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CA. fiHee. fl. Xpuc'lee - CpaeHumeAbHbte AumoAo~o-~enxu

MU•IecKue UCCAeOOBGHUJI naAe030UCKUX OCGOO'IHbiX nopOO 
3anaoHou EoA~apuu. Pa6oTa li8JilleTCll nep8biM onbiTOM na
pannenbHOro o6cylK.neHHll JIHTonorH'fCCKHX .naHHhLX no nanc
OJoikKHM oca.no'fHhiM nopo.naM 3ana.nHOH 6onrapKH H pe-
3YJibTaTo8 MHOfOMepHOfO MaTeMaTH'feCKOfO aHaJIHJa HX 
MaKpO- K MKKpOXHMK'feCKOfO COCTa8a. Jiby'faJIKCb nopO.Uhl 
Op.U08KKCKOH, CHnypKHCKOH K .Qe80HCKOH CKCTeM, a TaKlKe -
8epxHeKap6oH08all cepHll 8 C8oreHCKOM aHTKKJIHHOpHH H 8 
Co<f>HHCKOH 'faCTH 6anKaHCKOH (CTaponnaHHHCKOH) ropHoH 
uenH. J.1cnOJibJ08aJIHCb KOppecnOH.QeHTHhiH H KJiaCTepHbiH 
aHaJIHJbr. Bhr.ncneHhr 'feThrpe rpynnbr nopo.n c n08hiWCHHbiM 
co.neplKaHHeM HeKOTOphrx MaKp03JieMeHT08: I - Si; II - Ca; 
III - Na; IV - AI, Fe. Mg, Mn, K Ti (a TaKlKe - nery'fHX). 
rpynnhr I, III H IV paJ.neneHbl Ha no.nrpynnbl: 1". Jh, I<; IIJ•.mh 
H III"' IV•, JVh H IV". K no.nrpynne I • OTHOCliTCll op.no8KKCKHe 
K8apUHTbl, 8epXHe.Ue80HCKHe neC'faHHKH, .Qe80HCKHe CHJIH 
UHTbl, 8CpXHeKap60H08b!e nec'faHHKH; Ih OXBaTb!8aeT fJia8-
Hh!M o6pa3oM aprHJIJIHTbl op.no8HKa, cnnypa H .ne8oHa; K I " 
OTHOCJITCJI aprHJIJIHTbl Op.U08HKa, CHJiypa H .ne80Ha. rpynna 
II o6oe.nHHlleT nec'faHHKH c 8biCOKHM co.neplKaHHeM Ca. 
rpynna III npe.ncTa8JieHa nec'faHHKaMH paJHoro 80JpacTa H 
paJHOCTCOCHHOfO KJMeHeHKJI (KaTareHCTH'fCCKOfO H paHHe
MeTaMop<f>H'feCKOrO ). B Hee 8XO.UliT TaKlKe nopo.nhr, o6paJo-
8aHHhre Ja c'feT paJpyweHHll 8YJIKaHHT08 8 nHTaJOIUHX npo-
8HHUHllx. B rpynny IV 8XO.UliT aprKJIJIHThr: IV• - op.n08HKCKHe 
aprHJIJIHTbl rpoxoTeHCKOH C8HThl c AI H K; IVh - aprKJIJIHThl 
UepeuencKOH C8HThr, 8epxHero cKnypa, HHlKHero H cpe.nHero 
.ae8oHa, a TaKlKe - 'faCTb 8epxHeKap6oH08hiX aprHJIJIHTos; IV" -
CHJiypHHCKO-.Qe80HCKHe aprHJIJIKTbl H KpeMHHCTb!e aprHJI
JIHTbl HHlKHero CHnypa. npH OOMOIUH KJiaCTepHOrO aH3JIHJa 
MHKpoKoMnoneHT08 8hr.neneHo IV rpynnbr nopo.n: I - nopo.nhr 
c 8hiCOKHM co.neplKaHHeM Mn: UepeuencKall C8HTa, nopo.nhr 
8epxHero cnnypa, cpe.nHero-8epxHero .ne80Ha (CHJIHUHThr, ap
rHnnHThl), a TaKlKe - nec'faHHKH H aprKJIJIHThr 8epxHero Kap6o
Ha; II - nopo.nhr c no8h!WeHHhiMK co.neplKaHHliMH V, Cr, Rb 
(CHJIYPHHCKKe rpanTOJIHTOBble aprHJIJIHThl, 8 MeHbWeH CTene
HH - aprHnnwr::hr .ne80Ha, op.no8HKa H 8epXHero Kap6oHa); III -
nopo.nhr co JHa'fKTenbHO no8hJWeHHh!M co.neplKaHKeM Zr 
(KJiaCTH'feCKHe nopO.Uhl rpOXOTeHCKOH C8HTbl H BepxHero Kap-
60Ha); IV - c 8hiCOKHMH co.neplKaHHliMK Sr (rna8Hh!M o6paJOM 
8epxHe.ne80HCKHe). Cyr.uecT808aHHe Bhr.neneHHhLX rpynn p33-
Horo MaKpO- H MHKpOCOCTa8a o6yCJI08JieHO MHHep3JIOfK'feC
KHMH H nerporpa<f>H'feCKHMH OC06eHHOCTliMH nopo.n. 3THM 
06oJICHJICTCJI H HeKOTOpall CTeneHb KOppenHpyeMOCTH. 

Abstract. First attempt to link the lithological data for 
Ordovician. Silurian, Devonian and Upper Carboniferous rocks 
from the Svoge Anticlinorium and the Sotiyska Stara Planina 
Mountain to the results from the multivariate mathematics 
analysis of data for macro- and microchemical composition of 
the rocks (correspondence and cluster analysis) was made in the 
present study. Four groups with enhanced content of the certain 
macroelements were divided: I - with SiO,: II - with CaO: III -
with Nap; Ill - with A!, Fe~ Mnt Mg, K. volatile and Ti; and 9 
subgroups (J•, Jh, 1", Ill , III , Ill . IV•, JVh, IV"). The group J• 
includes Ordovician quartzites, Upper Devonian sandstones, 
Devonian silicites and Upper Carboniferous sandstones; Jh i s 
composed of mainly Upper Carboniferous polymictic sandsto
nes; I" consists of argillites of Ordovician, Silurian and Devo
nian ages. Group II contains sandstones abundant in Ca. Group 
III comprises sandstones of various ages and with diverse degree 
of transformation (catagenetic and low metamorphic) or with 
assistance of volcanic rocks in the source province. Group IV 
contains argillites: IV• - from the Ordovician Grohoten Forma
tion, tightly linked to AI and K ; JVh - from the Tzeretzel For
mation, from Upper Silurian, Lower and Middle Devonian. and 
a part of the Upper Carboniferous argillites; IV" - argillites from 
the transitional interval between Silurian and Devonian as well 
as chert argillites from the Lower Silurian. Four groups were de
termined on the dendrogram obtained after cluster analysis with 
respect to the microcomposition. The lirst group (I) contains 
samples with high amount of Mn (Tzeretzel Formation, Upper 
Silurian, Middle and Upper Devonian silicites and argil l ites. 
Carboniferous sandstones and argillites). The second group (II) 
is abundant of V. Cr. Rb (Silurian graptolite argillites, less 
Devonian, Ordovician and Upper Carboniferous argillites). The 
group III is abundant of Zr (clastic rocks from the Grohoten 
Formation and from Upper Carboniferous) and group IV is 
composed of samples with high Sr content (mainly Upper 
Devonian). The detached groups regarding to macro- and micro
composition are resulting from mineralogical and petrographi
cal features of the rocks and thus they correlate w i th each other 
in a certain degree. A certain tendency of variations in the geo
chemical features of the rocks were established regarding to 
their evolution from mature sediments (Ordovician and Silu
rian) to immature sediments (Upper Devonian, Upper Carboni
ferous), to he change of marine sedimentation (Ordovician -
Devonian) to continental one (U pper Carboniferous): to the 
change in the provenance (sedimentary rocks in the Ordovician 
and the Silurian, the same plus metamorphic in the Devonian. 
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BbiJIBJJCHbl onpe.neneHHb!e TeH.neHUHH B HJMeHeHHH reoxH· 

MH'!eCKHX OC06eHHOCTCH nopo.n. lbMeHCHHJI CBJIJaHb! C 380· 

JJI<lUHCH OCa.UKOHaKOflJJCHHJI, a HMCHHO: flOCJJe JpeJJb!X OCa.U • 

KOB (Op.UOBHK H CHJJyp) npOHCXO.UHJJO HaKOnJJeHHe HeJpeJJb!X 

(BepXHHH .neBOH, BepXHHH Kap60H); MOpCKOe OCa.UKOHaKOnJJe· 

HHC (Op.UOBHK·.UCBOH) CMeHHJJOCb KOHTHHeHTaJJbHb!M (Bepx· 

HIIH Kap60H) ; liCHO Bb!paJKeHO TaKJKe BJJHJIHI!e flHTal<l!UIIX 

npOBHHUIIH, KOTOpb!C 6b!Jllf CJJOlKeHb! OCa.UO'IHb!MH nopo.na· 

Mil (B Op.UOBI!Ke If CIWype), OCa.UO'IHb!MH H MCTaMop<f>H'!eCKH· 

MH (8 .neBOHe), OCa.UO'IHb!MH, MCTaMop<f>HtteCKHMII H MarMa· 

TH'ICCKHMH (nJJyTOHH'IeCKHMH) • B BepXHeM Kap6oHe. l13Me· 

HCHHJI OTpaJKal<lT TaKJKe BJJHliHHe KJJHMaTa (B KOHTHHeH· 

TaJlbHb!X OTJJOJKeHHliX 3TOT <f>aKTOp Bb!paJKeH 6oJJee '!eTKO 

'!eM B MOpCKHX) H T . .n. 

previous plus intrusive rocks in the Upper Carboniferous); to 

the influence of the climate (weaker in the marine deposits and 

stronger in the continental Upper Carboniferous) etc. 

Yanev, S. , Khrischev, Y. 1999. Comparative lithological and geochemical studies of the Palaeozoic rocks from 
Western Bulgaria. - Geologica Bale., 29, 1-2; 61-87. 

Key words: Palaeozoic, sedimentary rocks, geochemistry, correspondence and cluster analyses, Svoge 
Anticlinorium. 

1. Introduction 

1.1. Review 

Palaeozoic sediments in Bulgaria have been known 
since the seventi"es of the last century (Toula, 1977). 
The presence of Ordovician, Silurian, Carboniferous, 
Devonian and Permian (and Cambrian?) systems 
and most of their stages has been gradually proved. 
Regional or biostratigraphical, respectfully lithostra
tigraphical aspects dominate in the best part of the 
studies on the Palaeozoic. They are related to the 
successful determination and subdivision of Palae
ozoic sediments as well as to the application of mo
dem zone schemes and standards. About 45 authors 
have been touched on that problems in more than 
150 publications devoted to Western Bulgaria. 

Petrographical and sedimentological researches of 
the Palaeozoic rocks are much more scanty. Some 
mineralogical and petrographical data are submitted 
in works by r . DOHI.feB (1927, 1923), .Ll:HMHTIJOB 
(1923, 1937). Many works on regional geology, 
summary studies (E. ooHI.fes, 1955; AlleKcHeB H .LJ.p., 
1965a, 19656; )l(yKoB H .D.p., 1976; Tenchov & Yanev, 
1987) and guides (Tenchov eta!., 1982; Nachev eta!., 
1989, etc.) contain attendant information about 
rocks and sedimentary environment. 

More purposeful lithological (e.g. mineralogical, 
petrographical and facial) investigations partly or 
completely devoted to Palaeozoic sediments has 
started since the sixties (Tohn, 1960; ..siHeB & TeHI.fOB, 
1962; ..slHeB, 1964, 1965, 1969, 19706, 1972, 1979, 
1982, 1985; Ellenberg et a!., 1979; Hal.fes, ..siHeB, 
1980; Yanev, 1981,1982a, b, c, 1985, 1988, 1991, 
1992, 1996 etc.; Janev, 1988, 1989 etc.; rHoeBaH, llo
OOBa, 1982; nonosa, MaTaHosa, 1982). 

