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ABSTRACT 

There are minor geochemical differences between Harşit Stream bed and terrace 

sediments, and these can be owing to the impacts of climatic differences and chemical 

weathering rather than source rock composition. The bed sediments have lower average 

SiO2, Al2O3, Fe2O3, K2O, TiO2 and MnO concentrations than terrace sediments, but higher 

concentrations of MgO, CaO and Na2O. The rare earth element (REE) distributions, 

Eu/Eu*, (Gd/Yb)N, La/Th and (La/Yb)N ratios of the bed and terrace sediments indicate that 

they derived from a mixture of 3% granodiorite + 50% gabbro + 47% felsic tuff and 5 % 

granodiorite + 37% gabbro + 58% felsic tuff, respectively. The CIA, PIA, WIP values and 

ICV, Rb/Sr ratios indicate that the bed sediments are lowly weathered and terrace 

sediments are lowly to moderately weathered. The distribution of C-values and Sr/Cu 

ratios indicate an arid to semiarid climatic conditions for the bed sediments and an arid to 

semi-moist climatic conditions for terrace sediments. During weathering of the mixed 

source rocks, Na indicates the greatest loss for the bed and the terrace sediments, and P 

shows the lowest loss for both of sediments. The average of Si, Al, Na, K and Mn exhibits 

more loss in bed sediments than terrace sediments, the Fe, Mg, Ca and P exhibits less 

loss in bed sediments than terrace sediments.  

Keywords: NE-Turkey, stream sediment, mixed source, weathering, paleoclimate, mass 

transfer. 
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ÖZ 

 

Harşit Çayı kanal ve taraça sedimentleri arasında küçük jeokimyasal farklılıklar vardır. Bu 

farklılıklar kaynak kaya bileşiminden ziyade kimyasal ayrışma ve iklimsel farklılıklardan 

dolayı meydana gelmiş olabilir. Kanal sedimentleri, taraçaya göre daha düşük SiO2, Al2O3, 

Fe2O3, K2O, TiO2 ve MnO, fakat daha yüksek MgO, CaO ve Na2O ortalama 

konsantrasyonuna sahiptir. Kanal ve taraça sedimentlerinin nadir toprak element 

dağılımları (NTE), Eu/Eu*, (Gd/Yb)N, La/Th ve (La/Yb)N oranları, bu sedimentlerin sırasıyla 

%3 granodiyorit + %50 gabro + %47 felsik tüf ve %5 granodiyorit + %37 gabro + %58 

felsik tüften türediğini göstermektedir. CIA, PIA, WIP değerleri ve ICV, Rb/Sr oranları kanal 

sedimentlerinin düşük seviyede, taraça sedimentlerinin ise düşük – orta seviyede kimyasal 

ayrışmaya uğradığını göstermektedir. C-değerleri ve Sr/Cu oranlarının dağılımı, kanal 

sedimentleri için kurak – yarı kurak, taraça sedimentleri için kurak – yarı nemli iklim 

şartlarının hâkim olduğunu göstermektedir. Karışık kaynak kayaçların ayrışması sırasında, 

kanal ve taraça sedimentlerinde en çok kayba uğrayan elementin Na, en az kayba 

uğrayan elementin ise P olduğu tespit edilmiştir. Kanal sedimentlerinin ortalama Si, Al, Na, 

K ve Mn elementleri taraçaya göre daha fazla, Fe, Mg, Ca ve P elementleri ise daha az 

kayba uğramıştır.  

Anahtar kelimeler: KE-Türkiye, dere sedimanı, karışık kaynak, ayrışma, paleoiklim, kütle 

transferi. 

 

INTRODUCTION 

 

The siliciclastic sedimentary rocks and detrital sediments preserve detailed evidence of the 

Paleozoic, Mesozoic and Cenozoic tectonic and climatic history of the Gümüşhane are 

and related region. Chemical composition of siliciclastic sedimentary rocks and detritic 

sediments is controlled by several factors from source rocks composition, erosion, 

chemical and physical weathering, transport, deposition and diagenesis (Johnsson, 1993; 

Jian et al., 2013). Because, weathering by chemical and physical alteration of available 

rocks and minerals forms detrital sediments. Former studies have indicated that the major 

elements of sediments can be used as determiners of source rock property, tectonic 

setting, provenance of the sediments changes in the supply of material from different 

sources (Bhatia, 1983; Taylor and McLennan, 1985; Rosher and Korsch, 1986; 1987; 

Wronkiewicz and Condie, 1987; McLennan, 1989; McLennan and Taylor, 1991; 

McLennan, et al., 1993; Roddaz et al., 2011; Armstrong-Altrin, et al., 2017; 2018). 

Nevertheless, major elements abundances are altered by chemical weathering in the 

source area (Nesbitt, 1979; McLennan, 1989), and also their compositional variations that 
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happen during chemical weathering can be performed to evaluate the weathering history 

of sediments and paleoclimatic conditions (Nesbitt et al., 1980; Nesbitt and Young, 1982; 

McLennan, et al., 1993; Fedo et al., 1996; 1997; Young, 1999; Jian et al., 2013). The 

proportion of mafic and felsic contributions to sediments can be differentiated using 

provenance sensible indicators, like ratios of immobile elements (La, Sc, Co, Th) and Rare 

Earth Elements (REEs) (Zhou et al., 2017).  

Rivers are the main sources of detrital particles delivered to various basins and enforce a 

major control on the formation of sedimentary rocks. The proficiency of rivers to transport 

sediment is directed by their flow, gradient, volume and the sediment load itself. 

Characteristics of a river basin like geology, geomorphology, climate and vegetation are 

significant factors controlling the composition and amounts of materials carried by rivers 

(Milliman and Meade, 1983; Kaotekwar et al., 2019). Mineralogical and chemical 

compositions of river deposits are highly useful in understanding the geochemical cycling 

of elements and erosional properties of river basins (Martin and Meybeck, 1979; Milliman 

and Meade, 1983; Kaotekwar et al., 2019). Lithology, diagenesis, weathering and 

sedimentary sorting of catchment areas control major, trace and rare earth element (REE) 

compositions of river sediments and so can be used to identify provenance of sediments 

(Piper, 1974; Alexander and Gibbson, 1977; Condie, 1991; Sensarma et al., 2008; 

Kessarkar et al., 2010). Terrace sediments overlain on the base of a sequences boundary 

are widespread in fluvial sediments of a river or stream valley. Nevertheless, terrace 

sediments are usually ignored because their volume is small to negligible compared with 

other formations. However, terrace sediments often contain important geological 

information. Terrace sediments reveal differences of climatic conditions, chemical 

weathering and source rocks between present day and a few hundreds years ago. The 

purpose of this study is to compare mixed of source rock compositions, weathering 

intensity and quantifications of mass transfer values of the Harşit Stream (Gümüşhane, NE 

Turkey) bed and terrace sediments. The thickness of the terrace sediments ranges from 2 

to 6 meters and it has a well-developed terrace system (Saydam Eker, 2017) 

 

GEOLOGICAL SETTING AND CLIMATE 

 

The studied sediments are located in the region Gümüşhane, in the Eastern Pontides, NE 

Turkey. The Eastern Pontides orogenic belt is commonly subdivided into southern and 

northern parts that change in terms of rock groups. The southern part is a multi-phase 

tectonic unit, containing plutonic, volcanic, metamorphic and sedimentary rocks, and the 

northern part is dominated by Carboniferous to Eocene granitoids and volcanic rocks 

(Eyuboğlu, 2015). The basement of the north-eastern Pontides contains Lower 

Carboniferous metamorphic rocks (Topuz et al., 2004) and granitoids of Upper 

Carboniferous age (Çoğulu, 1975; Topuz et al., 2010; Dokuz, 2011; Kaygusuz et al., 2012; 
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Kaygusuz et al., 2016). The Early and Middle Jurassic volcaniclastic, sedimentary and 

volcanic rocks (conglomerates, sandstones, carbonates, gabbros, granites, basalts and 

rhyolites) lie unconformably on this basement. The Jurassic rocks are conformably 

overlain by neritic and pelagic carbonates of Upper Jurassic to Middle Cretaceous units. 

Late Cretaceous rocks are represented by turbidites in the south-eastern Pontides 

(Saydam Eker and Korkmaz, 2011). Paleocene and Eocene rocks in the Gümüşhane 

region comprise granite and volcanic (Kaygusuz et al., 2011; Aslan et al., 2014), volcano-

sedimentary and sedimentary rocks. This unit is wide in the region and discordantly 

overlies the elder rocks (Fig. 1).  

