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MILOSLAV K H U N * 

GEOCHEMICAL DIFFERENTIATION OF BLACK SHALES OF THE 
HARMONIA GROUP FROM THE CRYSTALLINE BASEMENT IN THE 

MALÉ KARPATY MTS. 

(Figs. 6, Tabs. 4) 

A b s t r a c t : In this p a p e r the a u t h o r points out the different 
geochemical character i s t ics of the H a r m ó n i a G r o u p black shales 
and t h e crysta l l ine b a s e m e n t in t h e Malé K a r p a t y Mts. on t h e 
basis of t r a c e e l e m e n t s contents and s u l p h u r d i s t r ibut ion. T h e 
a u t h o r p u t s f o r w a r d a s imple g r a p h i c a l m e t h o d of d i s c r i m i n a t i o n 
of t h e b lack shales f rom both areas . A n out l ine of a sedimentolo-
gical i n t e r p r e t a t i o n of t h e black shales of t h e Malé K a r p a t y Mts. 
crysta l l ine complexes, based on different geochemical symptoms, 
is also p r e s e n t e d . 

P e 3 K) M e: B CTIITIIC OTMCiacrcsi pasnan reoxHMH'iecKan xapaKTepHCTH-
Ka "icpHbix cnaHuei! rapMOHCKoň cepmi H no.acTiiiiaiomero KpiiCTajuiHHH-
KyMa Majiux Kapnax na OCHOBC coaep>Kaniiíi CJIC/IOB H pacnpc/ianciiHH 
cepu. ABTOP npea.'iaraeT npocTofl ľpacpimccKHii MCTOÄ ;uiCKpnMHnau,H'H 
oóoiix penioiioB. TaiwKe ripiiBeÄCii oqcpn ccaHMCHTOjioriľ-iccKOň mrrcp-
ri,peTanHii wepHbix c.;iaHu,eB KpHCTajiJiHHHKVMa Ma.ibi.x KapnaT Ha OCHOBC 
pa3HbIX reOXHMHHĽCKHX npH31-iaKOB. 

D u r i n g t h e s u r v e y of t h e S b - d e p o s i t P e z i n o k i t w a s d i s c o v e r e d b y b o r i n g t h a t 
in t h e m i n i n g d i s t r i c t of this ' d e p o s i t t h e w h o l e c r y s t a l l i n e c o m p l e x of t h e 
f i r s t p r o d u c t i v e z o n e i n t h e K o l á r s k y H i l l a r e a , w h i c h b e l o n g s t o t h e o l d e r 
(basal) s t r a t a of t h e P e z i n o k - P e r n e k c r y s t a l l i n e c o m p l e x , is t e c t o n i c a l y t h r u s t e d 
on t h e y o u n g e r s t r a t a of t h e H a r m ó n i a G r o u p , i. e. i t is o v e r l y i n g t h e H a r m ó n i a 
G r o u p . 

T h e d i f f e r e n t g e o c h e m i c a l c h a r a c t e r i s t i c of t h e b l a c k s h a l e s of t h e H a r m ó n i a 
G r o u p c o m p a r e d w i t h t h e b l a c k s h a l e s of t h e b a s a l c r y s t a l l i n e c o m p l e x m a k e s 
i t p o s s i b l e t o d i f f e r e n t i a t e t h i s t w o g r o u p s on t h e b a s i s of t r a c e e l e m e n t s c o n ­
t e n t s . A s i m i l a r d i f f e r e n t i a t i o n of p r o d u c t i v e z o n e s a n d o t h e r b l a c k s h a l e s 
i n t h e c r y s t a l l i n e c o m p l e x e s of t h e M a l é K a r p a t y M t s . h a s a l r e a d y b e e n 
c a r r i e d o u t b y d i s c r i m i n a t i o n a n a l y s i s ( K h u n , 1977; 1980). T h e g r o u p of 
s a m p l e s f r o m o u t s i d e of t h e p r o d u c t i v e z o n e s w a s r e p r e s e n t e d b y u n d i f f e r e n ­
t i a t e d s a m p l e s f r o m t h e B r a t i s l a v a r e g i o n , H a r m ó n i a G r o u p a n d o t h e r l o c a l i ­
t ies i n t h e P e z i n o k - P e r n e k c r y s t a l l i n e c o m p l e x , so t h a t i t w a s n o t p o s s i b l e 
to d i s c r i m i n a t e t h e H a r m ó n i a G r o u p a n d t h e p r o d u c t i v e z o n e s (for g e o l o g i c a l 
c o n d i t i o n s see e. g. C a m b e l , 1958; C a m b e l — K h u n , 1983). T h e d i s­
c r i m i n a t i o n a n a l y s i s is a r e l a t i v e l y di f f icul t m a t h e m a t i c a l o p e r a t i o n , n e c e s s i t a ­
t i n g a t l e a s t a s m a l l c o m p u t e r . B e c a u s e of t h i s , i n t h i s p a p e r w e p u t f o r w a r d 
a n d u s e a s i m p l e g r a p h i c a l m e t h o d for d i f f e r e n t i a t i n g t h e t w o se t s u s i n g 
a v e r a g e c o n t e n t s a n d v a r i a t i o n coef f ic ient . 

