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1. Introduction:
      The Quaternary is the most recent geological period, spanning roughly the last, two million years is of critical importance in earth history. During this period, remarkably frequent and rapid changes took place in world climate (Williams, 1975). Climatic change is the hallmark of the Quaternary. Lake status provides the best possible indicator of the climatic history of any region. In order to reconstruct the history of lakes it is necessary to obtain indications of lake-level changes (Forester, 1987). 

      Although, geomorphological evidence can provide useful insights into former climatic regimes and environmental conditions, a more detailed impression of events during the Quaternary can often be gained from the sedimentary record. Thick accumulations of playa deposits, interdigitated with palaeosols and in some cases aeolian sediment, indicate multiple periods of Quaternary high lakes (Flint, 1971; Smith et al., 1983). 

      The world Qaa', in Arabic, can apply to define any enclosed large flat-bottomed depression area, without vegetations, covered by fine and very fine sediments accumulated during very long time due to physically and chemically erosions of rocks from high surrounding areas flooded in wet seasons, and generally distributed in deserts area (Abboud, 1999). Qaa' is a similar feature of Sabkha (Besancon et al., 1995) but with high range of evaporations with covered at other times by salt encrustation, and playa, but without evaporation (Cooke et al., 1993). The materials in playa are derived by fluvial and aeolian processes from within and outside the catchments (Doornkamp et al., 1993). The clastic sediments are usually fine-grained consisting of clay-silt and granular particles. These are mainly derived from surface runoff depression, either from flows of water or from standing water bodies (Awawdeh, 1998; Abboud, 1999). 

      Qaa's exist in areas where evaporation is considerably greater than precipitation, so these affects the period for which the standing water persists (Abboud, 1999). The main purpose of this study is concerned with the palaeoclimatic changes of the Qaa' sediments during the Late Quaternary and to determine the scenario of mineralogical and geochemical composition of the sediments of Qaa' Abu Qardi.

2. The Studied Area

2.1 Location:

      Qaa' Abu Qardi is located 7 km south of Safawi and about 155 km NE of Amman, at the southwestern edge of the basaltic plateau of north east Jordan (Fig. 1). It lies between 36° 95' to 37° 13' North latitudes, and 32° 10' to 32° 16' East longitudes (Fig. 1), is oriented in a south direction of Safawi city, which is an ellipsoid area of approximate 16 km2. Qaa' Abu Qardi is reached by a semi cemented road. Wadi Ellahfi, Wadi Hwatah, Wadi Salman and Wadi Elsafawi flow from the northern part of Qaa' Abu Qardi to the southern part as main feeders of the Qaa', with different amounts of water retained from water rainfall and water runoff. The land surface of the Qaa' is flat with relatively oscillated heights between 643 to 645 m above sea level. Vegetation is scars, except for a few desert bushes at the margins of Qaa'. The highest elevation of the surrounding terrains is about 688m above sea level. The near shore margins of the Qaa' are covered by boulders of chert and basalt. The area is not populated apart from some Bedouins and workers in quarries around the Qaa'.

2.2 Climate:

      Qaa' Abu Qardi is one of the desert badia regions of Jordan, which is recognized to be a transitional zone between the Mediterranean climate of the Jordan Valley and the fully arid climate in the far desert, Eastern Jordan (Al-Homoud et al., 1995). Seasonal temperatures for badia region (Qaa' Abu Qardi) are various tending to be very hot and dry in summer and cool and wet in winters (Abboud, 1999). Mean annual maximum temperature reaches 35°C in August but absolute maximum values can exceed 46°C. Mean annual minimum temperatures can fall bellow 2°C to 9°C and could reach 0°C (Department of Meteorology, 1999; Abboud, 1999). 

      Short duration rainfall occurs between the months of November and May with intense thunderstorms. Rainfall fluctuates in place, season and amount (Abboud, 1999). The mean annual rainfall in the studied area lies between 40 to 70mm/yr. The relative humidity varies from 32% in June to 65% in January, with an average value of 46%. The prevailing wind is commonly southwestern lies (Department of Meteorology, 1999).

2.3 Geological Setting:

      Qaa' Abu Qardi is located directly at a southwestern edge of the basaltic plateau of NE-Jordan. So, geology, mineralogy and geochemistry of the Qaa' sediments 
is strongly affected by the geology of the nearby basaltic plateau with regard to its 
mineralogy, chemistry, prevailing climatic conditions and drainage pattern.
      In the northeast of Jordan, Quaternary basaltic rocks are predominant materials and cover about 11,200km2 of the country (Ibrahim, 1993). Minor basaltic intrusions also appear, usually associated with fault along the East Rift Valley of Jordan. Unconsolidated superficial Quaternary deposits; fans, mudflats, Qaa's, playas and lacustrine deposits cover most of the NE part of Jordan with highest thickness of about 15m (Abboud, 1999).

      In the studied area (Qaa' Abu Qardi), there are three out cropping types of rocks: (1) Neogene-Quaternary continental basalts and volcanic tuffs (Ibrahim, 1993). Basalt flows have been classified as one major super-group, Harrat Ash Shaam Basaltic Super-Group. This super-group is subdivided into five major volcanostratigraphical groups: Bishriyya, Rimah, Asfar, Safawi and Wisad (Al-Tarawneh, 1996). (2) Upper Cretaceous and Eocene sediments deposited in Hammad Basin area are bordering the basaltic flows in the Southwest of the Badia Region (Al-Tarawneh, 1996). The lithostratigraphy of the sedimentary column (Safi, Ram, Khreim, Hudayb, Ramtha, Azab, Kurnub, Ajlun and Belqa) in Hammad Basin depends on the report of Water Authority (1995) and (3) Superficial Quaternary (Pleistocene to recent) deposits (Al-Tarawneh, 1996), mainly composed of fans, mudflats, Qaa's and playas. These features appear in open or closed depression regions, as; fluviatile deposits, alluvial fans and/or alluvial mudflats (Abu-Salha, 1995; Awawdeh, 1998; Abboud, 1999).
3. Methodology

3.1 Field Methods:

      Sediments, sedimentary structures, geomorphological features and many others geological features of Qaa' Abu Qardi were described and studied in the field. Ten grid surface samples were collected from trenches with intervals of about 1km2 distances from each other. Additional two core samples were taken from the center of the Qaa' at a depth of about five meters using Hydraulic Corer (Drill). Samples from cores were collected at 25cm intervals, depending on lithological variations.  

3.2 Analytical Methods:

      Each representative sample was dried at 110°C and disaggregated and quartered to sub-samples for mineralogical and chemical analyses. All samples contain less than 10% sand. The sand fraction was separated by wet mechanical process. Fractions less than 63µm (silt and clay) were further analyzed by using Computerized Sedigraph Analyzer (Grain size Analyzer). The pipette method was used for the separation of fractions less than 2µm (clay material) (Folk, 1980 and Friedman and Johnson, 1982).

      Chemical analyses were carried out for major and trace elements using standard methods of Atomic Absorption Spectroscopy (model Philips SP 9PYE Unicam Spectrophotometer). 

      Loss On Ignition (LOI) is an important variable which was carried out 1,100°C in muffle furnace. Samples were dried for two hours at 110°C, cooled to room temperature into a desiccator's, and about 1gm from the dried sample was taken into quartz crucible (wt.1). These samples were put in a muffle furnace at 1,100°C for two hours, then, the samples were taken out and cooled in a desiccator's to room temperature. 

