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Abstract In this paper, the “Agaba Formation” formed at the
margins of the Agaba Gulf, during the Quaternary, is sedimen-
tologically studied. This formation consists mainly of clayey
beds intercalated with friable silty, medium to coarse-grained
sandstones, commonly with planar cross bedding, bioturbated
by vertical burrows, and poorly cemented polymict conglom-
erate. It is also comprised of beds of clay-supported conglom-
erates occasionally displaying intertonguing relationships.
The age of the formation is from Lower Pleistocene.

Due to the presence of greenish clay layers within the
Agaba Formation, this means that it was deposited under a
stream fresh water environment. It is also noticed that the
overlain Pleistocene sediments are rich in Ostracods suggest-
ing a fresh water environment, too. Generally, wetter climatic
conditions were prevailing at this period as indicated by the
absence of evaporite deposits (e.g., halite and/or gypsum). The
clay mineral constituents (kaolinite and illite/smectite
intermixed layers) and the absence of palygorskite are sup-
ported by the wetter conditions. It is worth to mention that
the essential non-clay minerals are quartz and feldspars.

This study presents the developments of the margins of the
Gulf of Agaba during Quaternary and reflects the climatic
changes during this period.
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Introduction

Quaternary period is a very good example for the succession
and changes of glacial, interglacial, and dry periods. It is con-
sidered as the most important period of the Earth history, de-
spite its short duration, about 2.6 Ma. The Quaternary period
is the most recent period, so its materials cover the landscape
and support the soil for agriculture and other human activities
(Bowen 1978).

Stratigraphically, the Quaternary period includes the
Pleistocene and Holocene epochs, as well as the latest chapter
of the Earth history (Gradstein et al. 2012). It was a period of
major climatic and environmental changes in the last 2.6 mil-
lion years.

Nevertheless, an understanding of the climatic changes
during the Quaternary period is essential not only to appreci-
ate significance features of the natural environment today but
also to better comprehend our present climate (Bradley 1999).

The Quaternary deposits of Jordan are widely distributed
throughout the country. As a result, they are not recorded in a
specific geological group, except those located in the Jordan
Rift Valley “Jordan Group” (Abed 2000). The Quaternary
sediments of Jordan are deposited in two main localities,
namely, the Jordan Rift Valley and the Jordan plateau.

The Quaternary sediments of the Jordan Plateau are depos-
ited in a widespread area lacking geographical distribution
(Table 1 and Fig. 1). Many works have been done on the
Pleistocene lake sediments in the northern part of the country.

As a paleoclimatic records to provide more information on
the Last Glacial Maximum (LGM), about 17-25 Ka, the var-
iations of the climate during that time triggered the researchers
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Table 1  Pleistocene lake sediments of southern Jordan and its assigned ages and references (after Mischke and Al-Saqarat unpubl. data)

Site name Age (?- Assumed) Based on Reference

Al- Hasa (~ 70-45 ka?, ~32-27 ka, ~14-12 ka, and ~12-8 ka)  '“C for geological and prehistoric materials. ~ Winer 2010

Jurf Ed Darawish ~ >111 ka through to 640 ka) 3 OSL ages Moumani 1996
Gregra Mid Pleistocene (?) Age of rocks at base and artifacts Bender 1968

Jafr Qa’a (16.030 + 140 years B.P and 24.470 + 240 years BP) 2 '*C ages Davies 2005
Mudawwara (125 ka through to 77 ka) 11 U/Th ages Petit-Maire et al. 2010
Agaba Early Pleistocene (?) Age of rocks based on geological situation Abbas 2014

to investigate these sites to understand the paleoclimate of the
area (e.g., Lake Lisan and lake Kinnert, Abed and Yaghan
2000a; Hazan et al. 2004).

However, all these studies were referred to the Pleistocene,
which might be influenced by the Dead Sea depression during
the Quaternary period.

Abed (2000) was the first who described the Pleistocene
sediments which are exposed in the Jordan Rift between the
Yarmouk River and the Dead Sea and named them “Jordan

Group”. Many researchers studied these sediments and find
out that they were deposited in ancient lakes formed during
the Pleistocene and thereby could be used as paleoclimatic
archives (Picard 1943; Huckriede and Wiesemann 1968;
Bender 1968; Horowtz 1979; Abed 1985; Abed et al. 2000b).

