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1964 Burtinella spirulaea (Lamarck) - Karagjuleva, 143, Tabl.
41, Figs. 11a-11b

1964 Serpula (Rotularia) spirulaesa - Kochanskydevidé, 198,
Fig. 261.

1968 Vermetus spiruleus (Lamarck, 1802) - Zelinskaja,
Kulienko, Makarenko & Soroan, 32

1980 Tubulostium spirulaeum (Lamarck), 1818 - Kecskeméti-
Kormendy, 46, 155, Tab. 13, Figs. 1-11

1988 Rotularia spirulaesa (Lamarck) - Hagn & Schmid, 62,
Taf. 9

1990 Tubulostium spirulaeum (Lamarck) - Malaroda, 219, Fig.
248 al-a2

1992 Rotularia spirulaea (Lamarck) - Hagn, Darga & Schmid,
144, Taf. 33

1996 Rotularia spirulae (Lamarck) - MOOSLEITNER, Tafel
Paz 2, Fig. 9

1998 Rotularia spirulea (Lamarck) - Schultz, 24, Taf. 4, Fig. 1

2000 Serpula spirulaea Lamarck - KLEPA~, 257- 258

2003 Rotularia spirulaea (Lamarck, 1818) - Klepa, 504-505,
Figs. 146 A-C.

5P S Sose 4 ) Sd e
):JMJKQ\J@lf):;%Lchbu
Tl b s piites 0 ol i Ypame JolS (glas o
‘_;Lbr;v\_&) u}.;‘-\_’b‘ J;-‘JA)J el ‘_;‘oj_i‘.!c]a;u
Al e S b s S 4 ST L
&)Lﬁ(aﬁéu%}ujag'\’)‘w)t}h&‘f)bw

0 JS8) dub o drw 5 (Glambe

S5 o gl 49 23
Rotularia s si- p S Slasia sl Ao s Sl S s
4 5 (Chamberlin, 1919 Benini et al., 1988) jl 43 5 ,

el 25
Phylum: Annelida Lamarch, 1809
Class Polychaeta Grube, 1850

Order: Sabellida Fauchald, 1977

Family: Serpulidae Burmeister, 1837
Subfamily: Spirorbinae Chamberlin, 1919

Genus: Rotularia Defrance, 1827

Rotularia spirulaea (Lamarck, 1818)
Plate 1, 1-35; Plate 2, 1-30

1820 Serpulites nummularius - Schlotheim, 97, Taf. 29, Fig. 11

1848 Serpula spirulaea Lamarck - D’archiac, 452

1863 Serpula spirulaea Lamarck - Schafhdutl, Taf. 53, Figs.
la-c, 2a-c

1895 Serpula (Rotularia Defr.) spirulaesa Lamarck - Zittel,
205, Fig. 404 h

1901 Serpula (Rotularia) spirulaesa Lamarck - Oppenheim,
277, Taf. 18, Fig. 15

1906 Serpula spirulaea Lamarck - Felix, 96, Fig. 250

1909 Serpula (Rotularia) spirulaea Lamarck - Toniolo, 256

1918 Serpula spirulaea Lamarck - Toula, 426, Taf. 25, Fig. 32.

1949 Serpula spirulea - Petkovi, 156, Tab. 26b, sl. 1

1952 Serpula spirulaea Lamarck - Roger, 184, Fig. 21 1955
Rotularia spirulaea (Lamarck) - Schmidt, 75, Taf. 8, Figs.
15-19

1957 Seripula spirulaea Lamarck - Petkovi, 237, Tab. 42, sl. 2
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Plate 1
1-35: Rotularia spirulaesa Lamarck, 1818, dorsal, apertural and umbilical views; Soh area (NW Isfahan), Sarakeh Syncline, Rock

unit 1, 18 meters far from the base of the Eocene deposits (All figured specimens are housed at the Department of Geology, Faculty
of Science, University of Isfahan under acronyms of EUIC).
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Plate 2
1-30: Rotularia spirulaea Lamarck, 1818, dorsal, apertural, umbilical and cross section views; Soh area (NW Isfahan), Sarakeh

Syncline, Rock unit 1, 18 meters from the base of the Eocene deposits.
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13- Levee
14- Flood prone area
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Avulsion Sinuosity growth Cutoff Lateral migration
Period Length Period nl;cfgi%itgd Period rrll_c?gi?‘itgd Period Surface modified
(yn) modified (m) on (m) n (m) vy (m)

1981-2015 102.0 1991-2015 114.3 1981-2015 128.9 1991-2015 109.2
1981-2015 105.6 1981-2015 149.1 1991-2015 114.9 1981-2015 103.5
1981-2009 193.6 1981-2015 52.90 1991-2015 186.3 2002-2009 159.
1981-2015 80.50 1981-2009 71.40 2002-2015 72.50 1981-2015 54.60
1981-2015 3345 1981-2015 81.00 1991-2015 181.9 1981-2015 129.6
1981-2015 154.0 1981-2015 60.20 2009-2015 1275 2009-2015 92.10
1981-2015 76.00 1981-2009 95.50 2002-2015 86.50 2002-2009 181.8
1981-2015 101.4 1981-2015 82.60 1981-2015 89.20 2002-2015 120.7
1981-2015 296.2 1981-2015 53.80 1991-2015 86.90 1981-2015 63.30
1991-2015 2885 1981-2009 37.50 1991-2015 242.6 1981-2009 111.6
1991-2015 249.3 1981-2015 73.50 1981-2015 88.50 1991-2002 94.70
1981-2015 145.2 1991-2015 64.70 1981-2015 55.50 1991-2015 131.4
1981-2015 374.6 1981-2015 86.60 2002-2015 68.00 2002-2015 147.7
1981-2015 404.7 1981-2002 66.50 1991-2015 25.20 1981-1991 66.50
1991-2015 429.9 1991-2002 1455 2002-2015 146.0 2002-2009 106.9
1991-2015 575.6 1981-2015 1825 1981-2015 107.7 1981-2015 46.90
1981-2015 409.9 1981-2015 107.8 2009-2015 46.20 1981-1991 74.90
1981-2015 100.2 1981-2009 101.0 2009-2015 52.00 1981-2002 75.00
1981-2015 120.5 1981-2015 86.50 2002-2009 42.00 1981-2015 61.00
1981-2015 195.9 1981-2015 47.00 1991-2015 161.2 1981-1991 81.70
1981-2015 80.70 1991-2015 38.00 2002-2015 54.00 1981-2009 90.80
1981-2015 73.70 1981-2015 74.7.0 1991-2015 62.00 1981-2002 55.70
1991-2015 120.7 1981-2009 73.50 2009-2015 145.2 1981-2015 43.40
1981-2015 85.10 1991-2002 82.60 - - 2009-2015 37.60
1981-2015 52.50 1981-2015 85.80 - - 2002-2009 57.30
1981-2015 62.70 1981-2015 59.50 - - 2009-2015 57.20
1981-2015 100.3 1981-2009 54.80 - - - -
1991-2015 230.2 1981-2009 44.20 - - - -
1991-2015 55.70 - - - - - -
1991-2015 77.00 - - - - - -
1991-2015 2345 - - - - - -
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parameter Year/period G ST Slles
Khooban | Baghkalayeh | Rajaeedasht Lat
1985 - 1214.32 971.92 -
1992 - 1213.77 977.47 -
2002 - 1214.89 971.84 -
Average bed elevation (m) 2006 1543.63 - - 755.46
2007 - 1214.13 971.81 -
2010 1543.88 1214.80 971.98 754.67
2014 1544.20 1215.32 973.15 754.66
1985-1992 - -0.55 5.55 -
1992-2002 - 1.12 -5.63 -
Magnitude of bed aggradation or degradation (m) | 2002-2006/2007 - -0.76 -0.03 -
2006/2007-2010 0.25 0.67 0.17 -2.78
2010-2014 0.32 0.52 1.17 +1.98
parameter Year/period Khooban | Baghkalayeh | Rajaeedasht Lat
1985 - 1215.70 972.80 -
1992 - 1215.90 972.76 -
2002 - 1216.20 974.00 -
Average water level (m) 2006 1544.25 - - 756.30
2007 - 1215.00 973.00 -
2010 1544.96 1215.95 972.96 753.61
2014 1544.46 1215.54 973.50 755.10
1985-1992 - 0.20 -0.04 -
1992-2002 - 0.30 1.24 -
Periodic difference in average water level (m) 2002-2006/2007 - -1.20 -1.00 -
2006/2007-2010 0.71 0.95 -0.04 -2.64
2010-2014 -0.50 -0.41 0.55 1.49+
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Plate 1

