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GOLD ABUNDANCES IN WEST CARPATHIAN ULTRAMAFIC ROCKS

Nhstres: Gold abundinees in 25 samples of various ultramalic rock-types
ol the West Carpathians ave o, 105 Only in 4 serpentinite samples (ngora) = 20°
the Au content lies helow this concentration. Inercase of Au abundanee may be
observed  Teonn Triassic over Carboniferous  serpentinites 1o serpentinites in
Pre-Carboniferous metamorphic complexes. Gold content in 11 analyzed samples
of basic effusive rocks, lamprophyres, melanoeratic svenodiorites and amphi-
bolites are unsubstantially Jower than in ultramalic rocks.

Au has been determined by atomic absorption spectrophotometry following
previous exteaction by organic agenls,

Peawwme: Kouuenrpauua Au s 25 o6pasuax pasusix THOOB yaTpaMaduueckux
nopoxn 3ananuerx Kapmar maxonurca B mpenenax n. 106, Toupko s wersipex obpas-
nax ceprentunuTos (n ofmee = 29) copepxanye Au HAXOIMTCA TIOX NPHBOIUMON
aneck Kouuenrtpanueii. Boofule MOBBILIEHHYI0 KOHUEHTpaHUMio Au MOMKHO Habmo-
naTh B CEPTIEHTHHHUTAX TpHaca, Takie B KAPOOHCKMX CEPUEHTHHUTAX M Hake B cep-
IeHTHHUTAX nokapGonckux Meramopduueckux xoMmiaexcos. Conepwmanus Au s 11
Apoanaiuauposannex obpasuax ocHOBHBIX 9ddyansos, TaMIpodHpOs, CHEHOINO-
puror ¥ aMPuUOONNTOB ABJIAETCA BECHMA HEBHIPASUTENLHO HIDKE HEXENIM B YABTpa-
Majudeckix noponax. 30710T0 GbII0 YCTAHOBIEHO METONOM ATOMHOI abcopfiucHHOI
CTIEKTPOGOTOMETPHH TIOCAE NPEABAPHTENBHON SKCTPAKLHH PEaKTHBAMH.

Introduction

Geochemistey of gold in geological processes is one of the actual topics of theoretiea
and applied research. Analytical results from the last decade show that the highest
clark contents belong to chondritic meleorites, where ils concentration reaches n . 10-2

o n 10745 (W, D Khman — P. A Bacedecker 1968 A, A. Smales — D,

Mapper — K1 Fouehe 19680 PoVinogradoy et al 1972 ete). Among
the terrestrial vocks. ulteabasic rocks have the highest gold contents: the contents are
decreasing towards hasic and aeid plutonites (K, K. Turekian — K . Wede-

pohl 1961, P, A\ Vinogradoy 1962 ete), The dilema of Au geochemistry arises
from these notions: the highest abundances are in ulieabasie rocks. while coneentra-
tions o cconomical importanee are allied either to acid plutonites. or (o intermedinte
and basie voleanie rocks. The notion on gold contents in ulteabasic vocks may he
thercfore one ol the assumptions for the solution of some theoretical and practical
problems of the respective region. From the high Au clark content in ultrabasic rocks
follows. that the vegion of the Upper Mantle is the Au source area. Dilferentintion
processes. metimorphosis and hvdeothermal activity induee as a rale its migration in
the Farth’s ernst under the formation of inereased  coneenteations even Lo deposil
exlenls,

So-far quantitative data on o disteibution in West Carpathinn rock complexes are
not ab disposal. The problem s topical. as knowledge of s primary and secondary
oceurences s acewmulinting vecenthy (10 STavik 1967, 1 Hyozdara 1067, M.
Pohawer — Mo Harman 19695 Palalk 19710,

Does BNDr. Do v or ko, Department of Petrosraphy, Facully of Natoral Seiences of
Comenins University, Gottwalid. ndne 20 80100, Beatisliva: Prom. geol. M, o eo & Geologien
Institutes Faculiv of Natweal Seiences of Comenins University, Zodunajska 15, 80000, Brati-
slava,
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Geology of ultramafie rocks

The West .ulmilu.tn\ alpine-tyvpe ultvimalic rocks e represented by small hodies

in several geological units, Their geological position and basie character may be sum-

marized as Tollows:

