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A b s t r a c t : This study consists of five parts. The first part deals with 
the geology of the Malé Karpaty Mts. with special regard to the develop­
ment of shale complexes, their metamorphism. the facies. stratigraphic 
and petrographical conditions, and informs about the distribution of ore 
deposits in the crystalline complex. 

The second part is directed to the investigation methods applied, sur­
veys the present state of knowledge of black shales, based on the world 
literature, and the opinions on their genesis. It discusses the chemistry 
of the Malé Karpaty slates and schists, which were divided into sets on 
the basis of regional-geological and petrographic-lithological criteria. The 
metamorphic grade and effects of other alterations are taken into con­
sideration. The position of the slate complex either in or outside the ore-
-bearing zones is an important dividing principle. Particular attention 
is devoted to black and dark slates and their geochemical study in rela­
tion to the intensity of their pyrite mineralization. Migration of micro­
elements in geological processes and their correlation is dealt with. 

The subject of the third part is the study of elements of the poly-
metallic group and of development of antimonite deposits. The authors 
point out that Sb-deposits were produced as a result of Sb migration 
after the granite intrusion, when the Sb component had been mobilized 
from dark shales, in which Sb was primarily present in higher amounts. 
The knowledge of the geochemistry of ores and mineralized rocks is sum­
marized and the facts clearing up the genesis of antimonite deposits are 
pointed out. 

The fourth part of the paper concerns the samples that were examined 
not only by spectral and atomic absorption analyses but also by neutron-
-activation analysis. In this way there were obtain data on the contents 
of some rare earth elements (La, Ce, Sm, Eu, Tb, Yb. Lu), of elements that 
were not determined by other analyses (REE. As, Ta, Hf, W, Ag), and part 
of elements from samples of the Malé Karpaty crystalline schists, which 
were analysed by other methods (Au. Sb. Sc, Ga. Rb, Cs, Zn). The re­
sults obtained by different analytical methods are compared, and the 
evaluation of REE contents, the first from the West Carpathian sedi­
ments, is submitted. Unfortunately, not all elements of rare earths have 
been analysed, and part of the results is not of satisfactory quality. 
Therefore, a complementary geochemical study of these elements has 
to be carried out in the near future. 

The fifth part is virtually a catalogue of chemical analyses of rocks. 
The numerical symbols given in the catalogue denote to which popu­
lations the rock was assigned in statistical and geochemical evaluation. 
The numerous tables of original and taken-over data from the literature 
form the basic miaterial for geological-geochemical, petrological and 
metallogenetic interpretations. The authors are well aware that such 
abundant documentary material cannot be regarded as satisfactorili 
evaluated within one publication of limited page number and that it 
is to be appraised to a greater detail. 
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P e 3 IO M e: r ipe .Ľiarae\ iaH paf iora COCTOHT 113 IIHTH qacTeii. I lepnaH qacTb 
UÓ'I.HCIIHĽT reojiorn' iecKyio oóerai ioBKy Ma.'ibix K a p n a T íiMcnno c TOMKH 3peiniH 
paaiiiiTMH c.ianucBbix KOMIĽICKCOB, HX MeTaMopcposa, (pauHa.ibHbix crpaTurpacpi i-
qecKiix n nerporpaípHMecKiix yc:ioniiii. n u ier nncpop.viauHK) o p a c n p e a e j i e m n i 
py/Uiux MCCTopo/K 'IPHHÍ'I n K p 11 c r n „i JI i n i n K y M e. 

Bropas i qacTb paOoTbi naiipaii.'ieiia na M e n u b i iicc.ie.TOBaniisi npnMeHeHbie 
aitTopaMii, flaer iipe.U'Tan.'ienne o cOBpeMeuHOM COCTOHHHH B iicc.Te.TOBannn 
Mt'piibix c iHi iuen na ocHOBamm n.-tyieiinn MiipoBoň .-niTopaTypbi, H niKpop.Mii-
pyeT o B3r.ia.Tax na nx [ipoiicxo/K.ieiiiic. IIo. iaťT oĎ3op o xnMimecKOM cocTane 
c j ia imen Majibix K a p n a T , KOTopwe pacnpeiieJieHbi B KOMII-ICKTU no peniona.nbi io-
-ľcojionľiccKiiM n neTporpa(pHMecKO-;iHTo^innmecKHM KpinepiiiiM. YmiTbiBacTCti 
cTeneHb MeTaMop(j)03a n B.niiHiiiie a p y r n x ii3Meiieiniii. Ba>Kiibi.\i n p n i m n n o M 
pacMJieneHHH HB.iíieTesi KpiiTepiiii, OTHOCHTCH .in KOMn.TCKC ciai iuĽB K rpy ín ic 
nopOÄ 113 lipoHyKTIlBUblX py.lOMOCHblX 3011, HJIII IlaXOAHTCH .'III (lllll Bile 3THX 
3OH. O c o ó o e BiiiiMaiiiic yae.iaeTCH qcpHWM n TB-MIIBIM e. iannaM n nx reoxii.Mii-
'ICĽKOMy H3ylIĽHHIO B 3aBHCHM0CTH OT HHTeHCHBHOCTH HX IIIipilTOBOI'O Opy.Te-
IICHH51. Hcc.neÄOBaHa Miirpaunsi MHKpos.ieMeHTOB BO npeMH rco.TonmecKiix 
npoueccoB n nx B3anMHbie Koppe.Taunoniib 'e oTiioiueiniíi. 

B TpeTbeň qacTH paóoTi.i niuiMaiiiic y.ie.Tíiercsi s.ieMCHTaM no.iiiMeTa.i.nn-
MECKoň i'pyínibi H npii'iiinaM o ó p a s o B a n n a aKKyMy.'iHUHň MecTopo/K.'ieiinň aii-
THM0HHT3. AnTOpbl lUU'iepKHB.llOT. MTO S b — MeCTOpOK/leHHH B03II11K.TH KaK 
upoayKT Miirpaiuni S b noc/ie rpaniiTOBoň iniTpy3iiii. KOIVUT ÓBI.T Sb-KoMiioiiciiT 
Mo6n.Tii3iipoBaii 113 cpe.Tbi TeMiibix c.'iaimcB, KOTOpue iiepBoiiaMa.'ibiio co. iep-
>ua;m cypbMy B Bbicnie.u KOJIIIMCCTBC. B paóoTe i i a x o a i i r c a coBOKVimocTb 3iia-
liiiii o ľcoxiiMiiii p y a H opy/iciiemibix nopo/i n oôpameHO BiiiiMaime na cpaKTbi 
0Ól,HClIHlOimie npOHCXO/KAeHHť MeCTOpO/K.aeHHH aiITHMOIlllTa. 

MeTBepTaa qacTb paóoTbi K a c a e i c a n p o ó , KOTOpue Kpovie eneKTpa. ibnoro 
ana.i i i3a n a n a . i n s a aTOMiioii aocopnu.HH n o a B e p r . m c b n HeiiTpoHHO-aKTHBa-
UHoímoMy anajiH3y. TaKHM o6pa30M óbi.i noJiyqen oÔ3op o eonep/Kamiax 
nt'KOTopbix a.neueiiTOB pcHKíix 3eMe.11. ( L a , C e . S r n . E u . T b . Y b . L u ) n o co-
jicp>ivaiin>ix S.'ICMĽIITOB, KOTonwe ne óbi.mi ana.TH3npoBaiibi . ipyniMii MemaaMH 
( R E E , A s , T a , Hf, W . A g ) , H qacTb 9JievieHT0B ( A u , S b . S c . G a . R b . C s , Z n ) 
B r e x >i<e ca.Mbix npoó. ix KpiiCTa.-i.Tiľ-iecKiix c.'iaimcii Majibix K a p n a T , KOTopue 
V>KC no.'iBepr.'incb anaJi! i3y ÄpyniMH v.eTo UIMU. B qeTBepTOH qaCTH cpaBHima-
íoTCH pe.3yjibTaTbi aiia-'insoB nojiyqeniibie lipu IIOMOUIII p;i3iibix MCTO;IOB. H ii3.ia-
racrcM ou.eiiKa conep>KaHnsi R E E . KOTopaa noua cmiiiiiMiiasi 113 ocaaomibix 
n o p o a B oó.-iacTii 3ai ia;nibix K a p n a T . >i\a;ib, MTO ne Bce 3.'iCMeiiTbi pe.TKH.x 3C-
Me.'ib anajin3iipoBaiibi. n qacTb peny.'ii/raTOB, MTO Kacae.TCíi KaqecTBa, n e y a o -
BjieTBopiiTejibiia. I I O S T O M V neoóxojuiMo óy.ieT npoBecTii IIO3>KC aonoJiniiTejibiibie 
njc.ne;u)Baini>! oTiiocnTejibiio r e o \ n \ i n i i 3Jit'MenT0B npuBe^eiii ibix n p o 6 . 

risiTVio qacTb paOoibi COCT;IB.IHOT Kara.'ioľ XHMIIMCCKIIX ana.'iH30B n o p o a . 
B KaTaJiore npiiBe;ieiibi n mi(|)ponbic CIIMBOJIU o ó o 3 i i a q a i o m n e , B KOTopwe 
KoMiuícKTbi fibijia n o p o a a BKjnoqena BO Bpe\m ee CTaTHCTHqecKoň n I'COXIIMII-
qecKoň oueiiKH. M n o r o n u c ^ e n u b i e Taó.'innbi noÄJiHHHbix n H3 jniTepaTypbi n e p e -
iíHTbix ana. i i ľnmecKiix uiniibix coc'raB.isieT Becb OCHOBHOH MaTepna.a a.iíi 
reoJioro-XHMiiqecKHX, neTpo.nornqecKnx H MeTa.'i.ioľeneTiiqecKiix i i i iTepnpeTanníi. 
C a \ i o coóoii pa3VMeeTť'i, MTO STU MiioroMiícneniibie ;ioKy\ieiiTa.Tbin>ic MaTepiia.ibi 
nyÔJíHKaniiii orpaHHqeiinbie oóbeMOM c T p a n i m . ne.Tb.3H e m e c m i T a i b aocTaToqHO 
oueniibiMii. n aBTopu óy.TV'T K I I I I M e m e B03Bpam,aTbca. 

I. G e o l o g y and m e l a l l o g e n y of the Malé Karpaty M o u n t a i n s 

1.1. S u r v e y o f i n v e s t i g a t i o n s o f t h e M a l é K a r p a t y C r y s ­
t a l l i n e a n d t h e a i m o f t h e s t u d y 

T h e M a l é K a r p a t y C r y s t a l l i n e h a s l o n g a t t r a c t e d a t t e n t i o n of g e o l o g i s t s b e ­
c a u s e of its i n t e r e s t i n g s t r u c t u r e a n d m i n e r a l w e a l t h , p a r t i c u l a r l y in t h e P e -
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z i n o k — P e m e k area. The region was studied, for example, by K o r n h u b e r 
(1858). A d r i a n — P a u l (1864). B e c k and V e t t e r s (1904). R i c h a r z 
(1908) and T o b o r f f y (1916. 1917—1924). After World War I, the south-wes­
tern part of the Malé Karpaty Mts. was studied by K o u t e k — Z o u b e k 
(1936). The crystalline complex of this mountain range was t h e object of many 
papers of Cambel (see the references). Since 1965 C a m b e l with his colla­
borators has published numerous works (incl. monographs). The team investi­
gations, which make possible an integrate study of the problems, are under­
way and part of the papers are cited in the References. 

The exploration of ore deposits in the Malé Karpaty region was conducted 
in the past by B e y s c h 1 a g, K r u s c h and V o g t (1913). L a c h m a n n 
(1915). K r u s c h (1916) and P a u k (1937). After World War II. the question 
of mineralization in the Malé Karpaty region was studied by C a m b e l — 
K u p č o (1952. a monograph). C a m b e l — B o h m e r (1955). C a m b e l 
(1959). C a m b e l — J a r k o v s k ý (1967. 1969. 1979). K a n t o r (1974 a. b. 
c). P o l á k (1955, 1974). P o l á k — H a n a s (1981). P o l á k — R a k (1979), 
K h u n (1977. 1980). and others. 

Recently. C a m b e l with his collaborators (RNDr. M. K h u n, Ing. V. S t r e š-
k f). C S c . RNDr. M i č u d a . RNDr. V. K á 11 o v s k ý. CSc.) have published 
a number of articles concerning the geochemistry of ore-bearing zones and ores 
involved, and the geochemistry of some principal rock types of t h e Malé Kar­
paty Crystalline (coauthors: Doc. RNDr. J . V e s e l s k ý . C S c , RNDr. M. K h u n. 
RNDr. V. V i 1 i n o v i č. RNDr. J. S p i š i a k . CSc) . The publications of these 
authors are listed in the References, and many data and results are included 
in this work. 

The aim of this publication is to inform on the present state of knowledge 
of the geochemistry of the rocks forming the ore-producing zones, of ores and 
other rock types. The results achieved contribute to the solution of genetic-
problems of the pyrite and antimonite mineralization in the Malé Karpaty 
Mts. 

The paper endeavours to make accessible and catalogue especially the analy-
tical-geochemical records, which are the primary documentary material for 
relevant penological, metallogenic and minerogenetic interpretat ions and de­
ductions. 

It aims at assessing the clarke (background) contents of elements important 
lithologically as well as those which are significant from the view-point of me­
tallogenic processes and processes leading to accumulation or dissemination of 
ores. It also stresses the need of mathematical t reatment of geochemical data 
for compiling the sets (populations) arranged according to characters of inter­
pretative significance. 

In order to elucidate important petrogenetic and metallogenic processes, va­
rious geochemical relations between element contents and correlations of more 
complicated ratios are applied. 

1.2. G e o 1 o g i c a 1 s e t t i n g o ľ t h e M a l é K a r p a t y C r y s t a 1 1 i n e. 
D i v i s i o n of t h e c r y s t a l l i n e c o m p l e x 

In the Core mountain range of Malé Karpaty the crystalline rocks build up 
the predominant part of the mountains, mainly its central part and southern 
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slopes. The complex extends from Horné Orešany on the north-eastern side of 
the mountain range to Bratislava and across the Danube valley south-west­
wards into the Hainburg and Hundesheimer Hills. 

The principal member of the Malé Karpaty Crystalline are the Variscan late 
orogenic granitoids which make up more than two thirds of the crystalline 
complex. 

The granitoid rocks form two separate massifs — the Bratislava massif and 
the Modra massif, which are separated by a zone of Pezinok—Pernek crystalli­
ne schists, 4 to 8 km broad. Many granitoid occurrences crop out at the surface 
of this zone. In addition to this largest schist zone of the Malé Karpaty, a more 
or less continuous schist belt rims the Bratislava granitoid massif in the NE. 
between Záhorská Bystrica and Pernek. Another continuous schist complex 
occurs in the SE between Dolany and Horné Orešany. The slate complex of 
the Harmónia Group spreads chiefly between the Hrubá dolina, Casta and Do­
lany. Numerous minor occurrences and blocks are found within the whole 
complex of granitoid rocks as relics of the mantle. 

The principal rocks of the Malé Karpa ty schistose crystalline complex are 
biotite phyllites, biotite-garnet micaschist-gneisses and biotite-garnet gneisses 
with stauroli te or muscovite and sillimanite. Chlorite-sericite phyllites without 
biotite, represent ing the low-grade metamorphosed rocks of the greenschist 
facies, are scarce. In general, the sericite-chlorite phyllites were produced by 
diaphthoresis, with occurred during the Alpine tectonic reworking of biotite 
shales. The crystalline schists also comprise various types of amphibole-bearing 
rock, which are metamorphites of diabase or basalt-tholeiitic rocks and their 
pyroclastics. Black slates, which even at higher-grade metamorphism show 
•d low recrystallization degree, are frequent. In the Pezinok—Pernek crystalline 
area the black slates are a componental par t of ore-bearing zones with accumu­
lations of pyrite and occasional antimonite deposits. 

I 3. T h e H a r m ó n i a G r o u p 

The slates between Modra and Casta are defined as a separate facies unit 
— the Harmónia Group of younger s t rat igraphic age (Devonian to Lower Carbo­
niferous). It is composed of predominant clayey-siliceous and bituminous slates 
with a varying portion of carbonate and metabasi te basaltoids. 

The slates of the Harmónia Group differ from other Malé Karpa ty schists 
in the following features: 

1. Pelitic-^psammitic pre-metamorphic composition: fine layers of psammitic 
detri tus al ternate with pelitic layers of hair-l ike or greater thickness, which 
contain strongly carbonatized organic matter . 

2. An increased content of carbonaceous component (black slates), presence 
of lens-shaped carbonate layers, and minor volcanic bodies of spongy struc­
ture or hypabyssal layers of amphibole-bearing rocks. The volcanites are accom­
panied by pyroclastics, and intensified volcanism usually falls in the period 
of carbonate sedimentation. 

3. In contrast to the rocks of the crystalline basement of the Malé Karpaty, 
the Harmónia Group was not so strongly folded during the Variscan orogeny. 
Granitoid rocks often penetrated between the sedimentary beds and caused 
(heir alteration into hornfelsic biotite phyllite or spotted schists wi th andalusite. 
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The carbonate-silicate hornfels with diopside, garnet, vesuvian, plagioclases. 
wollastonite, zoisite and amphiboles formed at the granitoid limestone contact. 

1.4. T h e P e z i n o k — P e m e k c r y s t a l l i n e c o m p l e x 

The Pezinok—Pernek crystalline area is the most thoroughly investigated part 
of the Malé Karpa ty ; it was studied in detail by B. Cambel and his collabora­
tors, by the workers of the Geologický prieskum, nat. corp. (RNDr. S. P o l á k . 
RNDr. R. Ž á k o v s k ý ) and Ing. RNDr. J. K a n t o r . CSc. from the D. Štúr 
Geological Institute. 

The Pezinok—Pernek crystalline area differs from other schistose parts of 
the Malé Karpa ty especially in these features: 

1. the occurrence of huge masses of metamorphosed extrusive and intrusive 
amphibole-bearing rocks with metamorphosed basic tuffs and pyri te-pyrrhoti te 
deposits closely associated with this volcanism: 

2. the presence of extensive and numerous layers of black slates with con­
tinuous productive zones containing pyrite and ant imonite; 

3. a particular strike of schistosity. and stratification of crystalline schists, 
i.e. NW—SE to N—E. which is perpendicular to the direction of the moun­
tain range, whereas in other parts of the Malé Karpa ty the schists usually trend 
more or less parallel to the direction of the mountain range, i.e. NE—SW to 
NEE—SWW: 

4. the exploration of the Sb deposit at Pezinok by boring has revealed that the 
older complex of the Pezinok—Pernek crystalline unit overlies the younger rocks 
of the Harmónia Group. As the distance between the deposit and the outcrop of 
the Harmónia Group is only 300—500 m, it cannot be decided whether a thrust 
fault is involved or whether the crystalline complex is allochthonous. as is 
presumed by M a h e l ' (1980). 

In the area discussed there is a close relationship between the Variscan tec­
tonics and the granitoid intrusion; it is especially on this evidence that we 
consider the present tectonic style of the Pezinok—Pernek crystalline area to 
be Variscan for the most part . 

Variscan orogeny laid foundation to the stratification and schistosity of the 
rocks, and the isoclinal s t ructure was disturbed by Alpine disjunctive move­
ments, faulting and overthrusts . 

1.5. O r c - b e a r i n g z o n e s i n t h e M a l é K a r p a t y C r y s t a l l i n e 

The map of the Pezinok—Pernek crystalline area (Fig. 1) shows a certain 
symmetry in the distribution of argillaceous metamorphie and amphibole-bea­
ring rocks, and of mineralized zones in the central complex of basic volcanics. 
This symmetry is caused by the genetic evolution of the Pezinok—Pernek zone, 
by the periodicity of volcanic activity and isoclinal folding of the complex. 

Fig. I I). General geological map of the Pezinok — Pernek crystalline complex with 
principal mineral deposits (according to C a m b e l . 1959). 

Explanations: 1 — mica schist and paragneiss (the hachure indicates bedding 
and schistosity directions); 2 — phyllite; 3 — phyllitic rocks of the Harmónia Group: 
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-1 — the product ive ore belt w i th sulphidic deposits ; ;5 — act inol i te s late sequence 
(mainly m e t a m o r p h o s e d basic pyroclast ics); 6 — l imestone in the H a r m ó n i a G r o u p ; 
7 — extrus ive and intrusive basic e rupt ive m e t a m o r p h o s e d to a m p h i b o l i t e and 
amphibol i te-bear ing rock; IS — grani toids (1 — !! — Paleozoic); 9 — quar tz i te . quar tzy 
arcose. Lower Triass ic; 10 — Mesozoic rocks undiv ided; 11 — light l imestone of t h e 
Hrubá dolina valley. Middle Triassic (?) (9 — 11 — Mesozoic); 12 — gravel. Q u a r t e r -
n a r y ; 13 — loam, slope debris and Q u a r t e r n a r y rock undiv ided; 14 — dejection and 
solit'luction cone. Ore-bear ing be l t s ; 15 — Pezinok — Kolársky vrch hill; 16 — Tu­
recky vrch hil l ; 17 — Rýhová — Augustín — Karol bel t . 18 — Rybníček — Čertov 
kopec hill — Križnica belt; lí) — Kober l ing — Ska lnatá — Kuchynská dolina valley. 
Deposits and occurrences ; 20 — Pezinok — Cajla a n t i m o n y deposit below the Ko­
lársky vrch hill; 21 — the P e r n e k a n t i m o n y deposit below Križnica; 22 — the Ku­
chyňa a n t i m o n y deposi t : 23 — the lead-zinc district below the Baba hil l ; 24 — the 
ga lena-pyrargyr i te deposit of the Svätodušná stôlňa a d i t : 25 — the galena deposit 
of the Troj ičná štôlňa adi t ; 26 — gold deposit of t h e Pezinok district. 



266 CAMBEL — K H U N 

The symmetric distribution of rock complexes provides the following pictu­
re (see C a m b e 1. 1962): The Bratislava and part ly also the Modra massifs are 
bordered by a ca. 1 km broad zone of gneisses, mica-schists and phyllites. At 
the margin of the Modra massif this zone was eroded for the most part and 
only isolated relics remained in the granitoid complex. 

Beyond the oldest sediments on the SW side of the Pezinok—Pernek crystal­
line complex extends the 1st ore-bearing amphibolite zone (I). It splits into 
the southern branch, extending between Pezinok and Kolársky vrch hill, and 
the nor thern branch between Konské hlavy and Turecký vrch. They are sepa­
rated by a spur of the granitoid massif near Kolársky vrch, which is known 
for the occurrence of gold veins. 

On the NE side extends an equivalent belt of amphibolites (ca. 4 km E of 
Kuchyňa) in the area of Tri kopce, Kuchynská Baba and Gajdoš. This zone 
(I) does not continue towards Pezinok. having been probably eroded away. 

A large complex of amphibole-bearing rocks in t h e centre of the complex 
of crystalline schists between Rybníček. Pernek and Kuchyňa, presumably repre­
sents the younger volcanic period and is divided symmetrically by three zones 
of mineralization. In the W it is the zone of the ore field of Rýhová štôlňa 
and Augustín deposit (II a), in the centre the zone of Rybníček—Čertov ko­
pec—Križnica (II b), and in the extreme east the zone of Kôber l ing—Skalnatá 
—Kuchynská dolina (II c). The complex of younger and metavolcanic derivati­
ves contains the following deposits in zones II a, II b and II c: 

Zone II a: Kristina, Nádej . Augustín. Karol 
Zone II b : Cmele I, Cmele II, ore district Pernek with sulphidic and antimo­

nite mineralization 
Zone II c: Puklišova and Trojičná galleries near the community Kuchyňa, 

and syngenetic disseminated pyrrhot i te ores near Rybníček and Kôberling (Pe­
zinok). in high-grade metamorphosed clayey-siliceous rocks: these contain a 
considerable dispersed amount of pyroclastics without major accumulations 
of ore minerals. 

The submarine basic volcanism in the Pez inok—Pernek crystalline area was 
of varied and in a certain degree of pulsative character (C a m b e 1, 1959). 
Volcanic activity was probably concentrated in two principal periods, and 
during the intervening interval clayey-detrital sediments without any major 
admixture of volcanic material were deposited (the overlying argillaceous 
metamorphites). In each of these periods, the phase of large outflows of basic 
lava (giving rise to underlying amphibolites) was followed by a phase of minor 
effusions associated with intensive exhalative activity and ash ejections. Sedi­
ments dating from this phase represent productive zones with pyrite deposits. 
Eventually, there occurred again major effusions or concordant intrusions of 
basic magma, which gave rise to overlying amphibolites. 

1.6. M e t a m o r p h i c p r o c e s s e s i n t h e M a l é K a r p a t y r e g i o n 

After a detailed study of metamorphism C a m b e l (1950. 1952. 1954. 1956) 
arrived at the following results: 
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The crystalline schists of the Malé Karpaty are metamorphic derivatives 
produced by combined metamorphism — low-grade regional (to the greenschist 
facies) and subsequent periplutonic, deep-contact process associated with the 
intrusion of granitoid magma. The gradual penetrat ion of magma developed 
dynamometamorphic conditions, analogous to those of high- and medium-grade 
metamorphism, which differ from the normal regional metamorphism by the 
decrease in the spatial extent of metamorphic effect and thus the thickness 
of metamorphic zones. In the resulting metamorphic aureoles of granitoid intru­
sions the gneisses were relatively near the intrusion (at about 1000 m) replaced 
by micaschist-gneisses and biotite phyllites. F a r t h e r from the intrusion the 
effect of magma only produced a slight development of biotite in the low-
-metamorphosed slates. 

Where the magmatic source is active in higher layers of the crystalline schists 
the contact metamorphism has not a periplutonic character but that of a typi­
cal subsurface thermal isochemical alteration. 

This is observed locally at the contact of the granitoids of the Modra massif 
with the Harmonia Group. The products of this metamorphism are hornfelsic 
phyllites. spotted and knotted schists, various hornfels types and erlans. 

1.7. S t r a t i g r a p h y of t h e c r y s t a l l i n e c o m p l e x 

The opinion on its age differ. M á š k a — Z o u b e k — B u d a y (1961) consi­
der crystalline schists to be of Proterozoic age. C a m b e l (1962) and C a m -
b e l — C o r n á (1974) date the Malé Karpaty crystalline rocks as Palaeozoic on 
account of the finds of Silurian, Devonian and Lower Carboniferous pollen 
and plant remains. The Devonian—Carboniferous age is ascribed mainly to the 
Harmónia Group. The Upper Devonian to Lower Carboniferous plant remains 
have also been described from underlying schists occurring in the higher meta­
morphosed complex, e.g. at the western boundary of the granitoid massif (near 
the cremator ium Lamač—Bratis lava). Silurian flora has been identified in 
gneisses near Limbách (Slnečné údolie valley). The Variscan metamorphic 
recrystallization of schists has been proved by numerous K Ar analyses made 
by B a g d a s a r j a n and G u k a s j a n ( C a m b e l — V e s e l s k ý , 1981). H o r ­
n ý — C h l u p á č (in: Máška - Zoubek - Buday, 1961) claimed the Devonian 
age for the Harmónia Group on crinoid evidence. On the basis of boring re­
sults in the area of a quarry in the Castianska dolina valley, C a m b e l regards 
the Harmónia Group as the upper ar t of the Pezinok—Pernek Crystalline, with 
regard to the fact that in the lower complex intercalations and layers of meta-
pelitic rocks increase in amount, which are characteristic of the Harmónia 
Group. At many places, however, this lies on the underlying Pezinok—Pernek 
Crystalline tectonically and in the area of the Pezinok Sb-deposit even bene­
ath it: 

1.8. A n t i m o n i t e m i n e r a l i z a t i o n i n t h e M a l é K a r p a t y a n d 
i t s r e l a t i o n t o s t r a t i f o r m p y r i t e d e p o s i t s 

The genesis and interrelationships between the mineralization types in the 
Pezinok—Pernek crystalline complex have not yet been elucidated satisfacto-
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rily despite a long study. The main problem, which attracted attention of geo­
logists already in the past, is a common occurrence of pyri te and antimonite 
in the Malé Karpaty deposits. 

The pyrite ores form compact beds in amphibole-bearing rocks (metatuffs 
and metatuffites) or in dark schists with carbonaceous admixture . Antimonite 
forms veinlets, impregnations or enriched zones and nests in various types of 
crystalline rocks, in particular in tightly folded dark phyllites or in compact 
pyrite beds. Because of the common occurrence of antimonite and pyrite in the 
same deposits, they were regarded in the past as products of one genetic pro­
cess. 

L a c h m a n n (1915) and K r u s c h (1916) presumed an identical source of 
metallogenesis for the two minerals, but they thought ant imonite to be older 
than pyrite on account of its stronger tectonic disturbance. They considered the 
pyrite layers with broad zones of disseminated pyrite as a product of meta-
somatic replacement of rocks by the sulphides, wrich gave rise to so-called 
' :fahlbands". i. e. broad "impregnation" zones. In their opinion, the source of 
mineralization had been the "porphyroids". which are identifiable as spotted 
amphibolites in the Pernek area. 

During the investigations in 1952—1956 earned out by S. P o l á k and R. 
Ž á k o v s k ý on the basis of numerous mining and boring works, it was pos­
sible to throw more light on the genesis of the sulphite deposits. 

C a m b e l (1959) demonstrated that the pyri te and antimonite mineraliza­
tions were two metallogenic processes separated both in genesis and time. 
The pyri te deposits belong to the sulphide formation of stratiform syngenetic 
deposits, the Sb mineralization being epigenetie in relation to pyrite mineral i­
zation. Additional evidence for this opinion is given in the papers of C a m ­
b e l . 1959 and C a m b e l — J a r k o v s k ý, 1967. 

After the terminat ion of mining explorations, the geochemical studies of 
C a m b e l and J a r k o v s k ý (1967. 1969) have proved the synsedimentary 
(stratiform) origin of iron sulphides, on the basis of uniform contents of 
nickel and cobalt in separated pyrites and pyrrhotites. It is, namely, the 
formation of sulphides in marine environment under relatively stable thermo­
dynamic and physico-chemical conditions that could ensure a uniform distri­
bution of nickel and cobalt in pyrite and pyrrhot i te in various ore deposits 
of the Malé Karpaty (see chapter III.). K a n t o r (in: Cambel - Kantor . 1972) 
proved sedimentary origin of pyrite accumulations on the basis of isotopic 
study of sulphur in pyrite and pyrrhot i te of the sulphide ores. The increased 
S:!- isotope content in iron sulphides provides evidence for the influence of 
bacterial activity. 

An analogous method was used to examine sulphur isotopes in minerals 
of antimony mineralization and the results have shown that antimonites and 
other Sb-bearing minerals from the Malé Karpa ty region have a wide range 
of isotopic composition of sulphur ( K a n t o r , 1974 b. 1974 c). The increased S'12 

content has been found chiefly in Fe-bearing minerals (bertierite and gud-
mundite), which form preferentially where the solutions with Sb penetrated 
rocks enriched in pyrite or sulphidic ores. On the contrary, sulphur of ant imo­
nite with S:i- S'y' ratio near to the troilite standard, viz. sulphur of deep pluto-
nic character, has a lower S1 2 content. 

The study of sulphur isotopes from the region studied thus indicates that 
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sulphur in antimony sulphides is in some way contaminated and genetically 
and isotopically heterogeneous. 

OÍ pr imary importance for the interpretat ion of the genesis of mineral de­
posits are the recent finds of scheelite in the concentrates Írom alluvial 
deposits of brooks (K a n t o r, 1974 a). Although there is almost no information 
available on its pr imary occurrence. K a n t o r found out that the results of 
heavy analyses were most favourable where the drainage basin extends to the 
areas of productive ore-bearing zones. This suggests that the occurrence of sche­
elite is associated with the earlier stratiform mineralization. 

According to M a u c h e r (1965) and M a u c h e r — H o l l (1968). the find 
of scheelite in the Malé Karpaty called forth the necessity of re-evaluating 
the genesis of Sb deposits with respect to the possible presence of stratiform 
Sb-mineralization in this region. The above authors classed the Sb deposits 
of the Malé Karpaty with the group of Sb-W-Hg deposits belonging to the 
"time- and strata-bound"' type. They presume that this Lower Palaeozoic for­
mation continues into the area of the Spišsko-gemerské rudohorie Mts. 

However, the opinion of M a u c h e r and others of the syngenetic nature 
of Sb mineralization in the Malé Karpaty and of the pr imary stratiform 
character of Sb mineralization has not yet been substantiated, not even by 
extensive boring works. 

But these have shown that the economic accumulations' of Sb minerals were 
formed only at the sites of younger hydrothermal activity and where there 
were suitable conditions for precipitation of sulphides from hydrothermal wa­
ters. Thus, a question has arisen whether Sb had been supplied by deep pluto-
genic hydrothermal waters or whether it had been brought upwards from sedi­
mentary rocks in which antimonite was dispersed, being transported and 
concentrated later under hydrothermal and metamorphic conditions. 

For these reasons a team of workers from the Depar tment of Geochemistry, 
Faculty of Sciences of Comenius University, and from the Geological Institute 
of the Slovak Acad. Sci. in Bratislava, began a comprehensive geochemical 
investigation of the Malé Karpa ty crystalline rock complex, and of the pro­
ductive zones, in particular. The results of these studies concerning the genesis 
of the pyrite and antimonite mineralizations and their interrelationships are 
presented in Chapter III. 

1.9. C o n c l u s i o n s of t h e g e o c h e m i c a l s t u d y of p y r i t e a n d 
a n t i m o n i t e m i n e r a l i z a t i o n s 

1. The investigations provided information on the contents of economically 
significant elements of polymetallic ores in the rocks and ores of the Malé 
Karpaty Mts. The analytical results were checked against the results given by 
other methods (SPA.* AAS, INAA) to enable correlation and verify their cor­
rectness. Part icular attention was paid to the contents of microelements in 
dark slates of the ore-bearing complex in relation to their contents in dark 
slates occurring outside these zones. The analyses have shown clearly a geo­
chemical particulari ty of the rocks of the productive zones and thus also the 

* further explanations in Chapter II. 3. 
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part icular conditions of the origin of sediments during the activity of submarine 
basic volcanism. 

2. It has been assessed that there is a negligible amount of gold as in dark 
slates of productive zones and sulphide ores so in granite-gneiss complexes: 
thousandths to ten-thousandths g . ť 1 . Disseminated gold in pyr i te ores incre­
ases in amount by metamorphic accumulation, at the formation of concretionary 
or vein pyrite in pr imary pyri te ores, by one order of magni tude (hundredths 
g . t ' ) ; tenths g . ť 1 of gold are contained in hydrothermal pyrite. Disseminated 
gold in pyri te or pr imary ores should therefore be regarded as a genetic indi­
cator similarly as Ni and Cu in pyrites of various genesis. 

3. The contents of Sb. Au. Pb. Zn, Cu and Hg were determined in both the 
light and heavy fractions of ores and mineralized slates. As t h e contents of 
Sb, Hg, Pb, Au and part ly of Zn increase in the light fraction, the authors 
assume the presence of these elements in disseminated form in pr imary dark 
shales and for the most par t also in ores, but without participating in the 
formation of major sulphide aggregates. 

4. It has been proved that t h e dark slates of the productive zones and the 
syngenetic sulphide ores are enriched in V, Cu. Ni. Sb and less in Hg. Zn. Pb 
and Au relative to the dark slates outside these zones. Consequently, it is pos­
sible to consider the productive complex to be a pr imary source of metals, 
which u n d e r favourable tectonic and metallogenetic conditions (metamorphic 
and hydrothermal processes) may h a v e been accumulated into deposits. 

5. The differences between t h e su lphur isotopes in minerals produced by 
hydrothermal metallogeny (antimonite and polymetallic mineralizations) and 
in minerals of sulphide deposits have not been explained unambiguously. 
Therefore, the share of deep magmatic processes and exogenic proces­
ses (sedimentation of rocks) in the formation of sulphides cannot 
be established with accuracy. It should be admitted that sulphur 
associated with granitoid plutonism took part in the formation of 
epigenetic ant imonite and polymetallic deposits. The ore accumulations may 
be of juvenile type or mobilized during granitoid plutonism. The authors attach 
great metallogenic importance to the processes associated wi th t h e intrusion 
of Variscan granitoids and with periplutonic metamorphism of the schist 
mantle, as well as to hydrothermal processes active in the regressive (late 
orogenic and postorogenic) phase of the Variscan magmatic-orogenic cycle. 

6. The Th and U contents and Th U ratios are of diagnostic value for the 
geochemical characterization of dark slates and ores of the mineralized zones, 
in particular, but also of those present outside these zones, including the slates 
of the Harmónia Group. This finding may help in identification of the rocks 
of the, mineralized zones and thus also in prospecting. 

7. The research has provided evidence for a direct relationship between the 
uranium content and the proportion of organic mat ter in the rock (sorption 
form of U bond) and. inversely, a negative dependence of thorium, which 
concentrates ra ther as an isomorphic component of minerals, especially of 
accessories, being independent of organic carbon. 

8. The study of relationships between the changes in element contents and 
schistose complexes of different metamorphic grades indicated that the con­
tents of Sb. and part ly of Cu. Hg and As decrease wi th t h e increasing grade 
of metamorphism. The migration trend permits the ascent of elements into 
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zones with less extreme metamorphic conditions, where major accumulations 
may develop under appropriate circumstances. 

II. Geochemistry of slates of the Malé Karpaty crystalline complex, especially 
from the ore-bearing zones 

II.1. T h e s c h e m e of g e o c h e m i c a l s t u d i e s 

In this part a survey of the results of geochemical studies of the crystalline 
rocks will be given. The amphibole-bearing rocks have already been discussed 
in the papers of C a m b e l , 1952; C a m b e l — K u p č o . 1965: C a m b e l — 
K a m e n i c k ý . 1982, and they will not be here dealt, with, al though the mi­
neralized zones wi th ore indications contain a large portion of metabasites and 
metapyroclastics. After all. the stratiform sulphide formation is genetically 
associated with the submarine basic tholeiite-basaltoid volcanism. 

The most relevant problem in t h e investigation of the clayey-siliceous meta-
morphics was the geochemical study of dark (black) slates in t h e Pezinok— 
Pernek crystalline complex, which are carriers of mineralization and form 
part of the productive zones. This sequence also contains rocks of phyllitic 
or gneissic character with a small amount of organic matter. The aim of our 
study was to define the different types of slates of the productive zones, 
black slates in particular, and to correlate them with the rocks outside the 
zones of mineralization and with the rocks of the Harmonia Group, taking due 
respects to metamorphic and regional aspects of their occurrence. 

Some analytical data, on which our geochemical studies are based, have 
already been elaborated separately by some members of our working team (prof. 
RNDr. B. C a m b e l , D r S c , doc. RNDr. J . V e s e l s k ý , CSc, RNDr. M. K h u n. 
RNDr. M. D y d a. C S c . RNDr. V. K á 11 o v s k ý, CSc., and RNDr. J. M i k 1 ó š). 
Chemical analyses were carried out in several institutes in Czechoslovakia and 
the Soviet Union: the names of analysts are given further in this section. 

In treating the results obtained we had to take into consideration that several 
methods were used for geochemical analyses. For example, silicate analyses 
of schistose metamorphites from complexes outside the productive zones were 
made using the classical silicate analysis and X-ray fluorescence method. The 
principal elements of silicate schist, mainly from the productive zones, were 
determined by the INAA method. Although using this procedure calcium 
could not been determined, the authors thought it to be satisfactory with 
regard to a lithological variability of the productive complex. The INAA method 
made it possible to determine the contents even of those elements that are 
not definable by SPA and AAS methods, and is thus appropriate for comple­
menting the results obtained by other chemical procedures. It also provides 
data on rare earths, which are valuable for petrological considerations. (The 
TR data are given in Chapter III).* 

* The analyses published in this paper were made by the following members of 
the Geological Institute, Slovak Acad. Sci.: RNDr. J. M e d v e ď . CSc. (SPA — litho-
phile elements); RNDr. V. K á 11 o v s k ý. CSc. (U, Th. K — /-spectroscopy): Ing. 
E. M a r t i n y . CSc. (AAS-alkalies); Ing. E. W a l z e l (silicate analyses): M. V o n d -
r o v i c (X-ray fluorescence-silicate analyses). 
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Some analyses were carried out by the members of the Geological Institute 
of the Faculty of Sciences. Comenius University: O. K a r e l o v a . M. H a k o -
v á, RNDr. K u b o v á . M. V a n č o (SPA — lithophile elements); Ing. V. 
S t r e s k o. C S c . RNDr. I. M i č u d a . RNDr. O. S k e r e n č á k o v á (AAS — 
Au, Sb. Hg, Pb, Cu. Zn). The INAA analyses were made in the laboratory 
of Czechoslovak Uranium Industry, Stráž pod Ralskem. analyst Ing. P. K o t a s. 
CSc. (TR. U. Th. Au and Sb). Macroelements Si, Na. Al. Fe and Mg were 
determined using the INAA method in Geofyzika, nat. corp. Brno, analyst 
Ing. J. B a r t o š e k. CSc. Additionally, several original and control analyses 
carried out in the laboratories of IGEM Moscow. IGEM Kiev and in the Geo-
chemical Institute, Irkutsk, were used. 

