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ZONAL DISTRIBUTION OF ELEMENTS IN THE ORE FIELD
OF BANSKA STIAVNICA
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Abstract: In this paper the distribution of trace elements in the complex
of neovuleanites is presented, Primaey aureoles are treated in subsurface parts
of the deposit and vertieal zonation of trace clements in rocks surrouding
the ore veins s presented. Secondary aurcoles of teace elements are studied
from an area, wheree the course ol ore steacturees is supposed.

Itroduetion

In Centeal Slovakia in the ore district of Banski Stiavnien we studied disteibution
ol trace elements in the complex ol neovuleanites near the ore veins with polymetallic
Ph-Zn-Cu mineralization under and on the sueface in places of supposed  course ol
ore struclures,

The ore disteict of Banska Stiavniea is extensive with a liege number of ore veins
lig. oowe therelore limited the study of primarey aureoles o the neighbourhood of
some veins, especially ol rock crosscuts striking across the veins and making possible
to observe changes in representation of trace clements to o greater distance from the
veins, Inothe studied sections of the proliles we have gol zonation ol the vein [illing
at the t|l-|m.~'it. i vertical direction from the Lupper, 5o called Ph-Zn zone™ lllrnll;__'h
the so called Llower Ph-Zn zone®, the Lupper zone of Cu™ (M. Ko d ¢ ra 1956—1063).
We traced the elements of Ph. Zn, Cu, Ba. e Ni Co. Ses Lis V. Zre, Ga. Se. La. Mo.
He Sn, oo oseries of samples taken near the veins inintervals of 10 1o 20 em. with
lrger intervals in greater distance from the veins, The elements were determined b
the method of quantitative spectral analvsis on spectrograph 12 4920 with slot wide 20.
height 2 mm. two degree filter 100,10 % The spectra were registered on photographic
plate Aefa Blau Exteahart.

We studied  secondary aurcoles of dispersion of elements in places of supposed
cotrse of vein structures between the communitices of Banskd Bela and Podhorie, souath
ol the conmunity of of Sitnianka and north of the community of Anton (Tig. 1), We
also traced the elements of Ago Ph. Zn. Cooand also Ao in some samples. We choose
the method of three parallel profiles 100 m apart in order o exelude oecasional mistake
ol sampling. The samples were taken along the profile in intervals of 10 10 200 cm
from the ¢

epth of 70 1o 100 em from deluvial waste. The elements were determined by
semiquantitative specteal analysis by aid of S, p. d. seale. In S0 p. do seale quantitative
values were determined for Ag 0.0] 0. Tor Cu 0,00 %,. Ph (.02 Y. 7Zn 0.02 %, The
prescnce ol Nuowas positively determined inoone sample only, These values (exeepl
Agl approximately coineide with phone contents Tor the northern margin of the ore
lield of Banskia Stinvnica according 1o J. N ovotny (1953, We teeated the analyses
in o statistical way and the phone content was determined in values of S, p. .
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I. Primary Aurcoles
Brief Characterization of Altered Rocks

Young voleanie rocks in the ore distriet of Stiavnica were penctrated with post-
voleanie solution. as a result of which in the rocks alternation of primary minerals
and formation ol sceondary minerals ok place. This process was studied from petro-
graphic aspect and also from the aspeet of changes of chemism with employing of
silicate analyses by 0. Forgda e (1966, 19670 on the swme profiles as the trace clements
in the work presented.

The mostly wide spread alteration in the area of B, Stiavnica is chloritization. In
this alteration chloritization of dark-coloured minerals (pyroxene. amphibole. biotitel.
formation ol pyrite and a small amount of carbonate, sericite and quartz took place.
the plagioclasses almost remain fresh. The original composition of rvocks essentially
remaing unaltered, Chloritization is spread ..regionally™ and does not show zonalion
in relation to the course ol ore veins.

Near the vein adularization. sericitizalion and silicilication are ol zonal position.
Between these zones there is gradual transition, The most distant zone following the
course of the veins is adularization. [t was manifested by metasomaltie replacement of
plagioclase by adular (in places also of chloritel. The rocks are enrviched in polassium
and from the rocks natrium 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
zone enrvichment of rocks in polassium diminishes and may even show lendeney of
carrving away from the rocks, Nearer to the vein behind the zone of adularization the
zone of sericitization was evident, It is characterized by intense formation of serieite,
which mainly replaces plagioclase and adular. This zone is only several metres wide
and in places overlaps the zone of adularization and silicification. In the zone of
sericitization rocks are enriched in polassium and silicn and from the rock Fe. Mg,
AL Na. Ca. are earried away. In close proximity of the veins there is a relatively
narcow zone of silicilication distinet from the petrographic and chemical side. In the
rock formerly originated minerals are replaced by quartz as a result of what the rocks
are more intensely enriched in silica and AlL Ca. Na. Fe and Mg arve carvied away.

Accompaning secondary minerals in the zone of adularization, sericitizalion and
silicifization are chlovite, carbonate. sericite. quarlz. epidotle-zoisite. pyrite and limonite.
Their propotionate representation in the individual zones is changing.

