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ABSTRACT
A total number of 22 samples representing the Jurassic Formations (Hussainiyat, 

Amij and Muhaiwir) from the clastic units were collected and used for mineralogical 
studies.                                                                                        

X-ray diffraction studies have proved that kaolinite is the dominant clay mineral, the 
mixed layer illite/ smectite is randomly interstratified and rich in K-poor illite. Based on 
x-ray pattern decomposition of 001 reflection in conjunction with the chemical
analysis of the clay fractions, it has been found that there is a difference in K
replacement by H2O between illite of the southern parts, having the formula of
[H2O1.2K0.3Al4(Al0.3Si7.7)O20(OH)4], and the illite of the northern parts
[ H2O0.9K0.6Al4(Al0.6Si7.4)O20(OH)4].                                         

Based on illite/ smectite composition there is a variation in pH of the deposi-tional 
environments and the intense weathering between northern and southern parts of the 
Formations. The variations have been deduced from the clay mineral assemblages.

ــــــــــــــــــــــــــــــــ ــــــــــــــــــــــ

متداخل الطبقات السمكتایت/ التقییم غیر المباشر للتركیب الكیمیائي في الالایت

  وتطبیقاته في بیئة الترسیب
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/ وان معــدن الالایــت، اثبتــت دراســات حیــود الاشــعة الســینیة ان الكاولینایــت هــو المعــدن الطینــي الســائد      

وغنـي بمعـدن الالایـت الفقیــر  (randomly stratified)السـمكتایت متـداخل الطبقـات ذات تـداخل عشـوائي

وبالارتبـــاط مـــع التحلیـــل الكیمیـــائي ٠٠١اســـتناداً الـــى تفســـیر انمـــاط الاشـــعة الســـینیة للانعكـــاس . بالبوتاســـیوم

وتاسـیوم الـذي یحـل محـل المـاء بـین الالایـت فـي الاجـزاء وجد انه هناك اختلاف في كمیة الب، للاجزاء الطینیة

وبـین الالایـت فـي الاجـزاء [H2O1.2K0.3Al4(Al0.3Si7.7)O20(OH)4]الجنوبیة للتكـاوین التـي لهـا الصـیغة 

  .[H2O0.9K0.6Al4(Al0.6Si7.4)O20(OH)4]الشمالیة للتكاوین ذات الصیغة 

الســمكتایت هنــاك تبــاین فــي قــیم الأس الهیــدروجیني /  یــتاسـتناداً الــى وجــود الاخــتلاف فــي تركیــب الالا      

كـذلك تـم اسـتنتاج هـذه ، لبیئات الترسیب وفي شدة التجویة بـین الاجـزاء الشـمالیة والجنوبیـة للتكـاوین المدروسـة

  .الاختلافات من تجمعات المعادن الطینیة

ـــــــــــــــــــــــــ ــــــــــــــــــــــــ   ـــــ

INTRODUCTION  
The Jurassic System (Hussainiyat, Amij, Muhaiwir and Najmah Formations) in 

western desert of Iraq (Figure 1) is characterized by the alternations of clastic (lower 
parts) and carbonate (upper parts) units. Generally, the clastic units are composed of 
claystone and sandstone with intercalation of carbonate facies (marl, clayey 
limestone…etc.) especially in the northern parts of Amij and Muhaiwir Formations and 
with ironstone especially in Hussainiyat Formation (Al-Mubarak and Amin, 1983; Jassim 
et al., 1984, 1986; Al-Naqib et al., 1986; Al-Sengary, 1987; Ismail, 1996; Tobia, 2005).                                                       
       It is evident from a recent study (Tobia, 2005) that there is a variation in the 
depositional environment of the northern from the southern parts of the Hussainiyat, 
Amij and Muhaiwir Formations, due to the variation in pH and Eh and also the more 
effect of the sea water on the northern part. The variation has been deduced from mineral 
chemistry and its assemblages. 