The basement rocks of the stream basin are composed of Carboniferous plutons. Lower – 

Middle Jurassic volcanites and volcaniclastic, clastic deposits lie unconformably on the 

Carboniferous plutons. This unit is overlain by platform carbonates of the Early Jurassic–

Lower Cretaceous age. The Upper Cretaceous sedimentary rocks lie conformably on the 

platform carbonates. Eocene rocks in this basin are composed of andesites and dacites 

and lie unconformably on the Upper Cretaceous unit (Fig. 2A). 

 

 
Figure 1. Geological map of Gümüşhane and its vicinity (modified from Güven et al., 1993) and location map 
of the study area. 1- Paleozoic metamorphic rocks, 2- Paleozoic granitoid, 3- Jurassic volcanic, 
volcanoclastic and sedimentary rocks, 4- Lower Cretaceous platform carbonates, 5- Upper Cretaceous 
volcanic and sedimentary rocks, 6- Paleocene granites, 7- Eocene andesites, 8- Eocene dacites, 9- 
Travertines, 10. Alluviums, 11- Thrust fault and fault.  
 
 
Şekil 1. A. Gümüşhane ve çevresinin jeolojik haritası (Güven vd., 1993’den değiştirilerek) ve çalışma alanının 
lokasyon haritası. 1- Paleozoyik metamorfik kayaçları, 2- Paleozoyik granotoidi, 3- Jura volkanik, 
volkanoklastik ve sedimanter kayaçları, 4- Alt Kretase platform karbonatları, 5- Üst Kretase volkanik ve 
sedimanter kayaçları, 6- Paleosen granitleri, 7- Eosen andezitleri, 8- Eosen dasitleri, 9- Travertenler, 10- 
Alüvyonlar, 11- Bindirme fayı ve fay. 
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Climate at the studied area is essentially moderate. The summer months (June to August) 

are dominated by the heat (The average temperature is approximately 30°C). Rainy 

season is seen between March and June, and between September and November. The 

average annual rainfall in the studied location covers approximately 400 mm. The humidity 

rises up to 70-88% during rainy season. The average temperature is approximately −1°C 

in winter months (December to February) (Climate-Data-Org., 2020). 

 

MATERIAL AND METHODS 

Sampling and preparation 

 

A total of 49 samples were collected throughout the Harşit Stream (between the Mescitli 

and Tekke areas), 35 samples for bed sediments and 14 samples for terrace sediments. 

The sampling locations of collected bed and terrace sediments are displayed in Fig. 2B. 

The sediment samples were collected in September as representatives of low-flow 

conditions. The samples of the bed sediments were achieved from the stream bed. The 

vertical face of the terrace was trenched inward by approximately 45 cm to 50 cm and the 

14 samples were obtained from there. The samples were air dried in the laboratory prior to 

analytical analysis and then homogenized split into sub-samples and crushed to roughly 

0.075 mm (200 meshes) size using an agate mill (Saydam Eker, 2017).  

 

Analytical techniques 

 

Major, trace, and REE elements were determined at ACME Analytical Laboratories Ltd., 

Vancouver, Canada. Major and trace element compositions were measured by inductively 

coupled plasma (ICP)-emission spectrometry and ICP-mass spectrometry (MS) using 0.2 

g of rock powder fused with 1.5 g of LiBO2 dissolved in 100 ml of 5% HNO3. Ignition loss 

was determined on dried samples heated to a temperature of 1000 °C for 15 min. REE 

analysis was conducted by ICP-MS at ACME. The detection limits are in the range of 

0.001 to 0.1 wt. % for major element oxides, 0.1 to 10 ppm for trace elements, and 0.01 to 

0.5 ppm for REE. Calibration and verification standards together with reagent blanks were 

added to sample sequences. STD SO 18 was certified in-house against 38 certified 

reference materials including CANMET SY-4 and USGS AGV-1, G-2, GSP-2 and W-2 as 

external standards. The analytical accuracy is better than 4%.  
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Figure 2. A) Geological map of the study area (Saydam Eker, 2017), B) Sampling sites of stream bed and 

terrace sediments. 

Şekil 2. A) Çalışma alanının jeolojik haritası (Saydam Eker, 2017), B) Kanal ve taraça sedimanları örnekleme 

yerleri. 

 

In this study, whole rock major element, trace element, and rare earth element (REE) 

analyses were done on 35 bed sediment samples and 14 terrace sediment samples 

(Saydam Eker, 2017).  

 

Statistical methods 

Distribution of the data is non-normal, so Spearman’s correlation coefficient analysis was 

performed with statistical software SPSS 22.0 for Windows. Data preparation was 

calculated through Microsoft Office Excel 2013 and a two-tail test (p<0.05 and 0.01) was 

performed to analyze the variance. 

 

Mixed source composition model 

The objective of the modeling is to reach a mass balance among the REEs and Th/Sc 

ratio, because, REEs and Th/Sc ratio are sensitive to bulk source composition (Taylor and 

McLennan, 1985; McLennan and Taylor, 1991; Fedo et al., 1997; Schoenborn and Fedo, 

2011; Jian et al., 2013). Major, selected trace and rare earth element data of variety 
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potential sources were gathered and used to model the relative proportions of end 

members that subscribed sediment to the Harşit Stream in the Gümüşhane region. End-

members used in the mixing computation were selected from the distinctive igneous and 

volcanic rocks in the Gümüşhane area. The end member is a 320 Ma granodiorite 

exposed in the Gümüşhane region (Topuz et al., 2010), the second end member is a 177 

Ma gabbro (Karslı et al., 2017) and the third end-member is a 84 Ma felsic tuffs (Eyuboğlu, 

2015). 

 

RESULTS 

Geochemical characteristics 

The major, selected trace and rare earth element composition of the Harşit bed and 

terrace sediments are listed in Table 1. The bed sediment samples have lower average 

SiO2, Al2O3, Fe2O3, K2O, TiO2 and MnO concentrations than samples from terrace 

sediment, but higher concentrations of MgO, CaO and Na2O (Table 1). When the major, 

trace and rare earth element components of the bed and terrace sediments are compared 

upper continental crust (Taylor and McLennan, 1985), the bed sediments are generally 

enriched in Fe2O3, MgO, CaO, Cu, Sc, V, Gd, Tb, Ho, Yb and Lu, and depleted in Na2O, 

K2O, MnO, Rb, Ba, Th, Zr, Hf, Y, Nb, La, Ce, Pr, Nd, Sm, Eu, Dy, Er and Tm, and almost 

similar in SiO2, Al2O3, TiO2, P2O5, Sr, U, Co. The terrace sediments are usually enriched in 

F2O3, MgO, TiO2, Cu, Sc, V, Yb and Lu, and depleted in Na2O, K2O, P2O5, MnO, Rb, Ba, 

Th, Zr, Hf, Nb, Ni, La, Ce, Pr, Nd, Sm, Dy, Er and Tm, and nearly similar in SiO2, Al2O3, 

CaO, U, Y, Co, Eu, Gd and Tb (Saydam Eker, 2017). 

For the Harşit bed sediments, MgO is positively correlated with CaO, P2O5 and TOT/C, but 

negatively correlated to SiO2, Na2O and K2O, suggesting the occurrence of Mg in 

carbonate and apatite. Likewise, CaO is positively correlated to TOT/C and P2O5, but 

negatively correlated to SiO2, Na2O and K2O. Fe2O3 exhibits a positive correlation with 

TiO2, MnO and Al2O3, but negatively correlated to TOT/C, indicating a primary contribution 

of mafic minerals. Na2O and K2O are positively correlated to SiO2, but negatively 

correlated to TOT/C and P2O5, suggesting the occurrences of Na and K in silicates. In 

addition to, CIA and PIA demonstrate a positive correlation with SiO2, Al2O3, Na2O and 

K2O, but a negative correlation with MgO, CaO and TOT/C. For the terrace sediments, 

MgO exhibits a positive correlation with CaO, but a negative correlation with SiO2 and K2O, 

suggesting the occurrence of Mg in carbonate. CaO is positively correlated to TOT/C and 

P2O5, negatively correlated to SiO2. Fe2O3 is positively correlated to TiO2, MnO and Al2O3 

but negatively correlated to K2O, indicating a primary contribution of mafic minerals. Na2O 

exhibits a positive correlation with SiO2 and TiO2, but a negative correlation with K2O and 

TOT/C, suggesting the occurrences of Na in silicates and mafic minerals. K2O exhibits a 

negative correlation with Fe2O3, MgO, Na2O, TiO2, P2O5 and MnO, but there are no 

correlation with SiO2, Al2O3 and TOT/C suggesting the occurrence of K-feldspar. CIA and 

PIA are positively correlated to K2O, but negatively correlated to MgO, CaO and TiO2 

(Table 2).  
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Table 1 Chemical composition (major, some trace and REE from Saydam Eker, 2017) of analyzed samples. 
Çizelge 1. Analiz edilen örneklerin kimyasal bileşenleri (ana, bazı iz ve NTE, Saydam Eker, 2017). 
 