The rock composition is studied at the stage 
'rock complexes-rocks-minerals' in most papers. 
Single papers present semiquantitative data or a 
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few quantitative data about element's associations 
characteristic for determined lithostratigraphic units 
(..siHeB, 1972; KHpos, 1980; Yanev 1992a). These 
associations were compared only to the Clark value 
of the respective rock type. More specialized 
analyses of the results were not carried out. Other 
works use more geochemical approach but only to 
single rock type and give a rough idea about the 
sedimentological features of the rock complexes 
(YJyHoB, 1980; ooH.LJ.)I(Hesa & YJyHoB, 1988). 

1.2. Aim and method of investigation 

The purpose of the present study is to make a geo
chemical characteristic of the various sediments of 
different ages, and to connect it to the rock com· 
position and to the conditions, existing during 
their formation. 

Various Palaeozoic sediments crop out in Western 
Bulgaria (fig.l , 2). They are formed in marine (Ordo
vician-Devonian) or continental environment, under 
humid (Ordovician-Upper Carboniferous) or arid 
(Permian) climate, in presence (Upper Carbonife
rous-Permian) or absence of synchronous volcanic 
activity and under different facial, palaeotectonic 
and palaeogeodynamic conditions (Yanev, 1995). 

Lithological researches are completed by micro· 
scopic mineralogical and petrological characteristic 
of thin-sections, mineralogical analyses in immersion 
liquid, DTA and X-ray diffraction analyses of grain
size fractions under 0.002 mm and of bulk samples. 

Quantitative chemical analyses of micro- and 
macrocmponents in rocks are accomplished using 
the methods of X -ray fluorescence analysis and X
ray spectral analysis. The results are submitted to 
the multivariate mathematical analysis (correspon
dence and cluster analyses). 

Samples were collected and analysed during the 
period of 1984-1993 years. The major part of sam-
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Fig. I . Scheme of the distribution of the Palaeozoic sediments in a part of the Western Stara Planina Mountain: I -basement 
(pre-Cambrian Arda Group and Cambrian-pre-Cambrian Berkovitza Group) and cross-cutting Palaeozoic granitoids; 2 - . 
Lower Ordovician series (Dalgi Del Group); 3 - Middle-Upper Ordovician series (Grohoten and Tzeretzel Formations); 4 -
Silurian system; 5 - Devonian system; 6 - Stara Planina K-alcaline magmatites; 7 - Upper Carboniferous series; 8 - Lower 
Permian series; 9- Mezocainozoic cover; 10 - tectonic boundary. 

pies were taken from the Svoge Anticlinorium 
(lskar valley, Tzarichina, Chibaovtzi, Zheljava, 
Seslavtzi, etc.) Samples originating from Palaeozo
ic rocks at the region of Kazanlak (Yanev et a!., 
1995). and from Devonian in Kraishte (RHeB, 
1985) are used for a comparison. 

2. Accepted stratigraphic scheme 

The collected and examined samples are referred to 
formal and informal lithostratigraphic units pro
posed for the studied region. The Ordovician aged 
Grohoten and Tzeretzel Formations (Cnacoa, I 960) 
are considered formal lithostratigraphic units (Ten
chov, Yanev, 1987; TeH'iOB, pe.u., I 993). Sampling 
and description of the Silurian sediments is referred 
o the scheme of informal lithostratigraphic units by 

HsaHoB H AHrenos (I 979) that are traced in details 
on the Geological map of Bulgaria (M = l : l 00 000), 
map sheets 'Sofia' and 'Botevgrad' (RHea H .up., I 992; 
AHrenos H .up., 1992). 

The sampling of the Devonian system is con
nected to Katina Formation (TeH'iOB, I 965) and 
Gradishte Formation (Pribyl, Spassov, 1960~ 
Cnacoa, 1973). Well defined and traced in the field 
informal lithostratigraphic units (lisaHoB, AHre
noa, 1979) are used in the present study too. 

The transitional interval under the flysch which 
contain very important level of silicites plays a sign if-

icant role in the composition of the Devonian system 
in the Sofiyska Stara Planina Mountain. 

The Carboniferous samples are collected from 
type sections of Tzarichina, Svidnya, Dramsha, 
Svoge, Berovdol and Chibaovci Formations, divided 
by TeH'iOB (1966). A new element in the existing 
scheme is the establishment of a pyroclastic level and 
a silicite level.(traceable eastern from the river lskar), 
that proved a sinsedimentary volcanic activity during 
the deposition of the Berovdol Formation (Yanev, 
I 985). 

Biostratigraphic dating of fossil bearing Palaeo
zoic sediments is accepted completely according 
to palaentological arguments of Cnacos (I 960, I 963, 
etc.), TeHI.fOB (I 965, I 966), Konsaqesa (1969- I 990), 
CaqaHCKH (1991, Sachanski, 1993), Pribyl, Spassov, 
(1960), Boncheva, Yanev (I 993). Only the boundary 
between Ordovician and Silurian is conditionary ac
cepted to pass below the clastites because they mark 
the beginning of a new sedimentological cycle (with 
erosional lower surface and transition to Silurian fos
sil-bearing rocks above it). 

3. Brief lithostratigraphical characteristic 
of the Palaeozoic sections 

A detailed sedimentological study of Palaeozoic 
rocks is completed by Yanev (1985, 1991, 1992). 
The quantitative distribution of rock varieties in 
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Fig. 2. Lithological columns of the Palaeozoic sections from the studied region: I .. breccia-conglomerates; 2 .. conglomerates; 3 .. 
sandstones: 4- siltstones; 5- dropstones; 6- argillites (marine-above and continental -down); 7 .. argillites with dark spots; 8 .. striped 
argillites; 9 - clayey siltstones and silty argillites; I 0- lydites; II - sil icites; 12- concretions; 13 -limestones; 14 .. coals; 15 .. volcanic 
and pyroclastic rocks; 16- folded basement; 17 -erosional boundary; 18 .. fauna; 19 .. flora; 20 .. trace fossils . 

formations, besides of quality characteristic, lateral 
and vertical traced distribution of rocks, has been 
shown in these papers. An attempt to calculate the 
average and variations in the content of main oxides 
and elements is done by Yanev (1992). Lithological 
information in the present study is restricted to the 
necessities of correlation with geochemical data. 

3.1. Ordovician system 

In the studied region the Ordovician system is sub
divided to Grohoten and Tzeretzel Formations 
(fig.l and fig.2, column 1 ). 

64 

Grohoten Formation ranges over Llanvirnian
Llandeilan? -Caradocian (CnacoB, 1960), and Tze
retzel Formation is of AshgiiJian age (KbnBal.feBa, 
1969) .. To the East Grohoten argillites lies with 
transition over Lower Ordovician levels (Dalgi Del 
Formation- AHrenoB 11 JJ.p., 1992). 

3.1.1 Grohoten Formation 

The Grohoten Formation has been divided in three 
informal units. Their superposition is clarified by 
structures studied on the lower bed surfaces. From 
bottom to top these units are as follows: A - Lower 



(subquartzite) argillite formation, B - argillite
quartzite formation, C - Upper (overquartzite) 
argillite formation. 

A. Subquartzite formation is composed of grey to 
dark grey agillites sometimes lighter, with millimetric 
siltstone or argillite interbeds. Rocks are slightly gli
ttering. Terrigenous muscovite (coarser flakes) para
llel to bedding as well as newly formed hydromicas 
(subparallel very fine flakes) are observed in thin 
sections. There are also a neoformation of chlorite. 

B. Argillite - quartzite formation represents a len
ticular alternation of quartzites and argillites. Quar
tzite lenses form a distinct level (suitable for ma
pping) with laterally changeable thickness. Due to 
the different plasticity of rocks under stress, the cla
stic lenses sometimes are squeezed or accumulated 
into thicker mega-lenses and levels that give a wrong 
idea for the total thickness of the formation in some 
sections (Tenchov & Yanev, 1987). This distorted pi
cture could be corrected during the areal tracing of 
the sections (AHrenos H .up., 1992; 51Hes H .up., 1992). 
Quartzites are fine to medium grained, derived from 
mineralogical and textural mature and generally 
oligomictic sandstones. Relic textures of fine 
uniformly grained sandstones and siltstones are 
preserved. In some cases it concerns about sand
stones and siltstones quartzitized in different degree 
with regeneration relic contact and pore-filling type 
cement. The clastic rocks are medium to thick laye
red, often with lenticular structure, and massive 
appearence. Clear structures are common on the lo
wer bed surfaces. Large scale cross bedding indica
ting the marine currents is rarely observed. 

C. Upper overquartzite argillites contain milli
metric silty to clayey interbeds. Quartz and rarely 
muscovite compose the fine clastic grains. The 
rock colour is grey or greenish-grey and bluish
grey. Chert lenses with cone-in-cone structure are 
random in the argillites. 

The total thickness of Grohoten Formation is 
probably about 1800 m. 

3.1.2. Tzeretzel Formation 

The Tzeretzel Formation comprises relatively deep 
marine greenish-grey, grey and bluish-grey argillites. 
Packets with layering srtucture owing to very weak 
lithological variations are rarely observed along the 
section of the Tzeretzel Formation. The Tzeretzel 
Formation is distinguished by lateral steadiness and 
very fine pellitic texture of the dominant rock type. In 
thin-sections authigenic chlorite microaggregates are 
sometimes observed among the matrix. Clasts of 
quartzites, silicites schists and magmatites abundant 
some levels in the argillites and these rocks have 
characteristics of diamictites (Yanev, 1989). Elon
gated branched and oval-shaped dark spots among 
the greyish mass are specific for the Tzeretzel 
Formation. The spots have inner texture and are of 
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biogenic origin (Yanev, 1992). The rock assemblage 
is ana\ogic to Lederschiefer in Thuringia and Central 
Europe. The thickness of the Tzeretzel Formation is 
about 340m. 

3.2. Silurian System 

Sandstone formation covers with unconformity an 
errosional surface of the Tzeretzel Formation. 
Upwards it is followed by three informal lithostra
tigraphic units with proved Silurian age- lydite for
mation, formation of black graptolite argillites and 
formation of layered silty argillites. (fig. 2, col. 2). 

3.2.1. Sandstone formation (Sirman Formation) 

The formation is composed of grey sandstones with 
thin interbeds of dark grey silty argillites and impure 
argillites. The sandstones are equigranular. Their 
texture is mainly medium- and coarse-grained and to 
the bottom -very coarse-grained to gravelly. They are 
abundant with argillitic lithoclasts from Tzeretzel 
Formation. The particle shape is semiangular to 
semirounded. The sandstones generally are chert
clastic-quartzitic and quartz-\ithitic. 

The thickness of the formation varies from 0-1 0 
em up to 4-10-40 m because of the filling of the 
slightly rough surface of the errosional paleolan
dscape. 

3.2.2. Lydite formation (Saltar Formation) 

The lydite formation follows the sandstone forma
tion with gradual and fast lithological transition 
(increasing to dominating of the argillite interbeds 
among the sandstones and short alternation of 
argilites and lydites). The lydite formation consists 
of thinbeclded black lydites and greyish-black 
argilites intercalated with chert graptolites and sandy 
argillites. The argillite amount increases upwards the 
section. Lydites consists of fine- to cryptograined 
quartz-chalcedony mass. They contain oval-shaped 
relics of Radiolarian that are recrystallized to a fine
grained mosaic or radiate-fibrous chalcedony aggre
gates. The pyrite enriches the rocks of the formation. 

