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Fig. 1. Regional geological map of southeast of Fariman complex. Filled circles show the position of analyzed rocks.
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Fig 2. A: The boundary between granite and gabbro. Notice shearing in gabbro in the contact with granite. B:

Slickenside in the gabbro surface.
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Fig. 3. A: Lath-shaped plagioclase crystals. B: Plagioclase crystal with corroded margins in contact with hornblende. C:
Plagioclase alteration to epidote and zoisite. D: Rhythmic overgrowth of hornblende on a corroded pyroxene (PPL). E:
Rhythmic overgrowth of hornblende on a corroded pyroxene (XPL). Plagioclase (PI), Sphene (Spn), Hornblende (Hbl),

Pyroxene (Px), Zoisite (Z0), Epidote (Ep).
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Fig. 4. A: Biotite formation in the margin of a pyroxene crystal. B: Pyroxene alteration to actinolite and tremolite. C:
Pyroxene alteration to hornblende from its margin D: Hornblende formation in the boundary between olivine and
plagioclase. Plagioclase (PI), Olivine (Ol), Hornblende (Hbl), Pyroxene (Px), Biotite (Bio), Amphibole (Amph).
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Table 1. Whole rock major (wt.%), trace element and rare earth elements (ppm) composition of the hornblende gabbros

from southeast of Fariman.

sample
(Wt%)
Sio,
TiO,
Al,O,
TFeO
MnO
MgO
CaO
Na,O
K,0
P,Os
Cr,04
LOI
Mg#
Total
(ppm)
Ba
Be
Co
Cs
Ga
Hf
Nb
Rb
Sn
Sr
Ta
Th
U
V
w
Zr
Y
La
Ce
Pr

Nd

92P-1

49.27
1.01
14.18
10.23
0.14
9.45
8.98
2.00
0.72
0.11
0.04
3.07
64.07
99.02

184

54.4
1.2
14.4
15
8.2
26.5
<1
311.4
0.5
1.52
0.2
142
<0.5
59.7
12.9
8.9
16.6
2.15
9.6

92P-3

49.10
1.01
13.57
10.33
0.14
10.80
8.80
2.00
0.73
0.12
0.06
3.10
67.40
99.76

180
2
56.1
1.00
15.10
1.60
8.10
24.50
<1
330
0.50
1.40
0.60
150
<0.5
57.70
11.40
8.90
17.70
2.18
9.30

B1

52.28
2.01
13.37
9.91
0.14
5.37
8.60
3.90
0.78
0.13
0.005
3.30
51.80
99.80

202
<1
37.40
0.30
18.90
3.10
10.00
19.20
2
277.3
0.50
2.20
0.50
174
<0.5
107.40
20.50
10.90
22.50
291
3

B6

50.70
1.76
13.76
11.37
0.15
5.37
9.86
3.51
0.55
0.19
0.005
2.60
48.30
99.82

140
<1
37.90
0.30
19.80
2.80
10.30
13.30
1
376.4
0.70
1.80
0.50
170
<0.5
97.20
22.50
14.60
28.80
3.83
17.90

89p-46

51.48
1.55
11.60
11.47
0.20
8.90
8.42
2.25
0.78
0.28
0.05
2.70
60.60
99.68

89p-59

52.46
2.83
2.74

13.05
0.25
4.50
8.22
3.65
0.17
0.55
0.01
1.33

40.60

99.76

89p-62

52.17
3.04
12.39
13.19
0.29
4.84
8.11
3.40
0.35
0.44
0.01
1.18
42.10
99.38
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Table 1 (continued). Whole rock trace element and rare earth elements (ppm) composition of the hornblende gabbros

from southeast of Fariman.

sample  92P-1 92P-3 B1
(ppm)

Sm 2.42 2.39 3.84
Eu 0.90 0.91 1.41
Gd 2.81 2.75 431
Th 0.43 0.43 0.76
Dy 2.67 2.35 4.42
Ho 0.49 0.45 0.87
Er 1.28 1.22 2.24
Tm 0.18 0.17 0.33
Yb 1.10 0.99 1.85
Lu 0.14 0.14 0.26
Mo 0.70 0.40 0.50
Cu 59.80 68.30 21
Pb 15.20 15.60 9.90
Zn 78 63 6.50
Ni 127.2 119.40 35.90
As 1.60 1.40 2.00
Cd 0.80 0.30 0.10
Sh <0.1 <0.1 0.20
Bi <0.1 <0.1 <0.1
Ag <0.1 <0.1 <0.1
Au <0.5 <0.5 0.90
Hg 0.01 0.02 <0.01
Ti <0.1 <0.1 <0.1
Se <0.5 <0.5 <0.5

Eu/Eu*  0.345 0.354 0.346

>y 00 Jlumdan e SGe jlog i o Ph ezl
095 pailogulio ;b Wlgi oo (rizred adsl Jile o5 5
05 1559,% (s3] gy 31 (AU Slellws sy slazisS
sl 5 as o0l 5l (Kamber et al., 2002) o_xb
SS9l S slwodgs plprean (S sleosys b olyen
SNo9—e3 5 Ly pl5 £53 panseis jslateds (o )5 oo g
slgny,S SSas ey 4S5 (Whalen et al., 1987)
ool ol (7 JSW:) A oolaiwl ols 5 55T susgil S
E9- ladsidl S oogase ;o axlllas )90 athin slag pl5
SIS A g5 Sl S b bl 5 43,5 15

