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Deposit modeling and mining-induced environmental risks

ALPINE DEPOSIT MODELS FOR THE MÁTRA AND 
BÖRZSÖNY MOUNTAINS, NORTHERN HUNGARY
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Geological Institute of Hungary, H -l 143 Budapest, Stefánia út 14., Hungary

ABSTRACT

The Hungarian segment of the Miocene Inner-Carpathian calc-alkaline volcanic arc, the Börzsöny and Mátra 
Mts. -  built up of andesite, dacite, rhyolite, their pyroclastics and subvolcanic bodies -  hosts some epithermal low 
sulfidation gold-bearing quartz, base metal, Cu-Zn skam and replacement, porphyry copper and epithermal high 
sulfidation Au-Cu mineralizations. The main ore controls are the faults, the subvolcanic andesites and dacites.

The magmatic activity was related to the collision of the European plate and Pannonian fragment.
Significant shear zones along fault lines have been formed mainly in consequence of compression that has de

termined the sites of the volcanic eruptions and the pathways of ore-bearing fluids. In contrast to the Mátra Mts. 
there are only weakly developed tectonic zones and second order tectonic lines in the Börzsöny Mts. where the 
stress field is characterized by extension.

In case of the Mátra and Börzsöny Mts. as well as of the Carpathian realm, deposits of economic importance 
are related to localities where extension was followed by compression.

Until now, exploration has been carried out only the central part of both mountains. However, the marginal 
part of the Börzsöny and the southeastern part of the Mátra Mts. seem to be worthy of further exploration. The in
trusions and their contact with carbonate sediments can hide porphyry copper or skam types of mineralization.

On the basis of the deposit models it may be expected that the faults and shear zones formed and developed in 
the neighbourhood of the subvolcanic intrusions may also contain new deposits. 1

1. INTRODUCTION

The US-Hungarian Joint Fund Project No. 415. entitled “Deposit Modeling, Mineral Resource-Assessment and Min
ing induced Environmental Risk” was established in 1995. In the frame of this project, mineralization in the Carpathian 
region has been studied in the Mátra and Börzsöny Mts. in northern Hungary, and in Slovakia and Romania. Deposit 
models were then on the basis of the Cox and Sin g er  method (Cox and Sin g er  1986) originally used in the US and 
Canada. A comprehensive group of mineral deposit models were assembled by Cox and Sing er  and Hungarian deposits 
were compared with them. This paper is devoted to deposit models for mineralization in the Börzsöny and Mátra Mts., 
mineralization in these areas is analogous to that found elsewhere in the Carpatho-Balkanide area.

The late Jurassic to Neogene-Quatemarv time was an important period in the formation of the Alps, hence 
tectonism and mineralization connected with this period are termed Alpine type. Neogene Alpine type mineraliza
tion outcrops in the Börzsöny and Mátra Mts. of the North Hungarian Range, for example the localities of Nagy- 
börzsöny and Gyöngyösoroszi have been known since the Middle Age for their precious metal mining activities. 
In the Mátra Mts., two periods of mineralization are known, one Paleogene, the other Neogene. Beside gold, cop
per has also been mined here and in the 1960’s a new exploration effort was launched mainly for copper.

Deposit models offer the following: indications as to whether other types of mineralization can be hidden in 
the neighbourhood of known but exploited deposits; indications of the potential size of the resource; assist plan
ning of future exploration. The aim of this paper is to present the different Alpine type deposit models in Hun
gary.
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2. GEOTECTONIC SETTING AND ALPINE MINERALIZATION IN THE CARPATHIAN REALM

During the Alpine period, convergent motion took place between the European and African plates along the 
Periadriatic-Vardar zone. This convergence resulted in the displacement of the Pannonian fragment, north
eastward overthrusting and the extension of the Pannonian Basin. Overthrusting and subduction started in the 
westernmost part of the outer Carpathians in early Miocene and propagated eastward. This trend of rejuvenation 
is reflected in the age of the calc-alkaline rocks of the Inner-Carpathian Volcanic Belt (ICVB) decreasing from 
Middle-Miocene in the west to Quaternary in the East (ROYDEN and HORVÁTH 1988). The continuation of the 
collision zone can be followed through the Balkans to the Pontides, through the countries of Slovakia, Hungary,
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Ukraine, Romania, the former Yugoslavia, FYROM (Former Yugoslavian Republic of Macedonia), Bulgaria, 
Greece and Turkey.

