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Introduction 

  Platform sediments, in Iran and the Middle East, span the Upper Vendian into the 

Palaeozoic, and consist of clastic, carbonaceous deposits laid down in coastal and lagoonal 

settings. In Iran, these sediments are known as the Soltanieh, Barut, Zaigun, Lalun, and Mila 

formations.  

Precambrian – Cambrian Boundary in Iran   

All formations that have been considered as Precambrian in Iran are now known to 

represent a variety of ages. Fossils collected in the Lalun Formation, Crusiana fasciculata, set 

the age of this formation as Early Cambrian, rather than Precambrian. In 1989, B.Hamdi, 

found fossils suggesting a boundary assemblage between the Precambrian and  Cambrian in 

the basal of member 3 and the top of member 2 of the Soltanieh Formation. Thus, a part of 

the Soltanieh Formation  may belong in the Upper Vendian. 

 

Stratigraphy of the Takab Area 

In the Takab area, outcrops that date from the Precambrian to the Recent include 

sedimentary, metamorphic and igneous rocks. Volcanic rocks are known that encompass the 

Neoproterozoic, Cretaceous, Eocene, and Oligo-Miocene.   Plutonic suites are also known. 
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There are major hiatuses between sedimentary rock units: in particular between the 

Silurian and Permian, the Early Permian to Early Jurassic, in the Early Cretaceous, the 

Eocene, the Oligo-Miocene and the Plio-Pleistocene. 

Shallow epicontinental seas spread across this area in Neoproterozoic to Ordovician, 

Permian to Triassic and Early Jurassic times. Deep sea deposition occurred from Early 

Jurassic and continued into the Cretaceous, as well as in the Miocene. Clastic sediments and 

terrestrial sediments were deposited during the Oligocene, Middle to Late Miocene and 

Pliocene in the Takab area. 

 

Geography and Geomorphology of the Takab Area 

Takab is in the northwest of Iran,  and the region has been mapped at 1:250,000.  The 

highest elevation is Mt Okuzolon at 2917 m., and the lowest is Mt Ajorlochay at 1400 m. 

Investigations of the sequence stratigraphy and sedimentary environments from Late Vendian 

to Early Cambrian-Ordovician were conducted in the Takab area in two sections NE of 

Shahin Dezh City, near Kordkandi and Qezel Gayeh villages. The Soltanieh Formation, Barut 

Formation, Zaigun Formation, Lalun Formation and Mila Formation were mapped. These 

formations crop out in the Alborz-Azerbaijan Basin. 

 

Petrography and Stratigraphy of Upper Vendian and Cambrian-
Ordovician Deposits in the Takab Area 
 

1. Qezel Qeyeh Section.  

 This section is located 33 km, northwest of Shahindezh City. Its geographical position is: E: 

46 46 and N: 36 42. Because of erosion, faulting and folding in this area, only the Soltanieh 

Formation can be studied. 

SOLTANIEH FORMATION 

The lithology of this formation is similar to deposits in the Alborz and Azarbaijan regions. The 
Bayandor Formation underlies the Soltanieh Formation. In the Takab Quadrangle, the  
Soltanieh Formation is 803.6 m thick, and contains 44 lithological units and 5 
lithostratigraphical units as follows from bottom to top: 
 
a - Lower Dolomite Member: 58.6 m thick. This member consists of dolomite to cherty dolomite and thin bedded 
shales. Late Vendian. 
b - Lower shale Member (or Chopoghloo Member): 151.7 m thick, and consists of black shale containing fossils 
including Chuaria circularis, Tawuia fosiformis, Vendotaenia sp., Phyllophycos radiatoidalis. This unit contains 
phosphatic pellets. Late Vendian. 
c - Middle dolomite Member: 87.3 m. thick. This member consists of stromatolite-bearing dolomite and grey 
limestone. Early Cambrian. 
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d - Upper shales Member: 181 m thick; grey shale to silty shale. Early Cambrian. 
e - Upper Dolomite Member. 325 m thick with stromatolites and cherty dolomites. Fossils of Cyanobactria are 
present in cherts. Early Cambrian. 
 
Age:  Based on the fossil content of the Soltanieh Formation, the ages of the Soltanieh 
members are: Members 1-2 are equal to Late Proterozoic; Member 3 is equal to 
Manykayian.; Member 4 is equal to Tommatian.; Member 5 is equal to Atdabanian age. 
 

2. Kordkandi Section 

Cambro-Ordovician sediments of the Takab area crop out near Kordkandi Village. Kordkandi 

is 16 km east of Shahindezh City, its geographical position beingN: 36 39  and   E:46  44. 

Four  formations are known from this area. 

