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1. Introduction

      The mineralogy and geochemistry of Lisan Peninsula deposits show variation within few millimeters vertical thickness (Abed, 1985 and 2000 and Abboud, 1994). Typical deposits of Lisan Peninsula show alternating light (white) and dark laminae varves. The mineralogical compositions of the two types of laminae are aragonite, gypsum (Begin et al., 1974), calcite, quartz and traces of clay materials. The southern part of the Lisan Peninsula contains chemical sediments with higher amounts of gypsum and anhydrite, while the northern part contains clastic sediments with minor amounts of gypsum and anhydrite (Abboud, 1994). Vertical sequence does not show any changes in the mineralogical constituents in the southern and northern parts of the Lisan Peninsula (Abed, 1985).

      The sedimentological, mineralogical, climatological and seismological aspects of the Lisan Peninsula in both East and West Bank of the Jordan Valley have been the subject of several investigations (Friedman et al., 1965 and 1966, Begin et al., 1974, Abed, 1984 and 1985, El-Isa and Mustafa, 1986, Sunna, 1986, Druckman et al., 1987, Al-Mishwt, 1988, Abboud, 1994, Frumkin, 1997, Garfunkel, 1997; Niemi, 1997). The aim of this study is to highlight the mineralogy and geochemistry of the Lisan Peninsula deposits with particular emphasis on the geological and structural settings.

2. The Studied area

2.1 Location:

      The studied area of Lisan Peninsula represents a small part of Lisan Lake that covers an area about 30 km2 which extends from the northern part of Taberia Lake in south Syria to Khunaizera area about thirty kilometers south of Dead Sea (Fig. 1).

      Lisan Peninsula is located between latitudes 31° 14' to 31° 17' East, and longitudes 35° 31' to 35° 34' North (Fig. 1). It is located on the central part of Dead Sea, and divided into two unequal basins. The southern basin is shallower than northern basin about 40 times, and it is of an arc shape, called tongue-shaped peninsula (Sunna, 1986), which is an area of approximate 30 km2 with about 8 km long and 3 - 4 km wide (Fig. 1).

      The Lisan Peninsula is characterized by an arid climate, with high seasonal variation in temperatures and high potential evaporation; this probably is the cause for the depositions of gypsum, anhydrate and salts as: NaCl, KCl and CaCl2 (Sunna, 1986 and Abed, 2000).

2.2 Geological Setting:

      The deposits of Lisan Peninsula are also called Lisan deposits, and are of Quaternary (Pleistocene) age (Vogel and Waterbolt, 1972). They are the most recent deposits in the Jordanian Rift Valley.

      The Lisan Peninsula Formation has been divided into two members, the lower and the upper according to diatomite zone (Begin et al., 1974). The lower laminated member, is composed mainly of very fine varved laminae (Fig. 2). The upper white cliff member (Abed, 1985), has a higher detrital sediments than the laminated member and contains some centimeters thick beds of gypsum and aragonite in the southern part, and diatomite zone in the northern part.

      Lisan Peninsula deposits consist of many white isolated hills. The maximum elevation is roughly 80 meters from the Dead Sea level, approximately from 320 to 400 meters below the sea level (Fig. 1).

      The sediments of Lisan Peninsula consist of fine soft powder, with lenses of gypsum and anhydrite distributed through varved-light laminae, which has a thickness between 0.1-5mm.

      Lisan Peninsula reflects the soft and friable deposits containing sinkhole structure. The drainage patterns are dendritic and parallel with a soft texture. This drainage has a direction from east to west or east to southwest. The western part of the Lisan Peninsula has a flat surface covered with salt deposits and crenulations of a thin gypsum bed.

      The eastern part of the Dead Sea has been uplifted more than the western rim during the Quaternary period (Attalah, 1991). This uplifting beside some earthquakes have caused deformation in the area. Faults (macro and micro) (Galli, 1999), scarps, convolute folds (Fig. 3), fissures, lumps and sand boils are indication of deformations.

3. Methodology 

3.1 Samples Collection:

      Five channel samples (Ch1, Ch2, Ch3, Ch4 and Ch5) approximately 30kgs were collected from the scattered hills in the studied area (Fig. 1). Twenty spot samples were collected from different selective sites at different intervals. The spot samples were chosen to represent the light and dark varves laminae. One large bulk representation sample was prepared from the different sites.

3.2 Analytical Methods:

      The samples were disaggregated and quartered. Grain size separation was carried out using wet mechanical sieving process. The channel bulk samples were separated into two size fractions >38µm and <38µm. The fractions of >38µm were separated into different size fractions and then >5µm, 500-300µm, 300-180µm, 180-63µm and 63-38µm by wet sieving. The fine fractions (less than 38µm clay and silt) were separated into different sizes (38-16µm, 16-8µm, 8-4µm, 4-2µm and less than 2µm) by using the pipette method, described by Folk (1980) and Friedman and Johnson (1982). The clay and silt fractions were dried at 60°C for 24 hours, while mud was ground by agate mortar in order to be used for further investigations. 

      The mineralogical investigations were carried out using X-ray diffraction techniques (XRD), differential thermal analysis (DTA), scanning electron microscopy (SEM) and transmission electron microscopy (TEM).

      A Philips X'Pert MPD (model PW 3010) diffractometer housed at the Department of Physics in Yarmouk University was used under the following conditions: Nickel filter, Cu α radiation at 30kv and 20mA, and 2θ=2° to 60°, speed=1cm/min. 

      The thermal behavior of the different minerals was carried out using SETARAM DTA, TG92 at the department of Chemistry at the University of Sciences and Technology. This consists of simultaneously heating of sample and thermally inert substance (Al2O3) at constant rate, about 10°C/min reaching about 1300°C, and by using air as a media. 

      Scanning Electron Microscope (Leitz 1000 A SEM) was used for determinating the texture and grain shapes for all minerals found at the department of Physics at Mu'ta University. Transmission Electron Microscope (TEM ZEISS 10 CR) was also used for studying the crystal habit and absolute sizes for all types of minerals in the samples, housed at the department of Biology at Yarmouk University.

      Thirty five selected samples (including 20 samples of light and dark varves laminae separated from spot samples, 5 channel samples and 10 separated fraction samples from channel samples) and those representing different grain sizes (>500µm, 500-300µm, 300-180µm, 180-63µm, 63-38µm, 38-16µm, 16-8µm, 8-4µm, 4-2µm and <2µm) were subject to chemical analyses. The mixed materials were then dried at 110°C and ground in agate mortar to a fine powder, from this powdered samples; sub-samples were taken for chemical analyses.

      The chemical composition for oxides (CaO, SiO2, MgO, Al2O3, Fe2O3, Na2O, K2O, TiO2 and SO3) as well as trace elements of (Sr, Cu, Mn, Ba, Pb, Cr, Zn and Co) was carried out applying standard methods of Atomic Absorption Spectroscopy (APS model Philips SP9 PYE Unicam Spectrophotometer) housed at the department of Geology in Yarmouk University. Loss On Ignition (LOI) (could be organic matter, CO2, SO2, H2O+, H2O- and all other any volatiles) was determinates after drying at 1100°C.

4. Discussion

4.1 Particle Size Distribution:

      The results of grain size analysis are tabulated in Tables 1, 2 and 3. Fractions less than 38µm (silt and clay) which mainly consist of the sediments with ranges between 88.41 wt% and 90.77 wt% (Tables 1 and 3), whereas the fractions more than 38µm (sand) which mainly  appear  as  a  trace  amounts  of  whole  samples 
ranges between 8.96 wt% and 11.5 wt% (Tables 1 and 3).

      Figure 4 shows the size distribution of coarse (>38µm) and fine (<38µm) fractions with percentages about 10% and 90%, respectively. The highest percentage of weight falls within fractions <38µm (silt and clay). The size distribution depicted in Figure 4, show that for each fraction of all channel samples, the highest percentage of weight fall within the 4–2µm and <2µm classes (clay fraction). The smaller percentage of weight falls within the 16-500µm classes (sand and silt fractions).

      The textural classification of the deposits was carried out using the triangular diagram, given by Dass (1985). Dass diagram showed that the deposits of clay are more abundant within the light laminae while silty clay and silt clay loam types in dark laminae (Fig. 4 and Table 3). Gypsum was noticed in various concentrations between 6.06% to 34.77% within the collected samples.

4.2 Mineralogical Results:

      Figures 5 and 6 show the representation X-ray diffraction patterns of selected samples including spot laminae, channels and the bulk separated samples. The representation X-ray diffraction patterns of the light and dark varves laminae separated from spot samples are shown in Figures 5A and 5B, respectively. Figure 5A indicates that the major mineral components in the light laminae are aragonite with trace amounts of calcite and dolomite. Figure 5B indicates that the major minerals in the dark laminae are calcite, quartz and dolomite with minor amounts of aragonite and clay minerals. 

      The X-ray diffraction patterns obtained from the channel and bulk samples for different fractions are shown in Figure 5C for fractions >38µm and Figure 5D for fractions <38µm (Tables 1 and 2). Figure 5C shows gypsum as the main constituent for the fractions >38µm, and indicates the presence of quartz, aragonite and calcite as a minor amounts, while dolomite and clay minerals may presence as a trace amounts. Figure 5D for fractions <38µm shows aragonite as the main constituent and indicates the presence of calcite in minor amounts with trace amounts of dolomite and quartz. Figure 6 shows the X-ray diffraction analysis on oriented aggregates of the decalcified <2µm fraction for one sample. The X-ray runs show the untreated (normal), glycolated and heated X-ray diffraction patterns. Figure 6A indicates that major peaks reflections appear at d-spacing: 7.13A° (2θ=12.4) and 3.56A° (2θ=24.9) for kaolinite, another peak reflections appear at d-spacing: 10.1A° (2θ=8.9), 5.1A° (2θ=20.0) and 3.3A° (2θ=27.3) for illite and third peak reflections appear at d-spacing: 13.2A° (2θ=5.8) for smectite. Same peaks are also present in Figure 6B after glycolation except smectite also expands to 17.0A°. However, the peak of kaolinite completely disappeared upon heating at 550°C for two hours because it is amorphous mineral, smectite peak may collapse to 10A° as illite at 550°C, while illite peaks appear in the same d-spacing (Fig. 6C).

      The oriented X-ray diffraction results of <2µm fractions have revealed the presence of some amounts of kaolinite, illite and smectite minerals (Fig. 6). Kaolinite, illite and smectite were also recognized in little amounts in the dark laminae. The results of both random and oriented X-ray diffraction has revealed that the Lisan Peninsula deposits are composed mainly of aragonite and other minor minerals such as calcite, gypsum, quartz and traces of dolomite and clays (illite, kaolinite and smectite).

      The examinations of DTA and TG curves of the spot samples for light and dark varves laminae are shown in Figures 7 and 8. The DTA and TG curves in Figure 7 represent the light laminae and indicates the presence of aragonite and calcite. It shows three endothermic peaks at (150-160)°C, (465-580)°C and (775-840)°C. The first endothermic peak refers to the loss of moist and adsorbed water into mineral powders; the second endothermic peak is due to polymorphic transformation of aragonite into calcite (Todor, 1976) or due to dehydroxylation of kaolinite. The third endothermic peak is caused by the decarbonation / decomposition of calcite and aragonite and due to loss of CO2 (Wilson, 1987). The TG results in Figure 7 indicates the total loss of volatiles (Todor, 1976 and Wilson, 1987).

      The DTA and TG curves in Figure 8 for dark laminae show two endothermic peaks. The first endothermic peak is ranging between (110-280)°C caused by the loss of adsorbed water, while, the second endothermic peak is ranging between (680-910)°C due to the decarbonation of calcite and aragonite and due to loss of CO2. The exothermic peak that appears at (450-510)°C is due to the loss or increase of mass from the dark colored materials, probably caused by the presence of unknown sulphides (Wilson, 1987). The results of differential thermal analysis (DTA) confirmed the results of the X-ray diffraction.

      Scanning electron micrographs (SEM) (Fig. 9) from the spot samples of the light laminae show the morphology of euhedral to subhedral orthorhombic crystals of aragonite, bladed and needle type (Fig. 9A). Aragonite crystals are very fine (0.5-40µm to less than 0.5µm in width). Shapes of different groups of needle-like crystals were described according to Begin et al., (1974), these groups are fan-shaped group needles (Fig. 9B), flower-shaped group needles (Fig. 9C), also shown in Figure 9D fragments of diatoms (Navicula sp. Aff., N. Creuzburgensis and Nistzschia Sima (Begin et. el., 1974)) aggregates with aragonite needles.

      The transmission electron micrographs from light and dark varves laminae show the morphology, crystal habit and sizes of aragonite and calcite crystals. Aragonite grains completely appear as a needle-like shape (Fig. 10A) these aragonite needle show dumbbell needle and fan-shaped group (Fig. 10B), clear, straight and sharp boundaries. Rhombic euhedral crystals shape of calcite with high contrast, planner surface and the pseudo-hexagonal plate-like shape of kaolinite (Fig. 10C).

4.3 Chemistry:

      Mineralogical variation in the composition is related to the type of the sample (light and dark varves laminae, channel and bulk) and to the size fraction (Tables 4 to 9 and Figs. 11 to 19).

      Results of major oxides and some trace elements in the light and dark varves laminae after careful separation from selective spot samples are shown in Tables 4 and 5. The averages chemical values of light and dark varves laminae after separation presented in Figure 11. The results indicate a high percentage of CaO content in the light laminae within a range of 52.75–53.95% and an average value of 53.157%. Dark laminae showed that CaO content range between 28.25 and 36.31% with an average value of 32.394%. Furthermore, it shows a considerable decrease from light to dark varves laminae from 53.157% to 32.394% (Tables 4 and 5 and Fig. 11).

      The results of SiO2 content indicates that it has a relatively low percentage in the light laminae (0.83%–1.77%) with an average value of 1.3%, while in the dark laminae it shows a higher range (28.25%–36.32%) with an average value of 32.4%. The average content of SiO2 shows a sharp increase from light to dark varves laminae (1.3% to 32.399%, respectively). The contents of MgO, Al2O3, Fe2O3, Na2O, K2O and TiO2 show a considerable increase in the dark laminae relative to light lamina. The averages of MgO, Al2O3, Fe2O3, Na2O, K2O and TiO2 are 2.53%, 5.5%, 2.1%, 1.374%, 0.28% and 0.93%, respectively in dark laminae, while; they are of 0.22%, 0.19%, 0.53%, 0.39%, 0.09% and 0.038% respectively in light laminae (Tables 4 and 5 and Fig. 12). 

      The results of trace elements indicate a high concentration in the dark laminae relative to light laminae, except for Sr and roughly Pb and Co which have a high concentration with averages 8234, 28 and 36 ppm in the light laminae and 2135, 17 and 30 ppm in the dark laminae, respectively. Cu, Mn, Ba, Cr and Zn are highly concentrated in the dark laminae with average values 29, 376, 395, 42 and 69 ppm respectively compared with the average values 16, 31, 39, 4 and 12 ppm of the light laminae (Tables 4 and 5). However, most trace elements may be easily concentrated and accumulated in the size fraction less than 2 micron, this is due to adsorption by clay minerals (Khoury, 2002).

      The gypsum is found in the dark laminae and is believed to be of secondary origin and was deposited due to evaporation of water trapped in the sediments (Begin et al., 1974). The Sr content is high in the light laminae due to the presence of aragonite and the ionic charge and ionic radius of Sr2+ is nearly equal to that of Ca2+, so it favors the open lattice of the aragonite unit cell (Krauskpof, 1983).

      The high percentage of SiO2 in the dark laminae is  due  to  the  presence  of 
quartz mineral as found by X-ray diffraction (XRD) results, and their presence in the light laminae probably is due to the concentration of diatom frustules found by Scanning Electron Microscope (SEM) study. Fe2O3 may be leached from fragments of sand and silt fractions derived by leaching of surrounding rocks with rain flow in cooler seasons. Al2O3 is due to the presence of detrital clay minerals as found by XRD and transmission electron microscope (TEM) results. Na2O is due to presence of salts in the precipitation media.

      The percentage of (LOI) content in different samples, approach mainly at the same content of the carbonate (CaO) with similar distribution of concentration from sample to another. In addition, the percentages of LOI changes markedly as the carbonate content is roughly increased with decrease fraction of grains especially in the light laminae and fractions <38µm. Clearly the LOI in low carbonate samples (dark laminae and fraction >38µm) is due to loss of material other than organic matter (could be CO2, SO2, H2O+, H2O- and other all volatiles). The apparently high hydrogen shows that this material is in fact water content of such samples. This water, which is retained at 110°C, is associated with the clay minerals either in the lattice or by adsorptions (Mackereth, 1965 and 1966). 

      The results of chemical analysis of the whole five channel samples are listed in Table 6. The results of CaO content indicate a high percentage (42.95–44.52% with an average value of 43.42%) and it forms main constituent in all channel samples. This value is relatively lower than it is for light laminae (53.15%) and higher compared to dark laminae (32.394%). The chemical composition of the whole channel samples for all major oxides and trace elements are almost intermediate between the chemical composition of light and dark varves laminae. 

      The results of chemical analysis of the different coarse fractions (>500µm, 500-300µm, 300-180µm, 180-63µm and 63-38µm) and different fine fractions (38-16µm, 16-8µm, 8-4µm, 4-2µm and <2µm) separated from mixed whole channel samples are listed in Tables 7 and 8, respectively. Table 9 gives the sum of the results of all averages of fractions more than 38µm and those less than 38µm.

      Results tabulated in Table 9 and Figures 12, 13 and 14 shows that CaO oxide concentration is high in all fractions less than 38µm, compared to those in all fractions more than 38µm. The reverse is true for SiO2 and SO3 where both are concentrated in all fractions more than 38µm (especially of fractions between 180-63µm and 63-38µm) more than all fractions less than 38µm. MgO, Al2O3, Fe2O3, Na2O and TiO2 oxides are higher in all fine fractions less than 38µm than all coarse fractions more than 38µm. The average content of K2O oxide in coarse fractions is more than that found in fine fractions. Generally, the percentages of the major oxides in the fine fractions, especially clay fractions (<2µm) are similar to their percentages in the light laminae from the spot samples (Table 4).

      Sr, Cu, Cr and Co are concentrated in fine size fractions less than 38µm, may be this is due to easily adsorption by clay minerals especially kaolinite, illite and smectite (Khoury, 2002). On the contrary, other trace elements Mn, Ba, Pb and Zn are higher in the coarse fractions more than 38µm in size.

5. Conclusions

      The textural analyses of Lisan Peninsula deposits indicate their presence mainly between clay and silt fractions. The mineralogical investigations revealed that the sediments were deposited under different conditions as indicated from the alternating light and dark varved laminae. Each varves laminae has different mineralogical and chemical properties and environmental conditions. The light laminae were deposited in warm seasons, after stability of water level and increase of evaporation conditions during high concentrated of carbonate ions and precipitated as an aragonite needles mineral. The differences between the light and the dark varves laminae are also reflected by the presence of several minerals composed in different types of laminae. Calcite is recognized in dark laminae as a major mineral while dolomite and gypsum concentrated as a secondary minerals. Quartz and clay minerals are present in minor amounts. These minerals are believed to be deposited in cooler seasons during high discharge of water from wadis catchments due to erosion of the surrounding area of the lake, especially clastic sediments (quartz and clay minerals).

      Aragonite is concentrated in the clay and silt fractions (<38µm). Gypsum is concentrated in the sand fractions (>38µm) as a main constituent, while calcite and quartz were concentrated as a minor components. The mineral constituents of the coarse fractions >38µm of the deposits are gypsum, quartz and calcite. While, the fine fractions <38µm contains aragonite as a main constituent and calcite, quartz and dolomite as a traces beside some clay minerals (illite, kaolinite and smectite).

      The most striking difference in the chemistry of Lisan Peninsula deposits is between the dark and light varves laminae. The differences are manifested by the high contents of SiO2, Al2O3, MgO and Fe2O3 and all other major oxides except CaO in the dark laminae compared to light laminae, which probably is due to the presence of quartz, iron oxides and clay minerals concentrated in the dark laminae more than light laminae due to highly erosion effects and some environmental factors within lake conditions. In addition, higher concentration of some trace elements as Cu, Mn, Ba, Cr and Zr are present in the dark laminae compared to light laminae related to concentrated of clay minerals. The higher concentration of the above major and trace elements are the reason for coloring these laminae with dark color. On the other hand, light laminae are composed of almost pure aragonite (CaCO3), precipitated during authigenitic sources, mainly in whitening episode of Lisan Lake water (especially after shrinking of Lisan Lake to present area of Dead Sea) in warmers seasons as described by Neev and Emary (1967). It seems that the source of minerals in both laminae is different one is chemically and the other is detrital.

