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1-Introduction

Source determination of sediments and prioritization of erodible areas to optimally spend and optimize financial
resources are indispensable necessities in watershed management. Previously, source determination of sediments
has been carried out only using empirical methods or isotopes such as cesium-137, which has always led to
controversy over these methods' feasibility. In research on the transport and accumulation of metallic elements in
coastal deposits, some elements such as cobalt (Co), copper (Cu), nickel (Ni), strontium (Sr), lead (Pb), and Zinc
(Zn) can be transported with specific fractions of particles and could use as sediment source tracers (Li et al., 2019).
However, radionuclides, the geochemical concentration of elements, and their magnetic properties to trace
suspended sediment sources in the rivers require high costs associated with many uncertainties (Shin et al., 2019).
Using stable Pb isotope concentrations in sandy sediments is an appropriate and costly method (Xu et al., 2019). On
the other hand, using elements such as arsenic (As), cadmium (Cd), and tin (Sn) due to their toxicity and their
concentration sensitivity on human activities has been assessed as inappropriate in source determination (Zhuang,
2018). This study's primary purpose was to investigate the efficiency of base and trace metals in sediment source
determination.

2- Material and methods

This research has been carried out in three stages, as follows:

Field operations and sampling: During fieldwork, more than 14 rock and 27 sediment samples were taken for
microscopic examination and ICP chemical analyses from a depth of 20-30 cm (Yazdi, 2002).

Laboratory studies: Microscopic study of intact and weathered rocks was performed by Olympus type BH-2
polarizing binocular microscope. ICP was performed in ACME Laboratory of Canada and XRF in Binalood
Spectroscopy Company in Mashhad by the standard method (Date and Jarvis, 1989). This method is used for Rare
Earth Elements and Isotopes measurement (Jenner et al., 1990).

Statistical processing: The geochemical experiments were entered into EXCEL software in two separate files,
including rock samples and stream sediment samples. Then, the data were processed by entering the data in SPSS
statistical software.

3- Discussion and conclusion

Geographical location: The study area is located in the north of Shahrekord, the center of Chaharmahal and
Bakhtiari province between 50° 40” 10" to 51° 06" 1" east longitude and 32° 25" 44" to 32° 39" 51" NW latitude

(Fig. 1).
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Geology: Figure 2 presents the geological map prepared using field surveys, ETM* satellite image processing.
Stratigraphy is based on Chadegan geological map classification (Ghasemi et al., 2006; Emami, 2008).

Petrography: The igneous rocks of this area are divided into two significant parts containing magmatic and
pyroclastic suites. The first suite consists of volcanic rocks such as basalt, andesitic basalt andesite, dolerite, and
microdiorite, and the second suite includes lapilli tuff and agglomerate. The metamorphic rocks include schist and
gneiss with limited outcrops of eclogite and amphibolite. The ages of the volcanic rocks are determined from 145 to
169 million years, equal to the Calvin (Upper Dogger) to Titonian (Upper Malm; Emami, 2008). The metamorphic
rocks have also been attributed to Precambrian (Ghasemi et al., 2006).

Geochemical data processing: The results of the analysis of 9 rock samples and 15 related sediment samples (letter
S) are presented in Table.1. As the table shows, the parent rocks and sediments derived from each rock unit's
weathering are inserted beneath each other to show the behavior of the elements and their abundance in the rock and
sediment. The correlation of the parameters has been investigated and confirmed by the Spearman method in Table
2.

Investigation of elements migration due to weathering: After refining the samples' chemical analysis results, the
migration process from the rock to the sediment will be studied, and sensitive elements will introduce by
investigating and comparing the results of various rocks and their sediments analysis (Table 1). Accordingly,
elements with an abundance of more than 200% in sediment are highly mobile and suitable. Conversely, elements
with frequencies ranging from 50% to 100% have low mobility and are relatively suitable and with less than 50%
abundance in sediment are immobile and unsuitable in source determination.

