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ABSTRACT 
The Middle Eocene Red Beds known as typical facies of Gercus Formation in north 

and northeastern Iraq. In the field they cropout as red succession of claystone, lensoidal 
sandstones and conglomerates. Tectonically the beds are exposed in the folded area of the 
Zagros Fold-Thrust belt of northeastern Iraq.  The whole formation consists of major low 
stands system tract within stratigraphic record of Tertiary which belongs to 2nd order sea 
level change. This major lowstand system tract is divided into two depositional sequences 
named upper and lower sequences which are modulated within 3rd order sea level 
change. About 90% of its thickness is deposited in the lower sequence, and 10% in the 
upper one. The lower sequence bounded by SB1 and SB2 from the bottom to the top 
respectively. It is comprised of SMST, TST and HST. Only the LST of the upper 
sequence is represented in the Gercus Formation, while the other systems tracts are 
possibly included in the carbonate of Pila Spi Formation. The SMST consists of 
alternation of red claystone and marl which are locate at the top of Khurmala Formation. 

The TST (middle part of Gercus Formation) is composed of grey marl and 
laminated marly limestone. The HST consists of alternation of red claystone, laminated 
sandstone and calcareous shale. 

The LST consists of 1-4m of rounded and   sorted conglomerate located at the upper 
part of Gercus Formation. This system tract is underlain by an erosional unconformity.  
The inferred depositional environment is most possibly braided delta plain which is 
prevailed by fresh water influx and flooding by marine water. This is shown in the field 
by mud cracks, marl marine sediments and laminated sandstone which deposited in upper 
flow regime. 
  ــــــــــــــــــــــــــــــــــــــــــــــــــ

  شمال -في منطقة السليمانية )االيوسين االوسط( التتابع الطباقي لتكوين الجركس
  شرق العراق

  
  الملخص

سحنات نمودجية تمثل  جركس العائد لفترة االيوسين االوسط الحمراء لتكوين الفتاتية ان التتابعات
عتى شكل الحجر طبقات الحمراء في الحقل الظهر حيث ت .شرق العراقوشمال للموالس في شمال 

العالية ومنطقة   في منطقة حزام الطياتتظهر الطبقات تكتونيا .والكونكلومريت الحجر الرملي  ،الطيني
 اسميت لقد امكن تميز تتابعين طباقيين في هدا التكوين  .زاكروس في شمال شرق العراقلسلسلة ال الزحف
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نه قد م المتبقيتتابع االسفل والفى  الكلي للتكوين قد ترسب من السمك ٩٠% ان ،االعلىو االسفل تتابعالب
 .)SB1( ب االعلى الحدبينما  )SB2( ب لتتابع االسفللاالسفل الحد  يكون .التتابع االعلى ترسب في

العائدة للتتابع  )LST(ينما تظهر ب )SMS، TST،  HST ( االنظمة المسارية من كل حتوي التتابع السفليي
      ان. تتواجد في تكوين البالسبيفاالنظمة االخرى  اما ،في الجزء العلوي من تكوين الجركس االعلى

)SMST( تمثل .العلوي لتكوين خورمالةالجزء فوق تكون من تعاقب الحجر الطيني االحمر مع المارل ي   
)TST( مع طبقات رقيقة من الحجر الجيري  صاصيالمارل الر على تحتويومن التكوين  الجزء االوسط

والحجر  المترقرق تعاقب الحجر الطيني االحمر، الحجر الرملي فهو مكون من  )HST ( ال اما  ،المارلي
يقع في  يم والذ)٤الى  ١(ريت ذات سمكتكون من طبقة كونكلوميي )LST(ان .الجيري الطيني

تكون سهول  بان افترضت ان البيئة الترسيبية.تكوين جركس تحت الحد الفاصل مع تكوين بالسبياعلى
وقد تم االستدالل  . في بعض االحيانبمياه البحر مع احتمالية طغيانه  دلتاوية ضفائرية غمرت بمياه عذبة

وطبقات  )المارل( والترسبات البحرية ،طينيةالشقوق ال مالحظة وجود من خالل الحقل على تلك البيئة في 
 .للجريان تدفق العاليال خاللالتي ترسبت رقيقة من الحجر الرملي و

  ــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION 

Gercus Formation is a Middle Eocene unit, which crops out within the boundary 
between High and Low Folded Zones in Northeastern Iraq (Budy, 1980; Budy and 
Jassim, 1987). It stretches as narrow northwest-southeast belt near and parallel to this 
boundary (Fig. 1). The sections are exposed across the scarp slope of elongate homocline 
which extends from Koya town to the Derbendekhan area. This homocline has many 
local names like Haibat Sultan, Baranan and Berke Mountain. At the northeastern of this 
homocline three sections are selected for the study. These sections are:  Haibat Sultan, 
Kalka Smaq and Dara Rash sections which are correlated on the basis of lithology and 
stratigraphic position (Fig. 1). The formation mainly consists of alternation of clastic 
rocks of claystone, sandstone, marl and calcareous shale with occurrence of conglomerate 
(Bellen et al., 1959).  

