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Abstract

Background and Objectives

Geochemical analyses provide valuable insights into sediment origin, transport mechanisms,
weathering processes, sedimentary environments, and tectonic conditions. Identifying the sources
of wind deposits and lake sediments is crucial for reconstructing environmental disturbances,
assessing dust storm frequency, and understanding long-term landscape evolution. This study
investigates the geochemical composition, sediment dynamics, and provenance of wind deposits
in the Hamoun Sistan wetland, southeastern Iran, through geochemical analysis.

Methodology

A total of 20 surface sediment samples (0-30 cm depth) were collected based on
geomorphological units and topographic maps. Samples were pulverized to 64 um for analysis.
Major oxide percentages and trace element concentrations were determined using a Philips
PW2400 XRF (Rh-tube, accuracy: 0.01 wt%) and ICP-MS at the Binaloud Mines Laboratory
(Tehran University Science and Technology Park). Data were normalized against the upper
continental crust for comparison. Samples S1-S7 were collected from the southern basin, while
S8-520 were from the northern basin. The Ni/Sr ratio cumulative distribution diagram was used
for classification, and multivariate clustering was performed using multi-resolution graph-based
clustering (MRGC), an unsupervised method suitable for spatially undefined datasets.

Results

Sediments in the southern basin exhibit higher concentrations of detrital particles (quartz, fine-
grained mica, and carbonates), supported by a strong correlation (R? = 0.77) between SiO. and
Al20s, indicating aluminosilicate dominance. In contrast, northern samples show elevated MgO,
CaO, and NaO levels, suggesting mafic/ultramafic source rocks, along with high Fe.Os
concentrations indicative of iron-bearing minerals (e.g., biotite, amphibole).

Northern sediments, rich in quartz, feldspar, and mica, align with intermediate igneous rock
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compositions, implying an igneous origin. Southern samples, dominated by quartz and feldspar,
reflect sedimentary recycling and higher maturity (classified as arenites), whereas northern
sediments are greywackes.

Trace element analysis reveals greater enrichment of Rb, Ba, and Sr in northern samples, while
high-field-strength elements (Th, U, Hf, Zr) remain immobile. Lower Ni, Cr, and V
concentrations in southern samples indicate minimal mafic influence, supported by higher
LREE/HREE ratios, consistent with felsic-rich sources.

Tectonic discrimination places northern sediments in an active continental margin setting, while
southern samples exhibit transitional active-passive margin characteristics.

Conclusion

Geochemical and petrographic analyses reveal distinct sediment provenances for the northern and
southern Hamoun wetlands. Northern sediments derive from erosion of eastern Afghan Hamoun
Basin rocks (active margin), whereas southern sediments originate from western passive margin
sources. These findings highlight the wetland’s complex sedimentological history and provide a
basis for future soil erosion and dust storm management.
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2018). (b): Geological map of Sistan plain.
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Table 1: Textural, Name and Grain-size for 20 selected samples of Hamoun Wetland sediments.
Samples  Samples Type Textural Group Sediment Name 'Z/:;i;]
S1 Trimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 200.2
S2 Trimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 166.5
S3 Unimodal, Poorly Sorted Muddy Sand Very Coarse Silty Very Fine Sand 102.8
S4 Trimodal, Very Poorly Sorted Sandy Mud Coarse Sandy Very Fine Silt 78.97
S5 Trimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 155.1
S6 Trimodal, Poorly Sorted Muddy Sand Very Coarse Silty Coarse Sand 167.2
S7 Trimodal, Poorly Sorted Muddy Sand Coarse Silty Medium Sand 183.0
S8 Trimodal, Very Poorly Sorted Muddy Sand Very Coarse Silty Coarse Sand 1315
S9 Trimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 151.6
S10 Trimodal, Poorly Sorted Muddy Sand Very Coarse Silty Coarse Sand 153.1
S11 Trimodal, Poorly Sorted Muddy Sand Very Coarse Silty Coarse Sand 148.9
S12 Bimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 174.9
S12 Trimodal, Poorly Sorted Sand Poorly Sorted Fine Sand 197.8
S13 Trimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 188.3
S15 Trimodal, Poorly Sorted Muddy Sand Fine Silty Coarse Sand 151.9
S16 Trimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 168.8
S17 Bimodal, Poorly Sorted Sand Poorly Sorted Fine Sand 192.6
S18 Bimodal, Moderately Sorted Sand Moderately Sorted Medium Sand 2154
S19 Trimodal, Poorly Sorted Sand Poorly Sorted Coarse Sand 168.9
S20 Trimodal, Very Poorly Sorted Muddy Sand Very Coarse Silty Coarse Sand 146.9
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Figure2- Harker diagram analysis of the main elements
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Figure 3- Geochemical classification of the Sistan Aeolians based on log (SiO: / Al2O3) versus log (Fe203 / K20)
after (Herron, 1988)

8
6 . . ,':' . .
Felsic igneous # Intermediate igneous
41 provenance # provenance
i e e
2 o ®eo
e o%009g
0 A
o g 7 .
g ‘o ® e
-2 [
-4 Quartzose
6 sedimentary Mafic igneous
provenance provenance
-8
-10
8 -6 -4 -2 0 2 4 6 8 10
F1

F1=-1.773Ti02 +0.607AL03 +0.76Fe203T- ) ol jolis el ol sboai sl 52l gl —F IS
F2=0.445TiOz+ 0.07TiOz + 0.07A.438Ca0 + 1.475N2:0 + 1.5Mg0O+0.616Ca0+0.509Na,0-1.224K20-9.09

.(1.426K20-6.861

Fig. 4- Discrimination function of the Sistan samples based on major elements (F1=-1.773TiO2 +0.607A1.03
+0.76Fe203T- 1.5Mg0+0.616Ca0+0.509Na»0-1.224K>0-9.09; F2=0.445TiO2+ 0.07A1:03-0.25Fe203T - 1.142MgO
+0.438Ca0 + 1.475Na20 + 1.426K20-6.861).

sdnliee sad Jby OoleS ole chle o) L
Mn K Ca Fe Al jole ;5 Jhs s 45550

Olas 0 JS s &8 jskilen (it 5 28 st Sladises
‘Th ‘Zr ‘Si ‘Cr ‘Ni JE; )" &_9.:.:'- 6&4&}4&3 Lk;\-u-l‘ I b.)\.)
Y ISR c.& Hf)V U s J.a‘u.c- ‘u:\ 2 aj)&.c« LB e QL...; ‘5)ng;.9 P 9

Lalie ;o Jls cws 55 Sr 3 Rb Ba wsle S o



...... &w;jab@}éw)ﬁ 7Y

10

0.1

0.01

Sample/UCC

0.001

| Northern samples
0.0001 I
Ba Sr Al Ca K Ti P Co Ce Nd Eu Dy Er Cr Mo Th V Y Zr

10

0.01

Sample/UCC

0.001

| Southern samp les |
0.0001 ]

Ba Sr Al Ca K Ti P Co Ce Nd Eu Dy Er Cr Mo Th V Y Zr
(Y++\ MacLennan _ulul,; Y0 o6 ain ) UCC 4 i Jley olaS ole -0 K

Figure 5- Normalized trace elements to the UCC (Upper continental crust based on MacLennan, 2001).
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Figure 11- (Left triangle): The effect of source rock on the composition of the Hamoun Lake sediments using
Suttner et al. (1981) diagram. (Right triangle):) plots showing tectonic provenance of sediments in the study area.
(Yerino and Maynard, 1984). TE: Passive Continental Margin, SS: Strike Slip, CA: Continental Arc, BA: Back
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