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recent years, sediments have been subjected to the wind erosion and thus are an important source

for local and regional emission during dust storms. In this research the south and west sediments

of the Urmia playa lake have studied on the parent rock issue. Bivariate plots such as Th/Co versus

Keywords:
Urmia Lake La/Sc and TiO, versus Al,O, and comparison proportion of the trace elements such as La/Sc,
Provenance Th/Sc, La/Co, Th/Co and Cr/Th display mainly the felsic and partly basic rocks source for the studied

Source rock sediments. Major and trace spider plots of the studied sediments display their depletion with respect

Alteration index to Sc, V, Cr, Ni and enrichment with respect to Th and Sr, confirm mainly a felsic and partly mafic

Major and minor elements and ultramafic source rocks. Geochemistry of the major elements shows the dry climatic conditions

during deposition of Urmia Lake sediments, suggested by bivariate plots of SiO, against the sum of

ALO,, KO and Na,O as well as the amount of chemical index of weathering.

1. Introduction

Geochemistry of the major and trace elements can be 2020; Armstrong-Altrin et al., 2021). Bivariant plots of
used to identify of the parent rock and paleoclimate of the Ba, La, Va and Zr imply important information about
the siliciclastic sediments (Mahu et al., 2018; He et al., the siliciclastic sediments (Roser and Korsch, 1986;
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Banerjee et al., 2019; Nosrati et al., 2022). Urmia
sediments and its surrounding pounds have been
exposed and were subjected to wind erosion due
to successive droughts in recent years so that their
sediments are a major source of the dust in the region.
Owing to high importance of the Urmia lake with respect
to the source of its sediments, the previous researches
in this area were mainly focused on sedimentary facies
(Mirzapour et al., 2020) and mineralogy (Alipour et al.,
2018) of the Urmia Lake. In the present study, we used
the geochemical (major and trace elements) methods to
interpret the parent rock and climate condition of the

Urmia lake sediments.

2. Research methodology

Fourteen surface samples were selected from west and
south of the Urmia lake and its wetlands including
Khorkhoreh, Rashakan, Jabal kendy and Anganeh sites.
Each sample is composed of a mixed of five samples
with 5*5 m distance to achieve nearly homogen
sediments in each studied site. Granulometry analysis
were done by wet sieve at the Geological survey of
Iran. Whole-rock chemical analyses including XRD
and ICP-OES were carried out on all samples at the
Geological survey of Iran to achive gross mineralogy
and major and trace elements contribution of the

studied samples.

3. Results and Discussions

Granulometry analysis of the studied samples of the
Urmia lake display a dominant silty sand and partly
silty sediment in the studied area (Fig. 3). The major
oxides normalized diagram for the studied sediments of
the Urmia lake displays enrichment of the MgO, CaO
and P205 and depletion of the TiO,, Na,O and K,O
(Fig. 4) that suggests presence of the ferromagnesium
minerals such as chloritoid and clinochlore as well
as dolomite, improved by XRD analysis (Fig. 5).
Depletion of the Al,O, and K,O suggests low content
of the K-feldspars in the studied samples. The trace

elements normalized diagram for the studied sediments
of'the Urmia lake displays enrichment of the Sr, Th, Nb,
U and Cu depletion of the Ba, Co, Ce, Cr, Zn, Sc and in
some samples Y with respect to upper continental crust
(Fig. 7). Positive trend of cross plot of TiO, against Zr
suggests presence of the heavy mineral such as zircon
(Fig. 8). Positive trend of the cross plot of TiO, against
V displys presence of the clay minerals and/or Fe-rich
minerals such as chloritoids and clinochlore as identified
in the studied samples by XRD analysis (Fig. 5). The
proportion of the ALLO,/TiO, in the studied samples is
between 19-29, which is suggesting a felsic igneous
parent rock for the studied sediments. This is supported
by bivariant plot of the TiO, vs. Zr and the content of
the Th/Co, La/Co and Cr/Th (Table 4). High content of
the Th and Sr and low content of the V, Cr, Co, Sc and
Ni in the studied sediment can be related to the felsic
igneous parent rock in the hinterland. Bivariant plot of
the SiO, vs. A1,O,+K,O+Na O displays arid climate for
the studied area (Fig. 11), which is supported by the
chemical index of alteration for the studied sediments,
which is between 52-63. Arid climate condition for the
studied area also suggested by study of the sedimentray
facies and clay mineral analysis of the Urmia sediments
(Mirzapour et al., 2020, 2021).