As the chemistry of the clay minerals is very sensitive to the environmental changes 
(from weathering and transportation to the deposition), the current study focused on the 
clay fractions of the clastic units of above mentioned Formations. The clastic units are 
composed mainly of kaolinite with illitic clays. However, the illitic clays are usually 
mixed layer with the illite making up to 80% of the clay layer with the smectite making 
the rest. Aja and Rosenberg (1992) have suggested that the illite/ smectites have four 
distinct compositions: K0.29/O10(OH)2 (S), K0.5/O10(OH)2 (IS), K0.69/O10(OH)2 (ISII) and 
K0.85/O10(OH)2 (I) with the illite- rich forms being more stable at elevated temperatures.                        
There are many difficulties for the direct evaluation of the composition of illite 
interstratifications, and in order to overcome these difficulties an indirect evaluation is 
carried out. The aim of this study, however, is to relate the K for H2O substitution, and to 
extrapolate the pH conditions.                                                                                                                      
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100g of each studied sample (22 samples from 7 sections and 2 bore-holes) were 

grounded in a porcelain mortar. The clay fractions (<2μm) and bulk samples were 
analyzed for K contents using a Flame Photometer 410 of Sherwood Company. The clay 
fraction was separated by pipette method described by Folk (1974). The suspensions of 
these fractions were dried on glass slides. The clay samples in oriented mounts were run 
under three separate conditions: air dried, ethylene glycol treatment and heating to 550◦C 
for 1 hour. X-ray diffraction patterns of oriented aggregates were examined by Philips 
PW 1410 Spectrophotometer, equipped with a monochromatic CuKα radiation at 40kV 
and 20mA.                                                                                                  

The peaks of the clay minerals were identified, and the layer sequence  of illite/ 
smectite interstratification was quantified by using the curves developed by Tomita and 
Takahashi (1985) based on intersecting d-values of illite/ smectite for 001and 002 
reflections. The intersection point represents PSI (y-axis) and PIS (x-axis). PSI is
probability that an illite layer succeeds smectite layer where the first layer is smectite; PIS

is probability that a smectite layer succeeds an illite layer where the first layer is illite. 

50 0 50 100
km

studied 
area

Rutba
h  

  

10
AS

11H
S

7MM  
    

5H
N  

0    4    8 
km

Rutba
h

Baghdad- Amman 
highway

Wadi 
Hussainiyat

Wadi 
Horan

Wadi Amij

to 
Baghdad

W
ad

i R
ej

la
t 

d-
D

ab
e

41° 15'
00"

40° 45' 
00"

40° 15' 
00"

33
° 

30
' 0

0"
  

33
° 

15
' 0

0"
  

33
° 

00
' 0

0"
  

to
 A

ka
sh

at

Fig. 1: Location of study area. Enlarged map showing  
positions of the sections and boreholes. 

    ●
3AN  2MN  ● 1NN

6AM
●

    
1C/35  ●     

124/24  

N

Materials and Methods



4       Iraqi Journal of Earth Sciences- Vol. 8-  No 1- May- 2008

From the PSI and PIS, the probability of illite layer PI and the probability of smectite layer 
PS  follow the following equations ( Brindley and Brown, 1980) and thus could be drawn:                                                  
       

  PI + PS =1                                          
          PII + PIS =1  
          PSS + PSI =1
          PIS = PS PSI / PI   

    

RESULTS AND DISCUSSION
X-ray diffractograms of separated clay fraction (<2μm) of some selected claystone 

samples are shown in Figure 2. Mineralogically, the study shows that kaolinite is the 
dominant mineral in clay fractions. The illite/ smectite mixed layers (randomly 
interstratified structures) with non-integral peaks at positions intermediate between the 
peaks from the individual mineral layers, are lesser extending in Hussainiyat, Amij and 
Muhaiwir and absent in Najmah Formation. The other clay minerals are in minor 
amounts, these are palygorskite which is limited in the northern parts of Amij and 
Muhaiwir and chlorite in Amij but in lesser amount in Najmah.                                                                                    

The percentage of each clay mineral was calculated (Table 2) using area under curve 
of the diffractogram peaks and the probability junction. 

The proportion of illite (in illite/ smectite interstratification) varies between 73.9% 
in the upper part of the southern section (Hussainiyat Formation) to 93.2% in the upper of 
the middle section (Amij Formation). Relative proportions of illite and smectite within 
the I/S phases show no clear trends with increasing depth and age (Table 2). This points 
to the possibility that the smectite to illite transformation did not occur in situ or the illite/ 
smectite interstratification is of model B, where, Stixrude and Peacor (1997) found two 
models of illite/ smectite interstratified clay mineral: model A views as stacking of layers 
identical to end member illite and smectite layers, implying discrete and independently 
formed unit, whereas model B views the clays as composed of crystallites with a unique 
structure that maintains coherently over much greater distances. The total energy of the 
model B is 2.3 kJ atom-1mol-1 lower than that of model A. The latter has less stability; 
however, this energy difference can be traced to structural distortions in model A due to 
local charge imbalance. Hence, the studied illite/ smectite interstratifications of model B, 
is the more stable one.

