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Articleinfo Abstract
Original: 6 January Eight rock samples from the Dokan and Gul formations in one subsurface sectior
2016 Kirkuk-130 Well in Northern Iraq were chosen to be studigtically and analytically ti
Revised: 9 July 2016 . . . .
Accepted: 16 October determine the sour- rock properties of the both rock units. The studiathples showe
2016 richness in amorphous organic matwith generally low percentages for other orge
Published online: 20 matter components. Three palynofacies were disishgd representing proxim
March 2017 suboxicanoxic shelf and she to —basin transition for the Dokan Format, whereas a
distal suboxi-anoxic basin appeared te the paleodepositional environment for
Key Words: Dokan Gulneri FormatiorThe Dokan Formation appeamsbe poor to fair, wheredhe Gulneri
Gulneri Formation showed very good to excellent richnessrganic matter as measurfrom
Kirkuk Oil Field total organic arbon (TOC) contents. The Rockval Pyrolysis data for the studi
Egg‘ij;r?l Pyrolysis formations showed that the quality of organic nraitethe Dokan Formation is most

type lI/lll kerogen, whereas in the Gulneri Forroatiit is mostly type | kerogel
Thermal maturity idicators, as observed from pyrolysis parameterdjcéie ar
immature state for both studied formations. Accogdl, it is concluded that the Dok
and Gulneri formations did not contribute to getiagathe accumulated oil in tt
Kirkuk Field.

Introduction

The supergiant Kirkukoil Fielcomprise three domes that NW-SE, they atwou 100 km in length and
three to four km in width. Thstructur« generally compriseslangitudinal asymmetrical anticline consisti
of three domes, namelaba, Avanah and Khurmala. These three domes pezated by two saddles
Amsha and Dibaga. The two main domes (Baba anmah) are located in Kirkuk while the third ¢
(Khurmala) is located in Arbil.

The oil produced by the field is 37° API, 2 wt% Sugr crude, from a main limestone reservoir of
upper Eocenedligocene age and the Shirar-Qamchugaeservoir from the Cretaceous . (NOC, 1994)
It is well known that the effectiveource rock in the region belongs to the middiec upper Jurassic Sequen
ce (Sargelu, Naokelekan, Barsarine and Chia Garaatmons). Different authors have proved thuring
their evaluations of the aforementioned formatiogither in the Kirkuk area or areas near Kirkuk-
Beyati, 1998; Najaf, 2001; Abdula, 2010; Mustafa, 2009; Mohialdeen et al., 2013; Saced, 2014, Fatah, 2014,
Abdula, 2015, Mohialdeen and Hakimi,15, Fatah and Mohialdin , 2016).

In this work, an attempt is made to evaluate th&aboand Gulneri formations in Well-130 in the
Kirkuk Oil Field, from a hydrocarbons potential pbof view, to confirm their contribution to genérag oll
accumudted in the Cretaceous and Tertiary reservoirsarfield
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Materialsand Methodology:

Eight core samples totalling 20m in thickn&esn the Dokan and Gulneri formations in well K-1&@re
selected to be studied optically and analytically.

The method of Brass and Williams, 1973 fokolwvith some modification for preparing palynotmji
slides using 10% HCI for 24 hours then washinglisyilled water then adding concentrate HCL for w@ho
24 hours and then washing 5 times by distilled wtten adding concentrate HF acid for 48 hours the
washing 5 times by distilled water then sievingésting) by nylon mesh 10p and finally staining and
making slides in geochemical laboratory in in gggldepartment .The prepared palynological slidesewe
examined using transmitted light microscopy to tdgrifferent organic matter components and deteem
palynofacies.

Five samples from the aforementioned eightptesnwere sent tRobertson Geo lab Nor As Norway
to be analyzed by means of Rock- Eval pyrolysiddtermine the TOC% and different parameters rekated
potentiality and maturity of organic matter in gtadied samples.

