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The granitoid intrusions in northern Ahar is located in the south of
Kaleibar city, NW Iran. The granitoids are essentially composed of
granite, quartz-monzonite, microdiorite, monzonite, monzodiorite, and
porphyry granodiorite with granular, pegmatite, graphitic and perthitic
textures. The I-type granitoids are shown by meta-aluminous nature and
have a range of sub-alkaline to alkaline rocks. The main minerals of these
rocks include quartz, alkali feldspar, plagioclase, muscovite, and biotite,
and minor minerals composed of titanite, zircon (allanite, apatite, and
pyrochlore). The Ahar granitoids chondrite normalized REE pattern
shows an M-type tetrad effect pattern with a strongly negative Eu
anomaly. This M-type tetrad effect indicate the final stages of granite
magma evolution accompanied by interactions with coexisting fluids. The
Y/Ho and Zr/Hf ratios in the basic to intermediate igneous rocks are close
to the chondrite ratios, which indicates the CHARAC behavior of these
elements in the melts. The La/Nb and La/Ta ratios show an inverse
relationship with the tetrad effect. With increasing fractionation, the Rb/Sr
ratio in the rocks increased, and as a result, the tetrad effect of the granitoid
samples of north Ahar occurred in a higher range of Rb/Sr ratio. The study
of the trace element ratios, especially geochemical pairs, indicates the
non-CHARAC behavior of these elements.
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Extended Abstract

Introduction

Patterns of rare earth elements are widely used
to investigate various geochemical processes.
REE tetrad effects are one of the features
observed in REE patterns normalized to
chondrite, which can be a useful tool for
interpreting geochemical information of
rocks. The REE tetrad effect was observed for
the first time during experiments on
lanthanides in a liquid-liquid chemical system
(Siekierski, 1966; Peppard et al., 1969). In
these experiments, the  distribution
coefficients of lanthanides in chemical
systems were investigated and it was observed
that the distribution coefficients of lanthanides
create a pattern in the form of four separate
parts according to the changes in atomic
number. In addition to these parameters,

which decrease with the increase of the
covalent characteristics between the cation
and the donor complex (Bau, 1996), therefore,
the type of ligand involved in the donor
complex of lanthanides may increase or
decrease the electron repulsion and as a result
affect the behavior of lanthanides in
geochemical systems (Kawabe, 1999). In this
research, the aim is to investigate the tetrad
effect on the granitoid intrusions of north and
east of Ahar in detail and also to investigate
the behavior of rare elements. Especially
geochemical bipolar in tetrad effect systems
should be discussed.

Material and Methods

In this research, 57 thin sections were
prepared and analyzed to examine the
petrography of the granitoid intrusions in the
north and east of Ahar, as well as the
surrounding volcanic and metamorphic units.
The main oxides were measured using the
XRF method with Rigaku ZSX Primus II
model and the concentration of trace and rare
earth elements were examined by Inductively
Coupled Plasma Emission Mass Spectrometer
(ICP-MS) model Agilent 7700 X in the Iran
Mineral ~ Processing  Research ~ Center
(IMPRCO).

Discussion and Results

The magmatic activities in the Ahar-
Arasbaran belt started less than 20 million
years ago with the presence of intermediate to
acidic  Eocene  volcanic rocks and
subsequently continued with the emplacement

of Oligocene-Miocene granitoid intrusive
rocks (Lescuyera and Riou, 1976; Hezarkhani,
2006). These intrusions mostly belong to I-
type granitoids with meta-aluminous to per-
aluminous nature, which include a range of
subalkaline to alkaline rocks (Jamali et al.,
2009). The Shievardagh igneous complex (or
Ahar batholith), with an approximate length of
30 km, a variable width of 3 to 10 km and an
E-W direction, is considered one of the most
important magmatic events in the Ahar-
Arasbaran belt. From old to new, this
collection includes carbonate rocks and
submarine volcanics (Upper Cretaceous),
sedimentary-volcanic sequences of latite and
ignimbrite (Middle Eocene), granodiorite and
Shievardagh diorite rock (Oligocene), and
basalt and andesite alkali rocks (Quaternary).
Using U-Pb dating of zircon crystals in the
Shievardagh intrusive rocks, an age
equivalent to 23 to 30 million years has been
obtained for this mass (Aghazadeh, 2008).
The descriptive geology of mineral deposits
related to these ore intrusive rocks around the
Shievardagh batholith is as follows:

Anjard

The composition of intrusive rocks varies
from quartz monzonite to granodiorite and
porphyry dacite. The main minerals of quartz
monzonite rocks include K-feldspar, quartz,
plagioclase and biotite. In the petrographic
study, this rock is monzodiorite and quartz-
monzonite and has a granular texture and
includes plagioclase minerals, K-feldspar with
pertite texture, and secondary minerals
include sericite, clay minerals, carbonate,
magnetite, titanite, and apatite.

