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FO. Xpucmosa, J]. Xpucmos, C. Kyiikun — ®@orosble co0eprcanus 8mMopoCmeneHHblX U PeoKux
9./1eMeHmMOo8 8 20pHBIX nopodax boseapuu. BuuuciieHbl cipaBOYHBIE 3HAYCHUS CpeaHUX (HOHO-
BBIX (HOPMAJIbHBIX) COJIEP)KAHUN M BEPXHKUE T'PAHUYHbBIE 3HAUYEHUS] POHOBOTO COMIEPIKAHUS BTOPO-
CTENeHHBIX U penkux anemenTos (Be, Sr, Ba, Sc, Ti, V, Cr, Mo, W, Mn, Co, Ni, Cu, Zn, Cd, Hg, Sn,
Pb u As) B HEW3MEHEHHBIX MarMaTH4YeCKUX, METaMOP(HUUECKIX U OCaIOYHBIX MOpoaax. JaHHbIe
00 WX KOHIIEHTPAIUH ¥ PACIPEICIICHAN BbISBJICHB! IIyTeM OOOOIIEHNS W CTATHCTUIECKOH 0Opa-
OOTKM PE3YJIBTATOB, MOJYYCHBIX NMPU FEOXUMHUUYECKUX HCCCienoBaHusx B Bonrapuu, nposenen-
HbIX B iepuozae 1960-2003 r. MaccuB gaHHBbIX cCOCTOUT U3 19 443 KOIUYECTBEHHBIX WJIA TPUOIH-
JKEHHO-KOJINYECTBEHBIX OIPENEICHIH IepeunCIIeHHBIX 3JIeMeHTOB B 2589 nmpobax — mpencrasu-
TEJbHBIX IJIsI KOMIUIEKCOB Pa3HOI'O BO3PACTA U F€0JIOTUIECKOT0 MoIoKeHus1. Onpenessuimch cpe-
HUE CONEpKaHUs 3JIEMEHTOB, UX pacCeUBaHNE, BEPXHUE IPAaHUYHbIE 3HAUEHUS U T.1. YCTAHOBJIE-
Ha CHenu()UYHOCTh MEPEUNCIICHHBIX TAapaMEeTPOB B Pa3HbIX TUIAX NOpoJ. s HEKOTOPHIX 3Jie-
MEHTOB XapaKTepHa 3HAYMTEJIbHAs TeOXuMUIeckas auddepeHnuanys B 3aBUCUMOCTH OT THUIA
nopox. Camyro nHTeHCUBHYIO nuddeperunanyro nokassBaroT Ti, Cr, Ni u Hg. YasrpaocHOBHBIE
U OCHOBHBIE MOPOAbI OTIn4aroTcs Beicokumu coaepxanusimu Ti, V, Cr, Ni, Co u Mn. Cambie
BBICOKHE KOHIIEHTpanuu Be u Pb ycTaHOBIIEHBI B KMCJIBIX 1 YMEPEHOKHCIIBIX TOpoaax. [TosrydeHst
CpenHue CoJIep KaHus 3JIEMEHTOB (B ppm) [Jis BceX TUNoB nopo: Be — 2, Sr — 280, Ba — 506, Sc —
9, Ti — 2956,V —173,Cr—25, Mo —1,W — 0.7, Mn — 650, Co — 10, Ni — 17, Cu — 20, Zn —
45, Cd — 2.3(?7), Hg — 0.03, Sn — 3, Pb — 21 u As — 2.2. BorunciieHHble (HOHOBBIE COAEPKAHUS
nepevrciIeHHBIX 3J1eMeHTOB (Cp;) BIOJIHE CONOCTaBUMBI C MX CPEJHUMHU CONEPKAHUSMHU B BEPX-
Helt KoHTHHEeHTaIbHOI Kope (C;c — Wedepohl, 1995). Berunciens! cienyromue 3HaueHns koedhu-
mueHToB koHneHTpanuu (Cyg/Cyc): Cu 1.40 — V 1.38 — Sc 1.29 — Pb 1.24 — Mn 1.23 — Sn 1.20
— As 1.10 — Ti 0.95 — Ni 0.91 — Sr 0.89 — Zn 0.87 — Co 0.86 — Ba 0.76 — Mo 0.71 — Cr 0.71 —
Be 0.65 — Hg 0.54 — W 0.50. 3a ucxiirouennem Cd, GOHOBBIE COEPKAHUS BCEX UCCIIETOBAHHBIX
anemenToB (Be, Sr, Ba, Sc, Ti,V, Cr, Mo, W, Mn, Co, Ni, Cu, Zn, Hg, Sn, Pb u As) B ropHbIX
noponax bosrapuu sBJISIOTCS HE TOJBKO BIIOJIHE HAJEXKHBIMU F€OXUMHYECKUMHU CTaHIApTaMy,
MOJIXOSAIIUMY JIJISI TEOXUMHUYECKHUX, METPOJIOTMYECKUX, MATAJUTOTEHUYECKUX M IKOJIOTHYESCKUX UC-
CJIENOBAaHUH, HO U PErMOHAILHBIMY KJIapkamu Juist Tepputopuu bonrapun u bankanckoro pernosa.

