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 25 

Abstract 26 

 27 

The Sarvestan plain is bounded by highly elevated anticlines associated with thrusts 28 

or transpressional faults and hosts the NNW-SSE Sarvestan transfer zone. Surface and 29 

subsurface geological data, and 22 seismic lines allowed us to reconstruct the 3D 30 

geometry of the area. Mixed layers illite-smectite and 1D burial and thermal 31 

modelling were used to constrain the complex geological evolution of the Sarvestan 32 

plain where inherited structures strongly controlled the geometry of syn-to post-33 

collisional contractional structures. Paleozoic-Mesozoic rifting related extension 34 

generated E-W and NNW-SSE normal fault systems. Such faults were associated with 35 

changes in the thickness of the sedimentary cover. Lateral facies changes were later 36 

induced by the Cretaceous obduction of ophiolites, cropping out some tens of km 37 

north of the study area. During the Miocene the footwall and the hanging wall of the 38 

Sarvestan fault had different thermal evolution. This is tentatively explained by flow 39 

of Cambrian salt from the plain area towards the hanging wall of the Sarvestan fault, 40 

associated with salt diapirism during Lower-Middle Miocene time. Salt tectonics is 41 

invoked also to explain, at least in part, the development of the overturned anticline in 42 

the hanging wall of the Sarvestan fault. An early phase of contractional deformation 43 

occurred in the Middle Miocene (since 15 My, i.e., after the deposition of the Agha 44 

Jari Fm) generating the E-W oriented folds buried below the plain, likely inverting 45 

inherited normal faults. The erosion of these structures was followed by the 46 

deposition of the Bakhtiari Fm conglomerates in Middle-Late Miocene times. A later 47 

phase of contractional tectonics generated the thrust faults and the anticlines bounding 48 

the Sarvestan plain some 6-5 My ago. The Sarvestan dextral transpressional fault, that 49 
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likely acted as a strongly oblique ramp of the Maharlu thrust, mainly structured in this 50 

period, although its activity may have continued until present. 51 

 52 

Keywords: Zagros; salt tectonics; thrusting; transfer zone; Sarvestan 53 
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 56 

1. Introduction 57 

 58 

 59 

The geometry of contractional structures in the Zagros fold-and-thrust belt (Fig. 1) 60 

was influenced by facies and thickness changes in the stratigraphy (e.g., James and 61 

Wynd, 1965; Alavi, 2004). Such changes were induced mainly by Paleozoic to 62 

Mesozoic thick-skinned extensional tectonics and by shallow-rooted Tertiary 63 

extensional faults (Navabpour et al., 2010).  64 

The most important stratigraphic change occurs between the Dezful Embayment and 65 

the Fars region, respectively characterized by the absence and presence of Cambrian 66 

evaporites (Hormuz Fm) at the bottom of the deformed succession. The front of the 67 

belt is characterized by a salient (i.e., by larger advancement of the compressional 68 

front) in the Fars region (Fig. 1), and a recess in the Dezful Embayment, (Allen and 69 

Talebian, 2011), as predicted by sand-box models. Cambrian salt also controls strain 70 

distribution in the belt (Carminati et al., 2013). The larger advancement of the thrust 71 

fronts in the SE part (Fig. 1) is accommodated by a major N-S transfer zone (Kazerun 72 

fault; Sepehr and Cosgrove, 2005; Carminati et al., 2014), where dextral strike-slip 73 

and/or transpressional earthquakes take place. Other regional transfer zones 74 

developed along N-S Paleozoic-Mesozoic normal faults, such as the Sabz Puzhan 75 

dextral strike-slip fault (Lacombe et al., 2006), and the Izeh Fault (Sherkati and 76 

Letouzey, 2004; Lacombe et al., 2006; Ahmadhadi et al., 2007). 77 

The Sarvestan area, a flat triangular area bounded by high-elevation anticlines (Fig. 78 

2), hosts another major transfer zone: the Sarvestan Fault. The High Zagros Fault, 79 

delimiting to the north the Sarvestan Plain, is displaced to SE along the Sarvestan 80 
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Fault, which bounds the plain to the east. In this work we develop a geological model 81 

for the Sarvestan area, constrained by surface (geological mapping) and subsurface 82 

(well stratigraphies) geological data, by a network of 22 seismic lines, thermal 83 

maturity data and thermal modelling. This multidisciplinary set of data allowed us to 84 

define a geological evolution controlled by Paleozoic-Mesozoic rift-related 85 

extensional faulting, Cretaceous obduction of ophiolites, Tertiary normal faulting, salt 86 

tectonics, early syn-collisional basin inversion and multi-stage contractional tectonics. 87 

It is concluded that, although located in the so-called Zagros Simply Folded Belt, the 88 

Sarvestan area is actually complex in terms of geometry, stratigraphy and tectonics. 89 

 90 

2. Geological setting 91 

 92 

The Zagros belt developed from the collision and post-collisional convergence 93 

between Arabia and Iran (Navabpour and Barrier, 2012). In recent reconstructions, 94 

the collision occurred diachronously between the late Eocene and Oligocene, after the 95 

consumption of the Tethyan oceanic realm (Agard et al., 2005, 2011; Mouthereau et 96 

al., 2012). Convergence rates between Arabia and Eurasia were constrained to 2–3 97 

cm/yr in a N–S direction in the last 10 My and are continuing today (Vernant et al., 98 

2004). The Zagros orogen consists of different tectonostratigraphic realms (Fig. 1). 99 

From internal (NE) to external (SW) parts, these are the Sanandaj-Sirdjan zone, and 100 

the Urumieh-Dokhtar magmatic arc, separated by the Main Zagros thrust from the 101 

Imbricate zone (or High Zagros or Crash zone), in turn separated by the High Zagros 102 

thrust from the Simply Folded Belt Zagros foreland basin (e.g., Falcon, 1974; 103 

Stocklin, 1968). 104 
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The Zagros simply folded belt, where the Sarvestan area is located, is characterized 105 

by the superimposition of thin-skinned and thick-skinned tectonics (Mouthereau et al., 106 

2007). Contractional tectonics deformed the Neoproterozoic? /Cambrian-Miocene 107 

successions of the rifted continental margin of the Arabian plate and Miocene-Recent 108 

foreland basin deposits (Fig. 3; Stocklin, 1968; Koop and Stoneley, 1982). Crustal 109 

scale cross-sections across the Zagros (Sherkati et al., 2006; Mouthereau et al., 2007), 110 

wells and subsurface data reveal a pile of stacked thrust sheets, constituted by 111 

sedimentary successions up to 12 km thick (Alavi, 2004). 112 

The Fars region of the Zagros simply folded belt is located east of the N-S Kazerun 113 

transfer zone, a dextral strike-slip and/or transpressional fault (Sepehr and Cosgrove, 114 

