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ABSTRACT

A spatially large uranium anomaly covering about 20000 Km? has been identified in the
Basrah region as a result of the regional geochemical soil survey of the Western and Southern
deserts of Iraq carried out in the period (1978 — 1983). The anomaly is geogenic; related to a
specific bedrock lithology and detected before the Gulf Wars of 1991 and 2003. The
mineralogy of the Pliocene — Pleistocene sediments covering most of the anomalous area
suggest that part of the U source may be attributed to the U-bearing primary unaltered U-
bearing minerals in the fine clastic sediments, derived from the Arabian Shield. On the other
hand, the hydrochemistry of the groundwater system and the origin of the uranium
occurrences west of the Euphrates River, from Hit to Samawa, permit another possibility to
explain the source of U-enrichment in the soils and sediments in the Basrah region, which is
the epigenetic enrichment of U associated with evaporate minerals on the land surface
originating from uraniferrous groundwater seepages. Uranium enrichment in the shallow
aquifers of the area can be supplied from deep uraniferrous sources similar in this respect to
numerous cases reported along the Anah — Abu Jir Fault system.

oot $iaa Dl 3 Cotonsi3l) Cibans 55 (B 2 9530 3 g3l B3t Jual Anal 3 (B Aabluas
G Ggin 3yl Alhia b

abad) Asa g gala

oaldiall

Sl O3S a1 Rgially il shaaall 8 Al GeliY) AileS pall s gl gkl
byl dsilas an 22820000 N ss Aaid asnil sl e dalle S0 53 1 x5 Ailaie 3525 1983 — 1978
o U8 i e gl (558 ) ALY Ll apdall o gaad) Jha¥) oSy Badsa 4 jlaay 33LAY o8 Ll ) ol
wc‘):&h_)\u&w\sku‘;\l\ Gillial) dpaze (e daliadl Gila el ¢ i e 2003 51991 ‘;C_\Lﬁ\
M\J.ﬂ\ 0l e.ls.a k_\u\})X\ %) ?.cu\ &)&j\ Lﬁ e).\.\\)}.\ﬂ ALl J.u_mj\ e 4\.\1}5“ u.)\.t.d\ ‘_A\ cL\GY\ Jaa d..a\
L_\.\A su.u.n}u.u)\.ﬂb u—tu;-')-ﬂ‘ uh.uz_)q \.@_J:uu‘;d\ dslhiall ‘_g ?3'”\-)}'” 4\.\3144\ JAS\)J\ J.\.ws.d PAYREN _)Luﬂ\.eéj
u\a}w\é\bﬁm‘_ﬁﬂ‘ﬁy\ MQJ\AA.A}L.\AJJLC’JQMPJA\ \)}J\A\yucoﬁjﬂ\d:yj\ca‘).\
Lzl du.vu.a_)‘y‘ C')a“‘-;‘ paclall sl 47\5#‘ u\.ﬂ\‘)al\ uA‘\:\SJAJ\ bl:bd‘ UJS:' o US.A.J(‘;J*“)}J\ Jdas
slie) g o pelad] (ine Gld G jae Gl iy palsal 5Se clpuis gl IS0 e Sl
gae A (e 505 il T b g slia 3 yrem ) il ol Al al) 4 5l il A1

Czech Geological Survey, Prague, Czech Republic, e-mail: albassam703@gmail.com

GEOSURV-Iraq: www.geosurvirag.iq
ISSN 1311 — 4539 59 IBGM: http://ibgm-ig.org/
Academic Scientific Journals: www.iasj.net


http://www.geosurviraq.iq/
http://ibgm-iq.org/
http://www.iasj.net/

Contribution to the Origin of the Uranium Anomaly in the Pliocene and Pleistocene
Sediments of the Basrah Region, South Irag Khaldoun S. Al-Bassam

