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DUŠAN HOVORKA-MARIAN JAROS* 

GOLD ABUNDANCES IN WEST CARPATHIAN ULTRAMAFIC ROCKS 

A li s I r ii (• I: Cold abundances in 2f> samples of various ullramafic rock-types 
i)l the West Carpathians are n . 10"''. Only in 4 serpciilinite samples (ntotal = 29) 
the An con ton I lies below ibis concentration. Increase of An abundance may be 
observed from Triassie over Carboniferous serpenliniles to serpentinites in 
Pre-Carboniferous metamorphic complexes. Cold content in 11 analyzed samples 
of basic effusive rocks, lamprophyres, melanocratic syenodiorites and amphi-
boliles arc unsubstantially lower than in ullramafic rocks. 

An lias been determined by atomic absorption spectrophotometry following 
previous extraction by organic agents. 

P e 3 m M e: KomieHTpamis Au B 2rí o6pa3uax pa3Htrx THIIOB yjiTpaMaijumecKi-ix 
nopofl 3actaÄHMx KapnaT HaxoÄHTCH B npeftejiax n. 10"6. TOJIBKO B <ieTbipex o6pa3-
iiax cepneHTHHHTOB (n o6niee = 29) co«ep>KaHHe Au HaxojtHTCH noa npHBOÄHMofi 
3aecb KOHijeHTpaitHeä. Booôuie noBbmienHyio KOHueHTpani(Hio Au MOKHO naôjiio-
naTb B cepneHTHHHTax Tpiiaca, TaK>Ke B KapôoucKiix cepneHTiiHHTax H j a a e B cep-
neHTHHHTax aoKap6oHCKHX MeTaMopcJiHqecKHx KOMIIJICKCOB. CoaepaaHHH Au B 11 
npoaHajiH3iipoBa«Hbix o6pa3iiax OCHOBHWX 3<{><]>y3HBOB, jiaMnpO(j>HpoB, cueHOAHO-
PHTOB H aMij)n6ojiHTOB HBJíaeTCa BectMa HeBupa3HTejibHO HH»e HejKejiH B yjibTpa-
Ma(j)UHecKnx nopoaax. 3OJIOTO 6MJIO ycTaHOBJíeHO MCTOHOM aTOMHOH aôcopôuHOHHOii 
cneKrpocj)OTOMeTpHH nocjie npeaBapnTejibHon 3KCTpaKu.HH peaKTHBaMH. 

Introduction 

Geochemistry of gold in geological processes is one of the actual topics of theoretical 
and applied research. Analytical results from the last decade show that the highest 
d a r k contents belong to chondrit ic meteorites, where its concentrat ion reaches n . :IO~r' 
to n . 1 0 - 4 . (W. D. E h m a n - P. A. B a e d e c k e r 1968, A. A. S m a l e s - D. 
M a p p e r — K. F. ľ o u c li é 1968. A. P. V i n o g r a d o v el al. 1972 etc). Among 
the terrestrial rocks, ullrabasic rocks have the highest gold content s : the contents are 
decreasing towards basic and acid pluloniles (K. K. T u r c k i a n — K. I I . W e d e-
p o h l 1961, P. A. V i n o g r a d o v 1962 etc). T b c dilema of An geochemistry arises 
from these not ions : the bighosl abundances are in ullrabasic rocks, while concentra­
tions of economical importance are allied either to acid plutortiles. or lo intermediate 
and basic volcanic locks. The notion on gold contents in nltrabasic rocks m a y be 
therefore one of lbe assumptions for the solution of some theoretical and practical 
problems of lbe respective region. From lbe high An ehuk content in ul lrabasic rocks 
billows, thai the region of lbe Upper Mani le is lbe Au source area. Differentiation 
processes, melamoi'pliosis and bydrolhermal activity induce as a rule its migration in 
lbe Earlb s enisl under lbe formation of increased concentrat ions even lo deposil 
extents. 

