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5. Post-Flood era

6. Karst geomorphology
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1. Hypogene Karst
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Hyrcanopteris sp., Keraiaphyllum rarinervis, Keraiaphyllum sp., Pterophyllum bavieri,

VYo S ooly g lolidlyze

Pterophyllum braunianum, Ptilozamites nilssoni, Sphenobaiera longifolia

Schweitzer and Kirchner, 1998
WWAT ol Solaw

Anthrophyopsis ~ crassinervis,

YA ol Solew

aequqle, Pterophyllum sp.,

Anthrophyopsis crassinervis, Ctenozamites caspiensis, Scytophyllum persicum,

Baiera furcata, Ctenis kaneharai, Ginkgoites longifolius, Pseudoctenis herriesi,

Dictyophyllum nathorsti, Dictyozamites asseretol,

Dictyozamites sp., Nilssonia pseudobrevis, cf. Nilssoniopteris musafolia, Pterophyllum

ol ooy ST 1l 5l oads 8o
Division: Pteridophyta
Class: Equisetopsida Takhtajan & Némejc 1963
Order: Equisetales Trevisan 1907
Family: Equisetaceae Richard & De Candolle 1805
Genus: Neocalamites (Halle 1908) emend. Harris
1961

Neocalamites sp. cf. N. carcinoides Harris 1931

(Figs. 4a-c)

1931 Neocalamites carcinoides Harris, p. 25, pl. 4,
figs. 2,3,5-7; pl. 5, figs. 1-5; pl. 6, figs. 1-6; text-
fig. 5 A-D.
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Neocalamitessp. JoLs Equisetales acul, ;1 - lowles
Filicales az., 31wz 4igS 9o «cf. N. carcinoides
Clathropteris 4 Dictyophyllumsp. cf. D. exile L
Pinales ai__ul, 3 Ldog,5xe 4565 G g meniscoides
Cycadocarpidium erdmani lg< b Uy ploasl Jol
el Benton (1993) ulul y gais0s, .08 so (4,55
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Class Filicopsida Pichi-Sermolli 1958
Order Filicales Engler & Prantl 1902
Family Dipteridaceae Seward & Dale 1901
Genus Dictyophyllum Lindley & Hutton 1834
Dictyophyllum sp. cf. D. exile (Brauns 1862)
Nathorst 1878
(Figs. 4d.e)

1862 Camptopteris exilis Brauns, p. 54, pl. 13, figs.
11 a-c.

1878 Dictyophyllum exile; Nathorst, p. 39, pl. 5,
fig. 7.

1977 Dictyophyllum exile; Fakhr, p. 72, pl. 20,
figs. 2-5; text-fig. 6E.

2002 Dictyophyllum exile; Vaez-Javadi & Ghavidel-
Syooki, p. 60, pl. 3, fig. 2.

2009 Dictyophyllum exile; Schweitzer et al., p. 41,
pl. 10, figs. 1-3; text-fig. 7.

2012 Dictyophyllum exile; Vaez-Javadi, p. 118, pl.
1, fig. 3; text-fig. 4, fig. 3 (In Persian).

2015  Dictyophyllum
Parvasideh, p. 62, pl. 1, fig. 8, (In Persian).
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Genus Clathropteris Brongniart 1828
Clathropteris meniscoides (Brongniart, 1825)
Brongniart 1828
(Figs. 5a,b)

1825 Filicites meniscoides Brongniart, p. 218, pl. 11.
1828 Clathropteris meniscoides; Brongniart, p. 62,
187.

1964 Clathropteris meniscoides; Kilpper, p. 37;
text-figs. 15,16.

1968 Clathropteris meniscoides; Assereto et al.,
table 1a.

1975 Clathropteris meniscoides; Poliansky et al., p.
1-3,7.11.

1976 Clathropteris meniscoides; Bragin etal., p. 11,
pls. 7-9.

1976 Clathropteris meniscoides; Sadovnikov, p. 79,
pl. 2, fig. 8.

1977 Clathropteris meniscoides; Sadovnikev, p.
146.

1977 Clathropteris meniscoides; Fakhr, p. 75, pl. 22,
figs. 1-3; text-fig. 8G.

1977 Clathropteris meniscoides; Corsin & Stampfli,
p- 523, pl. 1, figs. 3-9.

1978 Clathropteris meniscoides; Schweitzer, p. 20.
1980 Clathropteris meniscoides; Sadovnikov, p. 86.
1983 Clathropteris meniscoides; Sadovnikev, p.
13.figs. 5.6.

2002 Clathropteris meniscoides; Vaez-Javadi &
Ghavidel-Syooki, p. 60, pl. 2, fig. 2.

2009 Clathropteris meniscoides; Schweitzer et al.,
p.- 54, pl. 21, fig. 2; pl. 22. Figs. 1-3; pl. 23, fig. 1;
text-fig. 16 & 17.

2014 Clathropteris meniscoides; Vaez-Javadi, p. 32,
pl. 4, fig. 1.

2015 Clathropteris meniscoides; Vaez-Javadi &
Parvasideh, p. 62, pl. 1, fig. 3 (In Persian).
2020/2021 Clathropteris meniscoides; Mannani et
al., p. 232, Figs. 6A-6F (In Persian).
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Division Gymnospermophyta
Class Pinopsida Meyan 1984
Order Pinales Meyan 1984
Family Voltziaceae Florin 1951
Genus Cycadocarpidium Nathorst 1886
Cycadocarpidium erdmani Nathorst 1886
(Figs. 6a,b)

1886 Cycadocarpidium erdmani Nathorst, p. 91, pl.
26, figs. 15-20.

1977 Cycadocarpidium erdmani; Fakhr, p. 146, pl.
50, figs. 7,8.

1996 Cycadocarpidium erdmans; Schweitzer &
Kirchner, p. 97, pl. 2, fig. 7; pl. 3, figs. 2-5; Text-
fig. 7.
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Kimura and ;! ,uledl) - cpan b5 10 iz opl 5l 468 0o b Cycadocarpidium erdmani ase8 4 —wslio .Y Jgo =
(Ohana, 2000) (C: Carnian, N: Norian, R: Rhaetian, L: Lias

Bract Scale Seed Scale Complex
. . Seeds Age
Form Size L/'W (mm) Veins —
Size L/'W (mm) Number

C. erdmani Nathorst 1886 ovate Y- N/ 0 x Y-Y¥  f-F YxY Y N-R

C. redivivum Nathorst 1911 small ovate OxY \ small Y R
C. minor Turtanova-Ketova 1931 lanceolate ) x ¥-¥ s small Y N-L

C. parvum Kryshtofovich & .
elongate ovate AV x F-£/0 \S4 middle Y N
Prynada 1932
C. ferganiensis Turtanova-Ketova
elongate ovate VO-YY x Y-V \Sd Y x\ Y N-L
1950
C. naitoi Kon’no 1961 elliptic \0-VY x ¥/7-¥ T YA-YY x /A-VA Y C-N
C. osawae Kon’no 1961 ovate-short lanceolate  V§/0-\A/0 x §/¢ ¥ VEY/X x VY-V Y C-N
C. tricarpum Prynada 1978 ovate-lanceolate VOA x Y/0-0 -7 Y-Y/0 x -V Y CR
Cycadocarpidium erdmani .., (b . Cycadocarpidium erdmani (a .# JS.o
SaS A
Ol il se aia U wiles &) bogspe @i jsboas S ke 4l o alS J by Sle i ez
U"")_ e Q")?" 00— daflas g_)l.sj.w) (5”9.1 S wLw‘)J 9 M‘S:Lul.u.u (]‘“-"‘))‘QJLC) or»..w.S" /) ;A.V.AL’
g g0 23,5 A o iy Neocalamites sp. cf. N. carsinoides. ¢l_»asS

a>U ;I Cycadocarpidiom = axllas pl ;o .Y  Dictyophyllum sp. cf. D. exile. Clathropt-
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Assereto, R., Barnard, P.D.W. and Fanti-
ni-Sestini> N., 1968. Jurassic Stratigraphy of the

Central Elburz. Rivista Italiana di Paleontologia e
Stratigrafia, 74(1): 3-21.
Benton, M.J., 1993. The Fossil Record.2.
Chapman and Hall, London, 846.