L ocation of the study area:

The selected section for this study is locdtetiveen depths of 1,191 and 1,171 m within well30-in
the Kirkuk Oil Field (Figure: 1). The UTM coordirest of the well are 442 686.22 E and 3929 449.78 N i
the southern part of the Kirkuk structure on thb@dome.
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Figure-1: Map of well k-130 within the Kirkuk Oili€d Kurdistan Region , Northern Iraqg.
Dokan Formation:

The Dokan Limestone Formation was first désatiby Lancaster and Jones in 1957 (Bellen et 269).
The type locality is at the site of the Dokan danthie High Folded Zone of NE Irag. It comprises éfrtight
grey and white oligosteginal limestone, locallybld) with glauconitic coatings of pebble-like masébid.).
Fracture systems in the Dokan Formation produckh dhe Baba dome (Kirkuk) and Bai Hassan and gas
from the Jambour Field (Dunnington, 1967a as ditefigrawi et al., 2010). In the subsurface the Btoae
it is dark grey and often argillaceous. The foromatthickens to the southwest, reaching 150m in the
Chemchemal wells. Further west it is 5-30 m thitkhie Kirkuk, Bai Hassan, Demir Dagh and Q@raigh
areas (Jassim and Buday, 2006). The Dokan Formatiahe studied well is 10.5 m thick pale grey
Limestone (Figure:2).

Jassim and Buday (2006) stated that the Hakésdormation is glauconitic at Dokan but congleratic at
Bai Hassan. The Dokan Formation runs eastwardsti@oupper part of the Pelagic Balambo Formation
(Figure: 3)
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Note: & selected samples for pyrolysis and TOC analysis
Figure-3: Latest Albian-Early Turonain paleogeodmapf Iraq (after Agrawi et al. , 2010).

Gulneri Formation:

The Gulneri Formation was first recognized dadcribed by Lancaster and Jones in 1957 in tne $gpe
locality of the previously mentioned Dokan Format{gite of the Dokan Dam), as mentioned by Belleal.e
(1959). The formation in its type locality consigib about 2 m of black, bituminous, finely lamindte
calcareous, shale with some glauconite and collopha the lower part. The high bitumen content and
dwarfed fossils indicate that the formation wasadiied in an euxinic environmeflassim and Buday,
2006). The lithology of the formation in the stedisection is dark grey to black shale with a théds of
about 9.5 m. (Figure:2).

Results and Discussion
Optical study:

An optical examination using transmitted lighicroscopy revealed the richness of the sampldstaeir
amorphous organic matter (AOM) with smaller quéagiof palynomorphs and phytoclasts (equidimensiona
and blade shapes). The identified palynomorphslynoshsisted of spores. (Figure: 4 A) Dependinglan
percentages of the aforementioned organic mattmpooents, the following palynofacies were recoghize
(Table 1). (Figure: 4 B, C, and D) and (Figure: 5)

Palynofacies 1 (P.F.1)

This palynofacies comprises the lowermost pathe Dokan Formation between approximate depths
1,189.9 and 1,189 m (Figures: 4 B and 5), andial¢be upper part of the formation between apprakem
depths of 1,184.9 and 1,180.5 m. This palynofasieharacterized by smaller amounts of palynomanuh
some phytoclasts and more AOM and is lithologicatiynposed of pale grey limestone

Table- 1: Percentages of organic- matter componaerite studied area

Formation Depth (m) Phytstks % Palynomorph % A.O.M. %
Equidimentional | Blade

Gulneri 1174.6 9 1 0 90

Gulneri 1177.7 3 1 1 95
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Dokan 1181.1 5 6 1 88
Dokan 1182.6 5 2 5 88
Dokan 1184.4 5 6 2 87
Dokan 1185.9 25 20 3 52
Dokan 1188.1 25 20 9 46
Dokan 1189.9 0 15 5 80

Palynofacies 2 (P.F. 2)

This palynofacies has been observed withinntigdle part of the Dokan Formation between depths
1,189 and 1,184.9 m (Figures: 4 C and 5). Thisrudhcies is characterized by decreasing AOM with an
obvious increase in phytoclasts. Relatively highrceetages of palynomorphs were observed in this
palynofacies within the whole studied section. Hearly 45% of phytoclasts appeared to consist afileq
quantities of both equidimensional and blade shdp#wlogically, this palynofacies is composed nigiof
pale grey Limestone.

