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Three Neogene sedimentary formations reflecting different depositional environments have been investigated for the pur-
pose of diagnosing the isotopic source of the sedimentary organic matter and their palaeoenvironmental significance in dis-
criminating between marine and terrestrial environments. One of these formations is composed of carbonate and marl of a
shallow-marine environment (Euphrates Formation), and the other formations are composed of a clastic terrestrial (fluviatile)
deposits with some differences in the depositional conditions (Injana and Dibdibba formations). The isotopic §'°C%, §'°N%
values, organic carbon (OC) and total nitrogen contents, and atomic C/N ratios are used as evidence of depositional environ-
ment. Average §'°C values (in %) for the Dibdiba, Injana and Euphrates formations are —25.4, —25.7 and —24.5, respectively;
average 8'°N values (in %o) are 4.44, 5.24 and 7.24 and average OC (in wt.%) is 0.13, 0.3 and 1.1, respectively. A significant
variation in the stable carbon and nitrogen isotope compositions between fluvial and marine deposits was recorded. The
5"3C, §"°N and C/N values indicate that the organic matter in the Euphrates Formation is of marine origin, whereas it is of ter-
restrial origin (fluviatile) in the Injana and Dibdibba formations. The C/Natmic Values are mostly high in the Injana (37) and
Dibddiba formations (51), suggesting greater input and/or preservation of terrestrial organic matter derived from land plants;
the shallow-marine environment (Euphrates Formation) was characterized by a low C/N ratio (9) due to the algal-derived or-
ganic matter with limited input of terrestrial organic matter.
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INTRODUCTION ing to environmental conditions (Wada, 1980; Takahashi et al.,
1990). The 8'C of plants is characterized according to CO, as-
similation systems reflecting C3-plants and C4-plants. The §"*C

Organic matter (OM) is present in all marine, continental and ~ becomes high in an aquatic environment where CO; diffusion is

aquatic environments. Although continental margins account for
only 10% of the total ocean area, more than 90% of all organic
carbon burial occurs in sediments depositing on deltas, continen-
tal shelves, and upper continental slopes (Berner and Canfield,
1989). The origin of OM can be very different deriving variously
from decomposition of land plants, mangroves, macrophytes, al-
gae, phytoplankton, zooplankion, bacteria and archaea
(Burdige, 2007). Stable isotope carbon and nitrogen composition
have been used to trace pathways of organic matter among con-
sumers in the different environments (Peterson and Howarth,
1987; Hesslein et al., 1992). OM important biomarker com-
pounds may be lost due to extensive diagenetic processes, but
the C/Naiomic ratio and the 8™C value appear to undergo little
change during diagenesis (Meyers, 1994). In phytoplankton, car-
bon and nitrogen isotopes vary spatially and temporally accord-
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restricted (Sweeney et al., 1978; Wada et al., 1987). The §"°N is
closely correlated with forms of nitrogen as well as organic
growth rates (Wada, 1980). C/Natomic ratios have often been used
to distinguish between algal and land-plant origins of sedimen-
tary organic matter (Prahl et al., 1980; Premuzic et al., 1982; Jas-
per and Gagosian, 1993). Carbon isotopic ratios are useful to
distinguish between marine and continental plant sources of sed-
imentary organic matter and to identify organic matter from differ-
ent types of land plants (Meyers, 1994). The organic C/Ngtomic ra-
tios serve as useful indicators in elucidating the source of sedi-
ment organic matter (Andrews et al.,1998; Muller and Voss,
1999; Maksymowska et al., 2000). The source, depositional en-
vironment and palaeoenvironment of the Neogene Euphrates,
Injana and Dibdibba formations in Iraq have been studied by
many researchers (Al-Rawi and Sadik, 1981; Al-Dabbas et al.,
2013). These studies provided conclusions about the
depositional environment that broadly concided but were not
identical. Accordingly, this issue from the geochemists point of
view remains a question to be solved. In this paper three sedi-
mentary formations (Euphrates, Injana and Dibdibba formations)
at Anah and Karbala areas of Neogene age were studied (Fig. 1).
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Fig. 1. Representative stratigraphic section and a simplified description of the formations in the study area

This paper uses organic C and N compositions in sedimen-
tary strata for discriminating between marine to terrestrial envi-
ronments. It is the first work on §'°C and &'°N, organic C, or-
ganic N and C/N values in the sedimentary formations of Iraq,
as a contribution to interpreting the organic matter origin and
type in the rock succession of the region.