II.2. S a m p l i n g m e t h o d s a n d p r e p a r a t i o n of r o c k s f o r a n a ­
l y s e s 

The sampling of dark slates in the Malé Karpaty crystalline complex for the 
purposes of Research Project II-4-6 1 was started in summer 1975. The samples 
labelled K were taken before this date and were studied by K l e i n e r t o v á 
in 1972. 1974. Of earlier date are also samples labelled OH and samples nos. 
I l l — 1 6 3 , which derive from the collections of prof. C a m b e 1. 

Samples were taken from all known occurrences of dark slates, in the amo­
unts of about 2 kg, from boring cores and from pit heaps (in this case at seve­
ral places of the heap), always in such a m a n n e r that a representat ive sample 
would be obtained. Every sample was documented and the sampling site 
plotted on the m a p of sampling localities. A part of every sample was used 
for thin sections, part of it stored in a depository, and the remainder used 
for analysis. In the Geological Inst, of Acad. Sci. in Bratislava the sample was 
first coarse-ground in a jaw breaker and then in a finer roller mill. The cru­
shed material was sieved on a 0.2 mm-mesh screen, and the coarser material 
was again ground in a roller mill; this was repeated until the screen residue 
was as small as possible. The material thus obtained was after quarter ing used 
for ttrrt-H'ses. 

In order to obtain heavy and light fractions from mineralized slates 10 
samples of rocks and pyrite ore were taken from the productive zones (in 
amounts of 3—5 kg). After crushing and sieving (as described above), they 
were divided into heavy and light fractions according to the following sche­
me: 

L o a d i n g 

I | 

I n ni IV. V. Shckmg tables 

' 

' I Fig. 2. Scheme of rock separation into 
Heavy fract ion i light and heavy fractions. I. — V. sha-

Light fraction fong tables. 
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II.3. A n a l y s e s of b l a c k s l a t e s a m p l e s 

All samples examined using the above described procedures were subjected 
to chemical analyses. The following analyses were carried out: 
SPA (spectral analysis): 
e lements: B, V. Cu, Ni, Co, Cr, Ba, Sr, Spectrochemical Dept. of Geological 

Ti, Zr Inst.. Faculty of Sciences. Comenius 
University in Bratislava 

INAA (Instrumental neutron activation 
analysis): Geofyzika, nat. corp.. Brno 
elements: Si. N. AI. Mg, Fe 
INAA — Sb, W, As, Cu, Pb, Zn, Ag, Czechoslovak Uranium Ind., central 

Sc, Ta. Rb, Ga, U. Th, rare laboratory. Stráž pod Ralskem 
earth elements (TR) 

AAS — atomic absorption spectrosco- Geological Inst., Faculty of Sciences, 
py: Au, Sb, Zn, Hg. Pb Comenius University in Bratislava 

•/-spectroscopy: Th. U, K Geological Institute. Slovak Acad. 
Sci., Bratislava 

C o r g -conductometr icaHy Geological Survey Prague, branch 
Brno 

The names of analysts are given in Section II.1. 

As most of the important results have been obtained by spectrochemical 
analyses, we will describe here the spectrochemical quantitat ive analytical 
method, as used for the black (dark) slates of t h e Malé Karpaty crystalline 
complex; it was developed in the Spectrochemical Dept. of the Geol. Inst.. 
Faculty of Sciences, Comenius University. 

Working procedure: 

A weigh of 0.075 g pulverized sample and 0.175 g of spectrally pure carbon 
in powder, to which s tandard elements Pd and Eu were added, was rubbed 
off for 10 min. in an agate mortar . Two spectral electrodes were filled with 
this mass. The average composition of the base was (in % ) : 

SiO, 
TiOľ, 
Al.,0., 

45.74 
2.04 

17.72 

MgO 
CaO 
Na.,0 

7.79 
11.18 

4.20 

Fe.,0 ; ( 

F e b ' 
MnO 

2.16 
8.12 
0.16 

K.,0 
H.'O 
HX>4 

0.54 
0.07 
0.56 

Experimental conditions: 

Spectrograph: PGS-2 Zeiss J e n a ; excitation: arc of unidirectional current : 
source: UBI-1: width of slit: 0.016: projection: 3 f; d iaphragm: 3.2: i l lumination: 
Ihree-lens l ighting: electrodes: active 2 . 5 X 5 mm SU-103 Elektrokarbon To­
poľčany, second electrodes with central projection SU-103; electrode spacing: 
4 m m : emulsion WU-3: developing: RO 9 1:20. 20.5 20°C; Exposure: 90 s e c : 
current intensity: 6A. 
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30 
30 
30 

3 
30 

249.6 
308.8 
318.9 
324.7 
339.2 

Ni 
Co 
Cr 
Ba 
Sr 

10 
11) 
10 
30 
30 

441.4 
345.3 
425.4 
455.4 
460.7 

Limits oí sensitivity (g . ť 1 ) and wavelengths of applied analytical lines (um): 

B 
Ti 
V 
Cu 
Zr 

II.4. S t a t i s t i c a l p r o c e s s i n g of a n a l y t i c a l d a t a a n d c l a s s i ­
f i c a t i o n of s a m p l e s 

For statistical processing, the data on the contents of elements in t h e rocks 
studied had to be arranged and treated, should t h e required conclusions be 
obtained. The n u m b e r of analyses available comprised 190 spectrochemical ana­
lyses on 10 trace elements, 159 records of C o r g contents. 84 INAA analyses for 
macroelements. 90 INAA analyses for 14 trace elements and 102 data on U and 
Th contents, determined with ^-spectrometry. For these basic sets the statisti­
cal characteristics (arithmetic and geometric means, s tandard deviation, coeffi­
cient of variation), correlation matrices and gradients and x-intercepts for 
regression lines were computed using a program worked out by RNDr. I. 
J e d l i č k a on a computer WANG 2200 B, installed in t h e D. Š túr Geological 
Inst.. Bratislava. To verify the frequency of the contents of micro- and macro­
elements histograms were compiled, some of which are presented in this pa­
per. The basic sets of analyses were further subdivided according to established 
criteria and then statistically processed. The sets of macroelements determined 
by INAA method and sets for spectrochemical analyses of trace elements were 
subdivided according to the following criteria: 

content of organic carbon — less t h a n 0.5 %, 0.5—3 % ; above 3 ° 0 ; 
grain-size — fine-grained, medium-grained; 
grade of metamorphism — low-, medium- to high-grade (chlorite to amphibo-

lite f acies of periplutonic metamorphism): 

Fig. 3. Map showing the sampling localities. 
The Pe/.inok — Pernek crystalline complex: 1 — granitoid rocks; 2 — phyllites: 3 
— slates of the Harmónia Group: 4 — gneiss; 5 — amphibolites; 6 — limestones of 
the Harmónia Group; 7— Lower Triassic quartzite; ÍS — undifferentiated Mesozoic; 
9 _ productive ore-bearing zones; 10 — younger formations (Palaeogene. Neogene. 
Quaternary); 11 — abundant occurrence of black shales in the series of strata. 
Bratislava area: 1 — Neogene and younger formations; 2 — Lower Triassic quartzi­
te; 3 _ Bratislava granitoid massif; 4 — phyllite to gneiss: 5 — amphibolite and 
other metabasites; fi — Mesozoic, undifferentiated (after C a m b e l — V a l a c h , 

1956. modified). 

A sam. 53-56, K 16 • sam. 61,97-100 

O sam- L,2 - 44 r j s a m . 82-86 • Prod, zones 

• sam. 29, 45, 49 Ysam. 59,60,64,87, 88 A Out of zones 

V sam. 90,91,105,108, K13 
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content of sulphides — type A = without visible pyrite, type : B = with 
visible pyr i te ; type C = pyri te ore; 

regional geology — Bratislava massif; Pez inok—Pernek crystalline complex; 
productive zones — samples of A type, mineralized samp­
les B. C (explanations at Tab. 18); crystalline schists 
outside these zones; Harmónia G r o u p ; underlying schists 
of the Modra-Orešany area, 

s t rat igraphy — crystalline basement; Harmónia Group (Devonian to Carbo­
niferous) younger formations (Permian—Triassic—Lias), 

mineralogy — quartz, more or less discernible; increased amount of carbonates: 
increased amount of biotite, garnet, feldspars; increased amo­
u n t of amphibole, 

alteration — degree of hydrothermal alteration, mylonitization, or degree of 
weathering, 

schistosity — thinly schistose rocks; massive rocks. 

The basic set of analysed samples using the INAA method was divided as 
follows: 

samples of A type from the productive zones; 
samples of mineralized rocks and ores B. C (with pyrite) from the productive 
zones; 
samples of rocks outside the productive zones (sample from the Harmónia 
Group included in the Pez inok—Pernek cryst.); 
samples of heavy fractions from mineralized schists and ores. 

Discriminant analysis described in papers of C a m b e l — K h u n (1979) and 
K h u n (1980) was used for classifying samples of dark slates of the crystalline 
complex into groups previously defined, viz. the group of productive zones 
and the group of rocks from localities outside these zones. For discriminant 
analysis the mathematical procedure for discrimination between two popula­
tions was applied (S a 11 r a n — S o u k u p , 1973; M i l l e r — K a h n. 1962). 
using a program compiled by Dr. I. J e d l i č k a on a computer WANG 2200 B. 

II.5. T h e p r e s e n t s t a t e of i n v e s t i g a t i o n s of b l a c k s h a l e s 
a n d t h e i r g e n e s i s 

The black shales are a rewarding object of study for geologists, geochemists. 
economic geologists, mineralogists and petrographers as well. In the past it 
was obviously because of their ra ther exotic habit, and at the present t ime 
because of their content of t race elements, established thanks to more precise 
and sensitive methods. The contents of some trace elements are almost of 
economic values and thus the black shales have become a potential source 
ol mineral raw materials. 

Black shales have attracted attention of many authors, both at home and 
abroad. Among the foreign scientists we should mention, e.g. T r a s k (1951). 
K r a u š k o p f (1955), S m i m o v (1955), R o n o v (1958). P e t o l a (1960. 
1968. 1978). J a n d a - S c h r o i l (1960), B r a n d e n s t e i n - J a n d a - S c h -
i- o 1 1 (1960). C o n a n t - S w a n s o n (1961). W e d e p o h 1 (1964, 1971). T o u r -
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t e l o t (1964. 1979), Z a v j a l o v et al. (1965), B o y l e (1965, 1968), S a v u l 
et al. (1965). V i n e (1966), K r e b s (1969), V i n e - T o u r t e l o t (1969, 1970), 
V i n e et al. (1969). S e r d j u č e n k o - P o t e m k i n (1969), A. V. S i d o r e n -
k o — S. A. S i d o r e n k o (1971). H i r s t - K a y e (1971). G u c w a (1973), 
U s p e ň s k i j - P e ň k o v (1975), G u l s o n (1976, 1977), P a p i u et al. (1975), 
P o p 1 a v k o et al. (1978), K o n k i n et al. (1980), M i t r j a j e v a - P a t a l a -
c h a (1980) and V o j t k e v i č et al. (1980). 

Of the Czechoslovak authors we should name F l e k (1950), K u k a l (1961), 
V a r g a in B a r t a l s k ý (1973). J e l í n e k et al. (1974). B o u š k a et al. 
(1975), V l a š i m s k ý (1976), C a d k o v á - M r á z e k (1980). In recent years 
an integrated investigation of geochemistry of t h e black shales in the Malé 
Karpaty Crystalline has begun and some results have already been published. 
( C a m b e l et al., 1975; C a m b e l - K h u n . 1979: K h u n . 1980; C a m b e l -
Z u k o v - S a v č e n k o , 1980; C a m b e l - S t r e š k o - M i č u d a , 1981, and 
C a m b e l - K á t l o v s k ý - K h u n . 1981). 

II.6. H y p o t h e s e s o n t h e g e n e s i s of b l a c k s h a l e s 

Opinions on the genesis of black shales differ. According to one theory, they 
were deposited in an anaerobic environment of stagnant, partly isolated water, 
poorly aerated and containing H 2 S. Some authors presume a shallow-water 
environment (e.g. shallow parts of Norwegian fjords), others a deep-sea envi­
ronment (Black Sea). It has also been supposed that the black shales had 
been deposited in very thick beds over extensive areas, or contrariwise, that 
they represent a littoral facies or deposits of particular, limited zones of a sea. 
Hydrological investigations of the Black Sea have shown that black mud is 
accumulating there at a depth of 1550—2200 m. This led to the opinion that 
black shales could have originated in similar isolated deep basins, where t h e 
basal layers of water are not aerated and are rapidly enriched in sulphur from 
the accumulated organic matter . 

According to other writers, the formation of black shales does not require 
deep-sea conditions but only a particular, shallow w a t e r medium. U l r i c h 
(1911, in Conant, Swanson 1961) assumes that t h e black graptolite shales of 
Palaeozoic age developed over extensive areas of open sea, in wide shallow 
basins, without the necessity of a closed space and stagnant water. The same 
view was advocated by T w e n h o f e 1 (in Conant, Swanson 1961); he presumed 
that the thin beds of t h e black fissile shales of the Pennsylvanian age were 
formed ". . . in extremely shallow w a t e r penetrated by sunlight". 

H a r d (1931 in Conant, Swanson 1961) in describing t h e Upper Carboni­
ferous black shales in the N.Y. state noted that their close connection with 
the neighbouring shallow-water sediments excludes other than shallow-water 
environment for their genesis. 

Detailed investigations of sedimentation in t h e Black Sea and similar basins 
(S m i r n o v, 1955) thus far substantiate t h e opinion on the deposition of black 
shales in shallow-water environment. They have shown that in the deepest 
par t of the Black Sea, where the stagnancy of water causes its highest conta­
mination with hydrogen sulphide, the sediments contain only a minor amount 
of organic carbon. The sediments richest in carbon are deposited, on the con-
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trary, in shallow water which still contains some oxygen near t h e estuaries. 
Accumulation of organic substances in the Black Sea and other similar water 
bodies is controlled by the character and rate of sedimentation, physical and 
chemical composition of the sediments and by t h e biological production of t h e 
environment. The stagnant w a t e r is not prerequisite (see e.g. the stream-like 
a r rangement of graptolites in some black shales. B o u č e k . 1932. in P e t r á -
n e k, 1963). A more important factor is an abundance of plankton in semi-
-isolated basins with inflow of fresh waters, rich in nutr ients . 

For the Central European Variscicum K r e b s (1969) established t h e follo­
wing model environments, where black bi tuminous sediments may have been 
formed: 

1. deep basins in an open sea; 
2. closed parts of the basin in an open sea or on shelf 

a) between submarine volcanic ridges. 
b) between growing reefs (e.g. numerous "flinz" sediments of the Rheini-

sches Schiefergebirge); 
3. bases of transgression over flat shelf (e.g. a lum shales); 
4. flat, limnic-i'luvial sedimentary areas. 
The schemes proposed by T r a s k (1951) and K r e b s (1969) for the environ­

ment of black shales deposition differ. T r a s k (op. cit.) presumes a stagnant 
water medium and does not regard its depth as a controlling factor. K r e b s 
(op. cit.) admits for the Central European Variscicum four different types of 
environment, as given above. 

The sedimentological interpretat ion of t h e genesis of sulphide black shales 
may be exemplified by the paper of C h á b (1974) on t h e Chvaletice deposit. 
His explanation is based on the theory of K r e b s (1969); he admits that a flat 
shell' existed there at the t ime of sedimentation and defines the sedimentary 
medium of the deposit as an unstable shelf whose morphology was affected by 
volcanism. Volcanic activity persisted throughout the sedimentary interval and 
presumably strongly influenced the concentration of cations and some anions 
in sea water. 

From the above survey of theories on the genesis of black shales, their 
non-uniformity and even contradictoriness is apparent. Whether the black sha­
les originated in deep or shallow sea cannot be decided reliably even at the 
present state of knowledge. It can only be stated that the model of barred 
basins was and still is accepted by some authors. The recent investigations, 
however, have shown that, black shales had originated during geological history 
also in very shallow and open sea areas. 

V i n e and T o u r t e l o t (1970) divided the geological s tructures appropriate 
for the genesis and development of typical black shales in t h e U.S.A. into 
geo-ynclines. cratonic basins and shelf. 

The fact that the black shales were deposited within a wide range of geolo­
gical systems indicates that the type of environment of their origin is not of 
pr imary importance. More significant were doubtless geological processes 
occurring in the environment, and such factors as organic production, share 
of clastic sedimentation and intensity of oxidation which decomposed the 
organic matter. Where the amount of organic substances was large enough 
to exhaust oxygen, black shales originated. 

According to the most recent hypotheses, the environments in which black 
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shales can accumulate, are expressed by three models formulated by D i d y k 
et al. (1978). These authors laid great stress on the characteristics of the envi­
ronment, such as the distribution of O2 and H.,S in the water column and 
sediment, and the relationship between organic material and the amount of 
Ov. In exhausting oxygen the organic mat ter assists in developing conditions 
for the accumulation of organic sediments and the production of H^S. 

a) The model of restricted circulation represents the conventional, relatively 
partial view of the accumulation of organic material in ancient rocks. 

A characteristic feature of the model of restricted circulation is the assump­
tion that the content of oxygen in the column of water is restored by circula­
tion and thus accumulation of sediment rich in organic mat ter may occur 
even wih a relatively small nroduction of organic matter . Organic material is 
produced by photosynthesis in the photic zone, mixes with the organic material 
from the continent (when terrestrial plants exist) and is great ly enriched by 
chemical and biological processes. At a certain point, however, it is completely 
consumed by oxidation of the sedimenting material . The exhaustion of O., 
vis not pr imary but it is caused by a high consumption of it at the decomposi­
tion of the organic material. All organic mat te r is deposited below the zero 
level of Oj content, and accumulates at the bottom, where it can be removed 
only by anaerobic decay. Hydrogen sulphide originating in the bottom sedi­
ments may diffuse into higher water layers. The sedimentary environment 
and sediments are deficient in oxygen. 

The model of restricted circulation is represented, for example, by the Black 
Sea (type of euxinic environment, G o l d h a b e r , 1978) or by the depressions 
of the fjord type. It can also be applied to basins of tectonic derivation. The 
structures of fjord type and tectonic basins, however, can not be applied uni ­
versally as appropriate for the formation of black shales, because of the lack 
of some morphological features. 

An euxinic environment for the origin of black shales in the East Carpa­
thians is also claimed by the Rumanian authors S a v u l et al. (1965) and 
P a p i u et al. (1975). 

b) The model of open sea. 
In open sea the content of oxygen may be controlled by the pr imary circu­

lation, but is also influenced by the amount of organic mat ter falling from 
the photic zone through the wate r column on the sea floor. The minimum 
of oxygen close below the photic zone is due to the oxidation of organic ma­
terial. Some more resistant organic mat te r passing through this interval does 
not succumb to degradation on its way bot tomwards. Also particles sedimen­
ting too rapidly to be completely oxidized, remain intact. Even if a sediment 
rich in organic matter can accumulate in an environment not deficient in 
oxygen, several millimetres under its surface it will be ' 'anoxic" on account 
of the existence of bacterial processes. Consequently, sediments deposited 
beneath the zone of a high production of carbon may be rich in organic 
matter and give rise to black shales without the development of oxygen defi­
ciency, as is presumed for a closed basin or cessation of circulation. 

c) The model of continental shelf works with the same factors of supply as 
the other models, but in this case there is not space (water column) enough 
between the photic zone and the sea floor. Organic material accumulates in 
the photic zone to a minor extent because it settles more rapidly on the floor. 



280 C A M B E L — K H U N 

Oxygen can penetrate up to the surface of sediments thanks o circulation and 
production of 0> in the photic zone. Even in this environment the sediments 
will be deficient in oxygen close under its surface because of the activity of 
bacteria. The model of continental shelf, similarly as the open-sea model, does 
not require the presence of H 2 S in the water or other conditions analogous to 
those in the Black Sea. 

II.7. T r a c e e l e m e n t s i n b l a c k s h a l e s : s u r v e y of t h e l i t e r a ­
t u r e 

A wealth of information on trace elements in black shales has been gathe­
red in t h e numerous papers of foreign, and recently also Czechoslovak authors. 
In the classical work of K r a u s k o p f (1955) dealing with t h e sedimentary 
metallic deposits, the trace elements in black shale complexes are also discussed. 
In Table 1 compiled from various sources, there are listed average and m a x i m u m 
contents of some elements and mean and m a x i m u m values of their enrichment. 
From this Table K. B K r a u s k o p f inferred that the elements Ag, As?. Cu. Mo. 
Ni. Au, Pb, V, Zn and Cr are enriched in the black shales, as the average factor 
of enr ichment is four times as high as the background content. 

Another important work of earlier date is Wedepohl's paper on cupriferous 
shales (lithological type of black shales). Besides studying the genesis of them. 
W e d e p o h l (1964) presents a comprehensive Table of trace elements con­
tents in different types of black shales. F r o m the strat igraphic data of this 
Table 2 no relationship between the concentration of trace elements and the age 
of the rock can be determined. Conspicuous are the contents of V, Cr. Ni. Zn 
and Mo in the Permian Phosphoria Formation (U.S.A.) and the V. Mo and U 
contents in the Cambro-Silurian alum shale. All these data relate to u n m e -
tamorphosed bituminous black shales. For correlation purposes, analytical da­
ta on the metamorphosed black schists from t h e Precambrian of Finland, ac­
cording to the author cited, are listed in Table 3. The pr imary origin of these 
schists was probably the same as that of clayey shales given in Table 2. The 
comparison of the two Tables does not show any unusual contents of trace ele­
ments in the metamorphosed schists, except for the Cu and Zn contents in 
Outokumpu schists, for which a secondary supply is postulated. The works of 
R o s i e r ( R o s i e r . 1969; R ô s 1 e r et al., 1971) have also provided important 
and interesting information. 

The topic is further dealt with in the papers of B a i n (1960). B a r n e t t 
(1961). B i l t e r l i (1960). G l a g o l e v (1962), G r a n t (1964). K a t č e k o v -
F l e g o n t o v a (1964), G e c e v a — D e r j a g i n (1963), G u l j a j e v a et al. 
(1965). C u r t i s (1969) and C r o n a n (1969). 

Among the recent studies on the trace elements in t h e black shales, the sum-
mary work on the geochemistry of black shales by V i n e and T o u r t e 1 o t 
(1970) is worthy of mentioning. The integrated study of black shales was pre­
ceded by investigations of shales in different geological-lithological s tructures 
— on the shelf, platforms and in eugeosynclines ( V i n e . 1966. 1969: V i n e-
T o u r t e 1 o t — K e i t h , 1969; V i n e — T o u r t e 1 o t, 1969). The authors 
evaluated analyses of trace elements in rocks, made on 779 samples grouped 
into 20 populations. They introduced the term of "average black shale" and the 
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T a b l e 1 

Average and maximum contents of trace elements in black shales and their 
average and maximum factors of enrichment 

Ele- Content Factor of enrichment 
ment 

Ag 
As 
Au 
Ba 
Be 
Bi 
Cd 
Co 
Cr 
C u 
Ga 
Ge 
In 
Li 
Mo 
Nb 
Ni 
Pb 
gr. P t 
Rb 
REE 
Sb 
Sc 
Sn 
Sr 
Tl 
V 
Zn 
Zr j 

average 

5—50 
75—225 ? 

0.01—1 ? 
450—700 ? 

1 ? 
— 
— 

5—5!) 
10—500 
20—300 

70 ? 
7 ? 

— 
17 ? 

10—300 
0.6 ? 

20—300 
20—400 

— 
450 ? 

25—100 
— 
16 ? 
— 

25—400 ? 
1 ? 

50—2000 
100—1000 

10—20 ? 

m a x i m u m 

800 
325 

7 
2400 

4 
100 
300 
180 

5000 
1000 

170 

7.2 
660 

1000 
— 

2400 
700 

6 
— 

300 
— 
260 

2000 
3 

14000 
10000 

— 

? 

? 

? 

? 

? 

? 

•> 
? 

7 

7 

7 
? 

•> 

average 

50—500 
15—45 
2—200 
2—3 ? 
0.5 ? 
— 
— 

0.2—2 
0.05—2.5 

0.3—4 
5 ? 
1 ? 
— 
0.3 ? 

10—300 
0.3 ? 

0.02—4 
1.2—25 

— 
1.5 ? 

0.2—0.7 
— 
3 ? 
— 

0.1—1.3 ? 
2 ? 

0.3—13 
0.8—8 

0.05—0.09 ? 

m a x i m u m 

800 
165 ? 

1400 
10 ? 

2 ? 
500 ? 

2000 ? 
8 

25 
14 
12 ? 
— 

2 ? 
10 ? 

1000 
— 
30 
44 

300 ? 
— 
— 

800 ? 
— 

7 ? 
7 ? 
5 ? 

03 
77 
— 

Taken trom K r a u s k o p f (1955). Contents in g . t 1 . Factor of enrichment = rela­
tion of the element content in black shale to its clarke in the earth's crust. Data 
obtained from a small number of samples denoted by (?). 

term "metal-rich black shale", which has higher metal contents than the shale 
given in Table 1. In Table 4 the average contents of the elements studied in 
average black shales, as calculated by these authors, are compared with the 
values given for average clayey shales by other authors. 

The topic has recently been dealt with also in t h e papers of, for example. 
H a r a n c z y k (1970), P 1 u m a n (1971), B u r n i e et al. (1972), C o s g r o v e 
(1973), D u n n (1974). D a n č e v et al. (1975), B r o o k i n s (1976), P a p i u 
et al. (1977), A s h b y — P e a r s o n (1978). G u l s o n — M i z o n (1979), G o d-
l e v s k i j et al. (1981) and other. 

The contents of trace elements on the Keno Hill deposit in Canada in an ore-
-bearing shale complex were established by B o y l e (1965) and G l e e s n n -
B o y l e (1980). For comparison. Table 5 has been compiled in which the ave­
rage values computed from the data of the above authors are listed. 
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T a b l e 

Average contents, range of variation, and methods applied to 
world localites. arranged 

Rock L- u 

P e r m i a n clay shale 
(Phosphoria) Wyoming 
Davidson. Lakin (1961) 

ND 

Carboni lerous , clay shale 
Montana, Nevada. U t a h ND 
Davidson. Lakin (1962 

Carboniferous, clay shales 
Kansas , O k l a h o m a ND 
Hyden. Dani lchik (1962) 

Carboniferous. Alaunschiefer . 
Westphal ia . S c h n e i d e r h o h n ND 
(1949) 

Devonian, clay shale 
Chat tanooga 
L a n d i s (1962) 

Ordovician, clay shale 
Thi i r ingen 
S c h n e i d e r h o h n (1949) 

4.4 
0.3—13.7 

Ch. 

N D 

Ordovic ian — Silurian, 
clay shales, T h u r i n g e n ND 
Krejci-Graf (1959) 

Ordovician — C a m b r i u m 
clay shale Got land 3.5 
Westergard (1944) 

C a m b r i a n , clay shale 17.0 
Alaunschiefer Got land 
M a n h e i m (1962) Ch. 

Ordovician — C a m b r i a n 
clay shales. S. Sweden ND 
L a n d e r g r e n . M a n h e i m (1962) 

V 

2500 
500—7000 

S P A 

2000 
1000—3000 

S P A 

140 
70—300 

SPA 

9Í! 

SPA 

570 
150—3500 

S P A 

5000 

SPA 

2600 
500—5000 

S P A 

1070 
3—2700 
SPA 

470 
280—600 

SPA 

1000 

SPA 

Cr 

2000 
500—5000 

SPA 

190 
75—500 

SPA 

140 
70—30(1 

S P A 

74 

145 
15—750 

SPA 

270 

SPA 

150 
5—500 
SPA 

50 
0—95 
SPA 

ND 

70 

SPA 

Co 

ND 

ND 

15 
10—15 
S P A 

ND 

31 
15—150 
SPA 

ND 

90 
0—300 
SPA 

27 
1—40 
SPA 

ND 

35 

SPA 

Ni 

500 
150—1500 

SPA 

130 
50—200 
SPA 

160 
150—300 

SPA 

180 

SPA 

170 
75—350 
SPA 

70 

SPA 

280 
10—1000 
SPA 

140 
30—400 

SPA 

ND 

150 

SPA 

According to W e d e p o h l (1964), modified. T h e a u t h o r s have 
Explanations: contents of t race e l e m e n t s in g . tr1, C in percentages 
non d e t e r m i n e d . Quotat ions a r e given in W e d e p o h l . 

T h e C z e c h a u t h o r s J e l í n e k — P a č e s o v á — B o u š k a (1974) s t u d i e d 
t h e g e o c h e m i s t r y of t h e P r o t e r o z o i c r o c k s on t h e C h v a l e t i c e d e p o s i t . A v e r a g e 
c o n t e n t s of t r a c e e l e m e n t s in s u l p h i d i c g r a p h i t i c p h y l l i t e s , as d e t e r m i n e d b y 
t h e s e w r i t e r s a r e in T a b l e 6. 
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the d e t e r m i n a t i o n of selected trace e lements var ious 
according to s t r a t i g r a p h y 

Cu 

150 
100—300 

SPA 

220 
70—700 

SPA 

170 
70—700 
SPA 

27 

SPA 

210 
15—750 
SPA 

110 

SPA 

ND 

100 
56—130 
SPA 

150 

450 

SPA 

Zn 

2800 
700—10000 

S P A 

1100 
200—3000 

300 
80—700 

S P A 

ND 

160 
75—350 

S P A 

60 

SPA 

ND 

15 ? 
0—15 
SPA 

330 
54—1730 

S P A 

80 

SPA 

As 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

32 

ND 

ND 

Mo 

150 
50—500 
SPA 

112 
2—300 
SPA 

23 
7—70 
SPA 

18 

SPA 

45 
7—150 
SPA 

200 

SPA 

50 
5—500 
SPA 

150 
100—250 

SPA 

100 
74—133 
GPA 

100 

SPA 

Ag 

7 
2—30 
SPA 

4.9 
1—15 
SPA 

1.7 
0.1—3 

SPA 

ND 

2.5 
!0.7—7.5 

SPA 

ND 

ND 

ND 

1.2 
0.9—1.9 

SPA 

ND 

P b 

20 
10—50 
SPA 

21 
ilO—70 

SPA 

25 
14—70 
SPA 

N D 

33 
15—150 
SPA 

ND 

ND 

36 
32—40 
S P A 

39 
30—53 

SPA 

ND 

U 

ND 

ND 

15 
10—20 
SPA 

ND 

25 
10—75 

Ch. 

ND 

ND 

85 
15—250 

125 
95—150 

ND 

taken only data concerning the shales of Palaeozoic age 
SPA — spectra l ana lyses : Ch — chemical ana lyses : ND 

G e o c h e m i c a l r e s e a r c h of b l a c k s h a l e s is d i r e c t e d p a r t i c u l a r l y t o u r a n i u m , in 
w h i c h t h e y a r e o f t e n e n r i c h e d . S w a n s o n (1961) d e n o t e s as u r a n i u r n - b e a r i n g 
t h o s e b l a c k s h a l e s w h i c h c o n t a i n at l e a s t t h e a m o u n t of U = 20 g . ť 1 . F o r il­
l u s t r a t i o n of t h e r a t i o s of U. T h . K a n d o r g a n i c c a r b o n , t h e i r a v e r a g e v a l u e s (or 
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T a b l e 3 

Average contents , r a n g e of v a r i a t i o n a n d m e t h o d s used for t h e d e t e r m i n a t i o n of 

S a m p l e 

P r e c a m b r i a n black 
shale, O u t o k u m p u 
F i n l a n d , Pe l to la (I960) 

P r e c a m b r i a n black 
shale, Nokia 
Fin land, M a r m o (1960) 

P r e c a m b r i a n black 
shale, P o h j a n m a a 
Finland, M a r m o (1960) 

C ", V Cr Co 

4.85 
2—28.4 

Ch. 

ND 

3.4 

Ch. 

620 
230—1300 

Ch. 

200 
100—300 

570 
80—3500 

550 
210—3100 

SPA 

too 

160 
100—600 

200 
100—1000 

SPA 

ND 

120 
10—700 

According to W e d e p o h l (1964). F o r e x p l a n a t i o n see Tab le 2. 

T a b l e 4 

Composit ion of an average black shale (no. 1) and average clayey shales 
(nos. 2, 3); contents in g . ť 1 

Element 

Ag 
B 
Ba 
Be 
Co 
Cr 
Cu 

; Ca 

1 

1 
50 

300 
1 

10 
100 
70 
20 

2 

0.9 
120 
800 

7 
12 

160 
38 
40 

3 

0.07 
100 
580 

3 
19 
90 
45 
19 

La 
Mo 
Ni 
Pb 
Sc 
Sr 
V 
Y 
Zn 
Zr 

30 
10 
50 
20 
10 

200 
150 

30 
300 

70 

40 
0.7 

21 
20 
10 

299 
130 

33 
80 

200 

Data taken trom V i n e — T o u r t e 1 o t (1970). 
1. — V i n e — T o u r t e 1 o t (1970); 2 — G r e e n 
d e p o h 1 (1961). 

92 
2.6 

68 
20 
13 

300 
130 
26 
95 

160 

(1959); 3 T u r e k i a n — W e -
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selected t race e lements in t h e m e t a m o r p h o s e d P r e c a m b r i a n black slates 

Ni 

400 
100—1000 

S P A 

570 
200—1500 

Cu 

600 
200—700 

SPA 

130 
50—450 

Zn 

400 
100—1200 

SPA 

1100 
300—2700 

Mo 

160 
30—470 

SPA 

70 
40—100 

600 1100 1400 
100—1500 100—5800 200—6500 

Ag 

0.1 

93 2.4 
30—230 0.1—7.6 

Pb 

50 
30—100 

S P A 

ND 

40 
10—50 
SPA 

U 

51 
8—120 

ND 

ND 

T a b l e 5 

Contents oi' t race e l e m e n t s in t h e rocks of the Keno Hill deposit, C a n a d a 

1 

Cu 

P b 

Zn 

Ni 

Co 

As 

Sb 

Mo 

W 

U 

Sn 

Ag 

Ba 

I 

2 

10 

20 

10 

5 

4 

0.5 

0.5 

20 

5 

7 

ND 

1500 

II 

2 

2.5 

20 

2.5 

2.5 

1 

0.5 

0.5 
2 

1.5 

4 

ND 

350 

III 

4 

2.5 

70 

10 

2,5 

1 

0.5 

0.5 

2 

2 

5 

ND 

750 

IV 

4 

2.5 

60 

20 

2.5 

1 

0.5 

0.5 

•) 
2.5 

5 

ND 

1200 

V 

39 

13 

69 

26 

2.5 

2.5 

1.2 

6.2 

2 

4 

4 

0.5 

2533 

VI 

60 

2.5 

110 

70 

10 

1 

0.5 

0.5 

2 

,2 

ND 

ND 

400 

According to G l e e s o n — B o y l e . 1980. 
Explanations: contents of t race e lements in g . ť 1 ; ND — subl imi t contents of and 
Ag; I — grani tes (4 samples) : II — quartz i tes (95 samples) ; III — quartz-ser ic i te 
slates (23 s a m p l e s ) : IV — phyll i tes (76 samples) ; V — graphi t ic phyll i tes (3 samples) ; 
VI — greenschists (44 samples) . 
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T a b l e 6 

Average contents of trace elements in black graphitic slates of the Chvaletice 
deposit (contents in g . ť1) and Malé Karpaty Mts. 

Co 

Cr 

Cu 

Ni 

P b 

Sn 

V 

Zn 

C 
(7 samples) 

43 

224 

110 

66 

167 

21 

283 

54 

B 
(5 samples) 

39 

68 

152 

93 

45 

13 

194 

55 

B + C 
(12 samples) 

42 

166 

128 

77 

121 

18 

252 

53 

M. K. 
(190 samples) 

13 

92 

91 

114 

-
358 

184 51 

According to J e l í n e k et al. (1974). modified. C — overlying sulphidic graphitic 
phyllites; B — underlying sulphidic graphitic phyllites: M. K. — the complete set of 
the Malé Karpaty slates analysed; numeral in the denominator — number of samples. 

only their variation range) and the methods applied to their identification in 
black shales are given in Table 7. 

The modern geochemistry nowadays pays much attention to the study of the 
elements of rare earths in the rocks. Unfortunately, t h e data on these elements 
in black shales are too scarce. The compiled data on the TR elements are pre­
sented in Table 8. 

In conclusion of this section on the study of black shales, we can state that 
the main stress has been and will doubtless be laid on the investigation of the 
contents of trace elements. They are. namely, important for economic reasons 
as well as from the geological point of view, because they are indicators of the 
salinity of environment, on the one hand, and on the other, are appropriate 
for f acies analysis ( T o u r t e l o t. 1964; E r n s t . 1970; C a t t o et al. 1981) 
and for solving the strat igraphic problems (G u 1 s o n. 1977). 

11.8. L o c a l i z a t i o n o f t h e s a m p l e s a n a l y s e d a n d t h e i r g e o ­
c h e m i e a 1 c o m p o s i t i o n 

The character of slates from the productive zones has been also established 
in other rock groups of a lesser extent at various places in the crystalline areas 
(outside the Pezinok—Pernek Group). Of this type are. for example, indications 
of sulphides near the cremator ium and in the wider area of Bratis lava—Lamač, 
in the valley of the Bystrica brook, around the Mar ianka village (in the large 
quarry), near the hills Veľká and Malá baňa in the area of Bratis lava—Rača. 
and in the environs of Kuchyňa and Kuchynská Baba in the Modranská do­
lina. Some slates layers of the Harmónia Group near Dolinkovský vrch have 
also an increased content of pyrite and sulphides in places of amphibolite oc-
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T a b l e 7 

Average contents and var ia t ion ranges oľ Th. U. K and Corg in var ious types 
of black shales ; compiled from t h e l i t e ra ture and from Malé K a r p a t y Mts. 

Localisation of samples 

Black sediments from 
Black Sea 
M a n h e i m , 1961 
Black shales Mansfield, 
D. A. Spears (1964) 

Black shales South 
Wales, T. W. B l o x a m 
(1964) 
Black shales, base 
Si lur ian J. Cadek et al 
(1975) 
Black shales from 
Malé K a r p a t y Mts. crys­
tal l ine area 
P r o d u c t i v e zones (ore-
-bearing) 
Outs ide zones 

H a r m ó n i a group 

T h 

11 
Rm 

3.7 — 
13.5 

Rm 
12.3 

R m 

5.7 
Rm 

3.23 
Rm 

U 

7 
Rm 

1 — 
21 
Rm 
4.0 
Rm 

12.8 
Rm 

15.15 
Rm 

K 

3.5 
Rm 

2.9 — 
4.5 
Rm 
3.2 
R m 

1.6 
R m 

1.18 
Rm 

Th U 

1.5 

0.6 — 
3.7 

3.2 

0.4 

1.15 

C-or Í; 

4.6 
Ch. 

1.3 — 
12.2 
Ch. 
1.2 
Ch. 

2.57 
Ch. 

No. of 
samples 

1 

12 

32 

3 íl 

62 

7.66 
Rm 

9.20 
Rm 

4.27 
R m 
4.30 

Rm 

2.68 
Rm 
2.79 

Rm 

2.42 

2.59 

40 

17 

Contents of Th and U in g . Ľ , K and C o r g in per cent. Rm 
trically; Ch — determined chemically. 

determined radiome-

currence. From the above it follows that in the Malé Karpaty region the pre­
cipitation of sulphides during re-activated volcanism is a common phenome­
non. This fact is likewise apparent from the Ni-Cu correlation graph in Fig. 
4, 5 which shows increased contents of pyrite and chalcopyrite not only in the 
principal productive zones but also in sedimentary rocks of other areas. 

