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A b s t r a c t : In this paper the distribution of trace elements in the complex 
of neovulcanitcs is presented. Primary aureoles are treated in subsurface parts 
of the deposit and vertical zonation of trace elements in rocks surrouding 
the ore veins is presented. Secondary aureoles of trace elements are studied 
from an area, where the course of ore structures is supposed. 

Introduction 

In Central Slovakia in the ore district of Banská Štiavnica we studied distribution 
of trace elements in the complex of ncovulcanites near the ore veins with polymelall ic 
Pb-Zn-Cu mineral ization u n d e r and on the surface in places of supposed course id 
ore structures. 

The ore district of Banská Štiavnica is extensive with a large n u m b e r of ore veins 
(fig. I), we therefore limited the s tudy of pr imary aureoles to the neighbourhood of 
some veins, especially of rock crosscuts striking across the veins and making possible 
to observe changes in representation of trace elements [o a greater distance from the 
veins, i n the studied sections of the profiles we have got zonation of the vein filling 
at the deposit in vertical direction from the ..upper, so called Pli-Zn z o n e " through 
the so called ..lower Pb-Zn zone", the .,upper zone of Cu" (M. K o d ě r a 1956—1963). 
We traced (lie (dements of P b . Zn, Cu, Ba, Ag, Ni, Co, Sr, Li, V, Zr. Ga. Sc, ha. Mo. 
I [g. Sn. in series of samples taken near the veins in intervals of 10 to 20 cm. with 
larger intervals in greater distance from the veins. The elements were determined by 
the method of quant i tat ive spectral analysis on spectrograph E 492, with slot wide 20. 
height 2 mm. two degree filter 100/10 % . T h e spectra were registered on photographic 
plate Agfa Blau Extrahar t . 

We studied secondary aureoles of dispersion of elements in places of supposed 
course of vein structures between the communit ies of Banská Bela and Podhorie, south 
of the communi ty of of Sitnianka and nor th of the c o m m u n i t y of Anton (fig. 1). We 
also traced the elements of Ag. Pb. Zn. Cu and also An in some samples. We choose 
the method of three parallel profiles 100 m apart in order to exclude occasional mistake 
ol sampling. The samples were taken along the profile in intervals of 10 to 20 em 
from the depth of 70 to 100 cm from deluvial waste. The elements were determined by 
semiquanti tat ive spectral analysis by aid of S. p. d. scale. In S. p. d. scale quant i tat ive 
values were determined for Ag 0.0:1 % , for Cu 0 , 0 1 % . Pb 0 . 0 2 % . Zn 0 . 0 2 % . The 
presence of An was positively determined in one sample only. These values (except 
Ag) approximately coincide with phone contents for the northern margin of the ore 
field of Banská Štiavnica according to J . N o v o t n ý (1958). We treated the analyses 
m a statistical way and the phone content was determined in values of S. p. d. 

' K.\l)r. J. F o r g á č, CSc, RNDr. J. K o v á č i k , Dionýz Štúr Institute of Geology. 
Bratislava, Mlynská did. 1. RNDr. E. M e c h á č e k, CSc, Department of Mineral Raw-
Materials and Geochemistry of the Faculty of Natural Sciences, Komenský University, Bra­
tislava, Jiráskova 12. 



2(38 FORGAC, MECIIACEK. KOVACÍ K 

I. P r i m a r y A u r c o 1 c s 

Brief Characterization of Altered Rocks 

Young volcanic rocks in llic m-c (Ustrici of Štiavnica were penetrated with post-
volcanic solution, as a result of which in the rocks alternation of p r imary minerals 
and formation of secondary minerals look place. This process was studied from petro-
graphic aspect, and also from the aspect of changes of chemism with employing of 
silicate analyses hy J. F o r g á c (1966, 1967) on the same profiles as the trace elements 
in the work presented. 

The mostly wide spread alteration in the area of B. Štiavnica is chloritization. In 
this alteration chloritization of dark-coloured minerals (pyroxene, amphibole, biotite), 
formation of pyr i te and a small amount of carbonate, sericite and quartz took place. 
the plagioclasses almost remain fresh. The original composition of rocks essentially 
remains unaltered. Chloritization is spread . .regionally" and docs not show zonation 
in relation to the course of ore veins. 

Near the vein adularizalion, serieitization and silicification are of zonal position. 
Between these zones there is gradual transit ion. The most distant zone following the 
course of the veins is adularizalion. It was manifested by metasomatic replacement of 
plagioclase by adular (in places also of chlorite). The rocks are enriched in potassium 
and from the rocks na t r ium is carried away. Adularizalion was more intensely mani­
fested near the veins with the ore filling of the middle and lower Pb-Zn zone. In Cu 
/.one enr ichment of rocks in potassium diminishes and m a y even show tendency of 
carrying away from the rocks. Nearer to I lie vein behind the zone of adularizat ion the 
zone of serieitization was evident, ll is characterized by intense formation of sericite, 
which mainly replaces plagioclase and adular. This zone is only several metres wide 
and in places overlaps the zone of adularizalion and silicification. In the zone of 
serieitization rocks are enriched in potassium and silica and from the rock Fe. Mg. 
AI, Na, Ca, are carried away. In close proximity of the veins there is a relatively 
narrow zone of silicification distinct from the petrographic and chemical side. In the 
rock formerly originated minerals are replaced by quar tz as a result of wha t the rocks 
are more intensely enriched in silica and Al, Ca, Na, Fe and Mg are carried away. 

Accompaning secondary minerals in the zone of adularizalion, serieitization and 
siliciiizaliou are chlorite, carbonate, sericite. quartz, epidote-zoisite. pyri te and limonite. 
Their propot ionate representation in the individual zones is changing. 