3.2.3. Formation of black graptolite argillites 
(Mala reka Formation) 

The formation has transitional lower and upper 
boundaries. Formation of black graptolite argillites 
comprises alternation of monotonous black argillites. 
Fine dispersed umpurities of organic matter in amo
unt of 3-4 to 15% occur. Layering disposed graptoli
tes are freqently observed. The clay minerals are repre
sented of hydromicas or illite (2Md rarely I Md) and 
+ 1- chlorite. Layering lenses and concretions of py
rite are common in the formation. The thickness of 
the formation of black graptolite argillites is 120-150 m. 
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3.2.4. Formation of layered 
silty argillites (Yabukov Dol Formation) 

Formation of layered silty argillites is situated above 
the formation of black graptolite argillites with grad
ual transition and upwards passes into Upper Siluri
an-Lower Devonian aged black siltstones and argil
lites. The formation comprises dark greenish argil
lites and thin to medium thick beds of lightly to dark 
greenish argillites with layered (srtiped) appearance 
owing to the microlayers of silt-sized grains or chlo
rite microagreggates. Some layers show a character
istic rusty-coloured weathering and a platy parting. 
Packets of black argillites containing graptolites and 
cherty-carbonaceous concretions are observed in the 
lower part of the formation. The dark greyish argil
lites showing yellow-greenish weathering are inter
bedded by black and dark grey argillites in the upper 
part of the formation. The silty argillites are more 
typical for that part of the section. The thickness of 
the formation is about 250-300 m. 

3.3. Devonian System 

The Devonian section in the Western Stara Plani
na Mountian comprises the following informal 
lithostratigraphic units (rock bodies) (fig.3, col. 3 
and 4): formation of the black siltstones; forma
tion of the grey-green argillites ("Pseudotzeret
zel"); formation of the bedded silicites; formation 
of the alternating argillites, siltstones, sandy fluxo
turbidited and black lydites; flysh formation (=Ka
tina Formation, {feH'IOB, 1965/). The boundaries 
between units are transitional and the lowermost 
one comprises the uppermost parts of the Silurian 
(Sachanski, 1991, 1993). 

3.3.1. Formation of black siltstones 

The unit includes black and greyish black siltstones, 
clayey siltstones and silty argillites. Graptolites have 
been found in the argillites. Occasionally the silty 
grains form thin but very distinct horizontal layers. A 
part of the rocks are intimately mixed with flinty mat
ter and are very hard and ringing. Transitions to chert 
argillites and lydites are observed. The texture is mas
sive or thin to medium bedded (for instance in the big 
quarry near VI. Trichkov). The thickness of the for
mation is about 380 m. 

3.3.2. Formation of grey-green argillites 

The unit is composed of green, greyish-green and 
grey argillites. These rocks are called "Pseudot
zeretzel" for their similarity to the rocks from the 
Tzeretzel Formation. They contain dark spots too, 
enriched in dispersal organic matter. In contrast to 
the spots from the Tzeretzel formation, these spots 
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are smaller, random and without organic fabric. The 
diamictite admixture is absent too. During the weath
ering a part of seemingly homogeneous argillites ac
quire more rusty-yellowish tints due to the complex 
carbonate admixtures in their cement. Manganese
syderite concretions and lenses (sometimes forming 
lenticular layers) with cone-in-cone structure occur. 
The formation is thick about 350 m. 

3.3.3. Formation of silicites 

The unit is built of light grey-greenish and flamy 
splash coloured silicites with thin argillite interbeds. 
The unit is intercalated by beds or thick lenses of 
fluxotubidites and turbidites in some places.The al
ternation ofsilicites, argillites and sandstones is occa
sionally almost equal. Argillite and lydite clasts, that 
are grabbed and deformed in plastic state, are often 
observed among the turbidite flows (Yanev, 1991). 
The Devonian age of the formation is provisionally 
accepted. Thickness is about 65 m. 

3.3.4. Formation of argillites, 
siltstones, sandstone fluxoturbidites and lydites 

A packet composed of alternation of siltstones and 
argillites in various proportions and with thickness of 
75 m differentiates at the lower part of the formation. 
The next is a packet of two sandstone fluxoturbidite 
packs, separated by rhythmic alternation of sand
stones, siltstones and argillites, and covered by argil
lites with siltstone lenses. An alternation of black ly
dites, sandstones, argillites and silty argillites detach
es a packet in the upper part of the formation. 

3.3.5. Flysh formation (Katina formation) 

The formation consists of alternating sandstones, 
siltstones and argillites. Single limestone beds are 
described there (Boncheva, Yanev, 1993). Flysh 
structures as gradational bedding, convolute bed
ding etc. are obsrved there. The section of that for
mation is shown in detail in Boncheva, Yanev 
(1993). It is aged as Frasnian - Famennian. The 
unit is thick about 340 m. 

3.4. Carboniferous System 

Only Upper Carboniferous series is determined in 
the studied region. 

The Upper Carboniferous sediments from Svoge 
Anticlinorium are subdivided in six formations (fig.2, 
coL5). From the bottom to the top these are: Tzar
ichina Formation, Svidnya Formation, Dramsha 
Formaton, Svoge Formation, Berovdol Formation 
and Chibaovtzi Formation (TeH'IOB, 1968). Accord
ing to lv. Russanov (in Rues H ,ll,p., 1992) Tzarichi
na and Svidnya Formations are a laterally isolated 
correlates. 



3.4.1. Tzarichina Formation 

The unit lies with angular unconformity on the Ordov
ician, Silurian and Devonian sediments, and is cov
ered discordantly by sediments of the Berovdol For
mation. 

The lower part of the Tzarichina Formation is 
composed of variegated generally grey breccia-con
glomerates and conglomerates which are followed 
by coal-bearing rhythmic alternation of conglomer
ates, sandstones, siltstones, argillites and coal beds. 
The upper part of the Tzarichina Formation is repre
sented of alternating black siltstones, some argillites 
and light greY, sandstones. Clasts of quartzite, lydite, 
sandstone, and syderite concretions construct the 
conglomerates. 

In the sampled type section (along the valley 
northern from the school of Tzarichina) the Tza
richina Formation lies with angular unconformity on 
the Devonian argillites. 

3.4.2. Svidnya Formation 

The unit is settled with angular unconformity on the 
erosional surface of different parts of the Ordovician. 
The Svidnya Formation is covered with the sedi
ments of Dramsha Formation by gradual lithological 
transition. 

The lower part of the Svidnya Formation consists 
of breccia-conglomerates and coarsely conglomer
ates. Coal-bearing cyclothems of alternating sand
stones, siltstones, argillites and coal beds come next. 
The sandstones prevail in the upper part of the sec
tion and are interbedded by black argillites. The con
glomerates are constructed mainly of quartz and 
quartzite fragments, and breccia-conglomerates - of 
quartz and lydite fragments. 

3.4.3. Dramsha Formation 

The Dramsha Formation settles over Svidnya Forma
tion by gradual lithological transition and is covered 
normally with the sediments of the Svoge Formation. 
The Dramsha Formation is composed of gray, dark
gray and black argillites with very rare interbeds of 
siltstone and lithoclastic tine-grained sandstone. In 
the studied type-section (eastern from the village of 
Dramsha and along the road to the village of Chiba
ovtzi), the upper boundary of the Dramsha Forma
tion is erosional and conglomerates from the base of 
the Berovdol Formation lay straight on it. 

3.4.4. Svoge Formation 

This unit is following the Dramsha Formation with 
quick lithological transition and its erosional surface 
is covered with the sediments of the Berov Dol For
mation. The Svoge Formation comprises seven coal
bearing cyclothems of alternating gray and black 

argillites, sandstones, conglomerates, siltstones, coal 
argillites and coals. 

The significance of the granodiorite fragments is 
the same as the significance of quartzites fragments 
in the composition of the conglomerates. 

3.4.5. Berovdol Formation 

The Berov Dol Formation is the most spread one in 
the Svoge Basin. Its lower and upper boundaries are 
erosional. The sediments of the Berovdol Formation 
are deposited above the various levels of the Upper 
Carboniferous section. Light gray and yellowish 
sandstones interbedded by coarsely-fragmented con
glomerates (quartzite-granodiorite composition of the 
debris) and thin siltstone levels are the principal rocks 
in the formation. Coal-bearing cyclothems are present 
in its upper part. A level comprising siliceous rocks, 
tuffs and xenotuffs, occurs only eastern from the river 
of Iskar. 

3.4.6. Chibaovtzi Formation 

The unit lies over the Berovdol Formation. It compris
es three coal-bearing cyclothems. Each of them begins 
with coarse to medium fragmented conglomerates that 
are followed by sandstones, siltstones, argillites and 
coal beds. The terrigenous and clayey rocks alternate 
repeatedly in smaller-scaled cyclothems. More oligo
mictic composition of the psammite rocks and the 
domination of the quartzose psephitic debris are char
acteristic for the formation. 

4. Comparative petrographic notes 

The petrographic studies of the Palaeozoic sediments 
allow to carry out a comparative characteristic of the 
rock varietes, typical for each system. More petro
graphical data are present in the chapter on geochem
istry dealing with the relations between chemical and 
mineralogical composition of the rocks. Psephitic 
texture plays the most important role among the tex
tures of the Carboniferous sediments. The psammit
ic and pellitic textures are typical for the rest of the 
systems and aleuritic one is rare. The purpose is to 
emphasize the similarities and the differences be
tween the rock types from various ages but belonging 
to identical textural classes. 

4.1. Psephite rocks 

Psephite rocks are not examined geochemically for 
the difficulty in the obtainment of homogeneous and 
representative samples from them. Furthermore, the 
Ordovician from the studied area is poor in psephitic 
rocks. Only single gravels and cobbles occur in 
diamictites. Single gravel grains appear in the Siluri
an sandstones. The same is in the Devonian (except 
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for the coarser fragments of lydites and argillites in 
the fluxoturbidites). Actually no breccia or conglom
erate beds occur among the Lower and the Middle 
Palaeozoic sediments. Only sandstones containing 
psephite debris are observed. Diverse psephitic rocks 
appear only in the Upper Carbonferous. Their petro
graphic comparison is not a subject of the present 
study, although is an interesting problem. 

The similarities in the composition of conglome
rates from the Svoge and the Berovdol Formations 
give a reason to lv. Russanov (in RHea H .np., 1992) to 
propose their unification in one formation - Drenovo 
Formation, whereas quartz conglomerates from the 
Chibaovzi Formation and mosaic breccia -conglomera
tes and conglomerates from the Tzarichina and Svidnya 
Formations show their own specific peculiarities. 

4.2. Psammite rocks 

The differences between the Ordovician, Silurian, 
Devonian and Upper Carboniferous sandstones 
are more expressed than the similarities between 
them. The similarities are in the amount of the 
terrigenous component, in the grain shape, in the 
composition of the matrix, in the stage of alteration, 
and in less degree in some textural and structural 
features. All sandstones contain more than 80% 
terrigenous grains. The grain shape is semirounded. 
Grains in the Ordovician sandstones are rounded 
due to longer transport. The lithoclasts are better 
rounded than the monomineral grains. Matrix is in 
insignificant amount in all sandstones. The cement is 
mainly of contact or pore-filling type. It is composed 
of clayey-hydromica minerals + /- chlorite. The low 
degree of alteration is characteristic for the majority 
of the sandstones from the Svoge Anticlinorium. 
Terrigenous components are corrosed by the 
cementing mass. Quartzitization of the Ordovician 
sandstones is observed. Regeneration quartz cement 
is rarely and locally detached among the Devonian 

Tab I e I 

and the Upper Carboniferous sandstones. The tex
ture is generally psammitic and dominantly inequi
granular in the clastic rocks. The Ordovician rocks 
more frequently have aleuro-pellitic texture and the 
Devonian rocks show a gradational transitions of the 
texture in the range of a certain beds. The sorting of 
the clastic grains is poor or medium in the most of the 
Palaeozoic systems in the area, except for the well 
sorted Ordovician clastic sediments. 

