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Abstract. Palynofacies analysis of 38 rock samples of the Late Oxfordian-
Early Kimmeridgian Naokelekan Formation from two exploratory wells and
two outcrops in northern Iraq was performed. All samples taken from
outcrops in Duhok and Sulaymaniyah provinces and well Bj-1 in northern
Iraq were classified as palynofacies Type I (PF-1), which comprises mainly
amorphous organic matter (AOM). The samples were deposited in a distal
suboxic-anoxic basin and their organic matter (OM) is considered as Type II
kerogen. Samples from well Jk-1 were interpreted as palynofacies Type Il
(PF-2) having mixed AOM and phytoclasts. These samples were deposited in
a distal dysoxic-anoxic shelf basin and their organic matter is classified as
Type II kerogen.

Keywords: palynofacies analysis, Naokelen Formation, amorphous organic
matter, phytoclasts.

1. Introduction

The Naokelekan Formation, the type section of which is located 500 m from
Naokelekan village in Rawnduz district of northern Iraq, was first described
by Wetzel and Morton [1].

The Late Oxfordian-Early Kimmeridgian Naokelekan Formation com-
prises black bituminous dolomite and fossiliferous limestone, interbedded
bituminous shale and fine-grained limestone and laminated bituminous lime-
stone. It crops out at Duhok Naokelekan, Barsarine and Sulaymaniyah
provinces. In addition, the Naokelekan Formation has been described in
some of the oil wells in northern Iraq.

Palynofacies analysis has been widely used in petroleum geology for
determining the origin of organic matter (OM) in sedimentary rocks to
identify the composition and abundance of its different types, as well as the
deposition of source rocks [2].
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With this study, it is aimed to better understand the paleoenvironment and
depositional conditions of the Naokelekan Formation, one of the source
rocks for the oil reservoirs in Iraq, sampled from two oil wells and two out-
crops in northern Iraq.

2. Study area

The current study focuses on two surface outcrops of the Naokelekan
Formation and two wells in northern Iraq (Fig. 1). Both outcrop sections are
located in the High Folded Zone; the Sargelu area is in Sargelu village near
Surdash town (latitude: 35° 52’ 44” N and longitude: 45° 09’ 25" E) and the
Banic area is about 500 m from Banic village in Duhok province (latitude:
37° 13’ 33.4" N and longitude: 42° 58' 2.6" E). The locations of the sampled
oil wells are: (i) Jk-1 at Jabal Kand village (latitude: 40°.59'.488" N and
longitude: 32°.36’.62" E) and (i) Bj-1 at Bijii village (latitude:
38°.5132".981" N and longitude: 34°.8078".747" E).
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Fig. 1. Location map of the sampling sites in northern Iraq.

3. Geological setting

The study area is located in the northwestern part of the Zagros fold-thrust
belt in northeastern Iraq, which represents the deformed northeastern margin



320 Jan Isamel and Hiikmii Orhan

of the Arabian plate. Tectonically, Iraq lies in the border area between the
Arabian part of the African (Nubio-Arabian) Platform and the Asian
branches of the Alpine geosyncline. The platform of Iraqi territory is divided
into two basic units: the Stable Shelf and the Unstable Shelf. The Stable
Shelf is characterized by a reduced thickness of sedimentary cover and
the lack of folding. The Unstable Shelf has a thick and folded sedimentary
cover [3].

Stratigraphically, the High Folded and Balambo-Tanjero Zones are
characterized by a condensed thin sedimentary euxinic succession
characteristic of the lower part (Naokelekan Formation), and a lagoonal
evaporitic succession typical of the upper part (Barsarin Formation). This
caused the researchers to assume that there was a tectonic ridge present in
northern Iraq, which isolated this region from the country’s southern part [4].

In northern Iraq, the Naokelekan Formation has outcrops in Duhok
and Sulaymaniyah provinces. The Late Oxfordian-Early Kimmeridgian
Naokelekan Formation comprises black bituminous dolomite and fossiliferous
limestone, with thin bedded bituminous shale interbeds in the bottom part, and
interbedded bituminous shale fine-grained limestone and laminated
bituminous limestone in the upper part (Fig. 2a—). In the outcrop the

(©) (d)

Fig. 2. Pictures of outcrops in the Naokelekan Formation: a) mottled fossiliferous
limestone lithofacies in the upper part of the formation (core Surdash anticline); b)
general view of the formation (core Surdash anticline); c) lower part of the
formation in the Banic area; d) general view of the formation in the Banic area.
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formation can be distinguished by its upper part which is composed of
mottled limestone lithofacies (Fig. 2d).

The Naokelekan Formation crops out in the High Folded Zone in the
Banic area and is exposed within the Surdash anticline near Sargelu village
in the Sargelu area.