LITHOSTRATIGRAPHY AND DEPOSITIONAL
ENVIRONMENT

The successive formations from the Lower Miocene to the
Pliocene—Pleistocene are illustrated in Figure 1. The Euphrates
Formation, reflecting its wide distribution and relatively long
stratigraphic range (all of the Early Miocene) was deposited in
various conditions. Itis composed at the type locality of shelly,
chalky, well-bedded recrystallized limestones (Bellen et al.,
1959), and has diverse lithology and fauna assemblages
(Al-Hashimi and Amer, 1985) in the Karbala-Najaf region, and
in the Southern Desert of Iraq (Al-Bassam, 1984). The age of
this formation was suggested as the Early Miocene (Bellen et
al., 1959; Prazak, 1974), and as late Early Miocene to early
Middle Miocene (Cytroky and Karim, 1971a; Jassim and Karim,
1984; Al-Ghreri, 1985; Gayara and Taha, 1989). The Euphra-
tes Formation is equivalent in age and lithology to the Hadrukh
Formation of Saudi Arabia, and the Ghar Formation of Kuwait

(Mukhopadhyay et al., 1995). The Euphrates Formation repre-
sents deposition on a slowly subsiding marine shelf with an
open to slightly restricted setting (Gayara and Taha, 1989). lts
depositional environment in general is marine, warm tropical to
subtropical; in central and northern Iraq, was deposited in a
shallow-marine environment (Youkhanna, 1971). The Euphra-
tes Formation in the Western Desert represent a shallow-ma-
rine environment, and in the middle and north of Iraq it reflects
shallow-marine, reef and lagoonal conditions (Buday, 1980).
The shoreline likely was near to Najaf in central Iraq rather than
to Baghdadi in the west (Al-Dabbas et al., 2013). Al-Juboury
(2009) suggested the derivation of the Injana Formation from
nearby sources with contributions from igneous, metamorphic,
and sedimentary provenance mainly in the highlands in the
northeastern parts of Iraq which comprising mainly the Zagros
Mountains and older sedimentary rocks. The source of Injana
Formation is the high land in northern and northeastern Iraq.
The depositional environment of this formation is variable: an
initially lagoonal, then changing to a fluviolacustrine system
(Buday and Jassim, 1987). It is widely exposed along cliffs in
the north, middle and south of Iraq (Hassan et al., 2002), though
absent of southwards, in the Basra area of Iraq, Saudi Arabia
and Kuwait (Mukhopadhyay et al., 1995). Because the
Dibdibba Formation is one of the youngest formations in Iraq, it
has almost no subsurface distribution. The Dibdibba Forma-
tion, in the type locality, mainly consists of sandstone and gravel
derived from igneous rocks, including pink granite, dolerites to-
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gether with white quartz; not infrequently the rock is strongly ce-
mented. The Dibdibba Formation, in the type locality, is under-
lain conformably by the Fatha Formation (Bellen et al., 1959). In
the middle of Iraq, the Dibdibba Formation is underlain uncon-
formably by the Injana Formation. Its base is at the first appear-
ance of sandstone or pebbly sandstone (Hassan et al., 2002). It
is also recognized in Kuwait. In Saudi Arabia similar facies are
included within the Hofuf Formation and partly in the Kharj For-
mation (Powers et al., 1966). The Dibdibba Formation repre-
sents extensive fluvial sedimentation probably as large old allu-
vial fans; it seems that at least two such fans may have been
present (Jassim and Goff, 2006; cf. Al-Rawi and Sadik, 1981;
Al-Ankaz, 2012; Awadh et al., 2013).

