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1. Introduction

ABSTRACT

The study area, situated 50 km north of Ghaemshahr, structurally belongs to the Central Alborz
tectonic zone. The volcanic rocks of the area, including basalt, andesite, trachyandesite, and dolerite
are the products of fractional crystallization and some contamination processes. Clinopyroxene,
olivine, and plagioclase are the main minerals of these rocks. Porphyritic to mega-porphyritic
texture with microlithic, glomeroporphyritic, and amygdaloidal matrix are observed in these rocks.
Plagioclase, hornblende, and pyroxene can be considered the main mineral phases of these rocks.
The rocks are enriched in LIL and LREE elements and depleted in HFS elements. The ratios of
trace elements and rare earth elements in the studied region indicate that the basalts were formed by
melting a garnet bearing peridotite at great depths and pressures. Negative Ce anomaly, Nb negative
anomaly, Pb positive anomaly the role of continental lithosphere in contaminating the magmatic
sources of volcanic rock in the study area. The Pb/Ce ratio similar to ocean island basalt (OIB)
sources, induces OIB sources, the asthenospheric mantle, in the initial formation of basaltic magma.
it can be concluded that the volcanic rocks of the area have formed in an intra-plate environment in

an extensional regime.

The study area is a part of the Alborz Mountains and a part of the
Central Alborz Zone located in 53° 00" to 53° 10" E and 36° 00" to
36° 09" N. Central Alborz is a subset of the Alborz structural zone
that has been impacted by its geological events (Fig. 1 a, b). Alborz
structural zone has always been the subject of intense research since
itis the shoreline of Gondwana to Eurasia (Stocklin, 1974; Berberian
and Berberian, 1981; Stampfli, 1978; Guest et al., 2006 a, b).
The Permo-Triassic extension stage is an important rift
stage because it marks the emergence of the Neuttis ocean
basin (Ghasemi and Jamshidi, 2012; Ghasemi and Jamshidi, 2013).

This stage is characterized by basaltic volcanism in Alborz
and other areas of Iran, such as the Sanandaj-Sirjan
Zone (Berberian and king, 1981). In the Central Alborz,
the Early Triassic carbonates are overlapped by the Late
Triassic shales and sandstones. Extensional phases in the area
started in the Late Triassic associated with alkaline igneous
activity (Berberian and King, 1981; Berberian, 1983). The
occurrence of alkaline lavas and pyroclastic rocks interbedded
with the Late Triassic shales and sandstones reveals the existence

of an extensional system in Central Alborz (Nazari et al., 2004).
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The evolution of this extensional regime can generate the basins of
Caspian Sea and Black Sea in Late-Middle Jurassic (Nazari, 2006).
During Late Triassic, the structural features of the lower part of
Shemshak Formation reveal an important extensional system with
several occurrences of normal faults. This extensional regime is also
registered in the lower part of the Shemshak Formation by changes
in thickness. These changes are related to the activity of big normal
faults or thrust faults in Central Alborz (Nazari and Shahidi, 2011).

2. Study method

To investigate and quantify the amounts of major, secondary, and
rare elements in samples from the region, we made some field
visits, sampled from various rock types, and selected rocks with the
minimum alteration. About 50 microscopic sections of rock units
were studied using polarizing microscope to identify the texture
of the rocks, and their mineralogical composition. Finally, the
collected 14 rock mass samples were analyzed using inductively
coupled plasma mass spectrometry (ICP-MS) in the Zar Azma
Company of Iran (Table 1, 2). The extrusive igneous rocks include
the following: 1) Hyaloclastite, 2) Trachyandesite, 3) Olivine basalt,
and 4) Olivine dolerite.