Abstract: Reference values for the mean background (normal) contents and the upper back-
ground thresholds in the main types of rocks and total for all rocks in Bulgaria are derived for
chemical elements known as minor and trace components in the composition of the rocks — Be,
Sr, Ba, Sc, Ti, V, Cr, Mo, W, Mn, Co, Ni, Cu, Zn, Cd, Hg, Sn, Pb and As. The concentration and
the distribution of the elements studied in rocks on Bulgarian territory are characterized through
generalization and mathematical-statistical processing of the available data from geochemical
investigations carried out during the period 1960-2003. The massif of data assembled includes
19443 quantitative and semi-quantitative element determinations on 2589 samples representative
for different by age and geological position rock complexes. The individual types of rocks are
characterized by specific parameters of distribution of the elements contents — mean value,
variance, upper background threshold, etc. Some of the elements show significant geochemical
differentiation between rock types. The ultrabasic and basic rocks are distinguished with high
contents of Ti, V, Cr, Ni, Co, Mn. Regarding Be and Pb, highest concentrations are found in the
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acid and moderate acid rocks. Most intensively differentiated by rock types are the contents of
Ti, Cr, Ni, Hg. The mean contents derived for all rocks on Bulgarian territory are the following
(in ppm): Be — 2, Sr — 280, Ba — 506, Sc — 9, Ti — 2956,V — 73, Cr — 25, Mo — 1, W — 0.7, Mn
— 650, Co — 10, Ni — 17, Cu — 20, Zn — 45, Cd — 2.3(?), Hg — 0.03, Sn — 3, Pb — 21 and As —
2.2. The background contents obtained for the elements studied (C,;) show good coincidence
with the respective recent averages for the upper continental crust (Cy;.) calculated by Wedepohl
(1995). The coefficients of concentration (Cys/Cyc)are: Cu1.40 — V 1.38 —Sc 1.29 —Pb 1.24 —
Mn 1.23 —Sn 1.20 — As 1.10 — Ti 0.95 — Ni 0.91 — Sr 0.89 — Zn 0.87 — Co 0.86 — Ba 0.76 —
Mo 0.71 — Cr 0.71 — Be 0.65 — Hg 0.54 — W 0.50. The reference values obtained for the
background contents of Be, Sr, Ba, Sc, Ti, V, Cr, Mo, W, Mn, Co, Ni, Cu, Zn, Hg, Sn, Pb and As
(Cd excluded) could be accepted as sufficiently reliable standards for comparative geochemical,
petrological, metallogenic and ecologic investigations and as regional Clarkes of these elements
for the Bulgarian territory and the Balkan region.

Christova, J., Christov, D., Kuikin, S. 2007. Background contents of some minor and trace

elements in the rocks on Bulgarian territory. — Geologica Balc., 36, 1-2; 65-76.

Key words: minor and trace elements in rocks, background contents, regional Clarkes.

Introduction

Understanding of the background element contents
is based on Vernadskiy’s law: the chemical elements
are spread and dispersed comparatively uniformly
and ubiquitously in the Earth crust; the dispersed
spreading is a normal and common state of exist-
ence of the elements (Bepuanckwuii, 1954). All types
of natural formations (rocks, soils, water, air, plants,
etc.) are characterized by their own comparatively
stable element content’s levels which are considered
as background ones.

