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Fig. 1. Geological map of Gezeldash daghi area and location of Gezeldash daghi manganese deposit (Map scale 1:2000)



va e S AP 5K atigd 0 (57 g el polis (cordime) (o) 2

O3 L) ) o)leds VY ol

Sl b (s 53 (YL 5L G see slaO)L
K o3 sl (B s AY SK8) ol 03 S35
SLaeSin b bl 5o ol 5 oSl b o sy 5 s o
5525 OlawbdT s el 2 5a5T 5 o 5a0T SlaassT
YL e (s srjaj_?'.s Laaig ol s .dsyls
.(Ghorbani, 2013)

AT e (555 0 01l B S 5 58 s
das e DL ) (gl Ll 3 ol e S e S
oo Laarig ol 5 (Stocklin and setudehnia, 1991)
(Gelati, 1975) 15,15 3525 glasb SasTIL 1 O 5ol 0
Keskin et al., ) ta 052 @L.;UJT@J_.’; L gk
3 e Ol sl o dled 5 SLiiaisT as o o) (2006
Gt Sl s b 4T Sl 5 slsal S
il byl s (e 3555 p s 5o Slni o
Mckenzi, 1972; Axen et al., 2001; Allen et al., )
e o b 2Us glad,le 5 SaT glacKin (2004
2 s nss a8 08 s pdd 530l 3 ) s
cdns o OLES LacKiw ol g dils 5 g 4a gyl o
ol 035 B Sl (i ST (e U G
Stocklin, 1977; Davoudzadeh and Weber-)
oo b dled 5o 08 sl Gasom b .(Diefenbach, 1997
plias (lo B (18 gy 0533 &K Ol )3T 5 (55570 01 !
NG PRIV | AR g SN W

S 2 3y 50 adlale 53 3 g o D sy (omliiir
53 ST (02 5 b i 53 By sl
= 5l o B BT B R T P PIPRTL Jo-10
L0 ol yos 4 Kiwawls 5 «(F s E (D (C-Y s I 550)
S i 5 SLaassT gl o b sl &S 5 o e o
B3l gl e (H 5 G-Y Ko T 530 ien Jlois 5 505
T Aol slaatig 5 5,0 5505 1 (s 2 250 4kl )3 03
Fr S L gl oS (slaysale a3 Sy o T G355 VL

Orrpad 5 ol e b gy a5 b Ll s S

adlbe 95
SLa i 51 (0,5~ 00+ 4 g ) EKlS 45 g okos
S5 S wig T T gl s ods 51357 Calssee
4 Lo sad 5150 s Sl 5 S 4 (B
5 (158D LaaceY dlaasN o 53509 - 51 o e S
S 5 (1 35 580 Glen 5 (sla Sk 5 5 a ke
S 30l (gl m g odkds 5 e Yoo 5 lad sed Wl okl
Cogoldosll osd oS ag b S s el jolie ol
Goa 5 Sl 5 e e o&iulejT 45 ICP-OES 3,
s\ Jod 3 JUT @L:J L BT ol sre 3l ge

]

(%0 03900 (gl 9 S14b (qwlisime
Ol (Sl o8 DM 3,5 5 5 el 8 (H) 58 51 g
AT s sy (S = 1l MW s 5 3ty LS
45 (Chiu et al., 2013; Moghadam et al., 2014)
0T o (657155 U Glor o goe SL2GEST sLacen
L 655155 U gt SliatsT glacKiw .ol okili
Ll a5 ey i 28 JIT 6 ST S5
3 .(Amini et al., 2005) Lles ;S Ol 5 alo- o L= b 5
Lol g (5525 (Ua K558 55 (sl B oo Se b
—an gyl 5 Ol byST- o 8 5l (63 s SlaassT lal s
3 o 45T el 0l S e oS sy Slaad o
oo g 1oyl 0o laazl s 5 bl s ¢ S o8 SlSat
>y ¢ ol oS (Moayyed, 2001) cules,sT
o 3y dilaie O O g 5 O 45 g slejlE
S oS Glae S ey A L (el Sl )3 05 04
Abdolahi and Hosseini, ) Ales 8" slawl 1 (oiipS’
adbie 55 (6 55158 ol SlaaisT clle 1 isw 5 (1996
aibl ;> .(Ahmadzadeh et al., 2010) wzua o) 5 3550
5 il U (20T SlaansT clacKw (o) 35 5s
31,008 (Sanls 0555 (St 5,0 of jon slacSin



