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MILOSLAV K H U N * 

BORON IN BLACK SHALES OF THE MALÉ KARPATY MTS. 
CRYSTALLINE COMPLEXES 

(Figs. 2, Tabs. 2) 

A b s t r a c t : T h e a u t h o r discusses in this p a p e r t h e low contents 
of boron in black shales of t h e Malé K a r p a t y Mts . crysta l l ine 
complexes. I t is a s sumed t h a t th i s low contents a r e caused by low 
p r i m a r y contents of B in t h e country a n d by m e t a m o r p h i s m . It 
appears t h a t such b o r o n contents a r e a character i s t ic t r a i t of t h e 
Malé K a r p a t y Mts. region, as it followed from t h e compar i son 
w i t h s imi la r rocks of t h e Spišsko-gemerské r u d o h o r i e Mts. and 
some w o r l d localities. A genet ic i n t e r p r e t a t i o n of t h e boron con­
t e n t s in t h e b lack shales suggests t h a t they are l i t tora l sediments . 

P C 3 I O M C : ABTOP B cTaTbc 3a'HHMaeTC5i HH3KHMH coaepJKaHHfiMH 6opa 
B qcpubix cjiaimax KpHCTajuiniiHKVMa Majiux KapnaT. OÓMCHCHHC 
3THX HH3KHX coAcpatamift npeanojiaraercii B I-IHSKOS iiepmiiiioii KOHUCM-
TpailHH Capa B MCCTHOCTH H B MeTaMopcpH3Me. Ka>KCTc;i, <irro TÍIKIK' 
coÄepjKaniisi Copa SIBJIJIIOTCH xapanTepnoii qepTOH paiio'na Ma.nbix Kap­
naT, KaK 3T0 BH/IHO 113 CpaBHeHHÍI C II0.X0>KI1M1I IIOpOnaMII CľlHIIICKO-re-
MepcKoro pyiioropbn H neKOTopbix Mii(poBbix MecroHaxojKAeHnii. ľene-
TimecKasi iíHTepnpeTamin coaepjKariHH óopa B qepHbix cjianiiax naivic-
iaeT, HTO noapa3>'MeBa!OTcn npn6.nn>KHwc oca/iKii. 

I n g e o c h e m i c a l i n t e r p r e t a t i o n s of t r a c e e l e m e n t s c o n t e n t s i n b l a c k s h a l e s 
of t h e M a l é K a r p a t y M t s . c r y s t a l l i n e c o m p l e x e s ( C a r o b e l — K h u n . 1983) 
w e r e c o n s p i c i o u s l o w c o n t e n t s of b o r o n ( in m o s t cases le s s t h a n 50 g.t" 1) 
c o m p a r e d w i t h t h e d a t a for s i m i l a r r o c k s f r o m l i t e r a t u r e . T h e r e w a s n o t 
e n o u g h a t t e n t i o n p a i d t o t h e b o r o n c o n t e n t s i n t h e d i s c u s s e d r o c k s i n t h e a b o v e 
q u o t e d p a p e r , a n d so w e c o n s i d e r i t n e c e s s a r y t o r e t u r n t o t h i s p r o b l e m . Al l 
p r i m a r y d a t a (190 d e t e r m i n a t i o n s of B c o n t e n t s b y o p t i c a l e m i s s i o n s p e c t r o ­
s c o p y m e t h o d , c a r r i e d o u t i n t h e G e o l o g i c a l I n s t i t u t e of t h e C o m e n i u s U n i ­
v e r s i t y i n B r a t i s l a v a ) as w e l l a s t h e g e o l o g i c a l c o n d i t i o n i n t h e a r e a a n d 
c r i t e r i a for s u b d i v i s i o n of t h e set of s a m p l e s i n t o i n d i v i d u a l s u b s e t s a r e i n c l u d e d 
i n t h e a b o v e q u o t e d p a p e r . 