Aghdarragh

These rocks often outcrop in the north and
southeast of Aghdargh. After that, during the
Oligocene, the Shievardagh intrusive rocks
with granite, monzodiorite and quartz-
monzonite penetrated these units in several
stages, and later, the whole complex was cut
by dykes with an acidic to moderate in
composition. In the studied area, Cu-Au-Fe
polymetallic mineralizations in the Chupanlar
(hosted by quartz-monzonite), Ayran-Goli
(hosted by granodiorite) and skarn
mineralization between the quartz-monzonite
stock  (Oligocene) and  recrystallized
carbonate rocks.

Sheleboran

A large part of the intrusive igneous rocks
exposed in the geological map of Sheleboran
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belongs to the granite to monzogranite
porphyry rock unit. This unit penetrated into
the Paleocene-Eocene and Eocene outcrop
units as a subvolcanic unit and a part of the
dikes exposed in the area. It is a subvolcanic
igneous rock with graphic texture. Alkali
feldspar is the main mineral of the rock and its
transformation into clay minerals and a lesser
amount of sericite and pertite texture can be
recognized in it. Plagioclase in this rock is
relatively coarse-grained, which is observed
in a limited amount in the rock, and mostly has
a brief transformation into clay and sericite
minerals (Zarkav Company, 2012).

Conclusions

-The pattern of REE abundance in the north of
Ahar granitoids shows the M-type tetrad
effect, which is accompanied by a strongly
negative Eu anomaly. The negative anomaly
of Eu in the rocks of the region due to the
segregation of calcic plagioclase, the
remaining of calcic plagioclase in the melt
slag phase of the origin, the work of Eu in the
fluid phase during the melt-fluid response due
to the high distribution coefficient of this

element compared to other REEs in the phase.
K/Rb, Zr/Hf and high K/Ba and Rb/S ratios
indicate non-CHARAC behavior. Combining
petrographic and geochemical data shows that
the tetrad effect in the studied area is
controlled by the segregation of REE-rich
crystals and melt-fluid reaction.

- Investigating the behavior of trace elements
in the granitoid rocks of north and east of Ahar
show that the behavior of trace elements in the
granitoid samples. Most of the ratios of trace
elements for the granite samples of north and
east of Ahar show non-CHARAC and non-
chondritic behavior.

- The significant presence of micas, secondary
muscovitization, deuteric alteration, and
pegmatite indicates the large volume of water
rocks in the north and east of Ahar in the final
phases of magmatic crystallization, which
creates a coexistence fluid-melt system and as
a result of the tetrad effect.
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Fig. 1. Modified geological map showing the distribution of Cenozoic granitoidsin the northern part of the Ahar, based
on the 1:100,000 maps of Ahar (Mahdavi et al., 1987) and Kaleybar (Mehrparto et al., 1998).
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Sl Sl o ks sl (e (Jomial sl Sl
5 e Ol 50 Kbl wuiife 5 Cuslon gons]
polie LS opl jo Ll QJLQT yolie 9 51,8 olic
sanlie Coslind ¢ 8 5 bl il sl S5 gl )3
o Slghd 4 waen 6 jolie 5l e Ul ,5b
bl glacdl 5 (28 Gla Sl cnl Hpa> 09d o0
S, 0 @l 56 S slee 5l e Sl
yolie non-CHARAC L CHARAC ' leis

AV JS8) o) leadgndl S onl yo leS

SIS -F
Wgls slacdl glls jal 3,0 5 Jlod glacuils
A S g Glewald JWIT g 350eS) (SIS
ST sl 55,15 2 ol St oyl ol (gl SIS
5 (CodD) WSl (Csn 5 olS e, WD)
g ol 4 e se 3 2,8 Gl S 5l cwl Cugn
95 5l Boes beows o bW a3l 2,8 o Lil oS 5
oS (AT JS8) a1 gl S L o] o Syt
b asiws ae JUS SN G cld 5l cuS 5 bl )
sles sasasylis (lS9,Sie jpa> uized g iy
i (CF S) el S ol LS Sl
e ol ) LSS 5 Eui 5 CaSayee clacdly

' Charge-and-Radius-Controlled



@ VE-0 oliasl 5 e ¥R oleds Y+ 090

@) oldiome) (g (sloadly

0.8mm f 0.8mifn’

& B

ol ol yod &y (5 315 9 el (o858 LS yei> (A, B, G E, G, H . 5llas adlin gudgieslyS sbrosgi (6,0 pglai ¥ IS

Allanite

e rY .