      However, when channel samples mixed from light and dark varves laminae were analyzed the results gave intermediate composition of major oxides and trace elements between the light and dark varves laminae. The fine fractions separated from the mixed channel samples have revealed that silica content (SiO2) was mainly concentrated in fractions between 300-38µm (mainly silt size). However, all other oxides MgO, Al2O3, Fe2O3, Na2O and K2O (except for TiO2) have increased in the fine fractions (less than 38µm). This fact suggest that although these oxides carrying minerals from near surrounding area as clay minerals and very fine sand fragments were concentration in the dark laminae more than the light laminae.
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Table (1): Percentages of grain size of Lisan Peninsula deposits after separation by wet mechanical process for 5 channel samples.
	Sample
	Wt. of
	Wt. % of
	Wt. % of
	Total of

	No.
	original
	fractions
	fractions
	Wt.% of all

	
	Samples(kg)
	> 38 µm
	< 38 µm
	fractions

	Ch1
	10
	10.3
	89.56
	99.86

	Ch2
	10
	9.64
	90.24
	99.88

	Ch3
	10
	8.96
	90.77
	99.73

	Ch4
	10
	9.96
	89.96
	99.92

	Ch5
	10
	11.5
	88.41
	99.91


Table (2): Percentages of different fractions (>38µm) for Lisan Peninsula deposits using wet mechanical process for 5 channel samples.
	Sample
	Wt. of
	Wt. % of 
	Wt. % of 
	Wt. % of 
	Wt. % of 
	Wt. % of 
	Total

	No.
	original
	fractions 
	fractions 
	fractions 
	fractions 
	fractions 
	 

	 
	Samples (gms)
	>500µm 
	500-300µm 
	300-180µm 
	180-63µm 
	63-38µm 
	(%) 

	Ch1
	1030
	12.62
	18.16
	21.16
	19.5
	28.1
	99.5

	Ch2
	964
	10.9
	14.52
	21.89
	24.4
	27.5
	99.2

	Ch3
	896
	10.6
	16.9
	22.4
	22.9
	26.9
	99.7

	Ch4
	996
	12.6
	17
	21.4
	23
	26
	99.9

	Ch5
	1150
	13.2
	17.1
	22.1
	20.3
	27.1
	99.9


Table (3): Percentages of different fractions (<38µm) for Lisan Peninsula deposits using pipette method  for 5 channel samples.

	Sample
	Wt. of
	Wt. % of 
	Wt. % of 
	Wt. % of 
	Wt. % of 
	Wt. % of 
	Total

	No.
	original
	fractions 
	fractions 
	fractions 
	fractions 
	fractions 
	 

	 
	Samples (gms)
	38-16µm 
	16-8µm 
	8-4µm 
	4-2µm 
	< 2 µm 
	(%) 

	Ch1
	8956
	3.9
	5.9
	13
	22.9
	54.3
	99.97

	Ch2
	9024
	3.6
	5.7
	13.1
	23.4
	54.1
	99.96

	Ch3
	9077
	3.8
	5.8
	13
	23.4
	53.8
	99.96

	Ch4
	8996
	3.9
	5.8
	13.2
	22.9
	54.1
	99.94

	Ch5
	8841
	3.4
	5.6
	13
	23.2
	54.7
	99.95
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Table (4): Chemical analysis for light (white) laminae from Lisan Peninsula deposits. Oxides in weight percent (wt%) and trace elements in p.p.m.

	sample No. 
	SW1
	SW2
	SW3
	SW4
	SW5
	SW6
	SW7
	SW8
	Sw9
	SW10

	CaO
	53.1
	53.15
	52.85
	53.32
	52.92
	53.17
	53.95
	52.75
	52.91
	53.45

	SiO2
	1.2
	1.56
	1.77
	0.95
	1.22
	1.11
	0.83
	1.62
	1.31
	1.46

	MgO
	0.17
	0.29
	0.14
	0.19
	0.21
	0.18
	0.16
	0.31
	0.29
	0.33

	Al2O3
	0.25
	0.27
	0.15
	0.13
	0.21
	0.09
	0.12
	0.22
	0.3
	0.19

	Fe2O3
	0.41
	0.45
	0.78
	0.32
	0.67
	0.52
	0.18
	0.92
	0.81
	0.28

	Na2O
	0.62
	0.56
	0.72
	0.21
	0.45
	0.19
	0.13
	0.44
	0.39
	0.28

	K2O
	0.02
	0.19
	0.09
	0.11
	0.08
	0.07
	0.12
	0.09
	0.14
	0.05

	TiO2
	0.03
	0.08
	0.01
	0.03
	0.03
	0.01
	n.d.
	n.d.
	0.05
	0.07

	L.O.I
	43.25
	43.21
	43.67
	44.22
	44.18
	43.95
	44.51
	44.25
	43.92
	44.25

	Total (%)
	99.05
	99.76
	100.18
	99.48
	99.97
	99.29
	100
	100.6
	100.12
	100.36

	Trace elements (p.p.m.)

	Sr
	8772
	8120
	8450
	8331
	7998
	7621
	8123
	8252
	8702
	7976

	Cu
	19
	18
	20
	15
	10
	10
	14
	21
	18
	17

	Mn
	25
	43
	30
	21
	19
	41
	57
	32
	16
	31

	Ba
	37
	17
	49
	52
	53
	61
	45
	9
	55
	18

	Pb
	21
	33
	8
	31
	11
	21
	31
	42
	23
	60

	Cr
	5
	2
	3
	1
	1
	n.d.
	3
	n.d.
	7
	12

	Zn
	16
	15
	7
	12
	8
	21
	5
	14
	19
	8

	Co
	40
	42
	38
	31
	19
	22
	43
	23
	45
	63


n.d.: not detected.

Table (5): Chemical analysis for dark laminae from Lisan Peninsula deposits. Oxides in weight percent (wt%) and trace elements in p.p.m.

	sample No.  
	Sd1
	Sd2
	Sd3
	Sd4
	Sd5
	Sd6
	Sd7
	Sd8
	Sd9
	Sd10

	CaO
	32.65
	34.56
	36.32
	36.12
	32.15
	31.18
	31.22
	29.82
	28.25
	31.72

	SiO2
	21.28
	20.25
	18.23
	19.32
	20.51
	20.92
	23.24
	26.32
	25.62
	21.81

	MgO
	2.83
	2.32
	2.21
	1.85
	2.95
	2.73
	2.56
	3.08
	2.82
	1.95

	Al2O3
	5.58
	5.83
	5.16
	4.89
	6.15
	5.95
	5.32
	6.21
	5.43
	4.54

	Fe2O3
	2.32
	1.81
	2.12
	1.13
	1.05
	2.85
	2.63
	3.11
	2.71
	1.42

	Na2O
	1.21
	0.92
	1.32
	0.89
	1.33
	0.9
	1.84
	1.93
	1.78
	1.62

	K2O
	0.81
	0.32
	0.11
	0.12
	0.18
	0.17
	0.42
	0.33
	0.21
	0.17

	TiO2
	1.17
	1.21
	1.31
	0.98
	0.98
	0.85
	0.93
	0.77
	0.56
	0.59

	L.O.I
	31.17
	33.18
	34.12
	35.11
	34.12
	33.97
	30.92
	29.15
	31.71
	35.2

	Total (%)
	99.02
	100.4
	100.9
	100.41
	99.42
	99.52
	99.08
	100.72
	99.09
	99.02

	Trace elements (p.p.m.)

	Sr
	1452
	2112
	2462
	1810
	1335
	2770
	2231
	2019
	2912
	2251

	Cu
	42
	31
	21
	27
	19
	31
	32
	26
	29
	33

	Mn
	515
	332
	289
	315
	252
	474
	492
	450
	351
	299

	Ba
	389
	312
	566
	492
	225
	199
	571
	541
	399
	256

	Pb
	n.d.
	15
	16
	21
	n.d.
	23
	32
	15
	8
	11

	Cr
	81
	52
	44
	19
	32
	75
	19
	51
	10
	31

	Zn
	75
	77
	79
	62
	87
	59
	42
	87
	86
	44

	Co
	18
	32
	31
	21
	19
	43
	52
	42
	25
	24


Table (6): Chemical analysis of whole channel samples from Lisan Peninsula deposits. Oxides in weight percent (wt%) and trace elements in p.p.m

	sample No.  
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5

	CaO
	43.25
	42.98
	44.51
	43.41
	42.95

	SiO2
	11.25
	9.95
	9.15
	9.11
	10.12

	MgO
	1.15
	0.87
	0.95
	1.21
	0.88

	Al2O3
	2.32
	2.15
	2.61
	2.75
	2.32

	Fe2O3
	1.15
	1.27
	1.51
	1.41
	1.1

	Na2O
	1.92
	1.91
	1.95
	1.71
	1.09

	K2O
	0.1
	0.09
	0.11
	0.08
	0.06

	TiO2
	0.62
	0.71
	0.43
	0.22
	0.36

	L.O.I
	37.57
	39.15
	38.75
	39.15
	40.15

	Total (%)
	99.33
	99.08
	99.97
	99.05
	99.03

	 Trace elements (p.p.m.) 

	Sr
	4812
	4721
	4851
	4770
	4405

	Cu
	25
	32
	18
	21
	27

	Mn
	198
	221
	252
	188
	201

	Ba
	39
	51
	48
	52
	39

	Pb
	10
	15
	n.d.
	10
	n.d.

	Cr
	7
	15
	n.d.
	12
	25

	Zn
	55
	41
	71
	19
	45

	Co
	15
	21
	32
	45
	28


Table (7): Chemical analysis of different fractions (>38µm) separated from whole channel samples from Lisan Peninsula deposits. Oxides in weight percent (wt%) and trace elements in p.p.m

	Fractions
	>500 µm
	500-300 µm
	300-180 µm

	sample No.  
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5

	CaO
	26.51
	27.92
	28.1
	26.9
	27.25
	29.21
	29.82
	29.2
	30.2
	29.78
	27.72
	28.13
	27.9
	27.26
	28.5

	SiO2
	5.85
	6.21
	5.35
	5.86
	5.46
	3.88
	3.34
	3.56
	3.42
	3.75
	9.32
	11.52
	10.7
	11.23
	9.65

	MgO
	0.73
	0.72
	0.65
	0.71
	0.65
	0.42
	0.38
	0.28
	0.36
	0.39
	0.39
	0.48
	0.31
	0.36
	0.38

	Al2O3
	0.06
	0.09
	0.04
	0.045
	0.08
	0.78
	0.88
	0.92
	0.72
	0.49
	0.42
	0.39
	0.41
	0.38
	0.32

	Fe2O3
	0.68
	0.68
	0.54
	0.59
	0.61
	0.35
	0.31
	0.3
	0.32
	0.38
	0.48
	0.42
	0.39
	0.38
	0.41

	Na2O
	0.19
	0.18
	0.12
	0.2
	0.19
	0.09
	0.07
	0.05
	0.04
	0.05
	0.05
	0.07
	0.05
	0.04
	0.07

	K2O
	0.21
	0.26
	0.18
	0.22
	0.2
	0.28
	0.25
	0.15
	0.32
	0.29
	0.19
	0.14
	0.1
	0.13
	0.19

	TiO2
	0.09
	0.07
	0.08
	0.075
	0.09
	0.03
	0.05
	0.04
	0.02
	0.02
	0.02
	0.03
	0.02
	0.02
	0.1

	SO3
	35.38
	34.2
	34.22
	34.95
	35.1
	27.61
	28.12
	26.8
	27.1
	26.85
	24.2
	23.32
	22.6
	25.49
	23.6

	L.O.I
	29.88
	29.9
	31
	29.9
	30.5
	36.95
	37.25
	38.6
	36.9
	38.6
	37.8
	35.8
	36.6
	34.5
	37.5

	Total (%)
	99.58
	100.23
	100.28
	99.45
	100.13
	99.6
	100.47
	99.9
	99.4
	100.6
	100.59
	100.3
	99.08
	99.79
	100.72

	 Trace elements (p.p.m.)
	 
	 

	Sr
	3452
	3625
	3252
	3365
	3524
	2561
	2252
	2756
	2608
	2495
	2895
	3012
	2789
	2953
	3012

	Cu
	9
	8
	7
	7
	6
	11
	15
	12
	8
	10
	16
	13
	15
	12
	15

	Mn
	99
	95
	102
	87
	91
	61
	52
	56
	71
	51
	135
	155
	125
	143
	136

	Ba
	51
	55
	42
	48
	47
	45
	40
	39
	55
	51
	110
	122
	126
	150
	146

	Pb
	10
	5
	n.d.
	n.d.
	7
	38
	52
	26
	n.d.
	39
	21
	52
	n.d.
	n.d.
	16

	Cr
	7
	9
	6
	n.d.
	5
	15
	21
	n.d.
	n.d.
	5
	10
	28
	15
	n.d.
	2

	Zn
	32
	21
	35
	29
	n.d.
	51
	44
	12
	19
	21
	38
	52
	46
	43
	49

	Co
	48
	32
	n.d.
	45
	19
	15
	19
	n.d.
	n.d.
	2
	1
	9
	n.d.
	1
	n.d.


Continued Table (7)

	Fractions
	180-63 µm
	63-38 µm

	sample No.  
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5

	CaO
	20.51
	15.85
	18.4
	17.98
	18.56
	26.32
	25.51
	26.21
	26.95
	26.1

	SiO2
	31.15
	35.12
	32.6
	34.9
	34.2
	40.51
	39.88
	39.1
	38.95
	39.2

	MgO
	0.95
	1.1
	0.95
	1.02
	0.96
	1.95
	2.01
	2.1
	1.98
	1.97

	Al2O3
	0.48
	0.51
	0.56
	0.58
	0.42
	1.89
	1.98
	2.05
	1.85
	1.83

	Fe2O3
	0.78
	0.69
	0.65
	0.75
	0.62
	1.2
	1.08
	1.03
	1.08
	1.35

	Na2O
	0.21
	0.29
	0.26
	0.32
	0.24
	0.81
	0.77
	0.69
	0.75
	0.73

	K2O
	0.68
	0.79
	0.86
	0.92
	0.75
	1.05
	0.99
	1.09
	0.98
	1.05

	TiO2
	0.09
	0.08
	0.09
	0.08
	0.07
	0.41
	0.38
	0.52
	0.43
	0.59

	SO3
	19.52
	18.89
	19.6
	19.38
	20.1
	6.02
	6.52
	6.2
	5.96
	5.58

	L.O.I
	25.1
	26.7
	25.3
	24.3
	24.4
	19.8
	21.2
	20.15
	20.68
	21.06

	Total (%)
	99.47
	100.02
	99.27
	100.23
	100.32
	99.96
	100.32
	99.14
	99.61
	99.46

	 Trace elements (p.p.m.)
	 

	Sr
	4521
	5215
	4821
	4562
	5024
	1787
	1821
	1652
	1569
	1752

	Cu
	19
	16
	12
	15
	18
	13
	17
	15
	14
	15

	Mn
	228
	199
	215
	243
	236
	275
	266
	253
	261
	243

	Ba
	465
	415
	396
	456
	416
	248
	242
	235
	286
	276

	Pb
	42
	33
	41
	36
	50
	18
	15
	10
	9
	15

	Cr
	21
	15
	n.d.
	10
	n.d.
	51
	44
	25
	36
	14

	Zn
	18
	33
	16
	25
	29
	41
	40
	36
	38
	45
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Co
	11
	8
	12
	n.d.
	n.d.
	2
	5
	15
	n.d.
	9


Table (8): Chemical analysis of different fractions (<38µm) separated from whole channel samples from Lisan Peninsula deposits. Oxides in weight percent (wt%) and trace elements in p.p.m

	Fractions
	38-16 µm
	16-8 µm
	8-4 µm

	sample No.  
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5

	CaO
	48.9
	50.88
	49.79
	48.68
	49.55
	50.45
	50.36
	50.25
	50.41
	50.19
	50.95
	50.98
	51.26
	51.11
	50.85

	SiO2
	5.92
	4.92
	5.46
	5.95
	5.46
	4.35
	4.25
	4.26
	4.52
	4.26
	3.95
	3.85
	3.89
	3.79
	3.91

	MgO
	1.18
	0.79
	0.95
	1.05
	0.96
	1.11
	0.96
	1.26
	1.15
	0.95
	0.65
	0.74
	0.58
	0.54
	0.68

	Al2O3
	1.45
	1.35
	1.42
	1.39
	1.47
	1.2
	1.18
	0.96
	1.35
	1.26
	1.52
	1.48
	1.39
	1.45
	1.58

	Fe2O3
	1.66
	0.87
	1.55
	1.46
	1.19
	1.42
	1.36
	1.35
	1.42
	1.39
	0.85
	0.89
	0.96
	0.94
	0.79

	Na2O
	0.91
	0.81
	0.96
	0.89
	0.92
	1.05
	1.02
	0.96
	1.16
	0.97
	1.05
	1.12
	1.04
	1.08
	1.15

	K2O
	0.39
	0.26
	0.29
	0.32
	0.36
	0.42
	0.39
	0.35
	0.45
	0.52
	0.25
	0.26
	0.31
	0.27
	0.35

	TiO2
	0.18
	0.07
	0.16
	0.18
	0.19
	0.19
	0.15
	0.16
	0.11
	0.17
	0.11
	0.09
	0.015
	0.08
	0.19

	L.O.I
	38.82
	39.56
	38.78
	39.56
	39.21
	39.26
	39.78
	39.78
	39.41
	39.63
	39.95
	40.15
	40.26
	40.52
	40.05

	Total (%)
	99.41
	99.51
	99.36
	99.48
	99.31
	99.45
	99.45
	99.33
	99.98
	99.34
	99.28
	99.56
	99.705
	99.78
	99.55

	 Trace elements (p.p.m.)
	 
	 

	Sr
	5123
	5036
	5536
	5426
	4986
	4435
	4952
	4168
	4752
	5021
	5214
	5625
	5325
	5098
	5241

	Cu
	45
	42
	39
	38
	41
	45
	42
	49
	40
	41
	45
	51
	50
	45
	42

	Mn
	159
	162
	163
	158
	171
	141
	129
	158
	152
	142
	189
	178
	196
	201
	189

	Ba
	55
	62
	49
	58
	57
	33
	35
	39
	41
	36
	31
	29
	28
	35
	24

	Pb
	66
	69
	71
	59
	63
	33
	32
	30
	29
	17
	10
	5
	n.d.
	1
	n.d.

	Cr
	25
	16
	43
	35
	39
	3
	5
	1
	2
	n.d.
	15
	19
	20
	17
	19

	Zn
	25
	19
	35
	10
	9
	25
	10
	14
	20
	9
	12
	10
	9
	18
	3

	Co
	25
	29
	26
	18
	14
	11
	12
	10
	15
	11
	41
	36
	35
	29
	45


Continued Table (8)
	Fractions
	4-2 µm
	< 2 µm

	sample No.  
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5

	CaO
	51.21
	51.09
	51.65
	51.12
	51.28
	51.98
	52.45
	51.89
	52.32
	51.7

	SiO2
	3.85
	3.64
	3.95
	3.74
	3.66
	2.02
	1.95
	2.24
	1.88
	2.35

	MgO
	0.78
	0.84
	0.76
	0.69
	0.85
	1.53
	1.35
	1.42
	1.36
	1.29

	Al2O3
	1.12
	1.05
	0.95
	1.26
	1.14
	0.78
	0.95
	1.02
	0.89
	0.86

	Fe2O3
	0.85
	0.75
	0.64
	1.01
	0.57
	1.02
	0.95
	1.24
	1.27
	1.79

	Na2O
	1.15
	1.26
	1.21
	1.35
	1.38
	0.53
	0.35
	0.27
	0.19
	0.42

	K2O
	0.35
	0.39
	0.45
	0.26
	0.41
	0.52
	0.42
	0.31
	0.36
	0.21

	TiO2
	0.09
	0.12
	0.08
	0.11
	0.08
	0.15
	0.23
	0.19
	0.23
	0.09

	L.O.I
	40.15
	40.52
	40.06
	40.71
	40.3
	40.72
	40.86
	40.69
	40.75
	40.9

	Total (%)
	99.55
	99.66
	99.75
	100.25
	99.67
	99.25
	99.51
	99.27
	99.25
	99.61

	 Trace elements (p.p.m.)
	 

	Sr
	1564
	1652
	1425
	1369
	1542
	1562
	1356
	1857
	1658
	1596

	Cu
	40
	39
	41
	48
	38
	39
	48
	45
	41
	38

	Mn
	178
	178
	195
	201
	198
	116
	158
	126
	105
	132

	Ba
	10
	2
	n.d.
	9
	5
	n.d.
	1
	5
	n.d.
	6

	Pb
	5
	6
	9
	n.d.
	8
	5
	2
	7
	11
	n.d.