A lo t of d a t a h a s b e e n c o l l e c t e d on t h e c o n t e n t s of b o r o n i n m a r i n e or 
f r e s h w a t e r s e d i m e n t s . D i r e c t c o r r e l a t i o n of s a l i n i t y w i t h t h e b o r o n c o n t e n t s 
w a s d e s c r i b e d b y L a n d e r g r e n (1945). w h o s t u d i e d t h e S w e d i s h A l u m 
s h a l e in t w o p r o f i l e s ; i n o n e of t h e m t h e b o r o n c o n t e n t w a s 140 g.t" 1 a n d i n 
t h e o t h e r o n e 90 g.t" 1 T h i s l o w e r b o r o n c o n t e n t i n t h e s e c o n d p r o f i l e w a s 
e x p l a i n e d b y a d e c r e a s e c a u s e d b y t h e c o n t a c t i n f l u e n c e of d i a b a s e d y k e s , 
w h i c h r e p r e s e n t e d as m u c h a s a 35 p e r c e n t r e d u c t i o n of t h e b o r o n c o n t e n t . 
T o c o n f i r m t h i s s u p p o s i t i o n t h e q u o t e d a u t h o r c a r r i e d o u t a l a b o r a t o r y t e s t — 
h e h e a t e d t h e p u l v e r i s e d A l u m s h a l e t o 800 °C for 4 h o u r s ; t h e d e c r e a s e in 
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B content was about 25 per cent. He also describes a decrease of B contents 
gradualy from Cambrian to Si lurian; the increasing rate of sedimentation 
from Cambrian to Si lurian could cause t h e decrease of boron contents in 
m a r i n e sediments. An increase in t h e rate of sedimentation brings about t h a t 
the sediment is chemically less differentiated and B content in such mater ia l 
is lower. Similar correlation of boron content and paleosalinity was also 
described by other authors, e.g. F r e d e r i c s o n — R e y n o l d s (1960); 
C u r t i s (1964); P o r r e n g a (1969); K r a u s (1975); C a t t o et al. (1981) and 
others. Some exactly opposite opinions, or such t h a t admit only a small 
possibility of using the boron contents as a paleosalinity indicator ( J a n d a — 
S c h r o l l , 1959; P o d e l k o , 1965; S p e a r s , 1965; L e v i n s o n - L u d -
w i c k , 1966; W a l k e r , 1968) have also been stated. H a r d e r (1970) admits 
that boron could probably be one of those t race elements which shall be 
critical for differentiating mar ine and freshwater environment. Similar opi­
nion is advocated by N i c h o l l s (1963). L e r m a n (1966), who studied mar ine 
clays from Ripley and Peedee Format ion in South Carolina (USA) informs 
about the unsuitabi l i ty of boron as a paleosalinity indicator. The boron 
contents var ied between 45 and 140 g.t- 1. The sample with the lowest B content 
was taken from undoubtedly m a r i n e strata containing belemnites and sea pele-
cypoda. However, such contents of boron are usualy given for freshwater 
environment (To u r t e 1 o t, 1964; H a r d e r . 1961, 1970; G u l j a j e v a — 
L y g a l o v a , 1965). 

In the Tab. 1 are given the average contents of boron together with other 
statistical characteristics for t h e complete set of samples as well as for 
individual subsets. This boron contents in the black shales of t h e Malé Kar­
paty Mts. crystalline complexes, which are assumed to be of mar ine origin 
( C a m b e l — K h u n , 1983), are very low in comparison with data from lite­
rature . This data have been several times analytically tested, so that we cannot 
p r e s u m e an analytical error to be responsible for the difference. 

There are several possibilities to explain t h e low boron contents in the black 
shales of the Malé Karpaty Mts. P o r r e n g a (1967) summarised the factors 
which influence the boron contents in sediments. As one of the first factors 
he gives the concentration of boron in the country and t h e amount of boron 
" inher i ted" from t h e previous sedimentation, including t h e influence of chemical 
weathering. The gneisses and slates of the Malé Karpaty Mts. have relatively 
low contents of boron ( C a m b e l — K h u n , 1983), which practically corres­
pond with boron contents in the studied black shales. The surrounding horn­
blende-bearing rocks could not as well influence the boron contents at the 
t ime of sedimentation of t h e black shales, because the concentration of boron 
in this rocks varies from 5.2 to 28.8 g.t"', the average is 14.7 g.t"1 ( 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). It can be thus stated 
t h a t the "factor of pr imary concentration of boron in t h e country can have 
a strong influence on t h e boron contents in t h e studied black shales. It appears, 
as it follows from Tab. 2 when comparing boron contents in this rocks wi th 
similar rocks of the Spišsko-gemerské rudohorie Mts. and some world localities, 
that such boron contents are a characteristic t ra i t of t h e Malé Karpaty Mts. 
region (the lowest enrichment coefficients of t h e Malé Karpaty shales by 
standardisat ion to average 'black shale, according to V i n e — T o u r t e l o t , 
1970; colmn 8). 
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T a b 1 e 1 
Average boron contents in t h e complete set of samples and ind iv idua l categories, 

divided according to cr i ter ia s taded in C a m b e l — K h u n , (1983) 

