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THE NORTHERN APOPHYSIS OF THE DITRAU ALKALINE MASSIF - A
' PETROGRAPHIC APPROACH

Lucian IONESCU
GEOLEX 8. A., str. Korosi Cs. 7, 4100 Miercurea Ciue -
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Abstract: In the northern part of the Ditriu Massif, a 7.5 km long apophysis has
been intruded in the Cambrian schists of the Tulghes Group. Its sharp eastern limit

is due to a directional fault. The apophysis is built up by alkalifeldspathic granitoids,
alkaline granitoids, alkalifeldspathic syenites and foid syenites. Its up to 2.5 km - large
thermal aureole comprises a great variety of newly- formed minerals, from biotite zone
to andalusite - cordierite - sillimanite - corundum - K-feldspar contact assemblages.
Mo and RE mineralizations are related to the apophysis.

Introduction

The studied apophysis is rooted in the middle of
the northern border of the Ditrau Alkaline Massif,
representing its singular structural element of this
kind. At its root it has a maximum width of 1.2 km
and it gradually thins out along a distance of 7.5 km.
The apophysis has been intruded in the Cambrian
low-grade metamorphic formations of the Tulghes
Grroup, represented in the area by the Sandominic
sequence. Only Tg3 and Tg4 formations of the
Sandominic sequence crop out. These formations are
folded, the fold hinges being parallel to the apophysis.
The Tg3 Formation is represented by acidic metavol-
canics that crop out across a restricted area on Paraul
Lung creek. The Tg 4 Formation crops out on a large
territory, being buill up by quartzitic- sericitic schists
+ chlorite & graphite with intercalated blastodetri-
tal rocks, acidic metavolcanics, greenschists and black
quartzites, which occur only westwards as thin and
discontinuous lithons. At its upper part (eastwards
from the apophysis), the terminal sequence of the
Tg4 Formation is represented by Mandra Porphy-
roids, bordered by blastodetrital rocls.

In the studied region the contact phenomena
generated by the Ditriu Alkaline Massif occur in
the Tulghes Group westwards from the apophysis
and in its northern extension up to a distance of 2.5
km. Inside the termally affected zone, small granitic
intrusions (westwards) and syenitic intrusions (south
- westwards) occur. The Ditriu Massif and its
apophysis contain enclaves and intercalations of
hornfelsed regionally metamorphosed rocks (Fig.).

Genesis, structure and petrography of the
apophysis

The intrusion of the apophysis is probably contem-
poraneous with the emplacement of the Ditrau Massif
because it is built up by the same rocks that occur
on the northern border of the massif. The intrusion
seems to have tectonically been controlled by an im-
portant directional fault with respect to the meta-
morphic structures. This fault is NNE - SSW di-
rected and it limits the apophysis to the east. This
old tectonic fracture, now healed, is still recognizable
by the well-developed cataclastic features. The my-
lonites are obvious only along the apophysis, north-
wards this major tectonic rupture behaving as a sim-
ple slip strike-fault. Because of this fault, the shape
of the eastern border of the apophysis is even, while
the western oue is indented. The western compart-
ment of the fault was strongly uplifted as revealed by
the outcropping of Tg3 Formation and by the small
granitic intrusions, as well as the extended contact
phenomena. The lower position of the eastern com-
partment is shown by the outcropping of the upper
sequences of Tg4 Formation and by the absence of the
intrusions and hornfelses. Subsequently, a system of
minor cross-cut faults, WNW - ESE orientated, has
affected the metamorphics and the apophysis.

The apophysis is built up by granites and syenites,
both alkaline and alkalifeldspathic. The transition
from one petrographic type to another is gradual. A
few alkaline vein rocks occur in the southern and mid-
dle parts of the apophysis. To the south - west of the
root zone a monzonite complex occurs. The small
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Fig. - Geological map of the northern apophysis of the Ditriu alkaline massif: A. Tulghes Group: 1, Tgd Formation, a -
Méndra porphyroids; 2, Tg3 Formation; Ditriu alkaline massif: 3, granitoids, a - pegmatite facies; 4, syenites, a - quartz
syenites, b - foid syenites; 5, monzonites; Other symbols: 6, mineralizations; 7, hornfelses; 8, faults; 9, mylonites. B. 10,

medium grade metamorphitcs; 11, greenschist facies metamorphites; 12, Bucovinian Mesozoic sedimentary; 13, Ditriu
alkaline massif; 14, Neogene andesitic volcanics.

intrusions of the western part are built up by Granites. These rocks crop out at the northern
granites. The eastern contact with the crystalline border of the massif (in the southern part of the
schists is achieved by a mylonite zone. apophysis) and yield small intrusions to the west.
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THE APOPHYSIS OF THE DITRAU ALKALINE MASSIF 5

They are built up by K-feldspar (microcline. orthose,
perthite = 30 - 54 %), quartz (21 - 30 %, as isolated
grains or as aggregated crystals), tabular crystals or
short prisms of plagioclase (oligoclase + albite = 5 -
40 %), chloritized biotite, muscovite with fine opaque
arains along cleavage planes (probably resulted from
the expelled iron of a former biotite) and, rarely, epi-
dote.

Alkalin granites. They crop out mostly in the
central-northern part and in the southern part of the
apophysis. Their compesition is dominated by the
Is-feldspars with secondary sericite (perthite, micro-
cline, orthose = 33 - 64 %) and plagioclase (oligoclase
+ albite =9-31 %), sometimes intensely argillized and
sericitized.  Subordinately, hipidiomorphic quartz
grains (10 - 16 %) with undulatory extinction and
chloritized biotite (5 - 18%) occur.

Across two small areas from the northwestern part
of the apophysis these granites show a pegmatoid fa-
cies.

Syenites. They occur in the northern part of the
Ditrau Massif, in the southern and middle parts of
the apophysis, and in some small isolated intrusions
in the metamorphic schists from the south-eastern
extremity of the studied zone. Their composition is
dominated by K-feldspars (microcline, perthite, or-
those = 20 - 90 %) as well-developed crystals, locally
intensely sericitized, and short prismatic or tabular
plagioclase crystals (oligoclase + albite = 5 - 7 %).
The hipidiomorphic grains of quartz are less abun-
dant (3 - 10 %). The chloritized biotite flakes (1 - 8
%) have formed on riebeckite. Apatite, zircon, epi-
dote and muscovite may occur sometimes.

Foid bearing syenites. These rocks crop out in
the southern extremity of the apophysis. They are
dominated by plagioclase (oligoclase + albite = 25 -
58 %) and K- feldspar (microcline + orthose = 26 - 42
%). that occur as large aggregates which may contain
clear riebeckite and biotite crystals. Sometimes small
sericitized nepheline grains, analcite and cancrinite
occur. Zircon, apatite and orthite are very rare.

Vein rocks. In the southern and middle parts of

the apophysis two bostonite dykes and a microgranite
dyke were found.

The bostonites are built up by slightly orientated
sericitized plagioclase prisms (65 - 75 %). Chlorite
oceurs subordinately, probably at the expense of for-
mer mafics. Zircon is the common accessory.

The microgranite, with an orientated texture, is
built up by quartz, plagioclase (oligoclase, albite),
muscovite and chloritized biotite. Clancrinite invades
the rock, forming clusters.

Mylonites. These rocks occur on the eastern bor-
der of the apophysis, which represents an old shear
zone, now healed. Typical mylonites massively crop

out on both sides of the Toderas creek, near the
joint with the Batca creek (I'ig.). The rock looks
as a greenish - black tectonized mass, with contorted
whitish little bands. Under the microscope the quartz
occurs as strongly flattened and deformed porphyrob-
lasts, polygonized, crushed, and enclosed in a mixed
mass built up by sericite flakes, chlorite and fine
quartz and feldspar crystals.

Contact phenomena

Around the apophysis the thermal aureole crops
out only on the western part, being cut, Lo the east,
by the above mentioned fault. The thermal influ-
ence can be observed over a distance of 2.5 km from
the apophysis, its effect being increased by the small
granitoid intrusions.

Our observations allowed the separation of three
zones with respect to the intensity of the transfor-
mations, in good agreement with the facial zones de-
scribed by Voicu et al. (1990). Starting from the
massif, they are as follows:

The intensely affected zone. [t contains the fol-
lowing contact paragenesis: andalusite % sillimanite -
muscovite - biotite 4 cordierite 4 garnet + corundum
+ K - feldspar. This zone extends from the contact
with the massif up to several hundreds meters, but
sometimes it may thin out. The former rock is diffi-
cult if not impossible to recognize. These rocks are
blackish due to the abundance of biotite which, in the
innermost parts of the aureole, may form monomin-
eral separations. The mica-rich bands may alternate
with feldspathic ones, generating a banded texture.
The andalusite and the sillimanite may be seen with
the naked eye on the schistosity planes as elongated
blackish-gray crystals or as rounded, radiated spots.
These hornfelses have a granolepidoblastic structure,
containing quartz, feldspar and andalusite grains be-
tween the phyllesilicatic bands. Frequently, the an-
dalusite is replaced by sericite and the biotite is ve-
placed by chlorite. The occurrence of two generations
of andalusite, biotite or muscovite, is common. The
younger mica generations are randomly orientated.

The alkaline metasomatism that has affected the
regionally metamorphosed rocks at the contact with
the massif produced important quantities of potassic
feldspars and only seldom some cancrinite and tour-
maline.

The moderately affected zone. It is the best
represented, defined by the following contact min-
eral assemblage: muscovite - biotite £ andalusite +
K - feldspar. The former regionally metamorphosed
rocks can be easier to recognize. The abundance of
biotite and muscovite varies very much. On the hile
between Batca creek and Turcu creek the hornfelses
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are built up almost exclusively by quartz and mus-
covite, having the looking of metavolcanics in which
the phenocrysts are missing. In these rocks, two
biotite and muscovite generations may occur. The
younger generation developed along shear cracks that
cross the schistosity. As Voicu et al. (1990) re-
marked, the quartz-feldspar rocks are much less af-
fected than the neighbouring schists. The occurrence
of the feldspathic rocks as continuous thick lithons
represents. after the mentioned authors, lithological
screens which considerably diminish the contact phe-
nomena.

In the hornfelsed blastodetrital rocks the quartz
porphyroblasts are recrystallized, having usually
anormal extinction, while the microgranular quartz
has undulatory extinction. Feldspar porphyroblasts
are sericitized to various degrees and the biotite flakes
are partly chloritized.

The weakly affected zone. It represents the
outer zone of the aureole, in which the only contact
mineral is the biotite. Biotite has formed in schists
while the quartz - feldspathic rocks are not affected.
The biotite is chloritized (perhaps a retrograde pro-
cess during the cooling of the massif). Sometimes
the biotite occurs as rounded aggregates that may be
seen on the schistosity planes, generating the spotted
schists varieties.

Mineralizations

lonescu et al. (1992) identified two epigenetic
mineralizations in the studied apophysis. They are
high temperature metasomatic-hydrothermal mine-
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ralizations, generated by the Ditrau magmatism.

One mineralization, containing molybdenum and
rare earths, represent the easternmost known occur-
rence of Jolotca-type vein mineralization. In the
syenites from the left side of the Turcu creek (Fig.
1). we identified fragments of a vein, intensely altered,
with the following contents: Mo = tens to 100 ppm;
Yb - Sc - Nb = tens ppm; Y - Gd - La = hundreds
ppm; Ce - Nd - Th = thousands ppm.

The other mineralization occurs in the saddle from
the crest between the Batca creek and the Paraul
Lung creek southwards from Poalele Aramei Peak
(Fig. 1), at the intersection of several faults. The
mineralization occurs in hornfelsed schists, as blocks
of intensely circulated rocks that led to a strong al-
teration of the surrounding rocks. Under the vegetal
soil, fault gauge occurs. The following contents have
been found: Au = 0.5- 0.6 g/t; Ag = 100 - 160 g/t,
Cu=015-02%;Pb=1-25%:2Zn =0.15- 0.2
%; S = 0.1 - 2%; Bi = hundreds ppm; Sn = tens to
100 ppm. A similar but poorer mineralization occurs
on the same crest at about 1.2 km southwards.
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LAMPROPHYRES IN THE HAGOTA - TULGHES ZONE (EAST

CARPATHIANS)
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Abstract: In the Hagota-Tulghes zone about 200 lamprophyre veins have been iden-
tified, which penetrate mostly the epimetamorphic formation of the Tulghes Group.
All the wells in the area penetrated lamprophyres, amounting to 2.27 % of the total
length drilled. Most of the analysed lamprophyres represent spessartites, odinites,
beerbachites. Vogesites, kersantites, malchites and camptonites are found subordi-
nately. The majority of lamprophyres are intensely altered, being affected especially
by carbonatations and subordinately by limonitizations, chloritizations, serpentiniza-
tions, epidotizations, albitizations and argillizations. Locally, they contain enclaves
from the metamorphic formations penetrated and more rarely from older syenites and
lamprophyres. All lamprophyres occur on fissures. They are grouped in fields, within
which the position of the veins is relatively constant. Most of the lamprophyre bodies
are oriented after a system of conjugated directions, N-S (with eastern dippings) and
E-W (with northern dippings). The distribution of the minor elements in these rocks
does not depend significantly on the spatial position of the veins or on sampling site,
it pointing to the common origin of all lamprophyres. In the whole area, the lam-
prophyres are found in association with epigenetic mineralisations. This fact can be
explained by the use of the same access ways. The age of the lamprophyres in the

Hagota-Tulghes zone is probably Upper Jurassic-Cretaceous.

The study zone is situated in the Giurgeu Mts,
south of the Bistricioara River, covering the lower
basins of the Asod, Rezu Mare and Putna valleys.
The geologic setting is dominated by the epimeta-
morphic formations of the Tulghes Group. that con-
stitute the Putna Nappe, developed in the central
part of a wide antiform (Valea Putnei antiform). The
Tgs and Tgy formations are cropping out here. Be-
tween the Asod and Rezu Mare valleys, due fo a
secondary tectonic plane (Asod-Rezu Mare digita-
tion), the Tgz and Tgs suite is doubled. In the
eastern and southern parts, the Tulghes Group is
overlain by the Balaj Nappe (formed of sericite-
muscovite+biotitexfeldspar quartzitic schists) and
overlies the Rardu Nappe (formed of diverse me-
sometamorphic rocks and metagranitoids of the
Bretila Group) (Fig. 1). The metamorphics are pen-
etrated by lamprophyres and subordinately by alka-
line vein rocks affiliated to the alkaline Ditrdu Massif
(situated south-west of the study region).

In the Hogota-Tulghes zone about 200 lam-
prophyres veins have been identified.  The first
description of the lamprophyres in the Tulghes zone

(which is the object of an ample study) occurs in the
geologic study of the Tulghes zone (Atanasiu, 1929).
Later on, the nonmetamorphosed vein rocks from
the same zone were presented by Cheldrescu (1937,
1938), Bercia, Bercia (1954), Tonescu et al. (1962),
Arion et al. (1963), Jakab (1981), Condurache et
al.  (1985), Vod&, Voda (1985). The vein rocks
identified in wells in the Hagota-Tulghes zone were
mentioned or described by Muregan, Muresan (1989-
1992), Muresan (1993-1995), Airinei, Funkenhauser
(1993), and Airinei (1994).

1. Petrography

Lamprophyres are, in general, microcrystalline,
massive, of a grey or blackish, sometimes smoky
colour, within which, in most cases, melanocrate and
leucocrate phenocrysts are visible. Very rarely, lam-
prophyres contain large-sized (5-20 mm) mafic phe-
nocrysts, e.g. in Baratul Mare Valley. In case of
thicker veins an increase of the grain size to their
central zone has been noticed. No thermal contact
phenomena (hornfelsizations) of the host rocks have
been observed at the contact with the lamprophyres.
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Fig. | - Spreading of the lamprophires in the Hagota-Tulghes zane: 1. Rariu Nappe (Bretila Group, Precambrian): 2. Balaj
Nappe (Balaj Formation): 3, Putna Nappe (Tulghes Group, Cambrian); 4. overthrust; 5, Asod-Rezu Mare Digitation: (
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» contour lines of the lamprophyres frequency (per cent)
8, Valea Putnei antiform; 9, boreholes.
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LAMPROPHYRES IN THE HAGOTA - TULGHES ZONE 9

Table 1
Modal mineralogical composition of lamprophyres
Type of Family No. Major minerals Sporadic minerals e
lamprophyre Fp Amf | Carb Cl M.O.
Vogesite Syenite 1 16 18 6 10 Fk=34 Serp=16
Spessartite Diorite 12 | 1852 | 0-38 | 0-40 | 0-38% | 2-28 | Serp=0-10 Q=0-10 Bi=0-7
[Lersantite Diorite 1 22 8 6 Bi=18
Malchire Diorite 1 18 29 22 5 Q=18
Odinite Gabbro 4 | 16-66 842 | 835 | 10-22 | Bi=&(1lprobi)
Beerbachite Gabbro 2 | 50-54 0-6 | 2-11 36 Py=8-18
? 1| 44 18 18 | Ab=30 Q=6
Tamptonite? | Alk. gab. 1 34 18 16 ] Bi=10 Py=12 Ol=3

Legend:No-number of analysed samples; Fp-plagioclase feldspars;

Amf-amphiboles; Carb-carbonates; Cl-chlorite;

M.O.-opaque minerals; Fk-potash feldspar; Serp- serpentinic minerals; Q-quarte; Bi-biotite; Py-pyroxenes; Al-albite;

Ol-olivine.

In general, the veins are steeply dipping and are
grouped into fields within which the veins display a
relatively constant spatial position.

Almost all lamprophyres are affected by carbonata-
tions (mostly calcitizations); calcite occurs as veins,
masses or impregnations in the rock mass. Muresan
(1991) considered that the pink carbonate veinlets
are genetically related to the Ditrau alkaline massif.

Lamprophyres are often pyritized. Pyrite occurs,
in general, as idiomorphic grains, disseminated in the
rock and locally concentrated on fissures. The pyriti-
sations and limonitizations of the lamprophyres can
be spread on a restricted distance in the adjacent
rock. In very many cases, lamprophyres are intensely
altered, appearing as a friable aggregate formed of
carbonates. limonite, chlorite and serpentinic miner-
als.

