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Abstract 
Mineralogical and chemical analysis of two well cutting in quaternary sediments at Basrah city. This study have 
been focused on the quaternary clay minerals variations which give a clear indication to marine transgression 
and or / regression in Hammar formation. Kaolinite, Illite, Palygoreskite, Illite-Palygorestike mixed layer, 
Chlorite, Montmorillonite, Vermiculte, and mixed layers of Illite- Smectite are the most quantitatively important 
phyllosilicates in soil studies in both boreholes. The mineralogical composition of cutting sediments shows 
significant variability in the different size fractions and depth distribution. Chlorite and kaolinite minerals were 
increase in the fine grain size especially in the clayey silt, whereas montmoriolllinite and vermiculite minerals 
were increase in coarse grains especially in silty sand texture. Kaolinite decrease in abundance with depth, which 
give indicative of a transition from non-marine in quaternary recent sediment ( fresh or brackish water silt) to 
marine facies in quaternary Hammar formation ( marine shelly silt) during last transgression of quaternary. 
Palygoreskite mineral percentages increasing at depths 27 and 28 meter , after decreased at 30, 32, 35 , and 40 m 
respectively , which give data indication that early quaternary marine transgression happened in 32m , and center 
of quaternary marine transgression detected in 27 and 28 meters , while late marine transgression detected in 17 
m , and all of these represent by Hammar formation. Soil ageing also caused to downward increase of 
montmorillonite suggest to climate became more arid during the early quaternary. Variations ratio of 
montmorillonite versus kaolinite can be indicated to climatic fluctuation. Illite-Semectite featured indicates 
changes in both sediment source and paleoclimate. Illite transformation for Illite-Palygoreskite mixed layers with 
ageing. Vermiculite has strong susceptibility to increase with age. SiO₂, Al₂O₃, CaO, MgO, K₂O, and Fe₂O₃ were 
the major oxides that identified in present study and used as indicated of clay minerals in studied sediments. 
Keywords: quaternary, hammar, paleoenvironment, basrah city, recent sediments, minerals variations 
1. Introduction 
Clay mineral analysis has been widely used to characterize soil parent material and to relate it to the bedrock 
(Bronger et al., 1994; Iacoviello and Martini, 2012), as well as to associate mineralogical transformation with 
changes in climate and weathering intensity ( Bini and Mondini, 1992). Distributions of clay minerals can be 
used for the reconstruction of paleoclimates and paleoenvironments, especially if it coupled with geological, 
geomorphological, and soil surveys studies (Vanderaveroet et al., 1999, Costantini and Damiani, 2004). 
Montmorillonite, illite, chlorite, and kaolinite are the major four proxies of clay minerals to test 
paleoenvironmental hypotheses. Larsen and Chilingar (1967) and Keller (1970) point to higher amount of 
alumina content in kaolinite minerals between (20-40%) in acidic climate, and both of Tucker (1985) and Velde 
(1992) stated that kaolinite is product during chemical weathering in higher temperature and moisture climate. 
Montmorillonite is indicate to alkaline environment (Millot, 1970; Weaver and Pollard, 1975). Selley (1976) 
stated that montmorillonite minerals have more than 20% of water, calcium and magnesium. Chlorite and Illite 
tend to be linked to a cold and/or temperature climate regime, where physical weathering predominates 
(Millote,1970; Carroll, 1970; Velde,1992). Chlorite minerals have a higher percent of iron ions while illite have a 
higher amount of potassium ions as mentioned previously by Correns (1973) and Selley (1994). The quaternary 
deposits in the southern Mesopotamian basin consist of complicated interbedded sequences of sand, silt and clay 
(sometimes rich in organic materials) (Al-Jumaily, 1994; Al-Jaberi, 2010). These sequences mostly represent the 
fluviatile, lacustrine, and deltaic sediments (Budy, 1980). The present study aims to evaluate the temporal 
distribution of clay minerals of quaternary deposits in two boreholes in center of Basrah city (Figure 1), 
additionally, to discuss the change of sediment sources through time and to reveal possible relationship with 
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climate and environmental changes.  
2. Study Area 
Two boreholes were choose in Basrah city center–Southern Iraq, the first one were located at 30°32'18.36"N and 
47°49'37.02"E, the second were located at 30°31'23.89"N and 47°50'21.36"E (Figure 1). 