Sample  SiO2 

      
Al2O3

 

 
Fe2O3

 

 
MgO

 

 
CaO

 

 
Na2O 

%
 

K2O 
 

TiO2
 

 
P2O5

 

 
MnO 

 
Cr2O3 TOT/C 

TE1 Bed 59.23 15.45 7.42 3.27 9.12 2.33 2.07 0.79 0.19 0.12 0.004 1.81 

TE3 61.85 15.37 6.67 2.89 7.48 2.49 2.29 0.71 0.14 0.11 0.004 1.29 

TE4 58.68 15.6 6.95 3.47 9.75 2.56 1.97 0.73 0.16 0.12 0.005 1.68 

TE8 59.7 16.88 6.98 3.1 8.06 2.43 1.91 0.69 0.14 0.11 0.004 1.24 

TE9 62.94 15.52 6.12 2.6 6.85 2.69 2.4 0.64 0.13 0.11 0.003 1.15 

TE11 58.95 16.27 7.12 3.36 9.13 2.33 1.83 0.75 0.16 0.11 0.005 1.58 

TE12 60.95 14.92 7.47 2.92 7.98 2.42 2.28 0.79 0.14 0.12 0.005 1.39 

AK1 62 14.74 6.16 2.69 8.58 2.48 2.48 0.63 0.13 0.1 0.006 1.88 

AK3 60.74 14.32 5.67 3.35 10.4 2.24 2.41 0.62 0.12 0.1 0.007 2.23 

AK5 64.55 14.53 6.86 2.33 5.7 2.73 2.41 0.67 0.12 0.11 0.005 0.89 

AK6 64.42 14.66 5.09 2.54 7.51 2.65 2.4 0.51 0.12 0.09 0.004 1.32 

AK7 58.43 15.27 6.63 3.31 11.3 2.19 1.94 0.7 0.15 0.11 0.006 2.18 

AK9 62.89 14.59 6.16 2.74 7.87 2.58 2.28 0.64 0.12 0.11 0.004 1.40 

AK10 60.1 14.87 5.98 3 10.8 2.26 2.08 0.61 0.13 0.1 0.005 2.03 

GM6 63.63 15.38 5.8 2.57 6.52 2.68 2.62 0.59 0.12 0.1 0.005 1.51 

GM5 63.86 15.88 6.39 1.97 4.81 3.07 3.16 0.64 0.12 0.1 0.004 1.16 

GM4 66.25 14.35 6.41 1.99 4.64 2.83 2.7 0.62 0.11 0.11 0.005 0.69 

GM3 58.17 16.09 6.43 3.46 10.1 2.18 2.53 0.72 0.16 0.13 0.007 2.91 

GM2 60.18 15.51 6.14 3.37 9.04 2.34 2.49 0.67 0.15 0.1 0.007 1.96 

GM1 61.67 15.11 6.19 3.02 8.03 2.33 2.75 0.65 0.13 0.11 0.007 2.08 

HE1 58.29 15.23 5.94 3.4 11.5 2.27 2.47 0.65 0.17 0.11 0.007 2.63 

HE2 59.9 15.01 5.83 3.28 10.3 2.32 2.47 0.63 0.16 0.1 0.007 2.31 

HE3 63.61 14.5 5.87 2.73 7.34 2.5 2.6 0.6 0.13 0.1 0.005 1.69 

HE5 64.89 14.75 5.81 2.55 6.06 2.7 2.44 0.6 0.12 0.1 0.004 1.00 

HE6 64.37 15.41 5.66 2.49 6.06 2.62 2.6 0.57 0.12 0.1 0.005 1.05 

HE7 56.27 15.45 6.26 3.77 12.8 2.1 2.36 0.69 0.19 0.1 0.007 2.96 

HE8 58.48 15.83 6.3 3.43 10.4 2.26 2.34 0.67 0.19 0.11 0.006 2.32 

ME1 63.76 15.34 6.63 2.4 5.65 2.65 2.67 0.65 0.13 0.1 0.004 1.02 

ME2 65.64 15.26 5.3 2.22 5.29 2.75 2.82 0.51 0.11 0.09 0.003 0.87 

ME3 64.84 15.09 5.9 2.33 5.55 2.77 2.76 0.58 0.11 0.09 0.004 0.91 

ME4 62.87 14.83 5.77 2.47 7.94 2.66 2.68 0.57 0.12 0.1 0.006 1.52 

ME5 61.92 14.62 7.42 2.87 7.35 2.49 2.36 0.73 0.13 0.11 0.006 1.31 

ME6 65.37 13.39 7.6 2.35 5.32 2.62 2.4 0.72 0.11 0.11 0.006 0.92 

ME7 51.28 11.87 4.9 3.48 23.9 1.9 2.02 0.48 0.11 0.09 0.004 4.73 

ME8 58.82 15.61 6.28 3.31 10.5 2.27 2.28 0.67 0.18 0.1 0.007 2.34 

Average 54.67 13.42 5.62 2.74 8.32 2.21 2.14 0.58 0.12 0.09 0.005 1.91 

Mixed source 61.60 15.35 4.81 3.50 5.71 3.59 1.33 0.42 0.05 0.09   

AKT1 Terrace 65.31 15.32 8.04 1.93 3.51 2.39 2.42 0.8 0.12 0.15 0.006 0.32 

AKT2 64.43 18.39 7 1.82 2.49 1.86 3.17 0.58 0.11 0.15 0.006 0.29 

AKT3 64.62 16.94 6.67 2.27 3.07 2.27 3.33 0.6 0.11 0.12 0.006 0.54 

TET4 67.76 15.2 6.05 1.9 3.03 2.73 2.49 0.63 0.13 0.07 0.004 0.08 

TET5 62.75 15.47 6.66 2.13 6.43 2.04 3.48 0.62 0.28 0.13 0.012 4.36 

TET6 64.95 14.93 5.99 3.02 5.45 1.68 3.06 0.65 0.12 0.13 0.008 1.44 

GMT3 65.97 16.68 6.22 2 2.83 2.77 2.66 0.64 0.12 0.12 0.004 0.04 

GMT1 65.11 15.72 6.56 2.64 3.85 2.29 2.96 0.64 0.11 0.13 0.005 0.85 

GMT2 64.98 15.05 6.51 2.67 4.56 2.56 2.8 0.64 0.12 0.11 0.004 0.82 

HET1 63.58 16.36 7.43 2.36 4.34 2.43 2.48 0.73 0.13 0.15 0.004 0.42 

HET2 64.71 15.57 7.19 2.08 4.71 2.31 2.5 0.74 0.11 0.09 0.005 0.81 

MET3 56.63 16.91 8.27 3.16 9.91 2.11 1.92 0.72 0.19 0.18 0.003 1.54 

MET4 61.92 17.22 7.86 2.66 4.25 2.51 2.33 0.73 0.13 0.37 0.013 0.45 

MET5 57.85 17 10.2 3.21 5.67 2.89 1.91 0.93 0.14 0.15 0.002 0.13 

Average 58.85 14.98 6.65 2.23 4.21 2.17 2.47 0.64 0.12 0.13 0.006 0.86 

Mixed source 63.99 14.59 4.10 2.90 4.70 3.77 1.55 0.38 0.05 0.08   
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Table 1 (Continued). 

Çizelge 1 (Devam ediyor). 