I some cases, one could observe that lamprophyres
include angular fragments of epimetamorphic rocks
belonging to the Tulghes Group and in one case, in
the Sumuleu Valley, a fragment of pink syenite, sim-
ilar to those known in the Ditrdu alkaline massif.

The majority of studied Jamprophyres from the
Hagota-Tulgheg zone belong to the diorite family,
being of spessartite type and one kersantite sample
and one malchite sample, and subordinately to the
gabbro family, of the odinite, beerbachite, possibly
camptonite type (from the alkali gabbro family). One
Jamprophyre rich in potash feldspar was assigned to
the vegesites, that helong to the syenite family. The
modal mineralogical composition of the lamprophyres
studied under the microscope is presented in Table 1.

1.1 Vogesite

The rock consists of long prismatic amphibole
phenocrysts, partly chloritized and opacitized, in-

cluded in a feldspathic-carbonatic mass, locally
serpentinized. Other melanocrate phenocrysts,
entirely substituted by carbonates, chlorite and
limonite could represent pyroxenes. These rocks in-
clude large nests, visible macroscopically, formed of
carbonatic xenomorphic grains.

The groundmass consists of small, xenomorphic
grains of perthitic potash feldspar, often forming au-
reoles around the carbonatic nests. Beside them
fine carbonatic masses, serpentinic minerals and mag-
netite are noticed.

In 1929 Atanasiu described, in the Tulghes zone, a
lamprophyre, possibly a vogesite, formed of amphi-
bole (entirely altered), in association with feldspar
(orthose ?). The phenocrysts are chloritized or sub-
stituted by calcite.

1.2 Spessartite

The matrix of these rocks consists of intermediary
plagioclase feldspars and amphiboles, beside reduced
amounts of biotite, potash feldspar, quartz, olivine
and magnetite. When present, the phenocrysts are
represented by amphiboles and plagioclase feldspars;
these minerals are decomposed, being replaced by
carbonates, serpentinic minerals, opaque minerals
and limonite.

The groundmass is generally altered. Thus, the
plagioclase feldspars occur as rods and polysynthet-
ically twinned prisms, replaced partially by calcite,
sericite and serpentine; in places, they are saussuri-
tized. Potash feldspar (orthose) is found sporadically,
being partially or totally altered into sericite. The
presence of sodium feldspar, as xenomorphic grains,
points to albilization phenomena. Amphiboles are
found as prisms and rods, partially or totally opacit-
ized, replaced by chlorite and epidote. Biotite scales
and lamellas are corroded and randomly spread in the
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rock mass. Olivine is totally replaced by serpentinic
minerals. The opaque minerals are represented by
magnetite, locally replaced by hematite or completely
leached.  Calcite is almost omnipresent, frequently
occurring in very large amounts; it replaces the phe-
nocrysts or invades the rock mass. Quartz is locally
observed as veinlets or nests formed of xenomorphic,
angular grains, with normal to weakly undulatory ex-
tinction,

In 1929 Atanasiu identified a spessartite in the
Tulghes zone. The described rock is of a greenish
colour, with a silky luster, a rusty alteration crust,
and slightly schistous. Under the microscope, one can
observe a network of elongated crystals of twinned
feldspars, interfingered with short amphibole prisms.
Oligoclase-andesine is altered into calcite and epi-
dote, and the brown hornblende into chlorite and
epidote. The meshes of the network are filled with
chlorite, epidote and calcite, the primary minerals
being unrecognizable. Another spessartite displays
large-sized feldspar phenocrysts and the amphibole
phenocrysts are entirely altered.

The spessartites  described by lonescu et al,
(1962) in  the Tulgheg-Corbu zone display a
panidiomorphous-granulated structure, being formed
of a network of elongated crystals of twinned feldspars
intercalated with brown amphiboles, as idiomorphic
prisms. Chlorite, epidote and calcite occur in the
meshes of the network. Feldspar develops as pris-
matic crystals of maximum 0.5 mm long and it is
often caleitized and epidotized. Amphibolite is, gen-
erally, altered into chlorite and epidote. Opaque min-
erals are abounding (5% of the rock mass).

1.3 Kersantite

Kersantites are rocks of a blackish colour and con-
tain relict phenocrysts which, according to the hexag-
onal contour, seem to have been a biotite replaced by
secondary minerals (carbonates. chlorite). Other in-
tensely serpentinized and carbonatated minerals. ini-
tially probably an olivine, are very rarely found.

The groundmass consists of idiomorphic lamellas
of biotite, short prisms of amphiboles, with interca-
lations of xenomorphic grains of intermediary plagio-
clase feldspars and possibly of albite. The rock also
contains opaque minerals (magnetite?) and is pene-
trated by thin carbonatic veinlets.

1.4 Malchite

Relict  phenocrysts of quartz and calcitized
feldspars are observed under the microscope. The
groundmass is altered, the prismatic amphiboles be-
ing opacitized and replaced by chlorite. The ma-
trix includes short lamellas of chlorite, xenomorphic

L. IONESCU

grains of calcite, cubic or xenomorphic crystals of
opaque minerals, fine grains of quartz. Carbonatic
bands are crossing the rock mass.

1.5 Odinite

These rocks are intensely altered, being invaded by
carbonates, chlorite and limonite. The phenocrysts,
after contours initially pyroxenes, feldspars and am-
phiboles, are totally replaced by secondary minerals.
[n one section, plagioclase feldspar is fresher, gener-
ally being replaced by carbonates and sericite. The
mafic phenocrysts are entirely substituted by chlorite
and carbonates. Xenomorphic relicts of biotite occur
in one case.

The primary minerals of the groundmass are re-
placed by carbonates, chlorite and limonite. The
opaque minerals are found as square or skeletic forms
(ilmenite?). Carbonates invade the rock mass or oc-
cur as veinlets.

The lamprophyre veins, possibly odinites, de-
scribed by Atanasiu (1929) in the Tulghes zone,
have a greenish colour and a rusty alteration crust.
They display a massive texture and a holoerystalline-
porphyric structure. The phenocrysts are repre-
sented by oligoclase-andesine. The matrix consists
of feldspar and altered amphibole crystals, that form
a network whose meshes are filled with chlorite.

1.6 Beerbachite

The mafic minerals of these quasi-echigranular
rocks are represented by partly chloritized pyrox-
enes (augite), and the salic ones by carbonatated and
sericitized plagioclase feldspars. The main opaque
mineral is represented by pyrite, found as limonitized
cubic crystals or as xenomorphic aggregates. As sec-
ondary minerals, carbonates are found in relatively
small amounts, beside clayey minerals and limonite.

1.7 Camptonite

An identified lamprophyre, possibly a camptonite,
consists of crystals of feldspars, amphiboles, pyrox-
enes and olivine, strongly altered and invaded by see-
ondary minerals.

The camptonites described by Atanasiu (1929) in
the Tulghes zone are rocks with a basaltic aspect.
They display a massive texture and a holocrystalline-
porphyritic structure. The phenocrysts are repre-
sented by titanaugite (partially or totally substi-
tuted by chlorite and calcite), barkevikite, and locally
olivine (altered into antigorite and calcite) or quartz
(as masses surrounded by a pink rim formed of fine
rods of iron oxides 7). The microcrystalline matrix is
constituted of barkevikite, pyroxene, opaque minerals
(abounding), calcite and small amounts of feldspar,
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analcime and apatite. The author considered that
these rocks differ from the normal camptonites by the
absence of biotite and the presence, only sporadical,
of feldspar.

These rocks, described by Ionescu et al. (1962) in
the Tulghes-Corbu zone, display a massive texture
and a holocrystalline structure. The olivine and py-
roxene phenocrysts occur in a microcrystalline mass,
formed of augite, barkevikite, plagioclase, zoisite,
opaque minerals,sphene and apatite. Quartz occurs
sporadically as white-greenish 3-4 mm thick masses,
surrounded by a pinkish rim formed of fine rods of
iron oxides.

Camptonites presented by Arion et al. (1963) con-
tain phenocrysts of pyroxenes, olivine and, locally,
barkevikite, included in a microcrystalline matrix,
constituted of augite, plagioclase, barkevikite, and
opaque minerals.

1.8 Monchiquite

Monchiquites described by Atanasiu (1929) in the
Tulghes zone are compact, basaltic-like rocks, of a
grey-blackish colour. They display an alteration crust
of a rusty colour. In places, fine pyrite grains and
calcite spherules are observed with the naked eye.
Monchiquites show a massive texture and a hypocrys-
talline porphyric structure. The phenocrysts of
augite (altered into chlorite, calcite and sphene),
olivine (altered into serpentine and calcite), locally
barkevikite, basic plagioclase feldspar and biotite are
included in a matrix formed of barkevikite, opaque
minerals, analcime, and sporadically glass, sphene
and apatite. It is to note the absence or reduced
presence of biotite and the prevalence of augite and
olivine.

Atanasiu (1929) assigned to the camptonite and
monchiquite series some strongly altered lampro-
phyres, of a green or grey-greenish colour, with a
cryptocrystalline-porphyric structure. The phenoele-
ments, locally large-sized (more than 1 cm), are to-
tally altered, being replaced by chlorite (former py-
roxenes 7) or serpentine (at the expense of olivine 7).
Remains of unaltered biotite are found very rarely.
The cryptocrystalline matrix is invaded by calcite,
the primary minerals being completely altered.

Chelarescu (1937) described several monchiquites,
intensely altered hydrothermally (frequently propyli-
tized), which occur beside the polymetallic sulphides
in the Tulgheg zone. The primary phenocrysts are, at
present, substituted: feldspar by calcite, sericite and
quartz, augite by pennine, and olivine (or analcime)
by serpentine, calcite, quartz and iron oxides. The

groundmass is a mixture of calcite, iron oxides and.
more seldom, antigorite, pennine and zoisite.

Tonescu et al. (1962) described monchiquite in the
Tulghes-Corbu zone. These rocks are of a dark grey
colour and display a hypocrystalline-prophyric struc-
ture, with a basaltic aspect. The augite and olivine
phenocrysts are included in a microcrystalline mass,
constituted of augite, barkevikite, opaque minerals
(ilmenite, pyrite), sphene and apatite. The pyrox-
ene phenocrysts occur as short prisms, up to 2-3 m
long, twinned, with clinochlore and calcite on fissures.
Olivine is almost completely transformed into serpen-
tine and calcite.

Monchiquites described by Arion et al. (1963)
contain rare phenocrysts of olivine and pyroxene in-
cluded in a hypocrystalline matrix of barkevikite,
pyroxene and opaque minerals. In places pyrite is
abounding.

1.9 Other lamprophyres

They are rocks hard to define either due to the
advanced mineralogical alterations or to the impos-
sibility to assign them to the accepted petrographic
classifications.

Thus. a lamprophyre contains, beside plagioclases,
a large amount of albite (about 30%), both feldspars
being easily sericitized. The chlorite scales preserve
the long-prismatic contour of some former mafic min-
erals, possibly pyroxenes.

A lamprophyre with enclaves of crystalline schists
has been sampled from the peak between the Balaj
and Baratul Mare valleys. The lamprophyre mass
includes: very large (up to 1 em), tabular-prismatic
phenocrysts, completely serpentinized and partially
calcitized, probably initially pyroxene; the minerals
with a hexagonal contour, entirely serpentinized and
carbonatated, probably representing former amphi;
boles; very large grains, serpentinized, with rows of
opaque minerals on fissures, formed at the expense
of pre-existent olivine. All these strongly altered
phenocrysts are included in a groundmass formed
of clayey minerals, carbonates, serpentinic minerals,
The rock is penetrated by calcite veinlets. The en-
closed angular elements represent up to 40% of the
rock and are formed of quartzites, quartz-sericite
schists and quartz-graphite schists.

Muregan (1991, 1994, 1995) described schists en-
claves in lamprophyres, in the wells 8-Baratul Mic
(here, the lamprophyre has a fluidal texture), 1-
Hagota (calcite epigenetic crosses the lamprophyre
and quartz schist), 47-Putna, 7-Beche, 21-Putna, 43-
Baratul Mare. In the well 43-Baratul Mare, Muresan
(1995) identified a highly altered lamprophyre that
contains an enclave in an older lamprophyre.
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Table 2
Average contents in minor elements (in p.p.m.) of the lamprophyres grouped according
to their spatial position (azimuth of the dipping sense)

Position | No. | Ag | As | B | Co | Cr | Cu | Mn | Mo | Ni Pb | Sn | Zn

340-20" 11 | 0.03 0|10 34 | 104 53 | 289 | 2.2 | 156 | 29.8 | 1.1 | 220

20-115° 10 | 0.03 20 | 27| 35 76 59 | 391 2.1 149 | 18.3 | 1.0 | 285

210-230° 5| 0.08 | 20 41 130 70 150 | 2.6 | 160 | 32.0 | 0.8 | 128

260-280" 51020 | 40 | 36 | 40 79| 36 | 224 | 2.0 | 132 | 21.6 | 1.0 | 110

300-320° 7| 0.04 29 | 33 20 82 40 S0 | 1.4 93 | 19.7 | 0.6 44
No. = number of analyses

1.10 Other vein rocks

In the Hagota-Tulghes zone, other vein rock types
have been described, some of them of the diabase type
and others, more numerous, affiliated to the Ditrau
massif.

1.10.1 Diabases

Atanasiu (1929) considered that in the Tulghes
zone diabases occur beside melaphyres as intercala-
tions interbedded in the Mesozoic sedimentary de-
posits overlying the crystalline.

Chelarescu (1937) described veins of porpylitized
diabases beside the epigenetic mineralisations in the
Asod Brook zone. Diabases consist of feldspar,
olivine, augite, antigorite, pennine, sericite, calcite,
and quartz. Qlivine, the oldest mineral, is found
as idiomorphic crystals, locally substituted by antig-
orite, calcite and quartz. Feldspar is altered in the
interior, with neoformation of sericite and saussurite.
Augite is altered into brown hornblende towards the
periphery.

Ionescu et al. (1962) mentioned the presence of
the diabases in the Tulghes-Corbu zone, in the north-
eastern part of the Barasdu Valley basin. These dia-
bases are described in general; they have a grey colour
with greenish hues, an ophiolitic structure and a mas-
sive texture.

Arion et al. (1963) described four diabase veins,
of less than 1m thick, unconformable versus the
epimetamorphic crystalline schists from the right
side of the Putna Valley, in the zone of the Hagota
village. These rocks display a grey colour and a
massive aspect. They have and intersertal structure,
within which prismatic-acicular crystals of basic
plagioclase feldspar include crypto-crystalline or
glassy masses, probably of pyroxenic origin. These
masses are strongly altered and calcitized. Partly
altered lamellas of biotite, as well as granular clus-
ters of opaque minerals beside secondary minerals are
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also frequently observed.

Muregan & Muresan (1990, 1991) identified dia-
bases in the wells 3-Putna and 1-Hagota. Thus, the
diabase intercepted in the well 3-Putna, in the inter-
val 1042-1045m, consists of feldspars, pyroxenes and
amphiboles. The melanocrates are chloritized. In
the well 1-Hagota three diabase veins are described
in the intervals 629-631m, 828-833m and 968-970m.
The first diabase is altered and displays an ophitic
structure. Hypidiomorphic feldspars, partly serici-
tized and calcitized, can be noticed, within which
amphiboles partly altered into biotite are developed.
The second vein has a diabase strucutre due to the
hypidiomorphic plagioclase feldspars, with different
trendings, between which opacitized and chloritized
melanocrates are developed. The third diabase shows
a similar structure. Feldspars are saussuritized and
partly calcitized, and melanocrates are opacitized
and chloritized.

1.10.2 Alkaline vein rocks

These rocks, associated or not with mineralisa-
tions, were identified in boreholes by Muregan (1989-
1995) and Funkenhauser, Airinei (1992, 1993). Thus,
Muregan described: a syenitic rock with monazite,
related to the metallogenesis of the Ditrau massif, in
the well 5-Hagota; two veins of calcitized tinguaites,
in the well 29-Baratul Mare; a massive, fine-grained
vein rock (with an enclave of a pyritous, probably
syngenetic, metamorphosed mineralisation), that is
also found upwards in the borehole column as an en-
clave included in a lamprophyre, in the well 22-Putna.

Fukenhauser, Airinei (1992, 1993) described: syen-
ites and microsyenites in the wells 5-Putna, 22-Putna
and 43-Baratul Mare; an intrusive, more acid rock,
with a porphyric structure, beside lamprophyres, in
the well 24-Balaj; liebneritic syenites in the well 7-
Beche.

2. Geochemical considerations

92 out of the 200 lamprophyres identified in the
Hagota-Tulghes zone have spectrally been analysed

\l. Institutul Geologic al Romaniei
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for 16 elements. It it to note that, Bi, Cd, Sh and W
are usually below the detection limit.

The data presented in the above table do not indi-
cate any law of any preferential geochemical compo-
nent ol the lamprophyres grouped according to their
spatial position (azimuth of the dipping sense), re-
eardless of the sampling site.