The background contents of the chemical elements
in the rocks may be assessed as the following refer-
ence values: (a) global values, also known as “Clar-
kes” (Darnley, 1995; OBunnnukos, 1990) — deter-
mined for the Earth crust and/or its layers; (b) re-
gional values (regional Clarkes) — obtained for con-
siderably large territories; (c) local geochemical back-
ground — characteristic for limited, restricted areas,
landscapes, etc. Reference values for background
concentrations of the elements can be obtained by
generalizing in a given hierarchical level, elaborat-
ing and interpreting the available analytical data on
the element contents.

On the theoretical basis cited above one of the
most significant results of the geochemical investi-
gations carried out during the 20-th century is the
derivation of geochemical standards — reference
values for the mean element contents (Clarkes) in
the main types of rocks and in general for the Earth
crust, only for the continental crust, for its upper
and lower layers, etc. — Turekian & Wedepohl (1961),
Bunorpanos (1962), Ounanankos (1990), SApomes-
ckuii (1990), Wedepohl (1995), Rudnick & Gao
(2003) and others. These studies concern mainly the
upper continental crust which represents 31.7% of
the Earth crust exposed on the surface and accessi-
ble for investigations. At the same time similar as-
sessments have been obtained also for some individ-
ual regions and countries, for example, for Austra-
lia, Canada, Finland, Germany, Great Britain, In-
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dia, Portugal, Russia, USA, etc. (cited in Wedepohl,
1995 and Rudnick & Gao, 2003), for China (Gao et
al., 1998; Tong, 1995), Central Kazakhstan (Iltyxas,
Cepbnix, 2000) and others.

The geochemical problem for the element back-
ground concentrations in the rocks was elaborated
in Bulgaria in the 60-ies of the past century when
the first quantitative assessments of concentrations
of some minor and trace elements in rocks have been
published by E. Alexiev. During the last 40 years, in
connection with different geochemical, petrological,
lithological, metallogenic and environmental inves-
tigations, a significant information on the concen-
trations of a great number of chemical elements in
individual kinds of rocks in different regions of the
country has been piled up. With a broader scope are
the investigations on the geochemistry of the grani-
toids in Bulgaria (Alexiev et al., 1980 — unpublished),
on the crystalline basement of South Bulgaria (Ar-
naudov et al., 1995 — unpublished) and on the sedi-
mentary rocks of Paleozoic age by S.Yanev. In spite
of this, published data for the mean contents of the
most of chemical elements in the rocks in Bulgaria
are relatively rare.

Systematic investigations of the data for the
contents of minor and trace elements in the rocks on
the Bulgarian territory are carried out and published
from the authors in the period 2000-2005: for heavy
metals and arsenic — Cr, Mn, Co, Ni, Cu, Zn, As,
Cd, Hg and Pb (Kuikin et al., 2001) and for litophyle
elements — Be, Sr, Ba, Sc, Ti, V, Mo, W and Sn
(Christova & Christov, 2005).

The present geochemical study is pointed on the
contents in the rocks in Bulgaria of nineteen elements
known as minor and trace components in the
chemical composition of the rocks — Be, Sr, Ba, Sc,
Ti, V, Cr, Mo, W, Mn, Co, Ni, Cu, Zn, Cd, Hg, Sn, Pb
and As. The aims of the investigation are: 1) to
generalize the earlier studies of the authors on the
same problem; 2) to improve and confirm on a
broader basis the results obtained for background
contents of these elements in the main types of rocks



and for all rocks on Bulgarian territory; 3) to outline
the specific features of the distribution in the rocks
of the elements studied.

The background values here established could be
very useful and necessary as a basis for comparative
geochemical, petrological and metallogenic investi-
gations and assessments of rock alterations, ore de-
posits and anomalies, environmental pollution, in the
landscape geochemistry, etc.

