Journal of Economic Geology &OLa8l (bl (yao j aloro

Vol. 7, No. 1 (2015)
ISSN 2008-7306

(1394 L) 1 ojless 7 >

LT 176 1 165 clmis

Oz ol 9 oL

2 Uog e Lo #l (. . 1,
S Gen g ldo yi (cwgo ¢ (Gudamy 318 w0 013 Lo jumes ¢ Slowdiw o1 o

Q/th/‘dle’d"”/ ‘Q[e,_a;p/ ol l‘;MJL‘.MJu.A.Aj oj).)’(l
Q/):’/‘Q[@":"/ ‘Q[@":‘”/ olLiisls ‘u""""" (kg 09 /(2

1393/813 1 s 5, 1392/5/7 1l o

ouSe

2 Lyd i (s Sl 51,0 paigai 0,10 18 Ll 5 Gl Gliwlosgaze 1o Glas 5L ;o aslllas )90 adlats
230 Sl (55, yr el 5 (32, lomms dnle) e 230 5 200 S (65, 2 ligus eyl o2 5 ol olF olSass aliges alai 16
Sr (181/18) Zn (36/72) Cu (9/99) Cd (1/42) s jas ) p 3y90 Db, 1o polic clile 1 Kile . aiz8,5 13 e
Sy bl )| Sl g (255 edlS Iyl b e 5 59, polie cdile bl .ol Fe (20247/55) 5 Min (377/33)
009 me Lt sl )0 35250 slag oIS 5 L ypagl S (SIS 58 ol Lie ol o gSis 5 Suigm SlsilS b polie nl S
ML T kg e o el st Lo (ool 5 Il 5 3973 slaemnts 3 Lo el 5 il
M0y Slgwy aslo S s (gl L el sl s 5l poeedls 5 il il yoblis ailoads 5)ly anlllas 550 adlaie 4
23 ST gy asma 13 35290 (Sldos 03,5 5 oS 95 il adsm aluyS SleSim i |y pobie ol Lae a8 aiilb oo
Ll Ll Lite 5 035 aslllas 5550 (slaasges ;5 99290 (i slaadlS L LLS 1 )0 boee 5350 5 (ol olie 285 )13
Gk 3l a4 adlbioe goid 4l (sLog S g Lacdsdl 10 09290 slacu ;020955 5 LB (WSLeeS” Jloudign slocudl S
Lol (Sas f sl)ls Slgaw, a5 amo oo ylits Sois gt sl s aloads 5,5 by a0 O 9ol 5 zly 5,0 Glaass>
Iy (S o=t lawgio 5 JBlas (g9, paie .5yl ol U dawgin Sod S8 pumdl sl 4y S 9 0090 paaeslS 4y Cond SSTos
s Ty (Fad b Jolao 58 5 e 0] polis 5 sed oo LS

Oloe b0 Kt yolic 5 Kiw sloils Lico i slals Slgu,t oudS o3l

S5S25S Sl Sl Gl CF jaie ol (oo Sl
3 iS>e S ol o LQJT)J‘BML:‘SA LS plo & cois
(Hajati et al., 2006) s sanliw J-B ,is80
Obes Lo GospS leddu ;0 485 O)90 slagow)
Slg,y 31 6ol dmo )0 4S5 was o Ll gy Ay 5
3 el gleasg g Lo 5l s ol 5o (o059
sl b oy SeigS5 Ll 51 a5 Ko (o5 ditlaie

aibe ulge any Dby ol limme casiloas 5)lg o 4

hpakzad@sci.ui.ac.ir L3l ‘_jsgw*

doddo
A5 mls Jolo Shg; (59, 2 &5 Sldllas Ll
£SOyt ymolie (B o9y el 485 D90
3=l oy Jzl a1y axb ol jo ool g U (ol o
ashio gladilsog, lawgy Sidsdl glaaisle wad uls )8
A S oo S 0 Pl S i A ol ol Jlal
2 el G5 Sl cimen (Hamzeh et al., 2012)
a8 aes o olis les Gl o anlen ddSlul olaw



