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ABSTRACT 

Devonian strata throughout Iran have similar stratigraphical 
characteristics, suggesting a relatively uniform depositional environment 
during this period. Sedimentary facies and fossils indicate a shallow 
water platform in north-northeast Iran, extending southward. 
Southwestern and eastern parts of Iran were' uplifted by Caledonian 

epeirogenic movements. Lower Devonian fossils have not been reported 
but Middle and Upper Devonian strata contain mainly brachiopods and 
corals. 

Devonian rocks outcrop over a wide area in northern Kerman. Red 

sandstones in Hutk and the conglomerate unit in Shams Abad are 
referred to the Lower and Middle Devonian respectively. Upper 
Devonian successions consist mainly of carbonates with minor clastics. 
The sediments contain brachiopods, corals, acritarchs and spores and 
range in thickness from 220 m to 480 m. Close correlation between the 
Upper Devonian strata in Kerman is indicated by these. 

New brachiopod evidence suggests that the Frasnian/Famennian 
boundary be placed at the base of the shale bed (level 160 m), the base of 
the argillaceous limestone (level 195 m) and the base- of the shale bed 
(level 190 m) in Gerik, Hutk and Shams Abad respectively. 

1,831 brachiopods (31 taxa) collected in Kerman belong to taxa 
known elsewhere in Asia. Thirteen species fall into the Frasnian and 
eighteen belong to the known Famennian communities. 

A 4-6 m thick coral mound is discovered west of Gerik village. 444 
specimens of Rugosa and Tabulata have been obtained. Most of the 
corals are possibly in their growth location. A 30 to 40 cm thick coral 
bed is present within the Frasnian strata in the Hutk and Shams Abad 

sections. The external form of these corals indicates that the reef was 
formed in a moderately quiet environment. 

29 spore and acritarch taxa are considered to be Frasnian in age. 
The palynomorphs indicate that Iran, the Arabian Peninsula and 
Western Australia were parts of the same biogeographic province during 
the Devonian period. 

The Kerman conglomerate unit is referred to the Middle Devonian. 
The clasts are poorly sorted, submature and well rounded, suggesting a 
typical alluvial fan. Pebble orientation indicates that the source area 
may have been to the northeast of the province. 

A model is proposed for the Zangu conglomerate, similar to Recent 
alluvial fan deposits in southern Arizona. The bulk of the unit was 
formed at a rate of about 48 cm/1000 years as a single alluvial fan in an 
and to semi-arid region. 

1 



ACKNOWLEGEMENTS 

This work, which is a contribution to the Devonian stratigraphy of 
Kerman province, southeast central Iran, was done under the supervi- 

sion of Professor D. L. Dineley. It is a pleasure to acknowlege his advice 

and friendly encouragement which were fundamental during every phase 

of the work. 

Some of the brachiopods were studied in the Palaeontological 

Department of the Natural History Museum, London, under the gui- 
dance of Dr. H. ' Brunton, to whom the writer is deeply' indebted. Many 

thanks are due to Dr. M. G. Bassett of the National Museum of Wales, 

Cardiff, for his comments on the brachiopod descriptions. 

The writer is also indebted to Dr. E. B. Selwood of the Geology 

Department, University of Exeter, for his suggestions and comments on 
the coral descriptions. Much appreciation is expressed to Dr. M. 

Ghavidel-Syooki of the National Iranian Oil Company, Tehran, for his 

assistance in the study of spores and acritarchs. 

Thanks are also extended to Mr. S. Powell, Ms. C. Cheverton and to 

Mr. L. Neamat (Chairman of the Geological Survey of Kerman) for their 

assistance in producing the plates, typing the manuscript and providing 

a car for field work respectively. 

Finally, I am most grateful to my wife F. Ferdowsi for her patience 

and encouragement throughout the period of this study. 

11 



.. 

Author's Declaration 

I 'declare that the work contained in this thesis was` my own except 

where it has been indicated., 

Mohammad Dastanpour 

14 December 1990 

111 



MEMORANDUM 

Extensive field work throughout the Kerman province reveals that 

the Devonian rocks have the greatest area of exposure of all the Palaeo- 

zoic systems in the area. The outcrops are easily accessible and are not 
far from the town of Kerman. In spite of their widespread exposure, 

literature and knowledge of the Devonian system - in, Kerman is small 

compared with that for the Devonian of northern 'Iran. Thus the study 

of the Devonian stratigraphy became an interesting subject to the, candi- 
date. In 1985, he visited several universities in the U. K. to discuss with 

geologists his interest in Devonian research. They all advocated applica- 

tion to the University of Bristol. 

This research was officially begun in June 1987 and has continued 

to the present. During this period the candidate has spent about 23 

months in Iran doing the required field work (nearly 5 months), labora- 

tory processing (3 months) and the rest of the time has of necessity been 

allocated to full-time study and teaching at the University of Shahid 

Bahonar (Kerman). About 1750 m of the Devonian sections have been 

logged; 456 m of the conglomerate unit has been examined; 2575 indivi- 

dual brachiopods, corals and other fossils with about 300 rock samples 
have been collected. 

The writer has had the privilege of having assistants to help during 

the course of field work, making thin sections and treating the samples 
for conodonts in Kerman. Some of theyalynological processing has been 

carried out in the National Iranian Oil Company, Tehran. 

Although Professor D. L. Dineley (supervisor of this research) has 

not been able to visit, the area of study was checked by Professor Kh. 

Khosrow-Tehrani of the Geological Department (University of Tehran) 

and Dr. M. Ghavidel-Syooki (National Iranian Oil Company). Thanks 

are extended to them for their assistance. Most of the rock samples, bra- 

chiopod and coral specimens together with photographs and slides have 

been lodged with the department in Bristol. 
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` .' CHAPTER 1 

INTRODUCTION 

Devonian stratigraphy of the 'Kerman province is important in a 

number of ways for, palaeontological as well as {geological purposes. The 

interest of necessity tends - to centre about the, Late, Devonian because 

this particular interval is the one for which the record of Palaeozoic 

marine, invertebrate faunas is almost complete. The stratigraphic evi- 
dence-for the other Palaeozoic periods is less satisfactory. because of the 

more limited outcrops, the presence of non-marine sediments, lack of fos- 

sils and/or the complete absence of data. 

Devonian sedimentary. rocks. are exposed throughout the northern 

and northwestern Kerman region (Fig. 3.1). The Devonian strata in Ker- 

man were originally mapped by,. Hückreide et al. (1962). -Some years 

later, Dimitrijevic (1973) described. the outcrops in the northwest and 

southwestern Kerman. Nevertheless, no detailed study of the Devonian 

System in this area has been published so far. 

The purposes of thepresent research are as follows: 

` To review available literature on the Devonian System in Iran and 

to consider a possible correlation between the various outcrops. A pa- 
laeogeographic map of Iran during the Devonian will also be established. 

Although many Devonian exposures in the' Kerman province had 

been personally examined by the author, only five of the most prominent 

outcrops will be investigated in detail. The strata contain mainly bra- 

chiopods, corals and palynomorphs (spores and acritarchs) of the Upper 

Devonian. The Frasnian/Famennian boundary in the region may be ten- 

tatively identified. 