	Cr
	120
	110
	105
	95
	125
	15
	10
	16
	21
	14

	Zn
	10
	2
	3
	5
	n.d.
	5
	2
	4
	n.d.
	10
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Table (9): Averages and summation of major oxides in (wt%) and trace elements in (p.p.m.) for different fractions (>38 µm and <38 µm) of 5 whole channel samples from Lisan Peninsula deposits.
	
	Averages of

	
	fractions
	sum of
	fractions
	sum of

	   
	>500
	500-300
	300-180
	180-63
	63-38
	fractions
	(38-16)
	(16-8)
	(8-4)
	(4-2)
	(<2)
	fractions

	Oxides (%)  
	µm
	µm
	µm
	µm
	µm
	>38µm
	µm
	µm
	µm
	µm
	µm
	<38µm

	CaO
	27.34
	29.64
	27.9
	18.26
	26.22
	25.872
	49.56
	50.33
	51.03
	51.27
	52.07
	50.852

	SiO2
	5.75
	3.59
	10.48
	33.6
	39.53
	18.59
	5.542
	4.33
	3.88
	3.77
	2.088
	3.922

	MgO
	0.69
	0.366
	0.384
	0.996
	2.002
	0.8876
	0.986
	1.09
	0.638
	0.784
	1.39
	0.9776

	Al2O3
	0.063
	0.758
	0.384
	0.51
	1.92
	0.727
	1.416
	1.19
	1.48
	1.104
	0.9
	1.218

	Fe2O3
	0.62
	0.332
	0.416
	0.7
	1.15
	0.6436
	1.346
	1.39
	0.886
	0.764
	1.254
	1.128

	Na2O
	0.176
	0.06
	0.056
	0.264
	0.75
	0.2612
	0.898
	1.03
	1.09
	1.27
	0.352
	0.928

	K2O
	0.264
	0.258
	0.15
	0.8
	1.035
	0.5014
	0.324
	0.426
	0.288
	0.372
	0.364
	0.3548

	TiO2
	0.081
	0.32
	0.038
	0.082
	0.466
	0.1974
	0.156
	0.156
	0.097
	0.096
	0.678
	0.2366

	SO3
	34.77
	27.3
	23.84
	19.5
	6.06
	22.294
	*
	*
	*
	*
	*
	*

	L.O.I
	30.24
	37.66
	36.44
	25.16
	20.58
	30.016
	39.19
	39.57
	40.19
	40.35
	40.79
	40.018

	Total (%)
	99.994
	100.284
	100.088
	99.872
	99.713
	99.9902
	99.418
	99.512
	99.579
	99.78
	99.886
	99.635

	 Trace elements (p.p.m.) 
	 
	 
	 
	 
	
	
	
	
	
	 

	Sr
	3443.6
	2534.4
	2932.2
	4828.6
	1716.2
	3091
	5221.4
	4665.6
	5300.6
	1510.4
	1605.8
	3660.8

	Cu
	7.4
	112
	14.2
	16
	14.8
	32.88
	41
	43.4
	46.6
	41.2
	42.4
	42.92

	Mn
	94.8
	58.2
	138.8
	224.2
	259.6
	155.12
	162.6
	144.4
	190.6
	190
	127.4
	16.3

	Ba
	48.6
	46
	130.8
	429.6
	257.4
	182.48
	56.2
	36.8
	29.4
	6.5
	4
	26.58

	Pb
	7.34
	38.75
	29.7
	40.4
	13.4
	25.92
	65.6
	28.2
	5.34
	7
	6.25
	22.48

	Cr
	6.75
	13.67
	13.75
	15.34
	34
	16.7
	31.6
	2.75
	18
	111
	15.2
	35.71

	Zn
	29.25
	29.4
	45.6
	24.2
	40
	33.69
	19.6
	15.6
	10.4
	5
	5.25
	11.17
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ملخص


      يقدم هذا البحث دراسة شاملة ومفصلة لأغراض تحديد المكونات المعدنية والكيماوية والتوزيع الكلي للحجوم المختلفة لرسوبيات بحيرة اللسان جنوب شرق البحر الميت- الأردن. حيث وجد أن ترسبات جزيرة اللسان الحالية تعتبر ترسبات كربوناتية من عمر الهولوسين - العصر الرباعي، وهي عبارة عن رقائق حولية فاتحة وداكنة يشكلها تركيب معدني مختل. وبينت الدراسة أن الرقائق الفاتحة تتكون من معدن الأراجونايت في الغالب، ونسبة قليلة جداً من معادن الكالسايت والدولومايت وبتوزيع حجوم حبيبات أقل من 38 ميكرون وذات ترسيب كيمياوي بدرجات حرارة فصلية مرتفعة، بينما الرقائق الداكنة فهي تتكون في الغالب من معادن الكالسايت والكوارتز وبعض المعادن الطينية مثل الكاولينايت والإيلايت والسميكتايت بالاضافة إلى القليل من معادن الجبص والدولومايت، وذات حجوم حبيبات أكبر نسبياً من الرقائق الفاتحة وذات ترسيب ميكانيكي للمواد القادمة من المناطق المجاورة خلال فصل التغذية العالية للمياه كذلك ترسيب كيمياوي ثانوي للمعادن ذات التركيز الأيوني العالي في تلك المياه، مثل معدن الجبص، كما أكدت ذلك نتائج التحاليل الكيمياوية والدراسات  المعدنية لتلك الترسبات.


Abstract


      A detailed and comprehensive study regarding quantitative and qualitative mineralogical, chemical and grain size analyses of different Lisan Peninsula deposits southeastern Dead Sea of Jordan had been carried out. The recent Lisan Peninsula deposits are of Holocene (Quaternary) carbonate sediments which were deposited as varves light and dark laminae with different mineralogical and chemical composition. The light laminae varves are composed of aragonite in general and traces of calcite and dolomite with size fractions less than 38 micron. They were deposited chemically during highly temperature seasons. Dark laminae  varves  are   mainly   composed  of  calcite, 

















A: Aragonite


C: Calcite


D: Dolomite


Q: Quartz





D





Figure (1): Location map showing the extension of Lake Lisan within the Dead Sea Rift (after Begin et. al., 1974), topography of the study area (Lisan Peninsula Deposits), and location of the channel samples.
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Figure (4): Weight percentages of different fractions (>38µm and <38µm) of Lisan Peninsula deposits after separation by wet mechanical process and pipette method for 5 channel samples (data from Tables 1,2 and 3).
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Figure (5): X-ray diffraction pattern of the: 


(A) the light Laminae of sample (SW7) from Lisan Peninsula deposits; 


(B) dark Laminae of sample (Sd3) from Lisan Peninsula deposits; 


(C) coarse fractions (>38µm) of channel sample (Ch3) from Lisan Peninsula deposits; 


(D) fine fractions (<38µm) of channel sample (Ch3) from Lisan Peninsula deposits.
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Figure (6): X-ray diffraction patterns of the clay fractions (<2 µm) separated from channel sample (Ch5) of Lisan Peninsula deposits.


A: Untreated (Normal);


B: Glycolated;


C: Heated.
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Figure (7): DTA and TG curves for sample (SW4) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the light laminae after separation.
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Figure (8): DTA and TG curves for sample (Sd5) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the dark laminae after separation.
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Figure (9): Scanning electron micrograph (SEM) for light laminae from Lisan Peninsula Deposits, showing (A) distribution of aragonite crystals different in shape (needles-like, bladed, flower and dumbbell shapes) with very fine grained (<35µm long and <0.4µm wide).(B) fan-shaped group of aragonite needles.(C) aggregation of aragonite needles arranged as lower-shaped; (D) fragments of diatoms ( Navcula sp., aff N. Creuzburgensis and Nitzschia sigma) aggregates with aragonite needles
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Plate (3): Scanning electron micrograph (SEM) for light laminae, showing distribution of aragonite crystals different in shape (needles-like, bladed, flower and dumbbell shapes) with very fine grained (<35µm long and <0.4µm wide), from Lisan Peninsula deposits





Plate (4): Scanning electron micrograph (SEM) for light laminae, showing fan-shaped group of aragonite needles





Figure (10): Transmission electron micrograph (TEM) for light laminae from Lisan Peninsula Deposits, showing: 


 (A) separated of double needles of aragonite crystals, very fine grained <1µm (X31500); 


 (B) aggregate of aragonite needles which clear and sharp boundaries arranged as a fan-shaped; 


 (C) Transmission electron micrograph (TEM) for dark laminae, showing a single crystals of cryptocrystalline (<1µmX31500), euhedral and pseudo-hexagonal kaolinite crystal and rhombohedral calcite crystal.
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          n.d.: not detected





          n.d.: not detected  





          n.d.: not detected  





Figure (11): Relationship between the average major oxides for light and dark laminae after separation of Lisan Peninsula deposits.
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Figure (12): Relationship between the averages major oxides (in%) for the different fractions (>38µ m) separated from whole channel samples of Lisan Peninsula deposits.
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Figure(13): Relationship between the averages major oxides (in%) for the different fractions (<38µm) separated from whole channel samples of Lisan Peninsula deposits.
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Figure (14): Relationship between the averages major oxides (in%) for the different fractions (>38µm and <38µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 9).
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Figure (15): Relationship between the average major oxides (in%) for  whole channel samples, light and dark laminae and fractions (>38 µm and <38 µm) separated from whole channel samples of Lisan Peninsula deposits.





quartz, some clay minerals: kaolinite, illite and smectite and traces of gypsum and dolomite, with size fractions more than 38 micron in general. They were deposited mechanically during high water discharge from surrounding area during rainy seasons. It should be mentioned that some minerals, like gypsum, were deposited chemically and could be of secondary origin











Figure (2): Hand sample photograph, showing the typical varves sediments in the Lisan Peninsula deposits, which has 0.1-3 mm thickness. Notice the light and dark laminae.
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Figure (3): Field photograph, facing north, showing the typical convolute structure in the Lisan Peninsula deposits. Notice the undisturbed light and dark laminae above and below the convolute structure zone
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Figure (10): DTA and TG curves for sample (SW4) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the light laminae after separated.
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Figure (11): DTA and TG curves for sample (Sd5) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the dark laminae after separated.
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Figure (9): X-ray diffraction patterns of the clay fractions (<2µm) separated from channel sample (Ch5) of Lisan Peninsula deposits.
A: Untreated (Normal).
B: Glycolated.
C: Heated.
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Figure (11): DTA and TG curves for sample (Sd5) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the dark laminae after separated.
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Figure (10): DTA and TG curves for sample (SW4) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the light laminae after separated.
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Figure (9): X-ray diffraction patterns of the clay fractions (<2µm) separated from channel sample (Ch5) of Lisan Peninsula deposits.
A: Untreated (Normal).
B: Glycolated.
C: Heated.
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				Ch2		964		105		10.9		140		14.52		211		21.89		235		24.4		265		27.5		956		99.2

				Ch3		896		95		10.6		151		16.9		201		22.4		205		22.9		241		26.9		893		99.7

				Ch4		996		125		12.6		169		17		213		21.4		229		23		259		26		995		99.9

				Ch5		1150		152		13.2		197		17.1		254		22.1		234		20.3		312		27.1		1149		99.9

				Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total		Total

				No.		original		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions

						samples		38-16µm		38-16µm		16-8µm		16-8µm		8-4µm		8-4µm		4-2µm		4-2µm		< 2 µm		< 2 µm

						(gms)		(gms)				(gms)				(gms)				(gms)				(gms)				(gms)		(%)

				Ch1		8956		348		3.9		528		5.9		1162		13		2050		22.9		4865		54.3		8953		99.97

				Ch2		9024		325		3.6		515		5.7		1185		13.1		2113		23.4		4882		54.1		9020		99.96

				Ch3		9077		352		3.8		530		5.8		1182		13		2122		23.4		4887		53.8		9073		99.96

				Ch4		8996		349		3.9		525		5.8		1183		13.2		2063		22.9		4871		54.1		8991		99.94

				Ch5		8841		302		3.4		498		5.6		1151		13		2051		23.2		4835		54.7		8837		99.95

				Fractions		>500 µm										500-300 µm										300-180 µm

				sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		26.51		27.92		28.1		26.9		27.25		29.21		29.82		29.2		30.2		29.78		27.72		28.13		27.9		27.26		28.5

				SiO2		5.85		6.21		5.35		5.86		5.46		3.88		3.34		3.56		3.42		3.75		9.32		11.52		10.7		11.23		9.65

				MgO		0.73		0.72		0.65		0.71		0.65		0.42		0.38		0.28		0.36		0.39		0.39		0.48		0.31		0.36		0.38

				Al2O3		0.06		0.09		0.04		0.045		0.08		0.78		0.88		0.92		0.72		0.49		0.42		0.39		0.41		0.38		0.32

				Fe2O3		0.68		0.68		0.54		0.59		0.61		0.35		0.31		0.3		0.32		0.38		0.48		0.42		0.39		0.38		0.41

				Na2O		0.19		0.18		0.12		0.2		0.19		0.09		0.07		0.05		0.04		0.05		0.05		0.07		0.05		0.04		0.07

				K2O		0.21		0.26		0.18		0.22		0.2		0.28		0.25		0.15		0.32		0.29		0.19		0.14		0.1		0.13		0.19

				TiO2		0.09		0.07		0.08		0.075		0.09		0.03		0.05		0.04		0.02		0.02		0.02		0.03		0.02		0.02		0.1

				SO3		35.38		34.2		34.22		34.95		35.1		27.61		28.12		26.8		27.1		26.85		24.2		23.32		22.6		25.49		23.6

				L.O.I		29.88		29.9		31		29.9		30.5		36.95		37.25		38.6		36.9		38.6		37.8		35.8		36.6		34.5		37.5

				Total (%)		99.58		100.23		100.28		99.45		100.13		99.6		100.47		99.9		99.4		100.6		100.59		100.3		99.08		99.79		100.72

				Trace elements (p.p.m.)

				Sr		3452		3625		3252		3365		3524		2561		2252		2756		2608		2495		2895		3012		2789		2953		3012

				Cu		9		8		7		7		6		11		15		12		8		10		16		13		15		12		15

				Mn		99		95		102		87		91		61		52		56		71		51		135		155		125		143		136

				Ba		51		55		42		48		47		45		40		39		55		51		110		122		126		150		146

				Pb		10		5		n.d.		n.d.		7		38		52		26		n.d.		39		21		52		n.d.		n.d.		16

				Cr		7		9		6		n.d.		5		15		21		n.d.		n.d.		5		10		28		15		n.d.		2

				Zn		32		21		35		29		n.d.		51		44		12		19		21		38		52		46		43		49

				Co		48		32		n.d.		45		19		15		19		n.d.		n.d.		2		1		9		n.d.		1		n.d.

				n.d.: not detected

								Fractions		180-63 µm										63-38 µm

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		20.51		15.85		18.4		17.98		18.56		26.32		25.51		26.21		26.95		26.1

								SiO2		31.15		35.12		32.6		34.9		34.2		40.51		39.88		39.1		38.95		39.2

								MgO		0.95		1.1		0.95		1.02		0.96		1.95		2.01		2.1		1.98		1.97

								Al2O3		0.48		0.51		0.56		0.58		0.42		1.89		1.98		2.05		1.85		1.83

								Fe2O3		0.78		0.69		0.65		0.75		0.62		1.2		1.08		1.03		1.08		1.35

								Na2O		0.21		0.29		0.26		0.32		0.24		0.81		0.77		0.69		0.75		0.73

								K2O		0.68		0.79		0.86		0.92		0.75		1.05		0.99		1.09		0.98		1.05

								TiO2		0.09		0.08		0.09		0.08		0.07		0.41		0.38		0.52		0.43		0.59

								SO3		19.52		18.89		19.6		19.38		20.1		6.02		6.52		6.2		5.96		5.58

								L.O.I		25.1		26.7		25.3		24.3		24.4		19.8		21.2		20.15		20.68		21.06

								Total (%)		99.47		100.02		99.27		100.23		100.32		99.96		100.32		99.14		99.61		99.46

								Trace elements (p.p.m.)

								Sr		4521		5215		4821		4562		5024		1787		1821		1652		1569		1752

								Cu		19		16		12		15		18		13		17		15		14		15

								Mn		228		199		215		243		236		275		266		253		261		243

								Ba		465		415		396		456		416		248		242		235		286		276

								Pb		42		33		41		36		50		18		15		10		9		15

								Cr		21		15		n.d.		10		n.d.		51		44		25		36		14

								Zn		18		33		16		25		29		41		40		36		38		45

								Co		11		8		12		n.d.		n.d.		2		5		15		n.d.		9

								n.d.: not detected

				Fractions		38-16 µm										16-8 µm										8-4 µm

				sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		48.9		50.88		49.79		48.68		49.55		50.45		50.36		50.25		50.41		50.19		50.95		50.98		51.26		51.11		50.85

				SiO2		5.92		4.92		5.46		5.95		5.46		4.35		4.25		4.26		4.52		4.26		3.95		3.85		3.89		3.79		3.91

				MgO		1.18		0.79		0.95		1.05		0.96		1.11		0.96		1.26		1.15		0.95		0.65		0.74		0.58		0.54		0.68

				Al2O3		1.45		1.35		1.42		1.39		1.47		1.2		1.18		0.96		1.35		1.26		1.52		1.48		1.39		1.45		1.58

				Fe2O3		1.66		0.87		1.55		1.46		1.19		1.42		1.36		1.35		1.42		1.39		0.85		0.89		0.96		0.94		0.79

				Na2O		0.91		0.81		0.96		0.89		0.92		1.05		1.02		0.96		1.16		0.97		1.05		1.12		1.04		1.08		1.15

				K2O		0.39		0.26		0.29		0.32		0.36		0.42		0.39		0.35		0.45		0.52		0.25		0.26		0.31		0.27		0.35

				TiO2		0.18		0.07		0.16		0.18		0.19		0.19		0.15		0.16		0.11		0.17		0.11		0.09		0.015		0.08		0.19

				L.O.I		38.82		39.56		38.78		39.56		39.21		39.26		39.78		39.78		39.41		39.63		39.95		40.15		40.26		40.52		40.05

				Total (%)		99.41		99.51		99.36		99.48		99.31		99.45		99.45		99.33		99.98		99.34		99.28		99.56		99.705		99.78		99.55

				Trace elements (p.p.m.)

				Sr		5123		5036		5536		5426		4986		4435		4952		4168		4752		5021		5214		5625		5325		5098		5241

				Cu		45		42		39		38		41		45		42		49		40		41		45		51		50		45		42

				Mn		159		162		163		158		171		141		129		158		152		142		189		178		196		201		189

				Ba		55		62		49		58		57		33		35		39		41		36		31		29		28		35		24

				Pb		66		69		71		59		63		33		32		30		29		17		10		5		n.d.		1		n.d.

				Cr		25		16		43		35		39		3		5		1		2		n.d.		15		19		20		17		19

				Zn		25		19		35		10		9		25		10		14		20		9		12		10		9		18		3

				Co		25		29		26		18		14		11		12		10		15		11		41		36		35		29		45

				n.d.: not detected

								Fractions		4-2 µm										< 2 µm

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		51.21		51.09		51.65		51.12		51.28		51.98		52.45		51.89		52.32		51.7

								SiO2		3.85		3.64		3.95		3.74		3.66		2.02		1.95		2.24		1.88		2.35

								MgO		0.78		0.84		0.76		0.69		0.85		1.53		1.35		1.42		1.36		1.29

								Al2O3		1.12		1.05		0.95		1.26		1.14		0.78		0.95		1.02		0.89		0.86

								Fe2O3		0.85		0.75		0.64		1.01		0.57		1.02		0.95		1.24		1.27		1.79

								Na2O		1.15		1.26		1.21		1.35		1.38		0.53		0.35		0.27		0.19		0.42

								K2O		0.35		0.39		0.45		0.26		0.41		0.52		0.42		0.31		0.36		0.21

								TiO2		0.09		0.12		0.08		0.11		0.08		0.15		0.23		0.19		0.23		0.09

								L.O.I		40.15		40.52		40.06		40.71		40.3		40.72		40.86		40.69		40.75		40.9

								Total (%)		99.55		99.66		99.75		100.25		99.67		99.25		99.51		99.27		99.25		99.61

								Trace elements (p.p.m.)

								Sr		1564		1652		1425		1369		1542		1562		1356		1857		1658		1596

								Cu		40		39		41		48		38		39		48		45		41		38

								Mn		178		178		195		201		198		116		158		126		105		132

								Ba		10		2		n.d.		9		5		n.d.		1		5		n.d.		6

								Pb		5		6		9		n.d.		8		5		2		7		11		n.d.