INTRODUCTION

The regional geochemical survey of the Iragi Western and Southern deserts, carried out
by Iraq Geological Survey in the late seventies and early eighties of the past century, was
based on more than 17000 samples collected from top soil and analysed for 13 chemical
elements. The analytical data was processed statistically to derive background and threshold
values for each element and spatial distribution maps were constructed (Al-Bassam and
Yousif, 2014). The regional soil geochemical survey showed outstanding uranium anomaly in
the region of the Basrah Governorate covering about 20000 Km?, in addition to several other
anomalies elsewhere in the desert. The sampling and analysis was achieved before the Gulf
wars in 1991 and 2003, when depleted uranium was used in military action and before the
Chernobyl nuclear accident in 1986, which contaminated soils in some parts of Irag. For this
reason the anomaly is considered geogenic; related to a specific lithology of clastic sediments
(Al-Bassam and Yousif, 2014). Some high U concentrations in the soil and groundwater in
the Basrah area are proved geogenic after isotopic speciation of U, which excluded the
depleted uranium as a source (Alkinani and Merkel, 2018).

The Desert Terrain was dealt with collectively as one physiographic province in the study
of Al-Bassam and Yousif (2014), which includes several sub provinces (domains); divided
according to dominating bed rock lithology, to show the influence of parent rocks on the
elements concentration in the overlying soil (Table 1 and Fig.1). The “Dibdibba Sand
Domain”, which covers most of the Basrah Governorate, is the subject of the present work; it
is part of the Desert Terrain and defined to include collectively the clastics of the Dibdibba
Formation (Pliocene-Pleistocene) and the Al-Batin Alluvial Fan sediments (Pleistocene)
(Fig.2). This part of Irag was covered by air-borne radiometric survey carried out by
Compagnie General de Geophysique (CGG, 1974), but the results were not presented in the
final interpretation report and radiometric maps.

The relatively high background of uranium in the soils and groundwater of the Basrah
region has received a lot of attention among the scientific community in Irag and abroad.
Depleted U and radioactivity were linked to the noticeable increase in cancer cases and birth
defects among the Basrah citizens (e.g., Al-Azzawi and Al-Naemi, 2002, Al-Hadithi et al.,
2012, Al-Azzawi, 2015, Al-Hamdany, 2020). The aim of the present contribution is to discuss
the possible geogenic sources of the anomalously high uranium concentration in the soils and
sediments of the Dibdibba Sand Domain (Basrah Governorate).The ideas presented may add a
new perspective on understanding the origin of the anomaly in the area; considering the role
of uraniferrous groundwater in the epigenetic enrichment of U in the soils and surface
sediments, which can be compared to several uranium anomalies along the Euphrates Fault
Zone.

Table 1: Areas covered by the soil geochemical survey in the Desert Terrain
(Al-Bassam and Yousif, 2014)

Location (AK?]?) No. of samples Sal;\pmlglsggﬁ)r:zlty
1. Total Desert 197100 17653 11.2
1.1.  Carbonate domain 118600 10742 11.0
1.2.  Phosphate domain 20400 2238 9.1
1.3. Laterites domain 13300 1399 9.5
1.4. Dibdibba sand domain 20500 1541 17.2
1.5.  Habbariyah gravel domain 18300 1733 10.6
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Fig.1: Areas covered by the regional geochemical soil survey
(Al-Bassam and Yousif, 2014)

Fig.2: Geological map of the Southern Desert (Adopted from Ma'ala, 2009
after Sissakian, 2000)
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PREVIOUS WORK

The Basrah region received the attention of several workers dealing with environmental
problems present in this part of Irag. Several studies have been accomplished, among which
are Khwedim et al. (2009a) who studied the distribution of heavy metals in the Basrah soil,
Khwedim et al. (2009b) studied the heavy metals concentration in mollusk shells in the rivers
and streams of Basrah City, Al-Muslih (2012) studied the hydrochemistry in the groundwater
in the area, but did not include uranium in the analysis, Khwedim et al. (2017) studied the
Dibdibba aquifer system in the Safwan — Zubair area and found high uranium concentrations
in the groundwater which they attributed to geogenic sources.

