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FIGURE 1. A, B) Location map of the Moghan area in northwestern part of Iran at southern margin of the Kura Depression. C) A schematic cross 
section across the Kura Depression and South Caspian Basin is also shown (compiled with some modifications from Adamia et al., 2011; Baranova 
et al., 1991; Mamedov, 1992).
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FIGURE 2. A) Paleogeographic map of the world in the Late Cretaceous 
(80–90Ma). As shown, the study area was located at 30–35º 
paleolatitude in northern hemisphere. B) Late Cretaceous tectonic 
reconstructions of the Tethyan region (from Adamia et al., 2011). 
AAP: Africa-Arablan platform; ABB: Artvin-Bolnisi Block; Al: Alborz; 
An: Andrusov high; AT: Achara-Trialeti; BS: Black Sea; CIP: Central 
Iranian platform; EBS: Eastern Black Sea; EP: Eastern Pontides; GB: 
Georgian Block; GC: Great Caucasus; IAR: Ízmir-Ankara-Erzincan 
ocean; SC: South Caspian black-arc basin; SG: Srednogorie; SA: 
Sevan-Akera ocean; SP: Scythian platform; SPM: Serbian-Pelagonian 
massif; SR: Shatsky ridge; SS: Sanandaj-Sirjan volcanic arc; SSB: 
Southern Slope black-arc basin; MC: Mountainous Crimea basin; Na: 
Nakhchevan-South Armenia; NT: Neotethys; RM: Rhodope Massif; 
TAP: Taurus-Anatolian-Iranian platform; TI: Talysh; WBS: Western 
Black Sea; WP: Western Pontides; ZG: Zangezur-Garadagh ocean. 
Star indicates the study area.
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FIGURE 3. A) Location map of the Moghan area in northwestern part of Iran. B) Geological map and Jurassic-Eocene stratigraphy of the Moghan area 
(map from NIOC). As shown, the best outcrops of Upper Cretaceous sequences are located in the southern part of this area. Eight surface sections 
of these sequences (numbered as 1 to 8 and marked as white rectangles on the map) were selected for this study. 
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Kaleybar; western 
Moghan 1053 Limestone, sandy limestone, 

sandstone, siltstone 

Non-conformity 
(187 meter-thick 
metamorphic rocks) 

Disconformity 
(Qara-Su Formation; Paleocene) 

Ghobadlu; western 
Moghan 205 Thin-bedded argillaceous 

limestone Not known Not known 

Molok; 
western Moghan 60 Thin-bedded limestone Not known Disconformity 

(Qara-Su Formation; Paleocene) 

Selenchai; 
western Moghan 220 Limestone with thin shale 

bed 

Non-conformity 
(120 meter-thick 
volcanic rocks) 

Disconformity 
(Qara-Aghash Formation; Eocene) 

Hourand;  
central Moghan 189 Clean, thick-bedded 

limestone Not known Disconformity 
(Qara- Aghash Formation; Eocene) 

Hovay; 
central Moghan 390 

Clean, thick-bedded 
limestone; Conglomerate 
(12meter-thick) in middle 
part 

Volcanic and 
metamorphic basement; 
non-conformity 

Not known 

Adamdarsi; 
eastern Moghan 103 Thin-bedded argillaceous (in 

parts) limestone Not known Disconformity 
(Qara- Aghash Formation; Eocene) 

Nasirkandi; 
eastern Moghan 843 Thin-bedded argillaceous 

limestone Not known Disconformity 
(covered) 

TABLE 1. Major stratigraphic features of the eight studied outcropping sections in the Moghan area of NW Iran
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FIGURE 5. Field photos (taken by NIOC and PPZ) of A, B) relatively thick-bedded argillaceous limestones in the Ghobadlu section, C) conglomeratic 
interval at top of the Hourand section, D) alternations of thick-bedded clean limestones and argillaceous limestones in the Hourand section and 
E, F) lithological boundary between red shales and limestones in basal parts of Upper Cretaceous sequences in the Hovay section. 
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FIGURE 6. Field photos (taken by NIOC and PPZ) from upper and lower boundaries of Upper Cretaceous sequences in the studied sections. 
A) Lower boundary of limestones with older metamorphic rocks in the Kaleybar section. B) Upper boundary with overlying Cenozoic 
sequences (Qara-Su Formation) in the Kaleybar section (the detailed contact is locally displaced by small faults). C) Conglomeratic interval 
at the top of the Hourand section. D) Bioturbation/trace fossils. E) Channel fills conglomerates in middle parts of studied interval in the 
Hovay section. F) Lamination in siltstone beds in the Ghobadlu section. 
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Facies
code Facies name 