Figure 3 shows the dispersive relationship between the illite% and K content; the 
existence of molecular water (H2O) which occupies unfilled interlayer positions, is 
partially responsible for weakening and dispersion of the statistical correlation between 
illite% and K content in the studied clay fraction.
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Brown and Norrish (1952) suggested that the deficiency of K+ ions is partly the 
result of H2O

+ substitution in the interlayer region. However, Hower and Mowatt (1966, 
cited in Brindley and Brown, 1980) concluded that the excess H2O

+ in illite is present as 
neutral H2O trapped in non-expandable layers.  Interstratification of illite with smectite 
layers will decrease the average number of interlayer cations and increase the water 
content. The high value of H2O in excess of that required for the hydroxyl ions 
[O10(OH)2] is surface sorbed water, either physically or chemically sorbed by so called 
broken bonds, and/ or as molecular water occupying interlayer positions not filled by K+

and equivalent ions (Brindley and Brown, 1980).                      
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Table 1: The probability of succession of illite and smectite layers and the     frequency of 
occurrence of illite and smectite layers of selected claystones and calcareous 
claystones of Iraqi western desert. 

PIS: probability that smectite layer succeeds illite layer, first layer is illite.
PSI: probability that illite layer succeeds smectite layer, first layer is smectite.
PS: frequency of occurrence of smectite layer.
PI: frequency of occurrence of illite layer. 

                                                                               
The illite: illite/smectite ratio with formula unit of K based on Kn/O20(OH)4

was plotted to determine the chemical formula of the illite and the
H2O content that replaces K cations. It is obvious from Figure 4 that the mixed layer (I/S) 
in the southern parts for the studied Formations contains illite of higher H2O 
than the northern parts. The K/H2O ratio ranges from 1:9 to 3:7 in the southern
parts; while, it is from 3:7 to 5:5 in the middle and northern parts, i.e. with 
an average chemical formula  [H2O1.2K0.3Al4(Al0.3Si7.7)O20(OH)4] in the southern parts 
and  [H2O0.9K0.6Al4(Al0.6Si7.4)O20(OH)4] in the northern parts, and as a short hand may be 
written as K0.30/O20(OH)4 and K0.6/O20(OH)4, respectively. 

PI       PS     PSI  PIS  Sample 

no.   

PI      PS     PSI  PIS  Sample 

no.   

