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Figure 54, Folded Asmar Fm. carbonates overlain by Gachsaran Fm. cvaperites {white). The
Miccene Gachsaran B, was the initial deposit in the developing foredeep associated with the
late Tertiary Zagros orogeny. The Gachsaran Fm. evaporites at this locality are now folded along
with the Asmari Fm. This is the result of progressive northeast to southwest deformation, as the
foreward development of the fold-thrust belt gradually deforms its own foredeep, The
photograph was taken from the main hiohway southeast of Pol-e-Dokhtar.

the Zagros oils, Furthermore, imbrication and overthrusting of
Arabian Platform rocks within the FFTB is not restricted to the late
Tertiary Zagros event; contraction began in the Late Cretaceocus
and continues to the Prasent Day, This led to progressive frap
formation, multi- stage hydrocarbon generation, and complex
rnigration, re- migration and accumulation of hydrocarbons, The
Crman Mountaing may pravide a pre- collision snapshot of the
Zagros. By comparison with Oman, compressional traps probably

formed on the Arabian platform in advance of the obducted

ophiolite allochthons. Source rocks on the platform margin which
became buried undar the Amiran Foredeep, would have been
forced 1o depths adeguate to initiate hydrocarbon generation. The
extent 1o which thesa sary formed hydrocarbons would have been
preserved, remnigrated, or tharmally cracked during subsequent
burial, is a subject for future study,
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Figure 5c. Early Tertiary rocks are exposed in the corg of Maleh Kuh, a langs NE-SW trending
asymmelric anticing in the Simply Folded Belt ot the Zzgros fold-thrust belt. The rocks exposed
in the cliff arg, from the too dows, the Asmari Fm., Eocene red beds, and Amiran Hysch. The
Arniran flysch was originally deposited in a Cretaceous foredeep refated to ophiolite emplzcement.
This early foredeep was subsequently deformed by the late Tertiary Zagros orogeny. The flare
fram Waleh Kuh field, which produces primarily from the Upper Gretaceous Sarvak and llam Fma.,
can be seen in the centre of the phetograph, The photograph was taken from the main highway
northeast of Pol-g-Dokhtar
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Figure 5h. Middle Cretacecus limesiones of the Bangestan Group within the Simply Foided Bealt
of the Zagros fold-thrust belt. The limestanes are folded by 3 targe doubly-plunging anticling
trending MW-SE. This photograph, looking northwest, views the northeast-limo of the fold where
bedding now dips at ca. 25° to the northeast. The rocks are camied in a thrust sheet within the
fold Delt and may have besn transported many kilemetres from their original site of deposition,
The town of Khurramabad lies at the foot of the mauntain.

aneroaching fram the northeast (Fig. 5D). Thess sventually pave
way to northeast derived clastic sedimentation (e.g. Agha Jari)
shad fram the upweliing cronan (Fig. 4G).

Implications

The hydrocarbon systermn in the Zagros FFTB is probably
mere complicated thal generally reconnized. Propristary industry
studies  in  the nydracarban
accumulation as early as the Middle Cretaceous, based on

ouicrop data around diapitie estrusions, Beydoun (1992) also

1970's  provide evidence of

refers to evidence of oil accumulation and seepage in tha Laie
Cretaceous This early formed oil was probably ganerated from a
Paleozoic source; Mesozoic source rocks were likely imrmatura at
thiz firme. Mesozoic source rocks, however, are believed 1o be the
source for mast of the oil in fran (Bordenave et al 1583). This oil is
generally interpreted to have migrated into Mesozoic rezenairs
and subssguently rernigrated into the Asmeri reservoirs when the
warly traps were breached during the Zagros orogeny (Ala 1582
Pecent industry studies reveal, however, that while in a
gross sense this i3 hypothesis is reasonable, the full story is
somewhat more complex and ather intarvals hava contributed to
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arpsion, sediment loading and a general widening of the foredeap
(Fig. 0], The flyschizhale apron aggraded up to several hundred
kilometars away from the allschthons (Fig. 3G). The margin
gradually stabilized, and, as the foredeep progressively filled, the
mtractad npartheastward  bagk
lowards the allochthons, Flysch sedimentation eventually gave