1-2) Sphenolithus conicus Bukry, 1971 (Fig. 1: 0°, Fig. 2: 45°); 3-4) Sphenolithus disbelemnos Fornaciari & Rio, 1996 (Fig. 3: 0°, Fig. 4: 45°); 5-6)
Sphenolithus belemnos Bramlette & Wilcoxon, 1967 (Fig. 5: 0°, Fig. 6: 45°); 7-8) Sphenolithus heteromorphus Deflandre, 1953 (Fig. 7: 0°, Fig. 8:
45°); 9-10) Sphenolithus tintinnabulum Maiorano & Monechi, 1997 (Fig. 9: 0°, Fig. 10: 45°); 11-12) Sphenolithus dissimilis Bukry & Percival, 1971
(Fig. 11: 0° Fig. 12: 45°; 13) Cyclicargolithus floridanus Bukry, 1971 (XPL); 14) Braarudosphaera bigelowii Deflandre, 1947 (XPL); 15)
Micrantholithus sp. Deflandre in Deflandre & Fert, 1954 (XPL); 16) Hayella challengeri Theodoridis, 1984 (XPL); 17- 18) Cryptococcolithus
mediaperforatus Varol, 1991 (Fig. 17: XPL, Fig. 18: GP); 19) Pontosphaera multipora Roth, 1970 (XPL); 20) Pontosphaera wallacei Persico &
Villa, 2013 (XPL); Scale bar= 2 um, XPL= Cross Polarizing Light, GP= Gypsum Plate.
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Plate 2

1) Reticulofenestra minuta Roth, 1970 (XPL); 2) Reticulofenestra hagii Backman, 1978 (XPL); 3) Reticulofenestra pseudoumbilicus Gartner, 1969
(XPL); 4) Coccolithus pelagicus Schiller, 1930 (XPL); 5) Helicosphaera euphratis Hag, 1966 (XPL, Fig.5: 45°); 6-7) Helicosphaera
intermedia Martini, 1965 (Fig. 6: XPL, Fig. 7: GP); 8- 9) Helicosphaera carteri Kamptner, 1954 (Fig. 8: XPL, Fig. 9: GP); 10-11) Helicosphaera
ampliaperta Bramlette & Wilcoxon, 1967 (Fig. 10: XPL, Fig. 11: GP); 12-13) Helicosphaera scissura Miller, 1981 (Fig. 12: XPL, Fig. 13: GP); 14-
15) Hughesius tasmaniae de Kaenel & Villa, 1996 (Fig. 14: XPL, Fig. 15: GP); 16-17) Hughesius gizoensis Varol, 1989 (Fig. 16: XPL, Fig. 17: GP);
18) Discoaster deflandrei Bramlette & Riedel, 1954 (Fig. 18: QP); 19-20) Discoaster cf. druggii Bramlette & Wilcoxon, 1967 (Figs. 19-20: QP);
Scale bar=2 pm, XPL= Cross Polarizing Light, GP= Gypsum Plate, QP= Quartz Plate.
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Qmp JS 5,ls5 :Qt «Ingersoll, 1984) s wiSoo - (655 (g, 4 (S dwlo Y A (gl) S5U ahaiie Y (g las ails 31 Jol> slaosls 1) Jgax
:SRF (i slros > RF daslwals Elgsl F (oo gl b leS :Qoe (opiinns (gals b 3598 Qse (S 9k w3 lsS Qpq (S 9k ST ,leS
Sl o S5 0P 5 & yz (Ch ¢ )31 K 03,5 VRF (G55 5o Sws 00,5 MRF (g S 00 5

Qt Qmp Qpq Qpg2-3 Qpg>3 Qse Qoe F RF SRF MRF VRF ch Op Sorted Rounded Faces
TS1-1 19.8 53.7 453 23.42 20.19 80.29 21.29 39.29 42.79 5.44 0 39.33 0 34.42 poor poor Feldspatic
TS1-2 20.4 54.2 46.3 26.38 17.08 77.18 18.18 36.18 39.68 5.83 0 36.9 0 32.41 poor poor Feldspatic
TS1-3 18.3 58 425 26.1 20.93 81.03 22.03 40.03 4353 4.48 0 34.02 0 30.67 poor poor Feldspatic
TS2-1 12.96 57.7 41.3 13.05 29.05 78.05 20.95 11.45 74.7 24.7 0 49.2 0 24.97 poor poor Volcarenite
TS2-2 | 12.06 61.6 44.6 13.35 32.35 81.35 20.25 10.75 74 24 0 485 0 23.65 poor poor Volcarenite
TS2-3 11.73 56.2 38.6 10.35 26.35 75.35 24.05 14.55 77.8 27.8 0 52.3 0 24.13 poor poor Volcarenite
TS3-1 7.2 91.55 9.2 7.37 3.17 89.51 12.19 17.01 71.99 13.64 0 57.94 0 24.36 Moderate Moderate Volcarenite
TS3-2 6.14 91.68 8.45 5.63 271 83.64 11 19.3 74.09 11.36 0 59.61 0 25.84 Moderate Moderate Volcarenite
TS3-3 6.91 89.02 10.1 6.5 2.37 91.6 12.06 17.69 79.67 125 0 70.7 0 203 Moderate Moderate Volcarenite
TS4-1 9.72 95.53 4.8 2.3 2.8 95.3 5.3 13.55 71.35 5.3 0 71.84 0 31.47 Moderate Moderate Volcarenite
TS4-2 9.65 101.4 63 2.8 33 95.8 5.8 14.05 78.05 5.8 0 68.2 0 28.43 Moderate Moderate Volcarenite
TS4-3 9.13 89.6 34 0.9 14 93.9 3.9 12.15 82.35 3.9 0 76.71 0 33.1 Moderate Moderate Volcarenite
TS5-1 5.07 69.9 29.4 10.1 17.9 61.6 39.6 8.2 86.1 4.7 0 82.6 0 17.1 Moderate poor Volcarenite
TS5-2 5.13 69.57 27.1 9.8 15.6 57.3 373 6.5 83.8 33 0 80.3 0 21.03 Moderate poor Volcarenite
TS5-3 4.8 71.13 329 14.6 214 61.1 431 10.8 89.6 25 0 86.1 0 18.12 Moderate poor Volcarenite
TS6-1 13.44 91.3 0 0 0 95.47 2.01 19.54 71.38 2.7 0 775 0 22.08 poor poor Volcarenite
TS6-2 12.2 113.2 0 0 0 100.2 3.19 15.16 69.14 213 0 67 0 19.67 poor poor Volcarenite
TS6-3 | 14.11 95.52 0 0 0 95.3 3.8 14.8 70.23 1.92 0 59.5 0 25 poor poor Volcarenite
TS7-1 9.11 102 0 0 0 114.6 0.67 7.32 100.4 1.08 0 99.35 0 53.6 Moderate poor Volcarenite
TS7-2 7.86 101 0 0 0 81 1.01 8.19 66.75 1.12 0 65.75 0 20 Moderate poor Volcarenite
TS7-3 7.03 97 0 0 0 101.4 1.32 6.24 87.15 0.8 0 86.15 0 40.4 poor poor Volcarenite
TS8-1 9.28 93 5 3.5 2 88 11.13 271.2 67.25 1.79 0 65.75 0 24.87 poor poor Volcarenite
TS8-2 9.12 92 63 3.8 2.3 88.3 133 24.55 67.55 0.9 0 66.05 0 25.03 poor poor Volcarenite
TS8-3 10.1 101.5 3.2 1.7 0.2 86.2 13.07 19.5 65.45 181 0 63.95 0 26.6 poor poor Volcarenite
Cnglomerate
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M= Metamorphic clasts

S= Ssedimentary clasts
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IGNEOUS CLAST
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Plutonic igneous clasts
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RHYOLITE, DACITE,
CONGLOMERATE