MATERIALS AND METHODS

STUDY AREA AND SAMPLING

Sampling was performed in two sites located in Anah and
Karbala within the Stable Shelf on the eastern edge of the
Western Desert (Fig. 1). Twenty six samples were collected
from three different geological formations ranging in age from
Early Miocene to Pliocene—Pleistocene. Sampling sites, lithol-
ogy description, formation thicknesses and their ages are
shown in Figure 1. Six samples were collected from a section
exposing shallow-water limestone in the Euphrates Formation
near the type locality (Anah) in the western part of Irag. Twenty
clastic samples were collected from an accessible section of
the Injana and Dibdibba formations in central Irag, near
Karballa (ten samples from each formation).

STABLE ISOTOPE ANALYSIS

All samples were shipped and later analysed at the Stable
Isotope Laboratory of the University of Missouri in Kansas City
(USA). A small portion of each sample was used to determine
the elemental and stable isotope compositions of bulk sample
organic material. Samples were powdered and homogenized.
For determining isotopes, OC and TN, carbonates were re-
moved by treating samples with 4N HCI. Subsequently, sam-
ples were rinsed with deionized water to remove salts and then
dried. The carbonate-free samples were then analysed for
weight percent OC and TN on a Vario EL-Ill elemental analyzer.
Duplicate analyses of each sample were run, and the mean of
the two measurements is reported here. Replicate analysis of
one sample (n = 5) gave a 1o precision of +0.02 wt.% C and
1+0.003 wt.% TN. Isotope ratios were expressed as parts per
thousand (%) differences from a standard reference material:

R

S = sample

R

-R
reference x 1000

reference

where: 8(%o) stands for 8'°C or 8'°N, and Rsampie aNd Rreference are the
isotopic ratios (**C/"C or "®N/"N) of the sample and reference, re-
spectively.

The Pee Dee Belemnite (PDB) was a reference for carbon,
where R("¥"?C)VPDB = 0.011 179 60 (Coplen, 2011), and was
established as a §"C value of zero; and atmospheric
N2(5"°N 0%o) was a reference for nitrogen. The Spectrometer
Stable Isotope Analyser with unit Solid/Liquid preparation mod-

ule was operated in dual mode allowing *C/"2C and "°N/™N to
be measured simultaneously. The standard deviation of isoto-
pic determination (C and N) was less than 0.2%o, estimated
from internal standards analysed along with the samples. The
calibration and assessment of the reproducibility and accuracy
of the isotopic analysis were based on replicate analyses of lab-
oratory standard materials and international reference materi-
als. Reproducibility based on triplicate analyses of the sample
was +0.2% for 8"*C and +0.3%. for 5'"°N.

RESULTS

The C/Nawomic Values in the Euphrates Formation vary be-
tween 7.6 and 12.1 with an average of 9.0; in the Injana Forma-
tion ranges from 28 to 50 with an average of 37; and it varies be-
tween 40 and 63.6 with an average of 50.6 in the Dibdibba For-
mation (Table 1). Variations in 8™°C, '°N, OC, TN and C/Naiomic
are illustrated in Figure 2. The significant variation reflects dif-
ferent depositional environments. It is very clear here, that the
carbonates of the Euphrates Formation are characterized by
little variation in the value C/N, while the clasts of the Injana and
Dibdibba formations are characterized by wide variation.

The carbon and nitrogen contents reflect lithology and grain
size. Low contents of OC and TN were found within the fine frac-
tion, but the coarse fraction contains fairly high amounts organic
matter. This might be related to permeability. The ranges and av-
erages of 8"°C showed stratigraphic variation: the clays, silty
clays and sands of the Injana Formation gave —28.0 to —23.3%o
(—25.7%); the silt, sand and pebbly sand of the Dibdibba Forma-
tion gave —22.2 to —28.1% (—25.4%o). These values were slightly
lower than those of the limestones, dolomitic and marly lime-
stones of the Euphrates Formation which underlies the Injana
Formation which gave —25.8 to —23.6%o (—24.5%o). The organic
matter from marine and continental sources ranged between
—25.5 and —21.5%o (Prahl et al., 1994). The coarse fraction (peb-
bly medium to coarse sands of the Dibdibba Formation) had the
lowest values of 8'°C (28.1%o) and 5'°N (3.99%0), whereas the
highest values of §"*C (—22.2%c) and §"°N (4.23%o) were in the
fine fraction (silty to very fine sand).

