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sample

SiO,
AL O,
F6203
MgO
CaO
Na,O
K,O
TiO,
P205
MnO
Cr,0;
L.O.1
Sum

Fey05/Fe0 cons polin o g S8 olge B3> o 3hzle (505599 p5 slo digai (S GlaS g Lo jolic (Lol jolie slbanST olard 6 4520 @l -V-F Joo

km166 km350 km239 km242.3 kml36

47.1
14.65
13.55
5.95
10.2
3.01
0.87
2.44
0.3
0.2
0.027
1.4
99.75

124
21.3
261.5
0.7
0.3
1.1
170.7
43
38.5
50
36
363

47.23
14.61
14.52
5.79
10.14
3.32
0.45
2.39
0.3
0.22
0.026
0.7
99.75

81
7.8
244.3
0.3
0.2

163.3

37.6
54
38

350

49.13
16.2
8.94
7.75

10.57
3.05
0.39
1.23
0.14
0.14

0.039
2.2

99.77

82
8.1
271.5
0.2
0.7
3.1
130.5
3.1
23.9
64
36.2
200

49.37
16.11
8.74
8.31
11.49
2.71
0.32
0.87
0.08
0.13
0.046
1.6
99.78

95

269.1
0.1
0.3
1.2

73.4

17.8
83
39.5
182

49.45
17.32
10.09
3.81
8.84
4.75
0.25
2.64
0.95
0.19
<0.002
1.5
99.77

121
23
435.1
<0.1
1.3
4.8
216
4.7
62.2
<20
25.5
179

km11

km310 km108.3

Major Oxides (Wt%)

49.55
16.93
8.24
8.43
10.68
2.71
0.51
0.67
0.08
0.15
0.095
1.7
99.77

Trace elements(ppm)

185
15.8
278.9
43
0.3
1.2
61.6
1.5
14.1
113
34.8
132

50.65
15.7
7.36
8.4
11.82
2.45
0.86
0.56
0.04
0.13
0.063
1.7
99.78

245
27.7
279.6
0.6
0.3
1
44 .4
1.2
13.3
68
32.4
159

A

51.78
12.61
8.03
8.19
12.85
2.82
0.31
1.09
0.21
0.18
0.075
1.6
99.76

197
8.7
229.8
0.4
0.7
3.4
137.4
3.5
29.4
48
28.5
205

55.17
14.96
10.96
2.37
4.57
4.49
2.19
1.9
0.62
0.16
0.002
24
99.84

647
53
200.4
0.3
1.8
11.5
295.3
7.2
58.8
<20
11.7
89

57.17
22.37
3.8
0.83
6.88
6.26
0.94
0.79
0.21
0.05
0.003
0.6
99.9

469
23.4
491.6
0.6
0.6
3.3
101
23
14.2
<20
5.7
21

km174 km303 km341

64.74

16.7
3.88
1.73
4.13
6.52
0.5
0.64
0.2
0.06
0.009
0.7
99.83

154
14.5
213
0.2
3.5
15.1
584.6
13.3
34.7
26
12.5
89

73.94

15.01
1.42
0.3
1.99
6.5
0.27
0.17
0.03
0.01
0.005
0.3
99.94

124
7.7
324
0.3
1.7
12.7
125.5
3.8
6
<20
10.4
17

km302 km302

74.1
14.93
1.36
0.3
1.99
6.48
0.27
0.17
0.02
0.01
0.006
0.3
99.93

117
7.7
325.9
0.2
1.7
12.2
135.1
3.9
6.5
<20
10.7
18



Y-F Jgoz aalol
sample km166 km350 km239 km242.3 km136 kml1 km310 km108.3 kml74 km303 km341 km302 km302

Sc 42 39 34 35 25 28 39 51 16 5 8 1 1

Ta 0.5 0.4 0.4 0.3 1.8 0.2 0.1 0.3 1.5 0.6 1.2 0.2 0.2
Nb 6.5 6 5.6 33 38.8 3 1.8 6.7 26.5 8.9 16.5 2.2 23
Sn 2 2 1 <1 2 <1 <1 1 3 1 2 <1 <1

w <0.5 0.5 0.6 <0.5 0.6 <0.5 0.8 <0.5 1.2 <0.5 0.9 <0.5 <0.5
Be 1 1 2 <1 2 <1 <1 2 2 1 1 1 2