So far quanti tat ive dala on An distribution in West Carpathian rock complexes are 
not at disposal. The problem is topical, as knowledge of ils pr imary a n d secondary 
occurences is accumulat ing recently (J. S l á v i k 1967. P. H v o ž ď a r a 1967, M. 
B o h m e r — M. II a r m a n I 969, S. P o l á k 1971 Í. 
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licology oj itltramajic rocks 

The Wesl Carpathians alpine-type ultraninfic locks are represented by small bodies 
in several geological units. Their geological position and hasiť character may he sum­
marized as follows: 

I. Ultramafie bodies in metasediments of garnet ainphibolile facies Jarabá Group. Ľarl\ 
Proterozoic?) are regarded as the gravity differentiation product of paleobusallic niagina 
D. H o v o r k a 1967). Along with other rock types of this complex they were affected l>\ 

futraalgonkian (?). Variscan and Alpine metamorphic processes. They arc of serpentinite. 
hornblende and chlorite serpentinite, hornblende peridotite and of rocks containing horn­
blende, chlorite, serpentine minerals or even laic nature. Primary silicate minerals arc no 
more surviving. 

'1. For ultrabasic rocks occuring in melasediments of the greenschist to epidote amphibolite 
facies (Kokava Group, Late Proterozoic.') total serpetinization and presence of reaction rims 
on the contact of bodies with adjecent crystalline schists (blackwall) is typical. I'hesc arc 
laic, actinolitc a chlorite rocks. Poridotites id the Upper Mantle of harzburgitc and Iherzolite 
composition arc considered lo be lbe parent rocks of serpentinites of this geological unit 
(D. H o v o r k a 10(55). 

3. Minule ultrabasic bodies are known to occur also in Late Paleozoic complexes id Spiš-
sko-gemerské rudohorie Mls. They are of serpentinite character with sporadic survived 
pyroxene relies. Vein-type chrysolite mineralization is developed in them in places. I heir 
Upper Manile origin is most likely. 

ri. Bodies occuring in the Low to Middle Triassic of Spišsko-gemerské rudohorie Mts. arc 
most abundant. Harzburgilcs lo lherzolitcs and some bodies with sporadic dunile and py-
roxenitc composition were the parent rocks. They are mostly intensively serpentinized; in 
[daces survived primary pyroxenes, scarcely even olivines may be found. Their tectonic 
(rootless) position and the presence of vein-type chrysotile is characteristic. It is a typical 
member of the Mcsozoic ophiolite formation of Spišsko-gemerské rudohorie Mis. 

5. The Low Triassic age ol biotite picrite discovered by drilling near Banská Bystrica is 
probable. Limburgite forms an explosive breccia, in less amount also lava [lows in the 
\eokomian beds of the Western Tatras. Augite porphyrite makes up minule bodies of likely 
Cretaceous age in the crest of A'izke Tatry Mts. The analyzed lamprophyros from the crystal­
line complexes show kersantite and spessartite character. Amphibolites form conform bodies 
in the complex of biotite plagioclase paragneisses to migmatites. They represent the product 
of metamorphosis of basic eruptive rocks. Melanocratc syenodioriles form minute bodies in 
core mountains ami in llie Veporide crystalline complex. So far their origin has not been 
solved. 

Analytical results 

From dala presented in following table (tab. U follows lhal Au abundances in 
various ul lramafic rock-types of the West Carpathians lie near the lower limit of the 
range n . 10"° . One rock analyses only from the blackwall of the serpentinite b o d y 
in the crystalline complex showed a higher content (I.I . n ~ 5 ) . In h analyzed specimens 
iď Triassic serpentinites An concentrat ion under (he sensitivity of used method were 
established, i. e. values lower than I . 10 ''. 

Method of An determinat ion 
Gold determinat ion has been performed by the modified method described in the 

paper of the authors C. Ľ. T h o m p s o n — II . X. N a k a g a w a — G. If. V a n 
S i c l e (196S). Sensitivity limit iď lbe method is 0,01 p p m An in sample. 