- Bragin, Y., Jahanbakhsh, F., Golubev, S.
and Sadovnikov, G., 1976. Stratigraphy of the

Triassic-Jurassic Coalbearing Deposites of Al-

borz. National Iranian Steel Company, 51 p. (un-
published)

Brauns, D., 1862. Der Sandstein bei Sein-
stedt unweit des Fallsteins und die In ihm vorkom-

menden Pflanzenreste. Palacontographica, 9 (2):
47-62. (In Germany)
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vef oY WAL YEAY e f f N e e OVEY AY e AANDA
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Sample-Point Size (Um) Type Phases Te (°C) Tm (@ce) (°C) Th (°C) Wt NaCl eq.)
SM-13 o5,8
\ Y P L+Vv Yo -f# Va0 TY/0A
Y I P L+V -\q -fy Y. A\gALS
Y ¥ P L+Vv -\ee -0 a- fa/-f
\ Y P L+Vv -\ -fo AD fY/YY
I\ \ P L+V o -0 A a/-0
7 Y P L+V -AO -f. V- YYNY
\ I P L+V -0 -fA 4. AZ AN
A \ P L+V -A. -fo A TYIYA
4 Y P L+V -AO -Yo AD Y-y
\e \ P V+L -Yo -y Yoo Ya/0v
" A P L+V -0 -Yo - YY/-y
Y ¥ P L+V+S -\ -fo f0 TY/IYA
Y O P L+V oo -fo ¥ fYIYA
\f 4 P L+V oo -Yo Ya. YY/-y
0 \¢ P L+V )0 -YA Yao YOIt
SM-13 CendS
\ Y P L+V -Yo -F Yo 4/f4
Y Y P L+V -f. -1\ 1\ /XY
Y I P L+V -Yo -0 e ANY
¥ Y P L+V -y -A 10 Y/
I ¥ P L+V -Yo -0 \er ANY
4 \4 P L+V -fy -\o Y. \4/-A
\4 \4 P L+V -Yv -\Y Yo \PIXY
A 4 P L+V -y -\ \F. /Y'Y
SM-55-67 CondS
a f P L+V -f. -\ Y. YV ¥
\ I P L+V -Yo -A Yo \Y/+e
1N ¥ P L+V -YA -A b \Y/+e
\Y ¥ P L+V -YY -\Y \er \PIYY
Y A P L+V -Yo - 10 \\WAl4
\F A P L+V -Yv -1 10 \OIYY
0 A P L+V -YA -f \\E #IV\
\# ¥ P L+V -y -y \eo Y20
Y Iy P L+V -y -A 10 Y/
A I P L+V -y -y 10 VoYY
4 4 P L+V -fo -y 4. Y70
Y- A P L+V -y -\ \AD Y/
Y\ I P L+V -Yo -F AD a/f4
Yy I P L+V -f. -y \FY Y70
Yy f P L+V -y -f \n% IV
Y¥ I P L+V -y -0 I\ ANY
Yo I\ P L+V -y -f WY £IVY
Y# f P V+L -fy -f A\ £IVY
Yv # P V+L -Yo -y YO OIYY

fr



e S ) LalS Lo el Lo g Lo SIS pmssh e ol IS Lclo S

¥ Uz aalsl
. . ) Salinity
Sample-Point Size (Um) Type Phases Te (°C) Tm (@ice) (°C) Th (°C)
(wt.7. NaCl eq.)
YA 4 P V+L -Yo -0 YV ANY
Y4 I P L+V -Y'# -y \YY Y20
Y. 4 P L+V -YA -f Y. ZIVY
) \ P L+V -Yo -A Yo \Y/+e
Y \ P L+V -Yy -y Y. \eIYY
Y 4 P L+V -Yf -# Y. a/f4
¥ I P L+V - -0 AN ANY
Yo 7 P L+V -f. -\ YO \FIYY
\¥4 4 P L+V -yv -y \f- \-IYY
v A P L+V -YyY -f YO #IVN
YA A P L+V -Yvy -y Y. Y70
Ya \e P L+V+S -fy -1 \#- \O/YY
f. Y P V+L -f. -4 Y. \YWIHF
s O P L+V -ty -\Y Yo Y-IVY
Y O P L+V -Yf -\ Y. \PIYY
fy ¥ P L+V -YyY -\ A% AR
f \ P L+V -Yo -\ WY \a/-A
o 4 P L+V -Yo -\f Yo \AIY-
SM-01 S gy
\ 4 P L+V -4 -fy Yo- Yan-
Y ¥ P L+V -A. -fv YA YA
Y Y P L+V -a¥f -fo Yvo FY/IYA
¥ I P L+V -ay -00 Yoo INTING
I\ ¥ P L+V -v. -f. Yy. YYIY
SM-11 Codgeys
\ I P L+V -Yo -fY Yoo FY/IYA
Y \ P L+V -V -f. YA YYNY
Y Y P L+V -£0 -YA YVO Yo/t

9 SomedS (Haas, 1971) Gas-)lid-los jloged wlalpy  Jlw gbaylibeo yolidl plodas Gos g ,Lid ( JK>
Bos ;0 Cdge (e WO B Ver oo 10 BB S i Ko sles bl paS Slajlogas 5l eolaxw! b
2 0¥g) e SO 5 IWer Bas 0 Sop e Pl JLad ( Js ailne 6l Jlew sla)Libe (6555
9 A.MAS )JOLD.A L)ul.w‘).: o] 00 L.iw P \F.. G W W ‘57")J9 JL\_.w Lgl.m)LuL.A UOL«.B‘ ‘b‘d L Gos g
Sl B Bes (5ysd 5 b Ked slod ais (Driesner and Heinrich, 2007; Wilkinson, 2001)
JLJ)QH@OQ)QM)—A—A\?"j)—A—A\”W)JQ ).A.A.!J\/\L’LSJ)‘ LQ@[SW&‘f LQJLA—AMk;l/b
29kS lp (PSS Foe &S Cnl SS @ oY (G 0,5 0,18 )L B B caals o L L g uuS e
(ooskS V) Jlow jLsbs glmosls olwl o puSgpn 3L Fer B )ee o Lid Codi 0y in 6,5 9 (oS Tg 0
rMSﬁJ.«.: s )l.w.B—l.oOwL.a‘)Acha_w [7:.0@.4»&[: )L‘*BMLSJ“}L’ Q—M—A-A-JS 56}“‘>L’ w)lf ‘;~J9¢o]:5
B9l o0 Al (Ve IS (peglSYIOB Q) (G @Y S wilods JSzs ,b Ver 5l jieST,Be

F



Joligade dgmue g ol D928 0310

HLad s o565 (o «(Wilkinson, 2001))l:>'q 51 el NaCl-H, 0 sle Joloo S s ol (6y5-Los loged (I Y IS
o9 9 Jbow (Sod 3.3, o Jlew (SSuwl «(Driesner and Heinrichs 2007) (g9 g oy 5Sa2 (slod con 3 Joloro ;b
«(Haas, 1971) ,Lils’ Si5 Bos (sl Sz Bose—Lid-Lod Jl0g0d (@ cdiiind g2 jome oSl o lo SIS cigd ;0 oo Jolse 5

