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ABSTRACT

The Central Basin of the Iran Plateau 

is between the geologically better-known 

regions of the Zagros and Alborz Moun-

tains. Hydrocarbon exploration in the Cen-

tral Basin has revealed the details of the 

late Eocene–Holocene evolution of the basin 

based on seismic refl ection data, geologi-

cal fi eld work, basin modeling, and satellite 

interpretation. The multistage basin his-

tory commenced with broad sag-type sub-

sidence and isolated normal faults during 

Oligocene–early Miocene time. It evolved 

to an extensional or transtensional basin 

in the early-middle Miocene, with as much 

as 4–5 km of Upper Red Formation section 

being deposited in some parts of the basin 

during this stage. The upper part of the 

Upper Red Formation is associated with a 

change to transpressional deformation, with 

the development of thrusts and folds. This 

latest (probably middle and/or late  Miocene–

Holocene) deformation is transpressional, 

and includes a mixture of basement-

involved strike-slip and thrust faults and 

thin-skinned folding and thrusting detached 

on Oligocene evaporites. Local detachment 

levels higher in the stratigraphy also exist. 

Subsidence in mini-foredeep basins and 

strike-slip fault bounded basins occurred 

during this stage, and several kilometers 

of Upper Red Formation were deposited 

in the main depocenters. Northwest-south-

east– to north-northwest–south-southeast– 

striking dextral strike-slip to compressional 

faults dominate the area, with subordinate 

east-west and north-south fault orienta-

tions also present. These different fault sets 

combine in places to form major strike-slip 

duplex geometries. The Eocene volcanic belt 

(Urumieh-Dokhtar zone) along the southern 

margin of the basin forms a chain of massifs 

as much as 3 km high, the outcrops of which 

were exhumed by movement along major 

thrusts from 5–6 km depth between the 

middle Miocene and present day. The Cen-

tral Basin–Urumieh-Dokhtar zone forms a 
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distinctive transpressional belt that under-

went a minimum of 38 km shortening 

between the late Miocene and Holocene. 

The Central Basin and the Zagros and 

Alborz Mountains all indicate that the 

onset of widespread crustal shortening in 

Iran occurred late (latest early Miocene or 

later), relative to the initial collision of the 

Arabia Peninsula with Eurasia during the 

late Eocene or early Oligocene. Uplift of the 

Central Basin surface from approximately 

sea level to 900–1000 m occurred during the 

middle or late Miocene, after deposition of 

the marine Qom Formation.

INTRODUCTION

Iran is one of the world’s best examples of 

a youthful stage of continent-continent colli-

sion. The collision between Arabia and Eurasia 

appears to have commenced during the late 

Eocene–early Oligocene (Agard et al., 2005; 

Vincent et al., 2005, 2007; Allen and Armstrong, 

2008; Horton et al., 2008). However, the most 

conspicuous manifestations of the collision, the 

Zagros and Alborz Mountains, have undergone 

their most signifi cant deformation during the 

middle Miocene–Holocene (see review in Allen 

et al., 2004), and earlier deformation is largely 

confi ned to a much narrower belt between the 

Sanadaj-Sirjan zone and High Zagros (Agard et 

al., 2005; Fakhari et al., 2008). A better under-

standing of the orogenic belt requires defi ning 

and dating the geological events associated with 

(1) the poorly known early stages of collision 

(Oligocene–early Miocene), and (2)  Miocene–

Holocene deformation in the Iran Plateau, 

which is between the more intensively studied 

Alborz and Zagros Mountains (Fig. 1). In this 

regard, the Oligocene–Pliocene sedimentary 

rocks of the Central Basin of the Iran Plateau 

are particularly important.

The Central Basin is defi cient in published 

modern studies, despite important contributions 

by Jackson et al. (1990), Walker and Jackson 

(2004), Allen et al. (2004), Talbot and Aftabi 

(2004), and Letouzey and Rudkiewicz (2005). 

Excellent older descriptions of the Central Basin 

structure and stratigraphy were given by Huber 

(1951), Sonder (1951, 1954, 1956), Gansser 

(1955a, 1957), Furrer and Sonder (1955), and in 

1:100,000-scale map sheets (Geological Survey 

of Iran, Geological Maps of Iran, Aran, Farma-

hin, Qom, Saveh, Tafresh). Recent exploration 

for hydrocarbons in the Oligocene–Pliocene 

sedimentary rocks of the Central Basin has 

resulted in new data and descriptions of the 

structure of the plateau.

The aim of this paper is to describe the 

structural styles and evidence for timing of 
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deformation in a part of the Central Basin 

referred to here as the Saveh-Qom area. The 

PTT Exploration and Production Public 

Company Limited (PTTEP) and the National 

Iranian Oil Company (NIOC) have together 

been exploring for hydrocarbons in the Saveh-

Qom area, which is ~100 km south of Tehran 

(Fig. 1). The data presented here are based on 

new two-dimensional (2D) seismic refl ection 

data, reprocessing and reinterpretation of older 

vintage 2D seismic refl ection data, fi eld work, 

and satellite image interpretation conducted 

between 2005 and 2007. Figure 2B shows the 

location of the 2D seismic lines with respect to 

the outcrop geology. 

This paper describes the polyphase history of 

the Central Basin and its varying structural styles 

through time. The fi nal and dominant style is 

strong dextral transpressional deformation that 

occurred toward the end of basin development 

during the Neogene. This latest deformation 

lifted parts of the basin as substantial massifs to 

as much as ~3000 m high, and left remnant parts 

of the basin behind, forming fl at-lying plains at 

elevations between 850 and 1000 m (Fig. 1). The 

massifs, which predominantly expose Eocene 

volcanics, are referred to as the Urumieh-

Dokhtar zone. The Central Basin and Urumieh-

Dokhtar zone contain very extensive outcrops 

in hilly to mountainous terrane. Consequently, 

large-scale folds, thrusts, strike-slip faults, and 

halokinetic features within the basin sediments 

and underlying Eocene volcanics can be clearly 

identifi ed in outcrop and on satellite images. 

Immediately adjacent to the excellent exposures 

are large, fl at remnant basins that are covered 

by 2D seismic data (Fig. 2). The combination 

of surface and subsurface data makes the Cen-

tral Basin a spectacular and well-documented 

example of transpressional deformation, yet the 

basin is little known outside Iran.

GEOLOGICAL BACKGROUND

The broad tectonic divisions of Iran compose 

the Eurasian plate in the northeast half of the 

country and the Arabian plate in the southwest 

half, separated by the central Iran Zagros suture 

zone (Fig. 1B). During the Cretaceous, the 

Arabian plate moved northward and converged 

with Eurasia. According to Stampfl i and Borel 
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(2002), this convergence resulted in subduc-

tion of the Neo-Tethys ocean in an intraoceanic 

plate setting beneath oceanic crust of the Semail 

(backarc) ocean. In Iran Cretaceous ophiolites, 

such as the Neyriz and Nain-Baft ophiolites, 

are found within the crush zone (e.g., Delaloye 

and Desmons, 1980; Berberian and King, 1981; 

Lanphere and Pamic, 1983; Ghazi and Hassani-

pak, 1999; Agard et al.; 2005); they are dismem-

bered remnants of an extensive ophiolite suite 

that was obducted onto the Arabian margin dur-

ing the Late Cretaceous (e.g., Searle and Cox 

1999; Agard et al., 2005). Stampfl i and Borel 

(2002) attributed these ophiolites to obduction 

of the Semail backarc crust. Following obduc-

tion, the remaining oceanic crust was subducted 

northward beneath the Eurasian margin and 

gave rise to the extensive Eocene volcanism of 

central Iran (Berberian and King, 1981; Bina et 

al., 1986; Stampfl i and Borel, 2002; Agard et al., 

2005). Eocene volcanism is very widespread in 

central and northern Iran, and appears to repre-

sent both volcanic arc and backarc volcanism 

(e.g., Vincent et al., 2005). The suture zone is 

along the southwestern margin of the Sanadaj-

Sirjan zone (Main Zagros thrust, Fig. 1B). The 

timing of collision has been controversial: mod-

els for the timing of collision range between the 

latest Eocene and/or early Oligocene (Sengor et 

al., 1993; Agard et al., 2005), to the middle or 

even late Miocene (Axen et al., 2001; McQuar-

rie et al., 2003; Guest et al., 2006a). However, 

recently the issue of timing has been resolved in 

favor of a late Eocene collision (e.g., Agard et 

al., 2005; Vincent et al., 2005, 2007; Allen and 

Armstrong, 2008; Horton et al., 2008; Fakhari 

et al., 2008).

The main area of the Central Basin is north 

of the Urumieh-Dokhtar zone, ~300 km long 

in a northwest-southeast direction and 150 km 

wide (northeast-southwest), and is character-

ized by fl at-lying topography with occasional 

low hills (Fig. 1). The basin was considerably 

more extensive in the past, as indicated by rem-

nant Oligocene–Pliocene outcrops south of the 

Urumieh-Dokhtar zone, within the Urumieh-

Dokhtar zone (Fig. 1B), and in the southern 

foothills of the Alborz Mountains (Ballato et 

al., 2008). The Urumieh-Dokhtar zone abuts 

the Sanadaj-Sirjan zone, which is a structurally 

complex region predominantly composed of 
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Mesozoic phyllites and metavolcanics located 

at the leading edge of the Eurasian plate (Stock-

lin, 1968; Agard et al., 2005). The Central Basin 

is limited to the north by the Alborz Mountains, 

and to the east by the Central Iran microplate 

(Jackson et al., 1990; Fig. 1B). Along these 

margins there are well-developed strike-slip 

fault systems and thrusts (Hessami et al., 2003; 

Fig. 1B). Some faults are active today; with 

earthquake focal mechanisms showing dextral 

motion on northwest-southeast–oriented faults 

and sinistral motion on northeast-southwest–

trending faults (Walker and Jackson, 2004). This 

fault activity fi ts with global positioning system 

(GPS) data that show approximately northward 

convergence of Arabia with Eurasia (Vernant 

et al., 2004). The GPS data indicate that there 

is little detectable internal deformation of the 

Iran Plateau at present (shortening at rates of 

2 mm/a–1 or less); instead, shortening is cur-

rently focused on the Zagros (6.5 ± 2 mm/a–1) 

and Alborz Mountains (8 ± 2 mm/a–1; Vernant 

et al., 2004).