BARUT FORMATION 

This formation contains 5 clastic lithostratigraphic unit, including: 
 
B1 Member (Bottom): 49 m. thick.  Mudstones and red shales with ripple marks, limestone, dolomite, and 
stromatolites. 
B2 Member: 202 m. thick. Greenish grey to red shales, and green sandstone with micaceous shales. 
B3 Member: 42 m. thick.  Micaceous red shales with cross bedding. 
B4 Member: 73 m. thick. Purple micaceous shales, and silty to sandy shales with cross bedding. 
B5 Member: 62 m. thick. Micaceous purple shale and grey dolomites. 
 
Age: After stratigraphical correlation of the Barut Formation, with rocks in other regions of the 
Alborz Mountains, the age of Barut Formation, is Early Bottomian. 
 
ZAIGUN FORMATION  
The Zaigun Formation, overlays the Barut Formation. It is clastic and contains 4 
lithostratigraphic units as follows: 
 
Z1 -  Lower Shale Member: (Bottom): 24 m thick. Red, micaceous silty shales.  
Z2 - Lower Sandy – Shaly Member: 40 m. thick. Red shale and grey mudstones with grey to red sandstones. 
Z3- Upper Shale Member: 12 m. thick. Red to gray micaceous silty shales.                
Z4 - Upper Sandy – Shaly Member: 18 m. thick. Pink sandstones and red shales, and siltstones. 
 
Age: After stratigraphical correlation of the Zaigun Formation, with another regions in the 
Alborz Mountains, the age  is designated  Middle Bottomian. 
 
LALUN FORMATION 

The Lalun Formation is 268 m. thick, and contains limestones and sandstones forming 6 
lithostratigraphic units: 
 
L1 - Lower Red Sandstone (Bottom): 15 m. thick. Submature red sandstones showing medium sorting.  
L2 - Lower Pink Sandstone: 30 m. thick. Pink to purple pebbly sandstones with ripple marks. Well sorted, mature, 
with decreasing size from bottom to top. 
L3 - Middle red sandstone: 78 m thick. Dark red sandstones. Submature, rounded to sub-rounded, with size 
decreasing towards the top. 
L4 - Shaly sandstone: 46 m. thick. Red sandstones to shaly sandstones. Mature, well sorted. 
L5 - Upper red sandstone: 81 m. thick. Red to pink sandstones, with cross bedding. Mature to submature. 
L6- Shaly: 18 m. thick. Red shales with sandy shales,  pink to red sandstones. The sandstones are mature. 
The White Quartzite previously considered (Stocklin, et al.,  1964) as the upper unit of the Lalun formation, is 
interpreted here as the lowest part of member1 of the Mila formation, now known as the “Base Quartzite”. 
 

Age: After correlation of the Lalun Formation with other regions, we consider the age of the 
Lalun Formation to be Late Bottomian. 
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MILA FORMATION 

Field and microscopic evidence from the White Quartzite appears to show that the it 
belongs to the transgressive base of the Mila Formation. Cambrian-Ordovician deposition 
seems to have taken place in an epicontinental environment like that of the modern Persian 
Gulf. According to previous workers (Stocklin, et al., 1964), the Mila Formation has been 
subdivided into 5 members, and the White Quartzite was considered to be the top part of the 
Lalun Formation,but we, in this paper, considered the White Quartzite (Base Quartzite) to be 
the base of the Mila Formation.  These members are: 

 
M1 (Bottom): 120 m. thick. Base quartzite (White quartzite) with dolomitic cement. Supermature. (Quartz Arenite). 
Barren dolomite with subordinate marl. 
M2, 3: 231 m. thick. Dolomite and cherty dolomites, oolithic limestones, subordinate marl, Crinoids and trilobites. 
M4: 138 m. thick. Cherty limestones, limestones, sandstones and stromatolites. 
M5 (Top): 52 m. thick. Limestones, greenish grey shales and dolomitic limestones. 
The Mila Formation is underlain by the shales and sandstones of the Lalun Formation and overlain by the red 
sandstones of the Doroud Formation (Permian). The Lalun Formation is separated from the Doroud Formation by a 
non-angular disconformity. 
 

Age:  The age of Member 2, based on trilobites and lithologic correlation is Middle Cambrian 
to Late Middle Cambrian.  The age of Member 4 is Late Cambrian to Early Ordovician. 
The age of Member 5 of the Mila Formation is Early Ordovician. 
 