Brachiopods constitute one of the commonest elements within the 

Upper Devonian faunas of the Kerman region. However, the published 
data on these fossils are remarkably limited and the existing records are 
fragmentary. This study has revealed that the Frasnian and Famennian 

brachiopods are abundant, diverse and taxonomically '`useful for correla- 
tion. They are described systematically below. 
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The Rugosa and Tabulata corals, form `a 4 to 6m thick bed within 
the Frasnian successions in the Gerik section, g 

75 
tkm north of Kerman 

town. In spite of their abundance, they have not been reported hitherto 

(see Chapter 5). Because of their rapid evolution the Rugosa are useful 
for local correlation. and palaeoenvironmental interpretation. 

Chapter 6 deals with the study of miospores and acritarchs. They 

are abundant within most outcrops in northern Kerman. Only- the 

Nedenu section is barren of palynomorphs. The miospore and acritarch 
taxa provide' information for confirming the referred age based on-bra- 

chiopods and 'corals. These floras are also useful 1 for correlation, and 

palaeolatitude 'analysis: 

A 20 to 56 m thick conglomerate unit forms the basal part of the 

Devonian strata in the Zangu Mountain, ` northwest Kerman. 'A purpose 

of this study is * to determine the overall configuration of the unit, '' the 

source-of the materials, the regional sedimentary environment and to 

propose a hypothetical model of the region. The conglomerate unit crops 

out along the Devonian section north of Shams Abad and extends for 

about 12 kiii to the north. The Zangu conglomerate was' formed as a sin- 

gle alluvial fan'deposit-in an and to semiarid region. 

Conodonts ar'e' valuable fossils at all stages of geological analysis, 
from reconnaissance mapping to detailed correlation 'and zonation. 
Another aim of this research was to obtain conodonts''in order to estab=lish 

zonation and to identify the stratigraphical boundaries of the stages. 
About 60 samples were collected from five sections in the study' area. 
Forty dark grey limestone samples were processed for conodonts using 
10% acetic acid. The samples yielded only a few broken conodonts and 

fish teeth. - The same processing technique was applied i, to the carbonate 

samples -from the Devonian rocks of the Devonshire for a comparative 

study; many conodonts were extracted. Sedimentary environments with 

abundant corals, crinoids and brachiopods seem to be unfavorable for the 

association of conodonts (Brasier, 1980, p. 154). Because of the shallow 

and turbulent conditions of the environment in the Kerman region, the 

clastic rocks and the argillaceous limestones are poor in conodonts. 
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CHAPTER 2 

DEVONIAN STRATIGRAPHY IN IRAN 

2.1 INTRODUCTION 

Geographically Iran lies between the old continental masses of 
Gondwana to the south and Eurasia to the north. Two mountain ranges 
bound the central Iranian Plateau: the Alborz (Elbourz) lies in the north- 

ern part, and the Zagros Mountain Range is on the southwest side of the 

plateau. The Zagros are part of an arc which extends from Kurdistan in 

northwest Iran as far southeast as the mountains of northwest India. 

These Iranian mountain ranges were formed during the Alpine orogenic 

movements. The central part of Iran is geomorphologically of plateau 
type throughout, although some parts are actually low and flat. 

On the basis of tectonics, structural history and sedimentary facies, 

Iran is divided into nine geological zones (Stöcklin, 1966). Eftekhar- 

Nezhad (1981) recognized thirteen and Berberian and King (1981) con- 

sidered six zones of structural and sedimentary basin development (Fig. 

2.1). From a general point of view the Devonian rocks are exposed 

within the northern part of Iran along the Alborz Mountains, the Kopeh- 

dagh in the northeast and throughout the central region. Devonian sedi- 

ments have 
, 
not been observed in the Zagros Mountains. Sedimentary 

rocks yielding Devonian microfloras have been reported only in the 

Faraghan Mountains, 80 km north of Bandar Abbas (Ghavidel-Syooki, 

1986). 

Throughout much of Iran the Devonian strata lie conformably upon 

older Palaeozoic rocks and generally directly underlie the Carboniferous 

System, but universal conformity is unconfirmed. 

Numerous publications have appeared on the geology of the Meso- 

zoic and younger strata for the Zagros and Alborz Mountains but the 

Palaeozoic rocks, especially in the central and southeastern part of the 

country, are relatively unexplored compared with other regions. 
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Between the end of the 19th century and the middle of the present 

century the Devonian System was sporadically examined. Durkoop et al. 

(1967) and Gaetani (1967) evaluated the available information on the 

Devonian rocks in Iran, Afghanistan and Pakistan. In regard to palaeon- 

tological and sedimentological similarities, they found the Devonian for- 

mations in these countries to be possibly correlative. Since then no 

detailed descriptions of the system have been published. 

Geological studies in many parts of the world concerning the 

Devonian System are continuing (Second International Symposium on 

the Devonian System, Calgary, 1988). As a result of recent studies, 

palaeogeographical models of the Devonian are changing and refinement 

of the Devonian criteria for stage boundaries have been provided. Sys- 

tematic study of the Devonian System in Iran is important in the under- 

standing of "global events" such as "mass extinctions". 

This essay reviews the available information on the Devonian Sys- 

tem in Iran and considers a possible correlation between the various sec- 

tions and their relationships with those in adjoining countries. The 

palaeogeography of Iran during the Devonian will also be examined. 

Although Devonian strata are widely exposed throughout the north- 

ern part of Kerman, little is known about them. The present author has 

investigated five prominent and comprehensive sections there. 

Most of the Devonian sections in Iran are fossiliferous, containing 

mainly, brachiopods and corals. In addition they yield other taxa such as 

gastropods, crinoids, bryozoa and palynomorphs. Some fish fragments, 

trilobites and conodonts also have been reported in the Devonian rocks. 

The writer has focused his studies on brachiopods, corals and 

palynomorphs because they are the most abundant fossils in the Kerman 

region. They are also more reliable than other faunas of this region for 

biostratigraphic study. The brachiopod faunas belong to the Old World 

Realm of Boucot (1984). 

The local sedimentary fades generally consist of clastics and marine 

carbonates with minor, interbeds of shale and marl. The strata range 

variously in age from Lower to Upper Devonian. 
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2.2 PREVIOUS WORK ý`-°%. 

Devonian strata in Iran were first reported by DeVeneuil in the pub- 
lication by Viquesnel (1850) from the Central Alborz Mountains about 

100 km southwest of Gurgan (north Iran). Lotus (1855) gave the first 

comprehensive treatise on Iranian geology. His map extended from Lake 

Van in Turkey to southeast Shiraz and Esfahan to the Persian Gulf. 

Other pioneer stratigraphical work in Iran was carried out about the end 

of the last century and the beginning of the present. During the last 

thirty years systematic geological surveying has been done mainly by the 

Geological Survey of Iran and the Iranian Oil Company. 

The first detailed geological map of Iran (scale 1: 250,000) was pro- 
duced by the Oil Company in 1959. Since then numerous publications 
have appeared on the geology of the Zagros Mountains and the Alborz 

Mountains. However, many areas such as the southeastern part of the 

country have been subjected to reconnaissance field work only. Durkoop 

et al. (1967) and Gaetani (1967) found similarities between the lithology 

and stratigraphy of Afghanistan, Iran and Pakistan. Allavi-Naini (1972), 

Aghanabati (1977), Bozorgnia (1973), Dimitrijevic (1973), Movahhed et 

al. (1968), Romanko (1984), Ruttner et al. (1968), Sharkovski et al. 
(1984), Stöcklin (1968,1973,1977) and Zahedi (1973,1976) have 

recorded systematic geological exploration in Iran. These authors' publi- 

cations contain basic information. 

