Journal of Economic Geology J obaidl (ol almo

Vol. 7, No. 1 (2015) T (1394 JL) 1 ojless 7 ol
e ’

ISSN 2008-7306 i 2151 Sl

il sl oyl gy (et yo (0L

2 o 1 o s 1 oo 47 - . sl .
‘_go,..a.a.ogol.?c, )%‘;bw‘wmm‘@@|ou)ﬁséwu»@c‘ R@l&ou\m

U/J"/‘U/M ‘LA—A—A.AJ ‘;LC}J olKiisls ;w/....ww..oj Oj)f(l
Ol )9S dme SlLiST g (ealiisanj ylojlo (2

1392012127 35, 139204113 il

oS

Llod agy Ladls’ ool oo 2 8ly S8 pliw e (st (5 ykeskS 12 5 68 il gtz j0 STl g 58k jludls
ey et oS (1 Jolds (S aliseo (glaasly a5 (s sbas tiel (g0l g5 55 Gl oulibaiz 5 (mlidn S
2 (8 953L) ool 5 ST (Gloinntins (3 orosSll oo 4 iy 3058 (Stwtsls 5 2105lS5S” slouzly (20 2V = (Sl (s
Oo9— YU cosl saalie B adlaie jo bl pwg—s 5 Gpogdl oo 4 SH3L0 U aulgas slacSsls (4 ym g0 gSdl s
11/40) Co @iyt o3 gt wleS Sl3ls o Sila polie (o9 (b (4/86) Si/Al 4 (11/33) Mn/Fe ,olis o Silo
solio 093Uy 5 (el s 0199) Ce* Lol (oSl Jluio 092 baly « el 81/85) CU 5 (pli s 24) Ni (el s
lasle S 5IMN alss 5 Soi e 5l sanly i g reas SGlw b 385w Kils ;o St g As Zn Ba Fe Mn SiO;
SLesT aloeiiies 5 elidiins; 9olsd lad oo 52Uy LS cnl Gl 5o o3l slaanlp (a5 ais (o309
sleazly ;5 bl U olee gl loj 10 (gt quagildl ads> s ) (0030355) (b0 Slemle S 5l laailS oty
Sl ol JeSeis fayl 1 550 50 1A L0l o (Slanle Sl S axly 9 01, S Sal ebay le b Giﬂ By S
Sr Ba Si Fe Mn ,_olic goas il 5 b slaoslas os aas el wod olo,S slpdlad S 0,5 lgie g o
5L G930 b5 000)S (g3 405> 9l (5,135 L (lojen SledeS oy 5l 1 sliitsl - eng5 0 Sleilled Loy AS
o il 5:5te ] 60pnS gy nsST (clouilS (ST Lyl sl

Slacgamme ol a5 tous &8lg o] 5l (5 xeglS 200 v 150 doddo
Alavi, 1994; ) el 5,5 5 655a5 Lroses | 5 05 o5 6 eskS 49 Alols o Siliw pd K LulS
4 ol 5556 slaLuils (Berberian and King, 1981 o 58 5 SpS i s oy Dgix (S yegbS 12
sl CebaS 5 009 SpgS L gy 5i8ae JLlS ) i Sz e 5 Jsb ol o gl Sl g sl
L g Jiae 8t il b, LuslS ol 50 uiomen i)l ol 34719 4 5,650°46 s oa Luls ()l
s asld glo Lusls ool a8 5 & g0 ool b ol Lo gy oo ol o alllae 55 o ailaie
9 Ot (a2 lgl 4 438 oo (65, Gl o 5K 35 0 o=l Sy g 59, 2 Olrl (o9~ 55l
P e g2y a5 g B dgazme (el Al S @leSlo degazms Zuwl 00l @dly 2307 deg)l i peS (i
) S=359805 sla )l 59 oim9an Sidg)eally slaassla ol L g o)515 Slilge 4 pasiidn digy So 52507 4y

mohammad@basu.ac.ir L35 ‘_jsgw*



OhlSen 5 92 Slao

L LS ol S 0l ol aglio 4y g 00,0 (o
Wed 4y Ko sle,Luils

addlbo (b9,

@dlaie 4 by o SLeMbl 5,glaoz 5l L loul yo
@le ey (b o el e Gleaw) 2
Sl 2 Gl o K KoilS aSges 40 sloss
N P K41 PR R VIS g ) | PR sl U1 g
S 3l eoliiwl Lo, S Ladiges (gjlwoslel a4 plasl
e " . P