      X-Ray Diffraction (XRD, techniques using a Philips X'Pert MPD, model PW 3010) were used under the following conditions: Nickel filter, Cu kα radiation at 30 kv and 20 mA, and 2(=2° to 60°, speed=1cm/min. The automatic divergence silt assembly of the diffractometer is converted to equivalent of 1° fixed divergence slit data through the PC-APD, Diffraction Software. Random sample preparation involved packing the produced sample into Al-sampler-holder. Oriented glass slides were prepared. Untreated, glycolated and heated to 550°C samples were X-rayed.

4. Results and Discussion

4.1 Geomorphology and Sedimentology:

      Morphological and sedimentological evidences indicate that the world's desert have experienced significant episodes of expansions and contractions during the Quaternary period (David and Thomas, 1992). The use of morphological evidence in this way, however, requires a proper understanding of the relationships between geomorphological processes and landforms. It must be emphasized that there is frequently a close relationship between morphological evidence and lithological evidence and that, where possible, the two should be used in conjunction with the reconstruction of Quaternary environments (Lowe, 1984).

      In general, the study area, Qaa' Abu Qardi, is sloped the south with more oscillation from the westward to the east. The floodplains are mostly distributed to the east. The surface of the Qaa' has a smooth, hard, dry crust and is commonly glazed (Neal, 1969; Abu-Salha, 1995). The soils of Qaa' are poorly developed, gypsiferous with a low organic content, and typical to soils in desert areas (WAJ, MWI, 1995).

      During the field work, measurements and observations were undertaken to identify sediments mobility, sources. Examination of the nature of pedogenesis beneath the basalt reg pavement is emphasized. Preliminary observations suggest that the fine-grained sediments, which exist beneath the basalt pavement, is principally derived from the weathering of the parent material as opposed to the accretionary infiltration of aeolian material (Abboud, 1999). 

      The surface of the Qaa' is uniformly flat, smooth and hard. Mud cracks appear on the clay body of the center of the Qaa'. The sediments are mostly homogeneous and composed fine-grained clastic sediments, semi consolidated and very compacted. The homogeneity of sediments may be attributed to the annual flooding, which cause reworking of sediments. Laminations indicate subtle changes in grain size or change in color, as well as changes in composition under calm water conditions.

      The sediments of Qaa' consists of clay sized materials as well as calcium carbonates and kaolinite with some mica (Abboud, 1999), while the proportion of evaporites is often low. In some places the base of the Qaa' is basaltic. The quantity and quality of eroded materials reaching the basin depend on the geological and climatic environment within the large surrounding area. Sheets of silty-clay sediments are present over the entire basin surface, whereas at the mouths of Wadis pavements found small fragments of basalt, chert and carbonate gravels (Figs. 2 and 3). 

      The core samples indicate that the first 300cm followed by the sediments are 
light (page color) to brown, fine-grained mud (silt and clay), a change to a uniform light brown color with the increase amount of silt fraction to 425cm. The lowermost core samples to 500cm are very sandy with some amounts of chert and basalt fragments. The bottom core samples, below 500cm, are hard limestone. 

      The Wadi systems, which drain the study area, are extensive and flow within the basaltic plateau, probably from the north or northern west towards the south (Wadi Ellahfe, Wadi Hwatah, Wadi Salman and Wadi ElSafawi).

4.2 Particle Size Distribution:

      The clay fraction was dried at 60°C for 24 hours (Folk, 1980), while mud was ground by a gate mortar in order to be used for mineralogical and chemical investigations. Percentages of silt and clay were measured to investigate the lateral and vertical variations in the sediments grain size by using Computerized Sedigraph Analyzer (Figs. 2, 3, 4 and 5). 

      Tables 1 and 2 and Figures 2 and 3 show a relative progressive lateral decrease in grain size of the sediments from north to the south. This pattern of grain size sediment distribution may be related to the dominant direction of flooding which started from north. Clay fraction ranges between 16.3 and 50.98% in CQ1 core section and between 13.57 to 46.49% in CQ2 core section, that’s gently sloped at depth of the two sections (Table 2 and Figs. 2 and 3), whereas silt fraction ranges between 40.5 to 81.55% in CQ1 core section and between 46.33 to 82.14% in CQ2 core section, that increases gently towards the bottom of the two sections. Sand fractions are ranging between 1.18 to 9.15% in CQ1 core section and between 1.72 to 8.28% in CQ2 core section with no significant variations for the whole period apart from lowermost of the two sections which is more sandy (Tables 3 and 4 and Figs. 4 and 5).

      The textural classification of Qaa' Abu Qardi sediments was described by using the triangular diagram given by Dass (1985). Dass diagram shows that the sediments of Qaa' Abu Qardi are silty clay loam. One sample only is a clayey type at the top.
4.3 Mineralogy:

      The core sediments consist often of varved clays, which were derived from the

drainage. It contains mainly some 70 or 80% of mineral material similarly derived (Mackereth, 1965; Engstrom and Wright, 1984). The observed changes in composition of the sediment can most easily be explained if the sediment is regarded as a sequence of soils derived from the drainage area of the lakes rather than the lake itself (Mackereth, 1965 and 1966). 

      The major mineral components of the core and surface samples are calcite, quartz, plagioclase (Ca-anorthite), clay minerals (kaolinite, muscovite, illite and montmorillonite) (Fig. 7), dolomite and gypsum (Fig. 6). Calcite, quartz and kaolinite are more abundant than other components. The origin of calcite and dolomite in Qaa' Abu Qardi is proposed to be the authigenic precipitation and aeolian deposits. Quartz and clay minerals are clastic sediments. Relatively, the high amounts of clay minerals suggest that the detrital fraction derived mainly from the erosion of the surrounding area and may have formed during the alteration of basaltic feldspathic minerals (Awawdeh, 1998; Abboud, 1999). Upon weathering through fractures or joints and subsequent washing, clay minerals are deposited.
      Many studies have been carried out to determine the origin of illite in lacustrine environment. According to Fishman et al., (1957), illitic clay is the result of transformation of altered tuff under the influence of increased salinity and alkalinity in a closed basin of Eastern Colorado Plateau. Surdam and Eugster (1976) indicated that illite in Lake Magadi sediments is detrital, which has been reworked from the drainage basin with anorthoclase. Stoffers and Singer (1979) have described two African saline lakes in which montmorillonite has apparently been transformed into illite under alkaline and relatively low salinity water conditions. Hay et al., (1991) have studied the diagenesis of clay minerals in Searles Lake, California, under saline and alkaline conditions. They considered illite as authigenic mineral because of its Fe-rich composition, and because it is the most abundant mineral in the fine fractions. Chamely (1989) indicated that illite is mainly formed as a weathering product of plutonic and metamorphic rocks, whereas the clay minerals formed as a result of weathering of basaltic rocks are smectite and kaolin. Due to these studies we may suggest two sources for illite. The basaltic fragments surrounding the Qaa' Abu Qardi may also the possible major source of illite in the Qaa' sediments; the dense fibers of illite in the studied area is most probably of authigenic origin.

      Kaolin tends to form as a weathering product in high sloped area surrounding the Qaa' since kaolin is composed of relatively pure Al-silicate. In most cases, kaolinite is considered as major detrital mineral in recent clay suites, especially in the saline closed basins (Weaver, 1989). Many authors, such as Gac et al., (1977), Jones and Spencer (1985), Hay and Guldman (1986), Chamley (1989); Velde (1992) and Abu-Salha (1995) believed that kaolinite is of a detrital origin. In the Qaa' Abu Qardi, it is assumed that kaolinite is of detrital origin, where it is mainly derived from the surrounding basaltic area.