The Naokelekan Formation overlies the Callovian-Toarcian Sargelu
Formation and conformably underlies the Late Oxfordian-Kimmeridgian
Barsarine Formation (Fig. 3). In the formation, Hibolites semihastatus
(Blainville), Kurnubia palestiniensis Henson, Ammobaculites sp.,
Textulariidae, Nautiloculina oolithica Mohler, Protoglobigerina sp., the
algae Cladocoropsis thaumatoporella sp., Cayeuxia doerflesiana, Cadosina
sp. Dasycladacea and Stromatoporoid shugraia heybrocki have been
defined, and the depositional environment has been interpreted as an euxinic
environment in a very slightly or subsiding or starved basin [5].

4. Materials and methods

A total of 38 samples were collected from the Late Oxfordian-Early
Kimmeridgian Naokelekan Formation, 17 samples from well cuttings
(11 samples from well Bj-1 and 6 from well Jk) and 21 samples from
two outcrops (18 samples from the Sargelu area, 3 samples from the Banic
area).

Slides for palynofacies analysis were prepared at the Geology Depart-
ment, Faculty of Science, Mansoura University, Egypt by following the
standard preparation techniques. Significant variations in palynofacies
character can only be assessed by a proper counting and analysis of
the numerical data [6]. In order to quantify the relative amount of
particulate organic matter, at least 200 particles larger than 10 pm were
counted in each sample [2]. The counting was carried out under 40x
magnification.

The different categories of total particulate organic matter defined in the
samples, as well as their biological sources, constituents and kerogen type
are presented in Table 1. The main organic constituents are illustrated in
Plates I and II. The relative frequencies of occurrence (%) of palynomorphs,
phytoclasts and amorphous organic matter (AOM) counted on a total of 200
particles are given Tables 2 and 3.
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Fig. 3. Lithostratigraphic column of the Jurassic-Cretaceous formations studied [5].
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Table 1. Categories of total particulate organic matter defined in the samples
from the Naokelekan Formation, northern Iraq, and their biological sources,
constituents and kerogen type (modified from [6])

Category Biological source Constituent Pure kerogen type
Scolecodonts I
Zoomorphs .. .
Foraminiferal linings Gas-prone
Palynomorphs -
Organic-walled Dinocysts II
phytoplankton Y Oil-prone
Cor‘ccel;tltcilzues 1
Phytoclasts I(;/é%g:phyte plant Wood Gas-prone
Charcoal v
Inert
Organic aggregates and 11
AOM Phytoplankton fecal pellets Oil-prone

AOM - amorphous organic matter.

4.1. Definition and classification of palynofacies

The term “palynofacies” was first introduced by Combaz [7] to include all
types of acid-resistant organic matter retrieved from a sediment or sedi-
mentary rock by palynological processing techniques. The composition and
occurrence of OM in sedimentary rocks reflect most of the variables that
affect the terrestrial or aquatic environments in which it was generated,
transported and deposited [8].

According to Tyson [2], the main objective of microscopic investigation
of palynofacies is to determine the origin, hydrocarbon-generating potential
and degree of thermal alteration of OM, the relative percentages and pre-
servation state of its different constituents, as well as the nature of the
depositional paleoenvironment and the oxidation-reduction conditions.

The three main groups of morphologic constituents recognized within the
kerogen assemblage are: palynomorphs (organic-walled constituents that
remain after maceration using HCI and HF acids), phytoclasts (fragments of
tissues derived from higher plants or fungi) and amorphous organic matter
(structureless material derived from non-fossilizing algae, or advanced tissue
biodegradation, phytoplankton or bacterially derived AOM, higher plants
resins and amorphous products of the diagenesis of macrophyte tissues) [2].

According to Thompson and Dembicki [9], four recurring types of
amorphous kerogen are optically identified in petroleum source rock samples
and are related to hydrocarbon-generating potential (defined here as geo-
chemically interpreted “oil-prone” or “gas-prone”). The different amorphous
kerogen types are distinguished on the basis of microscopic textural
differences. Type A contains chunky compact masses with mottled network
or weak polygonal textures, Type B is composed of very small, dense,
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elongate, oval or rounded individual grains, Type C consists of clumps with
granular, fragmented or globular textures, and Type D is composed of thin,
platy or rectangular individual grains.

Geochemically defined oil-prone samples generally contain types A
and/or D separately or combined, geochemically defined gas-prone samples
rarely contain Type A and vary in amounts of Types B, C and/or D.

