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Kavir(recent fans.young and old terraces)
QUATERNARY
Marl, conglomerate, sandstone and gypsum
MIOCENE 8 = 8yp
QOM FORMATION

EOCENE

CRETACEOUS

JURRASSIC

TRIASSIC

PERMIAN

DEVONIAN

CAMBRIAN

Volcano- Sedimentary

Conglomerate, sandstone and shale

Sale, sandstone, conglomerate and limestone
Sandstone and vermicular limestone
Dolomite, sandstone and limestone

Dolomite and Gypsum

Pyllites, meta volcanic and few dolomitc marbles

FAJAN FORMATION

BAGHAMSHAD FORMATION
SHEMSHAK FORMATION

BAHRAM FORMATION
SIBZAR DOLOMITE
PADEHAT FORMATION
NIUR FORMATION

PRECAMBRIAN Metamorphic rocks(Amphibolite and gneiss)

- Granite and granodiorite
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Qal: Recent alluvium, Clay flat and Sand dunes
Qt: Gravel fans, young terraces, old terraces
Qpl: Plio-Pliestocene Conglomerate

OMec: Conglomerate and sandstone
M: Marl, Conglomerate, sandstone, gypsum, Saline mudestone, bedded rock, salt

OMgq: Limestone and marl QOM FORMETION
Oc: Conglomerate

Eot: Tuff

Eoc: Conglomerate and sandstone

Ecn: Red sandstone containing Eocene Nummulites and red marl
Em: Marl
E: Tuff, tuffaceous sandstone, shale, some sandstone

Ev4: Tuff breccias and clastic rocks

Ev3: Tuff breccia and lava breccia

Ev2: Dacitic volcanic breccia

Evl: Andesitic lava flows and volcanic breccia
En: Nummulitic limestone

Ec: Conglomerate and sandston

K: Conglomerate, sandstone, shale, | imestone and detrictic rocks in general FAJAN FORMATION
Js: Shale, limestone and sandstone BAGHAMSHAD FORMATION

TR: Dolomite, platy limestone, sandstone and vermicular

P: Dolomite, limestone and sandstone

D: Limestone containing gypsum, dolomite, sandstone and shale
Sn: sandstone, shale, limestone and Trachyandesite

Cm: Crystalized cherty dolomite

Pet: Phylite and schist

Ped: Undifferentiated metamorphic rocks
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Legend

Qs: Kavir (Sand dunes and clay flat)
Qt: Old trraces and recent alluvium
M: marl, sandstone, limestone, salt, gypsum and celestite

Eot: conglomerate, sandstone, marl and tuff
Em :marl, tuff, sandstone,gypsum, celestite and manganese oxides

Emb: Marl- bearing volcanic breccia, sandstone, gypsum and celestitd

EOCENE - MIOCENE QUATERNARY

Ev: Volcanic rocks (andesite and dacite)
Bande Qeichi Mn deposite

Ali Narkheh Cu deposite

Abondand mine
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Legend
’ ‘ Qt: Kavir(Sand dunes and clay flat)

Em: Marl , sandstone,limestone, gypsum (host of stratiform Sr ore)
Emb: Marl- bearing volcanic breccia, sandstone, gypsum (host of stratiform Sr-(Mn) ore)

Ebm: Volcanic breccia with inter layers of mar, gypsum,
( host of massive and vent complex Mn ore)

Ev:Volcanic rocks andesite and dacite (host of Mn-(Sr) stringer ore)
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Manganese- Celestite deposit * Sample location

Celestite deposit

Major fault / dyke

------- Coverer fault
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ICP- OES 4 ICP-MS (slgsig, 45 asllas 5,50 05g30m0 SlaaasT slacKiw dged oloowd 4550 zls 5l ol CleS 5 Lol polie ol -0 -F Jgoo

aaly ppm | % % % | ppm | ppm % % | ppm | ppm % ppm | ppm | ppm | ppm | ppm | ppm % ppm | ppm | ppm | ppm | ppm