Ol s BAD 33 (658595 SlaaSS oy askad 2 T SO
55 S ygoiy 2 Sy iSI Ol olSss 31 ool L Ladiged
14 sloss olaiims) Slogm sy yshateds Loles waianl o
Cz 9 2l 398 ladigad e 5l K KilS diges
ICP- g4 S ol g 33> jolie Lol jolic axlllas
Jls,l 3L 95,65 ans SGS &5 i 4 ICP-MS 4 AES
ol oo ST gl oo 3IUT (g, Lanseds o> .ol
Db o pliom o 0005 CLS polic lp g 0o y0 0/01
S KiaslS sladsiges 5l Jol> oleowis LT @l
Slas jebolen . conl sai 08,91 2 5 1 Jgax o Siliw o
Iy E—b90 oyl il oo YU asllas 550 ,Luils ( SuilS
Sl s 35800 ,Lils (1ol cos 25 Jeles a4 lei oo
3 ke gl g o4l Y cole lpewd 5l o ke o
cnl) wlaxs 13 Sails sladiges 50 (Sl Se Sa]
J=B (S e gblie 1o By 5 009 52 s laa)Y
Slatiges ;5 (I See kSl jpax a5 (slosnliv
Ol yss Slwd ey aslgy o adlllas 850 Lusls Suils
Slaaiges 1o SiuslS slaaiges cdl (2.05,5 L.O.I
e85 S g ouSTpalils b LB 5l Sladl 0szg (SuilS
5518 dlge jeam we Wil e )] I Al (Slotend ;o
a5 aed oo lad cauSToaslsy cdb il basls o ol
g old Ko bolar g 6l Cgu, o j0 s 0ols
Sl g Gl ool diigd 18 9,0 S sloodsas LSis
ol suSelsS SYLw 5l ails canisas Sl o o,84l5
50 SimilS o 8 slals g Laails i (3 .ol oo
Ol ogs sl j0 4 Sbbals « Sk s 1K LS

1. Jaw Crusher
2. Tema Grinder

HdlS G et 08 @ )lg 55 HLuls 28 5 0ayol ol
Al 5 i Ll l el ol s eud anslis S
53 5 (55 0m dpog| (Sigihym LSy 0y ya8) (555 5
by wdgi Jalt) VU gl gy SLaaLST (SleSi
HLasls ol 1,8 (S e 5 By Siw sl «Sal
Lot 31 amy 50 5 005 JSslaY Baae gy 55
D g 08 glaeY g SO pwide O jgods Sdxe oole
Ot § 00d JSiT GespS (2lyo daze o Ll )l
Sl Ca3ely 5 Sy gl o] sLsals
laJ .(Fardoost, 1992; Waters and Etminan, 1973)
il Coprmdg d azr g b SOl s 53500 LS

L ohals blsjl 89,0 Kow g4 daails b g cole
Lyl i les o g 04l calil 7 )by 123K JLuils 4y gol;
ARa S b Ll g0 cnl oyl 952y s pailSo 5 oSt

ewdls i e
Sore &S b awgs 1376 Jlo jo SSlbiw jpd 53500 (yane
S92 3l oy . 3,5 )18 (615 o g 9 BLasST 090 o8 g4lbo
Ol 15K Lo &8 b 4 aze ol 16,00 10 100 Jls 00
5 oladlas sla,l5 sliwl, jo a8 b plas o )8 1351,
50,5 a8l KilS Jle g 0,53 Jlade yuoss 4y BlLS]
oo 0390 se (0 3g->ge (G o5, Sl 5l ol
s ools 1 o)l.o._ib oLf)Lf )‘ Lo 58 &L_M:).Q,w)_.\.i.\.a
o=l 69y 0o plosl L8 Cllllas 5l0e oo 7l S
5 Swisish Gloods s (o) p aslllae 4 Hls 5o LS
o—sgish (SojoudiKisomi, 1994) a_ilie S_slsJg
(Ghalamghash, 1996) o3 wsi> adlais ;0 iy
5 (Fonoodi, 1995) o3 i dilate ;0 (6w el
Naderi, ) oo JuS alelw duiz g owiin Julos
5 Siloi aalllas 4555z 935 b Lol e oL (2005
o=l e i cecul a8 S5 &g o lis LS ol (s,
l_g 9 ‘é_mL\.m;i._m “é_mLMuu,_n) axdlas L: 03 = e
b g CleeS ol yolie olaniipo) sloools 5l oslatul
Slsls Sees bl g Lace 4y £ SondlS sladiges S