(ol 0y aseiin 52y 5yl (a5l gla SIS 55 Jlow sl Lils oy3lidl pls &

odle Ceigp g 5Ll polie (g pip Ml palS g Jlw
Drummond YA «Ludl)ds g 593 o85) 098 50 (Sme
y5— 9 gle,S Jl—w 5,Le 4 .and Ohmoto, 1985)
5657 D) ;S0mb 6y5—5 a0 b s b 4yl
oo bglsre ohails” Jolhe slel yo (il o]
slaylilee ;o NaCl Sai slo gl 0925 pizmar o]
5 Sl b o8] slagsls sy o o5 Sl
4 (Seloglio (slaJslne 0I5 () l5ee iloa s Jiis
] i Jl o0 S sty oy Jloio!
b ls! p» .(Meinerts 1992) cul bay, ISl o
JoS5 (hol Sl alope ds Jlows (sl Lilis anlllae
AL g2y HLuslS o Jae slge gl g 0y )]
9 S gy eSS b odig yion dd o (V il 0ulls
o5 sl az )0 FA- B YT slos ;o 0nis, jion slos, 8
b Jolan (i35 403 AL VY i Jl 6,55
Ol b odig s alo o (Y el a8l axwgs NaCl
Ay ConlS 5 cdgiiShiadge s (6,30 slacs, S
G b 3lS (Bl azyd Yoo BAYe (glos 15 (6,50
Cowl ooy e NaCl Joleo  Jjg doyo FAL NV s
Sy g ComndS 03, L SHalS 51y a0 (Vg
aslo b ol8 colw a0 V2 1 A0 slos o a5 35,155
el 00l 39340 NaCl Jolae 559 9u0pd VOB Y (6,9

fo

s Gas jlogal 1)

Sy Ll Jlw JolSS g s Lo
s Jolss  gne 55 oS85 5 IS g 4o
Ol s GLid 5 ((lowails OVl o 05u) Leo
Ol Ko b sLlaails” Jlw (2515 51 (A0 (leodt
la low Szl ony 5l (50 ol Ol g
19595 @Yk Soeal 5l Jlw (ils2 5 92 5 2lSLe
90 SVl Sl g yiig> (Barnes, 1997) wis
& o0 eLdl 398 Sebojlpan a5 wiiis coge Jule
BailS Comntits gz p3¥ Lyl ooyl 5 glaSTe YL
(Wilkinson, 2001) &g oo b slo e jo
Flie ) gy (20T (Zmlodiny (glaosls bl 5
gz ()l Jluw sloylilwe jo ( Sab;Nen sles
SHBG3) 9 s> edps (Sisuel wgliss slang,
sloasl s (G-I SKS) 05 o0 caalive Jlow (o
Jelse 51 Vb (elas (Sa 558, 5 Ledes (Sisee]
2 ol inh 5 )l SlaShaS (65 lbl 55 nee
Shrilg slajle JoSas o JLos a4 5 (5Kl (slaangy
Oz oy el (2halS SLL Joie jo gonST
g b SouSs o jlad SLSU Gials azs jo 56 Jluw
sy e 052y Jod 5l (ganleds 0g oo Sbmyl o JuS
oibg Jleimlslaz) B 5l oe Jl—w slaylibe 4
u;‘m‘ odudy LSS o Al g2 yome gy yo ) JL—w
Pl slos oS cpiw slos (oS Coge by JLew



e S ) LalS Lo el Lo g Lo SIS pmssh e ol IS Lclo S

o «oleS 5 ol yolie clale polie ol wl »
Oyl ol la Ll 0 i w8 0 g yome glaciow
MgO ,lade cpgdl oS5 0 (B-A JSKo) 38 0 5,8
YH/FAL V¥ 51 Si0, gos 0 HUTOL oo DAY
Ca 98 05 5 (ot oS 5 I 5l g WS oo S
sl gl g5, 00 ploml Sladllas (A JS8) i
Sl (B 5 (39,0 5 el sla Jlogil) (5550
Cy A A ol gla Jogl was co s (I Sozew
G @ S5, b g aits (oS ) Sl 955l (29
45555 M o0 S oviivn o (gonnedS ()80l 3,0
oS5 TS uzn 5 69950 « el ( It C sl Jlogil
&S be «Golmohammadi et al., 2015) a3 )ls coujueo
o Jlogil 5148 s s ol _Slils (VA0 o)) Ko 5
03— GSJM L_S"LA;&J)‘ S uli*._.w &1‘59)_“»
ol oo 5 bt SIS oobidiire) sl Shs
>l 50 ool sla Jlegil plo b calid o sy 0l
Quaj @ ol ol B ol ogag b s K e

O)lS sairin oS 5 g Caml oo T Saomw

e 4>l (BB (o 0 gr e 2l Lils

5 Sl sloSis ol gly lal 3o e o e
5 ol 8l (2Bl (ol (s (VL anlyS (agls
Eygle yo s NE-SW i, b L sl il slazal 1o
3l Sgeidy 4z )51 wloaB (495,53 (65985 slaosg L
3929 Lol 098 coi odmlive g2 jame ;0 (63985 sla S
GBS (S35 2 gl o) 5wl e 13 (gl S
Sadgm oS (hgeiS) g Cal (53985 (sloodgs 4 (Jbje
|y &S ol aslllan 8)50 0550 (g eghS a0 ClS
(el oo S SIS sl SIS S5 S o a
(g0 o CuggSold ol GBS o § 25,15 5 S
3Bl (2heplll (ol s Ggal widsyon ol giss]
o) 4 (CiiSe ptn) ool Shals S

3155 5 0iSTails g 5y o 51z, a5, sy ecglooss

4

.
i Lo

g

o b g yame ool )L uils 4
oo 4l o ol gl lusls
Sygeo 4 yis) ol SHA cgoydne 0 S o
9 s (a5, (o)l slosg LSl b (Gt
Fe2) 0l (35555 (29w Olijs (S Kons j3 oS Tl
09yt 3 51 908 Al po )3 (Sreglgo Sal slaSow
ol oS5 ol g sleolSidkew olyon 4 5 650 4
stz 5 53585 slrodgs (z-all-F JSi) el
2928 Sl olalme 10oj) g b oS Jo8 5l (b e
A5yl sogen ynis SlialS slas )0 g s jluails’ Jlew
L la Sl aoy0 5 g bl 2 sz ane o)
s 8 S5 wl oo gy calizee 3blie @
5 (ool yris) Yowg S-cusliail oius 1o s yone
EEU YO APV SO SN
0550 518 el (a5l 058 10 5 (s
57080 s, 5 sl S 5 (A vV sla JSs)
Andradit: 49.82-83.60. Grossular: 10.44- -L_.
92 (ydre y—wS g, g 42.38. Spessartine: 0.26-0.83
Wollastonite: 39.18-50.77. Enstatite: 33.99- - L.
3wl lwgi o 50.69. Forsterite: 4.89-16.43
@ 350 5l s, 5 oS 5 ol s TS azeew (ol Jlogl
NVgwg,S slp oy Voo b FY/E 51 coslhail gl acisl>
VYAL yao 5 syl gly g duoy0 DO/YY L yauw 5
3 g (6l oS oy oS5 5 Cowl i )5 w0
50,0 YOU |l sl a5, 000 glp o p AY L £Y
Grdae) WS o juets Ao )d VAL +/0 5 Connilags gl
o2l sl Jlogil 1o lacs, 5 oSy (Y0 ¢S
Adr,,  Grs ) Yol S-coslail ( og> Cy A (A
S-S 50 WSy oS5 5 (Sps-Alm, ,
sl Jlosl sl pnSs m oS5 .cul (Hd,, Di Jo, )
ol (Hd, Di) (gauungss Jlois C g Seb oyal
4o s, 55 .(Golmohammadi et al., 2015)
Andradite, ) Y5l S-cosl,il 69050 oal Jlogl
29 0% 5 STy 0 oS 5 g ( Grossular,
.(Mehrabietal. 2021) Cowl (Qaus g yuin) ZoS pion