The differences between the studied rocks are ge
nerally in three directions: mineral comparison, car
bonate content and structure. Considerable differen
ces in the composition are resulting from the type of 
the source area and from the conditions of the rock 
formation. The Ordovician sandstones are referred 
to the group of the monomictic quartz sandstones 
comprising monomineral quartz grains and mosaic 
quartz aggregates. In contrast to them, the Upper 
Carboniferous sandstones are referred to the poly
mictic lithoclastic sandstones, containing rock frag
ments and plagoiclase grains. The rest of the Silurian 
and the Devonian sandstones with respect to their 
composition take an intermediate place between the 
two end groups. Cross bedding and wavy cross be
dding are characteristic structures for the Carboni
ferous sandstones. The Ordovician sandstones have 
massive and coarse S-shaped cross bedding, and the 
Silurian ones - massive and lenticular structures. The 
Devonian sandstones present gradual bedding, 
convolute and other tlysh structures. 

The differences in the carbonate content are insig
nifficant due to the low amount of the soluble com
ponents in the studied rocks (table 1 ). The Lower 
Ordovician, Upper Silurian and Devonian rocks di
ffer from the common background by higher carbo
nate contents. The carbonate amount prevails over 
the clay min.erals among the matrix only in some 
places of the studied thin-sections from these rocks. 
A part of the carbonates is dolomite, which is cry
stallized in regular rombohedra .. 

Con rents of soluble componenrs in rhe Palaeozoic rocks from Wesrern Bulgaria 

Age number of Lithology min.- max min.-max. average average 
samples % % % % 

soluble insoluble soluble insoluble 

Upper Carboniferous 30 argillites 0- 7,20 92,8-100 0,84 99.16 
Upper Carboniferous 47 sandstones 0- 12.33 87.67-100 1.47 98,53 
Upper Devonian 20 argillites 0.13-21,48 78,52-99,67 7,31 92,69 
Upper Devonian 25 sandstones 1,64-32.54 6 7,46-98,36 8.17 92,83 
Lower Devonian 41 black argillites 1,20-19,74 80,26-98,8 6.12 93,88 
Upper Silurian 17 varved argillites 0-17,50 82,50-100 6.25 93.75 
Lower Silurian 28 graptolite argillites0-9,20 90,80-100 2,56 97,44 
Lower Silurian 14 sandstones 0,16-8,0 92.0-99,84 2,21 97,79 
Ordovician - Tzeretzel 18 argillites 0-10,78 89.22-!00 5,43 94.57 
Ordovician - Grohoten 52 argillites 0-12,46 87,60-100 2,51 97,49 
Ordovician - Grohoten 20 sandstones 0-6,43 93,56-100 1.83 98.17 
Lower Ordovician II metapellites 2,01-14,50 85.50-97,99 7,46 92,54 
Dalgi Del Formation 14 metapsamites 2,12-12,0 88,0-97,88 6.19 93.81 
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4.3. Clay rocks 

4.3.1. General characteristic 

The clay rocks are widespread in the Palaeozoic 
sections from the studied region. They were sub
mitted to a catagenetic alteration and practically 
represent argillites. 

The argillites have a layered microstructure. Com
monly the structure is layered or lenticular, caused 
by the presence of silty microlenses and interbeds or 
by layering distribution of a fine dispersal organic 
matter and ore minerals. Texture is microcrystalline 
and imbrication. The argillites are composed of hy
dromica, chlorite, organic matter, +f- carbonates 
and ore minerals. The principal mineral is mi
croflaky hydromica. The flakes are elongated and 
arranged conformably to the layering. Chlorite is in 
less amount and it occurs as single stains and strips. 

The insignificant amount of silt grains is represent
ed of quartz and muscovite. Quartz is silty sized and 
has an irregular distribution. Muscovite occurs as 
elongated and subparallel oriented flakes. Ore min
erals are oxidized. The iron hydroxides show an irreg
ular distribution more often striped and are colour
ing the argillite strips with various intensities. 

Argillite varieties are formed on the basis of the 
following featurs: the various degree of crystallini
ty of the clay minerals, the presence of silty lenses 
or interbeds, the presence or absence of carbonate, 
the diversity in the content of ore minerals and the 
variations in the proportions of the principal clay 
minerals and of the organic matter. 

4.3.2 Mineralogy of the clay component 

The clay minerals were determined in grain-fraction 
less than 0,002 mm using the methods of X -ray Dif
fraction Analysis. The results from the examination 
of some samples, taken from the various argillite 
types in the Palaeozioc section, are presented as X
ray diffractograms and systematized in table 2. Fur
ther data from the investigations carried out by JIHeB, 
CTe<f>aHoB H YJyHoB are shown on the table 3. The 
samples are arranged in table 2 and 3 according to 

Tab I e 2 
Clay mineralogy of the grain-size fraction < 0,002 mm 

Geochemical group Sample 
according to No Age Lithology 
macrocomposition 

1-n (S
2
?-) 0

1 
black argillite 

the groups of macrochemical composition (see fur
ther). More detailed comments are given in chap
ter 5.2.2. 

Diffractograms of the samples 1-JI and 8-JI 
(fig.3) from black argillites (Upper Silurian? -
Lower Devonian) and from black graptolite argil
lites (Lower Silurian) are too similar. The clay min
eral determined there is only mica (illite). A large 
quantity of quartz is present in this fraction. These 
results correspond to those from table 3, where the 
concentrations are expressed as intensities. 

The argillites from the Grohoten Formation (5-
JI) and striped argillites from Upper Silurian (2-JI) 
show similar XRD-patterns too. They register as 
presence of mica (illite) as of chlorite. The amount 
of quartz is high in the fraction too. The differenc
es between the argillites from different samples are 
based on the semiquantitative relationships be
tween the both clay minerals, shown on table 2. 

The presence of chlorite with lower intensity 
than mica (illite) in the layering argilites (sample 2-
JI) is proved by diffractograms and the values on 
table 3. Results from the XRD-analysis of the 
argillites, taken from the Grohoten Formation 
(sample 5-JI, fig. 3), proved the presence of chlorite 
(15% of the clay component). The greatest amount 
of mica (illite) in the fraction Jess than 0,002 mm is 
established in the sample 5-JI - argillite from the 
Grohoten Formation, during the comparison of 
the four diffractograms. Nevertheless that only 
mica is the clay mineral in samples 1-JI and 8-JI, its 
absolute amount is lower than in the other two 
samples due to the signifficant quartz content. 

The mineral composition of the clay component 
comprises only stable mineral species and proba
bly is not reflecting the primary composition of the 
sediments. The course of the alterating processes 
can be referred using the structural parameters -
the index of crystallinity of illite and the polytype 
modification of the micas. The values of the index 
of crystallinity of the illite (reflecting the decreas
ing amount of the expanding layers in progress of 
the alterating processes) are low (table 2). 

Only the most stable modification of the mica 
(illite) 2M I occurs in the studied Palaeozioc rocks. 

Semiquantitative Index of the 
content of clay minerals crystallinity of 
mica (illite) chlorite illite (29) 

100% 0,34 
black graptolite 

8-n s, argillite 100% 0.30 
IV 5-n Or2 argi IIi te-Grohoten 85% 15% 0,33 

Formation 
2·n s, layered argillites 70% 30% 0,33 
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Fig. 3. Diffractograms of the fraction under 0.002 mm from the Palaeozoic argillites 
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Sample 2l 
Upper Silurian 

32.00 
2.794 

32.00 
2.794 

Sample 1l 
Lower Devonian 

32.00 
2794 

Sample Bl 
Lower Silurian 

29.00 32.00 35.00 
3JJ76 2194 2561 



Table3 
Mineralogy of the clay component according to CA. HHeB, J(. Cme¢aHOB, ft. YJyHoB (1998) 

Geochemical 
group (macro- No of Age 
composition) sample 

3 0PhC1 

25 s l 
33 sl 
34 sl 
35 sl 
37 s2 
55 SZ-01 
46 01·2 
47 0~ .~ 
50 0 1·2 
12 0 , JV• 
50 0~ 
13 o; 
17 0) 
18 0 3 
19 0 3 
20 03 
22 OPhC 

IV 27 s2 
36 s 1.2 
41 0 1-2 
44 0 1 
51 01·2 
52 01·2 
53 s , 
58 s~ 
26 S2-0I 
28 S~-0 1 IV' 
42 01 

1 DPhC - Diabase Phylitoid Complex 

Lithology 

clayey "metasiltstone"-silty "metaargillite" 
black argillites 
black graptolite argillites 
black argillites 
black graptolite argillites 
massive black argillites 
black argillites 
grey-green argillites "Pseudotzeretzel" 
yellow-greenish argillites 
"Pseudotzeretzel" argillites 
argillite - Grohoten Formation 
argillite - Grohoten Formation 
grey-green argillites - Tzeretzel Formation, 
(village of Tzeretzel) 
Tzeretzel Formation (village of Buhovo) 
Tzeretzel Formation (village of Buhovo) 
Tzeretzel Formation (village of Buhovo) 
Tzeretzel Formation (village of Buhovo) 
argillite (lskar valley) 
striped argillites 
grey-green argillites (layered argillites) 
grey-green argillite "Pseudotzeretzel" 
argillites (the village of Shuma) 
argillites - "Pseudotzeretzel" 
argiilites - "Pseudotzeretzel" 
layered argiilites 
argillite inderbeds among silicites 
black argillites 
massive silty argillites 
massive black argillites 

intensity 
mica 2M1 

7 
5 
5 
5 
5 
5 
5 
5 
5 
7 
7 
7 

7 
5 
5 
5 
5 
7 
5 
5 
5 
7 
5 
5 
5 
5 
5 
5 
5 

intensity 
mica IM 

intensity 
chlorite 

I 
3 
3 

3 
3 
3 
3 
3 
3 

I 
5 
I 
3 
3 
3 
3 

The conclusion that the clay rocks had been sub
mitted to a considerable epigenetic changes but were 
not touched by the early metamorphic processes is 
based on the composition and structural parameters 
of the clay minerals. 

analysis, is m=IO (number of the variables) and 
N=77 (number of the samples). 

Data deal with the content of the following micro
elements: Ba. Zr, Sr, Rb, Mn, Cr, V. They are deter
mined by X-ray FlUorescence analysis. The number 
of the studied sam_QI~.§_is 68 (table 5), including 16 
from the Silurian, 16 from the Ordovician, 23 from 
the Devonian and 13 from the Carboniferous. The 
size of the matrix, submitted to a statistical analysis, 
is M=7 and N=68. Most samples are examined by the 
both methods and the numbering coincides. 

5. Geochemical characteristic 

5.1. Material and Method 

5.1. 1. Material 

The chemical composition is studied in 77 samples 
and the results are shown on table 4. Samples taken 
from the Ordovician sediments are 24, from the Sil
urian are 17, from the Devonian- 24, and 12 samples 
from the Upper Carboniferous. The majority of the 
samples originates from the three diverse lithological 
types- argillites, sandstones (quartzites) and silicites. 
There are single samples from more specific varieties 
- lydites and metamorphites. Data are obtained as 
oxides of the main elements (Si0

2
, Al

2
0

1
, TiO,, 

FepJ' MnO, CaO, MgO, Na
2
0, K

2
0). . -

The size of the matrix, submitted to a statistical 

5.1.2. Method of multivariate analysis 

The method of the correspondence analysis is chosen 
to examine the interrelations between the chemical el
ements and their distribution in the rocks of diverse 
lithological types and of various age. The method has 
the advantage to show the variables (elements) and 
the objects at the same diagram. In this way, the de
pendency in the field of objects as well as in the field 
of variables can be studied simultaneously and the 
interpretation of the samples character is easy. 

