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Sample Al0 All A3l A40 A21 A22 A23 A26 A27
SiO, 53.62 77.9 59.17 58.77 32.06 24.78 29.4 22.34 | 16.77
MnO 0.12 0 0.05 0 50.41 66.28 | 45.64 | 24.98 | 4351
Fe,O3 11.81 2.49 3.23 6.99 4.86 1.511 3.65 4.18 3.67
P,0Os 0.37 0 0.5 0.15 0.6 0.149 0.07 0.61 0.46
K20 1.49 3.81 5.2 5.04 11 2.282 1.35 0.31 0.26
CaO 6.31 0.09 3.74 0 2.9 15 13.2 40.32 | 30.91
MgO 11.05 1.92 1.04 3.4 1.7 1.22 2.252 2.43 0.85
Al;Os 13.43 13.42 21.24 23.9 5.946 1.88 3.93 2.84 1.89
CuO 0 0 0 0 0 0 0 0.38 0.38
SroO 0 0 0 0 0 0 0 0.2 0
BaO 0 0 0 0 0 0 0 0.9 0.92
Na,O 0.05 0 3.85 0.88 0.06 0.26 0.26 0 0
TiO, 1.7 0.37 1.94 0.87 0.34 0.07 0.118 0 0

Cl 0 0 0 0 0 0 0 0.28 0.21
SO; 0.05 0 0.04 0 0.024 | 0.068 0.13 0.23 0.17
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) Jgix )3 ladiges Codse ICP

SOES iy 4 oW 5:5ie ,Luils 1o SlaS 5 Lol jolic e :F-5 Jsor
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Sample | A10 | A1l | A31 | A32 | A40 | A21 | A22 A23 | A24 | A25 | A26 | A27
Ag(ppb) | <1 | <1 | <1 | <1 <1 4.9 194 14.7 8.3 12.2 6.9 | 121
Al (%) 2541 0 7.2 0 0.38 3.1 0.64 0.93 1.29 2.99 0 0
As (ppm) | <10 | <10 | 11 | <10 | <10 | <10 16 26 13 30 78 32
Be(ppm) | <1 | <1 | «1 2 <1 <1 <1 <1 <1 <1 <1 <1
Bi (ppm) | <10 | <10 | <10 [ <10 | <10 | <10 | 43 24 14 21 11 | 18

Ca(%) |623| 0 |204| 0O |3364| 928 | 10.04 | 10.25 | 16.3 9.24 0 0
Cd(ppm) | 1.9 | 15 | 1.7 [ 13| 18 | 1.9 | 24 22 2 17 | 21 | 19
Ce(ppm) | 43 | 15 | 24 | 25 | 12 | 38 24 35 38 87 62 | 43
Cr(ppm) | 25 | 35 | 275 [ 107 | 9 23 9 11 14 27 16 | 12
Cu(ppm) | 20 | <10 | 11 29 <10 189 93 658 141 680 1367 | 1828

Fe(%) 108| O 1.25 0 <0.1 6.8 <0.1 2.19 1.74 2.85 0 0

K (%) 161| O 5.74 0 0.1 0.49 0.16 0.69 0.53 13 0 0
La(ppm) | 40 | <10 | 14 | <10 30 38 46 57 53 105 108 118

Mg (%) | 121 | O 1.77 0 <0.1 | 3.91 0.24 1.52 0.68 2.54 0 0
Mn(ppm) | 528 0 |2713| O 537 | 59299 | 145918 | 125269 | 97942 | 117643 0 0
Mo(ppm) | 21 | <1 <1 <1 <1 29 40.7 57 18.1 24.9 5.6 9.8
Ni(ppm) | 18 | 16 | 137 | 72 | <10 | 302 | 157 164 | 69 | 348 | 364 | 170

P (%) 0.04 | 002 | 0.23 | 0.06 | 0.03 | 0.12 0.06 0.03 0.17 0.01 0.14 | 0.08
Pb (ppm) | 113 | 21 5 6 2473 37 377 450 428 140 462 207

S (%) 0.05| 0.06 | 0.05 | 0.04 | 0.06 | 0.07 0.11 0.17 0.11 0.22 011 | 01
Sb(ppm) | 21 | <10 | <10 [ <10 | <10 | <10 | 11 <10 | <10 | <10 | <10 | <10
Sc(ppm) | 19 | <10 | 21 | 12 | <10 | <10 <10 <10 <10 17 <10 | <10
Sr(ppm) | 173 | 129 | 37 | 32 | 800 | 1798 | 2495 | 5398 | 2109 | 4926 | 1101 | 667

Ti(%) |0.06 013|095 |0.29 |<001| 0.1 <0.01 0.02 0.09 0.21 | <0.01|<0.01
V(ppm) | 41 [ 59 [ 223 [ 114 | <10 | 175 | 35 31 40 | 119 | 2 | 21
Y (ppm) | 26 | <10 | <10 | <10 | <10 | 17 24 23 36 64 27 | 30
Zn(ppm) | 56 | 38 | 58 [ 104 | 7 | 283 | 188 109 82 282 | 114 | 114

