upper Nutaysh Member and forms
the youngest member of the Burqan Formation; it
is conformably overlain by the massive evaporites
of the Magna Formation (Senalp, 2016). This is
one of the most important cap rock facies in the
Midyan Basin, Red Sea, Gulf of Suez and Egypt
(Senalp, 2016). The best outcrop is located along
the coastal highway south of Magna. The section

consists of interbedded light gray to cream-
colored, massive shale, siltstone, marl, evaporitic

the Middle Miocene Kial Formation (Hughes and
Johnson, 2005). In the Midyan area, the Magna

Figure 26. Post-rift depositions exposed in the Midyan Basin of NW Saudi Arabia. A) Outcrop of the Subayti
Member located on the coastal highway south of Magna town. It consists of light grey, massive shale, mudstone,
calcareous mudstone (marl) and evaporitic mudstone, interbedded with siltstone and a minor amount of thin-bedded
sandstone. B) The type locality of Magna Formation near the town of Magna, located on the east coast of the Gulf of
Aqaba. These thick massive evaporites form a significant cap rock on the sandstone reservoirs of the Burgan
Formation.

Sekil 26. Kuzeybati Suudi Arabistan’in Midyan Havzasi i¢inde agilma-sonrast ortaya ¢ikan sedimanter istifler. A)
Magna kéyiiniin giineyinde Akabe kérfezinin kiyisinda mostra veren Burqan Formasyonu ' nun Subayti Uyesinin
fotografi. Bu mostra, agik gri renkli, masif seyl, camurtasi, kalkerli camurtasi (marn) ve bu ince-taneli ¢keller ile
aratabakali olan ince-tabakali kumtaglari ve miltaslart ile temsil edilmistir. B) Akabe Kérfezi 'nin dogu kiyisi tizerinde
yer alan Magna kéyii yakininda mostra veren Magna Formasyonu 'nun tipik yeri. Bu kalin ve masif evaporitler
Burgan Formasyonu’nun hidrokarbon tiretimi yapilan rezervuar fasiyesleri iizerinde ¢ok onemli ve gegirimsiz bir
ortii kaya fasiyesi olugturur.
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mudstone, and thin-bedded gypsum-cemented
sandstone (Figure 26A). Hughes and Johnson
(2005) reported the presence of a minor amount
of limestone in the subsurface. The thickness of
the section is 150 m at the outcrop and 3.680 ft
(1.122 m) in the Burqan-3 (BRQN-3) well. The
succession shows a shallowing-upward regressive
sequence. The lower parts of the member are
deposited in the shallow marine environment on
the continental shelf. This environment gradually
became restricted and turned into evaporitic
basins. The Early Middle Miocene age (Langhian)
of'the member was determined from the subsurface
palynologic data (Hughes and Filatoff, 1995).

Magna Formation

The evaporite-dominated Magna Formation is
best exposed in the town of Magna and forms
the uppermost part of the succession that was
deposited after the rifting event was completed
in the Midyan Peninsula. The massive evaporitic
sequence of anhydrite and gypsum deposits covers
much of the central part of the Midyan Basin
(Figure 26B). Large-scale slump structures in the
evaporites of the Magna Formation can easily be
observed in almost every part of the outcrop. The
thickness of the formation ranges from 150 m
thick at the outcrop (Motti et al., 1982) and 300
m in exploration wells drilled in the Red Sea and
offshore Midyan Peninsula (Dullo et al., 1983).
Based on the presence of age-diagnostic planktonic
foraminifera and calcareous nannofossils collected
from the surface and subsurface samples of the
Magna Group, it was dated as Early to Middle
Miocene (Hughes and Filatoff, 1995).

HYDROCARBON POTENTIAL OF THE
MIDYAN BASIN

The Midyan Peninsula has great potential for
hydrocarbon exploration and for production of oil
and sweet gas in the onshore and offshore Midyan
Basin and the Red Sea (Figure 27). Intensive
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fieldwork at outcrops and subsurface and laboratory
studies carried out by different departments of
Saudi Aramco and Saudi universities indicated
that the shallow marine carbonates of the Musayr
Formation and the thick sandstone-dominated
turbidite successions of the Lower Nutaysh
Member of the Burqgan Formation have potential
source rock and reservoir rock facies in the
Burgan field area of the Midyan Basin (Hughes
and Johnson, 2005). This has been confirmed in
the exploration well AI-Wajh South-1 (AWSO-
1) at a depth of 2875-3819 m, making it a 944 m
thick oil producing reservoir interval (Hughes and
Johnson, 2005). The transgressive open marine
shales overlaying the fossiliferous carbonates of
the Musayr Formation are rather rich in organic
matter (about 3-5% TOC) and provide a good
potential source rock to generate hydrocarbon and
migrate upward into the sand-dominated proximal
turbidites and submarine canyons.

Figure 27. Map showing locations of all hydrocarbon-
producing fields and exploration wells drilled in the
offshore and onshore fields of the Midyan Peninsula
(Hughes and Johnson, 2005).

Sekil 27. Midyan Yarimadasi'ndaki deniz ve kiyi
alanlarindaki tiim hidrokarbon iiretim alanlarinin
ve arama kuyularimin konumlarini gésterir harita
(Hughes ve Johnson, 2005).



In this study, a large number of shale and
sandstone samples was collected from various
facies of the turbidite sequences. However, it was
obvious that the thick bedded, medium- to coarse-
grained, friable- to weakly-cemented sandstones
deposited in the submarine canyons form the best
reservoir facies. [t was very important to understand
their trend in the subsurface and recognize them on
seismic lines. Therefore, paleocurrent directions
were collected from the bottom structures (flute
and groove casts) and cross-bedding formed in
the lower parts of the vertically-stacked channels.
These studies provided an important source of
data to correlate them with oil producing reservoir
facies in exploration wells in the Red Sea, Gulf of
Suez and Midyan Basin (Alsharhan, 2003). They
also greatly assisted in understanding the burial
history and roles of different diagenetic processes
on the reservoir properties, which can in turn be
used to predict porosity and permeability of the
subsurface reservoirs (Al-Ramadan et al., 2013;
Al-Laboun et al., 2014; Senalp, 2016).

The potential reservoir sandstones deposited
in the submarine canyons are medium- to thick-
bedded, laterally continuous, medium- to coarse-
grained, well-sorted, and friable or weakly
cemented, porous and permeable. The essential
framework grains of the sandstones consist of
quartz (80%), feldspar (9.7%) and rock fragments
(10.3%). The porosity of the studied sandstone
samples, measured with a helium porosimeter,
ranges from 7% to 24% depending on the location
of the samples in the measured sections and
their grain size. The studied sandstones from the
hydrocarbon-producing turbidite sequence of the
Lower Member of the Burqan Formation reflect a
wide range of permeability values, ranging from
62 to 11,320 millidarcy, with an average value
of 2846 millidarcy. The hydrocarbon-producing
turbidite sequence of the Burqan Formation is
overlain by the thick and massive evaporites of
the Magna Formation, forming an efficient tight
cap rock.
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CONCLUSIONS

Based on long-term outcrop studies and measured
sections in the Midyan Peninsula, the stratigraphy
and depositional environments of the rift-related
stratigraphic successions in the Midyan Basin
have led to the following conclusions.

1. The Midyan Basin was formed as result of
the Red Sea, Gulf of Suez and Gulf of Aqaba
rifting in the Early Miocene (23.3 Ma) and
represents the full stratigraphic succession
deposited during the pre-rift, syn-rift and
post-rift phases of the rifting; thus providing
an excellent geological window to understand
the tectonic influences on the type of climate
and depositional systems in the basin.

2. The early syn-rift sedimentary successions
(between 23.3 Ma and 19 Ma) consist of
the arid continental alluvial fan and fluvial
sediments (Sharik Formation), overlain by
the coastal sabkha (playa) evaporites (Al‘Bad
Formation), and capped by the shallow
marine carbonates (Musayr Formation)
representing transgressive system tracts. The
later syn-rift sedimentary successions consist
of hydrocarbon-producing deep sea turbidites
of the Lower Nutaysh Member and Alpine-
type glacial, glacio-fluvial and glacio-marine
deposits of the Upper Nutaysh Member. There
is a glacially-formed unconformity surface
between these two members.

3. Alpine-type glaciation was formed when the
Sinai Peninsula and the rift shoulders were
uplifted vertically more than 4 km above
sea level during the climax of rifting during
Early Miocene (19Ma). The height of the
mountains in the Sinai Peninsula is expected
to be at least more than 5,000 meters above
sea level and at least a few kilometers above
the permanent snow line.

4. The thick snow cover in the deep depressions
on the crests of high mountain ranges in the
Neoproterozoic Sinai Peninsula turned into
glaciers. The depositional slope was high and
the continental shelf area on the rift shoulder
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was very narrow. The Alpine glaciation lasted
about 5 million years and during this glacial
period at least five major glacial advances
and retreats were recorded in the measured
sedimentologic sections. The duration of each
glaciation (glacial advance) and deglaciation
(glacial retreat) cycle is slightly more than 1
million years.

5. The glacial sediments were eroded and
transported through narrow but deep U-shaped
glacial valleys from the Sinai Peninsula in the
west to the Midyan Peninsula in the east. They
were deposited as true glacial, glacio-fluvial
and glacio-marine sediments in the Midyan
Basin. However, during the less cold seasons
(during the melting phase or deglacial period),
some of these coarse-grained glacial deposits
were reworked and carried further down into
deeper parts of the basin by means of gravity
slide, slump and high density turbidity
currents; whereupon polished and striated
igneous blocks dropped from the floating ice
(or iceberg) into the fine-grained sediments
during their deposition, further indicating
their glacial origin. There was a continuous
transition and the lateral facies changed
from being true glacial deposits (unsorted
moraines) to genetically-related reworked
moraines, erratics, glacio-fluvial and glacio-
marine deposits. Every depositional system
has its own convincing characteristics, but it
is not easy to draw a sharp boundary between
different geologic processes.

6. The sedimentary successions which were
deposited during the post-rift period of the
Red Sea and Gulf of Agaba rifting (between
18 Ma and 5 Ma) consist of the conformably
overlying Subayti Member of the Burqan
Formation and the Magna Formation. The
Magna Formation is a thick evaporitic
succession, consisting mainly of massive
anhydrite interbedded with secondary gypsum
and evaporitic mudstone forming a very
tight cap rock facies on top of the sandstone
reservoirs essential for an effective petroleum
system.
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GENISLETILMIS OZET

Bu c¢alismada Erken Miyosen (23,03 My)
zamanminda baslayan Kizildeniz, Siiveys ve Akabe
Korfezleri’nin tektonik a¢ilmalariyla ortaya ¢ikan
Midyan Havzasi’min stratigrafik evrimi, ¢okelme
ortamlart ve ¢ok farkli fasiyes ozelliklerinin
ayrintili olarak ¢alisiimasit sonucunda, bunlarin
havzamn hidrokarbon potansiyelin etkilerinin
ortaya  konulmast amacglanmistir.  Havzanin
hidrokarbon potansiyelinin ortaya konmasi igin
ilgili petrol sisteminin unsur ve siireglerinin ¢ok
daha ayrintili arastirilmasi gerekmektedir. Ayrica,
bucalismada acilmasirasinda Sina Yarimadast 'nin
diisey yonde onemli miktarlarda yiikselmesiyle
ortaya ¢ikan Alp-tipi buzullasmasinin yari-graben
ozelligindeki Midyan Havzasi'nin iginde geligen
farkli  ¢ékelme ortamlarina nasil  yansidigi
agiklanmistir.  Siiveys Korfezi ve Kizildeniz'de
tiretim yapuan 200°den fazla petrol sahasinin
bulunmas ve korfez icindeki sedimanter istiflerin
her yoniiyle Midyan Havzasi ' ndaki istiflere
benzerlik gostermesi, bu havzamin hidrokarbon
potansiyelini onemli derecede artirmigtir. Bu istif,
petrol sistemlerinin en dnemli unsurlart olan
kaynak kaya, rezervuar kaya, ortii kaya ve
hidrokarbonlarin kapanlanmast i¢in gerekli olan
vapisal (antiklinal ve fay) ve stratigrafik ozelliklere
sahipti. Midyan Havzasi iginde, Oligosen’den



baslayip Miyosen sonuna kadaruzanan sedimanter
istiflerin stratigrafisi, sedimantolojisi ve fasiyes
analizlerini  igeren  bilgiler  bu  yayinin
yvazarlarindan birinin uzun yillar boyunca Suudi
Aramco  Petrol  Sirketi ve King Fahad
Universitesi 'nde yapmis oldugu
calismalarinin -~ sonuglarina  dayandirilmustir.
Midyan Havzasi, Ge¢ Oligosen (Satiyen)-Erken
Miyosen (Akitaniyen, 23,3 My) zamaninda
actimaya baslamis ve bu acilma Orta Miyosende
sona ermis ve bunu dogrultu atimli faylanma
olaylart takip etmistir. Kizildeniz a¢ilmasinin
toplam yer degistirmesinin 100 km den daha fazla
oldugu bilinmektedir (Garfunkel, 1988). Sina
Yarimadasi’min  Erken Burdigaliyen (19 My)
zamaminda 4 km den fazla yiikselmesi sonucu
gelisen Alp-buzullagmasi ile iligkili olarak havza
icinde buzul-kokenli en azindan bes asinma
yiizeyleri ve stratigrafik istifte gelismis kesiklik
diizlemleri tespit edilmistir. Faylanma ile ortaya
¢tkan ¢okme olaylar:, Miyosendeki deniz seviyesi
dalgalanmalar: ve agilma swrasindaki tektonik
olaylarin neden oldugu Sina Yarimadasi'nin
kuvvetli yiikselmesi ile iliskilidir (Evans, 1988;
Senalp, 2016). Midyan icindeki
sedimanter istifleri iginde birbirini takip eden ii¢
agima evresi tespit etmistir. Bunlar: 1) ac¢ilma-
oncesi, 2) ag¢ima-sirasi (erken ve geg) ve 3)
ag¢ima-sonrast istifler olarak tanmimlanmustir.
Acilma-oncesi Istifler Kizildeniz'in agilmasindan
once ¢okelen Paleozoyik, Mesozoyik ve Erken
Tersiyer istifleri yalnizca Tayma-Tabuk ve Sakaka
(Al Jawf) havzalari icinde temsil edilmistir. Bu
calismanin yapildigi bolgede sadece Ust Kretase
vash Adaffa Formasyonu mostrada korunmustur.
Adaffa Formasyonu Kretase yash olup (Clark,
1986) Midyan bolgesinin giineydogusunda yer
alan Ifal havzasinda, agilma-oncesi istifin en alt
birimini  olustur  ve  Arap  Kalkani’'min
Neoproterozoyik yash kristalin temel iizerine
oturur.  Formasyonun  iist  kismu  Sharik
Formasyonu’nun  tabamindaki  erken-agiima
donemini temsil eden Erken Miyosen yash (23,03
My) bolgesel asinma yiizeyi ile simirlandurilnistir.
Olciilmiis tip kesitte bu istif 90 m, olup alttan iiste

arazi

Havzasi
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dogru ¢akiltasi, kirmizimsi-kahve renkli, ¢capraz-
tabakali, iyi boylanmus, gevsek cimentolu kuvars
kumtaslarindan olusmaktadi:. Istifin en iistii
kesimleri ince-tabakali marn, miltasi, ince-taneli
kumtagsi ve gri-yesil renkli seyl fasiyesleri ile temsil
edilen menderesli nehir ortaminda cokelmistir.
Seyller icinde dinozor ve kaplumbagalara ait
kemik parcgalart ve silislesmis agag¢ parcalart
bulunmaktadir. Dinozor kemik parcalarinin Geg
Kretase (Albiyen) yash titanosaurid dinozor tiirii
oldugu saptanmustir (Senalp, 2016). Kizildeniz in
acilmast  swrasinda ¢okelen ve ¢ok onemli
hidrokarbon potansiyeline sahip sedimanter
istifler, Suudi Arabistan’in kuzeybatisinda yer
alan Midyan Havzast icinde hi¢ kesiksiz olarak
korunmustur. Bu havza, Oligosen sonunda
(Satiyen, 23,03 My) baslayan siirekli ve birbirleri
ile baglantili olarak gelisen Kizildeniz, Siiveys ve
Akabe Korfezleri'nin agilmast ile iliskili olarak
ortaya ¢tkmistir. A¢ilmanmin erken asamasinda
birbirleriyle baglantisi olmayan yari-grabenler
olusmus, fakat ac¢ilma ilerledik¢e bu grabenler
gittikce derinlesen genis ¢okelme havzalarina
doniismiis ve iclerinde kalin, acilmamin tim
asamalarmmi ve ortaya ¢ikan farkli  ¢okelme
ortamlarini temsil eden istifler ¢cokelmistir. A¢ilim
swrasinda olusan bu istif erken-agilma ve geg-
agima istifleri olmak iizere iki gruba ayrilmistir.
Erken-agilma istifi, tabanda aliivyon yelpazesi ve
Sfiiviyal ortamda ¢okelmis Sharik Formasyonu,
onun lizerine gelen playa ortaminda ¢okelmis
masif anhidrit fasiyesindeki Al Bad’ Formasyonu
ve en listte sig deniz ortaminda ¢okelmis
karbonatlarin temsil ettigi Musayr Formasyonu
ile temsil edildigi transgresif bir ¢cokelme modelini
temsil eder. Musayr Formasyonu nun ¢okelmesinin
hemen sonrasinda Midyan Havzasi, bitisik
bulundugu Proterozoyik yaslh kristalin temelin
olusturdugu Sina Yarimadasi'min tektonik olarak
diisey yonde yiikselmesiyle iliskili olarak asuri bir
derinlesme kazanmisti. Bu olay, ac¢imanin en
siddetli oldugu ve hatta zirve yaptigi bir donemi
temsil edip ortaya c¢ikan istifler Burqan
Formasyonu (Misirda Rudeis Formasyonu) olarak
tamimlanmis, Alt  ve Ust Nutaysh olarak
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adlandrilan iki iiyeye boliinmiistiir (Senalp,
2016). Alt Nutaysh Uyesi, Musayr Formasyonu nun
karbonatlart iizerine uyumlu olarak gelen deniz
alti yelpazeleri icinde ¢okelmis klasik tiirbidit
istifleridir. Ust Nutaysh Uyesi, Sina Yarimadasi 'nin
Erken Burdigaliyen (vaklagik 19 My) zamaninda 4
km’den daha fazla yiikselmis olmasi (Garfunkel ve
Bartov, 1977) nedeniyle yiiksek dag zirvelerinde
olusan Alp-tipi buzullarin erimesiyle ortaya ¢ikan
derin vadilerin ¢okeltmis oldugu farkly buzul
fasiyesleriyle temsil edilmistir. Bu iki farkl iiye
arasidaki  buzul asindirma  yiizeyi Misur’da
Rudeis- ortast olay olarak tammlanmigtir. Istif
icindeki  biiyiik  granit  bloklarimin  varhigi,
buzullarin ~ Sina  Yarimadasi'ndan  asindirip
tasidigi malzemeleri denizin igine kadar tasidigini
gosterir (Senalp, 2016). Neoproterozoyik kristalin
temel iizerine oturan, Erken Miyosen (Akitaniyen,
23,03 My) yash Sharik Formasyonu, agilmanin en
erken donemindeki graben ve yari-grabenler
icinde ¢okelmistir. Bu formasyon, fosil icermeyen
bashica kumtasi, cakiltasi ve camurtasindan
yapilmis olup sicak ve kurak iklim kosullar
altinda genis aliivyon yelpazeleri, ve bu
yelpazelerin daha asagr kisimlarindaki orgiilii
nehir ve playa ortamina yakin eoliyen kumul
ortamlarinda ¢okelmistiv. Midyan Havzasinda, Al
Bad’ Formasyonu baslica beyaz renkli, masif-
goriiniimlii anhidrit, jips ve az miktarda seylden
yapimis olup alttaki Sharik Formasyonu nun
karasal ¢okelleri iizerine uyumlu olarak oturur. Al
Bad’ Formasyonu ' nun Musayr Formasyonu 'nun
s1g deniz karbonat fasiyesleri ile olan iist sinir
onemli bir transgresyon yiizeyini temsil eder.
Formasyonun kalinligi Yanbu-6 arama kuyusunda
461 ayak (140,5 m) kalinlhikta olup kaya tuzu,
anhidrit ve az miktarda seylden yapilmistir

(Hughes ve Johnson, 2005). Al Bad’
Formasyonu’'nun playa (gegici g6l) adi verilen ve
genellikle  aliivyon  yelpazelerinin  asagi

kissmlarinda ve grabenlerin en ¢ukur oldugu
yerlerdeki sinirli bélgelerde ¢okelmis oldugu
anlasilmistir (Al-Ramadan vd., 2013). Bu playa
ortami, Tetis Okyanusu 'nun Midyan grabeni i¢ine
sokuldugunun en kanitlayici gostergesidir. Arama
kuyularindan alinan karotlardaki 6rneklerinin
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stronsiyum izotop ¢alismalart bu formasyonun
yvasint Erken Miyosen (Akitaniyen, 22-23 My)
olarak gostermistir (Cocker ve Hughes, 1993).
Clark (1986) tarafindan tamimlanmis ve 66 m
kalinliktaki bir karbonat istifi ile temsil edilmis
olan Musayr Formasyonu Kizildeniz’'in erken
agtliminin en tist devresinde ortaya ¢ikan sig deniz
ortaminda ¢okelmistir. Transgresif istifin tiimiiyle
korundugu bélgelerde karbonat istifi alttaki Al
Bad’ Formasyonu 'nun playa evaporitleri iizerinde
uyumlu, fakat evaporitlerin ¢okeldigi playa
ortamumin  disindaki  bolgelerde  Musayr
karbonatlart  Sharik Formasyonu'nun kirmizi
renkli karasal kumtasi ve camurtaslart iizerine
dogrudan oturur (bak: Sekil 12). Bu dokanak ¢ok
onemli bir zaman boslugunu temsil eder. Musayr
Formasyonu ve Burgan Formasyonu'nun Alt
Nutaysh Uyesini olusturan tiirbidit istifi ile olan
tist sunwrt ¢ok keskindir ve havzamin ¢ok hizli bir
sekilde derinlesmesini igsaret eder. En yaygin olan
¢okelme ortami gel-git islemlerinin egemen
oldugu sig deniz platformudur. Bu seviyenin
tizerine kavkili tanetasi, oolitik tanetast ve mikritik
kiregtast  fasiyesleri  gelir.  Oolitik  kiregtasi
seviyeleri yanal devamliliklart fazla olmayan
mercek  seklindeki  gel-git kanallart iginde
¢okelmistiv. Mikritik kirectaglart icinde zengin
makro-ve mikro fosiller bulunur, 6zellikle istiridye,
mercan ve miogypsinid foraminifer fosilleri bu
kirectaglarmmin  sicak ve sig deniz ortaminda
¢okeldiklerini isaret eder. Bu bentonik foraminifer
fosillerinden en yaygin olani Miogypsinoides ve
ozellikle Miogypsina tani, Erken Miyosen (Geg
Akitaniyen, yaklasik 20,04 My) yasini isaret eder
(Hughes  ve  Johnson,  2005).  Musayr
Formasyonu’nun Siiveys Korfezi icindeki karsilig
olan Nukhul Formasyonu nun petrol ve gaz iiretim
sahalarindaki kalimlhigr 20 m ile 60 m arasinda
degisir ve ortalama gozenekliligi %16 olarak
Olgiilmiistiir. Hidrokarbon yoniinden ¢ok onemli
olan Erken Miyosen (Burdigaliyen, 20,44-15,07
My) yashi  Burgan Formasyonu Misir’da,
Kizildeniz  ve  Siiveys  Korfezi'nde  Rudeis
Formasyonu olarak adlandirilmistir. A¢ilmanin
en aktif oldugu bir donemde ¢okelmistir ve ilk defa
Auxerap/Tenneco  petrol  sirketinin ~ Suudi



Arabistan’in  Kizildeniz iginde a¢mis oldugu
Burqan-3 isimli arama kuyusunda tanimlanmigtir.
Sina Yarumadasi’'nda periyodik olarak ortaya
¢tkan tektonik yiikselmeler ve bununla iligkili iklim
degisiklikleri ve Alp-tipi buzullagsma, Midyan
Havzast igindeki ¢okelme ortamimin ¢esitligini
etkilemistir.  Istifin bu ozellikleri goz Oniine
alinarak Burgan Formasyonu, Alt Nutaysh, Ust
Nutaysh ve Subayti olarak ii¢ ayri itiyeye
ayrilmaktadir (Senalp, 2016). Alt Nutaysh Uyesi,
formasyonun s1g deniz karbonat istiflerinin
¢Okelmesinden kisa bir siire sonra Sina
Yarimadasi’'min  yiikselmesiyle birlikte Midyan
Havzas1 ansizin derinlesmis ve tabani siirekli
olarak ¢6kmeye maruz kalmistir. Derin bir havza
icinde ortaya ¢ikan bu ilk istif, stirekli olarak kita
yamacindan agik denize dogru ilerleyen denizalti
velpazeleri i¢inde ¢okelmis klasik tiirbidit istifleri
ile temsil edilmistir. Tiirbidit istiflerinin tabaka
kalinliklart ve kumtaslarinin tane boylart istifin
altindan iistiine dogru dereceli olarak artar. Bu
istifleri derince kesen denizalti kanyonlart iginde
¢okelmis ve genellikle kumtasindan yapilmig
istifler ise tabaka kalinliklart ve kumtaslarinin
tane boylarimin dereceli olarak iiste dogru
inceldigi petrol ve gaz iiretimi igin ¢ok onemli bir
¢okelme modeli sunarlar. Istifin en tabamnda
¢okelmis pelajik seyller siyah renkli, organik
madde ydniinden zengin petrol ve dogal i¢in
onemli kaynak kaya olusturur. Istifin en iist kismi,
denizalti yelpazelerin en tist kismini olusturan ve
bu istiflerin ¢ékelmesinden sorumlu olan denizalt
kanyonlar: tarafindan kesilmistir. Bu kanyonlarin
tabani, belirgin bir asinma yiizeyini temsil eder.
Kanyonu dolduran ¢okeller tiimiiyle, orta-kalin
tabakali, yanal yonde devamli, orta-iri taneli, ¢ok
iyi-boylanmuis, kirilgan veya gevsek ¢imentolu,
gozenekli ve gecirimli kumtaslarindan yapimistir
ve c¢ok verimli rezervuar ozelliklerine sahip
kumtaslaridir. Kumtasinin bilesenlerini olusturan
en onemli mineraller kuvars (%80), feldispat
(%9,07) ve kaya parcaciklaridir (%10,13). Stiveys
Korfezi iginde petrol ve gaz iiretiminin yapildigt
Rudeis Formasyonu'nun karotlarindan aliman
tapalarda kumtaslarimin  gozenekligi, drnegin
alindigt yer, tane boyu ve boylanma derecesine
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bagli olarak %7 ile %27 arasinda degisir. Burada
acumis  AI-Wajh  South-1 (AWSO-1) iiretim
kuyusunda 2875-3819 m derinlikler arasinda 944
m kalinlikta ve petrol iireten rezervuar fasiyesi
mevcuttur (Hughes ve Johnson, 2005). Bu kuyuda
yvapilan ayrintili laboratuar ¢alismalari, Musayr
(Nukhul)  karbonatlarinin iizerine transgresif
olarak gelen ve denizalti yelpazelerinin tabanini
olusturan pelajik organik madde kapsaminin
viiksek oldugu (ortalama %3-5 TOC), hidrokarbon
tiretimi icin iyi kaynak kaya potansiyeli oldugu
kanmitlanmistir. Buradaortaya¢ikan hidrokarbonlar
tiste dogru genetik iliskili olarak ¢okeldikleri
yakinsak tiirbidit ve denizalti kanyonu igindeki
kalin ve gozenekli kumtaslarimin igcine gogtiikleri
kanmitlannmustir (Hughes ve Johnson, 2005). Burgan
(Rudeis) Formasyonu’nun ¢ok verimli petrol ve
gaz iireten kumtasi rezervuarlart  Magna
Formasyonu 'nun kalin ve gecirimsiz
evaporitleriyle értiilmiistiir. Ust Nutaysh Uyesi,
Sina Yarimadasi'nin tektonik olaylarla yaklasik
19 milyon yul énce, diisey yonde 4 km den fazla
yiikselmesi (Garfunkel ve Bartov, 1977) sonucu bu
yiiksek dag silsilelerinin daimi kar sinrmmn
tizerinde kalan biiyiik bir boliimiinde Alp-tipi
buzullar gelismistir. Bu dag buzullarinin erimesi
sonucu ortaya ¢ikan, yanal yonde dereceli gegis
gosteren gergek buzul (moren), buzul-fliiviyal ve
buzul-denizel fasiyesleri ¢okelmistir. Bu ii¢ farkl
fakat buzul kékenli fasiyeslerin iginde bol
miktarda, yiizleri cilalanmis ve c¢izilmis biiyiik
granit bloklart bulunur. Bélgede yapilan genis
kapsamly arazi ¢alismalart dar ve U-seklindeki

buzul  vadilerinin  Sina  Yarimadasi 'ndan
kaynaklanyp ~ yamag¢ asagi  yonde Midyan
Havzasi’na  dogru  geldigini  kanitlamistir.

Havzanmin en derin kisminda c¢okelmis tiirbidit
fasiyesler icinde deniz tabamina diigmiis biiyiik
granit bloklari ¢ok yaygin olarak gézlemlenmistir.
Yemen bolgesinde de buna benzer buzul
¢Okellerinin rapor edilmis olmasit onlarin genis
vaytlhimly - olduklar:  tarzinda  yorumlanmustir.
Midyan bélgesinde yapilan gozlemler morenlerin
cokelmesinden sorumlu buzul islemleri ile tiirbidit
fasiyeslerinin ¢okelmesinden sorumlu olan moloz
ve bulanti akintilar: islemleri arasinda kesiksiz bir
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devamliligin olabilecegini orta koymustur. Bu ii¢
farkli ¢ékelme ortamlarimin yakin iliskileri tiim
ayrintlariyla ¢alisilip yeni bir model olarak ilk
defa Senalp (2016) tarafindan ileri stirtilmiistiir.
Kizildeniz, Siiveys ve Akabe Korfezleri'nin
a¢imalarimin sonunda ortaya ¢ikan sedimanter
istifler (14-1,6 My) havzanmin kuzeybati kisminda
ve yeraltinda ¢ok iyi korunmustur. Bu istifler
genellikle sicak iklim kosullart altinda, sig deniz
ve genis playa ortamlarinda ¢okelmistiv. Bu
birimler Burqan Formasyonu’nun Subayti Uyesi
ve Magna Formasyonu olarak tanimlanmustir.
Subayti Uyesi, buzullasmanin sona ermesini takip
eden donemde, si1g kita sahanligi iizerinde
¢cokelmis, 150 m kalinlhkta, ara tabakali krem
renkli masif seyl, kalkerli ¢amurtasi (marn),
evaporitik camurtasi, miltasi ve ince tabakali jips
¢imentolu kumtasi fasiyesi ile temsil edilmistir.
Burgan Formasyonu nun hidrokarbon tiretiminin
yapldigi Nutaysh Uyeleri’nin iizerine uyumlu
olarak gelir ¢cok onemli gegirimsiz bir ortii kaya
fasiyesidir.  Siiveys Korfezi’nde agilan arama
kuyularindan alinan karotlarda bu iiyenin yast
palinolojik ¢alismalarla erken Orta-Miyosen
(Langiyen) olarak belirlenmistir (Hughes ve
Filatoff, 1995). Magna Formasyonu, 150 m
kalinliktaki  tipik  kesitin  olgiildiigii  Akabe
Korfezi’nin kiyisindaki Magna kéyiinde ¢ok iyi
temsil edilmistir. Tiimiiyle masif evaporit (anhidrit
ve jips) istifi ile temsil edilmis bu formasyon
Midyan Havzasi’'min yiizeyde goriilen en geng

birimidir ve yasi Orta Miyosen olarak
belirlenmistir ~ (Hughes ve Filatoff, 1995).
Kuzeybati Suudi  Arabistan’in Midyan

Yarimadasi’'nda yiiriitiilen bu ¢alismalardan elde
edilen deneyim ve bilgi birikimleri Isparta-Antalya
arasindaki Aksu Havzasi'nin Akdeniz icindeki
hidrokarbon potansiyelini anlamak icin ¢ok
yararlt  olmustur. Aymi yas araligt ve aym
fasiyeslerle temsil edilmis sig deniz ortaminda
¢okelmis  Akitaniyen  karbonat  istifleri  ve
Burdigaliyen yash tirbidit istiflerinin  kalin
potansiyel rezervuar kumtaglart Aksu Nehrine
paralel olarak uzanan Isparta-Antalya karayolu
lizerinde  gozlemlenmis olup, buna yonelik
calismalar ayrica stirdiiriilmektedir.
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Oz: Bu caligmada, Dogu Toroslar’m bat1 kesiminde Kahramanmaras ili kuzeyinde batidan doguya dogru Goksun,
Afsin ve Ekinozii ilgeleri cevresinde yiizeyleyen Ust Paleozoyik-Alt Mesozoyik yasli metamorfik birimlerindeki
fillosilikatlarin jeokimyasal 6zellikleri incelenmistir. Bu kapsamda diisiik-orta dereceli metamorfik 6rneklerden
elde edilen saf K-mika ve illit/K-mikalarda jeokimyasal (ana ve iz/eser element, durayli ve radyojenik izotop)
incelemeler yapilmistir. Fillosilikatlarin ana oksit bilesimlerine gore; Afsin ve Goksun bolgelerine ait illit/K-mikalar
Ekindzii bolgesindekilere gore daha ytiksek SiO, ve ALO,, buna karsin daha diisiik MgO, Fe,O,, MnO ve Na,O
icermektedir. Fillosilikat minerallerinin ana oksit bilesimlerine gore; sistlerle temsil edilen Ekin6zii bolgesindeki
K-mikalar biyotit-seladonit, fillitlerle temsil edilen Afsin ve Goksun bolgesindekiler ise muskovit bilesimlerine
daha yakindir. Kloritler; samozit ve klinoklor arasinda trioktahedral bilesime sahiptir. Hem trioktahedral, hem
de dioktahedral 6zelligindeki illit/K-mikalar; genel anlamda muskovit ile biyotit arasinda (biyotit-seladonit,
muskovit-filogopit, muskovit-ferrifenjit, muskovit-ferrobiyotit, Al-flogopit-Al-annit) bir bilesim sergilemektedir.
Fillosilikat minerallerinin eser element igerikleri; ge¢is metalleri ve granitoyid elementler bakimindan yiiksek; buna
karsin diger elementler, 6zellikle kalicilig1 diisiik (LFSE) ve yiiksek (HFSE) elementler acisindan diisiik derisim
gostermektedir. Fillosilikat minerallerinin kondrit-normalize iz element desenlerinde; kloritler K-mikalara, benzer
bicimde trioktahedral K-mikalar dioktahedral olanlara gore daha diisiik degerler sunmaktadir. Klorit ve illit/K-
mikalarin kondrit ve Kuzey Amerika Seyl Bilesimi’ne (NASC) gore normalize edilmis nadir toprak element (NTE)
dagilimlarinda; Afsin bolgesine ait dioktahedral K-mikalar en fazla fakirlesmeye, Ekindzii bolgesine ait trioktahedral
mikalar ise en yiiksek zenginlesmeye sahiptirler. Oksijen ve hidrojen izotop bilesimlerine gore; fillosilikatlar
incelenen tiim ornekler yiiksek sicaklik ve derin ortam kosullarini temsil eden hipojen bolgede yer almaktadir.
Serizit/K-mika ve kloritlerin oksijen ve hidrojen izotop degerleri; bu minerallerin olusum sicakliklarinin 375-500
°C arasinda degistigine isaret etmektedir. illit/K-mikalarm *“’Ar/*°Ar radyometrik yas verileri; Afsin ve Goksun
bolgelerindeki metamorfik kayaglar icin Ust Kretase (Santoniyen-Kampaniyen), Ekindzii bolgesindekiler icin Alt-
Orta Eosen (Ipresiyen-Bartoniyen) doneminde gelisen metamorfizmay1 gostermektedir.

Anahtar kelimeler: Ana ve iz/eser elementler, durayli ve radyojenik izotoplar, fillosilikatlar, metamorfizma,
metamorfitler, Toros daglar.

Abstract: This study determined the geochemical properties of phyllosilicates in the Upper Palaeozoic-Lower
Mesozoic metamorphic units outcropping from west to east in the vicinities of Goksun, Afsin and Ekindzii towns
in the north of Kahramanmaras province in the westerly part of the Eastern Taurus mountains. Geochemical
examination of phyllosilicates (major and trace elements, stable isotope) was carried out on pure K-micas and
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illite/K-micas separated from low-medium grade metamorphic samples. According to the main oxide composition
of the phyllosilicates, illite/K-micas from the areas of Afsin and Goksun contain higher SiO, and AL,O, and lower
MgO, Fe,0,, MnO and Na,O compared to those in the area of Ekindzii. The minerals represented by schists in the
Ekinozii K-micas are close to having a biotite-celadonite composition while those with phyllites in Afsin and Ekinozii
are close to muscovite composition. Chlorites have a trioctahedral composition between chamosite and clinochlor.
1llite/K-micas with both trioctahedral and dioctahedral characteristics show a composition between muscovite and
biotite (biotite-celadonite, muscovite-phlogopite, muscovite-ferriphengite, muscovite-ferrobiotite, Al-phlogopite-Al-
annite) in general. In the trace element content of phyllosilicate minerals, transition metals and granitoid elements
are at high concentrations while other elements, especially elements with low (LFSE) and high field strength (HFSE),
display low concentrations. In the chondrite-normalized trace element content of phyllosilicate minerals, chlorites
have higher values compared to K-micas and trioctahedral K-micas show lower values compared to dioctahedral
K-micas. Rare earth element (REE) distribution of chlorite and sericite/K-mica minerals is normalised to chondrite
and North American Shale Composition (NASC), the dioctahedral K-mica of Afsin region has the highest depletion,
while the trioctahedral mica of Ekindzii has the highest enrichment. The oxygen and hydrogen isotope composition
of the phyllosilicate minerals show that they are in the hypogene region, which represents high temperature and deep
environment conditions. The oxygen and hydrogen isotope values of sericite/K-mica and chlorites indicate that the
formation temperatures of these minerals varied between 375 and 500 °C. “Ar/®Ar radiometric age data for the
metamorphic rocks show that the metamorphism developed during the Upper Cretaceous (Santonian-Campanian)
in the Afsin and Goksun regions and the Lower-Middle Eocene (Ypresian-Bartonian) periods in the Ekinozii region.

Keywords: Major and trace elements, metamorphism, metamorphites, phyllosilicates, stable and radiogenic isotopes,
Taurus mountains.

GIRIS radyometrik yas tayini yontemleri ile metamorfik
kayaglarin soguma tarihgelerine ait kantitatif
veriler elde edilebilmektedir (McDougall ve
Harrison, 1999).

Diyajenez/metamorfizma derecesinin  belirlen-
mesinde; fillosilikatlarin parajenetik, mineralojik
ve kristalografik-yapisal 06zelliklerinin  (Frey,
1987; Merriman ve Frey, 1999; Merriman ve Inceleme alammin  yer aldigi  Toros-
Peacor, 1999) yani sira, jeokimyasal verileri (Ohr Anadolu  Platformu  veya  Toros-Anadolu
vd., 1994; Savin ve Lee, 1988; Sheppard ve Gilg, Tektonik Birligi’ne ait Toroslar veya Toros
1996; Uysal vd., 2000, 2006; Bozkaya ve Yal¢in, Kusagi (Gonciioglu vd., 1997), biyiik olgilide
2013) de kullanilabilmektedir. Fillosilikatlarinin diyajenetik-cok  diisiik dereceli ~metamorfik

gerek ana gerekse iz elementlerinin dagiliminda Paleozoyik istifler icermesi nedeniyle Alpin-
goriilen ayrimlagmalar, koken kaya¢ ve/ oncesi jeolojik tarihgenin izlerini tasimaktadir.
veya olusum siiregleri  hakkinda  6nemli Toroslar1 olusturan tektono-stratigrafik birlikler
bilgiler vermektedir (Fleet, 1984; McLennan, ile bunlarin paleocografik konumlari, stratigrafik
1989). Ornegin; metamorfik granatlardaki iz ve yapisal karakteristiklerinin yani sira, ¢okelme
elementlerin, 6zellikle nadir toprak elementlerinin ortamlarina ve metamorfizma  Gzelliklerine

(NTE) dagilimlarindan yararlanilarak metamorfik gore aywrtlanmstir  (Ozgiil, 1976, 1984).
birliklerin P-T-X (basing-sicaklik-bilesim) Toros kusagindaki birliklerin  paleocografik

zonu ¢izilebilmistir (Hickmott vd., 1987). konumlarina gore yapilan bu ayrimlanmaya gore;
Durayli izotop (oksijen-hidrojen) jeokimyasi Toros kusagi icerisindeki metamorfik kayaglar
incelemeleriyle, sivi-kayag etkilesiminin izlerini Alanya Birligi altinda toplanmistir. Dogu Toros
saptamanin yani sira, belirli mineral parajenezleri kusagi’ndaki metamorfik kayaglardan Dogu
kullanilarak metamorfizmada etkin olan sicaklik Anadolu Fay Zonu’nun (DAFZ) kiizey kesminde

kosullar1 belirlenmistir (Huebner vd., 1986; kalanlar (Malatya, Keban, Engizek ve Goksun
Harris ve Holland, 1984). “*Ar/*’Ar yontemi gibi Metamorfitleri) Alanya Birligi, DAFZ gilineyinde
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kalanlar (Bitlis ve Piitlirge Metamorfitleri) ise
Misis Birligi icerisinde degerlendirilmistir. Bu
birliklerin Erken Paleozoyik yash bdliimiiniin
Gondvana’nin kuzeybati sinirindaki riftlesme ile
iligkili bir ortamda ¢okeldigi, Neotetis’in kuzey
ve giiney kollarmin Geg¢ Kretase’de kapanmasi
ile de ¢ift yonlii bir nap sistemine doniistigii
belirtilmektedir (Gonclioglu, 2010). Giineydogu
Anadolu orojenik kusaginda yeralan metamorfik
masiflerin kokenine yonelik yapilan ¢aligmalarda
metamorfik masiflerin  birbirinden bagimsiz
olmay1p ayni tektonik birime ait olduklari, benzer
bir stratigrafik istif sunduklar1 ve Ust Kretase’de
metamorfizmaya ugramig bir kita platformundan
(Toros Mesozoyik karbonat platformu) tiiredikleri
belirtilmigtir (Yilmaz vd., 1992). Metamorfik
Masifierin yer aldigi Glineydogu Anadolu Orojenik
Kusagi’nda Yilmaz ve Yigitbas (1990) ile Yilmaz
(1993) tarafindan gilineyden kuzeye dogru; Arap
Platformu, Ekay Zonu ve Nap Bolgesi olmak
iizere Ui¢ tektonik kusak ayirtlanmistir. Yilmaz
vd. (1993) ise; Gilineydogu Anadolu orojeninin
yaklagik olarak dogu-bati gidisli, Toros platformu
ile Arap kitas1 arasindaki kitasal carpismanin
bir sonucu olarak sekillenen {ii¢ yapisal zona
ayrilabilecegini dne stirmiislerdir. Orojenik kusak
boyunca metamorfik ve ofiyolitik kayaclarin
genis yayilim gosterdiklerini, ofiyolitlerin Geg
Kretase’den Miyosen’e kadar olan donemde bu
yakinsayan kitasal bloklarin arasinda tamamen
tiiketilmis olan okyanus kalintilarin1 sunduklarini
ifade etmislerdir. Arastirmacilara gore; okyanusal
kabugun tiiketilmesi ve naplarin Arap kitasina
dogru ilerleyen giliney yonli hareketi boyunca,
bir nap yi1gim igerisinde bir araya gelmis kitasal
ve okyanusal kayaglardan olustuklarii ileri
siirmiislerdir (Y1lmaz ve Giirer, 1996).