In the carbonates of the Euphrates Formation, the 5"3C var-
ies from —25.8 to —23.7%o with an average of —24.5%o, while for
5'°N values were 5.22 to 7.85%o with an average of 7.24%o. Vari-
ation in the content of organic matter is very slight (Figure 2).
There is a relative homogeneity of 5'°C values, except for the
marly limestone sample (21E), and ahomogeneity of 3'°N values
with the exception of dolomitic marly limestone. It is clear that
sample 21E contains much OC and TN, and there is little in sam-
ple 25E. This suggests difference in organic content (C and N)
based on lithology, where OC and TN are high in sample 21E
(marly limestone), and low in sample 25E (dolomitic marly lime-
stone). Dolomitization may hence affect organic preservation
(Table 1). Carbonates of the Euphrates Formation show little dif-
ferentiation of its content of organic matter in comparison to the
clastic materials of the Dibdibba and Injana formations. Probably,
this is a signal of the quality of organic matter preservation in ma-
rine as opposed to terrestrial conditions.

INTERPRETATION AND DISCUSSION

Algae are a common source of organic matter in marine and
lacustrine, whereas plants are dominant in terrestrial environ-
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Table 1

Values of 5'°C, 5"°N, organic carbon and nitrogen of primary organic matter sources in sediments of the Euphrates, Injana and

Dibdibba formations in Iraq

Sar?;?le Formation Age Lithology 6[;/:5: 6[:,/:]‘ [VRCOIA)] [VJ;_'&] C/Natomic
1D silt in most -23.7 5.14 0.01 |0.0002 | 50.0
2D silt with very fine sand -22.2 4.23 0.04 | 0.0010 40.0
3D silty with medium sand -25.8 3.93 0.15 |0.0033 | 45.6
4D pebbly medium to coarse sand -26.6 3.52 0.15 | 0.0028 53.6
5D medium coarse to very coarse sand -27.6 4.65 0.21 0.0046 45.6
6D Dibdibba pﬁ’gﬁ’s‘fgggge fine, medium coarse and very coarse sand 243 | 481 023 |0.0045| 51.1

with little pebbles
7D mostly very g‘;‘%rspigggds with gravels 241 | 480 | 0.10 |0.0018| 556
8D pebbly fine, medium to coarse sand —24.2 5.73 0.10 | 0.0025| 40.0
9D pebbly medium to coarse sand -28.1 3.99 0.23 | 0.0038 60.5
10D pebbly coarse sand -27.2 3.66 0.07 | 0.0011 63.6
Average -25.4 4.44 0.13 | 0.0026 | 50.6
11-1 clay in most with minor silt -24.5 6.11 0.13 | 0.0039 33.0
12-| clayey siltstone -27.3 4.92 0.15 | 0.0041 36.0
13| clay sand -25.2 5.54 0.26 | 0.0061 42.0
14-| sandy silt -26.1 4.26 0.20 |0.0066 | 30.0
15-1 _ Upper friable sandy siltstone -24.7 5.33 0.53 |0.0189 28.0
16-1 Injana Miocene friable sandstone 263 | 498 | 044 [00125| 350
17-1 clayey medium to coarse sand -23.8 6.33 0.39 | 0.0118 | 33.0
18-1 mostly friable clayey siltstone -27.8 4.74 0.28 | 0.0062 | 45.0
19-| medium to coarse sand -28.0 4.88 0.41 0.0107 38.0
20-I medium to very coarse in most -23.3 5.36 0.19 | 0.0038 | 50.0
Average 25.7 5.24 0.30 |0.0085| 37.0
21E marly limestone -25.8 7.65 1.86 | 0.25 7.6
22E limestone with chalky limestone -23.7 7.49 0.72 |0.08 8.9
23E Lower limestone to marly limestone -24.1 7.64 0.95 |0.11 8.6
24E Euphrates | Miocene chalky dolomitic limestone 240 | 758 | 0.88 |0.10 8.8
25E dolomitic marly limestone -24.9 5.22 0.14 | 0.01 12.1
26E marly, chalky limestone -24.6 7.85 1.87 [0.23 8.1
Average —24.5 7.24 1.1 0.13 9.0

OC - organic carbon; TN — total nitrogen

ments. Marine and lacustrine algae show a limited values of
C/N by comparison with land plants. Hence terrestrial and ma-
rine environments can be distinguished based on C/N and §'°C
values in organic matter.