								Cr		120		110		105		95		125		15		10		16		21		14

								Zn		10		2		3		5		n.d.		5		2		4		n.d.		10

								Co		25		32		29		21		35		10		15		9		5		18

								n.d.: not detected

																																										Wt. of		0

																																										Wt. of		41.96

																																										fractions

																																										<38 µm														>500		0

		Fractions		>500 µm						500-300 µm						300-180 µm						180-63 µm						63-38 µm														(gms)														500-300		0

		Oxides (%)		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average						>500 µm		500-300 µm		300-180 µm		180-63 µm		63-38 µm										300-180		0

		CaO		26.51		28.1		27.34		29.2		30.2		29.64		27.26		28.5		27.9		15.85		20.51		18.26		25.51		26.95		26.22				CaO+LOI		57.58		67.3		64.34		43.42		46.8										180-63		0

		SiO2		5.35		6.21		5.75		3.34		3.88		3.59		9.32		11.52		10.48		31.15		35.12		33.6		38.95		40.51		39.53				SiO2		5.75		3.59		10.48		33.6		39.53										63-38		0

		MgO		0.65		0.73		0.69		0.28		0.42		0.366		0.31		0.48		0.384		0.95		1.1		0.996		1.95		2.1		2.002				MgO		0.69		0.366		0.384		0.996		2.002										38-16		41.57

		Al2O3		0.04		0.09		0.063		0.49		0.92		0.758		0.32		0.42		0.384		0.42		0.58		0.51		1.83		2.05		1.92				Al2O3		0.063		0.758		0.384		0.51		1.92										16_8		42.41

		Fe2O3		0.54		0.68		0.62		0.3		0.38		0.332		0.38		0.48		0.416		0.62		0.78		0.7		1.03		1.35		1.15				Fe2O3		0.62		0.332		0.416		0.7		1.15										8_4		42.34

		Na2O		0.12		0.2		0.176		0.04		0.09		0.06		0.04		0.07		0.056		0.21		0.32		0.264		0.69		0.81		0.75				Na2O		0.176		0.06		0.056		0.264		0.75										4_2		42.6

		K2O		0.18		0.26		0.264		0.15		0.32		0.258		0.1		0.19		0.15		0.68		0.92		0.8		0.98		1.09		1.035				K2O		0.264		0.258		0.15		0.8		1.035										<2		42.68

		TiO2		0.07		0.09		0.081		0.02		0.05		0.32		0.02		0.1		0.038		0.07		0.09		0.082		0.38		0.59		0.466				TiO2		0.081		0.32		0.038		0.082		0.466

		SO3		34.2		35.38		34.77		26.8		28.12		27.3		22.6		25.49		23.84		18.89		20.1		19.5		5.58		6.52		6.06				SO3		34.77		27.3		23.84		19.5		6.06

		L.O.I		29.88		31		30.24		36.9		38.6		37.66		34.5		37.8		36.44		24.3		26.7		25.16		19.8		21.2		20.58

		Total (%)						99.994						100.284						100.088						99.872						99.713

		Trace elements (p.p.m.)

		Sr		3252		3625		3443.6		2252		2756		2534.4		2789		3012		2932.2		4521		5215		4828.6		1569		1821		1716.2

		Cu		6		9		7.4		8		15		112		12		16		14.2		12		19		16		13		17		14.8

		Mn		87		102		94.8		51		71		58.2		125		155		138.8		199		243		224.2		243		275		259.6

		Ba		42		55		48.6		39		55		46		110		150		130.8		396		465		429.6		235		286		257.4

		Pb		n.d.		10		7.34		n.d.		52		38.75		n.d.		52		29.7		33		50		40.4		9		18		13.4

		Cr		n.d.		9		6.75		n.d.		21		13.67		n.d.		28		13.75		n.d.		21		15.34		14		51		34

		Zn		n.d.		35		29.25		12		51		29.4		38		52		45.6		16		33		24.2		36		45		40

		Co		n.d.		48		36		n.d.		19		12		n.d.		9		3.7		n.d.		12		10.34		n.d.		15		7.75

																																								38-16 µm		16-8 µm		8-4 µm		4-2 µm		<2 µm

																																						CaO+LOI		88.75		89.9		91.22		91.62		92.86

																																						SiO2		5.542		4.33		3.88		3.77		2.088

																																						MgO		0.986		1.09		0.638		0.784		1.39

																																						Al2O3		1.416		1.19		1.48		1.104		0.9

																																						Fe2O3		1.346		1.39		0.886		0.764		1.254

																																						Na2O		0.898		1.03		1.09		1.27		0.352

																																						K2O		0.324		0.426		0.288		0.372		0.364

		Fractions		38-16 µm						16-8 µm						8-4 µm						4-2 µm						<2 µm										TiO2		0.156		0.156		0.097		0.096		0.678

		Oxides (%)		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average

		CaO		48.68		50.88		49.56		50.19		50.45		50.33		50.85		51.26		51.03		51.09		51.65		51.27		51.7		52.45		52.07

		SiO2		4.92		5.95		5.542		4.25		4.52		4.33		3.79		3.95		3.88		3.64		3.95		3.77		1.88		2.35		2.088

		MgO		0.79		1.18		0.986		0.95		1.26		1.09		0.54		0.74		0.638		0.69		0.85		0.784		1.29		1.53		1.39

		Al2O3		1.35		1.47		1.416		0.96		1.35		1.19		1.39		1.58		1.48		0.95		1.26		1.104		0.78		1.02		0.9

		Fe2O3		0.87		1.66		1.346		1.35		1.42		1.39		0.79		0.96		0.886		0.57		1.01		0.764		0.95		1.79		1.254

		Na2O		0.81		0.96		0.898		0.96		1.16		1.03		1.04		1.15		1.09		1.15		1.38		1.27		0.19		0.53		0.352

		K2O		0.26		0.39		0.324		0.35		0.52		0.426		0.25		0.35		0.288		0.26		0.45		0.372		0.21		0.52		0.364

		TiO2		0.07		0.19		0.156		0.11		0.19		0.156		0.015		0.19		0.097		0.08		0.12		0.096		0.09		0.23		0.678

		L.O.I		38.78		39.56		39.19		39.26		39.78		39.57		39.95		40.52		40.19		40.06		40.71		40.35		40.69		40.9		40.79

		Total (%)						99.418						99.512						99.579						99.78						99.886

		Trace elements (p.p.m.)

		Sr		4986		5536		5221.4		4168		5021		4665.6		5098		5625		5300.6		1369		1652		1510.4		1356		1857		1605.8

		Cu		38		45		41		40		49		43.4		42		51		46.6		38		48		41.2		38		48		42.4

		Mn		158		171		162.6		129		158		144.4		178		201		190.6		178		201		190		105		158		127.4

		Ba		49		62		56.2		33		41		36.8		24		35		29.4		n.d.		10		6.5		n.d.		6		4

		Pb		59		71		65.6		17		33		28.2		n.d.		10		5.34		n.d.		9		7		n.d.		11		6.25

		Cr		16		43		31.6		n.d.		5		2.75		15		20		18		95		125		111		10		21		15.2

		Zn		9		35		19.6		9		25		15.6		3		18		10.4		n.d.		10		5		n.d.		10		5.25

		Co		14		29		22.4		10		15		11.8		29		45		37.2		21		35		28.4		5		18		11.4

																																								sum of		sum of

																																								fractions		fractions

																																								>38µm		<38µm

																																						CaO+LOI		55.888		90.87						CaO+LOI		55.888		90.87

								Averages of																														SiO2		18.59		3.922						other oxides		25.5122		8.765

								fractions										sum of		fractions										sum of								MgO		0.8876		0.9776						SiO2		18.59

								>500		500-300		300-180		180-63		63-38		fractions		(38-16)		(16-8)		(8-4)		(4-2)		(<2)		fractions								Al2O3		0.727		1.218

						Oxides (%)		µm		µm		µm		µm		µm		>38µm		µm		µm		µm		µm		µm		<38µm								Fe2O3		0.6436		1.128

						CaO		27.34		29.64		27.9		18.26		26.22		25.872		49.56		50.33		51.03		51.27		52.07		50.852								Na2O		0.2612		0.928

						SiO2		5.75		3.59		10.48		33.6		39.53		18.59		5.542		4.33		3.88		3.77		2.088		3.922								K2O		0.5014		0.3548

						MgO		0.69		0.366		0.384		0.996		2.002		0.8876		0.986		1.09		0.638		0.784		1.39		0.9776								TiO2		0.1974		0.2366

						Al2O3		0.063		0.758		0.384		0.51		1.92		0.727		1.416		1.19		1.48		1.104		0.9		1.218								SO3		22.294		0

						Fe2O3		0.62		0.332		0.416		0.7		1.15		0.6436		1.346		1.39		0.886		0.764		1.254		1.128										99.9902		99.635

						Na2O		0.176		0.06		0.056		0.264		0.75		0.2612		0.898		1.03		1.09		1.27		0.352		0.928

						K2O		0.264		0.258		0.15		0.8		1.035		0.5014		0.324		0.426		0.288		0.372		0.364		0.3548

						TiO2		0.081		0.32		0.038		0.082		0.466		0.1974		0.156		0.156		0.097		0.096		0.678		0.2366

						SO3		34.77		27.3		23.84		19.5		6.06		22.294		*		*		*		*		*		*

						L.O.I		30.24		37.66		36.44		25.16		20.58		30.016		39.19		39.57		40.19		40.35		40.79		40.018

						Total (%)		99.994		100.284		100.088		99.872		99.713		99.9902		99.418		99.512		99.579		99.78		99.886		99.635

						Trace elements (p.p.m.)

						Sr		3443.6		2534.4		2932.2		4828.6		1716.2		3091		5221.4		4665.6		5300.6		1510.4		1605.8		3660.8

						Cu		7.4		112		14.2		16		14.8		32.88		41		43.4		46.6		41.2		42.4		42.92

						Mn		94.8		58.2		138.8		224.2		259.6		155.12		162.6		144.4		190.6		190		127.4		16.3

						Ba		48.6		46		130.8		429.6		257.4		182.48		56.2		36.8		29.4		6.5		4		26.58

						Pb		7.34		38.75		29.7		40.4		13.4		25.92		65.6		28.2		5.34		7		6.25		22.48

						Cr		6.75		13.67		13.75		15.34		34		16.7		31.6		2.75		18		111		15.2		35.71

						Zn		29.25		29.4		45.6		24.2		40		33.69		19.6		15.6		10.4		5		5.25		11.17

						Co		36		12		3.7		10.34		7.75		13.86		22.4		11.8		37.2		28.4		11.4		22.24



Table (2): Percentages of different grain size (>38 µm) for Lisan deposits using wet mechanical process for five channel samples.

Table (3): Percentages of different grain size (<38 µm) for Lisan deposits using pipette method for five channel samples.

Table (7):Chemical analysis of different fractions (>38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (8):Chemical analysis of different fractions (<38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (11):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (>38 µm) from Lisan Peninsula deposits.

Table (12):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (<38 µm) from Lisan Peninsula deposits.

Continued Table (7)

Continued Table (8)

Table (13): Averages and sumation of major oxides in (%) and trace elements in (p.p.m.) for different  fractions 
                           (>38 µm and <38 µm) of 5 whole channel samples from Lisan Peninsula deposits.
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Figure (15): Relationship between the averages of major oxides (in%) for the different fractions (>38µ m) separated from whole channel samples of Lisan Peninsula deposits (data from Table 11).

38-16 µm

16-8 µm

8-4 µm

4-2 µm

<2 µm

Major oxides

% of concentrations of oxides

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure (16): Relationship between the averages of major oxides (in%) for the different fractions (<38µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 12).
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Figure (17): Relationship between the averages of major oxides (in%) for the different fractions (>38µm and <38µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).

Figure (18): Relationship between the average of CaCO3 (CaO+LOI), SiO2 and other major oxides (in%) for the different fractions (>38µm) (Fig. 18.1) and fractions (<38µm) (Fig. 18.2)separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).
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Figure (18.1): Fractions (>38 µm).

Figure (18.2): Fractions (<38 µm).
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Figure (3): Weight percentages of different  fractions (>38µm and <38µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables 1,2 and 3).
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Figure (4): Weight percentages of different fractions (>38µm and <38µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables 1,2 and 3).
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								Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total

								No.		original		fractions		fractions		fractions		fractions		Wt. of all

										samples		> 38 µm		> 38 µm		< 38 µm		< 38 µm		fractions

										(kg)		(gms)				(gms)				(gms)

								Ch1		10		1030		10.3		8956		89.56		9986

								Ch2		10		964		9.64		9024		90.24		9988

								Ch3		10		896		8.96		9077		90.77		9973

								Ch4		10		996		9.96		8996		89.96		9992

								Ch5		10		1150		11.5		8841		88.41		9991

		sample No.		SW1		SW2		SW3		SW4		SW5		SW6		SW7		SW8		Sw9		SW10

		CaO		53.1		53.15		52.85		53.32		52.92		53.17		53.95		52.75		52.91		53.45

		SiO2		1.2		1.56		1.77		0.95		1.22		1.11		0.83		1.62		1.31		1.46

		MgO		0.17		0.29		0.14		0.19		0.21		0.18		0.16		0.31		0.29		0.33

		Al2O3		0.25		0.27		0.15		0.13		0.21		0.09		0.12		0.22		0.3		0.19

		Fe2O3		0.41		0.45		0.78		0.32		0.67		0.52		0.18		0.92		0.81		0.28

		Na2O		0.62		0.56		0.72		0.21		0.45		0.19		0.13		0.44		0.39		0.28

		K2O		0.02		0.19		0.09		0.11		0.08		0.07		0.12		0.09		0.14		0.05

		TiO2		0.03		0.08		0.01		0.03		0.03		0.01		n.d.		n.d.		0.05		0.07

		L.O.I		43.25		43.21		43.67		44.22		44.18		43.95		44.51		44.25		43.92		44.25

		Total (%)		99.05		99.76		100.18		99.48		99.97		99.29		100		100.6		100.12		100.36

		Trace elements (p.p.m.)

		Sr		8772		8120		8450		8331		7998		7621		8123		8252		8702		7976

		Cu		19		18		20		15		10		10		14		21		18		17

		Mn		25		43		30		21		19		41		57		32		16		31

		Ba		37		17		49		52		53		61		45		9		55		18

		Pb		21		33		8		31		11		21		31		42		23		60

		Cr		5		2		3		1		1		n.d.		3		n.d.		7		12

		Zn		16		15		7		12		8		21		5		14		19		8

		Co		40		42		38		31		19		22		43		23		45		63

		sample No.		Sd1		Sd2		Sd3		Sd4		Sd5		Sd6		Sd7		Sd8		Sd9		Sd10

		CaO		32.65		34.56		36.32		36.12		32.15		31.18		31.22		29.82		28.25		31.72

		SiO2		21.28		20.25		18.23		19.32		20.51		20.92		23.24		26.32		25.62		21.81

		MgO		2.83		2.32		2.21		1.85		2.95		2.73		2.56		3.08		2.82		1.95

		Al2O3		5.58		5.83		5.16		4.89		6.15		5.95		5.32		6.21		5.43		4.54

		Fe2O3		2.32		1.81		2.12		1.13		1.05		2.85		2.63		3.11		2.71		1.42

		Na2O		1.21		0.92		1.32		0.89		1.33		0.9		1.84		1.93		1.78		1.62

		K2O		0.81		0.32		0.11		0.12		0.18		0.17		0.42		0.33		0.21		0.17

		TiO2		1.17		1.21		1.31		0.98		0.98		0.85		0.93		0.77		0.56		0.59

		L.O.I		31.17		33.18		34.12		35.11		34.12		33.97		30.92		29.15		31.71		35.2

		Total (%)		99.02		100.4		100.9		100.41		99.42		99.52		99.08		100.72		99.09		99.02

		Trace elements (p.p.m.)

		Sr		1452		2112		2462		1810		1335		2770		2231		2019		2912		2251

		Cu		42		31		21		27		19		31		32		26		29		33

		Mn		515		332		289		315		252		474		492		450		351		299

		Ba		389		312		566		492		225		199		571		541		399		256

		Pb		n.d.		15		16		21		n.d.		23		32		15		8		11

		Cr		81		52		44		19		32		75		19		51		10		31

		Zn		75		77		79		62		87		59		42		87		86		44

		Co		18		32		31		21		19		43		52		42		25		24

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		43.25		42.98		44.51		43.41		42.95

								SiO2		11.25		9.95		9.15		9.11		10.12

								MgO		1.15		0.87		0.95		1.21		0.88

								Al2O3		2.32		2.15		2.61		2.75		2.32

								Fe2O3		1.15		1.27		1.51		1.41		1.1

								Na2O		1.92		1.91		1.95		1.71		1.09

								K2O		0.1		0.09		0.11		0.08		0.06

								TiO2		0.62		0.71		0.43		0.22		0.36

								L.O.I		37.57		39.15		38.75		39.15		40.15

								Total (%)		99.33		99.08		99.97		99.05		99.03

								Trace elements (p.p.m.)

								Sr		4812		4721		4851		4770		4405

								Cu		25		32		18		21		27

								Mn		198		221		252		188		201

								Ba		39		51		48		52		39

								Pb		10		15		n.d.		10		n.d.

								Cr		7		15		n.d.		12		25

								Zn		55		41		71		19		45

								Co		15		21		32		45		28

																																																						Oxides		Dark laminaes		Light laminaes

																																																						CaO+LOI		65.264		97.098

																																																						SiO2		21.75		1.303

																																																						MgO		2.53		0.227

																																																						Al2O3		5.506		0.193

																																																						Fe2O3		2.115		0.534

																																																						Na2O		1.374		0.399

																																																						K2O		0.284		0.096

																																																						TiO2		0.935		0.03875

						Oxides		Dark laminaes						Light laminaes

						(%)		Minimum		Maximum		Average		Minimum		Maximum		Average

						CaO		28.25		36.32		32.399		52.75		53.95		53.157

						SiO2		18.23		26.32		21.75		0.83		1.77		1.303

						MgO		1.85		3.08		2.53		0.14		0.33		0.227

						Al2O3		4.54		6.21		5.506		0.09		0.3		0.193

						Fe2O3		1.05		3.11		2.115		0.18		0.92		0.534

						Na2O		0.89		1.93		1.374		0.13		0.72		0.399

						K2O		0.11		0.81		0.284		0.02		0.19		0.096

						TiO2		0.56		1.31		0.935		0.01		0.08		0.03875

						L.O.I		29.15		35.2		32.865		43.21		44.51		43.941

						Total (%)						99.758						99.88875

						Trace elements (p.p.m.)

						Sr		1335		2912		2135.4		7621		8772		8234.5

						Cu		19		42		29.1		10		21		16.2

						Mn		252		515		376.9		16		57		31.5

						Ba		199		571		395		9		61		39.6

						Pb		8		32		17.625		8		60		28.1

						Cr		10		81		41.4		1		12		4.25

						Zn		42		87		69.8		5		21		12.5

						Co		18		52		30.7		19		63		36.6

																																																		97.098

																																																		2.7908

																																																		65.264

																																																		34.494

										Oxides		Whole channel samples

										(%)		Minimum		Maximum		Average

										CaO		42.95		44.51		43.42

										SiO2		9.11		11.25		9.916

										MgO		0.87		1.21		1.012

										Al2O3		2.15		2.75		2.43

										Fe2O3		1.1		1.51		1.288

										Na2O		1.09		1.95		1.716

										K2O		0.06		0.11		0.088

										TiO2		0.22		0.71		0.468

										L.O.I		37.57		40.15		38.954

										Total (%)						99.292

										Trace elements (p.p.m.)

										Sr		4405		4851		4711.8

										Cu		18		32		24.6

										Mn		188		252		212

										Ba		39		52		45.8

										Pb		n.d.		15		11.7

										Cr		n.d.		25		14.75

										Zn		19		71		46.2

										Co		15		45		28.2

																																																		CaO+LOI		82.374

																																																		SiO2		9.916

																																																		other oxides		7.002

										Averages of

										whole		light		dark		sum of		sum of

										channel		laminaes		laminaes		fractions		fractions

								Oxides (%)		samples						>38µm		<38µm

								CaO		43.42		53.157		32.399		25.872		50.852

								SiO2		9.916		1.303		21.75		18.59		3.922

								MgO		1.012		0.227		2.53		0.8876		0.9776

								Al2O3		2.43		0.193		5.506		0.727		1.218

								Fe2O3		1.288		0.534		2.115		0.6436		1.128

								Na2O		1.716		0.399		1.374		0.2612		0.928																																				whole						sum of		sum of

								K2O		0.088		0.096		0.284		0.5014		0.3548																																						laminaes		laminaes		fractions		fractions

								TiO2		0.468		0.03875		0.935		0.1974		0.2366																																				channel		light		dark		>38µm		<38µm

								SO3		*		*		*		22.294		*																																		CaCO3		82.374		97.098		65.264		55.888		90.87

								L.O.I		38.954		43.941		32.865		30.016		40.018																																		SiO2		9.916		1.303		21.75		18.59		3.922

								Total (%)		99.292		99.88875		99.758		99.9902		99.635																																		MgO		1.012		0.227		2.53		0.8876		0.9776

								Trace elements (p.p.m.)																																												Al2O3		2.43		0.193		5.506		0.727		1.218

								Sr		4711.8		8234.5		2135.4		3091		3660.8																																		Fe2O3		1.288		0.534		2.115		0.6436		1.128

								Cu		24.6		16.2		29.1		32.88		42.92																																		Na2O		1.716		0.399		1.374		0.2612		0.928

								Mn		212		31.5		376.9		155.12		16.3																																		K2O		0.088		0.096		0.284		0.5014		0.3548

								Ba		45.8		39.6		395		182.48		26.58																																		TiO2		0.468		0.03875		0.935		0.1974		0.2366

								Pb		11.7		28.1		17.625		25.92		22.48																																		SO3		0		0		0		22.294		0

								Cr		14.75		4.25		41.4		16.7		35.71																																		L.O.I		38.954		43.941		32.865		30.016		40.018

								Zn		46.2		12.5		69.8		33.69		11.17

								Co		28.2		36.6		30.7		13.86		22.24



Table (1): Percentages of grain size of Lisan Peninsula deposits after separation by wet mechanical process for 5 channel samples.