A w e a l t h of i n f o r m a t i o n , w h i c h p e r m i t s t o c o n s i d e r t h e v a r i a t i o n coef f ic ient 
a n i m p o r t a n t c h a r a c t e r i s t i c of g e o l o g i c a l o b j e c t s , h a s a l r e a d y b e e n a c c u m u l a t e d 
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in geochemistry and ore geology. Variability depends on the amount of sub­
stance on the rock, its chemical characteristics and on the geological process 
or processes which have formed the rock and the given substance, in our case 
the chemical element. Trace elements have variation coefficients up to 200—250 
per cent, the main ore elements only about 20 per cent. F r a n c k i j (1970) 
proposes even to use the variation coefficient as the main geochemical para­
meter . 

The graphical method, using average contents and variation coefficients is 
very simple. On the x-axis we put the average contents of the element and 
on the y-axis the corresponding values of the variation coefficient, separately 
for each element of the two sets. We connect then the points of corresponding 
elements. It is possible then to make an order of elements, according to the 
length of abscisses, showing the difference of average values and variation 
coefficients in both sets. For the basal crystalline complex and Harmónia 
Group the lengths of abscisses and so also the order in which the studied 
elements differ in variation coefficients and average contents are following 
(Fig. 1): V, B, Ni, Sr, Cr, Zr, Co. As we can see, when comparing this with Tab. 1, 

40 

Zr 

3? 160 240 3 20 ;.20 g.t 

Fig. 1. Differentiation graph of black shales of the crystalline basement and of the 
Harmónia Group. 

Explanations: V — variation coefficient in per cent; x — arithmetical mean of the 
contents of the element in g.t"1; 1 — crystalline basement; 2 — Harmónia Group. 
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T a b l e 1 

Average contents of the discriminated trace elements in both studied areas 

Subjacent crystalline 
area as a whole 

B 
V 
C u 
Ni 
Co 
Or 
Sr 
Zr 

n = 130 

A M A D CV G M 

39 58 151 22 
419 612 146 245 
115 171 148 54 
151 242 160 67 
15 16 106 7 
102 123 121 77 
178 245 137 102 
121 53 44 108 

Harmonia Group 

A M A D CV G M 

30 19 62 21 
260 260 100 170 
42 56 132 26 
45 45 100 30 
7 8 111 3 
73 51 70 57 
121 83 68 92 
125 66 53 98 

n = 47 

Explanations: Contents in g . t 1 - . AM — arithmetical mean; AD — standard deviation; 
CV — variation coefficient; GM — geometrical mean; n — nuimber of analysed 
samples. Primary results of analyses as well as names of analysts in C a m b e 1 — 
K h u n (1983). 

to the elements which differ most in average varus (V, Cu, Ni) is added boron 
with approximately t h e same contents in both sets (39 and 30 g.ť 1), b u t with 
substantialy higher variat ion coefficient on the basal crystalline complex, and 
strontium which with a high variation coefficient in t h e crystalline basement 
reflects the uneven distribution of carbonates in rocks of both complexes. We 
can verify the correctness of this order also by analyses of black shales from 
the bore hole KV-43 (Kolársky Hill, the results are in Tab. 2), on Fig. 2. As 

T a b l e 2 

Results of analyses of bore cores from black shales, of the bore hole KV-43 in the 
Kollársky Hill area (Pezinok) 