Lisils Ill.\lllhlf'll bodies in metasediments of garnet anp shibolite Tacies Javaba Group, Farls
Proterozoic: arded as the geavity differentiation prodoet of paleobasaltic g

D HHovork 19670, Along with other rock types of this complex they were <I|T(l‘[li| s
Tnteaalgonkian | Variscan md  Alpine metamorphic processes. They are ol serpentinite,
hornblende and chlorite serpentinite, hornblende peridotite and of rocks containing horn-
blende, chlorite. serpentine minerals ov even tale nature, Primary silicate minerals arve oo
Hore surviving,

For ultrabasic rocks oceuring in metasediments of the greenschist o epidote amphibolite
[acies (Kokava Group, Late Proterozoic?’ total serpetinization and presence of reaction rims
on the contacl of bodies with adjecent erystalline sehists (blackwalll s I\pu al. These
tale. actinolite a chlovite rocks. Pevidotites of the Upper Mantle of havzburgite and Therzoli
composition are u-n-n!tnd to be the parent rocks of serpentinites of this geological uni
D. Hovor
3. Minute ultrabasic bodies are known 1o oceur also in Late Paleozoic complexes of Spis-
deo-remerske rudohorie Mis. They are of serpentinite character with sporadic survived
pyroxene relies. Vein-tyvpe cheysotile mineralization is developed in them in pla
Upper Mantle o vis omost likely.

Bodies oceur in the Low to Middle Triassie of Spigsko-gemerské rudoborie Mis, arve
most abundant. Harzburgites to lherzolites and some bodies with sporadic dunite and |-
roxenite composition were the parent rocks, They are mostly intensively serpentinized: i
places survived primary pyroxenes. seareely even olivines may be found. Their lll{nllu
;r:mlh!ﬁs'.l position and the presence of vein-tvpe chrevsotile is charaeteristie. Tt is o typieal
member of the Mesozoie ophiolite formation of Spissko-gemerské rudohorie M

The Low Triassic age of biotite picrite discovered by drilling near Banski Dystriea is
probable. Limburgite forms an explosive breceia, in less amount also lava (lows in the
Neokomian beds of the Western Tateas, Augite porphyrite makes up minute bodies of likely
Crelaceous age in the erest of Nizke Tatey Mts. The analvzed lamprophyees from the ervstal-
line complexes show kersantite and spessartite character. Amphibolites form conform hodies
in the complex of biotite plagioelase parngneisses to migmatites, They represent the |mu[m|
of metamorphosis of basic eruptive rocks. Melanocrate syvenodiorites form minute hodies in
core mountains and in the Veporide cevstalline complex. S0 Tae theiv origing has not been
solved,

¢TI

ces, Their

Analytical results

From data presented in following table dab. 10 follows that Au abundances in
various ultramalic roek-tvpes of the West Carpathians lie near the lower Lmit of the
pange 1. 1075 One rock analyses only from the blackwall of the serpentinite body
in the eevstalline comples showed a higher content (LT 07200 In A amalyzed specimens
of Triassie serpentinites Au concentration under the sensitivity of used method were
established. .. values lower than 1. 1075

Method of Au determination

Gold determination has heen performed by the maodi method deseribed o the
paper of the authors € Thompson — 1 No Nakagawa — GO IL Van
Sicle (1962 Sensitivity limit of the method is .00 ppmc N in sample.

Reagents: standard Au solation: concentrated HBr p. acc 1B 0.0 N: HBe 1.5 N: Bra:
Methyvlisobutylketon in the following MIBIS.

Device: atomic absorption spee 'tmphntnrm'tu' (the Perkin-Elmer 303 tvpe has been utilized .