2005). In this region, the Precambrian basement rocks were unconformably overlain 115 

by up to 2000 m thick evaporites (halite and anhydrite) and gray trilobite-bearing 116 

dolostones with interlayered mafic and acidic volcanic rocks (Neoproterozoic?/ 117 

Cambrian Hormuz series; Falcon, 1974; Sepehr and Cosgrove, 2005). The 118 

Ordovician-Carbonifeorus mainly clastic rocks are poorly known owing to the paucity 119 

of outcrops and to the occurrence of major regional unconformities associated with 120 

Paleozoic erosional episodes (Alavi, 2004). Thickness and facies changes are also 121 

likely associated with Cambrian salt diapirism, basement faulting and sea level 122 

changes (Berberian and King, 1981). The Permian-Triassic succession mainly 123 

consists of carbonate rocks deposited in shallow marine environment containing also 124 

volcanic rocks related to the Permo-Triassic rifting and to the opening of the Neo-125 

Tethys ocean (Alavi, 2004). After this rifting episode, sedimentation occurred in 126 

shallow water environments until Late Cretaceous times (Berberian and King, 1981). 127 

Late Cretaceous sedimentation in most of the Zagros was characterized by neritic 128 

carbonate sedimentation followed by deeper water conditions (marls and shales). 129 
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During Cenozoic time, sedimentation changed from open marine (shales and marls) to 130 

shallow water (e.g., Nummulites-bearing limestone) to continental (Miocene to 131 

Pleistocene post-collision clastic transgressive Mishan, Agha Jari and Bakhtiari Fms) 132 

environment.  133 

In the Fars, low topography slopes (Talbot and Alavi, 1996), and symmetrical 134 

anticlines with no clear fold vergence have been interpreted as the evidence for a 135 

ductile decollement, provided by the Cambrian Hormuz Fm (Davis and Engelder, 136 

1985; Cotton and Koyi, 2000). No other significant decollement levels were 137 

recognized to be active in the Fars, except for the coastal areas where the Triassic 138 

evaporites of the Dashtak Fm acted as an additional deep decollement (Sherkati et al., 139 

2006; Motamedi et al., 2012; Najafi et al., 2014). No significant deformation gradient 140 

has been proposed to occur between internal and external zones of the belt, as 141 

suggested by the constant ratio between maximum folds amplitude and fold 142 

wavelength (Mouthereau et al., 2007). 143 

The Arabian passive margin developed onto the former Hercynian orogeny by middle 144 

Permian-Triassic extensional tectonics (Koop and Stoneley, 1982; Navabpour et al., 145 

2010). These thick-skinned extensional faults produced several NW-SE trending 146 

grabens, i.e., parallel to the current orientation of the belt contractional structures 147 

(Sepher and Cosgrove, 2004), in an oblique rift zone associated with the Neo-Tethys 148 

opening. However, a N-S trending set of faults, i.e., oblique to the direction of 149 

convergence, has been also recognized (Talbot and Alavi, 1996). This thick-skinned 150 

phase was followed by a Mesozoic thin-skinned phase, with the sedimentary cover 151 

affected by successive extensional structures and block tilting (Navabpour et al., 152 

2010). Extensional tectonics probably continued during the early Tertiary but, in the 153 

late Cretaceous (Campanian), the external passive margin of the Arabian plate was 154 
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affected by the southwestward obduction of a Neo-Tethyan ophiolite – radiolarite 155 

nappe (Béchennec et al., 1990; Breton et al., 2004). 156 

The timing of shortening in the Fars was constrained by magnetostratigraphy studies 157 

on growth strata from clastic continental sequences (Khadivi et al., 2010; Ruh et al., 158 

2014). These studies concluded that contractional deformation started in the proximity 159 

of the High Zagros fault in the Middle Miocene and propagated southward, reaching 160 

the Central Fars in the early Pliocene, with a migration rate of ca. 1 cm/yr. 161 

 162 

2.1 The Sarvestan area 163 

 164 

The Sarvestan plain is a flat triangular area with an average elevation of 1500 m asl. 165 

In this area, the rock substratum is covered by fluvial and lacustrine deposits, with the 166 

exception of a few scattered outcrops at the hinge of buried anticlines (Fig. 2). The 167 

plain is bounded to the north by the Ahmadi anticline, to the east by the Sarvestan 168 

fault zone and the Meyan anticline and to the south by the Quarau anticline. These 169 

anticlines are elevated some 1300-1400 m above the plain. 170 

 171 

2.1.1 Sarvestan stratigraphy 172 

 173 

The stratigraphy of the Sarvestan area is similar, for the Permian-Middle Cretaceous 174 

times to that of the remaining Fars region, showing a trend of gradual subsidence 175 

associated with marine ingressions that drove to a change in sedimentation from 176 

dominantly Palaeozoic clastics to Permian, Mesozoic and Tertiary carbonates (Powers 177 

1968; Koop and Stoneley, 1982). Permian carbonates are interfingered with basaltic 178 

flows.  179 
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During the Early Triassic, the shallow marine carbonates of the Kangan Fm were 180 

deposited (Szabo and Kheradpir 1978), followed by the Middle Triassic evaporites of 181 

the Dashtak Fm during a regression stage (Berberian & King 1981) and by the Late 182 

Triassic shallow-water platform carbonates of the Khaneh Kat Fm (Pyriaei et al., 183 

2010). The Early Jurassic was characterized by sedimentation of terrigenous clastic 184 

and transitional terrigenous to open marine deposits of the Neyriz Fm (Szabo and 185 

Kheradpir 1978), followed by the limestones and marls of the Khami Group (Surmeh, 186 

Fahliyan, Gadvan, Daryan; Middle Jurassic-Aptian). In the internal Fars, siltstones 187 

and iron/glauconite rich sandstones found in the upper parts of the Fahliyan and 188 

Dariyan Fms suggest regression, emergence and erosion in Neocomian and Late 189 

Aptian times (Navabpor et al., 2010). The shallow marine shales and carbonates of 190 

the Bangestan Group (Kazhdumi and Sarvak Fms; Albian– Turonian) contain also 191 

Late Turonian conglomerates and breccias, indicative of tectonic activity (Berberian 192 

