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Figure 12 : Bloc schématique de Fusulinidé montrant : - les cloisons ondulées aux
poles ; - le tunnel : ouverture unique ; - les chomata (endosquelette basal).
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Figure 24.a : Bloc diagramme d'une Nummulites.
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Figure 17 : Bloc diagramme d'une Alveolina.
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Textfig. 1. Simplified tectonsc maps of Iran showmg the location of Silurian cwtcrops (marked with red colour; small exposures are exagger-

ated) discussed m the paper (base map modified mainly from Ramezani and Tucker 2003 and Haimapetian f al. 2012 structural data compiled

from variows sources, e 2., Berberian and King (1981), Lindenberg er al. (1984) and Alav: (1991). Abbreviatsons: AZF ~ Abez Fault; DRF ~

Dorunch Fault; KBF ~ Kuhbanan Fault; KMF - Kalmard Fault; MAF - Mehdabad Fault; MZT - Main Zagros Thrust; NAF - Nostratabad

Fault: NBF ~ Nayband Faclt; NHF ~ Nehbandan Fault; NNF ~ Nam Fault; OKF - Ozbak Kuh Fault; RVF ~ Rivash Fault; SBF - Shahre- Babak
Fault; SHF ~ Syahkuh Fault; TKF - Taknar Fault
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l : Dark gray, blak, thick-bedded to massive fossiliferous limestone.

Py
P: h: Blak calcareous and gypsiferous shale with abundant brachiopoda.
A Gray, red coarse grained quartz rich sandstone.

P, : Blak, dark green volcanics including basalt and spilite.

n
v
n
1’1: : Red, well-bedded, well-sorted, well consolidated, polymictic conglomerate.

P
P, :Limestone, shale, sandstone, conglomerate and volcanics ( Nesen fm. )
Pr : Gray, thick-bedded to massive limestone and dolomite ( Ruteh fm. )
P(?Z White, gray, thick bedded quartz arenite.

P (F: Cream, yellow and gray fusulinid limestone.

PSZ: Red and gray sandestone over-laine by alternation of limestone and sandstone.

Pél : Gray, thick bedded, oncolitic, fossiliferous, reefal limestone containg coral and fusulinid.
Pg : : Red and gray sandstone with intercalations of pebbly sandstone.

Pg : Volcanics including basalt and andesite.

Pglz White, gray quartz arenite: red, thick to medium bedded sandstone and pebbly sandstone.

Pd: Quartz arenite, limestone and volcanics ( Dorud fm. )
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r,,; Jeirud and Ruteh Formations eI
Py : Cherty limestone , marly limestone , marly and sandy shales 1
PY: Basic flows , pyroclasties , sandstone & ol ln i)yl 3 i
P,: Fusulina limestone , dolomitic limestone R P L I
P{ : Basic volcanics , tulf, pyroclastics , sandstone  ~£ou ades lo g
Bl == Py : Sendstone , shale , limestone intercalations , quartzite
e =8 CLM . Limestone . marl . siltstone
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Ruteh Limestone mainly

Grey or dark grey limestone, in part silty (Pr):sandstone (). basic volcanics (v)
undivided permian rocks (Pd,r)

Dorud Formation

Red or grey sandstone quartzite and shale mostly

Mobarak Limestone

Well-bedded grey limestone (Cm): fine-grained sandstone and shale (Cs):

basic volcanics (v)

PERMIAN

CAR
BONIFEROUS

Phyllitic rocks of Rasht - Lahijan area
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Petrogenesis and tectonic setting of the Tuyeh-Darvar Granitoid ':1
(Northern Iran): Constraints from zircon U-Pb geochronology and Sr-Nd =
isotope geochemistry

Azin Naderi **, Habibollah Ghasemi?, José F. Santos b Fernando Rocha®, William L. Griffin ¢,
Hadi Shafaii Moghadam ¢, Lambrini Papadopoulou ©

* Department of Petrology, Geochemistry and Economic Geology, Faculty of Earth Sciences, Shahrood University of Technology, 36199-95161 Shahrood, Iran

" Geobiotec, Departamento de Geociéncias, , Universidade de Aveiro, Portugal

€ ARC center of Excellence for Core to Crust Fluid Systems, GEMOC ARC National Key Centre, Earth and Planetary Sciences, Faculty of Science and Engineering, Macquarie University, NSW 2109,
Australia

4 School of Earth Sciences, Damghan University, 36716-41167 Damghan, lran

¢ Department of Mineralogy-Petrology-Economic Geology. School of Geology, AUTh, GR 54124 Thessaloniki, Greece

ABSTRACT

Tuyeh-Darvar granitoid, which outcrop ca 45 km Sw of Damghan city, in the Eastern Alborz zone, comprise mainly
the pluton emplaced into the Barut Formation of Lower Cambrian ages. Zircon U-Pb ages show Carboniferous ages
(325 £ 3 Ma) for the formation of this granitoid. The granitoid is mostly metaluminous, ferroan and alkalic mon-
zonite to monzodiorite, "These rocks have high values of FeOT/MgO and Ga/Al, high concentrations of K20 +Na20,
low abundances of MgO and transitional elements. Plots normalized to chondrite and primitive mantle composi-
tions show strong enrichments of LREE relative to HREE and of LILE relative to HFSE, accompannied by negative
anomalies of Nb and Sr."They contain Fe-rich hydrous mafic minerals and magnetite. These features are typical
of A-type granites. Sr-Nd isotopic geochemistry, with initial eNd values from —1.1 to —1.5 and initial 87 Sr/®¢ Sr ra-
tios between 0.70562 and 0.70678, are consistent with magmatic differentiation from mafic melts produced from
an enriched mantle source. However, other models such as melting of mafic crust or mixing of components from
depleted mantle and continental crust cannot be discarded. On the basis of the U-Pb zircon age (325 + 3 Ma) and
the known magmatic tectonic regime in Iran during the Paleozoic, it is suggested that the pluton, formed in a rift
environment related to extensional structures of the Alborz block in Early Carboniferous time.