 
Figure 1. Map of study area 

 
3. Materials and Methods 
Sediments boreholes 40m depth, was drilled by used rotary rig in two position of Basrah city center in 2016 
(Figure 1). On- site sediment description was made during the coring. Sediment lithology, bedding, fauna, fossils, 
plant fragment and all of sediment details logging was carried out in the laboratory when splitting the cutting 
samples. Clay minerals assemblages for each boreholes were conducted for depths 3, 9. 13, 17, 23, 26, 27, 28, 30, 
32, 35, and 40 meters basis of lithologic changes in the section. All samples was carried out by successive 
washing with distilled water after adding H₂O₂ and 10% HCl. particles less than 0.02 mm were separated by 
adding 15 ml of Na- Hexameta Phosphate according to Folk (1974). X-Ray diffraction (XRD) measurement 
were performed under 3 conditions separately, air-dried, ethylene glycol, and heated at 550⁰c for 2 hours. X-ray 
diffraction patterns were obtained by means of D-5000 X-ray diffractometer, using CuKα source in wave- length, 
v= 1.54056Å at 40 kV and 30 mA between 5-40° and 5-6 2θ for non-clay minerals and 2-20˚ for oriented clay 
minerals in step of 0.04 and step time at an interval of 1.5 per second using a rotating sample holder. 
Geochemical analysis (Major oxides) calculated by inductively coupled plasma Atomic emission spectrometry 
(ICP-AES), and inductively coupled plasma Mass spectrometry (ICP-MS) in the ALS Laboratory group in Spain 
and Sweden. 
4. Grain Size Analysis 
Variation content of sand, silt and clay in two boreholes sediments were stated in tables (1 and 2) and figures (3 
and 4). Sediments texture classified according to Picard (1971). Table (1) and figure (2) showed grain size 
analysis and texture for cutting sediments in borehole (1). Silt and clay fractions were dominant at depth of 0.5 to 
23.5 meters with clayeysilt texture, while sand content started increment from 63 % at depth 26 meter to 70 % at 
40 meter with texture siltysand as shown in table (1) and figure (2). Results of grain size analysis of cutting 
sediments in borehole (2) were shown in table (2) and figure (3). Silt and clay fractions were superior in this 
borehole from 1.5 meter depth to 21.5 meter with clayeysilt texture, while sand content started increased from 
55 % at depth of 24 meter to 73 % at 40 meter with siltysand texture. 
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Table 1. Grain size and texture of cutting sediments in borehole (1) 
Depth (m) 
From - to 

Clay % Silt% Sand% Texture 

0.5 - 1m 23 77 0 Clayeysilt
3 – 3.5m 28 72 0 Clayeysilt
6 - 6.5m 26 71 3 Clayeysilt
8 - 8.5m 40 56 4 Clayeysilt
11 -11.5m 16 80 4 Clayeysilt
14 -14.5m 17 81 2 Clayeysilt
17 -17.5m 21 74 5 Clayeysilt
20 -20.5m 18 75 7 Clayeysilt
23 -23.5m 17 80 3 Clayeysilt
26 -26.5m 10 27 63 Siltysand 
29 -29.5m 9 29 62 Siltysand 
31 -31.5m 9 31 60 Siltysand 
33 -33.5m 8 30 62 Siltysand 
35 -35.5m 8 25 67 Siltysand 
39 –40m 7 23 70 Siltysand 

 

 
Figure 2. Sediment log of cutting sediments in borehole (1) 
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Table 2. Grain size analysis and texture of cutting sediments in borehole (2) 
Depth (m) 
From - to 

Clay % Silt% Sand% Texture 

1- 1.5m 33 67 0 Clayeysilt
4- 4.5m 21 76 3 Clayeysilt
7- 7.5m 19 78 3 Clayeysilt
10- 10.5m 20 80 0 Clayeysilt
13- 13.5m 18 80 2 Clayeysilt
16- 16.5m 19 79 2 Clayeysilt
19- 19.5m 23 67 10 Clayeysilt
21- 21.5m 36 55 9 Clayeysilt
24- 24.5m 10 35 55 Siltysand
27- 27.5m 10 29 61 Siltysand
30- 30.5m 9 35 56 Siltysand
33- 33.5m 9 31 60 Siltysand
35- 35.5m 8 20 72 Siltysand
39- 40m 7 20 73 Siltysand

 

