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Hidrokarbon aramaciliginda petrol jeokimyasi ve durayli karbon
izotoplarmdaki yeni gelismeler

Kadir GURGEY
Tiirkiye Petrolleri Anonim Ortakligi, 06520 Ankara- Tiirkiye

Hidrokarbon aramaciliginda kullanilan Petrol jeokimyasi'nin bir amaci da hidrokarbon
(petrol, dogal gaz, kondensat) bulunmasinda var olan kacinilmaz riski azaltmaktir, Durayl
Karbon Izotoplan (DKI) petrol jeokimyasinda kullanilan bir cok parametre arasinda
sicaklik, bakteriyel alterasyon ve hidrokarbonlarin kaynaktan reservuara gocu sirasindaki
durayhligr yliziinden 6nemli bir yere sahiptir.

Karbon “C ve "C olmak iizere iki durayh izotopa sahiptir ve *C/"”C bollugu yaklasik 99:1
dir. Hidrokarbonlar1 olusturan kerojenin (normal coziiciilerde ¢oziinmeyen organik madde)
DKIi kompozisyonu atmosferik karbondioksit, su tuzlulugu, sicaklizn ve ortamda yasayan
organizmalar gibi cevresel 6zelliklerle kontrol edilir, Bu yiizden, DKI degerlendirmelerinde
¢okelme ortami ozellikleri de dikkate alinmalidir,

DKI, 1970'li yillarda tiim petrol, tiim gaz ve tiim kaya oztttleri iizerinde olgiilerek
korelasyon c¢aligmalarinda hidrokarbonun tiimiinii temsil eden bir parametre olarak
kullanilmigtir, Daha sonra 1980'li yillarda ol¢iimler, petrollerin ve kaya oziitlerinin doymusg
hidrokarbonlari, aromatikleri, asfalten fraksiyonlari ve kaynak kaya kerojeni iizerinde
yapilmaya baglanmis ve bunun tiim DKI 6lciimlerine gore daha avantajli oldugu
gozlenmistir. Avantajlar Ozellikle petrol-petrol (genetik petrol tipi adedi kaynak kaya tipi
adedini belirler) ve petrol-kaynak kaya (goc yollar1 hakkinda ipuglari vererek prospektlerin
basarili olmasina yardimci olur) korelasyon ¢z Agmalarinda daha belirgindir.

Ashinda 1980'li yillarda kesfedilen ancak son yillarda . analitik  gelismelerin daha da
yogunlastigi ve petrol, dogal gaz ve kaynak kaya Oziitlerini olusturan  molekiillerin
DKi'lerini ayrn ayn olgebilen Gaz Kromotografisi-izotop Orani-Kiitk Spektrometresi
(GKTOKS),] petrol jeokimyasinda yeni bir sayfa agmistir, Bu teknikle, petrol-petrol, gaz-gaz
korelasyonlarinda, cokelme ortami yorumlarinda, ve ozellikle de gazlarin olgunluk seviyesi

(vitrinit yansimasi (%Ro) eslenegi olarak) tespit calismalarinda aaha basarili sonuglar
alinmugtir.

Bu makalede, DKtMerin hidrokarbon aramaciligmdaki uygulamalari, yukarida Ozetlenen
alanlara paralel olarak hem diinyanin degisik havzalarindan ve hem de Tirkiye'deki
havzalardan alinan saha uygulamalariyla agiklanacaktir.

Petroleum geochemistry and recent advances in stable carbon isotopes
in hydrocarbon exploration

One of the aim of petroleum geochemistry in hydrocarbon (petroleum, natural gas, and
condensate) exploration is to reduce the risk to find hydrocarbons. Among the many other
parameters used in hydrocarbon exploration activities, Stable Carbon Isotopes (SCI) appear
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to teke a significant place because of its high stability against temperature, bacterial
ateration and hydrocarbon migration from source to reservoir.

