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Statistics-raw data | Ag Al As Ca Cd Ce Co Cr Cu Fe La L Mg Mn Mo Ni P Ph Shb V Y Zn
Mean 020 21285 1005 38074 009 30 I8 59 40 43089 15 15 13483 807 049 52 625 13 091 e 10 82
Median 0.27 20640 890 38964 0.9 31 18 60 39 43934 15 15 13268 820 052 53 621 14 092 170 10 34
Mode 026 19223 KO0 30680 019 31 15 60 39 33217 15 16 13448 TOE 038 53 600 6 092 106 10 71
Std. Deviation 0.06 1871 366 3313 001 2 2 6 9 6498 1 1 1020 83 007 3 39 9 005 39 0 10
Variance 0.00 3502497 1338 10974300 0.00 3 6 36 87 42218580 | 2 1040186 6905 0.00 9 1540 78 000 109 0 95
Skewness 291 140 163 -050 0.1 -D.57 0.63 001 134 006 -0.28 -0.68 098 0.12 -1.03 -1.56 029 1.61 032 0.05 -1.04 048
Kurtosis 1220 201 280 -069 -0.35 082 041 -068 130 -129 -0.15 -024 186 -1.19 -0.22 3.90 -0.41 402 L71 -1.17 -098 0.01
Range 035 Te99 1760 12881 004 9 10 24 37 21615 5 5 5119 288 024 16 157 41 027 128 I 41
Minimum 022 19223 450 30680 017 25 15 46 30 33217 12 12 11302 692 038 41 554 5 079 106 9 68
Maximum 057 26922 2210 43561 021 34 25 T 67 54832 17 17 16421 080 061 57 711 46 LO6 234 10 109
25 | 026 19956 B.00 35284 008 29 15 54 33 36047 14 14 12959 714 050 51 598 6 087 118 9 73
Percentiles | 50 | 0.27 20640 R90 38964 0.19 31 18 60 39 43934 15 15 13268 820 052 53 621 14 092 170 10 84
75 | 031 22368 1070 40395 020 32 20 64 43 48659 16 16 13855 871 053 54 655 18 094 189 10 89

S52g Jdo 4 25 @) 5l ) polde ogi oo asS
lodiges (oleonb 4o ;0 s Jod 5l (028 slallas
s ool J—do @ 55 69,le—0 10 9 09—0 o Sl
Gogbds S (o0 59, (BLST (laosls dxel> )3 29290
osls gy 1o ol o YU Hlaws clale polin 049 aS
e |y (g0 9 Sl ) 5l )1 polie ¢ gl 355
axal> lral sladigel ciS olg oo (plplo digd o
T polie 099 sy oo LSis |y (o, 5l )15 jolie
B Jboy <l 5l Lmosls a5 ol S Cuo,y 5
B polie 0529 (WA cpalld, 5 g S o)
bl ey (sosuay slas SV wSlgs o 00,
as ol ollasl Sas e b ohals Jie ool
SBLLEST 10 0,50 e g o gl g5lulas yul]
9 ] )‘9"_“" osls OO Jl.o).) quS > ‘S:L..ou_wﬁ)
JLA)JAJ/Y W.QLA Lrﬂ.a.».b )9.L>:L: ‘S:L.A.._wjj) GLQOQL)
B polie lls sladiges (39l o anagi g0l 5l sl
u.vi.:l? WJL.Q )J.bl.o.o =LL.....73 g o0 ‘SQL..:LH.» uu.)) )‘

diges 0 w0 cbale polin (CU) s paic
B o5 50 05 ¥ i 3l s ol 058 glaml ol g
¥ ol bagie jlado g S oo i (5 )0 0,5 PV didn
2 o paie g5 s)lel sl o el (5 0 05
5 A @ (SIS 9 (Sgz polie gl olr oS
(JleySY) oyl a5 51 ol sl V¥ 5 VYE
il (e ) Sy Can 4 o b
Sl i L 5 Yl e slotipes 3575 ) Jyo)
Sy S i (s Jole sl amolz 1o s
o yare Jliml g (Slsl8 S slaloged aBli e
0 52 5 ol by (slnosls iilen 5
Ol |y sy o 4 o bles g @ o liels S5
S sy ol S 5 (s S8 n3 e
4 S5 (5 50 0,8 Fo) slaalpl g amal> 50 e
sl (5 g2 )5 09) ol sl Slglyd Lanwgio

gyl a3l 9 sy 5l @)l polie Ll

LS)L)U’_U.A )B_Iadq 456).:&[.0.4 L 6)LA] u.‘>L..c 5o
sy 51 5 ol eyl S polie plos &y o