OhlSer g Glorus 166

Jols adlate Lol sla WSL o5 (Nabavi, 1975)
Cans § o S 0,5l ) (SlSglie) Lo oShaS
s g Lo WSS (520 cdgdl oS 5 ol
5 Sl gloas¥loe wopld odgbol woss Sialy)
s ol (SlUglie) (LS 90 WSheS 5 (),Le
(Bgs oS Jlacie dg¥g Lo «Sal wad (35,5 Sliga,
Loy 5o aalllas 35 ailaie (McCall, 2002) siil oo
Slaize b liwegl 9 ol olwl sogase jo les

1 ledSs) conl oot &Bly B, Job 2179 6371 504 58°

|(2 9
bl plee b o glawle Sligu 5o Mn 9 Sr, Cu, Zn

(S aibite S35S5 5 lm g o o Ol e Sl i

.(Prins et al., 2000) s
amly S st a0 Vgens ol (30 dilate guliiiipes
5 Sl Sligs, ol ailaie cnl )3 05800 (o) Jie
By o (g SNl 3 e 9wl 2L)S £9
b Sl Of 5o g oad oz Lo 5l aliesS letir 510
(Grando wsloass axslsl wa (55, 5 5 ey Lans Slga
obs 51 .and McClay, 2006; Saadat and Stem, 2011)
2l e i OS5 (95 (emilides sl Sl
09) o=l GlXimw (el el dihais by
"G Al S 4 45 s e JSS (K slaenyl
Ol aiile Jield mued Slgu) e )l Bl (gl
Ol 9 Jemd oSl 5l ool aS w3 ls 18 sl
Ol oSS o )18 392 () slebglie 59, 9wt
ooy (50,55 0z Jlzs Gawgee ST I S Slige,
ol 1305000 590> 45 g0l 55 3595 Slga, Cwlis

501 60E i ..

¥ NS ?E : ﬁl‘E ﬁ%E NI5
Caspian ‘
Sea

Sisfan

and

mozgan Baluchestal
1 Persian »_,J Nlﬁa— | N26
Gulf
Oman Se;

N2T-

Io
9E

60E 61E 62F

(oybaz g 3 oyl bl 03905x) las s y0 (6,10 paiges bl g 3 y0] (sloasgs amis .l Jsub

Fig 1. Map of the water drainage basins of the study area along with locations of the sampling stations
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Fig 2. Map of the major lithologies and locations of the sampling stations of the drainage basins of the Oman Sea
(district of Sistan and Baluchestan province) (after Afaghi and Salak, 1977)



OhlSer g Glorus 168

yolie clhale Ol sy als ams o lis Cude  Sien
9P 5 A PPM e 1 Blogany 50 (o) 2 994
(105/76-0/426) .Cu (14/42-7/42) .Cd (2/81-0/49)
, Mn (535/43-220001) Sr (576/17-78/58) .zZn
5 o Sy0 5 5 45 o Fe (33626/94-2538/86)

Sl

o 9 $9)

a5 50 &85 Sip ol )0 (5, aie oo (p s
oK) yo o] Jlacie o yieS 4 105/76 ppm Slade b 3165
s ol 36/73 T 1Kl ¢ 0/426 ppm lais 4 Sg
9 Ol 9 QL5 5050 Sleliossl 50l jarie (ol e lale
Pl oy, (A5 jsban Sle S mlS S 4 liazgh
5 e e e ble ol i (A3 JS) amo e plis
s ed (LA | (polB ) 5 039 Glugs )3 50 4o ye
PPM 5o 4 S16 oKius! jo i ol Jlobe oy yiies
A S11 5 S10 GalK ] 5 o] e ¢y iaS 514142
JS) il o 9199 ppM T Sikeo 5 T/A2 pPM 50
(B-3