Carbon is a mixture of two stable isotopes 2C and '*C with an approximate "?C/"C ratio of

99:1, SCI composition of kerogene (insoluble organic matter in normal solvent) from which
hydrocarbons are generated is determined by a number of environmental properties such as
amospheric carbondioxide, water salinity, temperature and original living organisms. One
has to take these environmental properties into consideration during the evolution of SCL

SCI is initidly used as a bulk parameter for investigating correlations among oil, source
rock extracts and natural gases in early 1970's, Later on, evaluating the values of saturates,
aromatics, asphaltene fractions and kerogenes is found to be an overhelmingly great
advantage over the bulk SCI values in early 1980*5. Advantages are particularly obvious in
oil to ail and ail to source rock correlation studies.

In the past few years significant analytical advance has undoubtly been Gas-
Chromatograph}*- Isotope Ratio- Mass Spectrometry (GCIRMS) which provides SCI values
of individual components in petroleum, natural gases and source rock extracts. Individual
isotope values obtained with this tecnique will have a great deal more certanity in the study
of correlation among oil and natural gases and particularly maturity level determinations for
natural gas and to some extend to get an idea on depositional environmental conditions.

In this article, severa applications of SCI in the hydrocarbon exploration activities covering
the topics giyen above will be provided from the case studies taken from the worldwide as
well as from the Turkish basins.
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Tortoiliyen resifal kiregtasi seviyesinin ii¢ tip rezervuar modellemesis
Adana Baseni, gliney Tlirkiye

Haki NAZ', Ugur KARABAKIR’

* Tiirkiye Petrolleri A.O. Genel Miicl, Arama Grubu, Ankara,
" Tiirkiye Petrolleri A.O. Genel Miid., Aragtirma Grubu,Ankara,

Adana baseni Neojen yash klastik dolgulu bir basen olup karbonatlar sadece Alt Miyosen
ve Tortoniyen icinde mevcuttur, Tortoniyen karbonat seviyesi, Tortoniyen klastiklerinin ait
kesiminde, kalinlig1 20 metreye varan ve basenin sig self alaninda yayilim gosteren resifal
yigisimlardan Ibaretti.  Bu resifal birimin yeraltinda reservuar olabilme potansiyelini
aragtirmak igin jeolojik ve petrofizik veriler kullanilarak li¢ ayn tipte rezervuar modellemesi
(cokel, seviye ve akigkan-birim) yapilmuistir.

Jeolojik veri tizerine kurulan modellemede, biitliniiyle yiiksek diizey birim sisteminde
¢Okelen resifal istif icinde iki c¢Okel fasiyes rezervuar birimi (CFB-1 ve CFB-2)
tanimlanmustir. Bunlardan CFB-1 algal tanetasi ¢cokel dokusunda olup ince kesitlerde % 10
ile 30 arasinda degisen kristal arasi ve kalip boslugu tipinde goézeneklilige sahiptir. CFB-2
ise algal istiftagi/baglamtasi ¢okel dokusu gosterir ve yiliksek matriks orani (%50) diisiik
gozeneklilik (< %10) degerleri ile karakteristiktir,

Karot tapa gozeneklilik ve gegirgenlik degerleri jeolojik veriler ile birlikte kullanilarak istif
5 ayn rezervuar seviyesine ayrilarak modellenmistir, Bunlardan I, III ve V. seviyeler
genelde ortak rezervuar karakteristiklerine sahiptirler; ortalama %28 gozeneklilik ve 22 md
gecirgenlik gosterirler. Bu seviyeler CFB-1 iginde yer alirlar, II. ve IV. rezervuar seviyeleri
Fse bagil olarak daha diisiik ortalama gozeneklilik (%21) ve gecirgenlik (2,6 md) degerleri
sergilerler, ve CFB-1 ve CFB-2 iginde yer alirlar.