Palynofacies 3 (P.F.3)

This palynofacies can be seen in the Gulnemn&tion between depths of 1,180.5 and 1,171 nmoétgh
this palynofacies is very similar to P.F.1 regagdits organic matter component percentages, thiégr din
their lithologies (Figures: 4D and 5).The lithologfythis palynofacies is composed mainly of dar&lsh

Figure-4: Photomicrograph of Sedimentary organittenaonstituent , magnification: 100x .(A) spore
present in in the organic matter, depth 1181.1akab formation ,(B) P.F.1, depth 1181.1m, Dokan
Formation, (C) P.F.2 , depth 1188.1m, Dokan Formation and( .3 depth 1177.7m, Gulneri Formation.
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Figure-5: Distribution of different types of organmatter within the studied samples ,well k-130rkkk Oil Field,
Kirkuk, Kurdistan , N Iraq.

The locations of the three recognized palytiefaon the ternary diagram of phytoclasts, palyorpims
and AOM, as proposed by Tyson (1995), are show(Figure-6). As can be observed from the ternary
diagram, P.F.1 and P.F.3 are both located in fi¥ldwhich is known to be distal suboxic-anoxic basin.
According to Tyson (1995), this field is characted by AOM: dominated by assemblages, a low abusdan
of palynomorphspartly due to masking; frequently alginate, with a riceeg basin or stratified shelf sea
deposits, especially a sediment-starved basinfi€likis also characterized by kerogen type lland highly
oil-prone organic matter.

On the other hand, P.F.2, located in fieldo¥the ternary diagram (Figure: 6), which is knotenbe a
proximal suboxic-anoxic shelf, characterized by high AOM preservation due to redubasin conditions,
has an absolute phytoclast content which may besmatel to high due to turbiditic input and/or itsgel
proximity to source. This field is also charactedzby kerogen type Il oil-prone organic matter @rys
1995).

Phytoclast
] 100

100
Palynomorphs

Figure-6: APP Ternary diagram after (Tyson, 199%) the location of studied samples.

TOC and Rock-Eval Pyrolysisdata:

The results of the Rock-Eval analysis forfiie samples from the two formations are listed @ble 2. It
has been noticed that Dokan Formation has a généraler TOC content than the Gulneri FormationeTh
highest TOC content was 4.14%, which was recordea @epth of 1,177.7m in the Gulneri Formation,
whereas the lowest TOC content was about 0.27%hnhés recorded at a depth of 1,182.6m in the Dokan
Formation (Table 2)Generally, the average TOC content of the DokarmBtion appeared to be about

95



JZS (2017) 19 — 1 (Part-A)

0.45%, and for the Gulneri Formation it was abou#43. Accordingly, the TOC in the Dokan Formation
can be considered poor according to the classiicatf Leckie et al. (1988), whereas the TOC conitetthe
Gulneri Formation can be considered very good émregating hydrocarbons.

Table-2: Rock — Eval data for the pyrolyzed samfii@s the Dokan and Gulneri formations in K-130 el
Formation| Depth | TOC | S1 S2 S3 Tmax| HI Ol PI GP Bl

(m) wt% | mg/g| mg/g | mg/g| C° HC/TOC | HC/TOC | (S1/S1+S2) (S1+S2)| (S1/TOC)

Gulneri 11746 3.34 1.89 26.39 0.66 427 790 20 0.07 28.86 .56 0
Gulneri 1177.7 4.14 259 33.77 085 428 816 21 0.07 36.36 .62 0
Dokan 1181.1 0.50 0.67 244 052 422 488 104 0.22 3.11 34 1.
Dokan 1182.6 0.27 0.18 088 0.38 426 326 141 0.17 1.06 66 0.
Dokan 1189.9 0.59 040 236 044 426 400 75 0.14 276 706

TOC% = Total Organic Carbon Percentage

S1=is milligram of hydrocarbon that distilled theriiyefrom one gram of the rock (mg HC/ g rock)

S2=is milligram of residual hydrocarbons per onengiaf rock (mg HC/ g rock)

S3=is milligram of CO2 per one gram of rock (mg C@2dck)

Tmax =is the oven temperature that correspondsetariiximum rate of BSpeak

PI. Also known as a transformation ratio, is reprged the amount of free hydrocarbon fractions & the genetic
potential (S1+S2).

GP: Is a semi-quantitative index that correspondbé total amount of free hydrocarbon S1 and pgislhydrocarbon
S2.

BIl: sometimes called Migration Index (S1/TOC %)tddetermine the depth at which a source rockrizetgi expel oil.