      Plagioclase (anorthite) is present as minor mineral where it is derived directly from the basaltic rocks surrounding the Qaa'. Weathering of anorthite gives rise to kaolinite with loss of Ca2+, Na+ and Si4+ in most rock types (Velde, 1995). Quartz is more abundant in the fine fractions (silt fraction), and the high percentage of detrital minerals of quartz and clay minerals indicates that the Wadis rate transported solid load as a suspended material, and deposited in Qaa' in situ. Gypsum is mainly precipitated as result of evaporation as a result of seasonal change.

4.4 Chemistry:

      The core stratigraphic interpretations are today increasingly based on the analysis of many different features of the sediments, such as chemical and sedimentological composition (Cook et al., 1993). The variation in composition of the sediments with depth and therefore with time presents a pattern of changes. It is most strikingly seen in the variation of carbon content with depth, but related sequences of change may be observed in the distribution of major inorganic components, for example sodium, potassium and magnesium (Abboud, 1999). The chemical elements remaining associated with the sediment particles must be particularly firmly held in the solid material since they have resisted removal even after many years of contact with the dilute waters of the lake before finally becoming buried in the sediments (Mackereth, 1965). The immobility of elements associated with sedimentary solids is demonstrated by the very high concentrations of these elements in the sediment compared with their concentration in lake water in contact with the sediment (Mackereth, 1965).

      The relative proportions of major elements can vary drastically depending on many factors: the nature of the catchment area, the mineral composition of the sediments, the prevailing climate, and the evaporation conditions and on the general morphology of the basin (Weaver, 1989).

      The catchment area of the Qaa' Abu Qardi is composed mainly of basalts, which is seen to be the major source of elements and many chemical compounds that leached into the Qaa' basin by the flushing of seasonal rain waters. These materials control in turn the geochemistry of the Qaa' sediments correspondingly with the processes and conditions accompanied with the Qaa' evolution (Abu Salha, 1995). 

      Chemical analyses of the mixed fractions from the Qaa' Abu Qardi sediments including both surface and subsurface samples were carried out in order to determine the concentrations of the major oxides and some trace elements. The results of the chemical analyses of ten surface samples and forty subsurface samples are given in Tables 5, 7 and 9. Minimum, maximum and average values for the chemical results for both types of samples were calculated and given in Tables 6, 8 and 10 and Figures 8, 9 and 10.

4.4.1 Loss On Ignition (LOI):

      The observed changes in sedimentary carbon content and other volatiles could be related either to a fluctuation rate of production and deposition of organic matter, or to a fluctuating rate of erosion of mineral matter. One must conclude then that the major influence on distribution of carbon in the sediments was the varying intensity of mineral erosion rather than variation in organic productivity (Mackereth, 1965).

      Figure 11 presents the profile of loss on ignition (LOI) in the sediments of Qaa' Abu Qardi. Figure 12 shows the relation between LOI and carbonate content (CaO) of the Qaa' Abu Qardi sediments. The percentage of loss on ignition (LOI) content, with depth, approach twice carbonate content, in addition, the percentage changes markedly as the carbonate content is roughly increased with depth. A sample of low carbonate content has 25%. Clearly the LOI in low carbonate samples is due to loss of material other than organic matter (Abboud, 1999). The volatile water, which is retained at 110°C, is associated with the calcite and/or clay minerals either in the lattice or by adsorption (Mackereth, 1966). 

      Figure 11 shows that volatile materials are highest at 25cm depth then decreases drastically to its lowest at 225cm and 375cm depths. Four peaks show a rise in volatile materials at 25, 150, 275 and 475cm depths, respectively. 

      It is very evident from the Figure that high and low values of L.O.I correspond to similar lime values. Such relationships suggest that the L.O.I is mainly the decomposition of the carbonate in addition to the organic matter (550(C) and structure water (>950( C) in clay minerals. The average content of L.O.I in the Qaa’ deposits ranges between 29.49% in surface samples to between 21.49%-22.43% in samples CQ2 and CQ1 respectively (Tables 6, 8 and 10). The lime content shows a linear trend of variation with depth. The intervals of high loss on ignition content may indicate the erosional intensity of the drainage basin rather than fluctuations in lake bioactivities.  

4.4.2 Distribution of Silica and Aluminum:

      Silica and alumina are typically the most abundant inorganic elements in lacustrine sediments, with the largest fraction of both contributed by clastic silicate minerals (Engstrom and Wright, 1984). Adsorption of dissolved silica from sediment pore waters by clay minerals may also contribute to SiO2 retention in lake sediments (Johnson and Eisenreich, 1979). Aluminum in the sediments of most lakes is primarily allogenic and is usually viewed as a resistate element in investigations of erosional intensity and soil leaching (Engstrom and Wright, 1984). Authigenic Al, increases with the increase of the organic content of the sediments (Engstrom, 1983).

      Aluminum solubility in soils and lakes is strongly dependent on pH and rises markedly below a pH of 5 (Mackereth, 1965). Variations in the silica and alumina content in depth for Qaa' Abu Qardi sediments are shown in Figures 13, 14 and 15. Silica contents tend to slightly increase in depth, while alumina content tends to slightly decrease in depth. Of possibly great significance is the alumina pattern, which can be divided into two stages, at depths 400 and >400cm. The younger stage begins at a surface to a depth 400cm and is characterized by Al2O3 contents of less than 12%, whereas sediments deeper than this have lower Al2O3 contents. In addition, silica Figure can be divided into two peaks at depths 200 and 350cm, as an additional source or more severe erosional conditions of bed rocks.

      The average contents of SiO2 and Al2O3 are higher in the Qaa’s deposits with average contents range from 40.04 % in CQ1 to 40.6 % in CQ2 for SiO2 content and range from 10.87 % in CQ1 to 8.714 % in CQ2 for Al2O3 content (Tables 8 and 10). The average contents of SiO2 in both core samples is probably lower than the average content of shale (58.1%) and basalt (50.7%) given by Parana; Leith and Mead (1915), and higher than the average content of carbonate (5.19%) (Table 11). The average content of Al2O3 in both core samples is roughly similar to and higher than the average content of basalt (12.3%) and probably lower than the average content of shale (15.4%) given by Parana (In Leith and Mead 1915, Table 11). The higher values of SiO2 and Al2O3 in the Qaa’s deposits are due to the weathering effect of sands sheet at the northern part of the study area, and due to clay minerals (kaolinite, illite, montemonrillonite and muscovite) distribution in the deposits of the study area. High concentration of SiO2 is probably due to the effect of windblown quartz particles (free quartz) from the northern part of the study area.

4.4.3 Distribution of Sodium and Potassium:

      The alkali and alkaline earth elements are major constituents of common silicate minerals and occur in most lake sediments, primarily; in allogenic clastic eroded from catchment soils and rocks (Engstrom and Wright, 1984). Two elements that might be expected to be leaching attack and removal in solution are sodium and potassium. Both of these elements (Na, K) are associated with the mineral particles of the sediments rather than with the organic material (Mackereth, 1965 and 1966). 

      The variation in sodium and potassium concentration in the sedimentary sequences in the Qaa' sediments cores in depth (Figs.16, 17 and 18) may then be regarded as representing the variation in the rate of erosive removal of mineral matter from the land surface in Quaternary period (Abboud, 1999). Figures 16 and 17 show the content and distribution of Na2O and K2O with depth. The content of Na2O and K2O in sediment is more or less similar all over the whole section. These phases of declining metal content in the sediment must represent a period of minimum erosion and maximum leaching efficiency within a period of high in lake productivity.

