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CONTRIBUTIONS TO THE PETROCHEMISTRY OF THE OGRADENA GRANITOIDS
AND SOME SPATIALLY ASSOCIATED INTRUSIVE ROCKS (SOUTH BANAT)

Nicolae STAN
Institutul Geologic al Romaniei. Str. Caransebes 1, 79 678 Bucuresti 32
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Abstract: Several types of rocks have been analysed from the petrochemi-
cal point of view: metagabbrodiorites, granitoids (Ogradena and Sesemin),
and dyke rocks (granodiorite-porphyries + quartz, aplites). The chemical
and spectral analyses (Tabs. 1,2) show calc-alkaline characters with alka-
line trends to the granitoids (Figs. 2,4). In places granitoids are leucocrate-
trondhjemite with a quite narrow Si0; variation range (72.50-75.68). The
specific discriminatory S-I parameters indicate that granitoids are the re-
sult of continental-crustal anatexis processes (mainly) in relation to melts
coming from the oceanic crust and/or the mantle.

1. Introduction

The intrusive rocks and the related dykes
ate represented on the Orgova-Toplet-Biile
Herculane geological map (Stan, 1995).

The intrusions consist of metagabbros,
metadioritestquartz, Ogradena granitoids
and tectonized Sesemin granitoids, related
to granodicrite-porphyry dykes that locally
grade into diorite porphyriesquartz, small-
sized aplites, that cannot be mapped, and lam-
prophyres. Lamprophyres are altered and for
this reason their chemistry cannot be taken
into consideration; this is also the case of
the small occurrences of serpentinized intru-
sive metabasites north of Toplet,.

The petrochemistry of the Ogradena grani-
toids was studied by Anastasiu (1976).

2. Microscopic Observations

Metagabbros and metadiorites + quartz are
closely related and regionally metamorphosed
to the crystalline schists of the Neamtu Group.

Mineralogic composition: plagioclase (40~
70%, An 35-40), substituted in variable per-
centages by sericite and zoisite; green horn-
blende (10-30%), locally altered into epidote,
chlorite or more rarely actinote; quartz (5-
15%), biotite (1-3%), partially or totally chlo-
ritized; sphene, apatite and magnetite. The
femic minerals are often impregnated with
magnetite powders on the cleavage trends,
with pyrite or chalcopyrite. The rock struc-
ture is granonematoblastic.

Ogradena and Sesemin granitoids are in-
tuded both in the Neamtu Group and in the



Corbu-Vodna-Neamfu tectogenetic  zones
(Stan, 1995). Locally, characteristic minerals
— andalusite, staurolite, garnet, biotite - occur
at the contact.

Ogradena granitoid displays generally a
massive, more rarely oriented structure; the
marginal zones and the granitoid septa, that
~ penetrate the Neamtu Group, show poorly ori-

ented microgranular structures; they mostly
correspond to the Lucidol granitoids (Anasta-
siu, 1976). The boundaries between the micro-
granular oriented facies and the massive ones
are trenchant.

The crystalline schists occur as numerous
septa inside the Ogradena granitoid.

The mineralogical composition of the grani-
toid: plagioclase (35-45%, An 15-25), potash
feldspar (15-20%), quartz (24-40%), biotite
(1-10%), muscovite {1-5%), accessory min-

“erals (0.2-0.8%), garnet (0-2%). Ogradena
granitoids are leucogranites.

Sesemin granitoid 1s, in most cases, tec-
tonized, the degree of tectonization varying
within relatively wide ranges. -

From the petrographic point of view, Sese-
min granitoids are represented by leucogran-
ites, locally with trondhjemitic aspects. Gran-
odiorites or diorites were very rarely identified
in thin sections. These petrographic aspects
cannot beseparated cartographically.

The mineralogic composition of the leu-
cocrates is, as follows: quartz (25-35%),
albite-oligoclase (30-45%), potash feldspar
(10-20%), biotite (2-7%), muscovite (1-5%).
Garnet occurs accidentally.

Trondhjemites are mostly constituted of
quartz and oligoclase locally related to potash
feldspar (3-5%). The femic minerals are found
in small amounts (1-3%).

The quartz diorites differ from granites by
the absence of the potash feldspar, a reduced
participation of the quartz (5-7%), and the
sporadic presence of hornblende.

In the cataclased granitoids, quartz is fre-

quently crushed, forming the matrix ol the
plagioclase feldspar or potash feldspar porphy-
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roclasts. The intensely sericitized plagioclase
with sinusoidal repeated twinings is locally fis-
sured or broken. Calcite occurrs on fissures.
Potash feldspar (microcline, microperthite or
microcline-perthite), more resistant to the tec-
tonic influences, occurs with hipidiomorphic
outlines and poikilitic structure. Its degree
of alteration is low: sericitizations or kaolin-
izations occur rarely on the crystal surface.
Biotite is partly chloritized, bent, aligned on
the foliation planes, like sericitized muscovite.
Hornblende is altered into a zoisite-epidote ag-
gregate, or chloritized in different stages. The
textures of these granitoids are vaguely ori-
ented and the structures are holocrystalline,
hipidiomorphic. '

In the massive rocks, plagioclase is partially
sericitized, but the cataclastic fissures are ab-
sent; likewise, quartz with equigranular allotri-
omorphic outlines is no-longer crushed or de-
formed.

Granodiorite-porphyries and diorite por-
phyries £ quartz. They are grey, display-
ing a porphyritic structure; macroscopically
quartz and feldspar phenocrysts are obvi-
ous, cemented in a slightly greenish aphanitic
matrix. Under the microscope, beside the
mentioned minerals, biotite and more rarely
potash feldspar are observed, as well. The mi-
crocrystalline or granular matrix, locally gra-
nophyric, consists of the same minerals that
form the phenocrysts. The alteration phenom-
ena (sericitization, kaolinization, epidotiza-
tion, calcitization) occur frequently especially
in the groundmass. Plagioclase {Ango_s0) is
often completely altered. The quartz phe-
nocrysts represent 8—10% of the quartz diorite-
porphyries or 10-25% of the granodiorite-
porphyries. The gradings between these two
rock types depend on the quartz amount that
can vary even within the same dyke. Even the
structure of the matrix varies alleatorily from
microlitic to granular or granophyric.

Aplites are rare; they crop out as nests
of short dykes of the meters order and
consequently they have not been mapped.
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Aplites consist of plagioclase feldspar (40-
60%), quartz (30-50%), and muscovite (10~
15%).  Potash feldspar (microcline) par-
ticipates in relatively small amounts (5-
7%). The rock structure is microgranular-
allotriomorphic, the texture is massive or
slightly oriented. A |

Lamprophyres display a massive texture and
an aphanitic, more rarely porphyritic struc-
Mineralogical composition: biotite,
augite, plagioclase in diverse amounts. Potash
feldspar can be found in the matrix. Calcite
pseudomorphs after pyroxenes are often found.
Calcite and chlorite as secondary minerals are
deposited also on fissures or in the voids of the
groundmass. The mesostasis consists of the al-
ready mentioned minerals and is spotted with
iron oxides.

ture.

3. Geochemical Characters

The chemical and spectral analyses are pre-
sented in Tables 1 and 2.

3.1. Major elements

The metamorphosed the
Neami{n Gréup correspond, from the chemical
point of view, to gabbroic rocks (sample 704)
or to dioritic rocks (sample 1011): high val-
ues of Fe,O3 (3.43-8.03%), FeO (4.95-7.07%),
MgO (6.34-6.41%), and CaO (6.90-9.25%).
The alkali values are generally low. The SiO,
ratio is lower in the gabbroic rocks than in the
dioritic ones: 48.30% and 55.70%, repectively;
likewise, the values of CaQ, Fe; 05 and FeQ are
visibly higher in the gabbroic rocks in compar-
ison with the dioritic ones (Tab. 1).

Ogradena and Sesemin granitoids are char-
acterized by high SiO, values, ranging within
a very narrow range (72.50-75.68%). The val-
ues of the Al,Oy are normal (12.54-14.70%).
It is of note the very low values, in most cases
subunitary, of FeO (0.0-1.15%), Fe,03 (0.02-
1.34%) and MgO (0.05-0.77%). This points
out the leucocrate character of the granitoids,

intrusions of

particularly the Sesemin granitoids (Tab. 1).
Ca0 values, low in the Ogradena granitoids
(0.55-1.74%), are even lower in the Sesemin
granitoids (0.52-1.16%). This is explained by
the presence of the anorthitic constituent in
greater amounts in the Ogradena granitoid.
The alkali values vary, in most cases, within
a narrow range: NagO~3-4.50%>K,0~3-
3.50% for the Ogradena granitoids and
NayO~3.00-4.00% <K50~3.50-4.00% for the
Sesemin granitoids.

Granodiorite-porphyry dykes are quite sim-
ilar in chemical respect with the Ogradena
and Sesemin granitoids. However, they dif-
fer by a larger SiO; range (68.23-72.00% as
well as by higher values of FeO (1.17-1.35%),
Fe;03 (1.23-1.72%), MgO (0.55-1.26%), CaO
(2.02-2.44%). These observations are in agree-
ment with the more important participation of
the femic minerals to granodiorite-porphyries
as compared to the granitoid rocks. In the
granodiorite-porphyry dyke rocks the K,O
content is lower as compared fo the granitoids
ones (Tab. 1).

Aplites contain a great amount of alkalies,
Nay0 (3.14-4.23%) < K50 (4.02-5.32%); FeO,
Fe;03, MgO and CaO display unsignificant
values, and SiO, show high values and small
variation ranges: 73.90-75.15%.

On the Q-A-P diagram (Rittmann norm)
gabbro-diorites plot in the quartz monzodior-
ites field, and most of the granitoid rocks in
the granite (monzo-syenogranites) field, very
few in the granodiorites field (Fig. 1). The
leucocrate character of the granitoids is shown
on the TAS diagram (Andreeva et al., 1985) as
well as on O’Connor diagram (1965) on which
some granitoids show trondhjemitic features
(Figs. 2, 3). The TAS and Si0,-1A diagrams
(Fig. 4) stress out the calc-alkaline to alkaline
character of the granitoid rocks. On the TAS
diagram the gabbrodiorites are plotting in the
gabbros and diorites fields.

For the granitoid rocks Ab>Or>An; for
gabbrodiorites An>Ab>Or (Fig. 5).
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Fig. 3 - Or-Ab-An (O’Connor, 1965) diagram.

Symbols: 1, metagabbrodiorites & quartziferous; TJ, trondhjemites; GR, granites. Symbols for the

2, Ogradena granitoids; 3, Sesemin granitoids;
4, granitoid-porphyry dykes; 5, aplites.
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rock types as in Figure 1.

5104

55 58 81
INTERMEDIARY

49 52
BASIC

64

§7 W 73 78
ACl1D

Fig. 2 - Andreeva et al. (1981) diagram. GB, gabbros; DI, diorites; MZDQ,
quartziferous maonzodiorites; LG, leucogranites; GD, granodiorites; ALKRA-F, field
of alkaline rocks with feldspatoids; ALK R-F, field of alkaline rocks without feldspa-
toids; S ALK R, field of alkaline rocks; C ALK R, field of calc-alkaline rocks.
. Svmbols for the rock types as in Figure 1. '
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Fig. 4 - Si0y~A.1. (Alkali index). Symbols for
the rock types as in Figure 1.
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Fig. 5 — Or—Ab-An diagram. Legend for the
rocks types as in Figure 1.

3.2. Minor elements

The values of the minor elements are shown
on Table 2.

Metagabbrodiorites are more basic rocks
and they display higher values of Ni (x=45),
Co(x=29), Cr(x==220), V(x=225), Sc(x=25.5)
in comparison with the other rocks.

In the granitoid and dyke rocks the minor el-
ements show values compatible with the clarks
of the respective elements.

N. STAN

In the Ogradena granitoid rocks the ra- '
dioactive elements show low values: U=1.6-
4.7 ppm, Th=2.4-13.6 ppm. For aplites:
U=1.8-3.6 ppm, Th=3.4-16.5 ppm, and
for granodiorite-porphyries: U=4.4-5.0 ppm,
Th=7.8-12.8 ppm (analysts: E. Vijdea, L
Tiepac).

4. Conclusions
The petrochemical parameters discrimina-

tory for the genesis of the granitoid rocks,
mentioned by Chappell and White (1974),

- White and Chappell (1983), Didier et al

(1982), Hine et al. (1978), Hussein et al.
(1982), Pearce and Gale (1977), show that the
Ogradena and Sesemnin rocks mainly belong
to type S; they are the result of the crustal-
continental anatexis under compression condi-
tions. In this respect the biotitic-muscovitic
character of monzosyenites, the lack of horn-
blende in the Ogradena granitoids and its spo-
radic presence in the Sesemin granitoid are
to be stressed out. The omnipresence of the
potash feldspar both as phenocrysts and in-
vasively, the high value of S5i0;>65% and
the narrow variation range of this parameter
(72.50-75.68%), the very low values of IeQ
(0.01-1.15%) and Fe; O3 (0.02-1.34%), and the
values for Y and Nb (40-50 ppm and 10-26
ppm) are also to be mentioned.

These crustal-anatectic magmas underwent
the influence of some melts coming {rom the
oceanic crust and/or the upper mantle because
the granitoids show values of Nay;0>3.0%
(3.03-4.95% for the Ogradena granitoid and
3.27-4.76% for the Sesemin granitoid); in most
cases NayO>K,0. These values are specific to
the granites of type L.

The influence of the melts coming from the
mantle is argued by Robu and Robu (1992)
based on the study on the morphology of
the zircon crystals belonging to the Ogradena
granitoid. The lamprophyric dykes are also
the result of the differentiation of a fluid pha-
sis from the mantle.
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PETROGENETIC AND TECTONIC SIGNIFICANCE OF REE AND
SOME TRACE ELEMENTS IN THE GRANITOID ROCKS OF BANAT

Nicolae STAN, Ion TIEPAC
Institutul Geologic al Romaniei. Str. Caransebes 1, 79 678 Bucuresti 32

Key words: Granitoid rocks. REE. Minor elements. Partial melting of the
crust. Eclogitic sources. Collision. Late-post-kinematic. Metagreywacke.

Abstract: The REE contents and the LREE/HREE ratios of the granitoid
rocks in Banat are low (Tabs. 1,2). The Eu anomaly is absent, excepting
the samples 723 and 13 (Iigs. 1, 2). These data are in agreement with
the hypothesis of partial melting of the continental crust as a magmaltic
source. The Ogradena, Cherbelezu and Sfardin granitoids (Danubian base-
ment) occurred probably as a result of the anatexis of some biotite plagio-
clase gneisses (metagreywacke). The Sichevita granitoid (Getic basement)
formed probably by the partial fusion of some eclogitic sources in connection
with sources originating in metagreywacke. The two negative anomalies in-
dicate that feldspar was involved in a certain stage of the granitoid genesis.
The analysis of the elements illustrates also the part played by the mantle
and /or oceanic crust in the granitoids formation. However, the main part
was played by the continental crust. Granitoids formed by collision under

late- or post-kinematic conditions (Figs. 7.9).

Introduction

The granitoids of the South Banat belong to
the orogenic belt of the South Carpathians.

The Sichevita intrusions situated in the tec-
tonic unit of the Getic Nappe are represented
by monzogranites, syenogranites, granodior-
ites, tonalites and trondhjemites (Stan et al.,
1992). The Ogradena, Cherbelezu and Sfardin
intrusive bodies are situated in the Danubian
tectonic unit. In petrographic respect, these
massifs consist of monzogranites, syenogran-
ites and, to a less extent, of granodiorites (Stan
and Tiepac, 1994). The granitoids of Banat
are intruded into Precambrian and/or Cam-
brian formations (Savu, 1979), of Barrovian

type, metamorphosed in the almandine am-
phibolite facies (Bercia, Bercia, 1975; Savu,
1979).

The chemical parameters resulting from
the processing of the major elements led to
the conclusion that the granitoid rocks are
mainly of crustal-anatectic origin but the ori-
gin sources underwent also the influence of
magmas originating in the mantle, or/and the
oceanic-basaltic crust. The granitoids are per-
aluminous (Mol. Al,O3/Na,O + K,0 + CaO
> 1) and belong to S-type; only a few pa-
rameters are characterisitc of I-type (Stan and
Tiepac, 1994).
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The study of REE and trace elements can
offer some indications on the petrogenesis and
tectogenesis of the granitoids in Banat. The
use of the REE and trace elements for the de-
ciphering of the petrogenesis of the granitic
rocks is quite difficult because, unlike the ba-
sic rocks, granitoids can come from quite var-
" ied sources: amphibolites or gabbros at low
pressures, or eclogites at high pressures; meta-
greywacke, meta-arkoses, meta-clays, granitic
gneisses or other intermediary eruptive rocks
or, quite probably, wet peridotites. Moreover,
there are also other difficulties when modelling
a petrogenetic setting, e.g.: the lack of ac-
curate data on the conditions of melting of
the sources, the way in which the REE dis-
tribution between the two phases crystal-melt
changes progressively according to the varia-
tion of the pressure and temperature, etc. It
is worth mentioning that many patterns us-
ing REE in order to explain the petrogene-
sis of the granitic rocks take mostly into ac-
count only the processes of patial melting and
of fractional crystdllization, thus simplifying
the more complex cases. The evolution and in-
fluence of the volatiles, magma mixtures, the
liquid immiscibility are less mentioned in order
to explain the REE distribution. Neverthe-
less, REE and trace elements offer significant
information-both as regards petrogenesis and
tectogenesis of the granitoid rocks. All these
data have to be°corroborated with the field
evidence concerning the relationships between
the granitoid rocks and the adjacent rocks, the
metamorphic facies of the crystalline schists in
which they are intruded, petrography, miner-
alogy and geochemistry of the major elements
beloging to the intrusions.

REE and trace elements contents.

Petrogenetic implications

The REE and some minor elements distri-
bution in the granitoid rocks is illustrated in

Table 1; some ratios of these elements are ren-
dered in Table 2.

N. STAN, I. TIEPAC

The REE cantents in the analysed rocks are
low and they vary within a relatively narrow
range: SREE=31.5-118.9, the mean value on
rock types ranging between 46.1 and 100.5.
The LREE/HREE ratios are also low, with a
small or moderate variation range (6.2-104.1);
the mean of the values of granitoids type varies
between 18.0 and 77.5 (Tab. 2). In this respect
it is of note the ratios La/Lu (cn)=2.9-68.0
(excepting sample 47 = 131.6) or La/Yb (cn)
= 2.5-42.3 (excepting sample 244 = 55.4).

There is no relationship between the petro-
chemical composition of the rocks and the
REE behaviour; the trend of the lines on dia-
grams is similar for most of the samples (Iig.1,
Fig. 2}

The Eu anomaly is absent for most of the
cases or it is poorly expressed (e.g. samples
723 and 13; Figs. 1,2). The lack of the Eu
anomaly is illustrated also by the Eu/Sm ra-
tio which, for the granitoids of Banat, ranges
between 0.23 and 0.41 (Tab. 2).

The Cherbelezu, Stardin and Sichevita gran-
itoids display high contents of LREE (La=50-
100) and low contents of HREE (Lu=2-8). In
case of the Ogradena granitoids the REE frac-
tloning is quite obvious but less pronounced:
LREE (La=12-16), HREE (Lu=5-12).

Similar situations with those presented
above were also mentioned by Gromet and Sil-
vers (1987) for the Rangers batholith in Cal-
ifornia, Dodge et al. (1982) for the Sierra
Nevada granitoid batholith, and Toth (1987)
for the Idaho batholith in Oregon.

The low values of YREE and of the
LREE/HREE ratios — La/Lu (cn) and La/Ybh
(cn) - for the granitoids of Banat are com-
patible with the statistic values reported
by Cullers and Graf (1984) for monzonites,
syenogranites, granodiorites and tonalites
without Eu anomaly. '

The petrochemical uniformity of the Danu-
bian granitoids from Banat (syenogranites-
monzogranites, granodiorites) with small vari-
ation ranges of the major chemical elements,
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corroborated with the peraluminous character
of S-type of these rocks (Stan et al., 1985;
Stan and Tiepac, 1994), with the absence of
Eu anomaly, with the low YREE values and
the LREE/HREE ratios suggest that these
acid intrusions originate mostly in the par-
tial melting of the crust. The granitoid rocks
with such characteristics can originate, ac-
cording to the researches carried out by Win-
kler (1979), in the melting (50%) of a biotite,
quartz, plagioclase gneiss (metagreywacke), in
a complex succession of reactions at a temper-
ature of 670-690°C. The residuum consists, in
such cases, of hornblende, sphene, garnet and
quartz. The REE concentration is compatible
with the ratios obtained in the analysed intru-

sive rocks (Cullers and ‘Arnold, 1981).

In other cases, the lack of the Eu anomaly or
the existence of an unsignificant Eu anomaly
for monzogranites and syenogranites is jus-
tified as a result of sources devoid of resid-
" ual feldspar. that cannot concentrate REE.
In such situations most of the crustal sources
with feldspar are out of question and, accord-
ing to test data, eclogites or quartz-eclogites
are frequently mentioned as source of gra-
nodiorites (Buma et al., 1971; Jahn et al.,
1974, 1980; Ewing, 1979; Cullers and Arnold,
1981). It is unlikely that the source of
the Ogradena, Cherbelezu and Sfardin gran-
itoids should be of eclogitic origin because
these granitoids are little differentiated in pet-
rographic respect. This hypothesis would
be probably more suitable for the Sichevita
granitoids, that belong to the Getic Nappe,
more differentiated from the petrographic
point of view {granite-granodiorites-tonalites-
trondhjemites), peraluminous, of S+I-type
(Stan et al., 1992; Stan and Tiepac, 1994),
that also show an Eu absent anomaly. Even
for the Sichevita granitoid the hypothesis of
the melting of metagreywacke has to he con-
sidered. Moreover, the two samples (713 —
Ogradena granitoid and 724 - Sichevita gran-
itoid; Figs. 1,2} that display a negative Eu
anomaly indicate that, at least at a certain

N. STAN, I. TIEPAC

moment, plagioclase feldspar was involved in
the partial melting or fractional crystallization
processes.

On the other hand, the lack of the Eu
anomaly in case of the granitoid rocks might
be due to the grading of Eu®t to Euv®'. It
presumes, concomitantly with the oxidation
of the magmatic chamber in course of cool-
ing, a low pressure and a major water ex-
traction by means of hydrothermal solutions
and, therefore, REE concentration in the ac-
cessory minerals from pegmatites (Buma et
al., 1971). In fact, the pegmatites from the
Sichevita granitoids are very rare, of small
sizes and constituted of: quartz, plagioclase,
feldspar potash. The accessory minerals are
almost lacking. Pegmatites occur only excep-
tionally in the Cherbelezu granitoid, whereas
in the Ogradena and Sfardin granitoids they
have not been identified.

While the REE contents indicate the con-
tinental crust as origin for the granitic rocks,
some ratios of the trace elements suggest that
the mantle was more or less involved in the
petrogenetic process. The trace elements ra-
tios are contradictory as regards the specifi-
cation of the source. Thus, Zr/Hf ratio = 30
is typical of the rocks originating in the man-
tle, whereas Zr/Hf ratio = 40 is characteris-
tic of the rocks originating in the crust (Eby
and Kochhar, 1990). From this point of view
the Ogradena (X = 30) and Cherbelezu grani-
toids (X = 28.1) would originate, at least par-
tlally, in the melting of the mantle, whereas
the Sfardin granitoid (X = 35) would have a
mixed origin (mantle + crust). The Sichevita
granitoid (X = 49) would be mostly the result
of the crust melting (Tab. 2).

According to Eby et al. (1992), the Nb/Ta
ratio = 15-18 is typical of the magmas coming
from the mantle (Hofmann, 1988), whereas the
average value of the crust is 11 (Taylor and Mc
Lennan, 1985). If we-consider these standard
values then the Ogradena (X = 11), Cher-
belezu (X = 7.8) and Sfardin (X = 11.6) gran-

itoids mostly come from magmas originating
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in the continental crust, whereas the Sichevita
granitoid, with values ranging between 11 and
25, would originate in both, mantle and crust
(Tab. 2).

Another ratio that can be taken into con-
sideration when establishing the magmatic
sources of the granitoid rocks is Y/Nb ratio
(Eby et al., 1992). Thus, the magmas coming
from oceanic-island basalts or from the mantle

show 0.3-1.2 values, whereas the average value
of the continental crust is, according to Tay-
lor and Mc Lennan (1985), 1.8. In this re-
spect, the Ogradena and Sichevita granitoids
(both of them with X = 1.4) might originate
in a mixed source — mantle and crust, and
the Cherbelezu granitoid (X=0.8) in basalt-
oceanic or mantle sources, as the Stardin gran-
itoid (X=1.1: Tab. 2}.
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These contradictory data can be the result
of the redistribution of trace elements in the
crust, according to their mobility, as a result of
the circulation of metasomatizing fluids com-
ing from the mantle. In this sense one can
also interpret the behaviour of the trace ele-
ments on Harker’s diagram (Fig. 3): Y and
Ga show quite constant values proportionally
with the increase of 510, value; 7r is decreas-
ing slowly concomitantly with the increase of
Si0s; unlike it, Ba and Sr show values different
as compared with the increase of 5iOs.

These aleatory variations are interpreted by
Chappell et al. (1987) as a result of the suc-
cessive fluid phases from the subcrustal zones
in the chamber where the fusion took place. In
case of the Banat granitoids Y and Ga are less
affected by the fluid pulsations, these elements
being less mobile, unlike Ba and Sr which are
much more sensitive to such variations.

The hypothesis according to which the crust
is influenced by sources from the mantle is also
supported by the Ce/Yb (cn) - Ce diagram
(Fig. 4).

1&9
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24+
21k s T
- ’,. °\\
18‘ | @ :
S 15¢ e 7
= ) e +.1
E 9: Cog % A;] A2
af S e
L s o b
3:+//

10 20 30 4 S0 & 70 80
Ce(ppm)
Fig. 4 - Ce/Yb (cn) - Ce (ppm) diagram.
-4, see Figure 3. '

Scott and Vogel (1980), showed that the gran-
itoid rocks in which the Ce/Yb ratio varies

N. STAN, I. TIEPAC

proportionally to the Ce value - as in case of
the Ogradena granitoids — formed by the par-
tial melting of the sialic crust. If the rocks
plotted on the respective diagram are dis-
posed aleatory, e.g. in case of the Sichevita,
Cherbelezu and Sfardin granitoids, then they
formed from the mantle-crust nuxture.

Trace elements contents. Tectogenetic
implications

Pearce et al. {1984) and Harris et al. (1986)
tried, using trace elements, to make up differ-
ent diagrams in order to discriminate the gran-
itoid rocks from the tectonic point of view.

On the Nb/Y diagram (Fig. 5) the gran-
itoids of Banat plot in the VAG + COLG
field (volcanic arc + collision), and on the di-
agram Ta-Yb (Fig. 6) most of the Cherbelezu
and Sfirdin granitoids plot in the COLG
area, whereas the Sichevita and most of the
Ogradena granitoids plot in the VAG area.
This fact could be interpreted as a result of the
decrease of the Ta content in the crust and/or
as a result of the crust-mantle mixture.

1000- Gl
: oz
] e 3
. o b
1004 ‘
Nb -: VAG +
ppm 7 syn-COLG _
i g
10+ o |
§ ORG
1'0 i T |||]||1l0 T | § l||]|1|i00 T LILI |l|%aoo

Y ppm

Fig. 5 - Nb-Y diagram (acc. to Pearce et al., 1934)
WPG: within plate granites; VAG+Syn—-COLG: vol-
canic arc + collisional granites; ORG: ocean ridge

granites. 1-4, see Figure 3.
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However, the field data and the geochemical
41 data based on major elements indicate that the
A2 granitoids of Banat are of collision type (Stan
o and Tiepac, 1994). This fact is also confirmed

by the (Rb/10) — Hf - (Ta x 3) diagram on
WPG oF which the granitoids surpass the COLG line,
plotting in the VAG field and in the WPG field

/ (Fig. 8); this situation was

Rb/10

ORG

TTT T T TTTT

10 100

Yb ppm

Fig. 6 — Ta~Yb diagram (Pearce et al., 1984},
Legend as in Figures 3, 5.

On the Rb-(Y+Nb) diagram all granitoids
~ (except the Sichevita ones, for which Rb has

not been analysed) plot in the VAG area
(Fig. 7).

Hf 82 49 Tax 3

Fig. 8 - Rb/10-Hf-Tax3 diagram (acc. to Harris et

éyn -COLG e ' 1 al., 1986). Legend as in Figures 3, 5.
e : ' Rb/30

= & 2
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Rb 7
ppm ]
e Oman
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Fig. 7 — Outline of areas for some post-collisional Fig. 9 - Rb/30-Hf-Tax3 diagram (acc. to Harris et
granites in Grandes Rousses, Querigut, Adamello and 4] 1986). 1, syn-collisional granites; 2, late- and post-
Oman, on the Rb—(Y+Nb) diagram acc. to Pearce et collisional granites; 3, volcanic arc granites; 4, within
al., 1984, as compared to the plotting of the Banat plate granites.

granitoids. Legend as in Figures 3, 5.
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interpreted by Harris et al. (1986) as quite
characterisitc for the collision granitoids.

As regards the interpretation of the Rb -
(Y + Nb) diagram (Fig. 7), Pearce et al.
(1984) mentioned that sometimes the location
of some collisional granitoids in the VAG field
is due to the crust initially poor in Rb and Ta.
Moreover, on this diagram Pearce et al. (1984)
plotted some granitoids proved, on geological
criteria, to be post-collisional.

The plottings of the granitoids of Banat
are superposed in the VAG field on the post-
collisional granitoids fields from Querigut,
Adamello and Oman (Fig. 7). Consequently,
the granitoids of Banat are late- or post-
collisional, a fact reiterated by the plotting of
the granitoids on the (Rb/30) — Hf - (Ta x 3)
diagram (Fig. 9).

Conclusions

The REE contents of the granitoids of Banat
are low, like the LREE/HREE ratios. The Eu
anomaly is absent, excepting the samples 723
and 13 (Tabs. 1 and 2; Figs. 1,2). These data
are in agreement with the hypothesis of the
partial melting of the crust as magmas source.

The Ogradena, Cherbelezu and Sfardin
granitoids were probably generated by the
anatexis of some biotite quartz plagioclase
gneisses, that vielded a residuum constituted
of hornblende, sphene, garnet and quartz.
Most. of the REE concentrated in these resid-
- ual minerals.

The Sichevita granitoid probably formed by
the partial fusion of some eclogitic sources in
association with sources coming from meta-
greywacke.

The Eu negative anomalies for the two sam-
ples (723 and 13) show the involvement of
feldspar, during a certain stage, in the gene-
sis of the granitoids (Figs. 1,2).

The analysis of the trace elements suggests
also the involvement of the mantle and/or
oceanic crust in the formation of the grani-

toids. The trace elements indicate, for the
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acid intrusions of Banat, both sources from
the mantle/oceanic crust and from the crust.
This can be explained by the influence of the
metasomatizing fluids coming from the man-
tle, that redistributed the trace elements ac-
cording to their mobility. Here, one can take
into account the ever changing conditions of
pressure and temperature from the melts in
course of consolidation, the isomorphous sub-
stitution affinities of the elements, the size of
the ionic ray, etc.

In the genesis of the Banat granitoids the
continental crust played a dominant part.
The sources coming from the mantle and/or
oceanic crust were probably more abundant for
the Sichevita granitoids { Getic Nappe) as com-
pared to the Ogradena, Cherbelezu or Sfardin
granitoids (Danubian unit).

The granitoids of Banat formed, as illus-
trated on some diagrams based on trace ele-
ments (Figs. 5,8), by continent-continent colli-
sion. The granitoids were emplaced under late
or post-kinematic orogenic conditions (Figs.

7,9).
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PETROCHEMICAL CHARACTERIZATION OF THE SYENITES IN BANAT
(ROMANIA).REE AND TRACE ELEMENTS CONTENTS: PETROGENETIC AND

TECTOGENETIC CONSEQUENCES

Nicolae STAN, Ion TIEPAC

Institutul Geologic al Romaniei. Str. Caransebeg 1, 79678 Bucuregti 32

Key words: Syenites. REE. Trace Elements. Major Elements. Eu
anomaly. Mantle. Continental Crust. :

Abstract: The syenitic bodies (Jurassic — pre-Oligocene) are pemnetrat-
ing the granitic-crystalline basement of Precambrian-Cambrian age (Fig.
1). Syenites display a concentric structure: the central part is made up
of nepheline syenites, and the peripheral part of alkali syenites. The rocks
show peralkaline-peraluminous (Fig. 3), sub-agpaitic characteristics (I'igs.
4,5). The EREE contents are relatively low: for nepheline syenites they are
ranging between 94.5 and 151.7, and for alkali syenites the values increase
up to 290.5 (Tab. 3). Eu anomaly is positive for most of the nepheline
syenites and it is absent for the alkali syemites (Fig. 6). It indicates
that the nepheline syenites are "cumulates” and that the alkali syenites
at the periphery have been influenced by the continental crust. The ratios
Nb/Ta=9.5-21.7 and Y/Nb=0.1-0.3 (Tab.3) point out that the rocks orig-
inate in the mantle. Nb-Y and Ta-Yb diagrams (Figs. 8,9) and 10,000
x Ga/Al~(Nb,Zr, partially Ce,Zn) diagrams (Fig. 7) prove the A-type
anorogenic character of the syenites in Banat. The syenitic rocks are the
result of the partial melting of peridotites in the mantle under conditions
of distension caused by the reactivation of old faults and shear zones of the
continental crust.

Introduction

The syenitic rocks in the South Banat (Fig.
1) are cropping out sporadically on reduced ar-
eas on a NNE-SSW trending alignment of 7-8
km coinciding with an old tectonic dislocation,
probably of Cambrian age (Stan, 1983). Syen-
ites were described by Streckeisen and Giugca
(1932), Codarcea (1937) and Anastasiu {1973,
1976).

The syenitic bodies penetrate both the
Precambrian-Cambrian crystalline basement
of the Neamtu group and the Ogradena calc-
alkaline granitoid, probably of Old Caledonian
age (Codarcea, Pavelescu, 1963). According
to Anastasiu (1976), these small alkaline bod-
ies display a concentric structure: the central
part consists of nepheline syenites, and the
marginal zone of alkali syenites. The rock tex-
ture 1s massive.
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Fig. 1 - Location of syenite rocks and geologic
setting. 1, Neogene deposits; 2, nepheline
and alkali syenites; 3, calc-alkali granitoids

(Ogradena); 4, crystalline schists (Neamtu); 5,
reverse faults. '

Mineralogic and petrographic data

The nepheline syenites (foyaite) show fane-
rocrystalline, hipidiomorphic, more rarely mi-
crocrystalline, structures. Mineralogic compo-
sition: micropertites and microcline-pertites,
with frequent Karlsbad twins. The poikilitic
structures are determined by nepheline augite-
egyrine and apatite inclusions. Plagio-
clase feldspar is locally substituted by albite.
Nepheline is frequently corroded by cancrinite.
Sodalite occurs as masses at the expense of
nepheline.

