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IVAN KRAUS — TIBOR DURKOVIE:

POSSIBLE DETERMINATION OF SOURCE AREAS ON THE GROUNDS
OF TRACE ELEMENTS IN CLAY SEDIMENTS

(Figs. 1—8)

Abstract Examined arve clay sediments of the Fast Slovakian basin for
the [requeney of B, Ga, Pb. Zr. V. Ni. Cr, Ba, Sr. Most attention is paid 1o
differentiation of two areas most signilicant for the Fasti-Slovakian basin — the
nonvoleanogenic (particularly the Flyseh Belt) and the voleanogenic provenances.
Vanadium, nickel and chromium are the most important geochemical indicators.

P 2310 me: B npennaraemoit crathe asropst pacemarpusator comep:xanue B, Ca,
Pb, Zr, V, Ni, Cr, Ba, Sr B TrIMHHCTHX CEAMMEHTAX BOCTOUHOCAOBALKOTO Bacceiima.
[nasuoe suuMauue aBTopsl 0GpaTH/M HA pelleHue MPOGJIEMEl BAMAHUA IBYX TJAB-
uefimux ofaacteif CHoca, KOTOPBIE HAXJAATCHA B BOCTOMHOCTOBALKOM Gacczitme —
HEOBYJNKIHMUECKOTO ¥ BYJKAaHOTeHHOTO mpoucxosiuenus. [lo mux npeanomenmuo
0coDeHHO BANHLIMM TEOXHMHYECKHMM MHIMkatopaMu Tyt asamorcs V, Ni u Cr.

Introduction

The authors deal with the possibilities of determining source areas in sedimentary
basins of the West Carpathians on the grounds of the results of mineralogical-geo-
chemical examination of clavs. Most allention is paid to the clavs of the East-Slovakian
basin (Fig. 1). regarded as the western part of the Transcarpathian Inner Depression
by R Rudinee — .J. Slavik (1970). The basin formed during the Eggerburgian —
Pliocene. As for lithology. it has voleano-sedimentary character. The regional distribu-
tion of products of the voleanic activities is traceable in the Badenian. Sarmatian. and
Pliocene. Among clastic sediments. clavs ol various petrographic tvpes are in [resh-
waler. brackish and hypersaline [acies mostly in the central parts of the basin, Sands
and gravels concentrate mainly in marginal facies. Coal sedimentation proceeded in
the Upper Sarmatian and in the Pliocene. Tt was most extensive in the Podvihorlatska
kotlina depression.

Two methods were applied Tor studying the influence ol source areas upon the
venesis of clay sediments. The [irst consists in detaill mineralogical examination. 11
was applied by I. Kraus — E. Samajova (1973) for the Neogene basins in the
West Carpathians. The authors based their investigations upon the publications dealing
with the saturation of montmorillonite by K 1% facilitating differentiation of volcano-
genic and nonvoleanogenic source areas (E. . Weawer 1958, G. L Teodorovie
et al. 1965, G. V. Karpova — E. P. Sebjakova 1968). In clays redeposited
from nonvoleanogenic source arcas is the so-called “degraded”™ montmorillonite formed
by alteration of micas. mainly muscovite. After saturation with KO its basal reflex
13.0—15.0 X is reduced 1o 10 AL The ehange is stable. the basal reflex will not inerease
to 17.5 A neither after repeated saturation with glveerine. In elays redeposited from
voleanogenic source arcas montmorillonite Tormed  mostly by alteration ol voleanie
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alass. After saturation with KO its basal reflex remains practically unehanged. In
contrast Lo the Tormer, glveerine causes inerease Lo 17
ol elays with unambiguons

A. Mineralogical examination
voadentifiable source arca according 1o the texture of parent
rocks preserved. the existence of montmorillonite of voleanogenic and nonvoleanogenic
origin was lestilied in more sanples Trom the Neogene basing of the West Carpathians.

The other method is based upon the study of disteibulion of trace elements in elays.
controlled by the composition of source are

Compared was the distribution ol some
trace clements in shales of a probable source area (the Flvseh Belt in East Slovakial
and their distribution in the Neogene clavs redeposited into the East-Slovakian hasin
from the Flyseh Belt (Fig. 1).