      The average contents of Na2O is relatively lower in the Qaa’ deposits with an average content ranging from 0.603% in CQ1 to 0.421% in CQ2 (Tables 8 and 10). The average content of Na2O in both sections of Qaa’ is higher than the average content of carbonate (0.05%) given by Parana (In Leith and Mead, 1915), and lower than the average content of basalt (2.53%) and shale (1.3%) (Table 11). The relatively higher concentration of Na2O in both sections of Qaa’ deposits are due to distributing clay minerals in the study area. 

      The average contents of K2O are relatively normal distribution in the Qaa’ deposits with an average value ranging from 0.923% in CQ1 section to 0.945% in CQ2 section (Tables 8 and 10). The average content of K2O in both sections of Qaa’ is lower than the average content of shale (3.24%) given by Parana (In Leith and Mead, 1915), and roughly lower than the average content of basalt (1.71%) and higher than the average content of carbonate (0.33%) (Table 11). The higher values of K2O in both sections of Qaa’ deposits are due to distributing clay minerals (illite, montemonri - llonite and muscovite) in deposits of the study area. 

4.4.4 Distribution of Calcium and Magnesium:

      The distribution of calcium and magnesium in depth, for the both core sections sediments (CQ1 and CQ2) of the Qaa’ Abu Qardi deposits, is shown in Figures 19, 20 and 21. Magnesium has a distribution similar to that of the alkali metals (Na and K), and is associated with the products of weathering. Magnesium dissolution in surface water is relatively conservative and generally is not appreciably sedimented through biological activity or chemical precipitation (Engstrom and Wright, 1984). Magnesium ions may widely substitute for calcium ions in the carbonate minerals.

      Calcium is evidently more easily leached from the sediments than is magnesium and is only deposited in high concentration in periods of high weathering intensity. At the time of abundant calcium, leaching was evidently insufficient to remove and carry away the calcium in solution (Mackereth, 1965 and 1966). In alkaline lakes, Ca and occasionally Mg may precipitate as authigenic carbonates (dolomite) and, in more saline environments, as sulphates (Engstrom and Wright, 1984).

      The distribution of calcium is slightly similar to that of magnesium in depth (Fig. 21). Generally, calcium content tends to increase with depth, while magnesium content tends to slightly increase in depth. One may conclude that in Qaa’ Abu Qardi deposits, which drains both limestone and basalt flows terrains, the calcium is at least in part contained in more stable minerals as well as in calcite of the sedimentary deposits.

      The average contents of CaO and MgO are higher in the Qaa’s deposits with an average contents ranging from 10.31% in CQ1 to 11.29% in CQ2 for CaO content and ranging from 4.948% in CQ1 to 5.092% in CQ2 for MgO content. The average contents of CaO and MgO in both core sections of Qaa’ deposits are higher than the average of basalt (7.83%) and shale (3.11%) for CaO and to the average content of shale (2.44%) for MgO given by Parana (In Leith and Mead, 1915), while lower than the average content of carbonate (42.57%) for CaO and roughly similar to the average content of basalt (4.18%) and carbonate (7.89%) for MgO (Table 11). The relatively higher values of CaO in the both core sections of Qaa’ deposits is due to the weathering effect of carbonate formation (limestone plateau, calcite mineral) covered the most of the northern and western parts of the studied area. The higher concentration of MgO is due to weathering materials (clay minerals) transported from basalt flows (ferromagnesian minerals) at the western and eastern part and limestone plateau (dolomite mineral) at the northern eastern part of the studied area.

4.4.5 Distribution of Iron and Manganese:

      The migration of iron and manganese takes place either by removal of the sedimentary material by weathering of basalt or by direct solution from the soils, followed either by precipitation into the lake or by erosion from the catchment area.

      Distribution and concentration of iron and manganese in the Qaa’ sediments is perhaps the most indicators for palaeolimnology, for their abundance in the sediments is determined by conditions in the catchment and in the Qaa’. Iron and manganese may be found in Qaa’ sediments as bound in the mineral lattices and/or as a matrix between the sediment particles, and as components of authigenic oxides, sulphides, carbonates, and weathering organic complexes (Abboud, 1999).

      Fe and Mn may reach the lake as detrital particles, and thus they may represent the severity of geologic erosion in the same way, as do the alkaline and alkaline earth elements. On the other hand, they may be weathered from the rocks in the catchment and retained as hydrated oxides within the soils (Engstrom and Wright, 1984).

      The influence of the above factor is illustrated in the distribution of iron and manganese in the Qaa’ Abu Qardi sediments of the study area. The distribution of the concentration of iron and manganese with depth, in Qaa’ Abu Qardi sediments are shown in Figure 22. The sediments of Qaa’ Abu Qardi in the study area it may be seen that the concentration of both iron and manganese approaches the average lithospheric concentration of these elements (50 mg/g (50000 ppm) Fe and 1 mg/g (1000 ppm) Mn) (Rankama and Sahama, 1950), though manganese is somewhat below the average. The near constancy of the Fe:Mn ratio (Fig. 22) throughout the profile indicates that little or no reductive separation of iron and manganese has taken place in the drainage system. One may then conclude that in this drainage basin, since no disturbance of the Fe:Mn ratio has taken place, the redox conditions in the sediments have never been such as to facilitate the transport of these elements in ionic form.

      The ratio of iron to manganese in the Qaa’ Abu Qardi sediments is mainly similar to that of the lithosphere as a whole (Fig. 22), indicating purely weathering transport of both elements. In Qaa’ sediments, the iron concentration varies in depth in a similar way to that seen in the Qaa’ sediments. Iron, is also assumed here to have moved largely by erosional transport, and Fe is one of the major chemical constituent of basalt (Abboud, 1999). 

      The average content of total Fe2O3 is probably higher in the Qaa’ Abu Qardi deposits as compared with average content range from 9.158% in CQ1 to 10.72% in CQ2 core section. The average content of Fe2O3 in both sections of Qaa’ deposits is higher than the average content of carbonates (0.54%) given by Parana (In Leith and Mead, 1915), and relatively higher than the average content of shale (6.47%) and lower than the average content of basalt (15.1%) (Tables 8 and 10). The relatively higher value of Fe2O3 in both sections of Qaa’ deposits are due to covering basalt flows in the eastern part of the studied area and due to concentration in clay minerals structure.

      The average content of manganese in the Qaa’ Abu Qardi deposits ranges between 1071 ppm in CQ1 Qaa’ section to 1574 ppm in CQ2 Qaa’ section. These values are higher than the average value of shale (850 ppm) given by Turekian and Wedepohl (1961, Table 11). The concentration pattern of Mn and Fe suggests a geochemical association between these elements in the sediments.

4.4.6 Distribution of Titanium:

      Titanium concentrations are employed in a similar manner under the assumption that clastic minerals are the principal sources for this metals and that post-depositional diagensis are minor (Engstrom and Wright, 1984).

      Figure 23 shows the distribution of titanium concentrations in depth, where a general decrease of TiO2 in depth is noticed. The average content of TiO2 is higher in the Qaa’ deposits than the average content that ranges from 0.336% in CQ1 Qaa’ section to 0.343% in CQ2 Qaa’ section. The average content of TiO2 in both Qaa’ sections is lower than the average content of basalt (3.19%), shale (0.65%) and is higher than the average content of carbonate (0.06%) given by Parana (In Leith and Mead, 1915, Table 11). The higher value of TiO2 in the Qaa’ deposits are due to the weathering effects of basalt flows at the eastern part of the studied area.

