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Fig. 1. Simplified geological map of Sabzevar area on the 1:250,000 Sabzevar map and 1:100,000 Darin map
(Tatavosian et al., 1993; Vahdati Daneshmand and Saeidi, 1997). Northern part of Sabzevar comprises an ophiolite
mélange complex and southern part comprises the upper Late Cretaceous volcano-sedimentary sequence (including
manganese deposits in the study area).
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Fig. 2. Simplified geological map of 1:100,000 Darin (Vahdati Daneshmand and Saeidi, 1997) and position of
manganese deposits in the Late Cretaceous volcano-sedimentary sequence. The lower Late Cretaceous volcano-
sedimentary sequence (K,") is located at the core of anticline and carbonate and marly tuffs (LMV) of upper Late

Cretaceous volcano-sedimentary sequence occur at the edges of anticline that contains manganese deposits in the study
area.
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Fig. 3. A: Stratigraphic column of Darin 1:100,000 map, B: General stratigraphic column of Cretaceous units in the
southwest of Sabzevar and position of main units (Units 1, 2, 3, 4) in the late Cretaceous volcano-sedimentary sequence

(Lower part K," and upper part LMV).
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Fig. 4. The position of manganese horizon | (subhorizons la and Ib) in the Unit 1 of lower Late Cretaceous volcano-
sedimentary sequence (K,") and correlation of manganese subhorizons in the Frizy, Benesbourd, Nudeh and Goft
deposits. The highest thickness of the ore-bearing horizon is observed at the Goft deposit, red tuffs are host rock to
manganese mineralization in the horizon | (for legend on regional stratigraphic columns, refer to Fig. 3).
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Fig. 5. View of stratigraphic sequence containing manganese horizon | (OH la, OH Ib) and position of Mn-bearing red
tuff in the Nudeh deposit, ore-bearing red tuff and other units folded together (view to the northeast).
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(to legend regional stratigraphic columns refer to Fig. 3).
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Fig. 8. Cross-section of the stratigraphic sequence containing manganese horizon | and position of ore-bearing red tuff
at the Goft deposit in the Kalmorgh valley, northwest of Oryun Mohammad Abad village.
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Fig. 10. Ore structures and textures in Mn-bearing horizons I, 11 in various deposits of the study area, A: Alternation of
Mn-rich lamina (black) with red tuffs (bright) on the horizon I Goft deposit, B: Mn-rich lamina folded with host rock
west of Kalmorgh river in the Goft deposit, C: Specimen lenses of manganese in the Nudeh Mn deposit, ore horizon I,
D: Gradual aggregation texture of manganese in the Nudeh deposit, E: Simultaneous deposition of manganese with Mn-
bearing host rock, F: Silicic-manganese vein-veinlet in the Nudeh Mn deposit.
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Table 1. The analytical results for the ores from various manganese deposits in south-southwest Sabzevar.

Deposit Sample  SiO,% Al,0O4 Fe,0; P,05% MnO% SO; Na,0% K,0% Mn/Fe
% % %
Frizy 1 73.36 <0.10 11.35 <0.10 2.62 0.30 <0.10 <0.10 0.23
2 79.64 0.89 6.77 <0.10 0.87 0.27 <0.10 <0.10 0.12
3 19.63 <0.10 3.07 <0.10 58.90 0.42 <0.10 <0.10 19.18
4 59.09 <0.10 4.84 <0.10 25.13 0.53 <0.10 <0.10 5.19
Benesbourd 5 21.21 <0.10 4.11 <0.10 44.07 0.59 <0.10 <0.10 10.72
6 21.10 - 6.56 0.05 44,99 0.32 - - 6.85
7 78.49 1.16 6.69 0.05 7.64 0.19 - - 1.14
Goft 8 11.89 3.41 1.88 - 62.69 0.38 0.34 <0.10 33.34
9 76.12 1.10 4.47 0.16 3.89 0.34 0.78 0.32 0.87
10 58.24 2.51 4.62 - 2.54 0.37 0/16 0.27 0.53
Nudeh 11 51.72 <0.10 2.72 <0.10 33.52 0.23 0/11 <0.10 12.32
12 28.84 <0.10 1.09 0.19 48.78 0.44 0.60 0.17 44.75
13 44,23 5.89 2.02 0.22 24.29 0.32 1.82 1.86 12.02
14 12.18 4.46 <0.10 <0.10 55.86 1.13 <0.10 <0.10 558.6
Chahsetareh 14 48.61 2.83 4.71 0.12 31.26 0.10 0.10 0.13 6.63

g Oyt ogin —gin dihie 385 sla ) LuilS [0 § 38 calitee slaaiigs o MNIFe cos ol s asels anslio .Y Jgus

Table 2. The range of changes Mn/Fe ratio in various manganese deposits and in the Mn deposits of south-southwest

Sabzevar.