Alkinani and Merkel (2017 and 2018) and Alkinani et al. (2016 and 2019) accomplished
interesting results on the distribution of U and other metals in the sediments and groundwater
of the Al-Batin Alluvial Fan in the Basrah Governorate. Their work is probably the first
systematic approach to present ideas about the uranium enrichment in the sediments and
groundwater of the Pleistocene Al-Batin alluvial fan which represents a small part
(~6200 Km?), located in the eastern part of the Dibdibba Domain (Fig.2). The previous
authors assume a geogenic source of U from the Arabian Shield in Saudi Arabia, derived by
floods and trapped in the east and northeast under reduced conditions. Alkinani and Merkel
(2018) explained the release of uranium into the groundwater of Al-Batin aquifer by three
hypotheses: The first is desorption of U sorbed onto ferric minerals, the second is desorption
of U from clay minerals in mudstone lenses within the aquifer and the third hypothesis is the
release of U from the carbonate lattice structure; present as replacement of calcium.

SOURCES OF THE AIR-BORNE RADIOMETRIC ANOMALIES

In 1974 the CGG carried out air-borne radiometric survey for most of the Iraqi territory,
excluding the Kurdistan Region. The Basrah Governorate was covered by this survey, but was
excluded from the radiometric interpretation maps produced by CGG (1974) for unknown
reason. More than 30 radiometric anomalies were identified in the Desert Terrain (Mahdi,
2019); most of them are related to uranium radioactivity and a few to potassium. Later ground
follow-up surveys by Irag Geological Survey provided lithological links and sources of these
anomalies, with the exception of the Basrah region obviously (See references listed in Mahdi,
2019). Some of the most outstanding of these radiometric anomalies are reflected and
spatially coincided with uranium anomalies in soil.

A remarkable group of semi continuous radiometric anomalies, aligned in N — S direction
at the 40° longitude, from the Akashat phosphate mine to Saudi Arabia borders were
identified by the CGG air borne survey (see Mahdi, 2019). These anomalies are verified on
the ground by U anomalies in the soil overlying the Paleocene and Late Cretaceous
phosphorite-bearing rock units (Akashat and Digma formations). Other series of phosphorite-
related radiometric anomalies are connected to the Paleocene phosphorite-bearing unit of the
Umm Er Radhuma Formation; exposed in the vicinity of the Nukhaib town and extend
towards west to the Saudi Arabia boarder. The Iragi phosphorites, like all marine
sedimentary phosphorites, are rich in uranium (Al-Bassam, 2007). The Iragi deposits contain
30 — 100 ppm uranium; most of it is linked to the apatite structure in substitution for Ca®* as
confirmed by several authors (e.g., Altschuler, 1958).

Another group of radiometric anomalies of different intensities extends from Al-Qaim
town in the NW to Samawah City in the SE, along the Anah — Abu Jir Fault system (Fig.3).
Some of these anomalies were correlated with primary and syngenetic uranium showings in
the upper part of the Euphrates Formation, whereas others were attributed to elevated uranium

62



Iragi Bulletin of Geology and Mining Vol.17. No.1, 2021 p59 —-72

and radium concentrations in and around groundwater springs and bitumen seepages (Mahdi,
2019 and references therein). The radiation intensity ranged in these areas between 500 and
3000 C/S. Uranium analysis of the groundwater flowing from the water springs showed up to
15 ppb U and up to 55 ppm U in the spring sediments (Mahdi, 2019 and references therein).
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Fig.3: Geological, structural and radiometric map west of the Euphrates River (Compiled by
Al-Bassam et al., 2006 from: C.G.G., 1974; Buday and Jassim, 1984;
Jassim et al., 1984 and Fouad et al., 1986)

THE DIBDIBBA SAND DOMAIN

It covers most of the Basrah Governorate and dominated by the Dibdibba Formation
(Pliocene — Pleistocene) and the Al-Batin Alluvial Fan sediments (Pleistocene) which cover
the eastern corner of the Dibdibba Sand Domain (Fig.2). The surface gently declines towards
SE, with maximum elevation of 190 m (a.s.l.) and minimum elevation of 1 m (a.s.l.). The area
is influenced by several structural features. It is affected by the SE proximity of the NW — SE
trending Anah — Abu Jir Fault system (Fouad, 2004, Fouad, 2012 and Sissakian et al., 2014)
intersected by several NE — SW lineaments; suggested to be faults by Al-Hadithi and Al-
Mehaidi (1982). The so-called “Safawi Arch”; trending NE, is a basement swell with down
warping on both flanks which created basins, such as the Dibdibba Basin; known as the
Basrah — Kuwait Basin (Henson, 1951 and Roychoudhury and Nahar, 1980; in Ma'ala, 2009).