© 2018 Elsevier B.V. All rights reserved.
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Geochemistry and zircon geochronology of the Permian A-type Hasanrobat granite,
Sanandaj-Sirjan belt: A new record of the Gondwana break-up in Iran

Saeed Alirezaei *, Jamshid Hassanzadeh ®

# Faculty of Earth Sciences, Shahid Beheshti University, Tehran, Iran
Y Tectonics Observatory, California Institute of Technology, Pasadena, CA 91125, USA

ABSTRACT

The Sanandaj-Sirjan metamorphic-plutonic Belt (SSB) in west central Iran is a polyphase metamorphic
terrain composed of dominantly greenschist-grade metasedimentary and metavolcanic rocks, and felsic to
mafic plutons, of Neoproterozoic-Phanerozoic ages. The Hasanrobat granite in central SSB occurs as a single
pluton, ~20 km? surface area, with relatively consistent mineralogy and chemistry. Quartz, alkali feldspars
(microcline and perthite), sodic plagioclases and biotite are the main constituents, commonly associated
with minor amphibole. Accessory phases include zircon, allanite, apatite, and magnetite.
The country rocks are Upper Carboniferous-Lower Permian sandstones and dolomitic limestones. Scattered
patches of skarn-type assemblages dominated by tremolite and talc occur in the dolomitic limestones, and
sandstones are recrystallized to a coarse-grained quartzite at contact with the granite, The granite is metalu-
minous to slightly peraluminous, and is distinguished by high FeO;/MgO ratios, typical of ferroan (A-type)
granites. The A-type affinity is also reflected by high Na,O + K,0, high Ga/Al ratios, high contents of large
ion lithophile elements (LILE), high field strength elements (HFSE) and rare earth elements (REE), as well
as low contents of Sr, and distinct negative Eu anomalies. The biotites are aluminous, Fe-rich, and plot near
the siderophyllite corner in the quadrilateral biotite diagram. They are further distinguished by high fluorine
contents (0.61 to 1.33 wt.%). Amphibole is ferrohastingsite in composition. lon microprobe analyses of zircon
grains separated from a representative granite sample yielded concordant U-Pb ages with weighted mean
208pp /238 age of 288.3 + 3.6 Ma.
The granite and the country rocks are cut by a set of mafic dykes with asthenosphere-like geochemical signa-
tures. Such association suggests anorogenic intraplate magmatism in Lower Permian in the region. This pro-
vides further evidence for, and significantly constrains timing of, a major extension in Upper Paleozoic in Iran,
previously inferred from the rock record. The extension led to the Gondwana break-up and the opening of
Neotethys Ocean between Sanandaj-Sirjan and Zagros in Permian.

© 2011 Elsevier B.V. All rights reserved.
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A-type granite of the Hasan Robat area (NW of Isfahan, Iran)
and its tectonic significance

M. Mansouri Esfahani®*, M. Khalili®, N. Kochhar¢, L.N. Gupta“

* Department of Mining Engineering, Isfahan University of Technology, Isfahan, Iran
hDepurrmenr of Geology, The University of Isfahan, Isfahan, Iran
“CAS in Geology, Punjab University, Chandigarh 160 014, India

ARTICLE INFO ABSTRACT
Article history: The Late Precambrian Hasan Robat Granite occurs in the northwestern part of the Sanandaj-Sirjan Zone
Received 27 November 2007 NW of Iran. The granitoid rocks are composed of biotite-bearing syenogranite, alkali-feldspar granite and

Received in revised form 18 May 2009

minor amount of monzogranite. The main minerals are guartz, microcline, plagioclase (albite-oligoclase),
Accepted 21 May 2009

green biotite, and amphibole (ferrohornblende) with subsolvus to subordinate hypersolvus affinities.
Chemically, the rock suite is characterized by high SiO,, Fe/Mg, total alkali (K30, Na;0), Zr, Nb, Y, Hf, Ta,
GafAl, and REE (except for Eu), and low contents of Mg0, Ca0, Pz0s, and Sr. They display A-type charac-

i‘:f;ﬁ:";;mte teristics, being ferroan, alkali-calcic to calc-alkalic and metaluminous to peraluminous with minor of
Rift tectonic peralkaline nature. Crystallization of such magmas has produced the iron-enrichment and alkali compo-
Hasan Robat Granite sition of the Hasan Robat Granite which likely occurred in an extensional environment. Low abundances
Sanandaj-Sirjan Zone of Ba, Sr, P, Ti, Eu, the positive correlation between Ba and Eu anomalies, and the negative correlation
Iran between Rb and K/Rb reveal fractional crystallization of alkali feldspar produced at the final compositions

of these granites. The low ratios of ¥/Nb (<1.2) as well as the ferroan composition of these rocks suggest
that they are fractionation from mantle derived magma related to Within Plate Granite (WFG) field.
Crown Copyright @ 2009 Published by Elsevier Ltd. All rights reserved.
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Petrogenesis and tectonic implications of Late Carboniferous A-type @Cmm
granites and gabbronorites in NW Iran: Geochronological and
geochemical constraints

Hadi Shafaii Moghadam *>*, Xian-Hua Li ?, Xiao-Xiao Ling ?, Robert J. Stern €, Jose F. Santos ¢, Guido Meinhold €,
Ghasem Ghorbani °, Shirin Shahabi

# State Key Laboratory of Lithospheric Evolution,, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
Y School of Earth Sciences, Damghan University, Damghan 36716-41167, Iran
¢ Geosciences Dept., University of TX at Dallas, Richardson, TX 75083-0688, USA

4 Geobiotec, Departamento de Geociéncias, Universidade de Aveiro, 3810-193 Aveiro, Portugal
€ r i fHlirh. Zontrum dor IIni itit CAttinaon i 2 N_27N77 CAttinaon Cormamy

