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MÁRIA DARIDA-TICHY* 

PALEOGENE ANDESITE VOLCANISM AND ASSOCIATED ROCK 
ALTERATION (VELENCE MOUNTAINS, HUNGARY) 

(Figs. 8, Tabs. 4) 

A b s t r a c t : T h e P a l e o g e n e (E,2-3 — O I | ) v o l c a n i c r o c k s p r e d o m i n a n t l y 
b e l o n g t o t h e c a l c - a l k a l i n e s u i t e s . T h e y a r e m o s t l y a n d e s i t e s a n d b a s a l t i c 
a n d e s i t e s , b u t b a s a l t s , d a c i t e s a n d t r a c h y a n d e s i t e s o c c u r t o o i n m i n o r 
a m o u n t s . R e g a r d i n g t h e p e t r o l o g i c a l (e.g. p h e n o c r y s t s ) , p e t r o c h e m i c a l 
( m a i n a n d t r a c e e l e m e n t s , R E E c o m p o s i t i o n ) f e a t u r e s , t h e a l t e r a t i o n c h a ­
r a c t e r i s t i c s a n d t h e t y p e of o r e - m i n e r a l i z a t i o n d e v e l o p e d , t h e P a l e o g e n e 
v o l c a n i s m s t u d i e d is i n t e r m e d i a t e b e t w e e n t h e a c t i v e c o n t i n e n t a l m a r g i n 
t y p e a n d t h e o c e a n i c i s l a n d a r c t y p e v o l c a n i s m , a n d i t c a n b e c o n s i ­
d e r e d a s b e l o n g i n g t o t h e c o n t i n e n t a l i s l a n d a r c a n d t h i n c o n t i n e n t a l 
m a r g i n t y p e . 

P e 3 10 M e : na j ieoreHOBbie (E^-^-OIj) ByjiKanimecKHC nopoflbí OTHOCÍITCÍI i ipc-
HMyuieCTBeHHO K H3BeCTKOBO-meJ10HHbIM CBMTaivi. O H H npeflCTaBJíeHM rjiaBHWM 
o 6 p a 3 0 M aHfle3HTaMM M 6a3ajibTOBMMM aHfle3MTaMii, HO 6a3anbTbi, flainiibi 
u Tpaxnaime3MTbi nosiBJisiioTCii TO>KC B He3HaiHTejibHOM K O J I M H C C T B C H T O i<a-

cacTca ncTponor i íHecKHx (Hanp. cbeHOKpucrbi), neTpoxwMMqecKiix (rjiaBHi.ie 
OJieMeHTM, CJieflbl, COCTaB p.3.3.) npW3HaKOB, XapaKTepi-ICTKKH M3MCHeHI<I>I M TII-
n a pa3BHnmeňc5i pyfluow MMHcpaJi iwauwi, MCCJieflyeMbiM naj ieorenoBbi i í BVJI-
i<aHM3M siBJísieTCH npoMOKyTOMHbiM MOK^y ByjiKanM3MOM Ti-ma aKTMBHoň oi<pa-
in-ibi KoiiTMHCHTa M ByjiKaHM3MOM THna OKcanw-iecKOii ocxpoBHoň flyrw H c r o 
,MO>KHO CMHTaTb <-iaCTMO THna KOHTMHeHTaJIbHoŕi OCTpOBHOIl flyrH II T0HK0II 
OKpai-tHbl KOHTMHeHTa. 

Megatectonic setting 

T h e a n d e s i t e v o l c a n i s m i n t h e E V e l e n c e M o u n t a i n s b e l o n g s t o a N E - S W - t r c n -

- d i n g P a l e o g e n e v o l c a n i c a r c in t h e c e n t r e of t h e C a r p a t h i a n B a s i n (Fig. 1 A) 

(C s i 11 a g e t al., 1980). T r a c e a b l e i n a t o t a l l e n g t h a c o u p l e of h u n d r e d s of 

k m o v e r a w i d t h of a b o u t 50—70 k m f r o m R e c s k i n t h e N E as f a r a s Z a l a in 

t h e S W . T h e P a l e o g e n e z o n e is for t h e m o s t p a r t b u r i e d u n d e r y o u n g e r s e d i ­

m e n t s , b e i n g k n o w n m a i n l y f r o m b o r e h o l e s (B a 1 á z s et al.. 1981). 