Trace Elements in the Rocks 

We studied representation of trace elements in pyroxenic andesile. dacile and quail / . 
diorile. In pyroxenic andesile near the Terézia Vein in the Maxmil ián Pil in the l ib. 
."il.li. and I2l.li horizon and near the Rozália Vein in the 12th horizon. In dacile in the 
Michal Pit in the 1.2th horizon near [he underlying Bieber Vein and near the Rozália 
Vein in the Bákaly cross adit. In quartz diorile near the Terézia Vein in the Ferdinand 
adit. In the sludy of the mentioned cross adits across the veins 186 samples where 
analyzed and [lie results of the analyses arc summarized in table 1. for each type ol 
rucks the range of the content of trace elements is mentioned. In table 2 the average 
content of trace elements in rocks is mentioned. In column. I for each type ol rocks 
representation of elements in places more distant from the veins is mentioned, where the 

http://I2l.li


ZONAL DISTRIBUTION 
269 

Fig. I. Sketch-map of 
the veins (if Banská 
Štiavnica (according to 
F. S z a b o) with indi­
cated places of study of 
primary and secondary 
aureoles od dispersion. 
1 _ Area of study of 
secondary aureoles in 
northern continuation 
of the Griiner Vein, 
f I I f 1 - Area of study 
of secondary aureoles 
in northern continua­
tion of the principal 
veins. IV — Area of 
study of secondary au­
reoles in the area north 
of Antol. V — Area of 
study of secondary au­
reoles in southern ter­
mination of the veins. 

Co 

rocks arc chloritizcd and in column II representation of elements near the veins, where 
the rocks arc silicil'ied. sericitized and adularized is shown. _ 

Total representation of trace elements shows their a m o u n t in pyroxemc andesite 
dacite and quartz diorite in places more distant from the veins to he almost equal, w h a t 
permits to applv equal criterii for the study of higher or lower representat ion of 
elements in these rocks near the veins ami to determine the width ol pr imary aureoles 
near the veins in various horizons of the deposit. 

Zonal Distribution o/ Trace Elements Around the Veins 

Representation of elements in rocks around the veins was studied on profiles in 

various horizons of the deposit on various veins. 
We ordered the studied profiles vertically according zonat.on of the vein filling, in 

w h i c l l w a y w o have go, the total profile of the deposit through the Pb-Zn zone and Cu 
, , „ „ . (fio- 2 to 6) On the basis of such Ordered data of representation ol trace elements 

i n ,,, kľ 'we present the picture of distribution of elements around the veins ,n the ore 
Ueuricl of B Štiavnica. A part of the studied elements around the veins forms a distinct 

/.(iiiatmn, some < 
lements show only slight indications of /...nation while a part ol 
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ľ a b 1 e 2. Average Representation of Trace lílemcnts (%) 

Pb 
/.n 
Cli 
Ba 
Ag 
Co 
Ni 

r.i 
S ľ 

Ga 
V 
Z r 
Se 
lig 

Pyroxenic andesite 

I 

a 

0.005 
0.007 
0,005 
0.042 
0.00019 
0.00 i a 
0.0014 
0,011 
0,096 
0.00090 
0.024 
0.0083 
0.003 
0.00014 

II 

I, 

0,04 1 
0,085 
0.008 
0.32:! 
0.0004 
0,0015 
0.0020 
0,015 
0.072 
0.00087 
0.022 
0,0076 
0,003 
0.00014 

l)a 

i 

c 

0.0016 
0.0055 
0.0034 
0.052 
0,0002 
0.00090 
0,00077 
0,009 
0,007 
0,00077 
0.019 
0.0084 
0.003 
0.00015 

•ite 

H 

d 

O.OGO 
0.087 
0.015 
0,202 
0,00038 
0.00092 
0.00090 
0,0080 
0,097 
0.00081 
0,018 
0.01.0 
0.0027 
0.00014 

Quartz 

1 

e 

0,0065 
0.0066 
0.0062 
0,052 
0.000 Hi 
0,00 Hi 
0,00091 
0,012 
0,088 
0.00094 
0,036 
0,011 
0.00.37 
0.00014 

(liorite 

11 

f 

0.030 
0.034 
0,0052 
0,335 
0.00043 
0,0015 
0,00090 
0,016 
0,111 
0,00085 
0.033 
0.010 
0.0011 
0.000 L5 

I — Average representation of trace elements in chloritizcd pyroxenic andesites, dacites and 
quartz diorites in greater distance from the veins. II — Average representation of trace 
elements in adularized, sericitized and silicified pyroxenic andesites, dacites and quartz 
diorites in proximity of the veins. 

In the average the anomalies of Pb, Zn, Cu in the 12th horizon of the Maxmilián Pit and 
in the Bákaly Cross Adit in places more distant from the veins were not included. 

a — Average of 48 analyses; b — Average of 62 analyses: c — Average of 17 analyses; 
d — Average of 22 analyses; c — Average of 18 analyses; f — Average of 19 analvses. 

elements docs not manifest indications of zonal distribution around the veins. Zonal 
distribution of elements around ihe veins is manifested as follows: 

L e a d is represented in thousandths and hundredths and near lbe veins ils content 
in places increases to one tenth of percent. Highest concentrations where found up to 
0.1 % . According to lbe content of I'b we distinguished two zones in lbe rocks (fig. 2). 
The firsl z o n e with content of I'b of 0.05 to 0 , 1 % is situated near lbe veins, ils 
width is changing. Near lbe veins with ore filling corresponding to Pb-Zn zone in 
underlying rocks il attains m a x i m u m width of 2 o m and only 2 — o m in overlying 
rocks. In Cu zone ils width varies from 1,5 lo 2 . 5 m . T h e s e c o n d z o n e width 
content of Pb 0.01 to 0.05 % is also variously wide. In Pb-Zn zone ils m a x i m u m width 
is 17 m in overlying rock and 35 m in rocks underlying the veins while a round the Cu 
zone il narrows and attains m a x i m u m of 7.5 m. Higher representation of Pb (0.05 to 
0.1 ,()) was proved in 12th horizon of lbe Maxmil ián Pil in rock underlying the Terézia 
Vein in the section ol 20 lo 70 in from the vein, i, e. in places where pvroxenic 
andesite is pierced by dikes of dacites. Behind the delimited zones Pb content, in rocks 
varies within ihe range of 0.002 to 0.01 % . 