Materials and methods

The assessment of the background contents of the
elements studied is completed through assembling,
processing and generalizing of the available geo-
chemical data from the investigations published in
Bulgaria during 1960-2003 period. The list of 96
publications used as sources of data for concentra-
tions of the elements studied in the rocks is given in
Appendix 1. Data are obtained also from 26 unpub-
lished sources — reports, kept in the National Geo-
fund .

The total number of the rock samples assembled
is 2589. Not all of the elements have been determined
through individual investigations, because of that the
number of analyses for each element is different. The
total number of the element determinations used in
the created massif of data is 19 443. The data for
As, Cd and Hg, partially — for W, are quite limited,
but are also quoted here as far as they reflect the
state of the investigations up to year 2003.

The available samples from outcrops, sometimes
— from boreholes, cover irregularly the country, main-
ly its mountainous regions, where the rocks occur on
the surface. More-or-less dense the samples repre-
sent the following rock complexes: Pliocene sedimen-
tary rocks from Sofia basin; terrigenous, clayey and
carbonate rocks of Paleozoic and Mesozoic age from
Central Balkan Mountains and Strandzha Moun-
tains; intrusive, subvolcanic and volcanic rocks from
Western and Central Balkan, Western and Central
Sredna Gora zone, Mountains of Rila, Pirin, Rho-
dopes, Strandzha, Sakar, South Bulgarian granitoids;
metamorphic rocks from Balkan, Rila, Pirin, Vlahi-
na and Rhodopes Mountains; ophiolitic complexes
from Western Balkan.

Magmatic, metamorphic and sedimentary rocks
without described hydrothermal alterations only are
included in the massif of data. In the total number
of samples (2589) magmatic rocks are 1591 or 61%,
metamorphic rocks — 739 or 29% and sedimentary
rocks — 259 or 10%. This proportion is close to the

! Anexcues E. u ap. (1980); Apuaymnos B. u ap. (1995); Baiipak-
tapoB U. u ap. (1996); Bexnes B. u np. (1999); Urnatoscku I1.,
N. Baitpakrapos (1990); Kasbiosa-Crankosa T. (1994); Kame-
HOB b., b. MaBpynuues, P. Hensutkos u np. (1993; 1994,, 1994,);
Kosaues B. (1975); Kyiikun C. u ap. (1969; 1973; 1975; 1979;
1981; 1993; 1994; 1995); IManaiiotoB A. u np. (1980); Capos C.
u ap. (1994; 1995; 1996; 1997; 1998; 1999); Tapacosa E. u np.
(1992).

standard profile of the upper continental crust used
by Wedepohl (1995) for calculating the average ele-
ment contents — respectively 56% magmatic rocks
(granites, granodiorites, tonalites, gabbros), 30% meta-
morphic rocks (gneisses, amphibolites, mica schists,
marbles) and 14% sedimentary rocks (shales, siltstones,
sandstones, limestones).

On a second hierarchical level the samples as-
sembled, according to the petrographic descriptions
in the sources used, are systematized into 15 groups
giving the possibility of comparing the generalized
data for Bulgaria with the adopted in the interna-
tional practice reference values for mean contents
of the elements for the main types of rocks.

Each group contains rock varieties as following;:
1) Clastic rocks — gravelites, sandstones, siltstones,
etc.; 2) Clay rocks — argillites, shales, etc.; 3) Car-
bonate rocks — limestones, marls, etc.; 4) Terrige-
nous-carbonate rocks — flysh and flyshoid rocks;
5) Ultrabasic magmatic rocks — picrites, dunites,
peridotites, etc.; 6) Basic magmatic rocks — basalts,
diabases, gabbros, etc.; 7) Intermediate magmatic
rocks — andesites, diorites, trachyandesites, monzo-
nites, syenites, etc.; 8) Moderate acid magmatic rocks
— dacites, granodiorites, etc.; 9) Acid magmatic rocks
— rhyolites, granites, etc.; 10) Ultrabasic metamor-
phic rocks — serpentinites, metaophiolites, etc.;
11) Basic metamorphic rocks — orthoamphibolites,
metabasites, etc; 12) Intermediate metamorphic rocks
— metadiorites, spilites, quartz amphibolites, etc.;
13) Acid metamorphic rocks — gneisses, gneiss-schists,
migmatites, etc.; 14) Carbonate metamorphic rocks
— marbles; 15) Low-grade metamorphic rocks —
green schists, phylites, metapelites, etc.

