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INTRODUCTION

The Oas-Gutai Mts. are one of the major areas of interest for the geological and
mining research, due to the complexity of the volcanism that developed in this area, and
the associated mineralizations. In the evolution of the Neogene volcanism from the Oas-
Gutai Mts., one of the most important stage is represented by the products of the quartz
andesites. These rocks, characterized by the presence of the quartz phenocrysts, which
were conventionally named ,quartz andesites”, are the research subject of this doctoral
thesis.

The study focused on the emphasizing of the compositional, textural and chemical
peculiarities of the quartz andesites, through petrographical and geochemical approaches.
These peculiarities are the result of all the processes involved in petrogenesis, beginning
with the source zone of formation of the parental magmas, and ending with the processes
that took place in the crustal magma chambers. For the mineralogical characterization of
these andesites, the optical microscopy studies were completed with electrone microprobe
analysis. The geochemical study was based on ICP-MS analysis for major and minor
elements, as well as rare earths elements.



CH. 1. HISTORY OF GEOLOGICAL RESEARCH IN THE AREA OF THE OAS -
GUTAI MTS.

The systematic research of the Oag-Gutai volcanic area beginns around the middle
part of the 20" century. The first published papers focused on the structure types, rock
types and the asssociated hydrothermal alterations, as well as on the gold-silver and
complex sulphides minerallizations (Dimitrescu, 1954; Cioflica 1956; Radulescu 1958;
Giusca 1960; lanovici et al. 1961; Sagatovici 1968; Radulescu si Borcos 1969).

The general evolution of the Neogene volcanism from Oas-Gutai Mts. was
presented in the papers published after 1970. Borcos et al. (1973) present the evolution of
the volcanism from the Gutai Mts. following the cycles and erruption phases that succeded
from the Badenian up to the Late Pliocene. The age of the volcanic products was
established on the basis of the relationships with the paleontologically dated sedimentary
formations. Edelstein et al. (1980, 1982) abandoned for the first time the division of the
volcanism in cycles and phases. Based on the relationships with the paleontologically
dated sedimentary deposits and on the spatial relationships between different volcanic
products, the above authors established a sequence of the temporal evolution of the
volcanism, from the Badenian up to the Pontian-Pliocene.

After 1980 a series of papers in which the igneous rocks from the Oas-Gutai Mts.
were approached in the terms of their definition following the recommendations of the
igneous rocks Systematic Commissions of the International Union of Geological Sciences
(IUGS) was published. Important contributions regarding the detailed petrochemical,
mineralogical-petrographical and structural-textural characterization, were also made
(Kovacs et al., 1987, 1989, 1992; Edelstein et al., 1987, 1992; Fll6p et al., 1991).

The geochronological data resulting from the radiometric datings (K-Ar and Ar-Ar)
made on the igneous rocks and on the hydrothermal mineralizations lead to the
reassessment of the evolution of the volcanism from the Oas-Gutéi Mts. (Edelstein et al.,
1992a, 1993; Pécskay et al., 1994, 1995a,b; Kovacs et al., 1995, 1997a,b, 2010b; Fuldp,
2001; Lang et al.,1994). According to these data the volcanism from this area took place
during the Badenian-Pannonian (15.4-7.0 Ma), and the hydrothermal activity took place
during the Pannonian (11.5-7.9 Ma).

The most recent studies focused on deciphering the geotectonic evolution of the

volcanic area Oas-Gutai and of the Carpathian-Pannonian region, as well as on the
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petrogenetic processes (fractional crystallization, crustal assimilation, mixing and mingling
magmas) involved in the genesis of the volcanics from the areas (Kovacs, 2002; Kovacs et
al.,2010; Pécskay et al., 2006, 2009; Seghedi et al., 2004, 2005, Tischler et al., 2007).

CH. 2. GEOLOGICAL EVOLUTION OF THE CARPATHO-PANNONIAN REGION
WITH SPECIAL REGARD ON THE NEOGENE VOLCANISM

The Carpahian chain is situated in the central and eastern part of Europe, and
extends on a length of more than 1500 km, between the Eastern Alps and the Balkans. The
formation of the chain and of the intra-carpathian basins is connected to the evolution of the
Carpatho-Pannonian area during the Cenozoic, which was directly influenced by the
convergence of the two major plates, the Eurasian plate and the African plate. The present
configuration of this region is the result of the deformations suffered by the two continental
blocks and the rifts between them (Csontos, 1995; Peresson and Decker, 1997).

According to the recent models of the geotectonic evolution of the Carpatho-
Pannonian region, the lithospheric plates involved in the convergent processes responsible
for the Miocene subduction are the East European Plate to the east, and the Alcapa and
Tisia (Kovacs, 1982) microplates to the west (Fig. 2.1). The last plate is also named ,Tisza-
Dacia” (Csontos et al., 1992, Csontos, 1995), respectively ,Tisia-Getia” (Seghedi et al.,
1998). The Alcapa and Tisia microplates are separated by the ,Mid-Hungarian Line” — a
major fault, with transcrustal character (Csontos and Nagymarosy, 1998). While moving
towards east and north-east, the two blocks, Alcapa and Tisia, also suffered rotation and
translation movements (Marton et al., 1992; Patrascu et al., 1994; Panaiotu et al., 1996).

The calc-alkaline magmatism from the Carpatho-Pannonian area is mostly located
along the north-eastern margin of the Alcapa and Tisia plates. The volcanic arc, from the
inner part of the Carpathian chain has a Neogene-Quaternary age, and is the result of the
complex subduction, collision, post-collision and extention processes (Szabo et al., 1992;
Csontos, 1995; Lexa and Konec&ny, 1998; Mason et al., 1998; Nemc¢ok et al., 1998; Seghedi
et al., 1998; Seghedi et al., 2004, 2005; Pécskay et al., 2004, 2006, 2009; Tischler et al.,
2007).

According to the new evolutional model developed by Kovacs (2002), Oas-Gutai
volcanic arc was generated by magmatic processes developed within the Alcapa microplate
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(partly also within Tisia) due to the subduction of the East European plate beneath them.
The beginning of the arc-type volcanism in the Oas-Gutai Mts. area (13.4-13.2 Ma ago) took
place at about 6-7 Ma from the beginnig of the Miocene subduction (about 20-22 Ma ago),
during the Early Miocene respectively.

The volcanism from the Oas-Gutéi Mts. has a calc-alkaline character, typical for the
subduction areas, and was activ all along the sinking and consuming of the oceanic
lithosphere. The paroxysm was recorded just a little before the collision of the continental
plates (considered to take place about 10-9 Ma ago). The volcanic arc generated at the
border of the Alcapa and Tisia microplates is of continetal margin type. The geochemical
and isotopical study of the volcanic rocks from the Gutai Mts. (Kovacs, 2002) emphasized
the similitude both with other segments from the Carpathian volcanic arc — first of all with
the Calimani-Gurghiu-Harghita Mts., and with other arcs from recent and present day

subduction zones.

Oasg-Gutai Mts.
Legend:

1 D Intracarpathian units
belonging to Alpine Orogen

2 - Carpathian flysch

3 - Neogene volcanic rocks

0 100 km
—_—

Moesian Platform
e Bucharest

Danube

Fig. 2.1. Geotectonic sketch map of Carpathian-Pannonian region (Sandulescu, 1988 and Csontos et al., 1992);
location of Oas-Gutéai Mts. (modified after Kovacs, 2002).



CH. 3. GEOLOGICAL STRUCTURE OF THE OAS-GUTAI MTS. AND THE
EVOLUTION OF THE NEOGENE VOLCANISM

The Oas-Gutai Mts. are the north-western segment of the Eastern Carpathians from
the teritory of Romania, and are a segment of the Neogene-Quaternary volcanic range
which extends from the Western Carpathians (in Slovakia) to the curvature of the
Carpathians (in Romania). In the overall structure of the volcanic mountains Oas-Gutai,
three main geological units can be defined: the pre-volcanic basement, the Neogene

sedimentary cover and the Neogene igneous rocks.

3.1. The structure of the pre-volcanic basement

The pre-volcanic basement is made of Precambrian/Paleozoic metamorphic
formations which belong to the major units of the Inner and Median Dacides, and flysch
sedimentary deposits arranged in overthrusting nappes, belonging to the Piennides units
(Sandulescu, 1984, 1993). The structural elements that have left their mark on the overall
structure of the pre-volcanic basement are represented by the faults system Bogdan Voda -
Dragos Voda (Sandulescu, 1984), Gutai fault and a series of other secondary faults oriented
E-V, NV-SE and NE-SV.

3.2. The Neogene sedimentary deposits

During the Neogene, the volcanic activity developed synchronously with the
sedimentation processes, between the volcanic deposits and the sedimentary ones direct
relationships being frequently recorded. The sedimentation began during the Middle
Miocene (Lower Badenian) and continued, with local and regional interruptions, until the
end of the Pannonian. The Neogene sedimentary cover is represented by Badenian,
Sarmatian and Pannonian deposits. Lithologically, they consist of clays, marls and

sandstones with microconglomeratic intercalations and limestones.

3.3. Evolution of the Neogene volcanism from the Oas-Gutai Mts.
The Neogene igneous rocks are the most significant deposits from the Oas-Gutai
Mts. and are typical for the calc-alkaline series, also including, besides the andesites and

basaltic andesites which are predominant, dacites, rhyolites and basalts. The volcanic
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activity from the Oas-Gutai Mts. developed between the Badenian and the Pannonian. Two
types of volcanism were asserted: an acidic extentional /’back-arc” volcanism and an
intermediate arc-type volcanism (Kovacs & Ful6p, 2003).