On the basis of radiometric data (P e c sk a y  et al. 1996, Korpás and Lang 1991, 1993) the Inner-Carpathian 
volcanic belt formed over 18 my-ffom the Paleogene to Neogene-Quatemary, but the build-up of individual vol
canic fields within the arcs lasted 1-3 my in average. This magmatism produced granodiorite, monzodiorite, dio- 
rite and granite plutons; andesitic and rhyolitic subvolcanic bodies; and subaerial and submarine stratovolcanoes.

Stratovolcanoes, and in some places sub-volcanic intrusives, host important Au, Ag and base metal minerali
zation in epithermal, porphyry, massive sulfide, skam and other styles. Vein type, disseminated and massive sul
fide mineralizations seem to be max. some hundreds Ka younger than their host rocks (Korpás and Lang 1993). 
Deposit types related to the Inner-Carpathians include: polymetallic sulfides with native gold, silver sulfides and 
sulfosalts; epithermal low and high sulfidation deposits; porphyry copper; skam and metasomatic replacement 
type deposits. Polymetallic gold and sulfide mineralization occuring at shallow depth can grade upwards into a 
hot spring system and downwards into a polymetallic vein system. In vein deposits the major base metals occur as 
galena, sphalerite and chalcopyrite. Silver is present in a variety of sulfosalts minerals. Quartz and calcite are the 
predominant gangue minerals.

The most prominent geochemical features of many polymetallic gold deposits are the presence of Au-Ag tellu- 
rides, minor base metal sulfides, and fluorite as a gangue mineral (Nagy 1983). Some gold deposits in the Car
pathian realm are recognized as associated with intrusive bodies, others with trachytic and andesitic explosive 
volcanics. Some deposits are connected with alkaline igneous rocks. Deposits are mainly confined to faults or 
lineaments and are controlled by the subduction related geotectonic and petrochemical setting in which they oc
cur.

There are two main types of rock alteration. Alteration with quartz-adularia-carbonate-sericite and intense ar- 
gillitisation is characteristic of low sulfidation mineralizations, while alteration with a quartz-alunite assemblage 
is characteristic of high sulfidation mineralization. In the study area, mineralization is commonly surrounded by 
chlorite-dominated propylitic alteration. Illite and/or sericite are developed close to the veins and disseminated 
pyrite is common in quartz-bearing host rocks.

3. ALPINE MINERALIZATION IN HUNGARY

The Börzsöny and Mátra Mts. are Neogene volcanic fields forming part of the 1CVB. Both volcanic fields lie 
within the Pelso terrain, part of the Pannonian fragment. The Pannonian fragment is one of the two main tectonic 
units of Hungary that were emplaced in current position by the end of the early Miocene (N a g y m a r o s y  1990, 
M á r t o n  1997, V e t ő - Á k o s  1997) (Fig. 1).

Magmatic activity of two different ages are found in N-Hungary, one is of Paleogene age (Eocene), the other 
of Neogene age. There are indications that these are associated with two different arc systems.

Intrusives, volcanics and mineralization of Eocene (Palaeogene) age are found in the Balaton-Damó section 
of a regional SW-NE tectonic zone, the Periadriatic Line which extends through the vicinity of the Recsk-Lahóca 
deposit. This Eocene magmatic activity may be related to a volcanic arc which developed somewhere within the 
Southern Alps to the SW of its current location. The arc, along with associated Palaeozoic and Mesozoic base
ment, was only emplaced in its present location during the Eocene-Late Oligocène when convergence between 
the European and African plates and consequent closure of the Vardar branch of the Tethys, resulted in part of the 
continental crust of the southern Alps escaping NE along the Periadriatic Line. Indications are that Palaeozoic 
and Mesozoic basement intruded by Paleogene volcanics originally formed part of the African plate (K á z m é r  
and KOVÁCS 1985).

In NE Hungary, the Paleogene arc is cross cut by a later Neogene-Quatemary arc which is the ICVB. Its de
tailed description see in the followings.

The Alpine period in the North Hungarian Range is represented by two main mineralization stages. Minerali
zation includes Au-Cu-epithermal, base metal, porphyry copper, porphyry skam and metasomatic replacement de
posits near Recsk in the North Hungarian Range which may be older than Neogene by the radiometric data. The 
younger mineralization unanimously belongs to the Neogene ICVB and includes only base metal deposit in the 
Mátra Mts. The mineralization has been exploited since the Middle Ages.

Genetic models of base metal-, skam- and porphyry copper-type mineralization hosted by both volcanics and 
carbonates have been developed mainly by reinterpretation of old data and by using new data collected over the 
last few years.
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3.1. Mátra Mountains

3.1.1. Geological setting

Mesozoic basement outcrops at the northeastern and southeastern part of the Mátra Mts. and its presence is 
also proved in boreholes on the northwestern margin of the Mátra Mts. Lithologies include bioclastic limestone, 
dolomites, pillow basalts, cherts and siltstones.

