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Abstract

This study presents the first attempt to recognize the planktonic foraminiferal
biozones and to determine the time of deposition of the carbonate deposits
exposed in the Zgaimat Al-Hasah anticline, Southeastern Jordan. Five equiv-
alent planktonic foraminiferal biozones; Zones E3 (P6a), E4 (P6b), E5 (P7),
E6 (P8), and E7 or E7a were identified by analyzing twenty-eight samples
from a 20 m thick section. Ten planktonic foraminiferal species belonging to
seven genera and thirteen benthic foraminiferal species representing eleven
genera were recorded. An Early Eocene age was assigned to the carbonate
deposits exposed in Zgaimat Al-Hasah anticline based on some typical index
species of calcareous planktonic foraminifera.
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1. Introduction

This study focuses on the planktonic foraminiferal biostratigraphy of the out-
crop of Zgaimat Al-Hasah along the fault zone of Zgaimat Al-Hasah in the Wadi
Sirhan Basin in the southeastern desert of Jordan, near the border of Saudi Ara-
bia (Figure 1).

The carbonate facies at Zgaimat al-Hasah outcrop studied in general works
dealing with the sedimentology and geology of Jordan [1] [2] [3] [4].

Planktonic foraminifera, which is one of the most important fossil groups for
local and regional biostratigraphic zonation and correlation [5] [6], has not yet
received attention from previous studies conducted in the study area.

Planktonic foraminifera have been deposited over an extensive portion of the

world’s oceans and seas during various geological periods, and are frequently
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Figure 1. Map of Jordan with the location of the study area.

present in large numbers. The application of planktonic foraminiferal biostrati-
graphic studies started in the Gulf Coast region of the USA in the middle of the
last century and spread rapidly across the world’s major oil-producing regions
(7] [8].

Many biostratigraphic and zonal planktonic foraminiferal studies have been
published from different parts of the world; [6] [9]-[15] and others.

In the present work, a planktonic foraminiferal fauna from 20 meters thick at
the exposed outcrop of Zgaimat Al-Hasah in the area has been examined.

Despite the poor preservation and lowly diverse of the species, a biostrati-
graphical zonation of the deposits was made.

The main objective of this study is concerned with the biostratigraphic zones
and age determination of the Zgaimat Al-Hasah outcrop in the Wadi Sirhan Ba-
sin, moreover, to investigate the vertical distribution of the foraminiferal content

in this outcrop at the southeastern desert of Jordan.

2. Geological Setting

The foraminiferal fauna studied from the Zgaimat Al-Hasah outcrop, which
situated in the Wadi Sirhan Basin.

The Zgaimat Al-Hasah outcrop has situated inside an anticline where the
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Lower and Upper Cretaceous strata form the center [16] [17].

The Zgaimat Al-Hasah anticline is caused by local folding that occurs in sev-
eral places along the Zgaimat Al-Hasah fault zone and, the folding pattern is
representative of (right-side) transcurring movements [18]. The Zgaimat Al-Hasah
fault zone is the E-W trend, extending westward from Saudi Arabia for more
than 250 kilometers to the Jordan Valley. During the Late Cretaceous period,
many basins and swells dominated the seafloor due to compression associated
with the northward movement of Arabia as part of the African Plate [19]. Seaf-
loor paleorelief contribute to governing sedimentation patterns and variations of
rock thickness and facies. Zgaimat al-Hasah is located in one of these paleohighs
known as Bayer-Kilwa’s paleo-high [4].

