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Fig. 1. Geological map of the studied area based on the 1:100,000 geological map of Razn
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Fig. 3. Field images of Baghche-Ghaz region: A: General view of Baghche-Ghaz village looking towards the south, B: Gabbro of
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Fig. 5. A: Determination of the magmatic series using AFM triangulation diagram of Study area (Irvin and Baragar, 1971), b:

Classification diagram of SiO2 versus Na:O + K20 of Study area (Cox et al., 1979). The circle symbol is adapted from
Mohammadi Tabar (2019), the square symbol is adapted from Shahbazi et. al. (2010)

Multiple plot of MgO vs. ALO;, CaO, Na,O, P,0,

Muttiple plot of MgO vs. Ce, Ba, Cr, Ni

e ] = e -
. u §
& 5 8 - . 2 .
- L ] &
aie =
24 5 m 2 ¥
e
o
g = / S / : 284, = .
= = V\ g8 L
.. - "‘ L3
g __'\
= - — -]
. B
= - - . -
——— — T — — T
. 3 1 . e . . e . 3 .
o o o o
ER g g
.
= . -
¢ g g
- g g
2 e 5 2
3 = 3 z
ER =
- R 8 =
&> [T
| b - . /
s =

(Y1) ol)l02 9 (5 5buas 3 sl 2o 30 3Lod ((\WAY) L5 gosmo 31 (wladl o o Slad . J32 9 ol polic 5l ola,loges & S
Fig. 6. Harker diagrams of major and minor elements. The circle symbol is adapted from Mohammadi Tabar (2019), the

square symbol is adapted from Shahbazi et. al. (2010)

oxile 3L sleSlo ,o Al Ca, Cr, Ni jolic lade «3 ,45
alyl) SO yuioren (P JSE) Cawl 00 S oy el S
4 P0s, NayO, Ce, Ba polie &l s s wsSae
Dg o 0330 H5S e (slafosei ;o MO lyss lae
5 sloanl (b s MO Jude 285 b e
P, Na, Ce, ,olic jlode 3,8 g ,0bd Jod 5l oSl
I8 canl 005 oy il 381 oaile 8L sleSle ,o Ba

s —0
2 obeS g ol polie Sliuss 4 bayye slajloges
O Bgpme , oSl gz o MgO olss ilio
s abal, Sy 45T s oo (LA S )la (slajlages
15 ALOs, CaO, Cr, Ni olie abgsye Slpuid s
ke als b oy o)l 0g2s MO olss blie
5 55k b 5l oSl Joou ol )d b 0 MgO



Y VFoF Glianeo) 5 5ualy FA 0 lod % 0593 (99 325 (oulidiiran) (195 sLoaidly

Codd Siihes glalame aslis aF i e ol
Pb 3 K a5 548 0 camlice Jloged cpl jo (o V US2)
aS s aie Jlogil GO Nb 5 i gl sl ls
Sndl Sl olaS olis @55 s baasly o
AN ek 5 HLICe) st (gloyB atgy L LSl
LILE ,ole ;o Sab oé cpizred (VY (hodle
2L Glo)B saiwg b LSl Kuael JJo 4 ailys oo
e gl VAR 2l 5 hle cogads soosis nli
o S Sk oSl sl s Ba-Ti-Nb
Slrdiges Jloged oyl jo.conl Jiile 8 lass jo b S
Sy s LILE 5 oo Sobigid K adllhs 50
ol Kl Wilgs co a5 im0 L HES 5l Sas 8
033 yuS gym 5 6,5 gl LS le jole K 45wl
P e Gz polis 900,80 SIS0 oS o oS