 

 

 

 

 

 

 

 

 

 

Sample  Sr Ba Co Ni  Cu V CIA PIA WIP ICV C-value Sr/Cu 

TE1 320.7 545 14.1 12.6 36.1 181 47.79 47.43 57.02 2.19 0.24 8.9 
TE3 336.7 604 11.8 9.3 36.1 171 48.86 48.65 58.62 1.99 0.21 9.3 

TE4 352 493 14.5 11.5 34.3 167 45.28 44.62 60.82 2.30 0.23 10.3 

TE8 363.7 500 16.2 11.4 41.7 159 50.30 50.34 55.96 1.91 0.22 8.7 
TE9 334.6 631 11.1 9.2 32.3 149 49.51 49.42 59.82 1.86 0.18 10.4 

TE11 355.1 482 16.4 11.7 37 169 48.32 48.09 56.04 2.11 0.24 9.6 

TE12 320.1 620 11.4 9.3 34.2 194 47.33 46.83 58.61 2.14 0.23 9.4 
AK1 270 544 11.2 12.6 25.7 133 46.78 46.12 59.05 2.09 0.20 10.5 

AK3 267.6 487 11.4 17 25 116 43.40 42.15 60.11 2.42 0.19 10.7 

AK5 270.6 641 11.7 10.4 26.7 174 49.95 49.94 58.66 1.86 0.22 10.1 
AK6 278.7 509 10.2 11.3 24 109 46.91 46.29 60.15 1.96 0.17 11.6 

AK7 315.7 473 13.6 15.1 33 150 43.83 42.98 57.52 2.41 0.23 9.6 

AK9 276.2 515 11.9 12.6 26.8 146 46.51 45.86 59.51 2.09 0.22 10.3 
AK10 300.3 461 13.3 13.6 28.3 127 43.13 42.10 58.59 2.35 0.20 10.6 

GM6 264.3 540 11.1 12.3 26 122 51.35 51.67 59.10 1.77 0.18 10.2 

GM5 233.4 742 10.4 9.5 19.8 140 53.80 54.95 63.25 1.57 0.17 11.8 
GM4 251.7 606 10.4 10.1 23.9 158 51.16 51.46 59.66 1.72 0.21 10.5 

GM3 264.6 537 12.8 18.9 37.3 121 50.12 50.15 56.05 2.08 0.19 7.1 

GM2 264.3 554 12.2 16.1 29 125 47.67 47.21 59.54 2.14 0.19 8.9 
GM1 255.2 728 11.3 15.9 42.1 127 49.77 49.72 58.31 2.00 0.16 6.1 

HE1 292.3 527 12.2 17.3 35.4 114 44.16 43.09 60.68 2.40 0.18 8.3 

HE2 282.2 521 11.7 15.5 32.7 119 45.12 44.19 60.24 2.29 0.18 8.6 
HE3 255.2 583 10.3 12 27.5 126 48.79 48.51 58.83 1.98 0.18 9.3 

HE5 275.3 574 10.4 9.4 32.4 134 49.75 49.69 59.16 1.85 0.18 8.5 

HE6 271.5 586 10.4 10.8 31.4 121 50.98 51.21 59.23 1.75 0.17 8.6 
HE7 299.1 494 13 18.3 41.2 120 43.32 42.20 59.98 2.56 0.19 7.3 

HE8 330.9 527 13.2 16.5 44.7 129 47.01 46.48 58.23 2.23 0.19 7.4 

ME1 289.5 645 12.5 10.6 37.4 153 51.88 52.34 59.21 1.75 0.19 7.7 
ME2 281.4 603 10.6 9.6 31.1 112 51.42 51.79 60.92 1.66 0.15 9.0 

ME3 279.1 620 10.9 10 32.4 134 50.60 50.74 61.24 1.75 0.18 8.6 

ME4 267 596 10.7 10.8 33.5 124 46.35 45.54 62.35 2.01 0.17 8.0 
ME5 277.7 737 12.7 11.5 41.3 175 47.82 47.38 59.07 2.10 0.20 6.7 

ME6 259 812 11.4 9 35.7 202 49.45 49.31 57.00 1.99 0.21 7.3 

ME7 251.9 415 9.7 11.8 24.3 97 25.55 23.01 69.09 4.89 0.18 10.4 
ME8 319.9 523 13.6 15.2 37.4 130 46.46 45.85 58.12 2.24 0.19 8.6 

Avr. 289.4 571 12.0 12.5 32.51 140.8 47.44 59.42 47.07 1.95 0.20 9.1 

Mixed source      36.38 34.88 87.36 1.85   

AKT1 279.9 697 11.2 10.7 32.7 138 57.25 59.01 51.57 1.54 0.17 8.6 

AKT2 203.3 606 12.1 38 95.5 102 65.64 70.70 49.45 1.11 0.19 2.1 

AKT3 213.8 573 12.9 23.9 25.7 117 60.78 64.55 56.06 1.34 0.20 8.3 

TET4 276.5 539 15.7 15.2 43.5 231 56.38 57.97 55.61 1.46 0.32 6.4 
TET5 210 968 12.2 20.9 34.4 139 74.55 88.51 44.09 1.25 0.15 6.1 

TET6 179.3 650 11.9 23.2 30.6 117 56.33 58.44 52.08 1.72 0.19 5.9 

GMT3 312 781 13.7 11.3 31.1 139 58.59 60.77 56.77 1.36 0.15 10 
GMT1 244 107 12.7 17.2 33.5 145 58.41 61.04 55.01 1.53 0.15 7.3 

GMT2 241.4 724 11.3 11.8 25.1 151 54.06 55.19 58.45 1.72 0.18 9.6 

HET1 374.7 610 14.7 12.8 62.6 192 56.17 57.56 54.56 1.57 0.23 6.0 
HET2 383.9 663 11.8 10.6 47.3 182 55.69 57.06 52.17 1.58 0.20 8.1 

MET3 375.5 501 16.6 9.5 143.4 215 47.80 47.51 56.12 2.12 0.28 2.6 

MET4 384.9 726 16.3 13.5 82.6 204 57.97 59.59 54.21 1.54 0.22 4.7 
MET5 478.6 559 20.3 10.8 70.8 296 51.52 51.74 60.76 1.96 0.32 6.8 

Avr. 297.0 690 13.8 16.4 54.20 169.1 57.94 54.07 60.69 1.46 0.21 6.6 

Mixed source      38.25 36.62 83.18 1.72   
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Table 1 (Continued). 

Çizelge 1 (Devam ediyor). 

 

 

 

 

 

 

 
 