The §'°C, §"°N, OC, TN, and C/N.ome values of sediments
are expected to be modified during subsequent early
diagenesis, but the C/N source signal appears to be preserved,
and, in subaqueous sediments. During vertical sinking, dead
phytoplankton, zooplankton biomass, and fecal pellets may un-
dergo substantial. While a refractory background fraction of or-
ganic remains relatively stable in concentration with depth
(Eadie et al., 1984).

Organic matter has been well-preserved within carbonates
of the Euphrates Formation with little variation due to the quiet
and non-turbulent environment. Though OC and TN were af-
fected in the dolomitized sample. Organic matter has been pre-
served within the Injana and Dibdibba formations with high vari-
ation due to fluctuation of sedimentary conditions and in the
amount of supply of organic matter from the land. During
diagenesis, sediment may preserve source information in the
CIN and 8"™C values. Despite the extensive early diagenetic
losses of organic matter, the C/N ratio and the 8'°C appear to
undergo little change (Meyers, 1994), and mass organic matter
stabilization by adsorption (Tiessen et al., 1984).
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Fig. 2. Stable carbon and nitrogen isotope signatures, organic carbon, total nitrogen and atomic C/N ratios of sediments from
the Euphrates (red color), Injana (green color) and Dibddiba (blue color) formations

The average of C/Naomic ratios in the Euphrates Formation
is much less than those in the Injana and Dibdibba formations
(Fig. 2). This variation is due to the absence of cellulose in al-
gae and its abundance in vascular plants, while algae are domi-
nant in the marine environment, and vascular plants are com-
mon in the continental environment. C/Naiomic Values ranging
between 30 and 40 in vascular plant debris have been isolated
from coastal marine sediments, while being characteristic of
cellulosic plants (Ertel and Hedges, 1985). Lignin and cellulose
are good tracers for vascular land-plant biomass (Heaton,
1999). A high value of the C/Natomic ray, (-30) characterizes
vascular plant debris (Hedges and Mann, 1979), and sediments
enriched in vascular plant remains and therefore they contain
C/Nawomic value greater than 30 (Keil et al., 1994, 1998). The de-
posits on offshore slope and basin marine have yielded aver-
age C/N values between 9 and 11 (Prahl et al., 1994).

The low concentration of nitrogen is the most important
characteristic of the depositional environment of the Injana and
Dibdibba formations, contrasting with the conditions of the Eu-
phrates depositional environment. The amount of OC and TN in
the Euphrates Formation appears higher than those in the
Injana and Dibdibba formations, but the lowest ratio of C/N was
recorded in the Euphrates Formation (Table 1 and Fig. 2). Vari-
ability in C/N values may reflect changes in the proportions of
different types and amounts of marine algae. A very distinct
variation in averages of C/N ratios in the Euphrates Formation
(9), The Injana Formation (37) and Dibddiba Formation (50.6)
provides with convincing environmental evidence.

The palaeoenvironment of the Injana and Dibdibba forma-
tions may have involved thriving land plants, but a combination
of erosion, slow burial and slow sedimentation rates contributed
to the loss of a large portion of the organic matter. Carbon isoto-
pic values are similar in the Injana and Dibdibba formations,
and differ from that of the Euphrates Formation