T h e E o c e n e v o l c a n i c s o c c u r m o s t l y n e a r t h e S b o u n d a r y l i n e of t h e P a l e o g e n e 

zone, i.e. t h e B a l a t o n - D a r n ó L i n e s e p a r a t i n g t h e C e n t r a l M o u n t a i n s a n d t h e 

Bi ikk M o u n t a i n s u n i t s . 

Geological setting 

T h e r e c o n s t r u c t i o n of t h e o n e - t i m e a n d e s i t e v o l c a n o of t h e V e l e n c e M t s . 
(Fig. 1 B). m u c h of t h e a n d e s i t e b e i n g b u r i e d u n d e r 50 to 250 m of N e o g e n e 
elastics, w a s c a r r i e d o u t o n t h e b a s i s of g e o p h y s i c a l r e s u l t s (D u d k o et al 
1982). 

* Dr. M. D a r i d a - T i c h y. H u n g a r i a n Geological Survey (MÁFI), N é p s t a d i o n 
út 14, Budapest , XIV. 
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About 12 km in diameter, the volcano has intersected Lower Paleozoic shales 
and Upper Carboniferous granites in the NW and Permian—Triassic carbonate 
deposits in the SE. 

The paleovolcano was disintegrated along faults. The resulting tectonic blocks 
were eroded in different degrees. The area lying W of the Large fault of NW-SE 
strike was uplifted and eroded down to its root. Here the anchimetamorphic 
schists and granites in outcrop are intruded by countless minor andesite dykes, 
necks and intrusive breccia bodies (Ó d o r et al.. 1983). 

In the E part, in the light of geophysical results, the presence over a large 
area of stratovolcanic rocks is supposed. So far these rocks have been cut only 
in borehole Kny-2. This drill penetrated into a part (980 m) of the stratovolca­
nic sequence and stopped at 1200 m (Fig. 2). 

The upper part of the sequence is dominated by volcanic rocks (lava, lava-
-breccia, agglomerate and tuff). In the lower 300 m the redeposited pyroclastics 
(tuff-conglomerate, tuff-gravelite, tuff-sandstone) in terrupted by agglomerate 
and lava layers and thin sedimentary intercalations (silt) gradually increase in 
abundance. Between 950 and 1000 m there is an intercalation including both 
unsorted volcanic and sedimentary material (argillaceous silt) which has been 
interpreted as lahar. 

In the upper par t of the stratovolcanic sequence there is a 360 m thick inter­
val of basic composition and of ra ther uniform habit. The pyroclastics here a re 
monomictic. This sequence is believed to be the result of a relatively short-lived 
parasitic activity which produced basaltic andesite and basalt material . 

In the central area of the paleovolcano (Fig. 1 B), in a zone about 5 km in 
diameter, heavily altered rocks, metasomati tes occur. Acidic metasomati tes (se­
condary quartzite) are known to be found in a few larger outcrops str iking 
E-W. In the area outlined by geophysical results (I. P., seismics), however, a 
multi-phase type of alteration, quite different in character, is known to appear, 
too (see later in this discussion) ( D a r i d á n é et al., 1983). The parent (source) 
rock for the metasomati tes may have been, as suggested by relicts of tex tura l 
characteristics, in termediate volcanics, i.e. pyroclastics and lavas belonging to 
the stratovolcanic sequence in the W area and lavas or intrusives respectively 
in the central zone (E area). 

In the zone of the volcanic centre there is a diorite intrusion of central po­
sition about 3 km in diameter. It was discovered by borehole Pd-2. Geophysical 
measurements (magnetic, seismic, gravitational) have also detected some minor 
intrusions within the study area. Some of them have been chosen for the loca­
tions of boreholes (Pt-4, Pt-5 and Kny-3). 

