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Conclusion

The inner Mesozoic- early Faleogene ocean of Iran calls for
further study as it is & neglected component of the Neo- Tethyan
realm. The ophiolites representing this ocean are some of the best
exposed in the World and are cemparable with the Troodos in
Cyprus. They are as yet unstudied In any detail. Both this inner
ocean and the 3580 Bitlis microcontinental block are major
geological features, extending for thousands of kilometres, Their
full lateral extent is unknowrn.

The history of deformation in the Makran from the late
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southern (outer) Makran.

The impression gained from the fleld mapping in the
guadrangles to the south is that there was progressive upwarping
as the zane of active flysch deposition moved rather jerkily south-
wards fram the Eccene through the Oligocens to tha early Miocene,
sach upwarp providing a source of debitus to be rewarked in the
new basin of deposition to the south, but there was no infense
folding of the beds or associated major reverse faulting anywhere in
the Makran until the end - Miocene- early Pliccans paroxysm. There
is no evidence of multiphase folding, though faults certainly
suffered some ranewal of moverment, onee initiated, The possibility
that the |ater mavements obliterated the record of earlier falding
haz baan considered, but appears to be untenable. The conclusion
iz reached that there was a single major paroxysmal episode

throughout the entire Makran in the late Miocene to early Fliccana,
when the Cenozoic rocks attained their present strongly folded,
faulted and locally dislocated state, and that this was accampanied
by strong uplift resulting in the spectacular Plic- Pleistocans
pisdmontane congomerates of the Palami, Tahtun and MNahang
(Kach in Pakistan) units (the Tahtun fanglomerate systern of the
Tahruie Cuadrangle (McCall, 1285b) is a remarkable example of
such molassic fanglomerates and deserves more detailad study).
The subduction front moved gradually southwards until this
episode and then jumped cut to its prasant position.

The Cenozoic- Early Pleistocens sequences of the Makran
are summarised In a cartoon eross- section and stratigraphic
column in Figure 2.
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and basaltic volcanics), Dar Anar complex (basalts and basaltic
dykas with limestores) and Band- e Zeyarat complex{a vast
gabbro- dominated ophiclite complex with dykes beneath the Dar-
Anar cormnplex) represent this inner ocean: again the youngest
microfossil dates are Paleocene, 50 the southern sector closed in
the Faleccene.

it s wclear from the regional mapping (e.g.the
photointerpretative maps of Huber, 1978, publizhed by NOIC) that
the ophialites run north through Baft and Main and approach the
Sabzevar ophiolite tract from the west [(McCall & Kidd, 1982, Figure
4).it smams probabie alsa that this inner ocean may have axtended
nerthwestwards, between the 35/BD and Morthwest Iran continantal
blocks into Turkey: it was probably a major component of the Neog-
Tathyan raalm and may have axtanded for thousands of kilomatras.
Southeast of the Sistan sector it is apparently represented by the
Talkhab melange (McCall & Eftekhar- Mezad, 1983, in the press)
which rung along the southern boundary of the Helmand block
toward the Mashkel Quaternary depression,Senghoer suggestad to
the author recently ipars. comm.) that the inner and outer oceans
are likaly to have merged heare(i, 8. the end of the microcontinenal
sliver in south - east of Kuh- & Birk hyng out inte a combined ccean
in the Mesozoic): he belisves that there s no evidence of the inner
agean and 35380 microcontinental  sliver  wrapping  araund
nerthwards through the Chaman sector in Pakistan and continuing
through the Himalayan sector, but such continuation is not
dispraven. There is strong evidence of the inner ocean and
continental sliver continuing westwards through Turkey however
(the 35BD is probably continuous with the Bitlis massif) and the
existence of such an immensaly lang attenuated, Gondwana
zourced  microcentinent  is surely remarkable. This pattern
resambles same Pacific ocean geotectonic patterns. The SSBD
micracontingntal sliver was not emergent in the greater part of the
Makran sector in the Mesczoic, but was only shallowly submerged,
as 15 shown by tha shelf facies of the rare Jurassic, and abundant
Lawer and lUpper Cretacecus limastanes of the Dur- Kan unit, which
in the nerthwest mantied alder shelf limestones of Carboniferous
and Perrmian age, above metamorphic rocks (McCall, 1585c): and
in the Cretaceous shelf limestones of the Birk unit in the east which
mantle Permian shelf sediments. it separated two deep ocean
bagins.