3 v 35 Ll s ST ol g oS e Lol jolie canisiee; anlline

(1394 JL) 1 o)l 7 ol

C-3 US) sy ol 40 550 b o oo wiz 4y
5 0ol ,3e ol sga> L asly ol wizmen D g
D, 0aiiSl g 0, Sl

gy yiion (|l 18 Glavle Sal (S g o
e 1258 s S amly ol Calis g oo 00sST
3 e am Jlette (658 S5 s 5 el e
5 4sl lsls (F 5 E-3 JS) wil o (aseiio oty
Sl jo guwlieY g oo STy asls &ygody xS
(H 5 G -3 Jsz) conl onalice b 55 jlo0 o> 0l Se
Sl gy pe (i ale 5 1505 IS (slaaxly 5o
ools ¢y ShY U 4y (iend 305 (005 3258 w53e)
S 48 (S dly ol Sladad ojlasl (I 9 1 -3 JS3) el
oy S Sl 5 0051 a gl 08 a2 b il
- Slatsl SleSiw 1 aS wiiloe s (—Sadyez
e latd 5 Liie rgil sLmazly 4 byiye e
s sl € by e 5 ol S oy o
Sl Kt ol omly oyl oans] o0 ssmlioe ol5ails
48,5 18 Gl i (59, p oS Wilies (o057 (S
i las g bolas g oo Olllas 4 axgi Lol
aibie SleloS il adlllas )50 ailaie pulidiine;
t—eges et (550 gr 8 Jlad g sl
5 ol Gl St Jols ol o o laisle ol
S350 (e

Ui Ly sy 5 sl o8 aile il 2
e b 53 a0 |y b oy LS 35 ) s AL
oyl b asdss a1 JSCase aluS dihaie ol oS o
55 51 il 655 2 (555, gy dyo0 S5 4 5 005y Loy
39 35290 SlilaBl 5l (g by a5 il o Sanly oo p
Ao SOl ol olasd 85059 0 ki )] 4 dlusly ddlaie
SO (g A ;N0 sallS 5 W Al Sl
Naderi, ) col Lol SouSs slpaiom 4 T Sils
Sla>ly g, o ewlidans Sldlhe 4 a>45 L (1385
Sl Jmlsl g mgil 25l 5o adlllas 3590 ddlate (S
Sl ols 25 (Ko sloaxly (S wgm) 0235 55 St
ol Cois aghie o oliesS slasld a4 lei o |y ol aS
bz e glaasly olS o ol dlalgs (e
ladiiy 4S5 gban wilad (53,5500 5 1S

1. XRD
2. Manganite

aS jeblen 1 ailoaalie JB Faog 4 2yls i3 olee |
$3) = oSel 55 Sl 3IT 5 S5 eholie aslllas
5 2 ilSle g ooy 10T e s (SinlS gladiged
Sals I (S 5 Cwillle il oo YU (KilS sladigal
sla,Ludls 5 omls Led (gm0 sla,LudlS 50 lgl5 9 ot
St Sl Sy Sl o e el (5 5 ygm
= a9l pdS Ol S awgi Woyas ol a5 5,0 09>
olu,S ,sle ;0 COs j3a 4 a g LI w00l

gy sl LOLI ade o8, Y Jleil gl

(S0 039uo g (glddlain (ouwlbirmo

S 5l sy Jolts anlllas 090 adlare (Siw (slaoxly
3l stz JHB ez 9 655195 Shgw; bolyen s
A aiely 3955 5 (oloT,5 5 0518) (g 29T SleSims
sloaxly wlidiarz Lld 511 JS8) cud gyed s oo
aS ol edslice B SSliw i adlaie jo S alisre
Crosdl grgmeym SLadtsT slgSis (1151 a5 )be 5y
e (Siwanile 5 (1505 IS sloals (2 (V- o
Wjlas) oyl 5 Sal (glotniins (3 pmogSll o 42 225
s S5l b Lanlgas lacsols (4 pmgnegSl us & (3
o der Ol szl (B 5 (bl magee 5 sl
A5

adlate 3o Y= Slae rwgfl gy SliassT slSow
kY Ojgmoa S (Al g 4TIl (rmg (DS
libaiz oy 2 S5 058 00 oo Ll Sl o IS
g0 el plulis Siw gleasly g asdlas 5,40 adhaie
B2 oo sl |y Sase ddlaie

5 il slaasly jeam (sl (Siw glaasly ols o
Bocee a5 cowl Comnl plo Jlglyd bl 4y S50 < 500
bl 5l man ;0 g0l (5 xnS o Jled 00game o
e G5 (a0l (e (00551 5 Sgae & j500)
Olsso (S laazly ol 5l plerad )3 5 Wil
(B 5 A-3 JS3) 5,5 saliw |, 22l el

Ol 385 2lHalS Gl (S laszly (n ftogs
Sl plea¥ile Ly (Sal Bg5 (S sloasly o
50 =il o8 oLl slawle Sl Ko axlg 5 ool S