Z i u c is in greater distance from vein present in rocks in thousandths of per cent 
and frequently ils presence lias not been identified. In proximity of the veins the 
content, of Zn increases to tenths ol' per cent. Concentrations up to 0,3 % were found. 
According lo the content of Zn in rocks we distinguished .3 zones fl'ig. .3). The 
f i r s t z o n e with content of Zn of 0.1 lo 0 . . ' !% is situaled in close proximity lo lbe 
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Fig. 2. Sketch uf the primary aureole 
of I'll a! llie deposit in vertical direc­
tion (sketches in fig. 2 and G were made 
from profiles across several veins at the 
deposit). These profiles were ranged one 
under another according to vertical zo-
nation of ore filling in veins (Pb-Zn-Cu) 
what represents the depth of about 
600 m. The measure in fig. 2 to 6 is 
related lo distance from the veins (along 
X axis). I — Representation of Ph 0,05 
to 0,1 °;0; 2 — Representation of Pb 
0,01 to 0 ,05%; 3 - Pb-Zn zone of the 
ore filling of the veins; 4 — Cu zone of 
the ore filling of the veins; I — Ferdi­
nand Adit across the Terézia Vein; II — 
I th horizon of the Maxmilián Pit across 
the Terézia Vein; 111 — 5th horizon of 
the Maxmilián Pit across the Terézia 
Vein; IV — 12th horizon of the Max­
milián Pit across the Terézia \ e i n : \ — 
12th horizon of the .Michal Pit, cross 
adit across the underlying Bieher Vein; 
VI — Bákaly Cross Adit through the Ro­
zália Vein; VII — cross adit in the 12th 

horizon near the Rozália Vein. 

veins with the ore filling of the Pb-Zn zone, where underlying the veins ils m a x i m u m 
width is :I6 m and in rock overlying t h e m it is 5 m only. In deeper parts of the deposit 
this zone is tapering out. Rocks with the content of Zn of 0.05 lo 0,1 % were found 
in the :12th horizon of the Maxmil ián Pil in the section of '20 to 3:1 m in rock under ly ing 
the Teréziu Vein, where the pyroxenic andesitc is penetrated with dikes of (Incite. The 
Ui i r d z o n e with the content (ď Zn of 0.01 to 0 . 0 3 % is the widest one. Near the 
veins with the ore filling of the Pb-Zn zone it is 10 to (if) m wide and in deeper parts 
of the deposit near veins of the zone of Cu ils width diminishes lo 3 to 6 metres. In 
greater distance From the veins (behind the mentioned zones) the content of Zn in rocks 
varies from 0,004 lo 0,01 % . 

B a r i u m forms [he widest zones with higher content in rocks. According to the 
content of Ba in rocks we distinguished Iwo zones near the veins (fig. 4). T h e f i r s t 
z o n e with content of Ba of 0,5 to 1 % is situated in close proximity of the veins 
with ore filling belonging to Pb-Zn zone up lo the m a x i m u m distance of 5 m from the 
veins. Higher content of Ba ( 0 . 5 — 1 % ) was found in the Bákaly Cross Adit in rock 
underlying the Rozália Vein at a distance of 13 to 100 m. Relation of this anomaly lo 
the course of the ore veins should be also studied further on. The s e c o n d z o n e 
with the content of Ba 0.1 lo 0 , 5 % is distinct around the veins of the middle and 
upper zone of Pb-Zn, where it reaches m a x i m u m width of 38 in. In deeper parts, i. e. 
in the zone of Cu if is suddenly thinning away and gradually disappears. After the 
mentioned zones at a greater distance from the veins the content of Ba in rocks varies 
from 0.0.'! to 0 , 1 % . In its qualities it. is even near to potassium and substittd.es it 
isomorphously. In places of enr ichment in potassium in the process of rock alternation 
near the veins also the content, of Ba increased in rocks (lig. 4 and 5). 

C o p p e r Is found in rocks in thousandths and hundredths of per cent. The highest 
concctrntions of Cu were found to be up to 0 , 0 3 % . According to the content in rocks 
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we distinguished two zones i fig. 6). The ľ i r s t z o n e with content of Cu of 0.01 to 
0 . 0 3 % is situated around the veins with ore filling corresponding to Cu zone, being 
2 to 1 0 m wide there. In higher parts of the deposit (near the veins of the Pb-Zn zone) 
it is gradually tapering out. T h e s e c o n d z o n e with the content of Cu of 0,006 to 
0 , 0 1 % is situated near the veins with the filling of the Pb-Zn zone, its m a x i m u m 
width is 6 m. In deeper parts of the deposit it, seems as if wedged out and it is 
subst i tuted b y the zone with higher content of Cu in rocks (fig. 6). In the 12lh horizon 
of the Maxmil ián Pit in rock underlying the Terézia Win in 20 to .'SO m the content 
of Cu is higher (0,01—0,03%) in places where the dykes of dacile arc crossing the 
pyroxenic andesite. At greater distance from [he veins the content of Cu in rocks 
varies within [lie range of 0.002 to 0 , 0 0 6 % . 

S i 1 v e r is the rocks almosl regularly dispersed in len thousandths of per cent and 
shows only slight indications of zonation regarding to the course of ore veins. In places 
more distant from the veins the content of Ag varies in rocks from 0,0001 to 0,0004 % 
and in proximitv of the veins il shows the tendency to higher content from 0.0005 to 
0.0008 % . 