Sedimentary Environments of Neoproterozoic and Cambrian-Ordovician 
Deposits in the Takab Quadrangle 
 

1. Sedimentary Environments of the Soltanieh Formation 

After regional study and microfacies thin section study of the Soltanieh Formation, 4 different 

sedimentary environments can be distinguished in the Takab area: 
A: Tidal Flat  
     This subenvironment has 5 facies (after Folk, 1962, Dunham, 1962 and Wilson, 1975) 
     A-1 - Micrite (Mudstone)  
     A-2 - Dolomicrite. 
     A-3 - Dolosparite 
     A-4 - Intraclastic dolomicrite-sparite (Packstone - Grainstone)  
     A-5 – Boundstone 
B: Lagoon  
     This subenvironment has 2 microfacies: 
     B-1 - Intraclastic micrisparite - sparite (Packstone - Grainstone) 
     B-2 - Pelmicrite - sparite (Packstone - Grainstone) 
C: Barrier  
     Because of the presence of stromatolite-bearing limestones in the Middle Dolomite of this area, 
     another microfacies can be recognised here: 
     C-1 - Intrasparite (after Igner, 1984, Tucker, 1991) 
D: Open Marine  
     This subenvironment is characterised by the presence of siliciclastic levels in the Upper and Lower 
     shale of the Solanieh Formation.    
 
Age:  After field study and microfacies study of thin sections, it appears that the Soltanieh 
Formation, has 2 transgressive sequences in the Neoproterozoic and Early Cambrian 
(Tommotian). 
 

2. Sedimentary Environments of the Barut Formation  
Field and microscopic studies of the Barut Formation have shown that the clastic facies 

include litharenite, feldespatic litharenite - chertarenite, arkose and plagioclase arenite. These 
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are typical of non-marine environments. (Tucker, 1991). The sedimentary environment of the 

Barut Formation ranges from deltaic (prodeltaic) to tidal flat. 

 

3. Sedimentary Environments of the Zaigun and Lalun Formations  

Evidence from the Takab area shows that the Zaigun and Lalun formations were deposited in 

a tidal flat and shallowmarine envireonment. The Lalun sandstones contain some shaly 

pebbles ripped from the base of tidal channels. 

 

4. Sedimentary Environments of the Mila Formation  

The Mila Formation was deposited in a shallow marine environment: 

A - Open marine  
     This subenvironment contains 3 facies as follows: 
     A-1 - Bioclastic Sparite-Micrite (Packstone - Grainstone) 
     A-2- Intraclastic Biosparite-Micrite (Packstone - Grainstone) 
B: Barrier  
     This subenvironment has 4 facies: 
     B-1 - Bioclast Sparite (Grainstone) 
     B-2 - Intrasparite (Grainstone) 
     B-3 - Intraclastic Oomicrosparite (Packstone) 
     B-4- Oosparite (Grainstone) 
C: Lagoon  
     This subenvir has 5 microfacies: 
     C-1 - Intrasparite-Micrite 
     C-2 - Bioclastic pelsparite-Micrite 
     C-3 -Bioclastic pelsparite 
     C-4 - Pelsparite-Micrite 
     C-5 - Sparite-Dolsparite 
D.  Tidal Flat  
     This subenvironment includes 4 microfacies: 
     D-1 - Silty Biomicrite 
     D-2 - Laminar Dolomicrite 
     D-3 - Dolosparite 
     D-4 – Boundstone 
 
Studies of the microfacies of the Mila Formation show that the White Quartzite belongs to 
base of the Mila Formation, not the top of the Lalun Formation. The lithology of the White 
Quartzite is different from that of the arkose and shales that underlie this formation. There is a 
sudden colour change from the red shales and sandstones of the Lalun Formation to the 
White Quartzite of the Mila Formation. The dolomitic cement of the White Quartzite is an 
indication that sea level was rising at the time of deposition of the Mila Formation. It is not 
present in the Lalun Formation. Therefore, it is better to separate the “White Quartzite” from 
the Lalun Formation, and consider it as the base of the Mila Formation where it is known as 
the “Base Quartzite”. 
 

Vertical Facies Variation and Transgressive Sequences in the Soltanieh 
Formation 
 

In the Soltanieh Formation, two transgressive episodes occurred in Late Vendian to 

Cambrian time. The upper part of the Bayandor Formation consists of shallow water deposits 

(siltstones and sandstones), tidal flat mudstones and dolomites (Lower Dolomite, Member 1). 

After deposition of the Lower Dolomite, the tidal flat environment changed to an open marine 

setting (Member. 2).  This marine environment persisted until the latest Vendian, and 
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continued into the Early Cambrian.  Some pelagic fossils, e.g. Chuaria circularis, Vendotaenia 

sp., and Tawuia fosiformis are preserved in these sediments. 

At the beginning of the Cambrian, open marine sedimentation ceased and the 

“Stromatolite-bearing Limestone” was deposited as the base of the Middle Dolomite (Member 

3) in Manykayian times and continued into the Tommotian. The upper part of the “Middle 

Dolomite” is a transgressive sequence. Tommotian-aged sediments are open marine and this 

environment persists until the Early Atdabanian, followed by a regressive sequence with 

increasing stromatolites, indicating again a tidal flat environment depositing the Upper 

Dolomite. Finally the shallow marine sedimetation of the Soltanieh Formation grades into the 

tidal flat-deltic sediments of the Barut Formation. 