Alkali syenites are mostly feldspathic with
a few femic minerals. Mineralogic composi-
tion: perthite, microcline-perthite, albite, mi-
cas and iron oxides. They show an allotri-

talline structure.

The accessory minerals of syenites are rep-
resented by zircon, apatite, sphene, rarely epi-
dote and garnet.

Analysis of major elements of REE
and trace elements: petrogenetic
consequences

The primary analytical data for the charac-
terization of syenites are presented in tables 1
and 2.

On the R1-R, diagram (Fig. 2) four analy-
ses plot in the nepheline syenites field and one
analysis in the alkali syenites field.
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Fig. 2 - R;-R; diagram (De la Roche et al.,
1980).

The rocks are subsaturated in silica:
Si0,=51.90-55.35 %, but suprasaturated in
alumina: Al03=20.20-21.44 %. Alkalies
are found in great amounts: NayO=7.97-
9.03 % (excepting sample 1074 where Na,Q
represents 243 %); Ky,0=6.94-10.77 %:

Among the trace elements, Zr (310-580
ppm), Nb (120-230 ppm), Sr (frequently more
than 1000 ppm), and Ba (1100-2100 ppm) oc-
cur in great amounts. Yb, Lu, Cs, Sc, Pb, Cu,
Zn, Ni, Co, Cr are found in small or very small
amounts (Tab. 2).

The rocks are peralkaline or peraluminous

(Fig. 3) and they could be classified, accord-



25

PETROCHEMICAL CHARACTERIZATION OF THE SYENITES IN BANAT

utsojerg eulry ‘owdary | :sysdEuy

98 8T 0S5  8BI it g g 00ST  000I< 90 8¢ Q€C 901 09 08 Tao 8T L1 £Eag TE ©F 8101 9'0% 0
86 61 0¢ ST 29 |4 [4 0S¢l 0001 80 OT1 O0LT E€FL &C 038 €0 L1 6F 90 €¢ 09 0CII 82T £0
€8 ¢1 0% 8L €. S Ol O00IT 000I< S0 0% 0L ¥G6 6% 08k 20 &1 L&l ¥0 L1 _¥E 06L 891 10
0 61T 07 91 Z9 |4 € 0002 000I< 90 €T 0gl 9% L€ 0Ig EO0 't &t £0 071 e 689 B'AT ¥0
€9 61 ¢€ L1 OLL 2L Dz 00IZ 08 S0 ¥z 081 92l oS 0S¢ 20 &0 S£  OL 97 gL 1891 LDII 201
A _©° IN ® u 1np q4 =g 13 ° sO AN %L JH 347  ©] QA A 9L g wWg 3) e] [ ‘ousdureg |
{(wrdd) syuejuoo sjuawrage s0v1y pue T
G °l9E],
naseUI[R) BUIG SA[RUY saqtuads surpydou = Jou—Ag !solluads [[eye = yr-Ag
666 LT0 001 891 €20 €06 LO°L ST'E &0 £2°0 690  g£9¢ 0z 0T 890 0§ 1¢ Jou-Ag &0
€866 120 00 08T 10  IW'8 k69  PIE 840 120 EPT  PLT 090G 890  A1gS | Jeu-Ag £0
0§66 Q02’0 00T 0s8°1 910 264 9ar's BE'E £F'0 810 PG are 1 IT 140 (AN pu-ig ST [T G 1o
8L66 610 QS'1 69'1 80°0 60°8 Lo L Or'e GF'0 81°0 980 €6'C 080T 6870 eee Jou-Ag FO
$966 €20 080 ¥O'L 800 E€FT  ALOT 20 £9'0 L0 70O £FS  bPIE V60 SE'SS | N[E-AS vlLRUnqIe)) 208
(=100 s 00 _OFH 0% O%N 0%  O®> OFW QU 0% fQ%d4  SQUY  fOIL  cols | adfpoy | Ayeoey [ cou ojdureg |

(94) s1uaqu0d syusuraps 10le Ry

[ *[9&L



26

ing to Edgar’s criteria (1974) and Currie’s di-
agrams (1976), as sub-agpaitic syenites (Figs.
4, 5).

N. STAN, I TIEPAC

interval: LREE=95.4-151.7, excepting sam-
ple 1074, where the TREE contents represent
290.5 (Tab. 3).

, Table 3

= : REE and trace elements ratios (cn and ppm)
Q
E 13{METAALUMINOUY PERALUMINQOUS i 7 B W
] Taflw(a) 119 _ 96 108 &7 180
R M s Ta/¥Eim) ~ 50z 58 95 L0 99
o 01 1074 Ce/Yb(en) 3 B35 171170 146
g 10 . e Eu,/Sm. 65 "0z ©O5 05 05
= oy ° TREE 2602 054 102.6 151.7 1370
& 0.61pERALKALINE LREE/HREE 204.5 356 56.3 55.8  57.1
Gy ——— R Ze/U1 964 838 918 615 968
% 05 o1 0y 1113 15 % ‘ Nb/Ta s o5 d5l 1§ iy
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Pig. 3 — Al/Alk-Al/Alk+C (Mol.) diagram.
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The REE contents (ppm) of the syenitic
rocks are relatively low, varying within a small

&

The LREE/HREFE ratios range within the in-
terval 35.6-57.1, excepting sample 1074 whose
ratio is higher: 204.5. The La/Lu(cn),
La/Yb(cn) and Ce/Yb(cn) ratios are illus-
trated in Table 3.

Fu anomaly for three out of five samples is
positive, whereas for samples 04 and 1074 this
anomaly is absent (Fig. 6).
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Fig. 6 -~ Chondrite-normalized REE patterns
' of the syenite rocks.
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The positive Eu anomaly in such alkali
rocks is interpreted as a result of the cumulus
of feldspars resulting from the fractioning of
melts coming from the mantle (Jones, Larsen,
1985; Garcia, 1988; Eby, Kochhar, 1990; Cone-
ico et al., 1991). The lack of Eu anomaly sig-
nifies the absence of feldspar from the crystal-
lization system (Buma et al., 1971; Jahn et al.,
1979) or the oxydation of Eu?>T to Eu®" in the
system (Cullers, Graf, 1984).

Zr/Hf ratio is very high, ranging between
61.5 and 96.6; exceeding the average value is
30, typical of the rocks originating in the man-
- tle, or 40, typical of the rocks originating in the
continental crust; marker values estimated by
Eby and Kochhar (1990). Unlike it, Nb/Ta
ratio of 15-18, typical of the magmas coming
from the mantle (Hofmann, 1988, mentioned
by Eby et al., 1992), superposes to a large
extent over the Nb/Ta values of the syenitic
rocks in Banat (9.5-21.7) (Tab. 3). Likewise,
Y /Nb ratio ranging between 0.1 and 0.3 (Tab.
3) is very close to the values 0.3-1.2 mentioned
by Eby et al. (1992) as characteristic of the
magmas originating in ocean sources — basalt
island or in the mantle. Y/Nb ratio specific to
the continental crust is, according to Taylor
and Mc Lennan (1985), much higher (1.8).

Tectogenetic considerations

The crystalline-granitic basement pene-
trated by the syenitic rocks is of Precambrian—
Cambrian age (Codarcea, Pavelescu, 1963).
The age of the syenitic rocks in Banat is not
specified yet. By comparison with rocks of the
same origin from close areas whose age is well
documented, e.g. the Ditriu syenites (Streck-
eisen, Hunziker, 1974) or the alkali rocks south
of the Danube (Terzici, 1983), one can presume
that they might be Jurassic or more probably
post-Cretaceous — ante-Oligocene in age.

Syenites in Banat are situated in a zone that
belongs to a stabilized mobile belt (Anastasiu,
1973). The location of many alkali magmas
in a late post-orogenic regime is mentioned

by Pitcher (1982, 1987). From the tectonic
point of view, the syenites in Banal are of
A-type (alkali, anorogenic, sensu Loiselle and
Wones, 1979), in places modified, in chemical
respect, by the crystalline-granitic basement
penetrated by them (Fig. 7).
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Fig.7 — 10.000 Ga/Al-(Ce,Nb,Zr,Zn) diagram
acc. to Whalen et al., 1987: I-type; S—-type;
A-type.

The anorogenic character 1s llustrated also on
the diagrams by Pearce et al. (1982) (Figs.
8,9).

The alkali intrusions in Banat occurred
along some faults and shear zones of Cambrian
age, later on reactivated during the Jurassic -
ante-Oligocene time span.

The deep crustal faults, according to Currie
(1976) who tried to explain the tectogenesis of
the syenitic batholiths in Canada, can collect
the primary alkali magmas originating in the
mantle.

The syenite bodies in Banat originate in the
upper mantle of the astenosphere, constituted
of peridotites. According to Currie (1976) the
partial melting of a peridotitic layer under con-
ditions of a very reduced water amount (0.1 %)
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Fig. 8 - Nb-Y diagram (acc. to Pearce et al.,

1984). WPG: within plate granites; VAG +
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Fig. 9 - Ta-Yb diagram (acc. to Pearce et al.,
1984). Symbols as in Figure 8.

at high pressures determined the formation of
a alkali-basalt liquid. The magma alkalinity,
that increases with depth, is due to the or-
thopyroxene stability at high pressures within
a quite large temperature interval. Orthopy-
roxene, a mineral relatively rich in silica,

N. STAN, I. TIEPAC

determines the desilication of the yielded lig-
uid, that is alkaline.

On the other hand, the part played by water
and local distension in the reactivated shear
zones, as well as the connection in time and
space between the calc-alkali and alkali rocks
were analysed by Bonin and Lameyre (1978)
and by Bonin (1983, 1987, 1988, 1990). In this
respect it 1s of note that from the anhydrous
primary magmas, settled in a hydrated litho-
sphere, rocks suprasaturated in silica, that is
calc-alkali rocks, will crystallize, and from an
anhydrous primary magma that cannot be hy-
drated by the continental crust, rocks subsat-
urated in silica, that is alkali rocks, will re-
sult. An orogenic belt becomes entirely an-
hydrous very late, after about 500 Ma from
the ceasing of the orogenic movements (Bonin,
1990). The syenitic bodies in Banat formed
in an orogenic craton zone from alkali-basalt
magmas through the fractional crystallization
of the melting injected in the anhydrous con-
tinental crust, concomitantly with the filter-
ing of the leucocrate liquid. These alkali mag-
mas, a result of the feldspathic cumulates, in-
fluenced and were influenced in their turn by
the continental crust in the adjacent zones.
Thus, the concentric structure of the syenites
in Banat is explained: the central zones con-
stituted of nepheline syenites, subsaturated in
silicas (51.90-53.21 SiO3) in comparison with
the marginal ones formed of alkali syenites less
subsaturated in silicas (55.35 S5i03) (Tab. 1).

Conclusions

The syenite rocks in Banat originate in the
peridotitic mantle which, detensioned, melted
partially, being transformed into an alkali-
basaltic liquid. This melt, migrated in the
anhydrous continental crust, yielded the felds-
pathic cumulates by fractional crystallization,
concomitantly with an alkali leucocrate liquid
subsaturated in silicas.
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LOWER TRIASSIC BASIC DYKE SWARMS IN NORTH DOBROGEA
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Abstract: In the Alpine chain of North Dobrogea, Triassic basic magmatic
rocks occur within the main tectonic units. A suite of basic dykes (do-
lerites, basalts) is emplaced in the Variscan folded basement of the Micin
unit. In the Niculitel and Tulcea units, a thick pile of basaltic rocks (mainly
pillow-lavas, accompanied by dolerites, microgabbros) occur, interbedded
in places with Triassic limestones (Spathian to Ladinian). The basic dyke
swarm shows a consistent NW-SE direction, parallel to the main structugal
trend of the Alpine belt. Basic dykes are accompanied by a suite of similar
trending rhyolitic dykes, suggesting a bimodal volcanism. Basic dykes and
Niculitel ophiolites show a great resemblance in geochemical features. Ti -
Cr, Ti/Cr - Ni, V - Ti/1000 plots and Ba/Y ratios suggest ocean floor set-
tings (MORB) both for the dyke swarm and the Niculitel ophiolites. Based
on geochemical features and tectonic setting, the following model for the
geotectonic evolution of the basic rocks of North Dobrogea is proposed: a
period of crustal extension at the beginning of the Triassic favoured the
initiation of longitudinal, deep fractures, accompanied by basic dyke em-
placement; meanwhile, acid magma was produced in the sialic crust and
injected as rhyolitic dykes; one of the deep fractures evolved into a rift,
being the site for generation of the Niculitel ophiolites; in adjacent areas,
acid and basic dykes continued to be emplaced, along secondary fractures;
Jurassic or Lower Cretaceous compressional movements created the thrust-
fold belt of North Dobrogea.

Although basic dykes are known since Mur-
goci (1914) and Rotman (1917), usually they
were not mapped because of their small thick-
nesses, or because they were considered basic
Tnown i all the misin tectonic units of North tufls interbedded in Paleozoic sequences of the
Dobrogea: basic dyke swarms are emplaced in Macin unit (Miriui;-é, Mirauta, 1962; Miréu‘geﬁm,
the pre-Alpine basement of the Macin unit, 1966). A few basic dykes have been previ-

while ophiolitic rocks are part of the Mesozoic ©usly separated only within the Pricopan Mas-
sif (Giuged, 1934). Mapping for the Geological

Introduction

Basic magmatic rocks of Triassic age are

sequences in the Niculitel and Tulcea units.
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Map of Romania, scale 1:50,000, enabled
Seghedi to trace the development and distri-
bution of basic dykes throughout the Macin
unit of North Dobrogea (in Seghedi et al.,
1980, 1988, in Savu et al., 1988 and in
Mih&ilescu et al., 1988). Studies of the bore-
hole cores (Seghedi in Baltreg et al., 1989,
1990) produced additional proofs concerning
the widespread occurrence of basic dykes cut-
ting various pre-Triassic basement rocks of the
Maécin unit. .

This paper intends to be a geochemical
study of the basic dyke rocks from the Mécin
unit compared to the Triassic ophiolites of the
Niculitel Formation, in order to establish their
genetic relationships.

Basic dyke swarms

A suite of consistently NW-SE trending
dyke swarms (Fig. 1) is emplaced in various

N
.

IMig. 1 - Location map and distribution of basic
dyke swarms in the Micin unit of North
Dobrogea.

I. NICOLAE, A. SEGHEDI

pre-Alpine basement rocks of the Macin umt:
pre-Variscan metamorphic sequences, Paleo-
zoic deposits and Variscan granitoid intru-
sives (Seghedi in Seghedi et al., 1930, 1988,
in Savu et al., 1988 and in Mihé&ilescu et al.,
1988). Dyke swarms extend over an area 50
km long and 12 km wide; they are accompa-
nied by a suite of similar trending acidic dykes
(with rhyolitic composition), interpreted as a
bimodal volcanism related to Triassic rifting
in North Dobrogea (Vlad, 1978, Cioflica et al.,
1980).

Basic dykes attain several meters or tens
of meters in lenght and usually show several
decimeters in thickness (Pl. I, IMigs. 1,2);
common thicknesses vary between 40-60 cm;
metric thicknesses are exceptional (Megina
Hill). Cross-cutting relationships with their
host rocks are well exposed in several quarries:
Gorganu (in Orliga Group quartzites), Macin
Harbour (in the Macin granite), lzvoarele,
Mati, Cépréarie, Viilor (in the Pricopan gran-
ite), Morzu, Carabalu (in the Greci grani-
toid Massif), Iglita (in Lower Devonian lime-
Stones), Piatra Raioasa (in Boclugea Group
quartzites), Dalchi Bair (in Megina Group am-
phibolites and micashists), along the eastern
margin of Lake Jijila (in black quartzites of Bo-
clugea Group); all the mentioned groups and
granitoids are Paleozoic or older. ,

Dykes rocks show various textures depend-
ing on dyke thickness and on their outer or
inner position within the dyke; thinner dykes

»“may be entirely basaltic, displaying interser-

tal texture; thicker dykes show doleritic or mi-
crogabbroic central zones (with intergranular,
ophitic-subophitic or holocrystalline, medium-
grained textures) and porphyritic or micro-
granular marginal zones.

Large scale alpine mylonitisation in the
Macin unit (Seghedi, 1985, 1986; Seghedi et
al., 1980, 1986) is responsible for the develop-
ment of a penetrative, planar mylonitic folia-
tion in most of the dyke rocks. Thin dykes
are entirely mylonitic, while in thicker bod-
ies ductile fabric is restricted to the margins.
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The steeply dipping mylonitic foliation shows
the same NW-SE trend as the dyke swarms
and the Alpine structural trends in the Micin
unit. Mylonitic dyke rocks are L-S tectonites
showing a constant steeply dipping stretching
lineation resulted by shattering of mafic phe-
nocrysts. ‘

In mylonitic rocks, the primary phases are
replaced by newly formed chlorite, albite, acti-
nolite, epidote, minerals defining the mylonitic
foliation.

Field relations indicate that basic dykes
were not emplaced before the Early Trias-
sic: the youngest rocks they intrude are Late
Variscan granites (Greci Massif) which yielded
a Rb-Sr isochron age of 242 Ma (Pop et al.,
1985).

Ophiolitic rocks

Petrographical studies of ophiolitic rocks are
well known since the works of Savul (1930,
1931).  Savu et al. (1980, 1982) com-
pleted the petrographical data with geochem-
ical data. Ophiolitic rocks crop out mainly in
the Niculitel unit, between Luncavita-Isaccea-
Niculitel-Nifon; in the Tulcea unit they oc-
cur in several small outcrops at Somova and
Izvoarele; boreholes in this unit show that
basalt flows attain thicknesses from 79 to 282
m (Baltres et al., 1989).

Recently, ophiolitic rocks were designated as
the Niculitel Formation (Baltres, in Seghedi et
al., 1991). The age of the Niculitel Forma-
tion is well constrained by stratigraphic and
paleontological evidence: basalts overlie the
Spathian Somova Formation and show discon-
tinuous interbeds of pelagic limestones con-
taining Late Spathian to Middle Anisian con-
odonts (Mirdutd, in Savu et al., 1988). Basalts
are overlain by Upper Anisian cherty lime-
stones.

Ophiolites are represented mainly by basalt
flows, often in pillow lava facies; dolerites and
microgabbros form minor occurrences; areal
distribution of these rocks is shown on the

Niculitel sheet of the 1:50,000 geological map
(Savu et al., 1988).

The central part of pillows are basalts with
infersertal or intergranular textures and in the
marginal part there are often variolitic tex-
tures. Limestone lenses are intimately as-
sociated as decimetric to metric interbeds.
Limestone-basalt breccias are widespread with
relationships that suggest alternative forma-
tion. Basalt microfabric consists of a dark
brown vitreous groundmass, usually chlori-
tised and rich in iron hydroxides; thin plagio-
clase laths (0.2-0.5 mm lenght), usually show-
ing secondary albitisation, float in the ground-
mass; clinopyroxene grains may appear be-
tween the plagioclase laths, in intergranular
textures. Opaque minerals form grains or
skelet crystals. Amygdaloids are often present,
filled with secondary minerals - calcite, chlo-
rite, calcedony. ;

Dolerites and microgabbros occur as dykes
and small bodies in restricted areas (Tiga-
nului, Badilei valleys). They show ophitic-
subophitic or holocrystalline medium grained
textures and consist of plagioclase (laths or
tabular shaped), clinopyroxene (usually ural-
itized), seldom olivine and opaque minerals.
Leucogabbroic facies is scarce.

Geochemical data

Major and trace element concentrations
have been determined for 12 samples from the
basic dykes and 6 ophiolitic rocks from the
Niculitel area (Tab. 1, 2). These are com-
pared to 28 pre-existing analyses of ophioclites
published by Savu et al. (1980, 1982). The
dyke rocks analysed are mainly dolerites and
the new ophiolites include three basalts: one
dolerite, one leucogabbro and one microgab-
bro.

On a plot of Ti vs. Cr diagram (Pearce,
1975) analyses of all basic dykes and 28 ophio-
lites plot within the field of ocean floor basalts;
6 ophiolites plot outside the diagram (Fig. 2).

On a plot of Ti/Cr vs. Ni (Beccaluva et al.,
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Appendix to table 1

Sample

Rock type and texture

Host rock and location

2704

2704 M

2704 C

1517

236

156

Dolerite with partly
serpentinized olivine,
subophitic

Basalt, fine grained
intersertal

Dolerite, intergranular-
subophitic

Basalt, intersertal

[yolerite-microgabbro,
ophitic-medium grained
holocrystalline

Basalt, fine grained
intersertal

Dolerite, intergranular-
subophitic
Gabbro-dolerite, medium
grained holocrystalline-
ophitic

Dolerite, subophitic

Gabbro-dolerite, highly
cataclastic fabric
Basalt, intersertal,
intensely sheared and
chloritized

Dolerite, intergranular-
subophitic

Greci Granite, Morzu Quarry

Greci Granite, Morzu Quarry
(marginal part of dyke)

Macin Granite, Micin Harbour
Quarry

Macin Granite, Macin Harbour
Quarry (central part of the dyke)
Cuts the contact between the
Pricopan Granite and the
Carapelit Formation Hornfel-
ses, Pricopanului Creek

Macin Granite, Micin Harbour
Quarry {marginal part of the dyke)
Miacin Granite, Micin Harbour
Quarry '
Orliga Group Quartzites,
Gorganu! Quarry

Greci Granite, Morzu Quarry
{central part of the dyke)
Porphyritic granite, Garvan

Hamcearca lencogranites,
Cheiu Hill

Hamcearca leucogranites,
Hamecearca Hill

35
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Table 2

Chemical analyses of the ophiolitic rocks (Niculitel Unit)
major (%) and trace (ppm) elements

Number of samples

Oxide 90 88 83 91 87 84
5i0, 42.00 45.00 46.60 46.80 46.80 49.90
TiO, 2.18 1.26 412 1.76 2.36 268
AlL,O; 1500 1568 1240 16.40 15.73 11.82
Fea0a  9.22 2.65 6.71 440 3.76 10.84
FeO 2.66 5.62 8.04 472 6.54  3.99
MnO 0.14 0.14 026 015 017 020
MgO 5.49 6.07 571 623 697 3.46
Ca0 138 129 76% 197 BT Vig
K,0 0.90 1.09 0.64 072 0.68 040
NayO  3.07 3.20 475 250 S8.61 © 549
P05 0.35 0.40 040 028 0.44 094
H, 0t 292 2.70 076 2.06 ~ 3.19 148
CO, 3.14 4.09 1.66 0.88 0.21  1.88
S 0.24 0.17 065 029 024  0.19
Total 100.40 100.34 100.33 99.91 99.40 100.46
Pb 5 g 2 2.5 g <2
Cu 125 30 6.5 45 23 3
Ga 17.5 14 22 14.5 15 23
Sn S % B 2.5 <2 2 3
Ni 90 115 25 130 110 8
Co 35 45 43 47 32 19
o 220 330 7 410 240 1.5
\ 430 290 780 380 300 270
Sc 40 40 58 48 36 29
¥ 45 34 100 32 43 100
b 4.2 2.6 6.3 3 3.8 8
Zr 210 110 470 50 230 550
Ba 65 70 85 36 175 55
Sr 320 650 130 200 480 100

© 00-Basalt, Piatra Rogie; 88-basalt (pillow lava), Teilor Valley;
83-Gabbro, Tiganilor Valley; 91-Basalt (pillow lava), Cocogul Monastery;
87-Dolerite, Tiganilor Valley; 84-Leucogabbro, Tiganilor Valley.

1979) 10 analyses of basic dykes and 28 ophio-
lites plot within the field of ocean floor tholei-
ited; two basic dykes (no. 11 and 12) lie in the
field of 1sland arc tholeiites and 6 ophiolites
plot outside the diagram (Fig. 3).

On a V vs. Tif1000 diagram (Shervais,
1982), 10 analyses of basic dykes plot in the
field of MORB or back-arc basalts (both

formed consequently to ocean floor spreading),
2 analyses plot in the area of alkaline basalts
and island ocean basalts (with V vs. Ti/1000
ratios ranging between 50 and 100) (Fig. 4).
This plot seems to be less conclusive for the
ophiolitic rocks: 18 analyses plot in the field
of MORB and back-arc basalts and 16 in the
other fields.
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Fig. 2 - Ti vs Cr diagram (acc. to Pearce, 1975).

LKT-low potassium tholeiites; OFB-ocean floor
basalts; 1, basic dykes rocks; 2, ophiolitic rocks
(same in Figs. 3-4).
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Fig.4 -~ V vs Ti/1000 diagram (acc. to Shervais,
1982).

The Ba/Y ratio is less than 4.4 for ocean
floor tholeiites and higher than 3.9 for island
arc tholeiites (Beccaluva et al., 1979). Only
6% of a large volume of analyses plot in the
overlapping field. In our case Ba/Y ratio is
< 2.1 for 8 analyses of basic dykes, for 2
analyses of dykes it is 4 and only 2 analyses
(again 11 and 12} plot in the field of island arc
tholeiites (the latter possibly showing stronger
contamination). 24 analyses of the ophiolitic
rocks show Ba/Y ratios < 3.9. for 5 analyses it
ranges between 3.9 and 4.4 and only 5 samples
of ophiolites show a value > 4.4.

A statistical interpretation of the presented
diagrams (also taking into account the pos-
sibility of sialic contamination) suggests that
the model of a short-lived rift (Cioflica et al.,
1980} can be accepted for the emplacement
of the Triassic ophiolitic rocks of North Do-
brogea. The diagrams also suggest that geo-
chemical features of basic dykes of Macin unit
and Niculitel Formation ophiolites are obvi-

Fig. 3 - Ti/Cr vs Ni diagram (acc. to Beccaluva busly alike.

et al., 1979). IAT-island arc tholeiites;
OFT-ocean floor tholeiites,
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Geotectoniec model

The emplacement of the basic dyke swarins
was considered connected to the Triassic rift-
ing in North Dobrogea (Seghedi et al., 1986).

Basic rocks of the Niculitel Formation were
ascribed to various tectonic settings, based on
geochemical interpretations.

Cioflica. et al. (1980) consider that these
ophiolites were generated in a short-lived rift,
characterized by the significant association of
a bimodal magmatism.

Savu et al. (1982) ascribed the ophiolitic
rocks to three different tectonic settings: a)
rift, b) oceanic island (i. e. withinplate)
and c) subduction. These contradictory ideas
are possibly due to the mechanical interpreta-
tion of the Ti/100-Zr-3Y diagram (Savu et al.,
1982, Fig. 4). Finally, the authors favoured
withinplate setting. Thus, Savu et al. (1982,
page 151) show that "the malfic rocks re-
sulted from a basaltic magma and erupted in
the Triassic spreading ocean as products of a
withinplate-ophiolitic volcanism”.

According to Sandulescu (1984) ophiolitic
rocks appeared in an intracratonic rift with
maximum development in the Middle Triassic,
the rifting being initiated in the Lower Triassic
or even in the Permian.

Several geological evidences have to be taken
into account when trying to establish a geo-
tectonic model for the evolution ol Triassic
basaltic magmatism in North Dobrogea:

- significant geochemical affinities of the ba-
sic dyke rocks emplaced in the basement of the
Macin unit with the ophiolitic rocks ot Tulcea
and Niculitel units;

- the dominant NW-5E trend of basic
dykes, parallel to the Alpine structural trends
of the Macin unit:

—the connection between the mylonite zones
of the same area and the emplacement of basic
dykes; ¢ .

— as compared to sequences characteris-
tic of MORB-ophiolites, the rocks of the
Niculitel Formation show only the upper part,

I. NICOLAE, A. SEGHEDI

as sheeted dykes and ultramafic rocks are not
known and only small gabbroic bodies occur
in outcrops or boreholes;

- the existence of a Triassic acidic-rhyolitic
volcanism in North Dobrogea which, corre-
lated to the basic rocks, suggests a bimodal
volcanism (Vlad, 1978, 1984; Cioflica et al.,
1980);

~ the sequence of the Triassic deposits in-
dicates transition from continental to ma-
rine sedimentation in the Upper Werfenian
(Spathian) and progressive water decpening
until the Late Triassic (Norian), for the largest
area of North Dobrogea (Baltres, 1993).

Based on these evidences, the Triassic evolu-
tion of North Dobrogea can be imagined as fol-
lows: carly Triassic crustal extension strongly
deforms the Variscan consolidated basement;
shear-zones indicate that rifting in North Do-
brogea was accomodated by a system of deep-
seated normal faults, marked by lault rocks;
extension was accompanied by emplacement
of a suite of basic dyke swarms; meanwhile,
at upper structural levels, acid magmas could
form within the crust and be emplaced as rhy-
olites; one of the important [ractures evolved
into a rift responsible for the formation of the
ophiolitic rocks.

Conclusions

Geochemical features of the basic dykes of
the Maicin unit and ophiolitic rocks of the
Niculitel Formation indicate a clear genetic
relationship between them. The basic dykes
were emplaced in the Lower Triassic and they
are contemporary with the ophiolites. The ba-
sic dykes were emplaced shortly before individ-
ualisation of the short lived rift, where oplio-
lites have formed, hy melting of the same man-
tle source.
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RARE EARTH ELEMENTS ABUNDANCES IN THE OPHIOLITES
FROM THE SOUTH APUSENI MOUNTAINS (ROMANIA)

Tonel NICOLAE
Institutul Geologic al Romaniei. Str. Caransebes 1, 79 678 Bucuresti 32

Key words: Ophiolites. REE. South Apuseni Mts. Volcanic Arc. Ensialic
Marginal Basin. :

Abstract: The present paper reviews the REE characteristics of the ophio-
lites from the South Apuseni Mts based on previous papers and additional
14 analyses. The ophiolite suite of the South Apuseni Mts has been in-
terpreted in relation to two tectonic settings and consists of the following
series: - tholeiitic series and calc-alkaline series of a volcanic arc; — spilitic
series of the Feneg Formation and basalts of the Crig Nappe, related to
an ensialic marginal basin. REE contents, chondrite-normalized values, 2
REE and some characteristic ratios, i.e. Eu/Sm, (La/YB)y, (La/Ce)y,
and (Ce/Yb)y, of the tholeiitic, calc-alkaline and spilitic series are listed in
tables and discussed. Interpretation of these data suggests the following:
- the tholeiitic series has the lowest YREE and the calc-alkaline series the
highest EREE; Eu/Sm ratio of the tholeiitic series exhibits a larger varia-
tion as compared to the calc-alkaline series and spilitic series; LREE/HREE
ratios of the tholeiitic series have a restricted variation range and mean
value, as compared to the calc-alkaline series and spilitic series; chondrite-
normalized patterns of the tholeiitic series, calc-alkaline series and spilite
series of the Feneg Formation provide valuable information about their pet-
rogenesis and additional data to confirm the ophiolite genetic model.

Introduction

The ophiolite suite of the South Apuseni
Mts has been interpreted in relation to two
tectonic settings (e.g. Cioflica et al., 1980;
Cioflica, Nicolae, 1981; Nicolae, 1983; Lupu,
1983; Nicolae et al., 1992; Nicolae, 1995) and
consists of the following series:

— tholeiitic series and calc-alkaline series, be-
longing to a volcanic arc;

— gpilitic series of the Feneg Formation and
basalts of the Crig Nappe, belonging to an en-
sialic marginal basin.

The present paper reviews the REE char-
acteristics of the tholeiitic, calc-alkaline and
spilitic series, based on previous papers (Savu
et al., 1986, 1994; Savu, Stoian, 1988, 1992)
and additional 14 analyses. These papers took
into account REE data arbitrarily grouped
(for example, Savu et al., 1994, which distin-
guished basaltic rocks with Si0; content lower
than 48 %, higher than 49.5 % and between 48
and 49.5 %). :

In order to avoid further confusion, the
present paper deals explicitly with individual
analyses plotted on diagrams coustructed sep-
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arately for the tholeiitic series, calc-alkaline se-
ries and spilitic series.

REE contents and petrologic
significance

REE contents and chondrite-normalized val-
ues (ac'corr:ling to Boynton, 1984) are listed
in Table 1. "Table 2 lists YREE and some
characteristic ratios, i.e. Eu/Sm, (La/Ce)y,
(La/Yb)n and (Ce/Yb)y. Table 3 lists ranges
of variation and mean values of the above-
mentioned tholelitic series, calc-alkaline series
and spilitic series, computed from references
(Savu et al., 1986, 1994; Savu, Stoian, 1992)
and recent 14 analyses. Interpretation of these
data suggests the following:

a) the tholeiitic series has the lowest TREE
and the calc-alkaline series the highest YREE;

b) Eu/Sm ratio of the tholeiitic series ex-
hibits a larger variation, as compared to the
calc-alkaline series and spilitic series;

¢) (La/YDb)y and (Ce/Yb)y ratios (that is
LREE/HREE ratios) of the tholeiitic series
have a restricted variation range and mean
value, as compared to the calc-alkaline series
and spilitic series (Tah. 3). This behaviour
1s exposed in the diagram (La/Yb)y vs Yhy
(Fig. 1).

Chondrite-normalized REE patterns inter-
preted by Savu et al. {1994) are represented by
mean values of rock groups artificially estab-
lished. These authors compared the basaltic
rocks of the Mures Zone (e.g. Savu et al.,
1994, Fig. 3, p. 80) with tholeiitic N-type
MORB described by Saunders (1984, Fig. 6.1,
p. 209), and claimed they are of similar ori-
gin. This is, however, an arbitrary interpreta-
tion that can be easily dismissed by compar-
ing the tendency of their constructed curves
with those by Saunders. Thus, their curves are
horizontal between La and Sm, followed by a
negative Th anomaly and an ascending trend
toward Yb. In contrast, N-type MORB curves
presented by Saunders exhibit a continuous as-

cending trend between LREE and IIREE, with
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possible slight negative FEu anomalies.
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Fig. 1 - (La/Yb)y vs. Yby diagram. (The
samples of: a, tholeiitic series; b, calc-alkaline
series; ¢, spilitic series of the Feneg Formation).