Normal Q-Q plot of Ag

0.45 - w 1 )| Mean = 0.29
) e (™ St Dev. = 0.06
N=36

Expected normal value

= (=] = =] (=]

8 & 8 & 8
Frequency

0.15 S :
0.10 0.20 0.30 0.40 0.50 0.60

Observed value

_ Normal Q-Q plot of Cu
70

0
010 0.20

(<)

S
= 60+
g
= >
E 50- e
e @
=} 3
= o
3" £
(4]
a
» 30'
w

20

20 30 40 50 60 70 20
Observed value

030 040 050 0.60
Ag (ppm)
()| Mean = 40.33
Std. Dev. = 9.34
N =36

30 40 50 60 70
Cu (ppm)

o Sl Jleza Jlaged (& (e Slol2 S jlagei (o o, Slslyd Jlosal Jlogel (¢ o) Slghd Soiw jlogad (.0 IS
S| uaz.w.o U" w‘) Covw lJbQT J.:LQJ 9 Lbe)js u)Lm \)9_».) 9 Qiloads )] 6‘@‘);‘ Sy w}j) 'Bl> 6‘.&0\)‘0 dul))) l!a)L)}oJ U“‘

2l X) 5eSleo jlade ol 5 (s 098 0 dwloes +/OV
DBl go [ YAL uly (S) jlre Bl Jlada 4 /YA L
S350 gy ool 2 (sladlpl gy diged Y ol 1,
bl bl 2 510 dbion Jlez 2l 525 8 el sl
Ohle Jlaie gglun b g 55,50 +/OV oo XA Hlaas ()
Lol g casl o, 51z, /0 jlade caiL X+(Sxg)
D9 Sl syl e, olas bl o>
XA>X+(Sxg=0.57>0.28+(0.038 x 4) =
0.57>0.43 Q)
el I FY lado 51 3550 <OV Jlade aSCol s am g b
Al g canl sy 51z, lade /A aS 598 oo doeil e
5 S-31 sladigas jo /T Jlade canlsl o 09l il

5 ol Al go ol o i s e g5 s S-32

lie (o3l 5 lobid gl salise (gla b, gl
JBr9 S, 5 Bz 0l 5o 9 310 992y o) 5l 2,
soolae slalinl o 8,90 (g, jo .l ool oolanul
9 39—dss dmlone L5 3)90 paie gl o) Sl
> a g oyl )5 sladigad o ane clale
Sh fa) 0985 o0 (ppSol> s 5 B molie 6143[:;.»7
&l Geai orl 5o Jbe Glyea (WAL (pall 8,5
0,8 yaie o, 3l polie gl slaaiges Slulis
SOy §Ogme D)9 & 0y pleendohy (slaesls s
Slaalpl Gguy digas 10 05 10 0,5 OV Jlade ol o
&l el 0,8 pane gl Jlade 3 ts S-39 6l
(ol @0 3 ) Slaie SO OV lade 4SSyl Ll
OR)S H8 3 (y990 0, anelzr jlxe Sliil 5 (Sl



o).q.a]..m.c 6‘)" ~/Y‘f’)|m o= S| ‘/\C\G..u (X+ng)
4 5L5 g 00g.5 s, 5 C)l:’ S-324 S-31 sl adiges ,o
oy 5l 7, polie glabinl o plpls ol coiol>
Hade g el +/FY Jlade arel> ol )5 0,8 paie gl
e 00 ol /FY i b S-39 digas o /Y
0, ypaie diled (o) 5l z, Ll polis (iegh ol 4o
o Ll )93 Loy, 5l ealisil b yolie ylu o,y
)l 5 slade 931 J8y95 (g, (bl 2 (59 9wt