METAMORPHIC
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POLYMICT
CONGLOMERATE
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Felsic volcanic
clasts
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SUsl o8 el gldy Jals VA

Oy mie il 8l Uy, SI02 L (TIO2 5 AlO5

(Y Jads) dias o OLES 1y (glo3 28 ylws g5 Wb
K20 Na;0 Fe;03) Lo NSV g R g U -

ailaie j0 adllae o)50 Il 5l (Siwanle aiges V0 oleowissy 3T bl 1Y Jgom

Sample | TS2-1 TS2-2 TS2-3 TS4-1 TS4-2 TS4-3  TS5-1

TS5-2  TS5-3  TS7-1 TS7-2 TS7-3 TS8-1 TS-2  TS8-3 | Average

% | si02 | s481 559 563 5202 5203 5092 5147 5156 5093 5163 5483 526 5914 5308 5581 | 53.542
% | A2O3 | 1795 1691 17.16 1691 1678 1698 1539 1725 1737 1521 1536 1545 1586 178 1701 | 16.626
% | Fe203 | 611 648 751 718 742 708 983 939 901 833 713 743 59 623 596 | 7.406
% | Ca0 621 643 638 861 853 842 805 711 773 972 852 882 618 692 592 757
% | Na20 | 491 487 480 425 419 434 418 407 402 481 361 391 416 564 526 | 4474
% | K20 084 058 056 0.9 076 086 132 038 1 222 102 132 071 06 064 | 0014
% | Mgo 173 151 144  le4 172 177 276 182 244 264 144 174 18 213 198 1.906
% | Tio2 071 084 0703 0803 0832 0816 1519 1079 0699 082 0924 0974 0806 0647 077 | 08628
% | MnO | 0121 0112 0112 0167 0098 0167 0.145 0208 0.154 0047 0.197 0137 0.3 0132 0083 | 0134
% | P205 | 0188 0.165 0097 0176 0.37 0125 0.183 0246 0.192 0086 0246 0.196 0201 0164 0214 | 0.1744
% | so3 0011 0014 0002 0018 0002 0007 0008 0019 0009 0017 0026 0023 0014 0016 0006 | 0.0128
% | LOI | 623 564 48 708 731 778 511 628 631 418 597 737 506 623 608 | 6008
% | Sum | 9982 99.451 99.904 99854 99.809 99365 99.065 99412 99.864 9971 99273 99.97 99.991 99.580 99.733 | 99.72
ppm |l 105 108 108 9% 103 98 89 86 89 101 105 97 99 110 115 100.6
ppm | Ba 996 970 908 512 496 492 680 665 686 742 711 758 891 843 921 7514
ppm | Sr 679 711 713 619 641 657 598 601 604 619 609 632 668 679 699 | 6486
ppm | Cu 51 57 48 72.5 70 73.5 42 47 46 38 41 44 62 51 55 53.2
ppm | Zn 64 75 71 69 75 78 78 83 82 70 69 62 75 64 68 722
ppm | Pb 24 3R 31 20 17 17 9 14 13 103 118 97 37 26 30 39.2
ppm | Ni 51 46 50 52 49 49 43 48 47 44 53 47 52 41 45 478
ppm | Cr 53 42 40 51 48 48 60 65 64 91 100 94 48 37 41 58.8
ppm |V 147 160 170 179 171 166 248 24 254 172 181 175 168 157 161 182.2
ppm | Ce 49 5 55 83 80 80 51 43 50 61 70 64 49 38 42 57.8
ppm | La 35 28 30 27 24 24 16 20 15 20 29 23 17 15 13 224
ppm | W 07 1 13 1 8 8 15 2 25 1 1 1 15 1 05 28
ppm | Zr 224 218 209 189 194 190 174 186 189 187 199 196 226 207 209 199.8
ppm | Y 24 21 21 18 23 19 18 195 225 20 29 23 18 27 21 216
ppm | Rb 31 26 24 33 38 34 28 30 41 42 51 45 24 33 27 33.8
ppm | Co 8 5 5 9 14 10 9 8 10 4 5 6 5 9 7 7.6
ppm | As 19 32 21 15 20 16 29 37 39 99 112 134 40 49 43 47
ppm | U 23 19 18 2 1 3 1 1 1 15 2 25 1 1 1 1.6
ppm | Th 15 3 15 10 6 8 6 5 4 2 2 2 1 1 1 3.6
ppm | Mo 1 1 1 1 3 2 15 1 0.5 3 1 2 1 3 2 1.6
ppm | Ga 15 17 16 14 13 18 18 15 12 15 19 17 13 22 16 16
ppm | Nb 5 6 4 8 5 8 7 9 8 3 4 8 1 3 2 54

ol ol i (F Jsi>) (Rudnick & Gao, 2003
A3 g 032 YL s MGO 5 Ca0 5,50 )5 Sute i
dpyd )LLE.A L_: 4_.‘%\2.4 BE AN .E_A.ujla Lv CaOo Lf’-))
&‘Yl_{@o)u L 93 3 Jﬁ—”'{‘u_'i‘ ,la_..-:_’:.ﬁu_;)j
{.S dl A s e a.x_uf.xﬁ;ls 4(C&O(ucc)= 4.2 Wt%)

ol andllan 35 90 D gy 53 LS Olass

ST o 5145 s o O pbeod Gl LT ol
0F/+\ L OVYY S35 4o y3 L SIO2 dnST ¢ ol juolic
1y andllae 35 50 lacKiw anle ol G slgr 50,50
e 1 OF/OF Lo z0) OT Hldde 5 das o JSi5
(CUU) YL (sloylb a gy 35392 g0 Lo sie
¢McLennan, 2001 ¢Taylor & McLennan, 1985)
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Si02 AI203 Fe203 CaO Na20 K20 MgO TiO2 MnO P205 SO3
Sio2 1
Al203 | 0.33 1
Fe203 | 0.82 0.28 1
CaO 0.77 0.75 0.45 1
Na20 | 0.42 0.61 0.82 0.88 1
K20 0.42 0.97 036  0.82 0.7 1
MgO | 0.44 0.33 069 015 045 0.23 1
Tio2 | 0.77 0.37 0.97 044 079 041 081 1
MnO | 0.89 0.07 0.91 042 076 013 066 0.88 1
pP205 | 0.11 0.25 045 011 0.14 0.1 0.93 0.6 0.39 1
SO3 0.12 0.97 0.17 058 044 092 0.3 0.28 0.08 0.3 1

kS'l_'o) ‘Yanagl, 2011 )‘ 4..3).?).:) AM; ) s.uyul 4....45.\ AQJ).:) 6‘0)15 A.A..aj.\ ‘@Yb L;le)ls du....ty )é Sg>g0 o_c)_e 9 k;.ol foL..C JJ.)LE.A Ja..uj...n fplj""
=S 5 shylo asdllas 5,50 slaasge i oS o (LS job 4 taslllan 5)90 g5 sla S anle j5 Jolro yolic polio b anylie g VYAY (] Son o

M M ocC ocC ucc ucc LCC LCC
(%) Condie Taylor & Condie Taylor & Taylor & Ronv & Ta()g/LIor Rudinck & Samples
(1997) Mclenan (1997) Mclenan McLennan Yaroshevky MeLennan Fountain
(1985) (1985) (1985) (1969) (1985) (1995)
SiO, 43.6 49.9 50.5 49.5 66 65.2 52.3
TiO, 0.134 0.16 1.6 15 0.5 0.6
Al,O4 1.18 3.64 15.3 16 15.2 15.6
Fe,0s
FeO 8.22 8 45 2.8
T.FeO 10.4 10.5 10.6 8.4
MnO
MgO 45.2 35.1 7.6 7.7
CaO 1.13 2.89 113 11.3
Na,O 0.02 0.34 27 2.8
K;0 0.008 0.02 0.2 0.15
P20s
(ppm) %lo gn:Yi)e Egllgr:a% I\-/Il-gle%rni V\/(elcégpsc;hl I\-/Il-gﬁle%rnfn ngc?ljgfaklr;&
(1985) (1985) (1985) (1995)
Rb 0.12 0.55 112 110 11 33.8
Sr 13.8 17.8 348 648.6
Y 2.7 34 16 21.6
Zr 9.4 8.3 68 199.8
Cs 18 0.3
Ba 5100
La 330 551
Pb 120
Th 18 64
u 3 18
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1) Eiffellithus turriseiffelii (Deflandre in Deflandre & Fert, 1954) Reinhardt, 1965, (XPL);
2) Rhagodiscus angustus (Stradner, 1963) Reinhardt, 1971, (XPL);
3) Watznaueria barnesiae (Black in Black & Barnes, 1959) Perch-Nielsen, 1968, (XPL);