Sample S pb Mn Fe Al Mg Ba Sr Na K Pb Zn Ti Cr Zr U Th Cd Sb P Hf Rb Ta Nb Cs
Al Qi)."\'ﬂ 1299 | 3.39 | 791 | 044 | 1505 | 1138 | 1.216 | 54 | 27.73 | 65.2 | 0.326 | 154 | 1719 | 46 18.3 0.4 3.83 0.1 4.9 | 202.2 0.8 11.9 6.7
A4 gyl 871 | 347 | 728 | 113 | 656 | 481 | 4.409 | 5.63 | 31.67 | 60.9 | 0.34 36 | 1947 | 47 | 159 | 017 | 186 | 0106 | 535 | 2654 | 0.7 | 9.33 | 46.2
B2 gyl 835 | 366 | 813 | 0.46 | 923 | 3062 | 1.404 | 7.87 | 3858 | 69.9 | 037 | 103 | 1841 | 48 | 20.1 | 0.39 | 3.14 | 0.107 | 5.08 | 3576 | 0.9 | 13.34 | 233
B10 Qi)."\'ﬂ 758 | 3.67 | 7.83 | 0.37 | 1716 | 2031 | 1.265 | 8.02 | 86.8 | 86.8 | 0.342 | 119 185 4.7 19.2 | 1.93 3.6 | 0102 | 522 | 2934 | 0.8 11.3 10.3
C1 gyl 2158 | 3.81 | 84 | 0.67 | 1086 | 530 | 2.028 | 5.92 | 39.42 | 102 | 0.391 | 134 | 2289 | 6.7 25 | 013 | 285 | 0.103 | 6.56 | 3029 | 1.1 | 1542 | 17.8
c2 suds 0 i1 o sl 907 | 318 | 7.82 | 0.73 | 2213 | 258 | 1.155 | 5.07 45 70 | 0357 | 103 | 2239 | 63 | 226 | 055 | 1.94 | 0.105 | 6.06 | 1884 1 1397 | 11.3
D2 “""‘15“"1 2867 | 3.02 | 6.61 | 0.36 | 593 298 | 2.037 | 4.84 | 34.92 | 40.6 | 0.265 92 157.8 4 13.7 | 0.26 | 3.98 | 0.076 | 4.16 | 1746 0.7 10.23 9.1




O-F Jguz aslol

ppm ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm
Sample Name- Rock La Y Ce Pr Nd Sm Eu Gd Tbh Dy Ho Er m Yb Lu
Al Andesite 21.1 18.3 46.24 5.6 21.6 4.3 0.9 3.9 0.6 3.6 0.7 2.2 0.3 2.3 0.4
A4 Andesite 24.9 19 58.77 6.3 24.5 4.8 1.3 4.3 0.6 3.3 0.7 2 0.3 2 0.3
B2 Andesite 23.9 18.7 53.2 6.2 23.4 4.7 1 4.5 0.6 3.8 0.7 2.1 0.3 2.3 0.3
B10 Andesite 23.1 19.3 50.39 6 23.7 4.7 0.9 3.9 0.7 3.7 0.8 2.2 0.3 25 0.4
C1 Andesite 30 21.5 65.11 7.3 27.1 5.5 1 4.3 0.8 4.1 0.8 2.2 0.4 2.3 0.4
Cc2 Andesite 22.7 18.7 55.3 6.4 23.7 5 0.7 4.2 0.6 3.6 0.7 2.3 0.3 2.3 0.3
D2 Andesite 17.1 14.6 37.92 4.2 15.9 3.2 0.7 3 0.5 2.7 0.6 1.7 0.3 1.8 0.3
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Nb/Y — Zr/Ti plot (modified by Pearce 1996)
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ICP-OES 4 ICP-MS (sl g p (szmduis Suas 00guome SiwilS sladiged oloand 43550 ol 5l Jol> CleS 9 0,8 polie (50 —F-F Joux