ORAY (i) WAzl a5 508 30 gaissS
Nb, 15 laie s HFS & G LILE ,slis 5| Sus 2é
Lt ISITSUS (6 o s |y bnKis 3 (Sols Zr 5 Ti
Y0 e g golale 5 Voo F snld) v o
i 44 e S REE jiolie (S i 5 S8
sS4 Cuwd REE jolic ool jlxia 4 loged jo
5 OmSoms)l spa> Sl Wlgiee CujpuiS g 4y
addgl Jorlo 5o Lol jllagy] 5 a5 5 Al (S5 oy 550lS
olie ol 5 L slagalo o (A JS2) a5l sk
Sl L g w555kl bl sl e oleS S
S 5 (S polie (Fabd g Wigd oo SSE
slice 10 &6 )8 092 g oaimolis ol Jleial 4 S 4y
(LREE) s SB 0l i 5P ite Jlogil oo
oS poolie b (slatgs Slge 4y LiSle 2 UT 51 256 Ul
Jobie 5 ol 4y aSul Blas ols cons Projass
Sl rolis & Cud (65057 Slol 33,5 (oosl Sue gyl
Gy Y2 Ol 535 10905 . 0iiewd g5 (03] D0e
Sype il slocSiw (0S5 3 Ay Hsks wnl
5 Rb Slis Jloges (@l 4 JS5) il e aslllas
(Y 8) ol Sed 5 el Lawgs oo sl |RD/Th Jilis
oo &)l La hlie jo La/Yb caws &l s Jloges o
O sbgS (Ve A) hlSer 5 ()l gy by
Gl ;3 Sl GleSle (2eS5 ,o (i ks
2@V st Sl wil e anlllas 3 50 S50
&1, MgO (Wt%) Jslae ;0 Ce/Pb oo Ol pss jlogas

S S &85 5 H5kd 4 Glgi e ]y 595 3 slaonsay (P
S glaSle Dlsos gl Jolye )3 (5 g5 92lS
LSl 5l Mg jaie ad z)5 b ol pan a5 59k ol
ol 5 Sl S S 58 5 ek lawy

Gk & 5 O Niyolis onile 3L slaSlo ;5 T Jlais
polie 5 S sm5ialS S 5 5 Mg (sl 4y S
5 S sealS ok 5 3 5 4 sk AL Ca
L ol 8l sloSle 1o bagy] Jlaie 5 ond gl LoSle
yolie als a4y .l 00gai lay il Mg ials
sl s GuE Sl s (Al Ca, Cr, Ni) S
B 5 leSle DlUsad alnl Jolre 5 (S g5 92lS
P, Na, Ce, yolic jlade cod job 4 oSl 5l oyl o
5o el 00,8 oy i0l58l silendl sleSle 4o Ba
Jsldo ;o (P, Na, Ce, Ba) ,55d0 jolic ol jlogas
(F JSS) 040 00 0090 weSas abaly S5 MO &l s
Olid o S polie 4y onds jlwa 4y iz jolie jloges
her 9 5 aslllae 550 ladiged ;0 Dl yts W) S o0
IS ey cpl (@Y JSS) ol po Slilge 4
g Vede (Llyle) wil oo baige S pin oSl
s 45 Sl e (VRAY) amisy (Vo -0 cgolrle
S 2l S SSE 5l Sz polie laloges )3 e
ClSo 5k adyl oo o its polie cal syine
S polie b b aglin ;5 Nb e Jlogsl o)
@lerts’s Shy Ak cwl oSee LG
Job astle) ilysb g o ead as slaleSle
ST ol 2 053 OAAY (uicds,) abl (shols
ol (slo,B slaSo ISaT sla S5y 5| Nb i
e ol 3 Sl SlalaSle it Jlasil al ol
5 Glatwg dlge b laleSle ol LialT 51 Lol wilgs o
slobaze )3 (pizes a2l (3Kl g ogre JUS
S (slo )l (aiugy nj & (cwgildl Gaimgy (15,8
o8l saiug 50 USg) g Suebl asle S o
Ta g Nb aisle HFS olic o0y jlasly 00399, (595,50
3o bl as lie 5l 65 el b g aiils a5 095 o |,
e oyl oyl s cilin ol 5 Sl (slaloSle
)es 5 9955L) st oo alol> cbalaSle o T
FAREA SRRAIC OV SURL LS ORI SN P
Olas adgl absS 4y (S polic ok Jluis 4 jloges



—
-

Y ¢ QM};’ L.