The intrusive igneous rocks include the following:

- Gabbro-diorite

- Basalt: It is composed of hyaloclastite texture, porphyritic
material extending from a microcytic matrix to a porous glass,
and plagioclase crystals varying from formed to amorphous
and variable in size within the rock texture. Pericline albite and
Carlsbad albite are two index minerals of these rocks. In terms of
optical characteristics and refractive index, these rocks vary from
Labradorite to Anorthite. Pyroxene is found in anhedral to euhedral
forms. According to their optical characteristics, these pyroxenes
are of the Augite type. Olivine rocks are euhedral to anhedral and
are severely altered (Fig. 2a).

- Trachyandesite: It has a porphyry texture with microlithic (trachyte
matrix) pyroxenes that are amorphous in form and of the augite
type. These minerals are often discovered in single crystal form.
These pyroxenes are often formed in the matrix with a poor
dispersion. It is of note that these pyroxenes are often used in place
of calcite and opaque minerals. Olivine was seen in the euhedral to
anhedral forms (Fig. 2b).

- Olivine basalt: Porphyry texture with microcytic matrix and
pyroxene is observed in the form of euhedral to anhedral and
in some cases with a higher frequency than olivines in the rock
texture. According to their optical properties, these pyroxenes are
of the augite type (Fig. 2 c, d).

- Olivine dolerite: Porphyry texture with intergranular and interstitial
matrix and plagioclase is seen in the form of euhedral to anhedral.

The rock matrix consists of Carlsbad albite and albite-pericline.

- Diorite Gabbro: We see granular and quartz textures with subhedral
and angular to anhedral forms among the other minerals making
the rock. These minerals may contain apatite. Plagioclase is found
in the form of amorphous to amyloid with pericline albite and
Carlsbad albite (Fig. 2e, f).

3. Geochemical investigations of the region’s volcanic rocks
Examination of the major constituents of the region’s intrusive
rocks reveals that these rocks contain various basalts (Tablel). The
TAS diagram indicates that the investigated rocks are a combination
of trachyandesite and basalt (Fig. 3a) and the studied rocks are
in the alkaline range (Fig. 3d). All of these graphs (Normalized
diagram of samples relative to chondrite) show comparable patterns
of element distribution in the region’s rocks. Some positive and
negative anomalies in the levels of Sr, Rb, Nb, Pb, and Ba may be
observed in the normalized plot compared to the original mantle
values (Fig. 6 a,b,c). Since Ti and P are elements with a high stability
field strength (HFS) and do not exhibit movement during secondary
processes, the abnormalities seen in them may be understood
petrologically. The existence of negative anomalies in Nb also
suggests a role for continental crustal magmatic contamination in
the region’s rock development and the separation of titanomagnetite
from early alkaline olivine basalt melts. Significantly high Pb and
Ba anomalies suggest continental crustal contamination, while
a positive Sr anomaly indicates the existence of plagioclase
phenocrysts in the rock. The observed positive anomaly is due to an
increase in the Th concentration, indicating crustal contamination.
In the graph of variations in the ratio of La/Sm to La from
Aldanmaz et al. (2000), the continuous and dashed lines indicate
a tendency toward altering the composition of molts formed by
various degrees of partial melting in the spinel lherzolite and
Garnet- lherzolite (Fig. 8a). In terms of La and Sm concentrations,
all examined basalt samples have a composition comparable to
melt generated from the enriched mantle and are put on a process
compatible with about 5% melting of garnet-containing garnet
(Fig. 8a). The La /Sm,  diagram against Tb /Yb  diagram further
confirms the origin of spinel lherzolite (Wang et al., 2008). The
Th/Yb against Ta/Yb diagram shows that the area’s rocks are in
the OIB range, suggesting an enhanced origin for the OIB type in
the area’s rock formation. Fitton (2007) asserts that alkaline and
intercontinental transition basalts with the same composition as
genuine OIB basalts have a more uncertain origin than genuine
OIBs. In general, alkaline basalt production occurs at a rate
comparable to that of OIB basalts linked with mantle plume
processes or melting of Korean loose material in intercontinental
zones (McKenzie and O’Nions, 1991).