On the grounds of mineralogical data we may

gard parent rocks from Iwo souree

areas as most significant Tor the Fasti-Slovakian basin. The fiest source area is repre-
sented by the rocks of voleanoeenic ovicin. intensively damaged by hvpergenice pro-
cesses. Such elavs are mostly composed of minerals from the gronp of montmorillonite
or kaolinite. Characlervistic is the presence of eristobalite. while quarlz is either subsi-

diary or missing in the Teaction 0.2 micrometers, The second souree area comprises

rocks of nonvoleanogenic origin with clastic sediments predominant, Redeposited elavs
ol this provenance are polvmineral in compositon. containing illite. kaolinite. eventually
admixture of montmorillonite. chlorite and minerals of mixed M struetures, They arve
characterized by increased content ol quarlz.

A comparison with the elavs of the Pozdizovee Tormation (with o decisive provenanes
influence of the Flyseh Belt). and mineralogical analysis of shales of the Magura and
Dulkla units in East Slovakin, resulted in o supposition that Tor the substantial portion of
clay sediments of the Fast-Slovakian hasin. among nonvoleanic source areas most impor-

tant would be the Flvseh Belio Carbonate roeks. ]l:ll'lil'|l|r||'1}' ol the THume Mesozole

are 1o he considered as well only so Tae there are no relinble criteria Toe differentiating
the inlluenee of the Mesozoie souree areas
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Confronted are data on the frequency of trace clements in the shales of the Dukla
and Magura units of the East-Slovakian Flyseh Belt (1. Duvkovie 19690 1973)
and information on the disteibution ol teace clements vedeposited into the Fast-
Slovakian basin Trom the nonvoleanogenic and voleanosenie souree arens (1 Koo s
1973).

Boron

The distribution of boron in clays is controlled by Tacies. by mineralogic composi-
tion. by geolectonic history ol the respective area. by dingenesis and  petrogeaphic
character of sediments. Some authors (T Walker 19631 A Nexina 1972)
regard this trace clement as o sensitive indicator ol even small alterations o salinily
of water in marine basins. Others emphasize the role of the rocks in the souree areas
in controlling the content of boron in sediments (D0 A0 Spears 1965 B D Coday
1971). Distinetly negative is the standpoint of G. Do Nicholls — DoIL Loring
(19620, In ML Havde s (19700 opinion. boron in elay sediments cannot positively
indicale slight alterations in the salinity o waler. caused by o sudden transgression
or by brackish environmentl. Concentrations ol boron in clavs may only illusteate the
mean value of salinity during the sedimentaltion process.,

.l.IH' content ”l‘ 1'“"“” 1|] 1||':l('liiﬁ|l F1|1|I ”l:”.i“l' 1'!:]_\'5 IIII ll]l' I"-f‘.\l'HIU\-ilI\'i““ ||:l.‘5i!|

was  not  markedly alfected by dts disteibution in the rocks ol souree areas,

Itis testilied by o good accordance between the mean content ol horon i the

shales of the Magura and Dukla units. and in elavs redeposited Trom this souree

area into the East-Slovakian basin. The mean content of bhoron in shales of the Magura

aned Dukla units is 123 ppme o the elayvs vedeposited into the East-Slovakian basin
[rom nonvoleanic source areas 122 ppm (Tab, 1 In the East-Slovakian basin compared
may be the contents ol boron in clavs redeposited Trome the Flyseh Bello only ol

a dilferent Tacies. The resulls give evidence of o marked differentiation. The mean

Tabelle 1. Statistical data Tor teace clements of studied rocks

Clavs in Fast-Slo- Clavs in Fast-Slo-

Dukla Unit shales | Magnra unit shales \!.:‘lll;;li:lI:.'.III:'I: I|'|:|I:1— \l";lr[ll;::ll'l grrl:::: ::‘:II:‘
| voleanie souree areas voleanic souree areas
N X N X N N AY N
B 79 2 28 123 i |1 W G
G 104 3| M 1 w1 A 19
I’ 28 51 B ) AG | (] A 17
A 104 235 A i Al (B A4 114
Y 104 119 B4 101 Al 195 A4 o
Ni 104 [ MM BN Al o4 A 2} |
Cr 104 137 A 1.5 Al 125 AN (il
I3 104 272 A l i Al R A 240
Sr | 104 130 B 121 | an . 1410 AN (N I