Sample Th Sc La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

TE1 4.8 16 19 33 3.6 14 2.8 0.8 2.7 0.4 2.6 0.5 1.6 0.3 1.8 0.3 

TE3 4.9 16 18 32 3.4 14 2.5 0.7 2.6 0.4 2.5 0.5 1.4 0.3 1.6 0.3 

TE4 4.3 16 18 33 3.7 15 3.1 0.8 2.9 0.5 2.9 0.6 1.8 0.3 1.8 0.3 

TE5 1.5 8 11 14 1.8 7.5 1.4 0.4 1.5 0.2 1.5 0.3 0.9 0.1 0.9 0.1 

TE8 4.7 17 18 34 3.8 15. 3 0.8 3 0.5 2.6 0.6 1.7 0.3 1.8 0.3 

TE9 4.8 14 18 33 3.6 15 3 0.8 2.8 0.4 2.6 0.6 1.7 0.3 1.7 0.3 

TE11 4.5 17 19 36 3.9 15 3.1 0.8 3 0.5 3 0.6 1.7 0.3 1.8 0.3 

TE12 5.1 15 19 35 3.8 15 3.1 0.7 2.7 0.4 2.7 0.5 1.7 0.3 1.7 0.3 

AK1 5.8 13 21 40 4.4 17. 3.2 0.8 3.2 0.5 3.0 0.7 2.0 0.3 2.0 0.3 

AK3 6.1 13 20 38 4.1 16 3.2 0.7 3.1 0.5 3.3 0.7 2 0.3 2.0 0.3 

AK5 5.6 14 19 34 3.9 15 3.0 0.7 2.9 0.5 2.9 0.6 1.8 0.3 1.8 0.3 

AK6 5.1 12 18. 36 3.9 15. 3 0.7 2.9 0.5 2.9 0.6 1.8 0.3 1.8 0.3 

AK7 4.8 15 19 34 3.9 15. 3.2 0.8 3.1 0.5 2.8 0.6 1.9 0.3 1.7 0.2 

AK9 5.0 14 18 35 3.8 15 3.2 0.8 3.2 0.6 3.1 0.7 2.0 0.3 2 0.3 

AK10 5.2 14 18 36 3.8 14 2.9 0.7 3.0 0.5 2.8 0.5 1.7 0.3 1.8 0.3 

GM6 5.9 13 20 37 4.1 16 3 0.7 3.1 0.5 3 0.7 1.9 0.3 2 0.3 

GM5 11 13 31 58 6.1 23. 4.5 0.9 4.2 0.7 3.9 0.8 2.6 0.4 2.7 0.4 

GM4 5.4 13 20 35 39 15 2.9 0.7 2.9 0.5 2.9 0.6 1.8 0.2 1.8 0.2 

GM3 7.8 15 25 48. 5.1 20 4 0.9 3.8 0.7 3.9 0.8 2.5 0.4 2.4 0.4 

GM2 7.6 15 24 45 4.9 19 3.8 0.8 3.7 0.7 3.7 0.8 2.3 0.4 2.5 0.4 

GM1 7.5 13 24 46 4.9 19 3.8 0.8 3.6 0.6 3.5 0.7 2.3 0.3 2.3 0.3 

HE1 7.1 14 21. 41 4.5 17 3.5 0.8 3.4 0.6 3.5 0.7 2.2 0.3 2.2 0.4 

HE2 7.2 14 23 41 4.3 16 3.1 0.7 3.4 0. 6 3.3 0.8 2.3 0.3 2.4 0.4 

HE3 7.2 13 20 39 4.1 16 3.1 0.7 3.2 0.5 3.2 0.8 1.9 0.3 2.1 0.3 

HE5 5.7 14 18 35 3.8 15 2.9 0.8 3.0 0.5 3.2 0.7 1.9 0.3 1.9 0.3 

HE6 7.4 14 21 39 4.2 16 3.2 0.7 3.3 0.5 3.1 0.7 2 0.3 2.1 0.3 

HE7 7.1 15 22 43 4.6 18 3.4 0.8 3.5 0.6 3.3 0.7 2.1 0.3 2.2 0.4 

HE8 7.2 15 21 39 4.3 16 3.2 0.8 3.4 0.5 3.3 0.7 2.1 0.3 2.2 0.3 

ME1 7.0 14 21 41 4.4 16 3.2 0.8 3.3 0.5 3.2 0.7 2.1 0.3 2.2 0.4 

ME2 6.5 12 20 36 3.9 15 3 0.7 2.9 0.5 2.9 0.6 1.8 0.3 1.9 0.3 

ME3 6.7 13 21 38 4.1 15 3.0 0.7 3.1 0.5 2.9 0.7 1.9 0.3 2 0.3 

ME4 7.5 13 23 38 4.2 16 3.1 0.7 3.2 0.5 3.1 0.7 1.8 0.3 2.0 0.3 

ME5 7.7 16 25 45 4.9 18 3.6 0.9 3.6 0.6 3.5 0.8 2.3 0.4 2.4 0.4 

ME6 6.7 13 23 40 4.3 16 3.2 0.8 3.2 0.5 3.1 0.7 1.9 0.3 2.1 0.3 

ME7 4.9 9 15 27 3.0 12 2.2 0.5 2.4 0.4 2.2 0.5 1.3 0.2 1.3 0.2 

ME8 6.9 14 23 42 4.5 16 3.6 0.8 3.5 0.6 3.5 0.7 2.2 0.3 2.2 0.4 

TET4 5.5 14 21 39 4.0 15 3.2 0.8 3 0.5 3.2 0.7 1.9 0.3 2.0 0.3 

TET5 10.4 12 24 42 4.9 19 3.8 0.9 3.9 0.6 3.8 0.8 2.4 0.4 2.2 0.4 

TET6 8.1 14 39 68 7.2 27 4.7 0.9 4.7 0.8 4.4 1 3 0.5 3.1 0.5 

AKT1 5.8 15 20 38 4.2 16 3.3 0.8 3.3 0.5 3.2 0.7 2.1 0.3 2.0 0.3 

AKT2 7.7 17 31 57 6.1 23 4.3 0.8 4.3 0.7 4 0.8 2.5 0.8 2.4 0.4 

AKT3 15.4 15 26 53 5.7 21 4.4 0.8 4.3 0.7 4.2 0.9 2.4 0.4 2.4 0.4 

GMT3 6.3 15 22 40 4.4 17 3.5 0.8 3.4 0.5 3.3 0.7 2.1 0.3 2.2 0.3 

GMT1 7.9 13 2 44 4.2 16 3.2 0.7 3.1 0.5 3.2 0.6 1.9 0.3 2.0 0.3 

GMT2 8.3 13 22 43 4.5 17. 3.3 0.8 3.2 0.5 3.2 0.7 1.9 0.3 1.9 0.3 

HET1 8.2 17 24 45 4.8 18 3.8 0.9 3.6 0.6 3.5 0.8 2.3 0.4 2.3 0.4 

HET2 6.6 16 19 38 3.9 15 3.2 0.8 3.2 0.5 3.1 0.7 2.0 0.3 2.1 0.3 

MET3 4.8 17 18 34 3.7 14 2.8 0.9 2.9 0.5 2.7 0.5 1.7 0.3 1.7 0.3 

MET4 7.0 19 21 42 4.1 16 3.1 0.9 3.1 0.5 3.1 0.7 2 0.3 2 0.3 

MET5 5.4 21 17 33 3.7 15 3.1 0.9 3.4 0.5 3.3 0.7 1.9 0.3 2.2 0.3 
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Table 2. Correlation coefficients (r) from the correlation matrix obtained using geochemical data from 
the analyzed samples (n=35 for bed, n=14 for terrace sediments). 
 
Çizelge 2. Analiz edilen örneklerin kimyasal verilerinin kullanılarak elde edilen korelasyon katsayıları (r) 
(yatak için 35, taraça için 14 örnek). 

 

 

* Correlation is significant at the 0.05 level ** Correlation is significant at the 0.01 level 

 

 

 

 

 

 SiO2 Al2O3 F2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO TOC CIA PIA 

SiO2 
1.000             

Al2O3 
.296 1.000            

Fe2O3 
.200 .364

(*)
 1.000           

MgO 
-.923

(**)
 -.234 -.105 1.000          

CaO 
-.949

(**)
 -.477

(**)
 -.328 .876

(**)
 1.000         

Na2O 
.941

(**)
 .456

(**)
 .283 -.879

(**)
 -.932

(**)
 1.000        

K2O 
.797

(**)
 .267 -.056 -.792

(**)
 -.814

(**)
 .751

(**)
 1.000       

Ti2O 
-.051 .310 .926

(**)
 .172 -.088 .034 -.227 1.000      

P2O5 
-.593

(**)
 .194 .290 .646

(**)
 .487

(**)
 -.496

(**)
 -.448

(**)
 .521

(**)
 1.000     

MnO 
-.186 .184 .735

(**)
 .299 .068 -.106 -.306 .799

(**)
 .502

(**)
 1.000    

TOC 
-.926

(**)
 -.493

(**)
 -.407

(*)
 .828

(**)
 .920

(**)
 -.931

(**)
 -.616

(**)
 -.169 .462

(**)
 -.004 1.000   

CIA 
.838

(**)
 .649

(**)
 .360

(*)
 -.764

(**)
 -.949

(**)
 .832

(**)
 .759

(**)
 .159 -.358

(*)
 .002 -.854

(**)
 1.000  

PIA 
.838

(**)
 .654

(**)
 .375

(*)
 -.770

(**)
 -.949

(**)
 .837

(**)
 .743

(**)
 .169 -.352

(*)
 .012 -.862

(**)
 .998

(**)
 1.000 

 SiO2 Al2O3 F2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO TOC CIA PIA 

SiO2 
1.000             

Al2O3 
-.055 1.000            

Fe2O3 
-.279 .495 1.000           

MgO 
-.470 .015 .276 1.000          

CaO 
-.727

(**)
 -.468 .134 .616

(*)
 1.000         

Na2O 
.407 .327 .288 .143 -.156 1.000        

K2O 
.213 -.260 -.748

(**)
 -.427 -.354 -.504 1.000       

Ti2O 
-.024 .241 .761

(**)
 .356 .210 .626

(*)
 -.899

(**)
 1.000      

P2O5 
-.537

(*)
 -.054 .149 .274 .614

(*)
 .221 -.460 .253 1.000     

MnO 
-.577(*) .487 .644

(*)
 .337 .152 -.145 -.484 .355 .294 1.000    

TOC 
-.530 -.662

(**)
 -.235 .338 .662

(**)
 -.666

(**)
 .224 -.381 .115 .027 1.000   

CIA 
.235 .196 -.354 -.753

(**)
 -.653

(*)
 -.270 .660

(*)
 -.591

(*)
 -.348 -.101 -.165 1.000  

PIA 
.213 .138 -.380 -.744

(**)
 -.600

(*)
 -.266 .664

(**)
 -.595

(*)
 -.296 -.125 -.121 .996

(**)
 1.000 
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DISCUSSIONS 
 

Mixed source composition 

Previous research (Cullers, 1994, 1995; Jian et al., 2013) have exhibited that fine-

grained sediments are more likely to have mineralogical and chemical composition 

similar to their source rocks compositions and so they may be better indicators of 

provenance. Major, trace and rare earth elements data of different potential sources 

are collected and used to model the notional proportions of end members for Harşit 

bed and terrace sediments. The first end-member is Carboniferous granodiorite 

(Gümüşhane pluton, Topuz et al., 2010), the second end-member is Lower Jurassic 

gabbro (Gökcedere pluton, Karslı et al., 2017), and the third end-member is Upper 

Cretaceous felsic tuffs (Eyuboğlu, 2015). These three end-members can provide a 

wide range of composition for identifying likely source end-member proportions 

(Table 3, Fig. 3A, B).   