Jordan lay on the southern margin of the Neo-Tethys Ocean during the Cre-
taceous to Eocene period. Throughout this period of global sea-level rise, regu-
larly transgressed, south and east, over the borders of the Arabian Craton [20].
The sedimentation pattern of the southern passive continental margin of Tethys
(including Jordan) is governed principally by three factors. The long-term varia-
tions in the climatic eustatic sea level [21] [22]; the structure of the Neo-Tethys
Ocean and its spreading center near Cyprus; and the isostatic and intra-plate
tectonic deformation of the Arabian Neoproterozoic Shield and its paleozoic se-
dimentary rocks, to the south and east, which affected terrigenous sediment flux
[20]. The Cretaceous successions of Jordan conveniently have been divided into
three lithostratigraphic groups (Figure 2); these are described in the upward
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Figure 2. Stratigraphy of the Cretaceous-Tertiary units in Jordan. Modified after [20].

DOI: 10.4236/0jg.2020.1012061

1236 Open Journal of Geology


https://doi.org/10.4236/ojg.2020.1012061

H. M. Al-Mashakbeh

sequence below. The Kurnub Sandstone Group (Berriasian to Albian) consists
mainly of alluvial quartz-arenite in southern and central Jordan, with subdued
thin beds of alluvial mudstone and marine limestone and siltstone in northern
Jordan [3] [23].

The Ajlun Group (Late Albian/Cenomanian to Mid-Coniacian) composes
mainly of shallow marine carbonates [24]. The lithofacies of the group is fluvial si-
liciclastics in the south and east of Jordan and changed abruptly into basinal facies
towards the northwest of Jordan [25]. A major transgression of the Neo-Tethys
Ocean is represented by the Ajlun Group and a rimmed inner shelf depositional
environment is assigned [20]. The outcrop group is divided into six formations:
Naur Limestone, Fuheis, Hummar Limestone, Shueib, Wadi As Sir Limestone,
and Jibal Khureij. The Late Cretaceous-Eocene Belqa Group composes mainly of
chalk, chert, and phosphorite [24] [26]. The outcrop group is divided into five
formations [27]: Wadi Umm Ghudran, Amman, Muwaqqar, Umm Rijam, and
Wadi Shallala formations.

One section with coordinates (30°2828.40"N, 37°6'41.01"E) was investigated
for this study. It is the Zgaimat Al-Hasah anticline, some 52 km south-southeast
of the old Bayer police station. (Figure 3) shows the lithology of the studied sec-
tion. The studied section is underlain by friable to consolidated varicolored

sandstones of the Kurnub Group of Early Cretaceous age [2] [3]. The Zgaimat
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Figure 3. Lithostratigraphic section showing the succession of carbonate deposits in
Zgaimat Al-Hasah, southeastern Jordan.
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Al-Hasah section, is represented by the undifferentiated Ajlun Group which in
turn is overlain by the Al-Hisa Phosphorite Formation (AHP) from the Belqa
Group of the Paleocene-Early Eocene age [28]. The measured section is overlain
by a bedded chert horizon (around 2 m).

3. Materials and Methods

The studied section (Zgaimat Al-Hasah) was sampled for calcareous microfossil
analysis. The detailed biostratigraphic study was based on 28 samples from the
20-m-thick studied section. Two additional samples for micropalaeontological
analyses were collected from the varicolored sandstones and phosphatic sand-
stone which are underlain and overlain the studied section respectively
(Figure 3). Samples were immersed in water with 3% of hydrogen peroxide
and then washed through a 63 pm sieve under running water. The fractions
dried in an oven, foraminifera were picked out from the fractons and deposited
onto micropalaeontological slides.

Biostratigraphic interpretation was compared with the standard planktonic
foraminiferal biozonation; [6] new planktonic foraminiferal biozonation (E and
O zones) [14] [15] [29] (Figure 4).

The identification of the genera and species of planktonic and benthic forami-
niferal is based on; [5] [12] [30]-[35] and [36] is the classification system used

here.
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Figure 4. Primary planktonic foraminiferal bioevents for the Cenozoic against the polar-
ity time scale of [41]. BKSA95 = [6]; BP05 = [14].
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The planktonic foraminiferal biozone determination was based on the Lowest
occurrence (LO) and Highest occurrence (HO) of the taxa in order to avoid
possible errors as a result of the mixing of various foraminiferal assemblages in
the samples.