Devonian brachiopods from northern and northeastern Iran, studied 
by Brice et al. (1973), Gaetani (1965,1967), Sartenaer (1966,1968) and 
Sartenaer and Plodowski (1975), reveal identical taxa. Although there is 

some similarity within the brachiopod communities from the formations 

in the north and northeast, there are differences from the brachiopod 

communities in central Iran. 

Systematic descriptions of corals from the Devonian rocks in ` the 

northeast and north Iran by Brice et al. (1973) and by Ghods (1982) 

include many taxa - such as Disphyllum caespitosum, Macgeea, ' Hexa- 

gonaria; ° Ceratophyllum dohmi, Heliophyllum halli, Thamnophyllum 
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caespitosum and Tabulophyllum. - Most of these taxa have now also been 

found by the 'writer in the Kerman region. 

Goniatites provide valuable data regarding stage boundaries-, in the 

Devonian System. - In' a pioneer study in the Tabas area (northeast Iran), 

Walliser- (1966) - identified the - Upper Devonian p genera Manticoceras, 

Cheiloceras,, Prolobites, Platyclymenia, Clymenia, and Wocklurneria. He 

concluded that most of the Iranian forms are identical to those in Asia, 

Europe, Africa and North America. 

Golshani and , Janvier. (1974), Janvier, r (1974), '-, and - 
Janvier et al. 

(1981) recorded Devonian -dipnoans and elasmobranchs from the Upper 

Devonian in Kerman. These authors indicated that the tooth plates of 
Rhinodipterus sp. in Iran show marked differences from those of the 

genus in the Upper Devonian of Europe. On the other hand, their 

assigned age for the basal carbonate unit of the Hutk section is con- 

sistent with the age determination based on the , brachiopods by the 

writer., 

Palynolögical studies are becoming increasingly important for 

Devonian correlation, '' especially where the sequences contain' no other 

index fossils. Devonian spores and acritarchs were reported by Kimyai 

(1979),, from formations in Hasanakdar, north Iran, and , by Ghavidel- 

Syooki (1989) in the Faraghan Mountains, south --Iran. µ: The Faraghan 

Formation was previously thought to be of the Carboniferous in age; 
Ghavidel-Syooki (1989) determined a Middle to Upper Devonian age for 

the formation. On 'finding Gondwana spores, e. g: iDeltotosoma intosum 

and Papalongabata annulata, there, he concluded that Iran was -part of 
Gondwana in Devonian time. 

2.3 REGIONAL STRUCTURAL SETTING 

¶' 

The Lower Palaeozoic strata beneath the Devonian rocks throughout 

Iran, Arabia, parts of Pakistan, Afghanistan, Turkey and Jordan have a 

similar stratigraphy. Precambrian rocks consist mainly of rhyolite, 
basalt and evaporite deposits. The sequences of Upper Precambrian were 
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followed by detrital sediments, red arkosic sandstones and shales of 

Cambrian to Silurian age. 

Stratigraphic evidence together with palaeomagnetic data indicate 

that in this period of time, Iran was part of northern Gondwana (Ber- 

berian and King, 1981). Similarity of stratigraphic sequences shows a 

widespread stable continental margin, of Gondwana during Palaeozoic 

time (Cherven, 1986). 

The consolidation of the Precambrian basement of Iran was followed. 

by discontinuous sedimentary deposition (Fig. 2.2). Stöcklin (1968) sug- 
__ .. 

gested, that although sedimentary facies and thickness of individual for- 

mations may change within certain limits, in general the total thickness 

of the Palaeozoic sequences is constant, i. e. between 3 to 4 km in most 

sections except in Tabas. Ruttner et" al. (1968) discovered that the 

Palaeozoic strata in the mountains of Shirgesht-Ozbak-Kuh (northeast- 

central Iran), in the Tabas region, are probably the thickest and most 

complete Infracambrian to Devonian (about 7 km) in the Middle East. In 

a short distance (about 50 km) to the southwest of that section, the 

thickness drops to zero. This variation suggests the existence of a 

graben-like feature in Tabas in Early Palaeozoic time. 

The Palaeozoic succession, for the most part without volcanic 

activity, granite intrusion and regional metamorphism, indicates the per- 

sistence of a vast tectonically stable platform during this period of time 

(Stöcklin, 1973). Only in two localities have volcanic rocks been found, 

from the Lower and Upper Devonian formations in central and eastern 

Alborz and in the Lower Devonian of the Anarak area, central Iran. The 

cause of these volcanic events in respect to tectonic movements has not 

yet been considered. However, Brookfield and Gupta (1988) believe that 

the Lower Devonian basalt of northern Iran marks the initial break-up of 

northern Gondwana. 

The presence of continental deposits of Upper Silurian age and the 

lack of Lower Devonian rocks, together with the thickness and facies 

changes in the western and central Alborz, reveal a local uplift in post- 

Silurian time. 
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The Lower Devonian, contact with older Palaeozoic formations is 

everywhere a disconformity. Only in Shams Abad northwest of Kerman 

can a distinct' angular , unconformity- be observed between the Devonian 

and "Infracambrian" rocks. Dimitrijevic (1973) assigned "? Silurian to 

? Carboniferous" ages for the strata exposed on top of Precambrian in the 

Zangu Mountains northeast of Shams Abad. Corals, brachiopods and 

spores now indicate the age of this section as Upper Devonian. No evi- 
dence for tectonic movement was found. The big sedimentary gap from 

"Infracambrian" to Upper Devonian with the alluvial fan deposits at the 
base of the section indicate a local uplift in pre-Devonian time. 

Devonian and Lower Carboniferous strata, wherever reported, have 

an apparently conformable boundary. The base of the Carboniferous 

occurs somewhere within a broad span of the section on the basis of 

palaeontological evidence. Only at the Shotori Range, northeast of 
Tabas, does an erosional surface underlie Early Carboniferous basal 

conglomerate beds (Stöcklin et al. 1965a). An unconformity has been 

reported for the Upper Devonian-Lower Carboniferous contact in Turkey 

(Gedik, 1988). This unconformity shows uplift and erosion in Early Car- 

boniferous time. From the Late Precambrian Katangan Orogeny to the 

Late Palaeozoic, the craton of Iran, Pakistan, central Afghanistan, 

southeastern Turkey and Arabia was, therefore, a relatively stable con- 

tinental platform. No major magmatism or folding took place in that 

period. Some epeirogenic movements occurred in Late Silurian-Early 

Devonian time. The first major tectonic event and deformation in Iran 

may subsequently have started during Carboniferous time and finished 

during the Triassic period. Presence of ophiolites in Iran (Fig. 2.1) indi- 

cates that these tectonic events were associated with the northward sub- 
duction and the closure of the Hercynian, Ocean (Berberian and King, 

1981, p. 213). 