The lithofacies and petrographic characteristics of the rocks studied are as 
follows: The rocks of the underlying schistose sequence and of the Harmónia 
Group originated by metamorphism of clayey-siliceous sediments, originally 
of the definitely clastogene character for the most part. The oldest schists, pre­
sumably Precambrian. which were deposited in the pre-Variscan geosyncline 
during the Late Proterozoic to Middle Carboniferous, contain a varying amount 
of quartz, clay minerals and more or less coarse-grained clasts of crystalline 
rocks. These rocks were metamorphosed to the greenschist facies during the 
pre-intrusive phase of the Variscan granitoid magmatism and underwent pe-
riplutonic contact metamorphism in the course of the Variscan granitoid plu-
tonism. 
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T a b l e 8 

Compiled d a t a on t h e contents of REE e l e m e n t s in black shale.s (g . H ) 

La 

Ce 

P r 

N d 

Srn 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 
T m 

Yb 

L u 

Y 

1 

! 
10.2 

22.5 

3.1 

14.1 

3.2 

1.0 

3.2 

0.5 

2.8 

0.5 

1.4 

0.2 

1.5 

0.2 

14.4 
j 

2 

17.2 

37.8 

3.6 

15.6 

4.1 

1.4 

4.7 

0.8 

5.8 

1.3 

3.6 

0.5 

3. (i 

0.6 

30.4 

3 

9.6 

23.3 

2.!) 

13.1 

3.5 

1.1 

3.5 

0.5 

3.4 

0.6 

l.í) 

0.3 

1.8 

0.3 

14.1 

4 

19.5 

36 

4.9 

20.5 

3.9 

0.5 

3.9 

0.5 

2.9 

0.5 

1.6 

1.4 

0.2 

18.5 

5 
i 

12 

34 

— 
6.9 

1.7 

0.4 

— 
0.25 

— 
— 
— 
0.2 

0.8 

0.1 

— 

(i 

4.9 

12.2 

1.8 

3.6 

1.2 

0.5 

1.2 

0.2 

— 
0.2 

0.5 

0.1 

0.4 

— 
4.0 

7 

20 

42 

6 

16 

5.6 

1.1 

4.3 

0.6 

— 
0.6 

1.9 

0.3 

1.8 

0.3 

18 

Explanations: 1. 2 — black sha les : 3 — black sulphidic shale, al l K a m b a l d a . Aust ra­
lia. B a v i n t o n — T a y 1 o r (1980); 4 — black graphit ic shale. Krivoj Rog. T u g a-
r i n o v et al. (1973); 5 — black si l tstone. Lower Cretaceous. R o b e r t s o n (1981): 
6 — coal. W. P e n n s y l v a n i a . Schonťield, H t a s k i n (1964): 7 — black shale. Cansas, 
USA. H a s k i n — G e h 1 (1962). 

Cr 

40 

!00 ľOO 
_ _ V 

300 g f ' 

Fig. 4. Corre la t ion g r a p h tor Cr V. 
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The content of basic pyroclastics and a large amount of organic substances 
and sulphides (mainly pyrite) also influenced the lithofacies development of 
the sediments. In the Harmonia Group and in the rock complexes of the un­
derlying unit, carbonates occur particularly where there are amphibolites. The­
se components also controlled the character and grade of metamorphic recrystal-
lization and the final composition of the metamorphosed rocks, which in turn 
governed the content of microelements in the rocks (see graphs 7, 8). 

0 40 60 g.t" 

Fig. 5. Correlation graph for Cu/Ni. 

h 
Fig. 6. Dendrogram of trace elements studied in black slates. 



290 CAMBEL — KHUN 

The facts mentioned above indicate that the lithological variability and po-
lymetamorphism caused the petrographical heterogeneity of the rocks under­
study. 

Black slates of the productive zones and other rocks containing organic mat­
ter outside the ore-bearing zones can be characterized petrographically as me-

{ q K1! 

V 

Cr' 

> 
B 

/ 

^y 

V 

Xr 

?% 
\ 

,'V 

í 
.m 

v̂ 

Xu 

Ni V _Ni 

%Sr 

:sr 

Z r 

\ 

- - Í r 

3 

v. 

F 

Ba 

Fig. 7. Average contents of trace elements in black slates, arranged according to the 
increasing content of organic matter, and in metamorphites of the Malé Karpaty 

crystalline complex. 
Explanations: B — slates; F — phyllites; R — gneiss; solid line no. 1. Content of 
CorK; 1 — less than 0.5 %; 2 — 0.5 to 3 % ; 3 — above 3 % ; dashed line no. 2. 

tamorphosed dark to black clayey-siliceous sediments, showing a low degree 
of recrystallization and different transit ions to sericite-chlorite slates up to 
phyllites, with initiating development of biotite. With the minor content of or­
ganic mat ter , recrystallization leads gradually to the formation of biotite-garnet 
phyllites to gneisses with muscovite, staurolite or sillimanite. The slates of the 
Harmónia Group are altered into hornfelses of different compositions (e.g. calc-
-silicate), or into spotted schists. 

At the presence of pyroclastics. metamorphic rocks of the type of amphibole 
schists and phyllites originate; they contain different amounts of amphibole 
and pass into amphibole gneisses to amphibolites. 

The presence of a larger amount of pyri te leads to the formation of ores with 
pyrrhoti te (quartz-sulphidic and amphibole-sulphidic ores with high content of 
organic carbon are without pyrrhoti te) . The metamorphic rocks of the gneiss 
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type in the Carpathians have been studied separately: in this paper only a Tab­
le of mean analyses is published (Table 32). 

The first results of the geochemical investigation of the black slates of the 
Malé Karpa ty crystalline complex were achieved and evaluated as early as in 
1977. and they are given in the text of this Section. In 1975 a set of 76 samples 

Si- / 

Zr. 
Cr" 

Co-

A 

v-Zr - ' 
\ Cr 
Sr , V -

Ni v 
C u -

T i -

Ba\ 

V 

2 ; 

/Ba 
Lorg 

Sr\ 

Cr' 

* -

*Cr 

v' 
B -

C o -

A 

— 

-—' 
B 

3 -Sr • 
Co i M ; 

C 

Cu 
Nif; 

A 

J/ 

'&, 
Ba' 

A 

\ 
Ba 

Ti 

C 

A A B C 

r 

/ 
/ 

(-org 

A B C 

Fig. 8. Average contents of trace elements in the samples of black slates arranged 
according to the content of sulphides. 

Explanations: A — black slates without a visible content of sulphides; B — black 
slates with megascopically visible content of sulphides; C — sulphide ore. Contents 
in g. t '. 

was taken and complemented to 102 samples in 1976. At first the study was 
directed to the rocks as representing a whole, irrespective whe ther or not they 
are derived from the ore-bearing zones. The parameters studied were the dis­
tribution of selected samples, their correlation, their relation to organic carbon 
and the mode of bonding of the elements in rocks. 

In studying the complemented set of samples, we have taken into conside­
ration whether or not they come from the black slates of the productive ore-
-bearing zones of the Malé Karpaty crystalline complex. Discrimination analysis 
using a computer was applied to their distinguishing. Bituminous slates were 
examined additionally with respect to the content and character of organic 
substance ( C a m b e l — S i m á n e k — K l e i n e r t o v á . 1975: H a v l í k . 1977). 
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T a b l e 9 

F u n d a m e n t a l stat ist ical p a r a m e t e r s of t h e e x a m i n e d t r a c e e l e m e n t s in black slates 
of the Malé K a r p a t y crysta l l ine complex 

Element 

B 

V 

Cu 

Ni 

Co 

Cr 

Ba 

Si-

Ti 

P b 

Z r 

44 

386 

96 

114 

8 

113 

4956 

175 

4607 

8 

120 

57 

737 

175 

254 

9 

145 

5193 

196 

2005 

18 

55 

Median 

38 

138.5 

38.5 

37.5 

10 

37.5 

955 

141 

4900 

10 

118.5 

Var iat ion 
span 

0—410 

30—6000 

3.6—1350 

10—1860 

0—65 

st—1000 

38—10000 

st—1950 

410—10000 1.5000—6000 

0—155 0—2 

30—282 | 140—160 

Most 
common 
c o n t e n t 

0—20 

0—150 

0—20 

0—40 

0—10 

75—90 

10000 

0—100 

V (%) 

12Í) 

191 

182 

222 

112 

128 

104 

112 

43 

225 

46 

Content s in g . t 1 . x — a r i t h m e t i c m e a n ; S — s t a n d a r d dev ia t ion; V 
var ia t ion in per cent (76 analyses) . 

coefficient of 

Brief conclusions oj the investigation of organic matter 

T h e c o n t e n t of o r g a n i c c a r b o n v a r i e s b e t w e e n 0.027 a n d 1 3 . 9 % ; t h e a v e r a g e 
c o n t e n t in t h e p r o d u c t i v e z o n e s is 3.72 % a n d in r o c k s o u t s i d e t h e s e z o n e s 
2.04 ° o. T h e o r g a n i c m a t t e r is in t h e s t a g e of i n t e n s i v e c a r b o n i f i c a t i o n . a n t h r a ­
ci te c o n t a i n i n g a b o u t 2 — 4 % of o t h e r o r g a n i c s u b s t a n c e s ( b i t u m e n s , h u m i n s . 
k e r o g e n ) o r i g i n a t e d f r o m it . T h e l i t h o f a c i e s c h a r a c t e r of r o c k s (f ine g r a i n - s i z e 
of r o c k s a n d d i s p e r s i o n of p a r t i c l e s ) is a d e c i s i v e f a c t o r c o n t r o l l i n g t h e q u a n t i ­
t a t i v e c o n t e n t a n d q u a l i t a t i v e c o m p o s i t i o n of t h e o r g a n i c m a t t e r . 

D i s p e r s e d o r g a n i c s u b s t a n c e in r o c k s a l t e r e d i n t o s t r o n g l y c a r b o n i f i e d c o m ­
p o n e n t i m m e d i a t e l y in t h e f i r s t s t a g e s of l o w - g r a d e r e g i o n a l m e t a m o r p h i s m 
a n d . t h e r e f o r e , t h e f o l l o w i n g m e t a m o r p h i s m d i d n o t i m p r i n t a n y c h a r a c t e r i s t i c 
f e a t u r e s t o t h e o r g a n i c s u b s t a n c e s . T h e o n l y e x c e p t i o n t o t h i s r u l e is t h e i n c r e a s e 
in t h e n u m b e r of n - a l k a n e c h a i n s w i t h a h i g h e r n u m b e r of c a r b o n s - 20 to 25 
( H a v l í k , 1977). 

T h e f o l l o w i n g e l e m e n t s w e r e e x a m i n e d in t h e b l a c k s l a t e s of t h e M a l é K a r ­
p a t y c r y s t a l l i n n e c o m p l e x : B. V. C u . N i . Co. C r . B a . S r . Ti . P b . S n . G a a n d Z r . 
T h e y h a v e b e e n d i v i d e d i n t o f o u r g r o u p s on t h e b a s i s of t h e i r o c c u r r e n c e a n d 
c o n t e n t : 

1. e l e m e n t s t h a t o c c u r in b l a c k s l a t e s in a h i g h e r c o n c e n t r a t i o n a n d t h a t h a v e 
b e e n i d e n t i f i e d in all s a m p l e s : Ti, Ba. (V); 

2. e l e m e n t s c u r r e n t l y p r e s e n t in b l a c k s l a t e s in a n a m o u n t of u p t o 200 g . ť 1 , 
a n d e s t a b l i s h e d in all s a m p l e s : V. Z r (Cr, S r . B a ) : 
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3. elements, whose contents are most frequently 10 to 100 g . ť 1 : Cr, Cu, Ni. 
Sr, B (B was not identified in 9 samples); 

4. elements present in amounts < 10 g . t ' and in trace a m o u n t s : Co. Pb, Sn. 
Ga (Sn and Ga occur in trace amounts in most samples or were absent al­
together). 

The survey and division of the elements into the groups show the high 
variability of their contents, especially of the elements in parentheses, which 
display differences of up to 1—2 orders of magnitude. Generally, it can be 
stated that except for Zr none of the elements studied has a uniform content 
in the black slates of the Malé Karpaty crystalline complex. The average values 
more or less approximate the average values given by different authors for 
similar rocks. 

In Table 9 there are average values of the elements studied (in g . ť 1) from 76 
spectral analyses and their statistical parameters . 

In graph 4 two fields of correlation projections are distinguishable. One shows 
the positive relationships between the element contents and the other indicates 
area of Cu decrease in rocks. The graph reveals t h a t some rock groups with 
a higher contents of sulphides occurring outside the productive zones of the 
Pezinok—Pernek crystalline complex also belong in this field (see the begin­
ning of Chapter II). 

The study of the relationships between the elements studied issued from the 
correlation coefficients, computed from the results of the quanti tat ive SPA 
method on a computer W A N G 2200 B. The correlation matr ix is given in 
Table 10. The highest correlation coefficient r = 0.837 was obtained for the 
Cu — Ni pair, and a fairly high cor. coefficient for the Cr — V pair. A good 
correlation between these elements is obviously due to their similar geochemical 
properties. Correlation graphs of Cu Ni and Cr V are shown in Figs. 4, 5. 

In order to il lustrate the interrelationships between the elements studied, 
we have constructed a dendrogram which expresses the hierarchy of the 
groups computed. Figure 6 presents the connections of element groups at 
a certain correlation level. The closest connection exists between V and Cr and 
in the group of Cu. Ni and Co. Boron and s t ront ium are located in the scheme 
separately and do not correlate with any other element. 

As we thought it advisable to take into consideration also negative correla­
tions, we have compiled a Table 11 of geochemical affinity of t h e elements 
in the Malé Karpaty black slates. 

To every element in the Table, related elements are ranged according to the 
decreasing value of the correlation coefficient. The elements under the line 
are negatively correlated wi th the element in the heading. For example, in the 
case of Cu the geochemical affinity decreases from Ni to Pb (positive correla­
tion coefficients) and from Ti to Ba (negative correlation coefficients). 

The correlation of the elements studied to organic carbon has been determi­
ned by arranging the samples according to the decreasing content of C o r g 

content, and the contents of microelements have been added to the correspon­
ding values. As already stated by many authors. V shows a definite positive 
correlation with organic carbon. The B and Cu contents have not shown 
a demonstrable relat ionship; they vary greatly with respect to the content 
of organic carbon. From the computed correlation coefficients of C o r g and the 
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T a b l e 11 

Geochemical affinity of the elements studied in the black slates of the Malé Karpaty 
crystalline complex 

V 

Cr 

B a 

Zr 

Pb 

Ni 

Cu 

B 

Sr 

Ti 

Co 

Cr 

V 

Ba 

Ti 

C u 

Zr 

Co 

Ni 

Sr 

B 

Pb 

C u 

Ni 

Co 

Cr 

Zr 

V 

Pb 

Ti 

Sr 

B 

B a 

N, 

Cu 

Co 

Zr 

V 

Cr 

Pb 

Ti 

Sr 

B a 

B 

Co 

Cu 

Ni 

Cr 

Zr 

Ti 

B 

Pb 

B a 

Sr 

V 

Ti 

Zr 

Cr 

Sr 

Co 

Ba 

Ni 

C u 

Pb 

V 

B 

Zr 

Ti 

Ba 

V 

Ni 

C u 

Cr 

Co 

Sr 

Pb 

B 

Pb 

V 

C u 

Ni 

Ba 

Ti 

Sr 

Co 

Zr 

B 

Cr 

Ba 

V 

Zr 

Cr 

B 

Ti 

Pb 

Si-

Ni 

Co 

C u 

Si-

Ti 

Ba 

V 

B 

Ni 

Zl­

a­
d í 

Pb 

Co 

B 

Ba 

V 

Sr 

Co 

Cu 

Ni 

Ci-

Ti 

Pb 

Zr 

elements examined, the approximate scheme of geochemical affinity of Corg 

to individual elements in the dark slates can be compiled: 

V > Ni > Cr > Ba > Pb > B > Ti > Sr > Co > Zr > Cu 

The analysed samples of the Malé Karpaty black slates have been grouped, 
from the regional point of view, with three areas : the Modra—Orešany area 
comprising the rock samples from the northern vicinity of the Pezinok—Pernek 
crystalline complex, the Bratislava area to the south of the central Pezinok— 
Pernek area. For every sample examined the ari thmetic mean, s tandard de­
viation and, for the purpose of comparing the variability in individual areas, 
also the variation coefficient (Table 12) were computed. It is apparent at the 
first sight that Ti and Zr show the minimum variability of contents (minimum 
variation coefficients) in the individual areas. Ni in samples from the Pezi­
nok—Pernek area has four times greater concentration than Ni from the other-
two areas, and Cu twice as great. This is due to that the samples from the 
Pezinok—Pernek area were richer in sulphides (pyrite, pyrrhotite). The V 
contents in samples from this area are also several times higher. 

In the second stage of investigation also the geochemistry of the analysed 
elements has been studied, both in samples from the productive pyri te-bearing 
zones and from the localities outside these zones. Additionally, ten samples 
divided into a heavy and a light fraction on a separation table permited to 
determine accurately the mode of bond of the element in rocks. The two sets 
of samples have been evaluated statistically and graphically as well. The 
comparison of Tables 13 and 14 shows a surprisingly high increase in the ave­
rage contents of some elements in samples from the productive zones relative 
to their contents in samples from the localities outside these zones. The increase 



296 CAMBEL — KHUN 

T a b l e 12 

Basic statistical characteristics of the elements studied trom the areas 
o£ sampling localities (Pezinok — Pernek 40 samples. Modra — Orešany 23 samples. 

Bratislava 13 samples, content in g . t ' ) 

.Ele­
ment 

B 

iV 

C u 

Jí i 

.Co 

Cr 

Ba 

Sr 

Ti 

Pb 

Z r 

Pezinok—Pernek 

X 

40 

545 

102 

142 

9 

143 

5238 

185 

4321 

7 

108 

S 

33 

698 

84 

142 

6 

1.37 

3784 

132 

1648 

5 

41 

V "o 

82 

128 

82 

100 

66 

96 

72 

71 

38 

71 

38 

Mod 

x 

58 

232 

54 

34 

6 

83 

5519 

117 

5094 

6 

133 

ra—Orešany 

S 
1 

78 

230 

71 

70 

4 

55 

1660 

73 

1525 

7 

53 

V ",'o 

134 

99 

131 

70 

66 

66 

30 

62 

30 

116 

40 

x 

35 

171 

50 

35 

7 

77 

3097 

318 

4623 

18 

132 

Bratislava 

S 

j 

32 

155 

40 

13 

3 

31 

3970 

484 

1507 

40 

43 

v«.„ 

91 

í)!) 

80 

37 

43 

40 

128 

152 

32 

222 

32 

in V and Cu is 2.5 fold and in Ni almost 7 fold. The factors of enrichment 
(in relation to Taylor's values of clarkes of the earth 's crust) of these three 
elements in the productive zones a re : V — 3.7. Cu — 2.1 and Ni — 2.8. 

From this finding it was inferred that V. Cu and Ni are most appropriate 
for the discrimination of dark slates of the productive zones from other dark 
slates of the Malé Karpa ty crystalline complex. In order to verify this assump­
tion, discriminant analysis was made. 

The discriminant analysis of the samples of Malé Karpaty dark slates was 
computed after a programme devised by I. Jedlička on a WANG 2200 B com­
puter. The problem to be solved related to the separation of groups of indivi­
duals divided according to a certain set of features, i.e. to classify samples 
in categories previously defined and differentiated. At first, two defined 
groups were established, a group of 58 samples from the productive zones and 
a group of 44 samples from the localities outside these zones. After several 
trials, a 78 " o accuracy has been achieved, i.e. 80 samples out of 102 samples 
were ranged correctly, which practically agrees with the correctness given in 
the l i terature (e.g. M i l l e r — K a h n , 1962). The discriminant analysis sub­
stantiated the assumption that the contents of V, Cu and Ni are most helpful 
in distinguishing between the dark slates of the productive zones and the other 
Malé Karpaty slates ( K h u n . 1980). 

In the second investigation stage the geochemistry of t h e analysed samples 
was studied with the objective to recognize the bond of individual elements in 
black slates. 
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T a b l e 13 

Basic stat ist ical character i s t ic of the e l e m e n t s studied from the product ive zones 
(58 samples, content in g . H) 

Element 

B 

V 

Cu 

Ni 

Cr 

Ba 

Sr 

Ti 

P b 

Zr 

* 

47 

507 

118 

211 

127 

3562 

122 

3673 

10 

112 

Median 

35 

380 

92 

106 

50 

805 

105 

3625 

4 

112 

S 

59 

792 

107 

224 

155 

4076 ' 

93 

1638 

9 ! 

54 

V ("„) 

127 

156 

91 

106 

123 

114 

76 

44 

96 

46 

Var ia t ion span 

0—330 

79—6000 

7.9—525 

10—850 

35—1000 

80—10 000 

5—590 

288—10 000 

0—45 

30—282 

Most common 
content 

0—30 

100—200 

0—50 

0—50 

50—100 

10 000 

0—50 

3000—4000 

0—10 

75—100 

T a b l e 14 

Basic stat ist ical character i s t ics of t h e e lements s tudied from t h e rocks outs ide 
the zones (44 samples, content in g . ť 1) 

E lement j x Median S V (%) Variat ion span 

B 

V 

Cu 

Ni 

Cr 

Ba 

Si-

Ti 

P b 

Zr 

43 

198 

48 

31 

76 

4614 

214 

4764 

10 

117 
! 

36 

115 

30.5 

29.5 

74 

955 

130 

5050 

4 

121 

63 

206 

58 

20 

47 

5132 

318 

1520 

24 

53 

147 

104 

122 

66 

62 

111 

148 

32 

237 

45 

0—410 

30—760 

3.6—166 

10—135 

st.—295 

83—10 000 

St.—1950 

890—7900 

0—155 

30—282 

20—60 

60—120 

0—15 

20—40 

75—100 

10 000 

50—100 

5000—6000 

0—10 

100—150 

Boron 

In t h e r o c k s s t u d i e d b o r o n is a s s o c i a t e d o n l y w i t h t h e m i n e r a l s u b s t a n c e , 
o b v i o u s l y in t h e s e r i c i t i z e d f e l d s p a r s a n d in m u s c o v i t e . It h a s not d i s p l a y e d 
a n y r e l a t i o n to t h e o r g a n i c m a t t e r . T h e p r i n c i p a l c o n c e n t r a t o r of b o r o n in t h e 
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rocks, viz. tourmaline, has not been identified microscopically. In samples 
divided into light and heavy fractions boron showed the tendency to concentrate 
in the light fraction, which would confirm the absence of tourmaline. The 
calculated average boron contents in the Malé Karpaty black slates are low 
compared with the values given in the l i terature, approximately attaining half 
these values. According to H a r d e r the reduction of boron contents is asso­
ciated with diagenetic and chiefly wi th metamorphie processes, which interpre­
tation can also be applied to the black slates of the Malé Karpaty region. By 
the effect of contact metamorphism, for example, the lattice of clay and 
micaceous minerals is disturbed and the released boron is part ly removed by 
water vapour. H a r d e r (1961) reports a decrease in boron content from 165 
g . t 1 in unmetamorphosed red clay to 32 g . t ' in metamorphosed bleached 
clay. The decrease in boron may alternatively be interpreted in terms of the 
sericitization of plagioclases. B a r s u k o v (1961) analysed plagioclases taken 
from one rock with different degrees of sericitization and found that boron 
contents decreased with the increase in the intensity of sericitization. The low 
boron contents (36 g . t 1 ) in the black slates of the Malé Karpaty crystalline 
complex are obviously due predominantly to metamorphie processes. 

Vanadium 

Vanadium plays an important role in the processes of surficial alteration 
on account of its biophile character. In the reducing sedimentary environments 
where bi tuminous shales originate, vanadium accumulation often develop. This 
finding can also be applied to black slates of the Malé Karpaty crystalline 
complex, in which a marked relationship between vanadium and organic mat ter 
has been established. The association of vanadium with organic mat ter has been 
supported by its concentration predominantly in the light fraction of samples. 
The contents of vanadium in the Malé Karpaty black slates varies between 30 
and 6000 g . t 1 . The average content in samples from the productive zones was 
substantially higher (452 g . t 1 ) than in other areas. The increase is due to 
higher Co r g in these zones and lends additional support to the assumption that 
vanadium is preferentially bond to organic mat te r and. obviously, in its reduced 
form V:! . because in the environment enriched in Corg V-,+ becomes reduced to 
V:l . The high contents of vanadium in samples from the productive zones 
make it a characteristic trace element, markedly facilitating the discrimination 
between the samples from the localities in productive zones and those located 
outside them. 

Copper 

Owing to its high affinity to sulphur, copper in rocks generally occurs as 
sulphate or sulphide compounds. It is universally present in sediments. The 
increased Cu contents in samples from the productive zones (142 g . t"1, com­
pared with 91 g . t 1 in the whole set) are produced by increased amounts of 
sulphidic minerals, which is also indicated by the concentration of copper in the 
heavy fraction. 

From their chalcographic studies C a m b e l — J a r k o v s k ý (1967) infer 
that the predominant part of copper in the Malé Karpaty pyrites occurs in the 
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form of chalcopyrite or other Cu minerals forming microscopic and submicro-
scopic inclusions. Under changed physico-chemical conditions these minerals 
may form mixed crystals with the pyrite. In this way copper together with V 
and Ni greatly assists in discriminating between the samples from the productive 
zones and those from other areas. 

Nickel 

Nickel is an important siderophile element. K r a u s k o p f (1955) gives 
a value range from 20 to 300 g . ť 1 for the black shales. For the Malé Karpaty 
black slates a value of 114 g . t 1 was computed for the whole population of 
samples. The increased values of Ni in the productive zones are obviously 
produced by the presence of sulphidic minerals — pyrite and pyrrhoti te . 
According to C a m b e l and J a r k o v s k y (1967) nickel is bound in pyrite 
and pyrrhoti te isomorphically. The bond of Ni in these sulphidic minerals is 
also confirmed by the concentration of it in the heavy fraction of samples 
divided on a separation table. As concerns the mineralization, an interesting 
feature is the concentration of Ni in amphibolic rocks of the Malé Karpaty 
Mts. ( C a m b e l — K u p č o , 1965). Recent studies have revealed that the Malé 
Karpaty pyrites have higher Ni and Cu than pyrites of other Západné Karpaty 
deposits or of sedimentogenic sulphide deposits in other world countries. This 
fact might be accounted for by a relatively high content of nickel in t h e 
amphibolic rocks of the Malé Karpaty region. The above-cited authors have 
determined a Ni content of 199 g . ť 1 in the basic amphibolites. which are most 
widespread amphibolic rocks in the Malé Karpaty. F r o m this they inferred 
that the amphibolic rocks of the Malé Karpaty and geosynclinal submarine 
basic volcanism associated with them might be a source of a relatively high 
Ni content in the pyrites. 

Chromium 

The geochemistry of chromium in the Malé Karpaty black slates is compli­
cated. According to the l i terature, the most probable interpretat ion would be 
the presence of amphibolite pyroclasts in the black slates studied. However, 
C a m b e l and K u p č o (1965) determined and average content of 282 g . t " 1 

lor the Malé Karpaty amphibolites and 435 g . t 1 for those of the Harmónia 
Group. These values are substantial ly higher than the value of 92 g . t " 1 

established for the black shales. To explain the possibility of chromium con­
centration in the light fraction we may point out its good correlation with 
vanadium, which is markedly concentrated in the light fraction in organic-
matter, and its tendency to correlate with organic matter . P o l a n s k i and 
S m u l i k o w s k i (1971) reported that in rock-forming silicates chromium 
occurs as Cr : | ! replacing Fe ; i + and occasionally also Al3" (e.g. in muscovite). 

Barium 

In the Malé Karpaty black slates the Ba contents are extraordinari ly incre­
ased, attaining 2667 g . ť 1, which even exceeds the m a x i m u m value for black 
shales given as 2500 g . t ' by K r a u s k o p f (1955). The distribution of bar ium 
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is highly irregular in all areas studied. The high contents of bar ium are difficult 
to explain satisfactorily. The potassium feldspars, which might be regarded as 
plausible sources, have so low K contents that such high concentrations of ba­
r ium (above 10 000 g . t " 1 ) in them can hardly be presumed. Bar ium is known 
to be associated with carbonates, and its occurrence in hydrothermal veins in 
the crystalline rocks and increased Ba in metamorphic schists also should be 
taken into consideration. Therefore, bar ium must be regarded as a primary 
component originating in a higher degree already during sedimentation. 

Strontium 

In the rocks studied s t ront ium is probably contained in feldspars; its marked 
correlation with carbonates, described in the l i terature, may be applied to the 
Malé Karpaty crystalline rocks. The average content is 168 g . t"1. The sample 
K-3 with a Sr content of 1950 g . t " 1 is rich in calcite. S t ront ium may also 
accompany barium. 

Titanium 

The t i tanium contents in samples from the different areas vary little, as is 
demonstrated by low coefficients of variation. It is obviously present in accesso­
ry rutile, which was determined microscopically. The predominant part of ti­
tanium appears to be associated wi th iron in various minerals. The average 
content of t i tanium in the rocks studied was 3851 g . ť 1 . 

Lead 

Lead was found in most of the samples in trace amounts only and therefore 
i I is not applicable in discriminating between samples from the productive zo­
nes and samples from other areas. C a m b e 1 and J a r k o v s k ý (1967) descri­
be the occurrence of lead in the Malé Karpaty pyrites in the form of a hetero­
geneous mineral. The frequent presence of trace Pb can be explained, at least 
partly, in terms of its easy migration under the metamorphic effects of granite 
magma. 

Zirconium 

T u r e k i a n — W e d e p o h l (1961) give the average content of zirconium 
in shales as 160 g . t " 1 . The Zr contents in black slates of t h e Malé Karpaty crys­
talline complex are uniform, ranging about 100 g . ť 1 . Zirconium is concentra­
ted chiefly in accessory zircon (it concentrated in the heavy fraction) but it is 
also found disseminated, replacing other elements in the minerals. 

II.9. T r a c e e l e m e n t s i n s l a t e s c l a s s i f i e d a c c o r d i n g t o e s ­
t a b l i s h e d c r i t e r i a 

In this section, the evaluation is based on the assessment of average contents 
of the elements in individual sets and their correlation. The results of analyses 
are represented in histograms. Arithmetic means are compared graphically. 
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T a b l e 15 

Basic statistical parameters of trace elements of the whole set of black slate samples 
from the Malé Karpaty crystalline complex 

Element 

B 

V 

Cu 

Ni 

Co 

Cr 

Ba 

Sr 

Ti 

Zr 

Corg 

n = 190 

Set of all samples 

A M 

36 

358 

91 

114 

13 

92 

2667 

168 

3851 

125 

1.5 

A D 

49 

527 

146 

205 

14 

107 

4200 

215 

1846 

58 

2.5 

CV 

138 

147 

161 

179 

114 

116 

157 

128 

48 

46 

160 

G M 

25 

210 

42 

49 

7 

69 

963 

102 

3233 

108 

1.1 

Explanations: AM — arithmetic mean; AD — arithmetic standard deviation; CV — 
coefficient of variation in per cent; GM — geometric mean; n — number of analyses. 
Contents of trace elements in g . -1, C0rX in ° n. 

Table 15 presents the whole population of 190 samples. The set comprises all 
samples that were chosen for the geochemieal study of slates of the produc­
tive zones and slates with a perceptible content of organic component, which 
occur outside these zones. The Table contains the values of ari thmetic mean 
(AM), s tandard deviation (AD), coefficient of variation (CV) and geometric mean 
(GM). 

Table 16 lists the statistical values of microelement contents in sets arranged 
according to the content of Corg , and in Table 17 the sets are grouped according 
to grain-size and grade of metamorphic crystallization of the rocks analysed. 
The contrasting sets of rocks included in Tables 15 and 16 have different geoche­
mieal and petrological picture. For example, the increase of Co r g in slates results 
in the increasing amount for those elements which decrease with the increasing 
grade of metamorphism (Table 17), i. e. of recrystallization of the rocks. The 
metamorphosed rocks are divided into two groups: one comprises rocks affected 
by low-grade metamorphism, and the other rocks of medium- and high-grade 
metamorphism. Graph 7 representing the relationship between metamorphism 
and element content, includes values computed for all 190 dark slates studied 
(column B), generally little recrystallized. The graph shows that with the in­
crease in metamorphic grade the content of the following elements rises: B, Cr. 
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T a b l e 16 

Basic statistical parameters of trace elements in the analysed samples of black 
slates, arranged according to the C0rg content. 

B 

v 
Cu 

Ni 

Co 

Cr 

B a 

Sr 

Ti 

Z r 

Corg 

A M 

28 

203 

6 U 

57 

13 

75 

1870 

224 

4330 

150 

0.2 

n = 

Corg < 

A D 

28 

257 

94 

68 

13 

43 

3446 

291 

\ 1550 

48 

0.1 

71 

0.5 «'„ 

cv 
1 

100 

127 

149 

119 

100 

58 

184 

130 

36 

32 

51.5 

Content, of organic carbon 

G M 

19 

133 

34 

38 

8 

63 

785 

148 

4078 

141 

0.1 

A M 

37 

257 

124 

140 

13 

108 

3787 

168 

4276 

126 

1.2 

• 

n = 

2org 0.5— 3 % 

A D 

52 

235 

230 

319 

14 

106 

5089 

147 

1724 

57 

0.7 

41 

CV G M 
i 

143 24 

91 189 

185 50 

228 48 

108 7 

99 , 78 

134 1260 

87 I 121 

40 3802 

45 114 

64 0.7 

A M 

51 

824 

90 

180 

9 

142 

4496 

77 

3038 

120 

5.7 

n = 

Corg > 

A D 
1 

73 

1024 

83 

235 

10 

209 

5206 

71 

2004 

46 

2.7 

32 . 

3 % 

CV 

143 

124 

92 

130 

108 

147 

116 

90 

66 

38 

48 

G M 

32 

540 

50 

69 

4 

96 

1668 

49 

2252 

107 

5.1 

For explanations see Table 15. 

Sr, Zr, Co and the contents of other elements decrease or do not change appre­
ciably (Ba, Ni, Cu). In samples arranged according to the increasing Co r g con­
tent (Fig. 7) the elements B, V, Cu, Ni. Cr and Ba increase in amount with the 
increase in carbonaceous mat ter . The contents of Co, Sr, Ti, Zr and others 
decrease. It is thus apparent that, the organic mat te r intensively captures espe­
cially V, Ba, Ni, Cr, Ti and part ly also Cu. The concentration of Cr, Zr, Co and 
Fe declines with the increase in organic matter . 

With the increase in grain-size (Table 17) rises the amount of most of the 
elements that displayed an increase wi th the rising grade of metamorphism 
or other alterations, because in a substantial par t of samples the crystallinity 
increases particularly in results of higher metamorphism grade. This is indi­
cated by the rise of Ti, Cu, Sr, Co, Zr in coarse-grained rocks and a decrease 
of B, V, Ni, Ba, Cr and Co r g in finer-grained rocks. Table 18 and Fig. 8 present 
the geochemical characterization of samples arranged according to the content 
of sulphides. It is apparent that wi th the increasing content of pyri te (sulphi­
des) in the individual sets, t he amount of organic mat te r (Corg), B and V in­
creases, but in the group of ores V, Cu, Ni, Cr and Ba decrease. But in slates 
of "B" type Ba increases. The contents of Sr, Ti and Zr decrease. This suggests 
a certain geochemical specificity of ore samples (type C) when compared with 



GEOCHEMISTRY OF BLACK SHALES FROM MALÉ KARPATY 303 

o 
a 

H 

c 
'ä -

•8 
M 
C 

Q 

3 

Ž 
-*-> 
o 
"̂  
01 

c 

o
rd

 

x. 
s a 
£ 

o .S 

5 -c 
•° & 

O S 

0) o 

o-E 
E C 
s o 

D 
"O T3 
c/1 H 
> , QC 
ffl T3 
C C 

OJ C 

5 ° 

si 
c r! 
0; T3 

I 

O 

O 

£ > 

o s o c o c - Ľ - c M i n c o c o c < i i - « 
r-< •-> •& TP r- cc o CD -H ^ 

Q 
< 

co --f .-• m p-< cc L— o o in • 
CO pH P H O - H CD 0 1 

O p H d C O C M C O C C O L í O H -

CO CD i—( O i—l 

O 

> 

CO H* OS Tf ÍO <M 
1(5 1* PH f H M 

CD PH ^H •"* 

*p co co o 
® £ ® M 
( M O * 

—" IM co -rt* in 
os rr t- ai (M 

CC pH Ľ- H 

O 
^ H C O - — ' • — ' C O - ^ O S l O C D O C O 
IM co Tp m c D c c o t ^ r - i — : 

PH CC -H CO PH C = ) 

; > 
o 
Q 

! < 

o 
1—1 

ui 
Tf* 

_, O 
1-1 

_ 
rr; 
(M 

.—< [> 
P H 

(M 
CD 

^ 

r-
CC 

LH 

M 

rr. 
P H 

1(0 

--. 

co 
t-

rc 
to 
"̂  
CC 

CC 

IM 
CO 

*""* 

,_, 
M 
CM 

CD 
HH 

o 
T 
CC 

CD 
TP 

OS 

m 

CO 
CC 

""̂  
as 

M H t- O CO 
CC O CD CC M 

CO PH CX -H 

o 

Q 
< 

c o m m c o i o H - p H c o Ľ - T H C D 
M -M Tp H- CC t- CO Ľ- O ' 

CO CO t- PH *"" 

CO pH CO CC 
-H PH O PH 

I < 

3 — O t , 03 t , ._, 

p a > U 2 U O C Q w H 

01 

3 

N 
Q 

O 

— 1 a 

<u 
c 



304 CAMBEL — KHUN 

Table 18a 

Basic statistical parameters of trace elements in the analysed samples of black sla­
tes arranged according to the content of sulphides (samples from the Pezinok—Pernek 

crystalline complex) 

Sulphide content 

B 

V 

Cu 

Ni 

Co 

Cr 

Ba 

Sr 

Ti 

Zr 

Coi'K 

A M 

37 

262 

67 

66 

11 

84 

2216 

187 

4087 

132 

1.4 

n = 

Type A 

A D 

56 

277 

98 

81) 

11 

71 

3820 

250 

1551 

60 

2.5 

110 

cv 

150 

106 

147 

135 

100 

84 

172 

133 

38 

45 

181 

G M 

17 

170 

34 

39 

5 

67 

860 

119 

3646 

114 

0.7 

A M 

40 

584 

119 

120 

14 

125 

4165 

136 

3957 

128 

1.7 

n = 

Type 

A D 

48 

059 

128 

122 

15 

188 

5155 

117 

2076 

50 

2.0 

41 

B 

CV 

120 

164 

108 

101 

112 

150 

124 

86 

52 

39 

118 

G M 

19 

307 

61 

56 

6 

81 

1623 

89 

3424 

117 

1.1 

A M 

41 

473 

372 

752 

31 

75 

1704 

33 

919 

128 

2.2 

n = 

Type 

A D 

48 

298 

416 

489 

31 

34 

3881 

29 

1180 

50 

2.3 

9 

C 

CV 

118 

63 

112 

65 

100 

45 

228 

87 

128 

39 

105 

G M 

20 

398 

221 

544 

18 

67 

410 

26 

615 

117 

Explanations: type A — slates without visible content of sulphides; type B — slates 
with macroscopically visible sulphide content; type C — sulphide (pyrite) ore. For 
other explanations see Table 15. 

mineralized slates (type B) and pyrite-less slates (type A). The ores display 
mixed geochemical characteristics, caused by a gradual increase in organic mat ­
ter from type A through B to type C. This trend is moreover combined with 
metamorphic activity of various grades. The amount of sulphides produces a dif­
ferent geochemical pat tern. The group of ores analysed by the authors show 
different stages of metamorphic alteration. 

The last three columns of Table 18 comprise the sets of rock samples taken 
only from the productive zones of the Pezinok—Pernek crystalline area. The 
complete set of 190 samples divided into three groups is represented in the 
first three columns: the rocks depleted in sulphides form group A. sulphides-
-bearing rocks from group B and pyrite ores group C. 