ABSTRACT

Carboniferous igneous rocks constitute volumetrically minor components of Iranian crust but preserve important
information about the magmatic and tectonic history of SW Asia. Ghushchi granites and gabbronorites in NW
Iran comprise a bimodal magmatic suite that intruded Ediacaran-Cambrian gneiss and are good representatives
of carboniferous igneous activity. Precise SIMS U-Pb zircon ages indicate that the gabbronorites and granites
were emplaced synchronously at ~320 Ma. Ghushchi granites show A-type magmatic affinities, with typical en-
richments in alkalis, Ga, Zr, Nb and Y, depletion in Sr and P and fractionated REE patterns showing strong negative
Eu anomalies. The gabbronorites are enriched in LREEs, Nb, Ta and other incompatible trace elements, and are
similar in geochemistry to OIB-type rocks. Granites and gabbronorites have similar eng(t) (+ 1.3 to +3.4 and
—0.1 to +4.4, respectively) and zircon ey¢(t) (+ 1.7 to + 6.2 and + 0.94 to + 6.5, respectively). The similar
variation in bulk rock gy4(t) and zircon gyt) values and radiometric ages for the granites and gabbronorites
indicate a genetic relationship between mafic and felsic magmas, either a crystal fractionation or silicate liquid
immiscibility process; further work is needed to resolve petrogenetic details. The compositional characteristics
of the bimodal Ghushchi complex are most consistent with magmatic activity in an extensional tectonic environ-
ment. This extension may have occurred during rifting of Cadomian fragments away from northern Gondwana
during early phases of Neotethys opening.

© 2014 Elsevier B.V. All rights reserved.
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https://fa.wikipedia.org/w/index.php?title=%DA%AF%D8%B1%D9%88%D9%87_%D8%B4%D9%85%D8%B4%DA%A9&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D8%A8%D9%86%D8%A7%D8%AA
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https://fa.wikipedia.org/w/index.php?title=%D8%B3%D8%A7%D8%B2%D9%86%D8%AF_%D9%84%D8%A7%D8%B1&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%B3%D8%A7%D8%B2%D9%86%D8%AF_%D9%84%D8%A7%D8%B1&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%85%D8%A7%D8%B1%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D8%A7%D8%B1%D9%86
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https://fa.wikipedia.org/wiki/%D8%AF%D9%85%D8%A7%D9%88%D9%86%D8%AF
https://fa.wikipedia.org/wiki/%D8%AF%D9%85%D8%A7%D9%88%D9%86%D8%AF
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D8%AC
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D8%AC
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https://fa.wikipedia.org/wiki/%D8%B3%D9%85%D9%86%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%D9%85%D9%86%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%AC%D8%A7%D9%85_(%D8%B3%D9%85%D9%86%D8%A7%D9%86)
https://fa.wikipedia.org/wiki/%D8%AC%D8%A7%D9%85_(%D8%B3%D9%85%D9%86%D8%A7%D9%86)
https://fa.wikipedia.org/wiki/%D8%B4%D8%A7%D9%87%D8%B1%D9%88%D8%AF
https://fa.wikipedia.org/wiki/%D8%B4%D8%A7%D9%87%D8%B1%D9%88%D8%AF
https://fa.wikipedia.org/wiki/%D8%B3%D9%84%D8%B7%D8%A7%D9%86%DB%8C%D9%87
https://fa.wikipedia.org/wiki/%D8%B3%D9%84%D8%B7%D8%A7%D9%86%DB%8C%D9%87
https://fa.wikipedia.org/wiki/%D8%B2%D9%86%D8%AC%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%B2%D9%86%D8%AC%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D8%B1%D8%A7%D8%BA%D9%87
https://fa.wikipedia.org/wiki/%D9%85%D8%B1%D8%A7%D8%BA%D9%87
https://fa.wikipedia.org/wiki/%D9%87%D9%85%D8%AF%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%87%D9%85%D8%AF%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%AF%D8%B1%DB%8C%D8%A7%DA%86%D9%87_%D8%A7%D8%B1%D9%88%D9%85%DB%8C%D9%87
https://fa.wikipedia.org/wiki/%D8%AF%D8%B1%DB%8C%D8%A7%DA%86%D9%87_%D8%A7%D8%B1%D9%88%D9%85%DB%8C%D9%87
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https://fa.wikipedia.org/wiki/%DA%98%D9%88%D8%B1%D8%A7%D8%B3%DB%8C%DA%A9_%D9%85%DB%8C%D8%A7%D9%86%D9%87
https://fa.wikipedia.org/wiki/%DA%98%D9%88%D8%B1%D8%A7%D8%B3%DB%8C%DA%A9_%D9%85%DB%8C%D8%A7%D9%86%D9%87
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Mesozoic

JURASSIC

- di : Diabasic rocks in RAVAR Serics.

J:' : Gypsum and gypsiferous marl with blocks of limestone fetid.

J:‘: Ravar scrics, diapir-like strucutures (due to post Jurassic tectonics).

J, : Dark laminar limestone fetid, gypsum and gypsif mari, b ish ite, fine grained —

i -violet to purplish, grey Lo greenish grey with diate to basic dykes —

(RAVAR SERIES)

.I.' : White gypsum, subordinate grey pectinid limestone (MAGOU GYPSUM)

Jp @ Well to thin-bedded, grey pectinid limestone.

J, : Alternation of grey pectinid timestone, gypsum and purple to pale red gypsiferous marl.

.I:M: Alternation of grey shale and some parts congl i with y ish grey to grey

# pectinid li i i i red in lower parts.

J, : Grey to pale grey quartz locally mi gl (basal BIDO SERIES)

J, : Alternation of grey to olive green shale and sandstone with coal horizon in PABDANA area. (HOJEDK FM.)

J,4  Grey to yellowish grey li and shaly li locally oolitic with shale and sandstone intercaltion
(BADAMU LIMESTONE)

J, : Alternation of olive green to greenish grey shale and sandstone with cross-bedded quartz sandstone and sandy

limestone intercalation (SHEMSHAK FM)

Ro : Alternation of pale grey quartz sandstone well-bedded, y ish brown li and greenish grey sandy shale. (NYBAND
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f
Jm-u : Flysch turbidite - sandstone , shale , tuffaceous sandstone , thyolitic erystal tuff and limestone
at 1 Acadse 1ull and rlyolitic tufl
C2 : Conglomerate .

sh ; Thin bedded black shale .

I¥; Rhyolitic pyroclastic rocks , il , sandstone and limestone .