Set of all samples 

Content of organic carbon 

Corg <0.5 % 
Corg 0.5—3 % 
Corj» > 3 o 

Granu la r i ty 

F ine -g ra ined 
Med ium-gra ined 

Me tamorph i sm r ank 

Epi-
Mezo-, K a t a -

Sulphide content 

Type A 
Type B 
Type C 

Pez inok -Pe rnek crysta l l ine a r ea 

! P roduc t ive zones as a whole 
P roduc t ive zones — type A 
Produc t ive zones — type B -)-C 

Subjacent crysta l l ine a rea 

Pez inok-Pe rnek crysta l l ine area outside 
produc t ive zones 
Bra t i s lava a rea 
Modra -Orešany area 

S t ra t ig raphy 

Subjacent crysta l l ine a rea as a whole 
H a r m ó n i a Group 
Younger format ions (Triassic) 

Silica visually 

more 
less 

Biotite, garnet , fe ldspar 

Amphibo le 

H y d r o t h e r m a l a l t e ra t ions 

Mylonit izat ion, wea the r ing 

; Higher port ion of carbonates 

AM 

36 

28 
37 
51 

46 
35 

42 
30 

37 
40 
41 

48 
46 
48 

19 
27 
73 

39 
30 
38 

38 
36 

21 

39 

52 

57 

51 

AD 

49 

28 
52 
73 

66 
45 

58 
37 

56 
48 
48 

58 
62 
53 

17 
27 

165 

58 
19 
47 

49 
55 

23 

43 

69 

87 

65 

CV 

138 

100 
140 
143 

143 
130 

138 
122 

150 
120 
118 

120 
135 
110 

89 
100 
224 

151 
62 

122 

129 
151 

113 

124 

134 

153 

128 

GM 

25 

19 
24 
32 

28 
21 

25 
19__ 

17 
19 
20 

26 
22 
25 

10 
15 
54 

22 
21 
24 

25 
22 

16 

24 

30 

33 

28 

n 

190 

71 
41 
32 

39 
144 

104 
79 

110 
41 

9 

74 
40 
34 

26 
24 

6 

130 
47 

8 

107 
68 

64 

40 

24 

21 

33 

Explanations: Boron contents a re in g . t " 1 ; AM — ar i thmet ica l m e a n ; AD — s tanda rd 
devia t ion : CV — var ia t ion coefficient in per cent ; GM — geometr ica l m e a n ; n — 
number of samples . 
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T a b l e 2 

Comparison table of average boron contents in the studied black shales of the Malé 
Karpaty Mts. crystalline complexes with similar of the Spišsko-gemerské rudohorie 

Mts. and some world localities 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Average 
content 

36 
48 
19 
30 
27 

230 
125 

50 
112 
133 
154 

84 

Coefficient 
of enrichment 

0.72 
0.96 
0.38 
0.60 
0.54 
4.60 
2.50 
1.00 
2.24 
2.66 
3.08 
1.68 

190 
74 
26 
47 
24 
18 

755 
779 

32 
53 

4 
38 

Explanations: Boron contents in g . it 1 - ; n — number of samples. Enrichment coeffi­
cient was calculated by standardisation to average black shale, column 8. 1 — black 
shales of the Malé Karpaty Mts. crystalline complexes, coplete set; 2 — the same, 
productive zones; 3 — the same, outside the zones; 4 — the same, Harmónia Group; 
5 — the same, Bratislava region; 6 — black shales from different localities of the 
Spišsko-gemerské rudohorie Mts. (Slovinky, Rudňany, Breznička — K h u n , 1983); 
7 — graphitic phyllites of the ore deposit area of Rudňany ( M a t u l a — R é n y i , 
in press); 8 — average black shale ( V i n e — T o u r t e l o t , 1970); 9 — near shore 
black shales ( T o u r t e l o t , 1964); 10 — black shales which sedimentated at a greater 
distance from shore ( T o u r t e l o t , 1964); 11 — pyritic black shales ( H i r s t - K a y e , 
1971); 12 — black shales from the Atlantic ocean bottom B r u m s a c k , 1980). 