Table 3 presents the average contents (in p.p.m.)
of the lamprophyres grouped according to their
geographic spreading (Fig. 1), in certain fields,
presented from north to south, regardless of the vein
position,

ZONE 13
ries, according to the chemistry of the rocks: the
camptonite-monchiquite series, representing dif-

ferentiation products of the alkaline magmas, of
Atlantic type; the vogesite-spessartine-odinite and
diabase melaphyre series, representing differentiation
products of the alkali-calcic, granito-dioritic and
gabbro-peridotitic magmas, of Pacific type. Table
4 presents the results of the chemical analyses
(major elements) effectuated by Atanasiu (1929)
on some lamprophyres from the Tulghes zone.
They have been defined on the basis of the petro-
graphic analyses. In sample 2, and possibly samples 5

Table 3
Average contents of the minor elements (in p.p.m.) of the lamprophyres grouped
according to their geographic spreading

Zone No.| Ag | As| B Co | Cr | Cu | Mn | Mo | Ni Ph Sn | Zn
Asod G | 0.03 0| 417 | 50 N T6 | 191 | 4.16 | 138 | 32.2 | 1.16 | 157
Rezu Mare 17 | 0.02 01 214 | 20 62 | 42 | 851 | ¥ 62 | 13.5 | 0.58 | 248
Putna-B.M. 22 | 0.07 | 18 G4 | 21 139 | 76 | 296 | 3.72 | 184 | 30.1 | 0.86 99
B.M. upstream 15 | 0.06 | 20 | 27.0 | 35 | 132 | 69 | 167 | 2.93 | 214 | 21.2 | 1.00 | 170
Sumuleu 23 | 0.03 | 17 9.6 | 26 81 | 57 | 309 | 2.93 | 130 | 314 | 1.65 | 166

No. = number of analyses, B.M. = Baratul Mare

Table 4
Contents of major elements of some lammprophyres in the Tulghes zone (Atanasiu, 1929)

Oxydes (%) 1 2 3 4 5 6 7

5103 37.24 34.72 | 38.78 39.10 33.74 2648 45.81
Ti0, 3.40 3.02 5.10 4,08 2.86 1.61 2.78
Al O 12.62 9,82 11.64 13.84 14.12 15.72 19.02
Fes O 2.47 3.24 4,22 5.41 4.78 377 1.44
FeO 13.37 11.39 | 12.30 .39 984 | 11.28 8.72
MnO 0.86 1.56 0.85 0.90 0.60 1.51 0.93
MgO 6.59 R.43 8,24 9.11 13.23 10.14 6.76
CaQ 13.96 10.92 9.24 &.8R G.00 9.67 5,52
BaO+5r0O 0.09 | traces 0.19 | traces ndt ndt ndt
Nay, O 2.04 2.47 0.93 3.93 5.15 3.10 2.90
K0 1.29 0.65 0.10 net ndt 0.55 168
P20 0.13 | traces 0.11 0.76 0.16 0.27 ndt,
503 1.44 0.84 0.67 1.40 3.64 (.49 ndt
H,O 0.40 2.06 0.62 0.34 0.49 0.77 0.25
C0O,+H20* 497 | 11.04 | 6.78 4.64 6.34 | 13.73 | *1.80
TOTAL 100.87 100.16 | 99.77 100.78 100.95 | 99.09 100.65

1. camptonite, Piatra Rogie Romaneasc; 2, monchiquite, Magyaros; 3, monchiquite, Fuges; 4, camptonite-monchiquite,

Baratul Mic; 5, camptonite-monchiquite, Putna Brook; 6, camptonite-monchiquite, Putna Brook; 7. spessartine, Stejii Mount

(*losses=3.04 %): ndi=undetermined.

The resulting values do not indicate any law concern-
ing the variation of the contents of the analysed ele-
ments according to their regional spreading.
Atanasiu (1929) grouped the lamprophyres and
diabases in the Tulghes zone into two rock se-

and 6, the apparent lower contents in SiQ4 have been
regarded at the expense of some high contents in CO2
and Hs. Because of the small number of analyses, it
is difficult to characterize and define the lamprophyre
types from the chemical point of view.
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Fig. 2 - Diagram of the lamprophyre veins positions (azimuth of the dipping sense) in the Hagota-Tulghes zone (per cent).

The data presented in tables 2, 3 and 4 point out
that in the Hagota-Tulghes zone the contents of lam-
prophyres in the analysed elements do not depend
significantly either on the spatial position or on the
geographic spreading of these rocks. All this suggests
the common origin of all lamprophyres in the study
ZO0e.

3. Spreading and position of lamprophyres

In the Hagota-Tulghes zone lamprophyres are
grouped into several fields (Fig. 1), situated in
the Asod, Rezu Mare, Putna-Baratul Mare, Baratul
Mare, Filler-Sumuleu valleys zones. The lampro-
phyre fields occur mostly in the spreading area of
the Tulgheg Group formations, showing a tendency
to close at their contact with the Balaj and Rardu
nappes.

The spatial position of 98 out of 200 identified
lamprophyres could be determined either directly,

with the compass, or indirectly, biogeophysically
(with the angular rod). The position of the lampro-
phyres differ from one field to another, being, how-
ever, relatively constant within the same field (Fig.
1). With a few exceptions, the dipping of the lam-
prophyres is sharp (60-90%). The diagram with the
percentage representation of the lamprophyre posi-
tions (azimuth of the dipping sense) has been drawn
up based on the 98 positions measured (Fig. 2).
The above-mentioned diagram indicates that the
majority of the lamprophyres are assigned to a system
of conjugated directions, corresponding to a system
of fractures with a N-S trend and eastern dips, that
is a fracture system with an E-W trend and N dips.

4, Dimensions and volume (in percentage) of
the lamprophyres

In the Hagota-Tulghes zone, lamprophyres are
quite frequently found (Atanasiu, 1929). At the sur-
face, the thickness of the veins is in general submetric



LAMPROPHYRES IN THE HAGOTA - TULGHES ZONE 15

(usually 20-50m), very seldom more than 1m. Along
the strike, these rocks could be followed at the surface
on limited distances (of metres order). The lampro-
phyre bodies are usually unconformable versus the
crystalline schists and quite rarely they occur as con-
cordant veins.

All the wells drilled in the Hagota-Tulghes zone
intercepted lamprophyres. The thickness of the lam-
prophyre veins in the drilling columns is, in general,
of the metres order, even smaller. Apparently great
thicknesses have been found in the wells: 1-Hagota
(13 m), 21-Putna (19 m), 43-Baratul Mare (11 m),
47-Putna (11 m, 30 m, 11.5 m).

zone, the author considered that the genetic associ-
ation of these rock is less probable. The mentioned
lamprophyre series and the diabase-melaphyre series,
by their very similar chemistry, made the mentioned
author to conclude that they represent products of
the same magmatic phase, of Upper Triassic age.

Chelédrescu (1937) considered the mineralizations
in the Tulgheg zone as post-metamorphic, associated
with a hydrothermal activity related to the granodi-
oritic massifs and lamprophyre veins. Later on, in
1953, he associated those mineralisations with the
Neogene volcanic activity in the Calimani-Gurghiu-
Harghita chain.

Table 5
Lamprophyres spreading in the wells in the Hagota-Tulgheg zone
(according to Muresan, 1989-1995; Airinei, 1993, 1994)

Well Loc. Depth | No. | Thickness % Well Loc. Depth | No. | Thickness %

51 Hagota 994 13 42.0 | 4.23 528 Bar. Mare 659 6 1122 1.70
53 Putna 1200 12 29.0 | 4.23 529 Bar. Mare 645 1 3.5 0.54
Sh Putna 1410 10 17.7 | 1.26 S30 | Asod 655 4 10.5 1.60
56 Putna 1335 14 45.0 | 3.37 542 Bar. Mare 700 2 2.0 0.29
ST Beche 750 10 23.0 | 3.07 543 Bar. Mare 550 10 29.4 5.35
58 Bar. Mic 700 4 7.0 1.00 S44 Bar. Mare T20 1 5.0 0.69
39 Bar. Mare 675 2 3.5 0.52 845 Bar. Mare 602 2 7.5 1.25
510 Balaj 650 6 20.0 3.08 546 Bar. Mare 650 5 12.0 1.85
519 Balaj 1165 (5 21.5 1.85 S47 Putna 400 11 79.2 19.80
521 Putna 476 4 26.0 | 5.46 548 Putna 450 1 12.0 2.67
3522 Putna 662 15 43.3 | 6.54 S51 Putna 406 4 15.9 3.92
824 Balaj 1114 6 18.0 1.62 554 Putna 353 1 3.5 | 099

(Sd-well; Loc.=locations; Ad.=depth of the well; No.=number of lamprophyre veins intercepted; Thickness=total apparent

thicknesses; %-share of the lamprophyre intercalations in the lithologic column of the well; Bar.=Baratul)

Table 5 presents the systematic data on the spread-
ing of the lamprophyres intercepted by wells drilled
in the Hagota-Tulghes zone. Considering these data,
it results that out of the 17,921m drilled, 487.7m have
been crossed by lamprophyres, totalizing about 150
veins, with an apparent average value of 3.25m. They
represent about 2.72% of the rock investigated by
drillings.

5. Age, genesis and relationships of
lamprophyres with the epigenetic
mineralisations

In the Tulghes zone, the alkaline character of the
lamprophyres from the camptonite-monchiquite se-
ries is assigned by Atanasiu (1929) to the affilia-
tion of these rocks to the Ditrdu alkaline massif,
considered by the mentioned author of Upper Cre-
taceous age at most. Camptonites and monchig-
uites should be younger, that is post-Aptian in age.
Although the chemistry of the vogesite-spessartine-
odinite and diabase-melaphyre series show affinities
with the granodioritic intrusive massifs in the Tulghes

Savul (1954) mentioned in the Corbu zone a close
association between the lamprophyres and mineral-
isations, and considered that they originate in hy-
drothermal solutions differentiated at depth, which
represented access ways of the fractures on which the
lamprophyres are situated.

In 1954, Bercia and Bercia pointed out that, for
the mineralisations situated north-east of Tulghes,
the absence of marcasite indicates their formation at
great depths and in relation to the zones on which
the lamprophyres were injected.

Koczur (1973) mentioned that the mining works
carried out in the Sumuleu-Filler zone, proved that
the mineralisations are closely related to a lampro-
phyre which presents, in the contact zone with the
schists, pyrite and chalcopyrite impregnations.

Anastasiu and Constantinescu (1980) highlighted
the association of the lamprophyres in the Jolotca
zone with some mineralised veins.

In the Hagota-Tulghes zone there is a good spatial
association of the lamprophyres with the epigenetic
mineralisations (Sumuleu, Baratul Mare, Cibeni,
Baras&u, Sangeroasa).
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Nearby Tulgheg, although the density of the lam-
prophyres is reduced, two of them are closely related
to the epigenetic mineralisations. Thus, the common
sulphide mineralisation in quartz gangue, identified
in the Cibeni Valley, occurs beside an intensely pyri-
tized lamprophyre, both veins having a N-S trend.
In the Ohaba Peak zone one of the two weakly min-
eralised veins with sphalerite-galena and lantanides
in carbonate-quartz gangue occurs, in the hanging
wall, at a distance of ca 20 cm beside an intensely
altered lamprophyre,-and displays the same position
(260°/50Y).

In the Borsec-Tulghes zone, within the Tulghesg
Group, there occur several vein lead-zine minerali-
sations related to lamprophyres. From this point of
view, the situation of the lamprophyres is, as fol-
lows: lamprophyres are bordering on or they are
in the vicinity of the mineralized veins, at Paltin,
Sangeroasa, Obcina Mici , Baratul Mare; lampro-
phyres occur as fragments in the mineralised brec-
cias at Paltin; lamprophyres are hosting the min-
eralisations at Paltin, Paraul cu Linia (Barasau),
Argintdria.  This association was argued (Jakab,
L981; Voda, Voda, 1985) by the fact that both lam-
prophyres and the mineralised solutions used the
salne access ways.

As regards the age of the lamprophyres, we con-
sider that they are younger than the epimetamorphics
of the Tulghes Group (Cambrian), younger than the
overthrusts in the area and than the Asod-Rezu Mare
digitation, younger than the Paltin-type mineralisa-
tions for which Jakab, Popescu (1981) estimated a
Cretaceous age, possibly Upper Jurassic, on the basis
of the isotopic age analyses, *°*Pb/205Pb=0.17-0.18.
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Abstract: Albesti granite is hosted in the Leaota crystalline formations. [t has a
tabular form and occupies a fixed stratigrafical position within the metamorphic pile.
There are two genetical hypotheses: (1) anatexis processes and in situ crystalliza-
tion due to the ultrametamorphism of the some material of granitic composition, (2)
magmatic origin and emplacement facilitated by the tectonic plane. The chemical
composition of this granite has a peraluminous, calc-alkaline character. Zircon mor-
phology has been considered according to the original typological classification for
zircon proposed by J. P. Pupin, G. Turco (1972). Q and S types have been identified
(100) prism and (211) pyramids are more developed than (110) and (101) ones. Zircons
are colourless, light and dark pink, or brown and inside of them apatite, opaque and
mafic minerals, and gaseous-fluid inclusions are visible. A few metamictized crystals
have been observed. Sometimes zonal and overgrown zircons have been identified. The
crystallization temperature values vary between 850° and 750° C. Pupin’s morpho-
logical classification of zircon crystals points out a crustal or hybrid (crust + mantle)

origin for the Albesti granitic rocks.

Introduction

Due to its mineralogical and petrographical charac-
teristics and to its spatial position in the crystalline
formations that contain it, the study regarding the
morphology of zircon crystals from this granite, tries
to give some information about conditions of zircon
crystallization, and by this way some data about the
granitic rocks which host zircons; this one is sup-
ported by the theory which supposes that the changes
of chemical and physical parameters of the crystal-
ization environment determine changes of the crystal
morphology.

Geological considerations

The Albesti granite is hosted by the Leaota
crystalline formations. It has a tabular form and
occupies a fixed stratigraphical position within
the metamorphic pile. There are two genetical
hypotheses: - the Albesti granite formed as a
result of the anatexis and in situ crystallization due
to ultrametamorphism of some material of granitic

composition (Gheuci, Dinica, 1981, 1983);

- its emplacement has been facilitated by the pres-
ence of a tectonic plane reactivated during and after
the granitic intrusion; the mineralogical characters
(oscillatory zoning in the plagioclase) point out the
existence of a magmatic chamber which generated the
Albesti granite (Tatu, Sabau, 1987).

Chemical characteristics

The chemical composition of this granite has a
peraluminous-calc-alkaline character, a variable and
generally sub-unitary Na;O/K;0 ratio and the sum
of Na and K oxides, ranging between 5 and 8.66;
according to the CIPW normative composition, the
Albesti granite plots in the field of monzogranites,
close to the granodiorites boundary (Tatu, Sabau,
1987).

Modalities of samples preparing

Ten samples, weighting 5 kg each, were taken off
from this granite. Each sample was crushed at 1 mm
fraction; zircon has been found in the fractions of
about 0.2-0.5 mm.
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Fig. 1 - The length variation of the zircon crystals.

The morphological study under binocular micro-
scope has been made using zircon crystals, separated
according to the specific heavy minerals methods.
All morphological and typological consideratins have
been made according to Pupin, Turco (1972) and
Pupin (1980).

The typological distribution has been established
on the basis of the examination of 100 unbroken zir-
con crystals from each granite sample.

Zircon morphological features

Zircons in the Albesti granite consist of fine
crystals, colourless, light-pink to dark-pink, seldom
brown, with long or short prismatic habit; the colour-
less crystals and long prismatic ones prevail.

No more variations of the lengh or the elongation
exist (Figs. 1, 2).

Zircon morphological types, according to Pupin’s
classification, are represented mainly by the Qs, Q,
Qs and less by Syg, Si7 or Sia, S14, Sis, Si9 types
(Fig. 3).

The (100) prism faces and (211) pyramidal ones
are well-developed, whereas the faces (110) and (101)
appear subordinately.

In transmitted light, zircon crystals have a com-
plicated structure; there are some visible inclusions
of minute prismatic crystals, most probably of ap-
atite, as well as gaseous-fluid ones or opaque miner-
als (probably magnetite or ilmenite). The inclusions
exhibit a chaotic distribution in the crystals, concen-
trating mainly in the prism development zone.

A few metamictic crystals have been observed; the
process is weak few crystals are isotrope.

Sometimes zircons are zoned and some of them are
overgrown.

Typological frequency distribution (Fig. 4) is very
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Fig. 6 - Distribution of plutonic rocks in
the typological diagram: (1) diorites,
gabbros, tonalites; (2) granodiorites;
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alkaline and hyperalkaline syenites and
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Fig.

7 - Distribution of mean points and mean T.E.T. of

zircon from (1) granites of crustal or mainly crustal origin;
(2+43) granites of crustal + mantle origin, hybrid granites; (4)
granites of mantle or mainly mantle origin.

similar for all studied samples, poining out the same
fields (peraluminous) of the diagram for the major-
ity of zircon populations. Some samples present two
different fields (peraluminous and peralkaline), which
could be interpretated as two different crystallization
moments, the first one being predominant.

According to Pupin's typological method, the men-
tioned morphological observations point out zircon
crystallization temperature values ranging between
850 and 750° C.

The mean calculated points from Albesti granites
(Fig. 5) plot on the T.E.T. diagram of plutonic rocks

near diorites, gabbros and g-diorites field (Fig. 6).
The peraluminous - calc-alkaline character and

" the mean typological evolution tendency point out a

crustal origin (except one sample with hybrid origin
-crust + mantle) for these granitic rocks (Fig. 7).

Conclusions

Morphological and optical characteristics of the
zircon populations emphasize the peraluminous-cale-
alkaline character of the magma where zircon crys-
tallized and which have determined some specific
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morphological features, as: good development of the
(100) prism faces and (211) pyramidal ones, but the
subordinated appearance of the (110) prisms and
(101) pyramids.

The small content of radio-active elements deter-
mined few metamictic phenomena, but the pres-
ence of different kinds of inclusions (solid, liquid,
or gaseous) emphasize a nearly crystallization for
opaque minerals or apatite, and some gas content in
the parental magma.

The sporadical appearance of zoning and over-
grown crystals point out few processes of assimilation
or magmatic corrosion.
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Abstract: The Retezat Massif is intruded in crystalline formations belonging to
the Dragsan Group, from the Danubian Lainici Nappe, a very important Alpine tec-
tonic unit of the South Carpathians. Petrographically, there is a small variability of
petrotypes (diorites, tonalites, granodiorites, and granites), showing a specific chem-
:cal evolution for silicic rocks, arising from a low differentiated calc-alkaline magma.
No major difference exists hetween the major, minor and REE element concentra-
tions in different zones of the massif. Optical and morphological characteristics of the
zircon crystals are very similar for all studied samples. All zircon populations con-
tain different coloured crystals (colourless, light and dark pink or brown), sometimes
zoned, opaque or transhucent. Two inclusion types are observed in zircon crystals: (1)
elongated or ovoid gaseous inclusions and (2) very small zircon crystals. The main
morphological types (according to Pupin, 1980) are Q, S, P, L, G, D, presenting an
obvious subtype variability, induced by the variation of alkalinity and temperature dur-
ing zircon growth. Typological Evolutionary Trend (T.E.T.) points to a calc-alkaline

tendency and a mixed origin (crust+mantle).