Procedurc: To 10 « of the fine pulverized sample (eea 150 mesh) 200 ml of Bry solution
in concentrated TTBe was added in a Erlenmaver flask and intensively mixed 15 minutes



file:///eokomian

I N

e

4
1
Il
12
13
14
15

I8
1

GOLD ABUNDANCES

Table 1o Gold abundances in West GCarpathian

fl:l'.‘lﬁl}'

I Ultramnalites in Jarabd Group

ME-138

vep 260

Velka Liika

I:iiillll\-li

vep ol Hudak
vep 241 Filipove
vep 270 HBenus

vep 260 Iilipovo

1

S-80 Cierna Lehota
S-81 Cierna Lehola
vep a2 I rokava
S-82 Mur, DI Laika
V24 Mur. DL Taika
S-7 | Thorske
vep 405 Milinee
NXX Mur. DL Laoka
vep 272 Malinee

G0 Ultramialites in
S AR
SGR20
SGROG6
SGROGY
SO 68

Bresnicka

Banskia valley
Slovenska <kala
Ploskdé

I'vi peniashy
Ao Ultemalites o Vrinssie

INomdrovee
Dobsing
Svablica
IKobeliarovo

Ixu-1
SGR 552
SGI U8
SGH 18

SGR A4S Sedlice
SGI 3L Diankovi
SGR 30 Nudnik
SGH A6 Jasov
SGR 32 Dankovi
SR A9 Dankovi

. Basites. metabasites

Vi 24 Poniky
Thhd Nizke Tatey Mis.
limb | Oraviee
MIF m Mali Fatea Mis,

M 200
NT 62

A 60

Mala Farea Mis,
Nizke Tatey Mis,

Rachovee

Peloveovo

Dt vabley

vep 237
vep S04

19630
V21

Cierna Lehota
xn‘lt-ll_\‘ |Il:|l'!|i

2o Uhesomadites in Kokava Group

{.:-"ll‘lllill ffl'l‘nll.n'

roch-1v pe

hormblende  peridotite
hornblende peridotite

-
ahd i

ulteamalbie rocks

Au (o 107 .

(]

chlorite-hornblende serpentinite |
chlorite-actinolite sehist o
|||:|-l'}|llil'ilc—.~il'l'p, sehist 3 |
chlorite sehist | |
!
serpentinite 7
i(‘l"!l'lllil]il(‘ i
steatite serpentinite | |
serpentinite A i
serpentinile 2
serpentinite 2
actinolite-chlorite  sehist 7
chloite-steatite sehist A4
I'h]lll';l{'-llIII-H'I’I}, sehist Il
serpentinite 4 |
serpentinite 2 i
<erpentinite a |
serpentinite 2
serpentinile 2 I
i
serpentinte A '
H(_‘t'|:('ll1il1ill' with secondary sarnel 2
serpentinite A
serpentinite 2
serpentinite |
serpentinite |
r«l‘l‘|lvllliilill’ < |
serpenlinile <
serpentinile < 1
rodingite <1
hiotite ITii'I'ill' (Triassie) £
augitite porphyrite (Creetaceons 9 |
limburgite (Cretaceons) < | i
diorite porphyrite b I
Kkersantite 4
kersantite 2
spessarlile |
\-I\'q-nmiinrfll' | |
svenodiorite 2
amphibolite <1
amphiboline |
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ab s temperature ol een AP G L ~It||l||'h]t'\ e ovmanie matler are preesent the simmple
anght too e annealed before this operation. Aer Tinished Ao extenetion 20300 ml ol
destilled water and 10 ml of meths lizobus keton s added 1o the scomple: intensive mixing
for 2 minutes Tollows, The -_:‘;linl‘ll solution 1= centeifosated 1 ming' . the upper MIBIK |:t_\|'|'
with the exteacted Au is transfereed to o flask contarmimg 25 ml 008 N HBe and hoth solutions
are intensely haked Tor 15 scconds, The elaeificld MK bs atomized, Owing 1o s high
volatility i1 is neceessary to keep on the time limits of the individual operations,

Working poarmmeters of the deviee Perkin-Flmer 303: wave length 2428 Ao <lie — A
wain — Ao dimping M 2 seale — S0 intensity of the lonp 15 mA.

From the comparison of Auocontents inserpentiniles from various geological-steati-
araphical units it Tollows that Auocontents vise Trom Trinssic serpentinites over serpen-

tinites in Carboniferous metasediments to serpentinites o metmmorphic roeks of the

INokava Group. Generally with inereasing  metamorphisnn o complexes containing

ultenmalie rocks, elevated gold contents may he observed ab, 20,

Table 20 Avernee Au contents o dilferent ulteamalie [‘lil'l\'l_\pl'.‘\

serpentiniles in Trinssic (n = 9: No 20-20) 14,10 |
serpentinites in Corboniferous fn=5: No 1620 LN [l |
serpentinites in Kokava Group (n=1fi; No 7—12) 3.3..10°8

I rocks of the reaction rim blackwalll of ultrabasite |
8. 10

B 107

=~

bodies in metamorphic complexes (n=06G; No 4—6, [5—15]

hornblende peridotites (n=2; No 1-2)

For the ® calenlation instead of the value < L1075 the values 5. 1077 were substituted.