Y Cwbrs 505 Y &)got Gaes Sl g3 axls



Oh)Sen g 9> Sles 4

(Nicholson, 1992a; Rona, 1987) s_ib s S L plp
St Sl s Olsisan 5 SOl S sl
oo 48,8 b o glaxl o sladae jo 1K slaals
Sl g 5 ,Lusls” 4o (Hein et al., 2000) el
11/33 .S L4035 5 5/7 o, Gowe MN/Fe s
Ol omly sl polie s MN/FE (VL )l slginss .o
g de> (b yo paie 93 (nl Gl g SSE Slas Ce
) shebame )0 (2l g ole)S Sleidld o i
Mn/Fe oYU sleus ol (Glasby, 2000) el
sl S loaa iy olul i gl (a3 Glgiea,
Glashy, 2000; Eckhardt ) aisb oo g ,—tae ol ,0 )
Cannetal., ) Ll lSen 5 LS uixen (et al., 1997
- SlaaasT slaatigs ;o Mn/Fe cous o Saies (1977
Ol g 00 e Sl (2l S laatigg g 15K (2gm,
5 le ool pl3S ol Slemat s (n e 5l (S
20 i 45 aadiae 3o (Hein et al., 2000) il Ko
Ayl G awsgs o2 il slaaiwg o MN/Fe oo
03lS 5l HLuils cigs Joo alold lavwgi oo 9 Jlow o

D ]S ol

SIAl i

ok s J5 b Soo3 bLs I o Lges e )5 (sl Ll
s sleonl g lhowg as d_;.ﬂ‘s_n U ey
5= @lays Slgy 51 0 5L als 5 abyon;
4o Si )9 Sy Cf> ek & .(Roy, 1992) Sloads
b ;9 SI02 YL o0 G e o Luils ol yo Al Jilas
(o 55 Lide b (sla Luils o Lol osygp sledlad
b ol cplicanl ls 5553 5 6 5YL duo s 5 ST 4 s Al
S8 5 ol (b o laclowald a5 50
Miile g plindsn abboo (gu) 49> 4 (S
—51asaazas (Holtstam and  Mansfeld., 2001)
Gl o 235,5 Lgle oo 55 B3 b e T slaarigs
YLy 5 Coe (Siran (rizmon iy Ghals SAL e
ooty Lid 0l e wil o 0172 dg0> a5 Ti g Al oy
2 oS sledsbono b LT s bgle 5 o 55 Slgo 5535
o1 s Ete S il aslllae 550 LS
I, g9—o90 ! W3 0 55 TIO, L FE;03 4 Al,O3 .CaO
(C 3B A4 JS2) sl ab

sy L) (ot (o F0 S b inly 308 Wil (o
woilazd $ 18 gl slba =g g9y (4;-)0 25 20
= OmsS—dl (Lo 5o «sloyB (6,105 Cgan;y 0,90 S JLioay
ol = Sal slaasY Cuniias Carge bys Sy00m Gses
A ole) ol 5o Fe ledaiz Casl 0,0, 08 Wil
S (ML o 45 009 1 St 5 @B I > &) g0,
- VoS Lo U5 BacS (5L p3) Gee Ol i g 49>
oy 5o o ob (sleiiz (2 JS2) sl ous by (slo 8
5 dg9e O ygody) Sliais] e dled s 5T Cpgie
oter eSSl (Sl Sl pgas e 50 5 (S
S wsslel mwgan gl o plonil s el alils ol jonay |
o Wjle ladiig oad (V95 g GespS adg> 503

el ongs 5 JSas (VL

Sl ey 3550 S5’ (ol (0

5 pteo byl 5l S pliendipn ) sl Lo 51 colaiul
Pl ‘oljg‘)] (el S 13X sle Luils 5 oled gly (owlad]
Polgari et al., ) 55, o Jloias g, Kemsljcus;
St gl ils llid Cge ol oo B3> 5 Lo
ol Sledarome calie bl cov oty JSLas
Ot yshatedss Liuly cyen o (Crerare, 1982) uis, L5
GO (o) 32 4y SOt e 325 LS o 21540 g9
din) oyl 5o o allyl slea dlie o Lyt o tege 3l
ISP

e SomnilS’ (258 9 ol polie 4 bgapo sl
S iaw y4es

Fe/Mn ¢ Mn/Fe s

L 555 ol plgion ol e o5 oleasls S5
0,5 plais ool Lace Ly sloaiags 5l obe )5 Lics
i oy ,0 385 g ool el MN/Fe cos asls
Wgdsso bz o 5l ool 050 4 Jloyig e slolbes Sl
Sl 5 Clid] S 4z s 5l Sl alas cplaS
sloul (S 0) (o892 Db, o MN/Fe 51 Sglass
Nicholson, ) 0/1>Fe/Mn>10 45 sbas oS o
,o(Nicholson,  1992b) 0/1<Mn/Fe<10 4 (1992a
Fe/Mn g Mn/Fe cos oljol slaaciys gl a5 >