C/N ratios, and 8"C and §'°N values have been widely used
as effective markers to estimate the relative proportions of
terrigenous and marine organic matter in coastal and marginal
sediments (Meyers, 1997; Naidu et al., 2000; Stein and Mac-

donald, 2004). River networks of tightly linked with the land-
scape played an essential role in transporting and depositing
sediment of the Injana and Dibdibba formations, with land
plants supplying the organic matter. While algae left a clear im-
print in the sediments of the Euphrates Formation indicating a
shallow-marine deposition environment. Spatial variation in
sediment C/N, §"°C and §'°N was recognized. It is generally as-
sumed that land plants and marine algae have different organic
C/Natomic ratios; cellulose- and lignin-rich vascular land plants
have higher C/Naomic ratios (>15), whereas marine protein-rich
algae have lower C/Niomic ratios (<6) (Hu et al., 2006). There-
fore, the increasing trend in C/N from the bottom to the top
(Fig. 2) is attributed to the marine regression, this being very
clear in samples 21E to 26E from the Euphrates Formation
which were deposited in a shallow-marine environment, but
samples 1D to 10D and 11-I to 20-1 with high C/N ratios reflect
land plants input and eventually indicate that the Injana and
Dibdibba formations are of continental origin deposited in a
fluviatile environment.

Terrestrial organic matter is often depleted in 8"°N (3 to 6%o
with an average of 4.8%o relative to marine nitrogen; Sigman et
al.,, 2000) and aquatic environments can typically maintain a
higher 8"°N value than terrestrial environments (Petersen and
Fry, 1987). The average 8'°N of all plant materials in the lagoon
was 8.6 + 3.6%o (average + SD, n = 7; Wada et al., 1993). The
origin of organic matter in sediments can be diagnosed using
stable carbon and nitrogen isotopes following Meyers (1994)
who recognized four distinctive suites in plants.

The relationship between §'°C and C/N values indicates
that the Injana and Dibdibba sediments occupied the isotopic
ends of the known range for C3-terrestrial plants, the average of
which suggested by Meyers (1994) ranges approximately be-
tween —27 to —22%o, while most of the Euphrates samples fell
into the field that indicates a marine algal source with the excep-
tion of one sample which fell into the lacustrine field and other
sample outside the fields that indicate reworking processes

(Fig. 3).
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Sources of data are given in Table 1; fields after Meyers (1994)

CAM plants made an insignificant contribution to the forma-
tions studied because their production of organic debris is very
small or non-existent by comparison to C3 and C4 plants, which
deposit large amounts of leaf, branches, wood, and roots. How-
ever, CAM plants have the potential to be important sources of
organic matter in specialized environments where they may be
the dominant form of vegetation. CAM plants are those which
utilize the Crassulacean acid metabolism as an adaptation to
arid conditions. However, the sedimentary environment of the
Euphrates Formation is marine; the Dibdibba and Injana forma-
tions are fluviatile, and the climate during sedimentation (Mio-
cene and Pleistocene) suggests a rarity of CAM. Figure 3

clearly illustrates that C3 land plants were a source of organic
matter in Injana and Dibdibba formations, whereas marine al-
gae were a source for the Euphrates Formation.

CONCLUSIONS

Stable carbon and nitrogen isotope signatures in organic
matter in sediments represent a common proxy for discriminat-
ing between depositional environments. These stable isotope
compositions along with the total organic carbon and total or-
ganic nitrogen exist in different ratios indicating different organic
matter origin. The distributions of 3°C, §'°N, TOC, TN in the
Injana and Dibdibba formations are broadly similar, but they dif-
fer from those of the Euphrates Formation. The high C/N con-
tents and depleted organic N values in the Injana and Dibdibba
formations indicate higher terrestrial particulate organic matter
content. The §"C values of the Euphrates deposits (-25.8 to
—23.7%o) with enriched organic N indicate that the sedimentary
organic matter is derived from marine algae. An increase in or-
ganic carbon in the Euphrates Formation may be due to a par-
tial contribution from terrestrial plants suggesting a shal-
low-depositional environment. The sediments of the Dibdibba
Formation in southern Iraq and Kuwait, and of the Hofuf Forma-
tion in Saudi Arabia were mainly supplied from an uplifted stable
shelf where land plants were common. Despite the Injana and
Dibdibba formations being deposited in a fluviatile environment,
variations in 3'°C and 5'°N values. The §'°C, and §'°N values
in the Injana Formation indicate a partial mixture of marine algal
with terrestrially-derived organic matter.
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