Area Mn/Fe average references
. ) (Marching and Erzinger, 1986;
Hydrogenous deposit 0.8-2.5 1 Nicholson et al., 1997)
Exhalative deposit - <1 (Dekov et al., 2004)
Noblehouse deposit 1-162 85 (Nicholson, 1992)
Safo (Chalderan) 31.7-1.35 8 (Amamalipour, 2005)
Nasirabad (Fars province) 87.54-4.5 17.29 (Zarasvandi et al., 2013)
South-southwest Sabzevar deposit ~ 558- 0.12 47.4 -
90 B Chah Setareh
80 0'
70 © Hydrothermal @ Kal morgh
60 @ O
=X 50 A
@ a0 “Hydrogenous A ® Benesbord
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30 "a @ Ferizy
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Fig. 12. Al,O3 and SiO, binary diagram (Choi and Hariya, 1992) and sample location of the manganese deposits in the

study area.
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Introduction

The Mn mineralization occurs in the northeastern
segment of the Sabzevar zone (SZ), north of the
Central Iranian Microcontinent (CIM). This Zone
(S2) is located between the CIM fragmentation in
the south and the Kopeh dagh sedimentary
sequence in the north. The ore deposits of the
northeastern segment of the Sabzevar zone can be
divided into three groups, each with different
metal association and spatial distribution and each
related to a major geodynamic event. The first
mineralization with associated Ordovician host
rock is characterized by Taknar polymetallic (Fe-
rich) massive sulfide deposit. The Cretaceous
mineralization consists of Cr deposits associated
with serpentinized peridotites, Cyprus type VMS,
Mn deposit in pillow lava, volcano-sedimentary
hosted Besshi type VMS and Mn deposit.
Paleogene mineralization in eastern segment of
the Sabzevar zone began with porphyry deposits,
Cu Red Bed mineralization occurs in the
Paleogene sandy red marl.

Materials and methods

A field study and sampling was performed during
the autumn of 2012. To assess the geochemical
characteristics of 48 systematic samples (least
fractured and altered) of ore-bearing layers and
host rocks were collected from the deposit for
polished thin section examination. In order to
correctly characterize their chemical
compositions, 15 least-altered and fractured
samples were chosen for major elements analysis.

*Corresponding author’s email: rastad@modares.ac.ir

Results

The Late Cretaceous volcano-sedimentary
sequence in south-southwest of Sabzevar hosts
numerous manganese  mineralization.  The
sequence based on the stratigraphic position, age
and composition of the rocks, can be divided into
two lower and upper parts. The lower part or K2
unit mainly formed from marine sediments
interbedded with volcanic rocks. The sedimentary
rocks of this part include silicified tuff, chert,
shale and sandstone, and the volcanic rocks
involve pyroclastic rocks of various composition,
rhyolite, dacite and andesitic lava. The upper part
or LMV unit comprised of limestone, marl and
volcanic rocks, overlies concordantly on the lower
part (K2"). The manganese mineralization within
the host volcano-sedimentary sequence, based on
stratigraphic position, relative age and type of
host rocks involved the two horizons: the first
horizon (Mn la, 1b) consisting of Benesbourd
(Masoudi, 2008), Nudeh (Nasrolahi et al., 2012),
Homaie (Nasiri et al., 2010), Goft and Manganese
Gostar Khavar Zamin deposits, occurred in the
lower part of the sequence (K2V unit) and is
hosted by red tuffs. The second horizon (Mn I1I)
comprising of Zakeri (Taghizadeh et al., 2012),
Cheshmeh Safeid, Mohammad Abad Oryan and
Chah Setareh deposits, is hosted by marly-
carbonate tuffs and locates within the upper part
of the sequence (LMV unit) (Maghfouri, 2012).
Geometry and shape of the ore bodies in various
deposits are as stratiform, layered, parallel and
concordant with layering of the host rocks.
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Textures of the ores include massive, lenticular,
banded, laminated and disseminated. Mineralogy
of the ores in the two ore horizons is simple and
similar and is dominated by pyrolusite,
psilomelane and braunite. Gangue minerals are
predominantly the host rock-forming minerals
including quartz, chlorite and feldspar.

Discussion

Geochemical data, structures and textures,
stratigraphic position and lithologic characteristics
of the host rocks represent that manganese
reserves in south-southwest Sabzevar were
formed as sedimentary-exhalative.
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