The mathematical treatment was carried out jointly 
with A. Andreev using an adapted program package 
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Table 4 

Ng Age Sample Rock Macrocomponents- composition in oxides(%) 

type' Si02 AlP~ 1i02 Fe!o .• MnO CaO MgO Nap Kp LOI 

I 2 3 4 5 6 7 8 9 10 I I 12 13 14 

I 0 48b QT 91.32 4.74 0.49 0.68 0.11 0.05 0.40 0.12 1.29 0.90 
2 0 8701 QT 90.13 4.09 1.35 I. 71 0. 11 0.44 0.40 0.05 0.98 0.72 

70 0 8713 QT 94.46 2.55 0.64 0.34 0.12 0.28 0.05 0.18 0.72 0.41 
3 0 8713b QT 76.00 15.12 0.85 1.28 0.12 0.04 0.40 0.13 3.85 2.21 
4 0 9074 MP 59.99 16.45 1.17 9.85 0.15 0.49 2.48 4.25 1.35 3.38 
5 0 9084a MP 87.84 6.37 0.35 1.26 0.01 0.16 0.40 0.50 2.70 2.34 
6 0 9088 MP 80.60 8.05 0.68 3.4 1 0.10 1.53 0. 16 0.50 2.27 1.32 
7 0 9088a MP 42.49 15.62 2.56 25.36 0.15 1.02 3.28 0.85 2.59 5.64 
8 0 9089 p 71.75 13.06 1.16 4.74 0.02 0.43 0.99 0.50 4.3 1 2.96 
9 0 9090 GR 88.94 5.35 0.38 1.72 0.02 0.40 0.40 0.50 1.82 1.35 

10 0 16 AR 52.14 18.54 1.20 5.32 0.47 4.34 2.29 0.70 4.02 9.83 
11 0 21 AR 56.21 20.33 1.01 9.90 0.06 0.25 2.30 0.60 3.55 5.35 
12 0 49 AR 57.41 26.02 1.12 3.1 I 0. 14 0.05 0.40 0.18 7.35 4.24 
13 0 37 AR 56.57 21.80 1.06 7.24 0.17 0.28 2.30 1.02 4.63 4.34 
14 0 86144 AR 55.30 21.23 1.07 9.52 0.76 1. 18 1.40 1.13 3.59 4.95 
15 0 8707a AR 51 .57 30.35 1.36 2.26 0.15 0.05 0.40 0. 17 8.94 4.77 
16 0 8743 AR 56.27 22.83 1.17 6.94 0.12 0.24 1.30 0.82 4.72 5.08 
17 0 9060 AR 58.48 19.96 1.04 7.82 0.24 0.08 2.24 0.60 3.89 5.22 
18 0 9066 AR 56.81 21.28 1.02 7.98 0.15 0.15 2.13 0.92 3.72 5.38 
19 0 9067 AR 58.64 20.45 1.02 7.45 0.05 0.04 2.22 0.97 3.95 4.75 
20 0 9068 AR 59.22 18.39 0.94 8.32 0.12 0.27 2.54 0.80 3.65 5.31 
21 0 8703 M 65.19 15.88 0.88 7.71 0.10 0.34 2.14 2.35 2.08 3.30 
22 0 8705 M 53.18 22.82 1.11 7.89 0. 10 0.77 1.58 0.49 4.35 7.68 
23 0 8706 M 51.34 20.17 1.54 8.50 0.10 1.54 3.52 4.4 1 1.89 6.95 
24 s 33 p 78.48 3.90 0.15 1.05 0.20 10.19 1.13 0.65 0.97 3.25 
25 s 10 AR 68.37 13.18 0.40 6.05 0.03 0. 12 0.80 0.50 3.83 5.99 
26 s 12 AR 62.52 14.46 0.74 5.35 0.07 1.91 2.16 0.92 3.76 7.66 
27 s II AR 63.23 14.92 0.80 7.65 0.12 0.61 2.89 0.75 3.48 5. 10 
28 s 13 AR 68.98 8.52 0.46 7.26 0.07 1.39 1.74 0.50 2.39 8.46 
29 s 15 AR 72.43 11.44 0.64 5.10 0.03 0.09 0.7 1 0.50 3.36 5.49 
30 s x16 AR 47.14 27.12 0.96 8.57 0.08 0.56 2.71 0.50 6.07 6.04 
31 s 18a AR 57.35 21.35 1.38 6.60 0.34 0.16 1.87 0.70 4.61 5.03 
32 s 18b AR 63.51 15.61 0.83 7.67 0.10 0.26 1.67 1.17 3.60 5.85 
33 s 20 AR 70.72 13.40 0.74 2.75 0.02 0.02 1.19 0.05 3.49 7.07 
34 s 25 AR 72.11 11.79 0.67 3.49 0.02 0.01 0.62 0.50 3.16 7.30 
35 s 27 AR 78.18 10.77 0.57 1.86 0.13 0.17 0.43 0.53 2.63 4.69 
36 s 9056 AR 64.82 15.32 0.80 5.10 0.02 0.1 I 1.88 0.75 3.40 7.27 
37 s 9058 AR 74.71 I 1.26 0.64 3.62 0.01 . 0.05 0.77 0.50 2.75 5.77 
38 s 9062b AR 64.06 15.87 0.83 6.41 0.09 2.78 2.09 2.81 2.02 2.60 
39 s 9062 AR 71.39 14.32 0.78 2.50 0.01 0.13 1.12 0.50 3.56 5.48 
40 s 86103 LD 66.88 8.46 0.43 10.1 8 0.10 1.32 1.22 0.65 1.83 8.89 
41 D 6 AR 57.65 19.20 0.94 9.32 0.09 0.13 2.69 0.83 3.59 5.11 
42 D Sa AR 67.68 9.79 0.50 6.08 0.27 1.82 2.14 0.50 2.79 8. 13 
44 D 9a AR 64.73 15.18 0.68 7.97 0.27 0.26 2.40 0.68 2.85 4.53 
45 D 86120 AR 67.53 10.88 0.50 4.18 0.09 2.36 2.46 0.76 2.98 7.48 
46 D 8723c AR 69.48 15.47 0.78 4.71 0.11 0.20 0.98 0.39 2.77 5.09 
47 D 8724 AR 72.36 13.70 0.71 4.54 0.11 0.20 1. 14 0.58 2.48 4.16 
48 D 8728c AR 76.22 10.39 0.55 3.72 0.20 0.45 1.1 7 0.35 2.94 3.46 
49 D 8736 LD 91 .00 3.42 0.11 0.95 0.11 0.11 0.40 0. 14 0.81 2.9 1 
50 D 9027 AR 70.00 15.40 0.76 4.12 0.03 0.10 1.01 0.50 4.43 3.82 
5 I D 9030 AR 62.05 17.23 0.78 5.98 0.11 0. 19 2.84 0.60 4.33 5.44 
52 D 9053 AR 57.98 19.62 0.95 7.72 0.10 0.09 2.40 0.85 4. 16 5.68 
53 D 9059 AR 59.80 15.43 ().19 9.32 0.45 0.50 3.33 . 0.50 3.41 5.87 
54 D 9061 AR 64.36 16.0 1 0.83 5.96 0.09 2.77 2.06 3.43 1.84 2.20 
55 D 9064 AR 70.60 12.88 0.67 4.85 0.01 0.15 1.20 0.50 3.46 5.23 
56 D 9087 AR 45 .47 14.01 1.86 9.59 0.07 10.70 2.69 2.81 1.03 11.33 
57 D 8729a Sl 83.73 6.83 0.35 3.55 0.16 0.09 0.50 0.47 1.44 2.85 
58 D 9028 Sf 64.76 16.87 0.75 4.89 0.09 0.11 1.77 0.50 4.48 5.53 
59 D 9050 Sl 86.40 5.43 0.32 2.88 0.03 0.11 0.49 0.50 1.27 2.60 
63 D 8730 p 79.18 9.19 0.76 4.70 0.10 0.22 0.81 1.26 1.16 2.60 
64 D 9060a MP 64.34 14.91 1.12 6.77 0.10 1.69 2.25 3.05 2.44 2.6 1 
65 D 9062 MP 65.71 14.55 0.91 6.07 0.08 2.68 2.02 3.06 2.08 2.39 
78 cz 195 p 82.30 8.57 0.48 2.90 0.04 0.28 0.40 1.09 1.44 1.60 
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79 C, 191 p 75.75 12.10 0.60 3.36 0.03 0.56 0.90 1.82 2.06 2.04 
80 c~ 314 p 80.13 10.33 0.44 1.52 0.03 0.49 0.80 1.61 1.75 1.59 
81 c: 250 p 74.28 13.61 0.23 2.40 0.04 0.49 0.40 3.16 2.36 2.45 
82 c: 171 p 79.09 9.58 0.65 4.69 0.10 0.35 0.45 0.52 1.16 2.75 
83 c~ 8714 p 74.44 10.84 0.70 3.47 0.09 1.12 0.85 2.13 1.85 3.64 
84 C, 186 p 72.80 11.95 0.62 4.30 0.08 1.05 1.60 2.13 1.61 3.09 
86 c: 190 AR 64.11 16.26 0.83 6.44 0.05 0.42 2.65 0.24 4.00 4.16 
87 c~ 280 AR 63.85 19.40 0.69 4.56 0.05 0.56 1.75 0.96 4.24 3.48 
88 c: 247 AR 53.75 21.17 1.02 9.20 0.13 0.94 1.60 0.69 3.90 5.64 
89 c: 160 AR 56.56 18.65 0.68 8.99 0.34 0.45 1.45 0.82 3.34 7.79 
90 c; 178 AR 69.43 14.99 0.71 4.98 0.02 0.28 1.55 0.96 2.48 3.39 

1 Key: QT-quartzite; P-sandstone; MP-metasandstone; GR-gravelite; AR-argillite; M-metamorphite; Sl-silicite; LD-Iydite 

Table 5 

No Age Sample Rock type' Microcomponents- elements in p.p.m. 

Ba Zr Sr Rb Mn Cr v 

I 2 3 4 5 6 7 8 9 10 II 

70 0 8713b QT 655 796 220 27 41 30 30 
6 0 9088 MP 531 318 39 84 775 48 80 
7 0 9088a MP 438 289 68 66 1162 40 258 
8 0 9089 p 799 337 37 201 155 76 118 
9 0 9090 GR 451 134 31 59 155 48 39 

II 0 21 AR 874 160 80 158 629 89 148 
13 0 37 AR 898 167 115 117 1517 127 20 
14 0 86144 AR 738 139 103 157 1700 107 20 
15a 0 86145 AR 560 202 109 141 1017 97 152 
15 0 8707a AR 379 195 20 100 58 26 29 
16 0 8743 AR 880 175 110 168 948 131 150 
17 0 9060 AR 861 131 75 170 1626 105 179 
18 0 9066 AR 722 132 79 175 1162 115 231 
19 0 9067 AR 901 119 65 160 387 81 151 
20 0 9068 AR 842 143 61 148 929 110 163 
23 0 8706 M 323 239 69 46 775 196 391 
25 s 10 AR 810 136 75 142 264 76 142 
26 s 12 AR 625 147 59 169 710 91 168 
27 s II AR 644 137 52 143 1047 99 118 
28 s 13 AR 399 98 "107 91 539 125 166 
29 s 15 AR 552 141 69 143 229 69 119 
30 s xl6 AR 474 152 38 279 497 134 178 
31 s 18 AR 1272 192 70 189 3216 109 200 
33 s 20 AR 795 145 40 149 115 67 169 
34 s 25 AR 716 148 35 144 121 75 259 
34b s x26 AR 619 177 27 157 206 161 425 
35 s 27 AR 709 177 36 158 106 96 443 
35b s 8699 AR 422 152 23 102 64 138 334 
36 s 9056 AR 683 122 51 147 155 122 199 
37 s 9058 AR 530 99 37 117 77 107 157 
38 D 9062b AR 1065 208 440 54 697 54 106 
39 s 9062 AR 559 131 47 169 141 91 190 
41 D 6 AR 475 131 63 168 615 82 145 
42 D Sa AR 519 102 70 107 1924 58 137 
42b D 8b AR 234 58 41 58 135 95 158 
44a D 9b AR 479 104 48 131 2127 68 95 
44 D 9a AR 1800 121 28 134 90 96 92 
45 D 86120 AR 531 116 94 119 692 85 20 
45b D 86118 AR 279 55 38 67 321 87 178 
46 D 8723c AR 80 82 24 20 84 20 44 
48 D 8728c AR 394 119 106 128 1700 73 101 
49 D 8736 LD 83 29 41 24 69 40 74 
50 D 9027 AR 543 129 45 190 232 Ill 134 
51 D 9030 AR 789 118 40 180 852 139 158 
52 D 9053 AR 525 133 61 237 775 124 175 
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53 D 9059 AR 613 
54 D 9061 MP 1514 
55 D 9064 AR 718 
57 D 8729a Sl 290 
58 D 9028 Sl 579 
59 D 9050 Sl 392 
61 D 9051 Sl 247 
63 D 8730 p 189 
64 D 9060a MP 1732 
65 D 9062 MP 737 
78 C, 195 p 379 
79 c; 191 p 464 
80 C, 314 p 252 
81 c: 250 p 707 
82 c~ 171 p 333 
83 C, 8714 p 325 
84 c: 186 p 372 
85 c: 199 AR 969 
86 c: 190 AR 963 
87 c~ 280 AR 686 
88 c; 247 AR 908 
89 C, 160 AR 735 
90 c; 178 AR 443 