The analytical determination of the concentra-
tions of the elements studied in the rocks has been
made by different analytical methods. Initially “wet”
chemical methods and quantitative and semi-quan-
titative atomic-emission spectral analysis (AES) were
used. The old AES data from the 60-ies years (when
only the interval of concentrations has been mea-
sured) for this study have been rejected. During the
last decades more widely have been applied the meth-
ods of X-ray fluorescence analysis (XRF), neutron-
activation analysis (NAA), atomic-absorption spec-
trometry (AAS), atomic-emission spectral analysis with
inductively coupled plasma (ICP-AES). In some cases
a modern analysis through inductively coupled plas-
ma mass-spectrometry (ICP-MS) was applied. The
uncertainty of the above-mentioned quantitative ana-
lytical methods varies mainly from 5-10% to 15-20%,
and in some earlier studies with AES — up to 30%.

From the database with the contents of Be, Sr, Ba,
Sc, Ti, V, Cr, Mo, W, Mn, Co, Ni, Cu, Zn, Cd, Hg, Sn,
Pb and As in the rocks of Bulgaria, 15 populations
of data for the main rock types are formed, and one
total population for all the rocks, as well. On thus
formed populations of data a standard mathemati-
cal-statistical processing is made.

Many factors determine a priori non-homogene-
ity of the data: 1) the incorporation in a given group
of a considerable number of rock varieties of differ-
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ent geological structures and ages, 2) the long peri-
od of the investigations carried out (40 years), 3) the
great variety of methods for collecting and for anal-
ysis of the samples in different laboratories, and
4) the generally greater variability of trace elements
in the rocks. These factors cause the accumulation
of different natural and technical dispersions in the
statistical populations which reflect in the distribu-
tion law.

The statistical criteria for normality of the distri-
bution of element contents by kurtosis and skewness
show that the cases of normal or lognormal distribu-
tions are comparatively rare. The cumulative curves
of content distribution for the most of the elements
studied are asymmetric. Such cases are frequent in
the geochemical practice and need the use of robust
statistical estimates of the mean (average) contents.
For this reason the mean element contents are often
preferably estimated by the median (Darnley, 1995)
which is a non-parametric estimate, without influ-
ence from the distribution law.

In the present investigation a mathematical ap-
paratus is used (FOda, I'ypBuu, 1964), by which for
the mean (expected) value is accepted the median
(Md). The variance is evaluated through the quar-
tiles (Q, and Q;) and the relative quartile deviation
— D, (Cranes u np.,1971), the last used also for as-
sessment of the degree of geochemical differentia-
tion of the elements in all rocks (Kyiikus u ap., 1979).

The upper background threshold of the concen-
trations (UBT), with a given significance level g, was
calculated by the formula (FOda, I'ypsuu, 1964):

UBT, = Md +0.5,/3/ 4 (0, — Md). (1)

q = 0.05 was accepted (respectively probability P =
95%), which is the most frequent practice with the
mathematical-statistical evaluations.

Some authors propose the determination of UBT
to be done through taking into account the respec-
tive percentiles (p) along the cumulative curve of
distribution of the concentrations, for example, 98p,
95p (Van de Meent et al., 1990). In most of the cases
here UBT is calculated by the formula (1) and when
the number of the respective element determinations
is small (15 > N > 8) UBT is provisionally accepted
as equal to 95p.

The purpose of the method of Yufa and Gurvich
is through the quartiles to avoid the effect of the so-
called “heavy” (hanging) tails of the right side of the
cumulative curves under the influence of extremely
high values. In the parent populations such extremely
high concentrations were found for the most of the
elements studied here, for example (in ppm): Be —
68, Ba — 11870, Cr — 4890, W — 300, Mn — 15500,
Co — 708, Cu — 2000, Zn — 1000, As — 300, Hg —
50, Pb — 1360. These values may be assessed as obvi-
ously anomalous ones. For data filtration (elimina-
tion of such “hurricane” element contents) the same
expression (1) is used with q = 0.01.
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Results and discussion

Among the characteristics derived for the elements
concentrations the most important are the mean
background content (C,;), equal to the median (re-
spectively 50p), and the upper background thresh-
old (UBT). The concentrations surpassing UBT
for a given type of rocks may be treated as anoma-
lous.