Bu ¢alismada dogu Toroslar’in bat1 kesiminde
Kahramanmaras ili kuzeyindeki Goksun, Afsin
ve Ekindzii ilgeleri ¢evresinde genis ve tipik
ylizlekler sunan ve cografik konumlarina gore
Goksun, Binboga ve Engizek metamorfitleri
olarak tanimlanan Ust Paleozoyik-Alt Mesozoyik
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yastaki metamorfik birimlerdeki fillosilikatlarin
jeokimyasal Ozelliklerinin  ortaya konulmast
amaglanmisti. Bu kapsamda, mineralojik ve
petrografik &zellikleri saptanan fillosilikatlarin
ana, iz, NTE derisimleri ve durayli izotop
(O ve H) bilesimindeki degisimlerin yani
sira, radyojenik (*’Ar/*°Ar) izotop jeokimyasi
da arastinlmistir.  BoOylece bu incelemeler
sonucunda elde edilen verilerin bdlgenin jeolojik
evriminin yorumlanmasina katkilar saglayacagi
diisiintilmektedir.

JEOLOJI

Toros Kusagi’ndaki Alpin orojeneziyle iliskili
metamorfikmasiflerdesonelliyildagergeklestirilen
calismalarda  degisik  adlamalar  (Alanya,
Malatya, Goksun, Binboga, Engizek ve Keban
Metamorfitleri) ile farkli birliklerin (Antalya,
Alanya, Geyikdagi, Bozkir, Aladag, Bolkardagi,
Piitirge ve Bitlis) incelendigi goriilmektedir
(Ozgiil, 1976, 1984; Yilmaz ve Yigitbas, 1990;
Yilmaz vd., 1987, 1988, 1992, 1993; Yilmaz,
1993; Gonclioglu, 2010). Bununla birlikte Toros
Kusagi’ndaki Ust Paleozoyik-Alt Mesozoyik yasli
metamorfik birimlere yonelik oncel calismalar
da yapilmistir (Bozkaya, 1999, 2001; Bozkaya
ve Yalgin, 2004; Bozkaya vd., 2007a, 2007b).
Toroslar1 konu edinen ilk kapsaml1 calisma Ozgiil
(1976) tarafindan gergeklestirilmistir. Arastirmaci,
Toroslar1 Kambriyen-Tersiyer araliginda ¢okelmis
kaya birimlerini, stratigrafi ve metamorfizma
ozellikleri, icerdikleri kaya birimleri ve yapisal
konumlariyla birbirinden ayrilan; farkli cografik
bolge ve degisik havza kosullarini yansitan
birliklere ayirmistir. Bolkardagi Birligi, Aladag
Birligi, Geyikdag: Birligi, Alanya Birligi, Bozkir
Birligi ve Antalya Birligi olarak adlandiran bu
birliklerin bir kusak boyunca yiizlerce kilometre
yanal devamlilik gdsterdigi ve ¢ogunlukla
birbirleri  {izerinde allokton  olduklarini
belirtmistir. Bu birliklerden Bolkardagi, Aladag,
Geyikdagi ve Alanya birliklerinin self tiiri



karbonathi ve kirintili kaya tlirtinii kapsadigini,
Bozkir ve Antalya birliklerinin ise daha ¢ok
derin deniz ¢dokellerini, ofiyolitleri ve bazik
bilesimli denizalt1 volkanitlerini kapsadigini ifade
etmistir. Toros Kusagi birlikleri Geg¢ Kretase’de
Neotetis’in kuzey ve giliney kolunun kapanmasi
ve kitasal mikrolevhalarin carpigsmasi (Sengor ve
Yilmaz, 1981) sonucu dilimlenmis ve platformun
kuzeyindeki birlikler (Bozkir, Bolkardagi ve
Aladag) gilineye dogru, giineyindekiler (Antalya
ve Alanya) ise kuzeye dogru Geyikdag Birligi
lizerine bindirmistir (Ozgiil, 1976; 1984).

Glineydogu Anadolu Orojenik  Kusagi
Metamorfik Masiflerinin dogu uzantisini temsil
eden metamorfik kayaglar Arap Platformu, Ekay
Zonu ve Nap bolgesi olmak {iizere ii¢ tektonik
kusaga ayirtlanmistir (Y1lmaz ve Yigitbas, 1990;
Yildirim ve Yilmaz, 1991; Yilmaz, 1993; Yilmaz
ve Yildirim, 1996). Bunlardan Arap Platformu;
Kambriyen-Tersiyer yas araligina sahip otokton
sedimanter kayaclar1  (Glineydogu Anadolu
Otoktonu), Nap Bolgesi; ofiyolitik, metamorfik,
volkanik-volkanoklastik  sedimanter kayaclar
ile temsil edilmekte olup, inceleme alan1 bu
kusak icinde yer almaktadir. Ekay zonu ise Arap
Platformunun kuzey uzantisim1 smirlayan ters
fay ve bindirme dilimlerinden olusmaktadir.
Gergeklestirilen c¢alismalarda bu metamorfik
masiflerin kdkeni ve tektonik konumlar1 hakkinda
kesin bir gorlis birligi saglanamamistir. Dogu
Toros Kusagi Metamorfitlerinin (Bitlis-Piitiirge,
Keban, Malatya, Goksun/Binboga ve Engizek
Metamorfitleri) kokeni ve tektonik konumlari
incelendiginde farkli yaklagimlarin s6z konusu
oldugu goriilmistiir. Bunlardan birincisinde hem
Bitlis-Piitiirge hemde Keban Metamorfitlerinin
Arap Plakasii temsil ettigi (Yazgan, 1981, 1984;
Yazgan ve Chessex, 1991; Yilmaz vd., 1993),
ikinciside bolgede yiizeyleyen tiim metamorfik
kayaglarin ayni kokenli (Toros kokenli) oldugu
(Yilmaz, Y. vd., 1992; Yilmaz, Y., 1993; Yilmaz,
A.vd., 1993) 6ne siiriilmektedir. Ugiincii goriis ise;
Bitlis ve Piitiirge Metamorfitlerinin birbirinden
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farkli oldugu, Piitlirge Metamorfitlerinin Keban
ve Malatya Metamorfitleri ile birlikte, Anadolu ve
Arap Plakasindan dar okyanus havzalariyla ayrilan
bagimsiz bir mikrolevhayr (Keban Levhacigi)
temsil ettigi belirtilmistir (Peringcek ve Ozkaya,
1981). Yazarlar Bitlis Metamorfitlerinin iizerinde
ofiyolitlerin yer aldigimi, buna karsin Pitiirge
ve Keban Metamorfitleri {izerinde ofiyolitlerin
bulunmadigini vurgulamiglardir. Bunlara ilaveten;
Hall (1976, 1980) Bitlis Metamorfitlerinin bir yitim
zonu karmasigi oldugunu, buna karsin Peringek
(1980a) istifin yitim zonu karmasig1 olmadigini,
Anadolulevhasinatipik birkitasalkabukniteliginde
oldugunu ileri siirmektedir. Bastug (1976) ve
Ozkaya (1978) Bitlis Metamorfitlerinin Arap
Plakasmin bir uzantis1 oldugunu belirtmislerdir.
Bitlis-Piitiirge Keban Metamorfitlerinin
aksine Malatya Metamorfitlerinin Toros kokenli
oldugu konusunda goriis birligi s6z konusudur.
Diger taraftan, bircok yazar Malatya ve Keban
Metamorfitlerinin ayni kokene sahip olduklarimi
belirtmis ve Keban-Malatya Birimi seklinde
adlandirma  kullanmiglardir  (Yazgan, 1981,
1984; Yazgan ve Chessex, 1991; Yilmaz vd.,
1993; Yilmaz, 1993). Yilmaz ve Yigitbas (1990),
Malatya Metamorfitlerinin Keban ve Bitlis-
Piitiirge Metamorfitleriyle birlikte Ust Kretase’ye
kadar ki donemde ayni platforma ait olup,
metamorfizmadan sonra da ayni biitliniin pargalari
olduklarini ileri sirmektedir. Yazarlar, metamorfik
birlikleriolusturanistifin Triyas’akadarkidonemde
Arap otoktonundan ayrilmis ve onun kuzeyinde
yeralan Toros levhasiyla baglantili olmuslardir.
Jura-Kretase yash kesimlerin karbonat platformu
niteliginde oldugu ve metamorfizmanm Ust
Kretase sonunda oldugu belirtilmektedir. Triyas
doneminden sonra bu metamorfik birliklerin Arap
otoktonuyla ilk temaslarinin ancak Miyosen’de
olabilecegi ileri siiriilmiistiir (Y1lmaz ve Yigitbas,
1990; Yilmaz vd., 1992; Yilmaz, 1993). Candan
vd. (2012), Kahramanmaras kiizeyinde Berit
bolgesindeki nap dilimlerinde yer alan eklojit
ve granat proksenitler iizerinde, Oberhénsli vd.

Ve
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(2012, 2014), Bitlis Kompleksinde glokofan ve
karfolitlerde yaptiklari ¢alismada yiiksek basing
metamorfizmasinin kosullarini yansitan sicaklik
ve basing degerleri tespit etmislerdir. Elde edilen
bu sonuglar yiiksek basing olaymin Bitlis Masifi
ve kiizeyindeki Anatolid-Torid platformu arasinda
yer alan bir okyanusal havzanin veya Neotetis
okyanusu’nun giiney kolunun kapanmasi ile
iligkilendirmiglerdir.

Inceleme alam ve yakin gevresinde yer alan
sedimanter-metamorfik  (Ozgiil, 1976; 1984,
Gonciioglu vd., 1997) ve ofiyolitik birlikler
(Juteau, 1980; Gonciioglu vd., 1997) ve bunlarin

olast smirlar1 (Gonciioglu vd., 1997; Gonctlioglu,
2010) Sekil 1°de, bolgesel jeoloji haritast (Bilgig,
2002; Ulu, 2002) da Sekil 2’de verilmistir. Bu
siniflamalara gore inceleme alan1 Ust Devoniyen-
UstKretase araliginda olusmus kirintili ve karbonat
kayaclar1 kapsayan Alanya Birligi icerisinde yer
almaktadir. Inceleme alaninda vyiizeyleyen en
yash kaya birimleri Ust Paleozoyik (Yoncayolu
ve Cayderesi formasyonlari) ve Triyas (Algilt
Formasyonu) yasli metamorfitler ve bunlar1 kesen
granitoyid sokulumlardir. Bu kaya toplulugu iiste
dogru metamorfizmadan etkilenmemis allokton ve
ortii birimleri ile tektonik olarak tizerlenmektedir.
(Yilmaz vd., 1993, 1997).

Sekil 1. Toros Kusagi’ndaki otokton ve allokton birliklerin cografik dagilimi ve tektonik konumlar1 (Tektonik
Birliklerin Adlamas1: Ozgiil, 1976, 1984; Génciioglu vd., 1997, Ofiyolit Kusaklarin Adlamasi: Juteau, 1980, Alpin
Tektonik Birliklerin Olas1 Siniri: Gonciioglu vd., 1997; Gonciioglu, 2010°dan diizenlenmistir).

Figure 1. Geographical distribution and tectonic setting of autochthonous and allochthonous units in the Taurus
Belt (nomenclature of Tectonic Units from: Ozgiil, 1976, 1984; Génciioglu et al., 1997, nomenclature of Ophiolite
Belts from: Juteau, 1980, and probable boundary of Alpine Tectonic Units from: Génciioglu et al., 1997; Gonciioglu,

2010).
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Sekil 2. Dogu Toroslarin bolgesel jeoloji haritas1 (Bilgig, 2002 ve Ulu, 2002’den diizenlenmistir), jeokimyasal
analizlerde kulanilan 6rneklerin konumlari ve illit/K-mika yas verilerinin alansal dagilimi

Figure 2. Regional geological map of Eastern Taurides (prepared from Bilgi¢, 2002 and Ulu, 2002), location of
samples used for geochemical analysis, and areal distribution of illite/K-mica age data.
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MATERYAL VE YONTEM
Fillosilikatlarin mineral kimyas1 incelemeleri
kapsaminda diigiik-orta dereceli metamorfik

orneklerden binokiiler mikroskop yardimiyla
ayrilan saf klorit ve mika pulcuklari (muskovit,
biyotit), ayrica optik mikroskop, XRD-tiim kayag
ve kil ayirma yontemiyle elde edilen saf kil
fraksiyon verilerinin bir biitiin halinde ayrintilt
olarak degerlendirilmesi sonucu mika pulcuklar
ve saf ve/veya safa yakin kil fraksiyonlarindan
itibaren 2 adet klorit, 9 adet illit/K-mika (serizit)
olmak iizere toplam 11 adet kil fraksiyonu
tuzerinde ana, iz/eser ve NTE’nin analizleri
Activation Laboratories Ltd. (Actlabs-Kanada)
sirketine yaptirtlmigtir. Bunun yani sira 2 adet
serizit, 1 adet klorit, 1 adet biyotit ve 1 adet
muskovit olmak iizere toplam 5 adet Ornegin
oksijen-doteryum durayli izotop jeokimyasi GNS
Science National Isotope Centre’de (Yeni Zelenda)
gerceklestirilmistir. Ayrica metamorfizma
yaglarinin belirlenmesi igin 4 adet illit/K-mika, 1
adet biyotit ve 1 adet muskovit olmak iizere toplam
6 adet Ornek tizerinde Argon Geochronology
Laboratory of University of Michigan (Amerika
Birlesik Devletleri)’da  *Ar/*’Ar
yaglandirma tayini yaptirllmisti. Bu c¢alisma
kapsaminda toplamda 22 adet 6rnekte kimyasal
analiz yaptirilmistir.

yontemiyle

Kil mineralleri (<2 pum) lityum metaborat/
tetraborat ile eritilmis ve elde edilen boncuk zayif
bir nitrik asit ile ¢ozeltiye alinmigtir. Fiizyon,
oksit (0rnegin; kuvars, vb.), refrakter (6rnegin;
zirkon, sfen, monazit, kromit, gahnit, vb.), NTE
ve diger kaliciligi yiliksek elementleri igeren
mineraller dahil olmak iizere tiim numunenin
¢oziinmesini saglar. Analitik dogruluk, hassasiyet,
tekrarlanabilirlik, standartlar ve tespit limitleri
hakkinda ek bilgiler ilgili sirketin sayfasindan
(www.actlabs.com) temin edilebilir.

Kil minerallerinin oksijen izotop analizi
i¢in, toz haline getirilmis drneklerden CO, lazer
ve BrF, kullanilarak oksijen ¢ikarilmigtir (Sharp,
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1990). Oksijen izotop degerleri, Viyana Standart
Ortalama Okyanus Suyu’na (V-SMOW) gore,
880 bi¢iminde sunulmustur. Ornekler milde +9,6
degerini kullanarak NBS-28, uluslararas1 kuvars
standardina ya da milde +5,8 degerini kullanarak
UWG-2 Granat standardina normalize edilmistir.
NBS-28 ve UWG-2 i¢in elde edilen degerler
0,15%0 den daha az bir degiskenlik gostermistir.
Ornekler ve standartlar vakum ekstraksiyon
hattina yiliklenmeden once gece boyunca 150
°C de msitilmigtir. Bog BrF,, 0.2 mmol’den az
oksijen elde edilene kadar ¢alistirilmigtir. Oksijen
eldeleri kaydedilmis ve CO, gaz1 Geo20-20 kiitle
spekrometresinde analiz edilmistir. Ornekler,
GV Instruments IsoPrime kiitle spektrometresi
ile birlestirilmis bir HEKAtech Yiiksek Sicaklik
Element Analiz cihazinda analiz edilmistir.
Ornekler giimiis kaspsiillerde 1450 °C de
pirolizlenmis ve her bir 6mek ii¢ paralel olarak
analiz edilmistir. Biitiin sonuglar V-SMOW’a
gore hesaplanmis ve 100 %o, -66%0 ve -118%o
OD degerli TAEA-CH-7, NBS30 ve NBS22
uluslararasi standartlara gére normalize edilmistir.
Bu ol¢iimler i¢in harici hassasiyet 2%o’ den iyidir.

[lit/K-mika iceren ornekler icin “°Ar/*°Ar
yas tayininde, drneklere 1 ml deiyonize su iginde
yeniden siispansiyonlama islemi yapilmis, mikro
santrifiijde 10.000 devir/dk’da dondiriilmiis ve
dekantasyondan sonra ~1 mm’lik tanecikler haline
getirilmistir. Geri tepmeden kaynaklanan °Ar
kaybin1 6nlemek icin, kil tanecikleri, McMaster
Niikleer Reaktoriiniin orta akim lokasyonlarinda
90 mWh boyunca ndtron bombardimani igin
gonderilmeden 6nce 1 mm ID erimis silika
siselerine yerlestirilmistir (1sinlama 1 i¢in Grnek
yuvast 8C, 1simnlama 2 i¢in Ornek yuvast 8A).
Isinlamanin ardindan, Ornekler lazer flizyon
sistemine tutturulmus, siseler 1 x 10® Torr
vakum altinda kirilmis ve 6rnekler, ¢coklu modda
calistirilan 5W Coherent Innova continuous Arion
lazerinden gelen odaklanmamis 151n kullanilarak
yerinde kesintili-isitilmistir. Argon izotoplar1 daha
sonra Hall (2013) tarafindan onerilen yontemler



vasitastyla analog modda igletilen Daly detektorii
ile donatilmis VGI1200S kiitle spektrometresi
kullanilarak analiz edilmistir. Vakumla
kapsiillenmig 6rnekten elde edilen toplam gaz yasi,
klasik bir K-Ar yasina esittir. Bununla birlikte, Ar-
Ar yas verileri sonuglari hem kapanma (retention)
yast hem de toplam gaz yasi olarak verilmistir.
Analiz yapilan ornekler, anki-epimetamorfik ve
daha yiiksek dereceli metamorfizmay1 temsil
olup,
olusum yasina karsilik gelen kapanma sicakliklari

kullanilmistir (Middleton vd., 2014).

etmekte metamorfizmaya ait mineral

MINERALOJI

Goksun, Afsin
metamorfik kayaclarin mineralojik-petrografik
ozellikleri Hozatlioglu vd. (2020) tarafindan
ayrintili  olarak verilmistir. Burada fillosilikat

ve Ekindzii yorelerindeki

jeokimyasi ortaya konulan kayaglarin

tanimlanmast ile yetinilmistir.

Goksun ¢evresindeki metamorfik kayaclari
olusturan burusma kivrimly/dilinimli fillit, kalkfillit
ve mermer litolojileri baslica kalsit, dolomit,
kuvars, feldispat ve fillosilikat (20, illit/K-mika,
Ib Klorit, paragonit, kaolinit, klorit-vermikiilit/
C-V, illit-klorit/I-C) igermektedir. Metamorfitler;
KI ve b-hiicre mesafesi verilerine gore yiiksek
ankizon-epizon ve orta basing fasiyesi kosullarimi
(alt yesilsist) yansitmaktadir.

Afsin c¢evresindeki metamorfik kayaglar
fillit, kalkfillit, kalksist, granath ve epidotlu
mikagist, klorit-epidot-amfibolsist ile tremolitli
ve mikali mermer litolojileriyle temsil edilmekte,
fillosilikat minerallerini illit/K-mika (1M biyotit,
2M, muskovit, paragonit), IIb klorit, C-V, I-C,
illit-simektit/I-S  ve
Mineral birliktelikleri ve dokusal verilerin yani
sira, illit/K-mika KI (epizon) ve b-hiicre mesafesi

(orta-yliksek basing) verileri alt yesilsist-yesilsist

simektit olusturmaktadir.

fasiyesi kosullarina karsilik gelmektedir.
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Ekinozii ¢evresindeki metamorfik kayaclar
alt dizeylerde Kkloritsist, amfibolsist, granat,
sillimanit, stavrolit ve disten igeren mikasist ve
mikagnays litolojileriden, iist diizeylerde ise
tremolit, aktinolit, biyotit, muskovit ve kloritigeren
kalsitli ve dolomitli mermerlerden olusmaktadir.
Mikalar, muskovit (2M)) ve biyotit (1)) arasinda
(biyotit-seladonit, muskovit-filogopit, muskovit-
ferrifenjit, muskovit-ferrobiyotit, Al-flogopit-
Al-annit), kloritler (IIb) ise samozit ve klinoklor
(brunsvigit ve diyabantit) arasinda trioktahedral
bilesime sahiptir.  Mineral  birlikteliklerine
gore, Ekinézii  bolgesindeki  metamorfik
kayacglar metabazik ve metapelitlerce zengin alt
seviyelerde amfibolit fasiyesi; metakarbonatlarca
zengin 1ist seviyelerde ise yesilsist fasiyesi
kosullarini yansitan metamorfizma derecelerini
gostermektedir. Iri tane boyutlu biyotit, muskovit
ve kloritlere ¢cok diisiik-dereceli metamorfizmay1
isaret eden C-V, C-S, I-C ve illit-vermikiilit/I-V
eslik etmektedir.

Mineralojik  bilesim ve metamorfizma
derecelerine  gore Goksun Afsin
bolgesindeki metamorfik kayaglar Malatya
Metamorfitleri’'ne,  Ekindzii  bolgesindekiler
ise  Piitirge = Metamorfitleri'ne  benzerlik
sunmaktadir (Hozatlioglu vd., 2020). Elde edilen
veriler; Gilineydogu Anadolu Orojenik Kusagi
Metamorfik Masiflerinin bati uzantisin1 temsil
eden metamorfik kayaglarin bolgelere gore farkli
koken kayag ve/veya litolojlere, batidan (Goksun)
doguya (Ekindzii) dogru artan sicaklik ve basing
kosullarina ve her birinin farkli jeolojik evrime
sahip mozayikleri temsil ettiklerini gostermistir.

veE

FiLLOSILIKAT JEOKIMYASI
Ana ve iz Element J eokimyasi

Goksun, Afsin ve Ekinozii bolgelerinden alinan
klorit ve illit/K-mika mineralllerinin ana element
igerikleri ve birim-hiicre bilesimleri Cizelge 1, iz
element igerikleri ise Cizelge 2’de sunulmustur.
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Cizelge 1. Fillosilikat minerallerinin ana element kimyasal ve birim-hiicre bilesimleri.

Table 1. Major element chemical and unit-cell composition of phyllosilicate minerals.

Bolge Ekinézii giineyi Ekinézii dogusu Afsin Goksun

init/ init/ init/
Mika Mika Mika
TEM-24 TEM-28 TEM-40 TEM-42 TEM-43 TEM-48 TEM-57 TEM-59 TEM-79 TGM-100 TGM-112

Mineral Klorit  Klorit  Fenjit  Fenjit  Fenjit  Fenjit  Fenjit  Fenjit

Ornek/
Oksit

Sio 30,78 37,97 41,83 47,03 4493 44,61 43,90 44,88 46,89 46,49 47,49

2

TiO, 0,383 0,666 1,720 1,623 1,824 1,512 1,525 1,504 1,398 1,829 1,589
ALO;, 19,85 19,86 18,95 17,19 18,35 19,62 18,98 20,20 25,43 21,52 19,87
tFe,0, 21,28 17,80 12,67 12,09 11,59 15,41 13,15 12,68 7,17 11,03 10,85
(FeO* 1915 1602 11,40 1088 1043 1387 11,83 11,41 6,45 9,92 9,76
Fe,0,% 319 2,67 1,90 1,81 1,74 2,31 1,97 1,90 1,08 1,65 1,63
FeO* 1628 13,61 9,69 9,25 8,86 11,79 10,06 9,70 5,48 8,44 8,30
MnO 0,097 0,091 0,396 0,092 0,067 0,073 0241 0,075 0,124 0,018 0,028
MgO 14,18 8,46 6,76 6,12 6,72 5,88 5,90 5,13 1,96 3,58 4,12
CaO 0,24 0,59 2,33 0,84 1,20 0,53 1,27 0,81 0,77 0,19 0,49
Na,0 1,20 1,79 0,61 1,21 0,57 0,74 0,56 0,72 0,59 0,10 0,10
K.,O 0,31 0,45 4,71 6,59 7,15 6,78 6,50 7,00 8,32 8,47 7,95

2

PO, 0,15 0,34 0,14 0,16 0,19 0,19 0,16 0,06 0,36 0,18 0,45
LOI 10,21 10,48 9,82 5,73 7,36 5,45 8,15 6,79 6.58 6,81 6,68
Total 98,68 9850 99,95 9869 99,94 100,8 1003 9986 99,59 100,2 100,1
Si 2,98 3,59 3,05 3,31 3,19 3,10 3,14 3,17 3,24 3,24 3,32
Al 1,02 0,41 0,95 0,69 0,81 0,90 0,86 0,83 0,76 0,76 0,68
TC 1,02 0,41 0,95 0,69 0,81 0,90 0,86 0,83 0,76 0,76 0,68
Ti 0,03 0,05 0,09 0,09 0,10 0,08 0,08 0,08 0,07 0,10 0,08
Al 1,25 1,80 0,68 0,73 0,72 0,70 0,74 0,85 1,30 1,01 0,95

tFe™* 1,55 1,27 0,70 0,64 0,62 0,81 0,71 0,67 0,37 0,58 0,57
tFe?* 1,64 1,33 0,72 0,66 0,64 0,84 0,73 0,69 0,38 0,59 0,59
Fe¥ 0,24 0,20 0,11 0,10 0,10 0,12 0,11 0,10 0,06 0,09 0,09
Fe?* 1,39 112 0,61 0,56 0,54 0,71 0,62 0,59 0,32 0,50 0,50
Mn 0,01 0,01 0,02 0,01 0,00 0,00 0,01 0,00 0,01 0,00 0,00
Mg 2,05 1,19 0,73 0,64 0,71 0,61 0,63 0,54 0,20 0,37 0,43
TOC 4,89 431 2,23 2,11 2,15 2,20 2,17 2,14 1,96 2,06 2,03
oC 0,00 0,22 -0,02 0,24 0,15 -0,07 0,05 0,04 0,27 0,09 0,24

Ca 0,03 0,06 0,18 0,06 0,09 0,04 0,10 0,06 0,06 0,03 0,02
Na 0,23 0,33 0,09 0,17 0,08 0,10 0,08 0,10 0,08 0,01 0,01
K 0,04 0,05 0,44 0,59 0,65 0,60 0,59 0,63 0,73 0,75 0,71
P 0,01 0,03 0,01 0,01 0,01 0,01 0,01 0,00 0,02 0,01 0,03

ILC 0,38 0,64 0,93 0,93 0,98 0,83 0,91 0,87 1,03 0,85 0,92
TLC 0,38 0,64 0,93 0,93 0,97 0,83 0,91 0,87 1,03 0,85 0,93
tFe,O,: Toplam demir; LOI: Ateste kayip; TC: Tetrahedral yiik; TOC: Toplam oktahedral katyon; OC: Oktahedral yiik; ILC:

Tabaka aras1 yiik; TLC: Toplam tabaka yiikii
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Cizelge 2. Fillosilikat minerallerinin iz element kimyasal bilesimleri (ppm).

Table 2. Trace element chemical composition of phyllosilicate minerals (ppm).

Bolge Ekinézii giineyi Ekinézii dogusu Afsin Goksun
it/ it/ it/
Mika Mika Mika

Mineral Klorit  Klorit  Fenjit  Fenjit  Fenjit  Fenjit Fenjit  Fenjit

ger:;eel;/t TEM-24 TEM-28 TEM-40 TEM-42 TEM-43 TEM-48 TEM-57 TEM-59 TEM-79 TGM-100 TGM-112

Cr 550 280 30 120 130 120 130 110 70 120 110
Ni 160 150 40 80 100 90 110 80 80 30 30

Co 28 43 69 37 44 26 45 33 41 5 4

Sc 34 64 13 21 23 23 17 17 29 17 10

Vv 211 264 202 178 185 181 150 152 126 179 179
Cu <10 770 <10 <10 <10 <10 100 <10 20 30 30

Pb <5 <5 18 5 <5 <5 31 12 10 14 18

Zn 50 60 170 80 90 90 110 80 60 90 70

Bi <0,1 <0,1 <0,1 <0,1 <0,1 <0,1 0,2 0,6 0,2 0,2 0,3
In 0,1 0,1 <0,1 <0,1 <0,1 <0,1 <0,1 <0,1 0,1 <0,1 <0,1
Sn 7 5 <1 4 4 4 4 3 4 5 4

W 128 117 51,1 62,3 31,9 39,9 72,9 49,6 69,3 18,5 17,3
Mo <2 2 <2 <2 <2 <2 <2 <2 <2 2 4

As <5 <5 <5 <5 <5 <5 <5 <5 <5 8 12

Sb <0,2 <0,2 0,6 0,3 0,4 <0,2 <0,2 0,3 1,4 0,4 0,6
Ge 2,3 2,8 1,5 1,9 2,1 2,1 1,8 2,2 2,6 2,4 1,6
Be 3 4 2 3 4 4 3 5 4 5 5

Ag <5 <5 <5 <5 <5 <5 <5 <5 2,5 1,5 1,0
Rb 8 15 251 230 224 264 253 239 219 232 249
Cs 0,5 0,2 12,2 9,2 8,8 14,6 14,4 9,5 14,9 7.9 17,2
Ba 119 2047 1782 693 540 640 986 783 2640 217 252
Sr 14 49 173 44 34 32 44 56 33 9 13

Tl <0,05 <0,05 1,18 0,80 0,81 1,10 0,91 0,88 0,97 0,55 0,61
Ga 36 50 22 26 28 27 26 26 35 30 26

Ta 0,18 0,33 0,24 1,54 2,94 1,79 1,68 1,94 1,72 4,62 3,41
Nb 1,3 3,2 3,7 10,9 31,5 20,9 16,8 21,1 23,0 56,1 44,1
Hf 1,1 33 0,3 0,7 1,4 1,4 1,9 1,6 17,2 10,8 8,1
Zr 50 149 10 29 53 55 79 61 824 478 338
Y 10,7 25,5 3,5 10,2 13,3 10,9 12,9 9,6 48,2 28,1 18,4
Th 0,65 1,83 0,14 5,08 8,31 3,83 34,2 4,69 38,6 12,3 13,2
U 1,05 2,29 0,09 0,75 1,52 1,60 1,74 1,82 3,43 6,92 11,8
La 2,62 9,81 1,46 10,4 23,3 13,4 13,5 18,3 212 12,4 13,4
Ce 5,52 20,4 2,86 20,4 46,7 25,6 28,5 28,9 442 24,2 35,8
Pr 0,73 2,57 0,39 2,38 5,31 2,96 2,86 3,18 51,3 2,77 3,60
Nd 3,52 12,2 1,93 9,76 20,8 12,3 11,1 11,0 203 11,2 14,5
Sm 1,23 4,32 0,51 2,09 4,05 2,37 2,19 2,00 36,9 2,36 2,97
Eu 0,364 1,28 0,155 0,596 0,713 0,540 0,437 0,478 8,47 0,499 0,653
Gd 2,02 5,69 0,58 2,02 3,04 2,19 1,92 1,73 22,8 2,59 2,55
Th 0,35 1,00 0,09 0,32 0,47 0,35 0,36 0,27 2,38 0,54 0,44
Dy 2,09 5,74 0,53 1,90 2,68 2,01 2,21 1,64 9,84 4,34 3,05
Ho 0,39 1,01 0,11 0,38 0,51 0,40 0,48 0,31 1,78 1,09 0,69
Er 1,12 2,61 0,29 1,03 1,38 1,12 1,48 0,88 5,42 3,85 2,32
Tm 0,163 0,360 0,042 01154 0224 0,172 0238 0,131 0881 0,672 0,404
Yb 1,08 2,41 0,28 1,00 1,44 1,08 1,71 0,91 6,21 4,63 2,87

Lu 0,157 0,379 0,039 0,149 0,204 0,156 0,265 0,146 0,979 0,723 0,440
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Fillosilikatlarin  ana oksit derisimlerine
gore; kloritler illit/K-mikalara gore daha yiiksek
MgO ve FeO,, daha disik SiO,, AL,O, ve K,O
icerikleriyle belirgin bigimde ayrilmaktadir (Sekil
3). Illit/K-mikalarin ana oksit derisimleri Fe,O,,
MnO, MgO, CaO, Na,O ve PO, i¢in genis aralikta,
digerleri daha dar aralikta degismektedir. Illit/K-
mikalarin oksit bilesimleri bolgelere ve dolayisiyla
metamorfizma derecelerine gore farkliliklar
gostermektedir. Afsin ve Goksun bolgesine ait
illit/K-mikalar Ekindzii bolgesindekilere gore
daha yiiksek SiO, ve Al O,, buna karsin daha
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diisiik MgO, Fe,O,, MnO ve Na, O i¢ermektedir.

Klorit ve illit/K-mika minerallerinin ana
bilesimine katilan oksitlerin {iggen diyagramdaki
dagilmlarma gore (Sekil 4), SiO,-MgO-
AlLO,+tFe O, diyagraminda incelenen fillosilikat
mineralleri liggenin sag-orta kesiminde ve SiO,-
Al O +tFe O, ¢izgisine yakin yer almaktadir (Sekil
4a). Illit/K-mikalar muskovit-biyotit-seladonit
arasinda muskovit kosesine yakin konumlanmstir.
Sistlerle temsil edilen Ekinozii bolgesindekiler
biyotit-seladonit  bilesimine, fillitlerle temsil

edilen  Afsin Goksun  bolgesindekiler

muskovit bilesimine daha yakin konumlanmis

Ve

bulunmaktadir. Magmatik ve metamorfik biyotit
alanlarmin (Deer vd., 1962) da isaretlendigi MgO-
tFeO-ALO, tggen diyagraminda ise, alt-orta
kesimde ve MgO-Al O, ¢izgisine yaklasik paralel
bir dagilim gostermektedir (Sekil 4b). K-mikalarin
oksit bilesimleri metamorfik biyotitler ile ideal
muskovit arasinda dagilim sunmaktadir (Sekil 4b).

Ekindzii ilgesi giineyinde yiizeyleyen Engizek
Metamorfitleri’ne oktahedral
katyonlarini baslica Mg, Fe ve Al Mg, ,, ..[Fe, ,,
15581 5., 5) Olusturmakta ve samozit (Fe, Mg, (Al)
ve klinoklor (Mg,Al) arasinda trioktahedral
bilesimi yansitmaktadir. Kloritler Foster (1962)
siniflamasina gore brusvigit ve diyabantit (Sekil
Sa), Bailey (1980) siniflamasina gore klinoklor ve

ait  kloritlerin

samozit, olarak adlandirilmistir (Sekil 5b). Ayn
birimden alinan iki klorit 6rneginin tetrahedral
Al igerigindeki farklilik ¢ok az da olsa kil
fraksiyonunda kalan kuvars ve feldispatlardan
kaynaklanmis goziikkmektedir.

Sekil 3. Klorit ve illit/K-mikalarin ana oksit bilesimlerinin dagilimlar.

Figure 3. Distribution of major oxide composition of chlorite and illite/K-micas.
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Sekil 4. Fillosilikat minerallerinin iiggen diyagramlarindaki dagilimlari, a) SiO,-MgO-Al O, +tFe,0,, b) MgO-tFeO-
Al O, (Magmatik ve metamorfik biyotit alanlari Deer vd. 1962’den alimmustir).

Figure 4. Distribution of phyllosilicates on ternary diagrams: a) SiO,-MgO-Al,0,+tFe,0,, b) MgO-tFeO-AL0,
(igneous and metamorphic biotite fields from Deer et al., 1962).

Sekil 5. Kloritlerin adlandirilma diyagramlarindaki konumlari: a) AIV-Fe/(Fet+Mg), b) Fe-Al
Figure 5. Setting of chlorites in nomenclature diagrams: a) ALUV-Fe/(Fe+Mg), b) Fe-Al

temsil eden
K-mikalarin oktahedral katyon icerikleri (Al

Ekin6zii bolgesinde sistleri
0,68-
05sM80 54.073F€ 62051 trioktahedral (Fe+tMg>AlY"),
Afsin ve Goksun bolgesinde fillitleri temsil
eden illiVK-mikalar (Al Mg, Fe,. o)
dioktahedral ~ (AlIY"™>Fe+Mg)  bilesimi
[1lit/K-mikalarm
bilesimleri genel anlamda muskovit ile biyotit

ise

yansitmaktadir. birim-hiicre
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Mg.

toplam_

-Mg.

total

arasinda bir bilesimi yansitmaktadir (Sekil 6).
M*-4Si-R*" diyagraminda Ekin6zii ve Goksun
bolgesi illitleri biyotit-seladonit, Afsin bdlgesine
ait illit fenjit-seladonit arasinda bilesime sahiptir
(Meunier ve Velde, 1989) (Sekil 6a). Altoplam-Rz*-
Si diyagraminda illit/K-mikalar muskovit-flogopit
arasinda, Afsin ve Goksun bolgesi illit/K-miklari

fenjit, Ekindzii bolgesi illit/K-mikalar1 fenjit-
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flogopit arasinda bilesim sergilemektedir (Sekil
6b). FetMg-AlIV-AI"! diyagraminda muskovit-
ferrimuskovit arasinda bilesime sahip Afsin
bolgesi illit Ornegi harig, diger illit/K-mikalar
ferrimuskovit bilesimindedir (Guidotti, 1984)
(Sekil6¢). Mg-AlV+Fe+Ti-Fe*+Mn diyagraminda
illit/K-mikalar Afsin-Goksun-Ekindzii bolgeleri
sirasina gore muskovitten ferrobiyotit bilesimine
dogru degisim sunmaktadir (Foster, 1960) (Sekil
6d).

Sekil 6. K-mikalarin adlandirma diyagramlarindaki konumlari: a)M*-+Si-R*", b) Al

d) Mg-AlYV'+Fe**Ti-Fe*+Mn.

Figure 6. Setting of K-micas in nomenclature diagrams: a)yM*-+Si-R**, b) Al

Al"+Fe** Ti-Fe**+Mn.
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Ekinozi bolgesindeki trioktahedral
K-mikalar; Al-flogopit-Al-annit arasinda Al-
flogopite yakin bir bilesime sahiptir (Sekil 7).
Trioktahedral mikalarin bilesimi mineralojik-
petrografik verilerle uyumlu sekilde amfibolit
fasiyesi pelitik sist alani i¢erisinde yer almaktadir
(Guidotti, 1984).

- R?-Si, ¢) Fe+Mg-AIV-Al",

toplam

- R?*-Si, ) Fe+Mg-Al"-Al", d) Mg-

total
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Sekil 7. Trioktahedral K-mikalarin tetrahedral Al-Mg/(Mg+Fe) diyagramindaki konumu ve amfibolit fasiyesi
metamorfik kayaglarindaki biyotit alanlari ile kkensel durumu (Siniflandirma diyagrami ve biyotit alanlari Guidotti,

1984’ten alinmustir).

Figure 7. Setting of trioctahedral K-micas in tetrahedral Al-Mg/(Mg+Fe) diagram with their biotite fields and origin
position in metamorphic rocks of amphibolite facies (Classification diagram and biotite fields taken from Guidotti,

1984).

Ekindzii bolgesindeki klorit ve trioktahedral
K-mikalarin NTE hari¢ diger eser element
icerikleri Sekil 8’de topluca sunulmustur. Toplam
eser element konsantrasyonu onemli farkliliklar
gostermemekle birlikte, saf klorit Orneginde
(TEM-24) en diisiik (1443 ppm), dioktahedral
K-mika 6rmeginde (TEM-79) en yiiksek (4426
ppm) degere sahiptir Bu durum elementsel
stibstitiisyonun kloritlerde daha az, buna karsin
dioktahedral mikalarda daha yiiksek diizeyde
gerceklestigine isaret etmektedir. Kloritlerden bir
ornegin ozellikle Cu ve Ba konsantrasyonlarinin
yiiksek olmasi, kil fraksiyonunda kalan klorit
dis1 minerallerden (feldispat, opak mineral vb.)
kaynaklanmig goziikmektedir. Kloritlerde gegis
metalleri yiiksek; buna karsin diger elementler,
ozellikle kalicihigr diisiik (LFSE) ve yiksek
(HFSE) elementler diislik derisim gostermektedir.
Dioktahedral mikalar trioktahedral olanlara gore
daha yiiksek As, Sb, Be, Cs, Ba, Ga, Nb, Hf, Zr, Y,
Th ve U, buna karsin daha diisiik Cr, Ni, Sc, Zn,
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Ag, Sr ve Tl icerigine sahiptir. Diger bir ifadeyle,
dioktahedral mikalar genel olarak geg¢is metalleri
ve granitoyid elementlerince daha yiiksek, karigik
davranigli, halojen, degerli metaller, LFSE ve
HFSE bakimindan daha diisiik derisimlere sahiptir.

Klorit ve illit/K-mika minerallerinin kondrite
gore normalize edilmis bazi iz element oriimcek
diyagramindaki dagilimlar1 Sekil 9°da verilmistir.
Kondrit degerlerine gore; genellikle minerallerin
desenleri birbirinden ve Kuzey Amerika Seyl
Bilesimin’den (NASC) ayrilmakta olup; belirgin
bir ayrimlagmayi/farklilasmay1 ifade etmektedir.
Kloritler K-mikalara gore, benzer bigimde
trioktahedral K-mikalar dioktahedral olanlara gore
daha diisiik degerler sunmaktadir. NASC’ye gore
kloritler ve trioktahedral K-mikalar P ve Ti harig
fakirlesme/tiikketilme, dioktahedral K-mikalar ise
Sr ve Ba hari¢ zenginlesme gostermektedir. Sr,
P ve Eu bir klorit 6rnegi hari¢ negatif anomali
olusturmaktadr.
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Sekil 8. Fillosilikat minerallerinin eser element igeriklerine goére dagilimi. (H: Halojen, PM: Degerli metaller,
LFSE:Kalicilig1 diisiik elementler, HFSE: Kalicilig yiiksek elementler).

Figure 8. Distribution of phyllosilicate minerals according to trace element content. (H: Halogen, PM: Precious
metals, LFSE: Low-field-strength elements, HFSE.: High-field-strength elements).

Sekil 9. Fillosilikat minerallerinin kondrit-normalize iz element desenleri. (Kondrit: Sun ve McDonough, 1989,
NASC i¢in Nb ve Y: Condie, 1993; diger elementler: Gromet vd., 1984).

Figure 9. Chondrite-normalized trace element patterns of phyllosilicate minerals. (Chondrite: Sun and McDonough,
1989, Nb and Y for NASC: Condie, 1993, other elements: Gromet et al., 1984).
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Klorit ve illit/K-mika minerallerinin kondrite
gore normalize edilmis NTE dagilimlar1 Sekil
10°da verilmistir. Tim mineraller kondrite gore
yaklagik 1-1.000 kat zenginlesme gostermektedir.
Fillosilikatlar hafif NTE’den agir NTE’ye dogru
azalan bicimde bir dagilim sunmakta olup, tim
ornekler azmiktarda da olsanegatif Eu anomalisine
sahiptir. Afsin bolgesine ait dioktahedral K-mika
en yiiksek fakirlesme, Ekindzii bolgesine ait
trioktahedral mika ise en yiiksek zenginlesmeye
sahiptir.  Kloritler trioktahedral mikalar
NASC’ye gore fakirlesme sunmaktadir. Goksun
Metamorfitleri’ne ait dioktahedral mika NASC’ye
yakin ve az miktarda fakirlesme, buna karsin
Afsin Metamorfitleri’ne ait mika 6rnegi belirgin
bir zenginlesme sunmaktadir.

veE
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Durayh izotop (Oksijen-Hidrojen) Jeokimyasi

Bu calismada oksijen ve hidrojen izotoplari
jeokimyasi incelemeleri 1 klorit, 1 biyotit, 1
muskovit ve 2 illit/K-mika olmak iizere toplam 5
fillosilikat minerali {izerinde gerceklestirilmistir.
Kloritin 80 degeri en diisiik (%08,4) olup, illit/K-
mika ve K-mikalar klorite gore biraz daha yiiksek
ve birbirine olduk¢a yakin degerler sunmaktadir
(%010,1-10,4). %0-42,6—79,9
arasinda daha genis bir araliga sahiptir. 6D

oD  degerleri

degerleri yesilsist/amfibolit fasiyesi kayaglarimi
temsil eden klorit ve muskovitlerde en yiiksek,
yesilsist fasiyesi kayaclarini temsil eden illitlerde
daha diisiik degerlere sahiptir. En diisiik 6D degeri
biyotitte saptanmustir (Sekil 11, Cizelge 3).