OHSen 5 (bsz o As

I diig 7 9 Sho! yolis Sl gl
10 1o

Fe/Mn g Mn/Fe Cuwi

oan L Ol e 63U 0 Stagsy law g Mn/Fe oo
K sla,Lls 3 s30T 51 ol 8 slaw iy il
T il say 3081 sl Ladls s .l seslizal
LT o Ol bl ol 8 OV s 5K |
slowl 0305 Obsy js M/Fe I 5ol slacs
5 (Nicholson,1992b) /N<Mn/Fe<\+ s, &
Lac.—us —!.(Nicholson, 1992a) «/\>Fe/Mn>\-
Cul SO o glawig ol — (Fe/Mn s Mn/Fe)
labss KL 53 5 S lacs (Rona, 1987)
Nicholson et al., ) ceul 75 Ctig ¢l - sl
laas sai LT s 5k - .(1997; Hein et al., 2000
G /o9 5 58 chle () o) (Bls ilad 5 550 wig
G /Y 5T Chale 5 (Vo9 =daw i) 555 oy OY/YY
ol ol ate (YWY =doi g20) (S5 a5V Y/
oS Lea (YNN8 = Lo g2a) + /07 -VYO/D aiig sl Mn/Fe
s s () ) 3,05 Sl gpeen oo 8 (slaccigi L
o0l S ol bl p3lae sMn/Fe YU
lad ploe 53 aie 93 ml JLasl b iulis 5 S8
Glasby, ) ol g sy Gladosms 53 o135 5 oL S
o S 5 s SLaassT lawig )3 Cams o) 2000
O g g (33 g 2L 5 ol e sl 750
(Cann et al., 1977) 544 .

Ti g Al yolie cdalé

Mn sFe Jte 1500l 5 oie T 07 6 ol sailals
LALY oo 5558 on o3lizal 3850 013 5 Laseis sl
(Crerar et al., 1982) el Las 1o Sligw)y gy s S8
S olnn 5 Sl &S el e S (slad sl 55 psilss
Sugisaki, 1984; Shah and )<l s,lsT sl 34,5

L._...; slac ble (Khan, 1999; Sasmaz et al., 2013

oy b s e S 5 58 slawig 5 AL VL

aibate (gla o8 () SE) (s 3550 dilaie wlid o) 4l
ole o Fege S dmed (50 o s L5 sl
s ol glo KauSls ailaie ol 55 Slozst L

e i 514 ol aslagy 331 53 a3 58 LI5S
=SS L T 31 55 a8 (g) s boas s o slie UL e
Ly aSTIL 50 s ol 5 5 ST gl 15
Alg 53 i 915 S8 (@Bl O ety glails gy alil 5
e BT 331 3 el o3l Smaale 5 1,0 48
Y U)K Sk s sl (S glaY
3 IS e LI 1558 K TT 81 s 5 (B S F C
e 55 (H 5 G-Y JS0) conla S S,
S 7 dlS 5 [ ) (ST ol ol L 4 VOLe 5
Glazb s sla Jlps s 1y slaamT- w0, Laze AT G50)
R olas