In the southern part of Jordan, information about the
Quaternary sediments related to the time of deposition, as well
as to the paleoclimatic and paleoenvironmental settings is rare
(Moumani 2002; Mischke et al. 2011). The existence of lakes

Fig. 1 Sites of Pleistocene lake
sediments in southern Jordan
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Table 2 The geographical coordinates of the studied localities

Site number ~ Latitude Longitude Elevation (m)
Site #1 29°25'4235"N  34°58'3504"E 24

Site #2 29°23"58.77"N  34°58'4828"E 16

Site #3 29°21'46.08" N  34°58'9.66" E 17

Site #4 29°21'5497"N  34°58'4522"E 23

Site #5 29°23'57.80"N  29°27'3827"E 74

Site #6 29°27'3827"N  34°59'18.60"E 104

Site #7 29°23"53.12" N 29°23'2267"E 112

Site #8 29°23'22.67"N  34°58'4732"E 72

during the Pleistocene in this part of the country was proposed
by several authors, but information on the spatial extent and
permanency of the water bodies and the related water sources
was not well constrained (Mischke unpubl. data).

As a consequence, it is essential to investigate the
palacoclimate of the Arabian Peninsula, Jordan in particular,
to understand the consequences of Quaternary climate change
on the regional landscape development and related land-
surface processes.

This study aims to describe a new Formation of Quaternary
of Jordan and name it. Also, it aims to understand and recon-
struct the paleoclimate and paleoenvironment of this new for-
mation on the basis of its sedimentological and paleontologi-
cal characteristics.

7
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Fig. 2 Google earth image showing the locations of eight selected outcrops investigated in the study area

Location of the study area

The investigated area is located adjacent to the coastline of the
Gulf of Agaba, Southern Jordan, along the highway to Al-
Durra border center to Saudi Arabia on its southern limit and
High Truck way to Amman on its eastern limit.

The Quaternary sediments cover about 20 km? of the study
area and are limited by the following coordinates 29° 23’ N
and 29°27' E. The Gulf of Agaba lies in arid climate zone with
mean annual precipitation of 37 mm/year on the coast and 50—
100 mm/year inland (Freiwan and Kadioglu 2008).

The field work was conducted in 2012, 2013, and 2014.
Eight selected sites (Table 2 and Fig. 2) had been chosen to be
studied intensively which show a diversity in the characteris-
tics of the sediments.

Geological setting

The investigated area is characterized by outcropping of igne-
ous, metamorphic, and sedimentary rocks of the Arabian Shield.

The igneous and metamorphic rocks are of the
Neoproterozoic basement (900 ~ 542 Ma) separated age
which is divided into two major complexes, namely, the
Agqaba and the Araba Complex, divided by a regional uncon-
formity at nearly 605 Ma (Powell et al. 2015).

Many researchers studied the Agaba Complex (e.g., Jarrar
et al. 1983; Rashdan 1988; McCourt and Ibrahim 1990;

192% N#35 28 1ym eye'alt$$19:981km
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Ibrahim and McCourt 1995). The metamorphic rocks of the
Aqaba Complex (Fig. 3) are found as relatively small outcrops
within intrusive rocks with a maximum age of 700-800 Ma
(Jarrar et al. 2013), where as the igneous rocks consist of
highly weathered granites, granodiorites, and quartzdiorite
and their volcanic equivalence with age of 630-580 Ma
(Jarrar et al. 1983; Powell et al. 2015).

Quaternary sediments near the Gulf of Aqaba were mapped
in a regional map of Al-Yamanyya and Wadi Al-Hashim map
sheet by Alkhatib (1987) as a part of the National Mapping
Project by Natural Resources Authority in Jordan. These sed-
iments have been referred to Alkhatib (1987) as Quaternary
sediments without any information about their subdivisions or
development.

Later on, many investigations have been done on the
Uplifted Coral Reefs which were deposited near the shoreline
of the Gulf of Agaba as a result of regression combined with
uplifting processes about 120 to 250 Ka (see Al-Rifaiy and
Cherif 1988; Gvirtzman et al. 1992; El-Asmar 1997; Strasser
and Strohmenger 1997; Shaked et al. 2002; Alhejoj 2013).
This is actually motivated the authors to carry out this study
to understand and reconstruct the paleoclimate of these sedi-
ments and their evolution.

