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7- Equant Calcite cement
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3- Micritization
4- Bioturbation
5- Cementation
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10- Blocky cement
11- Mechanical Compaction
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8- Syntaxial cement
9- Drusy mosaic cement
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14- Geopetal
15- Replacement
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12- Fracturing and Vein Filling
13- Neomorphism
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¢« Discorhabdus biradiatus (lateral view) (Worsley, 1971) Thierstein, 1973; FUM. BD54. & Assipetra terebrodentarius (Applegate et al. in
Covington & Wise, 1987) Rutledge & Bergen in Bergen, 1994; FUM. BD42. : Retecapsa angustiforata Black, 1971; FUM. BD16. ;: Nannoconus
infans Bralower et al., 1989; FUM. BD19. 3: Nannoconus bucheri Bronnimann, 1955; FUM. BD47. .. Ethmorhabdus hauterivianus (Black, 1971)
Applegate et al. in Covington & Wise, 1987; FUM. BD _:: Watznaueria manivitiae Bukry, 1973; FUM. BD10
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8- Idiotopic
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Planar-E: dolomite crystals mostly euhedral;
crystal-supported with interxtall areas
tilled with another mineral or porous

Planar-S: subhedral to anhedral crystals,
low porosity and/or little interxtall matrix;
straight compromise boundaries common,
greater than 30% crystal-face junctions

(= hypidiotopic and some xenotopic of
Fried 1965)

S Planar-C: euhedral crystals lining pores or

surrounding patches of another mineral
(e.g., gypsum, caicite). May also be replacive

dolomite, where undolomitized interior of
allochem was later dissolved

‘| Planar-P: porphyrotopic, scattered crystals

" in matrix (matrix-supported)
¢

o

o3

(i

Nonplanar-A: anhedral crystals with mostly
irregular interxtall boundaries (less than 30%
crystal-face junctions); crystals commonly
with undulatory extinction, inclusions; also

includes replacement saddle dolomite

Nonplanar-C: pore lining saddle dolomite

cement crystals

= Nonplanar-P: porphyrotopic, single anhedral
¥ crystals or patches of anhedral crystals,

’| matrix-supported; crystais commonly with
3 “| undulatory extinction
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9- Nonplanar
10- Subhedral
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Dolomite type Petrographic features Size (um) | Description shape Deposition time Mineralization role
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12- Nonplanar
13- Zoning
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(HW=hanging wall, FW=foot wall) ;e S o ol sloasT lsl,8:Y Jsux

Sample | Vein | Distance | Primary Major oxides (%)

No. No. | /location rock Si0, | TiO; | AlLOs; | TFe | MnO | MgO | CaO | Na,O | K;O | P,Os | SO; | LOI 3
NH 30 O/HW 3711 | 009 | 259 | 149 | 014 | 1354 | 1917 | 009 | 033 | 003 | 0 | 2515 | 99.73
NH 31 AW 56.93 | 011 | 293 | 129 | 007 | 67 | 12.74 | 102 | 02 | 003 | 062 | 1572 | 98.36
NH 32 AW 5229 | 010 | 351 | 101 | 004 | 136 | 2444 | 008 | 038 | 006 | O | 1653 | 99.89
NH33 | 6/HW Sandy 5031 | 008 | 392 | 079 | 004 | 129 | 2364 | 01 | 028 | 003 | O | 1941 | 99.89
NH 34 OFW limestone [ 5717 | 01 | 277 | 13 | 008 | 745 | 11.89 | 079 | 017 | 004 | 043 | 16.68 | 98.87
NH 35 3IFW 30.14 | 006 | 195 | 128 | 012 | 1282 | 2223 | 003 | 038 | 002 | O | 30.74 | 99.77
NH 36 5/FW 4253 | 009 | 255 | 149 | 013 | 10.94 | 17.72 | 023 | 034 | 004 | 018 | 232 | 99.44
NH 37 7IFW 4163 | 016 | 296 | 09 | 004 | 185 | 2815 | 011 | 033 | 006 | O | 2367 | 99.86
NH 40 (‘)’}"\:’;:; 33 | 005 1 117 | 011 | 943 | 4284 | 005 | 034 | 002 | 001 | 4151 | 99.83
NH 41 AW o 272 | 004 | 059 | 05 | 003 | 15 | 5153 | 006 | 025 | 002 | 014 | 4253 | 99.01
NH 42 12 2/AW fc;f:::gﬁ:'s 146 | 004 | 044 | 042 | 002 | 042 | 5472 | 006 | 016 | 001 | 0 | 4218 | 99.93
NH 43 3FW 173 | 004 | 066 | 05 | 002 | 149 | 5265 | 004 | 029 | 002 | 021 | 42.26 | 99.91
NH 44 UFW 22 | 004 | 069 | 05 | 002 | 22 | 515 | 005 | 033 | 002 | 02 | 4218 | 99.93
NH 45 2/FW 142 | 004 | 048 | 042 | 002 | 061 | 5443 | 005 | 02 | 002 | 012 | 42.13 | 99.94
NH 50 Z\f"\:::: 624 | 006 | 092 | 2690 | 019 | 16.84 | 2048 | 084 | 031 | 001 | 036 | 418 | 99.74
NH 51 O/HW o 191 | 004 | 054 | 066 | 005 | 203 | 5215 | 005 | 019 | 001 | O | 4215 | 99.78
NH52 | 34 AW f(ilszl'sfte;r?:s 373 | 006 | 088 | 07 | 003 | 08 |5L78 | 008 | 034 | 003 | 0 | 4L57 | 100
NH 53 2/AW 218 | 007 | 066 | 07 | 003 | 075 | 5234 | 01 | 026 | 003 | 063 | 41.95 | 99.7
NH 54 0/LW 2851 | 009 | 337 | 153 | 01l | 1383 | 21.11 | 018 | 071 | 002 | O | 30.13 | 99.59
NH 55 LW 2015 | 008 | 237 | 146 | 013 | 1643 | 2256 | 019 | 052 | 001 | O | 3591 | 99.81