Trace lements in the Rocks

We stadied representation of trace clements in i:_\'l’nxvllit' andesite, dacite and quarlz
diorite. In pyroxenic andesite near the Terézia Vein in the Maxmilian Pitin the Tth.
Sthy and [2th horizon and near the Rozilia Vein in the 12th horizon. In dacite in the
Michal Pitin the 12th horizon near the underlving Bieber Vein and near the Rozilia
Vein in the Bakaly eross adit, In quartz diovite near the Terézia Vein in the Ferdinand

adit, Inthe study of the mentioned eross adits aeross the veins 186 samples where
analyzed and the vesults of the analyses are summarized in table 1. for cach type ol
rocks the range of the content of trace elements is mentioned. In table 2 the average

content of trace clements in rocks is mentioned, Tn eolumn, I for each tvpe ol rocks
representation of elements in places more distant from the veins is mentioned. where the
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Fie. 1. Sketch-map of
the veins of Banska
Stiavnica (according to
I. Szabo) with indi-
cated places of study of
primary and secondary
aurcoles od dispersion.
| — Area of study of
secondary  aureoles in
northern  continuatien
of the Griiner Vein,
(=111 — Area of study
of sccondary aureoles
in northern  continui-
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,

rocks are chloritized and in column 11 pepresentation of elements near the veins. where
the rocks are silicilied. sericitized and adularized is shown.

Total representation of trace clements shows their amount in pyroxenic andesile,
dacite and quartz diorite in places more distant Trom the veins 1o be almost equal, what
permits to apply equal eriterii for the study of higher or lower pepresentation of
clements in these rocks near the veins and to determine the width of primary aureoles
nenr the veins in varions horizons of the deposit.

Jonal Distribution of Trace Elements Around the Veins

Representation ol clements in rocks around the veins was studied on profiles in
various horizons of the deposit on various ANUTIES

We ordered the studied profiles vertically aceording zonation of the vein filling, in
which way we have got the total profile of the deposit throngh the Ph-Zn zone and Cu
sone (fig. 2 1o 61, On the basis of such ordered data of representation of trace elements
in rocks we present the picture of distribution of clements aronnd the veins in the ore
distriet of 13 Stinvniea, .\ part of the studied elements avound the veins forms a distinet
sunation. some elements show only  slight indientions of zonation while a part ol
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Table 20 Average Representation of Trace Flements (V)

Pyvroxenie mdesite Diacite Ouarte diorite
i |
I I | 11 | I
i | b v il e [
I’h 0005 0,041 (0L.0046G A THI] 000065 0.030
o | D007 0,085 0.0055 0,087 .00 0,034
[ Cu 0,00 0,008 0.00:34 0015 0,002 [ 0,0052 |
Ba | 0042 0325 L0052 0,202 L0052 0,335 |
Ao 0.00019 0.0004 0,000 [ 000038 000016 000043 |
Co | 00014 00015 C00009G T 000092 1 0.001G ‘ 00015
| Ni 00014 10020 000077 | 000090 | 0000091 000090 |
Lo ool 0015 ITXIT] L 0,0080 0012 ‘ 0016 \
s 0,006 0,072 0,067 [ 0,007 01,088 0111
| (it 0.00080 0000187 000077 000081 000004 (0LO00085
v 0024 0022 0.019 L0018 0,036 00533
| I | 0.00=3 00071 0.00=4 0o 0011 001
s 0,003 0,000 0,003 0.0027 0,007 0,004 1
I 000014 0000014 | 000015 000014 000014 000015
L - S| Bl SUT | I V) B e ]
I — Average representation ol trace clements in chloritized pyroxenic andesites, dacites and

quartz diorites in greater distance from the veins, 11 — Average representation of trace
clements in adularvized, servicitized and  silicified pyroxenic andesites, dacites and  quartz
diorites in proximity of the veins.

In the average the anomalies of I'b, Zn, Cu in the !2th horizon of the Maxmilinn Pit and
in the Bakaly Cross Adit in places more distant from the veins were not ineluded,

a — Average of 48 analyvs b — Average of 62 analyvses: ¢ — Average of 17 analvses:
d — Average of 22 analyvses: o — Average of I8 analvses; [ Average of 19 analvses,

clements does nol manilest indieations ol zonal disteibution around the veins, Zonal
distribution of elements aronnd the veins is manifested as follows:

Loead is vepresented in thousandths and hundredths and near the veins its content
in places inereases to one tenth of pereent. Highest concentrations where Tound up 1o
0.1 %, Aecording 1o the content of Ph owe distinguished two zones in the rocks (Mg, 2).
The Tirst zon e with content of Ph of 0.05 to 0019 is situated near the veins, s
width is changing. Near the veins with ore [illing corresponding to Ph-Zn zone in
underlying rocks it attains maximum width of 25 m and onlv 2—=3m in overlying
rocks, In Cu ozone its width varies from 1.5 1o 25 m. The scecond zone width
content. of Ph 0.0 1o 0.05 " is also variously wide, Tn Ph-Zn zone its maximum width
is 17 m in overlving rock and 35 m in rocks underlving the veins while around the Cu
zone 1L narrows and attains maximum of 7.5 m. Higher representation of Ph (0.05 10
0.1 "% was proved in 12th horizon of the Maxmilian Pit in rock underlving the Terézia
Vein o in the seetion of 20 10 700m from the vein. i e in places where pyroxenie
andesite s pierced by dikes of dacites. Behind the delimited zones Ph ocontent in rocks
varies within the snee of 0.002 10 0.01 9%,

Zoine s greater distanee from vein present in rocks o thousandihs of per cent
and Teequently its presence has nol been identified, T proximity ol the veins the
content of Zn inereases Lo tenths of per cent. Concenteations up 1o 0.3 95 were Tound,
3
)