0.890٠.١١٠٠.٩٨٣٠.١٢١6AM9٠.٠٧٨  ٠.٨٠٨  ٠.٠٨٨  ٠.٩١٢  2MN2

٠.٠٧٩  ٠.٨٠٠  ٠.٠٩٠  ٠.٩١٠  10AS1٠.١٢١  ٠.٩٥٩  ٠.١١٢  ٠.٨٨٨  2MN3

٠.١٥٠  ٠.٨١٧  ٠.١٥٥  ٠.٨٤٥  10AS3٠.٢٢١  ٠.٩٦٣  ٠.١٨٧  ٠.٨١٣  7MM3

٠.١٤٢  ٠.٩٥٨  ٠.١٢٩  ٠.٨٧١  10AS6٠.١٥٠  ١.٠٠٠  ٠.١٣٠  ٠.٨٧٠  3AN1

٠.١٤٢  ٠.٨٦٣  ٠.١٤١  ٠.٨٥٩  10AS8٠.١٤٢  ٠.٩٨٢  ٠.١٢٦  ٠.٨٧٤  3AN2

٠.١٣٠  ٠.٩٧٣  ٠.١١٨  ٠.٨٢٢  5HN2٠.١١٠  ١.٠٠٠  ٠.١٠٠  ٠.٩٠٠  3AN4

٠.١٤٢  ٠.٩١٨  ٠.١٣٤  ٠.٨٦٦  5HN3٠.١٨٨  ٠.٧٨٨  ٠.١٩٣  ٠.٨٠٧  6AM1

٠.٢٠٠  ٠.٧٨٣  ٠.٢٠٣  ٠.٧٩٧  11HS2٠.١٣٣  ٠.٩٣٣  ٠.١٢٥  ٠.٨٧٥  6AM4

٠.٢٨٣  ٠.٨٠٠  ٠.٢٦١  ٠.٧٣٩  11HS6٠.١٤٢  ٠.٨٨٣  ٠.١٣٩  ٠.٨٦١  6AM5

٠.٢٠٠  ١.٠٠٠  ٠.١٦٧  ٠.٨٣٣  1C/7٠.١٥٠  ٠.٨٧٨  ٠.١٤٦  ٠.٨٥٤  6AM6

٠.٢٤٠  ١.٠٠٠  ٠.١٩٤  ٠.٨٠٦  124/2٠.٠٥٨  ٠.٨٠٠  ٠.٠٦٨  ٠.٩٣٢  6AM8
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Table 2: Relative clay mineral abundance and K2O contents in  bulk and                    

clay fraction samples from clastic units of Jurassic System in Iraqi                
western desert.                                                                     
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٣.٢٣٠.٦٠x٢.٤١٩.٢٢١.٦٧٨.٤2MN3

٢.٢٢٠.٩٠٣.٣١٤.٥١٧.٨٨٢.٢7MM3

٣.٤٠٠.٥١x٢.٠١٣.٦١٥.٦٨٤.٤3AN1

٣.٠٩٠.٨١xx٢.٧١٨.٨٢١.٥٧٨.٥3AN2

١.٦٩٠.٨٤xx٢.٣٢٠.٥٢٢.٨٧٧.٢3AN4

٢.٤٦١.٣٠٢.٢٩.٢١١.٤٨٨.٦6AM1

٣.٠٤١.٤٢٢.٦١٨.٥٢١.١٧٨.٩6AM4

٣.٢١٠.٩٢x٢.٦١٦.١١٨.٧٨١.٣6AM5

٣.١١١.٢٦٣.٥٢٠.٦٢٤.١٧٥.٩6AM6

٣.٣٥٠.٦٧١.٩٢٥.٩٢٧.٨٧٢.٢6AM8

٣.٢٥٠.٦١x١.٧١٣.٦١٥.٣٨٤.٧6AM9

١.٦٢٠.٨٢١.٠١٠.٦١١.٦٨٨.٤10AS1

١.٨١٠.٦٨x٢.٣١٢.٣١٤.٦٨٥.٤10AS3
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١.٨١٠.٨١١.٩١٢.٧١٤.٦٨٥.٤10AS6

١.٨٨٠.٩١٣.٠١٨.٤٢١.٤٧٨.٦10AS8

٣.٢١١.٧٤٤.٦٣٥.٣٤٠.٠٦٠.٠5HN2

٣.٢٨١.٣٨٤.٠٢٨.٠٣٢.٣٦٧.٧5HN3

١.٤٥٠.٨٥١٢.٨٥٠.٢٦٣.٠٣٧.٠11HS2

١.٥٧٠.٦٩١٦.٨٤٧.٥٦٤.٣٣٥.٧11HS6

٣.٥٠٣.٥٠٨.٣٤١.٣٤٩.٦٥٠.٤1C/35/7

٠.٦٣٣.٤٥١٠.٦٤٣.٩٥٤.٥٤٥.٥124/24/2

x:  the mineral is present but in minor amounts (<5%).                                                       
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The suggested formula (K0.30/O20(OH)4 and K0.6/O20(OH)4) can be plotted on Figure 
5 in order to extrapolate the pH of the media that deposited such clay minerals. It is clear 
that the log([K+]/[H+]) has a range from about 6.0 to 7.5, therefore, the expected pH 
values in the southern and northern parts are nearly 6.7 and 8.2, respectively. This 
conclusion can be supported by the presence of palygorskite and dolomite in the northern 
parts that favors alkaline conditions; however, the former minerals are absent in the 
southern parts, at least in the clastic units.

Fig. 4: Relationship between K and illite: illite/smectite in the  clay fractions of 
clastic units of Jurassic System/ Iraqi  western desert.
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CONCLUSIONS
The mixed layer illite/ smectite in the studied samples is randomly inter- stratified 

and rich in illite. There is deficiency of K+ ions which might be the result of H2O 
substitution in the interlayer. The difference of illite formula in the southern from 
northern parts was used to predict the paleoenvironment such as pH values. 
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