Using the granodiorite, gabbro and felsic tuffs as the potential source contributors, it 

is possible to quantitatively model their proportions. A mixture of 3% granodiorite 

(Gd) + 50% gabbro (Gb) + 47% felsic tuff (TF) is suggested as the ideal modeling 

source composition for Harşit bed sediments, and 5 % granodiorite + 37% gabbro + 

58% felsic tuff for terrace sediments, because they are almost similar chondrite-

normalized REE pattern (Fig. 4A, B). In addition, the average Eu/Eu*, (Gd/Yb)N, 

La/Th and (La/Yb)N ratios (0.79, 1.15, 3.40 and 6.20, respectively) of the first mixture 

model of 3% Gd + 50% Gb + 47% TF are nearly similar to those of bed sediments 

(0.74, 1.29, 3.47 and 7.02, respectively). Eu/Eu*, (Gd/Yb)N, La/Th and (La/Yb)N ratios 

(0.74, 1.16, 3.06 and 7.10, respectively) of the second mixture model of 5% Gd + 

37% Gb + 58% TF are nearly similar to those of terrace sediments 0.74, 1.30, 3.20, 

7.10 respectively) (Table 3). The average Co/Th and Th/Sc ratios of the first and 

second mixed models (14.16, 10,54 and 1.80, 2.22, respectively) are higher than 

those of the bed and terrace sediments (2.11, 2.00 and 0.40, 0.50, respectively) 

(Table 3). The average Eu/Eu*, (Gd/Yb)N, La/Th and (La/Yb)N ratios of the studied 

sediments coincide with the 1:1 line, whereas, the average Co/Th and Th/Sc ratios of 

both sediments are somewhat far from the 1:1 line (Fig. 4C, D), and this case can be 

described by the enrichment of mafic fragments and decreased of quartz during 

sedimentary processes. Additionally, the bed sediments have lower average SiO2, 

Al2O3, MgO and Na2O concentrations than that of the suggested modeled mixed 
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source rocks, but higher concentrations of Fe2O3, CaO, K2O, TiO2 and P2O5 (Fig. 5A). 

The terrace sediments have lower average have SiO2, MgO, CaO, Na2O and MnO 

concentration than that of the suggested mixed source rocks, but higher 

concentrations of Al2O3, Fe2O3, K2O, TiO2 and P2O5 (Table 3, Fig. 5B). 

 

 
Table 3. Major, trace and rare earth elements of source end members, mixing source and average of 
the studied sediments. 
 
Çizelge 3. İncelenen örneklerin, karışık kaynak ve kaynak üyelerinin ana, iz ve nadir toprak element 
ortalamaları. 

 

 

 

 

 

 

 

Element 
End Members 

Granodiorite Gabbro Felsic tuff                                   
Mixed source 
model for bed 

sediments 

Mixed source model 
for terrace 
sediments 

 
Studied sediments 

 Gd. Gb. FT 3% 
Gd+50%Gb+4
7%FT 

5% 
Gd+37%Gb+58%F
T 

Bed sediments Terrace 
sediment
s 

SiO2 64.77 52.11 71.50 61.6 63.99 54.67 58.85 
Al2O3 15.26 18.46 12.06 15.35 14.59 13.42 14.98 
Fe2O3 5.10 7.70 1.71 4.81 4.1 5.62 6.65 
MgO 2.76 5.86 1.03 3.5 2.9 2.74 2.23 
CaO 3.55 9.70 1.60 5.71 4.7 8.32 4.21 
Na2O 2.99 2.83 4.44 3.59 3.77 2.21 2.17 
K2O 3.11 0.57 2.03 1.33 1.55 2.14 2.47 
TiO2 0.48 0.58 0.25 0.42 0.38 0.58 0.64 
P2O5 0.10 0.05 0.05 0.05 0.05 0.12 0.12 
MnO 0.08 0.14 0.03 0.09 0.08 0.09 0.13 
Th 13.4 1.24 16.53 8.79 11.28 6.1 7.7 
Sc 14.2 33.79 5.15 19.74 15.05 13.9 15.6 
Co 13.7 23.34 2.34 13.18 9.68 11.9 13.8 
La 22.10 4.65 34.59 19.25 24.19 20.36 23.25 
Ce 41.70 10.33 61.55 35.35 43.79 37.66 43.87 
Pr 4.80 1.37 6.38 3.83 4.65 4.10 4.66 
Nd 17.70 6.65 21.70 14.05 16.51 15.74 17.84 
Sm 3.50 2.00 3.95 2.96 3.28 3.14 3.55 
Eu 0.80 0.66 0.71 0.69 0.69 0.75 0.84 
Gd 3.40 2.77 3.53 3.15 3.27 3.11 3.52 
Tb 0.60 0.47 0.60 0.54 0.56 0.51 0.57 
Dy 3.30 3.28 3.48 3.38 3.41 3.05 3.43 
Ho 0.70 0.71 0.76 0.73 0.74 0.65 0.74 
Er 2.10 2.08 2.34 2.20 2.25 1.92 2.15 
Tm 0.30 0.31 0.37 0.34 0.35 0.29 0.33 
Yb 2.10 2.04 2.45 2.24 2.31 1.97 2.19 
Lu 0.30 0.32 0.39 0.35 0.36 0.31 0.35 
Th/Sc 0.95 0.04 0.58 1.80 2.22 0.40 0.50 
La/Th 1.66 4.7 9.98 3.40 3.06 3.47 3.20 
Co/Th 1.06 28.12 1.18 14.16 10.54 2.11 2.00 
Eu/Eu* 0.71 0.99 3.72 0.79 0.74 0.74 0.74 
LaN/YbN 6.98 2.59 2.13 6.20 7.10 7.02 7.10 
GdN/YbN 1.28 1.11 0.14 1.15 1.16 1.29 1.30 
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In substance, REEs distributions, Eu/Eu*, (Gd/Yb)N, La/Th and (La/Yb)N ratios of the 

bed and terrace sediments show that they were derived from mixed sources (A 

mixture of 3% granodiorite + 50% gabbro + 47% felsic tuff and a mixture of 5% 

granodiorite + 37% gabbro + 58% felsic tuff, respectively).  

 

Weathering intensity 

 

Major element chemistry is best practicable for defining the weathering degree of 

source sediment to interpret the weathering intensity. Different indices such as the 

Chemical Index of Alteration (CIA, Nesbitt and Young, 1982), the Plagioclase Index 

of Alteration (PIA, Fedo et al., 1995), the Weathering Index (WIP, Parker, 1970) and 

the Index of Composition Variability (ICV, Cullers and Podkovyrov, 2002), were 

improved to determine the level of weathering. The CIA is a chemical representative 

to evaluate the degree of switch of minerals to clay minerals. The CIA values in 

unaltered rocks are between 45 and 55 for granite, granodiorite and rhyolite, and 

between 30 and 45 for fresh gabbro and basalt. The CIA values are ~10 for 

unweathered clinopyroxene, ~30 for unweathered hornblende, and ~50 for 

unweathered feldspars (Nesbitt and Young, 1982; Zhou et al., 2017). The value is 

higher for sediment and sedimentary rocks, which are formed of complex 

mineralogical mixtures (carbonates, phyllosilicates and phosphates). In aluminum-

rich phyllosilicates the CIA values range from 75 to 100 (100 for chlorite and kaolinite, 

~80 for illite and smectite, and 75 for muscovite) (Nesbitt and Young, 1982). 