v 35 Ll s ST ol g oS e Lol jolie caniiiee; anlline

(1394 JL) 1 o)l 7 ol

KKK
PR XK X X

L

Py
W |
iy
4-+++4}4-++ F

Sothl
HH KM XXX X %

T 503 3 5 3 3 3 33 B 3 K 3 3 0 2
X WK XX

RO B OB MO MM M MX K

KR HEH KKK KX

s QRN e
g e e

i m et e

50° 46

s
Venarj™

N

S 5 Turkmanestan
Caspian Sea *
w. E

study area S

-
Tehran _/

IRAN

“i \

)
2 6
(I//‘

o K MK K

°o KK KK

XK K KKK XK X

i

255 ST lpmal]

i ] i< :

61 b€

Shahrestanak

.

QUATERNARY

Recent alluvium.

Young terraces and low gravel fans.

Old tarraces and high gravel fans.

MIOCENE

Microquartzdiorite - Microquartzmonzodiorite.

Syenite - Monzodiorite.

Alternation of red sandstone and gypsiferous marl with

intercalations of conglomerate (UPPER RED FORMATION).

OLIGO-MIOCENE

Cream reefal limestone.

light green alternation of sandstone and man

light green gypsiferous marl with ntercalations of
limestone (QOM FORMATION).

Cream organo-detritic limestone with intercalations
of marls.

EOCENE

Alternation or red tuff, tuffite and sandstone with intercalations
of nummulitie limestone and andesitic lava.

Light green, massive tuff bereceia, locally with intercalations of
nummulitie limestone.

Green megaporphyritic andesitic-basaltic lava.
Grey and red sandy limestone.

Dark green, spilitic pillow lava.

Dark green andesitic-basaltic lava, volcanic breccia, hyaloclastite
with intercalations of tuff and nummulitie limestone.

Grey nummulitie limestone (Lutetian).

Alternation of light green, grey tuff, tuffacecus sandstone and
shale with intercalations of nummulitie sandy limestone and

OLIGOCENE

Alternation of red marl and sandy marl with
intercalations of sandstone and conglomerate.

Red conglomerate.

Village

andesitic lava.
/ Fault
Dike f Thrust fault

Lead mine

0 1 2 3 4

Manganese mine

5 Km

Ghalamghash et al., ) s 1/100000 a_is 51  wlcdl) 1Sl o 350 ,LadlS Condgn 9 g8 dilaio caolidypan s aiiii .1 S

(1997

Fig. 1. Geological map of Kahak area and location of Shahrestanak manganese deposit (adapted from the Kahak
1:100,000 geological map (Ghalamghash et al., 1997)).
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Table 1. The results of chemical analysis for Shahrestanak manganese ore samples by ICP-MS and ICP-AES (major
elements and trace elements are reported in percent and ppm, respectively).

S.N. Sh107 Sh1i11 Sh143 Sh162 Sh165 Sh167 Sh169 Sh100 Sh115 Sh126
N §®.§g! tm.§:|! §®.§g tm.§g t(\!\; t'\.§£ §Q§:‘! §Q§; tm.§;! t2§0:i
g2 &< S¢ B¢ §¢ S¢ 8¢ F¢ S¢ §¢ §¢
£ o & o & o & o & o 3 o & o & o & o o
58 83 83 B8 B B B B3 I3 I3 I3
zZ 8 Z 8 Z 8 Z 8 Z & Z 9 Z 8 Z 8 Z 8 Z 8