(HW=hanging wall, FW=foot wall) \l;e0 Sics ;5 (5 LudlS ClaS olie Jll,d ¥ Jgum
SEl Vein no Distance /location Primary rock Trace eleme:nts (Ppm)

no Ba Cr Cu Mo Ni Pb Sr \Y Zn
NH 30 O/HW 712 23 N 4 | 15 | 873 78 | 44 | 632
NH 31 AW 3479 | 25 90 11 | 36 | 6781 | 450 | 53 | 4368
NH 32 3AW 100 55 N 15 N | 224 | 172 | 49 | 118
NH 33 % 6/HW Sandy limestone 90 18 N 12 | 26 | 132 | 109 | 42 60
NH 34 OFW 2756 | 263 | 50 15 | 29 | 3833 | 271 | 50 | 3111
NH 35 3IFW 726 21 3% 12 | 29 | 668 | 114 | 42 | 315
NH 36 5/FW 1836 | 37 | 41 15 | 20 | 1402 | 239 | 44 | 423
NH 37 7IFW 116 13 10 12 | 21 | 181 | 208 | 48 65
NH 40 Within of vein 58 2 36 13 9 505 | 210 | 41 | 475
NH 41 AW 71 2 N 16 9 244 | 273 | 40 | 107
NH 42 " 2/AW ossiliferous limestone 41 N N 19 | 21 | 136 | 244 | 40 39
NH 43 3FW 3 1 N 14 7 153 | 238 | 40 52
NH 44 UFW 85 0 N 2 | 14 | 165 | 199 | 40 62
NH 45 2IFW nd N N 20 | 43 | 135 | 195 | 39 71
NH 50 Within of vein 4001 7 | 386 | 18 | 37 | 4753 | 210 | 45 | 5104
NH 51 O/HW %5 N N 18 | 20 | 1215 | 174 | 39 | 274
NH 52 AW . _ 22 N 13 @ | 25 | 158 | 193 | 40 | 41
NH 53 34 2AHW fossiliferous fimestone 277 | N N 6 | 25 | 188 | 276 | 42 | 93
NH 54 OFW 1509 | 21 13 17 | 28 | 1162 | 80 | 45 | 665
NH 55 TFW 626 17 68 1L | 27 | 698 | 114 | 42 | 1217
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(Ko pae NC 5 YU e Siarod = = = changle hie  Saod = = hnd (hio (Sinrod

SiO; Al2Os Fe203 MnO MgO CaO Na.O Ba Mo Pb Sr Zn
SiO2 1 +++ + + + ++ + ++ n.c +
Al2Os3 923 1 + + + + n.c -- + - n.c
Fe203 .335 .368 1 +++ +++ ++ +++ n.c ++ n.c +++
MnO .233 .280 934 1 +++ ++ ++ n.c ++ - ++
MgO .220 .303 .875 .962 1 -- + ++ n.c ++ n.c ++
CaO -.893 -871 -676 -623 -.632 1 -- - ++ n.c
Na.O 432 253 .606 404 .367 -.540 1 +++ n.c +++ ++ +++
Ba .319 .188 17 546 495 -.508 .884 1 n.c +++ ++ +++
Mo -.445 -.463 -074 -.100 -176 439 -071 .047 1 n.c n.c n.c
Pb 401 217 .604 442 403 -526 971 .859 -.073 1 ++ +++
Sr .040 -228 -144 -.287 -.330 .099 .564 443 -011 .563 1 ++
Zn .296 .156 721 544 .500 -491 963 .874 -.028 .949 436 1

shls u.fbjf Juw g_,\.:f; ny 3 g0 g0 Sl (al., 1985
g 456 MgClr Ylaz>1 5 CaCly (NaCl 51 slaeSas
Slateen (O s gdgsog ) ubﬁ&@uf,
SN Sl s Hlaas (Tm ice) G o9 el sles oyl
SLS 5 (Fr slaw 5 =)+ /¥ 5 Lwe) - VWA L5 —F/F
Hsasls” JUe (Wt% NaCl eq.) (s s il oo Cosglgs
Hall etal.,) g,ss s TM o abasly olal 5 odd acnls

el o..\.l.sjf dewl>ee (1988

0 e 0 3 048 (6,8 o310 8 53 J FO p sazma 3
el (il § a3 L (855 SV I &5 03
SVl 5l 8o hle e Sladllas (glaosls gl s
ol O gl 55 &S HLilS e g sladigoi S )3
YYO LAY 5l glacsls (Th) Ous 0 sen sles .ol
35,15 (PO slaws 5 \VF ‘j:_i)‘.—:ﬁ) :lffdﬁl_w A
YU s (Tm) ) 93 pdgl les ¢ iule a6
S 5 —OB/Y S5 Le) —OA/Y 5 —O¥/Y I (glaels 4l
S ) (glas wlwsl o 503 90 a3 (5l o (F

Shephered et ) ¢Sos 5 T S s Calibue DS 5

Sl LslS Conglss slatiges 58 SVl Siale,S - Ligle pos lalllae slaosls gl b Jga

= 5
Sample no. Vein no. Host mineral Number Th(°C) Tmice (°C) Sall\;g'é)llé\g;m Density
N 25 5 Dolomite 14 190-235 -10.9t0 -12.5 14.8-16.4 0.96-0.97
N 29 17 Dolomite 15 138-206 -4.31t0-6.7 6.8-10.1 0.96-0.98
N 44 22 Dolomite 15 158-215 -7.310-13.2 10.8-17.0 0.96-1.01
N 108 33 Dolomite 21 120-173 -8.1t0-13.8 11.8-17.5 1.00-1.04

Leach & ) wilass § Lice gVUu iz 31 g o sm o0
odS 4 bl ol S Sl S5 .(Sangster, 1993
g 095 Jlw sl sgd= 55 gles lyls il S8
5 S 83 Ui Jlw Lo (S35 ol Sitas sl
alin# gt 53 SKaSS L (5l LS s L
53 adyl ladlssl s o Kan slos Sk Ll
Jsb 2 a8 U (gles s 0 OLES oyl 5 Canslso

s gl 95 Cndii s

03 el b s e Sk S i

VEAND W/ LV G s 53 (65 Lldie Sl i
plab ¢S 355 ey (Sl plab & 55 o)
G il 53 0 o Kan glas s sad 55 .l
395 S LS Hlsasls” JUw « (Kesler, 2005)
ol 455 5 bl L o e 156l8T JBa 03 5udome
Jod GO T ol gle 8 gl s s (VF JSC5)
S slLaoT Lo 5l 5 eSails o 555

033 ¢ 39 sl 5 (Kharaka & Hanor, 2003) o5 5
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Qm non ‘ Non- undulouse monocrycrystalline quartz
Qmun Undulouse monocrycrystalline quartz
Qp Polycrystalline quartz
Qp>3 Qp>3 crystal units per grain
Qp 2-3 Qp 2- 3 crystal units per grain
Cht Chert
Qt Total Quartz grains (Qm + Qp)
Total (Qm non + Qm un) and Qpq used for Folk
Q (1980) classification (Qm + Qp)
Pl Plagioclase
Or Potassium feldspar (Orthoclase)
F Total feldspar grains (Pl+ Or)
Lv Volcanic- metavolcanic rock fragments
Ls Sedimentary rock fragments