Joligade dgmue g ol D928 0310

doldad . ,1b Ll ogS pue u.b] S5 Lics
NeY-AD XYF Al sl e

5 oK 0 iarlagb o 0l o) -
ooy HU8) (wyp IV (S e
295z sLais)5 0 (S leS g (ol jole
(Ol iiion dg2) 0,290 Az ($9550 oS
NeV-AY OY OF (ol qwlids gy dolidiad

(somo 5 g 0 w5 yogt ol el (Si320m -
sleslawl b o s ol Shasls aallas YA (g
OB (oordigl) 9 (ol S (omulidiime; walsd
Oyl b ey dnlidad .l ul 559 Jlods jo Bl
YV-0F OF OF

(PSS (bl S5 WA (o (ol Dgid -
Jlgl gz iane Ll ol 551 5 oo
Bly> By Sogi (O S e (B
YoV 09,0l gos olBisls ol ol S 4ol Ll

0ol3 S Lo .l (g pllas o (gaome 5 -
L oS5 i ATAT e omenS s | eedg) Loy
Sloy 5 5 S5 sodgs carniigh 9 U-Pb s,
(O gl abra Sy ol Ao e Gy
AeY-AY Y

c.p g8y T egog,lass ooly Sho .y e syedre -
Oyl ol Ko (63585 (slo00 g comdigs; \TAD
JSazn Jbgl o Saxe ools o g bl S
(o) pole dalidad LBl K (Suxe degerme ol
JYO-YFZ Ve (YO

- Aydin, F., Thompson, R.M., Karsli, O.,
Uchida, H., Burt, J.B. and Downs, R.T., 2009.
C2/c pyroxene phenocrysts from three potas-
sic series in the Neogene alkaline volcanics, NE
Turkey: their crystal chemistry with petrogenetic
significance as an indicator of P-T conditions.
Contribution in Mineralogy and Petrology, 158
(1), 131-147.

- Barnes, H.L., 1997. Geochemistry of hy-
drothermal ore deposits. 3rd Edition, New York,
John Wiley and Sons, 992.

Beane, R.E., 1983. The Magmatic-mete-
oric transition. Geothermal Resources Council,
Special Report, 13, 245-253.

\a4

ol 0318 ) (6503b Al ye a0, i (Sl Al o
° 97O Slin § raS gy 25 (ol d oS
Hbobs lrosls 0,5 o 13 oal slay Kul o S
slos )3 0ig) e )8l Sla SIS wrs o LS Sl
39 22y BAL VY )55 g 0,5 sil a0 FI- L YY-
We slos yo 5,5 )0l sloy SIS (NaClSlas Jolas
Jobes G390, FAL NV 550 g ol 5 sl amyo Yoo
slod ;0 Shals 5l o 35,185 5 oS 5245 s NaCl
59 22,0 WO 93 (55— g 01,5 il 4,013+ 5 0
SSle Ol g)le 4 .o wloass S5 NaCl Joleo
3 Vb s iy g (lSl sl SIS K25 gt
el g oleSle Jluw (Sols 38, b .ol ol (5558
e i 5 53 ol b Y3 a3 o sl
2 96n3 0 Al o ol oSl JoSts s Lol
gdss wold (SHAL 5l w 5155 g ConndS g1 sl
9 S (oo (bt S (Bleos (Sl o aaly o
OSwslg3ST 1 92 pama ol ShalS s Jlw bobs

&Il
xio ol ey pole 0uSiiils sl i 505,55
93 (nl plml sl 1) (olion Lanomo g yns a5 590l
Coglae (6, 8e 51 ailes oo (65Kl Slen,S oolel
Ore zaiome BLLEST 5 dx g (g5,a0l p g e
25T e maige GBI Gl G231 o e Copoe g
Slge (65918 Sladss 38 00 51 eyl |y ylitel JLeS anloly
5 ool (s3logs 9 dnmgs Glojlo s aily Gll (Sone
pLsl]y S92 5 slaasas oS (lpl (o amiboo
PRI C I SE PR | CPRH RN YW KPR ERPRVIR
Sis il co Joud |y pols allas bjlas” Slygls

ety

&L
O 9 S35 (595,53 2leSle S condine 9



e S ) LalS Lo el Lo g Lo SIS pmssh e ol IS Lclo S

Deer, W.A., Howie, R.A. and Zussman,
J., 1996. An introduction to the rock-forming
minerals. 2 ed. Hong Kong, Longman, 695.

Drummond, S.E. and Ohmoto, H., 1985.
Chemical evolution and mineral deposition in

boiling hydrothermal systems. Economic Geol-
ogy, 80, 126-147.

- Dupuis, C. and Beaudoin, G., 2011. Dis-

criminant diagrams for iron oxide trace element
fingerprinting of mineral deposit types. Minerali-
um Deposita, 46(4), 319-335.
Driesner, T. and Heinrich, C.A., 2007.
The system H20-NaCl. Part I: Correlation for-
mulae for phase relations in temperature-pressure-
composition space from 0 to 1000 °C, 0 to 5000
bars, and 0 to 1X NaCl. Geochimica et Cosmo-
chimica Acta, 71(20), 4880-4901.

- Einaudi, M., Meinert, L.D. and Newberry,
R.J., 1981. Skarn deposits. Economic Geology.
75th Anniversary Volume, 317-391.
Golmohammadi, A., Karimpour, M.H.,
Malekzadeh Shafaroudi, A. and Mazaheri, S.A.,
2015. Alteration-mineralization, and radiometric

ages of the source pluton at the Sangan iron skarn
deposit, northeastern Iran. Ore Geology Reviews,
65(2), 545-563.
Groat, L.A., Turner, D.J. and Evans, R.J.,
2014. Gem Deposits. In Treatise on Geochemis-
try, 2nd ed.; Holland, H.D., Ed.; Elsevier: Am-
sterdam, The Netherlands, 13, 595-622.

- Haas, J.L., 1971. The effect of salinity on
the maximum thermal gradient of a hydrothermal

system at hydrostatic pressure. Economic Geol-
ogy, 66 (6), 940-946.

- John, D.A., Ayuso, R.A., Barton, M.D.,
Blakely, R.J., Bodnar, R.J., Dilles, J.H., Gray,
Floyd, Graybeal, F.T., Mars, J.C., McPhee,
D.K., Seal, R.R., Taylor, R.D. and Vikre, P.G.,
2010. Porphyry copper deposit model, chap. B of
Mineral deposit models for resource assessment.
U.S. Geological Survey Scientific Investigations
Report, 5070-B, 169.

A

- Mehrabi, B., Ghasemi Siani, M., Zhang,
R., Neubauer, F., Lentz, D.R., Tale Fazel, E.
and Karimi Shahraki, B., 2021. Mineralogy, pet-
rochronology, geochemistry, and fluid inclusion
characteristics of the Dardvay skamn iron deposit,
Sangan mining district, NE Iran. Ore Geology Re-
views, 134, 104146.

- Meinert, L.D., Dipple, G.M. and Nicoles-
cu, S., 2005. World Skarn Deposits. Economic
Geology 100th Anniversary: Littleton, CO, USA,
Volume 299-336.