Metres 

310 m 
315 m 
368 m 
398 — 402 
406 — 409 
423 m 

m 
m 

B 

<30 
<30 
<30 
<30 
<30 
<30 

V 

600 
141 
83 
151 
112 
112 

Cu 

280 
245 
46 
48 
14 
69 

Ni 

560 
54 
51 
69 
41 
55 

Co 

16 
51 
20 
44 
21 
18 

Cr 

12>3 
10 
38 
65 
4!! 
62 

Ba 

316 
760 
400 
810 
760 
560 

Sr 

120 
219 
288 
370 
460 
420 

Ti 

1780 
4100 
4600 
4700 
3900 
4300 

Zr 

159 
209 
302 
182 
251 
186 

Explanations: Contents in g . t 1 - ; analytist: M. V a n č o, Geological institute of the 
Comenius University, analysis carried out by the optical emission spectroscopy 
method. 
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we can see on this figure, wi th increasing depth there is a decrease in the contents 
of V. Ni, Cu and Cr, and an increase in the contents of Sr. It was not possible 
to make a graph of boron contents, as they lied under the detection limit of the 
used optical emission spectroscopy method. 

metres 

300-

340-

380 

42 0 

200 400 600 g.t-1 

Fig. 2. Dependence of the contents of some trace elements in the black shales on 
depth in the bore hole KV-43 Kolársky Hill. 

The above-mentioned trend, i.e. a decrease of V, Ni, Cu, Cr contents and an 
increase of Sr contents wi th increasing depth, is confirmed also by the analysis 
of black shales from different bore holes in the Kolársky Hill region, although 
without correction to different heights above sea level of the bore holes 
(Tab. 3). From the above stated facts it follows tha t on the basis of trace 
elements contents it appears very probable that the basal Pezinok-Pernek 
crystalline complex is in the area of the Pezinok ore deposit overlying the 
younger rocks of the Harmónia Group. A rapid increase of contents of some 
elements in the depth of about 320 m confirms the assumption that there is 
a tectonic contact between the two complexes which are in reversed position. 

Black shales of the Harmónia Group can be distinguished from other black 
shales of the crystalline basement, especialy from the black shales of the 
productive zones, also on the basis of different slopes of the regresion graph 
of total sulphur contents vs. organic carbon contents. There were available 
60 determinations of total sulphur contents by L u n g e's method (Tab. 4, Corg 
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T a b l e 3 

Results of analyses of bore cores from black shales from the Kolársky Hill area 
(Pezinok) 

Sample 
n u m b e r 

Borehole 

Metres 

V 

C u 

Ni 

C r 

Sr 

85 A 

KV-18 

83—91 

340 

320 

219 

120 

89 

67 A 

KV-3 

130—131 

380 

234 

410 

104 

191 

176 A 

KV-11 

479 

224 

51 

41 

101 

275 

178 A 

KV-11 

479—489 

141 

30 

20 

123 

159 

177 A 

KV-24 

482 

129 

10 

20 

85 

370 

Explanations: Contents in g . t 1 - . Only the discriminating elements are included. 
Localisation of samples as well as names of analysts in C a m b e l — K h u n (1983). 
The samples were analysed by the optical emission spectrocopy method. 

in C a m b e l — K h u n , 1983), the analysis was carried our in Central Laborato­
ries of the Czechoslovak Uranium Industry in Stráž pod Ralskem. The specific 
distribution of sulphur in the product ive zones and its substantialy higher 
contents in this zones than in other in other regions (bimodal distribution) is 
apparent in Fig. 3. Similar conclusion results from the comparison with Cu and 
Ni contents (Fig. 4 and 5), the re was found no correlation of S and Cr. L e-
v e n t h a l (1979; 1983) states tha t when we put organic carbon contents on 
x-axis and sulphur contents on y-axis, t h e result is a l inear correlation between 
S and Corg in sediments from euxinic mar ine environment ; the regression line 
constructed by the least square method intersects the y-axis between the values 
0.7 and 2 per cent. On the other hand, in sediments from an environment richer 
in oxygen the correlation between S and Corg is l inear too, but the regression 
line intersects approximately the foot of the coordinates. Euxinic environment 
at the origin of black shales of the product ive zones is clearly proved by 
Fig. 6, where the regression line intersects the y-coordinaite at the value 1.22 
per cent S. The distribution in other regions, where the sulphur contents are 
much lower, is different. The regression lines were not very reliable because 
of a very low correlation and so the graph is not included in this paper. But 
when experimentaly constructing the graph of the abovementioned correlation 
for this regions, the intersections of the regression lines were closer to the 
foot of the coordinates; this could point to an environment, with a higher 
oxygen content than the productive zones, i.e. to the parts of the l i t toral fades 
closer to the shore. This assumption could be supported by the distribution of 
other two geochemicaly interesting elements, vanadium and chromium. The 
correlation V vs. Cr is used by E r n s t (1970) to differentiate the oxydat ion-
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T a b l e 4 