The slates of the productive zones, in relation to the rocks arranged in the 
first three columns (Table 18) show an increased concentration of some ele­
ments, e.g. B, V, Cu, Ni and Ba, a lower content of Ti, and unchanged amounts 
of Co. Cr. Zr and Corg. As the average contents of Co r g are approximately iden­
tical in the sets from the productive zones, the effect of C o r s on the contents of 
elements has been excluded by this re-distribution of analyses. It has also re­
vealed that the rocks of productive zones, compared wi th the complete set a r ran-
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T a b l e 1 8 b 

B 

V 

C u 

Ni 

C o 

C r 

B a 

Si-

T i 

Z r 

Corg 

Pezinok — 

Productive zones 
as a whole 

A M 

48 

452 

142 

179 

17 

104 

2521 

]4.i! 

3481 

107 

2.0 

n = 

A D 

58 

370 

147 

212 

17 

89 

4069 

205 

1855 

50 

2.4 

74 

cv 

120 

82 

104 

118 

100 

85 

161 

138 

53 

47 

118.4 

G M 

26 

311 

80 

91 

10 

82 

914 

84 

2778 

94 

1.2 

Pernek crysta l l ine 

Productive zones-

A M 

46 

405 

115 

115 

16 

104 

1231 

190. 

3672 

103 

1.9 

n = 

A D 

62 

348 

138 

127 

13 

97 

2026 

262 

1733 

54 

2.4 

40 

C V 

135 

86 

120 

110 

78 

04 

164 

138 

47 

90 

124 

type A 

G M 

22 

275 

59 

69 

11 

79 

664 

H I 

3157 

26 

0.7 

area 

Prod 

AM 

48 

514 

172 

258 

18 

101 

3828 

98 

3166 

110 

2.1 

n = 

uctivé 
B-4 

A D 

53 

392 

156 

271 

21 

77 

5080 

83 

2008 

45 

2.5 

34 

zones 
-C 

C V 

110 

76 

91 

105 

115 

76 

132 

85 

63 

41 

115 

-type 

G M 

25 

363 

109 

123 

10 

82 

1319 

61 

2282 

100 

1.5 

For explanations see Tab. 18 a. 

ged according to sulphide contents, have higher contents of the elements exami­
ned, particularly those from the Fe group and U, Sb, As, Hg, Zn and others 
(see Chapter III). 

The sets of samples in Table 19 are grouped on the basis of regional and 
stratigraphic criteria. 

This Table and Fig. 9 show that the element contents in the individual sets 
are controlled by the grade of metamorphism: the oldest and most intensely 
metamorphosed rocks have the lowest contents of microelements as compared 
with the lower-metamorphosed rocks, specially if these contain increased 
amounts of carbon and sulphides. 

The Harmónia Group has lower or equal contents of microelements as the cry­
stalline schists in its basement, except for the schists of the Bratislava massif. 
The contents of V. Cu, Ni, Co, Cr and Sr are decreased and those of Ti and 
Ba are increased. As in contrast to other schist types, the slates of the Harmónia 
Group contain, on the average, 4.30 ppm U and 9.20 ppm Th, it may be stated 
that the dark rocks of the Harmónia Group are geochemically identifiable. The 
younger, Mesozoic dark marly rocks, Jurassic Mariatal Shales and Lower Tria-
ssic (Lias?) shaly limestones contain still lower amounts of elements of the 
Fe group (V. Cu. Ni, Cr. Co and CorK) and show a high increase in Ba, Sr, and 
Ti contents. 
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T a b l e 1 !) 
Basic statistical parameters of trace elements in the black slate samples from the 

crystalline basement and in samples arranged on stratigraphic basis 

B 

v 
C u 

N i 

C o 

C r 

B a 

S r 

T i 

Z r 

Cor* 

B 

V 

C u 

Ni 

C o 

C r 

B a 

S r 

T i 

Z r 

C„r„ 

P e z i n o k -
c r y s t 

Pí 

A M 

19 

476 

54 

73 

13 

123 

349(1 

217 

4618 

151 

1.3 

n = 

i l l i n e 

S u b j a c e n t c r y s t a l l i n e a r e a 

— P e r n e k 
a r e a o u t s i d e 

o d u c t i v e z o n e s 

A D 

17 

1156 

24 

Ull 

16 

227 

4796 

186 

2077 

53 

3.0 

26 

S u b j a c e n t 
a r e a a s 

A M 

39 

419 

115 

151 

15 

102 

2456 

178 

3757 

121 

1.8 

n = 

A D 

58 

612 

171 

242 

16 

123 

3977 

245 

1914 

53 

2.5 

130 

C V 

89 

242 

138 

L38 

125 

184 

137 

85 

45 

36 

224 

G M 

L0 

183 

29 

34 

(i 

70 

1360 

152 

4264 

139 

0.8 

E 

A M 

27 

187 

95 

112 

11 

69 

2258 

256 

3893 

148 

1.0 

n = 

S t r á t 

c r y s t a l l i n e 
a w h o l e 

C V 

151 

146 

141! 

160 

106 

121 

162 

137 

51 

44 

1-1(1 

G M 

22 

245 

54 

67 

7 

77 

926 

102 

3089 

108 

1.1 

r a t is l a v a a r e a 

A D 

27 

254 

271 

372 

14 

33 

3850 

383 

1463 

42 

1.8 

24 

i g r a p 

C V 

100 

136 

284 

331 

122 

48 

17(1 

15(1 

37 

2i! 

180 

h y 

G M 

15 

129 

29 

34 

5 

58 

907 

140 

3503 

143 

0.3 

H a r m ó n i a G r o u p 

A M 

30 

260 

42 

45 

7 

73 

2977 

121 

4165 

125 

0.9 

n = 

A D 

19 

260 

56 

45 

1! 

51 

4497 

83 

1826 

66 

2.2 

47 

C V 

(i 2 

100 

132 

100 

111 

70 

151 

68 

44 

53 

248 

G M 

21 

170 

26 

30 

3 

57 

1032 

92 

3575 

98 

0.4 

M o d 

A M 

73 

113 

27 

29 

8 

58 

2415 

156 

4410 

187 

1.2 

n = 

r a — O 

A D 

165 

28 

21 

111 

7 

21 

4697 

105 

1320 

53 

2.1 

(i 

Y o u n g e r 
(Tr i 

A M 

38 

123 

59 

35 

10 

77 

4791 

234 

4460 

163 

0.4 

n = 

A D 

47 

35 

54 

íl 

7 

31 

5971 

153 

1222 

61 

(1.4 

8 

• e sany 

C V 

224 

25 

76 

34 

9(1 

3 (i 

194 

ti 7 

30 

28 

1711 

ormat 
issic) 

C V 

122 

28 

91 

26 

(i 4 

40 

125 

(i 5 

27 

:Í7 

10(1 

area 

G M 

54 

110 

21 

27 

6 

55 

830 

125 

4254 

182 

0.4 

ions 

G M 

24 

119 

37 

34 

8 

72 

1518 

190 

4309 

154 

0.3 

For explanations see Table 15. 
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In Table 20 the sets of samples are arranged according to the contents of so­
me key minerals, or according to the manifestations of hydrothermal and su­
perimposed tectonic processes; the values are represented in Fig. 9. 

The average contents of microelements compiled in Table 20 allow to draw 
the following conclusions: The classification of rocks based on the greater or 
lesser representation of quartz does not provide marked differences in the ave­
rage contents of elements. Only V and CorH contents are lower in the rocks ha­
ving less quar tz and, conversely, Ni, Sr and Ti show a higher concentration in 
these rocks. The values of the remaining elements remain essentially constant. 
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Fig. 9. Average contents o£ trace elements in the samples of black slates arranged 
according to stratigraphy (9 a) and mineralogy (9 b). 

Explanations: Contents in g . t ' . 9 a: 1 — crystalline basement, undivided: 2 — Har­
mónia Group: 3 — younger formations, Mesozoic. 9 b: 1 — increased content of bio-
tite, garnets and feldspars; 2 — increased amphibole content; 3 — increased con­
tent of carbonates. 
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T a b l e 2 1 

Basic statistical parameters of trace elements in samples of black slates 
i fleeted by hydrothermal alteration, mylonitization and weathering, and in samples 

with a higher content of carbonates 

B 

V 

C u 

Ni 

Co 

Cr 

Ba 

Sr 

Ti 

Z r 

Corg 

Hydr 

A M 

52 

293 

113 

81 

16 

93 

3738 

154 

4259 

131 

1.6 

n = 

oterm; 

A D 

fi!) 

315 

138 

94 

18 

73 

4979 

71) 

1869 

59 

2.8 

24 

1 alterations 

CV 

134 

107 

122 

117 

109 

78 

133 

51 

34 

45 

171 

G M 

30 

200 

57 

48 

10 

71 

1358 

124 

3832 

118 

0.9 , 

Mylonitization 
weathering 

A M 

57 

291 

103 

7(1 

12 

70 

2306 

145 

3890 

139 

1.3 

n = 

A D 

37 

296 

127 

104 

18 

58 

4092 

101 

1556 

62 

2.3 

21 

CV 

153 

101 

123 

137 

157 

82 

177 

69 

40 

45 

132 

G M 

33 

194 

54 

41 

6 

52 

874 

94 

3329 

112 

0.8 

Higher portion 
of carbonates 

A M 

51 

297 

107 

126 

18 

74 

1554 

178 

3522 

93 

1.1 

n = 

A D 

85 

302 

150 

180 

22 

55 

2891 

326 

1853 

59 

2.6. 

33 

CV 

128 

102 

140 

142 

120 

74 

186 

184 

53 

63 

221 

G M 

28 

193 

47 

63 

11 

58 

625 

105 

2838 

73 

0.6 

For explanations see table 15. 

The comparison of the sets of samples bearing biotite, garnet and feldspar 
with amphibole-bearing rocks (metatuffs and metatuffites) shows great diffe­
rences in the contents of trace elements. The amphibole-bearing rocks exhibit in­
creased contents of B, V, Cu, Ni and Co r g (obviously some pyri te ores are includ­
ed), and smaller amounts of Sr, Ti and Zr. The contents of other elements 
are unchanged. 

The set of samples with increased carbonate contents (Table 21) is obviously 
chemically influenced by hydrothermal activity; in relation to the biotite- and 
feldspars-bearing rocks it contains higher B, Cu, Ni and Co 'amounts and lower 
Cr. Ba. Ti and Corg. The Sr contents remain unchanged. These data point to 
a striking peculiarity of the set of samples with an increased content of carbona­
tes. 

Between the sets of hydrothermally and tectono-metamorphically altered 
rocks there are no differences in the content of microelements except for chro­
mium and barium, which occur in mylonitized rocks in minor amounts. It should 
be remarked that the hydrothermally altered rocks and rocks wi th increased 
contents of carbonates display increased values of other elements from the group 
of polymetals, which are not discussed here. 

The histograms presented at the end of Section II. 9 are constructed so as to 
show the frequency of content values of the elements grouped wi th the indivi­
dual rock populations, especially those which are compared in graphs and tab-
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Fig. 10. Histogram showing the distribution of trace elements frequency in the 
examined samples of the whole set (190 samples). Contents in g . t '. 
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Fig. 11. Histogram of distribution of trace elements frequency in the rocks studied. 
divided according to the content of C0rg-

Explanations: Contents in g. t1. 1 — Corg content below 0.5%; 2 — Corg content 
between 0.5 and 3 % ; 3 — C(,rg content above 3 % . 
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les. In Fig. 10 the entire set undivided into subpopulations is included. The 
frequency values in the sets arranged according to t h e contents of organic mat-
ter are given in Fig. 11. according to sulphide contents (Fig. 12), and according 
to the representation of the studied minerals of discriminations significance 
(Fig. 13). 
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Fig. 12. Histogram of distribution of trace elements frequency in the rocks studied. 
arranged according to the content of sulphides. 

Explanations: Contents in g . t"1. For types A, B, C see Fig. 8. 

11.10. M a c r o e l e m e n t s i n b l a c k s l a t e s of t h e M a l é K a r p a t y 
M t s. 

We had at our disposal 84 incomplete silicate analyses for the determination 
of seven elements (O, Si, Na, AI, Fe, Mg), which were made in the Geofyzika, 
nat, corp., Brno, using the INAA method by means of neutron activation in la­
boratory generator analyst Ing. J. B a r t o š e k , CSc) . The results in cation 
form are presented in the catalogue, and for tabular presentation they were 
recalculated into oxides. Potass ium was determined by y — spectrometry in 
the Geological Inst, of the Slovak Acad. Sci., Bratislava (analyst RNDr. V. K á t-
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l o v s k ý , CSc) . The data have been published in the paper of C a m b e l — 
K á t l o v s k ý —• K h u n (1981). The results of statistical t rea tment (ar i thme­
tic means, s tandard deviations, coefficients of variation and geometric means) 
are in Tables 22 to 28 for individual groups. 

f 
50 100 0 350 1050 0 75 225 
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0 200 «X) 

700 2100 3500 12000 

0 200 <>00 0 700 2100 35001.900 

Zr 

30 60 90 120 150 180 210 2W) 270 

-org 

- W R - F F P L 
0 07 2.1 3.5 i.,9 6.3 7.7 

Fig. 13. Histogram of distribution of trace elements frequency in the rock studied. 
arranged according to mineralogical composition. 

Explanations: Contents in g . t"1. 1 — increased content of biotite. garnet and feld­
spars; 2 — increased amount of amphibole; 3 — increased amount of carbonates. 

Table 22 lists average values from 84 samples of the black slates of the Malé 
Karpa ty crystalline complex. The contents of macroelements compare well, for 
example, with black slates from Outokumpu Finland (P e 11 o 1 a, 1960) or black 
siates from the Lower Silurian of the Barrandian ( K u k a l . 1961). The distri­
bution of macroelements in the black slates studied is mainly controlled by the 
detrital fraction and less by diagenetic minerals such as pyrite and carbonates. 
No significant correlations between the macroelements have been established, and 
correlations with trace elements have not been carried out,* 

Table 23 shows a parallel increase of S i 0 2 with the increase in the Co r g con­
tent. This relationship has already been reported in several papers. The A120 : ! 

Co r g ratio is inversely correlated. In some cases this may be due to the lyditic 

For the lack of space the correlation matrices are not included in the paper. 
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T a b l e 22 

Basic pa rame te r s of the major e lements in black s la te samples 

K.O 

S i 0 2 

Na_,0 

ALO, 

Fe-jO;; 

MgO 

AM 

1.32 

55.85 

2.55 

11.84 

7.58 

2.82 

n = 84 

Set of all samples 

AD CV 

1.32 100 

15.62 28.1 

4.29 170.2 

5.45 45.8 

7.29 95.9 

3.32 117.5 

GM 

1.13 

51.15 

2.12 

9.96 

5.57 

2.54 

Explanations: AM — ar i thmet ic m e a n : AD — ar i thmet ic s t andard devia t ion; CV — 
coefficient of var ia t ion in pe r cent : GM — geometr ic m e a n ; n — n u m b e r of samples . 
Contents in per cent. F. :0 : ; represents the Fetotai value. 

T a b l e 2 3 

Basic stat ist ical p a r a m e t e r s of major e lements in t he examined samples 
of black slates, a r r anged according to Corg content 

Content of organic carbon 

0.5 % Corj? 0 .5—3% CorK > 3 ° , 

AM AD CV GM AM AD CV GM AM AD CV GM 

K.O 

SiO. 

N a , 0 

A1,0;; 

FejO;; 

MgO 

1.32 

55.21 

2.81 

15.60 

6.15 

2.82 

n = 

1.44 

10.27 

1.21 

3.01 

2.14 

1.66 

17 

109.3 

18.6 

46.4 

20.1 

35.6 

59.1 

1.10 

54.14 

2.41 

15.23 

5.86 

2.49 

1.32 

53.71 

2.14 

12.03 

9.58 

3.15 

1.44 

17.12 

1.47 

4.70 

10.01 

2.82 

8 

109.3 

32.1 

66.4 

39.9 

105.1 

89.2 

1.09 

50.07 

2.12 

10.15 

6.86 

1.82 

1.20 1.44 118.5 1.08 

60.13 16.91 28.1 50.07 

3.08 8.44 270.5 2.85 

8.84 5.64 64.1 

7.29 6.86 94.1 

2.49 4.32 172.9 

6.77 

5.01 

2.14 

13 

For explana t ions see Table 22. 

c h a r a c t e r of rocks , o b s e r v a b l e ch ief ly in s l a tes of t h e H a r m ó n i a G r o u p , c a u s e d 
by t h e e x p a n s i o n of o r g a n i s m s d u r i n g vo l can i c a c t i v i t y . T h e s u p p l y of S i 0 2 c an 
be ef fec ted v ia e x h a l a t i o n s a n d h y d r o t h e r m a l s o l u t i o n s i n t o w a t e r e n v i r o n m e n t , 
w h i c h m a y i n d u c e s u i t a b l e c o n d i t i o n s for c a r b o n i f i c a t i o n of o r g a n i c r e m a i n s , 
a n d t h u s a l a r g e r a m o u n t of o r g a n i c m a t t e r m a y a c c u m u l a t e in s e d i m e n t s . 
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GEOCHEMISTRY OF BLACK SHALES FROM MALÉ K A R P A T Y 3 1 5 

T a b l e 2 5 

Basic stat ist ical pa rame te r s of ma jo r e lements in the examined samples 
of black slates a r r anged according to t he con ten t of su lphides a n d samples from the 

Pez inok—Pernek crys ta l l ine complex 

K , 0 

S iO : 

N a , 0 

Al.O;, 

F e O , 

MgO 

K , 0 

SiOL, 

Na-jO 

A 1,0, 

F e , 0 , 

MgO 

AM 

1.32 

58.42 

2.41 

13.54 

6.01 

2.57 

n = 

Type A 

AD 

1.32 

12.41 

1.34 

4.52 

3.29 

2.32 

52 

CV 

100.0 

21.4 

59.7 

32.3 

54.2 

85.7 

GM 

1.13 

56.71 

1.74 

12.59 

5.01 

2.21 

Pezi 

P roduc t ive zones 
as a whole 

AM 

1.08 

56.50 

2.81 

10.15 

8.86 

2.98 

n = 

AD 

0.96 

16.69 

6.16 

5.45 

7.01 

3.65 

39 

CV 

98.0 

29.4 

214.6 

53.7 

79.3 

121.9 

GM 

0.89 

50.07 

2.22 

8.27 

7.01 

2.53 

Sulphide content 

AM 

1.08 

57.35 

3.88 

10.53 

7.15 

2.82 

n = 

nok — 

P 

AM 

1.08 

58.85 

1.74 

11.09 

7.29 

3.15 

n = 

Type B 

AD 

1.32 

17.55 

8.57 

5.64 

4.29 

4.48 

20 

CV 

112.9 

30.7 

214.3 

54.6 

58.9 

153.3 

GM 

0.94 

47.29 

3.32 

8.46 

5.86 

2.52 

P e r n e k crys ta l l ine 

•oductive zones 
type A 

AD 

0.96 

14.34 

1.34 

4.88 

3.72 

2.49 

21 

CV 

98.0 

24.4 

80.9 

44.3 

50.7 

82.1 

GM 

0.91 

56.71 

1.07 

9.96 

6.43 

2.32 

AM 

0.24 

34.24 

0.54 

1.88 

32.03 

0.33 

n = 

area 

Type C 

AD 

0.36 

17.98 

0.40 

0.94 

13.03 

0.33 

4 

Product 
type 

AM 

0.96 

54.14 

3.75 

8.65 

11.44 

2.49 

n = 

AD 

1.03 

19.47 

8.58 

6.02 

10.29 

4.48 

18 

CV 

123.4 

52.4 

71.9 

49.9 

37.3 

100.0 

GM 

0.19 

30.60 

0.40 

1.69 

29.88 

0.24 

ve zones 
B + C 

CV 

114.1 

36.1 

222.6 

70.9 

90.4 

175.1 

GM 

0.91 

44.08 

3.58 

6.20 

8.01 

2.06 

For exp lana t ions see Tables 18 and 22. 

T h e r e l a t i o n s h i p b e t w e e n t h e g r a i n - s i z e of r o c k s a n d t h e c o n t e n t s of S i 0 2 , 
A l 2 0 ; i . M g O a n d N a 2 0 is s e e n f r o m T a b l e 24. A h i g h e r S i 0 2 c o n t e n t in f i n e r -
- g r a i n e d v a r i e t i e s of s l a t e s h a s b e e n c o n f i r m e d b y p e t r o g r a p h i c a l s t u d y , w h i c h 
r e v e a l e d t h a t q u a r t z in b l ack s l a t e s is p r e d o m i n a n t l y f i n e - g r a i n e d a n d s l i gh t ly 
r e c r y s t a l l i z e d . M e t a m o r p h i s m ( T a b l e 24) is r e s p o n s i b l e fo r t h e i n c r e a s e of S i 0 2 

a n d A l 2 0 : t c o n t e n t s ; t h e c o n t e n t s of o t h e r m a c r o e l e m e n t s d o n o t c h a n g e p e r c e p ­
t ib ly , w h i c h is c o n n e c t e d w i t h t h e r e d u c t i o n of o r g a n i c m a t t e r a n d s u l p h i d e s in 
h i g h e r m e t a m o r p h o s e d sch i s t t y p e s . 



316 CAMBEL — KHUN 

T a b l e 2 6 

Basic statistical parameters of major elements in the samples ot black slates 
from the crystalline basement and in samples arranged on stratigraphic basis 

K , 0 

SiO, 

Na.O 

A1203 

Fe20 : 1 

MgO 

Pez inok—Pernek crys-
ta l l ine a rea outside 

product ive zones 

AM AD CV 

0.96 1.20 134.2 

56.28 14.34 25.4 

2.82 1.88 65.2 

13.16 3.38 26.1 

4.43 3.29 72.6 

2.49 2.65 102.9 

n = 11 

GM 

0.81 

54.36 

1.88 

12.60 

3.15 

2.16 

Subjacent crys ta l l ine area 

B 

AM 

1.92 

52.22 

2.55 

15.23 

9.29 

2.32 

n = 

ra t is lava a rea 

AD 

1.56 

14.98 

1.21 

5.26 

11.15 

1.16 

12 

CV 

84.2 

28.8 

51.8 

35.1 

119.0 

53.5 

GM 

1.65 

49.01 

2.01 

12.78 

6.72 

1.34 

Mod 

AM 

1.68 

61.20 

1.88 

16.92 

4.29 

1.49 

n = 

•a—O 

AD 

2.52 

9.20 

1.61 

4.7 

1.14 

0.99 

2 

•esany 

CV 

141.4 

15.1 

91.0 

28.4 

28.2 

65.9 

a rea 

GM 

1.32 

60.78 \ 

1.34 

16.54 

4.14 

1.33 

K , 0 

SiO, 

Na .O 

Al.O;; 

Fe 20 : l 

MgO 

Subjacent 
a r e a as 

AM 

1.08 

55.85 

2.68 

11.09 

8.44 

2.66 

n = 
i 

AD 

1.08 

16.26 

4.96 

5.45 

8.15 

3.32 

64 

crysta l l ine 
a whole 

CV 

100.0 

29.1 

182.5 

49.1 

96.0 

120.4 

GM 

0.81 

50.72 

2.19 

9.02 

6.15 

2.45 

H 

AM 

1.80 

57.14 

2.01 

13.72 

4.72 

3.15 

n = 

Stra t ig raphy 

i rmón ia Group 

AD 

1.92 

14.34 

1.34 

3.76 

2.00 

3.98 

14 

CV 

107.8 

25.2 

68.4 

28.3 

45.0 

122.3 

GM 

1.63 

53.50 

1.79 

12.97 

4.15 

2.32 

Younger formations 
(Triassic) 

AM 

2.64 

51.36 

2.41 

20.12 

8.01 

3.49 

n = 

AD 

2.4 

3,42 

1.07 

0.38 

2.57 

1.00 

3 

CV 

88.8 

6.8 

44.1 

2.5 

32.7 

29.6 

GM 

2.42 

51.36 

2.14 

20.12 

7.72 

3.32 

For explanations see Table 22. 

An outstanding decrease in the content of essential elements (esp. Si and Al) 
results in the increase of ore elements, as is seen from Table 25. In type C (sul­
phide ore) the contents of SiO.,, A120:!, K 2 0 , MgO and N a 2 0 are extraordinari ly 
low, compared with type A (black slates devoid of sulphides). The high content 
of Fe ,0 : , (the value is of total Fe) is connected wi th the increased content of 
sulphidic minerals in the rock. 

Certain relations between the content of macroelements in the black slates 
of the Malé Karpaty crystalline complex follow from the ar rangement of rock 
samples on the regional and strat igraphic bases (Table 26). A higher S i 0 2 con-
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T a b l e 28 

Basic statistical parameters of major elements in the samples ol black slates affected 
by hydrothermal alteration, mylonitization and weathering, and in samples having 

a higher content of carbonates 

Hydrothermal Mylonitization. Higher portion 
alterations weathering of carbonates 

K , 0 

S i 0 2 

Na.O 

A1,0 :1 

Fe-A: 
MgO 

AM 

0.84 

52.86 

2.41 

12.60 

7.29 

3.49 

n = 

AD 

0.84 

19.47 

1.34 

3.76 

4.29 

2.82 

9 

CV 

100.0 

36.8 

54.6 

30.0 

59.1 

79.9 

GM 

0.71 

49.01 

2.01 

12.03 

6.01 

2.66 

AM 

1.92 

59.71 

2.01 

13.91 

6.86 

2.32 

n = 

AD 

1.44 

7.70 

1.74 

4.13 

2.71 

0.99 

9 

CV 

73.2 

12.8 

83.6 

30.2 

40.4 

45.0 

GM 

1.74 

59.28 

1.07 

13.35 

6.43 

1.99 

AM 

1.80 

41.10 

1.21 

11.66 

10.15 

4.81 

n = 

AD 

1.20 

15.84 

0.94 

5.45 

8.72 

4.48 

12 

CV 

69.9 

38.8 

83.4 

47.2 

86.1 

91.5 

GM 

0.96 

37.45 

0.81 

9.78 

7.86 

3.65 

For explanations see Table 22. 

tent distinguished the slates from the Modra—Orešany area (a small number of 
samples must be taken into consideration) and the black slates of the Harmó­
nia Group. A high content of A1203 (up to 20.12 %) is typical of shales of the 
younger formations. 

The differences in the contents of macroelements in the rocks studied (Table 
27) are caused by the differences in the representat ion of rock-forming minerals 
(given in the heading of the Table). 

The contents of macroelements analysed in black slates affected by hydro-
thermal alteration, mylonitization, weather ing and in slates having a higher pro­
portion of carbonates are listed in Table 28. 

It must be especially remarked that the results obtained by means of the 
INAA method using the generator have not been verified yet sufficiently by 
other analytical methods. 

The comparison of the contents of essential macroelements in the individual 
sets reveals many cases of differences but these can be readily explained on pe­
nological basis. It can be stated, however, tha t the division of macroelements 
into groups according to the above given criteria does not exhibit such cons­
picuous differences between the sets, as has been observed in microelements 
(trace elements). This is due to the fact that the contents of trace elements are 
not controlled to such a degree by the contents of essential elements forming 
the rock-forming minerals, but ra ther by elements that are characteristic of 
the black slates and are a product of part icular genetic conditions of these sla­
tes. These factors involve the content of organic component in the rock and of 
sulphides, the grade of metamorphic recrystallization of the rock, and the in­
tensity of additional alterations, which are decisive for the geochemical com­
position of slates, as concerns the content of microelements. 

For illustration, in Table 29 containing complete chemical analyses of the 
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T a b l e 29 

Complete chemical analyses of black slates of the Malé Karpaty 
crystalline complex 

Sample 
number 

Fe,0., 
M n O 
TiO., 
CaO 
K..O 
Sib-, 

A 1,0., 
M g O 
N.a-,0 
H..Ó-
H,0' 
S 

B 
V 
Cu 
Ni 
Co 
C r 
Ba 
Sr 
Ti 
Zr 
Cors 
Th 
U 

8 B 

7.10 
0.19 
1.03 
3.31 
2.93 

HO.61 
17.64 
3.61 
1.22 
0.16 
2.61 

100.61 

3 
93 
115 
66 
14 
93 
780 
182 

5600 
57 

1.13 
6.1 
3.1 

; 

13 A 

2.26 j 
0.02 
0.48 
1.11 
2.16 

72.81 
14.42 
0.68 
2.87 
0.16 
3.14 

100.11 

44 
390 
91 
5 
1 
35 

12000 
174 

3200 
186 
1.23 

— 

19 A 

2.57 
0.05 
0.69 
5.64 
3.99 

65.86 
12.96 
1.82 
0.21 
0.25 
5.87 

99.91 

71 
48(1 
19 
12 
3 

295 
12000 
123 

6200 
148 
5.02 

11.1 
9.9 

26 A 

6.70 
0.10 
1.04 

, 2.58 
3.42 
61.81 
17.15 
3.21 
1.14 
0.29 
2.73 

100.17 

54 
15 
5 
5 
3 
5 

12000 
32 

1360 
110 
0.18 
10.1 
2.6 

27 A 

1.18 
0.15 
1.74 
10.37 
0.48 
57.26 
11.37 
5.38 
0.44 
0.32 
3.42 

100.12 

43 
89 
10 
5 
1 

37 
590 
174 
6300 
269 
— 
1.8 
2.2 

39 A 

8.54 
0.11 
1.19 
2.40 
3.69 
56.49 
19.48 
2.78 
0.64 
0.14 
4.13 

99.69 

62 
162 
62 
27 
3 

115 
12000 
390 
4800 
126 
0.18 
7.8 
6.4 

41 A 

5.85 
0.01 
0.47 
0.26 
1.54 

75.82 
7.48 
0.41 
0.31 
0.27 
7.44 
99.86 

126 
590 
16 
41 
3 
87 
200 
30 

2690 
139 
2.84 
2.1 
14.0 

50 A 

7.35 
0.09 
0.74 

29.52 
0.71 
33.88 
12.85 
4.46 
2.35 
0.08 
7.99 

100.02 

1 
155 
49 
48 
26 
49 
930 
251 
5750 
69 

0.01 
0.6 
0.9 

59 A 

4.78 
0.10 
0.58 
2.52 
3.18 

62.88 
15.87 
1.80 
0.50 
0.05 
7.59 

99.85 

141 
126 
13 
35 
14 
57 
690 
91 

4000 
132 
— 
6.5 
2.4 

62 A 

11.77 
0.06 
0.37 
4.61 
1.08 

60.51 
6.54 
2.89 
0.75 
0.27 
11.05 
99.90 

10 
720 
209 ; 
288 
19 
60 

470 
49 

2690 
190 
4.90 
0.4 

24.0 

Explanations: macroelements (X-ray fluorescence anal., Geol. Inst. Slovak Acad. 
Sci., Bratislava — in "<,); trace elements (SPA Geol. Inst, of Comenius University, 
Bratislava — in g . ť 1 ); C„rg (conductometry. Geol. Survey, branch, Brno — in % ) ; Th. 
U (r — spectrometry, Geol. Inst. Slovak Acad. Sci., Bratislava — in g . t '); — undeter­
mined. 

black slates of the Malé Karpaty crystalline complex, the silicate analyses are 
accompanied by the results of determinations of the trace elements. 

This Table permits to study the relationships of micro- and macroelements, 
as shown by the analyses of samples of the black slates. SiO-, varies within a wi­
de range — from 75—82 to 33—87 ".„, Al 2 O a from 17.14 to 6.54, MgO from 5.38 
to 0.41 " o, K,20 from 3.99 to 0.48 % , N a 2 Ó from 2.87 to 0.21 % , CaO from 29.52 
to 0.26",,. and Fe^O, — 2.26 to 11.77%. Accordingly, the loss by ignition ran­
ges within 11.0—2.61. The Table confirms the lithological variability of the 
black slates, as recorded in the first paragraphs of Section II.8. The microele­
ments have relatively stable high contents of Ba and Ti and approximately 
equal Zr contents. The amounts of other microelements vary considerably, their 
contents depending obviously on C o r g , Fe and Ca. However, the contents of tra­
ce elements in many cases increase or decrease irrespective of mutual relations-
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T a b l e 31 

Complete chemical analyses of melamorphic rocks of the Malé Karpaty 
crystalline complex, arranged regionally 

1 

SiOo 
TiO-
Al.,0;, 
Fe-.0:i 
Feb 
MnO 
MgO 
CaO 

, Na-.O 
K..Ó 
H-.0-
H , O l 

Ga 
Cr 
V 
Ni 
Co 
Cu 
Zr 
,Sc 
P b 
Sr 
B a 
Y 
La 
Be 
B 
Sn 
Mo 
Th 

Brat is lava massif 
a rea 

Gneisses Phyll i tes 

61.87/36 
0.89 36 

17.39 36 
3.09/36 
3.99 '36 
0.19 36 
2.65 36 
2.10'36 
3.01/36 
2.76 36 
0.32 23 
1.40 36 

39/5 
101/37 
139 37 

58 '37 
31/37 
50 '37 

217 37 
27 37 
16/37 

253 '37 
555 37 

37 35 
121/5 

3 32 
18 32 
15 32 

< 1 23 
8 14 
5/14 

62.96/13 
0.87/13 

16.74,13 
3.04 13 
3.25 13 
0.10,13 
3.10 13 
1.71/13 
2.47/13 
3.03 13 
0.45 11 
2.64 13 

15 3 
94 14 

116 14 
64 14 
22 14 
58 14 

185 14 
25 14 
15'14 

180 14 
541 14 

30'14 
90 3 
2 11 

57 11 
14 U 

< 1 9 
7/5 
5/5 

Modra massif area 

Gneisses 

64.87 1 
0.79 1 

16.50/1 
0.95/1 
3.87/1 
0.08/1 
2.11/1 
2.12 1 
4.09,1 
2.52/1 
0.16/1 
1.36,1 

51/1 
— 
102 T 

38 1 
15 1 
23 1 

270 1 
30 1 
29/1 

191 1 
460 1 

29 1 
168 1 
— 
— 
— 
— 
12/1 

3 1 

Phyl l i tes 

66.97 6 
0.74 6 

13.28,6 
1.64/6 
3.82 6 
0.08,6 
1.68 6 
3.71 6 
3.21 6 
2.27/6 
0.31,6 
2.31/6 

26 6 
60/6 
87 6 
27 6 
19 6 
69 6 

209 6 
30 6 
22/6 

230 6 
709 6 

18/6 
90 6 

— 
— 

— 
8 6 
2/6 

Pezinok-
crystall 

Gneisses 

65.42 14 
0.80,14 

15.42 14 
3.15 14 
3.30 14 
0.13 14 
2.21 14 
1.90 14 
3.2414 
2.32/14 
0.34:8 
1.48/14 

2 1 1 
97 14 

133 14 
43 14 
24 14 
33 14 

217 14 
25 14 
14 14 

198 14 
530 14 

37 14 
107 1 

2 13 
20 13 
1013 

< 1 8 
7'6 
4 6 

—Pemek 
n e area 

Phyll i tes 

60.22 16 
0.91/16 

16.51 16 
4.47 16 
3.43 16 
0.14 16 
2.77 16 
2.56 16 
2.73 16 
2.53 16 
0.49 16 
3.13 16 

27/11 
83 16 

138/16 
84/16 
20 16 
81 16 

223 16 
19 16 
11.16 

172 16 
692 16 

44 16 
— 

3 5 
38 14 

8 5 
— 

7 '7 
4 7 

! 
H a r m ó n i a Group 

Gneisses 

— 

— 
— 
— 
— 
— 
— 
— 
— 
— 

_ 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 

— 
— 

Phyl l i tes 

62.77 9 
0.82,9 

15.80'9 
2.61 9 
2.97 9 
0.10,9 
3.03 9 
3.15/9 
2.67 9 
2.88 9 
0.34 9 
2.58 9 

25 8 
65,10 

142 10 | 
38/10 
14 10 
39 TO 

165 10 
16 10 

8/10 
153/10 

1152 10 
31/10 

204 i 
3 2 

38 10 
7/2 

10 3 
5 3 

Explanations: macroelements — contents in per cent; trace elements — contents in 
g . t 1 ; — no record; numbers in denominators give the number of analytical data 
from which arithmetic mean was calculated. 

hips. Table 29 is thus an example of lithological and geochemical variability of 
the black slates in the Malé Karpaty region. 

The Harmónia Group is characterized by average complete silicate analyses 
and analyses of trace elements, compiled in Table 30. The results of silicate 
analyses display a greater equality of macro- and trace elements. From this 
it follows that this slate complex was deposited under fairly stable sedimenta­
tion conditions, and that their petrochemical and geochemical pat terns can be 
more easily expressed even by single analyses. The sequence is characterized 
by a relatively high content of Si0 2 , by approximately equal contents of K.,0 
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and Na.,0, and a high Ba content with a relatively low content of Sr. These 
analyses are taken from the papers of authors that are mentioned in t h e in­
troduction of part II, and the documentation of the samples is to be found at 
the end of the catalogue. These analyses have not been included in the statistic­
al computer processing. 

The average values of phyllites and gneisses grouped according to regional 
standpoints are presented in Table 31. 

The analyses were made to assess the chemical composition of biotite phylli­
tes and biotite gneisses that occur outside the areas in which the complexes 
of dark slates were examined. Most of these rocks have small contents of 
organic matter . The clayey-siliceous pelitic metamorphites of the schist series 
form the mant le into which the Variscan granitoids had intruded. 

The average contents of the essential minerals are fairly similar, not except­
ing the rock samples from the Harmonia Group. The fact that no substantial 
differences exist between macroelement contents in gneisses and phyllites 
indicates stable sedimentary conditions. It also suggests that t h e periplutonic-
-contact metamorphism did not produce a substantial petrochemical and geo-
chemical differentiation but ra ther a petrochemical rapprochement. This is at 
variance with the conditions in the black slates, where metamorphism caused 
migration, of some microelements, in particular. 

11.11. U r a n i u m a n d t h o r i u m 

The investigations carried out in the Malé Karpaty crystalline complex 
(C a m b e 1 — K h u n , 1979; C a m b e 1 — S t r e š k o — - M i č u d a , 1981; K h u n . 
1980) have confirmed t h a t the black slates of the productive zones had gained 
specific geochemical properties, chiefly under the influence of submarine volca-
nism, which distinguish them from other dark slates of t h e Malé Karpaty . 
This assumption is corroborated by geochemical studies of u r a n i u m and tho­
rium reported on in the present paper. Table 32 gives the principal statistical 
parameters for Th. U. K and the Th/U ratio, divided according to t h e regional 
classification, the lithological and petrographical groups and the j '-spectro-
metric data on U and Th contents. It is well seen t h a t t h e contents of Th in the 
granitoids of the Bratislava massif increase wi th the basicity of the rocks, from 
5.4 g . t ' in leucocratic granitoids to 12.5 g . t ' in biotite granodiorites. The U 
contents are comparatively stable, varying within t h e range of 1.5 to 2.2 g . ť 1 . 
The evident difference in the Th contents in the group of biotite granodiorites 
may be accounted for by a different, scope of the sets compared, but also by 
the more heterogeneous and more leucocratic character of the granitoid rocks 
of the Bratislava massif. There is a conspicuous similarity in t h e Th and U 
contents and the Th U ratios in the biotite granodiorites of the Modra massif 
and in gneisses, which can be regarded as one of proofs for the palingenetic 
origin of granites. The values of Th and U contents in black slates are consi­
derably different, depending on whether they belong to the Harmónia Group 
or thip basement, or whether they are a component of an ore-bearing zone or 
of a complex outside it. This difference is particularly well seen in Table 33. 
The individual rock types differentiated according to radiometric data on U 
and Th contents (Table 32) show specific radiometric features. The mineralized 
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T a b l e 3 3 

Summarizing table of average contents of Th, U, K and the Th'U ratios in the 
crystalline rocks of the Malé Karpaty 

! 