Sekil 10. Fillosilikat minerallerinin kondrit-normalize NTE bolluklar1. (NASC: Ho ve Tm elementleri Haskin vd.,
1968, diger elementler Gromet vd., 1984, Kondrit: Sun ve McDonough, 1989).

Figure 10. Chondrite-normalized REE abundance of phyllosilicate minerals. (NASC: Ho and Tm elements from
Haskin et al., 1968, other elements: Gromet et al., 1984, Chondrite: Sun and McDonough, 1989).
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Sekil 11. Fillosilikat minerallerinin oksijen ve hidrojen
izotop bilesimlerinin 8'80 ve 6D diyagramindaki
konumlart (Siiperjen-hipojen ¢izgisi: Sheppard vd.,
1969, Meteorik su ¢izgisi: Craig, 1961).

Figure 11. Settings of oxygen and hydrogen isotope
compounds of phyllosilicate minerals in 60 and 3D
diagrams (Supergen-hypogen line: Sheppard et al.,
1969; Meteoric water line: Craig, 1961).

Tiim ornekler yiiksek sicaklik ve derin
ortam kosullarini temsil eden hipojen bdlgede
konumlanmakta, muskovit ve klorit Ornekleri
siiperjen-hipojen ¢izgisine en uzak konumda yer
almaktadir (Sekil 11). Illit ve ozellikle biyotit
siiperjen-hipojen ¢izgisine daha yakindir. Bu
durum, illitlerin klorit ve muskovitlere goére daha
diisiik metamorfizma kosullarina ve dolayisiyla
daha diisik 6D degerleri sahip olmasindan
kaynaklanmaktadir. Biyotitlerin siiperjen-hipojen

cizgisine yakinligi ise diger fillosilikatlardan daha
diisiik metamorfizma derecesinden ziyade, 500
°C’yi asan sicaklik kosullar1 nedeniyle daha diisiik
OD degerleri sunmasiyla iligkilidir.

Fillosilikatlarin ~ su igeriginin kaynagini
belirlemek amaci ile oD 00 diyagrami
kullanilmistir (Sekil 12). 1llit/K-mika ve kloritler
biitiinliyle metamorfik su alaninda dagilmaktadir.
[1lit/K-mika ve kloritlerin sicakliga bagli mineral-
su izotopsal ayrimlagma verileri metamorfik
su alaninin minimum 80 ve 8D degerlerine
gore degerlendirildiginde, minimum sicaklik
verileri illitler i¢in 200 °C, muskovit ve kloritler
icin 300 °C belirlenmistir. Metamorfik su alani-
nin 300-600 °C arasmmin temsil etmesi goz
oniinde bulunduruldugunda, tim ornekler tipik
metamorfizma sicaklik kosullarini  yansitacak
niteliktedir.

Fillosilikat minerallerini olusturan suyun 6'30
degerlerinin sicaklikla iliskisinin degerlendirildigi
6"*0,,, — Sicakhk (°C) diyagraminda illit,
muskovit ve kloritler metamorfik su minimum
00 degeri esas alindiginda birbirine yakin
ancak metamorfizma derecesinin altinda kalan
sicaklik kosullar1 (=200 °C) elde edilmistir
(Sekil 13). Bu sicaklik degeri Orneklerin
mineralojik ve petrografik 6zellikleriyle uyumsuz
olup, metamorfik su bilesiminin daha yiiksek
degerde oldugunu (3'°O,,,=~10) ve 375-500
°C arasinda degisen sicaklik kosullarindaki bir
metamorfizmayi igaret ettigini gostermistir.

Cizelge 3. Fillosilikat minerallerinin durayli izotop (3'30 ve 8D) bilesimleri.

Table 3. Stable isotope composition (30 and 3D) of phyllosilicate minerals.

Ornek No Bdlge/Formasyon Mineral 5180 %o (SMOW) 3D %0 (SMOW)
TEM-24 Ekindzii G/Yoncayolu Klorit 8.4 -52.9
TEM-40 Ekindzii G/Yoncayolu Biyotit 10,1 -79,9
TEM-42 Ekindzii D/Cayderesi Tllit/mika 10,1 -71,6
TEM-59 Ekindzii D/Cayderesi Illit/mika 10,3 -70,6

TEM-281 Ekindzii GB/Cayderesi Muskovit 10,4 -42.6




Sekil 12. Fillosilikat minerallerindeki 'O ve 38D
verilerinin mineral-su ayrimlagmas1 esitliklerinden
itibaren  hesaplanan  sicaklik-izotopsal  bilesim
dagilimlart (Dogu Akdeniz Meteorik Su bilesimi: Gat
vd., 1996, Magmatik ve metamorfik su alanlari: Taylor,
1974; Rye vd., 1976; Sheppard, 1981, 3'*0 mineral-su
ayrimlagma esitlikleri: Zheng, 1993, 6D mineral-su
ayrimlagma verileri: klorit-su i¢in Graham vd., 1984,
biyotit-su ve muskovit-su i¢in IAEA (International
Atomic Energy Agency, Ferronsky ve Polyakov, 2012).

Figure 12.  Temperature-isotopic ~ composition
distribution of 0®0 and 38D data in phyllosilicate
minerals calculated from mineral-water separation
equations (Eastern Mediterranean Meteoric Water
composition: Gat et al., 1996, Magmatic and
metamorphic water fields: Taylor, 1974; Rye et al,
1976, Sheppard, 1981). 880 mineral-water separation
equations: Zheng, 1993; 8D mineral-water separation
data: Graham et al., 1984 for chlorite-water, IAEA
for biotite-water and muscovite-water (International
Atomic Energy Agency, Ferronsky and Polyakov, 2012).

Radyojenik izotop (“’Ar/*°Ar) Jeokimyasi

Metamorfizma yaslarinin belirlenmesi kapsaminda
mika mineralleri tizerinde *Ar/*’Ar radyometrik
yas tayinleri gerceklestirilmistir. Epimetamorfik
illitlerin (serizit) yaglari i¢in “toplam gaz yas1”
yerine “argon kapanma yas1” kullanilmasi tercih
edilmistir (Hall, 2013). Ekindzii giineyindeki
amfibolit fasiyesi mika gnayslardan ayirt edilen
biyotit (Bt) ve muskovit (Ms) Orneklerine ait

58

Deniz HOZATLIOGLU, Omer BOZKAYA, Hiiseyin YALCIN

Sekil 13. Klorit ve K-mikalardaki suyun mineral-su
esitliklerine (Zheng, 1993) gére hesaplanmis %o 5'*O,,,
(SMOW) degerleri ile sicaklik arasindaki iligki
(8"0,,,,5; Taylor, 1974).
Figure 13. Relationship between temperature and %o
0®OH,0 (SMOW) calculated according to mineral-

water equations of water in chlorite and K-micas
(Zheng, 1993, 80, °5; Taylor, 1974).

H20

(Hozatlioglu, 2018: TEM-37 Bt, TEM-159
Ms+Bt ve TEM-163 Bt) “Ar/*?Ar yas verileri
(49,39+0,27-39,68+0,84 m.y.) Alt-Orta Eosen
doneminde

(Ipresiyen-Bartoniyen) gelisen

metamorfizmaya karsilik gelmektedir (Sekil 14).
Sillimanit (TEM-37)
ait biyotitlerin en gen¢ metamorfizma yasi

mikasist Ornegine
vermesi, biyotitlerin muskovitlere gore daha
az Ar icermesinden (Ornegin, Roddick vd.,
1980; Heizler ve Harrison, 1988) ziyade, en
yiiksek dereceli en geng
donemde gergeklesmesiyle iliskilidir. Nitekim,
biyotitlerinkine  benzer metamorfizma  yas
(40,88+£5,02 m.y.; Bartoniyen-Orta
Eosen) Ekindzii dogusundan alman fillitik gist
ornegindeki (TEM-59) epimetamorfik illitlerden
de elde edilmistir.

metamorfizmanin

bulgusu
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Sekil 14. I1lit/K-mikalarin Ar-Ar yas spektralar1 (Ince taneli/serizitik érneklerde kapanma yas1, iri taneli drneklerde

plato yasi1 6l¢iimleri esas alinmistir).

Figure 14. Ar-Ar age spectras of illite/K-micas (based on retention age in fine-grained/sericitic samples and plateau

age in coarse-grained samples).

Afsin ve Goksun ilgeleri yakinindan alinan
metamorfitlere ait fillit (TEM-84) ve kalkfillit
(TGM-112)
illitlerden sirasiyla 76,07+1,36 m.y. (Kampaniyen-
Geg Kretase) ve 85,98+0,42 m.y. (Santoniyen-

orneklerindeki epimetamorfik
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Ge¢ Kretase) “Ar/°Ar yaslart elde edilmistir
2018).
metamorfik ve magmatik (Hozatlioglu, 2018;
Yazgan, 1984; Asutay, 1987; Yazgan, 1983;
Rizaoglu vd., 2009; Yazgan ve Chessex, 1991;

(Hozatlioglu, Dogu  Toroslardaki



Bozkaya vd., 2003; Helvaci, 1983; Okay vd.,
2010), ayrica ofiyolitik kayaclara (Dubertret,
1953; Aslaner, 1973; Selguk, 1981; Delaloye
vd., 1979; Delaloye vd., 1980a; Delaloye vd.,
1980b; Uysal vd., 2012; Parlak vd., 2009; Cogulu
vd.,, 1976; Dilek ve Thy, 2009; Karaoglan,
2012; Tarhan, 1984; Geng vd., 1993; Robertson
vd., 2006; Karaoglan vd., 2013; Yazgan, 1983;
Yazgan ve Chessex, 1991; Yilmaz vd., 1981) ait
yas bulgular ile illit/K-mikalardan elde edilen
yaslarin denestirilmesi Cizelge 4 ve 5’de sirasiyla
sunulmustur.

YWAr/Ar radyometrik yas tayini yoOntemi
ile illit/K-mikalardan elde edilen yaslar bolgesel
jeoloji haritasi tizerinde degerlendirilmistir (Bedi
vd., 2005, 2009) (Sekil 14). Veriler genel olarak
Ust Kretase (Goksun-Binboga Metamorfitleri)
ve Alt-Orta Eosen’e (Engizek Metamorfitleri)
karsilik gelmektedir (Sekil 15). Metamorfitlerin
cevresindeki ofiyolit tabani
yaslar1 ve yay magmatiklerinden elde edilen yaglar
ile illit/K-mikalardan elde edilen yaslar bolgesel
jeoloji haritasina yerlestirilmis ve biiyiik benzerlik
sundugu goriilmiistiir (Yilmaz vd., 1993) (Sekil
16). 1llit/K-mikalardan elde edilen metamorfizma
yaslarmin Dogu Toroslar’in  bolgesel jeoloji
haritasindaki dagilimlari, batidan doguya dogru,
diger bir ifadeyle GD Anadolu kenet kusagina
yaklasildiginda daha da genglesmektedir (Bilgic,
2002; Ulu, 2002) (Bkz Sekil 2).

metamorfizmasi

SONUCLAR VE TARTISMA

Bu calismada, Dogu Toroslar’in bati kesiminde
Goksun, Afsinve Ekinoziiilgeleri (Kahramanmarag
ili kuzeyi) cevresinde yiizeyleyen Ust Paleozoyik-
Alt Mesozoyik yastaki metamorfik birimlerde
yapilan jeokimyasal incelemelerden elde edilen
sonuglar asagida sunulmustur:

Jeoloji
Gilineydogu Anadolu bolgesinde Arap Plakasi
kuzeyi ile Dogu Toros Kusagi boyunca
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metamorfik  kayaglar  cografik

ylizeyleyen
konumlarina gore Bitlis, Piitiirge, Keban, Malatya,
Engizek ve Goksun Metamorfitleri biciminde
adlandirtlmiglardir. Bunlardan Bitlis ve Piitiirge
litolojik ve metamorfizma derecesi, jeolojik
konumu ve kokenleri bakimindan birbirinin
esdegeri iken, Keban, Malatya, Engizek ve Goksun
Metamorfitleri de benzer parametreler gdzoniine
almarak esdeger kabul edilmektedir (Peringek ve
Ozkaya, 1981; Yazgan, 1984; Yazgan ve Chessex,
1991; Yilmaz vd., 1993; Turan vd., 1995; Erdem
ve Bingdl, 1997). Yazarlara gore Bitlis-Piitiirge
Arap Plakasi’ndan, Keban, Malatya, Engizek ve
Goksun Metamorfitleri ise daha kuzeyde yeralan
Toros veya Keban Plakasi’ndan tiiremislerdir.
Bununla birlikte, tiim metamorfik kayaclarin
esdeger ve Toros kokenli oldugu seklinde goriisler
de bulunmaktadir (Y1lmaz vd., 1987; Yilmaz vd.,
1992; Yilmaz, 1993). Ayrica son yillarda yapilan
Bitlis
sicaklik ve basing metamorfizmasinin nedeni
olarak Bitlis Masifi ve kiizeyindeki Anatolid-
Torid platformu arasinda yer alan bir okyanusal

caligmalarda Kompleksindeki yiiksek

havzanin veya Neotetis okyanusu’nun giiney
kolunun kapanmasi gosterilmistir (Candan vd.,
2012; Oberhénsli vd., 2012; Oberhénsli vd., 2014).

Neotetis
Okyanusu’nun kolu ile bolgedeki metamorfik

Dogu Toros kusaginda
kayaglarin konumu ile ilgili olarak iki farkl
gorlis bulunmaktadir. Birincisi okyanus kolunun
Bitlis-Piitiirge Masiflerinin giineyinde yer aldig:
seklindedir (Peringek ve Ozkaya, 1981; Yazgan
vd., 1983; Michard vd., 1984; Yazgan, 1984;
Yazgan ve Chessex, 1991). Neotetisin giliney
kolunun tek bir okyanusal alandan (Hall, 1976;
Ozkaya, 1978; Bastug, 1980; Yazgan, 1984; Aktas
ve Robertson, 1990; Yazgan ve Chessex, 1991;
Yilmaz, 1993) veya en az iki okyanustan (Peringek
ve Ozkaya, 1981; Sengér ve Yilmaz, 1983; Turan
vd., 1995) kaynaklandig1 bi¢ciminde yaklagimlar
da bulunmaktadir.
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Cizelge 4. Goksun, Afsin ve Ekindzii bolgelerinden elde edilen illit/K-mika yaslart ve Dogu Toroslar bolgesi
metamorfik ve magmatik kayaclara ait yas bulgulari ile denestirilmesi.

Table 4. Illite/mica ages obtained from Goksun, Afsin and Ekindzii regions and their correlation with age findings
of metamorphic and magmatic rocks of Eastern Taurus region.

Metamorfitler Ornek  Kayac Turli  Mineral Lokasyon Yas (My) Yontem Referanslar
e Afsin/Bastistii
; TEM-84 Fillit I1t/Ms . 76,07+£136 -
GOksUN  TGM.112 Kalkfillit  11tMs Goksun/ 85,980,42 Hozathoglu (2018)
Sogukpinar
. Gozpinar/
TEM-37 Sil-mikasist Bt Altunyaprak 39,68+0,84 DA Ar
. TEM-59 Mikasist Ms+Bt R 40,88+5,02 <
W Ek /Ak ’ ’
Engizek  1pN[ 159 Chl-mikasist MstBt — ROAVAXDINAL 050 007 Hozathoglu (2018)
TEM-163  Grt-mikasist Bt Gozpmar/Giileyler  45,04+0,17
Malatya - Mikrosiyenit Sa Tiirk Dag1 76.,0-78,5 £2.5 K-Ar Yazgan (1984)
30/80 o Sa-Fsp  Kebankuzeyi 78,542,5
31/80 Styenit Sa  FlazsKebanvom  76.042.5
Siyenit Gabro a2 Elazig-Keban yolu U2,
124/81 R Hbl Baskil eiin 77,5+4,5
Granodiyorit skil guney
95179 e ot Bt batist 86,5+2,5
Keban 96/79 Monzo diyori ¢ Hbl 83,542,5 K-Ar Asutay (1987)
100/79 (ORI HbI 86,0+2,5
101/79 Di or?t Hbl Baskil giineyi 84,0£2,5
9/2-78 Diy o Amp guney 76,042,5
9/2-78 Yo Bt 75,5425
Piiliitonik
) Damar- . Baskil 82,0-86,0 K-Ar Yazgan (1983)
- . - 74,0-80,0
Volkanik
Baskil 81,5+0,8— 81,9+
Magmatitleri - B Bt . 0,7 40 A 730 <
] Granitoyid Hbl Baskil 81.541,1— 84,0+ Ar/P°Ar  Rizaoglu vd. (2009)
0,7
48/79 Metaalbit ~ Chl+Ms 47,0£2,0
50/79 Bt-Ms sist Bt 57,5+2,0
52/79 Bt-Ms sist Bt 56,3+2,0
45/79 Gozli gnays Bt 66,7+£2,0
45/79 Gozli gnays Bt 67,0+£7,0
6/79 Muskovitgist Ms Piitiiree 72,5+2,0 K-Ar Yazgan ve Chessex
7779 Muskovitsist  Ms & 73,042,0 (1991)
. 8/79 Muskovitsist Ms 74,0£2,0
Putiirge 51/79 Amfibolit Amp 76,5+6,0
EE/78 Amfibolit Bt 77,5+2,0
54/79 Amfibolit Amp 85,0+2,6
54/79 Amfibolit Amp 85,0+1,2
- Mikasist Ms - 70,0-74,0
] Amfibolit Amp Piitiirge 70,0-85.0 K-Ar Yazgan (1983)
PP-32 o Alu Piitiirge (Vaktit 71,322,0
PP-40 Pirofillit Alu Tepe) 69.1-1.8 K-Ar Bozkaya vd. (2003)
S3-29  Metavolkanik  K-Fsp Bingol (Avnik) 91,0+£9,0 Rb-Sr Helvaci (1983)
TU-136 ~ Metakumtasi Ap 13,4422
TU-138 Gnays Ap 13,843,1 Apatit
TU-140 Kumtas: Ap Bitlis siitur zonu 17,5+2,8 Fizyon Izi
Bitlis TU-145  Metagranit Ap 14,6+2,5 Y Okay vd. (2010)
TU-149 Gnays Ap 18,0+1,8
TU-155 Kumtast Ap 13,942.1

1lt: illit; Bt: Biyotit; Ms: Muskovit; Sa: Sanidin; Fsp: Feldispat; Hbl: Hornblend; Amp: Amfibol; Chl: Klorit; Alu: Alunit; Ap:
Apatit; K: Potasyum.
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Cizelge S. Dogu Toroslar bolgesindeki ofiyolitik kayaclara ait yas verileri.

Table 5. Literature age data of ophiolitic rocks in Eastern Taurus region.

Ofiyolitler Ornek  Kaya¢ Turli  Mineral Lokasyon Yas (My) Yontem Referanslar
Kampaniyen- - Dubertret (1953),
Erken Maastrihtiyen Aslaner (1973), Selguk
(yerlesme) (1981)
- - - Kizildag
Ust Kretase Delaloye vd. (1979)

Jeokronolojik Delaloye vd. (1980a)

(olusum) Delaloye vd. (1980b)
- Gabro/Peridotit - Kizildag 92,3£16,0 187Re/'*0s Uysal vd. (2012)
Kizildag “MC-ICP-
(Hatay)g - Plajiyogranit Zm Kizildag 90,3+2.4 LA MS_II)gP MS Parlak vd. (2009)
; Gabro TK }ggfé?gggﬁ; K-Ar Cogulu vd. (1976)
- Gabro TK Kizildag N PO K-Ar Delaloye vd. (1980a,
X 140,0+18,0-
- Dolerit TK 110.0£10.0 K-Ar 1980b)
- Plajiyogranit Zm 91,,6 i91,,8 U-Pb Dilek ve Thy (2009)
FK-25 Plajiyogranit Zm Kizildas 90,3+2,4 LA-MC-ICP-MS
FK-26 Gabro Zm zildag 93,4430 U-Pb
FK-25  Plajiyogranit TK 90,0 Karaoglan (2012)
FK-26 Gabro TK Kizildag 96,4+9,8 147Sm/'"*Nd
FK-27 Gabro TK 95,3:t6,_9
; - ) Goksun ~ U:Portlandiyen - ; Tarhan (1984)
N A.Berriasiyen
Goksun  "FK08-47 Gabro Zrm Géksun 287 19,0 LA-MC-ICP-MS
(K.maras)  Fg0g-48 Riyolit Zm 83.1+22 U-Pb Karaoglan (2012)
FK-23 Gabro TK Goksun 97,3+ 6,4 147Sm/"*Nd
Jura-Krease
. . - . (olusum yas1) -
Epiofiyolit ) Berit U-Kretase-U-Eosen Geng vd. (1993)
Berit (yerlesme yast)
(K.maras) - Volkanoklastik - Afsin 90,0 Fosil yas Robertson vd. (2006)
B5Sh Ky-Graniilit Grt-Cpx Berit 50,6 +3,1 Sm-Nd Karaoglan v. d. (2013)
FK-17  Grt-Amfibolit Amp Dogansehir 52,0+ 1,7 Sm-Nd & ’
. : U-Kampaniyen .
- Marnli kiregtast - Ispendere A- Maastirityen Fosil yas Yazgan (1983)
Ispendere  FK08-42 Gabro Zrn fspendere 566+20,0 LA-MC-ICP-MS
(Malatya) FK08-44 Gabro Ztn P 84.5+3.9 U-Pb Karaoglan (2012)
FK-29 Gabro TK ispender 85,1+£7,1 H47Sm/"Nd
FK-30 _Plajiyogranit TK Spendere 82,0 U-Pb
Granodiyorit- <
Amfibolit Bt-Amp Karga dag1 75,0+2,5 K-Ar Yazgan (1983)
- Lokogranit Bt Koémiirhan 85,043,0 K-Ar
. R 78,5+2,5 Yazgan ve Chessex
- Trondjemit Ms Koémiirhan K-Ar
Amfibolit A Kémiirh 127,0£14,0, K-A (1991)
Kémiirhan - mfiboli mp omirhan 5 ' 9% 69 5050 -Ar
(Elaz1g)
FK08-40 Kiimiilat Gabro Zrn Ko6miirhan 86,2+2.,6
FK-10 Riyolit Zrn Komiirhan 74,6+4,4 LA_MS__;%P_MS 5
FK-12 Gabro Zmn Kémiithan 87,243,1 Karaoglan (2012)
FK-12  Olivinli Gabro  PI-Cpx Komiirhan 84,0 147Sm/'"Nd
Guleman - - - Gevas Paleosen sonrasi - Yilmaz vd. (1981)
(Elaz1%) - - - Guleman 84,0-87.0 - Karaoglan (2012)

Zrm: Zirkon; TK: Tiim kayacg; Grt: Granat; Cpx: Klinopiroksen; Amp: Amfibol; Bt: Biyotit; Ms: Muskovit; Pl: Plajiyoklaz.
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Sekil 15. Goksun, Afsin ve Ekindzi bolgelerindeki illit/K-mikalarin Ar-Ar yas verilerinin dagilimi ve bolgedeki
ofiyolitik ve magmatik kayag verileriyle denestirilmesi (Bolgesel jeoloji haritasi: Bedi vd., 2005, 2009).

Figure 15. Distribution of illite/K-mica Ar-Ar age data in Goksun, Afsin and Ekinozii and their correlation with
ophiolitic and magmatic rock data in the region (Regional geology map: Bedi et al., 2005, 2009).
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Dogu Toroslar’da Keban, Malatya ve Piitiirge
metamorfitlerinde gergeklestirilen mineralojik-
petrografik c¢alismalarda metamorfik istiflerin
yukarida 6zetlenen ¢aligsmalarda ileri siiriilenlerden
farkli1 kdken ve evrime sahip oldugunu gostermistir.
Fillosilikatlarin ~ kristal-kimyasal  verilerinden
elde edilen bulgulara gore; Keban Metamorfitleri
Geyikdagi Birligi’nden, Malatya Metamorfitleri
Aladag Birligi’nden, Piitiirge Metamorfitleri ise
Glineydogu Anadolu Otoktonu’ndan tliremistir.
Metamorfik faktorlerin (P-T-t) etkisi ve yonelimi
acisindan  Malatya Metamorfitleri  acgilmali
basenlerdeki metamorfizmay1 yansitacak
bigcimde P-T-t'nin tersi, digerlerinin ise tipik
bolgesel metamorfizmay1 yansitan P-T-t yontinde
gergeklestigi belirlenmistir (Bozkaya, 1999, 2001;
Bozkaya ve Yal¢in, 2004; Bozkaya vd., 2007a;
2007b).

Yukaridaki goriislerin gegerliligini belirlemek
acisindan Toros kusaginin ve Arap platformunun
ayrintili olarak caligilarak bolgedeki metamorfik
kayaclarla denestirilmesi gerekmektedir.
Glinlimlize kadar benzer incelemelerin biiyiik
Olciide genel jeolojik boyutta kalmasi nedeniyle
bu problemler c¢oziilememistir. Bolgede genel
jeolojik calismalarin yani sira gerek bu cgaligma
gerekse Yalcin vd. (1999), Bozkaya (1999, 2001),
Bozkaya ve Yalgin (2004), Bozkaya vd. (2007a,
2007b), Hozatlhoglu (2018), Hozatlioglu vd. (2020)
calismalarinda oldugu gibi ayrintili mineralojik-
petrografik incelemeler de gerceklestirilmelidir.

Ana ve iz Element Jeokimyasi

Dioktahedral ve trioktahedral mikalar arasindaki
ana, iz, ozellikle NTE igeriklerindeki bilesimsel
farkliliklar biiyiik 6l¢iide ana ve koken kayag
bilesimi, jeolojik ortam, olusum siirecleri ve
¢oOzelti bilesimiyle (Guidotti, 1984; Cathelineau,
1988) iligkili olmakla birlikte, K-mikalarin
Mg+Fe igeriginin metamorfizma derecesinden
de etkiledigini (Robinson vd., 1980; Ireland
vd., 1983; Hunziker vd., 1986; Brill, 1988)
diistindiirmektedir.
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Inceleme alanindaki trioktahedral (klorit
ve Dbiyotit) ve dioktahedral (illit'muskovit)
fillosilikatlarda iz ve NTE’nin dagilimlarmin
birbirlerinden farkli desenler, diger bir ifadeyle
ayrimlasma/farklilagma  gdstermesi,
olasilikla farkli bir kdken kayaci ve/veya olusum
siirecini isaret etmektedir. Diger bir ifadeyle,
Afsin, Goksun ve Ekindzil bolgelerindeki mikalar
gerek koken kayag (Goksun ve Afsin bolgesinde
fillit/sist, Ekinozii bolgesinde sist/gnays) ve
gerekse metamorfizma derecesindeki (Goksun ve
Afsin bolgesinde alt-yesilsist/yesilsist, Ekinozii
bolgesinde amfibolit) farkliliklar, kimyasal
bilesimdeki degisimlere yansimis gdziikmektedir.

biiylik

Durayh izotop Jeokimyasi

Bu calisma kapsaminda incelenen illit/K-mika ve
kloritlerin oksijen ve hidrojen izotop degerleri;
bu minerallerin olusum sicakliklarmin 375-
500 °C arasinda degistigine isaret etmekte olup;
mineralojik-petrografik verilerle uyumlu bigcimde
orta dereceli (yesilsist-amfibolit) metamorfizma
kosullarin1 isaret etmektedir. Diger bir ifadeyle,
mikalari kéken kayag (Goksun ve Afsin’de fillit/
sist, Ekindzii’nde sist/gnays) ve metamorfizma
derecesindeki farkliliklar (Goksun ve Afsin’de
alt-yesilsist/yesilsist, Ekindzii'nde amfibolit)
izotopsal bilesimlere de yansimistir.

Radyojenik izotop Jeokimyasi

Bu calismada illit/K-mikalar tizerinde *°Ar/*°Ar
yaslandirma yoOntemi tercih edilmis olup, elde
edilen radyometrik yaslar Kretase donemi yitim
magmatizmas1 ve ofiyolit yerlesimi, Eosen
donemi ise Maden havzasmin olusumunu da
kapsayan magmatik ve metamorfik olaylarla
iligkili goziikmektedir (Sekil 15). Bu veriler
Goksun-Binboga ve Engizek Metamorfitleri’nin
(Goksun, Afsin ve Ekinozii bolgeleri) farklh
bir metamorfik tarih¢eye sahip olduguna isaret
etmektedir.  Dogu  Toroslar’da  Neotetis’in



gliney kolunun Ge¢ Triyas’taki riftlesmeye
bagl olarak acildig1 ve Geg¢ Kretase baglarinda
(Koniyasiyen-Kampaniyen) kapandigi goriisii
kabul edilmis olup, okyanus kolunun kapanmasi
sirasinda Elazig yay magmatitlerinin olustugu
belirtilmistir (Peringek, 1980b; Yazgan, 1984;
Yilmaz vd., 1987; Fourcade vd., 1991; Turan vd.,
1995; Karaoglan vd., 2013). Maden havzasinin
gelisimine ek olarak, Eosen déneminde olustugu
ileri siiriilen Dogansehir granitoyidi ve Berit
metaofiyoliti (Karaoglan vd., 2013) ile Van Gevas
bolgesinde gelisen yliksek basing metamorfizmast
(Oberhansli vd., 2014), bolgede Eosen déoneminde
de yogun magmatizma-metamorfizma olaylarinin

gelistiginin diger kanitlaridir.

Bu degerlendirmelere gore, Goksun-Binboga
Metamorfitleri’nin (Goksun ve Afsin bolgeleri)
yay magmatizmasina ve Neotetis okyanusunun
giiney kolunun kapanmasiyla iliskili ofiyolit
yerlesimi ile baglantili olma ihtimali oldukga
yiiksektir. Diger taraftan, illit/K-mikalardan elde
edilen metamorfizma yaslarinin Dogu Toroslar
bolgesindeki dagilimi, batidan doguya dogru,
diger bir ifadeyle GD Anadolu kenet kusagina
yaklasildiginda daha da genclesmektedir.

Gerek dokusal ve mineralojik bilesim gerekse
jeokimyasal veriler dikkate alindiginda; Goksun ve
Afsin bolgesindeki metamorfik kayaclar Malatya
metamorfitlerine, Ekindzii bolgesindekiler ise
Piitlirge metamorfitlerine benzerlik sunmaktadir.
Elde edilen veriler; Glineydogu Anadolu Orojenik
Kusagi Metamorfik Masiflerinin bati uzantisini
temsil eden metamorfik kayaglarin bolgelere gore
farkli koken kayac ve/veya litolojlere, batidan
(Goksun) doguya (Ekindzil) dogru artan sicaklik
ve basing kosullarina ve her birinin farkli jeolojik
temsil ettiklerini

evrime sahip mozayikleri

gostermistir.
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Makalenin titiz

EXTENDED SUMMARY

This study aimed to determine the diagenesis/

metamorphism  degree  and  characteristic
geochemical properties of phyllosilicates in Upper
Palaeozoic-Lower Mesozoic metamorphic units
that outcrop from west to east in the vicinity of
Goksun, Afsin and Ekinozii in the western part of
the Eastern Taurus mountains lying within Alpine

Tectonic Units.

The rocks in the Goksun region are mostly

composed of metacarbonates with fewer
metapelitics and rarely metapsamides. Rocks in
the Afsin region are mostly metacarbonates and
have fewer metapelitic and metabasites, while
rocks in the Ekinozii region are mostly metapelitics
with fewer metacarbonates and metabasites, and

rarely metapsamides.

Geochemical of  the

phyllosilicates’ main and trace/trace elements,

investigation

stable isotope and “Ar/°Ar radiogenic age
determination was carried out on pure muscovite,
biotite and chlorite flakes separated from low-
medium grade metamorphic samples using a
binocular microscope and pure illite fractions
were obtained by an optical microscope and XRD-
whole rock and clay separation.
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According to the main concentration of
phyllosilicates, the chlorites differ from illite/K-
micas with their higher MgO and Fe,O, and lower
Sio,, A1203 and K,O content. T he illite/K-mica
composition shows differences according to the
area and degree of metamorphism; illite/K-micas
of Afsin and Goksun contain higher SiO, and Al,0,
and lower MgO, F 6203, MnO and NaZO compared
to Ekinézii. According to the distribution of oxides
(chlorites and illite/K-mica on the triangular
diagrams), the element-oxide composition of
K-micas is located in a zone between muscovite,
biotite and celadonite. The ones represented by
schists in Ekinozii are close to biotite-celadonite
composition while those representing phyllites
in Afsin and Ekinézii are close to muscovite in
composition. Chlorites have a trioctahedral
composition between chamosite and clinochlor
(or brusvigite and diabantite). lIllite/K-micas,
which have both trioctahedral and dioctahedral
characteristics, generally have a composition
between muscovite and biotite (biotite-celadonite,
muscovite-phlogopite, — muscovite-ferriphengite,
muscovite-ferrobiotite, Al-phlogopite-Al-annite).
In chlorites, transition metals are found at high
concentrations, while other elements, especially
elements with low (LFSE) and high field strength
(HFSE), show low concentrations. Dioctahedral
micas generally have a high concentration of
transition metals and granitoid elements and a
low concentration of miscellaneous, halogen and
precious metals, LFSE and HFSE. According
the chondrite and NASC values;
element patterns of illite/K-mica and chlorites
are generally separated from one another and
display a distinctive differentiation/fractionation.
Chlorites display higher values when compared
to K-micas and trioctahedral K-micas show lower

to trace

values when compared to dioctahedral K-micas.
Considering the Rare Earth Element (REE)
distribution of chlorite and illite-mica minerals
according to chondrite and North American
Shale Composite (NASC), it can be seen that
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dioctahedral K-mica in the Afsin region has the
highest depletion while the trioctahedral mica of
Ekinézii region has the highest enrichment. The
distribution of trace elements, especially REE,
shows that trioctahedral (chlorite and biotite)
and dioctahedral (illite/muscovite) phyllosilicates
have different patterns, this indicates high
probability of a different source rock and/or
formation process. The settings of the oxygen and
hydrogen isotope components of micas show that
all samples examined belong in the hypogene
region, which represents high temperature and
deep environment conditions. According to the
diagram of the isotope composition of water, a
differentiation between mineral-water boundaries
exists with increasing temperature. Oxygen and
hydrogen isotope values of illite/K-mica and
chlorites indicate that the formation temperature
of these minerals varies between 375 and 500 °C.

QAr/°Ar age data of the biotite (Bt) and
muscovite (Ms) samples (TEM-37 Bt, TEM-159
Ms and TEM-163 Bt) from the amphibolite facies
mica gneisses south of FEkinozii (49.39+0.27-
39.68+0.84 m.a.) indicate metamorphism during
Lower-Middle (Ipresian-Bartonian).
Biotites of the same sequence give a younger age
of metamorphism than muscovites, which may
be related to the fact that muscovite contains

FEocene

more Ar than biotites. However, a similar age
to that of biotites (40.88+5.02 m.a.; Bartonian-
Middle Eocene) was also obtained from the
epimetamorphic illites of the phyllitic schist sample
(TEM-59) taken from east of Ekinozii. Regarding
the epimetamorphic illites of the phyllite (TEM-
84) and calcfillite (TGM-112) samples belonging
to the Goksun-Binboga Metamorphics, taken from
the vicinity of Afsin and Goksun; “°Ar/*Ar ages of
76.07€1.36 m.a. (Campanian-Late Cretaceous)
and 85.98+0.42 m.a. (Santonian-Late Cretaceous),
respectively were obtained.

According to the regional distribution of
illite/mica ages obtained from Goksun, Afsin
and Ekinozii and their correlation with the



findings of metamorphic, magmatic and ophiolitic
rocks in the Eastern Taurus region, the age of
metamorphic sole rocks at the base of the Tauride
Belt ophiolites around the metamorphic rocks
and the age acquired from arc magmatism, the
ages obtained from illite/K-micas show great
similarities. The age of metamorphism is observed
to be rejuvenated from west to east, in other words,

when approaching the SE Anatolia suture belt.

Accordingly, the Goksun-Binboga Metamorphites

(Goksun and Afsin area metamorphics) are highly
likely to be related to arc magmatism and the
ophiolite settlement associated with the closure of
the southern branch of the Neotethys Ocean.

The obtained data shows that geochemical
features, as well as paragenetic, mineralogical
and structural-crystallographical properties, are
significantly effective on the determination of the
degree of metamorphism.
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Abstract: Porosity and density information were taken from five well logs scattered in East Baghdad oil field. New
empirical equations (porosity-depth, density-depth) were established for all the geological formations within the
Tanuma-Ahmadi interval. The correlation coefficient (R) of these equations derived for each formation ranged from
0.04 to 0.61 which was attributed to variable lithological effects.

The depth information for (126) velocity analysis sites covering the field were used to apply those new equations.

After the new empirical equations were applied on the whole field, porosity and density contour maps for the
period (Tanuma-Ahmadi) were produced. The locations of high porosity zones were identified and related to the

compaction and petroleum distribution in the field.

Keywords: East Baghdad oil field, empirical equations, petrophysical parameters, seismic velocity analyses.

INTRODUCTION

A great portion of oil in the world is stored in
carbonate reservoirs, which play a major role in the
exploration of oil worldwide. The characterization
of these reservoirs is very complex compared to
other types of reservoirs (Al-Jawad and Kareem,
2016). The East Baghdad oil field extends from
Al-Saouira Area (southeast) to Al-Nibayia
(northwest) (Figure 1). This field was discovered
by the Iraqi National Oil Company (INOC) in
1974. Most of oil wells drilled in this field reached
Cretaceous formations, while some of them
penetrated all Cretaceous formations and reached
upper Jurassic. The field extends about 120 km in

length and 20 to 30 km in width. The geological
model was created by using seismic interpretation,
log information, and core analysis data.

There are many faults in the field with NW-
SE trending structure, with oil production coming
from the late Cretaceous Tanuma Formation,
fractured carbonates of the Khasib Formation and
from the early Cretaceous sandstone of the Zubair
Formation. In other Cretaceous reservoirs, the oil
was successfully examined in the carbonates of
Hartha, Mishrif/Rumaila Formations, clastics of
Nahr Umr and mixed clastics/carbonate of Ratawi
Formations (Al-Ameri and and Al-Obaydi, 2011).
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Figure 1. Location map of the study area (modified
after Al-Ameri and Al-Obaydi, 2011).

Two main faults appear in the seismic
section (Figure 2); the first one is normal, while
the second is semi-vertical. Both faults cut the
tops of Ahmadi, Shuaiba, Chiagara and Gotnia
Formations. Good paths along these faults allow
oil migration along permeable beds within the
Chiagara Formation. The vertical movement of
this path finally reaches the anticline traps. The oil
spills into the adjacent permeable layers below the
trap and then passes through the tensional joints to
become trapped in the Fatha Anhydrite seal (Al-
Ameri and Al-Obaydi, 2011).

The stratigraphic section consists of many
types of rocks such as carbonates, shale, anhydrite,
marl, sandstone, and siltstone. These deposits
extend from Jurassic, Cretaceous up to Pliocene
in geologic time (Al-Ameri and Al-Obaydi, 2011).

Figure 3 shows the stratigraphic section for
the formations in this field

The purpose of this study is divided into three
major aims.
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Figure 2. Seismic cross section with hydrocarbon
source, reservoir, and seal rock units in East Baghdad
Oil Field. Double line arrows indicate directions of
migration pathways, while F1 and F2 are normal faults
(modified after Al-Ameri, 2011).

1) Obtain empirical equations (density-depth,
porosity-depth) for all the formations within
the Tanuma-Ahmadi interval using well log

data.

2) Estimation of the porosity and density for
that interval in the whole field using the new

empirical equations derived from this study.

3) Later, the maps of both porosity and density
for the Tanuma - Ahmadi interval will be

created.

Petrophysical Properties

Compaction and leaching are the most important
parameters influencing primary porosity (Kharaka
and Berry, 1976; Wolf and Chillingarian, 1976;
Schmidt et al., 1977). The porosity of a permeable
zone can be measured by different porosity
logs. The variation of porosity with pressure
may lead to a decrease in porosity with depth.
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Figure 3. The stratigraphic section for the East-
Baghdad oil field in the study area (after Al-Ameri and
Al-Obaydi, 2011).

The increase in overburden pressure can help
to preserve porosity at great depths above the
overpressure zone. At a specific depth and
lithology, porosity is greatly affected by confining
pressure (Telford et al, 1976). The presence of
hydrocarbons also preserves porosity as pointed
out by Fuchtbauer (1967).

Dieokuma et al. (2014) established an
equation for the change of porosity with depth in
two wells (equation 1).

Z=-138.76 ¢z +12383 D).

Where: z = depth, and ¢z = porosity at given
depth.

According to this equation, the porosity can
be estimated at any depth despite the absence of
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core samples. Dieokuma et al. (2014) concluded
that the thickness of the reservoir is largely related
to its porosity. Thicker reservoirs have higher
porosity. At normal compaction, the porosity in
both wells decreases with the depth.

MATERIALS AND METHODS

The collected data used in this work were obtained
from two main sources. The first is based on the
analysis of a set of seismic data from Al-Majid
(1992) to extract the reflectors depths which was
used to produce the porosity and density maps.
These data, 126 in total, include velocity analyses
scattered on a network of 22 seismic lines. The
second was obtained from the log data of five
wells scattered in the north part of the field to
calculate the values for density and porosity at
different depths.

Data Sources
Velocity Analysis Data

The seismic data for two reflectors (Tanuma -
Ahmadi) were obtained from the seismic velocity
analyses for 126 locations scattered in the East
Baghdad oil field (Al-Majid, 1993) (Figure 4).
These data contain the depths (Z) between the two
reflectors.

Well Log Data

The well log data for five wells (EB02, EB04,
EB16, EB34, and EB88) were obtained from
the Oil Ministry in Iraq. These data include
information about the petrophysical properties of
the reservoir. The analysis of well log data requires
removal of any external influences that cause
errors in the readings of the logs such as mud cake
and the effect of drilling mud and others.
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Figure 4. Location map of the seismic lines in the study
area (Al-Majid, 1993).

Corrections for shaliness must be made to
determine porosity values with more accuracy.
After measuring the shale volume from the
gamma ray log, the neutron-density readings were
corrected. By using the Interactive Petrophysics
program (IP), the environmental corrections were
performed for log data. Figure 5 shows one of the
well log records used in this study.

According the following formulae, the
corrections were performed on neutron and
density logs to derive porosity:

¢Ncorr = pN-(Vsh*dpNsh)
¢Dcorr = $D-(Vsh*dpDsh)

2
3)

Where: Vsh = shale volume, ¢Nsh = neutron
porosity in shale formation, and ¢Dsh = density
porosity in shale formation.

Neutron and density measurements are widely
used to calculate the average porosity ¢N.D,
which gives more accurate porosity (Asquith and
Krygowski, 2004). The combination formula is

$N.D = (§N+$D)/2 (4).