1 See the key for the macrocomponents 

(program "CA-l 00"- correspondence analysis, prog
ram KHC- cluster analysis) as the method is described 
in detail by AH.npeen (1991) and the graphics were con
structed under the program ''SLIDE". The results of the 
correspondence analysis are shown as diagrams on 
the factorial plane and the coordinates are the facto
rial load on them. The various ages and rock types are 
shown by various legends for more obviousness of the 
results and for easier interpretation of the diagrams. 
The numbers of the samples, which characteristics 
are dealed in the text, are signed on the diagrams. 

5.1.3. Hierarchical classification 

The general matrix with the data for the rocks of 
various composition and lithology was submitted to a 
hierarchical classification with detachment of the 
respective groups for the needs of the interpretation 
of the obtained factors as a concrte geological pro
cesses. Thus regularities of the distribution of the 
samples, connected to the factorial load, are looked 
for in the detached more homogeneous groups. This 
classification was completed using the cluster analy
sis for the data of the correspondence analysis and 
was based on the similarity coefficient - Euclidean 
distance (E-cluster). The results are expressed as den
drograms. 

5.2. Results from the multivariate analysis 
of the data from the chemical composition 

5.2.1 . Correspondence analysis 

Four factor model is applicable which represents 
93,84% of the total variance. The first factor (Fl) sets 
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6 7 8 9 101 II 

127 50 136 3485 123 148 
200 440 44 697 47 110 
108 40 143 227 159 200 
86 45 69 530 45 50 

114 39 245 697 127 199 
51 47 66 232 37 40 
61 37 69 420 54 57 

222 42 43 188 76 I 15 
162 292 37 775 41 134 
164 318 52 620 51 125 
99 55 44 342 52 68 

161 73 78 238 65 89 
141 61 69 325 49 63 
185 150 105 334 22 20 
132 64 46 960 60 101 
117 135 54 655 92 89 
107 81 54 591 67 89 
68 289 149 468 101 166 

165 27 129 443 110 136 
181 168 171 367 50 84 
183 113 149 1102 112 199 
160 83 124 1700 90 168 
154 65 136 238 106 132 

silica against the rest elements. In this way, the rocks 
of high quartz content (sandstones, silicites, black 
argillites) getting at the left side of the graphic are 
separated from the rocks poor in Si0

2 
(clay rocks) 

(fig.4). This is a strong restrictive criterion and that is 
why Fl has a high contribution ( 42,60%) to the total 
variance of the data. This feature is caused by the fact 
that in the examined rocks, Si0

2 
content is dominant 

compared to the rest components. The maximum 
amount reaches up to 90-94% for the end members 
on the left part of the graphics, and the minimum one 
is 42% for the end members on the right. 

The second factor (F2) sets the calcium against the 
rest of the. elements. It separates the rocks with 
relatively high carbonate content (reaching up to 
1 0, 70% CaO) - fig.4. It is visible that even F2 has a 
relatively high load (35,56%) in the total variance. It 
is yielded from single samples disposed at the lower 
part of the graphic (fig.4). The rest of the samples ta
ke positions with low load on F2 and are characte
ristic with very low or without carbonate content. 

The third factor (F3) sets the potassium against the 
iron and magnesium (fig.5) and is related to the 
peculiarities of the composition of the clay minerals 
in argillites. Their relation to the potassium is owing 
to the larger amount of mica (illite). On the other 
hand, their relation to the iron and the magnesium is 
due to the presence of chlorite. The contribution of 
the F3 to the total variance is 1 0,42%. 

The fourth factor (F4) sets the sodium against 
volatile components, presented as ignition loss 
(LOI). On the diagram. built on the plane Fl-F4 
(fig.6), it is obvious that the samples with maximum 
negative load on F4 are dominantly sandstones, so 
their relation to sodium is owing to the peculiarities 
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of the terrigenous component composition. The 
samples with maximum positive weight on F4 are 
from argillites and their closeness to the point of 
the volatile is probably related to the presence of 
organic matter or carbonate in their composition. 

5.2.2. Hierarchy classification 

Four main groups were distinguished on the dend
rograms after cluster analysis (fig.4). The coordinates 
of the main chemical elements (oxides), obtained 
after correspondence analysis, were included in 
the cluster. This gives an opportunity to correlate 
the distinguished groups with the increasing content 
of the distinct chemical elements: Group I -
connected to a high Si02 content; Group II -
connected to CaO; Group III - connected to Na

2
0; 

Table 6 
Average content ofmncroelements in groups 

Group Sub - Si02 Alp3 
Ti0

2 Fep3 
No Group 

I" 85,58 6,58 0,53 2,40 
lh 74,32 12,13 0,54 3,38 
I< 72,25 13,14 0,71 3,89 

Ill 66,72 10,41 0,90 7,12 

IV' 54,49 28,19 1,24 2,69 
IV JVh 59.34 18,93 0.93 7,58 

IV" 64,29 11 ,77 0,64 6,39 
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Group IV - connected to AI, Fe, Mg, Mn, K, Ti, LOI. 
Two of the groups, comprising more samples, are 

subdivided to subgroups, marked by letter indexes. 
The average content of the main oxides, that illustra
tes the differences in the macrochemical compo
sition of the groups (subgroups), is shown on table 6. 

5.2.2.1. Group I 

The group· is generally heterogeneous. It includes 
samples of various ages and lithological type. These 
are samples from quartzites, lithoclastic sandstones, 
chert rocks and argillites. The high Si0

2 
content 

unifies them: 90,13-94,46% in the Ordovician quart
zites, 72,80-82,30% in the Upper Carboniferous 
sandstones, 82,95-91 ,00% in the Upper Devonian 
chert rocks, 68,37-78,18% in the Silurian argillites 

MnO CaO MgO Nap K20 LOI 

0,08 0,33 0,48 0,57 I ,45 1,85 
0,06 0,81 0,94 2,31 1.97 2,81 
0,06 0,16 0,97 0,48 3,28 4,85 

0,09 2,06 2,30 3,33 1.88 2,69 

0,15 0,05 0.40 0,18 8,15 4.51 
0,18 0,35 2.14 0 ,76 3,89 5,41 
0,18 2, 19 2,00 0,67 2,96 8,41 



and the argillites from the transitional interval bet
ween the Silurian and the Devonian. All samples are 
with negative load on Fl. The group can be subdi
vided to three subgroups W. Jb, lc) as it is obvious on 
the dendrogram. They are relatively homogeneous 
with the respect to the included rock types. Thus the 
Ordovician quartzites, the Upper Devonian silicites 
and a sample of an Upper Devonian sandstone 
group into a subgroup P. The Upper Carboniferous 
sandstones become differentiated in subgroup Jb, and 
the Silurian argillites and those from the transitional 
interval - in subgroup Ic. 

Subgroup P occupies a field with maximum load 
on the first factor. Samples are arranged longitudinal 
and very closely to the axis Fl and practically do not 
change their position when accounting for the other 
factors. This indicates that the main factor deter
mining their location is Fl. Fl reflects the accumu
lation of Si0

2 
in the rocks that is best manifested in 

the examined samples. 
The sandstones from the subgroup Jb are referred 

to the quartzitic lithites. They get in the first main 
group's field for the abundance of SiOr The silica
bearing components are quartz grains as a principal 
component and lithoclasts from quartzites, silicites 
and quartzy shists. Contrary to the samples of the 
subgroup 18

, samples from subgroup Jb show a depen
dence on the rest three factors. It is demonstrated by 
the change of their position on the graphics with the 
account of the second, the third and the fourth 
factors. It is obvious that the most significant for their 
distribution is Fl, followed by F4, that is related to 
the sodium content in the samples (fig.6). This 
relation is probably owing to the plagioclase (50% 
An) grains in the sandstones. All these features of the 
mineralogical and chemical composition are in 
straight relation to the conditions, existing during the 
formation of these rocks. 

Argillites from subgroup Ic belong to the first main 
group because of their relatively high silica content, 
ranging from 68,37% to 78,18% Si0

2
• They show a 

certain relation to potassium that appears during the 
tracing of the samples' disrtibution with the account 
ofF2, F3 and F4. It is obvious that et the graphics on 
the factorial plane Fl-F2 (fig.4) and Fl-F4 (fig.6) the 
subgroup get the upper left quadrant with low load 
on F2 and F4. This is an evidence that Fl, related to 
the accumulation of potassium, and F4, related to the 
accumulation of sodium, do not influence on the 
composition of these samples. The different picture 
is at the graphic on the plane of Fl-F3 (fig.5) where 

Table 7 

all samples get at the lower left quadrant. This 
indicates a partial influence of F3, related to the 
potassium. Probably the relation is in the composi
tion of the clay minerals, that are constructing those 
argillites. 

The dealed regularities in the behaviour of the 
samples, that are determined by their chemical com
position, are confirmed by the X-ray diffraction 
analyses (tables 2 and 3, fig.3). Samples 1-JI and 8-JI, 
representative for the group, show a significant 
quartz content because of that the absolute amount 
of the clay minerals is relatively low. The clay 
minerals are represented by mica (illite). That is why 
the samples associate with sandstones, getting in the 
same geochemical group, and, on the other hand, are 
related to the potassium. This relation is 
predetermined by the presence of mica (illite). The 
remoteness of the samples from the point of the iron 
and the magnesium on the diagrams of the corres
pondence analysis is probably connected to more 
restricted participation of chlorite and with the com
position of the clay component. 

5.2.2.2. Group II 

The group is small and include single sandstone 
samples from various levels of the Palaeozoic 
section. The relatively high calcium content is the 
reason to detach them in a certain geochemical 
group. However they have significant differences 
with the respect to the other macrocomponents 
(table 7). These are sample 24 - sandstone from 
Saltarski dol, Lower Silurian; sample 56 - limy 
siltstone from Shipka, Lower Devonian, sample 62 
- sandstone from Tzarichina, Upper Devonian. 

5.2.2.3 Group III 

The group is homogeneous regarding to the rock 
composition. These are sandstones ( + gravelites) of 
various ages and degree of metamorphic alteration. 
The group is related to sodium as is visible from the 
dendrogram of cluster analysis. The same is shown 
on the graphic of correspondence analysis on the 
factorial plane Fl-F4. 

The group comprises samples from the Diabase
Phyllitoide Complex and from the Upper Devonian 
in Sofia district and from the Pass of Shipka. 

