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Abstract

37 samples were collected from three sites in southern Iraq (north
of Basrah Governorate), east of Hammar Marsh, in order to determine
depositional environments in the Late Holocene. The study was based
on the distribution of foraminifera species in sediments, which is an
excellent tool in reconstructing the ancient environments of sediments
and thus revealing the depositional environments prevailing at that time.
In addition to the presence of Gastropoda opercula represented by the
species Bithynia sp., which contributed to revealing the effect of river
water in the study area. Through tracking the distribution of foraminifera
species existing in the deposits of the three sites that which consist of
sandy silt, silt and mud deposits, four zones were identified: zonereflects
the river flow in the study area due to the widely spread of Bithynia sp.
opercula. While zone II shows a brackish marsh environment after the
reintroduction of river influence to the area. Zone III register a marine
influence, zone provide evidence of a brackish marsh environment, this
followed by the recent marine influence in the study area.

1. Introduction:
Southern Iraq is located at the bottom of the Lower Mesopot-

amian Plane, with its south covered by fresh or saltwater
lakes and surrounded by extensive marshes [1]. Attention
was paid to the formation and extension of these marshes as
an evolving feature that increased over time [2]. More than
(18,000) years ago, the sea water level was lower than its
current level by more than (100) meters, meaning that the
marsh area was generally dry, and the appropriate conditions
were not available for the formation of these marshes. Then
sea level began to rise about 14,000 years ago until 4000 BC
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[3]. Sedimentation resulting from the Tigris and Euphrates
rivers led to the formation of a wide delta with a coastal line
that progress until it reached its current location. In the past
4000 years, the intervention of sea level fluctuations, differen-
tial sedimentation, and neotectonic activities as an additional
factor helped develop the southern marshes, especially in the
lower Mesopotamia [4]. The study of macrofauna and micro-
fauna has contributed greatly to revealing the environments in
marshes during all the events they went through during their
development until they reached their current form. Study of
Gastropods and Lamellibranchs of near-surface sediments in
different locations in Basrah Governorate demonstrated the
presence of a marine and recent environment [5].

In addition, [6] studied the marine or brackish water con-
ditions in the marshes sediments of southern Iraq by studying
Mollusca, Foraminifera and Ostracoda. Perhaps one of the
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most important types of microfauna that are excellently used
to indicate environments is foraminifera, due to its presence
in all aquatic environments, including marine, brackish and
fresh water, as it is distributed in all latitudes [7].

Benthic foraminifera are considered more important in
studies of detecting different environments, as they are avail-
able in large numbers compared to macrofauna, which makes
it traditionally used as an environmental monitor. They also re-
spond to changes in environmental conditions faster [8]. The
importance of Gastropods opercula is also no less of their envi-
ronmental significance and identifying the Gastropods species
that existing in that environment, even if their shells are not
available, especially the Gastropods opercula are harder than
their shells, therefore their numbers are greater than their
shells numbers [9].The importance of this was demonstrated
in the study of [10] when he used Gastropods opercula to
determine the facies type in one section of Maymouna Forma-
tion of the Quaternary period.

The current study aims to identify the ancient depositional
environments in southern Iraq, which date back to the Late
Holocene, using benthic foraminifera and gastropods opercula
to detect them.

2. Materials and Method:
2.1 The Study Area:

The study area is located to the east of Hammar Marsh,
within the north of Basra Governorate, that located in southern
Iraq, as shown in Figure 1. The sources of sediments supply
for the study area vary between wind and river sediments
[4], in addition to the study area being affected by sea water
during the sea level rise through the Holocene period [1].
The sediment samples were collected from three sites whose
depths ranged from 0.15 to 2.77 meters during August 2018.

2.2 Sampling:
The three sites were excavated using a Poclain excavator

machine, and the surface layer of sediments at each depth was
removed before taking samples from the three sites in which
mixing of sediments may have occurred during the excavation
process. Samples were taken from each site at different depths,
depending on the apparent changes in the color and nature of
the sediments at each depth.