Age of volcanism 

The date of the onset of volcanic activity is recorded by tuff horizons inter-
bedded with shallow-water marine, carbonate and clastic deposits cut by bore­
holes put down in the wider neighbourhood (10—15 km) (boreholes Lb-II, Lb-IIIr 

< -

Fig. 1. Occurrence of andesites, intrusive breccia bodies and metasomatites in the 
eastern part of Velence Mts. (scheme). 
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Ad-3). As shown by the Foraminifera fauna, these belong to the upper Middle 
Eocene and the Upper Eocene, respectively. The culmination of the volcanism 
corresponds to Late Eocene t ime (NP 16-20; mainly NP 19/20 nannoplankton 
zone, B á l d i — B e k e, 1984). The volcanism persisted well in Early Oligo-
cene time. 
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The tuff horizons interbedded with Lower Oligocene clays in borehole Ad-3 
belong to the N P 23 nannoplankton zone, their K/Ar age being 30 + 1 . 4 Ma 
( B a l o g h . 1985). From the andesites of t h e Velence Mountains, B a l o g h 
reported the following radiometric (K, Ar) dates : 

Andesite dyke of Sukoró (total rock) 
Pd-2 diorite (hornblende) 
Pt-3 metasomati te (alunite) 

29 . 1 ± 1 . 2 Ma; 
31 .2 + 1 . 4 M a : 
32 . 9 + 1 . 3 Ma. 

Petrographic features 

As evident from the mineralogical composition, the volcanic rocks studied 
are andesites with 3 0 — 5 0 % porphyric segregate (2—10 mm). The rocks of sub-
volcanic facies have a microholocrystall ine- porphyric and porphyric-hyalopili-
tic texture, the lava rocks being porphyric-pilotaxitic in texture . 

Among the porphyric constituents, plagioclase (of andesine-labradorite com­
position) is predominant. Mafic components are present in 8—12 %, being re­
presented by hornblende (Hornb) (overwhelmingly green-hornblende, less fre­
quently brown), biotite (Bi), cl inopyroxene (Cpx) (augite), or thopyroxene (Opx) 
(hypersthene). In some rock varieties porphyric quartz grains (Q), less frequen­
tly 1 or 2 garnet (Gr) grains can also be observed. Based on mafic silicates, the 
following rock types have been distinguished: Bi-Hornb; Bi-Hornb (CPx + 
+ Q ± G r ) : H o r n b ; Cpx-Hornb; Cpx; Cpx-Opx andesites. 

In the study area almost all rock types abound with endogenic inclusions of 
basic composition (poikilitic texture) 0 . 5—30 cm in diameter. 

On the basis of t h e appearance of the individual rock types and their relation 
to one another in the explored succession can be established: 

Hornb, Cpx (Q + Gr) -» Hornb > Cpx -> H o r n b (brown) > Cpx -
- Cpx - Cpx > Opx — Cpx > Hornb. 
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The magmatic contacts of the dykes and necks in the granite area and the 
occurrence of older types as inclusions (xenoliths) suggests the following se­
quence of intrussion: Bi-Hornb -> Cpx -+ Bi-Hornb (Cpx, Q + Gr) -> Cpx-Hornb -» 
— Cpx-Opx andesites. 

On evidence of the foregoing an approximately acidic -• basic trend can be 
proved to have been valid to the study area. 
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The course of the magmatic history is not properly understood as of yet Rele­
vant studies (isotopic composition. REE cont.. microprobe analysis) are under 
way. 

Petrochemical characteristics 

In the light of the chemical analyses of the rocks and the different parame­
ters (FeO/MgO, N a , 0 + K 2 0 , etc.) the following conclusions can be drawn-
- In terms of the G o t t i n i - R i t t m a n (1970) diagram based on the re­
lationship o = (K 2 0 + Na20)2 S i0 2 - 43 r = A1 ,0 , - Na.,0 (Ti09), the Velence 
Mountains volcanic rocks belong to the magmat ism of the orogenic t rends. 
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— As shown by the diagrams based on the essential element composition (SiO,, 
FeO. MgO, Alk., K 2 0 ) used for the distinction of the igneous rock series under 
consideration, the studied rocks a r e for the most part of calc-alkalic character 
(Figs. 3, 4).According to sorne classifications including that of K u n o . 1968. 

