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Abstract: " JHJLAMD M1GMJAGBGCMDLGCJH1AMD1HJG MDJKBML2 J2JKJGEHM1GMJGEALEB1G BGL22I 0BL2 HJNBKJGEHaLH
M1GNI MEJN BGEDJ 21a JAM1I AHJ 1AEDJ ) FAL AB0JA0L22J@3 - DJ LGL2@HJH1b*JO, GO#I OPGO#LO, CLGN [ M1Gh
MJGEALEB1G aJAJ N1GJ BG L bALCKJGE1A0JAEBML2 ?A1bB2JOaDBMD aLHMDLALMEJABQJN F@0LABLF2J 2BED121C@3 ) G EDJ
FLHBH1bHELEBHEBML2 LGL2@HBHiM2I HEJALGL2@HBHj LGLEEJK?EaLHKLNJ E1 NBHEBGCI BHDCJ1MDJKBML2 CA1I ?H1bL22I 0BL2
HJNBKJGEH1bEDJ ) FAL AB0JA0L22J@3 ( Bk CJ1MDJKBML2 CA1I ?HOa DBMD AJ?AJHJGEAJNI MEB0J M1GNBEB1GHa BEDBG ?JLE
NJ?1HBEHOEDJ JG0BA1GKJGE1b2211N HJNBKJGEHiBGHJAEH1bbBGJ HLGNHa BEDBG?JLEHLGN HLGN@HB2EHBGEDJ E1? 1bEDJ
?A1bB2Jj LGN EDJ JG0BA1GKJGE1AAB0JAFJN HJNBKJGEHibBGJ HLGNHBG EDJ F1EE1K ?LAE1bEDJ ?A1bB2JjOaJAJ HBGC2JN
1I E3" JHI 2EH1bEDJ HEI N@HD1a EDLEBEBH?1HHBF2J E1 NBHEBGCI BHD EDJ LF10J KJGEB1GJN NJ?1HBEB1GL2 JG0BA1GKJGEH
1GEDJ FLHBH1b0LABLEB1GH1bHJNBKJGEH\ MDJKBML2 M1GHEBEI EB1G3
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- DJ bBAHE ?LAE1bEDJ HEI N@l ><mDLHHD1a G EDLEBEa LH NBbbBMI 2EE1 NBHEBGCI BHD CJ1MDJKBh
ML2 CA1I ?H1bL22I 0BL2 HJNBKJGEHOa DBMD a 1I 2N AJ?AJHJGE?LAEBMI 2LAE@?JH1bNJ?1HBEB1GL2
JG0BA1GKJGE3%GEDBH?L?JAOa DBMD ?AJHJGEHAJHI 2EH1bEDJ HJM1GN ?LAE1bEDJ HEI N@OM2I HEJA
LGL2@HBHa LH I HJN E1 HBGC2J 1I ECJ1MDJKBML2 CA1I ?H 1bL22I 0BL2 HJNBKJGEH3 - DBHLGL2@h
HBH L221a H E1 M1KFBGJ E1CJEDJA?LAEBMI 2LA 1FnJMEH 1AbJLEI AJH 1G EDJ FLHBH 1bHBKB2LABE@
bIGMEB1G l: m3 - DJ LBK 1bCA1I ?BGC BH E1 1FELBG G CA1I ?H 1b1FnJMEH BG HI MD L a L@EDLE
EDJ 21HH 1bBGb1AKLEB1G NI ABGC CA1I ?BGC ?A1MJHH BG KBGBKBQJN3 - DJ bBAHE HEJ? BHn1BGBGC
Ea 1 1FnJMEH ibJLEIAJHjOa DBMD AJHI 2EH BG EDJ HKL22JHEHoI LAJ NBHELGMJH BGMAJLHJ FJEa JJG
EDJ Ea 1 CA1I ?JN 1FnJMEH i bJLEI AJHj l%m3 ! G1EDJAHELCJ BHMDJM̀BGC BbEDJ EDBAN 1FnJMEMLG
FJ BGM2I NJN BG L <8J2JKJGEM2I HEJA b1AKJN BG EDJ bBAHEHELCJ 1bEDJ LGL2@HBH1AMLG form 
LG1EDJAM2I HEJA3- DJ ?A1MJNI AJ BHAJ?JLEJN I GEB2 EDJ K1KJGEa DJGL221FnJMEHLGN M2I HEJAH
1b1FnJMEHLAJ M1GGJMEJN E1CJEDJAl >4m3#1GGJMEB1G 1b1FnJMEH 1AbJLEIAJH BHN1GJ I HBGC
1GJ 1bLCC21KJALEB1GKJED1NHl %4mLGN KLEABk 1bHoI LAJ NBHELGMJH3 ' LMD M2I HEJAAJbJAHE1
NJbBGBEJ 2J0J2 NJHMABFJNF@' I M2BNJLGNBHELGMJ l: m3
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Cluster analysis is widely applied in various studies concerning medical problems 
[9, I O, 15] or regarding the choice of variables to neural network model [ 14]. In the 
case of natural studies, this method was used to distinguish types of meadow plants [7]. 
Cluster analysis was also applied to sort out climate types in the area of Saudi Arabia [I] 
and Europe [3] using the function which helped to establish optimal number of achieved 
clusters [3]. Another study [2] concerned intensity of erosion and mass movements. 
Using cluster analysis, interactions between river network density, type of vegetation and 
land use were shown. Besides, the units of land use type, which are endangered with ero­ 
sion of various intensity, were sorted out [2]. In the case of research regarding intensity 
of soils erosion using Cs137 radionuclide method, cluster analysis was used to distinguish 
among soil erosion classes depending on lithology, location of studied profi les and slope 
shape [8]. The analysis was also applied to determine the dependence between soil type 
and shape of slopes [16]. 