Cl: Conglomerate .
1t : Crystal lithic tulf |

Shl : Black shale . limestone and acidic pyroclastic rocks .

f Dikes : Acid 1o intermediale
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EARLY
CRETACEOUS

MESOZOIC
LATE :
JURASSIC TO

MIDDLE

JURASSIC

EARLY
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JK L4 :Alternation of limestone and basaltic to andesitic lava flows.
JK ! :Thin bedded, laminated limestone.

JK ¥ : Andesitic to basaltic lava flows.

JK ¥P: Volcanic breceia and agglomerate.
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IK Y :Cong] shale (turbidites), minor micritic dark fossiliferous limestone. ~

b g 0 o Son KT B oS fasitT sl et) S oK b d o€ KT
IK € : Mainly G ic turbidite, minor shale, micritic limestone. = S0 86T o8 )5 € b o8 (a8 sl gt s L g€
JK 2 :Metamorphosed deformed thick scquence of shale, itcs), thin bands of dark micritic fossiliferous limestone at
the upper part with olistoliths.
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iy J:II Sandy limestone, limestone and tuff.
-?‘. J:b Marmorized limestone.
& J:J Limestone, reefal.
8 J:, Andesite, dacite and dacitic tuff.
% é ;‘.,s. Shale, siltstone and sandstone. (SHEMSHAK FORMATION).
s ;t: Jss Phyllite, shaleand metasandstone with quartz veins.
= Js  Quartzitic sandsotne and shale.
. J:h Slate to micaschist with pyrite.
T Rn  Calc schist , marble meiaquartz arenite and epidote amphibole schis
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Figure 3. Field photographs of migmatites. In the migmatite with smaller leucosomes, leucosomes appear to be crystallized from melt
derived locally (A and B), whereas the larger leucosome likely records evidence of melt moving through the system (C). Melt accumulation
in inter-boudin partitions, sites that are inferred to have been of lower pressure (D). The stromatic migmatite (E, F). The peritectic product
of the biotite-dehydration melting reaction, euhedral garnet, occurs in leucosome veins.



Figure 4. (A, B) Microscopic, plane-polarized light view of a Spl 4 Crd + And corona in the mesosome, field of view 4.8 and 2.4 mm,
respectively. (C) Grt and Crd in the mesosome, field of view 2.4 mm. (D) Sill 4+ Spl + Crd + melt in the melanosome, field of view
2.4 mm. (E, F) Biotite partially replaced by orthopyroxene, field of view 2.4 mm. (G, H) Microstructure of the leucosome. The mesosome
between the leucosome veins in the migmatite shows evidence of having been partially melted, such as the K-feldspar—plagioclase—quartz
patches (Lu), the melt apparently segregated into mesoscopic patches or veins. (K) Euhedral shape of the plagioclase phenocrysts against
intersertal quartz. Field of view 2.4 mm. (L) Cotectic compositions, field of view 2.4 mm. (M, N) Garnet formed in the leucosome, field
of view 4.8 mm.
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Figure 2. Selected outcrop photos of studied migmatites (a—b): stromatic, (c) diktyonitic, (d) Scholen (raft).
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Figure 3. (a) Cordierite porphyroblast in K-feldspar and biotite rich matrix. (b) Fibrolite and garnet formation around cordierite. (c)
Cordierite completely replaced by Grt + Fib + Bt, while andalusite is stable. (d) Grt + Bt + Fib + Ilm at the andalusite rim.
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Figure 4. (1) General view of migmatites in Simin area; (b) first appearance of Kfs-rich leucosome in metatexite; (c) Kfs-rich leucosome
in metatexites; (d) andalusite rimmed by spined symplectite in migmatite (metatexite); (¢) diatexite outcrop, with analyzed leucosome;
(f) plg-rich leucosome in diatexites; (g) sillimanite pseudomorph after andalusite in nebulitic diatexite, the pseudomorph rimmed by
fine-grained evhedral staurolite; (h) garnet and rare staurolite forming moat around sillimanite.
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Figure 5. (a) Photomicrograph of garnet with ilmenite inclusion in association with fibrolite and biotite in a melanosom e that completely
replaced previous cordierite; (b) BSE image of biotite rimmed by new generation of garnet + ilmenite in diatexite migmatite; (¢) garnet
relics in symplectite; (d) garnet with resorbed rim in diatexite mesosome; () large poikiloblastic garnets in leucosome of diatexite:
() cordierite + spinel symplectite replacing andalusite; (g) sillimanite rimmed by new staurolite, muscovite, and kyanite, postdated

cvmnlectite minerale in melanacame: (h) new canrmlite with <ninel acinclucions
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E; - Nummulitic limestone (ZIARAT FORMATION) (b, 5 A5l sty SaT K '
Pe : Marl, sandstone, gypsum. minor limestone: locally may include undifferentiated younger deposits (Eocene?)  sati S Slatg s i e g+ SAT K o (o (Kl

PE "™ Volcanic. marl, conglomerate Ll Dl ¢ pleasT sl e PES : Conglomerate 148" . o L2 a (o) Sl
i r— b LT ! TAIANFORMATION: DlelisL.
M Tulfaceous marl. d andesite. quartzandesite <l 108" ool ST Komacle cybe o oy Kiacs

il Ko O ety k! Limestone (Coniacian-Santonian) (s — omlit’) SaT Lo

¢ Limestone. marl, marly limestone. silty marl; locally at base may include undiff. J-K deposits axt; G sty Jatte e aasli 3 e sl t e Byl e WK ()l (ST e
 Undifferentiated K| &K volcanics and pyroclasties 5, aats (KK st sl — 3Ty LaassT sty " ECIPY SIS Y
+ Orbitolina limestone (TIZ KUH FORMATION: Aptian-Cenomanian) (ol — ol 209555 W) Sl o ) SaT Ko K : Diabase. basalt. pyroclastics w157 3 (il bl
# Gypsum. locally dolomitic limestone and shale intercalations 2 5 zadss SaT Ko slaa¥ 053 1> e i N: : Limestone (Neocomian) — ( mas$3) Sl Koo
¢ Limestone; locally dolomitic in the upper part (LAR LIMESTONE)  (¥SaTu&in) 33l 55w 15 iomlss (lows e $o ST S
Ja 2 Thin bedded limestone. massive dolomite. thick bedded limestone (Abnik Formation) (ST Wjl) 4 s ST K (K5 hasg conlys Y S ST Lo
Jg : Ammonite bearing marl and limestone. caleareous sandstone (DALICHAI FORMATION) (S Wiy SaT Lo iy o)y SaT K
gy ¢ Undifferentiated oz S5 JK: undivided Jurassic- Cretaceous mostly carbonate deposits S Ky eats K5 ST aety