Carbonate (reworked fossils and limeclasts

LLs include mudstone) rock fragments

Lm Metamorphosis rock fragments

Lt Total siliciclastic lithic fragments

Lsm Metasedimentray

Lvm Metavolcanic

RE Total unstable rockfr_agments and chert used
for Folk (1980) classification

Gt Groundmass

M Matrix

C Cement

P Pore

Cal Calcite

Acc Accessory minerals

1.0 Iron oxide

Mus Muscovite

Pyr Pyroxene

Bt Biotite

Cu Copper

Op Opaque

Chl Chlorite
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Q F L Groundmass Other minerals
= Qp Ls SUM
0. Qm Qnon | Qun | Or | Pl | Lv | Lm M| C P | Bt | Pyr | Chl | Ms | LO | Cu | Op
Qp>3 | 1<Qp<4 Cht | LLs | Lsst
CH6 36 8 8 37 15 25 8 0 23 35 8 0 5 55 20 1 1 2 2 10 0 5 252
CH7 49 7 8 42 23 20 10 5 23 33 5 0 0 68 5 2 0 2 1 8 0 5 251
CHY 43 5 4 30 22 20 8 25 30 5 0 0 43 | 40 1 0 3 1 5 0 15 251
CH18 60 4 6 48 22 20 8 0 43 23 5 0 0 35 5 0 0 5 3 23 0 13 253
CH23 43 9 8 38 22 23 10 0 43 18 5 3 5 53 10 1 0 5 1 10 0 5 252
CH24 33 10 12 34 21 23 10 5 35 28 8 3 0 50 8 1 1 3 1 10 0 13 254
CH20 39 5 7 32 18 18 3 3 33 25 8 0 3 55 ] 28 1 3 2 5 8 0 10 250
CH4 36 8 9 33 20 20 5 ] 40 35 5 0 8 25 10 3 3 3 3 5 0 35 253
CH Ab 31 4 5 27 13 18 5 3 13 25 3 0 0 5 48 1 0 2 2 5 0 83 253
CH49 36 7 8 32 19 20 8 3 23 25 8 3 0 33| 25 1 0 2 2 8 20 23 254
CH41 38 7 7 31 22 18 3 3 33 28 3 3 3 23 18 1 0 2 2 10 20 33 249
CH47 42 5 8 34 21 20 3 0 30 28 15 3 0 43 8 0 0 3 3 10 13 20 250
CH40 32 5 8 28 17 18 3 0 23 28 3 5 3 33 | 30 1 0 2 2 8 0 50 253
CH38 39 6 5 29 21 18 3 0 30 25 5 3 0 28 | 23 1 0 2 2 5 0 58 253
CH33 39 7 10 34 21 23 8 3 33 33 3 3 0 18 | 23 1 0 2 2 8 0 40 250
CH32 43 4 5 31 22 20 5 ] 30 28 3 3 5 20 | 20 0 ] 1 1 5 0 58 249
CH31 43 3 7 33 19 20 5 ] 33 28 5 3 0 33 15 1 0 2 2 5 0 48 250
CH28 39 8 6 32 21 18 3 ] 25 28 3 3 0 20 | 30 0 1 2 2 8 0 58 254
CH15 40 6 9 35 20 15 5 3 28 33 0 3 0 10 | 15 0 1 2 2 10 0 70 251
CH13 36 4 5 28 17 18 3 0 15 33 3 0 5 23 | 68 0 0 1 1 5 0 33 250
CH12 34 3 5 26 16 15 3 0 28 23 0 0 0 18 | 43 0 ] 3 0 8 0 70 253
CH3 34 6 6 29 19 13 5 ] 20 33 0 3 0 15 55 0 0 1 1 10 0 48 250
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CHé6 68 16 16 32 71 29 21 10 3 0 9 14 3 0 2 22 8 0.25 0.25 0.75 0.75 4 0 2 100
CH7 76 11 13 24 65 35 26 8 4 2 9 13 2 0 0 27 2 0.75 0 0.75 0.5 3 0 2 100
CHY 82 10 8 18 58 42 21 8 3 1 10 12 2 0 0 17 16 0.5 0 1 0.5 2 0 6 100
CH18 86 6 8 14 68 32 28 8 3 0 17 9 2 0 0 14 2 0 0 2 1 9 0 5 100
CH23 72 15 13 28 63 37 24 9 4 0 17 7 2 1 2 21 4 0.5 0 2 0.5 4 0 2 100
CH24 60 19 21 40 61 39 22 9 4 2 14 11 3 1 0 20 3 025 0.25 1 0.5 4 0 5 100
CH20 77 9 14 23 64 36 20 7 1 1 13 10 3 0 1 22 11 0 1 1 2 3 0 4 100
CH4 68 15 17 32 62 38 21 8 2 0 16 14 2 0 3 10 4 1 1 1 1 2 0 14 100
CHAb 78 10 12 22 67 33 16 7 2 1 5 10 1 0 0 2 19 0.5 0 0.75 | 0.75 2 0 33 100
CH49 71 13 16 29 63 37 20 8 3 1 9 10 3 1 0 13 10 0.5 0 0.75 0.75 3 8 9 100
CH41 72 14 14 28 59 41 21 7 1 1 13 11 1 1 1 9 7 0.5 0 0.75 0.75 4 8 13 100
CH47 77 8 15 23 62 38 22 8 1 0 12 11 6 1 0 17 3 0 0 1 1 4 5 8 100
CH40 71 12 17 29 62 38 18 7 1 0 9 11 1 2 1 13 12 0.5 0 0.75 | 075 3 0 20 100
CH38 77 13 10 23 58 42 20 7 1 0 12 10 2 1 0 11 9 0.5 0 0.75 | 0.75 2 0 23 100
CH33 70 12 18 30 61 39 22 9 3 1 13 13 1 1 0 7 9 0.5 0 0.75 | 0.75 3 0 16 100
CH32 82 8 10 18 59 41 21 8 2 0 12 11 1 1 2 8 8 0 0 0.5 0.5 2 0 23 100
CH31 81 6 13 19 63 37 21 8 2 0 13 11 2 1 0 13 6 0.5 0 0.75 | 075 2 0 19 100
CH28 74 14 12 26 60 40 21 7 1 0 10 11 1 1 0 8 12 0 0.5 0.75 | 0.75 3 0 23 100
CHI15 72 11 17 28 64 36 22 [ 2 1 11 13 0 1 0 4 6 0 0.5 0.75 | 0.75 4 0 28 100
CH13 79 10 11 21 63 37 18 7 1 0 6 13 1 0 2 9 27 0 0 0.5 0.5 2 0 13 100
CHI12 80 8 12 20 62 38 17 6 1 0 11 9 0 0 0 7 17 0 0 1 0 3 0 28 100
CH3 72 14 14 28 61 39 19 5 2 0 8 13 0 1 0 [ 22 0 0 0.5 0.5 4 0 19 100
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STRATIGRAPHY SYMBOL LITHOLOGY ~ FORMATION
&l Q**": Middle dasht: alluvial-proluvial gravel,
QUATERNARY coarse-grained sandstone, conglomerate.