Table 2. Distribution of the palynodebris and percentages of the different types
of organic matter in the samples from the Naokelekan Formation in Duhok
(Banic area) and Sulaymaniyah (Sargelu area) provinces, northern Iraq

Organic matter, %
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AOM - amorphous organic matter.
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Table 3. Distribution of the palynodebris and percentages of the different types
of organic matter in the samples from the Naokelekan Formation, wells
Bj-1and Jk-1, northern Iraq

Organic matter, %
. 2 5 . I
: = 15 g | 8 |z AN
2| € |2 g < 2 s g g
13| % |l 5| £ |2 |8 |2 |z
» | B a) » | < = 3 ~ < ~ &
1 2049 Shaly 55 38 7
2 2051 limestone 60 32 8
3 | — [ 2061 5 Shale 3 64 28 8
4 | = | 2069 ) A~ 64 31 5

S Shaly

5 2081 = lirnestone 71 34 5
6 2090 g 70 36 4
7 2392 5 - 91 5 4
9 2401 | 2| 8| 3 94 4 2
10 2403 | © | ¢ e 96 4 0
11| _ | 2404 5|~ _ 96 3 1
12 | .= | 2405 S i 98 2 0
13| % [ 2406 5 Shale &~ 99 1 0
14 2407 2 97 2 1
15 2408 — 97 2 1
16 2409 9 3 1
17 2411 96 2 2

AOM - amorphous organic matter.

5. Results and discussion

The data provided here is based on cuttings samples from hydrocarbon
exploration wells Bj-1 and Jk-1 and hand samples from Sargelu and Banic
areas (Figs. 4, 5, 6).

Based on the quantitative and qualitative variations in the kerogen
content and the distribution of amorphous organic matter vs phytoclasts and
palynomorphs, two main types of palynofacies linked to depositional paleo-
environmental variations are recognized and will be described below.

5.1. Palynofacies Type 1

Type 1 palynofacies (PF-1) was determined on the basis of the relatively
high proportion of organically formed amorphous organic matter, with a
very small proportion of plant forms and life forms.
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Fig. 5. APP ternary diagram for samples from wells Bj-1 and Jk-1 in Duhok (Banic
area) and Sulaymaniyah (Sargelu area) provinces [6].

The amorphous organic matter of 11 subsurface samples from the
Naokelekan Formation from well Bj-1 (Table 3), as well as of all 21 samples
from outcrops in Sulaymaniyah and Duhok provinces (Table 2) was defined
as Type 1 palynofacies.

In well Bj-1, this facies appeared clearly at depths between 2392 and
2411 m, achieving the highest percentage (99%) at a depth of 2406 m and
94% at a depth of 2401 m, with an average of 97% (Table 2). Classified as
Type A and Type D by Thompson and Dimbicki [9], the amorphous organic
matter in these facies is brown to reddish brown in color and was interpreted
as “oil-prone”. The amorphous organic matter of associated Types C and D
is dark brown in color and is gas-prone (Plate I, 3—4). The OM in this facies
was considered as Type Il kerogen [9].
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Fig. 6. APP ternary diagram for samples from wells Bj-1 and Jk-1 [6].

In the Sulaymaniyah province, 18 samples, one at each meter of the 18 m
thick Naokelekan Formation, were analyzed (Table 2). The AOM is repre-
sented by three types, from top to bottom: Type A, Type B and Type C [9].
The color of the three types varies from brown to dark brown (Plate I, 5-7).
The organic matter was classified mainly as Type II kerogen and, to a lesser
extent, as Type III kerogen.

In the Banic area, three samples were collected at 1, 3, 5 meters from the
7 m thick Naokelekan Formation (Table 2). The amorphous organic matter is
represented by yellowish-brown and oil-prone Type A, dark brown, oil- and
gas-prone Type B and Type C [9] (Plate I, 5). It comprises mainly Type II
kerogen with little Type III.

The section comprising phytoclasts within this facies appears in well Bj-1
at a depth of 2392 m as pieces of plant leaves (Plate II, 1) and at a depth of
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2403 m as pieces of plant (Plate II, 2). In the Sargelu area it appears at
13 meters from the base of the Naokelekan Formation as plant leaves
(Plate II, 3), and in the Banic area at 1 meter from the base as pieces of plant
leaves (Plate 11, 4).

The palynomorphs were determined within this facies in well Bj-1 at a
depth of 2393 m as caved material, spore and pollen (Plate II, 7), and at a
depth of 2401 m as fungal spore (Plate II, 8). In the Sargelu area, they were
observed at 7 meters from the base of the Naokelekan Formation as caved
material (Plate II, 9), as well as at 9 meters as dinoflagellate crystals
(Plate 11, 10).

5.2. Palynofacies Type 2

Type 2 palynofacies (PF-2) was distinguished from PF-1 by its high
proportion of plant forms. It was defined only in six samples from well Jk-1
(Table 4), at depths between 2049 and 2090 m, with the highest percentage
of AOM (64%) at a depth of 2069 m, and the lowest percentage (55%) at a
depth of 2049 m, with an average of 60%. The brown to reddish brown
amorphous organic matter was classified as Type A and Type B, according
to Thompson and Dembicki [9] (Plate I, 11-12).