Na (%) |<01|<0.1]| 182|111 | <0.1 | 0.32 <0.1 0.89 0.17 0.61 0.23 | <0.1
Co(ppm) | <10 | <10 | 38 | 20 | <10 | 20 | <10 27 13 30 | 197 | 78
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Si

Al

Fe

Mg

Ca

Co

Cr

Cu

Mo

Ni

Pb

Sr

Zn

Si
1

Al
-.525
.285

Fe

428
.397
237
.651

-.790
.061
.004
.995

-.363
.480

Mg
-.709
115

965"

.002
.058
913
197
.708

Ca
-570
.238
.902"
.014
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.596
.235
.654
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.029
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.249
.634
-.142
.789

940"
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.806
.053

Co
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531
.278
-.653
.160
.074
.890
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.324
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.548
.260

Cr
.378
461
.140
791
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.926
-.781
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.069
.897
-.261
.617
.301
.562
413
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1

Cu

-.962"

.002
491
.323
-.393
441
739
.093
.690
129
446
.376
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579
.229
-.234
.656
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267
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-.629
.181
862
.027
482
.333
.338
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.163
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917
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Ni
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-.639
172
.320
537
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.208
.692
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.367
.894
.016
.307
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812
.050
732
.098
1

Pb
-.170
747
.058
913
277
595
459
.360
.016
.976
476
.340
-.096
.856
-423
404
-.879
021
-.042
.937
133
.801
-511
.300

Sr
-.769
.074
137
795
-.276
.597

.945"

.004
271
.603
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.382
-.044
.934
.084
.875
-.841
.036
.648
.164
.806
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.678
.180
.733
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448
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101
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498

Zn
-.844
072
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469
-.632
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110
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Abstract

The Hallahan Manganese ore deposite is located in 122 km of south of Damghan, 16
km west of Reshm Village in Torud- Chah Shirin volcano-sedimetary belt and the
northern part of Central Iran structural zone. Rock outcrops in the area comprised of
metamorphic complexe such as slate, phyllite, schist, marble, limestone, dolomite and
slightly metamorphed sandstone with lower Jurassic in age. Manganese mineralization
in Hallahan area has occurred in main horizon, as stratiform and concordant with
beddly. based on mineralogy, structure, texture, structure and relation with the host
rocks, mineralization are divided into three different facies: A) vein- veinlet Facies: this
facies as a network of veins —veinlets has limit development and undering. B) Massive
ore facies: This facies forms thick and high grade of ore deposit. C ) Stratiform Ore
facies: thickness of this part of the ore deposit is less than massive ore facies. Based on
ore microscopy, X-ray diffraction (XRD) and electron microprobe (EPMA) studies the
ore mineralogy are mainly pyrolusite, psilomelane, heulandite, braunite and hematite.
Spessartine, wollastonite and clay minerals have occasionally been observed with
manganese minerals. The main gangues minerals of the ore deposit are quartz, calcite
and gypsum. The main structures of the ore deposit consists of layered, lentiform,
massive and vein structures and the main textures are massive, bandy, vein and veinlet
form, dispersed grain, filling the empty space, succession and coliform textures. The
existent alterations in the region are Chlorite, Epidote, argillic, silication and
carbonatization alterations. Chlorite alteration is the broadest in Halahan region and the
hanging and footwall Stones of the ore deposit have intensity chlorite alteration. Based
on geochemical studies, metamorphic rocks of the region have the metabasalt and
Metapelitic nature and have been born about the end of the greenschist facies to
amphibolite facies beginning. High ratio of Mn / Fe and Si / Al, low levels of trace
metals especially Co, Ni, Cu and high amounts of Mn, SiO2 and Fe are as evidence of
Mn enrichment and depletion from submarine hydrothermal fluids (exhalative) in this
deposit and exclude the role of hydrogenesis processes and appearance of the ore
deposit. Therefore, all the evidences indicate that Halahan manganese ore deposit has
been formed under two mechanisms: enrichment in seawater by exhalative
hydrothermal fluids and the deposition in sedimentary conditions influenced by changes
in Eh and pH in sedimentary environment and it is a volcano sedimentary ore deposit.

The features of Halahan manganese ore deposit among formation tectonic environment,
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geological sedimentary environment, participant host rocks, geometry, mineralogy,
texture and chemical evidence, are most similar to the manganese ore deposits of Cuba
type, with the exception that Halahan manganese ore deposit influenced by a

greenschist facies metamorphism phase.

Key words: manganese, volcanosedimentary, Lower Jurassic, the Cuba Type, Halalan,

south of Damghan.
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