4. Conclusion

Major and trace elements analysis of the Urmia lake,
which is an important source for local and regional
emission during dust storms, display new information
about the parent rock of the siliciclastic rocks and
climate condition of the studied region. Bivariate plots
of Th/Co versus La/Sc and TiO, versus ALO, and
comparison proportion of the trace elements such as
La/Sc, Th/Sc, La/Co, Th/Co and Cr/Th display mainly
the felsic and partly basic rocks source for the studied
sediments. Major and trace spider plots of the studied
sediments display their depletion with respect to Sc,
V, Cr, Ni and enrichment with respect to Th and Sr,

confirm mainly a felsic source rocks. Bivariant plot of
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the SiO, against the sum of ALO,, KO and Na,O as shows the dry climatic conditions during deposition of

well as the amount of chemical index of weathering Urmia Lake sediments.
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Figure 1. Geographical map of the sites of the Urmia Lake.
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Table 1. Trace elements composition of the studied samples of the Urmia lake (according to percent).

Sample Sio, TiO, ALO, FeO, MnO MgO Ca0 Na, 0O KO PO, CIA
UKH1 68.647  0.69 1649 7233  0.12 423 11.55 474 2.34 0.26  56.47
uJ 64905  0.75 14.6 7.735  0.14 7.35 1285  3.67 2.16 0.23 60.49
UD1 66.951 0.8 1553 8619  0.13 5.17 1332 2.62 2.06 0.17  63.85
UP1 67.721  0.64 14.18  6.703  0.096 4.24 1585 223 2.14 0.19  63.54
UP3 69.607  0.58 13.8 6.613 0.11 4.96 11.39 429 2.12 0.17  56.29
UCH1 72.946 0.6 13.8 6.03  0.074 43 10.19  3.03 2.5 0.17  59.74
UCH2 69.634 041 10.78  4.129  0.067 5.16 1626  1.96 2.02 0.18  60.06
UCH3 68.588  0.43 11.04  4.167 0.065 5.25 1676 233 2.05 0.16  59.40
UCH4 74723 0.71 1572 6.205  0.092 5.18 7.26 2.63 2.77 027  63.13
un 72.168  0.66 1542 5.694  0.088 6.24 9.29 2.59 2.85 0.23 60.76
UI2 69.988  0.63 13.16  5.099  0.093 8.12 10.84 246 2.34 024  62.60
uI3 67.576  0.49 10.84  3.734  0.07 8.63 15.3 1.87 1.9 0.2 58.48
UJA2 50.989  0.26 6.88 2.989  0.052 34 39.19 143 1.21 0.1 52.16
UJA3 49317  0.21 6.15 3.803  0.04 2.65 4134 141 0.99 0.12 5435
Mean 66.6 0.5 13.0 5.9 0.1 5.3 16.3 2.8 2.1 0.2 59.38

el ok Lulis XRD GIUT Lo 55 oS andllas 55 50 (sl & gad il SIS =Y J gl

Table 2. Mineralogy of the studied samples analyzed by XRD.

Sample Minerals
UKH1 Anorthite, calcite, sanidine, lepidolite, clinochlore, aragonite, quartz, gypsum
uJ Microcline, aragonite, calcite, albite, quartz
UD1 Quartz, chamosite, microcline, calcite, clinochlore, albite, halite
UP1 Chloritoid, calcite, quartz, clinochlore, tremolite, albite, sanidine, dolomite
UP3 Dolomite, albite, calcite, orthoclase, calcite, halite, quartz
UCH1 Anorthite, quartz, chamosite, dolomite, sanidine, calcite, halite, hedenbergite
UCH2 Quartz, calcite, albite, clinochlore, sanidine, dolomite, muscovite, halite
UCH3 Sanidine, albite, muscovite, dolomite, calcite, clinochlore, quartz, halite
UCH4 Quartz, anorthite, calcite, muscovite, clinochlore, halite
un Quartz, anorthite, hedenbergite, dolomite, aragonite, clinochlore, kaolinite
10] ) Dolomite, clinochlore, sanidine, calcite, quartz, albite
UI3 Anorthite, sanidine, calcite, clinochlore, pyrite, quartz, halite
UJA2 Quartz, aragonite, muscovite, calcite, aragonite, albite
UJA3 Aragonite, tremolite, orthoclase, quartz, calcite, albite, enstatite, halite
10 e UKH1
—_UJ
55 dmg)l 4l Sl ol bS58 el -F K —=—-UD1
- w—re P
Taylor and) sl e lnigy UCC (glaosls b a5 anlllas 3550 15 - —=—P3
e UCH 1
.(McLennan, 1985 —e—UCH3
——UCH4
. . . . . . —Un
Figure 4. Spider plot of major oxides of the studied sediments —aUI2
uis
of the Urmia lake in the studied area that are normalized to UJA2
01 UJA3
UCC (Taylor and McLennan, 1985). Si02  Ti02 AI203 Fe203 MnO  MgO CaO Na20 K20 P205 |=+UCC
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Figure 5. XRD analysis of the selected samples of the Urmia lake at the Khorkhoreh (KH), Dashkhaneh (UD), Rashakan (UP)
and Anganeh (CH) sites.
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Figure 6. Bivariant plots of the major oxides vs. AL O, in the studied samples of the Urmia lake in the studied area.
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Table 3. Trace elements contribution of the studied samples of the Urmia lake (ppm).