Sample A9 A10 All Al4 A15 A16 B3 B4 B6 C5 Cc7
S ali Ore-Sr Ore-Mn Ore-Mn Ore-Sr Ore-Mn Ore-Sr Ore-Mn Ore-Mn Ore-Mn Ore-Mn Ore-Mn
Mn(ppm) >10000 >10000 >10000 >10000 >10000 43 >10000 >10000 >10000 >10000 >10000
Fe(%) 0.03 1.84 0.27 0.05 2.36 <0.02 1.93 2.18 4.77 1.41 0.45
As(ppm) 2.7 77.3 292.2 4 197.3 1.2 887.1 824.8 265.7 829 225.2
Sr(ppm) >10000 6131 6965 >10000 3399 >10000 3859 2146 1357 >10000 2348
Al(%) 0.09 4.78 0.48 0.08 3.92 0.02 2.54 2.26 6.6 1.26 0.77
Ca(%) 0.06 4.54 1.8 0.07 0.9 0.09 0.58 0.49 1.67 0.75 5.51
Mg(%) 0.02 0.29 0.13 0.02 0.34 0.02 0.21 0.3 1.25 0.19 0.16
Ba(ppm) 4 63 160 8 4492 61 10000 4788 3440 106 67
K(%) 0.06 4.71 0.41 0.02 3.88 0.02 2.92 1.59 3.53 0.83 0.41
Na(%) 0.015 1.704 0.514 0.04 1.07 0.003 0.681 0.99 4.531 0.531 1.096
Mo(ppm) 1.92 23.03 61.13 2.5 48.55 <0.05 65.5 50.04 14.76 43.81 46.93
Cu(ppm) 20.65 1306.85 5909.61 48.17 2995.99 0.06 3930.19 1317.51 688.07 1614.53 2494.76
Pb(ppm) 5.74 560.4 6908.77 54.4 3587.96 0.58 3187 1024.92 943.22 385.82 313.11
Zn(ppm) 12.3 157.9 251.9 9.7 265.2 0.6 151.1 177.4 1113 166.6 95.3
Ni(ppm) 2.4 18.5 38.9 3.6 24.4 <0.1 6.6 7.8 16.4 7.3 29.4
Co(ppm) 0.2 8.6 28.1 1.3 13.6 <0.2 20.1 16.1 22 12.6 9.5
U(ppm) 0.3 9.1 11.5 0.2 15.1 <0.1 124 2.9 4.1 2.9 6.2
Au(ppm) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th(ppm) <0.1 12.3 0.7 <0.1 10.6 <0.1 5.9 14 9.3 0.7 1
V(ppm) 3 78 57 5 136 1 76 110 206 71 66
P(%) 0.001 0.062 0.01 0.001 0.058 0.001 0.035 0.038 0.084 0.024 0.014
Cr(ppm) 3 36 181 5 155 2 148 192 127 109 148
Ti(%) 0.003 0.202 0.022 0.003 0.235 0.001 0.148 0.154 0.47 0.089 0.042
Zr(ppm) 1.5 118.1 9.3 0.5 97.2 0.2 60.4 25.5 109.3 14.9 13.7
S(%) 1.96 3.53 0.72 1.88 0.1 1.9 0.08 0.15 0.04 1.34 4.6
Rb(ppm) 2.3 190.7 12.1 1.2 153 0.3 112.8 87.6 146.5 44 18.5