4.4.7 Distribution of Zinc, Copper, Cobalt, Rubidium and Nickel:

      Figure 24 shows the distribution of Mn, Sr, Ni, Rb, Co, Cu and Zn in depth in the Qaa’ deposits. The mean values of manganese, strontium, rubidium, cobalt, copper and zinc in the core sections and surface sediments of the three different samples are given in Table 11, together with the mean values of basalt, shale and carbonates in sediments (Turekian and Wedepohl, 1961).

      The mechanisms of precipitating these elements in the sediments of Qaa’ may 

be incorporated into carbonate and thereby conveyed from solution into the sediment in the reducing conditions (Abboud, 1999). 

      In Qaa’ sediments relationship between the concentration profiles of iron with zinc and manganese with zinc and cobalt may be seen. The mean concentration of Mn, Cu and Zn are mainly lower than basalt average, while Sr, Ni, Rb and Co has higher concentration than basalt average. Sr is the element which is incorporated with Ca and LOI.

      The average content of nickel in the Qaa’ deposits ranges between 2010.5 ppm in CQ1 Qaa’ section to 271.6 ppm in CQ2 Qaa’ section. These values are almost four times higher than the average nickel content of shale (68 ppm) given by Turekian and Wedepohl (1961, Table 11). The relatively higher values of nickel in the Qaa’ deposits are probably due to the influence of carbonate and clay minerals.

5. Conclusions:
      The sediments of the Qaa' Abu Qardi are homogeneous compacted to semi-consolidated, fine grained clastic with thickness about six meters and they are dominated by silty loam, whereas silty clay loam and silt are less abundant.

      X-ray analysis for the oriented clay fraction revealed that the Qaa' sediments are composed of illite, kaolinite, and muscovite.

      Basalts surrounding the studied area are the main source of most of the major and trace elements encountered in the studied sediments.

      Calcite, quartz, clay minerals (kaolinite and chlorite), dolomite and plagioclase are the major components. Calcite and quartz are detrital sediments and more abundant than the other minerals. High amounts of clay minerals are mainly derived from the drainage basin. Quartz occurs in the silt and sand fractions and is derived from windblown sediments in the southern part of the drainage basin and from the cherty and silicified limestone formations. Calcite and dolomite are derived from the limestone desert plateau. Plagioclase is derived from erosion of basalt in the Harra plateau area.

      Variations in the silica, alumina, potassium and sodium contents in the Qaa’ sediments show a tendency to slightly decrease in depth. While calcium, magnesium, L.O.I, iron and manganese content tend to increase with depth. These variations with depth indicate their relationship with the drainage basin.

      The strontium encountered in the clay fraction is mainly as a result of substitution for Ca in CaCO3 derived from the rocks.

      Basalt and chert fragments occupy the surface of Qaa' are the result of erosional processes of basaltic and silicated limestone. It likely seems that the thickness of the deposits is related to the rate of erosion of the drainage basins, which in turn is related to the topography of the water-sheds. From this it may be inferred that the major source of the sediment material is the drainage basin of the lake rather than the direct precipitated from the water. A view which is supported by the close similarity in chemical composition between these sediments and ordinary soil.

      The stable and resistant carbonate shell, which is accumulated in the lake deposits, is likely to have been derived from the soils of the drainage basin rather than from production within the lake. The major influence on distribution of carbon in the sediments was the varying intensity of mineral erosion.
6. Acknowledgment:
      I would like to thanks Prof. Dr. Nadhir Al-Ansari, Dean of Earth and 

Environmental Sciences institute Al al-Bayt University for his help. I also would like to thanks Mr. Amjad Al-Rashaideh and Ayman Al-sumadi for their support and help during sample collection and field work programs, and to Mr. G. Al-Sumadi, Department of Earth and Environmental Sciences for help in the Laboratory work, and to Mr. Musa Alzgoul, Al al-Bayt University for his help.

Table (1): Weight percentages of sand, silt and clay fractions of 10 surface samples of Qaa' Abu Qardi sediments.

	sample
	Fractions (%)

	No.
	sand
	silt
	clay

	
	>63µm
	2-63µm
	<2µm

	SQ1
	4.2
	56.7
	39.1

	SQ2
	7.65
	61.72
	30.63

	SQ3
	3.18
	65.65
	31.17

	SQ4
	6.2
	72.82
	20.98

	SQ5
	1.82
	62.18
	36

	SQ6
	1.22
	52.52
	46.26

	SQ7
	5.25
	41.15
	53.6

	SQ8
	2.67
	54.22
	43.08

	SQ9
	2.35
	48.85
	48.8

	SQ10
	1.15
	44.42
	54.43


Table (2): Minimum, maximum and average of the weight percentages of sand, silt and clay fractions of 10 surface samples of Qaa' Abu Qardi sediments.

	fractions
	minimum
	maximum
	average

	sand
	1.15
	7.65
	3.569

	silt
	41.15
	72.82
	56.023

	clay
	20.98
	54.43
	40.405


Table (3): Weight percentages of sand, silt and clay fractions of 40 subsurface samples for both cores (CQ1 and CQ2) of Qaa' Abu Qardi sediments.

	depth
	Fractions (%)
	depth
	Fractions (%)

	(cm)
	sand
	silt
	clay
	(cm)
	sand
	silt
	clay

	of CQ1
	>63µm
	2-63µm
	<2µm
	of CQ2
	>63µm
	2-63µm
	<2µm

	d25
	8.52
	40.5
	50.98
	d25
	7.18
	46.33
	46.49

	d50
	5.33
	50.55
	44.12
	d50
	4.15
	52.15
	43.7

	d75
	2.66
	52.22
	44.69
	d75
	4.55
	53.81
	41.64

	d100
	9.15
	61.72
	29.13
	d100
	7.75
	55.32
	36.93

	d125
	7.14
	63.15
	29.71
	d125
	8.25
	60.11
	31.61

	d150
	3.72
	58.22
	38.06
	d150
	4.62
	62.32
	33.06

	d175
	1.18
	63.75
	35.07
	d175
	6.72
	58.56
	34.72

	d200
	2.35
	67.18
	30.47
	d200
	2.72
	65.71
	31.57

	d225
	1.75
	67.75
	30.5
	d225
	3.17
	68.82
	28.01

	d250
	6.75
	55.15
	38.1
	d250
	5.31
	62.32
	32.37

	d275
	5.15
	62.23
	32.62
	d275
	6.15
	71.12
	22.73

	d300
	4.35
	70.37
	25.28
	d300
	1.72
	70.85
	27.43

	d325
	7.5
	71.5
	21
	d325
	3.2
	69.15
	27.65

	d350
	3.85
	72.33
	23.82
	d350
	4.15
	77.63
	18.22

	d375
	1.89
	69.15
	28.96
	d375
	2.31
	75.61
	22.08

	d400
	2.13
	75.71
	22.16
	d400
	1.85
	75.52
	22.63

	d425
	1.56
	74.13
	24.31
	d425
	2.51
	76.13
	21.36

	d450
	2.32
	79.25
	18.43
	d450
	3.63
	78.17
	18.2

	d475
	1.23
	77.35
	21.42
	d475
	3.11
	82.14
	14.75

	d500
	2.15
	81.55
	16.3
	d500
	6.71
	79.72
	13.5


Table (4): Minimum, maximum and average of the weight percentages of sand, silt and clay fractions of 40 subsurface samples for both cores (CQ1 and CQ2) of Qaa' Abu Qardi sediments.

	samples
	CQ1
	CQ2

	fractions
	minimum
	maximum
	average
	minimum
	maximum
	average

	sand
	1.18
	9.15
	4.034
	1.72
	8.25
	4.488

	silt
	40.5
	81.55
	65.688
	46.33
	82.14
	67.0745

	clay
	16.3
	50.98
	30.2565
	13.5
	46.49
	28.4325


Table (5): Chemical composition (major and trace elements) of 10 surface samples of Qaa' Abu Qardi sediments (NE Jordan).