2.3 Laboratory Proceeding:
Sediment samples were first wet sieved through a 63 µm

mesh sieve and dried at room temperature. For the finer
fraction analysis, a Malvern Mastersizer 2000 was used at
the Department of Geology, College of Science, University
of Basrah. Grain size distribution was carried out and the
percentage of each group (i.e. sand, silt, and clay fraction)

was plotted on a Folk ternary diagram [11] to determine the
sediment distribution at the three sites.

For microfossils analyses, the 63 µm fraction that resulted
from the wet sieving of each sample was chosen and the
studied microfauna assemblages were picked up and classified
under a binocular streoscopic microscope. The species were
photographed using a scanning electron microscope (Field
Emission Scanning Electron Microscopy (FE-SEM) Nova
Nano SEM 450(. The identification of foraminiferal taxa
was based on [12], [13], [14]. While in the classification of
gastropods operculum, [15] and [16] were depended.

3. Results:
3.1 Sediments:

The results of the grain size analysis [11] for the samples of
the studied sites show the presence of three types of sediments:
sandy silt, silt and mud, listed in Table1. The mud was the
most abundant sediment in the studied area, constituting 49%
of the total studied samples, followed by silt with 32%, and
then the least abundant sediment, sandy silt with 19%.

Sandy silt was present in the surface sediments up to
the depth of 0.55 m. As for the silt sediments, the depths
reached 2.70 m, while the greater depths were dominated
by mud sediments. In general, the proportion of silt grains
and then clay in the sediments is the most dominant in the
sediments of the area compared to sand grains. From the
nature of the existing sediments, it is clear that the deposition
of these sediments was during a low-energy sedimentation
environment [17].

3.2 Foraminifera and Gastropods Opercula:
Foraminifera shells are the dominant and common micro-

faunal content in all sites of the study area and in all depths,
and all species of foraminifera are from benthic calcareous
taxa, as demonstrated in Figures 2 and 3, and the foraminifera
species are; Quinqueloculina parvula (Schlumberger, 1894),
Buccella frigida (Cushman, 1922), Ammonia aomoriensis
(Asano, 1951), Ammonia beccarii (Linnaeus, 1758), Ammo-
nia tepida (Cushman ,1926), Elphidium excavatum (Terquem)
forma galvestonensis (Kornfeld, 1931), Elphidium excavatum
(Terquem) forma gunteri (Cole, 1931), Elphidium incertum
(Williamson, 1858), Elphidium poeyanum (d’Orbigny, 1839).

Species were classified into indicative groups to define the
environments in the study area according to their distinctive
species assemblage at the identified depths. Recording the oc-
currence of species; Quinqueloculina parvula (Schlumberger,
1894), Ammonia aomoriensis (Asano, 1951), Elphidium ex-
cavatum (Terquem) forma galvestonensis (Kornfeld, 1931),
Elphidium excavatum (Terquem) forma gunteri (Cole, 1931),
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Figure 1. (a) Map of Iraq. (b)The study area. (c) The sampling locations.
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Table 1. Grain size distribution and the sediments texture of the three studied sites.

Site 1 Site 2 Site 3
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Sediment type

D
ep

th
m

Sa
nd

%

Si
lt

%

C
la

y
%

D
ep

th
m

Sa
nd

%

Si
lt

%

C
la

y
%

D
ep

th
m

Sa
nd

%

Si
lt

%

C
la

y
%

Sandy 0.25 27 60 13 0.15 27 60 13 0.30 26 62 12
silt 0.45 21 69 10 0.30 20 75 5 0.45 17 70 13

0.55 26 65 9 - - - - - - - -

0.60 9 84 7 0.35 5 85 10 0.50 2 86 12
0.75 7 85 8 0.41 6 82 12 0.61 5 85 10
0.83 9 81 10 0.70 8 80 12 0.80 4 82 14

Silt 0.90 3 88 9 - - - - - - - -
2.00 1 84 15 - - - - - - - -
2.70 3 86 11 - - - - - - - -

0.96 2 56 42 0.80 4 52 44 0.85 9 49 42
1.35 4 59 37 1.00 4 59 37 1.10 6 56 38
1.75 5 57 38 1.40 1 57 41 1.70 6 59 36

Mud 1.80 2 62 36 1.45 8 56 36 1.75 7 52 41
1.95 1 63 36 1.90 2 61 37 2.00 4 49 46
2.77 1 60 39 2.35 3 60 37 2.40 3 60 37

is the first in Iraq generally and in its south particularly.

