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Analyte Ag Al As Ba Be Bi Ca

Scheme IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B

Analysis

Unit PPM % PPM PPM PPM PPM %

Sample
Code

55°20'22/73"N

\Y S1734 35°20° 47/20"E 0.20 7.86 1.8 455.0 0.9 0.08 6.23
55°20'22/73"N

\Y 51735 35°20° 47/20"E 0.20 5.62 16 700.0 0.6 0.09 9.28
55°20'22/73"N

\Y 51736 35°20° 47/20"E 0.28 7.02 2.9 4732 15 0.09 7.63
55°09 47/52"N

\Y S1737 35°20° 18/46 E 0.11 5.40 2.0 479.0 1.4 0.06 6.80
55° 09" 47/68'E

BR 51738 35°20" 14/79'N 0.14 2.51 169 1170.4 33 0.18 0.37
55° 09" 47/68'E

BR 51739 35°20" 14/79'N 0.16 1.50 824 1534.8 6.1 0.10 1.79
55° 09 48/ N

BE S1740 35°20 14/87E 0.21 2.01 76.8 855.4 2.0 0.24 0.31
55° 09 48/9'N

BE S1741 35°20 14/87E 0.21 2.35 98.4 884.0 17 0.18 0.28
55° 09 50/32"E

L.G 51742 35°2015 N 0.14 4.49 30.6 264.6 15 0.47 435
55° 09" 47/68 E

Sr S1743 35°20° 14/79'N 0.08 1.33 61.8 203.0 21 0.09 0.70
55° 09 4524 N

\Y 51744 35°20° 14/8T'E 0.15 5.57 6.8 485.6 1.7 0.05 6.89
55°09 47/52"'N

Ba-Sr 51745 35°20° 18/46 E 0.06 0.74 49 544.8 0.2 0.09 2.75
55°09 47/52"N

Qtz vein | S1746 35°20° 18/46'E 0.36 5.47 13.7 281.8 1.3 0.09 7.89
55°09 47/52"N

Sr S1747 35°20° 18/46 E 0.06 0.13 14.6 4756 0.2 0.07 0.68
55° 09 54/36" E

Mn 51748 35° 20 14/96"N -0.05 2.49 13.1 277.8 0.6 0.16 >15

Qq



Analyte Cd Ca Cd Ce Co Cr Cs Cu Dy Er
Scheme | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B
Analysis
Unit PPM % PPM PPM PPM PPM PPM PPM PPM PPM
Sample
Code
S1734 0.11 6.23 0.11 47.2 31.5 35.8 3.75 152 4.05 2.40
S1735 0.12 9.28 0.12 33.8 31.8 69.7 6.80 144 2.83 1.56
S1736 0.23 7.63 0.23 59.0 30.3 45.1 1.75 40.6 4.24 2.61
S1737 0.06 6.80 0.06 50.3 23.9 54.3 1.08 37.7 3.62 2.02
S1738 -0.01 0.37 -0.01 18.4 8.2 51.9 11.7 54.1 1.68 0.93
S1739 0.01 1.79 0.01 16.0 5.4 61.9 8.66 139 1.87 1.01
S1740 -0.01 0.31 -0.01 24.4 9.5 40.4 5.86 61.5 1.71 0.98
S1741 0.03 0.28 0.03 25.4 7.0 38.0 4.92 45.4 1.87 1.10
S1742 0.13 4.35 0.13 28.4 22.4 52.3 7.46 30.2 3.69 2.20
S1743 -0.01 0.70 -0.01 11.4 3.6 23.1 3.50 49.9 1.01 0.56
S1744 0.08 6.89 0.08 51.8 25.9 49.5 3.78 124 3.47 1.90
S1745 -0.01 2.75 -0.01 9.21 1.8 14.9 0.99 19.9 0.58 0.25
S1746 0.09 7.89 0.09 47.9 27.4 75.6 2.23 55.6 3.77 2.02
S1747 -0.01 0.68 -0.01 1.29 1.2 14.5 0.19 24.9 0.15 0.06
S1748 0.89 >15 0.89 25.3 92.0 29.6 3.95 58.6 2.02 0.96
Analyte Eu Fe Ga Gd Ge Hf Hg Ho In K La
Scheme | IMS40B | IMS40B | IMS40B | IMSA40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B
AnS:w)i,fls PPM % PPM PPM PPM PPM PPM PPM PPM % PPM
Sample
Code