Because of the difficulty in identification of most of the zonal marker, the
boundary is identified based on the other recognizable taxa.

Microfossil assemblages were examined on research stereo microscope SMZ25,
whereas a detailed study of the planktonic foraminiferal morphology was carried
out using scanning electron microscope (SEM).

Specimens used for this work are stored at the Department of Applied Earth

and Environmental Sciences, Al al-Bayt University, Jordan.

4. Lithology
4.1. Geology

4.1.1. Boundaries

The base of studied section is marked by clear contact separated the underlying
varicoloured Sandstone lithostratigraphic unit from the alternating marl, marly
limestone and limestone units. At the top of this section there is noticeable
change to gray, hard, medium to thick-bedded of phosphatic sandstone.

4.1.2. Distribution, Morphology
The studied section is attributed to the Ajlun Group, it consists of two parts; the
lower one is undifferentiated Na’ur, Fuheis, Hummar and Shueib Formations

and the upper part is considered to be equivalent to Wadi Es Sir Formation [4].

4.1.3. Thickness
The thickness of alternating marl, limestone and marly limestone is about 20 m,
and the thickness of the upper unit (phosphatic sandstone) covering the studied

section is about 5.5 m [4].

4.1.4. Lithology and Bedform

The Lithology of this formation consists mainly of yellowish marly limestone
with interbedded limestone, and unstratified light yellowish marls, fine to
medium-grained with dispersed grey dolomitic limestone and associated with
thinly chert beds.

4.2. Fauna and Age

The studied section is considered by [4] as an undifferentiated Na’ur, Fuheis,
Hummar, and Shueib Formation, belonging to Ajlun Group with significantly
reduced thickness. The age of the Ajlun group is Cenomanian-Turonian [37]
[38] [39]. The thickness of the Ajlun Group formations increases from approx-
imately 100 m in the south to more than 600 m in the north of the country [40].
The section is rich in poor-preserved Echinoiderms and Molluscan fragmented
shells such as; Bivalves, Gastropods, Pelecypods, and Cephalopods. Microfossils

assemblages include low-preserved planktonic, benthic Foraminifera, and Os-
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tracods species.

5. Results and Discussion
Foraminiferal Biostratigraphy

In the present study, a biostratigraphic sequence and planktonic foraminiferal
biozones are defined mainly on the Lowest and Highest Occurrence of some
age-diagnostic species due to the absence of biostratigraphic markers of the
standard zonations (Figure 5). To some extent, the low preservation of plank-
tonic foraminifera in the samples constrains the application of standard plank-
tonic foraminiferal zonations [6] [14] [15] [29]. However, because of their poor
preservation, a number of marker species are sporadically present or missing.
The method of zonation is solely based on age-diagnostic species and is basically
biostratigraphic in nature.

It is not formally established here but presented to illustrate an ability to de-
fine approximate positions within a standard time-stratigraphic scale. Foramini-
feral biozone schemes based on an accurate age indicators provide a solid basis
for biostratigraphic correlations worldwide and regionally. Zones E3 (Pé6a), E4
(P6b), E5 (P7), E6 (P8), and E7 or E7a have been identified in the Lower Eocene
sedimentary succession (Figure 5).

The biostratigraphic zones are described from the top to the bottom as fol-
lows:

Subzone E7a. Acarinina cuneicamerata Lowest-occurrence Subzone

Planktonic Foraminifera
Foraminiferal zones 2 £ o § 2 g E
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Figure 5. Distribution of planktonic and benthic foraminiferal species in the studied section.
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The Acarinina cuneicamerata Lowest-occurrence Subzone or Subzone E7a
was originally established and described by [29] and it is equivalent to Zone E7
of [14]. It is marked by the interval from the LO of the Acarinina cuneicamerata
and the LO Turborotalia frontosa. The estimated age is 50.4 - 49.0 Ma as re-
ported in [41]; 50.3 - 48.6 Ma as reported in [42] respectively.

