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ABSTRACT

The mafic rocks outcrops exposed in the South of Gorgan, northeastern of Iran. These gabbroic
rocks are intruded into the Middle—Upper Paleozoic sedimentary rocks and Gorgan schist units
representing a part of the north Gondwana province. Petrography studies of these rocks show
medium to coarse grained sizes and the texture varies from ophitic to intergranular under polarized
microscope. The mineralogical composition of mafic dykes is dominated by large crystals of
clinopyroxene + orthopyroxene + plagioclase and hornblende. These rocks can be classified as
gabbroic rock. Geochemical studies show that these rocks have low to medium K,O contents. The
trace element data shows low La/Nb ratios and LREE enrichment (La/Yb 10-21.4). The high LREE/
HREE ratios and low Y content corresponding high Ti/Y ratios of the gabbros suggest that they could
be derived from melt fractions of a garnet stable source. Considering that the REE plot and tectonic
Received Date: 13.03.2017 diagrams of the region’s gabbro are similar to that of OIB (Ocean island basalt), the former’s origin
Accepted Date: 21.12.2017  is the same as that of OIB magmas.
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1. Introduction

Based on geological divisions, the studied area is
located in the eastern Alborz zone (Gansser, 1951)
(Figure 1), which was the northern margin of the
Gondwana during Palaeozoic (Stocklin, 1974; Salehi
Rad, 1979; Berberian and King, 1981; Davoudzadeh et
al., 1986; Davoudzadeh and Weber-Diefenbach, 1987,
Sengor, 1990; Alavi, 1991, 1996; Stampfli and Borel,
2002; Allen et al., 2003; Horton et al., 2008; Sinha,
2012, 2013).

Mid Paleozoic mafic intrusions, sills, dykes,
volcanic tuffs and lava flows are widespread in Iran
(Jenny, 1977a; Delaloye et al., 1981; Alavi, 1996;
Wendt et al., 2005). The most prominent volcanic
activity is expressed by up to 600 m— thick andesitic
lavas and tuffs in the Soltan Maidan Formation
in the eastern Alborz, which are ascribed to the

breakup of the northern margin of Gondwana (Jenny,
1977b; Alavi, 1996). The Soltan Maidan volcanics
are unconformably overlain by conglomerate and
sandstones of Lower Devonian age (Wendt et al.,
2005). However, in some places Lower to Middle
Ordovician age deposits (Lashkarak Formation)
underlie these volcanic rocks. Thus, the Soltan
Maidan volcanic rocks are generally considered as
Silurian in age (e.g., Sharabi, 1990; Zamani Pedram
and Hossieni, 2003; Rahimi Chakdel, 2007; Raghimi,
2010).

Due to the difficult condition of studies and loss
of outcrop, there is no detailed petrographic study on
gabbroic rocks so the purpose of the present research
is to carry out a petrological evaluation of these rocks
by petrographic and geochemical studies. Petrogenetic
studies can provide important information for
understanding the mantle source of the magmas and
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the tectonic evolution of the orogenic belt and adjacent
regions (Gorring and Kay, 2001).

2. Geographical Location

The study area is situated approximately 5 km
south of the Gorgan city, in northeastern Iran. In this
area, Paleozoic rock units comprise Upper Ordovician,
Silurian and Upper Carboniferous deposits. The
metamorphic rocks (Gorgan schists), as one of the
important geological units in Iran, are formed mainly
of low-metamorphic rocks such as slate, phyllite,
chlorite schist, greenschist and micaschist along with
volcanic rocks and gabbrodiorite masses infiltrating
them (Figure 2). These rocks are affected by a phase
of regional metamorphism of lower greenschist facies
and at least two phases of deformation (Geravand,
2012). In the past, most researchers dated these rocks
back to Precambrian epoch (Gansser, 1951; Stocklin,
1968; Jenny, 1977a), but only recently, according
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Figure 1- General tectonic map of North Iran and of the South Caspian region (modified from Brunet et al.,

to the findings of the Palynomorphs in the area,
they have been dated back to Late Ordovician age
(Ghavidel Sivaki et al., 2011).