Resul ts of analyses of t he total su lphu r contents in ind iv idua l s tudied regions 

Pez inok—Pernek crysta l l ine a rea 

P roduc t ive zones : outside zones: 

Samp le 
n u m b e r 

% S Sample 
n u m b e r 

Sample 
n u m b e r 

/o b Sample % S 
n u m b e r 

5 A 
7 B 
8 B 

10 B 
12 B 
13 B 
14 B 
15 B 
33 C 

1.10 
1.57 
1.30 
2.61 
3.84 
0.95 
1.70 
3.51 
2.10 

Harmónia Group 

21 A 
24 A 
113 A 
114 B 
121 A 

0.02 
0.11 
0.01 
0.03 
0.07 

35 A 
36 A 
41 A 
44 A 
49 A 
51 A 
53 B 
54 A 
56 A 

3.80 
5.70 
1.56 
1.35 
4.38 
1.67 
7.01 
5.35 
3.30 

122 A 
126 A 
128 A 
129 A 
134 A 

0.01 
0.01 
0.01 
0.01 
0.03 

58 A 
70 B 
116B 
118 A 
119 A 
137 B 
142 A 
148 A 

0.96 
1.76 
0.73 
2.96 
0.61 
0.71 
1.26 
2.72 

136 A 
140 A 
150 A 
156 A 
160 A 

0.03 
0.01 
0.01 
0.03 
0.03 

26 A 
31 A 
111 A 
112 A 
120 A 
123 A 
139 A 
141 A 

0.07 
0.07 
0.05 
0.01 
0.01 
0.15 
0.01 
0.07 

Bra t i s lava area 

2 A 
3 A 
38 A 
39 A 
130 A 
133 A 
138 A 
149 A 
155 A 
157 B 
158 A 

0.03 
0.16 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 

Explanations: Conten ts in pe r cent. The samples w e r e analysed by L u n g e's method 
in t he Cen t ra l Labora to r i e s of t he Czechoslovak U r a n i u m Indus t ry in S t ráž pod 
Ralskem. 

- r e d u c t i o n fac ies . A c c o r d i n g t o t h e q u o t e d a u t h o r , in a n e n v i r o n m e n t w i t h o u t 
o x y g e n t h e V / C r r a t i o v a r i e s b e t w e e n 2 a n d 10, i n a n e n v i r o n m e n t w i t h l i t t l e 
o x y g e n i t is c lose t o 1. F o r d i f f e r e n t s t u d i e d a r e a s is t h e V / C r r a t i o i n t h e 
b l a c k s h a l e s f o l l o w i n g ( c a l c u l a t e d f r o m a v e r a g e v a l u e s i n C a m b e 1 — K h u n , 
1983): 

P e z i n o k - P e r n e k c r y s t a l l i n e c o m p l e x , p r o d u c t i v e z o n e s 
P e z i n o k - P e r n e k c r y s t a l l i n e c o m p l e x , o u t s i d e z o n e s 
H a r m ó n i a G r o u p 
B r a t i s l a v a r e g i o n 

4.35 
3.86 
3.56 
2.71 

W e c a n see a g r a d u a l d e c r e a s e of t h i s r a t i o f r o m t h e p r o d u c t i v e z o n e s to t h e 
. samples f r o m t h e B r a t i s l a v a r e g i o n . T h u s , t h e p r o d u c t i v e z o n e s h a d t h e l o w e s t 
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Eh in the t ime of sedimentation, i.e. they could represent deeper parts of sea 
compared with other areas. We can come to a similar conclusion by evaluating 
some other geochemical criteria, e.g. the low Th/U ratio in the shales of the 
productive zones ( C a m b e l — K á t l o v s k ý — K h u n , 1981), the low boron 

s 

X 10 

5 -

0,5-

0,1 -

0.05-

0,01 kv 
0,1 

Apoo n 6y 

0,5 

• / 
* / 

• 1 
» 2 
* 3 
A Í, 

c 10 

Fig. 3. Correlation graph of sulphur and organic carbon contents in the studied 
black shales. 