Aoy s  (XRF) o9, 4 ST (Fdae 03gdne Sl sladiges el 4520 s -V-F Jgoo

Sample No. A9 A10 All Al4 A15 Al6 B3 B4 B6 C5 c7
Element oxide Ore-Sr Ore-Mn Ore-Mn Ore-Sr Ore-Mn Ore-Sr Ore-Mn Ore-Mn Ore-Mn Ore-Mn Ore-Mn
Mgo 0.00 0.00 0.00 0.00 0.93 0.00 0.00 0.00 2.53 0.00 0.00
Al,O; 0.00 8.39 117 0.21 8.17 0.00 5.79 7.70 10.56 3.95 4.77
SiO; 0.62 28.08 3.96 0.71 27.06 0.00 20.63 22.34 35.02 1451 15.52
P,0s 0.00 0.20 0.00 0.00 0.19 0.00 0.15 0.11 0.24 0.00 0.00
SO; 42.46 0.20 0.00 39.81 0.19 41.95 0.15 0.11 0.24 0.00 0.00
KO 0.00 4.69 0.41 0.00 4.60 0.00 3.73 2.67 331 1.29 1.58
CaO 0.00 10.42 3.70 0.21 1.82 0.34 111 0.83 217 1.63 5.19
TiO, 0.00 0.30 0.00 0.00 0.39 0.00 0.37 0.00 0.85 0.00 0.00
MnO 1.33 22.74 78.18 2.54 46.22 0.00 60.88 59.28 7.96 63.92 58.33
Fe,0s 0.00 2.71 0.74 0.00 3.69 0.00 2.77 2.78 6.49 2.10 2.49
As,O;3 0.00 0.00 0.00 0.00 0.11 0.00 0.25 0.16 0.06 0.00 0.00
SrO 54.92 1.12 1.13 55.27 0.61 55.45 0.58 0.29 0.16 4.80 0.34
BaO 0.00 0.00 3.14 0.94 151 1.99 1.97 0.73 0.52 1.09 0.80
Cl 0.00 1.33 0.49 0.00 0.67 0.00 0.40 0.35 1141 0.00 1.02
Na,O 0.00 341 0.00 0.00 1.80 0.00 0.00 2.16 18.51 1.40 2.19
CuO 0.00 0.20 0.85 0.00 0.42 0.00 0.66 0.00 0.00 0.00 0.00
Zn0, 0.00 0.19 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PbO 0.00 0.00 1.06 0.00 0.61 0.00 0.49 0.00 0.00 0.00 0.00
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La(ppm) 05 20.2 26.2 0.3 42.8 0.1 46.2 357 323 35 7.6
Ce(ppm) 0.63 35.84 23.38 0.76 39.46 0.07 57.13 38.93 68.17 30.93 29.63
Pr(ppm) 0.1 4.8 4 0.1 7.1 0.1 5.2 35 6.3 31 22
Nd(ppm) 0.5 18.5 16 0.4 26.2 0.1 18.5 14.2 24.3 111 8
Sm(ppm) 0.1 37 2 0.2 5 0.1 2.3 2.5 46 1.7 1.6
Eu(ppm) 0.1 0.8 0.5 0.1 0.4 0.1 0.1 0.2 0.9 0.5 05
Gd(ppm) 0.1 35 2.6 0.1 4.9 0.1 2.6 25 46 1.6 1.8
Th(ppm) 1 0.5 0.4 0.1 0.7 0.1 0.3 0.3 0.6 0.2 03
Dy(ppm) 0.1 3.1 1.9 0.1 3.9 0.1 16 1.8 3.5 11 15
Ho(ppm) 0.1 0.6 0.5 0.1 0.9 0.1 0.3 0.3 0.7 0.2 0.3
Er(ppm) 0.1 1.9 13 0.1 25 0.1 0.8 11 1.8 0.6 0.9
Tm(ppm) 0.1 0.3 0.2 0.1 0.4 0.1 0.1 0.1 0.3 0.1 0.1
Yb(ppm) 0.1 2 1 0.1 24 0.1 13 1.1 1.9 0.6 0.9
Lu((ppm) 0.1 0.3 0.2 0.1 0.3 0.1 0.1 0.1 0.3 0.1 0.1
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Cu 1 910 | 571 | 580 | .696 | .579 | -.614 | -.122 | -522 | .224 | -581 | -582 | -562 | -.379
Pb 1 752 | 568 | 487 | .746 | -320 | -.212 | -253 | .176 | -.283 | -.300 | -.332 | -.166
Zn 1 .350 | 403 | .325 | -.249 | .042 | -.350 | -.063 | -.231 | -.193 | -.457 | .033
Ni 1 183 | 251 | -442 | -324 | -151 | -494 | -.286 | -.256 | -.067 | -.258
Mn 1 225 | -807 | .292 | -805 | .105 | -.887 | -.949 | -879 | -.773
Co 1 124 | -195 | 255 | .261 | .095 | -.054 | .138 | -.219
Fe 1 -226 | 916 | .205 | .978 | .897 | .851 | .637
Sr 1 -262 | -.263 | -.301 | -.337 | -.328 | -.344
Mg 1 -020 | 935 | .819 | .972 | .438
Ba 1 114 .088 | -.111 | .256
Ti 1 .953 .904 707
Al 1 .836 | .869
Na 1 A73
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Sample: B1

Te Tmice Tmhh wit% wit% wt % wt % Thv-I
C)( C)( ) ( NaCl CaCl2 NaCl/(NaCl+CaCl2) NaCl+CaCl2 C)é (

5

Size(um) Type Origin

1 35 LV P -17.3 -30 591 13.58 0.3 19.49 202
2 48 LV P -16.7 -30 5.8 13.32 0.3 19.12 180
3 28 LV P -16 -29 6.4 12.3 0.34 18.7 200
4 44 LV P -19.1 -34 3.95 16.46 0.19 20.41 286
5 25 LV P -21.2 -30 6.6 15.15 0.3 21.75 200
6 20 LV P -15.8 -30 5.62 12.91 0.3 18.54 250
7 25 LV P -16 -35 324 15.33 0.17 18.57 202
8 20 LV P o2 -15.3 -29 6.24 11.99 0.34 18.23 240
9 32 LV P -20.7 -29 7.38 14.17 0.34 21.55 290
10 14 LV P -18.3 -30 6.1 14. 0.3 20.1 238
11 30 LV P -16.4 -32 4.54 14.33 0.24 18.87 Td:285
12 20 LV P -19 -259  10.64 10.19 0.51 20.83 Td:227
13 12 LV P -16 -34 3.6 14.99 0.19 18.59 234
14 32 LV P -17.6 -29 6.75 12.97 0.34 19.72 175
Sample: B2
n  Sizeum) Type Origin Te Tn“!ice Tm?hh wt% wt% wt % wt % Thv-|
C)( C)( C)>(  NaCl CaCl2 NaCl/(NaCl+CaCl2) NaCl+CaCl2 C)o (
1 20 LV p -16.3 -30 5.72 13.14 0.3 18.86 222
2 15 LV p -7.6 -32 2.81 8.88 0.24 11.69 182
3 15 LV P -7.7 -24.1 7.61 3.99 0.66 11.6 133
4 12 LV P -12.2 -24.5 9.91 6.08 0.62 15.98 297
5 20 LV p -18.3 -36 3.15 16.77 0.16 19.92 Td:336
6 16 LV P 52 -1.7 -31 3.18 8.6 0.27 11.78 180
7 16 VL P -8.2 -26.5 5.76 6.46 0.47 12.22 >510
8 12 LV P -14.5 -24.3 11.37 6.47 0.64 17.84 370
9 12 LV P -8.4 -24 8.22 4.14 0.67 12.36 144
10 16 LV PS -18.1 -26.7 9.27 10.92 0.46 20.18 176
11 32 LV P -9.1 -25.8 6.8 6.33 0.52 13.13 171
12 22 LV P -10.3 -24.6 8.73 5.55 0.61 14.28 326
13 10 LVS? P 221
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Deposit type Examples