Fitton et al. (1977) suggested the following procedure

to differentiate a plume and non-plum alkaline basalts: If
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ANDb> 0, it is the plume source but rocks with ANb <0 do not have
a plume origin. The rocks of the study area have the ANb range
of 0.35 to 1.44 and thus are classified as alkaline rocks associated
with the plume. Zr/Nb ratio in Pole Sefid samples varies from
2.13 to 2.81. However, this ratio ranges from 2 to 4 in alkaline
igneous rocks and from 8 to 12 in the continental crust samples
(Weaver, 1991) which is possibly indicating the lack of a significant
crustal contamination in the studied rocks. Hart et al. (1989)
reported that the basaltic magmas which are influenced by crustal
contamination contain La/Nb>1.5 and La/Ta>22. The Ce/Yb ratio
may be used to determine the depth and rate of melting of the parent
rock. Alow value for this ratio (less than 15) suggests that the magma
originated in the mantle’s uppermost layers (low depth or high
melting rate). In comparison, magmas with a Ce/YDb ratio greater
than 15 indicate that the magma is originated from the high stability
depth range of the garnet and a low melting rate (high pressure)
(Cotton et al., 1995, ratio). The Ce/Yb in the region’s intrusive
masses is approximately 25.71, indicating the samples’ high depth
and low melting rate. Moreover, according to Conly et al. (2005),
the ratio of 0.12 Rb/Zr suggests a metasomatized mantle source
since the average of this ratio in the rocks of the research region is
about 0.26. The specimens are in the garnet region on the Sm/Yb
diagram versus Ce/Sm, which is used to determine the presence
or absence of garnet at the source of melt formation (Fig. 10).
Rare earth element (REE) geochemistry is often used to determine
the degree of melting and depth of origin of main magma bodies
(Rollinson, 1993; Zhao and Zhou, 2007; Furman, 2007). The Alborz
zone’s late Precambrian-Triassic rock strata show high affiliation to
those of other areas of Iran, and at least for a significant portion
of the Paleozoic, they show association with Gondwana
(Stocklin, 1974; Berberian and King, 1981: Angiolini et al., 2007;
Wendt et al., 2005). Scholars have mentioned different views on the
splitting date, the start of subduction, and the ultimate closure of the
Paleo-Tethys Ocean (Stampfli, 1978; Chateauneuf and Stampfli, 1979;
Stampfli et al., 2001; Ghasemi and Khanalizadeh, 2012). According
to some researchers, Paleo-Tethys formation began in the north of
Alborz toward the end of the Ordovician era. Lasemi (2000), on
the other hand, believes that Paleo-Tethys rifting (also known as
the Turan rift) started in the early Ordovician. According to this
author, Shir Gasht, Lashkark, Gholi, and New Formations and
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their counterparts, which have made large progressive sequences,
are synchronous with the rift’s development. He asserts that
Paleo-Tethys oceanic crust has expanded since the Devonian.
Lasemi (2000) also examined the development of an incomplete rift
basin in the Tabas area (Central Iran) during the early Ordovician
era in relation to Iran’s Paleo-Tethys edge. Numerous geological
features such as oceanic remainders in the north of Iran (Mashhad,
Farima, and Anjir Valley) and Central Iran (Jandagh and Anarak),
along with thick magmatic sequences, the continental rock of
Iran was fractured during the Lower Paleozoic era due to the
capping process in northern Iran from Sultan Maidan formations.
These events indicate that the continental lithosphere of Iran has
fragmented during the lower Paleozoic and split. Consequently,
oceanic zones have formed in some parts of the Iranian plateau
(e.g., Mashhad ophiolites, Talesh in the north, and Bayaz
and Jandagh ophiolites in Central Iran).Numerous geological
characteristics suggest that this period of crustal stress started
after the fusion of the Precambrian blocks and the creation of the
Gondwana supercontinent, followed by forming the magmatic arc
and its opening. The Gondwana subcontinent was created by the
collision of seven to eight Neoproterozoic continents
(Cadomini Block) the size of Australia in two phases
(650-600 million years ago; 570-520 million years ago)
(Ustadmer et al., 2009; Collins and Pisarevsky, 2005; Shafaii
Moghadamet et al., 2013).