Necording o the content of Zn in rocks we  distinguished zones  (Tig. . The

livst zane with content of Zn of 0.1 10 0.3 % is situated in close proximily to the
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FFig, 2. Sketeh of the primary aureole
of b oat the 1|l'pt).~'~il in vertieal diree-
tion (sketehes in fig. 2 and 6 were made
from profiles across several veins at the
deposit). These profiles were ranged one
under another according to vertical zo-
nation of ore [illing in veins (Ph-Zn-Cu)
what  represents  the depth of  about
GO0 . The measure n lig. 2 o 6 is
related to distance [rom the veins (along
N axis. | — Bepresentation of Ph 0,05
o OLL"y: 20— Representation of Ph
G010 1o 0057 ,: 3 — Ph-Zn zone of the
ore [illing of the veins: 4 — Cu zone of

the ore filling of the veins: | — Ferli-
nand Adit across the Te Veing 11—
Ith horizon of the Maxmiliin Pit across
the Terézia Vein: HIE — 5th horizon of
the Maxmilian Pit across the Terézia
Vein: IV — 12th horvizon of the Max-

milian Pit aeross the Terézia Vein: ¥V —
12th horizon of the Michal Pit. eross
adit across the underlying Bicher Vein:
VI — Bakaly Cross Adit through the Bo-
zalin Veing VII — cross adit in the 12th
hovizon near the Rozilia Vein,

10m
o

veins with the ore [illing of the Ph-Zn zone. where underlying the veins its maximum
width is 16 m and in rock overlyving them 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 10 0.1 0% were found
in the 12th horizon of the Maxmilian Pitin the section of 20 10 31 m in rock underlying
the Terézia Vein. where the pyroxenic andesite is penetrated with dikes of dacite. The
third zoune with the eontent of Zn of 0.01 1o 0.05 %, is the widest one, Near the
veins with the ore filling of the Ph-Zn zone it is 10 1o 65 m wide and in deeper parts
of the deposit near veins of the zone of Cu its width diminishes to 3 to 6 metres. In
greater distance from the veins (behind the mentioned zones) the content of Zn in rocks
varies from 0,004 1o 0.01 Y.

Barium forms the widest zones with higher content in rocks. Aeeording 1o the
content of Ba in rocks we distinguished two zones near the veins (lig. 41, The [irsi
zone with content of Ba of 0.5 to | % is situated in close proximity of the veins
with ore filling belonging to Ph-Zn zone up to the maximum distance of 5 m from the
veins, Higher content of Ba (0.5—1 ") was Tound in the Bakaly Cross Adit in rock
underlying the Rozalia Vein at a distance of 13 to 100 m, Relation of this anomaly 1o
the course of the ore veins should be also studied further on. The second zone
with the content of Ba 0.1 1o 0.5 %, is distinet around the veins of the middle and
upper zone of Ph-Zn. where it reaches maximum width of 383 m. In deeper parts. i c.
in the zone of Cooitois suddenly thinning away and gradually disappears. Alter the
mentioned zones al o geeater distance from the veins the content of Ba in rocks varies
from .03 10 0.1 %, In its qualities it is even near lo polassinm and substitutes 1l
isomorphoushy. Tn places of eneicliment in potassim in the process of rock alternation
wear the veins also the content of Bainereased in rocks (hg, 4 and 5.

Copper s found in rocks in thousandths and hundredths of per cent. The highesi
coneetrntions of Cuowere Tound 1o be up to 0.03 %4 According 1o the content in rocks.
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Fig. 3. Sketeh ol primary aureole
of Zn at deposit in vertical divee-
tion. | — Representation of Zn
LOL o 0.3 %: 2 — Representation
of Zn 0,05 10 0,1 %: 3 — Repre-
sentation of Zn 0,01—0,059%: 4 —
Pbh-Zn zone of the orve [illing of

the veins; 5 — Cu zone ol the
ore filling ol the veins; | — Ier-
dinand  Pit across  the Tertzin
Vein: 11 — st horizon of the
Maxmilidn Piv across the Terézia
Vein: L — Sth horizon ol the
Maxmiliin Pit across the Terézia
Vein: IV — 12th horizon of the
Maxmilian Pit across the Terézin
Vein: vV — [2th horizon of the

Michal Pit. eross adit through the

underlying  Bicber Vein: VI —

Bakaly Cross Adit through  the

Rozilia Vein; VI — Cross Adit

in the 12th horizon near the
Rozilia Vein,

we distinguished two zones i, G The Tirst zone with content of Ca of 0.01 1o
0.03 % is sitwated around the veins with ore Tilling corresponding 1o Cu zone, being
2 to 10 m wide there, In higher parts of the deposit (near the veins of the Ph-Zn zone)
it is gradually tapering out. The second zone with the content of Cu of 0.006 10
0,01 % is situated near the veins with the Tilling of the Ph-Zn zone. ils maximum
widthis Gm. In deeper parls of the deposit it seems as il wedged out and it s
substituted by the zone with higher content of Cu in vocks (fig. 6). Tn the 12th horizon
of the Maxmilian Pit in rock underlyving the Terézin Vein in 20 1o 30 m the content
of Cu s higher (0.01—0.03%) in places where the dykes of dacite are crossing (he
pyroxenic andesite, AL greater distance Trom the veins the content of Cu in roeks
varies within the range of 0.002 10 0.006G 7,

Silver is the rocks almost regulaely dispersed in ten thousandths of per cent and
shows only slight indications of zonation regarding o the course of ore veins, In places
more distant from the veins the content of Ag varies in rocks from 0.0001 10 0,0004 %
and in proximity of the veins it shows the tendeney 1o higher content from 0.0005 1o
0.0008 Y.