074A° s sloeless L (CUT) o 5 (ZNP) (5, polic
Fe™ L gsm alss JJs ay (Ahrens, 1953)0/73A°
Gl oucls 3L, (0/66 A°) Mg™ 4 (0/74A°)
LS 5l 5,0 il —e (Goldschmidt, 1954)
(Blaxland, 1971) wis 3 uiils cuigm alox 5 uSin
2 0929 s S L) (peliee M) (55, yaie cdale
95 yaie il 5,000 515 (A -4 JS8) ol s adiges
e paie Chle ol o Cgn SIS Gl @ ol s
el Ll spelie 9g, (5,0 mdiges bl 51 golaws jo
Olssse cnlpln (B -4 JSC5) ses oo (lis S SIS
5 Loasges 251,50 (g5, yais dbhaie cpl ;o a5 0SS ax
Csigm S5 LSl o Laaises 5l (golaxi ;o jus ypaie
iy, 41 SIS ool G 5 el e (A9 US2)
Ol e e (Shan g po 1 3laiS )l aslllae 550
GBSl o 69,y Jem 9nhe i Sulgn G 5 paie
(3 Jsaz) il o anlllas 050 00500 b Eoisen

axdllo (o9,
ows vy lae sloyo ,o adais 16 )0 (6 lo ,mdiges
5 by w5l 60 48 Ji5ham 6 10 Gee 5l OIS (Sl
e (390 2l o ) 285 & jg0 (b Sloga,
B ey 950 o] (] Sligus; Sg ol jo anle
Gl 5l Sligy U5 5l anle sy (gjlulaz (Cul 423,55
C3 S plonl ogbo e SN gy Slga) JolS sanails
i slgsls.(Lindholm, 1987; Tucker, 1988)
Slale hg,dn gl 3o b slawle @13 0 09 240
(Mange and wss,5 S S slenlS L 5 St
SleKimwos 15 5 LoslS aslllas jglaiea, Maurer, 1992)
5 S50 ablie aslllas 5,50 Slgw) 5l laaiges ;o 39250
5 Ol oS S Lawgs (s 9 0005 s Mo
sl 51 Sa e (Slgld e85 )18 aslllas 3550 (oSl
slass 51 68,0 b oad agd ablie 5l oolawl b Slgw,
(Folk, 1974; Pettijohn wo,5 s LSiwos ;> o LdlS
Slls cclale s jelate any (1 Jgo) et al., 1981)
b5 oloord Ghgptr dnlo sladiges iyl (2 J3a2) oSt
s Sl 3 an b e ) gl Olys 5l eslixa
5 (Mico et al., 2008) ca_i (s;5Lumosloal (S0, 5 0!

4, Pu9100 Phillips Ja—s AAS o5 lags s
D)5 )18 5T 8 90 el olKisls olKiole;]

S R
Slg) 50 99290 laals (Sug S Slalllao ulusl
FoleS Jobd (gl 2 o e ples sl s laals
SleSimwos 5 9 bl oo i Sl g lalwals
sty | JSite Jlglh st S Wil lsT L a5 Sliges,
ol 00 oLl glgpas s 595 )50 5 (3
O polie cdale o (65l cre  San 45 B0 oo
sl eble (rmy Grizmen 5 K LSS S35
3590 olie (s 53.(3 Jgaz) o)ls 3529 KouSs b ol
Sl )S aizmed g poeil il § pgeodlS polic (o)
e il ge St L (Saen olpd I pndS
ailais glale gloassal o 2l 5 55, yolie b 55 e



169

B S R =S PURDRICH VRSN SONICH [YCY ORI (1394 JLo) 1 o)l 7 ol

((Folk, 1974; Pettijohn et al., 1981) ulul y do s o ) Gloe sb o slamle Slhga, LS § oFiw 03,5 Jlgl,5 .1 Jguar