Paleogene intrusives, volcanics, and sediments formed within, and representing the remnants of, an Eocene 
volcanic arc occur in the northeastern and southeastern Mátra Mts. The Paleogene intrusives and volcanics are 
subduction related calc-alkaline diorites, andesites and associated pyroclastics.

The oldest Palaeogene sediments are a bituminous limestone with lithothamnium unconformably overlying the 
eroded surface of the Triassic and intercalated with Eocene lava flows. Younger Oligocene-Early Miocene ma
rine sediments reach a thickness of about 1 km and consist of marls, siltstones and sandstones. Triassic and Eo
cene carbonate rocks are cut by a diorite intrusive. The overlying Eocene stratovolcanic sequence consists of a 
submarine andesite flow, dacite flows and pyroclastics as well as subvolcanic andesite. Reworked volcanic debris 
are also widespread in the area (Földessy 1966), (Figs. 2 and 3.).

Overlying the Oligocène and Early Miocene marine sediments are Miocene magmatics comprising subvol
canic bodies and stratovolcanic sequences the thickness of which is greater than 1200 m in the central part of the 
mountain. The volcanic activity started in the Early Miocene (Ottnangian) with pyroxene andesite lava flows and 
the so-called "lower rhyolite tuff' (Baksa et al. 1984) which deposited in a shallow marine environment. The 
subduction related calc-alkaline andesites are of orogenic character G ill (1981).

In the early Middle Miocene, volcanic activity was focused at the northeastern part of the Mátra Mts., here an
desitic subvolcanic bodies and dikes intrude the older, Paleogene volcanics and sediments. A distinctive and re
gionally extensive "Middle Rhyolite Tuff' can be followed at the surface from west to east in the northern part of 
the Mátra Mts. The texture of this “tuff’ suggests a volcanic-sedimentary origin. The tuff formed during a rela
tively quiet period of the volcanic history, when erosion was the dominant process and re-working of the volcanic 
debris of the earlier lava and pyroclastic flows took place. The rock is altered enough that it can be assumed it 
was at least partly water lain.

The present topography of the Mátra Mts. is determined by late Middle Miocene (Badenian) volcanic edifices. 
Part of a ring structure can be identified from air photos and is probably a caldera formed in the Miocene. The 
southern part of the structure is submerged and covered by younger sediments. The central part of the caldera 
consists of subvolcanic andesites.

Lava flows, tuffs and ash-and-bomb alternate over a considerable thickness, greater than 1200 m at some 
places. Beside the andesites, submarine rhyolite flows are also present in the area. The youngest andesite lava 
flow and dikes are barren of mineralization.

The caldera mentioned above could have been the centre of magmatism in the Mátra Mts. in spite of the 
fact that the thickest pyroclastic layers lie to the south. In the centre of the supposed caldera there are 
quartzite, vuggy silica formed during hydrothermal postvolcanic activities. Further indications of hy
drothermal post volcanic activity is the presence of jasper and diatomite of 200 m thickness in the western 
part of the Mátra Mts.

3.1.2. Paleogene Mineralizations

At Recsk-Lahóca, mineralization consist of: near-surface, epithermal, high sulfidation Au-Cu overprinted by 
low sulfidation marks on the marginal part. At the deeper (“Recsk-deep”) level, mineralization comprises: por
phyry copper; base metal veins; Cu-Zn skam and replacement mineralization which are hosted by Paleogene in
trusives, stratovolcanic sequences and Triassic limestones and dolomites (Fig. 4) The lithology for each minerali
zation type varies downwards.

3.1.2.1. Epithermal high sulfidation Au-Cu deposit of Recsk-Lahóca (22A, by Cox and S in g e r  1986)

The near-surface mineralization at Recsk-Lahóca was discovered in 1852 and was mined almost continuously 
until 1978. Initial exploitation was for copper, not gold. In 1991, a new exploration effort tested the gold potential 
and resulted in the delineation of a near-surface, gold-copper deposit. The new exploration highlighted the ge
netic connection between the different types of mineralization.

The epithermal high sulfidation Au-Cu deposit is located in the Balaton-Damó shear zone described earlier.
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Fig. 2: Geological map Recsk (Földessy 1996)
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Fig. 3: Geological section of the Recsk-Lahóca 
gold mineralization (FÖLDESSY 1996)
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Fig. 4: Schematic section of the Recsk-Lahóca and “Recsk-deeps” ore complex. Location of ore types (FÖLDESSY 1996)

Host rocks include uppermost Eocene calc-alkaline andesitic stratovolcanic sequences, cut by a milonitized 
tectonic zone, composed of very altered, argiflitized, brecciated andesite of the same age. Mylonite texture is 
mainly angular and less commonly rounded which indicates a tectonic origin.