: Basalt, andesitic lithic wil, pyroclastics a7

JURASSIC

Is ndstone.  silistone. claystone. quartzite. conglomerate: ¢ : Coal scams and lenses (SHEMSHAK FORMATION) PITS AUPNEGRSIETR G SRS ST OB T
®" polygenetic sae slisjl sle s 4y RoJ(): Limestone, sandstone, marl Oyl e Eimacte (o SaT Kow (S bl U2 5o i
Ry Basicvolaanics il s ol € R, : Limestone, sandy shale Sk b (ST Lo ‘ Paland Formation  adl 45l

Ry : Thick bedded to massive dolomite. dolamitic limestone . limestone SR s AT K (K Sl poins oy
Rey 2 Thin bedded limestonc with worm traccs. calearcous shale — SaT L2 10 € 11 oy 6 KT Ko
Re12 :Undivided Fliki Formation st e U1 Ll ‘
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ELIKA FORMATION U wjle
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Grey conglomerate, mostly

ACEO

Well-bedded grey limestone and muddy limestone
(k21): basic volcanics (K2v)

Tiz Kuh Formation (in part)
Well-bedded grey or pale grey orbitolinid limestone-commonly shelly( K11 ): massive grey

(K1Ir); basic ics (K1v)

CRET

«

Well-bedded grey or pale grey limestone.n part with chert (JkI)
and sandstone and shale, in part calcareous (Jks): intercalated
Volcanics (v)

Grey i (Larl ) with well-bedded muddy
Jad i ( at base

Shemshak Formation

Mostly grey or grey-brown mudstone and siltstone with fayers of
sandstone and. locally. coal (Js): conglomerate (¢). limestone (1),
und voleanics (v)
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CRETACEOUS

K."Basic voleanics
Ky “Well-bedded gray limestone and muddy lim estone

K*:Marl and sandstone
1:Plant-bearing clastics, thin limestones
K,"Gray sandy limestone

K,"Basic volcanics

K,"Conglomerates

K’:Shaly, silty and sandy bands

K,"Basic voleanics

K "“Massive biochermal limestone

K" Well-bedded pale gray orbitolinid limestone, commonly shelly
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Geological Quarterly
2019 | Vol. 63, No. 4 | 757770

Cretaceous magmatic evolution in the Deylaman igneous complex, Alborz zone, Iran : change from
extensional to compressional regime

Akmali, Sheida, Asiabanha, Abbas, Haghnazar, Shahrooz
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Mirz& formation. Slaty calcarcous shale with lenticules and rare bed

Candet,

sandy | | [ Iy slate

4 i % 5

g ALBIAN of dite and atthe base

8 Clay slate, occasionally marly slate, limestone. calcarcous shale

<

g APTIAN Clay slate and limestone. oceasionally marly slate, sandy limestone and Bidbinak
| sandsfone formation

8

E3

S

Shah Kiih formation. Orbitolina limestone, sandy limestone
Noqreh for Grey. black | dl congl te
Chiih Palang formation. Siltstone, sandstone, shale, conglomerate

NEOCOMIAN

Late Cretaceous diabase.
gabbro-diabase
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Haftoman formation. Limestone with rudists,
sandy limestone. marl. conglomerate

Organic-detrital limestone, argillaceous limestone Debarsii
C mark, formation
Marl, limestone. sandy limestone Bazyib
Mudstone, siltstone, marl. sandy
Marly slate. clay slate. siltstone. algal flagstone. limestone
Clay slate. limestone, sandstone. marly slate Bilbinak
formation
Sandstone, sandy limestone, marly slate
Shah Kih O gl and sandy shale
sandy siltstone,

Nogreh
marl. gypsum

Sandstone. shale. siltstone, gravelstone. conglomerate | Chih Palang
Conglomerate. sandstone formation

- Late Cretaceous diabase, gabbro-diabase
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PR == K 9,' : Orbitolina limestone, rudist limestone
E; w :.:_‘_:‘..:_ S
S SES K 1 : Sandstone, conglomerate
[N =
KN == Iv. . Alternation of andesitic lavas and limestone
5 B=
" B < ;' . Andesitic flows and their associated Pyroclastics
x- ;
- B ’ g' : Calpionclla limestone
J|  Pysch, wrbidites
§ J : : Conglomerate
o
¥ v > . i .
é‘;’ 3 : Pillow lavas (basaltic)
4 ex 2 :
3 g R j ¢ Lower part of turbidites rich in exotic blocks of metamorphic rocks.
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Shale containing ammonites, with intercalations of conglomerate, sandstone, radiolarite limestone and volcanics.

Andesitic volcanics.
Shale containing ammonites with intercalations of conglomerate, sandstone, radiolarite limestone and volcanics.

Sandstone containing intercalations of shale.

Limestone containing corals, with intercalations of shale.
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Bituminous black shale with intercalutions of sandstones and i in the lower part. Vo A s Gyl i SaTy S S
Whit A ite bearing 1i with interbedding of chert layers in the middle part.

5] and white marly limestones in the upper part.