78

Maan H. Abdullah AI-MAJID

Figure 5. Corrected well log data for well EB-34.

New Empirical Equations for the Study Area

The empirical equations for porosity-depth and
density-depth of all the formations within the
Tanuma-Ahmadi interval were predicted based on
porosity, density, and depth values obtained from
well log data from the five wells. These equations
were produced using Excel program V.10. Later,
the average empirical equations (porosity-depth,
density-depth) for each formation within the
period were deduced and generalized for the
whole field.

Tanuma-Ahmadi Interval

This interval consists of four formations in the
stratigraphic column (well log data), which are
Tanuma, Khasib, Kifl, and Rumaila Formations.
The data available for this period were recorded in
all five wells. The following are brief descriptions
of all the formations in this interval and their new
empirical equations:
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Tanuma Formation

Limestone is only included in this formation
which extends between depths 2097 m — 2213 m
with thickness 116 m. The porosity and density
relationships with the depth of this formation and
their parameters are shown in Figures 6a and b.

Khasib Formation

Limestone in this formation extends between
depths 2429 m—2537.5 m with a thickness of 108.5
m. The porosity and density relationships with the
depth of this formation and their parameters are
shown in Figures 6¢ and d.

Kifl Formation

Anhydrite and limestone only appear in this
formation which extends between depths 2537.5
m — 2582.5 m with a thickness 45 m. The porosity
and density relationships with the depth of this
formation and their parameters are shown in
Figures 6e and f.

Rumaila Formation

The main rock type in this formation is limestone
which extends between depths 2582.5 m —2917
m with a thickness of 334.5 m. The porosity
and density relationships with the depth of this
formation and their equations are shown in Figures
6g and h.

The porosity and density relationships with
the depth of the whole interval (Tanuma-Ahmadi)
and their parameters are shown in Figure 6i, and j.

Y =-1.8*%10-4 x + 5.89*10-1 ®)
Equation for porosity

Where Y is the porosity in %, and X is the
depth in m.
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y=1.92%10-4 x + 1.96 6)

Equation for density

Where Y is the density in g/cm3, and X is the
depth in m.

Although the correlation coefficient (R)
for the period (Tanuma-Ahmadi) is weak, these
equations were applied to the whole field to
produce average porosity and density maps for
this interval (Figures 7a and b).

DISCUSSION

The interpretations performed using
Interactive Petrophysics Program (IP). The
formations in the study area consisted mainly
of limestone with inclusion of anhydrite, shale,
siltstone, and others.

WeEre

In the present study, the porosity and density
equations with depth were determined using the
well log data. After applying these equations to the
seismic velocity analyses information for 126 sites,
the average porosity and density contour maps for
the Tanuma - Ahmadi period were produced.

The correlation coefficient (R) for these
equations ranges from weak (0.013) to strong
(0.61) depending on the consistency of porosity
and density within the formation. The low R
values in Kifl and Rumaila Formations can result
from the heterogeneity of formation components
and existence of anhydrite, which has a very high
density value (2.96 gm/cm3) and very low porosity
value (approximately zero). The high values of R
in the Tanuma and Khasib Formations may be
caused by homogeneity and normal compaction.
The decrease in the porosity values with depth in
the Khasib Formation, which is mainly composed
of limestone, indicates homogeneity of the
components in this formation and its effect on
normal compaction resulting from overburden
pressure.
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Figure 6. The porosity-depth relationships of a) Tanuma, ¢) Khasib, €) Kifl, g) Rumaila, i) Tanuma—Ahmadi,
formations and their equations; The porosity-depth relationships of b) Tanuma, d) Khasib, f) Kifl, h) Rumaila, j)
Tanuma—Ahmadi, formations and their equations.
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Figure 7. a) Porosity and b) density maps of Tanuma—
Ahmadi interval.

Although the value of R in the equation for the
Tanuma-Ahmadi period is relatively small (0.37,
0.21), it can be valid for calculation of porosity
and density rates with depth for the whole area. In
this interval, the porosity distributes gradually. It
reaches 14% in the southeast part, while it increases
to 15.5% towards the northwest. The density has
inverse behavior with increases in the southeast
and decreases towards the northwest part. The
increased porosity in the southwestern parts of the
study area accompanied with a decrease in density
may provide indications about the strike of major
faults (NW-SE) in the field.
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From the maps shown in the two figures
(Figures 7a and b), the main contour lines extend
towards the main fault affecting the field (NW-
SE), and the increase and decrease in density and
porosity contours dip in vertical directions to the
main fault, which gives an approximate picture of
the relationship of porosity and density with the
structure of the studied area.

CONCLUSION

This study deduces new equations (porosity-depth,
density-depth) for all formations in the Tanuma-
Ahmadi seismic interval using well log data. The
average porosity and density maps for that interval
in the study area were established by applying
the new equations to 126 velocity analysis sites.
Depending on the distribution of porosity and
density values in the maps, the direction of the
main faults affecting the field was illustrated.

The values of R produced from this study
can be a function of homogeneity and compaction
difference among formation components.
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Oz: Napli ve bindirmeli Toros kusagi, Afrika ve Avrasya levhalarimin Kretase’den giiniimiize kadar devam eden
yaklasik K-G yonlii birbirlerine dogru yaklasma hareketine bagl olarak olusmustur. Bu hareket Neojen’in erken
donemlerinde Isparta Biikliimii olarak tanimlanan karmasik bir morfo-tektonik yapinin gelismesine neden olmustur.
Miyosen’de, Bat1 ve Orta Toroslar ile Isparta Biiklimii’niin i¢ kesimleri, kirintili sedimanlar ve karbonatlarla
karakterize edilen denizel havza dolgular ile doldurulmustur. Caligma alani olarak incelenen Aksu Havzasi da bu
denizel havzalardan biri olup ve Isparta Biikliimii’niin tam merkezinde bulunmaktadir. Dolayisiyla, Aksu Havzasi
Neojen doneminde meydana gelen kabuksal deformasyona ait jeolojik kayitlar1 tutmustur.

Aksu Havzasi dolgusu, genel olarak Orta Miyosen’den Kuvaterner’e kadar denizel kirintili karakterde olup;
1 km’den fazla kalinliga sahiptir. Havzanin Pliyosen 6ncesi sedimanlart yogun bir deformasyona maruz kalmistir.
Aksu Havzasi’nin sedimanter dolgusu temel iizerine uyumsuzluk ile yerlesen Burdigaliyen-Langhiyen Oymapinar
Kirectasi ile baslar. Istiflenme diizeni, havzanin kuzeyinde ve giineyinde stratigrafik ve litolojik agidan farkliliklar
gostermektedir. Havzanin kuzey kesimindeki Miyosen istifinin en gen¢ birimi Tortoniyen yaslt olup, Tortoniyen
ve Pleyistosen arasi birimler birimler eksiktir. Buna karsin, havzanin giineyinde kalan istif nispeten daha tamdir.
Litostratigrafik 6zelliklerin yani sira, bu ¢alismada Aksu Havzasi’n1 sekillendiren yapisal unsurlar da ele alinmistir.
Bunlar Aksu ve Kapikaya bindirmeleri olarak belirlenmistir. Arazi ¢caligmalarinda yapilan gézlemler ve anahtar fay
hatlar1 iizerinden alinan fay-kayma verilerinden elde edilen sonuglar Aksu Havzasmin dort farkli tektonik evrede
gelistigini gostermektedir. Bunlardan ilki, havzanin olugumu ile ilgili olan ~D-B acilma evresi iken, ikinci evre
Isparta Biikliimii’niin bat1 kanadinin KD’ya hareketi ile iliskili olan ~K-G sikismali Likya evresidir. Ugiincii evre,
havzada en baskin goriilen ~D-B sikismali Aksu evresidir. K-G agilma evresi ise, dordiincii ve son tektonik faz
olarak belirlenmistir.

Tiim bu veriler 15181nda, Serravaliyen’den Erken Pliyosen’e kadar etkinligini siirdiiren Isparta Biikliimii’niin
merkezindeki D-B dogrultulu bir kisalmanin varligi, Afrika ve Avrasya’nin K-G yakinsamasina bagli levha tektonigi
gergevesinde degerlendirildiginde ilgingtir. Isparta Biikliim{i’niin hemen altindaki mantoya ait sismik tomografi
goriintiileri Isparta Biikliimii’niin altinda dalan iki ayr1 levha par¢asinin (Kibris ve Antalya levhalari) varligina isaret
etmislerdir. Bu durumda, Isparta Biikliimii’niin Mio-Pliyosen ve hatta modern dénemdeki evriminde ve Toroslarin
yiikselisinde, Antalya Levhasi’nin 6nemli bir katkist beklenmelidir.

Anahtar Kelimeler: Aksu Havzasi, Isparta Biikliimii, kabuk deformasyonu, Miyosen denizel havzalar.
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Abstract: The Tauride fold and thrust belt formed during ~N-S convergence between African and Eurasian plates
since Cretaceous time. This movement led to the development of a complex morpho-tectonic structure, so-called
‘Isparta Angle’ during the early stage of the Neogene time. In Miocene time, the western and central Taurides
and the inner part of the Isparta Angle became overlain by marine sedimentary basins which are characterized by
clastics and carbonates. Aksu Basin which is determined as study area is one of these marine basins and is located
in the center of the Isparta Angle. Therefore, Aksu Basin contains the geological records of the crustal deformation
occurred during the Neogene period.

The sedimentary infill of the Aksu Basin is mainly characterized by marine clastics with more than 1 km thick
from the Middle Miocene to Pliocene. The pre-Pliocene basin infill was subjected to intense deformation. Sedimentary
sequence of the Aksu Basin starts with Burdigalian-Langhian Oymapinar Limestone which unconformably overlies
the basement unit. The lithostratigraphy in the north is different from that of the south of the basin. The youngest
Miocene unit in the north of the basin is the Tortonian aged and the units deposited between Tortonian and Pleistocene
is missing in the sequence. On the other hand, the sequence is more complete in the south of the basin. In addition
to lithostratigraphic features, the structural elements which are forming the Aksu Basin are also carried out during
this study. These are the Aksu and Kapikaya thrusts. Field observations and results obtained from the kinematic
measurements along the key structural zones show that Aksu Basin developed through four different tectonic phases.
While the first phase is ~E-W extensional phase which is related to opening of the basin, the second phase is ~N-S
compressional Lycian phase. The third phase is ~E-W compressional (Aksu) phase, which is the most prominent
phase in the basin. N-S extensional phase is determined as the fourth and the last tectonic phase.

Under the light of whole data, presence of the E-W shortening which is active between Serravalian and Early
Pliocene in the center of the Isparta Angle is interesting given the plate tectonic setting driven by N-S convergence
of the Africa and Eurasia. The seismic tomography images of the mantle below the Isparta Angle indicates that there
are two separate slab segments (Cyprus and Antalya slabs). Therefore, an important impact of the Antalya slab
should be expected in the Mio-Pliocene and even modern evolution of the Isparta Angle and the uplift of the Taurides.

Keywords: Aksu Basin, crustal deformation, Isparta Angle, Miocene marine basins.

GIRIS etmektedir (Khair ve Tsokas, 1999; Papazachos ve
Papaioannou, 1999; Biryol vd., 2011) (Sekil 1a).
Bu yaym doguya dogru uzaniminda, okyanusal
kabuk tamamen tiikenerek, Orta Miyosen
sonunda Bitlis Kenet Zonu boyunca Arap
Plakasi ile Anadolu mikro-plakasinin ¢arpismasi
gerceklesmistir (Faccenna vd., 2006; Hiising
i vd., 2009; Keskin, 2003; Okay vd., 2010; Sengor
ve sonrasinda Arap-Afrika plakasinin Avrasya ve Yilmaz, 1981; Sengér vd., 2003). Batida,
Plakasi’yla ¢arpismasi sonucu olugsmustur (Sengoér
ve Yilmaz, 1981; Robertson ve Dixon, 1984; Okay, plaka, devamli ve kirilmamis bir dalma-batma
1986; Storetvedt, 1990; Yilmaz, 1993; Gonciioglu zonuna isaret ederken, doguda Bitlis Kenet zonu
ve Dirik, 1996, Gonciioglu vd.,1997; Okay ve  poyunca meydana gelen kita-kita carpismasi

Dogu Akdeniz bolgesinin jeolojisi, Mesozoyik’ten
baslayarak Senozoyik ve giinlimiize kadar devam
eden Arap-Afrika plakasinin  kuzeye dogru
hareketi ile kontrol edilen yitim zonlarmnin (Izmir-
Ankara-Erzincan Kenet Zonu, I¢ Toros Kenet
Zonu) etkisinde Tetis Okyanusu’nun kapanmasi

Toroslarin altinda biiyiik derinliklere ulagan dalan

Tiiystiz, 1999; Stampfli ve Borel, 2002; Barrier ve  sonrasinda meydana gelen dalan levha ayrilmalari
Vrielynck, 2008; Robertson ve Ustadmer, 2009; (slab detachment) ve bu ayrilmalara bagh verev
Robertson ve Mountrakis, 2006; Robertson vd.,  yirtilmalar Orta Miyosen’den bu yana kendini

2004; Oberhéansli vd., 2012; Pourteau vd., 2010). gostermektedir (Gans vd., 2009; Facenna vd.,
Neotetis’in giiney kolu, bugiin hala Toros’larin 2006; van Hinsbergen vd., 2010a; Biryol vd.,
giineyinde Kibris Yay1 boyunca dalmaya devem 2011).
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Sekil 1. a) Anadolu’daki temel tektonik kusaklari gosterir harita (Okay vd., (1996) ve Kaymakei vd., (2010)’den
alinmistir), b) Isparta Biikliimii olarak tanimlanan bdlgede bulunan temel tektonik yapilari ve birimler (Ozgiil, 1976;
Gutnic vd., 1979; Andrew ve Robertson, 2002). Dikdortgen ile tanimlanmis bolge ¢alisma alanini gostermektedir, )
Calisma alanimnin gézden gegirilmis jeoloji haritasi (1/100.000 o6lgekli MTA (Senel vd., 1992) haritasindan
dretilmistir). Mavi ¢izgiler yapisal jeoloji kisminda verilen jeolojik kesit hatlarini belirtmektedir. (BZKZ: Bitlis-
Zagros Kenet Zonu, DAFZ: Dogu Anadolu Fay Zonu, EFZ: Ecemis Fay Zonu, IAEKZ: izmir-Ankara-Erzincan
Kenet Zonu, KAFZ: Kuzey Anadolu Fay Zonu, ODFZ: Olii Deniz Fay Zonu)

Figure 1. 8) Major tectonic zones of Turkey where (Okay et al., 1996 and Kaymakgi et al., 2010), b) Major tectonic
structures and lithological units in the Isparta Angle that is given as highlighted area in Figurela (Ozgiil, 1976,
Gutnic et al., 1979; Andrew and Robertson, 2002). The rectangle area indicates the study area namely Aksu Basin,
C) Revised geological map of the study area (1/100,000 scale geological map produced by MTA). Blue lines indicate
geological cross-section lines that are given the structural geology part of the study. (EAFZ: East Anatolian Fault
Zone, EFZ: Ecemis Fault Zone, BZSZ: Bitlis Zagros Suture Zone, DSFZ: Death Sea Fault System and IAESZ: Lmir-
Ankara-Erzincan Suture Zone, NAFZ: North Anatolian Fault Zone)
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Afrikave Avrasyaarasindauzunsiiredirdevam
eden yakinsamaya bagli olarak gelisen yogun
deformasyonun sonucunda, yay sekilli karmagik
dalma-batma zonlar1 olusmus olup, bunlar Bati
Anadolu’da Ege Yayr olarak adlandirilirken,
doguda Kibris Yayr olarak tanimlanmaktadir
(McKenzie, 1972; McKenzie, 1978; Dewey and
Sengor, 1979; Jackson and Mckenzie, 1984;
Sengor et al., 1985; Papadopoulos et al., 1986;
Kempler and Ben-Avraham, 1987; Kissel and
Laj, 1988; Mercier et al., 1989; Robertson et al.,
1991; Taymaz et al., 1991; Seyitoglu et al., 1992;
Seyitoglu and Scott, 1996; Glover ve Robertson,
1998a; Robertson, 2000) (Sekil 1a). Bu iki yaym
kesistigi bolgede yer alan Isparta Biiklimi
(Blumenthal, 1963) acisal sekilli morfolojik
bir yap1 olusturmus olup, Antalya Korfezi’nin
aciklarina kadar uzanmaktadir (Sekil 1a). Bu yap,
ayn1 zamanda Bati1 ve Orta Toroslar’1 birbirinden
ayirmaktadir. Isparta Biiklimii, Geg¢ Kretase’den
Miyosen’e kadar etkin olan sikigmali tektonik
rejim altinda gelisen birdirme ve nap sistemleri
ile Mesozoyik  birimlerden
ve ofiyolitlerden meydana gelmektedir (Sekil
1b).
bulunan en derin tektonostratigrafik birim, Ust

sekillendirilmis

Isparta Biikklimii’niin bati kanadinda
Triyas-Eosen yas araliginda olusan si1g denizel
kirectaslar1, dolomitler ve neritik kiregtaglarindan
olusan Beydaglar1 platformudur (Robertson ve
Woodcock, 1982, 1984) (Sekil 1a ve b). Ofiyolit ve
Mesozoyik yasli sedimanter karmasigindan olusan
Likya Naplar1 bolgede kuzeybatidan Beydaglar
platformu {izerine tektonik olarak yerlesmistir
(Dumont et al., 1972; Ozgiil, 1976,1984; Poisson
et al., 2003a). Likya Naplari’'nin Beydaglar
iizerine dogru en son hareketi Erken Miyosen
olarak belirtilmektedir (Hayward 1984; Collins ve
Robertson 1997, 1998, van Hinsbergen, 2010b).
Isparta Biiklimii'nin dogu kanadmi kivrimh
ve bindirmeli bir kusak olan Orta Toroslar
olusturmakta olup, bu bindirmeli sistem, Geg
Kretase’den Neojen’e kadar siirekli veya aralikli
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olarak meydana gelmistir (Sengér ve Yilmaz,
1981; Hayward, 1984; Collins ve Robertson,
2003; Poisson vd., 2003b; van Hinsbergen vd.,
2010b). Beydaglar1 ve Toroslar’da gelisen en geng
bindirme zonunun yasi Erken Miyosen olarak
belirtilmektedir (Hayward, 1984).

Uzun ve yogun bir deformasyon ge¢misinin
ardindan Orta Toroslar, Miyosen déneminde
cok yonlii agilmali bir rejimin etkisinde
kalmaya baslamistir (Kog¢ vd., 2012, 2016b
ve 2017). Ilging bir sekilde, bu agilma Isparta
Biiklimii’niin merkezinde, kuzey-giliney uzanimli
Aksu Havzasi’nin dogu sinirint olusturan Aksu
Bindirmesi ile eszamanli olarak meydana gelmistir
(Dumont ve Kerey 1975; Glover ve Robertson
1998a; Poisson vd., 2003a; Deynoux vd., 2005;
Flecker vd., 2005; Ciner vd., 2008; Schildgen vd.,
2012). Isparta Biikliimii'niin ¢ekirdeginde goriilen
bu bindirme, bdlgede goriilen en geng sikigsmali
tektonik rejimin Pliyosen’e (Poisson vd., 2003a,
2003b ve 2011) ve hatta Kuvaterner’e kadar (Hall
vd., 2014) bile ¢ikabilecegini gostermektedir.

D-B yonlii gelisen bu sikismali tektonik
rejim Isparta Biikliimii’niin merkezi ile sinirhdir
ve giiney Anadolu’nun bagka yerlerinde belirgin
degildir. Ilging bir sekilde, bindirme boyunca
gelisen dogu-bati dogrultulu kisalma, Kibris’in
giineyinde aktif olarak devam eden kuzey-giiney
uzanimli dalma-batma zonuna ait {lizerleyen
levhada gelismistir (Dumont ve Kerey 1975;
Glover ve Robertson 1998a; Poisson vd., 2003a;
Deynoux vd., 2005; Flecker vd., 2005; Ciner vd.,
2008; Schildgen vd., 2012). Onceki calismalarda,
Isparta Biikliimii’niin merkezindeki bu sikigma,
Anadolu’nun Avrasya’ya gore batiya dogru hareket
edisine atfedilmistir (Deynoux vd., 2005; Glover
ve Robertson, 1998a; Hall vd., 2014). Tiirkiye’nin
dogusunda gelisen Arabistan-Anadolu ¢arpigsmasi
(Sengorvd., 2003; Faccenna vd., 2006; Hiising vd.,
2009) ve GPS verilerinden tiiretilmis hiz verileri
(Reilinger vd., 2006, 2010) bu diisiinceye dayanak
olarak gosterilmistir. Bununla birlikte, Isparta
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Biikliimii’niin merkezindeki kisalmayr dogudan
gelen bir itmeye baglamak, Isparta Biikliimii’niin
dogu kanadinda meydana gelen ve es zamanl
gelisen dogu-bat1 yonlii agilma bileseninin varligi
(Kogyigit ve Sarag, 2000; Kog vd., 2012, 2016b
ve 2017) diistiniildiigiinde sorunlu bir yaklasimdir.

Calisma alan1 ve cevresinde paleomanyetik

veriler ile tasvir edilen Miyosen donme
oykiisiinde, Orta - Ge¢ Miyosen doneminde (16
ile 5 My arasinda) Isparta Biikliimii'nlin bati
kanadinda yer alan Beydaglari’nin saatin tersi
yoniinde 20°’lik bir donmeye maruz kaldig
ortaya konulmustur (van Hinsbergen vd., 2010b,
Kaymake1 vd., 2018). Benzer sekilde Kog¢ vd.
(2016a) c¢alismasinda, Manavgat, Kopriigay
ve Aksu havzalarim1 etkileyen diisey eksen
paleomanyetik yontemlerle

degerlendirmis ve sonugta, Kopriicay Havzasi’nin

rotasyonlarini

saat yoniinde ~20-30°, Manavgat Havzasi’nin
~25-35° saatin tersi yoniinde dondiigiinii, buna
karsin Aksu Havzasi’nin Erken-Orta Miyosen’den
beri herhangi bir dénmeye maruz kalmadigini
gostermistir. Bu doniis verilerine ait yaslar, Aksu
Havzasi’nin evrimi ve Aksu Havzasi’nin dogusunu
sinirlayan bindirme faymim (Aksu Bindirmesi)
yast ile ortiismektedir.

Isparta Biikliimii olarak tanimlanan bu bolge
icerisinde ¢ok kisa mesafelerde gdzlemlenen bu
acilma, sikisma ve donme hareketlerinin altinda
yatan olusum mekanizmasini tanimlamak maksadi
ile Aksu Havzasi anahtar alan olarak belirlenmistir.
Bu c¢aligmada, yaklagik 16 km genisliginde,
90 km uzunlugunda ve Isparta Biikliimii niin
KKB-GGD
uzanmimlt Aksu Havzasi’nin jeolojik evriminin

merkezinde konumlanmis olan
kurgulanmasina calisilmistir. Bu nedenle, Erken
Miyosen’den gilinlimiize kadar, Aksu Havzasi’nin
yapisal unsurlarinin, geometrisinin, sedimanter
birimlerinin ve fasiyes iligkilerinin belirlenmesi

hedeflenmistir.
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Aksu Havzast K-G uzanimli yaklagik 2000 km?
alana sahip, temelde Antalya Havzasi Kompleksi
(Aksu, Kdpriicay ve Manavgat havzalar1) olarak
tanimlanan (Ciner vd., 2008) havza grubu
igerisinde yer alan alt havzalardan biridir (Sekil
1b). Batida Beydaglar1 platform karbonatlari
ve Likya Naplari’nin (Hayward, 1984) {iizerine
uyumsuz olarak gelen havza dolgusu, genel olarak
denizel kirmtili karakterde olup 1 km’den fazla
kalinliga sahiptir. Aksu Havzasi, komsu Kopriicay
Havzasi’'ndan Aksu Fayi ile ayrilmaktadir. Bu
fay bindirme karakterde olup, Aksu Havzasi ile
Kopriigay Havzasi arasinda yer alan Antalya
Naplari’na ait birimlerin, Aksu Havzasi’na ait
Miyosen birimleri tektonik olarak {izerlemesi ile
karakterize edilmektedir (Akay vd., 1985).

Aksu Havzasi ilk olarak Poisson (1977)
tarafindan Aksu Vadisi olarak tanimlanmistir. Bu
oncli ¢alismanin ardindan, pek ¢ok arastirmaci
(Akay vd., 1985; Glover and Robertson, 1998b;
Poisson vd., 2003a, 2011; Ciner vd., 2008) agirlikli
olarak bolgedeki Neojen stratigrafisi {izerine
yogunlagmistir. Genel olarak havza dolgusu
Miyosen’de olusan denizel kirintililar, mercan
resifleri ve resifal self karbonatlar1 ile Pliyosen’den
Gliniimiize kadar uzanan denizel ve karasal
kirintililar ve traverten olusumlar ile karakterize
edilmektedir (Ciner vd., 2008) (Sekil 2).

Aksu Havzasi’nin sedimanter dolgusu
Erken Miyosen’den Tortoniyen’e kadar havzanin
kuzeyinde ve gilineyinde ayni karakterde olup, 1)
Oymapinar Kiregtasi, 2) Karadag Konglomerasi
ve 3) Karpuzgay Formasyonu her iki istifte de
ortaktir. Ancak Tortoniyen sonrasinda havzanin
kuzeyi ve giineyi arasinda istifte farklilasmalar
baslar (Sekil 2). Tortoniyen’de havzanin kuzeyinde
istife Kapikaya Konglomerast dahil olurken,
giineyde Karpuzgay Formasyonu c¢okelmeye
devam etmektedir. Pliyosen doneminde kuzeyde
depolanma kesintiye ugramistir. Sonrasinda ise
Kuvaterner birimler olan Diizaga¢ Konglomerasi
ve Camlik Traverteni ¢okelmeye baslamistir.



Muhammad Harbi WASOO, Ayten KOG

Sekil 2. Caligma alanindaki Aksu Havza’nin kuzey ve giineyindeki litostratigrafik birimleri gosteren genellestirilmis
kolon kesitler.

Figure 2. Generalized lithostratigraphical columnar sections for the northern and southern parts of the Aksu Basin.
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Giineydeki
devamlhidir
kadar Gebiz Kirectasi, Eskikoy Formasyonu,
Yenimahalle Formasyonu, Kursunlu Formasyonu,
Antalya Traverteni ve Belkis Konglomerasi
olarak  tanimlanmistir  (Blumenthal, 1951;
Eroskay, 1968; Poisson, 1977; Gutnic, 1979;
Akay vd., 1985; Senel, 1997) (Sekil 2). Tim bu
istif, kalin tabakal1 otokton platform karbonatlari,
volkano-sedimanterler ve ofiyolitlerden olusan
Mesozoyik yasli temel birim iizerine yerlesmistir.
Birimlere ait litolojik tanmimlamalar, dokanak
iligkileri, yas wverileri ve depolanma ortami
yorumlamalar1 agagida detayli olarak verilmistir,
ancak basenin temelini olusturan birimler ayrica
anlatilmayacaktir.

istif kuzeydekine oranla daha
ve Messiniyen’den Kuvaterner’e

Oymapinar Kirectasi (OpK, Ge¢ Burdigaliyen-
Langhiyen)

Aksu havzasmin dogu kenarinda, smirli bir
alanda yiizeylenen Oymapmar Kiregtas:, ilk
olarak Monod (1977) tarafindan tanimlanmistir
(Sekil 1c). Oymapinar Kiregtagt temelinde

bulunan Antalya Naplar1 tizerine uyumsuz olarak
bulunmakta (Sekil 3) olup, dokanak iligkisi en iyi
Haciosmanlar koyii civarinda gozlenmektedir.
Birimin st smirin1 ise Aksu Konglomerasina
ait Karadag Uyesi olusturmaktadir. Buradaki
dokanak iligkisi ise uyumludur (Sekil 3).

Oymapmnar Kiregtasi, genel olarak orta
kalinlikta tabakalanma gosteren, acik gri-kirli
beyaz renkli, makro fosil igerigine sahip resifal
self karbonatlarindan olusmaktadir. Birimin Aksu
Havzasindaki kalinligi 8-10 m civarindadir (Sekil
3). Formasyondan, Borelis cf. melo (FICHTEL
& MOLL), Amphistegina sp., Operculina sp.,
Orbulina sp., Gypsina sp., Lithothamnium sp.,
Miogypsina sp., Orbulina universa D’ORBIGNY,
OrbulinasuturalisBRONNIMAN, Globoquadrina
cf. altispira (CUSHMANJARVIS) topluluklarinin
varligi rapor edilmistir (Monod, 1977). Oymapinar
Kirectasi’na, fosil igerigine bagl olarak, Geg
Burdigaliyen-Langhiyen yasi verilmistir (Senel
vd., 1992; 1998). Litolojik &zellikleri ve fosil
icerigine gore Oymapinar kiregtasi si1g denizel
ortam sartlar1 i¢cinde ¢okelmis olmalidir.

Sekil 3. Bolgede temeli olusturan Antalya Naplar1 tizerine uyumsuzlukla gelen Oymapinar Kiregtasi’nin goriiniimii,

(Hacirosmanlar Koyii’niin kuzeyi).

Figure 3. The general view of the Oymapinar Limestone, which overlaps the Antalya Nappes that fomt the basis in

the region, (north of Haciosmanlar Village).
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Aksu Formasyonu (AF, Langiyen-Tortoniyen)

Aksu Formasyonu caligma alaninda en genis
yayilima sahip litolojik birimdir (Sekil 2). Ik
olarak Poisson (1977) tarafindan tanimlanmistir
ve basglica konglomeratik birimlerden olugmasi
nedeni ile bu calismada Aksu Konglomerasi
olarak adlandirilmistir. Bu Onciil ¢alismanin
arkasindan Akay ve Uysal (1985) tarafindan
Neojen stratigrafisi  ¢alisilmis
ayni stratigrafik seviyede goriilen tiim ¢akill
istifler tek bir konglomeratik birim olarak
degerlendirilmis ve Aksu Formasyonu olarak
adlandirilmistir.  Bolgedeki en giincel calisma
Ciner vd. (2008) tarafindan yapilmis ve Aksucay
Konglomerasi adlandirilan  birim, 1)
Karpuzgay Formasyonu'nun alt seviyelerde
Karadag Konglomerasi ile iist seviyelerde ise 2)
Kapikaya Konglomerasi ile gegisli olmasi nedeni
ile iki farkl alt iiyeye ayrilmistir. Bu incelemede
ise, Akay ve Uysal (1985) tarafindan yapilan
adlandirma  benimsenirken, birimin iyelere
ayrilmasimda Ciner vd. (2008) tarafindan yapilan
siniflama benimsenmistir.

ve havzada

olarak

Karadag Konglomera Uyesi (KdU, Langiyen-
Serravaliyen)

Karadag Konglomerasi, sadece Aksu Havzasi’nin
dogu kenarinda yiizeylenmektedir. Birim, Kargi
Baraj Golii’niin hemen kiyisinda goze ¢arpan, 500
m’den daha yiiksek yamaglar ile morfolojik olarak
kendini gostermektedir (Sekil 4a ve b). Karadag
iiyesi, konglomeratik seviyelerin, kabadan-inceye
kadar degiskenlik gosteren kumtaslar1 ve siltli-
camurtasi seviyeleri ile ardalanmasi ile karakterize
edilmektedir.

Karadag iiyesinin st sinir iligkisini kontrol
eden Karpuzcay Formasyonu ile dokanak iliskisi
uyumludur (Sekil 4b ve d) ve birim, diiseyde ve
yatayda Karpuz¢ay Formasyonu ile gegisli 6zellik
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gostermektedir. Alt sinir ise, kremsi-beyaz renkli
Oymapinar Kiregtasi ile belirlenmektedir (Sekil
3).

%60
oraninda beyaz-gri renkli kiregtaglarindan, %30
oraninda gri-yesil renkli kumtasindan ve yaklagik
%10’luk  kisim ise kirmizi-yesil renkli ¢ort
tanelerinden olugmaktadir (Sekil 4c).

Karadag konglomerasi, yaklasik

Konglomeratik seviyeler bazen matriks,
bazen ise tane desteklidir. Birim iyi pekismis
ve kalin tabakalidir. Taneler c¢akil boyutundan
blok boyutuna (bazen uzun eksen uzunlugu 70
cm’yi bulabilmektedir) kadar ¢cok genis bir tane
araliginda, taneler yer yer kdseli ve yari-yuvarlak
sekle sahiptir. Tanelerde boylanma yoktur ve yahut
cok zayifkarakterdedir. Konglomeratik seviyelerde
yer yer tane binikligine rastlanmaktadir. Alt
tabaka sinirlar1 belirgin bir sekilde diizensizdir,
bu da oygu-dolgu gibi erozyonel siireclerin
varligina isaret etmektedir. Tanelerin dokanak
olusturduklar1 alanlara dikkatle bakildiginda,
nadir olmayan Olglide basing ¢oziinmelerinin
(pressure solution) varlig1 s6z konusudur (Sekil
5¢), bu da kayda deger miktarda basinca maruz
kaldigini ifade etmektedir.

Ciner vd. (2008) yapilan
caligmada, Asagi Gokdere bolgesinin 5 km
giineyinde yiizeylenen Karadag Konglomerasi

tarafindan

icerisinde Stylophora, Tarbellastraea, Porites ve
Plesiastraea fosillerinin varligi rapor edilmistir. Bu
fosil topluluklari, kesin bir yas vermek i¢in yeterli
olmamakla birlikte Karadag Konglomerasi’nin
tabani, Burdigaliyen-Langiyen yasli Oymapiar
Kirectast ile uyumlu olmasi alt yas sinirmin
belirlenmesine yardimci olmaktadir. Karadag
Konglamerasi, derinlerde kendisini iizerleyen
Karpuzcay Formasyonu ile yanal gecisli olmasi
da dikkate alindiginda, bu birim i¢in Langiyen-
Serravaliyen yas1 benimsenmistir.
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Sekil 4. Karadag Konglomera Uyesine ait saha goriiniimleri; a) Karpuz¢ay Formasyonu ile Karadag Konglomerasi
arasinda bindirme fay1, b) Karadag Konglomerasi iizerine uyumlu gelen Karpuz¢ay Formasyonu. Tabaka 6l¢timleri
sag el kuralina (SEK) gore verilmistir.c) Karadag Konglomerasi’na ait tane organizasyonunun yakin plan goriintiist,
d) Karadag Konglomerasi ile Karpuz¢ay Formasyonu arasindaki dokanak iliskisini gosteren, kabaca dogu-bati yonlii
Y-X-Z hatt1 boyunca alinan 6l¢eksiz enine kesit.

Figure 4. Field views of the Karadag Conglomerate Member, a) The thrust fault between Karpuz¢ay Formation
and the Karadag Conglomerate Member, b) Karpuz¢ay Formation, which rests conformably on the Karadag
conglomerates. Bedding measurements are given in Right Hand Rule (RHR) format, c) Close-up view of the clast
organization of the Karadag Conglomerates, d) Roughly east-west cross-section (not to scale) along the Y-X-Z line
which shows contact relationships between the Karadag conglomerates and the Karpuz¢ay Formation.
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Sekil 5. a) Aksu Formasyonu’nun Kapikaya Konglomera Uyesi ile temele ait kiregtast birimi arasindaki
nonkonformite, b) Antalya-Isparta yolu lizerinde gorulen Kapikaya Konglomera Uyesine ait saha gériintiisii, ¢) ve d)
Aksu Formasyonu’na ait Kapikaya Konglomera Uyesi’ne ait arazi goriintiisii. €) Serravaliyen-Tortoniyen yasl
Kapikaya Konglomerasi ile Karpuzgay Formaysonu arasindaki dokanak iliskisini gostermek iizere ¢izilen KKB-
GGD uzanimli Jeolojik enine kesit. Kesitin lokasyonu i¢in Sekil 1¢’ye bakiniz.

Figure 5. @) Nonconformity between Kapikaya Conglomerate Member and basement limestone, b) Field view of
the Kaptkaya Conglomerate Member along the Antalya-Isparta highway. ¢) and d) Field photos from the Kapikaya
Conglomerate Member of the Aksu Formation, €) NNW-SSE oriented geological cross-section shows the contact
relationships between Serravalian-Tortonian Kapikaya Conglomerate Member of the Aksu Formation and Karpuz¢ay
Formation. Location of the cross-section is given in Figure Ic.
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Karadag Konglomerasi’nt meydana getiren
taneler arasinda gelisen biniklik yapilarindan
alman oOlclimler ile muhtemel kaynak bdlge
konumu belirlenmeye calisilmistir.  Sonrasinda
aliman bu Ol¢iimler giil diyagrami kullanilarak
analiz edilmistir. Paleo-akis yoniiniin baskin olarak
(KD’dan GB’ya) 207-245° K dogrultusunda
oldugu belirlenmistir. Ciner vd. (2008) birimi
olusturan tanelerin genel olarak mermer, kuvarsit,
yesil sist ve amfibolden tiiredigini raporlamistir.
Dahasi, ¢alismalarinda koseli yiiksek basing (YB)-
diisikk sicaklik (DS) mavi sist pargaciklariin
yakin bir kaynaktan beslendigi belirtmistir. Daha
once ise, Akay vd. (1985) metamorfik tanelerin
kokenini Alanya metamorfiklerine baglamislardir.
Alanya metamorfiklerinin glincel konumu, Aksu
Havzast’nin giineydogusunda yer almaktadir. Bu
durumda, Karadag Konglomerasi’nin depolanma
stirecinde (Orta Miyosen), Alanya Masifi’nin
Aksu Havzasi’nin dogu smirma ¢ok yakin bir
konumda bulunmasi beklenmelidir. Ote yandan
Uner vd. (2018) ve Flecker (1995) calismalarinda,
Karadag Konglomerasi igerisinde GB’dan KD’ya
paleo-akint1 yoniiniin (bu c¢alismada elde edilen
Olctimlerin tersi yonde) varligini raporlamiglardir.

Istifin alt seviyelerinde, derecelenme ya
da boylanmanin goriilmedigi, koseli, el ornegi
boyutundan blok boyutuna kadar degisen
araliklarda tane boyuna sahip polimiktik, kalin
tabakali konglomera seviyelerinin varlig1 kaynak
alana yakinlig temsil etmektedir. Kumlu, matriks-
destekli konglomeratik seviyeler ise su altinda
meydana gelen kiitle hareketlerinin varligina isaret
etmektedir (Uner vd., 2018). Dénemsel olarak
yerlesen tane-destekli konglomera seviyeleri,
enerjinin nispeten yiiksek oldugu tasimma ortamini
isaret etmektedir (Colby, 1963). Tabaka altinda
goriilen erozyonel taban da ayni sekilde yiiksek
enerjili depolanma ortamimi tanimlamaktadir.
Bu fasiyes oOzelliklerine dayanarak Karadag
Konglomerasinin ¢okelme ortami aliivyal yelpaze-
delta yelpazesi kompleksi olarak yorumlanmastir.
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Kapikaya Konglomera Uyesi (KkU, Ust
Miyosen)

[1k olarak Gutnic vd. (1979) tarafindan tanimlanan
Kapikaya Konglomera Uyesi yalmzca Aksu
Havzasi’nin kuzeyinde gézlenmektedir ve kirmizi-
kahve renkli kirmmtililar -konglomera ve kaba
kumtas1 ardalanmasi- ile karakterize edilmektedir.
Birim, Neojen Oncesi temel kiregtaslari iizerine
asmali olarak gelmektedir (Sekil 5a). Alt sinir,
havzanin merkezinde Karpuzgay Formasyonu ile
yatayda ve diiseyde gecisli bir hal almaktadir.

Istif alt seviyelerde, koseli, iyi ¢imentolanmis
ve ¢ok kalin tabakali (1,5-2 m) kirmizi-kahve
renkli konglomeralar ile baglar (Sekil 5b).
Konglomeray1 olusturan tanelerin  boyutlar
cakildan blok boyutuna kadar degiskenlik
gostermektedir. Taneler genel olarak, temelden
tiiremis Mesozoyik yashi beyaz-kremsi kirectasi
(%60), agik/koyu gri kumtaslari, kirmizi ¢ort ve
yesil renkli ofiyolitik (%40) kokenlidir. istifte
tabana yakin, genel olarak tane-destekli ve kotii
boylanmis konglomeratik seviyeler, hizli
kaotik ¢okelmenin varligimi diisiindiiriirken, bazi
konglomeratik seviyeler ise matriks desteklidir.

veE

Istifte, konglomeratik seviyeler orta-kalin
tabakali kumtaglar1 (50-100 cm) ile ardalanmali
olarak cokelmiglerdir (Sekil 5b ve 5c). Genel
olarak istif, havza merkezine dogru (kuzeyden
giineye) gidildikge dereceli olarak Karpuzcay
Formasyonuna olan  kumtasi-camurtasi
birimlerine doniismeye baslar (Sekil 5c, 5d ve
Se). Diger taraftan, Kapikaya Konglomerasi’nin
giineydeki eslenigini tanimlamak, bu alanda
tektonizma nedeni gelisen pek ¢ok izole veyahut
tekrarlanan konglomeratik birimlerin bulunmasi
nedeni ile miimkiin degildir.

Senel vd. (1992) ve Senel, (1997) denizel
fosillerden olan Orbulina universa D’ ORBIGNY,
O. Bilobata D’ORBIGNY, Globigerinoides
trilobus  (REUSS), Siphonina  reticulata
(CZIZEK), S.bulloides D’ORBIGNY, Robulus
vortex FICHTER ve MOLL gibi foraminifer

ait



topluluklarinin ~ varliklarin1 ~ raporlamistir. Bu
fosil  topluluklarma  dayanilarak  Kapikaya
Konglomerasi’na Serravaliyen-Tortoniyen yasi
verilmistir. Bu ¢aligmaya ek olarak, daha giincel bir
caligma olan Ciner vd. (2008) tarafindan Kapikaya
Konglomerasi’nin iist seviyelerinde, konglomera
ile ardalanmal1 olarak yerlesen yama resiflerinde
Porites, Tarbellastraea ve Siderastrea gibi simirl
cesitlilige sahip mercan fosillerinin varligina
isaret edilmistir. Bu sinirhi fauna toplulugu esas
almarak birim igin Ust Miyosen yas1 verilmistir
ki, bu yas muhtemelen birimin iist sinirinin yasini
temsil etmektedir.

Derecelenmenin olmadigi, koseli, tane- veya
matriks destekli, ¢cakil boyutundan blok boyutuna
kadar c¢ok genis bir yelpazede tane boyutuna
sahip olan Kapikaya Konglomerasi genel olarak
moloz akmasi1 karakteristikleri gostermektedir
yelpaze ortaminda
¢Okelmistir. Ek olarak, istifin {ist kesimlerinde
goriilen yama resifleri ile goriilen ardalanma
s1g self ortamini yansitmaktadir. Bu durumda,
Kapikaya Konglomerasi kiyiya yakin gelisen
altivyal yelpaze ortamindan delta ortamina gegisi
tanimlamaktadir (Ciner vd., 2008; Uner vd., 2015
ve 2018).

ve muhtemelen aliivyal

Karpuz¢cay Formasyonu (K¢F, Langiyen-
Tortoniyen)

Karpuzcay Formasyonu, havza dolgusunu
meydana getiren birimler igerisinde en genis
yayilima sahiptir (Sekil Ic). Birim, tabanda
tiirbiditik seri (kumtasi-silttagi-camurtasi
ardalanmasi) ile karakterize edilirken (Sekil 6a),
gorece daha iist seviyelerde tane/matriks destekli
ve erozyonel tabanli konglomeratik seviyeler ile
ardalanmali olarak kendini gostermektedir (Sekil
6b).