@ Springer

Methodology

A detailed description of lithological variations was carried
out at eight different sites. Cross and columnar sections were

Age Fm. = Lithology | Remarks on lithology
seseced Conglomerate; grey color, coar-
ser upward, cross bedded and
well cemented.
5
> % = Sandstone; red color, medium to
g 2 ‘g coarse-grained, mostly friable,
§ é g quite homogeneous.
< B g Sand; red color, coarse-grained
% § § intercalated with gravel.
:530 > 3 Sandstone; reddish, quit homo.
Z § ~ i Sandstone; red color, gravel incl-
] uded, well carbonate cemented.
s 5 Sandstone; red color, medium to
coarse-grained, mostly friable,
quite homogeneous.

Fig. 4 Graphic log of the Red Sandstone Unit with a stratigraphical
description of each layer
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Fig. 5 General view showing the reddish bedded sandstone and the
colluvial sediments, about 6 m thick. Photo was taken from site three
(29° 21" 46.08" N, 34° 58' 9.66" E)

drawn using Coral Draw software to mark the borders be-
tween the layers within the same site, as well as to point out
the spatial relationship between the different units. As for the
units studied, two cross sections trending (N-E and S-W) were
generated to observe the lateral and vertical relationships and
variations.

During the field visits, 50 samples were collected for min-
eralogical analysis from the Red Sandstone Unit (sites 3, 4,
and 6) and the Aqaba Formation (sites 2, 5, 7, and 8), and 64
samples were collected from the Agaba Formation for micro-
paleontological analysis.

The Red Sandstone Unit and the Aqaba Formation deposits
are more significant to use the collected samples from them,
that is, both are have sediments size ranges from sandy to
clayey grain size, so these sediments can be pretreated and
analyzed.

Fig. 6 General view showing the Red Sandstone Unit overlain by the
Agqaba Formation at the top of the section. Photo was taken from site (29°
21'54.97" N, 34° 58' 45.22" E)

Fig. 7 General view showing the poorly sorted conglomerate in sand
matrix in the upper part of the Red Sandstone Unit. Photo was taken
from site 3

To identify the fossil species, 64 samples from different
sites of the Agaba Formation (sites 2, 5, 7, and 8) were
pretreated. One hundred grams of the original samples were
disaggregated. The samples were then placed in a diluted
H,0, for 24 or 48 h, according to their hardness. The samples
were then boiled gently for 30 min, dried and sieved using
30#, 60#, and 120# mesh sieves to separate the macro and
microfossils. All four fractions, including the pan, were picked
by means of a binocular microscope. A scanning electron
microscope was used to help in identifying the microfauna
(Abed et al. 2008).

X-ray diffraction (XRD) was used to study the mineralog-
ical composition. For this purpose, 50 samples from different
sites of the Red Sandstone Unit and the Aqaba Formation
were pretreated. Five grams of each sample were finely
ground by pestle in an agate mortar. All samples were run
using a scanning rate of 2°/min. From 2 to 65° 20, range
4 x 103, and a chart speed 2 cm/min on a Philips Xpert
MPD housed in the Institute of Earth and Environmental
Sciences, Al-AlBayt University. Major peak height of min-
erals in randomly-selected slides and the 001 peak of clay
minerals in normally oriented slides were used for semi-
quantitative analysis of the minerals present (Banat 1980).

Results
Lithology of the study area

The lithological results of this research present a description of
a new rock formation “Aqaba Formation” and other units of
Quaternary Period near the Gulf of Aqaba.

The study area is characterized by the presence of
Quaternary sediments deposited near the present beach of
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Fig. 8 Graphic log of the Aqaba

Formation unit with a detailed [ ~Age [ Fm.jLithology Remarks on lithology
description of each layer ==

Silty sandstone; greyish, relatively
hard, horizontal bedding.

Clay to silty clay; greyish green to dark
grey seems, horizontal bedding.

Conglomerate; greyish to yellow grey, massive
% , friable, poorly cemented, planar cross |
%] bedded and with intercalated thin beds and
lenses of coarse- to medium- grained, friable
sandstone.

