
Origin of the Ore Veins in Matra Mountain 
after Isotope Investigations 
Janos Kiss, and Istvdn Cornides 

Introduction 
Dur ing t h e last t w e n t y years t h e isotope de te rmina t ions have come 

into use in a r a t h e r w ide f ield of t h e geological and geochemical research. 
Beside t h e composit ion of lead, t h e isotopic composit ion of carbon and 
oxygen w e r e most f r equen t ly de te rmined and used in geological invest iga-
tions. T h e au thors ' w o r k t o b e reviewed in this p a p e r w a s carr ied out 
in o rder to e lucidate some prob lems conceming t h e fo rma t ion of t h e ore 
veins in the Mat ra moun ta in (Hungary) by inves t igat ing t h e oxygen and 
carbon isotopic composit ion of t h e vein ca rbona te minerals . 

The Geological Environment. Petrography and Mineralogy 

T h e Mat ra moun ta in is a volcanic area of h igh un i fo rmi ty . Considering 
its geological set t ing and morphology an Eas te rn and a Western Ma t r a 
m a y be dist inguished. 

T h e Ter t i a ry volcanic and sed imenta ry rocks of t h e Eas te rn Ma t r a 
a r e s i tuated on a Mesozoic basement of t h e Btikk Mounta in type . Its 
volcanic evolut ion has t a k e n plače in t w o steps, in t h e Uppe r Eocene and 
t h e L o w e r Miocene respectively. T h e m a g m a t i c ma te r i a l came t o t h e 
su r face a f t e r t ravers ing a Triassic ca rbona te and pelitoidic stock of about 
3000 m thickness, in t h e lowest layers of which a rich contact metasomat ic 
recrystal l izat ion took plače. 

T h e Eocene volcanic rocks (200—600 m) appear ing as lava shields, 
veins and pyroclastics consist of amphibole-biot i te-andesi te , Q-amphibole-
biot i te-andesi te , b iot i te-amphibole-andesi te . T h e well k n o w n enargi t ic ore 
deposit (Recsk) is located in t h e u p p e r level of th is volcanic stock, wh i l e 
in t h e subvolcanic levels Cu-porphyr ic pyrometasomat ic Pb -Zn-Cu ore 
occurrences a re found . 

T h e lava shields, veins and pyroclastics of t h e Miocene volcanism 
consist of py roxene (hypersthene) andesite. In t h e Miocene volcanic stock 
only some scat tered p y r i t e and, unsignif icant ly , pyr rhot i te , spha le r i te and 
ga lena can be found . 

T h e Wes te rn Mat ra m a i n bu lk consists of Miocene (Tor tonian-Sar-
mat ian) s t ratovolcanic rocks, wi th t h e Eocene sed imenta ry and volcanic 



formations missing. It is adjacent to t h e Mesozoic carbonate basement, 
or to the Paleozoic basement consisting of crystalline metamorphic roeks, 
through the Oligocene sediments. 

This Miocene volcanic complex consists of two or th ree lava beds 
(augite-hypersthene-andesite, hypersthene-augite-andesite), augite-andesite 
veins and pyroclastics. In the lower lava bed, in the surroundings of 
Gyongyosoroszi and Paradsasvar , a system of hydrothermal veins having 
significant extension had been formed, mainly in t h e crack systems 
NW—SE and NE—SW. The ore of these veins is polymetallic and of the 
Zn-Pb-Cu type, embedded in quartz-amethyst , bar i te and calcite matr ix . 

During the systematic isotopic investigations started two years ago, 
the carbon and oxygen isotope ratios in the carbonate roeks of the ore 
deposits in both the Western and Eastern Matra were measured. In this 
paper the results obtained for t h e ore vein near to Paradsasvar (Western 
Matra) a re briefly summarized. This vein displays a typical periodic 
t ex ture ("zebraic ore"), changed in some places into the cocade one. The 
most uni form sections consist of ore (ZnS, PbS, CuFeS,, FeS2) and calcite 
zones in a periodical but asymmetric texture . Near to the hanging side 
rhombohedral calcite druses of about 20—40 cm in diameter were formed, 
onto which calcite crystals consisting of scalenohedrons and scalenohedral 
zhombohedrons were superimposed. Formation of ZnS, CuFeS. and FeS2 
(galena being mostly missing) has taken plače even in this section of 
the vein. 