As mentioned hefore, the present paper rein-
terprets earlier data and uses new analyses, in
an attempt to provide a more accurate inter-
pretation. Each analysis was plotied individ-
ualy in Figure 2. As a result, the plotting of
the tholeiitic series shows between La-Ce-Sm
slighly ascending or descending curves. Fol-
lowing this, a part of the analyses shows re-
duced Fu anomaly, and another part a reduced
Tb-anomaly.

Such tendencies are not characteristic of the
N-type MORB or Anomalous Ridge Segments
(see Fig. 6.2, in Saunders, 1984). Some simil-
itudes with Transitional Ridge Segments pat-
terns (see Fig. 6.3, in Saunders, 1984) are no-
ticeable for the segment that reaches Eu, but



Table 1

REE ABUNDANCES IN THE OPHIOLITES (APUSENI M TS)

REE abundances (ppm) and chondrite-normalized values

(in paranthesis, after Boynton, 1984)

THOLEIITIC SERIES
No. sample La Ce Sm Eu Th Yb
1. 50A | 5(16.1) 14 (17.3) | 2.2 (11.3) | 0.78 (10.6) | 0.3 (11.2) | 4.3 (21.6)
2. H4A | 6(19.4) 11 (13.6) | 3.6 (18.5) | 0.89 (12.1) | 0.43 (9.1) | 4.5 (21.5)
3. 1447 3(9.7) 14 (17.3) | 2.8 (144) | 0.67 (9.1) | 0.46 (9.7) | 2.0 (9.8)
4. 1448 | 10 (32.3) 28 (34.7) | 4.3 (22.1) | 0.81 (11.0) | 0.67 (14.1) | 5.4 (25.8)
5. 1476 | 6 (19.4) 18 (22.3) | 3.8 (19.5) | 0.73 (9.9) | 0.66 (13.9) | 4.2 (20.1)
6. 1462 | 14 (45.2) | 27 (33.4) | 4.2(21.5) | 0.70 (9.5) | 0.68 (14.4) | 7.5 (35.9)
7. 1449 ¢ 12 (38.7) 30 (37.1) |44 (226) | 0.75 (10.2) | 0.53 (11.2) | 13 (62.2)
CALC-ALKALINE SERIES
8. 47A | 11(355) | 32(39.6) [ 3.9(20.0) [ 0.71 (9.1) | 050 {10.6) | 5.5 (24.3)
9. 503 | 8(25.8) | 25.8 (31.5) | 3.0 (15.4) | 0.90 (12.2) | 0.70 (14.8) | 2.1 {10.0)
10. 501 | 13 (41.5) | 25.0 (30.9) | 2.2 (11.3) | 0.62 (8.4) | 0.44 (9.3) | 1.3 (6.2)
11. 459 | 45 (145.2) | 78 (96.5) | 6.3 (32.3) | 1.14 (15.5) | 0.80 (16.9) | 1.8 {8.6)
: SPILITES OF FENES FORMATION
12. 243 | 12 (38.7) 25 (309) | 2.7 (13.9) | 0.57 (7.8) | 0.50 (10.6) | 3.0 (14.4)
13. 476 | 16 (51.6) 30 (37.1) | 3.4 (17.4) | 0.61 (8.3) | 0.52 (11.0) | 4.4 (21.0)
14. 563 | 39 (125.8) | 68 (84.2) | 6.3 (32.3) | 1.12 (15.2) | 0.90 (19.0) | 2.0 (9.6)

1, Basalt (pillow lava) - Podeni Valley; 2, Dolerite ~ Podeni Valley; 3, Basalt (pillow lava - Toc;
4, Basalt - Virddia de Mures; 5, Basalt — Zibalt; 6, Dolerite - Pitars; 7, Basalt-Batuta Quarry;
8, Basaltic andesite ~ Lopadea Veche; 9, Basaltic andesite - Rachig Valley; 10, Rhyodacite -

Rachig Valley; 11, Microdiorite ~ Porcului Valley; 12, Spilite {pillow lava) - Telna Valley;
13, Spilite {Gabro-dolerite) ~ Valea Mici-Ighiel; 14, Spilite — Bucerdea.
Analyst: M. Stolan

Table 2

Y REE and Eu/Sm, (La/Yb)n, (La/Ce)y, (Ce/Yb)y ratios

THOLEIITIC SERIES
No. sample | XREE | Eu/Sm | (La/Yb)y | (La/Ce)n | (Ce/Yh)n
1. 50A | 26.81 0.36 0.78 0.93 0.84
2. 54A | 2642 0.25 0.92 1.43 0.63
3. 1447 | 22.93 0.24 1.01 (.56 1.81
4. 1448 | 49.18 0.19 1.24 0.93 1.34
5. 1476 | 33.39 0.19 0.96 0.87 1.11
6. 1462 | 54.08 047 1.26 1.35 0.93
7. 1449 | 60.68 0.17 0.62 1.04 0.60
CALC-ALKALINE SERIES
8. 47TA | 53.61 0.18 1.35 0.90 15.06
9. 503 | 37.17 0.30 257 0.81 3.18
10. 501 | 42.56 0.28 6.69 1.34 4.98
11. 459 | 133.04 0.18 16.88 1.50 11.22
SPILITES OF FENES FORMATION
12, 243 | 43.77 0.21 2.69 1.25 2.15
13. 476 | 54.93 0.18 2.48 1.39 1.77
14. 563 | 117.32 0.18 13.10 1.49 87T
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Table 3
Range of variation and mean values of YREE, Eu/Sm, (La/YB)y,
(La/Ce)n, (Ce/Yb)n ratios of the ophiolites from the South Apuseni Mts
[ TREE | Bu/Sm | (La/Yblw | (La/Cely | (Ce/Yblw
THOLEIITIC SERIES (25 samples)
Range of
Variation | 16.62-60.68 | 0.12-0.54 | 0.39-1.53 | 044-163 | 0.33-1.87
Mean 26.96 0.29 0.85 0.92 0.99
CALC-ALKALINE (20 samples)
Range of
Variation | 37.17-267.6 | 0.16-0.37 | 045-59.47 | 0.13-2.07 | 2.42-50.21
(1.35-20.66)* (2.42-19.61)*
Mean 117.15 0.95 | 10.38(8.3L) 1.03 10.95(841)"
SPILITES OF FENES FORMATION (7 samples)
Range of
variation | 21.70-117.32 | 0.18-0.36 | 2.40-13.10 | 1.25-2.35 | 1.13-8.77
Mean 46.95 0.26 4.25 1.63 2.75
** —ignored two samples; * — ignored one sample.
disappears for the segment beyond Eu (toward
- (@) Tb and Yb).
2 A satisfactory pattern comparison with the
7 tholeiitic-continental, back arc -basin and is-
: land arc basalts (see Cullers, Graf, 1984,
i5 3 Fig. 7.7) is noteworthy. Furthermore, the
5 (La/Ce)y ratio is always <1 in case of N-type
? MORB, according to Saunders (1984). It is to
0 be mentioned that the tholeiitic series of the
; South Apuseni Mts have a (La/Ce)y ratio be-
40 4 ) tween 0.44 and 1.63.
:: i The patterns of the calc-alkaline series (Fig.
3) show medium to high chondrite-normalized
i LREE values. (La/Ce)y ratio varies between
5 1 0.13 and 2.07 (Tab. 3), resulting in ascend-
o ing and descending portions of the curves be-
tween these elements. Negative Eu-anomalies
are sometimes noticed and interpreted as a re-
i sult of fractional crystallization of the plagio-
clase.
5 v

La Ele : S:n éu 'I:h
Iig. 2 - Chondrite-normalized REE patterns in
tholeiitic series rocks (volcanic arc type).

(a, samples of this paper — Tab. 1; b—d, samples

of Savu et al., 1994).

As mentioned earlier, it is accepted that the
Feneg Formation spilites are marginal basin
products; however, Savu and Stoian (1992)
have included both calc-alkaline series rocks
and the Feneg Formation spilites in the is-
land arc volcanics units. They claim that
"chondrite-normalized REE patterns are very
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similar with the diagram of Neokimmerian is-
land arc volcanics of the Metaliferi Mts (Mures
Zone)”, previously established by Savu et al.,
1986. In fact, a comparison between hasic and
intermediate rocks (that is "a” and "b” curves
of the Fig. 2, p.46, Savu, Stoian, 1992) and
the mentioned diagram (Savu et al., 1986, Fig.
7, p. 448) shows the following characteristics:
curves "a” and "b” (Savu, Stoian, 1992, Fig.
2) begin at 20-30 Lay, plunging down to slight
negative Fu-anomaly, whereas the curves by
Savu et al., 1986 begin at 80-180 Lay. This
difference is normal because the first pattern

{c)

(b)

{a)

e ce T

Fig. 3 - Chondrite-normalized REE patterns in

calc-alkaline series rocks (volcanic arc type). (a,

samples of Trascin Mts, this paper, Tab. 1 and

Savu, Stoian (1992); b,c, samples of Savu et al.,
1986).

belongs to the Feneg Formation spilites and the
second one to basaltic rocks of the calc-alkaline
series.

Spilites of the Feneg Formation exhibit pat-
terns that start with 25-50 values of Lay (with
one exception, Fig. 4) and descend toward
Ce-Sm-Eu. Next sectors, that is Eu-Th and
Th-Yb, show both ascending and descending
tendencies, producing negative Eu-anomalies
and negative and positive Tb-anomalies.
The (La/Ce)n ratio of the spilites always ec-
ceeds 1.

200
100 ]

50

SAMPLE / CHONDRITE

1 T T T T
la Ce Sm Eu Tb Yb
Fig. 4 - Chondrite-normalized REE patterns in
spilitic series of Feneg Formation (ensialic
marginal basin type). (Samples of this paper,

Tab. 1 and Savu, Stojan, 1992).

I'igure 5 exhibits a synthetical diagram con-
cerning REE variation Limits of the tholeiitic,
calc-alkaline and spilitic series. The patterns
of REE contents are conform to the ophio-
lite genetic model] (i.e. Nicolae et al., 1992)
as follows: The oceanic crust formed in the
Transylvanian rift was subducted beneath the
Apuseni Mts microcontinent, giving rise to a
volcanic arc. The basal part of the volcanic
arc consists of tholeiitic series rocks formed by
relatively high degree of partial melting of the
upper mantle above the subducted slab. The
upper part of the volcanic arc consists of cale-
alkaline series rocks, resulting from melting of



46

the subducted slab itself. Contamination, dur-
ing the upward motion of the magma and frac-
tional crystallization, justifies the REE pat-
tern of calc-alkaline series.

ws o) [JI1]
cas. (b1 B
200 A
EMe 1ol ROy
100
wl Sa d
g W 4
Z 30 4
S 0 A
w
Z 1y 9
< i
vl i
5 4
1 - . T T T T v T
lo (e Sm Eu Tb Yo

Fig. 5 -~ The range of REE content of the
ophiolites from the South Apuseni Mts. (a, the
tholeiitic series; b, calc-alkaline series; ¢, the
spilitic series of the Feneg Formation).

An ensialic marginal basin developed behind
the volcanic arc. Its products exhibit REE
pattern of intermediate character between the
tholeiitic series and the calc-alkaline series.
The resulting spilitic rocks were strongly in-
fluenced by the "geochemical subduction com-
ponent”, characterisitc of a supra-subduction
zone (SS7) ophiolite, sensu Pearce et al.
(1984).

Conclusions

— The tholeiitic series, calc-alkaline series
and spilitic series, that represent the ophio-
lite suite of the South Apuseni Mts, have well
defined and differentiated REE trends.

- REE patterns of the South Apuseni Mts
ophiolitic suite provide valuable information
about their petrogenesis and additional data

I NICOLAE

to confirm the ophiolite genetic model sensu
Nicolae et al. (1992).
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A COMPARATIVE STUDY OF THE OPHIOLITES OBDUCTED FROM TWO
DIFFERENT SEGMENTS OF THE MURES OCEAN "NORMAL” MEDIAN RIDGE
- (ROMANIA)
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Abstract: The Jurassic (180 Ma) ophiolites from the Mureg Zone or the
Mureg Suture are cropping out over an area of about 200 km long. They
have been obducted from two different seg:ments of the Mureg Ocean median
ridge and show a N-Type MORB character. The rock patterns from the
western ridge segment exhibit a Tb negative anomaly, while those from the
eastern ridge segment show an Eu negative anomaly. The normal tholeiitic
rocks from the eastern ridge segment are more depleted in Y and richer
in Ti02, showing a more evolved parental magma. The rocks from the
western ridge segment are richer in CaQ and Ba, while those from the
castern ridge segment are richer in NayO and Sr. In the basalt complex
originating in the western ridge segment the highest Rb contents and the
highest values of the Rb/Sr ratio have been determined. The values of the
La/Yb, (La/Sm)N, (Ce/Sm)N and (La/Ce)N ratios are usually higher in
the rocks from the eastern ridge segment. These observations indicate that
the differences between the rocks from the two “normal” ridge segments
of the Mureg Ocean have been determined by the mantle characteristics
within each segment, the partial melting conditions of the parental magma
and by its differentiation.

Introduction
(1991) observed that they display some chem-

The N-Type MORB character of the Liassic ical characteristics differing a little from those

(180 Ma, Herz et al., 1974)! ophiolites from the
Mures Suture or the Mureg Zone (Savu, 1983)
was established by Savu and Stoian (1988) in
the Drocea Mountains. Studying the coeval
ophiolites from the Trascau Mts, Savu et al.

1See also the geological arguments for the Liassic—
Dogger age of these ophiolites in Savu et al. (1996).

of the Drocea Mts. With the object to deter-
mine the peculiarities of ophiolites from the
two areas, a comparative study was performed,
the results of which were showed in the present
paper.
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Extension of the Ophiolites from the  prised only the two upper complexes of the
two Ridge Segments and ocean crust: the basalt complex (O4) and the
Structural-Petrographic Aspects sheeted dyke complex (O3). During the Mureg

: Ocean closure commencing during Callovian,
the ophiolite megaslab was covered by the Up-
per Jurassic-Lower Cretaceous volcanics of two
island arcs and by the Mesozoic flysch de-
posits, then being involved in the Alpine plica-
tive and thrust structures. Thus, the initial
ophiolite megaslab was smashed into many
fragments, that now form the socle of some
Alpine nappes of the Mures Zone, or occur as
olistoliths in the mélange formations. Nicolae

The Mureg Zone extends between Péatars in
Banat and Turda in the Transylvanian Basin,
over an area of about 200 km long. This rep-
resents the Carpathian segment of the Ma-
jor Tethysian Suture (Rédulescu et al., 1993).
Along the Mures Zone the Liassic ophiolites
ate cropping out from under younger forma-
tions in many inliers. Evidently, they are
alochthonous, as they originate in the dis-
membered Mures Ocean crust, from which an
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Fig. 1 — Sketch map of the Mureg ophiolitic suture. 1, Jurassic (180Ma), ophiolites: la, sheeted dyke

complex of the Drocea Mts (SD); SDy, sheeted dyke olistolith of Ampoita (Trascdu Mts); 1b, basalt complex

of the Drocea Mts (B); By, basalts in Visca inlier; B, basalts and gabbros in Almagu Mare inlier; Bs, basalts

in Grosi-Sihstioara tectonic rise; By, basalts in Crig Nappe socle; Bs, basalts in the Podeni Nappe socle; 2

island arc volcanics (J3 - K3 ), Mesozoic sedimentary deposits, Neogene volcanics and sedimentary deposits;
3, thrust (TU, Tjsa Unit; CU, Crig Unit); 4, fanlt (V.V.-LT., Valea Verde-Inuri fault).

ophiolite megaslab was scraped out and ob- (in Balintoni et al., 1994) included the rocks
ducted over the NW and SE convergent plates from these slabs in the Upper Jurassic-Lower
(Savu, 1983). This initial megaslab com- Cretaceous island arc volcanics.
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According to their origin, in two segments of
the median ridge of the Mures Ocean, the ophi-
olites from the Mureg Zone are distributed in
two areas: (1) the ophiolites of the Drocea and
Metaliferi Mts originating in the western ridge
segment and (2} the ophiolites of the Trasciu
Mts originating in an eastern ridge segment .

1. The ophiolites originating in the western
ridge segment occur in a more important ophi-
olite slab forming the socle of the Céapalnas-
Techereu Nappe, that extends over a length of
about 120 km between Pitarg and Zlatna, and
another slab constituting the socle of the Crig
Nappe, occurred in the Drocea subduction
trench (Savu, 1983). Lupu et al. (1995) con-
sidered the rocks from the last nappe as formed
in a marginal basin. The largest cropping
area of ophiolites within the western region oc-
curs in the Drocea Mts, where the two men-
tioned complexes (O; and O,) have been de-
scribed. The NE-SW direction of these com-
plexes 1s diagonal as against the E-W trend
of the ophiolitic suture in this area (Fig. 1).
Within the Metaliferi Mountains these ophi-
olites are mostly covered by Mesozoic island
arc volcanics and sedimentary deposits and by
Neogene volcanics and sedimentary deposits.

The shected dyke complex (O5) is situated
on the western margin of this area, extend-
ing from Banat to Drocea Mts, over a length
ol about 50 km and a maximum width of 10
km. Its cropping area corresponds to the ax-
ial zone of the Mureg Ocean median ridge,
that was denudated on a considerable depth,
so that more acid rocks from its core have
been exposed. This complex consists of 100 %
parallel dykes, trending N40°-80°E/70°-80°N.
Their thickness varies from 0.5 to 2 m, rarely
from 5 m to 10 m. They are composed mostly
of intergranular basalts and dolerites and more
rarely of gabbros and albite dolerites as well as
of acid-albitic rocks like albite quartzdiorites,
albitites, hornblende granophyres and albite
plagiogranites differentiated irom the tholei-
itic magma (Savu et al.,, 1984). As the acid
rocks are rich in Y (>40 ppm) and depleted

in Nb (<10 ppm) they belong to the ocean
floor granite group (ORG - Pearce et al.,
1984; Savu, Stoian, 1988). According to the
O’Connor’s (1965) classification most of the
acid rocks show a trondhjemitic character.
The basalt and dolerite dykes exhibit "chill
margins” indicating their formation during the
ocean spreading. Some gabbro dykes contain
20-25 % vanadiferous Ti-magnetite. The crys-
tallization succession was plagioclase (An55)
- clinopyroxene — Ti-magnetite £ pyrite. The
rocks were affected by the hydrothermal meta-
morphism (Savu, 1967) on the ocean floor, so
that the plagioclase was sometimes saussuri-
tized and albitized and the clinopyroxene was
substituted by uralite, epidote, actinolite and
chlorite.

The pillowed basalt complex (O;), the up-
per one, occurs on both sides of the sheeted
dyke complex, but its largest cropping area
is situated south-east of the latter, between
Vata, Culag and Zam. Probably, this area rep-
resented an abyssal plaine on the Mureg Ocean
floor. Within the Metaliferi Mts, east of this
area, the basalt complex appears from under
the younger formations in the Visca, Luncoi,
Brad and Almagu Mare inliers as well as within
the Grogi-Saligtioara tectonic rise. This com-
plex consists of basaltic lava flows, rarely as-
sociated with pyroclastics. Between the lava
flows from the Grosi-Siligtioara tectonic rise
beds of recrystallized limestones, sandstones
and microconglomerates are present, indicat-
ing the nearness of the Transylvanian conti-
nent during the magmatic activity. North of
the sheeted dyke complex only red argillaceous
beds occur between the hasaltic flows. This
complex consists of intersertal basalts associ-
ated with hyalobasalts, amygdaloidal basalts
and tachylites. The amygdales of these basalts
are infilled with quartz, calcite, zeolites and
chlorite formed under the zeolitic facies con-
ditions of the hydrothermal metamorphism on
the ocean floor. The basalt spilitization deter-
mined the albitization of the plagioclase laths
and the chloritization of the augite crystals
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and of the interstitial glass.

Within both ophiolite complexes peridotite
and gabbros layered bodies are present. In
some of them acid-albitic rocks are also to be
found.

2. The ophiolites originating in the eastern
ridge segment are distributed in the Trascau
Mts, north-east of the Valea Verde-Inun
fault that shifted them, concomitantly with a
counter-clockwise rotation (Fig. 1). In this
area only the northern structures of the Mureg
Zone, including the western margin of the
Podeni Nappe, are represented, the southern
structures being subsided in the Transylvanian
Basin (Savu, 1990). The Trascau ophiolites re-
sulted from both the basalt complex (Oy) and
the sheeted dyke complex (Oz). Those origi-
nating in the first complex occur in the socle
of the Podeni Nappe and as olistoliths in an
Upper Jurassic mélange with pyroclastic ma-
trix. The basaltic flows exhibit intersertal and
variolitic structures. The thin pillow lava crust
consists of hyalobasalt, and between the pillow
forms there was a glassy matrix that was chlo-
ritized during the ocean floor metamorphism.
The ophiolites resulted from the second com-
plex are represented by the sheeted dyke slab
of Ampoita and by some dolerite exotic blocks
in the mentioned mélange. The sheeted dyke
slab of Ampoita consists of 100 % dykes of
intergranular basalts and dolerites with "chill
margins” and gabbrodiorites as well as of acid-
albitic rocks like albite felsites and albitites

similar to those from the western segment.

Distribution of Major Elements

According to the Tables 1 and 2, Si0, varies
in the basic rocks of both ridge segments {rom
47 to 50 %, the lower content being determined
in basaltic rocks of the western segment. In
the acid rocks from both ridge segments its
average increases up to 58 % and 60 % respec-
tively, the highest content being determined in
the ocean floor albite granites (75.53 %) of the
western ridge segment.

H. SAVU

The highest Ti0; average (3.41 %) was de-
termined in the differentiated basic rocks fram
the sheeted dyke complex of the western ridge,
in which a concentration of iron, mostly as
FeO, and V (407 ppm) in the Ti-magnetite
occurred, that is a characteristic of the tholei-
itic magma differentiation (Savu et al., 1984).

The MgQ averages vary from 6 to 7 % in
both ridge segments. They decrease in the
differentiated basic rocks of the western ridge
segment, and especially in the acid rocks of
both segments in which these values are close
enough. The highest CaO average (10-10.4
%) occur in the basic rocks from the western
ridge segment, while in the acid rocks from
both ridge segments they decrease and are very
close. '

Consequently, the lowest Na,O average was
determined in the same basic rocks of the west-
ern segment — about 3 % in the sheeted dyke
complex; it increases a little in the basaltic
complex (3.64 %) due to the spilitization. In
the basic and acid rocks of the eastern ridge
segment the Na,O averages are higher than in
the rocks of the western segment. It is of note
the average values of 0.40 and 0.45 % P,0;
from the differentiated basic and acid rocks of
the western ridge segment. A close value (0.38
% P,05) was determined in the differentiated
acid rocks from the eastern segment.

Distribution of Trace Elements

As it 1s shown in Tables 1 and 2, the Ni aver-
ages are higher in the basic rocks of both com-
plexes from the western ridge segment. These
decrease a little in the basaltic rocks of the
eastern segment and more pronounced in the
differentiated basic rocks of the sheeted dyke
complex from the western ridge segment. In
the acid rocks from both ridge segments the
Ni values decrease very much, especially in
those of the western segment. The highest Co
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Table 1
Ranges and averages of major and trace elements in the basalt complex (data acc. to Savu et al.,
1994a) and the sheeted dyke complex (data acc. to Herz et al., 1974 and Savu et al., 1981) from the

western ridge segment

Oxides/ Basalt complex Sheeted dyke complex
Elements I 11 111
Ranges Averages Ranges Averages- Ranges Averages Ranges Averages

S102 % 39.31-52.22. 47,00 49.27-51.48 49.90 45.20-51.54 48.33 51.76-75.53 60.43
TiO, 0.02-2.74 0.54 0.60-2.35 1.62 2.39-6.95 3.41 0.34-2.68 1.69
Al Cj 13.24-16.36 14.79 12.87-15.95 14.35 10.87-13.42 12,15 11.30-4.14 12.65
Fes Oy 1.65-8.24 5.15 1.36-4.80 3.15 2.46-11.12 5.42 2.78-6.96 4.15
FeO 1.48-12.79 4.96 5.10-9.32 T2 3.60-14.84 10.77 0.64-9.64 6.52
MnO = - 0.14-0.23 0.19 0.16-0.31 0.25 0.01-0.28 0.14
MgO 3.77-9.74 6.25 6.10-8.65 6.90 3.22-6,21 5H24 1.30-2.99 2.18
Cal 4.52-16.12 10.07 8.17=11.70 10.40 6.49-8.79 8.16 1.58-7.03 4,84
Nay O 1.79-6.20 3.64 2.28-3.67 2.95 2.31-4.58 3.32 4.65-571 5.17
K20 0.02-2.74 0.54 0.06-0.59 0.20 0.05-0.41 0.17 0.05-0,39 0.18
Pz05 0.08-0.29 0.17 0.08-0.32 0.21 0.06-1.64 0.40 0.12-0.88 0.45
Ni ppm 2-210 84.11 40-100 71 8.5-65 35.1 3.5-15 6.9
Co 3.5-50 29.35 32-52 42.4 36-57 46.36 6-22 14.7
Cr 1-570 216 65-340 169.4 1.5-130 27.06 0-9 3.78
v 30-460 242 200-340 267.7 180-900 406.7 12-150 58.3
Se 15-42 30.79 31-40 358 30-42 35.4 7.5-23 19.2
Zr 40-220 83.75 37-200 121.5 105-280 210.33 240-805 416.4
Y 15-65 26.25 14-55 32.9 30-155 66 65-931 224.4
Yb 1.2-6.5 2.65 2-6.5 4.4 4.8-10.5 6.8 0.5-18.5 8.33
Ba 10-215 72.52 12-50 29.23 18-48 30.8 18-80 48
Sr 65-600 221.25 95-300 156 95-175 127.3 44-155 88.42
Pb 2-18 2.52 0-60 6.1 0-14 5 0-7 3.58
Cu 2-100 3642 6-90 35 4-53 26.7 4-23 82
Ga 9-22 14.32 10-19 14.6 15-26 18.37 21-30 25.14
Zn 30-70 44,22 = = & w - =
Sn = = 0-2 1 O9-7 2.5 0-3 2.14
Hf D-2.5 1.22 = 7 ™ a5 = =
Rb 5.86-16.1 18.77 1-3 1.66 4-15 10.2 4-15 12.2
Rb/Sr 0.03-0.26 0.11 0.01-0.03 0.018 0.021-0.018 0.058 0.021-0.108 0.058
8TSr/88Sr | 0.700-0.704 0.702 0.702-0.703 | . 0.7026 | 0.702-0.704 0.703 0.703-0.705 0.704
Zr/HE 26.2-145 78.2 - = = i = =

I, Normal theleiitic rocks; IT, Differentiated basic rocks; III, Differentiated acid-albitic rocks

contents (42-46 ppm) were obtained in the ba-
sic rocks of the sheeted dyke complex of the
western ridge segment. They decrease in the
basalt complex of the same ridge segment and
are very close to the contents in the basic rocks
of the eastern ridge segment, a decrease that
continues in the acid rocks of both segments.

In the basic rocks of the western ridge seg-
ment the highest Cr average was determined.

This gradually decreases in the basic rocks
of the sheeted dyke complex of both segments,
reaching 27 ppm in the differentiated basic
rocks of the sheeted dyke complex of the west-
ern ridge segment. In the acid rocks from both
segments Cr strongly decreases.

Zirconium varies within large ranges in the
two ridge segments.



Table 2

Ranges and averages of the major and trace elements in the ophiolitic rocks from eastern

ridge segment (data acc.

to Savu et al., 1992)

Oxides/ | Basic rocks (the two complexes) | Acid-albitic rocks (sheeted dyke complex)
Elements Ranges Averages Ranges Averages
Si02 % 44.72-51.40 48.90 54.09-62.16 58.24
Ti0, (0.88-2.60 1.65 1.08-2.76 1.96
AlO3 14.29-16.80 15.37 13.79-14.54 14.65
FesOa 3.01-8.81 5.41 5.38-6.35 6.05
FeO 3.75-7.26 5.48 2.40-6.40 4.43
MnO 0.12-0.23 0.17 0.07-0.18 0.13
MgO 4.28-8.52 5.99 1.69-3.90 2.76
CaO 2.59-13.58 7.80 3.56-5.21 4.35
Nay O 2.66-5.48 4.29 4.52-6.50 5.50
K,O 0.09-0.96 0.36 0.08-0.23 0.16
P20s 0.08-0.40 0.18 0.25-0.48 0.38
Ni ppm 12-140 51.63 3.5-16 9.12
Co 7.5-38 26.04 9-23 16.50
Cr 1.5-340 140.72 1.5-9.5 5.37
v 190-500 307.27 33-420 204.50
Se 27-40 33.63 16-36 24.50
Zr 38-220 110.9 260-320 292.50
i 20-55 32.56 - 60-87 56.20
Yhb 25-65 4.04 4.6-7.5 .52
Ba 10-170 38.18 10-24 14.75
Sr 78-380 225.08 64-111 88.82
Pb 2-6.5 4.22 2-9 5.62
Cu 2-130 36.54 24 275
Zn 30-90 38.90 30-90 40.75
Ga 12-19 15.36 16-28 19.75
Rb 9-13 8.43 3-9 2.31
Rb/Sr 0.011-0.123 0.07 0.026-0.073 0.05
878r /368r | 0.703-0.705 0.704 0.705-0.706 0.7055

The highest average content (416.4 ppm)
was obtained in the acid rocks of the sheeted
dyke complex of the western ridge segment
and in those from the eastern segment (292.5
ppm)}, and the lowest contents occurred in the
basaltic complex of the western segment that
originates in a slightly evolved magma.

Higher Y and Yb averages were obtained
in the acid rocks of the sheeted dyke com-
plex from the western ridge segment, too.
The relationships between Ti, Y and %r

(Fig. 2; Pearce, Gale, 1977) show that the
rocks from both ridge segments are margin
plate tholeiites, and those between TiO, and
Y (Fig. 3; Perfit et al., 1980) indicate that
they are N-Type MORB rocks.

The diagram in Figure 3 also shows that
the TiQ;/Y ratio is higher in the ophiolitic
rocks from the western segment originating in
a more evolved magma. The values of this
ratio increase concomitantly with the magma
differentiation.
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Fig. 2 - Plot of the ophiolitic rocks on the
Zr/Y-Ti/Y diagram. MPB, margin plate basalts;
WPB, intra-plate basalts; a, Mures Zone ophiolites.
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Fig. 3 — Plot of the ophiolitic rocks on the
TiQ,-Y diagram. a, ophiolites from the western
ridge segment; b, ophiolites from the eastern ridge

' segment.

It is noteworthy that the highest Ba content
(72.5 ppm) was determined in the basalt com-
plex from the western ridge segment and the
highest Sr value (225 ppm) was determined in
the basic rocks from the eastern ridge segment.
Both elements gradually decrease toward the
acid rocks of both segments, the lowest con-
tents being a characteristic of the castern seg-
ment rocks. |

The highest Rb average contents were de-
termined in the basalt complex of the western
ridge segment. The average values of Rb/Sr
ratio are also higher in the same basalt com-
plex. The Pb, Cu and Ga average contents are
close in the basic rocks of the two ridge seg-
ments, but are a little higher in the acid rocks
of the western segment than in those of the
eastern segment.

The values of the #7Sr/%6Sr ratio vary from
0.701 to 0.704 in the basic rocks of both ridge
segments, with an average of 0.703, indicat-
ing their origin in an ocean crust (Herz et al.,
1974). It is noteworthy that in the differen-
tiated acid-albitic rocks from both ridge seg-
ments the value of this ratio increases up to
an average of 0.704 in the west segment and
up to 0.705 in the eastern ridge segment. As
it results from Table 1, the value of this ratio
increases from 0.7026 in the normal tholeiitic
rocks up to 0.704 in the differentiated acid-
albitic rocks. It seems that the magma differ-
entiation influenced the proportion of the two
Sr isotopes. Therefore, the age of 140 Ma as-
sumed for the albitized acid rocks (Herz et al.,
1974) may not be a real one. As these rocks
occur as exotic blocks in the Upper Jurassic

mélange from the Trascdu Mts, they must be
older.

Distribution of REE

The REE contents (Tab. 3,4,5) in ophi-
olites from both ridge segments were deter-
mined by neutron activation analysis (Savu,
Stoian, 1988, 1991; Savu et al., 1994b). It is
of note a general process of REE concentration



‘able 3
Ranges and averages of the REE in the basalt complex
from the western ridge segment {data acc. to Savu et al., 1994 b)

[Elements | Las | Ce | Bnm | Eu | Th | ¥b
Rocks with Si0,; < 48 %
Ranges 1.3-6 8-15 | 1.8-5.8 | 0.35-0.87 | 0.37--0.86 1.2-4
Averages 3.66 11.57 2.94 0.66 0.48 24

(La/Ce)N=0.89; (Ce/Yb)N=1.12

LREE/HREE=5.79; La/Yb=L1.06; (La/Sm)N=0.87; (Ce/Sm)N=0.98

Rocks with Si0O, between 48 and 49.5 %

Ranges

Averages

2.0-5.0
3.99

8-15
L1.02

1.6-3.8
2.30

0.69-1.18
0.71

0.30-0.48
0.41

22-7.0
3.60

(La/Ce)N=1.00; (Ce/Yb)N=0.90

LREE/HREBE=4.06; La/Yb=127;(La/Sm)N=1.11; (Ce/Sm)N=1.20

Rocks with Si0, > 49.5 %

Ranges
Averages

2.0-8.0
4.35

6-20
12.75

1.3-5.0
3.19

0.62-1.2
0.88

0.32-0.58
0.45

2.5-4.7
3.02

(La/Ce)N=0.95; {Ce/Yb)N=1.14

LREE/HREE=5.10; La/Yb=1.64; (La/Sm)N=0.95; (Ce/Sm)N=1.05

Hf in the basalt complex: ranges=0.62-2.5; average=1.22;
Zr/Hf=28.6-14.5; average=78.2

from the western ridge segment (data acc. to Savu and Stoian, 1988)

Table 4

Ranges and averages of the REE in the sheeted dyke complex

| Elements | La [ Ce | Sm | Eu | T ] EF |
Normal tholelitic rocks
Ranges 3069 | 824 | 1.3-3.8 | 0.7T1-1.20 | 0.24-0.82 | 1.7-6.5
Averages 4.8 16.7 2.6 0.92 0.51 3.9

(La/Ce)N=0.84; (Ce/Yb)N=1.05

LREE/NREE=4.27; La/Yb=1.23; (La/Sm)N=1.20; (Ce/Sm)N=1.65.