iloas ools aseis

SOV polie (28,5 123 1o (g0 0,85 dmal Lre Bl
X)) 5l ol oy (o 29900 drslns /Y7
Al I TEL s (S) leme Lol 5 +/YVE Ll
J3y93 Uy olol 2 (sladlpl Cgan; diges Y7 olass gl
abal) olol 2 ST adbion oz 2ln o 8 el slade
Soke e ggluwe b g 55,5 IYF s XA jlads (V)
b sl 5 el i, 51 )5 +/¥F ke ol (X+Sxg)

o el s, 5l 5 polie gl us

XA >X+(Sxg)=036>0.276 + (0.034 x 4) =
0.36 > 0.41 ™

Slaie 5l 3 S>gS /Y Sl se a5 ol ol ]

s> 9y & ol oSl polis 5 polis 51 (S 50 cinsy Sl ol sl gladiges Y Jsoor

pans (PPM e 2 s 5l 7515 jlaia) (glanll g (gladigas o)los ol lade
Ag S-39 (0.57 ppm) </fY
Al S-46 (26922 ppm), S-47 (26316 ppm) AAAAD
As S-08 (22.10 ppm), S-06 (6.90 ppm) 7N
Cu S-20 (67 ppm), S-8 (63 ppm) OA
Mg S-47 (16421 ppm), S-52 (15738 ppm), S-46 (15676 ppm), S-39 (15074 ppm) \Fo-.
Mo S-08 (0.61 ppm) NG
Pb S-08 (46 ppm) Y
Sb S-49 (1.06 ppm), S-39 (1.03 ppm) «AA

Sosbsy it o5 ol o151 05 (Saepl aig
Gl oliaringsy SlBL_czST ) salitwl 8590 5,
bdre oledsh) slag,lual o § olubs al> )
oS byl g dlal (JSb (esl) (oo 9 (2L
5,18 ol yem 4y | Waoosls w395 o Jboy (8,8 (KeilS
DB olis (lye VL Jle goleyd polie ol gyl 5l
ol b 51 89 oo goonal g ool (olulid i, |l

055 Jlop laools w5 cind, 5l )5 polie e 5
51 Galiten oo ol 5l eslil b olgi oo Ll 3 oyl 5

(o) 8 Jlai| loged ¢ cando oot W Jmais Jo

\

Cgw)y (hoadgl gedls (gilwloy
o b gy b glanlyl
o) b 5LasST glaeysyn 50 o5 (s lel qoly oo
oo (Soz shls g ain Jlojind )l )5 5
al,S 50 Vb Hle polie ghls palg> B ol Lasil e
sle banela b diej dnalar 4 g duisd g5 o) Coons
YL gole e polio ol wloas aslsl Lsls Sl
oo, S b g (laxl SBL_isST ;o) la g, luals #dly
Jolis 1) ((eas g sogae SBLLIST j0) Hle y SeslS
S 0 s 0315 p0 YL JLe polie gy gl oo
tal e (S 3,90 55 bl ol B o 551
>yl g 8LasST o5 aeb s Koo B,k 5l g sl cews



Sosb ooly calel g0y g, sloolainl b gam pl8
Jloy @ig 4 byl 4l oas polie 457 caslasdly s
g o ohiel 4 s gl (Saas g Sy polie g
ol s saloges Jie lsiea 255 s as
Py & a8l faos slsosls aly e g 0585, ole
Sosbas el oals 035l (o wdll-F) UK jo a8
e 3 ol b el aieta e S gl 1 45
858 @b S o0yl oo 5 <, 5l )15 polie

ol 0 505 Jlay Sl & e g 0,5 yolic

10 (=)
Mean = 1.59
Std. Dev. = 0.085
8 N =36

Frequency

1.4

1.5 1.6

Log Cu (ppm)

1.7 1.8

oS oS g (el )b dn o) B JoaS (b loged
a8l bos polas a5 0,8 Las g8k |) ool ¢ ST g
(I8, 5 Sb cens) il Jloy mje slls L:aQT
o Mz plgee Jboy @i S Sleogas51LOTA:
e g iles ¢ uSleo o, Lol a3l can Ay Sl
ORRgh el 0 0 el g mg somie 16 IS
Sl g S (0,5 o3 g osls g5l b (sl
odds glwls o) 5l 2yl polie canss a5 o ¢ Jloy