Karpuzcay Formasyonu ilk defa Akay vd.
(1985) tarafindan tanimlanmigtir. Akay vd. (1985)
bu calismasinda, birimi Kopriigay-Manavgat
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Havzasinda bulunan Karpuzgay Formasyonu’nun
eslenigi olarak yorumlamig ve ayni isim ile
tanimlanmigtir. Bu ¢aligmada da, ayn1 adlandirma
benimsenmistir.

Karpuzcay Formasyonu, paralel laminali-
ince tabakali ¢amurtasi ile desimetre kalinliginda
(1-50 dm), tabaka i¢ci normal derecelenmeli,
paralel tabakali kumtaslarinin ardalanmasi ile
baglamaktadir. Bu kisim, istifin tabana yakin
kismini olusturmaktadir ve en iyi Antalya-Isparta
yolu {izerinde Yenice ve Camlik dolaylarinda
gozlenlenmektedir.  Istifte  yukariya  dogru
gidildikce, kumtasi tabakalarinin orani gittik¢e artar
ve nihayet istifin en st kistmlarinda konglomera
tabakalar1 (50-70 m) go6zlenmeye baslar (Sekil
6b). Konglomera seviyeleri genel olarak normal
dereceli ve tane-desteklidir. Tanelerin boyutlar
cakilcik boyutundan iritag (boulder) (maximum
35cm) boyutuna kadar degiskenlik gostermektedir.
Taneler genel olarak 9%90-95 oraninda yari
koseli/yuvarlak ozellikte gri/krem kiregtagindan
meydana gelmektedir. Konglomera seviyelerinde
tane binikligi (imbrication) ve kanal geometrisi
(Sekil 6b), kumtast seviyelerinde ise dalga
kinisikliklarn (Sekil 6¢) gibi sedimanter yapilar
siklikla gozlenmektedir.

Karpuzgay Formasyonu ile temel kayaglari
arasindaki dokanak iliskisi Antalya-Isparta yolu
tizerinde, Karacadren Baraji yakininda oldukga
iyi gozlenlenmektedir. Bu gozlem noktasinda
Karpuzgay Formasyonu doguya dogru egimlenmis
ve Aksu Havzasmin bati smirmi tanimlayan
temel kirectasi biriminin {lizerine asmali olarak
gelmektedir (Sekil 6d). Formasyonun litolojik
ve fasiyes Ozellikleri batidan (kabaca havza
merkezini tanimlar), doguya (tektonik olarak
smirlandirilmistir)  dogru  dereceli  olarak
degisiklik gostermektedir (Sekil 1c’de G-H hatti
boyunca). Havzanin dogusunda, Karpuzcay
Formasyonu ile Karadag Konglomerasi arasindaki
uyumlu dokanak iligskisi Sekil 4b’de verilen
bindirme faymin arka yiiziinde acgik bir sekilde
gozlenmektedir.
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Sekil 6. a) Langiyen-Tortoniyen yash Karpuzgay formayonunun alt seviyelerinde gézlenen ¢amurtasi-sittasi-kumtasi
ardalanmasi, b) Langiyen-Tortoniyen yasli Karpuzcay formayonunun iist seviyelerinde gozlenen konglomeratik
seviyeler ve ¢) Kumtaglarinin taban kesimlerinde gozlenen (asimetrik) dalga kirisikliklarinin gériiniimii, d) Calisma
alaninda Antalya — Isparta anayolu iizerinde Langiyen-Tortoniyen yash Karpuzcay formasyonunun Jura-Kretase
yasli kiregtaglari izerine uyumsuz (nonkonformite) dokanakla geldigini gosterir fotograf.

Figure 6. Field views from a) Langhian-Tortoniyen turbiditic sandstone-siltstone-mudstone alternations at the lower
level of the Karpuz¢ay Formation, b) Conglomeratic horizons in the upper part of Langhian-Tortoniyen Karpuzgay
Formation and ) Asymmetric ripple marks observed at the bottom of the sandstone bedding, d) Field view of the
contact relationships between Langhian-Tortoniyen Karpuz¢ay Formation and Jura-Kretaceous basement limestone.

Havzanin kuzeyinde, Karpuzcay
Formasyonunun {ist sinir1 yatayda ve diiseyde
dereceli olarak Kapikaya Konglomerasi’na
gecis gostermektedir (Sekil 5c ve e). Havzanin
gilineydogusundabulunan GebizKirectasi(Sekil 7a)
ile orta-dogusunda yer alan Eskikdy Formasyonu
(Sekil 7b  ve c¢),
iizerine agisal uyumsuz olarak gelmektedir
(Sekil 7d). Karpuzg¢ay Formasyonu’na ait istif
karakteristiginin daha iyi anlagilmasi maksadi
ile olgiilii stratigrafik kesit alinmistir (Sekil 8).
Kesitin baslangi¢ noktasi, Camlik Mahallesi’nin

Karpuzgay Formasyonu
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kuzeyinde antiklinal merkezinden baslayarak
(37°29,778K,  30°45,817D)
yolu iizerinde kuzeye dogru daha iist stratigrafik
seviyelere gecerek son bulur (37°32,194K,
30°46,078 D) (Sekil 8). Olgiilii kesitin baslangi¢

noktasi, havzanin nispeten merkezini tanimlayan

Antalya-Isparta

camurtasi-kumtast ardalanmasi ile karakterize
edilirken, Gist seviyelere dogru Aksu Konglomerasi
da sisteme dahil olmaktadir (Sekil 8). Olgiilii
kesitte, Karpuzcay Formasyonu’nun iiste dogru
kabalasan niteligi agikca goriilmektedir (Sekil 8).
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Sekil 7. a) Langiyen-Tortoniyen yasli Karpuzgay Formayonu ile Messiniyen yasli Gebiz Kiregtagi arasindaki
dokanak iligkisini gosterir saha goriintiisii. Tabaka dl¢iimleri sag el kuralina (SEK) gore verilmistir, b) Karpuzcay
Formasyonu’nun {ist stnirmi tanimlayan Eskikdy Formasyonu’nun ve Karadag Konglomera Uyesi ile olan tektonik
dokana@1 gosteren saha goriintiisii, ¢) Eskikdy Formasyonuna ait konglomeratik birim icerisinde blok boyutunda
varan cakillarin yakindan goriintiisii, d) Messiniyen-Alt Pliyosen yash Eskikdy ile Langiyen-Tortoniyen yash
Karpuzgay Formasyonu arasindaki agisal uyumsuz dokanak iliskisini gosterir saha goriintiisii.

Figure 7. @) Field view of the contact relationship between Langiyen-Tortoniyen Karpuz¢ay Formation and
Messiniyen Gebiz Limestone, b) Field view illustrating the Eskikoy Formation which defines the upper boundary of
Karpuzgay Formation and the tectonic contact between Karpuzcay Formation and Karadag Conglomerate Member,
C) Field view of the conglomeratic unit of the Eskikoy Formation, d) Field view of the contact relation between
Messinian-Lower Pliocene Eskikoy Formation and Langhian-Tortonian Karpuz¢ay Formation.
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Poisson (1977), Aksu Havzasi’nda yapmis
oldugu calismasinda, Kargi Baraji kenarinda
Karpuz¢ay Formasyonu igerisinde
foraminifer faunasini incelemis ve planktonik
foraminifer formlarma gore birime Serrravaliyen-
Alt Tortoniyen yasini vermistir. Benzer sekilde,
Akay vd. (1985) Karpuzgay Formasyonu
icerisinde  bulunan denizel organizmalarin
varligindan bahsederek, Globigerinoides
obliquus  BOLLI,  Globigerinoides  trilobus
(REUSS), Globigerinoides sacculifer (BRADY),
Globigerinoides extremus BOLLI  and
BERMUDEZ Globorotalia peripheroronda BLOW
and BANNER, Globguadrina sp., Orbulina sp. gibi
foraminifertiirleriniraporlamistir. Bununlabirlikte,
Flecker (1995) Karpuz¢ay Formasyonu’nun {ist
seviyelerinde bulunan konglomeratik birimlerin
yama resifleri ile ardalanmali oldugunu belirterek,
Karpuzcay Formasyonu’nun yasinin iist sinirin1 bu
yama resiflerinin yas1 ile belirlemistir. Literatiirde
belirlenen fosil icerigine ve arazi godzlemlerine
dayanarak, buincelemede, Karpuzgay Formasyonu
icin Langiyen-Tortoniyen yasi benimsenmistir.

bulunan

Formasyonun alt goriilen
normal derecelenmeli ve keskin alt ve iist sinirlara
sahip tabakali camurtasi-kumtagi ardalanmasi,
kiyt seridinden uzakta diisiik enerjili tiirbiditik
hakim oldugu
yansitmaktadir. Istifin {ist kesimlerinde bulunan
cakilca zengin seviyelerin varlig1 yliksek enerjili
yakinsak alanin varliina isaret etmektedir.
Bu durumda, havza igerisindeki ortamsal
iligkiyi, kuzeyden giineye yakinsaktan iraksaga
seklinde yorumlamak miimkiindiir. Bu durumda,
Karpuzgay Formasyonu kuzeyde fan-delta ortami
olarak yorumlanirken, giineye dogru derin deniz
ortamina doniismektedir.

seviyelerinde

akintilarin denizel ortami

Asimetrik dalga kirigikliklarindan ve tane
binikliklerinden olmak tizere 5 farkli istasyondan
toplamda 71 paleo-akinti yonii verisi toplanmuistir.
Bunlardan dort tanesi havzanin kuzeyinden,
Karpuzgay Kapikaya
Konglomerasi ile gecisli oldugu nispeten istifin

Formasyonu’nun
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iist seviyelerinden toplanmistir. Diger Dbir
tanesi ise, Karpuzcay Formasyonu ile Karadag
Konglomerasi’nin gegisli oldugu, gorece daha
alt bir seviyeden alinmistir. Toplanan paleo-
akint1 verileri, giil diyagrami kullanilarak analiz
edilmistir. Kapikaya Konglomerasi’n1 temsil eden
verilerden elde edilen akinti yonleriden 3 tanesi
birbirleri ile tutarlidir ve akim yonii 192-206°K
(yaklasik kuzeyden giineye) olarak bulunmustur.
Karadag Konglomerasi’nitemsil eden lokasyondan
elde edilen ortalama akint1 yonii (256°K), diger
akim yonleri ile uyumlu degildir. Bu durum,
Kapikaya Konglomerasi’nin beslenme yoni ile
Karadag Konglomerasi’nin beslenme yoOnlerinin
farkli oldugu seklinde yorumlanmaktadir.

Ciner vd. (2008) calismasinda, Karadag

Konglomerasi’nda oldugu gibi Karpuzcay
Formasyonu icerisindeki konglomeratik
seviyelerdeki tanelerin koseli, ¢ogunlugunun

metamorfik kokenli (mermer, kuvarsit, yesil sist
ve amfibol) oldugunu ifade ederek, bu tanelerin
kaynaginin Alanya Masifi oldugunu belirtmistir.

Gebiz Kirectasi (GbK, Messiniyen)

Gebiz Kiragtasi, Aksu Havzasi’nin
giineydogusunda bulunan Gebiz ilgesinin hemen
dogusunda kisith bir alanda yiizeylenmektedir
(Sekil 9a). Taze yiizeyi gri-beyaz (Sekil 9b) ila
sarimsi-gri renklerde, resifal karakterde karbonatli
birimlerden olusurken, bozunmus ylizeyler
sarimsi-kirmizi renklerdedir.

Gebiz Kiregtast ve Yenimahalle Formasyonu
arasindaki dokanak iliskisi, Gebiz il¢esi yakininda
oldukca agiktir.  Eskikdy Formasyonu’nun
dogudaki devami olarak yorumlanan Yenimahalle
Formasyonu burada, Gebiz Kirectas1 iizerine
uyumsuz olarak gelmektedir (Sekil 9a). Bununla
birlikte, Gebizilgesinindogusunda, Gebiz Kiregtast
yiiksekaci1ile GD’yadogruegimlenirken (Sekil 9b),
birimin alt sinir1 uyumsuzluk ile dogrudan temel
kayaclar (Antalya Naplari) tizerine gelmektedir.
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Sekil 8. Langiyen-Tortoniyen yasli Karpuzcay Formasyonu’na ait 6lgiilii stratigrafik kesit. Tane boyu istifte iiste
dogru belirgin bir gekilde kabalagmakta ve konglomeratik seviyelerin goriilme siklig1 artmaktadir.

Figure 8. Measured stratigraphic section of the Karpuz¢ay Formation. The grain size is getting coarser and the
frequency of occurrence of the conglomeratic levels increase in the upper levels of the section.
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Sekil 9. a) Gebiz il¢esinin dogusunda yiizeyleyen Messiniyen yash Gebiz Kiregtasi ve iizerine agisal uyumsuzluk (?)
ile gelen Pliyosen yash Yenimahalle Formasyonu’nun (yatay) saha goriintiisii, b) Yiiksek aciyla egimli Gebiz
Kiregtagi’na ait goriiniim, €) Pliyosen yash Kursunlu ve Yenimamahalle formasyonlari arasindaki uyumlu dokanak
iliskisi, d) Kursunlu Formasyonu’nun Yesilkaraman mahallesi civarindaki saha goriintiisii, €) Kursunlu Formasyonu’nu
meydana getiren konglomeratik birime ait yakin plan goriintiisii.

Figure 9. @) Unconformable contact (?) between Messinian Gebiz limestone and Pliocene Yenimahalle Formation
(horizontal), which is located east of the Gebiz Village, b) View of the Gebiz Limestone with steeply dipping bedding,
¢) The conformable contact relation between Pliocene Kursunlu and Yenimahalle Formations, d) Field view of the
Kursunlu Formation around Yesilkaraman district, €) Close-up view of the conglomeratic unit which belongs to the

Kursunlu Formation.

Tongiiglii Kdyii’nilin giineyinde, Gebiz Kirectast
ile Karpuzgay Formasyonu arasindaki dokanak
iligkisi acikga gozlenir. Burada, Gebiz Kiregtasi
GD’ya dogru tatli bir egime sahip iken daha ytiksek
bir egime sahip olan Karpuz¢ay Formasyonu'nu
uyumsuz olarak ortmektedir (Sekil 7a).

Birimin fosil i¢erigi lizerine yapilmis pek cok
calisma bulunmaktadir (Tuzcu ve Karabiyikoglu
2001, Karabiyikoglu vd., 2005; Poisson vd.,
2003a; 2011). Bu ¢aligmalarda farkli planktonik
foraminifer, nannoplankton ve  ostrakoda
tirlerinin - varligt raporlanmistir. Dolayisiyla,
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birimin yast konusunda literatiirde farkli goriigler
bulunmaktadir. ilk olarak, Poisson (1977) birim
icin Alt Pliyosen yasini verirken, biyostratigrafik
verilere dayanarak Akay vd. (1985) tarafindan
birimin yast Messiniyen olarak belirlenmistir.
Glover ve Robertson (1998b) birime Tortoniyen
yasint vermistir. Poisson vd. (2003a) ise Gebiz
Kiregtasi i¢in Erken Pliyosen yasini Onermistir.
Nispeten daha giincel bir ¢alisma olan Poisson
vd. (2011), planktonik foraminifer topluluguna
dayanarak Gebiz Kirectasi i¢in Messiniyen yasini
benimsemistir.



Gebiz Kiregtaginin ¢okelme ortami, fosil
icerigine bagli olarak sig-deniz ortami olarak
belirlenmistir (Poisson vd., 2003a; 2011).

Eskikdy Formasyonu
ErkenPliyosen)

(EKF, Messiniyen-

Eskikdy Formasyonu Aksu Havzasi’nin giiney
kesimlerinde yiizeylenmektedir ve Antalya-Isparta
yolu boyunca gézlemlemek miimkiindiir. Akay vd.
(1985) tarafindan yapilan c¢alismada maksimum
kalinlig1 yaklasik 300 m oldugu bildirilmistir.

Eskikoy Formasyonu konglomeratik seviyeler
ile karakterize edilmektedir. Konglomerayi
meydana getiren taneler, %80 beyaz-krem kirectasi
kokenli iken, %10 gri renkli kumtasi ve %10 diger
kristalize kayac¢lardan kaynaklanmaktadir (Sekil
7¢). Tanelerin sekilleri yar1 koseli-yar1 yuvarlak
Ozellige  sahiptir.  Konglomeratik
bazen martiks, bazen ise tane desteklidir. Arazi
gozlemlerinde, maksimum tane boyu 50 cm
olarak belirlenmistir. Kabaca iiste dogru incelen
bir diizene sahip olan konglomeratik seviyeler
1-3 m arasinda degiskenlik gosteren tabaka
kalinliklarina sahiptir. Formasyon havza kenarinda
daha kalin iken (Sekil 7¢) havza merkezine dogru
gidildikge tabaka kalinligr (30-60 cm) ve tane
boyu incelmektedir (Sekil 7d).

seviyeler

Eskikoy Formasyonu Aksu Havzasi’nin
bati sinirinda, Antalya Naplarinin {izerine
nonkonformite olarak gelmektedir. Bu sinir en iyi
Kizilseki Mahallesi dogusunda goézlenmektedir.
Havza merkezine dogru ise, birim Karpuzcay
Formasyonu’nun uyumsuzluk
gelmektedir (Sekil 7d). Birimin iist smirini ise
Yenimahalle Formasyonu birimi uyumlu olarak
tizerleyerek belirlemektedir.

lizerine ile

Poisson vd. (2003a) tarafindan yapilan
caligmada, formasyonun fosil igerigi incelemis ve
Eskikdy Formasyonu’nun Orbulina, Biorbulina,
Globigerinoides trilobus, G. obliquus extremus,
G. obliquus ss, G. bollii, G. emeisi, G. diyafram,
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Globigerinita seminulina, Sferoidler, Globigerena
nepenthes, G. konglomerat, G. bulloides, G.
aperture ve Globigerinita incrusta gibi foraminifer
tiirlerini icerdigi raporlanmigtir. Bu fosil igerigine
bagl olarak, birimin yasi Ge¢ Miyosen-Erken
Pliyosen olarak belirlenmigtir. Akay vd. (1985),
Eskikdy Formasyonu’nu, Gebiz Kiregtagi’nin
yatay eslenigi olarak yorumlamis ve birimin
yasini Messiniyen olarak benimsemistir. Bununla
birlikte, bazi arastirmalarda (Poisson 1977; Gutnic
vd. 1979; Glover ve Robertson, 1998b) Eskikdy
Langiyen-Tortoniyen yash
Karpuzcay Formasyonunu uyumsuzlukla ortityor
olmas1 ve Yenimahalle Formasyonu ile yatayda
ve diiseyde gecisli olmasi nedeni ile Pliyosen
yas1 verilmistir. Bu ¢alismada ise Messiniyen-Alt
Pliyosen yas1 uygulanmaistir.

Formasyonu igin,

Litolojik ~o6zelliklere ve birim igerisinde
gozlemlenen sedimenter yapilara dayanilarak,

Eskikdy = Formasyonu’nun aliivyal yelpaze
ortaminda ¢okeldigi yorumu yapilmistir.
Yenimahalle Formasyonu (YmF, Erken
Pliyosen)

Aksu Havzasi’'nin giiney kesimlerinde kendini
gosteren Yenimahalle Formasyonu ilk olarak
Akay vd. (1985) tarafindan tanimlanmistir.
Genel olarak birim mavi-gri renkli silttasi,
kiltast ve ¢amurtagi ardalanmasi ile karakterize
edilmektedir.  Yenimahalle Formasyonu’nun,
Gebiz Kiregtasi ile olan dokanak iliskisi Gebiz
ilgesi civarinda uyumsuz olarak gdzlenmektedir
(Sekil 9a). Burada Gebiz Kirecgtasi 50-60° ile
giineybatiya dogru egimliyken, Yenimahalle
Formasyonu yaklasik yatay konumda gelip Gebiz
Kiregtagi’na dayanmaktadir (Sekil 9a). Bu durum
ylizeyde agisal uyumsuzluk olarak yorumlansa
da, bu iki birimin derinlerde birbirlerinin yanal
eslenigi olabilecekleri de géz 6niinde tutulmalidir.

Yenimahalle Formasyonu, batiya dogru
devamliligr takip edildiginde ise diiseyde ve
yatayda Kursunlu Formasyonu’na gectigi gdzlenir



Aksu Havzasi 'min (Antalya, Tiirkiye) Neojen Stratigrafisi ve Yapisal Unsurlar

(Poisson, 1977; Gutnic vd., 1979; Glover ve
Robertson, 1998b). Yesilkaraman Mahallesi
civarinda ise Kursunlu Formasyonu, Yenimahalle
Formasyonu tiizerine uyumlu olarak gelmektedir

(Sekil 9¢).

Glover ve Robertson (1998b) birim igerisinde
Acanthocardia sp., Ostrea sp., Cerastoderma
edule, Paphia sp., Dentalis sp., Antalis sp.,
Apporais sp., Buccinum sp., Concus sp., Gibbula
sp., Murex sp., Litterina sp., Fusinus sp., Balanus
sp. ve Pekten gibi denizel fosillerin varligini
raporlamistir. Bu organizmalara ek olarak Glover
ve Robertson (1998b) cok sayida Skolithos,
Chondrites, Thalassanoides, Scoyenia, Planolites
izfosilleri ve Rind yuvalar1 belirlenmistir. Poisson
vd. (2003) ise calismasinda, Gebiz bdlgesinde
Yenimahalle Formasyonu igerisinde Margarita
ve Puncticulata zonlarmin varhigina isaret ederek
birimin yasin1 Erken Pliyosen belirlemistir.

Yenimahalle meydana
getiren birimlerin tane boyunun kii¢ciik olmasi,
sakin ve diisiik enerjili bir ¢okelme ortamini
yansitabilir. Litolojik 6zellikler, fosil igerigi ile
birlikte degerlendirildiginde birimin s1g denizel
bir ortamda ¢okeldigi belirtilmektedir (Glover ve
Robertson, 1998b).

Formasyonu’nu

Kursunlu Formasyonu (KsF, Gec¢ Pliyosen-
Pleyistosen)

Aksu Havzasinin giineyinde ylizeylenen Kursunlu
Formasyonu ilk olarak Akay vd. (1985) tarafindan
adlandirilmistir. Birim havza kenarlarinda genel
olarak orta-kalin (4-6 m), yer yer ¢apraz tabakali
kizil kahve konglomeratik birimler (Sekil 9d) ile
havza merkezine dogru gri-yesil kaba kumtast
seviyeleri ile karakterize edilmektedir.

Konglomeratik seviyeler genellikle tane-
desteklidir (Sekil 9e). Taneler, beyaz-krem
renkli kiregtasi (%90) kdkenli olup, taneler yari
yuvarlaktir. En biiyiik tane boyu 30-35 c¢m olarak
belirlenmistir. Konglomera tabakalar1 igerisindeki
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dizilim dikkate alindiginda derecelenme ve
boylanma olmadig1 goriilmektedir.

Kursunlu  Formasyonu’'nun  alt  smirt
Yenimahalle Formasyonu ile gegisli 6zelliktedir
ve Yesilkaraman Mabhallesi civarinda Yenimahalle
Formasyonunu iizerledigini gérmek miimkiindiir
(Sekil 9¢). Ancak havzanin bati sinira yakin
kesimlerinde, Kursunlu Formasyonu dogrudan
Antalya  Naplari uyumsuzlukla
gelmektedir. Ust smir ise Antalya Traverteni ile
belirlenmektedir.

lzerine

Glover ve Robertson (1998b), calismasinda
Kursunlu Formasyonu igerisinde foraminifer,
ostrakod, Dbivalve gastropod
belirtmekte olup, bu fosil formlarina gore birimin
yasini Geg Pliyosen-Pleyistosen olarak rapor
etmislerdir.

ve varligini

KursunluFormasyonuigin, farklicalismalarda,
farkli ortam yorumlar1 yapilmaktadir. Glover
and Robertson (1998b) denizel bivalv igerigi ve
stinger formlar1 nedeni ile denizel ortam yorumu
yaparken, Poisson vd. (2003) birimin ¢okelme
ortamini delta ortami olarak yorumlamistir. Bu
calisma kapsaminda yapilan arazi gozlemlerine
dayanarak, Kursunlu Formasyonu’nu olusturan
konglomeratik birimin havza ortasina dogru
Yenimahalle Formasyonu’na (kumtasi-gamurtast
ardalanmasi) gecis yapmasi nedeni ile delta ortami
olarak yorumlanmustir.

Kuvaterner Yash Birimler

Aksu Havzasi’nin kuzeyinde ve giineyinde farkli
Kuvaterner yash birimler yiizlek vermektedir. Bu
birimler ile ilgili detayl bilgi asagida verilmistir.

Kuzeyde yiizeylenen Kuvaterner yash birimler
Diizaga¢ Konglomerasi (DaK)

Diizaga¢ Formasyonu ilk olarak FEroskay
(1968) tarafindan adlandirilmistir. Birim en



iyi, Aksu Havzasi’'nin kuzeybati sinirinda

gozlemlenmektedir.

Formasyon genel olarak konglomeratik
seviyelervesari-grikumtasiseviyeleriilekarakterize
edilmektedir (Sekil 10a). Konglomeratik seviyeler
genel olarak tane desteklidir. Taneler yari-koseli
ve yari-yuvarlak karakterde gevsek tutturulmus,
beyaz-bej kirectaslari (%95) ve kumtaslarindan
(%10) olusmaktadir. Maksimum tane boyu
(uzun eksen) 50-60 cm olarak belirlenmistir.
Konglomeratik seviyeler kaotik gériinimlidiir ve
herhangi bir derecelenme ya da boylanma dikkati
¢ekmemektedir.

Muhammad Harbi WASOO, Ayten KOG

Birimin alt dokanak iliskisi uyumsuzdur.
Havzanin bati sinirinda temel tizerine agmali olarak
yerlesirken (Sekil 10c), havza merkezine dogru
ilerledik¢e Karpuzgay Formasyonu iizerine agisal
uyumsuzlukla gelmektedir (Sekil 10b). Birimin
iizerine Camlik Travertenleri de uyumsuzlukla
gelmektedir.

Litolojik 6zelliklerine bakildiginda, Diizagag
Konglomerasi, havza kiyisina yakin kisimlarda
yama¢ molozu akmast ile tanimlanirken,
havza igerisine dogru akarsu c¢okelleri olarak
yorumlanmistir. Birimin yasi1 Pleyistosen olarak
belirlenmistir (Akay ve Uysal, 1985).

Sekil 10. a) Pleyistosen yashi Diizaga¢ Formasyonu’nundaki konglomera-kumtasi ardalanmasini gdsterir saha
gorlintiisii, b) Pleyistosen yash Diizagag Konglomerasi ile Langiyen-Tortoniyen yasli Karpuz¢ay Formasyonu
arasindaki agisal uyumsuzluk, ¢) Havzanin bati sinirinda Diizagag¢ Formasyonu ile temel birimler (Antalya Naplar1)

arasindaki nonkonformiteye ait saha goriintiisii.

Figure 10. a) Field view of the conglomerate-sandstone alternation of the Pleyistocene Diizaga¢ Conglomerate,
b) The angular unconformity between Pleyistocene Diizaga¢ Conglomerate and Langhian-Tortonian Karpuz¢ay
Formations, ¢) Field view showing nonconformity between the Diizaga¢ Conglomerate and basement units in the

western part of the basin.
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Camlik Traverteni (CT)

Camlik Traverteni ilk olarak Senel (1997)
tarafindan tanimlanmigtir. Traverten ¢okelleri
Aksu Havzasmin kuzeyinde bat1 sinir1 boyunca
farkl1 lokasyonlarda kendini gostermektedir
(Sekil 1c¢). Birim krem-siitlii kahverenkli traverten
(karbonat) olusumlari ile kendini gostermektedir.
Camlik Traverteni altta Diizaga¢ Formasyonu
agisal
Birimin yasi, stratigrafik istifteki konumu itibari
ile Pleyistosen olarak benimsenmistir. Traverten
olusumu, karbonata asir1 doygun kaynak suyu
cikiglari ile iliskilendirilmistir.

lizerine uyumsuzlukla bulunmaktadir.

Giineyde yiizeylenen Kuvaterner yash birimler
Antalya Traverteni

Antalya Traverteni Aksu Havzasi’nin giineyinde
oldukca genis bir alanda kendini gostermektedir
(Sekil 1c). Ilk olarak Poisson (1977) tarafindan
tanimlanan birim, daha sonra ise Akay wvd.
(1985) tarafindan calisilmis ve kalinliginin 300
m civarinda oldugu rapor edilmistir. Birim stitlii
kahverenkli traverten olusumlari ile karakterize
edilmektedir. Birim, Kursunlu Formasyonu’nun
iizerine agisal uyumsuz olarak gelmektedir.

Akay vd. (1985), birimin fosil igeriginde
Condora sp.’nin varhigina igaret ederek, birime
Geg Pliyosen-Kuvaterner yasi verilmistir. Kosun
(2012) tarafindan yapilan ¢alismada, '3C, O ve
14C izotoplarina dayanarak birimin yagi Kuvaterner
olarak belirlenmigtir. Bu ¢aligsmada ise stratigrafik
iliskiler g6z Oniine alinarak Kuvaterner yasi
benimsenmistir.

Belkis Konglomerasi (BK)

Belkis Konglomeras: ilk olarak Blumenthal
(1951) tarafindan tanimlanmistir. Genel olarak
Aksu Havzas’nin giineyinde yer alan birim
acisal uyumsuz olarak Yenimahalle ve Kursunlu
formasyonlarini {izerlemektedir (Sekil 1c). Birim
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capraz tabakali ile

tanimlanmaktadir.

konglomeratik seviyeler

Konglomera seviyeleri genel olarak tane
desteklidir. Taneler ise yari-yuvarlak ve yuvarlak
karakterde olup, taneler biiyiikk oranda (%80)
beyaz-bej renkli kiregtasindan ve kirmizi-
kahverenkli ¢ortlerden (%20) kaynaklanmaktadir.
Konglomeratik seviyelerde belli bir boylanma
gorlilmemekle birlikte, tabaka icerisinde yukariya
dogru tane boyunun kii¢iildiigliini sdylemek
mimkiindiir. Tane boyu genel olarak 2-20 cm
arasinda degisir. Tabaka kalinliklar1 ise 1,5
m’ye kadar ulasabilmektedir. Konglomeratik
seviyelerde ve kumlu seviyelerde c¢apraz
tabakalanma oldukga belirgindir.

Belkis  Konglomerast  Aksu  Havzasi
dolgusunun en geng iiyesidir. Capraz tabalanma,
birimin akarsu ortaminda cokeldigini
gostermektedir. Birim Kuvaterner yashidir.

YAPISAL JEOLOJi

Aksu havzasinda gozlenen yapisal unsurlar,
havzanin dogu sinirmi kontrol eden biiyiik 6l¢ekli
bindirme fayindan, genellikle birkag metreden
fazla olmayan cok sayida bindirme veyahut
normal karakterli mezoskopik faylardan ve
asimetrik kivrimlardan olugmaktadir. Havzadaki
pek cok yapi, Oncelikli olarak uzaktan algilama
teknikleri kullanilarak haritalanmis, sonrasinda
ise saha ¢aligmalari ile dogrulanmustir.

Uydu Goriintiilerinden Cizgiselliklerin
Belirlenmesi

Uydu gorintiilerinde ¢izgisellikler iki farkli
kokene baglidir. Bunlarda ilki, jeolojik kdkenli
olan ¢izgiselliklerdir. Bu tip ¢izgisellikler genel
olarak faylara, eklemlere ve/veya litolojik sinirlara
karsilik gelmektedir. Diger ¢izgisellik tiirleri ise,
karayollari, demiryollari, tarla sinirlar1 veya arazi
kullanim diizeninde insan etkisi ile meydana gelen



her tirli degisikligi igermektedir. Bu caligma
kapsaminda, cizgiselliklerin belirlenmesinde ve
karakterizasyonunda Terra-ASTER (Advanced
Spaceborne Thermal Emission and Reflection
Radiometer) ve Google Earth (Quickbird)
gortintiileri  kullanilmigtir.  Kullanilan ASTER
gorintiilerinin 6zellikler Cizelge 1°de verilmistir.

Uzaktan algilama yontemi ile ¢izgiselliklerin
belirlenmesi  karmasik  bir  islemdir  ve
konumsal ¢ozinlirlik ve gorlntiilerin spektral
karakteristikleri ¢izgiselliklerin belirlenmesinde
dogrudan etkiye sahipti. Bu nedenle, uydu
goriintlistiniin ~ yorumlanabilirligini
maksadi ile kontrast iyilestirmesi, renk
kombinasyonlari, temel bilesen analizi (TBA) ve
dekorelasyon germesi (DG) gibi ¢esitli goriintii
iyilestirme yontemleri ve isleme teknikleri
kullanilmistir. Bu islemlerden gegen goriintiiler,
Google Earth’ten saglanan yiiksek ¢oziintirliiklii
dijital yiikseklik modeline giydirilerek 3-boyutlu
gorsel efekt kazandirilmistir (Sekil 11).

arttirmak

Cizgiselliklerin uydu goriintiisii iizerinde
belirlenmesi elle yapilmigtir. Bunun nedeni uzman
algisinin jeolojik verileri kolayca okuyabilmesi,
yorumlayabilmesi ve yapay c¢izgisellikleri (yollar,
tren yollari, tarim arazisi sinirlart vb.) tektonik
olanlardan kolayca ayirt edebilmesidir. Elde
edilen ¢izgisellik haritas1 ve uzunluk agirliklr giil
diyagrami Sekil 11°de verilmistir.

Elde edilen ¢izgisellik haritasi, hem
literatiirden derlenen (1:100.000 olcekli MTA
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haritasi, Senel vd., 1992) hem de arazi gézlemleri
ile elde edilen faylar icermektedir. Sekil 11°de
verilengiildiyagramidaaynisekildehem¢izgisellik
hem de fay bilgisini igermektedir. Elde edilen giil
diyagrami, baskin ¢izgisellik yoneliminin KB-GD
yoniinde oldugunu gostermektedir. Belirlenen bu
yon, Aksu Havzasi’nin dogu sinirini belirleyen
Aksu Fayr’na ait dogrultu yonii ile uyumludur.
Bu durum ise, ¢aligsma alanindaki deformasyonun
esas olarak Aksu Fay1 etkisinde gelistigini
gostermektedir.

Arazi Gozlemleri

Aksu Havzasi, K-G dogrultusunda uzamis
(yaklasik 90 km) bir havza niteligindedir (Sekil
Ic). Morfolojik olarak, havzanin kuzeyini ve
dogusunu kontrol eden yaklasik olarak birbirine
dik gelismis iki farkli tektonik yapi -Aksu ve
Kapikaya Bindirme faylari- dikkati ¢ekmektedir.
Bu faylar genel olarak temel birimler ve havza
dolgusunu birbirinden ayiran keskin ve ¢izgisel/
egrisel hatlar olarak tanimlanirlar. Bu ana
fay sistemleri, ayn1 zamanda, havza dolgusu
igerisinde hem sedimantasyonla es zamanli hem
de sedimantasyon sonrast pek cok mezoskopik
6lcekli fayin gelisimine neden olmuslardir. Bu fay
sistemlerine ek olarak, havza dolgusu ¢ok sayida
sik1 ve asimetrik kivrim sistemleri ile de deforme
olmustur (Sekil 1c).

Cizelge 1. Calismada kullanilan ASTER goriintiilerine ait katalog bilgisi.

Table 1. Catalog information about ASTER images that are used in this study.

GOLUO”t“ Gorunti Tird Goruntii Kodu E'dﬁa'f;jh'i'me
a ASTER Level IT AST LIT 00307312004085113_20150505113804 43483 2004/07/31
b ASTER Level IT AST LIT 00310222005085039 2015051155945 55554 2005/10/22
c ASTER Level IT AST LIT 00305152005085114 20150509121148 113296  2005/05/15
d ASTER Level IT AST LIT 00310222005085047 2015051155956 56256 2005/10/22
e ASTER Level IT AST LIT 00305152005085123 20150509121148 113300  2005/05/15
£ ASTER Level IT AST LIT 00310222005085056_20150511155956 56257  2005/10/22
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Sekil 11. Aksu Havzasi’'na ait ASTER uydu
goriintiilerinden elde edilen ¢izgisellik haritasi. Giil
diyagrami (uzunluk-agirlikli) belirlenen ¢izgiselliklere
(mavi gizgiler) ve faylara (kirmiz1 ¢izgiler) aittir. Arka
planda verilen mozaik yapilmis goriintiide 742 (RGB)
band kombinasyonu kullanilmistir. Goriintliye sayisal
ylkseklik modeli (DEM) giydirilerek  roliyef
golgelendirmesi yapilmistir.

Figure 11. Lineament map of the Aksu Basin produced
from the ASTER images. Rose diagram (length-
weighted) is prepared from delineated lineaments
(blue lines) and faults (ved lines). 742 (in RGB) band
combination is used in the mosaic background image
with shaded relief of Digital Elevation Model (DEM).
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Faylar

Miyosen havza dolgusu icerisinde yaklagik KD-
GB ve K-G olarak belirlenen iki ana fay yonelimi
belirlenmistir. Tiim bu faylarin karakteri bindirme
fay1r olarak tanimlanmistir. Bindirme faylaria
ek olarak, yaklasik dogrultusu KB-GD olan ve
geng havza dolgusunu (genel olarak Pliyosen-
Pleyistosen yasli) deforme eden normal faylarin
varligt kaydedilmistir. Bahsi gecen faylarin
ozellikleri asagida detaylica anlatilmistir.

Kapikaya Bindirme Fay1 (KBF)

Kapikaya Fay1 yaklagik 15 km uzunlugunda,
KD-GB dogrultulu, arazide agikca gozlemlenen
bindirme karakterli bir faydir (Sekil 5c¢ ve d)
ve Aksu Havzasi’nin kuzey kenarimi1 kontrol
etmektedir (Sekil 1c). Aksu Havzasina ait
Miyosen dolgusu (Kapikaya Konglomerasi),
Jura-Kretase yash Likya Naplari’nin kalintist
olan ve Kapikaya Fay1 ile kontrol edilen
bindirme diliminin sirtinda gelismigtir (Sekil
5¢c ve d). Topografyadaki ani kiriklik, faym
varligina  morfolojik  kanmit  saglamaktadir.
Kapikaya Fayi’nin batidaki devamimi Hisar
Mabhallesi’nin giineydogusuna kadar net bir
sekilde takip etmek miimkiindiir. Sonrasinda
ise fay hatt1 alcak Kuvaterner topografyasi
icerisinde kaybolmaktadir. Fay, doguda Giineyce
Mabhallesi'ne  kadar  takip  edilebilmekte,
sonrasinda ise Giineyce Mahallesi’nin gilineyinde
topografyadaki am kirlma ile kendini gosteren
yaklagik K-G dogrultulu normal fay tarafindan
kesilerek kaybolmaktadir (Sekil 1c).

Antalya-Isparta yolu Kapikaya Fay1’n1 dik bir
sekilde kesmektedir ki burada Aksu Havzasi’na
ait Miyosen birimlerin Kapikaya Bindirmesi’nin
sirtinda ¢okeldigi gozlenmektedir. Bu nedenle,
Miyosen birimler herhangi bir yer degistirme
veyahut Otelenmeye maruz  kalmamiglardir
(Sekil 1c ve 5d). Ancak, Kapikaya Konglomerasi
igerisinde sedimantasyonla es zamanli gelisen
mesozkopik 6lgekte siireksiz faylar bulunmaktadir
(Sekil 12a).



Sekil 12. a) Serravaliyen-Tortoniyen yash Kapikaya
Konglomerasi igerisinde gelisen ters faylanmaya ait
indikatorler ve b) paleogerilim yapilandirmasina ait
sonuglar verilmistir. 6,: Maximum asal gerilim ekseni,
0,:Orta asal gerilim ekseni, o,: Minimum asal gerilim
ekseni, @ (phi): sekil parametresi. (Es alan, alt yarim
kiire projeksiyonudur. Angelier’s (1989) ters ¢6ziim
yontemi kullanilmistir. Fayin sedimantasyon ile ayni
yasliolmasinedeni ile tabaka diizeltmesiuygulanmistir.)

Figure 12. a) Indications of reverse fault that are
observed in the Serravalian-Tortonian Kapikaya
Conglomerate and b) Result of constructed paleostress
configuration based on the collected fault-slip data.
o,. Maximum principal stress axis, o, Intermediate

principal stress axis, o,; Minimum principal stress

axis, ¢ (phi): shape parameter. (Equal area, lower
hemisphere projection. Angelier’s (1989) Inverse
Method was used to construct paleostress configuration.
Bedding correction was applied to the data since the
fault is syn-sedimentary).

Bu calismada, topografyada meydana gelen
ani ylikseklik degisimleri, farkl litolojilerin yan
yana gelmesi ve iyi gelismis fay kayma ciziklerinin
gelismis  olmasi, Kapikaya Bindirmesi’nin
belirlenmesinde  kriter olarak kullanilmistir.
Fay aynasindan toplanan fay kayma verileri ve
hareket yonii gostergelerinden de anlasilacagi gibi
Kapikaya Fay1 bindirme karakterli bir faydir (Sekil
12b). Ters ¢oziim yontemi (Angelier, 1989) ile
elde edilen asal gerilme eksenleri 6,=202°K/04°,
0,=112°K/03°, 6,=342°K/85° olarak bulunmustur
ve o, ckseninin diiseye yakin konumlanmasi
sikismali rejimi ifade etmektedir. Sekil parametresi
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ya da diger bir ifade ile gerilme orani ise ®=0,371
olarak bulunmustur. Bu oran saf sikismali gerilim
sartlariin saglandigini géstermektedir (Angelier,
1989).

Aksu Bindirme Fay1 (ABF)

Aksu Bindirme Fay Zonu, yaklasik 60 km
uzunlugunda ve 7 km genisliginde birbirine paralel
gelisen fay boliimlerinden olugmaktadir. Yaklagik
K-G dogrultuya sahip olan Aksu Bindirmesi,
Kargi Baraj Goli'nlin hemen kenarinda 13 km
uzunlugunda dogrusal bir morfolojik yiikselti
seklinde kendini kolaylikla acik eder (Sekil 13).
Havza dolgusunu deforme eden en baskin tektonik
yapidir (Sekil 14a ve b).

Sekil 13. Aksu Havzasi’nin dogu smirini kontrol eden
doguya egimli Aksu Bindirmesi’nin, 60x60 m uzamsal
¢oziinlirliige sahip sayisal yiikseklik modeli ile elde
edilmis 3B goriintisidiir. Kirmizi dikdortgen ile ifade
edilen alana ait arazi goriintiisii Sekil 4a’da verilmistir.

Figure 13. Digital elevation model (DEM) with 60*60
m spatial resolution shows 3D view of the E dipping
Aksu Thrust Fault at the eastern margin of the Aksu
Basin. The field view of the rectangle area is given in
Figure 4a.
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Sekil 14. a) Aksu Havzasi’nin giineydogusunda bulunan Aksu Fay Zonu igerisindeki ters faylanmanin saha
goriintiisii, b) Fay diizlemi lizerinde gézlemlenen fay-kayma ¢iziklerine ait yakin plan goriiriintiisii ve ¢) paleogerilim
calismalarindan elde edilen asal gerilim eksenlerinin yonelimleri. ¢ : Maximum asal gerilim ekseni, ¢,:Orta asal
gerilim ekseni, 6,: Minimum flsal gerilim ekseni, @ (phi): sekil parametresi. (Es alan, alt yarim kiire projeksiyonu).
Paleostress ters ¢oziimiinde Zalohar ve Vrabec (2007) tarafindan gelistirilen T-Tecto programi kullanilmustir, d)
Aksu Havzasi’nin kuzeydogusunda Aksu Fay hattint dik kesecek sekilde alinan C-D kesiti (Kesitlerin konumlari
Sekil 1c’de verilmistir).

