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Petrology of the Almogholagh Mafic Intrusion in the Northern
Sanandaj-Sirjan Zone

Mahboobeh Jamshidibadr”
* Department of Geology, Payame Noor University, Tehran, Iran

Abstract

This research investigated the geology, petrography, and geochemistry of the Almogholagh mafic intrusion in
northwestern Iran (Sanandaj-Sirjan structural zone). The intrusion age ranges from Late Jurassic to Early
Cretaceous. Petrographic studies reveal that the rocks are predominantly diorite and pyroxene diorite, with
essential minerals including plagioclase, clinopyroxene (augite), and amphibole (ferrohornblende to
tschermakite). They exhibit granular, intergranular, and locally porphyritic textures. Geochemical data indicate
that the rocks belong to the calc-alkaline magmatic series, enriched in Large-Ion Lithophile Elements (LILE) such
as Rb, Cs, and K, and depleted in High Field Strength Elements (HFSE), particularly Nb, Ti, Zr, and P. The
chondrite-normalized Rare Earth Element (REE) patterns are relatively flat to slightly enriched in Light Rare
Earth Elements (LREE) compared to HREE, with no significant Eu anomaly. These characteristics, combined
with Sr and Nd isotopic ratios (low #’Sr/*¢Sr initial ratios and positive eNd values), suggest a mantle-derived
magma source within a subduction-related environment, specifically an island arc setting, influenced by
subduction zone fluids. Furthermore, geochemical evidence points to magmatic differentiation through fractional
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crystallization involving significant roles of plagioclase and mafic minerals, as well as the presence of garnet as
a residual phase in the deep melting source (garnet stability field). The present study demonstrates that the
Almogholagh mafic intrusion formed as part of subduction-related magmatic activities in the Sanandaj-Sirjan
Zone during the Jurassic-Cretaceous boundary.

Keywords: Mafic intrusion, Almogholagh, Sanandaj-Sirjan Zone, Geochemistry, Petrogenesis, Neotethys

subduction.

doddo =)

Ol gt )L g5 Jlod 55 @Bly G jangs ViV e e e e ldime; a5y o EYSELT bl (s394 0358

~ sty e geme | (pi5 EYBLIT 055 po ailygeis) Slaasly (i sennd I (S Ol 4 eag Cal el ond e

do,e ol yewgzaiiw (95 (Jamshidibadr et al., 2018) wao o JoSis 1) o Yoo -Fe e sgus b b G;L....a....ﬂ

ol @S logignSs JalSs Sy 50 ()] (5355 (slmodgs anlllas 5 Zew (5lo0 yinS pancisishy g pailoSle (G5 5o slaolays,

ol 5 (cogh o ol SIS ¢ omolidiirmn sla T s 5l golr (dedows ] ¢ 3o (] Bap 35 o0 Cgmms (salS (555
O J58) cel gl pamgaiis (55 5 Gleod slaoosi b o aglie 5 EV53LIT SC8le 0053 (Signss

o908 olbidiiyne) =Y

alass a5 g el ol oold Giuled S juu g owlid ey Al (o é}@.’éuﬂ 9 35— q0kio 0095 ab L ,g 0 009

5 0932 0,5 (5 S b (51815 ) ) Logae oS ol Sigll 2518 0055 51 5205 ilye & ] Cang )05 3509
adsl Glacdly 5 ooy Setdbgiag! 5 Sedligil T S (Bl S 5l o9 e o o] 53 03 b S slaas o
Iy o 039 S50 ool (Slocums S5 .l (I3 (535050 50 5 (Stdl (5o bamagio b 52,4l (59 Jalis
s3> load s Sl 5 Sgnl el aiile syl sla SIS 4 5 4135 18 pacilegulin 5 Lo S il s
Jlezm! 5l abailis queadS @l S 5 T 5ol apnST sloas, b ol jon o SiuSis |5 aigili logaan Sile sla SIS