In the extrame north of the Saravan quadrangle, there is a
devalapment of granodiarite (Shah- Kuh granodiorite: MeCall &
Eftekhar- Mezad, op. cit) and this, probably late Eocene or
Oligocana intrusion prabably represents a last burst of cale- alkaline
magmatism as the Sistan ocean closed, i forms part of a line of
such intrugions running  northwest through Zahedan. These

intrusions and the Cenozoic infrusions to the north of the Jar
Murian Depression appear to cross- cut the lineaments of the older
racks of the inner ocean, producing apparent discontinuitias.

The peculiar structural history of the Makran
during the Cenozoic

MeCall {in McCall, Rosen & Darrell, 1993, in the press} has

observed that the structural history of the Makran fore - arc zone
during the Canozoic is quite different from the model of Moo &
Karig (1980) for the Sunda fore- arc of Mias, northern Sumatra. As
observed by platt and others (1585), working In a smaller area of the
Pakistan Makran, the Miocene to sary Pliocena slope and zheb
gaquences have been deposited virtually conformably and not
markedly unconformably on abyssal plain sequences repressanted
by fiysch. In the lranian Makran, the flyach ranges from latest
paleocens, through Eocene, Oligocene to early Miocene age, but
though there iz some evidence of an unconformity within the
Qligocena, detailed analysis of the structures (especially in the
Mikshahr, pishin and Saravan quadrangles- McCall & Eftekhar-
Mezad, 1983, in the press; McCall, 1985a; McCall & Eftekhar-
Nezad, 12393, in the press) orowoies 2o swdence al af ¥aet Socans
and  CMgocane- AMocsne Msol sequences wore disiwdes
SiETieRnty by Faing o fRulting prior fo e Aiocens- Fiocens
RENTE SRTiTIen! TRO0SIOT a0T B8 cuiminaing dense revevse
FRUETG DOCUCing & dupiey Structuce and’ e foiding iefegraieo
woite it Platt and others ralated this concordance to the very shallow
dip of the subduction surface and invoked underplating to explain
the obviously rapid shoaling, which is alas svident in the Iranian
Makran. Although distingushed geotectenists may dispute this
structural history, this is evident from the field mapping, and
geologists must not be carried to far by models: & /& ofees) 2 e
raar the Adakran goes nof confonm fo Moare and K, s miodes

The Saravan gquadrangla also, which represents the tarminal
stage of the Sistan ocean rather than the main ocean, does not
reveal any obvious discordance between Eoceane and Eocena-
Cligocens sequences: though here there are no late Cligocene or
sediments,other  than  restricted
conglomerates possibly of this age. The inference fram the
sirnilarity of the structural patterns that the faulting and folding
structures again represent the culminating late Miocena- Pliocene
event. There iz some evidence that the major Saravan fault may
have been initiated earlier, at the same time as tha Shah- Kuh
granodiarite intrusion, but the suggested Oligocene. Miocene age
of the piedmontane conglormerates at the foot of this fault scarp is

Miocenea piedmontane

by no means certain: they could even be Plio- Pleistocens,
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Introduction

The rasults of the regional mapping of Makran (East Iran
Project, Area Mo, 1) have now been fully compiled and the last two
reports on the MNikshahr and Saravan quadrangles [1: 250,000) are
in the press. It is now passible to amplify the review of McCall &
Kidd [1882) and that of 3enghor and others (1988),

The Mesozoic to early Paleogene Inner Sea
inside the Sanandaj- Sirjan/Bajgan - Dur- Kan
microcontinental sliver