fyschizhale/carbonate  systam

way to finer clastic material and the carbonate bank {Asmari Frr.)
once more began to buildout 1@ the northeast over the Amiran
foredeep (Fig. 3H). The source for clastic sedimentation in the
allachthon- derived fiyschishale system remained from  the
northeast, The Arabian margin must have baen relatively high as it
receiverd comparativaly litthe or ne sedimentation during this time
especially on the promontores {Fig. 40]. Subduction continued
under the Sanandaj- Sirjan zone, prograssively destroying MNeo-
Tethys and fueling igneocus activity in the Sanandaj- Sirjan zone,
Scuthern Neo- Tethys was all but elosed by the Late Oiigocena
and the Sanandaj- Sirjan zone had docked with the Arabian
piatform (Figure de). The closing was diachronous, beginning
garfier in the nofhwest and progressing to the southeast.

Early Miocene to Recent

Continued  subduction ended
coliision as the norheast margin of the Arabian platform docked

in contineni= continent

with Eurasia and the intervening microcontinents of Cantral lran
{Fig. 1B). The Sanandaj- Sirjan zone was thrust aver the disial
partion of the Arakian margin juxtaposing lowgrade metamorohic
rocks of the Sanandaj- Sirjan zone against outer- platform rocks af
the Arabian platform along what has becamae known as the Zagrms
Main Thrust {Fig, 18}. Deformation of the Arabian platform was
prograssive from northeast to southwest. The earlier Amiran
foredeep was imbricated and caried piggy- back on the
devaloping foldbelt (Fig. 5C). Tha resultant tasies which deveiopad
in respanse to the progressive development of the foldbelt incluce
from rodtheast to southwest, molasse of the Bazak Fm. Asmad
Frri, limestones, pabdeh shales and, proximal te tha Arabisn
Shield, Ahwaz Sandstone [(Fig. 4F). Subsequently, svaporiic
sadirmentation {e. g. Gachsaran) succsaded the Asmari in the naw
Zagros foredeep which developed in front of the orogen

Figure 5a, Cretacecus rocks thrust over Hamadan phyllites within the Sanandsj-Sidan zone.

The reported presence of fossils in the Cretaceous carbonates with g Eurasian rather than
Arabian affinity may require that the Sanandaj-Sirjan zene rifted away from Arabia and acoreted o
Surasia, The photegraph was teken from main highway just west of the town of Arak,
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Schematic Model For Oceanic Crust Formation by
Supra - Subduction Zone Process
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and Central franian microcontinents (Lut, Tabas, ete.) rifted away
and the southem arm of Neo- Tethys began to open (Fig. 34), The
margin at that firne was defined by & series of majos promontorles
and ermbayments, Widespread carbonate deposition continued
over much of the Arabian platform, though the platform marging
wera likely siill reiatively high following rifting (Fig. 3AL By ihe
Garnian, the Arabian platferm had returned fo stebility, and
carbonate deposition once agsin persisted over the whole
piatform {Fig. 38} Med- Tathys continued io spen via & somplax
netwark of spreading centers. An Early Cimmerian (Carnizn)
metamorphic event, recorded in the socutheast Sanandaj- Sifan
zone, may reguire concurrent destruction of southermn Maa-
Tethyan crust under part of the Sanandaj- Sirjan zone (Fig. 38k
The generally accepted model desciibes northward- directed
subduction below the Sanandsj- Sirjgn zone, and, although we
agocommodate this svent in our model, convincing evidence to this
effect iz lacking. Thiz pestulsied subdustion zone may have
persisted through the Lowsr Aptian by which tima heo- Tathys
was likely at its maximum extent [Fig. 4A).