In the Oas Mts. the volcanism developed from the Upper Badenian until the
Pannonian, with the temporal and spatial overlapping of the different volcanic products. The
buried acidic volcanism, with explosive character, developed in the central part of the Oas
Mts. during the Upper Badenian-Lower Sarmatian (Fulép & Crihan, 2002). The intermediate
volcanism, with extrusive and intrusive character, represents the main stage of the volcanic
activity, and is developed in the whole area of the Oas Mts. during the Sarmatian-
Pannonian, between 12.9-9.5 Ma (Kovacs et al., 1997a). It is represented by rhyolites,
dacites, quartz andesites and pyroxene andesites (Fig. 3.1) as lava flows and extrusive
domes (Kovacs & Flloép, 2002).

In the Gutdi Mts. the volcanic activity was extremely complex (Fig. 3.1) and
developed during the Badenian-Pannonian interval (15.4-6.9 Ma). The onset of the volcanic
activity had been in Badenian by the calc-alkaline acid volcanism (15.4 Ma — Fll6p, 2002)
followed by the main intermediate volcanic stage, with the greatest temporal and spatial
extent. The Badenian volcanism is represented by ignimbrites and their associated
volcaniclastic deposits (Fulop & Crihan, 1995; Flop, 2003). The intermediate volcanism
developed during the Sarmatian-Pannonian interval, respectively between 13.4-6.9 Ma
(Edelstein et al., 1992 a, 1993; Pécskay et al., 1994, 1995). The Sarmatian volcanics (13.4
—12.1 Ma - Edelstein et al., 1992 a; Pécskay et al., 1994) are predominantly represented
by basaltic andesites and pyroxene andesites, as well as by pyroxene dacites, and are
extended in the south-western and south-eastern parts of the Gutai Mts. (Fig. 3.1). The
paroxysm of the volcanism took place during the Pannonian (11.6-9.0 Ma - Edelstein et
al.,1992a; Pécskay et al.,1994,1995), when most of the volcanics from the Gutai Mts were
emplaced. The succession of the Pannonian volcanics is as follow: pyroxene andesites
lava flows, pyroxene and amphibole lava flows associated with volcaniclastites
(predominantly hyaloclastites), basaltic andesites and pyroxene andesites lava flows,
pyroxene andesites with biotite and dacites with biotite as extrusive domes. Some small
intrusive bodies of pyroxene basalts (8.1 — 6.9 Ma - Edelstein et al.,1993) ceased the

volcanism from the Gutai Mts.
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Fig. 3.1. Simplified geological map of the Oas-Gutai Mts. (after Gabor et al. 1999" si Edelstein et al 19802)

! Gabor, M., Kovacs, M., Edelstein, O., Istvan, D., Bernad, A., 1999. Geological map of the Oas-Gutai-Tibles
Mts. 1:25000 scale. S.C. IPEG Maramures, Baia Mare. (in Romanian, unpublished).

2 Edelstein, O., Istvan, D., Cojocea, C., Weisz, G., Bernad, A., Stan, D., Kovacs, M., 1980. Geological map of
the Oag-Gutai-Tibles Mts. 1:25000 scale. S.C. IPEG Maramures, Baia Mare. (in Romanian, unpublished).
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Important hydrothermal mineralizations of epithermal type, predominantly
polymetallic and gold-silver are associated with the Neogene volcanism from the Oag-Gutai
Mts. The metallogenetic activity from the Oas-Gutai Mts. took place between 11.6-7.9 Ma
(Lang et al., 1994; Kovacs et al., 1997b).

CH. 4. MATERIALS AND ANALITICAL METHODS

The polarized light microscopic study was performed on 95 thin sections (65 from
Gutai Mts. and 30 from Oas Mts.) using a Jenapol microscope.

The chemical composition of the minerals from the quartz andesites was performed
on 11 samples using an electrone microprobe at the Salzburg University (Austria). 1827
punctual analyses were made, as follows: 786 on plagioclase feldspars, 212 on
orthopyroxenes, 308 on clinopyroxenes, 55 on amphiboles, 91 on accessory minerals (Ti-
magnetite and ilmenite), 113 on the groundmass and 262 on secondary minerals.

On 26 samples were performed geochemical analysis for major, minor and rare
earths elements, by ICP-MS methode, at the Acme Analytical Laboratories Ltd. Vancouver
(Canada).
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CH. 5. MINERALOGY AND PETROLOGY OF THE PANNONIAN QUARTZ
ANDESITES FROM THE OAS-GUTAI MTS.

The quartz andesites are rocks with porphyritic texture, with phenocrysts of
plagioclase feldspars (18-30%), pyroxenes (2-14%), amphiboles (3-10%) and quartz (1-
6.5%) in a hyalopillitic, intersertal or holocrystaline groundmass.

5.1. Plagioclase feldspars

Plagioclase feldspars are the main constituents of the quartz andesites and are
present both as phenocrysts and as microlites in the groundmass. They generally show
euhedral and, subordinately, subhedral and anhedral outline and their sizes varies between
1 and 8 mm. The plagioclase feldspars are intergrown, twinned (Fig. 5.1a), with intense
oscillatory zoning and with frequent sieve textured cores or such textures developed as
concentric bands towards the rims (Fig. 5.2b).

Fig. 5.1. Microphotographs of plagioclase phenocrysts from the quartz andesites. a) Intergrown plagioclase
feldspars with polysynthetic twinnings (Sample 7572-M); b) Oscillatory zoned plagioclase phenocryst, with sieve
texture zones and glass inclusions (Sample 7554-M). P+.
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On the whole, the anortite content of the plagioclase feldspars varies in a very large
interval, between 26.1 and 92.9%, corresponding to the andezine-labradorite-bytownite
members of the series, and subordinately to oligoclaze and anortite, according to the

classification diagram Ab-An-Or (Fig. 5.2).

Albite  Oligoclase Andesine Labradorite Bytownite Anorthite

Fig. 5.2. Distribution of the composition of the plagioclase feldspars from the quartz andesites in the
Ab-An-Or classification diagram

Most of the plagioclase phenocrysts show oscillatory zoning, both normal and
reverse. Generally, the plagioclase feldspars from the quartz andesites show typical normal
zoning, with the decrease of the An content from the core toward the rim of the crystal (Fig.
5.3a,b). In the core the An content has values between 72-90%, and in the rim 45-50%
(table 1, sample 7567-M, analysis points 15-21).

In the case of the reverse zoning of the plagioclase feldspars (Fig. 5.3c,d), an
increase of the An content from the core of the phenocrysts rimward is recorded. In the
acidic cores, generally of great sizes, the An content, is around 50%, while in the much
more basic rims it can reach values around 75-85% (table 1, sample 7566-M, analysis
points 3-9).

In most of the oscillatory zoned plagioclase feldspars many recurences were
recorded (Fig. 5.3¢,f), and the difference between the An contents from the different zones
of one phenocryst varies between 10 and 40% (table 1, sample 7572, analysis points 1-8).
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Fig. 5.3. BSE images of zoned plagioclase felspars from quartz andesites. a) Normally zoned phenocryst with a
recurrence in the rim. Sample 7567-M, microanalysis points 15-21; b) Variation of An content in the phenocryst
from image a; c) Reversely zoned phenocryst with corroded rim. Sample 7566-M, microanalysis points 3-9; d)
An content variation of the phenocryst from image c; e) Zoned feldspar with acidic core and recurrence zones.
Sample 7572-M, microanalysis points 1-8; f) An content variation of the phenocryst from image e.
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Table 1. Selected microprobe analyses for plagioclase feldspar from quartz andeS|tes (Oas -Gutai Mts.). Structural

formulas are calculated on the basis of 80, according to Deer et al. (1992). FerotaL as Fe?

Sample 7566-M 7567-M

Point 3 4 5 6 8 9 15 16 17 18 19 20 21

SiO, 56,09 53,98 56,31 49,81 48,79 47,39 4915 5233 5244 5537 56,13 52,07 5495

TiO, 0,00 0,02 0,00 0,02 002 0,00 0,01 0,02 001 001 004 005 003

AlLO; 2740 28,98 2745 31,33 3175 33,00 31,97 30,03 29,64 27,69 2723 2935 27,77

FeO 0,23 0,26 0,24 051 058 085 0,19 0,24 029 025 020 060 0,49

MnO 0,00 0,00 0,00 0,00 004 0,05 0,00 0,00 0,00 000 000 000 0,00

MgO 0,00 0,01 0,01 0,04 006 0,00 0,03 0,00 003 002 001 007 002

Ca0 10,46 12,08 10,41 1507 1568 17,24 1628 14,03 13,85 11,39 10,86 13,96 11,58

Na,O 5,46 4,50 5,37 273 251 165 221 345 354 496 516 341 4,74

K,0 0,36 0,27 0,41 0,14 014 0,05 0,08 0,14 016 025 028 014 025

Total 100,00 100,10 100,22 99,69 99,57 100,31 99,95 100,25 99,98 99,94 9994 99,70 99,86

Si 2,53 2,44 2,53 229 225 218 225 2,37 238 250 253 238 249

Al 1,45 1,54 1,45 169 1,72 1,79 172 1,60 159 147 145 158 148

Ti 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 000 000 0,00

Fe? 0,01 0,01 0,01 0,02 002 0,03 0,01 0,01 001 001 001 002 002

Mn 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 000 0,00 0,00

Mg 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 001 0,00

Ca 0,51 0,59 0,50 0,74 0,77 0,85 0,80 0,68 068 055 053 068 056

Na 0,48 0,39 0,47 024 022 015 0,20 0,30 031 044 045 0,30 042

K 0,02 0,02 0,02 0,01 001 0,00 0,00 0,01 001 001 002 001 0,01

Igt‘ii'ns 4,99 4,99 4,99 499 501 5,00 4,98 4,98 498 498 498 498 4,98

Anorthite 50,3 58,8 50,6 748 769 850 80,0 68,6 67,8 551 529 688 56,7

Albite 47,6 39,6 47,1 244 223 14,7 19,6 30,6 31,3 435 455 304 41,9

Orthoclase 2,1 1,6 2,3 0,8 0,8 0,3 0,4 0,8 0,9 1,4 1,6 0,8 1,4
Table 1. Continued.