Several models have been proposed for the geographical position of 
the Iranian plateau during the Palaeozoic Era. Most suggest that , 

Iran, 

southeastern Turkey, part of Afghanistan and Pakistan were located at 
the northern border of Gondwana (Sengor, 1984). Iran and some 
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surrounding countries were becoming detached from Arabia and collided 

with Asia in Late Palaeozoic time. Iran moved as one or as several con- 

tinental fragments across the Tethys Sea, toward the end of the Late 

Triassic period, and a new ocean crust was produced to form the "High- 

Zagros Alpine Ocean". 

2.4 STR. ATIGR. APHY 

Exact boundaries between the Devonian Series in Iran have not yet 
been established. This is essentially because of the lack of reliable data. 

Correlation between 
_the 

sections is mainly based on brachiopods and/or .' 
corals. However, some some exposures were also correlated with regard to 

their fades similarity and/or their stratigraphical positions (Fig. 2.3). A 

quantitative analysis of the brachiopod distributions, such as presented 
by Boucot et al. (1969), is required for establishing a more convincing 

correlation between the Devonian sequences throughout Iran. 

For convenience the Devonian outcrops can be divided into four 

parts and are described separately. 
1. The Alborz Ranges in the north 
2. The Kopehdagh in the northeast 
3. The central part 
4. The Faraghan Mountains in the south. 

They represent the different parts of a single sedimentary basin (Fig. 

2.4). 

2.4.1 The Alborz Ranges 

Lower Devonian: Lower and Middle Devonian fossils have not been 

identified with certainty from the western and central part of the Alborz 

Mountains. However, an extensive section of the Devonian rocks has 

been reported at Khoshyielagh in the eastern Alborz (Bozorgnia, 1973; 

Hamdi and Janvier, 
_ 
1981). The basal formation of the Khoshyielagh 

outcrop is composed of approximately 300 m of conglomerate, diabase, 

white and reddish sandstone, shale and limestone. 

.. ý 
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Middle Devonian: Middle Devonian rocks in-the central and eastern 
Alborz have been attested by foraminifera, algae and brachiopods. The 

Khoshyielagh section, 15 km west of Khoshyielagh village contains about 

260 m of Middle Devonian conglomerate and siltstone with interbedded 

grey argillaceous to silty limestone beds. 

No angular unconformity has been reported for the base nor at the 

top of the Middle Devonian strata in the Alborz Mountains. Bra- 

chiopods, e. g. Spinatrypa sp., Spinocyrtia sp., Athyris sp. and Chonetes 

sp. dominate the local faunas; tentaculites and trilobites have also been 

reported from the Khoshyielagh section. 

Upper Devonian: More reliable data are available for the Upper 

Devonian of northern Iran which has a wide distribution, extending from 

Azarbaiejan northwest through the, central part to the eastern Alborz 

(see Fig. 2.3). In general, Upper Devonian formations in the Alborz 

Mountains are comparable to those of northern Afghanistan and Pakis- 

tan (Gaetani, 1967). Upper Devonian sections are described below. 

A. Zanjan (northwest). Lower and Middle Devonian rocks are missing 
in the Palaeozoic section of Zanjan. A marine Upper Devonian suc- 

cession, exceeding several hundred meters in thickness, is of gray 
limestone with Frasnian Rhipidiorhynchus, followed by sandstone 

and well stratified limestone beds with Famennian brachiopods. 

B. The Geirud Formation (Assereto, 1963) in the Geirud Valley, north- 

central Alborz, about 35 km north of Tehran, rests unconformably 

upon the Cambrian Mila Formation. Its lower limit has been dated 

as . 
Upper Frasnian by the presence of Cyrtospirifer verneuili, 

Camarotoechia and other brachiopods (table 2.1). The sequence con- 

tinues upward with beds of Famennian and Lower Carboniferous 

age, but the upper limit of the formation is of uncertain age. 

Assereto and Gaetani (1964) subdivided the formation into four 

members (a, b, c and d). Member (a) (lowest) has been referred to 

as Late Devonian and the other three members are Carboniferous in 

age. 
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Table 2.1 - Some of the Devonian brachiopods reported 
in Iran and Afghanistan 

Locations 
Order Taxa 

Alb Esf- Ana- Tab Ker Afg 
Kas Khur 

Orthida Rhipidomella sp. x 
Schizophoria striatula x 
Camarotoechia nalivkini x x 
Camarotoechia sp. x x 
Centrorhynchus charakensis x 
Ce. turannica x 

.d Coeloterorhynchus tabashensis x 
Cyphoterorhynchus arpaensis x x x x 

ö Cy. bisinus x 
Cy. koraghensis x x 

F,, Eoparophorhynchus maclareni x 
Hypothyridina cuboides x 
Paurorhyncha biknensis x x 
Ptychomaletoechia deltidialis x x 
Pt. elburzensis x x 
Rhipidiorhynchus elburzensis x x x 
Rh. kotalensis x x x x 
Rossirhynchus adamantinus x 
Anathyris sp. x 
Anatrypa sp. x 
Atrypa altryola x 
At. grossheimi x 
At. reticularis x 
Athyris chitralensis x x 
Ath. communis x 
Cleiothyridina coloradensis x x x x 
Cl. kasbassica x 
Cl. reticulata x x x x' x 

ca Composita sp. x x x x 

"ý Cyrtospirifer asiaticus x x 
Cy. bisinus x x 

ä Cy. chantaginicus x 
M Cy. disjunctus x x 

Cy. koraghensis x 
Cy. schelonicus x x x 
Cy. supradisjuctus x 
Cy. syringothyriformis x x x 
Cy. verneuili x x x x x x 
Cy. wangi x 

'Alb = Alborz, Esf-Kas = Esfahan-Kashan, Ana-Khur = Anarak-Khur, 
Tab = Tabas, Ker = Kerman, Mg = Afghanistan 
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Table 2.1 - (Continued) 

Locati on' 
Order Taxa 

Alb 
Esf- Ana- 

Tab Ker Afg g Khur 

Dichospirifer piriformis x 
Di. thylakistoides x 
Dmitra sp. x x x x x 
Eobrachytris proovalis x x 
Eo. struniatus x x x 
Eleutherokoma robatense x 
Punctospirifer sp. x 
Reticulariopsis lemaitreae x 
Sphenospira sp. x 
Spinatrypina sp. x x x 

'C: Sp. chitralensis x x 
o Sp. robusta x 

Sp. tubaecostata x 
Syringothyris sp. x 
Torynifer sp. x x 
Tylothyris mesacostalis x 
Ty. subvaricosa x 
Uchtospirifer multiplicatus x x x 
Uchtospirifer sp. x 

Buxtonia scabriala x x 
Leptaena sp. x 

0 Praewaagenoconcha sp. x 
0 Productella sp. x x x x x 

Pr. hirsutiformis x 
Retichonetes sp. x x 
Schellwienella sp. x 
Sc. percha x 

C Strophonella productoides x 
Whidbornella productoides x 

T a" Cryptonella tripliata x tulida lid 

'Alb = Alborz, Esf"Kas = Esfahan-Kashan, Ana-Khur = Anarak-Khur, 
Tab = Tabas, Ker = Kerman, Afg = Afghanista n 

Ir 

., 
i' 
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Member (a) consists of about 335 m of sandstone and fossiliferous 

limestone with several phosphatic layers (Movahhed et al., 1968). It 

is followed by plagioclase basalt, conglomerate, sandstone and fossili- 

ferous limestone. It is attributed to the Upper Frasnian and Famen- 

nian. 