Reagents: standard An solution; concentrated HBr p. a.: H Br 0.1 X; IlBr 1,5 X: Br,: 
Methylisobutylketon (in the following MIBK). 

Device: atomic absorption spectrophotometer (the Perkin-Elmer 303 type has been utilized;. 
Procedure: To 10 g of (he fine pulverized sample icca 150 mesh) 20 ml of Br, solution 

in concentrated HBr was added in a Erlenmaycr flask and intensively mixed Jo minutes 
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T a h l e 1. Gold a b u n d a n c e s in W e s t C a r p a t h i a n t i l tramafic rocks 

1. U l t r a m a f i l e s i n J a r a b á G r o u j 

MF-138 
vep 26.3 
vep 351 
vej) 2(iJ 
v e p 270 
\ e p 260 

2. ITlrai inf i l l 

í 

8 

!) 
Id 
1 1 
12 
13 
14 
15 

S-80 
S-81 
vep 35 
S-82 
V-24 
S-7 
vep 10 
XXX 
vep 27 

Veľká Lúka 
F i l i p o v o 
I [mlák 
Fi l ipovo 
l ieuus 
Fi l ipovo 

s in K o k a v a G r o u p 

Čierna Lehota 
Čierna L e h o t a 
K ľokava 
Mor . Dl. 
M u r . Dl. 
I íhorské 
Mál inee 
Mur . Dl. 
Mál inee 

Lúk; 
Lúk; 

Lúka 

h o r n b l e n d e p e r i d o t i l e 
h o r n b l e n d e p e r i d o t i l e 
ch lor i te-horn h len d e serpen tin i l e 
fh lor i le-act inol i le schist 
hbl-chlor i te-serp. schisl 
ch lor i te schist 

s e r p e n Unite 
serpen I in ite 
s teat i te s e r p e n l i n i 
s e r p e n l i n i t e 
s e r p e n t i n i l e 
s e r p e n t i n i t e 
ae t inol i te-ehlor i te 
chloi ' i le-steati le si 
ehlor i le-hbl-scrp 

Ic 

schisl 
•hisl 
scllisl 

U l l r a n i a l l l e s in Carboni ferous 

B r e z n i e k a s e r p e n l i n i t e 
B a n s k a va l ley s e r p e n l i n i t e 

S l o v e n s k á skala s e r p e n t i n i l e 
Ploské s e r p e n l i n i t e 
ľri p e n i a š k y s e r p e n l i n i t e 

4. Tjl lramafites in Triass ic 

1(1 SO R 
17 SCIl 
IS S OR 
1!) SGR 
20 SGR 

18 
20 
66 
3!) 
OS 

21 
22 
23 
24 
25 
20 
27 
28 
20 
30 

Ko-1 
SGR 
SGR 
SGR 
SGR 
SGR 
SGR 
SGR 
SGR 
SGR 

552 
08 
IS 
45 
31 
30 
50 
32 
49 

Komárovcc 
Dobšiná 
Svablica 
Kobeliarovo 
Sed lice 
Danková 
Rudník 
Jasov 
Danková 
Dnnková 

S C I 

SC] 

sei 
S C I 

S C I 

sei 
S C I 

S C I 

s e i 

I I M 

pcntinile 
penlinile 
pentinite 
penlinile 
pentinite 
pentinite 
pentinite 
penlinile 
penlinile 
ingite 

(xvilli •condary ga ľnel i 

2 

\ 
II 

< 1 

< 1 

5. Basiles. n ie labas i les 

31. V P 24 
32 75/65 
33 l imb I 
31 M F m 
35 M F 200 
30 N T 02 
37 1/60 

38 vep 237 
30 vep 304 

10 1008 í) 
\\ V 21 

Poniky 
Nizke T a h y Mls. 
O r a v i c e 
Malá F a t r a Mts . 
Malá F a t r a M l s . 
Nízke T a t r y M t s . 
I ínchovce 