Reference values are obtained for the background
contents of 18 elements — Be, Sr, Ba, Sc, Ti, V, Cr,
Mo, W, Mn, Co, Ni, Cu, Zn, Hg, Sn, Pb and As in 15
types of rocks (Table 1) and total for all the rocks in
Bulgaria (Table 2). The valuations for Cd are du-
bious and the element is excluded from the discus-
sion and the conclusions because of need of new
analytical data.

Background values for rock groups. The deter-
mined mean contents of the elements into the rock
types/groups are different. They often show signifi-
cant geochemical differentiation. Two opposite
patterns of change of the element concentrations by
rock types are established which are influenced
mainly by the geochemical properties of the elements.
The elements of iron group — Ti, V, Cr, Ni, Co, Mn
— have higher contents in the ultrabasic and basic
magmatic and metamorphic rocks while the chalco-
phile elements Cu and Zn are concentrated in the
ultrabasic, basic and intermediate rocks. All above
mentioned elements have lower contents in the acid
and moderate acid rocks. The lithophile element Be
and the lithophile-chalcophile element Pb, reversely,
are with highest contents in the acid and moderate
acid rocks and lowest in the ultrabasic and basic
rocks.

The derived mean element contents in the rock
types in Bulgaria in most of the cases are closest to
the respective rock Clarkes after Turekian & Wede-
pohl (1961), considering some modifications in
OBunaHNKOB (1990). In a small extent they resemble
to the data for rock types of Bunorpamos (1962) —
for intermediate rocks and of SIpomesckuii (1990)
— for basic rocks.

Background values for all rocks. The mean ele-
ment contents derived for all rocks on Bulgarian ter-
ritory (Cy) are the following (in ppm): Be — 2, Sr —
280, Ba — 506, Sc — 9, Ti — 2956, V — 73, Cr — 25,
Mo —1,W —0.7, Mn — 650, Co — 10, Ni — 17, Cu
—20,Zn —45,Cd —2.3(?),Hg — 0.03,Sn — 3, Pb —
21 and As — 2.2. The contents of Ti and Mn are
commonly expressed in their oxide forms, then here
obtained mean values are: for TiO, = 0.49% (4939
ppm), for MnO = 0.08% (839 ppm).

The mean values obtained are compared with
the already calculated by other investigators abun-
dance of the elements studied in the Earth crust
(Table 3). For most of the elements the values vary
in similar range and significant differences are not
found, with exception of already mentioned raised
cadmium values.
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Table 3

Comparison between background contents obtained for Bulgaria and actual Clarke values of Be, Sr, Ba
Mn, Co, Ni, Cu, Zn, Cd, Hg, Sn, Pb, As (in ppm)

, Sc, Ti, V| Cr, Mo, W,

Clarke after Clarke after Average for UC Value for UC after This study
Element Vinogradov Ovchinnikov after Wedepohl Rudnick & Gao background
(1962) (1990) (1995) — Cyc (2003) — Crac content — Cpg

Be 3.8 2 3.1 2.1 2

Sr 340 370 316 320 280
Ba 650 470 668 628 506

Sc 10 17 7 14.0 9

Ti 4500 5300 3117 3830 * 2956
\4 90 12 53 97 73

Cr 83 93 35 92 25
Mo 1.1 1.2 1.4 1.1 1

W 1.3 1.4 1.4 1.9 0.7
Mn 1000 900 527 775 * 650
Co 18 23 11.6 17.3 10

Ni 58 70 18.6 47 17

Cu 47 53 14.3 28 20

Zn 83 68 52 67 45

Cd 0.13 0.17 0.102 0.09 (2.3)
Hg 0.083 0.072 0.056 0.05 0.03

Sn 2.5 2.3 2.5 2.1 3

Pb 16 13 17 17 21

As 1.7 1.8 2.0 4.8 2.2

* calculated from the oxide form content

More detailed comparison is made with the aver-
age data recently calculated from earlier results for
composition of the upper continental crust by Wede-
pohl (1995) — C, and Rudnick & Gao (2003) —
Crec:

According to the values of the coefficients of con-
centration Cc = Cy/Cy the elements studied form
the following row:

Cul.40 —V1.38//Sc1.29—Pb1.24 —Mn 1.23
—Sn1.20—As1.10—Ti0.95—Ni0.91 —Sr 0.89 —
Zn 0.87 — Co 0.86 — Ba 0.76 — Mo 0.71 — Cr 0.71 //
Be 0.65 — Hg 0.54 — W 0.50.