1o Sl ol yod &1 yy Bl yguder (D el )T g 50 jal i yd CundlUT jgudo (F (Jgmol 5US 313Uy «j Lol JISIT 55 lg8

podld JIIT Lauwgi US55y (iundiler 3150 CenSlo o Ol (o5 3205 9 cotasl e g < Jgeatol 3 3US 505U o Lwild JISIT
Fig. 3. Microphotographs images of granitoid rocks A, B, C, E, G, H) accessory minerals sphene and zircon associated
with quartz, alkali feldspar, plagioclase, amphibole, and biotite; F) coarse-grained allanite in biotite granite, D)
Presence of perthitic texture with quartz, alkali feldspar, plagioclase, amphibole, biotite, sphene, and zircon minerals,
I) Myrmekitic texture formed by the replacement of plagioclase by alkali feldspar.

5 02l GlaS g - (STl (xb Glao] iiSen
e 5 algls 13999 wl) o5 ol pH> B s 35
&gty Yb g Dy bl W g5 ol 31 6631 50 (1244
9 logule) Wglioe ol so9m0 Zjgou Br g Jop
JESORIK SRS ARNCHEE) Y PSFINICTC AL VA DR FLONS
Sl dQVAAY (S g 1o gusle) s s live cpuz giz
ol JlasS Jb 0 gd co 00y il F slaSn o LUl
Sl gy ST 5 ai s slo] o WEW g5
ol Sglie WalS W g Mol 31 slagSIl Wy, 095 oo
alels ;5 alElas jsboay Ugare W L s M g4 81,5 &l
ol Sl oS 5 el ol b digdoe palls (anb gl
ety o0 3l ooz g5 aS odl LIS 3 Mg Wogg
SV Ve () S g gl5) sl W g M g45 01,5 3l
g bgls gl olg0 san 1o o yaiS 4 0als ey REE
AL alie o g aSl it Blo gy se b
My Q7 w0l o) glrgle plerd e ol

G -0
2l Jlos godginil,F clodgs 48 31,5 1 -1-8
o oS Gty S S Sas sl Sagts 055 FT g
IR Ght s GlS Gl S @il ol dxpe
3ol olass (st e Jlo jo il clie Wlas F
kil o) pole 0 35 ) 4 ol Kaag
) Slie g5 99 4 (VAAY) (S0 5 Isgusle b e
e ol 3l aie S o Lal Woggi g M g Jimy w0l 5 1
Sz CoynS 4 ol )rige REE (gla gl a5 ol sae
ool a8 WIS Glle 4 1) e b asme i
Slyss b cliie REBs oleand 9 (S058 la Sy
oeli (ame) M ggi 5 (aie) Wi il (539,201 |
0938 o Kot 5 alS) wigds oo

5 @by Al dlge o b (i Wogg ol il
(HSer g bguwle) cal oais b )5 Sal gk,

LW g ol 31 olg o Blislej] & jg0as (1AVA



rsotinn) 5 (6 S (o2 OLes 5 piar ol

(V¥ S 5 aSg0 1999 (5 ) 19T dogule)

9 Jol8 slac o0 o s Irber (g 4 o150 51 drloce

5 lez 5 sy ol Gebo ool (S 0l polis 580

A ol Gaass Sl Glgson |y O Groges 9 ol e

G PmM paie 058 JJo a4 pgo o5 0,5 colaiwl ol 5

arwgs oo 4 p)loz ST iz s b ool

pow g Jol ol i polae Y WP oolaru! o L;.ab
199 0 dpliee Jaslg, (pl 5l ol Slas o pioren g

Eu/Eu”=Eu.,/(Smc, XGd.,,) 12

T =(Ce/Ce'xPr/Prt)

Ce/Ce'=Cecn/(Lacn?*xNdn'?),

Pr/Pr'=Prey/(Lacy 3xNde )