Petoveovo 
Dlhá va l ley 

Čierna Lehota 
Ze lený polok 

biol i te p i c r i l e (Triassic) 
aug i t i l c p o r p h y r i t e (Cretaceous 
l i n i h u r g i t c (Cretaceous) 
d ior i l e p o r p h y r i t e 
k e r s a n t i l e 
kci 'saiit i le 
spessar l i l c 

s y e n o d i o r i l e 
s y e n o d i o r i l e 

a m p h i h o l i l c 
a m p h i b o l i l e 
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;it a lemporature of cca 20° C. If sulphides (and organic malin- are proseni [he sample 
aught to lie annealed before t li í ̂  operation. After finished An extraction 20—30 ml of 
ileslilled water and 111 ml of meth\ lizobulylketoii is added In the -ample: intensive mixing 
for 2 minutes follows. The gained solution is centrifugalcd I mill.), ihe upper MIliK layer 
with the extracted An is transferred In a flask containing 20 ml 0.1 N I Mil- and both solutions 
are intensely shaked for IÔ seconds. The elarifield MII'K is atomized. Owing In ils high 
volatility il is neccessary lo keep on the time limits of the individual operations. 

Working parameters of the device Perkin-Elmer 303; wave length 2428 A: slil — 4. 
gain — \. damping MH) — 2. scale — 5. intensity of llie lamp — lo niA. 

From tlie comparison of An contents in serpentinites from various geological-strali-
graphical units il follows lhal Au contents rise from ľriassie serpentiniles over serpen­
tinites in Carboniferous niolasoilimonls lo scrpcnlinilos in melamorphic rocks of the 
Kokava G r o u p . Generally with increasing metamorphis in ol complexes containing! 
nllrainafic rocks, elevated gold contents innv be observed (tab. 2). 

T a h l e 2. Average An contents in different nllramalie rock-lyp' 

serpentinites in Triassic (n = 9; Xo 21—29) l.(i. 10"" /' 

serpenlinites in Carboniferous (n = 5; \ o Hi—20) 2.(1. II)"1' 

serpentinites in Kokava Group (n = 6; Xo 7—12) 3.3. I0"1' 

rocks of Ihe reaction rim (blackwall) of ultrabasile 

bodies in melamorphic complexes (n = 6; No 4—6, 13 — 15) 4,8-10"" 

hornblende peridoliles (n = 2; No 1—2) 2,5.10"° 

,'• For the x calculation instead of ihe value < 1 . 10 ,; ihe values 5 . 10 7 were substituted. 

The content increase is more outs tanding considering also An contents in rocks from 
the reaction zone of ul lrabasic bodies in melamorphic complexes (x = 4,(i . 10~ f i ). If 
the ext remely low value of lbe sample No 6 (table i) has not been applied for x 
calculation of these rock groups. S a b u n d a n c e of gold in blackwall is 5 .6 . 10" ' ' . 

Owing to the low n u m b e r of analyzed basitc and metabasite samples (table 1. No 
31—41) these will nol be discussed in the following. 

Discussion 

Gold abundances in ul lrabasic rocks from various sites of the E a r t h ' s surface varies 
in the range of n . 1 0 - 5 to n . 1 0 ~ 7 : most authors ment ion contents of n . 1 0 - 7 order. 
Differences in contents m a y be due to diverse Au contents in different parts of the 
Upper Mantle, or to content changes in various ul lrabasic rock types owing to meta-
morphic processes, biased on present accessible analyt ical data, it is not possible lo 
solve univocal ly lbe problem af Au connection with p r i m a r y or redeponed occurences. 
F r o m this aspect also An contents in ullramafic rocks of different geological formations 
of the West Carpathians should lie envisaged. 