3. Methodology

After collecting basic information of works
done in the study area using aerial photographs and
geological maps, all outcrops related to these rocks
were identified and sampled in a field investigation
in three steps for 13 days during the summer of
2015 and 2016. The optical analyses were performed
by Olympus BX-41 polarizing microscope at the
Department of Geology, Science and Research
Branch, Islamic Azad University, Tehran, Iran. After
detailed petrographic studies 17 fresh samples were
analyzed using a Varian Liberty 200 inductively
coupled plasma—atomic emission spectrometer (ICP-
AES) for major elements and using a Perkin Elmer
Optima 3300 DV inductively coupled plasma—optical
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Figure 2- Location of the study area (adapted from the 1:250000 Scale map of Gorgan,

Geological Survey of Iran).

emission spectrometer (ICP-OES) for trace and REE
elements at Zamin Rizkavan lab, Iran. The data was
interpreted using Minpet and GCDKIT 2.3 software.

4. Results
4.1. Field Study and Petrography

The mafic dykes are 1 to 5 meter in width and
several hundred meters in length. They are surrounded
by greenschists and show weak metamorphism (Figure
3). The samples have mesocratic to melanocratic color
index (Figure 4). They have a gabbroic composition,
with medium to large-grain size. They show ophitic
to intergranular textures under polarized microscope
(Figure 4).

The common mineralogical assemblage of gabbro
and gabbrodiorite rocks in the region is plagioclase,
pyroxene and opaque minerals. The plagioclases are
generally subhedral to anhedral in shape (Figure 4)
and sometimes they found as inclusions in pyroxene
(Figure 4). Some of the clay minerals, might have
formed by weathering of plagioclase prior to
hydrothermal alteration. Apatite (Figure 4 e, f) and
quartz are minor minerals in the rock. Gabbroic rocks
of the region are heavily affected by deformation and
metamorphism and show a wide range of secondary
minerals such as epidote, chlorite, calcite and sericite
(Figure 4 e, f). Intergranular, subophitic, and ophitic

(Figure 4 a, b) and microgranoular textures are among
the dominant textures in these rocks.

4.2. Geochemistry

The geochemical analysis of major, trace and rare
carth elements of the study rocks are presented in table
1 and 2. FeOt is calculated by Le-Maitre’s (1976)
method.

Figure 3- Field photographs of samples in southern Gorgan.
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Figure 4- a, b) Ophitic textures in gabbros, ¢, d) Plagioclases as inclusion in pyroxene and opaque

minerals, e. f) Sericite and plagioclase feldspars and along with secondary chlorite and abundant
inclusions of apatite. Mineral Abbreviations (Kretz, 1983): Plagioclase: Pl, Pyroxene: Px,

Chlorite: Chl, Apatite: Ap.

The classification diagram of SiO, (wt. %) vs.
Na,O/K,O proposed by Winchester and Floyd (1977)
is used for classification of intrusive rocks. According
to this diagram, all samples are classified as gabbro
(Figure 5).

Based on magma series diagrams (Irvine and
Baragar, 1971), the samples are in (Figure 6a). But in
the Nb/Y vs. (Zr/TiO,* 0.0001) diagram (Winchester
and Floyd, 1977) the samples are clearly in the alkaline
range field (Figure 6b).

4.3. Origin
Chondrite normalized spider diagram of the

samples is presented in figure 7a. The enrichment rate
has been multiplied by 10-100 times. Plagioclase is
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the most prevalent and abundant mineral in the rocks
of the study area. Sr and Ba enrichment is related to
plagioclase. There is also negative anomaly in the
elements Rb and K, indicating non-involvement of
magma with continental crust (Kamber, 2012).

In the primitive mantle normalized diagram
(Figure 7b), the studied samples show negative Rb
anomaly. In the rocks affected by the deformation and
metamorphism, this element is usually considered
as mobile element (Kerrich and Manikyamba,
2011). Similarly, in the diagram normalized with
chondrite and primitive mantle, there is no negative
anomaly of high field strength elements such as Ti, P
and Nb. This is a typical feature of intra-plate alkaline
magmatic activity (Dai et al., 2011) and also suggests
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Table 1- Results of major element analysis of the Zyarat gabbroic rocks.