Among the distinctive remains in the area sediments is
Gastropods opercula which appeared in large numbers at ap-
pointed depths without the appearance of their shells. After
identification all opercula, they were found that belong to one
genus, Bithynia sp, as shows in Figures 2. When comparing
these opercula with the modern Bithynia species opercula that
found in the sediments of southern Iraq, they were not similar
to them, while the Bithynia sp. opercula found in the study
area are ancient and estimated to be from the late Holocene
period.

3.3 Benthic Foraminiferal and Bithynia sp. Opercula
Zones:

After determining the microfauna content in the three sites,
as shown in Figure 2 and Figure 3, it appeared that there
were similarities in the assemblages of specific species of
foraminifera at appointed depths in the three sites, in addition
to the presence of Bithynia sp. opercula. Accordingly, the
biozonation in the three sites was divided into four zones as
shown in Figure 4, which are from bottom to top;

1-ZoneIV
This zone was determined by alternating mud and silt

deposits at the first site, and mud deposits at the second and
third sites with thicknesses reaching 0.97, 0.9 and 0.65 m
respectively.

It is characterized by the appearance of the foraminifera
species Ammonia beccarii and Ammonia tepida as dominant
species, with the presence of Elphidium incertum, Elphid-
ium poeyanum and Quinqueloculina parvula, where the latter
species appears for the first time in Iraq at its south, with the
presence of small numbers of Buccella frigida.

What is noteworthy that below this zone in the first site
after a depth of 2.77 m and in the third site at a depth greater
than 2.40 m, there are reddish brown mud deposits with com-
pletely devoid of any type of fossils. Which in turn is evidence
that these deposits are riverine [18]. [19] indicated the pres-
ence of these deposits in the southern Mesopotamian, and
[20] also mentioned the presence of these deposits in southern
Iraq, specifically north of Basrah Governorate.

The assemblage of foraminifera species and the variation
in their individuals numbers may add evidence to the type of
ancient environment of this zone deposits , which is a brackish
environment, where saline marine waters overlap slightly with
river waters. This is evident from the appearance of Quin-
queloculina parvula, Buccella frigida, Elphidium incertum
and Elphidium poeyanum, known for their high tolerance to
salinity changes, as well as their dispersal in different environ-
ments interspersed with marine waters [21] [22] [23]. What
confirms the brackish zone is the dominance of the Ammonia
beccarii and Ammonia tepida species, which are present in
large numbers that exceed the number of other species [24].
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Figure 2. Scanning electron micrographs (SEM) of the identified Benthic foraminifera in this study. 1. Quinqueloculina
parvula (Schlumberger, 1894), Four chamber side. 2a-2b. Buccella frigida ( Cushman, 1922), a. Spiral view. b. Chamber
deformation, Umbilical view. 3. Ammonia aomoriensis (Asano, 1951), Spiral view. 4. Ammonia beccarii (Linnaeus, 1758),
Spiral view. 5a-5d. Ammonia tepida (Cushman ,1926), a. Spiral view, b. Twin forms, Umbilical view. c. Additional
chamber, Spiral view. d. Additional chamber, Spiral view. 6. Elphidium excavatum (Terquem) forma galvestonensis
(Kornfeld, 1931). 7. Elphidium excavatum (Terquem) forma gunteri (Cole, 1931). 8. Elphidium incertum (Williamson,
1858), Spiral view. 9. Elphidium poeyanum (d’Orbigny, 1839), Spiral view. 10. Bithynia sp. operculum, Interior surface.
The scale bar is 100 µm.
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Figure 3. Relative abundance of the identified foraminiferal species and Bithynia sp. opercula (%) within zones I - IV.
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2-Zone III
This zone is composed by mud deposits in most of the

three sites except the first site where it is shared with silt de-
posits (Figure 4). The thicknesses of the zone is varied as 0.79
m in site 1, and 0.6 m in site 2, while the highest thickness of
the zone is 0.85 m in site 3.