The equivalent of Zone E7a or E7 in the studied section can be described as
Pseudohastigerina micra Lowest-occurrence Subzone. It is defined by the LO of
Pseudohastigerina micra to the HO of Acarinina pentacamerata within the
samples nrs. 27 - 28 collected from the upper part of limestone unit. Pseudo-
hastigerina micra ranges from the mid part of E7a subzone to O1 zone [43].
The geological range of Acarinina pentacamerata extends from E5 zone (mid
lower Eocene) to the upper part of E7a subzone (lower part of middle Eocene)
[44]. This zone is covered with occurrence of the nominate species for 1m in-
terval in the upper part of the studied section (Figure 5). This interval zone
indicates Early Eocene and characterized by low diversified planktonic fora-
miniferal species, e.g. Globorotaloides quadrocameratus, Alicantina prolata,
Subbotina patagonica, Acarinina pentacamerata, Subbotina eocaena, Planorota-
lites pseudoscitula. Acarinina bullbrooki, Pseudohastigerina micra.

Zone E6. Acarinina pentacamerata Partial-range Zone

The Acarinina pentacamerata Partial-range Zone or Zone E6 was originally
established and described by Berggren [14]. It is marked by the interval from the
Highest Occurrence (HO) of the Morozovella subbotinae to the Lowest Occur-
rence (LO) of Acarinina cuneicamerata. The estimated age is 50.8 - 50.4 Ma as
reported in [41]; 50.8 - 50.3 Ma as reported in [42] respectively.

The equivalent of Zone E6 in the studied section can be described as Subboti-
na eocaena Lowest-occurrence Zone. It is defined by the Lowest Occurrence
(LO) of Subbotina eocaena within the sample nrs. 22 - 26 collected from the
marl unit. Subbotina eocaena ranges from the early Eocene Zone E6 [45] to up-
per Oligocene Zone O6 [46]. Pseudohastigerina micra ranges from the mid part
of E7a subzone to O1 zone [43]. This zone is covered with occurrence of the
nominate species for 2 m interval in the upper part of the studied section (Figure
5). This interval zone indicates Early Eocene and characterized by low diversified
planktonic foraminiferal species, e.g. Globorotaloides quadrocameratus, Alican-
tina prolata, Subbotina patagonica, Acarinina pentacamerata, Subbotina eocae-
na, Planorotalites pseudoscitula.

Zone E5. Morozovella aragonensis| Morozovella subbotinae Concurrent-range
Zone

The Morozovella aragonensis/ Morozovella subbotinae Concurrent-range
Zone or Zone E5 was described by Berggren [14]. It is marked by the interval
between the LO of the Morozovella aragonensis and the HO of Morozovella
subbotinae. The estimated age is 52.3 - 50.8 Ma as reported by [41] [42].

The equivalent of Zone E5 in the studied section can be described as Acarini-
na pentacamerata Lowest-occurrence Zone. It is defined by the interval from the

Lowest Occurrence (LO) of Acarinina pentacamerata to the LO of Subbotina
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eocaena. The geological range of Acarinina pentacamerata extends from E5 zone
(mid lower Eocene) to the upper part of E7a subzone (lower part of middle Eo-
cene) [44]. This zone is represented by 2 m interval within the samples nrs. 18 -
21 collected from the limestone/Marl unit of the studied section (Figure 5).
This interval zone indicates Early Eocene and characterized by low diversified
planktonic foraminiferal species, e.g. Globorotaloides quadrocameratus, Alican-
tina prolata, Subbotina patagonica, Acarinina pentacamerata, Planorotalites
pseudoscitula.

Zone E4. Morozovella formosa Lowest-occurrence Zone.