Another important factor is t h e presence and kind of organic matter . C u r-
t i s (1964) brought attention to B a d e r's hypothesis (B a d e r in C u r t i s , 
1964), that some clay minerals including illite can quickly and strongly ad-
sorbe organic m a t t e r from solution in quantit ies of as m u c h as 350 per cent 
of the i r own weight. It is assumed t h a t such mechanism can prevent boron 
sorption in n a t u r a l environment. But it was also stated that organic m a t t e r 
does not have any influence on boron contents in sediments ( T o u r t e l o t , 
1964; E a g a r — S p e a r s , 1966). There was not ascertained any correlation 
of boron and organic carbon in blaok shales of t h e Malé Karpaty Mts. ( K h u n , 
1977; 1983), so t h a t we cannot assume the above described process, w h e r e 
boron sorption can be prevented by soluble organic molecules, i.e. a negative 
correlation of boron and organic carbon, to take place. The dependence of 
boron contents on the grain size of the rock, as stated by H a r d e r (1961), 
was confirmed in t h e studied rocks. The finer-grained varieties have higher 
boron contents t h a n the medium-grained ones, (Tab. 1). Dependence of de­
creasing boron contents on increasing grade of metamorphism, which was 
stated by several authors (H a r d e r, 1961,1970; P o r r e n g a, 1967; A 1 e k-
s a n d r o v et al., 1968). was also confirmed. It appears t h a t this process of 
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decreasing of the boron contents is common in the Malé Karpa ty Mts A con­
vincing example of the decrease in boron contents with increasing grade of 
metamorphism in metapelites of the Malé Karpa ty Mts from the profile Zá 
horská B y s t r i c a - H o l ý Vrch is given by J a n á k (1980). Average boron con­
tents m different metamorphic zones are following: 

Chlorite zone 
Biotite-garnet zone 
Staurolite zone 
3illimanite zone 

B (g.r 
71 
32 
26 
11.6 

Number of samples 
5 
8 

14 
10 

From the facts stated up to now we can assume that pr imary concentration 
ol boron m the country together with metamorphism could be most probably 
responsible for the low boron contents in the studied black shales of t h e Malé 
Karpaty Mts It follows that in this case we cannot use solely boron contents 
as an indicator for mar ine sedimentation environment of this rocks Most 
probably a par t of boron is fixed in Ulite, which is the most advantageous host 
for boron and potassium: a smaller port ion is sorbed. Certain correlation 
between boron and potassium can be observed on Fig. 1. According to H a r-

M - ( í h a d s o r b e d b o r o n i s n o t suitable for solving geological problems 
as this bonds are weak in comparison with the bonds in the s t ructure of Ulite' 

A very i n t e r e s t i n g fact was published by D e w i s et al. (1972) They state 
that boron contents in sediments increase with increasing distances from the 
shore or estuaries; its suitability as a paleosalinity indicator they also consider 

3' 

M M 

g . t -

f , T I 1 , „ m f . „ . - Fif: !-. Correlation graph of boron and potassium. 
Explanations: 1 - Pezinok-Pernek crystalline complex; productive zones- 2 -
the same outside productive zones; 3 - Harmónia Group; 4 - B r a t i s l a v a region 
K S u t e m o f C Ä were determined by the radiometry method in the Geolo| cal 
Institute of the Slovak Academy of Sciences in Bratislava, by Dr. K á 11 o v s k ý. 
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questionable. A similar increase of boron contents with the distance from 
shore was described by P o d e l k o — L y g a l o v a (1970). The highest boron 
contents in different studied areas had shales of the productive zones — 48 g.t"1 

(if we neglect non-representat ive data from the area Modra-Orešany because 
of small n u m b e r of samples), and so they could represent the par t of littoral 
fades most distant from the shore. C a t t o et al. (1981) ascertained by compar­
ing the samples taken from the surface and in depth tha t exposure of the 
sediment to atmosphere and fresh water decreases the contents of boron and 
vanadium, i.e. the productive zones could represent the deeper part of sea. 

100 Ga g.t"1 

Fig. 2. Graph of the dependence of boron contents on galium contents (according 
to K e i t h — D e g e n s , 1959). 

Explanations as Fig. 1. Galium contents were determined by neutron activation 
analysis in the Central Laboratories of the Czechoslovak Uranium Industry in Stráž 
pod Ralskem, by Ing. K o t a s, CSc. The field of the shales of marine origin lies 
above the line. 

The more mar ine character of black shales of the productive zones proves 
also the graph showing the dependence of boron contents on galium contents 
(Fig. 2) presented by K e i t h — D e g e n s (1959). The majority of the samples 
falls into the field of mar ine environment, the samples from other regions 
would then represent more or less brakic environment, or areas closer to the 
shore. This assumptions were confirmed also by the distribution of other trace 
elements (e.g. V, Cr, U, Th) as well as by the distribution of organic mat ter 
in the black shales of the studied regions (K h u n, 1983). 

Translated by K. Fellegiová 
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