In some places the tectonic breccia is cut by hydrothermal breccias, FÖLDESSY (1993, 1996) suggests that a 
pipe breccia intruded the tectonic zone. At the contact with the overlying andesite, both the tectonic and pipe 
breccias can be extremely siliceous and impregnated with fine grained pyrite. These parts are characterised by the 
presence of vuggy silica and the highest gold content. The silicified-pyritized zone is surrounded by an advanced 
argillic zone containing kaolinite, smectite, illite, dickite and quartz. Propylitization with biotitization is also 
known. The bottom of the ore zone is a high level subvolcanic andesite. Low sulfidation mineralization, with Au- 
Ag-tellurides, developed on the peripheries of the subvolcanic andesite.

Ore paragenesis consists of colloform pyrite, luzonite, enargite, sphalerite, tetrahedrite, chalcopyrite and Pb-, 
Bi- and Te-sulfosalts. Gangue minerals are calcite, quartz, barite and other sulfates.

Gold occurs in pyrite and in some cases in enargite and luzonite. As inclusion in pyrite it can occur in native 
form, or electrum. The average gold content is about 1.0 g/t, but 100-180 g/t was reported in the past. Gold con
tent correlates positively with copper content but not with silver content. The silver content ranges between 1-5 g/t
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only. The main rock alteration types associated with high gold contents are silicification and pyritization. Argilli- 
zation is associated with low gold content. The average thickness of the mineralized zone is 30 m.

Geological resource of the high sulphidation deposit declared in 1998 was 57.4 million tons with grade ranges 
between 1.4-2.8 g/t. Contained gold is therefore between 760,000 and 1,430,000 ounces.

This type of mineralization seems to be younger than the mylonite and older than the subvolcanic intrusion of 
the younger Eocene volcanic phase (FÖLDESSY 1996). Mineralization may have been continous until the Middle 
Oligocène. (Zelenka 1994).

3.1.2.2. Base metal deposit “Recsk-deep” (22C, by Cox and Singer 1986)

At the “Recsk-deep” level, a base metal deposit of galena and sphalerite veins form above the diorite intru
sion. The deposit is not of economic value.

3.1.2.3. Porphyry copper deposit “Recsk-deep” (21A, by Cox and Singer 1986)

Porphyry copper mineralization is located at a depth of 900-1200 m above and in the upper part of a diorite 
intrusion in a zone of strong propylitic alteration (Fig. 2). Highest copper grades are associated with highest Au 
contents where propylitic alteration is overprinted by skam. Adularia-sericitic alteration is common. This deposit 
type is characterized by propylitic alteration.

3.1.2.4. Cu-Zn-skam and replacement deposits “Recsk-deep” (19A, by Cox and Singer 1986)

These types developed along the contact between the diorite intrusion and the Triassic limestone and dolo
mite, and within the Triassic carbonates. The stratabounded Cu-Zn replacement deposit is not very significant on 
the upper part of the Triassic limestone.

There are genetic and spatial links between the near-surface epithermal high sulfidation Au-Cu, and the
deeper base metal, porphyry copper and Cu-Zn skam mineralizations (FÖLDESSY 1966)

n

3.1.3. Neogene mineralizations

In the Mátra Mts. the younger Alpine mineralization stage produced gold-bearing epithermal quartz and base 
metal deposits which are hosted in the Miocene calc-alkaline andesite, their pyroclastics and subvolcanic equiva
lents (VETŐ-ÁKOS 1994, VETŐ-ÁKOS and Zelenka 1998) (Figs. 5 and 6).

Mining activity began in this area in the Middle Ages. There is written evidence for the presence of the gold 
and archéologie evidence for the presence for copper (Fügedi et al. 1995 and O d o r  et al. 1999). After a long in
terruption, exploration took place in the 18th and 19th centuries for base metals. In the period from the 1950’s 
until its closure in 1990, the Gyöngyösoroszi mine produced 3 Mt of Pb-Zn-ore (К ш , 1989).

3.1.3.1. Base metal deposit of Gyöngyösoroszi (22C, by Cox and Singer 1986)

Mining activities extended to a 3 km x 4 km area. The vertical extent of the mineralization is about 400 m and 
it consists of about 19 main ore veins. Veins, stockwork type ore bodies and impregnations containing base met
als are located in the subvolcanic andesites, in the stratovolcanic sequences as well as in the pipe breccias. The 
subvolcanic and stratovolcanic andesites consist of 60-70% plagioclase, 30% pyroxene and hornblende and in 
some places biotite and minor magnetite and pyrite. The pyroclastics are mainly block and ash flows with a com
position similar to that of the lava flows. The radiometric age of the host rock is 14-16 Ma.