The Morozovella formosa Lowest-occurrence Zone or Zone E4 was described
by Berggren [14]. It is marked by the interval between the LO of the Morozovella
formosa and the LO of Morozovella aragonensis. The estimated age is 54.0 - 52.3
Ma as reported by [41] and 54.4 - 52.3 Ma as estimated by [42].

The equivalent of Zone E4 in the studied section can be described as Alicanti-
na prolata Lowest-occurrence Zone. It is defined by the interval from the Lowest
Occurrence (LO) of Alicantina prolata to the LO of Acarinina pentacamerata.
The geological range of Alicantina prolata extends from Zone E4 (mid lower
Eocene) to E8 (lower part of middle Eocene) [47]. This zone is represented by
11m interval within the samples nrs. 7 - 17 collected from the limestone/Marl
units of the studied section (Figure 5). This Early Eocene interval zone is cha-
racterized by low diversification of planktonic foraminiferal species, e.g. Globo-
rotaloides quadrocameratus, Alicantina prolata, Subbotina patagonica, Subboti-
na eocaena, Planorotalites pseudoscitula, Chiloguembelina parallela.

Zone E3. Morozovella marginodentata Partial-range Zone

The Morozovella marginodentata Partial-range Zone or Zone E3 was de-
scribed by Berggren [14]. It is marked by the interval between the HO of the
Morozovella velascoensis and the LO of Morozovella formosa. The estimated age
is 54.5 - 54.0 Ma as reported by [41] and 54.9 - 54.4 Ma as estimated by [42].

The equivalent of Zone E3 in the studied section can be described as Globo-
rotaloides quadrocameratus Lowest-occurrence Zone. It is defined by the inter-
val from the Lowest Occurrence (LO) of Globorotaloides quadrocameratus to
the LO of Alicantina prolata. The geological range of Globorotaloides
quadrocameratus extends from Lower Eocene Zone E2 [48] to lower Miocene
Zone M1 [49]. This zone is represented by 4 m interval within the samples nrs. 1
- 6 collected from the Marl unit of the studied section (Figure 5). This Early Eo-
cene interval zone is characterized by poor diversification of planktonic forami-
niferal species., e.g. Globorotaloides quadrocameratus, Alicantina prolata, Pla-
norotalites pseudoscitula, Chiloguembelina parallela.

Photographs of selected planktonic and benthic foraminiferal species from the
studied section in the Zgaimat Al Hasah anticline were shown in (Figures 6-8).
To clarify the details of the external morphology, some specimens were wetted
with water and then photographed with the SMZ25 microscope as shown in
(Figure 7(1b), Figure 7(1d), Figure 7(4b), Figure 7(4d), and Figure 7(5b)).
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Figure 6. SEM photographs of selected planktonic foraminiferal species from the studied
section in the Zgaimat Al-Hasah anticline. 1(a-d) Globorotaloides quadrocameratus
(Olsson, Pearson & Huber 2006); 2(a-c) Alicantina prolata (Bolli, 1957); 3(a-d) Chilo-
guembelina parallela (Beckmann, 1957); 4(a-c) Acarinina pentacamerata (Subbotina,
1947); 5(a-b) Acarinina aspensis (Colom, 1954). All scale bars = 100 pm.

Despite the samples that collected from the varicolored sandstones and phos-
phatic sandstone were barren. The Lower Eocene foraminiferal assemblages
were recovered from the carbonate succession in the studied section. The Lower
Eocene benthonic assemblages include, among others, Planulina dayi (White,
1928), Nonion havanense (Cushman and Bermudez, 1937), Pullenia americana
(Cushman, 1936), P. jarvisi (Cushman 1936), Ammonia sp. cf A. aomoriensis
(Asano, 1951), Cribrostomoides sp. (Parr, 1950), Mississippina omuraensis (Shuto,
1953), Trochammina sp. (Cushman, 1944), Tritaxis primitiva (Bronnimann &
Whittaker, 1988), 7. fusca (Williamson, 1858), Cibicides mabahethi (Said, 1949),
Paratrochammina globorotaliformis (Zheng, 1988), Discorbinella bodjongensis
(LeRoy, 1941).
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Figure 7. Selected benthic foraminiferal species from the studied section in the Zgaimat
Al-Hasah anticline. 1(a-d) Ammonia cf. A. aomoriensis (Asano, 1951); 2(a-c) Cribrosto-
moides sp. (Parr, 1950); 3(a-c) Mississippina omuraensis (Shuto, 1953); 4(a-d) 7ro-