4) Watznaueria biporta Bukry, 1969, (XPL);

5) Quadrum sissinghii Perch-Nielsen (1984b), (XPL);

6) Marhasterites furcatus (Deflandre in Deflander and Fert, 1954) Deflander, 1959, (PPL);
7) Aspidolithus parcus constrictus (Hattner et al., 1980) Perch-Nielsen (1984a), (XPL);

8) Quadrum trifidum (Stradner) Prins & Perch-Nielsen 1977, (XPL);

9) Reinhardetites levis Prins & Sissingh in Sissingh, 1977, (XPL);

10) Quadrum gothicum (Deflandre, 1959) Prins & Perch-Nielsen in Manivit et al. (1977);
11) Aspidolithus parcus parcus (Stradner, 1963) Noel (1969);

12) Ceratolithoides arcuatus Prins & Sissingh in Sissingh, 1977, (XPL);

13) Calculites obscurus (Deflandre, 1959) Prins & Sissingh in Sissingh (1977), (XPL);

14) Ceratolithoides verbeekii Perch-Nielsen, 1979, (XPL);

15) Micula decussata Vekshina (1959), (XPL);

16) Eiffellithus eximius (Stover, 1966) Perch-Nielsen, 1968, (XPL);

17) Lithastrinus grillii Stradner, 1962, (XPL);

18) Lucianorhabdus cayeuxii Deflandre, 1959, (XPL);
19) Lithraphidites carniolensis Deflander, 1963, (XPL);
20) Microrhabdulus decoratus Deflandre, 1959, (XPL);

21) Tetrapodorhabdus decorus (Deflandre in Deflandre & Fert, 1954) Wind & Wise in Wise & Wind (1977), (XPL);

22) Tranolithus phacelosus Stover, 1966, (XPL);
23) Calculites ovalis (Stradner, 1963) Prins & Sissingh in Sissingh, 1977, (XPL);
24) Arkhangelskiella cymbiformis Vekshina, 1959, (XPL);

25) Zeugrhabdotus diplogrammus (Deflandre in Deflandre & Fert, 1954) Burnett in Gale et al., 1996, (XPL);

26) Braarudosphaera bigelowii (Gran &Braarud 1935) Deflandre 1947, (XPL);
27) Reinhardtites anthophorus (Deflandre, 1959) Perch-Nielsen (1968), (XPL);
28) Eiffellithus gorkae Reinhardt, 1965, (XPL);

29) Micula staurophora (Gardet, 1955) Stradner, 1963, (XPL) and

30) Prediscospheara cretacea (Arkhangelsky, 1912) Gartner (1968), (XPL).
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Sample Ba Rb Sr Zr Nb Co Cr La Y Th U Yb Hf Sc Ni \Y
095 Sl o

o1 230 22.0 43.1 43.6 2.0 0.7 143.68 0.7 41 14 0.6 0.40 1.0 0.9 3.9 15
02 347 36.3 100.7 4816 55 15 82.103 15 8.3 33 16 139 116 2 74 17
03 576 55.4 99.4 6315 83 3.6 54.73 3.6 9.2 2.7 3.6 0.99 139 3 141 113
04 411 40.9 90.6 359.7 9.1 0.5 150.52 0.5 3.7 19 11 075 9.2 0.7 3.2 78
05 488 63.0 87.2 399.2 83 2.6 102.63 2.6 102 94 19 103 105 2 8.9 28
06 709 78.6 90.5 1920 39 0.3 61.58 0.3 5.8 50 06 065 5.0 0.8 14 17
o7 548 40.4 109.9 80.4 2.3 0.6 109.47 0.6 35 2.1 0.7 0.28 21 0.9 2.3 15
08 571 47.7 99.9 236.3 24 0.3 109.47 0.3 3.8 21 08 053 6.6 1 25 9

09 594 46.8 87.1 339.7 53 0.4 95.79 0.4 4.6 2.3 13 1.03 9.8 0.9 15 12

0.1 56 19 08 083 6.2 0.6 1.6 64

D06 1086 93.5 89.7 19.7 4.0 5.0
D07 878 89.3 49.7 16.4 2.6 6.3
D08 744 72.0 30.6 9.4 2.6 3.7
D09 1510 15.8 45.1 4.2 0.4 14
D10 2688 9.1 69.7 2.7 05 2.4
D11 1778 23.1 44.8 7.4 0.5 14
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Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu LREE HREE

095 Su3l by
o1 100 164 166 54 070 015 067 014 077 021 044 007 040 007 3431 2.77
02 160 326 399 146 253 050 192 031 169 036 106 017 139 020  70.22 7.10
03 166 295 323 92 169 042 178 030 182 032 120 019 099 021  60.64 6.81
04 129 244 263 85 131 024 099 013 067 019 051 009 075 011  49.98 3.44
05 19.9 409 461 171 241 046 199 032 154 041 108 018 103 023 8538 6.78
06 16,7 350 391 147 204 037 147 020 097 019 080 009 065 011 7272 4.48
o7 147 256 276 97 089 020 065 012 050 013 032 006 028 006 5385 2.12
08 81 133 158 56 084 026 08 013 061 017 048 006 053 010 29.68 2.96
09 112 199 241 88 123 025 082 013 075 018 050 011 1.03 013 4379 3.65
010 72 130 142 54 112 023 110 015 112 024 061 007 083 012 2837 4.24
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D10 5.2 9.99 1.08 3.44 105 074 048 0.08 038 006 017 0.05 0.2 0.02 21.50 1.44
D11 10.0 19.5 211 6.99 1.07 0.44 0.54 0.06 0.25 0.05 0.13 0.05 0.2 0.02 40.11 1.30
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Introduction

Generally, the rotularians have high frequency in bioturbated environment in moderate to high water energy.
Rotularians were also cemented to the substrate during their earliest growth stage, but they became detached
shortly after the formation of first whorls. Tube records of rotularia are known from Mesozoic (Late Jurassic)
to Early Tertiary sediments, becoming very common during the Cretaceous and Eocene and also has a global
distribution. The fossil species Rotularia spirulaea has become extinct close to the end of Eocene -
Oligocene time (Howell, 1962; Fauchald & Jumars, 1979; Macellari, 1984; Ruppert et al., 2004; Hove &
Kupriyanova, 2009; Sgrensen & Surlyk, 2010).

Geological settings

Outcrops in the Soh area include the widely distributed Paleozoic (Zahedi, 1973; Adhamian, 2003; Wendt et
al., 2005; Ghobadipour et al., 2013; Bahrami et al., 2015) and Mesozoic deposits (Mannani & Yazdi, 2009;
Yazdi et al., 2010), as well as the Paleocene to Oligo-Miocene deposits, the youngest marine sequences,
which start with terrigenous red to white sequence of Paleocene conglomerate and sandstone, continued by
Eocene fossiliferous carbonates and marls. The Sabkha deposits at the top of the Oligo-Miocene Qom
Formation terminates the depositional cycle of the marine sequence. A thick Eocene succession is widely
exposed in the studied region (Sadri, 2011; Janssen et al., 2013). The studied section is located near the
village of Soh-in Sarakeh Syncline (90 km Northwest of Isfahan) and is accessible by a 35 km unpaved
road off the Isfahan - Tehran highway. The section is situated on the right side of a seasonal river valley that
is observable from a distance in the plain. Coordinates for the fossil locality are: N 33°28°36", E 51°27°6".
Structurally, the locality belongs to the Central Iran microplate, which is restricted by the NW-SE Sanandaj-
Sirjan metamorphic belt to the West, and by the Great Kavir fault to the East.