Ga 203 182 15.2 13.8 18.9 12.4 11.8 11.9 21.4 22.3 19.7 13.7 13.4

Rare eart elements(ppm)

La 11.8  11.4 9.8 6.6 48.5 7.3 4.6 14.5 48.1 20.8 35.1 12.4 12.9
Ce 293 282 22.9 15.1 106.6 14.5 10.9 323 96 37.5 70.1 20.7 20.7
Pr 4.15 4.04 2.95 1.97 13.1 1.92 1.45 4.07 11.09 4.03 7.7 1.93 1.92
Nd 197 194 13.1 9.2 553 8.3 6.2 17.6 43.9 14.5 29.2 5.9 6.1
Sm 548  5.17 3.35 2.51 11.98 2.04 1.79 441 9.65 2.77 5.64 1.05 0.97
Eu 2.07 1.95 1.2 0.97 3.26 0.84 0.69 1.41 2.68 2.35 1.38 0.83 0.79
Gd 647  6.07 4.01 3.05 12.02 243 2.12 5.13 9.58 2.72 5.83 0.88 0.86
Tb .12 1.02 0.67 0.53 1.87 0.4 0.37 0.84 1.63 0.41 0.92 0.16 0.15
Dy 726 6.59 4.36 3.39 11.29 2.5 2.48 5.36 10.34 2.52 5.59 0.89 0.92
Ho 143 135 0.9 0.67 2.32 0.53 0.49 1.09 2.13 0.47 1.18 0.19 0.19
Er 415 394 2.64 2.05 6.31 1.5 1.39 3.24 6.12 1.39 3.6 0.66 0.65
Tm 0.57 0.52 0.36 0.27 0.84 0.2 0.2 0.42 0.86 0.2 0.51 0.1 0.1
Yb 3.67 33 2.24 1.72 5.22 1.28 1.21 2.67 5.6 1.11 3.51 0.63 0.71
Lu 0.57 0.52 0.34 0.25 0.73 0.18 0.18 0.38 0.85 0.18 0.55 0.1 0.12

#1



sample

o o o o o o o R

7.015
1.336
0
30.382
30.648

km166

o o © © © o o o o o 0O

o
~
o

0.409

km350

2.685
5.228
1.926
2.362
3.073
5.182
1.866
13.282
5.594
1.503
1.601
1.602

km239

Ab
28.362
25.897
23.356
26.451
23.383
21.137
24.309
38.991
53.344
40.901

55.2
55.036

km242.3

An
23.86
24.294
31.42
30.092
33.164
29.875
21.224
14.57
30.375
25.643
9.712
9.778

km136

Z
o

S O O O o o o o o o o o<

Y-F Joos aalsl

km11 km310
NORM (CIPW)

Di Hy
20.689 0.639
20.783 1.165

21.13 8.282
18.404 7.495
16.435 10.297

23.9 10.072
34.151 13.16
3.78 11.433
2.171 3.245
10.47 3.96
0 1.207

0 1.176

km108.3

Ol
14.159
13.148

9.391
9.791
9.613
6.377
0.231

7.232

0

km174  km303

Mt
4.251
3.996
2.582
2.657
2.437
2.176
2.372
5.709
1.942
2.978
1.033

0.99

km341

1|
4.585
4.714
1.684
2.395
1.298
1.085
2.11
3.705
1.512
5.105
0.324
0.324

km302

Ap
0.717
0.723
0.193

0.34
0.193
0.097
0.507
1.507
0.501

2.29
0.071
0.048

km302

Sum
99.947
99.947
99.964
99.988
99.893

99.9
99.931
99.993

100.019
100.082
100.01
100.01



Y-F Joos aalsl

sample kml66 km350 km239 km242.3  kml36 kml1 km310 km1083 kml174 km303 km341 km302 km302
NORM CIPW (with Hb)