Th 

U 

K 

T h ' U 

x 
S 
Rmin 
Rmax 

X 

S 
-tím in 
Rmax 

X 

S 
Rmin 
Rmax 

X 

S 
Rmin 
Rmax 

P r o d u c 
Type 
B + C 
N = 2 6 

3.58 
3.23 
0.3 

11.1 

19.69 
17.0 
2.8 

49.5 

1.28 
1.10 
0.1 
3.79 

0.87 
1.25 
0.1 
5.3 

t ive zones 
Type A 

N = 3 6 

3.07 
2.72 
0.3 
9.0 

12.46 
15.16 
0.2 

63.5 

1.10 
0.88 
0.1 
3.51 

1.35 
1.95 
0.1 
9.2 

Together 

N = 6 2 

3.23 
2.94 
0.3 

11.1 

15.15 
16.23 

0.2 
63.5 

1.18 
0.97 
0.1 
3.79 

1.15 
1.70 
0.1 
9.2 

Outs ide zones 
H a r m o ­

nia 
G r o u p 
N = 1 7 

9.20 
2.70 
2.80 

13.0 

4.30 
2.19 
1.3 
8.7 

2.79 
1.21 
0.53 
4.94 

2.59 
1.35 
0.7 
5.4 

Together 

N = 4 0 

7.66 
2.84 
1.40 

13.0 

4.27 
2.56 
1.3 

10.8 

2.68 
1.36 
0.53 
7.29 

2.42 
1.45 
0.1 
6.6 

Black 
shales 

together 

N = 1 0 2 

4.98 
2.91 
0.3 

13.0 

11.10 
9.87 
0.2 

63.5 

1.77 
1.02 
0.1 
7.29 

1.63 
1.50 
0.1 
9.2 

Gneisses 
to phyl-

l i tes 

N = 2 7 

8.4 
1.2 
5.7 

10.7 

2.3 
0.7 
0.7 
4.4 

2.4 
0.5 
1.3 
4.5 

3.9 
1.3 
1.3 

10.9 

G
ra

ni
-

to
id

es
 

N
=

24
2 

9.1 

1.9 

3.0 

4.8 

For explanations see Table 32. 

black slates and ores represent types III and IV with a high U content (20.5— 
43.2 g. t- l) and a low Th content (1.4—1.7 g . ť 1 ) . The black slates of the types 
V and VI of the Pezinok—Pernek and Modra areas can be easily discriminated 
according to these two radioactive elements. Whereas in the Pezinok—Pernek 
area (basement) the rock type with U contents of 2.7 g . ť 1 and Th contents 
of 6.6 g . L 1 predominates, the type with average U content of 5.2 g . ť 1 and 
Th content of 10.6 g . ť 1 is prevalent in t h e Modra area (Harmónia Group). 

Figures 14 and 15 show the frequency of U and Th contents arranged accord­
ing to the individual rock types. The dependence on the lithology of rocks and 
the intensity of metamorphic and metallogenetic processes is clearly seen from 
these Figures. In the slates and gneisses of t h e Harmónia Group there are dis­
tinct correlation trends of Th and U to K 2 0 (Fig. 16). The dependence of the U 
content on the content of organic carbon and conversely, a negative relation­
ship of Th is indicated in Fig. 17. This fact provide evidence that u r a n i u m 
is genetically associated with organic carbon, whereas thor ium in black slates 
is ra ther dependent on diadochic relations to certain rock-forming minerals, 
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Fig. 14. Histograms ni U and Th contents in various schistose rocks and ores of the 
Malé Karpaty Mts. 

Explanations: Contents in g . ť 1; a. c — collective histograms; b. d — histograms 
of U. Th contents in black slates outside the productive zones; 1 — gneisses to mi-
caschist phyllites; 2 — slates outside productive zones; 3 — black slates of the pro­
ductive zones, type A; 4 — black slates of productive zones, type B and C (C a m-
b e 1 — K á t ! o v s k ý — K h u n. 1981). 
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chiefly accessory minerals of the rocks studied. The two elements, even if 
accumulated in the same rocks, are controlled by diverse factors. The relative 
variability of rocks of the productive zones, depending on the variation of 
lithogenetic factors that are active in the course of the volcano-sedimentary 
process is depicted in Fig. 18. in which the ra ther broad boundaries of the 
field for these rocks attest to this variability. 

25 

20 

15-

10 

5-

El 

20 

n *24 

í 
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10 

0 5 

Th 

20 40 =-40 (gt 5 =-6(g.r 

Fig. 15. Collective histograms o£ U and Th contents in black slates (type A) and in 
ores (types B, C) of the productive zones. 

Explanations: t — rock type A; 2 — rock tvpes B and C (C a m b e 1 — K á t 1 o v s k ý 
— K h u n. 1981). 

It can be stated that the black slates of the productive zones have primarily 
increased U contents (Tables 33 and 34); their individual types have been 
discriminated and characterized according to the contents of this element. 
A peculiar geochemical pattern of the Harmónia slates allows an easy identi­
fication of them on the basis of the U, Th and K.jO contents and the Th U 
ratio. It appears that the metamorphic process leads to a certain stable ratio 
of Th and U contents (Table 33), perceptible in gneisses and hybrid granitoids. 
The black slates do not attain this stabilized ratio, because the primarily 
increased U contents are bound to the organic component. The investigation 
of uranium and thorium in the sediments of the Malé Karpaty crystalline 
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Fig. 16. Correlations of U. Th, Th U and KjO in black slates of the Harmónia Group 
(type according to radiometric data). R — correlation coefficient ( C a m b e l — K á t-

l o v s k ý — K h u n , 1981). 

complex shows that useful genetic interpretat ion of the studied rocks, minerals 
and ores can be inferred from their results. 

11.12. I n t e r p r e t a t i o n s a n d c o n c l u s i o n s c o n c e r n i n g t h e 
p r i n c i p a l q u e s t i o n s d i s c u s s e d i n C h a p t e r I I 

The study of elements, identified by means of spectral analysis (B, V, Cu. Ni. 
Co. Cr, Ba, Sr, Ti), and of the C o r s contents, as well as t h e visual or micro­
scopical estimates of the contents of pyrite, sulphides and other minerals, have 
confirmed that the establishment of rock sample populations, on the basis of 

Fig. 17 a. b. Graph showing the relationship between CnrK content and the contents 
of U and Th. 

Explanations: U and Th contents in g . ť 1 — solid line; C 0 I g content in % — dashed 
line. The samples are arranged according to descending C content. 
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the principles applied, makes it possible to draw conclusions usable in geo­
chemical and lithological considerations. It provides appropriate geochemical 
and lithological means for the discrimination of rocks and a basis for petro-
logical and metallogenetic, strat igraphic and regional-geochemical evaluation. 

The most appropriate for geochemical and lithological interpretations ap­
pear to be the sets classified according to the Corg contents vs. sets showing 
a higher grade of metamorphism and a decreased Corg content, between which 
the contrast in geochemistry is the greatest. The sets of rock samples with 
visual contents of pyrite (B. C) and those devoid of pyrite (A) also display 
considerably contrasts. The geochemical peculiarity of the Harmónia Group 
(low contents of vanadium and strontium, high bar ium and ti tanium, and 
relatively stable U Th ratio) is well demonstrated. The rocks of the 
productive zones in the underlying Pezinok—Pernek crystalline complex 
definitely differ from the slates outside the zones, chiefly in the increased 

Th(g.f') 

10 2CT 3CT 40 SO ., 
Ulg.t ) 

Fig. 1!!. Correlation graph of Th and U contents in the rocks of the Malé Karpaty 
crystalline complex. 

Explanations: a — black slates and ores of productive zones; b — actinolite slates: 
c — black slates outside productive zones; d — granitoids; e — gneisses and mi-
caschist-phyllites; f — boundaries dividing the fields into minor units differentiated 
by hachure. Rock types of the individual fields: 1 — mineralized slates to ores; 2 — 
black slates of the productive zones without visible mineralization; 3 — actinolite 
shales and metatuffs; 4 — black slates of the Harmónia Group; 5 — black slates 
outside productive zones; 6 — gneisses and micaschist-phyllites; 7 — granites. 
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contents of metals of the polymetallic group, of elements of the Fe group, of 
uranium, barium, vanadium and organic carbon, and in the decreased stron­
tium. Geochemical differences of the rock sets based on mineral contents are 
most, striking between the amphibole-bearing rocks and the clayey-siliceous 
metamorphites with biotite, garnet and feldspars. The metatuffites, compared 
with metapelites, have higher contents of boron, vanadium, copper, nickel, 
Co r g and decreased strontium, t i tanium and zirconium contents. The group 
with an increased content of carbonates resembles in geochemistry the group 
of rocks altered hydrothermally or tectono-metamorphically. As concerns the 
content of microelements, there are no substantial differences between the two 
last-named groups. 

From the values given in Table 6, which presents the average analyses of 
black shales from other regions, it can be inferred that the black slates of the 
Malé Karpaty crystalline complex, taken as a whole, are relative to an average 
black shale in the sense of V i n e and T o u r t e l o t (1970), enriched mainly 
in V. Cu and Ni and can be termed, in accord with these authors as the 
"metal-rich black slates". As concerns the contents of some trace elements 
(V. Cu. Ni. Cr and Sr) these slates are similar, for example, to the underlying 
sulphidic graphit ic phyllites of the Chvaletice deposit. 

The determination of the conditions under which the black slates of the 
Malé Karpaty crystalline complex were generated is a difficult problem to solve 
unequivocally and definitively for the very reason that the investigations are 
still under way. It should be remarked that the conditions of the origin of the 
Malé Karpaty black shales were changing in space and time. Thus, for example, 
in the Early Palaeozoic (beginning already in Late Proterozoic) geosynclinal 
stage with a distinctly detrital sedimentation in a relatively shallow sea, they 
had to be differing from those under which the dark slates of the Harmonia 
Group originated (Devonian. Lower Carboniferous). In the pre-Variscan geo-
syncline, special conditions also existed in the different parts of the crystalline 
basement, as e.g. where the productive ore-bearing complexes were forming. 
These developed m the suh=iding and fault zones which were influenced by 
submarine volcanism. 

For the origin of the black shales in the productive zones we could put 
forward a generalized conception of a deepening elongated sea basin, represent­
ing a longitudinal mobile zone extending at right angles to the present-day 
course of the Malé Karpaty Mts. This partial tectonic basinal s t ructure with 
active basic volcanism was a site of a greater supply of metallic elements into 
the sediments and of an increased carbonification of organic matter . Volcanism 
was of pulsative character and repeated several times, probably in two prin­
cipal and a few subordinate phases. During every phase there was an interval 
of big effusions of basic magma, followed by intervals of minor effusions 
connected with intensive exhalations (CO.,, H 2 0 , SO-,, halogenides) and ejections 
of pyroclastics. The sediments of this period represent the productive ore-
-bearing zones with pyri te deposits and abundant black shales having an 
increased amount of metals of the polymetallic group. To explain the formation 
of black slates of the productive zones we may apply the model described by 
D i d y k et al. (1978). It presumes limited circulation in silled basins and sub­
marine tectonic depressions suitable for the accumulation of sediments rich 
in organic matter . The relevant point of this model is that the content of 
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oxygen present in water is not renewed by circulation so that the accumulation 
of sediments rich in organic substances may occur even at a relatively small 
organic production. As is seen, a type of euxinic environment is concerned, 
which is represented, for example, by the Black Sea or a sea basin with 
a fjord topography in submarine environment. 

The conditions were evidently different when the black shales of the Har­
monia Group were deposited during the interval of the Devonian — Early 
Carboniferous. In that case a shallower marine environment of a continental 
shelf or a neritic environment may be considered, in which the generation of 
black shales is common (P e t r á n e k, 1963). The sea floor was not in rest, 
and the al ternating sediments, detri tal and pelitic, were deposited intermittently 
with pyroclastic intercalations and minor local extrusions of basaltoids with 
a porous s tructure. Besides, lenses and layers of carbonates of organogenic 
derivation were formed. This model of a less reducing environment for the 
accumulation of black shales was already suggested by K r a u s k o p f (1976). 

The differences between the two environments studied are also indicated 
by a different geochemical and lithological character of black slates in the 
underlying crystalline complex and in the Harmónia Group. Fur the r data are 
necessary for a more detailed knowledge of these environments. 

III. Group of polymetallic elements in productive zones of the Malé Karpaty, 
and the genesis of deposits 

The investigation of the genesis of the Malé Karpaty ore deposits, carried 
out by integrated geochemical study of the rocks of the crystalline complex, 
have provided geochemical characteristic of black (dark) slates, which are the 
fundamental rock type of the ore-bearing zones and contain sulphide and 
ant imonite deposits. The results of the geochemical studies of black slates were 
compared with the geochemistry of dark slates occurring outside the ore-bearing 
zones. The dark slates of the Harmonia Group (Devonian to Lower Carboni­
ferous) belong in this group. This comparison has demonstrated to what extent 
the rocks of the productive zones in the Pezinok—Pernek crystalline complex 
are enriched in metallic elements in relation to black slates outside the produc­
tive zones and 'or to slates of the Harmonia Group. It has also shown whether 
they can be regarded as pr imary accumulators of metals of the group Cu. Sb. 
Hg. Au. Pb and Zn. From this point of view, the increased contents of Sb in 
slates of the productive zones are of pr imary importance for the determination 
of the potential pr imary source of this element. 

In order to obtain information about the mode of occurrence of the above-
-mentioned metals in ore minerals and ores, analyses were performed on 
pyri te-bearing slates and sulphide ores, divided into a heavy and a light 
fraction. It should also be ascertained on which fraction the metal elements are 
bound, whether on the silicate or carbonaceous (light) fraction or the ore (heavy) 
fraction. The two fractions were obtained by gravity separation of detritus 
of the rock samples in water current on a separation table (Chapter II). 

An interesting procedure was used for the determination of the relationship 
between the elements of polymetallic ores and other elements and the amount 
of organic mat ter in rocks and ores. 
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The chemical-analytical studies of the metals were performed by means of 
different procedures, in many cases on the same samples, so as to attest the 
reliability of the individual methods, or identical rock samples were analysed 
using the same method in different laboratories. The investigations were car­
ried out by several analysts and geochemists of the Depar tment of Geochemistry 
and Geological Inst i tute of the Faculty of Sciences of Comenius University, 

Fig. 19 a. Pyrite of higher metamorphosed ores containing pyrrhotite. The lower 
content of nickel than that of cobalt in pyrite has been found only in pyrrhotite-

bearing ores. 
Fig. 19 b. Pyrites of sulphide ores of nearly identical grade of metamorphism (carbo­
naceous quartz-sulphide ores without pyrrhotite). 1 — content of nickel; 2 — con­

tent of cobalt. C a m b e l — J a r k o v s k ý (1976). 

and of the Geological Institute of the Slovak Academy of Sciences. As mentio­
ned in the paper of C a m b e l — S t r e š k o — S k e r e n č á k o v á (1980) gold 
analyses and their results were compared with the results of analyses of the 
same samples analysed in the Insti tute of Geochemistry, Acad. Sci. U.S.S.R. 
in Irkutsk and the IGEM Insti tute in Moscow (Sb, Hg). . 

Valuable results in the investigation of sulphur and carbon isotopes were 
obtained thanks to the cooperation with the laboratory of the D. Š túr Geolo­
gical Inst i tute ( K a n t o r ' s papers of 1972—1974) and with the Insti tute of 
Geology and Physics of Minerals in Kiev (IGFM Acad. Sci. U.S.S.R. — Ž u k o v 
— S a v č e n k o in C a m b e l — Ž u k o v — S a v č e n k o . 1981). 

The conclusions of the investigations into the genesis of pyrite ores of the 
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stratiform type and of epigenetic antimonite deposits occurring in association 
with the sulphide formation, are based on the following arguments : 

The sulphides of the two deposit types exhibit an evident geochemical dif­
ference, which is caused by different conditions controlling the endogenic and 
exogenic metallogenetic accumulation processes. 
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Fig. 20. Unequal contents of Ni and Co in pyrites 
of hydrothermal Sb mineralization in the Malé 
Karpaty. Deposits: Pernek. Pezinok. Cajla. Cas­

ta. C a m b e l — J a r k o v s k ý (1976). 

The geochemical differences between t h e minerals of the sulphide formation 
(especially pyri te and pyrrhotite) and the ant imonite mineralization have been 
discussed in the papers of C a m b e l — J a r k o v s k ý (1967, 1969). The evi­
dence for these differences is provided by the graphs. Figures 19 and 20 confirm 
the different distribution of Ni and Co in syngenetic and epigenetic pyrites 
accompanying the Sb mineralization. The equal contents of Ni and Co in 
pyrites corroborates their syngenetic origin (stable P-T conditions at their 
origin) and, in contrast, the unequal contents suggest an origin influenced by 
superimposed plutogenic processes changing in time, viz. by the recurrent 
changes of hydrothermal solutions. Metamorphic recrystallization of sulphide 
ores (Fig. 19 b) induces under certain thermodynamic conditions the formation 
of pyrrhot i te and migration of Ni into its lattice. This results in t h e reduction 
of Ni in pyri te below the level of Co, the content of which increases. 

Of part icular metallogenetic significance is the determination of gold in 
pyrites from the hydrothermal ores accompanying t h e ant imonite accumulations 
(Figs. 21, 22) and in pyrites of the sulphide formation. These investigations 
have been carried out by C a m b e l — S t r e š k o — S k e r e n č á k o v á (1980) 
and their results are complemented in the paper of C a m b e l — S t r e š k o — 
M i č u d a (1981). According to the results obtained, t h e content of gold in 
hydrothermal pyrites is more than 100 times higher than in syngenetic pyrites. 
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(The gold contents in syngenetic pyrites are of the order of thousandths g . ť1, 
and in hydrothermal pyrites they are of the order of tenths g . ť 1 ) . The 
investigations of gold contents in the pyrites of syngenetic derivation have 
shown differences even in this category, which are caused by both pr imary and 
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Fig. 21. Histograms of gold contents in the pyrites of syngenetic ores and ores of 
hydrothermal Sb mineralization in the Malé Karpaty Mts. 

Explanations: 1 — contents of gold in pyrite; 2 — contents of gold in samples of 
ores from which pyrite was separated. Histograms a, b -pyrite and syngenetic ores; 
c — summation histogram (a + b); 4 — summation histogram of gold contents in the 
West Carpathian hydrothermal deposits ( C a m b e l — S t r e š k o — S k e r e n č á -
k o v á , 1980). 
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Fíg. 22. Contents of gold (in g . t ' ) in pyrites and samples of the Malé Karpaty ores 
from which pyrites were separated. 

Explanations: a — pyrite; b — original sample; I — syngenetic pyrite; II — pyrite 
affected by metamorphism; III — hydrothermal pyrite. ( C a m b e l — S t r e š k o — 
S k e r e n č á k o v á, 1980). 
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T a b l e 34 b 

Contents of antimony, mercury, zinc, copper and gold in black slates of the 
Malé Karpaty Mts. outside productive zones belts (slates of the 

Harmónia Group including 

Sample 
number 

17 A 
18 A 
19 A 
20 A 
21 A 
22 A 
23 A 
24 A 
25 A 
26 A 
92 A 
94 A 

107 A 
110 A 
111 A 
112 A 
113 A 
114 A 
121 A 
128 A 
138 A 
147 A 
156 A 
161 B 
162 B 
163 A 

X * 

X 

I N A A 

I I I 

0.11 

— 
0.49 

— 
— 
— 
— 
— 
— 
— 

0.68 
0.34 
0.21 
0.15 
0.59 
1.10 
0.22 
0.17 
3.65 
0.92 

— 
— 

0.37 

— 
0.07 

— 

0.65,14 

S b 

A A S 

I 

0.7 
1.1 
,0.5 
!l.7 
1.3 
4.4 
0.8 
2.3 
(1.9 

— 
— 
1.7 
1.2 
1.4 
3.7 
2.0 
0.5 
(1.8 
3.0 
9.8 
2.3 
1.4 
0.5 
1.0 
0.Í) 

— 

1.9/23 

M A S 

I V 

_ 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
1.0 

— 
— 
2.5 

— 
— 
— 
1.6 
0.8 
0.6 
(1.8 
0.6 

— 

1.1 7 

H g 

A A S 

I 

0.80 
0.25 
0.25 
0.30 
0.26 
0.25 
0.52 
0.18 
0.20 
0.30 
0.12 
0.16 
0.23 
0.40 
0.25 
0.17 
0.30 
0.27 
0.18 
0.23 
0.30 
0.44 
0.25 
0.50 
0.22 
0.33 

— 

0.29 26 

C H 

I V 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

0.05 
0.11 
0.12 

— 
0.06 
0.03 

— 
0.05 
0.02 
0.02 
0.04 
0.02 

— 

0.05/10 

Z n 

A A S 

I 

1 35 
105 

50 
100 

40 
45 

280 
90 
90 
55 

150 
10(1 
125 

55 
86 

100 
80 
10 

132 
108 
132 
140 
58 
72 
28 
32 

— 

:)2.2 26 

Cu 

A A S 

I 

236-; 
37 
26 
26 
20 
20 
30 
42 
88 
2:1 

133 
28 
42 
24 
30 

7 
6 

24 
20 

15-1 
21 
14 
21) 
11 
12 
12 

:!4.7 25 

42.4 26 

S P A 

I 

330 + 
37 
19.5 
25.1 

7.4 
12.3 
18.2 
35 

104 
5.4 

65 
11.5 
16.6 
33 
44 
10.4 

9.1 
50 
22.9 

195 
21.9 
28.8 
14.5 

3 
5.1 

11.5 

32.2 25 

43.7 27 

Au 

I N A A 

III 

<0.0()4 

— 
0.022 

— 
— 
— 
— 
— 
— 
— 
0.013 
0.014 

< 0 . 0 0 4 
< 0 . 0 0 5 
< 0 . 0 0 5 
< 0 . 0 0 4 
< 0 . 0 0 6 

0.005 
0.020 
0.019 

— 
— 
0.009 

— 
0.009 

0.005 14 

0.009 14 

Explanations as in Table 34 a. 

secondary factors. For example, pyri te concretions and pyrites forming meta-
morphic filling of veinlets in pr imary sulphide ores have gold contents by one 
order of magnitude higher. From these results it can be inferred that the 
gold contents increase by about one order of magni tude at the remobilization 
of sulphides. The research has also shown that the gold contents can be applied, 
similarly as the contents of Ni and Co. to the study of genetic conditions of the 
pyrite aggregates here discussed, viz. their pr imary genetic particularities and 
the additional secondary influencing as well. The data on the contents of gold 
in ores and rocks of the Malé Karpaty Mts. are summarized in Table 34. 

The investigation of sulphur isotopes in Sb-sulphides and in pyrites of diffe-
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rent types of sulphide ores has also furnished interesting results; see K a n t o r 
(1972, 1974), 2 u k o v in C a m b e l — Z u k o v — S a v č e n k o (1981). 

Figures 23 and 24 show the differences of Ô:V'S %0 values in the individual ore 
types. The hydrothermal minerals of Sb-mineralization have S'y,S % values 
from 0 to —5 "m, similarly as pyrites separated from the granitoids of the Malé 
Karpaty Mts. (average per-mil. deviation — 8 2.6 % 0 ). Another sulphide group 

Fig. 23. Histogram of Sy,S % in pyrite 
and Sb minerals. Upper part: minerals 
from the antimonite deposit Pezinok. Lo­
wer part: syngenetic pyrite from the Tu­

recký vrch deposit. 
Explanations: 1 — pyrite; 2 — arsenopy-
rite; 3 — berthierite; 4 — berthierite + 
antimonite; 5 — antimonite: 6 — gud-
mundite; 7 — pyrite from Turecký vrch; 
fi — pyrite from the pit heap of the an­
timonite mine; 9 — pyrite from other 
places of the productive zone ( K a n t o r , 
1974 b). 

PEZINOK 
Sb 

5 3-', r 
b 
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of 8-'''S 'V has the values between —5 and —10. These belong to sulphides 
containing Sb and Fe, in which the isotopic composition is presumably a result 
of contamination of plutonic sulphur with exogenic sulphur. We have observed 
this phenomenon mainly in berthierite. gudmundi te and pyrites, which form 
veinlets and epigenetic impregnations in rocks and older pyrite ores of the 
sulphide formation, where S:V,S %o values range from —5 to —10. The deviation 

J ^ M V I . 

T .y. 

Win M |V. 

-+*-*«. 

*m MMIIIM 

— J ^ - H 1 [ . 

-10 -15 -20 -25 6 3 4 S % 

Fig. 24. Graph showing the percentage values of S'M S %0 from various types of pyrite 
ore of the sulphide formation — the belt of deposits, Augustín-Cmele (Malé Karpaty). 
Explanations: I — disseminated pyrite in black slates and metapelites (X — 15.9); 
II — high-carbonaceous pyrite ores and/or mineralized black slates (X 18.7); HI 
— recrystallized siliceous-sulphide and amphibole-sulphide ores with a minor con-
lent of C component (X 22.9): IV — massive and compact pyrite and pyrite-
-pyrrhotite ores (X 20.7): V — pyrite of the Malé Karpaty granitoids (X 2.6); 
\ I — pyrite of amphibolic metatuffites and amphibolites (X 13.9) (2 u k o v — 
S a v č e n k o in C a m b e l — 2 u k o v — S a v č e n k o , 1980). 
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T a b 1 e 3 4 c 

Contents of zinc, copper and mercury in pyrite 

Locali ty 

Karol h o r n á 

Karol d o l n á 

Karol do lná 

J á n III . 

J á n III . 

P e r n e k 

August ín h o r n á 

August ín h o r n á 

Kolársky vrch 

Kolársky vrch 

S a m p l e 
'number 

40 B 

42 B 

43 C 

47 C 

48 B 

52 B 

53 B 

55 C 

70 B 

71 C 

X ' 

Au 

P H 

AAS 

I. 

0.001 

0.003 

0.002 

0.001 

0.001 

0.021 

— 
0.001 

— 
— 

0.0043 

AAS 

v. 
0.0055 

0.0022 

0.0014 

0.0067 

0.0065 

0.0147 

0.0075 

0.0022 

0.0062 

0.0090 

0.0062 

INAA 

III. 

< 0.004 

< 0.004 

< 0.005 

0.036 

0.031 

<0.006 

0.025 

0.023 

0.029 

0.023 

0.019 

Ť P Ľ P 

INAA AAS 

III . | V. 

O.OOÍi í 0.0090 

0.015 0.0015 

0.010 0.0090 

0.037 i 0.0030 

0.027 0.0104 

0.026 0.0145 

0.034 0.0052 

0.026 0.0056 

0.350 : 0.0930 

; 0.029 :0.0024 

0.056 0.0164 

í 
Pyri tes 

AAS 

I. 

0.001 

0.001 

0.002 

0.001 

— 
0.004 

— 
0.001 

— 

0.002 
1 

Explanations: Analyzed light and heavy fraction and original rock. PH — original 
42—B, 53—B. 70—B. — black slate with pyrite, 43—C, 47—C, 55—C — pyrite ore. 

values of á3 / ,S "mi between —10 and —28 are typical of syngenetic pyrites or 
other sulphides strongly influenced by bacterial activity during their genesis. 
As is evident from Fig. 25, the average values of SMS %o differ depending on 
the type of ore. Of interest is the consistent value of ô3/'S %o in pyrites from 
the granitoids and Sb-sulphides (especially antimonite), which attests to an 
endogenic, i.e. volcanogenic origin of sulphur in these sulphides. The pyrites 
in granitoids may be of accessory origin or they may represent impregnations 
that were generated during the subsequent metamorphic or hydrothermal acti­
vity. 

The causes of the differences in the isotopic composition of sulphur in Sb-
-sulphides and in pyrite from the granitoid rocks as compared with the pyrites 
of the sulphide formation cannot be explained unambiguously. The heavier 
sulphur in antimonites can be regarded as a plutonic sulphur that was not 
contaminated by bacterial activities, whereas the sulphur combined with iron 
in pyrites was affected by the action of bacteria. The comparison of the contents 
of economically important metallic elements in black slates of t h e productive 
zones with the dark slates outside these zones has shown that t h e elements Ni. 
Cu and V are increasingly cumulated in the slates of the mineralized zones 
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ores (C) and mineralized black slates (B) 

Sb 

P H 

INAA 

III . 

T P 

INAA 

III. 

26.60 ! 11.00 

22.00 

35.50 

5.40 

3.30 

10.70 

4.50 

3.70 

15.40 

25.50 

15.26 

11.70 

5.80 

4.15 

2.57 

12.90 

4.15 

3.15 

515.00 

2.82 

56.32 

P H 

AAS 

60 

225 

210 

247 

1130 

60 

665 

100 

512 

238,9 

Zn 

Ť P 

AAS 

165 

40 

170 

135 

82 

150 

30 

385 

160 

432 

174,9 

LP 

AAS 

30 

26 

160 

120 

70 

130 

25 

545 

87 

422 

161.5 

P H 

AAS 

44 

73 

88 

121 

169 

,80 

67 

410 

52 

360 

146,4 

Cu 

T P 

AAS 

80 

73 

88 

136 

180 

191 

67 

430 

100 

410 

175,5 

L P 

AAS 

32 

72 

80 

85 

159 

80 

33 

250 

31 

400 

122,2 

Hg 

P H 

AAS 

0.74 

0.62 

0.75 

0.80 

0.52 

0.31 

0.67 

1.14 

0.80 

0.30 

0.65 

T P 

AAS 

0.71 

0.60 

0.70 

0.71 

0.44 

0.25 

0.60 

1.60 

0.17 

0.30 

0.55 

L P 

AAS 

0.80 

0.70 

0.78 

0.97 

0.60 

0.34 

0.75 

1.25 

0.60 

0.45 

0.72 

rock; TP — heavy fraction; LP — light fraction. Characteristics of samples: 40—B, 
71—C. 77—B, 78—B — quartz-sulphidic ore. 

(Fig. 25). Discriminant analysis performed by K h u n (in C a m b e 1 — K h u n , 
1979) and K h u n (1980) on these microelements has evidenced that from their 
increased contents and the Sb content it is possible to determine with much 
certainty (80 " 0) whether or not the rock examined belongs to the productive 
zone (i.e. to a complex with potential ore accumulations). 

The distribution of Cu, Hg, Sb and Zn in the Malé Karpaty dark slates 
is evident from Figs. 26 and 27. They show that the dark slates of productive 
zones contain such increased amounts of Sb and Zn that they can be regarded 
as a potential source of these elements. During subsequent metallogenetic 
processes, especially under the influence of hydrothermal solutions, the metals 
(Sb, Pb, Zn) may then have been mobilized into present-day deposits. These 
facts are inferrable from Tables 35 and 36. 

Figure 28 indicates a positive relationship between the contents of Cr, V and 
Ni and the carbon content in rocks. Such a relationship has not been established 
for copper. The increase in Ni content is connected with the increasing amount 
of pyrite in dark slates, as it is a carrier of nickel. 

From Table 35 it is evident which elements cumulate in ores and slates 
in and outside the productive zones, or in heavy and light fractions of ores. 
These findings are also represented in graphs 29 and 30. Table 36 lists the 
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Fig. 25 a. b. G r a p h showing t h e c o n t e n t s of Ni, Cu. V a n d Cr (in g . t 1 ) in t h e sam­
ples of black slates. 

Explanations: 1 — product ive zones; 2 — black slates outs ide t h e zones; 3 — H a r ­
mónia G r o u p ; 4 — Brat i s lava area. 
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average contents of Sb. Cu, Pb, and Ni in the rocks of the Malé Karpaty 
crystalline complex. 

Table 36 reveals that the contents of Sb and Cu increase from granitoids 
through gneisses, phyllites to basic rocks. With some exceptions, the contents 
of these elements in metasediments increase in those rock types that were less 
recrystallized — in the order — gneiss, biotite phyllite, dark slate. 

This fact corroborates the assumption that in a metamorphic process the 
elements Sb, Zn. Cu and others migrate from the rocks affected by a higher 
metamorphic recrystallization into zones showing a smaller recrystallization 
effect. This phenomenon may also account for the occurrence of Sb deposits in 
the productive dark slates, relatively low recrystallized, with varying contents 
of pyrite or carbon component. Tables 35 and 36 and graphs 29 and 30 throw 
light on the position of metallic elements in the analysed samples of ores sepa­
rated on a gravity shaking table into a heavy and a light fraction (see also 
Fig. 2). It can be stated that except for Ni, Cu and Zr all elements present 
(Hg. Sb. Ba. Cr. Pb) have increased contents in t h e light fractions. On the 

40 120 200 >350g ľ 1 

X6 

2A0>350g.t"' 380g.ľ 

Fig. 26. Histogram of Cu and Zn contents (in g . ť1) determined by the AAS method 
in black slates of the Malé Karpaty crystalline complex. 

Explanations: 1 — black slates outside the ore-bearing zones; 2 — black slates of the 
Harmónia Group (Upper Devonian, Lower Carboniferous); 3 — black slates from 
productive zones: 4 — mineralized slates and pyrite ores of sulphide formation (C a m-

b e l — St r e s k o — M i č u d a . 1981). 
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basis of these data, however, we cannot decide reliably to what extent they 
are caused by the applied method of dividing the ores into fractions, and to 
what extent they result from the binding of the elements on the light silicate 
or carbonaceous mineral components in t h e form of a sorbent and fine disper­
sion or as the isomorphic component of silicate minerals. (This concerns mainly 
Pb, Ba and V). Antimony and mercury form obviously a dispersed component 
in dark slates, which is not concentrated into major aggregates in sulphidic 
minerals. The same holds for gold in rocks and sulphides (Table 34). 

IV. Evaluation of data on the element contents obtained by neutron activation 
analysis 

In Chapter IV the authors endeavour to determine the contents of rare 
ear ths (TR. REE) and other elements that could not be analysed by methods 
they had at disposal. With the application of neutron activation analysis, some 
elements were examined using two to three methods. 

This par t was aimed at demonstrat ing the differences in results obtained by 
different analytical methods. As the possibility to discuss the differences in 

13 3 
" i, 

5 - -

n-L^-

d 

"• • n m , 1 3 5 g.; 

0.82 =-1.1 gt 280 >300g.f 

Histogram "f" represents Fig. 27. Histogram of Hg and Sb contents (in g.t" 1). 
evaluated analytical data within a range of 0—40 g.t-1, classified according to 
decreased interval. ( C a m b e l — S t r e š k o — M i č u d a . 1981). Other explanations 

.as in Fig. 26. 
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T a b l e 3 5 

Average contents of e lements Sb. Cu. Pb. Zn and Hg in black shales of t h e 
Malé K a r p a t y crysta l l ine complex 

Sb 'INAA 

Sb AAS 

Cu SPA 

Cu AAS 

P b SPA 

Zn AAS 

Hg AAS 

N u m b e r s in 

III 

de 

A,B,C 

30.2 '46 

. . 23.6 34 

. i 90.7 36 

. ' 76.0 47 

. : 14.5 43 

102.74 42 

. ; 0.40/41 

n o m i n a t o r g 

P r o d 

A 

27.9 31 

22.6 21 

97.0/27 

72.8 32 

11.3 29 

90.3 27 

0.32 29 

u c t i v é z o n e s 

B.C 
1 

34.9 15 

25.3 13 

72.2 9 

82.9/15 

21.1 14 

125.1 15 

0.56 

ive t h e n u m b e r s of 

T P 

57.0/10 

— 
143.1 6 

175.5 10 

16.0/10 

174.9 10 

0.50/9 

analyses. 

L P 

_ 
— 

89.6 7 

122.2 10 

18.6 10 

161.5, 10 

0.67 !) 

Outs ide 
zones 

A 

0.7 18 

1.5 23 

41.6.38 

36.6 25 

4.9 38 

86.9, 26 

0.30/15 

Together 

26.64 74 

16.14 58 

65.5 74 

62.4 72 

9.99 81 

97.7 68 

0.37/56 

L P — light f ract ion: T P — 
heavy f ract ion: — not analysed. 
F u r t h e r exp lanat ions as in Table 34 a. 

T a b l e 3 6 

Average contents of Sb. Cu. P b and Ni in m a g m a t i c and m e t a m o r p h o s e d 
rocks of the Malé K a r p a t y crysta l l ine complex (C a m b e 1 — S t r e š k o — M i č u d a 

1981) 

Sb INAA 

Cu SPA 

P b SPA 

Ni SPA 

III. 

II. 

II. 

II. 

G r a n 

Two-mica 

0.55 33 

5.5 26 

23.3 26 

2.9 26 

tes 

Biotit ic 

0.39 20 

11.1 18 

21.5 18 

6.6 18 

Gneisses 

0.8 7 

63.6 7 

18.6 7 

58.7 7 

Phyl l i tes 

1.99 12 

71.0 12 

20.9 12 

43.7 11 

A m p h i -
bolites 

1.74 12 

72.0/10 

18.9,21 

143.0 70< 

Explanations: Contents in g . ť 1 . Averages a r e c o m p u t e d from t h e analysed sets 
of samples studied by prof. B. Cambel , D r S c , Doc. RNDr. J. Veselský, C S c , R N D r . 
M. Dyda. C3c. and RNDr. J. Spišiak, CSc. Analys t s : RNDr. J. Medveď. CSc. (GÚ 
SAV) — SPA analys i s ; Ing. P. Kotas . CSc. (ÚL CSUP) — INAA. N u m b e r s wi th 
crosses a r e taken from t h e p a p e r of C a m b e l — K u p č o (1965). For o t h e r expla­
nat ions see Table 34 a. 

r e s u l t s w a s v e r y l i m i t e d , t h e d a t a on s o m e e l e m e n t s a r e o n l y of i n f o r m a t i v e 
c h a r a c t e r . 

T h e i n t e r p r e t a t i o n of a n a l y t i c a l r e s u l t s is g i v e n m a i n l y in p a r t s II a n d I I I , 
a n d is b a s e d on t h e f o l l o w i n g a n a l y s e s : a t o m i c a b s o r p t i o n , s p e c t r o c h e m i c a l , 
s p e c t r o p h o t o m e t r y - a n d /'-ray s p e c t r o p h o t o m e t r i c . T h e n e u t r o n a c t i v a t i o n a n a -



346 CAMBEL — KHUN 

C U q.ť' 

Corg 

Cr. 

\ í 

I 1 ' 
1 1 f 

l'OOQ 

•Jl 
A l . 

, 
l i 

f 

! \\l 
1 • /i 

i í í l -1 

vA 

— 

1 | 

j 1 
1 
1 J 

1 

% 

\ 
N " \ Ay A ' " ^ 

*- * Sar 

Corg 

% 

12 

a 

i* 

P > I 

12 

Fig. 28. Relationship between the contents 
of Cu. Cr. V and Ni and the content of 

organic carbon in rocks and ores. 
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Fig. 29. Contents of V. Cu. Cr. Ba. Zr and Ni in heavy (TP) and light (LP) fractions 
of ores, and original samples (PH) with sulphide content (types B and C). Analy­
ses made by SPA method. The contents of individual samples are arranged on x axis 

by chance. 
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Fig. 30. Contents oi Hg and Sb in heavy 
(TP) and light (LP) fractions and in ori­
ginal rock samples (PH). Analysis of Sb 
made by INAA method. (C a m b e 1 — 

S t r e š k o — M i č u d a. 1981.) 

Ml-B 43-C km 53-B 70-B 
42-B «-C 52-B 55-C 71-C 

lysis was used for the determination of rare eaths elements (REE). Ta. W. Hf. 
Sc. Ga. As. which were not analysed by other methods and of some elements 
already examined by other analyses (Rb. Cs, Zn, Sb, U. Th and Au). This 
made it possible to compare the results, as the same samples were analysed by 
different methods and some of them in different laboratories. Neutron activation 
analysis of some elements gave results widely differing from those obtained 
by other procedures so that some values were even incomparable. Nevertheless, 
we present here the data on element contents obtained by neutron activation 
method, as it is not always clear which methods are most appropriate for indi­
vidual elements (e.g. the As contents). At the present time, the correlation 
and verification studies are in the centre of our attention. 

IV.l. P r o c e d u r e n e u t r o n a c t i v a t i o n a n a l y s i s 

The analyses were made in the Central laboratories of the Czechoslovak 
Uranium Industry (ÚL CSUP) in Stráž pod Ralskem. at the Department of 
Radiometric Methods (head Ing. P. K o t a s, CSc) . 
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T a b l e 37 a 

Table of trace element contents compiled by the means of INAA in ÚL CSUP. 
Stráž pod Ralskem 

Sanr 

-11 
44 
46 
58 
59 
HO 
62 
67 
68 
97 
9!) 