Sample 7572-M

Point 1 2 3 4 5 6 7 8

SiO; 57,89 55,57 56,34 49,32 56,50 51,72 4743 54,60

TiO, 0,02 0,00 0,01 0,00 0,00 0,00 0,01 0,02

AlLO; 26,81 28,54 27,82 32,39 27,74 30,35 32,76 28,07

FeO 0,38 0,24 0,23 0,33 0,20 0,23 0,30 0,20

MnO 0,00 0,02 0,02 0,00 0,00 0,03 0,00 0,00

MgO 0,02 0,02 0,00 0,01 0,00 0,01 0,01 0,01

Ca0 9,09 10,84 10,19 15,36 9,93 13,30 16,13 10,44

Na,O 6,25 5,02 5,46 2,59 5,65 3,64 2,22 5,48

K.0 0,22 0,25 0,29 0,08 0,30 0,16 0,08 0,27

Total 100,67 100,53 100,38 100,10 100,32 99,48 98,97 99,12

Si 2,58 2,49 2,53 2,25 2,53 2,36 2,20 2,49

Al 1,41 1,51 1,47 1,74 1,46 1,63 1,79 1,51

Ti 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Fe? 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01

Mn 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Mg 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Ca 0,43 0,52 0,49 0,75 0,48 0,65 0,80 0,51

Na 0,54 0,44 0,48 0,23 0,49 0,32 0,20 0,48

K 0,01 0,01 0,02 0,00 0,02 0,01 0,01 0,02

Total 4,99 4,98 4,98 4,99 4,99 4,99 5,01 5,01

cations

Anorthite 44,0 53,7 49,8 76,3 48,4 66,3 79,6 50,4

Albite 54,7 44,9 48,4 23,3 49,8 32,8 19,9 48,0

Orthoclase 1,3 1,4 1,7 0,4 1,7 0,9 0,5 1,6
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5.2. Pyroxenes

The pyroxenes are represented by orthopyroxenes and clinopyroxenes, the ratio
between them being variable. They are as euhedral and subhedral crystals, predominantly
prismatic, with small sizes (1-4 mm), sometimes polysyntetically twinned (Fig. 54a) and
frequently as clusters (Fig. 5.4b). The clinopyroxenes are generally fresh, while the
orthopyroxenes are partly or totally substituted by secondary minerals (carbonates, clorites,

opaque minerals).

Fig. 5.4. Microphotographs of pyroxene phenocrysts from the quartz andesites. a) Twinned orthopyroxene
phenocrysts (Sample 7554-M); b) Glomeroporphyritic clusters of clino- and orthopyroxene phenocrysts (Sample
7627-M). P+.

The clinopyroxenes are represented mostly by augite, and subordinately by
diopside, and the orthopyroxenes by enstatite and subordinatly by ferosilite, according to
the pyroxene classification diagram (Morimoto, 1989) (Fig. 5.5). The augite has the
following composition: wollastonite (Wo): 30.3-44.9%, enstatite (En): 35.8-51.4%, ferrosilite
(Fs): 8.1-24.5 %. The diopside composition: wollastonite: 45.1-50.5%, enstatite: 33.8-
45.7% and ferrosilite: 8.5-17.1%. The magnesium number (Mg# = Mg/Mg+Fe) of the
clinopyroxenes varies between 65.6 and 87.0. Orthopyroxenes composition is as follows:
wollastonite: 1.3-8.4%, enstatite: 39.5-71.4% and ferrosilite: 21.6-58.6%. Mg# varies
between 44.0 and 79.0.

Most of the clinopyroxene phenocrysts are zoned. A part of the clinopyroxene
phenocrysts show normal zoning, in which case an enrichment in Mg occurs in the core of
the crystals and it decreases towards the rim of the crystals, where an enrichment in Fe
takes place (Fig. 5.6a). The En content vary between 43 and 45% in the core, and
decreases in the rim till around 41.0%, while the Fs content increases from values of 9.3-
10.3% in the core, to 16.6% in the rim of the crystal. The magnesium number (Mg #)
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decreases in these clinopyroxene phenocrysts from 82-84 in the core, to 74 in the rim. This
decrease is not continous though, in most cases recurrence zones occur, as results from
the large variation interval (between 75 and 84) of the Mg# from the intermediate zone
(table 2, sample 7566-M, microanalysis points 1-7). In other cases, a reverse zoning of the
clinopyroxenes (Fig. 5.6b) was noticed, in which the Mg content increseas towards the rim
of the phenocrysts, while the Fe content increseas towards their core. The En content in
their core has values between 34.3 and 36.7%, and in the rim increases till 45.2%. The Fs
content decreseas from high values of 14.7-17.1% in the core, till 10.8-12.3% in the rim. In
this case it also to be noticed the presence of some significant recurrences illustrated by
successive increases and decreases of the Mg content and Fe. The values of the
magnesium number confirm this tendency, as it has values between 69 and 73 in the core,

and reaches 80 in the rim, while in the intermediate zone Mg# varies between much wider

limits, respectively between 71 and 80 (table 2, sample 7568-M, microanalysis points 1-8).
Wo

Pigeonite
&

OO + \ Fs

|
Clinoenstatite Clinoferrosillite

En

Fig. 5.5. Distribution of the composition of the orthopyroxenes and clinopyroxenes from the quartz andesites in
the Wo-En-Fs classification diagram (Morimoto 1988). Legend: red triangle-clinopyroxenes; blue rhomb-
orthopyroxenes.

The orthopyroxenes are either as homogenous or zoned crystals. In the case of the
normally zoned crystals (Fig. 5.6¢c) an enrichment in Mg in the core and an
empowerishment towards the rim can be noticed. Fe has a reverse variation, with lower
contents in the core of the crystals and a higher content towards the rim. Thus, the En

content in the core has a value of 69.5% and decreases till 55.2% in the rim, while the Fs
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content increases from 27.7% to 42.7%. The magnesium number ( Mg# ) has high values
(74.1) in the core and much lower values (59.8) in the rim (table 3, sample 7568-M,
microanalysis points 19-22).

In the reversly zoned crystals (Fig. 5.6d), an increase of the Mg content from the
core towards the rim can be noticed, as well as an enrichment in Fe in their core, and the
magnesium number increases from the core towards the rim. The En content in the core is
52.4% and increases till 60% in the rim, and the Fs content decreases from 45.9% till
37.3%. The magnesian number increases from 57 in the core to 65 in the rim (table 3,
sample 7571-M, microanalysis points 13-18). In this case recurence areas appear, with
succesive increases and decreases of En and Fs within the same crystal. However,
homogeneous, unzoned crystals also occur, within which the Mg and Fe contents show

insignificant variations.

Fig. 5.6. BSE images of pyroxenes from the quartz andesites. a) Normally zoned clinopyroxene phenocrysts
(Sample 7566-M, microanalysis points 1-7); b) Reversely zoned subhedral clinopyroxene phenocryst, with Fe
rich core (sample 7568-M, microanalysis points 1-8); c) Normally zoned orthopyroxene with resorbed rim
(Sample 7568-M, microanalysis points 19-22) ; d) Orthopyroxene crystal with reverse zoning and recurrence
zones (Sample 7571-M, microanalysis points 13-18).
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Table 2. Selected microprobe analyses for clinopyroxene from quartz andesites (Oas-Gutai Mts.). Structural formulas are calculated on
the basis of 60, according to Cawthorn & Collerson (1974). FetoraL as Fe?.