QF Q":High dasht: alluvial-proluvial gravel, conglomerate
, coarse-grained sandstone.

. Pl ‘ Weakly cemented large conglomerate,
o PLIOCENE coarse-grained sandstone.
w
b= QOM Fm.
~ ALBIAN
w =
Ef) < Gargasian
& Bedoulian
< - Conglomerate and red sandstone.
© SHEMSHAK
2 LIAS .
%2 Rhaetian o
z Ladinian Dolomitized limestone.
=
PERMIAN Limestone. JAMAL Fm. |
Black calcareous quartzitic sandstone and shale with SARDAR Fm.
CARBONIFEROUS limestone interbeds. A
| Limestone, sandstone, siltstone, shale. _ SHISHTU Fm.
Iﬁinllestlone, dolomitized limestone, rare marl. BAHRAM Fm
olostone. T |
DEVONIAN Diabase, quartz sandstone. i - SIBZAR Fm.
Red and white quartz sandstone, diabase. PADEHA Fm.
SILURIAN Sandstone, limestone, dolostone, siltstone. NIUR Fm.
SHIRGESHT
ORDOVICIAN Violet-red, greenish-grey sandstone, gravel, Frm.
conglomerate, limestone lenses.
M,: Doshakh metamorphite, phyllite,metadiabase, marble,
CAMBRIAN metasediment.
UPPER = r : i
PROTEROZOIC Khavand gneiss, schists, gneiss, granite.
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2- Palynodebris
3- Autochthonous
4- Allochthonous

Cleistosphaeridium sp., Coronifera oceanica,
Cribroperidinium orthoceras, Cribroperidinium
sp., Cymososphaeridium sp., Diconodinium sp.,
Endoscrinium campanula, Eucladinium sp.,
Fromea amphora, Gardodinium trabeculosum,
Hystrichosphaeridium sp., Kiokansium polypes,
Odontochitina operculata, Odontochitina sp.,
Oligosphaeridium albertense, Oligosphaeridium
cf. fenestratum, Oligosphaeridium complex,
Oligosphaeridium pulcherrimum, Oligos-
phaeridium sp., Pseudoceratium polymorphum,
Pseudoceratium retusum, Spiniferites ramosus,
Spiniferites sp.
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1- Odontochitina operculata, 2- Odontochitina sp., 3-4- Spiniferites ramosus, 5- Batiacasphaera sp., 6- Cleistosphaeridium sp., 7- Endoscrinium
campanula, 8- Diconodinium sp., 9- Cribroperdinium orthoceras, 10- Cribroperdinium sp., 11- Oligosphaeridium sp., 12- Oligosphaeridium
albertense, 13- Oligosphaeridium  asterigerum, 14- Cymososphaeridium sp., 15- Trilete spore, 16- Fungal body, 17- Bisaccate pollen,
18- Cicatricosisporites sinuosus, 19- Cicatricosisporites sp., 20- Dictyophyllidites mortonii (scale bar 20um).
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5- Highly proximal shelf or basin
6- Marginal dysoxic - anoxic basin
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7- Proximal suboxic-anoxic shelf
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Introduction

During the Late Oligocene -Early Miocene time, the western border of central Iran (Qom, Hamedan, Kashan,
and Tafresh) to the southern margin of Jazmurian and some regions of Azerbaijan as well as in the Zagros a
carbonate platform formed with evidence as a vast marine progradation that was a part of the horst of Pyrenean
tectonic phase. The carbonate succession is named Asmari Formation in Zagros and Qom Formation in
Azerbaijan and Central Iran (Aghanabati, 2006). Due to the economic importance of the Qom Formation as a
hydrocarbon reservoir and the presence of celestite and chalk deposits, this formation is important to study.
Although lots of stratigraphic and lithologic studies are done on the Qom Formation, due to variations in
depositional environment of the Qom Formation in different locations, it is not possible to consider one type of
sedimentary environment for this formation (e.g. Seyrafian et al., 2007; Mohammadi et al., 2009; Reuter et al.,
2009; Safari et al., 2014; Daneshian et al., 2017; Nasiri Ghareh Shiran, 2017). In this research, the Qom
Formation was studied in Khani Abad stratigraphic section in the southeast Kashan. The aim was to investigate
microfacies, sedimentary environment, and diagenetic features of Qom Formation in this area.

Methods and Material

During the field study, sampling was performed systematically. 98 samples were collected from the Qom
Formation in Khani Abad section with a thickness of 70 meters. It contains 36 soft and 62 hard samples. The
sampling distance in carbonate parts was several centimeters in some areas, based on facies variations. Thin
sections were prepared from hard samples. All thin sections were stained with potassium ferricyanide and
alizarin-red S solution (Dickson, 1965). The petrographic classification for carbonates is based on the
Dunham (1962) and Embry and Klovan (1971) classification schemes. In this study, Dolomite textural
classified based on Sibley and Gregg (1987) and Mazzullo (1992) and for the size of dolomite crystals from
the scale provided by Folk (1974). Wilson (1975), Pomar (2001), and Fligel (2010) facies belts and
sedimentary models were also used.

Discussion

The Qom Formation in Khani Abad stratigraphic section, southeast of Kashan has 70 m thickness and is
composed of a thick, medium, and thin-bedded limestone, argillaceous limestone, dolomitic limestone, and
marl. This formation with erosional boundaries located between the red color nonmarine rocks (the Lower and
Upper Red formations). Investigations of 98 selected samples in this outcrop led to the recognition of 9
microfacies in 2 lagoonal and shoal facies belts and a marl petrofacies. The lagoonal facies are Al: Benthic
Foraminifera, Bioclast Grainstone, A2: Bioclast Wackestone, A3: Benthic Foraminifera Packstone to
Wackestone, A4: Bryozoan Bioclast Packstone, A5: Bivalve Packstone. A6: Bryozoa, Bivalve, Bioclast
Packstone, and A7: Benthic Foraminifera Red Algae Packstone to Wackestone. The shoal facies are B1: Coral
Boundstone and B2: Bioclast Red Algae Grainstone. Micritization, bioturbation, cementation, dissolution,
neomorphism, replacement, and dolomitization are the main diagenetic features in the studied area.

Conclusion
According to field observations (discontinuous reef traces), an abundance of packstone facies which consists
of encrusted organism related to lagoon toward the reef such as algae and bryozoa, abundance of coral
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boundstone facies in a low volume but large quantity and absence of gravitational sediments, the
sedimentary modal of the Qom Formation in Khani Abad section (southeast of Kashan) had to be considered
as non-rimmed carbonate shelf (open shelf). In the middle and top of the stratigraphical column of the Qom
Formation, the amount of benthic foraminifera with porcelaneous walls reduced, while the amount of
bioclast increased, which indicates normal salinity during deposition of these parts. Regarding the degree of
light penetration and according to the porcelaneous and hyaline foraminifera, the euphotic to mesophotic
zones can be suggested for the study section. Since most of the carbonate sediments were deposited in
shallow depth of lagoonal environment, the matrix is dominant, therefore these sediments have undergone
less diagenetic processes. Cementation and dolomitization were seen mostly in shoal microfacies parts.