The palynomorphs were determined within this facies in well Jk-1, with
the highest percentage of phytoclasts (38%) at a depth of 2049 m, and the
lowest percentage (28%) at a depth of 2061 m (Plate 11, 5-6, 11-12).

In this work, the ternary diagram introduced by Tyson [2] was used to
illustrate a clear distinction between amorphous organic matter, phytoclasts
and palynomorphs (APP). Tyson [2] used this diagram for characterizing the
kerogen assemblages and for discerning the differences in relative proximity
to terrestrial organic matter sources, kerogen transport paths and the redox
status of the depositional subenvironments that control AOM preservation.

The data plotted on the APP ternary diagram indicate two main types of
palynofacies (Figs. 5 and 6).

Palynofacies Type 1 is characterized by amorphous organic matter com-
prising resins and structured and unstructured AOM. The high percentage of
AOM resulted from good preservation rates and low-energy environments.
The preservation of AOM in the studied samples is indicative of dysoxic-
anoxic deposition conditions [6]. The samples of PF-1 from Duhok (Banic
area) and Sulaymaniyah (Sargelu area) provinces and well Bj-1 lie mainly in
the field IX on the APP diagram (Fig. 6) [6], which reflects a distal suboxic-
anoxic basin, and organic matter is also classified as Type II > I kerogen,
which is highly oil-prone [2].The samples of PF-2 from well Jk-1 are
scattered in the field VII on the APP diagram and are interpreted as having
been deposited in a distal dysoxic-anoxic shelf environment, and the organic
matter is classified as Type II kerogen, which is oil-prone [2] (Fig. 6,
Table 3).
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6. Conclusions

The Naokelekan Formation is one of the source rocks in northern Iraq. It is
represented by black bituminous dolomite and fossiliferous limestone, with
thin bedded bituminous shale interbeds in the bottom part and interbedded
bituminous shale fine-grained limestone and laminated bituminous limestone
in the upper part.

The palynofacies analysis of the Naokelekan Formation distinguishes two
distinct types of palynofacies — Palynofacies Type 1 (PF-1) and Palynofacies
Type 2 (PF-2).

PF-1 facies is characterized by a high proportion of amorphous organic
matter with some amount of phytoclasts and palynomorphs, which is con-
sidered as Type II kerogen. On the amorphous organic matter-phytoclasts-
palynomorphs diagram, the depositional environment of this facies is
interpreted as a distal suboxic-anoxic basin. PF-2 facies is represented by a
mixture of amorphous organic matter and phytoclasts, which is interpreted as
Type II kerogen. According to the amorphous organic matter-phytoclasts-
polymorphs diagram, this facies is deposited in a distal dysoxic-anoxic shelf
basin.
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Plate 1

Subfigures:

1 - AOM, well Bj-1, classified as Type-A palynofacies.

2 — AOM, well Bj-1, classified as Type D palynofacies.

3— AOM, well Bj-1, classified as Type B palynofacies.

4 — AOM, well Bj-1, classified as Type C palynofacies.

5— AOM, Sulaymaniyah province (Sargelu area), classified as Type A

palynofacies.

6 — AOM, Sulaymaniyah province (Sargelu area), classified as Type A
palynofacies.

7— AOM, Sulaymaniyah province (Sargelu area), classified as Type C
palynofacies.

8 — AOM, Duhok province (Banic area), classified as Type A palynofacies.
9 — AOM, Duhok province (Banic area), classified as Type C, palynofacies.
10 — AOM, Duhok province (Banic area), classified as Type B palynofacies.
11 — AOM, well Jk-1, classified as Type A palynofacies.
12 — AOM, well Jk-1, classified as Type B palynofacies.

The abbreviation used: AOM — amorphous organic matter.
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Plate 11

Subfigures:

1 — Phytoclast, well Bj-1, plant leaves at a depth of 2392 m.

2 — Phytoclast, well Bj-1, plant pieces at a depth of 2403 m.

3 — Phytoclast, Sulaymaniyah province (Sargelu area), plant leaves at a
depth of 13 m.

4 — Phytoclast, Duhok province (Banic area), plant leaves at a depth of 1 m.

5 — Phytoclast, well Jk-1, plant leaves.

6 — Phytoclast, well Jk-1, plant pieces.

7 — Palynomorph, well Bj-1, caved material at a depth of 2392 m.

8 — Palynomorph, well Bj-1, fungal spore at a depth of 2401 m.

9 — Palynomorph, Sulaymaniyah province (Sargelu area), caved material at
a depth of 7 m.

10 — Palynomorph, Sulaymaniyah province (Sargelu area), dinoflagellate
crystals at a depth of 9 m.

11 — Palynomorph, well Jk-1, consists of dinoflagellate crystals.

12 — Palynomorph, well Jk-1, consists of spores.
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