b L0 sy a1 381y LaaaV-Laa ¥ Culies
5 5 S o i i e i B i 5 0 51 Y e
i 78 Y LS s SO,y slag )i
Ramzi and )s)lss525 50 pin L e f Cubs
L g edislonlaisl 5 dl 531 55 .(Mostafaie, 2013
L e WF U e ) Cwbdl Gla pwde  Jad slaalssy,
331 35 55 el SIS (¢ SE) Sl eslayl 3 s (5 ae 53
Ll Sl 5 s (g5 Y ol

i g (7 § (o pmolis (Ol e )
10 o

23 s 5 7K i S s ol pole sles
slaatin glasd pw laesls .l ol o3lsplas ) J g
53 B a5 5K g s 5 ol L L 58
ol o]y s in (61 Y J ik

ARy p slaaig Lise e 53 plardions) e
(ol ST OLs 5 il y LS 4 SlS” Ll
dn3 pan sl Liie i 53 Al 5 Ti Fe Mn sbie Ol e
.(Karakus et al., 2010; Polgari et al., 2012) wza



M ASCL) u»léJ)S).aiAw)é LS‘;)"’5L$L4‘J‘“4L"C ww) )X (\\”\i JLA) \ O)La..';) 5\Yd.l>

Ll bl s oSl Jols col San 2ls a5 5K Al slac Lle (Choi and Hariya, 1992) aas o 0L 1,
3505 psslid mly polis Azea T 33055 15 5 Ol oS VXA G /o) 1 els Blad 58 5 anig om) (slads sad 5o
s o Ol 1y 15 S (b slsT sl STl (/0=bowge) /YAG 51T gaclle 5 (V/FF =Low 520)

aig AL YL Cs 4 sl ble () Jgds) AS o i

Red and Green marls

o

JSsan Sl S LA E8) e axls (O e SOy 5 0,8 oyyle axlg B £lo ols 58 5K asiygs (5:.»”)'.\51 slaoslas ALY Ui
SO ozl B ol 38 ol a4 ssan Sael 5 538 s 505 L (895 axls b eyl cll> 4 00,55 JuS Sl axlg D (slaray
00S =SS L (Swawle azlg G ol @) sl S S8 L Be5 axly F o Kusls ousS , IS0 4 5386 ol o5 L d 58)
Fig. 2. A: Andesitic lavas in Gezeldash daghi manganese deposit, B: Red and green marl unit of the Miocene, C: Tuff
unit (horizon I) with weak mineralization as laminae form, D: Faulted limestone unit with weak Mn mineralization
intercalated in the tuff unit and iron intense contamination (horizon I), E: Tuff unit (Horizon I) with weak Mn
mineralization as fracture-filling, F: Tuff unit with layered form mineralization (Horizon I), G: Sandstone unit with

fracture-filling mineralization (horizon II), and H: Conglomerate unit with strong lenticular-shaped manganese
mineralization (horizon II)
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Table 1. The results of chemical analysis for Gezeldash daghi manganese ore samples by ICP-OES (major elements
and trace elements are reported in percent and ppm, respectively).

