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MARIA DARIDA-TICHY*

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

(Figs. 8, Tabs. 4)

Abstract: The Paleogene (E,-;— OI)) volcanic rocks predominantly
belong to the calc-alkaline suites. They are mostly andesites and basaltic
andesites, but basalts, dacites and trachyandesites occur too in minor
amounts. Regarding the petrological (e.e. phenocrysts), petrochemical
(main and trace elements, REE composition) features, the alteration cha-
racteristics 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 consi-
dered as belonging to the continental island arc and thin continental
margin type.

Pesiome : IManeorenonne (E,~,-OI;) ByJIKAHMUECKNE TTOPOJBL OTHOCHTCS [1PC-
HMYILCCTECHHO K M3BCCTKOBO-LIEJIOUMHBIM CBHMTAM. OHI‘I HPCHCTABIACHBI FIABHBIM
oO0pasom anjesutaMu i 0a3aIbTOBLIMMI AHJE3MTAMH, HO 0a3aibTbl, JALIThHI
I TPAXMAHJAE3NTLE MOMBJBIOTC TOME B HEIHAUMTENbHOM KoauuectTse, YTo Ka-
CAeTCH  NMETPOJOrMUCCKMX  (Hanp. (PeHOKPHCTB), NETPOXUMMUCCKHX (IJIABHLIC
WICMCHTRI, CIIEARI, COCTAR [),3.3.) II]}II3HE‘II(OB, XAPAKTEPMCTHIKHM M3MCHCHIMS 1T TH-
113 Pas’sBpMBLICHCA PYIHOM MMHCPAAM3ALMM, MCCIACHYEMBIT [1AJICOrCHOBBIT BYJl-
KAHM3M ABJSICTCH TPOMEMHKYTOUWHBIM MCOAIY BYJIKAHM3IMOM THNA AKTHBHOL OKpPa-
HHBL KOHTHHCHTA M BYJIKOHM3MOM THIIA OKCAHMUCCKOIN OCTPOBHON JYTH I CrO
MOMHO CUMTATh YACTHIO THID KOHTHHCHTAJNLHOM DCTDUBIIO!_I Jyrm TOHKOI
OKDPDAMHLI KOHTHHCHTA.

Megatectonic setting

The andesite volcanism in the E Velence Mountains belongs to a NE-SW-tren-
-ding Paleogene volcanic arc in the centre of the Carpathian Basin (Fig. 1 A)
(Csillag et al, 1980). Traceable in a total length a couple of hundreds of
km over a width of about 50—70 km from Recsk in the NE as far as Zala in
the SW. The Paleogene zone is for the most part buried under younger sedi-
ments, being known mainly from boreholes (Balazs et al.. 1981).

The Eocene volcanics occur mostly near the S boundary line of the Paleogene
zone, ie. the Balaton-Darné Line separating the Central Mountains and the
Biikk Mountains units.

Geonlogical setting

The reconstruction of the one-time andesite volcano of the Velence Mis.
(Fig. 1 B). much ol the andesite being buried under 50 to 250 m of Neogene
clastics. was carried out on the basis of geophysical results (Dudko et al.,
1982).

*Dr, M. Darida-Tichy, Hungarian Geological Survey (MAFI), Népstadion
ut 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 (Odor et al., 1983).

In the E part, in the light of geophysical results, the presence over a large
area of stratovolecanic 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-sandstcne) interrupted 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 part of the stratovolcanic sequence there is a 360 m thick inter-
val of basic composition and of rather uniform habit. The pyroclastics here are
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, metasomatites occur. Acidic metasomatites (se-
condary quartzite) are known to be found in a few larger outcrops striking
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) (Daridané et al, 1983). The parent (source)
rock for the metasomatites may have been, as suggested by relicts of textural
characteristics, intermediate volcanics, i.e. pyroclastics and lavas belonging to
the stratovolecanic 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, gravitacional) 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 voleanism
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-III,

<

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
correspends to Late Eocene time (NP 16-20: mainly NP 19,20 nannoplankton
zone, Baldi—Beke, 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 NP 23 nannoplankton zone. their K/Ar age being 30 + 1.4 Ma
(Balogh. 1985). From the andesites of the Velence Mountains, Balogh
reported the following radiometric (K Ar) dates:

Andesite dyke of Sukoro (total rock) 29.1+1.2 Ma;
Pd-2 diorite (hornblende) 31.2 %+ 1.4 Ma:
Pt-3 metasomatite (alunite) 32.9+1.3 Ma.