I n the second part of the research, which is presented in this paper, the main study 
problem was to define more closely the connections between type of sediment, its chemi­ 
cal constitution and properties of depositional environment. The foll owing research tasks 
were done: 
I. Determination of variability of alluvial deposits lithology. 
2. Analyses of chosen chemical elements concentration in alluvial sediments of inves­ 

tigated fragment of vertical pro fi le. 
3. Distinguishing geochemical groups of the Obra river valley alluvial deposits using 

cluster analysis. 
Description of research area and figures il lustrating its localization were presented 

in the fi rst part of presented study [12]. 

RESEARCH METHODS 

A fragment of the vertical profi le from the middle part of geologic cross-section no. 1 was 
chosen for detailed analysis (Fig. 2A in [I 2]) . The deposits of the profi le, the way of sam­ 
ples coll ection and laboratory analyses were described in the fi rst part of the study [ I 2]. 
Variable geologic structure makes it possible to analyze changes of particular chemical 
elements concentration depending on lithologic variability of alluvial deposits. Within the 
fragment of investigated vertical pro fi le, there are sediments, which have relatively high 
fi ltration coeffi cient (fi ne sands), and organic deposits, where migration of most macro­ 
and microelements can be limited [6]. Concentrations of the following chemical elements 
were subjected to detailed analysis: Fe, Mn, Cu, Zn, Mg, Ca and K. 

Geochemical groups of the Obra river valley alluvial sediments were distinguished 
on the basis of concentration changes of particular chemical elements in the studied 
fragment of vertical profi le (Fig. 2). The groups were singled out using cluster analysis 
(Ward's method, 1-r Pearson's distances) [ 4, 13] (Fig. I). Ward's method is different from 
other agglomeration methods. It uses variance analysis to determine distances between 
clusters. It also assumes minimal square distance between each two clusters, which are 
formed during particular stages of analysis. It is thought to be one of the best agglomera­ 
tion techniques [5] and is frequently used. In the simulation, which was done by Man­ 
giamelli el al, [5], 252 datasets were tested using all agglomeration techniques. Ward's 
method gave one of the best results in joining objects into logically ordered clusters. 



GEOCHEMICAL GROUPS OF ALLUVIAL SEDIMENTS OF THE LOWER COURSE OF... 89 

Before the analysis, the input data were standardized to eliminate considerable dif­ 
ference between values of particular variables (chemical elements concentrations). The 
values were standardized using formula: 

X;-X 

8 

where: 
- value of variable x, 
- mean value of variable, 
- standard deviation. 
The following variations of chemical elements concentrations were taken into ac­ 

count when forming geochemical groups: 
1. Distinct increase or decrease of chem i cal element concentration. 
2. Referring chemical constitution of alluvial sediments to its lithology within 

each distinguished group of clusters. Recognition of geologic structure of ana­ 
lyzed profi le makes it possible to describe processes, which formed particular 
types of sediments. Knowledge concerning properties of depositional environ­ 
ment may be useful to analyze the way of accumulation of particular chemical 
elements in various types of deposits. 