12 [ )
Mean = -0.55
10 Std. Dev. = 0.065
N =36
= 8
[*]
=
Q@
S 6
2
w

0.7

0.4

-0.6 -0.5

Log Ag (ppm)

0.3

by 4 48l s lalpl Cogany andsh) (sloosls 4l e Slsld (i oged (o 0B Slglhd Sy yloges (Al F IS
Siloads oo oy line 9 Jloy > 4 a8 oy K

reeis hale Judod 3l Gas (cads o ol yolie
NI FUVON-Y X S SV O B WS PRUCL I UL g UL O)
i s Slale slo e sl Jilas |y o8 g g
SIS0 2 (oo ot 9355 423 1) Wo3ld (s (6 03 S
@08 pasie Gpdipmed dxg o |y (ele gla e
&y omlin g, shole Judod oS ol onls colb 4y 20
el plandigy OlLLEST jo baosls yials
&9y 2 Gole Jolod i oly (SlazST oSy
sosls olwly g laalpl Gguwy digad Y7 0 paie YY
P9y 53 el oo plol (o) (g @ a8l oS
O3l 3l epiiaiz Julos jlielazys o)l (sl Sele
KMO ,laie jai> o .00 oo oolatwl ods)l s KMO

)]

hole Jodxd
or sl opteniz g)ll Gog) S ele Sl
S2 0 en 90 Sl eiie Sl lees axlllae
sl —9) 5 o] Dl 0976 (ulSl (s lel axslr
tesle ol Lsle Lot el L ite sl talS
5 baele slass (osd o pite (o (Socon ol
P (s Jlasl g b ole ()0 g Tanlons s,
ol isole el po alins (it sl ol 55, 2
led jskie 4 polie Slale polie o (St e
o cul 5K SO yo byl Glejen Ol ot 64X
sobol Al (W1 Jols Jule Jodo plosil jo sl
e e (2 9 e glaole (ol 5 o Jole
858 Syt el 0925 41 50 o Jale 51 Sy (s



Jsl Jole i slass o lole o zolis wlwl

AdS oo g |y drel ez Slgl8 5las,0 AP Sgus
Joaz sleosls \Wigl oo Cgmine jino slasle s 5
FYIF g0 cl o8 Jgladlge aSs)ls o) p Vs ¥
Sl olie (ol oS amgi 1) (g pdupss JS 5lao)o

el 03y 3o )3 WWFY g0 4y g o)ls il pgo adlge

03 )3 e A il 5 o2y oyl cpa sloadlse
S yuss S 31 a0)0 FIOA 5 OIAY F/Fe FIAY
Sgax 10 Cawl iy Jol Jole il cfgamme o diwn

A b |y dasl> Slglyd as s AF

NIEETCINPNTIPUNE < INETIE ASTE NPT
AVl ol KMO iyl sy 5o o] 655516
|y oo plosil ole ayjo Liel 4 E ol oids dunslona
hole Jelod 5o (el )3 e o0 (LS g3 0o o
5o byeitin 51 S 5o 2 Lie woys ¢ e Liel ol
@ b pie 05 Lo woys e 5T 09— g0 dlixe
e opiati IS Ll s b Sy G s
Gl lp S in 2oyd gl (] 53 09 valss

5["'5‘“)[5 ‘o]Bj)..ol;.c 6‘)?5:‘_‘”‘" ’/A‘)‘w]»al,.c)‘

YU laelaz o5l ol g el <[P0 590 o ylaen]

sl (5,95516 Sl

1ol Cgny somingdy gloosls Jale Jdsw 1o polic 51 G, (ol crems dopd g (ol doyd dcwle Y Jgox