Introduction

The morphology of zircon crystals in the grani-
toid rocks was a constant preoccupation of many
researchers for establishing its petrogenetic segnifi-
cance. However, Poldervaart (1950) and, more re-
cently, Pupin (Pupin, Turco, 1972; Pupin 1980) have
established connections between the zircon morphol-
ogy and the chemical charactertistics of the granitic
magmas.

In the present paper, zircon populations have been
studied by morphological and optical criteria, trying
to determine the evolution trend of the magma from
the Retezat granitoid massif.

Geological setting

Retezat granitoid massif is intruded in the crys-
talline formations belonging to Dragsan Group, from
the Danubian Nappe, a lower Alpine tectonic unit of
the South Carpathians (Berza et al., 1988) (Fig. 1).

The Drigsan Group contains garne’ amphi-
bolites, associated to augen gneisses, biotite
+ garnet gneisses, biotite+muscovitedkyanitexsilli-

manitedgarnet gneisses, actinolitic schists and ser-
pentinites.

All the metamorphic rocks are affected by the ret-
rograde processes (low degree metamorphism), which
determined the appearance of the chlorites, epidote
and fine-grained white micas.

In whole exposed area of the granitoid massif, but
especially at its borders, mylonitic foliations, deter-
mined by Alpine or pre-Alpine tectonics, are obvious.

The northern and southern parts of the grani-
toid body are covered by the sedimentary forma-
tions (Lower, Middle and Upper Jurassic, and Lower-
Middle Cretaceous).

Techniques of study

The optical and morphological data have been ob-
tained using the following methods:

- twenty-three samples, each of them weighting
about 5 kg, which have been crushed under 1 mny;

~ the heavy minerals have been separated with
Frantz isodynamic magnetic separator and then with
Aense liquids (bromoform);

— crystal faces have been indexed using Caruba’s
method (Caruba, Turco, 1971);
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ZIRCON FROM RETEZAT GRANITOID MASSIF

- optical characteristics were established using the
Jenapol microscope and the stereo-microscope;

- morphological features have been considered
according to Pupin‘s tyopological method (Pupin,
Turco, 1972).

Petrographical and mineralogical
characteristics of the Retezat massif

The previous authors (Pavelescu, 1953; Macalet,
1983, 1991; Berza et al., 1988) separated some
petrotypes, having a pronounced leucocrate charac-
ter, as follows:

— biotite-muscovite-epidote granites include: K-
feldspars, plagioclase feldspar (albite), biotite, mus-
covite and epidote, as magmatic minerals and albite,
clay minerals, carbonates, as secondary minerals;

biotite-muscouvite-epidote tonalites and biotite-
muscovite-epidote  granodiorites composed of the
same magmatic minerals, but in different propor-
tions: plagioclase feldspar (oligoclase), K-feldspar,
muscovite, biotite, epidote and quartz; all primary
minerals are affected by post-magmatic phenomena,
determining the appearance of chlorites, secondary
albite, clay minerals, carbonates;

biotite £ hornblende diorites observed in the
north-western and south-eastern parts of the mas-
sif, as very narrow strips, are composed of plagioclase
feldspar (andesine), biotite, quartz, all minerals being
totally or partially substituted by secondary miner-
als (epidote, chlorites, albite) formed during the post-
magmatic stages.

The presence of magmatic epidote is the main char-
acteristic of these rocks. All petrotypes of the Retezat
massil are crossed by aplitic and pegmatitic dykes,
representing a later acid phase of the magmatic ac-
tivity.

The considered samples were selected from various
petrotypes and zones of the massif, so that they are
representative for it (Table 1).

Chemical composition of the rocks

Chemical variations from basic to acid ends (ac-
cording to Berza et al., 1993), reflected by mineralog-
ical and petrographical characteristics, are as follows:
Si0» and K20 increasing, CaO, MgO, FeO, Fe;03,
TiOs decreasing and small AlsO3 and NasO varia-
tions.

The correlation  between  Si05/CaO+MgO/
Al;03+Fes05 points out a characteristic tendency
of high-silica rocks, evolving from diorites to gran-
ites. The increasing of the alkali contents and a
decreasing of Fe and Mg amounts point out a short
magmatic differentiation of the calc-alkaline type
(Berza et al., 1993).

25

The Zr content of the samples 1s variable: tonalites
(92 ppm), diorites (160 ppm), grandiorites (92-190
ppm) and granites (57-225 ppm). No correlation ex-
ists between Zr content variation and petrotype (Ta-
ble 2).

Morphological and optical features of zircon
crystals

No evident difference exists between the morpho-
logical and optical properties of the studied zircon
populations from granites, grandiorites, diorites and
tonalites; they are presented in table 3 and illustrated
in Figure 2.

Similar morphological characteristics for the zircon
crystals were remarked: the good-development of the
(110) and (100) prismatic faces together with bad-
development or absence of one of the pyramidal faces
(211) or (101).

The terminations of the crystals are simple (one
of the (211) or (101) pyramidal faces) (I'ig. 2) or
complicated (both (211) and (101) pyramidal faces)
(Fig. 2), according to the chemical changes of the
erystallization medium.

The crystal faces are smooth and glossy, without
corrosion or etching traces.

Morphological variations of the zircon crystals were
used for a study of the typological frequency distri-
bution of the zircon populations from each rock sam-
ple. In the typological diagrams (Fig. 3), the studied
zircons plot in two distinct fields: (1) hyperalumi-
nous and hypoalkaline field and (2) hypoaluminous
and hyperalkaline one, but calculated mean points
and Typological Evolutionary Trend (T.E.T) evi-
dence a cale-alkaline tendency (Fig. 3). Their mor-
phology is specific to a diorite-tonalite-granodiorite-
monzogranite-monzonite suite of granitoid rocks
(Fig. 4) and a hybrid origin (crust+mantle) (Fig.
5).

The optical features (colour, traunsparency, zon-
ing, core and inclusions) are not specific to a certain
petrotype. We remarked a large variability of colour
(colourless, light and dark pink or brown), a predom-
inance of the translucent crystals, the sporadic ap-
pearance of zoned and overgrown crystals and a pre-
dominance of the primary gaseous inclusions (P1., Ta-
ble 3); and sporadical appearance of globular opaque
inclusions and smaller included zircon crystals.

Petrogenetic implications

All data obtained, according to the study of zircon
populations, permit some suppositions regarding the
magma evolution in the Retezat massif. It is to note
the following aspects: 1, similar physico-chemical
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T=tonalite; LD =mylonitic diorite; Gd =granodiorite; mGd = microgranodiorite;

Table 1
Number. petrotype and location of samples

L. ROBU, I. N. ROBU

Sample Petrotype Location of sample
R-4 T Slavei Crest
R-9 LD Piciorul Radesului Crest
R-1 Gd Pietrele Lodge
R-12 Gd Pietrele Lake
R-23 Gd Pietrele Valley
R-10 Gd Retezat Summit
R-7 Gd Zlata Summit

- R-8 Gd Zanoaga Lake
R-5 mGd Slavel Crest
R-6 mGd L3pusnic Crest
R-2 LGd Calnic Summit
R -13 LGd Paros Valley
R-16 LGd Baleea Lodge
R-22 LGd Galesu Lake
R-11 LGd Bucura Saddle
R-3 LGd Bucura Lake
R-17 G Serel Crest
R-21 G Galesu Valley
R-1& g6 Lancitiu Saddle
R-15 gG Lancitiu Top
R-19 g6 Barbat Valley
_R-20 LG Barbat Valley
R-18 LG 83rbat Valley

LGd = mylonitic granodiorite; G=granite; gG=foliated granite; LG =mylonitic granite

Table 2
Zr content (ppm) of the granitoid rocks®

Sample R-4|[R-9 | R-1| R-12| R-23| R-10| R-7 | R-8 | R-5 | R-6 | R-2 R-13

Zr 92 100 145 140 85 100 135 190 92 100 100 140
Petrotype T LD Gd Gd Gd Gd Gd Gd mGd | m6d | LGd | LGd
Sample R-16| R-22| R-11 | R-3 | R-17| R-21| R-14 | R-15| R-19 | R-20 | R-18

Zr 120 | 150 150 110 110 60 57 225 160 150 160
Petrotype | LGd | LGd | LGd | LGd G G g6 gG o[C] LG LG

The same legend as in table 1;*(The samples have been analysed in the IGR laboratory, using
spectrographic method ).
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Fig. 2 - Main zircon morphological types and subtypes. (according to Pupin, Turco, 1972)

@ = zircon crystals from Retezat massif.

conditions for all differentiated rock types, because
all studied populations of zircon crystals contain
crystals with similar morphology (the same Pupin’s
types), differentiated one from another by their
subtypes and frequency (Figs. 2, 3); 2, a calc-
alkaline tendency of magma evolution in the whole
area of the Retezat massif; 3, a magmatic source
including two components: (a) a hyperaluminous
and hypoalkaline component, and (b) hyperalkaline
and hypoaluminous one; 4, a high content of the
volatile elements, which determined the formation of
the gaseous inclusions in the majority of the crystals,
from all studied samples, but most frequently met
in zircon crystals from granites; 5, a dry magma
character, indicated by the lack of well-developed
pyramidal faces and the good development of the

prismatic ones (according to experimental studies
Caruba, 1975; Duchesne et al., 1984); 6, a high con-
tent of the radio-active elements, which determined,
in time, metamictic phenomena in the majority of
the zircon crystals; 7, few contaminations, assimila-
tion phenomena or magmatic corosions, determining
a small overgrowth of the zircon crystals (Plate); 8,
mixing of two magma types or magmatic segrega-
tions, determining the appearance of two different
zircon type generations that include one another (S4
crystal type included in the Si7 one) (Plate).

Hypotheses of the magma evolution

Three possible hypotheses of the magma genera-
tion arise, according to the morphological and optical
data of the zircon populations:
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Table 3
Morphological and optical features of zircons

Sample Colour™® Inclusions™*| Zoning | Core | Transparencé | Morphology
R-4 CLLPLB - .. - T,7d 2.5, L, 61
R-9 LP, DPLB - : . T Td s, L.61

R-1 cl,LB G . . T, Td Q.S.LGLP
R-12 | CLLP LB,0B - - . 1,79 QSLGD |
R-23 | cL LR, LB,DB ¢ - ? 1,1 a.5.L.6,
R-10 CL LP, LB - - 1,7d as.L

R-7 Cl,0P,LB . = T,7d 0,5,L.6:

R-8 | LPORLBDB G, 2r - ; T Q,s

R-5 CLLP, LB g : 2 T, Td Q.5.L,6,P

R-6 CL,LB,DB L + - T, Td Q.5L6,P

R-2 CLLP, 0B 6 " . T, 7d Qs

R 13 CL,LP, DB 6 e ; T,7d q.S,6
R-16 | CLLP ODPLB 6 P - 1,74 a,5,L, 61
R-22 cLpe | - “ T T | Tasue
R-11 LP, DP &0 A U R ¥ 0.5, L6y
R-3 CLLP, LB 3 ; % 1,74 QL

R-17 | CLLB,LB,DB - ; s T,Td Q.5, LGy
R-21 LPLB, 0B 6 - : T 0.5,L.61
R-14 LP, LB & . - T .| hSl

R-15 CI,LP,DP b =1 = Q5,61
R-19 LP,OPLB 6 = = 8 | &%t
R-20 ClLLP . = | = | T T as L |
R-18 clLLP g CPC . i T, Td Q.5.L,61

= Colour: Cl=colourles; LP=light pink; DP = dark pink; LB = light brown; DB=dark brown.
»%= Inclusions: G = goseous; 0=opaque; Zr = zircon,
#»% = Transparence: 1= transparence; Td =translucent, Core and Zoning: -=N0; +=Yes

1 - the anatectic processes, developed at the deep
crust level, involving melting of some peraluminous
and hyperalkaline rocks, without reaching zircon
melting temperature. This is revealed by (1) these
two distinct zircon groups, which have been observed
in each population of each studied sample, and (2)
the sporadic overgrowth of crystals;

9 - the mizing of two magma types (hyperalumi-
nous and peralkaline types), supported by the mor-
phological features of the zircon crystals (Q and L, G,
P, D types and the presence of the S4 type included
in the S;7 one);

3 - a two stage magma evolution at different levels
of the crust: (i) first, a deep one, at the lower crust
level and (ii) the second one, much upper in the crust.

Conclusions

The study of zircon crystals from the Retezat
granitoid massif emphasized some characteristic

features of the investigated zircon crystals, proper
for this massif, which pointed out some petrogenetic
significances, generally in agreement with chemical,
mineralogical and petrographical aspects.

The prismatic habit, determined by the well-
developed prismatic faces, suggests a dry environ-
ment of the zircon crystallization; no corrosion and
etching processes affected the faces.

The intensity of the colour and the variable de-
gree of metamictic processes point out the presence
of considerable radio-active element contents.

The gaseous (majority) and opaque (few) inclu-
sions reveal the high amount of volatile in the magma,
during zircon growth.

The morphological characteristics of the crystals
reveal three possible processes of magma evolution:
(1) crustal anatexy, (2) a mixing of two different
magma types, or (3) in two stages , at the different
levels in the crust.
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Fig. 4 - Distribution of plutonic rocks in the typological cli-
agram (Pupin, 1980): 1, diorites, quartz gabbros and diorites,
tonalites; 2, granodiorites; 3, monzogranites and monzonites;
4. alkaline and hyperalkaline syenites and granites.
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Fig. 5 - Main points distribution and corresponding areas
in T.E.T diagram (Pupin, 1980): 1, granites of crustal origin;
243, granites of crustal+mantle origin (hybrid granites); 4,

granites of mantle origin.
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Plate - Optical and morphological characteristics of zircon crystals

allelling prismatic faces;

1. Metamictized S5 zircon crystal, enclosing gaseous inclusions disposed par
orientated parallel with pyramidal

2. Metamictized S22 zircon crystal type, characterized by gaseous inclusions
faces;

3. S4 zoned crystal, included in an S17 one;

4. Overgrown finely zoned crystal



CORRELATIONS BETWEEN ZIRCON MORPHOLOGY AND CHEMICAL
CHARACTERISTICS OF ALKALINE MAGMATITES (GRANITES,
RHYOLITES, SYENITES) FROM TURCOAIA-PIATRA ROSIE ZONE,

NORTH DOBROGEA
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Key words: Zircon. Morphology. Typology. Frequency. Prism. Pyramid. Elonga-
tion. Alkaline magmatites.

Abstract: Morphological variations of zircons from alkaline magmatites, Turcoaia-
Piatra Rogie zone, North Dobrogea, emphasized some aspects specific to the identified
petrotypes: riebeckite-aegirine granites, riebeckite granites, alkali granites and alkali
rhyolites, quartz syenites and syenites. All investigated rocks have similar zircon
morphological types (D,Ps Ki, S5); the differences, when they exist, are determined
by (1) different degree of prism or pyramid face development, or (2) different frequency
of these types in each studied petrotype. A large variability of the crystal elongation
has been observed. The elongation is differentiated in studied petrotypes, varying as
follows: (1) very elongated crystals (long prismatic habit) in alkali granites; (2) long,
medium and short in riebeckite-aegirine granites and rhyolites; (3) medium in alkaline
rhyolites; (4) medium and short in syenitic rocks. No significant differences exist
between the physical properties of the zircon crystals from different rocks: generally
dark or brown colour, no zoning, no cores, frequently translucent or opaque, including
mafic or opaque minerals. Morphological and physical properties of zircons point
to a common source of the studied alkaline magmatites, with a deep origin (upper
mantle-lower crust), including high alkali content, a variable water content, small U,
Th, Y, and REE amount, enough Zr to be fixed as zircon crystals characterized by
well-developed (100) prism and (101) pyramidal faces.

Introduction

The influence of the crystallization environment
on the growth of crystals is well known. This has
been proved by many researchers (Poldervaart, 1950;
Pupin,Turco, 1972; Pupin, 1980), who studied the
morphology of the zircon crystals and their proba-
ble physical and chemical conditions of crystalliza-
tion, according to chemical features of the parental
m agma..

This paper tries to establish (1) the connections
between the morphology of zircon crystals and chem-
ical composition of the rocks including them and (2)
the relations between morphology of zircons, chemi-
cal features of the rocks and the magmatic processes
which generated, in given time and space, identified
petrotypes from an initial magma.

Geological Setting

The studied alkaline magmatites belong to the
Maécin Unit of the North Dobrogea, cropping out in

the Turcoaia-Piatra Rosie zone.

They intruded and determinated the thermic meta-
morphism of the Paleozoic formations and are cov-
ered by Cretaceous and Quaternary sedimentary for-
mations.

The alkaline magmatites form irregular bodies,
composed of granites and alkaline granites, in the cen-
tral part, but rhyolites exist in the marginal zones of
granitoid bodies.

The Paleozoic formations are represented by
the Carapelit (coarse- to fine-grained sandstones,
conglomerates, pelites) and Cerna (pelites, mica-
sandstones, lime-sandstones) formations.

All observed petrotypes are characterized by
high alkalinity, being recognized: quartz syenites,
riebeckite-aegirine granites, granophyric alkali gran-
ites, alkali rhyolites, riebeckite - aegirine - alkali horn-
blende rhyolites (Table 1).

All previous petrographical and mineralogical
studies (Cantuniari, 1912; Stefan, in Seghedi, 1990)
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Table 1
Petrotypes and sample location

No. Sample Petrotipe Locafion

1 3335 riebeckite- aegirine granite Turcoaia

2 3332 riebeckite granite Turcoaia

3 3331 alkali granite Turcoaia

4 3329 riebeckite - aegirine granite [acobdeal

5 3327 riebeckite granite Piatra Rosie

6 3326 alkali granite Piatra Rosie

7 3324 alkali granite Turcoaia

8 3325 alkali rhyolife Turcoala

9 3322 alkali rhyolite Iglicioara

10 3333 quartz syenite Turcoaia

11 3330 syenite lacobdeal

Table 2
The optic and physical properties of zircon crystals

No. Sample Colour Zone Core Inclusions Transparence
1 3335 DB no no 0, M 0
Z 3332 LB, DB no no _m_g’r_____ _____ﬁ-
3 | 3331 | L8, DB no | no | OM " ho
b 3329 | LB, DB no | no 0, M to ]
5 3327 DB no no o,M t,0
6 3326 DB no no 0, M t
) 3324 LB, DB no no 0, M t, o
8 3325 CS no no o, M t
9 3322 LB, DB no no 0, M to
10 3333 DB no no 0, M 0
1 3330 DB no no 0, M t,0

LB = light brown; DB =dark brown; CS=colourless; 0= opaque inclusions; M=undetermined
mafic inclusions; T =transparent; t=translucent; o =opaqgue; mgt= magnetite

point out a genetical connection between granites,
syenites and rhyolites.