Sample 7566-M 7568-M
Point 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8
SiO, 51,45 50,52 52,63 53,12 53,53 52,84 53,73 48,82 47,78 52,16 50,69 51,25 50,50 52,25 52,70
TiO, 0,57 0,77 0,46 0,51 0,26 0,40 0,32 0,93 1,02 0,54 0,64 0,61 0,56 0,50 0,51
Al,O3 4,78 5,54 3,63 2,32 1,53 3,01 0,97 5,96 6,97 3,10 4,04 3,75 3,93 3,34 3,04
FeO 5,78 6,24 5,70 10,01 9,82 5,92 10,09 8,64 9,93 6,84 7,92 7,72 9,30 6,67 7,52
MnO 0,08 0,10 0,13 0,33 0,45 0,15 0,32 0,21 0,16 0,13 0,13 0,09 0,15 0,08 0,20
MgO 15,24 14,71 15,76 15,24 15,03 16,41 14,82 12,39 11,33 14,50 12,79 13,53 11,51 14,34 15,82
CaO 22,34 22,37 22,21 19,57 20,39 21,78 20,10 22,71 22,26 22,49 2297 2281 23,94 23,21 20,61
Na,O 0,15 0,15 0,12 0,16 0,23 0,14 0,33 0,20 0,28 0,20 0,16 0,18 0,18 0,16 0,14
Cr,03 0,36 0,33 0,23 0,00 0,00 0,21 0,03 0,00 0,00 0,01 0,00 0,03 0,00 0,05 0,07
Total 100,74 100,73 100,87 101,26 101,26 100,87 100,71 99,87 99,72 100,01 99,38 99,99 100,08 100,60 100,61
i 1,87 1,85 1,92 1,95 1,97 1,92 1,99 1,82 1,80 1,93 1,90 1,90 1,90 1,92 1,93
W 0,13 0,15 0,08 0,05 0,03 0,08 0,01 0,18 0,21 0,07 0,10 0,10 0,11 0,08 0,07
A 0,08 0,09 0,07 0,05 0,03 0,05 0,03 0,09 0,10 0,06 0,08 0,07 0,07 0,07 0,06
Ti 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,03 0,03 0,02 0,02 0,02 0,02 0,01 0,01
Fe** 0,18 0,19 0,17 0,31 0,30 0,18 0,31 0,27 0,31 0,21 0,25 0,24 0,29 0,21 0,23
Mn 0,00 0,00 0,00 0,01 0,01 0,01 0,01 0,01 0,01 0,00 0,00 0,00 0,01 0,00 0,01
Mg 0,83 0,80 0,86 0,83 0,82 0,89 0,82 0,69 0,63 0,80 0,72 0,75 0,64 0,79 0,87
Ca 0,87 0,88 0,87 0,77 0,80 0,85 0,80 0,91 0,90 0,89 0,92 0,91 0,96 0,91 0,81
Na 0,01 0,01 0,01 0,01 0,02 0,01 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01
Cr 0,01 0,01 0,01 0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
I:ttiilns 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00
Mg# 83,9 82,4 84,6 751 75,2 84,6 74,4 74,0 69,3 80,8 76,2 77,6 71,0 81,0 80,6
Wo 46,3 46,8 45,6 40,1 41,3 441 41,2 48,5 48,5 46,8 48,8 47,8 50,6 47,9 42,4
En 44,3 42,8 45,0 43,4 42,4 46,3 42,2 36,8 34,3 41,9 37,8 39,4 33,8 41,2 45,3
Fs 9,5 10,4 9,3 16,5 16,3 9,6 16,6 14,7 17,2 11,3 13,4 12,8 15,6 10,9 12,4

Table 3. Selected microprobe analyses for orthopyroxene from quartz andesites (Oag—Gutéi Mts.). Structural formulas are
calculated on the basis of 60, according to Cawthorn & Collerson (1974). FetoraL as Fe™".

Sample 7568-M 7571-M

Point 19 20 21 22 13 14 15 16 17 18
SiO, 53,34 53,35 52,95 53,07 53,38 53,19 53,76 53,11 51,25 52,75
TiO, 0,25 0,25 0,10 0,11 0,13 0,07 0,15 0,15 0,16 0,14
Al,O3 2,77 2,65 0,50 0,51 0,51 0,47 0,59 0,74 1,09 0,71
FeO 17,14 16,99 25,33 25,08 26,91 26,29 23,28 23,99 23,47 22,93
MnO 0,54 0,54 0,98 1,03 1,28 1,19 0,84 0,91 0,96 0,84
MgO 24,75 24,67 19,08 19,23 18,07 18,65 20,83 19,78 22,04 20,82
CaO 1,43 1,36 0,96 0,94 0,78 0,84 1,09 1,06 1,32 1,23
Na;O 0,04 0,01 0,02 0,07 0,03 0,02 0,01 0,02 0,04 0,02
NiO 0,00 0,00 0,00 0,00 0,00 0,00 0,01 0,00 0,00 0,00
Cr,03 0,03 0,02 0,03 0,00 0,00 0,00 0,00 0,00 0,00 0,02
Total 100,29 99,84 99,96 100,05 101,09 100,72 100,56 99,75 100,34 99,45
Si 1,94 1,95 2,01 2,01 2,02 2,02 2,01 2,01 1,91 1,99
AV 0,06 0,05 0,00 0,00 0,00 0,00 0,00 0,00 0,05 0,01
A 0,06 0,06 0,02 0,02 0,02 0,02 0,03 0,03 0,00 0,02
Ti 0,01 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Fe** 0,52 0,52 0,81 0,80 0,85 0,83 0,73 0,76 0,73 0,72
Mn 0,02 0,02 0,03 0,03 0,04 0,04 0,03 0,03 0,03 0,03
Mg 1,34 1,34 1,08 1,09 1,02 1,05 1,16 1,12 1,22 1,17
Ca 0,06 0,05 0,04 0,04 0,03 0,03 0,04 0,04 0,05 0,05
Na 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00
Ni 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Cr 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Total cations 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00
Mg# 74,1 74,2 59,9 60,3 57,1 58,4 63,9 62,0 65,0 64,3
Wo 2,9 2,8 2,0 2,0 1,6 1,7 2,2 2,2 2,6 2,5
En 69,3 69,5 55,2 55,6 52,4 53,8 59,3 57,3 60,1 59,4
Fs 27,8 27,7 42,8 42,4 45,9 44,5 38,5 40,5 37,4 38,1
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5.3. Amphiboles

The amphiboles are well represented both quantitatively (until 6-8% of the weight of
the rock), and as sizes (max. 10 mm). They are as prismatic, elongated, rarely fresh
phenocrysts, frequently being substituted by the assemblege clinopyroxenes, plagioclase
feldpars and opaque minerals (,breakdown” amphiboles, Nixon, 1988) or they show
marginal fine opacitic rims. Sometimes they contain inclusions of small prismatic
plagioclase feldspars and granular pyroxenes, Ti-magnetite and ilmenite inclusions (Fig.
5.7b).

Fig. 5.7. Microphotographs of amphibole phenocrysts from the quartz andesites. a) Amphibole phenocryst with
opacitic rim (Sample 7605-M); b) Amphibole phenocryst with feldspar, pyroxene and opaque minerals
inclusions (Sample 7670-M). P+.

The amphiboles from the quartz andesites are exclusively calcic amphiboles
(according to the IMA classification; Leake et al. 1997), with (Ca+Na)g =1.00, Nag <0.50 and
Cag >1 (Fig. 5.8a), most of them being magnesio-hornblende (Fig. 5.8b). On the whole the
contents of the main oxides varies in the following intervals: Si0,=42.3-51.4%, Al,03=6.5-
10.2%, Fe0=14.2-17.3%, Mg0=10.3-13.3%, and the magnesium number (Mg#) has
values between 56.4 and 64.9. Within the same amphibole crystal the chemical
composition is relatively constant, the variation interval of the above mentioned oxides is
around 1% (Fig. 5.9a,b; table 4). The magnesium number (Mg#) also varies within a small
interval, between 56.4 and 64.9.
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Fig. 5.8. Plotting of the amphibole electrone microprobe data in the IMA classification diagrams (Leake et al.
1997).

Fig. 5.9. BSE images of amphiboles from the quartz andesites. a) Subhedral phenocryst with orthopyroxene and
Ti-magnetite inclusions (Sample 7560-M); b) Twinned euhedral phenocryst .(Sample 7571-M, microanalysis
points 1-7); Abbreviations: Opx for orthopyroxenes, Ti-mag for Ti-magnetite, PI for plagioclase, llm for iimenite.
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Table 4. Selected microprobe analyses for amphibole from quartz andesites (Oas-Gutai Mts.).
Structural formulas are calculated on the basis of 230, according to Richard & Clarke (1990).
FetoraL as F62+.

Sample 7560-M 7571-M
Point 12 13 14 1 2 3 4 5 6 7

SiO, 50.91 4944 5027 4524 46.84 4532 4526 4232 4532 4530
TiO, 1.60 1.72 1.79 1.74 1.52 1.64 1.43 2.19 1.66 1.47
AlLO; 7.14 7.88 7.99 7.88 6.93 7.83 7.74  10.21 7.53 7.57
FeO 14.95 1434 1425 1588 1564 1624 1612 1726 1610 1594
MnO 0.30 0.22 0.20 0.35 0.31 0.37 0.34 0.30 0.32 0.28
MgO 13.07 1336 1335 1245 1339 1265 1268 1128 1278  12.99
Ca0 11.00 1112 1107 1083 10.86 10.84 1079 1091 1095  11.01
Na,O 1.29 1.44 1.44 1.21 1.18 1.34 1.30 1.59 1.22 1.21
K,0 0.32 0.39 0.39 0.45 0.26 0.43 0.41 0.54 0.43 0.42
Cr,0; 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00
Total 10056 99.90 100.73 96.05 9694 96.66 96.06 96.60 96.33 96.17
TSi 7.21 7.06 7.10 6.83 6.97 6.82 6.84 6.44 6.84 6.84
TAI 0.79 0.94 0.90 117 1.03 1.18 1.16 1.56 1.16 1.16
TTi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum T 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
CAl 0.41 0.39 0.43 0.24 0.19 0.20 0.22 0.27 017 0.18
CTi 017 0.18 0.19 0.20 0.17 0.19 0.16 0.25 0.19 017
cer 0.00  0.000 0.00 0.00  0.000 0.00 0.00 0.00 0.00 0.00
CMg 276 2.84 2.81 2.80 2.97 2.84 2.86 2.56 2.88 2.92
CFe?2 1.66 1.59 1.57 1.76 1.67 1.77 1.76 1.92 1.76 1.73
CMn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum C 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
BMg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BFe 2 0.11 0.13 0.11 0.25 0.28 0.27 0.28 0.28 0.27 0.29
BMn 0.03 0.03 0.02 0.04 0.04 0.05 0.04 0.04 0.04 0.03
BCa 1.67 1.70 1.68 1.71 1.68 1.68 1.68 1.68 1.69 1.68
BNa 0.19 0.14 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum B 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
ACa 0.00 0.00  0.000 0.04 0.05 0.07 0.07 0.10 0.08 0.10
ANa 0.17 0.25 0.21 0.36 0.34 0.39 0.38 0.47 0.36 0.35
AK 0.06 0.07 0.07 0.09 0.05 0.08 0.08 0.11 0.08 0.08
Sum A 0.23 0.32 0.28 0.49 0.44 0.54 0.53 0.68 0.52 0.53
Sum cat 1523 1532 1528 1549 1544 1554 1553 1568 1552 1553
Mg # 63.4 64.9 65.0 60.8 62.9 60.7 60.9 56.4 61.1 61.7