t=(Tb/Tb'xDy/Dy")">

Tb/Tb'=Tben/(Gden?*xHoca' ),

Dy/Dy'=Dyen/(Gden'*xHocn??)
TE 5=(tixt3)*®

s o gl ) Bsgame 4o (TEr3) ol 5l polis
b, L s Cl cyyusS wsibe ol il oysa REE
S5l e yolis (VAVE (o San 5 |1galST) 555 o
- o0 Olgse 01,5 31 61 ls REE (slagSl 51, (TE1,3>Y)
(TE13) o5 5l a0 ool dewle jlade ST o .09
Sz Sl gesls &) ol Sladl S5l 555
s oy opl o andl el ol 31 a8l sl S
JB ol S o VY 5l 53 55 polie b oladiges
Sra Sype & Ol (S 1) e (pl s az g8
REE slagSl o ol ol jl as glaigSay 0,5 s
4 TR b oladigel 50 capasS 4y oad rig
OYAY o Ken 5 olle) oiied uj, BB s>
S VN Gl S5 sa8sil)S 0ags sl TE1s el )l
Slp aze BB ol JI sasasylis a5 )V Jguz)
315 31 6eSI K00 (o )l sl S 6098 sla S
CodY/HO  polie BUislazs jo wlgs oo lbeadl )3 50
O Slleasl g Jod by oS cplogd oloyl cojuus 4
55 0 o155 1 LS5 05 o S Do~ Jlw
Il Jhm e 2aSTy alaulsay W SLREE
85 ol o sloJySlye s oy slodegama oSt
G 5O et (reb Gl aea b a5 g
2 Slosg 8l Sl olie 255l oloy S il
OAAY e g logule) oo of 25 sagay

sl S 0095 (sosls iy ,uiS dy 00l iy (56X aS oo
ol oo M g95 015 51 basma )i gy ol 5,8 9 Jlods
slaglea o (F JS5) casl Bussad ate s)lmia o b
Ol g Sgd oo JuS aslIS g5l At eI Eu
e )l e Gl o Seald Olde a3l g5l
O 5 (J(VVY (Guidg)) 29800 lie o Bu
(sl i o ol sl aS Wadiae (Y4 +V)
Sl b o 3 sarisial S lo S 25 § o
Slae ol (b 3 b g gl S dly S (Laduogd
a5 aie b ol ol izman 058 IS5 gadsnilS
S Sl 3l helS L8, SlF slaSons s M ggiol s 5
oS o el S ol g ool Lt |, Si il
8 3lse 5 ST yolis 5l 8 S S sl sl
2008 A e g mjsd 0976 o S )ke 4 Zanl osalis LB
O glas g el S 0ims S5 o S L peiinns bL3 )|
5 byl F onims JSis alizee o S5 4o ol 5
Jle (sl cutls aalys  slian 156 S KiwREE (565!
35 Sl JSis (595 32 990d 5ok 4 LREE I o sla S
5 658 ol Kby 35 oo p3GREE pgo 5 Jgl g5
Kinked REE patterns lgie 451, REE &3 355 (593l 43 30l
9 Sl wlad 5k s el la S 3yd ) (2L
(R LS 1AM () Sen 5 sy ) AAS o) [Son
slaaiges olordinme) 5 60K sloosls il
Sl Sla S &5 ansie ol el sasiils
5 bl eailD (o8 5 (Usmiel 5 Sim Olowald)
Sy o0 a0 S o S 0 ST oSGl g
Slde i yeks (b o REE I (o8 sl S5 jols
Sl =l oo ol g coihl 3,5 s 5 (55
g pos g Kinked REE Patterns (¢3! olow) 4

0398 ) Sen 5 alslS) 553 oo y2eie Nd 5 SM (s
ol 5l plaS o a5 cowl glasgS 4 M ggi ol il
c e s Ll 5l plie g5 Baiaslis
gl Sl ol olgig M oggs o5 Sl 6l g,
3 e S ek 4y 0gh oo oamline ¥ Jgaz y0 a5 (VAQY

55 o155 5551 45 sy gn bl wigSal Lals,
5 Yb gDy Sm Ce bl ;0 o920 slo sove LM
ol Br 3 Gd Nd bl ;5 Jsj sl simie puioan
(o5 Dyt oL Gl ey Sl 6lp edie
25,5 al)) il lbne laghs, olSiash



Y1) VE-0 sl g Jlee ¥ ojlals Ye 0)90

@328 (olidiope) (55 sloasdly

@Sl Dls (pw)p 0 atlh plped Wlg o
0287 b)) osd eolanl
La/Nb Nb/Ta K/Rb K/Ba Zr/Hf .;Y/Ho Sr/Eu

slcas ol

rolis JL8) izen g 2leSle slaan])8 5l (6 Sy
sl gl alal, 5 (LSl aibels Jou (b olas

M)

Jlod (s3gislS 8095 (sl 315 J B g5l (o) 612
slogligs [l8) 5 jolie alardipe) Giams ol
Eu) Sobge 28,5 15w, 9)90 (olerd )
Zr Nb Ta Ce Pb) HFSE 4 (Rb K Ba Sr LILE
Sl 5l o asli flged il o beodl )3 50 (HE
g Gy (Veo¥ (e g 1s55) 0gd oolazul o
wlie (S8l Ly Sg gled b grolie palax