Differentiated basic rocks

Ranges
Averapes

2.0-14.6
7.6

22-41
27

3.2-6.5
4.9

1.10-2.29
1.53

0.40-0.98
0.71

3.4-9.0
5.9

(La/Ce)N=0.84; (Ce/Yh)N=1.18

LREE/HREE=4.54; La/Yh=1.28; (La/Sm)=1.08; (Ce/Sm)N=1.47;

Glassy ferrobasaltic rocks

Ranges

Averages

5.2-12.1
9.3

20-34
28

4.0-6.9
5.8

1.4-2
1.81

0.44-0.96
0.70

5.0-T.4
6.4

{La/Ce)N=0.96; (Ce/Yb)N=1.06

LREE/HREE=4.53; La/Yb=1.44; (La/Sm)N=1.16; (Ce/Sm)N=1.28;

Differentiated acid-albitic rocks

Ranges
Averages

6.4-35
13.3

11-97
40

4.9-9.9
8.7

1.93-2.90
2.24

0.56-1.58
0.93

5.5~-18.5
9.1

(La/Ce)N=1.07; (Ce/Yb)N=1.37

LREE/HREE=450; La/Yb=1.46; (La/Sm)N=1.38; (Co/Sm)N=L1.60;

H. SAVU
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Table 5
Ranges and averages of the REE in the ophialites

'57

from the eastern ridge segment {data acc. to Savu and Stoian, 1991)

Elements | La [ Ce | Sm

Rocks from the basaltic complex

Ranges 3-7 | 10-26

[EnT T . o
15-44 [ 0.64-0.89 [ 0.50-0.87 | 0.31 5.1
0.75 0.61 2.6

Averages 4.2 16.2 2.5

LREE/HREE=1.04; La/Yb=1.61; (La/Sm)N=1.16; (Co/Sm)N=15;
(La/Ce)N=0.75; (Ce/Yb)N=1.17

Rocks from the sheeted dyke complex — normal tholeiitic rocks

Ranges 4-21 | 10-26 | 2.14.1
Averages | 8.3 17.3 3.0

0.66-0.98 | 0.45-0.91 3.4-5.5
0.82 0.69 4.5

LREE/HREE=4.75; La/Yb=1.84; (La/Sm)N=1.89; (Ce/Sm)N=1.40;
(La/Ce)N=1.35; (Ce/Yb)N=3.84

Rocks from the sheeted dyke complex — acid—albitic rocks

Ranges 11-14 | 11-35 | 3.2-5.9 | 0.90-1.04 | 0.85-1.21
Averages 12 24.33 4.77

7.0-7.5
0.98 0.99 7.7

LREE/HREE=5.29; La/Yb=1.67; (La/Sm)N=1.56; (Ce/Sm)N=1.38;
(La/Ce)N=1.13; (Ce/Yb)N=1.0

Rock/ Chondrite

laCe = SmEu  Tb | YbLu

Fig. 4 - Chondrite normalized REE patterns

of the ophiolites from the western ridge segment.

a, rock patterns of the basaltic complex; b, rock pat-

terns of the sheeted dyke complex. 1, normal tholei-

itic rocks; 2, differentiated basic rocks; 3, glassy fer-
robasaltic rocks; 4, differentiated acid-albitic rocks.

according to the tholeiitic magma differentia-
tion from both ridge segments, with the only
observation that the difference between the ex-
treme values of the basic and acid rocks series
1s lower in the eastern ridge segment. There-
fore, on the diagrams in Figures 4 and 5 only
the basic rocks from both ridge segments are
situated between the values of 10 and 20 of
the rock/chondrite ratio, the patterns of the
differentiated acid rocks being placed at higher
values; this is more obvious in the western seg-
ment (Fig. 4b). With little variation, the av-
erages of LREE/HREE ratio are almost equal
i the rocks of the two segments, excepting
the spilites from the castern ridge segment, in
which these values are lower.
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The average values of the La/Ybh,
(La/Sm)N, (Ce/Sm)N and (La/Yb)N ratios
are variable in both segments, but they are
usually higher in the eastern segment. Ac-
cording to Saunders (1984} such values show
the N-Type MORB character of the ophio-
lites. These values are similar to those es-
tablished by Schilling (1975) in Atlantic and
Pacific rocks. ' .

The most obvious discrimination between
the two ridge segments is determined by the
chondrite normalized REFE patterns. So, there
is a clear Th negative anomaly in both com-
plexes from the western segment (Fig. 4).

100
i
50:
40 4
J 3
201 2
1

Rock [Chondrite
=)

T T T T T T T

SmEs Tb Yb

laCe

Fig. 5 — Chondrite normalized REE patterns
of the ophiolites from the eastern ridge segment.
1, basalt; 2, dolerite; 3, albite microdiorite; 4, albitite.

According to Savu and Stoian (1988) and
Savu et al. (1994b) this anomaly represents a
characteristic of the parental magma, that was
determined by the mantle character and by the
partial melting condition (see also Bougault
et al., 1979). This conclusion must be sup-
ported the more so as this anomaly is obvious
even in the basalt complex the rocks of which
are slightly differentiated. It is remarkable
that, although the parental magma was differ-
entiated from tholeiitic basalts to albite pla-
giogranite, the initial anomaly persisted. On
the contrary, in rocks of the eastern ridge seg-
ment (Fig. 5), representing the two ophiolite
complexes (O and O3), an Eu negative ano-

H. SAV

maly is obvious which, according to Schnet-
zler and Philpotts (1970), could explain the
differentiation of the magma from basalt to al-
bitites.

As these anomalies occur even in the basalt
complex, two hypotheses are to be considered
concerning their origin; (1) they could be ini-
tial anomalies of the tholeiitic magma and
(2) they could be the result of the tholeiitic
magma differentiation. The last hypothesis is
difficult to be upholded as during the tholeiitic
magma evolution phenocrysts of plagioclase or
of any other minerals rarely occur.

Conclusions

The ophiolites of the Mureg Zone were ob-
ducted from two different segments of the me-
dian ridge of the Mures Ocean. They display
N-Type MORB characteristic. The main dif-
ference between the ophiolites from the two
ridge segments 1s determined by a Tb nega-
tive anomaly in those of the western ridge seg-
ment and by an Eu negative anomaly in those
of the eastern ridge segment. The rocks from
the western ridge segment are richer in Ca and
Ba and those from the eastern ridge segment
show higher Na;O and Sr contents. In the
basalt complex from the western ridge segment
were determined the highest Rb contents and
the highest values of the Rb/Sr ratio. The
values of La/Yb, (La/Sm)N, (Ce/Sm)N and
(La/Ce)N ratios are usually higher in the rocks
of the eastern segment. Taking into consid-
eration all these observations, one may affirm
that the differences between the rocks from the
two normal ridge segments of the Mureg Ocean
have been determined by the mantle character-
1stics, the melting conditions of the parental
tholeiitic magma, and by its differentiation.
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Abstract: The Cépélnas-Tisa region (Neorth Banat) is situated in the
southern part of the Mureg ophiolitic suture (Mures Zone). Its geological
structure differs from that of the northern part of the Mureg Zone by a lesser
complicated thrust tectonics. It is mostly covered by sedimentary deposits
and by younger volcanic rocks. The Liassic ophiolites occurring in several
inliers are represented by the basaltic complex (01) of the Mures Zone, in
which spilites are the prevalent rocks. The changes determined by the spili-
tization in the mineralogical composition of the basaltic rocks are reflected
in their chemical composition by the increase of NayO and HyO and by the
decrease of CaO and other elements as Cr and Ni. The basaltic ophiolites
are plate margin rocks, formed on the Mures Ocean floor (MORB). Be-
tween the basaltic flows there are intercalations of recrystallized limestones
and detrital rocks, formed near by the Transylvanian continental margin,
probably in a shallow water zone of the Mures Ocean. The recrystalliza-
tion of limestones was determined by the ocean floor metamorphism in the
zeolitic and greenschists facies.

paper with a view to complete the image on

1. Introduction

Within  the Mures Couloir, between
Capélnag and Tisa (North Banat), there is a
hilly region, called by Pinkert (1907) the Bulza
Hills. This region is situated on the south-
ern margin of the Alpine ophiolitic suture of
Mures (Mureg Zone). Along this area there are
several occurrences of diabases (Kadi¢, 1906;
Pinkert, 1907; Papiu, 1954; Dusa, 1965; Peltz
et al., 1970) — Liassic ophiolites (Savu, 1966)
— which have not been systematicaly studied
till now. Therefore, we elaborated the present

the evolution of the Alpine ophiolites of the
Mures Zone. We described the geological
structure of this region, as well as the petro-
genetic and geochemical characteristics of its
Liassic ophiolites, mostly spilites (Savu et al.,
1990, unpubl. rep.).

2. Geological structure of the region
and the ophiolite occurrences

The pre-Laramian geological formations of
the Céapalnas-Tisa region belong to two tec-
tonic units: Capalnay-Techeren Unit toward
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north and Tisa Unit toward south (Plate).
These tectonic units are covered by Banatitic
(Laramian) volcanics and by Neogene sedi-
mentary deposits. The Banatitic volcanics,
which before 1984 had been regarded as prod-
ucts of the Neogene volcanism, were studied by
many geologists (Kadi¢, 1906; Pinkert, 1907;
Papiu, 1954; Dusa, 1965; Peltz et al., 1970;
Savu, 1966; Savu et al., 1992; Rosu et al., un-
publ. rep.). These structures are similar to
those from the Zam-Gurasada region (Savu et
al., 1992a).

2.1. Cipalnas-Techereu Unit (Lupu, 1975).
This tectonic unit takes part in the structure
of the Mures Zone (Savu, 1983). The Liassic
ophiolites proceeding from the initial ophiolite
megaslab (sheet) of the Mures Zone occur from
the basement of this tectonic unit in several in-
liers. The ophiolite megaslab was scraped out
from the Liassic crust of the Mureg Ocean and
obducted in the Upper Jurassic eugeosyncline
of the Mureg Zone (Savu, 1983).

The ophiolite occurrences are situated south
and east of Cipélnas, south of Cipricara,
north of Bulza and between Pojoga and Tisa
(Plate). Excepting the ophiolites east of
Cipalnag, the other basic rock occurrences are
located within the Grosi-Siligtivara tectonic
rise, situated along the south margin of the
Ciapalnag-Techereu Unit. The eastern segment
of this tectonic rise was described before as the
Glodghilesti-Silistioara tectonic rise (Savu et
al., 1988). ’

The Grosi-Salistioara tectonic rise uplifted
between an ENE-WNW system of longitudinal
faults.

These fractures determined strong tectonic
breccias like those situated south of Zam, out
of the C3palnasg-Tisa region. The tectonic rise
was cut and its segments were dislocated by an
important fault trending WNW-ESE, which is
located along the Mureg Valley, between Zam
and Dobra, east of the map on Plate, and by
many other small cross {aults.

The ophiolites from the basement ol this re-
gion arc bearing Late Kimmerian island arc
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volcanics and Mesozoic sedimentary deposits
which form an asymmetrical syncline on the
northern margin of the region. To the south,
the geological formations of the Capaluag-
Techereu Unit are thrust by the Tisa Unit
(Savu et al., 1992a) and the thrust line is also
covered by Laramian volcanics and Neogene
sedimentary deposits.

The asymmetrical syncline that extends be-
tween Cipilnag and Vorta consists of Lias-
sic ophiolites in the basement, over which
the following geological formations are ly-
ing: Late Kimmerian island arc volcanics.
formed along the southern arc of the Mures
Zone, red argillites associated with jaspers
and Stramberg (Upper Jurassic) limestones
containing remnants of Nerines and Corals
(Kadié, 1906; Papiu, 1954), followed by uncon-
formable Barremian-Aptian sedimentary de-
posits. Over the Stramberg limestones there
formed detrital limestones with Orbitolina
lenticularis (Papiu, 1954). As the J3-K; lime-
stones extend along the southern island arc
(IAV,) of the Mures Zone between Cdpalnag
and Almasu Mare, on a length of more than 76
km, there results that they constituted in the
Mures Ocean a reef barrier like that from Pa-
cific, situated east of Australia. The northern
flank of the Cipalnasg-Vorta syncline, which 1s
strongly dipping southwards, was affected by
a longitudinal fault dipping toward north. In
the eastern segment of the syncline situated
between Zam and Vorta, its structural ele-
ments were described by Cibotaru and Puri-
cel {1985) and Savu et al. (1992a). North
of Carmazinesti this syncline was thrust from
north by the island arc volcanics. '

South of the Capalnag-Tisa region the Late
Kimmerian volcanics and the Upper Jurassic-
Neocomian sedimentary deposits were eroded
so that the Barremian-Aptian deposits are lay-
ing unconformably on the Liassic ophiolites.
They plunge soutwards, under the Tisa Unit
that thrusts them over-about 4 km (J. An-
drei, oral com.), as shown in the geélogiuﬂ
section bhetween Valea Mare and Cogtei de
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Sus (Plate). Near Tisa, where the thrust

plane is not covered by Laramian volcanics,
it trends ENE dipping 32° to 46° southwards
(Savu et al., 1992a). The Barremian-Aptian
deposits have in their lower part a discon-
tinous red horizon in which blocks of crys-
talline schists and Paleozoic microcline gran-
ites are included (Savu, 1966). Over this hori-
zon there follows a folded thick pile of flysch
deposits consisting of alternating beds of sand-
stones and argillites. Belore the Laramian vol-
canism another erosion period intervened, so
that along the Grosi-Silisticara tectonic rise
the banatitic volcanics are laying just on the
ophiolite basement and on some outliers of
Barremian-Aptian deposits.

2.2. The Tisa Unit [Savu et al., 1992a).
This unit belongs to the Transylvanian plate.
It consists of an anchimetamorphic volcano-
sedimentary series over which the Triassic con-
tinental intra-plate basalts and the associated
sandstones of Costei de Sus are situated (Savu
et al., 1992b). This series occurs in several in-
liers. Although it belongs to the Poiana Rusca
Mts, its crystalline schists are different from
the weakly metamorphosed crystaline schists
from the northern part of this massif, both by
lithology and the anchimetamorphic facies.

As the thrust plane of the Tisa Unit is cov-
ered by Laramian volcanics, there results that
the thrust took place probably during the Aus-
trian or Subhercynian movements. The pres-
ence of a big olistolith of crystalline schists
insedimented in the Barremian-Aptian de-
posits from the Tomii (Dobarlesti) Brook, a
tributary of the Pestis Valley, as well as the
exotic blocks from the Barremian lower hori-
zon show that the Tisa Unit started rising as
a cordillera in the Cretaceous miogeosyncline
as early as the sedimentation period of these
deposits, like the tectonic units in the Trascau
Mts (Savu, 1990). South of Costei de Sus the
Tisa Unit was cut by the Recag-Cules crustal
fracture made evident by Andrei et al. (1975).

Toward west, in the Grosi area, all these
structures were cut and dislocated by NW-SE
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trending faults and invaded by Neogene sedi-
mentary deposits (Plate).

3. Form and petrographic aspects of
the ophiolitic rocks

All the ophiolitic occurrences belong to the
basaltic complex (04) of the Mures Zone. In
the hornfelses and the basaltic rocks situated
east of Capalnasg, between the Savarsin granite
and the western exiremity of the Capalnas-
Vorta syncline, there are located a few small
bodies of diopside gabbros. They represent the
vestiges of the Cuiag gabbroic body which was
intruded by the Sdvarsin granite and eroded
by the Mures River.

The ophiolitic rocks in the Capalnas-Tisa re-
glon, excepting the gabbros, are represented
by spilites, basalts and amygdaloidal basalts,
some of them in pillow lava facies. Between
the basaltic flows from the Manzu and Plumbu
brooks, tributaries of the Rogozu (Capélnas)
Brook as well as at the springs of Capriorisca
Valley, there are intercalations of Liassic re-
crystallized limestones (Kadi¢, 1906) associ-
ated with quartz sandstones, arkosian sand-
stones (Savu, 1966) and quartz microconglom-
erates.

The limestone recrystallisation was deter-
mined by the Liassic hydrothermal metamor-
phism on the Mureg Ocean floor in the zeolitic
and greenschists facies (Savu, 1967; Savu et
al., 1988). In the Plumbu Brook these rocks
have been affected by Laramian hydrothermal
solution, too, that generaled veins ol metaso-
matic skarns with a stockwork structure (Savu,
1966), consisting of calcite — grossular - epi-
dote parageneses.

The average chemical composition ol two
limestone samples {rom the Capriorigca Valley
is, as follows: Si04 - 2.36; Al,Os5 — 0.55; Fey, O3
- 0.09; FeO - 0.25; MnO - 0.03; MgO - 1.24;
Ca0 - 53.15; K20 - 0.17; Na; O - 0.57; H,O -
1.05; CO2 - 41.18; S - 0.18. This composition
shows that the rocks are limestone chemical
deposits with low Si0; and MgQO contents, like
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those from the eastern segment of the tectonic
rise (Savu et al., 1988). The basaltic rocks and
the associated detrital rocks are also similar to
those described by us in this eastern segment.
Like the later, the sedimentary rocks are situ-
ated on the same lineament and in the same
stratigraphic position in the basaltic complex
(0,).

The Liassic age of the basaltic rocks from
this region was inferred by comparison with
the ophiolites north of Mures, in which Herz et
al. (1974) determined a radiometric (Rb/Sr)
age of 180 Ma. It is noteworthy that as early
as 1906 Kadi¢ considered the limestones in-
tercalated between the basalt flows from the
Capriorigca Valley as Dogger limestones (see
also Savu, 1966).

As we previously showed (Savu et al., 1988),
the basaltic flows from the south part of the
ophiolitic megaslab of the Mures Zone and
from the Grosi-Silistioara tectonic rise, re-
spectively, are the old-est ophiolites in the
Mures suture.
the closest basaltic rocks to the Transylvanian
continent or the sialic part of the Transylva-
nian plate, respectively.
this respect are the Liassic sandstones and mi-
croconglomerates intercalations in the basaltic
complex. The presence of limestones indicates
that they formed i a shallow water zone of
the Mureg Ocean.

Therefore, they were among

As an evidence In

4. Geochemistry and tectonic setting

The 510, contents of the ophiolitic rocks
(Tab.), lower than 50 per cent show that the
lava flows of the basaltic complex (O;) are
constituted only of basalts, according to Gill’s
(1981) and Ewart’s (1982) classification. In 45
per cent of the analysed rocks NayO is higher
than 4 per cent which indicates that they rep-
resent spilites, formed by the reaction of the
basaltic lavas with the ocean salty water, like
those from the eastern segment of the tectonic
rise (Savu et al., 1988).

In the other samples this component is a lit-
tle lower than 4 per cent, but higher than 2.50

H. SAVU et al.

per cent, the value that represents the aver-
age of Na,O content characteristic of the nor-
mal tholeiites (Miyashiro, 1975). The spiliti-
zation process is also indicated by the presence
of H;0 in all analysed rocks in which it varies
between 1 and 5.42 per cent. The H,O partici-
pates in the chlorite network, a mineral formed
on account of the interstitial glass and of the
clinopyroxene as well as in that of the argilitic
minerals participating together with albite to
replace the plagioclase laths. The spilitic rocks
with the highest Na,O content have also the
most reduced CaO content (Table) which was
eliminated by the spilitization process.

Due to the increase of Na.O content the
most spilitic rocks, excepting two of them rich
in total FeQ, plot on the diagram in Figure 1
in the calc-alkaline field. In a similar manner
behave on this diagram the basaltic rocks from
the eastern part of the tectonic rise (Savu et
al., 1988). It is noteworthy that the Liassic
basalts from the median part of the ophiolitic
megaslab of the Mures Zone are lesser spili-
tized.

FeOt

2 L L L . 1 1 Mgl
KO +Na 0 20 40 60 80

Fig. 1 - Plot of the basaltic and spilitic rocks
on the FeQ; — MgO — NapO+K,0 diagram. The
rock fields acc. to Irvine and Baragar (1971): TH,
tholeiitic rock field; CA, calc-alkaline rock field.
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Fig. 2 - Vafiation and correlation of some chemical element pairs in basaltic and spilitic rocks.
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Fig. 3 - Plot of basaltic and spilitic rocks on
the Zr/Y — Ti/Y diagram. The rock fields acc.
to Pearce and Gale (1976): PMB, plate margin

basalts; WPB, within-plate basalts.
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Fig. 4 — Plot of the basaltic and spilitic rocks on the Ti - Zr diagram. The rock fields acc. to Pearce
(1980): MORB, middle ocean ridge basalts; AL, arc lavas; WPL, within-plate lavas.
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The trace elements (Tab.) show the char-
acteristic contents of the ocean floor tholei-
itic rocks. They were partially affected by the
spilitization process. As it results from the di-
agram in Figure 2a, on which the rocks are
scattered in a large field, Cr and Ni are the
most influenced elements that participate in
the network of the chloritized augite.

The influence of this process on the Ti, V
and Sc (Fig. 2b and c) was a slight one. The
Zr and Y (Fig. 2d) were the lesser affected el-
ements in this process. The plot of rocks on
the Zr — Y diagram indicates a positive corre-
lation along a line for which the value of the
Zr/Y ratio is 3.

As the Zr, Y and Ti contents were lesser af-
fected by spilitization, so that they maintain
in the characterisitc ranges of the ocean floor
basic rocks, on the diagram in Figure 3 all
the analysed samples plot in the plate margin
basalt domain. :

Excepting two rocks, the ophiolites plot on
the Ti - Zr diagram (Fig. 4) in the mid-ocean
ridge basalt (MORB) field, which underlines
that the basic rocks from this area belong to
the ophioclitic megaslab of the Mures Zone.

The character of mid-ocean ridge basalts of
these rocks results also from the manner in
which they plot on the V - Ti/1000 diagram
(Fig. &)

5. Conclusions

The geological structure of the southern
margin of the Mures Zone differs from the
_northern one by a lesser complicated thrust
tectonics, but it is mostly covered by sedimen-
tary and volcanic formations.

A longitudinal {racture system cuts this
marginal area of the Mures Zone, resulting the
Grosi-Salistioara tectonic rise with an ophi-
olitic basement.

The ophiolites occurring in several inliers
are represented by rocks from the basaltic
complex (Oy) of the Mures Zone, among which
the spilites are the prevalent rocks.

H. SAVU et al.

The changes that intervened in the miner-
alogical composition of spilites are reflected in
their chemical composition by the increase of
the NayO content and by the decrease of CaO
and other elements.

The contents in some trace elements, espe-
cially Cr and Ni, have been also influenced.

The basaltic ophiolites are plate margin
rocks, formed on the Mureg Ocean floor.

The basalt flows with thin intercalations .
of recrystallized limestones and detrital rocks
formed near by the Transylvanian continental
margin, in a shallow water zone of the Murey
Ocean.
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NEW DATA CONCERNING THE STRUCTURE, PETROLOGY AND GEOCHEMISTRY
OF THE LATE KIMMERIAN GRANITOID MASSIF OF SAVARSIN (MURES ZONE)

Haralambie SAVU, Gabriela GRABARI, Maria STOIAN
Institutul Geologic al Romaniei. Str. Caransebeg 1, 79678 Bucuregti 32

Key words: Granitoid rocks. Structure. Classification. Geochemistry.
Trace elements. REE. Petrology. Origin. Drocea Mountains. Apuseni
Mountains.

Abstract: The Late Kimmerian granitoid massif of Sivargin consists of
two intrusive bodies: (1) the north — Temegesti body and (2) the south -
Savargin body. These bodies were emplaced successively and they are the
result of the differentiation of two parental magmas. Each body had its
proper evolution. The Temesesti body originated in a dioritic magma, rich
in volatile substances. It differentiated to a granodioritic magma and crys-
tallized at a temperature of about 740° C. At the contact, this body meta-
morphosed the ophiolitic country rocks in basic hornfelses. On the margin
of the body, the dioritic magma was contaminated by basic materials from
the Liassic ophiolites giving rise to a border of more melanocratic rocks.
The abundance of mineralizing agents in the magma determined postmag-
matic deposition of molybdenite and other sulfides. The granitic body of
Savargin resulted from an acid magma intruded nearly the surface. By its
cooling there resulted three rock facies: a marginal facies of porphyritic
microgranites, a facies of common granites and a facies of large-porphyritic
granites holding affinities toward the rapakivi granite. The parental magma
was a "dry” one, very viscous and poor in volatile substances, that crystal-
lized at a temperature of about 660° C. Owing to the characteristics of the
parental magma, this body did not determine a contact metamorphic zone
- in the ophiolites and its magma was not contaminated by the basic rocks.

Introduction graphy and chemistry belong to Szentpétery

(1928). In 1953 Savu (unpubl. rep.) showed

The granitoid massif of Savarsin is situated that the granitoid massif does not consist of a
on the Mureg Valley, within the southern part single intrusive body, differentiated in situ as
of the Mures Ophiolite Suture or the Mures it was previously supposed (see Giugca, 1950),
Zone. The first data concerning its petro- but it represents a composite pluton, formed
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of two main successive intrusions, the northern
one of Temegegti — made up of diorites and gra-
nodiorites and the southern one of Savarsin —
consisting of granites. The petrology and geo-
chemistry of this massif were investigated by
Savu et al. (1967a; 1967b). Savu and Vasiliu
(1966) determined the crystallization tempera-
ture of the Savarsin granite, using the chemical
composition of the alkali feldspar megacrysts.
For a long time the granitoid massif was con-
sidered as belonging to the Laramian (ba-
natitic) intrusions from the west of Romania.
Using the K/Ar datings previously obtained
(Lemmne et al., 1979 and Savu et al., 1984 — un-
publ. reports), Savu et al. (1986) calculated
an isochrone showing that the radiogene age
of the massifl is of 128 Ma' and that it belongs
to the Late Kimmerian intrusions associated
with the southern island arc of the Mures Zone
established by Savu (1983). Stefan (1986) con-
sidered also that the granitoid massif is Eucre-
taceous in age. The tectonics of the Sivérsin
granite was elaborated by Savu (1995). The
metallogeny of the granitoid massif was inves-
tigated by Socolescu (1944), Papiu (1953, un-
publ. rep.), Petrulian and Steclaci (1966) and
Savu and Mandroiu (1980).

In this paper, using new methods of investi-
gations, we analysed the new data on the gran-
itoid massif and re-examined the old ones, ob-
taining a modern image on its genesis.

Structure of the Granitoid Massif

The intrusion of two bodies that make up
the granitoid massif took place as follows: (1)
the Temesesti body and (2) the S&vargin body
(Fig. 1).

The first intrusion forms the northern body
of the massif. This has a sphenolith shape
~ diping south-east - which is enrooted in

"Recently, D. Pani (oral com.) obtained an age of
155 Ma on zircon, that correlates quite well with the
position of the consaguineous island arc acid volcanics
intercalated in the Upper Jurassic flysch deposits from
the Drocea trough.
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its south-western extremity. Its feeding chan-
nel coincides with a gravity low made evident
by Andrei (1962, unpubl. rep.). This body
resulted from successive intrusions of dioritic
and quartzdioritic magmas, that crossed the
Liassic ophiolites of the Mures Zone, repre-
sented by the basalt complex (O;) and the
sheeted dyke complex (Oj) associated with
small gabbro bodies. The dioritic intrusion
was followed by a granodioritic intrusiow which
penetrated through the axial zone of the sphe-
nolith. As resulted from the field observa-
tions and the detailed map of this body (Savu,
Mandroiu, 1980), the contact hetween quartz-
diorites and granodiorites is a sharp one. This
relation and the observation that the granodi-
orites do not contain any dioritic xenolith show
that the granodioritic magma was intruded
when the dioritic body was still in a plastic
state. This conclusion is also supported by the
fact that the diorites formed a more important
intrusion in the northern part of the Temesesti
body. Besides, on the north-western border
of the granitoid massif of Savarsin there occur
two more small dioritic bodies: one of them oc-
curs 1n the contact area between the two bod-
ies of the massif and the other one is situated
a little west of it, on the northern contact of
the Savarsin granite body with the ophiolitic
rocks. All these indicate separate dioritic in-
trusions in this region, earlier than the gran-
odiorite intrusion.

Like in the diorites, in granodiorites numer-
ous melanocrate autoliths are present. These
are similar to those described by Pabst (1928)
and Balk (1937) in the Sierra Nevada granites,
which one of us visited east of Sacramento, in
1972.

Around the Temegesti body a thermal con-
tact zone was formed, affecting the Liassic
ophiolites. This zone developed mostly in the
north-western part of the intrusion, being ev-
ident at the contact with the diorites. It
1s noteworthy that it is missing at the con-
tact with the granodiorites, as for instance in
the area between the Fercioaia Brook and the
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Rogelii Valley. The contact zone consists of
pyroxenes — hornblende hornfelses and horn-
blende — biotite hornfelses, usually injected by
leucocrate veins (Savu, 1989). In the end, the
Temegesti body was crossed by aplitic veins,
a dyke of porphyritic monzodiorite and one of
kersantite.
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channel of which is located in its north-eastern
extremity, near by the one of the Temesgesti in-
trusion (Savu, 1995). It is also marked by a
gravity low rendered evident by Andrei (1962,
unpubl. rep.). In the structure of this granitic
body three rock facies were separated (Savu et
al., 1967a; Savu, 1995; Fig. 1). A marginal
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Fig. 1 - Sketch-map of the granitoid massif of Savarsin. 1, alluvia; Sivarsin granitic

body: 2, large-porphyritic granite; 3, marginal facies granite; Temesesti body: 4,

granodiorite; 5, diorite and quartzdiorite; 6, contact metamorphic zone; 7, fault:
1-4, geological section.

The

second

intrusion resulted in the facies consisting of porphyritic microgranite,

Savarsin granitic body that exhibits a shape of that extends only along the northern border
an asymmetrical laccolith (Fig. 1), the feeding of the intrusion. It seems that the microgran-



74

ite in this facies formed a kind of a carapace
of the granite body — later on strongly eroded
(Fig. 1). Under this a thin zone of common
granite was formed and below it the large-
porphyritic granite facies of Savéarsin crystal-
lized, which holds affinities with the rapakivi
granite. These facies remind us of the ones of
the Gaborone granite (Kay, Wright, 1982).

The asymmetrical laccolith shape of the in-
trusion, the facies sequence and the observa-
tion that the granites from the three facies dis-
play a close chemical composition (see Savu
et al., 1967a — Tab. 1) show that the gran-
ite body resulted by the cooling of a single
granitic magma intrusion, emplaced near the
surface, in which the marginal facies was first
to crystallize. '

The rocks within this body - espe-
‘clally the large porphyritic granite — con-
tain melanocrate and leucocrate autoliths and
are crossed by three joint systems and aplite
veins. Measuring these structural elements,
Savu (1995) determined the tectonics of the
Savargin granite. It is noteworthy that this
granite body was not accompanied by hy-
drothermal mineralization and it did not de-
termined a thermal contact zone in the ophi-
olitic country rocks, because it resulted from a
“dry” magma, poor in volatile substances.

Petrographic Aspects and Rock
Classification

Of the two intrusive bodies of the grani-
toid massif, the Temesesti body is more ba-
sic than the Savarsin one. It consists of dior-
ites, meladiorites, monzodiorites and quartz-
diorites on the border and biotite granodiorites
inside, rocks that were described and classified
by Szentpétery (1928) and Savu et al. (1967a)
using the methods available at that time. We
remark that the leucodiorites are often charac-
terized by a porphyritic structure, determined
by andesine phenocrysts. The diorites rich in
melanocrate minerals (hornblende), abound in
basic autoliths which indicates a contamina-
tion of the magma by basic materials from
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ophiolitic country rocks. 'The autoliths from
the diorites consist of hornblende, biotite and
plagioclase and those from the granodiorites —
which rarely occur — contain biotite and pla-
gioclase, minerals that have first crystallized
within the magma. The potash feldspar of the
granodiorites from the Ciumani Brook is dis- .
tinctive by a fine structure of spindle-shaped
twin lamellae reminding us that of the micro-
cline type.

For rock classification we used the chemical
data from Szentpétery (1928) and Savu et al.
(1967a). On the QAP diagram (Fig. 2) the
more melanocrate rocks from the Temesesti
body plot in the diorite field (10%). A rock
from the Crucii Hill, described by Szentpétery
(1928) as a microdiorite, is in fact a basic horn-
fels, that plots in the gabbro field (10}, it pre-
serving the chemical composition of the basalt
from which it resulted (Savu, 1989).

Fig. 2 - Plot of the granitoid rocks on the
QAP diagram (acc. to IUGS). 1-11, analyses
from Savu et al. (1967a); 12-22, analyses from
Szentpétery (1928); 1-6 and 15-22, analyses from
the Temesesti body; 7-17, analyses from the
Savarsin body; a, field of the Temegesti dioritic
rocks; b, field of the Temegesti quartz-dioritic
and granodioritic rocks; ¢, field of the Savarsin
granitic rocks. See the significance of the
diagram domains in text.

Most of the dioritic rocks are monzodiorites
which plot within the field (9%). The quartz-
diorites are situated in the field (5). It is
noteworthy that two vein rocks, one from the
Contrava Brook (no. 3) and another from the
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Roselii Valley (no. 22), plot on this diagram,
as on the next one (Fig. 3), in the same place.
The granodiorites have a clear position in the
field (4).

The kersantite plot in the monzogabbro field
(9) and the porphyritic monzonite from Dealul
Mare is situated in the field (8+). The latter
was described by Szentpétery (1928) as a gra-
nosyenite. It is similar to the "orthophyres”
described by Savu (1962) among the Upper
Jurassic volcanics associated with the flysch
deposits from the compressional sedimentary
basin of Drocea, in the north-west of the Mures
Zone.

)
L Or

3 — Plot of the acid rocks from the

Fig.
Sévarsin massif on the An-Ab-Or diagram. a,
field of the Temegesti rocks; b, field of the Savarsin

rocks. The same legend as in Figure 2.

On the An-Ab-Or diagram (O’Connor,
1965) in Figure 3, most of the Temesesti rocks
plot in the granodiorite field (B) and two of
them in the tonalites field (A). The common
plot of the two above-mentioned vein rocks is
situated in the granite field (E). A vein of por-
phyritic rock crossing the granodiorites is to
be found in the trondhjemite field (D). The
presence of the trondhjemites associated with
the Late Kimmerian intrusions from the Mures
Zone was pointed out by Savu et al. (1985) in
the Luncoi region and among the leucocrate
dykes from the Varadia-Troag region (Savu et
al., 1992).

