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. (Fe203/Fe0 coes

Sample MOZz42 | MOZ39 | MOZ36 | MOZ34 | MOZ15 | MOZ41 | MOZ16 | MOZ7
Major Oxides
(wt%)
Sio?2 58.49 49.81 58.05 58.54 60.16 61.04 59.87 60.37
TiO2 0.86 1.04 0.85 0.86 0.83 0.64 0.75 0.65
Al203 14.15 13.59 14.81 13.78 16.12 16.49 14.86 16.19
Fe203 3.82 3.20 4.14 3.77 3.53 3.45 3.96 241
FeO(t) 8.63 10.39 10.34 8.54 7.83 6.89 7.91 6.83
MnO 0.51 0.67 0.48 0.45 0.24 0.29 0.63 0.12
MgO 2.35 3.14 2.77 2.52 1.85 1.94 3.05 1.24
CaO 5.75 6.15 6.47 4.42 3.60 3.85 4.73 3.17
Na20 6.10 491 6.86 5.95 521 5.36 6.90 5.40
K20 4.25 4.24 4.36 5.31 5.22 5.90 5.52 5.20
P205 0.6 1.04 0.7 0.6 0.9 0.8 0.4 0.8
SUM 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Norm(CIPW)
Q 4.34 8.26 3.26 3.79 1.36 9.75 8.10 8.16
Or 19.03 25.12 25.86 31.43 25.00 34.94 32.72 30.73
Ab 24.64 25.75 36.53 36.24 38.86 26.01 30.31 44.06
An 16.76 18.48 17.82 18.64 16.21 14.27 17.61 16.20
Ne 0.04 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Di 16.13 13.85 10.37 10.04 15.17 16.21 242 8.88
Hy 7.56 6.47 16.71 10.72 9.58 8.21 17.28 1.90
0]| 0.00 1.42 0.00 0.00 0.00 0.00 0.00 0.00
Ac 6.20 551 4.15 5.06 6.76 6.21 6.53 1.47
Mt 0.32 0.00 1.33 0.89 0.00 0.00 0.00 2.76
1 1.64 0.76 1.62 1.63 1.58 1.22 1.43 1.80
Ap 0.14 0.02 0.17 0.21 0.29 0.19 0.33 0.24
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(Fe203/Fe0 e mma) Slowsas