Steeply dipping pipe breccias crosscut the andesites but only reach cm thicknesses. They are composed of frag
ments of andesites, underlying sediments, rhyolites, rhyolite tuffs and sometimes of the youngest vitrophyric andesite, 
and are associated with Hg-Sb showings. They may be the youngest postvolcanic products (CSONGRÁDI 1984).

Veins are banded or brecciated with a thickness ranging from some cm to 7 m. The ore may also be dissemi
nated in the host rocks. Principal ore minerals are galena, sphalerite, wurtzite and chalcopyrite. Native gold, elec
trum, native antimony, chalcosite, covellite, malachite, anglezite, cerussite, argentite and bismuthinite have been 
observed as mineralogical rarities. Quartz of various types and calcite are the main gangue minerals. Current re
sources are 4.8 mill, tons and grades are 1.3% Pb and 3.5% Zn.

According to our current knowledge, these deposits are dissimilar to other deposits in the Carpatho-Balkan 
area in that they have no direct connection with intrusive rocks, and that they are hosted mainly as veins and 
stockworks in the stratovolcanic sequence (Vető-Á ros 1996b).
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Fig. 5: Cross section illustrating the built up of the Badenian stratovolcanic sequence in the Mátra Mts. (KISS et al. 1996)

Fig. 6: Cross sections illustrating the geological built up of the E-Mátra Mts. (Kiss et al. 1996)
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3.1.3.2. Geochemistry and rock alterations

Based on fluid inclusion studies of quartz, calcite and transparent sphalerite in veins associated with other sul
fides, the mineralization can be characterized as epithermal. The solutions responsible for precipitation of 
sphalerite and galena proved to be of NaCl-composition.

By fluid inclusion study -  made on quartz and calcite crystals -  the lowest temperature of ore-precipitation 
ranging between 140-245 °C practically is the same at different depth level suggesting that the upward movement 
of the ore forming fluids was very rapid. The main dissolved solid of the ore forming fluids was NaCl, but CaCl2 
was also present. The salinity is calculated as 0.3-12.6 wt.% NaCl equivalent.

Crystallization is believed to have taken placed in an open joint and fault system at shallow depth.
Rock alteration is characterized by quartz-adularia, sericite, argillitization, biotite and pyrite which are charac

teristic of low sulfidation type alteration. In the vicinity of ore veins argillitization may be strong enough to ob
scure the distinction between subvolcanic and stratovolcanic andesites. Minor vuggy silica and alunite present in
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the host rock indicates small scale, high sulfidation alteration processes were active. Different rock alteration types 
show distinctive paragenetic sequences (Vető 1988). Rock alteration suggests that.the low sulfidation processes 
were dominant while the high sulfidation alteration is not significant in the known Gyöngyösoroszi mining area.

3.1.3.3. Ore controls

The ore veins in the Gyöngyösoroszi area follow known N-S, E-W, NE-SW, NW-SE Variscan fault direc
tions. In the Mátra Mts. and indeed throughout the Carpathian realm, one of the most important factors control
ling ore deposition is structure with mineralization best developed at fault intersections. Fault lines formed mainly 
by compression have focussed volcanic eruptions and the passage of the ore-bearing fluids. In the neighbourhood 
of the boundary between the Pelso and Tisza Unit, a significant shear zone and several fault lines of NE-SW di
rection have been formed serving as a channel for ore forming fluids and volcanism (FÖLDESSY 1996).

At present, only base metal mineralization is known in the Mátra Mts., but the presence of a porphyry copper 
or skam type mineralization on the top of subvolcanic bodies or on their contact with carbonate sediments on the 
marginal part (Kiss et al. 1996) cannot be excluded.

3.2. Börzsöny Mountains

The Börzsöny Mts. as the Mátra Mts. belong to the North Hungarian Range and are a segment of the Inner- 
Carpathian volcanic arc. Their geological setting, magmatism and mineralization are similar to those of the Mátra 
Mts., but there are some differences e. g. tectonics. The emphasis in the following sections is mainly on these dif
ferences.