D9 50 (2] e G 0 )l ) a5 (365,50 ax o el 008l b bLs I s I LSis

112



Ulpl gwlub U g Jwliiygls
VS o Buiuila - 1ol olo o PlgPo

'\/VJ marginal subzone U M . B
;i S pper Mesozoic rocks
P P % S;l.li?daj - ophiolite subzone completely - )mostly under Neogene
irjan : B st
Q 7; e & bisotun subzone  deformed Quaternary cover(
A Y (274 radiolarite subzone subzyme t'\§ Hamadan phyllite
< HERD 5 Uik Palisszle
(Pt 3 ol pper Palacozaic
fe e > Lower Mesozoic rocks
) NN
\g \:.\\‘ i A PzeMZ Palacozoic Lower
S W (p.(. 3] Mesozoic rocks
| o0 Korma R O ey
o \\\\\ a3 R on(:’s& Upper precambrian
" N &3 Lower Palacozoic rocks
2 Dol Central
[/ h Nain S
;\90 i @ Iran % £4 ¥ Urumieh-Dokhtar magmatic arc
790 "~ Shahrekord s\ Vo
. eq ‘\ 3 o % 'S '40 o -ophiollilc and ophiolitic melange
k) & \"\ D = % % Ly
M s trust fault fault
&, | O\ %, - > e
{
9 . % -~ Egli ": - Ty %strikwslip fault .~ contact
Te
o 2 57
; % )
% % X
8/( Neyriz £ @
Arabian :}
Platform o
|28 =]
4

05) )é cS.\.‘!Lc 9 uSa.m.lS dLboé}? .)}35).3 (u c(MOhaJJel et al., 2003) )‘ u.:LJé‘ ubw—cw &.)5) oliﬂ? (JJ‘ .‘JS.&

(Ashragi and Mahmoudi Garaii, 2003) ceul sais e0ls (\lis gy S5 s £Y53ldT (go0game ¢yl g aiinw

b bgy 9 dlge =¥

Jolis et slyr 5 bl waims so Lis |y Slu B (lsee o2 ymeS 45 EVBLalT (bl (358 slacKins 5l aiged s

Labwest Minerals oKiolejl jo «/V=+Y PPM (po £3 jolic 3k, K51 o> L ICP-MS ;0T e 5 5 Lol

Soxe dlgo Slallae oS 12 0 XRF 56T 5 8,5 plosl WR-013 MMS-01 ;0T sleas b Wl wl 525 Analysis

\FY

285 ol ol = ol bl

25 e —)-F



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

6[.:0‘53[5 Ad  pastin ‘5,..4[.......»‘5;[5 LS‘)“) c)al.f .‘a‘uw 9 0y LS)"-“‘SL" G Ls)...,...fl} gf.i) L )55;\.,: 0095 sl

0o s PAN0) S s p5ilS (Gl Sbhogs b Is JSs (S gldmio «sazm doys Fo-F) PSei Jolis Lol
U ol 909,8 9 5l ccom> 30,0 YO-VY) Jgubol 5 (ool o3 Jourial 4 aril> o Cdél a5 Cojel g9 51 o coze>
Yol S Boas S cdl 5 oo oamlive 55 leawals JSIT 5 55,155 (0,0 O 51 2a8) o5 prolis aidly s (CouSloyr
u\..S).» wLw‘ » o kSLé‘ chﬁ 6;[5 u.....a.l.u‘ 9 0092 w)ls 9 us;.\...:‘ J.ALMJ 4454[4 le.mks,lf o )Y}J‘;)—A—A—" 9

(Y JS5) Qg oo (giindids Coy0 S gy 9 Ca e 03, 50 LS (sl SIS

XPLyPPL ;5 ,o Vsl 55l 5 Vil 5 el b jlawals JISIT g DIS9050 o IS o b lo JST5 (sl ol (o g (1Y S
Whitney and ;| ¢ Las! o5le) Vgl 5 sl ol (& wiloass (5%l sl [idu 10 Jomiel lawgs a5 ooy (0

(Evans, 2010

arbgi Y-

Ti0; « FeO pyolie Si0s _zal33l b .canl a8, sloxil gl 2T JBla b digas (2 (59, 52 o858 3 chol yolie 3G
S S 5 PISedh 8 i b LSle &, jols ,Sly a5 wies oo plis aals &g, Eu 4 St MgO CaO P>0s
Rb Wil LILE jole ,5 Fod é sl aisS 4 oad o5l 55l yolie Jlsged ,o ol wils)sn ale Seile
Sl S5 jga> 5 iilys 8 SVl 13l saimslis a5 ssd oo canlie Py Ti Zr Nbolic jo 5L Sos 45 3K Cs
Loy o oS & oud ojle i REE (6481 (Sun and McDonough, 1989) cuul ace ,3 s, 5 o5 pj diile polie
s b logas o canl Sy BU (5 lnial w3l g 059 HREE &y o LREE G Sos 8 6l )o b rbaves
058 50 )18 GLiaisT glougd b s po glacSin oogame )0 aaigai 1 AIAT) ()Kam g oy (SeisiSS Lage