C o b a l t is almost equably dispersed In the a m o u n t of 0.0007 In 0 . 0 0 2 % . In 
proximity ol the ore veins no essential changes are evideul In the content of Co in 
rocks, in rocks Co probably displays isomorphous subslitnion with F c " , lbe ion radius 
of which is v e n ' near lo it. 

A i c k e I docs not show essential changes in concentration in rocks regarding to the 
course of ore veins. In rocks it is scattered in concentration of 0,0006 to 0 , 0 0 3 % . Ni is 
probably bound to chlorites, In which il may display isomorphous substitution with Mg. 

C i t h i u m is dispersed in rocks in concentration from 0.006 lo 0 , 0 2 6 % . in rocks 
it docs not show dependencí? on the course of ore veins, ft does mil form own minerals, 
hut probably displays isomorphous substitution with Al in plagioklases. 
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S I, r o n I. i 11 m is present in rocks prevailingly in hundredths and to a small exleul 
in tenths ol per cent only. Near the veins il shows slight tendency to change of the 
content in rocks. Diminishing of Sr content near the veins is connected with intense 
hreaking of plagioklases and carrying away of Ca from nicks. In places near the veins 
ils representation is getting a little higher where more intense formation of carbonates 
was taking place with rock alteration. 

V a n a d i n m is prevailingly dispersed in hundredths of per cent. Its concentration 
in rocks varies from 0.007 to 0 . 5 0 % . Near the veins it shows only slight tendency to 
diminishing its content in rocks. In proximity of the veins a decrease in iron from is 
evident, with which vanadium probably displays isomorphous substitution in rocks. 

G a l l i u m is regularly dispersed in rocks and does not show- greater changes in 
the content regarding to the course of ore veins. In the studied rocks the content of Ga 
mostly varies between 0.000,") and 0.01) I % . In rocks it probably displays isomorphous 
substitution with Al. 

Z i r c o n i u m is present In rocks in thousandths and hundredths ol per cent. In 
accessory amounts in rocks il forms ils own mineral zircon. Tls content in rocks does 
not show conspicuous changes with regard to the course of ore veins, hut is probably 
irregularly dispersed in them in the values of 0.001 to 0 . 0 2 0 % . 

M i i ľ c i i ľ v is almost regularly dispersed in rocks in amounts of 0.00001 to 
0.0001 % . .Near the veins it does not, show increase or decrease in ils content in rocks. 

M o I y li <l c n u in is rarely present and has not been found in most, samples. Ils 
presence was only recorded In some samples In amounts of 0.002—0,009 /o. Sn was 
also found only scarcely In highest amounts up to 0 . 0 0 1 % . 

f r o m the group of rare earths we traced Sc ami l.a. Sc is represented in rocks in 
thousandths of per cent within I he range of 0 . 0 0 2 — 0 , 0 0 6 % . Sc does not show depen­
dence on the course of ore veins, l.a has not been found in the studied rocks in any 
sample. 
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Fig. 5. Sketch of primary aureole of potassium at the deposit in vertical direction. I — 
Representation of lv,0 more than 6 % ; 2 — Representation of K 20 more than 3 , 5 % : 3 — 
I'b-Zn zone of the ore filling of the veins: '\ — Cu zone of the ore filling of the veins: 
I — Ferdinand Pit. across the Terézia Vein; U — 1st horizon of the Maxmilián Pit across 
the Terézia Vein: II] — 5th horizon of the Maxmilián Pit across the Terézia Vein; IV — :12th 
horizon of the Maxmilián Pit across the Terézia Vein; V — 12th horizon of the Michal Pit, 
cross adit through the underlying Bieber Vein: VI — Bákaly Cross Adit through t i e Rozália 

Vein: VII — Cross Adit in the 12th horizon near the Rozália Vein. 
Fig. fi. Sketch of primary aureole of Cu at the deposit in vertical direction. 1 — Repre­
sentation of Cu 0.01 to 0 ,03%; 2 - Representation of Cu 0,000 to 0 , 0 1 % : 3 - Pb-Zn zone 
of the ore filling of the veins; \ — Cu zone of the ore filling of the veins; I — Ferdinand 
Pit across the Terézia Vein: II — 1st horizon of the Maxmilián Pit across the Terézia Vein; 
111 — 5th horizon of the Maxmilián Pit across the Terézia Vein; IV — 12th horizon of the 
Maxmilián Pit across the Terézia Vein; V — 12th horizon of the Michal Pit, cross adit 
through the underlying Bieber Vein; VI — Bákaly Cross Adit through the Rozália Vein: 

\ II — Onss adit in the [2th horizon near the Rozália Vein. 

11. S o c o n d a ľ y A n ľ f o I e s 

Besides pr imary aureoles of dispersion of elements around the veins of B. Štiavnica 
we also studied distribution iď some elementu in secondary aureoles of dispersion in the 
marginal parts of the ore districl of Banská Štiavnica by the method of ground 
metallometry. 

I lie mierochemism ol ncovolcanic rocks is very diverse and almost each effusion or 
intrusive body shows dilToronl cfuanlilalive representation id microelements, the contcnl 
id which also changed with post-volcanic allocations. Rrequent alternations of rocks is 
therefore very unfavourable for the study of secondary aureoles (ď these elements. 
" 'Inch ace found in greater amounts in rocks. i | is therefore advantageous together with 
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the principal elements LO lnice also some accompanying elements which frequently 
provide for heller results in the study of secondary aureoles of dispersion. 

In the area of the ore district of Banská Štiavnica we traced secondary aureoles of 
dispersion of Ag. Pb, Zn. Cu and in some areas of Au. From these elements I'll. Zn 
and Cu are c o m m o n l y found in neovolcanic rocks. Ag only rarely in more acid and 
altered types of rocks. 

Secondary aureoles of dispersion of elements in neovolcanic areas of Slovakia were 
studied by" J . N o v o t n ý (1958). Fr . F i a l a , Z. P á c. a 1 (1959), M. B o h m e r, 
E. M o c h á č e k (1966), J . S l á v i k (1967i and others. 

