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1-Introduction

The origin of siliceous clastic sediments can be investigated to reconstruct the geology, tectonics, and
paleoenvironment of a region, as well as sediment transport processes from source to depositional basins
(Tsikouras et al., 2011; Kasper-Zubillaga et al., 2013; Armstrong-Altrin et al., 2015). The composition of
source rocks controls the geochemistry of sediments but is also a complex function of factors such as source
rock composition, weathering, transportation, heavy mineral content, and diagenesis (Ingersoll, 1988;
Ahmad et al., 2014). River basin formations are predominantly composed of heavy minerals, and because
of the relationship between changes in the composition of these minerals and the source rocks of the
sediments, interpreting the origin and distribution of sand sediments through mineralogical studies is
feasible (Pakzad et al., 2014). The accuracy of interpreting the origin and distribution of sand-sized
sediments is greatly enhanced through integrated mineralogical and geochemical studies, as the
composition of heavy minerals in sediments is dependent on the formation conditions of source rocks
(Martins et al., 2012; Moles & Chapman, 2019). The content of heavy minerals in sand-sized particles
varies significantly due to source characteristics, sedimentary processes, and post-depositional dissolution.
Analyzing heavy minerals helps mitigate the effects of changes during transportation that may obscure
modal analysis results (Tsikouras et al., 2011).

The intrusive rocks of the Dashkasan area include shallow intrusions that appear at the surface as dacite
and rhyodacite rocks (Agh-Dagh, Sari-Dagh, and Sari-Gunay), hosting hydrothermal mineralization of
gold, antimony, and arsenic (Rastad et al., 2000). In the drainage basins of the Shur, Dashkasan, and
Neyband rivers, the intrusion of hydrothermal fluids into rocks, as a natural factor, combined with mining
activity in the Dashkasan arsenic-antimony-gold deposit, an anthropogenic factor, has concentrated
elements in the sediments of the rivers. This research aims to analyze the sand sediments of the Shour,
Dashkasan, and Neyband rivers through sedimentological and geochemical studies and to explore the
relationship between the concentrations of the investigated elements and the lithology of the outcrops in
the river basins.

2-Material and methods

Sediment samples from the Shour, Dashkasan, and Neyband rivers were collected from 30 stations at a
depth of 20 cm. A geological map of the drainage basin was prepared using ArcGIS software. Medium-
grain sands were separated through wet and dry sieving methods, and thin sections of these sediments were
prepared for microscopic study. The abundance of sediment components in 31 samples was determined
through point counting, and heavy minerals were separated from 7 samples using heavy liquid separation
and studied under a dual-purpose microscope.

3-Results and discussions
Microscopic analysis revealed the presence of volcanic rock fragments, carbonate rock fragments, quartz,
feldspar, metamorphic rock fragments, and non-opaque and opaque heavy minerals in the sediments.
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Volcanic rock fragments, averaging 35.18%, were predominantly found in the Dashkasan River, composed
mainly of andesite, dacite, and rhyodacite with porphyritic texture. Carbonate rock fragments (22.54%)
included micritic and sparitic types sourced from limestone outcrops. Quartz grains (13.53%) and feldspar
grains (13.39%) were derived from various igneous and metamorphic rocks in the drainage basins.
Metamorphic rock fragments (6.68%) included mica schist and quartz schist. Light heavy minerals (5%)
included hornblende, pyroxene, realgar, biotite, and epidote, while dark heavy minerals (3.6%) were mainly
hematite and magnetite. Alteration studies indicated minimal weathering of feldspars and volcanic rock
fragments, primarily affecting the outer surfaces. With increased weathering downstream, the highest
degree of hydrothermal alteration was observed near subvolcanic domes (Agh-Dagh, Sari-Dagh, and Sari-
Gunay). Geochemical analysis revealed enrichment in CaO, TiO2, P205, MnO, and MgO and depletion in
Al203, Na20, and K20 compared to the Upper Continental Crust. Ca enrichment was linked to carbonate
rock fragments, Mn to magnetite, amphibole, and pyroxene minerals from basaltic rocks, and Fe to
magnetite, hematite, and goethite from hydrothermal alteration. Ti enrichment was due to ilmenite in
igneous rocks, and high Mg content was attributed to biotite, chlorite, amphibole, and pyroxene minerals.
The depletion of Al, Na, and K suggests their release during weathering.