3.2.1. Geological setting

The basement consists of Proterozoic-Paleozoic polymetamorphic, crystalline rocks, mainly micaschists in the 
northern part, while in the southern part it is represented by Triassic platform carbonates. In the late Oligocène, ter
restrial sandstone, marine clay and terrestrial sand were deposited. A Middle Miocene (Badenian) transgression re
sulted in the deposition of marine limestone, marl and clay. Environment was shallow water in the NW part of the 
mountains and terrestrial, fluviatile and marsh in the SE part of the Börzsöny Mts. In several places Badenian mag- 
matics overlie and/or intrude these sediments, and the Proterozoic-Paleozoic or Mesozoic basement (Figs. 7 and 8).

Miocene magmatism occurred only during the Badenian. Volcanic lithologies are subvolcanic andesites, 
dacite bodies, extrusive dacite domes, pyroclastic surges, block and ash flows and falls and peperites of andesitic 
composition as well as pipe breccias. The thickness of the strato volcanic sequence is of several hundred metres. 
Subvolcanic bodies and stratovolcanic sequences have the same mineralogical composition. Augite, hypersthene, 
hornblende with andesine and labradorite are the main minerals but quartz, goethite and magnetite occur as well. 
In the Börzsöny Mts., the youngest volcanic product is a hornblende bearing, leucocratic andesite which appears 
as lava flows or dikes. With the exception of this young andesite, all types of magmatic rocks in the Börzsöny 
Mts. host Alpine mineralizations.

On the basis of reinterpretation of historical data and thin sections of Oligocène sediments and Badenian mag
matic host rocks, the studied central area of the Börzsöny Mts. seems to consist mainly of andesitic stratovolcanic 
sequences. These sequences comprise lava flows and pyroclastics, on some places alternating with coarse and 
fine grain sublitoral sediments and only at the lower level occurs subvolcanic andesite. The texture and chemistry 
of the andesites are not evidences commonly for its subvolcanic origin and the geological setting is not clear ei
ther everywhere. By this reason subvolcanic andesites are supposed to intrude the Oligocène and/or Early Mio
cene sediments and the lowest Badenian stratovolcanic sequence.

With respect to the stratovolcanic sequence, there are indications of periodic interaction between lavas, wet 
sediments (carbonates, sandstone and siltstones), and water. Evidence is given by the presence of peperites and 
that of the granate and epidote in the andesites and the sediments. The matrix of the andesites at the contacts with 
sediments consists of a fine grained glassy material indicating rapid chilling against a wet sediment. Brecciatic 
peperites formed by .the explosive interaction between lava and water often cut the recrystallized siltstone.

Carbon isotope data indicate the presence of sea water as the ore bearing fluid as in the case of the Mátra Mts. 
(V e t ő  and It a m a r  1991). Interaction may have been with fresh to brackish water, given the swampy to sublitto
ral paleo-environment area in the Börzsöny Mts. during the early Badenian.

The thickness of sediments does not exceed some ten metres, but cm thick siltstone bands occur within the 
stratovolcanic sequence.
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3.2.2. Neogene Mineralizations

During the Middle Ages, gold and silver mining at the city of Nagybörzsöny was so significant that its status 
was elevated to that of town. The silver of the first Hungarian national currency, the "silver mark of Vác" may 
have originated from the mines of the Börzsöny Mts. Besides gold and silver, iron and copper was also mined. 
However, by the end of the 15th century the mines were exhausted.

New exploration after the Second World War (in the 1950’s and later in the 1970’s) was carried out but with
out success. Exploration was restricted to three parts of the mountains: Kuruc-patak, Rózsa-hegy and Bánya
puszta. The distance between these places is some 500-1,000 metres and the host rocks do not vary over that dis
tance. Several drillholes and 4,266 m gallery were made during this latest exploration.

Present indications are that mineralization is restricted to the central part of the Börzsöny Mts. It consists of 
epithermal, low sulfidation, precious and base metal deposit (ELSPBM) types comprising mainly veins and stock- 
works (Vető-Á kos 1996a). In the deeper part, at the level of 900-1200 m there is weak copper mineralization 
(but only reaching 0.1% Cu). In the southern part of the mountains metasomatic replacement type mineralization 
is supposed by a single borehole (Nagy 1990). Host rocks of both types of mineralization are subvolcanic and 
stratovolcanic andesites, pyroclastics and pipe breccia. The pipe breccia consists only of andesitic and dacitic 
fragments of 2-3 mm in diameter.

A large number of K/Ar radiometric dates have been calculated for the magmatics by the Nuclear Research 
Institute in Debrecen and in the GSI in Jerusalem, which indicate a Gaussian distribution data ranging for 13 to 
20 Ma with a peak between 13 to 15 Ma. The K/Ar ages of the fresh and altered rocks are the same. The total du
ration of the magmatic activity is thought to be 0.4-0.7 Ma by paleomagnetic data. The interval of magmatic and 
hydrothermal activities is supposed to be approximately the same. (Korpás and Lang 1991, 1993).