Central Basin Stratigraphy

The Central Basin deposits overlie ~3 km 

thickness of Eocene arc volcanics and volcani-

clastics with subordinate marine carbonates and 

evaporites (Berberian and King, 1981; Bina et 

al., 1986). The Eocene sequence unconform-

ably overlies Cretaceous and Jurassic sedimen-

tary and metasedimentary rocks. The Eocene 

succession commences with a basal conglom-

erate and coarse clastics, followed by a pre-

dominantly calc-alkaline volcanic series that 

dominates the Eocene stratigraphy (Stocklin, 

1968). Interbedded with the volcanics and vol-

caniclastics are limestones (some nummulitic) 

and evaporites, indicating that the volcanism 

occurred close to sea level. The Eocene section 

was deformed, uplifted, and eroded prior to 

deposition of the Oligocene–Miocene sedimen-

tary rocks of the Central Basin (Huber, 1952; 

Gansser, 1955b). Three main stratigraphic units 

are present in the Central Basin: the Lower 

Red Formation (Oligocene), the Qom Forma-

tion (late Oligocene–early Miocene), and the 

Upper Red Formation (early Miocene–early 

Pliocene?; Fig. 3; Gansser, 1955a; Furrer and 

Sonder, 1955; Abaie et al., 1964).

The Central Basin is composed of two main 

subbasins, a northwest-southeast–trending 

arm including the Saveh-Qom area discussed 

here, and a northeast-southwest–trending arm 

that underlies the Great Kavir desert. In the 

Great Kavir, outcrops of the Central Basin 

form extensive, fl at-lying rock pavements that 

exhibit spectacular examples of salt diapirs 

punched through folded Miocene sedimentary 
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marine fossils indicates episodic marine incur-

sions into the basin. Near the base of the Lower 

Red Formation is a halite-dominated evaporite 

sequence commonly several hundred meters 

thick. The evaporites are extensively distrib-

uted, occurring both in outcrops in the Tafresh 

Massif and within the basinal area. Some 

localities display a low-angle angular uncon-

formity between the Lower Red Formation and 

the Qom Formation (Fig. 4B), which has been 

attributed to uplift and erosion associated with 

local orogenic movements (Gansser, 1955a). 

This deformation appears to be minor and may 

at least in part be attributed to local, early halo-

kinesis of the Lower Red Formation evaporites. 

It is usually diffi cult to identify any clear angu-

lar unconformity between the Lower Red and 

Qom Formations in seismic refl ection data.

The Qom Formation is a late Oligocene–

early Miocene shelfal–upper slope marine 

carbonate–dominated unit (Furrer and Sonder, 

1955; Gansser, 1955a; Schuster and Wielandt, 

1999). Reuter et al. (2007) assigned a late 

Rupelian to mid-Burdigalian age for the Qom 

units (Gansser, 1955a; Jackson et al., 1990; 

Fig. 1B). These outcrops led to the recogni-

tion of the salt canopy structural style (Jackson 

et al., 1990). A ~1–2-km-thick lower salt, of 

Eocene–Oligocene age, and a younger Miocene 

salt as thick as 1.5 km are present (Jackson et 

al., 1990). The Miocene section is predomi-

nantly composed of evaporitic marls, siltstones, 

and fi ne-grained sandstones. The Great Kavir, 

while displaying spectacular outcrops, does not 

have the well information or seismic data cov-

erage that is found in the Saveh-Qom area. The 

following summary of the Central Basin stra-

tigraphy is based on outcrops and well data in 

the Saveh-Qom area.

The Lower Red Formation is typically 300–

1000 m thick and varies in lithology laterally and 

vertically; it includes shales, siltstones, marls 

with gypsum, sandstones, conglomerates, and 

evaporites (Gansser, 1955a). The coarse clastics 

show a large component of Eocene volcanic-

derived clasts. Basaltic-andesitic lava fl ows and 

pyroclastic deposits also occur in places (Furrer 

and Sonder, 1955). The occasional presence of 
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Figure 4. Photos show typical geology of the large-scale folds in Central Basin sedimentary rocks. (A) Photograph 

of a basement-involved fold in the Tafresh massif. (B) Close-up of the fold crest showing a low-angle angular 

unconformity between the Qom Formation and the Lower Red Formation. See Figure 2A for location.
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Formation. It is approximately time equivalent 

to the Asmari Limestone of the Zagros Moun-

tains, and together the two formations record 

the Terminal Tethyan Event, when the Tethyan 

Seaway was closed due to uplift associated with 

collision of the Arabian and Eurasian plates 

(e.g., Reuter et al., 2007). The Qom Forma-

tion marks an isolated branch of the Tethyan 

Seaway that was north of the main ocean (Har-

zhauser and Piller, 2007). In the Saveh-Qom 

area, the Qom Formation is as much as ~ 1 km 

thick and composed of marls, carbonates, sandy 

limestones, and bituminous shales, with occa-

sional anhydrite layers (Gansser, 1955a, 1957; 

Furrer and Sonder, 1955; Reuter et al., 2007). 

The most prominent evaporite layer within the 

Qom Formation is the ~10-m-thick D member 

anhydrite. The Qom Formation is the main 

reservoir and source rock for hydrocarbons 

(Abaie et al., 1964). The carbonates of the Qom 

Formation are most commonly representa-

tive of outer shelf–upper slope deposition on a 

ramp-type setting, with bryozoan assemblages 

dominating over corals. In the Saveh-Qom area 

four main shallowing episodes occur within the 

Qom Formation (Reuter et al., 2007), and some 

local highs are present, characterized by ero-

sional unconformities, conglomerates, oolitic 

limestones, and shallow-marine fossils. Some 

of these highs appear to be related to normal 

faults or early movement on Lower Red Forma-

tion salt pillows and diapirs.

The Upper Red Formation is generally a 

clastic-dominated unit as much as 7 km thick, 

composed of marls, siltstones, sandstones, 

and conglomerates. At the base of the forma-

tion is an evaporite unit that in places exceeds 

400 m in thickness (Abaie et al., 1964). Over-

lying the halite-dominated evaporite unit in the 

Alborz and Sarajeh fi elds is a predominantly 

fi ne-grained sequence of Upper Red Forma-

tion, almost 4000 m thick. The clastics were 

divided into the units M1, M2, and M3 by 

Abaie et al. (1964). All these units are charac-

terized by varying percentages of sandstones, 

gypsiferous shales, and siltstones. However, this 

stratigraphic scheme is only locally applicable, 

because basin center deposits, such as those 

penetrated in the Alborz and Sarajeh fi elds, are 

predominantly fi ne grained, while extensive 

coarse clastic sequences are present toward 

the basin margins. For example, in the Khu-e-

Zangavar syncline west of Saveh dam (Fig. 2), 

the Upper Red Formation has been mapped as 

three units; from base to top, these are: Mm—

red marl, sandy marl, sandstones and conglom-

erates; Ms—dark red-brown conglomerates and 

sandstones; and Mc—gray coarse pebbly con-

glomerate (Geological Survey of Iran, Geologi-

cal Map of Iran, Saveh). 

Amini (1997) demonstrated different entry 

points of sediment into the Upper Red Formation 

basin, particularly from the north and the south, 

using paleocurrent indicators and sediment prov-

enance. Volcanic detritus dominates the clastic 

content of the Upper Red Formation. In gen-

eral, volcanics derived from the southern margin 

are predominantly aphanitic volcanic lithics, of 

more basic composition than the comparatively 

acidic, vitric volcanic lithics and individual 

(igneous) mineral grains derived from the north 

(Amini, 1997). Lithic clasts derived from the 

Qom Formation are also abundant in the Upper 

Red Formation. Amini (1997) noted that within 

the ~1250-m-thick conglomeratic section at the 

Yazdan anticline section, there is an upward 

change from Qom Formation–dominated lithics, 

to volcanic dominated, then to mixed Qom For-

mation and volcanic contributions.

The Upper Red Formation is predominantly 

composed of continental deposits, and con-

sequently is very poorly dated. The top of the 

Qom Formation is dated as near the end of 

the Burdigalian, ca. 17 Ma ago (Schuster and 

Wielandt, 1999; Daneshian and Ramezani 

Dana, 2007), so the Upper Red Formation has 

traditionally been dated as in the remainder of 

the Miocene. Recent magnetostratigraphy data 

from Ballato et al. (2008) suggest that the Upper 

Red Formation adjacent to the southern Alborz 

Mountains ranges in age between 17.5 and 

7.5 Ma. The top of the Upper Red Formation in 

this area is marked by the Hezardarreh and Kah-

rizak Formations, which are coarse clastic, allu-

vial fan–system deposits (Ballato et al., 2008). 

Given the localized depositional trend of such 

deposits, and the time-transgressive nature of 

the similar coarse-grained Batkhyari Formation 

in the Zagros Mountains (Fakhari et al., 2008), 

there is every reason to suspect that the Hezard-

arreh and Kahrizak Formations pass basinward 

into fi ne-grained Upper Red Formation–type 

facies. Consequently, in this paper it is assumed 

that the age range of the fi ne-grained Upper Red 

Formation section imaged in seismic data in the 

Saveh-Qom area is ca. 17 Ma old to Pliocene 

age. This is simply based on the assumption that 

the depositional and structural processes that 

occurred during the late Miocene are similar to 

those today, and so it is diffi cult to confi ne the 

Upper Red Formation to an arbitrary time limit 

within the Miocene.

BASIN DEVELOPMENT

Onset of Subsidence in the Central Basin

Around Tafresh (Fig. 2A) the Qom Forma-

tion and Lower Red Formations unconformably 

overlie early Eocene units; to the north toward 

Saveh, they overlie late Eocene units. From out-

crop mapping and seismic refl ection data, the 

Qom Formation and Lower Red Formation gen-

erally overlie the eroded Eocene surface with a 

low-angle contact, and there is no indication of 

local onlap onto rugged topography. A 30-km-

long cliff exposure of Lower Red Formation 

and Qom Formation shows this low-angle sur-

face clearly (Fig. 2A). Consequently, there must 

have been considerable erosion of the volcanic 

arc topography preceding the regional subsid-

ence that formed the Central Basin. However, 

there are some indications of remnant topogra-

phy. Huber (1952) noted that younging of the 

base of the Qom Formation from Oligocene 

to Miocene occurs over 75 km in the eastern 

Qom-Saveh area, but within 10 km west of 

Saveh, and that in places, reefal Qom Forma-

tion overlies directly remnant Eocene topog-

raphy. The widespread Oligocene-age erosion 

is of considerable tectonic signifi cance for the 

Saveh area because it coincides approximately 

with the end of subduction and onset of Arabia-

Eurasia collision. The unconformity is not just 

marked by regional uplift; Huber (1952) and 

Gansser (1955b) recorded evidence from out-

crops in central Iran for late Eocene–early Oli-

gocene deformation, where the Eocene section 

was strongly folded, then eroded prior to the 

Lower Red Formation deposition.

Basin Development during the Oligocene–

Early Miocene

A problem with understanding the early basin 

development from the Oligocene to the early 

Miocene is that the overprint of late Miocene–

Pliocene transpressional deformation is very 

strong. Older fault trends are commonly masked 

or inverted because the basin margins have been 

uplifted, eroded, and deformed by folds and 

thrusts. In addition, the uplifted areas are mostly 

devoid of 2D seismic surveys, so coverage of 

areas that may contain basin-bounding faults 

is far from comprehensive. Nevertheless, suffi -

cient detail is present in outcrops and seismic 

data to determine the structural style during the 

early stage of basin development.