ot Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings |
Total |% of Variance [Cumulative %| Total |% of Variance|Cumulative %| Total |% of Variance| Cumulative %
1 9.55 43.39 43.39 9.55 43.39 43.39 8.31 37.78 37.78
2 4.09 18.61 62.00 4.09 18.61 62.00 4.26 19.35 57.13
3 1.50 6.82 68.82 1.50 6.82 68.82 2.04 9.28 66.41
4 1.41 6.40 75.22 1.41 6.40 75.22 1.55 7.04 73.44
5 1.28 5.83 81.05 1.28 5.83 81.05 1.53 6.94 80.39
6 1.01 4.58 85.63 1.01 4.58 85.63 1.15 5.24 §5.63
7 0.69 3.13 88.76
8 0.55 2.49 91.25
9 0.51 2.30 93.56
10 0.38 1.73 95.28
11 0.25 1.14 96.43
12 0.22 0.99 97.41
13 0.19 0.87 98.28
14 0.11 0.50 98.78
15 0.10 0.44 99.22
16 0.08 0.35 99.57
17 0.04 0.17 99.74
18 0.03 0.12 99.86
19 0.02 0.08 99.94
20 0.01 0.04 99.98
21 0.00 0.02 99.99
22 0.001 0.007 100

erle yo il oot 00,9l T Jgu 0 b Jule )90
Olgae @ 2[00 51 Sk polie a8l 252 slaadlge
(S 388 S0l /B¢ 5l e polie g paie (Sud s
omibe Jgoz 5o 9ol sl iloe ole yo 50 s
B id o dole 51 2 (gl adly iz sloadlse

(F Jg02) Sl o0 aseiie odis (i polie

W

O el (g, 4 opmitoniz (g Lol sla el 5o

slagled xS0 Dyge blo g oges by 93 4 o Jale
o o S o Lais |, sl lee Ml cogac
g iy o0 & ool s bl slaolgs o5
Ol39) mSanyg g, 3l ool sl b (g Lol (33l ol o
e 28,5 s (lhge Shole calps (59 2 (Melie

Slow g S pase VY gl pimo adlgo i uapile



oSwyg hgy 4 laele les slam g L8 Jale il olas 61 Weadlge polie il ¥ Jgax

Component Matrix Rotated Component Matrix
Element | Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 5| Factor 6| | Element | Factor 1 | Factor 2| Factor 3 | Factor 4| Factor 5 | Factor 6
Ag 0.62 0.31 -0.19 | -0.32 0.01 0.07 Ag 0.64 | -0.06 0.02 -0.45 | -0.01 0.10
Al -0.11 0.84 0.23 -0.28 0.26 0.13 Al 0.27 -0.68 | -045 | -0.10 | 0.50 | -0.06
As 0.57 -0.15 0.15 0.20 -0.63 0.11 As 0.32 0.16 0&2 -0.01 0.08 0.06
Ca -0.83 0.10 -0.17 0.02 0.28 0.09 Ca -0.67 | -0.29 | -0.51 0.08 -0.02 0.12
Cd 0.42 0.24 -0.24 0.51 -0.20 | 0.19 Cd 0.35 -(.28 0.42 0.13 -0.31 0.36
Ce 0.20 -0.85 0.21 -0.10 | 0.31 0.04 Ce 0.02 093 | -0.13 0.22 0.05 0.02
Co 0.92 0.32 0.07 0.03 -0.05 0.03 Co 0.92 -0.06 028 | -0.09 | -0.02 0.05
Cr 0.84 0.20 0.19 0.22 0.33 -0.06 Cr 0.92 0.05 0.01 0.26 -0.12 0.01
Cu | 069 | -032 | 007 | -037 | -024 | 0.18 Cu | 048 | 053 | 034 | -036 | 021 | 0.10
Fe 0.96 0.19 -0.08 0.00 0.08 -0.06 Fe 0.94 0.08 0.18 | -0.14 | -0.19 0.05
La 0.35 -0.85 0.15 -0.09 0.17 0.05 La 0.11 0.94 0.05 0.13 0.01 0.05
Li -0.44 0.10 0.68 -0.24 | -0.27 0.36 Li -0.33 | -0.14 0.07 0.13 0.88 | -0.06
Mg | -030 | 080 | 035 | -0.05 | -0.13 | 0.10 Mg 001 | -0.80 | -0.07 | 0.04 | 050 | -0.13
Mn 0.96 0.15 0.00 0.09 -0.02 | -0.02 Mn 0.91 0.10 0.31 -0.05 | -0.14 0.06
Mo 0.19 -0.23 -0.35 0.18 0.14 0.78 Mo 0.06 0.21 0.02 0.02 -0.06 0.90
Ni -0.12 | -0.21 0.55 0.68 0.24 0.11 Ni -0.05 0.09 0.04 0.93 0.10 0.05
P 0.56 -0.69 0.01 -0.30 | -0.10 | 0.04 P 0.28 0.84 024 | -0.23 0.02 0.03
Pb 0.81 -0.11 0.22 0.13 -0.17 | -0.25 Pb 0.69 0.28 0.45 0.10 | -0.10 | -0.23
Sb 0.58 0.35 -0.15 | -0.13 0.08 0.23 Sh 064 | -0.14 0.01 -0.26 0.01 0.27
Vv 0.94 0.22 -0.10 0.04 0.14 | -0.10 v 0.94 0.05 0.13 -0.10 | -0.24 0.03
Y 0.71 0.10 0.28 -0.20 0.40 0.07 Y 0.8'2' 0.22 -0.21 0.03 0.18 0.01
Zn 0.95 0.18 0.06 0.03 0.04 0.00 Zn 093 | 0.09 030 | -0.05 | -0.07 0.05
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Abstract