Sample MOZ1 | MOZ11 | MOZ31 | MOZ18 | MOZ38 | MOZ27 | MOA9 | MOA3
Major Oxides
(Wt%0)
Sio? 57.46 61.42 49.78 57.45 59.63 54.60 61.14 60.31
TiO2 0.64 0.76 141 1.01 0.65 1.05 0.74 0.66
Al203 16.38 15.38 12.64 15.68 15.28 12.52 15.59 15.13
Fe203 2.96 2.86 4.04 3.87 3.24 4.62 2.65 2.32
FeO(t) 6.93 5.72 11.08 9.05 7.48 10.04 6.30 6.63
MnO 0.13 0.27 1.64 1.37 0.22 1.53 0.46 0.21
MgO 2.18 1.44 5.63 2.37 2.38 3.15 1.28 2.10
CaO 3.12 3.11 5.74 4.47 4.17 3.14 3.17 3.37
Na20 4.34 4.52 3.63 3.93 3.31 3.33 4.53 4.86
K20 5.46 4.02 3.29 4.65 3.53 4.62 3.64 401
P205 0.4 0.5 1.12 0.8 0.11 14 0.5 0.4
SUM 100.00 | 100.00 | 100.00 100.00 100.00 100.00 | 100.00 | 100.00
Norm(CIPW)
Q 5.91 9.61 4.26 4.49 2.00 191 3.90 8.59
Or 32.38 29.66 19.49 27.67 32.73 45.48 33.32 31.23
Ab 33.42 32.79 36.54 29.58 28.80 25.30 38.38 | 32.65
An 18.12 16.41 26.52 21.36 17.33 19.21 16.86 13.42
Ne 0.00 0.00 1.57 0.00 1.55 0.00 0.00 0.00
Di 13.66 13.16 11.60 14.93 17.59 4.62 14.16 7.17
Hy 3.72 4.47 7.38 6.39 0.00 9.75 1.46 2.75
Ol 0.00 0.00 1.44 0.00 2.67 0.00 0.00 0.00
Ac 3.02 4.85 6.34 2.07 2.00 6.22 0.00 0.00
Mt 1.61 0.85 0.00 2.71 2.13 0.00 3.25 3.13
| 1.23 1.45 1.31 2.04 1.26 1.23 1.40 1.25
Ap 0.05 0.17 0.14 0.15 0.26 0.16 0.27 0.24
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Sample | MOZ42 | Moz39 | MOZ36 | MOZ34 | MOZ15 | MOZ41 | MOZ16 | MOZz7
Trace
Elelment(ppm)
Ba 147.1 158.2 188.1 155.4 190.3 368.2 252.4 345.1
Co 17.8 38.2 21.6 24.1 21.2 27.4 194 39.3
Cr 39.4 21.2 20.1 26.5 345 17.6 16.3 29.1
Cu 34.1 3.2 N 24.1 N 32.9 N 24.7
Nb 13.1 334 15.7 11.6 17.4 35.7 14.6 21.9
Ni 6.4 5.9 11.2 7.5 5.7 8.6 4.3 4.5
U 2.7 1.9 0.8 15 1.9 13 1.7 13
Th 6.2 4.1 6.5 7.4 14.1 13.9 10.4 14.2
Cl 307.2 326.1 221.4 292.1 303.6 516.7 345.3 326.2
Pb 8.2 11.6 17.2 6.4 9.3 3.4 16.1 19.2
Rb 88.9 250.2 123.1 84.7 87.4 227.3 260.5 214.6
Sr 739.2 672.6 498.7 596.2 534.7 436.4 509.8 834.9
Vv 127.1 126.3 111.3 103.4 120.9 86.2 109.1 87.1
W N 47.2 17.2 N N 31.5 27.5 36.5
Zr 745.1 92.5 115.6 231.4 819.2 840.6 714.6 546.9
Zn 54.4 27.3 50.4 54.7 120.7 99.7 48.8 86.7
Mo 0.5 0.1 N N N N N 0.4
Y 70.1 86.6 89.8 10.2 13.5 18.4 10.2 16.5
Rare Earth Elelment (REE) (ppm)
Ce 64.1 57.2 48.6 56.3 36.2 58.1 29.4 31.2
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sample MOZ1 | MOZ11 | MOZ31 | MOZ18 | MOZ38 | MOZ27 | MOAY | MOA3
Trace
Elelment(ppm)
Ba 3452 | 2341 | 4624 | 2423 | 3255 373.2 3321 | 154.9
Co 164 | 101 | 462 334 105 224 27.6 15.8
Cr 291 | 253 215 232 175 375 11.3 26.7
Cu 282 | 915 35.9 30.6 11.4 61.3 34.1 76.6
Nb 165 | 182 143 16.2 16.5 19.4 21.4 15.7
Ni 6.4 5.2 13.6 3.4 4.3 6.4 23 2.4
u 17 0.9 0.8 15 1.9 13 17 11
Th 5.4 6.5 114 7.3 6.2 8.1 9.5 7.2
of 3075 | 3261 | 2213 | 2927 | 3032 516.8 3454 | 326.1
Pb 141 | 172 4.3 114 26.3 3.6 16.3 19.4
Rb 980 | 941 | 1236 84.4 87.1 227.2 1100 | 2141
Sr 879.2 | 678.6 | 4797 | 56362 | 567.7 457.4 499.8 | 847.9
Y% 1301 | 1314 | 1812 | 1036 | 1204 88.9 1117 | 844
N 49.1 18.2 N N 36.4 24.9 38.1
Zr 697.4 | 850.2 | 6743 | 7117 | 605.2 406.3 596.5 | 478.7
Zn 96.1 84.9 50.6 22.8 160.4 39.9 34.8 28.6
Mo 0.6 0.1 N N N N N 0.7
Y 121 | 861 89.4 50.7 91.4 98.2 11.2 16.0
Rare Earth Elelment (REE) (ppm)
Ce 431 | 523 386 | 274 | 587 | 563 49.2 325
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Abstract

The study area involves three volcanic masses including Amirabad, Zarrinkamar and
Siahkuh. The Amirabad mass is located 12 Km north of Shahrood, and Zarrinkamar
and Siahkuh masses are located 36 Km northeast of Shahrood. The study area is a part
of the Eastern Alborz zone, intensely superimposed by the Alpine orogenic phases
during Cenozoic, and Eocene volcanic eruptions are abserved through the area.

From petrographical point of view, there are different types of rocks in the area. The

rocks in the Zarrinkamar and Siahkuh masses involve trachybasalt, trachyandesite,
andesite, trachyte, and in the Amirabad mass include andesite and trachyandesite. Also
pyroclastic rocks extends through the area.

These volcanic rocks show a variety of textures such as porphyry, flow, and gelomero

porphyry, and dominantly contain primary minerals such as magnetite, pyroxene,
plagioclase, and alkali feldspar.

These rocks are often alterated and alteration minerals are abundant, such as saussurite,
damurite, epidote, cholorite, calcite, siderite, quartz, and sericite.

Geochemical data such as major, minor and rare earth elements (REE), show spread of
magmas differentiation and fractional crystallization, confirmed by petrographical
evidences. Also, alkaline nature of the rocks is certain. The results of petrological and
geochemisterical studies and investigation of tectono-magmatic diagrams show that the
magma was originated from the upper mantle, and formed in a continental arc setting.

In terms of economic potential, according to the some evidences including traces of
silica veins with comb texture, travertine deposits, hydrothermal breccias containing
pyrite and also argilitic, adjularia, sericitic, silicic and choloritic alterations, and grade of
silver considerable in altered zone, there is possibility type of low-sulfidation of

epithermal gold mineralization in the area.

yv4



Shahrood University of Technology
Faculty of Earth Sciences
Department of Petrology and Economic Geology
M.Sc.Thesis

Petrology, Geochemistry and Economic potential of volcanic
rocks of North and East North of Shahrood

(Amirabad, Zarrinkamar and Siahkuh)

By
Mohammad Javad Momen
Supervisor:

Dr. H. Mehdizadeh
Consulting Advisor:

Dr. F. Mousivand

July 2013

V¥