YA o Ll 3R 0,90 (60 3135 cwlilcpmo) (w98 gLoaudly

40 Ce/Pb s 1 Sle (VA0 (pliisd o SCiol))
olie LiUTIA 009 YIV sga ;0 axlllas 8 y90 (sladiges
S50 dihio S9p8 b w caums JSis L
adhie sl Sw ol oS 5 5o Sy olge 4y alllae

S yge ddbie J9pl5 sladisai (Ve o V) (ro)98 Lawgi ool
Kloads &8ly atwgy b amdly iUl 4>l g0l jo dalllas
b olule ;o Ce/Pb cos (ke (0 4 JS3)
g odle) YOO (godgumma ;o aniel | oud Fliwe
Al oo YIV ol lo,B satwgy 0 9 (VAAP ()] San

OYAY) Hldgaome 51 (wladl canllian 3590 adlain sladigns (S32r 9 ol ypolie (oaloonds (ouyp @S ) Jyo
Table 1. The results of the chemical analysis of the main and minor elements of the sample, From Mohammadi Tabar

(2019)
13" 352 358152 3521132 1S SS 358138
10.35" 3.97" 37 307 8.77"
49°10' 49° 11" 11" 49° 11" 49° 49° 11"
57.63" 3.03" 4.54" 9.72" 7.04"

Jmt-104 Jmt-112 Jmt-113 Jmt-115 Jmt-118
48.476 48.134 52.391 49.739 52.349
1.047 1.089 1.042 4.186 2417

17.761 17.213 16.608 13.490 14.851

4.374 7.050 7.345 13.032 10.510
0.089 0.116 0.131 0.187 0.162
5.123 6.267 6.317 4.005 3.382
12.984 11.095 13.0264 9.906 9.360
2.792 2.724 2.709 3.639 4.003
0.404 0.739 0.573 0.455 0.696
0.126 0.091 0.087 0.162 0.231
3.61 3.35 3.16 341 347

96.786 97.868 103.908 102.301 101.431

35352 35%13; B513) 135353 355131
10.35" 397" 3778 397" 8.7
49°10° 49°11 11" 49° 11 49° 49°11"
57.63" 3.03" 4.54" .72 7.04"
SA-12 SA-29 SA-149  SA-168 SA-11

119 145 143 104 202
92 119 106 6 6
217 263 248 35 26.6
41 47 44 12 1
45 51 59 30 20
40 52 103 108 83
6 22 14 8 18
351 464 443 210 584
45 42 44 66 101

8 75 87 32 85
49 838 7.8 13 26
63 135 137 123 268
24 29 59 17 17
<0.1 <0.1 0.11 0.53 0.75
0.1 0.1 0.1 02 03
0.6 0.57 0.71 027 0.43
136 12.6 129 257 295
6 5 6 11 14
15 11 14 25 34
0.46 0.12 03 249 342
8 6.6 72 158 192
243 231 227 4.65 541
1 0.96 0.99 1.93 2.07
24 2.11 218 5.06 5.68
047 047 047 0.83 0.96
298 2.67 2.86 534 6.1
18 1.61 173 39 i
0.22 0.24 0.26 0.49 0.55
15 15, 16 g 32
0.25 025 025 048 0.51

3527137
40.1"
49011
16.6"
Jmt-122

51.044
1.601
14511
0.957
0.284
2.203
7.023
4.529
0.585
0.194
2.68
94.611

SEHARY
40.1"
49°11'
16.6"
SA-15
124
5
241

593
351
0.51

047

352102 3SE138 35013 85182 35°13° 35°13°

21.10" 45" 13.21 12.77 3297 2] 0
49°10' 49°10' 49° 10" 49° 10° 49°13° 49° 10°
S10TE 56.67" 57.76" 52512 50.77 51.62”

Imt-125 Jmt-126 Jmt-142  Jmt-143 Jmt-144 Jmt-150
48.669 48.883 50.573 50.231 46.358 49.760
1.084 7 1.057 1117 1.139 1.716

15.663 13.377 16.872 17.439 16.835 14.435

6.857 8.542 6.522 4.322 4.579 11.243
0.096 0.142 0.107 0.102 0.091 0.158
6.234 ST 5.886 4.709 4.526 3.465

12.564 12.410 11.767 13.138 11.585 8.786

25T 2.782 2.863 2.85 3.103 3.812
0.301 0.246 0.460 0.750 0.350 0.072
0.100 0.165 0.107 0.127 0.112 0.171
3.02 2.65 2.78 3.9 3.59 1.59