[n the area of the ore district of Banská Štiavnica the first works about the study oi 
secondary aureoles of dispersion are by J . N a š i n e c , .1. P o k o r n ý (1967) and 
J . N o v o t n ý (1958) from the northern margin of the ore Held. .1. N o v o t n ý 
(1958) considers Ag. P b . Zn, part ly also Mo as the most suitable elements, Cu as not 
suitable. St. P o l á k (1963). who laid main emphasis on tracing of Cu came to negative 
results. 

Statistic Treatment of Results 

The semiquanti tat ive spectral analyses were evaluated by aid of S P D scale and 
treated statistically. For the traced elements distribution curves were m a d e (fig. 7. S. 
9. 10). On the basis of them we determined phone contents. 
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Fig. 7. Distribution curves of 
Ag in deluvial weathering 
products (spectral analyses 
according to SPD scale). 10th 
degree of SPD scale = 0,01 % 
Ag. 1 — Marginal parts of the 
ore district of Banská Štiavni­
ca on the whole (on the basis 
of 2 900 analyses): 2 - Area 
in northern continuation of 
the Griiner Vein (900 sam­
ples) ; 3 — Area in northern 
termination of the veins of 
Banská Štiavnica f 1200 sam­
ples); 4 — Area of northern 
continuation of the veins, 
south of the communities of 
Žakyľ and Podhorie (000 sam­

ples'. 
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Fig. 8. Distribution curves of Cu in deluvial weathering products (spectral analyses according 
to SPD scale). 9-th degree of SPD scale = 0,01 °/„ Cu. 1 - Marginal parts of the ore district 
of Banská Štiavnica on the whole (on the basis of 2900 analyses): 2 — Area in northern 
continuation of the ('.rimer Vein (900 samples); .'! — Area in the northern termination of the 
veins of Banská Štiavnica (1200 samples): '\ — Area of the northern continuation of the 

veins, smith of the communities of Zakyf and Podhorie (900 samples). 

l'l). Zn and Cu, found in small concentrations in neovolcanic rocks display a character 
of distribution curve different from Ag. which is only rarely found in surrounding 
rocks. 

Distribution of A g (fig. 7) in samples treated by ground metal lometry is lognormnl 
with distinct positive asymmetry . On the distribution curve of Ag are two maxima. 
The lirsl m a x i m u m is in the area of zero values of Ag. to which 3 5 — 8 0 % of samples 
is corresponding, 16 % on an average. T h e number of samples with content of Ag is 
higher in the southern profiles and towards the northern margin of the ore field its 
number decreases. The second m a x i m u m , little distinct, is on the 5—(ilb degree of S P D 
scale. It is otdy distinct on profiles striking across the supposed course of the structure 
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of the Griiner Vein. íl is no more found in [he profiles south of the eommimiles of 
Zákyľ and Podhorie . 

Distribution curve of Cu (fig. 8) displays the character of normal dispersion, common 
at elements well migrat ing in the zone of hypergenesis. The contents of Cu mostly vary 
a r o u n d the value of 0.01 % . T h e distribution curve already shows Cu not lo form greater 
anomalies. 

T h e distribution of P b (fig. !)) in metallomeleric samples is lognormal with relatively 
wide dispersion of contents. T h e m a x i m u m is at contents somewhat lower than 
0,02 % Pb. 

On the distribution curve of Zn (fig. 10) there are two maxima, one at the 1-st 
degree of SPI) scale. T h e first m a x i m u m may be caused by small sensibility of spectral 
analysis. 

Results nj Study o[ Secondary Aureoles oj Ag, Pb, Zn. Cu 

We obtained the best results in the s tudy of secondary aureoles of Ag. Ag and Au 
are in the veins of Banská Štiavnica mainly concentrated in the upper p a d s of the 
veins, as also confirmed by the study of p r i m a r y aureoles in some types of rocks near 
the veins. 

Ag in secondary aureoles attains the values of about 0 . 0 1 % and forms very distincl 
surfaces with anomalous and over phone contents, at which zonal distribution of Ag is 
frequently observable. The highest contents of Ag are found in the centre of [lie zones 
and content decreases towards I he margin. This is the case in the area of lbe con­
tinuation of the C.runer Vein, the veins of Banska Belli, the Terézia and Biebcr 
veins. As the principal veins have a series of apophyses, together with wide anomalous 
zones also narrow ones are found. As an example wo ment ion distribution of Ag in the 
dcluvium ol the area of supposed northern continuation of the Griiner Vein (fig. 11. 
12. I.'!) and ihe profile through lbe veins of Banská Bela (table H). 

The Griiner Vein was in I he upper parts relatively rich in Ag and therefore we paid 
attention to distribution of ibis element. The map of Ag isolines (fig. I I) shows conside­
rably high contents of Ag in northern continuation of the Griiner Vein. Ag forms an 
almost continuous p lane with anormalous and over p h o n e contents, the direction of which 
agrees with the general strike of the Griiner Vein. This plane is only interrupted in the 
area of the small massif of basall al the Kalvária Hill formed by basalt. Planes with 
over phone contents have zonal structure. In the centre the contents of Ag are around 
0,01 % and towards the margins in the dcluvium they decrease quite rcgularlv to 
phone ones. T h e anomalous plane of Ag is most distinct north-east of the Kalvária 
Mill. It is 200—íOO m wide and in the centre of [he zone in several cases contents of 
aboul 0.01 " o Ag were found. In fig. 12 [here is distribution of Ag. Ph. Cu in one 
profile .\K of the Kalvária Mill, on which zonal distribution of Ag around the supposed 
course ihe structure of ihe Clriiner \e in is lo be seen. Less distincl is the anomaly S\\ 
of ihe Kalvária Mill. Il is 100—200 m wide, bul ihe conlents are lower by 2—.'! degrees 
ol SPI) scale. The detail of one profile is in fig. I.'i. 