Al-Rawi, (1980) studied the petrology and sedimentology of Gercus Formation in 
Shaqlawa and Darbandekhan area. Al-Rawi (1983) studied the origin of red pigment and 
mentioned that the Gercus Formation in northeastern Iraq consist of a fluvial sequence of 
associated red and drab beds deposited under an arid to semi-arid climate. Dhannoun 
H.Y. et.al., (1988) studied the geochemistry of Gercus red beds Formation of northeast 
Iraq. Dhannoun, (1989) studied the geochemical significance of the distribution of Ni and 
Co in clayey-siltstone associated with the Gercus Formation of northern Iraq. Al-Qayim 
and Al-Shaibani 1991, suggested that sediments in Gercus Formation are deposited in a 
clastic dominated tidal flat. 

On the basis of main lithological distribution the formation was divided by Ameen 
(1998) into three parts (lower, middle and upper parts). The aim of this study is to 
investigate the position and amplitude of sea level change as represented by the lithology 
and the boundary with other formations. 
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Fig. 1:  Geological map of northern Iraq (Buday and Jassim, 1987) showing location of 

the studied section. 
  

SEQUENCE  STRATIGRAPHY 
Sequence stratigraphy is defined as subdivision of sedimentary basin fill into 

depositional packages bounded by unconformity and their correlative conformities, 
(Emery and Myers, 1996).  In this study the method of Vail et al., 1977 is used for 
division the rock body of the formation into depostional sequences, this is because the 
unconformities and correlative conformities can be identified.    

The time span and thickness of the part treated in this paper depends on the position 
of the closest overlying and underlying unconformities and correlative conformities that 
bound the Gercus Formation in addition to systems tracts (LST, TST, and HST) and the 
associated sequence boundaries. For clear sequence stratigraphic study of the Gercus 
Formation it is necessary to study the underlying Sinjar (or Khurmala) and overlaying 
Pila Spi Formations. Although the boundaries of the above formations are studied 
previously, no correlation is done as concerned with traditional and sequence 
stratigraphy.  
  

LOWER  BOUNDARY  OF  GERCUS  FORMATION 
The lower boundary of this formation is gradational in Iraq (Buday, 1980), but 

Bellen et al., 1959) recognize a brake in sedimentation and unconformity, with the 
underlying Kolosh Formation. 

Al-Qayim and Salman (1986) mentioned that the contact seems to be gradational 
and conformable with Kolosh Formation in Shaqlawa area. The lower contact with 
Khurmala Formation is gradational (Al-Qayim and Nissan, 1989 and Ameen, 1998,). 
Surdashi and Lawa (1993) mentioned that the lower contact of the formation is gradation 
with Sinjar formation. But Lawa 2004 mentioned a gap (major unconformity) at right 
side of Dyiala River, between these later formations which spanned about 5m.y. In the 
studied area the Gercus Formation is overlying Khurmala Formation (or its equivalent 
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Sinjar Formation) and the contact is clearly gradational in all three studied sections. In 
the field the contact appear as intercalation of thin beds of limestone and brown 
claystone. The claystone changes gradually to thick beds of red claystone (Gercus 
Formation). This type of lithologic change is assigned, in this study, as  conformity 
relationship at distal area which changes to minor unconformity up dip the paleoslope 
near the shoreline. Therefore the contact and the red claystone of lower part of the Gercus 
Formation are allocated as shelf margin system tract (SMST). In the north and east of 
Darnabdikhan town both Gercus and Sinjar Formations are mixed as mixed carbonated 
and siliciclastic successions. These successions can be seen clearly at the left shoulder of 
Darbandikhan dam (Photo.1-C). 
 