During the recent completion of the Saravan repert in
particular (McCall & Eftekhar - Mezad, in the press, 1893),
considerable further ingsight was obtained into the manner of
assemblzge of the Gendwana- derived microcontinental plates and
their enveloping oceans which came to together to farm the naw
more ar less rigid continental mass of southem Iran, Afghanistan
and Pakistan.Among the most important revalations of the Makran
mapping in 1975- 1978 was the recagnition that the Sanandaj-
Sirjan microcontinental sliver continues right through the Makran,
terminating close 10 the Pakistan frontier in the Kuh- e Birk ranges,
Thiz was coupled with the recognition of an inner ocean, including
vary desp ocean deposite and bordered by the south by blue
schists, representing subduction (7 and cbduction), Senghor and
others (1233] atternpted reconstructions allowing for thizs new data,
kut his reconatructions did not reveal the complete stary: it is now
gvident that there was an extensive inner ocsan: the threa
components of the "Lut Bleck" [Yazd, Tabas, Lut), separated by

fracture zones and rearranged fram their ariginal relative positions,
ware apparantly surraunded by an inner ocean, guite distinet from
the main Indian Ccsan represented by the renowned Coloured
Mealange (Figure 1). Thig innar oesan closed at different times in
different sectors, the Sistan sector being in existence to the end of
the Eocene and being filled with immensaly thick flyseh deposits of
Eocene age (those of the Saravan quadrangle and adjacent areas).
The last Eocene- Qligocene flysch lapped over the sastern end of
the Sanandaj- Sirjan/Bajgan- Dur- Kan bleek {SSBD) east of Kuh- 8
Birk and mergead with tha deposits of the southern ocaan.

Thiz inner ocean surrounded the Yazrd- Tabas- Lut nuclaus
and included Senghor et al.’s “Sistan® and "Sabrevar aceans’, the
latter closed by the early Cretacecus. The former separated the
Yard- Tabas- Lut micracantinental nugleus from the Helmand-
Farah rmicrocontinental nucleus, The sector to the south of the
Yazd- Tabas- Lut nucleus (largely obscured by the Jaz Murian
Quaternary depression) has been named the *Fannuj ocean™: this is
the sector bordered to the south by blueschists and it is reprezented
by immenze tracts of largely intact ophiolites {layered intrusions of
the Remeshk complexminor basaltic sheeted dykes and bazaltic
woleanies of the Mokhtarabad complex, associated with radiolarites
and Globotruncana limestones). The earliest microfossil ages
obtained on thess deep- sea sediments were Jurassic and the
youngest Faleocene, so this sector apparantly closed by the
Eocene, which is reprasented here by only wvery localised
developments of shallow- water clastic sediments, conglomarates,
sandstones, siltstones and limestones. Further west, the Ganj

complex (largely compased of intermediate to acid sheeted dykes
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- New Insight into the Plate Tectonics of Southern Iran and the Persian Gulf

Region, Arising from the Mapping of the Iranian Makran
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Abstract

Two major gestectonic problems related to the Mew Global Tectonics are considered hare in the light of
the regional mapping of the Iranian Makran, now complete and published or in the press, The first concamns the
Mezozole [(locally extending to the Paleocene ar Eocene) inner sea of southern and central Iran, now
rapresantad by ophiolites and associated deep- sea sediments or flysch deposits. The imponance cf this innar
ocean and the Sanandaj- Sirjan/Bajgan- Dur- Kan migrocontinental block is streszed. The second concerns the
peculiar structural history evident from analysis of structures in the Cenozoic flysch and nertic sediments of the
Makran: this does not conform to the model of Moare & Karig {1980) in that there was apparently only a single
cataclysimic episode of reverse faulting, folding and dislocation, dated as late Miocens to early Pliocens,
accompanied by uplift leading to malassic piedmontane depasition: this episode was accompanied by a jumgp
of the subdustion frent out into its Present position in the Indian Ocean. Though the flysch seguences range
from late paleocens to early Miocene, and are all strongly folded, faulted and locally dislacated, the pragrassive
rnove south of the locus of fiyech deposition before this jump appears to have been accompanied only by quite
minor deformation, mainly upwarping of the earlier deposits.
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