S1734 1.84 6.61 20.1 5.47 -0.1 2.56 -0.01 0.76 0.05 1.36 21.5
S1735 1.47 6.19 18.6 4.24 -0.1 1.72 0.01 0.56 0.06 1.40 16.2
S1736 1.79 5.92 20.3 5.98 -0.1 3.44 -0.01 0.83 0.05 2.29 27.8
S1737 1.47 494 18.2 5.11 -0.1 2.49 0.02 0.74 0.02 2.12 24.1
S1738 1.00 >15 7.3 2.27 0.1 1.27 0.02 0.35 0.03 0.86 8.9
S1739 1.16 >15 5.8 2.35 1.3 1.13 0.10 0.39 -0.02 0.56 7.9
S1740 0.81 7.27 16.0 2.43 -0.1 2.78 -0.01 0.29 0.06 3.64 12.2
S1741 0.76 8.13 18.1 2.65 -0.1 2.94 -0.01 0.33 0.04 4.05 11.8
S1742 1.12 5.08 18.4 4.21 -0.1 3.66 0.11 0.75 0.07 2.89 11.4
S1743 0.43 6.65 3.4 1.43 -0.1 0.72 0.06 0.22 -0.02 0.61 4.6
S1744 1.79 6.25 22.7 4.95 -0.1 2.46 0.02 0.64 0.04 2.77 25.7
S1745 0.51 0.55 1.6 0.94 -0.1 0.21 0.14 0.11 -0.02 0.26 4.5
S1746 1.31 5.88 13.1 5.42 -0.1 2.71 0.22 0.75 0.03 1.35 23.0




Joguz aalsl -

S1747 0.22 0.68 0.4 0.30 -0.1 -0.05 -0.01 -0.05 -0.02 0.03 0.6
S1748 0.73 2.13 6.8 2.84 -0.1 0.98 -0.01 0.40 0.03 0.90 13.4
Li Lu Mg Mn Mo Na Nb Nd Ni P
IMS40B IMS40B IMS40B IMS40B IMS40B IMS40B IMS40B | IMS40B | IMS40B | IMS40B
PPM PPM % PPM PPM % PPM PPM PPM %
Sample
Code
S1734 20.6 0.32 2.65 1433.8 1.23 1.96 6.0 24.8 23.5 0.17
S1735 20.0 0.23 1.45 1253.6 1.61 1.38 4.1 18.3 28.2 0.11
S1736 21.3 0.40 1.13 1044.4 1.64 1.87 8.2 28.9 19.9 0.16
S1737 13.6 0.27 1.03 1167.8 1.98 1.66 7.2 23.9 20.5 0.14
S1738 11.0 0.14 0.19 1081.6 9.03 0.51 4.0 7.53 8.1 0.05
S1739 6.1 0.12 0.12 2424.6 76.2 0.44 3.3 7.12 7.0 0.05
S1740 46.7 0.15 0.34 497.4 3.77 1.17 8.7 12.6 10.2 0.13
S1741 38.2 0.14 0.29 534.0 5.34 0.93 8.1 12.7 10.8 0.12
S1742 63.2 0.33 1.00 1112.4 1.54 3.15 8.7 15.6 22.0 0.14
S1743 6.2 0.07 0.06 311.0 4.97 0.31 2.0 5.85 2.6 0.02
S1744 85.2 0.25 1.02 1177.6 2.14 2.64 7.4 25.6 21.8 0.20
S1745 3.1 0.02 0.12 576.0 0.47 0.20 0.5 4.98 3.1 0.01
S1746 59.4 0.30 0.89 2491.8 1.99 141 5.8 21.8 15.2 0.11
S1747 -1 -0.01 0.01 197.2 0.62 0.01 0.1 0.57 1.5 -0.01
S1748 12.8 0.15 0.64 >10000 9.20 1.27 2.9 12.2 23.0 0.04
Pb Pr Rb S Sb Sc Se Sm Sn Sr
IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B
PPM PPM PPM % PPM PPM PPM PPM PPM PPM
Sample
Code
S1734 8 5.89 11.3 -0.5 1.67 12.4 -2 5.55 -3 986
S1735 22 4.27 26.7 0.6 20.3 13.9 -2 4.17 -3 882
S1736 17 7.17 48.7 0.6 1.27 12.8 -2 6.02 -3 877
S1737 23 6.00 45.6 0.5 12.9 11.2 -2 5.41 -3 724
S1738 41 2.03 38.4 0.6 3.01 8.8 8 2.50 -3 5668
S1739 72 1.70 26.6 2.1 8.21 10.4 10 2.66 -3 >10000
S1740 100 2.82 130 1.0 1.54 8.9 -2 2.89 -3 8541
S1741 144 3.04 120 0.6 9.66 8.1 3 2.96 -3 4266
S1742 29 3.42 53.3 -0.5 1.15 9.2 -2 4.27 -3 412
S1743 20 1.34 225 1.9 3.16 5.5 5 1.64 -3 >10000