97.115 97.891 98.994 98.685 92.268 95.208

358013 355153 855133 SEpilak | RRR R 35Ee137
21.10" 45" 1321° 1277 329" 12117
49°10' 49°10' 49°10' 497100 49°13° 49°10°
51.97" 56.67" 57.76" 52.517 50.7* 51.62"
SA-17 SA-66 SA-87 SA-93 SA-108 SA-129

132 172 125 134 135 180
126 39 90 69 97 9
246 309 227 20 217 288
438 38 42 30 36 6
49 62 48 42 45 19
37 54 45 46 40 82
2 2 5 22 3 14
329 550 408 343 359 403
46 47 46 44 44 11
79 93 85 79 8 31
3 1 93 72 34 23
55 69 11 115 54 139
11 21 16 19 4 8
<0.1 032 <0.1 <0.1 <0.1 1.02
0.1 0.2 0.1 0.1 0.1 04
0.65 0.72 0.65 0.6 0.63 0.26
133 196 135 135 127 323
6 8 6 6 6 14
14 19 15 15 15 35
0.19 152 037 0.36 0.19 3195
6.8 124 18] 77 6.6 194
2.19 38 245 235 2.1 523
0.91 135 1.08 101 0.95 2.09
228 4.02 231 245 223 5.95
0.5 0.73 05 0.47 046 0.99
293 447 298 28 275 6.73
1.73 2.67 1.72 17 156 4.11
023 0.39 025 0.25 0.22 0.61
1.6 23 15 115 15 36
0.25 039 0.26 0.23 022 0.56
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Abstract

The Baghcheghaz intrusive mass is exposed in Hamadan province and in the northeast of Famenin city
in the Sanandaj zone of Sirjan. Based on petrographic and geochemical studies, the type of rock that
forms the mass is gabbro. The results of geochemical analysis show that these rocks are related to
calcalkaline and tholeiite magmatic series. The trends formed in the Harker diagrams and their
geochemical continuity, the patterns of the spider diagrams and the parallelism of the trends of these
diagrams and the existence of enrichment in K and Pb elements and depletion in Nb confirm the common
origin of the samples and indicate the involvement of magma with the continental crust. The nature and
chemical composition of rocks in the region have undergone magmatic processes such as fractional
crystallization, and contamination.The pattern of changes of normalized rare earth elements compared
to chondrite and primary mantle show that the values of rare earth elements LREE are higher than heavy
earth elements HREE. The graphs related to the rare elements show that the magma forming the igneous
rocks of the Baghcheghaz intrusive mass originates from the mantle with the composition of spinel
lherzolite and with a low to medium partial melting degree (5% to about 30%) and in a subduction
environment and volcanic arcs are formed on the active continental margin.

Keywords: Gabbro, Geochemistry, Petrology, Sanandaj- Sirjan zone

Introduction

The Bagche-Ghaz intrusive mass is located 95
km north-east of Hamedan and in the northern
part of Sanandaj-Sirjan zone, which has
penetrated into the Jurassic metamorphic rocks
of the region, considering that these rocks have
penetrated into the Jurassic metamorphic rocks
and also according to the information
contained in the 1:100000 scale geological map
that there are no rocks older than the Triassic
in the studied area, so the age of these rocks can
be equivalent to Alvand gabbroids were
considered to be of middle Juassic age, but
their exact age is not known and determining
their age is one of the goals of the doctoral
thesis of the first author of this article. Several
intrusive masses in the Sanandaj-Sirjan zone
related to the Mesozoic era (mostly related to
the Jurassic period) with basic and intermediate
composition either independently or together
with acidic intrusive masses have been
investigated and reported by many researchers,
some of them are: Chahghandi Neyriz intrusion
by Mouazen et al. (2006), Borujerd intrusive