5.4. Quartz

The quartz phenocrysts are present in various proportions (1.0-6.5%) and has
various sizes (0.2-6.0 mm). Generally, the quartz crystals have subhedral and anhedral
outlines, often rounded (Fig. 5.10a), showing in most of the cases cracks that result in a
characteristic aspect of the crystals. They are frequently corroded (Fig. 5.11a), sometimes
with skeletal aspect (Fig. 5.10b, Fig. 5.11b).

In the basic quartz andesites, pyroxene coronas can be noticed around the quartz

crystals, suggesting the existence of magma mixing processes (Clynne, 1999).
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Fig. 5.10. Microphotographs of quartz phenocrysts from the quartz andesites. a) Quartz phenocryst with
subrounded outline (Sample 7566-M); b) Intensely corroded quartz phenocryst, with skeletal aspect (Sample
7565-M). P+.

Fig. 5.11. BSE images of quartz phenocrysts. a) Subhedral phenocryst with resorpsion zones and deposits of
secondary minerals (clorites) (Sample 7554-M); d) Phenocryst strongly corroded with skeletal aspect (Sample
7568-M).
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5.5 Accessory minerals

The iron and titanium oxides, that is titanomagnetite and ilmenite, are the
commonest opaque accessory minerals in the quartz andesites. They appear as isolated
grains or associated with orthopyroxene, clinopyroxene and plagioclase phenocrysts in the
groundmass (Fig. 5.12a). The Fe and Ti oxides also appear as fine inclusions in the
plagioclase feldspar, pyroxene and amphibole phenocrysts (Fig. 5.12b). Their chemical

composition is shown in table 5.

Fig. 5.12 BSE images of Ti-magnetite and ilmenite. a) Cluster of plagioclase feldspar (PI), orthopyroxene (Opx),
clinopyroxene (Cpx) and titanomagnetite (Ti-Mag) (Sample 7571-M, microanalysis points 1-3); b)
Titanomagnetite (Ti-Mag) and ilmenite (llm) inclusions in orthopyroxenes (Sample 7566-M, microanalysis points
17-20).

Table 5. Selected microprobe analyses for Ti-magnetite and ilmenite from
quartz andesites (Oas-Gutai Mts.). Abbreviation: nd-not determined.

Mineral Ti-magnetite limenite
Sample 7566-M 7571-M 7566-M
Point 17 18 1 2 3 20 19
SiO, 0.03 0.20 0.41 0.09 0.10 0.00 0.07
TiO, 7.44 7.56 9.74 9.84 955 46.85 4543
Al;O3 1.1 1.03 3.66 3.89 3.67 0.03 0.01
FeO 83.98 79.95 75.74 75.65 76.60 50.86 51.44
Cr,03 0.06 0.05 0.11 0.10 0.11 0.01 0.02
MnO 0.21 0.07 0.35 0.35 0.35 0.58 0.73
NiO nd nd 1.37 1.52 2.08 nd nd
MgO 0.42 0.20 0.06 0.02 0.03 1.09 1.59
BaO 0.00 0.05 nd nd nd 0.31 0.37
Ca0O 0.06 0.17 0.00 0.00 0.05 0.09 0.26
Na,O 0.05 0.00 0.00 0.00 0.00 0.00 0.00
KO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 93.84 91.27 93.82 94.02 92.20 99.80 99.92
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5.6. Secondary minerals

The plagioclase feldspars, orthopyroxenes, clinopyroxenes and amphiboles from
the quartz andesites are generally fresh, but sometimes they are partly or totally replaced
by secondary minerals, like carbonates, illite, chlorite, smectite etc.

Thus, some of the plagioclase phenocrysts are partly replaced by phyllosilicates of
the illite group, with a K,O content higher than 9% (Fig. 5.13a; table 6 — sample 7566-M).
Other plagioclase phenocrysts core are replaced by Fe carbonates (siderite) with a low
content of Mg and Ca, asociated with interstratified minerals of the chlorite and smectite
groups (Fig. 5.13b; table 6 — sample 7554-M). Pyroxene phenocrysts (orthopyroxenes and
clinopyroxenes) are mainly replaced by minerals of the chlorite and smectite groups (Fig.
5.13c,d; table 6 — samples 7567-M and 7559-M). The FeO in these minerals varies
between 18-25%, and the MgO content varies between 14 and 17%.

Fig. 5.13. BSE images of secondary minerals. a) Plagioclase feldspar phenocryst replaced in the central zone
by illite (Sample 7566-M); b) Plagioclase phenocryst replaced by carbonates and chlorite (Sample 7554-M); c)
Orthopyroxene phenocryst partly replaced by chlorite (sample 7567-M); d) Clinopyroxene phenocrysts with
secondary minerals from the chlorite group (sample 7559-M).
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Table 6. Selected microprobe analyses for secondary minerals from quartz andesites (Oas-Gutai Mts.). Abbreviation: nd-not

determined.
Proba 7566-M 7554-M 7567-M 7559-M
Punct de
analizs 3 4 5 6 3 4 8 9 10 11 12 10 13
SiO, 46.11 4492  46.28  46.51 0.00 0.03 46.52 46.66 44.69 4247  44.59 33.85 34.99
TiO, 0.00 0.04 0.03 0.00 0.00 0.01 0.00 0.00 0.07 0.15 0.03 0.01 0.00
Al,O3 33.24 33.97 34.11 34.56 0.04 0.00 9.80 10.79 7.15 7.71 7.25 10.96 10.92
FeO 2.67 2.76 1.61 217 4815  46.32 14.03 12.15 18.85 19.84 18.86 25.06 23.70
Cr,03 0.02 0.00 0.00 0.00 0.01 0.02 0.00 0.03 0.03 0.02 0.00 0.04 0.00
MnO 0.06 0.00 0.04 0.01 1.75 0.77 0.22 0.14 0.10 0.07 0.08 0.27 0.27
NiO nd nd nd nd 0.04 0.02 0.00 0.01 nd nd nd nd nd
MgO 1.26 1.12 0.89 0.68 4.07 2.71 6.37 5.07 14.21 15.01 15.25 16.96 17.34
BaO 0.05 0.07 0.08 0.07 nd nd nd nd 0.03 0.00 0.00 0.00 0.00
CaO 0.20 0.37 0.24 0.13 2.99 6.98 0.83 0.73 1.38 1.36 1.70 0.40 0.63
Na,O 0.19 0.26 0.21 0.14 0.01 0.01 0.49 0.51 0.45 0.60 0.69 0.07 0.14
K>O 9.00 9.08 9.32 9.68 0.00 0.00 0.29 0.28 0.09 0.06 0.07 0.00 0.00
Total 92.80 92.58 92.80 93.95 57.04 56.86 78.54 76.38 87.05 87.28 88.51 87.62 87.99

5.7. Groundmass

The groundmass of the quartz andesites shows different degrees of crystallinity,
from hyalopillitic (Fig. 5.14a) to intersertal (Fig. 5.14b), and even holocrystalline. The
hyalopillitic groundmass, which contains plagioclase feldspar microlites with tabular or
elongated prismatic shape, shows different textural aspects, from those with a slight
orientation around the phenocrysts to the fluidal ones (Fig. 5.15a). Sometimes, beside the
plagioclase are also present granular pyroxenes. In some cases, the incipient devitrification
phenomenon of the glassy groundmass is noticed, together with the formation of some
areas with spherulitic texture (Fig. 5.15b).

The chemical composition of the groundmass is presented in table 7. To be noticed
the high SiO, contents (between 64.5 and 86.1%) together with Al,O3 contents that vary
within a large interval (between 6.4 and 18.4%). CaO and Na,O are also present in lower
proportions. Also to be noticed the variation of the K,O content, which in some analysed
points is zero, and in others shows high values (till 11.5% ) due to the presence of the

secondary minerals (clay minerals).
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Fig. 5.14. BSE images of the groundmass. a) Hyalopillitic texture, with rare plagioclase feldspar (PI),
orthopyroxene (Ppx) and clinopyroxene (Cpx) microlites in a glassy groundmass; b) Intersertal texture, with
plagioclase feldspar (Pl) and orthopyroxene (Opx) microlites and secondary minerals-chlorite (Chl)

Fig. 5.15 Microphotographs of the groundmass of the quartz andesites. a) Plagioclase phenocrysts in a
groundmass with oriented fluidal texture (Sample 7645-M); b) Twinned and zoned plagioclase phenocryst in
groundmass with spherulitic texture (Sample 560-M). P+.