4. Conclusion

The geological units of the study area contain volcanic masses
and have an alkaline origin. According to tectonic schematics
and geostructural research, the area’s rocks have developed in an
intercontinental extensional environment from a transitional garnet-
spinel lherzolite mantle. Based on lithographic investigations,
the texture of these rocks are classified as granular, poikilitic,
and Porphyric. Some plagioclase samples exhibit flow and sieve
textures in certain samples. Geochemical studies indicate that the
magma that formed these rocks has originated from the melting of 3
to 5% of an uplifting mantle with peridotite garnet rocks at a depth
of 70 to 80 km. The results also show the remarkable role of crystal
segregation as the primary process in the formation of magma that

formed these rocks.
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Table 1. The results of chemical analysis of the main elements (by weight percentage) of the stones of Pol Sefid area.

ALO

2 273

Sample | SiO BaO | CaO | Fe,0, | FeO | K,O | MgO | MnO | Na, O | PO, | SO, | TiO, | LOI | Total

2 275 3

Al |49.01]| 13.29 | 0.17 | 8.01 32 |6.633|237| 683 | 0.2 27 | 046 |005| 1.7 | 4.6 | 99.223

A3 | 48.89 | 13.25 | 0.18 | 873 | 3.17 | 6.714 | 2.74 | 6.53 | 0.18 | 2.53 | 042 | 0.05 | 1.67 | 4.16 | 99.214

A7 |49.26| 13.12 | 0.14 | 814 | 322 | 6.894 | 2.56 | 693 | 0.18 | 2.57 | 0.43 | 0.05 | 1.72 | 3.97 | 99.184

Al0 [4931 | 1336 |0.16 | 8.67 | 326 | 6948 | 2.58 | 6.25 | 0.17 | 2.63 | 0.44 | 0.05| 1.76 | 3.6 | 99.188