mass by Ahmadi Khalaji et al. (2007), Alvand
intrusive mass by Shahbazi et al. (2010),
intrusive masses in the northern part of
Sanandaj-Sirjan zone by Mahmoudi et al.,
Aligudarz intrusive mass by Esnaeshri et al.
(2012), Marivan intrusive mass and a report of
Sanandaj-Sirjan zone intrusive masses by
Sepahi et al. (2014), Bouin-Miandasht
intrusive mass by Tavakli et al. (2019), Alvand
intrusive mass by Azizi et al. (2024). In this

research, the Baghche-Gaz intrusive mass was
subjected to field, microscopic, and
geochemical investigation of the main and
trace elements and the results show that the
Baghche-Gaz intrusive mass is composed of
gabbro and magmatic processes such as
fractional crystallization, crustal
contamination, type the source rock and degree
of partial melting have played a role in the
formation of Baghcheh Ghaz intrusive mass.

Materials and methods
In this research, 100 samples were taken
during 6 days of field operations, following the
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principles of sampling, such as lithological
changes. Of these, 45 microscopic thin sections
were prepared in the sectioning workshop of
the Department of Geology of Bou Ali Sina
University and were examined by a polarizing
microscope. Then, 12 rock samples were sent
to Zarazma Mineral Research Company
Laboratory for chemical analysis. The amounts
of major elements were measured by alkaline
melting method and by inductively coupled
plasma optical emission spectrometer (ICP-
OES) and trace elements by inductively
coupled plasma mass spectrometer (ICP-MS).
These data were processed by Excel,
Photoshop, GCD-kit, Arc GIS, Google Earth
software.

Discussion

The diagrams related to the changes of the
main and rare elements versus the changes of
MgO in magmatic transformations, known as
Harker diagrams, show that there is a direct
relationship between the corresponding
changes of Al,0Os;, CaO, Cr, Ni versus the
changes of MgO. That is, by reducing the
amount of MgO during magmatic evolution
processes such as crystallization and
subtraction, the amount of Al, Ca, Cr, Ni
elements in the remaining magma has also
decreased. Also, an inverse relationship
between the changes in P,Os, Na,O, Ce, Ba and
MgO values can be seen in the mentioned
chart. That is, by reducing the amount of MgO
during magmatic evolution processes such as
crystallization and subtraction, the amount of
P, Na, Ce, Ba elements in the remaining
magma has increased. The mentioned
phenomena can be attributed to the
crystallization  and  differentiation  of
Clinopyroxene minerals in the initial stages of
magmatic evolution. So that along with the
removal of Mg element from the magma by
crystallization and subtraction of
Clinopyroxene minerals and reducing its
amount in the remaining magma, Cr and Ni
elements are also substituted for Mg in the
composition of Clinopyroxene and the Al, Ca
elements are removed from the magma by
participating in the Clinopyroxene crystal
network, and their amount in the remaining
magma has decreased with the decrease of Mg.
As a result of the reduction of the mentioned
elements (Al, Ca, Cr, Ni) due to the subtraction
and crystallization of Clinopyroxene in the
initial stages of magmatic evolution and their