Meinert, L.D., 1992. Skarns and skarn de-
posits. Geoscience Canada, 19 (4), 145-162.

- Nimis, P. and Taylor, W.R., 2000. Single

clinopyroxene thermobarometry for garnet perido-

tites. Part 1 Calibration and testing of a Cr-in-cpx
barometer and an enstatite-incpx thermometer.
Contribution in Mineralogy and Petrology, 139,
541-554.

Putirka, K.D., 2008. Thermometers and

barometers for volcanic systems, in: Minerals,

inclusions and volcanic processes. edited by: Pu-
trika, K. and Tepley, F. Review in Mineralogy
and Geochemistry, 69, 61-120.
Shepherd, T.J., Rankin, A.H. and Alder-
ton, D.H.M., 1985. A practical guide to fluid in-
clusion studies. Blackie, Glasgow, 239.
Stocklin, J., 1968. Structural history and
tectonics of Iran: a review. American Association
of Petroleum Geologists Bulletin, 52 (7), 1229-
1258.

- Whitney, D.L. and Evans B.W., 2010.

Abbreviations Sheferd et al., for names of rock-

forming minerals. American Mineralogist, 95,
185-187.
Wilkinson, J.J., 2001. Fluid inclusions in
hydrothermal ore deposits. Lithos, 55(1-4), 229-
272.

- Yavuz, F., 2013. WinPyrox: A Windows
program for pyroxene calculation classification

and thermobarometry. American Mineralogist,
98(7), 1338-1359.



VE-FR Slorio VF sl Y oylads I8 Jlo oyl ol e dolilad

9 @Lw;a ‘_s.»b.o...wy) gs_wL....w...o) 6L°°°‘° roviv
2° &2hal b fawily (o jokiiw 4 590 31 g

2T Sy 9910 9 T grom! (ol mands (ad T3 6531 Lo < g0 g s
Ol o RSty pgle Bastails ( qwbids puey casiiils HLuzsls )
Oy oBiils cpgle BaSiily ¢ pwlidsyuny 0aSCidls o)l bl )5 geomiils Y
Olps oBSls pgle Bastails ( owlidspey 0aSCiily ] ol IS ais gl yiils Y

Ol oBiils pgle Busails o el pae) 0aSLisly g pSoluy Kiwgy ¥
ol oo ..\J)lfgsidum @L.,a g ol &S50 .0

VE- -2V sedl o o)l
Ve NAYIYE 2ol oyl

ouS>

5 dbaie (ol el @y (g Lol bl iy (BB g g Aoy 4 08 0 Aoy i
soazly 25 s Jalis |y wompoypeilnl (i3l wayeS Jlod (23 5 915 )8 sy Sdsedl ol (s
ol 635155 Dlogan, 5 6, lgTy3T (S loSims ¢ rld 0y Dlogan,  ilgdlofal Jolis it cunlbii S
oolatwl b cadlain o plad b lad po oleondsssy sloasls Slwlul g glanl gy oleonigh) Slallas
P9 4598 5l promiw Slallle el ond ploxil (Lol (slaadlso Jlod (b9 40 5 (oloornbi5) 4325 gl 5]
9 3 (tg)) 15 ol sloadlie Julod (rizman g clomiid 5 il o)l9ale g (g9 5 (S5 SLaS5
3 ) 4 adlais slaolglas el oud plodl Sle S5 (laygy (ol jslie 4 A Cwaid o)lsale pgoss
(bt glaaly sl aald slaa¥ sl b culed 5o ol Lk JS65 nga gyl o)lsale g 51,35V
()5 (S polis S sxts Gblis Ll (53 il 5 (LS (slooylylas 5 s 55 o oloarssy glaools

8 g5lapl Cojie 5. 59y e (e LS

838 Bl (Gl S daosls oS5 ¢ Lol slaaddge Jdod o gome Jailiy s gundS slojly

el g Some ledlol gails 5 BL_szST gl
alosl, 2l wnlilllae ool Lol sloaly 5 0t eslinl
5 @Sl b in b g3l S 5l (ool £ o
()l S )3 gamailie 3929 ¢ o (6358 sloodgs
Syl dangi g ey gy JolSS Ols b
el Sl 5 bt S s bl 5 ol

dodlo

ey b dadye psle 4 egaze 5l laiseal sl

&5 3 55 (K57 p oS (aebs (guieigli g oo
O (55lle S o (sl |, o)Ll GG 5 Sl
S1)9S )5 i ()8 P9 doud ;0 0355 jobas )L
S5l 5l aSs g Cann (4,8 Jlgl 5o ol oola] alies

modabberi@ut.ac.ir :as o sxnygs *



a5 095 50 1) by Ll as Sl oSl g b S g
S obeyS oads (e 5o s Kiw jase 5 (¥ g Slosls
LQj b )lj ol,

P e plES &S El ool (28 ol 950, 5
G pladoe ;0 b g ol (S slavaly b LLS)|
Rl 2 p9d 3)509) Wg—Bee bl (ogaty (S uSh
oSl ( ole,S sla Joloxe a5 il gl cadas>
)093 BlLbl by Ko g did o slaoogs
Ol dm3 oo )3 dilise sla Sl S 136 coo
g oabod> (55l e s jo SLw 585l ol
b s o 4 g a5 oo it |y Lol j3 00 20b3L L
SLeSs bl (lgios (2974 lolgale pglas aslllas
.(Sabins, 1999) o 5 Slulis |,

Ol 0 muye poghS Aer Lol a5 aiion yuo ag
Sly wzym (B Cg 5yeskS Y05 2 oLl
Getls gy sl oolaiwl b cdllie ol ) Baiunss  Cawl onls
srools (VFee (]I o2 g 60,0 o bya) o528
k}»al?- (_QLQO)‘?.‘A} 9 L5>l_w)i) 46‘4\9‘);‘ Ls’lw—ﬁdﬁj)
Py sboaly (iares 5 )99 5l o DLl
Joizme (Gase gbae 5 258 bl & (bid S
Seileuns BlisST @ pol> dlie wlassls, agy ool
(Sloogs ddlaw Same B3 Byme g Aoy adlaie (o

axdlloo 090 ddlaio ol g0}

0 YY" olilas Job jo a sl 5 90 ddlais
&8l YYOFFL YYONT TS 5,0 5 090 FO'FY LS
OYAY) Lol oo olusl p dilai ol el
o3 9550 )8 Olel B Ol () BS L (95 50
0S5y o3anl g ioald 0 oS 50 aslllan 890 dilaie (535 10
el oals &8l g Jlods i, b ll 5,5

L S0 OlRl 35 50 Ol 03)55 g2 dilae
Sl g Il Loy 3ig) b pueisti gl 8l 5]
12 3Ll b s gL (Tirrul et al., 1983)
Cwloads 5L adgl anl,S Hley o coad ploeil Slalllas

O«

<3903l i 9 (Sl yS3 ¢ plionsi 55 ¢ suolidh cynoy lood]> 3.8l5

ol sl asds Jlw ol o (Wang et al., 2020)
Gl g Ceslovgy alidl a5y Do b4y Sawe Slge @
axal> ool cels dajls ol 3B g adg0 4y pols sl
Qb olge cpl (somins o Al sloog i 4 Jaxe
wl_zsS1 .(Porwal and Gonzalez-Alvarez, 2019)
adlaio olubls )l daccdled 1 awg slo pnd Sase slge
2y e 0ole 0,53 5 ploxl 380 LU, L rsual
sla>b oblass 5l Gas .(Haldar, 2013) o,.5 o0
12! sk 4 g5 IS axi e olis ki
3L )50 (Sume dlge Sl 5 duas BlacsT oldae
] Az 4 g, aral> gl
oolde o oleon—igsy obLzxST Sl las
ol BlassT Sldas  —wlal slaasl 51 S (glabs
bl 5l g, o 5 (Demetriades et al., 2018)