Key words: Qom Formation; microfacies; sedimentary environment; diagenetic processes; Central Iran.
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Introduction

The studied section is located in the eastern part of the Lut block (Iran). Lut Block represents an important
structural unit of the Central and Eastern Iran. The block extends for about 900 km in the north-south direction.
It is separated from the Flysch Zone of eastern Iran by the Nehbandan fault in the east, whereas the western
boundary with Central Iran is the Nayband fault and Shotori Mountains. Stocklin in 1968 believes that the Lut
block could be divided into two parts (eastern and western). Camel mountain range (Shotori Mountains) is
regarded as the boundary between two parts. Based on petrological properties, it is shown that the mentioned
parts are completely different from each other. Besides, various seismotectonic movements were seen in two
parts that make a difference between the two parts. Dasht-e-Lut includes volcanic rocks of the Tertiary system
with approximately 2000 m thickness. The volcanic rocks cover more than half of the Lut block.

Materials and methods

Seventy-two samples for the study of the calcareous nannofossils were collected from the argillaceous
limestone, pale- green marl at several different stratigraphic positions. Calcareous nannofossils were
prepared in 72 smear slides using the standard techniques described by Bown and Young (1998), and studied
under an Olympus Bx50 light microscope in parallel light and crossed Nicols with a magnification of 100x.
Digital images of nannofossil specimens were taken with a Sony digital camera. All calcareous nannofossil
specimens were identified by the taxonomic schemes of Perch-Nielsen, (1985) and Bown & Young (1998).
The biostratigraphic data were interpreted by the nannofossil zonation of Sissing (1977), commonly used for
the lower and upper Cretaceous in the Tethyan area.

Results and Discussion

In the studied samples, 55 species were identified. In most slides, the most common components of the
nannofossil assemblages are the Watznaueria, Nannoconus, Conusphaera, and Cyclagelosphaera genera. In
the studied interval, the CC1 — CC5 calcareous nannofossil zones of Sissingh (1977) were recognized in the
Deheshk section in eastern Iran. These biozones cover the Early Berriasian to Early Barremian in this
section. The appearance of species like N. colomii, N. dolomiticus, N. globulus, N. steinmannii minor, and N.
steinmannii  steinmannii with Lithraphidites carniolensis, Polycostella senaria, and Polycostella
beckmannii at the base of this section was remarked and corresponded to the CC1 Calcareous Nannofossil
Zone (Sissingh, 1977). The proposed biozones are arranged from the base to the top and they are
Nannoconus steinmannii Zone (CC1), Stradneria crenulata Zone (CC2), Calcicalathina oblongata Zone
(CC3), Cretarhabdus loriei Zone (CC4) and Lithraphidites bollii zone (CC5). Biostratigraphically,
nannofossil assemblages suggest that the studied succession belongs to the CC1l Zone to CC5 Zone
of Sissingh (1977) biozonation from the Tethyan province. According to this study and on the bases of
calcareous nannofossils, the age of Baghmeshah Formation in the Deheshk section is Early Berriasian to
Early Barremian.

Conclusion
In this study, 55 species belong to 26 genera of calcareous nannofossils were identified. Based on the present
species and their comparison to the Tethyan calcareous nannofossils, the age of the Early Berriasian to Early
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Barremian is suggested for the studied succession that equivalent to CC1 - CC5 Zones of Sissingh (1977)
biozonation.

Key words: Biostratigraphy; calcareous nannofossils; Baghamshah; Deheshk; Lut Block.
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Introduction

Kardeh catchment is a part of the Kopet-Dagh zone and contains a variety of lithological composition.
Mozduran and Shurijeh formations, Neogene and recent deposits form most of the outcrops in this area
(Nabavieh, 1998). In this study, considering the importance of Kardeh catchment area as sources of water for
the underground and surface water resources for drinking in the west of Mashhad, we have analyzed water
samples from each sub-catchment and conducted chemical analysis of rocks. The impact of harmful elements
in the river water, resulted from lithological erosion, in this basin are discussed. The water quality of the river in
terms of agricultural use, drinking, and industry usage is also investigated (Li & Zhang, 2008; Han et al, 2010).

Materials and Methods

In this study, 17 water samples and 9 rock samples were collected for analysis. For this reason, temperature,
pH, electrical conductivity (EC), total dissolved solids (TDS), concentration, and absorption of some ions
have been measured. Based on the results, to determine water quality for drinking, agriculture, and industrial
usage, we have made a comparison with the World Health Organization drinking water standards and data
from the Standards and Industrial Research Institute of Iran (Schuler, Wilcox, and Piper diagrams). Rock
samples have been analyzed by ICP method. Two polished thin sections were studied to determine the
composition of mineral components, using the Scanning Electron Microscope (SEM) equipped with EDS.

Discussion

Based on the analysis carried out in the Kardeh catchment, the maximum TDS is 863.35 mg/l in the Al area,
and the minimum is 571.95 mg/l in Karim-Abad. The maximum electrical conductivity (EC) is 557
microzimens/sec in the Al area, and minimum EC is 369 microzimens/sec in Karim-Abad. The highest
temperature of 24.6°C is related to the lake, and the minimum temperature measured is 10.3°C in the
Mareshk area. The results indicate that among cations, magnesium and potassium have the lowest
concentration, whereas sodium and calcium have the highest. Among anions, bicarbonate has the maximum
concentration, and sulfate the minimum. Petrographic studies indicate that carbonate and sandstone are the
main types of rocks in the study area. Carbonate facies are mainly dolomite, whereas sandstone facies are
sublitharenite and feldspathic litharenite with silica, carbonate, and iron oxide cements. Based on ICP
analysis, aluminum, calcium, iron, potassium, magnesium, and sodium are the main elements in the rock
samples. Mozduran (carbonate strata) and Shurijeh (siliciclastic strata) formations and also evaporative units
are the probable sources of water-soluble ions (Kazemi et al., 1395). Based on the results of the analysis of
water samples, the water is not suitable for industrial usage due to corrosion and precipitation of chemicals.
Also, according to the Schuler diagram, some water samples are not suitable for drinking. On the other hand,
according to the Piper diagram (Piper, 1944), the major water samples have good quality and contain sulfate,
chloride, and calcium as main ions. Thus, according to the Wilcox diagram (Wilcox 1995), the major water
samples are in class C2S1. So, based on the presence of slight salt in the water, therefore it is suitable for
agricultural use.