 

Vertical Facies Variation and Transgressive sequences in the Mila 
Formation 
 

The Base Quartzite contains  nearshore marine facies at the base of the Mila 

Formation, and grades into deeper marine facies at the top. Sea level rose from Lalun 

Formation times into the Mila Formation times. The first regressive episode in the Mila 

Formation occured from Member 2 to the Lower Member 3 (Middle Cambrian in age). This is 

followed by a transgressive episode, from Middle  to Late Cambrian. The second regressive 

episode occured at the top of Member 5 (in the Early Ordovician) as indicated by the shales 

and sandstone sequences. 

After the deposition of the Mila Formation, the Caledonian Orogeny caused a great 

hiatus between the Upper Ordovician and the Lower Permian in the Takab area. Red arenites 

forming the base of the Doroud Formation (Early Permian) overly the upper Member 5 of the 

Mila Formation (Early Ordovician), forming a non-angular disconformity. 

 

Correlation of Upper Vendian and Cambro-Ordovician Deposits Between 
the Takab Area and Other Regions of Iran 
 

During the Late Neoproterozoic, and post the deposition of the Bayandor Formation, 

shallow marine environment are characteristic of the north Iran and, for that reason , the 

Lower Dolomite and Lower Shale of the Soltanieh Formation were deposited on top of the 
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Bayandor Formation. Simultaneously, in central Iran, black shales and green pyritic shales, 

belonging to the Kushk Series, were deposited.  In the Late Vendian,  sediments exposed in 

the north of Iran contain  fossils including Chuaria circularis, Vendotaenia, Tawuia. 

In the north and east of Iran, grey carbonaceous sediments (Tommotian-Atdabanian) occur.  

But, at the same time, in Central Iran, shales (the Heshem Formation) and limestones (Aghda 

Formation) were being deposited, indicating  shallow marine environments.  Above the 

Soltanieh Formation, in the north and east of Iran, post the marine regression, the Barut 

Formation containing clastic-carbonaceous rocks was deposited. In central Iran, only 

evaporites accumulated.  After this, the lithology changed: red shales and sandstones 

(Zaigun and Lalun formations) were deposited. 

During the late Early Cambrian, the sea level rose, and the Base Quartzite of the Mila 

Formation was deposited over most of Iran. The transgressive deposits at the base of the 

Mila Formation can be correlated with those at the base of the Kuh banan and the Kalshaneh 

formations in central Iran. Sea level then fell and in the north of Iran dolomithic rocks 

(Member 2 of the Mila Formation) were laid down and in central Iran  the Derenjal Formation 

was depositd on top of the Kalshaneh Formation.  During the Early Middle Cambrian, 

Member 4 of the Mila Formation represents a transgressive episode in the Takab (North) 

area, while the Shirgesht Formation was deposited in central Iran. This transgressive episode 

continued until the Early Ordovician. 

During the Early Ordovician, in the North of Iran, shale and limestones were deposited as 

Member 5 of the Mila Formation. 

 

Main Conclusions 

1 – Study of the above rock units suggest that during the Neoproterozoic and Cambrian-

Ordovician, the Takab area had a similar history to that of the Alborz sedimentary basin. 

2 – The sedimentary environments represented by the Soltanieh Formation are shallow 

marine during the Neoproterozoic and Cambrian-Ordovician. 

3 – The vertical microfacies variation in the Soltanieh Formation reflects two regressive 

sequences. 

4 – The beginning of the Cambrian System is characterised by a regressive episode. 
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5 – The presence of fossils like Chuaria and Vendotaenia in the  Soltanieh Formation (Takab) 

allow correlation of Iranian sequences to those elsewhere in the world such as 

Newfoundland, Arizona, China and Africa, indicating a late Neoproterozoic age. 

6 – The Barut Formation was deposited in a  delta-tidal flat environment. 

7 – During the deposition of the Mila Formation, two regressive sequences can be 

distinguished: one during the early Middle Cambrian (Member 2) and the other during Early 

Ordovician (Member 5).  

8 – There is distinct unconformity between the Mila Formation and the overlying Doroud 

Formation, a result of the Caledonian Orogeny,  which took place during the Late Ordovician, 

Silurian, Devonian and Carboniferous in the Takab area.  

9 – Detailed facies analyses of the Soltanieh, Barut, Zaigun, Lalun, and Mila formations have 

allowed refined paleoenvironmental reconstructions to be made for the Vendian-

Cambrian/Ordovician time period in Iran. 
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