FeO 
Na>0 + K.O vs. SiO,; • vs. SiO., (M i y a s h i r o, 1974) and de la R o c h e 

" MgO " 
de L a t e r r i e r, 1973 classifications based on indices derived from atomic 
numbers, they correspond to the calc-alkalic or, subordinately, to the tholeiitic 
ľange. 
— According to different nomenclatures based on the chemical composition 
(Figs. 6, 7) and to t h e classifications proposed by G i l l , 1978 (based on K.,0 
vs. S i0 2 ) and by IUGS 1984 (based on Alk. vs. S i0 2 ) , the analyzed rocks are 
mostly andesites or basaltic andesites. respectively. In addition, basalts, dacites 
and trachyandesites occur in minor amounts. Similar results are arrived at by 
using the method based on the atomic numbers as proposed by R o c h e et al., 
1980. 
— As suggested by the K 2 0 vs. S i 0 2 d iagrams (Figs. 5, 6), the Paleogene volca-
nics from the Velence Mountains are intermediate between two main tectonic 
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types: t h a t of an active continental marg in and that of an island arc underlain 
by an oceanic crust. 
— The same results will be arrived at. when the rocks under study are exami­
ned according to the criteria based on a few essential elements and trace ele­
ments or phenocrysts. respectively, as proposed by J a k e š — W h i t e . 1972 
(Tab. 1). 

T a b l e 1 
Generalized difference between calc alkalic volcanic rocks of different tectonic-

settings ( J a k e š — W h i t e , 1972) 
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Similar conclusion can be drawn when the trace elements and the REE patterns 
are examined ( Ó d o r et al., in preparat ion). 

In te rms of the immobile elements content (Ti, P. Zr and Y) (P a 1 a c i o s, 
1983), the studied rocks are intermediate between the island arc- and the 
continental marg in types. 
— According to. the diagrams based on the elements proposed by B a i l e y , 
1981 (Cr, Ni, Sc, Yb, Y, La, Th, K and P), t h e Velence Mountains Paleogene 
volcanics belong most of all to a transit ion type which is associated with a 
thin continental marg in and with an island arc under la in by continental crust 
(Tab. 2). 

T a b l e 3 
Division of the zones of hydrothermal alteration after U t a d a (1980) 
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L E G E N D : 
ALTERATIONS AS OBSERVED IN BOREHOLES 
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Fig. 8. Alterations as absorved in boreholes. 
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— A convincing assignation of the rocks studied cannot be achieved by using 
the REE distribution pat tern either. These results suggest that the rocks under 
consideration are most closely related to the continental marg in type ( P a n t ó, 
1980). 
The studied rocks show a relatively marked negative Eu anomaly (Eu Eu* = 
- 0 . 2 — 0 .3) which means that the magma being dealt with must be a stron­

gly differentiated one. 

Alteration 

The Paleogene volcanism is accompanied by a metasomatism of high inten­
sity. The drilling of boreholes in the study area led to the discovery of several 
alteration types and several metasomatic phases D a r i d a - T i c h y et al.. 1933 
(Tab. 3.. Fig. 8.) 
Listed in the chronological succession of their origin in terms of the nomen­
clature adopted (U t a d a. 1980). based on the formation temperature and the 
ratio of alkali and alkali earth ion activity to hydrogen ion activity (Tab. 3.). 
these a r e as follows: 

1. The metasomatism of intermediate zone-grcup was developed in the cen­
tral diorite intrusion. Propylitization belonging to the Ca series is characterized 
by the formation of quartz, chlorite, epidote, sericite, albite, calcite, magnetite, 
t i tanite and actinolite. This al terat ion is intertongued with a low-grade meta­
somatism belonging to the K series. At the base some K-feldspar formation is 
observed in form of veinlets and bands. In the upper segment it is represented 
by secondary biotite flake-aggregates and patches. Above this zone a sericitic 
zone has developed. In the above al terat ion types the formation t e m p e r a t u r e 
shows a t rend of increase from the centre of the intrusion to the exterior. 