 
Figure 3. Sediment log of cutting sediments in borehole (2) 
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5. Clay Minerals Distribution 
Nine principal clay minerals were identified in borehole sediments : Palygoreskite, Chlorite- Montmorillonite 
mixed layer, Illite , Chlorite, montmorillonite , Kaolinite , Vermiculte, , mixed layer Illite-Smectite and 
Illite-Palygorestike respectively . These minerals were identified by methods described by Carrol (1970), 
Brindley and Brown (1980), and Reynolds (1980) (Figures 6 to 17).  
Clay minerals content at different depths clarified in tables (3 and 4) and figures (4 and 5). Palygoreskite 
dominates ranging from 10-55 % with average 21% in borehole (1) and between 11-57% with average of 21 % 
in borehole (2). Illite is secondary from 4-45% with average 20 % in borehole (1), and ranging from 5-40% with 
average 19% in borehole (2). Mixed layers of Chlorite- Montmorillonite is third ranging from 13-54% with 
average of 19% in borehole (1), while average of these layers in borehole (2) ranging between 3-51% with 
average 18% . Kaolinite is decreasing trend downward in the cutting , ranging from 8-20 % with average 15% in 
borehole (1) and ranging between 7-25% with average 15% in borehole (2). Montmorillonite is increasing trend 
with depth , ranging from 7-30% with average of 10% in borehole (1), whereas ranging from 6-30 % in borehole 
(2) with average 11 %. Whereas Chlorite ranges from 8-42% with average 6% , while ranging in borehole (2) 
between 3-40% with average of 6%. Mixed layer of Illite- Palygoreskite present just in depth of 26 meter with 
31% in borehole (1) and 38% in borehole (2). Vermiculite existed in deep sediments ranging from 19-27 % with 
average of 7% in borehole (1), and ranging from 18-27 % in borehole (2) with average of 7%. Whereas mixed 
layer of Illite- Smectite appeared only at 30 meter depth of 19% and 17% in borehole 1 and 2 respectively. 
 
Table 3. Clay minerals distribution in borehole (1) 
Clay 
minerals 3m 9m 13m 17m 23m 26m 27m 28m 30m 32m 35m 40m Average Rang

Cl- M% 18 - 20 38 54 37 41 13 - - - - 19 13-54
M% 17 - 11 - - 7 - - 14 15 25 30 10 7-30
Ch% - 42 22 - - - - 8 - - - - 6 8-42
I-P% - - - - - 31 - - - - - - 2 - 
I% 45 37 21 8 7 5 - 10 4 30 35 25 20 4-45
P% - - 10 32 23 - 44 55 26 25 12 10 21 10-55
K% 20 20 17 18 15 16 15 14 13 10 8 8 15 8-20
Ver. % - - - - - - - 19 20 20 27 7 19-27
I-S% - - - - - - - 19 1 - 
Cl-M : Chlorite- Montmorillonite, M: Montmorillonite, Ch: Chlorite, I-P: Illite- Palygoreskite, I: Illite 
P: Palygoreskite, K: Kaolinite, Ver: Vermiculite, I-S: Illite-Smectite 
 

 
Figure 4. Clay mineral variations through depth in borehole (1) 
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Table 4. Clay minerals distribution in borehole (2) 
Clay 
minerals 3m 9m 13m 17m 23m 26m 27m 28m 30m 32m 35m 40m Average Rang

Cl- M% 15 - 18 35 51 33 32 17 4 3 - - 18 13-54
M% 20 7 8 - - 6 7 - 14 17 22 30 11 6-30
Ch% - 40 20 7 - - 5 3 - - - 6 3-40
I-P% - - - - - 38 - - - - - - 3 - 
I% 40 30 23 7 8 7 - 9 5 32 36 23 19 5-40
P% - - 11 31 25 - 46 57 27 20 14 12 21 11-57
K% 25 22 20 18 15 14 13 12 11 9 8 7 15 7-25
Verm% - - - - - - - - 18 19 19 27 7 18-27
I-S% - - - - - - - - 17 - - - 1 - 
Cl-M : Chlorite- Montmorillonite, M: Montmorillonite, Ch: Chlorite, I-P: Illite- Palygoreskite, I: Illite 
P: Palygoreskite, K: Kaolinite, Ver: Vermiculite, I-S: Illite-Smectite 

 

 
Figure 5. Clay mineral variations through depth in borehole (2) 

 
Figure 6. X- ray diffraction of sediments at 3 meter 
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Figure 7. X- ray diffraction of sediments at 9 meter 