N — number of specimens, N arithmetic mean
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conlent of boron in freshwaler clavs redeposited [rom nonvoleanic source areas into
the East-Slovakian basin, is 57 ppm. In contrast to that, the mean content of brackish-
marine clavs redeposited from the Flysch Belt into the East-Slovakian basin, is 149
ppm. This is a very important evidence of the [act that the distribution of boron is
controlled by alterations ol facies and not by the rocks in the source areas.

An approximaltely linear correlation has been found between the contents of boron
and gallium in the shales of the Magura and Dukla units, 1. e. in the shales of the
Flysch Belt source area (IFig. 2). But the elays of the East-Slovakian basin derived
from a nonvoleanogenic source area, do nol show any lincar trend in the diagram.
So [ar it is nol possible 1o explain satislactorily the post-resedimentation change of the
linear correlation B/Ga.

CGallium

Data on the distribution of gallivm in the clays of the East-Slovakian basin are an
important contribulion Lo information on their facies history and on the role of the
source areas. in spile of some authors regarding the relation between galliuom and some
other specific clay mineral as unevidenced. Frequent arve opinions about gallium not
recording the change in facies evolution of sediments. R. J. W. Me¢ Laughlin
(1959) presents a very low isomorphic substitution of Ga? for AP in the structure
of kaolinite. G. D. Nicholls — D. I Loring (1962) stated preferred concentra-
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Fig, 20 Correlation hetween horon and gallivm in shales of Dukla (1. Magura (2) units and
in clays redeposited Trom nonvoleanogenic sonree areas into Fast-Slovakian hasin (3.
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tions of gallium in illite in the Carboniferous sediments of Great Britain. D. M. Hirs1
(1962) presumes that gallium participates in the structure of the three most frequent
clay minerals-illite. kaolinite. montmorillonite. He regards the concentrations of gallivin
in kaolinite as most probable. Interestingly, the authors determining the gallium content
in non-separated clays. most frequently did not prove its differentiation in dependence
upon facies.

In the Neogene basins of ithe West Carpathians the highest gallium content s
restricted to clays of the kaolinitie tyvpe (29—=33 ppm). and them medium values are
concerned with montmorillonite (18 ppm). This is why we were interested in the
gallivm content in illitic clavs. [t may be comprised into the discussion aboul the
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Fig, 30 Correlation hetween gallivm and ehromimm o shales of Dulkla 01, Maguee (20 units
and i elavs redeposited Trom nonvoleanogenic souree areas into East-Slovakinn basin (3).
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structure of the elay mineral prefereed by gallium. The vesults of T Kraus (1973
are in accordance with the opinion about isomorphic substitution of gallinm for AI¥
ol the source areacas well as in the elayvs of nonveleanic origin from the East-Slovakian
aallivnm. It s illustrated by the illitic clays of the East-Slovakian basin redeposited
from the Flysch Belt, and by the shales with illite predominant in the sediments of the
Flvseh Belt (Tab. 1). Consequently. in the East-Slovakian basin, the differentiation of
gallivm conlents in clays must be controlled by the respective sourece aveas. The dilferen-
tintion is a function — [irst of all — of mineralogical composition. The clays redeposited
from nonvoleanic source areas and the shales of the Flysch Belt are composed mostly
ol illite, with Tow average gallium content, The elays redeposited from voleanogenic
source arcas consisl of kaolinite or montmorillonite and have a markedly higher average

oallivm content. Information based upon mineralogic composition ol clay sediments
lacilitate distinguishing elavs as for their origin from diflerent source arveas.

An inconspicuous linear coreelation is hetween gallium and chromium in the shales
of the souree area as well as o the elavs of nonvoleanie origin Trom the [Last-Slovakian
hasin (Fig. 3).