The rocks of the Savarsgin granitic body have
a more uniform composition so that on both
diagrams (Figs 2 and 3) they plot in the gran-
ite field (3b and E). Only one rock, a large-

porphyritic granite containing Na,O and K,0
in almost equal amounts, plot on the QAP di-
agram in the monzodiorite field (9+). Within
the Savarsin intrusion two rock-types are char-
acteristic: the marginal facies microgranite
and the large-porphyritic g’énite from the in-
ner facies. The first is a fine rock that was
formed by a fast crystallization of the granitic
magma in the upper and the marginal parts of
the intrusive body (Fig. 1). It contains phe-
nocrysts of orthoclase and albite-oligoclase.

The rocks from the large-porphyritic gran-
ite facies are more characteristic, they consist-
ing of a groundmass of common granite with
biotite and hornblende, in which large phe-
nocrysts (4-5 cm long) of alkali feldspar oc-
cur, the -2V of which varies between 509 — 60°.
These phenocrysts exhibit a zonal structure
of the rapakivi type. Their alternative zones
are formed of orthoclase-anorthoclase and al-
bite. Savu and Vasiliu (1966) showed that
these megacrysts were formed by a rhythmi-
cal crystallyzation of the granitic magma, an
explanation given by Yoder et al. (1957) to
the zoned megacrysts of some Scandinavian
granites. It was the main process controlling
the crystallization, but as it results from Fig-
ure 1, presented by Savu (1995), the zones of
these megacrysts exhibit various thicknesses.
Therefore, we consider that this process was
influenced either by successive gas escape from
the intrusion or by successive gas influx from
the depth, which modified the vapour ten-
sion within the magma and, accordingly, the
crystallization velocity in different zones. The
genesis of this large-porphyritic structure was
favoured by the slow crystallization of the
granitic magma in the lower part of the lac-
colith, that was covered by the carapace of
marginal facies granite.

Geochemistry and Tectonic Setting

For the geochemical characterization of the
granitoid rocks we used some data from
Szentpétery (1928) and Savu et al. (1967a)
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and particularly the new analyses rendered in
Tables 1, 2 and 3. The contaminated dioritic
rocks from the Temesgesti body show a partic-
ular chemical composition, exhibiting high av-
erage contents in Ti0, (0.91 %), FeO (5.42 %),
Fe; 03 (3.70 %), Ni (32 ppm), Cr (49 ppm), V
(177 ppm) and- Co (18.25 ppm), values that
are close to the contents of these elements in
some gabbros and basalts. Similar contents
also occur in their basic autoliths. In the later
intruded granodiorites these elemets decrease
very much (Tab. 1), showing normal average
contents for these rocks that were not contam-
inated.. They are richer in Na,0 (3.92 %) than
in K;0 (2.85 %) and are remarkable for their
higher average contents in Ba (431 ppm) and
Sr (554 ppm). The Rb/Sr ratio is of 0.20. Nor-
mal contents in Y, Zr and Nb were determined
in the granodiorites (Tab. 1). Be varies be-
tween 1 and 2 ppm.

The granites of the Savargin body contain
very low amounts of TiO,, iron and CaO (Tab.
1). Of the alkalies, K,0 (4.64 %) is usually
higher than NayO (4.5 %), the K20/Na,O ra-
tio varying between 1.20 and 1.09. In one gran-
ite in the Grohotu Hill the contents of alkalies
are equal: K,0 is of 3.98 % and Na,O is of
3.99 %. In these rocks there are high contents
in some trace elements: Ba (791 ppm), Sr (328
ppm) and Zr.(172 ppm). The Rb/Sr ratio is
of 1.41.

The plot of the 22 analyses from litera-
ture on the FeO-MgO-Na, O+K,0 diagram in
Figure 4 (Irvine, Baragar, 1971; Hutchinson,
1982) showed that — excepting the two strongly
contaminated diorites (nos. 19 and 20) and
the basic hornfels which are situated in the
tholeiitic domain (a) — all the acid rocks plot
within the calc-alkaline domain, in two sepa-
rate flelds. The Temesesti rocks are situated
in a typical calc-alkaline field (b) and those of
the Savarsin body and two vein rocks crossing
the Temesesti body plot in the ¢ and d fields,
situated in the extension of the calc-alkaline
domain, at higher values of alkalies.
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FeOt

MgQ

Fig. 4 - Plot of the granitoid rocks on the
FeQ-MgO-NayO+K20 diagram. a, field of the
divritic rocks and hornfelses of Temesgesti (o); b,
field of the quartzdioritic and granodioritic rocks
of Temesgesti (x); ¢, field of the Savargin granitic
rocks (e); d, field of the acid vein rocks crossing
the Temegesti body (4). TH, tholeiitic domain;
CA, calc-alkaline domain; Alk, alkaline domain.

The same legend as in Figure 2.
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Fig. 5 - Plot of the granitoidl rocks (data from
Savu et al., 1967a and Table 1) on the Ti-Zr dia-
gram. WPL, intra-plate lavas; MORB, mid-ocean
ridge basalts; AL, arc lavas.
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The tectonic setting of these rocks was de-
‘termined by plotting the old analyses and
those from Table 1 on the Ti-Zr diagram in
Figure 5 (Pearce, 1980). Excepting the basic
and the contaminated rocks that are acciden-
tally situated in the MORB domain, the other
rocks plot in the field of the volcanic arc lavas.

t shows that the S&vargin massif was formed
in connection with the southern island arc of
the Mures Zone, during the subduction of the
Liassic ocean crust under the ocean plate situ-
ated between the two parallel island arcs of the
Mures Ophiolite Suture (Savu, 1983; Savu et
al., 1986). On the Nb-Y diagram in Figure 6
{(Pearce et al., 1984) the rocks of the granitoid
massif plot also in the domain of the volcanic
arc granites (VAG). They represent postcol-
lisional intrusions, because on the Rb-Y+Nb
diagram in Figure 7 (Pearce et al., 1984) they
are situated just in the field of the Querigut
granites from Pyrenées ~ France, considered
by the quoted authors in this category.

10530 Y ppm

10 100

Fig. 6 — Plot of the granitoid rocks from Table 1
on the Nb-Y diagram. WPG, intra-plate granites;
ORG, ocean ridge granites; VAG + syn-COLG,
volcanic arc granites + syncollisional granites.

By the Neutron Activation Analysis there
were determined the contents of Th, Hf, Sc¢, Ta
and Co in four granitoid rocks and one gabbro
(Tab. 23

77
10004 syn-COLG
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ppm ] 25 7
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Fig. 7 - Plot of the granitoid rocks from Table

1 on the BRb-Y+Nb diagram. 1, rocks from the

Savargin massif; 2, field of the Querigut granites.
The same legend as in Figure 6.

The last rock was collected from the ophio-
lites near by Temesesti intrusion, on the Plisca
Brook. The Th, Hf and Ta contents are
lower in the Temesesti rocks and higher in
those of Savarsin body. Within the last rocks,
Th and Hf are higher in the large-porphyritic
granite than in the marginal facies granite.
On the contrary, the Sc contents are higher
in the Temesesti rocks than in those of the
Savargin body. The granodiorite is an excep-
tion, its content in Co being higher than that
in the marginal facies granite of Savérsin, but
lower than that in the large-porphyritic gran-
ite (Tab. 2). In contrast, in the Liassic gabbro
were determined lower contents of Th, Hf and
Ta and higher contents of S¢ and Co than in
all the granitoid rocks.

The contents of REE were also deterruined
by Neutron Activation Analysis (Tab. 3). The
REE contents in the Temesesti rocks are lower
than those in the Savarsin rocks, while the
HREE are variable in both intrusions.
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Table 1
Distribution of some major and trace elements in rocks of
the Sivargin massif

% ppm
Sample+ K;0 CaO TiO; Fe;O3 | Rb 51 ¥ o Nb~ Nbibr
Rocks from the Temegesti body
1 * 090 59 140 980 30 430 30 100 <20 0.035
2 3.00 210 040 210 110 310 20 -150 <20 0.368
Aver. 1.95 4.00 0.90 595 70 370 25 125 <20 0.200
Rocks from the Sivirgin body

3 3.20 1.80 030 230 180 3% 20 200 20 0.297
4 470 080 0.30 1.10 210 100 30 130 20 2.010
5 3.80 1.20 e 110 230 140 20 150 20 1.650
6 3.40  0.70 090 190 70 20 140 20 2.900
7 3.80 190 040 3.00 170 820 20 240 <20 0.201

Aver. 3.78 1.28 0.35 1.68 196 328 225 172 20 1.410
Liassic gabbro
8 0,30 9.00 100 11.80 20 410 20 50 20 0.035
+The samples represent: 1, quartzdiorite — Temesesty; 2, granodiorite — Ciumani Brook;
3, large-porphyritic granite — Halalis; 4, marginal facies granite — Contrava Brook;
5, marginal facies granite — Fercioaia Brook; 6, porphyritic microgranite — Contrava Brook;

7, large-porphyritic granite — SAvargin; 8, Liassic gabbro ~ Temegesti.

Table 2
Distribution-of Th, Hf. Ta, Sc and Co in rocks of the Savargin massif

Sample4+ Th ppm Hfpm Tappm Scppm Co ppm

Rocks from the Temesgesti body

1(1) 1.6 2.2 = 28.7 25.00

21{2) 10.5 34 0.63 4.6 2.80

Aver. 6.5 2.8 = 16.65 13.90
Rocks from the Savargin body

3(4) 36.0 3.6 1.39 1.3 1.30

4 (3) 41.6 5.4 1.30 4.5 7.40

Aver. 38.8 4.5 1.34 2.9 4.35

Liassic gabbro
5(8) L.5 0.9 = 39.0 42.00

+ In parantheses are the sample numbers of the Table 1.
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Table 3
Distribution of REE in rocks of the Sivarsin massif

Samplet La Ce Sm Eu Tb Yh
Rocks from the Temesesti body
L (L) 20 34 6.1 1.90 0.85 3.8
Average: XREE = 66.65 ppm; LREE/HREE = 9.17; Eu/Sm = 0.31;
(La/YB)N = 3.59; (Ce/Yb)N = 2.29; (Ce)N = 39
gfe) 2. a3 0.90 0.72 1.7
Average: X REE = 75.62 ppm; LREE/HREE = 21.7; Eu/Sm = 0.27;
(La/Yb)N = 10.26; (Ce/Yb)N = 6.49; (Ce)N = 50
Rocks from the Savarsin body
3(4) 116 207 8. 1.35 0.76 2.8
- Averages: Y REE = 336.41 ppm; LREE/HREE = 67.51; Eu/Sm = 0.16;
(La/Yb)N = 27.07; (Ce/YD)N = 18.38; (Ce)N = 239
4 (3) 33 143 5.6 1.48 0.65 1.8
Average: I REE = 235.53 ppm; LREE/HREE = 58.93; Eu/Sm = 0.26;
(La/Yb)N = 31.5; (Ce/Yb)N = 20.65; (Ce)N = 16.5
Liassic gabbro
5(8) 4.0 = 2.6 1.07 0.60 1.0
Averages: X REE = 9.27 ppm; LREE/HREE = 2.47; Eu/Sm = 0.41;
(La/YDb)N = 2.66

+In the parantheses are the sample numbers of Table 1

The value of the Eu/Sm ratio and the REE
sums of the quartzdiorites and granodiorites
harmonize with those established by Cullers
and Graf (1984) for the "quartzdiorites with
little or no Eu anomalies”. The Eu/Sm ra-
tio in the Sdvarsin marginal facies granite is
much more lower than in the Temesesti acid
rocks. The REE sum of 235.53 ppm in the
large-porphyritic granite is close to that of the
marginal facies granite. Both values are situ-
ated between the ranges established by Cullers
and Graf (1984) for the monzonites with Eu
negative anomaly. They are three times higher
than those from the acid rocks of the Temesesti
body. It is noteworthy that the value of 0.26
of their Eu/Sm ratio is very close to that of
the Temegesti granodiorite.

The values of the REE sum and of the
LREE/HREE ratio in the gabbro are lower
than in any granitoid rock. On the contrary,
the Eu/Sm ratio is higher than that of the

granitoid rocks. A general remark is that the
value of the (La/Yb)N (Tab. 3) increases from
2.66 in the Liassic gabbro t027.07 in the large
porphyritic granite of S&vargin. .

Figure 8 shows the patterns of the chon-
drite normalized (Nakamura, 1974) REE from
Table 3.

The gabbro pattern indicates the rock origin
in an ocean crust. The Temesesti quartzdiorite
pattern does not exhibit any Fu anomaly, but
it occurs on the granodiorite pattern, indicat-
ing a fractional crystallization from a quartz-
dioritic magma towards a granodioritic one,
as in case of the contaminated intrusion of
Cairnsmore in Scotland, described by Tindle
et al. (1988). The patterns of the Sivirgin
granitic rocks do not exhibit any Eu anomaly,
showing that these rocks originated in a homo-
geneous parental magma, which did not differ-
entiate. These patterns clearly indicate that
the Savarsin granitic rocks are richer in LREE
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Fig. 8 - Patterns of the chondrite normalized
REE from the granitoid rocks and Liassic ophio-
lites. 1, quartzdiorite — Temegesti; 2, granodiorite
— Temesesti; 3, marginal facies granite — Sdvargin;
4, large-porphyritic granite — Sdvarsin; 3, Liassic

gabbro - Temesesti.

and more depleted in HREE than the acid
rocks of the Temesesti body. This also shows
that the two intrusions resulted from two dif-
ferent parental magmas, which could have
been formed by two successive partial melt-
ing batches of substratum metasomatized and
contaminated by substances coming from the
subducted ocean crust. Such a conclusion is
also supported by the values of the (Ce)N
and (Ce/YDb)N ratio, which are very differ-
ent in the two hodies of the Savarsin massif.
The value of the Eu/Eut ratio® is higher than
0.7 in most of the Savargin granitoid massif
rocks. According to Zhonggang (1982) such
rocks could have resulted by the differentia-
tion of a basic magma. In our opinion, the
same granitic magmas could be achieved by
the partial melting of a metasomatized and
contarninated mantle.

2The Eu/Eu* value resulted from the relation
(Eu)N/1/2(Sm+Gd)N. If Gd was not determined, its
value may be deduced from the rock pattern.
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Conclusions

The two bodies of the Savargin massif,
which were emplaced successively, resulted
from two different parental magmas, possibly
formed by two partial melting batches of a
metasomatized and contaminated mantle sit-
uated over the Benioff plane. Each granitoid
body had its proper evolution. ‘

The dicritic magma which yielded the Te-
megesti body was a hotter magma (740° C),
rich in volatile substances, that differentiated
in the depth to a granodioritic magma. This
hot magma metamorphosed and assimilated
the ophiolitic country rocks.

The parental magma which generated the
S&varsin granitic body was very viscous and
poor in volatile substances and crystallized at
a temperature of about 660° C. Owing to its
characteristics, this magma did not determine
a contact zone and was not contaminated.

These characteristics clearly show that the
parental granitic magma of Savérsin does not
represent a product of the Temegesti magma
differentiation.
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THE BRANISCA HILL CALC-ALKALINE AND THE MAGURA SARBI
ALKALINE PALEOGENE VOLCANIC ROCKS (MURES COULOIR)
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RCUHIR

Key words: Calc-alkaline rocks. Alkaline rocks. Primary magmas. Major
elements. Trace Elements.Mures Couloir. South Apuseni Mts.

Abstract: Within the Mures Couloir there are Paleogene (56-30 Ma)
volcanics formed under distension conditions. The volcanic activity was
favoured by an E-W system of crustal fractures. The basalt-andesitic neck
and lava flows of Branigca Hill and the trachyandesitic elongated neck of
Migura Sarbi are the most representative ones. The component rocks dis-
play a very uniform composition in each volcanic structure, which shows
a rapid evolution, without any important differentiation or contamination
processes. This suggests also that the parental magmas of each volcanic
structure could have been primary magmas, formed in the mantle at a
great depth. The calc-alkaline or alkaline characteristic of these magmas
was determined by the partial melting of the metasomatized peridotitic
substratum in a small or very small amount (0-5 per cent). The rocks
show ambiguous characteristics as regards their tectonic setting - they be-
ing transitional volcanics between the arc (Banatitic) and the intra-plate
(basanitic) rocks. These characterisitcs are the result of the partial melting
of the metasomatized substratum under the distension conditions of the
Paleogene period.

Introduction

These are the occurrences of Branigca

Along the Mures Couloir, between Deva (Bretea) Hill, Magura Sarbi, Herepea and

and Ilia, there are a few occurrences of Pa-
leogene volcanic rocks which were previously
considerated as post-Miocene or Quaternary
volcanics (Ghitulescu, Socolescu, 1941; Ghe-
orghiu, 1954; Krautner, 1969; Peltz et al.,
1971).

the small neck situated between Lesnic and
Sdcamag known since Hauer and Stache
(1863). The eruption of these volcanics was
favoured by a system of E-W fractures (Savu
et al., 1994a) among which the South Transyl-
vanian crustal fault represented by its western
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segment — the Recag—Cuieg fault evidenced by
Andrei et al. (1975) — is the most important.

In order to make a comparative study on
these volcanics, we selected the occurrences of
Branigca Hill and Magura Sarbi as the most
characteristic ones. For that purpose we used
11 new chemical and trace element analyses.

The first geological observations concern-
ing these two volcanic occurrences are due
to Ghitulescu and Socolescu (1941) who con-
sidered them - like Gheorghiu (1954) later
on — as two outliers of post-Miocene basaltic
lavas from the 4th phase, emitted by the small
Lesnic neck. They suggested also that un-
der the Mureg alluvial deposits other volcanic
necks could exist.

Krautner, who studied in 1969 the Poiana
Ruscid Mts alkali basalts and basanites and
the Mureg Couloir volcanics, regarded the vol-
canic occurrences of Branigca Hill and Magura
Sarbi as two Quaternary necks constituted
of calc-alkaline hasalt-andesites, a character
which afterwards was asserted by Peltz et al.
(1971). Radulescu et al. (1981) described
them as intra-plate young volcanics. Lemne
et al. (1983, unpubl. rep.) using K/Ar dat-
ings, established that they are Paleogene (48—
30 Ma) rocks. Bostinescu (1982, unpubl. rep.)
evidenced lava flows on the Branigca Hill which
he represented on the Gurasada map, worked
out by Lupu et al. (1986). Savu et al. {1994a)}
showed that the Mures Couloir volcanics are

"transitional rocks” between the arc banatites

and the intra-plate basanites.

Structure of the volcanic occurrences

The Brénigca Hill and Magura Sarbi vol-
canic rocks occur north of Mures in the South
Apuseni Mts, where they form two peaks sit-
uated at about 3 kilometers one from another
(Fig. 1): the first lies between Brinigca and
Bretea Muresana localities and the second oc-
curs south-east of the Sarbi village. As I{/Ar
datings showed (Lemne et al. 1982; 1983, un-
publ. rep.) the volcanic rocks from this part of

H. SAVU et al.

the Mures Couloir and the Poiana Rusca Mts
erupted in the Paleogene, between 56 and 30
Ma. See also the Gurasada map (Lupu et al.,
1986). Therefore, they are contemporaneous
with the Tertiary basaltic volcanics of Scot-
land and North Ireland, the eruption of which
commenced in Early Tertiary and ended 40 Ma
ago (Hatch et al., 1961).

The Branigca Hill (30 Ma) basalt-andesitic
volcanics are represented by a neck and lava
flows. The first lies at the southern extremity
of the Brinigca Hill (341 m) - on the right
Mures riverside. Its eruption was probably
facilitated by one of the E-W fractures cut-
ting along the Mures Couloir, which could be
located just on the Mureg thalweg. Another
such fault occurs near by the northern bound-
ary of the Branigca Hill lava flows (Fig. 1).
This neck was exploited down to around 15 m
above the river water by the Branigca Quarry,
so that in the neck place resulted a deep open .
pit. Now the neck filling basalt-andesites can
be observed on the open pit bottom, near the
northern wall, on a surface of a few square me-
ters.

The Branisca neck has an irregular shape.
Its walls are constituted of Turonian — Senon-
ian sedimentary deposits (sandstones, con-
glomerates, shales) belonging to the Deva
Beds. Around the neck the sedimentary de-
posits are almost vertical and they show dif-
ferent trends. At the contact with the basalt-
andesitic neck the sedimentary deposits were
affected by a caustic metamorphism, accom-
panied by burning and fritting phenomena.

The successive lava flows lie on the Branigca
Hill, north of the neck (Fig. 1), extending
one kilometer away, near the Bejan—Iha road.
It seems that through the Branigca vent very
fluid basalt-andesitic lavas streamed down, ex-
tending around on a surface of more than 3
km sq. Later on, they were eroded so that the
basalt-andesites on the Brinigca Hill represent
a vestige of these lava flows.

The alkaline neck of Magura Sarbi (48 Ma,
average of two datings, Lemne et al., 1983,
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unpubl. rep.) forms another peak (416 m)
higher than the first one. The neck is elon-
gated E-W ower a distance of about 600 m
(see the Gurasada map and Fig. 1), parallel
to the Recas-Cuieg crustal fault, on which it
was formed. Besides, it is a little swollen to-
ward south (I'ig. 1). It seems that this neck
has not reached the earth’s surface.
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As Krautner (1969) showed, too, the neck
was separated in quasihorizontal four-sided
prisms, that are characteristic of such mag-
matic structures (Tyrrell, 1960). These prisms
are 1 meter long and 20-30 cm thick. They
form a vault (Fig. 2), the apex of which ly-
ing in-the neck axial zone, where the prismatic
separations were affected by a flexure that is
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Fig. 1 - Geological sketch of the Briinigca Hill and Migura Sarbi volcanic occurrences
(acc. to Lupu et al., 1986 and the authors’ data). 1, alluvia; 2, Quaternary deposits;
3, Magura Sarbi trachyandesites and trachybasalt-andesites; 4a, Branigca Hill lava,
flows; 4b, basalt-andesitic neck; 5a, Paleocene-Maastrichtian deposits; 5b, Banatitic

pyroclastic beds; 6, Lower Senonian — Turonian deposits; 7, Barremian — Aptian
deposits; 8, tectonic breccia; 9, fault; Q, quarry.
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visible at the first quarry level. The prismatic
separations are due to three fissure systems
formed during the neck cooling: a system par-
allel to the vault formed by the prismatic sepa-
rations and two strong dipping fissure systems.
At the second quarry level these two last fis-
sure systems have the following position: N
500 — 70°W/55°N and N 50° — 70°E/72°S. In
some neck portions the prismatic separations
are weathering parallel to their sides.

WNW

Fig. 2 - The northern part of the Bretea
Quarry in the Migura Sarbi neck showing its con-
tact with the Paleocene — Maastrichtian sedimen-
tary deposits and the four-sided prismatic sepa-
rations that make a large vault. 1, alkaline rocks;

2, sedimentary deposits.

The neck contact with the country rocks is
visible at the northern part of the first quarry
level, where the sedimentary beds, represented
by Paleocene and Maastrichtian deposits were
uplifted by the intrusion and affected by the
caustic metamorphism.

Petrography

Between the volcanic rock occurrences of
Branigca Hill and Magura Sarbi there are dil-
ferences concerning their petrographic com-
position. The Branigca basalt-andesites are
black aphanitic rocks with a basaltic aspect.
The rocks inside the neck have a porphyritic
texture, determined by the presence of augite
microphenocrysts embedded in a pilotaxitic
groundmass formed of plagioclase, augite and
magnetite microcrystals.  The augite mi-
crophenocrysts are gathered, forming small
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glomeroporphyritic aggregates. Some of them
have been substituted by magnetite. The
groundmass structure is a massive one, some
fluxion aspects occurring only around the mi-
crophenocrysts. Very rarely a vesicular struc-
ture is present. On the neck border the tex-
ture is fluidal and the basalt-andesites contain
xenoliths torn off from the country rocks.

The basalt-andesitic lavas on the Branigca
Hill also have a porphyritic texture, they con-
taining euhedral microphenocrysts of plagio-
clase (An 48-46) with albite or albite-Karlsbad
twins, and rarely of augite. These are em-
bedded in a pilotaxitic or hyalopilitic - fluidal
groundmass (Pl., Fig. 1), consisting of paral-
lel plagioclase microcrystals, small magnetite
grains and glass. The augite microphenocrysts
(¢ A Ng = 49% are light brown and have
2-3 thin marginal zones. Olivine microphe-
nocrysts substituted by secondary minerals are
rare (Pl, Fig. 2).
daloidal rocks occur, the amygdals of which
are infilled with calcite or chlorite, or by chlo-
rite on the amygdal border and calcite inside
it

The alkaline rocks of Magura Sarbi neck,
represented by trachyandesites and rarely
trachybasalt-andesites, are grey in colour.
They are porphyritic rocks, too, with a tra-
chytic texture (PL, Fig. 3), consisting of
a hyalopilitic groundimass, formed of alkali
feldspar microlites, magnetite grains and some
glass in which augite (¢ A Ng = 40°) microphe-
nocrysts occur (PL, Fig. 4). The last are
light green and very fresh. Besides, small elon-
gated pseudomorphs are present, consisting of
magnetite grains. They were probably formed
by the magmatic corrosion of some pyroxene
or brown amphibole crystals. Other pseudo-
morphs, 1 mm long, are formed of chlorite and
magnetite grains.

Here and there amyg-

Geochemistry and tectonic setting

The chemical analyses (Tab. 1 and 2) of
11 samples from the two volcanic occurrences
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reflect their petrographic composition by the
510, average contents, which are of 53.42 % in
the Branisca basalt-andesites and of 54.67 %
in the Sarbi alkaline rocks. These values are
a little higher than 52.00 % SiO, that is the
boundary between basalt and basalt-andesite
(Gill, 1981; Ewart, 1982). That they belong
to these petrographic types, as clearly results

from the Figure 3 (Bass et al., 1986).

The TiO, average contents are higher in
basalt-andesites than in the alkaline rocks.
But they are lower than in other rock types,
as on the diagram in Figure 4 (Pearce, 1980),
in which TiOj; is one of the two referring ele-
ments, all the analysed rocks plot in the field
of the arc volcanics. On the contrary, the

Table 1
Chemical composition of the volcanic rocks

Branigca Hill basalt-andesites Magura Sarbi trachybasalt-andesites
: 1 2 3 4 5 6 7 8 J 10 11
Si0; % 52.64 5298 53.24 53.44 5360 5471 | 53.70 55.49 58.26 58.34 58.80
TiO, 090° 080 08 050 -08% " 144-| 080 663 058 055 (55
Al;O4 1834 - 18,000 715 1721 1694 “16.2% | 1752 1684 1673 1618 1608
Fe,04 &l 287 249 209 .:323 436 368 299 325 288 2491
FeO 3.59 4.27  4.47  4.27 4.27 3.79 3.07 266 214 238 hiit
MnO g8 0J5 0313 013 #J4 012 | 012 DIl BAT 009 001
MgO 444 509 510 519 483 585 | 461 468 397 354 392
Ca0O 838 824 849 802 812 784 | 780 699 654 6.51 6.51
K,0 1.36 1.38 140  1.28 1.43 L1214 1.62 2,13 2,08  2.34 1.99
NayO 3.66 3.46  3.52 3.46 4.10 3.48 3.85 422 385 4.01 3.92
P20s5 028 0258 024 D2 N4 023 | D23 QM B2 621 821
H,O* 2.14 193 2.39 249 1.66 1.45 2.68 246 197 233 2.40
S 0.35 0.04 0 0.01 0 0.06 0.01 0 G 0 0.25
Total 99.97 09.69 99.48 0948 9945 99.82| 99.61 99.46 99.67 99.46 99.92
Ni ppm 90 75 100 105 90 105 | 48 38 52 31 36
Co 22 15 30 24 18 20 14 8 10 6 6
Cr 180 175 230 235 170 250 125 65 100 42 67
v 270 210 300 260 210 200 160 85 125 67 66
Sc 21 22 26 20 15 24 14 10 13 8 5.5
Th 6.3 5.5 5.3 - 8 73
Hf 4.5 2.3 - 4.2 . - - 3.0 - - 9
Zr 140 100 180 165 135 125 125 90 140 95 5.5
Y 26 24 27 25 23 29 18 <10 15 <10 <10
Ybh 2.2 L.7 1.9 1.9 1.8 4.9 1.6 <1 1 <1 il
Ba 750 340 530 350 700 440 630 650 620 530 620
Sr >1000 630 730 700 >1000 530 | >1000 700 600 550  >1000
Ph 7 i1 12 11 9 3.5 4 17 9 16 14
Cu 28 66 40 34 36 32 12 32 14 28 27
Zn 55 50 55 32 (G2 87 50 40 55 44 55
Ga 26 28 32 32 27 17 16 18 14 26 16
Sn <2 5 2.5 <2 2.5 <2 <2 <2 <2 3.5 e

Remarks: CO3 = 0; Nb <10 ppm; La <30 ppm.
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Al,05 average contents of the two rock groups
are very close.

More important differences between the
basalt-andesites and the alkaline rocks occur
in case of iron, MgO and CaO, components
the average values of which are always higher
in the former rocks than in the latter (Tab.
2). The average value of the CaO/Al; O3 ra-
tio is 0.47 in basalt-andesites and 0.41 in the
alkaline rocks.

The alkali average contents are higher in the
Sarbi alkaline rocks. Consequently, between
the two rock groups there are the following
relationships concerning these elements (Tab.
2): basalt-andesites - NapO (3.61 %) > K,0
= 0.37; alkaline rocks — Na,O (3.97 %) > K,0
= 0.49.

Ti
(ppm)
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20000 4
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5000 ]

2000

a1

+2
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Fig. 4 — Position of the volcanic rocks on the Ti - Zr diagram. 1,
Branigca Hill basalt-andesites; 2, Magura Sarbi alkaline rocks. WPL,
intra-plate lavas; MORB, mid-ocean ridge basalts; TAL, island arc lavas.
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Table 2
Ranges and averages of the element contents in the volcanic rocks

Brénigca Hill basalt-andesites | Magura Sarbi trachybasalt-andesites
Ranges Averages Ranges Averages

Si02:% 52.64-54.71 53.42 53.70-58.80 94.67
TiO, 0.86-1.44 0.98 0.55-0.80 0.62
Al;03  16.23-18.34 17.31 16.08-17.52 16.67
Fe, 05 2.09-3.81 2.99 2.98-3.68 3.16
FeO 3.59-4.99 4.23 2.14-3.07 2.50
MnO 0.12-0.15 0.13 0.09-0.12 0.11
MgO 4.44-5.85 5.08 3.54-4.68 4.14
Ca0 7.84-8.49 8.18 6.51-7.80 6.87
K,;0 1.21-143 1.34 1.62-2.34 2.04
Nay 0O 3.46—4.10 3.61 3.85-4.22 3.97
P05 0.23-0.29 0.26 0.20-0.24 0.22
Nippm 75-105 94.16 31-52 41.0
Co 15-30 21.5 6-14 8.8
Cr 170-250 206.66 42-125 79.8
V 200-300 241.66 66-160 100.6
o 18-26 21.83 8-14 10.7
Zr 100-180 - 140.8 73-140 104.6
Th 5.3-6.3 5.7 8-9 8.5
Hf 2.3-4.5 3.66 3.0-5.5 4.25
X 23-27 25.6 <10-18 16.5
Yhb 1.7-4.9 2.40 <1-1.6 1:23
Ba 340-750 521.66 530-680 620.0
Sr 630->1000 765 550->1000 770.0
Ph Bb-12 9.25 4-17 12.0
Cu 28-66 39.33 12-32 22.60
Zn 50-87 60.16 40-55 48.80
Ga 17-32 27.00 14-26 18.00
Sn <2-5 = 22-3.5 =

There results that all these rocks are richer in
Na;O than in K;0, having close characteris-
tics to the alkali basalts (Cullers, Graf, 1984)
and to the normal basalts, respectively. As in
the Sarbi alkaline rocks Na,O - 2.0 is lower
or higher than K,0, according to IUGS clas-
sification, they correspond to shoshonites or
mugearites and to latites.

Due to the differences occurring between the
last chemical elements, on the combined dia-
gram in [igure 5 (Irvine, Baragar, 1971 and
Hutchinson, 1982) the two rock groups are
situated in two different fields: the basalt-

andesites plot in the calc-alkaline (CA) domain
and the Magura Sarbi trachybasalt-andesitic
rocks plot in the alkaline {Alk) domain. The
very restricted fields in which the rocks of the
two volcanic series plot, show a close compo-
sition in each occurrence, pointing to the ab-
sence of any important magma differentiation
or contamination processes.

On the same diagram there were plotted the
17 chemical analyses presented by Krautner
(1969) for the Poiana Ruscd Mts basanites
and the Mures Couloir volcanics, the plots
of which are very dispersed. However, it is
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obvious that the basanites plot in the tholeiitic
(TH) domain, the basalt-andesitic rocks fall in
the calc-alkaline (CA) domain and some alkali
basalts and the Magura Sarbi rocks are situ-
ated in the alkaline (Alk) domain, and even
in the calc-alkaline domain. Two rocks of the
last groups plot just in the field of the Magura
Sarbi alkaline rocks.

It is noteworthy that the MnO and P;0s5 av-
erage contents of the Branigca basalt-andesites
and the Migura Sarbi alkaline rocks have very
close values, they also showing a rapid evolu-
tion of the volcanic structures so that their
magmas had not time to differentiate. On
the diagram in Figure 6 (Mullen, 1983; Hall,
1989), excepting one sample, the rocks of the
two volcanic occurrences are gathered in a sin-
gle restricted field, situated between the field
of the arc basalts and that of the ocean island
basalts (ocean intra-plate basalts). This po-
sition underlines their characteristic of "tran-
sitional rocks” between the arc and the intra-
plate volcanics {Savu et al., 1994a).

The trace elements (Tabs. 1, 2) from the
two volcanic occurrences show variable con-
tents, but in most cases they are higher in
the basalt-andesites than in the alkaline rocks.
Such an aspect is obvious in case of Ni, Co,
Cr, and Sc.

Similar relationships exist between Zr and
Y, as shown in Figure 7 (Pearce, Norry, 1979).
On this diagram the basalt-andesites plot in
the intra-plate field and the alkaline rocks out
of this field, but near it, at higher values of
the Zr/Y ratio in comparison with the arc and
ocean floor rocks.

In the two rock groups there are normal and
constant contents of Cu, Zn and Ga, the values
of which representing a characteristic of the
magmas formed in the mantle. The very low
contents of Sn (< 2 — 5 ppm) show that the
magmas in the two volcanic occurrences were
not contaminated by materials from the sialic
crust. The Ph contents are also low. The Th
and Hf contents are higher in the alkaline rocks
than in the basalt-andesites.