 
Figure 8. X- ray diffraction of sediments at 13 meter 
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Figure 9. X- ray diffraction of sediments at 17 meter 

 

 

Figure 10. X- ray diffraction of sediments at 23 meter 
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Figure 11. X- ray diffraction of sediments at 26 meter 

 

 
Figure 12. X- ray diffraction of sediments at 27 meter 
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Figure 13. X- ray diffraction of sediments at 28 meter 
 

 
 

Figure 14. X- ray diffraction of sediments at 30 meter 
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Figure 15. X- ray diffraction of sediments at 32 meter 

 

 
Figure 16. X- ray diffraction of sediments at 35 meter 
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Figure 17. X- ray diffraction of sediments at 40 meter 
 
6. Discussion 
Depth distribution of clay minerals can be used to infer the sediment provenance and its variability through time 
(Pal et al., 2012). Present study is representing by study of clay minerals distribution and their variations in 
quaternary deposits that advertised by recent deposits and Hammar formation. Nine principal clay minerals were 
recognized in cutting sediments: Kaolinite, Illite, Palygoreskite, Illite-Palygorestike mixed layer, Chlorite, 
Smectite, Vermiculte, and mixed layers of Illite- Smectite. 
The mineralogical composition of sediments shows significant variability in the different size fractions and depth 
distribution, for example, the content of chlorite and kaolinite increase in the fine grain size especially in the 
clayey silt, whereas the montmoriolllinite, and vermiculite were increase in the coarse grains especially in the 
silty sand texture. Variations of clay minerals assemblage may be caused by a change of climate or sediment 
source. Soil ageing is characterized by a variation in clay mineral types that increase with age (Costantini and 
Damiani, 2004 and Pal et al., 2012). Kaolinite were decreased from 20% to 8% at borehole 1, and from 25% to 
7 % at borehole 2 in 3 and 40 meter depth respectively ( Tables 3 and 4, figures 4 and 5), this trend is probably 
indicative of a transition from non marine in quaternary recent sediment ( fresh or brackish water silt) to marine 
facies in quaternary Hammar formation ( marine shelly silt) during last transgression of quaternary (Tables 1 and 
2) which supports the interpretation of detrital origin for kaolinite as previously mentioned by both of Gurel and 
Kadir (2010). The present results are the same as Hudson et al. (1957), Geukens (1966), Najar (1989) and Al- 
Jumaily (1994) results which emphasizes that the marine Hammar formation were found at depth of 17-18 meter 
in Basrah city. Palygoreskite mineral is increased from 44% to 55% at depth 27 and 28 m in borehole 1 
respectively, and from 46-57 % in 27 and 28 meter of borehole (2), after these percentages decreased directly in 
30, 32, 35 , and 40 m to reach for 10% (Tables 3 and 4), which give data indication that early quaternary marine 
transgression happened in 30m , and center of quaternary marine transgression detected in 27 and 28 meters, 
while late marine transgression detected in 17m, and all of these represent by Hammar formation. A hopeful note 
was sounded by Al-Jaberi (2015) who concluded that most origin of palygoreskite mineral is autigenis because 
the inner structure of this mineral prevent it to transport for long distance, and the marine environments with 
high rate of temperature, evaporation, salinity, and alkalinity are suitable condition to form this mineral in-Situ. 
Soil ageing also caused to downward increase of montmorillonite from 17% in 3 meter to more than 30% in 40 
meter of borehole (1) (Figure 4), whereas, it increased from 20 % in 3 meter to 30% in 40 meter in borehole (2) 
(Figure 5), indicated that the climate became more arid (Jing Chen et al., 2014) during the early quaternary. 
Variations ratio of montmorillonite versus kaolinite can be indicated to climatic fluctuation. There are reverse 
relationship between montmorillonite and palygoreskite minerals (Tables 3 and 4), showing the same results of 