Chemical features of the rocks

Alkaline magmatites of the Turcoaia - Piatra Rosie
zone present the following chemical characteristics
(Stefan, in Seghedi, 1990): e high SiO» and alkali
sum, up to 8 %; e a small CaO content (under 1%),
excepting quartz syenites; o high Zr-Nb-Y contents
and small Sr-Ba ones; ¢ REE amounts point out a

a

IGR:

partial melting process followed by the small differ-
entiated magmatic phenomena.

Sample preparation and methods of study

The sample rocks were crushed under 1 mm and
zircons were obtained using vibration table, Frantz
isodynamic magnetic separator and dense liquids.

Crystal faces were indexed according to Caruba’s
abaque method (Caruba, Turco, 1971) and their mor-
phological features were established in concordance
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IMig. - Geological sketch of Turcoaia-Piatra Rogie Zone (according to Geological Map of Romania, 1:50000, Peceneaga) and

zircon typology (zircon morphology according to Pupin, Turco, 1972): 1, riebeckite-aegirine granites; 2, alkali granites;
3, syenites; 4, rhyolites.
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with Pupin’s typological method (Pupin, Turco,
1972).

The optical and morphological properties of zircon
crystals were observed at the stereo-microscope (x oc.
12.5; x ob. 7) and Jenapol microscope (x oc.10; x ob.

$20).

Morphological and optical properties of
zircons

The morphological study of zircons (according to
Pupin, 1980) from alkaline rocks of the North Do-
brogea region included zircons from alkali granites,
riebeckite-aegirine granites, quartz syenites, syenites
and alkali rhyolites (Table 1). '

The typological analyses point out the same mor-
phological types for each petrotype (Fig.).

So, the main type is D, which represents about
100% for granitic rocks and 98% for the alkali rhy-
olites; Ps and S4 types were met only in the alkali
rhyolites. Sometimes the (301) pyramidal face has
been observed which points to (Pupin, Turco, 1972)
a very high alkaline environment for the growth of
the zircon crystals.

There are some obvious differences regarding the
elongation of the zircon crystals composing zir-
con populations from different petrographical types
(Fig.), as follows: e alkali granites contain very elon-
gated zircon crystals; e riebeckite-aegirine granites
and syenites have all types of the elongation (long,
medium and short zircon crystals); e alkali rhyolites
are characterized by the medium elongated zircon
crystals; e syenites contain medium and short zircon
crystals.

Some physical properties (Table 2) are very sim-
ilar for all “studied samples: dark or light brown
colour (sometimes colourless), no zoning, no cores,
frequently translucent or opaque (sometimes trans-
parent) inclusions of mafic or opaque mineral, no ob-
vious dimension variations (between 0.15/0.10/0.10
and 0.0155/0.0125/0.0125 mm).

Petrogenetic implications

It 1s well known now that the variations of some
physico-chemical parameters of the crystallization en-
vironment determine exchanges of zircon morphol-
ogy. So, it could be mentioned, as follows:

1. Aluminium and alkali content variations in con-
cordance with temperature changes determine (ac-
cording to Pupin, 1980) a large variability of zircon
morphology, as (1) the well-developed (100) prism
face and (101) pyramidal one, crystallize in high al-
kaline medium and high temperature (up to 800°C),
reached at a deep level, probably at the upper mantle
and lower crust, and (2) the appearance and devel-
opment of the (110) prism face and (211) pyramidal

I. N. ROBU, L. ROBU

ones in a -Al-rich crystallization environment and at
low temperature (up to 500" C');

2. Low Zr, Hf contents and small U, Y, Th and
REE amounts (Benisek and Finger, 1993; Vavra,
1990) point to favourable conditions for the (100)
prism faces;

3. H.O content of erystallization medium (Caruba,
1975; Caruba et al., 1971, fide Duchesne, 1984) deter-
mines size variations of crystal faces, namely a dry en-
vironment favors the growth of zircons without well-
developed pyramidal faces.

For the zircon studied populations, their morpho-
logical characteristics emphasize some specific fea-
tures of the crystallization environment, that will be
mentioned bellow. Crystallization of zircons espe-
cially with well-developed (100) prism faces and (101)
pyramidal one points to: e Al and high alkali con-
tents; e Al and alkali variations in concordance with
the temperature changes; e a deep source for the ini-
tial material, probably upper mantle-lower crust; e
low Zr, Hf, small U, Th, contents; e high water con-
tent variation, responsible for the high variation of
the face growth process, determining especially the
well-development of the prism faces, when the crys-
tallization environment was a dry one; e a high tem-
perature, about 900° C, for zircon growth in gran-
ites and syenites, the rhyolities including two zircon
types, specifically for high (about 900° C) and lower
(about 650° C) temperatures; e the same physico-
chemical crystallization conditions for syenites and
riebeckite-aegirine granites.

The changes in the morphological aspects of zircon
crystals show two important moments of magma evo-
lution: 1. the variation of magma water content dur-
ing the crystallization of the mentioned petrotypes;
2. obvious temperature decrease during the crystal-
lization of rhyolites, or some low contamination pro-
cesses, emphasized by the appearance of two zircon
types, characteristic of low and high temperatures.

Conclusions

The study of zircon morphology points to genei-
ical connections between all alkali magmatites from
Turcoaia-Piatra Rogie Zone. They could form from
the same deep material (upper mantle-lower crust),
which in the beginning (about 900°C) have been (1)
high alkaline, (2) sufficient Zr supersaturated for the
crystals with well-developed (100) prism faces, (3)
with a variable water content, and (4) small U, Y, Th
and REE amounts during zircon growth, but higher
in the final magmatic stage evolution.
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METAMORPHIC FORMING AND EVOLUTION CONDITIONS OF THE
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net zonation. Thermobarometry. lsobaric heating.

Abstract: The median amphibolites belonging to the Topolog " Formation™ (Chenca,
1988) contain scattered eclogite lenses. Besides the eclogitic omphacite-garnet assem-
blage, other phases like kyanite, zoisite or phengite may be present. Accidentally the
silicate phases have a high-Cr content. Chemical zonation of garnet indicates coales-
cence of crystals during their growth, accomplished over an unusually large temper-
ature interval. Plagioclase inclusions as well as frequent well-developed radial cracks
around quartz inclusions prove an episode of considerable heating in the final stages
of the eclogitic assemblage formation. Consistent equilibrium reactions could be de-
rived in the CFMAS anhydrous system for the kyanite bearing assemblages, while [or
zoisite-bearing assemblages equilibria involving dehydration reactions indicate small
and increasing water activities as the dehydration proceeds. Calculated equilibrium
conditions show different paths for each sample, with peak pressures at 2.1-2.6 GPa.
A good fit of estimated temperatures implies an evolution of equilibrium pyroxene
from disordered high-jadeite omphacite towards ordered lower-jadeite pyroxene, dur-
ing a high-pressure near-isobaric heating episode (from ca. 650° C to over 750° (),
in agreement with garnet zonation and radial cracks around quartz inclusions. The
pT-paths derived for individual samples show burial along a low thermal gradient,
which significantly increases at peal pressures. This array may most probably have
been accomplished through decoupling and crustal residence before uplift of portions
of the downgoing slab. The presence of highly deformed sialic rocks with contrasting
metamorphic grade as against the medium-grade host rocks also supports this model.

confluence ultrabasites also occur.

Several eclogite lenses, first mentioned by Hann
and Gheuca (in Stefinescu et al., 1982), occur at
about the middle part of the Topolog ”Formation”,
consisting mainly of mica gneiss, but including vari-
ous gneisses and amphibolites in a level named "the
median amphibolites” (Gheunca, 1988). The mineral-
ogy and geochemistry of a few eclogite pods located
in this level (thought not mentioned as such) have
recently been investigated by Costin and Menot (in
press), who also derived minimum peak conditions.
In order to improve knowledge about the eclogitic as-
semblage and its forming conditions we sampled four
eclogite lenses, as follows: on the Iedu-Podeni road
(sample 6554), at about 3 Km N from the Cumpéna
chalet to the end of the lake (sample 812), at the
Capra-Buda confluence, and on the road from Cernat
saddle to Preotesele summit (samples 17432, 17433,
16809). The eclogites are usually associated with
gneisses and amphibolites; only near the Capra-Buda

1. Mineral assemblages

The mineralogical composition of the studied sam-
ples consists in a uniform garnet-clinopyroxene-
quartz assemblage, more or less overprinted by retro-
gression. Abundant kyanite is in most instances also
present; some samples may contain zoisite or phen-
gite. Minor amphibole, rutile and chromite are quite
widespread.

Garnet appears as milimetric optically zoned por-
phyroblasts. Two domains are easily distinguishable:
one containing abundant small quartz and pargasitic
or magnesiotaramitic amphibole inclusions, and an-
other clear one, usually free of inclusions, which may,
however, enclose larger quartz, pyroxene, sulphides,
rutile and even plagioclase. Careful optical inspec-
tion suggests that the garnet "porphyroblasts” have
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a composite structure and result from agglutination
ol smaller individuals that contain a core blurred with
small inclusions and a limpid outer shell (Pl. I, Figs.
1-4}. As garnet crystals join during growth, they may
enclose voids in the resulting aggregates. These voids
are frequently and characteristically bounded by id-
iomorphic contours of the converging crystals and
eventually contain the larger sized inclusions (Pl. I,
Iigs. 3-4). The external contour of the aggregates of-
ten shows concave euhedral portions consistent with
this interpretation. Usually the clear shells which ex-
tend towards the inner portions of the aggregates are
narrower than those which grow towards the margins.
C'hemical zonation (Pl. I1) of the garnet reveales a
complicate picture, which is consistent with optical
Zoning:

the zone containing abundant small inclusions
represents euhedral or equant areas of higher Ca con-
tent in which the Mg/Fe ratio radially increases;

- the clear zone mantles these nuclel and evolves
to higher Mg/Fe ratios during growth;

- the zonation pattern is at some extent blurred
(upper right) or truncated (upper left) by subsequent
irregular or concentric Mg increase starting from the
margin and propagating inwards. most probably due
to prograde diffusion. during which Ca distribution
is less alfected;

- around pyroxene entrapped in garnet a narrow e
-richer halo develops, making evidence of retrograde
Mg-Fe exchange between the two phases.

The above - mentioned picture as well as the impor-
tant chemical variation inside the porphyroblast indi-
cate a large duration of garnet growth, which started
with rapid growth of several nuclei coeval with early
silica-producing eclogitization reactions. At first gar-
net coexisted with amphibole now found as small in-
clusions and continued to grow along a prograde path
until the income of pyroxene, when the grossular con-
tents as well as the growth rate of garnet significantly
decreased. At near-peak conditions garnet contin-
ued to grow slowly along with pyroxene and kyan-
ite. The conspicuous diffusion interpreted from the
chemical zonation indicates relatively high peak tem-
peratures, while significant increase in pyrope to the
margin shows considerable heating in the final stages.

Pyroxene is usually unzoned omphacite; never-
theless omphacites enclosed in garnet have jadeite
contents up to 43 %, while matrix omphacite can go
down to around 35 %, or even lower in some sam-
ples. Coexistence in the same sample of unzoned
omphacites with variable jadeite contents could sug-
gest that omphacite crystallised in both ordered and
disordered state. An unusual Cr-rich omphacite ap-
pears together with Cr-kyanite and chromite in sam-
ple 812 (PL I, Figs. 5-6). It may form nodules up

G. SABAU, E. NEGULESC'U

to 1 em in the common eclogite matrix. In hand
specimen these nodules have a characteristic bright
grass-green to apple-green colour, while in thin sec-
tion Cr-omphacite displays a conspicuous pleochro-
1sm in yellow-bright green hues, Symplectites around
Cr-omphacite are narrower than those around the
normal omphacites.

Kyanite 15 usually abundant, even making up
monomineralic layers. Quite seldom, but at several
locations. an unusual Cr-kyanite appears (e.g. points
812, 17433), which may associate with Cr-bearing
omphacite (Negulescu & Sabau, in preparation). It
has a strong (bluish) emerald-green pleochroism with
a patchy character and encloses or abuts on chromite
grains.

Primary amphibole (usually pargasite, but also
magnesiotaramite or barroisite) is often included in
garnet cores, bul sometimes textural relations in-
dicate that also matrix barroisitic amphibole could
have formed in equilibrium with the eclogitic assem-
blage.

Plagioclase appears only enclosed in garnet and
is chemically close to pure albite. The textural rela-
tionships indicate its equilibrium growth with garnet
rims (Pl 1. Fig. 4). This situation precludes pre-
eclogitic plagioclase preservation in " pressure vessels”
provided by enclosing garnet crystals. On the other
hand, the absence of plagioclase in the matrix shows
that this phase is out of equilibrium with the en-
tire assemblage. The only explanation could bhe that
plagioclase crystallised from chemical microdomains
segregated from the system (e.g. via partial melt-
ing) and enclosed in the growing garnet, where they
attained local equilibrium.

Retrograde alteration produced symplectitic
decomposition of pyroxene and kyanite, as well as
growth of large amphibole. Symplectites around
omphacite of diopside and plagioclase.
Symplectites around kyanite are composed of very
fine-grained (< 10 pm) equant blebs of corundum or
spinel in a plagioclase groundmass. Corundum and
spinel may appear in different symplectites in the
sanie sample, or even coexist in the same symplectite.
Despite reduced grain-size, distinction of the Al-rich
phase involved in symplectites around kyanite is
straightforward. as corundum, unlike spinel, appears
less reflective than coexisting plagioclase on BSE
Images.  Since plagioclase-producing isochemical
breakdown of kyanite is not possible, and the sym-
plectite has a constant thickness around the relict
kyanite, it is apparent that some reactants (NasO,
CaO, FeO, MgO) are supplied by intergranular
ionic diffusion to reacting kyanite grain margins.
Appearance of spinel vs. corundum depends on the
amount of ferromagnesian elements locally available,

consist
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Plate 1

_j\r

Fig. 1 Optical zonation of garnet (Gt), resulting from the indicated by
size and distribution of incusions. Sample 6554, N I inhomogeneous distribution of inclusions. Sample

17432, N 11

= = £ A LA 7 S 3 5 s RO =
Fig. 3 Coalescent structure of garnet (Gt) containing Fig. 4 Quartz surrounded by radial cracks (Q) and
several individual zoned crystals. Consecutive zones plagioclase (P1) preserved in intergranular voids. Note
are numbered 1 to 3. Q — quartz hosted in a void euhedral gamet contour at lower left boundary of

surrounded by coalescing crystals. Sample 17432, N 11 plagioclase. Sample 17432, N I

B a3 . K 5.

Fig. 5 Cr-kyanite (Ky) no.lule in omphacite (Omp) Fig. 6 Cr-omphacite (Omp) and Cr-kyanite (Ky) with
groundmass. Sample 812, N II rutile (Rt) and chromite (Chr) inclusions. Kyanite
colour is more intense (grey) in inclusion-rich patches.

Sample 812, N 11

./ ) .
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ECLOGITES IN THE TOPOLOG COMPLEX

Plate I1
Compositional maps of garnet in PL I, Fig, 2

MgKe, /FeKg counts ratio
B 06075
‘r 0.76-0.85
0.86-0.95
0.96-1.05
" 1.06-1.15
1.16-1.25
1.26-1.45
1.46-1.55
1.56-1.65

Image width 2847 um
Step along axis X 13 um
Step along axis Y 16 um

MgKg, /CaKg, counts ratio

P e o

<1000 i |
1000-1349 " |
1350-1499
1450-1549
1550-1599
1600-1649

e

e = ST S

} Shades order as above

_(’\\ Institutul Geologic al Romaniei
IGR




ECLOGITES IN THE TOPOLOG COMPLEX

in such a way that spinel is usually formed nearby
Lreaking-down garnet, while more efficient diffusion
of NasO and (a0 allows formation of corundum also
at relatively Fe, Mg-poorer locations. Sometimes the
former kvanite grains are completely replaced by an
annealed aggregate of sub-millimetric barrel-shaped
corundum intergrown with polygranular plagioclase.
Retrograde amphibole of barroisite to magnesiohorn-
blende composition, obviously postdating symplec-
tite formation, corrodes and includes earlier phases.

2. Thermobarometry of the eclogitic
assemblage

Estimation of P-T conditions is a very difficult task
in assemblages containing strongly zoned phases as
is garnet in the analysed sample, apart from post
eclogitic alternation. For instance, analysed garnets
in sample 17432 cover a wide composition interval
(Almaq—a4. Pyga_gs. Groag_ys) - which may for sure
not. represent the entire compositional field, since the
analyses were aimed to investigate rather coexisting
phases than chemical variability of individual phases.
Under these circumstances, it is critical for correct
derivation of equilibrium conditions that the grains
be truly in equilibrium. as inaccurate choice dramati-
cally affect the results. Therefore, only mineral pairs
consisting of points less distant than 100 jan from
one another, belonging to contiguous grains, were se-
lected for thermodynamic caleulations. Even with
this provision taken, mineral chemistry may be signif-
icantly altered in the very eclogitic stage, due to high
compositional gradients in minerals. To avoid the ef-
fects of retrograce alterations, only samples with a
well-preserved eclogitic assemblage were selected for
mineral chemistry determination.