The following brachiopods are common in member (a) and have been 

reported in many Upper Devonian sections in Iran (table 2.2): Pro- 

ductella sp.; Ptychomaletoechia elburzensis, Camarotoechia nalivkin, 
Paurothyncha bikniensis, Eoparorhynchus muclareni, Gastrodetoe- 

chia iranca, Cyrtospirifer verneuili, Cy. Changangincus, Cy. syringo- 

thyriformia, Athyris chitralensis, Composita, (Gaetani, 1965) 

C. Djam Section. Devonian rocks are also exposed in the Djam area, 
250 km east of Tehran. The Lower Devonian there accounts to 413 

m of sandstone, shale, gypsum and dolomite. The upper part of the 

Djam section is formed of 200'm of limestone containing bra- 

chiopods, tentaculites and - trilobites which indicate Middle to Upper 

Devonian age (Allavi-Naini, 1972). Carboniferous beds are'missing 

in the Djam section and the Devonian strata are overlain by Per- 

mian rocks. 

D. Khoshyielagh Section. eastern part of the Albort Mountains 

(approximately 350 km northeast of Tehran),, were studied by 

Bozorgnia (1973). The section contains Lower to 'Upper Devonian 

strata. The upper part of the unit consists of about 1070 m argilla- 

ceous limestone, fossiliferous and bioclastic limestone, quartz sand- 

stone and dolomite. -Brachiopods are common in this section, e. g. 
Cyrtospirifer schelonicus, Dichospirifer piriformis and Spinatrypa sp. 
(see also table 2.1). 

Most of the brachiopod taxa from the northern part of Iran have also 
been reported from the Devonian formations in Afghanistan. 
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2.4.2 Kopehdagh °° 

The Lower Devonian is well known in Kopehdagh, approximately 

280 km northeast of the Khoshyielagh section, and has the following 

members: a) basal member, 210 m, red to brown siltstone; b) lower eva- 

porite member, 290 m, gypsum; red brown and green shale with dark 

thin bedded dolomite; c) carbonate -member, 80 m, dolomite and lime- 

stone having brachiopods and corals; d) upper evaporite member, 75 m, 

gypsum and shale (Khosrow-Tehrani, 1985, p. 476). 

Middle-Upper Devonian rocks in this area are 290 m of limestone, 

dolomite, shale and siltstone containing brachiopods, corals, gastropods 

and trilobites. The faunas confirm the Middle to Late Devonian age. 

2.4.3 Central Iran 

Here there is an almost complete - succession within the Devonian 

System exposed locally in the following regions: a) Tabas, b) Esfahan and 
Kashan, c) Anarak and Khur, d) Kerman. The succession is subdivided 
into formations comparable to those with Devonian sections in other 

areas of Iran (Fig. 2.3). 

a) Tabas region. The best known Devonian outcrops are found here in 

northeast central Iran. The Devonian sections are exposed in the Gush- 

kamar and Ozbak-Kuh areas north of Tabas. The Devonian is about 

1500 m thick and distributed between four units: Padeha Formation, 

Sibzar Dolomite Formation, Bahram Limestone Formation and Shishtu 

Formation. Their stratigraphy is summarized in table 2.2. No fossils 

have been reported so far from the Padeha Formation. Because it is 

resting directly on the Upper Silurian strata (Niur Formation), it has 

been referred to the Early Devonian in age. 

Weddige (1984) found that conodont faunas from the Devonian for- 

mations in central Iran compare closely to those of other basins, e. g. Ger- 

many, and pointed out that an Eifelian and probably also Upper Emsian 

hiatus is evident between the Padeha and Sibzar Formations. 
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Table 2.2 - Stratigraphic sequences exposed in the north Tabas area. 
(after Ruttner, Nabavi and Hajian, 1968) 

Group Formation 
i(m ess Subdivision Lithology Age 

shale, sandy Early Permian to 
Sardar 2 marl, limestone 

Late Carboniferous Sardar 
600-900 and conglomerate 

Formation 

shale, marl, lime. Late-Early 
Sadar 1 

stone and sandstone Carboniferous 

limestone and marl, Early Carboniferous 

a 
Shishtu 2 

partly nodular (Tournaisian-Visean) 
Shishtu 

Formation 
300400 Early Tournaisian 

X 
Shishtu 1 shale, limestone 

Late Devonian 
and sandstone (Frasnian-Famennian) 

.a 
Ö limestone, dolomite Late Devonian 

Bahrain Bahrain 2 
and shale (Frasnian) 

Li t 500 300 mes one - 
Formation 

Bahrain 1 limestone 
Middle Devonian 

(Givetian) 

Sibzar Dolomite Early Middle 
100 Dolomite 

Formation Devonian 

lia Eif / .a e n 

Padeha sandstone, dolomite Late-Early 
Formation 

700 
and marl Devonian 

.9 
Niur 

600 
limestone, sandstone Silurian 

Formation and marl 
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Furthermore, he suggested that the "Eifelian hiatus' exists throughout 

central and northern Iran. t. 

Undetermined corals and brachiopods are the only taxa found from 

the Sibzar Dolomite Formation. An early Middle Devonian age was 

assigned to the formation from its stratigraphic position (Stöcklin, 1977, 

p. 228). 

Bahram Limestone contains several brachiopods, 'such as Cypho- 

terorhynchus arpaensis, Cyrtospirifer verneuili, and Productella hirsuti- 

formis (see Stöcklin, 1977, P. 47 for details). Conodonts were also deter- 

mined from this formation, including Spathognathodus bipernnatus, 

Icriodus nodosus and I. alternatus.. In addition, corals, e. g. Heliolites sp. 

and Alveolites with Tentaculites sp. and. trilobite fragments are also 

reported from the Bahram Limestone. Thus a Givetian-Frasnian age is 

claimed for the formation. 

The Shishtu Formation-has been" subdivided here into members 
Shishtu 1 'and Shishtu 2. The boundary between the two is marked by a 
black shale unit which was taken as the top of Shishtu 1. Shishtu 1 has 

been referred to as. Frasnian-Famennian and probably including Early 

Tournaisian (Stöcklin, 1977, p. 225). It contains brachiopods, e. g. Dmi- 

tria sp., Cyrtospirifer pamiricus and -Athyris communis. 

Goniatites, reported from the upper part of Shishtu 1' are , Mantico- 

ceras, Platyclymeniaý (Pl. ) quenstedti, Pl. (Pl. ) biferum and Sporadoceras. 

In addition, corals, - crinoids, bryozoans and trilobites are also found-in 

Shishtu 1. 

Most of the faunas from the Täbas area have also- been reported 
from the Devonian formations in central and northern Iran. 

b) Esfahan and'Kashan (west central Iran). Here` Lower Devonian rocks 

consist of about 500 m red sandstone, dolomitic sandstone and sandstone 
interbedded with reddish shale (Fig. 2.3). 