) Clay; orange color, mostly homogen- |
cous

Quaternary

Lower Pleistocene (?)
Aqaba Formation

Sandstone; grey to pinkish color, high-
ly friable, coarse to very coarse-grain-
ed

Coarse-grained sand, pale yellowish,
intercalated pebbles, mostly rounded. |
Sandstone; yellowish color, fine-
grained, relatively hard, quit

{ homogeneous

the Gulf of Agaba which includes alluvium and wadi sedi- Five units were observed in the study area including the

ments, beach deposits, alluvial fans, red sandstone, mud flats, suggested formation: the Red Sandstone Unit, the Aqaba

Pleistocene gravels, clay deposits, and raised reefs. Formation, the Conglomerate Unit, the Uplifted Coral Reefs
Unit, and the Alluvium Unit from top to base, respectively.

™

Bottom

Fig. 9 General view showing an exposure of the Aqaba Formation, site
2, which is located in the western side of the study area along the main : :
road to Saudi Arabia borders near the Tala Bay area. The blue area Fig. 10 Normal faults resulted from the divergent movement of the Red
corresponds to the Red Sea, Gulf of Agaba (29° 23’ 58.77" N, 34° 58’ Sea in site 7 which is located at the northeast of the study area at the high
48.28" E) truck way (29° 23’ 53.12" N, 29° 23' 22.67" E)
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Fig. 11 Graphic log of the
conglomerate unit
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Red sandstone unit

Three sites were investigated and show a similarity in their
lithological and stratigraphical characteristics (sites 3, 4, and
6, respectively) with a maximum thickness at site 4 (up to
20 m). The distances between these sites are 3 km.

In general, the red sandstone unit (Fig. 4) is mainly com-
posed of reddish unconsolidated, fine to coarse grained sand
with some gravel. It is mostly homogeneous, and poorly
sorted, except in site 3, which shows coarse grained size grav-
el with cross and horizontal bedding (Fig. 5). At site 4, the
Agqaba Formation exposed at the top of the section which
indicates that it is younger than the Red Sandstone Unit
(Figs. 6 and 7).

Sites 3 and 4 are located to the south of the study area, 1 km
before the Saudi Arabia border center (Al-Durra) near
KEMABKO-MAIN PLANT factory, and they are a little bit
similar in their content. Site 6 is present above in the third
highway trucks road to the northeast of the study area, and it
is mainly composed of loose reddish fine-grained sand, denser
and well cemented by carbonates from rainfall precipitation.
Poor gravel content dominates the basal part.

Fig. 12 Sorted conglomerate found in well-cemented sand matrix and
overlain by the Uplifted Coral Reefs

The red sandstone unit probably results by weathering of
the Paleozoic Nubain sandstone, the high amount of plagio-
clase, and the paleocurrent direction towards the Gulf. The age
of the Red sandstone unit is Pliocene-Lower Pleistocene.

Aqaba formation

The Agaba Formation refers to the Al-Yamaniyya clay de-
posits developed close to the shoreline of the Gulf of Agaba.
This formation extends for about 12 km along the coast with
an average width of 6 km. Ibrahim and Abdelhamid (1991)
described these deposits and assigned them to Pleistocene.
They reported that the clay bearing beds occur at several levels
and vary in their thicknesses from 20 cm to 3 m.

This formation mainly consists of clayey beds which are
intercalated with friable silty, medium to coarse-grained sand-
stones, commonly with planar cross bedding, bioturbated by
vertical burrows, and poorly cemented polymict conglomer-
ate. It also comprises beds of clay supported fine sand and
occasionally displaying intertonguing relationships with the
Conglomerate unit.

Four sites have been investigated during the field sur-
vey (sites 2, 5, 7, and 8), and the distance between these

Fig. 13 The widely distributed alluvium unit in the study area
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Table 3  The various representative types of clay minerals indicated
from the XRD diagrams. Samples were derived from the Aqaba
Formation. (s.t refers to site number)

Sample no. /S K ™M P C
SJ14-s.t 24 T Tt i - -
SJ14-s.t 2-8 T Tt i - -
SJ14-s.t 5-6 11 T il - -
SI14-s.t 7-5 Tt T Tt - -
SJ14-s.t 8-7 T T Tt - -

Note: /S illite/smectite, K kaolinite, /M illite/montmorilionite, P
palygorskite, C chlorite

777 indicates major, 1 indicates minor, and 1 indicates trace

sites is about 4 km from each other. All of them show
similarity in their lithological and stratigraphical charac-
teristics (Figs. 8, 9 and 10). Site 2 is a representative site
for the Aqaba Formation located at the Tala Bay area in
the western part of the study area with thickness up to
40 m. It is composed mainly of greenish, reddish, grayish
clay beds, intercalated with silt, fine to coarse-grained
friable sand, and conglomerate. Sites 5, 7, and 8 lie at
the North-East of the study area and are also characterized
by the presence of varied colors clayey beds with silt,
sand, and conglomerate.