Conclusion
The main ions in the Kardeh water samples are sodium, calcium, magnesium, iron, sulfate, and carbonate.
Based on the analytical results, for drinking all samples are moderate to good, and are classified in class
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C2S1 of the Wilcox diagram. Although these samples are acceptable for agriculture, they are unacceptable
for industrial usage. Finally, based on the Piper diagram, the quality of water samples are in sulfate and
chloride groups. In the Kardeh catchment, the probable source of ions in water samples could be carbonate
and siliciclastic rocks as well as Neogene and recent deposits.

Keywords: Kardeh catchment; Khorasan Razavi; lithology; water quality.
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Introduction

Nakhlak Pb-(Ag) deposit, one of the oldest and largest Iranian lead deposits, is located at the Nakhlak
Mountain about 55 km NE of Anarak, a town in Isfahan Province, Iran. Lead ores are mainly hosted by open
space of fractures and normal faults in the Upper Cretaceous carbonate (Sadr unit). The style of mineralization
is stratabound and epigenetic, as shown by steeply east-west veins. Ore deposition in the Nakhlak deposit was
controlled by three main factors: 1) lithology, 2) stratigraphy, and 3) structure. These can be viewed as
fundamental controls of fluid transmissivity, either at the district or mine scale, that allowed the focusing of
fluid flow and created opportunities for depositional processes to occur (Leach et al., 2005).

Materials and methods

The Nakhlak Pb-(Ag) deposit is situated in the northwest corner of the Central Iran Structural Zone, which
contains the Anarak region. The Nakhlak deposit is on the eastern fringe of Nakhlak Mountain. This mountain
consists of pre-Triassic? ophiolites (Holzer and Ghasemipour, 1973; Alavi et al., 1997) and a Triassic
sedimentary succession (Nakhlak Group, which comprises the Alam, Bagoroq, and Ashin formations), Upper
Cretaceous (Sadr unit), and Paleocene (Khaaled unit) sedimentary cover. The Upper Cretaceous carbonate
rocks (Cenomanian to Campanian), crop out across a large area of Nakhlak and reach a thickness of 258 m
(Khosrow-Tehrani, 1977; Vaziri et al., 2005; Vaziri et al., 2012). The Sadr unit consists of conglomerates,
sandy limestones, calcareous sandstones, sandy dolostones, sandy-argillaceous limestones, sandy dolomitic
limestones, and reefal limestones that have been subdivided into five subunits based on their facies
characteristics (Rasa, 1987). The Sadr unit rocks exposed on Nakhlak Mountain represent marginal-marine,
shallow-shelf, and moderately deep marine environments (Vaziri et al., 2012).

Discussion and Conclusion

The Sadr unit displays suitable characteristics for mineralization such as the presence of reef and dolostone
facies and limestone to dolostone transition. The alteration of wall rock in the Nakhlak deposit is represented by
the dissolution of carbonate and hydrothermal carbonates deposition that widespread close to ore-body and
occurred from pre to syn- mineralization. There are three types of dolomite concerning mineralization, which
saddle dolomite is the most important type of them. MgO, Fe203(Fe total), MnO as well as Pb, Ba, and Zn are
enriched in altered wall rock and contrast with CaO is depleted. The positive relationship observed between the
intensity of the dolomitization process, concentration of ore- metals, and sulfide mineralization in carbonate
host rocks; suggesting that the migration of metal-bearing fluids was linked to hydrothermal processes. The
estimate of hydrothermal fluid nature of the Nakhlak Pb-(Ag) deposits hydrothermal dolomite indicate a
basinal brines (average 14.11 wt% NacCl eq.) and low temperatures (average 174 C), relatively equivalent with
ore-forming fluid. In the Nakhlak deposit, interaction of carbonate host rock with the ore-forming fluid of
mineralization process performed by feedback mechanisms. The suitable carbonate host rock (chemically and
physically) is main factor entering of hydrothermal fluid into the host rocks and mineralization causing the
dissolution of carbonate host rocks and increased formation of hydrothermal dolomite in the host rock, and
consequently, that dissolution and dolomitization increased permeability of the host rock for ore fluids and
allowed the deposition of additional ore minerals.
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Introduction

The Upper Red Formation (URF), with the age of Miocene, is mainly composed of clastic sediment
including interbedded marl, sandstones, and slightly conglomerate layers, as well as some, evaporate layers
mostly in lower parts of the formation. The lithology, color, and thickness of this formation are variable in
the different localities (Aghanabati, 2004). This formation is the only cap rock for the Qum Formation in the
Central Iran zone especially into the Sarajeh and Alborz gas-fields (e.g., Morley et al., 2008). The URF has
significant distribution in the northwestern of Iran and hosts significant Cu and Pb-Zn deposits (e.g.; Sadati
et al., 2016). The constituents of this formation, particularly in the sandstone layers, provide valuable
information about the sedimentary environment and the geodynamic location of this formation (Rieser et al.,
2005). In this research, based on the facies analysis (Miall, 1996, 2000), modal analysis and geochemical
data, sedimentary environment, and tectonic setting of these clastic layers in Chehrabad deposit section,
northwest of Zanjan, are interpreted.

Materials and methods

This research is based on a detailed study of lithology, sedimentology, and geochemical data of the URF.
During field observations, the thickness of sandstone layers and their colors were clearly defined. To
interpret the sedimentary environments of this formation, a detailed lithofacies have been analyzed during
this study. Lateral and vertical variations in all layers have been considered. About 23 thin sections from
collected samples are studied by a polarizing microscope at the University of Zanjan. In each thin section,
the 250-points, based on the Gazzi-Dickinson method, were counted. To investigate the tectonic setting of
these sandstones, 9 samples with the least amount of weathering and calcium carbonate were selected for
geochemical analyses by XRF methods.

Discussion

Chehrabad area is located in the northeast of Mahneshan, approximately 75 km, northwest of Zanjan. Rock
units exposed in this area belong to the Lower Red, Qom, and Upper Red formations. The thickness of the
URF in this area is about 980 m and consists mainly of three main units. These units, from bottom to top,
consist of evaporate layers, alternation of mudstone and grey to red sandstone, and finally mudstone with
interbedded gypsum layers with a thickness of 235, 590, and 155 m respectively. The studied sequence is a
part of the middle portion of the URF, with 231 m thickness and has the highest amounts of sandstone layers.
Based on the field observation, the middle parts of the formation including seven gray to red color sandstone
beds which are alternate with the red mudstones. The sandstones in the Chehrabad area are grey to red and
have poor imbrication. According to the sorting and roundness parameters of the grains and also the low
amounts of clay matrix (less than 5%), these sandstones are perhaps to be mature in terms of texture
maturity. Based on the types of sandstone grains and the Folk (1980) classification, the URF sandstones in
the study area is classified as feldspathic litharenite to litharenite. Facies analyses, the color of layers,
presence of cross-bedding and plant fragments, lack of gravel grains, all represent an oxidized continental
environment, such as a fluvial system with a highly sinuous channel (meandering river). Also, the presence
of symmetric ripple marks and marine trace fossils indicate that the sedimentation of some parts of this
formation has taken place to a tidal condition and most likely close to the coastal environment. Besides,
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based on field studies and facies analysis, identified lithofacies in Chehrabad area include FI, Sm, Sh, Sr, Sp,
St, and Fm. According to the characteristics of each facies and based on the method of Miall (1996), these
sandstones were deposited in fluvial and tidal depositional systems. The results of petrography and
geochemical studies have been used to interpret the tectonic setting of sandstones in the middle parts of the
URF. Based on triangular diagrams of Dickinson and Suczek (1979) (Qt-F-L) and Ingersoll and Suczek
(1979) (Qp-Lvm-Lsm and Lv-Lm-Ls), also using binary variables graphs of Bhatia (1983) and Roser and
Korsch (1986), the tectonic setting of these sandstones is active continental margins and probably foreland
basin.