Sediments with high WIP and ICV values may have been derived from immature 

sediments and characterize first-cycle deposits; sediments with low WIP and ICV 

values may have been derived from mature sediments (Kamp and Leake, 1985; 

Wang et al., 2014; Saydam Eker and Demirkol Kiliç, 2018). 
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Figure 3. A. Chondrite-normalized REE 

patterns of Potential parent-rock end 

members for the bed and terrace 

sediments, B. Plot of Th/Sc versus Eu/Eu* 

for the sediments. Mixing curves are 

divided into 10% increments, with a 

mixture of 3% granodiorite, % 50 gabbro, 

47% felsic tuff for bed sediments and 5% 

granodiorite, % 37 gabbro, 58% felsic tuff 

for terrace sediments. 

 

Şekil 3. A. Kanal ve taraça sedimentleri 

için potansiyel kaynak kayaçların kondritle 

normalize edilmiş REE diyagramı, B. 

Sedimentler için Th/Sc ve Eu/Eu* 

diyagramı. Karışım eğrisi %10 aralıklarla 

bölünmüştür. Kanal sediment için %3 

granodiyorit, %50 gabro, %47 felsik tüf ve 

taraça sedimenti için %5 granodiyorit, %37 

gabro, %58 felsik tüf karışımı alınmıştır.  
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Figure 4. Comparison between the modeled mixed source and the average studied sediments 

composition. Chondrite-normalized REE patterns for studied sediments (A, B) and trace elemental 

ratios (C, D).  

Şekil 4. Modellenmiş karışık kaynak ve çalışılan sediment bileşenlerinin karşılaştırılması. Çalışılan 

sedimentler için kondritle normalize edilmiş NTE (A, B) ve iz element oranları (C, D). 

 

The Chemical Index of Alteration (CIA), described as [CIA= 

100xAl2O3/(Al2O3+CaO*+Na2O+K2O) (Nesbitt and Young, 1982)], the Plagioclase 

Index of Alteration [PIA = (Al2O3 - K2O)/ (Al2O3 - K2O)+(CaO*+Na2O)x100, Fedo et 

al., 1995], the Weathering Index [WIP= 100x(CaO*/0.7+2 Na2O/0.35+2 

K2O/0.25+MgO/0.9, Parker, 1970] and the Index of Compositional Variability [ICV = 

Fe2O3+K2O+Na2O+ CaO*+ MgO+TiO2/Al2O3, Cullers and Podkovyrov, 2002] (in 

molecular proportion) is used to appraise the weathering intensity of rocks. CaO* 

represents the amount of CaO added in the silicate fraction of the rock by expecting 

Ca incorporated in apatite and carbonate (Zhou et al., 2017). 
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Figure 5. UCC-normalized (Taylor and 

McLennan, 1985) major elements of the 

modeled mixed sources and the average 

of the studied sediments composition. A: 

bed sediments, B: terrace sediments.  

 

Şekil 5. İncelenen sediment ve karışık 

kaynak kayaçlarının ortalama ana 

elementlerinin ÜKK ile normalize edilmiş 

örümcek diyagramı (Taylor ve McLennan, 

1985). A: Kanal sedimentleri, B: Taraça 

sedimentleri.  

 

The possible source rocks of the Harşit sediments are the Upper Cretaceous felsic 

tuffs, the Early Jurassic gabbro and the Carboniferous granodiorite. The gabbro is 

unweathered as shown by its very low CIA, PIA values (29, 28, respectively) and high 

WIP, ICV values (98, 2.4, respectively). The felsic tuff and granodiorite are lowly 

weathered as shown by their low CIA, PIA values (44, 40 and 42, 38, respectively) 

and medium  high WIP, ICV values (70, 82 and 1.4, 1.7, respectively). The mixed 

source rocks for Harşit bed and terrace sediments have low CIA and PIA values (36, 

38 and 35, 37, respectively), and high WIP and ICV values (84, 82 and 1.9, 1.8) 

(Table 1). The CIA and PIA values of terrace sediments are higher than those of bed 

sediments. The CIA values calculated accordingly vary from 26 to 54 for the bed 

sediments and 48 to 75 for the terrace sediments, showing a mild weathering history 

for bed sediments and a mild to moderate weathering history for terrace sediments. 

The CIA value is used to reflect the progressive alteration of potassium feldspar and 

plagioclase to clay minerals during the weathering of rocks (Nesbitt and Young, 1982; 
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Zhou et al., 2017). The PIA index is used to evaluate the degree of weathering of 

plagioclase in rocks. The PIA values of the bed sediments are between 23 and 55 

and terrace sediments are between 47 and 89, indicating the bed sediments contain 

better preserved plagioclase than the terrace sediments. The high positive correlation 

of PIA and CIA values for the bed sediments (r= 0.998), and the terrace sediments 

(r= 0.996) are required to show the minimal weathering in the sediments. At the same 

time, PIA values are higher than CIA values in both sediments, because differential 

rates of K-feldspar and plagioclase weathering are mostly observed in bed rocks and 

its sediments (Goldich, 1938; White et al., 2001); Zhou et al., 2017). At the beginning 

of magma cooling, plagioclase crystallizes and forms chains of physically linked 

phenocrysts in crystalline rocks (Bryon et al., 1995). Conversely, the latter nucleation 

and growth of K-feldspar are limited to interstices of this crystalline framework and 

are more physically divided (Zhou, et al., 2017). In addition, experimental dissolution 

of plagioclase indicates that Na-rich plagioclase is more slowly dissolved than Ca-rich 

plagioclase (Blum and Stillings, 1995). The WIP and ICV values of the terrace 

sediments are lower than those of the bed sediments (average of 54, 1.46 and 59, 

1.95, respectively).  

The weathering intensity of the source of various sediments has been evaluated 

using the A-CN-K ternary diagram (Fig. 6). The diagram indicates kinetically and 

empirically presumable weathering vectors for different rock types and minerals, and 

strengthening for graphical interpretation of proportional chemical changes (Nesbitt 

and Young, 1984; Nesbitt and Wilson, 1992; Zhou et al., 2017). The general 

weathering vector for feldspar decomposition in different parent rocks is need to be 

parallel to the A-CN axis, but the certain vector direction is a function of the relative 

proportion of K-feldspar and plagioclase, their incongruent or congruent resolution, 

and the rate of preservation of aluminous weathering products (Babechuk et al., 

2015). On the A-CN-K ternary diagram, the granodiorite, the gabbro, the felsic tuffs, 

the mixed source rocks for bed and terrace sediments and the analyzed samples 

exhibit a linear array along weathering trend, falling on the A-CN axis (Fig. 6). The 

Harşit bed sediments are ranged between 40 and 50 values (except two samples), 

indicating that the samples are lowly weathered. The terrace sediments are ranged 

between 50 and 65 values along weathering line (Fig. 6), indicating that the samples 

are lowly to moderately weathered (Taylor and McLennan, 1985). In addition, 

intensive chemical weathering may direct to increase the Rb/Sr ratio, therefore ratios 
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>1 are indicators of intense weathering (Armstrong-Altrin et al., 2019; McLennan et 

al., 1993). The bed and terrace sediments have low Rb/Sr ratios, the average Rb/Sr 

ratio was calculated as 0.23 for the bed sediments, and as 0.31 for the terrace 

sediments (Saydam Eker, 2017). This result supports the low chemical weathering 

for bed sediments and low to moderate chemical weathering for terrace sediments.  

 

Figure 6. A-CN-K ternary diagram of the studied sediments, potential parent-rock end members 

(granodiorite, gabbro, felsic tuff) and modeled mixed source. A=Al2O3; CN=(CaO* + N2O); K= K2O (in 

molar proportions). CIA= Chemical Index of Alteration. Mineral composition: Pl= Plagioclase; Ksp=K-

feldspar; Ka= Kaolinite; Gi= Gibbsite; Sm= Smectite; Il= Ilite (Nesbitt and Young, 1984).  