The thickness of the formation increases towards the south-
west of the study area and reaches its maximum thickness at
site 2. The distribution of the formation was determined by the
presence of greenish beds which were considered as marker
beds and are distributed and extended along widespread area
and appear at the outcrops of the formation.

Conglomerate unit

The northwestern part of the study area consists of
poorly sorted conglomerates. This formation consists
mainly of igneous and metamorphic gravels which are
accumulated in a sandy matrix and found underneath
the Coral Reefs Unit and displaying intertounguing re-
lationship with the Aqaba Formation. This unit varies in
thickness, from 3 to 6 m, and its maximum thickness is

Table 4  The various representative types of non-clay minerals in the
Red Sandstone Unit as explained from the XRD diagrams. Samples were
derived from the Red Sandstone Unit. (s.t refers to site number)

Sample no. Quartz  Feldspars ~ Calcite ~ Halite ~ Gypsum
Sild-st4-6 it it i - -
SIl4-st3-2 11 Tt T - -
SJ13-s.t 6-1 T T il - -

1171 indicates major, 1 indicates minor, and 1 indicates trace

@ Springer

up to 6 m (Figs. 11 and 12). Some beds of gravel
conglomerate can also found in sandstone showing an
indication of the paleocurrent direction towards the pres-
ent coastline (southwest of the study area).

Uplified Coral Reefs Unit

Coral reefs are carbonates build ups, tropical to subtrop-
ical, coastal ecosystems comprising very diverse organ-
isms. Their ancient counterparts, reef deposits, provide
important, high-resolution records of geologic events in
tropic to subtropical shallow waters, such as vertical and
lateral tectonic movements, sea-level fluctuations, paleo-
climatic changes, and paleoceanographic variations.

The shoreline of the Gulf of Aqaba is well habituated
with fringing coral reefs that are considered as the main
element of the ecological system. Fringing coral reefs
and marine Sea Grass in the Gulf enhances a typical
environment for marine living organisms (Silverman
and Gildor 2007).

Well-preserved uplifted coral reefs were observed in four
locations along the shoreline of the Gulf, namely:

« East of the Marine Science Station,

*  Opposite to the national camp site,

*  Opposite to the northern end of the marine park, and

*  Opposite to the Royal Diving Center (data from Alhejoj
2013; Al-Rashdan 2013).

The Natural Resources Authority (1988, cited in Al-
Rashdan 2013) reported that there are three major cycles
of the uplifted fossil coral reefs in the forementioned
locations that can be attributed to the eustatic sea level
changes during the glacial and interglacial episodes of
the Late Pleistocene.

The age of marine reefs was constraint between 120
and 250 ka by (Lazar et al. 2004; Shaked et al. 2005).
At the present time, the height of the coral reefs ranges
between 5 and 50 m (Alhejoj 2013) and probably de-
posited as a result of the regression of the Gulf of
Agqaba during the Late Pleistocene.

Alluvium unit

The uppermost Pleistocene alluvium covers about 50 % of the
study area. They form the main feature of the mountain front
facing the coast of the Gulf, where they are deposited as a
result of a series of coalesced old alluvial fans. Towards the
Gulf, the gravels are deeply dissected, up to 50 m, by the
recent wadis. The gravels and alluvium deposits are accom-
panied with wadi sediments, together with the formation of
fans (Fig. 13).
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Fig. 14 Scanning electron
microscopy photo micrographs of
ostracodes from the studied area.
a Dorosal view caparace of
Candona neglecta. b Candona
neglecta, male. ¢ Candona
neglecta, female. d caparace of
Candona neglecta. e Poorly
preserved valve. f Ilyocypris sp. g
Dorosal view of caparace. h
Internal view of Candona
neglecta. i llyocypris sp. dorosal
view. j Internal view of Ilyocypris
sp. note that samples a—d were
derived from site 2. e, h, fsite 5. i,
g, jsite 8

100 Micron

Mineralogy

The studied samples were derived from two rock units; the
Agaba Formation and the Red Sandstone Unit. The samples
that derived from Aqaba Formation consist mainly of clay
minerals showing abundance of kaolinite illite/smectite mixed
layers and illite/montmorillonite mixed layers (Table 3).