Petrographic features

As evident from the mineralogical composition, the volcanic rocks studied
are andesites with 30—50 % porphyric segregate (2—10 mm). The rocks of sub-
volecanic facies have a microholocrystalline- porphyric and porphyrie-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). clinopyroxene (Cpx) (augite), orthopyroxene (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 + Gr): Hornb; Cpx-Hornb; Cpx; Cpx-Opx andesites.

[n the study area almost all rock types abound with endogenic inclusions of
basic composition (poikilitic texture) 0.5—30 em in diameter.

On the basis of the 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 - Hornb (brown) = Cpx -
- Cpx - Cpx > Opx - Cpx > Hornb.

LEGEND EOCENE [ w] diorite-porphyre dyke
andesite
HOLOCENE s
andesite lava brecca
andesite agglomerate
UPPER  PANHONIAN D silt andesite tuff E dolomite
C ] claysilt [(#] tufi-sandstone =4 ddomite marl
E! talcerous marl tuffe engl - tuffgravellite clay
conglomerate [ ] ntfsin Bl
C s ] sir (] sendssit

Fig. 2. Schematic lithological log of borehole KNY-2.
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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,

tholentic series

Y= Hg9 mol Y N
MEOB 1.6 4 —— calc-alealic  series
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o endogene inclusion
+ diorite intrusion
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Fig. 3. The MgO N"‘_'-'Q'I_K‘.'—‘O diagram (Green, 1973) for Paleogene
AlO, FeO" + TiO,
volcanics of Velence Mts.
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The course of the magmatic history is not properly understood as of vet. 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, Na,yO + K,0, etc.) the following conclusions can be drawn:
— In terms of the Gottini—Rittman (1970) diagram based on the re-
lationship ¢ = (K,0 + Na,0)2Si0, — 43 = Al Oy — Na,O (TiO,), the Velence

Mountains volcanic rocks belong to the magmatism of the orogenic trends.
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— As shown by the diagrams based on the essential element composition (SiO.,
FeO, MgO, Alk., K,0) used for the distinction of the igneous rock series under
consideration, the studied rocks are for the most part of cale-alkalic character
(Figs. 3, 4).According to some classifications including that of Kuno, 1968.

FeO ; ; :
Na.O + K,0 vs. Si0s: M% vs. 8310, (Miyashiro, 1974) and dela Roche
[s3

(=]
de Laterrier. 1973 classifications based on indices derived from atomic

numbers, they correspond to the cale-alkalic or, subordinately, to the tholeiitic
range.

— According to different nomenclatures based on the chemical composition
(Figs. 6, 7) and to the classifications proposed by Gill, 1978 (based on K,O
vs. 510,) and by IUGS 1984 (based on Alk. vs. Si0O,), 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 Roche et al.,
1980,

— As suggested by the K,O vs. SiO, diagrams (Figs. 5, 6), the Paleogene volca-
nics from the Velence Mountains are intermediate between two main tectonic
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Fig. 7. The alkali-silica diagram for volcanic rocks in the Velence Mis.

Explanations: The generalized classification fields (light dashed lines) are from

Cox et al. (1979): the boundary lines of the subalkaline, fairly alkaline and stron-

gly alkaline rock types are from Mac Donald — Katsura (1964), Kuno
(1968) and Saggerson — Williams (1964).
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types: that of an active continental margin 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 Jakes — White. 1972
(Tab. 1).

Table 1
Generalized difference between cale alkalic volcanic rocks of different tectonic
settings (Jake§ — White, 1972)

Siy%  |Feg0yFed [Kp0 [of fhe same 07 I l: Phenocr ysts - sequence of phenocryst I
range HgO Tiogn |Rb] Ba| Sr[ Th[ v [2r MM Mr 00 Mbe B 0 Gr (o oy [hbe andesie} |
_ [0 idF i _or =i B — e
sland arc | 50- 66 <20 o [t [ L [ L] v [ koo by ye  yes rore maom om Cpx ——Harmt— Cpx
conhinental margmn | S6-T5 »20 QU(h|h R h|h | h l!]ﬁ L yes  yes yes  yes rofe rore  rare Hornty —— = —— Opx |
tAndes]
- — S E — —_—
8
Velance Mz 50-63 158 oft[m|n |h |n |h|h [3%2) h sy yes yes rore om no >m——-m
156,11 | | Cpx