Middle and Upper Devonian strata are exposed to the south of 
Kashan and in northeast Esfahan but the local boundary between the 

Middle and Upper Devonian is not well defined. The Middle Devonian is 
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composed of . 140-400 m sandstone, dolomite and limestone. The strata 

contain many brachiopods; ' which include Chamarotoechia sp., Cypho- 

terorhynchus arpaensis, Cy. kotaghensis, Ptychomaletoechia deltidialis, 

Cyrtospirifer bisinus, Rechonetes sp., Schellwienella sp. and Productella 

sp. These brachiopods are common in central Iran. 

The Upper Devonian sequences are composed of approximately 200 

m of limestone, sandstone and dolomitic limestone, rich in fossils. The 

latter are mainly brachiopods, e. g. Cleiothyridina coloradensis and 
Uchtospirifer sp. (see also table 2.1). 

c) Anarak and Khur (central Iran). The Lower Devonian is formed of 

about 300 m red and white quartz sandstone and diabase with a few 

intercalations of dolomitic limestone in the Anarak area approximately 

220 km northeast of Esfahan. No fossils have been reported from these 

rocks. The ? Lower Devonian age is based on` the stratigraphic position 

between the underlying Silurian Niur Formation and overlying Middle 

Devonian Sibzar Dolomite (Romanko, 1984). 

In the -' Khur area about 120 km' ° northeast of Anarak, Lower 

Devonian formations i increase in thickness towards the east where they 

are 350-500 m of dolomitized limestone, °, quartzite-'and sandy dolomite. 

Several representative, dolomite, and dolomitized limestone exposures of 

the Sibzar Dolomite Formation (Early Middle' Devonian) were reported in 

the southeast of Anarak and Khur areas. The total thickness of these 

rocks is 80 m in Anarak and as much as 145-270 m in the Khur area. 

Certain species of corals within the sequence and stratigraphic relation- 

ships together, indicate A he Middle Devonian age for the sections 

(Romanko, 1984). 

The' Bahram " Limestone Formation in the southeast Anarak' 'and 

south Khur areas consists of 350-570 m of predominantly dark gray lime- 

stone. The formation contains many brachiopods and corals of Middle to 

Upper Devonian age, the most common being Camarotoechia sp., Atrypa 

grossheim Cyrtospirifer verneuili, ' Spinatrypa sp. and Productella sp. 

(see table 2.1). 
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Corals are Heliophyllum sp., Hexagonaria- sp., Neostringophyllum 

sp., Phillipsastraea sp., Scoliopora sp., Thamnopora reticulata and Try- 

plasma sp. Many of these have been - found "elsewhere in Iran and 

Afghanistan. 

The Shishtu Formation in the Anarak and 'Khur areas amounts to 

about 264-400 m of mudstone, shale, sandstone' and limestone containing 
brachiopods and corals. The faunas, e. g. those containing Cleiothyridina 

coloradensis and Cyrtospirifer disjunctus confirm an Upper Devonian to 

Lower Carboniferous age. 

d) Kerman (southeast central Iran). 

in the northern part of , Kerman. 

Devonian rocks are widely exposed 

The present author studied five 

Devonian sections in this area (see details below). Unfossiliferous red 

sandstone beds exposed at` the base of the Hutk section, northeast Ker- 

man, have been referred to as Old Red Sandstone facies (Clapp, 1940; 

Stöcklin and Setudehnia, 1977). The lower limit of the red beds does not 

crop out but the exposed thickness is about 110 m. 

The dominant, lithology is a medium to thick bedded arenite with 

medium to fine. grained sand and calcite-dolomite cement containing a 

large quantity of iron oxide.. The age given is solely based upon the 

superposition of Upper Devonian beds. However, an erosional surface 

with a2m thick, microconglomerate bed is present on top of red sand- 

stone. The sequence is extended for about 3-4 km in this section but it 

has not been seen elsewhere in Kerman. 

Middle Devonian strata have been reported at several places north 

and northeast of Kerman (Hückreide et al., 1962). Nevertheless, the 

present writer has not found fossils of this age within the study area. A 

conglomerate unit up to 56 m thick was discovered beneath Upper 

Devonian strata in the Shams Abad section, northwest Kerman. The 

conglomerate is overlain by sandstone which grades to sandy limestone 

and limestone beds. No erosional surfaces were found in this section. 
The age of the conglomerate is possibly Middle Devonian. 
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Upper Devonian strata consist of about 200-380 m limestone, sandy 
limestone, argillaceous limestone, dolomite, sandstone and shale. They 

are highly fossiliferous. Thirty-one brachiopod taxa, e. g. Cypho- 

terorhynchus arpaensis and Dichospirifer thylakistoides with eight taxa 

of Rugosa and Tabulata corals, e. g. Disphyllum caespitosum and Alveol- 

ites sp. were determined in this area. In addition, twenty-nine spore 

and acritarch taxa such as Acinosporites acanthomammillatus and Cho- 

motriletes vedugensis were also found in Kerman. The fossils indicate 

Frasnian-Famennian ages for the section here. 

Table 2.1 shows that most of the brachiopods in Iran were also 

found in Afghanistan. About 60% of the brachiopod taxa in the Kerman 

area and Afghanistan are the same. This similarity may indicate that a 

single and/or similar depositional environment existed in these two 

regions. 

2.4.4 Faraghan Mountains 

Rocks of Devonian age have not been reported from the southern 

part of the Zagros Mountains. However, the presence of the Devonian 

has been suggested from the recent investigation of palynomorphs in the 

Faraghan Mountains (Ghavidel-Syooki, 1989). The Faraghan Formation 

there, approximately 80 km north of Bandar Abbas (Fig. 2.3) is composed 

of about 310 m of sandstone interbedded with shale and limestone. Mid- 

dle Devonian rocks lie disconformably upon the Silurian. 

Because of the lack of marine invertebrate fossils, a Permo- 

Carboniferous age was previously assigned to the Faraghan Formation. 

However, certain spores and acritarchs, e. g. Retusotriletes distonensis, 

Densosporites devonicus, Geminospora puntata and Ancyropora ancyrea, 

proved the presence of Middle and Upper Devonian there, but Famen- 

nian fossils have not been found at this section (Ghavidel-Syooki, 1989). 

f 
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2.5 PALAEOGEOGR. APHY . f,, 14, 

Data on the Devonian stratigraphy of Iran, in contrast to many 

other areas of the world (e. g. Second International Symposium on the 

Devonian System, 1988), are still relatively few in recent publications. 

Thus a tentative palaeogeographic reconstruction for the Late Devonian 

(Fig. 2.4) shows no more than a general pattern of the sedimentary facies 

at that time. The present writer has studied the known literature on the 

sedimentology and palaeontology of the Devonian rocks in Iran. 

Although knowledge of local Iranian Devonian palaeogeography 
improves, it is still rudimentary. One of the' main problems concerns the 

lack of fossils from the Early Devonian. 

No Devonian marine fossils have been found within the southern 

and southwestern parts of Iran. Only in the Faraghan Mountains, 80 

km north of Bandar Abbas, do arenaceous deposits contain Devonian 

spores and acritarchs (Ghavidel-Syooki, 1989). No Devonian rocks have 

been reported from the entire eastern part of Iran (Stöcklin, 1972). 

Southwest and east Iran were uplifted by Caledonian epeirogenic 

movements (Davoudzadeh et al., 1986). Marine sediments were depo- 

sited over the central and northeast in Silurian-Devonian time. This 

sedimentary cycle was terminated by the "Eifelian hiatus". 