A37 4491 | 12,62 | 0.15| 1248 | 34 6.57 | 0.66 | 8.14 | 0.17 | 1.12 | 0.54 | 0.05| 1.9 | 639 | 99.1

A38 |46.49 | 13.09 | 0.15| 7.88 | 3.23 | 6.687 | 0.69 | 7.79 | 0.16 | 428 | 0.5 [ 0.05| 1.73 | 6.7 | 99.427

A43 | 4791 | 1456 | 0.18 | 7.75 | 3.42 | 7.11 | 1.56 | 5.22 | 0.23 | 3.55 | 0.59 | 0.05| 1.92 | 5.09 | 99.14

A44 | 4741 | 14.12 | 0.08 | 8.09 34 |7.092]1.02| 56 | 023 | 3.78 | 0.57 | 0.05| 1.9 | 5.81 | 99.152

A45 4274 | 1447 | 0.15 ] 10.84 | 3.33 | 7.083 | 1.85 | 5.09 | 0.23 | 3.24 | 0.66 | 0.05 | 1.83 | 7.57 | 99.133

B1 42.11 | 1337 | 0.12 | 11.96 | 3.64 | 7.119 | 0.66 | 9.09 | 0.18 | 2.05 | 0.45 | 0.24 | 2.14 | 6.01 | 99.139

B2 [ 4131 | 148 [ 0.09| 928 | 397 | 729 | 143 | 8.69 | 0.17 | 1.66 | 0.52 | 0.38 | 247 | 7 99.06

B3 4247|1439 | 0.1 | 1223 | 324 | 729 | 128 | 63 | 0.18 | 2.11 | 0.44 | 0.16 | 1.74 | 7.18 | 99.11

B4 [4572 | 1561 | 0.1 | 10.58 | 3.22 | 6.201 | 1.31 | 598 | 0.16 | 2.14 | 0.45 | 0.09 | 1.72 | 5.96 | 99.241

B6 |[4194 | 1481 | 0.11 | 9.56 | 3.65 | 7.083 | 1.44 | 85 | 0.16 | 1.87 | 0.5 | 0.14 | 2.15 | 7.23 | 99.143

B7 [4529| 1401 | 0.12 | 8.82 | 3.65 | 6372|158 | 7.76 | 0.14 | 1.78 | 0.51 | 0.46 | 2.15 | 6.56 | 99.202

iy ailate g S5 5 ol juobie glass IUT Jade —Y s

Table 2. Table of chemical analysis of rare and rare earth elements of the rocks of Pol Sefid area

;f‘l':lgle“’r Al A3 A7 A10 A37 A38 A43 Ad4 A45 Bl B2 B3 B4 B6 B7
Ag 032 | 035 | 034 032 0.39 041 04 038 037 0.43 0.4 031 035 0.34 0.34
As 2 2 3 4 5 7 6 6 2 2 6 3 4 8 3
Ba | 14499 | 15932 | 12851 | 14204 | 1202.1 266 1524.1 | 690.6 | 11878 | 9707 | 7923 746 889.1 | 891.8 | 10429
Be 1 1.26 1.1 127 1.09 1.42 1.16 1.1 112 1.05 1.33 1.08 1.07 1.24 1.19
Bi 005 | 004 | 0.04 0.04 0.04 0.05 0.04 0.05 021 0.05 0.04 0.04 0.04 0.04 0.04
cd 112 | 124 1.3 14 1.09 145 0.97 1.22 115 1.51 1.41 1.01 1.22 1.25 0.94
Ce 67.9 | 6678 | 6874 | 67.9 82.04 72.8 7952 | 7798 | 7336 70 735 505 | 6426 | 66.64 | 69.86
Co 411 | s62 | 712 371 8.96 10.95 348 222 1.29 1272 | 7.5 1.73 379 6.91 723
Cr 137 130 140 142 191 234 31 31 28 175 214 91 104 182 191
Cs 056 | 061 0.6 0.59 0.59 1.64 0.61 0.59 0.6 0.81 0.8 0.61 0.75 0.73 0.72
Cu 56.3 57 60.4 643 63.7 41.1 315 36.8 32.1 81.1 76.8 4 50 66.8 71.2
Dy 37 | 365 | 3.76 373 39 3.87 4.14 4.08 3.82 3.79 4.18 352 378 3.64 378
Er 189 | 177 1.82 1.79 1.83 1.88 1.99 1.96 1.97 1.68 1.77 1.63 1.86 1.59 1.76
Eu 319 | 332 | 3.04 3.15 321 221 353 2.67 3.07 3.02 275 2.62 2.92 272 2.81
Gd 53 | 531 534 538 6.18 5.64 6.14 6.03 5.67 5.75 6.34 494 5.48 5.55 5.67
Hf 365 | 3.71 3.82 3.84 3.87 448 432 434 3.94 3.81 4.19 326 357 3.44 3.49
Ho 075 | 075 | 076 0.74 0.75 0.77 0.81 0.79 0.77 0.75 0.78 0.74 0.77 0.73 0.75
In 002 | 004 | 0.02 0.04 0.04 0.03 0.04 0.04 0.09 0.05 0.06 0.03 0.04 0.06 0.04
La 3822 | 3738 | 385 37.8 46.06 | 40.18 42 4228 39.2 3948 | 41.02 | 3374 | 357 | 37.52 39.9
Li 6 5 5 5 10 11 7 6 7 7 18 10 9 16 15
Lu 0.18 0.18 0.18 0.18 0.18 0.19 0.2 0.19 0.19 0.18 0.18 0.18 0.19 0.18 0.18
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Continued. Table 2.
o S A3 A7 A10 A37 A38 A43 Ad4 Ad5 Bl B2 B3 B4 B6 B7
Number