Fig. 15 Courses of the sediments to the Gulf of Aqaba through the wadis
generated by floods in times of high rainfall

Ostracodes from the study area

Chlorite, palygorskite and evaporites such as gypsum and ha-
lite were not recognized.

The studied samples from the Red Sandstone Unit were
selected from three different localities (sites 3, 4, and 6) and
show similarity in their mineralogical components which is
comprised mainly of quartz and feldspars with minor amount
of calcite in site 6 and traces in sites 3 and 4. This probably
explains that the sandstone at site 6 is denser than that in sites 3
and 4 which acts as a cement material at site 6, while sand-
stone at sites 3 and 4 is more loose (Table 4). The amount of
feldspars supports that the origin of the Red sandstone unit is
from the Upper Paleozoic sandstone, Salab formation, which
contains high amount of feldspars.

Paleontology

Macrofossils were not observed in the study area, except those
in the uplifted coral reefs unit. As a result, microfossils anal-
ysis was carried out in order to obtain a clear image of the
paleoclimate and paleoenvironment of the study area.

The microfossils analysis was carried out on samples of the
Agaba Formation, since the other units observed in the studied
area are coarse-grained and friable. As a consequence, the
conditions are not suitable for preserving microfossils.
Ostracodes were preserved in the fine grains of Aqaba
Formation and were poorly preserved and sparse (Fig. 14)

@ Springer
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Fig. 16 Marker bed of the Aqaba Formation and its extension westward
to the Gulf. Photo was taken from the third high truck way of the study
area

probably due to the high energy environmental conditions.
Samples from site 7 of the Aqaba Formation did not includes
any species of microfossils.

Discussion

As previously mentioned, the Quaternary sediments were de-
posited near the shore of the Gulf of Agaba and the thick-
nesses of the layers increase towards the shore.

The role of the Gulf during Pleistocene is still a matter of
debate especially with the presence of the fossil coral reefs at
about 500 m of the present shore of the Gulf and about 70 m
a.s.l. This led to raise questions about the development history
of the Gulf since Miocene to present.

The presence of three major cycles of fossil reefs develop-
ment which have been recognized at the Gulf of Agaba sug-
gest that the eustatic changes of the sea level, as well as, the
coastal erosion processes and faulting has led to the formation
of various terraces of the uplifted fossil coral reefs which
correspond to glacial and interglacial episodes of the Late
Pleistocene Epoch (Al-Rifaiy and Cherif 1988).

The sea water of the Gulf of Agaba reaches depths of over
1800 m, and its coast is steeply by step faults (Friedman 1965).
The living reefs tend to disappear, even beneath the water,
within the part of the reefs near land; however, they are active-
ly growing towards the sea (Gabrie and Montaggioni 1982).

These reefs developed since a minimum of 306,000 years
at the area (Gvirtzman and Friedman 1977; Reiss and
Hottinger 1984). Within the Gulf itself, which is a site of
active carbonate deposition, coarse siliciclastic have been de-
posited representing submarine fans. Additionally, alluvial
fans cover the coast ahead of the most wadis (Fig. 15).

The ages of the different units in the study area were not
determined, but on the basis of the field survey it was noted
that the Red Sandstone Unit is the oldest. Probably, it belongs
to Pliocene-Lower Pleistocene followed by the Aqaba
Formation (Fig. 16) which is most probably deposited during
Lower Pleistocene, Conglomerate Unit follows Middle
Pleistocene. The age of the Coral reefs unit between 120 to
250 ka dated by (Lazar et al. 2004; Shaked et al. 2005) and
eventually Alluvium and younger Upper Conglomerate Unit
is most probably deposited during the Upper Pleistocene
(Figs. 17 and 18).

There are many works which dealt with the reconstruction
of the paleoclimate and paleoenvironment of Quaternary sed-
iments on the basis of their sedimentological characteristics
(Moumani 1996, 2002; Ginat et al. 2003; Moumani et al.
2003; Winer 2010; Pigati et al. 2014).