Sample (Wt.%) | A4 AS B10-1 | B12 | B16-1 | B16-2 | B21-1 | B21-2 | B23-1 | B23-2 | B24-1 | B24-2 | B38 B39 (B40 |x Bx-1

SiO, 50.25| 49.7| 51.99 | 4598 | 45.89 | 46.89 | 46.54| 46.67 | 44.27 | 43.69 | 45.63 | 45.65| 52.87| 52.87 | 48.79 | 45.38 | 48.81
TiO, 195 1.92| 193] 2.17 2 2| 204| 2.02| 331( 351| 4.02 4 1.76 | 1.94| 1.51| 3.75| 1.53
ALO, 1697 16.59| 17.14 | 16.34 | 16.37 | 17.43| 17.31| 17.57| 15.03 149 1499 | 14.42( 17.13| 14.84 | 16.33 | 14.55| 16.55
Fe,O, 378 4.54| 392 345| 3.67| 3.74 32| 3.17| 4.62| 448| 4.68| 455 38| 4.17| 3.76| 4.75| 3.67
FeO 531| 503| 431| 599| 586| 574| 5.13| 5.07 77| 7.83| 747| 728 559| 597| 6.27 76| 5.64
MnO 0.14| 0.13| 0.11| 0.14{ 0.13| 0.13| 0.13| 0.13| 0.14| 0.15| 0.16| 0.19 022 0.19| 0.16| 0.18| 0.14
MgO 5.95 6.8 291 58| 6.01 585| 476 459| 578 5.77| 442| 493 247| 3.88| 598 43| 647
Ca0O 624 7.05| 434 9.14| 922| 9.67| 10.14| 981 | 885| 879 927| 9.69 725| 4.77| 882| 7.86| 877
Na,O 506 | 444| o651 3.61| 337 327 4.03| 413| 3.15| 3.01 327 352 5| 6.09( 3.73| 4.24| 393
K,0 0.02| 0.03| 062| 028| 065| 0.69| 0.12| 0.12| 091| 086| 098] 091 0.07| 0.02]| 0.06| 0.37| 0.02
PO, 0.19| 0.17| 0.62| 043| 048| 052| 032 032| 037 041 041] 048 05| 0.51| 019 1.23| 0.17
BaO <0.01 | <0.01| 0.07| 0.04| 0.08| 0.08| 0.02f 0.02| 0.09( 0.08| 0.07[ 0.08 0.02 | <0.01 | 0.01| 0.04 | <0.01
Cr,0, 0.03| 0.03| <0.01| 0.02f 0.02| 0.02( 0.03]| 0.03| 0.01| 0.01]| <0.01| <0.01| <0.01]|<0.01| 0.03|<0.01| 0.03
SrO 0.03| 0.05| 0.05| 0.07{ 0.09| 0.09( 008 0.18 0.06| 0.05| 0.08 0.2 0.05| 0.01| 0.06| 0.09| 0.03
LOI 346 345| 383 3.57| 3.82| 3.48| 3.89| 3.67| 4.11| 432 24| 2.64 425| 3.79| 3.23| 523| 3.13
Total 99.38 ] 99.93 | 98.35(97.03| 97.66 | 99.6| 97.74| 97.5| 98.4| 97.85| 97.85| 98.54| 100.98 | 99.05 | 98.93 | 99.57 | 98.89

Table 2- Results of trace element analysis of the Zyarat gabbroic rocks.