Boundary between Gercus and Pila Spi Formations 

The upper boundary of Gercus Formations is conformable with Pila Spi Formation 
(Buday, 1980). Conversely, (Shaikh et al., 1975; Al-Qayim and Nissan, 1989) observed 
both unconformable and conformable contact between the two formations. Ameen (1998) 
has recorded unconformable contact between the two formations in the area between 
Darbandikhan and Dokan dams. In the present paper this contact is restudied in detail and 
concluded that it is unconformable, at least, in the most sections (Photo.1 A and B). In 
the area to the east Darbandikhan dam, there are some indications that change to 
conformity. This observation is ascertained by Karim (1997) who mentioned gradational 
contact between the two formations in the Sartak-Bamo Valley. 

In the studied area this unconformity is manifested by about one to four meters of    
polymictic conglomerate which has well sorted and rounded pebbles (photo 5A). The 
problem with this conglomerate is highly modified by diagenesis. This is manifested by 
removal of many unstable pebbles by solution with only their cast remained. This 
removal is attributed to the imperviousness of the underlying rocks (mainly clays). The 
claystone of Gercus forced the groundwater movement to be concentrated in side the   
conglomerate at the base of permeable Pila Spi Formation. Therefore, in most case the 
pebbles are mostly removed in the contact and the conglomerate appears a porous 
limestone (photo 5A) as can be seen in some locality along Haibat Sultan homocline. It 
seems that most igneous pebbles are removed due to this solution.  

 
SYSTEMS  TRACT  OF  GERCUS  FORMATION 

The formation generally deposited as a result of relatively severs tectonic uplift of 
the northern Iraq especially the area near the Iranian border. The effect of the uplift is 
modulated more or less by 2nd and 3rd order cycles of sea level changes. The formation 
as whole can be assumed as level change. These sea level changes can be seen from 
facies change which arranged in system tracts and depositional systems. The wide-ranged 
LST of 2nd cycle is  divided into two 2nd order cycles which  inferred from the ages 
given by (Buday, 1980 and Bellen et al., 1959) which estimated to be about 5millon years 
(middle Eocene). The lithologic change shows that the two cycles are also modulated by 
3rd order cycles. Because of the interference between eustaic sea level change and 
tectonic uplift and subsidence, the systems tracts are not much clear, due to deposition in 
nearly similar environments. These factors also forced the system tracts to be not   similar 
in different areas. For example in Sartak Bamo valley, only one system tract is exist 
which  consists only of conglomerate and sandstone that recognized by Karim, (1997) 
and Lawa (2004). In this area the only one LST can be identified. 
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Photo. 1: A: The unconformable contact between Pila Spi and Gercus Formations    

manifested by two thick beds (6m each bed) of conglomerate which 
represent LST.  

B:  Same situation exists at Qaradagh area, Sagrma Mountain between the two 
formations which is represented by 4m pebble conglomerate.  

C: Mixing (intercalation) of Gercus and Sinjar Formations  along left shoulder 
of Darbandikhan dam. 

 
SHELF  MARGIN  SYSTEMS  TRACT 

As mentioned above the lower part of Gercus Formation is deposited during minor 
sea level change (SMST) (Photo. 4). The thickness of this systems tract is about 12m and 
consists of red claystone (Photo. 3) with interbeds of laminated marly limestone and pure 
limestone (Photo 2). This lithology (or facies) without conglomerate and sandstone is 
evidence for the fact that it deposited as shelf margin system tract. The environment of 
this systems tract can be considered as delta front and the underlying Khurmala (or 
Sinjar) Formation as clear water of shelf environment. When the sea level fall is occurred 
the shelf is not exposed totally. Only part of the shelf is exposed as a delta and the rest 
remained as delta front depositing red claystone and limestone laminae. In this 
environment, the limestone lamine are attributed to the short interval of    clastic influx 
impeding. The shelf margin systems tract is underlain by high stand systems tract of 
Khurmala or Sinjar Formations.  These two formations are assigned as HST according to 
the exposed lithologies and facies cited by Surdashy (1989) Al-Barzinjy, (1990) which 
are mostly consist of reef and fore reef facies (algal and bioclast limestones) in the east to 
Koysinjaq town. Moreover Al-Eisa (1983) found planktonic forams  in Khurmala 
Formation  at the east of the town Shaqlawa area. The relations between carbonate and 
high stand systems tract are shown, in literature, as following:    

Firstly, according to Hanford and Louks, (1994) carbonates or evaporites are mainly 
deposited during HST and carbonate sedimentation is usually greatest during high stands 
of sea level because the wide extent of platform flooding. Secondly, according to Sarge 
(1988), extensive carbonate reef is developed during last Holocene sea rise. Thirdly, 
carbonate production keeps up with relative sea-level rise, and excess carbonate sand and 
mud are reworked and deposited in surrounding basins (Doyle and Bennet, 1998). 
 