Figure 14. a) Field view of the reverse fault within the Aksu Fault Zone in the southeastern part of the Aksu Basin, b)
close-up view of the fault surface with slickenlines and C) constructed paleostress configuration of the fault-slip data.
o,: Maximum principal stress axis, o, Intermediate principal stress axis, o,: Minimum principalystress axis, ¢ (phi):
shape parameter. (Equal area, lower hemisphere projection), T-Tecto sofware developed by Zalohar and Vrabec
(2007) was used to construct paleostress inverse solution. d) C-D cross-section which is perpendicular to the Aksu
Fault Zone in the northeastern part of the Aksu Basin (see the Figure Ic for the location of the cross-section line).

Aksu Bindirmesi’ne ait ana fay diizleminin kullanarak takip etmek miimkiindiir. Ancak giineye
egimi doguya dogrudur (Sekil 14d) ve 31-88° dogru gidildik¢e, Gebiz ilgesinin giineyinde
arasinda degisen bir egim degerine sahiptir (Sekil ylikseklik farkinin dereceli olarak azalmasina
14c). Ana fay hatt1, kuzeyde Cukurkdy civarindan bagli olarak, fay hatti acik¢a izlenememektedir
giineyde Gebiz bolgesine kadar uzanmaktadir. (Sekil 1c ve 13). Aksu Bindirmesi’nin ana hatti
Morfolojik olarak hattin kuzeye dogru ilerleyisini boyunca, Aksu Havzasi’na ait Miyosen dolgusu
uydu goriintiileri ve sayisal yiikseklik modelini (Karpuzgay Formasyonu ve Aksu Konglomerasi
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dahil) ile genel olarak Antalya Naplari’na ait
Triyas karbonatlarindan meydana gelen temel
kayaglar yan yana gelmektedir. Morfolojik
kanitlara ek olarak, arazi gdzlemleri esnasinda,
fay zonu igerisinde iyi gelismis fay diizlemlerinin
varligr belirlenmistir (Sekil 14b ve c¢). Bu
diizlemler {izerinde gelismis olan fay-kayma
ciziklerinden alinan ol¢iimler de Aksu Fayi’m
tanimlamada kriter olarak kullanilmigtir. Sekil
14c’de verilen fay-kayma verilerinin ters ¢éziim
sonuglarmin stereografik gdsterimi (Schmidt alt
yarim kiire gosterimi) de Aksu Bindirmesi’nin
ortalama 60°’lik egime sahip, az oranda sag ya da
sol dogrultu bilesenli bindirme fay1 karakterinde
oldugunu gostermektedir.

Aksu Havzasi’nin
Tortoniyen yasli Kapikaya Konglomerasi’ndan
da fay-kayma verileri toplanmistir. Ters ¢oziim
yontemi ile elde edilen asal gerilim eksenlerin
yonelimleri c,=211°K/02°, o,=121°K/12°,
0,=310°K/78° olarak bulunmustur. ®=0,5 olarak
bulunan sekil parametresi de dikkate alindiginda,
sikismal1 bir rejimin etkinligini ifade etmektedir
(Delvaux vd., 1997) (Sekil 14c¢).

kuzeydogusunda,

Kuzeyden giineye dogru Aksu Fayi’nin
geometrisinin ve karakteristiginin belirlenmesi
maksadi ile 5 adet kesit hatt1 belirlenmistir (Sekil
Ic). Bu kesit hatlarindan E-F hattinin (Sekil
15d) yakinlarindan ve Langiyen-Serravaliyen
Karadag Konglomerasi’nin igerisinden (Sekil
15a) almman fay-kayma verilerine (Sekil 15b)
uygulanan paleogerilim analizi sonucunda elde
edilen asal gerilim eksenlerinin yonelimleri
0,=044°K/13°, 0,=314°K/02° ve ©,=215°K/77°
olarak bulunmustur (Sekil 15¢). Yine bu verilerin
sonucunda, gerilme rejimi sikismali olarak
bulunmustur. Gerilme oran1 ise ®=0,4 olarak
belirlenmistir.
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Sekil 15. a) Karacadren Baraj Goli’nlin kuzeyinde,
Aksu Fay hattina ait saha gortintiisii, b) Aksu Fay hatti
icerisinde gelisen fay diizlemlerinin ve iizerinde gelisen
fay-kayma ¢iziklerinin yakin plan goriintiisii, ¢) Fay-
kayma verilerinin paleo-gerilim yapilandirmasi. o :
Maximum asal gerilim ekseni, c,:Orta asal gerilim
ekseni, o,: Minimum asal gerilim ekseni, ¢ (phi): sekil
parametresi. Paleostress ters ¢oziimiinde Zalohar ve
Vrabec (2007) tarafindan gelistirilen T-Tecto programi
kullanilmustir, (Esit alan, alt yarim kiire projeksiyonu),
d) E-F enine jeolojik kesiti (kesit hatt1 i¢in Sekil 1¢’ye
bakiniz).

Figure 15. a) Field view of the Aksu Fault Zone at the
north of the Karacaoren Dam Lake, b) close-up view of
the fault surface with slickenlines and C) constructed
paleostress configuration of the fault-slip data. o
Maximum  principal ~ stress axis, o, Intermediate
principal stress axis, o, Minimum principal stress axis,
@ (phi): shape parameter. T-Tecto sofware developed
by Zalohar and Vrabec (2007) was used to construct
paleostress inverse solution. (Equal area, lower
hemisphere projection), d) constructed cross-section
along the E-F line (see Figure Ic).
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Aksu Fay Zonu, birkag¢ bindirme hatti boyunca
stratigrafik diizende tekrarlanmalar ile de kendini
gostermektedir (Sekil 13). Bu tekrarlanmalari
en iyi ifade eden yapi, Aksu Havzasi’nin
merkezinde kendini gosteren Kargi Fay setidir
(Sekil 16d). Karpuzgay Formasyonu (Langiyen-
Tortoniyen) ve Karadag Konglomerasi (Langiyen-
Serravaliyen) bu fay setleri tarafindan yogun bir
sekilde deforme edilmistir. Bu birimlere ek olarak,
tiim Aksu Havzasi’nin boyutlar disiiniildiigiinde
¢ok kiigiik bir alanda yiizlek veren ve Ciner vd.
(2008) tarafindan Kargi Konglomerasi’nin da
bahsi gegen fay setinin etkisinde deforme oldugu
belirtilmistir (Ciner vd., 2008). Ayn1 c¢aligmada
Kargi Konglomerasi’nin yas1t Tortoniyen olarak
belirlenmistir.

Sekil 16. a) Aksu Havzasi’nin merkezinde yer alan
Kargi Fay setine ait saha goriintiisii, b) Kargi Fay seti
icerisinde gelisen fay diizlemlerinin ve iizerinde gelisen
fay-kayma c¢iziklerinin yakin plan goriintiisii ve C)
paleo-gerilim yapilandirmasi. c,: Maximum asal
gerilim ekseni, ©,:Orta asal gerilim ekseni, o,:
Minimum asal gerilim ekseni, ¢ (phi): sekil parametresi.
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Paleostress ters ¢oziimiinde Zalohar ve Vrabec (2007)
tarafindan gelistirilen T-Tecto programi kullanilmistir.
(Esit alan, alt yarim kiire projeksiyonu), d) G-H hatt
boyunca alinan jeolojik kesit (kesit hatti icin Sekil
1¢’ye bakiniz).

Figure 16. a) Field view of the Kargt Fault Set at the
north-central part of the Aksu Basin, b) close-up view
of the fault surface with slickenline in the Kargi Fault
set, ¢) Constructed paleostress configuration from the
Jault-slip data. o, Maximum principal stress axis,
o,:Intermediate principal stress axis, o,; Minimum
principal stress axis, ¢ (phi): shape parameter. T-Tecto
sofware developed by Zalohar and Vrabec (2007) was
used to construct paleostress inverse solution. (Equal
area, lower hemisphere projection), d) Geological
cross-section along the G-H line (see Figure Ic) is
shown.

Aksu  Bindirmesi’nin  deforme  ettigi
Karpuzgay Formasyonu igerisinden alinan fay-
kayma verileri (Sekil 16a ve b) benzer sekilde ters
¢Oziim yontemi ile analiz edilmistir. Elde edilen
asal gerilme eksenlerinin yonleri 6,=267°K/13°,
0,=172°K/23° 0,=023°K/63°  olarak
belirlenmistir (Sekil 16¢). Gerilme orani1 ise ®=0,3
olarak belirlenmistir ve bu durum iyi gelismis
stkismali bir gerilim kosulunu tanimlamaktadir.

Aksu Havzasi’'nin giineyinde Karadag
Konglomerasi igerisinden (Sekil 17a ve b)
alinan fay-kayma verilerinin ters ¢oziimii, asal
gerilim eksenlerinin yonelimini ¢ =018°K/23°,
0,=118°K/22°, 6,=247°K/57° olarak asal gerilim
eksenlerinin yonlerini vermektedir (Sekil 17c).
Elde edilen sonuglara gore, Aksu Bindirmesi’nin
bu kisminda sikisma yonii KKD-GGB olarak
belirlenmistir. Gerilme oranimmin ®=0,9 olarak
belirlenmesi, o, ile o, nin biytkliklerinin
birbirlerine ¢ok yakin oldugu ve gerilim
bosalmalarina bagli olarak zaman zaman birbirleri
ile yer degistirebilecegi anlamina gelmektedir.
Bu durum ise radyal sikismali gerilim kosullarini
yansitmaktadir.

vE

Aksu Bindirmesi’nin havzanin giineyindeki
geometrisini anlamak maksadi ile olusturulan



jeolojik kesit Sekil 17d’de verilmistir. Kesitte,
Karpuzcay Formasyonu'nu {izerine yerlesen
Eskikdy Formasyonu’nun Aksu Bindirmesi’nden
fazla etkilenmedigi, hafifce egim kazandigi
goriilmektedir. Bu goriintii Aksu Bindirmesi’nin
etkinliginin Pliyosen’e kadar devam ettigini
gostermektedir.

Sekil 17. a) Aksu Havzasi’nin giineyinde yer alan Aksu
Bindirmesi’ne ait iyi gelismis fay aynasinin saha
goriintiisii, b) Sekil 17a’da verilen fay diizlemlerinin ve
iizerinde gelisen fay-kayma ciziklerinin yakin plan
goriintiisii, ¢) Fay-kayma verilerinin ters ¢6ziim ile elde
edilen paleo-gerilim yapilandirmasi (esit alan, alt yarim
kiire projeksiyonu), d) I-J hatt1 boyunca alinan jeolojik
kesit (kesit hatt1 i¢in Sekil 1¢’ye bakiniz).

Figure 17. @) Well-developed fault surface of the Aksu
Thrust in the southern part of the Aksu Basin is shown,
b) Close-up view of the fault surface and well-developed
slickenline on the surface, ¢) Constructed paleostress
configuration based on the collected fault-slip data
(equal area, lower hemisphere projection), d) Cross-
section along the I-J line (see Figure Ic) interprets the
Aksu Fault zone at the southern part of the Aksu Basin.
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Morfolojideki ani degisiklikler, farkli tiir ve
yaslarda litolojilerin yan yana bulunmasi ve iyi
gelismis fay diizlemleri ve bu diizlemlerin {izerinde
gelisen fay-kayma c¢izikleri (kertikleri) varligi,
bu calismada Aksu Bindirmesi’ni tanimlamakta
kullanilan kriterlerdir.

Normal Faylar (Miyosen Sonrasi)

Aksu Havzasi’nin deformasyonu genel olarak
bindirme faylar1 tarafindan kontrol edilirken,
diger taraftan havzanin giineyinde nispeten geng
birimleri etkileyen kiiciik 6lgekli (maksimum 5
km uzunlugunda) normal faylarin varligi dikkati
cekmektedir. Bufaylardaneniyigodzlenenlerdenbiri
Hatipler Mahallesi’nin kuzeyinde bulunmaktadir
(Sekil 18a, b ve c). Yaklagik D-B dogrultulu olan
bu normal fay, Pliyosen Yenimahalle ve Kursunlu
formasyonlarin1 kesmektedir. Ne yazik ki, bu fay
hatt1 {izerinde iyi korunmus fay diizlemlerinin
bulunamamasi nedeni ile fay-kayma verileri
toplanamamustir.

Mesozkopik 6l¢ekte ve iyi geligmis fay-kayma
cizgilerine sahip diger bir normal fay diizlemi
Antalya-Isparta ana yolu lizerinde ve Yenimahalle
Formasyonu igerisinde gozlemlenmektedir (Sekil
18d ve ¢). Bu fay diizleminden elde edilen fay-
kayma verilerinin (Sekil 18f) analizi sonucunda
elde edilen asal gerilim eksenlerinin yonelimi
0, =131°K/65°, 6,=233°K/05° ve ©,=325°K/24°
olarak bulunmustur. Gerilim orani ise ®=0,2
olarak belirlenmistir. Bu oran ise radyal agilmali
gerilim kosullarini temsil etmektedir. Yine burada
o, ve 6, birbirine ¢ok yakindir ve zaman igerisinde
yer degistirmeleri cok muhtemeldir.
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Sekil 18. a) Aksu Havzasimin giineyinde Hatipler mevkiinde Pliyosen Yenimahalle ve Kursunlu formasyonlarini
kesen ve giincel tektonik evreyi yansitan normal faya ait saha goriintiisii, b) Normal fayin giiney kanadinin ve c)
kuzey kanadimin yakin plan goriintiisii, d) Yenimahalle Formasyonu icerisinde gézlemlenen sedimantasyon ile yasit
normal faya ait saha goriintiisii, €) Ayni faya ait fay diizlemi tizerinde goriilen fay-kayma ¢iziklerine ait yakin plan
goriinttisii, f) Sekil 18a’da verilen normal faya ait paleo-gerilim yapilandirmasidir (esit alan, alt yarim kiire
projeksiyonu), g) Yenimahalle Formasyonu igerisinde gozlemlenen listrik karakterdeki normal faya ait saha
goruntusu.

Figure 18. a) Field view of the normal fault cutting the Yenimahalle and Kursunlu Formations in the south of the
Aksu Basin, which reflects the recent tectonic phase b) close-up views from the southern, and C) northern tips of
the fault, d) Field view of the syn-sedimentary normal fault observed in the Yenimahalle Formations, €) Close-up
view of the fault surfaces with slickenline, T) Constructed paleostress configuration (equal area, lower hemisphere
projection) based on the collected fault-slip data collected from the fault surfaces that is given in Figure 18a, Q)
Another normal fault with listric character in the Yenimahalle Formations.
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Sekil 19. a) Yenimahalle Formasyonu ile Gebiz Kirectasi arasindaki olasi (?) tektonik dokanak ve bu dokanaktan
toplanan ¢ok giivenilir olmayan fay-kayma verilerinin ters ¢6ziim yontemi ile yeniden yapilandirilmis gerilim asal
eksen yonleri, b) Fay-kayma ¢izgilerinin yakin plan goriintisii, ¢) K-L hatt1 boyunca alinan jeolojik kesit (kesit hatti

icin Sekil 1¢’ye bakiniz).

Figure 19. a) Constructed paleostress configuration of b) fault-slip data collected from the probable tectonic contact
between Yenimahalle Formation and Gebiz Limestone are shown, C) Cross-section (K-L) represents the interpretation
of the normal fault within the Gebiz Limestone (See the Figure Ic for the location of the cross-section line).

Yine Sekil 19’te verilen jeolojik kesit (K-L
hattinin konumu i¢in Sekil 1c¢’ye bakiniz), hat
boyunca Gebiz Kiregtagi’ni, Yenimahalle ve
Kursunlu formasyonlarini, Antalya Traverteni’ni
ve Belkis Konglomerasi'm1 kesmektedir. Bu
kesitte acikca goriilmektedir ki, Messiniyen-
Erken Pliyosen yashi Gebiz Kiregtasi’nin
kuzey ucu, Aksu Faymin etkisi ile 60-70° egim
kazanirken (Sekil 9b), {izerine gelen Kursunlu
ve Yenimahalle formasyonlar1 (Erken Pliyosen)
genel olarak normal fay sistemi ile deforme
olmustur (Sekil 19). Gebiz Kiregtasi’nin
giiney ucunda kaydedilen egim miktar1 ise 10-
15°’lere kadar diismektedir. Bu durum, Gebiz
Kirectasi’nin maruz kaldig1 deformasyonun, Aksu
Bindirmesi’nin son aktivasyon fazi ile iliskili
olabilecegini gostermektedir.

Topografya’da goézlemlenen ani kirilmalar,
farkli litolojik Ozelliklere ve yaslara sahip
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olan birimlerin yan yana gelmesi, ¢ok yaygin
olmasa da fay diizlemlerinde goriilen fay-kayma
ciziklerinin gelismesi ve dogrudan mezoskopik
Olcekte gozlemlenen faylar, geng havza birimlerini
(Kursunlu ve Yenimahalle formasyonlari) deforme
eden faylarmm tanimlanmasinda kriter olarak
kullanilmistir. Genel gozlemler ise, yaklasik K-G
yonlii bir agilmal1 tektonik rejimin varligimni isaret
etmektedir.

Bu incelemede elde edilen paleogerilim
sonuglart Sekil 20°de wverilen harita tizerinde
Ozetlenmistir. Verilen haritada Kapikaya (istasyon
1) ve Aksu bindirmelerini (istasyon 2, 3, 4, 5)
meydana getiren gerilim kosullarin1  gosteren
maximum asal gerilim eksenlerinin (o) yatay
bilesenleri gosterilmistir. Ayni sekilde normal
faylanmaya neden olan stres kosullarimi temsil
eden minimum asal gerilim eksenlerinin (c,) yatay
bilesenleri de ayn1 harita tizerinde verilmistir.
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Sekil 20. Paleogerilim asal eksenlerinin konumsal
dagilimi. Ana sikisma yonii (o) kirmizi okla
gosterilirken, ana genisleme yonii (c,) mavi oklar ile
gosterilmigtir.

Figure 20. Spatial distribution of the principal
paleostress axes. While red arrows refer to the
principal compressional axis (5,), blue arrows indicate
the principal extensional axis (o,).
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Kivrimlar

Aksu Havzasi’na ait havza dolgusu iyi gelismis
tabaka diizlemlerine sahiptir ve arazi calismalari
esnasinda tabakalardan alinan Olgiimler, havza
dolgusu igerisinde gelisen yapisal unsurlarin
ortaya konulmasinda kullanilmistir. Bu yapilardan
biri de kivrimlardir ve bu caligma kapsaminda
havza dolgusunu yogun bir sekilde deforme
eden antiklinallerin ve senklinallerin varlig
raporlanmistir (Sekil 1c).

Havzada go6zlemlenen kivrimlardan en
belirgin olani, Aksu Havzasi’'nin kuzeyinde
ve Kapikaya Fayi’'na yakin bir bolgede

gozlemlenmektedir (Sekil 21a). Aym1 zamanda,
Karpuzcay Formasyonu igerisinde de iyi gelismis,
kiigiik  olgekli  kivrimlar  gézlemlenmektedir.
Sekil 21b’da wverilen antiklinal kanatlarindan
alian 6l¢iimlerden elde edilen kivrim diizlemi ve
ekseni sirasiyla K26B/82B ve K28B/10° olarak
bulunmustur. Kivrim kanatlar1 arasindaki ac¢1 101°
olarak bulunmus ve agik-asimetrik kivrim olarak
siiflandirilmigtir.

Havza dolgusunu olusturan Kapikaya,
Karadag  Konglomeralar1 Karpuzgay
Formasyonu’na ait tortul istif igerisinde tabaka
Olclimleri ile ortaya gikarilan pek ¢ok kivrimin
varligr belirlenmistir (Sekil 1c ve 19a). Genel
olarak kivrim kanatlarimin egimleri yiiksektir ve
yer yer 90°’ye varan egim degerlerine rastlamak
mimkiindiir. Bu kivrimlarin analizini yapabilmek
maksadi ile, kivrim kanatlarini tanimlayan
tabaka diizlemlerinin kutuplari (pole) Schmidt alt
yarimkiire projeksiyon agi1 iizerine isaretlenmistir
(Sekil 21c). Ortalama kiviim diizlemi ise
328°K/70°KD olarak belirlenmistir. Elde edilen
sonuclar 1s18inda genel olarak kivrim karakteri
asimetrik-siki (tight) olarak tanimlanmistir.

vE
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Sekil 21. a) Aksu Havzasi’nin kuzeyinde, Kapikaya Fayi’nin yakiminda Serravaliyen-Tortoniyen yash Kapikaya
Konglomera Uyesi icerisinde gelisen senklinalin saha goriintiisii, b) Aksu Havzasi’nin merkezinde, Karacadren
Baraj Golii’niin dogusunda yer alan agik-asimetrik (101°) karakterdeki antiklinalin saha goriintiisii. Tabaka 6l¢timleri
sag el kuralina (SEK) gore verilmistir, ¢) Havzanin kuzeyinde C-D en kesiti boyunca 6lgiilen tiim kivrim kanatlarina
ait tabaka ol¢iimlerinin kutuplarinin Schmidt alt yarim kiire projeksiyon sistemi ag1 tizerindeki gosterimi d) Bu
calismada toplanan tabaka konumu &l¢iimlerinden elde edilen kivrimlarin eksen dogrultularini igeren giil diyagrama.
Krvrimlarin konumlart Sekil 1¢’de verilen haritada gosterilmistir.

Figure 20. a) Field view of the syncline which is located at the north of the Aksu Basin, close to the Kapikaya Fault,
b) Field view of the open-type asymmetric anticline (with 101° interlimb angle) which is located at the center of
the Aksu Basin, east of the Karacaoren Dam Lake, Bedding orientations are given in Right Hand Rule (RHR), C)
Stereographic projection (Schmidt equal area, lower hemisphere) of the pole of the bedding measurements that
belong to the fold limbs recorded in the north of the basin along the C-D cross-section, d) Rose diagram is produced
from the strike of the fold axes determined during the field work. The locations of these folds are indicated on the
geological map given in Figure Ic.
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Ayrica, arazi caligmalar1 ile tanimlanan
ve Sekil 1c’de verilen harita iizerine islenen
kivrimlarin kivrim eksenlerinin dogrultular giil
diyagrami {izerinde gosterilmistir (Sekil 21d).
Bu diyagramdan elde edilen ortalama kivrim
ekseni dogrultusu KKB-GGD dogrultulu Aksu
Bindirmesi’ne ait ana fay hattinin dogrultusu ile
uyumludur.

SONUCLAR ve TARTISMA
Aksu Havzasi’na Dair Cikarimlar

Aksu Havzasi, Beydaglar1 Otoktonu ve Geg
Kretase’den Oligosen’e kadar aktif olan dalma-
batma ve sonrasinda carpigma etkisi ile gelismis
olan Antalya Naplari’nin iizerinde uyumsuz olarak
gelismigtir (Sengor ve Yilmaz, 1981; Collins ve
Robertson, 2003). Havzadaki sedimantasyonun
baslangic zamani kesin olarak bilinmemekle
birlikte, Antalya Havza Kompleksi’'ni olusturan
Aksu, Kopriigay ve Manavgat havzalariin
timiinde ortak litostratigrafik  birim olan
Oymapinar Kiregtasi’'ndan elde edilen yas
verilerine dayanarak Ge¢ Burdigaliyen veya
oncesinde baglamis oldugu distiniilebilir.

Aksu Havzasi’nin kuzey ve bati kenarlart
paleo-sinir 6zelligi tasirken, dogu sinir1, ¢okelme
sonrast gelisen Aksu Bindirmesi ile belirlenir.
Havzanin dogu siniri boyunca Aksu Bindirmesi’nin
etkisinde ylizeye getirilen kaba taneli kirintili
Karadag Konglomerasi’nin (Langiyen-
Serravaliyen) fan-delta ortaminda c¢dkeldigi bu
calismada ve 6nceki ¢alismalarda (Uner vd., 2018;
Flecker, 1995) tanimlanmistir (Sekil 22a). Karadag
Konglomerasi igerisinden cesitli seviyelerden
toplanan paleo-akinti yonii verileri genel olarak
KD’dan GB’ya dogru bulunmustur. Kargi Baraji
yakininda Karpuzgay Formasyonu’nun hemen
temel kirecgtagi birimilizerine agmali olarak gelmesi
(Sekil 6d), Langiyen-Serravaliyen doneminde
tane boyunun dogudan (fan-delta proximal alani)
batiya (fan-delta distal alani) dogru inceldigi
anlamina gelmektedir. Havza igerisinde gdzlenen
bu tane boyu dagilimi, beslenme yoniiniin
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havzanin dogusunda bulunmasi gerektigine isaret
etmektedir. Bu ¢alismada elde edilen akis yonleri
(KD’dan GB’ya) de bu durumu desteklemektedir.
Karpuzgay Formasyonu ise havzanin birikim i¢in
gerekli boslugun (Ing. accommodation space) en
yiliksek oldugu Langiyen-Serravaliyen donemine
ait jeolojik kayitlar1 tutmaktadir (Sekil 22b). Genel
olarak, Karpuz¢ay Formasyonu’nda iist seviyelere
(Tortoniyen) dogru c¢ikildik¢a, tane boyunda
belirgin bir kabalasma goriilmektedir. Istifteki
bu ozellik, Aksu Havzasi’nin Geg¢ Serravaliyen-
Tortoniyen doneminde artik kapanmaya basladigi
seklinde yorumlanmaktadir (Sekil 22c). Aksu
Havzasi’nin kuzeyinde, Kapikaya Konglomerasi
dogrudan temel lizerine agsmali olarak gelmektedir.
Kuzeydogu-Giineybati uzanimli bir yayilima
sahip olan birim, Aksu Havzasi’nin kuzey
sinirin1 kontrol eden Kapikaya Fayi’nin sirtinda,
muhtemelen bindirme diliminin topografik olarak
ylikselimine bagli olarak gelismistir (Sekil 22b ve

c).

Yapilan arazi ¢alismalart ile ortaya konuldugu
iizere, havzanin kuzeyi ve giineyi arasinda
stratigrafik, sedimantolojik, tektonik ve havza
evrimi agilarindan belirgin farkliliklar mevcuttur.
Bu farkliliklardan en belirgin olani, Kapikaya
Konglomerasi’nin Aksu Havzasi’'nin kuzeyinde
Miyosen donemine ait en geng birim olmasidir ki
Messiniyen-Pliyosen donemine ait birimler istifte
eksiktir (Sekil 2). Bunakarsin, havzanin giineyinde,
eksik olan bu zaman diliminde sedimantasyon
devam etmektedir. Gebiz Kirectasi’nin, Eskikdy,
Yenimahalle ve Kursunlu formasyonlarinin
depolanmasi bu zaman araliginda gerceklesmistir.
Bu durum ise, Aksu Havzasi’nin depolanma
merkezinin  Messiniyen’de  kuzeyden giineye
gbc ettigini diisiindiirmektedir (Sekil 22d). Bu
gb¢, Messiniyen krizi ile iliskili olarak iklimsel
olabilirken, diger taraftan kuzeydeki Kapikaya
Bindirmesi’ne bagl tektonik bir yiikselimle de
baglantili olabilir. Ancak, bu iki mekanizmanin
birlikte c¢alismasi, depolanma  merkezinin
kuzeyden giineye hareket etmesinin en muhtemel
aciklamasi gibi goziikmektedir.
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Sekil 22. Aksu Havzasi’nin Langiyen’den Pliyosen’e (a, b, ¢ ve d) kadar olan evriminin sematik olarak gosterimi, ¢)
Isparta Biikliimii altinda bulunan kompleks dalan levha yapilandirmasi ( Biryol vd., 2011).

Figure 22. A schematic representation of the evolution of Aksu Basin from Langhian to Pliocene time (a, b, c and d),
e) The complex subducting slabs configuration under the Isparta Angle (Biryol et al., 2011).
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Aksu Havzasti’nin ilk olusumuna dair farkl
gorilisler bulunmaktadir. Poisson vd. (2011) Aksu
Havzas’'nin K-G yonelimini Neojen oOncesi
cografyaya baglamaktadir. Aymi c¢aligmada,
derinlerde yerlesmis olan bindirme faylarmin,
gelecekteki Neojen faylart igin zayif zonlar
olugturdugu o©ne siirlilmiistir. Bu c¢alismada
da Poisson vd. (2011) tarafindan Onerilen
olusum mekanizmasi benimsenmistir. Havzada
birikim i¢in gerekli boslugun olusmasina
neden olan normal faylarin, Neojen Oncesi
donemden miras kalan zayif hatlar iizerinde
gelistigi diistiniilmektedir (Sekil 22a). Bu fikri
destekleyen en onemli verilerden biri Karpuzgay
Formasyonu ve Karadag Konglomerasi igerisinde
gozlemlenen sedimantasyonla yasit normal
faylarin bulunmasidir (Wasoo, 2019). Flecker
(1995) ise c¢alismasinda, benzer bir mekanizmay1
Manavgat Havzasi i¢in Onermistir. Manavgat
Havzasi’nin, Geceleme Formasyonu’nun
cokelmesinden o6nce KKB-GGD dogrultulu
faylarla kontrol edilen agilmali bir gerilim sistemi
altinda gelistigi One siiriilmiistiir ki Oymapinar
Kiregtagi’nin tiim Antalya Havzasi’nda (Aksu,
Kopriicay ve Manavgat havzalari) goriilen ortak
bir lithostratigrafik birim oldugu diistintildiiglinde,
benzer paleogerilim kosullarinin Aksu Havzasi’nin
olusumunda etkin olmas1 miimkiin goziikmektedir.
Diger taraftan bazi arastirmacilar (Flecker, 1995;
Flecker vd., 1998; Glover ve Robertson, 1998b),
Likya Naplari’nin giineydoguya dogru hareketi
nedeniyle meydana gelen KB-GD sikigsmali
gerilimin Aksu Havzasi’nin olusumunu kontrol
eden ilk asama oldugunu ileri siirmiislerdir. Ancak
bu model Karpuzcay Formasyonu ve Karadag
Konglomerasi igerisinde go6zlemlenen biiylime
faylarindan elde edilen D-B yonlii agilmali
paleogerilim eksenini aciklamakta
kalmaktadir (Wasoo, 2019).

yetersiz

Aksu Havzasi’nin bati sinirinda yapilan arazi
calismalari, bu smirmm fay kontrolli olmayip,
havza dolgusunun dogrudan temel birim iizerine
yerlestigini  gostermektedir.  Buna  karsin,
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havzanin dogusu kabaca KKD-GGB dogrultulu
Aksu Bindirmesi ile sinirlandirilmaktadir. Aksu
Havzasi’'nin muhtemelen KKD-GGB yodnelimli
yari-graben olarak gelistigi diisiiniilmektedir.
Ancak, Karadag Konglomerasi ¢okelmeden dnce
Aksu Havzasi kendi depolanma merkezi ve fay
siirlart olan lokal bir havza karakterine sahip
degildir. Bu karakterini Oymapinar Kiregtast
¢okeldikten sonra ve kabaca simdi Aksu Bindirmesi
ile ayn1 konum ve yonelime sahip olan bir normal
fay gelisimi ile kazandig1 diisiiniilmektedir (Sekil
22a). Kopriigay ve Manavgat havzalarimin, Aksu
Havzas1 ile benzer lithostratigrafik oOzelliklere
sahip oldugu onceki galigmalarda (Flecker, 1995;
Karabryikoglu vd., 2000; Deynoux vd., 2005;
Ciner vd., 2008) belirtilmisti. Ancak, Karadag
Konglomerasi’nin, Oymapmar Kirectasi iizerine
gelmesi, buna karsin Manavgat ve Kopriicay
havzalarindaki taban konglomerasi birimlerinin
stratigrafik olarak Oymapinar Kirectasi nin altinda
yer almasi (Ciner vd., 2008), Aksu Havzasi’nin
olusumunun, Kopriicay-Manavgat Havzasi’ndan
daha sonra gerceklestigini gostermektedir.

Kog vd. (2016a) tarafindan yapilan ve esasen
paleomanyetizma igerikli ¢aligmada, Miyosen’de
Kopriigay Havzasi’'nin 20-30° saat yoniinde,
Manavgat Havzasi’nin ise 25-30° saatin tersi
yoniinde diisey eksenli rotasyona maruz kaldigi
belirlenmistir. Kopriicay ve Manavgat havzalarini
rotasyon Oncesi sekline geri getirdigimizde
ise, elde edilen yeni havza geometrisinin Aksu
Havzasi’'na paralel konumlandigi goriilmiistiir
(Kog vd., 2016a). Aksu Havzasi’nin Miyosen’den
giliniimiize herhangi bir rotasyona maruz kalmadigi
dikkate alindiginda, Aksu Havzasi’nin giincel
konumu ve yonelimi ayni zamanda havzanin ilksel
konumunu yansitmaktadir. Bu durumda, Aksu ve
Kopriigay-Manavgat havzalarimin Erken Neojen
cografyasi, birbirine paralel gelisen yari-graben
havza geometrisini yansitmaktadir (Sekil 22a).

Aksu Havzasi’ndan eclde edilen sonuglar,
havzanin ilk ¢okelmesini kontrol eden acilmali

tektonigin  havzanin evrimi boyunca aktif



kalmadigimi, Serravaliyen’de tektonik rejimin
degiserek (Sekil 22a ve b), K-G yonlii Likya
Fazi olarak adlandirilan sikigsmali bir gerilme
fazina geg¢ildigini gostermektedir. Kapikaya Fay1
olarak adlandirilan ve Aksu Havzasi’n1 kuzeyden
siirlayan bindirme fay1 bu sistemin {iriinii olarak
ortaya cikmistir. Kapikaya Fayi’'nin ilk etkinlik
yasi, Kapikaya Konglomerasi’nin yasi ve birim
icerisinde gozlemlenen biiylime faylarindan elde
edilen asal gerilim eksenleri dikkate alindiginda
Ge¢  Langiyen-Erken olarak
belirlenmistir. Diger ¢aligmalarda (Flecker, 1995;
Flecker vd., 1998) raporlanan kinematik veriler de
benzer tektonik evrelerin varligimi belirlenmistir;
ancak bu tektonik evrenin Aksu Havzasi’nin
olusumunu kontrol eden ilk tektonik evre oldugu
iddia edilmistir. Likya Evresi’nin {ist yas sinir1 ise
Tortoniyen olarak belirlenmistir.

Serravaliyen

Aksu Havzasi’'nda etkin olan iigiinci
tektonik evre, D-B yonelimli sikisma gerilimi
ile ilgilidir ve K-G dogrultulu Aksu Bindirmesi
bu faz etkisinde geligmistir. Stratigrafik, yapisal
ve kinematik veriler dikkate alindiginda, Aksu
Evresi’nin etkin oldugu dénem Serravaliyen-erken
Pliyosen olarak belirlenmistir (Sekil 22b, ¢ ve d).
Bu baglamda, Likya ve Aksu tektonik evreleri,
Serravaliyen’den Tortoniyen’e kadar muhtemelen
birlikte galigmislardir. Karadag Konglomerasi ve
Karpuzcay Formasyonu igerisinde gozlemlenen
asimetrik kapali (kanatlar aras1 a¢1 60°) kivrimlarin
gelisimi ancak sikigmali gerilim kosullarinda
mimkiin olmaktadir. Belirlenen antiklinal ve
senklinal eksenleri KKB-GGD dogrultulu Aksu
Bindirmesi’ne paralel ya da paralele yakin
konumlanmuistir.

Bu ¢alisma kapsaminda yapilan gézlemler ve
kinematik veriler, son donemde Aksu Havzasi’nda
kabaca K-G yonlii agilmali bir tektonik rejimin
etkin oldugunu gostermektedir. Uner vd. (2015)
Aksu Havzasin’daki en geng tektonik evrenin KD-
GB dogrultulu agilmali gerilim olarak tanimlarken,
Poisson vd. (2011), son tektonik evreyi K-G
dogrultulu agilmali bir sistem ile iliskilendirmistir.
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Poisson vd. (2011) tarafindan raporlanan veriler,
bu ¢alismada elde edilen veriler ile ortiismektedir.
Bu giincel tektonik rejimi tetikleyen hareketin
sebebi ise havzanin hemen giineyinde bulunan
ve Kibris Yay1 boyunca dalan levhanin geriye
cekilmesi (Ing. slab retreat) olarak yorumlanmistir.
Ancak, bahsi gecen acilmanin ¢alisma alaninin
hemen altinda bulunan Antalya Levhasi ile iligkili
olabilecegi de dikkate alinmalidir.

Bolgesel Cikarimlar

Bu  incelemede elde edilen  sonuclar
degerlendirildiginde, Aksu Bindirmesi boyunca
Isparta Biikliimii’niin merkezinde (Poisson, 1977;
Poisson vd., 2003a ve 2011) ve acik denizdeki
karsiligi olan Antalya Korfezi’'nde (Hall vd.,
2014) meydana gelen D-B yonlii kisalma ilging
bir tartismanin kaynagini olugturmaktadir. Isparta
Biikliimii’niin  merkezinde, Serravaliyen’den
Erken Pliyosen’e kadar etkinligini siirdiiren D-B
yonlii bir kisalmanin varligi, Afrika ve Avrasya’nin
K-G bagli levha tektonigi
cercevesinde dikkate alindiginda ilgingtir. Poisson
vd. (2011) caligmasinda, Aksu Bindirmesi’nin,
Anadolu’nun Kuzey Anadolu Fay1 boyunca batiya
dogru kacisindan kaynaklandigini ileri siirmiistiir.
Bu diigiince, Arabistan ile Avrasya arasindaki
carpisma i¢in One siiriilen jeolojik zaman (~12
My) ile bindirmenin yasmnin birbirine yakin
olmasindan kaynaklaniyor olabilir (Sengdr vd.,
2003; Keskin, 2003 ve Faccenna vd., 2014).

Ko¢ vd. (2016a ve 2016b) tarafindan
yapilan ¢alismada, bu mekanizmanin gecerliligi
konusundaki siiphelere yer verilmistir. Isparta
Biikliimii'niin  dogu  kanadinda  raporlanan
Miyosen yasli ¢ok yonli acgilmali gerilim
kosullarinin varligit bu siipheleri tetiklemistir.
Bu durumda, “Anadolu’nun batiya dogru
hareketi, Isparta Biikliimii’niin dogu kanadinda
herhangi bir kisalma yaratmaksizin nasil olur da
merkezinde kisalmaya neden olabilir?”” sorusunun
cevaplanmasi gerekmektedir. Bununla birlikte,

yakinsamasina
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Isparta Biikliimii’niin dogu kanadinda gdzlemlenen
bu a¢ilmanin, Ege Bolgesi’ndeki agilmali gerilim
kosullart ile ilgisi yoktur, ¢ilinkii bu bolgeden elde
edilen jeolojik kayitlar, burada K-G yonli bir
acilmali sistemin varligini igaret etmektedir (van
Hinsbergen vd. 2010a; Kaymakg1 vd., 2018). Ayni
zamanda, Isparta Biiklimii’niin dogu kanadindaki
acilmali gerilimin zamani, Likya Naplarini
Beydaglar1  Platformu’nun  {izerine tasiyan
tektonik sistem ile es zamanlhidir (Hayward, 1984;
van Hinsbergen vd., 2010a). Likya Naplari’nin en
son yerlesim zamani, Hayward (1984) tarafindan
15 Ma olarak belirlenmistir ki bu yas da yine
calisma alanimizdaki tektonik tarihgeden ¢ok
daha oncedir. Bu calismada kabaca olusturulan
paleogerilim stratigrafisi verilerine gore Likya
deformasyonun son evresi ~11 Ma civarinda
ger¢geklesmis olmalidir. Bu zamanlama dogu
kanatta yer alan Yalvag, Altinapa ve llgin karasal
havzalarini kontrol eden agilmali gerilim kosullari
ile de es zamanlidir (Algigek vd., 2019; Algicek ve
ten Veen, 2008).

Sirastyla Isparta Biikliimii’nlin batisinda ve
merkezinde gozlemlenen KB-GD ve D-B yonlii
kisalma ve hemen ~100 km dogusunda gelisen
acilma, Isparta Biikliimii 6l¢eginde dinamik bir
aciklamay1 gerektirmektedir. Van Hinsbergen
vd. (2010a), batidaki KB-GD yonlii kisalmanin
olast nedenini gravitasyonel kayma (~15 Ma)
olarak aciklamistir. Flecker vd. (2005) ise Isparta
Biiklimii’niin dogu kanadinda meydana gelen
acilmanin olasi nedenini dalan Kibris Levhasi’nin
gilineye dogru geri ¢ekilmesine baglamistir. Her
ne kadar bu mekanizma Yalvag, Altinapa ve Ilgin
havzalarinda (Ko¢ vd., 2012, 2016a ve 2017)
bulunan D-B y6nlii uzama bilesenini agiklayabilse
de diger etkin bilesen olan D-B yonlii agilmay1
aciklamakta ¢ok basarili degildir.

Aksu Bindirmesi boyunca gelisen D-B
yonlii kisalmayr van Hinsbergen vd. (2010a,
2010b) tartismis ve kisalma igin olast bir neden
olarak Kirkkavak ve Aksu faylari boyunca
sikigmali deformasyon paylasimmi (ing. strain

119

partitioning of transpression) onermistir. Yine bu
mekanizma da Isparta Biikliimii’niin ortasindaki
kisalmayt agiklasa da, dogu kolda gelisen agilmali
mekanizmay1 agiklamakta yetersizdir (Kog¢ vd.,
20164a).

De Boorder vd. (1998) tarafindan yayimlanan
Isparta Biikliimii’niin hemen altindaki mantoya
ait sismik tomografi goriintiileri ve sonrasinda
Biryol vd. (2011) tarafindan yapilan daha detayl
sismik goriintiilemeler ve ayrica Kalyoncuoglu
vd. (2011) tarafindan yapilan deprem odak (Ing.
Hypocenter) ¢alismalari ile son olarak Kopriigay
ve Manavgat havzalarindaki diisey eksenli
rotasyonlardan yansiyan dag zinciri 6lgekli (Ing.
Oroclinal) biikiilmenin varligina isaret eden
Kog¢ vd. (2016a) tarafindan yapilan calismalar,
Isparta Biikliimii’niin altinda iki ayr1 dalan levha
pargasinin varligina isaret etmiglerdir (Sekil
22¢). Bu levhalardan ilki Kibris Yayr boyunca
Kibris’in altina (kuzeye dogru) dalan bir dalma-
batma zonu iken, digeri ise Isparta Biikliimii ve
Altalya Korfezi’nin hemen altindaki beniof zonu
ile iliskili ve K-G dogrultulu, doguya dogru egimli
Antalya Levhasi olarak adlandirilan (Kog¢ vd.,
2016a ve 2016b) dalma-batma zonudur. Antalya
Levhasi’nin, Kibris Levhasi ile olan baglantist
bir STEP (ing. Subduction Transform-Edge
Propagator (STEP) Fault) fay1 (Govers ve Wortel,
2005) boyunca kesilmistir. Biryol vd. (2011)
ve Schildgen vd. (2012), Antalya Levhasi’nin,
Kibris Levhasi’nin bir pargast oldugunu ve
bir nedenden dolayr Antalya Levhasi olarak
adlandirilan parcanin K-G dogrultusu kazandigim
one silirmislerdir. Diger taraftan, Ko¢ vd.
(2016a) calismasinda Antalya Levhasi’nin K-G
dogrultulu, doguya dalimli, en azindan Pliyosen’e
kadar yiizeye bagli/kopmamis bir levha oldugunu
onermiglerdir. Bu dar levha parcasinin batiya
dogru geri kagis1 ise Kog vd. (2012, 2016b ve
2017) tarafindan tanimlanan havza agilmalarina,
Kopriicay ve Manavgat havzalarinda (Kog¢ vd.,
2016a) goriilen oroklinal biikiilmeye ve Aksu
Havzasi’ndaki kisalmaya neden olmustur.