As shown in the reconstructed palaeogeography map (Fig. 2.4), sand- 

stones are mainly restricted to the west, northeast and southern parts of 

the area. Carbonate sediments interbedded with sandstone and shale 
beds, containing marine invertebrate fossils, occur over the rest of the 

region. Sedimentary sequences of sandy limestone, shale and sandstone 

with corals and brachiopods indicate that predominantly a shallow water 

platform developed from the northeast Alborz to. the Kopehdagh and 

extended southward to the Faraghan Mountains in the south. A study of 
Devonian formations in Saudi Arabia by Boucot et al. (1988) indicates a 

similar sedimentary environment for that area. 

In the northern Iran and Kopehdagh areas Devonian sediments 

were supplied from sources in the northwest and the northeast, 
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respectively. In the Kerman and Faraghan areas the sediments were 

supplied from the eastern land mass (Lut block). In the Esfahan area 

the exposed Old Red-type sandstone, a thickness of about 500 m, was 

supplied from the western part of Iran. Lithofacies and the isopach map 

of the Silurian-Lower Devonian of Iran by Davoudzadeh et al. (1986) 

shows a similar pattern to the palaeogeography map of the Devonian 

(Fig. 2.4) The only difference is that the Silurian upland areas west of 

Alborz and northwest of Tabas became shallow marine environments in 

Late Devonian time. 

The thickest succession of Devonian rocks is found in the Tabas 

region, northeast Iran. It is possibly due as much to an uprising of the 

source area (Lut block) east of Tabas (Stöcklin, 1966) as to local sub- 

sidence. A second landmass (Tabas block) also existed to the western 

side of the area. A narrow basin striking northwest-southeast thus sub- 

sided between the two blocks. 

As shown in the reconstructed palaeogeography map (Fig. 2.4), the 

exact boundary between the land and marine environment is uncertain 
due to the lack of data. It is possible that clastic sediments were depo- 

sited throughout the southwestern part of the basin from Zanjan to 

Esfahan and Faraghan, but there are no reliable data to prove that. 

Evaporites (gypsum) are deposited in the Lower Devonian forma- 

tions in Khoshyielagh (north Iran), Tabas (northeast Iran) and in the 

Djam area, 250 km east of Tehran. They indicate a dry warm climate 
for that period of time in northern Iran. This is also confirmed by the 

palaeogeography map of the Devonian by Liao and Ruan (1988), which 

shows that Iran was located in the subtropical region (15° to 30° south of 

the equator). The above mentioned evaporites are not shown in 

Zharkov's (1988) map of the Devonian evaporite basins of the world. 
This may be due to lack of data or because of their local nature. 
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2.6 SUMMARY AND CONCLUSIONS 

Lower Palaeozoic strata throughout Iran have similar stratigraphical 

characteristics. In general, the sedimentary pattern of the Devonian 

rocks (Fig. 2.3) is very similar to the rest of the Palaeozoic succession 
(Fig. 2.2). The thickest sequences of both Early Palaeozoic and Devonian 

y ati, 

occur in the Tabas area and northeastern Alborz. This similarity possi- 

bly suggests a relatively uniform depositional environment throughout 

early Palaeozoic and Devonian time. The sedimentary gaps, e. g. the 

Eifelian hiatus in the central part of Iran, with variation in the forma- 

tions, indicate epeirogenic movements. 

Lower Devonian formations consist predominantly of sandstone and 

shale. In addition, evaporite, limestone, dolomite, conglomerate and dia- 

base are also reported locally. The total thickness of Lower Devonian 

rocks varies between 110-730 m. No fossils have been reported from the 

Lower Devonian in Iran, thus the age is based on their stratigraphic 

position. 

Middle Devonian formations (100-320 m) are mainly of dolomite and 

sandstone containing brachiopods, corals, conodonts and spores in north, 

central and southeast Iran. 

Upper Devonian marine sediments are widespread, extending from 

northwest through the Alborz to northeast central Iran, Tabas, Kerman 

and as far south as north of Bandar Abbas. Dark limestones with bra- 

chiopods and corals predominate, but shaly and sandy facies are also 

reported; in addition gastropods, trilobites, crinoids, spores, acritarchs 

and fish fragments of Frasnian and Famennian age have been found. 

The total thickness of the rocks attributed to the Devonian System 

in Iran ranges from a few hundred meters in the northwest to a max- 
imum of 1870 m in the northern Tabas area (Fig. 2.3). The Devonian- 

Carboniferous boundary is within a transitional succession and the loca- 

tion is uncertain. A minor intraformational unconformity with a few thin 

conglomerate beds within the Lower Carboniferous occurs in the Shotori 

Range east of Tabas (Stöcklin, 1966). It may represent a marine 
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transgression after a brief hiatus. 

A gentle movement resulted in 'an uplifting of east and southwest 
Iran. Shallow marine Devonian sediments were deposited over a wide 

area from the northern part through central and southeastern Iran. 

The =formation of evaporites within the Devonian succession in 

northern Iran indicates a dry warm climate for that period of time. 

27 



ý, ý; CHAPTER 3 

DEVONIAN STRATIGRAPHY OF KERMAN 

3.1 INTRODUCTION 

The Kerman province is located in southeastern central Iran. It lies 

between 53° and 59°E `longitude and 25° and 33°N latitude, with an area 

of nearly 200,000 km2. Most of the Kerman region has mountainous 
topography with 'several' NW-SE trending ranges, separated by broad 

depressions. The climate- is continental and arid with hot summers (up 

to 40°C) and very cold winters (about -14°C), especially in the mountains. 

Sedimentary' , formations in Kerman range from Precambrian ' to 

Recent. The northern part of the region is covered mainly by sedimen- 

tary rocks, with little metamorphism and few igneous outcrops. How- 

ever, the southern part of the area is covered by igneous, metamorphic 

and sedimentary rocks, with) volcanic - rocks predominating. The area 

was folded and faulted as the s result of Late Hercynian and Alpine oro- 

genic events. ý.. I 

The Precambrian successions 'in Kerman consist of about 500 m of 

marine clastic sediments containing radiolarite (Morad Series). The 

sequence is followed by a thick, (600 - m) succession of dolomites, sand- 

stones and volcanic rocks (Rizu. Series). The series passes into gypsum 

and dolomite interbedded with, volcanic rocks, reaching a thickness of 

about 200 m (Desu Series). 

The Precambrian formations are overlain by 400 m of sandstones 
(Dahu Formation) which are succeeded by limestones containing Middle 

and Upper Cambrian trilobites. 

The successions from the Ordovician to Lower Devonian are rela- 
tively thin and consist of sandstones and dolomites with occasional inter- 

bedded limestones (Hückreide et al., 1962). 
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Devonian strata crop out in many places throughout the northern 

part of the Kerman region (Fig. 3.1). They overlie unconformably "Infra- 

cambrian" rocks in the Zangu Mountain, northwest Kerman. No other 

unconformity has been reported at- the base of the Devonian outcrops. 

However, in most sections the lower contact of the Devonian is not 

exposed. According to Hückreide et al. (1962), the Upper Devonian and 

Carboniferous in most parts of the area are monotonous dolomites. The 

boundary between the two systems cannot be established due to the lack 

of fossils, and the presence of the Lower Carboniferous strata in the area 

of study is not established. A late Early-Late Carboniferous hiatus in 

the Kerman area has been reported by Weddige (1984). 