Cobalt is almost equably dispersed in the amount of 0.0007 10,0029, In
proximily ol the ore veins no essential changes are evident in the content of Co in
rocks. In rocks Co probably displavs isomorphous substituion with Fe' the jon radins
of which is very near 1o il

Nicekel does not show essential changes in concenteation in rocks regarding to the
course of ore veins, In rocks QL is sealtered in concenteation of 0.0006 to 0,003 %, Ni is
probably bound to chlorites. in which it may display isomorphous substitntion with Mg,

Lithiom is dispersed inorocks in concenteation Tram 0,006 10 0.026 %%, Tn rocks
it does nol show dependence on the conrse ol ore veins, Te does not Torm own minerals.
but probably displayvs isomorphous substitntion with N in plagioklases.
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Fig. 4. Sketeh of primary aureole of
Ba at the deposit in vertical direc-
tion. | — Representation of Ba 0.5
to 1%, 2 — Representation of Ba
0.0 o 0.5%: 3 — Ph-Zn zone of
the ore [illing of the veins: 4 — Cu
zone of the ore [illing of the veins:
I — Ferdinand Pit across the Tere-
zin Vein: I — Ist horizon of the

Maxmilian  Pit across  the Tercézia
Vein: I — 5th horizon of the Max-
milian Pit aeross the Terdzia Vein:
IV — 12th horizon of the Maxmilian
Pit across the Terézia Vein: V — 12th
horizon of the Michal Pit. across adit
through the underlving Bieber Vein:
VI — Bakaly Cross Adit through the
Hozalia Vein: VII — Cross adit in
the 121h horizon near the Rozilia
Vein.

Strontium is present in rocks prevailingly in hundeedths and o a small extent
in tenths of per cent onlv. Near the veins it shows slight tendeney to change of the
content in rocks, Diminishing of Se content near the veins is eonnected with intense
hreaking of plagioklases and careving away ol Ca from rocks. Inoplaces near the veins
its representation is getting a litthe higher where more intense formation of carbonates
was laking place with rock alteeation.

Vanadiom is prevailingly dispersed in hundeedihs of per eent. Tis coneenteation
in rocks varies from LO07 1o 050 % 0 Near the veins it shows only slight tendeney 1o
diminishing its content in rocks, Tn proximity of the veins wodeerease inivon from s
evident. with which vanadium prohably displays isomorphouns substitution in rocks,

Gallium is vegularly dispersed in rocks and does not show greater changes in
the content regieding 1o the course of ore veins, In the studied rocks the content of Ga
mosthy varies hetween 0.0005 and 0,001 "4 Tn rocks it probably displays isomorphous
<ithstitution with AL

Ziveoniuwm is present in rocks in thousandths and hundreedths of per cent. In
aceessory amounts o rocks i Torms ils own mineral ziveon, Tts content in rocks does
not show conspicnons changes with regard 1o the course of ore veins. bul is probably
ieregularly dispersed i them in the values of 0.004 10 0.0200 .

Mereury s almost regularly dispersed in rocks i amounts of  0.00001 10
00001 "0 Near the veins it does nob show inerease or deerease in ils content in rocks,

Molvbdenum is sarely present and has not been found in most samples. Tis
presenee was only recorded i some samples in amounts of 0.002—0.000 %, Sn was
also Tound only searcely in highest amounts up 1o 0.001 %,

From the wroup of e earths we traced Seoand Lac Seis vepresented in rocks in
thousandths of per cent within the range of 0.002—0.006 " 4. Se does not show depen-
dence on the course ol ore veins, La has not been Tound in the studied vocks in any
sample,
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Fig. 5. Sketeh of primary aureole of potassivm at the deposit in vertical direction, | —
tepresentation ol Ka0 more than 6% 2 — Representation of KO more than 3,5 %: 3

Ph-Zn zone of the ore Tilling of the veins: 4 — Cu zone of the ore filling of the veins:
I — Ferdinand Pit across the Terézia Vein: 11 — Ist horizon of the Maxmilian Pit across
the Terézin Vein: HI — 5th horizon of the Maxmiliin Pit across the Terézia Vein; IV — 12th
horizon ol the Maxmilian Pit aeross the Terézia Vein: V — [2th horizon of the Michal PiL.
eross adit throngh the underlving Bieber Vein: VI — Bakaly Cross Adit through the Rozilia

Vein: VI — Cross Adit in the 12th horizon near the Bozilia Vein.
Fig. 6. Sketeh of primary aureole of Cu at the deposit in vertical direction. | — Repre-
sentation of Co 0L01 10 0,039, 2 — Representation of Cu 0.006 10 0,01 %: 3 — Ph-Zn zone
of the ore filling of the veins: 4 Cu zone of the ore [illing of the veins: [ — Ferdinand
Pit across the Terczin Vein: [T — Ist horizon of the Maxmiliin Pit across the Terézin Vein:
Il — 5th horizon of the Maxmilian Pit across the Terézin Vein: IV — 12th horizon of the
Maxmiliin Pit aeross the Terézia Vein: V. — 12th horizon of the Michal Pit, ecross adit
through the underlving Bieher Vein: VI — Bakalv Cross Adit through the Rozilia Vein:
VIT — Cross adit in the 121h horizon near the Rozilin Vein,

I Sccondary Aurecoles

Besides primary aureoles of dispersion of elements around the veins of B, Stinvnicen
wealso studied disteibution of some elements in secondary anrcoles of dispersion in the
marginal parts ol the ore distriet of Banskd Stinvniea by the method of around
metallometey,

The miceochemism of neovoleanie rocks is very diverse and almost each effusion or
mtrusive hody shows dilferent quantitative representation of microclements, the content
ol which also changed with post-voleanie alterations, Froequent alternations of rocks is
therefore very unfavourahle Tor the stidy of secondar aeeoles of these clements.

which arve Tornd in greater amounts in vocks, Tt is therelore advimtageous logether with
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the principal clements o traee also some accompanying clements which frequently
provide Tor better vesults in the study of secondary aurcoles ol dispersion,

In the area of the ore district of Banskd Stiavinica we traced secondary aurcoles of
dispersion of Ag. Ph. Zn. Cu and in some areas ol Au. I'rom these elements Ph. 7Zn
and Cu are commonly found in neovoleanic rocks. Ag only rarely in more acid and
altered types ol rocks.