Quinqueloculina parvula dominated the other foraminifera
species of Ammonia aomoriensis, Ammonia beccarii and Am-
monia tepida. Ammonia aomoriensis recorded for the first
time in southern Iraq, as are the two other species Elphidium
excavatum (Terquem) forma galvestonensis and Elphidium ex-
cavatum (Terquem) forma gunteri, but their individuals num-
bers are lower compared to the foraminifera assemblage men-
tioned previously. There were also fewer occurrences of Buc-
cella frigida, Elphidium incertum and Elphidium poeyanum,
but their numbers were higher than in the previous zone.

It was noted in this range that there were abnormalities
in shape of the two species Buccella frigida and Ammonia
tepida, but in a small proportion compared to the proportion
of individuals of the two species with the normal form Known
for these species.

This zone may reflect the shallow marine environment due
to the dominance of the species Quinqueloculina parvula [23],
and the presence of the Ammonia aomoriensis [25]. The same
applies to the rest of the species, the appearance of which
indicates a dominant marine influence in the study area in
these depths [21] [26].The abnormalities of Buccella frigida
and Ammonia tepida are considered evidence of environmen-
tal stress [27]. Based on the abnormality of the two species
and the presence of these forms, which does not exceed 1%
compared to the normal forms, the cause of the environmental
change can be attributed to the occurrence of salinity fluctua-
tions represented by an increase in the salinity level, but under
normal marine salinity conditions estimated at (37%) [28].

3-Zone II
This zone is distinguished at site 1 with silt deposits

with 0.3 m thick, and at sites 2 and 3 where mud deposits are
0.35 and 0.3 m thick, respectively (Figure 4). The individuals
numbers of the combined species of foraminifera are close
in terms of presence, namely; Buccella frigida, Ammonia
beccarii, Ammonia tepida, Elphidium excavatum (Terquem)
forma gunteri, Elphidium incertum and Elphidium poeyanum.
While the two species Quinqueloculina parvula and Ammonia
aomoriensis showed less existence.

Although this zone is devoid of gastropods shells, only
opercula without shells have been recorded. These opercula
are registered for the first time in this study, they belong to the
species Bithynia sp. and have few numbers as well as varying
in size.

This zone represents the reintroduction of the river wa-

ter’sinfluence on the marine environment, transforming it into
a brackish setting, this change is reflected in the species of
foraminifera, especially the presence of Ammonia beccarii,
Ammonia tepida, and Elphidium excavatum (Terquem) forma
gunteri [29].

The opercula also played a role in the environmental indi-
cation of the return of the river water effect, especially since
it belongs to the freshwater gastropoda known as Bithynia sp
[30]. The occurrence of Bithynia sp. opercula is evidence
of the shells presence of this species in the southern Iraq
sediments, even if the shells did not appear, because the op-
ercula of this species in particular is characterized by being
calcareous compared to their shells composed of aragonite,
and therefore the opercula appears more abundant than their
shells due to the possibility of their preservation [9].

4-Zone I
The largest thickness of the zone appeared at site 1, where

it reached 0.3 m of sandy silt deposits, and the thickness of
the zone was equal at sites 2 and 3, where it reached 0.15m of
silt and sandy silt deposits as shown in Figure 4.

As for foraminifera species, Ammonia tepida predomi-
nates, with the presence of a number of Ammonia beccarii
individuals and the rare existence of Elphidium excavatum
(Terquem) forma gunteri, Elphidium incertum, and Elphidium
poeyanum.

The predominance of Bithynia sp opercula in the area
sediments is an obvious indication of a riverine environment
where freshwater influence is dominant [30], this is because
the species Bithynia is common in all types of freshwater
bodies [31], [32] and the opercula sizes variation with their
dense existence, in turn, is evidence of the coexistence species
in the study area. The same applies to the occurrence of
Ammonia beccarii and Ammonia tepida in somewhat good
numbers, indicating a high river influence in the area [24],
[33], [34].