Q
N
—
(=}

GZ1 GZ2 GZ3 GZ4 GZ5 GZ6 GZ7 GZ8 GZ9

S N s nn
£% kY S% By By BY By &Y BY BL BY
=S S B Sn h %W % S0 B 2n %9
e < < e < e < [yg] e < [yg] e < e < [yg]
SiO2 44.37 10.27 46.82 9.97 36.67 48.49 18.61 8.65 582  35.46
TiO: 0.48 0.04 0.56 0.03 0.04 0.04 0.02 0.03 0.09 0.03
AL O3 13.12 3.16 13.97 0.34 0.42 0.56 0.06 0.34 1.49 0.03
Fe203 4.89 1.02 5.14 2.27 4.88 5.57 5.57 0.97 1.01 12.01
MnO 16.85 61.38 11.97 1.79 3.42 0.85 1.59 2.13 3.18 0.95
MgO 1.25 0.48 2.21 1.61 0.34 0.4 0.49 0.48 0.64 0.64
CaO 4.4 1.46 4.58 47.61 31.98 24.88 43.04 50.84 51.9 2835
Na:0 3.5 0.94 3.66 0.16 0.13 0.2 0.08 0.12 0.24 0.06
K>O 1.14 0.59 1.3 0.06 0.08 0.08 0 0.06 0.27 0.02
P20s 0.15 0.09 0.16 0.24 0.72 0.56 0.65 0.23 0.56 3.18
LOI 9.36 20.31 9.2 35.91 22.32 18.39 28.32 35.31 34.67 19.3
Total 99.51 99.76 99.57 99.99 100.02 100.01 98.43 99.16 99.87  100.3
Mn 13.05 47.53 9.27 1.39 2.64 0.66 1.23 1.65 245  0.735
Fe 3.42 0.71 3.6 1.6 34 3.9 2.7 0.67 0.7 8.4
Mn/Fe 3.81 66.94 2.57 0.86 0.77 0.16 0.45 2.46 3.5 0.08
Fe/Mn 0.26 0.015 0.38 1.15 1.28 59 2.19 0.4 0.28 11.5
Al 6.94 1.67 7.39 0.17 0.22 0.29 0.03 0.17 0.78 0.01
Ti 0.28 0.28 0.033 0.017 0.0005 0.005 0.0002 0.017 0.053  0.017
Si 20.73 4.8 21.88 4.65 16.67 22.66 8.69 4.04 2.72 16.57
Pb 746 1479 1161 44 44 25 19 30 37 23
Ba 2750 432 293 1100 290 1264 1804 265 232 983
Co 60 95 87 2.5 6 2.6 2.5 12 18 2.5
La 15 26 17 2.5 2.5 7 2.5 2.5 2.5 2.5
Ce 75 169 74 17 20 24 14 7 21 32
Sr 960 1839 1018 321 432 438 559 306 292 529
Li 22 6 26 8 10 10 17 7 7 7.56
\% 334 816 251 58 43 21 36 34 23 41
Cr 68 74 67 8 60 33 20 5 7 13
Mo 102.6 366.6 71.3 10.2 13.4 12.3 6.9 5.1 10.7 26.1
Cu 211 825 171 29 51 9 11 70 71 24
Zn 501 884 465 31 12 13 5 21 52 8
Ni 103 157 95 6 15 7 4 10 17 10
As 651 2544 626 2118 1209 439 894 1584 1067 1414
Ag 52 18.5 4.1 0.5 0.5 4.3 0.5 0.5 0.5 0.5
Mo 102.6 366.6 71.3 10.2 13.4 12.3 6.9 5.1 10.7 26.1
Co/Zn 0.119 0.107 0.187 0.08 0.5 0.2 0.5 0.571 0.346  0.312
Co/Ni 0.582 0.605 0.915 0.416 0.4 0.371 0.625 1.2 1.058  0.25

Cu+Co+Ni 374 1077 353 37.5 72 18.6 17.5 92 106 36.5
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Table 1 (Continued). The results of chemical analysis for Gezeldash daghi manganese ore samples by ICP-OES (major
elements and trace elements are reported in percent and ppm, respectively).

S.N. G711 G712 GZ13 GZ14 GZ15 GZ16 GZ17 GZ18
T ¢35 &3 &F &g of dg o= ==
E® by by VY by by bn bn 0
< = 0 <t e < “ ., e < e < e < e < 5
=S e b 9 $h 2h &% b 2%
e <t o < a ™ < o < o < o < -

SiO: 9.12 4775 781 926 494 5415 9.73 8
TiO2 0.03 0.013 0.013 0.08 0.047 - 0.115 0.052
AL2Os 1.42 0314 212 3.07 0.64 028 3.1 1.28
Fe20s 0.067 1588 1.06 1.19 035 732 121 0.642