Leadl

The position of lead in the hypergenie stage is known just partially. and few data
are available about its distribution in sedimentary rocks, V. T. Pogrebnoj et al
(1971), M. V. Kobelev — 5. V. Necaev (1971) found an increased lead content
in the weathering crust on granitic rocks and a deercased content on the ultramalic
rocks. The mean lead contents in the shales of the Magura and Dukla unit are
markedly variable. Considerably different ave lead contents in the clays of the East-

Slovakian basin. redeposited from nonvoleanie source arcas. and particularly from the
Flvsch Belt. G. D, Nicholls (1967) velfers lead to trace clements concentrating
preferably in o deep-sea environmentl. I. Kraus (1973) means that extremely high
concentrations of lead in clavs appear in connection with kaolinite. owing to its high
concenlrations in acid intrusive rocks.

Zirconium

It is equally disteibuted in the shales of the Flyseh Belt and in the elays ol the
Fast-Slovakian basin redeposited from nonvoleanie souree areas (Fig. 4). Most likely
it is due to zirconium transported in elay minerals inoa form of detritus. 1t is also
evidenced by the highest zivconium concentralions in sands. among sediments. The
distribution of zirconium is controlled by the nature of the parent rocks in the souree
arcas more than that of other trace elements, The mean zivconium content in clays —-
150 ppm (A . Vinogradoy 1957) — is identic with its content in intrusive rocks.
[n the clavs of the Fasi-Slovakian basin the zirconium content varies arvound this mean
vilue, Tnoshales of the Maguea and Dukla unit the content is much higher (Tab. 1)

Vianadinm

A the weathering ol introsive and metamorphosed rocks. most vanadinm concentra-
les In ['Inl\' minerals, e |1.\'l|r'nxi{|:-i. and m ul'_l_fﬂllil' matter, DAL Hirst (1962) siated
prefereed concentreation of vanadium in the structure of montmorillonite. G D, N i-
cholls — DM Loring (1962) found vanadium in the structure of kaolinite and
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illite. K. B. Krauskopf (1956} basing upon his experiments, regards adsorption
of vanaidum by means of clay minerals as little effective. In contrast to that, H. A.
Tourtelot (1964) regards the sorption of vanadium as the most important form
ol its bond. In Z. A, Janodkinas (1966) opinion, for vanadium most importand
is migration in the Torm ol finely dispersed suspension.

The distribution of vanadium in the clays of the Neogene basins with respeet 1o
dilferent souree arveas is important for more reasons. Fiest of all there is an extremely
differentiated content of vanadium in the clays of the East-Slovakian basin. In the
future it might serve a criterium in distinguishing sediments redeposited from  the
Flysch Belt and from the East-Slovakian neovoleanites. 1. Kraus (I ¢.) determined
the mean content of vanadium 195 ppm in the clays of the East-Slovakian basin
redeposited from nonvoleanogenic source areas. while in the clays redeposited from
the East-Slovakian neovoleanites — only 93 ppm. Dilferent values of the mean content
of vanadium ave also reflected in character of frequency of this trace element (Fig. 5).
In histograms for vanadium ol clays vedeposited from the East-Slovakian neovoleanites.
are lwo maxima: one around 60 ppm and the second around 140—200 ppm. In
histogram for vanadium of clayvs redeposited from nonvelecanogenic source areas. is
only one maximum around 180 ppm.

mop W

0-

g, 4. Histograms ol frequeney of trace elements in shales of Dulkla (1), Magura (2) units
and in elays redeposited from nonvoleanic source areas into East-Slovakinn basin (3],
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Interestingly, the mean content of vanadium is higher in the clays of the East-
Slovakian basin. redeposited from nonvoleanic source arcas than in shales of the
Magura and Dukla units (Tab. 1). The cause of the phenomenon cannot be explained
so far. Tt is known that besides other factors, the concentration of vanadinm is also
affected by the content of C oore. (Ho AL Tourtelotr (10964),
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Iig. 5. Distribution of vanadium in clays redeposited from different source areas. 1. Clays
redeposited from neovoleanites into Iast-Slovakian basin. 2. Clays redeposited from nonvol-
canogenie source areas into East-Slovakian basin. S-standard deviation.

Nickel

Among sedimentary rocks clays show highest concentrations of nickel. Its mean
content — 25 ppm (A, . Vinogradov 1957) is somewhat lower than in clay
sediments of the Neogene basins in the West Carpathians — 32 ppm. In the shales
of the Magura and Dukla units in East Slovakia. the mean content of nickel is
considerably higher (Tab. 1).