Analyses were performed on a Cameca SX50 mi-
croprobe using synthetic silicate crystals and glasses,
at the Ruhr University in Bochum. Operating con-
ditions were: accelerating potential - 15 kV, sample
current 15 nA, counting time 20 s. For pyroxene a
sample current of 10 nA and a defocused beam were
employed, in order to avoid Na volatilisation during
the analysis. Mineral formulae were recalculated as-
suming charge balance of eight cations p.fau. for gar-
net, simultaneous cation charge balance and Na bal-
ance among Na-bearing end-members (NaTiAlSiOg
-NaAlSisOg - NaFeSinOg) for pyroxene respectively.
Thermobaric estimates were made (when possible) in
the dey CFMAS system, involving silica and kyan-
ite besides garnet and pyroxene end-members (viz.
grossular, pyrope, almandine, diopside, hedenbergite,
('a-Ts pyroxenc). Thermodynamic data for pure
phases were mostly taken from the internally con-
sistent dataset of Berman (1988). Excess solution
properties (and some end-member data) were chosen

43

according to Massonne (1992), using an asymmetric
nonideal ionic model for garnet (a least-square refine-
ment of the data of Berman (1990)), and an asym-
metric molecular model for C2/c and/or P2/n om-
phacite. Calculation routine was that described by
Berman (1991) allowing, in the above- mentioned sys-
ten1, determination of both equilibration conditions
and degree of equilibration. In kyanite-free assem-
blages, thermobaric investigations were performed in
the CFMASH system, using hydrous equilibria in-
volving zoisite (ay,= .9), anchored to the dry garnet-
pyroxene-silica CFMAS invariat systen. In this case
the calculations also yielded (rather by need than by
choice) an estimation of water activity. Phengite-
bearing assemblages were used for independent pres-
sure estimates based on the Si p.fu. content of Mg-
and Fe-celadonite in equilibrium with garnet, quartz
and kyanite (Massonne, 1995).

Sample 6554 is a kyanite-free, zoisite-hearing eclog-
ite. The assemblage does not allow any additional
control on the position of the CFMAS invariant point
(kyanite is absent), while the compositional range
of pyroxene clearly indicates, at least for the ini-
tial stages. the presence of P2/n ordered omphacite.
Calculated reactions (Tab. 2) yield very good in-
tersections 575-580" (! and 1.8-1.84 GPa at low wa-
ter activities (apgo0=.17). Poorer intersections most
probably indicate, according to the position of the
exchange reactions as compared with net transfer re-
actions. either overstepping of the equilibrium condi-
tions by heating, or retrograde Fe-Mg exchange dur-
ing cooling. For these, apparent temperatures de-
rived from the clinopyroxene-garnet Fe-Mg exchange
thermometer were bracketed for both ordered and
disordered omphacite between 2.1-2.7 GPa. for esti-
mates of either maxinnun temperatures at which the
system evolved (Pl T11), or minimum temperatures
recorded along the retrograde path. Because some of
the brackets pertaining to disordered omphacite in-
dicate cooling temperatures, most of them group lo-
gether, and some equilibria for P2/n omphacite imply
unrealistically low water activities or unrealisitically
low retrogracde Fe-Mg exchange temperatures, it is
probable that omphacite P2/n-C2/c houndary was
crossed during the prograde path around peak temn-
peratures, Calculations for sonie mineral pairs under
this assumption yield consistent values at 683-692°
(' and 2.62-2.64 GPa. The associated water activily
is .71. This inferred prograde path is fully consis-
tent with the jadeite-augite pseudobinary proposed
by Carpenter & Smith (1981), but is conflicting with
the phase diagrams of Carpenter (1978) and Mas-
sonne (1991).

For sample 17432 the kyanite-bearing assemblage
allowed internal checking of the position of the cal-
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Table 2
Thermobarometric estimates for the analysed samples
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Sample [ Gamet | Omphacite | T.C | P.GPa [awo
6554 P.T-fields

6554 2 1867/95 1867/97 P2in 575 1.8 0.17
6554 3 1867/96 1867/97 C2/e 683 2.63 0.743
6554 4 1867/99 1867/97 Czlc 684-692 2.62-2.64 0.743
6554 5 1867/94 1867/97 P2/n 580 1.84 017
6554 P.T-brackets

6554 1 1867/133 1867/132 C2lc <678 2%

6554 1 Ibid. <700 ST

6554 4 1867/99  1867/97 C2lc <671 217

6554 4 lbid. <694 e

6554 6 1867/111 1867/110 P2/n <800 21

6554 6 Ibid. <829 A

6h54 7 1867/118 1867/119 C2/c <708 2.1

6554 7 1bid. <731 2.7

6554 8 1867/129 1867/131 Calc 645« 21

6554 8 bid. 667< 2.7

17432: P, T-tields

17432 2 1865/11 1864/34 C2/c 750-780 2.5-2.7
17432 3 1865/11 1864/12 C2lc 750-780 2.7-29
17432 5 1864/39 1864/38 C2/c 762-773 25-28
17432 6 1864/39 1865/15 P2/n 650-700 2.6x1

17432 7 1865/1 1865/2 C2/lc 7754 2.7+2
17432: P.T-brackets

17432 1 1864/51 1864/50 C2/c-P2/n 667<T<788 23"

17432 1 Ibid. 684<T<800 28

17432 2 1865/11 1864/34  C2/c-P2In 655<T<772 237

17432 2 ibid. 671<T<780 2:8*

17432 3 1865/11 1864/12 C2/c 730< 2:3"

17432 3 Ibid. 750< 2.8

17432 4 1865/13 1865/14  C2/c-P2/In 639<T<750 2.3%
17432 4 thid. 653<T<767 28"

17432 5 1864/39 1864/38 C2lc 765< 2.3

17432 5 /bid. 780< 28"

17432 6 1864/39 1865/15 P2/n 745< 23"

17432 6 Ihid. 760< 28"

16809: P.1-fields

16809 1 1867/47 1867/44 C2/c 7555 2.1+.2
16808 2 1867/46 1867/87-93 P2/n 6495 2.37

16809: P.T-brackets

16809 3 1867/69 1867/68 C2/c <815 2

16809 3 1bid. <836 25"

16809 4 1867/85 1867/83 C2/c <816 2"

16802 4 Ibid. <836 257

“input values
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Plate 111
T Near-peak p-T paths of the eclogites in the "Topolog Formation"

P, GPa

w

2.5

1.5

REACTION LIST

! Assemblages on the left are stable on the high side of
' the P-axis (the high side of the T-axis for vertical reactions)

1) Cs=aQz
2): 2Gr+Alm=3CTs + 3 Hed
l:l 3): Alm + 3 Di = Py + 3 Hed

4): 3Hed +4 Ky=4aQz + 3 CTs + Alm
- > 5): Py+2 Gr=23CTs + 3 Di

6). 2Ky+Gr=3CTs+2aQz
16809 Ij 7). 3Di+4Ky=4aQz+Py+3CTs
e —’ 8): 2 aQz + Gr + Alm = 3 Hed + 2 Ky
9): Gr+Py+2aQz=2Ky+3Di
10): 8 Zo + AIm =13 CTs + 3 Hed + aQz + 4 H20
l:l 11). 4Z20=2H20+4Qz+Gr+5CTs
12): Py+8Z0o=4H20+8Qz +3 Di+13CTs
13): 6H20+12Qz + 13 Gr + 5 Alm = 15 Hed + 12

500 600 700 800 T°C
b
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culated invariant points. For the equilibria involv-
ing the most jadeite-rich pyroxene, calculations with
primitive omphacite yielded 650-700° C and 26.1%
.| GiPa. Pyroxenes with lower jadeite contents indi-
cated consistent equilibrium conditions for disordered
omphacite around 775" ' and 2.7 GPa. Tempera-
ture brackets at 2.3-2.8 GPa for poorly equilibrated
mineral pairs are consistent with these values. The
pT values thus derived imply near-isobaric heating of
around 100" (! at peak conditions. Once again, the
consistency with omphacite phase relations asserted
by Carpenter & Smith (1981) is maintained, but the
fit. with alternative models is proorer. High-pressure
isobaric heating is also consistent with the fact that
practically all quartz inclusions in external shells of
garnet are surrounded by radial cracks, most prob-
ably originating from important differential volume
increase of quartz as compared with the host gar-
net. An alternative explanation for the presence of
radial cracks would be volume expansion of silica by
the coesite-quartz inversion during uplift. However,
the rock contains evidence rather for the absence of
coesite al all stages, according to the calculated equi-
librium conditions and also to the presence of plagio-
clase inclusions preserved in the voids of the garnet
aggregates. The limiting conditions for the persis-
tence of plagioclase in armoured inclusion is given
by two reactions: spontaneous breakdown of the Ca-
richer plagioclase, forming pure jadeite and quartz,
represent the upper pressure limit, while the lower
temperature limit is given by the breakdown of the
same to kyanite 4 grossular. These equilibria imply
plagioclase forming before cessation of garnet growth,
by isothermal decompression /heating + decompres-
sion around 800° C and 2.1 GPa.

For sample 16809 garnet-clinopyroxene thermo-
barometry yielded also near isothermal path at the
highest pressure (Tab. 2), going from 650° C, 2.37
(iPa for disordered high-jadeite omphacite to ca.
7559 (! for ordered lower-jadeite omphacite. The re-
sults are in good agreement with all three clinopyrox-
ene phase relationships mentioned above. Equilibria
involving phengite were also studied for this sample.
An averaged Si=3.29 isopleth for the Fe- and Mg-
phengites coexisting with garnet and kyanite, as well
as equilibria involving phengites in the system IKCF-
MASH poorly constrain a large pT-field around 625-
650° ', 1.7-2.4 GPa for the early phengite-bearing
eclogitic assemblages in the sample. The pT array of
all samples is also consistent with a unique clockwise
path: nevertheless persistence of zoisite and absence
of kyanite in sample 16809 rules out the heating of
this sample beyond 700° C even at unitary water ac-
tivities. Therefore the evolution of the studied sample
points to an intricate burial-uplift history of eclogites

.

belonging to the same belt and implies important dif-
ferential movement.

3. Evolution of retrograde assemblages

The nature and extent of retrograde imprints dif-
fers from sample to sample. Samples 17432, 17433 are
strongly oriented and at the same time show only mi-
nor symplectites around pyroxene and kyanite. mak-
ing evidence of high strain under near-peak coundi-
tions, followed by rapid uplift at low water activi-
ties. Another possibility would be significant cool-
ing during upflit, along a path approximately paral-
leling the jadeite+quartz=plagioclase reaction curve.
Sample 16809 contains abundant symplectites with
external coarse-grained intergrowths which abruptly
become finer-grained towards inside, showing a rel-
atively slower two-stage upflit. Sample 6554 con-
tains abundant symplectites with constant grain-size,
intermediate in dimension as compared with those
in the previous sample. Although a straighforward
correlation between forming temperature and sym-
plectite wavelenght seems hardly probable. it is nev-
ertheless likely that plagioclase breakdown in this
sample started at lower temperatures than that in
sample 16809, in agreement with the calculated pT-
paths. Thermobaric estimates like that attempted
by Joanny et al. (1991) can only be of very lim-
ited reliability, since the basic assumptions therein
are strongly questionable: omphacite breakdown to
simplectite is by no means an isochemical discontin-
uous precipitation, the assumed reaction tempera-
tures are poorly constrained, and at the same time
the absence of quartz in textural equilibrium casts
serious doubts on the pyroxene-plagioclase barome-
try. It seems more reasonable to assume a mecha-
nism mostly driven by intracrystalline diffusion, as it
is apparent in the corundum/spinel+plagioclase sym-
plectites around kyanite,

Overprinting by an amphibole-bearing assemblage
implies important hydration, which can occur during
emplacement in the host mica-rich rocks or may be
caused due Lo percolation by ascending fluids.

4. Concluding remarks

The mineralogy of the studied eclogites clearly
proves eclogitization of oceanic mafic rocks during
burial along a subduction zone. The preservation of
the final part of the prograde path indicates quartz-
producing eclogitization accompanied by dehydra-
tion of amphibole bearing assemblages. This pro-
cess results in continuous increase of water activity
along the prograde path, also identified by Massonne
(1992), who alternatively explained it by an external
water influx.
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The thermal regime of the Topolog Complex eclog-
ites is characterized by unusually high peak tempera-
tures, consistent with the presence of disordered om-
phacite containing less than ca. 35-40 % jadeite.
More unusual is the near-isobaric heating at peak
pressured, supported. apart from thermobarometric
estimations, by well-developed radial cracks around
quartz inclusions and garnet zonation.

Mineral assemblages in the rock types adjacent
to the eclogites in the metamorphic pile not only
preclude the possibility of a coherent eclogitic ter-
rane, but also imply tectonic juxtaposition of at least
three lithologies with contrasting metamorphic his-
tory. Therefore, at least a part of the Topolog Com-
plex represents a major crustal discontinuity in the
Cumpina Suite of the Fagéarag Mountains, most pre-
simably a suture. This is a view shared by Costin &
Menot (in press). who assume upflit of the eclogitic
rocks along a deep-seated transpressive dislocation.

However, the mechanism invoked would imply a
more coherent regional metamorphic pattern, and is
not fully consistent with the relatively rapid uplift
required to preserve the cclogitic assemblages. It is
therefore more probable that the differential upflit
of the eclogites might be due to buoyant ascent of
the felsic rocks in which they resided after reaching
peak pressures. Isobaric heating represents a process
of shifting-away from the thermal gradient typical of
a subduction zone. Most probably it results from
detachment of the downgoing slab followed by deep-
seated incorporation and a period of storage in the
overriding plate. prior to upflit. The close field asso-
ciation with felsic gneisses favours this interpretation,
especially when these felsic rocks inherit relics that
indicate higher metamorphic grade than the middle
grade background macde up of pelitic and semipelitic
lithologies.  Tn this respect. the Topolog Complex
contains two feldspar-, biotite- linear gneisses with
large garnet porphyroblasts. Despite pervasive ret-
rogression in these rocks, the fabric indicates flow-
ing under high differential stress and the mineral as-
semblages retains high-grade velics, strongly ressem-
bling the Vatafu Gneiss in the Lotru Suite of the
Gietie Nappe basernent, that also associate with high-
temperature eclogites (’Sﬁbéu‘ 1995).

Derived pT-paths illustrate the lack of coherence
among different eclogite bodies belonging to the same
belt and among these and host rocks in eclogite
belts associated to regional metamorphic terrains,
and highlight complicated mechanisms of sampling
and uplift of parts of the downgoing plate in com-
pressional plate boundaries evolving from subduction
to collision,
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THE GREENSTONES FROM THE ANCHIMETAMORPHIC GROSI
FORMATION OF NE BANAT, ROMANIA
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Abstract: The greenstones associated with the anchimetamorphic rock from the
Grosi Formation are mostly represented by basic metatuffs. Their age is Lower Car-
boniferous. The initial tuffs originated in a basaltic magma, resulting from the partial
melting of a mantle source. Most rocks - excluding the tuffs contaminated with sedi-
mentary materials - inherited the main characteristics of their parental magma. This
magma underwent a weak differentiation process by fractional crystallization. During
the basic tuffs sedimentation and their anchimetamorphism, the major and trace ele-
ment composition was altered, some elements being partially lost. Consequently, on
different tectonic setting diagrams the greenstones plot in various fields, depending on
the trace elements used and on the alteration degree of their composition. But most

rock characteristics show a tholeiitic parental magma of within-plate type.

Introduction

The presence of some very low-metamorphosed
crystalline schists in the basement of the Grosi-Tisa
region, in the NE of Banat, was pointed out by Pa-
piu (1949, unpubl. rep.) and Savu (1957, unpubl.
rep.). In 1965 S. Peltz and M. Peltz described such
schists hetween the Tisa and loneasca Valley. Later
on, Peltz et al. (1970) reported similar rock from
the Grogi-Bulza area. In both cases they also re-
marked the presence of some low-metamorphosed ba-
sic rocks. Savu et al. (1992 a) showed that these
metamorphic rocks thrust over the Mesozoic unmeta-
morphosed formations of the Mureg Zone (Mures
Ophiolitic Suture) and named the resulting nappe the
“Tisa Unit". They also mentioned strong myloniti-
zations along the thrust plane. In 1996 Savu et al.
considered these crystalline schists as an anchimeta-
morphic volcano-sedimentary formation. In contrast
with them, Dinica et al. (1996) supposed these crys-
talline schists as resulting from the Barremian-Aptian
sedimentary deposits of the Mures Zone, mylonitized
along a shear zone.

Occurrences, Tectonics and Rocks Age

According to Savu et al. (1996), within the
(irogi-Tisa region and its extension toward ENE, the

following structural levels have been separated: (1)
an Austrian infra-structure and (2) a post-Austrian
super-structure (Fig. 1). '

The infra-structure includes two tectonic units, the
thrust relations of which were achieved during the
Austrian movements: the Tisa Unit and its “au-
tochthon’ - represented by the (&palnag-Techeren
Unit, the latter being formed of the Alpine ophiclites
and sedimentary deposits (Liassic-Cretaceous) of the
Mures Zone. Most part of the thrust plane is cov-
ered by formations belonging to the post-Austrian
super-structure, represented by Laramian volcanics
(Ka-Pg;) and Upper Cretaccous and Neogene sed-
imentary deposits. After the Austrian movements.
this area underwent a tectonic uplift and an intense
erosion. Therefore, the Laramian volcanics uncon-
formably lie over different stratigraphic terms of the
two mentioned tectonic units.

The Tisa Unit extends south of the north-facing
thrust plane, between Grosi, Bulza and Tisa (Fig. 1).
It consists mainly of the anchimetamorphic rocks of
the Grosi Formation which, at Costei, support the
products - especially pillow basalts - of a Triassic
bimodal volcanism of within-plate type, associated
with unmetamorphosed quartz-sandstones (Savu et
al., 1992b). These anchimetamorphic rocks occur
from under the super-structure formations in a few
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Fig. 1 - Map of the Grosgi - Costei - Tisa region. Infra-structure: 1, Grogi Formation; 2, Costei Triassic basalts and
sandstones: 3, Barremian-Aptian; 4, thrust; super-structure: 5, Laramian (banatitic) continental arc volcanics; 8,
Neogene-Quaternary deposits; 7, crustal fault; 8, normal fault.
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Fig. 3 - Plot of the Grosi greenstones and of the Costei
basalts on the Zr/Y - Zr diagram. Fields according to Pearce
1 and Norry (1979): WPB, within-plate basalts; MORB, mid-
ocean ridge basalts; IAB, island arc basalts; a, Grosi green-
stones field; b, Costei basalts field.
10 o
5

10 Yppm : 100 inliers, like those of Grosi, Cogtei, Bulza, loneasca
Valley and on the Sendreasca and Moselu brooks at’
Tisa (Fig. 1). The rocks, mostly represented by phyl-
lites, are striking N 65°E with a SE dipping of ca
46°. West of Grosi the phyllites were sectioned and
deformed by the NW-SE Grosi fault (‘Sa\u 1995),
getting a sheared rock aspect.