Secondary aureoles of dispersion of elements in neovoleanic areas ol Slovakia were
studied by J. Novotny (1958). Fr. Fiala. Z. Pacal (1959). M. Bohmer
[ Mechacek (1966). J. SlTavik (1967) and others,

In the area of the ore district of Banski Stiavnien the fiest works about the study of
secondary aureoles of dispersion are by I Nasinee J. Pokorny (1967 and
J. Novotny (1958) from the northern margin ol the ore field. J. Novolny
(1058) considers Ag. Ph. Zn, partly also Mo as the most suitable clements, (lu as nol
cuitable. SL P ol k (1963). who laid main emphasis on tracing of Co eame to negalive
results,

Statistic Treatment of Results
The semiquantilative specteal analyses were evaluated by aid of SPD scale and

treated statistically, For the traced elements distribution eurves were made (e, 7. S
0. 10). On the basis of them we determined phone contents.

. Of samples

1
2
3

Fig. 7. Distribution curves of
Ag in  deluvial  weathering
products  (speetral  analyses
according 1o SPD scale). 10th
degree of SPD seale = 0,01 %,
Ao, | — Marginal parts of the
ore district of Banskid Stiavni-
cn on the whole (on the basis
of 2900 analvses): 2 — Area
in northern  continuation  of
T the Gritner - Vein (900 sam-
22 ples); 3 — Area in northern
g, termination of the veins of
Banska Stinvoiea (1200 sam-

plesi: 4 — Area of northern

; R continuation  of  the veins,

0 = ae '“[.'."'TT';:-:r-_—--']'—'T"-l"T——-___“-:-—_T : south of the cut1|1||u_niliv~: of
001 2 3 4 5 6 7.8 9 w f 12 ,5pd, Zakyl and Podhorie (900 sam-

_ wmerease i the content

plest.
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O/o of samples

50
404
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|
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20+
104 )
i\
i)
U T T T T = L ‘I T

T
D1 2 3 4 5 & % B 9 10 M 12 Spd.
jpcrease m the content

Fig. 8. Distribution curves of Cu in deluvial wealhering products (speetrat analyses according

to SPD seale). 9-th degree of SPD scale = 001 %, Cu. | — Marginal parts of the ore district

of Banskia Stiavnica on the whele (on the basis of 2000 analyses): 2 — Area in northern

continuation of the Greiiner Vein (000 samplesic 3 — Arvea in the northern termination of the

veins of Banska Stinvoiea (1200 samplesi: 4 — Area of the northern continuation of the
veins. south of the communities of Zakyl and Podhorie (900 samples).

’b. Zn and Cu. Tound in small concentrations in neovoleanic rocks display o character
of distribution curve dilferent from Ngo which is only varely Tound in surrounding
rocls,

Distribution of Ag (fig. 7) in samples treated by ground metallometey is lognormal
with distinel positive asvmmetrey, On the distribution curve of Ag are lwo maxima.
The Tiest maximum s in the area of zero values of Ao to which 35—80 %, of samples
is corresponding, 46 %% on an average, The number of samples with content of Ag is
higher in the southern profiles and towards the northern margin of the ore feld s
mumber deereases. The second maximume Tittle distinet. is on the 5—Gth degree of SPD

seales T is only distinet on profiles striking aeross the supposed course of the struelure
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of the Gritner Vein. It is no more found in the profiles south of the communites of
Zakyl and Podhorie,

Distribution eurve of Cu (fig. 8) displays the characler of normal dispersion, common
at clements well migrating in the zone of hypergenesis. The conlents of Cu mostly vary
around the value of 0.01 %%, The distribution curve already shows Cu nol to form greater
anomalies,

The distribution of Ph (fig. 9) in metallometerie samples is lognormal with relatively
wide dispersion ol contents, The maximum is ol conlenls somewhat lower than
0,02 4 Ph,

On the distribution curve of Zn (fig. 10) there are lwo maxima, one at the 1-st
degree of SPD seale, The Tirst maximum may be caused by small sensibility of spectral
analvsis,

Besults of Study of Secondary Nureoles of Ng. Pb. Zn. Cu

We obtained the best vesults in the study ol secondary aurcoles of Ag, Ag and Au
are in the veins of Banska Stinvniea mainly concentrated in the upper parts of the
veins. as also confirmed by the study of primary anreoles in some types of rocks near
the veins,

g in secondary aurcoles attains the values of about 0.01 %% and Torms vers distine

surlaces with anomalous and over phone contents. al which zonal disteibution of Ag is
[requently observable, The highest contents of Ag are Tound in the centre of the zones
and content decreases towards the margin, This is the case in the area of the con-
tmuation of the Griiner Veino the veins of Banska Bela. the Terézia and  Bicher
veins, As the prineipal veins have a series of apophyses. together with wide anomalous
zones also narrow ones are Tound, As an example we mention distribution of Ag in the
deluvinm ol the area ol supposed northern continuation of the Gritner Vein (e, 11,
12,150 and the proli Bela (able 3).