Q C Or Ab An Plan Wo Mt n Ap Bi Hbl Sum
0 0 0 21.825 23.859 52.22616 0 4.251 4.585 0.717 426 39335 98.832
0 0 0 21.786 24.293 52.72033 1.134 3.996 4.714 0.723 8242 35.057 99.944
0 0 0 17.741 31.419 63.91172 0 2.582 1.684 0.193 2.942 39.76 96.32
0 0 0 21.39 30.091 58.45069 0 2.657 2.395 034 3.614 34.658 95.145
0 0 0 19.153 33.163 63.38979 0 2.437 1.298 0.193  4.685  30.901 91.83
0 0 0 19.163 29.874 60.92135 1.899 2.176 1.085 0.097 7.864 37.74  99.898
0 0 0 22.168 21.223 48.91106 5.756 2372 2.11 0.507  2.837 42956  99.928
13.946 0 2.578 38.989 14.569 27.20229 1.896 5.709 3.705 1.507 17.089 0 99.989
3.602 0 2.094 53.341 30.374 36.28263  1.093 1.942 1.512 0.501  5.556 0 100.015
0 0 0 37.636 25.642 40.52277 0 2.978 5.105 229 2373 19.88  95.903
31.036 0.48 0.587 55.197 9.711 14.96118 0 1.033 0.324 0.071 1.564 0 100.005
31.289 0.409 0.608 55.033 9.778 15.08695 0 0.99 0.324 0.048  1.526 0 100.004
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Abstract

Late Neoproterozoic Majerad igneous - metamorphic complex basement
with NE-SW trend is located in the 150 km southeast of Shahrood and
north edge of the Central Iran structural zone. In the north of Majerad-
passage some small scale igneous body of gabbrodiorite (with an outcrop
area of approximately 15 km?) and several Middle Jurassic diabasic dikes
were intruded in to the Majerad igneous — metamorphic complex. Field
observation and petrographic study show evidences of fractionation from
gabbro to tonalite in these gabbrodiorits intrusion. The placement of these
intrusion bodies in to the host marbles have been accompanied by skarn
formation. Plagioclase, pyroxene (augite type), hornblende and biotite
(main minerals), rutile, esfen, apatite, magnetite and zircon (secondary
minerals) and chlorite, epidite, secondary esfen and iron oxides (secondary
minerals) available in gabbradiorites and quartz diorite to tonalite
derivatives. Granular, ophitic, subophitic and poikilitic textures are found
in these rocks.

Geochemical studies indicate that magma forming of these rocks has calc-
alkaline nature and based on tectonic setting differentiation diagrams they
are within the range of calcalkaline basalts associated with intracontinental
extensional tectonic setting (back arc).

Investigating the trace and rare-earth elements patterns and chondrite-
normalized rare earth elements show that is enriched in large ion lithophile
elements (LILEs) and also light rare earth elements (LREEs) and depleted
in high field strength elements (HFSEs) and heavy rare elements (HREE:).
The parallel patterns of the changes of rare earth elements and the high
values of LILE in these diagrams, along with the main oxides patterns and
ratio of incompatible and compatible elements, indicate the same origin of

the of grabbrodioritic rocks studied and the role of crystallization in the



evolution of magma origin of these rocks. According to geochemical and
petrogenetic studies, calc-alkaline magma origin of the gabbrrodiorite rocks
is characterized by a low-grade melting of about 10% of a mantle source
below the metasomatised continent with the primary nature of spinel-
lazulite, in the depths of about 80 to 100 kilometers, in an intracontinental
extensional tectonic setting. Geochemical evidence indicates the high
crustal contamination of magma forming the Middle Jurassic generation of
gabbrrodioritic rocks in the Majerd region during placement and magma

rising.

Key words: Gabbrodiorite, Spinel-lherzolite, Metasomatism, Back arc

basin, Middle Jurassic, Shahrood, Majerad.
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