Discussion

The studied section is about 354 meters thick. Based on field observation, sedimentological features and
fossil contents, 11 lithological packages are discriminated. 18 meters of Marl at the base of the Eocene
(Package 1) contains rich with high diversity of marine faunas e.g. : Benthic foraminifers, Crustacean
remains, bivalves, Gastropods and Polychaet tube worms (Rotularia spirulaea). Fossil rotularia with
accompanying fauna: crab remains, gastropods, bivalves and benthic foraminifers are indicatives of warm
shallow marine paleoenvironments during the deposition of the studied interval. Specimens are deposited in
the Department of Geology, Faculty of Science, University of Isfahan, 81746, Iran, under acronym EUIC.
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Introduction

Changes in the geometric shape of the river channel can be studied in horizontal and transverse views; Plan
view changes in river systems based on aerial photographs or satellite imagery (using remote sensing and
geographic information systems) are tracked at specific time intervals and include: channel widening and
narrowing, channel simplification, braiding, meander migration, sinuosity growth, chute cut-off, neck cut-
off, avulsion, simple irregularities in the bank, as well as the combination of two or more of these processes
(David et al., 2016; Li et al., 2017). River channel profile changes can be mapped through the time intervals,
and the most important are degradation and aggradation (Ollero, 2010; Little et al., 2013). The main
objectives of this study are: 1- Investigation of geometric variations of Alamut and Shahrood rivers on the
basis of field visits, geological maps and plan view mapped from satellite images (1981, Landsat 3; 1991,
Landsat 5; 2002, Landsat 7; 2009, Landsat 5 and 2015, Landsat 8) in almost certain months; 2- Estimating
the rate of aggradation and degradation of the channel bed based on the survey of the profile of the channel
(based on mapping) in the years mentioned at the four selected stations (Khooban Baghkalayeh, Late and
Rajaee Dasht stations). The most important features used to determine the geometric variations of the
channel were the extension, width, branching index and sinuosity.

Alamut-Shahrud catchment (49° 30' to 51° 10' E and 36° 07' to 36° 30" N; 4853.67 km? area) is one of the
two Sepidrudsub-catchments and is situated in the South Caspian Sea catchment. The main outcrops of this
catchment is in the eastern (upstream) zone and are composed of the Miocene terrigenous rocks, Eocene
volcaniclastic rocks and some Mesozoic carbonate rocks in mid zone and Eocene volcanic units in
downstream zone (Annels et al., 1977).

Result and Discussion

The most significant changes from 1981 to 2015 in 130 locations have been recorded from upstream to the
outlet of the basin and include the following: Channel migration (57 locations), meander cutoff (23
locations), sinuosity growth (28 locations) and branching (22 locations).

Based on the migration of the channel, the following are observed: The maximum displacement is in the
eastern (upstream) and central regions; in the central-range (Razmian), the length of channel shift occurred
about 3 km and reaches up to 575 meters. The lateral displacement of the channel in the western part is less
(161 m) than other intervals and is neck cut off. The river in the eastern and central part (Khooban to Bahram
Abad) is on a nearly straight path. In terms of the sinuosity, the channel has open angles and the sinuosity
index is between 1.1 to 1.2. While the sinuosity angle of the channel in the western part is steep and its range
is much shorter than the eastern and central parts of the river. The reason for the difference in the sinuosity
pattern is the existence of two fault systems with an angle of about 120 degrees along the river course in the
western part. Increasing more than three times the amount of channel shift in the central region (Rajaei
Dasht-Bahram Abad, Figure 8) is also evident with the decrease of the slope of the river.

This change was simultaneously happened by changing the single-channel river pattern to braided channel;
the drop in water velocity as a result of slope reduction, caused the sediments to be deposited more like bars
and the branching ratio has increased.
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Channel profile change

Profile changes of rivers were measured in 4 hydraulic stations; Khooban (56° 38' 47.56" ; 36° 23' 51.23")
and Baghkalayeh (56° 29'40.50" ; 36° 23' 35.25") on the Alamut River, respectively in the period from 2005
to 2014 and 1984 to 2014; and Rajaee dasht (50° 16' 46.38" ; 36° 27' 34.98") and Lats (50° 03' 59.96" ; 36°
36' 36.88") in the Shahroud River; between the years 1984 to 2014 and 2005 to 2014. Mapping cross-
sectional profile was carried out during the years mentioned by Qazvin Regional Water Company. The
measurements were done from the right to the left of banks in the channel.

The main goal of the study is to examine cross section, diagnosis of aggradation and degradation channel.
Effective factors in these two processes can be indicated by the discharge, sediment load, bed slope and
human activity. These factors are in dynamic equilibrium with controlling the morphology of the river
channel, and whenever one of them increases or decreases, the river channel changes to become stable under
the new conditions.

By increasing flow rate or decreasing sediment load, the capacity of river transport sediment is more than
that, and this led to degradation, while decreasing flow rates or increasing sediment load led to aggradation
(David et al., 2016). At Baghkalayeh Station between 1988-1991, 2000-2001, 2007-2008 and 2012-2014,
discharge decreasing led to aggradation process, between the years 1992-1993 and 2002-2007, with
increasing flow rate; the bed degradation process has occurred. The highest rate of bed degradation between
2002 and 2007 was followed by the highest increase in bed aggradation in 2007-2008. In the Rajaee dasht
station, the trend is almost identical. In the Lat station, from 2007 to 2011, changes in the flow rate and bed
height of the channel were similar, and from 2011 to 2014, the bed aggradation was evident with decreasing
flow rate.

Some important results are summarized as follows:

1- The most important changes in the plan view of the river channel are the channel abandont process, neck
cutoff, sinuosity growth, increased branching index (ie bar migration, sedimentation and branching) and
lateral migration.

2- The reasons for these changes are: migration of channel bars, changes in sediment load and flow
discharge, flood, growth of the fans/mouth bar formation, changes in branching and sinuosity index, geology
of the watershed.

3- The bed aggradation, degradation and channel width variation processes in the studied stations in a
complex site and time unit under the influence of changes in flow rate and sediment load.

Keywords: Alamut; Shahrud; Aggradation; Degradation; GIS.
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Introduction

The Qom Formation is widely distributed in the Qom back-arc, arc, and fore-arc basins (Reuter et al., 2007).
The Siah-Kuh section has the best outcrop of the Qom Formation in back-arc basin and is located northeast
of type section. Despite of several studies that having been carried out on the biostratigraphy of the Qom
Formation, no comprehensive agreement is still present for its dating, especially upper part of the formation.
Therefore, the aim of the present work is to document, through a high-resolution study, the stratigraphic
occurrence of calcareous nannofossils into “e” and “f” members of the Qom Formation at the Siah-Kuh
section in the north side of the Qom sedimentary basin (south of Garmsar city).

Materials and Methods

In the present study, the upper part of the Qom Formation (“e” to “f” members) with a thickness of 351 m
consists of green to gray marlstones, green calcareous marlstones and argillaceous limestone that overlies the
thick-bedded gypsum of the “d” member. A total of 121 samples obtained from the top of “d” member to
marlstones and marly limestones succession of “e” and “f” members. The collected samples prepared using
the simple smear slide and Gravity techniques that described by Bown & Young (1998). Slides were studied
using an Olympus BX53 light microscope at 1250X magnification inside of the PPL, XPL, XPL+GP,
XPL+QP areas and species images were taken using an Olympus DP73 camera. In the present study, the
Martini (1971; NN zones) zonation pattern is used as the standard zonation scheme. However, the zonal
marker of Okada & Bukry (1980; CN zones) and Backman et al. (2012; CNM zones) used for
high-resolution biostratigraphic study.

As well as, the semi-quantitative analysis was utilized to reconstructing distribution pattern of calcareous
nannofossil taxa. The preservation, species abundance and slide abundance of species was determined by
counting the number of specimens on the 46 smear slide following Lupi & Wise (2006), and Self-Trail
(2011).

Discussion

The investigation of calcareous nannofossil assemblages led to the identification of 38 species belonging to
15 genera. Based on the index taxa, the Discoaster druggii Zone (NN2) to Helicosphaera ampliaperta Zone
(NN4) of Martini (1971) are distinguished from the studied interval of the Qom Formation. The established
biozones can be correlated with CN1c-CN2-CN3 zones of Okada & Bukry (1980) and CNM4-CNM5-CNM6
zones of Backman et al., (2012), that is confirmed the Burdigalian-early Langhian age for the studied
interval from the “¢” and “f” members of the Qom Formation in Siah-Kuh section.