The Chah Rostam prospect area is located in Lut block and in the northwest of
Nehbandan in the south of Birjand. Eocene-Oligocene volcanic and pyroclastic rock
units with porphyritic andesite and andesite-basalt cover a major part of this area,
which are crosscutting by the Late Eocene-Oligocene intrusive and sub-volcanic rocks
with composition of porphyry granodiorite, monzodiorite, quartz diorite and dacitic
dikes. Hydrothermal fluids related to the subvolcanic-intrusive bodies have played an
important role in the copper mineralization and accompanied elements in this area.
samples were taken from stream sediments (the -80 mesh) then pulverized to -200
mesh size and analyzed for Au by fire assay and 22 elements using inductively coupled
plasma optical emission spectroscopy (ICP-OES) methods. Univariate and multivariate
statistical analysis of the stream sediments geochemical data represent Cu, Au, Zn, Pb,
Mo, As, Sb, and Mn anomalies in the Chah Rostam area. Geochemical association of
elements in the stream sediment samples indicates the possible occurrence of porphyry
and epithermal copper mineralization (especially epithermal system) in this area. Litho-
geochemical surveying based on the outcrops and drilling core samples in the stream
sediment anomaly areas confirms the capability of the stream sediment geochemistry
method to identify geochemical halos related to mineralization systems.

Keywords: South of Birjand, Chah Rostam, Stream sediment geochemistry, Copper

mineralization.
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Abstract

The West of Golestanabad deposit is located 13 km northwest of Zanjan, within the
Tarom subzone of the Western Alborz-Azerbaijan structural zone. The rocks in the
deposit area predominantly consist of an Eocene volcano-pyroclastic sequence of
tuff and lava ranging from andesite to trachyandesite in composition intruded by a
monzodiorite-monzogabbro subvolcanic intrusive with an Upper Eocene-Oligocene
age. The intrusive rocks have calc-alkaline affinity and are classified as metaluminous-
peraluminous I-type magmas. Magmatism of the area is synorogenic to post-orogenic
and related to active continental margin environments. Mineralization in the West of
Golestanabad occurs as vein-veinlets, brecciated, massive, and disseminated iron oxide-
apatite within the monzodiorite-monzogabbro intrusions. Mineral assemblages of the
deposit consist of magnetite, hematite, pyrite, chalcopyrite, chalcocite, covellite, iron
hydroxide minerals, apatite, actinolite, tremolite, quartz, epidote, chlorite and sericite.
The main alteration minerals are actinolite, quartz, sericite, epidote, and minor sulfide
minerals, which are associated with the iron oxide-apatite ores. Similar REE patterns
of apatite and magnetite with host rock samples demonstrate a genetic link between
the iron oxide-apatite mineralization and monzodiorite-monzogabbro intrusions. Fluid
inclusion studies on the apatite indicate homogenization temperatures between 347 and
547°C and salinity from 5.86 to 21.68 wt.% NaCl eq. for the two-phase (LV) inclusions.
The study indicates that the main characteristics of the geology and mineralization in
the West of Golestanabad deposit are similar to those of the iron oxide- apatite (IOA)
type deposits.