B6  89p-46 89p-59  89p-62
4.42
1.66
5.06
0.86
4.65
0.92
2.58
0.36
2.02
0.28
0.40
21.50
15.20
71
34.30
2.60
<0.1
0.20
<0.1
<0.1
1.30
<0.01
<0.1
<05
0.363

Jle oS 5 00l Jlmiady J5Se loged o

Nb ite Jlogl o olowiess Ll 51 (C -6 Jsa) adsl
(Wilson, oS e ol 1) Liilye,8 bl o LSle JSias
flas b Jubsid polic 5| loaiges (S i ogdlea, .1989)
yolie 5l c3eSs (Sas i 9 (LIL=Rb K) 5,5 S
L o peeiloSle ik (HFS = Ti \Nb) YU gy o038 L
(Wilson, 1989; Chappell, 1999) ¢l wsé pli> L
5P, Nb ,_Ls (HFS) YU e ais b yolie Soi o5
5l lgs oo el SleS slplame a3l LS 5g 5l a5 T
095 9 00 oA_3|)5).é 6_.»94[_,.5‘ Aoy S5 )‘ LS Lo oKiuls

Cta (s lnls atly sad 56 (T 53, i S shasss
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Fig. 5. Plots of various elements or element ratios for hornblende gabbros from southeast of Fariman in A: TAS
diagram (Cox et al., 1979). B: K,O versus SiO, (Peccerillo and Taylor, 1976). C: Alkali Index versus Al,O; (Wt%)
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Fig. 10. Plots of hornblende gabbros from southeast of Fariman in A: Zr (ppm) various Ti (ppm) diagram after Pearce
and Cann, 1973. B: Ti/100-Zr-Sr/2 diagram after Pearce and Cann, 1973. C: 2Nb-Zr/4-Y diagram after Meschede,
1986. Al- within-plate alkali basalts, All- within-plate tholeiite basalts B- E-type MORBS C- within-plate tholeiite and
island-arc basalts D- N-type MORBS and island-arc basalts

D: 10MnO-Ti0,-10P,0s diagram after Mullen, 1983.
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Introduction

Hornblende-bearing gabbroic rocks are quite
common in subduction-related magmatic suites
and  considered to  represent  magmatic
differentiation process in arc magmas (Heliker,
1995; Hickey-Vargas et al., 1995; Mandal and
Ray, 2012). The presence of hornblende as an
important mineral phase in gabbroic rocks of
subduction zone has been considered either as an
early crystallizing mineral from water-bearing
mafic magmas (Beard and Borgia 1989; Mandal
and Ray, 2012) or as a product of reaction of early
crystallized minerals (olivine, pyroxene and
plagioclase) and water-rich evolved melt/aqueous
fluid (Costa et al., 2002; Mandal and Ray, 2012).
The careful study of petrology and geochemistry
of hornblende-bearing gabbroic rocks from
Chahak area, of Neoproterozoic age, can provide
important information about their petrogenesis.
Because of the special characteristics of Chahak
hornblende gabbros according to their age and
their situation in the main structural units of Iran,
their study can present critical keys for the
knowledge of geological history of Iran specially
central Iran zone.

Material and Methods

This study carried out in two parts including field
and laboratory works. Sampling and structural
studies were carried out during field work.
Geological map for the study area was also
prepared. 65 thin and polished thin sections for
petrographical purpose were studied. Major
oxides, rare earth elements and trace elements
were analyzed for 4 samples (92P-1, 92P-3,
Bland B6) from hornblende gabbros on the basis
of 4AB1 method using ICP-MS of ACME
Laboratory from Canada. In addition, major
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oxides of three hornblende gabbro samples (89P-
62, 89P-59 and 89P-46) were used from
Partovifar (Partovifar, 2012).

Results and discussion

Fariman metamorphic terrains, of Proterozoic age,
consist of metamorphosed sedimentary and
igneous  (plutonic  and  volcanic)  rocks.
Hornblende gabbros of the study area include
plagioclase, hornblende, biotite pyroxene and
olivine as major minerals and apatite, ilmenite and
magnetite as minor minerals. In many examples,
hornblende and biotite can be seen as corona
textures around plagioclase, pyroxene and olivine,
while plagioclase, pyroxene and olivine show
obviously corrosion features. This can be
considered to be formed by the reaction of early
formed crystals with aqueous fluid/evolved melt.
In some cases, amphiboles show rhythmic
overgrowths. The rhythmic amphibole
overgrowths represent deep-seated crystallization
in a volatile-rich magma under conditions of high
but varying gas pressure. In the study area, the
most dominant texture of the hornblende gabbros
is hypidiomorphic granular, but intergranular and
porphyric textures are common too.

Based on geochemical data from major and minor
elements, studied rocks belong to tholeiite series
with meta—aluminous nature. The geochemical
behavior of main elements of the studied rocks
reveals the normal trend of differentiation in their
magma. Chondrite-normalized REE diagram of
hornblende gabbros indicates an obvious
enrichment of LREE in compare with HREE.
MORB-normalized spider diagrams indicate
variable enrichment in LILE and depletion in high
field strength elements (HFSE). Primitive mantle-
normalized spider diagram show negative
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anomaly for Nb and Zr. Gabbros from southeast
of Fariman have an island arc tholeiite nature and
based on trace element diagrams, they formed as a
result of 3 to 10% partial melting of a garnet
Iherzolite source.

The mineralogy, texture and geochemistry of the
studied rocks show striking similarities with
gabbroic rocks of subduction zone developed in
supra subduction zone of arc-marginal basin
setting.
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