The general aridity of the climate does not exclude intermittent wet periods during the
Pliocene and the Pleistocene which are shown in various geomorphological features in the
Desert Terrain, such as deeply incised wadis (e.g., Wadi Swab, Wadi Hauran and Wadi Amij)
and huge alluvial fans. The gravelly sand sheets of the Dibdibba Formation, and the Al-Batin
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Alluvial Fan sediments were transported, under intermittent heavy-rain periods, by flash
floods, from the northern Arabian Peninsula via great wadis, such as Wadi Al-Batin, and laid
down their loads of sediments as they approached the Mesopotamia Basin (Ma'ala, 2009 and
references therein). The Pliocene — Pleistocene (5.3 — 1.8 Ma) was the time of strong influx of
terrigenous clastics from the Arabian Shield, due to climatic changes. The sediments filled the
structural down warped area of the Dibdibba Basin (Powers et al., 1962 in Ma'ala, 2009).
During the pluvial periods of the Pliocene and Pleistocene this depression was filled with
clastics brought by Wadi Al-Batin.

The lithology of the Dibdibba clastics consists of (80 — 85) % pebbly quartz-sand
(monocrystalline quartz), (8 — 9) % igneous rock fragments (granite, granodiorite, rhyolite
and andesite) and (7 — 8) % feldspar (fresh and mostly orthoclase) (Sadiq, 1977). Secondary
gypsum and gypcrete cement the clastics at surface (Ma'ala, 2009, Jassim and Al-Jiburi,
2009). The Al-Batin Alluvial Fan deposits resemble to some extent those of the Dibdibba
Formation and consist of igneous rock fragments, quartz, feldspar, calcite, Fe-oxyhydroxides,
clay minerals and secondary gypsum and celestite (Alkinani and Merkel, 2018). The
groundwater movement in the area is from WSW to ENE, with groundwater salinity of the
Dibdibba aquifer increasing in the lower part to > 10000 mg/l and TDS range between 4790
mg/l and 35710 mg/l; mainly of sulfate and chloride types (Al-Jibburi and Al-Basrawi, 2009).

METHODS OF REGIONAL SOIL SAMPLING AND URANIUM ANALYSIS

Soil and Recent sediments samples were collected during the period (1978 — 1983) from
the upper 25 cm section by digging a shallow pit using soil auger. All soil samples were
collected from pollution-free areas; away from anthropogenic activities, and before the start of
the Gulf war on lIraq, providing an excellent opportunity to drive natural (geogenic)
geochemical background values for 13 chemical elements, including uranium, in top soil and
sediments in various physiographic terrains of Irag. The total number of samples collected
from the Desert Terrain is 17653 samples and from the Dibdibba Sand Domain (Basrah
region) 1541 samples covering areas of 197100 Km? and 20500 Km?, respectively (Table 1).
All samples were sieved using a nylon cloth and the (—80) mesh fraction was collected; air
dried and kept in polyethylene bags for analysis. Uranium was analysed in the laboratories of
Irag Geological Survey by Fluorometry (Al-Janabi et al., 1992), after concentrated HNO3
digestion and fusion with sodium fluoride.

RESULTS OF THE GEOCHEMICAL SOIL SURVEYS IN THE AREA

The soil samples of the Desert Terrain show U concentrations range of (0.01 — 19) ppm
(median 0.1 ppm) (Table 2), which is generally within world average values of
(0.3 — 11.7) ppm reported by the United Nation Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR, 1993). Removing anomalous values (above threshold) a
background range of (0.01 — 1.3) ppm (median 0.1 ppm) is obtained for the Desert Terrain
soil, where about 99% of the values are less than (2) ppm, and only 1% of the population
exhibit higher values (Al-Bassam and Yousif, 2014).