The values for Sc, Pb, Mn, Sn, As, Ti, Ni, Sr, Zn,
Co, Ba, Mo and Cr are nearly equal to their averages
for upper crust after Wedepohl (1995) — Cc =1 *
0.3. The range * 0.3 corresponds to the uncertainty
of the chemical methods of elements determination
which reaches 30 %. For many trace elements Rud-
nick & Gao (2003) accept similar uncertainty with-
in 30 %.

The values obtained for 5 elements differ more
significantly: Cu and V are increased (Cc > 1.3) while
the mean contents of Be, Hg and W are found de-
creased (40 % and more below the averages after
Wedepohl, 1995).

The comparison with the most actual mean val-
ues recommended by Rudnick & Gao (2003) shows
that the total mean values here obtained are almost
systematically decreased. The coefficients of concen-
tration Cc = C/Cp e form the following row:

Sn 1.43 // Pb 1.24 — Be 0.95 — Mo 0.91 — Sr 0.88
—Mn 0.84 —Ba 0.81 — Ti 0.77 — V 0.75 — Cu 0.71
/| Zn 0.67 — Sc 0.64 — Hg 0.60 — Co 0.58 — As 0.46
—W0.37 —Ni 0.36 — Cr 0.27.
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The range of Cc = 1 £ 0.3 includes the back-
ground values obtained for Pb, Be, Mo, Sr, Mn, Ba,
Ti, V and Cu while different are the values for 9
elements: Sn is increased and Zn, Sc, Hg, Co, As, W,
Ni, Cr are decreased in comparison with the results
of Rudnick & Gao (2003).

Published data for element contents in the lower
continental crust and for the bulk crust composition
(Wedepohl, 1995; Rudnick & Gao, 2003) differ more
significantly from the obtained for Bulgarian rocks
main values which are nearest to the data for upper
continental crust.

The estimates for trace elements contents in the
rocks show more variation from study to study (Rud-
nick & Gao, 2003). In spite of this the most of total
background values here established agree within 30
% the recent estimates of the composition of the up-
per continental crust. The values obtained for Bul-
garian territory are closest to the respective element
averages calculated for the upper crust by Wedepohl
(1995) — Figure 1.

Another aspect of the distribution of the elements
studied in the rocks is their different degree of
geochemical differentiation in the total population.
According to the increasing values of the relative
quartile deviation (D), this differentiation is ex-
pressed in the following rank:

Be 50 — Sr 50 —As 50 — Zn 51 — Pb 52 — W 55
— Mn 55 — Ba 56 — Mo 60 — Sn 61 — Sc 63 — Co
67 —Cu68—V 70 —Ni74—Ti74 — Cr 80 — Hg
94,

Most intensively differentiated between rock types
are the contents of the elements Hg, Cr, Ti, Ni, V, Cu
and Co.



K1011119) ueLIR3[NY 10}

Ppaurelqo sanjeA punoigyoeq Yl Yim paredwod isnio [ejusunuod 1ddn 10j sy pue qd ‘u§ ‘SH ‘PO ‘UZ ‘ND ‘IN ‘0D ‘UIN M ‘OIN ‘ID A ‘LI ‘0S ‘g ‘IS ‘9 JO sonjeA uedA ‘I “Sig

sy ad us BH

PO uz no IN 00 un M O 10

A 1L ol eg IS g
ICD
AN
AR Fa
. \
J
5 L
N Y o
\ a. a ,
\\ , \ \ i / |
S W\ \e //
N , AN L v =
N - | \ . B .m
./‘ .- -7 - ¥ /// 7
v 9 - .. — ,~
o~ e 1 YN )
- ~ouZ72° N\ | NN
AP B, 4 \ N \
S A IEANE
’ o=\
ool
\ ,.,
") / ’
/ \
Apmis sy \ \
€002 ‘oeDyoIupNy - — — — \ \ \;
r - oooL
G661l ‘lyodepapy - — - — \
0661 ‘AOIULIYOAD = = = — .
2961 ‘Aopelboul\ = = =
Dol