Fig. 17 N-S cross section of the
units at the lower part, the red N
sandstone overlained by the
Agaba formation, the Alluvium
and younger Upper
Conglomerate at the upper part

Dyke Non-conformity

ed Sandstone Unit

eskssese: Alluvium and younger upper conglomerate L km

XU X" Granite and Ryolite
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Dykes

Non-conformity

Terraces of coral reefs

Conglomerate unit

Gulf of

grrrwsr Coral reefs unit- .
TEIEILY Granite ai

Aqaba

1 Km
N

Fig. 18 E-W cross section of the different units in the study area from the older Red Sandstone Unit to the younger Alluvium and Upper Conglomerate

Unit

The Quaternary sediments at the southern Aqgaba area are
represented by alluvium and wadi sediments, beach deposits
alluvial fans blown sand, mud flats, Upper Pleistocene
gravels, clay deposits, and raised reefs. The Aqaba
Formation which is mainly composed of clay and marl beds
is intercalated with sand and silt and overlain by the conglom-
erate unit supports the water body covering part of the area.

The conglomerates suggest a stream environment and
the presence of it in such cobbly and pebbly unsorted
grains might indicate a flash flood high energy environ-
ment. This assumption could be also supported by the
presence of poorly preserved and highly recrystallized
Ostarcodes types (see Fig. 19).

The clay minerals with an average value of 53%
(Khoury 2002) such as kaolinite which formed as a result
of chemical weathering of feldspar from the upper
Proterozoic rocks, and smectite, mainly derived from red
clay of site 7, which transformed to palygorskite in a
saline alkaline water with the absence of evaporites and
palygorskite. Consequently, the depositional environment
cannot be hypersaline or evaporative.

Most of the clay deposits of the Agaba Formation are
detrital in origin from the highly weathered surface of the
Proterozoic rocks. The weathering products were
transported and deposited close to the shoreline of the
Gulf. Kaolinite is the final degradational alteration prod-
uct during the wet periods (Khoury pers. Comm.)

Mineralogical results are matched with the previous work
on the mineralogy of Al-Yammaniyya clay deposits (e.g.,
Ibrahim and Abdelhamid 1991; Abdelhamid et al. 1994,
Saqqa et al. 1995).

The microfossils analysis shows the preservation of differ-
ent types of Ostracodes also supports a wetter conditions and
living in a stream fresh water body (Meisch 2000). These
findings suggested wetter conditions with a fresh water body

which have been accumulated by a kind of a wetland that was
fed by springs were probably beside or even at the exposures
of these sediments. The conglomerates that cover the clay
beds deposited in streams drained to the Gulf of Agaba.

Conclusions

This study was performed in order to investigate and describe
for the first time the Quaternary sediments near the Gulf of
Agqaba, southern Jordan, aiming at the determination of their
origin, paleoclimate, and paleoenvironment of deposition.
The main conclusions of this study are summarized below:

1) Five units were observed in the study area showing dif-
ferences on the basis of their lithological characteristics.

2) The paleoclimate of the study area is much wetter than the
present day climate. This can be noted on the basis of

Fig. 19 Uplift fossil reefs at about 70 m above the present sea level
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lithological, mineralogical, and paleontological character-
istics of the study area.

3) Red Sandstone Unit was probably deposited from the
weathering of the upper Arabian Nubian Shield rocks.
The reddish color might be attributed to the high amount
of feldspar due to the paleocurrent direction towards the
Gulf deeply support this argument.

4) Aqgaba Formation prevailed by fresh water body that
might have accumulated by kind of a wetland that fed
by springs which were probably beside or even in the
bottom mountains. The deposition of kaolinite which
originated from the upper Proterozoic rocks by the action
of water from the upper mountains supports that.
Additionally, the octracods species gathered from the
Aqaba Formation also supported the conclusion that fresh
water body covered the area during their deposition.

5) The non-clay mineralogical results show abundance of
quartz and feldspars, notably from the Red Sandstone
Unit. On the other hand, the clay mineralogical results
show that kaolinite and illite/smectite mixed layers are
the major constituents which are all detrital in origin from
the upper Proterozoic rocks and support the assumption
that a fresh water body prevailed the area during their
deposition in a wetter climate conditions.

6) The poorly sorted conglomerate was deposited as a result
of floods with high energy environment.

7) Uplifted Coral Reefs Unit was deposited by changes in
custatic sea level accompanied with uplifting processes
120 to 250 ka before present.
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