Mo 0.16 1.08 1.02 0.32 1.19 0.35 1.65

0.33 0.98 0.32 0.08 0.69 1.08 1.8 0.02

Nb 0.59 | 0.72 0.33 0.89 0.21 0.39 0.51

0.86 0.28 0.52 0.84 0.44 0.39 0.62 0.68

Nd 22.74 | 22.74 | 2332 | 22.74 27.61 25.06 | 27.61 26.56 254 24.13 | 2598 20.3 22,62 | 2332 | 23.66
Ni 97 99 106 107 174 167 14 17 15 122 117 58 66 109 122
P 1770 | 1766 1868 1899 2136 2079 2296 2295 2548 1772 2065 1564 1786 1994 2104

Pb 5.25 32 4.21 3.73 7.22 6.71 4.98
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Figure 1. a) The studied area in the structural zone map of Iran (Ghasemi and Talbot, 2006); b) Geological map simplified from

the 1:100,000 map of Ghaem Shahr, Kiasar (Saeidi and Akbarpour, 1371), Pol Sefid and the map of Semnan with a scale of
1:250,000 (Samadian et al., 1994). Note the star sign inside the figure.

\FY



IVA=151:(1) PP 1 Fo P (o pgle/gl s g Uiy a5 Susan/.... UL w5 Sy jb lisdinsT gl uluinSiow 9 oo j

NS 55 5 bzl 5 Y 1S e st LSS 85 L 20a Jgd0t gl —
g g 0dy3 S a3 3Ly S T Sl 5 S 1 IS8 ) s o
o e 33 SodSS ol en Sud g b S5 Sy 4 Bl b SIS !
2 23 JSLLos)lse (S 03 5 S SE Sypo 4 S s HlekST
o3l 5 5 o8 S S hs bl S s al s e o> K e
s 3 b ool 5 sk 5 S8 0 B SIS S g 4 sl ks
6T Jol il & Ol lacn sl ool Sl S 55 51 s go 0> Jaw e
ot 38 oyLal Cu Su bl 5 a8 sla SIS (S (s IS sla SIS Lo s
latd 5 555 5I8 Sl SIS 5 o ol e S s SIS 50 slacd s S
CaadS (gla SIS 0 peast 53 35 50 I (slalizd 3 .l ol |SCi5 o 2 IS
bl S 508 sl SIS 4 015 o o S SIS I L Llods LS5 &y IS
3 338 0 )bl i o oy e 53 0S|y o) g 1 45Tk S5 Sy
Sylge Fp 35S oyl 5,8 5 2 IS adS Gl 4 Ol e b SIS

(e =Y JS8) Wloas S e 55 KouSK Lol an Sy gm0 b SIS

3 b Do IS 5 YIS 3L 308 o g plCe 0 —
Lol J._g.iﬁ Ko a-\.'..AJJ._g.’LJ' sl sls Ji_'b RYIBL Ji‘:uf G ,lsa gl
g gr 03 2L 8 T STl b 5 S b I K8 D) 4 IS 5 5,
0T 6 53 g 5l bl ol JSbo 5 55 S Sas ol
T 51 5 o Ol B> gy S SIS 4 o3OS 553 (1 poms tizn
S S aes b I JSKE Sy g S s i SSLT I pladlsl g5l
S S b s sl )l ST S s e e
S 4 015 o0 S 5l Gl S5 DY puames Sl dien S5l 55
234 03y Hl3 JShaes Sype 4 dgmial 58 0,81y IS 5 S S
Shakledd il HuST Gl SIS 5 4 sl el sy 2y IS Law g 5550 iy
IS s slalas s & S 508 G S @ 015 e b b S