Sample | A4 A5 | B10-1 | B12 | B16-1 | B16-2 | B21-1 | B21-2 | B23-1 | B23-2 | B24-1 | B24-2 | B38 | B39 | B40 | B9-2 | Bx-1

ppm

Ba 167.2 | 164 | 677.2| 3529 750 | 697.6 | 164.8 | 193.5| 806.6 | 698.4 | 685.6 | 6509 | 211.9 | 138.1 | 199.8 | 346 | 140.7

Co 42.1| 39.2 18.6 | 40.1 41 39 35.6 31.5 51.3 48.6 43.2 44.5 162 292 441 | 36.7| 393

Cr 196 | 205 11 165 138 128 229 221 83 87 <10 13 25 15 203 11 218

Cs 6.6 5.71 326| 225 3.72 3.48 2.46 1.61 3.58 4.05 6.51 6.45| 1.14| 055| 056 396| 3.35

Ga 20.5| 164 204 192 19.9 20.5 203 | 20.7 21.4 20.4 233 226 297 295| 192 223| 195

Hf 2.6 2.3 6.5 4.1 43 39 43 4.4 4.1 43 55 5.6 10 13.1 2.3 53 2.4
Nb 19.5 | 18.1 51.9 31.7 37.2 34.1 30.2 322 24.8 253 49 36.7 61.5 80 292 | 50.8 29.6
Ni 103.1 | 96.7 16.1 90.2 95.8 94 70.8 63 86.8 81.1 22 22.7 14.7 28.9 89.4 9.7 90.9
Rb 0.3 0.8 10.8 55 16.4 16.3 2.7 2.5 26.1 239 39.1 34.8 1.2 <0.2 1.2 114 | <0.1
Sc 17.5 | 20.7 11.3 249 20.4 18.9 31.7 272 49.1 46.1 33.6 36.1 19.8 233 265 | 223 22.8
Sn <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 6 <5 <5 <5
Sr 283.5 | 461.4 | 505.1 702.6 970.1 919.9 897.8 926 571.5 567.3 846 930.9 552.7 | 4493 | 592.6 | 949.1 | 325.6
Ta 1.7 1.6 3.7 22 23 2.1 22 2.4 1.8 1.9 3 2.8 4.3 5.6 1.7 3.7 1.7
TC 0.07 | 0.09 0.42 0.08 0.2 0.07 0.27 0.2 0.3 0.32 0.02 0.04 0.56 0.52 0.04 0.61 0.04
Th 2.64 | 2.01 5.16 2.78 2.75 2.6 2.48 2.78 2 1.92 3.88 3.79 7.27 5.32 1.94 4.51 1.75
TS 0.01 0.01 0.01 0.13 0.05 0.06 0.01 0.06 <0.01 <0.01 0.07 0.09 <0.01 | <0.01 0.02 0.04 0.04
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Figure 5- Rock classification diagram of the studied samples
(Winchester and Floyd, 1977).