& King 1981) and are the last sediments deposited in a typical passive margin 193 

environment.  194 

The Late Cretaceous sedimentation in the Sarvestan area is complex owing to the 195 

occurrence of the southwestward obduction of ophiolites (e.g., Breton et al. 2004), 196 

which caused significant variations in sedimentary facies, sedimentation patterns and 197 

accommodation space, and shift of depocentres, as constrained by surface 198 

(stratigraphic sections) and subsurface (wells) data (Pyriaei et al., 2010). The 199 

obducted ophiolites crop out some tens of km north of Sarvestan zone. 200 

Pelagic basinal marly facies (Gurpi Fm) were deposited in the Late Santonian–201 

Maastrichtian. However, since Maastrichtian time, marly sedimentation (Gurpi Fm) in 202 

the SE part of the Sarvestan area was synchronous with rudist-dominated platform 203 

carbonate sedimentation (Tarbur Fm; Setudehnia 1972; Vaziri-Moghaddam et al., 204 
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2005) in the central and northern Sarvestan area. This lateral facies change has been 205 

proposed to be caused by the uplift associated with the emplacement of the ophiolites 206 

(Pyriaei et al., 2010). Uplift and tectonic activity in Late Cretaceous times are also 207 

suggested by frequent calciturbiditic beds in Maastrichtian deposits. 208 

The Tarbur carbonates were overlain by Maastrichtian-Paleogene evaporitic facies 209 

(Sachun Fm), consisting of gypsiferous limestones, dolostones (with bird’s eyes and 210 

salt clasts) and red marls deposited in a sabkha environment. Heteropic to the Sachun 211 

evaporitic limestones were the neritic shales and marls of the Pabdeh Fm, deposited 212 

on top of the Gurpi basinal sediments. During the Eocene-Oligocene, shallow water 213 

limestones (Jahrum and Asmari Fms) were deposited onto the entire area and were 214 

overlain, in Early Miocene times, by supratidal sabkha-like deposits (Razak Fm), 215 

followed, in Middle Miocene times, by marls (Mishan Fm), red beds (Agha Jari Fm) 216 

and by Late Miocene molasse-type conglomerates (Bakhtiari Fm). The Middle 217 

Miocene clastic sedimentation marks the transition of the Sarvestan area to a foreland 218 

basin setting. According to Khadivi et al. (2010), a magnetostratigraphic correlation 219 

with chron C6n dates the bottom of the Razak Fm to 19.7 Ma. The transition to the 220 

Agha Jari Fm is correlated with chron C5Cn, at 16.6 Ma. The onset of deposition of 221 

the Bakhtiari conglomerates correlates with the chron C5AD, at approximately 14.8 222 

Ma (Khadivi et al., 2010). 223 

 224 

2.1.2 Sarvestan evolution 225 

 226 

The Permian-Mesozoic extensional tectonics of the internal parts of the Fars region 227 

was studied by Navabpour et al. (2010). Although the Permian-Early Triassic 228 

extensional tectonics cannot be reconstructed in detail, owing to the scattered and 229 
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poor-quality nature of outcrops, the beginning of rifting (N-S extension) between the 230 

Iranian and Arabian continental plates is generally ascribed to this time span, based 231 

on the occurrence of Permian basalts and on the recognition of syn-depositional 232 

normal faults in seismic lines across the Dezful area (Sepehr & Cosgrove 2004) and 233 

in outcrops in Oman (Chauvet et al. 2009). In the vicinity of the Sarvestan area, syn-234 

depositional extensional faults were active in Middle-Late Triassic (Khaneh Kat Fm), 235 

Middle-Late Jurassic (Surmeh Fm), Aptian (Dariyan Fm), Cenomanian-Turonian 236 

(Sarvak Fm) and Campanian-Maastrichtian (Gurpi Fm) times (Navabpour et al., 237 

2010). Little evidence of syndepositional normal faulting was found in the Eocene 238 

Pabdeh Fm. Two main directions of extension, i.e., N-S, producing E-W trending 239 

faults and NE-SW, associated with NW-SE trending fault, were recognized.  240 

The onset of collision in the internal Fars has been proposed to have occurred in late 241 

Oligocene-Early Miocene times (Agard et al. 2005; Sherkati et al. 2005). The onset of 242 

folding in an area NW of Sarvestan (Chahar-Makan syncline) has been recently 243 

constrained by magnetostratigraphic dating of growth strata to 15-14 Ma (Khadivi et 244 

al., 2010). 245 

The Sarvestan fault (Berberian and Tchalenko, 1976), with a length of about 90 km, 246 

has a NNW-SSE strike and is roughly parallel to the Kazerun fault (Fig. 1). It has 247 

been inferred to be a strike-slip fault owing to strike-slip basement earthquakes 248 

developed on parallel faults (Karebass and Sabz Pushan) and to the apparent 20 km 249 

right-lateral offset of the Ahmadi anticline (Berberian, 1995; Lacombe et al., 2006). 250 

Two Hormuz salt domes were intruded along the fault (Fig. 2). However, 251 

compressional activity along this fault is indicated by the occurrence of the Meyan 252 

anticline, parallel to the fault, suggesting a noticeable amount of fault-perpendicular 253 

shortening (Lacombe et al., 2006). Molinaro et al. (2005) proposed that the Sarvestan 254 
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fault acquired a surface expression only during the late evolution of the Zagros simply 255 

folded belt, in association with basement-involved shortening. Lacombe et al. (2006) 256 

proposed that the Sarvestan fault behaved as a local transfer fault during folding of 257 

the sedimentary cover.  258 

No direct seismic evidence associated with motion along the Sarvestan fault has been 259 

recorded (Berberian, 1995). However, the 1890 March 3rd Ms 6.4 earthquake 260 

(Ambraseys and Melville, 1982), possibly nucleated along the Sarvestan fault 261 

(Berberian, 1995). Recent activity along the fault has been inferred also from 262 

quantitative geomorphological studies (Dehbozorgi et al., 2010). No significant 263 

present-day activity has been highlighted by GPS studies (Hartzfeld et al., 2010). 264 

In the Sarvestan area, commercial oil was found in the Sarvak reservoir. Oil was 265 

generated either from a Garau-type basinal facies developed in the interval between 266 

the upper part of the Surmeh Fm and the base of the Khami Group, or more probably, 267 

from the Kazhdumi Fm (Bordenave, 2008). 268 

 269 

3. A 3D model of the Sarvestan area 270 

 271 

3.1 Geological constraints 272 

 273 

The seismic profiles (see Fig. 2 for their location) were interpreted and depth 274 

converted and the geological cross sections were built using 3DMove 2014 software 275 

by Midland Valley (http://www.mve.com/software/move). The cross sections were 276 

constrained by surface and subsurface geological data, geophysical data and are 277 

consistent with thermal maturity data and thermal modelling. 278 
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The surface geological data were taken from the following 1:100.000 sheets of the 279 