Akis birim (flow unit) modeli insa etmek icin karot gozeneklilik ve gecirgenlik verilerinin
yaninda, 6 adet civa enjeksiyonu kapiler basing 6lgtimleri kullanilmistir. Asil olarak iki akis
birimi tanimlanmistir. FI akis birimi %28 ortalama gozeneklilise ve 18 md gecirgenlige
sahip olup iyi kalitede akig birimi rezervuaridir. Esik basinci 24 ile 55 psia arasinda, kalici
islatimh faz doymuslugu ise %?24-34 arasinda degisir. Bosluk bogazi c¢aplari 10 jim
kiigiiktiir, 2 \um kiigiik caplar toplam bosluk bogazi ¢cap dagiliminin % 62 sini olusturur. FI
akig birimi I, ve I1I. rezervuar seviyelerinde egemendir. Olasilikla V, rezervuar seviyesini de
temsil etmektedir ve cogunlukla CFB-Te karsilik gelirler. Degisik gecirgenlik degerleri
(0.77-32 md) gosteren F2 rezervuar birimi %16-27 arasinda gozeneklilige sahiptir. F2
birimine gore, disiik esik basinct (6-9 psia) degerleri gosterirler, Kahci islatimli faz
doymuslugu oldukga yiiksek olup %64-72 arasindadir. Bosluk bogazi caplan degiskendir ve
en kiiciik degerlerden 36 \xm kadar ¢ikan bir ¢ap spektrumu icinde dagilim gosterirler. F2
rezervuar birimi II. ve IV, seviyeler icinde yer alirlar, ve cogunlukla CFB-2'ye karsilik
gelirler. F2 birimi istifin biitiinlinde ince seviyeler olarak da mevcuttur.
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Three type reservoir modelling for Tortonian reefd Ilmeﬂone in Adana
Basin, south Turkey

The Neogene Adana Basin is a clagtic filled basin and contains carbonates in the early
Miocene and Tortonian sections, In the very lower part of Tortonian, 20 m-thick reef
mounds are present across the peripheral part of the basin. On the geological and
petrophysical basis, the reef mounds are studied in the subsurface in an attempt to develop
depositional, layer and flow-unit models.

On the geologica basis, mainly two depositional units (DU-1 and DU-2) are defined in the
reefal sequence formed during the highstand. DU-1 consists of algal grainstone with 10 to
30 % thin-section moldic and Ltererystalline porosities, DU-2 shows agd
packstone/boundstone texture with high micritic matrix (up to 50 %) and lower porosity
values (<10%) characteristic fortheDU-2.

Combining the geological data with core-plug porosity and permeability, five-layer units are
delineated in the sequence. Layer I, |1l and V have equivaent average porosity of 28 % and
22 md of permeability, and are contained in the DU-1. The porosity and permeability values
in the Layer Il and IV are, however, relatively low and averaging around 21 % and 2.6 md.
Layer Il and IV are in the DU-I and DU-II respectively.

The properties used to derive flow units are the core-plug porosity and permeability, and 6
mercury-injection capillary pressure measurements. Two flow units (FI and F2) are mainly
defined, Flow-Unit FI has a porosity of 28 % and 18 md permeability, and displays good
flow unit characteristics. Threshold pressure is between 24 and 55 psia, Trapped wetting
phase saturation is in the range of 22»34 %. Pore-throat diameters are smaller than 10 um;
less than 2 urn size makes up 62 % of the total pore-throat size population. The Fl tends to
dominate in the Layer | and Ill, and more likely in the Layer V. It mainly corresponds to
DU-1. Flow-Unit F2 with varying permeability (0,77 to 32 md) has porosity between 16 and
27 %. It relatively shows very low (6 to 9 psia) threshold pressure, The trapped wetting
phase saturation is fairly high ranging between 64 and 72 %. Pore-throat diameters are
variable; small and relatively large measurements are widespread in a spectrum of O to 36
urn and the diameters less than 2 urn form 37 to 52 % of the total pore-throat size
populatlon The F2 is contained within the Layer Il and IV and more often corresponds to
DU-2. This unit also exists as thin layer throughout the sequence.
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Giuriin (Sivas) giineybatisinda Jura-Kretase birimlerinin organik
olgunlagmalarinin incelenmesi

Mehmet ALTUNSOY', ilker SENGULER’, Orhan OZCELIK'

:Cumhufiyet Universitesi Jeoloji Miihendisligi Béliimii, Sivas
"M, T,A. Genel Miidiirliigii, Ankara

Bu calismanin amaci, Giiriin (Sivas) giineybatisinda yer alan Jura - Kretase yasl birimlerin
organik olgunlagmalarini organik jeokimyasal yontemlerle incelemektir,