4-Conclusion

The porphyritic andesite, dacite, and rhyodacite rocks are the sources of feldspar and quartz minerals in the
Dashkasan River sediments. The sources of these components in the Shour River include granite, diorite,
quartz diorite, monzonite, basalt, quartz monzonite, and metamorphic rocks. The feldspar minerals have
undergone argillaceous weathering, and the components display sericitization, chloritization, and argillic
alterations in the source rock. The volcanic rock fragments originate from the Agh-Dagh, Sari-Dagh, and
Sari-Gunay domes, which have the same composition, and argillic weathering traces are observed in these
fragments. Low-grade metamorphic units, including quartzite, quartz-mica schist, and mica schist, from the
Jurassic period serve as sources of metamorphic rock fragments. Carbonate grains are present in clay-free
carbonate grains and microcrystalline grains with high clay content. These components originate from
travertine, marl, and other limestone units exposed in the basin.

The heavy minerals in the Dashkasan River sediments derive from shallow intrusions. In contrast, the
Shour River sediments originate from igneous and metamorphic rocks southwest of the basin. Samples
taken near the Dashkasan antimony-arsenic mineral deposit contain more opaque heavy minerals than non-
opaque ones. Gold is absent in placer form within the river sediments. The lack of placer formation in the
riverine sediments is likely related to the petrographic characteristics of the rocks and the weathering
conditions of the source rocks. The studied sediments show low weathering in the source rocks, as indicated
by the ICV index and CIA index.
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Table 1. The area of outcropped rock units (km?) in the catchment of Shour, Dashkasan and Neyband rivers.

Lithology Shour river
Limestone 146.0
Tuff 180.0
Marl 160.3

Metamorphic

Rock 97.2
Andesite 119.2
Granite 58.9

Neyband Dashkasan
river river
1.0 6.2
20.0 50.0
0.0 0.0
0.0 10.5
26.5 24.0
0.0 0.0
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Fig. 2. The location of sampling points along Shour (R), Dashkasan (S) and Neyband (M) rivers

Table 2. Frequency percentage of sediment constituents of Shour (R), Dashkasan (S) and Neyband (M) rivers

Volcanic Carbonate Metamorphic Op:l)ql_le Opaque
Sample ID Rock Rock Quartz  Feldspar Rock Heavy Heavy
Fragments Fragments Fragments . Minerals
Minerals
S 8.66 59.90 6.68 14.36 223 4.70 3.47
Sa 37.70 6.15 21.80 11.45 5.31 12.20 5.30
S3 53.50 10.15 22.60 5.70 0.52 3.90 3.64
Sq 36.80 2.80 17.50 23.90 5.30 7.60 6.10
Ss 39.00 3.81 21.45 22.90 2.85 7.40 2.62
Se 65.00 1.40 12.50 12.50 2.00 4.17 1.40
S7 53.00 11.14 5.57 22.81 2.70 2.12 2.65
Sg 15.43 13.50 11.90 17.36 33.12 5.47 3.22
So 25.97 19.48 6.82 14.29 26.95 3.57 2.92
S 29.74 10.00 11.32 15.26 21.84 5.00 6.84
Si3 30.79 33.00 11.82 9.11 4.93 7.14 3.20
Si4 37.44 22.56 11.28 14.10 10.26 2.56 1.79
Sis 41.25 7.25 15.50 15.25 7.50 5.50 7.75
Si6 50.59 9.41 16.94 10.12 5.88 4.00 3.06
M, 44.88 7.80 21.95 15.12 1.22 3.66 5.37
M, 68.27 9.59 3.32 3.69 2.95 1.48 10.7
M; 70.73 6.23 5.96 2.98 1.63 3.25 9.21
M, 54.02 3.60 21.61 7.48 0.00 4.16 9.14
R, 0.00 93.04 3.00 2.00 0.00 1.47 0.49
R> 5.37 80.00 6.34 1.95 0.98 2.44 293
R; 49.36 6.19 16.97 12.6 2.57 7.71 4.63
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Ria 43.38 20.39 9.33 15.4 5.42 4.34 1.74
Rup 48.42 7.92 1652 1833 0.00 3.85 4.98
Rs 21.43 60.71 7.38 4.76 1.90 2.86 0.95
Re 21.21 32.73 1455 1697 5.76 7.88 0.91
R, 28.82 18.79 1277 24.11 9.93 5.67 0.00
Rs 23.93 11.10 2071 21.36 12.14 10.36 1.40
Ro 25.36 17.30 1825  25.59 4.50 7.35 1.66
Rio 17.7 39.4 15.1 15 8.8 3.54 0.44
Rii 6.63 4586 21.55 829 11.05 6.63 0