Aksu aktif
olan acilmali rejimin varligt son doénemdeki

Glntimiuzde Havzasi’nda

sismik aktivite kayitlart ile goOsterilmistir
(Kalyancuoglu vd., 2011 ve Schildgen vd.,
2012). Giliney Anadolu’nun son Miyosen ve
Pliyosen donemlerindeki yiikselme ge¢misi son
zamanlarda biiylik ilgi gormiistiir (Cosentino
vd., 2012; Schildgen vd., 2012, 2014; Kog¢ vd.,
2012; Ogretmen vd., 2018; Meijers vd., 2018)
ve bu yilkselimin olusum mekanizmasi ise
Aksu Havzasi’'nda hiikiim siiren giincel agilma
geriliminin nedeni olabilir. Bazi ¢aligmalarda ise
Ege, Antalya ve Kibris segmentleri arasina giren
astenoferik akigin dinamik topografik etkilere yol
acabilecegi vurgulanmistir (Cosentino vd., 2012;
Schildgen vd., 2012, 2014). Sismik tomografi
gorlintiilerinden Antalya Levhasi’nin ylizeyle
bir
mimkiindir (Biryol vd., 2011). Eger Antalya

baglantisinin  bulunmadigin1  ¢ikarsamak
Levhasi’m1 ylizeyle olan baglantis1 kopmus ise,
bu olayin yakin zaman igerisinde gerceklesmis
olmas1 beklenmektedir. Bdylece dalan Antalya
Levhast hala Beniof zonu yaratmasi miimkiin
olacak ve ayrica sismik tomografide belirgin bir
bosluk da yaratmayacaktir (Kog vd., 2016a). Bu
durumda, Isparta Biikliimii’niin Mio-Pliyosen ve
hatta modern dénemdeki evriminde ve Toroslarin
yiikselisinde, Antalya Levhasi’nin 6nemli bir
katkisiin olabilecegi diisiiniilmelidir.
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EXTENDED SUMMARY

The Tauride fold and thrusts belt formed during
~N-S convergence between Africa and Eurasia
since Cretaceous time. The western end of the
central Taurides strikes NW-SE, highly oblique
to the overall convergence direction, and is
connected to the NE-SW Beydaglari—Lycian
Nappe flank of the western Taurides, forming the
so-called ‘Isparta Angle’ (Figure 1b). In Neogene
time, the western and central Taurides and the
inner part of the Isparta Angle became overlain by
Neogene sedimentary basins including Manavgat,
Kopriigay, and Aksu, characterized by marine
clastics and carbonates. Aksu Basin, which is one
of these marine basins, is located in the center of
the Isparta Angle (Figure 1c).

The sedimentary infill of the Aksu basin is
mainly characterized by marine clastics with more
than 1 km thick from Miocene to Pliocene. The
onset of the sedimentation in the sedimentation
is not known precisely, but must have occurred
during Late Burdigalian, which is the oldest age
obtained from the Oymapinar Limestone in the
whole Antalya Basin (including Aksu, Kopriicay
and Manavgat basins). Sedimentary sequence
of the Aksu Basin starts with 1) Oymapwmnar
Limestone (Late Burdigalian-Langhian) which
unconformably overlies the basement unit. The
sequence continues upwards with 2) Karadag
Konglomerate (Langhian-Serravalian) and 3)
Karpuz¢ay Formation (Serravalian-Tortonian)
which is the most widespread unit in the Aksu
Basin. The lithostratigraphy in the north of
the basin is different from that of the south. 4)
Kapikaya Conglomerate (Serravalian-Tortonian)
which is characterized by reddish conglomerate
and coarse sandstone intercalation is the youngest
Miocene unit in the north of the basin. In the north
of the basin there is time gap between Tortonian
and Pleistocene sediments while the sequence is
more complete in the south (Figure 3). Locally
developed (5) Gebiz Limestone (Messinian-
Early Pliocene) is reefal carbonates that grades
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vertically and laterally into Early Pliocene (6)
Eskikoy and (7) Yenimahalle Formations. (8)
Kursunlu Formation which is grain supported
sub-aquatic conglomerates transitionally overlies
the Yenimahalle Formation. In the south of the
basin, the Quaternary Antalya Travertine and
Belkis Conglomerate delimit the upper boundary
of the Pliocene sedimentation. The overall basin-
fill shows a coarsening upwards character, with
the clearest depo-center represented by the fine-
grained marine sediments of the Karpuzgay
Formation.

In addition to lithostratigraphic features, the
structural elements which were formed the Aksu
Basin are also carried out in this study. Based
on the field observations, the major structures
controlling the Aksu Basin are determined as
thrust faults, namely Kapikaya Fault in the north
and Aksu Fault in the east. Kapikaya Thrust Fault
(KTF) is a well-exposed structure comprising
approximately 15 km long, ENE-WSW trending
thrust fault and controls the northern boundary
of the Aksu Basin (Figure Ic). An abrupt change
in topography and juxtaposition of different
lithologies provides morphological evidence for
the Kapikaya Thrust Fault. The stereographic
plot of fault-slip data collected from Kapikaya
Conglomerate which occurs at the back-side of the
Kapikaya Thrust sheet is used to infer principal
stress axes and the stress ratio. Aksu Thrust Fault
(ATF) is approximately 60 km long and 50 km
wide structure that is composed of several parallel
fault segments. Approximately N-S trending Aksu
Thrust is morphologically easily recognized as a
linear mountain front rising steeply in the eastern
margin of the Aksu Basin (Figure 13). Along the
Aksu Thrust, fault-slip data were collected from
different lithologies and analyzed by using inverse
paleostress method.

The major structures controlling the Aksu
Basin are generally thrust/veverse faults. On the
other hand, there are small-scale normal faults
(max. 5 km long) deforming relatively young basin

infill in the southern part of the Aksu Basin. The
well-exposed ~E-W-trending normal faults are
located in the north of the Hatipler (Figure 18).
This normal fault cuts Pliocene Yenimahalle and
Kursunlu formations. Unfortunately, it has been
not possible to collect fault-slip data from this fault
since we could not find well-preserved slickensided
surfaces. Another mesoscopic scale normal fault
with well-developed slickenline occur within the
Yenimahalle Formation along the Antalya-Isparta
main road (Figure 18d). The stereographic plot of
Sfault-slip data (Figure 28d) show the orientation of
the inferred principal stresses as o,= 131°N/65°,
0,= 233°N/05° and o,= 325°N/24°. The stress
ration is found as R=0.2, which represents radial
extension stress conditions since o, and o, are very
close to each other (Figure 18f).

Field observations and results obtained
from the kinematic measurements along the key
structural zones show that Aksu Basin developed
under four different tectonic phases;, 1) ~E-W
extensional phase (it is related to opening of the
basin, 2) ~N-S compressional (Lycian) phase, 3)
~E-W compressional (Aksu) phase and 4) ~N-S
extensional (Recent) phase. Under these stress
conditions, the basin-infill is also deformed by
numerous tight-asymmetric fold structures that
are documented in this study (Figures 21). One of
them is located in the north of the basin close to
Kapikaya Fault (Figure 21a). The long axis of the
syncline is oriented in approximately N-S direction.
The syncline deforms the Karpuz¢ay Formation
and Kapikaya Conglomerate. The poles of the
bedding planes that are collected from the limbs
of the folds during the fieldwork are plotted on
the Schmidt lower hemisphere net (Figure 21ca).
The overall fold plane is determined 328°N/70NE.
This fold can be defined as asymmetric-tight fold.
The strikes of the fold axes determined during the
fieldwork (Figure Ic) are evaluated using a rose
diagram (Figure 21d). The rose diagram indicates
that the axes of the anticline and syncline display
parallel-subparallel  pattern with NNW-SSE



direction, which corresponds to the major trend
of Aksu Fault.

This study contains detailed information about
the stratigraphy, sedimentology and structural
features of the Miocene Aksu Basin located at the
southern center of the Isparta Angle. Under the
light of these whole data, presence of the E-W
shortening which was active between Serravalian
and Early Pliocene in the center of the Isparta
Angle is interesting given the plate tectonic
setting driven by N-S convergence of the Africa
and Eurasia. The seismic tomography images of
the mantle below the Isparta Angle indicates that
there are two separate slab segments (Cyprus
and Antalya slabs). Therefore, an important
contribution of the Antalya slab should be expected
in the Mio-Pliocene and even modern evolution of
the Isparta Angle and the uplift of the Taurides.
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Abstract: The Permo-Carboniferous depositional sequence of Lower Gondwana in Sikkim Lesser Himalaya was
investigated through an integrated approach of lithological, petrological, and geochemical studies. Lithologically,
it is characterized by glacial diamictite at the base and shale-sandstone facies at the top of a sequence which is
interpreted as a glaciomarine deposit. Coarser sandstone and massive diamictite composed of quartz, feldspar,
muscovite, zircon, and other lithic fragments are observed in thin section. Geochemistry of all studied samples from
the Rangit Pebble Slate Formation shows the dominance of silicon dioxide compared to other elemental oxides.
The tectonic discrimination diagram positively infers passive margin sedimentation from a felsic-rich provenance.
Chemical Index of Alteration was used to depict the weathering trends of all studied samples which reflect paleo-
sedimentation under humid to sub-humid climatic conditions.

Keywords: Gondwana, Geochemistry, Paleoclimate, Rangit Pebble Slate Formation, Sikkim Lesser Himalaya.

INTRODUCTION

Permo-Carboniferous Gondwana sequences of
Peninsular India have been well studied and
categorized mainly into three major basins, i.e.
Son-Mahanadi basin, Pranhita-Godavari basin
and Damodar basin. Simultaneously, equivalent
sedimentary  sequences from the Permo-
Carboniferous were also deposited around the
periphery as peri-Gondwana sequences which are
well preserved and exposed in Extra-Peninsular
India, i.e. Kashmir, Sikkim and Arunachal Pradesh.
The Rangit Pebble Slate (RPS) Formation occurs
in the Lesser Himalaya of Sikkim in the zone of
the Rangit window. Rangit Pebble Slate Formation
is considered to be Upper Carboniferous to Lower
Permian in age on the basis of similar lithofacies

and fossil correlations with the peninsular

Gondwana basin in India (Priya et al., 2019).
The presence of marine fossils like Eurydesma
and glacial diamictite with large boulders and
dropstones embedded in the coarser sandstone
clearly indicates the influence of glaciomarine
environments (Acharyya and Ray, 1977;
Raichaudhari, 2002; Priya et al., 2019). Despite
having global significance, this area has not been
well studied due to poor exposure of its outcrop
in hilly terrain. This is our first attempt to unravel
the geological history of Rangit Pebble Slate
Formation through the combined approaches of
lithostratigraphy, petrography, and geochemistry.
Additionally, we also documented the detailed
lithofacies description of this Formation. The
Rangit Pebble Slate Formation unconformably
overlies the Proterozoic Buxa Formation (Gupta
and Roy, 1981; Roy, 1973; Priya et al., 2019). The
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strata of the RPS Formation are scanty, folded
and metamorphosed in some places and it was
always considered to be equivalent to the Talchir
Formation of Peninsular India. Many significant
lithological features like diamictite, pebble- slate
and coarser-medium sandstone facies with marine
fossils occur at the base of the RPS Formation
which suggests the influence of glaciomarine
environment during sedimentation (Raichaudhari,
2002; Priya et al., 2019). The alternate beds of fine
sandstone and olive-green shale at the top of the
sequence indicate shallow marine transgressional
deposition (Priya et al., 2019). The combined
approach of both petrological and geochemical
studies helped to effectively understand the
tectonic setting, provenance history, weathering
trends and paleoclimatic conditions of sediment
deposition.

METHODS AND MATERIALS

Samples of sandstone and massive diamictite were
collected from the study area for petrographic
and geochemical study. Modal analysis of
sandstone samples were completed with a Leica
microscope (Leica DM-2700P) by using point
counting methods to determine the quantitative
mineralogical aspects. Geochemical analyses
including major elements in sandstone samples
were analyzed at Birbal Sahni Institute of
Palaeosciences (BSIP), Lucknow, India. Major
oxides (i.e. SiOL A1203, FeZOL TiO,, MnO, MgO,
Ca0, Na,0, K,0, P,0,) were detected by X-Ray
Fluorescence (PANalytical, Axios).

All the standard procedures were followed
for sample preparation (Takahashi, 2015). The
loss on ignition (LOI) was calculated by weight
difference after ignition at 1000 °C. We studied
the texture and major composition of sandstones
using thin sections with optical microscopy while
normalized major element oxides were used for
the interpretation of tectonic setting, provenance,
and paleoenvironment of sedimentation. The
Chemical Index of Alteration (CIA) was also used
as a tool for paleoclimatic reconstruction on the
basis of chemical weathering.
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GEOLOGICAL SETTING OF THE STUDY
AREA

The present study area falls within the Rangit
window zone in the Sikkim Lesser Himalaya
which is comprised of mainly two lithostructural
units, i.e. Daling and Gondwana Group (Ray and
Neogi, 2011; GSI, 2012), given in Table 1. The
Rangit Pebble Slate Formation stratigraphically
belongs to the Lower Gondwana group and is
considered equivalent to the Talchir Formation of
Peninsular India. Gondwana group of rocks are
only exposed within the Rangit window of Sikkim
Lesser Himalaya, while the Daling group rocks
are exposed within and outside the Rangit window
(Figure 1).

Daling Group

The Daling Group can be classified into three
major Formations viz. Gorubathan, Reyong, and
Buxa Formations. The Gorubathan Formation
consists of green slate, phyllite, and fine-grained
cherty quartzite, while the Reyong Formation
consists of quartzites, variegated slates, and
phyllites. It also incorporates persistent bands
of carbonates (GSI, 2012). The Buxa Formation
occurs below the horizon of the Rangit Pebble
Slate Formation as discontinuous patches and is
well exposed near Tatopani and Mamley areas
in South Sikkim. It is essentially comprised
of dolostone, cherty quartzite, limestone, and
variegated slate. Dolostone is characterized by
the presence of laminated to massive grey to pink
beds and stromatolites, filamentous and coccoidal
cyanobacterial microfossils and algal mat facies
which were assigned Lower to Middle Riphean
(Neoproterozoic) age by previous workers (Ray,
1976; Acharyya, 1971; Tewari, 2011). Ray and
Neogi (2011) mapped a new Formation, i.e.
Phong La Formation around the Rangit window
(RW) which is siliciclastic in composition and was
assigned to the Buxa Formation (Figure 1).
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Table 1. General stratigraphic sequence of Sikkim Lesser Himalaya (after Acharyya and Ray, 1977; GSI, 2012; Priya

etal., 2019)

Gondwana Group

The youngest stratigraphic unit in the Sikkim-
Lesser Himalaya consists of the Lower Gondwana
Group. Further, the Lower Gondwana Group
is distinctly subdivided into Upper and Lower
sequences. The wupper sequences of Lower
Gondwana are designated as Damuda Formation,
while the lower sequence is represented by the
Rangit Pebble Slate Formation, as given in Figure
1. The Damuda Formation is mainly composed
of sandstone, shale, and coal with Gondwana
plant fossils (Gupta and Roy, 1981; Roy, 1973;
Priya et al., 2019). Alternate bands of sandstone,
carbonaceous shale and coal are well exposed
along the Rangit River on the Jorethang- Reshi
road. Coal seams are exposed discontinuously in a
narrow strip of variable thickness around Namchi,
Reshi and Jorethang areas. Carbonaceous shale
and sandstone are occasionally dominated by
plant fossils like Glossopteris and Vertebraria
(GSI, 2012). The Lower Gondwana sequence is
distinctly recognized by the Rangit Pebble Slate
Formation which comprises a diamictite unit,
sandstone, shale, dark grey micaceous slate, and
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para conglomerate (GSI, 2012; Priya et al., 2019).
The outcrops of the Rangit Pebble Slate Formation
are scanty in nature and poorly exposed near
Tatopani and along the Namchi-Wak-Sikkip road.
The presence of Cryogenic diamictites and marine
Eurydesma fauna in the lower unit of Gondwana
Sikkim-Lesser Himalaya clearly indicates the
influence of a glaciomarine environment during
the Permo-Carboniferous Period (Acharyya and
Ray, 1977, Priya et al., 2019).

LITHOFACIES OF RANGIT PEBBLE-
SLATE FORMATION

Detailed lithofacies of the Rangit Pebble Slate
Formation in the Lower Gondwana unit of
Sikkim reveals three major facies associations,
viz., diamictite-sandstone facies, sandstone-shale
facies and siltstone-shale facies as shown in
Figure 2a. The contacts between all three major
facies are conformable. They are easily detectable
and markable in outcrop sections. The massive
conglomerate-sandstone facies are exposed near
Tatopani and along with Namchi-Wak-Sikkip



road. The diamictite-sandstone facies is considered
one of the important marker strata for the Permo-
Carboniferous Lower Gondwana sequence and
is equivalent to the Talchir Formation in the
Indian Peninsular Gondwana (Priya et al. 2019).
The massive diamictite-bearing facies are poorly
sorted and composed of various sub-angular
clasts of quartz, chert, dolomite and other lithic
fragments with the matrix as shown in Figure
3a, b & c. We also recorded many large sized
stromatolite boulders, dropstones, and pebble
grains of slate, carbonate, and quartzite embedded
in the consolidated diamictite beds, which infers
cryogenic sedimentation as shown in Figure 3a, b
& e). Dropstones are one of the most significant
sedimentary structures which indicates glacial
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environment of deposition in Figure 3b & e. The
pebbly sandstone-siltstone-shale facies occurs
just above the diamictite facies with erosional and
gradational contact as shown in Figure 3¢ & d. It
is mostly composed of coarser quartz grains which
are moderately to well sorted, and sub-rounded
to rounded in texture. The sandstone-shale
lithofacies is mainly composed of massive and
horizontally-stratified sandstone with interbedded
shales as shown in Figure 3e & f. Fine sandstone
is mostly arenitic in nature, while the interbedded
layers of olive-green shale are slaty in nature.
The alternating sequences of the above facies is
designated as the Rangit Pebble Slate Formation
as shown in Figure 2a. The complete litho-
stratigraphic unit shows upward-fining sequences.

Figure 1. Geological map of Sikkim Himalaya and the study area (modified after Ray and Neogi, 2011; GSI, 2012;

Chakarborty et al., 2016)
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Figure 2. a) Lithostratigraphic section of the RPS
Formation, Sikkim Lesser Himalaya. b) Chemical
Index of Alteration (CIA) for massive diamictite
(glacial) and sandstone (non-glacial).

PETROGRAPHIC STUDIES

The petrographic investigation of Permo-
Carboniferous sandstone and massive diamictite
from Lesser Himalaya of Sikkim shows wide
variation in its texture and sorting. Thin section
samples
sandstone were made for petrographic analysis
which include mineral composition,
and other diagenetic features. The grains were
identified in each thin section by the Dickinson
point counting method and normalized into QFL
percentages for modal analysis (Table 2). Further,
the relationships between sandstone composition
and tectonic setting were depicted on the QFL

of Rangit massive diamictite and

texture
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ternary plot given by Dickinson and Suczek
(1979) and Dickinson et al. (1983). Massive
diamictite and sandstones from Rangit Pebble
Slate Formation are predominantly composed of
quartz grains with rounded to subrounded texture.
Matrix-supported diamictite is mostly subangular
to subrounded in texture. Monocrystalline quartz
grains with undulose extinction, as shown in Figure
4a & b, are relatively more abundant (> 76%) than
polycrystalline quartz in thin sections of RPS
sandstone and massive diamictite. The subhedral
grains of plagioclase with albite twinning and
microcline as K-feldspar are prominently present
in thin sections, as shown in Figure 4 a, b, ¢ & e.
Other accessory minerals like muscovite, zircon,
and lithic fragments were also observed in thin
section as shown in Figure 4b, d & f, which are
metamorphosed to some extent perhaps due
to tectonic events. Fine sandstone of the RPS
Formation is mineralogically mature and belongs
to arenite sandstone. On triangular diagrams
with end members of quartz (Q), feldspar (F)
and lithic fragments (L), samples mainly plotted
into three important fields, i.e. continental block,
magmatic arc, and recycled orogeny as given in
Figure 5b. RPS Formation massive diamictite and
coarser sandstone samples are mainly enriched
with monocrystalline quartz grains, undegraded
feldspar grains and lithic fragments.

Unaltered feldspar grains in massive
diamictite  suggest cold environment of
deposition. It is evident from the QFL plot that
most of the sandstone samples fall in the field of
quartz arenites, while massive diamictite samples
occupied the field of subarkose and sublithic
arenites as shown in Figure 5a. Tectonically, it
falls in the fields of continental block and recycled
orogen which indicates that these sediments may
have been derived from stable plutonic craton and
meta-sedimentary rocks as given in Figure 5b.
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Figure 3. Field photographs of RPS Fm. stratigraphic section which depicts massive diamictite (a-c) with alternate

beds of coarser-fine sandstone (d-¢) and shale (f), Sikkim Lesser Himalaya, NE, India.

GEOCHEMISTRY OF RANGIT PEBBLE
SLATE FORMATION SANDSTONE

The geochemical characteristics of sedimentary
rock are one of the useful tools in determining the
depositional setting and its associated provenance.
It does not only help us to understand its whole
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geological history but also provides deep insight
into the source of sediments, tectonic setting, and
paleoclimate of sedimentation in detail. Major
elements in rocks play a vital role to decipher
the composition, tectonic setting and provenance
1983).

of any sedimentary basin (Bhatia,
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Figure 4. Photomicrograph of the RPS Fm. diamictite (a-d) and sandstone (e-f), Sikkim Lesser Himalaya. (a-d)
show monocrystalline quartz grains (Qm) with subangular to subrounded texture with sedimentary fragment such as
microcline (Mc), chert (Ch), muscovite (Ms) and plagioclase (P1) embedded in a matrix. (d-e) show the dominance
of quartz grains (Qm) with the presence of muscovite (Ms), microcline (Mc) and zircon (Zr) in fine-grained sandstone.

Figure 5.a) Classification of RPS Formation sandstones and massive diamictite on the basis of QFL (Q- quartz, F-
feldspar, L- lithic fragments). (b) Triangular QFL plot showing provenance fields for the RPS sandstone and massive

diamictite (Dickinson and Suczek, 1979).
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Rangit Pebble Slate Formation is composed of sandstone are represented on Harker diagrams as
coarser to fine sandstone in the lithostratigraphy shown in Figure 6 which basically plots major
which is enriched with quartz grains.

Geochemically, all studied samples were enriched ) N ) ] ]
in SiO, content, which ranges from 73.21-90.06  °ctween Si0, and other major oxides (i.e. CaO,

percent by weight (Table 2) Compositional Na,O, K,0, Al,O, MgO, MnO, TiO, and Fe, O,)
variation in the major elemental oxides in the RPS confirms the enrichment of quartz in all samples.

oxides against SiO,. The negative correlation

Figure 6. Binary Harker variation diagrams for RPS Formation sandstone and massive diamictite of Sikkim Lesser
Himalaya, NE, India.
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It is well known that the concentration of
feldspar in sedimentary rock is mainly controlled
by Ca, Na and K elements (Bhatia, 1983). The
depletion trend of K O, CaO, and Na,O infers
the depletion of feldspar mineral (Crook, 1974;
Bhatia, 1983; Dabard 1990). The samples
from the RPS Fm. sandstone displayed strong
depletion of K,O and Na,O which may be due
to lower concentrations of feldspar remaining in
the deposited sediment after intense weathering
during transportation.

The values of K,O and Na O in massive
diamictite are relatively higher than sandstone
which might be a consequence of undegraded
feldspar grains in cold environment remaining
unaltered in the sample, as given in Table 2. The
elemental oxides of Na, O showed greater depletion
relative to K O in all samples, which implies the
dominance of K-feldspar over plagioclase feldspar.
The presence of aluminum silicate minerals like
muscovite is significantly reflected through higher
values of ALO, and Fe O in all studied samples.

PROVENANCE AND TECTONIC SETTING

Geochemical discrimination is the most reliable
and successful tool for determining provenance
and tectonic setting. A number of plots have been
used to describe different types of tectonic settings
and provenance. For this study, plots (Bhatia and
Crook, 1986; Roser and Korsch, 1986) were
chosen to classify distinct tectonic setting and
provenance. The plot given by Bhatia and Crook
(1986) of major elemental oxides (K,O — Na ,0)
was used to calculate the richness of quartz in the
studied samples which indicates their derivation
from quartz-rich provenance as shown in Figure
7. A geochemical model produced by Roser and
Korsch (1986) were used to distinguish different
tectonic areas/settings, i.e. active continental
margin (ACM), oceanic island arc margin (ARC)
and passive margin (PM), which is based on
K,0O/Na,O ratio and SiO, content. The maximum
number of the studied samples falls under the
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boundary of passive margin (PM) as shown in
Figure 8. This tectonic characterization strongly
suggests that all studied sediments in the RPS
Formation were accumulated and deposited on a
passive margin.

Figure 7. Plot of K,0 —Na , O to analyze the abundances
of quartz in the studied samples from the RPS Fm.
sandstone and massive diamictite (after Bhatia and
Crook, 1986)

Figure 8: Plot of tectonic discrimination for RPS Fm.
(Roser & Korsch 1986).

WEATHERING AND PALEOCLIMATE

Weathering trends and paleoclimate proxies
provide clues to unravel the composition and
paleoclimatic conditions of the parent source
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rock and depositional environment. The Chemical
Index of Alteration (CIA), A-CN-K plot and SiO,
vs. (ALO,+ K, O + Na,O) plot were used to depict
the intensity of weathering and paleoclimate
environment. An equation formulated by Nesbitt
and Young (1982) allows calculation of the
intensity of weathering as follows: CIA = [ALO,/
(ALO, + CaO" + Na,0 + K,0)] X 100

In the formula, the major oxides of an element
(ALLO, Na,0 and K,O) are expressed in molar
proportions, while the remaining content of CaO”
is incorporated into the silicate fraction of samples
(McLennan et al., 1993). The CIA value was
widely applied for both glacial deposits (Condie
et al., 2001; Scheffler et al., 2003; Dobrzinski et
al., 2004) and non-glacial deposits (Aristizabal et
al., 2005; Kahmann et al., 2008). The index value
of the CIA is combined with alternate diamictite
and sandstone facies to display and reconstruct
the variation in the paleoclimatic conditions
during sedimentation as shown in Figure 2b. The
CIA value of the studied RPS Fm. Sandstone,
as given in Table 2, ranges from 71 to 86 which
infers low to moderate chemical weathering while
the Rangit massive diamictite has values of 47 to
65 which reflects lowest chemical weathering due
to cold and semi-humid conditions. Alternately,
the A-CN-K (Al O, — CaO* + Na, O - K, O)
triangular plot given by Nesbitt and Young (1982)
was also used to demonstrate the variable intensity
of chemical weathering as shown in Figure 9.

The samples of RPS Fm. diamictite plotted
close to K-feldspar and illite-muscovite minerals
which suggests low grade weathering due to
glacial environment. Mostly sandstone samples
plotted along the Al, O,— CaO* (A) and Na,O (K)
line as shown in Figure 9, indicating the derivation
of K and Ca minerals from feldspar due to
progressive weathering of meta-sedimentary and
granite-like source rocks. Further, a plot between
elemental oxides of SiO,and (AL,O,+ K O +Na,O)
provides a unique way to depict and discriminate
paleoclimate environment of deposition (Suttner
and Dutta 1986). The studied diamictite samples
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fall in the area of humid climatic conditions,
while sandstones occupied a semi-humid area
as shown in Figure 10. Therefore, CIA values
and SiO, vs (ALO, + K,O + NaO) plots clearly
suggest and indicate that the massive diamictite
of the RPS formation were deposited in a glacial
environment, whereas the upper RPS sandstone
was accumulated under semi-humid conditions.

Figure 9. A-CN-K (Al ,O, - CaO* + Na,0- K ,0)
ternary plot of Permo-Carboniferous RPS sandstone
and massive diamictite associated with chemical index
of alteration (CIA). Squares symbolize the average
composition of granite (Gr), tonalite (TI) and
granodiorite (Gd) with other minerals (after Nesbitt and
Young, 1982)

Figure 10. SiO, versus (Al,O, + K,O + Na,O) paleo-
climate discrimination diagram of Permo-Carboniferous
RPS Fm sandstones and massive diamictite from
Sikkim Lesser Himalaya (after Suttner and Dutta
1986).



DISCUSSION

The extra-peninsular Gondwana sequence of
Sikkim Lesser Himalaya is considered in terms of
its tectonic setting, provenance and paleoclimate
study. The Gondwana sequence of Sikkim Lesser
Himalaya is highly disturbed due to folding and
thrusting episodes during the Himalayan Orogeny.
As a result of collision of the Indian Plate and
Eurasian Plate around 50 million years ago, the
major tectonic events also disturbed the Sikkim
Lesser Himalayan Daling and Gondwana Group
of sediments exposed in the Rangit window.
The integrated lithological, petrological, and
geochemical approaches were used for evaluation
of the Rangit Pebble Slate Formation of Sikkim
Lesser Himalaya. Lithological associations of these
peri-Gondwana sequences from Sikkim Lesser
Himalaya include the diamictite facies at the base
and the alternate sandstone-shale facies at the top
of the sequence. The lowermost bed of the RPS
Fm. is characteristically recognized by boulder
beds and diamictite facies which suggests a glacial
environment of deposition, while the upper beds
of alternate sandstone and shale are considered to
be the consequence of marine transgression. The
undecomposed and unaltered mineral grains like
quartz, feldspar, muscovite, zircon and other lithic
fragments are predominantly observed in thin
sections of massive diamictite, while the depletion
of feldspar and enrichment of quartz grains show
the mineralogical maturity of RPS Fm. sandstone
in the upper part of the lithological sequence.
Harker’s variation diagram shows the dominance
of SiO, against various oxides in all studied
samples in Figure 6. The concentration of SiO, in
massive diamictite and fine sandstone is moderate
to high. The ternary QFL diagram, as shown in
Figure 5, verified the composition and provenance
of all studied samples, i.e. quartz-rich. The plot of
major elements K O vs. Na O as shown in Figure
7 quantifies the richness of quartz in all studied
samples indicating that these sediments were
derived from quartz-rich provenance. The tectonic
discrimination diagram between K ,O /Na ,0 Vs
SiO, shown in Figure 8 infers the area of a passive
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margin. CIA values and SiO, vs. (ALO,+ K O +
Na,O) plots as shown in Figure 2 (b) & 10 for the
RPS Fm. suggests a glacial marine environment
of deposition under humid to semi-humid climatic
conditions.

CONCLUSION

The presently studied litho-facies sequence is
composed of cryogenic sediments (diamictites) that
are well preserved in the Sikkim Lesser Himalaya,
NE India. The Rangit Pebble Slate Formation of
the Himalayan Gondwana is equivalent to the
Talchir Formation in the Peninsular Gondwana
(Priya et al.,, 2019). The facies architecture
within the studied area manifests upward fining
and deepening trends with increasing thickness
of shale and alternate silt-mudstone facies.
Overall, the Gondwana sequences of Sikkim
Lesser Himalaya (Extra-peninsular India) shows
the similarity with Peninsular Indian Gondwana
sequences in the pattern of sedimentation,
depositional environment, and regional sources.
The petrological and geochemical analysis of
all studied samples shows close affinities with
other peninsular Gondwana basins in terms of
tectonic setting and provenance, i.e. passive
tectonic setting and granitic source. This inference
is further confirmed by different discrimination
diagrams and/or plots of provenance and tectonic
setting. In the Lesser Himalayan sequences of
Kashmir, Himachal Pradesh, Arunachal Pradesh
and Sikkim, Gondwana sedimentary deposits
also have identical depositional environmental
conditions (Raichaudhari, 2002; Rashid and
Ganai, 2015; Priya et al., 2019; Mahanta et al.,
2020). The combined results of both petrography
and geochemistry (major oxides) indicates the
felsic source might be derived from high-grade
metamorphic rocks and plutonic igneous rock. The
Chhtonagpur Granite Gneiss Complex (CGGC)
and Shillong Plateau Gneissic Complex of the
Indian shield lying to the southwest and east of
Sikkim-Darjeeling Gondwana basin are composed
of high grade migmatitic gneiss, khondalite,
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quartzite, and basic igneous rock (Mukherjee et
al., 2019). The massive diamictite and sandstone
of Rangit Pebble Slate Formation may have
been derived from the Precambrian shields of
Chhotanagpur or Proterozoic Himalayan granite,
Shillong Plateau Gneissic Complex and quartzose
sedimentary rocks which are virtually adjacent
to the Rangit basement. The diamictite facies,
dropstones, marine fossils and CIA values clearly
indicate a glacial environment of deposition, while
the upper sequences may be consequences of
marine transgression. This study particularly helps
to join the dots in the lines of the paleogeographic
map of late Paleozoic glaciations and paleo-Tethys
realm during the Permo-Carboniferous period in
Gondwanaland.
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TURKIYE JEOLOJi BULTENI

AMAC ve KAPSAM

Tirkiye Jeoloji Biilteni (Tiirkiye Jeol. Biil.) 1947 yilindan beri yaymlanan, Tiirkiye>nin en eski ve en ¢ok taninan
dergilerinden biridir. Jeoloji Miithendisleri Odas1 (JMO) tarafindan yilda {i¢ say1 olarak yayinlanmaktadir. Dergi
miithendislik jeolojisi disindaki yerbilimleri konularinda yayin kabul etmektedir. Bilhassa jeoloji, tektonik,
yapisal jeoloji, jeokronoloji, jeokimya, sedimantoloji, biyostratigrafi, paleontoloji, mineraloji, magmatik ve
metamorfik petroloji, maden yataklari, jeofizik, jeomorfoloji yani sira Cevre ve Kent Jeolojisi ile Ekonomik
Jeoloji dncelikli konulardir. Bu konularda giincel bilim diizeyinde hem Tiirkce hem de Ingilizce dillerinde
yaym kabul edilmektedir. Yayinlarda oncelik Tiirkiye ve cevresi, Dogu Akdeniz, Orta Dogu, Balkanlar,
Karadeniz ve Hazar Denizi ¢evresi olmakla birlikte Diinya’nin diger tiim kritik bolgelerinde yapilan diizeyli
yayinlara da agiktir. Bu kapsamda yapilan aragtirmalarin bilimsel diizeyi yiiksek sonuclarini igeren makaleler
hicbir {licret almadan yaymlanmaktadir. Ag¢ik erisimli bir dergidir. Derginin hedef okuyucu kitlesi bu konu ve
kapsamla ilgili tiim yerbilimcilerdir. Dergide daha ¢ok orijinal arastirma makaleleri ve daha az sayida derleme
ve diger bilimsel nitelikli yayinlara yer verilmektedir. Tiirkiye Jeoloji Kongresi ve diger Ulusal ve uluslararasi
toplantilarin segilen oturumlari, hakemli yayin iglemlerinden sonra 6zel sayi(lar)da yayinlanabilmektedir.

YAZILARIN HAZIRLANMASI

TURKIYE JEOLOJI BULTENI’nin yaym dili Tiirkce ve Ingilizcedir. Tiirkce makalelerde “Extended
Summary”, Ingilizce makalelerde ise “Genisletilmis Ozet” verilmelidir. Yazarlarin ana dillerinin Tiirkge
olmamas1 durumunda, yazilarin baglig1 ve 6zeti ile ¢izelge ve sekillerin basliklar1 Editorliikge Tiirkceye cevrilir.
Ana dili Ingilizce olmayan yazarlara, yazilarin1 Editérliige gondermeden 6nce, gramer ve iislup agisindan,
ana dili Ingilizce olan bir kisiden katki almalar1 6zellikle 6nerilir. Hazirlanan makaleler orijinal ve daha dnce
basilmamis aragtirma, yorum ya da her ikisine ait sentezi igermeli, veya teknik not niteliginde olmalidir. Yazinin
gonderilmesi, daha 6nce basilmamis veya baska bir yerde incelemede olmadigini gosterir.

MAKALE SUNUM SURECI ve ETiK BILDIRIMI

Tiim makaleler internet tizerinden http://dergipark.gov.tr/tjb adresindeki “Makale Gonder” meniisii araciligryla
Tiirkiye Jeoloji Biilteni’ne elektronik ortamda gonderilmelidir. Bunun icin 6nce DergiPark sistemine iiye
olmalisiniz. Tiirkiye Jeoloji Biilteni yazarlardan sayfa iicreti talep etmemektedir. Dergiye sunulan makaleler,
daha 6nce yaymlanmadigi ve bagka yerde yayinlanmak {izere gonderilmedigi varsayilarak degerlendirme i¢in
kabul edilir. Yazarlar, makalenin ana igeriginin daha dnce yayinlanmadigini ve baska bir dergide yaymlanmak
iizere gonderilmedigini onaylamalidir. http://dergipark.gov.tr/tjb veya www.jmo.org.tr adresinde bulunan
telif hakki devir formu, tiim yazarlar adina ilgili yazar tarafindan imzalanmali ve makale dosyalariyla birlikte
gonderilmelidir. Bir makale sunulduktan sonra, bagka yazar eklenmesi veya ¢ikarilmasi veya yazarlarin
degistirilmesi miimkiin degildir. Makaleler, yazim kurallarina uymuyorsa ya da dergi kapsami disindaysa, dergi
editorii tarafindan hakem degerlendirmesi yapilmaksizin reddedilebilir. Bir makale yayin i¢in kabul edildikten
sonra, diger bir deyisle, hakem tarafindan onerilen diizeltmeler tamamlandiktan ve editor tarafindan kabul
edildikten sonra, yazara makalede degisiklik yapma izni verilmez. Makale yaymlanmadan 6nce, yazarlara
diizeltmeler icin prova bask:i gonderilir. Baskasinin fikir veya sozciiklerinin orijinal bigiminde kullanilmasi
veya uygun bir atif yapilmaksizin degistirilmesi, intihal olarak kabul edilir ve tolere edilemez.
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YAZIM KURALLARI

Yazilar asagida verilen diizen cercevesinde hazirlanmahdir:

(@) Baslik (Tiirkge ve Ingilizce)

(b) Yazar Adlar (koyu ve bas harfleri biiyiik harfle) ve adresleri (italik ve kiigiik harfle) ile bagvurulacak

yazarin e-posta adresi

(c) Oz (Tiirkge ve Ingilizce)

(d) Anahtar Kelimeler (Tiirkge ve Ingilizce)

(e) Giris (amag, kapsam ve yontem)

(f) Ana metin (kullanilan yontemler, ¢aligilan malzemeler, tanimlamalar, analizler vd)

(9) Tartisma ve Sonuglar veya Tartisma Onerileri

(h) Extended Summary / Genisletilmis Ozet

(i) Katk: Belirtme

(J) Kaynaklar

(k) Cizelgeler

(I) Sekiller Dizini

(m) Sekiller

(n) Levhalar (var ise)
Metinde kullanilan degisik tiirde basliklar farkl sekillerde ve tiim basliklar sayfanin sol kenarinda verilmelidir.
Ana basliklar biiyiik harflerle ve koyu yazilmalidir. ikinci derece basliklar alt baslik olarak degerlendirilmeli ve
birinci ve ikinci derece alt basliklar kiiciik harfle (birinci derece alt basliklarda her kelimenin ilk harfi biiyiik)
ve koyu, ticlincii derece alt basliklar ise italik olmalidir. Basliklarin 6niine numara veya harf konulmamalidir.
Yazilar (6z, metin, katki belirtme, kaynaklar, ekler ve sekiller dizini) A4 (29.7 cmX21 cm) boyutundaki
sayfalarin bir yiiziine, kenarlardan en az 2,5 cm bosluk birakilarak, 1,5 cm aralikla ve 12 puntoyla (Times New
Roman) yazilmali, ayrica tiim sayfalara numara verilmelidir.

Bashiklar su sekilde olmahdir:

(074

ABSTRACT

GIRIS

ANA BASLIK

Birinci Derece Alt Bashk
ikinci derece alt bashk
Uciincii derece alt bashk

SONUCLAR VE TARTISMA

EXTENDED SUMMARY/GENISLETIiLMi$S OZET
KATKI BELIRTME

KAYNAKLAR

Kapak Sayfasi
Yazidan ayri olarak sunulacak kapak sayfasinda agagidaki bilgiler yer almalidir:
a. Yazinin bashgi
b. Yazar(lar)in ad(lar)1 (ad ve soyadi kisaltilmadan)
c. Tim yazarlarin acik posta ve e-mail adresleri (Bagvurulacak Yazar belirtilerek). Basvurulacak yazarin
telefon numarasi da ayrica belirtilmelidir.
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Bashik ve Yazarlar

Yazinin bagligi, ¢aligmanin igerigini anlasilir sekilde yansitmalidir. Eger yaz1 Tiirkge hazirlanmigsa, Tiirkce
bashg1 (koyu ve kelimelerin ilk harfleri biiyiik harf olacak sekilde) ingilizce bashik (italik ve kelimelerin ilk
harfleri biiyiik olacak sekilde) izlemelidir. Ingilizce hazirlanmuis yazilarda ise, ingilizce baslik Tiirkce basliktan
once ve yukarida belirtilen yazim kurallarina gore verilmelidir. Makaledeki yazarlar orcid.org web adresinden
edinecekleri ORCID kimliklerini makale ile birlikte sunmalidir.

Yazarlara iliskin bilgi ise asagidaki é6rneklere uygun olarak verilmelidir.

Ahmet Ahmetoglu Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi
Boliimii, Tandogan 06100 Ankara

A. Hiisnii Hiisniioglu MTA Genel Miudirliigli, Jeolojik Etiitler Dairesi, 06520 Ankara
(e-posta:husnuS6(@mta.gov.tr)

0Z

Caligma hakkinda bilgi verici bir igerikle (calismanin amaci, elde edilen baslica sonuglar) ve 300 kelimeyi
asmayacak sekilde hazirlanmalidir. Ozde kaynaklara atifta bulunulmamalidir. Ozler hem Tiirkge, hem, Ingilizce
olarak verilmelidir. Tiirk¢e hazirlanmis yazilarda Ozden sonra “Abstract” (italik) yer almali, ingilizce yazilarda
ise italik yazilmis Tiirkge Oz Absract’1 izlemelidir.

Anahtar Kelimeler

Oz ve Absract’n altinda en az 2-7 kelimeyi asmayacak sekilde ve yazinin konusun yansitan anahtar kelimeler
Tiirkce ve Ingilizce olarak verilmelidir. Anahtar kelimeler, alfabetik sirayla kiiciik harfle (ilk anahtar kelimenin
ilk harfi biiylik) yazilmali ve aralarna virgiil konmalidir. Teknik Not ve Tartigma tiirii yazilarda anahtar
kelimelerin verilmesine gerek yoktur.

EXTENDED SUMMARY/GENISLETILMIiS OZET

Genigletilmig 6zet 2500 kelimeyi gegmemelidir. Ancak makalenin 6z/abstract kismindan daha genis hacimli
olmalidir. Genisletilmis 6zet kisminda yeni bir sekil ve ¢izelge verilmemelidir. Ancak makalede kullanilan sekil
ve ¢izelgelere bu kisimda atif yapilabilir. Ayni sekilde, makale i¢inde atif yapilan kaynaklara da gerektiginde
bu kisimda atif yapilmalidir.

KATKI BELIRTME

Katki belirtme, kisa olmali ve tesekkiir edilecek olanlar ¢aligmaya en 6nemli katkiy1 saglayan kisilerin ve/veya
kuruluslarin adlariyla sinirlandirilmalidir. Tesekkiir edilecek kisilerin agik adlar1 unvanlar belirtilmeksizin
verilmeli, ayrica bu kisilerin gérevli olduklar: kurum ve kuruluslarin adlar1 da eklenmelidir.