Sediment thicknesses and subsidence rates 

indicate that basin deposition changed consider-

ably from the Lower Red Formation–Qom For-

mation time to the Upper Red Formation time. In 

the Qom-Saveh area the Lower Red Formation 

and Qom Formation are each typically ~1 km 

thick. The two formations together represent 

the time span of ca. 30 to17 Ma ago. Deposition 

rates are much less than the Upper Red Forma-

tion, where as much as 8 km thickness of sec-

tion was deposited between the Burdigalian and 

the Pliocene (a time span of ~12–14 my). The 
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geographic distribution of the Lower Red For-

mation is also different from that of the Upper 

Red Formation. The Lower Red Formation is 

focused in the Saveh-Qom-Shurab area, where 

the Qom Formation is of late Oligocene to early 

Miocene age. To the north the Lower Red For-

mation and lower part of the Qom Formation is 

absent, and early Miocene age Qom Formation 

directly overlies Eocene volcanics (Yort-e-Shah 

area, Fig. 2; Gansser, 1955a). Seismic data also 

indicate that there is little or no erosion of the 

upper surface of the Qom Formation, and that 

northward within the Saveh area the Qom For-

mation thins stratigraphically, not by erosion. 

However, northeast to the Great Kavir, the 

description of 1–2-km-thick Eocene–Oligocene 

evaporites (Jackson et al., 1990) indicates the 

existence during Lower Red Formation time of 

a very large depocenter on the northwest mar-

gin of the Central Iran block. The Yort-I-Shah 

area (Fig. 2) may have been a signifi cant Oligo-

cene paleohigh that separated the Great Kavir 

and Saveh-Qom Lower Red Formation basins. 

Conversely, the Upper Red Formation is present 

extensively in central Iran and outcrops are pres-

ent northward from the south of the Qom Saveh 

area to the Alborz Mountains (e.g., Jackson et 

al., 1990; Ballato et al., 2008).

Isopach maps of the Qom Formation show 

gradual thickness changes around the basin, 

the Qom Formation depobelt wrapping around 

the western side of the Central Iran microplate 

(Fig. 5; Gansser, 1955a). The thickest Qom 

Formation section trends northwest-southeast 

in a series of subbasins and is southwest of the 

Saveh-Qom area (Fig. 5). The basin location 

is indicated by the dominance of marls in the 

section (70% marl, 15%–20% sandstone, and 

10% limestone; Furrer and Sonder, 1955). The 

two thickest occurrences of the Qom Formation 

are (1) near the northern edge of the Eocene 

volcanics-dominated massif at Kahak, where 

~1500 m of Qom Formation is present (Fig. 5, 

location a), and (2) ~60 km west of Saveh, 

where ~2300 m thickness of Qom Formation is 

present (Fig. 5, location b; Furrer and Sonder, 

1955). The isopach of the Qom Formation indi-

cates that the main depocenter was inverted to 

form the Eocene volcanic massifs that extend 

southwest of the Saveh-Qom area (Fig. 5).

In outcrop and seismic data, there is little 

clear-cut indication of extensive syndepositional 

normal faulting affecting the Lower Red and 

Qom Formations. Generally gradual changes 

in Qom Formation thickness and facies are 

the widespread characteristic of the formation. 

Deposition appears to have occurred in a broad 

sag-type basin with no clear regional control by 

faulting. However, as is discussed below, locally 

some normal faults appear to have affected sedi-

ment thickness and facies in the Lower Red and 

Qom Formations.

Evidence for Localized Normal Faulting 

Affecting the Lower Red and Qom 

Formations

Around the Alborz and Sarajeh anticlines 

seismic refl ection data and satellite images show 

a number of normal faults within the Lower Red 

and Qom Formations (Figs. 6 and 7). The seis-

mic lines in Figures 6 and 7 show expansion of 

the Qom Formation toward the north-northeast 

into normal faults that were subsequently sub-

jected to inversion. Inversion on the fault shown 
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in Figure 6 occurred during early Upper Red 

Formation time and resulted in the absence of 

Upper Red Formation evaporites at the crest of 

the structure. This is basement-involved inver-

sion that occurred in a location where the Lower 

Red Formation evaporites thinned considerably 

from the major depocenter to the southwest. 

Figure 7 shows larger-scale inversion during 

the upper part of the Upper Red Formation. 

A satellite image of the Mill anticline (Fig. 8) 

shows slightly overturned, north-younging Qom 

Formation affected by a number of minor faults 

within the Qom Formation that tend to stop at 

the top of the formation (Fig. 8). The prominent 

horizon of the d member anhydrite is much 

closer to the top of the Qom Formation in the 

vicinity of location 2 than to the west and east. 

This difference is at least partly caused by a 

small horst block formed by syndepositional 

normal faults.

The largest inferred normal or transtensional 

fault in the Saveh-Qom area is between the 

Alborz and Sarajeh anticlines and a line of 

outcrops to the south (Khurabad area), where 

the full Central Basin stratigraphy is exposed 

at the surface (Fig. 2). We refer to this as the 

Khurabad fault. The presence of as much as 

3 km thickness of Lower Red Formation evapo-

rites in the cores of the Alborz and Sarajeh anti-

clines, and the extensive evaporites extruded 

along the margin of the basin adjacent to the 

anticlines (Khurabad-Shurab area; Fig. 2), 

suggest that a very large volume of halite was 

locally deposited during Lower Red Formation 

time. To explain this local halite depocenter, 

together with strata patterns within the Upper 

Red Formation, the Khurabad fault is inferred 

to have controlled syndepositional expansion 

of the section (Fig. 9). Loading of the salt in 

the hanging wall of the normal fault by Upper 

Red Formation deposition either drove the salt 

along the normal and/or transtensional fault as 

diapirs or laterally into a salt roller that later 

evolved into the Sarajeh anticline. The south-

ern limb of the anticline displays much greater 

thickness of Upper Red Formation than the 

northern limb, a characteristic interpreted to 

be the result of both normal fault activity and 

downbuilding caused by salt withdrawal. The 

seismic line in Figure 9 and other nearby lines 

do not image clearly the Khurabad fault in the 

vicinity of the Alborz and Sarajeh anticlines. 

Just to the southeast, however, where the fault 

trends north-northwest–south-southeast to 

north-south and is known as the Ab-Shirin-

Shurab fault, the fault zone is imaged as a high-

angle fault that dips steeply to the northeast to 

east (Fig. 10). The oblique-slip fault shows a 

large normal component of offset; however, in 

this location the main displacement occurred 

during the Upper Red Formation.

Basin Evolution of the Upper Red 

Formation

The onset of Upper Red Formation deposi-

tion is commonly marked by the presence of 

an ~400-m-thick sequence of evaporites and 

interbedded clastics. The Upper Red Forma-

tion evaporites are not present everywhere: in 

places their absence is simply the result of salt 

dissolution, or salt withdrawal, and residual 
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anhydrite beds mark the zones where salt was 

once present. In other areas the salt was simply 

not deposited; particularly notable is the absence 

of demonstrable Upper Red Formation evapo-

rites and/or residual anhydrites in surface out-

crops in the Saveh to Saveh Dam area (Fig. 2). 

Seismic refl ection data from the southeast part 

of the study area (Shurab-Kassan area) reveal an 

example of a small synformal minibasin in the 

lower Upper Red Formation section (Fig. 11). 

The localized synformal basin is not fault con-

trolled and is directly above the Upper Red For-

mation evaporites. Local sediment loading of a 

thick salt sequence seems the best explanation 

for the restricted geometry, location, and occur-

rence of the basin.

The onset of Upper Red Formation deposi-

tion heralded a considerable change in struc-

tural style. Examples of geohistory plots at the 

crest of the Alborz anticline and the depocen-

ter between Saveh and Kuh-e-Namak (Fig. 12) 

illustrate that the change in structural style is 

associated with much more rapid subsidence 

during the time of deposition of the Upper 

Red Formation than that of the Lower Red and 

Qom Formations (Fig. 12). The geohistory 

plots show that changing salt thickness during 

the life of the basin, erosion at the crests of 

anticlines, and uplift of the land surface have 

to be taken into account when considering the 

subsidence history of the basin. For software-

based basin modeling (including creating the 

geohistory plots in Fig. 12), absolute ages 

must be assigned to sedimentary units, even if 

they are not precisely known. Hence the 3 Ma 

age for the end of Upper Red Formation depo-

sition in Figure 12 is an estimate only, not a 

precise age.

Determining the origin of the early Upper 

Red Formation subsidence is diffi cult because 

the Saveh area has undergone extensive, late, 

complex deformation that is the dominant 

structural imprint on the area. The Yort-e-Shah 

area provides the best evidence for the nature 

of the early Upper Red Formation subsidence. 

Seismic and drilling gas storage well data have 

established that a shallow, tilted fault block 

with Upper Red Formation and Qom Forma-

tion is offset by a fault from a deep depocen-

ter (Fig. 13). The simplest and most obvious 

interpretation, based on the location of Qom 

Formation refl ection terminations and expan-

sion of the lower Upper Red Formation sec-

tion toward the fault, is of a normal or oblique 

normal fault that was subsequently inverted 

(Fig. 14A). Alternatively, it is possible to 

interpret the fault as a steeply dipping strike-

slip fault, or thrust fault (Figs. 14B, 14C), but 

the interpretation requires explanation as to 

why refl ections on the south side of the fault 
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terminations do not extend up to the inferred 

vertical or north-dipping fault.

Large thrusts overriding a foredeep basin can 

give rise to a deep depocenter in the footwall of 

the thrust, as proposed for the Upper Red For-

mation adjacent to the Alborz Mountains (Bal-

lato et al., 2008). However, such geometries are 

not appropriate for the Lower Red Formation in 

the Saveh-Qom area for several reasons. (1) The 

massifs that were uplifted by the thrusts have a 

covering of Lower Red Formation, Qom Forma-

tion, and Upper Red Formation, i.e., they were 

uplifted late, not early in the history of the Upper 

Red Formation, and for a time were actually part 

of the Upper Red Formation depositional basin. 

(2) While the massifs are large, they are not part 

of a classic fold-and-thrust belt; the mass of the 

blocks is not large enough to drive development 

of a major foredeep basin, particularly not one 

with Upper Red Formation sediment thicknesses 

of 8 or more km. (3) There is no typical thrust-

associated deformation of the footwall area such 

as overturned footwall synclines. This style is 

very different from the lack of deformation, 
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or expansion of section, followed by late folding 

of the depocenter observed on the seismic lines 

in Figures 7, 9, 10, and 13.

The general style of seismic geometry seen 

in Figure 13 is present on six seismic lines in 

the area. There are several other areas where 

inverted normal fault geometries are present 

(Figs. 2, 6, 7, and 9), suggesting that the exten-

sional or oblique-extensional fault interpretation 

is the most likely. Figure 15 illustrates the range 

of stress permutations that could have affected 

the Saveh area during the Oligocene–Pliocene. 