I'he conlenls of Ag around ihe small massif of basall of the Kalvária Mill are essen­
tially lower and allain ihe of h degree of SP1) scale as m a x i m u m . The dcluvium above 
ihe basall is almosl wilhoul Ag and only rarely conlenls of 2—,'! degrees of SP1) scale 
were found. 

A very wide zone Willi over phone and anomalous conlenls of Ag is situated norlh 
of Banská Bela in lbe section id the veins Baumgarlen, Goldfährer and Jura j (fig. 15). 
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Kig. 9. D i s t r i b u t i o n curves of 
i'h in de luv ia l w e a t h e r i n g 
p r o d u c t s (spectral a n a l y s e s 
a c c o r d i n g to SP1) scale). 10th 
degree of the S P D scale = 
0 , 0 2 % Pb. 1 - M a r g i n a l p a r t s 
of the ore d i s t r ic t of B a n s k á 
Š t i a v n i c a on the w h o l e (on the 
basis of 2900 a n a l y s e s ) ; 2 -
Area i n n o r t h e r n c o n t i n u a t i o n 
of the G r i i n e r Vein (900 
s a m p l e s ) ; 3 — Area in t h e 
n o r t h e r n t e r m i n a t i o n of the 
veins of B a n s k á Št iavnica 
(1200 s a m p l e s ) ; \ — Area of 
the n o r t h e r n c o n t i n u a t i o n of 
the ve ins , s o u t h of t h e c o m m u ­
nit ies of Z a k y ľ a n d P o d h o r i e 

(900 s a m p l e s ) . 

% of samp Las 

35 J 

4 - 5 6 7 8 9 10 
increase in ihz conitnt-

11 13 14 S.p.d. 

T a b l e 3. P h o n e , over p h o n e a n d a n o m a l o u s c o n t e n t s of Ag, P b a n d Cu in the del a v i u m 
of m a r g i n a l p a r t s of t h e v e i n s of B a n s k á Š t i a v n i c a 

Ag 
Pb 
Zn 
C u 

Phone contents 

0 - I 
9 
5,5 
8 

(J ver phone contents 

more than 1,5 
1 0 - 11. 

more than 5,5 
more than 8,5 

Anomalous contents 

more than 5 
more than 11,5 
more than 7,5 
more than 10,5 

T h e v a l u e s are in S P D scale. T h e 10th degree of S P D scale = 0,01 % A " 0 002 % P b Tl 
9th degree of SPI) scale = 0.01 % of Cu, the 6th degree of S P D scale = 0,02 % of Zn. 

T i n s z o n e is 3 0 0 m w i d e a n d in t h e c e n t r e of t h e a n o m a l o u s z o n e Ag c o n t e n t s a r c m o r e 
t h a n t h e 7 t h d e g r e e of S I T ) sca le , in p l a c e s t h e y a r e a l so 0.0J % . T o w a r d s t h e m a r g i n a l 
z o n e Ag c o n t e n t s d e c r e a s e . 

T h e s t u d y of d i s t r i b u t i o n of P b in s e c o n d a r y a u r e o l e s d i d n o t p r o v i d e for as favo­

u r a b l e r e s u l t s as t h e s t u d y of d i s t r i b u t i o n of Ag. P b is f o u n d in n e o v o l c a n i c r o c k s i n 

ll«' v a l u e s u p lo 3 0 p p r n w h a l f r e q u e n t l y c a u s e s o r i g i n of false a n o m a l i e s , (-specially, i n 

p l a c e s , w h e r e t h e i n c l i n a t i o n of t h e s l o p e is s u d d e n l y l o w e r i n g , in s a d d l e s e tc . In s e c t i o n s 

of s u p p o s e d c o n t i n u a t i o n of v e i n s t r u c t u r e s P b is f r e q u e n t l y f o u n d in t h e d e l u v i u m in 

a n o m a l o u s c o n t e n t s , bul t h e p l a n e s a r e less c o n t i n u o u s a n d P b c o n t e n t s c h a n g e r a p i d l y 

a l so at s h o r t d i s t a n c e s . In a r e a s of ve in s t r u c t u r e s P b c o n t e n t s v a r y in l i m i t s m o r e t h a n 
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°/0 of SampLcš 

Kig. 10. Distribution curves of 
Zn in deluvial weathering 
products (spectral analyses 
according to SPD scald, 6th 
degree of Sl'D scale = 0,02 % 
Zn. 1 — Marginal parts of the 
ore districts of Banská Štiav­
nica on the whole (2900 
analyses); 2 — Area in nort­
hern continuation of the Griin-
er Vein (900 samples): 3 — 
Area of northern termination 
id the vein of Banská Štiav­
nica (1200 samples); r\ — Area 
of northern continuation of the 
veins of Banska Štiavnica, 
south of the communities of 
Zakyl" and Podhorie (900 

samples). 

~i r 
0 -1 2. 3 4 5 6 7 

/ncra-cLSa in tha. aoniznt 
x—^— 

g , 10, 11 12 s.p.d. 

0 . 0 2 % by 1—3 degrees of SIM) scale and are frequently correlahle with anomalous 
contents of Ag, e. g. in the area of the Griiner Vein (fig. 12, 13), of the continuation of 
the structure of the Terézia Vein. Correlation between Ag and P b is unders tandable 
because Ag is found in galenites from the veins of Banska Štiavnica. 