MnO 67.88 0.88 15.05 67.56 17.63 521 1.84 214
MgO 0.366  0.42 0.8 0.65 043 3.74 1.1 0.77

CaO 3.55 19.56 70.87 134 4197 11.02 458 36.73
Na.O 027 013 025 0796 0.17 029 052 0.339
K>O 02 0.046 0208 04 0.083 0.059 049 0.141

P20s 0252 0.8 044 0.096 035 088 0.1 0.23
LOI 16.37 144 1.31 152 32,66 1739 3448 29.87
Total 99.8 100.1 9997 99.74 9227 1003 9891 99.45
Mn 527 0.68 11.65 5232 13.65 4.03 1.42  16.57
Fe 0.42 11.1 0.74  0.83 024 511 0.84 0.44
Mn/Fe 1255 0.06 1574 63.03 5594 0.79 1.67  37.06
Fe/Mn 0.007 16.32 0.06 0.01 0.017 126 059 0.02

Al 0.75  0.17 1.12 1.62 034 0.15 1.67  37.06
Ti 0.016 0.007 0.037 0.04 0.028 - 0.06  0.031
Si 426 6.23 3.65 432 1056 253 454  3.73
Pb 130 80 150 1000 140 3700 180 86
Ba 1100 290 3510 12700 710 1500 1100 1760
Co 220 230 126 140 57 150 38 60
La 13 2 10 15 14 12 3 24
Ce 12 22 26 11 48 10 4 1.5
Sr 1450 267 724 1760 415 540 444 566
Li 10 4 5 3 7.5 3 4 16
A\ 350 84 160 830 180 490 33 220
Cr 50 53 - - - 77 - -
Mo 0.031 43 72 535 95 62 &3 124
Cu 2700 75 420 450 450 321 87 990
Zn 88 51 &3 1100 64 183 88 52
Ni 330 76 150 27 322 89 13 170
As 3200 1730 2120 3500 1620 61400 606 1250
Ag 0.5 0.5 0.5 0.5 0.5 43 0.5 0.5
Mo 0.03 43 72 535 95 62 &3 124

Co:Zn 04 4509 1518 0.127 0.89 0.819 0431 1.153
Co:Ni 0.666 3.026 0.84 5.185 0.177 1.685 2.923 0.352
Cu+Co+Ni 3250 381 696 617 829 560 138 1220
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Table 2. Major and trace element contents of various types of Mn-Fe deposits
S.N. 7 28 14 20 12 14 18
Countries China Pakistan Japan Turkey Iran Iran
Regions Guichi Waziristan Wakasa Eymir Nasir Abad Sharestanak ST:(;SY
Origins Sedimentary se?l?rl:::t;y Hydrothermal se?l?rl:::t;y Hydrothermal se?l?rl:::t;y
SiO:2 (%) -) 43.69 58.16 16.04 84.39 22.02 21.13
TiO:z (%) -) 0.32 0.04 0.02 0.05 0.20 0.103
ALOs3 (%) -) 0.73 0.55 0.73 1.28 4.03 2.54
Fe203 (%) -) 2.96 0.92 0.26 0.79 11.28 3.98
MnO (%) ) 45.88 32.5 69.61 8.09 40.1 16.75
MgO (%) -) 0.60 0.19 0.59 0.29 0.82 0.93
CaO (%) ) 1.28 4.15 2.40 0.50 4.05 28.88
Na20 (%) -) 0.29 0.04 0.01 0.17 0.31 0.15
K20 (%) ) 0.22 0.1 0.05 0.20 9.37 0.29
P05 (%) -) 0.25 0.1 0.07 0.01 0.07 0.445
Ba (ppm) 212.56 415.00 13.79 2364.70 2595.33 10184.14  4533.75
V (ppm) 167.86 144.00 258.00 132.00 77.91 207.78 97.606
Cr (ppm) 107.21 46.00 10 ) 0.044 12.79 38
Co (ppm) 4.77 11.00 2.00 103.50 78.75 11.40 90.230
Ni (ppm) 89.39 36.00 28.00 67.35 166.27 24 65.083
Cu (ppm) 31.03 72.00 50.00 80.50 109.17 81.85 386.94
Zn (ppm) 137.36 64.00 26.00 62.45 33.38 479.57 205.611
Pb (ppm) 16.49 49.00 112.00 9.33 1.9 135.14 578.266
Th (ppm) ) 2.00 2.00 0.57 0.84 2.72 -)
Rb (ppm) 37.89 2.00 2.00 0.77 7.64 0.36 )
Sr (ppm) 741.34 ) 85.00 116.47 533.55 1521.92 714.444
Y (ppm) 21.75 ) 5.00 8.45 2.98 ) -)
Nb (ppm) 6.70 ) 3.00 0.15 1.61 ) )
Zr (ppm) ) ) 12.00 8.46 10.52 ) )
Co/Ni 0.05 0.31 0.07 1.54 0.47 0.6 1.12
Co/Zn 0.03 0.17 0.08 2.24 2.10 0.044 0.82
Mn/Fe ) 199.00 39.00 880.33 17.29 11.33 21.05
References (Xie et al., (Shah and (Choi and (Oksugz, (Zarasvandi et  (Maanijou et
2006) Moon, 2007) Hariya, 1992) 2011) al., 2013) al., 2015)
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Introduction