Yo
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S1744 28 6.10 60.5 -0.5 1.16 11.1 -2 5.34 -3 1172
1745 4 1.09 9.8 1.9 0.89 5.1 -2 1.29 -3 >10000
S1746 19 5.47 33.1 -0.5 1.80 10.7 -2 5.24 -3 959
S1747 2 0.15 0.7 1.9 0.11 4.2 2 0.38 -3 >10000
S1748 144 2.92 32.7 1.0 0.56 9.5 -2 2.50 -3 2052
Ta Th Te Th Ti Tl Tm U V W
IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B | IMS40B
PPM PPM PPM PPM % PPM PPM PPM PPM PPM
Sample
Code
S1734 0.62 0.74 -0.05 3.1 0.52 0.03 0.25 0.7 275 0.9
S1735 0.43 0.51 -0.05 2.4 0.42 0.13 0.18 0.7 299 1.0
S1736 0.69 0.79 -0.05 6.9 0.49 0.15 0.36 1.7 261 1.2
S1737 0.64 0.64 -0.05 5.6 0.43 0.12 0.27 14 238 1.0
S1738 0.69 0.33 0.05 3.6 0.15 0.19 0.12 1.0 82.2 1.0
S1739 0.45 0.33 0.06 3.0 0.13 0.16 0.12 14 68.8 0.8
S1740 0.57 0.31 0.30 4.0 0.46 1.31 0.13 1.9 190 1.3
S1741 0.53 0.36 0.12 4.3 0.45 1.21 0.14 1.9 168 1.2
S1742 0.56 0.62 0.29 6.1 0.45 1.05 0.30 04 204 0.9
S1743 0.17 0.25 0.27 14 0.08 0.14 0.10 0.6 37.0 0.5
S1744 0.62 0.64 0.06 4.4 0.57 0.13 0.29 1.7 372 2.3
S1745 0.06 0.12 -0.05 0.4 0.04 0.08 -0.05 0.2 10.3 0.2
S1746 0.43 0.63 0.05 5.6 0.34 0.13 0.27 15 174 1.9
S1747 -0.05 -0.05 -0.05 -0.2 -0.01 -0.02 -0.05 -0.1 2.9 0.1
S1748 0.26 0.35 -0.05 3.1 0.12 1.33 0.17 1.7 56.9 0.6
Analyte Y Yb Zn Zr
Scheme IMS40B IMS40B IMS40B IMS40B
Analysis Unit PPM PPM PPM PPM
Sample
Code