Experimental Techniques of the Isotope Investigation 

a) Collecting of Samples 
The samples for isotope investigation were collected on three di f ferent 

cross sections of t h e vein, located as shown on the sketeh in Fig. 1 f rom 
the pure calcite separat ing the layers of the deposited ore. Besides, samples 
were taken f rom a twinned calcite crystal f rom a calcite druse in which 
the succeeding steps of mineralization can be followed qualitatively on 
the basis of mineralogical evidences. 

b) Sample Chemistry and Mass Spectrometric Isotope Analysis 
Small quanti t ies f rom ali samples, weighing about 0,5 to 1 g were 

ground to f ine powder, 30 mg of which was than used to yield carbon 
dioxide for oxygen and carbon isotopic ra t io measurements, by reacting 
wi th the 100 °/o phosporic acid. If control measurements seemed to be 
necessary, another quant i ty of 30 mg was consumed of the powder sample 
in question. The isotope analyses were carried out by a VARIAN MAT 
M 86 type mass spectrometer, having a double collector and a dual inlet 
system. Both the oxygen and carbon isotope ratios reported in this paper 
present d-values relative to the PDB standard. In the course of this work 
the samples of "Stryngocephalenkalk f r o m Riibeland" were used as 
working standards, having d-values relat ive to PDB standard —6,8 and 
+ 2,0, fo r oxygen and carbon respectively. The precision of the data is 
bet ter than + 0,3. 



Fig. 1 

Resul t s of the Isotope Inves t iga t ions 

The results of the mass spectrometric isotope analyses a re summarized 
in the tables 1 and 2. Table 1 contains the do and dc values of the 
samples No 1 to 7 of the cross section A, the samples No 1 to 4 of the 
cross section B, and the samples No. 1 to 3 of the cross section C. The 
number ing of the samples follows in each čase their order of succession 
f rom the lying towards the hanging side. 

Table 2 presents the <5o and <5c data obtained for the samples taken 
f r o m the twinned calcite crystal. Samples No. I (1, 2, 3) belong to the 
central par t of the crystal, while samples No. II. (4, 5, 6) have been taken 
f r o m a twin crystal grown onto it. The scalenohedral outer par t is 
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represen ted by samples No. III. (7, 8) and, f inally, t h e samples 9 and 10 
w e r e t aken f r o m zones consisting ma in ly of clay minerals , which were 
deposited onto t h e cent ra l and t h e twin crystal , respectively. 

Table 1 

Cross section Sample <50 <5C 

A No. 1 —16,3 —2,1 
(Fig. 2) 2 —16,9 —2,3 

3 —15,0 - 2 , 9 
4 —17,1 —2,1 
5 —10,8 —4,8 
6 —16,0 —3,7 
7 —16,5 —2,2 

B No. 1 —12,5 —2,9 
(Fig. 3) 2 —18,2 —2,7 

3 —14,5 —2,8 
4 —16,9 —2,8 

C No. 1 —14,8 —1,4 
(Fig. 4) 2 —12,8 —4,5 

3 —18,3 —2,9 



Fig. 3 

Table 2 

Sample <5o 

1 —19,0 —2,8 
2 —21,8 —3,8 
3 —21,2 —3,9 
4 —14,7 —0,47 
5 —16,7 - 2 , 6 
6 —16,7 - 1 , 6 
7 —16,5 —2,5 
8 —19,0 - 4 , 3 
9 —21,1 —3,5 

10 —14,3 —1,8 

No. I. 

No. II. 

No. III. 

No. 

Discussion of the Resul ts 

Some pre l iminary measu remen t s pe r fo rmed in t h e yea r 1965 indicated 
a dis t r ibut ion of t h e 1 6 0 and l s O isotopes along a cross section of t h e vein 
in quest ion, character ized by t w o m a x i m a of t h e 1 6 0 concentrat ion 
( C o r n i d e s , K i s s and S z e r e d a i , 1966). T h e present m o r e detailed 
and accura te isotopic invest igat ion has r e a f f i r m e d this f ind ing f o r th ree 
o ther cross sections of t h e same vein. As shown by t h e d iagrams of 
F igures 2, 3, and 4 t h e values of <5o display t w o nega t ive m a x i m a along 



Fig. 4 

each cross section investigated, oorresponding to two maxima of the 
t empera tu re of formation. 