Subduction of Paleo- Tethys under Eurasia ultimately
accratad  tha  Sanandaj- lrarian
micracantinents o Earasia. i rmust be noted, however, that there
is same quesfion as to whether the Sanandaj- Sirjan zone actually
rifted from Gondwana. Our current medel accepts the reported
presence of Oretacecus carbonates within the Sanandaj- Sirjan
zone with & Eurasian rather fhan Arabian affinity (Fig. 5A&) This
supports  the idea that the central lranian
microcontinents and the Sanandaj- Sirjan zone had rifted from the
northern margin of Arabia and were accreted o the northern

Sirjan zone and  Central

abzarvation

margin of Neg- Tethys, Throughout maost of the Jurasslc and Early -

Cretaceous, the Arabian platform rernained & broad, stable,
shaliow sheif dominated by carbonate deposition (Figs. 4A and
58}. Evaporites (Gotnia; Hith) and source facies (Hanifa; Shilaif;
Kazhdumi) developed in relatively intraplationm
depressions (Droste, 1980, Haris and Frost, 1984). By the late
Cenomanian, break- up of the southern margin of Eurasia had

shallow

once maore st the Sanandaj- Sisjan zone and Central lranian
mierecontinents adrift in Meo- Tethys ( Fig. 48). Spreading within
Neo- Tethys probably ceased durlng the Albian, and Neo- Tethys
began to close via s northward- directed subduction zone,
davelaped off the northern margin of Arabia {Fig. 2B}

Late Cretaceous- Cenomanian

Stapls platficrm condifions persisted ower the Arablan
platform until e middle Cretaceous, resuliing in predaminantly
carbonate depasition over 2 large area. The principal controls on
sedimantation were eustacy and continuing post- rift subsidence

of the platform. The tectonic regime since the Heroynian event had
been primarily extensional, resulling [n the pﬁri{:ﬂdic' developrnant
of intra- platformal basing (Fig. 48). Local halckinesis ogcured in
the nfra-Cambrian salt basins. Hints of imminent change ave
possibly noted ‘at the Tethyan margin in Oman, where large areas
exparienced uplift and sub- aerfal erogion (eg. Jebel Alihdar).

Late Cretaceous- Santonian

The configuration of the Arabian platforrn  changed
irrevocahly in the early Santonian (83 Ma). The northward- directed
subduction zone within Meo- Tethys began 1o impinge upon
promontanies on the Arablan margin (Figs 30 and 2E). Partiai
choking of the subduction zone &t the promonmiodies, led to uplifi
and erosion, of non: deposition {at the promoniories). Concurrent
subductior zone migrafion into the embeyments, resulied in
gupra- subduction zone spreading (as dezeribed by Harrls, B A,
1932}, and the formation of new seeanic crust [Figs 30 and 3E).
Thiz young, hot crust was destined to become the ophiclites of
karmanshah, MNeyriz, and the Oman Mountzins, Neo- Tethys
continued 2 close via a new, narthward- diracted subduction zona
developed on the northern margin of MNeo- Tethys under the
Sanandaj- Sirjan zons, ' '

Late Cretaceous- Maastrichtian

Contragtion resulting from the continued subduction of the
northarn margin of Arabia under Neo- Tethys uitimately caused
the empiacement of the supra- =ubduction ophiclites into the
embaymeants (Fig. 3F). The process was relatively rapid. The
ophiolites overfods & melange apran and were emplaced, stilt hot,
onte Imbricated slepe and deeper- water facies of the Arabian
platform.  Thsa
consumgption of the remaining fragments of zouthern arm of Meo-
Tethys was thenceforth ascomplished solely via the northward-
directed subduction zone undsr the Sanandaj- Sirjan zone (Fig,
4C). Emplacement of the cphiafites depressed the margin and
creaied a foradeep, the effects of which, were widely felt over the

subduction  zone wltimately choked, and

platform. The carbonate bank retreated repidly to the southwest,
and a flysch/shale apron (Amiran- Gurpi) developed in front of the
acvaneing allochthonz (Fig. aF). For the first time since the
reakup of Gondwana, the dominant source for clastic depesition
on the northam margin of the Arabian platfarm was from the
nartheast; this situgtion would predomingte to the present day.