In the present, research the Devonian formations in the Kerman 

region were considered in order to provide data for the interpretation of 

the palaeoenvironments as well as correlation of the sections in this part 

of Iran. It is also hoped to establish the Frasnian/Famennian boundary 

in the Kerman area. 

Five prominent outcrops were studied in detail. They are well 

exposed at the surface, and not obscured by detritus or vegetation. The 

sections are easily accessible and include much of the Devonian succes- 

sion in the region. The following localities were sampled and are 
described briefly: 

1. Gerik Section, 75 km north of Kerman Town 

2. Hutk Section, 30 km north-northwest of Kerman Town 

3. Nedenu Section, 60 km north-northwest of Kerman Town 

4. Shams Abad Section, 26 km north-northwest of Kerman Town 

5. Tizi Section, 22 km north-northeast of Kerman Town 

See Fig. 3.1 for the location of the sections. 

3.2 STRATIGRAPHY 

The outcrops in the study area were previously regarded as "Upper 

Cambrian-Devonian and locally Carboniferous" (Hückreide et al., 1962). 
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Later, Dimitrijevic (1973) assigned ? Late Silurian-? Early ý Carboniferous 

age to the strata exposed in the Shams Abad and Nedenu sections, 

northwest, Kerman. However, it is now apparent that they all belong to 

the Devonian, System. 

Lower Devonian fossils were not found in Kerman. The red sand- 

stone facies at the 'base of the Hutk section north-northwest of Kerman 

Town has been thought to be Early Devonian in age (Hückreide et ' äl., 

1962). -' 

Middle Devonian rocks have been reported in the northern pärt of 
Kerman (Hückreide et al., 1962). Nevertheless, none has been identified 

in the area of study. Only the conglomerate unit'at`the lower limit of the 

Upper Devonian strata in the Shams Abad section possibly' belongs to 

the Middle Devonian. 

Upper Devonian successions crop out in many places throughout the 

northern Kerman region. They consist mainly of carbonates containing 

mostly brachiopods, corals, spores and acritarchs. Some clastic sedi- 

ments also occur within" the' Upper ' Devonian. The thickness of the 

Upper Devonian strati ranges from 220 m to 370 m. 

The terminologies applied to the carbonate and sandstone rocks fol- 

low Folk (1962) and Pettijohn et al. (1973) classifications respectively. 

Five Devonian outcrops were studied as follows: 

3.2.1 Gerik Section 

The section begins at the foot of the mountain slope about 350, m 

west of Gerik Village, 75 km north' of Kerman Town, and extends uphill 
to the northeast (Fig. 3.1, uppermost ý center). The geographical co- 

ordinates of the lower end of the section are: y (long. ) E56°5341" and 0 

(lat. ) N30°47'43". The outcrop can readily be reached from the road and 

easily identified. The beds dip towards the northeast at angles between 

20 and 25 degrees. 

The lower limit, Of the sediments are continued below the overlying 
Quaternary, clastic materials and the top of the "outcrop is overlain 
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unconformably by dolomitic limestones and dolomites referred to as 
Permian-Triassic (Hückreide et al., 1962). The total thickness of the 

Upper Devonian strata is about 220 m. 

The basal unit of the section consists of about 25 m of medium to 

thin-bedded, light brown microcrystalline limestone containing bra- 

chiopods (Plate 3.5b). The limestone is followed by a 29 m medium to 

very thin-bedded, medium to coarse-grained white sandstone. The 

quartz grains are rounded and moderately sorted; about 10% of the rock 

volume is made of rock fragments, 4-5% feldspar (arkosic to subarkosic 

arenite) with 7 to 10% siliceous and hematite cement. Sedimentary 

structures were not found in this unit. The sandstone is succeeded by 15 

m of thin-bedded green shale interbedded by limestone. Several bra- 

chiopod taxa were found within the limestone beds (Fig. 3.2 and Plate 

3.5a). The shale contains acritarchs and spores, e. g. Chomotriletes 

vedugensis, ' suggesting Frasnian marine environment (see Chapter 6 for 

details). 

The shale unit passes into a 25 m thick succession of reddish brown 

to light brown, medium bedded biomicritic limestone and dolomite (Plate 

3.11a). The faunas include brachiopods, gastropods, ostracods and cri- 

noids. Plate 3.1a shows medium to thin-bedded limestone with erosional 

surface. A 4-6 m coral unit occurs above the dolomite beds. Disphyllum 

caespitosum dominates the faunas and is accompanied by numerous soli- 

tary corals. Some of the coral fossils have been found throughout the 

Frasnian strata up to level 150 m. Brachiopods, gastropods and bryo- 

zoans were also found within the coral community (see ' Plates 3.1b and 
3.2a). The fossils are preserved in a muddy limestone lithofacies. 

The strata overlying the coral unit are medium-bedded fossiliferous 

argillaceous grey limestone and shale, reaching a thickness of about 55 

m. Brachiopods dominate the faunas; in addition a few gastropods, bryo- 

zoans and crinoids (Plate 3.2b) with some coral fragments were found in 

this sequence. 

Based on the extinction of the Frasnian fauna and the appearance of 
the Famennian brachiopods, the boundary between the two stages can be 
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Explanation of the symbols used in figures 6.1-6.4. 
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established at the lower limit of the shale beds above the carbonate unit 
(level 160, Fig. 3.2). It will be considered in detail later. 

The lower Famennian stage is formed of 20 m of alternating thin- 

bedded grey shale and medium to thin-bedded, dark brown argillaceous 
limestone. It contains numerous brachiopods; other faunas were not 
determined (Fig. 3.2). 

The upper part of the section consists of about 40 m of medium- 
bedded grey brown microcrystalline limestone interbedded by shale beds. 

The brachiopods are less abundant in the upper unit than in the under- 
lying beds. Sedimentary structures are absent in this section except for 

erosional surfaces. The presence of certain brachiopods, corals, spores 

and acritarchs described below together with the sedimentary facies, 

indicates a shallow marine platform environment during deposition of 

the strata described above. 

3.2.2 Hutk Section 

The section begins at the foot of the mountain slope about 900 m 

southeast of Hutk Village and extends uphill to the northeast. The geo- 

graphical co-ordinates of the lower end of the section are: y (long. ) 

E56°57' and 0 (lat. ) N30°34'7". The outcrop can readily be reached from 

the road and easily identified (Fig. 3.1). The beds dip towards the east- 

northeast at angles between 15° to 25°. The total thickness of the sec- 
tion is about 480 m (Fig. 3.3). 

The lower unit of the section is of red clastics. The lower limit of the 

sediments is continued below the overlying Quaternary deposits but the 

observed thickness is about 100 m (Plate 3.3a). The dominant lithology 

is a medium to thin-bedded arenite, mainly grain-supported, medium to 

fine-grain sand. The matrix consists predominantly of 80-90% quartz and 
5-7% feldspar with about 5-10% rock fragments (subarkosic arenite, 
Plate 3.9a). The grains are angular to subangular and poorly to 

moderately sorted. The quartz grains have monocrystalline and uniex- 

tinction, possibly indicating an igneous source. The grains are well 
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