102 
54 
61 

164 
166 
167 
168 
170 
171 
173 
174 

X ' 

45 
49 
50 
57 
94 
98 

100 
104 
172 

X 

X 

iple number 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

(22 s a m p l . ) 

A 
A 
A 
A 
A 
A 
A 
A 
A 

(9 s a m p l . ) 

(31 s a m p l . ) 

L a 

21.0 
18.7 
35.6 
13.2 
26.2 
20.0 
14.5 
13.8 
31.4 
36.2 
20.8 
22.2 
18.2 
19.6 
17.8 
20.4 
12.0 

13.4 
17.8 
4 5 . 2 
14.2 
14.8 

19.8 

1.8 
6.0 
1.2 
8.4 
ii.l 
2.6 
1.4 
2.3 
6.4 

4.1 

15.20 

Ce 

32.8 
47.2 
27.9 
43.6 
55.3 
43.2 
30.1 
27.4 
75.1 
45.4 
39.1 
57.6 
23.4 
41.4 
20.9 
11.2 
13.7 
11.3 
12.3 
20.5 
15.1 
12.8 

32.1 

79.2 
9.4 

33.7 
14.4 
14.4 

7.4 
5.7 

10.3 
9.2 

20.4 

28.7 

S m 

5.4 
5.0 
7.0 
1.2 
5.6 
6.2 
6.2 
4.(1 
9.11 
9.0 

10.0 
3.6 
4.4 
7.0 
7.0 
7.6 
2.0 
5.0 
5.0 
5.6 
4.6 
5.0 

5.6 

0.8 
3.0 
0.4 
3.4 
1.8 
2.8 
0.4 
1.4 
1.2 

1.Í1 

4.4 

E u 

1.2 
1.3 
1.3 
1.0 
0.9 
1.4 
0.8 
1.4 
1.9 
2.3 
2.1 
1.5 
0.9 
1.8 
1.4 
1.7 
0.9 
1.7 
0.8 
1.0 
0.8 
0.9 

1.6 

1.1 
0.9 
1.3 
0.6 
0.3 
0.3 
1.2 
1.1 
0.4 

0.8 

1.4 

T b 

0.7 
0.6 
0.8 
0.6 
0.5 
0.8 
0.8 
0.8 
0.9 
1.5 
1.1 
0.6 
0.4 
0.9 
1.1 
1.1 
0.7 
1.1 
0.5 
0.7 
0.6 
i0.7 

0.8 

0.4 
0.3 
0.1 
0.4 
0.1 
0.3 
0.2 
1.0 
0.2 

0.3 

0.6 

Y b 

3.1 
1.8 
3.8 
1.5 
1.6 
2.7 
3.3 
2.6 
4.4 
7.9 
6.1 
2.1 
2.3 
4.5 
3.7 
4.1 
3.0 
3.8 
2.8 
3.5 
2.7 
3.8 

3.8 

1.5 
1.5 
1.4 
1.5 
0.7 
1.5 
1.9 
1.1 
1.1 

1.4 

3.1 

L a 

0.5 
0.4 
0.6 
0.2 
0.3 
0.5 
0.6 
0.5 
0.9 
1.2 
0.7 
0.3 
0.4 
0.8 
0.7 
0.8 
0.6 
0.7 
0.4 
0.7 
0.4 
0.8 

0.7 

0.2 
0.2 
0.1 
0.3 
0.1 
0.3 
0.4 
0.3 
0.2 

0.2 

0.5 

i ' R E E 

62.0 
72.5 
73.5 
60.7 
87.5 
71.7 
53.2 
48.5 

119.5 
99.0 
74.9 
86.1 
47.8 
72.5 
49.1 
43.1 
31.9 
34.5 
37.1 
44.4 
36.1 
36.3 

61.6 

84.6 
19.8 
38.0 
27.3 
24.6 
13.8 
11.0 
16.8 
23.5 

28.10 

51.7 

T h 

3.2 
6.3 
0.9 
6.6 
7.6 
4.9 
3.0 
2.4 

10.1 
1.9 
2.6 

10.4 
1.2 
4.0 
3.2 
1.6 
4.6 
0.4 
3.1 
4.2 
2.3 
3.0 

3.9 

<0.3 
0.5 

<0 .5 
5.8 
7.6 
1.3 
0.4 

13.0 
2.6 

3.6 

3.8 

U 

5.9 
0.4 
3.5 

<0.4 
2.1 

10.5 
18.6 

4.7 
7.0 
7.3 

22.2 
<0.3 

4.1 
30.4 

8.3 
6.6 
8.9 
3.7 

19.3 
6.0 
9.5 

19.7 

9.1 

<0.3 
3.3 

< 0 . 5 
7.7 
7.3 
7.0 

< 0 . 3 
2.0 
1.9 

3.4 

7.4 

Slates of A type from the productive zones of the Malé Karpaty Mts. In the table 
a separate set with anomalously low La and Če contents (9 samples) is distinguished. 
Numbers with asterisks are considered for anomalous values and they have not been 
included into the arithmetic mean. Mean without anomalous values is indicated X+. 
Element contents are in g . t"'. 

Weights of 150—200 mg of homogenized samples of analytical fineness 
( < 0.061 mm) were pelleted and sealed in circular polyethylene casings 
( 0 25 mm) wrapped in a luminium foil. The samples thus prepared were 
together with multielement s tandards (ft a n d a et al.. 1978) and monitors of 
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350 CAMBEL — KHUN 

T a b l e 38 a 

Contents of trace elements in the black shales of B, C type from the 
productive zones 

Sample number La Ce Sm Eu Tb ,Yb Lu i'REE Th U 

4(1 
42 
411 
52 
53 
70 
82 
114 

146 
43 
47 
55 
71 

165 
169 

B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
B 
B 

x (15 s a m p l ) 

P r o d , z o n e s in a l l 
46 s a m p l . 

20.2 
6.4 

50.Í) 
1.2 

17.0 
24.2 
15.7 
12.8 

1.4 
15.5 
23.8 
CJ8.8 
25.6 
22.6 
25.6 

20.1 

16.8 

20.0 
8.6 

11.6 
1.5 

17.1 
34.0 
65.7 
45.4 

3.4 
36.0 
19.6 
28.6 
55.3 
25.4 
28.6 

26.7 

28.0 

5.0 
1.6 

16.2 
1.0 
4.4 
7.0 
3.4 
1.2 
0.6 
3.2 
5.6 

11.8 
5.6 
8.0 
5.0 

5.4 

4.6 

0.9 
O.S) 

2.7 
0.7 
0.7 
1.3 
1.7 
1.0 
0.7 
1.3 
1.3 
2.4 
1.0 
1.6 
.0.8 

1.3 

1.3 

0.7 
0.1 
1.8 
0.2 
0.4 
0.8 
,0.6 
0.7 
0.3 
0.1! 
0.8 
1.1 
0.6 
1.0 
1.0 

0.7 

0.0 

2.6 
1.4 
8.1 
1.3 
2.7 
3.8 
1.5 
1.4 
0.Í ) 

1.:) 
2.9 
6.0 
1.5 
4.0 
1.7 

2.8 

3.0 

0.6 
0.2 
1.2 
0.2 
0.4 
O.íi 
0.2 
0.2 
0.1 
0.4 
0.4 
0.9 
0.3 
0.8 
0.4 

0.4 

0.5 

47.5 
18.4 
84.3 

5.6 
40.5 
68.2 
87.1 
62.1 

7.1 
57.5 
51.6 
83.7 
87.1 
59.4 
60.6 

54.8 

52.6 

1.3 
0.7 
3.7 

<0 .3 
0.8 
3.2 

10.5 
5.3 

<0 .3 
4.4 

<0 .3 
1.7 
8.3 
4.9 
7.7 

3.5 

3.7 

5.5 
3.5 

33.5 
2.5 
4.3 
8.3 

<0 .3 
(1.9 
2.8 
2.4 
2.5 

20.7 
2.4 
9.5 
3.3 

6.8 

7.3 

Further explanations in Table 37 a. 

the neutron-flow density put into irradiation container. 
Irradiation was performed in the active zone of a VVR — S reactor in Rež 

for three hours, with the density of neutron flow of 3—5 . 101 ' nr-s"1. After 
two-days ' cooling the samples were transferred into the Radiometry Depar tment 
in Stráž pod Ralskem, where the polyethylene cases were taken out from Al 
wrapping and sealed in clean polyethylene bags. 

The radiation spectra of gamma-act ivated samples were measured twice, 
after 3 and 26 days, respectively wi th a computer gamma-spectrometer CAN­
BERRA — JUPITER 80 (USA). 

The measuring appara tus consisted of a coaxial Ge(Li) detector (efficiency 
1 0 % , resolution FWHM 1.8 keV for energy 1332.4 keV 60Co, the peak/Compton 
ratio 37:1). a preamplifier 2001, an amplifier 2020, converter ADV 8080 and 
analyser S 80. 

The measured spectra were processed on a computer P D P 11/344 (128 kB, ope­
ration system RSX-11M). using a modified Spectran F programme (Canberra — 
Technical Reference Manual for Spectran F Version 2. Canberra Ind., Meriden, 
1981). 

Detection limits were computed for every sample separately, according to 
criteria proposed by Cu r r i e (1968) and developed further by other workers 
(O b r u s n i k et al., 1978; K o t a s e t al., 1979). This procedure is more appro­
priate than the currently used procedures, because it involves interferences cau-
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T a b l e 3 9 a 

Content s of t r a c e e l e m e n t s in heavy fractions from the minera l ized slates 
and ores of product ive zones 

S a m p l e n u m b e r 

40 
42 
43 
47 
48 
52 
53 
55 
70 
71 

B T P 
B T P 
C T P 
C Ť P 
B T P 
B T P 
B T P 
C . T P 
B T P 
C T P 

x (10 sampl.) 

La Ce S m Eu Tb Yb Lu i ' R E E T h 

8.2 
4.3 
5.8 

16.0 
43.4 

1.2 
18.4 
33.2 

1.6 
7.4 

1.9 
1.5 
1.5 
2.1 

37.8 
1.9 
1.2 

22.7 
36.9 
12.1 

1.6 
0.2 
1.0 
2.2 
7.0 
0.4 
2.4 
6.0 
0.4 
(1.2 

<1.7 
0.4 
0.5 
O.ii 
2.0 
0.2 
O.fi 
2.1 

0.7 
0.5 

0.3 
<0.2 

0.4 
0.3 
1.4 

<0.5 
0.5 
1.3 
0.2 
0.4 

2.1 
0.7 
1.5 
1.4 
(i.4 
0.7 
2.1 
5.2 

<0.6 
1.5 

0.2 
0.3 
0.3 
0.2 
0.9 

<().l 
0.3 
0.7 

< 0 . 3 
0.3 

14.2 
7.5 

10.5 
21.9 
95.4 

4.8 
24.3 
68.2 
40.5 
22.3 

0.6 
0.3 
0.5 

< 0 . 3 
3.3 

< 0 . 3 
0.5 
0.9 
4.9 
1.2 

2.8 
3.4 
6.3 
2.6 

27.0 
3.6 
3.5 

19.1 
< 0 . 8 
12.7 

13.9 11.9 0.Í! 0.5 0.4 30.8 1.3 11.2 

F u r t h e r e x p l a n a t i o n s in Table 37 a. 

T a b l e 3 9 b 

Content s of t race e lements in heavy fractions from t h e minera l ized slates 
and ores of product ive zones 

S a m p l e 
n u m b e r 

40 B T P 
42 B T P 
43 C T P 
47 C T P 
48 B T P 
52 B T P 
53 B T P 
55 C T P 
70 B ' T P 
71 C T P 

í (10 s a m p l . ) 
X * 

A u 

0.008 
0.015 
0.010 
0.037 
0.027 
0.026 
0.034 
0.026 
0.350 
0.029 

0.056 
— 

A s 

700.0 
365.0 
545.0 
655.0 
480.0 
985.0 
208.0 
405.0 
890.0 

2 8 . 1 * 

526.1 

S b 

11.00 
11.70 

5.80 
4.15 
2.57 

12.90 
4.15 
3.15 

515.00* 
2.82 

57.3 

W 

1.2 
1.8 
1.4 
0.7 
0.9 
0.4 
0.7 
1.6 

<1.2 
2.7 

1.3 

T a 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0 .6 
<0.1 
<0.2 
<0.9 
<0.6 

1.2 

H f 

<0 .4 
0.7 

<0.4 
<0.4 

1.5 
<0.4 

1.3 
1.1 
1.3 
1.0 

(1.9 

S c 

1.9 
4.9 
2.6 
2.9 
7.4 

10.6 
7.8 
5.3 

15.7 
3.0 

(i.7 

Ga 

<3.4 
<3.4 
<3.4 
<3.6 
<4.4 
<4.8 

<12.4 
<15.6 
<21.0 
<13.0 

8.4 

R b 

< 4 3 
< 3 4 
< 4 3 
< 4 5 
< 4 3 
< 4 5 
< 3 0 
< 4 2 
115 

< 4 0 

48 

Cs 

<0.5 
<0.4 
<0.4 
<0.4 
<0.4 
<0.4 
<0.4 
<0 .4 
<1.2 

0.6 

0.5 

A g 

1.5 
1.3 
1.5 
2.3 
1.6 
1.7 
1.3 
2.5 
2.9 
1.6 

1.8 

Z n 

236 
66 

162 
143 
820* 
147 

58 
555 
144 
495 

283 
223 

F u r t h e r e x p l a n a t i o n s in Table 37 a. 

sed b y t h e p r e s e n c e of e v e n m i n u t e a m o u n t s of d i s t u r b i n g a d m i x t u r e , a n d t h o ­
se c a u s e d b y c h a n g e s in b a c k g r o u n d v a l u e s as w e l l . T h e c h a n g e m a y b e p r o v o ­
k e d b y i n c r e a s e in c o n c e n t r a t i o n of a m a c r o c o m p o n e n t in t h e s a m p l e . 

In u s i n g t h i s p r o c e d u r e a q u e s t i o n a r i s e s w h i c h n u m e r i c a l v a l u e s h o u l d b e 
a p p l i e d in c o r r e l a t i o n a n d s t a t i s t i c a l c a l c u l a t i o n s for v a l u e s < x. G e o c h e m i c a l 
w o r k p l a c e in Ú L C S U P uses t h e f o l l o w i n g p r o c e d u r e : T o c o m p u t e t h e v a l u e 
a c c o r d i n g t o r e l a t i o n y = 0.5 x . w h e n t h e n u m b e r of s a m p l e s w i t h v a l u e s < x 
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T a b 1 e 4 0 a 
Contents of t race e lements in the slates outside the product ive zones 

Sample n u m b e r La Ce Sm Eu Tb Yb Lu i 'REE Th 

108 
111 
112 
125 
130 
131 
132 
133 
141 
144 
14!) 
151 
152 
155 
158 
147 
157 
162 

x (IS 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 

s a m p l . ) 

23.6 
24.0 
29.2 
36.4 
21.8 
24.8 
27.2 
22.4 
17.6 

.23.6 
24.0 
35.8 
20.6 
19.0 
26.8 
29.0 
24.0 
15.2 

53.5 
64.3 
64.8 
86.4 
46.8 
54.9 
58.9 
60.7 
56.7 
50.4 
57.6 
77.4 
47.7 
42.3 
63.4 
,59.4 
51.7 
17.3 

5.2 
2.8 
4.4 
4.0 
3.4 
2.6 
3.4 
2.8 
4.0 
3.0 
3.2 
•5.6 
4.8 
3.6 
5.6 
3.8 
2.8 
4.0 

1.2 
1.1 
1.1 
1.5 
0.9 
1.1 
1.3 
1.4 
0.8 
1.1 
1.2 
1.3 
1.1 
0.9 
1.5 
1.0 
0.8 
0.7 

0.6 
0.8 
0.5 
0.7 
0.4 
0.4 
0.5 
1.0 
0.4 
0.5 
0.7 
0.5 
0.5 
0.4 
0.5 
0.5 
0.3 
0.7 

3.2 
2.0 
2.0 
2.5 
1.4 
1.3 
1.3 
1.9 
2.0 
2.3 
1.8 
1.3 
2.0 
2.7 
1.7 
1.7 
0.8 
2.4 

0.5 
0.5 
0.4 
0.5 
0.2 
0.3 
0.2 
0.3 
0.4 
0.3 
0.3 
0..3 
0.4 
0..3 
0..3 
0.3 
0.2 
0.6 

85.2 
94.1 

100.2 
130.0 

73.2 
84.1 
91.1 
89.1 
79.9 
79.7 
87.2 

119.4 
74.7 
67.4 
97.0 
9.3.8 
79.2 
38.9 

6.8 
8.4 
7.0 

11.2 
6.5 
5.1 
7.5 
8.0 
8.1 

8.2 
6.4 

12.3 
7.1 
8.3 
7.2 
7.1 
4.5 
4.2 

3.0 
1.4 
1.7 
2.7 
0.8 

<0.4 
<1.4 
<0.4 

1.3 
1.9 
0.9 
0.5 

<0.4 
1.5 

<0.4 
1.6 
0.3 
5.0 

24.7 56.3 .3.8 1.1 0.5 1.9 0.3 86.8 7.4 3.1 

Fur ther explana t ions in Table 37 a. 

T a b l e 40 b 
Contents of t race e lements in the slates outside the product ive zones 

S a m 
n u m 

108 
111 
112 

125 
1 30 
1.31 
132 
133 
141 
144 
149 
151 
152 
155 
158 
147 
157 
162 

pic 
oe r 

A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 

x (18 s a m p l . ) 
X* 

A u 

0.010 
< 0.005 
< 0.004 
< 0.005 
< 0.004 
<0.005 
<0.010 
< 0.005 
<0.004 
< 0.005 
< 0.005 
• 0.005 
< 0.005 
<-0.005 
< 0.005 
< 0.005 
< 0.004 

0.009 

0.005 

~ 

A s 

18.5* 
2.9 
4.7 
8.(1 
2.3 
8..3 
2.6 

15.4* 
.3.4 
2.6 
4.2 
4.2 
5.2 
1.1 
7.3 

11.5* 
7.4 
1.4 

6.1 
4.4 

S b 

0.97 
0.59 
1.10 
0.90 
0.18 
0.34 
0.26 
3.85* 
11.16 
0.64 
0.10 
0.64 
0.15 
0.84 
0.17 
0.28 
0.44 
i0.07 

0.70 
0.52 

W 

0.8 
<0.4 
<0 .3 
<0 .5 
<0.3 
<0 .5 
<0 .4 
<0 .5 

.3.1 
<0.5 
<0 .5 
<0 .5 
<0 .5 
<0 .5 
<0.6 
<0.4 
<0.4 

0.5 

0.7 
• — 

T a 

0.5 
0.7 
0.4 

<0.4 
0.3 
0.5 
0.4 
0.4 
0.5 

<0.1 
0.4 
0.6 
0.5 
0.5 
1.3 
0.5 
0.3 
1.2 

0.5 

— 

H f 

9.2* 
6.6 
6.4 

10.3* 
7.2 
5.4 
8.3* 
6.8 
6.7 
7.4 
7.5 
6.8 
8.6* 
6.8 
7.6 
7.4 
5.1 

10.5* 

7.5 
(i.7 

Sc 

22.4 
29.7 
23.8 
22.0 
16.6 
21.6 
21.9 
31.5 
32.0 
28.2 
22.1 
23.1 
20.5 
30.0 
26.8 
20.3 
14.1 
21.0 

23.7 

— 

G a 

28.2 
40.6 
<5.4 
32.6 

<6.0 
<8 .8 
14.0 
26.4 
19.2 

9.4 
38.8 
36.8 
54.0 
44.0 
26.2 
<8.4 
42.4 

2.0 

24.6 

— 

R b 

298* 
136 
243* 
208 

73 
70 

101 
59 

223* 
94 

134 
106 

66 
72 

106 
104 

<17 
119 

123 
97 

C s 

3.0 
10.5* 

5.7 
3.0 
2.4 
3.7 
2.3 
5.0 

11.5* 
5.2 
.3.3 
7.5 
1.0 
4.7 
.3.7 
1.8 
2.4 
2.4 

4.4 
3.6 

A g 

<1.3 
<1.7 
<1 .5 
<1.4 
<1.2 
<1.4 
<1.4 
<1.6 
<1.7 
<1 .5 
<1.4 
<1 .5 
<1.4 
<1.6 
<1.6 
<1.4 
<1.1 

1.4 

1.4 
— 

Z n 

88 
153 
165 
192 
186 
146 
305* 
405* 
203 
181 
126 
122 
176 
187 
196 
300* 
141 
79 

186 
150 

Fur the r explana t ions in Table 37 a. 
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T a b l e 41 a 

Contents of trace elements in the slates from the Harmonia Group 

Sample number La Ce Sm Eu Tb Yb Lu i'REE Th 

17 
1!) 
92 

107 
110 
113 
121 
122 
128 
129 
L34 
136 
145 
156 
160 
114 

x (16 s. 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 

a m p l . ) 

26.2 
27.4 
21.0 
34.!! 
34.8 
16.6 
20.8 
41.4 
27.6 
24.8 
39.0 
40.2 
26.6 
31.0 
29.0 
10.6 

28.2 

102.6 
58.0 
52.6 
74.7 
78.3 
35.1 
48.6 
86.8 
61.6 
61.2 
85.5 
90.0 
41.8 
48.6 
68.8 
27.4 

63.8 

2.6 
5.2 
4.0 
4.8 
2.6 
2.4 
4.4 
5.8 
6.4 
4.8 
6.H 
0.2 
4.8 
3.8 
4.8 
1.2 

4.(1 

1.5 
1.2 
1.0 
1.3 
1.2 
0.8 
1.1 
1.1 
1.2 
1.2 
1.8 
1.4 
1.2 
0.6 
1.3 
0.5 

1.1 

1.2 
1.2 
0.4 
0.8 
0.5 
0.5 
0.4 
0.5 
0.7 
0.7 
0.8 
0.6 
0.6 
0.2 
0.6 
0.2 

0.6 

3.0 
2.3 
1.5 
1.7 
2.3 
0.9 
2.5 
1.9 
2.6 
1.2 
2.2 
2.2 
3.4 
1.3 
1.9 
1.3 

2.0 

0.4 
0.3 
0.3 
0.3 
0.3 
1.2 
0.5 
0.2 
0.5 
0.2 
0.4 
0.4 
0.5 
0.7 
0.3 
0.4 

0.4 

1.36.2 
93.0 
78.8 

116.0 
118.7 
56.3 
76.1 

134.8 
97.4 
91.7 

133.0 
134.9 

76.5 
84.3 

104.3 
41.0 

98.1 

17.2 
H6.8 

8.5 
13.0 
14.0 

(i. 5 
76.1 
16.9 

7.8 
7.3 
9.9 

10.8 
4.1 
4.5 
8.4 
4.0 

9.8 

0.7 
17.5 

2.6 
2.0 
1.0 
0.7 
2.4 
3.2 
2.8 

<0.3 
2.6 
3.4 

10.5 
5.5 
1.7 
2.4 

3.7 

Further explanations in Table 37 a. 

T a b l e 4 1 b 

Contents of trace elements in the slates from the Harmónia Group 

Sample A u A s g b w T . ( H f S c G a R b C s A g Z n 
number 

17 
19 
92 

107 
110 
113 
121 
122 
128 
120 
134 
136 
145 
156 
160 
114 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 

x (16 s a m p 
X * 

<0.004 
0.022 

0.6 
3.2 

0.013 420.0* 
< 0.004 
< 0.005 
< 0.006 

0.020 
0.011 
0.019 

<0.004 
<0.004 

0.010 
0.009 
0.009 

<0.004 
<0.005 

1.) 0.009 

— 

17.8 
2.7 
8.6 

85.0* 
79.5* 
24.6 
29.1 
10.2 

8.3 
10.0 

1.8 
9.3 
1.6 

44.5 
9.8 

0.11 
0.49 
0.68 
0.21 
0.15 
0.22 
3.65* 
0.61 
0.92 
0.10 
1.05 
0.35 
1.50 
0.37 
0.08 
0.17 

0.66 
0.47 

O.ti 
0.9 
1.4 
0.8 

<0.4 
<0.4 
<0.4 

1.2 
<0 .3 
<0.4 

1.4 
<0.4 

3.1 
0.3 

<0 .5 
<0.5 

0.8 

—' 

<1.0 
1.1 
1.1 
0.5 
0.9 
0.4 
0.5 
1.1 
0.6 
0.6 
0.6 
1.0 
0.4 
0.3 
0.4 
0.4 

0.7 

— 

4.8 
5.6 
5.5 
6.7 
6.2 
4.0 
7.9 
5.9 
7.6 
7.6 
7.8 
6.6 
5.1 
2.0 
9.0 
8.8 

6.3 

— 

31.5 
21.7 
37.0 
28.4 
34.0 
13.2 
20.8 
27.7 
28.2 
24.1 
31.5 
29.8 
22.0 

9.6 
21.2 
22.9 

25.2 

17.8 
27.6 
33.2 
39.0 
24.6 
12.6 
<7.0 
62.0 
<5 .8 
43.8 
<6 .6 
45.6 
37.2 
17.4 
27.4 

5.2 

25.8 

324* 
234* 
214 
200 
231* 

83 
103 
296* 
174 

96 
185 
206 

98 
93 
82 
74 

168 
134 

7.6* 
5.5 

<0.4 
5.0 
6.2 
4.0 
1.8 
8.1* 
6.3 
1.8 
3.6 
9.5* 
1.8 
3.5 
1.6 
1.4 

4.2 
3.3 

<1.4 
<1.3 
<1.7 
<1 .5 
<1.2 
<1.1 
<1.4 

<i.e 
<1.5 
<1.4 
<1.7 
<1.6 
<1.4 
<0 .9 
<1.4 
<1 .3 

1.4 

233* 
103 
192 

191 
157 
121 
161 
184 
165 
127 
141 
212 
420* 

86 
134 
45 

167 
144 

Further explanations in Table 37 a. 
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[or a given element is lower than 30 %. Some authors (e.g. Dr. J a k e š , Geolo­
gical Survey, Prague) employs the relation y = 0.4 x. If the number of samples 
with the values of detection limits < x is higher than ca. 30 " 0, the average value 
of detection limit is computed for the whole set, and the values of the respective 
element should not be used for correlation purposes. 

The present authors did not employ these relations in computing the ar i thme­
tic means, but the relation y = x. because the difference between the half and 
whole value for < x is so small tha t it is within the l imits of admissible error 
of the method. 

Elements of rare earths 

Data on the contents of rare earths elements (TR or REE in the further text) 
in black shales are ra ther sporadic. In the l i terature the REE contents are often 
given for sediments without a more detailed description (the rock is, e. g., ter­
med shale only). In the last twenty years the analytical methods have been gre­
atly improved and refined and neutron activation has been used successfully for 
the analysis of REE. At the present t ime much attention is focussed on the REE, 
because their contents can be employed in solving petrogenetic problems of igne­
ous and metamorphic rocks, in part icular; the sediments have been ra ther ne­
glected. 

The REE occur chiefly as trivalent cations; Eu is also known in the form 
of Eu 2 ' and cerium as Ce/,+. They are divided into two subgroups: the lighter 
cerium subgroup (from La to Gd) showing properties of higher basicity, and 
the heavier y t t r ium subgroup (from Tb to Lu) of a lower basicity. Yt t r ium is 
often classed to this group in computations. The essential factor controlling the 
distribution and redistribution of REE in geological processes are the volume 
ratios of ions. The REE contents are generally given in values normalized to 
their contents in chondrites, assuming that the composition of chondrites corres­
ponds to the pr imary composition of the Earth, i. e. to the composition before 
differentiation and genesis of geospheres. 

The study of the REE contents in sediments is based on correlation of the 
analytical data with the data published by H a s k i n et al. (1968) for the shales 
of North America, not described to any detail. This correlation, however, must 
be made with care, because the N. American slates are very likely mature and 
homogenized mineralogicaly by metamorphism, whereas most of the Malé Kar­
paty black slates contain relics of mineral, mainly feldspar clasts in the homo­
genized matr ix (especially in the Harmónia Group). Table 42 compiles data on 
the contents of and REE in slaty sediments; the data in columns 4 and 5 re­
late to rocks similar to the rocks under study. The rocks from the productive 
zones with anomalous mineral paragenesis. in which the contents of some com­
ponents increase (Corg, sulphides, quartz, carbonates, amphiboles) have therefore 
varying contents of REE (mainly those with a great ionic radius) and anomalous 
ratios of elements. For this reason we have ranged these slates (type A) from 
productive zones, chiefly with anomalous La/Ce ratio to a separate subgroup 
(Table 37). A similar situation occurs in slates rich in pyrite or in pyr i te-pyrrho-
tite ores. 

The REE contents of black slates of the Malé Karpa ty crytalline complex 
were determined from 90 analyses made by INAA method in the Central La-
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T a b l e 42 

Compiled data of REE contents in the various slates (g . ť1) 

1 
1 

L a 

C e 

S m 

E u 

T b 

Y b 

Lu 

1 

41.1 

85.!) 

7.3 

1.5 

1.0 

3.3 

0.6 

2 

32.0 

7.3.0 

5.7 

1.2 

0.8 

3.1 

0.5 

3 

28.0 

49.0 

3.9 

0.8 

0.4 

1.8 

0.4 

4 

20.0 

42.0 

5.6 

1.1 

0.6 

1.8 

0.3 

5 ! 

19.5 

36.0 

3.9 

0.5 

0.5 

1.4 

0.2 

Explanations: 1 — mean from 36 European Palaeozoic slates (H a s k i n et al.. 1968): 
2 — mean from 40 North American slates (H a s k i n et al.. 1968); 3 — mean from 
4 analyses of American samples, pre-Cambrian to Carboniferous ( H a s k i n — G e h l . 
1962); 4 — black shale, Cansas, USA ( H a s k i n — G e h l , 1962); 5 — black gra­
phitic shale. Krivoj Rog, U.S.S.R. (T u g a r i n o v et al.. 1973). 

boratory of the Czechoslovak U r a n i u m Industry at Stráž pod Ralskem. Because 
of analytical difficulties the analyses were twice repeated, and the results of 
REE and other trace elements here evaluated are corrected values. The set of 
samples was divided into partial sets according to criteria given in the foregoing-
chapters. 

The table summarizing the average REE contents in the rocks studied (Table 
43) shows clearly that the analyses of heavy fractions separated from the ori­
ginal samples cannot be involved in the total set and computations of ar i thme­
tic means, because of very low contents of light REE (La and Ce). This anomaly 
is obviously caused by a large a m o u n t of sulphidic minerals present in the heavy 
fractions. Nine samples with extremely low contents of La, Ce and Sm were 
also excluded from the samples coming from the productive zones (type A). 

Generally, the REE contents in the slates of productive zones are relatively 
low. compared with the data in the l i terature concerning common metapelites and 
black shales. According to our investigations, the organic mat ter in rocks com­
bined with more or less sulphides or carbonates, or increased contents of quartz 
and/or mafic minerals from amphibole group strongly disturbs the contents and 
ratio of La and Ce which, in contrast, is relatively stable in clayey-siliceous se­
diments and their metamorphites . Table 42 and Table 8 in Chapter II list the 
contents of REE relatively close to those in the rocks of productive zones in the 
Malé Karpaty. The set of samples from the productive zones was divided into 
two parts ; one corresponds to clayey siliceous metamorphites according to the 
REE contents, whereas the other displays unusual contents of La and Ce other 
elements, and thus also their ratios. The slates with anomalous contents of REE 
probably developed under particular sedimentary conditions, in the period of 
submarine volcanic-metallogenic activity, or they were additionally influenced 
by hydrothermal processes and other metamorphic events. 
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T a b l e 4 3 

REE contents in black shales from the Malé K a r p a t y crystal l ine complex. 
( S u m m a r y table, contents in g . t-1) 

All set 
oť sam­

ples 
80 sampl. ^2 

P r o d u c t i v e z o n e s 

Type A In 
Outs ide H a r m ó - Heavy 

product i- nia t'rac-
p, P all 46 ve zones G r o u p tions 

i) Together 1 5 s a ' m p l samPl- 18 sampl . 16sampl. lOsampl. 
äampl. sampl. 31 sampl. 

La 

Ce 

Sm 

E u 

Tb 

Yb 

L u 

REE 

20.8 

41.5 

2.1 

1.3 

0.6 

2.5 

0.4 

69.2 

19.8 

32.1 

2.8 

1.6 

0.8 

3.8 

0.7 

61.6 

1 

4.1 

20.4 

0.9 

0.8 

0.3 

1.4 

0.2 

28.1 

15.2 

28.7 

2.2 

1.4 

0.6 

3.1 

0.5 

51.7 

20.1 

26.7 

2.7 

1.3 

0.7 

2.8 

0.4 

54.8 

16.8 

28.0 

2.3 

1.4 

0.6 

3.0 

0.5 

52.6 

24.7 

56.3 

1.9 

1.1 

0.5 

1.9 

0.3 

86.8 

28.2 

63.8 

2.0 

1.1 

0.6 

2.0 

0.4 

98.1 

13.9 

11.9 

1.1 

0.8 

0.5 

2.2 

0.4 

30.8 

T h e c o n t e n t of o r g a n i c m a t t e r also c a u s e s a spec ia l d i s t r i b u t i o n of R E E w i t h 
a p r e d o m i n a n c e of i n t e r m e d i a t e m e m b e r s (B a 1 a š o v. 1976). (Fig . 31). 

9-t 

100 

50 

S a m p l e s 
20 chondrites 

1 
1 • 

2 4 

3 c 

U n 

Atonic 
number 

La Ce Pr Nd Pm Sm Eu lid Tb Dy Ho Er Tm Yb LL 

Fig. 31. G r a p h of normal ized REE contents to 20 chondr i tes in the black shales of 
the Malé K a r p a t y crysta l l ine complex. 

Explanations: 1 — whole set of 80 samples ; 2 — product ive zones of 46 samples 
a l together ; 3 — out of zones 18 samples ; 4 — H a r m ó n i a G r o u p 16 samples. 
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As concerns the La and Ce contents, the samples from areas outside the pro­
ductive zones and from the Harmonia Group provide a different geochemical 
pat tern. These samples contain less organic mat ter and belong to rocks that 
were enriched in lighter members of REE either primari ly or due to metamor-
phic redistribution. As a result, the contents of intermediate and heavier com -
ponents of TR, such as Sm, Eu, Tb. Yb and Lu decrease (see Fig. 31). From the 
constant La/Ce ratio in these samples it can be inferred that sedimentation of 
the shale material in these areas occurred under quieter conditions, without 
basic volcanic activity, which exerted influence on sedimentation of rocks of the 
pyri te-bearing zones. 

It is remarkable that the rock samples from the Harmonia Group have the 
highest REE average contents of all the Malé Karpaty samples. This may provide 
evidence for its being younger than the underlying schists. The enrichment of 
younger sediments in REE relative to the older ones is reported by W i l d e -
m a n — H a s k i n (1973). The younger age of the Harmonia Group was deter­
mined both stratigraphically and radiometrically (see Chapter I). The opinion 
of these authors is supported by the data on REE contents in the sediments 
of the Bohemian Massif recorded by C a d k o v á — M r á z e k (1980). They 
obtained the following sums of REE contents in g . t ' (the rocks in the Table 
are arranged chronologically): 

Age Rocks REE 

Upper Proterozoic metapelites 71.5 
Central Bohemian Cambrian pelites 78.7 
Devonian shales 93.0 
Lower Carboniferous pelites — shales 123.3 
Upper Carboniferous aleuropelites 164.3 

We note that our summary REE values given in the Tables are lower also 
because that several elements, including Y. are lacking; they would increase the 
sum - REE considerably, but the rising values with age are distinct even when 
the representation of elements is incomplete. 

The authors hope that further still more detailed study of REE contents in 
black slates of the Malé Karpaty crystalline complex will permit them to advan-
C2 their knowledge of the derivation of organic matter , and of metamorphic 
and sedimentary history of these rocks and their age as well. For the t ime being 
there are no data available on the contents of other important elements such 
as Pr. Nd. Gd, Dy. Ho. Er, Tm and Y. The great absence of Gd is responsible 
for inexact determination of the positive or negative Eu anomaly. Therefore it 
is planned to subject several selected samples to combined neutron activation 
and X-ray fluorescence analyses. Of many data recorded we selected for com­
parison the values published for sediments by K a y (1972 in F a i r b r i d g e. 
1972). The author does not mention which rocks and in which ratio are inclu­
ded in the average values. The values are given in g . t"1 (ppm). 

La ~ 39: 
Sm - 7 
H o - 1 . 4 

Ce - 7 5 ; 
Eu - 2 
Er - 4 

Pr - 10: 
Gd - 6 . 1 
Tm - 0.58 

Nd - 37: 
Tb - 1.3 
Yb - 3.4 

P m 
Dy - 6 
Lu - 0.6 

not given 

Y - 35 
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The behaviour of REE and other elements in metamorphism poces a specific pro­
blem. The slates of the Malé Karpaty area are metamorphosed to different gra­
des, depending on the distance from granitoid apophyses. The influence of me­
tamorphism on the variation of elements is very significant and some conclusions 
have already been reported on in Chapter III, as e.g. t h e decrease in As, Sb, U 
and Hg with metamorphism. Relevant papers on this question were published 
by the workers of the Mining Academy in Freiberg under the guidance of prof. 
R o s i e r ( B e u g e — R o s i e r et al.. 1978; B e u g e. 1976; R o s i e r , 1980; 
R o s i e r — B e u g e et al., 1977). They arrived at the conclusion that many 
elements that were regarded as almost immobile, may be mobilized under the 
influence of metamorphism. The elements Hg. As and F appear to be the least 
isochemical. 

The conclusions on the migration of elements were based on the analyses of 
pelitic and clayey-siliceous rocks metamorphosed at different grades (see Table 
44). The finding that the average contents of As and Hg are somewhat higher 
and the Sc and Sr values a little lower, the author considers to be a geochemical 
characteristic of the region and not an analytical error. The elements F, CI. Br 
and I escape with water, but fluorine remains in the rock up to higher tempe­
ratures. The elements Au and Ag are reduced in amount with increasing meta-
morphic grade, Sr increases in amount, and Sc behaves as r a r e earths. Despite 
the negative Eu anomaly, the rare earths (TR. REE) decrease with increasing 
metamorphism. 

The authors of this paper also studied the contents of several microelements 
in relation to the metamorphic grade; the results of their investigations are 
plotted in graph 7. 

Tungsten 

The highest average contents of tungsten have been determined in samples 
from the productive zones (rocks of A type — 2.7 g . ť 1, and up to 3.3 g . t ' after 
eliminating the anomalous samples). The value of the bulk W content for the 
productive zone (i.e types, A, B, C) is 2.5 g . ť 1, which is consistent with the 
value given for carbonaceous shales of India by Dekate (1967) in K r a u s k o p f. 
1970. Samples from the areas outside the productive zones and from the Har­
mónia Group have very low values of tungsten (0.7 and 0.8 g . t '), i.e. 
samples containing less organic mat ter and showing lower metamorphism of 
granite. Such a correlation of W with organic m a t t e r was described by several 
authors (e.g. J e f f e r y. 1959; P a r g e t e r, 1956 in K r a u s k o p f. 1970); all 
of them point out that they are few reliable data to substantiate this relation­
ship. T a y l o r (1965) presented a value of 2 g . ť 1 W for arkoses and shales. 
It is to be noted that the average W value of 7.52 g . ť 1 obtained by INAA method 
for metabasites of the Malé Karpaty is to be regarded as exaggerated (C a m b e 1 
— K a m e n i c k ý. 1982). 