WSlo Liceo 9 (SeigSS oSyl —Y-F

1FA



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

Je5as p cd¥s (Sen REE glacens 5 )55l jolie ol (s8I (ISITSSIE (6w ahozr 5 obanigss slo S5
2lsd b olen o REE 3l s 5 Yb 5 Y 0y juolie ils (owgd bz b laipe (p2])5)8 Laome S5 55 0055
0l Bes 10 w93 gie 10y gyml Jgmial g )8 5l e eilendl slajls 0g>g wge Tig Nb ate Jlogl wisle
sleaws (e.g., Wang et al., 2015; Jiang et al., 2013; Sun and McDonough, 1989) ol (5,5 s lub)
5 &bt Slalllas 5l aS HYX L AYY o e N 5 +/V-FA L VY 0 SIS 0lie Nd 5 St sisl
0l 1) s, s b )T Lol 5 LSle (glanis¥ Licie el o ooliind (Y1) (L) 50n g (g mel 5 (Y2 10) o, Kan
SRl (Ol eemgaiin g5 Sl (V0VF) a8l 5 00l (pum dawgs ool ail)] (SisiSS slagy )l bl 2 0iiS (oo
Azizi ) 5,505 Sile (6355 0555 aiilad o i (s Sedle slrossy plu wiilen 5 EVsBloll il (slaosgs
Sl 00ls 5 4l S blgl b Sl g5 ;3151 03L 50 (Mahmoudi et al., 2011) 05,8 S8lo (g39a5 0045 4 (et al., 2015
OV Jso)

4l S Lol b Sl 52150 (Sloj 03l )0 Ol mmgaiis (95 Sidle (3985 sl 0055 ) Jgur

$5985 0395 £l S 95 G 5 o9 (Ma) s o2 S g5
s
EY 3L Casgpge cuiles | U(Th)- 1YA-20 Shahbazi et al.
\ Pb (2015)
9 08 S5
(4L JSs i
- - s
£Ysilal Caygd S Rb-Sr YYE O FE Valizadeh L
095 O
z & Zarian (1976)
Ol g iis
Pielly 90l5 oSx; | U=Pb | v £ ¢A¥ Azizi et al.
(DKDJ-1) (2015)
9,5l 95 >y | U-Pb AMYEVE£/3 Azizi et al.
(2015)
(KMS-1)
09, 955 oS 05 U-Pb VFQ/YE- /Y Mahmoudi et al.
(2011)

P4



Ul glib iU g puwlidyygl

OliwdS oBuisile - 1EolEolo pog s Mg Po

Neotethys
20 Qorveh-Takab arc granitoids
collisional

> 16 - subvolcanics /

§ M Gondwana Panafrican
2 o West SSA breakup basement
o Paleogene A-type granitoids
L arc granites

R | |

0 60 120 180 240 300 360 420 480 540 600
Age (Ma)

—Tew (9 609"“ stb 0093 (G ﬁ‘;w 5o (o)L'J...u Caodle) @)puﬂ &JL:: 9 6‘39"" 6Lb 0095 ‘yw olill.?- u,.uLo.v Yy Jm
ol 0 43|)‘ (Y’ \7) 4&)3 9 oé‘} Oy .Ia...uy aS Ub)““

S -8

Al 5 ol i 095 00 GRey b ke je (Seigish lacelad 5l pisu plyie 4 ¢V LT Sdle (s39i 0058
o IS argsy (3 Ub G S 5 ol 0 S5 (slo i osd dauomo S 50 4l S byl b S5
o LSl gl Liie s San ST-NA 5igil sloesls s REE sla S35 HFSE Sus g5 s LILE St
o 55 oiledl B lyie 4y SO sgmg s SOV dgxo Job o o] i ek g iilsd 4l SVl S
odury dzesu Ll ey S0 S o Gnlf adllas ol el aiisS stz BB Ges o LSl JSis oasmoylis

Dgdge Cgwe gl 4l S (b s Gl emgaiis (g5 pleSlegisSS

S g s -7

098] mlei oo (G198 Cl o 1) gy (nl plasl oS 58 ply oiily plaghy Ciglae wied) )l sla gl
Q30591 wal )8 1y udizd ol slas jgliws (sadl)|

&l =Y

Agard, P., Omrani, J., Jolivet, L., Whitechurch, H., Vrielynck, B., Spakman, W., Monié, P., Meyer, B., Wortel,
R., 2011. Zagros orogeny: a subduction-dominated process. Geological Magazine 148, 692—725.