2 Theta
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Mackanzie et al. (1981) and Al-Jaberi (2015), reported that palygoreskite mineral formed during dissolve 
montmorillonite mineral in alkaline environment with content of silica and magnesium. Illite- Smectite mixed 
layer can be detected at 30 m depth. Perry and Hower (1970) postulated that smectite transformation to mixed 
layer Illite-Smectite phase has been reported by several investigator to be a consequence of burial diagenses. 
Chen et al. (2014) visualized that Illite-Smectite featured indicates changes in both sediment source and 
paleoclimate. Content and crystallinity of illite, sensitive to climate change, records the strong fluctuations of the 
climate during quaternary as mentioned previously by Chen et al. (2014). Illite transformation for I-P mixed 
layers with ageing. Vermiculite have strong susceptibility to increase with age (Costantini and Damiani, 2004), 
for this reason it appear in a higher depth cutting at 30, 32, 35and 40 meters. Vermiculite increase through 
transformation of illite and chlorite into a series of intermediate HIV and mixed layer. Soil ageing causes a 
variations in the composition of clay mineral producing trends through the horizons, changes continue to occur 
in older horizons and are prominent for each of kaolinite, montmoillonite and vermiculte. Major oxides 
Variations at different depths clarified and depicted at table 5 and figure 18. Silica sediments content is present at 
lower percentages at 3 to 23 meters, thereafter it starting increase at 26 to 40 meters. SiO₂ increase with 
increasing depth could be indicator of higher sand contents with depth increasing in both boreholes. Al₂O₃ 
decreased gradually upward coring as indication to decrease of Kaolitite mineral. Larsen and chilingar (1967) 
and Al-Jaberi (2005) postulated that kaolinite mineral is a high alumina clay with alumina percent between 20 % 
to 40 % from the whole oxides component. There are reverse relationship between both of Alumina and Silica, 
this result may lead to increase sand sediments content with decrease of clay minerals especially kaolinite 
minerals. CaO and MgO increasing with increase of palygoreskite mineral in depths 27 and 28 meters. Most of 
the following information is based on the work of Aqrawi (1993) and Velde (1993) gave date indications to 
magnesium and calcium ions in the saline alkaline environment are the suitable environment to form 
palygoreskite in situ. While Na₂O increase with downward coring as indicator to high montmorillonite contents 
with increase depth. A hopeful was sounded by Weaver and Pollard (1976) that sodium oxides content in 
montmorillonite was more than other clay minerals. On the other hand, can be used Potassium Oxides (K₂O) as 
index for Illite minerals present, and observed abundance of K₂O with higher percentages at depths 3, 9,13, 32, 
35, and 40 meters, giving a good evidence of higher Illite at these depths. Selley (1994) and Weaver and Pollard 
(1967) mentioned that potassium oxides reached from 7.2 % to 8% in Illite minerals. Iron oxides present in 
higher percent in chlorite mineral as showed by Correns (1973) reach to more than 8%. Iron oxides decreased 
with depths, this result can be used to interpreted to decrease of Chlorite mineral at these depths. 
 
Table 5. ICP analysis of cutting sediments 

Major oxides 3m 9m 13m 17m 23m 26m 27m 28m 30m 32m 35m 40m
SiO₂% 30 31 32 31 30 49.6 49.9 50 51 51.5  56 57
Al₂O₃ % 11 13 10.4 10.2 10.5 9.96 8.87 7.2 7.1 6.8 6.5 6.4
Na₂O % 1.8 1.6 1.5 1.55 1.6 1.5 1.4 1.43 1.65 1.66 1.72 1.8
Fe₂O₃ % 3 7 6.7 6.8 7 5 4.2 4.4 4 3.5 2.5 2.6
CaO % 19 18 19 20 21 22 23 23.7 23.9 22.7 21 20.8
K₂O % 1.54 1.32 1.28 1.21 1.2 1.12 1.1 0.98 0.88 1.23 1.35 1.33
MgO % 5.54 5.23 5.7 7.3 6.9 7.1 8.1 8.4 7.4 7.2 6.3 5.4
L.o.I %   23 20 - - - 3 2 3 3 3 4 3

 

 
Figure 18. Major oxides variations through depth 
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7. Conclusion 
1) Clayeysilt texture is a dominant texture from surface sediments tell depth at 23.5 m in borehole 1 and 21.5m 

in borehole 2, while siltysand is a dominant texture after that depths. 
2) Chlorite and kaolinite minerals were increase in the clayeysilt texture, whereas montmoriolllinite and 

vermiculite minerals were increase in the siltysand texture. 
3) Kaolinite and palygoreskite indicated to transgression and or / regression in Hammar formation. 
4) Montmotillionite, Vemmiculite, Mixed layers of Illite-Palygoreskite and Illite- Smectite minerals are refer to 

soil aging with depth. 
5) SiO₂, Al₂O₃, CaO, MgO, K₂O and Fe₂O₃ are used to identify of clay minerals present in sediments of studied 

area. 
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