=

Early Eocene to Oligo- Miocene

Rebound of the Arabian margin following, empiacemant aof
the ppf:[nlitic allachthons in the embaymants, lead to acceisrated
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Introduction

Most previous analysas of the hydrocarbon systam on the
northeast margin of the Arabian plate (excluding those of Alavi
11930; 158<) have focussed prirnarily on the Zagros foreland foid
thrust beit (FFTE). This is perhaps not surprising because the
principal traps in the extremely prolific Zagros hydrocarbon
province are young anticlines related to the late Tertiary Zagros
orogeny.

FFTB's are, however, only one compenent of orogenic belts
(Fig, 1a). FFTEB's =it outbhoard of the orogenic core and separate
relatively undeformed rocks of the platform from crystalline thrust
shesis of the orogenlc interior (Hatcher and Williams, 1588). The
prasent day eonfiguration of the Zagros orogen as depicted by
Alavi {1924, Fig. 19) is shown in Figure 1b and can be comparad
to the ideal orogen of Halcher and Williams {1986) in Figura 1a.
The model of Alavi (1554) clearly shows the thin- skinned nature of
the Zagros FFTE and also ilustrates how the FFTE is linked to
other compaonenss of the Zagros orogen. There is clearly more to
tha arogenic belt that arose from- the destruction of the southern
Tethyan margin than the Zagros FFTE. Our understanding of the

fold belt and s prolific hydrocarbon systern should be improved -

by analhysiz of the arogen as a whola.

In this papsr we explore a develapmental model to explain
1he Censmanian to Recent geclogy of the northeast margin of the
Arabizn plate. A simplified regional shratigraphy and a summary of
important geologic evenis which have affected that margin is
prasantad in Figura 2. For the purpase of this paper, we do not
dwell an the older, pre- Permian, iI'lhtDm L_ittl.-‘;l is actually known of
this fime period with respect to the Zagros FFTE, becauss there is

rminimal exposure and an absence of key well penetrations. We
therefore bagin our developmental histery in the late Paleozoic as
the nertheastern margin of Gondwana begins 1o break up.

Qur modai, which is basad fargely upon our symthesis of
published data, comparisons to other crogenic bels wordwidea,
and our own - field observations, has many similarities to thozs
previously proposed by Alavi (1880 1534). In particular, both
maodels recognize the thin- skinned charactar of the Zagros FFT8
and both models appreciate the importance of viewing the Zagros
FFTB in the context of the orogen as a whele. Qur modal
recognizes the influanca of pramontaries and ambayments on the
Tethyan margin, provides & mechanism for the gensration and
emplacement of the ophiclites, identifies the presanca of tl.-.rdl
foredeeps and appreciates the affact they have an maturation and
migration, and reguires that the Sanandsj- Sirjan zaone iz an
allaehthaon, thrust over the old Arabian margin. Our developmental
model iz discussed below through a series of conceptual cross-
sections {Fig. 3) and palecpeographic maps maodified fram
Dercourt )., &t al (1833) (Fig. 4).

Developmental History
Petrnian to Early Cretaceous
Fifting along the northeast margin of Gondwana began in

the Early fo mid Parmian. The breakup cocurred in the Earky
Triassic as blocks destined to become the Sanandaj- Slifan zone
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The Development of the Southern Tethyan Margin in Iran After the Break- up

of Gondwana - Implications for the Zagros Hydrocarbon Province
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Abstract

Foraland fold- thrust bals are an integral component of arogenic belts wordwide. They form outhoard
of an crogenic core anc separate undeformed cratonie sequences of the foreland from more inboard
crystaliine thrust sheets of the orogenic interior. Foreland fold thrust Belts are, howeaver, only one companent
af orogenic belis, When .trying t2 understand the devefopment of & fold- bel hydrocarbon- system, such as
the Zagros hydrocarbon province, care must be taken not to view it In isclation; it naads 1o be considered
from the standpaint of the orogen as a whole, When tha Zagros FFTB is viewed in ihe context of the Zagros
arogen as a whole, it becomes apparent that the hydrocarbon systemn Is considerably more complicated than
generalty recegnized. Imbrication and ovarthrusting within the FFTE, beginning in the fste Crefaceocus, lad to
progressive trap formation, molti- stage hydrogerbon generation, and complex migration, remigration,
accumulation, and reaccumulation of hydrocarbons.
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