	elements
	SiO2
	CaO
	Fe2O3
	MgO
	Na2O
	Al2O3
	K2O
	TiO2
	L.O.I.
	total

	Sample No.
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)

	SQ1
	31.7
	18.2
	8.95
	4.62
	0.7
	11.8
	1.65
	0.22
	21.5
	99.34

	SQ2
	32.6
	15.3
	7.6
	4.52
	0.39
	10.5
	1.43
	0.35
	26.9
	99.59

	SQ3
	31.8
	16.3
	7.95
	4.8
	0.39
	11.2
	1.25
	0.18
	25.9
	99.77

	SQ4
	29.9
	15.7
	8.67
	4.35
	0.34
	8.57
	1.58
	0.21
	30.58
	99.9

	SQ5
	28.6
	17.6
	7.68
	4.68
	0.48
	9.26
	1.24
	0.35
	30.54
	100.4

	SQ6
	27.6
	18.9
	6.95
	5.2
	0.51
	8.23
	0.98
	0.18
	30.9
	99.45

	SQ7
	27.1
	16.7
	7.6
	3.68
	0.43
	9.48
	1.95
	0.24
	32.52
	99.7

	SQ8
	28.3
	16.8
	8.52
	3.95
	0.51
	10.25
	1.25
	0.12
	29.98
	99.68

	SQ9
	24.5
	19.5
	6.45
	4.65
	0.25
	9.36
	1.87
	0.14
	32.6
	99.32

	SQ10
	26.3
	14.6
	7.6
	5.1
	0.29
	10.25
	1.92
	0.09
	33.5
	99.65


Table (5): continued

	Mn
	Sr
	Ni
	Rb
	Co
	Cu
	Zn

	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	865
	589
	103
	112
	33
	580
	90

	954
	652
	98
	151
	42
	45
	88

	756
	698
	152
	121
	41
	39
	87

	1050
	758
	124
	99
	62
	38
	69

	785
	798
	158
	185
	54
	41
	89

	954
	658
	132
	95
	57
	33
	78

	689
	654
	110
	147
	44
	39
	69

	854
	721
	125
	120
	39
	48
	95

	756
	698
	135
	105
	56
	41
	101

	945
	587
	164
	166
	41
	35
	89


Table (6): Minimum, maximum and average chemical composition of surface samples of Qaa' Abu Qardi sediments (NE Jordan). 
	element
	SiO2
	CaO
	Fe2O3
	MgO
	Na2O
	Al2O3
	K2O
	TiO2
	L.O.I.

	
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)

	Minimum
	24.5
	14.6
	6.45
	3.68
	0.25
	8.23
	0.98
	0.09
	21.5

	Maximum
	32.6
	19.5
	8.95
	5.2
	0.7
	11.8
	1.95
	0.35
	33.5

	Average
	28.84
	16.96
	7.797
	4.555
	0.429
	9.89
	1.512
	0.208
	29.49


Table (6): continued

	Mn
	Sr
	Ni
	Rb
	Co
	Cu
	Zn

	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	689
	587
	98
	95
	33
	33
	69

	1050
	798
	164
	185
	62
	580
	101

	860.8
	681.3
	130.1
	130.1
	46.9
	93.9
	85.5


Table (7): Chemical composition of 20 subsurface samples (CQ1) of Qaa' Abu Qardi sediments (NE Jordan). 
	element
	SiO2
	CaO
	Fe2O3
	MgO
	Na2O
	Al2O3
	K2O
	TiO2
	L.O.I.
	total

	Depth (cm)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)

	25
	31.5
	14.35
	7.5
	2.89
	0.63
	10.25
	1.2
	0.2
	31.2
	99.72

	50
	32.35
	14.36
	7.7
	3.98
	0.25
	11.04
	1.52
	0.21
	28.65
	100.1

	75
	36.56
	14.25
	7.2
	4.25
	0.34
	12.3
	1.36
	0.15
	22.98
	99.39

	100
	39.8
	13.98
	10.2
	4.68
	0.42
	11.45
	1.14
	0.35
	17.25
	99.27

	125
	38.65
	14.14
	6.8
	5.23
	0.32
	10.25
	1.25
	0.64
	22.56
	99.84

	150
	41.26
	11.25
	8.2
	3.56
	0.56
	12.89
	1.1
	0.45
	20.21
	99.48

	175
	40.5
	9.65
	9.3
	5.21
	0.75
	11.56
	0.89
	0.35
	21.32
	99.53

	200
	42.95
	8.25
	10.2
	4.96
	0.26
	12.25
	1.12
	0.45
	19.32
	99.76

	225
	41.23
	9.25
	9.65
	6.23
	0.85
	11.26
	1.03
	0.56
	19.54
	99.6

	250
	39.65
	12.25
	8.25
	6.45
	0.62
	9.63
	0.96
	0.25
	21.25
	99.31

	275
	40.56
	8.25
	10.36
	4.25
	0.75
	10.25
	0.85
	0.36
	24.12
	99.75

	300
	40.26
	7.69
	9.63
	5.1
	0.65
	10.85
	0.56
	0.34
	24.62
	99.7

	325
	39.58
	12.25
	8.35
	8.65
	0.74
	9.98
	0.87
	0.45
	18.65
	99.52

	350
	38.65
	9.25
	10.25
	4.36
	0.63
	12.65
	0.89
	0.36
	22.78
	99.82

	375
	42.25
	10.02
	11.25
	3.85
	0.52
	11.45
	0.68
	0.21
	19.65
	99.88

	400
	43.21
	8.02
	12.35
	3.96
	0.66
	10.54
	0.64
	0.56
	19.65
	99.59

	425
	42.01
	7.05
	9.35
	4.58
	0.85
	9.85
	0.69
	0.32
	24.78
	99.48

	450
	42.35
	6.35
	9.78
	5.26
	0.64
	8.98
	0.75
	0.21
	25.23
	99.55

	475
	43.25
	7.25
	8.85
	5.21
	0.85
	9.65
	0.45
	0.14
	23.89
	99.54

	500
	44.28
	8.36
	7.98
	6.3
	0.76
	10.25
	0.51
	0.15
	20.98
	99.57


Table (7): continued
	Mn
	Sr
	Ni
	Rb
	Co
	Cu
	Zn

	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	653
	545
	111
	145
	45
	45
	98

	758
	498
	121
	124
	65
	35
	95

	798
	568
	102
	145
	52
	62
	89

	1025
	985
	154
	100
	54
	35
	94

	965
	1582
	189
	125
	62
	36
	85

	968
	1897
	325
	111
	45
	65
	74

	1025
	1965
	321
	145
	84
	56
	76

	1110
	1854
	298
	125
	68
	64
	74

	1024
	1789
	289
	123
	95
	54
	52

	985
	1578
	312
	325
	85
	52
	56

	1125
	1520
	356
	326
	47
	65
	46

	1085
	1620
	345
	256
	49
	68
	41

	987
	1526
	321
	215
	54
	65
	46

	1325
	1478
	251
	354
	56
	48
	52

	1201
	2051
	241
	258
	75
	74
	52

	1450
	2310
	230
	256
	45
	75
	62

	1230
	2450
	251
	201
	68
	85
	56

	1352
	2452
	189
	198
	59
	95
	41

	1101
	2301
	198
	184
	65
	84
	35

	1254
	2254
	201
	165
	49
	95
	30


Table (8): Minimum, maximum and average chemical composition of subsurface samples (CQ1) of Qaa' Abu Qardi sediments (NE Jordan). 
	element    
	SiO2
	CaO
	Fe2O3
	MgO
	Na2O
	Al2O3
	K2O
	TiO2
	L.O.I.