Six geochemical groups were distinguished. Mean value of each chemical element 
was calculated within each group. The obtained results are presented in Table 1. 

RESULTS OF THE STUDY 

The following classification geochemical group of alluvial sediments of the Obra river 
valley was done: 

I - geochemical group of fine sands and peats containing inserts of fine sands, char­ 
acterized by increased Ca, Mg and K concentrations (Fig. /) 
The sediments, which belong to this group, are situated in the bottom part of the 

studied fragment of vertical profi le at depth 2.24-2.27 m below land surface (fine sands) 
and 2.04-2.12 m b.1.s. (peats with inserts of fine sands) (Fig. 2). This geochemical group 
is featured with high concentrations of Ca (mean concentration: 10.88 rng-g', maximum: 
22.4 mgg') and distinct variations of Mg (maximum concentration: 8.45 mg-g') and K 
content (mean concentration 131.6 µg-g-1

, Tab. I). Mg and Kare accumulated within col­ 
loidal elements of sand deposits. Ca is one of the main chemical components of the Obra 
river valley, which is the result of high Ca concentrations in glacial till beneath alluvial 

Table I. Mean concentrations of studied chemical elements in distinguished geochemical groups 

Chemical clement Fe Mn Ca Mg Zn K Cu 

Concentration units [mg-g·'] [mg-g·'J [rngg'] [mg-g·'] [ugg'] lr•gg·'J fpg-g·'] 

Croup I 3.25 0.217 10.88 1.59 11.44 13 I .6 I. 78 

Group li 3.08 0.16 9.6 1.37 I 8.69 222.71 2.5 

Group Il l 1.72 0.061 4.74 0.476 I 0.06 180.8 2.14 

Group IV 4.48 O. I 07 3.38 0.63 I 9.51 101.64 3.88 

Croup V 5.3 I 0.234 5.05 0.937 11.29 69.74 2. 16 

Group VI 22.55 0.695 4.49 0.889 13.25 92.27 1.9 
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sediments [ 11 ]. Deposits belonging to this group were accumulated in most part during 
formation of meander point bar in period of low water levels [ I I] and represent river bed 
depositional environment. 

Il - geochemical group of peat deposits with inserts of fine sands, characterized by in­ 
creased concentrations of Ca, Mg and K, and high contents of Zn and Cu (Fig. 1) 
Distinguished geochemical group is situated at the depth of 1.96-2.00 m below land 
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peat deposits. Similar situation can be observed in the case of group I. However, group 
67 is characterized by high contents of Zn (maximum concentration: 24.3 89:9;<and Cu 
(maximum concentration: 3.77 ugg'), which are the result of strongly reductive envi­ 
ronment within peat deposits, with presence of sulphuretted hydrogen. Such conditions 
accompanied the accumulation process of organic deposits within inundated fragment 
of floodplain or in a lateral channel, which was formed during the period of high water 
levels [ 11]. %=can be seen that mean concentrations of Zn and Cu in group II (Tab. I) are 
distinctly higher than in group I. 

Il l - geochemical group of peat deposits with inserts of.fine sands, featured with in- 
creased concentrations of Kami low contents of Fe, Mn, Ca ami Mg (Fig. I) 

Group 111 is represented by the sediments at the depths of I. 77-1.87 m below land sur­ 
face, 1.90-1.91, 1.93 and 2.01-2.02 m b.1.s. (Fig. 2). %=is characterized by high con­ 
centrations of K, which reach maximally 200 89:9;> K indicates close connection with 
clay grain-size fraction content. Increased concentrations of K are probably the result of 
increased amount of mineral admixtures in peats. Fe and Mn have low concentrations 
within this group (Tab. 1 ). These chemical elements are subjected to active migration in 
reductive conditions without the presence of sulphuretted hydrogen. Zn content is also 
low, because this element migrates easily in acid environment (also without the presence 
ofsulphuretted hydrogen). 