Considering both the results of the isotope investigation and ali 
geological evidences, t he most probable mechanism of the format ion of 
this vein may be described as follows. 

When the crevice f i rs t opened, the ascending hydrothermal solution 
was cooled down by the mother rocks and the formation of the minerals 
started at a modera te temperature . At t h e same time, hovvever, t he side 
vvalls were heated up, their cooling effect decreased and, therefore, the 
crystallization f r o m the newly ascended solutions having followed the 
gradual dilatation of the hanging side took plače at an increasing tempera-
ture. Later the cooling effect due to heat conduction ete. predominated 
again, causing the t empera tu re to reach a max imum and then to decrease 
to a much lower value. The temperatures calculated f r o m the isotopic 
data show a m a x i m u m as high as 280° C, and a min imum at about 140° C. 

Accordingly, both the asymmetrical s t ruc ture of the vein and t h e tem-
pera tu re variation found can be understood; the dilatational movement 
being evident by the general geological setting of this area as well. The 
second tempera tu re max imum near to the hanging side can be explained 
by an abrupt inerease of the dilatational velocity, a fact rendered probable 
also by the presence of the druses in this section. Due to t h e consequent 
reopening of the crevice a considerable quant i ty of high tempera tu re 
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h y d r o t h e r m a l solution rose u p again and phenomena s imilar t o those of 
t h e f i rs t per iod of t h e vein fo rma t ion w e r e repeated. 

It is r emarkab le , t ha t the var ia t ion of t h e isotopic composit ion of t h e 
carbon, i. e. t h e <5c values, follovv consistently a t rend opposi te t o t ha t 
displ':ayed by the <5o data , though, d u e to t h e s ame fo rmat ion t empera tu res , 
qual i ta t ively n o d i f fe rence could be expected. The data obta ined fo r t h e 
big tw inned crystal on t h e o the r hand , actually show a qual i ta t ive 
agreement be tween t h e t rends of the change of the <5c and <5o values, 
respectively. This fact m a y ref lect the appa ren t d i f fe rence be tween the 
quiet condit ions of fo rmat ion of t h e big crystals of the druses and t h e 
condit ions governing t h e fo rmat ion of the ma in body of the vein. It m a y 
be ment ioned tha t S c h o e 11 and S t a h 1 obtained a similar agreement , 
w h e n they measured t h e oxygen and carbon isotopic composit ion of a 
big single crystal ' ( S c h o e l l and S t a h I , 1969). A n o t h e r r e m a r k a b l e 
f inding, namely t h e quan t i t a t ive d i f f e rence found be tween t h e isotopic 
da ta of t h e cen t ra l p a r t and the t w i n crystal , respectively (see Fig. 5), and 
some m o r e detai l problems of t h e vein fo rma t ion process, deserve f u r t h e r 
at tent ion. 
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S U M M A R Y 

Dur ing the last t w e n t y years t h e isotope de terminat ions have come 
in to use in a r a t h e r wide f ield of geological and geochemical problems. 
Beside lead, t h e isotopic composition of carbon and oxygen was most 
f r equen t ly de te rmined and used in geological research. The au thors ' work 
to be reviewed in this lecture was carr ied out in order t o elucidate some 
problems concerning t h e fo rmat ion of t h e ore veins in the Mat ra moun ta in 
(Hungary) by t h e use of t h e invest igat ion of the oxygen and carbon isotopic 
composit ion of t h e vein carbona te minerals . 

At f i rs t t h e var ia t ion of t h e oxygen isotope ra t io of vein calcites was 
invest igated along d i f f e ren t cross sections of t h e vein. The oxygen isotope 
ra t io profi les obtained display twO' character is t ic max ima , corresponding 
to m a x i m a of t h e t e m p e r a t u r e of fo rmat ion . This result s t rongly suppor ts 
the hypothes is according to which the fo rma t ion of the vein has t aken 
plače in two steps wi th an in te rvening di latat ion of the hanging side. 
The C isotope rat io changes have shown an opposite, but less expressed 
tendency, t ha t could not ye t be explained. 

As t h e second par t of the work a sys temat ic invest igat ion of a minera l 
assemblage f r o m t h e same vein was carr ied out to correlate the succeeding 
phases of minerogenes is w i th t h e var ia t ion of the isotopic composit ion of 
t h e ca rbona te minera l s present and the process pa rame te r s deducible 
t he re f rom. 