Fig. 2 - Plot of the Grosi greenstones (1-5) and of the Costei
basalts (4) on the Cr-Y diagram. Fields according to Pearce
(1980): TAT, volcanic arc basalts; WPB, within-plate basalts;
MORB, mid-ocean ridge basalts; a, Grogi greenstones field;

b, Costei basalts field.
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Fig. 4 - Plot of the Grogi greenstones (1-5) on the (La/Sm)N -(Sm)N diagram. Fields according to Jahn et al. (1980).
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Fig. 5 - Plot of the Grosi greenstones on the Sr - Ce - Sm T
diagram. Fields according to Ikeda (1990): IAT, island are i
tholeiites: OIA, ocean island alkali basalts: OIT, ocean island
tholeiites; BABB, back arc basin basalts; N-OFB. 'normal’
ocean floor basalts: OPB, ocean plate basalts; MORB, mid- :
ocean ridge basalts; a, Grosi greenstones field. 0.01

Referring to the age of the Grogi Formation, Papin
(1949) and Savu (1957) considered it as Paleozoic. : ' :
Peltz and Peltz (1965) attributed these formations Fig. 6 - Plot of the Grosi g"ee"’ft'o“cs(l"'s?a’ld of the ?°§te'
even to the Baikalian (Assynthic) cycle. According basalts (+) on the Cr - Ce/Sr diagram. Fields according to
to Dinici et al (1996), these anchimetamor- Pearce (1980): MORB, mid-ocean ridge basalts; WPB, within-
phic rocks have resulted from the Barremian-Aptian plate basalts; IAT, island arc tholeiites; a, Grosi greenstones
sedimentary deposits of the Mures Zone. This cannot, field; b, Costei basalts field.
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be accepted because of the following field evidences:
I. at Costet the anchimetamorphic rocks support Tri-
assic unmnetamorphosed quartz-sandstones and pil-
lowed basalts (Savu et al., 1992h); 2. the Barremian-
Aptian deposits from the Mures Zone. located north
ol the thrust plane (Fig. 1), are not metamor-
phosed: 3. the Barrennan-Aptian deposits are made
up mainly of psamitic rocks. whereas the Grosi For-
mation cousists predominantly of phyllites of pelitic
pature; 4. the Barremian-Aptian deposits are never
associated with eruptive rocks. neither within: the
Mures Zone nor in the Southern Carpathians and
Bastern Carpathians, becanse when they have been
sedimented. the island arc voleanism from the Alpine
oceaus had ended long ago (J3 -Lower Neocomian).
and the Laramian (banatitic) continental arc mag-
matisin (Ka-Pg;) had not started yet. The igneous
rocks. rarely occurring in the Barremian-Aptian from
the east part of the Mures Zone (Trascéu Mts), repre-
sent in fact exotic blocks of Upper Jurassic island arc
voleanics, which are associated with Stramberg lime-
stone olistoliths (Savu, 1990); 5. the anchimetamor-
phic rocks of Grogi Formation occur as exotic blocks
in the Barremian-Aptian deposits, especially within
their lower horizon. where they are associated with
pebbles of Paleozoic microcline granites (Savu et al.,
1996); 6. morecover. olistoliths of the same rocks are
to be found in the mélange with pyroclastic matrix
of Upper Jurrasic age from the Mureg Zone (Savu,
[994).

According to our opinion, as the Grosi Forma-
tion is pre-Triassic in age, it must represent the up-
permost sequence of the epimetamorphic crystalline
schists pile of the Polana Ruscd Mts. They are con-
nected with this massif under the Neogene deposits
and the Laramian volcanies from the Lapugiu Basin.
(Iig.  2). The radiometric datings of the Poiana
Rused ervstalline sehists at 300-340 Ma (Pb/Pb and
of 217 £ 5 to 363 £ 23 Ma (K/Ar). which are con-
sistent. with the spore-pollen associations. indicate
a Devonian-Lower Ctarboniferous age (INrautner et
al.. 1972). It means that their metamorphism took
place during the Sudetian movements and they were
accidentally resetted by the Alpine orogeny. To-
wards cast the Grogl Formation correlates with the
[ow-metamorphosed schists of the Paleozoic Varmaga
Formation described by Berbeleac (1964).

According to Savu (1983), the Grogi Formation
and the Poiana Ruscit crystalline schists belong to the
Transylvanian microplate. ‘The Grosi Formation is lo-
cated on the northwestern margin of the sialic part
of this plate, which was partly subducted under the
ophiolites and the sedimentary formations of Mureg
Zone. During the Austrian movements the Grosi For-
mation thrust over the Mures Zone Alpine forma-

H. SAVL et al.

tion. As shown by the geophysical data (Savu, An-
drei, 1993), along the northern margin of the Lapugiu
Basin the Grosi Formation was cut by the Recay-
C'uies crustal fault (Andrei et al., 1975).

Petrography

The Grosi anchimetamorphic rocks belong to two
petrotypes: (1) pelitic phyllites and (2) greenstones.
As much as the Grogi Formation outerops in the men-
tioned inliers, it occurs like a bedded series, in which
the phyllites are prevalent, the greenstones occur-
ing only as interbedded layers. The clastic sequence
consists of metapelitic or meta-aleuritic bands, rep-
resented by sericite-chlorite phyllites and chlorite
quartzites, in which thin bands or lenses of meta-
psamitic rocks are observed, among which graphitic
quartzites or carbonatic rocks occur, locally beside
carbonatic quartzites.

The greenstones resulted from basic tuffs. The
rocks occuring in more important inliers, like those
located east of Grosi, and on the Sendresca Valley
at Tisa, are usually formed of clondy albite crystal-
loblasts, included in a mass of chlorite of pennine
or clinochlore type, resulting from voleanic glass. In
the groundmass knots of lenticular aspect represent. a
result. of the clinopyroxene crvstalloclast transforma-
tion. They consist of an aggregate of very fine chlorite
lamellae and uralite fibres, associated with minute
pistacite granulae. A fine dust of iron and titanium
oxides is present in these greenstones. The structure
and the mineralogical composition of these rocks are
consistent with Ramberg’s (1952) and Barth's (1952}
definition of greenstones.

As shown by the thin sections, the normal rocks
exhibit primary and undeformed metamorphic struc-
tures, determined by the prograde very low regional
metamorphisin (see Winkler, 1967). But along the
Tisa Unit thrust plane, the anchimetamorphic rocks
have been mylonitized. Because the thrust plane was
almost. parallel to the phyllites strike, but discon-
formable to their primary stratification and foliation.
these rocks have been refolded and a Su plane was
supperposed over their initial structure. Such exam-
ples are to be observed on the Moselu and loneasca
valleys.  Similar structures were foried along the
(irogi transversal fault, upon which Dinica et al.
(1996) msisted.

Geochemical Data and Tentatives to
Determine the Rocks
Tectonic Setting by Trace Element Analysis

As the major element analyses were missing, the
greenstones geochemistry relied only on the trace ele-
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erage content (2) on the Ybh-Sm diagram. Fields according to
Kin and Tacobi (1996): GI and GIT are the two basie rock
groups from the Hawley Formation. Gr, Grosi greenstones

field.

ment data (Tabs,
were compared with the averages from the Triassic
('ostel basalts and with those from the continental

I and 2). the averages of which

crust.

The high enough Niand Cr average contents in the
Cirosi greenstones indicate rather basie rocks, result-
ing from a primitive and less fractionated magina.
These contents. as well as the Ni/Co average value
(Tab. 3). are close to those from the Costel basalts.
The Niaverage is lower than that in continental crust.
The Cr average content is more than two times higher
than that in the Costei basalts, but the Co average
content is a little lower than that in the other two
petrological units in Table 1. Likewise, the V aver-
age content is lower than that in the Costei basalts,
while the Se average content is almost equal to it and
very close Lo that in the continental crust. [t is to
note that the V/Zr average value in the Grogi green-
stones (Tab. 3) is lower than the value of this ratio in
the Finland greenstones (Jahu et al., 1980). A small
difference was noticed between the Y average content
(17.4 ppm) in the Grosi greenstones and that of 25
ppm in the Grosi basalts. In fact, both values are a
little lower than the Y average content in within-plate
basalts (Pearce, Cann, 1973).

The Zr average content in the Grosl greenstones is
wore than three times lower than that i the Clogtei
basalts and almost two times lower than that in
the continental crust (Tab. 1), But it has almost
the same value as its average content in continen-

tal basalts (Pearce, Cann. 1973). The Zr/Y average
value (Tal. 3) is close to that in the Finland tholei-
itie greenstones (Jahn et al.. 1980). According to the
Cr and Y values the Grogi greenstones plot within
the island are basalts (Iig. 2). 1t 18 worth noting
that a part of the Coster basalts plot in the same
area. On the Zr/Y - Zr diagramm (Fig. 3) the Grost
greenstones lie in an intermediate position belween
the WPB, MORB and [AB fields, while the Costel
basalts occupy their normal place,

The Sr average content of 232 ppm in the Grogi
greenstones is higher than that in the Cosgtel basalts
(137.5 ppm) and close to that of 260 ppm in the con-
tinental crust. In comparison with other continen-
tal basalts, this content is generally lower, excepting
that of 187 ppim from the Indian within-plate hasalts
(Pearce, Cann. 1973).

(' is lower in the Grogi greenstones than in the
Cogtel basalts. The Ph and Ga average contents are
in the first rocks roughly higher than in the second.
In comparison with the Pb and Cu average contents
from the continental crust (Tab. 1}, the value of 18
ppm Pb in the Grosi greenstones is more than two
times higher and that of 33.3 ppm Cu is more than
two times lower,

The average " RIEE of 47.35 ppm. (‘Tab. 3) in the
(Girogi greenstones is a little higher than that of 35.90
ppm from the Costel basalts. The LREE/HREE av-
erage value of 7.75 in the first rocks is also higher
than the average value (4.35) of this ratio in the sec-
ond rocks (Savu et al., 1992 a).

The La average content of 5.74 ppm in the Grosi
greenstones (Tab. 2) is lower than that of 9.33 ppiu in
the Clogtel basalts and than that of 16 ppm La in the
continental crust. The (La/Yh)N average value (Tab.
3) 1s close enough to that from the Cogtel basalts, but
the (La/Ce)N average value is three times lower than
that in these basalts. The (La/Sm)N average value
is close to that in the Clostel basalts.

The Smi average content of 2.26 ppm in the Grosi
greenstones is lower than that of 3.17 ppm from the
C'ogtei basalts and than that of 3.5 ppm in the conti-
nental crust. The Eu/Sm average value of 0.47 (Tab.
3) lies between the values of the continental tholeiites
(0.16-0.55) established by Cullers and Graf (1984),
which indicates the affiliation of the Grosi green-
stones to this petrographic type. [t is to note that,
the La/Ta average value of 4.23 (Tab. 3) is lower
than those of different basic rock types from ocean
basins presented by Saunders (1984). The (La/Sm)N
- (Sm)N diagram (Fig. 4) shows the tholeiitic char-
acter of the Grogi greenstones, that correlates quite
well with their general composition. Consequently,
on the Sr-Ce-Sm diagram (Fig. 5) these rocks plot
within a restricted field located in the OPB domain.
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Fig. 8 — Chondrite-normalized patterns of the Grosi greenstones (a) and of the Costei basalts
(b); 1 - 5 represent the samples in the Table 1.
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Fig. 9 — Spinder diagram for the Grogi greenstones; 1 - 5 represent the samples in Table 1.

The Ce average content of 33.2 ppm in the Grosi
greenstones is almost-two times higher than that from
the Costel basalts and is tantamount to the Ce aver-
age content of 33 ppm in the continental crust. The
(Ce/Sm)N and (Ce/Yb)N average values are higher
than those in the Cogtel basalts (Tab. 3). The last
value shows an enrichment of greenstones in LREE,
especially in Ce and a depletion in HREE. It is inter-
esting that the (Ce/Yb)N average value of 2.5 in the
Grosi greenstones lies between the values of 0.3 and
3.4 of the same ratio established by Hart et al. (1973)
and O’Nions et al. (1976) in volcanic basic rocks from
Iceland. On the Cr-Ce/Sr diagram in Figure 6, both
Grosi greenstones and Cosgtei basalts plot in the WPB
(+ MORB) field.

The Eu average content in the (Grosi greenstones
is close to that from the Cogtei basalts (Tab. 2)
as well as to that in the continental crust. In com-
parison with the Th average content of 0.60 ppm in
the continental crust and of 0.70 ppm in the Cogtel
basalts, that of 0.95 ppm in the Grosi greenstones
is higher. On the contrary, the Yb average content
of 3.42 ppm in the Grosi greenstones is lower than
that in the Cogtei basalts, but a little higher than
that of 2.2 ppm from the continental crust. On the
Yb-Sm diagram (Fig. 7) the Grosi rocks are close to
the Group Il amphibolites from the Paleozoic Haw-
ley Formation in Massachusetts, investigated by Kim
and Tacobi (1996).
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Fig. 10 - Plot of Grosi greenstones on the Hf/3 - Th - Ta
diagram. Fields according to Wood et al. (1979): DPM, de-
structive plate margin; WPB, within-plate basalts; N-MORB,
‘normal’ mid-ocean ridge basalts; E-MORB, "anomalous’ mid-

acean ridge basalts; a, Grosi greenstones field.
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Fig. 11 - Plot of the Grosi greenstones on the Th/Yb -

Fields according to Pearce (1982): SHO.
shoshonites; CAB, calc-alkaline basalts; IAT, island arc tholei-

Ta/Yb diagram.

ites; WPB. within-plate basalts; ALK, alkaline; TR, transi-
tional: TH, tholeiitic; MORB, mid-ocean ridge basalts; a, Grosi

greenstones field.

The REE chondrite-normalized patterns (Fig. 8)
of the Grosi greenstones, showing strong negative Sm
and Eu anomalies, are almost similar to the pat-

53

tern depleted in LREE presented by Cullers and Graf
(1984) for continental basalts. These anomalies seem
to indicate both an inheritance from the partial melt-
ing of basic parental magma and a process of a certain
fractional crystallization of this magma (Philpotts,
Schnetzler, 1968). The diagram in Figure 9 shows,
according to Cullers and Graf (1984), that this dif-
ferentiation led to an enrichment of magma in Th,
K and Ta as well as in Ce, and to a depletion in La
and heavy elements, with a strong Zr and Y decrease.
The pattern set reminds us of the models presented
by Condie (1976) for the Archean greenstones.

The Hf and Ta average contents (Tab. 2) in the
Grosi greenstones are almost similar to those from the
Costei basalts and from the continental crust. On the
H{-Th-Ta diagram (Fig. 10) the Grosi greenstones
plot in a field placed between the WPB, DPM and
MORRB fields. The Th average content of 3.34 ppm
in the Grogi greenstones is very close to that of 3.5
ppm from the continental crust. On the Th/Yb -
Ta/Yh diagram (Fig. 11) the Grogi greenstones occur
in a restricted field situated within the transition zone
between the WPB and MORB array and the field of
calc-alkaline basalts.

Behaviour of Trace Elements during the
Greenstones Genesis

As shown in the previous chapter, on the numerous
tectonic setting diagrams, the Grosi greenstones plot
in different fields, depending on the trace elements
taken into consideration, as follows: within the TAV
field or nearby it when Y, Cr and Zr were used (Figs.
2 and 3), in an intermediate position between DPM
(CAB), WPB and MORB (E-MORB) fields when HI,
Th, Ta and Yb were used (Figs. 10 and 11), and
within the WPB (+MORB) field when Cr, Ce Sr and
Sm were used (Figs. 5 and 6). It is in contrast with
the behaviour of the trace elements in igneous rocks
- other than tuffs (meta-tuffs) - which usually plot in
the same field on various tectonic setting diagrams.

For the same purpose, the very mobile Sr and the
imobile Hf, Sm and Y reported to Zr fromt he Grosi
greenstones were compared (Fig. 12) with the same
elements determined in the meta-basic rocks from the
Hawley Formation (see IKim and Iacobi, 1996). It
resulted that, in both basic rock series Sr presented
an aleatory distribution (Fig. 12 A), indicating the
influence of the post-emplacement processes on its
behaviour.

On other diagrams (Fig. 12 B, C, D), while the
Hawley Formation rocks plot along linear trends,
showing a direct correlation with Zr - a character
inherited from the basic parental magma - the Grosi
greenstones plot in fields placed either on these linear
trends or nearby them, marking again an alteration
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Table 1
Distribution of trace elements in the basic rocks and in the
continental crust

| 2 3 q 3 G T b
Nippm 20,0 R 21 100.0 12 53.00 G680 105.0
(o 1G.0 34 20 24.0 30 2480 320 29.0
r 50.0 320 60 600.0 130 232.00 97.5 .
b s 170.0 210 230 180.0 300 21800 2783 -
Se 30.0 36 29 30.0 40 33.00 3.5 30.0
VAR 38.0 a7 54 44.0 T2 54.00 1744 100.0
X 15.0 24 16 13.0 19 17.40 25.0 20.0
Ba 80.0 N2 115 95.0 110 96G.40 29.5  250.0
Sr 3200 290 270  150.0 230 232,00 1375  260.0
Pl 20.0 20 16 7.0 18 18.00 2.8 8.0
C'u 110.0 9 21 8.5 18 33.30 55.0 75.0
Ga 15.0 19 20 141.0 14 1G.40 11.5 -
sSn 6.5 g3 &£2 gk 3 - 25

I-5, Girogi greenstones contents determined by emission spectrography;

6. Grosi greenstones average; 7, Costei basalts average (according to

Savu et al., 1992 b); 8, Continental crust average (according to Taylor
and McLennan, 1985; Hofiann, 1988). NI, <10 ppm.
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Table 2
Distribution of REE. Hf. Ta and Th in the basic rocks and in the continental erust

| 2 3 1 ] G T 8
La ppm. 7.30 3.10 .20 G.20 4.90 5.74 9,33 16.00
e 39.00 38,00 JL.00  27.00  31.00  33.20  16.67  33.00
Sm 2.40 2,10 270 .80 2,30 226 3.7 3.50
Il 1.04 1.01 1.05 0.75 0.8 0.9 0.73 1.10
Th 1.05 1.0 0.93 0.77 0.97 0.95 0.70 0.60
Yh 4.10 3.60 3.40 2.90 310 3.2 5.30 2.20
Hf 3.50 3.60 2.90 2.60 2.80 3.00 2.93 3.00
Ta 1.60 1.50 1.GO 1.20 1.00 1.38 1.:33 1.00
Th 3.90 2.90 .10 3.00 2,80 3.3 3.50

1-53, Grogi greenstones contents determined by the neutron activation analysis;

G. Grosi greenstones average: 7: Clostel basalls average (according to Savu et al.,
1992 b): 8, Continental crust average (according to Tavlor and Melennan, 1985:
Hofmann. 1988).