The content increase is more outstanding considering also Au contents in rvocks from
the reaction zone of ultrabasic bodies in metamorphic complexes (X = 4.6. 1079, 1f
the extremely low value of the sample No 6 (able 1) has not been applied for X
caleulation of these rock groups. € abundance of gold in blackwall is 5.6, 1076,

Owing to the low number of analyzed basite and metabasite samples (table 1, No
SL—4D these will not be disenssed in the Tollowing.

Discussion

Gold abundances in ulteabasic rocks from various sites of the Earth’s surlace varies
in the range of n. 1075 to n, L0=7: most authors mention contents of n. 1077 order.
Differences in contents may be due to diverse Au contents in different parts of the
Upper Mantle. or to content changes in various ultrabasic rock types owing to meta-
morphic processes. Based on present aceessible analytical data. it is not possible to
solve univocally the problem af Au conneetion with primary or redeponed oceurences.
From this aspect also Au contents in ultramalic rocks of different geological formations
of the West Carpathians should be envisaged.

Within the analvzed ultrmalic rock types of the West Carpathians, the vocks of the
blackwall zone from metamorphic complexes have the highest gold content. It is thus
probable that these contents are conditioned by regional metamorphic processes of
complexes containing these bodies. or by processes of hyvdrothermal activity, which
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participated in the Tormation ol these rocks tvpes. The role of hyvdrotherms in the
origin ol elevated A concenteations in ultrabasie vocks has been emphasized in past
bv AL o Mae Gregove (1951 — in S A Se¢eka of al. 1971). according to which
author Au aceumulations of deposit charvacter oviginate only by hyvdrothermal re-
working™ of parent rocks of this element. In addition 1o the vole of acid intrusions
for Au migeation. S AL Seeka et all (1970 emphasized also regional dynamometa-
morphism under greensehist Tacies conditions. where by migeation of A is allied
particalarly o Na-metasomaltism,

Few analytical data ave 1o disposal aceording 1o which Au behaviour during serpen-
tinization processes could e Tollowed fab, 30,0 Opinions are valid according 1o which
serpenlinizalion lakes place (1o Vo L — 10 Jas Kornev 1972, S P Sobolev
etoall 197500 as well as data proving for the inercase of Au content in this process
(J. H. Crocket — L. L. Clhuyi 1972).

For the solution of Au bhehaviour in the serpentinization process of the West Car-

Table S04 review ol gold abuwdances in various ultrnmalic rock-1vpes

K. K. Turckian — K. TL Wedepohl (1961 X, ultrabasic vocks 6. 1077
| PoAL Vinogeadowy (1963 X, ultrabasic rocks T | I
| & ¢ Gnlos (1967, in P, 00 Wyllie 1967) X, ultenbasic rocks 0,107
Ju. Gl Seerbakoy (1967) X, ultrabasic rocks 1. 106
W. DL Ehinan — Po L Baedecker (1968) K. carbonaceous chondrites 2,3.107°
aehondrites 19,107
| —3.106 |
‘ A A Smades — DL Mapper — I FL Fouehe (1968)  iron meteorites 4,3 .10
=99 J)+
| metal phase £, . 1075
of chondrites —29.10-% |
N T NVoskresenskaja — No FL Zvereva (1968) X, ultrabasie rocks 441077 ‘
G. N Anosin — 1. M. Jemeljanov (1960) %, ultrabasic rocks of the ocean |
| loor 1.3 10-7 i
[ O IR lanagan (1969) %. PCC-1 (peridotite) 6,8.10°7
DTS-1 {dunite) 85,107
L. I-. Bovisenko — [, D, Uskov (1971) %, ultrabasic rvocks of D-P-I1 ‘
assemblage /% L= |
S. AL Séeka et al. (1071) ®. ultrabasiles of ~ !
D-IT assemblage /* 213,107 |
JoH. Crocket — 1. 1. Chyi (1972) X. peridotites
dunites. Mt Albert (I [
®. serpentinites, Mo Albert 24,1077
X, chromspinelides, Mt Albert 34,107
%. chromite veinlets, Mt Albert 8,5 . 107 |
L. I Borisenko et al, (1972) Ural Mis. ulteabasie rocks 1,0, 40
— 5,108
Note: /* D—=P—II = dunite — peridotite — harzburgite assemblage; D—F = dunite —