	 
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)

	Minimum
	31.5
	6.35
	6.8
	2.89
	0.25
	8.98
	0.45
	0.14
	17.25

	Maximum
	44.28
	14.36
	12.35
	8.65
	0.85
	12.89
	1.52
	0.64
	31.2

	Average
	40.04
	10.31
	9.158
	4.948
	0.603
	10.87
	0.923
	0.336
	22.43


Table (8): Continued

	Mn
	Sr
	Ni
	Rb
	Co
	Cu
	Zn

	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	653
	498
	102
	100
	45
	35
	30

	1450
	2452
	356
	354
	95
	95
	98

	1071
	1661
	240.5
	194.1
	61.1
	62.9
	62.7


Table (9): Chemical composition of 20 subsurface samples (CQ2) of Qaa' Abu Qardi sediments (NE Jordan). 
	element
	SiO2
	CaO
	Fe2O3
	MgO
	Na2O
	Al2O3
	K2O
	TiO2
	L.O.I.
	total

	depth (cm)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)

	d25
	30.98
	15.1
	8.75
	3.12
	0.45
	9.65
	0.98
	0.19
	30.54
	99.76

	d50
	31.56
	14.95
	9.65
	4.21
	0.23
	9.45
	1.25
	0.18
	27.95
	99.43

	d75
	37.01
	14.87
	9.45
	3.95
	0.25
	10.25
	1.24
	0.14
	22.05
	99.21

	d100
	38.6
	15.23
	11.25
	4.65
	0.36
	9.45
	1.02
	0.16
	19.21
	99.93

	d125
	39.1
	14.26
	8.65
	4.89
	0.25
	8.59
	1.35
	0.35
	22.05
	99.49

	d150
	40.25
	12.25
	9.48
	3.58
	0.26
	9.78
	1.25
	0.45
	22.25
	99.55

	d175
	42.06
	10.25
	10.25
	4.58
	0.45
	9.25
	0.99
	0.36
	21.56
	99.75

	d200
	43.35
	10.25
	11.45
	5.65
	0.32
	10.25
	1.02
	0.35
	16.98
	99.62

	d225
	42.35
	11.25
	10.25
	5.45
	0.56
	9.78
	1.25
	0.36
	18.56
	99.81

	d250
	40.58
	10.24
	9.78
	5.69
	0.58
	8.98
	0.98
	0.56
	22.56
	99.95

	d275
	41.51
	9.65
	12.25
	3.58
	0.26
	8.98
	0.98
	0.57
	22.15
	99.93

	d300
	41.25
	8.65
	13.23
	4.58
	0.45
	8.89
	0.89
	0.45
	20.89
	99.28

	d325
	39.68
	10.25
	10.25
	7.56
	0.62
	9.56
	0.78
	0.41
	20.25
	99.36

	d350
	39.65
	12.04
	9.56
	6.56
	0.45
	9.58
	1.01
	0.42
	20.45
	99.72

	d375
	43.15
	11.52
	12.14
	5.24
	0.25
	10.25
	0.89
	0.31
	16.23
	99.98

	d400
	44.25
	9.65
	12.85
	4.56
	0.45
	7.98
	0.78
	0.39
	18.56
	99.47

	d425
	44.26
	8.56
	13.25
	6.56
	0.27
	5.65
	0.74
	0.38
	19.45
	99.12

	d450
	43.65
	7.69
	12.01
	5.48
	0.85
	5.58
	0.68
	0.45
	23.26
	99.65

	d475
	44.12
	9.65
	9.56
	4.69
	0.65
	6.59
	0.41
	0.25
	23.89
	99.81

	d500
	44.85
	9.45
	10.25
	7.25
	0.45
	5.78
	0.4
	0.12
	21.01
	99.56


Table (9): continued
	Mn
	Sr
	Ni
	Rb
	Co
	Cu
	Zn

	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	898
	784
	125
	102
	56
	65
	47

	895
	589
	145
	124
	58
	58
	85

	895
	589
	125
	165
	59
	42
	98

	968
	895
	195
	154
	54
	35
	69

	999
	985
	178
	185
	78
	39
	65

	1021
	1154
	256
	165
	74
	56
	85

	1245
	1547
	298
	198
	65
	58
	87

	1254
	1758
	325
	178
	69
	54
	89

	1201
	1894
	324
	154
	85
	74
	45

	958
	1985
	365
	256
	78
	65
	65

	978
	1998
	320
	289
	94
	64
	41

	1105
	1847
	452
	245
	52
	87
	85

	1245
	1654
	415
	189
	45
	79
	58

	1356
	1652
	369
	298
	41
	74
	65

	1358
	1985
	321
	195
	35
	52
	96

	1398
	2651
	320
	365
	39
	54
	85

	1452
	2689
	289
	324
	48
	80
	47

	1584
	2789
	215
	210
	47
	70
	38

	1568
	2598
	210
	198
	58
	45
	36

	1105
	2658
	185
	178
	65
	98
	41


Table (10): Minimum, maximum and average chemical composition of subsurface samples (CQ2) of Qaa' Abu Qardi sediments (NE Jordan).
	      element    
	SiO2
	CaO
	Fe2O3
	MgO
	Na2O
	Al2O3
	K2O
	TiO2
	L.O.I.

	 
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)
	(%)

	Minimum
	30.98
	7.69
	8.65
	3.12
	0.23
	5.58
	0.4
	0.12
	16.23

	Maximum
	44.85
	15.23
	13.25
	7.56
	0.85
	10.25
	1.35
	0.57
	30.54

	Average
	40.61
	11.29
	10.72
	5.092
	0.421
	8.714
	0.945
	0.343
	21.49


Table (10):continued     

	Mn
	Sr
	Ni
	Rb
	Co
	Cu
	Zn

	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)

	895
	589
	125
	102
	35
	35
	36

	7898
	2789
	452
	365
	94
	98
	98

	1524
	1735
	271.6
	208.6
	60
	62.45
	66.35


Table (11): Average of chemical composition of subsurface samples (CQ1 and  CQ2)  and surface samples of Qaa' Abu Qardi sediments (NE Jordan).
	Average composition of

Parana and Leith and Mead
	Average of Qaa' Abu Qardi analyses
	Element

	** Carbonate
	**Shale
	* Basalt
	surface
	CQ2
	CQ1
	

	5.19
	58.1
	50.7
	28.84
	40.61
	40.04
	SiO2

	42.57
	3.11
	7.83
	16.96
	11.29
	10.31
	CaO

	0.54
	6.47
	15.1
	7.797
	10.72
	9.158
	Fe2O3

	7.89
	2.44
	4.18
	4.555
	5.092
	4.948
	MgO

	0.05
	1.3
	2.53
	0.429
	0.421
	0.603
	Na2O

	0.81
	15.4
	12.3
	9.89
	8.714
	10.87
	Al2O3

	0.33
	3.24
	1.71
	1.512
	0.945
	0.923
	K2O

	0.06
	0.65
	3.19
	0.208
	0.343
	0.336
	TiO2

	Average composition of

Turekian and Wedepohl (1961)
	
	ppm

	1100
	850
	1750
	860.8
	1524
	1071
	Mn

	-
	-
	-
	681.3
	1735
	1661
	Sr

	20
	68
	145
	130.1
	271.6
	240.5
	Ni

	-
	-
	-
	130.1
	208.6
	194.1
	Rb

	0.1
	19
	47
	46.9
	60
	61.6
	Co

	4
	45
	94
	93.9
	62.45
	62.9
	Cu

	20
	95
	118
	85.5
	66.35
	62.7
	Zn


* Average of basalt after Parana, in Faure (1998).