It is generally understood that manganese deposits
have a diverse origin, based on their mineralogy,
chemical composition and tectonic setting. Marine
Mn-bearing  deposits are  classified as
hydrogenous, hydrothermal and also biogenetic-
bacterial deposits (Bonatti et al., 1972; Hein et al.,
1997; Bau et al., 2014; Polgari et al., 2012;
Schmidt et al., 2014). Hydrogenous processes can
form ferromanganese crusts, which result from
slow precipitation of seawater at the seafloor often
via microbial mediation (Toth, 1980; Dymond et
al., 1984; Bau and Dulski, 1999; Usui and
Someya, 1997; Hein et al., 2000; Jach and Dudek,
2005). Diagenetic manganese deposits occur as
nodules and precipitate from hydrothermal
solutions or pore water (Polgari et al., 1991;
Oksuz, 2011; Polgari et al., 2012), whereas
hydrothermal ore deposits are stratabound or
occur as irregular bodies and epithermal veins,
where they are formed in a marine environment
near spreading centers, intraplate seamounts or in
subduction-related island arc setting (Roy, 1992;
Roy, 1997; Hein et al., 2008; Edwards et al.,
2011).

Materials and Method

Eighteen Ore samples (~ 500 g each) were
collected systematically from the Gezeldash
Daghi manganese deposit. All these ore samples
were taken representatively from the surface
outcrops ore beds in different places for
geochemical analyses. Ore samples were

powdered under 200 meshes and analyzed at Iran
mineral processing research center laboratories,
Tehran. After being prepared by the Lithium
Borate Fusion method, their major oxide and trace
element contents were determined with ICP-OES.
The results of the analyses are given in Tables 1
and 2.

Results and Discussion

The deposit is hosted in various lithology and
horizons consisting of: 1) tuffite interlayered with
limestone, 2) conglomerate and sandstone
lithology into volcano-sedimentary basin located
at 25 km northwest of Marand city (N383540’,
E45°42'40"). Major and trace element assessments
show that hydrothermal solutions were effective
in the formation of the Gezeldash Daghi
manganese deposit. Also, field observations
reveal that manganese mineralization occurred as
laminated-layered and fracture-filling form in
limestone and tuffite at horizon I and the space-
filling form between conglomerate clasts and
veinlet form in sandstone at horizon II with
quaternary age. Therefore, it can be concluded
that hydrothermal solutions were caused in the
formation of the manganese deposit which may be
described as related to volcano-hydrothermal
occurrence.
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