Amiri, M., Ahmad Khalaji, A., Tahmasbi, Z., Francisco Santos, J., Zarei Sahamich, R., Zamanian, H., 2017.
Geochemistry, petrogenesis, and tectonic setting of the Almogholagh batholith in the Sanandaj-Sirjan zone,
western Iran. Journal of African Earth Sciences 134, 113-133.

Ashragi, S. A., Mahmoudi Garaii, M., 2003. Geological report of the Tuyserkan Sheet, scale (1:100000). Iran
Geological Survey and Mineral Exploration country, Tehran, 12 p.

Vb



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

Azizi, H., Najari, M., Asahara, Y., Catlos, E. J., Shimizu, M., Yamamoto, K., 2015. U-Pb zircon ages and
geochemistry of Kangareh and Taghiabad mafic bodies in northern Sanandaj—Sirjan Zone, Iran: Evidence
for intra-oceanic arc and back-arc tectonic regime in Late Jurassic. Tectonophysics 660, 47—64.

Hassanzadeh, J., Wernicke, B. P., 2016. The Neotethyan Sanandaj-Sirjan zone of Iran as an archetype for passive
margin-arc transitions. Tectonics 35 (3), 586—621.

Jamshidibadr, M., Collins, A. S., Salomao, G. N., Costa, M., 2018. U-Pb zircon ages, geochemistry and tectonic
setting of felsic and mafic intrusive rocks of Almogholagh complex, NW Iran. Periodico di Mineralogia 87,
21-53.

Jiang, Y. H,, Jia, R. Y., Liu, Z., Liao, S. Y., Zhao, P., Zhou, Q., 2013. Origin of Middle Triassic high-K calc-
alkaline granitoids and their potassic microgranular enclaves from the western Kunlun orogen, northwest
China: a record of the closure of Paleo-Tethys. Lithos 156—159, 13-30.

Mahmoudi, S., Corfu, F., Masoudi, F., Mehrabi, B., Mohajjel, M., 2011. U-Pb dating and emplacement history
of granitoid plutons in the northern Sanandaj—Sirjan Zone, Iran. Journal of Asian Earth Sciences 41 (2), 238—
249.

Mohajjel, M., Fergusson, C. L., Sahandi, M. R., 2003. Cretaceous—Tertiary convergence and continental collision,
Sanandaj—Sirjan Zone, western Iran. Journal of Asian Earth Sciences 21 (4), 397-412.

Pearce, J. A., Harris, N. B., Tindle, A. G., 1984. Trace element discrimination diagrams for the tectonic
interpretation of granitic rocks. Journal of Petrology 25 (4), 956-983.

Shahbazi, H., Siebel, W., Ghorbani, M., Pourmoafee, M., Sepahi, A. A., Vousoughi Abedini, M., Shang, C. K.,
2015. The Almogholagh pluton, Sanandaj-Sirjan zone, Iran: geochemistry, U-(Th)-Pb titanite
geochronology and implications for its tectonic evolution. Neues Jahrbuch fiir Mineralogie — Abhandlungen.
Journal of Mineralogy and Geochemistry 192, 85-99.

Sun, S. S., McDonough, W. F., 1989. Chemical and isotopic systematics of oceanic basalts: implications for
mantle composition and processes. In: Saunders, A. D., Norry, M. J. (Eds.), Magmatism in the Ocean Basins.
Geological Society, London, Special Publications 42, 313-345.

Valizadeh, M. V., Zarian, S., 1976. A petrological study of the Almogholagh, Asadabad and Hamedan plutons.
Journal of Sciences, Islamic Republic of Iran 8, 49-59.

Wang, G. C,, Jiang, Y. H., Liu, Z., Ni, C. Y., Qing, L., Zhang, Q., 2015. Elemental and Sr-Nd-Hf isotopic
constraints on the origin of Late Jurassic adakitic granodiorite in central Fujian province, southeast China.
Mineralogy and Petrology 109 (4), 501-518.

Whitney, D. L., Evans, B. W., 2010. Abbreviations for names of rock-forming minerals. American Mineralogist
95 (1), 185-187.

A}



	21