Keywords: Fluid inclusions, Geochemistry, Magnetite-apatite mineralization, West of
Golestanabad, Zanjan.
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Abstract

Late Cretaceous ultramafic rocks of the Neo-Tethyan ophiolite are located in the
western Maku near the Iran-Turkey border as small, scattered bodies in vast areas. This
part of Iran’s territory belongs to the South Armenian Block (SAB), is Gondwanan, and
is near the northern Neo-Tethyan suture. This study is focused on rock classification,
residual phase composition, and mantle rock formation setting, using exact field relation
observation, crystal chemistry studies, and whole rock chemistry accompanied by trace
and rare earth elements investigations. The studied rocks were highly serpentinized, Ca-
poor, and hydrated. These mantle rocks undergone a high degree of partial melting and
were completely depleted from the incompatible elements. Therefore, their abundance
was measured using a special method. The main phases are forsterite, enstatite,
diopside, and chromian-spinel which are seen in the chrysotile-lizarditic serpentinized
matrix. The U-shape rare earth elements pattern of the western Maku serpentinites
is recorded as crustal contamination evidence. Additionally, based on the whole rock
chemistry, diagrams and relations between major oxide and trace elements, the studied
ultramafic rocks of western Maku belong to the subducted serpentinites group. Also,
they represented high refertilization values by fluid/rock interactions on them. Hence,
the enrichment of fluid mobile elements (FMEs) such as U, Pb, and Sr results from

secondary events occurring during exhumation.

Keywords: Ophiolite, Rare earth elements pattern, Serpentinite, Crystal chemistry,
Maku.
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Abstract

Reservoir rocks are of great importance in reservoir studies in terms of hydrocarbon storage.
In recent years, following increased exploration activities and improved exploration
methods, reservoir rocks related to the Paleozoic era have gained special importance
throughout the Middle East, especially in Southern part of the Persian Gulf. The lithological
characteristics and depositional environment of this sequence are important parameters
that affect their reservoir quality. Therefore, this study examines the sedimentological
characteristics and determines the facies of the Faraghan Formation using sedimentological
studies in four wells from Iran’s offshore fields and correlates it using the concept of log
facies in fields that have been drilled down to the Faraghan Formation.

Based on petrographic studies of drilling cuttings, six petrofacies including sandstone,
sandy shale, red siltstone, black and green shale, limestone, and mixed petrofacies were
identified in the cored well. These petrofacies were classified into four depositional
environments (accompanied by facies associations): coastal plain, shoreface, offshore-
transition, and offshore. Based on the available data from well logs, 6 log facies were
identified in a well where sedimentary facies were extracted. The correlation of the
log facies results with the sedimentary facies and the facies association indicate good
correlation. Log facies 1 is composed of limestone, log facies 2 and 3 are sandy, log
facies 4 is sandy with shale content, log facies 5 is shaly, and log facies 6 contains red-
colored shales. The variation in log facies distribution in the wells drilled in the Faraghan
Formation indicates significant changes in the lateral depositional environment of the
Faraghan Formation.

The reservoir quality analysis of the log facies indicates that log facies 2 and 4 have the
best reservoir quality. These mentioned facies are most abundant in the Faraghan 2 (F2)
and Faraghan 1 (F1) sections. Therefore, it can be concluded that the best interval in

terms of reservoir quality belongs to zones 2 and 1 of the Faraghan Formation.
Keywords: Faraghan Formation, Sedimentary facies, log facies, reservoir quality.