158

Sample A4 AS B10-1 B12 B16-1 B16-2 B21-1 B21-2 B23-1 B23-2 B24-1 B24-2 B38 B39 B40 B9-2 Bx-1
ppm
0.32 0.29 1.04 0.78 0.93 0.82 0.87 0.78 0.63 0.64 1.03 1.05 1.98 2.61 0.27 1.24 0.61
v 159 192 99 193 180 169 205 194 483 487 392 389 79 107 248 265 210
1 <1 2 1 1 1 <1 <1 1 <1 1 1 2 2 <1 1 <1
Y 28 16.6 413 239 25.6 249 22.6 232 249 25.7 30.2 32.8 56.3 68.9 18.5 42.5 19.1
Zr 197 179 264 166 169 157 167 172 147 147 198 210 395 316 187 230 191
La 19.7 20.2 56.8 25.6 29.5 28.5 26.5 25.4 23.5 223 31.1 34 67.6 79.5 19.7 46.5 20.6
Ce 52.9 511 112.9 529 60.9 58.9 48.7 51.2 48.7 49 64.3 71.4 1424 | 167.8 41.7 98.1 422
Pr 7.02 6.84 13.28 6.41 7.4 712 5.89 6.09 6.12 6.21 7.76 8.66 17.28 | 20.33 8.07 12.08 6.12
Nd 232 22.8 52.7 26.1 29.6 29 23.8 244 25.7 26.4 319 35.6 68.2 793 232 49.9 23.8
Sm 322 3.05 10.41 5.47 6.07 5.85 4.95 5.28 5.83 5.85 6.86 7.67 13.41 15.6 33 10.43 3.29
Eu 1.17 1.21 3.83 1.98 2.19 2.13 1.83 1.9 2.08 2.06 243 2.5 4.78 4.87 1.34 3.19 1.31
Gd 3.53 3.55 10.46 5.59 6.47 5.99 5.22 545 5.88 6.34 6.96 7.86 13.41 15.49 3.81 10.75 3.69
Th 0.6 0.57 1.59 0.86 0.99 0.94 0.83 0.86 0.92 0.97 1.12 1.28 2.1 243 0.62 1.59 0.65
Dy 3.36 33 8.03 443 5.06 4.72 4.47 4.47 4.96 5.19 5.82 6.44 10.98 13 3.41 8.06 3.53
Ho 0.63 0.59 1.55 0.85 0.93 0.88 0.85 0.85 0.9 0.95 1.11 1.19 2.03 2.52 0.66 1.54 0.69
Er 1.75 1.68 4.19 2.29 243 2.36 232 235 243 2.47 2.96 3.16 5.6 6.86 1.81 4.05 1.76
Tm 0.23 0.22 0.54 0.31 0.33 0.31 0.29 0.31 0.31 0.32 0.4 0.42 0.74 0.93 0.24 0.51 0.24
Yb 1.49 1.33 32 1.94 1.92 1.84 1.84 2.01 1.9 1.93 2.46 2.58 4.59 5.75 1.48 32 1.57
Lu 0.21 0.21 0.51 0.27 0.3 0.27 0.27 0.29 0.27 0.26 0.36 0.38 0.7 0.87 0.23 0.47 0.23
Ce/Yb 355 38.42 35.28 27.27 31.72 32.11 26.47 25.47 25.63 25.39 26.14 27.67 31.04 | 29.18 | 28.17 | 30.66 | 26.88
Lu/Yb 0.14 0.16 0.16 0.14 0.16 0.15 0.17 0.14 0.14 0.13 0.15 0.15 0.15 0.15 0.15 0.15 0.15
La/Yb 13.22 15.18 17.75 13.19 15.36 15.49 14.40 12.63 12.36 11.73 12.64 13.17 14.72 13.82 13.31 14.53 13.12
Nb/U 60.9 62.41 49.9 40.64 40 41.5 44.71 41.28 40.65 49.5 47.61 33.01 41.55 108.1 373 423 48.52
20 [T T that there is no contamination of magma by continental
B i crust (Alietal., 2011). Slight Th in gabbros is probably
- — —— due to combination of source rocks in the depth or at
5 - ] small melting dedree.
= 5
s B Adamelit 7] The samples are also normalized to OIB (Figure
g N i rani D meity 7c¢). There is only a negative anomaly in the elements
Ee':;' 10— — Rb and K, but the trend in the rest of the elements is
o) B & consistent with the elements in the OIB.
MN — Gabbro -
- Granodiorite wl
05 |— Diorite ] High levels of Zr and Y in the studied samples
- - suggest that primitive magma of gabbro is alkaline,
1. — - because Zr is an incompatible element which goes into
u oy g liquid phase immediately in the event of melting. The
b 45 50 55 60 65 70 75 80 high ratio of La/Ta and Zr/Nb indicate high- alkaline
magma erupting in intra-plate setting (Curtis et al.,
Si0, (Wt%) 1999).

The samples were normalized to chondrite in figure
8a and primitive mantle in figure 8b. In these diagrams,
the samples show 10-100 times as much enrichment
to chondrite and primitive mantle. A negative slope
can be seen. In fact, the main feature of these samples
is enrichment of LREE (Light Rare Earth Elements)
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Figure 6- a) Total Alkali-SiO, (TAS) (Irvine and Baragar, 1971), and b) Nb vs (Zr/TiO,) * 0.0001) (Winchester and

Floyd, 1977) diagrams of the studied rocks.
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Figure 7- a) Chondrite-normalized spider diagram (Thompson,
1982), b) Primitive mantle-normalized spider diagram
(Sun and McDonough, 1989), ¢) OIB-normalized spider
diagram (Sun and McDonough, 1989) for the studied
samples.

compared to HREE (High Rare Earth Elements). This
indicates that the parent magma of rock including
garnet and pyroxene have not participated in the
melting and have retained heavy rare earth elements
in refractory mantle (Rollinson, 1993; Zhao and
Zhou, 2007). The LREE enrichment relative to HREE
indicates a low-degree partial melting and high values
of these elements in the source rock (Wright and
McCurry, 1997). Similarly, it indicates the alkaline
magma generated in intra-plate settings in interlayer
space (Ali and Ntaflos, 2011). There is no Eu anomaly
in REE plot.