3.2.2.1. Epithermal low sulfidation precious and base metal deposit of Kuruc-patak-Rózsa-hegy-Bányapuszta 
(22C, by Cox and Singer 1986)

ELSPBM mineralization is found in the subvolcanic bodies, in the stratovolcanic sequences and in pipe brec
cias as well. Mineralization occurs as veins, stockworks and impregnations with a diameter of 60-80 m. Mineral 
paragenesis is very simple: major minerals are sphalerite, pyrite, chalcopyrite, galena, marcasite, pyrrhotite; mi
nor minerals are molybdenite and bismuth-tellurides. The vertical extent of the mineralization ranges from 100 m 
to 1200 m. Stratigraphic and radiometric data indicate that the duration of the mineralizing episode could be only 
some 100 Ky. Gangue minerals are represented by quartz, calcite, adularia, manganocalcite, rhodocrosite and 
clay minerals.

Mineralization has been exploited historically, average Pb+Zn content is 1.40%, Cu 0.25%, Au<l g/t.

3.2.2.2. Geochemistry and rock alterations

The mineralizations of Kuruc-patak, Bánya-puszta and Rózsa-hegy are the products of the same postvolcanic 
processes. Differences are that mineralization is epithermal in the area of Bányapuszta and Rózsa-hegy, and 
higher temperature, hypothermal in the area of Kuruc-patak.

The mineral paragenesis and coexisting rock alteration are the followings:
>260 °C Ore paragenesis: 

Gangue minerals : 
Rock alterations :

pyrrhotite, pyrite, magnetite, chalcopyrite, sphalerite 
quartz, chlorite calcite 
biotite, adularia-sericite,

235-190 °C Ore paragenesis: 
Gangue minerals: 
Rock alterations :

pyrite, pyrrhotite, sphalerite, galena, chalcopyrite, arsenopyrite, marcasite
quartz, calcite, chlorite
argillitic

<160 °C Ore paragenesis: 
Gangue mineral: 
Rock alteration:

pyrite, galena, sphalerite, chalcopyrite, marcasite, arsenopyrite
calcite
argillitic

Fluid inclusion studies indicate that the mineralizing fluids were saline with composition ranging from 7 to 
38% NaCl. In the Rózsa-hegy area the crystallization temperature seems to increase in parallel with an increase 
in the Cu/Pb+Zn ratio (VETŐ 1982). The possibility of element mobilization from the metamorphic basement by 
magmatic fluids can not be excluded.
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3.2.2.3. Ore controls

In the central part of the Börzsöny Mts. two main fault systems have been developed, one WNW-ESE, the 
other NNE-SSW. The NNE-SSW fault system seems to be the younger. Vein and stockwork-type mineraliza
tions are located along this NNE-SSW direction, related to the emplacement of subvolcanic intrusions.

Reinterpretation of historical data provides no clear indication that mineralization is related to a caldera struc
ture. The centre of the volcanic activity could have been in the southern part of the Börzsöny Mts. and it cannot 
be excluded that the centre lay to the south in the Dunazug Mts. south of the Danube.

In contrast to the Mátra Mts. there are only weakly developed tectonic zones and second order tectonic lines 
in the Börzsöny Mts.. Given the prevalent compressive stress regime, hydraulic fracturing could not have been 
developed here. There are no large tectonic zones serving as channels for the ore-bearing solutions and there are 
only very weak shear zones which are not comparable to the Damó zone in the Mátra Mts. (Drew at al. 1999).

4. CONCLUSIONS

The Alpine mineralization in the Börzsöny and Mátra Mts. in Hungary represents the following deposits 
from the deeper level to the near-surface (Table 1):

Cu-Zn skarn and replacement deposits,
Porphyry copper deposits,
Base metal deposits,
Epithermal high sulfidation Au-Cu deposits.

The main ore controls are the faults, the subvolcanic andesites and dacites. This magmatic activity was re
lated to the collision of the European plate and Pannonian fragment. This collision resulted in a crustal escape 
with local extensions and compressions.

Significant shear zones along fault lines have been formed mainly in consequence of compression that has 
determined the sites of the volcanic eruptions and the pathways of ore-bearing fluids. In contrast to the Mátra 
Mts. there are only weakly developed tectonic zones and second-order tectonic lines in the Börzsöny Mts. 
where the stress field was characterized by extension.