The semi-quantitative analysis shows that the preservation of nannofossil specimens is poor to good and
richness of nannofossil assemblages (Slide abundance) is frequent (F) to Abundant (A). The significant
decreases in abundance of some species such as Helicosphaera ampliaperta, Helicosphaera euphratis, and
Cyclicargolithus floridanus etc. has been observed towards the Burdigalian-Langhian boundary. Although,
the calcareous nannofossil species have a good to moderate abundance from the base of the "e" member to
the below of the boundary.
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Conclusion

The studied interval of “e” and “f” members, spanning from NN2 to NN4 zones of Martini (1971) and
CNM4 to CNM6 zones of Backman et al., (2012). The recognition of these biozones confirms the
Burdigalian-early Langhian age of sediments in the Siah-Kuh section.

The Burdigalian-Langhian boundary at the studied interval is marked by an important decreases in the
abundance of Helicosphaera ampliaperta, Helicosphaera euphratis and Cyclicargolithus floridanus which is
followed by continuously recording of Sphenolithus heteromorphus. Above the boundary, Helicosphaera
carteri species have been observed dominantly.
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Introduction

Chemostratigraphy is a part of stratigraphy which study chemical changes of sedimentary units in a
sequence. Nowadays, the changes of elements in carbonate sediments use as a criteria for the detection of
their old sediments equivalents (Adabi, 2004). Marine carbonate rocks often contain low and high
magnesium calcite and aragonite which their frequency are not constant in the environment, and their
changes depend on environmental factors such as temperature, salinity, carbon dioxide, pressure and the ratio
of magnesium to calcium (Rao, 1996). Kasaei Najafi (1993) investigated the elements of Sr, Na, Mn, Fe, Ca
from the Qom deposits in south to southeast of Qom city and determined a concentration of elements in
carbonate rocks depend on the microfacies features. Okhravi (1999) considered a concentration of rare
elements and their relation to the facies by studying of "f " Member in the same areas. The study area and
the stratigraphic section are available through the Tehran-Qom and the cross road of Qom-Jamkaran. This
area belong to Central Iran Zone which is formed by collision of Arabian-African plate to Iranian plate.
Central Iran connected eastern and western Tethys (Schuster & Wielandt, 1999; Reuter et al., 2009;
Mohammadi et al., 2011) and the Qom Formation was deposited during the final marine transgression in
Central Iran Basin during the Oligo-Miocene (Daneshian & Ramezani Dana, 2007; Reuter et al., 2009;
Seddighi et al., 2012; Mohammadi et al., 2011, 2013, 2015; Daneshian et al., 2017). Dozy (1944) was the
first geologist that used the term of Qom Formation for marl and limestone of shallow water with high
variations in facies and was not permitted to introduce a type section for this formation in southern Qom
plain by having good outcrops and considerable thickness (Bozorgnia, 1966; Stocklin & Setudehnia, 1971;
Hadavi et al., 2010).

Methods and Materials

The sedimentary sequence of the studied section consists of a, b, ¢-1, ¢-2, ¢-3, c-4, d, e, f and g members
with 1328 meters thickness. 676 samples, systematically, collected with approximate intervals of 0.5 to 3
meters. Among them, 30 samples were selected based on lithological characteristics and stratigraphic
boundaries of the members for the purpose of investigation of elements and their changes. The specimens
were powdered up to 60 microns and these specimens were analyzed by the ICP AES method for
understanding the variations of Ca, Mg, Fe, Na, Zn, Mn, Sr elements, and Mg / Ca ratio. Then, the variations
of the examined elements compared to the benthic and planktic foraminifera diversity. Among the diversity
of benthic species, the type of test (agglutinated, hyaline and porcelaneous) were determined separately for
recognition of the paleotemperature changes.

Results and Discussion

The chemical analysis of elements including Ca, Mg, Fe, Mn, Na, Zn, Sr, and changes in species diversity of
benthic foraminifera indicate sharp variations of the elements in the lower part of the succession between
"a" to "e" members, while in the upper parts of the section, "f" and "g" members, the variations are not very
sharp. Also, the highest rate of variation for elements is observed in the base of the studied sequence, in the
boundary between "b" and "c-1" members especially for Manganese, and in the boundary between "d" and
"e" members for Strontium. All elements other than Manganese significantly reduced on the boundary
between "b" to "c-1" members, but between "d" and "e" members, all the elements show increasing trend,

except Sodium, Manganese and Strontium which indicate deduction and the greatest decreasing is belong to
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the Strontium. Besides, species diversity changes of the foraminifera, particularly benthic forms show a
definite increase between the boundary of "d" and "e" members.

In general, the high variation of the species diversity of benthic foraminifera suggests a relative increase in
temperature of the paleoenvironment. Reducing the species diversity at the boundary of "d' Member depends
on changes in the depth of sedimentary environment and existing the evaporate environment.

In the "e" Member, the diversity of the benthic and planktonic foraminifera show an increasing trend that
indicates a high temperature in the environment. In "g" Member, the diversity of foraminifera is low at the
base, and is almost constant. It seems the temperature with a slight increase has reached to a relative stability
in this part. But due to the gradual decrease in the depth of the environment at the end of the stratigraphic
section and the sea level fall, appear faunal changes to be affected by changes in environment depth.

Conclusion

Study of the elements and their variations along the examined section show the high variety at the bottom
(Aquitanian), and a low variety at top with Burdigalian age. This state of variations is observed in
foraminiferal diversity changes and corresponds to palaeoenvironmental conditions. Fluctuations of the
elements, especially Magnesium and Mg/Ca ratio with foraminifer’s diversity changes are environmental
indicators and show paleotemperature changes. Increasing concentration of Mg and the proportion of Mg /
Ca ratio in the most samples coordinate with increment of foraminifer’s diversity. Both are indicators of
increasing of paleotemperature in the Qom basin. These evidences show that the Qom sedimentary basin
during Burdigalian were warmer than Aquitanian in Dobaradar section. In fact, the temperature fluctuations
at the Aquitanian and Burdigalian are relatively high, and in the middle part of the Burdigalian, and
maximum at the beginning of the Late Burdigalian, there is a relative stabile in temperature.

Keywords: Chemostratigraphy; Paleotemperature; Qom Formation; Type area.
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Introduction

Three main goals have driven studies of sandstone in the past ten years: Firstly, the academics motive to
understand the tectonic setting, climatic situation, paleo-geographic position. Secondly, the economic motive
to predict reservoir ability and porosity and permeability in hydrocarbon fields. Thirdly, the motion or stasis
of pore fluids and the scale of mass-transport to form cements. This research involved the first one.
Sedimentary rocks are principal sources of information concerning past conditions on the Earth’s surface.
Clastic rocks may preserve detritus from long-eroded source rocks and may provide the only available clues
to the composition and timing of exposure of source rocks. Geochemistry of sedimentary rocks may
complement the petrographic data, especially when the latter are ambiguous. The geochemical composition
of sedimentary rocks is a complex function of various variables such as source material, weathering,
transportation, physical sorting, and diagenesis. Very few studies on Miocene clastic sediments have been
conducted in the country, in zones other than the Central Iran. Hence there are many questions without
response in this area. This research is trying to get some solution for these questions

Methods and Results

In this research, clastic sediments in the central Alborz have studied using facies analysis, petrography,
grains counting and geochemical methods. For this propose, from two sections in the Talegan area fresh rock
samples were collected from outcrops exposed in stream and road cuts and were washed thoroughly in
distilled water to remove dust contamination. 52 samples were selected for detailed petrographic study. Also
24 thin sections selected for grain counting and modal analyses according to Dickinson method. Coarse
grains classified based on Miall method. In geochemical studies, we used XRF Philips 1480 for
determination of major and minor elements oxides. After preparation, 15 samples were selected for analysis.
Measurement accuracy ranges were 0.1 to 0.001. This sequence is mainly composed of marl, sandstone and
locally intercalation of conglomerate with Pebble size particles. Studied outcrop is formed of fine grained
sedimentary sequence (Marl), sandstones (Feldespatic litharenite and volcanic arenite) and conglomerate
(poly-mictic ortho and Para-conglomerate) with 127.2 m thickness. The strata in this formation are
composed of two gravelly (Gmm and Gem) and three sandy (St, Sh and Sm) facies. The main components of
these deposits are igneous rock fragments with poorly to moderate sorting and moderate to good roundness
that are welded together with hematite dominant cement.