As an example of distribution of P b in the da luv ium of the area of nor thern con­
tinuation of the vein of Banská Štiavnica we ment ion the m a p of isoconcentrations in 
the de luvium north of the Griiner Vein (fig. l/i) and the profile across the veins north 
of Banská Bela (fig. 15). In the area of continuat ion of the structure of the Griiner 
Vein PI) forms a plane with over plume contents of S\V—NE direction, interrupted in 
the area of the Kalvár ia Hill, similarly as that of Ag. T h e zone with over p h o n e and 
anomalous contents of P b is. however, not very continuous, being as wide as 150— 
350 m. T h e contents of Pb decrease from the centre of anomalous zones towards the 
margin, transversely to the supposed course of the vein. As fig. 12 and 13 show Pb is 
little distinct. In the area of vein structures north of Banská Bela Pb contents are not 
higher (fig. 15). 

Over p h o n e contents of Pb arc frequently found also outside the supposed course ol 
vein structures, which, however, are not correlahle with the higher contents of Ag, but 
frequently with higher contents iď Zn. 

Negative results were obtained in the study of secondary aureoles of Zn. Zn is 
commonly found in ueovolcanie rocks and only rarely forms more distinct planes with 
over phone or anomalous contents in deluvial weathering products. Distribution of Zn 
in deluvial weathering products is very irregular and its contents are varying also at 
short distances. 
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' C D 2 E 3 3 0 * E 3 

Fig. 1 I. Map of isoconcen-
t ra t ions of Ag in de luvia l 
weathering ' p roduc ts in 
n o r t h e r n con t inua t ion of 
the Gri iner Vein. I ndorly-
ing nicks arc a inph ibo íe -
hioti t ie andcs i lc . in the 
area of the Kalvár ia 11 il I 
'72 6,9) there arc basa l t s . 
1 — Contents of Ag abou t 
one phone and u n d e r pho­
ne ; '-Í — Contents of Ag 
over p h o n e ; \ — 5 — Ano­
ma lous conten ts of A« 
(Phone, o v c r p h o n c and ano­
malous conten ts sec tab . .'}). BansKÓ JíiQvn 
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Zn contents are more dependent upon tlie underlying rocks than on the course of 
vein structures. In areas of supposed course of vein structures Zn only rarely forms 
planes with anomalous or over phone contents and anomalous contents of Zn are only 
rarely correlahle with higher contents of Ag of Ph. Anomalous contents of Zn arc 
corrclahle best with anomalous ones of Ag in I lie area of supposed northern conti­
nuation of the structure of the Terézia Vein. In oilier studied areas, in areas of supposed 

S.p.d 

NW 
3....... 

Fig. 12. Distribution of Ag, Pb and Cu in deluvial weathering products on one profile SK 
of the Kalvária Hill, in the area of supposed course of the structure of the Griiner Vein. 
Underlying rocks are amphibole-biotitic andesites. I. — (.urve of contents of Ag; 2 — Curve 
of contents of Pb ; 3 — Curve of contents of Cu: 4 — Supposed course of the structure 

of ihe Griiner Vein. 

S.p.d. 
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NW 

•y 
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Fig. L3. Distribution of Ag, Pb, Zn and Cu in deluvial weathering products on Ihe profile 
SW of the Kalvária Hill, in the area of supposed structure of the Griiner Vein. Underlying 
rocks are amphibole-biotitic andesites. I — Curve of contents of Ag: 2 — Curve of contents 
of Pb; 3 — Curve of contents of Zn; 4 — Curve of contents of Cu: 5 — Supposed course 

of the Griiner Vein. 
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course ol the vein structures over phone or anomalous contents oľ /.n arc found 
rarely only. 

Over phone contents of Zn arc found in the area of the small massif of the K a k á n a 
Hill that probably intersects the structure ol the Griiner Vein. Higher contents ol Zn 
are correlated with no element. Higher content of Zn is caused by ils content in 
pr imary basalt of the Kalvária Hill in contrast to amphibole-biotitic andesites. 

Over p h o n e contents are frequently found in saddles, as it was observed e. g. in the 
area of southern continuat ion of the vein structures of Banská Štiavnica, south of the 
communi ty of Stcfultov and of Štiavnické Bane, also in the deluvium originated on 
amphibolic, biotitic andesites of III. eruption phase. 

As the study of secondary aureoles showed, contents of Zn are largely dependent 
upon the character of underlying rocks and the morphology of the country and con­
sequently this element is not suitable to be applied for localization of vein structures in 
neovolcanic structures. 

Fig. 12 and 13 show Zn not to form any anomaly in the area of continuation of the 
structure of the Griiner Vein. 

Distribution of Cu in deluvial waste is very regular. T h e contents of Cu in 9 0 % of 
cases vary in the values ol about one p h o n e and do not form any anomaly. Samples 
with over phone contents of Cu are rarely found and almost m the same places where 
are also anomalous contents of Pb, Zn or Ag. 

( onrlusion 

In the area ol the ore district ol Banská Štiavnica with polymelall ic ore minerali­
zation we studied distribution of trace elements in the complex of neovolcanic rocks. 
We found out the character of p r i m a r y and secondary aureoles of dispersion of trace 
elements in rocks surrounding the veins in subsurface parts ol the deposit and on the 
surface in places of supposed course of ore structures. 

W e studied p r i m a r y a u r e o I e s in pyroxenic andesite. dacite and quartz diorite. 
In the ore district oľ Banská Štiavnica the complex oľ neovolcanic rocks was pene­
trated with post-volcanic solutions. With the effect of these solutions on the reeks 
changes in petrographic and chemical composition (if principal rock-forming con­
stituents were taking place. This information is mentioned in the works by J . I 'd r g á č 
! 1966. 1967). On the basis of the study of the content of trace elements we may stale 
that changes in representation of trace elements were taking place in nicks in proximity 
ol the channelways, along which hydrothermal solutions were ascending. We divided 
the trace elements into .'! groups according to representation in rocks surrounding the 
channelways. 