L

3l paiges (ol pBlist sleado 56 )0 o>
Aok DSl opdyse Oyze slaalyl s,
5o u‘)lﬁ )mts’ LSLQ)S)“” aS el ool wl) LF’)?U
el 0 Wlgi oo Ladiged (nl (o) 51 Jol> milis
Slorissy el bl g oleen—ig35 slacdUl
@S Jlos LQJT)o aS sablis yozen g gla_>U
.(Gandhi and Sarkar, 2016)

Sabins (1999) a5 cxel> iy )8 590 5l Lo
9 3291 andls g ¢ 030 3 ¢ 30)9] G s e S oo S|
0,lgmle b Laslgn 5145 095 co (8 yme Lol b Lo o glmools
MLijﬂ‘djf‘joélAulﬂcwsmﬂfao..\.o—‘wéd.)
SlaasT o 590 51 Giowaw Sl slesliwl a8 o S 1,
Bblwo o gaid T )15 azgi 000 i b Jlu 5l Some Slge
03— w)f)lfdagdamuam é’L.Q(_S‘)J Ol @l
.(Abrams and Yamaguchi, 2019) &l

Slge BL_2ST 100,515 40 )90 3| i gl
o liisipey soasly (056l (o addi 4 () 15, Soe



OHSed 5 50 gy

5 B sloass> 6)‘5T‘g539—”) o)l 5
w5, 51 LB s o s 4 sl Lt gla S
Sl sl 058 o 0010 Connd SLL Al S
5 Lwymnle dacaisny Jolt (SGiLlsl
oS 5 Glamio aSls § Codgd (il
331 +(glodg 5 ) 315 Jol s S,
055 o 5y Ay Cedigdy (s Sn el Code!

5 oplaST s o K WSl 40 g i wd gloged b
Sly> g oS acile 3 Voome ilaniél Lurlo

ield 65 90 00ga0te (pl yo i idd o)l ) Sl

giads o)l 552 (gl 5 (SLb Awl S s 4
995,18 ,1,8 cJgubl osel isu jo (b et
Gt § Swdslo o S5)5 sl 5l Ygons
ail ) Sl sla ials wloas LSes s
b s g 3laid, 518 g8l ool ddlase Jlois
S eS (sladed 5 g o Saauls
blige gt Ve b el g o

\)9.4»6& OM&’

sleSanle § bt ol 5)ls) sloo)ls)
sz 9 555508 oy Vgl ( Slse )l o S5y
5 1505lS559,5e  Sliatsl slaSins (S¢Sl
3 K)sloged slaSimanle gislugygys sleglsss
W by oloj sl Kiw degama ol ol g

sl S Y (gl B il

oaS3lbg e Jolds Slgm) cnl 1655195 Slgm, -

sgs g lbsls 5l pails glaai__igs (slaslsog,
a4 L 0 5o 5 il a5t sl ol g o)

Feoed (Kow sloaxly gg) o laal _igi 5 o]
ilaid 318 adlae

)]

O diws Loy .(Babazadeh and De Wever, 2004)
b gl ailon Qdl-Dg) (slaS ol 8,555 5 (wo—L3
.(Saccani etal., 2010) cewloas slpocion SLL aLL,S
Slo—baz, 0 YOU YY) byl ablais yo
Karimpour et al., 2011) wlazdl jgeis; g
Ol o S850y5m ol o (VFee () a2 5 (g0ue
Dlsl S el S Ve o Foo Colin o eSS
Sy UL_.W.:LSB‘ g_;)c O LQ)]c]wa‘us.wﬁ
500 )0 p—nileSlo M5y .(Richards et al., 2012)
o oleSle sloan oS L o S 4 aS oLl bl
Wi (yudl g 230-dang)l o0guze o ylo—e @)
Sl oasST (6631 S slylo 1l 6 —d psleSTo
JS) s JnS s o 0 508,95 s
s Gl bS8 o g Jla 5, L sidohs
.(Walker et al., 2009) 595 oo _asrico (055
e Ol B )0 sS -l enSleSLe
5 ojlad) Slzais] slac w00 ns 6,5 S

SLogisk 3 S9asme jobas (63585 Gla S ]
Ol 00,95 (g2 adlais j3 W3S IS b S8
obdanz 5l gpible s Glsaisl s
@) LS 5l ones 4 I S iie g ailaie
(Slgdl (Slay So 59y 2 oud 4Ll () (2o
P38 lagdeis it (gl B SLL aul)S |
lagidle Cogedl  Seld (sla il S5 0 ol sl 5|
(Pang et al., 20135 Modabberi et al., alaid 5 sl>
.2019; Tarabi et al., 2019)

) by diline ol S slaaly (S sboa
9 CelS gl (V JS8) 055 il (i oz @2 Olicen
OYOY () K
2 99750 S (3005 i Slsdl ool

g8l sl 5l s, casdlas 5,5 dalais



e 90l iomis 9 (Sl yS5 ¢ plionsi 55 ¢ suolidh cynoy lood]> 3.8l

(Pang et al., 20135 Modabberi et al., 2019) 3l ai3 35 -\l 03,95 92> (395 5 Oyl 58 (owlcdpeoy alids ) S

b ozl e osledbl sali &Y ol g5lwoolel gl axfllao g,
iy bl ey ViVeerer claa i 5l oolan b o ol
5O Al s Ay A Ay 9 OL)LSe Ul Jow s (slasl LSty 59l lallas plil j

ol oy slaazly g od s cogd) 4 GIS Laome o canisf} dhoz 51 oMbl Galiseo sloay ¢ Js—ane
b basye g pteo sloaxly 5 o) asdllan 050 il 2 (59381 (3ol 5id (BT (o KKl g b liS L
500l Uy s 0k S5 g bl 5 S5 bS5 10 b s o by «_sioms ol ,23ST,, eS|
iy 4285 ARC GIS ,l5816 5 oo ;o Distance xb .(Mosusu et al., 2021) wgd oo Jodoo K0S

oY



OHSed 5 50 gy

M).w Vieoooo ‘SAA}L.AAJUAA)M Y K.M:

oy



=L a5 Bartlett g KMO (layg0)] .o dslore
9 2 S 9 oole (Ko colpd polie dlie ol
KMO S5 polas aioud dawlxe wiws b o alS
dgd> pwolas gl o)l ladlae Jdow ool o <V
/A 3995 ccwnlin Hlws ladlge Jdot (oaS ol +A
03] aS g ezl /0 clansgio/F o Joleie Y calio
wig olie JS Luilyly (ZU0» 2011) E sl onslial
loadlge b blie yuilyly (gred duoys g uilyly 9oys
5 @l V3l 555 og plie uw g 00 drlone
V5l oo oy ylade ¢ Jol dddge Hlez LaiaG ool 4yl 40
A S ey o |y diges Guilyly LVE 51 o g aidls
Sl G 4 b ite Sl (g0lass 6330 51 g5k 50 (192
g aloS JSie adlge s ls (Siaon adlso
Ol s 990 45 aSloaslogzgas ol i) cg,0l)
i ol o s e aailge ool yeas aely STl
Sl oo —loslaiw! adlge ]y90 6l Varimax g, ;!
W30 Dyg0 eadlse coly (55, dsliie S90S
Sllae ,u8) 55 Lod polie oy, ol .(Kaiser, 1958)
loadlgo culpo myile slaggim 4 jao b g (uolie
Qa5 Wgd o sl pladdlge i )s aes o plais]
ol s o] 5] e b g wilzianly s i s oo
s alyS adlge e 0 ools (s ol

ol (Kion 4 4295 b Lnadlys oy ,olie
2 ek 9 po—w epgs adlge 5l Coled ;0 9 0D s
a2 IDW lys,s Lbsy 4 V/A ARC-GIS 3l ;
A g (2lrongl