Discussion

Roser & Korsch (1986) established a discrimination diagram using log (K.O/Na,O) versus SiO- to determine
the tectonic setting of terrigenous sedimentary rocks. These authors used CaO and LOI-free 100% adjusted
data to determine their field boundaries. Both parameters (SiO; and log (K>O/Na;O) values) increase from
volcanic-arc to active-continental-margin to passive-margin settings. Discrimination of tectonic settings on
the basis of major-element data also was proposed by Bhatia (1983); it includes oceanic island arc,
continental island arc, active continental margin, and passive margin. Most of our sandstone samples fall in
the general area of passive margin and active-continental-margin fields of the TiO versus Fe,Os* 1 MgO
plot, but mostly in the passive-margin field of the Al,O3/SiO; versus Fe,Os* 1 MgO diagram. Petrographic
data show that K-feldspar dominates over plagioclase, which may result from intense weathering in the
source area or from diagenetic alteration. The latter can be ruled out by the presence of abundant carbonate
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cement that developed probably during early diagenesis. The intensity and duration of weathering in
sedimentary rocks can be evaluated by examining the relationships among alkali and alkaline earth elements
(Neshitt & Young, 1982, 1984). Feldspars are by far the most abundant of the reactive minerals.
Consequently, the dominant process during chemical weathering of the upper crust is the alteration of
feldspars and the neo-formation of clay minerals. During weathering, calcium, sodium, and potassium are
largely removed from feldspars (Nesbitt et al., 1997). The amount of these elements surviving in the soil
profiles and in the associated sediments is a quantitative index of the intensity of weathering (Fedo et al.,
1995; Nesbitt et al., 1997). A good measure of the degree of chemical weathering can be obtained by
calculation of the chemical index of alteration (CIA; Nesbitt & Young, 1982) using the formula (molecular
proportions). According to results, these sediments have felsic igneous source rock similar to upper
continental crust, which has been deposited in the semi-arid dry climate with weak weathering. Final
deposits were traveled relatively small distance and were deposited in the first sedimentation cycle with low
degree of maturity, low chemical weathering, in active tectonic environment. Thus, the low CIA values of
the Talegan sandstones do not reflect the general chemical weathering conditions in the source region, which
can be inferred from the petrographic observations. This is probably due to the sedimentary sorting effect.
Physical sorting of sediment during transport and deposition led to concentration of quartz and feldspar with
some heavy minerals in the coarse fraction and of secondary lighter and more weathered minerals in the
suspended-load sediments.

Conclusion
This sedimentation happened in the alluvial braided river’s channel and floodplain near the origin with weak
hydraulic separation and oceanic arc tectonic Setting.

Keywords: Petrography; Geochemistry; Clastic sediments; Miocene; Talegan.
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Introduction

Hydrocarbon (HC) exploration in the Eastern Kopeh-Dagh basin (southwest of Amo-Darya Basin) have
faced challenges due to the structural complexity and limited geochemical study. Kopeh-Dagh fold and
thrust belt and Kopeh-Dagh foredeep were moved from each other by the Main Kopeh-Dagh Fault (Fig. 1).
All drilled anticlines in Kopeh-Dagh fold and thrust belt are dry which are in contrast with the Kopeh-Dagh
foredeep. Generation, migration, and accumulation of petroleum occured in the region during the Late
Miocene and migration of gas started not earlier than 10 Ma years ago (Moussavi-Harami & Brenner, 1992,
1993). It is suggeseted that the hydrocarbon potential of Kashafrud Formation is by the dark shale and
abundant vascular-plant fragments (Poursoltani et al., 2007; Taheri et al., 2009) with sufficient thermal
maturity to generate hydrocarbons (Poursoltani & Gibling, 2011). Chaman Bid Formation with total organic
carbon 0.8% introduced as gas prone (Ghasemi-Nejad et al., 2005). The main objectives of this study are to
geochemically investigate the Kashafrud Formation as well as constructing burial history and one dimension
(1D) thermal maturity models in the eastern Kopeh-dagh (wells B and E; Fig. 1).

Materials and methods

A total of 56 samples (15 cuttings and 25 outcrops) were collected from Kashafrud Formation in the Eastern
Kopeh-Dagh (Fig.1). Bulk geochemical parameters (such as TOC, Sy, S; ...) of all samples were obtained by
using Standard Rock-Eval 6 pyrolazer (Table 1) in Basic Method (Behar et al., 2001). Temis suite software
(1D) developed by French Institute of Petroleum (IFP) along with procedure presented by Hantschel &
Kauerauf (2009), were employed for reconstructing the thermal maturity and burial history of the studied
wells. The heat flow is a critical input parameter in basin modelling. In the Eastern Kopeh-Dagh, the paleo-
heat flow has been affected by the tectonic evolution and rifting phase. The basement of Eastern Kopeh-
Dagh basin consists of Carboniferous basic volcanoes (Ulmishek, 2004) which corroborated with the heat
flow values of 60 mW/m? (Allen & Allen, 2013). With the occurrence of rifting from 166 to 173 Ma, the
heat-flow values reached to the maximum of 80 and 105 mW/m? for B and E wells, respectively (Fig. 3). The
rift affected the heat flow model, a higher heat flow occurrence during rifting phase and an exponential
reduction after the post-rift phase (McKenzie, 1978). For well B which is located in Kopeh-Dagh foredeep a
cooling history with decreasing heat-flow values was modelled from 72 to 166 Ma and then remained
constant about 30 Ma years. Finally due to strike-slip movement in the Eastern Kopeh-Dagh, an increase of 9
mW/m? values of heat flow is suggested (Fig. 3). But for well E from Kopeh-Dagh fold and thrust belt, heat
the flow values are higher than Kopeh-Dagh foredeep. On the other hand the same scenario is played by
tectonic activity (Fig. 3). It can therefore be observed that there is a good consistency between the
temperature gradient and the heat flow.
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Discussion

Geochemically, Kashafrud Formation (Aalenian-Bathonian) showed poor/fair hydrocarbon generative
potential (McCarthy et al., 2011) (S; versus TOC; Fig. 4), Type Il, mixed II-11l and IV kerogens (Dembicki
Jr, 2009) (HI versus Ol; Fig. 5) and thermal maturity from late oil window to condensate-wet gas (Hackley,
2012) (PI against Tmax; Fig. 6). For thermal maturity modelling, zones I, 14 and ls in Well B (Kopeh-Dagh
foredeep) and Iy, I3, and Is in Well E (Kopeh-Dagh folded) were introduced as the source rock intervals of
Kashafrud Formation (Fig. 7). The model indicates the onset of oil-generation in the Well B zones begining
during late Middle Jurassic-Lower Cretaceous time (107-167 Ma). Peak oil generation occurred during
Cretaceous time (72-115 Ma) and condensate-wet gas generation started during Late Cretaceous-Early
Eocene time (45-90 Ma). 1, and ls (deepest interval) zones experienced maximum 2-2.5% calculated vitrinite
reflectance (VR,) and 192-205°C (Fig.9) and I, interval endured minimum 1.58% VRo and 171°C during
Early Oligocene (30 Ma). High heat flow during rifting as well as the remained thickness of Kashafrud
Formation caused early hydrocarbon generation in zone ls (Figs. 7 and 9). But, due to uplift and temperature
reduction as low as 130-175 °C (Fig. 9), the hydrocarbon generation has been stopped. The onset of oil-
generation in the Well E zones began during late Early Cretaceous-Late Cretaceous time (83-110 Ma; Fig.
7). Peak oil generation occurred during Late Cretaceous-Early Oligocene time (30-90 Ma). I; and Is (deepest
zone) intervals experienced maximum 1.1-1.4% VRo and 135-155°C (Figs. 7 and 9) and I, interval endured
0.95% VRo and 128°C during Early Oligocene. Here, due to temperature reduction (as low as 63-95 °C; Fig.
9) caused by upliftment hydrocarbon generation has been stopped.