The Gritner Vein was in the upper parts velatively vich in Ag and therelore we paid

cthreongh the veins of Ban

altention to disteibution of this element. The map of Ag isolines (T, 11 shows conside-
rably high contents of Ag in northern continuation of the Gritner Vein, Ag Torms an
almost continuous plane with anormalous and over phone contents. the divection of which
agrees with the general strike of the Gritner Vein, This plane is only intereupted in the
arei of the small massil of basalt at the Kalvacia T Tormed by basalt, Planes with
over p]lnm- contents have zonal stracture, ITn the centre the contents of A oare around
0.01% and towards the marging in the deluviom they decrease quite regulasly 1o
phone ones. The anomalons plane of Ag is most distinel north-cast of the Kalviria
FHIL T s 200400 m wide and i the contre of the zone in several eases contents ol
about 001 %% Ae were Tound. Tn fig, 12 there s disteibution of Az Ph. Cuoin one
prolile NI ol the Kalviaria THIL on which zonal disteibution of Ag around the supposed
conrse the steneture of the Greimer Nein is o be seen. Less distinet is the -'I!]HII]JI’I\' SW
of the Kalvaria HHIL T is 100=200 m wide. but the contents ave Tower by 2—3 degrees
al SPD seales The detail of one prolile is in fa. 3.

The contents ol Ng around the small massil of basall of the INalvaeia T e essen-
tially Tower and attain the Sth degree of SPD seale as masimuom. The deloviom above
the basalt is abiost withoot Agoand only rarely contents of 23 degrees of SPD seale
woere Towned,

A overy wide zone with over phone and anomalous contents of Ag is situated north
of Banska Beliin the seetion of the veins Bavmgarten, GoldGhrer and Jueaj (Tig, 150
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Fig. ' Distribution curves of

Phin deluvial  weathering 9 o/f.s'ampics
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Table 3. Phone. over phone and anomalous contents of Ag, Pb and Cu in the deluvium
of marginal parts of the veins of Banska Stiavnica

|
i l) & "} P . . . , [ . |
hone contents Jver phone contents Anomalous contents
|
Az [ 0—1 more than 1,5 more than 5
Ph 9 10—11 more than 11,5
| Zn | 5,5 more than 5,5 more than 7,5
I Cu | 8 more Lthan 8,5 more than 105

The values are in SPD seale. The 10th degree of SPD seale = 0,01 % Ag, 0,002 9, PL. The
Oth degree of SPD seale = 0.01 9%, of Cu. the Gth degree of SPD seale = 0,029, of 7n.

This zone is 300 m wide and in the centre of the anomalons zone Ag conlents are more
than the 7th degree of SPD seale. in places they are also 0.01 0. Towards the marginal
zone Ag contents deerease,

The study of distrilation of Ph in secondary aureoles did not provide Tor as lavo-
uritble rvesults as the study of disteibution of Ax. Ph s found in neovoleanic rocks in
the values up 1o 30 ppme what Trequently eanuses origin of false anomalies. especially, in
places. where the inelination of the slope is suddenly lowering. in saddles ele. In seelions
ol supposed continuation of vein struetures P s frequently Tound in the deluvimm i
anoimialons contents. hut the planes are less continnons and P ocontenls chimge rapidly

slsooat short distanees, Inoareas of vein strnelures Phocontents vary i limdts more than
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Fig. 10, Distribution eurves of
2= Zn in deluvial - weather
products  (spectral  analyses
according 1o SPD scale. Gth
degree of SPD seale= 002"
o of gamples Zn. 1 — Marginal parts of the
% f & ore districts of Banska Stinv-
nica on the  whole 2000
25 4 A analyses): 2 — Area in nort-
hern continuation of the Griin-
er Vein (900 samples): 3 —
Area of northern lermination
of the vein ol Banska Stiav-
nica (1200 samples): 4 — Area
of northern continuation of the

154 veins  of  DBanska  Stinvniea,
south of the communities of
Zakyl  and  Podhorie (500
104 samples),
5
i] ——
T

T T
] % 8 9 10 12 Spd.
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-

0.02 % by 1—3 degrees of SPD seale and are frequently correlable with anomalous
contents of Ag. e. . in the area of the Griiner Vein (fig. 12, 13), of the continualion of
the strueture of the Terézia Vein. Correlation between Ag and Ph s understandable
beeause Ag is found in galenites from the veins of Banska Stiavnica.

As an example of distribution of Pb in the deluvium of the area of northern con-
tinuation of the vein of Banska Stiavnica we mention the map of isoconcentralions in
the deluvium north of the Griiner Vein (lig. 14) and the profile across the veins north
of Banska Beld (g 15). In the arca of continuation of the structure of the Griiner
Vein Ph forms a plane with over phone contents of SW—NE direction. interrupted in
the aren of the Kalvaria Hill, similarly as that of Ag. The zone with over phone and
anomalous contents of Ph is. however, not very conlinuous. being as wide as 150—
950 m. The contents of Pb deerease from the centre of anomalous zones lowards the
margin, transversely o the supposed course of the vein. As fig., 12 and 13 show Pb is
little distinet. In the area of vein structures north of Banska Bela Ph contents are nol
higher (Mg, 15,

Over phone contents of Phoare frequently found also outside the supposed course of
voin strnelures. which, however. are not correlable with the higher contents of Ag. but
frl-qlll-nl|_\_' with highvl' contents of Zn,

Negative results were oblained in the study of secondary aurcoles of Zu. Zn s

commonly found in neovoleanic rocks and only rarvely Torms more distinet planes with
over phone or anomalous contents in deluvial weathering products. Distribution of 7Zn
in deluvial weathering produets is very irregular and ils conlents are varving also at
short distanees,
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Zn conlents are more dependent upon the underlving rocks than on the course of
vein structures. In areas of supposed course ol vein structures Zn only rarely Torms
planes with anomalous or over phone contents and anomalous contents of Zn are only
rarely correlable with higher contents of Ag ol Ph. Anomalous contents of Zn are
correlable best with anomalous ones of Ag in the area of supposed northern

conli-
nuation of the structure of the Terdzia Vein, In other stidied aveas, in areas of supposed

Fig. 12. Distribution of Ag, Pb and Cu in deluvial weathering products on one profile 519

of the Kalviaria Hill, in the area of supposed course of the structure of the Griiner Vein.