Average 35.18 22.54 13.53  13.39 6.68 5.07 3.62
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Fig. 3. Microscopic images of the studied sediments constituent: (a) Volcanic rock fragments (Rv), (b) Carbonate rock

fragments (Rc), (c) Quartz (Qtz), (d) Feldspar (Fsp), (¢) Metamorphic rock fragments (Rm), (f) Hornblende (Hbl) and
Pyroxene (Px), (g) Hornblende (Hbl), Biotite (Bt) and Realgar (Rlg), and (h) Epidote (Ep), (i) Hematite (Hem) and

Magnetite (Mag) (Abbreviations based on Whitney and Evans, 2010)
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Fig. 4. The microscopic images of alterations: (a) and (b) Weathering of feldspar (XPL) and (PPL), (c) Weathering of
volcanic rock fragments (XPL), (d) Sericite and chlorite alteration of feldspar (XPL), (e) Epidoteization of feldspar (XPL),
and (f) Sericitization and argillization (XPL) (Abbreviations based on Whitney and Evans, 2010)
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Table 3. Frequency percentage of weathering and hydrothermal alteration of feldspars and volcanic fragments

Si 15 0 15 St 5 7 10 R 15 0 35
S 3 0 3 Si3 15 2 30 R; 5 2 10
S; 15 0 25 S14 10 1 20 Raya 5 2 30
S4 5 2 20 Sis 2 2 5 Rap 10 0 20
Ss 6 3 15 Si6 5 0 15 Rs 15 0 5

Se 10 5 35 M; 2 0 15 Rs 5 2 15
S7 10 2 30 M, 0 15 5 Ry 2 5 15
Sg 5 7 15 M3 2 10 5 Rs 4 0 5

So 5 5 15 My 5 7 10 Ro 2 0 5

Sio 1 85 3 Ry 25 2 35 Rio 15 3 10




Y O)LQ.:: N0 0)5d AF-¥ )Le)’

a

wh & e, . b
A8 e Lgdﬁ)ls stla-w O+ ],‘;"'Iorf/:“-:aﬁh

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S13 S14 S15 S16 M1 M2 M3 M4 R1 R2 R3 R4AR4B R5 R6 R7 R8 R9 RI10

—&— Feldspar Weathering Alteration (%)

—— Feldspar Hydrothermal Alteration (%)

—@— Volcanic Rock Fragments Weathering Alteration (%)

S5 sloSa 00,5 5 lotlowald 5 (Foilsn 5 o jis en sloiilo,s Sl Joges -0 JS
Fig. 5. Frequency diagram of hydrothermal alterations and weathering in feldspars and volcanic rock fragments
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Fig. 6. Major oxides of the samples from (a) Dashkasan (S), (b) Shour (R) and Neyband (M) rivers normalized relative
to values of the Upper Continental Crust (UCC) (Taylor and MCLennan, 1995)
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Table 4. Amounts of CN (Na20+CaO), K20, Al203 and weathering indices of CIA and ICV in the studied samples

Sample CIA ICv CN K,O ALO;
N 22.5 1.9 28.9 9.8 61.3
S4 45.2 1.7 347 8.34 56.94
Se 46.1 1.5 31.8 11 57.2
Sy 49.4 1.6 29.6 9.9 60.6
Si 50.6 1.4 30.1 7.6 62.2
Sis 45 1.4 28.4 14.4 57.2
M; 50 8.1 26.4 12.3 61.2
Rap 50.7 24 27.1 11.6 61.2
Rs 49.4 1.7 29 10.7 60.3
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