DEGINILECEK BELGELER (KAYNAKLAR BOLUMU)
Asagidaki ornekler ile kesinlikle uvumlu olmahdir.

A. Siireli yayinlar:
Yazar ad(lar)1, Tarih. Makalenin baglig1. Siireli yaymin/derginin adi (kisaltilmamis), Cilt No. (Say1 No.),
sayfa numaralart.
Hoek, E., David, M., 1990. Estimating Mohr — Coulomb friction and cohesion values from Hoek — Brown
failure criterion. International Journal of Rock Mechanics, 27 (3), 220-229.
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B. Bildiriler:
Yazar ad(lar)i, Tarih. Bildirinin basligi. Sempozyum veya Kongrenin Adi, Editor(ler) varsa, Basimevi, Cilt/
Say1 No. (birden fazla ciltten oluguyorsa) Diizenlendigi Yerin Adi, sayfa numaralari.
Unal, E., Ozkan, 1., Ulusay, R., 1992. Characterization of weak, strafied and clay bearing rock masses.
ISRM Symposium: Eurock’92 — Rock Characterization, Chester, UK., 14-17 September 1992, J. A.
Hudson (ed.), British Geotechnical Society, London, 330-335.

C. Kitaplar:
Yazar ad(lar)1, Tarih. Kitabin adi (ilk harfleri Biiyilik). Yayinevi, Basildigi Sehrin Adi, sayfa sayisi.
Goodman, R.E., 1998. Introduction to Rock Mechanics. John Wiley and Sons, New York, 562 s.
Ketin, I., Canitez, N., 1972. Yapisal Jeoloji. ITU Matbaas1, Giimiissuyu, Say1 869, 520 s.

D. Kitapta Boliim ise:
Yazar ad(lar)i, Tarih. Boliim Adi, (Kitap adi, Editor(ler): ). Kitap yaymevi, basildigi sehrin adi, Boliime ait
sayfa nolar.
Altunel, E., D’Andria, F., 2019. Pamukkale Travertines: A Natural and Cultural Monument in the World
Heritage List (Landscapes and Landformes of Turkey, Eds.: Kuzucuoglu, C., Ciner A., Kazanci N.).
Springer Nature Switzerland AG, Cham, Switzerland, 219-229.

E. Raporlar ve Tezler:

Yazar ad(lar), Tarih. Raporun veya tezin basligi. Kurulusun veya Universitenin Adi, Arsiv No. (varsa),
Doktora veya Yiiksek Lisans tezi, sayfa sayisi, (yayimlanip yayimlanmadigi).

Demirok, Y., 1978. Mugla-Yatagan linyit sahalar1 jeoloji rezerv 6n raporu. MTA Derleme No: 6234, 17 s.,
(yayimlanmamis).

Sénmez, H., 1996. TKI. ELI Soma Linyitleri agik isletmelerinde eklemli kaya kiitlesi icindeki sevlerin
durayliliginin degerlendirilmesi. Hacettepe Universitesi Fen Bilimleri Enstitiisii, Yiiksek Lisans
Tezi, 99 s., (yayimlanmamis).

E Kigsisel Goriigsme:
Sozbilir, H., 2005. Personal communiciation. Geological Engineering Department of Dokuz Eyliil
University, Izmir, Turkey.

G. Internetten Indirilen Bilgiler:
Kurumun adi, Tarih. Web adresi, web adresine girildigi tarih.
ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr,3 April 2005.

Tiirkce kaynaklar dogrudan Tiirkce olarak verilmeli ve Tiirkce karakterlerle yazilmahdir.

Esitlikler ve Formiiller

Matematiksel semboller ve formiiller el yazisiyla yazilmamalidir. Esitlik numaralar: esitligin hizasinda ve sag
kenarma dayandirilarak birbirini izleyen bir sirayla parantez icinde, ayrica esitliklerdeki sembollerin anlami
makalede ilk kez kullanildiklari esitligin altinda verilmelidir.

Burada; makaslama dayanimi, ¢ kohezyon, normal gerilme ve igsel siirtiinme agisidir”. Esitliklerde kullanilan
alt ve tist indisler belirgin sekilde ve daha kiiciik karakterle yazilmalidir (6rnegin; Id, x2). Karekok isareti yerine
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parantezle birlikte iist indis olarak 0.5 kullanilmalidir (6rnegin; cmass=s0.5). Carpim islemini gdstermek icin
herhangi bir igsaret kullanilmamali, ancak gerekli durumlarda “*” isareti tercih edilmelidir (6rnegin; y=5%10-3).
Bolme isareti olarak yatay ¢izgi yerine “/” isareti kullanilmalidir. Kimyasal formiillerde iyonlarin gosterilmesi
amacityla Cat++ ve CO,--yerine Ca(2+) ve CO,(2-) tercih edilmelidir. Metinde esitliklere “esitlik (1)” seklinde
atifta bulunulmalidir. Gerekiyorsa, bilgisayar program listeleri de net ve okunur sekilde ekte verilmelidir.

Cizelgeler

Cizelgeler, basliklariyla birlikte, Dergi’nin sayfalarindaki baski alanini (15,8 x 22,5) asmayacak sekilde
hazirlanmali ve birbirini izleyen sira numaralariyla verilmelidir. Cizelgelerin iist kistmlarinda hem Tiirkge,
hem de Ingilizce basliklar1 bulunmalidir (Cizelge basliklar1 ayr1 bir sayfada liste halinde verilmemelidir.).
Makalenin Tiirkge yazilmasi halinde ingilizce baslik italik harflerle Tiirkge basligin altinda yer almali, Ingilizce
makalelerde ise, italik yazilmis Tiirkce baslik Ingilizce bagliktan sonra verilmelidir. Cizelgeler, “Cizelge 17 vb.
seklinde sunulmalidir. Metinde ¢izelgelere Cizelge 1 veya Cizelge 1 ve 2 (eger birden fazla sayida gizelgeye
atifta bulunulacaksa) seklinde deginilmelidir. Cizelgeler, metinde kullanilan karakterlerden daha kiigiik (10 veya
11 punto) karakterle yazilmali ve Dergi’nin tek (7,3 cm-genislik) veya ¢ift (15,8 cm-genislik) kolonuna si§acak
sekilde diizenlenmelidir. Cizelgelerde diisey c¢izgiler kullanilmamali, yatay ¢izgiler ise sadece ¢izelgenin alt
ve Ustlinde, ayrica ¢izelgedeki bagliklar ile bunlarin altinda listelenen rakamlar1 ayirmak i¢in kullanilmalidir
(Bunun i¢in Dergi’nin 6nceki sayilarina bakilmasi onerilir). Cizelgelerde makalenin diger kisimlarinda verilen
bilgi veya sonuglarin (6rnegin grafikler vb.) tekrar verilmemesine 6zen gosterilmelidir. Her ¢izelge ayn
sayfalara bastirilarak metnin sonunda (Kaynaklar dizininden sonra) sunulmalidir. Cizelgelerdeki kisaltma ve
simgeler daha kiiciik karakterlerle ¢izelgenin altinda verilmelidir (6rnegin: c:tek eksenli sikisma dayanimi vd.).

Sekiller

Cizim, grafik ve fotograf gibi tiim sekiller yiiksek kalitede basilmis olarak “Sekil” basligi altinda ve metin i¢inde
anildiklar sirayla numaralandirilarak verilmelidir. Sekil numaralari sayfanin sag {ist kdsesine yazilmali, ayrica
sekiller kiigiiltiiliip biiytitiilebilecek halde sunulmalidir. Sekil agiklamalari; sekillerin altina yazilmamali ve ayri
bir sayfaya yazilarak “Sekiller Dizini” bagligiyla verilmeli, ayrica “Sekil 1” olarak baslamalidir. Cizelgeler
icin yukarida belirtilen yazim kurallarma benzer sekilde, sekil basliklar1 hem Tiirkge, hem de Ingilizce
hazirlanmalidir. Ayri sayfalara bastirilmis olan sekiller, ¢izelgelerden sonra sunulmalidir. Sekiller i¢in en biiylik
boyut, sekil baghgimi da igerecek bicimde 15,8 cm (genislik) x 22,5 cm (uzunluk) olmalidir. Tiim sekillerin
Dergi’nin tek veya ¢ift kolonuna sigacak boyutlarda hazirlanmasi ve miimkiinse daha ¢ok tek kolona gore
tasarimlanmasi onerilir. Ozellikle haritalar, arazi ile ilgili ¢izimler ve fotograflar, sayisal dlgek (1:25000 vb.)
yerine, metrik sisteme uygun ¢ubuk 6lcekle verilmelidir. Tiim haritalarda kuzey yonii gosterilmelidir. Bolgesel
haritalarda, uygun oldugu takdirde, ulusal grid veya enlem/boylam degerleri verilmelidir. Harita agiklamalari,
sekil baghgiyla birlikte degil, seklin iizerinde yer almalidir. Fotograflar, ¢izimler veya bunlarin birlikteliginden
olusan sekiller (a), (b) vb. gibi gruplar halinde verilebilir. Bu tiir sunumlarda (6rnegin; Sekil 5a ve 5b) a,b,c vb.
gibi tek bir sekle ait ¢izimler veya fotograflar, ayr1 sayfalarda basilmasi yerine, gruplandirilarak ayni sayfada
sunulmalidir. Sekillerde agik gblge ve tonlarindan kagimilmali, 6zellikle bilgisayar programlarindan elde edilen
grafiklerde bu hususa dikkat edilmelidir. Golgeleme belirgin, fotograflar siyah-beyaz ve iyi bir kontrasta sahip
olmalidir. Tiim sekiller, Sekil 1 veya Sekil 1 ve 2 (birden fazla sekle deginiliyorsa) gibi ve metinde anildiklar
sirayla numaralandirilmalidir. Bir dizi fosil fotograflarini iceren sekiller levha olarak degerlendirilmelidir.
Levha sayis1 miimkiin oldugunca az tutulmalhidir. Levhalara iliskin agiklamalar, hem Tiirk¢e hem de Ingilizce
olarak ayn1 sayfada verilmelidir.
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MAKALELERIN EDITORLUGE GONDERILMESI
Makaleler yazim kurallarina uygun sekilde hazirlandiktan sonra DergiPark Akademik (dergipark.gov.tr/tjb)
adresi lizerinden elektronik olarak sisteme yiiklenmelidir.

TURKIYE JEOLOJi BULTENI EDITORU
Prof. Dr. Erding YIGITBAS

Tel: 286 2180018-2130

e-posta: eyigitbas@comu.edu.tr

YAYIMA KABUL EDILEN MAKALELERIN SUNUMU

Yazarlar, makalelerinin yayima kabulil halinde, makalenin diizeltilmis son halini DergiPark Sistemi iizerinden
Editor’e gondermelidir. Makaleler *DOCX bi¢iminde hazirlanmalidir. Tiim sekiller Corel Draw ile ¢izilmelidir.
Bununla birlikte, sekillerin ¢oziiniirliikleri 300 dpi den az olmamalidir. Hem ¢izim (CDR) hem de resim (JPG)
dosyalar1 DergiPark Sistemi {izerinden gonderilmelidir.

PROVA BASKILAR

Makalelerin prova baskilari, dizgi ve yazim hatalarinin olup olmadiginin kontrolii i¢in Bagvurulacak Yazar’a
gonderilir. Prova baskilarda yapilacak diizeltmeler yazim hatalari ile sinirli olup, yazarlarin makaleyi kabul
edilmis son halinden farkli duruma getirebilecek degisiklikler ve diizeltmeler yapmasi kabul edilemez. Prova
baskilar, yazarlar tarafindan alindiktan sonra en gec {i¢ giin icinde editdre gonderilmelidir. Gecikmeli olarak
yapilacak diizeltmelerin baskiya verilmesi garanti edilemeyecegi i¢in, yazarlarin prova baskilari gondermeden
¢ok dikkatli sekilde kontrol etmeleri Onerilir.

TELIiF HAKLARI

Yazar veya (Bagvurulacak Yazar (birden fazla yazarli makalelerde), kendisi ve diger yazarlar adina “Telif Hakki
Devir Formu”nu makalenin baskiya verilmesinden 6nce imzalamalidir. Bu sézlesme, Jeoloji Miihendisleri
Odast’na yazarlar adna telif hakki alinmis yaymlarini koruma olanagi saglamakla birlikte, yazarlarin
makalenin sahibi olma haklarindan vazgectigi anlamina gelmemektedir. Telif Hakki Devir Formu, en kisa
stirede Editor’e gonderilmelidir. Bu form Editor’e ulastirilincaya degin, makale yayina kabul edilmis olsa bile,
baskiya gonderilmez.

ETIiK iLKELER VE YAYIN POLITiKASI

Tiirkiye Jeoloji Biilteni (Tiirkiye Jeol. Biil.) yayinci ve kullanicilart (Bas Editor, editorler, alan editorleri,
yazarlar, hakemler, okuyucular vb.) Yayin Etigi Komitesi (COPE) tarafindan belirlenen etik kurallara ve
sorumluluklara uymalidir.

Dergi Politikasi:

Acik Erisim Politikasy: Tiirkiye Jeol. Biil. hakemli bir dergidir. Basili ve elektronik ortamda ¢evrimigi yayin
yapmakta olup agik erisim sistemine sahiptir. Dergi sayilar1 Ocak, Nisan ve Agustos aylarinda yilda ii¢ kez
yaymlanir. Yayin siireclerinde, bilimsel yontemle 6zgiirce ve yansiz bi¢cimde {iretilen bilginin paylasiimasi
gozetilir. Makale degerlendirme siirecinde kor hakemlik sistemi uygulanir. Tiirkiye Jeol. Biil.’nin 1947 yilindan
itibaren yayinlanan tiim sayilar1 gerek yayinci kurulus olan Jeoloji Miihendisleri Odas1 (JMO) tarafindan basili
ve elektronik versiyonlar: ve TUBITAK - DergiPark tarafindan ise elektronik versiyonlar: arsivlenmektedir.

Ucret Politikas: Tiirkiye Jeol. Biilt. nin yaymec1 kurulusu JIMO’dir. IMO ve/veya Tiirkiye Jeol. Biilt. derginin
basili ve elektronik versiyonlari i¢in herhangi bir iicret ya da abonelik bedeli, yazarlar i¢in ise yayn iicreti ya
da benzeri bir 6deme talep etmez.



Tiirkiye Jeoloji Biilteni: Yazim Kurallar

Telif Hakkl Devri: JMO ve/veya Tiirkiye Jeol. Biilt., yaymlanacak makalelerin telif haklarinin alinmasi i¢in
yazarlardan yazili onay alur. Ilgili yazar, dergiye sunulan makalenin yazari/sahibi oldugunu ve kendisi ve diger
yazar(lar) adma telif hakkin1 JMO ve/veya Tiirkiye Jeol. Biilt. " ne devreder. Telif Hakki Devri Formu’nun
doldurularak, makale sunumu esnasinda dergi sistemine yiliklenmesi zorunludur. Sorumlu yazar, gonderilen bu
makalenin bagka bir yerde benzer bir formda yayinlanmadigini, makalenin orijinal oldugunu ve yayinlanmak
iizere bagka bir yere gonderilmeyecegini garanti etmelidir. Sunulan makalenin tiim yazarlari, yazinin tim
haklarmi ve tlim telif haklarin1 imzalayarak JMO ve/veya Tiirkiye Jeol. Biilt.’ne devretmelidir. IMO ve/
veya Tiirkiye Jeol. Biilt.’nin, ilgili makalenin tamamini veya bir kismini dersler/ders notlari, raporlar ve ders
kitaplari/basilt kitaplar gibi gelecekteki eserlerinde herhangi bir 6deme yapmadan kullanma hakki ve ilgili
makalenin kendi kullanimi i¢in kopyasint alma hakki vardir. IMO ve/veya Tiirkiye Jeol. Biilt.; ticari amaglar
disinda patent haklar1 gibi telif hakki disindaki tiim haklarini sakli tutar.

Makale sunumu: Tirkiye Jeol. Biilt. " ne degerlendirilmek tizere makale gonderecek yazar(lar), dncelikle
DergiPark’a liye olmak zorundadir. Sorumlu yazar ¢alismalarin (orijinal makale, derleme, vb) Tiirkiye Jeol.
Biilt.’ne Dergipark sistemi {izerinden gondermelidir.

Intihal Politikasi: Makaleden sorumlu yazarin dergiye yeni makale gonderimi igin “iThenticate Intihal Tespit
Yazilimi” veya “Turnitin” veya esdegeri bir intihal programi kullanarak benzerlik raporu yani sira, imzalanan
“Telif Hakki Devri Formu” ve “Etik Bildirim Formu”nu DergiPark sistemine yiiklemesi gerekmektedir.
Gonderilen makalenin benzerlik endeksi orani, referans listesi harig, % 20’nin altinda olmalidir.

Yazar Katkis1 Beyani ve Cikar Catismasi/Cakismasi1 Beyani: Makale yazarlarinin her biri makaleye 6nemli
bilimsel katkida bulunmus olmasi gerektiginden her yazarin esit etik sorumluluk tagidigi kabul edilir. Makalenin
tiim yazarlari, hatali durumlarda geri ¢ekme veya diizeltme yapmakla yiikiimliidiir.

Yazarlar, yazilarini sisteme yiikleme asamasinda gerek benzer konularda arastirma yapan diger arastiricilar
bakimindan ve gerekse potansiyel hakemlik konularinda her tiirli ¢ikar catigmasini/cakismasini agikca
belirtmelidir. Cikar ¢atigmasi/cakismasi bulunmadigini diisiindiigii durumda ise bu husus acikea belirtilmelidir.

Kor hakemlik: Tiirkiye Jeol. Biilt. nde tiim bilimsel yaynlarin objektif degerlendirilmesini saglamak amaciyla
kor hakemlik sistemi uygulanmaktadir. Makaleye hakem atama asamasinda hakem ve yazar(lar) arasinda
herhangi bir ¢ikar ¢atismasi/¢akismasi bulunmamasina 6zen gosterilmektedir. Bu amagla hakem ve yazar(lar)
arasinda bilhassa; a) Tez danismani/68renci iliskisi olmamasi, b) Yazar(lar) ve hakem arasinda yakin ge¢cmiste
(son 2 yil) ortak arastirma ve yayim yapilmig olmasi, ¢) Ayni kurumda gorev yapiyor olmamasi, d) Dergiye
sunulan yaziya bi¢im ya da igerik yoniinden katki yapmamis olmasi, e) Yazar(lar) ve hakem arasinda yargiya
ya da etik kurullara intikal eden ihtilaflarin olmamasi, f) Hakem ve yazar(lar) arasinda akrabalik iliskisinin
olmamas1 g) Hakemin yazar(lar) hakkinda kamuoyuna intikal etmis 6nyargilarinin bulunmamasi, h) Hakem
ve yazar(lar) arasinda herhangi bir ticari iligkisinin olmamasi1 vb durumlar dikkate alinir. Dergi editorligiiniin
goziinden kagan durumlarin olmasi ihtimaline karsi hakemlerin de bdyle bir durumda editorliigii uyarmasi
gerekir. Ayrica hakemlerin;

e Sadece uzmanlik alanlarina giren makaleleri degerlendirmeleri,
*  Degerlendirmeyi tarafsiz, objektif ve gizlilik i¢cinde yapmalari,

*  Degerlendirmede milliyet, cinsiyet, dini inang, siyasal diisiince, ticari kaygilar vb nedenlerle tarafsizliklarini
kaybetmemeleri,

e Goris ve onerilerini akademik gorgii kurallar iginde, yapici ve akademik bir dille yapmalari, kisisel
polemik yaratacak iisluptan kaginmalari,

*  Yayin siirecini sebepsiz uzatacak sekilde degerlendirmelerini geciktirmemeleri istenir.



Tiirkiye Jeoloji Biilteni: Yazim Kurallari

Degerlendirme iglemi:

On Kontrol (Hakem degerlendirme oncesi) Siireci: Tiirkiye Jeol. Biilt.’ne sunulan makale ilk olarak, Bas
Editor tarafindan dergi amag ve kapsamina uygunlugu agisindan gézden gegcirilir. Gonderilen makale, derginin
amag ve kapsamina uymuyorsa en ge¢ 15 giin igerisinde reddedilir ve yazara bilgi verilir. Amag ve kapsami
uygun bulunan makale, yapilan hakem degerlendirmesi 6ncesi yazim kurallari, dil ve anlatim agisindan ve
calismanin planlanmasi acgisindan incelenir. Bu konularda eksiklikleri bulunan makalelerin yazar tarafindan
diizeltilmesi istenir. Degerlendirme siirecinde yazarlar editor ve hakemlerin goriis, oneri ve elestirilerine cevap
vermekle yiikiimliidiirler. Yazarlar, hakem goriislerini dikkate alarak sorulan sorulari cevaplamak, goriis ve
onerileri degerlendirmek, elestirilere karst olumlu ya da olumsuz karsilik vererek bunlara dair kanitlarimi
ayrmtili bir mektupla editdre bildirmek zorundadir. Bu karsi mektupta akademik iislup kullanilmali, kisisel
tartismalardan kaginilmalidir. Hakem goriisleri dogrultusunda diizeltilmesi istenen makalelerin diizeltilmis
kopyasi gecerli bir neden olmaksizin 30 giin igerisinde tekrar editore gonderilmedigi taktirde editoriin makaleyi
reddetme hakki vardir. Yeniden diizenleme sonrasi, diizeltilmis makale editor tarafindan gerekirse yeniden
hakem degerlendirmesine gonderilir veya editor tarafindan dogrudan kabul veya reddedilir.

Hakem Degerlendirme Siireci: Makalelerin tiim boliim igerikleri incelenip hakem degerlendirmesi icin
uygun bulundugunda makaleler hakem degerlendirmesine alinir. Ancak, herhangi bir nedenle hakem
degerlendirmesine uygun bulunmayan makaleler, editoriin degerlendirme raporuyla birlikte reddedilir.
Yazara en ge¢ 15 giin icerisinde bilgi verilir. Hakem degerlendirmesinde makaleler, editor tarafindan igerik
ve uzmanlik alanlarina gore dergi hakem havuzundan ve/veya havuz disindan olmak {izere, en az {i¢ hakeme
gonderilir. Makale hakemlerinin belirlenmesinde yukarida aciklanan ¢ikar catismasi/cakigmasi hususlarina
0zen gosterilir. Hakemler degerlendirme siireciyle ilgili hi¢gbir kimseyle bilgi ve belge paylagsmayacaklarini
garanti etmek zorundadir. Hakem degerlendirme siireci i¢in hakemlere verilen siire 30 gilindiir. Hakemler
veya editorden gelen diizeltme Onerilerinin yazarlar tarafindan 30 giin icerisinde tamamlanmasi zorunludur.
Hakemler makale i¢in diizeltmelerini inceleyerek uygunluguna karar verebilir veya gerekliyse birden ¢ok defa
diizeltme talep edebilir. Degerlendirme sonucu, hakemlerden gelen goriisler, editor tarafindan en geg 15 giin
ierisinde incelenir. Inceleme sonucunda, editdr makaleye iliskin nihai kararini vererek yazara iletir. Ret karar
verilen makaleler arsivlenir.

Makale Geri Cekme: Degerlendirme asamasindaki makalesini geri ¢ekme isteginde bulunan yazar(lar),
konuyu igeren 1slak imzal1 dilek¢eyi dergi e-mail adresi tjbdergi@gmail.com iizerinden yayin kuruluna iletirler.
Yayin Kurulu, geri ¢ekme dilekgesini inceleyerek en ge¢ 15 giin icerisinde cevap verir. Yaym Kurulu tarafindan
dilekcesi onaylanmayan bir makalenin yazar(lar)i, makalelerini bagka bir dergiye gonderemezler. Yazar(lar)in
yaymlanmig, erken goriiniim veya degerlendirme asamasindaki ¢alismasiyla ilgili bir yanlis ya da hatay1 fark
etmesi durumunda, dergi editoriiyle isbirligi yapma yiikiimliiligti bulunmaktadir. Yazar(lar), bizzat kendilerine
ait olmayan verileri kullanma hakkina sahip olduklarini, arastirma/analiz ile ilgili gerekli olabilecek izinleri
gosteren belgelere sahip olmalidir.

Editorler, derginin gelisimi ve yaymlanan ¢aligsmalarin kalitesini gelistirmeye yonelik siiregleri dikkatle takip
eder. Tiirkiye Jeol. Biilt. Yaym Kurulu basim asamasinda, degerlendirme asamasinda veya yayinlanmis bir
makale i¢in telif hakki ve intihal sliphesi olusmas1 durumunda, makaleyle ilgili bir sorusturma baslatir. Yapilan
sorusturma sonucunda, makalede telif hakki ve intihal siiphesi tespit edilmesi durumunda, Yaym Kurulu
makaleyi detayl1 agiklama yaparak degerlendirme asamasindan geri ¢ekme islemini yazar(lar)a en ge¢ 15 giin
igerisinde bildirir.

Gizlilik: Tiirkiye Jeol. Biilt. sistemindeki tiim kisisel bilgiler bilimsel amaglarla kullanilmakta olup, tiglincii
taraflarla paylasilmamaktadir.

Sorumluluk Reddi: Bas Editor ve Yayin Kurulu tiyeleri, yazarlarin goriislerinden ve yazi i¢eriginden sorumlu
degildir. Yazarlar, yazilarindaki etik 6zgiinliik ve olast hatalardan sorumludur. Son okuma (diizeltme okumast)
Oncesi ve sayfa diizenleme asamasinda olusabilecek tiim hatalardan yazarlar sorumludurlar. Son okuma sonrasi
meydana gelen hatalar dergi yetkililerinin sorumlulugundadir.
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AIM and SCOPE

The Geological Bulletin of Turkey (Geol. Bull. Turkey) is one of the oldest and best-known journals in
Turkey, published since 1947. It is published by the Chamber of Geological Engineers (CGE) with three
issues every year. The journal accepts articles about earth science topics apart from engineering geology.
Primary topics include geology, tectonics, structural geology, geochronology, geochemistry, sedimentology,
biostratigraphy, paleontology, mineralogy, magmatic and metamorphic petrology, mineral deposits, geophysics
and geomorphology, in addition to environmental and urban geology along with economic geology. Articles
are accepted in both Turkish and English at current scientific levels in relation to these topics. Articles include
primarily Turkey and surroundings, eastern Mediterranean, Middle East, Balkans, Black Sea and Caspian Sea
areas, along with ranked articles from all other critical regions of the world. Articles including results with high
scientific level from research completed within this scope are published without any fee. The journal is open
access. The target audience for the journal is all earth scientists interested in these topics and this scope. The
journal includes mainly original research articles and lower numbers of reviews and publications with other
scientific qualities. Selected sessions at the Geological Congress of Turkey and other national and international
meetings may later be published as special issues after reviewed publication processes.

PREPARATION OF MANUSCRIPTS

The language of the GEOLOGICAL BULLETIN OF TURKEY is both Turkish and English. For manuscripts
submitted in English “Genisletilmis Ozet”, for manuscripts submitted in Turkish “Extended Summary” should
be given. If the author(s) are residents of a non-Turkish speaking country, titles, abstracts and captions of
figures and tables are translated into Turkish by the Editors. It is strongly recommended that authors whose
native language is not English, should ask a person whose native language is English to check the grammar and
style of manuscript before submission. Paper should be original and comprise previously unpublished research,
interpretations, or synthesis of two, or technical notes. Submission implies that the manuscript is not currently
under consideration for publication elsewhere.

SUBMISSION PROCESS and ETHICAL STATEMENT

All manuscripts must be submitted electronically via the Internet to the Geological Bulletin of Turkey through
the online system DergiPark at http://dergipark.gov.tr/tjb. There are no page charges. Papers are accepted for
publication on the understanding that they have not been published and are not going to be considered for
publication elsewhere. Authors should certify that neither the manuscript nor its main contents have already
been published or submitted for publication in another journal. The copyright release form, which can be found
at http://dergipark.gov.tr/tjb, or www.jmo.org.tr must be signed by the corresponding author on behalf of all
authors and must accompany all papers submitted. After a manuscript has been submitted, it is not possible for
authors to be added or removed or for the order of authors to be changed. Manuscripts may be rejected without
peer review by the editor-in-chief if they do not comply with the instructions for authors or if they are beyond
the scope of the journal. After a manuscript has been accepted for publication, i.e. after referee-recommended
revisions are complete, the author will not be permitted to make changes that constitute departures from the
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manuscript that was accepted by the editor. Before publication, the galley proofs are always sent to the authors
for corrections. The use of someone else’s ideas or words in their original form or changed without a proper
citation is considered plagiarism and will not be tolerated.

INSTRUCTIONS FOR CONTRIBUTORS
Manuscripts should generally be structured as follows:
(a) Title (English and Turkish)
(b) Names of authors (bold and in capital), their affiliations (italic and lower-case) and the name and
e-mail address of the corresponding author.
(c) Abstract (English and Turkish)
(d) Key words (English and Turkish)
(e) Introduction (aim, content and methodology)
(f)  Main text (methods, material stuied, descriptions, analyses etc.)
(g) Results and Discussion or Conclusions and Recommendations
(h) Extended Summary / Genisletilmis Ozet
(i) Acknowledgements (if necessary)
() References
(k) Tables
()  List of figure captions
(m) Figures
(n) Plates (if any)

The various levels of headings used in the manuscript should be clearly differentiated. All headings should
be in left-aligned. Major headings should be bold capitals. Secondary headings should be considered as sub-
headings. Primary- and secondary-subheadings should be given in lower-case and tertiary headings in italics.
Headings should not be preceded by numerals or letters. Manuscripts (abstract, main text, acknowledgements,
references, appendices and figure captions) should be typed on one side of the paper (A4 size: 29.7 cm x 21
cm) with wide margins (at least 2.5 cm) and 1.5 line-spaced throughout, at a font size of 12 point (Times New
Roman) and with all pages numbered.

Examples for headings:
ABSTRACT

INTRODUCTION
PRIMARY HEADING
Primary Sub-Heading
Secondary sub-heading
Tertiary sub-heading

CONCLUSIONS
EXTENDED SUMMARY
ANCKNOWLEDGEMENTS
REFERENCES

Cover Page

A cover page, separate from the main manuscript, must include the followings:
a. Title of the paper
b. Name(s) of author(s) (full forenames should be given)
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c. Full postal and e-mail addresses of all authors (the corresponding author should be indicated). Phone
number for the corresponding author should also be provided.

Title and Authors

The title of the paper should unambiguously reflect its content. If the paper is written in Turkish, the Turkish
title (in bold-face type and first letter of the words capital) should be followed by the English title (italic and
first letter of the words capital). If the paper is in English, the English title should appear before the Turkish
title in the style mentioned above. Authors should provide their Orcid ID which can be obtained from orcid.
org website.

The information related with authors should be given as follow:

Ahmet Ahmetoglu Ankara University, Engineering Faculty, Geological Engineering
Department Tandogan 06100 Ankara

A. Hiisnii Hiisnilioglu MTA Genel Miidiirliigii, Jeolojik Etiidler Dairesi, 06520 Ankara
(e-posta: husnu5S6@mta.gov.tr)

ABSTRACT

The abstract not exceeding 300 words should be informative (aim of the study and main conclusive remarks).
It should not contain references. The Abstract should be given in both Turkish and English. If the paper is
written in Turkish, an English abstract (in italics) should follow the Turkish abstract, while a Turkish abstract
(in italics) should appear after the English abstract in papers written in English.

Keywords

The abstract should include minimum 2, and not more than 7 keywords which reflect the entries the authors
would like to see in an index. Keywords should be given in both Turkish and English. Keywords should be
written in lower-case letters, separated by commas, and given in alphabetical order. For Technical Notes and
Discussions, keywords should not be provided.

GENISLETILMIiS OZET / EXTENDED SUMMARY
The extended abstract should not exceed 2500 words. But it must be more bulky than abstract. The new figure
or table should not be given. But reference can be given to figures and tables present in main text.

ACKNOWLEDGEMENTS

Acknowledgements should be brief and confined to persons and organizations that have made significant
contributions. Please use full names without titles and indicate name(s) of the organization(s) of the person(s)
acknowledged.

REFERENCES
All references cited in the text, and in captions of figures and tables should be presented in a list of references
under a heading of "REFERENCES” following the text of the manuscript.

A. Journals:
Author(s), Date. Title of paper. Full Name of Journal, Vol. (No), pages.
Hoek, E., David, M., 1990. Estimating Mohr-Coulomb friction and cohesion values from Hoek-Brown
failure criterion. International Journal of Rock Mechanics, 27 (3), 220-229.
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B. Proceedings and Abstracts:
Author(s), Date. Title of paper. Title of Symposium or Congress, Name of Editor(s), Name and Location of
Publisher, Vol. (if any), pages.
Unal, E., Ozkan, 1., Ulusay, R., 1992. Characterization of weak, strafied and clay bearing rock masses.
ISRM Symposium: Eurock’92 — Rock Characterization, Chester, UK., 14-17 September 1992, J. A.
Hudson (ed.), British Geotechnical Society, London, 330-335.

C. Books:
Author(s), Date. Name of Book. Name and Location of Publisher, total pages.
Goodman, R.E., 1998. Introduction to Rock Mechanics. John Wiley and Sons, New York, 562 p.
Ketin, 1., Canitez, N., 1972. Yapisal Jeoloji. ITU Matbaas1, Giimiissuyu, Say1 869, 520 s.

D. Chapter in book:
Author(s), Date. Chapter Name, (Name of Book, Editor(s): ) Name and Location of Publisher, Page numbers
of the chapter.
Altunel, E., D’Andria, F. 2019. Pamukkale Travertines: A Natural and Cultural Monument in the World
Heritage List (Landscapes and Landformes of Turkey, Eds.: Kuzucuoglu, C., Ciner A., Kazanci N.).
Springer Nature Switzerland AG, Cham, Switzerland, 219-229.

E. Unpublished Reports and Thesis:
Author(s), Date. Title of report or thesis. Name of the Organization or Institution , Report No. (if any), PhD
or Msc Thesis, total pages, (published or unpublished).
Demirok, Y., 1978. Mugla-Yatagan linyit sahalar1 jeoloji ve rezerv 6n raporu. MTA Derleme No:6234, 17
s., (Unpublished).
Beccaletto L., 2004. Geology, Correlations and Geodynamic Evolution of the Biga Peninsula, Northwest
Turkey. University of Lousanne, PhD Dissertation, 187 p. (Unpublished)

F. Personal Communications:
Sozbilir, H., 2005. Personal communication. Geological Engineering Department of Dokuz Eyliil University,
[zmir, Turkey.
G. Information Downloaded from the Internet
Name of the Organization, Date. Web address, date of access to website.
ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr, 3 April 2005.

Turkish references can also be given directly in Turkish. For such references please use Turkish characters.

Mathematical Expressions

Mathematical symbols and formulae should be typed. Equation numbers should appear in parentheses at the
right-hand side of the equations and be numbered consecutively. For Greek or other non-Roman letters, identify
the symbol in words in the left-hand margin just below the equation the first time it is used. In addition, the
meaning of symbols used in equations should be given below the equations.

““Where is the shear strength, ¢ is cohesion, is normal stress and, is internal friction angle.” Subscripts and
superscripts should be given clearly and written in smaller character (e.g. Id, x2). Instead of square-root symbol,
an indice of 0.5 sholud be used (e.g. y=5x 0.5). For the of multiplication sign do not use any symbol, however if
necessary, the symbol “’*”* can be preferred (e.g. y=5%10-3). Please use *’/” for division instead of a horizontal
line between numerator and denominator. In the expression of chemical reactions, ions should be given as
Ca(2+) and CO3(2-) instead of Cat++ and CO3--. In the text, equations should be referred to as equation (1).
Computer program listings, if appropriate, must be very clear in an Appendix.
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Tables

Tables with their titles should not exceed the printed area of the page (15.8 cm (wide) x 22.5 cm (deep)) and be
numbered consecutively. Both Turkish and English titles should appearat the top of a table (do not print table
captions on a separate sheet). If the manuscript is written in Turkish, English title in italics should follow the
Turkish title. For manuscripts in English, a Turkish title should appear below the English title in italics. They
should begin “Table 1.” etc. Tables should be referred to as Table 1 or Tables land 2 (if more than one table
is referred to). Tables can be written in a font size smaller than that of the text (10 or 11 point). Tables should
be arranged to fit single column (7.3 cm wide) or double column (15.8 cm wide). No vertical rules should be
used. Horizontal rules should only be used at the top and bottom of the tables, and to separate headings and
numbers listed in the tables (Please check the previous issues of the Journal). Tables should not duplicate results
presented elsewhere in manuscript (e.g. in graphs). Each table should be separately printed and appear after the
text (after references). All abbreviations and symbols must be identified with smaller character underneath the
tables (e.g. c: uniaxial compressive strength, etc).

Ilustrations

All illustrations, whether diagrams, charts and photographs, should be of high quality, referred to as “Figures”
and be numbered consecutively as they appear in the text. They must be originals. The number of the figure
should be given at top on the right-hand side of the paper. Illustrations should be provided in camera-ready
form, suitable for reproduction (which may include reduction) without retouching. Figure captions should be
supplied on a separate sheet and should begin “Figure 1.” etc. As with the rules given for tables, figure captions
should also be given both in Turkish and English. All illustrations should be given with a list of figure captions.
The maximum printed size of illustrations is 15.8 cm (wide) x 22.5 cm (deep) together with figure captions. It is
recommended that all illustrations should be designed with the Journal’s single-column or two-column layout
in mind, and where possible, illustrations should be designed for a single column. Illustrations, particularly
maps, field sketches and photographs should have a metric bar scale rather than magnification factors. All
maps should have a north mark. Regional maps may include National Grid or latitude/longitude number where
appropriate. Map keys should be given on the figure, not in the figure caption.

Photographs, line drawings, or combinations may be grouped as figure parts (a), (b), etc. It is preferred that
these are mounted. Letters or numerals should not be less than 1 mm after reduction. Avoid fine shading and
tones, particularly from computer graphics packages. Shading should be distinct. Photographs must be black
and white and sharp, and exhibit good contrast.

All illustrations must be numbered in the order in which they are referred to and discussed in the text as Figure
1 or Figure 1 and 2 (if more than one figures is referred to). Illustrations consisting of a set of fossil photographs
should be given as “’Plates” and mounted in the desired layout. The number of plates should be kept to a
minimum. Explanations of plates should be given in both Turkish and English on the same page.

SUBMISSION OF MANUSCRIPTS

Papers should be submitted electronically through web site DergiPark Academics (dergipark.gov.tr/tjb)
EDITOR IN-CHIEF

Prof. Dr. Erdin¢ YIGITBAS

Tel: 286 2180018-2130

e-mail: evigitbas@comu.edu.tr

SUBMITTING ARTICLES ADMITTED TO PUBLICATION

In cases where authors’ manuscripts are admitted to publication, authors should send revised final copies of
their manuscripts to Editor through the DergiPark System. Manuscripts should be issued in *DOCX format. All
images, should be issued in Corel Draw. Besides, the resolution of the figures should not be less than 300 dpi.
Both drawing (CDR) and image (JPG) files must be submitted through the DergiPark System.
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PROOFING

Proofing of articles are sent to Reference Author to check for typographical errors and misspelling. Revisions in
proofing are limited to misspelling and any amendments and revisions by authors that may alter article in a way
different than its final version are not acceptable. Proofing should be sent to editor within at latest three days
after receipt by authors. Delayed revisions cannot be guaranteed for printing and therefore, authors are strictly
recommended to precisely inspect proofing prior to sending.

COPYRIGHT

The author or corresponding author on behalf of all authors (for papers with multiple authors) must sign the
“’Copyright Transfer” agreement before the article can be published. This transfer agreement enables the
Chamber of Geological Engineers to protect the copyrighted material for the authors, but does not relinquish
the authors’ proprietary rights. The Copyright Transfer form should be sent to the Editor as soon as possible.
Manuscripts accepted for publication will not be sent to print until this form is received by the Editor.

ETHICAL PRINCIPLES AND PUBLICATION POLICY

The publisher and users (chief editor, editors, field editors, authors, reviewers, readers, etc.) of the Geological
Bulletin of Turkey (Geol. Bull. Turkey) must abide by the ethical rules and responsibilities determined by the
Committee of Publication Ethics (COPE).

Journal Policy:

Open Access Policy: The Geol. Bull. Turkey is a peer-reviewed journal. It publishes in print and online in the
electronic environment and has an open-access system. Journal issues are published three times per year in
the months of January, April and August. Publication processes ensure sharing of information produced freely
and objectively with the scientific method. The review process for articles applies a blind review system. All
issues of the Geol. Bull. Turkey published since 1947 are archived as both print and electronic versions by the
publishing organization, the Chamber of Geological Engineers (CGE), and as electronic versions by TUBITAK
— DergiPark.

Price Policy: The publishing organization of the Geol. Bull. Turkey is the CGE. The CGE and/or Geol. Bull.
Turkey do not demand any fee or subscription costs for printed and electronic versions of the journal or any
publishing costs or similar from authors.

Copyright Transfer: The CGE and/or Geol. Bull. Turkey receive written permission from authors to obtain
the copyrights of articles that will be published. The relevant authors, as writer/owner in their own name and
the name of other authors, transfer copyright of the article offered to the journal to the CGE and/or Geol. Bull.
Turkey. It is mandatory to complete the Copyright Transfer Form and upload it to the journal system when
submitting the manuscript. The responsible author must guarantee that this manuscript has not been published
in similar form in other places, that the manuscript is original and that it will not be sent for publication
elsewhere. All authors of the submitted manuscript must sign and transfer all rights and all copyright for the
article to the CGE and/or Geol. Bull. Turkey. The CGE and/or Geol. Bull. Turkey receive the right to use all
or part of the relevant article in future works like lessons/lesson notes, reports and textbooks/printed books
without any payment and to copy the relevant manuscript for their own use. The CGE and/or Geol. Bull. Turkey
reserve all rights apart from copyright, such as patent rights, except for commercial purposes.

Article submission: The authors of articles submitted for assessment by Geol. Bull. Turkey must first be
members of DergiPark. The corresponding author must submit the study (original article, review, etc.) to Geol.
Bull. Turkey through the DergiPark system.



Geological Bulletin of Turkey: Instructions for Contributors

Plagiarism Policy: In addition to the corresponding author submitting the article to the journal, they must
upload a similarity report using “iThenticate Plagiarism Detection Software” or “Turnitin” or equivalent
plagiarism program, along with the signed Copyright Transfer Form and the Ethics Report Form to the
DergiPark system. The similarity index rate for articles must be below 20%, excluding the reference list.

Author Contribution Statement and Conflict / Conflict of Interest Statement: Each of the authors need
to have made significant scientific contributions to each article, so every author is accepted as carrying equal
ethical responsibility. All authors of an article are obliged to recall or make corrections in situations involving
mistakes.

The authors must clearly state all types of conflict/conflict of interest in relation to topics such as other
researchers studying similar topics and potential reviewers. In situations where no conflict/conflict of interest
is considered to exist, this must be clearly stated.

Blind review: Geol. Bull. Turkey applies a blind review system with the aim of ensuring objective assessment of
all scientific publications. In the stage of assigning reviewers for an article, care is taken that there is no conflict/
conflict of interest between reviewers and author(s). With this aim, care is taken that between reviewers and
author(s) a) there are no thesis advisor/student relationships, b) no common research or publications between
author(s) and reviewers in the recent past (last 2 years), c) they are not employed in the same organization, d)
they have not contributed to the manuscript submitted to the journal in terms of form or content, e) author(s)
and reviewer have no disputes that were referred to judiciary or ethical committees, f) there is no kinship
between reviewer and author(s), g) no publicly stated prejudice of the reviewer toward the author(s), h) no
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