Underlying rocks are amphibole-biotitic andesites. | Curve ol contents of Ag: 2 — Curve

of contents of Pb; 3 — Curve of contents of Cu: 4 — Supposed course of the stencture
ol the Griiner Vein,

NW

/A

50 wom

Fig. 13, Distribution of Ag, Pb, Zn and Cu in deluvial weathering products on the profile

SW ool the Kalvaria Hill, in the arca of supposed structure of the t

rocks are amphibole-biotitic andesites. | — Curve of contents of Az

ol Ph: 3 — Curve of contents of Zn; 4 — Curve of contents of Cu: 5
of the Gritner Vein.

ner Vein. Underlving
— Curve of contents
— Supposed course
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course ol the vein structures over phone or anomalous contents ol Zn are Tound
arely only.

Over phone contents of Zn are Tound in the aren of the small massil of the Kalvdiria
LI that probably intersects the strocture of the Griiner Vein, Hhigher contents ol Zn
by ils conlenl in

are correlated with no element. Higher content ol Zn s
primary basalt of the Kalvieia Hill in contrast Lo {1||1|1i|||m||-—!n|r:l1l|: andesiles.

Over phone contents are frequently found in saddles. as it was observed e, g, in the
area of southern continuation of the vein structures of Banski Stiavniea. south of the
community of Stefultov and of Stiavnické Bane. also in the deluvinm originated on
amphibolic. biotitic andesites of 111, cruption phase.

As the study ol secondary aurcoles showed. contents ol Zn are largely  dependent

upon the character of underlying rocks and the morphology of the eountey and con-

seruently this element is not suitable to be applicd Tor localization of vein steaelures in

neovoleanie struetures,

Fig, 12 and 13 show Zn not 1o Torm any anomaly in the area of continuation of the
structure of the Griner Vein.

Distribution of Cu in deluvial waste is very vegular. The contents of Cu in 90 %y of
s ovary in the values of about one phone and do not Torm any .mnm.ll\ Samples

(&}
with over phone contents of Cu are vavely Tound and almost o the same places where
are also anomalous contents of Ph. Zn or Ag.

(Conclusion

In the arvea of the ore distriel ol Ban Stiavnica with polvmetallic ore minerali-
zation we studied disteibution of tace clements in the complex ol neovoleanie rocks.
We Tound out the character of primaery and secondary aurcoles ol dispersion ol Leaee
e
surface in places of supposcd course ol ore struetures,

We studied primary aunreoles in pyroxenic andesite. dacite and quartz diorite.

clements in o rocks surerounding the veins in subsn cparels of the deposit and on the

III |h'.' ore [Ii.\-ll'if'i ITF Ig”“.\k?"l F:“iu'l\'i'lil';l tl'll' l'f]llll)li'x “r Hl'll\'”l!'ilnif‘. |"J{'I(.‘§ Wi [l{'lll"
trated  with post-voleanie solutions. With the effeet of these solutions on the rocks
changes in petrographic and  chemical composition of  principal rock-lforming  con-
stituents were laking place, This information is mentioned in the works by o Forga e
1066, 19671, On the basis of the study ol the content of trace clements we may stale
that changes in representation of trace elements were taking place in rocks in proximily
of the channelwavs, along which hyvdeothermal solutions were ascending, We divided
the traee clements into 3 wroups aceording 1o I"i'|li'l'\'l‘|1|1'llitlil in rocks surerounding the
|'I'|-'II'|||I'|\\:'!I\.'<',

I the Tiest gronp are Phe Zoe Coo Bas KL These elements display higher content i
rocks o proximily of the ore veins (Mgs. T—510 Ph, Zn, Ba show more distinet zonation
around the veins, the ore Tilling o which belongs 1o Ph-Zn zone, o these places the
primary aureoles of dispersion of Phe Zoe Bacaee several tmes wider than aroumd the
e il““]l','\ ”ll \\'II‘“‘}. [‘l”'l'l'.‘iill)ll!l.‘i Ly (,I“ FAYI BTN Ill'lx'i.‘i.\'illlll ill |'”(']'\.‘3 I}['I“I\"'!l
|)

verns. The

the process of post-voleanie changes similarly as Phe Zoand Bae Potassiome i these
anomalies s prevailingls boond o adolae, Primaey auecoles with ligher content of Co
i rocks are Iving o oproximity of the veins, where the ore Tilling helongs 1o Ca o zone,
Co Torms mueh narrower prinnaey aorecoles than Ph. Zos Biacand N,

Nonomalons inerease in Ph. Zone Coo I s also evident i the 12th hovizon ol the
Maxmilinn Pooin vock underlying the Tertzia Nein o placess where the daeite dyke
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pierces  pyroxenic andesite. This phenomenon shows ore-hearing solutions 1o have
partly used the same ascending ways as dacites.

[n the second group are the elements Ag and Sr showing only slight indications of
changes ol the content in rocks near the veins. At Ag increasing tendeney of its contend
in rocks is evident, mainly in the upper parts of the deposit. Strontium shows depen-
dence on the content of caleinm in rocks. With decrease in the content of Ca in rocks
i proximily of the veins also the content of Sr deereases and viee versa,

In the thivd group Co. Ni. Li. Ga, V. Zr. Hg, Mo. Se are included. These clements
do not show any conspicuous changes in rocks near the veins,

All the study of primary aureoles of dispersion of clements shows most distinet
aurcoles in neovoleanie complexes of rocks 10 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,

Secondary aurcoles of dispersion of elements were studied in
detuvial weathering products of the voleanie complex in places of supposed course of
continuation of ore bearing structure. We traced the elements: Ae. Ph, Zn and Cu.