Geological Map of Iran: Kangan (no. 20867W), Kushk (no. 6647) and Sarvestan (no. 280 

6648). Stratigraphic sections from NIOC (National Iranian Oil Company) internal 281 

reports were also used. For the deeper parts of the succession, not covered by 282 

borehole stratigraphies and surface stratigraphic sections, information on thickness 283 

and facies of sediments were taken from the paleogeographic maps of Koop and 284 

Stoneley (1982) and Pyriaei et al. (2010) and from the review of Alavi (2004). 285 

Finally, geological observations and data acquired during a 2012 field campaign were 286 

used to integrate published data.  287 

Subsurface geological data consist of the following borehole stratigraphies: Sim-1 288 

well, Sarvestan-1 and Sarvestan-3 wells. The stratigraphy of the area south of the 289 

Sarvestan plain was built using the stratigraphy of the Sim-1 well. The stratigraphy of 290 

the Sarvestan Plain is constrained by Sarvestan-1 and Sarvestan-3 wells. The 291 

stratigraphy of the area north of the Sarvestan Plain is not constrained by wells 292 

available to the authors. The stratigraphy was reconstructed using the paleogeographic 293 

maps of Koop and Stoneley (1982) and Pyriaei et al. (2010). 294 

Geophysical data consist of 22 unpublished seismic lines acquired by NIOC through 295 

the Sarvestan Plain. Four sections are parallel to the NW-SE trend of the Zagros 296 

anticline axes, and 13 are perpendicular to the regional structural trend and the 297 

remaining sections are oblique to the regional trend. The seismic lines have a total 298 

length of around 300 km and were calibrated using the Sarvestan-1 and Sarvestan-3 299 

well stratigraphies. 300 

The geometry of the structures buried below the Sarvestan plain were reconstructed in 301 

map view interpolating top-Asmari and top-Tarbur reflectors (Fig. 4 and 5) with the 302 

kriging algorithm of 3DMove software. To link buried and outcropping structures in 303 
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geological cross sections (Fig. 6), depth conversion was performed using a constant 304 

velocity of 4500 m/s, consistent with regional findings.  305 

 306 

3.2 A description of the main structural features 307 

 308 

The structures buried beneath the plain and those bounding it are completely different. 309 

A first difference concerns structures orientation. Below the plain, the orientation of 310 

folds axes, reconstructed by the seismic data are constantly oriented E-W (Fig. 4 and 311 

5). The structures at the plain boundary have variable orientations, ranging from the 312 

regional NW-SE to WNW-ESE trending of the Zagros (Quarau anticline) to E-W 313 

(and Ahmadi anticline) to NNE-SSW (Meryan anticline) directions. Also the tectonic 314 

style is very different. The structural elevation of the anticlines buried below the plain 315 

is some 2000-3000 m lower than that of the cropping anticlines. In addition, the 316 

anticlines below the plain have rather open geometries and are not associated with 317 

major thrust faults, whereas the anticlines bounding the plain are associated with 318 

major thrust or transpressional faults on both sides. Finally, the anticlines below the 319 

plain are rather symmetric, whereas the cropping anticlines show marked asymmetry 320 

(Figs. 2, 6 and 7). The Ahmadi anticline has a more steeply dipping southern flank 321 

(bedding dip up to 60-70°), indicating a S-vergence, but shows no overturned bedding 322 

attitude. The Quarau anticline has a steeply dipping to overturned NE flank, 323 

indicating a NE-vergence, opposite to the regional (SW-ward) vergence of the simply 324 

folded Zagros belt. The Meyan anticline displays a very steep to overturned western 325 

flank, suggesting a W-vergence. 326 

The characteristics of the faults associated with these anticlines are very different. The 327 

Kahdan and Quarau faults bound the Quarau anticline respectively to the NE and SW. 328 
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The Kahdan fault is the major thrust fault and displays Asmari Fm rocks in the 329 

hanging wall and Razak Fm marls in the footwall. The overturned strata in the NE 330 

flank of the fault suggest a fault propagation nature for the Kahdan fault and, 331 

according to this interpretation, the top-to-NE kinematics indicate that this fault is a 332 

major regional backthrust. Alternatively, the geometry of the fault could be explained 333 

invoking a thrust fault cutting through an already overtuned flank of a detachment 334 

fault (for similar structures in the Zagros see Sherkati et al., 2005 and Verges et al., 335 

2011). The Quarau fault displays a ramp-and-flat geometry (Fig. 6 and 8c) and, even 336 

more importantly, was characterized by slip after the deposition of the Bakhtiari Fm 337 

(Asmari Fm in the hangingwall and Bakhtiari Fm in the footwall (Figs. 2 and 8b). 338 

Both faults change their direction from NW-SE to EW in the SE hinge of the 339 

Sarvestan plain, suggesting again a control by inherited structures. The Ahmadi 340 

anticline is bounded by the Maharlu fault to the south. This fault bears Razak Fm 341 

rocks in the hanging wall and Agha Jari Fm rocks in the footwall and has a ENE-342 

WSW to E-W direction, with the exception of the easternmost part, where it rotates to 343 

NW-SE direction and likely merges with the Sarvestan fault. The fault bounding the 344 

northern limb of the Ahmadi anticline has a ENE-WSW direction, also rotates to NW-345 

SE direction in the eastern part and displays a small displacement (Razak Fm in both 346 

hanging wall and footwall). The Sarvestan fault is a major dextral transpressional 347 

lineament. In the literature, the Meyian anticline has been interpreted as the 348 

continuation of the Ahmadi anticline (Berberian, 1995). If this interpretation is true, 349 

the dextral lateral displacement can be constrained to some 20 km. In our view, 350 

however, this interpretation is not fully straightforward, provided that the two 351 

anticlines have different geometries and axes directions. It is however straightforward 352 

the interpretation of dextral strike-slip component of motion, as indicated, among 353 
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others, by the anticlines north of the Khethabad fault, that are rotated along the 354 

Sarvestan fault. 355 

The Sarvestan fault bifurcates around the Kuh-e-Namak salt dome and south of the 356 

Meyan anticline, where other salt plugs crop out. It is difficult to constrain the age of 357 

diapirism in this region. The youngest rocks pierced by diapirs are the Asmari Fm 358 

limestones. This suggests a post Asmari Fm activity but does not preclude earlier 359 

stages. Two minor splays, oblique to the main fault, likely characterized by 360 

transpressional kinematics with a prevailing reverse component, occur also in the 361 

central part of the fault (close to the sampling site SAC1). The Sarvestan fault, south 362 

of the Meyan anticline shows a horse-tail organization and rotates from NNW-SSE to 363 