removal from the magma, the amount of P, Na,
Ce, Ba elements in the remaining magma has
increased relatively, Therefore, an inverse
relationship can be seen in the graph of the
changes of the mentioned elements (P, Na, Ce,
Ba) against the changes of MgO. The diagram
of rare elements normalized to chondrite values
shows that the change process in the studied
samples is more or less parallel to each other,
this phenomenon indicates the common origin
of the samples. Rollinson (1993) believes that
the negative slope in the diagrams of rare
elements indicates the separation of minerals
that contain these elements in the early stages
of crystallization. The negative Nb anomaly
compared to other highly incompatible
elements may be the most striking geochemical
feature of magmas produced in the subduction
zone (active continental margin). In addition,
the negative anomaly of Nb is one of the
obvious features of continental rocks, so the
negative anomaly of mantle magmas of this
element can be caused by contamination of
these magmas with crustal materials during
ascent and replacement. Also, in subduction
environments of the oceanic crust under the
continental crust, refractory phases such as
Ilmenite and Rutile are stable subducting
metamorphism in the oceanic crust, It contains
HFS elements such as Nb and Ta and by
preventing their participation in magmas from
these sources, they cause negative anomalies in
the resulting magmas. The normalized diagram
of rare elements to the primary mantle shows
that all samples show enrichment relative to the
primary mantle, which is an indicator of
subduction environments. In this diagram, it
can be seen that K and Pb have a positive
anomaly and Nb has a negative anomaly, that
these indicators in the pattern of trace elements
indicate the contamination of magma with the
continental crust (McLennan and Taylor, 1985,
Hoffman, 1997), also, the enrichment in LILE
elements can be due to the contamination of
magma with the continental crust. According
to Wilson, Chappell and White, 1989, the
negative anomaly of Ba-Ti-Nb in magmatic
rocks indicates the formation of these rocks in
the subduction environment. In this graph, the
studied samples show a relative enrichment of
LILE and a depletion of HFS, which can
indicate that the magma Source rock had
Garnet and Pyroxene that did not participate in
melting and heavy rare elements have been
kept in the late magma mantle. The enrichment
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of LILE elements compared to HFS and the
low amount of Nb, Ti and Zr show the
dependence of these rocks on the calc-alkaline
series. Separation and enrichment of light
compared to heavy REE elements in the
normalized diagram of REE elements
compared to primary mantle and chondrite can
be due to the presence of Orthopyroxene and
Clinopyroxene and their subtraction from
magma in the early stages of crystallization. In
basaltic and andesitic liquids, rare earth
elements are incompatible in all minerals and
are only slightly separated, and the depletion of
heavy earth elements relative to light most
probably indicates the presence of garnet in the
origin. The negative Pr anomaly of light rare
earth elements (LREE) was probably attributed
to magma contamination to crustal materials
with low amounts of Pr element. In addition,
elements with odd atomic numbers are
generally less abundant than elements with
even atomic numbers. The graph of Y-Zr
changes shows the role of the fractional
crystallization process in the formation of
rocks in the studied area. The graph of changes
in Rb versus Rb/Th presented by Techameni et
al, (2006) and the graph of changes in the ratio
of La/YDb versus La presented by Pinto-Linares
et al, (2008) show the role of fractional
crystallization in the formation of basic magma
in the studied gabbroic rocks. In the graph of
Ce/Pb versus MgO (wt%) ratio changes
presented by Forman (2007), the gabbroic
samples of the studied area are located in the
territory of the crust-contaminated area. The
average Ce/Pb ratio in basaltic fluids derived
from the mantle is in the range of 25+5
(Hoffman et al, 1986) and in the continental
crust is 3.3. The average ratio of Ce/Pb in the
studied samples was around 2.7, therefore,
contamination of the basaltic melt forming the
gabbroic rocks of the studied area with crustal
materials has played an effective role in the
final composition of the rocks of the area.

Conclusions

» Baghche-Gaz intrusive mass is gabbro,
gabbro_norite rocks.

= Based on the petrographic studies of the
gabbro mass, it is composed of gabbro,

gabbro_norite, which is confirmed by
geochemical data.

The transformation of plagioclase minerals
into epidote and chlorite and clay minerals
as well as the transformation of pyroxene
and hornblende into chlorite is a proof of the
occurrence of alteration processes including
hydrothermal alteration in the region.

The studied rocks are calc-alkaline and
tholeiitic in nature.

The trends formed in the Harker diagrams
confirm the geochemical continuity and
having the same and common origin for the
studied samples.

In the spider diagram, the parallel trend of
these graphs in the gabbro samples
confirms the common origin of the samples.
According to the diagrams distinguishing
the tectonic environment, the formation of
magma in an environment dependent on the
plate margin and the volcanic arc reflects
the active continental margin, and in the
spider diagrams of the trace elements of
these rocks, negative anomalies of Nb, P
and Ti can be seen, which can It indicates
the subduction environment and the calc-
alkaline and tholeiitic nature of the rocks,
and considering that the studied area is
located in the Sanandaj-Sirjan zone, which
has the subduction of the Neotethys oceanic
crust under central Iran, so this can be
consistent.

According to the results of the graphs
presented to determine the type of effective
processes in the formation of the magma
parent of the studied rocks, the rock
formation processes were probably
influenced by fractional crystallization and
magmatic contamination.



