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Fig. 1. Location of calcite deposits of Urmia lake south basin (Ghare-Gheshlagh).
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Fig. 2. 1:100,000 geological map and sampling sites in Ghare-Gheshlagh calcites, modified after Eftekharnejad (1973).
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Fig. 3. XRD diagrams of samples of Ghare-Gheshlagh A: Green calcite, B: Pink calcite, C: White calcite.
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Fig. 4. White and brown (Iron oxides included) color calcite layers in white marble of Ghareh-gheshlagh.
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Table 1. XRD diagrams of samples of the Ghare-Gheshlagh: Green calcite, B: Pink calcite, C: White calcite.

% % % %
Formula  Dolomite  White Calcite Pink Calcite Green Calcite
SiO, 0.16 0.25 0.11 0.16
Fe,O; 0.45 2.33 0.3 2.29
MnO 0.05 0.05 0.67 0.15
MgO 17.5 0.29 0.55 0.53
CaO 35.19 53.89 54.45 53.4
SO, 0.05 0.3 0.2 0.36
L.O.1 46.52 42.8 43.6 42.96
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Fig. 5. Spider diagram of major oxides in calcites and host rock of the Ghare-Gheshlagh. 1, 2, 3, 4 and 5 in horizontal
axe indicate Dolomite, White calcite, Pink calcite and Green calcite respectively.
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Table 2. Average continental crust normalized of trace elements in dolomite and calcites of the Ghare-Gheshlagh

(Ppm).
Elements  Dolomite Green calcite White calcite Pink calcite
Rb 0.237 1.036 0.838 0.303
Ba 0.022 0.191 0.132 0.034
Th 0.225 0.55 0.281 0.257
U 0.904 1.492 1.48 0.84
Nb 0.002 0.008 0.002 0.002
Sr 0.283 1.22 0.989 0.351
P 0.076 0.397 0.151 0.15
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Fig. 6. Spider diagram of trace elements distribution in calcites of the Ghare-Gheshlagh.

JeSzs 6l S el JUsS1550 &g 4y CuisST)]
Cd> 093 an |y (g i CO32-)‘J~E.A 9 il 958 yols
slozsl s 5 sl JUsSi%n JS5 a9 5 aloiioo
oy bl ey U o8 sl ol 5o )y oS
oles colh JSlas e Lo 9 ST e 45 WS
395 Jol> (6 s Tz glod Ly 5 ST cale o amilir
SIS Cgmsy 4 £55 Sl 5B plgieds CondS 50 0
pgumsl ol Jlaie (Sunagawa et al., 2007) 5,5 aaly>
=123 o als 5 aslllas 05 ddlate SodS sladiges o
5 S oS5 (gl Lyl 1 g el i 50 ppm 427

el 0351 ol JopendS Sl S sledslone

Eu s lxat
sl asie p3 L s 45 e 5 5
5o Wles o Jele cpl 5l oolaiwl el EU (g, lxial alxe
Olee 5 el - 2l Sl 51 LS5 lae g5 (olulis
oS asily,S =0T sloapis 5 LS_23 Lo e sl
Moller, 1992; ) a_sb a sl bl
Sile sladiges 5JUT 5l ool L .(Sverjensky, 1984
S o (Sl slaazly 5l S e BU (bl s
sl cawsas 01997 4 01247 0/087 1y s s g o
(3 Jse=)

Bau and

5| o9y dae g9 i (6l SI/BA s 1 solaal
58 alaSle slapl cdled 5 (gl L 5 (o8,
30 s oyl 509Y L a5 oulls paseiie g ol 428 S S
b3l atng 10 arieS SleSle slpl cled L 42/6 o>
G loie s (Cheng et al., 2013) o,ls LLs)
L 3/18 aials jo anlllas 8,90 dikaio slaceds ;o Sr/Ba
sl U pace 5 6lo,BB pgw, dare ,Silo s ,0 5/21

ol gl 5o oSl

oSy g oS Crguny 33 o gumansl sl ik
! slebazme o 48 col (g polis aloz Sl el i
08,5 CaigS L g conndS adanigd ceels wilgs oo wliy,S
a5l e e Sr¥* Ol 40 CioS1)T yobaigs
oS0l lelas 4o (Sunagawa et al., 2007) 5
ComadS 50 pgadl il oy a> Jlase a5 o ly Sy
Sl b ewioST 5o Jlade cpl Jg 054 ppm 1100-440
el s ;o ppM18500-4900 asals ;o (6 puKoix
3 pomwdl il ialy 3l e le (Ortega et al., 2005)
Lo S (uilin 0,955 00e 4 CondS 4y Zod C3S)
6 cods ;0 39 cussS)T )oCa2+wb.io)5:5 DAe D9 o
&9 1wl € 5l 55,5 81 S glady ()b 5l 5 009
29 =S JSb A colS (gl et )°Ca2+

(@hido 8 ailaie Sk slaaiges ;3 BU (g lniali (50 3 Yooz

Table 3. Eu anomalies in average samples of the Ghare-Gheshlagh.