NW-SE direction. The fact that the Sarvestan fault could connect with the Maharlu 364 

thrust and continues as a thrust fault south of the Meyan anticline suggests that it may 365 

have operated as a strongly oblique ramp of the Maharlu thrust fault system. It is 366 

emphasized that the Sarvestan fault displays the largest offset recognised in the faults 367 

of the study area, with Sarvak Fm rocks in the hanging wall and Asmari/Razak rocks 368 

in the footwall. This is counterintuitive for a transpressional fault or for a strongly 369 

oblique ramp. The Meyan anticline is bounded to the NE by the Meyan Jangal fault, 370 

again a dextral traspressional fault subparallel to the Sarvestan fault. 371 

The Meyan anticline deserves further discussion. It has a structural elevation 372 

(measured on the top Tarbur Fm) some 4000 m higher than the Sarvestan plain 373 

structures. This is the highest elevation in the area. By contrast, it is characterized by 374 

a very small lateral continuity (around 20 km), compared to that of the Quarau and 375 

Ahmadi anticlines (40-50 km long). Most probably, a part of the structural elevation 376 

is due to diapirism. The core of the anticline (i.e., the area where the Gurpi and 377 

Sarvak Fms crop out) had a lens shape and is elongated parallel to the Sarvestan fault. 378 
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Both shape and dimensions recall that of the Kuh-e-Namak diapir. Differently from 379 

this diapir, the Cambrian salt beneath the Meyan anticline did not reach the surface. 380 

Besides the described structures, a major feature observed in the region is the angular 381 

unconformity between the slightly folded Agha Jari sandstones and the Bakhtiari 382 

conglomerates, east of the Kuh-e-Namak salt plag (Fig. 8a). This stratigraphic 383 

boundary constrains the occurrence of folding and uplift prior to the deposition of the 384 

Bakhtiari Fm conglomerates. Another fundamental observation to constrain the age of 385 

shortening in the area is the fact that the Bakhtiari conglomerates are involved in 386 

thrusting and strongly folded (for example in the syncline south of the Maharlu fault), 387 

indicating that shortening occurred also after the deposition of this formation. These 388 

ages of shortening will be used as constraints for the thermal modelling.  389 

 390 

4. Thermal constraints 391 

 392 

4.1 Methods 393 

 394 

Clay minerals in shales and sandstones undergo diagenetic and very low-grade 395 

metamorphic reactions in response to sedimentary and/or tectonic burial. Reactions in 396 

clay minerals are irreversible under normal diagenetic and anchizonal conditions, so 397 

that exhumed sequences generally retain indices and fabric indicative of their 398 

maximum maturity and burial. One of the parameters generally used to provide 399 

information on thermal evolution of sedimentary successions is the variation in 400 

composition and stacking order of mixed layered minerals. In particular, mixed layers 401 

illite-smectite (I-S) are widely used in petroleum exploration as a geothermometer 402 

(Pollastro, 1990; Aldega et al., 2014) and, thus, as indicators of maximum burial 403 
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conditions of sedimentary sequences in fold-and-thrust belts (Aldega et al., 2007; 404 

2011; Caricchi et al., 2015; Corrado et al., 2010; Di Paolo et al., 2014; Izquierdo-405 

Llavall et al., 2013). The identified changes comply with the following scheme of 406 

progressive thermal evolution: di-smectite - disordered mixed layers (R0) - ordered 407 

mixed layers (R1 and R3) - illite - di-octahedral K-mica (muscovite).  408 

X-ray diffraction analyses were carried out with a Scintag X1 X-ray system (CuK 409 

radiation) at 40 kV and 45 mA. Oriented air-dried and ethylene-glycol solvated 410 

samples of the <2 µm (equivalent spherical diameter) grain-size fraction were 411 

scanned from 1 to 48 °2θ and from 1 to 30 °2θ respectively with a step size of 0.05 412 

°2θ and a count time of 4 s per step. The illite content in mixed layers I-S was 413 

determined according to Moore and Reynolds (1997) using the delta two-theta 414 

method after decomposing the composite peaks between 9-10 °2θ and 16-17 °2θ. The 415 

I-S ordering type (Reichweite parameter, R; Jagodzinski 1949) was determined by the 416 

position of the I001-S001 reflection between 5 and 8.5 °2θ (Moore and Reynolds 417 

1997). Peaks in relative close position were selected for clay mineral quantitative 418 

analysis of the <2 µm grain-size fraction in order to minimize the angle-dependent 419 

intensity effect. Composite peaks were decomposed using Pearson VII functions and 420 

the WINXRD Scintag associated program. Integrated peak areas were transformed 421 

into mineral concentration by using mineral intensity factors as a calibration constant 422 

(for a review, see Moore and Reynolds 1997). 423 

 424 

4.2 Results 425 

 426 
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A suite of 11 samples, belonging to the Upper Cretaceous-Miocene portion of the 427 

Fars sedimentary succession, has been collected in the hanging wall and footwall of 428 

the Sarvestan fault (Tab.1). 429 

X-ray semi-quantitative analysis shows that sediments younger than the Paleocene are 430 

characterized by the occurrence of palygorskite which is absent in older rocks. The 431 

Agha Jari Fm is composed of illite (51%), chlorite (35%), mixed layer I-S (9%) and 432 

palygorskite (5%). 433 

The Razak Fm is mainly constituted by an illite-rich composition with subordinate 434 

amounts of chlorite, kaolinite and mixed layers I-S. The underlying Sachun Fm 435 

displays palygorskite or illite as major component of the <2 µm grain-size fraction, 436 

mixed layer I-S and minor amounts of chlorite (<3%). Marls of the Pabdeh Formation 437 

are made up of random ordered mixed layers I-S (53%), illite (34%), kaolinite (6%) 438 

and chlorite (7%). 439 

In the Gurpi Fm, clay minerals assemblage depends on the sampled lithology. Marls 440 

(GUR4, GUR5) are composed of mixed layer I-S, illite and kaolinite whereas pelites 441 

(GUR3) are mainly constituted by mixed layered clay minerals such as chlorite-442 

smectite (C-S) and I-S, illite and subordinate amounts of kaolinite and chlorite. 443 

Temperature dependent clay minerals display low levels of thermal maturity. In 444 

particular, we observe an increase of the illite content in mixed layer I-S as function 445 

of stratigraphic age (depth) in the hanging wall units. Random ordered I-S (R0) with 446 

high expandability (30-45% of illitic layers) which characterize the Miocene deposits 447 

convert into short range ordered structures (R1) with an illite content of 60-70% in the 448 