Within the analyzed ul tramafic rock types of the Wes t Carpathians, the rocks of the 
blackwall zone front m e t a m o r p h i c complexes have the highest gold content. It is thus 
probable that these contents are condit ioned b y regional m e t a m o r p h i c processes of 
complexes containing these bodies, or b y processes of h y d r o t h e r m a l activity, which 
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participated in the formation of these rocks types. T h e role of hydrol l icrms in the 
origin of elevated Au concentrat ions in ultrabasic rocks has been emphasized in past 
by A. F. M a c G r e g o r (195:1 — in S. A. S č e k á et al. 1971). according to which 
author An accumulat ions of deposit character originále only by hydrothermal ..re­
working" of parent rocks of this element. In addition to the role of acid intrusions 
for An migration, S. A. S č e k á et al. (1971) emphasized also regional d y n a m o m e t a -
morphism under greenschisl Facies conditions, where b y migration of Au is allied 
particularly to i\a-metasoniatism. 

Few analytical data are lo disposal according to which Au behaviour during serpen-
linizalion processes could be followed (tab. 3). Opinions are valid according to which 
serpentini/.alion lakes place (I.. \ . I. i — T. . l a . K o r n e v 1972. S. P. S o b o l e v 
ct al. 197.'!,). as well as data proving for the Increase of Au content in this process 
(J. H. C r o c k e t - L. L. C h y i 1972). 

For the solution of Au behaviour in the serpenlinizalion process of the West Car-

T a b l e 3. A review of gold abundances in various ullramafic rock-types 

K. 

P. 

C. 

Ju 

w 

A. 

N. 

G. 

F. 

L. 

S. 

J. 

L. 

K. Turekian - K. II. Wedepohl (1961) 

A. Vinogradov (1962) 

C. Coles (1967, in P. J. Wyllie 1967) 

. G. Scorbakov (1967) 

D. h l l , m a n - l». A. Baedeeker (1968) 

A. Smales — D. M a p p e r — K . F. Fouché d 

'ľ. Voskresenskaja - N. F Zvereva (1968) 

N. Anošin — E . M. Jemeljanov (1969) 

.1. Flanagan (1969) 

F. Borisenko - F. D. Uskov (1.971) 

A. Sčeka et al. (1971) 

H. Crocket - I . . C. Chyi (1972) 

F. Borisenko et al. (1972) 

x, 

x, 

x, 

x, 

x, 

)68) 

x, 

x. 

x, 

x. 

x, 

x. 

Ä . 

x, 

x. 

ultrabasic rocks 

ultrabasic rocks 

ultrabasic rocks 

ultrabasic rocks 

carbonaceous chondrites 
achondrites 

iron meteorites 

metal phase 
of chondrites 

ultrabasic rocks 

6 

5 

9 

1 

2.3 
1,9 

'.1 

4,3 
- 2 2 

1,1 
- 2,9 

4.4 

ultrabasic rocks of the ocean 
door 

PCC-1 (peridotite) 
DTS-1 (dunile) 

ultrabasic rocks of D-I'-Tl 
assemblage /+ 

ultrabasites of 
D-H assemblage ,/+ 

peridotites 
dunites. Ml. Albert 

serpentinites, Mt. Albert 

chromspinelides, Mt. Albert 

chromíte veinlets, Mt. Albert 

Ural Mts. ultrabasic rocks 

1,3 

6,8 
8,5 

1 

21.3 

1.1 

2.4 

3,4 

8,3 

1,1 
— 5 

JO"7 

JO-7 

JO" 7 

io-« 
JO" 5 

10" 7 

IO-" 

IO- 5 

JO-'' 
10-'' 
10-'' 

I 0 " 7 

io-7 

10- ' 
JO" 7 

,I(K' 

IO"7 

III-7 

i o - 7 

10~7 

IO" 8 

JO"7' 
,io-° 

Note: /4 D—P—II = dunite — peridotite — harzburgite assemblage; D—H = dunili 
harzburgite assemblage; x = arithmetic mean. 
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path ian areu only serpentinites in the Triassic (if Spišsko-genierské rudohoric Mls. may 
be considered. This group only fulfils llie presumption, according to which serpentiniza-
lion was the sole m e t a m o r p h i c process creating the present-day mineral and chemical 
composit ion of these rocks. 