The rocks from the third main group could be 
referred to the group of the lithitic and quartz
lithitic sandstones according to the microscopic 

Chemical composition of samples from the Group If- macroelements 

No LOI 

24 78,48 3,90 0,15 1.05 0,20 10,19 1, 13 0,65 0,97 3.25 
62 61,38 11,84 0,44 3,48 0,22 9,75 0,75 3,05 1,11 8,14 
56 45,47 14,01 1.86 9,59 O,Q7 10,70 2,69 2,81 1,03 II ,33 
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Table 8 
Conrenr of components indicative for samples from Group Ill 

Sample Nap% Kp% NaptKp Fep
3
% MgO% 

No 

4 4,25 1,35 3.15 9,85 2,48 
21 2.35 2,08 1,13 7,71 2.14 
23 4,41 1,89 2,33 8,50 3,52 
38 2,81 2,02 1,39 6,41 2,09 
54 3.34 1.84 1,82 5,96 2,06 
60 3,31 1,36 2,43 5.68 1.91 
64 3,05 2,44 1.25 6,77 2,25 
65 3.06 2,08 1,47 6,07 2,02 

studies. The mineral composition and texture featu
res show significant differences in comparison to the 
lithoclastic sandstones of the Upper Carboniferous 
age dealt with in the first group. The first feature is 
regarding to Si0

2 
content in the sandstones. Samples 

from the third group have lower content ranging 
from 59,99% to 66,21%. This is conditioned by the 
fact that monomineral quartz grains are in insignifi
cant amount in their composition, but lithoclasts, 
composing the rocks, are mainly of low metamorphic 
schists, argillites and siltstones, that lowers the 
general content of Si0

2
• This is the reason for these 

samples to get on the axis F1 in the field with mode
rate load on F1 (fig.4). The relatively high content of 
Fe and Mg is an other characteristic feature of these 
rocks (table 8). Probably this is related to the pre
sence of volcanic rocks' debris and especially chlo
rite. Under a microscope, chlorite is observed among 
the matrix as well as filling the space between micro
liths in the volcanic debris. The most important fea
ture of a part of the sandstones is the presence of vol
canic debris in their texture. The debris' composition 
is the main reason for the relation to the sodium that 
is clearly observed at the graphic ori the factor load 
Fl-F4 (fig.6). The ratio Nap~o is more than 1 and 
this is a clear evidence for a presence of volcanic 
terrigenous ingradients in the sandstones (table 8). 

5.2.2.4. Group IV 

The group is homogeneous and is composed of ar
gillites. It comprises a great deal of samples referred 
to all systems of the Palaeozoic erathem. The sam
ples of the group are related to a few chemical ele
ments, contrary to the other groups, that are related 
to a single element. It is natural elements like K., AI, 
Fe, Mg, Mn to play a significant role in the compo
sition of the samples from clayey rocks. Three subg
roups (IV•, IV", IVc) are detached on the dendrogram 
after cluster analysis (fig.7-a). 

Subgroup IV• comprises samples of Odrovician 
argillites from the Grohoten Formation at the 
disrtict of the village of Tzerovo - Peak Grohoten. 

The relation of the samples to K and AI is a cha
racteristic feature for the subgroup IV•. This is obvi
ous on the dendrogram, obtained after cluster analy-
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sis (fig. 7-a), where coordinates of the points of AI 
and K get into the range of the group. The same is 
concerned by the position of the samples on the gra
phics of correspondence analysis regarding factors 
F1-F2 (fig. 4) and F1-F3 (fig. 5). Samples get in the 
upper right quadrant of the graphic on the factorial 
plane F1-F2. When the third factor, setting K and AI 
against Fe and Mg (fig. 5), is taken into account, 
samples follow the position of K and get in the lower 
right quadrant with maximum weight on F3. The ex
planation of these peculiarities in the argillites' beha
viour is in their mineralogical composition (table 2, 3, 
fig. 3). The quartz amount is lower and the content of 
clay minerals is higher in the grain-size fraction 
under 0,002 mm contrary to the argillites from the 
subgroup rc. This detaches the relation of the samples 
to AI on the diagrams of the correspondence analy
sis. The average contents of Al

2
0

3 
in this group are 

higher than in the other groups (table 6). On the 
other hand, the relation to the potassium, which has 
the strongest expression in this group, is owing to the 
higher content of mica (illite). The presence of chlo
rite in the clay component explains their more gene
ral relation to Mg and Fe. 

Subgroup IV" comprises samples from the Ordo
vician Tzeretzel Formation, from the Upper Silurian, 
the Lower Devonian and the Upper Carboniferous. 
A special feature there is that coordinates of Ti get 
into the range of that group on the dendrogram, ob
tained after cluster analysis (fig. 7-a). The four main 
factors describe 93,84% of the total variance and are 
yielded from the chemical composition of the samp
les, but are not related to Ti. The argillites from this 
group take an interstitial position between K., Mg and 
Mn without maximum load on any of the four factors. 

The peculiarities of the subgroup could be inter
preted on the basis of the composition of the pellite 
component. Sample 2-JI, representative for the 
layered argillites of Upper Silurian age (fig. 3) takes 
an interstitial position between the black argillites of 
the first group and the argillites of IV• subgroup, 
according the ratio quartz/clay minerals. That deter
mines the interstitial positions of the samples' points 
on the diagram of the correspondence analysis with 
the respect to Si and AI, as well as the average con
tent ofSi0

2 
and Al

2
0

3 
in the subgroup (table 6). On 

the other hand, a higher content of chlorite in the 

Table 9 
Conrent of components indicative for samples f rom subgroup IV 

Sample Age CaO% LOI% Average content 
No Ca I LOI 

10 s 4,34 9,83 
26 s 1,91 7~66 
28 s 1,39 8,46 0,20 5.93 
40 s 1,32 8,89 
• 0 • •• ••••• • • ••• 0 • • ••• •• •• •• • . . . . . . . . . . . . . . . . . . . . . 
42 S- D 1,82 8, 13 
45 S-D 2,36 7.48 0.23 4.63 
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Fig. 7. Dendrogram of the hierarchical classification: data of the macrochemical composition (on the left); data of the micro
chemical composition (on the right). 
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assosiation of clay minerals is characteristic for the 
members of the subgroup. This is proved by the 
analysis of the sample 2-JI (table 2) and by the data 
in table 3. The development of the chlorite pre
cisely determines the interstitial position of the 
samples regarding to K, on one hand, and Fe and 
Mg, on the other hand, on the axis F3 (fig. 5). 

Subgroup IVc comprises samples from the Silurian 
and from the lower levels of Devonian. These are 
layered argillites from the region of the village of VI. 
Trichkov, a cherty argillite (among lydites) from Sal
tarski dol, a massive black cherty argillites from the 
quarry near the village of VI. Trichkov. 

The detachment of the samples in the subgroup 
IVc probably is owing to the presence of carbonate 
and organic matter in the argillites. Under the mic
roscope this is obvious in two samples. The presence 
of carbonates and organic matter is clearly expressed 
in all chemical analyses that show higher content of 
Ca and volatiles comparing to the coeval rocks from 
other geochemical groups (table 9). The correlation 
between samples and elements is obvious on the 
graphics of correspondence analysis according to the 
factor load F1-F2 and F1-F4. In the first case, regar
ding to F2 (fig. 4), the samples get in the lowermost 
level of the fourth main group, i.e. they are strongly 
attracted by Ca. In the second case, regarding to F4 
(fig. 6), they are arranged in the upper part of the 
graphic with maximum load near to the points of Mn 
and LOI. 

N 
u. 

0.70 

0.50 

0.30 

0.10 

- 0.10 

- 0.30 

-0.50 

5.3. Results from the multivariate analysis 
of the data of the microchemical composition 

5.3.1 Correspondence analysis 

Four-factor model, describing 95,03% of the total 
variance, is applicable. 

The first factor (FI) sets Mn against the rest 
elements. It has the highest contribution to the total 
variability of the data. It means that F1 has strong 
influence on the sample distribution in the factor 
space. The high Mn content is very characteristic 
feature for the sediments from Svoge Anticlinorium 
and from the Upper Devonian rocks. It ranges from 
2127-3485 ppm for the right end members up to 41 
ppm for the left part of the graphic (fig. 8). 

The second factor (F2) sets V, Cr, Rb against Sr. 
F2 separates the field occupied by clay rocks, 
arranged at the upper left quadrant of the graphic, 
from a small group of clastic rocks with maximum 
negative load on the second factor (fig. 8). The 
contribution to the total variance is high (18,71%) 
due to the high amount of V in the Silurian black 
argillites. Overclark content is determined for Ag, 
U, Pb, Zn, Ba, B, Rb, Cr (Yanev, 1992). 

The third factor (F3) sets Zr against the rest 
elements and it is related to the presence of stable 
accesory minerals in the clastic component of the 
sedimentary rocks. Its contribution to the total 
variance is 13,91%. Only single samples have rna-

-0.70~~~--~~_.--~~~--~~~--~~~--L-~~--~~_J 

-1.00 -o.so o.oo 
F1 

0 50 

Fig. 8. Diagram on the factorial plane FI -F2 of the correspondence analysis of the data from microchemical composition 
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Fig. 9 . Diagram on the factorial plane Fl-F3 of the correspondence analysis of the data from microchemical composition 

xi mum positive load on the third factor (fig. 9) for the 
lack of microchemical studies of the mineralogically 
mature Ordovician sandstones, that would get in this 
field. 

The fourth factor (F4) sets Zr against Sr and 
divides the clastic rocks. A part of them, related to Zr, 
contain stable accesory minerals, and those related to 
Sr, contain debris from volcanic rocks. 

5.3.2. Hierarchical classification 

The general matrix of samples was submitted to the 
same procedure as the macrochemical data did. Four 
main groups are clearly detached on the dendrogram, 
obtained after cluster analysis. Each of them is 
characteristic with arising contents of certain ele
ments. The average contents are shown on table I 0. 

The first group comprises samples with high con
tent ofMn. The group is heterogeneous. A large num-

Table 10 
APe rage con rem of microelements in the groups 

~~oup IBa I Zr I Sr 

I 
Rb I Mn I Cr 

I 
v 

I 603 138 76 130 1166 94 133 
u 597 134 47 136 266 105 196 
10 472 250 79 87 247 46 65 
IV 1203 160 356 67 651 67 128 

II Geologica Balcanica, 29. 1-2 

ber of samples from various rock types participate in 
it: the Ordovician argillites from the Tzeretzel 
formation, the Silurian striped argillites from the 
village of Vlado Trichkov, the Devonian argillites and 
silicites, the Upper Carboniferous sandstones and 
argillites. Almost all samples get on the right part of 
the graphic of the correspondence analysis. The 
samples from the Devonian sediments prevail in the 
group. Almost all the representatives of the Ordovi
cian Tzeretzel argillites and the Silurian slayered argi
llites get in the range of that group. Upper Carbo
niferous sandstones take a part in the group too. 

The second group is related to a high amount of V, 
Cr and Rb in the samples. The group is homoge
neous, comprising clay rocks. Samples are from the 
Ordovician, from the Silurian black argillites, from 
the Devonian and the Upper Carboniferous rocks. A 
characteristic feature of these rocks is a prevailing of 
the black argillites over other rocks. 

The third group is related to a high concentration 
of Zr and Ba in the samples. It is heterogeneous with 
the respect of the rock types. The group comprises 
samples of the Ordovician sandstones, argillites from 
the Grohoten Formation, the Upper Devonian san
dstone and argillites, the Upper Carboniferous sand
stones and an argillite. The prevailing of clastic ro
cks over other rock types is a characteristic feature 
for the group. 
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The fourth group is related to a high Sr content in 
the sandstones. The group has a small volume. It 
comprises samples from the Upper Devonian sand
stones and the Upper Carboniferous argillite. A cha
racteristic feature is that the group includes samples 
from the section along the river Kraina varovita (the 
village of Shipka, Kazanlak disrtict). The same sam
ples were detached in separate group according to 
their macrochemical composition. 