Conclusion

Based on quantity and quality of geochemical parameters such as TOC, S, and HI, Kashafrud Formation has
potential to generate mostly gas with some condensate. However presence of bitumes in all cutting samples
points to low permeability of Kashafrud Formation which refered to cracking of generated HC. Furthermore
the effects of some low potential shale gas on gaseous HC of carbonate and clastic reservoirs in the Eastern
Kopeh-Dagh (Saadati et al., 2016) which is in accordance with lower than 2% of TOC content of Kashafrud
Formation. Finally, due to over pass of the main phase of hydrocarbon generation in Kopeh-Dagh foredeep
and ceased hydrocarbon generation because of uplifting in Kopeh-Dagh folded and foredeep, the formation
of anticlinal traps in the Lower Oligocene folding does not have any effect on HC accumulation in Eastern
Kopeh Dagh Basin and paleo-geomorphological traps must be considered as the future exploration targets.
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Introduction

One of the most extensive Cretaceous deposits in Zagros is the marine sediments of Gurpi Formation in
southeast Shiraz, which was studied based on stratigraphic and paleontology. Type section of the Gurpi
Formation is located in Tang-e Pabdeh (Jams & Wynd, 1965). One of the most important achievement
obtained from the Gurpi Formation can be related to study of calcareous nannofossils which is used for
determination of precise age and biostratigraphy. In the southeast of Shiraz, Gurpi Formation consists of 95
m thickness which consists mainly of marl, marly limestone and shale, which is gradually overlain by Tarbur
Formation.

Materials & Methods

In this study, 42 samples from Gurpi Formation have been studied. Samples were prepared following
standard smear slide method (Bown & Young 1998). The nomenclature of calcareous nannofossil follows
the taxonomic schemes of Perch-Nielsen (1985), Bown (1998) and Burnett (1998).

Discussion

In order to study the biostratigraphy of Gurpi Formation in southeast of Shiraz, the Evaz section was
selected. In this section, the Gurpi Formation is mainly composed of marl, shale, and argillaceous limestone.
Calcareous nannofossils recorded in the Mesozoic strata are an appropriate tool for biostratigraphic studies.
The nannofossil zonation used in the present study is based on the Nannofossils Cretaceous zonation of
Sissingh (1977), Roth (1978) and Burnett (1998). According to the first and last occurrence of index species
the following bio zones are identified:

Aspidolithus parcus parcus Zone (CC18/ UC14/NC18)

This bio zone is recorded from the FO Aspidolithus parcus to the LO of Marthasterites furcatus. The age of
this zone is Early Campanian.

Calculites ovalis Zone (CC19/ UC15/NC18)

This bio zone is recorded from the LO Marthasterites furcatus to the FO of Ceratolithoides aculeus. The age
of this zone is late Early Campanian.

Ceratolithoides aculeus Zone (CC20/UC15/ NC19)

This zone spans the interval from the FO of Ceratolithoides aculeus to the FO of Uniplanarius sissinghii.
The age of this zone is late Early Campanian.

Quadrum sissinghii Zone (CC21/ UC15/NC19)

The next nannofossil unit recorded in this study is the CC21. This zone spans the interval from the FO of
Uniplanarius sissinghii to the FO of Quadrum trifidum. The age of this zone is late Early Campanian-early
Late Campanian.

Quadrum trifidum Zone (CC22/UC15/ NC20)

This zone spans the interval from the FO of Quadrum trifidum to the LO of Reinhardtites anthophorus. The
age of this zone is late Late Campanian.

Tranolithus phacelosus Zone (CC23/UC15-UC18/ NC20-NC21)

This zone spans the interval from the LO of Reinhardtites anthophorus to the LO of Tranolithus orionatus.
The age of this zone is late Late Campanian-Early Maastrichtian.

Reinhardtites levis Zone (CC24/ UC18/NC21)
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This zone spans the interval from the LO of Tranolithus phacelosus to the LO of Reinhardtites levis. The age
of this zone is late Early Maastrichtian.

Conclusion

As a result of this study, 22 genera and 33 species of calcareous nannofossils have been recognized. Based
on distribution of index species of calcareous nannofossils, biozones of the zonation of Sissingh (1977) have
been recognized, including Aspidolithu sparcus zone, Calculites ovalis zone, Ceratolithoides aculeus zone,
Quadrum sissinghii zone, Quadrum trifidum zone, Tranolithus phacelosus zone and Reinhardtites levis zone,
that corresponding to lower part of NC18 to lower part of NC21of the zonation of Roth (1978) and UC14-
UC18 Nannofossil Zone of the zonation of Burnett (1998). According to the identified biozones, the age of
the Gurpi Formation is Early Campanian to late Early Maastrichtian. The study of the Evaz section shows
that sediments of Gurpi Formation deposited in the shalloer depth of sedimentary basin during the late Early
Maastrichtian, as conformable and suddenly led to the limestone formation of Tarbur Formation.
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Introduction
This research is a part of the studies of sedimentology and stratigraphy of deposits associated with
the Devonian located in Central Iran, which is known as the Padeha Formation (Lower-Middle

Devonian age). In this research, the Padeha Formation in north of Tabas (Ozbak-Kuh) and Yazd

(Doruneh) blocks were selected and studied. These succession is measured in Ozbak-Kuh, 492
meters, which is often composed of siliciclastic, dolomitic and evaporite rocks, while in the
Doruneh section, this formation consists of 310 meters of siliciclastic, calcareous and dolomitic
rocks. The aim of this study is to focus on the petrography and geochemistry aspects for provenance
studies.

Materials & Methods

Twenty one sandstone samples from Ozbak-Kuh and fifteen sandstone samples from Doruneh
section were selectedand studied with Polarized microscope. In each thin section, about 300 points
were counted using the Gazzi-Dickinson method. According to the point counting, the major and
accessory components of this sandstones are identified and quartz, feldspar and rock fragments
modes are utilized for naming the sandstones according to the Folk classification (Folk, 1980). 16
samples of medium grain sandstones with the lowest amount of carbonate cement were selected for
geochemical analysis (ICP-MS method).

Petrography & Geochemistry

Petrographic studies of sandstone in Ozbak-Kuh section are mainly indicative of quartzarenite and
sublitharenite (subchertarenite) petrofacies, however, quartzarenite and subarkose petrofacies have been
identified in the Doruneh section. Compared to the Upper Continental Crust (UCC) (Taylor & McLennan,
1985), sandstones of the Padeha Formation in the Ozbak-Kuh section are somewhat enriched in some
elements, such as zirconium and hafnium, but in the Doruneh section, zirconium and hafnium are slightly
depleted compared to the Upper Continental Crust. All sandstone samples in both sections are strongly
depleted compared to UCC. In both the Ozbak-Kuh and Doruneh sections, vanadium, cobalt, nickel and
scandium exhibit much depletion compared to the UCC.

Discussion of Results & Conclusions

Geochemical diagram of Zr/Sc against Th/Sc (McLennan et al., 1993), along with plotting the data of Padeha
Formation on this diagram shows that the samples of Doruneh section are plotted near the UCC. This shows
that Padeha Formation sandstones in the Doruneh section are derived from intermediate to acidic igneous
rocks, and recycling have not been affected. But the Ozbak-Kuh samples often reflect the granitic parent
rock, which is located in the range of recycling. Additionally, the La/Sc versus Co/Th (Gu et al., 2002) is
also a confirmation of the felsic to granitic parent rocks for Padeha Formation in both sections. For
determination of tectonic setting, in this reseach, triangular diagrams based on trace elements (Bhatia, 1985)
have been used. According to these diagrams, Ozbak-Kuh samples, mostly plotted in the passive continental
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margin field and Doruneh section sandstones are plotted in passive and active continental margin fields. The
present study, using the results of petrography and geochemistry and the paleogeographic investigations,
shows that the deposits of the Lower-Middle Devonian Padeha Formation can be formed in the transition
between the transformations of rifted margin to passive continental margin of Paleo-tethys.

Keywords: Sandstone; Geochemistry; Provenance; Padeha Formation; Ozbak-Kuh; Daroneh.
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