Late Cretaceous Gurpi Fm indicating early to late diagenetic conditions. This 449 

transition suggests the occurrence of temperatures in the range of 100-110 °C 450 

(Hoffman and Hower, 1979; Pollastro, 1990). 451 
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In the footwall units, samples belonging to the Razak and Sachun Fms show higher 452 

levels of thermal maturity than those recorded by deposits of similar age cropping out 453 

in the fault hanging wall. Mixed layer I-S are short range ordered structures with an 454 

illite content of 60-70% indicating the first stages of the late diagenetic zone. 455 

 456 

4.3 Burial and thermal Models 457 

 458 

Simplified reconstructions of the burial and thermal history of the sedimentary 459 

successions cropping out across the Sarvestan fault have been performed using the 460 

software package Basin Mod 1-D (1996; Fig. 9). 461 

The main assumptions for modeling are that: (1) rock decompaction factors apply 462 

only to clastic deposits, according to Sclater and Christie’s method (1980); (2) 463 

seawater depth variations in time are not relevant in modeling, because thermal 464 

evolution is mainly affected by sediment thickness rather than by water depth (Butler, 465 

1992); (3) thermal modeling is performed using LLNL Easy %Ro method based on 466 

Sweeney and Burnham (1990); and (4) a geothermal gradient of 20°C/km and a 467 

surface temperature of 20°C were adopted.  468 

Thicknesses have been calculated from field mapping and well data and ages are from 469 

literature. In particular, ages for syn-orogenic foreland sediments are from Khadivi et 470 

al. (2010) and those of pre-orogenic sediments are from sheet nr. 6648 of geological 471 

map of Iran (1:100000). 472 

The burial history of the sedimentary succession cropping out at the hanging wall of 473 

the Sarvestan fault, was constrained by mixed layered clay minerals data (Tab. 1; 474 

Figs. 9A and C). The reconstructed evolution begins in Cretaceous time with the 475 

deposition of about 500 m-thick sediments of the Sarvak Fm in neritic environment 476 
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(Fig. 9A). The Late Cretaceous sedimentation was followed by deeper water 477 

conditions with deposition of marls and shales of the Gurpi Fm (about 300 m) and 478 

evolved to shallow-water marine environments in Maastrichtian times. The Gurpi Fm 479 

graded up to thick-bedded to massive anhydritic limestones of the Tarbur Fm (500 480 

m). During Paleocene times, red shale and evaporites of the Sachun Fm deposited in 481 

the Sarvestan area with thicknesses of about 300 m. Sabhka-like conditions persisted 482 

until Oligocene times, and the Sachun Fm graded up and interfingered with 483 

dolostones of the Jahrum Fm in the Eocene and evolved to shallow marine 484 

Nummulites-bearing limestones of the Asmari Fm in the Oligocene. 485 

From early Miocene onwards, sedimentation rates increased and a large amount of 486 

marls and siliciclastic rocks (Razak and Agha Jari Fms) buried the Sarvak Fm at 487 

depths of ~3.6 km.  488 

During the Serravallian, the succession was uplifted and the Agha Jari Fm partially 489 

eroded (about 200 m) as a consequence of the advancement of compressional front 490 

and siliciclastic deposits of the Bakhtiari Fm sedimented in depozones (Fig. 9B). This 491 

is consistent with the occurrence of the angular unconformity between the Agha Jari 492 

and Bakhtiari Fms (Fig. 8a). At the time of maximum burial (early Pliocene), 493 

Paleocene to Miocene deposits were thermally immature whereas Cretaceous rocks of 494 

the Gurpi and Sarvak Fms entered the early mature stage of hydrocarbon generation 495 

(Fig. 9B). This reconstruction foresees the erosion of 400 m-thick Bakhtiari Fm since 496 

early Pliocene times and indicates that sedimentary load was the main factor affecting 497 

levels of thermal maturity. The type of evolution outlined here represents the best 498 

calibration against illite content in mixed layer I-S data, as shown by the resulting 499 

maturity curve of figure 9C.  500 
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The burial reconstruction of the sedimentary succession at the fault footwall displays 501 

a different evolution during the Miocene (Fig. 9D) as siliciclastic deposits present 502 

higher levels of thermal maturity than those observed in deposits of similar age in the 503 

hanging wall (Tab. 1, Fig. 9G).  504 

Two alternative scenarios match clay mineralogical data. The first scenario considers 505 

high sedimentations rates since early Miocene (Fig. 9E), the second accounts for 506 

thrust tectonics as an important factor affecting thermal maturity data (Fig. 9F).   507 

In the burial history of Figure 9E, the increase of siliciclastic input during the early 508 

Miocene (about 1700 m of Razak and 2000 m of Agha Jari Fms) has been related to 509 

the mobilization of the Cambrian salt in the proximity of the Sarvestan fault. Salt 510 

diapirism caused enhanced subsidence in the footwall areas and greater 511 

accommodation space where siliciclastic rocks could accumulate. Since the 512 

Serravallian, the advancement of the orogenic front uplifted the area and erosion 513 

began to remove the lithostatic load. While erosion worked in more structurally 514 

elevated areas of the fault footwall, the Bakthiari Fm sedimented in depozones located 515 

at the hanging wall areas.  516 

The second scenario (Fig. 9F) foresees the coupled effect of salt diapirism and thrust 517 

tectonics to explain the higher thermal maturity data observed at the fault footwall. 518 

After sedimentation of 1100 m-thick sediments of the Agha Jari Fm, the succession 519 

was tectonically buried by a 900 m-thick thrust sheet, now completely eroded. Either 520 

sedimentary or tectonic load buried the Sarvak Fm at depths of 5.4 km in middle 521 

Miocene times. At that time, the Sarvak Fm experienced middle mature stages of 522 

hydrocarbon generation whereas Late Cretaceous to early Miocene rocks underwent 523 

early stages of hydrocarbon generation as indicated by the thermal maturity curve of 524 

Fig. 9G. 525 
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In both scenarios, burial reconstructions account for an erosion of 3000 m-thick 526 

succession: 500 m during the Serravallian uplift at a rate of 0.052 mm/yr and 2500 m 527 

since early Pliocene times with an erosion rate of 0.47 mm/yr. 528 

 529 

5. Tectonic and stratigraphic evolution 530 

 531 

Although there are no direct evidence from facies and/or thickness changes in the 532 

sedimentary cover in the study area, on the base of Permian and Late Jurassic isopach 533 

maps by Koop and Stoneley (1982), the present day Sarvestan fault likely was a 534 

NNW-SSE trending Paleozoic-Mesozoic rift-related normal fault dipping to the east 535 