Jura - Kretase yagh birimler genel olarak kirectaglarmdan olugmusglardir. Fakat bazi
duizeylerinde dolomitik ve Kkilli kiregtaglarina da rastlanilmaktadir, Kirectaslar orta ve kalin
katmanh, krem, beyaz, gri ve kahverenkli, cogunlukla mikrit fasiyesinde, yer yer de pelletli
istiftagt, stromatolitli ve foraminifprli vaketas: seklinde g¢Okelmistir. Bunlarm kalinliklart
1700 - 2700 m arasinda degismektedir. Birimin orta diizeylerinde kirik ve catlaklara
yerlesmis asfalt izleri goriilmektedir,

Bu birimlerde toplam organik karbon igerigi ortalamasi % 0,42 dir. Egemen organik madde
tiirii olarak amorf organik maddeler bulunmaktadir. Hidrojen indeksi degerleri ise 445
mgHC/gTOC'ye kadar ulasmaktadir, Vitrinit yansimasi degeri, ortalama % 0.61, Tmax
degeri ise 416-436°C arasindadir. Spor renk indisi kahverengi ve kirmizi renkleri
gostermektedir, Bu sonuglar incelenen birimlerin bazi diizeylerinde yeterli organik
olgunlagsma oldugunu ve petrol olugabilecegini gosterir.

Incelemesi yapilan kirectaglart bol miktarda stilolitik yapiya sahiptir. Stilolitler icinde
gorlilen koyu renkli maddeler ise organik kalintilar, pirit ve ¢oziilemeyen minerallerden
olugmaktadir. Organik karbon / sedimantasyon iligkisi ortamsal o6zelliklerin
karsilagtirlmasinda  kullanilmaktadir,  Yiiksek lretkenlige sahip alanlar yiiksek
sedimantasyon orani ve toplam organik karbon orani ile karakteristiktirler. Organik karbon /
sedimantasyon iligkisine gore organik maddeler kismen oksik kismen de anoksik ortamda
¢okelm islerdir.

Organic maturation of the Jurassic-Cretaceous units, southwest Gurtin
(Sivas)

The aim of this study is to determine the organic maturation of the Jurassic - Cretaceous
units by organic geochemical methods in the southwest of Giiriin (Sivas),

Jurassic - Cretaceous units are mainly represented by limestones. However, some levels of
this units contain dolomitic and clayey limestones. The limestones are medium to thick
bedded, cream - white - gray and brown in color, generally in micritic faciés™ sometimes
deposited in pellets grainstone, sfromatolites and foraminiferous wackestone in some places.
The thickness of these limestones are ranging from 1700 to 2700 m. There are asphalt track
in the crack and fracture in medium levels of the units.
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These units have a mean value of 0.42 % of total organic carbon. Organic matters are
composed predominantly of amorphous organic matter. Hydrogen index values reach up to
445 mgHC/gTOC . The mean vitrinite reflectance value is 0.61 and Tmax ranges between
416 - 436 °C Spore color index represent brown and red color. By evaluating these data, the
Jurassic - Cretaceous units are regarded as mature source rock for petroleum at some levels.

The investigated limestones have a number of stylalithic structure. Dark colored matters in
styilolite composed of organic residual, pyrite and insoluble minerals. The organic caiton /
sedimentation rate relationship was used to compare environmental characteristics. High
productivity areas are characterized by high sedimentation and high total organic carbon.
According to the organic carbon / sedimentation rate relationship, organic meatters in
investigated limestones deposited in both oxic and anoxie environments.
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Gilineydogu Anadolu Bindirme ve Kiviim Kusagi oneyindeki yapisal
kapan modellerinin sismik tanimlar1 ve hidrokarbon aramaciligmdaki
onemi: Kusagin bat1 bolimiinden bir ornek, Turkiye

Metin KORUCU
Tiirkiye Petrolleri Anonim Ortakligi (TPAO), Ankara, Tiirkiye.