According to the trend of samples on the REE
diagram (Figure 8), it can be concluded that LREE
are more compatible than HREE in parental gabbro
magma. Depletion in heavy elements is attributed
to presence of garnet in the source. LREE show
enrichment to chondrites and primitive mantle. This
suggests that magma derived from partial melting of
mantle (Rollinson, 1993).

The samples were also normalized to OIB (Figure
8c). There is enrichment up to 2 times. The REE
patterns of the studied rocks are very similar to OIB,
and exhibit almost parallel trend to the OIB reference
line passing through “1” (Figure 8).

5. Discussion

La/Yb ratios are high (10-21.4) in all samples
(Table 2). The low La/Yb ratios reflect a melting
regime dominated by relatively large melt fractions
and/or spinel as the predominant residual phase (e.g.,
Falloon et al., 1988; Riley et al., 2005; Yang et al.,
2007a) whereas high La/YDb ratios are indicative of
smaller melt fractions and/or garnet control. The Nb/U
ratios in Zyarat rocks are 40-60. These values are
similar to those of the OIB (Nb/U= 47+10, Hofmann,
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Figure 8- a) Chondrite-normalized REE diagram (Nakamura, 1974), b) Primitive mantle-normalized REE patterns (Sun and
McDonough, 1989), ¢) OIB-normalized REE chart (Sun and McDonough, 1989) for the studied samples.

1988). The high LREE/HREE ratios and low Y content
corresponding high Ti/Y ratios of the gabbros suggest
that they could be derived from small melt fractions
of a garnet stable source. Zr and Y do not fractionate
significantly during partial melting (e.g., Yang et al.,
2007a).

However, the dykes display low Rb/Sr (<0.1) and
high Ba/Rb (>10). All of the dykes are enriched in
LILE and LREE and depleted in Nb and Ta anomalies
which are suggesting that metasomatism of source
were triggered by subduction—related fluids or melts.
Thus, the geochemical data indicate that all of the
dykes may have formed by relatively low—percentage
melting of an amphibole-bearing (Dai et al., 2011),
refractory lithospheric mantle source in the garnet
stability field. It may be metasomatized by recycled
crustal materials prior to generation.

Pearce (2008) considers the melting of a low-
depleted mantle to form a MORB and melt a relatively
rich source (probably a mantle column at a greater
depth) to form the OIB. There is a great similarity
between the characteristics of the incompatible
elements and the REEs of the alkaline samples and the
OIB, which indicates the origin of taking the magma
forming the rocks of the region from a mantle similar
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to the source of the OIB. In a diagram of Nb / Yb
versus Th / Yb (Pearce, 2008), the samples are in the
OIB range (Figure 9).

In a diagram of Nb against Nb/U (Cornelius et al.,
2011), the ratio of Nb/U of studied rocks is high (Figure
10). Based on this diagram, the studied samples are in
the range of OIB and away from the continental crust,
which indicates the absence of crustal contamination

8
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e E &2
E & W
- 'b\‘
i &4&0 o8
o \&o ’
= S ¥
IR
N EMORB
-
2
NMORB
é Ly L L L
01 10 100 1000 10000
Nb/Yb
Figure 9- Nb/Yb vs Th/Yb diagram of the studied samples (Pearce,
2008).
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Figure 10- The Nb vs Nb/U diagram of studied samples (Cornelius

etal., 2011).

in the evolution of gabbroic rocks. Dai et al. (2011)
believe that magma derived from the mantle has low
Lu/YD ratio with average of 0.14-0.15, while this ratio
is higher in the continental crust with average of about
0.16-0.18. The average Lu/Yb ratio in gGabbroic
rocks is 0.15 which is less than that of the continental
crust, and derivation of magma from these rocks from

a mantle source shows no crustal contamination with
the continental crust.