Coahuila State, Mexico; Nakhjir in the Dasht-e-kabir Desert, Iran; Avon County,

Sedimentary England; Argus Station, Avawatz Mountains, Barstow, all in San Bernadino

County, California, USA

Volcano-
sedimentary Ludlow, Vermont; Aguila Gila Bend, Arizona all in USA
Infilration or
Lateral Secretion Turkmenistan; Tadzhikistan; Sicily, Italy; Munster, Germany
Hydrothermal Sierra Mojada, Mexico; Salem, Ketucky, Fidalgo Island, Washington(State),

USA
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Abstract

The Bande-Qichi (Rabiei) manganese-celestite ore deposit is located at 200 km south of
Shahrood, 59 km southeast of Toroud village in the magmatic zone of north of Central Iran
zone. The major exposed rock units of the stratigraphic sequence in the area include the
Eocene andesitic, dacitic, tuffacous volcanic rocks and marl. Based on textural and
mineralogical studies, three ore facies were observed in the deposit: (1) The lower facies as
vein-veinlets (stringer zone) within the volcanic (andesitic and dacitic) rocks, (2) the middle
facies as breccia-massive within volcanic breccias and marl, and (3) the upper facies as
stratiform (layered, bedded and lenticular) within tuff breccias, peperites and marls. The
stratiform facies was divided into two parts: manganese-rich and celestite-rich. The
manganese-rich part within volcanic breccias, peperites and marls overlies vein-veinlet ore
facies, and the celestite-rich part is located within the same marls farther away from the former
part.

Based on petrographical, x-ray diffraction (XRD) and electron probe micro analysis (EPMA),
the ore mineralogy in the aforementioned ore facies dominantly includes pyrolusite,
psylomelane and celestite, and rarely cryptomelane and hollandite. The gangue minerals are
dominated by chlorite, sericite, gypsum, barite and clay minerals. Structures and textures of
the ores in the manganese-rich stratiform part are dominantly banded, laminated and
disseminated; and in the celestite-rich part is as lens-shape, colloform and banded, open space-
fillings and zebra, and in the vein-veinlet and breccia-massive facies are as veins, brecciated,
open-space fillings and disseminated. Major alterations in the deposit are argillic-sericitic at
center surrounded by chlorite alteration.

Based on the geochemical studies, this deposit contains high amounts of Mn/Fe, La/Ce, U/Th
and Si/Al ratios; and the values of Co/Zn, trace elements such as Ni and Cu and rare earth
elements (REE), especially Ce, Sm, and Eu are low in the manganese ores. Also, negative Eu
anomalies in the manganese-rich part indicates that the ore deposition environment was
oxidic. The geochemical characteristics of the volcanic rocks show that these rocks have
andesitic and dacitic compositions and calc-alkaline nature that indicates an island arc

environment for their deposition.



Fluid inclusions on celestite mineral indicates that temperature of homogenization and salinity
of the fluid from the stringer zone and the celestite-rich stratiformore , are 290°c and 5/9 wt%

NaCl equivalent; and 350 T and 6/5 wt% NaCl equivalent, respectively.

The Bande-Qichi manganese-celestite ore deposit shows many similarities to the volcanic-
sedimentary or exhalative manganese deposits of Cuban-type, in various aspects including
geology, tectonic setting, host and associated rocks, geometry of ore bodies, textures and
structures, mineralogy, geochemistry and alteration patterns. However it differs from the
Cuban-type in a few characters such as very high amounts of strontium and containing
celestite. It should be noted that any similar mineralization in some characteristics and
economic value of both of the manganese- and celestite-rich parts, has not yet been reported in

Iran and through the world.

Key world: Manganese, celestite, volcano-sedimentary, Eocene, Cuban-type, Bande Qichi
(Rabiei)
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