Table 3
The values of some trace element ratios from the Grosi greenstones and the Costei basalts

1 2 3 4 5 G 7

Ni/Co 1.25 2.1 1.05 4.16 140 2,05 2,14
N/ Zr 447 368 260 409 416 413

YATAY 2:53 Ly 3.37 3.38 378 308 811
La/Ba 0.09 0.03 006 006 004 006 0.3
[lu/Sm 043 048 038 069 036 047 0.6l
La/Ta 4.56 2.06 1.50 5106 1.90 4.23

(La/Yb)N .20 0.38 1,42 101 1.06 1.1 N
(La/Ce)N 048  0.21 0.60 059 0.1 0416 L5
(La/Sm)N 1.91 0.92 .67 216 134 1.GO 1.85
(Ce/Sm)N 3.9 436 27T 362 325 5% 127
(Ce/Yb)N 2.46 2,72 2.35 2,40 5% 250 ORI
Y REE 5RO 48R3 46.28 3942 4735 T35 3590
LRELE/HREE 7.86 .67 7.60 849 7.90 Vot 4.3

1-5, Grosi greenstones: 6. Grosi greenstones average; 7, Coglel basalts average.

of the initial (1magmatic) proportion, even between
the imobile elements. This alteration of the Grosi
rocks. with some major and trace element-loss, could
have been favoured by the ash structure of the vol-
canie tuffs. from which the greenstones resulted. be-
cause it s very permeable to the alteration agents.
The

stalnces:

alteration occurred In two circum-
(1) during the tuffs sedimentation in the
sea water and (2) during the rocks metamorphisim.
In the first case the voleanic ash reactioned with

rocks

the salted sea water, getting more or less altered
and losing some chemical elements.
case, the change in the trace element composition
was determined by the transformation of voleanic
ash and of the rare crystalloclasts (plagioclase,
During
this process, from the magmatic high-temperature

In the second

clinopyroxene) into metamorphic minerals.

minerals network and f{rom the voleanic glass (Ma,
Mg, Ie and their covalent trace elements have been

released. A part of them entered the low-temperature
mineral network and another part was transported
out by metamorphic solutions, depencing especially
on the 'O 4 concentration.

Counclusions

The Grosi greenstones are basic voleanic rocks in-
terbedded with the clastic anchimetamorphic schists
of the Grogi Formation. the age of which is Lower
Carboniferous. They resulted predominantly from
basic tuffs. These rocks that inherited most of
the parental tholeiitic magma characteristics, were
formed by partial melting of a mantle source and un-
derwent a weak differentiation process by fractional
crystallization. The basic rocks, together with their
host rocks, have been influenced by a very low re-
gional metamorphism (anchimetamorphism), under
chlorite isograde conditions.  During the sedimen-
tation and metamorphism of these tuffs the major
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and frace element composition was altered, so that
on various teclonic setting diagrams the greenstones
plot in different fields. The (Grosi greenstones are co-
eval with the basic component of the Devonian-Lower
Carboniferous bimodal volcanics associated with the
epimetamorphic crystalline schists from the Poiana
Ruscd Mts and with the Sillurian-Lower Carbonif-
erous greenstones (‘metabasalts’) from the Highis-
Drocea Mts, which are mostly within-plate basic
metatuffs, too.
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PETROGENESIS OF THE CERNA GRANITOIDS
(BANAT - SOUTH CARPATHIANS)

N, STAN, [ TIEPAC, . UDRESCLU

Institutul Geologic al Romaniei, str. Caransebes nr. 1, 79678 Bucuresti 32,

Key words: Peraluminous monzogranites,
Hybrid magmas. Voleanic are (VAG). Collision (COLG).

S-1 type. Mantle,  Crustal anatexis,

Abstract: The Cerna granitoids. weakly peraluminous, with biotive and hornblende,
! originate, according to the mineralogical, chemical, minor and REF paramcters. both
in basic melts coming from the mantle or charnokite-granulitic rocks (type 1] and

in crustal continental melts (type ). The metaluminous basic melts become weakly

peraluminous when they are mixed with hydroxilate crustal anatectic magmas and
when the fractional crystallization of hornblende and clinopyroxene begins, From the
tectonic point of view, the basic melts appeared under conditions of external volcanic

arc of plate margin {VAG)

. Later on the hybrid magmas (mantle 4+ crust) occurred

as the granitic volcanic arc was gradually invelved in the continent-continent collision
process (VAG - COLG). Finally, the Cerna granitoids, weakly peraluminous, were

emplaced under late- and post-collision conditions (COLG).

Introduction

The Cerna granitoids, represented by monzogran-
ites, are cropping out in the right slope of the Cerna
Valley. north of the Biile Herculane. on a lenght of
about 10 km. They are overlain by Mesozoic deposits
and are likely to penetrate a pre-Silurian crystalline
basement (Fig. 1).

Mineralogical and chemical parameters

Monzogranites are constituted of quartz (15-20 %),
oligoclase-andesine, locally zoned (30-40 %), micro-
cline, microcline-perthite (10-15 %), biotite (3-7 %.).
and hornblende (0-5 %). The femic minerals are fre-
quently opacitized and chloritized. Sphene occurs at
the expense of hornblende. Apatite and zircon are
rarely found. Muscovite is observed accidentally as a
secondary mineral.

The granitoids are locally penetrated by quartzifer-
ous diorite-porphyry veins and very rarely by aplites.

The monzogranites are weakly peraluminous: Mol
Als03/C'a0 + K0 + NasO (ASI) = 1.01 - 1.11
(mean X = 1.08). with normative corundum: 1.13 -
3.34; X=2.16. The colour index 1s low: 8.62 - 15.53;
X=11.50. The SiOs values are high. with a narrow
variation range: 68.09 - 71.27 %; X=70.10 % (Tables
Land 2). On the Q-A-P (Fig. 2) and Rj-Rs (Fig. 3)

diagrams the granitoids are situated in the crustal
anatexis zone. the “continent-continent collision”
ficld. "These parameters are characteristic of the
type Sgranites. Other parameters assign the Cerna
granites to type 1: Fe?* /Fedt + Te*t =(.20 - (.80,
X=0.40: NaaQO = 3.78 = 4.17 %; X=A4.01 %. The S-1
classification is mainly based on the eriteria proposed
by Chappell and White (1974), Hine et al. (1978),
White and Chappell (1983). Pitcher (1982, 1987,
1993).

REE and minor clements

The low values of REL and of the LREE/HRLEL
ratios for the Cerna monzogranites (Table 4) are
compatible with the values presented by Cullers and
Graf (1984). The REE fractionation is mocderate:
La/Lu(en)=6.91-19.82. X=10.38: La/Ybh(en)=8.42-
10.24, X=10.71 (Tab. 4). The Eu anomaly, weakly
negative, is noticed at four samples; two samples
do not have Fu anomalies ([Fig. 4). This situa-
tion is compatible with the values of the ratios
Bu/Sm=0.26-0.140. X=0.32.  The reduced REL
fractionation is explained by the poorness of the
accessory minerals and by the presence of hornblende
which can retain HREE to a certain extent. The En
negative anomaly signifies the involviment of plagio-
clase in the magmas genesis, either in partial melt
processes or in fractional erystallization processes.
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Table 1

N. STAN et al.

Chemical composition: major elements (%) for the Cerna granitoids (Banat)

Oxides C, C» Cy Cg Cs Cio Cia Cia
Si0, | 70.70 | 70.80 | 70.00 | 68.09 | 69.77 | 71.27 | 71.20 | 76.38
TiOs 024 | 036 ] 0290 039]| 048 | 034 | 034 | 0.00
Al;Os | 14.30 | 14.59 | 14.91 | 15.77 | 14.46 | 14.24 | 14.37 | 12.76
Fe;Oa | 039 | 096 | 08| 222 | 085 | 096 | 108 | 0.77
FeQ .73 | 139 ] 173 | 056 | 158 | 1.13 | 1.24 | 0.00
MnO 005 | 007 | 008| 009 | 007 | 005]| 0.05 | 0.03
MgO 0.88 | 1.14 | 1.20| 087 | 137 | 112 | 114 | 1.7
Ca0 220 | 114 | 253 | 1.85 | 165| 128 | 1.04 | 0.74
.0 315 | 327 | 310 440 | 3.23| 360 | 232 | 4.66
Naz O 4.04 | 395 | 378 | 4.17 | 408 | 404 | 546 | 3.70
P,0s .08 | 013 | 010 012 | 009 | 007 | 007 | 0.00
H,O* 1.04 1.55 | 0.8 | 1.25 | 1.23| 1.56 | 1.52 | 0.56
CO;, 0.80 | 0.00 | 047 | 0.00| 0.79 | 0.00| 0.00 | 0.00
Total | 99.62 | 99.62 | 99.90 | 99.78 | 99.65 | 99.66 | 99.83 | 99.77

' ... Cio: monzogranites C4; granodiorite porphyry Ciz; aplites

Analyst: Erna Calinescu

Chemical parameters: (m=minimum:

Table 2

M=maximum; X=average)

m M X
Si0s % 68.09-71.27 | 70.10
Nas % 3.78-4.17 | 4.01
K,0 % 3.10-4.40 3.45
Fe*t [(Fe’t 4 Fe?) 0.20-0.80 | 0.40
Mol. Al O3 /CaO+K,0+NaO | 1.014-1.110 1.08
Colour index 8.62-15.53 | 11.50
corundum norm. 1.13-3.34 2.16
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Fig. 1 - Geological sketch with the location of the Cerna
granitoid: 1, Mesozoic; 2. Permian; 3, Cerna granitoids; 4,
crystalline schists; 5, sample location.

Fig. 2 - Q-A-P diagram (Rittman norm): variation fields
of the granitoid series after Lameyre and Bowden (1982); 1,
tholeiitic series; 2, trondhjemitic cale-alkaline series (low K):
3, granodioritic calk-alkaline series (medium K); 4, monzo-
granitic calc-alkaline series(high K); 5, aluminous granitoids
from alkaline provinces; 6, alkaline and peralkaline granitoids;

7, granitoids formed as a result of crustal fusion.
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Fig. 3 - Ri-Rz diagram (de la Roche et al., 1982); field
delimited by Batchelor and Bowden (1985) for the tectonic
discrimination of the granitoids: 1, ocean ridge granites,
fractioned from the mantle (ORG); 2, Andine-type granites,
ocean/continent subduction; 3, Hercynian-type granites, con-
tinent/continent syncollision; 4, Caledonian-type granites, late
orogenic (a) and post-collision (b); 5, anorogenic granites;

6, post-orogenic granites.
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Fig. 4 - Patterns of the chondrite normalized REE from

Cerna granitoid.

As compared to the values mentioned by Ehy and
Kochhar (1990) and Eby et al. (1992) the following
ratios of the minor elements in the Cerna granitoids
indicate sources from the mantle: Zr/Hf=29.76,
Nb/Ta=16.54, Y/Nb=0.85 (average values, Tab. 4).
Harker diagrams (Fig. 5) also suggest the origin
of the granitoids in the mantle or in basaltic melts
because most of the elements taken into account,
namely: Na;O + K50, Y, Ga, Sc, Sr, partially MgO,
show unsignificant variations versus SiO;. However,
TiOs and Zr present in comparison with SiOs unlin-
ear variations, which indicate crustal-continental
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Fig. 5 - Si0z MgQ, TiOy, NagO4+K,0 (%) and Y, Ga, Zr,

Sr (ppm) diagram.
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IFig. 7 - Rb (Y4NDb) diagram (Pearce et al., 1981). See
legend to Fig. 6.

sources.

On the Ta-Yb and Rb-(Y+NDb) diagrams. for the
tectonic discrimination of the granitoids (Figs. 6.
7). the analyses plot in the VAG field and on the
Rb/30-Hf Ta x 3 diagram (I'ig. &) four samples
plot in the field of late or post-collision rocks and
two samples in the VAG field. The contour of the
diagram "ORG normalized geochemical patterns”
(Fig. 9) for the Clerna granitoids is quite similar 1o
the contour of the diagram of the post-collision gra-

s \_ Institutul Geologic al Romaniei



(34

N. STAN et al.
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Fig. 8 - Rb/30-Hf-Ta x 3 diagram (Harris et al., 1986); 1. syncollision granites (COLG); 2, late and post-collision
granites; 3, volcanic arc granites (VAG): 4, within plate granites (WPG).
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Fig. 9 - ORG normalized geochemical patterns diagram in Cerna granitoid (A), versus post-colisional granitoids (B, after
Pearce et al., 1984).

nitoids drawn up by Pearce et al. (1984).
Data interpretation; discussions

The geochemical, mineralogical and tectonic
parameters show that the Cerna granitoids belong
partly to type I and partly to type S. A petrogenetic
modelling in a tectonic setting is starting from the
weakly peraluminous character of the granitoids and

from the presence of hornblende in the mineralogi-
cal composition. Such rocks can originate, in a first
phase, from the partial melt of the mantle (Balakrish-
nan and Rajamani, 1987) or of the charnockite-gra-
nulite-amphibolite (lower lithosphere at a P of about
5 Kb and a temperature below 1,000 °C!, Sarvatha-
man and Leelanandam, 1992). The fractionation of
hornblende and of clinopyroxene under almost anhy-
drous conditions from the basic protomagma leads
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to the alumina saturation of the extracted liquid
which becomes tonalitic-metaluminous (Balakrish-
nan and Rajamani, 1987). Such magmas frequently
occur within a tectonic setting of plate margin vol-
canic arc (Pitcher, 1982, 1987, 1993). The ascent of
the tonalitic magmas concomitantly with the thick-
ening, sinking and melting of the continental crust
leads to the formation of the hybrid magmas. The
water extracted from the crust by the dissociation of
the hydroxilate minerals plays a decisive part in the
evolution of the melts. In the hybrid magmas (basic
melts -+ continental crust) the fractional crystalliza-
tion (involving of plagioclase in the process, biotite
and hornblende crystallization ) begins to work. This
process of fractional crystallization is supported by
the Eu negative anomaly from the Cerna granitoids.

ASI units of the magmas are changed both by
the presence of water (Ellis and Thompson, 1986)
and by the fractional crystallization (Abbot, 1981).
The higher the water quantity is, the greater the
contribution of the crust, and consequently ASI>1
and the liquid becomes peraluminous. If the wa-
ter quantity is small the mantle influence is higher,
that is ASI<1, therefore the liquid remains metalu-
minous. On the other hand the fractional crystalliza-
tion of hornblende and clinopyroxene from metalu-
minous magmas determines its evolution toward per-
aluminous melts. Metaluminous sources for weakly
peraluminous granites have been mentioned by An-
derson (1983) and Sarvathaman and Leelanandam
(1992) for some granitoids from America and India,
respectively.

From the tectonic point of view, the external vol-
canic arc of plate margin is gradually involved in
time in a continent-continent collision process (VAG-
COLG). The subsequent continent-continent collision
. determines the appearances of major faults in the
upper crust, already regionally metamorphosed. On
these major dislocations the magmas, mostly crys-
tallized and defined from the petrochemical point of
view, are collected and settled under late or post-
collisional tectonic conditions (COLG).

Finally, the Cerna granitoids display type S charac-
ters with geochemical features specific to type I, the
latter inherited from the mantle protomagmas. The
zircon crystals from the Cerna granitoids also come
from two sources, mantle and crust (Robu, Robu,
1992).

In the last phase of the granitoid magma, solidifi-
cation took place in a weakly hydrated environment
(lack of pegmatites) and at the same time oxidating
(the femic minerals are strongly opacitized, impreg-
nated with iron oxides, and pink-coloured potassic
feldspars are frequently found).

This petrogenetic model (MASH - proposed by Hil-
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dreth and Moorbath in 1988) is also supported by the
metaluminous-peraluminous characters of the Cul-
mea Cernei granitoids represented by tonalites, gran-
odiorites and monzogranites (Iancu et al., 1994), sit-
uated to the north, within the same geo-tectonic set-
ting as the Cerna monzogranites. The metaluminous
granitoids (tonalites and granodiorites) could repre-
sent the source of the weakly peraluminous monzo-
granites.
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bune pentru reprodus. Dimensiunea liniilor, a literelor si

a simbolurilor pe figuri trebuie s¥ fie suficient de mare

pentru a putea fi citite cu usurintd dup¥ ce au fost re-

duse. Dimensiunea originalului nu trebuie si depiseascd
suprafata tipografici a paginii: litimea coloanei & cm,
litimea paginii 16,5 cm, lungimea paginii 23 cm, pentru
figuri, iar pentru plansele liniare nu trebuie s% depdseasci
dimensiunile unei pagini simple (16,5/23 cm) sau duble

(23/33 cm) §i trebuie si fie autoexplicativi (sd includa

titlul, autori, explicatie etc.). Scari grafici obligatorie,

llustratiile fotografice (numai alb-negru) trebuie s fie

clare, cu contrast bun si grupate pe plange de 16/23

cm. In cadrul fiecirei planse numéiritoarea fotografiilor

se repetd (de. ex. PL I, fig. 1, Pl II, fig. 1).

Tabelele vor fi numerotate si vor avea un titln. Di-
mensiunea originald a tabelelor trebuie si corespund di-
mensiunilor tipografice mentionate mai sus (8/16,5 sau
16,5/23).

Autorii vor primi un singur set de corecturd, pe care
trebuie si-l inapoieze, cu corecturile corespunzitoare,
dupi 10 zile de la primire. Numai greselile de tipar tre-
buie corectate; nu sint acceptate modificiri. _

Autorii vor primi gratuit 30 de extrase pentru fiecare
lucrare.
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