Conclusion

The URF in the Chehrabad area consists of 3 parts and the thickness of the middle part of this formation is
about 231 m, with 7 sandstone layers, which alternation with red mudstone beds. Based on microscopic
studies, these sandstones are classified as feldspathic litharenite to litharenite. Based on the field evidences
and the presence of cross-bedding, plant fragments, lack of gravel grains, symmetric ripple marks, presence
of trace fossils, and also the type of facies, seven lithofacies (including FI, Sm, Sh, Sr, Sp, St and Fm( are
recognized. The data obtained from point-count and geochemical studies clearly show that the tectonic
setting of these sandstones in the Chehrabad area is an active continental margin.
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Introduction

Sarvak Formation is one of the units in the Bangestan lithostratigraphic group with Albian-Turonian age.
The shallow sea at the end of the Albian to Cenomanian time has deposited large amounts of the shallow
marine carbonates (Sarvak Formation) over a large area of the Zagros basin (Motiei, 1995). The Sarvak
Formation has two different facies. At the type section and coastal Fars, shallow marine facies of this
formation mostly formed while in the Lorestan area, the facies are belonging to deeper water (Motiei, 1995).
The Sarvak Formation is a reservoir of hydrocarbon in the Zagros sedimentary basin. Therefore, a detailed
study of this formation, based on microfacies and sequence stratigraphy, will provide useful and valuable
information for further exploration in this basin. The purpose of this study was to evaluate the
biostratigraphy, microfacies, depositional environment, and sequence stratigraphy of the Sarvak Formation.

Methods and Results

To approach the objectives of this research, two stages have been taken: Preparation of 195 thin sections
from drill cores and cuttings (National South Qil Company), then Laboratory studies of thin sections
prepared by binocular microscopy and identification of allochems and orthochems and the preparation of
photomicrographs. The identified biozones correspond to biozones named after Wynd (1965). In this study,
Flugel (2010) method used to describe the microfacies, and also Reading (1996) and Dunham (1962)
methods used to determine rock texture and nomenclature Identification, photography and the creation of the
Atlas of microfossils, their distribution in stratigraphic column, representation of identified biozones, and
sedimentary sequence lithology in the studied area has been made possible through the study of graphs and
logs, thin sections, and the use of various research satellites such as Bolli (1945; 1959; 1966), Postuma
(1971) and Caron (1983). Sequence stratigraphy of the Sarvak Formation has been studied based on
sequence stratigraphic methods and principles (Haq et al., 1987; Van Wagoner et al., 1988; Emery and
Myers, 1996; Simmons et al., 2007).

Results and Conclusion

Based on this study, 5 genus and 2 species of pelagic microfossils and 25 genus and 28 species of benthic
microfossils were identified. Therefore, three biozones including Nezzazata - alveolinids assemblage zone #
25, Rudist debris zone # 24, and Oligosteginid flood zone # 26 were introduced that are corresponding to the
biozones introduced by Wynd (1965). Based on the studied faunal assemblage, the age of the Sarvak
Formation is from Cenomanian to Turonian in the studied wells. The upper boundary of the Sarvak
Formation with the Gurpi Formation is discontinuous due to the presence of glauconitic nodules at the base
of the Gurpi. According to the regional geology of this area and information from the studied wells, the llam
Formation and the 30th Wynd Biological Zone (Wynd, 1965), as well as the biodegradation of Wynd (1965)
at the top of the Sarvak Formation, are absent. The drilling has not reached to the base of the Sarvak
Formation, therefore the lower boundary is not clear. 7 microfacies identified in the Sarvak Formation in the
studied wells. These microfacies are formed in 3 main facies belts including 1- open sea, 2- shoal, and 3-
lagoon. Investigation of carbonate rocks of the Sarvak Formation in the study area shows that the
sedimentary environment of the Sarvak Formation in the studied field was a shallow carbonate platform of
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the carbonate ram type. The Sarvak Formation in the study area consists of 1 complete sedimentary sequence
and 2 incomplete sequences, which are generally HST and TST in the studied sections. The HST facies in
this sequence originate from a variety of marine microfacies and finished with the lagoon. The TST facies is
mainly related to the open marine. Finally, the HST facies is related to the inner and middle parts of the
platform; while the TST facies is related to the outer and middle parts of the platform.
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Introduction

During the Silurian and Devonian time, some parts of Iran, including Central Iran, Alborz and Sanandaj-
Sirjan basins, along with the Turkey and Afghanistan plates had been connected to the Arabian and African
plates; located on the northwestern margin of the Gondwana and southern Paleotethys (Berberian and King,
1981; Husseini, 1991; Sharland et al., 2001; Ruban et al., 2007; Al-Juboury and AL-Hadidy, 2009). The
Devonian deposits represent a considerable distribution in Tabas Block and Central Iran. During the
Devonian time, the Iranian platform was located in the southern hemisphere, near 30° latitudes. Outcrops of
the Upper Paleozoic around Isfahan region mostly limited to the northern Isfahan (Soh and Natanz districts,
Najhaf, Negeleh, Varcamar, North Tar, east Kesheh sections; Bahrami et al., 2015), Northeast of Isfahan
(Zefreh, Chahriseh, and Dizlu sections; Konigshof et al., 2016) and south of Isfahan (Shahreza—Ramsheh
area; Bahram et al., 2014). To investigate the microfacies and sedimentary environment of Bahram
Formation in southeastern Anarak, Kuh-e-Bande- Abdol-Hossein section was selected and studied. Kuh-e-
Bande-Abdol-Hossein section is located about 32 km southeastern Anarak and northeastern Isfahan in E: 53°
52' 55" and N: 33° 10" 90 " coordinates. The Anarak route toward Khur is the way to the section; after two
kilometers, through a 25 km long unpaved road, the study section could be accessed.