A cross-plot of hydrogen index (HI) versus oxygedex (Ol)(Figure: 7) shows the dominance of kerogen
type II/lll for the Dokan Formation and mostly typéor the Gulneri Formation. This difference inrkgen
type between the two formations is an indicatiortraf variation in their environments (the depositio
environment of the Gulneri Formation appears t@éeper than that of the Dokan Formation). Baban and
Sarraj, (2007) studied the paleodepositional enwrent of the Dokan and Gulneri formations in Kz-12;

50 and Tg-1 wells and they also used the ternamgram of Tyson (1995) and concluded that the
paleodepositional environment of Dokan Formatiors wetal suboxic —anoxic basin in (Kz-12 and Tg-1)
wells, distal dysoxic- anoxic shelf and partly distdysoxic- oxic shelf in (Ja-50) well , while the
paleodepositional environment of the Gulneri Foiamatvas mainly distal suboxic —anoxic basin in{kz
and Ja-50) well while Tg-1 well was proximal sulmxanoxic shelf) Accordingly, the difference i©T
richness between the two formations can be intergras better preservation conditions for the dogan
matter within the deeper depositional environmérthe Gulneri Formation. A cross-plot of HI vershimax
(Figure: 8) clearly shows the thermally immaturedition of all the analyzed samples from eitherirthe
Tmax records or their equivalent vitrinite refleata (% Ro). It is well known that organic matterleds
than 435 C° Tmax or less than 0.3% Ro is genecalhsidered to be immature organic matter. (Ibrahsnb
and Reidiger, 2004; Mohialdeen et al, 2013)
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Figure-7: Ol versus HI cross-plehows different types of kerogen and location efgtudied samples from Dokan and
Gulneri formations, well k-130, Kurdistan, N Irag.
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A plot of the transformation ratior production index (TR or PI, whidh the ratio of the petroleum, oil plus
gas, actually formed by kerogen to the genetic mi@h versus Tax (Figure: 9) also supports the
immaturity of the samples as mature organic matteuld show a TR higher than 0.2 (Espitalie et al.,
1977). The sample from a depth of 1181.1m fromDibkan Formation whose TR was equal to 0.22 was not
considered to be a mature sample as it failed milstained or contaminated field of the cross;alotl that
was mostly due to its lownTax
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Figure-9: TR versusmax (Espitalie et al., 1977) and locations of the Eddample.
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Figure-10: Depth versusnax cross-plot (English et al, 2004) and locationtofiied samples.

As the studied section has no great thickrtbsse is no great difference in their depthsrefare, no obvious
difference was observed in their maturity (Figur@)

A diagram of TOC versus Genetic Potential G#hich represents the amount of petroleum (odl gas) that
the kerogen is able to generate) (Figure: 11) shawsery clear difference between the Dokan and &uln
Formations regarding their future ability to generaydrocarbons. The GP is a factor which deperalalynon the
organic matter richness of the rock, the Gulnenintadion rich in organic matter shows very good xceflent
potential for hydrocarbons generation (in a futoraturity condition), whereas the Dokan Formatione do its
poor organic matter content, shows poor potentialgenerating hydrocarbons at the present time,eard after
maturation.
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The relationship between TOC and S2 (Figure: 1Bp ahows very good to excellent potential for Ganeri
Formation in comparison to the poor to fair potanf the Dokan Formation.
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Figure-12: TOC% and S2 cross-plot after (Ghori,@0nd location of the studied samples.

Conclusions:
The main conclusions of this study can be summaidzasfollows:

Depending on the percentages of organic matter ooemgs, the Dokan Formation can be
subdivided into two palynofacies, but the Gulneration only has one.

Both P.F.1 and P.F.3 represent a distal suboxigiarmasin, whereas P.F.2 represents a proximal
suboxic-anoxic shelf.

From a richness of organic matter point of vieve, Bbokan Formation can be considered as poor-to-
fair source rock, whereas the Gulneri Formation lmaronsidered as very good to excellent source
rock.

As for the kerogen type, the Dokan Formation appéarcontain kerogen type Il/1ll (oil and gas
prone), whereas the Gulneri Formation appears tadsly type | kerogen (oil prone).

Both the Dokan and Gulneri formations in the stddieea are thermally immature, so they did not
contribute the accumulated oil in nearby reservoirs

The Gulneri Formation in the studied area can lmesidered to be potential source rock, as it
contains an acceptable quantity of organic matiesoairce rock but has low thermal maturity.
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