In order to detect the enrichment of origin of
gabbroic rocks of Naharkhoran Valley, Zr-Y diagram
was used (Sun and McDonough, 1989). These
elements have very little mobility and are also used
to study old igneous territories in high degrees of
alteration (Prytulak and Elliott, 2007). All of the
samples in the above-mentioned diagram are plotted
in the field of enriched mantle (Figure 11a). Also in
the Zr-against-Nb diagram (Abu-Hamatteh, 2005),
the studied samples are in the field of enriched mantle
(Figure 11b).

High Nb/Th ratio is one of the characteristics of
oceanic crust (Rudnick and Fountain, 1995). This
ratio is high in studied gabbros. In Nb/Th against
Th diagram, the samples are in the range between
enriched mantle and OIB (Figure 12a). The Rb/La
against Th diagram also confirms it (Figure 12b).
Both these diagrams show a lack of involvement of
continental crust.

Based on geochemical analysis, the study rocks are
in gabbro and the magma making these rocks had been
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Figure 11- a) Y vs Zr (Sun and McDonough, 1989), and b) Zr vs Nb diagrams (Abu-Hamatteh, 2005) of

studied rocks.

30 10
a lap melt b
Lc uc
E 201 N-MORB
a < PM .
2 PW OIB =1 oIB
“10 9 .. o~ -
LC - N-MORB I
0 - 0.1
0 2 4 6 8 10 0.1 1 10
Th Th

Figure 12- The ratio of the rare elements in the gabbroic rocks to study the relationship between the
rocks with the enriched mantle, the upper crust and the oceanic islands (Zhao and Zhou,
2007); a) Nb/ Th vs Th, and b) Rb / La vs Th diagrams of the studied samples.
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alkaline in nature. Geochemical studies revealed that
the gabbros were rich in K,O and poor in Na,O, and
are mostly of alkaline type. According to Coleman and
Donato (1979), high Na,O and K, O in gabbros resulted
from exchanges with sea water or delayed magmatic
vapor phase, which carries K,O away and destroys
it (Sinton and Byerly, 1980). The studied gabbros
belong to alkaline magma series. The ratio of K,O/
P,Oj is used as an indicator for crustal contamination
of magmas. Most of magmas originating from the
mantle have a ratio of K,O/P,0, < 2. This ratio is 0.89
in average for the gabbros of the study area, indicating
their origination from the mantle and absence of
crustal contamination in them. The Nb value indicates
the intraplate origin of these rocks. Gabbroic magma
does not show depletion of Ti, Ta and Nb, suggesting
non-participation of crustal materials or fluids
derived from the crust in forming magma. Negative
and steep slope of REE plot in these rocks suggests
deep origination and reveals an origin associated with
enriched mantle. High Fugacity of CO,/H,O in magma
origin as well as a small degree of partial melting is
among possible reasons for such a trend. Moreover,
HREE depletion indicates that garnet and zircon
have remained in the melting residue. The REE plot
of the gabbros is similar to OIB, suggesting that both
gabbros and OIB magmas share the same origin.

6. Conclusion

A suite of mafic gabbro dykes are intruded in the
Middle-Upper Paleozoic rock units representing a
part of the north Gondwana province. The alkaline
gabbros include plagioclase, clinopyroxen and small
needle of apatite. In general, they show OIB-like
trace element patterns characterized by enrichment
in LILE and LREE. Negative anomalies of Rb and K
and Pb positive anomalies of Nb and Ti in the spider
diagrams and other geochemical variations observed
in studied rocks all indicate uncontamination by crust.
Accordingly, the samples are located within the OIB
range away from the continental crust, which indicates
the absence of crustal deformation in the gabbroic
rocks of the study. The high La / Yb ratio in the studied
samples can reflect small degree of melting or garnet
presence in the mantle. The tectonic environment of
mafic dyke can be assigned to the initiation of the
opening of Paleotethys in northern part of Gondwana
province in late Ordovician time.
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