(=Y ) 5 8 o Ll il

om0 3—0
b e ) 8 das e Ol dibte K Lol ole )y
de s e ol 53 SI0, slie () ) dmes $SG5L e
o3 gdous 53 axllls 540 LacKiw TAS Slsse 4l 5 ol Ao s 00 G FO
©h p rmes 0, b Y JSE) L5 e @Bl IG5 50T ST oSS
«(Irvine and Baragar, 1971) JSIT 5 JSTOL glags R
To 5 S5 s bls 4 a5 5 JSIT 03 50me 55 canlllan 3,30 sla S
sged 53 555 15 JSITOL S 5 e5sdoms 3 ady) Ko 1 b JSIT
&l Sl esgume 5> (Floyd and  Winchester,  1975)
55 Sl FY-D0 o #ME disel asjie dde (o od -F SE) Wled
S dps Kl Al 00 1 S e sde amly $05L slad e
iabigo YU st 1) s3le LS 3L 00 G5 o 815 ol e LS
(Kelemen et al., 2004) 54 daly adgl ol LSl sl o+ 51 i S g
5 MnO, CaO, P,0,, MgO, TiO, Fe,0, sbduSt Olpe IS  ba
Na,0 5 KO gladnSt & Jb 5 ol o talS ke 5150 L ALO,

3,03 (63 9r0 e

SySw —f
gl 5 Sl plSmmal 5 035 ()15 ot 4 5 L 4 g B sl ol O )
Q,’,AT%?MA,.L“&.Ngfaf;,udaaﬁwumck,,g\jlﬂ..mwef)'u
sk G 2037 03 8 SUameKin Bdd vl gy 5 (S50° (G
o Ja30psdl =F (I5Lep sl =¥ CI5L (ST - Y (L CanndIST s )
s 038 SaeK 5 885 5 wske Ghs3 253 055 s

Wl S K- ¥ 5 Kwanle -) i us,le

N3 (gl b oSad S0 st L S 8 5 (2D Ilos L 2edll—
o5 Sslite las3l by JSa o b Lls K8 Sy e 4 SIS 55 5 axils
o3l 38T ST S 015 o T sl Sy 51 iph e s S
a3y g 3 IS 5 5 S b 5 o5 sl S s bl 3 S
Fr 03 5 0o s JKhaag B ls K8 D)o 4 S g imer ST B
S S 55 ol 2 oS sl 58 o o> S 53 65> JSU L2l
o> Ly 53 S 0 b 1s K8 oy 4 sl s S35l f 5 5l 08
Sl s Sl IS S SIS (IS 4 el b sl ol s o
Sl ¢ on sl (S 5 IS 130 Sl s S 3l 0 rast iloks 0L B
4 o5t oy 53 LBl 6 st ald el old S5 e 5 S
(@ =Y JSa) Wlokds s slad g landy slacy IS

o g g U S s g il St 5 S i S LSS b L 2S5 —
ook Do w i LS ol s o5l gl s Sl JSKhaes b Lls S
S et 9 08 (ST b el S s cal s e o> 2R
ol 508 G S 5 el 4 LUl e ST o ol cCl 2 ileds
o5b 3lsn (Fp 02358 e 0> JSE S B I S D g 4 o sl e
G s Ko 3l o blodd il o Sl 5,08 Sl SIS Loy JolS
sl o S5 508 (S5 5 o sl (S 5 Hlewtls JSIT NS5 5,
I GG L5 o 53 3 e Sl GG Ll ks nl 3
WS 55N glacdy Ko g5l Ol CS a3 0 e Lilodd kil
OT Jools &8 Wlostd (s a8 Sb o S ygo 4 Lt JIT
Sz, 5 sl S8 s 3l ad el ol G2 b (2815 3L JSCs
S 4 Ols (2 p SBGE Sl dmea jasis B blis s Wbl
gl o oalin e 53 0dS| s g w85 LSS S B Lls S 508
(b -Y ) 55 oLl