In the lirsl group are Pb. Zn. (in. l!a. K. These elements display higher content in 
rocks in proximity of the ore veins (figs. I—3), Pb. Zn. I!a show more distinct /.onalion 
around the veins, the ore filling of which belongs to I'b-Zn zone. In these places the 
primary aureoles ol dispersion ol Pb. Zn. Ba are several limes wider than around the 
veins, the ore Idling of which corresponds to Cu zone. Potassium in rocks behaved in 
the process ol post-volcanic changes similarly as I'h. Zn and Ba. Potassium m these 
anomalies is prevailingly hound to adular. Pr imary aureoles with higher content ol (,u 
in rocks are lying in proximity of I lie veins, where the ore filling belongs to (!u zone', 
(.u forms much narrower pr imary aureoles than I'h. Zn. Ba and K. 

Anomalous increase in Pb. Zn. Cu. K is also evident in the 12th horizon ol the 
Maxmilián Pil m rock underlying the Terézia Win in places, where the (Incite dyke 
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ská otiavni 

Fig. 14. M a p of isoconcen-
t r a t i o n s of Pb in cleluvial 
w e a t h e r i n g p r o d u c t s in 
n o r t h e r n c o n t i n u a t i o n of 
the Gr i iner Vein. 1 nder ly-
ing rocks arc a m p h i b o l e -
biol i t ie a n d c s i t c s . in the 
area of the Kalvár ia I fill 
(726.9 there are basal t s) . I 
— I r u d e r p h o n e c o n t e n t s of 
P b ; 2 — Contents of Pb 
a b o u t one p l i o n c ; 3 — < >ver 
p lume c o n t e u t s of P b ; \ — 
A n o m a l o u s c o n t e n t s of PI). 
' P h o n e , over p h o n e and 
a n o m a l o u s c o n t e n t s see in 

tab. X) 
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pierces pyro.xenic andesite. This phenomenon shows ore-bearing solutions lo have 
part ly used the same ascending ways as dacites. 

In Ihe second group are the elements Ag and Sr showing only slight indications of 
changes of t ho content in rocks near the veins. At Ag increasing tendency of its content 
in rocks is evident, mainly in the upper parts of the deposit. Strontium shows depen­
dence on the content of calcium in rocks. Wi th decrease in the content of Ca in rocks 
in proximity of the veins also the content of Sr decreases and vice versa. 

In the third group Co. Ni, Li, Ga, V, Zr, Jig, Mo, Sc are included. These elements 
do not show any conspicuous changes in rocks near the veins. 

All ihe s tudy of p r imary aureoles of dispersion of elements shows most distinct 
aureoles in neovolcanic complexes of rocks to be formed by the elements of Ph. Zn, 
Cu, Ba and K. The width of these aureoles is changing in vertical direction at the 
deposit, what is dependent on the character of ore filling of the veins. 

S e c o n d a r y a u r c o 1 e s o f d i s p e r s i o n o f e l e m e n I s were studied in 
deluvial weathering products of the volcanic complex in places of supposed course of 
continuation of ore hearing structure. We traced the elements: Ag. Pb, Zn and Cu. 

Ag in deluvial weathering products forms distinct anomalies, in which it in places 
attains values of about 0.01 % . Very distinct anomalies vere found in the area, where 
we m a y suppose northern continuation of the structure of the Griiner Vein, of the 
structure of the Terézia Vein and the veins of Banská Bela, in the area north of Antol 
and [tartly in the deluvium above the dykes of dacites. Pb forms secondary aureoles less 
distinct than those of Ag. A distinct anomaly of Pb was found in prolongation of the 
Griiner and Terézia Veins, where Ph is correlable with Ag. Anomalies of Zn are less 
distinct and correlable with other elements in several cases only. Anomalies of Zn are 
correlable with Ag south-west, of the Kalvária Hill and in the area of the Terézia Vein. 
Hie contents of Cu are in the studied area about one phone and do not form any 

anomaly. 

Anomalous zones in secondary aureoles of dispersion frequently show zonal distribu­
tion of the contents of elements. In the centre of anomalous zones the contents of 
elements are the highest ones and towards the margins their content decreases. We 
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observed Litis phenomenon a I Ag and Pb. mainly near continuation of the structure of 
the Griiner and Terézia Veins. 

T h e study of secondary aureoles of dispersion of Ag. I'll and Zn shows vein 
structures of the ore district of Banská Štiavnica to continue also in the north ol their 
known course as far as the area of Žakyľ and Podhorie. The structure of the Griiner 
Vein continues for about 2 km in N N E direction. 

The results of s tudy secondary aureoles of dispersion in the area of Banská Štiavnica 
we consider as positive. The besl results were obtained in the study of distribution ol 
Ag and Pb. less accurate at Xn and negative ones at Cu. 

T h e character of distribution of elements is different at pr imary and secondary 
aureoles of dispersion. This is mainly in connection with zonal distribution of elements 
in vertical direction at live deposit. 

Pr imary aureoles of Cu arc getting wider in deeper parts and in uppermost parts 
of the veins they arc very narrow or not observable at all. To this distribution of Cu 
in vertical direction at. the deposit also corresponds the character of secondary aureoles 
of dispersion in deluvial weathering products. As Cu was only very little evident in 
subsurface parts of deposits in the studied area and migrates well there, it does not 
form any anomalies in secondary aureoles and its distribution is very regular. 

Pr imary aureoles of Pb and Zn have a character opposite to Cu. They are wider 
in subsurface parts of the veins and in deeper parts arc gelling narrower. Pb and Zn 
therefore form more distinct secondary aureoles of dispersion. They are more distinct 
al Pb. which migrates bad in the zone of hypcrgenesis and less distinct at Zn. well 
migrating in the zone of hypcrgenesis. 

Ag does not form more distinct pr imary aureoles of dispersion in upper parts of the 
vein's and is of part icular position. With regard to that Ag is concentrated in upper 
parts of the veins and is mostly found in values less than 0.0001 % . it however forms 
distinct secondary aureoles of dispersion. 

Translated by J. P e v n ý. 
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