In case of the Mátra and Börzsöny Mts. as well as of the Carpathian realm, deposits of economic impor
tance are related to localities where extension was followed by compression. Since these process were not

Deposits in the Börzsöny and Mátra Mts. Table 1

Locality Deposit type Host rock Rock
alteration

Age of mineralisation 
and paragenesis

Hydr.
breccia

Controlling
structure

Data
source

Gyöngyös- 
oroszi, 
Mátra Mts.

Base metal Andesitic strato-
volcanic
sequence

Argillitic,
propylitic

NEOGENE
Miocene
galena-sphalerite-chalcopyrite

+
Fault zone Vető 1988

Kuruc-patak, 
Rózsa-hegy, 
Bánya-puszta, 
Börzsöny Mts.

Epith. low 
sulfidation 
precious and 
base metal

Subvolcanic and
strato-volcanic
andesites,

Biotitic,
adularia-
sericitic,
argillitic

NEOGENE
Miocene
sphalerite-pyrite-chalcopyrite-
galena-pyrrhotite

+

Weak fault zone Korpás and 
Lang 1993

Recsk deep, 
Mátra Mts.

Cu-Zn skarn 
and replace
ment

Triassic
carbonates,
diorite

Skarnic PALEOGENE
Eocene
sphalerite-chalcopyrite

Magm. and sed. 
contact

Földessy
1996

Recsk deep, 
Mátra Mts.

Porphyry
copper

Subvolcanic
andesite

Adularia-
sericitic
propylitic
skarnic

PALEOGENE
Eocene
sphaierite-ch al copyri te-pyri te- 
galena

-

Lineament Földessy
1996

Recsk deep, 
Mátra Mts

Base metal Diorite and
strato-volcanic
andesites

Adularia-
sericitic
propylitic

PALEOGENE
Eocene
galena-sphalerite

Fault zone -öldessy
1996

Recsk-Lahóca, 
Mátra Mts.

Epith. high 
sulfidation 
Au-Cu

Strato-volcanic
andesite

Argillitic,
tropylitic,
silicic

PALEOGENE
Eocene
jyrite-galena-sphalerite-
uzonite-enargite-tetrahedrite +

Lineament, fault 
zone

-öldessy
1996
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Main deposits in the Carpathian realm Table 2

Locality Deposit type Host rock Rock alteration Age of miner, and 
paragenesis

Hydr.
breccia

Controlling
structure

Data source

Banska
Stiavnica
region
(Slovakia)

Epith. Au-Q 
Base metal 
Porph.-Cu 
Magn. skam

Granodiorite, 
Diorite porph., 
Q-porph, 
Granite porph., 
Rhyolite

Biotite,
Sericite,
Pyrite,
Argillite

12-10
my
galena-sphalerite-
chalcopyrite-pyrite-
electrum-sulfosalts

+

Lineament 
Fault zone 
Horst-graben 
structure

Stohl, Lexa, 
Kaliciak, Bacsó 
1994

Capnik,
(Baia-Mare
region,
Romania)

Epith. 
Au-Ag, 
Base metal

Q.-diorite,
Gabbro-monzo-
diorite
Micro-
granodiorite

Quartz, zeolite, 
argillite, adularia

no data
galena-sphalerite-
chalcopyrite-gold +

Lineament 
Fault zone

Marias 
oral comm. 
1994

Baia Sprie,
Baia-Nistru
(Baia-Mare
region,
Romania)

Epith. 
Au-Ag, 
3ase metal

Quartz-py.-hbi- 
biotite dacite, 
Basaltic andesite, 
dacite.
Quartz and 
porphyry diorite

Adularia, sericite, 
argillite

0.5 my
Younger than the last 
volcanic event 
galena-sphalerite

+
Lineament 
-ault zone

Borcos and Vlad 
1994

Rosia
Montana
(Apuseni
Mts.,
Romania)

Epith. Au-Ag, 
Base metal 
3orph.-Cu

Dacite,
Diorite

Sericite, argillite, 
silicic rocks

13 my
pyrite-galena-
sphalerite-
chalcopyrite-gold

+ 'ault zone

3orcos and Vlad 
1994

very significant in the studied areas, their ore reserves are not comparable with those of Banska Stiavnica 
(Stiavnica Mts. Slovakia), Baia Mare (Oas-Gutin Mts., Romania) or Rosia Poeni (Apuseni Mts., Romania) 
(Table 2).

Until now, exploration has been carried out only in the central part of both mountains. However, the mar
ginal part of the Börzsöny and the southeastern part of the Mátra Mts. seem to be worthy of further explora
tion. The intrusions and their contact with carbonate sediments can hide porphyry copper or skam types of 
mineralization. On the basis of the deposit models it may be expected that faults and shear zones formed in the 
neighbourhood of the subvolcanic intrusions may also contain new deposits. 5
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