T 90 Ol o
Sy 6)lRl Glone 4 Olei o0 slo)lgale pglas 5|
A g ool Ao o Same ;B3 BLziST o
0,5 oolaiwl Vb s g o5 i b o SLw 5o sloaiss
.(Mather and Koch, 2011; Sekandari et al., 2020)
S5 gy el gl ol aslllas )
g Fmlodizniw O3 (A (S5 SLS 5 b 5l
&lp Cg)9) (2l Lpadlie |t Loy,
Cowl 00l ool wl A Cwaed o,lgale OLT sosmu

of

<3903l i 9 (Sl yS3 ¢ plionsi 55 ¢ suolidh cynoy lood]> 3.8l5

2 43 e S (sl delie (ol slaaly
890 dilaie (o wlidipan) Somns )3 a8l ulwl »
Ol L3I 4 az g b 503 (g9 jl g 0 a5 asllla
6 LeslS” Ciin glans 5 00 (ygeis, (slo K
Ol Slgi g0 &S dntas Siglgid axly (pazgs B
s Seblal ) sloasly bl ailais 1o g5l SIS
asdllae 990 (S5l (gilw e sl gl (ol o &5

i8S )13 el
st bonogdy Ol

Dy 5 5o Wiges TAV ¢ plaar B985 Dlalllas (g1
5 ObESe iy iz Vooee a5 oz 5l slanll
0355 JUs 5 508 bslora 5l g s el ol Jges
A al ol JUL 6l )y g Sda o3lail ladiged
S e Gos 3l gl o oo Sogll 1 alsjslis
e o lis (loondigl 4325 gl adigel iad udlo
As, Ba, Co, Cr, Cu, Mo, Ni, P, Pb, ¢ol_aiil
ICP-OES _jb3, 4_s Sn. Sr. Th, Ti. U, V. W, Zn
B ool Loyl g oliule;l 4 g o gjlwoolel

sl el
ool glel Jdo 55 g (g ol oleMbl a5
Excel 2019 5 SPSS 26 la, 53 o3 Lasss loarsss
tboe—955 (bwosly (gFazs g Jolod 285 ploxil
Hlans 56 polis 5l g0l ol g1y 45" Sloj oy
P9y ol (6lg0 )15 ol e s 4 casbbon
sl ool 2alS sla i, 5| S ol sloailge Lol
S (o0 )8 g polie 5 oy gLl bl 2 (2,
lapite 5l (o SLeS 5 0,5 T slr el (239 5
A Olaibe olfiws SO JSi5 a5 90 4 gl
asS Lol sloadlge o Jas SlL_oS5 cplay ooy
wi— -(Grunsky and de Caritat, 2020) 59— oo
sosls lanl ¢ Lol sl addlge Jdov Sldos ploil
o 9 X508 Sl ool (S0l by 4 9 geiins
o, & slaosls a adsl slaosls ¢ g3lw oy sl

S0y50 slodiges gl g lel sloal )l g oa s b



OHSed 5 50 gy

).ud‘ O)"ﬁLo

C‘?"" 9 J.,Sso Lg)‘a)_:):ya_s b \f')a RV ") Q"
OY e shedo 035050 10 00 00l uedolieg il
bl as ) 1) \S005 g8 (S0 55 yegySee /AP
V8 sedo 03900m0 18 5 e 1O SIS SIS & y08
s_iaS.Q.) u)..\s lJ AJL’U,...MJ)O |) \'ol.ajscj.c CJ_MJSJB Y/f\ﬂﬁ
b lsog iSdl zlgol ¢yl ogdle 0S| co ol o Yo S
o Ve G S D08 b il o jo 1) 9,8 WWEO
oXzt—w (5l 03guzxe .(Abrams, 2000) S o oS
gl aSul @ azgs bl oo 511 Y IS o il
g 0 ;;.;Llo).g (GO LSLQC}AJ?JO I ).....q‘ PRVE W
6\l g7 s oo Koas LSS 45 3,15 0925 Sl ]
S 0598 fl gl 55k sla T 5l (S 99 pls]
(Gupta, 2017) ol Cawsid b anslio o o YU

a_wlsl o .(Safari et al., 2018; Langford, 2015)
Ll ool ais sy Sl sbojlsale 3pee 4y paitee
A Cawadd oylanlo

aS el A Cwssd cawasd gloo,lgale 5 gy o3
Vo0 byl o 95T oo 59,5 )4 g5 VT JL
Ol 952 o0 (e 593 4 Sl a3 e b (s yieglS
OLIosixices 5 TIRS § OLT oaiczi s 33 (5ly1s o,lsalo
s (6250 oz (ol sl b 1) gyl olsmle oy
b8 Bbles 5 ey a5l e 110 610 Lagite S8
Cosii) o,l3lo TIRS g OLI gloosizins 5,5 o i3
Seregdly 9, 5dee 13 1 (SNR) jgi 0 JLSow S A
S8 moli8l sl o i el a5 wilonisy Sgugo
o pglal &y Cond gl () SGegal, S8
.(Irons et al., 2012) el ETM+ oo 095 5l i
o 00 81y ¥ IS 5 Censisd o s le s 0ils o0 905me

Landsat8 5 ASTER (glo,lsals sl sl sdgime auslin .Y S5

sloylgnlo gdosls yo3lo

Greds Wb ol daalais 51 IS auo Sl gl
ol olowl gl 0, S ays dadlais o 5l B> e Lo
039z ;o 4S oz w SU 5l glaail Wb Eds wo
Qg 00ls 13095 Lol S5, JUI 1o plaS 10 g ol
.(Sekandari et al., 2020)

1. Viisible Near Infrared (VNIR)
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1. Scanning electron microscope
2. Meteoric water
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1. Vent
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5. Cascade
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12. Microbialites
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1. Tufa

2. Enechelon twinning

3. Lublinite

4. Fan-ray crystals

5. Crystalline crust

6. Foam rocks

7. Honeycomb rock

8. Microbialite

9. Stromatolitic bindstone
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1. Scanning electron microscope
2. Charge Balance Error-CBE
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1. Langelier Saturation Index(LSI)
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Abstract

Understanding the geological phenomena created by dissolution can be a great help
in understanding karst systems. Hence, geology is usually the first step in studying
the karstification process. Abegarm is located in the Central Iran structural zone and
includes the Formations of the Paleozoic, Mesozoic and Cenozoic eras. The most
important carbonate formations in Abegarm are Soltanieh, Ruteh, Elika, Lar and Qom
formations. In this study, karstification potential was investigated after field work and
sampling of carbonate rock units and comparing them in terms of the development
of karst landforms. Sampling of karst springs in both dry and wet periods, as well
as measurement of EC, pH and temperature on the ground were performed. Remote
sensing studies were performed by ILWIS software on Landsat satellite images for
isolation and calculation of the area of carbonate formations. AqQa software was used to
review and interpret the findings of chemical analyses and Phree Qc software was used
to model water chemistry. The most important karst landforms in the region include
karrens, vugs, caves, and karst springs. Based on the combination of field studies and
remote sensing data, the intensity of karstification in the Abegarm area graded from
high to low, include: Qom, Soltanieh, Lar and Cretaceous formations. Based on karst
development classification, Abegarm Karstification is merokarst (incom plete) and
shallow; and based on the karst cycle classification it is classified as juvenile to young.