Alterations in the distribution of nickel in the clays of the Neogene basins in the
West Carpathians depend upon the respective source areas. The mean content of nickel
in the clay of nonvoleanogenic origin is markedly higher than in the clays of vol-
canogenic provenance. In the Kast-Slovakian basin nickel is an indicator facilitating

distinguishing the clays redeposited [rom the Last-Slo-
; Cr vakian neovoleanites (29 ppm) and from nonvolcanie
60120 20 40 40 80 source arcas (D4 ppml. From this standpoint the distri-
bution of nickel in the elays of the Inner Depressions
A (Fig. 6) shows highest concentrations with vanadium
and chromium in the periods of the weakest voleanic
activity — in the Fggenburgian. Karpatian and Pliocene.
The concentrations were lowest during the culminaling
voleanie activity — in the Badenian, Sarmatian, Lower
Pannonian. This is an evidence of a genervally decreased
content of Vo Nio Cr oin the elays formed during the
Neogene by decomposition of the produets of susequent
c voleanism.

i, G. Mean contents of vanadium, nickel and chromium
D in clays of Inner Depressions in Central Slovakia in separate
steatigraphic stages. A-Pliocene, B-Upper Sarmatian — Lower
Pannonian, C-Upper Badenian — Lower Sarmatian. D-Fegen-
— burginn — Karpatian,
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Chromium

There is a good accordance among the mean contents of chromium in the elays
originaling [rom source areas composed of rocks of the same type. In [act. there is
only a slight difference in the contents of chromium in clays redeposited into the
Neogene basins of the West Carpathians from the Central-Slovakian (57 ppm) and
East-Slovakian (61 ppm) neovoleanites. Analogous situation is in the Neogene clays
redeposited from the nonvoleanogenic source area into the East-Slovakian basin (128
ppm) —if compared with the shales of the source area proper, i. e. of the Magura and
Dukla units (137 and 133 ppm). The data testify to the fact that the distribution of
chromium in the clays of the Neogene basins in the West Carpathians is controlled
first of all by the nature of source rocks and by the course of the weathering process
in original source areas.
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Fig. 7. Distribution of chromium in clays redeposited from different source areas. 1. Clavs
redeposited form neovoleanites into East-Slovakian basin. 2. Clavs redeposited from nonvol-
canogenic source areas into East-Slovakian basin. S — standard deviation.

Character of the distribution of chromium (Fig. 7) shows equal regularity in clays
redeposited from the East-Slovakian and Central-Slovakian neovoleanites, and a marked
difference in the frequency in eclays redeposited from nonvolcanogenic source arca.
Most samples of clays redeposited from voleanogenie source areas show values below
50 ppm in contrast to most samples of elays redeposited from nonvoleanogenic source
areas showing the values within 90—165 ppm. This is an immediate cause — as it was
stated in vanadium and nickel — of considerably higher contents of the trace elements
and of a different nature of distribution in the clays of nonvolcanogenic provenance
than in the clays of voleanogenic origin, Different nature of distribution indicales
different forms of the bond ol chromium in parent rocks from the above source areas.

AP Vinogradov (1962) quotes the mean content of chromium in granites
25 ppm. in eclays 100 ppm, in basalts and gabbro 200 ppm. In the Neogene basins of
the West Carpathians, L. Kraus (I ¢.) proved chromium as a sensitive indicator of
the general nature of parent rocks participating in forming clay minerals in the original
weathering crusts. Consequently. the rocks of probably intermediary and basic types
were most significant among source rocks. decomposition of which gave rise to [lvsch
shales. This opinion is rather meant as an illustration of the extent and possibilities of
aeochemical research in sedimentary rocks, Tt is. however, a [act that by means of the
association of N — Ni — Cr the influences of voleanogenic and nonvoleanogenie source
arcas may be distinguished in the clay sediments of the East-Slovakian basin,

An approximately linear correlation is among V/Ni 4 Cr in the shales of the Flvseh
Belt in East-Slovakia (Fig. 8) and in the elayvs of the East-Slovakian basin. redeposited
from voleanogenic and nonveleanogenic source areas (Fig, 9).
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Barium

For the study ol the rules ol geochemistey of bavivm in hypergenie slage very
important are its isomorphism with K. high concentration in acid intrusive rocks, and
its ability of entering colloid syvstems of negative charge. Go Do Nieholls — D H.
Lorving (1962 cmphasize that the bond of barium in elay sediments s Tacilitated
by sorption on the surface of the individual particles ol clay minerals. Owing 1o elose
ionic diameters hetween Baoand Ko more Trequent s association of bartom with illite.