 

Şekil 6. İncelenen sedimentlerin, potansiyel kaynak kayaların (Granodiyorit, gabro, felsik tüf) ve 

modellenmiş karışık kaynak kayaların A-CN-K üçgen diyagramı. A=Al2O3; CN=(CaO* + N2O); K= K2O 

(molar oranlar). CIA= Kimyasal alterasyon indeksi. Mineral bileşen: Pl= plajioklaz; Ksp= K-feldispat; 

Ka= Kaolinit; Gi= Jipsit; Sm= Smektit,İl= İllit (Nesbitt ve Young, 1984). 

 

Paleoclimate conditions 

Time differences in climate can be a significant factor for the weathering of source 

area for the bed and terrace sediments. Since the weathering index values of the 

terrace sediments are higher, the climate was likely more humid in the study area a 

few hundred years ago. In addition, the composition and distribution of some trace 

and major elements in sedimentary rocks may disclose the paleoclimatic variations 

(Hu et al., 2017; Vd’ačný’ et al., 2019). Cao et al. (2012) suggested that Mn, Fe, Cr, 

Co, Ni and V are relatively enriched under humid conditions. Contrarily, Ca, Mg, K, 

Na, Sr and Ba are relatively enriched under arid conditions. Some research 

successfully performed the C-value as a proxy for climate changes (Zhao et al., 

2007; Fu et al., 2016; Wang et al., 2017; Vd’ačný et al., 2019). 
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The C-value is calculated by the following formula: 

 

C-value = Σ(Fe+Mn+Cr+Ni+V+Co)/ Σ(Ca+Mg+Na+K+Sr+Ba)                                  (1)      

                                                       

The C-values for the bed sediments range from 0.15 to 0.24 (on average 0.20), for 

the terrace sediments, from 0.15 to 0.32 (on average 0.21) (Table 1). This reflects a 

generally arid to semiarid climate during the depositional period of bed and terrace 

sediments, but the climate conditions in a few hundreds years ago (depositional 

period of terrace sediments) is relatively more humid than present.  

In addition, the Sr/Cu ratio index has been used for paleoclimatic studies (Meng et 

al., 2012; Jia et al., 2013; Hu et al., 2017). In general, low Sr/Cu ratios show a warm 

humid climate, whereas high Sr/Cu ratios indicate a hot climate (Jia et al., 2013). 

Lerman (1978) suggested that Sr/Cu ratios between 1.3 and 5.0 are determinative of 

a warm humid climate, while Sr/Cu ratio >5.0 exhibits a hot arid climate. The Sr/Cu 

ratios of the bed sediments range from 6.1 to 11.6 (on average 9.1), terrace 

sediments range from 2.1 to 10.6 (on average 6.6) (Table 1). This distribution of 

Sr/Cu ratios indicate that an arid to semiarid climate conditions dominated during the 

depositional period of bed sediments and an arid to semi-moist climate conditions 

dominated during the depositional period of terrace sediments. 

 

Quantification of mass transfer 

To quantify mass transfer during weathering of the probable source rocks 

(granodiorite, gabbro and felsic tuffs), the tau (Ʈ) mass-transport model (Brimhall and 

Dietrich, 1987; Anderson et al., 2002; Zhou et al., 2017) was performed to mass 

balance calculations. Titanium is regarded as the immobile index element for Ʈ 

calculation. In this model, the concentrations (C) of elements (j) in the source rocks 

(p), relative to that of an immobile index element (i), are used as a normalization to 

determine the mass changes in the progressively altered rocks using the formula 

(Zhou et al., 2017).  

W: Ʈ(i,j)  =  [(Cj,w)/(Cj,p)]/[(Ci,w)/(Ci,p)]-1                                                            (2)                     
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When Ʈj = 0, element is immobile during weathering with respect to the source rocks, 

indicating no gain and loss of mass. When Ʈj = -1, the element is completely removed 

during weathering. The results calculated for selected elements are listed in Table 4. 

During weathering of the mixed source rocks, Na exhibits the greatest loss (ƮNa from 

-0.86 to -0.92) for the bed sediments, followed by Si (ƮSi from -0.80 to -0.88), K (ƮK 

from -0.75 to -0.88), Al, Mg (ƮAl, Mg from -0.77 to -0.86), Mn (ƮMn from -0.67 to -0.73), 

Fe (ƮFe from -0.63 to -0.68), Ca (ƮCa from -0.47 to -0.79, except two samples) and P 

(ƮP from -0.39 to -0.67). Two samples exhibits unusual high positive values of ƮCa = 

0.44 – 2.88 (Table 4, Fig. 7A), which may include the occasional autogenic 

deposition. More rapidly dissolution of Ca-rich plagioclase than Na-rich plagioclase 

supports autogenic mineral deposition. The Na, Si, K, Mg and Al are highly depleted, 

Mn and Fe are moderately depleted, P and Ca are moderately – slightly depleted, but 

Ca is sometimes enriched in the bed sediment samples (Fig. 7A). For the terrace 

sediments, Na exhibits the greatest loss (ƮNa from -0.86 to -0.90), followed by Si (ƮSi 

from -0.80 to -0.89), Mg (ƮMg from -0.79 to -0.89), K (ƮK from -0.65 to -0.89), Al (ƮAl 

from -0.74 to -0.85), Ca (ƮCa from -0.60 to -0.87), Fe (ƮFe from -0.62 to -0.71), Mn 

(ƮMn from -0.47 to -0.81) and P (ƮP from -0.48 to -0.69) (Table 4). Na, Si, Mg and Al 

are highly depleted, K, Ca and Fe are highly – moderately depleted, Mn is slightly – 

highly depleted and P is slightly – moderately depleted in the terrace sediment 

samples (Fig. 7B). The average of Si, Al, Na, K and Mn shows more loss in bed 

sediments than terrace sediments, the average of Fe, Mg, Ca and P shows less loss 

in bed sediments than terrace sediments (Table 4, Fig. 7C). The ƮSi values were lost 

in both sediments during weathering of silicates, only in part kept in the secondary 

clay minerals. The important depletion of Na in the bed and terrace sediments likely 

reflects that weathering occurred in humid climatic conditions. The rate of K-feldspar 

weathering is very restricted, because it has a lower resolution than plagioclase 

(Holland and Turekian, 2010). Therefore, K-feldspars were with lower loss than 

plagioclase in the studied sediments.  
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Although the PIA and CIA values of terrace sediments are higher than those of bed 

sediments, quantification of mass transfer of the elements is generally higher in the 

bed sediments. It may be because river water causes silicate hydrolysis and 

transports soluble weathering products away from reaction sites.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Distributions of Ʈ values for major 

elements of the studied samples. A: bed 

sediments, B: terrace sediments, C: average 

of bed and terrace sediments.  

 

Şekil 7. İncelenen örneklerin major element 

değerlerinin dağılımı. A: Kanal sediment, B: 

Taraça sediment, C: Kanal ve taraça 

sediment ortalaması.  
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CONCLUSIONS 

 

1. The Harşit bed sediment samples have higher average of MgO, CaO and Na2O 

concentrations than samples from terrace sediments, but lower concentrations of SiO2, 

Al2O3, Fe2O3, K2O, TiO2 and MnO.  

 

2. The Eu/Eu*, La/Th, (Gd/Yb)N, (La/Yb) ratios of the average bed and terrace sediments 

are closely reproduced by mixing source rocks showed in the bed sediments in following 

properties: 3% granodiorite + 50% gabbro + 47% felsic tuff and in the terrace sediments in 

following properties: 5% granodiorite + 37% gabbro + 58% felsic tuff.  

 

3. The CIA and PIA values of bed sediments are lower than those of terrace sediments. 

The CIA values calculated accordingly vary from 26 to 54 for bed sediments, and 48 to 75 

for terrace sediments, indicating a low weathering history for bed sediments and a low to 

moderate weathering history for terrace sediments.  

 

4. The distribution of C-values and Sr/Cu ratios reflect a generally arid to semiarid climate 

conditions during the depositional period of bed sediments and an arid to semi-moist 

climate conditions during the depositional period of terrace sediments. 

 

5- During weathering of the mixed source rocks, Na exhibits the greatest loss for bed and 

terrace sediments, P exhibits the lowest loss. The average of Si, Al, Na, K and Mn shows 

more loss in bed sediments than terrace sediments, the average of Fe, Mg, Ca and P 

shows less loss in bed sediments than terrace sediments.  

 

Finally, the PIA and CIA values of terrace sediments are higher than those of bed 

sediments, whereas quantification of mass transfer of the elements is generally higher in 

the bed sediments. It may be because river water causes silicate hydrolysis and transports 

soluble weathering products away from reaction sites.  
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