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Summary 

The Zagros foreland sedimentary rocks are believed to be derived from Sanandaj-Sirjan, the 

Zagros Suture and the Turkish-Iranian Plateau. However the dynamic evolution of northern 

Arabia is debated due to the complex configuration of the Zagros Suture Zone (ZSZ), which is 

located at the northern margin of the Arabian Plate. Sediment of the QaraChwalan River 

draining the ZSZ and sandstone of the Bai Hassan Formation (Pliocene-Pleistocene) and the 

Mukdadiyah Formation (Late Miocene) have been collected for petrological analysis. 

A petrological analysis was conducted for 15 samples from the QaraChwalan and Diyala river 

sediment and four samples from the Late Cenozoic sandstones of the Mukdadiyah and Bai 

Hassan formations in the Zagros foreland. The results show a litharenite composition and a 

recycled orogen source for the modern river sediment and Late Cenozoic formations. Results 

from this study and equivalent studies show changes of the sediment composition from the SE 

(Kifri) to NW (Erbil) localities, for both the Mukdadiyah and Bai Hassan formations: there is an 

increase in quartz content to the NW. The lithic signature might refer to the ongoing uplift of the 

Zagros Suture and be partly affected by out-of-sequence deformation. 

Data and  Method 

This work deals with a basic classification of river sand and sandstone (Dickinson, 1985) to 

identify the three main constituents (Q, F and L) for the purpose of sand composition and 

provenance identification. Fifteen representative samples were chosen from modern river 

sediments and four samples were collected from the Kifri-Kalar area from the Late Miocene 

formations (Fig.1).  
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Fig.1a) Geographical location of the study area, b) Topographic map shows the collected river sand and 

sandstone samples. c) Bedrock geology of the upstream area of the Lesser Zab shows the location of 

sediment samples in respect to the lithology and drainage network of the area. 
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Results, Observations, Conclusions 

Results from point counting show a litharenite composition and recycled orogen sedimentation 

dominance for all samples (Fig.2 and 3).  

 River sediment data plot close to the lithic apex of the QFL diagram, and indicate litharenite 

compositions, consistent with a recycled orogeny provenance (Fig.2). These results are 

consistent with an end member of the Tigris system defined by Garzanti et al (2016). The four 

sandstone samples show a similar story (Fig.3), where compositions are more quartz-rich in the 

NW sample site (Erbil area), than to the SE (Kifri/Kalar area).  

Fig.2. Sand composition of the 15 samples of the Lesser Zab River and the Diyala River. A: 

Quartz-Feldspar-Lithic (QFL) (after Folk, 1980). B: QFL (after Dickinson et al., 1983). Q = Total 

quartz (Folk: Qm + Qp); F = total feldspar (K + P); Lf = total lithic fragments (Folk: L + C + S); Qt 

= total quartz (Qm + Qp + C + S); Lt = total non-quartzose lithic grains (Lv + Lm + Lc + Lsh).  
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Fig.3. Sand composition of the four sandstone samples: A: quartz-feldspar-lithic (after Folk, 

1980). B: QFL (after Dickinson et al., 1983) for tectonic provenance. 

Results show a NW spatial increased of sandstone maturity (this study and Garzanti et al., 

2016) co-exists with a temporal trend to more lithic compositions (Koshnaw et al., 2017), which 

reflects increased uplift and exhumation of the metamorphic complexes in the structurally-higher 

units of the Iraqi Zagros. Part of this increase in exhumation may result from the out-of-

sequence deformation recently recognised in the Iraqi Zagros, both by this study, Obaid and 

Allen (2017), and Koshnaw et al (2017) (Fig.4).  
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Fig.4. Conceptual model based on the information from Koshnaw et al., (2017), Obaid and Allen (2017), 

Jassim and Goff, (2006) and data from the sediment analysis result of the current study. The model 

shows the evolution of the NW Zagros and the emergence of the Qara-Dagh Anticline as a result of the 

MFF re-activation, which has led to a change in the sedimentation system south of the MFF to be 

recycled from the older foreland to the north. HF = Himreen Fault, KF = Kirkuk Fault, MFF = Main Frontal 

Fault, H/M = Himreen/Makhool.

Novel/Additive Information 

Results from this study show Northward quartz-rich trend in both river sand and Neogene sandstone; 

which might reflect drainage reorganisation. Detailed geochronological study is needed to shed light on 

the tectonic evolution in this part of the Zagros.  
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