In some serpentinites of the Spišsko-geinerské rudohoric Mls. Triassic. an gold 
content lower than I . I 0 - 6 has been determined. These were types, where intensity 
of serpentinization compared with the other analyzed samples ol this group is tin­
niest intensive (without relics of pr imary minerals, without hastile pseudomorphs after 
pyroxenes, p r e d o m i n a n t l y light-coloured serpentinites). 

Also the m o d e of Au occurence in ultrabasic massifs is a not less interesting and mil 
uniformly answered problem. Considerable differences in Au distribution in ultrabasic 
rocks deriving from various regions some authors ascribe to primary differing Au 
contents in U p p e r Mant le rocks. Recently most authors s imultaneously drew lo the 
conclusion, that Au does not enter into silicates or ore minerals of ultrabasic rocks 
-ubstituing other cations ' I . S. I\ o ž k o v el al. 1971). hut forms a separate micro-
disperse phase, or is present in atomic stale. This presumption was confirmed by the 
finding of native gold in ullramafic rocks 1.. I'. 1> o r i s e n k o el al. 1969). 

Disperse Au. or Au in atomic stale occurs prevalently in sulphide minerals (S. A. 
š č c-k a et al. 1971. Y. G. M o i s e e n k o — I. 1. F a t y a n o v L972). T h e views 
on the Au hond to chromspinelides are al variance. A part ol the authors (S. A. 
Š č e k a et al. 1971) suggests that the presence of chroinspinelides reduces the Au 
amounl in ultrabasic rocks; in I urn studies of .1. 11. C r o c k e I — I.. I.. C h y i (1972) 
from the Mt. Albert pluton (Canada 1 brought evidence of increased Au concentration in 
rock-forming chroinspinelides. 

In apply ing these results lo West Carpathian ullrainafiles, the problem of Au distribu­
tion m a y be summarized as follows: 

The highest Au contents are in ullramafic rocks from crystalline complexes. Intensive 
regional melamorphi sm with the formation of chlorite, hornblende and laic is typical 
for these rocks. At the same lime also I he presence of an increased amounl ol sulphides 
pyrite, chalcopyrite, pyrhot i te -— lab. I. No 2—6). or the occurence of hydrother inal 

pvrite in the reaction zone ol bodies in crystalline complexes ol the Kokava Group is 
characteristic table I — No 13—15). The elevated Au contents in these rock types 
ought lo be thus related lo hydrothentui l activity, or lo the presence of pr imary 
sulphides bodies in the J a r a b á C r o u p crystalline complex! . 

Conclusion 

Among 29. for Au analyzed samples of various West Carpathian ullramafic rock 
Ivpes. 25 samples have Au contents n . 1 0 - , i . Simultaneously 1 serpentinites from the 
Triassic have Au concentrat ions below 1 . I<)~ | ;. Also the analyzed rodingite from the 
contact of the ultrabasic body shows a lower concentrat ion. From 1 I basite and 
niclabasite samples 9 have Au concentration n . I 0 _ , i . the remaining 2 samples have 
lower concentrat ion. 

Comparison of Au contents of ullramafile rocks deriving from various geological 
units of the West Carpathians showed that llie content raises beginning by Triassic 
serpentinites over Carboniferous ones, up lo ullramafic rocks in crystalline complexes. 
The highest concentrat ions were found in rocks from the blackwall zone of ultrabasic 
bodies with the adjeeent metaniorphites . Increase of Au contents is proportional to the 
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intensity of postserpentinization metamorphosis of iiltraliosic massifs and the allied 
l iydrolhernial alteration. 

Translated by I,. M I \.\ li 11« IYÁ. 
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