Assuming uniform regional stresses and basic 

strike-slip fault geometries (i.e., the location of 

releasing and restraining bends with respect to 

extension direction in Fig. 15), the likely stress 

regime during the evolution of the basin can be 

predicted. Figure 15B shows pure extension on 

northwest-southeast–trending faults, and may 

be appropriate for the Lower Red Formation 

and Qom Formation, which display depocenter 

development on northwest-southeast–trending 

faults. In Figure 15A, the early Upper Red For-

mation depocenters are distributed across both 

north-south and northwest-southeast faults. This 

distribution indicates that the scenario in Fig-

ure 15C (approximately east-northeast–west-

southwest extension, with minor components 

of oblique motion), is most appropriate for the 

early Upper Red Formation. Under the dextral 

Eocene volcanics, Mesozoic 

sedimentary rocks and 

crystalline basement 
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transtension model in Figure 15D, the faults at 

location X should show little extension. The 

presence of large depocenters, however, indi-

cates a considerable extensional component 

to these faults (Fig. 15A), suggesting that the 

oblique extension shown in Figure 15C is more 

appropriate for the lower Upper Red Formation 

setting than that shown in Figure 15D. Possi-

bly stresses fl uctuated between the northeast-

southwest and east-west extension and/or trans-

tension (Figs. 15C, 15D) during the time of the 

early Upper Red Formation; this could explain 

some of the early minor inversion seen on some 

northwest-southeast–striking normal faults 

(e.g., Fig. 6). Figure 15E illustrates the best 

defi ned of the deformation phases: late com-

pression and/or dextral transpression.

The upper part of the Upper Red Forma-

tion section shows a clear change in refl ection 

geometries marked by thinning onto folds. 

Figure 16 includes a partially restored cross 

section based on 2D seismic and outcrop data. 

The section marks a stage during Upper Red 

Formation deposition when the fold relief was 

much lower and Upper Red Formation deposi-

tion occurred all the way across the folds, with 

thinning onto the fold crests. During the later 

stages of fold development the fold crests were 

eroded. Synfolding geometries can also be seen 

in outcrops: in the Tafresh Massif, for example, 

a distinctive conglomerate composed predomi-

nantly of Qom Formation pebbles (attributed 

to the Pliocene on the 1:100,000-scale Tafresh 

geological map (Geological Survey of Iran, 

Geological Map of Iran, Tafresh) overlies con-

glomerates composed largely of volcanic clasts 

of the Upper Red Formation. The “Pliocene” 

conglomerate has been folded into a syncline 

beneath the Tafresh fault (thrust) and clearly 

shows progressively steeper dips downsection 

indicative of growth folding (Fig. 17).

During the later stages of folding, when 

basin subsidence failed to exceed fold growth 

and positive surface relief was attained at the 

fold crests, erosion began to affect the fold 

Mini-basin due to loading of

Upper Red evaporites
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Figure 11. (A) Seismic line across a mini-basin in Upper Red Formation sedimentary rocks on the north-

northeast side of a large anticline. The synclinal mini-basin is developed between the pink and green hori-

zons, which are locally mapped seismic horizons within the lower part of the Upper Red Formation. In 

this locality the chaotic and/or transparent zone between the Upper Red Formation refl ective section and 

the Qom Formation comprises both clastic units, and toward the base (above the blue horizon) ~400 m of 

evaporites. (B) Isochron map showing changes in vertical thickness in time (ms) between the pink and green 

horizons. Seismic line A crosses the center of a locally developed, depositional thick. This synformal thick is 

interpreted as a mini-basin created by loading of Upper Red Formation salt by early Upper Red Formation 

clastics. See Figure 2B for location.
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crests. Restoration of seismic refl ection geom-

etries across the fold crests of two well-defi ned 

anticlines, coupled with vitrinite refl ectance 

data and basin modeling by PTTEP, indicates 

that by the end of folding the Sarajeh anticline 

had lost ~900 m of section (Fig. 9), while 

the Alborz anticline had ~1600 m of section 

removed (Fig. 12). In the main depocenter 

southeast of Saveh, the section estimated to 

correspond with the period of strongest fold-

ing appears to be locally thick (~2500 m). This 

section thins onto the Alborz anticline to the 

southeast, and is removed by erosion to the 

northwest. The thickness of this upper section 

suggests that a signifi cant time span (millions 

of years) needs to be allotted to this latest epi-

sode of deformation.

TRANSPRESSIONAL STRUCTURAL 

ELEMENTS

The Saveh-Qom area contains a number of 

distinct structural styles that refl ect: (1) chang-

ing deformation styles through time, (2) dif-

ferent structural position (particularly within a 

transpressional system), and (3) facies changes 

within the sedimentary section that affect the 

mechanical stratigraphy, especially the type 

and thickness of evaporites. In this section we 

describe examples of the different structural 

elements. Deformation styles can be broadly 

divided into basement-involved structures and 

thin-skinned or detached structures. The terms 

“thick-skinned” and “basement-involved” are 

used for faults that cut through the Central Basin 

sedimentary section into the underlying Eocene 

volcanics section and Mesozoic section; i.e., the 

basement of the Central Basin. “Thin-skinned” 

or “detached” refer to movement on one or more 

of the evaporite units within the sedimentary 

section overlying the Eocene volcanics. Some 

evaporite deformation may be a consequence of 

sediment loading and independent of regional 

tectonics. However, much of the thin-skinned 

deformation is linked with basement-involved 

deformation, and hence is a manifestation of 

regional deformation. The transpressional belt 

developed in an area that had already been 

deformed during the Cenozoic. Consequently 

a number of fabrics were available for reactiva-

tion, in particular the early Upper Red Forma-

tion extensional-transtensional fault patterns 

(Fig. 15A) and early-formed salt diapirs.

The topography of the Saveh explora-

tion block shown in Figure 18 illustrates the 

regional structural trends: a broad fl at area in 

the east and central part of the block marks a 

region where the original Upper Red Formation 

fault-bounded basin is best preserved. Within 

this area the Alborz and Sarajeh  anticlines 
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form very low relief hills, while the salt diapir 

at Kuh-e-Namak is the most prominent topo-

graphic feature. Massifs bound the basin to the 

north and south. Westward, toward Saveh, the 

basin becomes increasingly narrow until the 

northern and southern uplifted areas bounding 

the basin meet at a narrow, strike-slip-fault–

controlled valley.

Basement-Involved Transpression 

Deformation

Three main types of basement-involved faults 

are present in the area. The fi rst type involves 

older high-angle extensional or transtensional 

faults that were active during or before depo-

sition of the early Upper Red Formation. The 

second and third types of basement-involved 

faults include thrusts and strike-slip faults and/

or transpressional faults that formed during 

deposition of the late Upper Red Formation and 

resulted in considerable uplift and erosion of the 

massifs that compose the Urumieh-Dokhtar vol-

canic belt. The characteristics of these faults are 

described in the following.

Inverted Normal and/or Transtensional Faults

Typically inverted normal or transtensional 

faults show a large component of normal offset 

and expansion of the early Upper Red Forma-

tion section, and occasionally of the Lower Red 

and Qom Formations (see preceding discussions 

of evidence for localized normal faulting affect-

ing the Qom Formation, and basin evolution 

of the Upper Red Formation). In contrast, the 

upper section is strongly folded and detached 

from the lower part of the section (Fig. 19). 

Three large, west-northwest–east-southeast– to 

east-west–trending normal faults in the study 

area show such characteristic (Figs. 2 and 19). 

Some of the early normal faults also appear to 

have been reactivated as strike-slip faults during 

the later stage of folding and thrusting.

Some of the major massif-bounding thrusts 

may be late Oligocene–middle Miocene normal 

or transtensional faults that were subsequently 

inverted (Fig. 7). For example, the Talkhab 

thrust fault (Fig. 2) is shown on the geological 

map as dipping to the north-northeast, emplac-

ing Eocene volcanics and Qom Formation 

in the hanging wall over Jurassic rocks in the 

footwall. If this relationship is correct, then 

the southern boundary fault to the massif is an 

inverted normal fault.

Thrust Faults

The clearest examples of basement-involved 

thrusting occur on the basin margins, where 

Eocene volcanics are thrust over the Central 

Basin stratigraphy, in particular the Indes fault 
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(Figs. 2 and 20) and the Saveh fault (Figs. 2 and 

19). The Indes fault forms a very clear feature 

on the southwest margin of the basin, where the 

Lower Red Formation and Qom Formation were 

overturned in the footwall of the thrust (Fig. 20). 

The overturned beds at the surface are part of 

a major syncline with ~5 km vertical relief in 

the footwall of the Indes fault (Fig. 21). In the 

Saveh area a thrust sheet composed predomi-

nantly of Eocene volcanics was transported to 

the southwest onto the northeast margin of the 

basin during late Upper Red Formation time, 

and is associated with asymmetric folding of the 

Upper Red Formation (Fig. 21).

In general, the basin-margin thrusts trend 

west-northwest–east-southeast to northwest-

southeast. Fault zone striations tend to plunge 

steeply, and indicate a small component of dex-

tral strike-slip motion (Fig. 22). Measured sur-

face dips of the thrust planes are typically 30°–

40°. It is uncertain how the fault dips change 

with depth. Interpretations include (in order of 

diminishing infl uence of strike-slip deforma-

tion) upward-steepening faults into large-scale 

fl ower structures; maintaining the same dip 

with depth; or faults becoming become lower 

angle with depth, as is more typical for detached 

thrusts. These different interpretation possi-

bilities cannot be defi nitively resolved with the 

available data.

In the Saveh area, the Saveh and Koushk 

Nousrat faults in map view (Fig. 2) form out-

crop geometries that are straight to gently cur-

vilinear, and are little defl ected by topography, 

indicating that they are steeply dipping. Along 

the Koushk Nousrat fault a large fold in Eocene 

volcanics is repeated on both sides of the fault 

by a dextral offset of ~7–11 km (Fig. 2); this 

is not a true piercing point-derived offset, but 

probably is a reasonable indicator of the offset 

magnitude. The offset is seen in distinctive light 

colored volcanics on satellite images within the 

lower Eocene volcanics. One extensive outcrop 

near the old Tehran-Saveh road shows Qom 

Formation carbonates dipping south to south-

southwest at 70°–80°, younging to the south and 

overthrust along the Koushk Nousrat fault to the 

north by Eocene volcanics. Striations dips are 

high, ~70°–75°E, but less so than minor faults 

that dip 80°–90°S; consequently, reverse motion 

with a minor dextral component is indicated. On 

seismic data the eastern end of the fault trend 

terminates in a large antiformal high (Fig. 23). 