73

10 Geologica Balcanica, 1-2/2007



Upper background thresholds. The values cal-
culated for the upper background threshold
(UBT, ) of the element contents (Tables 1 and 2)
give a general idea of the upper limit of normal
element concentrations in the rocks most widely
spread in Bulgaria. Each rock group has its speci-
fic UBT for the individual elements, which may be
lower or higher than the respective total UBT for
all the rocks (Table 1).

The upper background threshold marks the limits
of the normal concentrations. This value is first of
all applicable for the rock groups, while for the total
population of all rocks UBT has an approximate
character because of the element differentiation
between rocks with different chemical and mineral
composition and different genesis. The total upper
background threshold for all types of rocks com-
bined, applied to some rock types, would exclude a
part of the background samples as anomalous, and
for other types it would include anomalous samples
into the category of the background ones. For
example, the total UBT for Ni is 106 ppm, but the
UBT in the ultrabasic and basic rocks where the
same element is concentrated are respectively 3610
ppm and 192 ppm (Table 1).

The width of the interval between upper back-
ground threshold and mean content (C,;) is dif-
ferent for the individual elements. It depends on
the variance of the background contents. Accord-
ing to the values of the ratio UBT s/ C;; (Table 2)
the elements considered form the following order:
Be29—Pb3.0—Ba33—7Zn34—As3.4—Mn
35—Sr3.6—Sc3.7—Ti45—C04.9—Mo4.9 —
Sn49—-—W50—-—V52—Cu53—Ni6.2—Cr8.2
— Hg 18.7.

Excluding the endmost member of the row (Hg)
the ratio UBT s/ C,5 varies from 3 to 8, at an aver-
age about 4.

On lower hierarchical levels (for example, for
landscapes, geological-structural or administrative
regions, different rock complexes, etc.) the parame-
ters of the background concentrations (mean con-
tent and upper background threshold) of the ele-
ments may have their specific local values, includ-
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ed statistically in the general estimates obtained for
the whole Bulgarian territory.

Conclusion

The reference values derived for the mean back-
ground contents of Be, Sr, Ba, Sc, Ti, V, Cr, Mo, W,
Mn, Co, Ni, Cu, Zn, Hg, Sn, Pb and As may be ac-
cepted as sufficiently reliable geochemical standards,
characterising the chemical composition of the rocks
on Bulgarian territory.

The background values established are based on
real results from quantitative chemical analyses
published in Bulgarian geochemical studies during
a period of 40 years. In spite of the local represen-
tativity of the rock samples (for the country) the values
derived show good coincidence with the recently
calculated averages of the studied elements in the
upper continental crust.

The content of Cd in the rocks in Bulgaria needs
additional investigations and first of all — new data
obtained through highly sensitive modern analytical
methods.

The results obtained show that there is no “one
single” background value for given element, which
can be equally valid for all types of rocks. The indi-
vidual rock groups are distinguished with specific
parameters of distribution of the background con-
centrations (mean value, variance, upper background
threshold, etc.) which often are significantly differ-
ent from each other, especially for the contents of
the most intensively differentiated elements — Hg,
Cr, Ti, Ni, V, Cu and Co.

The reference background values obtained for 18
elements known as minor and trace components in
the chemical composition of the rocks — Be, Sr, Ba,
Sc, Ti, V, Cr, Mo, W, Mn, Co, Ni, Cu, Zn, Hg, Sn, Pb
and As — may have a multipurpose application for
comparative geochemical, petrological, lithological
and metallogenic investigations, for assessment of the
quality of the environment (soils, etc.) and as region-
al Clarkes of these elements for the Bulgarian terri-
tory and the Balkan region, as well.
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