Significant variation of U range and median values exists in soil overlying different
lithologies in the Desert Terrain (Table 2); demonstrating parent rock influence. Soils
overlying laterites, phosphorites and sandstones (Dibdibba Formation) exhibit higher median
values than those overlying carbonates. This is shown in the spatial distribution map of
uranium in the Desert Terrain (Fig.4). Uranium only positive correlation; considering the
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whole sample population of the Desert Terrain, is with P,Os with a poorly expressed log-
normal distribution (Al-Bassam and Yousif, 2014).

Table 2: Uranium concentration (ppm) in the soil and Quaternary sediments of the Desert
Terrain (Al-Bassam and Yousif, 2014)

Area No. of Minimum | Maximum | Mean Median Star]de}rd
samples Deviation
terrain
Carbonate 10703 0.01 15 0.3 0.1 0.5
domain
Laterites 1399 0.07 9 0.6 0.7 04
domain
Phosphc_)rlte 2938 0.1 8 0.6 0.4 0.7
domain
Dibdibba sand 1541 0.01 14 0.5 0.3 0.8
domain
Habbariyah 1733 0.04 19 0.2 0.1 0.7
gravel domain
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Fig.4: Spatial distribution of uranium concentration in soil of the Desert Terrain

(Range = 0.01 —19.0 ppm) (After Al-Bassam and Yousif, 2014)
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The U anomalous zone detected in the regional geochemical survey and discussed in this
work covers all the Dibdibba Domain and extends further N and NW to cover parts occupied
by carbonates of the Dammam, Ghar and Nfayil formation (compare Figs.2 and 4). Uranium
concentration in the soils and surface sediments of the Dibdibba Sand Domain, reported in the
regional geochemical soil survey, ranges between (0.01 — 14) ppm, compared to a primary
threshold value of 1.3 ppm U for the total Desert Terrain soil (Al-Bassam and Yousif, 2014).
These results are comparable to the results obtained in the recent study of the Al-Batin
Alluvial Fan sediments by Alkinani and Merkel (2018) who report mean uranium
concentration of 2.1 ppm (range 0.6 — 6.9) ppm. They report U concentrations in the fine
fraction ranges between 1.2 and 14.1 ppm with an average of 2.85 ppm. High uranium
concentrations are also reported by Alkinani et al. (2016) in groundwater of the Al-Batin
aquifer, reaching up to 98 ppb.

Statistical processing of chemical analyses results of 36 samples collected from the Al-
Batin Alluvial Fan sediments (Alkinani and Merkel, 2018) show U, SO3, Sr and Na grouped
in a single factor in the statistical factor analysis and is explained by the authors as an
indication of authigenic formation of secondary gypsum, celestite and U concentration under
hot arid climate and shallow groundwater. These elements show the same trend of increasing
concentration in the distal part of the fan and Alkinani and Merkel (2018) related this to the
increase of the fine fraction (clay and silt) and organic matter in the distal part of the fan
which is the same trend noticed in the groundwater analysis (Alkinani et al., 2016).

DISCUSSION

The main anomalous zones in the soils of the Desert Terrain (red color in Fig.4) are those
related to the Paleocene phosphorite exposures in the Akashat and Nukhaib regions and they
coincide with the radiometric anomalies identified by the CGG (1974). Another group of
uranium anomalies is found at the west bank of the Euphrates River, related to the uranium
enrichment in the Miocene rocks and radioactive springs and seepages associated with the
Anah — Abu Jir fault system. The largest spatial coverage of uranium soil anomalies is found
in the soils and clastic sediments of the Dibdibba Sand Domain (Fig.3). In view of the lack of
air-borne radiometric results in this area, which constitutes most of the Basrah Governorate, it
is not possible to make any comparison between the radiometric and geochemical results.

Uranium in soil is usually strongly related to parent rocks unless when introduced by
anthropogenic factors. It is found in various concentrations in all rock types; among which are
marine phosphorites, sandstones and black shale. Its concentration in soil shows a wide range;
the world average of U concentration in soil was reported as (1) ppm by Hawkes and Webb
(1962). In a later estimate the background range was reported as (0.3 — 11.7) ppm by the
UNSCEAR (1993), whereas, Kabata-Pendias (2011) estimated the world average for U
concentration in soil by 3 ppm. Uranium may be introduced geogenically to soil by the
chemical weathering of and mobilization from uraniferrous parent rocks or introduced by
uranium-bearing groundwater.