Table 1. Percentage of the minerals and rock fragments in the Oman Sea samples (measured based on Folk, 1974;
Pettijohn et al., 1981)

Sl SZ SA SS S6 S7 SB SQ SlO Sll SlZ Sl3 SlA S15 S16
Quartz 2 15 20 30 30 50 5 20 4 20 15 4 15 10 25
Feldspar 1 2 7 5 5 5 <1 10 <1 10 5 2 5 4 3
Biotite 0 5 10 4 8 5 3 0 2 4 5 2 10 8 12
Muscovite 0 3 <1 0 1 3 0 0 <1 <1 <1 1 <1 <1 4
Amphibole 0 5 4 <1 0 0 0 <1 <1 0 0 <1 0 0 0.25
Pyroxene 0 1 0 0 0 025 O 0 025 025 025 02 0.25 1 0.25
Chlorite <l <1 3 5 2 <1 1 2 <1 2 1 2 <1 2 3
Epidote 0 5 0 0 <1 0 <1 0 0 0 <1 0 0 <1 0
Glauconite 0 10 02 0 02 025 0 025 0 0.25 0 0 0 0 0.25
O.HM <1 1 1 <1 1 1 <1 <« <1 1 1 <1 <1 <1 <1
Granite 4 25 10 5 10 5 2 15 2 5 10 5 5 3 5
V.R.F 1 5 5 <1 5 1 <1 2 1 15 6 5 10 6 10
M.R.F. <1 <1 0 <1 <1 <1 <1 <« <1 2 5 2 5 10 5
N.C.R.F <l <1 <1 0 <1 <1 <1 <« <1 0 1 <1 4 5 2
C.RF 90 20 40 50 40 30 89 50 89 40 50 75 45 50 30
0O.H.M: Opaque Heavy Minerals
V.R.F: Volcanic Rock Fragments
M.R.F: Metamorphic Rock Fragments
N.C.R.F: Non-Carbonate Rock Fragments
C.R.F: Carbonate Rock Fragments
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g. 3. Distribution of A: the Zn concentration, B: the Cu concentration from west to east of the Oman Sea
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Table 2. Concentrations of the heavy metals in the sand sediment samples of the Oman Sea in ppm

Sampling

Station Cd Cu Zn Sr Mn Fe
S; 1.820 9.762  11.893 576.173 356.308 25383.86
S, 0.490 13.261 37.76  70.584 535436 33626.94
Ss 0.157 10.928 20.96 80.746  430.296 27582.04
Ss 1.488 8.595 17.76 93450 453.660 21364.42
Ss 1.488  10.345 23.093 111.234 441.978 23782.38
S; 0.822 11511 2896  83.287 515965 26718.48
Sg 2.818  10.928 34.293 278.917 227.803 135924
Se 2.486 8.012 0.426 273.836 410.825 18946.46
S0 2.153 7.428  10.826 304.324 391.355 11001.73
St 1.155 7.428  40.426 118.856 313.473 14801.38
S 0.822 8.012 25.76  90.905 332,943 18946.46
Si3 1.488 11511 66.293 223.023 220.015 14110.54
Sia 1.488 8.012 63.626 156.966 270.638 17910.19
Sis 1.820 9.762  63.093 184913 325414 26027.63
Si6 0.822  14.428 105.76 70.584  406.931 32763.39
Average 1.43 9.99 36.73  181.18 37553 21770.55
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Table 3. Correlation coefficients of the heavy metals with carbonate rock fragments and minerals of sediments of the

Oman Sea
Heavy Zn Cu Cu Sr Cd Fe Mn
Metal
Mineral ~ Biotite Muscovite Biotitt CRF CRF HM HM
Pearson
Coefficient 0.62 0.76 0.79 0.82 074 072 053

H.M: Heavy Minerals
C.R.F: Carbonate Rock Fragments
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Fig. 4. Correlation of A: the Zn concentration, B: the Cu concentration with the biotite percentage from west to east of

the Oman Sea
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Fig. 7. Distribution of A: the Fe concentration, B: the Mn concentration from west to east of the Oman Sea
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Introduction

Mineral composition of source rock is one of the
most important factors for concentration and
distribution of heavy metals in sediments.
Therefore, study on distribution of these elements
and the related minerals in sediments provides
information about natural origin of elements.
Moreover, the interpretation of origin and
distribution of sandy sediments is considerably
enhanced by mineralogical and geochemical
studies of these sediments.