IV-geochemical group o/peat deposits with high concentrations of Cu and Mn (Fi1:. /) 
The discussed group of alluvial sediments is situated at the depths of2.17-2.23 m below 
land surface and %>73, %>76, 1.88, 2.03 m b.l.s. (Fig. 2). The group is joined only with 
peats and with strongly reductive environment (high Cu concentrations - maximum 9.19 
ugg' and Mn concentrations - maximum 0.717 mgg"). Other chemical elements are 
featured with relatively low contents in this group (Fig. I, Tab. 1 ). Sediments of group 
IV were formed in the way similar to group II. Two separate groups were distinguished 
because of rapid increase of Mn (2.17 m b.1.s.) and Cu concentrations ( 1.73 and 1.76 m 
b.l.s.) in group IV. 

V - geochemical group of peats with inserts of fine sands, characterized by high con- 
centrations of Fe, Mn, Ca and Mg (Fig. 1) 

The deposits, which belong to group V, are situated at the depth of 2.13-2.16 m below 
land surface (Fig. 2). Increased concentrations of Mn (mean concentration: 0.234 mgg', 
Tab. I) and Ca (mean concentration: 5.05 mgg', Tab. I) were noted in this group. In­ 
creased content of Mn could be the effect of reductive conditions in peat sediments. It 
should be noted that mean Mn concentration (0.234 mgg', Tab. I) is higher than in group 
IV. Besides, rapid increase of concentrations of Mn is not observed in this group. High 
contents of Ca are joined with inserts of fine sands in peats. Similar situation occurred in 
group II. However, mean Ca concentration is almost two times higher in group Il than in 
group V (Tab. I). 

VI - geochemical group of silt and peat deposits with high concentrations of Fe, Mn, 
Ca, Mg and Zn (Fig. 1) 

The discussed group is situated in the top part of the profi le consisting of peats and sandy 
silts, which were deposited through vertical accretion in the area of floodplain during 
floods. The maximum concentrations of Fe (61.5 mgg"), Mn (3.356 ? 9:9;< and Ca 
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( I 0.88 mg.g') occur in silt deposits and are the result of precipitation of these metals in 
the form of colloidal suspensions. Increased amounts of Fe ( 12.56 mgg') are also present 
within peat deposits in this group (Fig. 2). Here, they are caused by reductive conditions 
with the presence of sulphuretted hydrogen. It can be seen that rapid increase of Fe, Mn, 
Mg and Zn concentrations shows a distinct border between flood sediments and organic 
deposits, which mark the place, where the Obra river bed was active in the past. 

CONCLUSIONS 

Distinguished geochemical groups of alluvial sediments show the following environment 
types: 

reductive environment within peat deposits (high concentrations of Fe, Mn, 
Cu and Zn) observed in the deposits, which belong to geochemical groups II, 
IV and V Organic deposits within these groups were accumulated on inun­ 
dated fragment of floodplain or in a lateral, stagnant water channel, which was 
formed during period of high water stages; 
flood deposits environment with high concentrations of Ca, Mg and K modi­ 
fied by migration of these elements in groundwater. The environment is repre­ 
sented by thin layers of fine sands within peat deposits (geochemical group I, II 
and V). Sandy sediments were accumulated during intensive floods. However, 
it should be noted that the connection between thin inserts of fine sands and 
changes of studied elements concentration is not precise enough to distinguish 
geochemical group, which would contain only thin layers of fine sands in the 
profi le; 
flood deposits environment with high contents of Fe, Mn, Ca, Mg and Zn (top 
part of group VI). Silt deposits, which belong to this group, were accumulated 
through vertical accretion. The process of chemical clements precipitation in 
the fonn of colloidal suspensions played very important role here; 
river bed environment (fine sands of meander point bar in the bottom part of the 
profi le) with increased concentrations of Ca, Mg and K (geochemical group I). 
The sediments, which belong to this group, were deposited during accumula­ 
tion process on the convex bank of the Obra river bed (point bar deposition) 
during period of low water levels. 

The conclusions presented above should be treated initially and not fully solving 
the problem of changes of chemical elements concentrations in alluvial sediments as 
indicators of particular type of depositional environment. I n this study, only a fragment 
of vertical profi le was investigated. It should be noted that the obtained results include 
some disturbances caused by changes of chemical constitution, which take place within 
alluvial deposits. The reason could be migration of chemical elements in groundwater 
environment, especially in mineral deposits characterized by relatively high fi ltration co­ 
effi cient. 
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