The source of the clastic sediments of the Dibdibba Formation and the Al-Batin Alluvial
Fan is believed to be from the igneous complexes of the Northern parts of the Arabian Shield,
fluvial transported by huge valleys, such as Wadi Al-Batin, in the wet periods of the Pliocene
and Pleistocene, and were deposited, as the slope breaks, near the gulf, forming alluvial fans
(Ma'ala, 2009). These clastic sediments are composed mainly of monocrystalline quartz with
significant content of feldspar minerals as grains and pebbles (Sadig, 1977, Alkinani and
Merkel 2018). The feldspars are fresh and coarse in size which indicates mechanical erosion
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from the igneous parent rocks and short transportation to the depositional site. The presence
of monocrystalline quartz and fresh feldspars suggest significant contribution of acidic
igneous rocks to the clastics of both the Dibdibba Formation and the Al-Batin fan sediments.
Acidic igneous rocks are expected to be rich in zircon, which is an ultrastable mineral under
weathering and transportation and contains appreciable amounts of uranium in the structure.

Noticeable increase in the uranium concentrations is reported by Alkinani et al. (2016) in
the eastern parts of the Al-Batin Alluvial Fan and they attributed this increase to the lowering
of redox conditions under the influence of organic-rich fine sediments in the marshes located
in that part of the area. The anthropogenic factor in creating the discussed uranium anomaly in
the soil and sediments of the Dibdibba Domain can be excluded, since the regional
geochemical survey was carried out about 40 years ago, when uranium pollution by military
action (such as depleted uranium) was not a possibility. This possibility was also excluded by
Alkinani and Merkel (2018) in their post war survey of the area, based on isotopic analysis of
uranium.

There is no conclusive evidence to explain the source of the U anomaly in the soil and
sediments of the Dibdibba Domain. However, in their recent study of Al-Batin Fan sediments,
Alkinani et al. (2019), using sequential extraction method, reported about 40% of U
concentration is located in the residual fraction (resistant minerals), followed by 23.2% in
Fe — Mn oxides, 16.5% in acid-soluble elements fraction, 15.8% in organic matter, 4.3% in
the exchangeable fraction and 1% in the water-soluble fraction. These results, although cover
a minor part of the Dibdibba Domain area, indicate that about 80% of U in the fan sediments
is retained in its parent minerals and about 20% is mobilized. These U-bearing minerals may
partly account for the U-anomaly detected in the regional soil survey, assuming a similar
trend in the Dibdibba Formation clastics, but it stops short of explaining the extension of this
anomaly over the carbonates of the Dammam, Ghar and Nfayil formations exposed in the
western part (compare Figs.2 and 4).

The possibility that uranium was transported from the Arabian Shield as soluble uranium
phases, suggested by Khwedim et al. (2017) and Alkinani and Merkel (2018), requires deep
and intense chemical weathering of the parent rocks, believed to be acidic igneous complexes
(Sadiq, 1977), which is not likely due to the available facts and observations. U-mobilization
on land requires chemical weathering of source rocks, which lacks evidence in the mineralogy
and texture of the studied clastics. The soils covering the Dibdibba Domain, as with almost all
soils of the Desert Terrain, are immature and often represent residual products of mechanical
disintegration of the underlying rocks or transported by water to the depositional site with
negligible alteration as is the case in the Dibdibba Domain.

The heterogeneous clastic sediments of both the Dibdibba Formation and the Al-Batin
fan are rich in fresh and coarse grained feldspar, reaching up to 10% of the constituents
(Sadiq, 1977, Alkinani and Merkel, 2018). Under weathering conditions and soil formation,
the feldspars are unstable and usually altered to a variety of minerals (Churchman and Lowe,
2012). The most common of these minerals are kaolinite (Calvert et al., 1980, Anand and
Gilkes, 1984), mica (Caroll, 1970) and smectite (Allen and Hajek, 1989). Moreover, the
sequential analysis carried out by Alkinani et al. (2019) show that the majority of U is
residing in the resistates and acid-soluble minerals. Kaolinite is not reported in the clay
minerals assemblage of the studied clastic sediments; the main clay minerals reported are
palygorskite and smectite; the former is found in concentrations >10% of the constituents in
some samples (Alkinani and Merkel, 2018). Palygorskite indicates arid climate and increased
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salinity (Singer, 1984), hence; it cannot develop in tropical weathering conditions. Moreover,
gypcrete and gypsiferous crust are dominant in the whole terrain; reaching up to 1.5 m in
thickness (Al-Sharbati and Ma'ala, 1983), which point towards the aridity and hot climate of
the region. The development of gypcrete requires near-surface sulfate-rich groundwater and
arid and hot climate, which dominate the area since the Holocene. The present day pan
evaporation exceeds 3000 mm/year and annual precipitation less than 100 mm/year (Iraq
Meteorological Organization, 2000).