A8



Iranian Journal of Geology, Vol. 19, No. 73, Spring 2025

Stratigraphic changes of the Seymareh Member
in the southwest-northeast trend in the Lurestan
structural subzone, Zagros Basin

Bazvand, A.!, Sadeghi, A.2, Adabi, M. H.%, Jamali, A. M.* and Hadavandkhani, N.5

1. Ph.D. student of stratigraphy and paleontology, Department of Sedimentary Basins and Petroleum,
Faculty of Earth Sciences, Shahid Beheshti University, Tehran, Iran

2. Professor, Department of Sedimentary Basins and Petroleum, Faculty of Earth Sciences, Shahid Beheshti
University, Tehran, Iran

3. Professor, Department of Sedimentary Basins and Petroleum, Faculty of Earth Sciences, Shahid Beheshti
University, Tehran, Iran

4. Ph.D. in stratigraphy and paleontology, National Iranian Oil Company, Exploration Directorate, Tehran,
Iran

5.Ph.D. in stratigraphy and paleontology, Department of Sedimentary Basins and Petroleum, Faculty of
Earth Sciences, Shahid Beheshti University, Tehran, Iran

Received: 10 March 2025
Accepted: 9 April 2025

Abstract

In order to study and compare the stratigraphy of the Seymareh Member (Lopha
Limestone Member) in a southwest-northeast trend in the Lurestan subzone, three
stratigraphic sections of the Gurpi Formation containing the Seymareh Member,
including the Sheikh-Makan section (Kabir-kuh Anticline), the Bagh-Gol section
(Sultan Anticline), and the Siah-Darreh section (Zangul Anticline), were studied and
then compared with other studied sections along the trend. The Seymareh Limestone
has the greatest thickness in the southwestern areas of the Lurestan, so that in the
studied sections, its maximum thickness is 43 meters and belongs to the Kabir-kuh
Anticline, and then it gradually decreases in thickness towards the northeastern areas
so that some of its rock units are no longer visible. This reduction in thickness reaches
8 meters in the Sultan Anticline, then less than 1 meter in the Zangul Anticline, and
finally disappears. The decrease in the thickness of the Seymareh Member towards
the northeast of the Lurestan is influenced by the tectonic movements of the Zagros
foreland Basin, so that gradually towards the northeast of the Lurestan, with increasing
depth, the sedimentation of this shallow member has decreased. The age of the
Seymareh Member, based on the biozones identified at its lower and upper boundaris,
is Middle Campanian in all three stratigraphic sections studied.

Keywords: Lopha Limestone, Gurpi Formation, Sultan Anticline, Lithostratigraphy.
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Abstract

Crude oil spills and the persistence of hydrocarbon compounds in the environment pose
significant threats to both human health and ecological integrity. These pollutants-due
to their toxicity, chemical stability, and tendency to accumulate in water and soil-disrupt
trophic interactions and exacerbate environmental degradation. Bioremediation using
microorganisms offers an effective, cost-efficient, and environmentally sustainable
strategy for mitigating such contamination.

In this study, the crude oil degradation capacity of Methylorubrum sp. was evaluated
under both free-living and sodium alginate-immobilized conditions. The activities
of three key enzymes involved in hydrocarbon catabolism-alkane monooxygenase,
cytochrome P450, and lipase-were also assessed.

Under exposure to 4% (3200 mg/L) crude oil, free cells degraded approximately
50% of the petroleum hydrocarbons, whereas alginate immobilization enhanced
degradation efficiency to 70%. Gas chromatography—mass spectrometry (GC-MS)
analysis demonstrated complete degradation of light n-alkanes (C4-C9) and up to 74%
degradation of long-chain n-alkanes (C14-C28) in the immobilized treatment. Field
emission scanning electron microscopy (FE-SEM) confirmed the porous architecture
of the alginate beads and uniform entrapment of bacterial cells. On day three, the
immobilized cells exhibited peak specific activities of alkane monooxygenase,
cytochrome P450, and lipase at 13.55, 9.5, and 9.0 U/mg protein, respectively.

Overall, immobilization improved microbial stability, conferred resistance to
environmental stress, and significantly enhanced crude oil biodegradation. These
findings demonstrate the potential of immobilized Methylorubrum sp. for effective crude
oil bioremediation and represent a promising step toward the development of scalable,
safe, and environmentally responsible approaches to managing petroleum pollution.

Keywords: Alkane monooxygenase, Methylorubrum sp., Cell immobilization,
Cytochrome P450, Lipase.
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