Prekambiriyenden glinlimiize kadar stratigrafik istif bulunan Giineydogu Anadolu Bindirme
ve Kivrim Kusaginda ve foreland basenlerinde 196011 yillardan beri arama c¢alismalari
yapilmaktadir. Bolge Paleozoyik tektonigi gecirmis olmasina ragmen, kivrim-bindirme
yapilart Kretase ve Miyosen sikigma tektonigi sirasinda olusmustur. Kusakta, Miyosen
sonrasi Indentation tektonigine maruz kalmasi sonucunda bolgesel Olcekli yanal atiml
faylar gelismistir.

Bindirme kusagi yaklasik olarak dogu-bati yonlii uzanmakta olup Ui¢ ana zona ayrilmaktadir;
Kuzeydeki karmagik naplar ve overthrust zonu, Kusak onii imbrike zonu. Giineydeki
foreland basenleri ve yapilart. Caligma sirasinda, Kusagin bati boliimiinde Adiyaman-
Diyarbakir arasinda, kuzey-gliney ve dogu-bati yonlii bircok sismik kesit incelenmistir,
Kuzey-giiney hatlar, kusak 6nii imbrike zonundan foreland yapilarina kadar uzanmaktadir
ve Kretase ve Miyosen detachment yiizeyleri tariflenebilmektedir. Dogu-Bati yonlii hatlar
ise, Kretasede kivrimlanan tabakalarin yirtilma faylan ile parcalandigini ve bu faylardan
bazilarinin Miyosen doneminde yeniden aktiflestigini gostermektedir. Miyosen detachment
ylzeyi Kretaseninkinden yapisal olarak daha yiiksekte olup genelde Miyosen bindirmeleri
daha dik rarnp'lere ve daha yiiksek atimlara sah iptir. Kretase ve Miyosen yapilari, bazilar
yiizeylemis olan Miyosen sonrasi yanal atimli fay sistemleriyle parcalanmustir,

Bindirme ve kivrim kusagi Siluriyen ve Kretase olmak tuzere iki ana petrol sistemini
icermektedir. En erken petrol tirimii Kretase sonunda gerceklesmistir. Bu nedenle, en
onemli yapisal kapanlar aymi yasta karbonat rezervuarlarina sahip Kretase yapilaridir, Bu
doneme ait dubleksler ve imbrike yapilan olarak tariflenen yapisal kapanlarda petrol
kesifleri yapilmis olup halen iiretime devam edilmektedir.

Seismic expression of structural traps and their importance in
hydrocarbon exploration in Frontal Fold and Thrust Belt* examples
from the western part of the belt, Turkey,

The Southeast Anatolian Fold and Thrust Belt and its foreland basins, which have been
explored for oil since the 1960% exhibit a continuous sedimentary succession from
Precambrian to recent. Although the southeast Anatolia experienced Paleozoic tectonism,
the fold-thrust belt structures were formed during the Cretaceous and Miocene
compressional tectonics, The belt has also been effected by the post-Miocene indentation
tectonics, which formed the major strike-slip faults of the region.
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The thrust belt trends approximately east-west and is divided into three major zoness
complex nappes and overthrust zone (the hinterland) to the north, e frontal imbricate zone,
and the foreland basins and structures to the south, We have examined many north-south
and east-west trending seismic reflection profiles in western part of the fold-thrust belt
between the towns of Adiyaman and Diyarbakir, The north-south profiles extend from the
frontal imbricate thrusts of the belt to the north, into the foreland structures to the south, and
may show a Cretaceous and a Miocene detachment surfaces. The east«west profiles suggest
that the Cretaceous folded strata were displaced by the tear faults, some of which may have
been reactivated during the Miocene. The Miocene detachment is structurally higher than
Cretaceous detachment. In general, the Miocene thrusts have steeper ramps and larger
throws than the Cretaceous thrusts, Both Cretaceous and Miocene structures have been
displaced by post-Miocene strike-slip faults some of which are exposed at the surface.

The fold-thrust belt contains two main petroleum systems; the Silurian and Cretaceous. The
earliest oil generation started toward the end of the Cretaceous. Therefore the most
favorable structural traps are found in the Cretaceous structures, which contain the
Cretaceous carbonate rocks as reservoirs, Recently producing fields were discovered in
these structural traps which are defined as dublexes and imbricates,

66