There is no evidence of laterite formation in Northern Arabia (including the Iragi desert)
since the Upper Cretaceous, when the climate turned generally arid with intermittent rainy
periods. Northern Arabia was already at high latitude (~30° N) by the Late Neogene (Popov
et al., 2006). It should be noted that wet periods do not necessarily induce chemical
weathering; on the contrary, heavy rain may assist in the physical disintegration of rocks and
their fluvial transportation. Moreover, the Pleistocene witnessed several ice ages in the
Northern hemisphere, which was witnessed in Arabia as cold intervals with frequent freezing
and thawing episodes that further promoted physical disintegration of the parent rocks.

Alkinani and Merkel (2018) explained the grouping of U with sulfate, sodium and
strontium in a single factor as an indication of authigenic formation of secondary gypsum,
celestite and U concentration under hot arid climate and shallow groundwater. This
association is significant and may suggest epigenetic enrichment of uranium in the
gypsiferous surface sediments, originated from uranium-rich and sulfate-rich groundwater
during the Holocene. This suggestion is challenged, however, by the very low U
concentration in the water-soluble phases (Alkinani et al., 2019).

The epigenetic U-enrichment in the sediments and soils of the Dibdibba Domain may be
compared to areas influenced by uraniferrous groundwater springs and seepages along the
Anah — Abu Jir fault system, where uranium (and radium) is concentrated in the sediments of
these seepages. Al-Atia et al. (1976, 1977) and Mahdi et al. (2005) reported up to 250 ppb U
in the groundwater flowing from the uraniferrous springs between Hit and Shithatha areas and
up to 24 ppm U in the sediments around these springs. The source of uranium in the
groundwater seepages and springs along the Anah — Abu Jir fault system is controversial. Al-
Atiya et al. (1977) suggested subsurface magmatic igneous rocks as source of uranium in the
groundwater; leached by hydrothermal fluids, whereas, Al-Bassam et al. (2006) suggested
deep-seated old (Paleozoic) uraniferrous formations. Al-Qwaizi (1977) found anomalous U
concentrations in the subsurface Paleozoic units of the Western and Southern deserts. He
reported for the Ordovician sandstone (46 — 124 ppm), Ordovician shale (23 — 76 ppm),
Silurian black shale (46 — 124 ppm) and Permocarboniferous sandstone (71 — 99 ppm).

The Dibdibba Domain is influenced by the Anah — Abu Jir fault system and intersected
by several transversal faults (Ma'ala, 2009). These can form conduits for the deeper uranium-
rich groundwater to feed shallow aquifers with U-rich waters and reach the earth surface
when the hydraulic gradient is zero forming springs and seepage. Sulfate-rich groundwater
can also migrate upward by capillary action, when the water table is at shallow depth, and
form uraniferrous gypsiferous crusts, enhanced by high permeability of the clastic sediments
and high evaporation rate in the region. Alkinani et al. (2016) reported up to 98 ppb U in the
groundwater of Wadi Al-Batin Fan aquifer, whereas Khwedim et al. (2017) reported up to 64
ppb U in the groundwater aquifer of the Dibdibba Formation in the area. The enrichment of U
in the groundwater of Al-Batin aquifer is suggested to be due to mobilization of U from
surface to the groundwater (Alkinani et al., 2016). An alternative possibility is presented in
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this study that U was introduced to the shallow aquifers from deep sources via faults and
conduits, same as many uraniferrous groundwater aquifers along the Anah — Abu Jir fault
system.