Explanations: 1 — productive zones; 2 — samples from localities outside productive 
zones in the Pezinok-Pernek crystalline complex; 3 — Harmónia Group; 4 — Bra­
tislava region. 
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Fig. 4. Graph of the dependence of sulphur contents on copper contents in the 
studied samples. 

Explanations as Fig. 3. 

and rare earths elements contents (published in this rewiew), the distribution 
of organic mat te r in the studied rooks ( C a m b e l — Š i m á n e k — K h u n , 
in this rewiew). 

On the basis of the abovediscussed geochemical symptoms, we can t ry to 
outline a sedimentologic interpretat ion of the genesis of black shales of the 
Malé Karpa ty Mts. Though, this is more hypothetical than real for the t ime 
being, in spite of a lot of new information gained from geological survey in 
the last years ; this has nevertheless left some basic questions unanswered. 
It is possible then to classify the studied black shales as sediments of the 
littoral fades of the continental shelf. It is difficult to use in this case the t ra ­
ditional and most frequently used model of an isolated basin, based mainly 
on the analogy wi th the Black Sea, because especially in the Pezinok-Pernek 
crystalline complex the shape of t h e black shale horizons is elongated (the 
zone I a, b is found practically in the whole crystalline complex — C a m b e 1, 
1959; C a m b e l — J a r k o v s k ý , 1967). The most suitable, as it appears, is 
the model of continental shelf s.l. (D i d y k et al., 1978). It is necessary to 
use two different models of sedimentation in a shallow epicontinental sea, 
based on the conception of the model of continental shelf (H a 11 a m, 1981), 
for the productive zones. For the Harmónia Group, it could be the model of 
stagnation in an epicontinental sea caused by an increased production of 
organic mat ter , constant climate and slight sloping of the sea bottom towards 
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500 

0,05 0.1 

Fig. 5. Graph of dependence of the contents of S on the contents of Ni in the 
studied samples. 

Explanations as Fig. 3. 

Fig. 6. Regression line S vs. Corg of the samples from the productive zones. 



26 KHUN 

open sea, which limited water circulation and supressed wawe motion caused 
by tides and wind. 

In the productive zones area, it could be the case of a local deepening of 
the sea in the form of elongated belts, caused by flexures; this could, in a 
period of tectonic lull, lead to t h e origination of isolated basins of stagnating 
water, i.e. deeper and from t h e shore m o r e distant par t s of the epicontinental 
sea ( D r a k e et al., 1982). This is confirmed by different geochemical symp­
toms. In both cases, i.e. in the productive zones as well as in t h e Harmónia 
Group, the sedimentat ion took place evidently under the active wave zone 
(low energy level, S e 11 e y, 1976) The sedimentation in t h e productive zones 
was connected with basic volcanism, which was the source of t h e increased 
contents of some elements; it could be also responsible for t h e increased 
contents of organic m a t t e r in this area, caused by an increased expansion as 
well as perishing of organisms. The development of t h e volcanism was pulsating 
and periodical; it took place probably in two main and several partial periods 
( C a m b e l , 1959; 1962). The source of the volcanism could lay in the fault 
zone. Each period had a n interval of more massive extrusions of basic magma, 
after which came an interval of smaller extrusions connected with intensive 
exhalation activity and ejection of pyroclastics of basic volcanism. The sedi­
ments of this period are represented by productive ore-bearing zones with 
deposits of pyri te a n d with increased contents of polymetalic elements. In t h e 
Harmónia Group the conditions of sedimentation were evidently more peaceful; 
the interchange of pelitic and m o r e detritic sediments could have been caused 
by transgressions and regressions of the sea. 

Translated by K. Fellegiová 
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