S Shale and sandstones with intercalations of i and andesitic voleanics sl SOy &T.;u.,wg L .{'.—ub,d,-f-
w

% Conglomerates, sandstones and shale with inter lations of sandy limestones. slaals &Tuhg}\;l,p L2 ey .l,_,kf.'f
<

- Greenish wits and voleanics interbedded with sand: s. shale and i Saly 2 B Gl e Sl SISl g sty
2 J1: White argilaceous fossiliferous dolomitic limestones in the Iom‘:r part.  oales ol (o3l A s s i ..{:, A ) Foagles Sal
= i . :

Alternation of sandy dolomites und white argilaceous i s fl;&Tde\—_hu&; s 9 wJ,,,_{;“sq,,‘;‘sl.‘L,

\
followed by gray limestones with Lithiotis in the middle part. and dark aray
T s 1 i li

partly oolitic li f by b 2 and ST iy K B e e
shalein the upper part. YU S bt o S
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Limestone massive

Limestone platy and marl

Shale

CRETACEOUS

Limestone with orbitolina

Andesite, basalt
Conglomerate, sandstone
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SENZ BT RN RHURE PPN (P AN 4
Limestone, medium )f:lf Bhawi o ui‘f)
bedded, grey with orbitolina,
' (Baremian-Cenomanian). _
) wonl Gy ol8
Andesitic lava and tuff (K,")
Gy 6y Sl Sal et (S 2,
(4l S Ao G soml = L Sl ly))
Siltstone, calcareous shale,with detritic
limestone and tuff (Upper Jurassic-

Lower most of Cretaceous).
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| Limestone with mcrofosis. S S Sl
Andestic vokanic, o g g
and reddish shale, red, yellow and gray imestonc. .S 85 o510 4 3 5 5 oS ot
ekl pitot ol et olp oy
(sl Vb, 5)
5 5 S 5 ) Jeob o S Y Sl
. i s S I s o e Ul S S
ammonite fragments (Upper Cretaceous)
Intratormatinal Conglomerate, HEE 5 (1 5 i S
Dark gray shale, K g A S
Gray limestone with gobotruncana, S 5 00 5 Sl
Andesitic and Porphyritic Volcanics, el b s ek A

30 a5 3 Ao K b Y sl ) Sl
[r———— L LY s e

Aslesic Yokares, G
T — P
Conglomeratc toe o by skucs, <

e e N ks el g e S
Bodde parly massive orbolin Hnestone,  (uipeta) ey 01 <L 3 Y Jhids? g sl Sl
o St sl nd Seitons, ey e
Rk Conglomerae s S, oo
B v, ks
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Masit ad ik beddd paty fe imosone, 45 5 s sy g G ¢ Y ool
My rpes g s h AT b

‘Shale and Sandstone with inter.of: Simates ot

Andesitic volcanic, A sl Ko g

| Micaschist and crystalized imesone, <51 5 G o
Crystalized lmestone (marble), G Sl
| Amphybolite, S el
Crystalized imestone, |

Metamorphosed Volcanic, oS £ il S
| Andalusite schist, Sl e

TRIAS-JURASSIC Semls35 — e

Dolomite and dolomitic limestone, e Sl e
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Cretaceous in general (undifferentiated)
Limestone (KI).and dolomite (Kd): with
subordinate shale

Green andesite and related tuffs

Shale with Ist. and volc. intercalations

Conglomerate

Jurassic - Cretaceous

Homogenous' phyllite

Clastic limestone
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Cretaceous in general (undifferentiated)
Limestone (K1) and dolomite (Kd): with

subordinate shale
Green andesite and related wffs

Shale with Ist. and volc. intercalations

Conglomerate
Homogenous phyllite

Jurassic - Cretaceous

Clastic limestone
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Andesitic lava

S Marly limestone
8 """ Sandy shale and marly limestone
2 Volcanic rocks
E Limestone
5 Limestone, shale, volcanic rocks
Li sandy li marly li

Basic volcanic rocks
Andesitic lava

Limestone

Shale, sandy shale and volcanic rocks
Phyllite and slate

Marmorized limestone
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Low-grade metamorphics in general; mainly phyllites with minor li and \ ics(kpm);Flysh type facies with turbidites(kf);
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Andesitic volcanic and pyroctastic rocks, possibly paleocenc in parts; s _
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Bedded, light colored biomicrite, Upper Cretaceous to ? Paleocene;
fomte b (i VL b S 06K 2 s e e S
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.-l 000 : ;- &E PPy N ey g . "
é e !m Upper Ci partly A 3 gering with phyllites;
;:::;: H R RP ULV PP PRI W) Wy EX PR P JEIK e
boog
8 ’:"‘o)": Submarine, intermediate pyraclastics and lavas, altered, and interbedded with shales;
o] gt %Y 5 oL s oo s by de ST T o Laesta
00]
8 ’:g.,z Crystalized limestone and marble in parts effected by late Eocene thermic events; ~
8 5% (wlaas 8 13 50 e eyl Gl sWaldis b ol iy 53 oS ey gkas 2T
O o: Shales, slates , phyllites, more or less sandy, some quartzitic beds or intercalations;
g 5 (S LY Goli b gl iy oS gbeads s ol )2
3] Andesitic volcanic and iated py ic rocks ; mainly lower Cretaceous; o _ _
6 o b S i coer AT 5 rsnl plransT s &
Dark grey Orbitolina li \e; in parts, interbedded with slates or shales;
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Limestone
Limestone, marl

Andesite, basalt

Limestone

CRETACEOUS

Conglomerate, sandstone

(KLV slassls) 4wl S Siw sla JIg om0 Sleais] lacKiw (b Gime a8 zgl ViV e e v e ol aids 5| Jiso
Ol e — gt )3l Aty (o Jled b ()8 (it (ool ey 42 (nl Cenl S5 4 03Y il o gl yf Jlad 5 o8 50

Y



g srac gozmo g b lgd

adlaie o wlidie; SV vpd 50 5 Wi Gokate b ugilSl padaing ey boods sl IS 5ok o
250 Sl (S g e JolS a8 S5 ol ogildl g olicd ) wnl)d adien (Jy aiiis mpe s
Slrass> cabding B pae a5 diblic den ;o Cnl (Koo g, (pl 5l diles plasl w95 13955 0,90 5l a> o
S92 5 5 GlalsS jawgid Ll jeam L lalalsdl ggemme jo ails JolS dgedl Jlg ats cwgill
5 Vgons Ngd oo a3lis CotnSy g udymle wulys)) g b Sl gl slaSns
Gligy il (gl Guiliw 5 (laimgy (w5l wil e aF WS (oo el 50 90 4 1) Codsd
S5k slooslas (s Coplo b gigmsy — SLiiisT aegorme (Sl slacSal Jolt aly 4 YU 5l Vaons
o (ol CwlBus il oo SlY b slosgs slag p5 9 o je «s3LLo (61485 slacGls o (2L sledlil)
v g LS gy I yg (o300l (Zadgi ) Cudgs Jeld glatisS Ll ablioe yeskS VLD dgus
bl 990 ) pe uillw 90 (nl o (550 a3 aBb o

i

Example:
Colorado Plateau

Normal faults
Rift valleys formed
Example:
African Rift Valley
Rio Grande Rift

Rift valley Fault-block

Oceanic crust and new Sea level
ocean forms o

Erosion reduces height F
of flanking continent

Example:
Red Sea

Crust, thinned by erosion, ccols, crust
contracts and sinks beneath sea

Example:

Atiantic Oceap gesmea

Job drwgi U s alo o 31 (wgiliBl ad g SO uSlld 31 (poled (6 guad

Y



AA

Ve

(,____\_ —

Upper Jurassic/Lower Cretaceous

NORTH

SOUTH

a. ~700 Ma Khomas Ocean spreading

b. ~570-560 Ma Closure of Khomas Basin— subduction

mantle
ﬂ 7z

Khomas ocean basin submarine fan

100 km

submarine fan

Khomas ocean basin AN b
100 km

¢. ~540-530 Ma Collision— crustal thickening, magmatism

structurally thickened

Khomas ocean basin  sediment wedge

Kalahari craton

magmatic

underp| Iatlgng

d. ~530-500 Ma Double-vergent orogen— margin overthrusting, magmatism

—NF

mantle

Neotethys Ocean

—NZ—— CZ—}—SZ—}—SMZ———SF

B
Siah Kuh granite (199 Ma) - NI
5.8.7Z .\um-liuﬂ()n:c:m/.(_l' 1\salvcvur()ccun/-‘—,_
P —p

' Granulite (107 Ma)

-

g A/.\A

Neotethys ophiolite and
B metamorphic rocks

Upper Cretaceous

2 Neotethys ophiolite and
EB metamorphic rocks

Focene

St,lg) S g

MBI A MpE2

ACM $8S.7

Nain-Baft Ocean CIM Sabzevar Ocean N. 1

Ve~
L7 R (‘ . TN
. \—\— <—‘_”\

Granulite =

Siah Kuh gramte (199 Ma)

Sabzevar metamorphic

rocks (51-54 Ma) Sabzevar Ophiolite (87 Ma)

| N. B. (93-67 Ma.)

Granulite (107 Ma)

Yo\Y ‘O‘)&m@5 6’»‘,&
9 &loy8 0595 p Al o U (cwgilidl dudgo SO (ol s 31 (3 oled (6 3 9l
(S 95 32 50 (Swly alo o y0 SOyl