At the plunging nose of the massif are outcrops 

of Qom Formation that show pervasive bedding-

parallel (burial) and tectonic stylolites, which 

indicate that the Qom Formation was deeply 

buried before exhumation. Estimates from seis-

mic data suggest at least 4 km burial along a 

south-dipping normal fault, which was inverted 

during time of deposition of the late Upper Red 

Formation (Fig. 9).

The Lower Red, Qom, and Upper Red For-

mations are commonly overturned in large 

synclines in the footwalls of the major thrusts, 

a phenomenon that is exemplifi ed by the Indes 

fault (Figs. 21 and 24). The Qom Forma-

tion tends to be highly fractured and strongly 

affected by tectonic pressure-solution cleavage 

in such locations (with pressure-solution seams 

striking between ~080° and 110°). Consistent 

with the transpressional style of deformation, 

the orientations of the most important folds 

in the region are parallel or subparallel to the 

northwest-southeast– to west-northwest–east-

southeast–striking faults (Fig. 22). The Alborz 

and Sarajeh anticlines, Khurabad folds and 

thrusts, Khu-e-Zangavar syncline, and Samar 

Dasht folds are some large-scale examples.

The west-northwest–east-southeast to north-

west-southeast strikes of major faults and folds 

Qom Formation Upper Red Formation

NNESSW

Thrust, does not explain

switch from lower section

expansion toward fault,

to upper section folding.

Does not easily explain

folding of footwall section.

Requires a large amount of

lower reflections to have not

been imaged on seismic data 

(dashed lines).

Strike-slip fault, requires a large

component of extension,  followed 

by later folding.  Evolution from transtension

to transpression with time. 

Requires amount 2 km width of

lower reflections to have not

been imaged on seismic data 

(dashed lines).

Extensional fault best fits the 

reflection geometry,  lower wedge

shaped expansion of section toward

fault compatible with early extension.

Later folding = inversion and/or transpression.

Early extension may also have a strike-slip

component.
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Figure 14. Line drawings based on the seismic line in Figure 13, showing the different ways in which the main bounding 

fault can be interpreted. (A) Normal or transtensional fault. (B) Strike-slip fault. (C) Thrust fault or transpressional fault.
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Figure 15. Top (A): Structure map showing the known active faults and depocenter locations during 

the early stage (early-middle Miocene) of Upper Red Formation deposition in the Saveh-Qom area, 

based on two-dimensional seismic refl ection and outcrop data. Seismic lines that show support for 

the presence of Lower Red, Qom, and early Upper Red Formation normal or transtensional faults 

are shown in red lines. See Figure 2 for locations. Lower panel: illustration of the key fault geom-
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west-northwest–east-southeast–trending faults) and the implications for location of basin depocen-
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Figure 17. Photograph of the Pliocene conglomerates. (A) View of hillside showing progressive decrease in rotation of bedding upsection 

due to folding occurring during deposition. The conglomerates are composed predominantly of Qom Formation clasts (B and C). See 

Figure 2A for location.
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in the area form the dominant structural trend. 

Other important orientations are east-west to 

east-northeast–west-southwest, and north-

northwest-south-southeast (Figs. 2 and 22). Dif-

ferent structural styles are associated with these 

two trends. The east-west to east-northeast–

west-southwest trends are restraining-bend 

geometries with respect to the general northwest-

southeast to north-northwest–south-southeast 

fault trends, and hence they are zones of purer 

thrust motion (Fig. 15E). The Golestan block, 

Yazdan-Zandar anticline trend is the best-

developed example of a restraining bend in the 

Saveh-Qom area (Fig. 2).

The Golestan block is a small uplifted block 

of Eocene volcanics, thrust to the north over 

the Upper Red Formation (Fig. 25). To the east 

the northward-vergent, thick-skinned thrust 

passes laterally into the southward-vergent, 

thin-skinned thrusts of the west Alborz-Mill-

Yazdan anticline trends. It is a relatively small 

scale example of the lateral passage between 

thick-skinned and thin-skinned structures. 

The eastward-plunging edge of the Golestan 

block displays Lower Red Formation and 

Qom Formation overlying the Eocene volca-

nics. The Golestan block is interpreted here as 

an uplifted footwall area to a large, north- to 

northeast-dipping normal fault, with a struc-

tural geometry similar to the Yort-e-Shah 

area, at the north end of the seismic line in 

Figure 13. The Upper Red Formation in the 

hanging wall is very thick (>6 km), and it is 

unlikely that the immediately adjacent Goles-

tan block was once covered by a similar thick-

ness of Upper Red Formation. It is much more 

likely that the Upper Red Formation thickness 

was controlled by a north-dipping normal or 

subvertical transtensional fault. Then during 

the late Upper Red Formation time the block 

was thrust to the north and acted as a buttress, 

with folding concentrated in the thick Upper 

Red Formation section (Fig. 23). Seismic data 

show the folding to be detached within the 

Upper Red Formation.

Strike-Slip Faults

North-northwest–south-southeast–trending 

faults are best seen along the southern margin 

of the Saveh-Qom area in three main places: 

where the Indes fault bends east of the village of 

Indes, and extends down to the Golestan block 

(Fig. 19); the Qom fault, southwest of Qom 

(Fig. 23); and the Ab-Shirin-Shurab fault zone 

(Fig. 26). These fault zones all show important 

dextral offsets, but less associated thrusting and 

folding. They appear to be fault zones of greater 

strike-slip offset than the west- northwest–

east-southeast to northwest- southeast faults. 

Examples in Figure 2 are the Qom fault zone, 

which accommodates the change in trend from 

the east-west Yazdan anticline to the north-

west-southeast–striking Khurabad folds and 

thrusts, and the Ab-Shirin-Shurab fault zone 

(Fig. 26). None of these north-northwest–

south- southeast–striking fault zones traverses 

the basin; they either die out within the basin, 

or they pass into northwest-southeast–striking 

fault systems. The strike-slip faults appear to 

act at least in part as transfer zones, and may 

well have reactivated preexisting fabrics and 

accommodated strain partitioning of oblique 

plate convergence, since they are present as 

important regional features elsewhere in Iran 

(e.g., Authemayou et al., 2006).
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51° 00'
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Figure 18. Three-dimensional perspective of a digital elevation model for the Qom-Saveh area, showing the large massifs 

south of the Central Basin region fl anking the fl at-lying remnant of the Central Basin. View is to the west. During the early 

to middle Miocene the Central Basin extended across the Tafresh and Kahak massifs. 
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The Ab-Shirin-Shurab fault zone is seen in 

Figure 10 as a steeply dipping fault, with a 

large normal component of offset that devel-

oped during Upper Red Formation time. On 

the northeast side of the fault is the thick Upper 

Red Formation depocenter, with >8 km of sec-

tion. On the southwest side is the footwall area 

seen in Figure 26. The satellite image draped 

over a 30 m digital elevation model shown in 

Figure 26 illustrates the major surface fea-

tures of the area: the Eocene volcanic massif 

is thrust to the northeast over Upper Red For-

mation outcrops. The Lower Red, Qom, and 

Upper Red Formations are offset ~4 km by a 

prominent dextral strike-slip fault, and a num-

ber of salt diapirs are present on the northeast 

margin of the outcrops. These diapirs appear to 

have come up the Ab-Shirin-Shurab fault zone. 

The area is a good example of the broad range 

of structural styles present in the basin.

Basement-Involved, Fault-Related Folds

The Eocene massifs form prominent, isolated 

high areas (Fig. 18) that are strongly folded on 

a large scale. Whereas some folding occurred 

prior to the formation of the central basin, 

the large-scale folds, and uplift of the massifs 

is clearly of late Miocene–Pliocene age, and 

involved deformation, uplift, and erosion of 

the Lower Red, Qom, and Upper Red Forma-

tions. The large-scale folding of the massifs 

is well illustrated on geological maps and sat-

ellite images (Figs. 2 and 25) and in the fi eld 

(Fig. 4A). Figure 25 shows large-scale folds 

in the predominantly brown and black units of 

Eocene volcanics in the Tafresh massif. These 

units form a broad anticlinal dome that plunges 

to the southeast, accompanied by large second-

ary folds. Folding is a response to the thrusts 

that bound the massifs as well as thrusts within 

the massifs (Figs. 20 and 21).

Uplift of the Massifs

The crests of the massifs along the southern 

margin of the Central Basin are almost 2 km 

higher than the land surface of the Central Basin 

(Fig. 18). Assuming that the ~3 km thickness of 

Lower Red Formation to Upper Red Formation 

section present on the lower parts of the massifs 

once extended to the crests, then thrusting and 

folding has uplifted the massifs by ~5 km com-

pared with the adjacent basins.

Figure 21 is a section based on outcrop data 

and a seismic refl ection line that extends across 

the Central Basin west of Saveh. The section 

shows basement-involved shortening where 

Eocene rocks are thrust over the southwest and 

northeast margins of the basin. The calculated 

total shortening is ~28 km. Figure 27 expands 

the section shown in Figure 21 across the Central 

Basin west of Saveh and the Tafresh massif. The 

section shows basement-involved shortening 

Eocene volcanic massif

Overturned Qom Fm.

Upper Red Fm.

Indes Fault Qom Fm. in hanging wall of Indes fault

Gypsum cap to

former Lower Red

Fm. salt diapir

Ghise Galet

Secondary thrust

1 km

Figure 20. Three-dimensional perspective satellite image of the Gise Ghalet area, where the Indes fault has thrust 

Eocene volcanics over overturned Central Basin sedimentary rocks. A salt diapir has been intruded at an apparent 

left-stepping geometry in the Indes fault. See Figure 2B for location.
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where Eocene rocks are thrust over the south-

west and northeast margins of the basin. 

Total shortening is ~38 km, based on simple 

line-length measurement of the top Eocene 

 volcanics–base Central Basin horizon (between 

locations a and a′ in Fig. 27). The present-day 

distance between a and a′ is 91 km and the 

original line length is 129 km, which indicates 

~29% shortening.

Thin-Skinned Deformation

Evaporites are present at several levels in 

the Central Basin: at one or more stratigraphic 

levels in the Lower Red Formation; as thin pri-

mary anhydrites, particularly the widespread 

D member level of the Qom Formation, and at 

the base of the Upper Red Formation. Evapo-

rites are known in the Central Basin from both 

outcrops and wells in the Alborz and Sarajeh 

anticlines. In places evaporites are present in 

outcrops in stratigraphic continuity (e.g., Zan-

dar and Yazdan anticlines), while in other places 

they form diapirs (Marg, Gise Ghalet, Kuh-

e-Namak, Shurab) (Gansser, 1955a; Chazan, 

1970; Talbot and Aftabi, 2004; Fig. 2). Some 

of the diapirs are still active, particularly Kuh-

e-Namak, while others have collapsed and most 

of the salt in the diapirs has been leached out 

(e.g., Shurab area, Fig. 26). The evaporites are 

important structurally as detachment horizons, 

diapers, and as seals to overpressured fl uids 

(including the hydrocarbons in the Alborz fi eld; 

Mostofi  and Gansser, 1957; Abaie et al., 1964; 

Gretener, 1982).