4- Conclusion

Based on the analyses that are summarized in Table 3, the geochemical indices in determining the sediment origin
of the different lithological units can be introduced as follows:

- The most critical tracer elements in various lithological environments include rubidium and nickel in the basaltic
igneous, strontium-lead-niobium and zirconium in intermediate igneous rocks uranium-lead-barium-tungsten and
niobium in fine grade sedimentary rocks such as shale. In addition, nickel occurs in medium to fine-grained clastic
sedimentary rocks such as siltstone, tungsten and zirconium in medium-grade clastic sedimentary rocks such as
sandstones and zirconium-rubidium-vanadium-barium-cobalt-niobium and nickel in metamorphic rocks such as
gneiss.

- Zinc (Zn), nickel (Ni), lead (Pb), copper (Cu), and arsenic (As) are private weathering-sensitive and can be used in
sediment tracing.
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Table 1. Results of selected rock and in situ sediment analysis (S = sediment and R = rock).

Al Fe Ba Co Cu Nb Ni ) Pb Rb Sr Vv W Zr Zn

NO. Sample ppm ppm ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm
Basalt S6-R 57037.5 | 41192.31 | 266 | 163 | 310 17 135 8 111 | 42 558 | 447 16 158 | 244
S6-3 51348.21 | 42646.15 | 293 | 124 | 256 19 | 315 1 99 184 | 866 | 375 57 341 | 253

LimstoneS1-R | 53037.5 | 40192.31 6 03 | 03 | 01 17 1.9 13 1 1359 | 20 | <05 | 14 4

S1-1 46527 36615 289 | 17.4 | 28 12 61 21 12 73 | 2127 | 110 | 09 | 1412 | 59

S1-2 50673 37154 255 | 148 | 25 11 60 2 13 60 | 2447 | 105 | 09 | 1293 | 50

Shale S2-R1 55242.86 | 1425054 | 44 | 423 | 67.3 5 41 03 | 457 | 114 | 388 | 260 | <05 | 113 95

S2-1 48793 30962 355 | 212 | 33 17 59 2.8 17 101 | 1907 | 141 | 1.7 | 1996 | 75

Andesite S5-R1 | 73248.21 | 44200 376 | 357 | 514 | 38 | 897 | 13 28 | 658 | 295.7 | 297 | <05 | 56.5 62

Andesite S5-R2 | 34680.36 | 59510 170 | 346 | 20.6 4 946 | 1.3 14 | 232 | 3139 | 267 | <05 | 57.1 54

Siltstone S5-R4 | 54346.64 | 11510.23 | 273 | 203 | 786 | 7.1 | 284 | 11 84 | 448 | 4662 | 192 | 0.8 | 924 | 69

S5-1 55446 67308 304 | 212 | 37 15 66 2.3 14 79 | 2152 | 139 | 1.2 | 1746 | 62

S5-2 57471 43615 298 | 355 | 76 78 97 1.7 16 54 | 2833 | 216 | 07 111 71

S5-3 62196 45500 280 | 349 | 56 7.4 93 1.7 12 54 | 3122 | 236 | 09 | 97.9 74

S5-4 61955 44692 267 | 281 | 46 73 81 1.7 11 53 | 3786 | 200 | 07 | 934 | 60

Gneiss S10-R6 | 58242.86 | 1416154 | 103 | 34 145 10 76 20 108 32 270 74 56 401 33
S10-2 50673.21 | 40600 474 | 138 | 262 31 | 242 15 143 | 209 | 706 | 420 | 150 | 899 | 268
S10-5 61135.71 | 42646.15 | 481 | 140 | 109 | 32 184 N 100 | 185 | 553 | 353 28 | 1214 | 266
Schist S15-R4 | 70248.21 | 61600 398 | 204 79 15 | 248 N 95 141 | 157 | 598 N 497 | 238
S15-2 56073.21 | 42969.23 | 351 | 170 | 290 | 46 | 364 | 26 108 | 233 | 527 | 405 N 535 | 320
S15-5 415125 | 38769.23 | 391 | 131 | 172 25 | 223 | 23 143 | 179 | 587 | 424 N 652 | 207
S15-6 44019.64 | 38553.85 | 363 | 117 | 236 28 | 268 N 94 186 | 532 | 349 15 581 | 280