H. SAVU et al.

Very high contents of Ba and St are present
in the rocks of the two volcanic occurrences.
The Ba average value is 322 ppm in basalt-
andesites and 620 ppm in the alkaline rocks.
According to Gill {1981) such high contents
of Ba are characteristic of the rocks situated
within the plates. The very high contents of
St in the two rock groups suggest, according to
Hart et al. (1971), that their parental magmas
were formed at a great depth in the mantle.
These very high contents of Sr could indicate,
according to Cullers and Graf (1984}, magmas
similar to the shoshonitic one, but the rocks of
the two volcanic occurrences ave partly differ-
ent from the shoshonites by their relationships
concerning the K30 and Na;O.

The REE contents in the two rock groups
are, excepting Yb, higher in the alkaline rocks
than in basalt-andesites (Tab. 3). Therefore,
the REE sum (average values) is of 81.41 ppm
in basalt-andesites and of 92.86 ppm in the
alkaline rocks. Their average values of the
LREE/HREE ratio are also different, these be-
ing 17.19 in basalt-andesites and of 29.34 in
alkaline rocks. A difference high enough also
occurs between the two rock groups in case
of (La/Yb)N ratio, the values of which being
7.03 in basalt-andesites and 12.35 in the al-
kaline rocks. The values of Eu/Sm ratio in
the two volcanic occurrences are also differ-
ent. they being of 0.36 in basalt-andesites and
of 0.26 in the alkaline rocks.

The high values of the (Ce/YDb)N ratio and
of (Ce)N (Tab. 3) show (see Saunders, 1984)
that the basalt-andesitic parental magma was
formed by the partial melting of five per cent
of a metasomatized garnet peridotite in the
mantle and that of alkaline rocks by the partial
melting of such a peridotite in a very limited
rate.

The chondrite normalized {(Boynton, 1984)
REE patterns of the two rock groups (Iig. 8)
are parallel between La and Th, but they are
different within their terminal zone, for the Yb -
contents are lower in the alkaline rocks than in
basalt-andesites. In both rock groups a very
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Fig. 5 - Plot of the volcanic rocks on the FeOyp; - MgO - NayO+K,0
diagram. B, the field of the Brinigca Hill basalt-andesites; S, the field
of the Magura Sarbi alkaline rocks; 1, Branisca Hill basalt-andesites and
Magura Sarbi alkaline rocks {acc. to the present paper); 2, calc-alkaline
rocks (Krautner, 1969); 3, basanites and alkali basalts (Krautner, 1969).

= TH, tholeiitic; CA, calc-alkaline; Alk, alkaline.
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Fig. 6 —~ Volcanic rock position on the TiQ, - Fig. 7 - Plot of the volcanic rocks on the Zr/Y

P305 x 10 - MnO x 10 diagram. 1, Branigca Hill — Zr diagram. 1, Branigca Hill basalt-andesites;

basalt-andesites; 2, Magura Sarbi alkaline rocks. 2, Mdgura Sarbi alkaline rocks; WPB, intra-plate

I, ocean ridge basalts; II, volcanic arc basalts; basalts; MORB, mid-ocean ‘ridge basalts; IAB,
111, ocean island basalts. island arc basalts.



92

100 4
%
BS 1
70 1
601
501

40
m-

201

10 1

w o~ o
1 FO

Table 3
Distribution of REE in the volcanic rocks

H. SAVU et al.

Sample La, Ce Sm Eu Th Yh

Branisca Hill basalt-andesites

L{1)" 21 52 51 118 0.63 2.2
2(2) 20 50 50 126 0.67 ) Berig
3(4) 19 46 42 108 0.66 1.9

Averages 20.0 4933 477 173  0.65 1.93

YREE = 81.41; LREE/HREE = 17.19; Eu/Sm = 0.36;
(La/Yb)N = 7.03; (Ce/Yb)N = 6.63; (Ce) = 61

Migura Sarbi trachybasalt-andesites

4(8) 26 57 48 116 0.73 1
5(11) 29 58 4.8 138 0.85 1.1
Averages 27.5 57.50 4.8 127 0.79 1.05

SREE = 92.86; LREE/HREE = 29.34; Eu/Sm = 0.26;
(La/Yb)N = 12.35; (Ce/Yb)N = 8.90; (Ce) = 60.5

+ In brackets there are the corresponding numbers in Table 1.

La

Ce

Sm Eu Th

Yb

Fig. 8 — Chondrite normalized patterns of the volcanic rocks. 1-3, Branigca Hill basalt-

andesites; 4-5, Magura Sarbi alkaline rocks.
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stressed slope of the patterns is obvious, sug-
gesting a mantle depletion in HREE during
the previous partial meltings necessary to the
formation of Laramian magmas (70 - 60 Ma),
and that these elements have been drawn out
in a very limited amount by the melting in the
Paleogene tectonic setting. Moreover, a small
Eu negative anomaly is the characteristic of
both rock groups, showing a very weak differ-
entiation of the magmas by fractional crystal-
lization of plagioclase (Philpotts, Schnetzler,
1968).
are very close in shape to those of the Lucaret,
alkali basalts (Savu et al., 1994b) and to the
patterns of Detunata basalt-andesites (Savu et
al., 1993), as well as to those of the Etiopia,
Taos and Rio Grande basalts formed in conti-
nental rift zones (Wilson, 1989).

The paterns of the two rock groups

Conclusions

The Bréanisca Hill basalt-andesites and the
Migura Sarbi alkaline rocks were formed in
a geological period without any important
tectonic events, excepting some crustal frac-
tures which favoured the volcanic activity.
This period settled in the Paleogene, after
the Laramian movements ceased {Radulescu,
Sandulescu, 1980), so that the volcanics are
contemporaneous with the basaltic rocks from

the British Islands.

If the basalt-andesites and the alkaline rocks

from the Mures Couloir were represented by
successive lava flows or by pyroclastic beds,
the first idea concerning their genesis would
be that they are the result of basaltic magma
differentiation. As they form independent vol-
canic structures with a rapid evolution and
without any obvious differentiation and con-
tamination processes, there results that their
parental magmas could have been primary
magmas (Foland, Loiselle, 1981; Savu et al.,
1994, a,b, 1993).

Therefore, onc may say that those magmas
were formed at a great depth in the mantle by

the partial melting of the metasomatized peri-
dotite substratum (Foley et al., 1987; Menzies,
1987). Their calc-alkaline and alkaline charac-
teristics were determined by the melting rate
in a small or very small amount.

The ambiguous characteristics regarding the
tectonic setting — they being transitional rocks
between arc and intra-plate volcanics — re-
sulted by the partial melting of the metaso-
matized and contaminated substratum under
the distension conditions of the Paleogene pe-
riod.
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Plate

Fig. 1 — Texture of the basalt-andesite from the Branigca (Bretea) Hill, consisting of a groundmass
formed of plagioclase and rarely Ti-augite microphenocrysts. II Nicols, x 30.

Fig. 2 — An olivine microphenocryst {rom the Branigca basalt-andesite substituted by bowlungite.
IT Nicols, x 120.

Fig. 3 — Trachytic texture of the trachybasalt-andesite from the Magura Sarbi ( Sarbi Hill) consisting
of alkali feldspar laths, augite microcrystals and secondary iron oxides (black). II Nicols, x 190.

Fig. 4 — Augite microphenocrysts in the trachybasalt-andesite (shoshonite) from the Magura Sarbi.
11 Nicols, x 150,
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ON THE HIGH Ba AND Sr DEVA ANDESITES FROM THE MURES COULOIR
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Key words: Andesitic rocks. Transcrustal fractures. Continental arc.
Major elements. Trace elements. Ba and Sr distribution. Origin.

Abstract: The Deva andesites form many subvolcanic bodies west of Deva
Town, represented by normal necks, swollen necks and domes, that are sit-
uated along three E-W lineaments. These bodies were emplaced through
a system of transcrustal fractures under the compressional conditions of
the Neogene continental volcanic arc from the Apuseni Mountains. They
consist of hornblende andesites and hornblende biotite andesites bearing
large plagioclase phenocrysts. In the depth the andesites pass into a por-
phyritic microdiorite. The rocks are very rich in Ba (2100-3300 ppm) and
Sr (>1000 ppm) similarly or closely to the volcanics erupted in the conti-
nental rifts. The parental magma was a dioritic calc-alkaline one, formed
in the metasomatized mantle. During the magma fractional crystallization
plagioclase and biotite crystal concentrations occurred. The enrichment of
magma in Ba and S5r was determined firstly by the partial melting under the
special tectonic conditions of the Mureg Couloir and then by the fractional
crystallization of the large plagioclase phenocrysts.

Introduction

The Deva andesites occur west of Deva
Town, where they form many subvolcanic bod-
ies that determined a characteristic landscape,
within which a few summits are to be ob-
served, correspondig to some of these bodies
(PL I).

The first observations on these rocks be-
long to Halavats (1903) and Gheorghiu (1960).
In 1963 Gheorghiu and Mareg presented more
detailed data on these andesites. Petrulian
et al. (1965) elaborated a complex study on
the porphyry copper mineralization from the
Paraul Bailor, suggesting a banatitic origin.

Many papers (Radulescu, Borcog, 1967;
Giuged et al., 1968; Janovici et al., 1969;
Cioflica et al., 1973) correlated the intrusion
of these andesites with the Neogene volcanism
in the Apuseni Mountains. Clocanelea (1973)
worked out a detailed structural study of the
andesitic bodies. Other unpublished reports
include data particularly concerning the min-
eralization linked to the andesites, but also
more thorough studies. So, Bogtinescu et al.
(1973; 1983, unpubl. rep.) made complex in-
vestigations on the petrography and the geo-
chemistry of the Deva andesites and especially
on their mineralizations.
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The Andesitic Bodies Structure and
the Rocks Age '

The basement intruded by the andesites
consists of Paleozoic crystalline schists, Up-
per Cretaceous sedimentary rocks (Deva Beds)
and Badenian-Sarmatian sedimentary deposits
and tuffs (Lupu et al., 1982).

The form of the andesitic bodies is that of
normal neck (vertical column), swollen neck
and dome. As the region was strongly eroded,
it is very difficult now to establish if any of
these bodies reached the Earth’s surface. They
are located within a well individualized area
on the southern margin of the Mures Couloir
(Pl. 1), that subsided as an incipient graben
(Savi, 1995), starting since Paleogene (Savu
et al., 1994a). Within this area the bodies of
Piatra Coziei, Steanu Hill, Serhedin Hill and
Dealul Cetatii form a northern lineament of
subvolcanic structures. A median lineament is
marked by the bodies of the Poliatca Hill, No-
cet Hill and by those of smaller size from the
Paraul Biilor. On a southern lineament the
bodies of Coltata, Magura Hill and Bejan Hill
are situated. These E-W lineaments are par-
allel to the transcrustal fractures of the Mures
Couloir. T'wo systems of compressional diago-
nal faults have also influenced the intrusion of
these bodies. On the other hand, this disposi-
tion of the andesitic bodies outlines a concen-
tric configuration of the Neogene subvolcanic
structure of Deva, that could be individualized
in the depth in a main dioritic pluton.

The subvolcanic character of the andesitic
bodies is pointed out by the rock structure
and texture, and by their relationships with
the country rocks. Usually, the andesitic bod-
les contacts are vertical or steeply dipping.
Therefore, the country rocks were intensely
disturbed by the intrusions. In the igneous
rocks numerous xenoliths of these formations
were included, and the presence of polygenous
breccias on the andesitic bodies contact rep-
resent a peculiarity of this area. Such situa-
tions are characteristic in the Dealul Cetitii
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and Serhediu Hill, as well as in some galleries.

The mineralized Paraul Bailor body is
very well known due to the mining workings
through its swelling zone, and to a bore hole.
At the surface, this andesitic body exhibits an
almost circular section, with an obvious con-
centric structure, consisting of: an intrusive
breccia on the contact, followed to the interior
by an aphanitic zone, then by a large zone of
fissured andesite in which the porphyry cop-
per mineralization was located (Cioflica et al.,
1973; Bostinescu, 1984}, and by an andesitic
rock close to a porphyritic microdiorite in the
central part, that seems to have been intruded
later. Starting at the -310 m level the bore-
hole went through the neck down to the depth
of -1200 m below the sea level. Troughout
this depth the subvolcanic andesite gradually
passes into a porphyritic microdiorite (P1. 1,
Figs. 1 and 2).

The upper part of some andesitic bodies was
crossed by intrusive tuff veins (PL 1I, Fig. 3).

As the intrusion of the andesitic bodies
affected the Neogene! sedimentary deposits,
there results that they are contemporaneous
with the Neogene volcanics from the Apuseni
Mountains. This conclusion is supported by
the following K/Ar datings (E. Vajdea, oral
com.): Serhediu andesite 15.2 £ 1.5 My;
Dealul Cetdtii andesite 9.1 £ 0.9 My. These
values assign the Deva andesites to the second
eruption cycle of the Neogene volcanism from
the Apuseni Mountains (Ridulescu, Borcos,

1967).
Petrography

The Deva bodies are mainly constituted of
andesites {Tab. 1, Fig. 1); three rocks ex-
hibit a weak alkaline tendency and other three
plot in the basalt-andesitic field. Their general
characteristics are the large plagioclase phe-
nocrysis, that are more {requent in some small

1The Neogene age of these deposits was determined
by losefina Stancu and Gh. Popescu analysing the
microfauna associations.
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parts of the bodies, and the presence of quartz
in norm. The latter varies from 1.60 % to more
than 5 % and forms very fine grains in the
groundmass. Therefore, some rocks may be
considered as quartz andesites. But, according
to the frequency of the melanocrate minerals,
these rocks must be classified as hornblende
andesites and hornblende biotite andesites.

Hornblende andesites particularly occur in
the Poliatca and Serhediu hills. They are grey
porphyritic rocks, in which the plagioclase
(0.5 -~ 2 cm) and hornblende phenocrysts are
embedded in a microcrystalline groundmass.
Their structure is massive, seldom oriented.
The plagioclase (An 35-50) phenocrysts show
a normal zoning and polysynthetical twinning.
They were affected by secondary processes,
mostly in the core. The green hornblende
(cANg = 22°) phenocrysts exhibit a rim zon-
ing and are partly substituted by iron oxides.
The Serhediu andesite differs from other horn-
blende andesites by its more dark groundmass
and by the large plagioclase phenocrysts reach-
ing 4 cm in length (Pl. II, Fig. 4). The
greenish-brown hornblende phenocrysts were
rarely substituted by chlorite and iron oxides.
Sometimes, autoliths were observed in these
rocks.

Hornblende biotite andesites occur in the
Dealul Cetatii, Nocet and Paraul Biilor bod-
les and in the Magura Hill. By their structural
characteristics these andesites are close to the
above described rocks, from which they differ
by the melanocratic minerals. The Migura an-
desites show a reddish-grey colour, determined
by a hematite dust. The plagioclase {An 20-
40) phenocrysts, exhibiting a polysynthetical
twinning and a characteristic zoning, are more
basic in the core, often affected by alteration.
The green hornblende was also affected by the
autometamorphic phenomena. On the con-
trary, the biotite lamelae are fresh, seldom
bent and substituted by chlorite. A secondary

biotite was formed by reaction on the amphi-

bole margins. Oun the fissures from the Dealul
Cetatii neck, crystals of calcite and barite have
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been observed. In some bodies the amphibole
is represented by a brown hornblende (cANg
= 4°) that was partly corroded by magma or
completely substituted by iron oxides.

‘The porphyritic microdiorite from the depth
of -554 m consists of a microcrystalline ground-
mass, 1n which plagioclase, green hornblende
and biotite phenocrysts are embedded. At
the depth of -1200 m the grondmass shows a
medium granulation (Pl II, Fig. 2). The
plagioclase (An 50) phenocrysts are polysyn-
thetically twinned and display a normal zon-
ing in which some zones and particularly the
core were affected by weak autometamorphic
processes. Hornblende and biotite were partly
substituted by chlorite.

The brecciated rocks are represented by
polygenous breccias formed of andesite and
country rock blocks and breccias without any
andesitic element.

Ba and Sr Distribution and Other
Geochemical Aspects

The chemical composition (Tab. 1) of
andesites? shows that due to the autometa-
morphism — which although not too strong
was almost general — many rocks contain a lit-
tle higher CO,; and H,0. SiO, increases from
51.72 % in hornblende andesites up to 59.47
% in hornblende biotite andesites. The lower
value correlates with the higher contents of
Ca0 (9.04-9.59 %), suggesting that the more
basic rocks resulted from the local accumula-
tions of plagioclase crystals. These rocks have
also a higher MnO content.

The K50 is normal for most Deva andesites.
In those with alkaline tendency (Fig. 1) it
exceeds 2 %. In some rocks of the last cat-
egory higher iron contents have been deter-
mined, too, showing that the K,0 is present
in biotite, that is more concentrated in some
parts of the bodies.

?The major elements have heen determined by the
classical method.
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Due to these higher K,0 contents, on the di-
agram in Figure 2 (Marriner, Millward, 1984)
some rocks, representing 27 % of the total
analyses, plot in the "High K’ field. But most
rocks are situated in the 'Medium K’ domain.

Other chemical components vary in ranges
characteristic of the andesitic rocks (see Gill,
1981). According to the values of these com-
ponents, on the diagram in Figure 3 the Deva
andesites plot in the calc-alkaline field, except-
ing three rocks situated on the margin of the
alkaline field.

Most trace elements (Tab. 1) determined by
emission spectrography, show normal contents
for the intermediate volcanic rocks (see Gill,
1981). Ni, Co, Cr, V and Sc decrease from
hornblende andesites to hornblende biotite an-
desites, indicating a weak differentiation pro-
cess.

The most characteristic trace elements of
these andesites are Ba and Sr, the average
contents of which are very high in compari-
son with other intermediate volcanic rocks of
the calc-alkaline suite (see Gill, 1981). The Ba
average contents varies from 2740 ppm to 2625
ppm (Tab. 1).
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The Deva andesites, the Neogene andesites
from the Apuseni Mountains bearing the high-
est Ba contents (representing 17 % of the anal-
ysed rocks from lanovici et al., 1969; Borcos et
al., 1972), and the pre-Mureg Couloir banatitic
volcanics (K, — Pg; ) from the Gurasada - Zam
region (Savu et al., 1992), have been compar-
atively represented on the V - Ba diagram
(Fig. 4). It shows that the Ba contents vary
in the Deva andesites from 2100 ppm to 3300
ppm, values much higher than in the other two
rock groups, formed out of the Mures Couloir.
Their Sr contents are also higher than in these
two rock groups. On the other hand, Table
2 shows that, regardless of their age, compo-
sition and position in the Mureg Couloir, all
the represented rocks have higher Ba and Sr
contents than the correspondent rocks erupted
under other structural conditions.

Other trace elements (Tab. 1) have aver-
age contents normal for the andesitic rocks,
excepting Cu that is often higher. Ga and Cu
increase from hornblende andesites to horn-
blende biotite andesites, whereas Zn decreases
in this direction. On the contrary, Pb exhibits
irregular average contents.

Table 2
Average contents of Ba and Sr in volcanic rocks from the Mureg Couloir

[ Period Rocks and places Ba(ppm) Sr(ppm) Sources |
Quaternary Quartz trachyandesites Savu et al.
(quartz latites), Uroi 2190 >1000 (1994b)
Hornblende andesites, Deva 2740 >1000
Neogene Hornblende + biotite andesites, Deva 2395 >1000  Present paper
Hornblende biotite andesites, Deva 2695 >1000
Basalt-andesites, Branisca 522 765
Paleogene  Trachybasalt-andesites (shoshonites) and Savu et al.
trachyandesites (latites), Sarbi 620 770 (1996)
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Origin

As shown above, the Deva andesites in-
truded on E-W transcrustal fractures belong-
ing to the South Transylvanian Fracture Sys-
tem, along which the Mureg Couloir subsided.
They occurred at the southern extremity of the
Neogene volcanic arc from the Apuseni Moun-
tains. Their parental magma was formed un-
der the compressional conditions of the East
Carpathians ocean crust subduction, by par-
tial melting of the metasomatized and contam-
inated mantle (see Roden and Murthy, 1985;
Boyd and Bailey, 1975) and probably was con-
taminated with crustal materials, It was in-

truded on closed fractures. The tectonic con-
dition under which this magma was formed
and evolved, are uphold by the TiOQ; - P304
~ MnO diagram (Fig. 5) on which most rocks
plot within the calc-alkaline arc field.

TiO,

MnO=10 50 P205x10

Fig. 5~ Plot of Deva andesites on the Ti0O; -
P,05 — MnO diagram. Fields according to Hall
(1989) after Mullen (1985): 1, MORB, mid-ocean
ridge basalts; 2, tholelitic (Th) and calc-alkaline
(Calc-alk) arc volcanics; 3, tholeiitic (Th) and al-

kaline (Alk) ocean island basalts.

This arc setting is also supported by the very
presence of andesites, that are the most char-
acterisitc rocks of the Andean volcanic arc, by
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the hornblende existence in them (see Ander-
son, 1980) and by the porphyry copper min-
eralization (see Mitchell and Garson, 1981).
The low Ni, Co, Cr and Sc contents as well as
the low Ti, proves also — according to Pearce
(1975), Pearce and Cann (1973) and Shervais
(1982) — the continental arc characteristics of
the Deva andesites.

The parental magma was a dioritic cale-
alkaline one, that evolved by fractional crys-
tallization. During this process some local
concentrations of large plagioclase phenocrysts
and biotite lamelae occurred, determining lit-
tle changes in the general chemical composi-
tion of this magma.

The high Ba and Sr contents in Deva an-
desites, as well as in other rocks erupted within
the Mures Couloir (Tab. 2), are similar or
close to those determined in the volcanics oc-
curring along the continental Tifts (see Wil-
son, 1989; Savu et al., 1996). Therefore, 1t
is obvious that the eruption of all these vol-
canics through the transcrustal fractures from
the Mureg Couloir may explain their high con-
tents in these two elements.

Under these special tectonic conditions the
enrichment of the Deva andesites in Ba and
Sr depended on two factors: 1. Previously,
the parental magma was enriched in Ba and
Sr during the partial melting, probably at
a greater depth, like other magmas erupted
within the Mureg Couloir (Tab. 2). 2. The
very high Ba and Sr contents in the Deva an-
desites were determined during the fractional
crystallization of this enriched magma, espe-
clally by the crystallization of the large pla-
gioclase phenocrysts.

In the final stages the subvolcanic bodies
were affected by a general autometamorphic
process and a porphyry copper mineralization
was formed.

Conclusions

The Deva subvolcanic bodies are located
along three E-W lineaments. They consist of
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porphyritic andesites bearing large plagioclase
phenocrysts, that were classified as hornblende
andesites and hornblende biotite andesites. In
. the depth, andesites pass into a porphyritic
microdiorite. In these rocks very high Ba
(2100-3300 ppm) and Sr (> 1000 ppm) con-
tents were determined, that are similar or close
to those determined in other volcanic rocks
from the Mures Couloir and from the conti-
nental rifts. The K;0O content is normal for
these rock types.

Their parental magma was a dioritic calc-
alkaline one, formed by partial melting of the
metasomatized upper mantle, under compres-
sional conditions.

During the magma fractional crystallization
some differentiation processes occurred, deter-
mined mostly by the plagioclase and biotite
phenocrysts concentration in some small parts
of the andesitic bodies.

The enrichement of magma in Ba and Sr
was determined in the beginning by the par-
tial melting and, then, by the fractional crys-
tallization.
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Plate 11

Fig. 1 — Structure of the andesitic rock from the Pardul Biilor neck at the altitude of +27 mj
a, autolith.

Fig. 2 — Structure of the porphyritic microdiorite from the Pardul Biilor bore hole at the depth
of -1200 m.

Fig. 3 — Contact between a vein of intrusive tuff (the fine rock) and the andesite of the Paréul
Bailor body.

Fig. 4 — Structure of the Serhediu andesite bearing large-zoned crystals of plagioclase (white);
a, autolith.
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‘MINERAL REACTIONS IN KYANITE BEARING ECLOGITES FROM TOPOLOG
ZONE, SOUTH CARPATHIANS: EVIDENCES FOR THEIR METAMORPHIC

EVOLUTION

Gelu COSTIN

Univ. Bucuregti, Fac. Geologie g1 Geofizicd, Catedra de Mineralogie, Bd. N. Balcescu nr. 1, 70111 Bucuresti
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lution.

Abstract: Several stages were recognized in the metamorphic evolution of
some Topolog eclogites (see text for abbreviations): Stage I: Omph-Gt-Q-
Ru (eclogitic); Stage 11 a: Di-Pl1 (granulitic, dry) = symplectite 1; Stage
IT b: Hb1--PI2 (granulitic, wet) = symplectite 2; Hb2-P13 = keliphitic coro-
nas around garnets; Hb3-Pl4 — coronitic reaction around quartz; Stage II
c: Ky-Zol-Q (granulitic; shear stress, local reaction); Stage II d: Hb4-
Pl5-Zo02-SpHc (amphibolitic/granulitic 7, wet); Stage III a: Tr-Act1-Zo3
(amphibolitic, M1) = poikilitic structures; stage III b: Tr-Act2-cZo (am-
phibolitic, M2); We discuss the presence of kyanite oriented after some
shear planes, shear which also affected the garnet. This is the reason for
the interpretation of kyanite as not belonging to the eclogitic stage, as it
was previously thought, but as a result of a local shear stress which pro-
duced the reaction (reverse experimentally tested by Cattarjee et al., 1984):
4 anorthite + HoO — kyanite + 2 zoisite + quartz. The local direct ac-
tion of shear stress could induce this reaction in some Topolog eclogites
with formation of kyanite (type 1), whereas other eclogites from this zone
do not contain kyanite at all, although they have almost the same Al;04
content in bulk composition (type 2).

Introduction

The eclogitic bodies in the Topolog zone are
emplaced on the southern part of the Fagaras
Mountains, South Carpathians, on the left
slope of the Topolog Valley.

The eclogites are white-greenish coloured,
with a stained aspect because of small (up to
2 mm) red garnets, and have a fine to medium
granoblastic structure, with a massive texture.

The host rocks of eclogites belong to the
Topolog formation (according to Gheuca,
1988) and they consist of biotite bearing
The
bodies are bordered by a consistent rim of al-
mandine bearing amphibolites, which shows a
slightly oriented texture. ,

quartzo-felspathic schists and gneisses.

Close to these eclogites were identified frag-
ments of talc bearing actinolitites, suggesting a
spatial association between eclogites and some
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small, retrogressed, ultramafic bodies.

The Topolog eclogites were mentioned by
Gheuca (1983, 1988), who gave a detailed car-
tographic image. The same rocks were de-
scribed by lancu et al. (1993) in an areal
study of high-grade metamorphic rocks from
the South Carpathians. It was for the first
time when kyanite was recognized in these
eclogites. According to lancu, kyanite belongs
to primary omphacite-pyrope paragenesis and
the slight tendency of kyanite to be oriented
was interpreted as a result of tectonic condi-
tions during the eclogitic stage.

The purpose of this paper is to find the rela-
tion between different parageneses of Topolog
eclogites and to give a possible model of evo-
lution.

Analytical Methods

The minerals were microscopically stud-
ied in transmitted and reflected light and
also analysed by electron microprobe with
a JXA-5EDD wave length dispersion equip-
ment. The microprobe analysis consists of
qualitative compositional images (dispersed
electrons beam), elements distribution images
(scanning RX) and also compositional profiles.
Five eclogite samples were so analysed.

Mineralogy of Topolog eclogites and
reaction history

The microscopical study revealed a min-
eral assemblage consisting of omphacite, diop-
side, garnet, quartz, kyanite, hornblende,
tremolite-actinolite, rutile, zoisite, clino-
zoisite, titanite, magnetite, hematite and (?)
spinel-hercinite.

Relations between different minerals sug-
gested the evolution of parageneses in seven
stages.

Stage I: (eclogitic)

G. COSTIN

This stage paragenesis is rarely preserved,
being the older and the most affected by sev-
eral later transformations. These oldest min-
eral relicts, resulting from an unknown pro-
cess (1), show the following equilibrium assem-
blage:

(1) Garnet (Gt) + Omphacite (Omph) +
Quartz (Q) + Rutile (Ru)

Garnet is frequently broken and corroded.
It was generally estimated to be almandinic
rich, following microprobe qualitative images.
The rare subsequent magnetite exsolutions at
its rims could also support this estimation.
Certainly, this was not the primary composi-
tion of garnet, which was chemically reequi-
librated during several later transformation
stages. The zonation in garnet, which shows
increasing of iron content from core to edges
(estimated from elements distribution images
and Fe, Mg profiles), demonstrates its later
Fe. Mg reequilibration during a cooling event,
probably in the latest amphibolitic stage.

The garnet inclusions consist of quartz, om-
phacite and rutile which belong to eclogitic
parageneses.  Other
blende, plagioclase or zoisite are in fact reac-
tion products which occur related to fine mi-
crofractures in garnet.

"inclusions” of horn-

Omphacite occurs as small and very rare re-
licts. It was the first eliminated phase from
its paragenesis and it turned into a fine inter-
growth of diopside and albitic plagioclase.

Quartz occurs as very small inclusions in
garnet and also, as larger grains, in symplec-
titic mass. In this latler case, the quartz grains
are bordered by hornblende + plagioclase coro-
nas. It could never be found in the keliphitic
coronas around garnets, being always sepa-
rated from garnet by hornblende + plagio-
clase rims. On the other hand, thin sections
showed that the amount of quartz decreases
with the increase of the transformation grade
of the rock. So, we can assume that quartz be-
longs to the primary, eclogitic paragenesis and
it was consumed during the formation of the
keliphitic coronas.
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Stage II a (granulitic, dry)

This stage is shown by the preservation of
rare, fine grains of diopside in the symplec-
titic mass. There could be also noticed some
small xenoblastic diopside grains which seem
to replace an older clinopyroxene (probably
omphacite). The reaction is:

(2) Omphacite (Omph) — Diopside (Di)
+ Plagioclase (Pl 1)

The i1sochemical breakdown of om-
phacitic pyroxene into diopside and plagioclase
(symplectite 1)} is interpreted as non-stoichio-
metrical. The stoichiometry of the phases
could have been kept by oxidation of iron
from omphacite during imixting (Mysen, Grif-
fin, 1973) or by loosing of Na (Griffin, 1970).
As it was described, plagioclase is albite rich
and this reaction suggests a fast depressure,
which could be interpreted as an abrupt uplift
of the system.

Stage IT b (granulitic, wet conditions)

Symplectite 1 became unstable in wet con-
ditions and turned into a hornblende + pla-
gioclase intergrowth (symplectite 2) after re-
action:

(3) Diopside (Di) 4+ Plagioclase (Pl1) —
Hornblende (Hb 1) 4+ Plagioclase (P1 2)

Hornblende was optically interpreted to
have a pargasitic composition, while the pla-
gioclase tends to be enriched in anorthitic
molecule.

A mineral reaction coupled with the appear-
ance of symplectite 2 is the coronitic reaction
around garnet,

(4) Garnet (Gt) 4+ Omphacite (Omph) +
Quartz (Q) + H;O — Hornblende (Hb2) +
Plagioclase (P13)

The coronitic rims (Hb2 + PI3) always sep-
arates garnet from symplectite 1. The growth
of coronas could lead to a total consuming of
garnet. The hornblende grains from rims often
have a radial position in relation with garnet
and sometimes are optically continued with
hornblende from symplectite 2. A similar reac-
tion was described by Baker (1986) for the am-

phibolised eclogites from Grampian Moines.
Another reaction from this stage must ex-
plain the coronas of hornblende + plagioclase
which border the rare quartz grains from outer
garnet. This reaction could be:
(5) Quartz (Q) + Diopside (Di) + Plagio-
clase (Pll) — Hornblende (Hb3) + Plagio-
clase (P14)

During the same stage, the transformation
of almandinic molecule into magnetite could
also take place:

(6) Garnet (Almandinic. molecule) —
Magnetite (Mt)

The study of polished sections showed the
presence of magnetite in the garnet, grown es-
pecially through its borders. Magnetite is also
present out of garnet, but never too far from
it. This transformation could occur during the
chemical reequilibration of garnet, due to the
centrifugal diffusivity of iron, this associated
to an increased oxygen activity in the system
(Brearely, Champness, 1986).

Also in this stage, and possibly continued in
later stages, rutile turned into titanite:

(7) Rutile (Ru) — Titanite (Ti)

As it could be seen in Plate I, Figure 4, rel-
atively large grains of titanite occur near al-
most totally consumed garnets, very probably
in connection with the inclusions of rutile from
garnets.

Stage Ilc (granulitic, wet, shear stress

conditions)

After the development of symplectite 2, we
notice the appearance of kyanite, a mineral
well revealed by microprobe analysis (Pl II,
Iig. 1-6). It is interesting that kyanite occurs
along some dynamical planes which represent
sets of shear planes, intersected after degrees
35-55 angles. The shear produced in the duc-
tile zone the nucleation of kyanite along cer-
tain planes (Pl. I, Fig. 1-2). The presence
of dislocations in some larger kyanite grains
suggests that the shear acted reccurently. The
recurrence of the shear, as it could be noticed
in Plate I, Figure 3, demonstates the recurrent
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action of shear which, in the brittle domain,
produced different generations of planar dislo-
cations within kyanite grains and also affected
some garnets, breaking and transposing them
after the same directions. This recurrence is
obvious at the interception of garnets and at
the intersection of these planes, where larger
kyanite grains with planar dislocations within
them occur (PL I, Fig. 3).

The appearance of kyanite jn some of
Topolog eclogites is interesting to be discussed.
Although it is an important component in
some samples, the Al,O3; content of these
rocks as only slightly exceeding that of other
Topolog eclogites which do not contain kyanite
at all (Tancu, unplublished data: kyanite bear-
ing eclogites contain 19.95 % Al,Os, whereas
eclogites without kyanite have 14.93-18.90 %
Al,03). Our interpretation is that this min-
imal chemical difference does not explain the
appearance of kyanite, but kyanite is a result
of direct action of local shear in the stability
field of this mineral.

Associated with the appearance of kyanite
we notice the occurrence of zoisite, compara-
ble in size with kyanite. This zoisite (Zol)
seems to grow especially near garnets. We ap-
preciaie that kyanite and zoisite belong to the
same paragenesis because both have later fine
grained coronitic intergrowths. The appear-
ance of kyanite + zoisite + quartz paragenesis
could be explained by the breakdown of anor-
thitic molecule of plagioclase (P12}, following
reaction:

(8) 4 Anorthite + 1,0 — Kyanite (Ky)
+ 2 Zoisite (Zol) + Quartz (Q)

This phase equilibrium was reversible deter-
mined by Chatterjee et al. (1984) in 400°-720°
C thermal interval.