Grains Facies
association

Depositional 
settingSkeletal Non-skeletal 

PF1 Polymictic Conglomerate -- Quartz, Volcanic rock 
fragments, Carbonate lithic 

PF2, MF1, 
MF2

Proximal
fan/channel 

PF2 Sandstone (litharenite) -- 
Quartz, Feldspar, Volcanic 
rock fragments, Carbonate 
lithics, Glauconite 

PF1, PF3, 
PF4, VF1 Proximal fan 

PF3 Siltstone -- Quartz, Feldspar PF2, PF4, 
MF6, MF7 Distal fan 

PF4 Shale/Marl -- -- PF2, PF3, 
MF6, MF7 Distal fan 

VF1 Volcanic facies -- Volcanic rock fragments and  
Shards PF2 -- 

MF1
Benthic-foraminifera 
riched,bioclastic
packstone/ grainstone

Bivalves, echinoderms, red algae, 
bryozoans, rudists, corals, 
benthic forams (e.g., Orbitoides, 
Lepidorbitoides, Siderolithes, 
Pseudosiderolithes, Planorbulina, 
Pararotalia) 

Quartz MF2, MF3, 
PF1 Inner shelf 

MF2 Intraclastic-bioclastic 
packstone/ grainstone

Echinoderms, bivalves, rudists,  
red algae, bryozoans Intraclasts, Quartz MF1, MF3, 

PF1 Inner  shelf 

MF3

Foraminifera-riched 
(benthic and planktonic), 
bioclastic wackestone/ 
packstone

Benthic and planktonic forams, 
bivalves, echinoderms, 
ostracoda, red algae 

Quartz MF1, MF2 Inner/outer
shelf 

MF4 Lime breccia  Rare planktonic foraminifera,
echinoderm fragments Intraclasts MF6, MF7 Slope 

MF5
Microbioclastic, 
planktonic foraminifer-
Oligostegina packstone 

Oligosteginids, echinoderm 
fragments, bivalves, and 
bryozoan debris, 

Silt-grade quartz MF4, MF6, 
MF7 Slope 

MF6 Oligosteginids  
mudstone/ wackestone 

Oligosteginids, rare planktonic 
foraminifera -- MF4, MF5, 

MF7
Outer shelf/ 
Basin

MF7 Planktonic foraminifera 
mudstone/ wackestone 

Globotruncanita, Gansserina, 
Globotruncana, Globotruncanella, 
Contusotruncana 

-- MF6, MF8 Outer shelf/ 
Basin

MF8 Radiolarian wackestone/ 
packstone Radiolarians -- MF7 Basin 

�

TABLE 2. Summarized data of depositional facies of Upper Cretaceous sequences in the Moghan area
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FIGURE 7. Photomicrographs of depositional facies of Upper Cretaceous sequences in the studied sections of Moghan area. They comprise both 
A-D) siliciclastic and E-L) carbonate microfacies. See Table 2 for facies characteristics and depositional settings (md: mud clast, vl: volcanic 
lithic, qp: polycrystalline quartz, qz: quartz, bf: benthic foraminifer, br: bryozoan, ech: echinoderm, int: intraclast, pf: planktonic foraminifer,  
ol: oligosteginids, rd: radiolarian).
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FIGURE 8. Sedimentological log of Upper Cretaceous sequences in the Hovay section in central part of the Moghan area. Lithological variations, field 
descriptions (including the beddings and sedimentary structures), sedimentary facies and depositional settings of these sequences are included in 
this log.
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FIGURE 9. Sedimentological log of Upper Cretaceous sequences in the Selenchai section in western part of the Moghan area.
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FIGURE 10. Schematic cross-section of depositional setting of Upper Cretaceous sequences in the Moghan area. Topographic variations, depositional 
sub-environments, major energy levels, and lateral distributions of depositional facies and grain associations (skeletal and non- skeletal) are also 
shown.
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