Sample/ REE chondrite

100

joy8 =olg> e
sl esed =5 g1
- o34 4L
=slill gl

S T

La

Ce

Pr Nd

Pm

Sm

Eu

Gd

To

Dy

Ho

Er m

Yb

I
Lu

Al (Sody Ky ol asuino BT 50 o1y 1 a5 8l Jlod owl,F sladiges (1AVE ofygolSh) o S &) sud ylaiga o5 F JSCb
ol 31,35 31 b A g S

Fig. 4. Chondrite-normalized pattern (after Nakamura, 1974) for granite samples from northern Ahar, showing a
distinct tetrad effect. The trend of filling of the 4f electron shell aligns with the tetrad effect.

Table 1. Results of tetrad effect calculations and associated parameters in north of Ahar granitoid samples.

2 Jlonds szl S (saiged 50 (T b ad o (sadge 5 31,5 &l il bl i ) Jour

Sample no. | AJ-05 | GO-01 | GO-02 | Za-03 | Za-07 | Sh-05 | Sh-07 | Sh-10 A24 A25 A34 | Chl6 | Chl8 | Ch20
Rock type | <usoslS | CosmoslS| Coisiise | Caisiise | CasmosS | ol Sorisd Cajsosl S| Sdsiise | CusmoglS | CunmoglS | Cuigbeils| Cuiing | Copdds | CamlS i
XREE 26.98 3336 | 31.37 | 29.37 | 32.03 | 38.89 | 23.18 | 33.65 | 181.48 | 114.25 | 142.13|152.48|171.78 | 186.46
EwEu* 0.16 0.11 0.12 0.09 0.11 0.20 0.09 0.17 0.33 0.28 0.27 0.29 0.25 0.26
Sr/Eu 4450.94 1 2516.33 [6256.38|3931.20[ 6892.75 |3650.81|7581.60| 4731.15 | 397.50 | 1476.36 | 524.00 | 811.54 | 604.62 | 493.33
Zx/Hf 49.07 65.76 | 79.26 | 88.85 | 49.85 | 48.36 | 47.99 | 53.25 12.79 5090 | 17.09 | 21.18 | 21.35 | 16.06
Y/Ho 28.33 29.17 | 42.00 | 33.64 | 50.00 | 30.77 | 26.15 | 30.00 36.50 30.50 | 27.80 | 27.25 | 2529 | 25.75
K/Rb 3839.17 | 1056.62 |2794.281915.35| 4116.26 [3038.70(2125.00| 3584.74 | 282.56 | 978.23 |324.94|595.54|509.44 | 430.33
K/Ba 33.79 7346 | 25.21 | 43.80 | 30.76 | 27.08 | 31.90 | 21.89 48.04 43,66 | 46.80 | 32.23 | 41.65 | 42.13
Nb/Ta 10.97 14.94 18.94 | 1291 14.06 | 12.75 | 11.80 14.31 1241 17.87 | 1397 | 1698 | 18.88 | 14.61
La/Nb 0.54 0.30 0.35 0.37 0.73 0.90 0.29 0.75 1.70 0.76 1.33 1.57 1.07 1.07
La/Ta 5.95 4.55 6.67 4.80 1030 | 11.48 | 3.45 10.71 21.05 1356 | 18.61 | 26.58 | 20.17 | 15.58
Rb/Sr 0.01 0.15 0.01 0.04 0.01 0.01 0.02 0.01 0.26 0.02 0.20 | 0.05 0.09 0.11
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Fig. 5. A) Mantle-normalized spider diagram showing granite samples, indicating depletion in Ba, Sr, Eu, and Ti, and enrichment in
U, Rb, K, P, and Pb. B) With increasing Eu depletion in the granite pluton, the intensity of the tetrad effect increases. C) The Sr/Eu
ratio for samples from the northern Ahar pluton is in a very high range, and an increase in Sr/Eu ratios corresponds to an increase
in the tetrad effect. D) As the total concentration of rare earth elements (XREE) decreases, the tetrad effect becomes more

pronounced.
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Fig. 7. Zr/Hf vs. Y/Ho diagram (after Bau, 1996). Samples exhibiting the tetrad effect generally show non-CHARAC behavior,
indicative of hydrothermal systems. Granite samples from the northern Ahar also display non-CHARAC behavior.
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Fig. 8. A) The tetrad effect intensifies with increasing K/Ba ratio. B) The tetrad effect also increases with decreasing
K/RbD ratio, relative to the average values for granitoid rocks.
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