Keywords: Central Iran, South of Qazvin, Landforms, Karstification, Hydrochemistry.
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Abstract

The Shemshak Group is well-exposed in Ramsar coal-bearing region and consists of
four formations; Ekrasar, Laleband, Kalariz and Javaherdeh. The Laleband Formation
lies conformably and gradationally on top of Ekrasar formation and its upper contact is
conformable and sharp under Kalariz formation. It contains scattered plant macrofossils
of Norian-Rhaetian age. The studied section contains well-preserved and scattered plant
macrofossils belonging to three orders as Equisetales, Filicales and Pinales. Based on
the occurrence of Neocalamites sp. cf. N. carcinoides, Dictyophyllum sp. cf. D. exile,
Clathropteris meniscoides and Cycadocarpidium erdmani and stratigraphic position of
fossil bearing layers, Late Norian-Early Rhaetian age is suggested for the studied beds.

Keywords: Laleband formation, Plant Macrofossils, Ramsar coal-bearing region, Late
Triassic.
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Abstract

The Madanjoo prospect is one of the eastern anomalies in the Sangan mining district.
This area is located in the eastern part of the Cenozoic Alborz volcanic-plutonic arc. The
geology of the area includes Jurassic shaly sandstone, lime mudstone, and sandstone,
Upper Cretaceous limestone and dolomitic limestone, and Upper Eocene tuff and lava flow
sequences, Middle Eocene skarn rocks, and Quaternary sediments. The most important
occurrence in the Madanjoo area is the penetration of ferrous fluids into terrigenous and
carbonate formations, skarnization, and iron mineralization, which is characterized by
the presence of magnetite and calcsilicates minerals. based on type and frequency of
calcsilicates, The skarn zones include olivine-pyroxene-garnet skarn, garnet-pyroxene
skarn, garnet skarn, pyroxene-wollastonite-magnetite skarn, magnetite skarn, phlogopite
skarn, tremolite-actinolite skarn, and epidote skarn. Iron mineralization occurred as massive,
banded, vein-veinlets, breccia, and disseminated forms mostly in the Upper Cretaceous
limestone and dolomite rocks and along NE-SW fault zone trend. Magnetite is the main
ore mineral accompanied with pyrite, chalcopyrite, pyrrhotite, and secondary iron minerals.
The composition of the Madanjoo garnet, pyroxene, and olivine are andradite-grossular
(mostly andradite), diopside-hedenbergite (mostly diopside), and forsterite, respectively.
Thermobarometry study based on pyroxene chemistry show that pyroxenes crystallized
in temperature range of 458-689 °C, pressure of 2.21 kb, and depth range of 1-2.5 km.
Three main paragenetic stages of skarn formation and ore deposition were recognized in
the Madanjoo deposit: (1) a prograde stage developed with prograde garnet and pyroxene
forming at 330° to 410 °C with a fluid salinity between 33 to 58 wt.% NaCl equivalent, (2)
a retrograde garnet, tremolite- actinolite, and calcite which formed at 120° to 300 °C with
fluid salinity of 16 to 49 wt.% NaCl equivalent, and (3) a post-ore stage with calcite and
minor quartz veins that developed at 95° to 190 °C with salinity range of 2 to 15 wt.% NaCl
equivalent. Possible iron ore formation mechanisms include: fluid mixing, boiling, and
dilution with meteoric waters along with decreasing temperature. Finally, the Madanjoo
iron mineralization is introduced as a magnesian exoskarn iron deposit.

Keywords: Magnesian iron skarn, Geochemistry, Mineralogy, Madanjoo, Fluid inclusion,
Sangan mining district.
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Abstract

Sarbisheh area is located in the west of Sarbisheh and southeast of Birjand, South
Khorasan province. This area is located in the Birjand ophiolite melange zone and is
a part of the northern part of the Iranshahr-Birjand metallogenic belt. The lithological
units in this area include ophiolite melange, flysch facies sediments, pyroclastic rocks
and Quaternary sediments. Geochemical studies of stream sediments and identification
of geochemical indicators of mineral resources in the region were performed using the
results of geochemical analysis and principal component analysis. Remote sensing
studies were performed on the ASTER and Landsat satellite images using color
composite, selective principal component analysis (crusta) on the Landsat 8 satellite
imagery to identify the alteration zones. The lineaments of the region were drawn using
the high-pass filter method of the ASTER satellite image and the Google image. Finally,
by creating layers of geological units, geochemical data, alteration and lineament and
integrating them with fuzzy method, areas with potential mineralization of nickel,
chromium, cobalt, copper, lead, zinc and magnesite were identified.

Keywords: Mineral potential, Data composition, Principal component analysis,
Alteration, Fuzzy logic.
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Abstract

Calcareous springs of Ab-e Ask are located 85 km northeast of Tehran, in the southern
range of the Damavand volcano. Microscopic studies represent the existence of four
abiotic and two microbialite facies in the Ab-e Ask travertines. The travertines are the
main deposit types of these springs. Based on sedimentation sequence and lithofacies
these travertines are categorized as first type (vent and channel), second type (pound,
dam, and cascade), and third type (laminated) travertines. On a 6180 versus 613C plot
(VPDB), these travertines are plotted in the oncoid and crystalline crust lithofacies
fields. These facies show the character of hydrothermal spring and set the spring in
the thermogenic group. Positive values of the Langelier Saturation Index (LSI) for
Pashnak, Nadaali, and Zagh springs indicate that these water samples are supersaturated
with respect to calcium carbonate, which leads to considerable sedimentation around
the springs. In contrast, a negative LSI value at the Sare Pole spring indicates the
water is undersaturated with respect to calcium carbonate. Therefore, this spring has
a lesser role in travertine deposition compared to the other springs. Also, the position
of the samples on the modified Gibbs and Van Wirdum diagrams, suggests that the
interaction of water with carbonate and to some extent silicate rocks is considered as
the most important source of Ca and Na.

Keywords: Ab-e Ask, Carbon and oxygen stable isotopes, Thermogene travertines,
Sedimentary facies, Hydrochemistry.
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Abstract

The use of different geospatial layers In the exploration and determination of the
mineralization zones, will lead to more reliable results. In this study, the investigation
of iron mineralization zones was done using airborne magnetic data and three types
of satellite images (i.e. ASTER, Landast-8 and Sentinel-2) in the Esfordi area. The
reduced-to-pole filter, the upward continuation at altitudes of 200, 500 and 1000 meters,
the analytic signal, the horizontal tilt angle, and the first vertical derivative were then
employed on airborne magnetometry data. Argillic, phyllic and propylitic alterations, iron
oxide and gossan zones and structural lineaments were extracted through satellite imagery
data processing. The analytical signal and horizontal tilt angle indicators were used as the
main geophysics footprints to identify the magmatic intrusions and geological lineaments,
respectively. In addition, three satellite imagery indicators were used in final identification
of iron-bearing zones. The weight of each layer was calculated by simultaneous analyses
of the concentration-area fractal curve, the prediction-area plot, and the use of 22 Fe-
bearing occurrences in the studied region. Note that the analytical signal layer with the
prediction rate of 76 % has the highest weight among all layers. In other words, this
layer has occupied 24% of the study area as favorable zones by which 76% of the known
Fe occurrences are delineated. Iron ore potential map was prepared from integration of
all geospatial indicators through the weighted multi-class index overlay method. The
generated map has an intersection point with a prediction rate of 78% which has higher
weight than the other individual indicators. According to this map, new iron mineralization
potentials are observed in the east and southeast of the Esfordi area.

Keywords: Airborne magnetic, Esfordi, Iron mineralization, Sentinel-2, P-A plot.
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