Table 2
Most sensitive diseriminators on basis of the geochemical features for andesites
from three orogen settings (Bailay, 1981)

oceanic island arc centinental Andean Paleogene voltanic rocks

Low K and Other-ond. | island arc Velence Mis.  n
Lo ppm | 3.0 1,2 17 285 213 [16]
Ce ppm| 69 12 37 607 49,8 (181
£REE ppm 35.2 T2 94,4 148 154 l19)
LafYb | 1,2 64 8.9 165 16,4 [16)
La/r on 0.58 0,93 53 15 13}
Kila  [1950 150 Bl ns 501 (13)
Pila _ |180 8 49 5 29 (13}
Thill 1,7 27 36 EE] 41 116)
irfy 2,2 4.7 5.4 143 IAl 31
HEITh (0,61 13 17 34 1.66 16}
Mo 029 052 0.%5 14 0,7 )
Sc ICr 38 048 0.6 036 0,33 1161
Sc/Ni EXS 20 11 0,5 2,01 1)

REE analyses made by Bérczi J.

Similar conclusion can be drawn when the trace elements and the REE patterns
are examined (Od or et al,, in preparation).

In terms of the immobile elements content (Ti, P, Zr and Y) (Palacios,

1983), the studied rocks are intermediate between the island arc- and the
continental margin types.
— According to the diagrams based on the elements proposed by Bailey,
1981 (Cr, Ni, Sc, Yb, Y, La, Th, K and P), the Velence Mountains Paleogene
volcanics belong most of all to a transition type which is associated with a
thin continental margin and with an island arc underlain by continental crust
(Tab. 2).

Table 3
Division of the zones of hydrothermal alteration after Utada (1980)
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Fig. 8. Alterations as absorved in boreholes.
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— A cenvineing assignation of the rocks studied cannot be achieved by using

the REE distribution pattern either. These results suggest that the rocks under

consideration are most closely related to the continental margin type (Panta.

1980).

The studied rocks show a relatively marked negative Eu anomaly (Eu Eu* =
0.2 —10.3) which means that the magma being dealt with must be a stron-

gly differentiated one,

Alteration

The Paleogene voleanism is accompanied by a metasomatism of high inten-

idty. The drilling of boreholes in the study area led to the discovery ol several
alteraticn types and several metasomatic phases Darida-Tichy et al., 1933
(Tab. 3.. Fig. 8.)
Listed in the chronclogical succession of their origin in terms of the nomen-
clature adepted (U tada, 1980), based on the formation temperature and the
ratio of alkali and alkali earth ion activity to hydrogen ion activity (Tab. 3.).
these are as lollows:

1. The metasomatism of intermediate zone-grecup 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,
titanite and actinolite. This alteration 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 alteration types the formation temperature
shows a trend 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 carbonale-zeolite mineralization observable in 1—2 m zones.
In the central area, desmine is found. while the stratovolcanic sequence (Kny-2)
is characterized by the local occurrence of an intense laumontitization.

3. The acidic metasomatites are associated with structural 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 1o
the acidic silicate series is as follows:
quartz, topaz - quartz, pyrophyllite + zunyite, diaspore - dickite,nacrite -+ dias-
pore - kaolinite; along with a ccnsiderable amount (5—15"4) of pyrite and
about 1" rutile.

The latest metasomatic phase is a quartz-alunite mineralization 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
ol 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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Table 4
Generalized model for alterations of porphyry-copper formation
GEMERALIZED MODEL FOR ALTERATIONS OF PORPHYRY-COPPER FORMATION Table &
LOWELL GUILBERT (1970) I HOLLISTER (1974 VELENCE Mts
L _ MODEL I — — )
affinty to the tectonic sethng | achve continental margin island arc intermediate
mineralimtion Cu-Ma Co - Au (Mo} Cu, Mo, Au indication
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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,_4-OI,) voleanic rocks predominantly belong to the calc-al-
kaline suites.
They are mostly andesites and basaltic andesites, but basalts. dacites and tra-
chyandesites occur too in minor amounts. Regarding the petrological (e.g. phe-
nocrysts). petrochemical (main and trace elements, REE composition) features.
the alteration 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 voleanism, and it can be considered
as belonging to the continental zsland arc and thin continental margin type.
Its formation must have connected with subduction. The megatectonic inter-
pretation of the emplacement of the voleanism (to decide whether it was formed
on an active continental margin or on an island arc underlain by a continental
crust) is still to be given.
To judge the geological history and the megatectonic situation of the Paleogene
formations under siudy 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, at the Technical University of Budapest and the
Institute of Nuclear Physics (ATOMKI) at Debrecen.
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