The groundwater aquifers in the area, which have been shown to contain anomalous
concentrations of dissolved U (Alkinani et al., 2016 and Khwedim et al., 2017), can carry
anomalous concentrations of dissolved U to the surface by hydraulic pressure and/or by
capillary action induced by evaporation, similar to numerous groundwater discharge areas
along the Anah — Abu Jir fault system, where uranium is concentrated in the surrounding
sediments forming significant uranium anomalies (Fig.3). Uranium, dissolved in shallow
groundwater, will precipitate with the evaporate minerals on the surface forming crusts and
cementing material to the sandy sediments. In the pluvial periods of the Pliocene and
Pleistocene, the groundwater recharge becomes extremely high creating high subaerial flow at
the discharge zone, along the Euphrates faults, flooding the whole area of influence, where a
gypcrete zone is developed now (Sissakian and Ibrahim, 2005). In the dry periods, the salts
carrying high concentrations of U, precipitated in the studied region as gypsum and formed a
crust of uraniferrous gypcrete and gypsiferous soil, which was developed over successive wet
and dry periods of the Pliocene and Pleistocene and finally matured during the dry and hot
climate of the Holocene to form up to 1.5 m thick sandy and pebbly gypsiferous sandy
horizon at the surface (Krasny, 1982, Al-Sharbati and Ma'ala, 1983, Jassim and Al-Jiburi,
2009). The largest, most continuous and thickest non-pedogenic gypcrete and calcrete are
those developed within the capillary fringe or overlapping vadose subzones above a shallow
groundwater where some of the world class economic uranium deposits are found (Carlisle,
1980).

Some uranium that may account for the anomaly in the Dibdibba Domain is expected to
be incorporated in the detrital U-bearing primary minerals such as zircon and/or monazite, but
this may account for the uranium anomaly recorded in the clastic-covered part only. The
regional geochemical survey (Al-Bassam and Yousif, 2014) shows the uranium anomaly
covering the whole of the Dibdibba Domain including clastics- and carbonates-covered areas
and not restricted to the clastics-covered part (see Fig.4). Alkinani and Merkel (2018)
suggested that uranium in the Al-Batin Alluvial Fan deposits is linked to organic-rich fine
sediments, despite the lack of any significant correlation between U and Al, Fe, Mg and K,
which are usually enriched with clay minerals in the fine fraction. On the contrary, U is
shown by these authors to be linked to evaporate minerals and grouped in one factor with
SOs, Sr and Na. Uranium may form its own minerals in the secondary environment; such as
carnotite and tyuyamunite; common as weathering products of phosphate deposits (Al-
Bassam, 2007) and in calcrete and gypcrete deposits (Carlisle, 1980). In addition, several
hydrated uranium sulfate minerals; identified in the early decades of the past century, may
also form in the secondary environment (e.g. uranopilite, zippeite and johannite; c.f. Frondel
(1958). It is worth mentioning in this respect that almost all the uranium present in the
phosphogypsum waste at Al-Qaim Fertilizer Plant is present as water-soluble U-sulfate
(Jalhoom et al., 2017).

CONCLUSIONS

Uraniferrous groundwater aquifers may have contributed to the U enrichment in the
surface soils and sediments of the Dibdibba Domain and neighboring area in the west. The
source of uranium in these shallow aquifers may have originated from deeper aquifers which
have been feeding shallow aquifers (via faults) and the Earth surface (via springs, ponds, and
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seepages). In addition, primary, unaltered and resistant U-bearing minerals present in the fine
fraction of the clastics can be another source of the U anomaly.

There is no direct evidence to support the mobility of U, from the source area in the
Arabian Shield, in dissolved free ionic forms to feed the groundwater in the area. Such
mobilization requires intense chemical weathering of the primary U-bearing igneous rocks at
the source area, which is not supported by any evidence. All observations indicate physical
erosion of source rocks and short distance and time of transportation for the clastics of the
Dibdibba Formation and Wadi Al-Batin fan, illustrated in the considerable content of fresh
feldspars, lack of kaolinite, dominant palygorskite and development of thick gypsiferous and
gypcrete horizons.
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