TRANSGREESSIVE  SYSTEMS  TRACT 
This systems tract comprised the middle part of the formation. It consists of 

alternation of   grey marl (or calcareous shale) with laminated marly limestone. This type 
of lithology is clearly showing sudden deepening of the basin which is representing 
transgressive systems tract. The environment of this systems tract can be located at the 
distal part of delta slope which intermittently supplied by influx of fine clastics. The 
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thickness of this interval is about 15m and called Avanah tongue inside Gercus 
Formation (Al-Qayim and Nissan, 1989). In so called “Avanah tongue” no fossil was 
found.  No clear maximum flooding surface was found because of shallowness of the 
environment. But it is possible that the marly limestone beds that located at the top of this 
system tract may represent equivalent of maximum flooding surface.  
 

 
Photo 2: Scarp slop showing lithology and sequence stratigraphy of Haibat Sultan 

Homocline.  
 

 
Photo. 3: Lithology and sequence stratigraphy of Gercus Formation at south east of 

Kalka-Smaq Village, Dokan area. 
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HIGHSTAND  SYSTEMS  TRACT 
The deposition of this systems tract occurred during the late part of the eustatic rise, 

a stillstand, and the early part of a eustatic fall (Van Wagoner et al., 1988). In the field, 
the further advance into Gercus Formation, through the TST, the marl and limestone 
change gradually to red claystone and brown sandstone with a thickness more than 70m 
(Photo 2). The environment of this systems tract can be assigned as subaqueous and 
subaerial delta plain which contain mud cracks (Photo 5B). The occurrence of mud 
cracks is resulted from the intermittent covering by flooding manifested   laminated 
sandstone (Photo 6A). The distributaries channels on the plain can be seen as lens of 
sandstone beds (Photo 5C).The explanation of Haq (1991) can be accepted for alternation 
of carbonate and calcareous shale in Gercus formation. He mentioned that during 
lowstand, siliciclastic is deposited while in highstand carbonate is deposited. This is true 
when  each thick couplet of carbonate–shale is regarded as minor forth or fifth order 
cycles   which suffered from the high and low stand. 
   

LOW  STAND  SYSTEMS  TRACT 
The lithology of this systems tract is the coarsest in the succession of the Paleogene 

in the studied area, as consisted of a bed of polymictic conglomerate about 4m thick.  It 
comprised of gravels which have moderate sorting and roundness (photo 5A). This 
systems tract is located directly below the Pila Spi Formation. The environment of   
conglomerate is most possibly consisting of   channel of distal braded river which is filled 
with conglomerate as channel lag deposit. According to Emery and Myers, (1996, p.140) 
as a result of river rejuvenation; incised valley (which contained a river) commonly 
contains the coarsest sediment available locally. They added (p.137) if the new river 
course is steeper than equilibrium river profile, the river would firstly straighten coarse 
and then incise to form a valley. The shape is lensoidal which is taken the shape in the 
channel in which it deposited. 
 

 
Photo. 4: Outcrop section of Dararash valley at the northeastern side of Baranan 

homoclne. 
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Photo. 5: A: The conglomerate between Gercus and Pila Spi Formations.  

                   B: Mud crack found in the middle part of Gercus Formation in Haibat Sultan  
Mountain.  

                  C: Sandstone package pinches out rapidly represents channel deposits. 
 

 
Photo. 6: A: Parallel laminated sandstone in the middle part of the formation (HST).  

  B: Alternation of calcareous laminated claystone and marly limestone in 
TST(middle part).  
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CONCLUSION 
The study revealed the following results: 

1-The whole rock body of the formation is divided into four systems tract SMST, TST, 
HST and LST. These systems tracts are deposited during two depositional sequences. 
The first three systems tract are belongs to Gercus Formation. They called lower    
depositional sequence while the last one belongs to another depositional sequence 
which is including Pila Spi Formation. 

2- The formation, bounded by SB2 and SB1 from below and the top respectively. 
3- The depositional environment is mainly braided delta plain with intermittent influx 
of marine water.  

4- The systems tracts are relatively lithologically similar to each other which attributed to 
closely  related transitional environments of deposition. 
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