Green calcite

White calcite

Pink calcite

0.087

0.247

0.997
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Table 4. Ce anomalies in average samples of the Ghare-Gheshlagh.

Green calcite

White calcite

Pink calcite

0.0131

0.0241
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Table 5. Volume of the calcite deposits in the Ghare-Gheshlagh.

White calcite Green calcite Pink calcite

1703 79679 63778
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Table 6. Index-Rock decision matrix in the Ghare-Gheshlagh.

AC; CaO Eu Anomaly Ce anomaly Sr Volume

Pink calcite 54.45 0.997 0.0241 0.35 63778

Green calcite 53.4 0.087 0.0131 1.22 79679

White calcite 53.89 0.247 0.0113 0.99 1703
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Table 7. Index-Rock normalized weighted matrix in the Ghare-Gheshlagh.

AI\Cj CaO Eu anomaly Ce anomaly Sr Volume
Pink calcite 0.583 0.967 0.812 0.218 0.625
Green calcite 0.572 0.084 0.442 0.758 0.781
White calcite 0.577 0.24 0.381 0.615 0.017
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Table 8. Geological and geochemical index weights in the Ghare-Gheshlagh.
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Fig. 7. Diagram of geological and geochemical index weights in the Ghare-Gheshlagh.
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Table 9. CL" values for calcitic units in the Ghare-Gheshlagh.

CL" (Pink calcite)

0.837

CL" (Green calcite)

0.445

CL" (White calcite)

0.157
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Fig. 8. Graphic diagram of the optimum sampling formations for geochemical investigations in the Ghare-Gheshlagh.
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Introduction

Several valuable calcite deposits are located in
Ghare-Gheshlagh, south basin of Urmia Lake,
NW Iran. Ghare-Gheshlagh area is situated in the
northern part of tectono-sedimentary unit, forming
NW part of Tertiary Sanandaj-Sirjan geological
belt (Stocklin and Nabavi, 1972). The
predominant rock types of the area include light
color  limestones (Qom  Formation) and
Quaternary alluviums and underlined dolomite in
depth (Eftekharnejhad, 1973). The thickness of
these units varies between 10 cm and 6 meters and
up to some hundred meters in length.

In the present study, the effect of geochemical
parameters responsible for precipitating calcite
from the carbonate aqueous fluids is interpreted
by the TOPSIS method to find the most preferable
sampling sites and geochemical data.

Materials and Methods

A total of 20 samples were taken from a NE-SW
trending profile including 15 calcites of fresh
surface outcrops (5 samples per each colored
calcite units) in order to determine the nature of
the rocks. The mineral assemblages were analyzed
by optical methods in combination with XRD
powder diffraction analysis. Major elements were
determined by X-Ray Fluorescence Spectrometry
(XRF), trace and rare earth elements were
determined by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) in Geological Survey of
Iran.

Results
The abundances of trace elements were
normalized to the continental crust values (Taylor

*Corresponding authors Email: manrezaei@yahoo.ca

and McLennan, 1981). The green calcite revealed
enrichment in Rb and Sr, while green and white
calcite were enriched in U. The U enrichment in
the green calcite indicates the reduction condition
of deposition. Incompatible elements such as Ba,
Th, Nb and P depleted in all calcites. Varying the
Sr/Ba value between 3.18 and 5.21% indicates the
continental deposition environment and non-
magmatic waters as well (Cheng et al., 2013). The
Sr* content of calcites varies from 123 to 427
ppm, indicates suitable condition for -calcite
precipitation.

Eu anomalies for green, white and pink calcites
were varied 0.087, 0.247 and 0.997 respectively.
The low amounts of Eu anomaly for green and
white calcites attributed to low rock/fluid ratio
(Neshitt et al., 1990) and relatively more pH value
(Cheng et al., 2013), however, increasing the Eu
anomaly may be due to high rock/fluid ratio and
less pH value. Ce anomalies are 0.0241, 0.0113
and 0.0131 in pink, white and green calcites
respectively. The most negative Ce anomaly
values show that calcite have precipitated under
reduction conditions (Nesbitt et al., 1990).

Discussion

Recently, multiple attributes decision-making
techniques help scientist to solve decision-making
problems related to various controlling factors
(Zhijun et al., 2013). One of these techniques is a
Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) which is a quantitative
weighted method (Momenei 2006). The identified
criteria are CaO abundant in solution (C1), Eu
anomaly (C2), Ce anomaly (C3), Sr abundant
(C4) and volume (C5). The Index-Rock matrix
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also includes Al, A2 and A3 alternatives; as pink,
green and white calcite respectively.

The weighted normalized decision matrix can be
calculated by multiplying the normalized
evaluation matrix with its associated weight to
obtain the result. The result show that Eu
anomaly, volume, Sr abundant and Ce anomaly in
order have higher role to investigate the
geochemical study of area. Calculation of the
relative closeness to the ideal solution (CI *) for
pink, green and white calcites are 0.837, 0.445
and 0.157 respectively. It can be deduced that the
most preferable calcite to be sampled for
investigating geochemically are pink and green
calcites.
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