Table (7):Chemical analysis of whole channel samples from Lisan Peninsula deposits. Oxides in percent and trace elements in p.p.m

Table (8): Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) for 5 selective whole channel samples from Lisan Peninsula deposits (data from Table 7).

Table (6):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) for 20 selective spot samples of dark and light laminae from Lisan Peninsula deposits.

Table (14): Averages of major oxides in (%) and trace elements in (p.p.m.) of whole channel samples, light laminaes, dark laminaes and different fractions 
(>38 µm and <38 µm) for Lisan Peninsula deposits for comparision.

Table (4):Chemical analysis for light (white) laminae from Lisan Peninsula deposits.
                        Oxides in percent and trace elements in p.p.m

Table (5):Chemical analysis for dark laminaes from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m
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Figure (13.1): Light Laminae
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Figure (13): Relationship between the average of CaCO3 (CaO+LOI) and other oxides (in%) for light laminae (Fig. 13.1) and dark laminae (Fig. 13.2) of Lisan Peninsula deposits (data from Table 6).

Figure (13.2): Dark Laminae
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Figure (14): Relationship between the average of CaCO3 (CaO+LOI) and other oxides (in%) for  whole channel samples of Lisan Peninsula deposits (data from Table 8).
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Figure (19): Relationship between the average of major oxides (in%) for  whole channel samples, light and dark laminae and fractions (>38 µm and <38 µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 14).

Figure (12): Relationship between the average of major oxides for light and dark laminae after separation of Lisan Peninsula deposits (data from Table 6).
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Sheet1

		

								Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total

								No.		original		fractions		fractions		fractions		fractions		Wt. of all

										samples		> 38 µm		> 38 µm		< 38 µm		< 38 µm		fractions

										(kg)		(gms)				(gms)				(gms)

								Ch1		10		1030		10.3		8956		89.56		9986

								Ch2		10		964		9.64		9024		90.24		9988

								Ch3		10		896		8.96		9077		90.77		9973

								Ch4		10		996		9.96		8996		89.96		9992

								Ch5		10		1150		11.5		8841		88.41		9991

		sample No.		SW1		SW2		SW3		SW4		SW5		SW6		SW7		SW8		Sw9		SW10

		CaO		53.1		53.15		52.85		53.32		52.92		53.17		53.95		52.75		52.91		53.45

		SiO2		1.2		1.56		1.77		0.95		1.22		1.11		0.83		1.62		1.31		1.46

		MgO		0.17		0.29		0.14		0.19		0.21		0.18		0.16		0.31		0.29		0.33

		Al2O3		0.25		0.27		0.15		0.13		0.21		0.09		0.12		0.22		0.3		0.19

		Fe2O3		0.41		0.45		0.78		0.32		0.67		0.52		0.18		0.92		0.81		0.28

		Na2O		0.62		0.56		0.72		0.21		0.45		0.19		0.13		0.44		0.39		0.28

		K2O		0.02		0.19		0.09		0.11		0.08		0.07		0.12		0.09		0.14		0.05

		TiO2		0.03		0.08		0.01		0.03		0.03		0.01		n.d.		n.d.		0.05		0.07

		L.O.I		43.25		43.21		43.67		44.22		44.18		43.95		44.51		44.25		43.92		44.25

		Total (%)		99.05		99.76		100.18		99.48		99.97		99.29		100		100.6		100.12		100.36

		Trace elements (p.p.m.)

		Sr		8772		8120		8450		8331		7998		7621		8123		8252		8702		7976

		Cu		19		18		20		15		10		10		14		21		18		17

		Mn		25		43		30		21		19		41		57		32		16		31

		Ba		37		17		49		52		53		61		45		9		55		18

		Pb		21		33		8		31		11		21		31		42		23		60

		Cr		5		2		3		1		1		n.d.		3		n.d.		7		12

		Zn		16		15		7		12		8		21		5		14		19		8

		Co		40		42		38		31		19		22		43		23		45		63

		sample No.		Sd1		Sd2		Sd3		Sd4		Sd5		Sd6		Sd7		Sd8		Sd9		Sd10

		CaO		32.65		34.56		36.32		36.12		32.15		31.18		31.22		29.82		28.25		31.72

		SiO2		21.28		20.25		18.23		19.32		20.51		20.92		23.24		26.32		25.62		21.81

		MgO		2.83		2.32		2.21		1.85		2.95		2.73		2.56		3.08		2.82		1.95

		Al2O3		5.58		5.83		5.16		4.89		6.15		5.95		5.32		6.21		5.43		4.54

		Fe2O3		2.32		1.81		2.12		1.13		1.05		2.85		2.63		3.11		2.71		1.42

		Na2O		1.21		0.92		1.32		0.89		1.33		0.9		1.84		1.93		1.78		1.62

		K2O		0.81		0.32		0.11		0.12		0.18		0.17		0.42		0.33		0.21		0.17

		TiO2		1.17		1.21		1.31		0.98		0.98		0.85		0.93		0.77		0.56		0.59

		L.O.I		31.17		33.18		34.12		35.11		34.12		33.97		30.92		29.15		31.71		35.2

		Total (%)		99.02		100.4		100.9		100.41		99.42		99.52		99.08		100.72		99.09		99.02

		Trace elements (p.p.m.)

		Sr		1452		2112		2462		1810		1335		2770		2231		2019		2912		2251

		Cu		42		31		21		27		19		31		32		26		29		33

		Mn		515		332		289		315		252		474		492		450		351		299

		Ba		389		312		566		492		225		199		571		541		399		256

		Pb		n.d.		15		16		21		n.d.		23		32		15		8		11

		Cr		81		52		44		19		32		75		19		51		10		31

		Zn		75		77		79		62		87		59		42		87		86		44

		Co		18		32		31		21		19		43		52		42		25		24

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		43.25		42.98		44.51		43.41		42.95

								SiO2		11.25		9.95		9.15		9.11		10.12

								MgO		1.15		0.87		0.95		1.21		0.88

								Al2O3		2.32		2.15		2.61		2.75		2.32

								Fe2O3		1.15		1.27		1.51		1.41		1.1

								Na2O		1.92		1.91		1.95		1.71		1.09

								K2O		0.1		0.09		0.11		0.08		0.06

								TiO2		0.62		0.71		0.43		0.22		0.36

								L.O.I		37.57		39.15		38.75		39.15		40.15

								Total (%)		99.33		99.08		99.97		99.05		99.03

								Trace elements (p.p.m.)

								Sr		4812		4721		4851		4770		4405

								Cu		25		32		18		21		27

								Mn		198		221		252		188		201

								Ba		39		51		48		52		39

								Pb		10		15		n.d.		10		n.d.

								Cr		7		15		n.d.		12		25

								Zn		55		41		71		19		45

								Co		15		21		32		45		28

																																																						Oxides		Dark laminaes		Light laminaes

																																																						CaO+LOI		65.264		97.098

																																																						SiO2		21.75		1.303

																																																						MgO		2.53		0.227

																																																						Al2O3		5.506		0.193

																																																						Fe2O3		2.115		0.534

																																																						Na2O		1.374		0.399

																																																						K2O		0.284		0.096

																																																						TiO2		0.935		0.03875

						Oxides		Dark laminaes						Light laminaes

						(%)		Minimum		Maximum		Average		Minimum		Maximum		Average

						CaO		28.25		36.32		32.399		52.75		53.95		53.157

						SiO2		18.23		26.32		21.75		0.83		1.77		1.303

						MgO		1.85		3.08		2.53		0.14		0.33		0.227

						Al2O3		4.54		6.21		5.506		0.09		0.3		0.193

						Fe2O3		1.05		3.11		2.115		0.18		0.92		0.534

						Na2O		0.89		1.93		1.374		0.13		0.72		0.399

						K2O		0.11		0.81		0.284		0.02		0.19		0.096

						TiO2		0.56		1.31		0.935		0.01		0.08		0.03875

						L.O.I		29.15		35.2		32.865		43.21		44.51		43.941

						Total (%)						99.758						99.88875

						Trace elements (p.p.m.)

						Sr		1335		2912		2135.4		7621		8772		8234.5

						Cu		19		42		29.1		10		21		16.2

						Mn		252		515		376.9		16		57		31.5

						Ba		199		571		395		9		61		39.6

						Pb		8		32		17.625		8		60		28.1

						Cr		10		81		41.4		1		12		4.25

						Zn		42		87		69.8		5		21		12.5

						Co		18		52		30.7		19		63		36.6

																																																		97.098

																																																		2.7908

																																																		65.264

																																																		34.494

										Oxides		Whole channel samples

										(%)		Minimum		Maximum		Average

										CaO		42.95		44.51		43.42

										SiO2		9.11		11.25		9.916

										MgO		0.87		1.21		1.012

										Al2O3		2.15		2.75		2.43

										Fe2O3		1.1		1.51		1.288

										Na2O		1.09		1.95		1.716

										K2O		0.06		0.11		0.088

										TiO2		0.22		0.71		0.468

										L.O.I		37.57		40.15		38.954

										Total (%)						99.292

										Trace elements (p.p.m.)

										Sr		4405		4851		4711.8

										Cu		18		32		24.6

										Mn		188		252		212

										Ba		39		52		45.8

										Pb		n.d.		15		11.7

										Cr		n.d.		25		14.75

										Zn		19		71		46.2

										Co		15		45		28.2

																																																		CaO+LOI		82.374

																																																		SiO2		9.916

																																																		other oxides		7.002

										Averages of

										whole		light		dark		sum of		sum of

										channel		laminaes		laminaes		fractions		fractions

								Oxides (%)		samples						>38µm		<38µm

								CaO		43.42		53.157		32.399		25.872		50.852

								SiO2		9.916		1.303		21.75		18.59		3.922

								MgO		1.012		0.227		2.53		0.8876		0.9776

								Al2O3		2.43		0.193		5.506		0.727		1.218

								Fe2O3		1.288		0.534		2.115		0.6436		1.128

								Na2O		1.716		0.399		1.374		0.2612		0.928																																				whole						sum of		sum of

								K2O		0.088		0.096		0.284		0.5014		0.3548																																						laminaes		laminaes		fractions		fractions

								TiO2		0.468		0.03875		0.935		0.1974		0.2366																																				channel		light		dark		>38µm		<38µm

								SO3		*		*		*		22.294		*																																		CaCO3		82.374		97.098		65.264		55.888		90.87

								L.O.I		38.954		43.941		32.865		30.016		40.018																																		SiO2		9.916		1.303		21.75		18.59		3.922

								Total (%)		99.292		99.88875		99.758		99.9902		99.635																																		MgO		1.012		0.227		2.53		0.8876		0.9776

								Trace elements (p.p.m.)																																												Al2O3		2.43		0.193		5.506		0.727		1.218

								Sr		4711.8		8234.5		2135.4		3091		3660.8																																		Fe2O3		1.288		0.534		2.115		0.6436		1.128

								Cu		24.6		16.2		29.1		32.88		42.92																																		Na2O		1.716		0.399		1.374		0.2612		0.928

								Mn		212		31.5		376.9		155.12		16.3																																		K2O		0.088		0.096		0.284		0.5014		0.3548

								Ba		45.8		39.6		395		182.48		26.58																																		TiO2		0.468		0.03875		0.935		0.1974		0.2366

								Pb		11.7		28.1		17.625		25.92		22.48																																		SO3		0		0		0		22.294		0

								Cr		14.75		4.25		41.4		16.7		35.71																																		L.O.I		38.954		43.941		32.865		30.016		40.018

								Zn		46.2		12.5		69.8		33.69		11.17

								Co		28.2		36.6		30.7		13.86		22.24



Table (1): Percentages of grain size of Lisan Peninsula deposits after separation by wet mechanical process for 5 channel samples.

Table (7):Chemical analysis of whole channel samples from Lisan Peninsula deposits. Oxides in percent and trace elements in p.p.m

Table (8): Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) for 5 selective whole channel samples from Lisan Peninsula deposits (data from Table 7).

Table (6):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) for 20 selective spot samples of dark and light laminae from Lisan Peninsula deposits.

Table (14): Averages of major oxides in (%) and trace elements in (p.p.m.) of whole channel samples, light laminaes, dark laminaes and different fractions 
(>38 µm and <38 µm) for Lisan Peninsula deposits for comparision.

Table (4):Chemical analysis for light (white) laminae from Lisan Peninsula deposits.
                        Oxides in percent and trace elements in p.p.m

Table (5):Chemical analysis for dark laminaes from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m
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Figure (12): Relationship between the average of major oxides for light and dark laminae after separation of Lisan Peninsula deposits (data from Table 6).

Figure (13.1): Light Laminae
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Figure (13): Relationship between the average of CaCO3 (CaO+LOI) and other oxides (in%) for light laminae (Fig. 13.1) and dark laminae (Fig. 13.2) of Lisan Peninsula deposits (data from Table 6).

Figure (13.2): Dark Laminae
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Figure (14): Relationship between the average of CaCO3 (CaO+LOI) and other oxides (in%) for  whole channel samples of Lisan Peninsula deposits (data from Table 8).
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Figure (8): Relationship between the average of major oxides (in%) for  whole channel samples, light and dark laminaes and fractions (>38 µm and <38 µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 14).
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Sheet1

		

				Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total		Total

				No.		original		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions

						samples		> 500µm		> 500µm		500-300µm		500-300µm		300-180µm		300-180µm		180-63µm		180-63µm		63-38 µm		63-38 µm

						(gms)		(gms)				(gms)				(gms)				(gms)				(gms)				(gms)		(%)

				Ch1		1030		130		12.62		187		18.16		218		21.16		201		19.5		289		28.1		1025		99.5

				Ch2		964		105		10.9		140		14.52		211		21.89		235		24.4		265		27.5		956		99.2

				Ch3		896		95		10.6		151		16.9		201		22.4		205		22.9		241		26.9		893		99.7

				Ch4		996		125		12.6		169		17		213		21.4		229		23		259		26		995		99.9

				Ch5		1150		152		13.2		197		17.1		254		22.1		234		20.3		312		27.1		1149		99.9

				Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total		Total

				No.		original		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions

						samples		38-16µm		38-16µm		16-8µm		16-8µm		8-4µm		8-4µm		4-2µm		4-2µm		< 2 µm		< 2 µm

						(gms)		(gms)				(gms)				(gms)				(gms)				(gms)				(gms)		(%)

				Ch1		8956		348		3.9		528		5.9		1162		13		2050		22.9		4865		54.3		8953		99.97

				Ch2		9024		325		3.6		515		5.7		1185		13.1		2113		23.4		4882		54.1		9020		99.96

				Ch3		9077		352		3.8		530		5.8		1182		13		2122		23.4		4887		53.8		9073		99.96

				Ch4		8996		349		3.9		525		5.8		1183		13.2		2063		22.9		4871		54.1		8991		99.94

				Ch5		8841		302		3.4		498		5.6		1151		13		2051		23.2		4835		54.7		8837		99.95

				Fractions		>500 µm										500-300 µm										300-180 µm

				sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		26.51		27.92		28.1		26.9		27.25		29.21		29.82		29.2		30.2		29.78		27.72		28.13		27.9		27.26		28.5

				SiO2		5.85		6.21		5.35		5.86		5.46		3.88		3.34		3.56		3.42		3.75		9.32		11.52		10.7		11.23		9.65

				MgO		0.73		0.72		0.65		0.71		0.65		0.42		0.38		0.28		0.36		0.39		0.39		0.48		0.31		0.36		0.38

				Al2O3		0.06		0.09		0.04		0.045		0.08		0.78		0.88		0.92		0.72		0.49		0.42		0.39		0.41		0.38		0.32

				Fe2O3		0.68		0.68		0.54		0.59		0.61		0.35		0.31		0.3		0.32		0.38		0.48		0.42		0.39		0.38		0.41

				Na2O		0.19		0.18		0.12		0.2		0.19		0.09		0.07		0.05		0.04		0.05		0.05		0.07		0.05		0.04		0.07

				K2O		0.21		0.26		0.18		0.22		0.2		0.28		0.25		0.15		0.32		0.29		0.19		0.14		0.1		0.13		0.19

				TiO2		0.09		0.07		0.08		0.075		0.09		0.03		0.05		0.04		0.02		0.02		0.02		0.03		0.02		0.02		0.1

				SO3		35.38		34.2		34.22		34.95		35.1		27.61		28.12		26.8		27.1		26.85		24.2		23.32		22.6		25.49		23.6

				L.O.I		29.88		29.9		31		29.9		30.5		36.95		37.25		38.6		36.9		38.6		37.8		35.8		36.6		34.5		37.5

				Total (%)		99.58		100.23		100.28		99.45		100.13		99.6		100.47		99.9		99.4		100.6		100.59		100.3		99.08		99.79		100.72

				Trace elements (p.p.m.)

				Sr		3452		3625		3252		3365		3524		2561		2252		2756		2608		2495		2895		3012		2789		2953		3012

				Cu		9		8		7		7		6		11		15		12		8		10		16		13		15		12		15

				Mn		99		95		102		87		91		61		52		56		71		51		135		155		125		143		136

				Ba		51		55		42		48		47		45		40		39		55		51		110		122		126		150		146

				Pb		10		5		n.d.		n.d.		7		38		52		26		n.d.		39		21		52		n.d.		n.d.		16

				Cr		7		9		6		n.d.		5		15		21		n.d.		n.d.		5		10		28		15		n.d.		2

				Zn		32		21		35		29		n.d.		51		44		12		19		21		38		52		46		43		49

				Co		48		32		n.d.		45		19		15		19		n.d.		n.d.		2		1		9		n.d.		1		n.d.

				n.d.: not detected

								Fractions		180-63 µm										63-38 µm

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		20.51		15.85		18.4		17.98		18.56		26.32		25.51		26.21		26.95		26.1

								SiO2		31.15		35.12		32.6		34.9		34.2		40.51		39.88		39.1		38.95		39.2

								MgO		0.95		1.1		0.95		1.02		0.96		1.95		2.01		2.1		1.98		1.97

								Al2O3		0.48		0.51		0.56		0.58		0.42		1.89		1.98		2.05		1.85		1.83

								Fe2O3		0.78		0.69		0.65		0.75		0.62		1.2		1.08		1.03		1.08		1.35

								Na2O		0.21		0.29		0.26		0.32		0.24		0.81		0.77		0.69		0.75		0.73

								K2O		0.68		0.79		0.86		0.92		0.75		1.05		0.99		1.09		0.98		1.05

								TiO2		0.09		0.08		0.09		0.08		0.07		0.41		0.38		0.52		0.43		0.59

								SO3		19.52		18.89		19.6		19.38		20.1		6.02		6.52		6.2		5.96		5.58

								L.O.I		25.1		26.7		25.3		24.3		24.4		19.8		21.2		20.15		20.68		21.06

								Total (%)		99.47		100.02		99.27		100.23		100.32		99.96		100.32		99.14		99.61		99.46

								Trace elements (p.p.m.)