chammina sp. (Cushman, 1944); 5(a-c) Tritaxis primitiva (Bronnimann & Whittaker,
1988). All scale bars = 100 pm.
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Figure 8. Selected benthic foraminiferal species from the studied section in the Zgaimat
Al-Hasah anticline. 1(a-c) Cibicides mabahethi (Said, 1949); 2(a-c) Paratrochammina
globorotaliformis (Zheng, 1988); 3(a-c) Discorbinella bodjongensis (LeRoy, 1941); 4(a-c)
Tritaxis fusca (Williamson, 1858). All scale bars = 100 um.

Based on occurrences of some age-diagnostic planktonic foraminiferal species,
an Early Eocene age is given to the studied section. Whereas, the Ajlun Group at
Zgaimat Al-Hasah of the Wadi Sirhan Basin probably deposited during the Ce-
nomanian-Turonian age [4]. The Al-Hisa Phosphorite Formation (AHP) that
overlies the studied section in the Zgaimat Al-Hasah anticline was deposited
during the Paleocene-Early Eocene age, based on the occurrence of calcareous

nannofossils [28].

6. Conclusions

The identification of the age-diagnostic of Planktonic Foraminiferal species is
contributing to establishing the Foraminiferal biostratigraphic zones as well
as the age determination of the enclosed deposits. The age-diagnostic species
uses mainly to reconstruct the vertical distribution of biostratigraphic zones.
In other words, to delineate the approximate positions within a standard chro-
no-stratigraphic scale.

The present study that is carrying out for the first time in the study area con-
cluded the following findings;

e TFive Planktonic Foraminiferal biostratigraphic zones have been detected in
the studied section representing Zones E3, E4, E5, E6, and E7 or E7a.

e The occurrences of some important Planktonic Foraminiferal species indi-
cated that the studied carbonate deposits have deposited during the Early
Eocene age.

e Ten planktonic foraminiferal species belonging to seven genera have been
recorded; Globorotaloides quadrocameratus (Olsson, Pearson & Huber
2006), Alicantina prolata (Bolli 1957), Chiloguembelina parallela (Beckmann,
1957), Acarinina pentacamerata (Subbotina 1947), Acarinina aspensis (Co-
lom 1954), Acarinina bullbrooki (Bolli 1957), Subbotina patagonica (Todd
and Kniker. 1952), Subbotina eocaena (Guembel 1868), Pseudohastigerina
micra (Cole, 1927), and Planorotalites pseudoscitula (Glaessner 1937)

e Thirteen benthic foraminiferal species belonging to eleven genera have
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been identified; Planulina dayi (White, 1928), Nonion havanense (Cush-
man and Bermudez, 1937), Pullenia americana (Cushman, 1936), P. jarvisi
(Cushman 1936), Ammonia cf. A. aomoriensis (Asano, 1951), Cribrosto-
moides sp. (Parr, 1950), Mississippina omuraensis (Shuto, 1953), Trocham-
mina sp. (Cushman, 1944), Tritaxis primitiva (Bronnimann & Whittaker,
1988), T. fusca (Williamson, 1858), Cibicides mabahethi (Said, 1949), Paratro-
chammina globorotaliformis (Zheng, 1988), and Discorbinella bodjongensis
(LeRoy, 1941).
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