Materials and Methods

To study the sedimentary environment and identify the sedimentation process during the Middle and Upper
Devonian Kuh-band-e-Abdolhossein section in the Anarak region, 230 thin sections and a few polished slabs
were prepared and process with laboratory techniques to study and identify the skeletal and non-skeletal
components, texture and other microscopic characteristics. Microfacies textures were identified according to
Dunham (1962), Embry and Klovan (1971) schemes, and also the further standard models of Wilson (1975)
and Flugel (2010) have been used. To distinguish calcite mineral from dolomite, all samples were stained by
Alizarin red S solution (Dickson, 1965).

Discussion

The Bahram Formation in this section is 366 m thick and lithologically is composed of thin to thick-bedded
limestone, an alternation of limestone and thin-bedded shale, sandy limestone, and marly limestone. Based
on facies changes and petrological properties, 16 microfacies were identified in this section. Investigation of
the identified facies indicates the deposition of these microfacies has taken place in a carbonate ramp during
the Middle and Late Devonian time in the study section in the Anarak region. Based on vertical and lateral
microfacies variations and their comparison with the sea level changes’ curve, sequence stratigraphic studies
of the Bahram Formation led to the identification of seven fourth-order sequences in the study section.
According to the obtained data, the first and the seventh sedimentary sequences are as parts of complete
sedimentary sequences, while second to sixth sedimentary sequences are complete sequences including
transgressive system tracts, high stand system tracts, and maximum flooding surface as well as sequence
boundaries.
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Conclusion

The Bahram Formation in the Kuh-e-Bande-Abdol-Hossein section, SE Anarak with a thickness of 366 m is
composed of thin to thick-bedded limestone, an alternation of limestone and thin-bedded shale, sandy
limestone, and marl limestone. Microfacies analysis has led to the recognition of 16 microfacies and their
lateral and vertical distribution show that carbonates were deposited on a ramp type carbonate platform.
Storm deposit or very slight steepened slope resulted in the deposition of very rare redeposited fine-grained
bioclasts in the deeper part of the platform. According to the sequence, stratigraphy analysis seventh fourth-
order depositional sequences are recognized in the Bahram Formation. Microfacies analysis indicates that
this section shows rather deeper paleoenvironments in comparison to the previously studied sections of the
Bahram Formation in Central Iran.

Keywords: Bahram Formation; microfacies; sedimentary environment; sequence stratigraphy; Upper
Givetian-Upper Famennian; Kuh-e-Bande-Abdol-Hossein.
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Introduction

The Sanganeh Formation is one of the Early Cretaceous formations which is deposited in the Kopet-Dagh
sedimentary basin. It is investigated from palynofacies and palaeoecological points of view in the Amir Abad
stratigraphic section. This formation has a thickness of 530 m and is mainly composed of dark grey shales. It
contains septarian nodules as well as cone-in-cone structures with ammonite in some horizons. The
Sanganeh Formation overlaid the Sarcheshmeh Formation and is distinguished by a limestone rich-in fossil
and is gradually underlain by the Aitamir Formation. Sanganeh Formation in the Amirabad section is located
at 36034° northern latitude and 600 5’ eastern longitude 852 meters above sea level, in Amirabad village
along Mashhad Kalat road.

Discussion

50 samples were systematically collected from the Sanganeh Formation. The traverse method (Traverse
1998) was used to produce Palynological slides. About 40 grams of each sample was cleaved and washed
carefully and kept in 20% concentration HCL for 24 hours and afterward 24 hours in 40% concentration HF.
Furthermore, samples were boiled in 20 concentration HCL for 20 minutes and sieved using 20-micron
nylon sieve. Moreover, to separate palynomorphs from heavier materials, samples were centrifuged with a
zinc chloride solution between 1.9 to 2 densities. Fensome and Williams (2004), Fensome et al., (2008),
Slimani et al. (2008, 2010, 2011), were used for categorizing and identification of dinoflagellates species.
The following species are the most important dinoflagellates that were identified from analysis of
Palynological slides from Sanganeh Formation:

Achomosphaera neptuni- Astrocysta sp.- Batiacasphaera sp.- Cerbia tabulate- Cleistosphaeridium sp.-
Cribroperidinium sp.- Cribroperidinium orthoceras- Cymososphaeridium sp.- Coronifera oceanica-
Diconodinium sp.- Endoscrinium campanula-  Eucladinium sp.- Fromea amphora- Gardodinium
trabeculosum- Hystrichosphaeridium sp.- Kiokansium polypes- Odontochitina sp.- Odontochitina
operculata- Oligosphaeridium albertense- Oligosphaeridium cf. fenestratum- Oligosphaeridium complex-
Oligosphaeridium pulcherrimum- Oligosphaeridium sp.- Pseudoceratium polymorphum- Pseudoceratium
retusum- Spiniferites sp.- Spiniferites ramosus.

From the identified fossils and different Palynological elements, three species of palynofacies were
identified: 1) Highly proximal shelf or basin, 2) Marginal dysoxic - anoxic basin, 3) Proximal suboxic-anoxic
shelf. A good interpretation of the environments can be obtained, using the data from Palynological Facies
and the study of some conservation factors of organic materials. These results are obtained from the
combination of quantitative and qualitative criteria. Most important factors are listed below:

Fraction of transparent AOM to opaque AOM: This factor demonstrates the less oxygen or low oxygen
(in very few slides) conditions during sedimentation.

Lability factor: The Lability factor for the Sanganeh Formation samples shows low levels of Lability factor,
due to lack of existence or low existence of brown palynomacerals trace in these samples. This indicates that
deposition has taken place far from shore, far from source, and extremely in the low oxygen conditions.
Transparent AOM to fraction of marine palynomorphs fraction and opaque AOM to marine
palynomorphs fraction: Increases from AOMt to MPs is an indicator of low oxygen or oxygen-free
conditions and slow sedimentation rate, also decreases from AOMop to MPs is an indicator of low oxygen
conditions during sedimentation in Sanganeh Formation.
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Opaque same dimension Palynomaceralto Spiky Palynomaceral fraction: In general, a high fraction of
PMA4R to PM4B is an indicator of sedimentation in deeper parts of the basin.

Corate to proximate Dinoflagellate fraction, proximocorate to cavate (C/PPC): High occurrence of
proximate, cavate, and proximocorate Dinoflagellate is an indicator of shallow sedimentation in this
Stratigraphy Section. (Vajda 2003; Ghasemi-Nejad et al., 1999).

Conclusion

From the study of identified Palynological slides from the Sanganeh Formation, Three kinds of Palynofacies
were recognized and dominant environmental conditions were the quasi airborne and low energy during
deposition of this formation. Also, it has shown that the basin of Sanganeh Formation was varied from inner
Neritic to outer Neritic and shows that low oxygen or oxygen-free conditions occurred during sedimentation.

Keywords: Palynomorph; Palynofacies; Kopet Dagh; Sanganeh Formation; Amir Abad.
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