Table 7. Selected microprobe analyses for the groundmass from quartz andesites (Oas-Gutai Mts.).
Abbreviation: nd-not determined.

Proba 7554-M 7559-M 7565-M 7567-M 7571-M

Punct de

analiza 15 16 10 15 23 3 5 14 22 23
SiO, 86.09 72.09 64.48 84.89 66.75 79.67 76.38 79.38 77.29 79.39
TiO, 0.09 0.07 0.10 0.19 0.04 0.31 0.25 0.35 0.28 0.36
Al,O3 6.43 16.87 18.00 7.46 18.40 10.69 12.20 9.97 11.00 9.98
FeO 0.30 0.24 0.51 0.45 0.50 0.89 2.54 1.03 0.96 1.00
Cr,0; 0.03 0.00 0.00 0.00 0.01 0.04 0.01 0.00 0.02 0.00
MnO 0.00 0.00 0.00 0.01 0.00 0.00 0.05 0.00 0.05 0.00
NiO 0.00 0.03 nd nd nd 0.00 0.68 0.05 0.01 0.03
MgO 0.08 0.02 0.05 0.10 0.10 0.04 1.53 0.89 0.06 0.03
BaO nd nd 0.13 0.05 0.15 nd nd nd nd nd
CaO 1.19 2.98 0.63 0.44 2.27 0.69 2.32 1.22 0.72 0.40
Na,O 2.18 4.57 2.78 1.33 4.74 1.00 4.39 5.46 1.77 1.23
K,O 1.13 3.67 11.59 4.26 6.58 4.31 0.00 0.00 5.02 5.36
Total 97.53 100.52 98.26 99.16 99.54 97.63 100.34 98.34 97.18 97.77
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CH. 6. GEOCHEMISTRY OF THE PANNONIAN QUARTZ ANDESITES FROM
THE OAS-GUTAI MTS.

The geochemistry of the quartz andesites is based on major, minor, and rare earths

elements analysis made on 26 representative samples from the Gutai and Oas Mts.
6.1. Major elements chemistry

Major elements data of the quartz andesites from Oas-Gutai mountains are reported
in table 8. Two groups were separated in the quartz andesites from Gutéai on the basis of
SiO, content: ,basic” quartz andesites with SiO, ranging from 56.33 to 58.54 wt % and
,acidic’ quartz andesites with SiO, content between 59.19 si 63.49 wt %. The quartz
andesites from Oas mountains are very homogeneous with SiO, ranging from 61.05 to
61.55wt %.

The quartz andesites from Oas-Gutdi mountains are predominantly andesites
according to the TAS diagram (LeBas et al., 1986). Some of the samples from the ,basic”
quartz andesites group from Gutai plott in the basaltic andesite field and one of the ,acidic”
quartz andesites plotts in the field of dacite (Fig. 6.1a). They are calc-alkaline rocks,

typically medium-K volcanics according to the K,O - SiO, diagram (Gill, 1981, Fig. 6.1b).
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Fig. 6.1. Plott of the chemical data for quartz andesites from Oas-Gutai Mts. into: a). the TAS diagram (LeBas
et al., 1986); b) the SiO; vs. K20 discrimination diagram of Gill (1981). Symbols: 1. ,Basic” quartz andesites
from Gutai Mts.; 2. ,Acidic” quartz andesites from Gutai Mts.; 3. Quartz andesites from Oas Mts.
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Table 8. Whole rock chemistry for quartz andesites samples (major elements in wt.%; minor, trace and RE elements in ppm).

Sample 7551-M 7552-M 7553-M 7554-M 7555-M 7556-M 7557-M 7558-M 7559-M 7560-M 7561-M 7562-M 7563-M
Area Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai
(Mts.) Poiana Cutilor Suior Milerii Hijii Firiza Rosie Polomestru  Frantusca Plestioara Ostra Tocastru Tocastru
Locality Cremenii Valley Valley Valley Valley Valley Valley Valley Valley Peak Quarry Peak Valley
SiO, 61.27 59.91 59.19 60.96 59.96 60.06 58.54 56.33 57.08 63.49 57.88 56.91 58.10
TiO, 0.58 0.65 0.66 0.58 0.69 0.68 0.69 0.71 0.72 0.56 0.70 0.70 0.74
Al,O3 15.52 15.85 15.69 15.88 15.80 16.30 15.76 17.20 16.58 16.02 16.55 16.37 16.86
Fe, O3 5.94 6.50 6.80 7.09 6.91 6.89 7.10 7.67 7.51 5.43 7.00 8.22 7.52
MnO 0.13 0.11 0.10 0.13 0.13 0.13 0.11 0.13 0.13 0.11 0.14 0.15 0.17
MgO 2.18 2.94 3.08 1.85 3.19 2.82 4.18 3.60 3.89 1.94 3.37 3.93 3.46
CaO 4.98 6.58 6.33 4.52 6.94 6.04 717 7.36 8.20 5.40 6.61 8.17 7.32
Na,O 2.64 2.63 2.57 2.65 2.68 2.69 2.26 2.26 2.43 2.92 2.56 2.37 2.62
K20 2.27 1.93 1.82 1.97 1.74 2.03 1.73 1.44 1.51 2.27 1.94 1.42 1.49
P,0s 0.11 0.11 0.10 0.12 0.12 0.12 0.13 0.11 0.10 0.10 0.12 0.11 0.12
LOI 4.20 2.70 3.50 410 1.70 2.10 2.10 3.00 1.70 1.60 3.00 1.50 1.40
Sum 99.87 99.86 99.86 99.88 99.86 99.85 99.82 99.83 99.84 99.88 99.84 99.85 99.85
#Mg 42.10 47.26 47.29 34.08 47.77 44.78 53.84 48.18 50.65 41.45 48.82 48.64 47.69
Ba 366 321 321 389 307 399 413 388 271 404 376 244 329
Sc 16 19 20 18 23 21 25 23 25 16 23 27 22

Cr 20.5 27.4 20.5 27.4 41.0 13.7 6.8 13.7 47.8 13.7 13.7 41.0 13.7
Mo 0.2 0.6 0.8 0.2 0.5 0.6 0.5 0.4 0.5 0.3 0.5 0.4 0.6
Cu 16.1 23.5 22.2 9.6 20.5 121 29.0 18.0 17.5 10.8 12.0 443 39.9
Pb 1.5 4.9 1.5 1.9 2.7 2.9 3.8 7.7 24 1.4 3.8 2.6 3.0
Zn 47 37 51 33 43 40 48 40 32 23 51 34 56

Ni 2.1 3.7 3.5 2.2 3.7 24 7.3 2.9 5.4 1.4 2.2 5.3 4.0
Co 11.8 15.4 171 10.0 16.3 16.0 20.4 19.0 21.2 12.6 16.2 24.4 194
Cs 2.0 1.3 1.6 41 1.6 2.8 2.3 12.4 10.6 3.2 1.7 1.9 4.2
Ga 14.6 16.1 16.4 15.5 15.4 16.3 16.7 16.3 16.4 16.0 17.2 16.3 17.8
Hf 29 2.6 2.8 3.0 29 3.0 3.0 2.5 2.6 2.8 3.5 21 25
Nb 7.3 7.6 7.0 7.7 6.2 8.1 6.6 6.1 6.5 7.3 7.5 6.1 6.5
Rb 69.8 62.2 59.6 61.7 53.2 73.3 54.3 50.6 47.9 74.5 62.4 47.0 47.4
Sn 1 1 1 2 1 2 2 1 1 1 1 1 2

Sr 201.1 227.3 234.6 207.0 248.5 234.1 259.1 252.7 278.4 214.9 235.2 251.2 250.1
Ta 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.7 0.6 0.4 0.5
Th 6.7 6.4 6.2 6.0 5.1 7.6 54 4.6 5.1 7.0 6.7 4.4 5.2

U 2.2 1.9 2.0 2.0 1.7 24 1.7 1.6 1.5 24 2.0 1.5 1.6
\ 134 163 177 134 180 185 191 205 218 135 170 218 195
w 0.9 1.2 0.6 0.6 0.6 1.0 0.7 0.6 0.9 1.3 0.5 0.7 1.0
Zr 99.7 104.2 97.4 118.2 98.6 116.4 99.5 91.7 92.8 112.0 110.8 87.5 93.4
Y 243 20.2 19.4 23.8 18.8 251 18.5 201 20.9 19.7 23.2 19.4 21.4
La 171 15.3 15.5 18.5 13.9 19.1 15.3 13.7 13.1 16.9 18.6 12.0 14.1
Ce 321 33.2 33.2 38.0 30.1 41.2 33.2 30.4 28.9 35.3 40.0 26.5 30.9
Pr 3.82 3.67 3.73 4.40 3.45 4.77 3.73 3.43 3.29 3.80 4.58 3.09 3.51
Nd 14.2 15,0 15.0 17.6 14.2 18.9 13.9 135 14.3 14.9 18.1 12.3 13.4
Sm 3.22 3.17 3.37 3.68 3.04 4.15 3.41 3.16 3.21 3.02 3.87 2.92 3.25
Eu 0.85 0.80 0.83 1.00 0.84 0.99 0.86 0.87 0.86 0.83 0.99 0.86 0.89
Gd 3.07 3.17 3.18 3.84 3.03 4.23 3.31 3.53 3.40 3.33 3.88 3.24 3.44
Tb 0.57 0.56 0.56 0.65 0.54 0.74 0.55 0.59 0.59 0.54 0.68 0.56 0.61
Dy 3.16 3.09 3.21 3.71 3.16 3.94 3.06 3.34 3.53 3.24 3.91 3.18 3.47
Ho 0.72 0.70 0.66 0.81 0.68 0.86 0.64 0.70 0.74 0.68 0.84 0.70 0.73
Er 2.23 2.11 2.06 2.30 1.98 2.56 1.83 2.08 2.11 1.97 2.37 2.02 217
Tm 0.34 0.30 0.32 0.35 0.29 0.39 0.29 0.32 0.32 0.31 0.37 0.32 0.35
Yb 2.22 1.96 217 2.39 1.99 2.54 1.91 2.16 2.08 212 2.28 2.00 218
Lu 0.37 0.32 0.33 0.38 0.29 0.40 0.30 0.32 0.34 0.34 0.36 0.32 0.35

Mg#=100><MgO/(MgO+FeOTOT) Feror as FeyOs.