SiO; 245 20.5 13.3 25.7 23.3 23.6 22.3 11.6 24.80 24.10
TiO, 0.3 0.29 0.18 0.36 0.28 0.01 0.08 0.1 0.08 0.45
AlLOs 5.49 5.18 3.30 5.81 4.60 0.47 1.73 1.05 4.40 4.82
Fe,O3* 8.75 5.05 2.48 3.56 8.20 8.61 9.10 78.2 5.22 6.05
MnO 46.18 41.12 55.31 41.21 40.80 42.50 40.1 0.50 44.47 41.45
MgO 0.85 1.31 0.69 1.63 1.24 0.15 0.48 0.29 0.59 0.87
CaO 1.28 9.19 8.59 1.80 3.90 0.77 1.62 2.60 3.22 7.20
Na,O 11 0.40 0.20 0.50 0.56 0.10 0.22 0.06 0.23 0.32
KO 1.85 1.75 0.02 1.12 1.15 0.01 0.21 0.01 1.02 1.35
P,0s 0.10 0.12 0.07 0.09 0.11 0.01 0.08 0.06 0.02 0.06
LOI 12.10 14.30 15.60 19.10 16.20 23.70 23.20 5.40 15.12 13.38
Total 99.5 99.21 99.74 100.88  100.34  99.93 99.12 99.87 99.17 100.05
As 1045 650 1089 2042 1064 910 100 1900 1002 985
Cu 41 136 21 66 79 197 170 5 85 69
Mo 40 30 25 22 8 78 89 70 33 27
Pb 59 75 24 102 89 76 878 135 101 69
Zn 688 793 722 566 399 83 123 78 501 523
\Y 98 180 83 56 57 356 245 522 102 147
Ni 34 40 30 33 24 8 35 13 24 19
Co 12.1 17.8 6.4 12.9 8 20 12 2 12.60 14.82
U 2.09 1.96 2.16 1.77 1 4.83 1 1 1.56 1.23
Th 2.8 2.4 1.7 2.7 4.7 0.1 4.6 5 1.60 2.68
Si 11.46 9.59 6.22 12.02 11.2 6.36 4.30 7.80 115 11.26
Fe 4.03 3.54 1.74 2.49 5.74 3.93 0.77 54.72 3.65 4.23
Al 2.9 2.75 1.75 3.08 2.44 0.25 0.92 0.56 2.70 2.30
Mg 0.52 0.79 0.42 0.99 0.75 0.09 0.29 0.18 0.63 0.74
Mn 35.77 31.8 42.8 31.9 31.6 40.8 31.07 0.40 36.33 31.20
Na 0.82 0.30 0.15 0.38 0.42 0.06 0.17 0.05 0.66 0.40
Ti 0.18 0.18 0.11 0.22 0.17 0.06 0.05 0.06 0.17 0.21
Ba 4650 2530 3730 5690 598 73200 6881 12925 3654 6720
Sr 3160 1140 570 500 150 2480 890 432 780 1896
Be - - - - - - - - 1.05 1.00
Cr - - - - - - - - 20.00 15.18
Cs - - - - - - - - 0.10 0.10
Ga - - - - - - - - 38.00 59.20
Rb - - - - - - - - 2.00 1.00
U - - - - - - - - 2.00 2.00
Ag - - - - - - - - <1.00 <1.00
Sn - - - - - - - - <0.1 <0.1
Hf - - - - - - - - 0.20 0.29
Ta - - - - - - - - <0.1 <0.1
Mn/Fe 8.31 8.98 24.59 12.81 5.50 10.38 40.35 0.007 9.95 7.37
Fe/Mn 0.12 0.11 0.40 0.07 0.18 0.09 0.02 136.8 0.10 0.13
Co/Zn 0.01 0.02 0.008 0.02 0.02 0.24 0.09 0.02 0.02 0.02
Co/Ni 0.35 0.44 0.21 0.39 0.33 2.50 0.34 0.15 0.52 0.78

Cu+Co+Ni 87.1 193.8 57.4 111.9 111 225 217 20 121.6 102.82
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Continue Table 1. Results of chemical analysis for Shahrestanak manganese ore samples by ICP-MS and ICP-AES
(major elements and trace elements are reported in percent and ppm, respectively).

S.N. Sh148  shi71  Shi53  Sh202
. o t‘_! t@ t‘_! tl\_ t‘_! t@ :ﬂ:
g3 oB 98 S & o8
22 §g 78 2% &
S5 sB B FB I3
2§ 2§ 2§ 24
SiO, 21.80 2510 2470  23.10
TiO, 0.22 0.29 0.06 0.12
Al,O3 5.28 6.05 3.25 5.10
Fe,05* 5.89 3.83 7.85 8.20
MnO 4260 4121 4421  40.07
MgO 1.26 1.56 0.47 0.21
CaO 4.24 5.81 2.56 3.95
Na,O 0.12 0.04 0.41 0.11
K0 0.90 0.56 0.36 0.05
P,Os 0.02 0.01 0.10 0.07
LOI 17.23 1516 1523  19.10
Total 99.56  99.64  99.20  100.08
As 996 1123 1057 1601
Cu 75 47 39 116
Mo 45 29 38 72
Pb 81 73 45 85
Zn 547 608 381 702
\% 189 152 284 438
Ni 31 12 18 15
Co 9 6.85 12 13.14
U 1.10 1.11 2.01 1.45
Th 1.81 2.60 1.75 3.71
Si 10.18 1173 1154  10.79
Fe 4.11 2.67 5.48 5.73
Al 3.66 2.28 0.66 1.72
Mg 0.53 0.46 0.93 0.64
Mn 3090 3006 3175  34.30
Na 0.19 0.71 0.39 0.41
Ti 0.12 0.17 0.10 0.09
Ba 4563 5698 4758 6981
Sr 2412 3760 987 2150
Be 1.00 1.00 2.00 1.06
Cr 2531 2941 3000  59.20
Cs 0.10 0.10 0.10 0.10
Ga 70.68 102 180 200
Rb 2.00 <0.1 <0.1 <0.1
U 1.00 2.00 1.00 1.00
Ag <100 <100 <1.00  <1.00
Sn <0.1 <0.1 <0.1 <0.1
Hf 2.00 4.30 2.85 0.45
Ta <0.1 <0.1 <0.1 <0.1
Mn/Fe 7.51 11.2 5.7 5.98
Fe/Mn 0.13 0.08 0.17 0.16
ColzZn 0.01 0.01 0.03 0.01
Co/Ni 0.29 0.57 0.66 0.87