								Sr		4521		5215		4821		4562		5024		1787		1821		1652		1569		1752

								Cu		19		16		12		15		18		13		17		15		14		15

								Mn		228		199		215		243		236		275		266		253		261		243

								Ba		465		415		396		456		416		248		242		235		286		276

								Pb		42		33		41		36		50		18		15		10		9		15

								Cr		21		15		n.d.		10		n.d.		51		44		25		36		14

								Zn		18		33		16		25		29		41		40		36		38		45

								Co		11		8		12		n.d.		n.d.		2		5		15		n.d.		9

								n.d.: not detected

				Fractions		38-16 µm										16-8 µm										8-4 µm

				sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		48.9		50.88		49.79		48.68		49.55		50.45		50.36		50.25		50.41		50.19		50.95		50.98		51.26		51.11		50.85

				SiO2		5.92		4.92		5.46		5.95		5.46		4.35		4.25		4.26		4.52		4.26		3.95		3.85		3.89		3.79		3.91

				MgO		1.18		0.79		0.95		1.05		0.96		1.11		0.96		1.26		1.15		0.95		0.65		0.74		0.58		0.54		0.68

				Al2O3		1.45		1.35		1.42		1.39		1.47		1.2		1.18		0.96		1.35		1.26		1.52		1.48		1.39		1.45		1.58

				Fe2O3		1.66		0.87		1.55		1.46		1.19		1.42		1.36		1.35		1.42		1.39		0.85		0.89		0.96		0.94		0.79

				Na2O		0.91		0.81		0.96		0.89		0.92		1.05		1.02		0.96		1.16		0.97		1.05		1.12		1.04		1.08		1.15

				K2O		0.39		0.26		0.29		0.32		0.36		0.42		0.39		0.35		0.45		0.52		0.25		0.26		0.31		0.27		0.35

				TiO2		0.18		0.07		0.16		0.18		0.19		0.19		0.15		0.16		0.11		0.17		0.11		0.09		0.015		0.08		0.19

				L.O.I		38.82		39.56		38.78		39.56		39.21		39.26		39.78		39.78		39.41		39.63		39.95		40.15		40.26		40.52		40.05

				Total (%)		99.41		99.51		99.36		99.48		99.31		99.45		99.45		99.33		99.98		99.34		99.28		99.56		99.705		99.78		99.55

				Trace elements (p.p.m.)

				Sr		5123		5036		5536		5426		4986		4435		4952		4168		4752		5021		5214		5625		5325		5098		5241

				Cu		45		42		39		38		41		45		42		49		40		41		45		51		50		45		42

				Mn		159		162		163		158		171		141		129		158		152		142		189		178		196		201		189

				Ba		55		62		49		58		57		33		35		39		41		36		31		29		28		35		24

				Pb		66		69		71		59		63		33		32		30		29		17		10		5		n.d.		1		n.d.

				Cr		25		16		43		35		39		3		5		1		2		n.d.		15		19		20		17		19

				Zn		25		19		35		10		9		25		10		14		20		9		12		10		9		18		3

				Co		25		29		26		18		14		11		12		10		15		11		41		36		35		29		45

				n.d.: not detected

								Fractions		4-2 µm										< 2 µm

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		51.21		51.09		51.65		51.12		51.28		51.98		52.45		51.89		52.32		51.7

								SiO2		3.85		3.64		3.95		3.74		3.66		2.02		1.95		2.24		1.88		2.35

								MgO		0.78		0.84		0.76		0.69		0.85		1.53		1.35		1.42		1.36		1.29

								Al2O3		1.12		1.05		0.95		1.26		1.14		0.78		0.95		1.02		0.89		0.86

								Fe2O3		0.85		0.75		0.64		1.01		0.57		1.02		0.95		1.24		1.27		1.79

								Na2O		1.15		1.26		1.21		1.35		1.38		0.53		0.35		0.27		0.19		0.42

								K2O		0.35		0.39		0.45		0.26		0.41		0.52		0.42		0.31		0.36		0.21

								TiO2		0.09		0.12		0.08		0.11		0.08		0.15		0.23		0.19		0.23		0.09

								L.O.I		40.15		40.52		40.06		40.71		40.3		40.72		40.86		40.69		40.75		40.9

								Total (%)		99.55		99.66		99.75		100.25		99.67		99.25		99.51		99.27		99.25		99.61

								Trace elements (p.p.m.)

								Sr		1564		1652		1425		1369		1542		1562		1356		1857		1658		1596

								Cu		40		39		41		48		38		39		48		45		41		38

								Mn		178		178		195		201		198		116		158		126		105		132

								Ba		10		2		n.d.		9		5		n.d.		1		5		n.d.		6

								Pb		5		6		9		n.d.		8		5		2		7		11		n.d.

								Cr		120		110		105		95		125		15		10		16		21		14

								Zn		10		2		3		5		n.d.		5		2		4		n.d.		10

								Co		25		32		29		21		35		10		15		9		5		18

								n.d.: not detected

																																										Wt. of		0

																																										Wt. of		41.96

																																										fractions

																																										<38 µm														>500		0

		Fractions		>500 µm						500-300 µm						300-180 µm						180-63 µm						63-38 µm														(gms)														500-300		0

		Oxides (%)		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average						>500 µm		500-300 µm		300-180 µm		180-63 µm		63-38 µm										300-180		0

		CaO		26.51		28.1		27.34		29.2		30.2		29.64		27.26		28.5		27.9		15.85		20.51		18.26		25.51		26.95		26.22				CaO+LOI		57.58		67.3		64.34		43.42		46.8										180-63		0

		SiO2		5.35		6.21		5.75		3.34		3.88		3.59		9.32		11.52		10.48		31.15		35.12		33.6		38.95		40.51		39.53				SiO2		5.75		3.59		10.48		33.6		39.53										63-38		0

		MgO		0.65		0.73		0.69		0.28		0.42		0.366		0.31		0.48		0.384		0.95		1.1		0.996		1.95		2.1		2.002				MgO		0.69		0.366		0.384		0.996		2.002										38-16		41.57

		Al2O3		0.04		0.09		0.063		0.49		0.92		0.758		0.32		0.42		0.384		0.42		0.58		0.51		1.83		2.05		1.92				Al2O3		0.063		0.758		0.384		0.51		1.92										16_8		42.41

		Fe2O3		0.54		0.68		0.62		0.3		0.38		0.332		0.38		0.48		0.416		0.62		0.78		0.7		1.03		1.35		1.15				Fe2O3		0.62		0.332		0.416		0.7		1.15										8_4		42.34

		Na2O		0.12		0.2		0.176		0.04		0.09		0.06		0.04		0.07		0.056		0.21		0.32		0.264		0.69		0.81		0.75				Na2O		0.176		0.06		0.056		0.264		0.75										4_2		42.6

		K2O		0.18		0.26		0.264		0.15		0.32		0.258		0.1		0.19		0.15		0.68		0.92		0.8		0.98		1.09		1.035				K2O		0.264		0.258		0.15		0.8		1.035										<2		42.68

		TiO2		0.07		0.09		0.081		0.02		0.05		0.32		0.02		0.1		0.038		0.07		0.09		0.082		0.38		0.59		0.466				TiO2		0.081		0.32		0.038		0.082		0.466

		SO3		34.2		35.38		34.77		26.8		28.12		27.3		22.6		25.49		23.84		18.89		20.1		19.5		5.58		6.52		6.06				SO3		34.77		27.3		23.84		19.5		6.06

		L.O.I		29.88		31		30.24		36.9		38.6		37.66		34.5		37.8		36.44		24.3		26.7		25.16		19.8		21.2		20.58

		Total (%)						99.994						100.284						100.088						99.872						99.713

		Trace elements (p.p.m.)

		Sr		3252		3625		3443.6		2252		2756		2534.4		2789		3012		2932.2		4521		5215		4828.6		1569		1821		1716.2

		Cu		6		9		7.4		8		15		112		12		16		14.2		12		19		16		13		17		14.8

		Mn		87		102		94.8		51		71		58.2		125		155		138.8		199		243		224.2		243		275		259.6

		Ba		42		55		48.6		39		55		46		110		150		130.8		396		465		429.6		235		286		257.4

		Pb		n.d.		10		7.34		n.d.		52		38.75		n.d.		52		29.7		33		50		40.4		9		18		13.4

		Cr		n.d.		9		6.75		n.d.		21		13.67		n.d.		28		13.75		n.d.		21		15.34		14		51		34

		Zn		n.d.		35		29.25		12		51		29.4		38		52		45.6		16		33		24.2		36		45		40

		Co		n.d.		48		36		n.d.		19		12		n.d.		9		3.7		n.d.		12		10.34		n.d.		15		7.75

																																								38-16 µm		16-8 µm		8-4 µm		4-2 µm		<2 µm

																																						CaO+LOI		88.75		89.9		91.22		91.62		92.86

																																						SiO2		5.542		4.33		3.88		3.77		2.088

																																						MgO		0.986		1.09		0.638		0.784		1.39

																																						Al2O3		1.416		1.19		1.48		1.104		0.9

																																						Fe2O3		1.346		1.39		0.886		0.764		1.254

																																						Na2O		0.898		1.03		1.09		1.27		0.352

																																						K2O		0.324		0.426		0.288		0.372		0.364

		Fractions		38-16 µm						16-8 µm						8-4 µm						4-2 µm						<2 µm										TiO2		0.156		0.156		0.097		0.096		0.678

		Oxides (%)		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average

		CaO		48.68		50.88		49.56		50.19		50.45		50.33		50.85		51.26		51.03		51.09		51.65		51.27		51.7		52.45		52.07

		SiO2		4.92		5.95		5.542		4.25		4.52		4.33		3.79		3.95		3.88		3.64		3.95		3.77		1.88		2.35		2.088

		MgO		0.79		1.18		0.986		0.95		1.26		1.09		0.54		0.74		0.638		0.69		0.85		0.784		1.29		1.53		1.39

		Al2O3		1.35		1.47		1.416		0.96		1.35		1.19		1.39		1.58		1.48		0.95		1.26		1.104		0.78		1.02		0.9

		Fe2O3		0.87		1.66		1.346		1.35		1.42		1.39		0.79		0.96		0.886		0.57		1.01		0.764		0.95		1.79		1.254

		Na2O		0.81		0.96		0.898		0.96		1.16		1.03		1.04		1.15		1.09		1.15		1.38		1.27		0.19		0.53		0.352

		K2O		0.26		0.39		0.324		0.35		0.52		0.426		0.25		0.35		0.288		0.26		0.45		0.372		0.21		0.52		0.364

		TiO2		0.07		0.19		0.156		0.11		0.19		0.156		0.015		0.19		0.097		0.08		0.12		0.096		0.09		0.23		0.678

		L.O.I		38.78		39.56		39.19		39.26		39.78		39.57		39.95		40.52		40.19		40.06		40.71		40.35		40.69		40.9		40.79

		Total (%)						99.418						99.512						99.579						99.78						99.886

		Trace elements (p.p.m.)

		Sr		4986		5536		5221.4		4168		5021		4665.6		5098		5625		5300.6		1369		1652		1510.4		1356		1857		1605.8

		Cu		38		45		41		40		49		43.4		42		51		46.6		38		48		41.2		38		48		42.4

		Mn		158		171		162.6		129		158		144.4		178		201		190.6		178		201		190		105		158		127.4

		Ba		49		62		56.2		33		41		36.8		24		35		29.4		n.d.		10		6.5		n.d.		6		4

		Pb		59		71		65.6		17		33		28.2		n.d.		10		5.34		n.d.		9		7		n.d.		11		6.25

		Cr		16		43		31.6		n.d.		5		2.75		15		20		18		95		125		111		10		21		15.2

		Zn		9		35		19.6		9		25		15.6		3		18		10.4		n.d.		10		5		n.d.		10		5.25

		Co		14		29		22.4		10		15		11.8		29		45		37.2		21		35		28.4		5		18		11.4

																																								sum of		sum of

																																								fractions		fractions

																																								>38µm		<38µm

																																						CaO+LOI		55.888		90.87						CaO+LOI		55.888		90.87

								Averages of																														SiO2		18.59		3.922						other oxides		25.5122		8.765

								fractions										sum of		fractions										sum of								MgO		0.8876		0.9776						SiO2		18.59

								>500		500-300		300-180		180-63		63-38		fractions		(38-16)		(16-8)		(8-4)		(4-2)		(<2)		fractions								Al2O3		0.727		1.218

						Oxides (%)		µm		µm		µm		µm		µm		>38µm		µm		µm		µm		µm		µm		<38µm								Fe2O3		0.6436		1.128

						CaO		27.34		29.64		27.9		18.26		26.22		25.872		49.56		50.33		51.03		51.27		52.07		50.852								Na2O		0.2612		0.928

						SiO2		5.75		3.59		10.48		33.6		39.53		18.59		5.542		4.33		3.88		3.77		2.088		3.922								K2O		0.5014		0.3548

						MgO		0.69		0.366		0.384		0.996		2.002		0.8876		0.986		1.09		0.638		0.784		1.39		0.9776								TiO2		0.1974		0.2366

						Al2O3		0.063		0.758		0.384		0.51		1.92		0.727		1.416		1.19		1.48		1.104		0.9		1.218								SO3		22.294		0

						Fe2O3		0.62		0.332		0.416		0.7		1.15		0.6436		1.346		1.39		0.886		0.764		1.254		1.128										99.9902		99.635

						Na2O		0.176		0.06		0.056		0.264		0.75		0.2612		0.898		1.03		1.09		1.27		0.352		0.928

						K2O		0.264		0.258		0.15		0.8		1.035		0.5014		0.324		0.426		0.288		0.372		0.364		0.3548

						TiO2		0.081		0.32		0.038		0.082		0.466		0.1974		0.156		0.156		0.097		0.096		0.678		0.2366

						SO3		34.77		27.3		23.84		19.5		6.06		22.294		*		*		*		*		*		*

						L.O.I		30.24		37.66		36.44		25.16		20.58		30.016		39.19		39.57		40.19		40.35		40.79		40.018

						Total (%)		99.994		100.284		100.088		99.872		99.713		99.9902		99.418		99.512		99.579		99.78		99.886		99.635

						Trace elements (p.p.m.)

						Sr		3443.6		2534.4		2932.2		4828.6		1716.2		3091		5221.4		4665.6		5300.6		1510.4		1605.8		3660.8

						Cu		7.4		112		14.2		16		14.8		32.88		41		43.4		46.6		41.2		42.4		42.92

						Mn		94.8		58.2		138.8		224.2		259.6		155.12		162.6		144.4		190.6		190		127.4		16.3

						Ba		48.6		46		130.8		429.6		257.4		182.48		56.2		36.8		29.4		6.5		4		26.58

						Pb		7.34		38.75		29.7		40.4		13.4		25.92		65.6		28.2		5.34		7		6.25		22.48

						Cr		6.75		13.67		13.75		15.34		34		16.7		31.6		2.75		18		111		15.2		35.71

						Zn		29.25		29.4		45.6		24.2		40		33.69		19.6		15.6		10.4		5		5.25		11.17

						Co		36		12		3.7		10.34		7.75		13.86		22.4		11.8		37.2		28.4		11.4		22.24



Table (2): Percentages of different grain size (>38 µm) for Lisan deposits using wet mechanical process for five channel samples.

Table (3): Percentages of different grain size (<38 µm) for Lisan deposits using pipette method for five channel samples.

Table (7):Chemical analysis of different fractions (>38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (8):Chemical analysis of different fractions (<38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (11):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (>38 µm) from Lisan Peninsula deposits.

Table (12):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (<38 µm) from Lisan Peninsula deposits.

Continued Table (7)

Continued Table (8)

Table (13): Averages and sumation of major oxides in (%) and trace elements in (p.p.m.) for different  fractions 
                           (>38 µm and <38 µm) of 5 whole channel samples from Lisan Peninsula deposits.
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Figure (15): Relationship between the averages of major oxides (in%) for the different fractions (>38µ m) separated from whole channel samples of Lisan Peninsula deposits (data from Table 11).
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Figure (16): Relationship between the averages of major oxides (in%) for the different fractions (<38µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 12).

>38µm

<38µm

Major oxides

% of concentrations of oxides

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure (6): Relationship between the averages of major oxides (in%) for the different fractions (>38 µm and <38 µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).
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Figure (7): Relationship between the average of CaCO3 (CaO+LOI), SiO2 and other major oxides (in%) for the different fractions (>38 µm) (Fig. 7.1) and fractions (<38 µm) (Fig. 7.2)separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).

Figure (7.1): Fractions (>38 µm).

Figure (7.2): Fractions (<38 µm).
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Figure (1): Weight percentages of different grain sizes (>38 µm and <38 µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables; 1,2 and 3).
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Figure (2): Weight percentages of different grain sizes (>38 µm and <38 µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables; 1,2 and 3).
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				Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total		Total

				No.		original		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions

						samples		> 500µm		> 500µm		500-300µm		500-300µm		300-180µm		300-180µm		180-63µm		180-63µm		63-38 µm		63-38 µm

						(gms)		(gms)				(gms)				(gms)				(gms)				(gms)				(gms)		(%)

				Ch1		1030		130		12.62		187		18.16		218		21.16		201		19.5		289		28.1		1025		99.5

				Ch2		964		105		10.9		140		14.52		211		21.89		235		24.4		265		27.5		956		99.2

				Ch3		896		95		10.6		151		16.9		201		22.4		205		22.9		241		26.9		893		99.7

				Ch4		996		125		12.6		169		17		213		21.4		229		23		259		26		995		99.9

				Ch5		1150		152		13.2		197		17.1		254		22.1		234		20.3		312		27.1		1149		99.9

				Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total		Total

				No.		original		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions

						samples		38-16µm		38-16µm		16-8µm		16-8µm		8-4µm		8-4µm		4-2µm		4-2µm		< 2 µm		< 2 µm

						(gms)		(gms)				(gms)				(gms)				(gms)				(gms)				(gms)		(%)

				Ch1		8956		348		3.9		528		5.9		1162		13		2050		22.9		4865		54.3		8953		99.97

				Ch2		9024		325		3.6		515		5.7		1185		13.1		2113		23.4		4882		54.1		9020		99.96

				Ch3		9077		352		3.8		530		5.8		1182		13		2122		23.4		4887		53.8		9073		99.96

				Ch4		8996		349		3.9		525		5.8		1183		13.2		2063		22.9		4871		54.1		8991		99.94

				Ch5		8841		302		3.4		498		5.6		1151		13		2051		23.2		4835		54.7		8837		99.95

				Fractions		>500 µm										500-300 µm										300-180 µm

				sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		26.51		27.92		28.1		26.9		27.25		29.21		29.82		29.2		30.2		29.78		27.72		28.13		27.9		27.26		28.5

				SiO2		5.85		6.21		5.35		5.86		5.46		3.88		3.34		3.56		3.42		3.75		9.32		11.52		10.7		11.23		9.65

				MgO		0.73		0.72		0.65		0.71		0.65		0.42		0.38		0.28		0.36		0.39		0.39		0.48		0.31		0.36		0.38

				Al2O3		0.06		0.09		0.04		0.045		0.08		0.78		0.88		0.92		0.72		0.49		0.42		0.39		0.41		0.38		0.32

				Fe2O3		0.68		0.68		0.54		0.59		0.61		0.35		0.31		0.3		0.32		0.38		0.48		0.42		0.39		0.38		0.41

				Na2O		0.19		0.18		0.12		0.2		0.19		0.09		0.07		0.05		0.04		0.05		0.05		0.07		0.05		0.04		0.07

				K2O		0.21		0.26		0.18		0.22		0.2		0.28		0.25		0.15		0.32		0.29		0.19		0.14		0.1		0.13		0.19

				TiO2		0.09		0.07		0.08		0.075		0.09		0.03		0.05		0.04		0.02		0.02		0.02		0.03		0.02		0.02		0.1

				SO3		35.38		34.2		34.22		34.95		35.1		27.61		28.12		26.8		27.1		26.85		24.2		23.32		22.6		25.49		23.6

				L.O.I		29.88		29.9		31		29.9		30.5		36.95		37.25		38.6		36.9		38.6		37.8		35.8		36.6		34.5		37.5

				Total (%)		99.58		100.23		100.28		99.45		100.13		99.6		100.47		99.9		99.4		100.6		100.59		100.3		99.08		99.79		100.72

				Trace elements (p.p.m.)

				Sr		3452		3625		3252		3365		3524		2561		2252		2756		2608		2495		2895		3012		2789		2953		3012

				Cu		9		8		7		7		6		11		15		12		8		10		16		13		15		12		15

				Mn		99		95		102		87		91		61		52		56		71		51		135		155		125		143		136

				Ba		51		55		42		48		47		45		40		39		55		51		110		122		126		150		146

				Pb		10		5		n.d.		n.d.		7		38		52		26		n.d.		39		21		52		n.d.		n.d.		16

				Cr		7		9		6		n.d.		5		15		21		n.d.		n.d.		5		10		28		15		n.d.		2

				Zn		32		21		35		29		n.d.		51		44		12		19		21		38		52		46		43		49

				Co		48		32		n.d.		45		19		15		19		n.d.		n.d.		2		1		9		n.d.		1		n.d.

				n.d.: not detected

								Fractions		180-63 µm										63-38 µm

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		20.51		15.85		18.4		17.98		18.56		26.32		25.51		26.21		26.95		26.1

								SiO2		31.15		35.12		32.6		34.9		34.2		40.51		39.88		39.1		38.95		39.2

								MgO		0.95		1.1		0.95		1.02		0.96		1.95		2.01		2.1		1.98		1.97

								Al2O3		0.48		0.51		0.56		0.58		0.42		1.89		1.98		2.05		1.85		1.83

								Fe2O3		0.78		0.69		0.65		0.75		0.62		1.2		1.08		1.03		1.08		1.35

								Na2O		0.21		0.29		0.26		0.32		0.24		0.81		0.77		0.69		0.75		0.73

								K2O		0.68		0.79		0.86		0.92		0.75		1.05		0.99		1.09		0.98		1.05

								TiO2		0.09		0.08		0.09		0.08		0.07		0.41		0.38		0.52		0.43		0.59

								SO3		19.52		18.89		19.6		19.38		20.1		6.02		6.52		6.2		5.96		5.58

								L.O.I		25.1		26.7		25.3		24.3		24.4		19.8		21.2		20.15		20.68		21.06

								Total (%)		99.47		100.02		99.27		100.23		100.32		99.96		100.32		99.14		99.61		99.46

								Trace elements (p.p.m.)