Table 1. Continued.

Sample 7564-M 7565-M 7566-M 7567-M 7568-M 7569-M 7570-M 7571-M 7572-M 7573-M 7574-M 7575-M
Area (Mts.) Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai Gutai Oas Oas Oas
Locality Runcu Baita Romlas Ulmoasa Noptii Cioncas P. Tisei Outului Brada Custurii Tarsolt Verdes
Peak Valley Valley Peak Valley Valley Peak Valley Valley Valley Valley Valley
SiO, 58.46 57.28 56.69 57.75 57.78 59.75 61.40 61.78 60.21 61.29 61.05 61.55
TiO, 0.73 0.74 0.76 0.70 0.70 0.71 0.65 0.60 0.63 0.62 0.67 0.65
AlL,O; 16.92 16.79 16.43 16.93 16.86 16.12 16.67 15.98 15.60 15.86 15.75 16.13
Fe,05 7.57 7.55 7.53 7.07 7.74 6.69 6.39 5.90 6.74 5.77 6.09 5.97
MnO 0.15 0.13 0.14 0.14 0.15 0.17 0.13 0.12 0.12 0.11 0.14 0.11
MgO 3.05 3.59 3.55 3.08 3.52 2.14 2.21 2.76 2.34 2.08 2.16 2.17
Cao 7.03 7.68 8.59 7.07 7.32 6.48 6.13 6.15 5.70 5.39 5.72 5.57
Na,O 2.62 2.56 2.32 244 243 2.84 2.84 2.83 2.86 2.83 2.69 2.77
KO 1.66 1.54 1.54 1.64 1.58 1.78 1.85 2.09 1.98 2.40 2.15 2.13
P,05 0.13 0.12 0.10 0.13 0.11 0.12 0.13 0.10 0.15 0.14 0.17 0.16
LOI 1.50 1.90 2.20 2.90 1.70 3.10 1.50 1.60 3.50 3.30 3.30 2.60
Sum 99.85 99.85 99.86 99.86 99.85 99.88 99.88 99.86 99.85 99.83 99.84 99.83
#Mg 44.39 48.51 48.29 46.32 47.40 38.79 40.66 48.10 40.75 41.66 41.27 41.86
Ba 306 271 244 323 301 316 340 364 328 500 408 411
Sc 21 25 26 21 24 20 17 20 17 17 19 18
Cr 27.4 13.7 41.0 13.7 20.5 13.7 13.7 20.5 13.7 13.7 13.7 13.7
Mo 0.5 0.5 0.3 0.6 0.3 0.5 0.5 0.1 0.5 0.5 0.5 0.6
Cu 141 375 18.6 19.6 21.6 15.8 10.3 20.4 28.8 8.4 10.1 11.2
Pb 2.0 2.0 2.0 7.3 1.2 1.7 1.9 1.2 2.2 2.6 2.1 2.9
Zn 52 36 38 54 41 53 38 18 46 44 54 52
Ni 1.6 3.6 52 3.1 4.2 21 0.9 1.6 1.1 1.9 2.7 2.6
Co 18.8 20.3 20.7 16.4 20.4 14.3 14.4 16.6 13.0 10.7 10.8 10.9
Cs 1.8 3.5 3.6 1.3 2.1 2.3 24 5.0 1.9 2.9 1.8 24
Ga 17.7 17.0 16.0 18.2 17.0 17.4 16.6 15.3 16.3 16.9 15.3 16.3
Hf 2.9 2.2 24 2.8 2.9 2.3 2.9 2.9 3.1 3.7 4.2 43
Nb 71 57 5.9 6.9 6.2 6.5 7.9 6.8 7.3 9.0 8.3 8.9
Rb 52.9 49.9 50.1 53.9 53.0 58.3 59.9 69.3 63.6 88.6 79.5 76.9
Sn 1 1 1 1 1 1 1 1 1 1 2 1
Sr 275.2 263.7 248.4 239.4 232.4 240.3 244.9 247.5 2221 233.3 233.4 2371
Ta 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.5 0.5 0.7 0.6 0.6
Th 5.7 44 47 5.3 5.1 5.8 5.6 6.6 6.7 10.2 8.5 8.0
U 1.7 1.6 1.5 1.8 1.7 1.9 22 2.3 2.0 34 2.6 2.6
\Y 194 217 213 172 201 165 144 158 154 146 149 140
w 0.8 1.0 0.9 1.0 0.7 0.6 0.8 1.1 0.7 0.8 0.5 0.8
Zr 104.3 87.9 82.0 92.6 96.2 99.8 108.6 106.1 120.4 125.3 134.3 147.4
Y 21.2 20.0 19.6 20.2 20.1 19.3 22.2 18.9 22.0 21.0 24.2 22.8
La 14.8 12.4 121 15.3 14.2 14.8 16.6 171 171 20.4 19.4 19.4
Ce 32.9 27.9 271 347 324 31.8 37.5 35.5 36.6 41.9 421 42.2
Pr 3.73 3.19 3.10 3.78 3.57 3.49 4.03 3.76 4.27 4.74 4.76 4.80
Nd 15.0 13.2 13.0 14.5 13.9 13.8 16.5 14.4 17.0 16.7 16.6 19.1
Sm 3.48 3.06 2.99 3.44 3.38 3.09 3.59 3.1 3.76 3.66 3.85 3.91
Eu 0.96 0.90 0.86 0.91 0.86 0.88 0.91 0.81 0.94 0.90 0.97 1.02
Gd 3.63 3.38 3.31 3.59 3.40 3.21 3.72 3.23 3.68 3.39 3.72 3.71
Tb 0.62 0.58 0.58 0.61 0.60 0.56 0.63 0.55 0.63 0.58 0.67 0.64
Dy 3.66 3.37 3.39 3.35 3.57 3.28 3.52 3.31 3.78 3.77 3.95 3.75
Ho 0.77 0.74 0.69 0.75 0.70 0.69 0.75 0.66 0.74 0.71 0.77 0.76
Er 2.31 2.24 2.08 2.20 2.15 2.15 2.36 1.96 2.34 2.01 2.31 2.33
Tm 0.34 0.31 0.31 0.32 0.32 0.31 0.37 0.30 0.35 0.32 0.35 0.37
Yb 2.21 2.09 2.08 2.22 2.12 2.03 2.35 1.98 2.62 2.10 2.56 2.48
Lu 0.36 0.34 0.33 0.34 0.33 0.33 0.38 0.32 0.37 0.34 0.39 0.38
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The compositional variation of the major elements in the quartz andesites from Oas-
Gutai mountains as a function of wt % SiO, and MgO is illustrated in Figs. 6.2. TiO,, Fe,03,
MgO show a negative correlation with SiO, , while the alkalies show a positive one
(Fig.6.2a,b,c). In the same time, TiO,, Fe,O3, and CaO show a positive correlation with
MgO, in the case of the alkalies showing a negative one (Fig.6.2d,e,f). In both types of
variation diagrams (reported both to SiO, and to MgO), the ,basic” quartz andesites group
from Gutai is well individualised reported to the ,acidic” quartz andesites group and to the

quartz andesites from Oas mountains (which both plott in the same field).
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Fig. 6.2. Major elements vs. SiO, and MgO variation diagrams for the quartz andesites from Oas-Gutai Mts.
Symbols as in Fig. 6.1a.



6.2. Minor elements geochemistry

The compatible trace elements (Ni, V) show a negative correlation with SiO; as a
differentiation index (Fig. 6.3.a,b), while some crustal (Rb, Th) and source (Zr, Nb)
incompatible trace elements show a clear positive correlation (Fig. 6.3c,d,e,f). In the last
diagrams, the quartz andesites from Oas mountains plott in a distinct field in the upper part
of the variation domain. The ,basic” quartz andesites group from Gutai is also well
individualised considering the variation of the Rb, Th and Zr, Nb respectively.
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Fig. 6.3. Trace elements vs. SiO; variation diagrams for the quartz andesites from Oas-Gutai Mts. Symbols as
in Fig. 6.1a.
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6.3. Geochemistry of the rare earth elements (REE)

In the chondrite-normalized REE diagrams (Sun si McDonough, 1989), both the
,basic” and ,acidic” quartz andesites from Gutai Mts. (Fig. 6.4a) and the quartz andesites
from Oas Mts. (Fig. 6.4b), show quite similar patterns, with LREE enrichment and Eu

negative anomalies, typical for volcanic rocks generated at the destructive

margins/subduction zones (Wilson, 1989). These enrichments are slightly higher in the
quartz andesites of the ,acidic” group comparative with those of the ,basic” group, as well

as in the quartz andesites from Oas.
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Fig. 6.4. Chondrite-normalized REE diagrams for the quartz andesites from: a). Gutai Mts. (“acidic” and “basic”
andesites group); b). Oas Mts. Normalizing values are taken from Sun & McDonough (1989). Symbols as in Fig.
6.1a.