Ag in deluvial weathering products forms distinet anomalies. in which it in places
altains values of about 0.01 " . Very distinet anomalics vere Tound in the aren. where
we may suppose northern continuation ol the structure of the Griiner Vein. of the
structure ol the Terézia Vein and the veins of Banska Bela. in the area north of Antol
and partly in the delnviom above the dykes of dacites. Ph forms secondary aureoles less
distinet than those of Ag. A distinet anomaly of Ph was found in prolongation of the
Griiner and Terezia Veins. where Phois correlable with Az, Anomalics of Zn are less
distinet and correlable with other elements in several s onlv. Anomalies of Zn are
correlable with Ag south-west of the Kalviria Hill and in the area of the Terdzia Vein.

The contents of Cuare in the studied avea about one phone and do not form any
anomaly,

Anomalons zones in sccondary aurcoles of dispersion Trequently show zonal distribu-
tion ol the contents of clements. In the centre of anomalous zones the contents of
clements are the highest ones and towards the mareing their content deereases, We

= T T | 1
Qlﬂﬂ 1000 I||[Jﬂ 1300 1400

g, 15, Distribution of Aol Phow delovial weather products in one profile north of
the community ol Banskia Beld aeross the veins GoldTaheten. Bavmgaeten amd  Jurag.
Underlving rocks are amphibole-hiotitie andesite, | Curve of contents of Ng: 2 Curyve

ol contents ol Ph: 0 - Conrse ol the veins,
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observed this phenomenon at Ag and Phoomainly near continuation ol the strneture of
the Gritner and Terdzia Veins,

The study of secondary anrcoles of dispersion of Ag. Phoand Zn shows vein
struetures of the ore districl of Banska Stinvoiea o continue also in the north of their

oyl and Padhorie. The strueture of the Griiner
Vein continues Tor about 2 ki in NN direction.

known course as lar as the area ol 7

The restlts of study secondary anreoles of dispersion in the area of Banska Stinvniea
we consider g positive, The best results were obtained in the study ol distribution of
Ag and Ph. less aceurate al Zn and negative ones al (.

The charneter of disteibution of clements is different at primary and  secondary
aurcoles of dispersion. This is mainly in connection with zonal distribution of clements
in vertical direetion at the deposit,

Primary aurcoles of Cuoare getting wider indeeper parts and in uppermost parts
of the veins they are very narrow or nol observable at all. To this distribution ol Cn

in vertical direction at the deposit also corresponds the character of secondary aurcoles

of dispersion in deluvial weathering products. As Cuoowas only very little evident in
subsurfaee parts of deposits in the studied area and migrates well there. it does not
form any anomalies in sccondary aurcoles and its distribution is very regular

Primary anrcoles of Ph and Zn have a character opposite 1o Cu. They are wider
in subsurface parts of the veins and in deeper parts are gelling narrower. b and Zn
therefore Torm more distinet secondary aurcoles of dispersion. They are more distinet
at Ph. which migrates bad in the zone of hypergenesis and less distinet at Zn. well
migrating in the zone of hypergenesis.

Aw does nol Torm more distinet primary anrcoles of dispersion in upper parts ol the
veins and is ol particular position. With regard to that Ag s concentrated in upper
parts of the veins and is mostly Tound in values less than 0.0001 " 5. it however Torms

distinet secondary aurcoles ol dispersion,
Teanslated by 0o Pev oy,
REFERENCES

Foregae b, 1066: Petrogralin o geochémia premenenych hornin v Stinvnicko-hodrusskom
rudnom obvode, Zbhornik geol. vied, rad Zapadné Karpaty dratislava. — Forgad ).
1967: Die Entlirhung der Gesteine und derer Zerfall im Erzrevier von Banska Stiavnica.
Gieol. prace, Zpravy 42, Bratislava, — Ginzburg 1L 1957: Opyt razrabotky teoreticeskich
imigeskich metodov poiskov. Gosgeolizdat, Moskva, — Hawkes H. L. Webb
1S 1963: Geochemistey in Mineral Exploration. London. — Keod éra M., 1956: Para-

o chemizmus Terezin zily v Banskej 3tiavnici. Geol. price 42, Bratislava. — K o-
VAL 1050 Parngeneticky a geochemicky viskum Rozilia zily v Hodrusi. Geol. price
atisliva, — kode M., 19590 Doternjsie vvsledky vdskumn paragenetickveh po-
merov rdnvel #ilov dtiavnicko-hodrsskom  rudnom obvode. Acta ceol. el geogr. Univ.
Com, 2. Dreatislava, — Kode Mo 196G3: Polimetalideskije mestorozdenija subvulkani-
ceskowo proischozdenija Banska Stinvuoiea i Hodreusa, Problemy postmagim. radoobrazovanija,
Peahit, — Nadinee . Pokorns ). 1957: Geochemicka prospekee v okoli Banské Stiav-
niee. Ueofond. Bratislavi. — Novotny J., 1957: Geochemickia prospekee slovenskyceh
neovalkaniti, Geofond, Deatislava, — Vinogradov A P 1962: Srednvje soderzenija
chimiceskich elementov v glavoyeh tipach izverzenyeh gornyeh porod zemnoj korv. Geochi-
miia 7. Moskya,

PRSTLERN ‘1."1 o

eview by B Caom el