4. Discussion:
The sediments of the four zones occupied depths ranging

between (2.35–2.77 m) and their sediments were accumu-
lated over ancient river sediments which are probably sed-
iments of the banks of the ancient Shatt al-Arab [20] [35].
The quality of the shells and the nature of their preservation
suggested that these deposits represent the Late Holocene,
approximately 3000-2000 years ago. This is consistent with
what [20] stated that approximately 2 meters below the sur-
face of the deposits north of Basra are from the Late Holocene
period. Foraminifera played a major role in revealing the
depositional environments of these zones, especially since
foraminifera can be used to reconstruct the paleoenvironment
of past environments [36].
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Figure 4. Distribution of the identified zones,II, III and IV in the study.
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The high presence of Ammonia beccarii and Ammonia
tepida in zone IV is an indication of the influence of river
water in the area [37] and this was also evident in the sedi-
ments of the zone, which varied from mud at the bottom to
silt. However, the occurrence of Quinqueloculina parvula,
Elphidium incertum and Elphidium poeyanum supported the
idea of a transition in this zone to a Brackish environment
[38]. The depositional environment of this zone is Brackish
marsh, where Elphidium incertum and Elphidium poeyanum
assemble [36] [39].

Zone III reflected increased marine water flow, with the
dominance of Quinqueloculina parvula and the appearance
of Ammonia aomoriensis, Elphidium excavatum (Terquem)
forma galvestonensis and Elphidium excavatum (Terquem)
forma gunteri, and the decline of Ammonia beccarii individ-
uals number, indicating a shallow marine environment with
normal salinity [40], [41]. Sea level rise during the Late
Holocene was minor, as the marine environment was shal-
low and limited to the presence of only benthic foraminifera
species [20].

Zone II showed the marine influence decreased while
the effect of river water flow into the area became apparent
through the increase of Ammonia beccarii individuals and the
presence of Ammonia tepida. However, the occurrence of
Elphidium excavatum (Terquem) forma gunteri gave the op-
portunity for the marsh environment [42] to be of the Brackish
type, especially with the existence of Elphidium incertum and
Elphidium poeyanum.

As zone II approached its end, Bithynia sp opercula began
to appear (missing their shells) without shells. This is due
to the calcareous character of this species opercula, which
enabled their preservation in the sediments during geological
time periods. Also, their shells were not found anywhere close
to the study area. Bithynia sp opercula increased in zone I
sediments and dominated over the foraminifera species, thus
concluding the zone sediments with the predominance of river
water condition in the area.

When reviewing the sediment type in each zone, it is
noted that the increase or decrease of any individuals species
of foraminifera was not related to the type of sediments, which
are generally fine sediments, as much as they were related to
the quality of the water penetrating the sediments. The study
area in general showed the effect of sea level fluctuations on
it in the Late Holocene, which was represented by a rise in
sea level during the past 3000-2000 years. This is apparent
from the foraminifera species those presence in the zones.
The current study agreed with the study of [20] and [43]
that the southern Iraq region was exposed to a slight marine

transgression in the Late Holocene.

5. Conclusions:
1. The foraminifera assemblages in the sediments of the

three sites revealed of four biozones: zone IV, where the
marsh environment is brackish, zone III, which showed
the influence of the normal marine environment, zone
II, which reflected the return of the brackish environ-
ment with the decline of the marine influence and was
represented the brackish marsh environment, and close
to the surface, zone showed the riverine environment
through the large contribution of Gastropoda opercula
of a freshwater type known as Bithynia sp, which is
widely spread in this zone.

2. The identified foraminifera species (Quinqueloculina
parvula (Schlumberger, 1894), Buccella frigida (Cush-
man, 1922), Ammonia aomoriensis (Asano, 1951), Am-
monia beccarii (Linnaeus, 1758), Ammonia tepida (Cus-
hman ,1926), Elphidium excavatum (Terquem) forma
galvestonensis (Kornfeld, 1931), Elphidium excava-
tum (Terquem) forma gunteri (Cole, 1931), Elphid-
ium incertum (Williamson, 1858), Elphidium poeyanum
(d’Orbigny, 1839)) showed that they were affected by
the degree of water salinity in their distribution, and
their assemblage did not show any relationship with the
type of sediments in the study area, which was repre-
sented by sandy silt, silt and mud.

3. This study recorded for the first time in Iraq, and espe-
cially in the south of it, the appearance of new species,
which are; Quinqueloculina parvula (Schlumberger,
1894), Ammonia aomoriensis (Asano, 1951), Elphidium
excavatum (Terquem) forma galvestonensis (Kornfeld,
1931), Elphidium excavatum (Terquem) forma gunteri
(Cole, 1931).
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