Stage ITd (amphibolitic/granulitic, wet

conditions)

The next stage corresponds to the appear-
ance of a very, very fine-grained intergrowth
(symplectite 3) which borders kyanite and
zoisite as quasiopaque coronas. The compo-
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sition of these coronas is very difficult to be
determined without quantitative microprobe
analysis. However, we can see from the com-
positional images (Pl II, Figs. 1-2) that
the assemblage is formed by several miner-
als (symplectite 3). The appearance of these
coronas corresponds to the recrystallisation of
symplectite 2, with the appearance of a fine-
grained zoisite (Z02) in the mass.

The microprobe element distribution images
show that these coronas are rich in Al, Ca,
Fe + Mg and relatively pocr in Si. The
Na content is insignificant. These elements,
correlated with optical observations, lead to
the interpretation that kyanite was abruptly
thrown out from its equilibrium with the other
phases and its boundaries tended to transform
themselves back into anorthite. Indeed, from
the minerals of coronas, plagioclase 1s clos-
est to kyanite. The other minerals from this
intergrowth are difficult to diagnose because
of their small size. One could be a spinel-
hercynite (following its isotropy and clements
distribution, PL. II, Figs. 3-6). The reaction
could be written in general terms as:

(9) Kyanite (Ky) + Symplectite 2 —
Plagioclase (P15) + spinel-hercinite.

In cases where the symplectite 2 borders
zones of symplectite 3, the two intergrowths
are always separated by clean coronas of pla-
gioclase (the composition of this plagioclase is
difficult to diagnose).

Stage IITa (amphibolitic, M1)

The next stage is marked by the appear-
ance of a large, poikilitic amphibole (Tr-
Act), which includes plagioclase, kyanite,
zoisite, and even garnet. Optical determina-
tions showed for this amphibole a tremolite-
actinolitic composition (c:Ng=16°-18", Ng-
Np=0.023) and demonstrated a slight pene-
trative orientation.

Synchronous with this amphibole occurs a
large zoisite, sometimes with poikilitic struc-
ture too, which grows especially near gatnet,
probably at the expense of its coronas. The
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reaction is, probably, a reequilibration of mass
symplectite, as follows:

(10) Symplectite 2 (Hbl+P12)
— Tremolite-Actinolite (Tr-Actl) + Zoisite
(Zo3)

In this stage, magnetite turned into

hematite, and the transformation is very
clearly centrifugal in relation to garnet. The
farther magnetite is situated from garnet, the
more 1t 1s transformed into hematitic lamellae.
These transformations probably continued in
the IIlb stage.

Stage IIIb (amphibolitic, M2)

In this stage we notice the occurrence of
another poikilitic amphibole (Tr-Act2), also
tremolite-actinolitic. Frequently, this amphi-
bole intersects and includes portions of Tr-
Actl and it is paragenetically associated with
a clinozoisite (Czo), both showing the same
orientation which differs from that of Tr-Act1:
(11) Tremplite-Actinolite (Tr-Actl) +
Zoisite (Z03) — Tremolite-Actinolite (Tr-
Act2) + Clinozoisite (Czo)

The increasing of iron to the garnet rim,
demonstrated by element distribution and Mg,
Fe profiles, shows the last preserved reequi-
libration of garnet during the last important
metamorphic event. It is well known that such
zonation demonstrates a cooling event (Spear,
1988b), but in a temperature domain above
500° Celsius degrees (under 500° C the Fe, Mg
diftusivities are insignificant).

Discussions

Compared to the host rocks, eclogites show
the greatest number of superposed paragene-
ses, demonstrating that they preserve the old-
est records of a long evolution. Because the
oldest relicts are eclogitic, we do not know
what these rocks were before their transforma-
tion into eclogites and neither how they arrived
in eclogitic conditions.

Our proposed model of evolution supposes
that eclogites came up to the surface together
with their host rocks due to coupled actions

of uplift and erosion. Although the position of
eclogites in relation with their host rocks could
have been changed, we think that this change
is not very important. Their very different
mechanical competence could permit the host
rocks to flow with a higher rate than the move-
ment rate of the eclogitic bodies.

We assume that the whole formation was
moved on shear planes, not only the eclogites
(otherwise, it would be hard to imagine how
the eclogites are the only ones to come out
on blastomylonitic shear planes). Moreover, in
their moving on the planes, eclogites remained
behind their initial host rocks, so that they
do not appear emplaced in upper formations,
but in lower formations or in the same initial
formation. As for the tectonic emplacement of
eclogites, a structural test would be required
(see Behrman, Ratschbacher, 1989).

Accepting this, we must admit that the
host rocks of Topolog eclogites came out [rom
the same conditions as eclogites (although the
bulk composition was obviously extremely dif-
ferent). This assumes that the host rocks of
eclogites came up from high pressure domains.
But the acceptance of a previous regional high
pressure event for Topolog formation must be
necessarily supported by finding high pressure
relicts in its rocks. The field data support this
idea. It is interesting to mention that gran-
ulitic gneissic lenses were recognized in cores of
some folds of the Cumpéna formation (Iancu
et al., 1992). Moreover, the garnet bearing
amphibolites which border the Topolog eclog-
ites present highly similar characteristics with
the amphibolitized mafic granulites from the
Cumpana Valley. These observations, and not
only these, suggest a similar metamorphic his-
tory for the Cumpéna and Topolog formations
(they having a little different lithology).

Knowing that the retrogression under wet
conditions of lencogranulites makes them very
hard to be recognized and considering that the
Topolog rocks supported two long lasting am-
phibolitic events (the large poikilitic structures
for M1, M2 stages support this affirmation), a
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special attention has to be paid to these as-
pects in future studies.
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Fig. 1 - PT path and metamorphic evolution of
Topolog eclogites.

Continue line = evolution of kyanite bearing eclogites
(type 1); dashed line = evolution of eclogites without
kyanite (type 2); Stages: I = Omph-Gt-Q-Ru; Ila
= Di-P11; IIb = Hb1-Pl12, Hb2-P13, Hb3-Pl4; Ilc =
Ky=Z01-Q; IId = P15-SpHc(?); Ifla = Tr-Act1-Zo3;
IIIb = Tr—Act2-cZo;

Abbreviations: Omph=omphacite;  Gl=garnet;
Q=quartz; Ru=rutile; Di=diopside; Pl=plagioclase;
Hb=hornblende;

Sil=sillimanite;

Ky=kyanite; = And=andalusite;

Zo=zoisite; SpHc=spinel-hercynite;
Tr-Act=tremolite-actinolite; cZo=clinozoisite.
C=Chattarjee et al. (1984); R,G=Ringwood, Green

(1969); S=Schreyer (1988); Y, T=Yoder, Tyley (1970)
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A special look to the P,T diagram (Fig. 1)
supports our model of evolution, showing that
the depressure was done in steps of almost
equal value about 3-3.5 Kb. This observation,
correlated to the model of shear, could lead us
to the interpretation of a relatively constant
rate of shear (necessarily equal to the erosion
rate). '

Conclusions

The stage I represents a specific eclogitic
paragenesis. The mineral assemblage is in-
terpreted to be at equilibrium at pressure
above 16 Kb and temperatures near 750%-800°
C (Fig. 1). Because the oldest relicts are
eclogitic, we do not know what the system was
before becoming an eclogite.

The appearance of symplectite 1, with diop-
side and plagioclase (stage Ila), is assumed to
represent a fast uplift of the system, probably

in relation with a shear zone {Fig. 2). Dur-

ing the stage 1Ib, the system continued its up-
lift with a high rate, when symplectite 2 was
formed. : :

The occurrence of oriented kyanite mark the
stage Ilc, kyanite being related to the direct in-
tersection of the system by the shear zone (Fig.
2d). Because of the positive slope of Chattar-
jee line (¢ in Fig. 1), we must accept an in-
creasing of pressure due probably to a shear
component related to a slight thermal relax-
ation. This thermal evolution demonstrates
that the system is still in uplift (we assume
that the increase of temperature in a shear
zone caused by friction is lower than the de-
crease of temperature due to the uplift).

The stage IId is very difficult to be repre-
sented in the PT field because of the submicro-
scopic size of its mineral products. However,
we assume that this stage has a position close
to the Chattarjee line, an interpretation which
presumes a depressure (uplift again). This in-
terpretation fits with the fine coronitic inter-
growth of this paragenesis.
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Fig. 2 — Evolution of Topolog eclogites (Sketch, not on scale).

1, upper mantle; 2, lower crust; 3, middle crust; 4, upper crust; 5, metamorphic structures in M1 and M2
amphibolitic events; 6, shear zone; 7, type 2 eclogites; 8, type 1 eclogites.
a) stage I, eclogitic; (bodies of eclogites, in equilibrium conditions, in the lower part of the crust); b) stage
Ila, granulitic dry (uplift due to a shear plane, coupled with erosion); c) stage Ilb, amphibolitic/granulitic,
wet (shear zone is developing; uplift continues; the presence of water is facilitated in the system); d) stage
IIc, granulitic, wet; (shear planes affected directly some eclogites=type 1 and formed the paragenesis with
kyanite); notice that the under shear plane formations go to higher depth, where eclogites and granulites could
be formed; e) stage I11a, amphibolitic; (deformations and flow became penetrative); f} stage IITh, amphibolitic
(structures are changed).
_ _ ‘ Stages Illa and I[IIb, with the poikilitic
Stages Ilc and IId are not visible in all tremolite-actinolite, are specific amphibolitic
Topolog eclogites; these stages are represented stages, as they were recognized by several ge-
probably only in some Topoog eclogites which ologists who worked in the South Carpathi-
suffered a direct action of shear (type 1 eclog- ans (lancu et al., 1992, etc.). We found stages
ites, Iigs. 1, 2a-f). For other eclogites, not 111, and I1Ih to be equivalent to M1 and M2,

directly aﬁecteld l.)y shear, the sta:ges Ic and respectively amphibolitic stages of the above-
ITd could be missing (type 2 eclogites). T
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The noted iron increase from core to rim
in garnet demonstrates the preservation of a
cooling, post uplift, event (Spear, 1988b), but
in a thermic domain above 500° C (below 500°
C the Fe, Mg diffusivities are negligible). This
was the reason for accepting a slight negative
slope for Illa and IIIb stages.

We assume that the whole formations were
moved on the shear planes, not only eclog-
ites. Accepting this, we must admit that the
host rocks of Topolog eclogites came out un-
der the same conditions as eclogites (although
the bulk composition was obviously extremely
different). This assumes that the host rocks of
eclogites came up from high pressure domains.

Qur model of evolution shows that the de-
pressure was done in steps of almost equal val-

ues of about 3-3.5 Kb. This observation cor-

related to the model of shear could lead us to
the interpretation of a relatively constant rate
of shear (necessarily equal to the erosion rate).

Acnowledgements: | appreciate Mr. Prof.
M. Secliman for the fruitful dicussions on this
topic. I also want to thank V. lancu and M.
Maruntiu for their helpful advices.
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Plate 1

Fig. 1 — Kyanite (Ky) with coronas. Transmitted light, N I, x 50. Notice the preferential orienta-
tion.
Fig. 2 — Kyanite (Ky) with coronas. Transmitted light, N II, x 50. Kyanite follows shear planes

which are intersected at 45-50. The same planes affected garnet, too.

Fig. 3 — Detail on kyanite. Transmitted light, N II, x 80. Notice shear dislocations in kyanite
before corronas forming and dislocations which affected the coronas. These stages of dislocations
demoustrate the recurrence of shear, its continuous actions.

Fig. 4 — Total replacement of garnet by hornblende (Hb) + blagioclase (P1). Transmitted light,
N II, x 50. Notice large titanite grains near this transformation.
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Plate 11

Fig. 1 — Kyanite with coronas. Composition image, x 600. Notice a black zone of reaction between
coronas and mass symplectite.

Fig. 2 — Kyanite with coronas. Dispersed electron image, x 300. Notice the two fine intergrowths
(coronas and mass symplectite), separated by a clear gray zone of plagioclase.

Fig. 3 — Distribution of aluminium, x 300.
Fig. 4 — Distribution of calcium, x 300.
Fig. 5 — Distribution of iron, x 300.

Fig. 6 — Distribution of magnesium, x 300.
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NEW DATA ABOUT THE GEOLOGY OF THE MAGURA SIMLEULUI CRYSTALLINE

ISLAND (NW TRANSYLVANIA, ROMANIA)

Toan KALMAR

Hungarian Geological Institute H.1143 Budapest XIV, Stefania ut 14

Key words: Metamorphic rocks. Magmatic rocks. Polymetamorphism.
Garnet. Kyanite. Staurolite. Base-metal ore. Microtectonics.

Abstract: In Magura Jimleului three lithostratigraphic subdivisions were -
separated. The constituent rocks are quartzitic schists, mica-schists, parag-
neisses and quartzites. The magmatogene rocks are represented by biotitic
gneisses, leptinites and micro-ocular gneisses. Cataclastic rocks as breccias,
blastomylonites, ultra-mylonites and pseudotachilites are also present. The

- mineralogic assemblage shows an oldest association (plagioclase, brown-
green biotite, kyanite, almandine), a retromorphic association (sericite-
phengite, chlorite, epidote, siderite) and a neomorphic association (brown-
red biotite, muscovite, staurolite, albite, orthoclase, almandine with 25%
pyrope), followed by hydrothermal minerals as chlorite, quartz, calcite,
adularia and sulphides. These rocks evolved from an early blastic phase,
by retromorphic phase tied with shearing processes to a later neomorphic
recrystallisation, which is common for the whole NW Transylvanian Area.
The territory of Magura Simleului is a "splinter” detached from the south-
ern part of Tisia domain and propulsed into Somes-type crystalline base-
ment, before the Meso-Cretaceous collision.

Magura Simleului is one of the seven crys-
talline islands from NW Transylvania, hav-
ing 6x6 km extension, between the locali-
ties Jimleul Silvaniei (S), Cehei and Uileacul
Simleului (W), Ilisua (N) and Bidicin (E). In
its southern and western part it is surrounded
by the meadow of the Crasna River. In the
left side of the Crasna River, the metamorphic
formation appears in Bridet (321 m), Sfant
(350.5 m), Pupu Mare (283.1 m) and Omanu
(279.2 m) hills.

1. History of geological researches

After the regional surveys carried out by
Hauer & Stache (1863), Migura was firstly
mapped by Hofmann (1879) and Matyasovszki
(1879), followed by Telegdi-Réth $1912),
Szédeczki (1930) and Krautner (1940). Af-
ter the 2" World War, the researches were
resumed by Dimitrescu (1963) and by Pauci
(1964). Patrulius et al. (1968) in caption
book of the sheet N°9. Simleul Silvaniei of the
Geologic map, scale 1:200 000, referring to
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the foregoing researchers, separated into the
Somesg Series, which comprises the metamor-
phites of Magura too, the complex of mica-
schists and paragneisses. New data about
the Neogene-covered zone were emphasized in
Ghiurca’s (1973) and Dicea’s (1981, unpubl.)
reports.

2. Geological formations

Msgura Simleului is built up by crystalline
schists and Paleogene, Neogene and Quater-
nary sedimentary cover.

2.1. Crystalline schists

2.1.1. Stratigraphy. The crystalline for-
mations of Migura Simleului can be divided in

three stratigraphic subdivisions with member
and horizon degree (Fig. 1):
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Fig. 1 - Synthetic lithological column of
Migura Simleului. P, Pannonian; Ba, Badenian;
Pg, Paleogene; a, old weathering crust; mm, mus-
coviticmica-schists and quartzitic schists; gf, hori-
zon of graphitic mica-schists and quartzites; gn,
orthogneisses; mb, biotito-muscovitic quartzitic

schists and paragneisses; gb, biotitic quartzites.

- The Lower Terrigene Biotitic-Muscovitic
Member is constituted by metapelites and
metapsammites, which distinguish by their
more consistent character, by their hardness

L KALMAR

and dark colour. Quartzitic schists, mica-
bearing quartzites predominate and micas-
chists and paragneisses appear subordinately.
In the middle of the exposed succession, a level
of black, hard biotitic quartzites was found
(Hamzei and Gradiciului valleys, PLI).

- The Middle Metavolcanic Horizon repre-
sents a real repair level of Magura. It can be
mapped in the Capolnei Valley, in flanks of
Muntele Riu and Omanu, in the Taului Val-
ley and eatward, in the Fagului and Lapog Val-
leys. Its thickness is variable, ranging between
a few and ten meters at quasi-total pinch-
ing. It consists of micro-ocular biotitic gneisses
(Migura Valley, quarries), biotitic gneisses
and leptinites. Frequently, these gneisses are
associated with muscovitic micaschists, grey
quartzites and monomineralic white quariz
lenses (Fig. 2).

— The Upper -Terrigene-Muscovitic Member
is constituted by less hard, lighter schists than
the Lower Member. The micaschists predomi-
nate, followed by quartzitic schists and parag-
neisses. Biotite appears subordinately or it is
missing. In the lower third of the exposed suc-
cession a 1-10 m thick level of graphitic micas-
chists and quartzites was found (Taului and
Lapog valleys, Crinului street - Jimleu).

2.1.2. Petrography of metamorphic
rocks. In M&gura Simleului the following
terrigenous and magmatogene metamorphic
rocks appear: quartzitic schists, micaschists,
paragneisses, quartzites, orthogneisses, cata-
clastic rocks and pegmatitic lenses.

~ Quartzitic schists represent the petro-
graphic background for the rest of the rock
types. The constitutive minerals are quartz,
muscovite, biotite, some plagioclases and
potash feldspars, then garnet, tourmaline,
kyanite, staurolite, rutile, zircon, titanite, ap-
atite, opaque minerals, albite, epidote, chlo-
rite, sericite.

- Micaschists are light- or dark-grey,
sparkling, sheety rocks, with planar, nodular
or microfolded schistosity. The main miner-
alogic component are the micas: muscovite
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and biotite quartz, feldspar, garnet, staurolite,
tourmaline, apatite, rutile, ilmenorutile, al-
bite, orthoclase, chlorite, epidote, sericite and
dark minerals. Micaschist appears as more
or less extended levels or as 100-200 m large
lenses into quartzitic schists.

Level are represented by biotitic-muscovitic
gneisses, leptinites and micro-ocular gneisses.

— Biotitic-muscovitic gneisses are the most
frequent rock-types. They are greydotted,
micro- or porphyroblastic, massive, oriented
or stripped rocks, consisting of feldspar-quartz

Muntele
Sf. Ridu hill Omanu
o losif S hill, T
200- Spring 4 railway REFDEED
s e + cutting Taului 51"9,9 Uf
S G 4 valley Ciuciului
A e i hill
== % ‘_":-"*‘ ~ = = ‘
e + & m—— 2 —
A% =S T C3: e
: S OO0 s e = = it
e i+:__+:_+ - — =
=R + 4+ H == =3
o] =, [l EHs
- ===l [E, By Ele VA7

Fig.
Level.

-2 — Detailed lithologic columns from Median Magmatogene
1, Micro-ocular gneisses;

2, leptinites; 3, biotitic gneisses; 4,

paragneisses; 5, muscovitic mica-schists; 6, quartzitic schists; 7, white
quartzites.

Paragneisses are dark, grey or brown, hard
rocks, with characteristic transversal joints
and planar schistosity or banded structure.
They are constituted by quartz, plagioclase
(subordinately microcline), orthoclase, micas
(mainly biotite), garnet, kyanite, staurolite,
tourmaline, apatite, rutile, ilmenorutile, zir-
con, titanite as accessory minerals, and albite,
epidote, chlorite, carbonates, clay minerals,
calcedonite and limonite as secondary miner-
als.

- Quartzites are grey, sometimes greenish,
frequently broken, massive or stripped rocks.
Beside quartz, discontinous films of micas (bi-
otite and muscovite in the same amounts), rare
plagioclase, orthoclase, garnet, apatite, rutile,
epidote, siderite and dark mineral grains ap-
pear. Quartzites are developing as decimetric
or metric lentilised slabs.

Orthogneisses from Middle Magmatogene

mosaic (plagioclase, subordinately micro-
cline), garnet, zircon, apatite, rutile. Mi-
cas form thin layerlets, films and insulated
sheetlets., Porphyroblasts are quartz and oligo-
clase, with chess-like twinning (P1. II, Fig. 1).

- Leptinite are white, microgranular, mas-
sive, oriented, eye-like or stripped rocks, with
quartz and feldspar (plagioclase and micro-
cline). Muscovite appears in small quantities,
as films and oriented sheetlets; tourmaline, zir-
con, and apatite, as accessories, are found as
well.

— Micro-ocular gneisses appear in little quar-
ries in the left side of the Migura Valley, Ce-
hei (Sf. losif spring) and in the lower Lapog
Valley, Ilisua. They are dotted, nodular, eye-
like, which are present as banks, 1-2 m thick.
Feldspars (plagioclase, microcline) and quartz
form nodules (0.5 - 2 mm), coated in biotite,
subordinately, muscovite. Rutile, zircon, ti-
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tanite, tourmaline, albite, epidote, chlorite,
carbonate, clay minerals and dark minerals ap-
pear, too. For the study of the chemistry of
magmatogene rocks seven total analyses were

supplied (Tab. 1).

L KALMAR

found in Magura, are represented by blastomy-
lonites, fracture hreccia and ultra-mylonites.

- Blastomylonites appear as lenses and
quasi-concordant levels in the metamorphic
succession, the thickness of which varies

Table 1
Chemical analyses of orthogneisses samples from Migura Simleului

Sample 5 146 168 185 302 348 1142
5104 72.85  69.16 72.00 T71.86 67.31 75.70 68.89
TiO, 0.09 018 013 044 044 040 0.44
Al,O3  13.00 11.67 13.20 15.10 17.78 12.70 17.13
Fey 03 1.30 227 220 187 190 1.06 181
FeO 0.70 1.00 0.75 040 097 039 096
MnO 0.10 0.03  0.03 tr  0.05 0.05 0.16
MgO 1.85 250 2.00 1.05 120 040 1.22
Ca0O 1.96 260 320 091 112 035 1.01
Na, O 3.38 3.22 145 302 357 045 5.22
K0 3.98 630 440 350 370 T.80 345
P,0; 0.25 0.10 025 025 010 0.17 Ltr
5 i 0.10 0.0 tr tr  0.10 0.28
L.L 1.08 091 120 148 1.75 0.70 1.60
Total ~ 99.94 100.04 99.86 99.81 99.89 09.67 99.57
an 5.38 0.00 9.86 357 000 0.00 5.88
ab 2750 26.57 11.36 27.50 33.78  4.17 43.37
or 21.27  33.74 2350 21.06 22.92 44.78% 20.57
q 34.31 2039 42.03 40.44 31.70 46.76 21.03

Location of samples: 5, Hamzei Valley, Simleu; 146, Fagului Valley, Ilisua;

168, Sf. Tosif Sprinfg, Cehei; 185, Omanu Railway cutting, Uileacul Simleului:

302, Taului Valley, Uileacul Simleului;
Hydrogeological borehole No.4 Simleu, m. 142-142 5.

348, Muntele R3u, Simleu; 1142,

Analysed by

ICMC Cluj-Napoca (5, 146, 168, 185) and MAFI, Budapest (302, 348, 1142).

The analytic data show various acid rock
types, from calc-alkaline dacites to alkaline
rhyolites. The Winkler & Breitbart’s (1978)
mesonorm count resultes that 5 samples dis-
play near by the eutectic line and the other
two are plotted into alkaline, respectivelly calc-
alkaline fields. The temperature of crystal-
lization of their rocks cannot exceed 700°C
(Fig. 3).

The cataclastic rocks, which are frecvently

between a tenth part of a millimeter and 2-
4 m. They are light-grey or yellow-pink,
rough rocks, with oriented structure. My-
lonite are constituted by splintery fragments of
quartzitic rocks, quartz, muscovite sheetlets,
rarely biotite, chlorite, sericite, opaque min-
erals. Frequently, a neomorph mineral asso-
ciation (biotite, muscovite, K feldspar, albite,
chlorite, calcite and sulphides) appears.

- Fracture breccia constitutes transversal or
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oblique straits considering schistosity surfaces.
The elements of breccia have a heterogeneous
petrographic composition and have a maxi-
mum 20 cm diameter. The matrix is a mica-
bearing soft clay or quartz and calcite with

sulphide nests (Ciuciului Valley, vine caves in
“ Simleul Silvaniei).

Fig. 3 ~ Ternary diagram q (quartz) — Ab (al-
bite) — Or (orthoclase) - An {anorthite), calcu-
lated after mesonorm, with isotherms of the pla-
gioclase — alcali feldspar — quartz system. The

points.represent the analyses from Tab. 1.°

— Ultra-mylonites are dark-grey or brown,
compact or foliated rocks which are con-
stituted by a rmass of submicronic quartz,
sericite, probably chlorite and dark minerals.
They appearas centimetric laminae in the
quartzitic schists or at the boundary zone be-
tween mylonites and host rocks (Crasna River
bank under Pupu Mare Hill).

On the left side of the Lapos Valley,
Ilisua, at the confluence with the Scorugului
Valley and at the end of Andrei Muresan
Street, Simleu, a horn-like, black rock appears,
formed of partially devitrified glass. It is in-
tercalated as irregular straits, 1-3 cm in thick-
ness, into the blastomylonites (Fig. 4). This
rock is a pseudo-tachylite, a special vitreous
ultramylonite.

- Pegmatites. Two pegmatite lenses, 1-
1.0 m in thickness, were discovered in the
Prundului Valley, W Simleul Silvaniei, inbed-
ded in quartzitic schists. The pegmatites are
constituted by large (1-4 cm) quartz, albite,
orthoclase, muscovite, tourmaline and garnet,
grains, with a zonal disposition (Fig. 5).

g

Fig. 4 — Outcrops from the left bank of the
Lapog Rivulet, Ilisua. 1, soil; 2, white quartz
lenses; 3, mylonite; 4, pseudo-tachylite straits;
5, ultra-mylonite; 6, quartzitic schists: Py, pyrite

nests,

Fig. 5 Pegmatite lens from left of the Prundu-
lui Valley. m, muscovite plates; q, quartz; q+ab,
graphic intergrowth albite-quartz; t, tourmaline;
cm, quartzitic schists indurated at contact; 180,

sample,
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Though the host rocks are intensively cata-
clased, the pegmatites are not fissured. The
host rock, that comes into contact with peg-
matites, becomes hard because of the neomor-
phous, clear quartz, albite and tourmaline sup-
ply, as I described in the Preluca Mountains
(Kalmar, 1973).

In all rock types, transversal aplite-filled
veinlets (max. 1 mm thick) can be found.

They appear most frequently into monormin-.

eral quartz lenses.

2.1.3. Minerals and mineral as-
semblages.  The described metamorphic
rocks consist of quartz, feldspars, micas, gar-
net, kyanite, staurolite, tourmaline, titanium-
bearing minerals, zircon, chlorite, carbonates,
clay minerals and dark minerals.

~ Quartz. It is more frequently found as
polygonal or lace-like grains, 0.05-0.2 mm in
diameter. Sometimes, grains with rounded or
elongated shape, 0.5-1 mm thick, with mosaic
extinction and dark dust or sericite inclusions
appear; théy undoubtly are the original sand
grains of the protolith. They are frequently
substituted by clear, limpid quartz {Fig. 6).

Fig. 6 — Neomorphic quartz (qz) replaces the
older, cloudy quartz (q(). Cehei quarry.

- Plagioclase. 1t is an acid oligoclase, with
20-25 % An. In terrigenous rocks, it is micro-
granular, with polygonal contour, cloudy, of-
ten zoned. The thin plagioclase grains of the
orthogneisses also have polygonal shape, but
they are limpid and contain drop-like quartz
inclusions. The anti-perthitic and myrmekitic
structure appears, as well. The An-content
represents less than 20 %. Porphyroblasts of-
ten appear with chess type twins and they con-
tain quartz, biotite, zircon and apatite inclu-
stons. Albite grains are clear and they appear
as a neoblasl in the mica-schists (interlaced
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with the micas), bordering and replacing pla-
gioclases and microcline, or as thin, mosaic-
like grains 1n aplitic veins.

— Potash feldspars.
quent. It appears as polygonal grains in
quartzitic schists and in some gneisses they
are usually in micro-ocular gneisses. Micro-
cline grains are clearer than the plagioclase
ones and contain quartz, zircon, muscovite in-
clusions and microperthitic separations. The
crossed twinning is unfrequent. Orthoclase
presents rheniform, limpid grains; always, it
also appears as neoformation in the blastomy-
lonitic rocks. In breccia lodes, adularia was
found associated with quartz and calcite.

- White micas. Muscovite is the rock-
forming mineral in mica-schists, quartzitic
schists and gneisses, in which it often consti-
tutes curved sheetlets 0.01-0.05x0.08-0.2 mm,
with dark dust inclusions. A thin and little
birefringent white mica disposed on the shear-
ing planes gives the physical support to the.
S, schistosity. Similar white mica is present
in mica-schists, wherein it formed an unori-
ented aggregate, which replaces biotite, with
opaque exsolutions (phengite).
also appears as millimetric phenoblasts, with
transversal disposition considering S-surfaces.
It often shows kink-band type reticular de-
formations. In the pegmatites of the Prun-
dului Valley, 2-4 cm thick, clear and unde-
formed muscovite plates are present. A lit-
tle pit for exploitation of pegmatitic muscovite
was opened here in 1942.

Microcline is not [re-

Muscovite

- Biotite. Thin, brown-green, cloudy, plane
or curved biotite sheetlets from quartzitic
schists, paragneisses, quartzites and some
mica-schists often contain a network of sagen-
ite needlets and opaque grain borders. It is
transformed in phengite or in chlorite. Neo-
morphic biotite grains are brown-red, limpid,
appearing as tabular phenoblasts, 1-3 mm
thick, with S; - oriented dark inclusions. It
obliterates ancient structures, blastomylonitic
ones inclusively. Quasi-oriented display of
these sheets can be observed in outcrops (Fa-
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gului and Capolnei valleys).

'~ Garnets. They are present in all rock types
as poikilitic porphyroblasts or skeleton-like ag-
gregates. The cloudy garnet includes biotite,
rutile, opaque minerals, so they show oriented
straits, rotated at 20-40° considering S;. They
represent, in the author’s opinion, traces of a
former metamorphic phase, that happened be-
fore the forming of the first metamorphic as-
semblage. These relics were preserved in the
detrital garnet grains of the protolith. The
garnet is borded by new, limpid, inclusion-
free rims. Thin-grained, clear garnet nests fre-
quently appear in mica-schists and leptinites.

X-ray analyses indicate almandine with 24
% pyrope and 1 % quartz. Plotting this
data on the ternary diagram recommended
by Gomez-Pugnarie & Sassi (1983), the host
rocks of garnets are situated on the bound-
ary between the low and medium metamorphic
stage (Fig. 7).

by thin white mica (Fig. 8).

Fig. 8 - Kyanite (ky) resorbed by sericite (s);
m, muscovite; g, quartz; Terasa Crasnei Vinery,
Simleul Silvaniei.

- Staurolite. It constitues poikilitic phe-
noblasts, 1-2 c¢m in length, including quartz,
micas and opaque minerals (Fig. 9), in
NW part of Magura (R. cath. cemetery, A.
Muregan and Dunarii Streets), at E (borehole
No. 4; Capolnei Valley) and in Badenian con-
glomerate clements.

I drew on the geological map the area of
the appearance in the outcrops of the kyanite

and staurolite. Those lines do not superpose
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Fig. 7 — Diffractogram of monomineralic garnét sample (Kovdcs-Pallfy P., lab. Rx MLFI), from the
Téului Valley, Uileacul §imleului and ternary diagram Alm (almandine) — Pyr (pyrope) — Sp+Gr
(spessartine and grossular). I: metamorphic rocks, medium and high stage; II, metamorphic rocks,

low stage; III, pyro-metasomatic rocks.

— Kyanite. It forms short prismatic grains
(0.1-0.3 mm) in quartzitic schists and in
paragneisses, in the NW corner of Migura
(Crinului, Independentei Streets, left bank of
the Crasna River) and in the Taului Valley,
Giurtelec. Kyanite grains are often resorbed

exactly with the stability area of these miner-
als because of the relief and of the effects of
erosion and tectonics.

— Tourmaline. It appears as hypidioblastic
grains (0.03-0.15 mm), which are frequent in
mica-schists. The grains show a dark-olive,
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opaque powder inclusion-bearing nucleus, cov-
ered by a clear, light rim. Unzoned dark tour-
maline prisms, -with 1-4 c¢cm in length, are
present in pegmatites.

Fig. 9 - Staurolite porphyroblast (5t), with
oriented opaque mineral relics; by, by, biotite; my,
mg, muscovite; qi, qg, quartz (two generationrs).

R. cath. cemetery, Simleul Silvaniei.

- Rutile, apatite and zircon form similar
grains, with cloudy nucleus and clear envelope.

~ Epidote. 1t shows 0.01-0.13 mm thick,
light-green, hypidioblastic grains, in plagio-
clase, in paragneisses and quartzites in the
Lapog and Fagului Valley.

- Chlorites. Brown-green chlorite (pennine)
is formed by the breakdown of biotite, inher-
iting its inclusions. Grass-green chlorite (from
delessite-diabantite group) shows rosetta bor-

“ders on neomorphic biotite, associated with
quartz, carbonates adularia and sulphides.

— Carbonates. Siderite appears as micronic
drop-like grains, following chlorite at break-
down of biotite. Clear calcite forms large
grains, veins and geods in fissured or cata-
clased rocks.

Hereafter, it results that in the metamor-
phic rocks of Magura Simleului four succes-
sively formed mineralogic parageneses are su-
perposed:

— The association of quartz + Angg_qs pla-
gioclase ( £microcline) + muscovite 4+ brown-
green biotite + cloudy garnet + kyanite + nu-
clei of tourmaline, rutile, apatite and zircon
grains and part of opaque minerals is the old-
est. They are corresponding to the upper limit
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of the medium stage, which is characterised by
P~5kB, T~500°C and gradient <33°C /km, as
results from the stability of kyanite.

— The second association is represented by
phengite (sericite) 4+ chlorite 4 siderite 4 epi-
dote + thin-grained quartz. They are formed
by partial resorption of the former mineral as-
semblages during an intensive shearing pro-
cesses which caused, in some paces, the de-
struction of the former structure of the rocks.
These minerals are formed under P-T condi-
tions at the upper part of the lower stage and
the velocity of deformation surpassed the grain
growth one. '

- The last metamorphic association is repre-
sented by large, limpid quartz + redish biotite
+ muscovite + staurolite + clear garnet (sin-
gle grains and envelopes) + albite + othoclase
+ clear rims of tourmaline, zircon, rutile and
apatite. This association is stable in the lower
part of the low stage, under P~3-4 kB and
T~400°C. The orientation of micas presumes
the existence of a small, oriented pressure.