(Fig. 10). The occurrence of NNW-SSE rift related extensional faults was described 536 

in adjacent regions by Navabpour et al. (2010). This geometry is consistent with the 537 

larger advancement of the thrust front (Fig. 2) associated with a thicker sedimentary 538 

pile to the east of the fault, in agreement with analogue models (Huiqi et al., 1992). A 539 

similar interpretation has been proposed for similarly oriented transfer zones in the 540 

Fars, such as the Kazerun (Sepehr and Cosgrove, 2005) and the Sabz-Pushan 541 

(Lacombe et al., 2006) faults.  542 

Furthermore, the occurrence of E-W trending compressional structures at depth in the 543 

Sarvestan plain, with different attitude from the regional axial trend, suggests the 544 

presence of inherited extensional structures in agreement with recent regional findings 545 

(Navabpour et al., 2010). We propose that the activity of a set of normal faults 546 

subparallel to the Quarau fault (see section 4 in Fig. 6), lowered, in Tertiary time (Fig. 547 

10), the present day Sarvestan area, as constrained by the abrupt change of 548 

stratigraphy when entering the Sarvestan plain, characterized by thicker Tertiary 549 

successions with respect to outer areas. Unfortunately, the area where such faults 550 
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should be located (the Quarau anticline) is not covered by the seismic lines used in 551 

this work. Alternative hypotheses that do not consider the occurrence of Tertiary 552 

extensional faults, such as incresaed subsidence associated with thrust or subduction 553 

flexure (as successfully proposed for the Lurestan area by Emami et al., 2010), would 554 

imply a progressive thickening of Tertiary sediments, at odds with stratigraphic 555 

evidence. 556 

The obduction of ophiolites in the Late Cretaceous (Breton et al., 2004), cropping out 557 

some tens of km north of the study area, controlled basin geometry and sedimentation 558 

environment. Prior to the Late Cretaceous, deep-water facies were deposited in the 559 

Sarvestan area and shallow water carbonates to the south of it. On the contrary, in 560 

Late Cretaceous time, the Sarvestan area was characterized by sedimentation of 561 

shallow water carbonates of the Tarbur Fm, whereas to the south, deeper water marls 562 

of the Gurpi Fm were heteropically deposited (Piryaei et al., 2010). Since the 563 

Paleocene, sedimentation environment and subsidence rate were similar over the 564 

entire area while the Jahrum Fm were sedimenting.  565 

The onset of shortening in the Early Miocene highlights different thermal evolution of 566 

the sediments in the hanging wall and footwall of the Sarvestan fault. As discussed in 567 

the previous section, the higher thermal maturity of sediments at the fault footwall can 568 

be explained either in terms of higher subsidence (enhanced by salt tectonics) and 569 

faster sedimentation or by tectonic loading (overthrusting). Both scenarios lead to a 570 

thermal evolution consistent with thermal maturity data. No overthrusts (or remnants 571 

of them) and no significant subduction-related normal faults were observed in the 572 

seismic lines and in the field. This suggests that a fault-related origin for explaining 573 

thermal maturity data at the Sarvestan fault footwall is unlikely. The higher 574 

subsidence in the Sarvestan fault footwall is instead explained by a flow of Cambrian 575 
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salt from the plain area towards the hanging wall of the Sarvestan fault, where salt 576 

diapirism occurred during the deposition of the Lower-Middle Miocene Razak and 577 

Agha Jari Fms. Salt tectonics is invoked also to explain, at least in part, the 578 

development of the Meyan overturned anticline in the hanging wall of the Sarvestan 579 

fault.  580 

An early phase of contractional deformation occurred in the Middle Miocene (since 581 

15 Ma; Fig. 10), after the deposition of the Agha Jari Fm generating the E-W oriented 582 

folds buried below the plain, likely inverting inherited normal faults, and folds in the 583 

hanging wall of the Sarvestan fault. This interpretation is supported by the different 584 

orientations of the folds buried under the Sarvestan plain, which suggest a strong 585 

control of pre-existent faults on contractional deformation. This early shortening 586 

phase, associated with uplift and erosion, is supported by the angular unconformity 587 

between the Agha Jari and Bakhtiari Fms (Fig. 8a). The erosion of these structures led 588 

to the deposition of the Bakhtiari Fm conglomerates in Middle-Late Miocene times. A 589 

localized load in the footwall favored the localization of deformation and the later 590 

development of thrust faults and anticlines bounding the Sarvestan plain (Bigi et al., 591 

2010). This reconstruction is supported by the emplacement of the Asmari limestones 592 

onto the Bakhtiari conglomerates along the Quarau fault (Figs. 2 and 8b). Far to the 593 

north, this contractional event is confirmed by the occurrence of an exposed Bakhtiari 594 

syncline, at the footwall of the Maharlu fault (Fig. 2). Late Miocene time for this 595 

deformation (6-5 Ma; Fig. 10) is constrained by thermal models (Fig. 9D) as the 596 

minimum time interval necessary to achieve the thermal maturity levels of the Razak 597 

Fm at the footwall of the Sarvestan fault. The low elevation of the Sarvestan plain 598 

suggests that, during this stage, the buried structures were not significantly 599 

reactivated. The Sarvestan dextral transpressional fault, that likely acted as a strongly 600 
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oblique ramp of the Maharlu thrust, mainly structured in this period, although its 601 

activity may have continued until present, as inferred from seismicity. 602 

 603 

6. Conclusions 604 

 605 

Although located in the simply folded Zagros, surface and subsurface geological data, 606 

seismic lines, thermal maturity data and 1D thermal modelling indicate that the 607 

Sarvestan area is a region of high geometric complexity, which is the result of a 608 

comparatively complex geological evolution. 609 

Below the Sarvestan plain, open folds, with E-W axes, were recognized buried by 610 

alluvial sediments. These folds have different orientations with respect to the high 611 

elevation folds bounding the plain (the NW-SE to WNW-ESE trending Quarau 612 

anticline, the E-W Ahmadi anticline and the NNE-SSW Meryan anticline), which are 613 

characterized by structural elevations some 2000-3000 higher than the buried 614 

anticlines. The high elevation anticlines are bounded on both sides by thrusts or 615 

transpressional faults, parallel to the fold limbs, and a major backthrust is recognized 616 

at the SW boundary of the Sarvestan plain.  617 

Thickness and facies changes in the sedimentary cover were controlled by E-W and 618 

NNW-SSE trending normal faults during the Paleozoic to early Tertiary and by the 619 

Cretaceous obduction of ophiolites. Miocene deposits in the Sarvestan areas show 620 

different levels of thermal maturity. The higher thermal maturity in the present-day 621 

footwall of the Sarvestan fault is explained by high subsidence due to flow of 622 