2. The alterations of the alkalic zone-group in the study area are characteri­
zed by a low-grade carbonate-zeolite mineralization observable in 1—2 m zones. 
In the central area, clesmine is found, while the stratovolcanic sequence (Kny-2) 
is characterized by the local occurrence of an intense laumontit ization. 

3. The acidic metasomati tes are associated w i t h s t ructura l zones. They show 
a rather intricate constitution, the higher-temperature varieties occurring in the 
zone of high-rate flow of solutions. Listed in a succession of decreasing forma­
tion temperature, the mineral association of the metasomatites belonging to 
the acidic silicate series is as follows: 
quartz, topaz — quartz, pyrophyllite + zunyite, diaspóre-> dickite,načrite + dias­
póre -* kaolinite; along with a considerable amount (5—15%) of pyrite and 
about 1 ° n rutile. 

The latest metasomatic phase is a quartz-alunite mineral izat ion belonging to 
the sulphate series of the acidic metasomatism in which, along the lithoclases, 
some native sulphur appears, too. 

The above types of alteration are typical associates of the Cu-porphyric mi­
neralization. The alteration types within the Cu-porphyric ore mineralizations 
of different tectonic situation are significant, too (Tab. 4.) 
Comparing the Velence Mountains rocks with the two principal models, the 
diorite and the monzonite model, we find that they are closer to the conti­
nental margin — monzonite type. 
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T a b l e 4 
Generalized model for alterations of porphyry-copper formation 

GENERALIZED MOOEL FOR ALTERATIONS OF PORPHYRY-COPPER FORMATION 

affinity to the tectonic setting 

mineralized intrusion 

alteration: central zone 

active continental margin 

quartz-monzonite.granodiorite 

LOWELL QUILBERT (1970) 

MODEL 

Potassic zone; (K feld. Bi ) 
quartz, K-felds., biotite, ser idte, 
anhydrite 

Phyilic zone: 
quartz, sericite,pyriteichlor,,tiydr.,njtile, 

Argillic zone: quartz, kaolinite,chlorit 
montm.ípyroph-.dickite, topaz 

Prophylitic zone: chlorite, epidote, 

c a l c i t e , adubr, albite, 

HOLLISTER [1974] 

Co - Au (Mo) 

quartz-diorite, diorite, granodionte 

Potassic zone ( B i ) : 

quartz, b iot i te* K-fe(ds, chlorite 

Prophylitic zone 
chlorite, sericite/or 

chlorite, epidote 

VELENCE Mts. 

Cu, Mo.Au indication 

Potassic zone: 

quartz,biotite, K-felds 

Phyilic zone: 
quartz, sencite, pyrite .hydromica 

Argillic zone:quartz.kaolinite, 
pyrophylite,topaz, dbsp,dickif 

Propylitic zone : 
chlorite, epidote, carb., sencite 

inten­
sive 

inten­
sive 

Ore mineralization 

No mineralization of commercial value has so far been detected in connection 
with the Velence Mountains Paleogene volcanism. but significant Cu-Mo and 
Cu-Au-Ag indications have been discovered. 

Conclusion 

The Paleogene (E«,_3-OIA) volcanic rocks predominant ly belong to the calc-al-
kaline suites. 
They are mostly andesites and basaltic andesites, but basalts, dacites and t ra-
chyandesites occur too in minor amounts . Regarding the petrological (e.g. phe-
nocrysts), petrochemical (main and trace elements, REE composition) features. 
the al terat ion characteristics and the type of ore-mineralization developed, the 
Paleogene volcanism studied is intermediate between the active continental 
margin type and the oceanic island arc type volcanism, and it can be considered 
as belonging to the continental island arc and thin continental margin type. 
Its formation must have connected with subduction. The megatectonic inter­
pretation of the emplacement of the volcanism (to decide whether it was formed 
on an active continental margin or on an island arc under la in by a continental 
crust) is still to be given. 
To judge the geological history and the megatectonic situation of the Paleogene 
formations under study requires further analysis. 
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Remark 

The analyses used for the paper were carried out in the laboratories of he 
Hungarian Geological Survey, a t the Technical University of Budapest and the 
Insti tute of Nuclear Physics (ATOMKI) at Debrecen. 
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