								Sr		4521		5215		4821		4562		5024		1787		1821		1652		1569		1752

								Cu		19		16		12		15		18		13		17		15		14		15

								Mn		228		199		215		243		236		275		266		253		261		243

								Ba		465		415		396		456		416		248		242		235		286		276

								Pb		42		33		41		36		50		18		15		10		9		15

								Cr		21		15		n.d.		10		n.d.		51		44		25		36		14

								Zn		18		33		16		25		29		41		40		36		38		45

								Co		11		8		12		n.d.		n.d.		2		5		15		n.d.		9

								n.d.: not detected

				Fractions		38-16 µm										16-8 µm										8-4 µm

				sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		48.9		50.88		49.79		48.68		49.55		50.45		50.36		50.25		50.41		50.19		50.95		50.98		51.26		51.11		50.85

				SiO2		5.92		4.92		5.46		5.95		5.46		4.35		4.25		4.26		4.52		4.26		3.95		3.85		3.89		3.79		3.91

				MgO		1.18		0.79		0.95		1.05		0.96		1.11		0.96		1.26		1.15		0.95		0.65		0.74		0.58		0.54		0.68

				Al2O3		1.45		1.35		1.42		1.39		1.47		1.2		1.18		0.96		1.35		1.26		1.52		1.48		1.39		1.45		1.58

				Fe2O3		1.66		0.87		1.55		1.46		1.19		1.42		1.36		1.35		1.42		1.39		0.85		0.89		0.96		0.94		0.79

				Na2O		0.91		0.81		0.96		0.89		0.92		1.05		1.02		0.96		1.16		0.97		1.05		1.12		1.04		1.08		1.15

				K2O		0.39		0.26		0.29		0.32		0.36		0.42		0.39		0.35		0.45		0.52		0.25		0.26		0.31		0.27		0.35

				TiO2		0.18		0.07		0.16		0.18		0.19		0.19		0.15		0.16		0.11		0.17		0.11		0.09		0.015		0.08		0.19

				L.O.I		38.82		39.56		38.78		39.56		39.21		39.26		39.78		39.78		39.41		39.63		39.95		40.15		40.26		40.52		40.05

				Total (%)		99.41		99.51		99.36		99.48		99.31		99.45		99.45		99.33		99.98		99.34		99.28		99.56		99.705		99.78		99.55

				Trace elements (p.p.m.)

				Sr		5123		5036		5536		5426		4986		4435		4952		4168		4752		5021		5214		5625		5325		5098		5241

				Cu		45		42		39		38		41		45		42		49		40		41		45		51		50		45		42

				Mn		159		162		163		158		171		141		129		158		152		142		189		178		196		201		189

				Ba		55		62		49		58		57		33		35		39		41		36		31		29		28		35		24

				Pb		66		69		71		59		63		33		32		30		29		17		10		5		n.d.		1		n.d.

				Cr		25		16		43		35		39		3		5		1		2		n.d.		15		19		20		17		19

				Zn		25		19		35		10		9		25		10		14		20		9		12		10		9		18		3

				Co		25		29		26		18		14		11		12		10		15		11		41		36		35		29		45

				n.d.: not detected

								Fractions		4-2 µm										< 2 µm

								sample No.		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		51.21		51.09		51.65		51.12		51.28		51.98		52.45		51.89		52.32		51.7

								SiO2		3.85		3.64		3.95		3.74		3.66		2.02		1.95		2.24		1.88		2.35

								MgO		0.78		0.84		0.76		0.69		0.85		1.53		1.35		1.42		1.36		1.29

								Al2O3		1.12		1.05		0.95		1.26		1.14		0.78		0.95		1.02		0.89		0.86

								Fe2O3		0.85		0.75		0.64		1.01		0.57		1.02		0.95		1.24		1.27		1.79

								Na2O		1.15		1.26		1.21		1.35		1.38		0.53		0.35		0.27		0.19		0.42

								K2O		0.35		0.39		0.45		0.26		0.41		0.52		0.42		0.31		0.36		0.21

								TiO2		0.09		0.12		0.08		0.11		0.08		0.15		0.23		0.19		0.23		0.09

								L.O.I		40.15		40.52		40.06		40.71		40.3		40.72		40.86		40.69		40.75		40.9

								Total (%)		99.55		99.66		99.75		100.25		99.67		99.25		99.51		99.27		99.25		99.61

								Trace elements (p.p.m.)

								Sr		1564		1652		1425		1369		1542		1562		1356		1857		1658		1596

								Cu		40		39		41		48		38		39		48		45		41		38

								Mn		178		178		195		201		198		116		158		126		105		132

								Ba		10		2		n.d.		9		5		n.d.		1		5		n.d.		6

								Pb		5		6		9		n.d.		8		5		2		7		11		n.d.

								Cr		120		110		105		95		125		15		10		16		21		14

								Zn		10		2		3		5		n.d.		5		2		4		n.d.		10

								Co		25		32		29		21		35		10		15		9		5		18

								n.d.: not detected

																																										Wt. of		0

																																										Wt. of		41.96

																																										fractions

																																										<38 µm														>500		0

		Fractions		>500 µm						500-300 µm						300-180 µm						180-63 µm						63-38 µm														(gms)														500-300		0

		Oxides (%)		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average						>500 µm		500-300 µm		300-180 µm		180-63 µm		63-38 µm										300-180		0

		CaO		26.51		28.1		27.34		29.2		30.2		29.64		27.26		28.5		27.9		15.85		20.51		18.26		25.51		26.95		26.22				CaO+LOI		57.58		67.3		64.34		43.42		46.8										180-63		0

		SiO2		5.35		6.21		5.75		3.34		3.88		3.59		9.32		11.52		10.48		31.15		35.12		33.6		38.95		40.51		39.53				SiO2		5.75		3.59		10.48		33.6		39.53										63-38		0

		MgO		0.65		0.73		0.69		0.28		0.42		0.366		0.31		0.48		0.384		0.95		1.1		0.996		1.95		2.1		2.002				MgO		0.69		0.366		0.384		0.996		2.002										38-16		41.57

		Al2O3		0.04		0.09		0.063		0.49		0.92		0.758		0.32		0.42		0.384		0.42		0.58		0.51		1.83		2.05		1.92				Al2O3		0.063		0.758		0.384		0.51		1.92										16_8		42.41

		Fe2O3		0.54		0.68		0.62		0.3		0.38		0.332		0.38		0.48		0.416		0.62		0.78		0.7		1.03		1.35		1.15				Fe2O3		0.62		0.332		0.416		0.7		1.15										8_4		42.34

		Na2O		0.12		0.2		0.176		0.04		0.09		0.06		0.04		0.07		0.056		0.21		0.32		0.264		0.69		0.81		0.75				Na2O		0.176		0.06		0.056		0.264		0.75										4_2		42.6

		K2O		0.18		0.26		0.264		0.15		0.32		0.258		0.1		0.19		0.15		0.68		0.92		0.8		0.98		1.09		1.035				K2O		0.264		0.258		0.15		0.8		1.035										<2		42.68

		TiO2		0.07		0.09		0.081		0.02		0.05		0.32		0.02		0.1		0.038		0.07		0.09		0.082		0.38		0.59		0.466				TiO2		0.081		0.32		0.038		0.082		0.466

		SO3		34.2		35.38		34.77		26.8		28.12		27.3		22.6		25.49		23.84		18.89		20.1		19.5		5.58		6.52		6.06				SO3		34.77		27.3		23.84		19.5		6.06

		L.O.I		29.88		31		30.24		36.9		38.6		37.66		34.5		37.8		36.44		24.3		26.7		25.16		19.8		21.2		20.58

		Total (%)						99.994						100.284						100.088						99.872						99.713

		Trace elements (p.p.m.)

		Sr		3252		3625		3443.6		2252		2756		2534.4		2789		3012		2932.2		4521		5215		4828.6		1569		1821		1716.2

		Cu		6		9		7.4		8		15		112		12		16		14.2		12		19		16		13		17		14.8

		Mn		87		102		94.8		51		71		58.2		125		155		138.8		199		243		224.2		243		275		259.6

		Ba		42		55		48.6		39		55		46		110		150		130.8		396		465		429.6		235		286		257.4

		Pb		n.d.		10		7.34		n.d.		52		38.75		n.d.		52		29.7		33		50		40.4		9		18		13.4

		Cr		n.d.		9		6.75		n.d.		21		13.67		n.d.		28		13.75		n.d.		21		15.34		14		51		34

		Zn		n.d.		35		29.25		12		51		29.4		38		52		45.6		16		33		24.2		36		45		40

		Co		n.d.		48		36		n.d.		19		12		n.d.		9		3.7		n.d.		12		10.34		n.d.		15		7.75

																																								38-16 µm		16-8 µm		8-4 µm		4-2 µm		<2 µm

																																						CaO+LOI		88.75		89.9		91.22		91.62		92.86

																																						SiO2		5.542		4.33		3.88		3.77		2.088

																																						MgO		0.986		1.09		0.638		0.784		1.39

																																						Al2O3		1.416		1.19		1.48		1.104		0.9

																																						Fe2O3		1.346		1.39		0.886		0.764		1.254

																																						Na2O		0.898		1.03		1.09		1.27		0.352

																																						K2O		0.324		0.426		0.288		0.372		0.364

		Fractions		38-16 µm						16-8 µm						8-4 µm						4-2 µm						<2 µm										TiO2		0.156		0.156		0.097		0.096		0.678

		Oxides (%)		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average

		CaO		48.68		50.88		49.56		50.19		50.45		50.33		50.85		51.26		51.03		51.09		51.65		51.27		51.7		52.45		52.07

		SiO2		4.92		5.95		5.542		4.25		4.52		4.33		3.79		3.95		3.88		3.64		3.95		3.77		1.88		2.35		2.088

		MgO		0.79		1.18		0.986		0.95		1.26		1.09		0.54		0.74		0.638		0.69		0.85		0.784		1.29		1.53		1.39

		Al2O3		1.35		1.47		1.416		0.96		1.35		1.19		1.39		1.58		1.48		0.95		1.26		1.104		0.78		1.02		0.9

		Fe2O3		0.87		1.66		1.346		1.35		1.42		1.39		0.79		0.96		0.886		0.57		1.01		0.764		0.95		1.79		1.254

		Na2O		0.81		0.96		0.898		0.96		1.16		1.03		1.04		1.15		1.09		1.15		1.38		1.27		0.19		0.53		0.352

		K2O		0.26		0.39		0.324		0.35		0.52		0.426		0.25		0.35		0.288		0.26		0.45		0.372		0.21		0.52		0.364

		TiO2		0.07		0.19		0.156		0.11		0.19		0.156		0.015		0.19		0.097		0.08		0.12		0.096		0.09		0.23		0.678

		L.O.I		38.78		39.56		39.19		39.26		39.78		39.57		39.95		40.52		40.19		40.06		40.71		40.35		40.69		40.9		40.79

		Total (%)						99.418						99.512						99.579						99.78						99.886

		Trace elements (p.p.m.)

		Sr		4986		5536		5221.4		4168		5021		4665.6		5098		5625		5300.6		1369		1652		1510.4		1356		1857		1605.8

		Cu		38		45		41		40		49		43.4		42		51		46.6		38		48		41.2		38		48		42.4

		Mn		158		171		162.6		129		158		144.4		178		201		190.6		178		201		190		105		158		127.4

		Ba		49		62		56.2		33		41		36.8		24		35		29.4		n.d.		10		6.5		n.d.		6		4

		Pb		59		71		65.6		17		33		28.2		n.d.		10		5.34		n.d.		9		7		n.d.		11		6.25

		Cr		16		43		31.6		n.d.		5		2.75		15		20		18		95		125		111		10		21		15.2

		Zn		9		35		19.6		9		25		15.6		3		18		10.4		n.d.		10		5		n.d.		10		5.25

		Co		14		29		22.4		10		15		11.8		29		45		37.2		21		35		28.4		5		18		11.4

																																								sum of		sum of

																																								fractions		fractions

																																								>38µm		<38µm

																																						CaO+LOI		55.888		90.87						CaO+LOI		55.888		90.87

								Averages of																														SiO2		18.59		3.922						other oxides		25.5122		8.765

								fractions										sum of		fractions										sum of								MgO		0.8876		0.9776						SiO2		18.59

								>500		500-300		300-180		180-63		63-38		fractions		(38-16)		(16-8)		(8-4)		(4-2)		(<2)		fractions								Al2O3		0.727		1.218

						Oxides (%)		µm		µm		µm		µm		µm		>38µm		µm		µm		µm		µm		µm		<38µm								Fe2O3		0.6436		1.128

						CaO		27.34		29.64		27.9		18.26		26.22		25.872		49.56		50.33		51.03		51.27		52.07		50.852								Na2O		0.2612		0.928

						SiO2		5.75		3.59		10.48		33.6		39.53		18.59		5.542		4.33		3.88		3.77		2.088		3.922								K2O		0.5014		0.3548

						MgO		0.69		0.366		0.384		0.996		2.002		0.8876		0.986		1.09		0.638		0.784		1.39		0.9776								TiO2		0.1974		0.2366

						Al2O3		0.063		0.758		0.384		0.51		1.92		0.727		1.416		1.19		1.48		1.104		0.9		1.218								SO3		22.294		0

						Fe2O3		0.62		0.332		0.416		0.7		1.15		0.6436		1.346		1.39		0.886		0.764		1.254		1.128										99.9902		99.635

						Na2O		0.176		0.06		0.056		0.264		0.75		0.2612		0.898		1.03		1.09		1.27		0.352		0.928

						K2O		0.264		0.258		0.15		0.8		1.035		0.5014		0.324		0.426		0.288		0.372		0.364		0.3548

						TiO2		0.081		0.32		0.038		0.082		0.466		0.1974		0.156		0.156		0.097		0.096		0.678		0.2366

						SO3		34.77		27.3		23.84		19.5		6.06		22.294		*		*		*		*		*		*

						L.O.I		30.24		37.66		36.44		25.16		20.58		30.016		39.19		39.57		40.19		40.35		40.79		40.018

						Total (%)		99.994		100.284		100.088		99.872		99.713		99.9902		99.418		99.512		99.579		99.78		99.886		99.635

						Trace elements (p.p.m.)

						Sr		3443.6		2534.4		2932.2		4828.6		1716.2		3091		5221.4		4665.6		5300.6		1510.4		1605.8		3660.8

						Cu		7.4		112		14.2		16		14.8		32.88		41		43.4		46.6		41.2		42.4		42.92

						Mn		94.8		58.2		138.8		224.2		259.6		155.12		162.6		144.4		190.6		190		127.4		16.3

						Ba		48.6		46		130.8		429.6		257.4		182.48		56.2		36.8		29.4		6.5		4		26.58

						Pb		7.34		38.75		29.7		40.4		13.4		25.92		65.6		28.2		5.34		7		6.25		22.48

						Cr		6.75		13.67		13.75		15.34		34		16.7		31.6		2.75		18		111		15.2		35.71

						Zn		29.25		29.4		45.6		24.2		40		33.69		19.6		15.6		10.4		5		5.25		11.17

						Co		36		12		3.7		10.34		7.75		13.86		22.4		11.8		37.2		28.4		11.4		22.24



Table (2): Percentages of different grain size (>38 µm) for Lisan deposits using wet mechanical process for five channel samples.

Table (3): Percentages of different grain size (<38 µm) for Lisan deposits using pipette method for five channel samples.

Table (7):Chemical analysis of different fractions (>38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (8):Chemical analysis of different fractions (<38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (11):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (>38 µm) from Lisan Peninsula deposits.

Table (12):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (<38 µm) from Lisan Peninsula deposits.

Continued Table (7)

Continued Table (8)

Table (13): Averages and sumation of major oxides in (%) and trace elements in (p.p.m.) for different  fractions 
                           (>38 µm and <38 µm) of 5 whole channel samples from Lisan Peninsula deposits.
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Figure (15): Relationship between the averages of major oxides (in%) for the different fractions (>38µ m) separated from whole channel samples of Lisan Peninsula deposits (data from Table 11).

38-16 µm

16-8 µm

8-4 µm

4-2 µm

<2 µm

Major oxides

% of concentrations of oxides

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure (16): Relationship between the averages of major oxides (in%) for the different fractions (<38µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 12).
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Figure (17): Relationship between the averages of major oxides (in%) for the different fractions (>38µm and <38µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).
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Figure (7): Relationship between the average of CaCO3 (CaO+LOI), SiO2 and other major oxides (in%) for the different fractions (>38 µm) (Fig. 7.1) and fractions (<38 µm) (Fig. 7.2)separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).

Figure (7.1): Fractions (>38 µm).

Figure (7.2): Fractions (<38 µm).
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Figure (1): Weight percentages of different grain sizes (>38 µm and <38 µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables; 1,2 and 3).
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Figure (2): Weight percentages of different grain sizes (>38 µm and <38 µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables; 1,2 and 3).
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Figure (10): DTA and TG curves for sample (SW4) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the light laminae after separated.
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Figure (11): DTA and TG curves for sample (Sd5) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the dark laminae after separated.
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Figure (9): X-ray diffraction patterns of the clay fractions (<2µm) separated from channel sample (Ch5) of Lisan Peninsula deposits.
A: Untreated (Normal).
B: Glycolated.
C: Heated.
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		K2O		K2O		K2O		K2O		K2O

		TiO2		TiO2		TiO2		TiO2		TiO2

		SO3		SO3		SO3		SO3		SO3



>500 µm

500-300 µm

300-180 µm

180-63 µm

63-38 µm

Major oxides

% of concentrations of oxides

57.58

67.3

64.34

43.42

46.8

5.75

3.59

10.48

33.6

39.53

0.69

0.366

0.384

0.996

2.002

0.063

0.758

0.384

0.51

1.92

0.62

0.332

0.416

0.7

1.15

0.176

0.06

0.056

0.264

0.75

0.264

0.258

0.15

0.8

1.035

0.081

0.32

0.038

0.082

0.466

34.77

27.3

23.84

19.5

6.06



Sheet1

		

				Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total		Total

				No.		original		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions

						samples		> 500µm		> 500µm		500-300µm		500-300µm		300-180µm		300-180µm		180-63µm		180-63µm		63-38 µm		63-38 µm

						(gms)		(gms)				(gms)				(gms)				(gms)				(gms)				(gms)		(%)

				Ch1		1030		130		12.62		187		18.16		218		21.16		201		19.5		289		28.1		1025		99.5

				Ch2		964		105		10.9		140		14.52		211		21.89		235		24.4		265		27.5		956		99.2

				Ch3		896		95		10.6		151		16.9		201		22.4		205		22.9		241		26.9		893		99.7

				Ch4		996		125		12.6		169		17		213		21.4		229		23		259		26		995		99.9

				Ch5		1150		152		13.2		197		17.1		254		22.1		234		20.3		312		27.1		1149		99.9

				Sample		Wt. of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Wt. of		Wt. % of		Total		Total

				No.		original		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions		fractions

						samples		38-16µm		38-16µm		16-8µm		16-8µm		8-4µm		8-4µm		4-2µm		4-2µm		< 2 µm		< 2 µm

						(gms)		(gms)				(gms)				(gms)				(gms)				(gms)				(gms)		(%)

				Ch1		8956		348		3.9		528		5.9		1162		13		2050		22.9		4865		54.3		8953		99.97

				Ch2		9024		325		3.6		515		5.7		1185		13.1		2113		23.4		4882		54.1		9020		99.96

				Ch3		9077		352		3.8		530		5.8		1182		13		2122		23.4		4887		53.8		9073		99.96

				Ch4		8996		349		3.9		525		5.8		1183		13.2		2063		22.9		4871		54.1		8991		99.94

				Ch5		8841		302		3.4		498		5.6		1151		13		2051		23.2		4835		54.7		8837		99.95

				Fractions		>500 µm										500-300 µm										300-180 µm

						Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		26.51		27.92		28.1		26.9		27.25		29.21		29.82		29.2		30.2		29.78		27.72		28.13		27.9		27.26		28.5

						5.85		6.21		5.35		5.86		5.46		3.88		3.34		3.56		3.42		3.75		9.32		11.52		10.7		11.23		9.65

				MgO		0.73		0.72		0.65		0.71		0.65		0.42		0.38		0.28		0.36		0.39		0.39		0.48		0.31		0.36		0.38

						0.06		0.09		0.04		0.045		0.08		0.78		0.88		0.92		0.72		0.49		0.42		0.39		0.41		0.38		0.32

						0.68		0.68		0.54		0.59		0.61		0.35		0.31		0.3		0.32		0.38		0.48		0.42		0.39		0.38		0.41

						0.19		0.18		0.12		0.2		0.19		0.09		0.07		0.05		0.04		0.05		0.05		0.07		0.05		0.04		0.07

						0.21		0.26		0.18		0.22		0.2		0.28		0.25		0.15		0.32		0.29		0.19		0.14		0.1		0.13		0.19

						0.09		0.07		0.08		0.075		0.09		0.03		0.05		0.04		0.02		0.02		0.02		0.03		0.02		0.02		0.1

						35.38		34.2		34.22		34.95		35.1		27.61		28.12		26.8		27.1		26.85		24.2		23.32		22.6		25.49		23.6

				L.O.I		29.88		29.9		31		29.9		30.5		36.95		37.25		38.6		36.9		38.6		37.8		35.8		36.6		34.5		37.5

				Total (%)		99.58		100.23		100.28		99.45		100.13		99.6		100.47		99.9		99.4		100.6		100.59		100.3		99.08		99.79		100.72

				Trace elements (p.p.m.)