Tantalum 

There are few data available on the Ta contents in sediments. P a c h a d ž a -
n o v (1963), in W e d e p o h l , 1978, Handbook of Geochemistry II/5, gives an 
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T a b l e 4 4 

Contents of elements in 8-grade metamorphic profile according 
to R o s i e r et al., 1980. Contents in g . ť , Au. Ag and I contents in ppb 

B r 

1 

CI 

A s 

S b 

B a 

S r 

R b 

C s 

A u 

Ag 

C o 

Ni 

T h 

U 

T a 

Hf 

S c 

L a 

C e 

N d 

S r n 

E u 

T b 

Y b 

L u 

C l a y 
m u d 

29.2 

2380 

7890 

7.8 

0.73 

675 

171 

181 

7.7 

2.4 

300 

22.8 

47 

21,0 

4.1 

1.55 

5.9 

20.2 

87 

138 

04 

9.7 

1.95 

1.41 

4.3 

0.51 

C l a y 

6.8 

1800 

3200 

16.7 

1.94 

235 

171 

122 

8.6 

1.8 

140 

23.7 

81 

10.7 

2.3 

1.05 

6.1 

13.7 

52 

77 

34 

5.8 

1.32 

0.88 

3.0 

0.33 

C l a y -
s t o n e 

1.2 

410 

105 

17.1 

2.53 

420 

161 

128 

15.5 

1.5 

290 

36.0 

92 

11.3 

3.2 

1.02 

5.1 

16.2 

54 

75 

29 

6.0 

1.25 

0.87 

3.3 

0.35 

C l a y 
s h a l e 

1.2 

00 

46 

(41.1) 

0.66 

432 

166 

93 

8.5 

1.0 

200 

28.5 

57 

19.5 

4.0 

1.56 

10.2 

18.8 

75 

102 

60 

8.2 

1.55 

1.25 

4.3 

0.45 

P h y l l i t e 

1,3 

86 

35 

14.6 

0.80 

460 

201 

198 

9.3 

1.0 

80 

28.8 

78 

14.2 

2.5 

1.28 

4.9 

21.8 

70 

95 

52 

7.9 

1.81 

1.22 

4.2 

0.44 

M i c a 
s c h i s t 

1.2 

42 

58 

6.8 

2.05 

690 

242 

186 

9.0 

0.7 

180 

34.3 

85 

13.6 

4.3 

1.43 

5.7 

21.9 

68 

94 

39 

8.2 

1.93 

1.31 

5.0 

0.66 

G n e i s s 

1.7 

35 

89 

0.9 

0.23 

640 

223 

142 

5.9 

0.9 

90 

31.1 

68 

13.4 

2.4 

1.37 

6.4 

20.4 

61 

92 

39 

6.9 

1.55 

1.14 

4.5 

0.38 

G r a n u ­
l i t e 

1.3 

97 

97 

1.1 

0.27 

295 

243 

69 

2.6 

1.2 

100 

21.2 

90 

9.2 

0.9 

1.22 

3.2 

19.7 

58 

89 

50 

5.0 

1.16 

0.63 

1.7 

0.20 

average value of 2 g . ť 1 for the shales of the Russian Platform. Pelitic material 
from a humid environment is evidently richer in Ta (2.4 g . ť") than from an 
acid environment (0.9 g . t"1). The Ta contents in black slates of the Malé Karpaty 
crystalline complex are lower than whatever value presented in the l i terature. 
The reduction may be accounted for by the use of the INAA method, as F 1 ô r-
k e ct al. (1978) described a similar decrease in Ta contents on marine clays 
analysed by this method. C a m b e l et K a m e n i c k ý (1982) share this opi­
nion, because the values obtained in the laboratory at Stráž pod Ralskem for 
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T a b l e 45 

Contents of trace elements in graphitic phyllites of Keno Hill — Galena Hill area. 
Yukon. Adapted according to G l e e s o n — B o y l e (1980). 

Contents in g . ť1 

Graphitic phyllites 

C u 

P b 

Z n 

N i 

C o 

A s 

S b 

M o 

W 

U 

S n 

Ag 

B a 

24 

2..Ť 

120 

80 

2.5 

8 

3 

17 

2 

13.5 

3 

1 

6757 

72 

5 

60 

15 

2.5 

6 

0.5 

0.5 

2 

1.1 

7 

0.2 

11 52 

40 

20 

40 

2.5 

2.5 

1 

1 

0.5 

2 

1.!) 

li 

0.3 

4146 

72 

2.5 

120 

2.5 

2.5 

1 

1 

4 

2 

3.9 

4 

0.8 

1960 

20 

2.5 

10 

10 

2.5 

1 

2 

20 

2 

2.3 

5 

O.H 

537 

52 

2.5 

30 

40 

5 

1 

0.5 

5 

2 

4.7 

10 

0.6 

1508 

20 

65 

111) 

55 

2,5 

1 

0.5 

1.0 

2 

2.7 

í) 

N D 

1615 

12 

5 

60 

2.5 

2.5 

1 

1 

2 

2 

1.9 

9 

N D 

2592 

39 

13 

69 

26 

2.5 

2.5 

1.2 

6.2 

2 

4 

4 

0.5 

2533 

tungsten in West Carpathian metabasites are almost ten times lower than the 
data reported in the l i terature. It is not possible to establish a dependence or 
change of content values for the black slates of the productive zones or other 
Malé Karpaty areas, because the differences in Ta contents from various shale 
complexes are small. In other aspects the geochemistry of Ta is closely associa­
ted with geochemistry of Nb. Since we had no Nb determination at our disposal, 
no conclusion could be made as concerns this pair of elements. According to 
T a y l o r (1965), the contents of Ta in arkoses and shales are 2 g . H ; the va­
lues determined by G l e e s o n and B o y l e (1980) for shales of different types 
are analogous (Table 45, 46). The laboratory (Stráž pod Ralskem) for metabasites 
and for amphibolites established Ta values 5 to 10 times lower than average 
values given in the l i terature. 

Scandium 

In sediments, scandium occurs mainly in shales, clays, greywackes. and argilli-
tes in concentrations of 10—25 g . ť 1 . This concentration range essentially agrees 
with average Sc contents in black slates of the Malé Karpaty crystalline com­
plex. Exception to this finding are the anomalous low contents of REE in nime 
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T a b l e 4 6 

Ranges of var ia t ion and median of t race e lements in the rocks from Keno Hill a rea . 
Adapted according to G 1 e e s o n — B o y l e (1980) 

Rock 
No. o 

C u 

Pb 

Zn 

Ni 

Co 

As 

Sb 

Mo 

W 

' U 

Sn 
1 

i A g 

[ F 

Ba 

type 
f sample 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

R 
M 

Quar tz-ser ic i te 
schist 

23 

2—32 
4 

2.5—145 
2.5 

5—2200 
70 

2.5—240 
10 

2.5—40 
2.5 

1—560 
1 

0.5—1100 
0.5 

0.5—15 
0.5 

2 
2 

0.4—4.6 
2 

NDT—10 
5 

NDT—0.5 
NDT 

150—1430 
350 

324—6588 
750 

Quar tz i le 
95 

2—400 
2 

5.2—1350 
2.5 

5—8000 
20 

2.5—130 
2.5 

2.5—20 
2.5 

1—60 
1 

0.5—30 
0.5 

0.5—9 
0.5 

2 
2 

0.1—6.7 
1.5 

NDT—10 
4 

NDT—7.6 
NDT 

ND—1825 
180 

80—9461 
350 

Phyl l i te 
76 

2—180 

2.5—1800 
2.5 

5—360 
60 

2.5—95 
20 

2.5—55 
2.5 

1—70 
1 

0.5—20 
0.5 

0.5—20 
0.5 

2 
2 

0.8—13.5 
2.5 

NDT—24 
5 

NDT—1.2 
NDT 

ND—1500 
550 

277—14345 
1200 

Greens tone 
44 

2—2600 
60 

2.5—65 
2.5 

5—460 
110 

2.5—145 
70 

2.5—60 
10 

1—44 
1 

0.5—3.0 
0.5 

0.5—3 
0.5 

2 
2 

0.4—4.6 
2 

N D T — U 
NDT 

NDT—1.2 
NDT 

70—1110 
320 

82—9674 
400 

Explanations: R — r ange of va r i a t ion : M — median . Contents in g . t 1 : NDT — not 
detectable . 



GEOCHEMISTRY OF BLACK SHALES FROM MALÉ KARPATY 363 

samples from the productive zones (type A); the average value of Sc contents 
(34.4 g . ť 1 ) is higher than the concentration range mentioned above. There are 
no other exceptional Sc contents in individual areas and shale types. Only samp­
les of the A type from the productive zones (31 samples — average 28.0 g . ť 1 ) 
exhibit a tendency to an increase in Sc contents with increasing organic matter. 
This fact has not yet been cleared up as there is little known on the geochemical 
behaviour of Sc. Possibly, a direct biochemical dependence of Sc on organic mat ter 
is involved, as it forms a trace admixture in marine organisms and plants and 
takes par t in organic red-ox processes in them. An appreciable a m o u n t of Sc 
has also been found in peat, coal and oil. In coal ash from the Soviet Union 
up to 140 g . ť 1 Sc has been asserted ( V l a s o v . 1966 in F r o n d e l , 1970). The 
origin of Sc in coal is questionable; it can be bound to organo-metallic com­
pounds or is adsorbed on organic substances from surface waters. The carbo­
naceous matter may thus act in sediments similarly as in accumulation of ura­
nium. Such a bonding mechanism may also be considered for Sc in black slates 
of the Malé Karpaty crystalline complex. However, there have also been ascer­
tained low Sc contents in the presence of organic matter . R o s s and R o s e n -
b a u m (1962 in F r o n d e l , 1970), for example, record the Sc content in oil 
shale only equal to 10 g . ť 1 . In the paper of C a m b e 1 — S p i š i a k (1980) the 
contents of Sc determined with the use of the INAA and SPA methods are 
compared; the comparison has shown that neutron activation analysis gave higher 
values than the spectrochemical method, but the differences were quite small. 

Hafnium 

Hafnium is one of the elements the content of which in the rock depends 
on the content of zirconium, because its predominant part is accumulated in 
the mineral zircon. Therefore the Zr,'Hf ratio is also characteristic and signifi­
cant for individual rock types. In sediments it depends on the content of clasto-
genic or authigenic zircon in the mineral composition of rocks. The average con­
tents of hafnium in the earth's crust range from 3 to 4.5 g . ť ' . Other elements 
accompanying increased Hf contents are Be, Cs, U, and part ly praseodymium, sa­
mar ium and gadolinium, tin and tanta lum. The results presented here are essen­
tially identical with the literary records. The Tables of element contents reveal 
that the rocks of productive zones (type A) have average Hf contents equal to 
3.6—4.2 g . ť ' ; the pyrite-bearing slates and sulphide ores (types B. C) only 
2.9 g . ť1, and heavy fractions of rocks (types B, C) only 0.9 g . ť ' . On the con­
trary, the slates outside the productive zones have an unusually high average 
Hf content 7.5 g . ť 1 , and in the Harmónia Group 6.3 g . ť 1 . The increased con­
tents are due to a higher amount of zircon in rocks, which occurs in minor amo­
unts in pyrite ores and sulphidic rocks. However, it is possible that the pr imary 
Hf Zr ratio in zircons of different shale types differs. 

Galium 

The average value of gallium in the earth ' s crust is given as 17 g . ť 1 (F a i r-
b r i d g e , 1972). The values for sedimentary rocks vary from 4 g . ť 1 (carbona-
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tes), through 12 g . ť 1 (sandstones) and 20 g . t"1 (deep-sea sediments) to 25 g . ť 1 

(shales). In our Tables the Ga values in the Harmónia Group are 25.8 g . ť 1 , in 
slates outside the productive zones 24.6 g . ť 1 , in slates of productive zones 11.8 
g . t"' and in heavy fractions 8.4 g . ť 1 . 

The substantially decreased Ga contents in the black slates of productive zo­
nes in relation to the clayey-siliceous metamorphites outside the productive zo­
nes is regarded as a reasonable expression of the mineral composition of these 
rocks. Few determinations by the means of the SPA gave 22 g . ť 1 as a mean 
of 10 analyses (Table 30), 39 g . ť 1 for the gneisses from the Bratislava massif 
39 g . ť ' Ga (5 samp.) and 15 g . ť ' for phyllites (3 samp.) (Table 31.) The values 
for 11 phyllite samples from the Pezinok—Pernek crystalline complex were 29 
g . ť 1 , and 25 g . ť 1 for the phyllites of the Harmónia Group (8 samples). This 
comparison proves a relatively good accord between the INAA and SPA re­
sults. 

Rubidium and cesium 

Rubidium and cesium are geochemically important elements, which are bon­
ded particularly to potassium-containing minerals. According to Taylor, the ave­
rage contents of Rb and Cs in the earth's crust are in basalts 30 g . ť 1 Rb and 
1 g . ť 1 Cs. in granites 150 g . ť 1 Rb and 5 g . ť 1 Cs, and in granodiorite 120 
g . ť 1 Rb and 2 g . ť 1 Cs. Average values in various types of sedimentary schists 
are 140 g . ť 1 Rb and 5 g . ť 1 Cs: in arkoses 120 g . ť 1 and 3 g . ť 1 Cs; in quartzi-
tes 30 g . t ' Rb and limestones 5 g . ť 1 Rb. 

The rubidium contents in Malé Karpaty slate samples, taken outside the pro­
ductive zones (Table 40) are comparable to those of sedimentary slates referred 
to in the l i terature (123 g . ť 1 Rb and 4.4 g . ť 1 Cs). According to Table 41. the slates 
of the Harmónia Group have 168 g . ť 1 Rb and 4.2 g . ť 1 Cs. The slates from thy 
productive zones of the Malé Karpaty (type A — Table 37 or types B. C — Table 
38) have greatly varying contents of the two elements; the average values in 
the rocks of productive zones are 88 g . ť 1 Rb and 2.2 g . ť 1 Cs. The group of 
slates having anomalous chemistry gave only 44 g . ť 1 Rb and 1.3 g . ť 1 Cs (the 
slates belong to productive zones). 

For lack of space, the causes of decrease in Rb and varying K'Rb ratio in 
slates from the productive zones and in slates with discernible pyrite will not 
be discussed thoroughly in this paper. The reasons have already been broadly 
mentioned in the section discussing the TR contents in the rocks. The comparison 
of the results obtained by the INAA method with the values of alkali contents 
determined by C a m b e 1 et al. (1981) with the use of flame photometry, has 
shown that in the phyllites or slates examined the Rb contents defined by the 
latter method range from 57 to 74 g . ť 1 and the Cs amount from 1.6 to 2.6 g . t '. 
The INAA method used for the crystalline schists (biotite phyllites and gneisses) 
occurring outside the mineralized zones gave higher Rb values (123 g . ť 1 ) and 
Cs contents (4.4 g . ť1) than the flame photometry and atomic absorption method. 
In slates of types B. C from the productive zones, the INAA gave 80 g . ť 1 Rb and 
1.8 g . ť 1 Cs. i.e. approximately the same contents as determined by photometry 
in clayey-siliceous metamorphites . 

It should be remarked that the two groups of results are within content li-
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mits defined for Rb and Cs in sedimentary rocks, and that the results obtained 
photometrically have been confirmed by the method of atomic absorption. 

In the last paper of H e i n r i c h et al. (1980), the Rb content was stated for 
sedimentary rocks as 100 g . t '. ranging from 90 to 110 g . t '. and as 97 g . t ' 
for metamorphites of the upper parts of the earth's crust. The value of Rb 
equal to 190 g . t " 1 determined for dark and black shales of Germany is at va­
riance with our results. One of the causes of such a great difference may be 
the fact that the Malé Karpaty were relatively intensely metamorphosed and 
the shales from Germany were metamorphosed to a lower degree or not at all. 

Uranium and thorium 

The interpretat ion based on the determination of U and Th contents by the 
three-component j '-spectrometric analysis is presented in part III. The results 
of measurements are listed in Tables of the catalogue. The results obtained by 
the neutron-activation analysis differ somewhat from the above results. The 
INAA data are tabulated in Chapter IV. Even a cursory comparison of the results 
shows that the ^-spectrometric method gives higher uranium values than the 
INAA method and only little different values for thorium, either a little lower 
(usually) or a little higher. Table 33 presents the average contents of U and Th 
in rocks divided into groups according to several criteria. The gamma-spectro-
metric analyses were made by RNDr. K á t l o v s k ý , CSc. 

The comparison of ari thmetic means of U and Th values (in rocks of not 
identical sets) obtained by ^-spectrometric and neutron activation analyses is 
given below (numbers in denominators = n u m b e r of samples, numerals in 
parentheses = values obtained by INAA): 

Productive zones, Productive zones, 
slates of type A slates of types B. C 
Th = 3.07 36; (3.8/31) Th = 3.58 26; (3.5'15) 
U = 12.46/36; (7.4/31) U = 19.7 26; (6.8'15) 
Heavy fractions, INAA: Th = 1.3 10 U = 11.2/10 
Slates outside productive zones Harmónia Group 
Th = 7.66 40; (7.4/18) U = 4.27/40; (3.118) 
Th = 9.20 17; (9.8/16) U = 4.30 17; (3.7 16) 

The two methods applied brought very similar values of U and Th. especially 
for slates occurring outside the productive zones. The j '-spectrometric method 
gave widely differing values only for U in rocks of the productive zones in 
relation to those of the INAA, i.e. almost twice as high. 

M o o r e and S w a m i (in F a i r b r i d g e, 1972) give the value of 12 g . ť 1 Th 
for sedimentary rocks, which is evidently higher than the Th values in the 
Malé Karpaty slates. 

There are more data on the uranium contents in different types of shales. 
For comparison some data of W r i g h t (1972 in Encyclopedia of Geochemistry. 
F a i r b r i d g e , 1972) are cited h e r e : uranium content in g . t 1 : 
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Black shales within a range of 
red, grey and green shales 
limestones and dolomites 
bentonites 
thinly schistose metamorphites 
amphibolites 

3—250 j 
1.2—12 
0.1—9 
1—21 
1—6.4 
2.6—41 

median 8 
median 3.2 
median 2.2 
median 5 
phyllites 1.0—2.7 
gneisses 4.5—15 

The comparison of our results wi th those cited above shows that the slates 
of productive zones have high U contents and decreased Th contents relative 
to the shales outside the productive zones. 

IV.2. C o m m e n t s o n t h e c o n t e n t s of A u, S b . A s . Z n a n d A g , 
a s e s t a b l i s h e d b y n e u t r o n a c t i v a t i o n a n a l y s i s 

These elements will be mentioned here only briefly, as they are discussed 
in Chapter III and in several special publications ( C a m b e l — S t r e s k o — 
S k e r e n č á k o v á , 1980: C a m b e l — S t r e š k o — M i č u d a . 1981). It 
ought to be noted that the repeated INAA analyses (lab. Czechoslovak Uranium 
Industry, Stráž pod Ralskem) performed with new instruments of higher 
detectability limits, brought more precise results. The values for Au contents 
approached those obtained by atomic absorption method, if some anomalous 
values affecting the total average are omitted (we recommend to compare 
Table 34 a. b. c and Tables in this Chapter). The lowest Au contents are in 
slates outside the zones of mineralization (thousandths of g . ť 1 ) and in minera­
lized rocks to ores, or heavy fractions of these rocks (hundredths to thousandths 
of g . ť 1 ) . Syngenetic pyrites are not concentrators of gold, which does not exceed 
the background value in t h e m (Table 34). 

Antimony 

On the basis of new results, the antimony contents determined by the 
neutron activation analysis approached those obtained by atomic absorption 
procedure, particularly in the rocks outside the productive zones and in the 
Harmónia Group. Slates from the productive zones (types A, B and C) displayed 
much higher Sb values compared with those of the AAS m e t h o d : type A — 
27.94 g . ť 1 , types B and C — 34.95 g . ť 1 , and heavy fractions — 57.3 g . t ' 1 . 
According to AAS method, type A in productive zones — 22.6 g . t " 1 Sb, and B, 
C types 25.3 g . ť1, slates outside the zones (phyllites and gneisses) — 1.5 g . ť 1 . 
These data are acceptable, if we realize that antimony deposits occur in these 
very zones. For comparison we present here some elements from the group 
of polymetals in graphitic phyllites or schists, from the paper of G 1 e e s o n 
and B o y 1 e (1980) (Table 45). Average values of a major n u m b e r of analysed 
rocks from the Keno Hill district, Yukon, are listed in Table 46. This area is 
suitable for comparison because its polymetallic mineralization is genetically 
analogous to that of the Malé Karpaty. In contrast to t h e Malé Karpaty the 
graphitic and mafic rocks in t h a t region do not have anomalous concentrations 
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of Sb but they have neither ant imony deposits. The average Sb content is 
1.2 g . ť 1 and As content is 2.5 g . ť 1 . The mean Sb content for various shale 
types is 0.5 g . t"1 and 1 g . ť 1 is the mean As content. 

Arsenic 

We do not regard the As contents given in our Tables as authori tat ive and 
acceptable as the values have not been checked against results of other analyses, 
and the data published elsewhere are widely different. The incorrectness of the 
data in also confirmed by t h e average values of the slates in Harmónia Group 
equal to 44 g . t '. the average in slates outside t h e productive zones being 6.1 
g . ť 1 (18 analyses) and 3.3 g . ť 1 after excluding three anomalous contents. 
Irrespective of the questionable correctness of the individual results, the ten­
dency to reduction of arsenic amount with increasing metamorphic grade (me-
tamorphic recrystallization) is observable; this phenomenon was studied by 
R o s i e r et al.. 1980. 

The contents of arsenic in slates of type A from the productive zones reach 
very high values of 598.5 g . ť 1 , higher than slates of types B and C (215 g . ť 1 ) . 
The former value is caused by four high values (above 1300—6300 g . ť 1 ) , which 
distort the result. It is to be stressed that the antimony ores of t h e Malé Kar­
paty have high arsenic contents and the increased gold contents are also asso­
ciated with rich arsenopyrite occurrence. Therefore, these anomalously high 
As contents cannot be a-priori refuted. Pyr i te accompanying the Sb minerali­
zation in dark slates are also rich in As, which, however, is absent in pyrite 
of the syngenetic origin. These facts are a reason why the authors do not 
reject the high values of arsenic but think their correctness to be doubtful. 

There are very few data on the arsenic contents in metamorphosed rocks. 
O n i s h i (1969 in W e d e p o h l , 1970) presented (Tables 33-M-l and 33—0) the 
following values: in metapelites (phyllites. gneisses, amphibolites) 0.5 g . ť 1 to 
4 g . ť 1 ; for graphitic argillites and phyllites (29 samples) he cites Boyle's data 
from 1965 — 5 to 70 g . ť 1 with average value of 18 g . ť 1 , and for quartzitic 
rocks: 5 and 7 g . ť . 

The reader is referred to Tables 45, 46. In Table 46 Boyle determined the 
mean As content as 1 g . ť 1 and in Table 45 an average value from eight samp­
les of graphitic phyllite as 2.5 g . ť 1 . It is also recommended to take notice of 
Rôsler's Table. 1980, published in our paper (Table 44). In conclusion it must be 
stated that arsenic is one of the elements that are difficult to identify analyti­
cally and the knowledge of which is scanty. Therefore, we have cited here 
even data that raise doubt of their correctness. 

Zinc 

The contents of zinc in the slaty rocks of the Malé Karpaty as determined by 
the method of atomic absorption are thought to correspond to reality. The 
average values of Zn contents in various rock types are given in Tables 34 
and 35. The values a r e : 102.7 g . ť 1 jointly for rocks types A,B,C of the produc­
tive zones (42 analyses); 90.3 g . ť 1 for rocks of A type (27 analyses); 86.9 g . ť 1 
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for rocks outside the productive zones (26 analyses). The integrate average 
is 97.9 g . t • for 68 analyses. The average values obtained by neutron activation 
method are twice to three-times higher. According to G 1 e e s o n and B o y 1 e 
the mean Zn content for sericite-quartzose phyllites is 70 g . t '. 60 g . t"1 for 
phyllites. and 110 g . ť 1 for greenschists. The average Zn in the earth's crust 
is 70 g . t -i (F a i r b r i d g e, 1972). 

Silver 

The values of silver obtained by neutron activation method correspond in the 
order of magnitude to the data published by other authors and range from 
1.3 to 1.6 g . ť 1 . Its contents are below the detection limits of the INAA method. 

Translated by H. Zárubová 
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List of localities* 

Dolany. Kozárovský brook, sample from a bed with higher Si con­
tent. Dark-grey biotite phyllite. 
Borinka village. Black folded slate in a complex of amphibolites and 
phyllites. Svätý vrch. 
Lošonec village, borehole no. 9. 44—44.6 m. Dark-grey schistose phy­
llite. 
Horné Orešany. dark-grey biotite phyllite. Meďná el. points 334 and 
314, S of Slapý vrch hill. 
Pezinok — Rybníček. Hrubý vrch. western slope between el. points 
479 and 476. Dark-grey quartz-biotite slate. 
Cajla, Pezinok, Hrubá dolina; gallery opposite to Michal gallery. 
Light grey sericite-chlorite slate. 
Pezinok deposit, Kolárska gallery, left of meas. point 4. Dark sericite-
-chlorite phyllite with antimonite. 
Modra-Harmónia, Dolinkovsk.ý vrch, el. point 391. Dark to black 
phyllite with biotite porphyroblasts. 
Pezinok. 250 m S of the bathing pool. Weathered black biotite schist. 
Pezinok, Ferdinand gallery, dark-grey quartz-biotite phyllite. 
Modra-Harmónia, spotted slates of the Harmónia Group, quarry near 
the dam in the Kamenný brook valley. 
Mariánka village, quarry, Toarcian (Jurassic). Mariatal shale. 
Pernek. beside the house no. 232. Mariatal shale (Toarcian). 
Pezinok, Hrubá dolina, pit heap of the Zlatá gallery (near the chalet 
Koliba). Greyish-black fine-grained sericite-chlorite slate. 
Dubová village, game-keeper's Fúgelka; water reservoir about the 
new chalet. Spotted slate of the Harmónia Group. 
Pezinok. Hrubá dolina. 400 m W of Kablo chalet. Biotite-sericite 
phyllite with segregation quartz veins. 
Dubová village, Fúgelka. game-keeper's cottage, road cutting, ca. 300 m 
above the new building. Quartz-sericite slate (probably Permian). 
Dubová. Fúgelka game-keeper's cottage, road from the new building. 
Black slate (probably Permian). 
Modra-Harmónia. lower limestone quarry. Fine-grained biotite-seri­
cite slate (Harmónia Group). 
Pezinok, Hrubá dolina, the large limestone quarry. W of the brook. 
Dark to black rock with streaks of organogenic pigment. 
Pezinok. pit-heap of Augustin gallery. Black carbonaceous slate with 
quartz. 
Bratislava, road below Devín Castle, exposure near the monument. 
Sericite phyllite with crumpled mica minerals. 
Bratislava, crematorium, road to the quarry below the forest. Black 
slate with quartz and traces of oxides. 
Bratislava, quarry near the crematorium. Dark-grey biotite slate 
with quartz veinlets and sulphide streaks. 
Kuchyňa village, above Puklišova gallery, pit heaps above the brook. 
Biotite phyllite. 
Kuchyňa — Modranská dolina, hill above the gallery. Quartz-sericite-
-biotite phyllite with layers of quartz granoblasts. 
Pezinok — Rybníček, on the ridge 20 m SE of Gajdoš hill. Siliceous 
dark slate with porphyroblast of muscovite and biotite. 
Horné Orešany. field at the outskirst of the village. Highly siliceous 
biotite phyllite. 

* The terms "graphitic quartz — graphite — sulphide ore" are taken from the 
literature on the rocks of the Malé Karpaty. As these rocks do not contain graphite 
but an organic substance of anthracitic character they are written in inverted 
commas. 
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29. K-24.A NE oí Dol'any. cutt ing of the road to the hill top. Muscovite-biol i te 
micaschis t-phyl l i te wi th relics of clastic feldspars and quar tz 

30. K-25.B Pernek, old p i t - h e a p below Misársky Ostrobec. Highly siliceous black 
slate. 

31. K-26.A M o d r a - H a r m ó n i a , Dolinkovský vrch. W of No. 382. Light-grey biotite 
hornfels w i th biot i te and muscovite. 

32. K-27.A Záhorská Bystrica, quar ry n e a r t h e work ing youth 's hostel Biotile 
phyll i te (Harmónia G r o u p ? ) . 
phyllite, sl ightly spotted (Harmónia Group) . 

33. K-23.A Brat is lava, h ighroad Lamač-glass works. 300 m N of the v iaduct 
Micaschist-phyl l i te wi th garnets . 

34. K-29.A Bratis lava, h ighroad L a m a č — D e v . Nová Ves. outcrop a t the ra i lway 
Bioti te phyl l i te to gneiss. 

35. K-30.A Pezinok — road across t h e v ineyards on Malá homola hill Biotite 
36. K-31.A Casta quarry . D a r k quar tz-biot i te-muscovi te phyl l i te . Cast ianska do­

lina. 
37. K-32.A Casta, b o r d e r of the row of gardens a long the road to t h e castle. 

Biotite phyl l i te w i t h a ma jor a m o u n t of carbonaceous p igment 
38. 1 C. A C r e m a t o r i u m , exposure . D a r k siliceous rock (b i tuminous quartz i te) . 
i9- 2 A Brat i s lava — Dúbravka, glass works, artificial e x p o s u r e 100 m before 

the cross-roads. Quar tz phyl l i te wi th l i t t le biotite. 
4 0 - 3 A Brat is lava — Dúbravka, artif icial exposure in front of the glass works 

50 m before the bridge-over. Dark bioti te phyll i te. 
4 1 - 4 A K u c h y ň a — M o d r a n s k á dolina, 500 m from the cottage on the slope 

above the road. Massive, d a r k siliceous slate. 
42. 5 A K u c h y ň a — M o d r a n s k á dolina, n e a r the forest lodge on the slope 500 

m above the road. Dark siliceous slate. 
4 ; í - 6 B K u c h y ň a — M o d r a n s k á dolina, at t h e lower pit heap below the 

Pukl išova gallery. 300 m to t h e right. Dark siliceous slate. 
4 4 - "' B K u c h y ň a — M o d r a n s k á dolina, entry to a l itt le gallery below the 

Pukli.šova gallery. D a r k s late wi th biot i te and sulphides. 
4 5 - 8 B K u c h y ň a — M o d r a n s k á dolina, m i d d l e pit h e a p below t h e Pukl i šova 

gallery. Biotite micaschis t-phyl l i te wi th garnets . 
4 6 ' 9 B K u c h y ň a — M o d r a n s k á dolina, pit heap of the Pukl išova gallery 

Dark siliceous slate. 
47. 10 B K u c h y ň a — M o d r a n s k á dolina, a smal l pit heap on the r ight b a n k 

of the brook, between the cottages. D a r k siliceous slate. 
4 í i - n B K u c h y ň a — M o d r a n s k á dolina, entry to a l i t t le gallery between the 

cottages. Dark siliceous slate. 
49. 12 B K u c h y ň a — M o d r a n s k á dolina, at the l i t t le gallery be tween the cot­

tages, on the right b a n k of t h e brook. Dark siliceous slate. 
50. 13 B K u c h y ň a — M o d r a n s k á dolina, mid-slope at elev. point 544. on the 

right b a n k of the brook. Dark siliceous s late wi th some sulphides 
51- 14 B K u c h y ň a — M o d r a n s k á dolina, outcrop in the brook bed. ca. 100 m 

from t h e little gallery. Dark-grey siliceous s late wi th some biotite 
52. 15 B P e r n e k — P e r n e c k á dolina, first pit heap from. P e r n e k iZubau galle­

ry). D a r k siliceous slate. 
53. 16 B P e r n e c k á dolina, first pit h e a p from P e r n e k (Zubau gallery), black 

slate on t h e pit heap. 
5 4 1 7 B Modra — H a r m ó n i a , lower l imestone q u a r r y on the road to Dolinkov­

ský vrch. Dark phyl l i te wi th w e a t h e r e d - o u t sulphides 
o5. 18 B M o d r a - H a r m ó n i a , u p p e r l imestone quarry . Dark serici te-chlori te 

phyl l i te wi th sulphides a n d carbonaceous p igment 
56. 19 A Dubová. Fúgeľka, 100 m above the p ioneers ' c a m p Dark sericite-chlo­

rite phyll i te. 
II' o? A Dubová, above the church. Dark-grey bioti te phyll i te. 
M- n A Casta at t h e end of the village, at the road to Červený k a m e ň near 

the chapel . Dark-grey phyll i te. 
5 9 - 2 2 A CuS\ť S i v á b a ň a - o u t c r ° P i n ' h e opening of the gallery. Black sericite 

phyllite. 
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60. 23 A Casta, Cast ianska dolina, large quarry . Dark quartz-ser ic i te-chlor i te 
phyl l i te wi th biotite. 

61. 24 A Čast ianska dolina, n e a r the spr ing be tween the junct ion of brooks 
above the game-keeper ' s lodge. Grey phyl l i te of t rans i t ional type 
(mora ' letr i la l) . 

(12. 25 A Pezinok — Cajla, path a long the r idge to Malá Caj lanská homola, on 
the forest edge. Grey q u a r t z phyll i te. 

63. 26 A Doľany, above the church, ca. 500 m from the v ineyard. Dark-grey 
quar tz-b iot i te phyll i te. 

64. 27 A Pezinok. closure of the Rybníček valley, a t rench. Black quartz i t ic 
slate. 

65. 28 A Pezinok, E oľ Čertov kopec. P H gallery. Siliceous s late wi th tuffaceous 
mater ia l . 

66. 29 C Rybníček, pit h e a p of J á n III gallery. Amphibol i te-su lphide ore. 
67. 30 B Rybníček, b a n k of the brook at the closure of the valley. W e a t h e r e d 

siliceous slate. 
68. 31 A Pezinok — Cajla. Sb ore m i n e works . P y r i t e gallery. Micaschist-

-phyll i te wi th biotite. 
69. 32 C Pezinok. pit heap of " h o r n á August ín" gallery. Q u a r t z - g r a p h i t e ore. 
70. 33 C Pezinok. pit heap of Cmele I. gallery. Sulphidic q u a r t z - " g r a p h i t e " 

ore. 
71. 34 B Pezinok. pit h e a p of Cmele II . gallery. Sulphidic q u a r t z - " g r a p h i t e " 

ore. 
72. 35 A Pezinok. pit heap of Cmele III . gallery. Spotted amphibol i te . 
73. 36 A P e r n e k , Misársky Ostrobec. below the " d o l n á K a r o l " gallery. Biotite 

micaschist-phyl l i te . 
74. 37 A Misársky Ostrobec, b a n k of the brook below the " d o l n á Karo l " gallery. 

Biotite micaschist-phyl l i te . 
75. 38 A M a r i á n k a village, large quar ry . D a r k quartz-ser ic i te-chlor i te slate 

(d iaphthor i te) . 
76. 39 A M a r i á n k a . b a n k of the brook, above the large quarry , beside the 

cottages. Grey d iaphthor ized quartz i te-phyl l i te . 
77. 40 B P e r n e k . pit heap of the " h o r n á K a r o l " gallery. Strongly minera l ized 

sulphidic q u a r t z - " g r a p h i t e " rock. 
78. 41 A P e r n e k . pit h e a p of the " h o r n á K a r o l " gallery. D a r k graphit ic 

quar tz i te-phyl l i te wi th a m p h i b o l e . 
79. 42 15 P e r n e k . pit h e a p of the " d o l n á K a r o l " gallery. Sulphidic quar tz-

- " g r a p h i t e " ore. 
80. 43 C P e r n e k , pit h e a p of t h e „dolná K a r o l " gallery. Sulphidic quar tz-" gra­

phi te" ore. 
81. 44 A P e r n e k , pit heap of the " d o l n á K a r o l " gallery. Dark-grey b iot i te 

phyll i te. 
82. 45 A Pezinok. pit heap of the J á n III gallery. Actinoli te schist. 
83. 46 B Pezinok. pit heap of the J á n III gallery. Pyr i t ized q u a r t z - g r a p h i t e 

rock. 
84. 47 C Pezinok. pit h e a p of the J á n III gallery. Sulphidic q u a r t z - " g r a p h i t e ' 

ore. 
85. 48 B Pezinok. pit heap of the J á n III gallery. Sulphidic ore wi th a m p h i b o l e 

J- quartz . 
86. 49 A Pezinok. pit h e a p of the J á n III gallery. Mineral ized carbonat ized 

amphibol i te . 
87. 50 A Pezinok, pit heap of the J á n I gallery. H y d r o t h e r m a l l y a l tered pyri­

tized carbonat ized slate. 
88. 51 A P e r n e k ore district, the u p p e r m o s t pit h e a p in the valley. H y d r o ­

t h e r m a l l y a l tered d a r k slate. 
89. 52 B P e r n e k ore district, t h e u p p e r m o s t pit h e a p in the valley. Metatuff 

wi th pyri te. 
90. 53 B Pezinok. pit heap of the " h o r n á August ín" gallery. Sulphidic quar lz-

- " g r a p h i t e " ore. 
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Fezinok, pit heap of the "hornú Augustín" gallery. Black phyllite 
with veinlets of segregation quartz. 
Fezinok. pit heap of the "horná Augustín" gallery. Sulphidic ore 
with amphibole + quartz. 
Pernek. pit heap of the "horná Augustín" gallery. Quartz-" graphite" 
phyllite with amphibole and biotite. 
Pezinok—Cajla. road cutting at the water reservoir near the game-
-keepers lodge (area of the hospital). Quartz-"graphite" phyllite with 
pyroclasts and weathered-out sulphides. 
Pezinok-Cajla, road to Kolársky vrch, 100 m from the game-keeper's 
lodge. Ditto as in 94. 
Pezinok, Sb-deposit. locality not strictly determined. Schistose mylo-
nite. hydrothermally altered. 
Pezinok. Ore mine works. Dark slate from exploration galleries. 
Quartzite phyllite. 
Pezinok—Rybníček, cutting of the road to Kôberling. Quartz-graphite-
-biotite phyllite. 
Pezinok—Cajla. pit to the right of the road. NW of the game-keeper's 
lodge. Corrugated black phyllite. 
Pezinok, Kolársky vrch. borehole KV-3, 130—131 m. Black slate. 
Pezinok. Kolársky vrch, borehole KV-1. 217—221 m. Folded black 
phyllite. 
Pezinok. Kolársky vrch, borehole KV-5. 104.6 m. Micaschist-phyllite 
with well developed biotite. 
Pezinok, Kolársky vrch, borehole KV-3. 203—218 m. Folded, highly 
carbonatized black phyllite. 
Fezinok, Kolársky vrch, borehole KV-4. 170.5 m. Carbonatized ore. 
hydrothermally altered. 
Pezinok. Kolársky vrch. borehole KV-14. 75—80 m. Dark fine-grained 
phyllite with coarser-grained layers. 
Pezinok, Kolársky vrch, borehole KV-15. 90—105 m. Dark slate with 
visible sulphides. 
Pezinok. Kolársky vrch. borehole KV-16. 78—88 m. Black phyllilized 
mela-arkose. 
Pezinok. Kolársky vrch, borehole KV-18. 83—91 m. Quartzite-phyllite 
with pyroclasts. 
Pezinok. Kolársky vrch, borehole KV-18. 242—248 m. Corrugated 
black phyllite. 
Fezinok. Ore mines, drift entry in Sb-gallery. heading, gallery NW 
of meas. point 174. Folded dark slate. 
Pezinok, Sb-gallery; NW of meas, point 12, Folded "quartz-"graphite" 
phyllite. 
Pezinok — Hrubá dolina, opening of the Rvhová gallery. Sulphidic 
quartz-"graphite" ore. 
Pezinok — Hrubá dolina, big limestone quarry, its first part. Dark 
folded phyllite (probably Harmónia Group). 
Pezinok — Hrubá dolina, big limestone quarry. A layer of dark to 
black calcareous slate (probably Triassic). 
Dubová, ca. 600 m below the Fúgeľka game-keeper's lodge, new 
vineyards at the outskirts of the village. Carbonatized pyroclastic 
ro:k — bla.k phyllite (Harmónia Group). 
Dubová, new vineyards at the outskirst of the village, ca 600 m 
below the game-keeper's lodge. Black phyllite. 
Častá village. Kukla hill, about 400 m E of el point 564 Folded 
black phyllite. 
Dubová village, opposite to the game-keeper's lodge Fúgeľka Dark-
-grey spotted slate with biotite. 
Dubová, Fúgeľka. road into the wood, towards the quartzite complex 
Dai k phyllitic slate (Harmónia Group). 
Pezinok. old Rybníček gallery. Highly quartzose "graphitic" slate. 
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121. 98 A Pezinok. road-cut t ing some 1000 m below the old Rybníček gallery. 
Black quartzose slate. 

122. 99 A Pezinok. the new Rybníček II gallery. Siliceous black slate. 
123. 100 A Pezinok, the new Rybníček I gallery. Black quar tz phyl l i te wi th 

a m p h i b o l e relicts. 
124. 101 A Pezinok. Rybníček. H r u b ý Ostrý, foot of the slope, 250 m from the 

bridge. Metapyroclast ic rock-amphibol i te . 
125. 102 A Pezinok. Koňské Hlavy, the Rudolf gallery. Corrugated phyl l i te to 

biotite mica-schist. 
120. 103 A Pezinok. Velká Caj lanská homola. Diaphthor ized mica-schist-phyl l i te . 
127. 104 A P e r n e k . t rench ca. 400 m behind t h e Z u b a u gallery, on the left b a n k 

of t h e brook. Amphibol i te . 
12ii. 105 A Pezinok. Caj lanská H r u b á dolina, u p p e r part of t h e large quarry . 