Cambrian salt, associated with diapirism, from the footwall to the hanging wall area, 623 

in Early-Middle Miocene times (between 19.7 and 15 Ma).  624 
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An early phase of contractional deformation occurred in the Middle Miocene (since 625 

15 Ma) generating the E-W oriented folds buried below the plain, likely inverting 626 

inherited normal faults, and tilting of strata also to the east of the Sarvestan plain. The 627 

erosion of these structures was followed by the unconformable deposition of the 628 

Bakhtiari Fm conglomerates in Middle-Late Miocene times. A later phase of 629 

contractional tectonics generated the thrust faults and the anticlines bounding the 630 

Sarvestan plain in Late Miocene time (some 6-5 Ma ago). During this stage the 631 

Sarvestan dextral transpressional fault started to develop as a strongly oblique ramp of 632 

the Maharlu thrust. 633 
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Figure captions 859 

 860 

Figure 1: Structural map of the Zagros fold-and-thrust belt showing the major fault 861 

zones, the geological provinces and the study area in Fig. 2 (modified after Pirouz et 862 

al., 2011). HZF: High Zagros Fault, MFF: Zagros Mountain Frontal Fault, ZF: Zagros 863 

Front. 864 

  865 



 38 

 866 

 867 

Figure 2: Geological map of the Sarvestan area (redrawn and modified from the 868 

following 1:100.000 sheets of the Geological Map of Iran: Kangan no. 20867W, 869 

Kushk no. 6647, and Sarvestan no. 6648). The location of interpreted seismic lines, of 870 

the Sarvestan-1 and Sarvestan-3 wells, the traces of the cross sections and the 871 

sampling sites are also shown. 872 

  873 
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 874 

Figure 3: Stratigraphic correlation chart of the interior Fars (Sefidar and Sarvestan 875 

areas) Fars, showing lateral lithology and facies changes (modified after Sepehr and 876 

Cosgrove, 2004 for the Mesozoic-Cenozoic part). The stratigraphy of the Sarvestan-1 877 

and Sarvestan-3 boreholes is also shown. 878 
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 879 

 880 

Figure 4: Structural map of the Top Asmari. The colours indicate the depth (TWT) of 881 

the top of the formation. The legend for the geological map is the same as in Fig. 2. 882 

  883 
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 884 

Figure 5: Structural map of the Top Tarbur. The colours indicate the depth (TWT) of 885 

the top of the formation. The legend for the geological map is the same as in Fig. 2. 886 

  887 



 42 

 888 

Figure 6: Geological cross sections across the Sarvestan area. Traces are shown in 889 

Fig. 2. Within the Sarvestan plain, the post-Asmari formations (Lower to Middle 890 

Miocene rocks) are undifferentiated, owing to the impossibility to distinguish them in 891 

seismic lines. The structural sketch showing the location of the geological cross-892 

sections covers the same area of Fig. 2. The location of the correlation wells and of 893 
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the seismic sections drawn in Fig. 7 is also shown. S-1: Sarvestan-1 well; S-3: 894 

Sarvestan-3 well; m.s.l.: mean sea level.  895 

 896 

Figure 7: Seismic sections (and their interpretation) showing structures (folds and 897 

faults) buried beneath the Sarvestan plain. The position of the seismic sections is 898 

shown in Fig. 6. 899 
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 900 

Figure 8: a) Angular unconformity between the Agha Jari and Bakhtiari Fms. b) 901 

Frontal view of the thrust fault bringing the Asmari Fm carbonates onto the Bakhtiari 902 

Fm conglomerates. c) Lateral view of the thrust fault of panel b. Notice the ramp-flat 903 

geometry of the Asmari Fm carbonates. The location of the pictures is shown in Fig. 904 

2. 905 
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 906 

Figure 9: One-dimensional burial and thermal models of the Sarvestan fault hanging 907 

wall (A-C) and footwall (D-G): A) fault hanging wall in the last 120 Ma; B) fault 908 

hanging wall in the last 20 Ma; D) fault footwall in the last 120 Ma; E) thermal model 909 

of fault footwall in the last 20 Ma with sedimentation; F) thermal model of fault 910 

footwall in the last 20 Ma with thrust emplacement; C and G) Present-day maturity 911 

data plotted against calculated maturity curve. 912 
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 913 

Figure 10: Evolutionary sketch for the Sarvestan area. The large arrows indicate 914 

extension (red) and shortening (blue) directions. The grey arrows indicate the paths of 915 

clastic sediments from source areas (characterized by early inversion of inherited 916 

structures) to depocenters. The scale is the same for all the panels. Structures are not 917 

palynspastically restored. 918 
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 920 

Tab. 1 - X-ray semi-quantitative analysis of the <2µm grain-size fraction. 921 

Pal=palygorskite; I= illite; I-S= mixed layer illite-smectite; C-S = mixed layer 922 

chlorite-smectite; K= kaolinite; Chl= chlorite; Qtz= quartz; Cal= calcite; Dol= 923 

dolomite; Ab= albite; Gy= gypsum; Go=goethite; R= stacking order (Jagodzinski, 924 

1949); %I in I-S= illite content in mixed layer illite-smectite; %C in C-S= chlorite 925 

content in mixed layer chlorite-smectite. 926 

 927 

 928 

 929 

Sample Formation Area X-ray quantitative analysis of the <2µm grain-size fraction (%wt.) R %I in 

I-S 

%C in 

C-S 

  Pal I I-S C-S K Chl Other    

AJ6 Agha Jari 

Sarvestan 

Hanging wall 

5 51 9 - - 35 Qtz, Cal 0 30 - 

RAZ3 Razak 5 44 4 - 12 35 Qtz, Cal 0 40 - 

SAC1 Sachun 91 6 1 - - 2 Dol, Ab, Gy 0 45 - 

GUR3 Gurpi - 20 24 43 7 6 Qtz, Cal 1 60 70 

GUR5 Gurpi - 49 11 - 40 - Qtz, Cal 1 70 - 

RAZ4 Razak 

Sarvestan 

Footwall 

24 61 7 - 2 6 Qtz, Cal 1 70 - 

RAZ5 Razak - 42 22 - 32 4 Qtz, Cal 1 60 - 

SAC2 Sachun 93 2 5 - - - Dol 1 65 - 

SAC3 Sachun - 84 13 - - 3 Dol, Go 1 74 - 

PAB2 Pabdeh - 34 53 - 6 7 Cal, Qtz 0 50 - 

GUR4 Gurpi - 27 37 - 36 - Cal, Qtz 1 60 - 

 930 

 931 

Table 1 932 
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