				Sr		3452		3625		3252		3365		3524		2561		2252		2756		2608		2495		2895		3012		2789		2953		3012

				Cu		9		8		7		7		6		11		15		12		8		10		16		13		15		12		15

				Mn		99		95		102		87		91		61		52		56		71		51		135		155		125		143		136

				Ba		51		55		42		48		47		45		40		39		55		51		110		122		126		150		146

				Pb		10		5		n.d.		n.d.		7		38		52		26		n.d.		39		21		52		n.d.		n.d.		16

				Cr		7		9		6		n.d.		5		15		21		n.d.		n.d.		5		10		28		15		n.d.		2

				Zn		32		21		35		29		n.d.		51		44		12		19		21		38		52		46		43		49

				Co		48		32		n.d.		45		19		15		19		n.d.		n.d.		2		1		9		n.d.		1		n.d.

				n.d.: not detected

								Fractions		180-63 µm										63-38 µm

										Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		20.51		15.85		18.4		17.98		18.56		26.32		25.51		26.21		26.95		26.1

										31.15		35.12		32.6		34.9		34.2		40.51		39.88		39.1		38.95		39.2

								MgO		0.95		1.1		0.95		1.02		0.96		1.95		2.01		2.1		1.98		1.97

										0.48		0.51		0.56		0.58		0.42		1.89		1.98		2.05		1.85		1.83

										0.78		0.69		0.65		0.75		0.62		1.2		1.08		1.03		1.08		1.35

										0.21		0.29		0.26		0.32		0.24		0.81		0.77		0.69		0.75		0.73

										0.68		0.79		0.86		0.92		0.75		1.05		0.99		1.09		0.98		1.05

										0.09		0.08		0.09		0.08		0.07		0.41		0.38		0.52		0.43		0.59

										19.52		18.89		19.6		19.38		20.1		6.02		6.52		6.2		5.96		5.58

								L.O.I		25.1		26.7		25.3		24.3		24.4		19.8		21.2		20.15		20.68		21.06

								Total (%)		99.47		100.02		99.27		100.23		100.32		99.96		100.32		99.14		99.61		99.46

								Trace elements (p.p.m.)

								Sr		4521		5215		4821		4562		5024		1787		1821		1652		1569		1752

								Cu		19		16		12		15		18		13		17		15		14		15

								Mn		228		199		215		243		236		275		266		253		261		243

								Ba		465		415		396		456		416		248		242		235		286		276

								Pb		42		33		41		36		50		18		15		10		9		15

								Cr		21		15		n.d.		10		n.d.		51		44		25		36		14

								Zn		18		33		16		25		29		41		40		36		38		45

								Co		11		8		12		n.d.		n.d.		2		5		15		n.d.		9

								n.d.: not detected

				Fractions		38-16 µm										16-8 µm										8-4 µm

						Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

				CaO		48.9		50.88		49.79		48.68		49.55		50.45		50.36		50.25		50.41		50.19		50.95		50.98		51.26		51.11		50.85

						5.92		4.92		5.46		5.95		5.46		4.35		4.25		4.26		4.52		4.26		3.95		3.85		3.89		3.79		3.91

				MgO		1.18		0.79		0.95		1.05		0.96		1.11		0.96		1.26		1.15		0.95		0.65		0.74		0.58		0.54		0.68

						1.45		1.35		1.42		1.39		1.47		1.2		1.18		0.96		1.35		1.26		1.52		1.48		1.39		1.45		1.58

						1.66		0.87		1.55		1.46		1.19		1.42		1.36		1.35		1.42		1.39		0.85		0.89		0.96		0.94		0.79

						0.91		0.81		0.96		0.89		0.92		1.05		1.02		0.96		1.16		0.97		1.05		1.12		1.04		1.08		1.15

						0.39		0.26		0.29		0.32		0.36		0.42		0.39		0.35		0.45		0.52		0.25		0.26		0.31		0.27		0.35

						0.18		0.07		0.16		0.18		0.19		0.19		0.15		0.16		0.11		0.17		0.11		0.09		0.015		0.08		0.19

				L.O.I		38.82		39.56		38.78		39.56		39.21		39.26		39.78		39.78		39.41		39.63		39.95		40.15		40.26		40.52		40.05

				Total (%)		99.41		99.51		99.36		99.48		99.31		99.45		99.45		99.33		99.98		99.34		99.28		99.56		99.705		99.78		99.55

				Trace elements (p.p.m.)

				Sr		5123		5036		5536		5426		4986		4435		4952		4168		4752		5021		5214		5625		5325		5098		5241

				Cu		45		42		39		38		41		45		42		49		40		41		45		51		50		45		42

				Mn		159		162		163		158		171		141		129		158		152		142		189		178		196		201		189

				Ba		55		62		49		58		57		33		35		39		41		36		31		29		28		35		24

				Pb		66		69		71		59		63		33		32		30		29		17		10		5		n.d.		1		n.d.

				Cr		25		16		43		35		39		3		5		1		2		n.d.		15		19		20		17		19

				Zn		25		19		35		10		9		25		10		14		20		9		12		10		9		18		3

				Co		25		29		26		18		14		11		12		10		15		11		41		36		35		29		45

				n.d.: not detected

								Fractions		4-2 µm										< 2 µm

										Ch1		Ch2		Ch3		Ch4		Ch5		Ch1		Ch2		Ch3		Ch4		Ch5

								CaO		51.21		51.09		51.65		51.12		51.28		51.98		52.45		51.89		52.32		51.7

										3.85		3.64		3.95		3.74		3.66		2.02		1.95		2.24		1.88		2.35

								MgO		0.78		0.84		0.76		0.69		0.85		1.53		1.35		1.42		1.36		1.29

										1.12		1.05		0.95		1.26		1.14		0.78		0.95		1.02		0.89		0.86

										0.85		0.75		0.64		1.01		0.57		1.02		0.95		1.24		1.27		1.79

										1.15		1.26		1.21		1.35		1.38		0.53		0.35		0.27		0.19		0.42

										0.35		0.39		0.45		0.26		0.41		0.52		0.42		0.31		0.36		0.21

										0.09		0.12		0.08		0.11		0.08		0.15		0.23		0.19		0.23		0.09

								L.O.I		40.15		40.52		40.06		40.71		40.3		40.72		40.86		40.69		40.75		40.9

								Total (%)		99.55		99.66		99.75		100.25		99.67		99.25		99.51		99.27		99.25		99.61

								Trace elements (p.p.m.)

								Sr		1564		1652		1425		1369		1542		1562		1356		1857		1658		1596

								Cu		40		39		41		48		38		39		48		45		41		38

								Mn		178		178		195		201		198		116		158		126		105		132

								Ba		10		2		n.d.		9		5		n.d.		1		5		n.d.		6

								Pb		5		6		9		n.d.		8		5		2		7		11		n.d.

								Cr		120		110		105		95		125		15		10		16		21		14

								Zn		10		2		3		5		n.d.		5		2		4		n.d.		10

								Co		25		32		29		21		35		10		15		9		5		18

								n.d.: not detected

																																										Wt. of		0

																																										Wt. of		41.96

																																										fractions

																																										<38 µm														>500		0

		Fractions		>500 µm						500-300 µm						300-180 µm						180-63 µm						63-38 µm														(gms)														500-300		0

				Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average						>500 µm		500-300 µm		300-180 µm		180-63 µm		63-38 µm										300-180		0

		CaO		26.51		28.1		27.34		29.2		30.2		29.64		27.26		28.5		27.9		15.85		20.51		18.26		25.51		26.95		26.22				CaO+LOI		57.58		67.3		64.34		43.42		46.8										180-63		0

				5.35		6.21		5.75		3.34		3.88		3.59		9.32		11.52		10.48		31.15		35.12		33.6		38.95		40.51		39.53						5.75		3.59		10.48		33.6		39.53										63-38		0

		MgO		0.65		0.73		0.69		0.28		0.42		0.366		0.31		0.48		0.384		0.95		1.1		0.996		1.95		2.1		2.002				MgO		0.69		0.366		0.384		0.996		2.002										38-16		41.57

				0.04		0.09		0.063		0.49		0.92		0.758		0.32		0.42		0.384		0.42		0.58		0.51		1.83		2.05		1.92						0.063		0.758		0.384		0.51		1.92										16_8		42.41

				0.54		0.68		0.62		0.3		0.38		0.332		0.38		0.48		0.416		0.62		0.78		0.7		1.03		1.35		1.15						0.62		0.332		0.416		0.7		1.15										8_4		42.34

				0.12		0.2		0.176		0.04		0.09		0.06		0.04		0.07		0.056		0.21		0.32		0.264		0.69		0.81		0.75						0.176		0.06		0.056		0.264		0.75										4_2		42.6

				0.18		0.26		0.264		0.15		0.32		0.258		0.1		0.19		0.15		0.68		0.92		0.8		0.98		1.09		1.035						0.264		0.258		0.15		0.8		1.035										<2		42.68

				0.07		0.09		0.081		0.02		0.05		0.32		0.02		0.1		0.038		0.07		0.09		0.082		0.38		0.59		0.466						0.081		0.32		0.038		0.082		0.466

				34.2		35.38		34.77		26.8		28.12		27.3		22.6		25.49		23.84		18.89		20.1		19.5		5.58		6.52		6.06						34.77		27.3		23.84		19.5		6.06

		L.O.I		29.88		31		30.24		36.9		38.6		37.66		34.5		37.8		36.44		24.3		26.7		25.16		19.8		21.2		20.58

		Total (%)						99.994						100.284						100.088						99.872						99.713

		Trace elements (p.p.m.)

		Sr		3252		3625		3443.6		2252		2756		2534.4		2789		3012		2932.2		4521		5215		4828.6		1569		1821		1716.2

		Cu		6		9		7.4		8		15		112		12		16		14.2		12		19		16		13		17		14.8

		Mn		87		102		94.8		51		71		58.2		125		155		138.8		199		243		224.2		243		275		259.6

		Ba		42		55		48.6		39		55		46		110		150		130.8		396		465		429.6		235		286		257.4

		Pb		n.d.		10		7.34		n.d.		52		38.75		n.d.		52		29.7		33		50		40.4		9		18		13.4

		Cr		n.d.		9		6.75		n.d.		21		13.67		n.d.		28		13.75		n.d.		21		15.34		14		51		34

		Zn		n.d.		35		29.25		12		51		29.4		38		52		45.6		16		33		24.2		36		45		40

		Co		n.d.		48		36		n.d.		19		12		n.d.		9		3.7		n.d.		12		10.34		n.d.		15		7.75

																																								38-16 µm		16-8 µm		8-4 µm		4-2 µm		<2 µm

																																						CaO+LOI		88.75		89.9		91.22		91.62		92.86

																																								5.542		4.33		3.88		3.77		2.088

																																						MgO		0.986		1.09		0.638		0.784		1.39

																																								1.416		1.19		1.48		1.104		0.9

																																								1.346		1.39		0.886		0.764		1.254

																																								0.898		1.03		1.09		1.27		0.352

																																								0.324		0.426		0.288		0.372		0.364

		Fractions		38-16 µm						16-8 µm						8-4 µm						4-2 µm						<2 µm												0.156		0.156		0.097		0.096		0.678

				Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average		Minimum		Maximum		Average

		CaO		48.68		50.88		49.56		50.19		50.45		50.33		50.85		51.26		51.03		51.09		51.65		51.27		51.7		52.45		52.07

				4.92		5.95		5.542		4.25		4.52		4.33		3.79		3.95		3.88		3.64		3.95		3.77		1.88		2.35		2.088

		MgO		0.79		1.18		0.986		0.95		1.26		1.09		0.54		0.74		0.638		0.69		0.85		0.784		1.29		1.53		1.39

				1.35		1.47		1.416		0.96		1.35		1.19		1.39		1.58		1.48		0.95		1.26		1.104		0.78		1.02		0.9

				0.87		1.66		1.346		1.35		1.42		1.39		0.79		0.96		0.886		0.57		1.01		0.764		0.95		1.79		1.254

				0.81		0.96		0.898		0.96		1.16		1.03		1.04		1.15		1.09		1.15		1.38		1.27		0.19		0.53		0.352

				0.26		0.39		0.324		0.35		0.52		0.426		0.25		0.35		0.288		0.26		0.45		0.372		0.21		0.52		0.364

				0.07		0.19		0.156		0.11		0.19		0.156		0.015		0.19		0.097		0.08		0.12		0.096		0.09		0.23		0.678

		L.O.I		38.78		39.56		39.19		39.26		39.78		39.57		39.95		40.52		40.19		40.06		40.71		40.35		40.69		40.9		40.79

		Total (%)						99.418						99.512						99.579						99.78						99.886

		Trace elements (p.p.m.)

		Sr		4986		5536		5221.4		4168		5021		4665.6		5098		5625		5300.6		1369		1652		1510.4		1356		1857		1605.8

		Cu		38		45		41		40		49		43.4		42		51		46.6		38		48		41.2		38		48		42.4

		Mn		158		171		162.6		129		158		144.4		178		201		190.6		178		201		190		105		158		127.4

		Ba		49		62		56.2		33		41		36.8		24		35		29.4		n.d.		10		6.5		n.d.		6		4

		Pb		59		71		65.6		17		33		28.2		n.d.		10		5.34		n.d.		9		7		n.d.		11		6.25

		Cr		16		43		31.6		n.d.		5		2.75		15		20		18		95		125		111		10		21		15.2

		Zn		9		35		19.6		9		25		15.6		3		18		10.4		n.d.		10		5		n.d.		10		5.25

		Co		14		29		22.4		10		15		11.8		29		45		37.2		21		35		28.4		5		18		11.4

																																								sum of		sum of

																																								fractions		fractions

																																								>38µm		<38µm

																																						CaO+LOI		55.888		90.87						CaO+LOI		55.888		90.87

								Averages of																																18.59		3.922						other oxides		25.5122		8.765

								fractions										sum of		fractions										sum of								MgO		0.8876		0.9776						SiO2		18.59

								>500		500-300		300-180		180-63		63-38		fractions		(38-16)		(16-8)		(8-4)		(4-2)		(<2)		fractions										0.727		1.218

								µm		µm		µm		µm		µm		>38µm		µm		µm		µm		µm		µm		<38µm										0.6436		1.128

						CaO		27.34		29.64		27.9		18.26		26.22		25.872		49.56		50.33		51.03		51.27		52.07		50.852										0.2612		0.928

								5.75		3.59		10.48		33.6		39.53		18.59		5.542		4.33		3.88		3.77		2.088		3.922										0.5014		0.3548

						MgO		0.69		0.366		0.384		0.996		2.002		0.8876		0.986		1.09		0.638		0.784		1.39		0.9776										0.1974		0.2366

								0.063		0.758		0.384		0.51		1.92		0.727		1.416		1.19		1.48		1.104		0.9		1.218										22.294		0

								0.62		0.332		0.416		0.7		1.15		0.6436		1.346		1.39		0.886		0.764		1.254		1.128										99.9902		99.635

								0.176		0.06		0.056		0.264		0.75		0.2612		0.898		1.03		1.09		1.27		0.352		0.928

								0.264		0.258		0.15		0.8		1.035		0.5014		0.324		0.426		0.288		0.372		0.364		0.3548

								0.081		0.32		0.038		0.082		0.466		0.1974		0.156		0.156		0.097		0.096		0.678		0.2366

								34.77		27.3		23.84		19.5		6.06		22.294		*		*		*		*		*		*

						L.O.I		30.24		37.66		36.44		25.16		20.58		30.016		39.19		39.57		40.19		40.35		40.79		40.018

						Total (%)		99.994		100.284		100.088		99.872		99.713		99.9902		99.418		99.512		99.579		99.78		99.886		99.635

						Trace elements (p.p.m.)

						Sr		3443.6		2534.4		2932.2		4828.6		1716.2		3091		5221.4		4665.6		5300.6		1510.4		1605.8		3660.8

						Cu		7.4		112		14.2		16		14.8		32.88		41		43.4		46.6		41.2		42.4		42.92

						Mn		94.8		58.2		138.8		224.2		259.6		155.12		162.6		144.4		190.6		190		127.4		16.3

						Ba		48.6		46		130.8		429.6		257.4		182.48		56.2		36.8		29.4		6.5		4		26.58

						Pb		7.34		38.75		29.7		40.4		13.4		25.92		65.6		28.2		5.34		7		6.25		22.48

						Cr		6.75		13.67		13.75		15.34		34		16.7		31.6		2.75		18		111		15.2		35.71

						Zn		29.25		29.4		45.6		24.2		40		33.69		19.6		15.6		10.4		5		5.25		11.17

						Co		36		12		3.7		10.34		7.75		13.86		22.4		11.8		37.2		28.4		11.4		22.24



Table (2): Percentages of different grain size (>38 µm) for Lisan deposits using wet mechanical process for five channel samples.

Table (3): Percentages of different grain size (<38 µm) for Lisan deposits using pipette method for five channel samples.

Table (7):Chemical analysis of different fractions (>38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (8):Chemical analysis of different fractions (<38µm) separated from whole channel samples from Lisan Peninsula deposits.
                  Oxides in percent and trace elements in p.p.m

Table (11):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (>38 µm) from Lisan Peninsula deposits.

Table (12):Minimum, maximum and average of major oxides in (%) and trace elements in (p.p.m.) 
                    for 5 whole channel samples of different fractions (<38 µm) from Lisan Peninsula deposits.

Continued Table (7)

Continued Table (8)

Table (13): Averages and sumation of major oxides in (%) and trace elements in (p.p.m.) for different  fractions 
                           (>38 µm and <38 µm) of 5 whole channel samples from Lisan Peninsula deposits.
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Figure (15): Relationship between the averages of major oxides (in%) for the different fractions (>38µ m) separated from whole channel samples of Lisan Peninsula deposits (data from Table 11).
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Figure (16): Relationship between the averages of major oxides (in%) for the different fractions (<38µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 12).
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Figure (6): Relationship between the averages of major oxides (in%) for the different fractions (>38 µm and <38 µm) separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).
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Figure (7): Relationship between the average of CaCO3 (CaO+LOI), SiO2 and other major oxides (in%) for the different fractions (>38 µm) (Fig. 7.1) and fractions (<38 µm) (Fig. 7.2)separated from whole channel samples of Lisan Peninsula deposits (data from Table 13).

Figure (7.1): Fractions (>38 µm).

Figure (7.2): Fractions (<38 µm).
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Figure (1): Weight percentages of different grain sizes (>38 µm and <38 µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables; 1,2 and 3).
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Figure (2): Weight percentages of different grain sizes (>38 µm and <38 µm) of Lisan Peninsula deposits after separated by wet mechanical process and pipette method (data from Tables; 1,2 and 3).
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Figure (11): DTA and TG curves for sample (Sd5) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the dark laminae after separated.
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Figure (10): DTA and TG curves for sample (SW4) from Lisan Peninsula deposits, showing the different endothermic and exothermic peaks of the light laminae after separated.
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Figure (9): X-ray diffraction patterns of the clay fractions (<2µm) separated from channel sample (Ch5) of Lisan Peninsula deposits.
A: Untreated (Normal).
B: Glycolated.
C: Heated.
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