5.3.3. Relation between macrochemical 
and microchemical composition 

The results from the microcomponent analysis are 
related to the regularities in the samples' distribution, 
that were yielded from their macrocomponent 
composition and mineralogical features . A diagram 
"A" on fig . 11 and table 11 show how many of the 
samples forming a geochemical group on the basis of 
the macrocomposition get into the certain geoche
mical group with a respect to the microcomposition. 
On the first sight the correlation is weak, especially 
for the first group- microelements. The samples com
posing the first group, regarding to the macro
component composition, get in three geochemicals 
groups I, 11, and Ill (marked by the certain legend). 
More detailed study explains that fact. 

The heterogeneous composition of the first group 
was emphasized in the chapter, dealing with the 
groups concerning their macrochemical composition. 
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The group comprises three rock types (sandstones, 
silicites and argillites) which are unified by high 
values of the Si02 in them. The differences between 
certain rock types stand out for the microcomponent 
composition. Thus the samples from Ordovician and 
Devonian sandstones get in the third group of 
microcomponents- those related to high content ofZr 
and Ba (table 11 ). Maximum positive load on the 
third factor (related to Zr) (fig. 9) have samples 70 
and 63 - respectively quartzite from Grohoten and 
sandstone from Upper Devonian. The zirconium 
anomaly is probably connected to the composition of 
the stable accessory minerals and especially to zircon, 
that was identified microscopically in thin-sections. 

The other sandstones, participating in the first gro
up of macroelements (belonging to the Upper Carbo
niferous}, show some differences regarding the mic
rocomponents (table II). A part of them - samples 
79, 80, 81 -enter the composition of the third group, 
connected to Zr, but the rest of them (samples 78, 82, 
83, 84) get into the first group with high Mn content. 
In the first case referring to Zr probably is at the 
expense of the accessory minerals, whereas the re
ferring to Mn is at the expense of the larger parti
cipation of the lithoclasts from Devonian rocks, cha
racteristic with geochemical anomalies of Mn. 

The argillites from group I (macroelements) al
most completely get in the area of group II (micro
elements), related to the high values of V, Cr, Rb 
(table 11). (Sample 46 - argillite from the Pseu-



Tab I c II 
Group I microelements 

--
Sample# 1 6 I 9 I 70 I 

Age 0 0 0 
Rock type s G Q 
Subgroups J• J· J• 
Microlele- m m IU 
ments - gr. 

Group II microelements 

Sample # I 24 I 62 I 56 

A~ S D D 
Rock type S S A 
Macroele- II II II 
ments - gr. 
Microele-
ments - gr. 

Group IV macroelements 
--
Sample # 1 30 I 15 I 13 I 

Age s 0 0 
Rock type c c c 
Subgroups IV• IV• IVb 
Microele- D m I 

00 ments - gr. 
w 

63 I 80 I 49 I 591 57 I 61 I 72 I 82 I 81 I 83 I 84 I 

D D D D D 
s s L Si Si 
J• J• I• I• I• 
m ill n u I 

D C2 C2 C2 C2 
Si s s s s 
I• I• I• Jh Ib 
I I I I I 

Ages 
C2- Upper Carboniferfous 
D - Devoniaan 
S- Silurian 
0 - Ordovician 
C-R - Cambrian - Riphean 

Key 
C - Argillite (Clay) 
A - Siltstone (Aleurolite) 
S - Sandstone 
G - Gravelite 
Si - Silicire 
L - Lydite 
M - Metamorphite 
Q - Quartzite 

14 I 16 I 17 I 18 I 20 I 27 I 31 141 I 51 152 I 

0 0 0 0 0 s s D D D 
c c c c c c c c c c 
IVb IVb IVb IVb IVb IVb IVb IVb IVh IVb 
I I I I I I I I I I 

C2 
s 
Jb 
I 

53 

D 
c 
JVb 
I 

791 48 I 46 I 

C2 D D 
s c c 
Jh 1< J< 
m I Ul 

I 58 I 88 I 89 I 

D C2 C2 
Si c c 
IVb JVb IVh 
I I I 

8 I 90 I 50 I 45 I 35 I 37 I 29 I 33 I 34 I 39 I 25 

D C2 D D s s s s s s s 
c c c c c G c c c c c 
I< J< I< J< J< J< I" I< 1< 1< I< 
UI u n n n " II u u II II 

Group III macroelements 

Sample# I 60 I 65 l 54 I 64 I 38 I 4 I 2 I I 23 

Age D D D D D 0 C- R C-R 
Rock type S S S S S S M M 
Macroele- III Ill III III III Ill III III 
ments - gr. 
Microele
ments - gr. 

IV IV IV IV 

II I 19 I 36 I 86 I 44 I 87 I 45 I 42 

0 0 s C2 D C2 D D 
. C c c c c c c c 

IVb IVb JVb IVb JVb JVb IV" IV< 
II II II II '" Ill I I 

II 

I 28 I 26 I 7 

s s 0 
c c s 
IV• IV< JV< 
I I I 
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dotzeretzel Formation, getting in the III group and 
sample 48 -the Upper Devonian argillite, getting in 
the I group, are exeptions). As it was emphasized, the 
samples from this geochemical group are represen
tatives of the black graptolite argillites of the Lower 
Silurian age and the Upper Silurian black argillites. 
All of them show high, and anomaly for single 
samples, content of V - triple higher than the clark 
value for the clay rocks. The higher V content may 
be related with the higher content of organic matter 
and iron sulphides in them. 

The relationship between micro- and macrocom
position of the rocks from the third group (macroele
ments) shows a good correlation (fig. II). This geo
chemical group comprises uniform rocks - litho
clastic sandstones with debris of volcanic rocks
originating from the section along the river Kraina 
varovita in the Shipka Balkan Mt. According to the 
microcomposition, these samples get in the IV 
group, related to a high Sr content (table II). Sample 
23, gravellite from Diabase Phyllitoide Complex, 
getting in the group II, is an exception . 

The presence of a volcanic activity and reworked 
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volcanic debris instead of the simple geochemical 
correlation between Sr and Ca in the carbonate mine
rals is a quite possible reason in this case. 

Regarding to the microcomponent composition, 
the samples from the IV group- macroelements, get 
almost completely in the group I - microelements, 
related to a high Mn content. The question is about 
deep marine sediments where the source of Mn is 
uncertain, but its presence is characteristic. 

6. Geological factors determinant 
for the chemical composition 
of the rocks 

The chemical composition is determined by three 
groups of geological factors: a) exogenic processes of 
normal sedimentation; b) volcanic activity; c) 
processes of uncertain genesis, responsable for the 
geochemical anomalies. 

Sedimentary processes determine the formation of 
two polar types of sediments - sanrlstones and 



altered into argillites clay rocks. These two rock types 
determine in a great degree the diversity of the macro
and microchemical composition of the studied 
samples. The relation between the chemical com
position and the composition of the clastic component 
is clearly manifested in the sandstones. Dominantly 
monomictic quartz sandstones and quartzites are 
detached into a compact subgroup 1", characteristic 
with the highest average content of Si0

2 
and the 

lowest average content of Al
2
0

3 
(table 6). The first 

factor dominates the features of this geochemical 
group. The provenance and the degree of washing of 
the sediment cause the large amount of silica in the 
Ordovician sandstones and quartzites. Grain-shape, 
texture and absences of unstable minerals prove the 
participation of mature silica rocks in the supplying 
area. The Si0

2 
amount increases at the expense of the 

catagenetic chert cement. Sandstones, characteristics 
with more diverse mineralogical composition, are 
detached into subgroup Jb with a specific geochemical 
image. These sediments are deposited under greater 
rock diversity in the source area. Geochemical 
characteristic of the sandstones expresses a clear 
tendency: lower levels - Ordovician and Lower 
Silurian - are characteristic with more uniform 
sedimentary environment and with accumulation of 
more mature sediments, whereas the environment 
becomes more varied in the upper levels of the 
section. Rocks from the lower Palaeozoic levels 
become a part of the source area. Change in the 
environmental conditions was realized during the 
middle of Devonian, after that fluxoturbidites and 
turbidites appear (Yanev, 1991, 1992). Upper Carbo
niferous sandstones, composing the subgroup Jb were 
deposited in contrary different sedimentary envi
ronment - in continental conditions. Nevertheless 
their chemical composition is too similar to those 
one of sandstones from lower Palaeozoic levels. The 
reason for the similarity is that abundant lithoclasts 
of older Palaeozoic sandstons participate in the 
carboniferous sandstones. 

The geochemical differentiation, manifested in the 
argillites, is probably related to the specific condi
tions of sedimentation during the various Palaeozoic 
periods. In the Ordovician part of the section, the 
differentiation is imposed by the rock features in the 
consequent lithostratigraphic units. Argillites from 
Grohoten Formation are detached in subgroup IV", 
whereas the argillites from Tzeretzel Formation- in 
subgroup IVb. Sediments from both formations were 
deposited under epicontinental conditions. A fine 
terrigenous admixture and clear grain-size differe
ntiation of the sedimentary material occur in the Gro
hoten Formation, whereas sedimentogenesis is more 
uniform in the Tzeretzel Formation except for rare 
diamictites. Geochemical diversity in Silurian argi
llites reflects the presence of two macroscopically 
different varieties. The first variety includes so called 
"black argillites" developed as in the lower as in the 

uppermost part of the Silurian section. Black 
argillites have very similar geochemical characte
ristic and compose a compact sobgroup independen
tly of their position in the section. These sediments 
were deposited in relatively deeper water conditions 
with influx of fine material only. The second variety, 
so called layered argi Hites, are referred to another 
geochemical group and were deposited in conditions 
of the epicontinental sea (Yanev, 1992). Devonian 
argillites are referred to diverse geochemical groups, 
in conformity with the conclusion about the diversity 
of sedimentary environment during that time. It is 
related to the transition from relatively deep sea to a 
strongly relief districts, composed of cordillera and 
troughs (Yanev, 1992). 

The second group of the geological factors (en
dogenic) connected to the volcanism, has no direct 
expression in the Svoge anticlinorium. Upper Car
boniferous sedimentation in the Berov Dol Formation 
was partly influenced by volcanic activity. Indirect 
influence by hydrothermally-pneumatolitic activity 
on the formation of the chert and silicite levels in the 
middle of the Devonian sequence is very possible. The 
geochemical features of the rocks from the Shipka 
Balkan Mountain might be influenced by the endo
genic factors. Sandstones form a dense geochemical 
group (group III) here with clear relation to the high 
Na amount. 

The third group of geological factors determine the 
anomaly content of some microelements. Generally the 
amount of microelements in the argillites stay in the 
range of the clark values. Anomaly content of Mn is 
established in the some Devonian samples and V 
anomaly is established in some black argillites from 
Silurian. Diagenetic processes related to reduction 
environment abundant of organic matter and iron 
sulfides are probably responsible for these anomalies. 

The -comparison between Palaeozoic rocks from 
Svoge Anticlinorium and those from the region of 
Shipka shows certain differences. They are related to 
the presence of volcanic products in the composition 
of the sediments from Shipka, as well as to their 
higher degree of epigenetic change (with transition 
to low metamorphizm). 

The carried study provides the first complete geo
chemical information about Palaeozoic sediments 
from this region, where they compose full stratig
raphical sections. The mathematical analysis of these 
relatively abundant analytical data Jets macro- and 
microchemical features of the Ordovician, Silurian, 
Devonian and Upper Carboniferous rocks to appear. 

The tendencies established for the distribution and 
geochemical and lithological alterations of the rocks 
from Ordovician to Upper Carboniferous confirm 
and add to the knowledge about the general trends in 
the alteration of the geological factors. These factors 
are the composition of the source areas, palaeorelief, 
palaeoclimate, tectonic regime, volcanism, etc. Their 
evolution in time is determined by the tectonic 
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evolution of the region, getting into the Balkan 
Terrane during the Palaeozoic time (Yanev, 1993). 
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