Cu+Co+Ni 115 65.85 69 144.14
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Table 2. Results of the rare earth element analysis for Shahrestanak manganese ore (all values are in ppm).

(PPM 3l gols) Siliws s 53500 JLadlS (SindlS” sloiges (S 50U polie 5T & Lgsyo gl 2 Joar

Sample Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh Sh
No. 107 111 143 162 165 167 169 100 115 126 148 153 171 202
La 11.30 10.70 12.00 9.00 10.00 30.30 11.00 13.00 11.22 10.89 1201 11.63 1047 1151
Ce 1.98 1.75 1.99 2.14 1.96 4.98 3.20 200 245 389 220 238 198 244
Pr 2.11 2.67 1.87 2.17 1.00 4.89 6.00 200 189 153 224 266 119 343
Nd 8.10 10.80 7.40 8.40 700 1780 17.00 11.00 1245 860 790 930 10.70 8.20
Sm 1.70 2.40 1.40 1.90 2.00 3.80 3.00 2200 120 320 160 170 140 2.00
Eu 0.15 0.30 0.09 0.09 0.20 0.05 0.04 200 003 004 007 006 003 0.05
Gd 1.79 2.68 151 1.83 1.40 4.30 1.00 099 145 178 222 183 189 244
Tb 0.29 0.41 0.25 0.30 0.23 0.73 0.56 066 066 045 073 036 076 056
Dy 1.80 2.72 1.53 1.87 1.50 4.58 1.00 3000 170 156 146 127 171 220
Ho 0.39 0.55 0.31 0.39 0.29 1.03 0.98 101 033 028 042 093 039 027
Er 111 1.62 0.96 1.17 0.95 3.27 1.60 190 182 160 119 096 227 184
Tm 0.17 0.25 0.13 0.18 0.15 0.48 0.41 045 019 025 039 017 012 033
Yb 1.00 1.50 0.80 1.10 2.00 3.10 2.00 9.00 200 330 210 250 090 113
Lu 0.20 0.22 0.09 0.13 0.10 0.43 0.35 039 013 025 042 036 0.06 0.39
Ce* 1.02 0.95 0.81 1.07 1.15 0.80 1.01 075 105 170 087 093 097 090
Eu* 0.25 0.35 0.18 0.14 0.31 0.03 0.04 009 006 004 011 010 005 0.05
>REE 31.95 3784 2945 30.67 2780 76.82 48.89 4331 3520 37.84 34.88 3583 3522 37.08
LREE 2534 2862 2475 2370 2216 61.82 40.24 3149 2589 2815 26.02 2773 2577 27.63
HREE 6.75 9.95 5.58 6.97 6.62 1792 865 1182 931 9.69 886 946 945 10.15
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Introduction

The Shahrestanak Mn deposit is located in
southern Qom province, 12 km southwest of the
city of Kahak. Based on geological-structural
divisions of Iran, the deposit belongs to central
volcanic belt or Urumieh-Dokhtar zone. The
Venarch deposit is one the most important known
manganese deposits in Iran. The Sharestanak and
Venarch deposits are spatially and temporally
related to each other, and have similar geology,
mineral texture and structure, host rocks,
relationships  with  faults, and depositional
environment. So, their magmatism and deposition
conditions can be related to each other. Since no
systematic study on the Shahrestanak deposit had
been performed before discussing its geological
and geochemical characteristics, here it is being
attempted to study the geology, petrography,
geochemistry of major, minor and trace elements,
and Rare Earth Elements (REE) of ore, to
distinguish the depositional environments and
genesis of this deposit and to compare REE of ore
in this deposit with other deposits.