** Average of shale and carbonate after Leith and Mead, in Mason (1966).
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Figure (1): Location, topography on the map of Jordan of the study area (Qaa' Abu Qardi).

[image: image3.emf]0

10

20

30

40

50

60

70

80

SQ1 SQ2 SQ3 SQ4 SQ5 SQ6 SQ7 SQ8 SQ9SQ10

Surface Sample No. (N-S) direction

Fractions (%)


Figure (2): Weight percentages of sand, silt and clay fractions of surface samples of Qaa' Abu Qardi sediments.
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Figure (3): Average of weight percentages of sand, silt and clay fractions of 10 surface samples of Qaa' Abu Qardi sediments
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Figure (4): Weight percentages of sand, silt and clay fractions of subsurface samples (Cor-CQ1) of Qaa' Abu Qardi sediments
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Figure (5): Weight percentages of sand, silt and clay fractions of subsurface samples (Cor-CQ2)of Qaa' Abu Qardi sediments.
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Figure (6): X-ray powder diffraction pattern of Qaa' Abu Qardi deposits of the fraction > 32 µm.
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Figure (7):Typical X-ray diffraction patterns of the clay fractions (<2µm) separated from CQ1 sample of Qaa' Abu Qardi deposits.
A: Untreated (Normal).        

B: Glycolated.          

C:Heated.
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C: Heated. Figure (8): Variations of major oxides as an average of 10 samples of the surface sediments of Qaa' Abu Qardi, NE Jordan.
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Figure (9): Variations of major oxides as an average of 20 samples of the subsurface sediments (CQ1) of Qaa' Abu Qardi, NE Jordan.
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Figure (10): Variations of major oxides as an average of 20 samples of the subsurface sediments (CQ2) of Qaa' Abu Qardi, NE Jordan.
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Figure (11): Variation of L.O.I (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (12): Relationship between carbon (LOI) and true carbon contents (CaO) (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (13): Variation of SiO2 (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (14): Variation of Al2O3 (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (15): Relationship between SiO2 and Al2O3 contents (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (16): Variation of Na2O (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (17): Variation of K2O (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (18): Relationship between Na2O and K2O contents (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (19): Variation of CaO (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.

[image: image21.emf]0

1

2

3

4

5

6

7

8

d

25

d

50

d

75

d

100

d

125

d

150

d

175

d

200

d

225

d

250

d

275

d

300

d

325

d

350

d

375

d

400

d

425

d

450

d

475

d

500

Depth in (cm)

MgO (%)


Figure (20): Variation of MgO (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (21): Relationship between CaO and MgO contents (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (22): Variation of Fe2O3 (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (23): Variation of TiO2 (%) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Figure (24): Variation of Mn, Sr, Ni, Rb, Co, Cu and Zn concentrations in (ppm) with depth in the sediments of Qaa' Abu Qardi (CQ2), NE Jordan.
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Abstract


      Through the present study of Qaa' Abu Qardi-NE Jordan, the type and distribution of sediments was determined horizontally and vertically depending on the environmental conditions and the type of rocks surrounding the area. A number of surface and subsurface samples were studied mineralogically and chemically. Quantitative and qualitative distribution of the different sizes is related to weathering and environmental factors during geological time and geomorphological features and to the types of rocks and deposits surrounding the Qaa' area.


      Silt content ranges between 40-90% and mostly increases with depth. The sediments are loam silty clay to loam silty type. The sediments of Qaa' Abu Qardi are composed of calcite, quartz, plagioclase, clay minerals (kaolinite, muscovite, illite and montmorillonite), dolomite and gypsum. Calcite and dolomite are formed during many chemical and physical processes. Quartz, plagioclase and clay minerals are transported as clastic material from the surrounding area of the Qaa' as a result of weathering processes of sediments and basaltic rocks. Gypsum is deposited as a result of increasing evaporation rates during some hotter seasons in that area. 


      The concentration of some elements may be increased as a result of its adsorption by clay minerals. The concentration of iron and potassium increases because of the presence of illite. Potassium also increases due to the presence of some clay minerals. The concentration of iron and magnesium may increase as a result of the chemical and physical weathering processes of the basaltic rocks in the area. The high SiO2 content is a result of the presence of clay minerals and may be some quartz particles. All of these concentrations of these elements and the other elements are closely related to the climatic conditions and weathering processes common in the basin (Qaa') and the mix up with surrounding area in general.





ملخص


     تمَّ من خلال هذه الدراسة لقاع (أبو قرضي) في شمال شرق الأردن التعرف على نوع الرسوبيات في تلك المنطقة، وحجومها، وطريقة توزيعها: أفقياً وعمودياً، بالاعتماد على الظروف البيئية، ونوع الصخور المحيطة بالمنطقة، وذلك من خلال أخذ عدد من العينات السطحية، وتحت السطحية ودراسة التكوين المعدني والكيميائي لها، وعلاقته بالتوزيع الكمي والنوعي للحجوم المختلفة لتلك الرسوبيات: أفقياً وعمودياً، ومدى ارتباط ذلك بعوامل التجوية والظروف البيئية خلال الزمن الجيولوجي، وكذلك بنوعية الصخور والمواد الرسوبية المحيطة بمنطقة قاع �(أبو قرضي). كما تم تحديد كل ذلك مع العلاقات الجيومورفولوجية للقاع وما يحيط به. وبينت الدراسة أن نسبة الغرين تقع تقريباً بين 40-90%، وتزداد بالانتقال العمودي في رسوبيات القاع مع العمق، وأن الرسوبيات لوم غضاري طيني الى لوم غضاري. ووجد أن معادن الكالسايت، والكوارتز، والبلاجيوكليز، وبعض المعادن الطينية: (الكاؤلينايت، والمسكوفايت، والإليت، والمونتموريلينايت) والدولومايت، والجبص هي المعادن الأساسية المكونة لتلك الرسوبيات.


     يعتقد أن معادن الكالسايت والدولومايت تكونت بنفس الحوض الترسيبي، والقليل منها يُعدُُّ منقولاً، أمّا الكوارتز والبلاجيوكليز والمعادن الطينية فهي ذات مصدر فتاتي منقول من خارج منطقة القاع نتيجة عمليات التجوية للصخور الرسوبية والبازلتية المحيطة بالمنطقة، بينما يترسب معدن الجبص نتيجة ارتفاع نسبة التبخر في بعض الفصول في تلك المنطقة.


     ويزداد تركيز بعض العناصر بشكل واضح نتيجة امتزازها من قبل المعادن الطينية، مثل: ازدياد تركيز عنصري الحديد والبوتاسيوم نتيجة وجود معدن الإليت، كذلك يرتبط البوتاسيوم بوجود المعادن الطينية المختلفة، أمّا عنصرا الحديد والمغنيسيوم فيزداد تركيزهما نتيجة عمليات التجوية الكيميائية والفيزيائية لصخور البازلت الموجودة في المنطقة، كما تعود النسبة العالية لعنصر السيليكون نتيجة وجود المعادن الطينية السيليكاتية وحبات معدن الكوارتز. وهذه التراكيز جميعها لتلك العناصر وغيرها مرتبطة ارتباطاً وثيقاً ومباشراً بالظروف المناخية وعمليات التجوية السائده بالحوض، والمنطقة المحيطة به بشكل عام.
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