Soge 4 S a5 Sl Son et b K8 5L sl
2l 4 a3l Sl Ly bss S Ll (S s s LI5S
o3l g5 o5 S S i el oS s ol 3 o> Ko o
A L SIS ol 3 g o ek S B I3 S s 4 sl A
5o lodd il HaST gl SIS 5 Su bl SIb (o IS by
S azh 5 58 Gl S ks (sl e SIS 50 sla 5 S
ks S8 GG 5 SIS ey GG 4 L L IS ol el
S oS 5 4 4Bl S5 laacdle b 50158 Slajsh o mast e 5o Aileds
sher oks @l Glaadls b WS p 3N 5 (meedST Slalad sk
el IS Osmer b GG Luy J glalss o, o
Ccas S5 al adi , (L¥3T) Sl JSIT 5 cdgs o )8
el S 5 Su NS by oS e oS i 315 L IS 3%
Lo, d =Y JSK8) Silods

\FA



IVA=151 (1) P Fo P (o pale/gl jSas g Uiy 305 Susman/ ... UL w5 Sy jb lisdiusT slanSiuw uuluinSiow 9 oo

3ph a5 Wy S Sl 3L (IS w ek bas sla STy Sl ol 06Ul 55 std (3 IS 6 s 55 SIS 50 e ST 51 ol (@ -Y S
S el (e casl IMoul glaasl- b 3OS 5350 5k 51 sl (d 6oy IS 4 ous Ol S5 S 5 5 sbeST s S 55 ) el (€ «aL S5 5 (&S5 Ssb)
Sks 4 sl el 5 S s GIS 3N (IS8 o SIS 3 s (F 60y 53 53 obd (2 IS (Slaaied 5 oy o 4 o Ol S5 Sl 4 sl 550

38 Sasps 53 0dd Ol B

Figure 2. a) View of plagioclase phenocryst in chloritized paste in basalt; b) A view of pyroxenes transformed into chlorite, pay attention to the
flow texture of microlites (trachytic texture) in trachybasalt; ¢) A view of a single crystal phenocryst of pyroxene altered to chlorite; d) view
of plagioclase crystal with dissolved edges; e) A view of strongly altered plagioclase to sericite and chloritized glasses in dolerite; f) View of

amorphous quartz, plagioclase, pyroxene and highly altered amphiboles in gabbro diorite.
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Figure 3. a) Graph of Na,0+K,O versus SiO, (Le bas et al., 1986); b) Diagram of Na,0+K,O versus SiO, (Middlemost, 1985); c) Alkaline vs. SiO,
plot from (Irvine and Baragar, 1971); d) P,O, versus TiO, diagram (Winchester and Floyd, 1975).
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Figure 4. Changes of main elements in Harker charts (Harker, 1909).
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Figure 6. a) Spider diagram of samples of the studied area in relation to chondrite (Nakamura.,1974); b) Spider diagram of the samples of

the studied area normalized to the primary mantle (Sun and McDonough, 1989); ¢) The spider diagram of the samples of the study area is
normal compared to OIB (Sun and McDonough, 1989) .
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b) Ti/1000 versus V graph from (Shervais, 1982); ¢) Zr versus Zr/Y diagram from (Pearce and Norry, 1979);
d) Zr versus Ti diagram from (Pearce, 1982).
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Figure 8. a) Sm/Yb vs. La/Sm diagram where the melting curves were calculated based on lherzolite spinel mantle and

lherzolite garnet mantle, where the studied samples are located in the range of garnet lherzolite spinel (Shaw, 1970);

b) La/Sm versus La ratio changes diagram from (Aldanmaz et al, 2000); c) La/Sm versus Tb/Yb diagram

(Wang et al., 2008); d) Tb/Yb versus K,0/ Yb (Pearce, 1982).
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