Sampling and method of study

Fourteen samples of manganese ore were selected
for geochemical study and analyzing of major,
minor, trace elements and REE by ICP-AES and
ICP-MS and were sent to SGS Co., Toronto.
Detection limits for major elements and trace
elements are 0.01% and 0.05ppm, respectively.

Result and discussion

The deposit is characterized by various lithology
and stratigraphy units, consist of: 1) Middle to -
Upper Eocene volcano-sedimentary rocks, 2)

*Corresponding authors Email: mohammad@basu.ac.ir

Oligocene lower red conglomerate and sandstone,
3) Oligo-Miocene limestone and marl (Qom
Formation), and 4) Eocene and Lower Miocene
basic to intermediate dykes. The most abundant
minerals of the deposit are braunite, hausmannite,
pyrolusite, and manganite. Evidences such as high
Mn/Fe (11.33) and Si/Al (4.86) ratios, low
contents of trace elements specially Co (11.40
ppm), Ni (24 ppm), Cu (81.85 ppm), and Ce, with
high amounts of SiO,, Mn, Fe, Ba, Zn, As and Sr,
all represent hydrothermal processes. It seems that
hydrogenous processes have not had significant
role on the genesis of the Shahrestanak Mn
deposit.

During deposition of Fe and Mn from
hydrothermal solution, they separated from each
other and produced different Fe/Mn ratios in
sedimentary exhalative deposit (SEDEX). The
Fe/Mn ratios are 5.7 to 40.35 (ave., 11.33). Very
high and very low ratios of Fe/Mn can be
interpreted as fractionation and separation of these
two elements from transportation during
hydrothermal activities and mineralization. So,
high Fe/Mn ratios here can be considered as in
submarine hydrothermal deposits. Cann et al.
(Cann et al., 1977) suggested that Fe/Mn ratios in
volcano-sedimentary and hydrothermal deposits
are so variable and characteristic. Hydrothermal
deposits are in close relationships  with
ferruginous silica gel which itself formed from
submarine  hydrothermal  outpouring  and
discharging of metals in marine sediments. So, Si
wt. % versus Al wt. % is high in exhalative
activities. The average Si/Al ratio is 4.86 in the
Shahrestanak deposit which is in the range of
hydrothermal  deposits (SEDEX). Nicholson
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(Nicholson, 1992) suggested Na versus Mg
content diagram for distinction between fresh
water, shallow and deep marine environments.
Bonatti et al. (Bonatti et al., 1992) introduced Fe-
Mn-(Co+Cu+Ni)*10  ternary  diagram  for
distinction between marine sedimentary and
hydrothermal Fe-Mn deposit. According to this
diagram, hydrothermal oxides depleted in Ni, Cu,
Co and zinc relative to sedimentary-marine
deposits. Nicholson (Nicholson, 1992) suggested
that hydrothermal Mn deposit distinguished with
Zn, V, Mo, Cd, Li, Sr, Sb, Pb, Cu, Ba, and As and
sedimentary deposit with enrichment in Ni, Cu,
Co, Sr, Mg, Ca, Na and K. Hydrogenetic
ferromanganese deposit has higher enrichment of
Ni, Cu and Co relative to hydrothermal
(exhalative) deposit. Low contents of Cu, Co and
Ni indicate low input of these elements from
hydrothermal activities and derivation of Zn from
hydrothermal source. As (Co/Zn)-(Co+Cu+Ni)
diagram, the samples from Shahrestanak deposit
show close similarities with hydrothermal
deposits which in turn show common genesis.
Using Pb versus Zn diagram, dubhite (deposits
derived from previous mineralized sequence) can
be distinguished from other Mn oxide
(hydrothermal or supergene) deposits. The
dubhite deposits have high Pb/Zn ratios and more
than 1 percent Pb and Zn contents. Meanwhile,
other types of deposits like shallow marine
deposit, hot springs, SEDEX, weathered deposits
have lower contents of Pb and Zn. The
Shahrestanak deposit has more similarities with
SEDEX and shallow marine deposits.

Conclusion
Geological and geochemical evidences show that
deposition of ore occurred by submarine

hydrothermal activities in Neotethys oceanic basin
during Middle to Upper Eocene in calcareous tuff
with intercalation of micrite and calcareous
limestone. For the genesis of the deposit, it can be
stated that the pillow basalt and andesite lavas
were leached by hydrothermal activities and Mn,
Fe, Si, Ba, Sr and As entered in sedimentary basin
by exhalative — volcanic activities through faults,
then by regression of the sea and forming
oxidizing condition, primary oxide-hydroxide
Mn-minerals are deposited.
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