¥



< - T e S
N o e TR - A48 Ma poer Y R
G g b o W cagenaSs (8 ~ u 2
. il AR N J Shot (6] P 4 -
Sl P R w5 caTEMa W (es® ® K"’ e v
r “ 1 Leasgua Bail [6%) sl JPTIITS b
> ¢ 485 Ma \ -
2 1 mmw; Boll62] ¢392 Ma { x‘& 4 \.‘,., | ‘1 ‘l Miz. [46] ] a— “a - .
; y Liz. |55] ‘:‘ < ,ﬂl 'l .‘,, -
) P t}» €395 Ma B ;g“ &6 \C s /.1-’,-
% boxti ol B T =AWl 3d D
jo‘:‘[”‘ A} :naﬁa ¢ 477 Ma sy L s‘-f“‘ Welau: 47+ — O U al¥
3 N0 el canowa, @ o B g y ¢
el N Moe (s8] e Ut ’ f* <285 Ma
D7 B ©.168,158 Ma _} ‘ $ 4 A Yak [54)
Ll =T AD. [2057] i 3‘ \ <102 My
c 440 NVa 4 c169 Y . ' ¥\ u
A<{10] b s O 1] clshla h LD ;5' °
- o, [48] \
- | P ¢ ‘A "coava N9~ LTS
\ © 165 Ma { Sam, 18] Tt N TR RO,
Key Pan. [81] A \ crigsma @ L NN
> . s e |
Eocene < \ B
Jurassic-Cretaceous AN I > e I
Devonian-E. Permian (e 4 1
Ordovician @ - } \
Neoproterozoic-Cambrian § b & . RY,
! &
t ni c27BMa’ "
4 = M. (53}
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Tectonic sketch map of the Afghan orogenic segment, compiled from: Wolfart & Wittekindt (1980), Tirrul et al.
(1983), Boulin (1988, 1990), Baud & Stampfli (1989), Bender & Raza (1995), Badshah er al. (2000), Schwab et al.
(2004), Ulmishek (2004), Doebrich & Wahl (2006), Abdullah & Chmyriov (2008), Haghipour (2009), Cowgill (2010),
Aghanabati & Ghorbani (2011), Schmidt et al. (2011), Zanchi & Gaetani (2011), Robinson et al. (2012), Angiolini et al.
(2013) and Zanchetta er al. (2013). CBF, Central Badakhshan/Vanch Akbaytal Fault; KF, Kilik Fault; KKF,
Karakoram Fault; KKSZ, Karakoram—Kohistan Suture Zone:; KSF, Kongur Shan Fault: MAT, Main Alai Thrust; MBT,
Main Boundary Thrust; MFT, Main Frontal Thrust; MMT/IYS, Main Mantle Thrust/Indus—Yarlung Suture; MPT,
Main Pamir Thrust; NAF, Nostratabad Fault: NHF, Nehbandan Fault; RPS, Rushan Pshart Suture: SGF, South Gissar
Fault: SPF, South Pamir Fault: SS, Shyok Suture; STF, Scytho—Turanian Fault: TBZ, Tirich Mir Boundary Zone: TFF,
Talas—Fergana Fault; TJS, Tanymas—Jinsha Suture; TS, Turkestan Suture; VT, Vakhsh Thrust.
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Figure 3. Generalized stratigraphic column of an ophiolite sequence showing the zones with their lithologies and the
distribution of podiform chromite (black blebs) (modified after Dickey, 1975; Laurent and Kacira, 1987; and Leblanc, 1987).
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Late Cretaceous (late Turonian—Coniacian) planktonic foraminifera obtained from pelagic limestones of Catak 1 sec-
tion: (1) Hedbegella sp., sample CTKI1-L; (2) Hedbegella sp.. sample CTK1-L; (3) Hedbergella planispira Tappan, 1940, sample
CTKI1-M; (4) Marginotruncana sp., sample CTKI1-M; (5) Marginotruncana cf. coronata (Bolli, 1945), sample CTK1-M;
(6) Hedbergella sp., sample CTKI1-N; (7) Marginotruncana pseudolinneiana Pessagno, 1967, sample CTK1-N; (8) Marginotrun-
cana coronata (Bolli, 1945), sample CTKI1-N; (9) Archaeoglobigerina sp., sample CTK1-N; (10) Praeglobotruncana sp., sample
CTKI-O; (11) Praeglobotruncana sp., sample (;TKI-O; (12) Marginotruncana pseudolinneiana Pessagno, 1967, sample CTKI-G;
(13) Praeglobotruncana sp., sample CTK1-P; (14) Praeglobotruncana sp., sample CTKI1-P; (15) Marginotruncana coldreriensis
(Gandolfi, 1957), sample CTK1-P; (16) Marginotruncana sigaii (Reichel, 1950), sample CTK1-P; (17) Marginotruncana cf. cor-
onata (Bolli, 1945), sample CTK1-0; (18) Marginotruncana pseudolinneiana Pessagno, 1967, sample CTK1-0.
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Thin section photomicrographs of some important microfossils from the Upper Cretaceous
pelagic limestones (samples 1207, 2658, and 3617) and from the Ara¢ formation (samples 2454, 3397,
3410, and 2411). Scale bar is 0.1 mm. (1 and 2) Marginotruncana renzi (Gandolfi, 1942) 2658B. (3 and 4)
Whiteinella praehelvetica (Trujillo, 1960) 3397C. (5) Whiteinella paradubia (Sigal, 1952) 3397C. (6-9)
Helvetoglobotruncana helvetica (Bolli, 1945) 3410. (10) Dicarinella algeriana (Caron, 1966) 3410.
(11, 14, and 15) Dicarinella asymetrica (Sigal, 1952) (11) 26581, (14) 3617B, and (15) 2454E. (12 and 13)
Dicarinella concavata (Brotzen, 1934) (12) 3617B and (13) 2658A. (16) Marginotruncana coronata
(Bolli, 1945) 2658B. (17-19) Marginotruncana pseudolinneiana (Pessagno, 1967) (17) 2658A, (18) 3617B,
and (19) 2658B. (20) Marginotruncana schneegansi (Sigal, 1952) 3410. (21 and 22) Dicarinella primitiva
(Dalbiez, 1955) 3411. (23) Hedbergella flandrini (Porthault, 1970) 1207A. (24) Globotruncana bulloides
(Vogler, 1941) 2658F. (25 and 26) Globotruncana arca (Cushman, 1926) (25) 2658E and (26) 2658L
(27) Praeglobotruncana gibba (Klaus, 1960) 3410.
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Fig. 3. Scanning electron photomicrographs of radiolarians in chert nodule sample A138 from the Ashin Ophiolite: (A) (1) Rhopalosyringium hispidum O'Dogherty (GPEM 150401); (2) ?
Phalangites telum O'Dogherty (GPEM 150402); (3—6) Stichemitra communis Squinabol (GPEM 150403-6); (7—9) Dictyomitra montisserei (Squinabol) (GPEM 150407-9); (10) Pseudodictyo-
mitra pseudomacrocephala (Squinabol) (GPEM 150410); (11) Pseudodictyomitra tiara (Holmes) (GPEM 150411); (12) Diacanthocapsa antiqua (Squinabol) (GPEM 150412); (13, 14) Archae-
ocenosphaera? mellifera O'Dogherty (GPEM 150413,150414); (15—17) Afens liriodes Riedel and Sanflippo (GPEM 150415-17); (18—20) Vitorfus campbelli Pessagno (GPEM 150418-20); (21, 22)
?Annikaella omanensis De Wever (GPEM 150421, 150422); (23) Ultranapora sp. (GPEM 150423); (24) Ultranapora cretacea (Squinabol) (GPEM 150424); (25-27) Archaeospongpprunum
bipartitum Pessagno (GPEM 150425-27); (28) Archaeospongoprunum cortinaensis Pessagno (GPEM 150428); (29) Hemicryptocapsa polyhedra Dumitrica (GPEM 150429); (30, 32) Acan-
thocircus hueyi (Pessagno) (GPEM 150430, 150432); (31) Acanthocircus tympanum O'Dogherty; (33, 34) Sciadiocapsa speciosa (Squinabol) (GPEM 150433, 150434). Scale bar = 100 pm.
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Fig. 4. Scanning electron photomicrographs of radiolarians in chert nodule sample A138 from the Ashin Ophiolite: (1) Paronella communis (Squinabol) (GPEM 150501); (2-5)
Crucella cachensis Pessagno (GPEM 150502-05); (6, 9—12) Pessagnobrachia fabianii (Squinabol) (GPEM 150506, 150509-12); (7—8) Halesium amissum (Squinabel) (GPEM 150507,
150508); (13) Triactoma hexeris O'Dogherty (GPEM 150513); (14) Acaeniotyle amplissima (Foreman) (GPEM 150514); (15, 16) gen. et sp. indet. (GPEM 150516, 150516); (17) Orbi-
culiforma cf. monticelloensis Pessagno (GPEM 150517); (18—20) Patellula ecliptica O'Dogherty (GPEM 150518-20); (21, 22) Patellula heroica O'Dogherty (GPEM 150521, 150522);
(23—25) Pseudoaulophacus putahensis Pessagno (GPEM 150523-25); (26—29) Alievium superbum (Squinabol) (GPEM 150526-29). Scale bar = 100 pm.
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Fig. 10. Histograms of age results from (a) the Northwest UDMA, (b) the Central UDMA, (c) the Southeast UDMA, (d) all UDMA, and (e) the SSZ.
Age data from Armenia are from Lin (2011) and our unpublished data.
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