Sandstone
S17-R1 39680.36 | 29992.31 | 440 | 108 | 325 18 128 4 86 228 352 257 N 295 145
S17-2 45658.93 | 66607.69 | 517 | 228 | 358 | 47 207 10 102 | 136 | 612 | 649 63 876 | 372
S17-4 51155.36 | 36938.46 | 386 | 124 | 187 48 | 277 10 107 | 226 | 404 | 347 80 676 | 285
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Table 2. Spearman correlation coefficients.
Correlations Coefficient
Ba Co Cu Nb Ni U Pb Rb Sr V W Zr 2zZn Al Fe

Ba 1.000

Co .010 1.000

Cu -066 .193 1.000

Nb 238 238 .100 1.000

Ni  .158 .506** .247 -.114 1.000

U 229 -319* -087 -399* .056 1.000

Pb 219 242 .581** .372* .299* -170 1.000

Rb .612** 095 055 -165 .435** 413** 060 1.000

Sr .353* 011 .114 182 200 -154 .072 .019 1.000

V 129 435** 165 .032 .369* -117 -086 .034 .528** 1.000

W 097 214 .422** -216 229 .350* .437** 319* -200 -.033 1.000

Zr 158 214 021 .853** -081 -292 261 -024 229 155 -.258 1.000

Zn 180 .445** 173 500** 218 -347* .684** -001 -.084 .046 .342* .478** 1.000

Al .383** -200 .136 -416** -035 221 -347* 449** 209 256 -.013 -.257 -.393* 1.000

Fe 271 .287 -046 .204 -121 -190 -085 -096 -033 .169 .106 .097 .319* .135 1.000
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Table 3. Geochemical behavior of elements in rock and sediment environment.

Parent rock Moderate mobility | High Mobility
Main rock type Rock name elements Elements Considerations
Rubidium (Rb) and
Rubidium(Rb) | nickel (Ni) with a
Basalt - Nickel (Ni) saturation of 400
Tungsten(W) and 300% are the
Zirconium(Zr) | migratory elements.
Strontium (Sr), Pb
Igneous rocks Strontium (Sr) | (Pb), niobium (Nb),
Copper (Cu) and zirconium (Zr)
Andesite Rubidium(Rb) Niobium(Nb) saturated with
Zirconium(Zr) | 300% to 700% are
Tungsten(W) the migrating
Vanadium (V) elements.
Uranium (U),
rubidium (Rb),
Uranium(U) barium (Ba,
Shale Rubidium(Rb) | tungsten (W), and
Zirconium(Zr) Barium(Ba) niobium (Nb) with
Tungsten(W) 900 to 300%
Niobium(Nb) saturation are the
migrating elements.
Nickel (Ni) Nickel (Ni) with a
Uranium(U) Rubidium(Rb) | saturation of about
Lead(Pb) 300% is a migrating
Sedimentary rocks Siltstone Cobalt(Co) element.
Niobium(Nb)
Zirconium(Zr)
Zinc (Zn)
Vanadium (V) Tungsten (W) and
Nickel (Ni) Tungsten(W) zirconium (Zr) are
Sandstone Lead(Pb) Zirconium(Zr) | migratory elements
Cobalt (Co) Niobium(Nb) | with a saturation of
Beryllium (Be) Uranium(U) 500 to 250 percent.
Strontium (Sr)
Copper (Cu)
Schist and Strontium (Sr) Niobium(Nb) -
micaschist Zirconium(Zr)
Zinc (Zn) Zinc (Zn), rubidium
Rubidium(Rb) | (Rb), vanadium (V),
Vanadium (V) | barium (Ba), cobalt
Tungsten(W) Barium(Ba) (Co), niobium (Nb)
Metamorphic rocks Gneiss Copper (Cu) Cobalt (Co) and nickel (Ni) with
Lead(Pb) Niobium(Nb) 800 to 300%
Nickel (Ni) saturation are

Zirconium(Zr)
Strontium (Sr)

migratory elements.
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