D a r k phyl l i te ( H a r m ó n i a Group) . 
129. 100 A Pezinok — Cajla. road cut t ing above t h e hospital . Mica-schist-phyl l i te 

wi th biotite a n d pyroclasts . 
130. 107 A Píla — Rúbanica . 50 m S of el. point 299.8. Biotite phyll i te. 
131. 108 A Caj lanská dolina, large quar ry . D a r k w e a t h e r e d q u a r t z i t e phyl l i te 

(probably H a r m ó n i a Group) . 
132. 109 A Dubová village, w a t e r reservoir. Biotite phyll i te. 
133. 110 A Dubová, el. point 312, 1 k m NW of the village. Dark quartz phyl l i te 

showing init ial biot i t izat ion. 
134. I l l A Bra t i s lava—Rača, Malý Javorník, 800 m NE of the el. point. F ine-

-grainecl dark-grey phyll i te. 
135. 112 A SE of Bor inka. 500 m "S" of el. point 368. Light-grey phyll it ic biot i te 

slate. 
130. 113 A Veľké Tŕnie, W of Solčár, 250 m E of el. point 268. Dark phyll it ic 

sericite slate. 
137. 114 B Velké Tŕnie, 250 m E of el. point 161, road above the highway. Dark 

slate wi th a l i t t le pyri te. 
138. 115 B Pezinok, Ore mines, S imon crosscut in Sb-gallery, 22 m E of meas. 

point 7. Black slate. S a m p l e from t h e collection of J. C h r a p p a . 
139. 116 B Pezinok, Sb-gallery, Simon crosscut, meas. point 6. ' 'Graphi te ' 7 -ser ic i te 

phyl l i te wi th a n t i m o n i t e impregnat ion. S a m p l e from the collection 
of J. C h r a p p a . 

140. 117 A Pezinok. Ore mines, Kolár ska 2 gallery. Black phyl l i te at the contact 
wi th grani te . S a m p l e from the collection of J. C h r a p p a . 

141. 118 A Pezinok. Sb-gallery, S imon crosscut. 44 m from meas. point 7. Black 
phyll i te. S a m p l e from the collection of J. C h r a p p a . 

142. 119 A Pezinok. Ore mines. Kolárska 2 gallery. 3 m from crossing no. 5. 
Dark quartz-ser ic i te phyl l i te . S a m p l e from the collection of J. C h r a p ­
pa. 

143. 120 A K u c h y ň a . M o d r a n s k ý brook, valley E of w o o d c u t t e r ' s hut . Dark-grey 
biot i te phyll i te. 

144. 121 A W of Kukla, b e t w e e n K r á l o v á and Píla. D a r k slate. H a r m ó n i a G r o u p . 
145. 122 A Casta — Píla. S of Píla, 750 m SE of el. po int 377, top of the ridge. 

D a r k b i t u m i n o u s slate. 
146. 123 A K u c h y ň a — M o d r a n s k á dolina, 350 m SE of w o o d c u t t e r ' s hut . s u m m i t 

road to el. point 541. D a r k quar tz phyl l i te w i t h biotite. 
147. 124 B P e r n e k a r e a . L o w e r gallery below Misársky. D a r k minera l ized b i tu­

minous slate. 
148. 125 A H o r n é Orešany. e x p o s u r e at the outskir ts of the vil lage on the road­

side n e a r the chapel . Biotite phyl l i te par t ly d iaphthor ized . 
149. 126 A Dol'any. 500 m E of el. point Klokočina. at t h e a l t i tude of ca. 450 m. 

Dark slate ( H a r m ó n i a Group) . 
15(1. 127 A Pezinok — Sb deposit, w e s t e r n m a r g i n of the lensshaped body. Bio­

tite mica-schist. 
151. 128 A Dolné Orešany, Maruša . D a r k f ine-grained biot i te phyll i te. 
152. 129 A N of Dol'any, Sišorétne. game-keeper ' s lodge be low el. point 424. road 

cutt ing. Dark slate of t h e H a r m ó n i a slate. 
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Dúbravka, 50 m from the cliff Hlavice. Biotite phyllite. 
Dolné Orešany, Kosa. Trench at the roadside. Dark phyllite. almost 
devoid of biotite. 
Dolany, 1250 m N of the community. Dark-grey fine-grained phyllite, 
initial stage of biotitization. 
Borinka, raad to Santóberg, 500 m S of the mill. Dark-grey fine-grai­
ned phyllite, initial stage of biotitization. 
Casta — Prasnice area. Dark phyllite with relics of clastogenic mine­
rals and initial development of biotite (Harmonia Group). 
Bratislava — Železná studnička, 1500 m SE of el. point 345. Dark, 
fine-grained quartz-biotite phyllite. 
Harmónia — Kamenný brook, 125 m W of el. point 456. Dark spotted 
slate. 
Cajla — Rybníček, below el. point 653, ore zone 200 m to the S along 
the ridge. Low-mineralized dark biotite phyllite. 
Lamač, quarry at the crematorium. Dark paragneiss. 
Pezinok — Baba, Koňské Hlavy, 250 m N of el. point 653. Dark biotite 
phyllite. 
Doľany — Doľanská dolina, at the woodcutter's hut. Dark-grey fine­
grained slate, Harmónia Group. 
Limbách village, N of el. point 565, near the summit of Somársky 
vrch. Dark-grey phyllite, almost without biotite. 
Pezinok, Ferdinand gallery, near meas. point 13. Black carbonatized 
slate with a small amount of pyroclasts. 
Pernek — Zubau gallery, near meas. point 213. Dark slightly mine­
ralized metasediment. 
Limbách, N of el. point 565, northern slope of Somársky vrch. Dark-
-grey phyllitic biotite slate. 
Casta — Prašnica. 500 m to the N. Dark metasediment. 
Bratislava, Hrubý Pleš. Dark pyritized slate of B type, the second 
sample is dark biotite phyllite; the two types evaluated together. 
Casta — NE of the quarry in Castianska dolina; crest of the hill on 
which there are metasomatites. Dark phyllitic slate. 
Pernek, upper Pavol gallery, sample MH 2. Dark fine-grained phyllitic 
slate. 
Kubalová. 500 m N of el. point 535. Dark slate. 
Pezinok. Cajlanská dolina, sanatorium; pit heaps of Zlatá gallery. 
Dark slate of Harmónia type. 
Borinka. Volhovisko. 500 m to the N. Fine-grained biotite phyllite. 
W of Dolany, Zrkadlisko Hill, horizontal road along the border of the 
wood. Dark phyllitic slate. 
Kuchyňa, Modranská dolina, gallery in Hlavná dolina below the wo­
odcutter's hut. Strongly pyritized dark slate. 
Cajlanská dolina, valley NW of the limestone quarry on Baba — un­
derlying complex. Dark-grey quartz-biotite phyllite. 
Jabloňové, Turecký vrch, cutting of the new road near el. point 488. 
Dark-grey fine-grained phyllite with little biotite. 
Dubová — wood: W of the village hornfels occurrence. Dark slate of 
the Harmónia Group. 
Jabloňové, Turecký vrch, borehole TV 2, depth 16.25 m, area of mi­
neralization. Dark siliceous slate with pyrite. 
Bratislava — Dúbravka, road to glass works, cutting, 300 m N of the 
viaduct. Dark, slightly biotitized phyllite. 
Kuchyňa area. 200 m N of Gajdoš. Dark, slightly mineralized phyllitic 
slate. 
Casta, cutting of the road leading to the NE of the quarry. Dark slate. 
Bratislava, excavation for the crematorium. Bituminous quartzose slate. 
Bratislava, crematorium, road to the quarry. Black quartzose phyllitic 
slate. 
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186. 16:5 A M o d r a — H a r m ó n i a . Dolinkovský vrch — lydite. Dark s late of the 
H a r m ó n i a type. 

187. 175 A Pezinok, Kolársky vrch, borehole KV-21. d e p t h 576 m. H a r m ó n i a G r o u p . 
Dark slate. 

188. 176 B Pezinok, Kolársky vrch, borehole KV-11A, d e p t h 479 m. Dark slate. 
189. 177 B Pezinok. Kolársky vrch, borehole KV-24, d e p t h 482—483 m. Dark slate. 

H a r m ó n i a G r o u p . 
190. 178 B Pezinok, Kolársky vrch. borehole KV-11A, d e p t h 479—489 m. Dark 

slate. 
191. 164 A Pezinok. P y r i t e gallery, drift ent ry to SE, meas . point 78. D a r k slate. 
192. 165 B Pezinok, P y r i t e gallery, drift e n t r y to SE, at polygonal point 8. ' ' G r a ­

phi t ic" s late. 
193. 166 A Pezinok. P y r i t e gallery, crosscut at meas. point 78. ' ' G r a p h i t i c " slate. 
194. 167 B Pezinok, P y r i t e gal lery 2; 40 m from polygonal point 73. " G r a p h i ­

tic" slate. 
195. 168 A Pezinok, P y r i t e gallery, 50 m from t h e drift entry to SE. " G r a p h i t i c " 

slate. 
196. 169 B Pezinok. P y r i t e gallery, heading. 35 m from point 78. " G r a p h i t i c " 

slate. 
197. 170 A Pezinok, P y r i t e gallery, crosscut t o SW at polygonal point 80. " G r a ­

phi t ic" slate. 
198. 171 A Pezinok, P y r i t e gallery, crosscut to NE. 10 from polygonal point 73. 

" G r a p h i t i c " s late. 
199. 172 A Pezinok. P y r i t e gallery, crosscut to SW. polygonal point 80. " G r a p h i ­

tic" slate. 
200. 173 A Pezinok. P y r i t e gallery, crosscut to SW, 10 m from polygonal point 80. 

" G r a p h i t i c " s late. 
201. 174 A Pezinok. Kolársky vrch. borehole KV-12. d e p t h 51 m. " G r a p h i t i c " 

slate. 
202. 24 63-JV H a r m ó n i a , middle large q u a r r y in the K a m e n n ý potok valley. Spotted 

hornl 'els-phyll i te w i t h biotite. 
203. 11-C Lower l imestone q u a r r y in H a r m ó n i a . D a r k (overlying) shales. 
204. KV-43 423 Pezinok. Kolársky vrch. borehole KV-43. depth 423 m. " G r a p h i t i c " 

slate. 
205. 183 B Pezinok. Kolársky vrch. borehole KV-43, d e p t h 398—402 m. Dark sla­

te with sulphides. 
206. 184 A Pezinok. Kolársky vrch. borehole KV-43. depth 406—409 m. Dark 

slate. 
207. 30 03-JV Casta, pit h e a p of Sivá mine. " G r a p h i t i c " phyll i te. 
208. 53 63-JV Častú, vicinity of m e t a s o m a t i t e s in Cast ianska dolina. Biotite phyll i te. 
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6 — OH B 
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8 — OH A 
Í) — OH A 
10 — O H A 
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K — 0 
K — 7 
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K — 12 
K — 13 
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K — 17 
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K — lí) 
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K — 29 
K — 30 
K — 81 
K — 32 

1 C 
2 A 
:i A 
I A 
5 A 
i; I; 

7 B 
II B 
9 B 
in ľ. 
11 B 
12 B 
r; ľ. 
14 B 
I.. lt 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
B 
A 
A 
A 
A 
1! 
A 
A 
A 
A 
A 
A 
A 

39 
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3 
0 
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0 
0 
3 

57 
46 
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3 
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20í) 
78 
42 

35.5 
44 
38 
87 

159 
690 
115 
159 
102 
117 
209 
720 
540 
79 
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57.5 
35.5 
00 
69 
83 
660 
630 
281! 
38 

1121) 
182 
170 
111) 
166 
830 
31 u 
182 
1112 

6000 
95.5 
93 
87 
126 
42 
87 
115 
214 
110 
ii-
850 
1260 
166 
93 
181 
870 
132 
850 
390 
115 
282 

42 
148 
160 
60 
11.7 
18.2 
8.7 
5.1 
3.6 

23.9 
30.9 
30.2 
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39 
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48 
76 
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100 
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30.9 
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78 
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10.4 
6.8 
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8.3 
26.9 
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30.9 
23.9 
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81 
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38 
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5.8 
49 
45 
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19.1 
33 
43 
17.8 
46 
35.5 
15.5 
17.8 
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49 
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18.6 
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330 
7.6 

26.9 
30.9 
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44 
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17.4 
23.4 
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28.8 
28.8 
21.4 
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66 
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BS 
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3 
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13.2 
3 
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3 
3 
3 
3 
3 
3 
3 
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3 
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3 
3 
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15.9 
11.7 
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21.9 
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0 
3 
3 
0 
3 
3 
3 
10.7 
3 
3 
3 

Í35 
3 
3 
3 
3 
3 
18.6 
14.5 
12.6 
11.2 
23.4 
11.5 
1 
3 
3 

81 
76 
65 
95.5 
69 
74 
50 
34 
48 
60 
78 
42 
20.9 
60 
49 
117 
104 
95.5 
141 
20.9 
102 
83 
20.9 
74 
93 
800 
38 
57.5 
25.1 

1200 
74 
85 
78 
85 
39 
47 
89 
26.3 
117 
79 
76 

316 
132 
141 
93 
110 
72 
110 
460 
35.8 
110 
85 

12000 
890 
251 
710 
1070 
12000 

182 
370 

12000 
355 
575 
195 
83 

300 
295 

12000 
12000 
12000 
12000 
245 

.12000 
955 

12000 
1020 
020 

12000 
12000 
12000 
12000 
12000 
12000 
810 
955 
720 
234 
525 
239 
38 

1000 
080 

12000 
870 

12000 
12000 
780 

12000 
12000 
000 

12000 
121)00 
720 

12000 

52.5 
10 
93 
110 
141 
115 
141 
15 
71 

26!) 
100 
1950 
910 
182 

91 
123 
98 

138 
166 
275 
30 
45 

141! 
219 
590 
182 
148 
320 

69 
15 
(i!) 

209 
24.5 

263 
74) 
263 

in 
30 

340 
224 
282 
141 
58 
151 
182 
162 
141 
231 
101) 
174 
20!) 
16 

4800 
8400 
5100 
i 500 
4700 
5400 
525 
890 

3020 
5100 
6200 
3900 
1590 
3500 
4000 
5400 
5250 
7900 
6900 
12£ i 
L950 
5900 
3800 
4800 
12000 
7800 
48011 
5100 
5750 
4 1011 
5750 
6800 
5100 
5500 
2600 
3800 
5000 

410 
5750 
5250 
3500 
5900 
3900 
6300 
5600 
5500 

4900 
4901) 
4800 
3200 
7100 
6200 

129 
102 
100 
138 
417 

79 
20 
20 
145 
51 
151 
107 
36 
62 
148 
170 
174 
174 
155 

20 
151 
155 
245 
126 
200 
170 
1 15 
282 
269 
214 
115 
132 
102 
141 

44 
112 
155 
191 

83 
95.5 
37 
68 
120 
6'i 
57.5 
57.5 
141 
100 
79 

186 
100 
151 

1.17 
7.10 
1.27 
1.16 
0.52 
0.78 
5.81 
13.92 
13.50 
0.99 
0.11 
0.47 
0.46 
0.66 
0.21 
0.27 
3.82 
2.82 
4.93 
0.64 
4.94 
0.03 
1.42 
0.28 
0.38 
1.34 
4.10 
0.12 
0.19 
8.28 
0.98 
0.07 
0.03 
0.07 
0.20 
0.24 
0.30 
1.19 > 
0.19 
0.87 
0.77 
2.13 
4.61 
2.21 
1.13 
0.61 
0.88 
0.40 
2.6'.) 
1.23 
2.40 
1.50 

7.1 

6.1 
8.6 

10.7 
11.6 
2.8 
1.4 
7.4 
7.4 
9.1 

1.4 
7.0 
6.2 
6.5 

7.9 
6.1 
5.3 
3.5 

11.1 
1.9 

4.9 

2.0 1.34 

2.1 
3.4 

8.4 
5.3 
3.8 

43.3 
3.4 
6.2 
3.1 

9.7 
1.7 
1.9 
0.7 

2.8 
3.1 
3.9 
9.7 
3.8 

23.1 

6.4 

1.99 
1.76 

4.70 
4.24 
0.88 
1.44 
3.43 
2.05 
2.13 

0.12 
1.87 
1.83 
0.48 

2.60 
0.17 
3.48 

0.50 
1.32 

1.01 
1.69 

46.91 
48.43 
48.87 
45.33 
45.27 
49.1!) 
49.63 
42.79 
45.63 
48.76 
51.58 
40.06 
45.87 
52.64 
51.54 
40.28 
42.81 
46.71 
47.22 
49.36 
41.93 
49.06 
52.44 
50.25 
43.99 
48.86 
51.50 
48.84 
29.26 
45.91 
45.49 
48.54 

45.38 
41.85 
45.93 
45.88 

48.23 
45.97 
4í).!) 
47.15 
45.44 

27.7ti 
24.62 
16.16 
13.18 
14.31 
28.26 
30.53 
25.28 
2C.44 
26.47 

5.32 
28.81 
25.10 
33.67 
2!).22 
21.1!) 
25.76 
30.91 
25.58 
27.68 
211.ľ! 
31.10 
27.!):* 
29.62 
25.04 
15.88 
31.99 
28.55 

6.7 
25.8 
28.1 
33.1 

34.69 
22.7(1 
26.7 
25.14 

28.45 
27.6 
34.4 
25.0 
24.9 

3.64 
2.22 
0.5Ľ 
0.20 
1.17 
1.86 
1.64 
0 
0 
1.33 
0.08 
0.22 
0.80 
2.36 
3.16 
3.60 
1.32 
4.04 
2.31 
1.26 
0.05 
1.13 
2.37 
2.17 
1.93 
1.05 
2.96 
2.77 
0.4 
3.2 
2.6 
3.0 

0.57 
2.9 
3.1 
0.11 

4.16 
1.4 
2.9 
3.4 
1.6 

8.44 
9.89 
5.53 
1.93 
5.03 
6.00 
7.27 
7.43 
7.16 
7.42 
1.95 
2.69 
9.01 
7.01 
8.68 
8.80 
6.19 
8.34 

10.82 
9.89 
5.76 
7.59 
8.64 
8.11 
10.57 
4.27 
6.86 
8.47 
0.5 
10.1 
8.4 
6.4 

4.27 
5.58 
2.82 
0.65 
2.59 
3.47 
3.50 
3.24 
4.30 
2.78 
1.16 
8.71 
5.48 
1.14 
3.54 
7.35 
5.67 
0.84 
3.60 
5.15 
0.74 
4.42 
3.47 
4.05 
5.56 
1.76 
3.19 
4.66 
30.8 
3.7 
4.7 
1.0 

4.14 2.50 
8.8 4.6 
9.4 4.9 
8.70 3.66 

6.99 
4.6 
5.9 
!).!) 
8.2 

2.91 
3.9 
2.4 
5.8 
6.4 

2. 5. 7, 9. 15, 18. 20 
3, 5, 7, 9, 12, 17, 20. 25, 20 
2. 4. 6. 9. 19. 20. 32 
2. 5. 7. 9. 16, 17, lí). 20. 26 
2, 5. 7. í). 14. 17. 20. 26 
2. 4. 7. U). 15. 18. 21. 27. 32 
3. 5. 6. 9. 17. 20. 28 
3. 4. 7. !). 15. 18, 20, 28 
3, 5, 7, 9. 14. 17. 20. 24, 27 

1.45 2. 5. 7. í), 13, 17. 21). 26, 32, 13n 
1.27 1, 5, 6. 9. 15, 18, 21, 26 
1.55 1. 5, (i, í). 12, 17, 21, 28 
0.27 2. 5. 6. 9. 14. 17. 21 
5.78 2. 5, 6, 9, 14. 17. 21. 26 
1.42 1. 5, 6, 9, 15, 18, 20, 26 
1.29 1. 5. 6, í). 14, 17, 20, 26 
2.17 3, 4, 7. 9, 15, 18, 21, 26 
2.08 2. ŕ. C. !). 15. 18. 21 
1.64 3, 5, K. !\ 15, 18, 21. 26 

10.30 2. 5. 6, !). 15. 18. 21. 23 
0.09 3. 4. C. 10. 13. 17. 20. 26. 13 b 
1.92 1, 5, 6, 10. 12. 17, 21 
0.07 2. 5. 6. !). 12, 17, 20, 26 
1.45 1. 5. 6. í). 12. 17. 20. 26 
2.33 1, 5. (i. 10. 14. 17. 21. 26 
2.16 2, 5, 6. !), 14, 17, 21. 26 
0 3. 5. 6. 9. 14. 17. 20, 26 
1.43 1. 5. 6. i). 16. 19. 21. 26 
1.72 1. 5. 6. 9, 15, 18. 20. 26 
0.79 3, 4, 6, 10, 14, 17. 20, 26 
1.28 2, 5, 7. 9. 15. 18. 211. 26 
1.61 1. 5. 7. í). 12. 17. 21). 26 
1.21 1, 5. 7, 9, 12, 17, 20, 26 
1.94 1, 5, 7, 9, 12, 17, 21, 26 
0.86 1, 5, 6. 9, 14, 17, 21, 26 
0.83 1. 5, 6. 9. 15, 18, 20, 26 
1.51 1. 5. 6. !). 15, 18, 20. 26 
0.05 2. 5, 11. 12, 17, 21, 27 
1.28 1. 4. 5. 7. !). 12, 17, 21, 20 
1.27 3. 4. 7. í). 12. 17. 20, 26 

1.04 2, 5, 7. 9, 13, 17, 20, 24, 27, 13a 
2, 5. 7. 9, 13, 17, 21, 24, 27, 13n 

0.73 3. 5. 7. Hl. 13. 17, 20, 24, 27, 13b 
2.9 2. 5. 7. 10. 13. 17. 21. 26, 27, 13b 
2.42 2, 5, 7, 10, 13, 17, 21, 26, 27, 13b 
0.69 2, 5, 7. 10. 13. 17, 21, 27, 13b 

1. 4, 7. 10. 13. 17. 21, 13b 
0.85 1. 4, 7, 10, 13, 17, 20, 13a 
3.15 2. 5. 7. 10. 13. 17. 20, 26, 27, 13b 
0.41 2. 4. 7. 10. 13. 17. 20, 24, 25, 13b 
1 86 2. 5, 7. 10. 13. 17. 21. 24. 25. 27, 13b 
1.79 2. 5. 6. 10. 13. 17. 20, 21. 28. 13b 



No. Sample n u m b e r B V 

53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
67 
68 
69 
70 
71 
82 
83 

B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
C 
B 
A 
C 
C 
B 
A 
A 
A 
A 
A 
B 
A 
B 
C 
A 
A 
A 
C 
B 
A 
A 
A 
B 
B 
A 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
C 
B 
B 

98 
50 
41 
71 
57.5 
65 
72 
410 
56 
36 
54 
43 
3 
50 
56 
40 
81 
59 
91 
3 
59 
56 
110 
62 
K) 
126 
10 
0 

110 
0 
K) 
0 
0 
0 
0 
10 
44 
30 
35 
0 
10 
10 
10 
141 
K) 
10 
10 
126 
330 
10 
141 
141 

1510 
145 
760 
480 
155 
50 
112 
83 
95 
102 
15 
89 
740 
590 
955 
79 

1100 
263 
955 
151 
132 
107 
155 
162 
460 
590 
655 
300 
142 
204 
780 
380 
1000 
159 
155 
210 
191 
990 
1040 
630 
1020 
620 
89 
126 
350 
1260 
720 
380 
350 
107 
660 
151 

35.5 120 
37 430 

Cu Ni Co Cr Ba 

8.3 
330 
37 
19.5 
25.1 
7.4 
12.3 
18.2 
35 
104 
5.4 
10 
460 
178 
159 
28.2 
234 
95.5 
110 
170 
41 
38 
107 
62 
53 
16 
93 
176 
79 
130 
115 
186 
257 
103 
49 
22 
166 
60 
46 
415 
24.5 
66 
10 
13 
159 
234 
209 
234 
36 
30 
15.5 
25.5 
43 
263 

5 
35 
30.1 
12 
135 
13.5 
18.2 
19.1 
26.3 
26.9 
5 
5 

575 
850 
71 
17.4 
480 
650 
340 
58 
35.5 
38 
52.5 
26.9 
295 
41 

309 
790 
49 
66 
320 
850 
810 
162 
48 
30 
186 
302 
182 
760 
110. 
12 
30 
35 
160 
380 
288 
410 
60 
33 
38 
33 
31.6 
132 

1 
10.4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
18.6 
O 

3 
3 
3 
11.7 
3 

i20.9 
3 
3 

,13.2 
3 
16 
3 
12 
24.5 
24.5 
38.5 
•11 
29 
40 
17 
26 
10 
25 
14.5 
10 
27 
K) 
3 
12 
14 
14.5 
29.5 
19 
51 
12 
17 
3 
15 
9.5 
12.9 

162 
115 
135 
295 
102 
41 
66 
55 
56 
69 
5 
37 
525 
83 
85 
52.5 
112 
54 
72 
350 
112 
83 
126 
115 
74 
87 
47 
36 
79 
138 
112 
85 
160 
83 
49 
59 
120 
76 
71 
103 
72 
102 
54 
57.5 
48 
95.5 
60 
104 
49 
65 
85 
56 
51. 
89 

12000 
12000 
12000 
12000 
115 
350 
1100 
500 
910 
930 

12000 
590 
630 
320 
550 
980 

12000 
91 

12000 
85 
830 
460 

12000 
12000 
178 
,200 
1740 
275 
470 
435 
2040 
530 

2880 
80 
930 
5100 
485 
2750 
2690 
380 

3500 
1740 
520 
690 
195 

2450 
470 
288 
500 
550 
176 
1380 
575 

1170 

Sr ,Ti Zr C u r g Th U 

35.5 
257 
98 
123 
182 
110 
71 
46 
65 
269 
32 
174 
104 
15 
36 
330 
15 
15 
15 

214 
191 
182 
68 
390 
5 
30 
25 
20 

129 
219 
43 
19 
23.5 
146 
251 
117 
79 
17.5 
35 
39 
34 
52 
340 
91 
91 
74 
49 
191 
214 
148 
30 

.105 
102 
62 

2390 
57 50 
5400 
6200 
6800 
2820 
4000 
4900 
5600 
5750 
1860 
6300 
4900 
410 

2690 
6500 
790 
288 
890 

6500 
6000 
4400 
4700 
4800 
760 
2690 
910 
288 

5000 
4435 
1530 
620 
1260 
3650 
5750 
3500 
4000 
1160 
1480 
450 
1150 
2820 
3600 
4000 
2950 
2950 
2690 
6800 
340 
3950 
3000 
4000 
5100 
4600 

C5 
78 
112 
148 
107 
52.5 
86 
162 
166 
89 
110 
269 
123 
120 
170 
148 
98 
126 
71 
35 
155 
93 
112 
126 
100 
139 
126 
191 
91 
36 
115 
157 
100 
52 
69 
91 
72 
110 
116 
151 
107 
282 
129 
132 
96 
141 
190 
190 
117 
74 
138 
76 
71 
34 

6.06 

5.02 
0.05 
0.29 
0.08 
5.58 
0.38 
0.51 
0.18 

1.37 
3.80 
4.68 
0.42 
3.56 
6.21 
4.38 
6.41 
5.60 
0.18 
0.38 
0.18 
4.13 
2.84 
0.34 

0.40 
0.11 
4.28 
0.68 

11.50 
0.96 
0 
1.29 
1.26 
4.22 
8.23 

5.59 
8.47 
0.57 

1.73 
5.36 
4.90 
0.65 
2.30 
0.26 
2.28 
4.38 
0.22 

0.3 
13.0 
9.2 
11.1 
6.9 
8.0 
6.2 
6.1 
7.6 
7.6 
10.1 
1.8 
1.1 
0.3 

9.0 

0.3 

0.9 
8.1 

7.2 
7.8 
0.3 
2.1 
0.3 
1.2 
6.0 
0.3 
0.3 
0.3 
6.3 
0.6 
0.6 
2.9 
0.7 
0.3 
0.3 
0.6 
0.3 
1.2 
,4.6 
:6.5 
3.0 
1.8 
0.4 
3.5 
7.4 
7.2 

5.8 
6.0 

20.4 
3.0 
8.7 
9.9 
1.3 
2.5 
4.2 
2.5 
3.1 
2.3 
2.6 
2.2 

15/7 
41.6 

2.7 

40.5 

0.2 
2.9 

2.5 
6.4 

19.8 
14.0 
25.7 
16.5 
2.4 
1.3 

63.5 
37.3 
42.2 
6.4 
0.9 
7.3 
3.5 

38.2 
40.5 
47.6 
43.8 
14.0 
2.2 
2.4 
10.5 
36.3 
24.0 
8.9 
8.8 
1.9 

1 
3.1 
1.7 

K O Si Na Al Fe 

0.72 

2.96 
3.10 

2.55 
1.79 
2.97 
1.88 
1.92 
2.46 
0.25 
0.02 

47.50 

45.09 
47.31 

46.9 
49.06 
51.53 
47.76 
47.78 
47.67 
47.62 
38.86 

35.17 

27.5 
31.8 

33.5 
31.2 
31.7 
25.8 
28.5 
31.2 
36.2 
18.10 

0.23 

2.4 
0.8 

2.9 
2.2 
0.5 
2.6 
2.6 
0.9 
3.3 
0.82 

3.70 

6.9 
6.3 

6.5 
8.0 
7.2 
10.3 
8.9 
8.5 
5.0 
5.32 

1.07 

1.6 
1.0 

1.7 
2.1 
2.4 
4.0 
5.4 
2.1 
0.04 
13.18 

2.37 

0.12 
2.43 

3.84 
2.94 
0.43 
1.13 
0.40 

2.09 
0.46 
0.50 
0.20 
0.71 
0.01 
0.43 
1.05 
2.02 
0.76 
0.81 
0.74 
0.83 
1.26 
1.15 
2.70 
1.79 
1.03 
0.91 

45.15 
33.76 

41.39 
46.20 
47.1 
48.90 
44.45 
47.24 
39.33 
47.28 
37.84 

46.38 
42.51 
37.34 
25.32 
24.8 
41.95 
46.46 
45.92 
36.34 
;43.77 
43.51 
27.35 
48.48 
49.48 
46.46 
48.87 
44.31 
44.76 
44.30 

26.9 
27.19 

31.89 
22.60 
26.5 
29.74 
22.3 
24.3 
29.7 
34.45 
29.3 

25.82 
18.50 
29.48 
14.7 
16.2 
10.37 
15.10 
29.15 
15.7 
33.6 
33.28 
15.7 
37.44 
36.54 
29.29 
28.06 
23.40 
30.90 
28.48 

4.0 
0.06 

0 
2.2 
2.4 
2.03 
0.9 
2.3 
0.6 
0.45 
1.3 

0.49 
1.62 
0.55 
0.9 
0.9 
0.44 
1.72 
1.65 
1.9 
1.4 
0.26 
0.6 
0.34 
1.10 
1.67 
0.18 
0.15 
1.23 
0.17 

9.3 
1.74 

1.21 
10.4 
9.4 
7.47 
10.9 
10.4 
1.2 
4.06 
1.7 

6.99 
8.04 
1.92 
0.9 
1.8 
3.47 
7.87 
7.73 
7.5 
1.8 
3.69 
1.0 
2.05 
3.47 
8.87 
7.96 
5.01 
3.19 
3.79 

4.5 
10.85 

7.75 
6.6 
4.5 
4.50 
7.2 
6.2 
12.5 
3.36 
10.8 

4.92 
6.67 
8.94 
25.0 
22.1 
5.94 
6.83 
4.73 
11.2 
6.6 
4.13 
23.1 
2.82 
2.10 
3.96 
3.95 
5.32 
4.62 
8.71 

1.75 48.69 29.4 2.5 8.6 4.9 
51.34 38.3 0.7 3.5 3.6 

Mg Group n u m b e r 

0 3, 4, 6, 10, 13, 17, 20, 32, 13b 
2. 4, 6, 9, 15, 18, 20, 24, 25 

0.85 1, 4, 6, 9, 15, 18, 20 
0.79 3, 4, 6, 9, 15, 18, 20 

1, 4, 6, 9, 15, 18, 21 
0.52 1, 5, 6, 9, 15, 18, 20, 32 
0.42 1, 4, 6, 9, 16, 18, 20, 32 
0.52 4, 3, 6, 9, 16, 17, 20, 25 
1.53 1, 5, 7, 9, 15, 18, 21, 32 
1.37 2, 5, 7, 9, 14, 17, 20 
1.21 1, 5, 7, 9, 14, 17, 20, 26 
0 2, 5, 6, 9, 14, 17, 20, 26 
5.48 2, 5, 7, 9, 13, 17, 21, 27, 13a 

2, 5, 7, 11, 13, 17, 20, 27, 13b 
3, 5. 7, 10, 13, 17, 20, 25, 13b 

1.02 1, 5, 7, 9, 14, 17, 21 
0.30 3, 4, 6, 11, 13, 17, 20, 27, 32, 13b 

3, 4, 6, 11, 13, 17, 20, 27, 32, 13b 
0.17 3, 5, 6, 10, 13, 17, 20, 13b 
4.13 3, 5, 7, 9, 13, 17, 21, 13a 
1.65 3, 5, 7, 9, 13, 17, 21, 25, 26, 13a 
1.43 1, 5, 6, 9, 13, 17, 20, 25, 13a 
2.66 1, 5, 6, 9, 12, 19, 21, 28, 32 
2.3 1, 4, 6, 9, 12, 19, 21, 25, 26 
0.09 3, 5, 6, 10, 13, 17, 20, 13b 
0.33 2, 5, 6, 9, 13, 17, 20, 27, 13a 
0 1, 4, 6, 10, 13, 17, 20, 13b 

1, 5, 6, 11, 13, 17, 20, 13b 
2.42 1, 5, 6. 9, 13, 17, 21, 28, 32, 13a 
5.85 1, 5, 6, 9, 13, 17, 21, 28, 13a 
0.86 3, 5, 6, 9, 13, 17, 20, 13a 
0.59 2, 5, 6, 11, 13, 17, 21, 28, 13b 
0.55 3, 4, 6, 10, 13, 17, 21, 13b 
6.25 2, 5, 6, 9, 13, 17, 21, 24, 28, 13a 
3.0 1, 5, 7, 9, 13, 17, 21, 24, 28, 13a 
2.03 2, 5, 7, 9, 13, 17, 20, 24, 27, 13a 
2.35 2, 4, 7, 10, 13, 17, 21, 24, 27, 28, 13b 
0.2 3, 4, 7, 10, 13, 17, 20, 27, 13b 
0.38 3, 4, 7, 9, 13, 17, 20, 27, 13a 
0 1, 5, 7, 11, 13, 17. 21, 26, 27, 13b 
0.45 3, 4, 7, 9, 13, 17, 20, 26, 27, 13a 
0.67 2, 4, 7, 9, 13, 17, 20, 27, 13a 
1.17 2, 5, 7, 9, 13, 17, 20, 27, 13a 
1.30 2, 5, 6, 9, 13, 17, 20, 25, 13a 
1.45 2, 4, 6, 9, 13, 17, 21, 25, 28, 13a 
1.41 3, 4, 7, 9, 13, 17, 20, 26, 27, 13a 
2.00 3, 5, 7, 9, 13, 17, 20, 25, 13a 

2, 5, 6, 9, 13, 17, 21, 28, 13a 
2, 5, 6, 9, 13, 17, 21, 24, 28, 13a 

1.85 2, 5, 7, 9, 13, 17, 20, 26, 28, 13a 
0.13 2, 5, 7, 10, 13, 17, 20, 26, 13b 

3, 5, 6, 11, 13, 17, 20, 24, 27, 13b 
2, 5, 6, 10, 13, 17, 20, 28, 13b 
1, 5, 7, 10, 13, 17, 20, 27, 28, 13b 



No. Sample n F e M g Group number 

107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
115, 
116. 
117. 
mi. 
119, 
120. 
121. 
122. 
123. 
124, 
128, 
126, 
127. 
128. 
121). 
ISO, 
131, 
132. 
133, 
134, 
138, 
136, 
187. 
138. 
139, 
1-10. 
i ii . 
1-12. 
143, 
i u 
148, 
i m 
117. 
1 III. 
1 10. 
I..0. 
181, 
182, 
183. 
184, 
186, 
186, 
157. 
168, 
189, 
160 
Kit. 

84 B 
115 A 
i;o A 
117 A 
III! A 
II!) C 
00 A 
01 A 
02 A 
o:i A 
04 A 
05 A 
00 A 
!)7 A 
08 A 
00 A 

100 A 
101 A 
102 A 
103 A 
nil A 
lo., A 
108 A 
107 A 
Kill A 
109 A 
III) A 
111 A 
112 A 
li:i A 
I I I H 
LIS H 
118 H 
117 A 
till A 
110 A 
120 A 
121 A 
122 A 
123 A 
121 1! 
125 A 
128 A 
127 A 
1211 A 
12!) A 
130 A 
1.11 A 
132 A 
133 A 
1U A 
138 A 
136 A 
i:i7 B 
1.18 A 

1, 5, 6, 10, 13, 17, 20, 28, 13b 
1, 5, 6, 10, 13, 17, 20, 27, 13b 
2, 5, 6, 0, 13, 17, 20, 27, 13a 
2, 5, 6, 9, 13, 17, 20, 25, 28, 13a 
2, 5, 6, 0, 13, 17, 20, 27, 13a 
1, 5, 6, 11, 13, 17, 20, 28, 13b 
2, 5, 6, 0, 15, 18, 21, 27 
2. 1, 6, 0, 15, 18, 21, 28 
2, 5, 6, 9, 15, 18, 20, 27, 28 
2, 5, 6, 0, 15, 18, 20, 26, 27 
2, 5, 6, 0, 15, 18, 21, 28 
2, 5, 7, 9, 15, 18, 21, 26 
2, 5, 7, 9, 15, 18, 20, 28 
2, 4, 6, 0, 13, 17, 20, 27, 13a 
3, 5, 6, 0, 13, 17, 20, 13a 
2, 5, 7, 0, 13, 17, 20, 26, 27, 13a 
2, 5, 7, Í). 13, 17, 21, 27, 28, 13a 
2, 4, 7, 9, 13, 17, 20, 27, 13a 
2, 5, 6, 9, 13, 17, 21. 26, 13a 
2, 5, (i, !). 11, 17, 21, 27 
2, 5, 6, 9, 14, 17, 21 
1, 5, 7, 9, 15, 18, 21, 27 
2, 8, 6. !). 11, 17, 21, 25, 26, 27 
1, 8, (i. !), 15. 18, 21 
.1. '•>. 6. 9, 13, 17, 21, 13a 
2, 5, 5, !), 15, 18, 21 
2, 5, 6, 9, 15, 18, 21 
1, 5, 0, 9, 14. 17, 21, 26 
1, 5, 6, 9, 14, 17, 21, 26 
1. I. 6, 0. 15, 18, 20 
1, 5, 6. 10, 15, 18, 20, 26 
1, 5, 6, 10, 13, 17, 21, 24, 25, 28, 13b 
1, 5. 6, 10, 13, 17, 20, 24, 25. 28, 13b 
1, 5, 6, 9, 13, 17, 20. 21. 26, 28, 13a 
1, 5, 6, 0, 13, 17, 20, 24, 13a 
1. 5. (I. !). 13, 17, 20, 26, 13a 
I, 5, 7. 9. 14. 17. 21 
1, 5. 6, 0, 15, 18, 21, 28 
2, 5, 6, 0, 15, 18, 21, 24, 25 
1, 5. 7, 9. 14, 17, 20, 26 
3, 5, 7, 10, 13, 17, 20, 32, 13b 
1. •>. 7. 0. 10. 19, 20, 24, 25 
1, 5, 7, 9, 15, 18, 20 
2, 5. 7, !). 1-1. 17, 20 
1. 5, 7. 9. 15. 18. 20, 24, 25, 26 
1, 5. 7, 9, 15. 18, 21 
1, 5. 7, 9. 12. 17. 20, 26 
1, 5. (>. 9. 18. 19. 21, 26 
1, 5, 7. 9. 16. 19, 21, 26 
2. 5. 7, 9, 12. 17. 20, 26 
1. 5. 7, !). 1.1. HI, 20. 24, 26 
2. 4. 5, 7. !). 12. 17, 21. 26 
1, 5, 6. 9. I.".. Hi. 21, 26 
1. 8, 7, 10, 13, 17. 20. 26. 13b 
1. 5. 7. 9. 12. 17, 21 