In many parts of the Central Basin it appears 

that the most signifi cant deformation is associ-

ated with Lower Red Formation evaporites. In 

particular, diapirs in the Shurab area, west of 

the Gise Ghalet, and at Marg (Fig. 2) are all 

located within the Qom and Lower Red Forma-

tions, and hence are sourced from the Lower 

Red Formation. The Lower Red Formation 

evaporite diapirs are most evident along the 

southwestern parts of the basin, suggesting that 

the evaporite source layer was originally thick-

est here, and that the evaporites thin deposi-

tionally northeastward. Upper Red Formation 

evaporites are best seen in the central part of the 

Saveh-Qom area; evidence for their presence 

includes (1) the salt diapir outcrops of Kuh-e-

Namak in the west (Talbot and Aftabi, 2004), 

(2) well penetrations of Upper Red Formation 

evaporites in the Alborz and Sarajeh anticline 

in the east (Abaie et al., 1964), and (3) outcrops 

around the Yazdan and Zandar anticlines, where 

residual gypsum and anhydrites after halite are 
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the large thrusts on the margins of the basin. See Figure 2B for location.
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present. Farther west in the Saveh area there is 

less evidence for the presence of Upper Red 

Formation evaporites, particularly around the 

Indes fault area, where there is no residual 

 gypsum-anhydrite present in the lower part of 

the Upper Red Formation.

Structural Styles of the Evaporites

The Marg and Gise Ghalet diapirs (Fig. 20) 

are located at apparent restraining-bend geom-

etries in oblique thrusts. However, at least in the 

case of Gise Ghalet, diapirism may have been 

initiated prior to thrusting. Diapir growth during 

deposition of the Qom Formation is suggested 

by the thin section, only ~250 m thick (com-

pared with more typical thicknesses of 900—

1000 m), the local presence of conglomeratic 

units, and several internal angular unconformi-

ties. Consequently, the diapir geometry may 

well have imposed a pseudo-restraining-bend 

geometry on the later thrust.

The diapirs in the Shurab area (Fig. 26) are 

adjacent to the Khurabad fault (Fig. 2). As 

discussed herein (see the section Evidence for 

Localized Normal Faulting Affecting the Lower 

Red and Qom Formations), the Khurabad fault 

initially controlled the basin depocenter and 

permitted accumulation of thick Lower Red 

Formation salt. During Upper Red Formation 

deposition the salt became loaded, unstable, and 

began to move. Once the transpressional stage 

of deformation occurred, the salt moved diapiri-

cally up the bounding transtensional fault, and 

in particular the Ab-Shirin-Shurab strike-slip 

fault zone (Fig. 8). The diapirs around Shurab 

are no longer active; the area comprises resid-

ual caps of Lower Red Formation sedimentary 

rocks, and volcanics with residual pods of salt.

The Kuh-e-Namak diapir contains two differ-

ent types of halite, a clean, white halite, and a 

red banded halite, inferred by Talbot and Aftabi 
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(B) The stereonet plots of fault orientations and slickenside orientations for locations a–g shown in A. LRF—Lower Red Formation.
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(2004) to be derived from the Lower Red For-

mation and Upper Red Formation, respectively. 

Unlike the Shurab diapirs the Kuh-e-Namak dia-

pir is still active, with the salt hill rising ~300 m 

above the surrounding plains. Kuh-e-Namak 

does not occur at a single major fault zone, 

but rather at the intersection of the Qom fault 

zone, a west-northwest–east-southeast–striking 

thrust, and a pair of north-south–striking normal 

faults (Fig. 22). The normal faults are probably 

a response to depletion of one or both of the salt 

source layers during diapirism when, during 

compression, the salt diapir grew to the surface 

after tapping both the Lower Red Formation and 

Upper Red Formation evaporites.

In places salt diapirs moved during the 

Miocene, and were then squeezed and formed 

welds as a result of folding during Upper Red 

Formation time. Such deformation resembles 

that described from the Prebetics by Roca 

et al. (2006). The presence of welds and salt 

withdrawal can be seen in outcrops as residual 

gypsum, and in the subsurface by discordant 

structural geometries and synformal growth 

geometries within refl ections that are not easily 

explained by bounding faults or simple folding 

(Figs. 8 and 10). The best examples of these fea-

tures in outcrops and in seismic data are from 

the Saveh area (Fig. 2). East of the Saveh dam 

section are a number of small gypsum outcrops, 

characterized by nodular gypsum formed as a 

residual product of salt dissolution.

Salt Detachments

A key aspect of evaporite units is their ability 

to act as a detachment horizon for thrusts. The 

most important detachment level for the Saveh-

Qom area is in the Lower Red Formation. This 

detachment is seen in seismic data across the 

Sarajeh, Alborz, West Alborz, and Mill anti-

clines (Figs. 8 and 28), and the trend appears 

to continue to the Yazdan anticline (Figs. 2 and 

16). This detachment level locally displays clas-

sic thin-skinned structural geometries, in par-

ticular detachment folds and fault-propagation 
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Figure 25. (A) Three-dimensional perspective image of the Golestan block showing the juxtaposition of the 

Eocene volcanics with folded Upper Red Formation. See Figure 2B for location. (B) Geological map of the 

same area. The Golestan block is a relatively small example of the interaction between thick-skinned thrust-

ing and Central Basin sedimentary rocks.
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folds (Figs. 8 and 16). The Upper Red Forma-

tion is generally not strongly detached from the 

Qom Formation along the Upper Red Formation 

evaporites, although examples of small thrusts 

and folds that detach in the evaporates can be 

seen in seismic refl ection data.

Figure 28 shows the distribution of Lower 

Red Formation salt thickness in two-way trav-

eltime as mapped from seismic refl ection data. 

Two prominent salt accumulations (as thick 

as 3 km) occur in the cores of the Alborz and 

Sarajeh anticlines. As discussed earlier, this 

salt depocenter appears to be controlled by 

the transtensional Khurabad fault (Fig. 9). The 

Alborz and Sarajeh folds resemble Zagros-type 

detachment folds in size and geometry. How-

ever, the folds differ from the Zagros type in 

being isolated features, not an extensive chain. 

The isolation is caused by the limited area of 

the evaporites resulting from fault control, 

depositional distribution, or postdepositional 

salt removal. An additional effect of fault con-

trol is to locally rotate the detachment to a rela-

tively high angle, for example the ~6° dip of 

the detachment to the south-southwest into the 

Khurabad fault (Fig. 9).

The thinning patterns of Qom Formation 

refl ections around the Sarajeh anticline suggest 

that the anticline was a local high during Qom 

Formation deposition, probably due to an under-

lying salt pillow. This preexisting high later acted 

as the perturbation that localized transpressional 

folding. The crestal area of the Alborz anticline 

is also a simple detachment fold. However, 

the fold structure becomes more complex to 

the west (West Alborz anticline), where blind 

imbricate thrusts affect the core of the structure 

(Fig. 29). Salt withdrawal to feed the adjacent 

Kuh-e-Namak diapir probably depleted the salt 

detachment layer relatively early during folding. 

Consequently, the classic problem of balancing 

line length progressing from the outer arc of the 

fold to the fold core resulted in thrusting within 

the anticline core, rather than the fl ow of salt, as 

seen farther east (cf. Figs. 9 and 29).

The Khurabad fault dies out westward, so 

that in the vicinity of the West Alborz anti-

cline a broader detachment surface developed 

where three thin-skinned structures are present 

(the West Alborz, Mill, and Yazdan anticlines; 

Fig. 2; Gansser, 1955a, 1957; Furrer and Sonder, 

1955). The Mill anticline is a particularly strik-

ing structure imaged both in seismic data and 

by almost 100% surface exposure (Figs. 8 and 

29). In outcrop the Qom Formation forms a 

west-northwest–east-southeast–trending ridge 

of slightly overturned Qom Formation that 

dips ~80° to the south-southwest and youngs to 

the north-northeast (Fig. 8). South of the Qom 

Formation a narrow strip of Lower Red Forma-

tion is separated by the Dochah-Yazdan thrust 

from Upper Red Formation to Pliocene rocks 

farther to the south. At the north-northwest end 

of the Qom Formation ridge, bedding turns to 

the south-southwest to form the Mill anticline, 

which is terminated at the Yazdan thrust (Fig. 8). 

When outcrop data are combined with adja-

cent seismic data, the Dochah-Yazdan thrust 

is seen to be strongly folded, dipping ~80° to 

the south-southwest at the surface and curv-

ing around to dip to the north-northeast in the 

subsurface before fl attening out into the Lower 

Red Formation evaporite detachment at ~5 km 

depth (Fig. 29). The Dochah-Yazdan thrust has 

accommodated a considerable amount of thin-

skinned shortening (~10 km, Fig. 16).

The area of thin-skinned structures around 

the Mill anticline is terminated laterally to the 

Eocene nummulitic limestone

Collapsed diapir with

Lower Red Fm., volcanics

and remnant salt

Eocene volcanics

Upper Red Formation

Qom Formation

1 km

Collapsed salt diapir

Collapsed salt diapir

Ab-Shirin-

Shurab fault zone

Figure 26. Three-dimensional perspective image; view is to the southeast of the Ab-Shirin-Shurab fault zone and Shurab 

salt diapir. See Figure 2B for location. 
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east and west by oblique-trending structures. 

The outcrop trace of the Dochah-Yazdan fault 

displays an oblique ramp geometry at the west-

ern end of the Mill anticline, where it cuts across 

the Qom Formation and Upper Red Formation 

in the hanging wall to the northwest. The fault 

dies out along the oblique segment and displace-

ment is transferred to a north-verging basement-

involved thrust (Fig. 23). To the east the Mill 

anticline is abruptly terminated by a number of 

closely spaced northwest-southeast–striking, 

dextral strike-slip faults (the Shad Gholi, Idag-

hoh, Khed faults), collectively referred to as the 

Qom fault zone (Fig. 2).

The transition to thick-skinned structures at 

the northwest end of the Mill anticline occurs at 

the southern end of the Saveh depocenter. The 

main Saveh depocenter (Fig. 24) does not con-

tain folded Qom Formation, suggesting that the 

Lower Red Formation salt was not present in 

the main depocenter during the Upper Red For-

mation folding event. Possible explanations for 

the absence of salt include (1) nondeposition, 

(2) early dissolution during burial by the Upper 

Red Formation, or (3) early salt movement dur-

ing early Upper Red Formation time that left 

a primary weld by the time thrusting began. 

Evidence for explanation 3 as a contributing 

factor is provided by the diapir at Gise Ghalet 

(Fig. 20) that illustrates that in some parts of the 

Saveh area the Lower Red Formation salt was 

once mobile.