Sample \4 Sc Co Ni Cr Sr Ba Zr Th U Y Nb La
UKH1 99.8 153 142 760 130 469 472 207 208 7.84 30 251 325
uJ 106 154 213 198 266 465 374 180 220 784 305 300 305
UD1 13 185 176 122 205 319 311 174 235 864 324 283 284
UP1 104 138 172 819 122 652 303 209 185 483 301 285 246
UP3 973 134 147 876 105 519 304 177 200 876 237 246 264
UCH1 803  11.8  13.1 492 822 478 467 172 154 768 274 234 181
UCH2 508 789 695 347 676 974 396 127 121 874 199 175 213
UCH3 544 759 857 328 760 1106 429 113 120 840 176 157 313
UCH4 822 124 157 567 104 342 449 211 194 103 335 227 366
un 855 110 112 539 109 521 522 179 176 710 302 275 272
unR 678 101 103 529 779 763 427 157 146 711 272 238 212
U3 528 723 103 344 609 1399 401 113 105 696 20 226 138
UJA2 290 540 853 482 615 3087 284 768 200 793 137 110 79
UJA3 492 446 100 309 260 3243 281 836 121 861 126 121 325
Mcan 80.8 116  13.1  73.0 1141 1007.6 3856 1560 164 79 255 230 240
i UKH1
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Figure 7. Spider plot of trace elements of the studied sediments of the Urmia lake in the

studied area that are normalized to UCC (Taylor and McLennan, 1985).
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Table 4. Trace elelement content of the studied samples compared to felsic and mafic igneous rocks, UCC and PASS (Taylor and McLennan, 1985;

Cullers et al., 1988; Cullers, 2000).

. Range of sediment Range of sediment X )
Elemental ratio ucc PAAS ) Range of sediment from Urmia lake
from mafic sources from felsic sources
1.649 (KH, UD1)
La/Sc 2.21 24 0.43-0.86 2.50-16.3 1.95 (UJ, UP)
2.56 (UCH, UL, UJA)
1.31 (KH, UD1)
Th/Sc 0.79 0.91 0.05-0.22 0.84-20.5 1.41 (UJ, UP)
1.68 (UCH, UL, UJA)
1.61 (KH, UD1)
La/Co 1.76 1.65 0.14-0.38 1.8-13.8 1.57 (UJ, UP)
2.19 (UCH, UL, UJA)
1.27(KH, UD1)
Th/Co 0.63 0.63 0.04-1.40 0.67-19.4 1.15 (UJ, UP)
1.38 (UCH, UL, UJA)
7.79 (KH, UD1)
Cr/Th 7.76 7.53 25-500 4-15 7.97 (UJ, UP)
5.3 (UCH, U1, UJA)
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Figure 8. Bivariant plots of the TiO, and Al,O, vs. Zr, Ba and Va of the studied sediments of the Urmia

lake.
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Figure 9. Bivariant plot of the TiO, vs. Zr (Hayashi et al., 1997)

of the studied samples of the Urmia lake suggesting the felsic

igneous rock parent rock.
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Figure 10- A) Bivariant plot of the Cr/Th vs. Th/Sc (Wronkiewicz and Condie, 1987) of the studied samples displays the felsic

igneous rock parent rock. B) Bivariant plot of the Th/Co vs. La/Sc (Cullers, 2000) of the studied samples displays the felsic igne-

ous rock parent rock.
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