In the N-MORB normalized trace element diagrams (Fig. 9a,b) the quartz andesites
from Oas-Gutéi Mts. show enrichment of the LILE (Ba, Rb, Th, U, K) and LREE (La, Ce)
and depletion of the HFSE (Nb, Ta) typical for volcanic rocks from subduction zones. The
enrichment is higher in the case of the ,acidic’ quartz andesites group from Gutai Mts
comparative with those of ,basic” quartz andesites group. The ,basic’quartz andesites
group have stronger Pb spike reported to ,acidic’ group and especially to the quartz

andesites from Oas Mts.
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6.4. Geochemical comparative considerations between the quartz andesites

from the Oas-Gutai Mts. and other Pannonian volcanics from the Gutai Mts.

The comparative study of the quartz andesites with the other Pannonian volcanics
from the Oas-Gutai Mts. area (volcanics with which the quartz andesite are either in direct
relationship or show a similar chemistry) emphasizes some similarities or dissimilarities
regarding the behaviour of the minor elements and of the rare earth elements. In all cases,
the similar patterns in the N-MORB normalized trace element diagrams can be noticed,
with negative anomalies for Nb, Ta and Ti, and positive for Rb, U, K and Pb, respectivelly.

The values for the minor and for the rare earth elements are similar, with some
slightly higher values for some of the elements in the case of some Pannonian volcanics in

comparison with the quartz andesites.
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CH. 7. THE PETROGENESIS OF THE PANNONIAN QUARTZ ANDESITES

The mineralogical study of the quartz andesites from the Oas-Gutéai Mts., focused
mainly on the chemistry of the minerals, as well as the geochemical study, based on major,
minor and rare earth elements analysis emphasized a series of features typical for the
igneous rocks generated in subduction zones: the calc-alkaline character, the significant
enrichment in the lithofile elements (Ba, Rb, Sr, K, Pb, U, Th) and in the light rare earth
elements (LREE), HFSE (Nb, Ta) depletion.

The generation of magma from the subduction zones takes place in the
asthenospheric mantle situated above the subducting plate named ,mantle wedge” (Gill,
1981). The nature of the source for the quartz andesites parental magma can be
considered of NMORB type. The low U/Th ratios, the high Th contents (Fig. 7.1.) and the
high values for the Th/Ce ratio of the quartz andesites from the Oas-Gutai Mts. suggest a
low contribution of the fluids and a high contribution of the sediments from the subducted
plate, respectively (according to Hawkesworth et al., 1997). The higher involvement of the
subducted sediments is also indicated by the Th/La variation versus Sm/La (Kimura and
Yoshida, 2006).
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Fig. 7.1. U/Th vs. Th variation diagram for the quartz andesites from Oas-Gutai Mts. The dark grey field
represent the Gutai Mts. volcanics (from Kovacs, 2002) and the light grey field represent the worldwide active
volcanic arcs (from Hawkesworth et al, 1997). F- fluids from the subducted slab variation trend; S — sediment
components from the subducted slab variation trend; Symbols as in Fig. 6.1a.

A series of other processes that can be deciphered on the basis of the mineralogical
and geochemical peculiarities are the processes that take place within the crustal magmatic

chambers, mainly fractional crystallization, crustal assimilation and magma mixing.
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The presence of fractional crystallization processes in the magmatic differentiation
is constrainted by:

- Normal zoning of the plagioclase feldspars with decreases of the An content from
70-80% in the cores to 25-30% in the rims of the phenocrysts;

- The positive, respectively negative correlations, of the majore elements with the
differentiation indexes (SiO, and MgO), as well as of the minor elements with the
differentiation indexes(SiO, and Rb); the decrease of the TiO,, Fe,0O;, MgO and CaO
contents with the increase of SiO, contents is due to the fractionation of the ferromagnesian
minerals, especially of the pyroxenes, calcic plagioclases and of the Fe-Ti oxides, while the
obvious decrease of the V content can be due to the intense fractionation of the pyroxenes;

- The positive correlation between Ba, La and Th on one side, and the Zr on the
other side (Toothill et al., 2007) or the positive correlation between the Sm and La (Zelmer
et al., 2003);

- The rare earth elements behavior in the chondrite-normalized diagrams and of the
incompatible elements in the N-MORB normalized diagrams: the negative anomalies of Eu,
that indicate plagioclase fractionation processes and the negative Ti anomalies, that
indicate the strong fractionation of the Fe-Ti oxides (Ti-magnetite, ilmenite).

Informations regarding the involvment of the assimilation processes in the magmatic
chambers from the upper crust, associated with the fractional crystallization (AFC type
processes — De Paolo, 1981) are provided by:

- The increasing ratios between the incompatible crustal elements (K and Rb) and
those characteristic for the source zones (Nb and Zr), due to the crustal assimilation; thus,
the positive correlation between K/Nb or Rb/Nb and SiO,, as well as between Rb/Nb and
SiO,, indicate crustal assimilations associated to the fractional crystallization;

- Typical assimilation - fractional crystallization (AFC) trends of the quartz andesites
samples in some discriminant diagrams reporting different ratios (K,O/Na,O and Rb/Sr
versus Rb/Zr, according to Hunter and Blake, 1995; Seghedi et al., 2004; Fig. 7.2).

The presence of magma mixing processes within the crustal chambers are
constrainted by minerals chemistry, especially of the plagioclase feldspars and pyroxenes,
as well as by their textural aspects:

- The presence of the reverse zoning in the plagioclase feldspars and of the many
recurence zones with large variations of the An content (30-35%) suggesting the

modification of the magma composition by refilling of the magma chambers with hotter and
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more basic melts and their mixing with the initial magma (Nelson and Montana, 1992;
Singer et al., 1995; Clynne,1999);
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Fig. 7.2. Rb/Zr vs. K;O/NazO (a) and Rb/Sr (b) variation diagrams for the quartz andesites from Oas-Gutai Mts.
The dark grey fields represent the Gutai Mts. volcanics (data from Kovacs & Fiilép, 2007) and the light grey field
correspond to the Carpathian-Pannonian intermediate calc-alkaline volcanics (data from Seghedi et al., 2004).
Symbols as in Fig. 6.1a.

- The presence of corroded cores and of sieved textures in the plagioclase
phenocrysts due to the crystal-melt chemical disequilibrium as a consequence of the
modification of the initial magma composition by magma mixing, as well as due to the
temperature and pressure variations (Tepley Ill, 1999; Seaman, 1999);

- The presence of the recurrent oscillatory zoning and of the reverse zoning of the
pyroxenes, which suggests changes in the crystallization conditions (P, T, chemistry) by
magma mixing;

- The presence of rounded quartz crystals with resorbed rims, sometimes even with
skeletal aspect, as well as the presence of the pyroxenes coronas around the quartz
crystals from the ,basic” quartz andesites, which are typical for magma mixing processes.
These characteristic aspects of the quartz crystals suggest that they are xenocrysts taken
from an acidic, more differentiated magma, where they originally formed.

The presence of the quartz phenocrysts along the high Mg# pyroxene phenocrysts
and the high An plagioclases proves the mixing of magmas with different compositions
(Nixon, 1988; Clynne, 1999; Murphy et al., 2000) and the hybrid character of the quartz

andesites rock-forming magmas.
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CONCLUSIONS

The quartz andesites complex from the Oas-Gutai Mts. is a distinct stage in the evolution of
the Neogene volcanism from this area. The mineralogical and geochemical data, provided
by the electrone microprobe analysis and the major, minor and rare earth elements
analysis, allowed the emphasis of some important features of these rocks:

- Oscillatory zoning, both normal and reverse of the plagioclase feldspars, with
frequent recurrences and sieved textures;

- Normal and reverse zoning of the orthopyroxenes (enstatite and ferrosilite) and
clinopyroxenes (augite and diopside);

- The presence of the magmatic amphibole (magnesio-hornblende);

- The presence of the rounded and frequently corroded quartz xenocrysts,
sometimes with reaction pyroxene coronas;

- The calc-alkaline character of the generating magmas and the medium-K
character of the quartz andesites;

- The enrichment in incompatible elements Rb, Ba, Th, U and K (LILE) and the
depletion in Nb and Ta (HFSE);

- The enrichment in light rare earth elements (LREE) and the presence of the
negative Eu anomaly.

All of the peculiarities emphasized for the quartz andesites complex are similar with
those of the calc-alkaline rocks formed in the subduction zones. The nature of the magma
sources can be considered of NMORB type, influenced to a higher degree by the
composition of the sediments from the subducted slab compared with the fluids released
from it.

The most important petrogenetic processes involved in the evolution of the parental
magmas of the quartz andesites complex were the fractional crystallization, associated with

crustal assimilation and magma mixing.
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