Urumieh-Dokhtar Zone: A Major Belt of 

Transpressional Deformation

The massifs in the south of the Saveh area 

have large, plunging folds at their northwest and 

southeast terminations. For example, the pro-

nounced valley south of Qom (Fig. 18) is formed 

between the southeast-plunging Tafresh massif 

and the northwest-plunging Kahak massif. Sat-

ellite images of the Kahak massif clearly show 

basement-involved east-west–striking folds and 

thrusts linked by northwest-southeast–trending 

strike-slip faults. Reports on outcrop geology by 

Huber (1951), Frei (1951), and Stocklin (1954) 

show that strongly folded and faulted Central 

Basin stratigraphy is present in the massifs south 

of the Qom-Saveh area. The map pattern geom-

etry of folds and faults seen in these basement-

involved structures closely resembles that seen 

farther north in detached structures (Fig. 2B), 

emphasizing the commonality of origin. The 

structural patterns described for the Qom-Saveh 

area also appear to be applicable over much of 

the Urumieh-Dokhtar zone. Satellite images 

and geological maps show that the main Eocene 

volcanic massifs are strongly deformed by an 

anastamosing network of faults (Fig. 1B). On 

Downloaded from http://pubs.geoscienceworld.org/gsa/geosphere/article-pdf/5/4/325/3337666/i1553-040X-5-4-325.pdf
by guest
on 21 August 2022



Cenozoic transpression Central Iran

 Geosphere, August 2009 355

most published maps of the region several large, 

isolated northwest-southeast–trending dextral 

strike-slip faults are shown offsetting geologi-

cal units in the northern Sanadaj-Sirjan and 

southern Urumieh-Dokhtar zones. Interpreta-

tion of satellite images, together with geological 

maps, strongly indicates that many of these fault 

zones are not isolated, but instead are linked by 

west-northwest–east-southeast– and east-west– 

trending faults to form large-scale rhomboid 

geometries, or strike-slip duplex geometries. 

These rhomboid lenses tend to display much 

better developed fold-and-thrust geometries than 

the areas outside of the lenses. The chain of 

massifs along the southern border of the Central 

Basin displays present-day maximum elevations 

of ~3 km (Fig. 1A). There is a commonality of 

deformation style and elevation in the entire 

southern margin of the Urumieh-Dokhtar zone, 

with the massifs lying at large-scale restrain-

ing bends within this system. Rather than sim-

ply representing an Eocene volcanic trend, the 

Urumieh-Dokhtar zone is interpreted here as a 

well-organized transpressional belt that accom-

modated a signifi cant amount (~38 km) of late 

Miocene–Holocene shortening.

The deformation in the Urumieh-Dokhtar 

zone shows a very strong basement-involved 

component that passes in places into thin-

skinned deformation where sedimentary basins 

are present. The thick-skinned deformation seen 

in this area may well provide a good analogue 

for the inferred role of thick-skinned deforma-

tion in the Zagros Mountains (e.g., Talebian and 

Jackson, 2004; Sepehr and Cosgrove, 2005). 

However in the Zagros Mountains the cover 

of sedimentary rocks is much greater than in 

the Iran Plateau area, and so masks the thick-

skinned deformation style.

DISCUSSION: INTERPRETATION OF 

BASIN DEVELOPMENT

Although forearc and backarc locations 

have been used to describe the Central Basin 

(e.g., Schuster and Wielandt, 1999; Hassanza-

deh et al., 2002), this terminology is mislead-

ing. The basin overlies volcanic arc–related 

units, but the arc had died at the end of the 

Eocene, and was subsequently deformed, 

uplifted, and eroded prior to deposition of 

the Central Basin sediments. Central Basin 

deposition during the Oligocene and Miocene 

was accompanied by episodic calc-alkaline 

volcanism, including inferred post-collision, 

 subduction-related adakites and shoshon-

ites (Jahangiri, 2007). These volcanics are 

relatively low volume compared with those 

erupted during the Eocene.

The late Eocene–early Oligocene collision 

of Arabia with Eurasia can explain the ces-

sation of major arc volcanism, deformation, 

uplift, and erosion of the arc. The broad sag-

like basin geometry and minor or localized late 

Oligocene–early Miocene extensional fault-

ing indicate that early basin subsidence was a 

response to a broad regional load (Figs. 30A, 

30B, 30E, and 31C). The types of load include 

mechanical loads, such as a fl exural response 

to crustal thickness variations, and thermal 

loads in response to cooling, in particular post-

rift subsidence.
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A number of studies have noted that the 

~20 Ma duration of Eocene volcanic activity 

in central Iran marks an anomalous fl areup of 

volcanic activity along the margin (e.g., Berbe-

rian and Berberian, 1981; Amidi et al., 1984; 

Kazmin et al., 1986). One explanation is that 

extensive rifting of the Eocene volcanic arc 

was important for attaining the high volume of 

Eocene volcanics (Amidi et al., 1984; Kazmin 

et al., 1986), and that slab rollback was the main 

driving mechanism for extension (e.g., Vincent 

et al., 2005; Fig. 31E). Recently several Eocene-

age metamorphic core complexes have been 

discovered within the Eocene volcanic belts, 

indicating that considerable extension accompa-

nied volcanism (e.g., Verdel et al., 2007; Karga-

ranbafghi et al., 2008).

Figure 13 shows a seismic line in the Saveh-

Qom area where, unusually, the sub-Qom For-

mation section is well imaged: in outcrops in 

this area, only the Miocene part of the Qom For-

mation is present directly overlying the Eocene 

section. Therefore, although the presence of 

Lower Red Formation cannot be excluded, the 

most likely interpretation is that the extensive 

normal fault system underlying the Qom For-

mation is clear evidence for Eocene extension. 

Some of the extensional faults were subse-

quently reactivated during Qom Formation and 

Upper Red Formation time.

The discussion above indicates that the 

Eocene tectonic setting in central Iran is appro-

priate for thermal subsidence to have acted as the 

main driving mechanism of basin development 

during Lower Red Formation and Qom Forma-

tion deposition (Fig. 31C). The three-armed 

geometry of the Central Basin seen in the Qom 

Formation isopach map (Fig. 5) could represent 

a post-rift basin following an earlier (Eocene) 

rift that avoided the stronger crust of the Central 

Iran microplate, and wrapped around its western 

margin. Central Basin subsidence was probably 

also enhanced by other mechanisms, including 

loading by thrust sheets (particularly along the 

southern border with the Sanadaj-Sirjan zone), 

and local extension. Provided extension is rela-

tively minor and does not cause net heating of 

the mantle (to offset post-rift cooling), normal 

faulting can accompany thermal subsidence.

During deposition of the Upper Red Forma-

tion the structural styles affecting the Saveh-

Qom area are interpreted here to have evolved 

from oblique extension (Fig. 15, scenario B to 

C) to dextral transpression (Figs. 30C, 30D). 

There are occasional indications of minor 

inversion during the early Upper Red Forma-

tion, but in general the early Upper Red For-

mation marks a time of widespread deposition 

in oblique extensional to transtensional fault- 

controlled depocenters (Fig. 29). The later 

Upper Red Formation marks a period of wide-

spread basin inversion and destruction. This 

resulted in more geographically restricted dep-

ocenters, bounded by uplifted massifs, which 

loaded the basin remnants so that they subsided 

as miniforedeep basins.

The two basin types interpreted for the Upper 

Red Formation in the Qom-Saveh area contrast 

with an Upper Red Formation depocenter on 

the southern margin of the Alborz Mountains 

that Ballato et al. (2008) proposed formed in a 

foreland basin setting throughout deposition of 

the Upper Red Formation. The different inter-

pretations in the two areas are not necessarily 

incompatible. The change from carbonate depo-

sition during the Qom Formation to clastic-

dominated red bed deposition during the Upper 

Red Formation clearly marks a regional change 

in sediment supply and uplift that eliminated 

the seaway ca. 17 Ma ago. Uplift in the Crush 

zone and Sanadaj-Sirjan zone to the south of 

the Central Basin, and the Alborz Mountains to 

the north, would have provided the necessary 

uplift and supply of clastic material to the Cen-

tral Basin (Fig. 31B). Consequently, compres-

sional to transpressional deformation may well 

have occurred during deposition of the entire 

Upper Red Formation for the Alborz Mountains 

(Ballato et al., 2008) and the Sanadaj-Sirjan 

zone (Agard et al., 2005). However, transpres-

sion occurred later in the intervening area of the 

Central Basin, after ~5 km or more of sediment 

was deposited in the main Upper Red Formation 

(transtensional) depocenters.

The origin of the extension that affected the 

Lower Red Formation, Qom Formation to a 

lesser extent, and the early Upper Red Forma-

tion to a greater extent, within a post-collisional 

setting is uncertain. Extension appears to have 

occurred prior to region uplift, and hence prior 

to any mantle-driven process responsible for 

plateau uplift (such as mantle delamination; 

e.g., Maggi and Priestley, 2005). Seismic wave 

velocities in the upper mantle also indicate it 

is unlikely that mantle delamination occurred 

(Kaviani et al., 2007). The shallow mantle 

underlying the Iran Plateau and Alborz Moun-

tains is relatively low velocity, due to either 

higher mantle temperatures and/or higher fl uid 

content than the mantle under the Zagros Moun-

tains (Kaviani et al., 2007). Post-collision exten-

sion in the hinterland of a fold-and-thrust belt 

and hot shallow mantle could arise from slab 

rollback of oceanic crust and the leading edge 

of the continental margin, such as that seen in 

the Carpathians–Pannonian system and Rif-

Betic Cordillera–Alboran Sea (Fig. 31B; e.g., 

Royden, 1993; Morley, 1993; and see review in 

Morley, 2002). In the case of the Iran Plateau the 

amount of extension seen in the Central Basin 

Figure 31. Sequential evolution of Iran dur-

ing the Cenozoic based on data described in 

this paper for the Central Basin, Guest et 

al. (2006b) and Ballato et al. (2008) for the 

Alborz Mountains, McQuarrie (2004) for 

the Zagros Mountains (note that this inter-

pretation minimizes the extent of basement-

involved deformation beneath the Zagros 

Mountains), and Agard et al. (2005) for the 

Sanadaj-Sirjan zone and general tectonic 

evolution. Although the section is semi-

schematic and does not fi t a single profi le 

across Iran, it is largely based on actual 

cross sections and is in proportion. Crustal 

profi le modifi ed from Kaviani et al. (2007). 

(A) Present day, transpressional stage, 

with extensive dextral strike-slip motion. 