The mean contents of barium in elavs Trom individual source areas show no distinel
connection the distribution of hartum in elay sediments of the Neogene basins in the
West Carpathians and in the Flyseh Belt ol East Slovakia is even and has extremely
bhroad dispersion (Fig, 410 Most teace clements in elays ol voleanogenie orvigin con-
centrale inoa shorl interval characteristic particularly of Do Ga. Pho Nio Ceo In barium
is o reversed tendeney. Frequeney of samples in the interval of A0—=340 ppmeis very
regular, without any pronouneed maximum.

Strontium

In sediments of different genesis and Lithologie composition most atlention is paid
1o mutual relations between GarSe More authors (S0 Ko EL Wakeel — L PoRiley
1961, K. K. Turekian —J. L. Kulp 1956) regard earbonates as the main beaver
of strontinvm in recent marvine sediments. On the other hand. Do M. Hirvst (1962).
G.D. Nieholls — D, H. Loring (19621, basing upon the ratio Sr'Ca. suppose
that strontivm may be resteicted only 1o elay minerals in some cases.

In the area studied. the contents of strontium and barium are broadly variable. The
mean contents of <trontiovm in shales of the Magura and Dukla units are very close Lo
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cach other CTab. DA good accordance is hetween the mean content and the character
ol distribution of strontium in clavs redeposited from the Central-Slovakian and East-
Slovakian neovoleanites. Most Likels the inercased content of strontium in elays rede-
posited into the Fast-Slovakian hasin Trom nonvoleanie souree areas will depend upon
the nereased CaCoy content in the rocks of the souree area. hesides other Taclors.
T Durvkovie (1973 wol evidence on the dependince correlating Se/Ca0 contents
particularly in the Maleov beds of the Magura unit.

Conclusions

The purpose of this article is 1o inform aboul the Trequeney of B. Ga. Ph. Zr. V. Ni
Creo B Sec examined by spectrochemieal quantitative analyvsis in elay sediments of
the East-Slovakian basin and and in shales of the Flvseh Belt in Fast Slovakin, The
authors concentreated 1o studying the distribution of the trace elements with respeel

to the influence of the source arcas. o linding teace elements able of indieating the
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nature of original parent rocks in the sedimentation basin. From this view, the elements
studied may be divided into two principal groups: 1. Trace elements indicating lirst
of all changes in the nature of the environment of deposition and thus also the facies
evolution of the sedimentation basins. The distribution of these trace elements is not
decisively affected by the nature ol rocks in the original source areas. Among the
clements studied such are boron, gallium. and partially strontium, 2. Trace clements
whose distribution in eclay sediments is affected Tiest of all by the nature of parent
rocks in the original source areas. and the role of facies is unimportant for their
distribution. Such are Ph. Zr. V. Ni and Cr among the elements studied.

Most attention was paid to differentiating the influenee of two most important
source areas in the East-Slovakian basin — the nonvoleanogenic and voleanogenic
provenances. In this respect most significant geochemical indicators are V, Ni, Cr. The
values of their mean contents are very close lo each other in clays redeposited from
related source areas like the Central-Slovakian and East-Slovakian neovoleanites.
However, if their frequency in clays [rom source arveas of a different composition is
compared, then the mean content of these trace elements is at least twice higher and
the character of distribution different in the clays of the nonvolcanogenic provenance
from clays of the volcanogenic provenance. V. Ni and Cr are comparatively mosl
favourable for distinguishing the influence of the voleanogenic and nonvoleanogenie
source areas in clay sediments of the East-Slovakian hasin.

Translated by E. JASSINGEROVA
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