The main objective of this research is to evaluate
distribution of Zn, Cu, Sr, Cd, Fe and Mn in sand
sediments of the Oman Sea, their relationship
with mineral composition of the sediments and
also determining their provenance.

Materials and Methods

Sampling of surface sediments of the Oman Sea
was performed in 16 sampling stations. Heavy
minerals and rock fragments of the sediments in
fine and coarse sand sizes respectively were
qualitatively and quantitatively studied by
polarizing microscope (Folk, 1974; Pettijohn et
al., 1981; Tucker, 1988). Concentration of the
heavy metals were also analyzed by AAS method
(Mico et al., 2008).

Result

Mineralogical composition of the studied
sediments contain quartz, feldspars and heavy
minerals in their order of abundances. The rock
fragments consist of sedimentary, igneous and
metamorphic in their order of frequencies as well.
The concentrations of the studied heavy metals (in
ppm) in the sediments are Cd (1.42), Cu (9.99),

*Corresponding authors Email: hpakzad@sci.ui.ac.ir

Zn (36.72), Sr (181.18), Mn (377.33) and Fe
(20247.55) in their order of abundances.
Distribution of the Zn concentration generally
shows decreasing trend from west of the study
area to the Guatr Bay. The concentrations of Zn
and Cu show close relationship with the
frequencies of biotite and muscovite. The Cu
concentration also shows positive correlation with
the Zn and Fe concentrations. Distribution of the
Sr and Cd concentrations is similar to variation of
the calcium carbonate content. The Cd and Sr
concentrations also show positive correlation with
each other and the calcium carbonate content of
the sediments.

A close relationship is also observed between the
concentrations of Fe and Mn elements and the
total amount of heavy minerals. Among the heavy
minerals existing in the samples, biotite has the
closest relationship with Fe and Mn. Among the
rock fragments existing in the sediments, the
amount of granitic rock fragments also has a very
similar trend to variation of these two elements
especially Fe.

Discussion

According to presence of Fe and Mn in structure
of many heavy minerals such as biotite (Mange
and Wright, 2007; Bradl, 2005), their main
provenance can be biotite-bearing granites of
Ghalaman complex, granodiorites existing in the
ophiolite-melanges and the gabbros located in
north of the Fanuch area mostly transported to the
Oman Sea via the Rabech and Bahookalat water
drainage basins.

The clastic carbonate grains were mostly
transported to the Oman Sea by Rabech and
Sergan-Mochgar watersheds to the Oman Sea.
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Biotite and muscovite could mainly originate
from the granodiorite, granite, ophiolite-melange
gabbro and the Eocene flysches of northeast of the
region.

The main provenance of Zn could be
granodiorites and gabbros existing in the
Iranshahr ophiolites and flysches. According to
close relationship between Cu and muscovite,
provenance of this element can be granites,
pegmatites and schists existing in the ophiolites
and flysches of the region. Therefore, Zn and Cu
are mostly transported to the Oman Sea and Guatr
Bay via Bahookalat River.

Provenance of Sr and Cd are mainly the Fanuch
and Chabahar carbonate formations. According to
the enrichment factor (Sutherland, 2000) of the
studied elements, the sediments are extra-highly
to very highly enriched in Cd. The enrichment of
Sr changes from medium to very high. Zn shows
low to medium enrichment and the sediments are
depleted in Fe, Cu and Mn.
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