(B) Compression and/or transpression in 

internal Zagros Mountains, Sanadaj-Sirjan 

zone, and Alborz Mountains. Extension 

or transtension deformation affected the 

Central Basin, possibly as a result of sub-

duction rollback. (C) Shortening confi ned 

to Sanadaj-Sirjan zone area. Subsidence 

and deposition in the foredeep region of 

the Main Tethyan seaway (Asmari Lime-

stone); the Qom Formation is interpreted 

as being deposited in a thermal subsidence 

basin. Ophiolite partially scraped off and 

incorporated into overlying plate. (D) Ini-

tial continental collision caused inversion 

of the Eocene rift system. Convergence 

between Arabia and Eurasia was largely 

accommodated by subduction, not crustal 

shortening. (E) Stage just prior to collision; 

subduction of oceanic crust (Semail Ocean), 

with intrusion of gabbros into the Sandaj-

Sirjan zone (Agard et al., 2005), and mixed 

subduction and rift-related volcanism in the 

overriding plate. Rifting occurred during 

the Eocene, possibly as a result of subduc-

tion rollback. Shortening estimates are from 

McQuarrie (2004; Zagros Mountains); data 

for Sanadaj-Sirjan zone are from Agard et 

al. (2005); Central Basin data are from this 

paper; Alborz Mountains data are from 

Allen et al. (2004) and Guest et al. (2006b). 

High temperature–low pressure (HT/LP) 

crust indicates the area of the crust that may 

partly contain high-density crustal rocks 

resulting from subduction and exhumation 

(e.g., eclogites); this area of crust was possi-

bly more prone to breakoff and subduction 

than normal crust.

Downloaded from http://pubs.geoscienceworld.org/gsa/geosphere/article-pdf/5/4/325/3337666/i1553-040X-5-4-325.pdf
by guest
on 21 August 2022



Morley et al.

360 Geosphere, August 2009

does not appear to be as large as in the two 

examples above, but may be of similar origin.

In the Saveh-Qom area there is no precise 

dating of the onset transpression, marked by 

folding and thrusting within depocenters, uplift 

of the Urumieh-Dokhtar zone to elevations of 

~3 km, and uplift of the Central Basin from 

near sea level to 900–1000 m. It should also be 

noted that these two uplifts may both be linked 

to compression, but arose by different mecha-

nisms and have somewhat different timing 

(within the middle Miocene–Holocene). The 

more geographically limited, larger magnitude 

uplift of the Urumieh-Dokhtar zone appears to 

be directly related to transpressional deforma-

tion. The more regional uplift marked by the 

900–1000 m uplift of the basin surface sug-

gests a broader, tectonically controlled feature, 

for example, uplift in response to hot mantle, or 

fl ow of ductile lower crust from the areas with 

a greater upper crustal load (i.e., more moun-

tainous regions) into the basinal areas (the lat-

ter interpretation is preferred; Fig. 31B). Within 

the Central Basin the switch from no thinning 

to thinning onto folds near the midpoint (in 

terms of thickness) of the Upper Red Formation 

section suggests an approximate coincidence 

between the increase in deformation proposed 

for the Zagros and Alborz Mountains (7 Ma 

ago in Allen et al., 2004; 12 Ma ago in Guest 

et al., 2006a, 2006b), and the switch in defor-

mation style during Upper Red Formation time. 

For ease of reference (and for basin modeling 

purposes; Fig. 12), we refer to 10 Ma ago as the 

onset of widespread folding in the Qom-Saveh 

area and 3 Ma ago as marking the end of major 

deformation. However, neither date is precise. 

Undeformed volcanics loosely dated as late 

Miocene–Pliocene overlie deformed Upper Red 

Formation sediments, which indicates that there 

is an unconformable relationship that can be 

used to mark the termination of the major phase 

of transpressional deformation. Earthquake and 

GPS data show that the Central Basin is a low-

strain region today relative to the simple folded 

zone and high Zagros and Alborz Mountains 

(Hessami et al., 2003; Vernant et al., 2004). 

Although deformation rate is considerably 

reduced from Upper Red Formation time, there 

is evidence to indicate that the region is not com-

pletely inactive. Deformation younger than the 

Upper Red Formation is seen in numerous out-

crops of tilted, poorly consolidated conglomer-

ates and sandstones. In addition, south of Qom, 

a 5.5 Mw earthquake (Global Centroid Moment 

Tensor catalog number 200706181429A; http://

www.globalcmt.org/CMTsearch.html) with an 

18.5-km-deep hypocenter and oblique strike-

slip plane solution for a northwest-southeast–

striking fault (northeast-southwest maximum 

horizontal stress direction) occurred on 18 June 

2007. The modern north-south to northeast-

southwest maximum horizontal stress orienta-

tion (Heidbach et al., 2007) in central Iran is 

similar to that required for dextral transpression 

during the Upper Red Formation.

The late Upper Red Formation transpressional 

deformation caused shortening of at least 38 km 

in the Qom-Saveh-Tafresh area (17 km thin-

skinned shortening in the basin; Fig. 14; 38 km 

for Fig. 27; see Fig. 31A). Although this is a rel-

atively modest amount of shortening in compar-

ison with many mountain belts, in the context 

of late Miocene–Holocene collision 38 km is 

signifi cant. The shortening estimate represents 

~4 mm/a, or 20% of the regional 2 cm/a con-

vergences rate for the Arabian plate-Eurasian 

plate collision zone for the past 10–12 Ma (e.g., 

McQuarrie et al., 2003; Allen et al., 2004). Over 

the same time period the simple and high Zagros 

Mountains have shortened by 70 ± 20 km, based 

on regional balanced cross sections (McQuar-

rie, 2004), while shortening estimates for the 

Alborz Mountains range between 30 km (Allen 

et al., 2004) and 53 ± 3 km (Guest et al., 2006b). 

The width of the Central Basin region discussed 

here is ~80 km, compared with ~150 km for the 

Zagros Mountains and 100 km for the Alborz 

Mountains. Hence in terms of shortening per 

kilometer, the Central Basin is comparable with 

the Alborz and Zagros Mountains.

There is a pronounced time gap in the iden-

tifi cation of large-scale regional deforma-

tion between the onset of collision in the late 

Eocene–early Oligocene (ca. 40 Ma ago) and 

the initiation of major deformation in the Cen-

tral Basin, Zagros, and Alborz in the middle 

or late Miocene (e.g., Allen et al., 2004). This 

intervening period of ~19-25 Ma is equivalent 

to ~380–500 km of post-collisional conver-

gence, assuming convergence rates of ~2 cm/a 

(McQuarrie et al., 2003). This convergence 

must be accommodated either by underthrust-

ing or subduction of continental crust and/or 

by crustal shortening. Only the Sanadaj-Sirjan 

zone and Crush zone show evidence for sig-

nifi cant Oligocene–early Miocene shorten-

ing (~100 km; Agard et al., 2005), and hence 

account for only a fraction of the total conver-

gence. Deformation in the Central Basin cannot 

add to the Oligocene–early Miocene shortening 

total, but strengthens the view that late Mio-

cene–Holocene crustal shortening is the most 

prominent tectonic phase (Allen et al., 2004; 

Guest et al., 2006a, 2006b). The data suggest 

that subduction or underthrusting of continental 

crust was important during the Oligocene–early 

Miocene, and that during the middle Miocene–

Holocene crustal shortening accommodated 

much more of the convergence. Crustal short-

ening became particularly well developed from 

the late Miocene onward.

CONCLUSIONS

The Central Basin records important infor-

mation about the early stages of development 

of a continental plateau area in the upper plate 

of a continent-continent collision zone. A sum-

mary of the basin evolution in the Saveh-Qom 

area is shown in Figures 30 and 31. Collision of 

Arabia and Eurasia resulted in folding, uplift, 

and erosion of the Eocene arc volcanics belt. 

Possibly the folding seen in the Eocene sec-

tion adjacent to the Central Basin described by 

Huber (1952) and Gansser (1955b) is related to 

inversion of normal faults, since the develop-

ment of folds appears to be local rather than 

regional (Fig. 31D). Rather than compression 

and plateau-building continuing to affect cen-

tral Iran during the Oligocene, continent con-

vergence became accommodated elsewhere 

(probably predominantly by subduction or 

underthrusting of continental crust), and central 

Iran underwent broad subsidence, permitting 

the deposition of the Lower Red Formation and 

Qom Formation at or near sea level (Fig. 31C). 

The subsidence is interpreted to have resulted 

from thermal subsidence following Eocene 

rifting, combined with local loading by thrust 

sheets and local extension.

The Qom Formation marks a period of tec-

tonic quiescence, with little coarse clastic mate-

rial entering the Central Basin. This picture 

changed during the Burdigalian, when coarse 

clastics entered the basin as a consequence of 

contraction-related uplift in the Sanadaj-Sirjan 

zone and Alborz Mountains (e.g., Agard et al., 

2005; Ballato et al., 2008). However, during 

the time of deposition of the early Upper Red 

Formation, oblique extension or transtensional 

deformation dominated the Central Basin, 

which enabled the deposition of thick clastic 

sequences over a wide area, including the future 

Urumieh-Dokhtar zone (Fig. 30C). Only later 

during the Upper Red Formation (probably late 

Miocene–Pliocene) did transpressional defor-

mation enter the basin and invert >50% of the 

original basin area (Figs. 30, 31B, and 31A).

Development of the plateau phase in the 

Saveh-Qom area is of middle Miocene–late 

Miocene age (probably commencing ca. 10 Ma 

ago), and uplift occurred as a result of at least 

38 km shortening (probably 50 km or more 

shortening for the entire Central Basin). Dextral 

transpression and possibly heating of the mantle 

lithosphere lifted the basin surface from near 

sea level to 900–1000 m, while the Urumieh-

Dokhtar zone became the main focus of defor-

mation and was lifted to maximum elevations of 
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~3 km, in  addition to undergoing erosion of as 

much as 5 km thickness of Central Basin sedi-

mentary rocks.

The dextral transpressional system is inter-

preted to form a linked system of anastamos-

ing faults along a northwest-southeast trend 

>400 km long. Transpressional deformation 

formed thrusts and folds along east-west to 

west-northwest–east-southeast orientations, 

and stronger dextral offsets on faults oriented 

northwest-southeast to north-northwest–south-

southeast. Signifi cant thin-skinned folding 

and thrusting occur where thick evaporites are 

present. The deformation fi ts with approxi-

mately north-south to north-northeast–south-

southwest–oriented maximum horizontal stress 

direction, similar to the modern stress orienta-

tion (Heidbach et al., 2007). Basement-involved 

deformation is juxtaposed with detached struc-

tural styles. The largest basement-involved 

folds are those affecting entire massifs, and 

have wavelengths of tens of kilometers, while 

the detached folds have wavelengths as large as 

~10 km. There are abrupt lateral changes in the 

Central Basin between basement-involved folds 

and detached folds.

The Zagros Mountains are world famous for 

their exposures of large folds with accompany-

ing salt piercement features. Exposures in the 

Central Basin are of equal quality and display 

a similar mix of Cenozoic rock types, but the 

rocks are deformed in a more complex manner. 

The suspected interaction of basement-involved 

and thin-skinned deformation in the Zagros 

Mountains is much more clearly expressed in 

the Central Basin.
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