AV007985.066 | S1734 19.8 2.0 88.0 90.8

AV007985.067 | S1735 12.8 1.3 107 53.1

AV007985.068 | S1736 21.8 2.3 275 121

AV007985.069 | S1737 17.1 19 193 92.7

AV007985.070 | S1738 9.6 0.9 92.8 47.3

AV007985.071 | S1739 9.8 0.8 67.1 40.4

AV007985.072 | S1740 8.5 0.9 130 98.2

V¥
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AV007985.073 | S1741 8.1 0.9 149 94.6

V007985.074 | S1742 18.3 2.2 83.9 134
AV007985.075 | S1743 51 0.6 30.8 23.9
AV007985.076 | S1744 15.1 1.9 108 82.1
AV007985.077 | S1745 3.1 0.1 2.1 5.8
AV007985.078 | S1746 18.9 2.0 159 89.3
AV007985.079 | S1747 1.2 -0.1 6.1 11
AV007985.080 | S1748 13.1 1.0 230 39.6
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Lithology

Es Crystal lithic tuff (hosted of ore)

Evy [« = { Basaltic andesite

Er [ * *]|Lithic crystall tuff

Ev; Basaltic andesite Symbol

En Crystal lithic tuff Fault
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Abstract

Kuhe Rig iron-celestite deposit is located in 130Km south of Shahrood and 17 Km south of
Toroud, in the northern part of the central Iran zone and in the Sabzevar subzone.
Mineralization occurred in the Eocene volcano-sedimentary sequence dominated by
andesite basalt, basalt and crystal lithic tuffs. In this deposit, three hydrothermal facies are
observed: 1)Vein-veinlets facies, hosted by andesite-basalt: consisting hydrothermal
calcite-barite-quartz- and quartz veins, 2) Breccia facies, hosted by volcaniac breccia: in
which angular volcanic pieces are surround by goethite and hematite, and 3) banded facies,
hosted by fine grain tuff, which involves alternations of ore-bearing bands and concordant
with crystal lithic tuff bands. Other than the hydrothermal veins, there are also diagenetic
calcite-manganese oxide veins cross-cutting the former veins, and deformation calcite-
(manganese) joint-filling veins. The main structure and texture of the deposit consists of
bandded-laminated, brecciated, and colloform and disseminated textures. Based on
petrographic, X-ray diffraction (XRD), and Electron probe (EPMA) studies, the main
minerals in the deposit consist of hematite, magnetite, celestite, pyrolusite, psilomelane,
goethite, and gypsum. The initial hydrothermal alteration in the zone consists of sericite
and chlorite alteration. Of course, the argillic alteration in the sericite zone has also been
observed resulting from supergen and weathering processes. Based on the chemical
analysis through ICP-MS/OES methods, the Kuhe Rig iron-celestite deposit samples plot in
the range of hydrothermal deposits according to the Co-Ni-Cu, Co+Ni+Cu-Co/Zn, Mn-Fe-
(Ni+Co+Cu)*10 geochemical diagrams, and Co/Zn and Mn/Fe ratios. The volcanic rocks in
the (Zr/Y)/(La/YDb), Zr/Yb, Yb/Th digrams have transitional nature, and their Primitive
Mantle-normalised spider diagram indicate a continental margin arc setting for their
deposition. The fluid inclusion studies on the calsite-barite-quartz- and quartz veins from
the stringer zone shows homogenization temperature between 139 and 315 °C for calcite
and between 129 and 298 °C for quartz. The salinity for calcite and quartz range between
2.13 and 12.4, and between 0.6 and 6.47 eq. wt% NaCl, respectively. Based on petrography
of fluid inclusions, the occurrence of boiling in the mineralization is not observed.

The Kuhe Rige Fe-Sr deposit due to the volcano-sedimentary nature of the host rock
sequence, layered geometry of ore body, structure and textures and mineralogy of ores, ore
facies, alteration zones and geochemical features shows many similarities with the
volcanic-exhalative iron deposits. It should be noted that high amounts of celestite is of
special characters of the mineralization and any similar deposits has not been reported in
Iran and the world.

Key words: iron — celestite, volcanic — exhalative, Eocene, Kuhe Rig, Toroud, Shahrood
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