It is to note that the amount of this last
association represents few (max. 10) percent-
ages of the rocks mass. The relationship be-
tween the neomorphic minerals and the first
and second mineral assemblage which are re-
placed, resorbed or included, prove undoubt-
edly that the minerals are formed after and on
account of the pre-existing ones.

Minerals from this third association can
be found in all rock types, excepting ultra-
mylonites and pseudo-tachylites which formed
after the metamorphic processes.

Pegmatites also formed after the metamor-
phism, because albite from the contact zone
of the pegmatites resorbes neomorphic biotite
of the quartzitic schist. Another explanation
of the different kind of deformation of the
pegmatite and their wall-rocks has different
tectonic competence caused by their different
structural and textural features. In this situa-
tion, the minerals from the contact zone should
be considered as a post-metamorphic assem-
blage. '
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— In metamorphic rocks (partially by replac-

ing of metamorphic minerals) a postmetamor-
phic association can be identified. This is rep-
‘resented by quartz, grass-green chlorite, cal-
cite, adularia, sericite, clay minerals, sulphides
and limonite. They prefer the breccious, fis-
surate zone and some blastomylonitic lenses.

2.1.4. Structural features. Examining
the metamorphic rocks of Magura with the
naked eye, the fine-grained, silky aspect and
the frequence of thin micro-folds are observed.
Sometimes, the rocks show evidently two schis-
tosity surfaces, which are intersecting at 30-
50°. The desaggregate zone and, however, the
hard, rough zones are often observable. These
various aspects resulted by tectonic reworking
of these rocks, as this can be observed by mi-
croscopical study. In this way, four suitable
structures can be distinguished.

— The first structure is given by planar and
parallel disposition of mica sheetlets, of quartz
lenses and opaque mineral straits. The par-
allelism between these laminae and the litho-
logic separations (i.e. quartzite - mica-schist,
quartzitic schist — gneiss boundary) indicates
that this S;—schistosity surface was formed by
the evolution of the sedimentary layer surface
of the protoliths. In outcrops we usually mea-
sure this S—surface.

Often, the transition between unfolded and
nucro-folded schists can be followed through
a few metres distance. Micro-folds are given
by curvature or, indeed, by breaking of mica
sheetlets, by microfissuration of quartz grains,
moreover this dismembration. The opaque
mineral straits are also micro-folded.

~ Sheared wings of microfolds become S,
schistosity surfaces. Films of thin white mica,
chlorite and fine-grained quartz are the mate-
rial support of this schistosity surface, which
forms 30-50° wide angle with the cover surface
of the microfolds. Double schistosity-showing
zone can be followed in the epigenetical defile
of Crasna, north of Cehei, and in the spring
area of the Lapog Valley.

Another aspect of deformation is the sep-

stitute a small amount of rocks.

aration of mica (chlorite}-bordered, millimet-
ric lenses or nodules, resulting a S;-schistosity
surface, which intersects S, at 10-20° (Fig.
10). Retromorphic processes, as resorplion of
biotite, partial destruction of plagioclase, are
associated with formation of S,.

Fig. 10 - Sheared quartzitic schist, in which the
three S—surfaces are shown: Sy, into the quartz
nodules; Sy, covering the quartz lenses; and vir-
tual surface Si, given by neomorphic minerals.

Crasna River right bank, Cehei.

~ It seems that the mylonite event succeeded
the thin mica formation. The ruptural planes
were initially installed on the S; surfaces. The
[luidal structure of the mylonites gives them
a false schistosity, that can be observed and
measured in outcrops.

— Micas and other neomorphic minerals con-
They are
not forming a continuous mass, rather insu-
lated sheets, grains or little "islands” which
plough over the troubled background. Of
couse, a really neomorphic structure cannot be
described, but the statistical oriented display
of neoblasts creates a virtually Sy-surface, also
assoclated with a joint system.

2.1.4 Age of the metamorphic rocks.
The metamorphic rocks of Magura are formed
and metamorphosed before the unmetamor-
phosed Permian deposits (see chap. 2.2.1).

Pb-Pb age determination effectued on sim-
ilar rocks from the basement of Trans-Tisa
Area indicated 1.3+0.37 and 1.6+0.42 Ga.
Therefore, the geological history of rocks
begun in the Dalslandian orogenic phase
(Szepeshazy, 1980). Szederkényi (1982) re-
ported from the same area 280-400 Ma Rb-Sr
ages, 1.e. the mineral assemblages were formed
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in connection with the Caledonian and Hercy-
nian orogenic events.

I collected four samples for K-Ar age de-
termination, which were analysed by CCIN
Migurele (Tab. 2). Three of them give the age
of the Middle Cretaceous collision (Soroiu et
al., 1985). The fourth sample shows a hybrid
age, as resulting from mixing of radiogenetic
argon-rich and argon-poor micas. It is prob-
able that during the Alpine reactivation tem-
perature oscillated around the temperature of
retaining of Ar.
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tion has a small metallic charge which was de-
posited as impregnations, nests, veinlets and
small lodes. So, the pilot galleries of "5ilva-
nia” champagnisation cave complex (under the
Brédet Hill) cross cut few such mineralisations
(e.g. in point 00048). Pyrite, marcasite and a
few galenite grains and veinlets can be found
in the Migura Valley, Cehei, near by Sf. losif
spring.

in 1986 1n the Ciuciuiui Valley we opened a
little research gallery which was executed by

Table 2
K-Ar age determination on samples from Mégura Jimleului
Sample Location Petrography Analysed K-Ar age

No minerals Ma

9 Ref. Church Mica—schist ~ Muscovite 100£7
Simleu

70 Uileacul Railway Paragneiss  Biotite 98410
station

71 Magurii Valley, Quartzitic Biotite 102+7
Cehei schist

78 Dealu Sfant Micarschist  Biotite 173£18.2
Simlen

Analysed by M. Soroiu, CNCIN Migurele-Bucuregti

2.1.5 Old weathering crust. On the ridge
of the main hills, the crystalline schists, es-
pecially the feldspar-bearing ones, underwent
an intensive weathering process, till the loss
of consistence and transformation in kaolin-
bearing, red sandy clay with relict schistous
structure. Just as in the Preluca, Ticau and
Bac Mountains (Kalméar, 1968), in Magura
Simleului a weathering crust is present, cov-
ering the Focene peneplain. In borehole N°
212 Giurtelec this formation has 15 m in thick-
ness. Probably the alteration processes was
reactived in the Miocene, after the deposition
of the Badenian conglomerates.

2.1.6 Polymetallic mineralisations. Fol-
lowing the fractured zones, a hypogenetic cir-
culation took place. The hydrothermal solu-

an enterpreneur from Simleu in 1942. The
gallery followed a breccious, 10-30 cm thick
lode, constituted by quartzite schist blocks, ce-
mented by grey quartz matrix, with sulphide
nests, bearing also geoda with clear quartz and
calcite crystals and clay minerals (Fig. 11).
Ore minerals are represented by two genera-
tions of pyrite and small quantities of galen-
ite, sphalerite, chalcopyrite, tetrahedrite and
In chalcopyrite grains, 1 found
a micronic gold inclusion. This mineralisa-
tion is similar to the mineralised breccia from
Mégura Ciorii-Fagadiu (Rez Mts), described
by Campeanu (1964).

marcasite.

The metal contents of these mineralizations
are very low; they have no econornic impor-
tance (Tab. 3). However, their presence pre-
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sumes the existence of the magmatic bodies in
deep zones, tied at the Banatitic province.

R S W -

Fig. 11 - Front of the Ciuciului Gallery, 22
m. 1, rubble; 2, quartzitic schists; 3, Breccia lode
with sulphide nests; 4, pyrite in host rock; 477,

which appear as 10-40 cm thick blocks. The
same rock fragments are found between Bade-
nian conglomerate elements and in deluvium,
presuming a larger development of the Per-
mian deposits in the past. Permian deposits
with such composition were crossed by few
deep boreholes in Salaj and the Pannonian
Basin (Istocescu & lonescu, 1970).

2.2.2 Paleogene.  Paleogene pebbles,
sands and sandy red-green stripped clays ap-
pear on the border of Magura. Their thick-
ness varies from a few metres (Uileac railway
cutting) to more than 100 m. These deposits
correspond to the Jibou Clayey Formation.

2.2.3 Neogene. Neogene is represented by
Badenian, Sarmatian and Pannonian.

sample.
Table 3
Sulphidic ore analyses from Migura Simleului

Sample | Location Petrography Au Ag Pb Zn Cu S Fe Hg
No ppm | ppm % % % % % pPpm
126 G3/A, 1m Py-rich breccia tr tr 0.08 tr 0.05 | 2.20 | 4.15 1o
127 (G3,45m Kaolinised breccia tr 3.4 0.06 tr .03 | 1.30 | 2.10 10
128 G3,123 m Quartz veinlet 0.2 12,5 | 0.12 | 0.05 tr 5.10 | 6.50 30
129 G2, 156 m Quartz breccia tr 1.8 0.08 | 023 | 0.10 | 2,15 | 9.20 | 10D
130 G1,3Tm kaolinised veins tr tr tr 0.05 tr 0.50 | 1.70 10
131 G1/B,4m Quartz breccia tr 82 | 010 | 012 | 005 | 1.80 | 3.40 | 300
134 G2, 54m Quartz breccia 0.4 16.5 | 0.12 | 0.10 | 0.05 | 3.20 | 4.40 | 950
474 Ciuciului gallery, 6m Quartz breccia tr 1.8 0.04 | 0.05 tr 1.16 | 1.45 | 2350
475 Ciuciului gallery, 11 m | Quartz breccia tr 2.7 0.06 | 0.10 tr 2.80 | 3.20 50
476 Ciuciului gallery, 16 m | Quartz breccia 0.2 11.4 | 0.12 | 0.10 | 0.05 | 2.75 | 2.15 . 30
477 Ciuciului gallery, 22 m | Quartz breccia tr tr 0.05 tr tr 0.80 | 1.75 | 100
478 Ciuciului lat. g. 1 m Quartz veinlets 0.2 1.8 0.04 | 0.08 | 0.05 | 145 | 1.80 90
481 Ciuciului outcrops Limonite-breccia 0.4 8.3 0.10 | 010 | 0.05 | 3.65 | 8.15 50

Analysed in Laboratories of E.M. Sisar {126-134} and
Laboratories of IPEG Maramures—Baia Mare (474-481).

2.2 Sedimentary cover

The sedimentary deposits of Magura Sim-
leului are represented by Permian, Paleogene,
Neogene and Quaternary formations.

2.2.1 Permian. [ found in the spring area
of the Magura Valley, Cehel, and in the al-
luvium of the Fagului Valley, Ilisua, the Per-
mian rocks reported by Pauca (1964): quartz-
porphyries, silicified volcanic tuffs, red and vi-

olaceous shales and quartzitic sandstones,

- Magura Simleului is surrounded by Bade-
nian deposits, as a continuous belt. They
are constituted by pebbles and conglomer-
ates, quartzitic and bioclastic sandstones,
Lithothamnium limestones and sandy marls
with a bentonitic tufl level.

— Sarmatian is built up by grey marls with
sand films. It appears only in boreholes near
by Magura Sitileului (Clichici, 1973).

- Pannonian covers Badenian and trans-
gresses it, reaching the Paleogene. Pannon-
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‘ian is constituted by sands and lignite-bearing
clays.

2.2.4 Quaternary. The alluvial terrace of
Crasna has 8-10 m in thickness. The old Pleis-
tocene terraces were conserved only at Uileac
and north of the Omanu Hill.

Simleul Silvaniei is built on the deluvial cone.

from the southern slope of Migura, consist-
ing of metamorphic rock fragments with mi-
caceous sand matrix, which measure,25 m in

borehole No 6.

3. Tectonics

The crystalline schists of Magura Simleului
are intensively folded. They built up four iso-
clinal, high-elevated anticlines and synclines
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NW-SE, the youngest one NE-SW. The most
tectonised area 1s situated between the Capol-
nei Valley and the Varului Hill.

The shape of faults and the structure of re-
cent alluvial plains suggest that Magura turns
round in a clockwise direction.

4. Migura-Simleului in regional
geologic framework

In Magura Simleului the metamorphic
basement of the SE part of the Pannon-
ian Basin 1s elevated from the sedimentary
cover deposits. In the Pannonian Basin,
the basement is known only in deep bore-
holes. The metamorphic rocks of Migura
resemble perfectly the rocks described in

(Fig. 12), with axial planes oriented ap- drilling cores from SE of Trans-Tisa area,
prox. E-W. They can be mapped following from S of the Tisa-Danube Interfluve and
the repair-levels and measuring S;. The main  from the southern corner of Transdanubia.
S N
m Magureanu-hill :
6001 Bradet 4708 m Cogasta hill
hitt Crasna River i
| \ of FE
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Fig. 12 — Geologic section through Magura Simleului, between the Bridet Hill and the Coastei Hill.
Pn, Pannonian; Bd, Badenian; Pg, Paleogene; mm, Upper Muscovitic Member; gf, graphitic
horizon; gn, Middle Magmatogene Level; mb, Lower Biotito-Muscovitic Member; qb, biotitic

quartzite level; m, pegmatites.

mylonitic nappes participate in folding; i.e.
that the folding was finished after myloniti-
sation and, possibly, after the closing of the
metamorphic processes. That is also demon-
strated by the presence of untransformed
ultra-mylonites and pseudotachylites (see also
Passchier, 1983).

The disjunctive tectonics is given by two sys-
tems of faults. The oldest system is oriented

It differs from the metamorphic formations de-
scribed by Ghiurca (1973), Szederkényi (1978)
and Szili (1980) from Avram - Tisnad — De-
brecen — Nyfrbétor arca; so they are compa-
rable with metamorphic formations from Bac,
Ticadu and Rez Mts. But all these metamor-
phic rocks show a common peculiarity: the
presence of neomorphic mineral assemblage
and of the virtual schistosity surface S.
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Hereafter, it results that Magura Simleului
(together with Heghies and the northern
Mezes) represents a block which was severed
from the southern part of the Tisia domain and
propulsed eastward, as a strange splint into
the Somes-type metamorphics, after the last
metamorphic recrystallisation and before the
Middle Cretaceous collision between the Tran-
sylvanian Basement and the Tisia Microplate.

Magura Simleului also represents an ele-
vated basement block of the Silaj Basin. As
it results from drilling and geophysical data,
Magura Simleului is one of prominences of Bac
— Heghies ~-Magura - Valciu ridge, which di-
vides in two parts the Silaj Basin. Studying
the Neogene facies from the eastern and south-
ern part of this basin, Clichici (1973) con-
cludes that the ridge already functionned in
the Badenian.
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Fig.

Fig.

Fig.

Fig.

Plate 11

1 — Biotite gneiss with checkboard-albite porphyroblast. Muntele Rau Hill, Simleul Silvaniel;
+Nic., x16.

2 — Paragneiss from left bank of the Crasua River, eastern slope of the Sfantu Iill, Simleul Sil-
vaniei. bl, "primary” biotite; b2, neomorphic biotite; m1,” primary” muscovite; m2, neomorphic
muscovite; ol, oligoclase; t, zoned tourmaline; II Nic., x32.

3 — (Garnet porphyroblast showing cloudy nuclens and limpid overgrowth (g), associated with
neomorphic biotite; Prundului street, Simleul Silvaniei. 11 Nic., x16.

4 — Microfolded mica-schist from the Lapos Valley, lligua; Sheared wings of microfolds become
schistosity surface $2, marked by mica-sheetlets (m). +Nic., x16.
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Plate T1T

Fig. 1 — Statistic oriented neomorphic micas (m, muscovite, b, biotite) give virtually S3-surface.
Fagului Valley, Magura Hamlet. +Nic, x16.

Fig. 2 — Ultra-mylonite from the Lipug Valley, llisua: aggregate of splintery quartz grains {q) and
sericite shreds (s). SEM photograph, x2000.

Fig. 3 — Pseudo-tachylite ribbon: feebly devitrified, isotrope glass with quartzite splints. Andrei
Muresan street, Simleul Silvaniei. +Nic., x16.

Fig. 4 — Idioblastic adularia (a), sericite (s) and quartz (q). Ciuciului Valley pit, 12 m. SEM
photograph, x2500.
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PETROLOGICAL DESCRIPTION OF THE BADENIAN EVAPORITE FORMATION OF
THE NORTHERN MOLDAVIAN PLATFORM

Aura CEHLARQV
Casuta Pogtald 82-70, Sector 4, 75650 Bucuresti 82

Panl TIBULEAC

Universitatea " ALLCuza” lagi, B-dul Copon 20A, 6600 Tasi
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vian}. Laminitic gypsum. Selenite gypsum. Anhydrite.

Abstract: The Evaporfte Formation (Upper Badenian-Kossovian) from
the Moldavian Platform has been completely known only from drillings. It
is exposed in a single place, in the right bank of the Prut River, between the
Ivancduti and Cuzldu localities. The thickness of the formation (observed
[rom drillings) increases from the eastern part of the platform (7-8 m) to
the western part (60 m). It is placed between the Badenian siliciclastic pre-
evaporite and/or carbonate postevaporite horizons, the latter equivalent of
the "Spiratella marls” from the Pericarpathian molasse (Ionesi, 1994). The
Evaporite Formation consists only of low solubility minerals (gypsum and -
anhydrite, as well as very few carbonates), the rocks being generally devoid
of clastic terrigenous material. One distinguished four main petrotypes:
laminitic pseudostromatolitic gypsite with neomorphic anhydrite (a); mas-
sive anhydritite with relict laminitic gypsum (c); erystalline gypsite bearing
relict skeletal anhydrite and selenite gypsum porphyroblasts (d); and, in-
trasediment selenite gypsite (e). As regards the tectonostructure, the Mol-
davian Platform is an epicratonic basin {Anastasiu, 1984) that functioned
as such at the Kossovian level (Mariana Mirunteanu, 1996, personal com-
mun.).

Introduction

The drilling carried out for gypsum by ”Ge-
omold” Public Limited Company!, from

'Bagu, Gh., Mocanu, Al, Ciornei, I (1980) Re-
port. Perimetrul Ivanciu{i—Cuzliu, judetul Botogani.
Avarvarei, C., Florea, Fl., Morosan, J. (1986)
Documentatie geologica-perimetrul Ivancinti-Cuzlau,
judetul Botogani.

Marcu, Al. (1993) Documentatie geologici de sintezi
- perimetrul Hudesti, judetul Botogani.

Campulung Moldovenesc locality, in the north-
castern part of the Moldavian Platform, in
the period 1978-1986, reached the Evapor-
ite Formation at the depth of 29.00-37.50 m
within a thickness of 8 m (borehole 18) in
the Ivancauti-Cuzldu zone (Fig. 1), and west-
wards, at the depth of 60-90 m and 126-145
m respectively, within a thickness of 14-29
m, in the zone of the Bageu Valley (boreholes
60,81,84 Hudegti and 2 Havarna) (Fig. 1).
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The Evaporite Formation is known from
outcrops only in the northeastern extrem-
ity of the Moldavian Platform, in the right
bank of the Prut River, between the Ivancauii
and Cuzliu localities, in the place called "La
Pichet” {Gheorghiu et al., 1961; Tonesi, 1994).

SR
| vancd Horodislea

U
Q

Sm

Fig. 1 - Geological map with drilling locations.

This paper refers to the results of the petro-
facial analyses on cores from the evaporites
reached by four drillings carried out on the
Bageu Valley (Fig. 1), namely: borehole 60
Hudesti - 20 m thickness, {68-88 m depth);
borehole 81 Hudesti ~ 29.50 m thickness (60.5—
90.0 m depth); borehole 84 Hudesti - 14.10 m
thickness (78.10-92.50 m depth} and borehole
2 Havarna — 19.20 m thickness (126.60-145.50
" m depth). :

These analyses revealed some petrofacial
characteristics that made possible for us (be-
sides other parameters) to outline an evaporite
basin model.

A. CEHLAROV, P. TIBULEAC

Geological Setting

The Moldavian Platform is part of the Fast
Furopean Platform, as cover of the Ukrainian
Shield. T cousists of a basement, Epialgonian
(Epikarelian) in age, and of the platform cover
(Sindulescu et al., 1981). This ranges between
2,500-6,100 m in thickness and consists ex-
clusively of sedimetary deposits, accumulated
in three megacycles separated by gaps corre-
sponding to some long exondation intervals,
namely (lonesi, 1994): cycle I Upper Vendian-
Devonian; cycle 1I Cretaceous—Paleocene (7)-
Middie Eocene, and cycle III Upper Badenian-
Meotiamn.

The Badenian (Kossovian) deposits are
found the Moldavian Platform after a
long exondation phase, following an am-
ple transgression. Within these three hori-
zons are separated (Bagu, Mocanu, 1984;
1994}, follows: lower ter-
rigenous horizon (sandstones and/or con-

in

[onesi, as a

and white sands of Miorcani type) — pre-
evaporite sediments (using Rouchy’s term,
1982); among the sands a fauna consisting
of Glycymeris deshayesi, Chlamys sp., Os-
trea digitalina, Ostrea lamellosa, and half
of a mandible of Anchitherium aurelianense
{Ghecrghiu et al., 1961; Bagu et al., 1965;
Tonesi, Lungu, 1978) has been determined;
there follow the evaporites constituting a For-
mation, because they cover a large part of the
platform (Ionesi, 1994), consisting of gypsum
and anhydrite with pelite and tuffite interbeds;
from these Orbulina universa, Bolivina an-
tiqua, Bolivina dilatata, Uvigerina semior-
nata have been determined (E. Negoita, 1974);
finally, the postevaporite (using Rouchy’s
term, 1982}, the pelite and/or carbonate
(Melobesiae bioconstructed limestones) sedi-
ments, equivalent to the ”Spiratella marls”
from the Pericarpathian molasse, end the
Badenian succession from the Moldavian Plat-
form (Ionesi, 1994). Trom these Spiratella,
Uvigerina, Bulimina, Sphaeroidina (B. lonesi,
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1968; N. Trelea, 1969) as well as Chlamys
wolfi, Chlamys lilli depereti, Chlamys scissa
kner1, Chlamys elegans (Simionescu, 1901; E.
Nicorici, B. lonesi, 1977) have been deter-
mined.

In respect of tectonostructure, the Molda-
vian Platform evolved as an epicratonic basin
situated at the periphery of the lithosphere
plates, showing a lower stability and often re-
sembling passive, marginal basins; these are
directly linked to the "ocean”, and the sedi-
mentation processes are strongly influenced by
the sea-level oscillations (Anastasiu, 1984) but
they were also influenced by the paroxismal
phase from the adjacent zones that evolved as
mobile areas (Mutihac, 1990).

The Evaporite Formation surely evolved in
an epicratonic basin at the Kossovian leve] (M.
Marunteanu, personal commun., 1996).

Descriptive Petrofacies of the Evaporite
Formation

Since the polyphase diagenesis manilests by
an overprint of its characters, the petrotypes
encountered do not exhibit peculiar features,
being marked by the dominance of one specific
feature.

The laminitic pseudostromatolitic gypsite
petrotype, with neomorphic anhydrite (Fig. 2B)

It is situated in the lower half of the evap-
orite succession over the pre-evaporite horizon
and shows the same characteristics in all four
drillings investigated.

In this paper the gypsite term is used with
the meaning assigned by Papiu (1960} and Lo-
gan (1987).

Gypsite is a brown-yellowish, translucent
rock in the thinner parts, quite homogeneous
and compact, with subconchoidal fracture af-
ter smooth surfaces. It shows a wax-like lus-
ter. A clear, fine undulated lamination can
be distinguished in this rock, formed of cou-
ples of submillimetric brown gypsum laminae

and whitish ones of pseudostromatolitic as-
pect, observable only when the rock is slightly
humid. Sometimes the scintillation of some
spathic, tabular crystal faces of porphyroblas-
lic aspect can be noticed on the fracture. Un--
der the binocular eyeglass these appear as fine,
needle-shaped crystals with divergent dispo-
sition that tend sometimes to be grouped in
rosettes (potential nodules). It is of note that
the rosettes can be scattered or usually dis-
posed along some lineaments that can more
rarely be oblique with respect to the bed-
ding, probably thin fissures, following as a rule
the bedding planes. When observed on the
onter face of the core, it is noticed that some
lighter-coloured, fine saccharoidal zones with
anhydrite neoformations alternate with brown
aphanitic gypsum zones which preserve the
lamination intact.
gressively towards the upper part of the suc-

This process evolves pro-

cession,

Both from the stockworks examined in im-
mersion under the microscope and in thin sec-
tions, the groundmass of the rock appears
to consist only of gypsum exhibiting felted-
texture, using the nomenclature ol Maiklem et
al. (1969) for anhydrite. This texture is a very
uniform combination of crypto- and microcrys-
talline erystals. The continuity of the ground-
mass is interrupted in places by the presence of
some sinusoidal marly-micritic films showing
a pseudoparallel disposition, which represents
in fact the light-coloured laminae interbed-
ded within the gypsum. The gypsum mass
includes first accidentally and then gradually
more numerous needle-shaped anhydrite for-
mations (Maiklem et al., 1969). These are tab-

.ular crystals forming a fan-shaped radial group

(Heinrich, 1965}, being 0.004-0.016 mm long.
clear with linear limits, devoid of inclusions
and without a central nucleus in the radial
aggregates. The refraction indices, the cleav-
age and the birefringence correspond to anhy-
drite. Texture: felted, needle-shaped. Fab-
ric: mass-supported. Depositional sedimen-
tary structure, laminitic-pseudostromatolitic,

'
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and diagenetic, neomorphic.

Beside anhydrite, the crypto-microcrys-
talline gypsum mass includes accidentally
a punctual silicification represented by au-
tomorphic quartz polycrystalline aggregates
or fibrous leucite ("cauliffower”) aggregates
(Siedlecka,; 1972; Truc, 1979; Rouchy, 1984,
1986; Swennen, Viaene, 1986).

The massive anhydritite petrotype with relict
laminitic gypsum (Fig. 2B)

It partly overlies the above-described one,
being situated at its upper part.

The rock is formed of brown laminitic
gypsum bands alternating with white-greyish
crystallotopic anhydrite bands. On some cores
the microstratification can be observed due to
the presence of the anhydrite developed along
these surfaces as bands or eyes catchings of
coalesced nodules. This i1s a banded gypsite
with anhydrite horizons (Fig. 2B), a transi-
tional petrotype between a and ¢ (Fig. 2).

Sometimes the rock consists almost exclu-
sively of fine saccharoidal anhydrite, the brown
laminitic gypsite being preserved only as relict
pseudoparallel stripes (Fig. 2B). Finally a
white-greyish, not very uniform, crystallo-
topic, compact, massive anhydritite rock is
achieved.

Under the microscope prevailingly anhydrite
can be identified in thin sections as pris-
matic, largely developed, lath-shaped crys-
tals (Maiklen et al., 1969), reaching up to
0.3007 mm in length, with a "doleritic” (us-
ing Rouchy’s term, 1984). In the polygo-
nal space among the long prismatic anhydrite
crystals the presence of the relict cryptomi-
crocrystalline gypsum is noticed (Fig. 2B).
In the next phases the anhydrite exhibit-
ing lath-shaped texture and radial, interser-
tal, "doleritic” texture shows a progressive
pulsatory development, forming new crystals
that intersect the previously formed ones, oc-
cuping finally the entire space of the rock;
the leucite aggregates taken over from the

A. CEHLAROV, P. TIBULEAC

laminitic gypsum being preserved. Texture:
lath-shaped (doleritic), relict felted; fabric:
grain-supported and sedimetary structure: di-
agenetic.

The crystalline gypsite petrotype bearing relict
skeletal anhydrite and selenite gypsum
porphyroblasts (Fig. 2B)

It is situated only at the upper part of
the above-described evaporite sequences, from
which it differs in aspect, being clearly delim-
ited from those on the core in only one case
(borehole 84 Hudesti, 86.25 m), the fransi-
tion from these being generally gradual. The
rock is grey, fine- to medium- crystalline,
glassy, marble-like, compact. The stratifica-
tion can be rarely distinguished, with dissolu-
tion and/or distorted surfaces formed of grey-
ish bands surrounded by a halo of white and
speckled, saccharoidal zones. On some cores
the presence of the needle-shaped anhydrite
can still be noticed both in the greyish and es-
pecially in the white zones. On the fracture
colorless, largely developed gypsum crystals
of porphyroblastic character can be noticed,
but especially honey-coloured, prismatic selen-
ite gypsum crystals, which penetrate the crys-
talline gypsite. The rock usually has a nonuni-
form, distorted aspect due to syntaxial crys-
tal growth. Under the microscope mosaic-like,
inequigranular, idiotopic to xenotopic gypsum
predominates. The aggrading recrystallization
is obvious through the crystal size and the
presence of the insoluble waste situated at the
periphery of the crystals, in the intergranu-
lar space, but especially through the cérrosion
by gypsum of the prismatic anhydrite crystals
which are often skeletal. It is of note that at
the same time, besides these, new, fresh an-
hydrite crystals are distinguished, with sharp
boundaries that intersect the former. Tex-
ture: crystallotopic of gypsum, skeletal, lath-
shaped of anhydrite, and porphyroblastic of
the selenite gypsum. Fabric: grain-supported.
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Fig. 2 - The complete repetitive sequence of evaporites from drillings

(60,81,84 Hudesti and 2 Hivirna).

A — Pre-evaporite terrigenous horizon (sands, sandstones and conglomerates); B — Evaporite Forma-
tion: a) The laminitic pseudostromatolitic gypsite petrotype, with neomorphic anhydrite. Micropho-
togr. — boring core 72, 81 Hudesti, 83.50 m, N II, x 10; b) Banded gypsite with anhydrite horizons.
Photogr. - boring core 71, 2 Hivarna, 145.00 m; ¢).The massive anhydritite petrotype with relict
laminitic gypsum. Photogr. - boring core 86, 2 Havarna, 139.10 m. Microphotogr. - boring core 86,2
Havarna, 139.10 m, N+, x 10; d) The crystalline gypsite petrotype bearing relict skeletal anhydrite
and selenite gypsum porphyroblasts; ) The intrasediment selenite gypsite petrotype,Photogr. - bor-
ing core 96, 2 Hivéarna, 127.80 m.; C - Postevaporite pelitic/carbonate horizon ("Spiratella marls”

and Melobesiae bioconstructed limestones).
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Sedimentary structure: erosional with dissolu-
tion and/or distorted surfaces and diagenetic
(of recrystallization and neomorphic).

The intrasediment selenite gypsite petrotype
(Fig. 2B)

In this paper the selenite term is used with
the meaning assigned by Warren (1982) for the
description of the samples in which more than
50 % of these consist of transparent gypsum
crystals exceeding 2 mm in size.

The intrasediment euhedral selenite gypsum
crystals situated at the top and/or terminal
part of the described evaporite succession con-
stitute a characteristic found n all the four
boreholes investigated.

The selenite gypsum can be easily observed
due to the robustness of the crystals which
are nacreous, brown-yellowish honey-coloured.
These usually show a discoidal hemipyrami-
dal habitus (perpendicularly flattened to the
C axis) and can be complexly twinned to
form rosettes. They occur sporadically, being
smaller in all the petrotypes described, except
for the laminitic gypsite where they have never
been found and are almost omnipresent in the
recrystallized gypsite at the upper part (Fig.
2B). On the cores these crystals, which usually
occur grouped in divergent or radial assem-
blages, are to be found either in the bedding
plane, or oblique or even perpendicular to it.
Obviously the crystals do not occur uniformly
in the rock, being concentrated at certain lev-
els and sometimes they are so numerous that
the host rock can no longer be noticed, or no-
ticed with difficulty, remaining entirely subor-
dinate in the space among crystals. By the
intensive growth of the selenite crystals this
horizon locally gets a pseudobreccia character
(Papiu, ,1960). Under the microscope it is no-
ticed that during their development they can
include poikiloclastic globular carbonate origi-
nating in the recrystallization of the micrite on
the laminitic planes and also corroded, skeletal
anhydrite.

A. CEHLAROYV, P. TIBULEAC

The described selenite gypsum crystals are
intrasediment precipitated through a diage-
netic crystallization and displacive process of
the evaporites previously formed as host rock
(Kendall, 1992), the sediment being pushed
aside, and hence the aspect of false brec-
cia. Texture: block-shaped. Fabric: grain-
supported. Sedimentary structure: diagenetic
(displacive) and pseudobrecciated.

Such selenite units alse known from the Late
Miocene of Sicily and southern Spain {Rouchy,
1976, 1982); from the salt lakes in southern
Australia (Warren, 1982). Spectacular curved
selenite crystals are common in the Badenian
(Middle Miocene) evaporites from the north-
ern part of the Carpathian Foredeep, southern
Poland (Kubica, 1992; Kasprzyk, 1993; Peryt
et al., 1992, 1994), and of west Ukraine (Peryt
et al., 1995).

Conclusions

A few conclusions can be drawn regard-
ing the Upper Badenian (Kossovian) Evapor-
ite Formation outside the Carpathians, from
the Moldavian Platform:

— evaporites are marine deposits of reduced
thickness (ca 20 m) showing an areal continu-
ity in the northern part of the platform and
a thickening tendency towards the west; there
they are considered to reach 60 m;

— evaporites consist exclusively of low solu-
bility minerals, prevailingly calcium (gypsum
and anhydrite) sulphates and very few carbon-
ates; if one takes into account that the brine
salinity partly depends on the duration of the
water presence in a basin (Logan, 1987), it
follows that the presence of the brines in the
basin did not last long enough to reach a high
salinity; ,

— the lack of the siliciclastic and bioclastic
material 1s observed. Chemical analyses reve-
lead: CaS04.2H,0 and CaSO, - 96.06 %; S5i0,
- 0.72 %; CaCO4 - 2.02 % ("Geomold” Com-
pany, PLC);
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— the presence of the pseudostromatolitic
laminitic structures at the base of the forma-
tion and the cap-gypsite with the selenite unit
at the upper part, as well as the recording of
a vertical variation of the composition of sul-
phates would correspond to a stratification of
the brine density (Einsele, 1991); at the begin-
ning — brining up (laminitic gypsite — massive
anhidritite), followed by freshening up (crys-
talline gypsite — selenite gypsite), determing a
complete cycle. This has a recurring character
due to the eustatic and climatic conditions.
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