harzburgite assemblage; ® = arithmetie mean.
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pathian area only serpentinites in the Triassie of Spidgsko-gemerske rudohorie: Mis, may

be considered. This group only Tulfils the presumption. according to which serpentiniza-
tion was the sole metamorphic process ereating the present-day mineral and chemieal
composition of these roeks.

In some serpentinites of the Spitsko-gemerske vudohorie Miso Triassie an zold
content lower than L1075 has been determined. These were tvpes. where intensily
of serpentinization compared with the other analyzed samples of this group is the
most intensive (without velies of primary minerals. withoul hastite pseudomorphs after
pyvroxenes. predominantly lght-coloured serpentinites!,

Also the mode of Au oceurence in ultrabasic massifs is a0 oot less interesting and nol
uniformly answered problem. Considerable differences in Au disteibution inulteabasic
rocks deriving from various regions some authors aseribe oo primary differing Au
contents in Upper Mantle rocks. Recently most authors simultancously drew 1o the
conclusion. that Au does not enter into silicates or ove minerals of ultrabasic voeks
abstituing other cations (LS. Rozkov of al. 1970, but Torms o separale micro-
disperse phase. or is present inatomie state. This presumption was confirmed Iy the
linding of native gold in ulteamalic vocks (Lo o Borisenko et al 1969,

Disperse A or Au in atomie state oceurs prevalently in sulphide minerals 5.0\,
Seeka o al 1970V, G, Moiscenko — L L Fatvanoy 197200 The views
on the A bond o echromspinelides are at varianee. A\ paet ol the authors (50 A
Seeka et ool 19710 sugeests that the presence of chromspinelides veduees the Au
amount in ultrabasic rocks: in ten studies of 0 Croeket — 1o Lo Chyi (1972
from the ML Albert pluton (Canada) brought evidenee of inereased A concenteation in
rock-forming chromspinelides.

In applying these vesults to West Carpathian ultvimafites, the problem of A distribu-
tion may be summarized as Tollows:

The highest Au contents ave in oltsmalic vocks from erystalline complexes: Intensive
regional metamorphism with the formation of ehlovite. hornblende and tale s tvpiceal
for these rocks. AL the same time also the presence o aninereased amount ol sulphides
prrite. chaleopyrite. pyrhotite — tab. o No 260 or the oceurence of hydeothermal
pyrite in the renction zone of bodies in ervstalline complexes of the Kokava Group s
characteristic dable 1 — No 13—=130 The elevated Au contents in these rock Iypes
ought 1o be thus related 1o hvdreothermal activity, or to the presenee ol primary
sulphides ‘hodies in the Jarabd Group ervstalline complext.

Conelusion

Anmong 29, Tor Au analyzed samples of various West Carpathian ultemafic: rock
Pvpes. 25 samples have Au contents . 1075 Simultancously 4 serpentinites from the
Trinssic have Au concentrations below 1210785 Also the analyzed rodingite Trom the
contact of the ultrabasic body shows o lower concentration. From 11 basite and
metabasite samples 9 have Au cencenteation o 1078 )

the remaining 2 samples have
lower cencentration.
Comparison of Au contents of ultramalite vocks deviving from various geological

nnits of the West Carpathians showed that the content raises heginning by “Triassie

<erpentinites over Carboniferous ones. up to nltramafic vocks i ervstalline complexes.
The highest coneentrations were found in rocks from the blackwall zone of ultrabasic
hodies with the adjecent metamorphites. ITnerease of An contents is proportional 1o the



GOLD ABUNDANCES 361

intensity ol postserpentinization metamorphosis ol ulteabasic massils and the allied
hvdrothermal alteration.

Transkited by Lo MINARTKOV A,
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